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ABSTRACT

Gold E t h y n y l  c o m p l e x e s ,  [Au (Cs CR)l ] ,  (L = PPh^,  R = H, Me, S t ,  Ph 

o r  CF^; L = pfC^H^Me-^)^ ,  R = Ph)  c a n  be  r e a d i l y  p r o d u c e d  f rom 

p h o s p h i n e g o l d  c h l o r i d e s  a n d  RC^ sCH i n  e t h a n o l i c  so d iu m  e t h o x i d e .  When 

R = H a  s e c o n d  r e a c t i o n  w i l l  p r o d u c e  t h e  d i g o l d  s p e c i e s  LAuC ^^CAuL 

(L = P P h ^ , P ( C ^ M e - 2 ) ^ o r  P(C^H^QMe-2)^.) I n  a  s i m i l a r  manner  t h e  

c y l o p e n t a d i e n y l  com plex p lu (C ^H ^)PPh^]  ca n  be  c o n v e n i e n t l y  p r e p a r e d  f rom  

AuClPPh^ a n d  CLH. i n  e t h a n o l i c  sodium e t h o x i d e .  I n  s o l u t i o n  t h e r e  i s
5 5 6

r a p i d  e x c h a n g e  o f  f r e e  p h o s p h i n e  w i t h  t h e  c o o r d i n a t e d  p h o s p h i n e  o f

AuClL an d  [Au(C=CPh)L] ,  The p h e n y l e t h y n y l  g r o u p  o f  [A u ( C sC P h ) (P P h ^ ) J

w i l l  e x c h a n g e  q u a n t i t a t i v e l y  w i t h  c h l o r i d e  o f  HgCl^ p r o d u c i n g  AuClPPh^

an d  Hg(C=CPh ) 2  . When [Au(C=CPh)L] (L = P P h ^ , P(C^H^Me-2)^)  i s  a l l o w e d

t o  r e a c t  w i t h  c i s  |p tC l^ (C O )(P M eP h ^ ) ]  (2 :1  m o le  r a t i o )  t h e  p r o d u c t  i s  c i s -

[^P t (C =CPh)2(C 0)( iM eP h^) ]  an d  AuClPPh^ . I f  t h e  same r e a c t i o n  i s

p e r f o r m e d  w i t h  a  1:1 mole r a t i o  t h e  p h e n y l e t h y n y l  g r o u p  t r a n s f e r s

q u a n t i t a t i v e l y  t o  p ro d u c e  [ p t C l ( C = C P h ) ( C O ) ( P M e P h ^ ) ] , i s o m e r  I I  (C l  t r a n s

t o  L ) .  When f o l l o w e d  b y  low t e m p e r a t u r e  ^^P nmr s p e c t r o s c o p y  t h e  f i r s t

s t e p  o f  t h e  r e a c t i o n  i s  n o t  s t e r e o s p e c i f i c  w i t h  a n  i n i t i a l  m i x t u r e  o f
iiomerj I

[ P t C l ( C = C P h ) ( CO)(pM ePh^)]^which t h e n  r e a c t s  f u r t h e r  w i t h  c i s - [ P t C l ^ -  

(C O )( iM e Ph ^ ) ]  t o  g i v e  t h e  f i n a l  p r o d u c t ,  i s o m e r  I I ,  S i m i l a r  t r a n s f e r  

r e a c t i o n s  were  u s e d  t o  p r o d u c e  c i s - [ p t ( C = G C F ^ ) 2 (C0 ) ( ï M e P h ^ ) J  f rom  

[Au(C=CCF )PPh ]  an d  [ p t C l (C ^ H ^ ) ( C O )(P M eP h ^ ) ]  ( i s o m e r  I ,  Cl t r a n s  t o  CO) 

f r o m  [Au(C^H ) ( P P h ^ ) ] ,

Complexes  o f  t h e  fo rm  cis_- | p t ( C=CPh) 2 ^ 2 ^ ~ F f h ^ ,  PMePh^) were

p r e p a r e d  f r o m  t h e  r e a c t i o n  o f  PhCsCH and c i s - [PtCl^L^"] w i t h  EtONa, f r om  

CO d i s p l a c e m e n t  by  L i n  c i s -  [Pt (C=GPh)2 (CQ)f  ~| an d  f r o m  p h o s p h i n e  

d i s p l a c e m e n t  o f  1 , 5  c y c l o o c t a d i e n e  ( c o d )  i n  [p t (G =G Ph) 2 ( c o d ) j . T h i s  

l a t t e r  compound was i t s e l f  p r e p a r e d  f rom | 7 p t C l 2 ( c o d ) ] ,  HG$CPh an d  EtONa,



H owever ,  r e a c t i o n  o f  c i s - f P t C l ^ L ^ l  w i t h  Hg(C=CPh ) 2  o r  HGsGPh i n  t h e  

p r e s e n c e  o f  Cul  p r o d u c e d  t h e  t h e r m o d y n a m i c a l l y  f a v o u r e d  t r a n s  fo rm  o f  t h e  

b i s ( e t h y n y l )  p r o d u c t . W i t h  [Au( CsCPh) PPh^] t h e  r e s u l t  was u s u a l l y  t h e  

t r a n s  i s o m e r  a l t h o u g h  on one o c c a s i o n  t h e  c i s  i s o m e r  was o b s e r v e d .

The r o u t e s  t h a t  p r o d u c e d  c i s  i s o m e r s  were  n o t  g e n e r a l l y  a p p l i c a b l e  a s

d i f f e r e n t  e t h y n y l s  (C^H^jHCsCMe) o r  p h o s p h i n e s  (PMe^Ph) l e d  e i t h e r  t o  a

l a c k  o f  r e a c t i o n  o r  t r a n s  p r o d u c t s .  The c i s  c o m p l e x e s  a r e  s t a b l e  t o  h e a t

and n u c l e o p h i l e s  ( i M e P h ^ , !  ) .  T r a c e s  o f  H g C l^ ,H g B r 2 , H g l 2HgCl(C=GPh) , 

H g C l P h , G u l , CuClPPh^ o r  SnGl^ r e a d i l y  c o n v e r t  t h e  c i s  i s o m e r  t o  t h e  

t r a n s  f o r m .  The mechani sm o f  t h e  r e a c t i o n  ( f o r  HgXp) i n v o l v e d  t h e  

r e v e r s i b l e  e x c h a n g e  o f  e t h y n y l  and  c h l o r i d e  g r o u p s  b e t w e e n  m e t a l  c e n t r e s  

an d  t h e  v e r y  r a p i d  i s o m é r i s a t i o n  o f  c i s -  [Pt(C=GPh)XL2 l ,

[ P t 2Gl^(PMe2P h ) 2 ]> p h e n y la c e ty le n e  and am ines  (amH = NH^PhjNH^G^H^- 

N0^-^,NH^G^E^0Me-m,NHPh2) r e a c t e d  t o  p roduce  i n i t i a l l y  t r a n s -  [ (P tG l^ -  

(amH)(PMe^Ph) ] ,  P ro lo n g e d  r e a c t i o n  t im e  form ed t h e  n e u t r a l  am ino(o rgano)  

c a rb e n e  p la t in u m  complexes c i s -  [PtGl2^C(am)CH2PhJ(H4e2Ph)], S i m i l a r l y  

[p tg G l  (PHu ) 2 ] and [ p t 2B r2 (PMe2Ph )2 ]  r e a c t e d  w ith  EG=CPh and NH2Ph t o  

p roduce  c i s - [ p t G l 2 fc(NHPh)GH2Phj(PBu ) ]  and c i s - [ P t B r 2 (c(NHPh)GH2PhjPMe2P h)]  

r e s p e c t i v e l y .  F o rm a tio n  of t r a n s - rP tG l2 (NHEt2 ) (PNe^Ph)! and t r a n s -  

[ PtGl2(l7H^Bu^)(Me2P h ) ] was accom panied by d i s p r o p o r t i o n a t i o n  t o  c i s -  

[ P tG l2 (PMe2P h)]  and n e i t h e r  complex co u ld  be c o n v e r te d  t o  a  ca rbene  

compound.

The a m i n o c a r b e n e  com plexes  we re  f o u n d  t o  be  l e s s  r e a c t i v e  t h a n  t h e  

a n a l o g o u s  n e u t r a l  a I k o x y ( o r g a n o ) c a r b e n e  c o m p l e x e s .  No ex ch an g e  o f  b e n z y l  

p r o t o n s  w i t h  GB^OD o r  D2 O was o b s e r v e d .  The co m p le x e s  r e a c t e d  r e v e r s i b l y  

w i t h  G1 b u t  no r e a c t i o n  p r o d u c t  was i s o l a t e d .  PMe2 Ph and AgClO^ 

r e a c t e d  w i t h  t h e  a m i n o c a r b e n e  t o  p r o d u c e  t n an £ - [P tG l [G (N H P h )C H 2 Ph j( PM e 2 P h ) 2 ] 

CIO^ , The n e u t r a l  a m in o c a r b e n e  c o m p le x e s  r e a c t e d  w i t h  b a s e s  ( E t ^ N , -  

EtONa o r  Bu^NQH) t o  fo r m  a  l a r g e  number o f  d e c o m p o s i t i o n  p r o d u c t s .



a l th o u g h  t h e y  d id  n o t  r e a c t  w i th  ’’p r o to n  s p o n g e " -  1 ,8 - b i s ( d im e th y la m in o ) -  

n a p t h a l e n e .

The l i g a n d s  PhN=CR'Ph, MeNr=rCHPh, and  PhN^=GK(C^H^Me-_o) were 

p r e p a r e d  from  th e  c o n d e n s a t io n  of  t h e  p r im a ry  amine and th e  a p p r o p r i a t e  

a ld e h y d e .  These  im in es  r e a c t e d  w i th  [ P t 2Cl^(PMe2P h ) ]  t o  form th e  

P t-N  o r -b o n d e d  compounds t r a n s - [ p t C l 2 (im) (PMe2? h ) ]  . T ra n s -  ['(PtGl2 (NHCPh^)-- 

(PMe2Ph) was s i m i l a r l y  p r e p a r e d ,  from  c o m m e rc ia l ly  s u p p l i e d  N E = G P h 2 .

On s t a n d i n g  i n  GDCl^ s o l u t i o n  th e  im ine  l i g a n d  s lo w ly  h y d ro ly s e d  fo rm in g  

an e q u i l i b r i u m  betw een th e  p la t in u m  amine complex and th e  im ine complex. 

A n i l i n e  and t r i e t h y l a m i n e  d i s p l a c e d  PhI 'î=G EPh from  t r a n s - fP tG l2 -  

(KPh==GHPh)(PMe2P h ) ] .  The im ine  complex d id  n o t  r e a c t  w i th  EtONa o r  

p r o to n  sponge .

The i s o m é r i s a t i o n  r e a c t i o n s  o f  t r a n s - [ P t X ^ ( o l )L ] (X = G l ,B r ;  o l  = 

o r  L = PBu^»pie2Ph) were s tu d i e d  by f o l lo w in g  th e

r e a c t i o n s  w i th  ^^P nmr s p e c t r o s c o p y  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s .  The 

t r a n s  iso m e rs  r e a d i l y  l o s e  o l e f i n  and e q u i l i b r a t e  w i th  The

p o s i t i o n  of  t h e . e q u i l i b r i a  i s  l i g h t  s e n s i t i v e  and o l e f i n  d e p e n d en t .

The t r a n s  iso m e rs  s t e a d i l y  i s o m e r i s e  t o  th e  c i s  fo rm . I n  th e  p re s e n c e  

o f  e x c es s  o l e f i n  t h e  r a t e  i s  r ed u c e d  f o r  X=G1 and  i n c r e a s e s  s l i g h t l y  

f o r  X = B r, I n  b o th  iso m ers  f r e e  o l e f i n  exchanges  r a p i d l y  w i th  co

o r d in a t e d  o l e f i n .  V ar io u s  pathways a r e  p o s s i b l e  f o r  th e  i s o m é r i s a t i o n  

r e a c t i o n  and i t  was conc luded  t h a t  a p a r t  from  p h o to ch em ica l  p ro c e s s e s  

more t h a n  one i s o m é r i s a t i o n  pathway i s  f o l l o w e d ,  w i th  a  d i s s o c i a t i v e  

pathw ay d o m in a t in g  f o r  th e  c h l o r i d e  com plexes ,  b u t  an a s s o c i a t i v e  pathway 

p r e f e r r e d  f o r  t h e  bromide com plexes . A nalogous s t u d i e s  were perfo rm ed  

on th e  i s o m é r i s a t i o n  o f  [p tX 2 (dm so)(PB u^)]  (dmso = d im e th y ls u lp h o x id e )  

and s i m i l a r  r e s u l t s  were o b ta in e d  which can be r e l a t e d  t o  th e  s i m i l a r  

p r o p e r t i e s  o f  dmso and o l e f in s  bound t o  P t ( l l ) .



CHAPTER 1 .

INTRODUCTION.

The H i s t o r y  o f  O r g a n o m e t a l l i c  C h e m i s t r y .

Most  c h e m i s t s  would  t h i n k  o f  o r g a n o m e t a l l i c s  as  b e i n g  a modern 

d e v e lo p m e n t  i n  c h e m i s t r y ,  d a t i n g  f rom a r o u n d  t h e  e a r l y  1 9 5 0 ' s .  T h i s  

i s  an  u n d e r s t a n d a b l e  o p i n i o n  as  i t  i s  f r om  t h a t  t i m e  t h a t  t h e  f i e l d  o f  

o r g a n o m e t a l l i c s  h a s  r e a l l y  e x p a n d e d ,  a l l i e d  w i t h  an u n d e r s t a n d i n g  o f  

t h e  b o n d i n g  b e t w e e n  o r g a n i c  g ro ups  and m e t a l s  and t h e  i n t r o d u c t i o n  o f  

new s p e c t r o s c o p i c  m e t h o d s ,  most  n o t a b l e  p e r h a p s ,  b e i n g  n u c l e a r  m a g n e t i c  

r e s o n a n c e  ( n . m . r . )  s p e c t r o s c o p y .  H o w e v e r ^ h i s t o r i c a l l y  o r g a n o m e t a l l i c  

c h e m i s t r y  b e g a n  i n  t h e  e a r l y  n i n e t e e n t h  c e n t u r y ,  and up u n t i l  t h e  1 9 5 0 ' s  

s e v e r a l  u n r e l a t e d  d e v e lo p m e n t s  h ad  t a k e n  p l a c e .

The f i r s t  o r g a n o m e t a l l i c  compound p r e p a r e d  by Z e i s e  i n  1827^^^ 

was t h e  p l a t i n u m  o l e f i n  complex K [ P t C l ^ ( C 2 H ^ ) ] ,  a l t h o u g h  i t  was n o t  

u n t i l  125 y e a r s  l a t e r  t h a t  t h e  m -bo nd ing n a t u r e  o f  t h e  o l e f i n  was 

u n d e r s t o o d ^ ^ ^ . F r a n k l a n d ^ ^ ^  i n  1850 p r e p a r e d  t h e  f i r s t  m e t a l  a l k y l  

s p e c i e s  [ Z n l ( E t ) ]  w h i l s t  t r y i n g  t o  g e n e r a t e  e t h y l  r a d i c a l s  i n  t h e  

p r e s e n c e  o f  z i n c  m e t a l  and t h i s  complex r e p r e s e n t s  t h e  f i r s t  o r g a n o 

m e t a l l i c  co m plex  t o  be  r e c o g n i s e d  as  s u c h .  He s u b s e q u e n t l y  managed t o  

p r e p a r e  d i e t h y l  z i n c  which was u s e d  by B uck ton^^^  t o  p r e p a r e  d i e t h y l -  

m e r c u r y ,  t e t r a e t h y l l e a d  and t e t r a e t h y l t i n  f rom t h e  a p p r o p r i a t e  m e t a l  

h a l i d e s .

O t h e r  main  g ro u p  m e t a l a l k y l s  q u i c k l y  f o l l o w e d ,  t h e  most  n o t a b l e  

b e i n g  t h o s e  o f  G r i g n a r d ^ ^ ^ ,  who p r e p a r e d  magnes ium a l k y l s  [MgBr(R)] ,  

t h e  now famous G r i g n a r d  R e a g e n t s ,  a l o n g  w i t h  t h e  d i s c o v e r i e s  o f  

S c h l e n k ^ ^ ^  and Z i e g l e r ^ o f  t h e  a l k a l i  m e t a l  a l k y l s .  These  v e r y  

a c t i v e  co m plexes  so o n  found  v e r y  many u s e s  as  a l k y l a t i n g  a g e n t s  b o t h  i n  

o r g a n i c  and o r g a n o m e t a l l i c  s y n t h e s i s .



By u s i n g  t h e s e  r e a g e n t s  t h e  f i r s t  t r a n s i t i o n  m e t a l  a l k y l s  w e re

[ 8 ]p r e p a r e d .  Pope and Peachey  used  [MglMe] and [ P t C l ^ ]  t o  p r e p a r e

[ P t l ( M e ) ^ ]  and some o f  i t s  d e r i v a t i v e s ,  w h i l s t  [MgBrEt] was found t o
[9]

r e a c t  w i t h  g o l d ( l l l )  h a l i d e s  to  p ro d u c e  d i m e r i c  g o ld  a l k y l ,

[AuEt2(p-Cl )2]^,  [AuEt2(y-Br) 2 ]2 > and [AuEt2(yBr)2AuBr2 1.

P r o b a b l y  t h e  most s i g n i f i c a n t  d i s c o v e r y  i n  o r g a n o m e t a l l i c

c h e m i s t r y ,  and t h e  one which o pene d  up t h e  s u b j e c t  t o  e x t e n s i v e

950 '  

[ 1 2 ]

i n v e s t i g a t i o n  was t h e  d i s c o v e r y  o f  f e r o c e n e  i n  t h e  e a r l y  1 9 5 0 ' s ^ ^ ^ ^

and t h e  s u b s e q u e n t  e l u c i d a t i o n  o f  i t s  " s a n d w i c h "  s t r u c t u r e

In  t h e  g e n e r a l  growth  o f  r e s e a r c h  o f  o r g a n o m e t a l l i c s ,  p l a t i n u m

and p a l l a d i u m  h av e  r e c e i v e d  much c o v e r a g e .  T h i s  i s  i n  p a r t  due t o

i n t e r e s t  i n  t h e  s q u a r e  p l a n a r  g eo m et r y  o f  t h e  d i v a l e n t  com plexes  o f

t h e s e  m e t a l s ,  s u i t a b l e  f o r  s t u d y i n g  r e a c t i o n  r a t e s  and m echani sms ,  as

w e l l  as  t h e  h i g h  c a t a l y t i c  a c t i v i t y  o f  t h e s e  m e t a l s .  A l k y l p l a t i n u m

[ 131com plexes  we re  r e p o r t e d  by C h a t t  i n  1957 ' and i n  t h e  f o l l o w i n g  two

y e a r s ,  e x t e n s i v e  s e r i e s  o f  a l k y l  and a r y l  com plex es  o f  p a l l a d i u m ^ ^  

and p l a t i n u m ^ w e r e  p r e p a r e d .

T h a t  so  much e f f o r t  h a s  been p u t  i n t o  u n d e r s t a n d i n g  o r g a n o m e t a l l i c  

c h e m i s t r y  i s  n o t  s u r p r i s i n g  g i v e n  t h a t  n o t  o n l y  a r e  t h e  compounds 

w o r t h y  o f  r e s e a r c h  f o r  t h e i r  own s a k e ,  b u t  a l s o  t h e y  have been shown t o  

t a k e  p a r t  i n  many c h e m i c a l l y  u s e f u l  r e a c t i o n s .  These  i n c l u d e  c o m m e r c i a l l y  

i m p o r t a n t  c a t a l y t i c  p r o c e s s e s  where t h e y  may be u s e d  e i t h e r  as 

homogeneous  c a t a l y s t s  o r  o c c u r  as  i n t e r m e d i a t e s  i n  h e t e r o g e n e o u s  

c a t a l y s i s .  As ex ample s  o f  t h e  l a t t e r ,  t h e r e  i s  t h e  use  o f  o r g a n o -  

t i t a n i u m / a l u m i n i u m  s p e c i e s  found i n  t h e  Z e i g l e r - N a t t a  p o l y m e r i s a t i o n  o f  

o l e f i n s  . F i s c h e r - T r o p s c h  s y n t h e s i s  o f  h y d r o - c a r b o n s  has  

bee n  shown t o  t a k e  p l a c e  on t u n g s t e n / a l u m i n i u m  c a t a l y s t s .



As homogeneous  c a t a l y s t s  t h e  u s e  o f  o r g a n o m e t a l l i c s  h a s  b e e n

l e g i o n ,  and many books  h av e  bee n  p u b l i s h e d  d e v o t e d  t o  t h i s  i m p o r t a n t

a r e a  o f  c h e m i s t r y .  To g i v e  t h r e e  e x a m p l e s ,  i r o n  and c o b a l t  h y d r o g e n  

[ 181c a r b o n y l s  h a v e  b e e n  found t o  c a t a l y s e  o l e f i n  i s o m é r i s a t i o n ,  w h i l s t

W i l k i n s o n ’ s c a t a l y s t  [ RhCl (PPh^)g]  c a t a l y s e s  h y d r o g e n a t i o n  r e a c t i o n s  a t

proci

[20]

[19]o l e f i n s  and a c e t y l e n e s  and t h e  Wacker p r o c e s s ,  i . e .  t h e  o x i d a t i o n

o f  o l e f i n s  t o  a l d e h y d e s  i s  c a t a l y s e d  by Pd

The S t r u c t u r e  and R e a c t i v i t y  o f  O r g a n o m e t a l l i c  C o m p le x e s .

The main  f a c t o r s  a f f e c t i n g  t h e  s t r u c t u r e  and r e a c t i v i t y  o f

o r g a n o m e t a l l i c  co m plex es  have come i n  f o r  c o n s i d e r a b l e  i n v e s t i g a t i o n

[21]o v e r  t h e  y e a r s .  F o r  i n s t a n c e  t h e  t r a n s  e f f e c t  and t r a n s  i n f l u e n c e

an d  t h e  1 8 - e l e c t r o n  r u l e ,  w i t h  t h e  i m p o r t a n c e  o f  16- and 1 4 - e l e c t r o n  

[ 2 2 ]
s p e c i e s  a r e  w e l l  u n d e r s t o o d .  The main  r e a c t i o n  p a th w a y s  o f  l i g a n d

s u b s t i t u t i o n ^ ^ , o x i d a t i v e  a d d i t i o n / r e d u c t i v e  e l i m i n a t i o n ,  and

[ 2 5 ] [ 26 ]
a -  e l i m i n a t i o n s  and i n s e r t i o n  r e a c t i o n s  h a v e  a l l  b e e n  d e s c r i b e d

f 27*291i n  d e t a i l  b e f o r e .  Ther e  a r e  s e v e r a l  t e x t b o o k s  t h a t  would  s e r v e

as  good i n t r o d u c t i o n s  to  t h e s e  a r e a s ,  e s p e c i a l l y  i n  r e l a t i o n  to  o r g a n o -  

p l a t i n u m  c h e m i s t r y .  I t  i s  n o t  p r o p o s e d  t o  go i n t o  t h e s e  a r e a s  i n  any 

more d e t a i l  h e r e ,  b u t  r a t h e r  d e a l  w i t h  any o f  t h e s e  p o i n t s  as t h e y  

a r i s e  i n  t h e  t e x t .  I t  i s  hoped ho w e v e r  t h a t  t h e  b r i e f  i n t r o d u c t i o n  

h a s  shown why t h e  i n v e s t i g a t i o n  o f  o r g a n o m e t a l l i c  co m plexes  i s  su ch  an 

i m p o r t a n t  a r e a  o f  c o n t e m p o r a r y  s t u d y .



CHAPTER 2 .

SYNTHESES AND LIGAND EXCHANGE REACTIONS OF GOLD(l)ETHYNYLS

2 - 1  I n t r o d u c t i o n ,

From p r e - h i s t o r i c  t i m e s  r i g h t  up t o  t h e  p r e s e n t  day ,  g o l d ,  o f  a l l  

t h e  e l e m e n t s ,  h a s  h e l d  t h e  most  f a s c i n a t i o n  f o r  man, b e i n g  w i d e l y  u s e d  

i n  many c u l t u r e s  as a s i g n  o f  w e a l t h  and s o c i a l  s t a t u s .  I f  t h e  

m y s t e r i o u s  w o r k i n g s  o f  t h e  a l c h e m i s t s  a r e  i g n o r e d  h o w e v e r ,  i t  i s  o n l y  

v e r y  r e c e n t l y  t h a t  t h e  c h e m i s t r y  o f  g o l d  h a s  b e e n  i n v e s t i g a t e d ,  and t h e  

m a j o r i t y  o f  t h a t  r e s e a r c h  h a s  b e e n  done w i t h i n  t h e  l a s t  two d e c a d e s .

The m e t a l  i t s e l f  i s  found  i n  t h e  e a r t h ’ s c r u s t  a t  an a v e r a g e  

c o n c e n t r a t i o n  o f  4 p a r t s  p e r  b i l l i o n .  I t  o c c u r s  n a t u r a l l y  as  t h e  

m e t a l  e i t h e r  i n  n u g g e t s  o r  g r a i n s  a f t e r  w e a t h e r i n g  o f  l o c a l  r o c k s ,  o r  

e l s e  i n  v e i n s  i n  q u a r t z  r o c k .  I t  i s  e x t r a c t e d  by m i l l i n g  t h e  o r e  t o  

f i n e  p a r t i c l e s  and t h e n  t r e a t e d  w i t h  a l k a l i n e  c y a n i d e  and a i r  t o  

d i s s o l v e  t h e  g o l d  as  [Au(CN)2 ] . A f t e r  f i l t r a t i o n ,  t r e a t m e n t  w i t h  

z i n c  r e - p r e c i p i t a t e s  t h e  m e t a l  ( e q n  2 - 1 )

2[Au (CN)2 ] '  + Zn [ Z n ( C N ) ^ ]^ “ + 2Au ( 2 - 1 )

The g o l d  can be  f u r t h e r  p u r i f i e d  by t r e a t m e n t  o f  t h e  m o l t e n  

c r u d e  g o l d  w i t h  c h l o r i n e  gas  w h ich  removes  o t h e r  m e t a l s  as t h e i r  

c h l o r i d e s ,  l e a v i n g  g o l d  w i t h  a p u r i t y  o f  99.5%.  F u r t h e r  r e f i n e m e n t  

can  be  a c h i e v e d  by e l e c t r o l y s i s .  C u r r e n t l y  t h e  main  p r o d u c e r s  o f  g o l d  

a r e  S o u th  A f r i c a  and t h e  U . S . S . R . ,  w i t h  o t h e r  A f r i c a n  and S o u th  A m er ic an  

c o u n t r i e s  p r o d u c i n g  s i g n i f i c a n t  am o u n t s .

Gold  i s  t h e  most  n o b l e  o f  a l l  t h e  m e t a l s ,  b e i n g  t h e  o n l y  one 

w h ich  does  n o t  r e a c t  w i t h  oxygen o r  s u l p h u r  a t  any t e m p e r a t u r e ,  a l t h o u g h



i t  w i l l  combine w i t h  t e l l u r i u m  an d  a l l  t h e  h a l o g e n s .  I t  w i l l  n o t  

d i s s o l v e  i n  h y d r o c h l o r i c  o r  n i t r i c  a c i d s  b u t  d i s s o l v e s  r e a d i l y  i n  

a q u a  r e g i a  t o  p r o d u c e  t e t r a c h l o r o a u r i c  a c i d ,  H[A uCl^]^and i s  

c o m m e r c i a l l y  a v a i l a b l e  i n  t h i s  form.

T h e r e  a r e  l i m i t e d  co m m er c i a l  a p p l i c a t i o n s  o f  g o l d  and i t s  

compounds ,  a p a r t  f rom t h e  o b v i o u s  u s e s  f o r  j e w e l l e r y  and m o n e t a r y  

s t a n d a r d s  w hi ch  do n o t  u t i l i s e  t h e  c h e m i c a l  p r o p e r t i e s  o f  t h e  e l e m e n t .  

I t s  c a t a l y t i c  p r o p e r t i e s  a r e  v e r y  p o o r ^ ^ ^ ^  due t o  a c o m p l e t e l y  f i l l e d  

d - b a n d  i n  t h e  m e t a l ,  so  s m a l l  m o l e c u l e s  a r e  c h e m i s o r b e d  o n l y  v e r y

w e a k l y  o r  n o t  a t  a l l .  The m e t a l  can b e  u s e d  h ow ever  t o  m o d i fy  t h e

[ 31 ]  . [32 ]c a t a l y t i c  b e h a v i o u r  o f  o t h e r  m e t a l s  such  as  p l a t i n u m  o r

[3 3]r h e n i u m  . One o f  t h e  most  r a p i d l y  e x p a n d i n g  u s e s  o f  g o l d  i s  i n  t h e  

e l e c t r o n i c s  i n d u s t r y  w h e r e ,  a f t e r  e l e c t r o p l a t i n g  o n t o  o t h e r  m a t e r i a l s ,  

i t  i s  u s e d  i n  s w i t c h i n g  d e v i c e s  and f o r  compon en ts  i n  m i c r o - e l e c t r o n i c  

c i r c u i t r y .

[ 34 ]T here  a r e  some b i o l o g i c a l  u s e s  f o r  g o l d  compounds e s p e c i a l l y

[ 35 ]i n  t h e  t r e a t m e n t  o f  a r t h r i t i s  w he re  d r u g s  l i k e  M y o c ry s in  ( D i s o d i u m

g o l d  t h i o m a l a t e )  and S o l g a n o l  ( g o l d  t h i o g l u c o s e )  a p p e a r  t o  b e  as

e f f e c t i v e  as  any o t h e r s  i n  t h e  t r e a t m e n t  o f  t h i s  d i s e a s e .  T h e r e  h a s

a l s o  b ee n  i n t e r e s t  i n  a n t i - t u m o r  p r o p e r t i e s ,  and some work h a s  b e e n

[ 36 ]done on g o l d  bases-DNA model  s y s t e m s  , w he re  g o l d  b i n d s  t o  n i t r o g e n

i n  u r a c i l  t y p e  b a s e s .

2 - 2  The C h e m i s t r y  o f  Gold

M o n o n u c lea r  g o l d  com plex es  a r e  most  commonly i n  t h e  I  & I I I

o x i d a t i o n  l e v e l s .  G o i d ( H )  can be  fo rmed  i f  c e r t a i n  b u l k y  u n s a t u r a t e d  

s u l p h u r  l i ]

( f i g .  2 . 1 )

[ 37 ]s u l p h u r  l i g a n d s  a r e  u s e d  , e . g .  g o l d ( l l )  b i s - ( m a l e o n i t r i l e d i t h i o l a t e )



I

2 -
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•CN

F i g .  2 .1

9
G o l d ( l l )  i s  d an d  h e n c e  p a r a m a g n e t i c ,  t h e  com plex es  a r e  

s t a b i l i s e d  by d e l o c a l i s ^ i o n  o f  t h e  u n p a i r e d  e l e c t r o n  o v e r  t h e  

u n s a t u r a t e d  l i g a n d s .  D i a m a g n e t i c  g o l d ( l l )  com plexe s  a r e  fo rm ed  i n
[ 3 7 ]

d i n u c l e a r  complexes  c o n t a i n i n g  g o l d - g o l d  b o n d s  e . g .  ( f i g . 2 . 2 )

E t  ^ E t

« 2 ^  " '^«2 

Cl—Au— Au^Cl

H^C CHg

.A.
F i g .  2 . 2

Gold(V)  i s  a l s o  w e l l  c h a r a c t e r i s e d  b u t  v e r y  r a r e .  [AuF^]  was 

p r e p a r e d  by B a r t l e t t  i n  1972 and i s  a good exa mpl e  o f  f l u o r i n e  l i g a n d s  

s t a b i l i s i n g  h i g h  o x i d a t i o n  l e v e l s .  I t  i s  a d i a m a g n e t i c  low s p i n  d^ 

com plex  and ,  n o t  u n s u r p r i s i n g l y ,  a v e r y  p o w e r f u l  o x i d i s i n g  a g e n t .  T h i s  

o x i d a t i o n  l e v e l  h a s  n e v e r  b e e n  i s o l a t e d  i n  c o p p e r  o r  s i l v e r  c o m p l e x e s .  

O t h e r  o x i d a t i o n  l e v e l s  a r e  known f o r  g o l d .  CsAu, a n o n m e t a l l i c

s o l i d  c o n t a i n i n g  g o l d  i n  t h e  -1  o x i d a t i o n  l e v e l  ( t h e  a u r i d e  i o n ) ,  was
r 1

d i s c o v e r e d  by Sommer i n  1943 . The i o n  h a s  a l s o  b ee n  p r e p a r e d  i n

[ 39 ] .l i q u i d  ammonia and i s  t h e  o n l y  known example  o f  a t r a n s i t i o n  m e t a l

a n i o n  i n  s o l u t i o n .

F r a c t i o n a l  o x i d a t i o n  l e v e l s  o f  g o l d  a l s o  e x i s t  i n  g o l d  c l u s t e r



compounds 5 , 6 , 8 , 9 , 1 1  and 13 g o l d  atom c o r e s  have been d i s c o v e r e d  in

homo m e t a l l i c  c l u s t e r  compounds as  w e l l  as a g i a n t  5"̂  atom c o r e  in  

( A u ^ ^ C l ^ ( P P h 2 1^ ^ . T hese  " u n u s u a l "  o x i d a t i o n  l e v e l s  o f  go ld  have

bee n  the  s u b j e c t  o f  a r e v i e w  a r t i c l e  by Schmidbaur  and Dash [41

G o l d ( l )  has  t h e  e l e c t r o n i c  c o n f i g u r a t i o n  [ Xe] . Af ^  5d^^ .  The most

common s t e r e o c h e m i s t r y  o f  g o l d ( l )  com plexe s  i s  a l i n e a r  a r r a n g e m e n t  o f

two l i g a n d s  a round  t h e  g o l d  a tom g i v i n g  1 4 - e l e c t r o n  s p e c i e s .  T h i s

ge om et ry  p e r s i s t s  i n  c a t i o n i c ,  n e u t r a l  and a n i o n i c  com plexe s  ( s u c h  as

[AuCPPh^)^]^ ,  [A uC l (P Fh^)]  and [AUCI2 ] ) .  V a r io u s  t h e o r i e s  have  been

p r o p o s e d  t o  a c c o u n t  f o r  t h i s  t e n d e n c y  to w ard s  c o - o r d i n a t i o n  o f  two

l i g a n d s ,  a geom et ry  found o n l y  r a r e l y  in  Cu ( l )  and A g ( l )  { a l t h o u g h  i t  i s

v e r y  common i n  H g ( l l ) - i s o e l e c t r o n i c  t o  A u ( l ) ] .  Arguments b a s e d  on

e l e c t r o s t a t i c  r e p u l s i o n  and p o l a r i s i n g  power o f  t h e  m e t a l  c a t i o n s

w r o n g ly  p r e d i c t  a c l o s e  s i m i l a r i t y  o f  Ag and Au w he reas  l i g a n d  f i e l d

t h e o r y ,  which c o n s i d e r s  t h e  h y d r i d i s a t i o n  o f  t h e  ( n - l ) d  2 o r b i t a l  w i t h

t h e  ns and np^ o r b i t a l  t o  p r o d u c e  two l i n e a r  h y b r i d  o r b i t a l s  ( tp  ̂ and

s t r o n g l y  d i r e c t e d  a l o n g  t h e  z - a x i s  ( f i g  2 - 3 ) .  The e l e c t r o n  p a i r  i n

( n - l ) d ^ 2  w i l l  occupy  and r e d u c e  t h e  r e p u l s i o n  be tween  t h e  e l e c t r o n

p a i r  and t h e  l i g a n d s .  The i n i t i a l  d - s  h y b r i d i s a t i o n  w i l l  be l e s s

f a v o u r a b l e  as  t h e  d - s  s e p a r a t i o n  i n c r e a s e s .  The en e rg y  d i f f e r e n c e  

9
b e tw e en  d s and

d , 2

+

+

Pz Fig 2-3

+



i n c r e a s e  i n  t h e  o r d e r  Au^<Cu^<Ag^ which g i v e s  t h e  c o r r e c t  s e r i e s  

b u t  w oul d  p r e d i c t  t h a t  c o p p e r  r e s e m b l e s  g o l d  more c l o s e l y  t h a n  i t  does  

s i l v e r ,  which i s  n o t  u p h e l d  e x p e r i m e n t a l l y .

M o l e c u l a r  o r b i t a l  c a l c u l a t i o n s  a l s o  p r e d i c t  t h a t  l i n e a r  

co m p lex es  a r e  f a v o u r e d  f o r  g o l d  and n o t  f o r  c o p p e r  o r  s i l v e r ,  s i n c e  

t h e  p o r b i t a l s  o f  g o l d  a r e  a t  r e l a t i v e l y  h i g h  e n e r g y  an d  l e s s  l i k e l y  t o  

t a k e  p a r t  i n  b o n d i n g ^ ^ ^ ^ .  So w h i l e  no one t h e o r y  p r o d u c e s  a r e s u l t  

c o n s i s t e n t  w i t h  e x p e r i m e n t a l  o b s e r v a t i o n ,  t h e  t r e n d  f rom a l l  t h e  

t h e o r i e s  i s  t h a t  t h e  s t a b i l i t y  o f  l i n e a r  com plexes  d e c r e a s e s  i n  t h e  

o r d e r  A u ( l ) > > A g ( l ) ^ C u ( l ) .

A g r e a t  number o f  co m p lex es  o f  t h e  t y p e  [AuXL] and [AuRL]

( X = h a l i d e  o r  p s e u d o - h a l i d e ,  R = a l k y l  o r  a r y l , L=donor  l i g a n d )  a r e  known.

The a l k y l  co m plexes  a r e  p r o n e  t o  d e c o m p o s i t i o n  on m i l d  h e a t i n g  i n  s o l u t i o n  

( e q n , 2 - 2 ) ,  The d e c o m p o s i t i o n  can a l s o  o c c u r

2LAuMe(PPh^) ] 2Au + 2PPh^ + ( 2 - 2 )

p h o t o c h e m i c a l l y a n d  f o r  [AuMe(PPhg)] h a s  b e e n  shown t o  p r o d u c e  

m e t h y l  r a d i c a l s  ( e q n , 2 - 3 )

h'ù
[AuMe(PPh ) ]  — [AuMe(PPh^) ]  ---->  [ A u C l ( P P h ^ ) ] + [ (Me+CDCl ) ]

CDCI3 1
v a r i e t y  o f  p r o d u c t s  

( 2 - 3 )

( T = t r i p l e t  e x c i t e d  s t a t e ) .  L i g a n d  ex change  r e a c t i o n s  a r e  a l s o  w e l l  

known i n  t h e  com plex es  [AuRL] w h e re  L can be  ex c h a n g e d  w i t h o u t  c l e a v a g e  

o f  t h e  Au-C bon d ( e q n , 2 - 4 )

[Au(C5CPh)(AsEt2)]+4-MeC^H^NC -> [Au(CECPh)(4-MeC^H^NC)]+AsEt^

( 2 - 4 )



By t h i s  an d  s i m i l a r  r e a c t i o n s  t h e  f o l l o w i n g  s e r i e s  o f  l i g a n d s  

i n  o r d e r  o f  a f f i n i t y  f o r  g o l d  was o b t a i n e d :  p h o s p h i n e > i s o n i t r i i e > a r s i n e >  

s t i b i n e > a m i n e ^ ^ ^ ^ a n d  w i t h i n  t h e  p h o s p h i n e s  t h e  s t a b i l i t y  o f  [AuMeL] was 

fo u n d  t o  be  P h ^ P > E t 2P > M e ^ P > ( M e O ) .

G o l d ( l )  compounds a r e  a l s o  known t o  u ndergo  o x i d a t i v e  a d d i t i o n  

r e a c t i o n s  t o  p r o d u c e  g o l d ( l l l )  co m p lex es  ( e q n . 2 -5 )

[AuMe(PPh^)] + Mel c i s - [ A u M e 2 l ( P P h ^ ) ] ( 2 - 3 )

W i t h  b i - d e n t a t e  l i g a n d s  and r e d u c e d  amounts  o f  o x i d i s i n g  a g e n t s  t h e  

g o l d ( l l )  i n t e r m e d i a t e s  can be i s o l a t e d ^ ^ ^ ^ ( e q n . 2 -6 )

Cl

/ C H 2 - A u-CH2 ^  C l ,  ^CH^-Au-CH^^

Me2P PMe2  ^ Me2P ) PMOg

CH^-Au-CH^'^ 'CH^-Au-CH^^ ( 2 - 6 )

Cl

1 " :

[{AuCl2}2 {u- [M e2P(CH2 )2 ]}2]

The g o l d ( l l l )  com plex es  w i l l  o f t e n  u n d e rg o  r e d u c t i v e  e l i m i n a t i o n  

b a c k  t o  A u ( l )  s p e c i e s  ( e q n , 2 - 7 ) .  T h i s  r e d u c t i o n  was shown s p e c i f i c a l l y  

t o  be  c i s  e l i m i n a t i o n ^ ^ ^ ^  as

c i s - [ A u M e 2 l ( P P h ^ ) ]  __ ^  [ A u l ( P P h 3 ) ]  + CgH, ( 2 - 7 )

t r^an^-  [AuMe2 E t ( P P h ^ ) ] w i l l  p r o d u c e  o n l y  p r o p a n e  and [AuMe(Pfh ^) ] and no 

e t h a n e  i s  d e t e c t e d  ( e x c e p t  u n d e r  c o n d i t i o n s  whe re  t h e  [AuMe( P P h g ) ] i s  

a l l o w e d  t o  decompose (e q n  2 - 2 ) ) ,

G o l d ( l l l )  h a s  e l e c t r o n i c  c o n f i g u r a t i o n  [ X e ] , 4 f ^ ^ , 5 d ^  and so i s  

i s o - e l e c t r o n i c  w i t h  P t ( l l )  and l i k e  t h e  l a t t e r  m a i n l y  forms 16 e l e c t r o n  

s q u a r e  p l a n a r  c o m p l e x e s ,  a l t h o u g h  a few f i v e  and s i x  c o - o r d i n a t e  

s t r u c t u r e s  a r e  known such  a s  [ A u l ( d i a r s ) 2 ]^ ^  and [ A u l 2 ( d i a r s ) 2 ]^
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( d i a r s  = 1 , 2 - b i s ( d i m e t h y l a r s i n o ) b e n z e n e ) . L ik e  P t ( l l )  t h e  s q u a r e  

p l a n a r  A u ( l l l )  s p e c i e s  can e x i s t  as  d i f f e r e n t  g e o m e t r i c a l  i s o m e r s .  

I n t e r e s t i n g l y ,  w h e r e a s  ' T '  s h a p e d  i n t e r m e d i a t e s  h a v e  b e e n  p r o p o s e d  i n  

t h e  i s o m é r i s a t i o n  o f  [P tRX (P R^) 2 l ^ 4 7 , c e r t a i n  t r i a l k y l  g o l d ( l l l )  

d e c o m p o s i t i o n s ,  su ch  i n t e r m e d i a t e s  h a v e  b ee n  p r o v e n  t o  e x i s t S o ,  

f o r  example  i n  t h e  i s o m é r i s a t i o n  o f  [ A u ( E t ) (Me) 2 (PRh^)  ] t h e  h i g h l y

r e a c t i v e  14e s p e c i e s  [ A u ( E t ) (M e)2 ] i s  formed which t h e n  can u n d e r g o  

i s o m e r i s a t i o n ^ ^ ^ ^ ( e q n  2 - 8 )

Me Me Me Me
1 L I 4 L I

Me-Au-PPh g - — ^  Me-Au -----^ E t -A u  ^  E t -A u-PPh_  ( 2 - 8 )
I 3 ^  j 4 ^  1 ^
E t  E t  Me Me

2 - 3  The C h e m i s t r y  o f  G o l d ( l )  E t h y n y l s

E t h y n y l g o l d ( l )  c om plexes  h a v e  b e e n  known s i n c e  t h e  b e g i n n i n g  o f  

t h e  c e n t u r y ,  when i n  1900 t h e  e x p l o s i v e  g o l d  c a r b i d e , A U 2 C2 ,was  f i r s t  

r e p o r t e d ^ ^ ^ ^ . More s t a b l e  e t h y n y l g o l d  com plexes  a r e  p r o d u c e d  when 

m o n o s u b s t i t u t e d  e t h y n e s  a r e  u s e d  t o  p ro d u c e  com plexes  o f  t h e  fo rm  

[Au(CrCR) , wh ich  i s  p o l y m e r i c  when R=Ph, b u t  when R=Bu^ a t e  t r a m e r

i s  formed ( f i g . 2 . 4 ) .

More c o m p l i c a t e d  co m plexes  c o n t a i n i n g  o n l y  g o l d  w i t h  e t h y n y l  

l i g a n d s  can be  p r o d u c e d  when AU2 C2 i s  a l l o w e d  t o  r e a c t  w i t h  KC2H t o  

p r o d u c e  K[HCeC-Au-C HÜH] and i f  t h e  r e a c t i o n  i s  p e r f o r m e d  i n  t h e  p r e s e n c e  

o f  a c e t y l e n e ,  t h e  b r i d g e d  a n i o n ,

S u b s t i t u t e d  g o l d  d i e t h y n y l  a n i o n s

o f  a c e t y l e n e ,  t h e  b r i d g e d  a n i o n ,  [HC =C-Au-C eC-Au-C =CH] i s  fo r m ed .

Bu
J

.  C
Bu —C = C —Au III

1 cAu I

c F i g . 2 . 4
|j|—Au— C ■ — - C—Bu 
'C
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[5 2 ] w i l l  a l s o  r e a c t  f u r t h e r  w i t h  g o l d  e t h y n y l s

[5 3]

[ A u ( C E C P h ) 2 ] " + ÿ A u ( C E C P h ) ] ^ —»
( 2 - 9 )

e . g .  [Au(C=CPh) 2  

t o  p r o d u c e  l a r g e r  a n i o n s  s t i l l  c o n t a i n i n g  o n l y  e t h y n y l  l i g a n d s  

( e q n , 2 - 9 )
Ph

s
C
I
A u - A u - C ^ P h

S
C 
I
Ph

and  an u n u s u a l  exam ple  o f  a s t a b l e  ' T ' - s h a p e d  A u ( l )  co m p lex .

I n f r a r e d  s p e c t r o s c o p y  i n d i c a t e s  t h a t  t h e  g o l d - e t h y n y l  ï ï -bond i s  

q u i t e  weak and i t  i s  fo u n d  t h a t  i t  can  be e a s i l y  c l e a v e d  b y  o t h e r  d o n o r  

l i g a n d s  t o  p r o d u c e  t h e  com plex es  [Au (C5 C R ) L ] ( L = P R ^ , A s R ^ , N R ^ S C N ) , 

Compared w i t h  t h e  a l k y l  d e r i v a t i v e s  t h e  e t h y n y l  c om plexes  a r e  v e r y  s t a b l e ,  

n o t  dec ompos ing t h e r m a l l y  o r  p h o t o c h e m i c a l l y  i n  s o l i d  o r  s o l u t i o n ,  and 

e x h i b i t i n g  much lower  c h e m i c a l  r e a c t i v i t y .

As m e n t i o n e d  p r e v i o u s l y ,  A u ( l )  i s  i s o e l e c t r o n i c  w i t h  H g ( l l ) ,  

and i t  was t h o u g h t  t h a t  i t  w ou ld  be  i n t e r e s t i n g  t o  compare  t h e  r e a c t i o n s  

o f  g o l d  e t h y n y l s  w i t h  t h e  p r e v i o u s l y  s t u d i e d  m e r c u r y  e t h y n y l  sys tern^^^^ 

i n  t e rm s  o f  t h e i r  r e a c t i v i t y  t o w a r d s  P t ( l l )  c o m p l e x e s .

2 - 4  R e s u l t s  and D i s c u s s i o n

1. S y n t h e s i s  o f  [Au (C^CR)l ] and [LAuC=-CAuL ] ,

I n i t i a l  a t t e m p t s  t o  p r o d u c e  [A u(C= CPh)( PPh^)] f o l l o w e d  t h e  

m etho d d e s c r i b e d  by C o a t e s  and P a r k i n w h i c h  i n v o l v e d  SO2 r e d u c t i o n  

o f  HAuCl^ i n  w a t e r / a c e t o n e  t o  p r o d u c e  "AuCl"  f o l l o w e d  i m m e d i a t e l y  by 

HC=CPh t o  form a p a l e  y e l l o w  p r e c i p i t a t e  o f  [Au(C=CPh)]^ ,  T r e a t m e n t  

o f  t h i s  s o l i d  w i t h  Ph^P i s  r e p o r t e d  t o  y i e l d  [A u ( C ^ C P h ) ( P P h ^ ) ] .
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However ,  when a t t e m p t e d  i t  p r o v e d  e x t r e m e l y  d i f f i c u l t  t o  c o n t r o l  t h e  

SO^ r e d u c t i o n  and l i t t l e  o r  no [Au(C=CPh)]^  was d e t e c t e d .  When t h e  

brown s o l i d  t h a t  was p r o d u c e d  was t r e a t e d  w i t h  Ph^P,  a g a i n  no g o l d  

e t h y n y l  complex was d e t e c t e d .

I t  was t h o u g h t  t h a t  a more c o n v e n i e n t  and e f f i c i e n t  s y n t h e s i s  o f  

g o l d  e t h y n y l s  m ig h t  be  found  f rom t h e  p h o s p h i n e  c h l o r o  com plexes  

[AuCICPR^)] .  These  co m p lex es  a r e  w e l l  known and e a s i l y  p r e p a r e d  by 

r e a c t i n g  HAuCl^ w i t h  t h e  p h o s p h i n e  i n  e t h a n o l ^ T h i s  method  was 

u s e d  t o  p r e p a r e  s a m p l e s  o f  [ A u C l ( P P h ^ ) ] ,  [AuClC PiC ^H ^ .C H ^-^ } ^ )1 and t h e  

new complex [AuCICp CC^H^OCH^-^}^)] ,  a l l  a i r  s t a b l e , w h i t e ^ c r y s t a l l i n e  

s o l i d s .

I n  c h l o r o f o r m  s o l u t i o n  t h e r e  was no d i r e c t  r e a c t i o n  b e t w e e n

31[A uC l (P Phg)]  and HC=CPh, and P n . m . r .  s p e c t r o s c o p y  o f  t h e  p r o d u c t  

showed o n l y  one s i n g l e t  a t  6 3 3 . 2 ,  i d e n t i c a l  t o  t h e  s t a r t i n g  c h l o r i d e  

com plex .

I t  i s  known t h a t  l i t h i u m  e t h y n y l s  w i l l  r e a c t  w i t h  p h o s p h i n e  g o l d  

h a l i d e s ^ ^ ^ ^  t o  p r o d u c e  t h e  d e s i r e d  s p e c i e s  ( e q n . 2 - 1 0 )  and so  t h e  u s e  o f  

b a s e s  t o  promote  t h e

[AuBr( PE t 3 ) ]  + Li(CECPh) [Au(CE CPh)(PEt_ )]  + L i B r  ( 2 - 1 0 )

r e a c t i v i t y  o f  t h e  v e r y  w e a k l y  a c i d i c  e t h y n e  p r o t o n  m i g h t  p r o d u c e  t h e  

d e s i r e d  r e a c t i o n .

When t h e  g o l d  h a l i d e  co m plex  and p h e n y l a c e t y l e n e  w e r e  r e a c t e d  

t o g e t h e r  i n  CHCl^ i n  t h e  p r e s e n c e  o f  Et^N,  an u n f a v o u r a b l e  r e a c t i o n  

b e t w e e n  b a s e  and s o l v e n t  p r e v e n t e d  t h e  f o r m a t i o n  o f  any g o l d  e t h y n y l .  

C hang ing t h e  s o l v e n t  t o  b e n z e n e  s t o p p e d  t h e  unwanted  s i d e  r e a c t i o n ,  

b u t  a g a i n  no g o l d  e t h y n y l  was p r o d u c e d .

When t h e  s y n t h e s i s  was r e p e a t e d  u s i n g  d i e t h y l a r a i n e  b o t h  as  

s o l v e n t  and b a s e  t h e  r e a c t i o n  wen t  s m o o t h ly  a t  room t e m p e r a t u r e  t o
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p r o d u c e  [A u (C= CP h)( PP h^)1 ( e q n , 2 - 1 1 ) .  The p r o d u c t  was c h a r a c t e r i s e d

Et-NH
AuCl(PPhg)  + HC=CPh  > [Au(C5CPh) (PPh2) ]  + [ E t 2NH2 lCl

( 2- 11)

by t h e  co m p a r i s o n  o f  i t s  i n f r a r e d  s p e c t r a  and m e l t i n g  p o i n t s  w i t h  t h a t

o f  a g e n u i n e  s a m p l e .  The r e a s o n  f o r  t h e  ch a n g e  o f  r e a c t i v i t y  b e tw e en

E t 2 NH and Et^N i s  u n l i k e l y  t o  be  due t o  d i f f e r i n g  b a s i c i t i e s  as  t h e s e

a r e  v e r y  s i m i l a r  (pK^=3.07  ( E t 2 NH) and 3 . 3 6 ( E t ^ N ) )  an d  p r o b a b l y

r e f l e c t s  t h e  f a c t  t h a t  E t 2 NH i s  b e i n g  u s e d  i n  l a r g e  e x c e s s  an d  i s  a

much more p o l a r  s o l v e n t  t h a n  t h o s e  u s ed  w i t h  Et^N.  I t  s h o u l d  be

n o t e d  t h a t  p l a t i n u m  e t h y n y l s  can be  p r e p a r e d  by a s i m i l a r  metho d

( e q n . 2 - 1 2 ) ,  a l t h o u g h  a t r a c e  o f  Cul i s  r e q u i r e d  t o  c a t a l y s e  t h e

Et2NH/CuI
cis - [PtCl2(PE t3)2]+HCE CPh ------- :----- > t r ^ - [ P t ( C E C P h ) 2 ( P E t g ) 2 ]

( 2- 12)

r e a c t i o n ^ ^ ^ ^ . [Cu(C=CPh)] i s  p r o p o s e d  as  an  i n t e r m e d i a t e  i n  t h i s  r e a c t i o n  

and ( e q n . 2 - 1 1 )  shows t h a t  e t h y n y l s  o f  g ro up  IB m e t a l s  can b e  formed f rom 

t h e  a l k y n e  and m e t a l  h a l i d e .  T h i s  r e a c t i o n  w i l l  be  d i s c u s s e d  more 

f u l l y  i n  C h a p t e r  3 .

The b e s t  method f o u n d ,  h o w e v e r ,  f o r  p r e p a r i n g  g o l d  e t h y n y l s  

i n v o l v e d  t h e  u se  o f  t h e  s t r o n g  b a s e  Na(OEt) t o  remove t h e  a c i d i c  p r o t o n  

on t h e  a l k y n e .  So when a s u s p e n s i o n  o f  [A u C l (P P h ^ ) ]  i n  e t h a n o l  was 

t r e a t e d  w i t h  f r e s h l y  p r e p a r e d  sod ium  e t h o x i d e  f o l l o w e d  q u i c k l y  by 

p h e n y l a c e t y l e n e ,  a  smooth  c o n v e r s i o n  t o  [A u( C = C P h ) ( PP h ^) ] t o o k  p l a c e  

( e q n . 2 - 1 3 ) .  The p r o d u c t  i s  v e r y  i n s o l u b l e  i n  EtOH and c o u l d  be  o b t a i n e d

[AuCl(PPh^)]+HCECPh+NaOEt ^  [Au(CECPh)(PPh^)]+NaCl+EtOH ( 2 - 1 3 )

n e a r l y  p u r e  by f i l t r a t i o n .  R e - d i s s o l u t i o n  i n  CHCl^ and f i l t r a t i o n  

removed t h e  NaCl i n  t h e  p r o d u c t  w h ich  c o u l d  t h e n  be  r e - c r y s t a l l i s e d  by
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a d d i t i o n  o f  p e n t a n e  a f f o r d i n g  c o l o u r l e s s  c r y s t a l s .  The m e l t i n g  p o i n t  

and i r  p a r a m e t e r s  ( T a b l e H )  a r e  c o n s i s t e n t  w i t h  l i t e r a t u r e  v a l u e s ^ ^ ^ ^ ,  

and n . m . r .  s p e c t r o s c o p y  showed o n l y  one p r o d u c t  ( 6 4 2 . 3 )  wh ich  

showed no s i g n s  o f  d e c o m p o s i t i o n  i n  s o l u t i o n  ev e n  a f t e r  p r o l o n g e d  

h e a t i n g .

When 10% o f  w a t e r  was d e l i b r a t e l y  i n t r o d u c e d  i n t o  t h e  e t h a n o l

b e f o r e  r e a c t i o n ,  t h e  p r o d u c t i o n  o f  [A u(C= CPh)( PPh^)] s t i l l  p r o c e e d e d

r e a d i l y  i n d i c a t i n g  t h a t  h y d r o x i d e  i s  a s t r o n g  enough b a s e  t o  p ro mote

r e a c t i o n  and s m a l l  amounts  o f  w a t e r  i n  t h e  e t h a n o l  w i l l  n o t  i n t e r f e r e

w i t h  t h e  f o r m a t i o n  o f  t h e  p r o d u c t .  I f  [A u C l (P P h ^ ) ]  and Na(OEt) were

mixed  i n  e t h a n o l  w i t h o u t  t h e  a d d i t i o n  o f  any p h e n y l a c e t y l e n e  no r e a c t i o n

t o o k  p l a c e  and t h e  p h o s p h i n e g o l d  c h l o r i d e  c o u l d  b e  r e c o v e r e d  u n ch a n g e d .

F u r t h e r m o r e ,  a d d i t i o n  o f  e x c e s s  PhC=CH t o  a s o l u t i o n  o f  [AuCl (P Phg)]

31d i d  n o t  p r o d u c e  any ch a n g e  i n  t h e  P n . m . r .  p a r a m e t e r s  o f  t h e  l a t t e r ,  

i n d i c a t i n g  t h a t  t h e r e  i s  l i t t l e  o r  no i n t e r a c t i o n  b e t w e e n  t h e  two s p e c i e s .  

T h i s  i m p l i e s  t h a t  t h e  r e a c t i o n  mecha n ism does  n o t  i n v o l v e  an  i n i t i a l  

r e a c t i o n  b e tw e e n  t h e  g o l d  c e n t r e  and e i t h e r  t h e  e t h o x i d e  o r  t h e  

p h e n y l a c e t y l e n e  an d  a r e a c t i o n  scheme shown i n  ( e q n . 2 - 1 4 )  i s  t h o u g h t  to

HC^CPh + EtONa ---------- > [PhC = C]"  + Na"^ + EtOH

[AuCIL] ( 2 - 1 4 )

[Au(C=CPh)L] + Cl"

be  t h e  t r u e  m echan i sm  f o r  t h e  r e a c t i o n .

T h i s  method  p r o v e d  t o  be  v e r y  v e r s a t i l e .  [ AuCl(P{C^H^Me-p } ^ ) 1

r e a c t s  a n a l o g o u s l y  t o  g i v e  [ A u (C =C Ph)(P lC^ H ^M e-p i^ )1, and by p a s s i n g  

g a s e o u s  a l k y n e s  t h r o u g h  s u s p e n s i o n s  o f  [ AuCIL] i n  e t h a n o l i c  s odium e t h o x i d e  

t h e  new compounds [Au(C=CMe)L] ,  [Au(CECEt)L] and [Au (C eCCF^)L] ( l ^ P P h ^ )  

w e re  e a s i l y  s y n t h e s i s e d .  The p h y s i c a l  and s p e c t r o s c o p i c  d a t a  f o r  t h e s e  

compounds a r e  shown i n  T a b l e  1.



P h y s i c a l  and S p e c t r o s c o p ic  Data fo r  [Au (C=T!R)L]

L R M .P t (^ C ) >i(C=C)(cin"^) 6p ( p . p . m ) 6^ (p .p . t n )

PPh 3 H 1,9 75  ^ 4 1 . 9 1.75

Me 148-150 2 , 1 2 0 4 1 . 8 1 .98

Et 154-155 2 ,115 4 1 . 1 1 . 2 7 ( t ) ;
2 . 4 0 ( q ) .

CF3 155 2 ,1 2 8 4 1 . 2

PH 16 3-165^ 2 ,1 1 8 4 2 . 3

PCC^H^Me), Ph 146-148 2 , 1 2 0 4 0 . 2

( a )  1H d a t a  f o r  R gro u p s

Table 2-1
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I f  e t h y n e  i t s e l f  was a l l o w e d  t o  r e a c t  w i t h  [A uC l (P P h g ) ]  i n

a l c o h o l i c  N a ( O E t ) ,  a w h i t e  i n s o l u b l e  p r o d u c t  c o u l d  be  s e p a r a t e d .  I t s

i r  s p e c t r u m  showed t h e  a c e t y l e n e  s t r e t c h  a t  l o w e r  f r e q u e n c y  t h a n  f o r

- 1
t h e  o t h e r  g o l d  e t h y n y l s  arid a v e r y  s t r o n g  b an d  a t  3278cm . Both

t h e s e  o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  o n l y  one o f  t h e  e t h y n e ' s  p r o t o n s

b e i n g  r e p l a c e d  ( s i m i l a r  o b s e r v a t i o n s  h av e  b e e n  s e e n  i n  compounds

c o n t a i n i n g  Pt-CECH g r o u p s ^ ^ ^ ^ ) .  A s i n g l e t  i n  t h e  p r o t o n  n . m . r .  s p e c t r u m

a t  6 1 .7 5  i s  f u r t h e r  e v i d e n c e  t h a t  t h e  p r o d u c t  i s  [ Au (C=CH)(PPh ^ ) ]

a l t h o u g h  i t  p r o v e d  i m p o s s i b l e  t o  p u r i f y  t h i s  compound.

T h is  compound can be  t h o u g h t  o f  as  a m o n o s u b s t i t u t e d  a l k y n e  arid

i t  c o u l d  b e  made t o  r e a c t  f u r t h e r  w i t h  more [ A u C l (P P h ^ ) ]  and b a s e

t o  p r o d u c e  t h e  h i g h l y  i n s o l u b l e  complex [ (Ph^P)AuCECAu(PPh^)] ( e q n . 2 - 1 5 ) .

Due t o  i t s  e x t r e m e l y  low s o l u b i l i t y ,  t h i s  a l s o  c o u l d  n o t  be  p u r i f i e d  and

EtONa [ A u C l ( P P h 3 ) ] / N a ( 0 E t )
[AuCl(PPh^)]+C2H2  ̂ [Au(CECH)(PPh2) l ----------------------------------- ^

( 2 - 1 5 )
[ (Ph3P)AuCECAu(PPh^)]

h e a t i n g  i n  s o l v e n t s  above 60°C l e d  t o  d e c o m p o s i t i o n .  I t s  i d e n t i t y  was 

i n f e r r e d  f rom a C=C s t r e t c h  a t  2040cm  ̂ w hi ch  was Raman a c t i v e  and 

i n f r a r e d  i n a c t i v e ,  w h ic h  would  be  e x p e c t e d  f rom a s y m m e t r i c a l l y  

s u b s t i t u t e d  a l k y n e .

Chang ing  t h e  p h o s p h i n e  t o  e i t h e r  t r i s - ( j ^ 'm e t h o x y ) p h o s p h i n e  o r  

t r i s - ( j ^ - t o l y l ) p h o s p h i n e  p ro d u c e d  t h e  a n a l a g o u s  d i g o l d  s p e c i e s  

[LAuCecAuL] ( L = t e r t i a r y  p h o s p h i n e ) ,  a l t h o u g h  i n  b o t h  t h e s e  c a s e s  t h e  

r e a c t i o n  f rom  [AuCIL] and e t h y n e  wen t  s t r a i g h t  t h r o u g h  t o  t h e  d i g o l d  

p r o d u c t s  and no [Au (CECH)L] was d e t e c t e d  ( e q n . 2 - 1 6 ) .  T h i s  i n d i c a t e s

2 [AuCIL] + CgHg [LAuCECAuL] + 2NaCl ( 2 - 1 6 )

a  g r e a t e r  r e a c t i v i t y  f o r  [Au (CeCH)L] o v e r  C^Hg, an d  i s  l i k e l y  t o  be  due
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t o  t h e  e l e c t r o n  w i t h d r a w i n g  n a t u r e  o f  t h e  m e t a l  c e n t r e  i n c r e a s i n g  t h e  

a c i d i t y  o f  t h e  t e r m i n a l  p r o t o n .  Thes e  compounds w e re  much more 

s o l u b l e  i n  a l c o h o l  and c h l o r i n a t e d  s o l v e n t s  and am en a b le  t o  p u r i f i c a t i o n  

by c r y s t a l l i s a t i o n ,  and r e p r e s e n t  t h e  f i r s t  r e p o r t e d  ex a m p le s  o f

n e u t r a l  d i g o l d ( l )  s p e c i e s  c o n t a i n i n g  a b r i d g i n g  e t h y n y l .

R e - c r y s t a l l i s a t i o n  o f  t h e  com plexes  f rom c h l o r o f o r m  o r  d i c h l o r o -  

me thane  l e d  t o  t h e  w e l l  d e f i n e d  s o l v a t e s  [({p-MeC^H^}gP)AuCECAu(P{C^H^Me- 

j i }^ )]*3C H C l^ ,  [ ({p-MeC^H^} 2P)AuCECAu(P{C^H^Mei2 }2 ) ] * 2 CH2 C l 2 and 

[ ( •CB-MeOC^H^}^P)AuCECAu(P{C^H^OMe-ji}^) ]• 2 CH2 C I 2 ( s e e  T a b l e  2 f o r  a n a l y s i s )  

when r e - c r y s t a l l i s e d  f r om  a l c o h o l ,  t h e  c r y s t a l s  d i d  n o t  c o n t a i n  s o l v e n t  

m o l e c u l e s  (Table2-2) and p h y s i c a l  d a t a  f o r  u n s o l v a t e d  d i m e r s  c o u l d  be  

m e a s u r e d  (Tab le 2~3 .) .

Table2~3 P h y s i c a l  P r o p e r t i e s  o f  [LAuCECAuL]

L M .P t (* C ) A>(C=C)^(cm” b 6p ( p . p . m . )

PPh 3 2040 b

P(C^H^Me-4i)3 ^ 110-115 2025 4 0 . 7

P(C^H^OMe-j2 ) 3 125 c 3 8 .3

a Raman s p e c t r a

b Too i n s o l u b l e  i n  o r g a n i c  s o l v e n t s

c S t r o n g  f l u o r e s c e n c e  o b s e r v e d  

d F o r  t r i s ( c h l o r o f o r m ) a d d u c t

The i n f r a r e d  s p e c t r a  o f  t h e  a d d u c t s  a l s o  i n d i c a t e d  t h e  p r e s e n c e  o f  s o l v e n t  

m o l e c u l e s  w i t h i n  t h e  s t r u c t u r e .  With  CHCl^ s o l v a t e s  t h e  i r  b an d s  were  

g e n e r a l l y  b r o a d e r ,  and a l l  t h e  s p e c t r a  c o n t a i n e d  a s t r o n g  band  a t  ^J50cm \



T a b l e t 2 ,  M i c r o a n a l y t i c a l  d a t a  f o r  d i g o l d  complexes{[LA uCs CAuL ] ( s o l v e n t ) n }

CN
m m

'd ' m ■d"

vo r~- r~.
Pu 00 co <)•
X

< f m -d"

m
CSJ 00 CN
o \ o

f—u
co 1—u m
CN

r—i
o CO co
&>e

CN 1—1 'd-
CN i-H

CO œ 'oû r » vO
CNj 00 CN

c o co co co

m O co O N t
t e o r - 00 m

CO co co co

\40 r - 00
f-U O m

o vD o
m -d" < t

m \o ON
co 00 o CN

O o \ 0 O
m ■d- •d- -d"

O

o co CN o CN
C

co
co r4

te !—1 U co
c o U CN te r-4
(U 4-1 te te o U
> w u o te

r 4 S o
O

CO

co co

Pu Pu

à Q)
S Sote «d-te
o

o
Pu

Pu

co
•1 - t
co(U

ceu

Ou

C
•H

o

3
r—(

g
T3
(U
4-1
COT—i
Ou

r-iCO
U



17

a s s i g n e d  t o  ^ ( C - C l ) .  T h i s  band was a b s e n t  i n  t h o s e  s a m p le s  

r e - c r y s t a l l i s e d  f r o m  a l c o h o l .  The p r o t o n  n . m . r .  o f  a sam ple  o f  t h e  

c h l o r o f o r m  a d d u c t  o f  [LAuC=CAuL] ( L = P ( C ^ H ^ M e - ^ ) c o n t a i n e d  a s i n g l e t  

a t  6 7 . 2 5  due t o  CHCl^,

On h e a t i n g  a t  50°C f o r  12 h r s .  v acu o  i t  was p o s s i b l e  t o  remove 

t h e  s o l v e n t  m o l e c u l e s  f rom t h e  d i c h l o r o m e t h a n e  a d d u c t ,  and f rom t h e  

c h l o r o f o r m  a d d u c t  o f  t h e  t r i s ( m e t h o x y p h e n y l ) p h o s p h i n e  com plex ,  b u t  w i t h  

t h e  t r i c h l o r o f o r m  a d d u c t  o n l y  p a r t i a l  r e m o v a l  o f  CHCl^ c o u l d  be  a c h i e v e d  

( t o  fo rm  t h e  b i s ( c h l o r o f o r m ) a d d u c t -  Found ( c a l c )  0 , 4 5 . 2 ( 4 6 . 2 5 ) ;  H , 3 . 2 0  

( 3 . 7 1 ) %) .  I t  seems l i k e l y  t h a t  t h i s  m o l e c u l e  i s  a c t i n g  a s  a c l a t h r a t e  

h o s t ,  and o n l y  t h e  s m a l l e r  d i c h l o r o m e t h a n e  m o l e c u l e s  can e s c a p e  f rom t h e  

s t r u c t u r e .

2 ,  P r e p a r a t i o n  o f  [Au (C^H^)L]

As a f u r t h e r  t e s t  o f  t h e  g e n e r a l i t y  o f  t h e  new s y n t h e t i c  method o f

g o l d - c a r b o n  bon d f o r m a t i o n ,  t h e  r e a c t i o n  o f  a n o t h e r  w e a k l y  a c i d i c

h y d r o c a r b o n ,  c y c l o p e n t a d i e n e  was i n v e s t i g a t e d .  When a l l o w e d  t o  r e a c t

i n  a manner  e x a c t l y  a n a l a g o u s  t o  t h e  a l k y n e s ,  p r o d u c e d  a p r e c i p i t a t e

[5 8]o f  t h e  known complex  t r i p h e n y l p h o s p h i n e g o l d  c y c l o p e n t a d i e n i d e  ( e q n . 2 - 1 7 )

[A u C K P P h ^ ) ]  + _I^a(OEt)^ [A u ( C ^ H ^ ) ( P P h ] ) ]  ( 2 - 1 7 )

[5 8]T h i s  r e p r e s e n t s  a b e t t e r  s y n t h e t i c  r o u t e  t h a n  t h e  r e p o r t e d  o ne ,  

w h ich  i n v o l v e d  r e a c t i n g  [A uC l(P Ph^) ]  w i t h  [Na(C^H^)] i n  CHCl^, as  i t  was 

found  t h a t  t h e  p r o d u c t  decomposes  r a p i d l y  (15 m i n s )  i n  CHCl^ s o l u t i o n ,  

p r o b a b l y  by a r e a c t i o n  a n a l a g o u s  t o ( e q n . 2 - 2 )  as  g o l d  m i r r o r s  formed on t h e

w a l l s  o f  t h e  r e a c t i o n  v e s s e l .  By p r o d u c i n g  t h e  compound as  an i n s o l u b l e

p r e c i p i t a t e  t h i s  p r o b l e m  was s o l v e d  ( a l t h o u g h  c a r e  must  be  t a k e n  as  t h e  

s o l i d  w oul d  s t i l l  decompose s l o w l y  i n  t h e  l i g h t ) .
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I t  was a l s o  found  t h a t  t h i s  a l k o x i d e  p ro m o t e d  r e a c t i o n  can  be

f u r t h e r  u s e d  t o  p r e p a r e  e t h y n y l s  o f  P t ( l l )  ( s e e  C h a p t e r  3) and s h o r t l y

[59]
a f t e r  t h e  i n i t i a l  r e p o r t  on t h i s  work , B ru ce  and c o - w o r k e r s  

p u b l i s h e d  r e l a t e d  p r e p a r a t i o n s  o f  e t h y n y l s  o f  g o ld ^ ^ ^ ^  and o t h e r  m e t a l s  

su ch  as  I r ,  Rh, Cu and

3.  L i g a n d  Ex chang e R e a c t i o n s  o f  Gold  C o m p le x e s .

( a )  E f f e c t s  o f  PR^ on [AuCl(PRg)]

When a 0 . 1  m o l a r  e q u i v a l e n t  o f  Ph^P was added  t o  a CDCl^ s o l u t i o n

31o f  [AuCI(PPh ^ ) ] , t h e  i n i t i a l l y  s h a r p  s i g n a l  on t h e  P n . m . r .  s p e c t r u m

b r o a d e n e d  due t o  a  f a s t  ex c hange  o f  f r e e  and c o - o r d i n a t e d  p h o s p h i n e

l i g a n d s .  On c o o l i n g  t o  -60°C t h i s  e x c h a n g e  was s lo w e d  down s u f f i c i e n t l y

t o  g i v e  s h a r p  b a n d s  i n  t h e  p h o s p h o r o u s  s p e c t r u m  c o r r e s p o n d i n g  t o

[A u C l (P P h g ) ]  and m in o r  s i g n a l s  a t  6 4 1 . 2  and 3 1 . 7  n e i t h e r  o f  wh ich

c o r r e s p o n d  w i t h  f r e e  Ph^P o r  i t s  o x i d e ,  Ph^P=0.  One o f  t h e s e  i s

l i k e l y  to  be due to  th e  p re se n c e  o f  some [AuCI(PPh^)2 ] . A lthough  t h i s

co mplex was n e v e r  i s o l a t e d  i n  t h e s e  e x p e r i m e n t s  t h e r e  a r e  s e v e r a l  r e p o r t s

[621i n  t h e  l i t e r a t u r e  c o n c e r n i n g  com plexes  o f  t h e  form [AuXL^] ( n = l , 2 , 3 )  

o r  [AuL^]  (ra= 1 , 2 , 3 , 4 ) ^ ^ ^  and t h e  s y s t e m s  a r e  v e r y  c o m p l i c a t e d  

due t o  t h e  c o m p e t i n g  e q u i l i b r i a : -

[AUL2 CI] [AuL2]C1 ( 2 - 1 8 )

[AUL2 CI] > [AuC1L]+L ( 2 - 1 9 )

[ 6 2 c ]
I t  i s  t h o u g h t  t h a t  ( 2 - 1 9 )  d o m i n a t e s  i n  l e s s  p o l a r  s o l v e n t s ,  and

i s  d i s p l a c e d  i n  t h e  d i r e c t i o n  o f  ( 2 - 1 8 )  i n  p o l a r  s o l v e n t s ,  b e i n g  

q u a n t i t a t i v e  i n  a c e t o n i t r i l e ,  M u e t t e r t i e s  and A l g e r a n t i  r e p o r t e d

a f u r t h e r  d i s p r o p o r t i o n a t i o n  r e a c t i o n  ( e q n . 2 - 2 0 ,  L=[p(CgH^Me-_p)^]) .

2 L 2AUCI > [AuClLg] + AuClL ( 2 - 2 0 )
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The p r e s e n c e  o f  a m u l t i p l i c i t y  o f  s i g n a l s  i n  t h e  p h o s p h o r o u s  n . m . r ,  

h a s  b e e n  o b s e r v e d ^ ^ ^ ^ ^  i n  t h e  r e a c t i o n s  o f  [AuBrg] w i t h  n o n - c h e l a t i n g  

b i d e n t a t e  p h o s p h i n e  l i g a n d s .

R e t u r n i n g  t o  t h e  r e a c t i o n  i n  q u e s t i o n  t h e r e  a r e  a v a r i e t y  o f  

p o s s i b i l i t i e s  f o r  t h e  s e c o n d  m inor  p r o d u c t  and  i t  seems l i k e l y  t o  be 

e i t h e r  [ A u C l ( P P h ^ ) o r  [Au(PPhg) 2 ] .

[A u C lC P C ^ -to ly l} ^ ) ] a l s o  underw ent r a p i d  phosph ine  exchange when

31t r e a t e d  w i t h  a t r a c e  amount  o f  PPh^.  Low t e m p e r a t u r e  P n . m . r .  

s p e c t r o s c o p y  a g a i n  showed t h e  p r e s e n c e  o f  s e v e r a l  s p e c i e s  m a i n l y  t h e  

s t a r t i n g  g o l d  c h l o r i d e  as  w e l l  as  s i g n a l s  a t  6 3 2 . 7 ( d u e  t o  [ A u C l (P P h ^ ) ] ) ,  

and  two unknown s p e c i e s  a t  6 4 2 .3  and 3 1 . 7  a g a i n  p r o b a b l y  due t o  b i s -  

( p h o s p h i n e ) g o l d  s p e c i e s  b e i n g  for med .

When one e q u i v a l e n t  o f  PPh^ was ad d ed  t o  e i t h e r  p h o s p h i n e g o l d  

c h l o r i d e  t h e  ^^P n . m . r .  s p e c t r a  a t  low t e m p e r a t u r e  ( - 6 0 ° C )  showed 

s e v e r a l  b r o a d  p e a k s  i n  b o t h  c a s e s .  The low t e m p e r a t u r e  e x c h an g e  l i m i t  

c o u l d  n o t  be  r e a c h e d  i n  CDCl^ and a t  -60^C s e v e r a l  o f  che p o s s i b l e  

p r o d u c t s  must  s t i l l  be u n d e r g o i n g  f a s t  e x c h a n g e .

I t  i s  known t h a t  e l e m e n t a l  s u l p h u r  r e a c t s  v e r y  r e a d i l y  w i t h  

t e r t i a r y  p h o s p h i n e s  t o  p ro d u c e  t h e  p h o s p h i n e  s u l p h i d e s ,  R^P=S, h e n c e  

f r e e  p h o s p h i n e  can be e a s i l y  and r a p i d l y  removed f rom s o l u t i o n  by 

a d d i n g  Sg t o  t h e  r e a c t i o n  v e s s e l .

When s u lp h u r  was added to  a s o l u t i o n  o f  [AuCl(P{C^H^Me-^}^)] in

31CDClg c o n t a i n i n g  one e q u i v a l e n t  o f  PPhg,  t h e  room t e m p e r a t u r e  P n . m . r .  

s p e c t r u m  c h a n g ed  f rom one b r o a d  p ea k  t o  s e v e r a l  s h a r p  s i g n a l s  showing  t h e  

p r e s e n c e  o f  [A uC l (P P hg)]  and [AuC l(p {CgH ^M e-p}^) ] w i t h  o t h e r  s i g n a l s  a t  

6 4 3 . 3  (d u e  t o  PhgPS^^ ^^ )  and 6 4 2 .4  (by a n a l o g y  a s s i g n e d  t o  ( p - t o l ) ^ P S )  

p l u s  two o t h e r  m in o r  s i g n a l s  a t  6 3 1 .2  and 6 2 9 .5  wh ich h a v e  n o t  b e e n  

a s s i g n e d .  The l a s t  two s p e c i e s  a r e  u n l i k e l y  t o  be  [AuCl(SPRÎg)] as
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i n d e p e n d a n t  e x p e r i m e n t s  showed t h a t  t h e r e  was no r e a c t i o n  b e tw e en  

[ A u C l ( P P h g ) ]  and  Sg o r  Ph^PS. The f a c t  t h a t  b o t h  p h o s p h i n e g o l d  

c h l o r i d e s  a r e  o b s e r v e d  c l e a r l y  i n d i c a t e s  t h a t  p h o s p h i n e  exc h an g e  a t  

g o l d  mus t  be  o c c u r r i n g  ( e q n  2 - 2 1 ) .

[ A u C l ( P { p - t o l } g ) ]  + PPhg — ^  [A u C l (P P h g ) ]+  P { p - t o l >3  ( 2 - 2 1 )

F u r t h e r ,  s i n c e  t h e  room t e m p e r a t u r e  s p e c t r u m  o f  t h i s  s o l u t i o n  

c o n t a i n s  o n l y  s h a r p  p e a k s ,  exc h an g e  b e t w e e n  t h e  two g o l d  c h l o t i d e  

co m p lex e s  must  be v e r y  s lo w .

( b ) P h o s p h i n e  ex c h an g e  w i t h  [Au(C=CPh)L]

When a 0 , 1  m o l a r  e q u i v a l e n t  o f  Ph^P was added  t o  s o l u t i o n s

c o n t a i n i n g  e i t h e r  [Au(CECPh) (PPh^)] o r  [ A u ( C E C P h ) ( P { p - t o l } g ) ] ,  t h e  room 

31t e m p e r a t u r e  P n . m . r .  s p e c t r a  b o t h  c o n t a i n e d  one b r o a d  s i g n a l  

( a t  6 3 9 . 4  and 3 7 .0  r e s p e c t i v e l y )  i n d i c a t i v e  a g a i n  o f  r a p i d  p h o s p h i n e  

e x c h a n g e .  U n l i k e  t h e  p h o s p h i n e g o l d  c h l o r i d e s  u n d e r  s i m i l a r  c o n d i t i o n s ,  

c o o l i n g  to  - 6 0 ^ 0  d i d  n o t  p r o d u c e  s i g n i f i c a n t  amounts  o f  l i n e  n a r r o w i n g ,  

i n d i c a t i n g  t h a t  f o r  p h o s p h i n e  t r a n s  t o  e t h y n y l s ,  p h o s p h i n e  e x c h an g e  i s  

s t i l l  r a p i d  a t  low t e m p e r a t u r e .  T h i s  can be  r a t i o n a l i s e d  as  e t h y n y l s  

a r e  known t o  h a v e  h i g h e r  t r a n s  e f f e c t  t h a n  c h l o r i d e ,  and t h e  w e a k e n in g  

o f  t h e  Au-P bond would  r e s u l t  i n  more f a c i l e  l i g a n d  e x c h a n g e .

Sg was a g a i n  u sed  t o  s t o p  t h e  e x c h a n g e  r e a c t i o n ,  and a d d i t i o n  o f  

Sg t o  t h e  s am p le  o f  [ A u ( C = C P h ) ( P { p - t o l } g ) ] + 0 . 1  Ph^P p r o d u c e d  a room 

t e m p e r a t u r e  s p e c t r u m  c o n t a i n i n g  s h a r p  s i g n a l s  a s s i g n a b l e  t o  t h e  s t a r t i n g  

g o l d  e t h y n y l  and [Au(C=CPh) (PPhg )] ( r a t i o  1 2 : 1 )  as  w e l l  as  a m i n o r  s i g n a l  

a t  6 4 2 . 6  ( d u e  t o  ( _ g - t o l ) g P S ) . R e p e a t i n g  t h e  r e a c t i o n  w i t h  d o u b le  t h e  

amount  o f  PPhg ,  a p p r o x i m a t e l y  d o u b l e d  t h e  amount  o f  t r i p h e n y l p h o s p h i n e 

g o l d  p h e n y l e t h y n y l  ( r a t i o  5 . 4 : 1 )  as e x p e c t e d .
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( c )  L ig a n d  ex ch an g e  b e t w e e n  g o l d  com plexe s

When [AuClCPPhg)] and [A u (C= CPh)( PPh^)] we re  mixed t o g e t h e r

31
( 1 : 1  mole r a t i o )  i n  CDCl^, t h e  room t e m p e r a t u r e  P n . m . r .  s p e c t r u m

showed o n l y  a v e r y  s l i g h t  b r o a d e n i n g  o f  t h e  s i g n a l s  due t o  a s lo w

l i g a n d  ex c h an g e  r e a c t i o n  b e t w e e n  t h e  two c o m p o n en t s .  T h i s  e x c h a n g e  s t o p p e d

on c o o l i n g  and a t  -60^C ,  t h e  n . m . r .  s i g n a l s  w e re  s h a r p .  On a d d i t i o n  o f

0 . 2  m o l a r  e q u i v a l e n t s  o f  Ph^P t h e  room t e m p e r a t u r e  s i g n a l s  c o l l a p s e d  i n t o

one b r o a d  b an d ,  a p p r o x i m a t e l y  midway b e t w e e n  t h e  two s p e c i e s  ( 6 3 6 . 7 ) ,  due

t o  p h o s p h i n e  exchang e b e t w e e n  t h e  two com plex es  and t h e  f r e e  p h o s p h i n e .

H e a t i n g  t h e  sample  to  50°C c a u s e d  l i n e  n a r r o w i n g  due t o  an i n c r e a s e d

r a t e  o f  l i g a n d  e x c h a n g e .  C o o l i n g  t o  -60^C c a u s e d  t h e  s i g n a l s  t o  s e p a r a t e

i n t o  s i g n a l s  f o r  t h e  two co m p o n e n t s ,  a l t h o u g h  t h e  s low exc h an g e  l i m i t

c o u l d  n o t  be  r e a c h e d  and no s i g n a l  f o r  f r e e  Ph^P was o b s e r v e d .

31P n . m . r .  s p e c t r o s c o p y  a l s o  showed t h a t  e q u i l i b r a t i o n  b e t w e e n  

[AuC I ( p { p - t o l } g ) ] and [A u (C= CP h)( PP h^)] o c c u r r e d  ( e q n . 2 - 2 2 ) ,  w i t h  a l l  

f o u r  components  b e i n g  p r e s e n t  i n  n e a r l y  e q u a l  amounts  and t h e  room 

t e m p e r a t u r e  s p e c t r u m  e x h i b i t e d  o n l y  s l i g h t  l i n e  b r o a d e n i n g  a g a i n  

i n d i c a t i n g  t h a t  l i g a n d  exc h an g e  i s  s l o w .

[ A u C l ( P { p - t o l } 3 ) ]  + [Au(CECPh)(PPh3 ) ] ^ [ A u ( C E C P h ) ( P { p - t o l } 3 ) ] +

[A u C l (P P h 3 ) ]  ( 2 - 2 2 )

C l e a r l y  t h i s  r e a c t i o n  c o u l d  t a k e  p l a c e  e i t h e r  by ex change  o f  p h o s p h i n e s  

o r  e l s e  by ex chan ge o f  e t h y n y l  f o r  c h l o r i d e .  The l a t t e r  seems l i k e l y  

as  : -

( i )  A m i x t u r e  o f  [AuCl(PPh3 ) ]  and [ A u C l ( P { p - t o l } 3 ) ]  d i d  n o t  e x h i b i t

any ex ch an g e  w h i l s t  a  m i x t u r e  o f  [AuC l(P Ph 3 ) ]  and [Au(C=CPh)(PPh3 ) ] 

d i d  ( s e e  a b o v e ) .
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( i i )  e t h y n y l  f o r  c h l o r i d e  e x c h a n g e  i s  known t o  o c c u r  b e t w e e n  g o l d  and  

b o t h  m er c u r y  and p l a t i n u m  ( s e e  be l o w ) .

A t h i r d  p o s s i b i l i t y ,  t h a t  o f  s l i g h t  d e c o m p o s i t i o n  f o l l o w e d  by 

exc h a n g e  o f  f r e e  and c o - o r d i n a t e d  p h o s p h i n e  i s  h i g h l y  u n l i k e l y  as  no 

d e c o m p o s i t i o n  o f  t h e  com ponen t s  i n  CDCl^ h a s  e v e r  b e e n  d e t e c t e d ,  ev e n  

on s t a n d i n g  f o r  t i m e s  much l o n g e r  t h a n  t h a t  r e q u i r e d  f o r  e q u i l i b r i u m  

( 2 - 2 2 ) t o  be  e s t a b l i s h e d ,

( d) L i g a n d  exc h an g e  b e t w e e n  g o l d  and m e rc u ry

When [A u(C= CPh)( PPh^)] was add ed t o  a s u s p e n s i o n  o f  HgCl 2 ( 2 : 1  mole

31r a t i o )  i n  CDCl^, r a p i d  d i s s o l u t i o n  o f  a l l  t h e  s o l i d  t a k e s  p l a c e .  P

n . m . r .  s p e c t r s c o p y  i n d i c a t e s  t h e  o n l y  p h o s p h i n e  c o n t a i n i n g  p r o d u c t  i s  

[AuCl(PPh 3 ) ] ,  and no s t a r t i n g  e t h y n y l  complex was o b s e r v e d .  So t h e  

g o l d  must  h a v e  q u a n t i t a t i v e l y  t r a n s f e r r e d  t h e  e t h y n y l  g ro u p  t o  m e r c u r y  

( e q n . 2 - 2 3 ) .  I f  [AuCl(PPh 3 ) ]  was t r e a t e d  w i t h  e i t h e r  [Hg(C=CPh)2 l o r  

[Hg(C=CMe)2 ] no s i g n a l  f o r  e i t h e r  g o l d  a l k y n y l  was o b s e r v e d ,  s h o w in g  t h e

2[Au(CECPh)(PPh3)]+HgCl2  » 2 [A u C l (P P h 3 ) ]+ H g (C 5 C P h )2  ( 2 - 2 3 )

i r r e v e r s i b i l i t y  o f  e q n . ( 2 - 2 3 ) .

( e )  L ig a n d  ex c h an g e  b e t w e e n  g o l d  and [ P t C l 2 L2 ]

L i k e  m e rc u r y  c h l o r i d e ,  p l a t i n u m ( l l )  c h l o r i d e s  wo uld  r e a c t  w i t h  

[Au( C= CPh)( PP h^ )] ,  w i t h  q u a n t i t a t i v e  ex change  o f  e t h y n y l  f o r  c h l o r i d e  

and c o n c o m i t a n t  p r o d u c t i o n  o f  p l a t i n u m  a l k y n y l s .  When [A u ( C = C P h ) (PP h ^ ) ] 

and c ^ [ P t C l 2 (PMePh2 ) 2 ] ( 1 : 1  mole  r a t i o )  were  a l l o w e d  t o  r e a c t  a mono- 

e t h y n y l  p l a t i n u m  complex was p r o d u c e d  ( e q n .  2 -2 4 )  whose g eo m e t r y  was

[Au(CECPh)(PPh3 ) ] + c i s - [ P t C l 2 (PMePh2 ) 2 ] ^ [ A u C l (P P h 3 ) ] + t r a n s - [ P t C l ( C E C P h ) -

(PMe?h2 ) 2 ] ( 2 - 2 4 )

i n v a r i a b l y  t h e  t h e r m o d y n a m i c a l l y  f a v o u r e d ^ ^ ^ ^  t r a n s  form.
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With  a 2 : 1  mole r a t i o  o f  g o l d  e t h y n y l  t o  p l a t i n u m  d i c h l o r i d e  t h e  

e x p e c t e d  b i s ( a l k y n y l )  p l a t i n u m  co m p lex  was formed ( e q n , 2 - 2 5 ) ,  b u t  t h e  

g e o m e t r y  o f  t h e  p r o d u c t  v a r i e s  d e p e n d i n g  on t h e  r e a c t i o n  c o n d i t i o n s  

em p lo y ed ,  w i t h  t r a n s - f o r m  u s u a l l y  fo r m e d ,  b u t  t h e  c i s - f o r m  o b s e r v e d  on 

r a r e  o c c a s i o n s .  ( T h i s  r e a c t i o n  w i l l  be  d i s c u s s e d  more f u l l y  i n

2 [Au(CECPh)(PPh3 ) ] + c i s - [ P t C l 2 (PMePh2 ) 2 ] > 2 [ A u C l ( P P h ^ ) ]+ c i s -  o r

t r a n s - f P t ( C=CPh) ^ ( P M e P h ( 2- 25)

C h a p t e r  3 ) .

I n  a s i m i l a r  r e a c t i o n  w i t h  [ P t C l 2 (PMe2 P h ) 2 ] and p h o s p h i n e g o l d  

a l k y n y l ,  t h e  m a j o r  p r o d u c t  was i n i t i a l l y  c i s - [ P t ( C E C P h ) 2 (PMe2 P h ) 2 l w i t h  

some t r a n s - b i s  and t r a n s -mono e t h y n y l  complex p r e s e n t ,  b u t  on  s t a n d i n g  f o r  

3 days  t h e  p r o d u c t  h a d  i s o m e r i s e d  t o  p ro d u c e  t h e  t r a n s - b i s  e t h y n y l  ( e q n , 2 -2 6 )

2 [Au(CECPh)(PPh3) ]+  c is -[P tCl2(PMe2Ph)2l  -------- > cis-[Pt(CECPh)2(PMe2Ph)21

 ^ t r a n s - [ P t ( C E C P h ) 2 (PMe2P h ) . 1  ( 2 - 2 6 )

The q u e s t i o n  o f  t h e  c i s  ->  t r a n s  i s o m é r i s a t i o n  o f  t h e  p r o d u c t  w i l l  

a l s o  be  r e t u r n e d  t o  i n  C h a p t e r  3,

( f )  R e a c t i o n s  o f  g o l d  p h e n y l e t h y n y l s  w i t h  c i s - [ P t C l 2 (C0 ) (PMePh2 ) ]

The most  i n t e r e s t i n g  o f  t h e  l i g a n d  ex change  r e a c t i o n s  involved 

ex c h a n g e  o f  l i g a n d s  b e tw e en  g o l d  and ( p h o s p h i n e ) ( c a r b o n y l )  p l a t i n u m  

d i h a l i d e s .  T h e r e  h a s  a l r e a d y  b e e n  much work p e r f o r m e d  on t h e  r e a c t i o n s  

b e tw e e n  m erc u ry  e t h y n y l s  and c i s - [ P t C l 2 (C0 )L] (L=PMePh2 ) . T h i s  

showed t h a t  o f  t h e  t h r e e  p o s s i b l e  i s o m e r s  o f  [Pt(CECR)Cl(CO)L] ( s e e  F i g ,  

2 . 5 )  t h e  f i n a l  p r o d u c t  i n  a 1 : 1  mole  r a t i o  r e a c t i o n  o f  c i s - [ P t C l 2 (C0 )L]

L X CECR L CECR

OC CECR OC'^ \ x  X CO

( I )  ( I I )  ( I I I )

F i g .  2 .5
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w i t h  [ H g ( C ^ R ) 2 ] (R=Me,Ph) i s  o n l y  i s o m e r  I I ,  b u t  t h a t  t h e  r e a c t i o n  

p r o c e e d s  i n  a h i g h l y  s t e r e o s p e c i f i c  manne r  t o  p r o d u c e  i n i t i a l l y  i s o m e r  I  

w h ic h  s u b s e q u e n t l y  r e a c t s  as  shown i n  scheme 1. T h i s  s e l e c t i v i t y  o f  

t r a n s f e r  o f  e t h y n y l  l i g a n d  w i t h  t h e  c h l o r i d e  t r a n s  t o  a p h o s p h i n e  h a s  

b e e n  r a t i o n a l i s e d  i n  t e rm s  o f  t h e  r e a c t i o n  p a t h w a y .  L i g a n d  ex c h a n g e  

b e t w e e n  m e rc u r y  a toms i s  known t o  be  a b l e  t o  p r o c e e d  v i a  an  5^2 ( c y c l i c )  

mechan ism^^^^ ( F i g . 2 . 6 ) and su ch  a mechani sm  seems l i k e l y  t o  a p p l y  f o r  

e x c h a n g e  b e t w e e n  t h e  m e rc u r y  and p l a t i n u m  a t o m s .  The c h l o r i d e  m os t  

l i k e l y  t o  p a r t i c i p a t e  i n  su ch  a p r o c e s s  w oul d  be  t h e  one o p p o s i t e  t h e  

l i g a n d  o f  h i g h e s t  t r a n s  i n f l u e n c e ,  i n  t h i s  c a s e  t h e  t e r t i a r y  p h o s p h i n e ^ ^ ^ ^ ^  

b e i n g  t h e  w e a k e r  and more p o l a r i s e d  o f  t h e  two P t - C l  b o n d s .

I t  s h o u l d  be  p o i n t e d  o u t  h o w e v e r  t h a t  a s e c o n d  p a th w ay  may o p e r a t e  

( s e e  F i g , 2 . 6 ) i n v o l v i n g  o x i d a t i v e  a d d i t i o n  and r e d u c t i v e  e l i m i n a t i o n  o f  

t h e  p l a t i n u m ( l l )  com plex.  Such r e a c t i o n s  a r e  known t o  o c c u r  f o r  t i n  and 

l e a d  com plex es  w i t h  P t ^ ^ ^ ^ .  (A t r a n s  o x i d a t i v e  a d d i t i o n  c o u l d  o c c u r  o n l y  

v i a  an i o n i c  mechanism^^^^ and t h i s  seems v e r y  u n l i k e l y  w i t h  [Hg(CECPh)2 ] ) .

As h a s  a l r e a d y  b e e n  m e n t i o n e d ,  A u ( l )  i s  i s o e l e c t r o n i c  w i t h  H g ( l l ) ,  

and i t  was t h o u g h t  t h a t  i t  w o u ld  be  i n t e r e s t i n g  i f  t h e  e t h y n y l s  o f  g o l d

d i s p l a y  a s i m i l a r  r e a c t i v i t y  t o w a r d s  p l a t i n u m .

X ^
/  Hg-R

S g 2 ( c y c l i c )  ^

[PtXL3 ]+HgR2 [PtRL^l+HgXR

o x . a d d ^  ^ / / r e d . e l i m ^

^  f  L ,
L -  P t '  -  HgR 

F i g .  2 . 6



c i s - [ P t C l  (CO)L]+Hg(œCPh)^  >

L Cl
\  /

OC C5CR
+ HgCl(C=CR)

( I )

Hg(C=CR)

L . C5CR
\  /
^ P t  ^  + HgCl

OC C3CR

-HgCl(C=CR)

L ^ yC=CR 

OC Cl

( I I )

SCHEME 1.
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The r e a c t i o n  o f  [A u( CE CP h ) (P P h ^) ] w i t h  c i s - [ P t C l ^ C c o ) (PMePh^)] 

was v e r y  r a p i d  a t  room t e m p e r a t u r e  ('^5 m in s )  and l i k e  t h e  m erc u ry  

r e a c t i o n s ,  t h e  p r o d u c t  was i s o m e r  I I  ( e q n . 2 -2 7 )  a l t h o u g h  t h e  a p p e a r a n c e

ç i s - [ P t C l 2 (CO)(PMePh2 ) ]+ [A u (C E C P h ) (P P h 3 ) ] ->[PtCl(CECPh)(CO)(PMePh2 ) ] ( l l )

+ [AuClPPh3 ] ( 2 - 2 7 )

o f  any i n t e r m e d i a t e s  c o u l d  n o t  b e  f o l l o w e d  due t o  t h e  r a t e  o f  r e a c t i o n .  

However a t  -20^C t h e  r e a c t i o n  p r o c e e d s  a t  a r a t e  s u f f i c i e n t l y  s low t o  

f o l l o w  t h e  r e a c t i o n  c o u r s e  by n . m . r .  s p e c t r o s c o p y .  The r e a c t i o n  was 

p e r f o r m e d  by a d d i n g  a c o o l e d  s o l u t i o n  o f  [Au(CECPh)(PPh3 ) ] t o  a n o t h e r  

c o o l e d  s o l u t i o n  o f  c i s - [ P t C l 2 (C0 ) (PMePh2 ) ] ( 1 : 1  mole r a t i o ,  b o t h  i n

CDCI3 ) and r a p i d  t r a n s f e r  i n t o  an  n . m . r .  sample  t u b e  an d  loading i n t o  

t h e  s p e c t r o m e t e r  p r o b e  a l r e a d y  a t  - 6 0 ° C .  The ^^P n . m . r .  s p e c t r u m  a t  

-60°C showed s i g n a l s  f o r  o n l y  t h e  s t a r t i n g  m a t e r i a l s  i n d i c a t i n g  t h a t  no 

r e a c t i o n  h ad  t a k e n  p l a c e  up t o  t h i s  p o i n t .  The sam ple  was a l l o w e d  t o  h e a t  

up t o  -20°C i n  t h e  p r o b e ,  an d  d u r i n g  t h i s  warming p e r i o d  some r e a c t i o n  

t o o k  p l a c e  and s m a l l  amou nt s  of [  P tCl (C=CPh)(CO)(PMe2 P h ) ] i s o m e r s  I  & I I  

( 6 2 . 6  J2027 and 6 - 4 . 2  J3 1 8 3  r e s p e c t i v e l y )  we re  d e t e c t e d ,  a l o n g  w i t h  a 

s p e c i e s  a t  6 - 6 . 4  wh ich  p e r s i s t e d  f o r  a l o n g  t i m e ,  d e c a y i n g  s l o w l y  

t h r o u g h o u t  t h e  c o u r s e  o f  t h e  r e a c t i o n .  A f t e r  15 m i n u t e s  a t  -20°C a new 

s p e c i e s  was p r e s e n t  w i t h  p a r a m e t e r s  6 - 2 . 8  J2087  due t o  c i s - [ P t ( C = C P h ) 3 "

(co) (PMePh2 ) ] ^ ^ . The r e a c t i o n  was m o n i t o r e d  a t  r e g u l a r  i n t e r v a l s  

o v e r  a p e r i o d  o f  4 h ,  and t h e  r e l a t i v e  ab u ndance  o f  e a c h  s p e c i e s  i n  t h e  

r e a c t i o n  m i x t u r e  i s  shown g r a p h i c a l l y  i n  F i g .  2 . 7 ,  The amount o f  g o l d  

complex h a s  b ee n  o m i t t e d  f o r  c l a r i t y ,  b u t  t h e  g o l d  e t h y n y l  s i g n a l  

d e c a y e d ,  w h i l s t  a s i g n a l  f o r  [A uC l (P Ph 3 ) ]  grew i n  u n t i l  140 m i n s ,  when 

i t  was t h e  o n l y  p h o s p h i n e g o l d  complex  p r e s e n t .  I t  i s  a t  t h i s  p o i n t  t h e
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c o n c e n t r a t i o n  o f  t h e  b i s - e t h y n y l  complex  i s  a t  i t s  maximum, and i t  

s t e a d i l y  d e c r e a s e s  t h e r e a f t e r .  So c l e a r l y  [Au( CSCPh)(PPh^)] must  r e a c t  

p r e f e r e n t i a l l y  w i t h  i s o m e r s  I  a n d / o r  I I  t h a n  w i t h  [ P t C l 2 (C0 ) (PMePh2 ) ] 

t o  p r o d u c e  t h e  b i s - e t h y n y l  com plex wh ich  i n  t u r n  r e a c t s  w i t h  

c i s - [ P t C l 2 (C0 )(PMePh2 ) ] t o  p r o d u c e  i s o m e r  I I ,  ( T h i s  l a s t  s t a g e  h a s  b ee n  

i n v e s t i g a t e d ^ ^ ^ ^  and t h e s e  two com plex es  a r e  known t o  r e a c t  i n  t h i s  w a y ) .  

I t  c a n n o t  be  s a i d  w h e t h e r  b o t h  i s o m e r s  o f  t h e  m o n o - e t h y n y l  r e a c t  w i t h  

[ A u ( C - C P h ) ( P P h ^ ) ] t o  p r o d u c e  t h e  b i s - e t h y n y l  com plex ,  b u t  i t  would  

seem l i k e l y  t h a t  b o t h  do a s : -

I )  I s o m e r  I  a p p e a r s  t o  be  i n  a " s t e a d y  s t a t e "  COnceritrytix)n • and so 

must  be  r e a c t i n g  as  f a s t  as  i t  i s  p r o d u c e d .

I I )  I n  a s e p a r a t e  r e a c t i o n  [A u(C= CPh)( PPh^)] and [ P t C l 2 (C0 )(PMePh2 ) ]

( 2 : 1  mole r a t i o )  r e a c t e d  t o g e t h e r  t o  p r o d u c e  o n l y  t h e  b i s ( e t h y n y l )  

com plex  ( e q n , 2 - 2 8 ) .

2 [Au(CsCPh)(PPh3 ) ] + c i s - [ P t C l 2 (CO)(PMePh2 ) ]   ̂ c i s - [ P t ( C = C P h ) 2 (C0 ) -

(PMePh2 ) ] + 2 [A uC l(PPh 3 ) ]  ( 2 - 2 8 )

I f  e i t h e r  m o n o e th y n y l  d i d  n o t  r e a c t  f u r t h e r  t h e n  i t  w oul d  be l e f t  

u n r e a c t e d  a t  t h e  en d  o f  t h i s  p r o c e s s ,  wh ich was n o t  o b s e r v e d .

F u r t h e r m o r e  f rom  t h e  g r a p h  i t  can  be  s e e n  t h a t  t h e  f i r s t  r e a c t i o n  

s t e p  i s  n o t  s t e r e o s p e c i f i c  as  i s o m e r  I I  i s  formed b e f o r e  t h e  b i s ( e t h y n y l )  

com plex .  Thus t h e  o v e r a l l  p a thw ay  can be  r e p r e s e n t e d  by scheme 2.

Chang ing  t h e  p h o s p h i n e  on t h e  g o l d  a tom t o  P ( p - t o l ) 3  p r o d u c e d  

l i t t l e  change i n  t h e  r e a c t i o n  w hich  p r o c e e d e d  a t  a v e r y  s i m i l a r  r a t e  t o  

p r o d u c e  i s o m e r  I I ,  A ga in  t h e  r e a c t i o n  was f o l l o w e d  a t  low t e m p e r a t u r e  

( - 2 0  C) an d  t h e  r e s u l t s  a r e  shown g r a p h i c a l l y  ( F i g , 2 , 8 ) ,  One n o t a b l e  

d i f f e r e n c e  i s  t h a t  e v e n  w i t h  m i x in g  t h e  components  a t  -60° C some i s o m e r  I  

was i d e n t i f i e d  as  w e l l  a s  a q u a n t i t y  o f  t h e  unknown t r a n s i e n t  ( 6 - 6 . 5 )
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Key to  Figs. 2 -7  and 2 -8  :-

A  c i s - [ P t C l 2 ( C O ) P M e P h 2 ]

□ [ptCl(C=CPh)(C0)PMePh2] Isomer

Isom er II

c is -  [Pt(C=CPh)2 (CO)PM ePh2 ]

A Unidentified Transient
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b e f o r e  any i s o m e r  I I  o r  b i s - e t h y n y l .  On warming a g a i n  i s o m e r  I I  was 

d e t e c t a b l e  b e f o r e  any b i s - e t h y n y l  com plex,  and i n  a l l  o t h e r  r e s p e c t s  

t h e  r e a c t i o n  was a n a l a g o u s  t o  t h a t  w i t h  [A u(C S C P h ) (P Ph ^ ) ] ,  i n c l u d i n g  

c o n s u m p t io n  o f  a l l  t h e  g o l d  e t h y n y l  by 150 mins  a n d  t h e  r e a c t i o n  f o l l o w s  

t h a t  shown i n  scheme 2 .  The more r a p i d  f o r m a t i o n  o f  i s o m e r  1 o v e r  

i s o m e r  1 1  i n  t h i s  c a s e  may i n d i c a t e  t h a t  a l t h o u g h  t h e  f a s t  e t h y n y l  t r a n s f e r  

i s  n o t  s t e r e o s p e c i f i c  f o r  g o l d ,  t h e r e  may s t i l l  be  a p r e f e r e n c e  f o r  i s o m e r  

1 .

T h i s  l a c k  o f  s t e r e o s p e c i f i c i t y  i s  i n t e r e s t i n g  an d  w o r t h y  o f  comment.

H a l i d e  r e p l a c e m e n t  by o r g a n o  g ro u p s  i n  [ P t C l 2 (C0 )L]  i s  u s u a l l y  s t e r e o -

s p e c i f i c ^ ^  f o r  a l k y l s ,  a r y l s  and e t h y n y l s  o f  m e r c u r y ,  w i t h  t h e  f i r s t

two p r o d u c i n g  o n l y  i s o m e r  1  and t h e  t h i r d  p r o d u c i n g  i s o m e r  1 1  v i a  i s o m e r  1 .

O r g a n o t i n  compounds a l s o  r e a c t  t o  r e p l a c e  t h e  p l a t i n u m  h a l i d e  w i t h  an

o r g a n o g r o u p ^ a n d  p l a t i n u m  i s  known t o  exc h an g e  many t y p e s  o f  o r g a n i c

group  w i t h  p l a t i n u m  o r  p a l l a d i u m  i n c l u d i n g  m e t h y l ^ ^ ^ ^ ,  p h e n y l ^ ^ ^ ^ ,  o r  
[7 3]

c y c l o p e n t a d i e n y l  . I n  a l l  c a s e s  t h e s e  e x c h a n g e  r e a c t i o n s  a r e  s t e r e o 

s p e c i f i c .  As e x p l a i n e d  b e f o r e ,  t h e  a c t u a l  m echa n ism o f  t h e s e  r e a c t i o n s  

i s  unknown,  a l t h o u g h  i n  a l l  c a s e s  i n t e r m e d i a t e s  a n a l a g o u s  t o  t h o s e  shown 

i n  F i g . 2 , 6  h av e  b e e n  p r o p o s e d .  I t  i s  w o r t h w h i l e  n o t i n g  t h a t  F i g .  2 .6  

r e p r e s e n t s  t h e  two e x t r e m e s  o f  a r a n g e  o f  t r a n s i t i o n  s t a t e s  d ep e n d in g  

on how much o f  t h e  i n t e r a c t i o n  i s  a s c r i b e d  t o  t h e  P t - H g  b o n d .

With g o l d ( l ) ,  t h e  r a n g e  o f  i n t e r m e d i a t e s  i s  e x t e n d e d  ( F i g . 2 . 7 ) , As 

w e l l  as  o x i d a t i v e  a d d i t i o n  t o  p l a t i n u m ,  o x i d a t i v e  a d d i t i o n  f o l l o w e d  by 

r e d u c t i v e  e l i m i n a t i o n  ca n  o c c u r  a t  t h e  g o l d  c e n t r e  ( s e e  e q n s . 2 - 5  t o  2 —7 ) .  

T h i s  r a n g e  o f  t r a n s i t i o n  s t a t e s  i s  n o t  a v a i l a b l e  t o  H g ( l l )  o r  S n ( l V ) ,  

as  t h e  i n t e r m e d i a t e  o x i d a t i o n  l e v e l s  Hg( lV)  and S n ( V l )  a r e  unknown and 

h i g h l y  u n l i k e l y  t o  be  f o u n d .  A l th o u g h  no S g 2 ( c y c l i c )  r e a c t i o n s  h a v e  

b e e n  p r o v e d  f o r  A u ( l )  c o m p l e x e s ,  t h e r e  a r e  many ex a m p l e s  o f  o x i d a t i v e



c i s - [ P t C l ^ ( C O ) ( P M e P h o ) ]  + LAuCECPh
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o x . a d d n . t o  P t

[PtXL^]+[AuRL I

S g 2 ( c y c l i c )

X

L — P t- A u L '
L ^ l

R

X
LgPt  AuL*

o x . a d d ^  t o  Au
Ii «P t  ' — Au— Ii *

'  1
R

r e d . e l i i n n .

, , . nr e d . e l i m -

[PtRL^] + [AuXL’ ]

F i g .  2 . 7

a d d i t i o n / r e d u c t i v e  e l i m i n a t i o n  o f  A u ( l )  organocoinpounds  and t h e  l a c k  

o f  s p e c i f i c i t y  i n  e t h y n y l  t r a n s f e r  w ou ld  i n d i c a t e  e i t h e r

( a )  t h a t  g o l d  r e a c t s  s i m i l a r l y  t o  Hg t o  p r o d u c e  i s o m e r  I  w h i l s t  a 

s e c o n d  pat hw ay  o p e r a t e s  t o  p r o d u c e  some o f  i s o m e r  I I ,  o r

( b )  a c o m p l e t e l y  d i f f e r e n t  non s t e r e o s p e c i f i c  p a th w ay  i s  o p e r a t i n g ,  

w hich  f rom  t h e  r e s u l t s  o f  t h e  r e a c t i o n  w i t h  [ A u ( C = C P h ) ( P { p - t o l } ^ ) ] 

h a s  some s e l e c t i v i t y  t o w a r d s  i s o m e r  I ,

I n  t h e  t r a n s f e r  o f  l i g a n d s  b e t w e e n  A u ( l )  and H g ( l l )  t h e  most  p r o b a b l e

p a thw ay  i s  t h e  Sg2 ( c y c l i c )  as  found  i n  l i g a n d  e x c h an g e  r e a c t i o n s  b e tw e e n  

[ 6 6 ]m e r c u r y  atoms and f u r t h e r m o r e  on 8 ^ 2  mechanism h a s  b e e n  p r o v e n  i n

t h e  m e t h y l  e x c h an g e  f rom  g o l d  t o  m erc u ry [74]
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( g )  R e a c t i o n s  o f  o t h e r  o r g a n o g o l d  com plexe s  w i t h  c i s - [ P t C l 2 (C0 )(PMePh2 ) ] 

i ;  [Au(C=CMe)(PPh-)]

The p r opyne  com plex [Au(C=CMe) ( P P h ^ ) ] r e a c t s  i n  an  a n a lo g o u s  manner  

t o  t h e  p h e n y l e t h y n y l  com plex es  t o  p r o d u c e  [PtCl(C=CMe)(CO)(PMePh2 ) 1 

i s o m e r  I I .  However t h e  r e a c t i o n  p r o c e e d s  much more r a p i d l y  f o r  

p r o p y n y l  t h a n  f o r  p h e n y l e t h y n y l ,  and ev e n  a f t e r  m i x in g  t h e  r e a c t a n t s  a t  

low t e m p e r a t u r e ,  t h e  p r e s e n c e  o f  b o t h  i s o m e r s  I  & I I  as  w e l l  as  t h e  

b i s ( p r o p y n y l ) com plex w e re  d e t e c t e d  i n  t h e  p h o s p h o r o u s  n . m . r .  s p e c t r u m  

a t  -60^C .  So i t  i s  i m p o s s i b l e  t o  g a i n  any i n f o r m a t i o n  on t h e  s t e r e o 

s e l e c t i v i t y  o f  t h e  f i r s t  s t e p .  I t  s h o u l d  be  n o t e d  t h a t  t h i s  r e s u l t  i s  

c o n s i s t e n t  w i t h  t h o s e  o f  m e r c u r y  a l k y n y l s ,  where  a g a i n  [Hg(C5 CMe)2 ] was 

found  t o  r e a c t  a t  a f a r  g r e a t e r  r a t e  t h a n  [Hg(C5 CPh) 2 ] .

i i )  [Au(C5CCF^)(PPh3)]

When two e q u i v a l e n t s  o f  [Au(C^CCF2 ) ( P P h ^ ) ] w e re  a l l o w e d  t o  r e a c t

31
w i t h  c i s - [ P t C l 2 ( 0 0 ) (PMePh^)1 i n  CDCl^, a f t e r  a few m i n u t e s  t h e  P n . m . r .  

s p e c t r u m  showed t h e  p r e s e n c e  o f  [A uC l (P Ph^) ]  and one o t h e r  p h o s p h o r u s  

c o n t a i n i n g  s p e c i e s  ( 6 - 4 . 8  J2097 Hz) wh ich  i s  a s s i g n e d  t o  c i ^ - [ P t ( C ^ C C F ^ ) 2 ' 

(co) (PMePh2 ) ] .  Under  h i g h e r  r e s o l u t i o n ,  t h e  c e n t r a l  s i g n a l  was shown t o  

be  a q u a r t e t ,  due t o  l o n g  r a n g e  p h o s p h o r o u s - f l u o r i n e  c o u p l i n g  ( ^ J p ^ l . S H z )  

and by a n a l o g y  t o  t h e  m e t h y l e t h y n y l  co m p lex ^^ ^^ ,  t h i s  i s  l i k e l y  t o  be  due 

t o  t h e  f l u o r i n e s  i n  t h e  e t h y n y l  c i s  t o  t h e  p h o s p h i n e .

i i i )  [Au(C^H^)(PPh3 ) ]

When t h e  p h o s p h i n e g o l d  c y c l o p e n t a d i e n y l  was a l l o w e d  t o  r e a c t  w i t h  

c ^ - [ P t C l 2 (C0 ) (PMePh2 ) ] ,  t h e  P n . m . r .  s p e c t r u m  showed t h a t  t h e  g o ld  

h a d  t r a n s f e r r e d  (C^H^) q u a n t i t a t i v e l y  t o  p l a t i n u m  t o  p r o d u c e  i s o m e r  I  

( e q n . 2 - 2 9 ) .  I n  common w i t h  t h e  r e a c t i o n s  o f  [Hg(C^H^)2 ] and
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[T I (C ^H ^)]  t h i s  i s  t h e  o n l y  i s o m e r  p r o d u c e d ,  and i t  s h o u l d  be

n o t e d  t h a t  e t h y n y l s  a r e  u n u s u a l  i n  f o r m i n g  i s o m e r  I I .  A r y l s ,  a l k y l s  and 

c y c l o p e n t a d i e n y l  a l l  fo rm  i s o m e r  I .

From t h e  above r e a c t i o n s ,  and t h e  o b s e r v e d  f a c t  t h a t  m e r c u r y  w i l l  

t r a n s f e r  a l k y n y l  g ro ups  t o  P t  ( s e e  c h a p t e r  3) i t  i s  p o s s i b l e  t o  

e s t a b l i s h  an e t h y n y l  t r a n s f e r  s e q u e n c e  o f  A u ( l ) > H g ( l l ) > P t ( l l ) .

S i m i l a r  r e s u l t s  h av e  b e e n  found f o r  g o l d - m e t h y l  g ro u p s  which a r e  

r u p t u r e d  by HgCl^^^^^ and [ P t C l 2 (PMe2 P h ) 2 ] a l t h o u g h  n i t r o  a r y l

g r o u p s  were  found to  t r a n s f e r  f rom H g ( l l )  t o  A u ( I I I ) ^ ^ ^ ^ s o  t h e r e  i s  

c l e a r l y  a depend ence  on o x i d a t i o n  l e v e l  o f  t h e  g o l d  c e n t r e .

2-5  C o n c l u s i o n s

With t h e  a p p l i c a t i o n  o f  t h e  new s y n t h e t i c  m e th o d ,  p h o s p h i n e  g o l d  

a l k y n y l s  a r e  e a s y  t o  p r e p a r e  and p r e s e n t  no d i f f i c u l t y  i n  h a n d l i n g  o r  

s t o r i n g .  However t h e y  seem t o  h a v e  l i m i t e d  p o t e n t i a l  a s  r e a g e n t s  i n  

o r g a n o m e t a l l i c  c h e m i s t r y  due t o  t h e  s i m i l a r i t y  o f  t h e i r  r e a c t i o n s  

w i t h  t h e  c o n s i d e r a b l y  c h e a p e r  m er c u r y  a l k y n y l s .  The l a c k  o f  s t e r e o -  

s p e c i f i c i t y  i n  t h e i r  r e a c t i o n s  o n l y  f u r t h e r  r e d u c e s  t h e i r  u s e f u l n e s s .

The b r i d g e d  d im ers  [LAuCSCAuL] c o u l d  be  t h e  p r e c u r s o r  o f  some i n t e r e s t i n g  

e t h y n y l  b r i d g e d  b i m e t a l l i c  s p e c i e s  o f  t h e  t y p e  [LAuC^CML^] by r e a c t i n g  

s u i t a b l e  m e t a l  h a l i d e s  w i t h  t h e  d im e r s  and may be  one p o s s i b l e  f u t u r e  

u s e  o f  t h i s  c l a s s  o f  compound.
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2 -6  E x p e r im e n ta l

I . r .  s p e c t r a  were  r e c o r d e d  as  KBr d i s c s  on a P e r k i n - E l m e r  P . E .  580 

3 1 1s p e c t r o m e t e r .  P and H n . m . r .  s p e c t r a  w e re  r e c o r d e d  on a V a r i a n  XLlOO

s p e c t r o m e t e r  ( o p e r a t i n g  i n  t h e  F . T .  mode) and a P e r k i n - E l m e r  R32 90MHz 

s p e c t r o m e t e r  r e s p e c t i v e l y .  L i t e r a t u r e  m ethod s  were  employed t o  

p r e p a r e  [AuCIL] ( L = P P h ^ , P ( p - t o l )  3 )  ̂ and c i s - [ P t C l 2 (C0 ) (PMePh^) 1  ̂ ^ .

Chi p ro  [ t r i s  ( 4 - m e th o x y p h e n y l  ) p h o s p h i n e  go I d ]

A s o l u t i o n  o f  HAuCl^ ( 5 g , 1 4 . 7  mmoles) and (PlC^H^OMe-pig)

( 5 . 6 9 g ,  1 6 .2  mmoles) i n  EtOH (100ml)  was s t i r r e d  f o r  3 h r s  a t  O^C.

A p r e c i p i t a t e  d e v e lo p e d  w h ich  was f i l t e r e d  p i v i n g  a y e l l o w  s o l i d  w h ich  

p r o v e d  t o  be  c ru d e  [AuCl(P{C^H^0 Me-p} 3 ) ] ( 5 . 8 3 g ,  6 8 %). F u r t h e r  

p u r i f i c a t i o n  was a c h i e v e d  by r e - d i s s o l u t i o n  i n t o  CH2 C I 2 , d r y i n g  o v e r  

a n h y d r o u s  Mg(SO^) and d r o p w i s e  a d d i t i o n  o f  d i e t h y l  e t h e r  u n t i l  

p r e c i p i t a t i o n  j u s t  b e g a n .  On s t a n d i n g  c o l o u r l e s s  c r y s t a l s  grew 

( 5 . 2 3 g ,  61%). M . P t . 2 0 6 -2 0 7 ^ 0 ;  V(A u-C l)  330cm“ ^; 6 p 29 .2  ppm.

A n a l y s i s :  fou nd  C , 4 3 . 2 ;  H 3 .2 5 ,  c a l c ,  f o r  C2 j^H2 j^AuClÜ3P C , 4 3 . 1 ;  H ,3 .6 2% .

P h e n y l e t h y n y l ( t r i p h e n y l p h o s p h i n e ) g o l d

( a )  By t h e  method o f  C o a te s  and P a r k i n ^ ^ ^ ^

( i )  P h e n y l e t h y n y l g o I d  -  A s o l u t i o n  o f  g o l d ( l l l )  c h l o r i d e  ( 2 . 9 3 g )  

and KBr (3 g )  i n  H2 O (25ml)  was d i l u t e d  w i t h  a c e t o n e  (1 5 m l ) .  SO2 was 

b u b b l e d  s l o w l y  t h r o u g h  t h e  s o l u t i o n  w hi ch  t u r n e d  c o l o u r l e s s  a f t e r  a few 

s e c o n d s  ( l i t . p r e p ,  r e p o r t s  a y e l l o w  s o l u t i o n  a f t e r  s e v e r a l  m i n u t e s ) .  

HCHCPh ( 0 . 5 2 g )  i n  a c e t o n e  (2ml )  was ad d e d ,  f o l l o w e d  by Na(CH3 C0 0 ) ( 5 g ) .  

A b l a c k  s o l i d  formed and was f i l t e r e d  o f f  [ l . 8 1 g  \ ) ( C=C) 1975cm ^ ( v w ) ; 

M .P t .  105-108"C ( d e c . ) .  L i t .  (CsC) 1975cm "S  M.Pt  105-106°C ( d e c . ) ] .
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( i i )  Crude p h e n y l e t h y n y l  g o l d  f rom above ( 1 . 3 g ,  4 . 4  mmoles) was 

d i s s o l v e d  i n  b e n z e n e .  P h 3 P ( 1 . 1 4 g ,  4 . 4  mmoles) was ad d e d  and t h e  s o l u t i o n  

s t i r r e d  f o r  2 h r s  a t  a m b ie n t  t e m p e r a t u r e .  S o l v e n t  was removed l e a v i n g  

a y e l l o w  p r e c i p i t a t e  wh ich was n o t  [A u(C5C Ph)(PPh^)] by i . r .  a n a l y s i s .

(b )  Via  Na(O Et ) -  To a s u s p e n s i o n  o f  [A uC l fP Phg)]  ( I g ,  2.0mmol) i n  

d r y  e t h a n o l  (400ml)  was add ed Na(OEt)  ( f r e s h l y  p r e p a r e d  f rom Na (48 .7m g ,

2 . 1  mmol) i n  EtOH (5ml)  f o l l o w e d  i m m e d i a t e l y  by HCSCPh ( 2 0 8 . 2mg, 2 . 0  mmol),  

The s o l u t i o n  was r e f l u x e d  f o r  1 h r . , c o o l e d  and c o n c e n t r a t e d ,  a f t e r  w hi ch

a w h i t e  f i l t r a t e  o f  c r u d e  [Au(C^CPh) ( P P h ^ ) ] was removed by f i l t r a t i o n  

( 0 . 9 8 g ,  78%).

( c )  R e a c t i o n  (b )  i n  t h e  p r e s e n c e  o f  H„0 : - The above r e a c t i o n  was

r e p e a t e d ,  w i t h  H^O b e i n g  d e l i b e r a t e l y  i n t r o d u c e d  i n t o  t h e  EtOH (10% H^O 

by volume)  b e f o r e  r e a c t i o n .  I . r .  a n a l y s i s  o f  t h e  p r o d u c t  r e v e a l e d  t h a t  

[A u( C= CPh)( PP h^ )] h a d  s t i l l  b ee n  p r o d u c e d  (75% y i e l d ) .

(d )  R e a c t i o n  i n  Et^NH s o l u t i o n  : -  To a s u s p e n s i o n  o f  [A uC l (P Ph 3 ) ]  

(lOOmg, 0 . 2 0  mmol) i n  E t 2 NH (30ml)  was added  HCsCPh (2 0 .6 m g ,  0 . 2 0  mmol) .  

The m i x t u r e  was s t i r r e d  f o r  3 h r s  d u r i n g  which t i m e  most  o f  t h e  s o l i d  

h a d  d i s s o l v e d .  The s o l u t i o n  was f i l t e r e d ,  s o l v e n t  removed and t h e  

E t 2 NH s o l u b l e  p r o d u c t  r e - c r y s t a l l i s e d  f rom t o l u e n e / m e t h y l c y c l o h e x a n e  

t o  p r o d u c e  p u r e  [Au(CHCPh)(PPh^)] (68 .3m g ,  60%)( c o n f i r m e d  by i r  s p e c t r u m  

and  m e l t i n g  p o i n t ) .

R e a c t i o n  b e tw e e n  [AuC l(P Ph 3 ) and NaOEt : -  When Na(OEt) ( f r o m  

14mg, 0 . 6 1  mmol Na) was added t o  a s u s p e n s i o n  o f  [AuC l(P Ph 3 ) ]  (200mg,

0 . 4  mmol) i n  EtOH (50ml)  no r e a c t i o n  to o k  p l a c e  a t  room t e m p e r a t u r e  o r  

i n  b o i l i n g  s o l v e n t  and t h e  s t a r t i n g  p h o s p h i n e g o l d  c h l o r i d e  was r e c o v e r e d  

un ch a n g ed .
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M e t h y l e t h y n y l ( t r i p h e n y l p h ü s p h i n e ) g o ld  : -  P ro p y n e  was s l o w l y

p a s s e d  t h r o u g h  a s u s p e n s i o n  o f  [AuClCPPh^)] ( 0 , 5 g ,  1 . Ommol) i n  EtOH (25ml)  

t o  wh ich  Na(OEt) ( f r o m  43.2m g,  1.9mmol Na) h a d  b ee n  a d d e d .  The s o l u t i o n  

was k e p t  a t  60^0 f o r  1 h r  d u r i n g  w h ich  t im e  t h e  s o l i d  t h i n n e d  and r e f o r m e d ,  

The s o l u t i o n  was c o o l e d  and c o n c e n t r a t e d .  Crude [Au(C=CMe)(PPh^)] was 

f i l t e r e d  o f f  and r e - c r y s t a l l i s e d  f r o m  C H C l^ /p en tane  t o  p r o d u c e  c o l o u r l e s s  

c r y s t a l s  ( 0 . 2 8 g ,  56%) Found 0 , 5 0 . 3 5 ;  H4.4  C a lc  f o r  C^^H^gAuP, 0 , 5 0 . 6 ;  

H ,3 .6%.

1 - B u t y n y l ( t r i p h e n y l p h o s p h i n e ) g o l d  : -  T h i s  was p r e p a r e d  

a n a l o g o u s l y  f rom b u t - l - y n e  a t  room t e m p e r a t u r e .  P u r e  p r o d u c t  

c r y s t a l l i s e d  d i r e c t l y  f rom  t h e  r e a c t i o n  s o l u t i o n .  Y i e l d  63%. Found 

0 , 5 1 . 5 ;  H , 3 , 7 5 ,  C a l c ,  f o r  CggHgnAuP C , 5 1 . 6 ;  H3.9%.

T r i f l u o r o m e t h y l e t h y n y l ( t r i p h e n y l p h o s p h i n e ) g o l d  : -  A g a in  p r e p a r e d  

a n a l o g o u s l y  t o  [Au(C~CMe)(PPh^)] f rom  [AuClCPPh^)] (500mg,  1 . Ommol) and 

HC^CCFg a t  0°C.  [Au(C=^CCF3 ) ( P P h ^ )  ] c r y s t a l l i s e d  d i r e c t l y  f rom t h e  

r e a c t i o n  m i x t u r e .  Y i e l d  246mg (44%).  Found:  0 , 4 5 . 5 ;  H , 2 . 6  C a l c ,  f o r  

C2 1 H1 5 AUF3 P : 0 , 4 5 . 7 ;  H ,2 .7%.

E t h y n y l ( t r i p h e n y l p h o s p h i n e ) g o l d  : - ^2^2 p a s s e d  t h r o u g h  a

s u s p e n s i o n  o f  [AuCl(PPh3 ) ]  c o n t a i n i n g  one e q u i v a l e n t  o f  N a (O E t ) ,  and 

t h e  m i x t u r e  s t i r r e d  f o r  1 h r .  a t  room t e m p e r a t u r e .  No r e a c t i o n

a p p e a r e d  t o  o c c u r  and t h e  w h i t e  s o l i d  f i l t e r e d  o f f .  I r  and n . m . r .

p a r a m e t e r s  were  c o n s i s t e n t  w i t h  [Au (Chc:h ) ( PP h ^ ) ] ( T a b l e  1 ) .  The 

p r o d u c t  c o u l d  n o t  b e  p u r i f i e d  d e s p i t e  s e v e r a l  a t t e m p t s  a t  

r e - c r y s t a l l i s a t i o n  f rom v a r i o u s  o r g a n i c  s o l v e n t s .

p - E t h y n y l e n e - b i s [ t r i p h e n y l p h o s p h i n e ] g o l d  : -  Impure  [Au(C3CH)- 

(PPh 3 ) l  ( 0 . 3 8 g ,  0 . 7 4  mmol) was ad de d  t o  a s u s p e n s i o n  o f  [AuCl (P Ph 3 ) ]
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( 0 , 3 6 g ,  0 . 7 3  mmol) c o n t a i n i n g  one e q u i v a l e n t  o f  Na(OEt)  ( f r o m  17mg Na) 

and t h e  m i x t u r e  s t i r r e d  f o r  1 h r  a t  room t e m p e r a t u r e .  A w h i t e  

p r e c i p i t a t e  o f  [(Ph^PlAuCECAuCPPhg)] ( 0 . 6 6 g ,  95%) was removed by 

f i l t r a t i o n .  The complex  was h i g h l y  i n s o l u b l e  i n  a l l  common o r g a n i c  

s o l v e n t s ,  and decomposed a t  t e m p e r a t u r e s  >60°C,  so p u r i f i c a t i o n  was 

n o t  a c h i e v e d .

p - E t h y n y l e n e - b i s [ t r i s ( p - t o l y l ) p h o s p h i n e g o l d ] : - P a s s i n g  C2H2 

t h r o u g h  a s u s p e n s i o n  o f  [ A u C l ( P { p - t o l i g ) ] ( l . O g ,  1 ,9  mmol) i n  e t h a n o l  

(5 0m l)  c o n t a i n i n g  Na(OEt)  ( f r o m  Na (43.7rag ,  1.9mmol) on EtOH) f o r  45 m i n s .  

c a u s e d  d i s s o l u t i o n  o f  t h e  s t a r t i n g  m a t e r i a l  and a p p e a r a n c e  o f  a w h i t e  

s o l i d .  F i l t e r i n g  p r o d u c e d  c r u d e  p r o d u c t  (4 9 0 m g ) . Found 0 , 5 0 . 7 ;  H , 4 . 2  

C a l c ,  f o r  ^44 ^42^^2^2  * ^ , 5 1 . 7 ;  H, 4 .1% ,  R e - c r y s t a l l i s a t i o n  f rom CH^Clg 

o r  CH Clg /pen ta ne  p r o d u c e d  t h e  b i s ( d i c h l o r o m e t h a n e )  and t r i s ( c h l o r o f o r m )  

r e s p e c t i v e l y .  (S ee  T a b le  2 ) .  CH2 CI 2 c o u l d  be  remove d  f rom i t s  

a d d u c t  by h e a t i n g  t o  50°C i n  vacuo  f o r  12 h r s . ,  b u t  c h l o r o f o r m  c o u l d  n o t  

be  removed c o m p l e t e l y  u n d e r  s i m i l a r  c o n d i t i o n s .

p - E t h y n y l e n e - b i s [ t r i s ( 4 - m e t h o x y p h e n y l ) p h o s p h i n e g o l d ] : -  T h i s  was 

s i m i l a r l y  p r e p a r e d  by p a s s i n g  C^Hg t h r o u g h  a s u s p e n s i o n  o f  [AuCl(p{CgH^-  

OM e- plg) ]  ( 4 . 5 g ,  7 . 7  mmol) i n  EtOH (100ml)  c o n t a i n i n g  Na(OEt )  ( f r o m  Na 

(177mg,  7 .7  mmol) i n  EtOH) and s t i r r i n g  a t  O^C f o r  1 h r .  The s o l v e n t  

was r e d u c e d  and a w h i t e  s o l i d  o f  c r u d e  p r o d u c t  removed by  f i l t r a t i o n  

( 2 . 7 g ,  63%). R e - c r y s t a l l i s a t i o n  f rom MeOH gave p u r e  [({NeOCgH^}gP)AuC5CAu- 

^ ^ ^ ^ 6 ^ 4 ^ ^ ^ ^ 3 ^ ^ ’ as  c o l o u r l e s s  c r y s t a l s  ( s e e  T a b l e s  2 and 3 ) .

R e - c r y s t a l l i s a t i o n  f rom CHClg gave t h e  b i s ( c h l o r o f o r m ) a d d u c t .

C y c l o p e n t a d i e n y l ( t r i p h e n y l p h o s p h i n e ) g o l d  : -

( a )  M o d i f i e d  Method o f  H u t t e l ^ ^ ^ ^ . [AuC l(PPhg) ]  (20mg,  40pmol)  

was d i s s o l v e d  i n  CDClg. Tl fC^Hg)  ( lO.Smg,  40pmol)  was added  and t h e
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s o l u t i o n  s h ak e n  f o r  10  m i n s ,  f o l l o w e d  by f i l t r a t i o n  t o  remove u n w a n te d  

t h a l l i u m  s a l t s .  n . m . r .  s p e c t r o s c o p y  i n d i c a t e d  t h a t  t h e  d e s i r e d

p r o d u c t  h ad  b ee n  formed  ( 6 ( ) 6 . 2 ( s )) b u t  on s t a n d i n g  a t  room t e m p e r a t u r e

(15 m in s )  e x t e n s i v e  d e c o m p o s i t i o n  t o o k  p l a c e  w i t h  a g o l d  m i r r o r  f o r m i n g  

on t h e  w a l l s  o f  t h e  sam ple  t u b e .

(b )  Via  Na (OEt ) -  To [AuC l(PPhg) ]  (500mg,  1 . Ommol) s u s p e n d e d

i n  EtOH(50ml) was added  Na(OEt)  (23 .2m g ,  1 . Ommol Na i n  2ml EtOH),

f o l l o w e d  by f r e s h l y  c r a c k e d  C^H^ (6 6 .5m g ,  1 . Ommol). The s o l u t i o n  was

s t i r r e d  f o r  1 h r  a t  a m b i e n t  t e m p e r a t u r e ,  and on s t a n d i n g  o v e r n i g h t  a t

0°C a  p a l e  y e l l o w  p r e c i p i t a t e  o f  [Au(CgH3 ) ( P P h g ) ] formed (404mg,  76%).

[58]
P r o t o n  n . m . r .  and i . r .  p a r a m e t e r s  a g r e e  w i t h  l i t e r a t u r e  v a l u e s  6 ^

3 6 . 4  p . p . m .  The s o l i d  i s  l i g h t  s e n s i t i v e  and so  was s t o r e d  i n  t h e  

d a r k  a t  5°C.

PHOSPHINE EXCHANGE REACTIONS

Thes e  were  a l l  p e r f o r m e d  on a s m a l l  s c a l e  and t h e  r e a c t i o n s  

31f o l l o w e d  by P n . m . r .  s p e c t r o s c o p y .

[ A u (C = C P h ) ( P P h g ) ]+ 0 . iP P h g  -  on a d d i t i o n  o f  t h e  p h o s p h i n e  a b r o a d  

s i g n a l  was d e t e c t e d  ( 6 p , 3 9 . 4 ) .  C o o l in g  t o  -60°C  c a u s e d  a s l i g h t  

change i n  c h e m i c a l  s h i f t  ( t o  5 4 1 . 6 )  w i t h  no a p p r e c i a b l e  n a r r o w i n g  

i n d i c a t i n g  a f a s t  e x c h a n g e  o f  p h o s p h i n e  a t  b o t h  t e m p e r a t u r e s .

[ A u ( C = C P h ) ( p { p - t o l } g ) ] + 0 . i P P h g  - a g a i n  b o t h  room and low 

( - 6 0 ° C )  t e m p e r a t u r e  s p e c t r a  i n d i c a t e d  f a s t  e x c h a n g e  o f  p h o s p h i n e  w i t h  

o n l y  b r o a d  s i g n a l s  b e i n g  o b s e r v e d  ( 5 3 7 . 0  and 5 3 9 .7  r e s p e c t i v e l y ) .

On a d d i t i o n  o f  e x c e s s  Sg,  f o l l o w e d  by f i l t r a t i o n  b o t h  room and 

low t e m p e r a t u r e  s p e c t r a  showed s h a r p  r e s o n a n c e s  due t o  [Au(C=CPh)~

(P { _ p - t o l } g) ] ( 5 4 0 . 2  a t  -6 0 ° C )  and [Au(CECPh) (PPhg)  ] ( 5 4 2 . 4 )  ( r a t i o  1 2 :1 )
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and a  m in o r  s i g n a l  due t o  ( p - t o l ) 2PS ( 6 4 2 , 6 ) ,

[ A u C l ( P P h ^ ) ] + 0 , i P P h ^  - At  room t e m p e r a t u r e  t h e  s p e c t r u m  showed 

one b r o a d  s i g n a l  ( 6 3 3 , 7 ) ,  C o o l i n g  t o  -60°C p r o d u c e d  a s h a r p e n i n g  o f  

t h i s  s i g n a l  w i t h  m in o r  r e s o n a n c e s  a t  6 4 1 ,2  and 6 3 1 , 7 ,  These  have  n o t  

b e e n  a s s i g n e d  b u t  a r e  p r o b a b l y  due t o  e x c e s s  p h o s p h i n e  c o - o r d i n a t i o n  

t o  g i v e  [A uC l (P Phg)^ ]  (n  = 2 , 3 )  o r  p r o d u c t s  f rom t h e  r e a c t i o n s  o f  t h e s e  

s p e c i e s ,

[ A u C l (P P h ^ ) ]+ l ,O P P h ^  - At room t e m p e r a t u r e  one s h a r p  band was 

o b s e r v e d  ( 6 3 0 , 2 ) ,  p r o b a b l y  due t o  [ A u C l (P P h ^ ) 2 ] .  On c o o l i n g  t o  - 6 0 ° C ,  

two b r o a d e n e d  p e a k s  a p p e a r e d  ( 6 4 1 , 9 ,  3 2 , 8 )  w i t h  one  s h a r p  s i g n a l  ( 6 3 1 , 7 )  

The b r o a d  s i g n a l s  may be  due t o  [A uC l (P Phg)g ]  and p r o d u c t s  f rom i t s  

r e a c t i o n s ,  w h i l s t  t h e  s h a r p  r e s o n a n c e  may c o r r e s p o n d  t o  [ A u C l (P P h ^ ) 2 ] ,  

and be  t h e  same s p e c i e s  as  was o b s e r v e d  i n  t h e  p r e c e d i n g  r e a c t i o n ,

[ A u C l ( P { p - t o l } o ) ] + 0 . i P P h ^  - The room t e m p e r a t u r e  s p e c t r u m

showed one b r o a d  s i g n a l  ( 6 3 1 , 8 ) ,  At -6 0 °C ,  s h a r p  r e s o n a n c e s  w e re  

o b s e r v e d  a t  6 3 0 ,7  [AuC l (P { j^ - t o l  }^) ] and 632.  7 rA uC l (P Ph_)]  ( r a t i o  1 4 :1 )  

w i t h  m in o r  r e s o n a n c e s  a t  6 4 2 , 3  and 3 1 ,7

[ A u C l ( P { p - t o l } g ) ] + l , O P P h g  - At room t e m p e r a t u r e  t h e r e  were  

two s h a r p  s i g n a l s  a t  6 3 3 ,8  and 3 0 , 1 ,  On c o o l i n g  a t  -60° C c o n s i d e r a b l e  

b r o a d e n i n g  o c c u r r e d  w i t h  b r o a d  b an d s  a t  6 4 2 , 1 ,  3 2 , 1 ,  3 0 ,7  and one s h a r p  

s i g n a l  a t  6 3 1 , 8 ,

[ A u C l ( P P h ^ ) ] + [A u(C=CP h) (PPh^ )] -  When e q u i m o l a r  amounts  o f

t h e s e  complexes  were  mixed i n  CDCl^, two bands  showing  o n l y  s l i g h t

31b r o a d e n i n g  we re  o b s e r v e d  i n  t h e  P n , m . r ,  s p e c t r u m  ( 6 3 2 , 7  and 4 1 , 2  f o r  

c h l o r i d e  and a l k y n y l  r e s p e c t i v e l y ) .  On a d d i t i o n  o f  0 , 2  e q u i v a l e n t s  o f  

PPh^,  t h e  s p e c t r u m  c o l l a p s e d  i n t o  one  b r o a d  s i g n a l  ( 6 3 7 , 0 )  w hi ch
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s h a r p e n e d  on warming t o  50°C, b u t  on c o o l i n g  t o  -6 0 °C  s e p a r a t e d  i n t o  

two s i g n a l s  f o r  t h e  s t a r t i n g  co m p l e x e s ,  w h ich  s t i l l  showed s i g n s  o f  

e x c h a n g e .

OTHER LIGAND EXCHANGE REACTIONS

[ A u C l ( P { p - t o l } g ) ] + [ A u ( C 5 C Ph)(PPh 2 ) ]  - A CDCl^ s o l u t i o n  o f  

e q u i m o l a r  amounts  o f  t h e s e  s p e c i e s  showed f o u r  s i g n a l s  o f  n e a r l y  e q u a l  

i n t e n s i t y  c o r r e s p o n d i n g  t o  t h e  s t a r t i n g  m a t e r i a l s ,  [AuClCPPh^)]  and 

[ A u ( C E C P h ) ( P C p - t o l } ^ ) ] .

2 [Au(C=CPh)(PPh^)]+HgCl 2 -  When [Au(CECPh)(PPh^)  ] (7 3ym ol )  was

adde d  t o  a s u s p e n s i o n  o f  HgCl2 (37ymol )  i n  CDCl^, t h e  s o l i d  d i s s o l v e d  

31and t h e  P n . m . r .  s p e c t r u m  showed o n l y  t h e  p r e s e n c e  o f  [A u C l (P P h ^ ) ]  

( 6 3 2 , 8 ) .  The o t h e r  p r o d u c t  must  be [Hg(CECPh)2 ]

[A u(C=CPh)(PPhg)+ui 2 - [ P t C l 2 (C0 )(PMePh2 ) ]  -  S e p a r a t e  s a m p l e s  o f  

[Au(CECPh) (PPh^)] (3 3 ,9m g ,  6 0 ,5 y m o l )  and c i s - [ P t C l 2 (CO)(PMePh2 ) ] ( 2 9 ,9 m g ,  

6 0 ,5 y m o l )  were  d i s s o l v e d  i n  minimum amounts  o f  CDCl^ and b o t h  c o o l e d  t o  

- 6 0 ° C ,  w i t h  t h e  p l a t i n u m  complex a l r e a d y  l o a d e d  i n t o  an n . m . r ,  sam ple  

t u b e .  The sam ple  o f  p h o s p h i n e  g o l d  a l k y n y l  was r a p i d l y  t r a n s f e r r e d  i n t o

31
t h e  t u b e ,  P n . m . r ,  s p e c t r o s c o p y  a t  -60 C i n d i c a t e d  t h a t  no r e a c t i o n

h a d  o c c u r r e d  d u r i n g  t r a s n f e r .  The sample  was a l l o w e d  t o  warm t o  -20°C

i n  t h e  s p e c t r o m e t e r  p r o b e ,  10  m i n u te s  was a l l o w e d  f o r  warming t o  be

31c o m p l e t e ,  t h e n  t h e  r e a c t i o n  was m o n i t o r e d  by P n . m . r ,  s p e c t r o s c o p y ,

[Au(C=CPh) ( P { p - t o l } ^ )  ] + c ^ - [ P t C l 2 (C0 ) (PMePh2 ) ] -  T h i s  r e a c t i o n

was p e r f o r m e d  a n a l a g o u s l y  t o  t h e  p r e c e d i n g  o n e ,  and p r o d u c e d  i d e n t i c a l  

r e s u l t s  e x c e p t  t h a t  d u r i n g  m i x i n g  o f  t h e  two s t a r t i n g  compounds ,  some 

r e a c t i o n  to o k  p l a c e  t o  p r o d u c e  i s o m e r  1 ( 6 0 , 2 ,  J 2 9 4 5 )  and an u n i d e n t i f i e d  

t r a n s i e n t ( 6 - 6 , 5 )  p o s s i b l y  due t o  s l i g h t  warming o f  t h e  s am ple  d u r i n g  

t r a n s f e r  i n t o  t h e  n . m . r ,  s p e c t r o m e t e r  p r o b e .
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[Au(ÇECMe) (PPh j )  j + c i s -  [PtCl^CCO) (PMePh^) ] -  A ga in  t h e  r e a c t i o n

was p e r f o r m e d  a n a l a g o u s l y  t o  t h e  two ab o v e ,  e x c e p t  i n  t h i s  c a s e  t h e  

p r e s e n c e  o f  i s o m e r s  I  & I I  and c i s - [ P t (CEC Me)^(CO )(P MeP h^)1 were  

d e t e c t e d  on m i x i n g .  The f i n a l  p r o d u c t  was [Pt(C=CMeX^ l (CO)(PMePh2 ) ] 

i s o m e r  I I ,

2 [A u( CE CCF^) (PPh^)1+ c i s - [ P t C l 2 (CO)(PMePh2 ) 1  -  The two com plexes

w e re  a l l o w e d  t o  r e a c t  i n  CDClg t o  p r o d u c e  two compounds ,  as  d e t e c t e d  by 

31
P n , m , r ,  s p e c t r o s c o p y ,  [A uC l (P Ph^)]  ( 6 3 1 , 7 )  and a new s p e c i e s  ( 6 - 4 , 8  

J  2097 1 .8Hz)  a s s i g n e d  t o  c i s - [Pt(CECCF^)^^^*^)(PMePh2 ) ] ,

[ A u ( C ^ H ^ ( P P h g ) ] + c i s - [ P t C l 2 (C0 )(PMePh2 ) ]  -  when a l l o w e d  t o  r e a c t  

a t  room t e m p e r a t u r e ,  t h e  complex r a p i d l y  p r o d u c e d  [A uC l (P P h g ) ]  and

[ P t ( C ^ H ^ ) C l ( C 0 )(PMePh2 )
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CHAPTER 3.

THE FORMATION AND ISOMERISATION OF PLATINUM BIS-ETHYNYL COMPLEXES.

3 .1  I n t r o d u c t i o n

The s t u d y  o f  organocompounds  o f  p l a t i n u m ,  a s  a l r e a d y  m e n t i o n e d

i n  C h a p t e r  1 h a s  b e e n  a v e r y  l a r g e  a r e a  o f  i n v e s t i g a t i o n .  The m e t a l

forms P t - C  o -b o n d s  i n  o x i d a t i o n  l e v e l s  (O ) ,  ( l ) , ( 1 1 ) , ( i l l )  and ( I V ) .

The e t h y n y l  co m plex es  h a v e  bee n  o f  p a r t i c u l a r  i n t e r e s t ,  as  t h e y

p o s s e s s  h i g h e r  s t a b i l i t y  t h a n  a l k y l s  and n o n - o r t h o - s u b s t i t u t e d  a r y l s

i n  t e r m s  o f  r e s i s t a n c e  t o  a e r i a l  o x i d a t i o n ,  h y d r o l y s i s  and t h e r m a l

d e c o m p o s i t i o n .  ( F o r  o r t h o - s u b s t i t u t e d  a r y l s ,  t h e  o^-group h i n d e r s

[ 781n u c l e o p h i l i c  a t t a c k  a t  t h e  P t  a tom and i n c r e a s e s  t h e  k i n e t i c

s t a b i l i t y  o f  t h e  c o m p l e x e s ^ ^  ( F i g  3 - 1 ,  L = P E t ^ )

P t — Br

F i g u r e  3-1

The h i g h e r  s t a b i l i t y  i s  r e f l e c t e d  i n  t h e  n a t u r e  o f  t h e  P t - C

bond .  A l l  t h r e e  t y p e s  o f  l i g a n d  ( a l k y l ,  a r y l  an d  e t h y n y l )  hav e  a

3 2o component  f rom  t h e  f i l l e d  sp  , sp  o r  sp  h y b r i d  o r b i t a l  on c a r b o n  

t o  a p l a t i n u m  h y b r i d  o r b i t a l .  However t h e  amount  o f  i r -back b o n d i n g ,  

which  would  i n c r e a s e  t h e  s t r e n g t h  o f  t h e  P t - C  b o n d ,  v a r i e s .  For  

m e t h y l ;  t h e r e  was o r i g i n a l l y  t h o u g h t  t o  be no b a c k  d o n a t i o n  as  t h e  

o r b i t a l s  on c a r b o n  a r e  f u l l y  i n v o l v e d  i n  b o n d i n g  t o  t h e  t h r e e  h y d r o g e n
[79]

a to m s .  NMR e v i d e n c e  s u g g e s t s  how eve r  t h a t  some i r -back d o n a t i o n  

does  o c c u r .  With  a r y l  components  t h e  u - b o n d i n g  componen t  can b e " b o t h  

w a y s” w i t h  f i l l e d  r r - o r b i t a l s  on t h e  a r y l  i n t e r a c t i n g  w i t h  empty h y b r i d
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o r b i t a l s  on P t ,  a s  w e l l  as t h e  norm al  f i l l e d  m e t a l  o r b i t a l s  i n t e r a c t i n g  

w i t h  IT* o r b i t a l s  on t h e  l i g a n d .

In  p l a t i n u m  e t h y n y l s ,  t h e  b o n d i n g  i s  s i m i l a r  t o  t h a t  found i n  t h e  

n e u t r a l  i s o e l e c t r i c  l i g a n d s  CO and CNR w i t h  a a componen t  f rom t h e  

f i l l e d  sp  h y b r i d  on ca rb on  and ba c k  d o n a t i o n  i n t o  empty it* o r b i t a l s  

a s  shown i n  F i g  3 - 2 .

3 .2  R e a c t i o n s  o f  P l a t i n u m  E t h y n y l s .

Ther e  h a v e  b ee n  many u s e s  o f  p l a t i n u m  e t h y n y l s  i n  t h e  l i t e r a t u r e .  

They can r e a c t  a t  t h e  m e ta l  c e n t r e  ( l i k e  any o r g a n o p l a t i n u m )  o r  e l s e  

a t  t h e  t r i p l e  bond d e p e n d in g  upon r e a c t i o n  c o n d i t i o n s .

( i )  Carbene  F o rm a t io n  - One o f  t h e  most  s t u d i e d  r e a c t i o n s

h a s  b ee n  a c i d  a t t a c k  a t  t h e  t r i p l e  bond.  I n  p r o t i c  s o l v e n t s ,  such as  

a l c o h o l s ,  c a r b e n e  fo r m a t i o n  i s  o b s e r v e d  ( e q n .  3 . 2 ;  Fc = f e r r o c e n y l ) ^ ^

t r ^ s - l P t ( C E C F  ) C l ( P M e ^ P h ) ^ ] + H P F ^  - ü î S ! ] ,  L [ a n s 4 P t C l ( C ( n M e ) C H ^ F  } ( P M e 2 ? h  > 2  ] ( P F ^  1 (  3  g )

With b i s ( e t h y n y l )  complexes  o n ly  t h e  mono c a r b e n e  i s  p ro d u c e d ^ ^ ^ ^

( e q n .  3 . 3 ) .  I f  HCl i s  used th e  c a r b e n e  w i l l  r e a c t  f u r t h e r  t o  p r o d u c e  

t h e  a c y l  com plex  ( e q n .  3 . 4 ) .  (The f o r m a t i o n  o f  c a r b e n e s  f rom e t h y n y l s  

s h a l l  be  d i s c u s s e d  more f u l l y  i n  C h a p t e r  4 .

tXâI15-|Pt(C5CMe)2(PMe2Ph)2]+HPF^-?2ü^ trana- ! Pt (C?CMe) {C(0R)C2H. }(PMe^Ph)  ̂ 1 ~

t_ran£-(Pt(CiCMe)Cl(PMe2Ph)2 1+HCl— trana- 1 Pt {C(OMe )C2H, }Cl(PMe ̂ Ph ) ̂

t_ran8-(Pt(C0C.H,)Cl(PMe„Ph)-)+MeCl
'   ̂ '  ( 3 . 4 )



F i g u r e  3 , 2  B ond ing  o f  a l k y n y l s  and CO t o  P t ,

( l i g a n d  i s  on t h e  x a x i s )

O r b i t a l  t y p e

o

P t _  _  CEC%

^  /z>  ^  O
P t  —  ̂ ^  C5C-

^  ^  ^  O
P t .  , CEOw

y -
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( i l )  V i n y l  D e r i v a t i v e s  - With  t r i f l u o r o m e t h y l e t h y n y l

p l a t i n u m  com plex es  ho w ever  t h e  above r e a c t i o n s  do n o t  g i v e  c a r b e n e s .

HPF- h a s  no e f f e c t  and HCl in  m e thano l  o n l y  adds  a c r o s s  t h e  t r i p l e  
6

bond t o  g i v e  a v i n y l  d e r i v a t i v e ^ ^ ^ ^  ( e q n .  3 . 5 ) .  S i m i l a r  r e d u c t i o n  t o  

t r a n s - | P t (C H C C F j ) 2 ( P M e 2 P h ) 2 l - ^ 2 H C l  t  r a n s - f  P t  (CCl  rCHCF^)  ^ (PMe^Ph ) J

o -b onded  v i n y l  s p e c i e s  can be a c h i e v e d  by HCl a t t a c k  on t h e  t r i p l e

[ 811
bond i n  a p r o t i c  s o l v e n t s  w i t h  Pt-C=CCH2 0 Me g r o u p s  ( e q n .  3 . 6 ) ,

a l t h o u g h  t h e  r e a c t i o n  i s  accompan ied by c l e a v a g e  o f  one  o f  t h e  e t h y n y l  

gro up s  as HCECR. With CECCMe20H t h e  r e a c t i o n  i s  f u r t h e r  c o m p l i c a t e d

Lcaufi-fPt(CHCCH20Me)2(PMe2Ph)2]+2HCl  >Leans-[ Pt{CC1 = CH. CH20Me} Cl(PMe2Ph)2] ( 3 . 6 )

tx^-fPt{CECC(Me)20H)2 (PMe2Ph)2l+2HCl —> t rans-f Pt {CCI «=CHC(Me )°CH2 >C1 (PMe2Ph ) ̂  1 ( 3 . 7 )

[ 81 ]by s p o n t a n e o u s  d e h y d r a t i o n  ( e q n .  3 . 7 ) .  With t h e  s i m p l e r  e t h y n y l s

r 82Ir g 31
CECMe and CECH, one o r  b o t h  e t h y n y l s  a r e  c l e a v e d  ( e q n s ,  3 . 8 ,  3 . 9 ) ,

t _ r a n s - [ P t ( C E C M e ) 2 ( P M e 2 P h ) 2 ] + 2 H C l  > q j _ s - f  P t C l  2 ( P M c 2 P h ) 2  ] + 2MeC FCH ( 3 . 8 )

t _ r a n5. - ( P t { C i C H ) 2 ( P Me 2 P h ) 2 )+HCl  ---------- ) CXAlLg.-f P t ( C H C H ) C l  ( P Me 2 Ph >2 J+HCeCH ^ ^

t h e  l a t t e r  f o l l o w s  a c o m p l i c a t e d  pa thwa y  v i a  HCl a d d i t i o n  a c r o s s  t h e  

t r i p l e  bond.

The r e d u c t i o n  o f  e t h y n y l  t o  v i n y l  l i g a n d s  can a l s o  be a c h i e v e d
r 8 11

by t r e a t m e n t  o f  t h e  complexes  by h y d r a z i n e  h y d r a t e  , w i t h  two 

h y d ro g e n s  a d d i n g  c i s  a c r o s s  t h e  t r i p l e  bond ( e q n .  3 . 1 0 ) .

trans-1 I > r { cy R) 2 (PMe2Ph)2 l+H^N2 -> Lom s - I Pt (CH rCHR-cU ).,( PMe.,Ph ) 1
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CF^COCl, Br^ and NOCl a l l  add s i m i l a r l y  a c r o s s  t h e  t r i p l e  bond t o  

g i v e  v i n y l  d e r i v a t i v e s ^   ̂ ( e q n .  3 .11 )

t r a n 8 - ( P t ( C ; C M e ) . , ( P M e , P h ) . ,  ]+2CF. , C0Cl  ■ t r a n s - f  P t ( CCl - C( Me  ) COCF ^ ) ^ ( PMe^Ph)  ̂1 ( 3 . 1 1 )

( i i i )  C y c l i s a t i o n  R e a c t i o n s  - I f ,  by u se  o f  c h e l a t i n g

d i p h o s p h i n e s  a c i s - b i s ( e t h y n y l ) complex i s  p r e p a r e d  t h e n  t r e a t m e n t

[ 85 ]w i t h  a Lewis a c i d  can c a u s e  c y c l i s a t i o n  t o  an u n s a t u r a t e d  m e t a l l o c y d e

(e q n  3 . 1 2 ,  R = Me, E t ,  P r )

( d p p e )  P t ( C s C H ) 2+BR^ --------- ) ( d p p e ) P t ^ ^ ^  ( 3 . 1 2 )

( i v )  O x i d a t i v e  A d d i t i o n  - t r a n s - [ P t ( C E C R ) X L 2 ] w i l l  un de rgo

o x i d a t i v e  a d d i t i o n  b u t  t h e  r a t e  depends  on L,X and R i n  t h e  o r d e r  

L = AsMe^>PMe2 Ph ; X = CECR>C1 ; R = Me>H>Ph. t h e  s u b s t r a t e  can be 

%2 , CF^I ,  Mel ,  IB r  ( b u t  n o t  Br2 o r  NOCl - s e e  ( i i )  ab o v e )  and t h e  

r e a c t i o n s  p r o d u c e  t h e  e x p e c t e d  P t ( l V )  s p e c i e s ^ ^ ^ ^  ( e q n .  3 . 1 3 )

tx^-[PtX(C»CR)L2l+ A-B ------- > t _ r ^ - [ Pt (ChCR)X(A) (bIL  ̂] ( 3 . 1 3 )

LiR (R=Bu^,Ph) can a l s o  add o x i d a t i v e l y  t o  P t ( l l )  com plexes  

p r o d u c i n g  u n u s u a l  L i - b r i d g e d  d i m e r s ( e q n .  3 . 1 4 )

, R
c c

W t  I I I

t r a n s - f  PtCC^CR )+Li R  > L - P t - R  R - P t - L

c"I m
c c
i  «

Ç ( 3 . 1 4 )
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( v )  I n s e r t i o n  R e a c t i o n s  and Adduct  F o r m a t i o n .

Only one example  o f  i n s e r t i o n  i n t o  a p l a t i n u m  e t h y n y l  bond i n  

n e u t r a l  complexes  i s  known ( e q n .  3 . 1 5 )  t h a t  o f  t e t r a c y a n o e t h y l e n e  

a l t h o u g h  a l l e n e  i n s e r t i o n  i n t o  c a t i o n i c  e t h y n y l  complexes  i s  a l s o  known 

( e q n .  3 . 1 6 ) .

t _rans- f  Pt(CSCMe)2(AgMe^)2 ] + (NC)2C»C(CN).^ — » t r a n s - ( P t  {C( CN) ^CCCN) ^C-CHe }  ̂( AsMe 2 I ( 3 . IS) 

Cr^- (P t (CiCMe){OC(CH^)2}(PMe2Ph)2l ' ^ -^CH2=C=CH2 » f Pt  {(CH2) jC-C^Me ) ( PMe2Ph)  ̂1 (3 . 16)

H e x a f l u o r o a c e t o n e  w i l l  r e a c t  w i t h  e t h y n y l s  by i n s e r t i n g  i n t o  t h e  

C-H b o n d ,  g e n e r a t i n g  a new e t h y n y l  complex ( e q n .  3 . 1 7 )   ̂ ^ . When

s u b s t i t u t e d  e t h y n y l s  a r e  u s e d ,  s t a b l e  i r -complex es

( 3 . 1 7 )
Cr jms -f  Pt (C- CH)2(PMe2Ph) 2l +2(CF^) 2CO > t r a n s - f  P t  {C5C . C(0H ) ( C F , ) ., }( PMe ..Ph )., ]

a r e  formed i n s t e a d  ( e q n .  3 . 1 8 ,  X = C = C M e , C 1 ) ^ ^ , a l t h o u g h  w i t h  t r i f l u o r o -  

m e t h y l e t h y n y I s , t h e  ex t r e m e  e l e c t r o n

As Me 3

tr^-lPt(CHCM.)X(A.He3)^l.(CF3),CO ---------------------- è(CK3>, ( 3 . 1 8 )
AsMe3

w i t h d r a w i n g  n a t u r e  o f  t h e  l i g a n d  p r e s e n t s  s u ch  a r e a c t i o n  as  t h e r e  i s  

i n s u f f i c i e n t  e l e c t r o n  d e n s i t y  a t  t h e  P t  c e n t r e  t o  form i r -bonds  t o  t h e  

h e x a f l u o r o a c e t o n e . O t h e r  u n s a t u r a t e d  l i g a n d s  ( e . g .  0 ^ ,  a l l e n e ,  CO^, 

SQ^, CFgCN) do n o t  form a d d u c t s  w i t h  even t h e  h y d r o c a r b o n  s u b s t i t u t e d  

e t h y n y l  c o m p le x e s .

3 . 3  P r e p a r a t i o n  o f  P t  E t h y n y l s

As a c o n s e q u e n c e  o f  b o t h  t h e  h i g h  s t a b i l i t y  o f  p l a t i n u m  e t h y n y l s  

and t h e  h i g h  d e g r e e  o f  i n t e r e s t  e x p r e s s e d  i n  such compounds,  t h e r e  has
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b ee n  an o v e r w h e lm in g  number o f  p r e p a r a t i v e  r o u t e s  d e v i s e d  f o r  t h e i r  

s y n t h e s i s ,  e s p e c i a l l y  f o r  t h e  p h o s p h i n e  co m plex es  [Pt (CECR)2 i-7j  and 

[Pt (CECR)XL2 ] ,

The o r i g i n a l  p r e p a r a t i o n  o f  p l a t i n u m  e t h y n y l s  i n v o l v e d  t h e  u se

r  o • .  [ 1 5 , 8 7 ]  , . [ 88 ]  , [ 8 9 , 8 0 , 1 5 ]o f  G r i g n a r d  r e a g e n t s  o r g a n o l i t h i u m  and o rg an o s o d iu m

d e r i v a t i v e s  h av e  a l s o  p r o v e n  v e r y  s u c c e s s f u l  as  e t h y n y l a t i n g  a g e n t s  w i t h

t h e  r e a c t i o n s  b e i n g  p e r f o r m e d  i n  l i q u i d  ammonia o r  i n e r t  h y d r o c a r b o n

such as  h e x a n e .  O t h e r  l e s s  r e a c t i v e  m e t a l  e t h y n y l s  h av e  bee n  found

t o  be  good e t h y n y l a t i n g  a g e n t s ,  such as t i n ^ ^ ^ ^ ,  merc u ry  and g o ld

( s e e  b o t h  t h i s  and t h e  p r e v i o u s  c h a p t e r s  f o r  Hg and Au r e a c t i o n s ) .

In  a l l  t h e s e  c a s e s  t h e  s t a r t i n g  m a t e r i a l  i s  a P t ( l l ) d i h a l i d e  and th e

a p p r o p r i a t e  m e t a l  e t h y n y l .

S in c e  t h e  t e r m i n a l  p r o t o n  o f  t e r m i n a l  a l k y n e s  i s  v e r y  s l i g h t l y  

a c i d i c ,  b a s e s  w i l l  r e a c t  w i t h  t h e  eC-H b ond .  T h i s  c o n c e p t  h a s  l e d  

t o  t h e  u t i l i s a t i o n  o f  s e v e r a l  b a s e  p rom oted  r e a c t i o n s ,  u s i n g  such b a s e s  

as  Ag^O^^^^,  NaOH^^^^, ^ ^ [ 9 4 , 9 2 , 8 9 b l ^ ^ ^  o x a l a t e ^ ^ ® ^ ^  ( a l t h o u g h

i n  t h e  l a t t e r  c a s e  t h e  o x a l a t e  was a l r e a d y  bound t o  t h e  p l a t i n u m  as  

[ P t ( € 2 0 ^ )L 2 ] ) . One v e r y  i m p o r t a n t ,  and p r o b a b l y  most w i d e l y  u s e d ,  

s y n t h e t i c  r o u t e  h a s  b een  t h e  u se  o f  NHEt2 as  b a s e  and s o l v e n t ,  i n v a r i a b l y  

w i t h  a Cul ( o r  CuCl) c a t a l y s t  a d d e d ^ ^ ^ * ^ ^ ^ . I t  i s  l i k e l y  t h a t  c o p p e r  

e t h y n y l s  a r e  t h e  c a t a l y t i c  i n t e r m e d i a t e s  (scheme 3 - 1 ,  eq n .  3 . 1 9 ) ,  and 

i n d e e d  i n d e p e n d a n t  e x p e r i m e n t s  show t h a t

Et-NH/Cul
[PtX̂ L^I+ZHC-CR -------------  ̂fPt(C5CR)2L2 l+2(Et2NH2]X ( 3 . 1 9 )

[95a 96]c o p p e r  e t h y n y l s  w i l l  a c t  as  e t h y n y l a t i n g  a g e n t s  a t  P t ( l l ) .  *

O x i d a t i v e  a d d i t i o n  t o  P t ( 0 )  compounds h a s  p ro ved  s u c c e s s f u l  i n  

s e v e r a l  c a s e s .  They f a l l  i n t o  two c l a s s e s ,  t h o s e  where a m e ta l  e t h y n y l  

adds  o x i d a t i v e l y  to  a P t ( 0 )  c e n t r e ,  and t h o s e  where  a l i g a n d  a l r e a d y



Scheme 3 , 1  C a t a l y t i c  c y c l e  f o r  e q n .  ( 3 , 1 9 )

CuX

[Pt(C=CR)XL„] i i

[Pt (CECR)„L„]  ivi i i [ p t ( c = c R ) x L . ]

O v e r a l l  r e a c t i o n

[PtXgLg] + 2HCECR
CuX/EtgNH

--------------- >  [P t (C EC R) 2L 2 ] + 2HX-Et2NH ( 3 , 1 9 )



bond ed  t o  P t ( 0 )  r e - a r r a n g e s  t o  g i v e  a P t ( l l )  e t h y n y l .  Examples  o f  t h e  

f i r s t  c l a s s  would  be a d d i t i o n  o f  t i n  e t h y n y l s ^ ^ ^ ^  o r  c o p p e r  e t h y n y l s ^ ^ ^ ^  

( e q n s .  3 . 2 0 ,  3 . 2 1 ) .

| P c ( P P h ^ ) ^ ] - ^ M e ^ S n ( C ^ C M e )   1 c i j - f P t  ( C5CMe ) ( SnMe 3 )  ( PPh 3)  j  1+PPh 3 ( 3 . 2 0 )

( P t ( C 2 H ^ ) ( P P h 3 ) 2  ] + 2 C u (C S C P h )  ------- ^ t r a n a -  [ P t ( C S C P h ) ^ ( P P h 3 ) ^  ] + 2Cu

Examples  o f  l i g a n d  r e - a r r a n g e m e n t  as  t h e  c o n v e r s i o n  o f  tt-
r 98 991

bo nded a c e t y l e n e s  i n t o  e t h y n y l s  ’ ( e q n s .  3 . 2 2  ( X = B r , l ) ,  3 . 2 3 )

P t ( n"- XC=CPh) ( P P h 3 ) ^ ] -----— — > t r a n s - [ P t ( C = C P h ) X ( P P h 3 ) ^  ]

| P t f n " - ( N C ) C = C ( C N ) )  ---------- — ---------^ c i s - f P t ( C = C C N ) ( C N ) ( P P h 3 ) 2 l  ( 3  3 3 )

a l t h o u g h  eqn .  3 .22 does  n o t  a p p l y  t o  X“ C1. PhC=CCl w i l l  d i s p l a c e

2 . . . [ 981n -(PhH=CHPh) however  (eqn 3 . 2 4 ) ,  t o  g i v e  an  i s o l a b l e  c i s  complex

HCeCR(R=CF^2 ^ 5 ) w i l l  a l s o  add o x i d a t i v e l y  t o  P t ( P P h ^ ) ^

( P t f r « ^ - ( c j j - ( P h H C - C H P h ) ) } ( P P h 3 ) 2 ] + H C r C C I   ̂ c i j  -  [ P t  ( C=CPh ) C 1 ( PPh 3)   ̂1 ( 3 . 2 4 )

t o  p r o d u c e  a Ti-complex,  b u t  on p r o l o n g e d  s t a n d i n g  i n  s o l u t i o n ,  and 

t r e a t m e n t  w i t h  e x c e s s  a c e t y l e n e  a b i s - e t h y n y l  complex i s  p rodu ced^ 

( e q n .  3 . 2 5 ) .

P t ( P P h 3 ) ^ + H C ? C R   * ( P t h , " - ( H C S C K ) ) ( l > P I . 3 ) 2 l  c j j  -  I P t  ( CSCR ) ^ ( PPh 3 )  ] ( 3 . 2 5 )

A few o t h e r  methods have bee n  d i s c o v e r e d  i n  s p e c i f i c  c a s e s  

c i s - f P t C l ^ ( P M e ^ P h ) ^ ] w i l l  r e a c t  d i r e c t l y  w i t h  HC=CC(Me)2 0 H to  p r o d u c e



46

t h e  t r a n s - b i s ( e t h y n y 1 ) complex^ ^ , w h i l s t  a n o t h e r  d i r e c t  r e a c t i o n  w i l l  

o c c u r  b e tw e en  a p l a t i n u m  h y d r i d e  and l - e t h y n y l c y c l o h e x a n o l  ( e q n .  3 . 2 6 )
[1 0 1 ]

accom pan ied  by f o r m a t i o n  o f  the  e t h e r  v i a  d e h y d r a t i o n  f rom t h e  a l c o h o l

%  FtOH ( 3 . 2 6 )
t r a n s - f P t C l l U P P h  ) K H C e c O  -f— » Cl  -  Pt  - C £ C - p

PPh3

I t  h a s  bee n  found p o s s i b l e  t o  remove HCl f rom c h l o r o v i n y l  co m p lex es  

by b a s e  a t t a c k ^ ^ ^ *  which p r o d u c e s  e t h y n y l  com plexe s  ( e q n .  3 . 2 7 )

t x a n s - ( P t ( C C l - C H 2 ) 2 ( P M e 2 P h ) 2 l + 2 M e 3 N  ------ ^ t r a n s - [P t (P Mc2Ph) 2(C=CH )2 ]-*-2Me3NHCI ( 3 . 2 7 )

3 . 4  S t e r e o c h e m i s t r y  o f  P t - e t h y n y l s

E x c e p t  when c h e l a t i n g  d i p h o s p h i n e s  a r e  employed t h e  b i s ( e t h y n y l )  

p r o d u c t s  a r e  u s u a l l y  t r a n s ,  even f rom  c i s  s t a r t i n g  m a t e r i a l s .  With  s m a l l  

r i n g  c h e l a t i n g  d i p h o s p h i n e s ,  ( e . g .  dp p m ) , t h e  c o m b i n a t i o n  o f  r i n g  

o p e n i n g  r e l e a s i n g  s t r a i n  on t h e  p h o s p h i n e ,  and a f a v o u r e d  t r a n s  

c o n f i g u r a t i o n  u s u a l l y  means t h a t  f u r t h e r  r e a c t i o n s  w i l l  t a k e  p l a c e ^  

and t r a n s  b r i d g e d  b i m e t a l l i c  s p e c i e s  s h a l l  be fo rm ed ,  ( e q n .  3 . 2 8 ) ,  

a l t h o u g h  t h e  c i s - b r i d g e d  form h a s  b e e n  d e t e c t e d  i n  one ca s e^ ^ ^ ^ ^

/ " x  / R  R \  Î / R  ( 3 . 2 8 )

V " ' V " ' . - 4' /i
\ y ^  R = C s C M e

A few p a p e r s  r e p o r t  c i ^  i s o m e r s ^ ^  o r  m i x t u r e s ^  

T a b l e  3 .1  shows th e  c i s - b i s - e t h y n y l  com plexes  so f a r  c h a r a c t e r i s e d .

I t  s h o u l d  be n o t e d  t h a t  even though one s y n t h e t i c  method may p ro d u c e  a
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p a r t i c u l a r  c i s - b i s ( e t h y n y l ) ,  a n o t h e r  may n o t .  So f o r ,  example  

c r s - [ P t ( C = C P h ) 2 ( P P h g ) 2 ] was p r e p a r e d  by t r e a t i n g  [ P t C l 2 (P P h 2 ) 2 ]

w i t h  HC=CPh i n  aqueous  ammonia,  b u t  [ P t ( C 2 0 ^ ) ( P P h ^ ) 2 ] w i t h  HC=CPh^ 

and [ P t ( C 2H ^ ) (P P h 2 ) 2 ] w i t h  C u ( C s C P h ) b o t h  p r o d u c e d  t r a n s  i s o m e r s  

o f  t h e  p r o d u c t  w h i l s t  i n  t u r n ,  b o t h  t h e s e  l a t t e r  methods  p r o d u c e d  c i s  

i s o m e r s  w i t h  o t h e r  e t h y n y l s  ( s e e  T a b l e  3 . 1 ) .  I n  f a c t ,  a p a r t  f rom t h e  

t h r e e  f l u o r o a l k y n y l s , a l l  t h e  compounds i n  T a b l e  ( 3 . 1 )  hav e  b een  

c h a r a c t e r i s e d  i n  t h e  t r a n s  form,  i t  would  a p p e a r  t h e n  t h a t  t h e  s t r o n g l y  

e l e c t r o n  w i t h d r a w i n g  n a t u r e  o f  t h e  f l u o r o a l k y n y l s  s t a b i l i s e  t h e  c i s
r 871

c o n f i g u r a t i o n .  ( T r a n s - [ P t (C = C C F o ) 2 ( P E t ^ ) n 1 i s  known , b u t  i n  t h i s  

c a s e  t h e  e l e c t r o n  r e l e a s i n g  n a t u r e  o f  t h e  p h o s p h i n e  may co m p en s a t e  

f o r  t h e  e l e c t r o n  w i t h d r a w i n g  n a t u r e  o f  t h e  CFg g r o u p ) .  The t r a n s - b i s -  

( e t h y n y l s )  show a l o w e r i n g  i n  e n e r g y  o f  t h e  e l e c t r o n i c  t r a n s i t i o n ,

and i t  h a s  bee n  s u g g e s t e d ^ t h a t  t h i s  i n d i c a t e s  e x t e n d e d  c o n j u g a t i o n  

o f  t h e  TT-system t h r o u g h  s u i t a b l e  P t  o r b i t a l s  wh ich  s t a b i l i s e s  t h e  

s y s t e m .

T h is  t h e o r y  f i t s  t h e  o b s e r v a t i o n  t h a t  e l e c t r o n  w i t h d r a w i n g  

g ro u p s  w i l l  s t a b i l i s e  t h e  c i s  c o n f i g u r a t i o n ,  as  e l e c t r o n  d e n s i t y  w i l l  

b e  drawn o u t  o f  t h e  i r - s y s t e m ,  w e a k e n i n g  t h e  e x t e n d e d  c o n j u g a t i o n  

s t a b i l i s a t i o n  f o r c e  and t h e r e b y  making  t h e  t r a n s  i s o m e r  l e s s  s t a b l e ,  

o r  c o n v e r s e l y  t h e  c i s  i s o m e r  r e l a t i v e l y  more s t a b l e .  With  t h e  r em ova l  o f  

t h r o u g h - P t  c o n j u g a t i o n  t h e  s y s t e m  w ou ld  b e  more l i k e  o t h e r  b i s ( o r g a n o )

[ 2 3 ]s p e c i e s  ( e . g .  a l k y l s  and a r y l s ) ,  and t h e s e  a r e  u s u a l l y  c i s

The m o n o ( e t h y n y l s )  a r e  a l l  ( w i t h  one e x c e p t i o n ^ ^ ^ ^ ) t r a n s , i n  

k e e p i n g  w i t h  t h e  o t h e r  known o r g a n o p l a t i n u m  c o m p lex e s ,  and w i t h o u t  t h e  

p o s s i b i l i t y  o f  e x t e n d e d  c o n j u g a t i o n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  a l l  t h e s e  

compounds form s i m i l a r  g e o m e t r y .

T h i s  c h a p t e r  d e a l s  w i t h  some new s y n t h e t i c  r o u t e s  t o  p l a t i n u m



Table 3 .1  Complexes c is - [P t(C=CR) 2 L2 ] P r e v io u s ly  c h a r a c te r i s e d

in the l i t e r a t u r e .

.....

R L r e f R L r e f

CF3 PPh 3 [ 1 0 0 ] Ph P E t 3 [ 9 0 d , 9 5 a ]

C2 F3 PPh 3 [ 1 0 0 ] Ph PBU3 [ 9 5 a ]

PPh 3 [96] H P E ta [ 9 5 a ]

Ph PPh 3 [ 9 2 , 9 4 ] H PBU3 [95a ]

CMegCOH) PPh 3 [ 9 2 , 9 4 ] CHCH2 P E t a [9 5 a ]

CMeEt(OH) PPh 3 [94 ] CECH PBU3 [ 9 5 a ]

CH(OH)Ph PPh 3 [94] C^H^CECH-p PBU3 [ 9 5 a ]
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e t h y n y l s ,  a l l  o f  which p ro duced  c i s - b i s ( e t h y n y l s ) a l t h o u g h  none d i d  

so c o n s i s t e n t l y .  The i s o m é r i s a t i o n  o f  t h e  c i s ~*~t r a n s  b i s ( e t h y n y l s )  

i s  a l s o  i n v e s t i g a t e d  as  a r e  t h e  i m p l i c a t i o n s  wh ich  t h e  f a c t o r s  c o n t r o l l i n g  

t h i s  i s o m é r i s a t i o n  have on th e  s y n t h e s i s  o f  c i s  compounds.

3 .5  R e s u l t s  and D i s c u s s i o n

1 ) .  S y n t h e s i s  o f  p l a t i n u m  b i s ( e t h y n y l )  com plex es

a )  R e a c t i o n  i n  t h e  p r e s e n c e  o f  Cul c a t a l y s t

When two e q u i v a l e n t s  o f  HC=CPh were  adde d  t o  a s u s p e n s i o n  o f

c i s - [PtCl^ÇPMePh^) 2 1 i n  d i e t h y l a m i n e  c o n t a i n i n g  a t r a c e  o f  Cul and t h e

wh ole  r e f l u x e d  f o r  10 m i n u t e s ,  r a p i d  d i s s o l u t i o n  o f  a l l  s o l i d  m a t e r i a l

t o o k  p l a c e .  R e c r y s t a l l i s a t i o n  o f  t h e  c r u d e  p r o d u c t  y i e l d e d  w h i t e

c r y s t a l s  whose p r o t o n  n . m . r .  s p e c t r u m  c o n t a i n e d  a 1 : 4 : 1  t r i p l e t  o f

t r i p l e t s  i n  t h e  Me-P r e g i o n  c h a r a c t e r i s t i c  o f  two p h o s p h i n e  l i g a n d s

t r a n s  t o  ea ch  o t h e r .  T h i s  f e a t u r e  i s  c a u s e d  by " v i r t u a l  c o u p l i n g "

o f  t h e  m e th y l  group t o  bo th  p h o s p h o r o u s  atoms g i v i n g  a t r i p l e t  w i t h

s p a c i n g  b e tw een  th e  two o u t e r  l i n e s  o f  I ^ J  + 1 , f l a n k e d  by' HP HP''
195s a t e l l i t e s  due t o  f u r t h e r  c o u p l i n g  t o  P t  (I=%,  34% n a t u r a l  a b u n d a n c e ) .

O t h e r  p a r a m e t e r s  were c o n s i s t e n t  w i t h  l i t e r a t u r e  v a l u e s ^ ^ ^ ^ ^  f o r  t r a n s - 

[ P t ( C = C P h ) 2 (PMePh2 ) 2 ] ( eqn .  3 . 2 9 )  so l i k e  t h e  m a j o r i t y  o f

Et  NH/Cul  , .
ç l B - ( P t C l 2 (PMePh 2 ) 2  l-*-2HC=CPh ------------------- ) t r a n s - i  P t  ( C^CPh > 2  ( PMePh  ̂ j  \  J * J

r e p o r t s ^  6»95] found t h a t  t h i s  s y n t h e t i c  r o u t e  g i v e s  t r a n s  i s o m e r s .

I f  t h e  r e a c t i o n  was p e r f o r m e d  w i t h  j u s t  one e q u i v a l e n t  o f  

p h e n y l a c e t y l e n e , o n l y  a s m a l l  smount  (18%) o f  t r a n s - [ P t ( CSCPh)C1(PMePh2 ^2  ̂

was formed even a f t e r  lo ng  ( I h r )  r e f l u x .  The main p r o d u c t s  ( i n  n e a r l y  

1 :1  r a t i o )  were s t a r t i n g  d i h a l i d e  and t r a n $ - [ P t ( CSCPh) ^(PMePho) 2 1 » There  

was a l s o  a s m a l l  amount o f  a t r i s ( p h o s p h i n e )  s p e c i e s  ( 6  4 . 0 ( t ) ,  3339;

Ô 9 . 6 ( d )  Jpj-p 2241;  ^Tpp 20 Hz) t e n t a t i v e l y  a s s i g n e d  t o  [Pt(C=CPh) (PMePh2 ) 3 ]^
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which  h a s  p r o b a b l y  formed from some d e c o m p o s i t i o n  o f  t h e  p r o d u c t s  

d u r i n g  t h e  h o u r  l o n g  r e f l u x .  T h i s  f o r m a t i o n  o f  t h e  b i s ( e t h y n y l )  shows 

t h a t  r e p l a c e m e n t  by t h e  sec ond  e t h y n y l  o c c u r s  f a s t e r  t h a n  d i s s o l u t i o n  

and r e a c t i o n  o f  c i s - [ P t C l 2 (PMePh2 ) ^ ] p r o b a b l y  due t o  t h e  low s o l u b i l i t y  

o f  t h e  d i h a l i d e  complex .  F u r t h e r m o r e  no r a p i d  d i s p r o p o r t i o n a t i o n  

t a k e s  p l a c e  b e tw e en  t h e  d i h a l i d e  and t r a n s - b i s ( e t h y n y l ) p l a t i n u m  

c o m p l e x e s ,  as  a m i x t u r e  o f  t h e  two c o u l d  be k e p t  i n  CDCI3 s o l u t i o n  f o r  

s e v e r a l  days  w i t h  no f u r t h e r  r e a c t i o n  t a k i n g  p l a c e .

When i n s t e a d  o f  a d d in g  p h e n y l a c e t y l e n e , gas  was p a s s e d

t h r o u g h  a d i e t h y l a m i n e  s u s p e n s i o n  o f  c i s - [ P t C l ^ (PMe^Ph) ^ ] w i t h  some 

Cul c a t a l y s t  p r e s e n t ,  and t h e  r e a c t i o n  m i x t u r e  b e i n g  k e p t  a t  am b ien t  

t e m p e r a t u r e s ,  a g a i n  t h e  (known^^ ^ ) t r a n s  complex  was formed ( e q n .  3 . 3 0 )  

w h ich  was c h a r a c t e r i s e d  f rom i t s

c j 8 - [ P t C l 2 ( P M e 2 P h ) 2 l + 2 C 2 H 2  ---------------- » t raiLS - 1 P t  (C=CH ) ̂  ( PMcjPh ) ̂  ] ( 3 . 3 0 )

p r o t o n  n . m . r .  p a r a m e t e r s ,  a l t h o u g h  i n  t h i s  c a s e  t h e  t r i p l e t  o f  

t r i p l e t s  p a t t e r n  f o r  t h e  p h o s p h i n e  m e th y l  p r o t o n s  was c o m p l i c a t e d  by 

o v e r l a p p i n g  w i t h  a s i m i l a r ,  b u t  l e s s  i n t e n s e  9 l i n e  s i g n a l  f rom t h e  

t e r m i n a l  e t h y n e  p r o t o n  ( s e e  T ab le  3 . 3 ) .

b ) R e a c t i o n  i n  th e  p r e s e n c e  o f  NaOEt

Due t o  t h e  s u c c e s s  o f  HCl e l i m i n a t i o n  i n  p r e p a r i n g  [Au(C33R)L] 

f rom [AuCIL] and HCaCR i n  t h e  p r e s e n c e  o f  NaOEt ( s e e  p r e v i o u s  c h a p t e r )  

i t  was t h o u g h t  t h a t  i t  might  be i n t e r e s t i n g  t o  see  i f  p l a t i n u m  e t h y n y l s  

c o u l d  be p r e p a r e d  s i m i l a r l y .  So,  t o  a s u s p e n s i o n  o f  c i s - [ P t C l 2 (PMePh2 ) 2  

i n  e t h a n o l  a t  O^C, two e q u i v a l e n t s  o f  HCsCPh and f r e s h l y  p r e p a r e d  NaOEt 

w e re  ad d e d .  The r e s u l t a n t  s o l i d  was f i l t e r e d  and r e c r y s t a l l i s a t i o n  f rom 

CHCl 3 / p e n t a n e  gave w h i t e  c r y s t a l s  which a n a l y s e d  as  [P t  (CSCPh ) ^(PMePh ^ ) .̂  ] , 

However ,  t h e  p r o t o n  n . m . r .  s p e c t r u m ,  show ing o n l y  a t r i p l e t  o f  d o u b l e t s
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f o r  t h e  p h o s p h i n e  m e t h y l ,  n . m . r ,  p a r a m e t e r s  ( 6  2 . 9 ,  2298 Hz)

and m e l t i n g  p o i n t  a l l  i n d i c a t e  t h e  p r o d u c t  i s  n o t  t h e  known t r a n s  

i s o m e r  an d  so  t h e  p r o d u c t  must  be  c i ^  ( e q n .  3 . 3 1 ) .  F u r t h e r m o r e  t h e  i r

cis.-[PtCl2 (PMePh2 )2 ]+2HC=CPh + 2NaOEt ---- > c i s - [Pt(C=CPh)2(PMePh2 )  ̂1 ( 3 . 3 1 )

s p e c t r u m  i n  n u j o l  showed two e t h y n y l  s t r e t c h i n g  f r e q u e n c i e s  ( a t  2 1 1 0  and

2145 cm” ^) a g a i n  c o n s i s t e n t  w i t h  t h e  c i s  i s o m e r .  However i n  KBr d i s c s

o n l y  one C=C s t r e t c h  was o b s e r v e d  ( a t  2110cm ^) so c a u t i o n  must  be

e x e r c i s e d  i n  a s s i g n i n g  p r o d u c t  g e o m e t r y  f rom i n f r a  r e d  d a t a  a l o n e .

When t h e  r e a c t i o n  was r e p e a t e d  w i t h  o n l y  one e q u i v a l e n t  o f

NaOEt,  t h e n  t h e  main  p r o d u c t  was an  i n s o l u b l e  1 :1  m i x t u r e  o f  s t a r t i n g

m ater ia l  and c i s -[Pt(CsCPh) 2 (PMePh2 ) 2 ] which could be removed by

f i l t r a t i o n .  T h i s  m i x t u r e  c o u l d  be  k e p t  i n  CDCl^ s o l u t i o n  f o r  5 days

w i t h o u t  any c h a n g e ,  i n d i c a t i n g  t h a t  any d i s p r o p o r t i o n a t i o n  must  be

v e r y  s l o w .  A f t e r  re mov a l  o f  e t h a n o l  and r e - d i s s o l u t i o n  o f  t h e  s m a l l

31amount  o f  e t h a n o l  s o l u b l e  m a t e r i a l  i n  CDCl^, P n . m . r .  s p e c t r o s c o p y

showed t h a t  a s m a l l  amount o f  t r a n s - [P t (C sÇP h)C l (P M eP h 2 ) 2 l h a d  fo r m ed ,

and i n  b o t h  t h i s  and t h e  r e a c t i o n  c o n t a i n i n g  two e q u i v a l e n t s  o f  NaOEt,  t h e

31main EtOH s o l u b l e  p r o d u c t  gave a s i n g l e t  i n  t h e  P n . m . r .  s p e c t r u m ,  

a s s i g n e d  t o  MePh2 P0 , i n d i c a t i n g  t h a t  some d e c o m p o s i t i o n  a c c o m p a n ie s  t h e  

r e a c t i o n .  The f o r m a t i o n  o f  t h e  c i s - b i s ( e t h y n y l ) shows t h a t  r e p l a c e m e n t  

by t h e  s e c o n d  e t h y n y l  i s  f a s t e r  t h a n  b o t h  a t t a c k  by t h e  f i r s t  e t h y n y l  

(m os t  l i k e l y  due t o  t h e  g r e a t e r  s o l u b i l i t y  o f  t h e  m o n o ( e t h y n y l )  o v e r  t h e  

s t a r t i n g  d i h a l i d e  com plex)  and a l s o  any i s o m é r i s a t i o n  s t e p  w hich  would  

g i v e  t r a n s  p r o d u c t s ,  (The f o r m a t i o n  o f  t r a g ^ - [P t ( CECPh) C1 ( PMePh2 ^2  ̂ i s  

p r o b a b l y  due t o  a s l i g h t  s t o i c h i o m e t r i c  i n b a l a n c e  i n  t h e  r e a g e n t s  

p r e s e n t ) .

T h i s  s y n t h e t i c  r o u t e  h ow ever  i s  n o t  g e n e r a l .  With  g a s e o u s  

a c e t y l e n e s ,  e t h y n e  and p r o p y n e ,  r e a c t i o n  r a t e s  were  much s l o w e r ,  and
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i n  b o t h  c a s e s ,  t h e  main  i n s o l u b l e  p r o d u c t  was s t a r t i n g  m a t e r i a l .

A f t e r  s o l v e n t  re m ova l  b o t h  s a m p le s  a g a i n  c o n t a i n e d  t h e  p h o s p h i n e  o x i d e

31
as  t h e  o n l y  e t h a n o l  s o l u b l e  p r o d u c t  ( a s  d e t e c t e d  by P n . m . r .  

s p e c t r o s c o p y  i n  CDCI3 ) .

P roblem s  were  a l s o  e n c o u n t e r e d  i n  t h e  r e a c t i o n  b e t w e e n  p h e n y l 

a c e t y l e n e  and c i ^ - [ P t C l 2 (PMe2 P h ) 2 ] . I n i t i a l  a t t e m p t s  a t  t h e  r e a c t i o n  

u n d e r  c o n d i t i o n s  i d e n t i c a l  t o  t h o s e  w h ich  p r o d u c e d  c i s - [ P t ( C s C P h ) 2 (PMePh2 ) 2 l 

f a i l e d  t o  p ro d u c e  any e t h y n y 1- c o n t a i n i n g  p r o d u c t  i n  d e t e c t a b l e  q u a n t i t i e s .  

The r e a c t i o n  was r e p e a t e d  u n d e r  4 d i f f e r e n t  c o n d i t i o n s ,  w i t h  2 h o u r  l o n g  

r e a c t i o n  p e r i o d s  a t  0 , 2 0  and 60°C and 24 h r s . r e a c t i o n  p e r i o d  a t  20°C.

At t h e  end o f  t h e  a p p r o p r i a t e  p e r i o d ,  t h e  s o l v e n t  was removed i n  vacuo 

and t h e  p h o sp h o ru s  n . m . r ,  s p e c t r a  o f  t h e  r e s u l t a n t  brown s o l i d s  

r e c o r d e d .  The p r o d u c t  d i s t r i b u t i o n  i s  shown i n  T a b l e  3 . 2 .  I t  can  be  

s e e n  t h a t  when t h e  r e a c t i o n  was p e r f o r m e d  a t  low o r  room t e m p e r a t u r e s ,  

ev e n  a f t e r  24 h r s  t h e r e  was l e s s  t h a n  40% c o n v e r s i o n  t o  p h o s p h i n e -  

c o n t a i n i n g  p r o d u c t s ,  w i t h  t h e  m a j o r  p r o d u c t s  b e i n g  s t a r t i n g  m a t e r i a l  and 

an  u n i d e n t i f i e d  s p e c i e s  a t  6 - 2 1 . 7  J  3510 p r e s u m a b ly  r e s u l t i n g  f rom 

e t h o x i d e  a t t a c k  a t  p l a t i n u m .  H e a t i n g  t o  +60°C d e c r e a s e s  t h e  amount o f  

b o t h  t h e s e  s p e c i e s  and t h e  m a j o r  p r o d u c t  i s  now t r a n s -mono( e t h y n y 1 )

and s t i l l  o n l y  v e r y  l i t t l e  o f  t h e  b i s ( e t h y n y l )  complex  h a s  formed 

(a n d  a t  t h a t  a l l  as  t h e  t r a n s  i s o m e r ) .  So c l e a r l y ,  t h e  s u b s t i t u t i o n  

i n  t h i s  compound i s  much s l o w e r  t h a n  f o r  c i s - [ P t C l 2 (PMePh2 ) 21  w i t h  t h e  

f o r m a t i o n  o f  b y - p r o d u c t s  b e i n g  h i g h l y  c o m p e t i t i v e ,

A s i m i l a r  s l o w i n g  o f  t h e  r e a c t i o n  r a t e  a l s o  o c c u r r e d  when t h e  

c h e l a t i n g  d i p h o s p h i n e  b i s ( d i - p - t o l y l p h o s p h i n o ) e t h a n e , ( d p t p e )  was 

p r e s e n t .  I n  t h e  r e a c t i o n  o f  [ P t C l 2 ( d p t p e ) ] w i t h  two e q u i v a l e n t s  o f  

HC=CPh/NaOEt a f t e r  2 h o u r s  t h e  r e a c t i o n  h ad  p r o d u c e d  a 1 :1  r a t i o  o f  

s t a r t i n g  d i h a l i d e  and a complex w i t h  p a r a m e t e r s  ( 6  3 9 .6  Jp^.p 2283 H z ) ,  

t y p i c a l  o f  p h o s p h i n e  t r a n s  t o  e t h y n y l ,  a s s i g n e d  t o  [P t ( C = C P h ) 2 ( d p t p e ) ] .

A few o t h e r  weak s i g n a l s  w e re  p r e s e n t  i n c l u d i n g  a v e r y  weak p a i r  o f



T a b l e  3 . 2  P r o d u c t  d i s t r i b u t i o n  f rom t h e  r e a c t i o n

c i s - [ P t C l 2 (PMe2 P h ) 2 ] + 2HCsCPh/NaOEt.

6 p ^PPt
ASSIGNMENT % MOLE FRACTION ^

REACTION CONDITION ^

A B C D

- 1 5 . 3 3547 c i s - [ P t C l 2 (PMe2P h ) 2 ] 39 .3 3 7 .7 3 9 .2 1 1 . 1

- 7 . 6 2436 t r a n s - [ P t ( C s C P h ) C l -
(PMePh2 ) 2 ]

19.0 14 .3 2 3 . 7 3 7 .5

- 1 2 . 4 2412 t r a n s - [ P t ( C  C Ph) 2 “
(PMePh2 ) 2 l

5 . 9 1 . 2 1 1 . 0 1 1 .4

- 2 1 . 7 3510 3 3 .8 3 0 .6 2 0 . 1 17 .1

- 6 . 2 2806 5 .6 4 . 0 7 .7 0 . 9

3 4 . 0 0 0 PMe2Ph 13.8 16.5 1 2 .3 8 . 4

a c i s  % o f  t h e  t o t a l  p r o d u c t  (b y  i n t e g r a t i o n  o f  s p e c t r a )

b R e a c t i o n  c o n d i t i o n s : A Time 2 h r s . Temp . 0°C

B I t 2 h r s . I f 20*C

C 11 24 h r s I I 20°C

D I I 2 h r s I I 60°C
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d o u b l e t s  ( 6  4 1 . 8 ,  3 6 . 3 .  5 .3Hz)  which by i n d e p e n d e n t  e x p e r i m e n t  due t o / p
due t o

( s e e  3 - 5 . l . e  l a t e r )  w e re  shown t o  be^ c i s  -  [Pt (C=GPh)Cl  ( d p t  PS )J» A f t e r  

30 m i n u t e s  r e f l u x  w i t h  e x c e s s  HC=CPh/NaOEt, t h e  r e a c t i o n  p r o c e e d e d  

f u r t h e r ,  consuming a l l  t h e  s t a r t i n g  m a t e r i a l  and g i v i n g  m a i n l y  

[ P t (C = C P h ) 2 ( d p t p e ) ]  (50%) p l u s  s e v e r a l  d e c o m p o s i t i o n  p r o d u c t s .

I n t e r e s t i n g l y  a s i m i l a r  r e a c t i o n  be tw e en  [ P t C l 2 (d p tpe j ]  and e t h y n e  i n  t h e  

p r e s e n c e  o f  EtONa p r o d u c e d  none o f  t h e  e x p e c t e d  e t h y n y l -  c o n t a i n i n g  

p r o d u c t s ,  o n l y  s t a r t i n g  m a t e r i a l  and t h e  same s e t  o f  s i g n a l s  f o r  

d e c o m p o s i t i o n  p r o d u c t s  i n  a p p r o x i m a t e l y  t h e  same r a t i o ,  i n d i c a t i n g  t h a t  

t h e s e  s i g n a l s  a r e  n o t  due t o  a l k y n y l — c o n t a i n i n g  m a t e r i a l .

The f a i l u r e  o f  t h e s e  r e a c t i o n s  may i n d i c a t e  t h a t  w h e r e a s  f o r m a t i o n  

o f  e t h y n y l s  p r o b a b l y  o c c u r s  v i a  e t h y n y l  a n i o n  f o r m a t i o n  ( a s  a p p e a r s  t o  be 

t h e  c a s e  f o r  t h e  a n a l o g o u s  p r e p a r a t i o n  o f  g o l d  e t h y n y l s ) ,  w i t h  l e s s  

e l e c t r o n  w i t h d r a w i n g  g r o u p s  i n  t h e  a l k y n e  and w i t h  c e r t a i n  p h o s p h i n e s  

on p l a t i n u m ,  o t h e r  r e a c t i o n  pa thways  become p o s s i b l e ,  e i t h e r  by e t h o x i d e  

a t t a c k  a t  t h e  m e t a l  c e n t r e  o r  e l s e  by b a s e  i n d u c e d  d e c o m p o s i t i o n  o f  t h e  

i n i t i a l  r e a c t i o n  p r o d u c t s .  W ha te ver  t h e  r e a c t i o n  i t  i s  c l e a r  t h a t  

t h i s  s y n t h e t i c  r o u t e  i s  l e s s  v e r s a t i l e  f o r  p l a t i n u m  e t h y n y l s  t h a n  g o ld  

e t h y n y l s .

( c)  v i a  P t  c a r b o n y l  complexes

A s e c o n d  p a r t i a l l y  s u c c e s s f u l  s y n t h e t i c  r o u t e  t o  c i s - b i s ( e t h y n y l ) 

com plex es  was fou nd  u s i n g  p l a t i n u m  c a r b o n y l  co mplexe s  as  i n t e r m e d i a t e s .  

Complexes  o f  t h e  t y p e  c i s - [ P t ( C = C R ) 2 (C0 ) ( PM eP h n )1. th o u g h  u n s t a b l e  i n  

s o l u t i o n  a t  room t e m p e r a t u r e  can be  e a s i l y  p r e p a r e d  f rom c i s - [ P t C l 2 (C0 ) -  

(PMePh2 ) ] ,  Hg(C=CR) 2  and E t ^ C l ^ ^ ^ ^ .  The same b i s ( e t h y n y l )  c a r b o n y l  

com plexes  c o u l d  a l s o  be  p r e p a r e d  u s i n g  p h o s p h i n e g o l d ( l ) e t h y n y l s  

( e q n  3 . 3 2 ) .
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ç i s -  ( PtCl  2 ( CO ) ( PMePh^ ) 1 +2 ! Au( C=CPh ) ( PPh ^ ) ] —  ̂ c i ± - 1 Pt  ( C=CPh ) 2 ( CO) ( PMePh 2 ) WZ AuC 1 ( PPh  ̂) 1 I

The m ercury  r o u t e  had t h e  a d v a n t a g e  t h a t  t h e  b y - p r o d u c t  was t h e  CHCl^- 

i n s o l u b l e  s a l t  [ E t ^ N ] 2 [Hg2 C l ^ l  which co u ld  be removed by f i l t r a t i o n  

a l t h o u g h  c a r e  was needed  as  t h i s  b y - p r o d u c t  c o u l d  a l s o  c a t a l y s e  

t h e  c i s - » t r a n s  i s o m é r i s a t i o n  o f  t h e  d e s i r e d  p r o d u c t s  ( s e e  b e l o w ) .

When one e q u i v a l e n t  o f  PMePh2 was added t o  a f r e s h l y  p r e p a r e d  

s o l u t i o n  o f  c i s - [ P t ( C = C P h ) 2 ( 0 0 ) (PMePh2 ) ] r a p i d  d i s p l a c e m e n t  o f  t h e  

c a r b o n y l  to o k  p l a c e  g i v i n g  c i s - [ P t (C = C P h ) 2 ( PMePh3 ) n 3 (eqn 3 . 3 3 )  i n  

n e a r  q u a n t i t a t i v e  y i e l d .

£ i B - [ P c ( C 5 C P h ) 2 ( C O ) ( P M e P h 2 ) ] + P M e P h 2  -----------> c l f i - f P t ( C = C P h ) 2 ( P M e P h 2 > 2  1+CO  ̂ ^ 3 )

S i m i l a r l y  PPh^ d i s p l a c e d  CO from c i s - [ P t ( C=CPh) 2 (CO) (P P h 3 ) ]  p r o d u c i n g

c i s - [ P t ( C = C P h ) 2 (PPh 3 ) 2 ] .

When one e q u i v a l e n t  o f  PPh 3 was added t o  a s o l u t i o n  o f

£LLS~[Pt( C^GPh) 2 (CO)(PMePh2 )] a g a i n  a v e r y  r a p i d  r e a c t i o n  o c c u r r e d ,

31A f t e r  15 m in u te s  t h e  P nmr s p e c t r u m  showed s i g n a l s  f o r  

c i s - [ P t ( C s C P h ) 2 (PMePh2 ) 2  ̂ and c i s - [ P t ( CsCPh) 2 ( PPh^ ^ 2  ̂ as  w e l l  as a p a i r  

o f  d o u b l e t s  ( 6 1 6 . 8  2333,  6 - 3 . 2  2252, ^'Jpp 20 .7Hz)  a s s i g n e d

t o  t h e  e x p e c t e d  p r o d u c t  c j ^ - [ P t ( C = C P h ) 2 (PMePh2 ) (P P h 3 ) ] ,  w i t h  a 

s t a t i s t i c a l  d i s t r i b u t i o n  o f  t h e  p r o d u c t s  ( i . e .  2 e q u i v a l e n t s  o f  t h e  

mixed p h o s p h i n e  complex p e r  e q u i v a l e n t  o f  t h e  s y m m e t r i c a l  p h o s p h i n e  

compounds,  which were p r e s e n t  i n  e q u a l  am ount ) ,  so  t h e  p h o s p h i n e  ex change  

that occurred to produce the symmetrical products must have been as 

fast as the carbonyl displacement. Furthermore, since all the products
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were c i s  i n  t h e  above r e a c t i o n s , f r e e  < CO c a n n o t  c a t a l y s e  a r a p i d

c i s - » t r a n s  i s o m é r i s a t i o n  o f  t h e  p r o d u c t s .

The p r o p y n y l  complex c i s - f  Pt(C=CMe) ^(CO)( P M e P h ] i s  more 

d i f f i c u l t  t o  i s o l a t e ,  b e i n g  much more p r o n e  t o  d e c o m p o s i t i o n ,  how eve r  

i t  can  be p r e p a r e d  and s u b s e q u e n t l y  s t o r e d  a t  -60°C f o r  s h o r t  p e r i o d s ,  

l ^ e n  one e q u i v a l e n t  o f  PMePh2 was added t o  a s o l u t i o n  o f  t h e  b i s ( p r o p y n y l ) 

com plex,  a w h i t e  c r y s t a l l i n e  m a t e r i a l  was i s o l a t e d .  A n a l y s i s  showed 

t h i s  t o  be [Pt (C=CMe)2 (PMePh2 ) 2 l b u t  t h e  P tP  c o u p l i n g  c o n s t a n t  o f  

2588 Hz and t h e  d i s t i n c t i v e  t r i p l e t  o f  t r i p l e t s  f o r  t h e  p h o s p h i n e  

m e th y l  gr oups  ( s e e  T a b l e  3 . 3 )  showed t h a t  o n l y  t h e  t r a n s  i s o m e r  was

31i s o l a t e d .  The r e a c t i o n  was r e p e a t e d  and c a r e f u l l y  f o l l o w e d  by P nmr 

s p e c t r o s c o p y .  To p u r e  c i s - [ P t (C = C M e) 2 (C0 ) (P M eP h ^ )1 ( 6 - 3 . 0  P tP  2094Hz) ,

0 . 3 3  mole e q u i v a l e n t  o f  PMePhg, was adde d.  As e x p e c t e d  6 6 % o f  t h e
other

p r o d u c t  was s t a r t i n g  m a t e r i a l  w i t h / s i g n a l s  a t  6 1 . 2  d 2578 and 6 5 .2

J  2573 a s s i g n e d  t o  t j [ an ^ - [ P t ( CsCMe) 2 ( PMePh3 ^2  ̂ and  t r a n s -[P t (C =C M e)-

Cl(PMePh2 ) 2 ] r e s p e c t i v e l y  ( t h e  l a t t e r  by a n a l o g y  t o  t h e  p h e n y l e t h y n y l

r e a c t i o n s ;  i t  was a l s o  s e e n  as  an i n t e r m e d i a t e  i n  r e a c t i o n s  b e tw e en

Hg(C=CMe^t, and c i s  - [ P t  CI2 (PMePh2 ) 2 1 (see  s e c t i o n  3 . 5 .  l . e ) ) .  D o u b l in g

t h e  amount o f  p h o s p h i n e  p r o d u c e d  an i n c r e a s e  i n  t h e  s t r e n g t h  o f  t h e s e

s i g n a l s ,  p l u s  r a p i d  growth  o f  a new s i g n a l  a t  6 - 2 . 1  2315,

ass igned from the couplin g  constant  to c i s -[Pt(CsCMe) 2 (PMePh2 ) o ] »

a c c o u n t i n g  f o r  32% o f  t h e  s p e c i e s  i n  s o l u t i o n .  When t h e  amount o f

p h o s p h i n e  was i n c r e a s e d  t o  1 . 0  e q u i v a l e n t ,  no s t a r t i n g  c a r b o n y l

re m a in e d  and t h e  r a t i o  o f  c i s  : t r a n s - b i s ( e t h y n y l )  was 1 : 2 .  A f t e r

10  m i n u te s  s t a n d i n g  a t  room t e m p e r a t u r e  howe ve r  o n l y  a t r a c e  o f  t h e
only

c i s  complex r e m a i n e d  and a f t e r  a f u r t h e r  10 m i n u t e s ^ t r a n s -[ Pt (C=C Me) 2 ~ 

(PMePh2 ) 2 3  ( w i t h  20% o f  t h e  t r a n s - m o n o  e t h y n y l )  r e m a i n e d .  T h i s  

r a p i d  i s o m é r i s a t i o n  p r e v e n t e d  t h e  i s o l a t i o n  o f  t h e  c i s - b i s ( e t h y n y l ) ,  and 

i t  s h o u l d  be  n o t e d  t h a t  no p r o p y n y l  complexes  h a v e  b e e n  i s o l a t e d  i n  t h e



T a b l e  3 , 3  Nmr p a r a m e t e r s  f o r  [P t (C =C R) 2 L2 ]

^H

R 4 i s o m e r 5 J ^PH^ PtH

Ph (P Ph 3 ) 2 c i s

t r a n s

16.7

18.6

2328

2649

(PMePh2 ) 2 c i s - 2 . 0 2298 1 .91 9 . 0 2 7 . 3

t r a n s 1 . 4 2536 2 . 4 2 7 .4 3 3 . 3

(PMe2,Ph) 2 c i s - 1 7 . 8 2254 1 .7 0 9 . 3 3 2 .3

t r a n s - 1 2 . 4 2418 2 . 0 8 7 . 3 3 2 . 3

(PM6  2 P h ) ( P P h 3 ) c i s Î  16.8®
1 - 3 . 2

2333
2252

( d p t p e ) c i s 3 9 .6 2288

Me (PMePh2 ) c i s - 2 . 1 2315

t r a n s 1 . 2 2588 2.28® 7 .3 3 3 .0

H (PM6  2 P h ) 2 t r a n s 2 . 0 3 ^ 7 .5 3 2 .2

For  MeP groups .

2 ,  .  . . , 2 _ 4- • • 12 4 IJ p y  f o r  c i s  i s o m e r s  j 3 ^ +  J  | f o r  t r a n s

CECCH3 8 1 . 4 9 , 14.7Hz

CECH 6 2 . 1 4 , S p p  2 . 3 , PtH 44Hz

■Jpp 21Hz
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c i s  form,  p r o p y n y l  l i g a n d s  a p p e a r i n g  t o  have a g r e a t e r  p r o p e n s i t y  f o r  

th e  t r a n s  g eo m e t r y .

A t t em p t s  t o  p r e p a r e  c i ^ - [ P t ( C s C P h ) 2 (PMe2 P h ) 2 ] by t h i s  r o u t e  a l s o  

f a i l e d  and t h e  known^^^^ t r a n s  i s o m er  was i s o l a t e d  ( s e e  T a b l e  3 .3  f o r  

p a r a m e t e r s ) .  In  t h i s  c a s e  a f t e r  Et^NCl had bee n  added  to  t h e  m i x t u r e  o f  

c j ^ -  [ P t C l 2 (C0 )(PM6 2 P h ) 1 and Hg(C=CPh)2 , t h e  s o l u t i o n  was s t i r r e d  f o r  

5 m i n u te s  and t h e n  f i l t e r e d .  P h o s p h in e  was add ed i m m e d i a t e l y  b u t  more 

[ E t ^ N ] 2 [Hg2 Cl^]  p r e c i p i t a t e d  o u t  a t  t h i s  s t a g e  i n d i c a t i n g  t h a t  i t  h ad  n o t  

bee n c o m p l e t e l y  removed by t h e  i n i t i a l  f i l t r a t i o n .  I t  i s  known t h a t  

m erc u ry  s a l t s  c a t a l y s e  t h e  c i s -»-t r a n s  i s o m é r i s a t i o n  ( s e e  s e c t i o n  3 . 5 . 2 . )  

and t h i s  c o u l d  e x p l a i n  why o n l y  t r a n s  i s o m e r s  a r e  formed i n  t h i s  c a s e .

Using  h a l f  t h e  amount o f  mercury  s a l t s  t h e  mono ( e th y n y i j  c a r b o n y l  

complexes  can be  p r e p a r e d ^ ^ . T h e s e , l i k e  t h e  b i s ( e t h y n y 1 ) c a r b o n y l  

i n t e r m e d i a t e s ^ h a v e  th e  p h o s p h i n e  and c a r b o n y l  i n  a m u t u a l l y  c i s  

a r r a n g e m e n t  ( w i t h  t h e  most s t a b l e  i s o m e r  h a v i n g  t h e  e t h y n y l  t r a n s  t o  

c a r b o n y l ) .  A d d i t i o n  o f  p h o s p h i n e  t o  t h e s e  complexes  p r o d u c e d  o n l y  t h e  

t r a n s - m o n o (e th y n y l  ) p r o d u c t  ( e q n .  3 . 3 4  R=Me,Ph) due t o  t h e  r a p i d  

c i s  -*- t r a n s  i s o m é r i s a t i o n  o f  [Pt (C=CR)Cl(PMePh2 ^J

Ç1S-I PcCl^(Cn)(PMePh^) ]+̂ Hg(C5CR)^+l;,Ec^NCl   ̂ f Pt ( CiCR)C 1 ( CO) ( PMePh ̂  ) ]  ----- ^  ( 3  3 4 )

trails-[ Pt (CiCR)Cl (PMePh  ̂>2 ]

A t h i r d  p o s s i b l e  method looked  l i k e l y  u s i n g  t h e  i n t e r m e d i a t e  

[ P t ( C 5 CR)2 ( c o d ) ]  (c o d  = 1 , 5 - c y c l o o c t a d i e n e ) which i s  a complex w i t h  t h e  

e t h y n y l  groups  n e c e s s a r i l y  i n  t h e  c i s  p o s i t i o n ,  P h o s p h i n e  r e p l a c e m e n t  

o f  t h e  d i - o l e f i n  l i g a n d  would  be e x p e c t e d  t o  g iv e  [P t (C = C R)2 L2 ] and t h e r e  

would be a good chance  t h a t  t h e  p r o d u c t  would  be c i s . t h e  i n t e r m e d i a t e  

would be f P t ( C=CR) ^ ( c o d ) ( L ) 1 w i t h  t h e  cod a c t i n g  as  a m o n o d e n t a t e  l i g a n d .
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Given t h a t  o l e f i n s  and c a r b o n y l s  have v e r y  s i m i l a r  b o n d i n g  and 

r e a c t i v i t y  t o w ar d s  p l a t i n u m  ( s e e  C h a p t e r  5 ) ,  t h i s  complex th e n  

r e s e m b l e s  [P t (C =CR) 2 (C0 ) L ] , t h e  i n t e r m e d i a t e  shown i n  s e c t i o n  3 . 5 .  I . e . ,  

which i s  o n l y  fou nd  i n  t h e  c i s  form.  So even  i f  t h e  p h o s p h i n e  

r e p l a c e m e n t  o f  t h e  m o n o d e n ta t e  cud was s low  t h e  p r o d u c t s  s t i l l  have  

a good chance  o f  r e t a i n i n g  t h e i r  c i s  g e o m e t r y .  Such p h o s p h i n e  

r e p l a c e m e n t  o f  c y c l o o c t a d i e n e  h a s  bee n  used  b e f o r e  i n  t h e

p r e p a r a t i o n  o f  [ P t R 2 L2 l and [PtRClL^]  (L = PPh^,  d p p e , R = a r y l )

(eqn  3 . 3 5 ) ,  a l t h o u g h  i n  t h i s  c a s e  the  c i s - b i s ( a r y  I ) was 

fo rmed .  For t h e s e  com plexes  t h i s  i s  t h e  more s t a b l e  i s o m er

PtCl^(cod) l + 2SnMe^R ------  ̂ ( I't ( oixl ) 1  i cish'tR^L^l ( 3 . 3 5 )

( i )  P r e p a r a t i o n  o f  [ P t (C = C P h )^ ( c o d )]

When a s o l u t i o n  o f  p h e n y l a c e t y l e n e  and sod ium e t h o x i d e  was 

added to  a s u s p e n s i o n  o f  [ P t C l 2 ( c o d ) ]  i n  e t h a n o l  t h e r e  was a s l i g h t  

c o l o u r  change a l t h o u g h  t h e  s o l i d  s t i l l  r e m a i n e d .  F i l t r a t i o n  o f  t h i s  

s o l i d  y i e l d e d  [ P t ( C=CPh) ^ ( c o d ) ]  ( e q n .  3 . 3 6 ) ,  a b i s ( p h e n y l e t h y n y l ) 

com plex,  which by t h e  n a t u r e  o f  t h e  o t h e r  l i g a n d  must  a l m o s t  c e r t a i n l y  

be i n  t h e  c i s  c o n f i g u r a t i o n .  The complex p rov ed d i f f i c u l t  t o  

r e c r y s t a l l i s e , dec o m p o s in g  in  h o t  CHCl  ̂ b u t  f i n a l l y  s u c c e s s i v e

PtCl2(cod)+2UC=CPh + 2NaOF.t  ) I Pt ( CiCPh ) ^( cod ) +2NaCl •••2F. tOH ( 3 . 3 6 )

r e - c r y s t a l l i s a t i o n s  a t  l ow er  t e m p e r a t u r e s  f rom CH2 C I 2 p ro d u c ed  w h i t e  

c r y s t a l s  o f  t h e  p u r e  p r o d u c t .  ( i n  t h e  s u b s e q u e n t  r e a c t i o n s  o f  t h i s  

com plex,  the  i n i t i a l  FtOH i n s o l u b l e  c r u d e  p r o d u c t  was u s e d ) .  The
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compound c o u l d  a l s o  be p r e p a r e d  from t h e  r e a c t i o n  b e tw e e n  

c i ^ - [ P t C l 2 ( c o d ) ] and [Hg(C=CPh)2 l b u t  d e c o m p o s i t i o n  acco m p an ied  t h e  

r e a c t i o n  and y i e l d s  were  low w i t h  t h e  p r o d u c t  b e i n g  i m p u r e .  N e i t h e r  

method c o u l d  be u sed  t o  p r e p a r e  [ P t ( C ^ M e ) 2 ( c o d ) ] due t o  d e c o m p o s i t i o n  

r e a c t i o n s  and l i k e  t h e  c a r b o n y l  complexes  w i t h  p r o p y n y l  l i g a n d s ,  t h e  

compound ^s more p ro n e  t o  d e c o m p o s i t i o n  t h a n  t h e  p h e n y l e t h y n y l  

a n a l o g u  c .

( i i )  R e a c t i o n s  o f  [P t (C=C Ph) 2 ( c o d ) ] w i t h  p h o s p h i n e s .

T r e a t m e n t  o f  [P t (C ^ C Ph ) 2 ( c o d ) ] i n  CH2 C I 2 u n d e r  N2 a t m o s p h e r e  

w i t h  e i t h e r  PMePh2 o r  PPh^ l ed  to  t h e  r a p i d  f o r m a t i o n  o f  t h e  

c i s - b i s ( p h o s p h i n e ) complexes  ( e q n .  3 . 3 7 ,  L = PMePh2 , P P h ^ ) .  U s u a l l y

a t r a c e  o f  t r a n s - m o n o ( e t h v n y l ) c h l o r i d e  complex was

Ht (Cf .CPh) , ( cod)  ] + 2L   ̂ c i s - t P c l C f C P h l ^ L ^ I + c o d  ( 3 . 3 7 )

d e t e c t a b l e .  The s o u r c e  o f  c h l o r i d e  i s  p r o b a b l y  t h e  c h l o r i d e  i m p u r i t i e s  

i n  t h e  c r u d e  s t a r t i n g  [P t (C =C Ph)2 ( c o d ) ] ,  most  l i k e l y  p a r t i a l l y  

e t h y n y l a t e d  s p e c i e s . W i t h  PMe2 Ph, t h e  p r o t o n  nmr o f  t h e  c r u d e  p r o d u c t  

( formed  by s o l v e n t  remova l  i n  vacuo a f t e r  p h o s p h i n e  a d d i t i o n  t o  t h e  

[ P t (C = C Ph ) 2 ( c o d ) ])  c o n t a i n e d  a t r i p l e t  o f  d o u b l e t s  w i t h  p a r a m e t e r s  

c o n s i s t e n t  f o r  c i s - [ Pt(C=CPh) 2 ( PMe2 Ph) 2 1 ( s e e  T a b l e  3 . 2 ) .  However 

on r e c r y s t a l l i s a t i o n  i s o m é r i s a t i o n  o c c u r r e d  p r o d u c i n g  a w h i t e  p r o d u c t  

w i t h  p r o t o n  and p h o sp h o ro u s  nmr p a r a m e t e r s  c o n s i s t e n t  w i t h  t r a n s - 

[ Pt (C=CPh) 2 (PMe2 P h ) 2 ] .  (The a s s i g n m e n t  o f  t h e  c r u d e  p r o d u c t  t o  

c ^ - [ P t ( C H C P h ) 2 (PMe2 P h ) 2 ] was c o n f i r m e d  when a s e p a r a t e  e x p e r i m e n t  

( s e e  s e c t i o n  3 . 5 .  l . f . )  a complex w i t h  i d e n t i c a l  p a r a m e t e r s  was o b s e r v e d  

and s e e n  t o  i s o m e r i s e  to  t h e  t r a n s  f o r m ) . A l though  no s p e c i e s  known to



5P

c a t a l y s e  t h e  i s o m é r i s a t i o n  i s  p r e s e n t  t r a n s  p r o d u c t s  a r e  s t i l l  

o b t a i n e d  and i t  s h o u l d  be n o t e d  t h a t  no c i s  p r o d u c t s  have  e v e r  been 

i s o l a t e d  w i t h  PMe2 Ph .  The r e a s o n  f o r  t h i s  may w e l l  be a m i x t u r e  o f  

s t e r i c  and e l e c t r o n i c  e f f e c t s .  S t e r i c a l l y  PMe2 Ph i s  l e s s  b u lk y  th a n  

any o f  t h e  p h o s p h i n e  l i g a n d s  which g iv e  c i s  i s o m e r s ,  t h e  Tolman cone 

a n g l e s  b e i n g  PMe2 Ph (122^)  PBu^ = P E t ^ f i ^ Z  ) PMePh2 (136 ) PPh^(145 ) ^

However ,  as  t h e  cone a n g l e  i n c r e a s e s  so t h e  s - c h a r a c t e r  i n  t h e  p h o s p h in e  

l o n e  p a i r  d e c r e a s e s ,  so t h a t  th e  b u lk y  l i g a n d s  a r e  p o o r e r  s - e l e c t r o n  

d o n o r s  t o  P t .  As m e n t i o n e d  e a r l i e r  ( s e c t i o n  3 . 4 )  e l e c t r o n  w i t h d r a w i n g  

g ro u p s  on t h e  a l k y n y l  a p p e a r  to  i n c r e a s e  t h e  r e l a t i v e  s t a b i l i t y  o f  t h e  

c i s  i s o m e r  o v e r  t r a n s . and i t  seems L i k e l y  t h a t  b u l k y  p h o s p h i n e s ,  

by l o w e r i n g  t h e  s - e l e c t r o n  d e n s i t y  a t  P t  a l s o  s t a b i l i s e  t h e  c i s  i som er  

f o r  t h e  same r e a s o n ,  a l t h o u g h  c l e a r l y  t h e r e  i s  a g r e a t  dep enden ce  on 

th e  s y n t h e t i c  r o u t e  chosen  i n  d e c i d i n g  w hi ch  i s o m e r  i s  formed,

( e )  R e a c t i o n s  f rom [ P t C l 2 L2 ] and [Hg(C=CR)2 ]

F o l l o w i n g  t h e  s u c c e s s  i n  u s i n g  m er c u ry  complexes  as  o r g a n o g r o u p  

t r a n s f e r  a g e n t s  i n  t h e  r e a c t i o n s  w i t h  [ P t C l 2 (C0 )L] ( s e e  s e c t i o n  3 . 5 . 1 c )  

t h e  r e a c t i o n s  o f  Hg(C=CR) 2  (R*Me,Ph) w i t h  c i s - [ P t C l 2 L2 1 were i n v e s t i g a t e d .

When a c h l o r o f o r m  s o l u t i o n  o f  c i s - [ P t C l 2 (PMePh2 ) 2 ] was t r e a t e d

w i t h  Hg(CsCPh ) 2  ( 2  m o la r  e q u i v a l e n t s )  a g r e y  p r e c i p i t a t e  d ev e lo p e d  due

to  i n s o l u b l e  m erc u ry  b y - p r o d u c t s .  A f t e r  f i l t r a t i o n ,  t h e  s o l v e n t  was 

31
e v a p o r a t e d ,  and P nmr s p e c t r o s c o p y  o f  t h e  p r o d u c t  showed t h a t  the  

main p r o d u c t  was t r a n s - [ P t ( C=CPh) 2 ( P M e P h w i t h  some t r a n s - [Pt (C=CPh) -  

Cl(PMePh2 ) 2 ] b y - p r o d u c t  b u t  no t r a c e  o f  t h e  c i s  i s o m e r s  ( e q n .  3 . 3 8 ) .

c i s - [  l+?Mg(C=Cini)^  ) t r an£- t l ’r(CïCPh)^(PMePh )^1+2(Hn(C--CPti)Cl ] ( 3.  38 )
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Use o f  Et^NCl  as  s y m m e t r i s in g  a g e n t  t o  t r a n s f e r  b o t h  e t h y n y l s  f rom m erc u ry

to  p l a t i n u m  d i d  n o t  change t h e  r e a c t i o n  p r o d u c t  g eom et ry  ( a l t h o u g h  when

31f o l l o w e d  c a r e f u l l y  by P nmr s p e c t r o s c o p y  some r e a c t i o n s  p r o d u c ed  up t o  

50% o f  t h e  c i s - b i s ( e t h v n y l )  b u t  i t s  i s o m é r i s a t i o n  t o  t h e  t r a n s  form,  

c a t a l y s e d  by Hg s a l t s  p r e v e n t e d  i t s  i s o l a t i o n }  The f o r m a t i o n  o f  some 

c i s  i s o m e r  i s  i n d i c a t i v e  o f  a f a s t e r  r e a c t i o n  r a t e  o f  t h e  merc u ry  

compounds when Cl i s  p r e s e n t  due t o  t h e  r a p i d  f o r m a t i o n  o f  t h e  i n s o l u b l e  

[ E t ^ N l j T H g j C l g )  .

When h a l f  t h e  amount o f  [Hg(C5 C Ph ) 2 l was used  th e  m o n o - ( e t h y n y l )  

p l a t i n u m  complex was formed and t h i s  forms an i n t e r e s t i n g  co m p ar i so n  

w i t h  t h e  b a s e  promoted methods  where b i s ( e t h y n y l s ) a r e  produced 

( e q n .  3 . 3 9 ) .  Tre a tm en t  o f  a pure  sample  o f  t h i s  p r o d u c t  w i t h  f u r t h e r  

[Hg(C=CPh)2 ] p ro duced  the  t r a n s - b i s ( e t h y n y l ) so in  t h e  f o r m a t i o n  o f  t h e

. c i s - [ P t C l 2 ( PMePh 2 ) 2 ]+Hg( C=CPh ) 2  ------- > t r a n s - f  P t  (CsCPh )C1 ( PMePh^ )  ̂1 ■>-[Hg( CaCPh ) C 1 1

l a t t e r  complex by e q n . (3.38)  trans-[Pt(C=CPh)Cl(PMePh 2 ) 2 1 i s  a l i k e l y  

in term ed ia te .  When preparation of  the mono(ethynyl) platinum complex 

was attempted using Et^NCl symmetrising agent ,  a f t e r  rapid f i l t r a t i o n  

of  the i n i t i a l  inso lub le  product,  c i s -fPt(CECPh) 2 (PMePh2 ) 2 1 was d e t e c t a b le

31by P nmr s p e c t r o s c o p y  a l o n g  w i t h  s t a r t i n g  d i h a l i d e ,  t r a n s -[ P t (C =C Ph)C 1-

(PMePh2 ) 2  ] and a p a i r  o f  d o u b l e t s .  (6 3 . 6 ,  2325 ; 6 - 4 . 8 ,  3672;
2

Jpp 18Hz).  The PPt  c o u p l i n g  c o n s t a n t s  f o r  t h e  l a s t  complex a r e  t y p i c a l  

f o r  p h o s p h i n e s  t r a n s  to  e t h y n y l  and c h l o r i d e  r e s p e c t i v e l y ,  w h i l s t  t h e  

PP c o u p l i n g  c o n s t a n t  i m p l i e s  a c i s - b i s ( p h o s p h i n e )  a r r a n g e m e n t .  These

s i g n a l s  are therefore  assigned to c i s - [ Pt(C=CPh) Cl(PMePh2 ) 2 1• Reaction

continued with unreacted mercury complex u n t i l  a f t e r  20 minutes only
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t r a n s -[Pt (C =C Ph)C l( PM ePh 2 )o]  and u n r e a c t e d  s t a r t i n g  d i c h l o r i d e  r e m a i n e d .

(The r e a c t i o n  c o u l d  n o t  have c o n t i n u e d  v i a  l i g a n d  e x c h an g e  r e a c t i o n s

amongst  t h e  p l a t i n u m  complexes  as  c i ^ - [ P t ( C^CPh) 2 (PNePh2 ^2  ̂ b a s  be en

p r e p a r e d  i n  t h e  p r e s e n c e  o f  c i ^ - [ P t C l ^ ( P M e P h 2 ) 2 ] and t r a n s - [P t (C = C Ph )C l -

(PMePh2 ) 2 l ( s e e  s e c t i o n  3 . 5 . 1 b )  w i t h o u t  u n d e r g o i n g  f u r t h e r  r e a c t i o n s ) .

The r e a c t i o n  mechani sm i s  shown i n  scheme 3 . 2  w h ich  shows t h e  r e a c t i o n s

o f  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 ] w i t h  m e r c u ry  s a l t s ,  a key  s t e p  i n  t h e  c i s  —»

t r a n s  i s o m é r i s a t i o n  o f  t h e s e  co m p lex e s ,  and w i l l  be  d i s c u s s e d  more f u l l y

i n  s e c t i o n  3 . 5 . 2 .  The f o r m a t i o n  o f  any  b i s  ( e th y n y l s ) ,  and p a r t i c u l a r l y

t h e  c i s  i s o m er  a g a i n  p o i n t s  t o  t h e  i n c r e a s e  i n  r a t e  o f  l i g a n d  ex ch an g e

when Cl i s  p r e s e n t .

With m e r c u ry  p r o p y n y l s  s i m i l a r  r e s u l t s  w e r e  o b t a i n e d  w i t h  t r a n s -

[ P t ( C=CMe) 2 ( PMePh2 ^2  ̂ t r a n s -[Pt (C=CMe)Cl(PMePh2 ) o ] b e i n g  t h e  main

p r o d u c t s  d e p e n d in g  on t h e  r a t i o  o f  [Hg(C=CMe)^] t o  c i s - [ P t C l 2 (PMePh2 ) ]

31u s e d .  The p r o d u c t s  we re  i d e n t i f i e d  by P nmr s p e c t r o s c o p y .  T ra n s  -

[Pt (C=CMe)Cl(PMePh2 ) 2 ] was n o t  i s o l a t e d ,  b u t  i t s  i d e n t i t y  deduc ed  by

co m p a r i so n  o f  i t s  p r e p a r a t i o n ,  s p e c t r o s c o p i c  p a r a m e t e r s  ( s e e  T a b l e  3 . 4 )

and r e a c t io n s  with the known tra n s -[Pt(C32Ph)Cl(PMePh^) 2 ]♦ ( i t  was a l s o

d e t e c t e d  i n  t h e  r e a c t i o n  o f  c i s - [ P t (C = C M e)^ (C O )(P M eP h „ ) ]  w i t h  PMePh,, -  s e ez z z
s e c t i o n  3 . 5 . 1 c . ) .  C i s - i n t e r m e d i a t e s  w e re  n e v e r  d e t e c t e d ,  r e f l e c t i n g  a

f a s t e r  i s o m é r i s a t i o n  o f  c i s  p ro p y n y l  co m p lex es  compared w i t h  t h e i r  

p h e n y l e t h y n y l  a n a l o g u e s .

S t a r t i n g  f rom b i s ( d i m e t h y 1p h e n y 1p h o s p h i n e ) p 1a t i n u m  d i c h l o r i d e ,  

c ^ - [ P t C l 2 (PMe2 P h ) 2 ] ^u nder  c o n d i t i o n s  i d e n t i c a l  t o  t h o s e  which p ro d u c e d  

t r ^ - [ P t ( C = C P h ) 2 (PMePh2 ) 2 ] ,  [Hg(C=CR)2 l (R=Ph,Me) p r o d u c ed  o n l y  t h e  

t r a n s - m o n o ( e t h y n y l ) p r o d u c t s  and i n  p o o r  (<50%) y i e l d ,  w i t h  s t a r t i n g  

m a t e r i a l  b e i n g  t h e  o n l y  o t h e r  p r o d u c t .  T h i s  r e s e m b l e s  t h e  r e a c t i o n s  o f  

NaOEt/HC=CPh w i t h  c i s - [ P t C l 2 (PMe2 P h ) 2 l ( s e e  s e c t i o n  3 . 5 . 1 c )  w hich  were



Scheme 3.2 R eaction o f  [PtCl2(PMePh2)2] w ith  Hg(C=CPh)2

c i s - [ P t C l 2 ( P M e P h 2 ) 2 ]  + Hg(C=CPh)2

Cl“

cis-[Pt(C=CPh)Cl(PMePh2 )] + [HgCl(C=CPh)] =Z^cis-[Pt(C=CPh)2(PMePh2)2]-4f^g2^^6^
2 -

HgCCECPh)^ Hg(C5CPh)Cl

tra n s-[Pt(CHCPh)Cl(PMePh2)2l



T a b l e  3 , 4  Nmr p a r a m e t e r s  f o r  m o n o - e t h y n y l  co m p lex e s  [Pt (C=CR)XL2 ]

R s X
31

P

c i s t r a n s

6 J __ 6 J  _
P P t P P t

Ph ( P P h ^ ) 2 Cl r i 4 . 9  4441 2 1 . 5  2661

1 18 .6  1755

Br ^ 1 6 . 1  1782 2 0 . 7  2623

1 1 5 . 3  4423

I 1 8 .2  2556

(PMePh2 ) 2 Cl f - 4 . 8  3672 5 . 1 ^  2547

[  3 .6  2325

Br 3 . 2  2606

I 5 . 2  2539

(PM6  2P h ) 2 Cl - 7 . 5 ^  2439

( d p t p e ) Cl f  4 1 . 9  2334

I  3 6 . 4  3638

Me (PMePh2 ) 2 Cl '
5 . 0 ^  2580

(PM6  2 P h ) 2 Cl - 7 . 5  2436

a 6 MeP 2 . 2 2 , 7 .4Hz , PtH 3 0 . 3Hz

b 6MeP 2 . 2 2 , 7 .7Hz , PtH 3 0 . 0 H z ,  6 C=CMe u n r e s o l u a b l e

c 6 MeP 1 . 8 8 7.5H z, PtH 30.0Hz
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found t o  p r o c e e d  more  s l o w l y  t h a n  t h e  a n a l o g o u s  r e a c t i o n s  o f  c i s - f P t C l ^ -  

(PMePh2 ) 2 ] w h ic h  f a i l e d  t o  p r o d u c e  b i s ( e t h y n y l )  co m plexes  i n

s i g n i f i c a n t  a m o u n t s .  T h i s  must  be  due t o  a c o m b i n a t i o n  o f  s t e r i c  and 

e l e c t r o n i c  f a c t o r s  h i n d e r i n g  n u c l e o p h i l i c  a t t a c k  a t  p l a t i n u m  ( o r  

c o n v e r s e l y  e l e c t r o p h i l i c  a t t a c k  by p l a t i n u m  a t  m e r c u r y ) .

T r a n s  p r o d u c t s  w e re  a l s o  o b s e r v e d  when [HgCCECPh)^] t r a n s f e r r e d  

e t h y n y l  g r o u p s  t o  c i s - [ P t C l 2 ( P P h g ) 2 ] .  A g a in  c i s - i n t e r m e d i a t e s  co u ld  

be d e t e c t e d  when Et^NCl was p r e s e n t ,  a l t h o u g h  t h i s  t i m e  o n l y  t h e  c i s -mono 

( e t h y n y l )  was o b s e r v e d  ( s e e  T ab le  3 . 4 ) .  (The same p a i r  o f  d o u b l e t s  was 

g e n e r a t e d  when c i s - [ P t ( C ^ C P h ) ^ ( P P h g ) ^ 1 was t r e a t e d  w i t h  HgCl^ ( s e e  

s e c t i o n  3 . 5 . 2 ) ,  t h u s  c o n f i r m i n g  i t s  a s s i g n m e n t ) .  The co m plex  c i s -  

[P t (C = C P h ) C lL 2 ] p o s s e s s e s  a much g r e a t e r  s t a b i l i t y  when L=PPhg compared 

to  L=PMePh2 « F o r  i n s t a n c e  when L=PPh^ t h e  co m p lex  t a k e s  o v e r  24 h o u r s

to  I c o m p l e t e l y  i s o m e r i s e *  t o  t h e  t r a n s  fo r m ,  compared w i t h  a few m i n u te s

when L = PMePh2 . The i s o m é r i s a t i o n  r a t e  o f  t h e  f o r m e r  was u n a f f e c t e d  

by h e a t i n g  t o  +60°C o r  a d d i t i o n  o f  f r e e  PPh^ .  I t  c o u l d  t h e r e f o r e  be  

p r e p a r e d  i n  much h i g h e r  c o n c e n t r a t i o n s  and i t  i s  n o t  s u r p r i s i n g  t h a t  

t h e  o n l y  c i s - m o n o ( e t h y n y l ) i s o l a t e d  and c h a r a c t e r i s e d  ( e v e n  i n c l u d i n g  

c h e l a t i n g  d i p h o s p h i n e s ) i s  c i s - f P t ( C=CPh)C1(PPh^)2 1 ^ .

The r e a c t i o n s  o f  [ P t C l 2 ( d p t p e ) ] w i t h  Hg(C5CPh ) 2 p r o d u c e d  com plexes  

which by t h e  n a t u r e  o f  t h e  p h o s p h i n e  m us t  be  c i s . So r e a c t i o n  o f  t h e  

two co m p lex e s  w i t h  o r  w i t h o u t  Et^NCl  p r e s e n t  p r o d u c e d  a s p e c i e s  w i t h  

p a r a m e t e r s  6 3 9 . 6  J  2335 ,  which was a s s i g n e d  t o  [ P t ( C = C P h ) „ ( d p t p e ) ]

( c f  s e c t i o n  3 . 5 . 1 b ) .  Thes e  p a r a m e t e r s  d i f f e r  f rom  t h o s e  f o r  t h i s

^PtPcomplex p r e p a r e d  v i a  [ P t C l „ ( d p t p e ) ] and HC=CPh/NaOEt ( J  2283) due t o

t h e  i n t e r a c t i o n  o f  t h e  m e rc u ry  s a l t s  ( s e e  3 . 5 . 4 ) .  A l s o  d e t e c t a b l e  w e re  

a p a i r  o f  d o u b l e t s  ( 6 4 1 . 9 ,  2334 ; 6 3 6 . 4 ,  ^dp^p 3638 ; dpp 6 . 2  Hz)

a s s i g n e d  t o  c i s - f P t C l ( C H C P h ) ( d p t p e ) ] ,  a l t h o u g h  i t  was o n l y  p r e s e n t  i n  a 

Smal l  (^^20%) am o u n t .
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f )  R e a c t i o n s  . f r o m  [ P t C l ^ L g l  and . [Au (C^CR)L*]

The p r e v i o u s  c h a p t e r  showed a g r e a t  s i m i l a r i t y  o f  g o l d  and m er c u ry  

e t h y n y l s  i n  t h e i r  r e a c t i o n s  to w ar d s  c i s - [ P t C l 2 (C0 ) ( P M eP h ^ )1. S i m i l a r l y  

t h e i r  r e a c t i o n s  w i t h  c i s - [ P t C l 2 (PMePh2 ) 2 ] c l o s e l y  r e s e m b l e s  e a ch  o t h e r .  

So when c i s - [ P t C l 2 (PMePh2 ) 2 l i s  a l l o w e d  t o  r e a c t  w i t h  two m o l a r  

e q u i v a l e n t s  o f  [A u ( C = C P h ) (PP h ^ ) ] ,  t h e  f i n a l  p r o d u c t  i s  t r a n s -f P t (C = C P h ) 2 
31

(PMePh2 ) 2 ] ( e q n .  3 . 4 0 ) .  However when f o l l o w e d  by P nmr s p e c t r o s c o p y ,

c i s - [ P t C 1 2 ( PMePh2 ) 2 ]+ 2 [Au ( C=CPh) ( PPh 3 ) ] - ^  t r a n s - [ P t ( C33Ph) 2 ( PMePh2 ) 2 ]

+ 2 [ A u C l (P P h ^ ) ]  ( 3 . 4 0 )

a g a i n  a more c o m p l i c a t e d  r e a c t i o n  was o b s e r v e d .  I n  one c a s e  ( o u t  o f  a t o t a l  

o f  f i v e  r u n s  o f  t h e  e x p e r i m e n t ) ,  t h e  m a j o r  p r o d u c t  was t h e  c i s - b i s - ( e t h y n y l ) . 

and t h e  s p e c t r u m  showed two s h a r p  p ea k s  i n  t h e  r e g i o n  o f  t h e  s p e c t r u m  

c o n t a i n i n g  s i g n a l s  f o r  t h e  g o ld  com plex es  t h r o u g h o u t  t h e  r e a c t i o n ,  w hi ch  was 

r a p i d  and c o m p l e t e  i n  30 m i n u t e s .  I n  a l l  o t h e r  c a s e s  t h e  t r a n s - m o n o ( e t h y n y l ) 

complex  was t h e  m a j o r  i n i t i a l  p r o d u c t  f o l l o w e d  by a s low  ( 2  day)  c o n v e r s i o n  

t o  t h e  t r a n s - b i s ( e t h y n y l ) .  When t h i s  p a th w a y  was f o l l o w e d  t h e  s p e c t r a  

c o n t a i n e d  one b r o a d  s i g n a l  f o r  t h e  g o l d  c o m p l e x e s ,  and b r o a d e n e d  s i g n a l s  

f o r  t h e  p l a t i n u m  compounds .  The f a s t  e x c h a n g e  c o u l d  be  s t o p p e d  by c o o l i n g  

to  -60^C ,  and was shown t o  be due to  f r e e  p h o s p h i n e  when a d d i t i o n  o f  

s u l p h u r  a t  room t e m p e r a t u r e  ca u s ed  a s h a r p e n i n g  o f  a l l  t h e  s i g n a l s ,  

i n c l u d i n g  s e p a r a t i n g  t h e  g o ld  s i g n a l s  i n t o  i t s  s e p a r a t e  component s  o f  

[A u C l (P P h ^ ) ]  and [A u ( C 5 C P h ) (P P h ^ ) ] .  F u r t h e r m o r e  i f  s u l p h u r  was added  

i m m e d i a t e l y  a f t e r  m i x i n g  t h e  p l a t i n u m  and  g o ld  s t a r t i n g  m a t e r i a l s ,  t h e  

main p r o d u c t  was a g a i n  c i s - [ P t ( C=CPh) 2 ( PMePho  ̂o  ̂* F r e e  p h o s p h i n e  w hich  

i s  l i k e l y  t o  h a v e  a r i s e n  f rom a t r a c e  o f  d e c o m p o s i t i o n  ( o r  i m p u r i t y  i n )  

one o f  t h e  s p e c i e s  p r e s e n t ,  does n o t  c a t a l y s e  t h e  c i s  t r an g ,  i s o m é r i s a t i o n  

o f  t h e  p r o d u c t  ( s e e  s e c t i o n  3 . 5 . 2 ) and t h e  e f f e c t  i t  h a s  seems t o  be  t h a t
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o f  c a u s i n g  [A u(C = C P h ) ( PP h ^) ] t o  u n d e r g o  e x c h a n g e  w i t h  [A u C l (P P h ^ ) ]

( a s  o b s e r v e d  b e f o r e  s e e  C h a p t e r  2 ) .  I t  t h e r e b y  p r o v i d e s  a s e c o n d  

r e a c t i o n  p a th w ay  f o r  t h e  g o l d  e t h y n y l  and l o w e r s  i t s  r e a c t i v i t y  t o w ar d s  

p l a t i n u m ,  t h u s  s l o w i n g  t h e  s econd  e t h y n y l  t r a n s f e r  down s u f f i c i e n t l y  

t o  a l l o w  i s o m é r i s a t i o n  o f  t h e  m o n o ( e t h y n y 1 ) i n t e r m e d i a t e ,  w hich  i s  

known t o  be  a r a p i d  s p o n t a n e o u s  r e a c t i o n  ( s e e  p r e v i o u s  s e c t i o n ) .  I f  

t r a c e s  o f  f r e e  p h o s p h i n e  a r e  n o t  p r e s e n t ,  e i t h e r  by cha n ce  o r  by a d d i t i o n  

o f  ^  s c a v e n g e r ,  t h e  s e c o n d  t r a n s f e r  p r o c e e d s  a t  a r a t e  f a s t e r  t h a n  t h e  

i s o m é r i s a t i o n  s t e p  and t h e  c i s - b i s ( e t h y n y l )  can be i s o l a t e d .  So p o s s i b l y  

t h e  Au e t h y n y l s  p r o v e  b e t t e r  t h a n  Hg e t h y n y l s  f o r  p r o d u c i n g  c i s  p l a t i n u m  

b i s - e t h y n y l s  i f  S g i s  p r e s e n t .

I f  c i s - [ P t C l 2 (PMe2 P h ) 2 ] was a l l o w e d  t o  r e a c t  s i m i l a r l y  w i t h

[A u ( C = C P h ) ( P P h g ) ] i n  CDClg a f t e r  90 m i n u t e s  t h e  main  p r o d u c t  (60%) was

a s p e c i e s  w i t h  p a r a m e t e r s  ^ - 1 7 . 8 ,  J p^p  2254 and a m e t h y l p h o s p h i n e  s i g n a l

2i n  t h e  p r o t o n  nmr c o n s i s t i n g  o f  a t r i p l e t  o f  d o u b l e t s  ( ^ ^ p  1» 70 J p ^  9 . 3 ,
3

Jp tH  2 7 . 3 )  w h ich  was a s s i g n e d  to  c i s - [ P t ( C = C P h ) 2 (PMe2 P h ) 2 ] w hi ch  was 

p r e s e n t  a l o n g  w i t h  t r a n s - [ P t ( CECPh) 2 ( PMe2 P h ) 2 1 (30%) and t r a n s - [ P t ( C=CPh) -  

Cl(PMe2 P h ) 2 ] (10%),  L i k e  t h o s e  c a s e s  i n  t h e  s i m i l a r  r e a c t i o n s  w i t h  

c i s - [ P t C l 2 (PMePh2 ) 21 which p r o d u c e d  c i s - b i s ( e t h y n y l ) p r o d u c t s  ( s e e  

p r e v i o u s  p a r a g r a p h )  t h e  g o l d  p h o s p h i n e  s i g n a l s  were  s h a r p  and d i s t i n c t  

f o r  t h e  two c o m p o n e n t s .  On s t a n d i n g  a t  room t e m p e r a t u r e  f o r  4 d a y s ,  

t h e  c i s  m a t e r i a l  i s o m e r i s e d  t o  t r a n s - [ P t ( C = C P h ) 2 ( PMe2 P h ) 2 ] ,  an i s o m é r i s a t i o n  

w h ich  p r e v e n t e d  t h e  c i s  compounds i s o l a t i o n .  L i k e  t h e  r e a c t i o n s  o f  PMe2 Ph 

w i t h  [ P t ( C s C P h ) 2 ( c o d ) ] w he re  t h i s  c i s  p r o d u c t  was formed and u n d e r w en t  

i s o m é r i s a t i o n  t o  t h e  t r a n s  form ( s e e  s e c t i o n  3 . 5 . Id )  no r e c o g n i s e d  c a t a l y s t  

f o r  t h e  i s o m é r i s a t i o n  was p r e s e n t ,  and so t h e  dime t h y I p h e n y l  co m p lex es  i n  

t h i s  c a s e  seem t o  be m a i n t a i n i n g  t h e i r  p r o p e n s i t y  f o r  t r a n s  p r o d u c t s ,  

a l t h o u g h  a s  e x p l a i n e d  p r e v i o u s l y  ( s e c t i o n  3 . 5 . Id )  t h e  r e a s o n s  f o r  t h i s  a r e  

n o t  u n d e r s t o o d .
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CONCLUSIONS

The c i s  t r a n s  i s o m é r i s a t i o n  s t e p  h a s  b e e n  shown t o  t a k e  p l a c e  a t  

t h e  m o n o C e t h y n y l ) i n t e r m e d i a t e  ( s e e  3 . 5 . 2 ) .  I f  t h e  r e a c t i o n  c o n d i t i o n s  

a r e  s u ch  t h a t  t h e  r e p l a c e m e n t  o f  t h e  s ec o n d  e t h y n y l  i s  f a s t e r  t h a n  t h e  

c o m p e t i n g  i s o m é r i s a t i o n  t h e n  c i s  p r o d u c t s  w i l l  be p r o d u c e d ,  i f  n o t  t h e n  

t r a n s  p r o d u c t s  w i l l  d o m i n a t e .  T h i s  i s  i l l u s t r a t e d  by r e a c t i o n s

i n v o l v i n g  NaOEt o r  Cul whe re  f o r  t h e  l a t t e r  f o r m a t i o n  and ex c h an g e  may be  

s i g n i f i c a n t l y  s l o w e r  t h a n  t h e  r e a c t i o n  i n v o l v i n g  t h e  s t r o n g  b a s e .  M er cu ry  

and c o p p e r  h a l i d e s  a r e  now known t o  c a t a l y s e  t h e  c i s  t r a n s  i s o m é r i s a t i o n s  

o f  [ P t ( C = C R ) ^ L ^ ] ( s e e  s e c t i o n  3 . 5 . 2 )  b u t  t h e  r e a c t i o n s  a r e  u n l i k e l y  t o  be  

f a s t  enoug h t o  a c c o u n t  f o r  t h e  f o r m a t i o n  o f  t r a n s  i s o m e r s  i n  t h e  

s y n t h e t i c  p r e p a r a t i o n s .  ( T h i s  i s  c e r t a i n l y  t r u e  f o r  m e rc u ry  h a l i d e s  

whe re  t h e  p r e p a r a t i o n s  and i s o m é r i s a t i o n  s t u d i e s  w e re  b o t h  p e r f o r m e d  i n  

c h l o r o f o r m ,  f o r  c o p p e r  h a l i d e s  i t  i s  l e s s  c e r t a i n  as  t h e  s o l v e n t  u s e d  f o r  

i s o m é r i s a t i o n  r e a c t i o n s  (CDClg) d i f f e r s  f rom t h a t  o f  t h e  p r e p a r a t i o n s  

( E t 2N H)) .  T h i s  does  n o t  a p p l y  t o  t h e  r e a c t i o n s  f rom c ^ - [ P t ( C=CR)2 ( CO)L] 

and [ P t ( C = C P h ) 2 ( c o d ) ] w he re  t h e  e t h y n y l s  a r e  a l r e a d y  p r e s e n t ,  and h e r e  t h e  

f a i l u r e  t o  o b t a i n  c i s - b i s ( e t h y n y l s ) f rom L = PMe2 Ph o r  R = Me m u s t  be  due 

to  a g e n e r a l l y  l o w er  k i n e t i c  s t a b i l i t y  o f  t h e  c i s  com plexe s  mak ing  i s o m é r i s 

a t i o n  t o  t h e  t r a n s  form more f a v o u r a b l e .  O t h e r  w o r k e r s   ̂ h a v e  a l s o

r e p o r t e d  a d e p e n d e n c e  o f  p h o s p h i n e  and e t h y n y l  s u b s t i t u e n t s  on p r o d u c t  

g e o m e t r y  a l t h o u g h  t h e  r e a s o n s  f o r  t h e s e  c h a n g es  a r e  n o t  w e l l  u n d e r s t o o d  a t  

p r e s e n t ,  e f f e c t  o f  e l e c t r o n  d e n s i t y  a t  P t  w i t h  c h a n g i n g  t h e  p h o s p h i n e

cone a n g l e  may p l a y  a p a r t .

3 . 5 . 2  I s o m é r i s a t i o n  o f  c i s - b i s ( e t h y n y l ) p l a t i n u m  complexes

As m e n t i o n e d  i n  t h e  i n t r o d u c t i o n , f o r  co m plexes  o f  t h e  t y p e  

[P t (C EC R) 2 L2 ] t h e  t r a n s  form i s  t h e r m o d y n a m i c a l l y  f a v o u r e d .  N e v e r t h e l e s s
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s o l u t i o n s  o f  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 ] i n  CDCl^ a r e  u n a f f e c t e d  by 

r e f l u x  o r  p r o l o n g e d  s t a n d i n g  a t  room t e m p e r a t u r e .  F u r t h e r m o r e ,  a d d i t i o n  

o f  0 . 1  m o l a r  e q u i v a l e n t  o f  f r e e  p h o s p h i n e  o r  i o d i d e  ( a s  t h e  s o l u b l e  

com plex [B u ^ N ] I )  b o t h  h av e  no e f f e c t  on  t h e  g e o m e t r y  o f  t h e  complex 

(A n d e r so n   ̂  ̂ a l s o  r e p o r t e d  f a i l u r e  t o  c o n v e r t  c i s -F p t (C = C P h ) 2 ( P E t g ) 2 ]

t o  i t s  t r a n s  fo rm  by a d d i t i o n  o f  f r e e  P E t g ) . Both  t h e s e  r e a g e n t s

a r e  w e l l  known as  c a t a l y s t s  f o r  n u c l e o p h i l i c  c a t a l y s e d  i s o m é r i s a t i o n s  o f  

s q u a r e  p l a n a r  co m plexes  ^ s u c h  a s  [ P t C l g ( P E t g )  ] t-^F)5]

[P tCl^CCO)(PMegPh) ]   ̂  ̂ and i t  i s  c l e a r  t h a t  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 l

p o s s e s s e s  a h i g h  k i n e t i c  s t a b i l i t y .

A d d i t i o n  o f  s m a l l  amounts  o f  m e r c u r y  h a l i d e s ,  h o w e v e r ,  b r i n g  a b o u t

31im m e d ia t e  i s o m é r i s a t i o n  o f  t h e  c i s  fo rm .  When f o l l o w e d  by P nmr 

s p e c t r o s c o p y  a d d i t i o n  o f  ab o u t  10% o f  HgX^ (X = C l ,  B r ,  o r  I )  t o  a  CDClg 

s o l u t i o n  o f  c i s - [ P t ( C E C P h ) 2 (PMePh2 ) 2 ] c a u s e d  c o m p l e t e  c o n v e r s i o n  t o  t h e  

t r a n s  fo rm  i n  3 h o u r s  a t  a m b ie n t  t e m p e r a t u r e .  F o r  X = Cl t h e  g ro w th  

o f  s i g n a l s  due t o  a v e r y  s m a l l  amount  o f  c i s - [P t (C E C Ph)Cl (PM ePh 2 ) 2 1 « 

f o l l o w e d  by t r a n s - [ P t ( C E C P h ) C l ( PMePh2 ^2  ̂ b e f o r e  any t r a n s - [ P t ( C = C P h ) 2 ~ 

(PMePh2 ) 2 ] was a p p a r e n t .  At  t h e  end o f  t h e  r e a c t i o n  t r a n s - [ P t ( C = C P h ) -  

Cl(PMePh2 ) 2 ] i n  an  amount  e q u i v a l e n t  t o  t h e  amount o f  HgCl2 added r e m a i n e d .  

With  X = Br and I  i t  was n o t  p o s s i b l e  t o  d e t e c t  any o f  t h e  c i s -mono( e t h y n y l ) 

i n t e r m e d i a t e s ,  p r o b a b l y  due t o  a g r e a t e r  r a t e  o f  i s o m é r i s a t i o n  w i t h  t h e s e  

h a l i d e s  ( t h e  r a t e  o f  i s o m é r i s a t i o n  o f  [PtX_(CO)(PMePh)] and [P tX 2 (C2 H ^ ) -  

(PMe2 P h ) ]  was a l s o  found t o  i n c r e a s e  i n  t h e  o r d e r  C l<Br<I  ( s e e  c h a p t e r  5 ) ^  

A l s o j d u e  t o  t h e  i n c r e a s e d  r e a c t i o n  r a t e , i t  p r o v e d  i m p o s s i b l e  t o  d e t e c t  a n y  

t r a n s - m o n o C e t h y n y I ) b e f o r e  t h e  a p p e a r a n c e  o f  t h e  t r a n s - b i s ( e t h y n y l ) .

The i s o m é r i s a t i o n  p r o c e e d e d  j u s t  a s  q u i c k l y  when [Hg(C.=CPh)Cl]

( 0 . 1  m o l a r  e q u i v a l e n t )  was u se d  a s  t h e  c a t a l y s t .  (The c a t a l y s t  was prepared 

f rom a 1 :1  r e a c t i o n  o f  HgCl2 and Hg(C=CPh ) 2  i n  EtOH and added by s y r i n g e  

i m m e d i a t e l y  a f t e r  b e i n g  p r e p a r e d .  EtOH i t s e l f  c a n n o t  c a u s e  isomérisation
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as  t h e  c i s  i s o m e r  c o u l d  be  p r e p a r e d  i n  t h i s  s o l v e n t ) .  I n  t h i s  c a s e  

t r a n s - [ P t ( C=CPh) C l ( PMePh2 ^2  ̂ was s t i l l  p r e s e n t  a t  t h e  end o f  t h e  r e a c t i o n ,  

as Hg(CECPh)Cl d i s p r o p o r t i o n a t e s  t o  Hg(C=CPh ) 2  and HgCl^ and t h e  l a t t e r  

would  r e a c t  w i t h  t r a n s - [ P t ( C=CPh) 2 ( PMePh2 ) 2 1 bo g i v e  t h e  m o n o ( e t h y n y l ) .

An a n a l o g o u s  r e a c t i o n  pa thw a y  was found  i n  t h e  i s o m é r i s a t i o n  o f

c i s - [ P t ( C = C P h ) 2 ( P P h g ) 2 ] w i t h  HgX^ ( X = C l , B r , l )  b u t  as  m e n t i o n e d  p r e v i o u s l y

t h e  i s o m é r i s a t i o n  o f  t h e  c i s - m o n o ( e t h y n y l ) h a l i d e  i s  much s l o w e r  w i t h  t h i s

p h o s p h i n e .  F i v e  m i n u t e s  a f t e r  a d d i t i o n  o f  one  e q u i v a l e n t  o f  HgCl2 t o

c i s - [ P t ( C = C P h ) 2 ( P P h g ) 2 ] , a p a r t  f rom 2 0 % o f  s t a r t i n g  m a t e r i a l s  t h e  o n l y

31p r o d u c t  was c i s - [ P t ( C  =CPh) C l ( PPh3 ) 2  ̂ i d e n t i f i e d  by i t s  P nmr p a r a m e t e r s  

( s e e  T a b l e  3 . 4 ) .  F i f t e e n  m i n u t e s  l a t e r  no s t a r t i n g  b i s ( e t h y n y l )  r e m a i n e d  

and t r a n s - [ P t ( C = C P h ) C l ( P P h g ) 2 ] h ad  grown i n  t o  a c c o u n t  f o r  13% o f  t h e  

p r o d u c t .  T h i s  s t e a d i l y  grew i n  o v e r  a p e r i o d  o f  24 h r s  as  t h e  c i s -mono 

e t h y n y l  u n d e r w e n t  i s o m é r i s a t i o n ,  a l t h o u g h  i n  t h i s  p e r i o d  c i s - [ P t C l 2 ( P P h ^ ) 2 l 

a l s o  grew i n  ac co m p an ied  w i t h  t h e  p r e c i p i t a t i o n  o f  u n i d e n t i f i e d  compounds  

a r i s i n g  p r o b a b l y  f rom d e c o m p o s i t i o n  o r  d i s p r o p o r t i o n a t i o n  o f  t h e  c i s -mono 

( e t h y n y l ) .  A d d i t i o n  o f  0 .0 5  m o l a r  e q u i v a l e n t  o f  Ph^P d i d  n o t  i n c r e a s e  t h e  

r a t e  o f  i s o m é r i s a t i o n ,  so t h i s  i s  n o t  a r e a c t i o n  s u b j e c t  to n u c l e o p h i l i c  

c a t a l y s i s .  With s m a l l e r  amoun ts  o f

HgCl^ ( 0 . 2  m o l a r  e q u i v a l e n t ) ,  t h e  p a i r  o f  d o u b l e t s  f o r  t h e  c i s -mono( e t h y n y 1 ) 

com plex  i s  much w e a k e r  (due  t o  t h e  s m a l l e r  amount o f  h a l i d e  p r e s e n t  t o  r e a c t  

w i t h  t h e  s t a r t i n g  m a t e r i a l )  and t r a n s - [ P t ( C E C P h ) 2 ( P P h g ) 2 ] was o b s e r v e d  t o  

grow i n  a f t e r  t h e  a p p e a r a n c e  o f  t r a n s - [ P t ( C E C P h ) C l ( P P h ^ ) 2 l ^ t h e  f o r m e r  

g ro w in g  s t e a d i l y  i n  o v e r  a p e r i o d  o f  24 h r s .  I n  t h i s  c a s e ,  c o m p l e t e  

i s o m é r i s a t i o n  was n e v e r  a c h i e v e d  an d  w i t h  p r o l o n g e d  s t a n d i n g  (4  d a y s )  a g a i n  

c i s . - [ P t C l 2 ( P P h ^ ) 2 l was formed and a  p r e c i p i t a t e  h a d  fo rm ed  i n  t h e  nmr t u b e .

The o v e r a l l  i s o m é r i s a t i o n  s e q u e n c e  i s  r e p r e s e n t e d  by  e q u a t i o n s  

( 3 . 4 1 )  t o  ( 3 . 4 4 )  (X=C1, B r ,  I  : L = P M e P h P P h ^ )  with t h e  catalytic c y c l e
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b e i n g  t h e  s e q u e n c e  o f  e q u a t i o n s  ( 3 . 4 2 )  t o  ( 3 . 4 4 )  ( a s  shown d i a g r a m a t i c a l l y  

i n  scheme 3 . 3 ) ,  The m e r c u r y  b i s ( e t h y n y l )  must  be  formed a s  [Hg(C=CPh)X]

c i s - [ P t ( C s C P h ) 2 L2 ]+HgX2  s»- c i s - [ P t ( C E C P h ) X L 2 ]+Hg(C=CPh)X ( 3 . 4 1 )

c i s - [ P t ( C E C P h ) 2 L 2 ]+Hg(CsCPh)X c i s - r P t ( C E C P h ) X L 2 1+Hg(CEÇph) 2  ( 3 , 4 2 )

c i s - [ P t ( C = C P h ) X L 2 ] ---------> _ t r ^ - [ P t ( CECPh) XL2 ] ( 3 . 4 3 )

t r a n s - [ P t ( C 5 CPh)XL2 ]+Hg(C=CPh ) 2  -----> t r a n s - [P t ( C = C P h ) 2L 2 ^'*~Hg(C=CPh)X ( 3 . 4 4 )

w i l l  n o t  t r a n s f e r  i t s  s e c o n d  p h e n y l e t h y n y l  g r o u p  as  s e e n  i n  t h e  p r e p a r a t i v e

r e a c t i o n  o f  t h e  t r a n s - m o n o ( e t h y n y l )  com plexes  ( e q n  3 . 3 8 ) .  A l s o  p l a t i n u m

co m plexe s  do n o t  a c t  a s  c a t a l y t i c  i n t e r m e d i a t e s  as  c i s - [ P t ( C ^ P h ) 2 l»2 ]

does  n o t  r e a c t  w i t h  t r a n s - [ P t ( C E C P h ) qE2  ̂ a n d / o r  t r a n s - [ P t (C E C Ph ) X L 2 l

as  ch e c k e d  by i n d e p e n d e n t l y  a d d i n g  some o f  t h e s e  compounds t o  s a m p l e s

o f  p u r e  c i s - b i s ( e t h y n y l ) .  T h i s  r u l e s  o u t  t h e  p o s s i b i l i t y  o f

the  i s o m é r i s a t i o n s  p r o c e e d i n g  v i a  "Pt—e t h y n y l / h a l i d e  e x c h a n g e .  I s o m é r i s a t i o n  o f

[Pt (C=CPh) .^(PMePh2 ) 2 ] e q u a l l y  f a s t  i n  CDCl^ o r  t o l u e n e  b u t  iI S

much more  r a p i d  i n  t e t r a h y d r o f u r a n  w h e r e  i s o m é r i s a t i o n  i s  accompanied 

by p r e c i p i t a t i o n  o f  t h e  n o n - p o l a r  t r a n s  p r o d u c t .  The i n c r e a s e  i n  r a t e  

c o u l d  be  due t o  e i t h e r  t h e  f a c t  t h a t  HgCl^ i s  more s o l u b l e  i n  t h i s  s o l v e n t  

o r  e l s e  a d i f f e r e n c e  i n  t h e  c i s  ^  t r a n s  isomérisation o f  t h e  mono | e t h y n y I j  

( .K^- iHni t t , when h e  p r e p a r e d  c i s  -  [ P t ( C E C P h ) C i ( P P h r e p o r t e d a  

s o l v e n t  depende.ncy on t h i s  i s o m é r i s a t i o n . )

T h i s  i s o m é r i s a t i o n  m e c h a n i s m j i n v o l v i n g  r e v e r s i b l e  e x c h a n g e  o f  

l i g a n d s  between m e t a l s , i s  very u n u s u a l  f o r  p l a t i n u m  co m p lex es  an d  n o n e  

b ee n  d e s c r i b e d  p r e v i o u s l y  i n  t h e  l i t e r a t u r e ,  w i t h  o t h e r  p a t h w a y s ^ ^ ^ ^  

i n v o l v i n g  5 c o - o r d i n a t e  a s s o c i a t i v e  o r  3 c o - o r d i n a t e  d i s s o c i a t i v e



Scheme 3 , 3  C a t a l y t i c  c y c l e  f o r  t h e  c i s -»t r a n s  i s o m é r i s a t i o n

o f  [P t (C =C Ph)g L^ ]

^  c i s - [ P t (C H C P h )X L „ ]c i s - [ P t ( G = C P h ) „ L „ ]

t r a n s - [ P t ( C = C P h ) X L « ]t r a n s - [ P t ( C = C P h ) „ L „



68

f o I  Lowing
i n t e r m e d i a t e s ,  o r  e l s e ^ p h o t o c h e r a i c a l  o r  o x i d a t i v e  a d d i t i o n / r e d u c t i v e  

e l i m i n a t i o n  r o u t e s .

O t h e r  m e rc u r y  com plexes  w i l l  a l s o  c a t a l y s e  t h i s  i s o m é r i s a t i o n .

[ E t ^ N ] 2 (Hg2 C l g ] ( p r e p a r e d  f rom HgCl^ and Et^NCl  i n  e t h a n o l )  was j u s t  

as  e f f e c t i v e  a s  HgCl2 i n  i s o m e r i s i n g  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) £ 1 w i t h  t h e  

r e a c t i o n  b e i n g  c o m p l e t e  i n  2k h o u r s  ( i n  CDCl^) and a g a i n  a s m a l l  amount 

o f  t h e  t r a n s - m o n o ( e t h y n y l ) com plex  r e m a i n i n g .  I t  i s  n o t  known w h e t h e r  

[Hg2 C l g ] ^  i s  a c t i n g  as  t h e  c a t a l y s t  o r  w h e t h e r  d i s s o c i a t i o n  o f  t h e  

anioja t>ack t o  HgCl2 and Cl i s  t a k i n g  p l a c e ,  a l t h o u g h  t h e  f o r m a t i o n  

o f  t h e  m o n o ( e t h y n y l )  s u g g e s t s  t h e  l a t t e r  i s  t h e  c a s e . PhHgCl a l s o  

c a t a l y s e d  t h e  c i s  ^  t r â n s  i s o m é r i s a t i o n , a l t h o u g h  much more s l o w l y , w i t h  

o n l y  a b o u t  2 0 % o f  t r a n s - [ P t ( C = C P h ) 2 (PMePh2 ) 2  ̂ b e i n g  formed a f t e r  24 h o u r s  

sh ow ing  t h a t  [HgPh(C=CPh)] i s  a much l e s s  u s e f u l  e t h y n y l a t i n g  a g e n t  t h a n  

[Hg(C=CPh)2 ] .

C o p p e r ( l )  i o d i d e  a l s o  c a t a l y s e s  t h e  c i s  t r a n s  i s o m é r i s a t i o n

a l t h o u g h  i t  a c t s  much more s l o w l y  t h a n  HgCl2 . When t h e  r e a c t i o n  was

31f o l l o w e d  by P nmr s p e c t r o s c o p y ^ t h e  p r e s e n c e  o f  t r a n s - [P t ( CHCPh) I ( PMePh2 ^2 ^

was d e t e c t e d .  T h i s  would  s u g g e s t  t h a t  a mecha n ism a n a lo g o u s  t o  t h a t

r e p r e s e n t e d  by eqns  ( 3 , 4 1 )  t o  ( 3 . 4 4 )  o p e r a t e d  w i t h  t h e  f o r m a t i o n  and

r e a c t i o n  o f  [Cu(C =CPh)] ,  T h i s  i s  a l s o  l i k e l y  t o  be  t h e  mechan i sm  f o r

o t h e r  r e p o r t e d  Cul c a t a l y s e d  i s o m é r i s a t i o n s ^ ^ ^ . The i s o m é r i s a t i o n  o f

c i s - [ P t ( C E C P h ) 2 (P B u ^ ) 2 l c a t a l y s e d  by Cul h a s  b ee n  i n v e s t i g a t e d  by

S o n o g a s h i r a  and H a g a h a r i ^ ^ . I n  a c e t o n e  a 1 :1  a d d u c t  b e tw e e n  t h e

c i s - P t  c o m p lex  and Cul was i s o l a t e d  as  a w h i t e  c r y s t a l l i n e  m a t e r i a l

( e q n .  3 . 4 4 a ) .  When p a s s e d  t h r o u g h  an a l u m i n a  c h r o m a t o g r a p h i c  column

a m i x t u r e  o f  c i s  and t r a n s  b i s - ( e t h y n y l )  complexes  was fo rmed.  The

BuqP C=CPh
c i s - [ P t ( C E C P h ) , ( P B u , ) J + C u I  ' " " T  '  ^ C u l  ( 3 . 4 4 a )—  2 3 2 a c e t o n e
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in term ed iacy  o f  tr a n s -[Pt(C =C Ph)l(PB u^)^1 in  the iso m é r isa t io n  was a ls o  

proposed ( as  w e l l  as  i r t e r m e d i a t e s  c o n t a i n i n g  C u - a c e t y l e n e  it- bonds  

( e q n .  3 - 4 4 a ) . In  d i e t h y lam in e  t h e

r a t e  o f  i s o m é r i s a t i o n  o f  c i s - [ P t ( C = C P h ) 2 L2 ] d e p e n d ed  on t h e  p h o s p h i n e  

w i t h  t h e  r a t e  d e c r e a s i n g  as  L = PMe^>>PPhBu2 >PEt^>PBu^.  The t y p e  o f  

c a t a l y s t  CuX a l s o  a f f e c t e d  t h e  r a t e ,  a l t h o u g h  t o  a l e s s e r  e x t e n t ,  w i t h  

t h e  r a t e  d e c r e a s i n g  as  X = I> B r> C l .  The i n i t i a l  r a t e  o f  i s o m é r i s a t i o n  

was fo u n d  t o  be  1 s t  o r d e r  w i t h  r e s p e c t  t o  C u l .

PhgPCuCl c a t a l y s e s  the present isomérisation b u t  very slowly w i t h  o n l y  

30% o f  t h e  s t a r t i n g  m a t e r i a l  b e i n g  consumed a f t e r  15 d a y s . The l o w e r i n g  

o f  t h e  r e a c t i o n  r a t e  i s  l i k e l y  t o  b e  due t o  t h e  l o w e r  r e a c t i v i t y  o f  t h e  

p h o s p h i n e  s t a b i l i s e d  i n t e r m e d i a t e  [C u(C E C Ph ) (P Ph ^) ] compared w i t h  

Cu(C=CPh) ( f r o m  C u l )  o r  Hg(CECPh)^ ( f r o m  HgXg). I n t e r e s t i n g l y  CuCl 

h a s  no e f f e c t  on c i ^ - [ P t ( CECPh) ^ ( PMePh2 ^2  ̂ a l t h o u g h  t h i s  h a l i d e  i s  

h i g h l y  i n s o l u b l e  i n  CDCl^ and so  l e s s  l i k e l y  t o  r e a c t .

The g o l d  complex [ A u C l { P ( p - t o l ) ^ } ] a l s o  h a d  no e f f e c t  on 

c i s - [ P t (C E C P h ) „ (P M eP h 2 ) 2 ^ • T h i s  f a i l u r e  i s  p r e s u m a b ly  due t o  t h e  

u n f a v o u r a b l e  e q u i l i b r i u m  i n  t h e  r e a c t i o n  a n a l o g o u s  t o  e qn .  ( 3 . 4 1 )  and i t  

h a s  a l r e a d y  b e e n  shown t h a t  e t h y n y l s  t r a n s f e r  q u a n t i t a t i v e l y  f rom g o l d

t o  p l a t i n u m  ( s e e  2 - 4 . 3 f  & 3 . 5 . I f ) .  I t  s h o u l d  be  n o t e d  h o w e v e r  t h a t

when c i s - [ P t ( CECPh) ^ ( PMe^Ph) ^ 1 was p r e p a r e d  f rom c i s - [ P t C l 2 (PMenPh)2 ] 

and [A u ( C = C P h ) (PP h ^ ) ] ,  i t  s u b s e q u e n t l y  i s o m e r i s e d  t o  t r a n s  ( s e e  3 . 5 . I f )  

and g o l d  i n t e r m e d i a t e s r m a y  p l a y  a p a r t  i n  t h i s  i s o m é r i s a t i o n .  (PNegPh 

co m p lex e s  t h o u g h  do e x h i b i t  a g r e a t e r  t e n d e n c y  f o r  t r a n s  g e o m e t r y

and t h e  r e a c t i o n  i s  s low  (4 d a y s ) so  i t  c a n n o t  be s a i d  f o r  c e r t a i n

w h e t h e r  t h i s  i s  t h e  c a s e ) .

As m e n t i o n e d  i n  s e c t i o n  3 . 3  t i n  e t h y n y l s  h a v e  b ee n  u s e d  i n  t h e  

p r e p a r a t i o n  o f  p l a t i n u m  e t h y n y l s ,  and so t h e  e f f e c t  o f  t i n  h a l i d e s  was 

i n v e s t i g a t e d .  Anhydrous  t i n ( l l )  c h l o r i d e  ( 0 . 2  mol e q u i v a l e n t )  s l o w l y
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c a u s e d  i s o m é r i s a t i o n  o f  the  c i s - b i s ( e t h y n y l  ) w i t h  t h e  r e a c t i o n  b e i n g  

70% c o m p l e t e  a f t e r  15 d a y s .  On t h e  o t h e r  hand t i n ( I V ) c h l o r i d e  r e a c t e d  

i r r e v e r s i b l y  w i t h  the  c i s - b i s ( e t h y n y l ) p r o d u c i n g  t r a n s - [ Pt (C=CPh)C1-  

(PMePh2 ) 2   ̂ c i s - [ P t C l 2 (PMePh2 ) 2 l > consum ing  50% o f  t h e  s t a r t i n g

m a t e r i a l  i n  24 h o u r s .  With SnCl^ t h e  s t o i c h i o m e t r y  was d i f f i c u l t  t o  

c o n t r o l  and t h e  e x a c t  r a t i o  o f  S n t P t  was d i f f i c u l t  t o  d e t e r m i n e ,  a l t h o u g h  

t h e r e  was enough c h l o r i d e  t o  c o n v e r t  t h e  e t h y n y l  c o m p l e t e l y  to  t h e  

p l a t i n u m  d i h a l i d e .  Rever se  t r a n s f e r  o f  t h e  e t h y n y l  f rom t i n ( l V )

as [SnMe^(C CPh ) ]  ̂ ’ and fSnMe^tC t o  platinum have

b o t h  b een  u s ed  in  the  p r e p a r a t i o n  o f  P t  e t h y n y l s .

3 . 5 . 3  I s o m é r i s a t i o n  o f  c i s f P t ( p - t o l ) « ( P P h _ )  ] b y H ^ C l _ . _

To compare  t h e  e f f e c t s  o f  HgX2 on p l a t i n u m  b i s ( e t h y n y l s ) w i t h  o t h e r  

b i s ( o r g a n o ) p l a t i n u m  s y s t e m s ,  t h e  r e a c t i o n s  o f  t h e  b i s ( a r y 1 ) s p e c i e s  

[ P t ( p - t o  1 ) 2 ( P P h ^ ) 2 ] ( p - t o l  = p a r a - me t h y I p h e n y l ) w i t h  HgCl2 were  

i n v e s t i g a t e d .  U n l ik e  th e  e t h y n y l s  t h e  s t a r t i n g  c i s  i s o m e r  i s  t h e  

s t a b l e  i s o m e r  ( t h e  t r a n s  i so m er  f o r  t h i s  compound,  o r  t h e  v e r y  s i m i l a r  

[ P t P h „ ( P P h „ ) „  ] b e i n g  unknown).  Both forms o f  t h e  m o n o ( a r y l ) i n t e r m e d i a t e2 '  "3 "2
31[ P t ( p - t o i  )C1 ( P P h -,)„ ] have been  i s o l a t e d  and t h e i r  P nmr p a r a m e t e r s

a .  • .4^103]d e t e r m i n e d

When 0 . 1  m o la r  e q u i v a l e n t s  o f  HgCl2 was added  t o  a CDCl^ s o l u t i o n  

o f  c i s - [ P t ( p - t o I ) 2 ( P P h ^ ) 2  ̂ t h e r e  was im m e d ia te  growth o f  c i s - [ P t ( p - t o l ) -  

C l ( P P h ^ ) 2 l ( 6 2 0 . 8 ,  J 1563 ; 6 1 7 . 6 ,  J  4577 ; 14Hz) f o l l o w e d  by a

s l o w e r  growth  o f  t h e  t r a n s -mono( a r y 1) ( 6 2 4 . 1 ,  J  3167) h o w e v e r ,  a f t e r  

2 days  t h e  t o t a l  e x t e n t  o f  r e a c t i o n  was <10%. I n c r e a s i n g  t h e  amount  

o f  HgCl2 t o  10 m o la r  e q u i v a l e n t  i n c r e a s e d  t h e  q u a n t i t y  o f  b o t h  t h e  

mono( a r y l ) i s o m e r s  but  t h e r e  was no s i g n  o f  any t  r a n s - b i  s ( a r y 1) s p e c i e s ,  

and e v e n  a f t e r  2 days  t h e r e  was s t i l l  a t r a c e  o f  c i s . - f Pt  ( p - t o  1 ) 2 ) PRh  ̂) 2 1 

a l t h o u g h  a f t e r  5 days  t h e r e  was o n l y  a m i x t u r e  o f  c i s  and t r a n s  m o n o ( a r y l )
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s p e c i e s  i n  s o l u t i o n .  A d d i t i o n  o f  one  m o l a r  e q u i v a l e n t  o f  t o i ) 2 ]

t o  t h i s  s o l u t i o n  r e s u l t e d  i n  t h e  s lo w  co n s u m p t i o n  o f  t h e  c i s  i s o m e r  o v e r

31
2 days  and P nmr s p e c t r o s c o p y  showed o n l y  t r a n s - [ P t ( . p - t o l ) C l ( P P h g ) ^ ]  

and a v e r y  weak s i g n a l  a t  6 1 4 .2  ( t o o  weak f o r  p l a t i n u m  s a t e l l i t e  s i g n a l s  

t o  be  v i s i b l e )  w h ich  may be  due t o  a t r a c e  o f  t_rans - [ P t ( . p - t o l ) 2 ( PPh g ) 2 ] 

o r  e l s e  c i s - [ P t C l 2 ( P P h g ) 2 l ( 6 1 4 . 3  J  3673)  a r i s i n g  f rom s lo w  d e c o m p o s t i o n  

o f  t h e  a r y l  c o m p l e x e s .  So a g a i n  t h e  m er c u ry  com plex  seems t o  be  

r e a c t i n g  as  d e s c r i b e d  i n  e q n s . (*3.41 — 3 . 4 4 ) ,  a l t h o u g h  t h e  a n a l a g o u s  r e a c t i o n  

t o  eq n  ( 3 . 4 2 )  n ee d  n o t  o p e r a t e  and t h e  e q u i l i b r i u m  o f  t h e  a n a l o g u e  o f  

e q n . ( 3 . 4 4 )  l i e s  w e l l  o v e r  t o  t h e  l e f t  han d s i d e .  I n d e e d  when 0 . 5  m o l a r  

e q u i v a l e n t s  o f  HgCl2 w e re  added  t o  ç i § . - [ P t ( p - t o l ) 2 ( P P h ^ ) 2 1 a f t e r  5 days  

a l l  t h e  s t a r t i n g  m a t e r i a l  h a d  b e e n  consumed i n d i c a t i n g  t h a t  b o t h  h a l i d e s  

c o u l d  t r a n s f e r  f rom Hg t o  P t  ( e q n .  3 . 4 5 )

2 c i s - [ P t ( . p - t o l ) 2 (P P h ^ ) 2  ]+HgCl2 —» 2  t r a n s  - [ P t ( : p - t o i )  Cl (PPh 0 ) 2  ] + [ H g C j - t o i  )o ]

( 3 . 4 5 )

3 . 5 . 4  The nmr p a r a m e t e r s  o f  c i s - [ P t ( C ^ P h ) 2 CILI

From t a b l e s  3 . 3  and 3 . 4  i t  can  be s e e n  t h a t  t h e  m a g n i t u d e  o f  

i s  i n d i c a t i v e  o f  t h e  g ro u p  t r a n s  t o  t h e  p h o s p h i n e .  T h i s  w e l l  known 

phenomenon h a s  b e e n  r e l a t e d  t o  t h e  t r a n s - i n f l u e n ce o f  t h e  l i g a n d  t r a n s  t o

t h e  p h o s p h i n e .  L i g a n d s  w i t h  h i g h  a - b o n d i n g  a b i l i t y  w i l l  weaken t h e  s -

^PtPc h a r a c t e r  o f  t h e  P t - P  bond and so  r e d u c e  t h e  c o u p l i n g  c o n s t a n t ,  as  J,

2
OC ^pf- w he re  ^ i s  t h e  s - c h a r a c t e r  o f  t h e  h y b r i d  o r b i t a l  u sed  by P t  

i n  t h e  P - P t  b o n d .  So f o r  L = PMePh2 , a p h o s p h i n e  t r a n s  t o  e t h y n y l  h a s

a PP t  C o u p l in g  c o n s t a n t  ^ 2 , 3 0 0 H z ,  t r a n s  t o  p h o s p h i n e  o f  v/'2550Hz and 

t r a n s  t o  c h l o r i d e  '^ 3600H z ,  due t o  t h e  t r a n s  e f f e c t  o f  t h e s e  l i g a n d s  

d e c r e a s i n g  i n  t h e  o r d e r  : e t h y n y l > p h o s p h i n e ) h a l i d e . I n  t h e  co m plex
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çrg ,-[Pt(C=CPh)Cl(PMePh2 ) 2 l > the two P P t  c o u p l i n g  c o n s t a n t s  a r e  2325 and 

3672 Hz, t y p i c a l  v a l u e s  f o r  a p h o s p h i n e  t r a n s  t o  an e t h y n y l  and a c h l o r i d e  

r e s p e c t i v e l y .  S i m i l a r i l y  f o r  [ P t ( C = C P h ) C l ( d p t p e ) ] t h e  P P t  c o u p l i n g  

c o n s t a n t s  f o l l o w  t h e  e x p e c t e d  p a t t e r n .  With  t r i p h e n y l p h o s p h i n e , t h o u g h ,  

t h e  s i t u a t i o n  i s  v e r y  d i f f e r e n t  w i t h  a v e r y  l a r g e  v a l u e  (4441Hz)  f o r  

p h o s p h i n e  t r a n s  t o  h a l i d e  compared w i t h , f o r  example  ^c i s - [ P t ( P P h 2 ) 2 ^ 1 2  ̂

( ^ J p p ^  3 6 7 3 ) .  S i m i l a r i l y  t h e  c o u p l i n g  c o n s t a n t  f o r  t h e  p h o s p h i n e  t r a n s  

t o  e t h y n y l  i s  s m a l l  ( 1 7 5 5 ) .  The same e f f e c t  was s e e n  i n  t h e  

brorao complex c i s - [ P t ( C = C P h ) B r ( P P h ^ ) 2 1 and t h e s e  r a n g e s  o f  v a l u e s  a r e  

t y p i c a l  f o r  t h e  c i s - m o n o ( a r y l ) c o m p l e x e s  ( e . g .  c i s - [ P t ( p - t o l ) C l ( P P h ^ ) o ] 

as  shown i n  t h e  p r e v i o u s  s e c t i o n ,  ^ p tP  and 1563 H z ) .  I t  h a s

b e e n  n o t e d  p r e v i o u s l y  t h a t  when a p h o s p h i n e  i s  t r a n s  t o  a g ro u p  o f

low t r a n s  i n f l u e n c e  and c i s  t o  a g ro up  o f  h i g h  t r a n s  i n f l u e n c e  t h a t  J p p ^  

f o r  P t r a n s  t o  h a l i d e  can be  v e r y  l a r g e .  C l e a r l y  t h e  s i t u a t i o n  i s  more  

c o m p l i c a t e d  s i n c e  PMePh2 and d p t p e  g i v e  " n o r m a l "  c o u p l i n g  c o n s t a n t s  and 

o n l y  P P h j  i s  a f f e c t e d  i n  t h i s  way.  F u r t h e r m o r e  i n  t h e  co m p lex e s  t r a n s -  

[ P t P C l ( P P h ^ ) 2 ] ( R = p - t o l ,  C=CPh),  w i t h  t h e  a r y l  l i g a n d  ^Jpp^ (P t r a n s  t o  P) 

i s  v e r y  l a r g e  ( ^Jp^p 3167)  w h e r e a s  w i t h  t h e  p h e n y l e t h y n y l  t h e  more 

" n o r m a l ” v a l u e s  o f  2661Hz i s  o b t a i n e d .  So t h e  u n u s u a l  p a r a m e t e r s  i n  

c i s - [ P t ( C 5 CPh)X (PPhg) 2 l c a n n o t  be  s o l e l y  e x p l a i n e d  by t h e  c i s  e f f e c t  

o f  t h e  e t h y n y l  b e i n g  s i m i l a r  t o  a r y l  when t h i s  i s  c l e a r l y  n o t  t h e  c a s e  

i n  t r ^ - [ P t ( C = C P h ) X ( P P h ^ ) 2 ] .

3 . 5 . 5  Nmr e v i d e n c e  f o r  H g-P t  a d d u c t  f o r m a t i o n .

The i n t r o d u c t i o n  o f  m e t a l  h a l i d e s  i n t o  s o l u t i o n s  o f

31
c i s - [ P t ( C E C P h ) 2 (PMePh2 ) 1 u s u a l l y  c a u s e d  a s i g n i f i c a n t  ch ange i n  t h e  P 

nmr p a r a m e t e r s  o f  t h a t  co m p lex .  T hese  cha ng ed  p a r a m e t e r s  a r e  shown i n  

T a b l e  ( 3 . 5 ) .  I t  can  be  s e e n  f rom  t h e  t a b l e  t h a t  t h e  m a g n i t u d e  o f  t h e  

s h i f t  i n  p a r a m e t e r s  i n c r e a s e s  as  t h e  r e l a t i v e  amount  o f  s a l t  p r e s e n t



31T a b l e  3 , 5  E f f e c t s  o f  m e t a l  s a l t s  on P nmr p a r a m e t e r s .

E t h y n y l  Complex S a l t r a t i o 6 p Aôp
'^PtP ^ ‘̂ PtP

c i s - [ P t ( C z C P h ) ^ -  
(PMePhg)^] - - - 2 . 0 2289

HgClg 1 0 : 1 - 2 . 9 0 . 9 2378 89

2 : 1 - 3 . 3 - 1 . 3 2420 131

HgBr^ 1 0 : 1 - 2 . 4 - 0 . 4 2318 29

1 : 1 - 2 . 6 - 0 . 6 2336 47

Hgig 1 0 : 1 - 3 . 1 - 1 . 1 2375 8 6

5 :1 - 4 . 2 - 2 . 2 2450 161

[Hg^Clg] ■' 1 0 : 1 - 2 . 3 - 0 . 3 2324 35

PhHgCl 1 0 : 1 - 2 . 0 0 2306 17

Cul 1 0 : 1 - 2 . 0 0 2308 19

PhgPCuCl
SnClz

1 0 : 1  

10-1

- 2 . 2  

. -2,0
- 0 . 2

0
2316
2243

27
q

c i s - [ P t ( C E C P h ) , -
-EPPh3)2] 16 .7 2328

HgClg 5 :1 16 .7 2359 31

2 : 1 1 6 .5 - 0 . 2 2337 9

1 : 1 1 3 .4 - 3 . 3 2491 162
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i n c r e a s e s .  The e f f e c t s  a r e  l a r g e s t  f o r  HgX^ and s m a l l e s t  f o r  S n C l ^ , 

t h e  r a t e  o f  i s o m é r i s a t i o n  o f  t h e  c i s  co m plex  d e c r e a s e s  i n  t h e  same o r d e r .

F o r  t h e  t r a n s - b i s  and mono-^e t h y n y  I s  t h e  e f f e c t  o f  m e t a l  s a l t s  i s  much 

l e s s  p r o n o u n c e d  w i t h  n e v e r  v a r y i n g  by more t h a n  lOHz f ro m  t h e

v a l u e s  e x p e c t e d  f o r  t h e  p u r e  compounds.  I t  i s  s u s p e c t e d  t h a t  t h e  l a r g e  

ch ange i n  p a r a m e t e r s  f o r  t h e  c i s  com plex  i s  due  t o  r a p i d l y  r e v e r s i b l e  

a d d u c t  f o r m a t i o n  a c t i n g  b e f o r e  t h e  l i g a n d  e x c h a n g e  r e a c t i o n s .  I f  t h i s  

w e re  t h e  case t h e n  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  s a l t  w o u ld  move t h e  

t i m e - a v e r a g e d  s i g n a l  away f ro m  t h a t  e x p e c t e d  f o r  p u r e  b i s ( e t h y n y l )  

t o w a r d s  that e x p e c t e d  f o r  t h e  a d d u c t .  A l s o  a s t r o n g e r  s h i f t  i n  p a r a m e t e r s  

f o r  a  g i v e n  r a t i o  o f  p l a t i n u m  co m plex  : s a l t  ( e g .  HgCl^ a n d  H g l^  compared 

w i t h  Ph^PCuCl  o r  SnCl^  a t  a r a t i o  o f  1 0 : 1 )  would  i n d i c a t e  a  s t r o n g e r  

i n t e r a c t i o n  w i t h  a  h i g h e r  d e g r e e  o f  a d d u c t  f o r m a t i o n  a n d  h e n c e  a  f a s t e r  

r e a c t i o n  r a t e .  F i n a l l y , t h e  ch a n g e  i n  m a g n i t u d e  o f  t h e  p a r a m e t e r  s h i f t  

b e t w e e n  c i s  and t r a n s  isomers w o u ld  b e  expected as  w h e t h e r  t h e  mechan ism 

i s  Sg2 ( c y c l i c )  o r  o x i d a t i v e  a d d i t i o n / r e d u c t i v e  e l i m i n a t i o n  t h e n ,  a s  shown 

i n  F i g ,  3 . 3 ,  t h e  s u b s t i t u t i o n  r e a c t i o n  i s  a t  a l i g a n d  t r a n s  t o  a p h o s p h i n e  

(L^)  i n  t h e  c i s  i s o m e r ,  an d  a  l i g a n d  c i s  (L^)  t o  t h e  p h o s p h i n e s  i n  a t r a n s  

i s o m e r ,  a n d  t h e  e f f e c t  w o u l d  be e x p e c t e d  t o  be l a r g e s t  when s u b s t i t u t i o n  o c c u t s  

t r a n s  t o  p h o s p h i n e .

3 . 6  C o n c l u s i o n s

M h i l s t  i t  i s  c l e a r  t h a t  t h e  f a c t o r s  c o n t r o l l i n g  t h e  r e l a t i v e  

s t a b i l i t y  o f  t h e  c i s - b i s  ( p h o s p h i n e  ) - b l s  Ce t h y n y  I )p I a t  inum co m p lex es  a r e  

c o m p l i c a t e d * f o r  c e r t a i n  p h o s p h i n e s  (PMe2 Fh)  and e t h y n y l s  (C=CMe) these 

co m p lex e s  seem  i n a c c e s s i b l e .  Even when s u c h  a  g e o m e t r y  i s  a c c e s s i b l e  

t h e  a c t u a l  i s o m e r  obtained depends h e a v i l y  o n  t h e  s y n t h e t i c  met hod  and n o  

one m e th o d  f o r  p r o d u c i n g  cis isomers is general, However t h e  formation 

o f  c i s  i s o m e r s  w i l l  depend on a rapid replacement o f  the s e c o n d  h a l i d e  for 

e t h y n y l ÿ or phosphine displacement of another ligand. The presence of



F igure 3 ,3  P o s s ib le  t r a n s i t io n  s t a t e s  in  HgXg c a ta ly s e d  

i s o m é r is a t io n s  o f  [Pt(C5CR)2b2^

C = C R

L t \  / C = C R  
Pt

L ( /  ^ C ^ C R  
c i s

Lk / C = C R

+
+  H g X 2 CR

H g — X

[Hg(C=CR))^

CR

Hg(G=GR)
L ( ^  I / G = G R

Pt 
X /  I

G

CR

Lc\^ y C —G R 
Pt

^ L c

t r a n s

[ H g ( C = C R ) 2 l
L

L c \  / C = C R  
Pt

R C = C ^  ^ L c

t r a n s
[Hg(C=CR)x]

RG—G — pt

GR

Hg—C=CR
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m e t a l  h a l i d e  s a l t s ,  w h ic h  c a t a l y s e  t h e  c i s  t r a n s  i s o m é r i s a t i o n  w i l l  

a l s o  a f f e c t  t h e  p r o d u c t s  g e o m e t r y  and t h e i r  u s e  s h o u l d  b e  a v o i d e d  i f  

c i s  i s o m e r s  a r e  d e s i r e d .

3 . 7  E x p e r i m e n t a l

The f o l l o w i n g  compounds were  p r e p a r e d  by l i t e r a t u r e  me thods  

[ P t C l ^ C c o d ) ^ ^ ^ ^ ,  [Au( C= CPh)( PPh^) ]  ( s e e  c h a p t e r  2 ) ,  [ C u C K P P h ^ ) ] ^ ^ ^ ^ ^  

and Hg(CECPh) .  [ P t C l „  ( d p t p e  )  ̂  ̂^ .

( 1 , 5 - C y c l o o c t a d i e n e ) b i s ( p h e n y l e t h y n y l ) p l a t i n u m : -  To a s u s p e n s i o n  o f

[ P t C l 2 ( c o d ) l  ( 0 , 5 g ,  1 .3 4  mmol) i n  e t h a n o l  u n d e r  and a t  0*̂ C was added

a f r e s h l y  p r e p a r e d  m i x t u r e  o f  HC=CPh ( 0 . 2 7 g ,  2 . 7  mmol) and NaOEt 

( p r e p a r e d  f rom a d d i n g  6 1 . 5  mg, 2 . 7  mmol o f  Na t o  10ml EtOH) d r o p w i s e  and 

w i t h  c o n s t a n t  s t i r r i n g .  The r e s u l t a n t  y e l l o w  s o l i d  was f i l t e r e d  o f f  

a f t e r  50 m i n s ,  a f f o r d i n g  c r u d e  [P t (C = C Ph ) 2 ( c o d ) ] ( 0 . 7 g ,  103% due t o  NaCl 

i m p u r i t i e s ) .  R e - c r y s t a l l i s a t i o n  from b o i l i n g  CHCl^ l e d  t o  d e c o m p o s i t i o n  

b u t  t h r e e  r e c r y s t a l l i s a t i o n s  f rom CH2 CI2 f i n a l l y  y i e l d e d  p u r e  

[ P t (C E C P h ) 2 ( c o d )  M.Pt  173 -9 7 ^ 0  (d e c )  \>(C=C) 2 130cm"^(w) ,  2135 cm’ ^ ( s h )

Found 0 , 5 7 . 3  ; H, 4.2% ; r e q u i r e d  f o r  ^^24^22^^ * 5 7 . 0  ; H 4.4%.

C i s - b i s ( m e t h y I d i p h e n y l p h o s p h i n e ) b i s ( p h e n y l e t h y n y l ) p i a t i n u m : -

( a )  From [ P t C l 2 (PMe2 P h 2 ) 2 l " To a s u s p e n s i o n  o f  c i s - [ P t C l 2 (PMePh2 ) 2 ] 

( 0 . 5 g ,  0 . 7 5  mmol) i n  e t h a n o l  (20ml)  a t  0^0 was added  PhC=CH (153mg,  1.5mmol 

f o l l o w e d  i m m e d i a t e l y  by NaOEt ( p r e p a r e d  f rom 3 4 . 5mg (1 .5mmol )  Na i n  5ml 

EtOH ). The s o l i d  r e m a i n e d  a f t e r  2 h r s  s t i r r i n g ,  a f t e r  which f i l t r a t i o n

y i e l d e d  c r u d e  p r o d u c t  (440mg,  74%). R e - c r y s t a l l i s a t i o n  f rom C H C l^ /p e n tan e

o - 1
a f f o r d e d  p u r e  c i s - [ P t ( C ^ C P h ) 2 (PMePh2 ) 2 l M .P t .  172- 3  C (C=C) 2120 cm (w)

2130 cm ^ ( s h ) . Found 0 , 6 2 . 4  ; H 4 .6%; r e q u i r e d  f o r  (^/^2^36^2^^ * ^ * 6 3 . 2  ;

H, 4 .55%.
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( b )  From [P t (C = C Ph ) 2 ( c o d ) ]  -  To a s o l u t i o n  o f  [ P t ( C^CPh) 2 ( c o d ) ]  (500mg, 

0 , 9 9  mmol) i n  CH2 C I 2 (30m l)  u n d e r  N2 was ad ded a s o l u t i o n  o f  PMePh2 

(350 y l ; 1 .9 8  mmol) i n  CH2 C I 2 (10m l)  o v e r  a p e r i o d  o f  5 m i n s .  A f t e r  

15 mins  s t i r r i n g  a c l e a r ,  brown s o l u t i o n  r e s u l t e d .  Removal  o f  

s o l v e n t  l e f t  t h e  c r u d e  p r o d u c t ,  r e c r y s t a l l i s e d  form CHCl2 / l i g h t  p e t r o l e u m  

( 6 0 - 3 0 ° C )  (314mg, 40%).

( c )  From [P t (C = C P h ) 2 (C0 ) (PMePh2 ) ] -  To a s o l u t i o n  o f  c i s - [ P t C l 2 (CO)(PMePh2 ) ]

( 0 . 2 g ,  0 , 4  mmol) i n  CHCl^ (1 0m l)  a t  0 °C u n d e r  was add ed Hg(C=CPh ) 2 

(163mg,  0 . 4  mmol) i n  CHCl^ ( 5 m l ) .  The m i x t u r e  was s t i r r e d  f o r  2 mins  

t h e n  [ E t^ N jC l  (67mg, 0 .4mmol)  was a d d e d .  S t i r r i n g  was c o n t i n u e d  f o r  

5 m i n s ,  d u r i n g  w h ich  t i m e  a g r e y  p r e c i p i t a t e  o f  ( E t ^ N ) 2 (Hg2 C l ^ )  fo r m e d .

T h i s  was removed by r a p i d  f i l t r a t i o n  l e a v i n g  c i s - [ P t ( C = C P h ) 2 (C0 ) (PMePh2 ) o ] 

i n  t h e  o r a n g e  s o l u t i o n ,  PMePh2 ( 8 7 p l , 0.4mmol) was i m m e d i a t e l y  ad d ed  t o  t h e  

s o l u t i o n  wh ich  was s t i r r e d  f o r  5 m i n s .  Removal o f  s o l v e n t  y i e l d e d  

c i s - [ P t ( C E C P h ) 2 (PMePh2 ) 2 ] ( 3 0 3mg, 94%)

C i s - b i s ( p h e n y l e t h y n y l ) b i s ( t r i p h e n y l p h o s p  hine(platinum:-

( a )  From [P t (C = C Ph ) 2 ( c o d ) ] -  To a s o l u t i o n  o f  [P t (C = C P h ) 2 ( c o d ) ]

( I85 mg,  0 .37mmol)  i n  CH2 C I 2 (2 0ml)  a t  0°C u n d e r  was added Ph^P (182mg, 

0 .69mmol )  i n  CH2 CI 2 ( 5 m l ) .  The s o l u t i o n  was s t i r r e d  f o r  15 mins  

d u r i n g  which t im e  a brown c o l o u r  d e v e l o p e d .  A f t e r  f i l t r a t i o n  and c o n c e n t r a t i o n

c r u d e  p r o d u c t  was i s o l a t e d  (267mg,  79%). R e - c r y s t a l l i s a t i o n  f r om  CH2 C I 2 /

p e n t a n e  gave i n i t i a l l y  t r a n s - [ P t ( C =CPh) C l ( PPh^^2  ̂ b y - p r o d u c t  ( M . P t ,  210 -2 1 2 ^C ,  

V(C=C) 2130 cm  ̂ \ > ( P t - C l )  315 cm  ̂ -^p^-p 2665 Hz) f o l l o w e d  by t h e  d e s i r e d  

cis-[P t(C=CPh)2(PPh^)2] M . P t .  210-212°C ( l i t ^ ^ ^ ^ ^  206-8°C)\XC=C) 2110 cm"^

J p t p  2329 Hz.
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(b )  From [ P t C l 2 (C0 ) ( P P h ^ ]  - c i s - [ P t C l ^ C C O ) ( P P h ^ ) ] (20mg, 38 ymol)  was

d i s s o l v e d  i n  CDClg ( 0 , 5 m l )  and [Au(C=CPh)(PPh^)] ( l O .S m g ,  72 ymol)  was

31a d d e d .  A f t e r  15 m i n s , P nmr s p e c t r o s c o p y  showed s i g n a l s  f o r

[A u C l fP P h ] ) ]  ( 5 3 3 . 2 )  and c i s - [ P t ( C E C P h ) 2 (C0 ) (PPh  ) ]  ( 5 1 2 . 5 ,  Jp p^  2 1 6 2 ) .

31PPhg (9.6rag,  37ymo1) was a d d e d ,  and P nmr s p e c t r o s c o p y  showed t h a t  

c i s - [ P t ( C = C P h ) 2 ( P P h ^ ) 2 ] h ad  formed ( 5 1 6 . 7  Jpp^ 2330)  and  a b r o a d  s i g n a l  

( ^ ^ 3 4 )  due t o  p h o s p h i n e  e x c h a n g e  w i t h  [ A u C l (P P h ^ ) ] ,

C i s" (m e  t h y l d i p h e n y l p h o s p h i n e ) ( t r i p h e n y l p h o s p h i n e  ) b i s ( p h e n y l e t h y n y l ) p l a t i n u m : 

To a s o l u t i o n  o f  c i s - [ P t C l 2 ( 0 0 ) (PMePh2 ) ] (20mg,  4 0 . 5 y m o l )  i n  CDCl^ 

( 0 . 5 m l )  was add ed [A u (C = C P h ) ( P P h ^ ) ] (45 .3m g ,  8 0 . 9 y m o l ) .  A f t e r  15 m i n s ,  

c i s - [ P t ( C = C P h ) 2 (CO)(PMePh2 ) ]  ( 5 - 3 . 0  Jp ^ p  2082) h a d  fo r m e d .  A d d i t i o n  o f  

PPhg ( l l . l m g ,  42ymol)  l e d  t o  r a p i d  e v o l u t i o n  o f  CO and a c o m p l i c a t e d  nmr 

s p e c t r u m  o c c u r r e d  c o n t a i n i n g  s i g n a l s  f o r  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 ] « 

c i s - [ P t ( C 5 CPh)2 (PPhg,)2 l and a s e t  o f  s i g n a l s  ( s e e  T a b l e  3 . 3 )  a s s i g n e d  t o  

c i s - [ P t ( C = C P h ) 2 (PMePh2 ) ( P P h ^ ) 1. t h e  r e l a t i v e  r a t i o  o f  t h e  3 s p e c i e s  b e i n g  

1 : 1 : 2 .

A t t e m p t e d  p r e p ,  o f  c i s - [ P t ( C = C H ) 2 (PMePh2 ) 2 ] » ^2^2 p a s s e d

t h r o u g h  a s u s p e n s i o n  o f  c i s - [ P t C l 2 (PMePh2 ) 2  ̂ (300mg,  4 . 5mmol) a t  O^C.

A f t e r  a few m i n u t e s  NaOEt ( f r o m  N a(20.7m g,  0 . 9mmo1) i n  5ml EtOH) was a d d e d .  

The s o l u t i o n  was s t i r r e d  f o r  2 h r s  l e a v i n g  a brown s o l u t i o n  w i t h  no s o l i d  

m a t e r i a l  p r e s e n t .  S o l v e n t  was removed and t h e  c r u d e  p r o d u c t  r e - d i s s o l v e d  

i n  CDClg. ^^P nmr s p e c t r o s c o p y  showed a l a r g e  s i n g l e t  ( 5 2 9 . 1 )  and no 

e v i d e n c e  o f  p h o s p h i n e  p l a t i n u m  s p e c i e s .  P r o t o n  nmr d i d  n o t  show t h e  

p r e s e n c e  o f  an e t h y n y l  p r o t o n .
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A t t e m p t e d  p r e p ,  o f  c i s - [ P t ( C = C M e ) 2 (PMeP h^ )2 ] T h e  r e a c t i o n  was

p e r f o r m e d  u n d e r  i d e n t i c a l  c o n d i t i o n s  t o  t h e  above  e x p e r i m e n t  e x c e p t  t h a t  

p ro p y n e  was u s e d  i n s t e a d  o f  e t h y n e .  At  t h e  en d  o f  t h e  r e a c t i o n  an 

o r a n g e  s o l u t i o n  r e m a i n e d  w he re  nmr i n  CDCl^ showed a l a r g e  s i n g l e t  a t  

5 2 9 . 8  and u n r e a c t e d  [ P t C l 2 (PMePh2 ) 2 1•

A t t e m p t e d  p r e p ,  o f  c i s - [ P t ( C = C P h ) 2 (PMe2 P h ) 2 l :■ v i a  NaOEt

When a s u s p e n s i o n  o f  c i s  - [ P t C l 2 (PMe-,Ph)2 l i n  EtOH was t r e a t e d  w i t h  HC=CPh

and NaOEt f o r  2 h r s  a t  0°C,  t h e  main  p r o d u c t  o f  t h e  r e a c t i o n  was s t a r t i n g

m a t e r i a l  ( 5 - 1 8 . 2  3 3 7 9 ) .  To i n v e s t i g a t e  t h e  r e a c t i o n ,  f o u r  s a m p l e s

o f  c i ^ - [ P t C l 2 (PMe2 P h ) 2 ] ( e a c h  75mg i n  10ml EtOH) w e re  t r e a t e d  w i t h  1ml

o f  a  s t a n d a r d  s o l u t i o n  o f  HC=CPh (282mg i n  10ml EtOH) and 0 . 5 m l  o f  a

s t a n d a r d  s o l u t i o n  o f  NaOEt (128rag Na i n  10ml EtOH).  The r e a c t i o n s  w e re

a l l o w e d  t o  p r o c e e d  f o r  2 h r s  a t  O^C, 20^0 and 60^0 and 24 h r s  a t  2 0 ^ 0 ,  a t

t h e  en d  o f  wh ich  s o l v e n t  was removed i n  va c u o  and t h e  c r u d e  p r o d u c t

31r e - d i s s o l v e d  i n  CDCl^ and t h e i r  P nmr s p e c t r a  r e c o r d e d .  (S ee  T a b l e  3 , 2 )  

I n  n o n e  o f  t h e  r e a c t i o n s  had  c i s - [ P t ( C = C P h ) 2 (PMe2 p h ) 2 ] fo rm e d .

{1 ) 2 - b i s ( d i - p - t o l y l p h o s p h i n o ) e t h a n e } b i s ( p h e n y 1 e t h y n y 1 ) p l a t i n u m : -

( a )  v i a  NaOEt - To a s u s p e n s i o n  o f  [ P t C l 2 ( d p t p e ) ] (5 0 0 m g ,0 . 7mmol) i n

EtOH a t  O^C was added  HCECPh (142mg, 1 . 4mmo1) f o l l o w e d  by NaOEt ( f r o m

32mg ( 1 . 4mraol)Na). A f t e r  two h o u r s  s t i r r i n g  a d a r k  brown s o l u t i o n  h a d  formed

w h ich  c o n t a i n e d  m a i n l y  P t C l ^ C d p t p e ) ,  E x c e s s  NaOEt and HC=CPh w e r e  a d d e d ,

and t h e  s o l u t i o n  r e f l u x e d  f o r  30 m i n s .  The main  p r o d u c t  was now

31
[ P t ( C = C P h ) 2 ( d p t p e ) 2 l i d e n t i f i e d  f rom  i t s  P nmr p a r a m e t e r s  ( s e e  T a b l e  3 , 3 )  

a l o n g  w i t h  s e v e r a l  u n i d e n t i f i e d  i m p u r i t i e s .
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(b )  v i a  HgCCECPh)^ - [PtCl^Cdptpe) ] (30mg, 42ymol) was d i s s o l v e d  in

CDClg and HgfC^CPhïg (1 6 .8 m g ,  42ym ol )  was added  f o l l o w e d  by Et^NCl

(6 .4m g ,  4 2 y m o l ) .  The i n s o l u b l e  b y p r o d u c t  was removed by f i l t r a t i o n  

31and P nmr s p e c t r o s c o p y  showed t h a t  t h e  main  p r o d u c t  was [ P t ( C = C P h ) 2 " 

( d p t p e ) ]  a l o n g  w i t h  some [ P t ( C E C P h ) C l ( d p t p e ) ] .

T r a n s - b i s ( m e t h y l d i p h e n y l p h o s p h i n e ) b i s ( p h e n y l e t h y n y l ) p l a t i n u m : -  ( a )  v i a

Cul c a t a l y s e d  r e a c t i o n  - To a s u s p e n s i o n  o f  c i s - [ P t C l 2 (PMePh2 ) 2  ̂ ( 0 . 2 m g ,

0 .3mmol)  i n  NHEt2 (2 5m l)  w e r e  ad d ed  PhC=CH (71.4mg 0 ,7mmol)  and Cul 

( l l r ag,  5 7 ymo1 ) .  The m i x t u r e  was r e f l u x e d  f o r  10 m i n s ,  and t h e  s o l v e n t  

r e d u c e d  a t  low p r e s s u r e .  R e - c r y s t a l l i s a t i o n  o f  t h e  w h i t e  s o l i d  f rom  

C H C l g / e t h a n o l  y i e l d e d  t r a n s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 l (136mg,  57%).  I . r .  

(V(C=C) 2110cm ^ ) and nmr ( s e e  T a b l e  3 , 3 )  p a r a m e t e r s  w e re  c o n s i s t e n t  

w i t h  l i t e r a t u r e  v a l u e s  f o r  t r a n s - [ P t ( C 5 CPh)2 (PMePh2 ) 2 l .

( b )  V ia  Hg(C=CPh ) 2  “ To a s o l u t i o n  o f  c i s - [ P t C l 2 (PMePh2 ) 2  ̂ (20mg, 3 0 y a o l )

was added  Hg(CECPh) 2  ( 2 5 .6 m g ,  6 4 y m o l ) .  A f t e r  30 m i n s .  t h e  s o l u t i o n

31
was f i l t e r e d  t o  remove [Hg(CECPh)Cl]  and P nmr s p e c t r o s c o p y  showed t h a t  

t r a n s - [ P t ( C E C P h ) 2 (PMePh2 ) 2  ̂ was t h e  main  p r o d u c t  w i t h  some ( 1 0 %) t r a n s -  

[ P t (C E C P h ) C l (P M e P h 2 ) 2 l .

( c )  V i a [ A u ( C = C P h ) (P P h ^ ) ] - When two e q u i v a l e n t s  o f  [ A u (C = C P h ) ( PP h ^ ) ]

were  ad d e d  t o  [ P t C l 2 (PMePh2 ) 2  ̂ an d  t h e  r e a c t i o n  m o n i t o r e d  b y  P nmr 

s p e c t r o s c o p y ,  t r a n s - [ P t (C E C P h ) C l ( P M eP h 2 ) 2 ] grew i n ,  f o l l o w e d  by a  s l o w  

grow th  o f  t r a n s - [ P t (C E C P h ) 2 (PMePh2 ) 2  ̂« On one o c c a s i o n  a  r a p i d  g ro w th  

o f  c i s - [ P t ( C E C P h ) 2 (PMePh2 ) 2 l was o b s e r v e d .  I f  t h e  r e a c t i o n  was p e r f o r m e d  

i n  t h e  p r e s e n c e  o f  S g, t h e  c i s - b i s ( e t h y n y l ) was fo rmed .  A l l  t h e s e  r e a c t i o n s  

were  p e r f o r m e d  i n  CDClg(  0 . 5 m l )  w i t h  20mg o f  c i s - [ P t C l 2 (PMePh2 ) 2 l and 34mg o f  

[A u( CE CPh) (P Phg)1 an d  a l l  r e a c t a n t s  and p r o d u c t s  w e re  s o l u b l e .



79

( d )  By method  ( a )  w i t h  l e s s  PhC=CH - When m e th o d (a )w a s  p e r f o r m e d  w i t h

300mg (*45raraol) o f  c i s - [ P t C l ^ C P M e P h ^ ) ^ ]  and HCECPh (4 6 .6 m g ,  0 .46 mmol)

i . e .  a 1 :1  mole  r a t i o ,  t h e n  a f t e r  r e f l u x  i n  E t 2 NH w i t h  a t r a c e  o f  Cul  

c a t a l y s t  t h e  p r o d u c t  was a 1 : 1  m i x t u r e  o f  s t a r t i n g  m a t e r i a l  and t r a n s - 

[ P t ( C = C P h ) 2 (PMePh2 ) 2 l r e m a i n e d  w i t h  a t r a c e  o f  t r a n s -[ P t (C E C P h ) C l (P M e P h 2 ) 2 ] »

T r a n s - b i s ( m e t h y I d i p h e n y l p h o s p h i n e ) b i s ( p r o p y n y l ) p l a t i n u m : -  ( a )  V ia  

[Pt (C=CMe)2 (C0 ) (PMePh2 ) ] ^ i s - [ P t ( C=CMe) 2 ( CO) ( PMePh2 )1 was p r e p a r e d  f rom

c i ^ - [ P t C l 2 ( CO)(PMePh2 ) 2 1> Hg(CECMe) 2  and Et^NCl  by t h e  l i t e r a t u r e  method^^^^ 

One e q u i v a l e n t  o f  PMePh2 was add ed  and t h e  s o l u t i o n  s t i r r e d  f o r  5 m i n s .

S o l v e n t  removed  t o  g i v e  t h e  c r u d e  p r o d u c t  ( 6 3 3 . 5mg, 78%). R e - c r y s t a l l i s a t i o n  

f rom  a c e t o n e  gave p u r e  t r a n s - [ P t ( C E C M e ) 2 (PMePh2 ) 1 (498mg,  57%) M .P t .

17 6-8^C ,  v(C=C) 2130 cm ^ . Nmr p a r a m e t e r s  as i n  T a b l e  3 . 2 .  Found C, 5 6 . 8 ;

H, 4 . 6 0 ;  P ,  9 .23%: r e q u i r e d  f o r  ^ ^ 2^ 3 5 ^ 2 ^^ ’ 5 7 . 0 6  ; H, 4 . 7 9  ; P ,  9.2%.

When t h e  r e a c t i o n  was f o l l o w e d  by nmr,  a d d i n g  t h e  p h o s p h i n e  i n  t h r e e  

s e p a r a t e  p o r t i o n s ,  c i s - [P t (C EC M e) 2 ( PMePh2 ^ 2  ̂was formed i n  good y i e l d

(maximum 32%) b u t  i t  i s o m e r i s e d  r a p i d l y  (vlQ m in s )  t o  t h e  t r a n s  fo rm .

( b )  V ia  [Hg(C=CMe)2 ] .  To a s o l u t i o n  o f  [ P t C l 2 (PMePh2 ) 2 l (20mg, 30ymol) 

i n  CDClg ( 0 . 5 m l )  was ad d e d  Hg(C=CMe) 2  (17mg, 62ym ol ) .  The s o l u t i o n  was 

a l l o w e d  t o  s t a n d  o v e r n i g h t  and f i l t e r e d ,  l e a v i n g  a s o l u t i o n  o f  t r a n s -  

[Pt (C=CMe)2 (PMePh2 ) 2 ] ( i d e n t i f i e d  by i t s  s p e c t r o s c o p i c  p a r a m e t e r s ) .

T r a n s - b i s ( d i m e t h y l p h e n y I p h o s p h i n e ) b i s ( p h e n y l e t h y n y 1 ) p l a t i n u m : -  ( a )  From

P t ( C=CPh) 2 ( c o d ) - To a CH2 C I 2 s o l u t i o n  o f  [ P t ( C a C P h ) 2 ( c o d ) ] (700mg,

I . 4mmo1) was ad d e d  PMe2 Ph ( 3 7 6 y l ,  2 . 6mmol ) ,  u n d e r  N2 a t  O^C. The s o l u t i o n  

was s t i r r e d  f o r  30 m i n s ,  f i l t e r e d  and s o l v e n t  removed.  2 s u c c e s s i v e  

r e c r y s t a l l i s a t i o n s  f rom C H c l ^ / p e t . e t h e r  (6 0 -80^C )  gave y e l l o w  c r y s t a l s  o f  

t r a n s - f P t ( C=CPh) 2 (PMe2 P h ) ^ 1 (46%).  I . r .  and n . m . r  p a r a m e t e r s  a g r e e d  w i t h

[ 5 7 ]l i t e r a t u r e  v a l u e s



( b ) From [ P t ( C s C P h ) 2 (C0 ) (PMe^ P h ) ] - To a s o l u t i o n  o f  c i s - f P t ( C = C P h ) 2 ~

(CO)(PMe2 P b ) ] ( p r e p a r e d  f rom [ P t C l 2 (C0 ) (PMe2P b ) ] ( I g ,  2 .3 m m o l ) ,  Hg(C=CPh ) 2  

and E t^NCl)  i n  CHCl^ (50ml)  u n d e r  N2 was added 3 30y l  (2 .3mmol)  o f  

PMe2 Pb .  A f t e r  f i v e  m i n u t e s  s t i r r i n g  t h e  o r a n g e  s o l u t i o n  was f i l t e r e d  

t o  remove a g r e y  p r e c i p i t a t e .  The s o l u t i o n  was c o n c e n t r a t e d  and l i g h t  

p e t r o l e u m  (6 0 - 8 0 ° C )  adde d  u n t i l  c r y s t a l l i s a t i o n  j u s t  b e g a n .  The f i r s t  

p r o d u c t  was w h i t e  c r y s t a l s  o f  t h e  m e rc u ry  b y - p r o d u c t ,  f o l l o w e d  by y e l l o w  

c r y s t a l s  o f  t r a n s - [ P t ( C = C P h ) 2 (PMe2 P h ) 2 l (856mg, 55%).

( c )  V ia  [Au(C=CPh)(PPh 2 ) ]  - To a CDCl ( 0 . 5 m l )  s o l u t i o n  o f  c i s - [ P t C l 2 - 

(PMe2 P h ) 2 l (20mg,  37ymo1) was add ed  [A u(CECP h) (PPh^ )] (41mg,  7 3 y m o l ) .

A r a p i d  d e p l e t i o n  o f  [A u(CE CP h)(P P h^)] to o k  p l a c e  and a m i x t u r e  o f  

c i s  and t r a n s - [ P t ( C = C P h ) 2 (PMe2 P h ) ]  and t r a n s - [ P t ( C = C P h ) C l ( P M e 2P h ) 2 l 

was fo rmed  ( s e e  T a b l e s  3 . 3  and 3 . 4  f o r  s p e c t r o s c o p i c  p a r a m e t e r s ) .  A f t e r  

4 days  s t a n d i n g  a t  room t e m p e r a t u r e  t h e  main  p r o d u c t  was t r a n s - [ P t ( C = C P h ) 2 ~

(PMe2 P h ) 2 l .

T r a n s - b i s ( d i m e t h y l p h e n y l ) b i s ( e t h y n y l ) p l a t i n u m : - To 252mg (0 .46m mol)

o f  [ P t C l 2 (PMe2 P h ) 2 ] i n  E t 2 NH (25ml)  was added lOmg o f  C u l .  ^2^2 

was b u b b l e d  t h r o u g h  t h e  s o l u t i o n  f o r  2 h r s  a t  0°C.  The s o l u t i o n  was 

f i l t e r e d  and s o l v e n t  removed l e a v i n g  c r u d e  t r a n s - [ P t ( C = C H ) 2 (PMe2 P h ) 2 l , 

whose  nmr and i r  p a r a m e t e r s  were  i d e n t i c a l  t o  l i t e r a t u r e  v a l u e s

T r a n s - c h l o r o b i s ( m e t h y l d i p h e n y l p h o s p h i n e ) ( p h e n y l e t h y n y 1 ) p l a t i n u m : -

( a )  c i s - T P t C l  (PNePh2 ) 2 l (5 03  mg, 7.6mmol) and [Hg(C=CPh)2 l (305mg,  

7 .6mmol)  were  s t i r r e d  t o g e t h e r  i n  CHCl^ (25ml)  f o r  1 h r .  The o r a n g e  

s o l u t i o n  was f i l t e r e d  t o  remove [Hg(C=CPh)C1] and s o l v e n t  removed  u n d e r  

r e d u c e d  p r e s s u r e .  The c r u d e  p r o d u c t  (561mg) was r e c r y s t a l l i s e d  f rom 

C H C lg /p e n ta n e  t o  g i v e  p u r e  p r o d u c t  as  w h i t e  c r y s t a l s  (352mg,  64%).



M .P t .  213-4^C Found : C , 5 5 ; 4 ; H  4 . 1 ;  P 8 . 3 :  r e q u i r e d  f o r  

^ 34^3 1^^ ^2 ^^ »  C , 5 5 . 8 ,  H . 4 . 3 ;  P ,  8.5%.  i r \ ) ( C = C )  2130 c m ' ^ . ,  U ( P t - C l )

315 era ^

( b )  I f  t h e  above p r e p a r a t i o n  was r e p e a t e d  w i t h  29mg (43y mol )  o f  c i s - 

[ P t C l 2 (PMePh2 ) 2 ] and 8.7mg ( 2 1 . 6 y m o l )  o f  Hg(C=CMe) 2  and a f t e r  m i x i n g  

i n  CDClg ( 0 . 5 m l ) ,  Et^NCl ( 3 .6 m g ,  2 1 .7 y m o l )  was ad d e d  t h e n  i m m e d i a t e l y  

a f t e r  f i l t r a t i o n  a l o n g  w i t h  ç i s f P t ( C = C P h ) 2 (PMePh2 ) 2 ] j t r a n s - [ P t ( C = C P h ) -  

Cl(PMePh2 ) 2 ] and t r a n s - [ P t ( C E C P h ) C l ( P M e P h g ) 2 ] a s m a l l  p a i r  o f  

d o u b l e t s  ( 6 3 . 6 ,  J p ^ p 2 3 2 5 ;  6 - 4 . 8 ,  Jp ^p3672  ; ^Jpp 18Hz) a s s i g n e d  t o  

c i s - r P t (C = C P h )C l (PM e Ph 2 ) 2 ^ • A f t e r  20 m i n u t e s  s t a n d i n g  a t  room 

t e m p e r a t u r e  o n l y  t r a n s - [ P t ( C E C P h ) C l ( P M e P h 2 ) 2 ] r e m a i n e d .

T r a n s  and c i s - c h l o r o b i s ( t r i p h e n y I p h o s p h i n e ) ( p h e n y l e t h y n y l ) p l a t i n u m : - 

I f  t h e  p r e c e d i n g  r e a c t i o n  was r e p e a t e d  w i t h  c i s - [ P t C l 2 ( P P h g ) 2 l (30mg,  

4 0 y m o l ) ,  Hg(C=CPh) (7 .4 m g ,  1 8 .4 y m o l )  and E t , NCI (3 .0 m g ,  1 3 .1 y m o l )  t h e n

31a f t e r  f i l t r a t i o n ,  P nmr s p e c t r o s c o p y  showed t h e  p r e s e n c e  o f  c i s - [ P t C l

4

( P P h g ) 2 ] ,  and two c o m p l e x e s ,  a p a i r  o f  d o u b l e t s  ( 6 1 8 . 6 ,  J p ^ p  1755 ; 

6 1 4 . 9 ,  Jp ^ p  4441 ;  ^Jpp 1 7 .3  Hz) a s s i g n e d  t o  [ P t ( C = C P h ) C l ( P P h g ) 2 l and

a s i n g l e t  ( 6 2 1 . 5 ,  Jp ^ p  2663)  w hich  s t e a d i l y  grew i n  and was a s s i g n e d  t o  

t r a n s - [ P t ( C  =CPh) C1 ( P P h ) 2  ̂ • The a s s i g n m e n t  was c o n f i r m e d  when t h e  

same s e t s  o f  s i g n a l s  were  s e e n  i n  t h e  HgCl2 c a t a l y s e d  i s o m é r i s a t i o n  o f

c i s - [ P t ( C 5 C P h ) 2 ( P P h g ) 2 l .

T r a n s - c h l o r o b i s ( m e t h y l d i p h e n y l p h o s p h i n e ) ( r n e t b y l e t h y n y l ) p l a t i n u m : -  To

[ P t C l 2 (PMePh2 ) 2 ] (20mg, 3 0 . 0 y m o l )  i n  CDCl^ ( 0 . 5 m l )  was added  Hg(C=CMe) 2  

( 7 . 3 m g ,  2 6 . 4 y m o l ) .  The m i x t u r e  was a l l o w e d  t o  s t a n d  o v e r n i g h t  and t h e n  

f i l t e r e d .  Nmr p a r a m e t e r s  ( s e e  T a b l e  3 . 4 )  were  c o n s i s t e n t  w i t h  t r a n s -

[Pt (C=CMe)Cl(PMePh2 ) 2 ] .



I s o m é r i s a t i o n  r e a c t i o n s : -  T h ese  were  a l l  p e r f o r m e d  on an nmr s c a l e

e x p e r i m e n t ,  t y p i c a l l y  w i t h  2 0 mg o f  t h e  c i s - b i s ( e t h y n y l ) o r  c i s - b i s ( a r y l )

complex  i n  t h e  minimum amount  o f  CDClg( 0 . 5 m l )  ( o r  o c c a s i o n a l l y  t h f  o r

t o l u e n e )  and t h e  a p p r o p r i a t e  amount o f  c a t a l y s t  ( u s u a l l y  0 . 1  mol

e q u i v a l e n t s )  added as  a s o l i d  o r  i n  s o l u t i o n .  The r e a c t i o n s  were  

31f o l l o w e d  by P nmr s p e c t r o s c o p y .  The main  r e s u l t s  a r e  g i v e n  i n  t h e  

t e x t  ( s e c t i o n  3 . 5 . 2 )

( a )  I s o m é r i s a t i o n  o f  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 3

( i )  E f f e c t  o f  h e a t  : A s o l u t i o n  o f  t h e  complex was h e a t e d  u n t i l  

b o i l i n g  f o r  5 m i n u t e s .  On c o o l i n g  t h e r e  was no change  i n  t h e  nmr 

s p e c t r u m .

( i i )  E f f e c t  o f  PMePh2 : On a d d i t i o n  o f  PMePh2 ( 0 . 0 8  mol e q u i v )  t o  a 

s o l u t i o n  o f  t h e  complex c a u s e d  no change i n  t h e  nmr s p e c t r u m  ev e n  on 

s t a n d i n g  f o r  24 h r s .  I n c r e a s i n g  t h e  amount o f  PMePh2 p r o d u c e d  s i g n a l s  

f o r  f r e e  and o x i d i s e d  p h o s p h i n e  b u t  no i s o m é r i s a t i o n .

( i i i )  E f f e c t  o f  [Bu^N]I : T h i s  c a t a l y s t  a l s o  h ad  no e f f e c t  on t h e  

com plex ev e n  a f t e r  24 h r s .

( i v )  E f f e c t  o f  HgCl2 : I f  i n  CDCl^ t h e n  i m m e d i a t e l y  a f t e r  a d d i t i o n  

s i g n a l s  f o r  c i s - [ P t ( C E C P h ) C l ( P M e P h 2 ) 2 ] were  e v i d e n t ,  f o l l o w e d  r a p i d l y  

by t r a n s - [ P t (C = C P h )C l ( PM e Ph 2 ) 2 ^ . A f t e r  10 mins t r a n s - [ P t ( C E C P h ) 2 ~ 

(PMePh2 ) 2 l was d e t e c t e d  and t h i s  p s e c i e s  grew i n  s t e a d i l y  u n t i l  a f t e r

3 hrs i t  was the main product  (90%) with 10% o f  the t r a n s -mono( ethyny1) 

remaining.

I n  t o l u e n e ,  t h e  r e a c t i o n  p r o c e e d e d  a t  a s i m i l a r  r a t e  and a g a i n  

t r a n s - [ P t ( C=CPh) C l ( PMePh2 ^2  ̂ was d e t e c t e d  b e f o r e  any t r a n s - [ P t ( C = C P h ) 

(PMePh2 ) 2 ]» No c i s - m o n o ( e t h y n y l ) was d e t e c t e d  i n  t h i s  c a s e .



I n  t h f  ( t e t r a h y d r o f u r a n )  t h e  r e a c t i o n  was s i m i l a r  e x c e p t  t h a t  t h e  

p r o d u c t  was formed as  a p r e c i p i t a t e  and t h e  r e a c t i o n  was f a s t e r  t h a n  i n  

e i t h e r  CDCl^ o r  t o l u e n e .

(v )  E f f e c t  o f  o t h e r  Hg s a l t s  ; HgBr2 and H g l 2 were  j u s t  a s  e f f e c t i v e  as 

HgCl2 i n  c a t a l y s i n g  t h e  i s o m é r i s a t i o n ,  a l t h o u g h  i n  n e i t h e r  c a s e  was 

any c i s - [Pt (C=CPh)X(PMePh 2 ) d e t e c t e d  [ E t ^ N ] 2 [Hg2 C l ^ ] was a l s o  j u s t  as  

r a p i d  i n  c a u s i n g  t h e  i s o m é r i s a t i o n ,  as  was [Hg(C=CPh)Cl] b u t  [HgPhCl] 

d i d  n o t  ca u se  any i s o m é r i s a t i o n  ev en  a f t e r  2 4 h r s .

( v i )  E f f e c t  o f  Cul : On a d d i t i o n  o f  Cul a s lo w  i s o m é r i s a t i o n  t o o k  p l a c e .  

A f t e r  48 h o u r s  o n l y  t r a n s - b i s - a n d  m o n o - e t h y n y l  com plexe s  r e m a i n e d .

D u r i n g  i s o m é r i s a t i o n  b r o a d  p e a k s  w e r e  o b s e r v e d  and t h e  t r a n s - b i s ( e t h y n y l )  

p ea k  r e m a i n e d  b r o a d e n e d  p r o b a b l y  due t o  a s s o c i a t i o n  o f  t h e  Cul  c a t a l y s t  

w i t h  t h e  p l a t i n u m  e t h y n y l .

( v i i )  E f f e c t  o f  o t h e r  Cu s a l t s  : CuCl f a i l e d  t o  c a t a l y s e  any i s o m é r i s a t i o n  

i n  a 24 h r  t im e  p e r i o d .  [C u C l (P P h g ) ]  d i d  c a t a l y s e  t h e  i s o m é r i s a t i o n  

v e r y  s l o w l y  w i t h  33% p r o d u c t  a f t e r  15 d a y s .

( v i i i )  E f f e c t  o f  Sn c h l o r i d e s  : S n C l 2 . 2H2 O was d r i e d  i n  v a c u o  f o r  2 h r s  

a t  lOO^C d u r i n g  w h ich  t i m e  t h e  s am ple  o f  1 . 5090g  l o s t  267 mg (w ou ld  e x p e c t  

t o  l o s e  240 mg i f  f o r m u l a  i s  c o r r e c t ) .  The d r i e d  S n C l 2 c a u s e d  s lo w  

i s o m é r i s a t i o n  w i t h  t h e  r e a c t i o n  b e i n g  50% c o m p le t e  a f t e r  15 d a y s .  SnCl^  

a l s o  r e a c t e d  w i t h  t h e  complex b u t  a d d i t i o n  o f  0 . 3  e q u i v .  p r o d u c e d  o n l y  

t r a n s - m o n o - ( e t h y n y l ) and  c i s - [ P t C l 2 (PMePh2 ) 2 1 a l t h o u g h  a f t e r  44 h r s  t h e  

main  p r o d u c t  was s t i l l  c i s - [ P t ( C = C P h ) 2 (PMePh2 ) 2 l «

( i x )  E f f e c t  o f  P t  e t h y n y l s  : A d d i t i o n  o f  t r a n s - [ P t (C = C P h )C l (P M e P h 2 ) 2 l

t o  p u r e  c i s - b i s ( e t h y n y l ) p r o d u c e d  no r e a c t i o n  a f t e r  24 h r s .  T h i s  r u l e s  

o u t  t h e  i s o m é r i s a t i o n  p r o c e e d i n g  t h r o u g h  a s e r i e s  o f  P t  e t h y n y l / c h l o r i d e  

e x c h a n g e s .



(x)  E f f e c t  o f  [AuClCPPh^)] : there  was no r e a c t i o n  between the complex  

and [A u C l (P P h g ) ]  even a f t e r  24 hrs s tan d in g .

(b)  I s o m é r i s a t io n  o f  c i s - [P t (C =C Ph) 2 (PPh^) 2 ^

( a )  E f f e c t  o f  HgCl^ : A d d i t i o n  o f  0 . 2  e q u i v .  o f  HgCl2 t o  a s am p le  o f  t h e  

com plex  i n  CDCl^ b r o u g h t  a b o u t  i n i t i a l  b r o a d e n i n g  o f  t h e  b i s ( e t h y n y l )  

s i g n a l .  A f t e r  30 mins  s i g n a l s  f o r  b o t h  c i s  and t r a n s  i s o m e r s  o f  b o t h  

b i s - a n d  m o n o - ( e t h y n y l s ) c o u l d  be  d e t e c t e d .  A f t e r  24 h r s  o n l y  75% o f  

t h e  s t a r t i n g  m a t e r i a l  h e a d  r e a c t e d .  When r e p e a t e d  w i t h  one  e q u i v .  o f  

HgCl^ t h e  s i g n a l  f o r  c i s - [ P t ( C s C P h ) C l ( P P h 2 ) 2  ̂ was v e r y  s t r o n g  (70%) b u t  

on s t a n d i n g  f o r  24 h r s  t h e  main  p r o d u c t  was c i s - [ P t C l 2 ( P P h 2 ) 2 ] due t o  

d e c o m p o s i t i o n .

(b )  E f f e c t  o f  HgBr2 : On a d d i t i o n  o f  0 . 1  e q u i v .  HgBr2 ( a d d e d  i n  EtOH s o l u t i o n )  

a complex  s p e c t r u m  r e s u l t e d  c o n t a i n i n g  no s i g n a l  f o r  s t a r t i n g  m a t e r i a l

but s i g n a l s  for c i s  and t r a n s -[Pt(CHCPh)Br(PPh 2 ) 2 ^, t r a n s - [ P t ( C=CPh)

(P P h 2, ) 2 ] and two u n i d e n t i f i e d  s i g n a l s  a t  6 1 3 . 7 ,  J  3531 and 6 2 1 . 6  J  2656 

a s s i g n e d  by a n a l o g y  t o  t h e  above r e a c t i o n  t o  c i s  and t r a n s - [ P t B r 2 ( P P h g ) 2 ] 

r e s p e c t i v e l y .

( c )  E f f e c t  o f  H g l 2 : 30 mins  a f t e r  a d d i t i o n  o f  H g l 2 s i g n a l s  f o r  t r a n s - b i s  

and m o n o - e t h y n y l s  w e re  d e t e c t a b l e  b u t  t h e r e  was no e v i d e n c e  f o r  any o f  t h e  

d i h a l i d e s  b e i n g  p r e s e n t .

( c )  Reactions  o f  c i s - [ P t ( p - t o i ) 2 (PPh2 ) 2  ̂ with HgClg

When 0 . 1  e q u i v  o f  HgCl^ was added  t o  [ P t ( p - t o l ) 2 ( P P h g ) 2 ] ,  t h e r e  was 

im m e d ia t e  p r o d u c t i o n  o f  c i s - m o n o ( a r y l ) complex  f o l l o w e d  by t h e  t r a n s  

i s o m e r .  The r e a c t i o n  was v e r y  s l o w ,  w i t h  o n l y  3% o f  t h e  s t a r t i n g  complex  

b e i n g  p r e s e n t  a f t e r  2 h r s .  I n c r e a s i n g  t h e  amount  o f  HgCl2 t o  0 . 5  e q u i v .  

a f t e r  7 d a y s ,  t h e  main  p r o d u c t  was t r a n s - [ P t ( p - t o l ) C 1 ( P P h ^ ) 2 3 » A d d i t i o n



o f  1 e q u i v a le n t  o f  [H gC p-to l ïg l  and h e a t i n g  to  50°C for 2 hrs  converted  

the mixture to t r a n s - [PtCp-tol ïClCPPhg)^] but no t r a n s - b i s ( a r y l )  could  

be d e t e c t e d .
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C h a p t e r  4 -  THE SYNTHESES AND REACTIONS OF AMINE, ANŒNOCÂRDENE AND IMINE 
COMPLEXES OF P t ( l l )

4-1 -  I n t r o d u c t i o n

P l a t i n u i n  c a r b e n e  c o m p l e x e s ,  i n  some ways ,  show a  s i m i l a r  h i s t o r y  t o

t h e  p l a t i n u m  o l e f i n  c o m p l e x e s  m e n t i o n e d  i n  C h a p t e r  1.  K [P tC l^ (C ^ H ^ ) ]

r e p r e s e n t s  t h e  f i r s t  m e t a l  o l e f i n  com plex (and t h e  f i r s t  o r g a n o m e t a l l i c

c o m plex )  t o  be  p r e p a r e d ^ ^ ^  a l t h o u g h  i t  t o o k  a  l o n g  t i m e  f o r  i t s  t r u e

( 2 )
s t r u c t u r e  t o  be  u n d e r s t o o d ^  . I n  a  s i m i l a r  v e i n ,  t h e  f i r s t  p r e p a r a t i o n  

o f  a  p l a t i n u m  c a r b e n e  ( i n d e e d  o f  an y  m e t a l - c a r b e n e  c o m p lex )  was r e p o r t e d  

by Chugaev an d  S k a n a w y - G r i g o r  jowa i n  1915 who t r e a t e d  [p t  (CNMe)^]

w i t h  h y d r a z i n e .  A g a i n  i t  t o o k  a  l o n g  p e r i o d  o f  t i m e  ( u n t i l  1970)  b e f o r e  

t h i s  com plex  was r e c o g n i s e d  a s  a  c y c l i c  p l a r i n u m  c a r b e n e ,  ^^ w i t h  t h e

X - r a y  c r y s t a l  s t r u c t u r e  f i n a l l y  b e i n g  d e t e r m i n e d  f o r  b o t h  C h u g a e v ' s  s a l t

(115a)

(114)

and i t s  Pd a n a l o g u e ( e q n .  4 - 1 ) .  H y d ro x y la m in e  an d  m e t h y l h y d r a z i n e

, N -  N
Me

H
NLZC

MeNC

W

■Pf

C — N.

CNMe

Me

'H

+H+ (4 -1 )

r e a c t  i n  a n  a n a l o g o u s  m an n e r  t o  fo rm  c a r b e n e s  w i t h  t h e  l i g a n d  f r am ew o rk  

MeHN-C=N-0-C-NHMe a n d  MeHN-C-N(Me) -N=C-NHMe r e s p e c t i v e l y ^ ”*  ̂ .

I n  t h e  p e r i o d  b e t w e e n  t h e  i n i t i a l  p r e p a r a t i o n  o f  C h u g aev ’ s  s a l t  an d  i t s  

c h a r a c t e r i s a t i o n  t h e  f i e l d  o f  m e t a l  c a r b e n e  c h e m i s t r y  h ad  grown e n o r m o u s l y  

a s  c a n  be  s e e n  f r o m  s e v e r a l  r e v i e w  a r t i c l e s  d a t i n g  f r om  t h i s  p e r i o d .

T h i s  g r o w t h  was s t i m u l a t e d  by t h e  f i r s t  p l a n n e d  s y n t h e s i s  o f  a  m e t a l  c a r b e n e  

by F i s c h e r  and M a a s b o l  i n  1 9 6 4 / ^ ^ ^ ^ ( e q n . 4 - 2 ) .  The f i r s t  r e p o r t  o f  a  

c h a r a c t e r i s e d  P t  c a r b e n e  came f r o m  C h a t t  and  R i c h a r d s  i n  19 6 9 ^”*"*^  ̂ who

W(CO).+LiR  5,. |w(C0) ( C ( R ) O L i } ] f e ^  |w(CO) {c(R)CMej] (4 -2 )
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found  t h a t  t h e  t r e a tm e n t  of c o - o r d i n a t e d  i s o c y ^ r . id e s  w i th  a l c o h o l  would 

g iv e  a d d i t i o n  a c r o s s  t h e  C=N band, g iv in g  a  c a rb e n e  p ro d u c t  (eqn , 4 -5 )»  

Many o t h e r  m ethods have  been  used  t o  make p l a t i n u m ( l l )  c a r b e n e s ,  and i n  

a  few c a s e s  P t ( l V )  c a r b e n e s ,  a l th o u g h  as  y e t  no P t ( 0 )  c a rb e n e s  have been

C is - [ p tC I ^ m N P h ) ( P E t  ) ]  + EtOH -------^  c i s -  [ p t C l ( NEPh) OEtj (PEt^ ]

(4 -5 )

i s o l a t e d ,  A b r i e f  s u rv e y  of t h e s e  methods i s  g iv e n  i n  t h e  n e x t  s e c t i o n ,  

4 - 2 .  -  S y n t h e t i c  r o u t e s  t o  F t ( l ^ )  c a r b e n e s .

( a ) .  C y n th e s i s  from o rg -n o p l^ tin u m  p r e c u r s o r s .

i )  A l c o h o l s a m i n e s ^ ^ ^  and t h i o l s ^ ”* can  a l l  a t t a c k  co

o r d i n a t e d  i s o c y = r id e  complexes t o  produce c a rb e n e s  i n  a  manner 

a n a lo g o u s  t o  eqn . ( 4 - 5 ) .  T h is  method has  been  employed t o  p r e p a r e  

t h e  im u su a l  p e rc a r b e n e  complex, [P t[c (K H K e)g j , ]  (eq n .  4- 4 ) d U a ) _ _

[pt(Cm e)^]^+ + 4M!gKe -------- > [pt^C(Nm!e)gj^]^+ (4 .4 )

( i i )  N u c l e o p h i l i c  a t t a c k  on c o - o r d in a t e d  a c e t y l e n e s  h a s  p roven  v e ry  

s u c c e s s f u l .  S t a r t i n g  from e l e c t r o n e u t r a l  monomeric com plexes ,
and

c a t i o n i c  c a rb e n e  complexes were o b t a i n e d ^ ^ ( e q n .  4 - 5 ) .  A n d e r s o n /  

C ross  . ,  m o d if ie d  th e  p ro ced u re  by s t a r t i n g  w i th  h a l i d e  b r id g e d  

com plexes  which p roduced  n e u t r a l  c a rb en e  co m p lex es^ ”* (eqn , 4 - 6 ) .

t r a n s -[P tC l(M e)(E E^ )g]+  /weOH_________ ^

trans-fptMe^C(ate )CHE„]J>R (4-5)

The mechanism f o r  b o th  r e a c t i o n s  i s  th o u g h t  t o  p ro ce e d  v i a  a  r e 

a r ra n g e m e n t  o f  a  c o - o r d i n a t e d  a c e t y l e n e  t o  a  v i n y l i d e n e  s p e c i e s

i [ P t g C l ^ ( H ^ ) g } .  RC=CH+R^OH — »  c i s - r P t C i y c ( O H ' ' ) ( C H y ) ? ( P R  ) ]

(4 -6 )

w hich t h e n  u n d e rg o e s  n u c l e o p h i l i c  a t t a c k  (e q n .  4 - 7 ) .  A f u r t h e r

( 5 7 )v a r i a t i o n  was i n t r o d u c e d  by Chisholm and B e l l '  '  who found t h a t
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[pt^X^Ljl+HCSCPh >[PtXgl(|!|_^-HCëCPh)] )^XgL(=C=CEE)]

r ''0H ( 4 -7 )

V

[P tX 2 (c (0 R h (C H g a) jL ]

t h e  r e a c t i o n  would p roceed  s t a r t i n g  from  a  c o - o r d i n a t e d  a c e t y l i d e  

w hich c o u ld  be p r o to n a t e d  and th e n  und e rg o  n u c l e o p h i l i c  a t t a c k  

(e q n .  4 -8 )  t o  g iv e  c a t i o n i c  a lk o x y c a rb e n e s .

t ra n s - [P tC l(C 5 C R )l ,g ]+  HPPg+H^OH — > t ra n s - [P tC l^ C (O R )C H  r ] l  ] [P F g ]

( 4- 8)

( i i i )  I f  a  complex a l r e a d y  c o n ta in s  a  ca rbon  t o  h e te ro a to m  double  bond

( 1 2 2 )t h e n  p r o t o n a t i o n  o f  th e  l ig a n d  can p roduce  c a rb e n e  complexes 

( e q n .  4 - 9 ) .

t r a n s - r P tx f C ( H R ) ( M P h ) y P E t , ) „ ]  t r a n s -  rPtxfc(HHR) ( M H P h ^ P E t , ) , h

( 4 - 9 )

b) S y n t h e s i s  . from m e ta l  c a rb e n e s

T h is  h e a d in g  co v e rs  a  range  of s y n t h e t i c  p r o c e d u re s  i n c l u d i n g  i )  

m o d i f i c a t i o n  of th e  m e t a l - l i g a n d  framework by l i g a n d  exchange, i i )  

m o d i f i c a t i o n  o f  th e  c a rb en e  l ig a n d  and i i i )  t r a n s f e r  o f  th e  c a rb e n e  

l i g a n d  from  one m e ta l  c e n t r e  t o  a n o t h e r .  A l l  t h e s e  pathways have  

t h e  common p r o p e r t y  of s t a r t i n g  from one m e ta l  c a rb e n e  complex t o  

p roduce  new o n es .  Some examples a r e  g iv e n  below .

( i )  N e u t r a l  a lk o x y (o rg a n o )  c a rb e n e s  have been  c o n v e r te d  i n t o  c a t i o n i c  

com plexes  by l ig a n d  exchange r e a c t i o n s ,  a s  lo n g  a s  th e  c h lo r i d e  

i o n  which w i l l  r e a c t  w i th  t h e  p ro d u c t  i s  r a p i d l y  removed as  i t s  

s i l v e r  s a l t  ( eq n .  4 - 1 0 ) I n t o  t h i s  c a te g o r y  a l s o  come th e

c i s - [ P t C l  (c(OMe)CH^P.hj(PMegPh)]+ PMe^Ph + Aĝ  ----------------^

t r a n s -  j^PtCl{c(CMe)CHg P h j^ e ^ .P h )^ ]  + AgCl (4 -1 0 )
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t h e  o x i d a t i v e  a d d i t i o n  r e a c t i o n s  a t  th e  m e ta l  c e n t r e  which have 

been  u se d  t o  p re p a re  P t ( lV )  ca rb e n e  com plexes  (eq n .

c i s -  [ p t C l 2 {c(NHMe.)2^] ( P E t j ) ]  C l ^ — >  [p tC l 4 [C(NMMe)2,'^(PEt3')] ( 4 -  1 l )

( i i )  Amine a t t a c k  a t  th e  carbene  can cause  d i s p la c e m e n t  of an a lkoxy  

g r o u p a l t h o u g h  th e  r e a c t i o n  (eq n .  4 -1 2 )  was found to  be 

dependen t  on th e  s i z e  and c o n c e n t r a t i o n  o f  t h e  am ine , as  w e ll  a s  

t h e  .n a tu re  of  th e  t r a n s  l ig a n d ,  (With b u lk y  am ines and X=C1, 

a c y l  fo rm a t io n  was fav o u re d  (eqn . 4 - 1 2 ) .  With c y c l i c  c a rb en es

th e  a t t a c k  by amines le d  to  r i n g  op en in g ,  w i th  non c y c l i c  c a rb e n e s

X=Me,C1

pro d u ce d ^ ”* (eqn . 4- 13 ) .

t r a n s - [ P tx Ç c ( ( M e ) M e j ( P M e P h ) r  + NHR
i

t r a n s - r P tX ^ C (m _ )M e ^ (P M e_ P h )  r

X=C1

t r a n s - [PtX ( COMe)(PMe Ph) 1 + 

[R_NHMe]+ ( 4 - 1 2 )

t r a n s -  fPtX ÇcofcH ^(Hie_Ph ) _ 1 + NHR1  2 ^ '  2 " 2 ' 2

( 4 - 1 3 )
t r a n r -  [ p t X ( c ( NR^) ( CH^) ^ O H j ^ e ^ P h )

( i i i )  No p la t in u m  c a rb e n e  complexes have been made v i a  t r a n s f e r e n c e  o f  a  

c a rb e n e  l ig a n d  from a n o th e r  m eta l  c e n t r e  a l t h o u ^  t h i s  method has  

been u sed  f o r  o t h e r  m e ta ls  such as  i ro n ^ ^ ^ ^ ^  and gold^^^^^  t o  

p r e p a r e  c a rb e n e  complexes n o t  a c c e s s i b l e  by o th e r  r o u t e s  (eq n s .

4 -1 4 ,  4 - 1 5 ) .  I n  view of  th e  known r e a c t i o n s  of go ld  e th y n y ls  

w i th  p la t in u m  h a l i d e s  ( s e e  c h a p te r  1) go ld  c a rb e n e s  may a c t  as

[MoCp(CO)[c(OMe)Phj(NO)] + Fe(CO)^ ----- --------------------->

[MoCp(CO) (NO)] + [Fe(CO),{C(OMe)Phj j  (X -1d)
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[w(GO)^ÎC(OMe)Phj]+ HAuCl^ >[AuCl[C(CMe)Phj]+ WClg(CO) ( 4 - 1 5 )

s u i t a b l e  p r e c u r s o r s  f o r  P t  c a r b e n e  c o m p le x e s  a l t h o u g h  t h e i r  

s y n t h e t i c  u s e f u l n e s s  may be low a s  t h e r e  a r e  many s i m p l e r  r o u t e s  

t o  P t  c a r b e n e s .

c )  S y n t h e s e s  f r o m  c a r b e n e  p r e c u r s o r s

T h i s  g r o u p  i n c l u d e s  o r g a n i c  p r e c u r s o r s  w h ich  by  e l i m i n a t i o n  o f  p a r t  

o f  t h e  m o l e c u l e  wo uld  l e a d  t o  c a r b e n e  l i g a n d s  w h ic h  a r e  s t a b i l i s e d  

by c o m p l e x a t i o n  t o  t h e  m e t a l .  ( N o t e ,  h o w e v e r ,  t h a t  t h e  mecha n ism 

d o e s  n o t  r e q u i r e  t h e  f o r m a t i o n  o f  t h e  c a r b e n e  p r i o r  t o  c o m p l e x a t i o n ) .  

E l e c t r o n  r i c h  o l e f i n s  have bee n  u s e d  t o  p r e p a r e  c a r b e n e  c o m p lex e s  

o f  many t r a n s i t i o n  m e t a l  c o m p l e x e s ,  i n c l u d i n g  P t  u s i n g  b i s
(128)  ( 1 2 9 )

( c y c l i c d i a m i n e ) c i e f i n s  o r  b i s ( c y c l i c a m i n e ( t h i o ) ) o l e f i n s

( e q n s .  4 - 1 6 , 4 - 1 7 ) .  A n o t h e r  s u c c e s s f u l  p r e c u r s o r  h a s  b e e n  an

Me Me

çis-[ptCl2(PPh3)2] + r ' ^ V / ' ^ n ------> cis-lPt{C(NMe)CH2CH2NMe}2-
I— I , n

I I C l ( P P h o ) J c i
Me Me (4_16)
P h

ds-[ptCl2(PPh3)2]+  > çis-[Pt[C(NPh)CH2CH2S}2 -

C l 2 ( P P h 3 ) ] G I
(4-17)

i m i d a z o l i l i n e  w h ic h  e l i m i n a t e s  c h i o r o f o r m  t o  p r o d u c e  a  c a r b e n e  

( e q n .  4 - 1 8 ) ( ^ ^ ^ ) .

Ph

I ( 4 - 1 8 )
-N,

CCI

Ph

[ } t  Cl (PR ) l f  r  ^ [P tC ljc (N P h ) GH CH NPh)(PR ) ]
^ ^ CCL  ̂ ^ ^ ^ ^
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4 -3  -  S tr u c tu r e  and bonding o f platinum  carbenes

One i m p o r t a n t  f a c t  c a n  be o b s e r v e d  f r o m  t h e  p r e c e d i n g  s e c t i o n

e l l  p l a t i n u m  c a r b e n e  c o m p lex e s  so  f a r  p r e p a r e d  h a v e  e i t h e r  one o r  two

h e t e r o a t o m s  (O, N o r  S )  d i r e c t l y  bond ed  t o  t h e  c a r b e n e  c a r b o n  an d  t h i s

s i t u a t i o n  p e r s i s t s  i n  t h e  v a s t  m a j o r i t y  o f  a l l  t r a n s i t i o n  m e t a l  c a r b e n e

2
c o m p l e x e s .  F u r t h e r m o r e ,  i n  a n  s p  h y b r i d i s e d  c a r b e n e  c a r b o n ,  a n  empty 

p - o r b i t a l  w i l l  be v a c a n t  f o r  i t - b o n d i n g  e i t h e r  w i t h  t h e  m e t a l  o r  t o  t h e  

h e t e r o a t o m .  R e s o n a n c e  s t r u c t u r e  4 - 1 ,  4 - 1 1  an d  4 - I H  a d d  t o  t h e

s t a b i l i t y  o f  m e t a l  c a r b e n e s  (shown f o r  t h e  c a s e  o f  one h e t e r o a t o m  B ) .

4 - 1  r e p r e s e n t s  ( ^ - d o n a t i o n  o f  t h e  o a r b e n e  " l o n e  p a i r "  t o  t h e  m e t a l

M ----- %  < > M C <-> Æ

4—1 4—11 4—111

c e n t r e ,  4 - 1 1  shows f o r m a t i o n  of  a  c o v a l e n t  f t - b o n d  o f  t h e  t y p e  f o u n d

i n  o r g a n i c  c a r b o n y l s  an d  i m i n e s  and 4 -1 11  i s  m e t a l  t o  l i g a n d  b a c k -  

b o n d i n g ,  a n a l o g o u s  t o  t h a t  f o u n d  i n  CO an d  C^H^ c o m p l e x e s .  T h i s

m u l t i p l e  b o n d i n g  f o r c e s  t h e  M-C(b )C u n i t  i n t o  a  p l a n a r  c o n f i g u r a t i o n .

The c r y s t a l  s t r u c t u r e s  f o r  many P t ( l l )  c a r b e n e s  h a v e  b een  

d e t e r m i n e d ^ ”* \  T y p i c a l l y  t h e  P t - C  bond i s  2 . 0 - 2 a I .  I t  h a s  b ee n  

c a l c u l a t e d  t h a t  t h e  sum o f  t h e  c o v a l e n t  r a d i i  o f  P t ( l l )  ( I . 3 I&) an d  a n  

s p ^  h y b r i d i s e d  c a r b o n  ( 0 . 7 3 ^ )  i s  2 . 0 4 ^ ^ ”* The s i m i l a r i t y  o f

o b s e r v e d  v a l u e s  w i t h  t h i s ,  c a l c u l a t e d  f o r  a  p u r e l y  <3 '^P t - C  bond,  

i n d i c a t e s  t h a t  t h e r e  i s  l i t t l e  Tt -b ack  b o n d i n g  f ro m  t h e  m e t a l  t o  t h e  

l i g a n d .  T h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  P t - C  bond l e n g t h  when 

t h e  t r a n s  l i g a n d  i s  c h a n g e d  due t o  d i f f e r i n g  t r a n s  i n f l u e n c e s .  So ,  

s h o r t e r  P t - C  bonds  a r e  f o u n d  when Cl i s  t r a n s  t o  t h e  c a r b e n e  l i g a n d
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c o m p ar ed  w i t h  Me o r  R^P t r a n s  t o  c a r b e n e .  The P t - C  bond l e n g t h  s h o u l d  

be co m p a r e d  t o  t h o s e  f o u n d  i n  P t  c a r b o n y l s  ( P t - C  ^ 1 . 7 5 ^ )  an d  P t  

i s o c y a n i d e s  ( P t - C  V-I .9A ) ,  b o t h  of  w h ich  a r e  c o n s i d e r a b l y  s h o r t e r  t h a n  

t h e  sum o f  c o v a l e n t  r a d i i  o f  P t ( l l )  a n d  C ( s p r )  ( 2 . 0 1 Â )  i n d i c a t i n g  a  h i g h  

d e g r e e  o f  i t-back b o n d i n g  an d  m u l t i p l e  bond c h a r a c t e r  i n  t h e  P t - C  bond

f o r  t h e s e  two l i g a n d s .  Nmr s p e c t r o s c o p y  show t h a t  t h e r e  i s  h i n d e r e d

d e r a n

(134)

r o t a t i o n  a b o u t  t h e  P t - C  bond  b u t  t h i s  i s  due  t o  s t e r i c  h i n d e r a n c e

r a t h e r  t h a n  a n y  d o u b l e  bond c h a r a c t e r  i n  t h e  m e t a l - c a r b e n e  bond 

I n  t h e  s o l i d  s t a t e  t h e  p l a n e  o f  t h e  c a r b e n e  l i g a n d  i s  n e a r l y  p e r p e n d i c u l a r  

t o  t h e  p l a n e  of, t h e  p l a t i n u m - l i g a n d  f r am e w o rk  a n d  u n f a v o u r a b l e  s t e r i c  

i n t e r a c t i o n s  p r e v e n t  r o t a t i o n  of  t h e  c a r b e n e  t h r o u g h  t h e  p l a n e  o f  t h e  

p l a t i n u m  l i g a n d s .  ( i n  C h u g a e v ' s  s a l t ^ ^ ^ ^ ^  an d  [" P t( d p p e)^C (N H to l) = N H ("^  

G^H^(Me-£)]j ]  ̂ w he re  t h e  c a r b e n e  i s  p a r t  o f  a  c h e l a t i n g  l i g a n d ,  t h e  

c a r b e n e  a n d  p l a t i n u m  u n i t s  a r e  c c - p l a n a r ) .

A n a l y s i s  o f  t h e  a v a i l a b l e  c r y s t a l  s t r u c t u r e  d a t a ^ ”*^^^ a l s o  shows 

how i m p o r t a n t  r e s o n a n c e  fo r m  4 - H  i s  i n  s t a b i l i s i n g  t h e  e l e c t r o n  

d e f i c i e n t  c a r b e n e .  F o r  l i g a n d s  c o n t a i n i n g  t h e  u n i t  P t - C(N)X  

(X = 0 ,  N o r  S )  C-N bond l e n g t h s  a r e  t y p i c a l l y  1 . 3 1 - 1 . 3 5 ^ »  c o n s i d e r a b l y  

s h o r t e r  t h a n  a  C-N s i n g l e  bond (b y  t h e  sum o f  c o v a l e n t  r a d i i  = I . 51 I )  

a l t h o u g h  l o n g e r  t h a n  t h e  C=N bond i n  a  f r e e  i m i n e  ( e . g .  P-1=CHCHC=NR,

C=N = 1 , 2 6 a ' ^ . C a rb e n e  c a r b o n  t o  Oxygen bond s  a r e  s i m i l a r l y

s h o r t e n e d  ( 1 . 2 - 1 . 3 ^ )  compared w i t h  C-0 s i n g l e  b o n d s  ( I . 3 1 X ) .  T h i s  

h i g h  d e g r e e  o f  d o u b l e  bond c h a r a c t e r  m a n i f e s t s  i t s e l f  i n  h i n d e r e d  

r o t a t i o n  a b o u t  t h e  C-N o r  C-0 b o nd .  Nmr s t u d i e s  i n  [pt|C(NHMe)g^^2^'^^^  ̂^  ̂

a n d  [ ] P t L ^ { c ( N H P h ) g ] J ^ ^ ^ ^ ^  showed t h a t  t h e  c a r b e n e  a d o p t e d  t h e  amphi  

c o n f i g u r a t i o n  ( 4 - I V )  w i t h  some t r a n s . t r a n s  (Y-V) a l s o  p r e s e n t  b u t  no 

c i s . c i s  ( 4 - V I )  d e t e c t a b l e .  The t e t r a c a r b e n e  d i c a t i o n  showed no s i g n  

o f  r o t a t i o n  o r  i s o m é r i s a t i o n  a b o u t  t h e  C-N bond ev en  a t  90°C^”* ^ ^ \  

i n d i c a t i n g  a  c o n s i d e r a b l e  d e g r e e  o f  d o u b l e  b i u d  c h a r a c t e r  i n  t h i s  b o nd .
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H R H
I  !  I

,N-R N-H N-Ry
Pt-C^ i P t-C . ' Pt-C  '

\
N-H N-H N-R

I I  I
R R H

4-IV  4-V 4-VI

The im p o r ta n c e  o f  th e  h e te ro a to m  i n  s t a b i l i s i n g  t h e  c a rb e n e  

com plexes  can  be c l e a r l y  s e e n  when compared w i th  c a rb e n e s  w i th o u t  a  

s t a b i l i s i n g  h e te r o a to m .  These a r e  o f t e n  c a l l e d  S ch ro ck  ty p e  c a rb e n e s  

a f t e r  R .R , S c h ro c k  who f i r s t  p r e p a re d  a  t a n ta lu m  c a rb e n e  i n  1974^^^*^^

(e q n ,  4 - 1 9 ) .  I n  t h e s e  complexes r e s o n a n c e  form  4 - H  can n o t  c o n t r i b u t e

[TaCljCCH jCM e ) j ]  + 2LiCHgCK:e^ ^[TaC CH jC M e ) {CCCKe ) hJ ]  +

2LiCl+CMe. (4 -1 9 )

t o  t h e  b o n d in g  scheme and t h e r e  i s  good e v id e n c e  t h a t  m e ta l  t o  l i g a n d  back 

b o n d in g  i s  i m p o r t a n t .  T h is  i s  r e f l e c t e d  i n  s h o r t e r  m e ta l - c a r b o n  bonds 

be tw een  m e ta l  and  c a rb e n e  th a n  m e ta l  and  a l k y l ,  a s  shown i n  4-711^^^^^ 

and and  p r o to n  nmr shows h in d e r e d  r o t a t i o n  o f  t h e  m eth y le n e

2 ,0 26k  2 .07A

CH

CH

CHPh

2,50A

4 - V I I  4 - V I I I

group in  4 -V II which i s  u n l ik e ly  to  be due to  s t e r i c  h inderance in  t h i s  

c a s e . These com plexes are h ig h ly  s e n s i t i v e  t o  oxygen and w ater and 

decompose a t  low er tem peratures than com plexes c o n ta in in g  heteroatom  

s t a b i l i s e d  c a r b e n e s . So 4-V II decomposes a t  room tem perature w h ils t
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S c h r o c k ' s  o r i g i n a l  com plex decomposes  a t  71°C,  w h e r e a s  f o r  c o m p a r i s o n  

t h e  n e u t r a l  a m i n o ( o r g a n o ) - c a r b e n e  p l a t i n u m ( l l )  c o m p le x e s  a r e  s t a b l e  

e v e n  a t  o v e r  200°C ( s e e  T a b l e  4 - 5 ) .

4 - 4  -  C h e m ic a l  p r o p e r t i e s  o f  P t ( l l )  c a r b e n e s

Compared w i t h  t h e  c a r b e n e  com plexes  o f  ch romium,  molybdenum an d  

t u r g s t o n ,  p l a t i n u m ( l l )  c a r b e n e  com plexes  a r e  v e r y  much l e s s  r e a c t i v e .  

H ow ever ,  c e r t a i n  i n t e r e s t i n g  r e a c t i o n s  c a n  o c c u r .  Some o f  t h e s e  h a v e  

a l r e a d y  b e e n  d e a l t  w i t h  i n  s e c t i o n  4 - 2  w he re  t h e  c o n v e r s i o n  o f  P t ( l l )  

c a r b e n e  c o m p l e x e s  t o  new P t ( l l )  o r  P t ( l V )  c o m p le x e s  was d i s c u s s e d  ( e q n s .  

4 - 1 0 ,  4 - 1 1 ,  4 - 1 2 ,  4 - 1 5 ) .  D e p r o t o n a t i o n  o f  t h e  n i t r o g e n  h e t e r o a t o m  i n  

c a r b o n  l i g a n d s  h a s  a l s o  b ee n  m e n t i o n e d  ( e q n .  4 - 9 ) .  D e - p r o t o n a t i o n  c a n  

a l s o  o c c u r  a t  t h e  c a r b o n  a tom d i r e c t l y  a t t a c h e d  t o  t h e  c a r b e n e  c a r b o n  

( i . e .  t h e  c C - c a r b o n ) ( e q n .  4 - 2 0 ,  X=C1,CF^, L=PMe,,Ph,A8Me^, R=H,Me, 

ps  = p r o t o n  s p o n g e  1 , 8 - b i s ( d j r n e t h y l â r n i n o ) n a p t h a l e n e ) . The d e p r o t o n a t i o n  

o f  c a r b e n e  c o m p l e x e s  w i l l  be  r e t u r n e d  t o  l a t e r  i n  t h e  c h a p t e r  ( s e e

t r a n s - [ P t x j C  ( (Me ) CH^R^ L^1 + p s — ^  t r a n s -[PtX^C((Me)=CHR ih^l  + psH

( 4 - 2 0 )

s e c t i o n  4 - 6 . 4 ) .  P l a t i n u m  c a r b e n e  co m p le x e s  c a n  a l s o  r e a c t  w i t h  p h o s p h i n e  

an d  h a l i d e s ,  b u t  a g a i n  t h i s  w i l l  be  d i s c u s s e d  more f u l l y  l a t e r .

I t  h a s  b e e n  m e n t i o n e d  ab ove t h a t  b o t h  n e u t r a l  and  c a t i o n i c  p l a t i n u m  

a l k o x y  ( o r  gano  ) c a r b e n e  com plexes  -  t h a t  i s  c o m p l e x e s  c o n t a i n i n g  t h e  u n i t  

P t-C(OR)R^ -  h a v e  b e e n  p r e p a r e d  and  i n v e s t i g a t e d ^ ^  a nd

a l s o  t h a t  c a t i o n i c  a m i n o ( o r g a n o ) c a r b e n e  c o m p lex e s  o f  p l a t i n u m  h a v e  

s i m i l a r l y  b e e n  t h e  s u b j e c t  o f  i n v e s t i g a t i o n ^ " ' T h e r e  hav e  b e e n  

p r e v i o u s l y  o n l y  two r e p o r t s  of  n e u t r a l  a m i n o ( o r g a n o ) c a r b e n e  p l a t i n u m  

c o m p l e x e s ,  one  p r e p a r e d  by r e - a r r a n g e m e n t  o f  a  p l a t i n a c y c l e ^ " ' ^ ^ ^  (eq: 

4 - 2 1 ) ,  t h e  o t h e r  by t h e  c y c l i s a t i o n  o f  a n  a c t i v a t e d  i s o c y a n i d e  t y p e
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typ e  com plex ( 141) (eq n , 4 - 2 2 ) ,  In  t h i s  ch a p ter  th e  s y n th e s is  o f n e u tr a l

Pt(PPh^)j + 2(MegN=lHg)Cl— >[PtCl{;N(Me)gCEgN(Meg)CHgj(PPh^)]++Cl + 2PPh^

I  ( 4 -2 1 )

c i 8 - [ P tC lg iü (m e g )H j (PPh^ )] + Me N

f j^Me2 P h  

- H

P M e 2 P h

R C l2 (P M e 2 P h ) ( 4 -2 2 )

N = C P t C l 2 ( P M e 2 P h )

a m i n o ( o r g a n o ) c a r b e n e  p l a t i n u m  co m plexe s  i s  d i s c u s s e d  and t h e i r  low 

c h e m i c a l  r e a c t i v i t y  d e s c r i b e d .  A s e r i e s  o f  am ine c o m p l e x e s ,  t r a n s -  

[ P t C l 2 (NR^) ( P M e ^ P h ) ] , p r e p a r e d  a s  i n t e r m e d i a t e s  i n  t h e  c a r b e n e  s y n t h e s i s  

i s  a l s o  d e s c r i b e d .

4 - 5  -  P l a t i n u m  i m i n e  com plexe s

O r g a n i c  compounds  of  t h e  t y p e  RgC=NR, t h a t  i s ,  compounds  c o n t a i n i n g  

t h e  i m i n e  f u n c t i o n a l  g r o u p ,  c o n t a i n  a  l o n e  p a i r  o f  e l e c t r o n s  on t h e  

n i t r o g e n  a to m ,  i n  e x a c t l y  t h e  same f a s h i o n  a s  a m i n e s  R^N, I t  wou ld  be  

e x p e c t e d  t h e n  t h a t  t h i s  t y p e  o f  compound would  l i g a t e  p l a t i n u m  (a n d  o t h e r  

m e t a l  c e n t r e s )  i n  a  manner  a n a l o g o u s  t o  a m i n e s .  T h i s  i s  b o r n e  o u t  i n  

p r a c t i c e ,  f o r  example  t h e  a c t i o n  o f  am ines^" '^ ^^  o o ^ i m i n e s ^ ^ ^ ^ ^  on h a l i d e  

b r i d g e d  p l a t i n u m  d i m e r s  i s  v e r y  s i m i l a r ,  y i e l d i n g  ( f - N  bo nded  co m p le x e s  

( e q n s .  4 - 2 5 , 4 - 2 4 ) .  T h i s  r e p r e s e n t s  t h e  u s u a l  method  o f  p r e p a r i n g  i m i n e

[ P t 2 Cl^(PEt ) g ]  + 2EtgNH ------- >  t r a n s -  [ P t  G1 ̂  ( NHEt ̂  ) ( PEt J  ] (4 -2 5 )

[ P t 2 C l^ (A s M e ^ ) 2 ] + 2PhNCHPh t r a n s -  [ P t C l ^ f h ( p h ) C B P h l ( A s K e J ]  ( 4 - 2 4 )

c o m p l e x e s ,  w i t h  p r i o r  s y n t h e s i s  o f  t h e  i m i n e  f o l l o w e d  by n u c l e o p h i l i c  

a t t a c k  b y  t h e  i m i n e  a t  P t .  I m i n e s  h a v e  a l s o  b e e n  made by a l c o h o l  

a d d i t i o n  a c r o s s  a  n i t r i d e  t r i p l e  bond ( 1 4 4 ) ( g q n .  4 - 2 5 ) .  H e re  t h e r e  i s
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EtŒÎ
t r a n s - [p tC l (M e )L ^ J  + N^C.C^F ,C N  >  t r a n s -  |PtMeL^{N(H)=G(OBt ) . C^F . Cn} 1

(4 .2 5 )
an obv ious  s i m i l a r i t y  t o  a l c o h o l  a d d i t i o n  a c r o s s  i s o n i t r i L e s  t o  g iv e  

c a rb e n e s  (eqn* 4 - 5 ) .  C o n f i rm a t io n  o f  a  «f-N b o n d in g  l i g a n d  was p ro v id e d  

by th e  c r y s t a l  s t r u c t u r e  d e te r m in a t io n  o f  t r a n s -fp tC l^{N (M e)C H (to l-p ) '^  

(A sE t^ )]^ ^^ ^ ^  which showed t h e  l ig a n d  t o  a d o p t  t h e  c o n f i r m a t io n  shown i n  

4 - IX  w i th  t h e  p r o to n  a t t a c h e d  t o  t h e  im ine  d o u b le  bond (which s h a l l  be

4 - l X

H

.C — H
E t o A s —  P t — N

Me

r e f e r r e d  t o  a s  t h e  im in e  p r o to n ,  i n  4 -IX ) t r a n s  t o  P t  and a  c l o s e ,  non

bond ing  a p p ro a c h  (2*4&) betw een an  o r th o  p r o to n  i n  t h e  t o l y l  g roup  and 

t h e  m e ta l  a tom . T h is  c lo s e  a p p ro a c h  betw een th e  m e ta l  c e n t r e  and th e  

o r th o  p r o to n  i s  th o u g h t  t o  be im p o r ta n t  i n  o r th o  m e t a l l a t i o n  r e a c t i o n s  

o f  t h e  ty p e  found  betw een  Pd and  im ine  l ig a n d s  (eq n .  4 - 2 6 ) ( ^ ^ ° ^ .

R

PdCl2 + R N —C H Ph 2

H - C

HOI ( 4 - 2 6 )

S i m i l a r  o r th o  m e t a l l a t i o n s  a r e  found  i n  t h e  r e a c t i o n s  of im ines  w i th  I r  

and azobenzene  w i th  Pd^^

(1 4 7 )

A l a r g e  amount o f  r e s e a r c h  h a s  been  pe rfo rm ed  by van  Koten and co

w orkers  on th e  c o n ju g a te d  d i - im in e  sys tem  (RI'J=C(r ) - C (R)=ï :B), where t h e  l i g a n d  

may be e i t h e r  c h e l a t i n g ,  b r i d g i n g  two m e ta l  c e n t r e s  o r  m o n o -d e n ta te ^^ ^ ^ * ^ ^ ^ ^ .  

I n  a d d i t i o n  t h e  i T - e l e c t r o n s  can  be used  t o  form -fj^-bonds t o  m e t a l s .



91.

a l th o u g h  no exam ples o f  t h i s  a r e  known f o r  p la t in u m .  I t  h a s  been found  

t h a t  f o r  m o n -d e n ta te  o r  b r id g i n g  d i - i m i n e s  t h e r e  i s  a  c lo s e  a p p ro ach  

be tw een  th e  p -h y d ro g e n  and th e  m e ta l  c e n t r e ( e . g .  i n  t r a n s -

tC 1^ ( PBu^) ^^{Bu-N=CH. CH-NBu^j] ( 4 -X ) |P t - E ^ |= 2 . 6A. T h is  a l s o  f o r c e s

th e  im ine  p r o to n  i n t o  a  c o n f i g u r a t i o n  t r a n s  t o  th e  P t  c e n t r e .

Cl

Pt

0 1

C = N

X

4 - X
' P B U g

There  a p p e a r s  t o  b e ,  on pap e r  a t  l e a s t ,  a  c lo s e  s i m i l a r i t y  t o  t h e

im in es  and th e  a m in o c a rb e n e s .  D e - p r o to n a t io n  of t h e  im ine  p r o to n  o r

th e  N-H p r o to n  of t h e  c a rb e n e  co u ld  l e a d  t o  a  v e ry  s i m i l a r  s e t  of

com plexes ( f i g .  4 -1)>  as  w e l l  as  p r o d u c ts  which c o u ld  p o s s i b l y  undergo

r e v e r s i b l e  i s o c y a n id e  h e i n s e r t  ion .  The a t t a c k  o f  HgPh^ on c o - o r d i n a t e d

p h e n y l i s o c y a n id e  l e d  t o  t h e  f o rm a t io n  of an  am in o carb en e^^ ^ ^ ^ ,  t h e

r e v e r s e  of t h e  r e a c t i o n  shown i n  f i g .  4 -1 •  The a t t e m p te d  d e p r o to n a t io n s

o f  b o th  ty p e s  o f  complex a r e  d i s c u s s e d  i n  t h i s  c h a p t e r .

1

L ^P t-C

R 

N-R
I

H

-H+

R

L ,P t - N .

’  V . '

,R

L^Pt-C

y|

[LgPt(CNR)R]

< -

NR

-L

-H

L Pt-N,

C-R
3

f i g .  4-1



9 2 .

4-6  -  R e s u l t s  and D is c u s s io n  

4 -6 .1  -  P la t in u m  amine complexes

A nderson and Cross^^^^  succeeded  i n  i s o l a t i n g  a lk o x y ( organo)  

c a rb e n e  com plexes by a d d in g  excess  a l c o h o l ,  and p h e n y la c e ty l e n e  t o  

c h lo ro fo rm  s o l u t i o n s  of [P t^ X ^ D ^ ]  (X = C l ,  B r , I ;  L = PMegPh,PEt^) 

and s t i r r i n g  th e  m ix tu re  f o r  8 hou rs  a t  room t e m p e r a t u r e .  IVhen th e  

same p ro ce d u re  was fo l lo w e d  u s in g  a n i l i n e  i n s t e a d  of e t h a n o l ,  and 

i n c r e a s i n g  th e  r e a c t i o n  tim e to  24 h o u r s ,  rem oval of s o l v e n t  from th e  

r e a c t i o n  v e s s e l  l e f t  a  brown o i l  which s m e l t  s t r o n g l y  o f  a n i l i n e ,  due 

t o  t h e  e x c e s s  of t h a t  r e a g e n t  p r e s e n t .  The c ru d e  p ro d u c t  was r e 

c r y s t a l l i s e d  from  C H ^ C lg /l ig h t  p e tro leu m  t o  a f f o r d  y e l lo w  c r y s t a l s .  

M ic r o a n a ly s i s  showed t h a t  th e  p ro d u c t  was most l i k e l y  QptCl^(NH^Ph)- 

(PMe^h)]] ( s e e  T a b le  4 - 1 j .  T h is  was c o n f i rm e d  by nmr s p e c t r o s c o p y  

which c o n ta in e d  s i g n a l s  f o r  th e  a ro m a t ic  p ro to n s  and th e  phosph ine  

m ethy l group ( i n t e n s i t y  9 :6 )  as  w e l l  as a  b road  s i g n a l  a t  8512 

( i n t e n s i t y  2) a s s i g n e d  to  t h e  p ro to n s  d i r e c t l y  a t t a c h e d  t o  n i t r o g e n .

Many complexes o f  t h e  ty p e  t r a n s -  []ptX^(NR^) (PR^)~] have  been  p r e p a re d  

p re v io u s ly ^ ^ ^ ^ * ^ ^ ^ )  by t r e a t i n g  h a l i d e  b r id g e d  d im ers  w i th  an amine 

(eqn . 4 - 2 7 ) .  The e q u i l ib r iu m  l i e s  t o  th e  r i g h t  when X = Cl o r  3 r ,  

a l th o u g h  t o  t h e  l e f t  f o r  X = I  . The p ro d u c t  geom etry  i s  i n v a r i a b l y

[ p t^ X ^ lP R ^ ) ^ ]  + 2am ^  - 2 t r a n s - [P tX ^ ( a m ) (P R .) ]  (4 -2 ? )

t r a n s  and t h i s  was a l s o  found t o  be th e  c a se  f o r  t h e  new a n i l i n e  com plex, 

whose i r  sp ec tru m  c o n ta in e d  on ly  one ( P t - C l )  s t r e t c h  (328cm ^ ) ,  w hereas  

a  c i s  complex would be e x p e c te d  t o  show two such  s t r e t c h i n g  modes, due t o

31b o th  a  sym m etric  and an  asym m etric  b e n d in g  mode. The P nmr sp e c tru m  

c o n ta in e d  no s i g n a l s  f o r  t h e  s t a r t i n g  d im er  i n d i c a t i n g  t h a t  

e q u i l i b r i u m  ( 4 - 2 7 ) l i e s  w e l l  t o  th e  r i g h t  i n  t h i s  c a s e .  The



T a b le  4-1 P h y s i c a l  d a t a  f o r  t r a n s - jP tC l^ (am ) (PMe^Ph)^

am M .P t (°C) %C

m  Bu^ 137-1 )8 30 . 4 ) ( ) 0 . 2 0 ) 4 . 7 5 (4 . 6 5 ) 2 . 9 2 ( 2 . 9 3 )

' NH Me 1 2 5 - 1 )1 (d ec ) 2 4 .8 1 (2 4 .8 4 ) 3 .4 6 ( 3 .7 1 ) 3 . 2 2 ( 3 . 22 )

; NHEtg 90-91 30 . 10 ( 3 0 . 19 ) 4 . 6 9 (4 . 6 5 ) 2 .9 3 ( 2 .9 3 )

NHgPh 182-184 ) ) . 8 4 ( 3 3 .8 2 ) 3 .3 8 ( 3 .6 5 ) 2 .7 8 ( 2 .8 2 )

NH.G.H ,CMe-m
2 6 4 —

162-164 34 . 0 0 ( 3 4 . 17 ) 3 .9 2 ( 3 .8 2 ) 2 .3 4 ( 2 .6 6 )

;
183-185 31 . 10 ( 3 1 . 0 1 ) 3 . 2 1 ( 3 . 16 ) 4 .9 3 ( 4 .1 7 )

]
NRPh 125-126 4 1 . 57 (4 1 . 90 ) 3 .72 (3 .% 7) 2 . 1 3 ( 2 . 4 4 )

T h e o r e t i c a l  v a l u e s  shown i n  p a r e n t h e s i s .



u
ID
aCO

§

X
2 0  0 m 0 0

CM 0 0 0 VO

•H ^
fN  fN <N fN

m n  m M n

0 ih in 0 in 0 in 0
ro 0 0 (N 0 OV

rsi fN
ro m m

u

4J
CU CO 00 0

r\l

Q0  rsl
4 - X4-J 2

X X  X C O  ^CT in z
—  (N CO u • '  M k Cl0 ^  Ci n 0 0  JD X> JO

• X)(D • 0 m 0
n  m CN n  •

X -p z m
IN  U D rn ID (D

X CO m Z X Z X X
CO CO Co CO

+J
CU
X
n o\ 0 0 vO

CO (N m ro n

cu
-r- 3: fNj OM ONx ; 1-3

■X in CO 00 <o rvi 0(U O' r~- vO 00
Z

CO .-H

cu vO vO OV
VO 0

Cu VO vO
ro m ro

X3 >—1
CU

0 0 00
m IN

CU rs i m

CO fN m IN IN
1 1 CN

1
fN

1
CN
1

IN
1

IN
1

(0 m VO Ov m r~i 0 CJV
0 00 vO VO (N 0

."31 •
* 0 0 0 •vr T f 0Q

El cu
(D
Z 0E 0 Z
X X

3 QJ x: vD VO IN
ro CO Z cu U U JZ

-P u CU
U X X X X X X X
z z z z 2 2 2 2

UQC
U

P

00
<T>

vO
00
OV

N
X
c

T3
ID

cn
JC p
■P c

lO
VO p

in
c

in 0
u u
in cn
>1 c
X •H
cu P

a
TD 3
c 0
to u

>,
10

■P u
tn

E
E ID
ID X

X u
U

E
0 a

a
j«;
0 c
0 k

X
T3 cn
C p
10 p
X •H

X
E cn
0
k
ip

10
in ■ u
ID
3 E

CD
10 X
> u

10 X



93.

m a g n i tu d e  o f  t h e  p'*"o:ï.phorus p l a t i n u m  c o u p l i n g  c o n s t a n t  i s  d e p e n d e n t  upon  

t h e  l i g a n d  t r a n s  t o  t h e  p h o s p h in e  i n  t h e  co m p lex  an d  s o  i s  n o r m a l l y  v e r y  

u s e f u l  i n  a s s i g n i n g  t h e  g e o m e try  o f  t h e  c o m p le x .  I n  t h i s  c a s e  t h e  

s i m i l a r  low  t r a n s  i n f l u e n c e  o f  am ine an d  c h l o r i d e ^ " ' m a d e  t h e  

a s s i g n m e n t  by  t h i s  p a r a m e t e r  i m p o s s i b l e  ( e . g .  t r a n s - [p tC l_ (M H ^ P h )

( iM e^ P h)^ , (P t r a n s  t o  N ), [ ]p tC l^ (Bie^Ph)]"^ (P  t r a n s  t o  C l ) ,  and c i s -  

[ p t C l g ( m e g P h ) ^ ]  (P t r a n s  t o  C l)  have ' ' j  3673, 3745 and 3546 Hz

r e s p e c t i v e l y ) .  I t  s h o u ld  be n o te d  t h a t  even th o u g h  a l a r g e  e x c es s  o f  

amine was u s e d ,  no b i s ( a m in e )  complex was i s o l a t e d ,  so  e q u i l ib r iu m  (4 -2 8 )  

must l i e  w e l l  t o  t h e  l e f t  ( o r  be v e ry  s low  i n  f o rm in g ) ,  a l s o  e x c e s s  amine 

d id  n o t  c a t a l y s e  a  t r a n s  t o  c i s  i s o m é r i s a t i o n  of  t h e  monoamine p r o d u c t .

t r a n s - [p tC l^ (H H ^ P h )(P M e „P h )]+  m ^ P h  [ p t C l  ( m ^ P h )  ^ (PMe^Ph)]"^ + C l"

(4- 28)

I n  a  s i m i l a r  e x p e r im e n t  w i t h  [ ] p t2 C l^ (P M e ^ P h )2 3  e x c e s s  

p h e n y l a c e t y l e n e  w i t h  j u s t  one e q u i v a l e n t  o f  p a r a - n i t r o a n i l i n e  a g a i n  no 

c a r b e n e  co m p lex  was fo rm ed  a f t e r  b e i n g  a l l o w e d  t o  r e a c t  f o r  24 h o u r s  an d  

y e l l o w  c r y s t a l s  w ere  i s o l a t e d  a f t e r  s o l v e n t  r e d u c t i o n  and  a d d i t i o n  o f  

l i g h t  p e t r o l e u m .  P h y s i c a l  and  s p e c t r o s c o p i c  d a t a  (T a b le s  4 - 1 ,  4 -2 )  

showed t h a t  t h e  am ine  co m p lex ,  t r a n s - [P tC l^ (K H ^ .G ^ H ^ .N O ^ -p ) ( M e ^ P h ) j ] ,  was 

t h e  o n l y  p r o d u c t .

T r a n s - Q p tC l^ (HH_C^H^ŒIe-m) (PMe^Ph)]] was s i m i l a r l y  p r e p a r e d  a s  y e l l o w  

c r y s t a l s  by  s i m p l e  b r i d g e  c l e a v a g e  and  t h e  same t e c h n i q u e  was u s e d  t o
t h a t

p r e p a r e  t h e  o t h e r  amine complexes l i s t e d  i n  T a b le  4 - 1 ,  a l th o u g h  th e  p ro b le m s /  

were e n c o u n te re d  i n  t h e  s y n t h e s i s  of-som e o f  t h e  complexes are d e s c r ib e d  

i n  more d e t a i l  be low .

A d d i t i o n  o f  d i e t h y l a m i n e  t o  a  CHCl^ s o l u t i o n  o f  [^ P tg C l^ ( lM eg P h )^  ^  

c a u s e d  a n  im m e d ia te  c o l o u r  change  i n  s o l u t i o n  f ro m  o ra n g e  t o  y e l l o w  ( a  

s i m i l a r  f a s t  c o l o u r  ch an g e  was o b s e r v e d  i n  a l l  am ine  b r i d g e - c l e a v a g e
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r e a c t i o n s , )  However, a f t e r  s o l v e n t  rem oval and r e - c r y s t a l l i s a t i o n  o f  

t h e  c ru d e  p ro d u c t  from CH^Cl^/MeCE, c o l o u r l e s s  c r y s t a l s  of c i s -  

[p tC l^ (P M e g P h )g 2  were i s o l a t e d  (co n f i rm ed  by com parison  of  i t s  i r  and 

nmr s p e c t r a  w i th  a u t h e n t i c  s a m p le s ) » The p r o to n  nmr o f  th e  r e m a in in g  

d i s s o l v e d  m a t e r i a l  was c o m p l ic a te d ,  p r o b a b ly  due t o  t h e r e  b e in g  a 

m ix tu re  of p r o d u c t s  p r e s e n t .  The c ru d e  p ro d u c t  was r e - d i s s o l v e d  i n  

benzene  and a l l  t h e  r e m a in in g  c i s - [ p t C l ^ ( P M e ^ P h ) w a s  removed by 

f i l t r a t i o n .  The benzene s o l u t i o n  was ch rom atographed  th ro u g h  a  s i l i c a  

g e l  column w hich caused  e l u t i o n  of a  y e l lo w  s o l u t i o n  w h i l s t  a  d a rk  

brown m a t e r i a l  bound i r r e v e r s i b l y  t o  t h e  g e l  a t  t h e  to p  of t h e  colum n.

The s o l u b l e  f r a c t i o n  was d r i e d  and r e - c r y s t a l l i s e d  from e t h e r / p e n t a n e  

t o  p roduce  y e l lo w  c r y s t a l s  of t r a n s - [p tC l_ (M iB t_ ) (PMe^Ph)"| (T ab le  4 - 1 ) .

I r  and nmr s p e c t r o s c o p y  con firm ed  t h i s  a s s ig n m e n t  (T ab le  4 -2 )  a l t h o u g h  

th e  p r o to n  nmr was c o m p l ic a te d  w i th  t h e  e t h y l  g roups  a p p e a r in g  t o  be 

i n e q u i v a l e n t .  I t  seems l i k e l y  t h a t  t h e  brown m a t e r i a l  was 

r P t C l ( H H E t ) l  which decomposed i n  t h e  ch rom atography  column.

A CDCl^ s o l u t i o n  of t r a n s - [p tC l_ (N H E t_ ) (H 4 e_ P h )]  rem ained  unchanged  

o v e r  24 h o u r s ,  so  th e  c i s ( p h o s p h in e ) s p e c i e s  c anno t  have been p roduced  

by th e  d i s p r o p o r t i o n a t i o n  r e a c t i o n  (e q n ,  4 - 2 9 ) .

2 t r a n s - f p t C l ■ (MHEt, I ( EMe„Phll : --------- c ls - fp tC l„ (P M e „ P h )„ l^ . rP tC l„ (N H „ E t)^ l

(4 -2 9 )

The mechanism must in v o lv e  t h e  b r e a k in g  o f  P t - P  bonds. T h is  c o u ld  

be ca u se d  by  poor m ix ing  of t h e  amine r e s u l t i n g  i n  sm a l l  volumes o f  t h e  

r e a c t i o n  v e s s e l  c o n ta i n in g  h i g h e r  c o n c e n t r a t i o n s  o f  d i e th y la m in e .  T h is  

c o u ld  c a u se  e i t h e r  t h e  amine re p la c e m e n t  o f  a  phosphine  (eqn . 4 -3 0 )  

t h e  f o r m a t io n  of  a  b i s ( a m in e )p h o s p h in e  complex which th e n  u n de rgoes  

p h o sph ine  e l i m i n a t i o n  (eqn . 4 - 3 1 ) .  The f r e e  phosphine  c o u ld  t h e n  r e a c t  

w i th  e i t h e r  t h e  amine phosph ine  complex (e q n .  4 -3 2 )  or u n r e a c te d  d im e r .
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( e q n .4 -3 5 )  t o  p roduce  th e  b i s ( p h o s p h in e )  com plex . The o p e r a t i o n  o f  

(4 -3 1 )  seems more l i k e l y  th a n  ( 4- 3 0 ) a s  such  b i s ( a m in e )p h o s p h in e

t r a n s - f p t C l ^ (M E t „ ) ( P M e ^ P h + m E t ^ ^ = ^  [ p t C l g ( m E t g ) ^ ] +  (PMe^Ph)

1/

( 4 - 3 0 )

[ P tC l ( m g E t ) ^ ( P M e g P h ) y  + c r  [ P t C l g ( m E t ^ ) ^ ] f  PMe^Ph ( 4-31  )

t r a n s - | p t C l _ ( m E t ^ ) (PM e^Ph)l + PM e^Ph  >  c i s - r P t C l ^ ( P M e ^ P h ) ^ 1  (4 -3 2 )

& [ p t g C l ^ ( m e ^ P h ) g ] +  m e^ P h  ------------------>  c is - [p tC l^ (P M e ^ P h )^ 1  ( 4 -3 3 )

com plexes  of p la t in u m  have been i s o l a t e d  ( s e e  below) w h i l s t  (4- 30 ) 

i n v o lv e s  r e p la c e m e n t  o f  a  phosph ine  t r a n s  t o  a  group o f  low t r a n s - e f f e c t .

S i m i l a r  prob lem s were e n c o u n te re d  i n  t h e  p r e p a r a t i o n  o f  t r a n s  

[P tC lg(l@ gB u^) (PMegPh)^. A gain  c i s -|]PtClJPM e_Ph)_ ]  was i s o l a t e d  i n  

s i g n i f i c a n t  ( ^ 3 0 Çû) q u a n t i t i e s .  P u re  p ro d u c t  was o b ta in e d  by p a s s i n g  

a  benzene  s o l u t i o n  of th e  c ru d e  p ro d u c t  th ro u g h  a ch rom atography  column 

c o n t a i n i n g  s i l i c a  g e l ,  which a g a in  e l u t e d  a y e l lo w  s o l u t i o n  w i th  a  d a rk  

brown m a t e r i a l  r e m a in in g  i n  th e  column. The y e l lo w  s o l u t i o n  was d r i e d  

and  r e - c r y s t a l l i s e d  from GH^Gl^/MeOE. No f u r t h e r  r e a c t i o n  to o k  p l a c e  

on r e - c r y s t a l l i s a t i o n  i n d i c a t i n g  t h a t  i t  was n o t  t h e  o r i g i n a l  a d d i t i o n  

o f  m e th a n o l  t o  t h e  c ru d e  p ro d u c t  which p roduced  c i s - [ ]p tC l^ ( l^ îe ^P h )^ ^ .  

P h y s i c a l  and s p e c t r o s c o p i c  d a t a  f o r  t h e  complex a r e  p r e s e n te d  on T a b le s  

4—1 and 4—2*

I n i t i a l  a t t e m p t s  t o  p re p a re  t r a n s - jptCl^(NH^Me)(PMe^Ph)~| were a l s o  

u n s u c c e s s f u l ,  although for a d i f f e r e n t  r e a s o n .  When m ethylam ine  gas  

was passed through a c h lo ro fo rm  s o l u t i o n  o f  [p t^C l^(PM e2P h ) g ] t h e r e  was 

the usual orange to y e llo w  r a p i d  c o lo u r  change i n d i c a t i n g  th e  f o r m a t io n  

o f  trans- [ptCI^(NH^Me) (M e^Ph)"]. A f t e r  10 m in u tes  th e  gas  f lo w  was 

halted and the flask s to p p e r e d  w i th  th e  s o l u t i o n  b e in g  s t i r r e d .  A f t e r
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30 m in u te s  t h e  y e l lo w  c o lo u r  had gone , l e a v i n g  a  c o l o u r l e s s  s o l u t i o n .

On s t i r r i n g  f o r  a  f u r t h e r  24 h o u r s ,  a  w h i te  p r e c i p i t a t e  formed which 

was removed by f i l t r a t i o n .  The compound was s o l u b l e  i n  CD^OD and th e  

p r o to n  nmr showed s i g n a l s  f o r  th e  p h o sp h in e  m e th y ls  ( 6 1 » 9 7 p p m , 39» 

1H.Z, i n t e n s i t y = 6 )  and th e  amine m ethy l  group  ( 6  2.35ppm,Jgp^43Hz 

i n t e n s i t y  = 9 )  im p ly in g  th e  e m p i r i c a l  fo rm u la  [p t(N H 2Me)^(PMe2P h )^ C l2 * 

T h e re  was o n ly  one s i g n a l  f o r  MeN i n  t h e  p r o to n  nmr sp ec tru m  a l th o u g h  

i t  was s l i g h t l y  b ro ad e n e d ,  e i t h e r  due t o  chance  o v e r l a p  o f  th e  two ty p e s  

o f  amine m ethy l  g ro u p s ,  o r  e l s e  due t o  r a p i d  amine exchange (eq n .  4 - 3 4 ,

L = FMegPh,N = NH^Me).

N
I *

L -  P t  -  N
I
N

2+
N
I

L -  P t  -  Cl 
I

N

*
+ N

N
I

L -  P t  -  Cl

4

N
f

L -  P t  -  N

N

2+

( 4 - 3 4 )

The l a t t e r  pathw ays seem most l i k e l y  a s  t h e  s o l u t i o n  ten d e d  t o  l o s e  

NH^Ne. R e f lu x in g  i n  MeŒ f o r  30 m in u te s  l e d  t o  t h e  fo rm a t io n  o f  a  new 

s p e c i e s ,  b o th  m ethano l  and c h lo ro fo rm  s o l u b l e  whose p h y s i c a l  and 

s p e c t r o s c o p i c  p a ra m e te rs  f i t t e d  th e  f o r m u l a t i o n  t r a n s -  [p t  Cl (NH .̂I-'e) ^ 

(PMe^Ph)]]ci. The geom etry  was a s s i g n e d  from th e  i r  and p r o to n  nmr
f  ormer

-1s p e c t r a  o f  t h i s  c o m p le x .  e / c o n t a i n e d  one P t - C l  s t r e t c h  (283cm ) an d

many N-H s t r e t c h e s  (>3000cm ^ ) .  The P t - C l  s t r e t c h  i s  t y p i c a l  of a  Cl 

t r a n s  t o  a  p h o s p h i n e ,  c i s  co m p lex es  w i t h  Cl t r a n s  t o  a n  am ine w ould  be  

e x p e c t e d  t o  h a v e  ^ ( P t - C l )  ^ 3 40cm "* ', i . e .  t h e  same r e g i o n  a s  Cl t r a n s  t o  

C l .  I n  t h e  p r o t o n  nmr s p e c t r u m  i n  CD O P/C D C l/1 :1 ) t h e  m e t h y l n i t r o g e n

g r o u p s  were e q u i v a l e n t  (SheN 2 .3 5 ,  J p ^  12 , = OHz). The

e q u i v a l e n c e  o f  t h e  two g ro u p s  and  t h e  l a c k  o f  c o u p l i n g  t o  p h o s p h o ro u s  

i n  t r a n s - [p tC l^ (N H ^ M e) (PMe^Ph)]] 4 ^ei^ptP "  4Hz) i n d i c a t e  t h a t  t h e
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m e th y la m in e  l i g a n d s  a r e  t r a n s  t o  e a c h  o t h e r  a n d  c i s  t o  t h e  p h o s p h i n e .

The co m p lex  g e o m e tr y  w ould  be  e x p e c t e d  t o  be  t r a n s  a s  t h e  am ine  t r a n s  

t o  t h e  p h o s p h in e  ( t h e  l i g a n d  o f  h i g h e s t  t r a n s  e f f e c t )  i s  t h e  l i g a n d  

m o s t  l i k e l y  t o  be  r e p l a c e d .  R e f l u x i n g  t h e  b i s ( a m in e ) p h o s p h in e  co m p lex  

i n  e t h a n o l  f o r  6 h o u r s  d i d  n o t  l e a d  t o  f u r t h e r  l o s s  o f  m e th y la m in e ,  

so  t h e  monoamine com plex  c o u ld  n o t  be s y n t h e s i s e d  v i a  t h i s  r o u t e .

I n / s e p a r a t e  r e a c t i o n  [p t^ C l^ (R M e ^ P h )^ ]  r e a c t e d  w i th  MeNH^ g a s  t o  p ro d u c e  

o n l y  t h e  b i s ( a m i n e )  com plex  "a  t h e  t r a n s  c o n f i g u r a t i o n .  S i n c e  i t  seem s 

l i k e l y  t h a t  t r a n s -[ptCl^(NH ^M e)(PM e^Ph)~[ w ou ld  r e a c t  w i t h  m e th y la m in e  

t o  p ro d u c e  c i s - [ p t C l ( N K ^ e ) ^ ( l M e ^ P h ) ^  i n i t i a l l y ,  i s o m é r i s a t i o n  t o  t h e  

t r a n s  fo rm  m u st  h a v e  t a k e n  p l a c e  p r i o r  t o  i s o l a t i o n  o f  t h e  am in e  c o m p le x ,  

p r o b a b l y  v i a  t h e  t r i s ( e m i n e )  com plex  a n d 'a m in e  l o s s .

The d e s i r e d  compound was f i n a l l y  s y n t h e s i s e d  by  u s i n g  a  s o l u t i o n  o f  

MeNHg i n  i n d u s t r i a l  s p i r i t .  I n  t h i s  way t h e  s t o i c h i o m e t r y  o f  t h e  

r e a c t i o n  c o u l d  be c o n t r o l l e d  an d  y e l l o w  c r y s t a l s  o f  t r a n s - [ p t C l ^

(NH^Me)(PMe^Ph)^ w ere  e a s i l y  o b t a i n e d  i n  h i g h  y i e l d .  When 4 e q u i v a l e n t s  

o f  Me^NH w ere  ad d e d  t o  a  s o l u t i o n  o f  t h e  s t a r t i n g  d im e r  o n l y  t h e  m o n o(am ine)  

co m p lex  was fo r m e d ,  i n d i c a t i n g  t h a t  e q u i l i b r i u m  ( 4 - 5 5 )  l i e s  w e l l  t o  t h e  

l e f t  an d  h i g h  c o n c e n t r a t i o n s  o f  m e th y la m in e  a r e  r e q u i r e d  t o  fo rm  t h e

t r a n s -  | p t C l  (N H ^ e)(P M e  P h ) l  + NH^Me ^  [ p tC l ( m g M e ) g ( P M e g P h ) ] c i  ( 4 - 5 5 )

b i s  an d  t r i s ( a m i n ^  s p e c i e s ,  a  c o n d i t i o n  t h a t  w ould  be e n c o u n t e r e d  when 

s a t u r a t e d  c h l o r o f o r m  s o l u t i o n s  o f  t h e  am ine  w e re  u s e d .

The d ip h e n y la m in e  com plex  t r a n s -[P tC l^(N H P h^)(PM e^Ph)~) c o u l d  a l s o  

b e  p r e p a r e d  by  t h e  s t a n d a r d  m ethod i f  a n  e x c e s s  o f  NHPh^ was u s e d .  When

, 51
p u r e  s a m p le s  o f  t h e  p r o d u c t  w ere r e - d i s s o l v e d  i n  GDCl^, F nm r. 

s p e c t r o s c o p y  show ed t h a t  c o n s i d e r a b l e  r e - d i m e r i s a t i o n  h ad  t a k e n  p l a c e ,  

w i t h  [ p tg C l^ ( P M e g P h ) g 2  am ine com plex  p r e s e n t  i n  n e a r l y  e q u i m o l a r



9 8 .

a m o u n ts .  I t  h a s  b e e n  p r e v i o u s l y  r e p o r t e d  t h a t  s i m i l a r  b r i d g e  c l e a v a g e  

r e a c t i o n s  a r e  i n  r e a l i t y  e q u i l i b r i a ^ a n d  d i f f i c u l t y  i n  i s o l a t i n g  

c o m p le x e s  w i t h  w e a k ly  b a s i c  am in es  w e re  e n c o u n t e r e d .  F o r  i n s t a n c e ,  

a t t e m p t s  t o  p r e p a r e  t r a n s - [P tC l^ (N H P h ^)(P P r^^  f a i l e d  w i t h  o n l y  

i s o l a t i o n  o f  t h e  l e s s  s o l u b l e  s t a r t i n g  d im e r  b e i n g  p o s s i b l e ,  e v e n  th o u g h  

t h e  d e s i r e d  p r o d u c t  was d e t e c t e d  i n  s o l u t i o n .  I n  t h e  p r e s e n t  s t u d y  

o n l y  d i p h e n y la m in e  co m p lex e s  showed a n y  s i g n  o f  r e - d i m e r i s a t i o n  i n  

s o l u t i o n  ( w i t h i n  t h e  d e t e c t i o n  l i m i t s  o f  ^^P nmr s p e c t r o s c o p y ) .

One o t h e r  o b s e r v a t i o n  ca n  be made f ro m  T a b le  4 - 2 .  As t h e  l i g a n d s  

become l e s s  b a s i c  ( i . e .  a s  t h e i r  pKa v a l u e s  d e c r e a s e ) ,  i n c r e a s e s .

(NH^Bu^ a n d  NH^Ph a r e  e x c e p t i o n s  t o  t h i s  r u l e ,  b u t  t h e  b a s i c i t y  o f  t h e  

am in e s  i n  GBGl^ may f o l l o w  a  s l i g h t l y  d i f f e r e n t  o r d e r  t o  t h e i r  b a s i c i t y  

i n  H^O, t h e  l a t t e r  b e i n g  t h e  s o l v e n t  i n  w h ich  pKa v a l u e s  w ere  d e t e r m i n e d ) .  

T h i s  i n d i c a t e s  t h a t  t h e  t r a n s  i n f l u e n c e  o f  t h e  am in es  d e c r e a s e s  g o i n g  t o  

w e a k e r  b a s e s .  So t h e  more b a s i c  am ine  m u st  b e  s t r o n g e r  (5 ^ -donors  ( a s  

w ould  be e x p e c t e d  due t o  t h e i r  e l e c t r o n  r e l e a s i n g  s u b s t i t u e n t s )  a n d  h a v e  

h i g h e r  rf- t r a n s  i n f l u e n c e ,  w h ich  s i n c e  TC - b o n d i n g  i s  n o t  i m p o r t a n t  i n  

P t - N ( s p ^ )  b o n d s ,  m ust  e q u a l  t h e  t o t a l  t r a n s  i n f l u e n c e .

4 - 6 - 2  -  S y n t h e s i s  o f  P t ( l l )  am in o ( o r g a n o ) c a r b e n e s

As m e n t io n e d  i n  t h e  p r e v io u s  s e c t i o n ,  a t t e m p t s  t o  p r e p a r e  n e u t r a l

a m in o c a rb e n e  p l a t i n u m  co m p lex es  by  a  m ethod  a n a lo g o u s  t o  t h a t  u s e d  t o

( l  21 )p r e p a r e  a l k o x y c a r b e n e  p l a t i n u m  co m p lex e s  l e d  t o  am ine  com plex

f o r m a t i o n .  H ow ever ,  by  i n c r e a s i n g  t h e  r e a c t i o n  t im e  t o  7 d a y s  

[Pk^G l^(PM O pP h)p ] ,  PhNHg and  EG=GPh d i d  r e a c t  t o  fo rm  a  w h i t e  p r e c i p i t a t e  

i n  low y i e l d  T h i s  s o l i d  was i n s o l u b l e  i n  GHGl^, GE^Clp, C^E^

a n d  (GE^)^GO b u t  v e r y  s l i g h t l y  s o l u b l e  i n  MeOE from  w hich  i t  was r e 

c r y s t a l l i s e d .  From i t s  p h y s i c a l  a p p e a r a n c e  i t  was n o t  t h e  an .in e  com plex
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a n d  e l e m e n t a l  a n a l y s i s  ( T a b le  4 - 3 )  was c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  o f  

t h e  d e s i r e d  c a r b e n e  com plex  [ptC lp{^C(N H Ph)CH pPh](PM epPh)]. The 

p r e s e n c e  o f  tw o P t - C l  s t r e t c h e s  i n  t h e  i r  s p e c t r u m  o f  t h e  com plex  

(2 8 0  a n d  305cm ^ ) showed t h a t  t h e  c i s  i s o m e r  h ad  b e e n  fo rm ed  ( A l l  t h e  

n e u t r a l  a l k o x y c a r b e n e  co m p lex e s  w ere  a l s o  c i s ) . A n a l y s i s  o f  t h e  m o th e r  

l i q u o r s  show ed t h a t  some t r a n s - [p tC l_ (N H _ P h )(P M e^ P h )]]  an d  c i s -  

[^ P tC lp (p M e^ P h )p 2  w ere  p r e s e n t ,  a lo n g  w i t h  u n i d e n t i f i e d  o r g a n i c  m a t e r i a l .

The o c c u r r e n c e  o f  t h e  c i s - b i s ( p h o s p h i n e ) co m p lex  i s  i n d i c a t i v e  o f  some 

d e c o m p o s i t i o n  r e a c t i o n s  o r  c o m p e t in g  s i d e  r e a c t i o n s  w hich  h a d  o c c u r r e d  

d u r i n g  s y n t h e s i s .

The m echan ism  o f  f o r m a t i o n  was l i k e l y  t o  be v e r y  s i m i l a r  t o  t h a t  

f o u n d  f o r  t h e  n e u t r a l  a l k o x y c a r b e n e s  ( e q n .  4 - 7 )  a l t h o u g h  t h e  i n i t i a l  s t a g e s  

o f  t h e  r e a c t i o n  m ust  f o l l o w  a  d i f f e r e n t  c o u r s e .  F o r  t h e  a l k o x y c a r b e n e s  

t h e  f i r s t  s t e p  o f  t h e  r e a c t i o n  i s  t h e  c l e a v a g e  o f  t h e  h a l i d e  b r i d g e d  

d im e r  by t h e  a c e t y l e n e  f o r m in g  a  t C -co m p lex  w h ich  th e n  u n d e r g o e s  r e 

a r r a n g e m e n t  t o  t h e  v i n y l i d e n e .  A t t a c k  by t h e  a l c o h o l  ax t h i s  r e a c t i v e  

l i g a n d  t h e n  p r o d u c e s  t h e  c a r b e n e .  I n  t h e  p r e s e n t  s y s te m  t h e  f i r s t  s t e p  

m u s t  be  t h e  r a p i d  c l e a v a g e  o f  t h e  h a l i d e  b r i d g e  t o  fo rm  t r a n s -
r_
|_ P tC lg (N H ^P h)(P M egP h)J  a s  shown i n  s e c t i o n / '  I n d e e d ,  i f  t h i s  co m plex  

was t r e a t e d  w i t h  ECsCPh, c a r b e n e  f o r m a t i o n  p r o c e e d e d  w i t h  e q u a l  

e f f i c i e n c y  t o  s t a r t i n g  fro m  t h e  d im e r .  Two p a th w a y s  a r e  t h e n  p o s s i b l e .  

S i n c e  t h e  am ine  co m p lex  was i n  e q u i l i b r i u m  w i t h  t h e  d im e r ,  

p h e n y l a c e t y l e n e  c o u l d  co m p ete  i n  t h e  b r i d g e  c l e a v a g e  r e a c t i o n ,  g i v i n g  

a  i t - c o m p l e x  ( e q n .  4 - 3 6 )  w h ic h  ca n  t h e n  r e a c t  a s  d e s c r i b e d  a l r e a d y .  

A l t e r n a t i v e l y ,  t h e  p h e n y l a c e t y l e n e  c o u l d  c o - o r d i n a t e  t o  t h e  am ine  

co m p lex  ( w i t h  o r  w i t h o u t  t h e  l o s s  o f  a n o t h e r  l i g a n d  from  t h e  c o m p lex )

t r a n s - [ p t C l _ ( N H  P h )(P M e_ P h )]  ^    —  D  /
2 2 2 migPh

[ p t C L  (M e„P h )(P h C = C H )]  ( 4 - 3 6 )  
HC=CPh ^  ^  2
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a n d  t h e n  u n d e rg o  r e - a r r a n g e m e n t  t o  t h e  v i n y l i d e n e .  E i t h e r  m echan ism  

w o u ld  g i v e  a  r a t e  o f  r e a c t i o n  much s l o w e r  t h a n  f o r  t h e  a lk o x y c a r b e n e  

f o r m a t i o n ,  a s  t h e  f i r s t  means a  v e r y  much lo w e r  c o n c e n t r a t i o n  o f  t h e  

d im e r  a v a i l a b l e  t o  r e a c t  w i t h  p h e n y l a c e t y l e n e ,  w h i l s t  i n  t h e  s e c o n d  t h e  

f o r m a t i o n  o f  a  com plex  b e tw e en  t h e  p h e n y l a c e t y l e n e  and  t h e  am ine co m plex  

c o u l d  b e  a n  u n f a v o u r a b l e  p r o c e s s .

By c h a n g in g  t h e  am in e ,  b u t  u s i n g  t h e  s y n t h e t i c  r o u t e  d e s c r i b e d  

a b o v e ,  t h e  c a r b e n e  co m p lex es  c i s - |ptGl^^G(NH.C^H ^.N O^-n)CH^Fhj fP M e^ P h lJ . 

c i s -  |ptGl_[G(NHG^H OM e-m)CH_Phl(me^Ph)"| an d  c i s - [p tG l^ (G (N P h ^ ) G H ^ P h ]  

(PMe^Ph)2 w ere  s y n t h e s i s e d .  The l a t t e r  p ro v e d  d i f f i c u l t  t o  p u r i f y ,  

r e q u i r i n g  t h r e e  s u c c e s s i v e  r e - c r y s t a l l i s a t i o n s  from  " C E G l^ / l ig h t  

p e t r o l e u m  b e f o r e  an  a n a l y t i c a l l y  p u re  sa m p le  o f  t h e  com plex  was o b t a i n e d ,  

S t a r t i n g  f ro m  [ ^ P t ( f M e g P h ) ^ ] ,  p h e n y l a c e t y l e n e  and  a n i l i n e  t h e  h i g h l y  

i n s o l u b l e  bromo com plex  c i s - fptBr^^G(l\lHPh)GH^Ph} (PM e^Ph)l was i s o l a t e d  

a l t h o u g h  due t o  i t s  low s o l u b i l i t y ,  f u r t h e r  p u r i f i c a t i o n  p ro v e d  

i m p o s s i b l e .  When t h e  p h o s p h in e  was c h a n g e d  t o  t r i b u t y l p h o s p h i n e  t h e  

c h l o r o f o r m  s o l u b l e  com plex  c i s - |p tG l^^G (liH Ph)G H ^Ph^(PBu^)l was i s o l a t e d  

f ro m  t h e  r e a c t i o n  b e tw e en  [p tgG l^(P B u^)^% H G 5G P h  and  NH^Ph. The 

p h y s i c a l  an d  i n f r a  r e d  d a t a  f o r  a l l  t h e  c a r b e n e  co m p lex es  s u c c e s s f u l l y  

s y n t h e s i s e d  a r e  shown i n  T a b le s  4-3  a-nd 4 - 4 .

N ot a l l  t h e  am ine  co m p lex es  c o u l d  b e  c o n v e r t e d  t o  a m in o c a rb e n e  

c o m p le x e s ,  h o w e v e r .  W ith t h e  more b a s i c  a m in e s ,  Et^NH,Bu^NHg an d  MeNHg 

o n l y  brow n waxy s o l i d s  were fo rm ed  w h ich  g av e  c o m p l i c a t e d  i r  and  nmr 

s p e c t r a ,  n one  o f  w h ich  c o n t a i n e d  a n y  e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  

c a r b e n e  p r o d u c t s .  No, o r  v e r y  l i t t l e ,  s t a r t i n g  m a t e r i a l  was d e t e c t e d ,  

s o  e i t h e r  u n f a v o u r a b l e  s i d e  r e a c t i o n s  p r e v e n t e d  t h e  f o r m a t i o n  o f  t h e  

c a r b e n e  o r  e l s e  c a r b e n e s  w ere fo rm e d  b u t  t h e n  u n d e rw e n t  f u r t h e r  

d e c o m p o s i t i o n .  D e c o m p o s i t io n  o f  c a t i o n i c  a m in o c a rb e n e s  h av e  b e e n  

p r e v i o u s l y  o b s e r v e d i n  t h e  a m i n o l y s i s  o f  c a t i o n i c  a lk o x y c a r b e n e



T a b l e  4 - 4  I n f r a r e d  D a ta  f o r  P t - A m in o c a rb e n e s

\3 (P t-G l )  (cm  ̂) ü (N -E)(cm

c i  s -  j p t  G1 (NEPh )  (  GE^Ph} (  PMe^Ph )J 280,305 3130,3170

ç j^ - (p tC l^ { c ( ]^ .G ^ E  N 0 ^ - 2 ) ( Œ ^ P l ^ ( m e ^ P h ^ 280,305 3145

cis-[ptGl„ |G(M G.E^(>ie-m )GE„Ph}frT>le„Ph5j j 280,305 3130 ,3180

: c is - [P tG lg ^ (N P h g )G H ^ P b ^  (PMe^Ph^j 283,307 -----

c i s - [ p t 3 r  ^(NEPh)CE Ph] (PM e^Ph^

ci3-(p tG lg{G (N EPh)G EgPh^(PEu^)] 230,305 3130 ,3180
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co m p lex es .  So i n  th e  r e a c t i o n  of t h e  a lk o x y c a rb e n e s  w i th  NHMe^ NH^Me 

o r  am inocarbene  complexes were o b t a in e d  (eq n .  4 - 3 7 ) ,  w hereas  i n

t r a n s - | p t ( C H ^ ) 4 c ( C M & ) R k P M e _ P h + NHR*'^

t r a n s -  |p t ( C H j i c ( N R ^ ) R i ( P M e ^ P h ) _ T  + MeOH (4 -3 7 )

t h e  r e a c t i o n s  w i th  EtgNH,Pr^NH o r  a l t h o u g h  th e  a lk o x y c a rb e n e  d id

r-eac t  no am inocarbenes  could, be i s o l a t e d ,  and e x te n s iv e  d e c o m p o s i t io n

a p p e a re d  t o  ta k e  p l a c e ,  and l i k e  above , o n ly  i n t r a c t a b l e  r e s i d u e s  were 
o b t a i n e d .

D ecom posit ion  p ro d u c ts  were a l s o  o b ta in e d  when p h e n y la c e ty le n e  was 

r e p l a c e d  w i th  m e th y la c e ty le n e  i n  an  a t t e m p t  t o  s y n t h e s i s e  c i s -  

[^tClg^C(i\DiPh)Et^(PMegPh]Q. I t  would seem, t h e r e f o r e ,  t h a t  e l e c t r o n  

w i th d ra w in g  g roups  a r e  r e q u i r e d  on b o th  O C - s u b s t i t u e n t s  t o  s t a b i l i s e  t h e  

p r o d u c t .

An a t t e m p t  t o  p re p a re  an am inocarbene  c o n t a i n i n g  a doub le  bond from  

n i t r o g e n  t o  t h e  ^ - c a r b o n  a l s o  f a i l e d .  The im ine  complex t r a n s -  

[ptClg(liE=CPh^)(PMe^Ph)^ was e a s i l y  p r e p a re d  and f u l l y  c h a r a c t e r i s e d  ( s e e  

s e c t i o n  4 - 6 ,5 .  A f t e r  b e in g  a l lo w e d  t o  r e a c t  w i th  p h e n y la c e ty le n e  f o r  

24 h o u r s ,  ^^P nmr s p e c t r o s c o p y  showed t h a t  many phosphorus  c o n t a i n i n g  

m a t e r i a l s  were p r e s e n t ,  i n c l u d i n g  th e  s t a r t i n g  im ine  complex (>^^10%) and  

c i s - |p tC l_ (P N e ^ P h )^ 2  ( 3(%) a s  w e l l  a s  an u n i d e n t i f i e d  s p e c i e s  ( 40%)

w i th  p a ra m e te r  6 - 1 7 . 7  Jp^p3800Hd, p o s s i b l y  due t o  some c a rb e n e  com plex . 

The o n ly  p ro d u c t  i s o l a t e d  from th e  r e a c t i o n  was c i s -  (p tC l^ (M e^ P h )^ '^ ,  

p r o b a b ly  a r i s i n g  from d e c o m p o s i t io n  of t h e  c a rb e n e  s p e c i e s ,  none o f  which 

was i s o l a t e d  o r  d e t e c t e d  i n  t h e  f i n a l  r e s i d u e .

A m in o ly s is  o f  a lk o x y c a rb e n e  chromium complexes has  been w id e ly  u s e d  

i n  t h e  fo rm a t io n  of am inocarbene  chromium c o m p l e x e s ^ " ' a n d  i n  

p a r t i c u l a r  HNzzCPh  ̂ has  been u s e d  t o  p r e p a r e  a  ca rb e n e  compl ex^”' ( e q n .  

4 -3 8 )  so  c a rb e n e  l ig a n d s  can  be p r e p a re d  from t h i s  am ine. The f a i l u r e



1 0 2 .

f o r  t h e  p l a t i n u m  com plex  r e f l e c t s  t h e  f a c t  t h a t  more b a s i c  a m in e s  do 

[ C r ( G 0 ) ^ [ c ( a 4 e ) ( M e ) ] ] +  HN=CPhg >  [ C r ( CO) ( N=CPh^ )N e ]]  + HOMe ^

n o t  l e a d  t o  a m in o c a rb e n e  c o m p le x e s .

C y c l i c  a m in o c a rb e n e s  c o u ld  a l s o  be  p r e p a r e d  b y  t h e  same s y n t h e t i c

r o u t e  u s e d  t o  p r e p a r e  t h e  a m i n o ( b e n z y l ) c a r b e n e  p l a t i n u m  c o m p le x e s ,

O r t h o - a m i n o p h e n y l a c e t y l e n e  r e a c t e d  r a p i d l y  w i t h  a  p l a t i n u m  h a l i d e

b r i d g e d  d im e r  t o  fo rm  t h e  c y c l i c  c a rb e n e ^ ^ ^ ^ ^  ( e q n .  4 - 3 9 )  w i t h  t h e

r e a c t i o n  b e i n g  c o m p le te  w i t h i n  one h o u r  a t  room t e m p e r a t u r e .  The
H
1

+ HCHC.CgH^.MHj-o cis[PtGlg(C J?2^)(P5u^)
(4 -5 9 )

d r a m a t i c  i n c r e a s e  i n  r a t e  i s  due  t o  t h e  n e c e s s a r y  p r o x i m i t y  o f  t h e  

a l k y n y l  g ro u p  t o  t h e  (p re su m ed )  i n i t i a l  p l a t i n u m  am ine  c o m p lex ,  

i n c r e a s i n g  t h e  p r o b a b i l i t y  o f  f u r t h e r  r e a c t i o n .

i - 6 - 3  -  Nmr s p e c t r o s c o p i c  p r o p e r t i e s  and s t e r e o c h e m i s t r y  o f  am inocarbene  

com plexes of p la t in u m .

Due t o  t h e  n a t u r e  o f  t n e  p h o s p h in e  l i g a n d  c i s - f f tC l^ ^ G (N H P h )C H ^ P h ^  

(PBu^)2 was more s o l u b l e  i n  GDGl^, t h a n  an y  o f  t h e  d i m e t h y lp h e n y l p h o s p h in e  

c o m p le x e s ,  a l t h o u g h  c i s -{ p tG l^ jG (N P h^)G H ^Ph^(pM e^P h)^  h ad  a p p r e c i a b l e  

s o l u b i l i t y  i n  c h l o r o f o r m .  I t  was r e l a t i v e l y  s i m p le  t o  r e c o r d  t h e  

nmr s p e c t r a  f o r  t h e s e  co m p lex es  i n  GDGl^.

The p r o t o n  nmr s p e c t r a  ( s e e  f i g ,  4 - 2 )  show many f e a t u r e s  i n  common 

w i t h  t h e  co m p lex e s  c i s - [ P t G 1 G( OR) GH^Ph^( PMe^Ph)T) ^ ^ ^ . The m o st  

n o t i c e a b l e  f e a t u r e  i s  t h e  AB q u a r t e t  i n  t h e  r e g i o n  S4-5Ppni due t o  t h e  

b e n z y l ,  m e th y le n e  p r o t o n s  (L .e ,  P t -C -G H ^ - P h ) ,  The i n e q u i v a l e n c e  o f  

t h e s e  p r o t o n s  i s  i n d i c a t i v e  o f  h i n d e r e d  r o t a t i o n  a b o u t  t h e  P t-G  bond  ( a s  

m e n t io n e d  i n  s e c t i o n  4 - 3 ) .  The p r o t o n s  e x h i b i t  g e m in a l  c o u p l i n g  w i t h  

a  c o u p l i n g  c o n s t a n t  (^J^j^=14Ez) c o n s i s t e n t  w i th  p r o t o n s  bonded  t o  a



Fig.4 - 2  200MHz ^Hnm.r. Spectrum  of 
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3
t e t r a h e d r a l  s p  c a r b o n  a to m .  F u r t h e r m o r e ,  one o f  t h e  m e th y le n e  p r o t o n s  

e x h i b i t s  c o u p l i n g  t o  p l a t i n u m  w h i l s t  t h e  o t h e r  d o e s  n o t ,  a g a i n  i n d i c a t i v e  

o f  i n - e q u i v a l e n t  e n v i r o n m e n t s ,  w i t h  t h e  f o r m e r  p o s s i b l y  " t r a n s " - l i k e  t o  

p l a t i n u m  an d  t h e  l a t t e r  " c i s " - l i k e .

The p h o s p h in e  m e th y l s  i n  c i s - |p tC l_ ^C (liP h _ )C H _ P h ](p M e^ P h )]  a l s o  h av e  

d i f f e r e n t  m a g n e t i c  e n v i ro n m e n ts  ( s e e  T a b le  4 - 5 )  a l t h o u g h  t h e r e  i s  

o v e r l a p  o f  t h e  c e n t r a l  s i g n a l s ,  t h e  i n e q u i v a l e n c e  b e i n g  s e e n  i n  two 

d i f f e r e n t  m a g n i tu d e s  f o r  T h i s  i n e q u i v a l e n c e  i s  a g a i n  i n d i c a t i v e

o f  h i n d e r e d  r o t a t i o n  a b o u t  t h e  p l a t i n u m - c a r b e n e  c a r b o n  b o n d .

The r e s o n a n c e  f o r  t h e  N-H p r o t o n  i s  d o w n f i e ld  a t  S lO . I p p m ,  

i n d i c a t i n g  a  l a r g e  am ount o f  d e s h i e l d i n g .  S i m i l a r  d o w n f i e ld  s h i f t s  w ere

( 1 2 2 )fo u n d  i n  t h e  c a t i o n i c  a m in o c a rb e n e s ^   ̂ an d  c a n  be  e x p l a i n e d  by n o t i n g  

t h a t  d u e  t o  a  r e s o n a n c e  c o n t r i b u t i o n  o f  t h e  n i t r o g e n  lo n e  p a i r  t o  t h e  

c a r b e n e  c a r b o n  ( 4 - I I )  t h e  n i t r o g e n  a tom  h a s  a  s l i g h t l y  p o s i t i v e  c h a r g e  

an d  t h e  i n d u c t i v e  e f f e c t  o f  t h i s  c h a r g e  d e s h i e l d s  t h e  N-H p r o t o n .  The 

p r o t o n  a l s o  c o u p l e s  t o  p l a t i n u m  ( ^ 2 0 H z )  an d  t h e  m a g n i tu d e  o f  t h i s  

c o u p l i n g  c o n s t a n t  can  be u s e d  t o  a s s i g n  t h e  g e o m e t ry  o f  t h e  p r o d u c t  a b o u t  

t h e  C ~ N  b o n d .  I n  a  s t u d y  o f  co m p lex e s  o f  t h e  t y p e  t r a n s - [p tX ^ C (N H R )^ lL ^ ^  

(X = C l ,B r ;  R=Me, P h ; Ip=PEty PM e^Ph), C r o c i a n i  an d  R i c h a r d s ^ ”* showed t h a t  

o f  t h e  t h r e e  p o s s i b l e  c o n f i g u r a t i o n s  o f  t h e  c a r b e n e  l i g a n d  ( 4 - X I ,  4 -X I I  

an d  4 - ^ m )  t h e  am p h i  c o n f i g u r a t i o n  ( 4 - X l I  ) d o m in a te d  i n  s o l u t i o n  g i v i n g  

tw o d i s t i n c t  p l a t i n u m  p r o t o n  c o u p l i n g  c o n s t a n t s  o f  3 0  and  9 0 Hz w h ich

h r  R
I I I
N—R N—H__ N-H

Pt-C P t-c  Pt-C
\  \  \

N-R , N-R N-H
I I I
H Ha RA

4 -X I 4 -X I I  4 - X I I I
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c o u l d  be  a s s i g n e d ,  by c o m p a r iso n  w i t h  c y c l i c  c a r b e n e s  t o  an d

3 ^a n d  J p t H ( g )  r e s p e c t i v e l y .  Some t r a n s ,  t r a n s  c o n f o r m a t io n  ( 4 - X I I I )

was a l s o  fo u n d  i n  t h a t  work (^ Jp ^ p  'V\^OEz) b u t  no c i s , c i s  l i g a n d  d u e  t o

s t e r i c  r e p u l s i o n  o f  t h e  R g r o u p s .  The c o u p l i n g  c o n s t a n t  i n  t h e

p r e s e n t  c a s e  ( l2 0 H z )  q u i t e  c l e a r l y  i n d i c a t e s  a  t r a n s  a r r a n g e m e n t  a r o u n d

t h e  C ^ N  bond o f  t h e  p l a t i n u m  and  h y d ro g e n  n u c l e i .  T h a t  t h e  c o u p l i n g

c o n s t a n t  i s  g r e a t e r  t h a n  f o r  t h e  d i a m i n o c a r b e n e s  d e s c r i b e d  ab o v e

r e f l e c t s  a  g r e a t e r  d o u b le  bond c h a r a c t e r  i n  t h e  C— N bond f o r  t h e

m o n o h e te ro a to m  c a r b e n e  th a n  t h e  b i s ( h e t e r o a t o m )  c a r b e n e .  T h i s  i s

b e c a u s e  t h e  s i n g l e  N atom  w i l l  c o n t r i b u t e  more e l e c t r o n  d e n s i t y  t o

s t a b i l i s e  t h e  C,(s p ) a tom  t h a n  e i t h e r  o f  t h e  N a tom s i n  4 - X I I ,  i . e .  w i t h

two h e t e r o a t o m s  t h e r e  i s  c o m p e t i t i o n  f o r  o v e r l a p  w i th  t h e  p o r b i t a l
z

on t h e  carbene»  c a r b o n .  The e f f e c t  o f  t h i s  ch a n g e  i n  O u=n oond l e n g t h

d e p e n d in g  on t h e  num ber o f o c - h e t e r o a t o r c  h a s  b ee n  n o t e d  p r e v i o u s l y  i n  

c r y s t a l l o g r a p h i c  s t u d i e s  on c a r b e n e  co m p le x e s^ ^ ^ ^ ^  and  i s  c l e a r l y  

i l l u s t r a t e d  i n  T a b le  Û -6 , where c a r b e n e s  w i t h  two h e t e r o a t o m s  h a v e  

|C:vi=N| v/^1.33-^ w h i l s t  much s h o r t e r  [C— N| d i s t a n c e s  a r e  f o u n d  when one 

h e t e r o a t o m  i s  p r e s e n t  ( |C— N) l e s s  t h a n  1 . 3 ^ ) .

A d d i t i o n  o f  a  few d ro p s  o f  CD^OD t o  a  GDGl^ s u s p e n s i o n  o f  c i s -  

Q p tC l2 {c(NEPh)GE2 P h j(P B u ^ ) 2  g r e a t l y  im p ro v e d  t h e  s o l u b i l i t y  o f  t h e  

c a r b e n e  co m p lex .  I t  a l s o  c a u s e d  a  c o n s i d e r a b l e  ch a n g e  i n  t h e  p r o t o n  

nmr p a r a m e t e r s  o f  t h e  b e n z y l  p r o t o n s ,  c h a n g in g  b o th  t h e i r  c h e m ic a l  

s h i f t s  ( f ro m  4 .3 4  an d  4 . 2 7 ppm t o  4 .5 5  an d  4 .36ppm ) and  t h e  g e m in a l  

c o u p l i n g  c o n s t a n t  ( f ro m  16 t o  1 6 E z ) .  F u r t h e r m o r e ,  t h e  c o u p l i n g  o b s e r v e d  

b e tw e e n  t h e  p l a t i n u m  and  one o f  t h e  b e n z y l  m e th y le n e  p r o t o n s  p r e v i o u s l y  

o b s e r v e d  was re m o v e d .  The e x a c t  r e a s o n s  f o r  t h e s e  ch a n g es  a r e  n o t  

c l e a r ,  b u t  p o s s i b l y  GTyOD c o - o r d i n a t e s  t o  t h e  p l a t i n u m  c e n t r e ,  o r  t o  

t h e  c a r b e n e  c a r b o n .  The l a t t e r  t y p e  o f  c o - o r d i n a t i o n  i s  i m p o r t a n t  

i n  a l k o x y  e x c h a n g e  a s  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  E i t h e r  o f  

t h e s e  c o - o r d i n a t i o n s  would c a u s e  a  c h a n g e  i n  t h e  c o n f o r m a t io n  o f  t h e
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c a r b e n e  l i g a n d  an d  a  c o r r e s p o n d i n g  c h a n g e  i n  nmr p a r a m e t e r s .  S i m i l a r

( 1 2 1  1 5 5 )s o l v e n t  e f f e c t s  h av e  b ee n  n o t e d  p r e v i o u s l y  * w here  t h e  

i n e q u i v a l e n c e  o f  t h e  p h o s p h in e  m e th y l  g ro u p s  c o u l d  be rem oved by 

c h a n g in g  t h e  s o l v e n t  ( a l t h o u g h  i t  seem s m ore l i k e l y  t h a t  t h e  g r o u p s  

w e re  s t i l l  i n ' e q u i v a l e n t  b u t  h ad  c o - i n c i d e n t a l  nmr p a r a m e t e r s ) .

The i n c r e a s e d  s o l u b i l i t y  o f  t h e  t r i b u t y l p h o s p h i n e  com plex  w i t h  CD^OD 

a d d i t i o n  m ean t  t h a t  i t  became p o s s i b l e  t o  r e c o r d  t h e  nmr s p e c t r u m  

o f  t h e  c o m p le x .  T h i s  c o n t a i n e d  t h e  c h a r a c t e r i s t i c  d o w n f i e ld  s i g n a l  f o r  

t h e  e l e c t r o n  d e f i c i e n t  c a r b e n e  c a r b o n  ( 5  ^=218ppm) w h ich  was a  d o u b l e t  

due  t o  c o u p l i n g  t o  p h o s p h o ru s  ( ^ J 2 p=5Hz) b u t  t h e  p l a t i n u m  s a t e l l i t e s  

w e re  t o o  weak f o r  a n  a c c u r a t e  d e t e r m i n a t i o n  o f  P la t in u m

s a t e l l i t e s  f o r  t h e  b e n z y l  m e th y le n e  c a r b o n  w e re  o b s e r v a b l e  (8 ^ = 5 6 .4ppin;

J ^ p ^ = 6 0 H z ) .  The v a l u e s  a r e  s i m i l a r  t o  t h o s e  f o u n d  i n  c a t i o n i c  

c o m p le x e s  t r a n s -  [P tC l^G (l3M e)M ej ( A s E t ^ ) ^ ] ^  (R=H; 8^=21 5ppm; R=Me,

0=21O ppm )^Jp^^ 8 0 E z ) ^  The c l o s e  s i m i l a r i t y  o f  t h e  c h e m i c a l

s h i f t s  an d  c o u p l i n g  c o n s t a n t s  s u g g e s t s  t h a t  t h e  e x t r a  p o s i t i v e  c h a n g e  

i n  t h e  c a t i o n i c  co m plexes  h a s  l i t t l e  e f f e c t  on t h e  p l a t i n u m - c a r b e n e  an d  

i n t r a c a r b e n e  b o n d in g  schem e.

S i m i l a r  %  and  c h e m ic a l  s h i f t s  w e re  o b s e r v e d  f o r  t h e  c y c l i c  

c a r b e n e  c i s -  [ p t G l 2i.C (NHG^E^CH^-o)"^ (? B u ^ ) f  ̂  w i t h  a  d e s h i e l d e d  c a r b e n e  

c a r b o n  ( 5 ^ 2 0 9  J,m-d ?H?) and  c o u p l i n g  b e tw e e n  t h e  o c - c a r b o n  an d  p l a t i n u m  

( S ^ 5 4  ^ J p ^ 2  9 0 E z ) ,  The am ine  p r o t o n ,  w h ic h  m ust  be i n  a  c i s  

a r r a n g e m e n t  t o  p l a t i n u m  i s  t y p i c a l l y  d e s h i e l d e d ,  a l t h o u g h  due t o  t h e  

g e o m e t r y  o f  t h e  com plex  i t  o n ly  e x h i b i t s  a  s m a l l  c o u p l i n g  t o  p l a t i n u m

Uppm 5Hz).
i n s o l u b l e

G i s - [ P t G1 2 ^ C(NRPh) GH^Ph](PMe^Ph)~] a l t h o u g h / i n  GDGl , was s o l u b l e  

i n  a  1 :1  m i x t u r e  o f  GDGI^/GD^OD an d  i t s  p r o t o n  nmr s p e c t r u m  c o u ld  be  

r e c o r d e d  ( s e e  T a b le  4 - 5 ) .  Due t o  o v e r l a p  o f  t h e  r e s i d u a l  CH s i g n a l s  

f ro m  t h e  GD OH w i t h  t h e  AB q u a r t e t  o f  t h e  b e n z y lm e th y le n e  p r o t o n s  a t
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room t e m p e r a t u r e  t h e  s p e c t ru m  was r e c o r d e d  a t  +50°C . M ost o f  t h e  

f e a t u r e s  a l r e a d y  d e s c r i b e d  w ere a g a i n  p r e s e n t .  The NH p r o t o n  s i g n a l  

c o u ld  n o t  be d e t e c t e d  due t o  E/D e x c h a n g e  w i t h  t h e  s o l v e n t ,  b u t  a g a i n  

i n e q u i v a l e n t  b e n z y l  p r o t o n s  and  i n e q u i v a l e n t  p h o s p h in e  m e th y l  g ro u p s  

c o u l d  be o b s e r v e d .  I t  was a l s o  o b s e r v e d  t h a t  n e i t h e r  t h i s  c o m p lex ,  n o r  

t h e  t r i - b u t y l p h o s p h i n e  a n a lo g u e  showed an y  s i g n  o f  d e c o m p o s i t i o n  i n  

s o l u t i o n  o v e r  24 h o u r s ,  u n l i k e  t h e  n e u t r a l  a l k o x y c a r b e n e s  w h ich  show s i g n s  

o f  d e c o m p o s i t i o n  {'^2CP/o) o v e r  a  s i m i l a r  t im e  p e r i o d .

S i m i l a r l y  t h e  complexes c i s -  [ p tC l^ I c ( N H R ) L ] ( R  = Ĉ H QMe-m, 

C^E^NOg-^) were h i g h ly  i n s o l u b l e  i n  CDCl^ b u t  i n  CDyCD t h e i r  s o l u b i l i t y  

was s u f f i c i e n t  t o  a l lo w  th e  p ro to n  nmr p a ra m e te rs  t o  be d e te rm in e d  a t  

room t e m p e r a tu r e  ( s e e  T ab le  4 - 5 ) .  Both showed th e  t y p i c a l  f e a t u r e s  

d e s c r i b e d  above , w i th  an  AB q u a r t e t  f o r  th e  b e n z y lm e th y len e  p r o to n s ,  w i th  

one p r o to n  d i s p l a y i n g  c o u p l in g  t o  p la t in u m ,  and i n e q u i v a l e n t  m ethy l g ro u p s  

on th e  p h o sp h in e .

The nmr r e s u l t s ,  a l o n g  w i t h  c r y s t a l  s t r u c t u r e s  o f  o t h e r  p l a t i n u m  

c a r b e n e  co m p lex e s  ca n  be u s e d  t o  a s s i g n  a n  o v e r a l l  s t e r e o c h e m i s t r y  t o  t h e  

a m in o c a r b e n e .  F o r  non c h e l a t i n g  c a r b e n e s  t h e  p l a n e  o f  t h e  c a r b e n e  i s  

n e a r l y  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  p l a t i n u m  l i g a n d  f ram ew o rk ,  a n d  

t h e  oc - n i t r o g e n  atom  i s  t r i g o n a l  p l a n a r  due t o  t h e  r e - h y b r i d i s a t i o n  o f  

t h e  l o n e  p a i r  i n t o  a  C(p ) -N (p ^ )  d o u b le  b o n d .  T h ese  f a c t s ,  t o g e t h e r  

w i t h  t h e  s p e c t r o s c o p i c  o b s e r v a t i o n  t h a t  t h e  h a l i d e  i o n s  a r e  c i s  and  t h a t  

t h e  p l a t i n u m  i s  t r a n s  t o  t h e  am ino  p r o t o n  im p ly  an  o v e r a l l  s t e r e o c h e m i s t r y  

shown i n  4-X IV . V iew in g  a l o n g  t h e  C ( c a r b e n e ) - C  bond (4-X V ), an d  p l a c i n g

Ph

Cl N — E

! /
Cl -----  P t  _ _  C

A \

4-XIV
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t h e  p h e n y l  g ro u p  i n  t h e  p o s i t i o n  o f  l e a s t  s t e r i c  h in d e r a n c e  c l e a r l y  shows 

t h e  i n e q u i v a l e n c e  of  th e -b e n z y lm e th y le n e  p r o to n s ,  w i th  one p ro to n  " t r a n s "  

l i k e  t o  p la t in u m  and th e  o th e r  n e a r l y  e c l i p s e d ,  which e x p la i n s  why o n ly  

one o f  t h e s e  p r o to n s  e x h i b i t e d  c o u p l in g  t o  p la t in u m  i n  t h e  p r o to n  nmr 

s p e c t ru m  of c i s -  { p tC l j l  (NHPh)CH^Ph^(PBu^)^. C o - o r d in a t io n  o f  CD^OD a t  

P t  o r  t h e  c a rb e n e  ca rb o n  would cause  a  change i n  t h e  c o n f i g u r a t i o n  o f  t h e

X  P t  PR^

Ph

N

4-XV

l i g a n d  and c o u ld  e a s i l y  remove th e  p r o to n  p la t in u m  c o u p l in g ,

4 - 6 .4  -  R e a c t io n s  o f  a m in o (o rg a n o )c a rb e n e  com plexes o f  p la t in u m  '

E /P  Êxchange R e a c t io n s

D e u te r a te d  a l c o h o l s  r e a c t  w i th  b o th  c a t i o n i c  and n e u t r a l  p la t in u m

( b? 1 2 3 )a lk o x y c a rb e n e  c o m p le x es '  ’ ' c a u s in g  b o th  exchange of th e  a lk o x y  g roup

(e q n .  4- 4 0 ) and  exchange of th e  p ro to n s  on th e  o c - c a r b o n  (eqn . 4 - 4 1 ) .

c i s -  |P tC l  fc(OMe)CH R ^(PM e^Ph)] + R ^ H  ------>  c is-[p tC l^[c(O R ^)C H ^R ^(PM e^Ph)]

+ MeOH (4- 4 0 )

[ ^ C l  [c(QMe)CHgR^(PMe P h ) ]  + 2R^0D ----->  c i s -  [p tC l^[C (C M e)C P^R K PM e^Ph)]

+ 2R^0H ( 4- 4 1 )

R e a c t io n  (4 -4 1 )  i s  f a s t e r  f o r  t h e  n e u t r a l  com plexes (5 m in u te s j  t h a n  th e  

c a t i o n i c  com plexes (1 h o u r ) , a l th o u g h  f o r  a lk o x y  exchange th e  r a t e s  a r e  

r e v e r s e d ,  w i th  t h e  c a t i o n i c  complex e x c h a n g e  b e in g  com ple te  w i t h in  

24 h o u rs  and th e  n e u t r a l  complexes show ing o n ly  s l i g h t  ex c h an g e  o v e r  72 

h o u r s .

The mechanism f o r  e i t h e r  type  o f  exchange i s  th o u g h t  t o  be t h e  same
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f o r  b o t h  t h e  c h a r g e d  and  u n c h a rg e d  s p e c i e s ,  H/D e x c h a n g e  p ro c e e d s  v i a

p r o t o n  a b s t r a c t i o n  from t h e  CC-carbon  f o r m i n g  a  v i n y l i c  i n t e r m e d i a t e

( b7 )(w h ic h  c a n  be i s o l a t e d  i n  some c a s e s  ( e q n ,  4 - 4 2 ) .  N u c l e o p h i l i c

a t t a c k  a t  t h e  c a r b e n e  c a rb o n  l e a d s  t o  a l k o x y  e x c h a n g e  ( e q n ,  4 - 4 3 ) .

The d i f f e r e n c e s  i n  r a t e  h av e  been a s c r i b e d  t o  t h e  ch a n g e  i n  t h e  o v e r a l l  

c h a r g e  o f  t h e  com plex  and a  change i n  t h e  c i s  l i g a n d .

When c i s - | p t C l  |c(l\[hPh)CH_Phi(PMe^Ph)"] was d i s s o l v e d  i n  CDCl^/CD^OD 

( l ; l )  t h e n  no H/D ex cn an g e  was o b s e rv e d  a t  t h e  OC - c a r b e n e  c a r b o n  even  

a f t e r  24 h o u r s  s t a n d i n g .  A d d i t i o n  o f  D^O t o  t h e  s o l u t i o n  a l s o  f a i l e d  

t o  p ro m o te  H/D ex c h an g e  o v e r  th e  same t im e  p e r i o d .  S i m i l a r  r e s u l t s  w ere

OMe
/

LgPt — c

\
C H 2 R

4 -

C D 3 O D

OMe
/

LoPt —  Cw
CHR

C D ^ O D ^

OMe
/

LoPt— C
\
CHDR

“h

(4 - 42 )

I, Pt__c
/

(Me

+ CD OH L^Pt

R

OMe L P t— C

OCD.

R

+ CH OH

( 4 - 4 3 )

o b t a i n e d  w i t h  c i s - :^ tC l_ 4 c (m P h )C H _ P h '\ (^ B u /) ]  and  c i s -  [p tB r  JC (M iP h )cH ^ P h >  

(P M e^ P h j jb o th  o f  w h ich  d id  n o t  u n d e rg o  H/D e x c h a n g e  w i th  a l c o h o l .  I n  

t h e  same e x p e r i m e n t s  no a l k o x y c a r b e n e s  w ere  fo rm ed  i n d i c a t i n g  t h a t  no 

e x c h a n g e  o f  t h e  h e t e r o a to m  had o c c u r r e d ,  Tlie l a t t e r  o b s e r v a t i o n  i s  n o t  

s u r p r i s i n g ,  a s  t h e  r e v e r s e  r e a c t i o n ,a m i n o l y s i s  oj' a l k o x y c a r b e n e s , h a s  

h '-or a  -.ed s y  s  t i i a l  i  c-a 1 ! y  t<-  n r e p o r a -  t h e  c  -  ' i - n  i c  avi. '  n o c a r n e n e s   ̂  ̂  ̂ ,

s o  L nerc  a p p e a r s  t o  be n therm odynam ic p re h e j-o n ce  t o r  n i  t r o g e n  

s t a b i l i s e d  c a r b e n e s  o v e r  oxygen .



109 .

T he a b s e n c e  o f  H/D exch an g e  s u g g e s t s  t h a t  t h e  a m in o c a rb e n e  o c - p r o t o n s  

a r e  much l e s s  a c i d i c  th a n  t h e  c o r r e s p o n d i n g  p r o t o n s  i n  t h e  a l k o x y c a r b e n e s .  

T h e s e  r e s u l t s  f i t  t v e  o b s e r v a t i o n  t h a t  n i t r o g e n  lo n e  p a i r  form  a b e t t e r  

o v e r l a p  w i th  t h e  o r b i t a l  on th e  c a r b e n e  c a rb o n ^ ^ ^ ^ ^  th a n  oxygen , s o  

a m i n o c a r b e n e s  h av e  a  h i g h e r  d o u b le  bond c h a r a c t e r  i n  t h e  c a r b o n -

h e t e r o a t o m  bond t h a n  a l k o x y c a r b e n e s .  T h i s  lo w e r s  t h e  p o s i t i v e  c h a r g e  

2
on t h e  s p  c a r b o n  i n  a m in o c a rb e n e s  and  r e d u c e s  t h e  s t a b i l i t y  o f  a  C = C  

d o u b l e  bond t o  t h e  o c - c a r b o n ,  t h u s  i n h i b i t i n g  H/D ex ch an g e  by t h e  

m ech an ism  shown i n  e q .  ( 4 - 4 2 ) .  The lo w e r  a c i d i t y  o f  t h e  c a r b e n e  p r o t o n s  

i s  f u r t n e r  shown i n  t h e  low r e a c t i v i t y  o f  t h e  n e u t r a l  a m in o c a rb e n e  c o m p le x e s  

c o m p le x e s  to w a r d s  b a s e s .

R e a c t i o n s  w i th  B ases

The d e p r o t o n a t i o n s  o f  a v a r i e t y  o f  p l a t i n u m  c a r b e n e s  h av e  been  

p r e v i o u s l y  d e s c r i b e d .  C a t i o n i c  a l k o x y c a r b e n e s  r e a d i l y  l o s e  t h e  o c - c a r b o n  

p r o t o n  when t r e a t e d  w i th  a  s o l u t i o n  c o n t a i n i n g  p r o t o n  sp o n g e  ( 1 , 8 - b i s  

( d i m e t h y l a m i n o ) n a p t h e l e n e )  o r  t e r t i a r y  a m in e s  ( e q n .  4 - 2 0 ) ,

The n e u t r a l  a l k o x y c a r b e n e  co m p lex es  r e a c t  w i t h  d im e th y la m in e  t o  form  

s i m i l a r  a l k o x y v i n y l  s p e c i e s ^ ^ ^ ^ \  a l t h o u g h  t h e  r e a c t i o n  i s  a c co m p an ied  

by  l i g a n d  e x c h a n g e  ( e q n ,  4 - 4 4 ) .  F a c i l e  r e v e r s i b l e  d e u r o t o n a t i o n  o f  t h e  

N-H p r o t o n  h a s  a l s o  been  o b s e r v e d  i n  c a t i o n i c  co m p lex es  c o n t a i n i n g  two

c i s -  [ p tC l_ f c ( 0 E t ) C H _ P h 1 ( m e _ P h ) ]  + 2 IMe^H -------------->

[ptCl(NHMe^){c(oe.c)=CHPh](Rle^Ph)] + { m ^ n e ^ ) C l  ( 4 - 4 4 )

e x . - h e t e r o a t o m s   ̂ ( e q n ,  4 -4 5 )*  I n  a  p a l l a d i u m  am ino (organo) c a r b e n e

co m p lex  a g a i n  r e v e r s i b l e  d e - p r o t o n a t i o n  o f  t h e  N-H c a rb e n e  was f o u n d ,  

t r a n s -  j p t  ( CNMe) ( c ( HHMe ) (WPh)}  ( P P h J  ^  [ p t  (ClMe){(111Me)(T7• P h ) j

( h P h , g " "  (/._

f o r  Ootii n e u t r a !  anu c a t i o n i c  c o m p l e x e s ^ ( e q n ,  4 - 4 6 ,  L = PPh ^) ,
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When t h e  n e u t r a l  am in o c a rb e n e ,  c i s -  [PtGl^^G(NHPh)CH^Ph}(Fyie^Ph)~| wes 

t r e a t e d  w i t h  one e q u i v a l e n t  oi t r i e t n y l a n i i n e  i n  m e th a n o l ,  e w h i t e  s o l i d  

r e m a in e d  e t  t h e  end o i  t h e  r e a c t i o n .  The s o l v e n t  was removed by 

f i l t r a t i o n  a n d ,  a f t e r  e v a p o r a t i o n ,  shown t o  c o n t a i n  Et^NHGl ( c o n f i r m e d  

by c o m p a r i s o n  o f  i t s  i r  s p e c tru m  t o  t h a t  o f  a  g e n u in e  sam ple .)  On 

d i s s o l u t i o n  o f  t h e  i n s o l u b l e  f r a c t i o n  i n t o  GDGl^, ^^P nmr s p e c t r o s c o p y  

show ed t h a t  many p h o s p h o r u s - c o n t a i n i n g  p r o d u c t s  w ere p r e s e n t .  No s i g n a l  

was r e a d i l y  i d e n t i f i a b l e ,  a l t h o u g h  t h e  m ain  s i g n a l  (8-1  5 . 4 »dp^p3"l 36) h a s  

p a r a m e t e r s  v e r y  s i m i l a r  t o  c i s - [P tG l^ (C N P h ) (PMe^Ph)J (8  - 1 3 . 6 ,  rp ^ p 3 1 4 3 ) .  

On s t a n d i n g  i n  GDGl^ f u r t h e r  d e c o m p o s i t io n  to o k  p l a c e  and a s t r o n g  

s i n g l e t  a t  5 3 4 .6  grew i n ,  due t o  F (o)M egPh,

When t h e  s t r o n g e r  b a s e ,  a l c o h o l i c  EtONa was u s e d  i n  p l a c e  o f  Et^N 

i n  t h e  same r e a c t i o n  ^"'p nmr s p e c t ru m  o f  t h e  p r o d u c t  a g a in  showed t h a t  

many compounds had  been  fo rm ed .  Some, b u t  n o t  a l l ,  o f  t h e  s i g n a l s  

c o r r e s p o n d e d  t o  some o f  t h e  p r o d u c t s  i n  t h e  r e a c t i o n  w i th  t r i e t h y l a m i n e ; 

n o t i c e a b l y  t h e  s i g n a l s  a t  6  - 1 3 . 4  and  §  3 4 .6  w ere a b s e n t  i n  t h e  r e a c t i o n  

w i t h  e t h o x i d e .

T e t r a b u t y 1ammonium h y d r o x id e  s i m i l a r l y  gave  d e c o m p o s i t i o n  p r o d u c t s ,  

when a l l o w e d  t o  r e a c t  w i th  c i s -  [j^Gl^(_G(NliPh)CH^Ph^(PMe^Ph)""! i n  G.:G1^, 

None o f  t h e  p r o d u c t s  was r e a d i l y  i d e n t i f i a b l e  by t h e i r  nmr

p a r a m e t e r s .

The ab o v e  t h r e e  b a s e s  t h e r e f o r e  a r e  r e a c t i n g  w i th  t h e  p la t i n u m  

c a r b e n e  c o m p lex ,  b u t  e i t h e r  t h e  i n i t i a l  p r o d u c t  i s  u n s t a b l e  and p ro n e



111 .

t o  f u r t h e r  d e c o m p o s i t io n  o r  e l s e  t h e  b a s e s  a r e  a t t a c k i n g  a t  more t h a n  

one s i t e  o f  t h e  o r i g i n a l  complex. The l a t t e r  seems l i k e l y ,  a s  b a s e s  

c o u ld  a t t a c k  a t  t h e  m e ta l  c e n t r e ,  t h e  c a rb e n e  c a rb o n ,  e i t h e r  o f  t h e  

atom s i n  t h e  OC - p o s i t i o n  of th e  c a rb e n e  o r  even by exch an g in g  w i th  o t h e r  

l i g a n d s  a t t a c h e d  t o  p la t in u m .

P r o to n  sponge (4-XVl) i s  known t o  be a  s t r o n g  base  b u t  a  v e ry  poo r  

n u c l e o p h i l e  due t o  o v e r l a p  of  th e  n i t r o g e n  lo n e  p a i r s ,  e n fo r c e d  by t h e

Me//, ,\\Me
'N''

OTOl 4-an
s t e r i c  r e p u l s i o n s  of t h e  m ethy l g r o u p s .  I t  h a s  been used  s u c c e s s f u l l y  

i n  t h e  d e p r o t o n a t i o n  o f  c a t i o n i c  a lk o x y c a rb e n e  p la t in u m  complexes 

( e q n .  4 - 2 0 ) ,  I t  was used  i n  th e  p r e s e n t  c a se  i n  t h e  hope t h a t  i t s  low 

n u c l e o p h i l i c i t y  would p re v e n t  th e  u n f a v o u r a b le  s i d e  r e a c t i o n s .  However, 

i t  d id  n o t  r e a c t  a t  a l l  w i th  c i s - jptCl^^G(KHPh)CH^Ph‘̂ (PMe^Ph)^ over  a  

6- d a y  p e r i o d  and th e  s t a r t i n g  ca rbene  complex was r e c o v e re d  u n a l t e r e d .

R e a c t io n  w i th  H a l id e s

When n e u t r a l  o r  c a t i o n i c  a lk o x y c a rb e n e  p r o d u c t s  a r e  a l lo w e d  t o  r e a c t

w i th  h a l i d e  io n s  th e  i n i t i a l  p ro d u c ts  a r e  th e  a c y l  d e r i v a t i v e s  ( e q n s .

4- 4 7 ; 4- 4 8 ) ,  a l th o u g h  when th e  n e u t r a l  com plexes a r e  used  th e  p ro d u c t

(57 125)u n d e rg o e s  f u r t h e r  d e c o m p o s i t io n  * , When E t ^ C l  was added t o  a

m e th y le n e  c h l o r i d e  s u s p e n s io n  of  c i s -  {ptCl^iG(NHPh)GH^PhKPM62^^^~^

t r a n s -  [ptClfCfCOCH )CE + Cl" ---------->  t r a n s - [FtCl(COCH,U

(fMegPkOg] + CH^Cl (4 -4 7 )

cis-ji^ClgtCfOEtjCHgPhifPM egPh)] —  >  i[pt(jLL-Cl)(C0CH2Ph)-

( P M e g P h ) ] ^  +  C p H ^ o i  ( 4 - 4 8 )
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im m ed ia te  d i s s o l u t i o n  of  t h e  c a rb e n e  took  p l a c e  l e a v i n g  a  p a l e  y e l lo w  

s o l u t i o n .  A f t e r  l6  h o u rs  s t i r r i n g  a t  room te m p e ra tu re  t h e  s o l v e n t  was 

re d u c e d  u n t i l  p a le  brown c r y s t a l s  formed which, i n  a n a l y s i s ,  were found  

t o  be t h e  s t a r t i n g  c a rb e n e  com plex. So Et^NCl has  i n c r e a s e d  th e  

s o l u b i l i t y  o f  th e  c a rb e n e  complex bu t  i t  h a s  r e a c t e d  r e v e r s i b l y  w i t ^  i t .  

When fo l lo w e d  by nmr s p e c t r o s c o p y  i n  CDCl^ t h e r e  was no i n d i c a t i o n  

of any  r e a c t i o n  and th e  nmr p a ra m e te rs  were c o n s i s t e n t  w i th  t h e  c a rb e n e  

s t a r t i n g  m a t e r i a l .  The sp e c tru m  showed r e s o n a n c e s  f o r  N-H( 8  11.9ppm 

Jj^pt 112 H z) ,  i n e q u i v a l e n t  b e n z y l  m ethy lene  p ro to n s  ( 8  4 . 6 ,  5.1ppm»

Jrh 14 Hz) and . i n e q u i v a l e n t  phosph ine  m ethy l groups ( 6  0 .9 2 ,  1 , J^p,^

50 Hz; 8 1 . 2 , Jpp 12 Hz, Jgp-(. -  o bscu red  by o t h e r  r e s o n a n c e s ) .  nmr

s p e c t r o s c o p y  showed t h a t  t h e r e  was on ly  one s p e c i e s  i n  s o l u t i o n

(&p-19 . ^ Jpp,^ 4009Hz) which from  th e  la c k  of f i n e  s t r u c t u r e  i n  t h e  sp ec tru m  

must have  been monomeric. T here  was no change i n  any o f  t h e  

p a ra m e te r s  on s t a n d i n g  a t  room te m p e ra tu re  f o r  72 h o u r s .  Thus t h e  

c h l o r i d e  must be w eakly  c o - o r d i n a t i n g ,  most l i k e l y  t o  p l a t in u m ,  a t  one 

of t h e  v a c a n t  c o - o r d i n a t i o n  s i t e s ,  a l th o u g h  c o - o r d i n a t i o n  t o  one o f  th e  

atom s on th e  c a rb e n e  l i g a n d  must a l s o  be a p o s s i b i l i t y ,  e s p e c i a l l y  s in c e  

c h l o r i d e  can r e a c t  w i th  a lk o x y c a rb e n e  l i g a n d s .  T h is  c o - o r d i n a t i o n ,  l i k e  

t h e  c o - o r d i n a t i o n  of m e th a n o l ,  i n c r e a s e d  t h e  s o l u b i l i t y  o f  t h e  com plex, 

b u t  i t  a l s o  must have been r e v e r s i b l e ,  so  t h a t  t h e  l e s s  s o l u b l e  s t a r t i n g  

m a t e r i a l  was i s o l a t e d .

I n  a  s i m i l a r  e x p e r im e n t ,  Et^NCl d id  n o t  r e a c t  w i th  c i s - |ptCl^{,C(NHPb) 

CH^Phj(PBu^)]] and th e  s t a r t i n g  c a rb e n e  was r e c la im e d  i n  h ig h  y i e l d  (93%).

R e a c t i o n  w i t h  P h o s p h in e s

N e u t r a l  a lk o x y c a rb e n e  p la t in u m  complexes r e a c t  w i th  f r e e  t e r t i a r y  

p h o s p h in e ,  t o  g iv e  p ro d u c t s  i d e n t i c a l  t o  th o s e  produced  when th e  

c a t i o n i c  complexes r e a c t  w i th  c h lo r id e ^  ^^ (eqn . 4 - 4 9 ) ,  i . e .  a-

p la t in u m  a c y l  complex. The f i r s t  s t e p  of t h e  r e a c t i o n  i s  th o u g h t  t o
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be p h o s p h in e  d i s p l a c e m e n t  o f  t h e  c h l o r i d e  t r a n s  t o  t h e  co m p lex ed  p h o s p h in e ,

c i 3 -[p tC lJC (C M e) CggPh} (PMe P h[[ + PMe Ph ------ >  tr a n s -  [ptCl(COCH_Ph)-

(iM egP h)g] + CH Cl (4 -4 9 )

p r o d u c i n g  a  c a t i o n i c  a l k o x y c a r b e n e  com plex  an d  f r e e  c h l o r i d e ,  w h ich  t h e n  

r e a c t  a s  shown i n  e q n .  ( 4 - 4 7 ) .  C o n f i r m a t i o n  o f  t h i s  was p r o v i d e d  by 

p e r f o r m i n g  t h e  r e a c t i o n  i n  t h e  p r e s e n c e  o f  a  s o l u b l e  s i l v e r  s a l t ,  w h ich  

rem oved  t h e  c h l o r i d e  b e f o r e  i t  c o u ld  r e a c t  f u r t h e r  ( e q n ,  4 - 5 0 )  g i v i n g  an  

i s o l a b l e  c a t i o n i c  c a r b e n e  co m p lex .

cis-[P tC liC(0M e)CH ^PhKPM e^Ph)l4- PMe^Ph + Ag(SCF 0  )  >

t r a n s -  [ptCl[c(OMe)CH^Ph](PM e^Ph)^][s(CF^)0^]+AgCl

( 4 - 5 0 )

•y/hen one e q u i v a l e n t  o f  PNe^Ph was ad d e d  t o  a  CDCl^ s u s p e n s i o n  o f  c i s -

(jPtCl^{_C(iIHPh)CH^Phj (PM e^Ph)] d i s s o l u t i o n  o f  t h e  com plex  t o o k  p l a c e  o v e r

a  p e r i o d  o f  a  few  m i n u t e s .  ^^P nmr s p e c t r o s c o p y  showed t h a t  one

monomeric s p e c i e s  was u r e s e n t  i n  s o l u t i o n  ( 5  1 1 .0  J  2553 H z ) ,  w ith  a
F P P t

c o u p l i n g  c o n s t a n t  t y p i c a l  f o r  two p h o s p h in e s  i n  a  m u t u a l l y  t r a n s  

e n v i r o n m e n t .  ^H nmr s p e c t r o s c o p y  (T a b le  4 - 7 j showed t h a t  t h e  b en z en e  

m e th y le n e  p r o t o n s  w ere  now e q u i v a l e n t ,  a p p e a r i n g  a s  a  1 :4 :1  t r i p l e t  due 

t o  c o u p l i n g  t o  p l a t i n u m  ( 5 ^ = 4 . 4 4  = 43 H z ) ,  b u t  t h e  m o l e c u l e  s t i l l

showed h i n d e r e d  r o t a t i o n  a s  t h e  p h o s p h in e  m e th y l  s i g n a l s  w ere  s t i l l  

i n e q u i v a l e n t .  On t h e  b a s i s  o: t h e  nmr p a r a m e t e r s ,  a s  w e l l  s.s t h e  

r e a c t i o n s  w i t h  s i l v e r  s a l t s ,  d e s c r i b e d  b e lo w ,  t h e  p r o d u c t  o f  t h e  r e a c t i o n  

m u s t  be t r a n s -  [p tC lfc (N h P h )C E ^ P h )(P M e ^ P h )^ ] ]c i . The com plex  r e m a in e d  

u n c h a n g e d  i n  CDCl^ s o l u t i o n  o v e r  4 d a y s ,  i n d i c a t i n g  t h a t  l i k e  t h e  n e u t r a l  

a m in o c a rb e n e  c o m p le x e s ,  b u t  i n  c o n t r a s t  t o  b o t h  n e u t r a l  and  c a t i o n i c  

a l k o x y c a r b e n e s , c a t i o n i c  a m in o c a r b e n e s  do n o t  r e a c t  w i th  h a l i d e  i o n s .

I f  one e q u i v a l e n t  o f  s i l v e r  p e r c h l o r a t e  was a d d e d  t o  a  s o l u t i o n  

c o n t a i n i n g  c i s -  [p tC l_{C (N H Ph)C H ^Ph](PM e^Ph)l t o  w h ich  one e q u i v a l e n t  o f



T able 4 -7  Nmr param eters f o r  j^Cl^C(iiHPh)CH^Ph} (B^egPh)^^'*' A
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FMe^Ph had been p r e v i o u s l y  added th e n  a w h i te ,  l i g h t  s e n s i t i v e  p r e c i p i t a t e  

o f  AgCl d e v e lo p e d .  A f t e r  t h i s  was removed by f i l t r a t i o n ,  a d d i t i o n  . 

o f  m e thano l  d ropw ise  t o  t h e  s o l u t i o n  l e d  to  th e  i s o l a t i o n  of w h ite  

c r y s t a l s  o f  t r a n s -  [ptGl{c(lNlHPh)GĤ Ph] (PMe^Ph)^"] [ciO ~̂]. The ass ig n m en t  

o f  t h e  p ro d u c t  was s u p p o r te d  by e le m e n ta l  a n a l y s i s  and s p e c t r o s c o p i c  

p a ra m e te r s  (T ab le  4 - 7 ) .  Nmr s p e c t r o s c o p y  of th e  p ro d u c t  was c o n s i s t e n t  

w i th  a  complex c o n t a i n i n g  t r a n s  phosph ine  w ith  a  t y p i c a l  v a lu e  f o r

(2489  Hz) and th e  phosph ine  m e th y ls  a p p e a r in g  a s  a  1 :4 :1  t r i p l e tr r  r

o f  t r i p l e t s ,  due t o  v i r t u a l  c o u p l in g ^ ^ ^ ^ )  w i th  b o th  phosphorus  n u c l e i ,  a  

phenomenon t y p i c a l  o f  m u tu a l ly  t r a n s  phosph ines  (See a l s o  C h a p te r  3 ) .  The 

c a rb e n e  m o ie ty  s t i l l  had h in d e r e d  r o t a t i o n  (shown by i n e q u i v a l e n t  

p h o sp h in e  m ethy l g r o u p s ) .  The i r  spec trum  c o n ta in e d  one P t - C l  s t r e t c h  

( 310cm  ̂ ) and two N-H s t r e t c h e s  (3200, 3250cm ”* ) ,  f u r t h e r  s u p p o r t i n g  

th e  p roposed  s t r u c t u r e .

I f  s i l v e r  t r i f  l a . t e , [Âg S (C F _ )0 ^ ^ w a s  used  i n s t e a d  of AgClO^ i n  t h e  

above r e a c t i o n  th e n  s i m i l a r  r e s u l t s  were o b ta in e d  (T ab le  4 -7 )  a l th o u g h  

i n  t h i s  c a se  t h e  p h o sp h in e  m ethy l p ro to n  re s o n a n c e s  were e q u i v a l e n t .

S in c e  i t  was u n l i k e l y  t h a t  r o t a t i o n  of t h e  c a rb en e  l i g a n d  would be any 

e a s i e r  f o r  t h i s  complex th a n  th e  above two, th e  s i m p l i c i t y  o f  th e  Me-P 

s i g n a l s  was p resum ab ly  due t o  chance i s o c h ro n y  of  t h e  r e s o n a n c e s .

I t  s h o u ld  be n o te d  t h a t  s in c e  t h e  c a rb en e  s t i l l  shows h in d e r e d  

r o t a t i o n ,  th e  e q u iv a l e n c e  of th e  benzene  m ethy lene  p r o to n s  i n  t h e s e  

c a t i o n i c  c a rb e n e s  i s  due t o  th e  i n t r o d u c t i o n  of a  p la n e  o f  symmetry i n  

t h e  m o le c u le ,  by r e p l a c i n g  one c h l o r i d e  w ith  a p h o s p h in e .  The p lan e  o f  

symmetry c o n ta in s  t h e  c a rb e n e  l i g a n d ,  and more s p e c i f i c a l l y  t h e  be n z y l  

m e th y le n e  ca rbon  b r i n g i n g  th e  two p ro to n s  a t t a c h e d  t o  i t  i n t o  

m a g n e t i c a l l y  e q u iv a l e n t  e n v iro n m e n ts .
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4 - 6 . 5  -  S y n th e s is  and P h y s ic a l P r o p e r tie s  of P latinum  Im ine Complexes

Im ine  compounds a r e  w e l l  known i n  o rg a n ic  c h e m is t r y .  They can be 

p r e p a r e d  s im p ly  by a c o n d e n s a t io n  r e a c t i o n  in v o lv i n g  a  p r im a ry  amine w i th  

an  a ld e h y d e  or  k e to n e .  I f  th e  fo rm er  i s  u s e d ,  l o s s  o f  w a te r  i s  

s p o n ta n e o u s  and c o m p le te ;  f o r  k e to n e s  w a te r  must be removed e i t h e r  by 

d i s t i l l a t i o n  as  t h e  r e a c t i o n  p roceeds  o r  by use  o f  d r y in g  a g e n t s .  Thus 

th e  d i r e c t  r e a c t i o n  o f  benza ldehyde  w ith  e i t h e r  PhNH^ (eq n .  4- 51) o r  HeNH^ 

( i n  i n d u s t r i a l  s p i r i t s )  l e d  to  th e  i s o l a t i o n  of t h e  known compounds 

P h N = C H P h ^ ^ a n d  KeN=CHPh, S i m i l a r l y  th e  r e a c t i o n  be tw een  o r th o -

PhCHO + NE Ph -------------->  PhCH = NPh (4-51 )

m eth y lb e n z a ld e h y d e  and a n i l i n e  produced  th e  new compound PhN=CH(o-tol) 

a s  a c o l o u r l e s s  l i q u i d  a f t e r  b e in g  p u r i f i e d  by vacuum d i s t i l l a t i o n  a t  

h ig h  t e m p e ra tu re  ( l 1 6 -1 2 2 °C /0 .4  t o r r ) .

The p la t in u m  im ine  complexes were s y n th e s i s e d  by th e  method of 

y r i e z e ^ ^ ^ ^ \  To a  s o l u t i o n  o f  th e  h a l i d e - b r i d g e d  d im er  (jPt2Cl^(PMegPh)22j 

was added two e q u i v a l e n t s  of t h e  a p p r o p r i a t e  im ine  l i g a n d .  There  was 

an im m ediate  change i n  th e  c o lo u r  of t h e  s o l u t i o n  from  o range  t o  y e l lo w /  

g r e e n .  A f t e r  15 m in u te s  th e  s o l v e n t  was removed and t h e  c ru d e  p ro d u c t  

r e c r y s t a l l i s e d  from  m ethy lene  c h lo r i d e / p e n ta n e  t o  y i e l d  y e l lo w  c r y s t a l s  

of  t h e  pu re  im ine  com plex. The a n a l y s i s  and m e l t i n g  p o i n t s  o f  th e  new 

com plexes a r e  p r e s e n t e d  i n  T ab le  4 - 8 .

S p e c t r o s c o p ic  P a r a m e te r s  and S t e r e o c h e m is t r y  o f  P la t in u m  Imine 

Complexes

The i r  s p e c t r a  o f  a l l  t h e  im ine complexes c o n ta in e d  one P t -C l  s t r e t c h  

(T ab le  4 -9 )  i n d i c a t i v e  o f  a  t r a n s  geom etry  of t h e  c h l o r i d e  l i g a n d s .

T h is  i s  th e  same geom etry  a s  found i n  a l l  o th e r  known p la t in u m  im ine 

and amine ( s e e  s e c t i o n  4 -6 a )  com plexes . The C=N s t r e t c h  ( a t '^ l6 6 0 c m  "* ) 

was a l s o  o b s e r v a b le ,  a l th o u g h  th e  p re s e n c e  of o t h e r  bands’ i n  t h i s  r e g i o n



T able 4 -8  P h y s ic a l data  fo r  t r a n s - |ptC l^(im )(PM e^Ph^

.............
im

■ ■■ ........
M .Pt(^C) %H ”/oN

PhN=CHPh 153-155 4 2 .7 9 (4 3 .0 8 ) 3 . 4 6 ( 3 . 7 6 ) 2 . 14 ( 2 . 39 )

MeN=CHPh 124 56 . 6 7 ( 36 . 7 2 ) 3 .6 3 ( 3 .8 5 )

PhN= H ( o - to l ) 152-153 4 4 .1 6 (4 4 .0 8 ) 5 . 9 3 (4 . 0 4 ) 2 . 51 ( 2 . 34 )

EN=CPh 157-158 4 5 .0 4 (4 3 .0 8 ) 3 . 3 0 ( 3 . 7 6 ) 2 . 2 0 ( 2 . 39)

(a )  T h e o r e t i c a l  v a lu e s  i n  p a r e n t h e s i s .
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made a d e f i n i t e  a s s ig n m e n t  d i f f i c u l t .  As w i th  th e  amine com plexes ,  t h e  

v a lu e  of t h e  p la t in u m  phosphorus  c o u p l in g  c o n s t a n t  (T ab le  4 - 9 )  was o f  

l i t t l e  u se  i n  d e te r m in in g  th e  p ro d u c t  geom etry  due t o  t h e  s i m i l a r i t y  

of  t h e  o bse rved  v a lu e s  and th o s e  ex p ec ted  f o r  e i t h e r  im ine  o r  c h lo r o  

l ig a n d s  i n  th e  t r a n s  p o s i t i o n .

P ro to n  nmr s p e c t r o s c o p y  was a g a in  v e ry  u s e f u l  f o r  o b t a i n i n g  

i n f o r m a t io n  ab o u t  t h e  im ine  com plexes, and j n  . p a r t i c u l a r  t h e  geom etry  

a round  th e  C=N bond. As w ith  th e  a m in o c a rb e n e s ,  t h e  P t  and H d i r e c t l y

a t t a c h e d  t o  t h e  d o u b le  bond ( th e  im ine p ro to n )  can  be m u tu a l ly  c i s  o r  t r a n s ,
o b s e r v a t i o n s  -

P ro to n  nmr s p e c t r o s c o p y  shows t h a t  th e  geom etry  i s  t r a n s  th ro u g h  tw o /  '

( i )  The i.mine p r o to n  a p p e a rs  as  a  low f i e l d  d o u b le t  w i th  p la t in u m  

s a t e l l i t e s  ( s e e  f i g .  4 - 3 ) .  The d o u b le t  was shown t o  be due 

t o  c o u p l i n g  t o  phosphorus  by r u n n in g  th e  ^^P nmr sp ec tru m  of 

t r a n s -  jp tC 1 ̂ (NPhChPh) (PBu ) ~| w h i l s t  d e c o u p l in g  o n ly  t h e  

a l i p h a t i c  p r o to n s .  The ^^P nmr sp e c tru m  c o n ta i n e d  a b road  

d o u b le t  w i th  a  P-H c o u p l in g  c o n s ta n t  ( 10 Hz) n e a r l y  e q u a l  t o  

t h a t  o b se rv e d  f o r  th e  imine p ro to n  ( j  = 12 H z ) .  The Pt-H 

c o u p l in g  c o n s t a n t  (w '6 0 H z )  i s  v e ry  s i m i l a r  t o  t h a t  found  i n  

t h e  m o n o d en ta te  d i im in e  o r  im in o k e to n e  com nlexes where a  t r a n s

geom etry  was shown t o  be p r e f e r r e d  by c r y s t a l l o g r a p h i c  and nmr 

e s h é  

(149 )

s t u d i e s ^ ^ ^  o r  c h e l a t i n g  d i im in e s ,  where t h e  geom etry  must be

t r a n s

( i i )  A second  low f i e l d  d o u b le t  of m u l t i p l e t  sw as  o b se rv e d  at'^& 9.0 . 

T h is  had th e  i n t e r i s i t y  (by i n t e g r a t i o n )  c o r r e s p o n d in g  t o  two 

p ro to n s  when PhNCHPh was th e  l i g a n d ,  b u t  on ly  one f o r  

Phl'ICH ( _ o - to l ) . The d o u b le t  was a s s ig n e d  t o  t h e  o r th o  p ro to n s  

on th e  p h e n y l  r i n g  a t t a c h e d  t o  c a rb o n .  As m en t io n e d  i n  s e c t i o n  

4 - 5 ,  X - ra y  c r y s t a l l o g r a p h i c  s t u d i e s  show t h a t  t h e r e  i s  a  c lo s e  

ap p ro ach  be tw een  t h i s  p ro to n  and th e  m e ta l  c e n t r e .  A c lo s e  

a p p ro a c h  be tw een  a p ro to n  and p la t in u m  can  c a u se  a  d o w n f ie ld
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Fig. 4 -3  100 MHz ^Hn.m.r. Spectrum  of

Trans- [ptCl2 (NPh=CHPh)(PMe2 Ph)]
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s h i f t  i n  t h a t  p r o t o n ' s  nmr r e s o n a n c e  t h e  s i z e  o f  t h e  s h i f t  

i n c r e a s i n g  a s  t h e  | p t . . .H | d i s t a n c e  d e c r e a s e s  and  a s  t h e  

a n g l e  b e tw e e n  t h e  P t . . . H  v e c t o r  a n d  t h e  z . - a x i s ,  p e r p e n d i c u l a r  

t o  t h e  p l a n e  o f  t h e  m e t a l  d e c r e a s e s T h e  d o u b l e t  

an d  f u r t h e r  s t r u c t u r e  a r e  due t o  p r o t o n - p r o t o n  c o u p l i n g s  

w i t h i n  t h e  a r o m a t i c  r i n g .  F o r  t h e  p r o t o n  t o  be n e a r  enough 

t o  p l a t i n u m  t o  e x p e r i e n c e  t h i s  d e s h i e l d i n g  e f f e c t ,  t h e  p h e n y l  

r i n g  a t t a c h e d  t o  c a r b o n  m ust  be c i s  t o  p l a t i n u m ,  i . e .  t h e  im in e  

p r o t o n  m u s t  be t r a n s  «

The p r o to n  nmr sp ec tru m  of t r a n s -  jPtCl^KMeCEPh) (PMe^Ph)]] was more 

c o m p l ic a te d  t h a n  t h o s e  w i th  pheny l g roups  a t t a c h e d  t o  n i t r o g e n ,  dub to- 

two r e s o n a n c e s  d e s c r i b e d  above o v e r la p p û 'g  m aking a s s ig n m e n t  d i f f i c u l t ,  

and a  complex m u l t i p l e t  f o r  th e  MeN g roup  ( a t  §  3 .9 )  ( s e e  f i g .  4 - 4 ) .  

Double i r r a d i a t i o n  e x p e r im e n ts  were u sed  t o  s i m p l i f y  t h e  sp ec tru m . 

I r r a d i a t i o n  of t h e  s i g n a l  a t  6 3 * 9  ca u se d  a s h a r p  d o u b le t  a t  $  8 .7  t o  

a p p e a r  ( f i g .  4 - 4 b ) . The i n c r e a s e d  i n t e n s i t y  (due t o  rem oval of c o u p l in g  

t o  t h e  N -m ethyl g ro u p ,  i . e .  t h e  s i g n a l s  a r e  b e in g  s h a rp e n e d  from q u a r t e t s  

t o  s i n g l e t s )  e n a b le d  o b s e r v a t io n  o f  p la t in u m  s a t e l l i t e s  (J^^^  64 Hz) and 

so  t h i s  d o u b le t  was a s s ig n e d  t o  th e  im ine  p r o to n .  C o n v e rse ly  

i r r a d i a t i o n  a t  t h e  c e n t r e  of t h i s  d o u b le t  s i m p l i f i e d  t h e  N-m ethyl s i g n a l  

( f i g .  4 -4 b )  t o  a  d o u b le t  ( =  2 .5  Hz) w i th  p la t in u m  s a t e l l i t e s  

(Jnpt 15 Hz).

A gain , by a n a lo g y  t o  th e  s o l i d  s t a t e  s t r u c t u r e s  o f  known im ine 

c o m p le x e s (^ 4 ^ * ^ ^ ^ ) ,  where th e  im ine  p la n e  is p e r p e n d i c u l a r  t o  th e  p la n e  

of  th e  p la t in u m  l i g a n d s ,  and from  th e  nmr p a r a m e te r s ,  t h e  o v e r a l l  

s t r u c t u r e  o f  t h e  p la t in u m  im ine  complex can  be d e te rm in e d  (4 -X V l).



Fig.4 -4  100MHz ^Hn.m.r. Spectrum  of

Trans-[PtC l2 (NMe-CHPh)(PM 0 2 Ph)]
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Fig.4-4(b) Partially D eco u p led  n.m.r. Spectrum  of 

Traris “ [pt C12  ( N M e=C H P h ) (PMe2  P h ) ]
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R1 ^  T. T.. ^1L = PMe^Ph; R = P h ; R = P h ,_ o - t .o l

/
C-H R = Me; R^ = Ph

p.j. ___  2̂  L =s PBu^ ; R = R^ = PhI \
4 - m

H y d r o l y s i s  o f  P t  im in e  co m p lex es

When GDCl^ s o l u t i o n s  o f  t r a n s -  [ p t C l ^ ( i m in e ) L ^  (L = P M e^P h ,im ine  = 

PhHCHPh,PhI^GH(otol) jMeNCHPh; L = PBu^, im in e  = PhNGHPh) w ere  a l l o w e d  t o  

s t a n d ,  nmr s p e c t r o s c o p y  i n d i c a t e d  a  g r a d u a l . -dep le t ro r t '  o f  t h e  s i g n a l s  f o r  

t h e  s t a r t i n g  co m p lex  and  a  new s e t  o f  s i g n a l s  g ro w in g  i n .  T h ese  w e re  

i n i t i a l l y  a s s i g n e d  t o  t h e  p ro d u c t  f ro m  a n  i s o m é r i s a t i o n  a r o u n d  t h e  G = N 

bond  ( e q n .  4 - 5 2 ) w h ich  was r e g a r d e d  a s  a  f a v o u r a b l e  p r o c e s s  a.s it p l a c e d  

t h e  tw o b u lk  g ro u p s  i n  a  t r a n s  a r r a n g e m e n t  a c r o s s  t h e  d o u b le  b o n d .

H o w ev er ,  when b e n z a ld e h y d e  was ad d e d  t o  a  s o l u t i o n  o f  t r a n s - jp tC lg C ^ H g ^ ^ ^ "

Ph P tG l  (PMe.Fh) Ph ^ P t C l  (PMe„Ph)

N W

  >

/ \  / \
H Ph Ph H

(P M e^P bJJ ,  i d e n t i c a l  s p e c t r a  w ere p ro d u c e d  w i t h  e v id e n c e  o f  t r a n s -  

l^ tG lg(H FhG H Ph) (PMe^Ph)]] a l o n g  w i t h  s t a r t i n g  m a t e r i a l s .  F u r t h e r m o r e ,  

f ro m  s o l u t i o n s  o f  b o th  t r a n s -{P tG l^(N PhG H Ph)(PTie^Ph)^  and  t r a n s - { p t G l ^ -  

NPhGH(_o-tol) (P M e^P h^  , y e l lo w  c r y s t a l s  o f  t r a n s -  j p tG l^ ( M ^ P h )  (PMe^Ph)"] 

w e re  i s o l a t e d  and  t h e  a ld e h y d e  p r o t o n  o f  PhGHO o r ( p - to l )G H O  r e s p e c t i v e l y  

was d e t e c t e d  b y  nmr s p e c t r o s c o p y .  I t  was c o n c lu d e d  t h e r e f o r e  t h a t  t h e  

r e a c t i o n  was n o t  i s o m é r i s a t i o n  b u t  h y d r o l y s i s  o f  t h e  im in e  l i g a n d  ( e q n .  

4 - 5 3 ) .  An e q u i l i b r i u m  was s l o w l y  fo r m e d ,  w i th  ']CP/o h y d r o l y s i s  f o r  

c o m p le x e s  c o n t a i n i n g  PhNGHPh o r  PhN G H (oto l)  w i t h  e q u i l i b r i u m  b e i n g
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t r a n s -[p tC l^(K PhCH Ph)( 'm e^Ph)“| + H^Q t r a n s -  [PtCl^(NH^Ph) (PMe^Ph)^

+ PhCHO (4 -5 3 )

e s t a b l i s h e d  i n  around  15 d a y s .  F o r  MeMCHPh h y d r o l y s i s  p roceeded  t o  a  

l e s s e r  e x t e n t ,  b e in g  4CÇ0 com plete  a f t e r  50 d a y s .  jPtCl^CUHCPh^)(PMe^Ph)^ 

showed no s ig n  of h y d r o ly s i s  under s i m i l a r  c o n d i t i o n s  i n d i c a t i n g  t h a t  

t h e  e q u i l i b r i u m  an a lo g o u s  t o  (4 -53)  l i e s  v e r y  f a r  t o  t h e  l e f t  f o r  t h i s  

l i g a n d ,

Im in e  Exchange R e a c t i o n s ,

When MeNCriPh was added t o  a  GDCl^ s o l u t i o n  of t r a n s -  [PtGl^(NPhGHPh) 

(PMe^Ph)^ com ple te  im ine d i sp la c e m e n t  to o k  p la c e  w i t h in  a few "m in u te s ,  w i th  

t r a n s -  [PtGl^ (iMeCKPh) (M e ^ P h )^  b e in g  form ed a lo n g  w i th  f r e e  PhlMGHPh,

When t h e  s t a r t i n g  complex was t r e a t e d  w i th  one e q u iv a l e n t  o f  PhNGP (_o-to l)  

an e q u i l i b r i u m  m ix tu re  w i th  th e  two im ine  complexes p r e s e n t  i n  e q u im o la r  

am oun ts .  T h is  r e f l e c t s  th e  b a s i c i t y  of t h e  im ines  i n c r e a s i n g  i n  t h e  

o r d e r  PhPGhPh — PhNGh (_otol) <Mel’GHPh, The same o r d e r  i s  found  when 

P -P t  c o u p l in g  c o n s t a n t s  a r e  compared, s o  l i k e  th e  amines th e  more b a s i c  

l i g a n d  g iv e s  a  s m a l l e r  v a lu e  of

R e a c t io n s  of Im ine complexes w i th  E ases

As d i s c u s s e d  i n  th e  i n t r o d u c t i o n  i t  was hoped t h a t  by base  a s s i s t e d  

rem oval of th e  im ine  p r o to n ,  new Pt-G  cf-bonds co u ld  be fo rm ed . 

A l t e r n a t i v e l y ,  b a se s  m ight promote o r th o  m e t a l l a t i o n  r e a c t i o n s  o f  t h e  

ty p e  t h a t  occu r  s p o n ta n e o u s ly  a t  Pd (eq n .  4 - 2 6 ) .

Amines r e a c t e d  w ith  th e  p la t in u m  im ine  com plexes , b u t  on ly  

d i s p l a c e d  th e  im ine  l i g a n d .  So when t r a n s -  [pdGl^(NPhGHPh) (M e^Ph)]]  was 

t r e a t e d  w i th  one e q u iv a l e n t  of e i t h e r  PhNH^ o r  Et^N, th e n  ^^P nmr 

s p e c t r o s c o p y  con firm ed  t h a t  t r a n s -  [P tG l^  (iffi^PH) (PMe^Ph)~| o r  t r a n s - [ p tG l^ -  

(NEt^) (pT^Ie^Ph)] were formed q u a n t i t a t i v e l y .  The l a t t e r  amine complex 

was n o t  i s o l a t e d ,  bu t i t s  s p e c t r o s c o p i c  p a ra m e te rs  con firm ed  by 

s y n t h e s i s  of th e  same complex from [Pt^G l^(PM e Ph) ^ a n d  E t N
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I f  s t r o n g e r  b a s e s  w ere u s e d  t h e n  t h e r e  was s t i l l  no r e a c t i o n  b e tw e e n  

t h e  i m in e  com plex  and  t h e  b a s e .  T hus t h e  s t a r t i n g  com plex was 

r e c o v e r e d  u n ch a n g ed  i f  t  r a n s - [ p t  Cl ( MMe CH P h ) (  Hde _Ph was t r e a t e d  w i t h  

e t h a n o l i c  EtONa f o r  I 4  h o u r s  o r  p r o t o n  s p o n g e  f o r  4 8  h o u r s .

I t  a p p e a r s  t h e r e f o r e  t h a t  t h e  im in e  co m p lex e s  a r e  h i g h l y  u n r e a c t i v e  

to w a r d s  b a s e s ,  e x c e p t  N c T -d o n o rs ,  w h ich  ca n  c a u s e  l i g a n d  d i s p l a c e m e n t .

They  w ou ld  t h e r e f o r e  n o t  be s u i t a b l e  p r e c u r s o r s  f o r  t h e  f o r m a t i o n  o f  

o r g a n o p la t in u m  c o m p le x e s ,  n o r  can  t h e y  be i n t e r - c o n v e r t e d  w i th  a m in o c a rb e n e  

c o m p le x e s  a s  f i r s t  h o p e d .
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4 -7  E x p e r im e n ta l

L i t e r a t u r e  m ethods  w ere  u s e d  t o  p r e p a r e

( f ro m  K ^ P tC l^  and  t h e  a p p r o p r i a t e  p h o s p h i n e )  

an d  PhN =CRPh(^^^).  HN=^CPhp was p u r c h a s e d  f ro m  t h e  A l d r i c h  C h e m ic a l  

Company, A l l  l i q u i d  am ines  w ere  d i s t i l l e d  p r i o r  t o  u s e ,  Nmr s p e c t r a  

w ere ,  r e c o r d e d  i n  a  V a r i a n  XL100 (^ ^ P ,  H) a  P e r k n  -E lm e r  R3? (^H) o r  a  

B r u k e r  ’,-/?2003Y, I , R ,  w ere r e c o r d e d  on a  P e r k  in - E lm e r  530 an d  P e rk  i n -  

E lm e r  8 9 2 ,  a l l  s o l i d s  w ere r u n  a s  KBr d i s c s .
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T r a n s - d i c h l o r o ( d i m e t h y l p h e n y l p h o s p h i n e ) ( p h e n y l a m i n e )  p l a t i n u m ; -  To a  

s o l u t i o n  o f  [P tg C l^ ( P M e g P h ) ^ ]  ( 5 2 0 mg, 0 .64m m ol)  i n  CHCl^ ( 5 0 m l)  u n d e r  N^. 

was a d d e d  4m 1 o f  PhNH^ and  2 0 0 ^  o f  H=CPh, The s o l u t i o n  w h ic h  c h a n g e d  

c o l o u r  from  o ra n g e  t o  y e l l o w / g r e e n  im m e d ia t e l y ,  was s t i r r e d  f o r  19 h o u r s  

a t  room t e m p e r a t u r e .  The s o l v e n t  was rem oved u n d e r  r e d u c e d  p r e s s u r e  an d  

t h e  r e s u l t i n g  brown o i l  r e - c r y s t a l l i s e d  from  b e n z e n e / p e n t a n e  t o  a f f o r d  

y e l l o w  c r y s t a l s  o f  t r a n s - ^P tC l^^N H ^P h)(P M e^P h)J  (545mg, 85%). P h y s i c a l  

and  s p e c t r o s c o p i c  p a r a m e t e r s  a r e  g iv e n  i n  T a b le s  4-1 and  4 - 2 ,

T r a n s - d i c h l o r o ( d i m e t h y l p h e n y l p h o s p h i n e ) ( m e t a - m e t h o x y p h e n y l a m i n e )  p la t in u m .  

To a  s o l u t i o n  o f  ]~Pt2 Cl^(PM e2 ? h ) 2 ]  (500mg, 0.62.rr.Tiol) i n  CHCl^ (5 0 m l)  

was a d d e d  m e t a - m e th o x y p h en y lam in e  ( m - a n i s i d i n e )  ( l5 4 m g , 1 .2 5 m m o l) .  The 

s o l u t i o n  was s t i r r e d  f o r  24 h o u r s .  The s o l v e n t  was r e d u c e d  i n  vo lum e 

( t o  2ml) an d  p e n ta n e  ad d e d  u n t i l  p r e c i p i t a t i o n  j u s t  b e g a n .  Y e l lo w  

c r y s t a l s  o f  t r a n s - |^PtC1 ̂ (I E ^ O M e - m )  (pM e^Ph)^  grew on s t a n d i n g  (508mg, 

47% ). P h y s i c a l  and  s p e c t r o s c o p i c  p a r a m e t e r s  e r e  g i v e n  i n  T a b l e s  4-1  and

4 - 2 .

T r a n s - d i c h l o r o ( d i m e t h y l o h e n . y l  P h o s p h in e )  ( ' p a r a - n i t r o a p i l i n e )  p l a t i n u m  : -  

T h i s  was p r e p a r e d  by  t h e  ab o v e  m ethod  from  |^ P t2 Gl^(PFie2 P h ) 2 J (387mg, 

Q,48jinmcl) and  2-^®2^6^4^*^2 0 ,96m m ol)  t o  a f f o r d  y e l l o w  c r y s t a l s

o f  t r a n s - [P tC l_ (m _ C ^ H  N0_) (P M e^P h)] ,  (436mg, 84%).

Trans-dichloro(dimethylphenylphosphine)(m e th y la m in e )  platinum;- This 

was prepared similarly from [pt2Cl^(PMe2Ph)2^(506mg, O,63mmol) and a  

33% solution of MeNHg in industrial spirits (115mg of solution, 

containing 38mg (l,23 mmol) of MeNH^) CHCl^ (20m l) t o  afford yellow 

crystals of trans-ĵ PtCl̂ (Mî Ke) (PMe^Ph)j (452mg, 84%).

T r a n s - d i c h l o r o ( d i m e t h y l p h e n y l p h o s p h i n e ) ( d i p h e n y l a m i n e )  p l a t i n u m t -  To a  

s o l u t i o n  o f  [^Pt2 Cl^(PM e2 P h ) 2 J (305mg, 0 ,38m m ol)  i n  CHCl^ (20m l)  was a d d e d
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NÏÏPh^ ( l2 8 m g , O,76mmol) ,  The s o l u t i o n  was s t i r r e d  f o r  30 m i n u te s ,  

t h e  s o l v e n t  r e d u c e d  i n  volum e and  p e n t a n e  ad d e d  u n t i l  p r e c i p i t a t i o n  b e g a n .  

O range  c r y s t a l s  o f  [ p t 2 Cl^(PM e2 P h ) 2 ]  (50mg) fo rm ed  on s t a n d i n g .  T h e se  

w e re  rem oved by f i l t r a t i o n  and  on s t a n d i n g  y e l l o w  c r y s t a l s  o f  t r a n s -  

[p tC lg (N H P h ^){ P M eg P h )J  fo rm ed  i n  t h e  m o th e r  l i q u o r s  ( l 2 7 mg, 29%).

P h y s i c a l  an d  s p e c t r o s c o p i c  d a t a w a r e  p r e s e n t e d  i n  T a b l e s  4-1  and  4 - 2 ,

T r a n s - d i c h i o r o ( d i e t h y l a m i n e ) ( d im e t h y l p h e n y l p h o s p h i n e )  p l a t i n u m To a  

c h l o r o f o r m  s o l u t i o n  (25m l)  o f  ^ P t 2 C l^(PM e2 P h ) 2]  ( l g ,  1 . 24m mol was 

a d d e d  KhEt^ ( l3 5 m g , 2 ,5 3 m m o l) , .  T h e re  was a n  im m e d ia te  c b l o u r  ch a n g e  

f ro m  o ra n g e  t o  y e l l o w / g r e e n .  A f t e r  30 m in u te s  t h e  s o l v e n t  was 'rem oved 

an d  t h e  r e s u l t a n t  y e l l o w  o i l  r e - c r y s t a l l i s e d  from  MeQH/CK^Cl^. W h ite  

c r y s t a l s  o f  c i s - j^P tC l^(PM e^Ph)^J  fo rm e d  (379m g), t h e i r  i d e n t i t y  was 

p ro v e n  by c o m p a r i s o n  o f  t h e i r  i r  an d  nmr s p e c t r a  t o  t h a t  f o r  a u t h e n t i c  

s a m p l e s .  The s o l v e n t  was rem oved from  t h e  m o th e r  l i q u o r s  an d  t h e  

r e s u l t a n t  brown s o l i d  r e - d i s s o l v e d  i n  b e n z e n e ,  w h ich  c a u s e d  t h e  

p r e c i p i t a t i o n  o f  more c i s - [^P tC l^ (PM e^P h)^J  (6 /m g ) ,  The b e n z e n e  

s o l u t i o n  was p a s s e d  th r o u g h  a  c h ro m a to g ra p h y  colum n p a c k e d  w i t h  s i l i c a  

g e l .  A y e l l o w  s o l u t i o n  was e l u t e d  and  a  d a rk  brown band  r e m a in e d  i n  t h e  

c o lu m n . The brown s o l i d  c o u ld  n o t  be rem oved from  t h e  s i l i c a  even  i n  

b o i l i n g  c h l o r o f o r m .  The y e l lo w  s o l u t i o n  was e v a p o r a t e d  and  t h e  c r u d e  

p r o d u c t  r e - c r y s t a l l i s e d  from  d i e t h y l e t h e r / p e n t a n e  t o  a f f o r d  y e l l o w  

c r y s t a l s  o f  t r a n s - j^ P tC l^ (h n E t^ ) (PM e^Ph)J (298mg, 25%). P h y s i c a l  a n d  

s p e c t r o s c o p i c  d a t a  a r e  p r e s e n t e d  i n  T a b le s  4-1 en d  4 - 2 ,

T r a n s —( t e r t - b u t y l a m i n e ) ( d i c h l o r o ) ( d i m e t h y l p h e n y l p h o s p h i n e )  p l a t i n u m ; -  

T h i s  was p r e p a r e d  by  t h e  above  r o u t e  fro m  |^ P tg C l^ (P M e g P h )g J  ( l . 0 9 g ,  

1 .3 5 m m o l)  and  ( l99m g, 2 ,7 2 m m o l) .  C i s - |P tC l^ (P M e^ P h )^  J  was

a g a i n  i s o l a t e d  a s  t h e  f i r s t  p r o d u c t  (380mg) an d  e l u t i o n  o f  t h e  m o th e r  

. l i q u o r s  t h r o u g h  a  s i l i c a  g e l  c h ro m a to g ra p h y  colum n p ro d u c e d  a  brown
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m a t e r i a l  i r r e v e r s i b l y  bound t o  t h e  s i l i c a  g e l  and  a  y e l l o w  s o l u t i o n  w h ich  

was e v a p o r a t e d  and  t h e  c ru d e  p r o d u c t  r e - c r y s t a l l i s e d  f ro m  M eŒ /CH^Clg 

t o  a f f o r d  t r a n s - [P tC l^ (M i^B u^  ) ( M e ^ P h ) ]  ( 5 2 mg, 4 % ).

D im e th y lp h e n y lp h o s p h in e  t r i s ( m e t h y l a m i n e ) p l a t i n u m  d i c h l o r i d e  ; -  

I^ P t^ C l^ ( iM e ^ P h )^ J  (679mg, 0 .8 4 m ^ o l ) .  was d i s s o l v e d  i n  CHCl^ (2 0 m l)  MeNH^ 

g a s  was p a s s e d  t h r o u g h  t h e  s o l u t i o n  f o r  1 0  m in u te s  a t  a m b ie n t  t e m p e r a t u r e s  

a f t e r  w h ich  t im e  t h e  f l a s k  was s t o p p e r e d  and t h e  s o l u t i o n  s t i r r e d  f o r  

24 h o u r s .  T h e re  was an  im m e d ia te  c o l o u r  change  f ro m  o r a n g e  t o  y e l l o w /  

g r e e n  nn  f h ' v j n g  t h e  g a s  t h r o u g h  t h e  s o l u t i o n  f o l l o w e d  by  t h e  s l o w e r

c o l o u r  d i s a p p e a r a n c e ,  u n t i l  a f t e r  $ 0  m in u te s  a c o l o u r l e s s  s o l u t i o n

re m a i n e d .  A f t e r  24 h o u r s  a  w h i t e  p r e c i p i t a t e  had  fo r m e d ,  w h ic h  was 

rem oved  by  f i l t r a t i o n ,  a f f o r d i n g  c r u d e  |^P t(h h ^M e)^ (P M e^P h )^C l^  ( 8 3 8 mg, 

lOO^o). The f o r m u la  was a s s i g n e d  by  i n t e g r a t i o n  o f  t h e  p r o t o n  nmr s p e c t r u m

( r e c o r d e d  i n  GD^OD), b u t  t h e  p r o d u c t  p ro v e d  i m p o s s i b l e  t o  p u r i f y  due  t o

am in e  l o s s  on h e a t i n g .  F u r t n e r m o r e , two f u r t h e r  a t t e m p t s  t o  r e p e a t  t h e  

r e a c t i o n  l e d  o n ly  t o  t h e  i s o l a t i o n  o f  t h e  b i s - am ine  p r o d u c t  [PtCl(M H2M e)2 -  

(PMe Ph)]c i ,

C h l o r o f d i m e t h y l o h e n y l p h o s p h i n e ) b i s ( m e t h y l a m i n e )  p l a t i n u m  c h l o r i d e ; -  

C rude  [p t(M i^ M e)^ (P M eg P h )]C l^  was d i s s o l v e d  i n  CH^OH an d  r e f l u x e d  f o r  

3 0  m i n u t e s .  The s o l v e n t  was rem oved l e a v i n g  a  brown s o l i d  w h ich  was r e 

c r y s t a l l i s e d  from  C h C l ^ / l i g h t  p e t r o l e u m  (6 0 -8 0 °C )  t o  a f f o r d  p a l e  y e l l o w  

c r y s t a l s  o f  t r a n s -j~PtCl(hH^M e)^(PM e^Ph) ^ M .P t , 1 7 2 -1 74*^C, Found C,

2 5 . 7 2 ;H ,4 .4 8 ;N ,5 .9 5 %  C a l c ,  f o r  C . , C l ^ N ^ P P t : -  C ,25 .  7 o ;  H , 4 . 4 5 ;  N ,6 ,0 1 % ,

Ù(P t - C l )  2 8 3 o m " \  6 p - 1 9 .2  5 987 ;  2 10 ,  11 Hz; 2 .3 5

R p t  12 H z.

The same compound was p ro d u c e d  when MeKH^ was p a s s e d  t h r o u g h  P t^ C l^  

(PM e^Ph)^ w i t h o u t  t h e  f o r m a t i o n  o f  a  p r e c i p i t a t e ,  i n d i c a t i n g  t h a t  t h e  

co m p lex  c a n  be  fo rm ed  w i t h o u t  g o in g  v i a  t h e  t r i s - am ine  c o m p le x .
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C i s -  f  ( b e n z y l ) ( p h e n y la m in e ) c a r b e n e ] d i c h l o r o ( d i m e t h y l p h e n y l p h o s p h i n e ) 

p l a t i n u m ; -  To a  s o l u t i o n  o f  [ p t^ C l^ (P M e ^ P h )^ ]  ( l g ,  1 . 2 4 m i o l )  i n  CHGl^

(100ml) u n d e r  was added PhNH^ ( 255mg, 2.74mmol) f o l lo w e d  

im m e d ia te ly  by e x c e s s  RG=CPh (793nig, 7 .8m m ol). The s o l u t i o n  was 

s t i r r e d  a t  am bient t e m p e r a tu r e s  f o r  7 days d u r in g  which t im e  th e  s o l u t i o n  

t u r n e d  brown and a w h i te  p r e c i p i t a t e  of t h e  c ru d e  p ro d u c t  was form ed,

and s u b s e q u e n t ly  i s o l a t e d  by f i l t r a t i o n  (400mg, 27%). The s o l i d  was r e 

c r y s t a l l i s e d  from MeOH a f f o r d i n g  pu re  c i s - j^PtCl^ fc (NHPh)GH^PH  ̂(PMe^Ph)j 

(296mg, 2CP/o), A n a l y t i c a l  d a ta  a r e  shown i n  T a b l e ' 4 - 3 .  The o r i g i n a l  

m o the r  l i q u o r s  were d r i e d  i n  vacuo and d i s s o l v e d  i n  benzene  which caused  

p r e c i p i t a t i o n  o f  c i s - [ ^ P tG l^ ( P M e ^ P h ) a n d  grow th of y e l lo w  c r y s t a l s  of 

t r a n s - |^PtGl^(NH^Ph) (PMe^Ph) J.
G i s - R b e n z y l ) ( p h e n y l a m i n o ) c a r b e n e ^ d i c h l o r o ( t r i b u t y l p h o s p h i n e )  p l a t in u m ; -

T h is  was p re p a re d  s i m i l a r l y  from Fpt G1, (PBu ) 1 (507mg, 0 . 54m-mol)
2 4- J

PhNH^ (99mg, 1.06m m ol) and HG=CPh (327mg, 3 .2m m cl) .  No p r e c i p i t a t e  

form ed a f t e r  7 days s t i r r i n g .  The s o l v e n t  was re d u c e d  i n  volume to  

0ml and l i g h t  p e tro le u m  (60-80°G) added u n t i l  p r e c i p i t a t i o n  j u s t

began . A f t e r  3 days w n i te  c r y s t a l s  o f  c i s - fPtCl^^'_G(M4Ph)/j(PBu_) 1 form ed

and were removed by f i l t r a t i o n  (l18mg, l6^o). A n a l y t i c a l  and s p e c t r o s c o p i c  

d a t a  a r e  p r e s e n te d  i n  T a b le s  4 - 3 ,  4 -4  and 4 - 5 .

C i s -  £ ( b e n z y l ) ( p a r a - n i t r o a n i l i n  ~ )c a r b e n e ] d ic h lo r o (d im ie th y lp h e n y lp h o s p h in e )  

p l a t i n u m ; -  To s. m ethy lene  .c h lo r id e  s o l u t i o n  of t r a n s - [PtCl^(NE^C^H^- 

NO^-^) (PMe^Ph)] (510mg, 0.31mrnol) u n d e r  was added  p h e n y la c e ty le n e  

(lOOmg, 0 ,9 8 m m o l ' , .  The s o l u t i o n  was s t i r r e d  a t  room te m p e ra tu re  f o r  

70 h o u rs  d u r in g  which t im e  a p r e c i p i t a t e  fo rm ed . T h is  was removed 

by f i l t r a t i o n  t o  a f f o r d  c ru d e  c i s -[PtCl^{c(lÆiC^R^NO^-p) (CE^Ph) RpMe^Ph)] 

( l 3 6 mg, 6 7 %) The p ro d u c t  was p u r i f i e d  by r e - c r y s t a l l i s a t i o n  from 

MeOH. See T ab le  4 -3  f o r  a n a l y t i c a l  d a t a .
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C i s - f  ( 'A en zy l)  ( m e t a - m e t h o x y p h e n y l a m i n o ) c a r b e n e j d i c h l o r o ( d i i n e t h y l p h e n y l -  

p h o s p h i n e )  p l a t i n u m ; -  T h i s  was p r e p a r e d  s i m i l a r l y  from  t r a n s - f P t C l ^ -

( l . 0 4 2 g ,  1,93mm.ol) an d  HC=CPh (213mg, 2 .09mmol) 

i n  ChCl^ u n d e r  N^. A f t e r  7 d a y s ,  a  w h i t e  p r e c i p i t a t e  o f  c r u d e  p ro d u c t  

was i s o l a t e d  ( l 3 0 mg, 14%) w h ich  was r e - c r y s t a l l i s e d  fro m  CH^Cl^/MeOH 

t o  a f f o r d  p u re  c l s - F p t C l ^ ^ c W c ^ H  C M e-m )(C E ^Ph)}(PM e^Ph)l .

C i s - C ( b e n z y l ) ( d i  p h e n y la m in o ) c a r b e n e  ? d i c h l o r o ( d i m e t h y lp h e n y lp h o s  p h i n e ) 

p l a t i n u m ; -  T h i s  was p r e p a r e d  s i m i l a r l y  fro m  [P t^ C l^ ( P M e ^ P h ) ^ ] ( l g ,

1 .24m-, c l 1 , .  MiPh^ ( 4 l 6 n g ,  2 .d 6 m -ic l)  and  KCsCPh (5lOmg, 5 .00m m ol) i n  

CRCl^ (50m l)  u n d e r  A f t e r  18 h o u r s  t h e  s o l u t i o n  h ad  t u r n e d  b l a c k .

A t t h i s  p o i n t  t h e  s o l v e n t  was rem oved and  t h e  waxy r e s i d u e  r e - d i s s o l v e d  

i n  b e n z e n e ,  c a u s i n g  p r e c i p i t a t i o n  o f  t h e  c r u d e  p r o d u c t  (8 l6 m g ,  5 0^0 »

T h r e e  s u c c e s s i v e  r e - c r y s t a l l i s a t i o n s  from  c h l o r o f o r m / l i g h t  p e t r o l e u m  

( 6 0 - 8 0 ° C )  a f f o r d e d  w h i t e  c r y s t a l s  o f  p u re  c f s - [P tC lg { C (N P h ^ )C H ^ P h } -  

P M eg P h )] .

C i s -  {( b e n z y l ) ( p h e n y la m in o ) c a r b e n e j  d ib ro m o ( d i m e t h y lp h e n y lp h o s  p h i n e ) 

p l a t i n u m ; -  To a  s o l u t i o n  o f  [p t^B r^C P M e^P h )^ ]  (500mg, 0 .51m m ol) i n  

CHCl^ (2 0m l)  was ad d e d  PhNH^ (96mg, I.O^mmol) f o l l o w e d  b y  e x c e s s  

HC=CPh (3 l6 m g ,  3 « T ‘‘“—l)-  u n d e r  N^. The s o l u t i o n  was s t i r r e d  f o r  7 d a y s  

d u r i n g  w h ich  t im e  a  w h i t e  p r e c i p i t a t e  d e v e lo p e d .  T h i s  was rem oved  by  

f i l t r a t i o n  g i v i n g  c r u d e  p r o d u c t  (270mg, 39%) w h ich  p ro v e d  i m p o s s i b l e  

t o  r e - c r y s t a l l i s e  fro m  e i t h e r  c h lo r o f o r m  o r  m e th a n o l  due  t o  e x t r e m e l y  

low  s o l u b i l i t y .

A t t e m p t e d  s y n t h e s i s  o f  c i s -  [P tC l_ ^C (N E t_ )(C H _ P h )i(P M e_ P h )]  ; -  

[ P t 2 C l^(PM e2 P h ) 2 ]  ( l g ,  1 .2 3 m m o i)w a s  d i s s o l v e d  i n  CHCl^ (50m l)  u n d e r  N^. 

Et^NE ( 1 8 0 . 2mg, 2.47m ; n ' l } was ad d e d  f o l l o w e d  b y  BCsCPh (5 l6 m g ,  5.06-.rmol% 

On s t i r r i n g  for 7 d a y s  a  d a r k  brown c o l o u r  d e v e lo p e d .  The s o l v e n t  was 

rem oved  l e a v i n g  a  brown o i l .  R e - d i s s o l u t i o n  o f  t h i s  o i l  i n  Et^O 

p r o d u c e d  a  b l a c k  p r e c i p i t a t e  (760mg) w h ich  h a d  a  c o m p l i c a t e d  nmr an d
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i r  s p e c t r a .  A t t e m p t s  t o  p u r i f y  t n i s  s o l i d  a p p e a r e d  t o  l e a d  t o  f u r t h e r  

d e c o m p o s i t i o n .

A t t e m p te d  s y n t h e s i s  o f  c i s - p t C l ^ f C f M i B u ,^ )  (CK^Ehl R lM e ^ P h ) ]  The

e x p e r i m e n t a l  p r o c e d u r e  was i d e n t i c a l  t o  t h a t  above  e x c e p t  Bu^NH^ ( l 3 0 . 7 mg, 

2,48m mol), was u s e d  i n s t e a d  o f  d i e t h y l a m i n e .  A g a in ,  Et^O r e - d i s s o l u t i o n  

o f  t h e  c r u d e  p r o d u c t  l e d  t o  t h e  p r e c i p i t a t i o n  o f  a  b l a c k  pow der w h ic h  

p ro v e d  i m p o s s i b l e  t o  p u r i f y  f u r t h e r .

S i m i l a r l y ,  a t t e m p t s  t o  p r e p a r e  c i s -  [P tC l^fcC hC PL ^)(C H ^Pb)^(PM e^Ph)] 

an d  c i s -  j^PtCl^ (c(MiMe) (GH^Ph) j  (PMe^Ph)] l e d  t o  d e c o m p o s i t i o n  an d  no  

i d e n t i f i a b l e  p r o d u c t s  w e re  i s o l a t e d  from  t h e s e  r e a c t i o n s .

When, i n s t e a d  o f  a d d i n g  e x c e s s  p h e n y l a c e t y l e n e , c i s - ^ P t C l ^ (M i^ P h )-  

(PMe^Ph)] was s t i r r e d  i n  a  CHGl^ s o l u t i o n ,  s a t u r a t e d  w i t h  HC=CMe(propyne) 

a n d  u n d e r  a  p ro p y n e  a t m o s p h e r e ,  a f t e r  7 d ay s  a g a i n  a  d a r k  brow n s o l u t i o n  

was fo r m e d .  No s o l i d  p r o d u c t s  c o u ld  be i s o l a t e d  from  t h e  s o l u t i o n .

R e a c t i o n  o f  cis-j^PtCl^FGÇîvEiPh) (C H ^P h jH îF Ie^P h )]  w i t h  E t^ N ; -  To a  

s u s p e n s i o n  o f  t h e  c a r b e n e  co m p lex  ( l^ lm g )  i n  MeOH (20m l)  was a d d e d  Et^N 

( 2 1 .2 m g ) .  The s u s p e n s i o n  was s t i r r e d  f o r  27 h o u r s  a t  room t e m p e r a t u r e .  

A t t h e  end o f  t h i s  p e r i o d  t h e  s o l v e n t  was rem oved . The ^^P nmr s p e c t r u m  

o f  t h e  c r u u e  p r o d u c t  i n  CBCl i n d i c a t e d  t h a t  many s p e c i e s  w ere  p r e s e n t  

an d  n o n e  o f  t h e  p r o d u c t s  was i d e n t i f i e d  o r  i s o l a t e d .

R e a c t i o n  o f  c i s - [ P t G l 2 {G(ldiPh) (GIi^PE)^ (PMe^Ph)] w i t h  o t h e r  b a s e s ; -  

^A/hen one e q u i v a l e n t  o f  e i t h e r  Bu^NOK o r  EtONa was ad d e d  t o  s u s p e n s i o n s  

o f  t h e  c a r b e n e  com plex  i n  e i t h e r  GB Gl^ o r  EtCH r e s p e c t i v e l y ,  t h e n  a g a i n  

^^P  nmr s p e c t r o s c o p y  i n d i c a t e d  t h a t  many p h o s p h in e  c o n t a i n i n g  p r o d u c t s  

h ad  b ee n  fo rm e d ,  and  no  p r o d u c t s  w ere  i s o l a t e d  from  e i t h e r  o f  t h e s e  

r e a c t i o n s .

When one e q u i v a l e n t  o f  p r o t o n  sp o n g e  was ad d e d  t o  a  GHGl^ s u s p e n s i o n  

o f  t h e  c a r b e n e ,  and  t h e  m i x t u r e  s t i r r e d  f o r  6 d a y s ,  t h e n  no r e a c t i o n
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t o o k  p l a c e  an d  t h e  s t a r t i n g  m a t e r i a l s  w ere i s o l a t e d  u n c h a n g e d .  P r o t o n  

s p o n g e  a l s o  f a i l e d  t o  r e a c t  w i t h  ^ ^ ^ - [p tC l^ fcC N H P h )  (H î^ P h )}  (P B u ^ )]  u n d e r  

i d e n t i c a l  c o n d i t i o n s .

R e a c t i o n  o f  c i s - [ P t C l ^ f C t e P h )  (CH^Ph^jrÇPMe^Ph)] w i t h  Et^NGl

Hjt^NGl ( 2 7 «6mg, 0.17mg}ol), was -a d ed  t o  t h e  ca rb en e -  f o r  I 6  h o u r s  a t  room

te m p e r a tu r e .G H  G1 s o l v e n t  was rem oved and  t h e  s am p le  r e d i s s o l v e d  i n  
2 2

GDG1_. nmr showed s i g n a l s  f o r  t h e  c a rb e n e  com plex  ( S  nu 4*^ 3  ( d ) ,
3 - CRg 11 Hz,

5 . 1 2  ( d ) ;  5  h h   ̂  ̂  ̂ ^  MeP r f  d ) , * M l 6  ( t  o f  d ) , / '  -

j R p t  5 0  Hz) an d  N - e t h y l  g ro u p s  ( S q- 5 . 3 5 ( q ) ;  1 . 1 8 ( t ) ) .  Re

c r y s t a l l i s a t i o n  from  GH^Gl^/WeOH p ro d u c e d  p a l e  brown c r y s t a l s  o f  c i s -  

[ P t C i y c ( m P h ) ( C H g P h ) j  (PMegPh)] .

R e a c t i o n  o f  c i s - [ P t C I „ ( c ( l f f i P h )  (CH .P h P (P W e  P h ) ]  w i t h  PMe P h : -  To a

s u s p e n s i o n  o f  t h e  c a r b e n e  com plex  (32mg, 5 0 . 1 ^ m o l )  i n  GDGl^ ( 0 .5 m l )  was 

a d d e d  R ie^P h  ( 7 . 1 5  / ‘•I, 5 0 . 1  y u m o l) .  ^^P iifiir s p e c t r o s c o p y  i n d i c a t e d  t h a t  

t h e  t r a n s - [ p t G1 f G(iZEPh) (G E ^ P h )^ (R ie ^ P h ) Od had  b een  fo rm ed  ( s e e  T a b le

4 - 7 ) .  T h i s  compound was s t a b l e  i n  GDGl^, and r e m a in e d  u n c h a n g e d  i n  

s o l u t i o n  o v e r  6  d a y s ,
p l a t i n u m

T r a n s - R b e n z y l )  ( p h e n y la m in o ) c a r b e n e  |> c h l o r o  b i s  ( d i m e t h y l p h e n y l p h o s o h i n e ) /  

p e r c h l o r a t e ; -  To a  s u s p e n s i o n  o f  c i ^ - [ p t G l 2 {o(M H Ph)(G E^Ph)j(pM e^Ph)] 

( 2 1 1 mg, 0 , 3 5  mirol ) i n  GE^Gl^ ( l 5m l) was ad d ed  R le^ P h  ( 5 0 . 2  JM-I, 0 . 3 5  mmol) 

f o l l o w e d  im m e d ia t e l y  by AgG10 .E .O  (95 .5m g , 0 .4 2  m .m o l ) .  The s o l u t i o n  

was s t i r r e d  f o r  2 h o u r s  w h i l s x  b e i n g  p r o t e c t e d  fro m  l i g h t ,  AgGl was 

rem oved  by f i l t r a t i o n  and  t h e  s o l u t i o n  d r i e d  o v e r  a n h y d ro u s  MgSO^ and  

e v a p o r a t e d .  The c r u d e  p r o d u c t  was r e - c r y s t a l l i s e d  by d i s s o l v i n g  i n  '^ml 

GEGl^ an d  a d d i n g  MeOH d ro p w is e  u n t i l  p r e c i p i t a t i o n  j u s t  b e g a n .  On 

s t a n d i n g ;  c o l o u r l e s s  c r y s t a l s  o f  t r a n s - fP tG l(G (N E P h )(G E ^P h )j(P M e^P h )^ ]

GIO fo rm ed  ( l5 4 m g , 4 6 %) M ,P t .  20 0 -2 0 2 °G . Found 0 , 4 4 / 8 2 ;  H , 4 . 5 2 ;  N , 1 .45% 

R e q u i r e d  f o r  G QE ^GlgO^NPgPtlG , 4 4 . 9 5 ;  E , 4 . 4 0 ;  N ,1 .75%  ^ ^ P t - G l )  310 c m " \
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\)(N-H) 3200 , 3250cm \  Nmr p a ra m e te r s  i n  T ab le  4-7»

T r a n s - R b e n z y l ) ( p h e n y l a m i n o ) c a r b e n e i c h l o r o  b i s ( d i m e t h y l p h e n y l p h o s p h i n e )  

p l a t i n u m t g i X l u o r o m e t h a n e s u l p h o n a t e ; -  T h i s  was p r e p a r e d ,  b u t  n e v e r  

i s o l a t e d ,  from  t h e  r e a c t i o n  o f  c ^ - [ P tG l2 ^ 0 ( N H P h )  (CH ^Ph)^(PM e^Ph)] and  

PMe^Ph ( 1 :1 mole r a t i o )  i n  t h e  p r e s e n c e  o f  one e q u i v a l e n t  o f  A g [S (G F ^ )O ^ ] , 

f o l l o w i n g  t h e  ab o v e  p r o c e d u r e ,  Nmr p a r a m e te r s  o f  t h e  p r o d u c t  a r e  g i v e n  

i n  T a b le  4 - 7 .

N -M ethy lbenza ldehyde  im in e ,  MeN=GEPh; -  MeNH  ̂ ( l7 .8 6 g  o f  a  33% s o l u t i o n  

i n  i n d u s t r i a l  s p i r i t ,  c o n t a i n i n g  5 .9 5 g ,  0 , 19mol of MeNH^) was added  t o  

PhGHO (2G,00g, 0 ,19m olj  w i th  v ig o ro u s  s t i r r i n g .  H ea t was l i b e r a t e d  and  

t h e  m ix tu re  s t i r r e d  u n t i l  i t  had r e - c o o l e d  t o  room t e m p e r a t u r e .  The

r e s u l t a n t  orange l i q u i d  was vacuum d i s t i l l e d ,  and c ru d e  MeNGHPh 

c o l l e c t e d  ( 0 , 5 t o r r ,  32-36°G) as  a w h i t e  l i q u i d .  T h is  was r e - d i s t i l l e d  

t o  produce pure  KeNCHPh ( l 0 . 9 g ,  32/o). H nmr p a ra m e te rs  were c o n s i s t e n t  

w i th  l i t e r a t u r e  v a lu e s

N - P h e n y l ( 2 - m e t h y l b e n z a ld e h y d e ) i m in e ,  P h N = G H (o to l) ; -  O r t h o - m e t h y l ^ . 

b e n z a l d e h y d e '■ ( 6 . 4 2 g ,  53 .5m m cl)  an d  a n i l i n e  ( 4 .9 8 g ,  5 3 .8m m ol)  w ere  a d d e d  

t o g e t h e r w i t h  v ig o u r o u s  s t i r r i n g .  A c l o u d y ,  v i s c o u s  s o l u t i o n  was fo rm e d  

v e r y  q u i c k l y  ( '-^l 5 s e c s ) .  T h i s  was p o u re d  i n t o  10ml EtOH/E^O (9 :1  ) an d  

a l l o w e d  t o  s t a n d .  Two l i q u i d  l a y e r s  fo rm ed  and  s e p a r a t e d  i n  a  f u n n e l .

The d e n s e r  brown o i l  c o n t a i n i n g  t h e  c ru d e  p ro d u c t  was vacuum d i s t i l l e d  

( 0 . 4  t o r r ,  1 16-122°G ) t o  g iv e  PhN=CHè-h/j(9.85g, 6C^4) a s  a  c o l o u r l e s s  

l i q u i d .  Foiund; 0 ,8 5 .8 3 ;  H ,6 .  90; N ,7.52%. R e q u ire d  f o r  G.^^E.^^N; G ,86-.11 ; 

E ,6 x 7 1 ;  N,7.17% ^H ( i n  GDGl^) 6 ( im ine  p ro to n )  8 , 6 l ,  ^  Me 2 .4 6 ,

T r a n s - d i  c h l o r o ( d im e th y lp h e n y lp h o s  p h i n e ) (N - p h e n y lb e n z a ld e h y d e  i m i n e ) 

p l a t i n u m ; -  [P t^ G l^ lP M e ^ P h )^ ]  ( 3 0 Ctog, O,37r.mol) was d i s s o l v e d  i n  GH^Gl^ 

( 2 0 m l ) . PhN=GHPh ( l3 4 m g , O.74mmol) was a d d e d .  The s o l u t i o n  c h a n g e d

c o l o u r  from  o ra n g e  t o  y e l l o w / g r e e n  im m e d ia t e l y .  A f t e r  15 m in u te s  t h e

s o l v e n t  was rem oved l e a v i n g  a  y e l l o w  s o l i d  which was r e - c r y s t a l l i s e d
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f ro m  C H ^ C l ^ / l i g h t  p e t r o l e u m  (6 0 -8 0 °C )  t o  p ro d u c e  y e l l o w  c r y s t a l s  o f  

t r a n s - [~PtCl^(NPhCHFh)(PMe^Ph)l (268mg, 62%). P h y s i c a l  an d  s p e c t r o s c o p i c  

d a t a  a r e  p r e s e n t e d  i n  T a b l e s  4 -8  an d  4 - 9 .

T r a n s - d i c h l o r o ( d i m e t h y l T ) h e n y l p h o s p h i n e ) ( N - m e t h y l b e n z a l d e h y d e  i m in e )  

p l a t i n u m Th i s  was p r e p a r e d  a n a l o g o u s l y  from  [P tg C l^ ( P M e ^ P h )^  (500mg, 

0,62m mol), and  MeN=CHPh ( l4 9n ig ,  1 .2 5m m ol)  g i v i n g  p u re  t r a n s -  f P t C l ^ -  

(NMeCHPh)(PNe P h ) ]  (286mg, 4 4 %).

T r a n s - d i c h l o r o ( d i m e t h y l p h e n y l p h 03p h i n e ) ( N - p h e n y l ( o r t h o - m e t h y l ) b e n z a l d e h y d e  

i m in e )  p l a t i n u m ; -  T h i s  was p r e p a r e d  a n a l o g o u s l y  f ro m  [P t^ C l  ,(PM e^Ph)^] 

(500mg, 0 .6 2 m ,m o l)  and  PhP=CH(_otol) (263mg, 1 . 3 5 ^ . m ol)  t o  g i v e  y e l l o w  

c r y s t a l s  o f  t r a n s -  rP tC l^ (h P h  I P ( o - t o l ))(PKe_Ph) 1 ( 6 6 lmg, 8 4 % ).

T r a n s - ( b e n z o p h e n o n e  i m i n e ) d i c h l o r o ( d i m .e t h y l p h e n y l p h o s p h i n e ) p l a t i n u m ; -  

T h i s  was p r e p a r e d  a n a l o g o u s l y  from  [ P t 2 C l^(PM e2 P h ) 2 ] ( 2 g ,  2 .48m m ol) ,  an d  

HlI=CPh^ ( 9 0 9 mg, 5 *0 2 m m cl) t o  p ro d u c e  y e l l o w  c r y s t a l s  o f  t r a n s -  [ p t C l _ -

(KHCPh2 )(PMe2P h ) ] (2 . 81g, 97%).

R e a c t i o n  o f  t ra .n s - j ]P tC l^ (K P h C h P h )  (PMe^Ph)] w i t h  a m i n e s : -  On a d d i t i o n  o f  

one e q u i v a l e n t  o f  Et^N  t o  a  CDC1_ s o l u t i o n  o f  t h e  im in e  co m p lex  (20mg,

3 4 . 2  ^ o l )  t h e r e  was r a p i d  d i s p l a c e m e n t  o f  t h e  im in e  by  a m in e .  A f t e r

31 11 h o u r  P and  H nmr s p e c t r o s c o p y  i n d i c a t e d  t h a t  t h e  o n l y  s p e c i e s  i n  

s o l u t i o n  w ere t r a n s -  P tC l^ (N E t^ ) (P M e^ P h )  and  u n c o - o r d i n a t e d  PhN=CKPh. 

S i m i l a r l y  when 1 d r o p  o f  a n i l i n e  was ad d e d  t o  a CDCl? s o l u t i o n  o f  t r a n s -  

[ P t C l 2 (liPhCHPh)(PKe^Ph)^ ( 3 0 mg, 5 1 . 3 /u m o l) ,  c o m p le te  d i s p l a c e m e n t  to o k  

p l a c e ,  w i t h  t r a n s -  [p tC l_(N H _Ph)(PM e_Ph)^  b e i n g  t h e  o n l y  p h o s p h in e  

c o n t a i n i n g  p r o d u c t  d e t e c t a b l e  by ^^P nmr s p e c t r o s c o p y .

R e a c t i o n s  o f  t rans- j^P tC l^(hE IeO H Ph) (PMe^Ph)j w i th  b a s e s ; -  ( a )  EtOW a:- 

To a  s u s p e n s i o n  o f  t r a n s -  jptCl^(liMeCHPh) (PMe^Ph)l (252mg) i n  EtOH (2 5 m l)  

was ad d e d  one e q u i v a l e n t  o f  f r e s h l y  p r e p a r e d  EtONa, The s u s p e n s i o n  was 

s t i r r e d  f o r  I 4  h o u r s .  A t t h e  end o f  t h i s  p e r i o d  u n r e a c t e d  s t a r t i n g  im in e
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co m p lex  was rem oved by  f i l t r a t i o n ,  an d  a n a l y s i s  o f  t h e  m o th e r  l i q u o r s  

show ed t h a t  no r e a c t i o n  h ad  t a k e n  p l a c e ,

(b )  W ith  p r o t o n  s p o n g e : -  E q u im o la r  am o u n ts  o f  t r a n s - f P t C l ^ -  

(N M b\E Ph)(PM egfh)]and  p r o t o n  sp o n g e  w ere  a l l o w e d  t o  r e a c t  i n  c h l o r o f o r m  

f o r  46 h o u r s .  A t t h e  end o f  t h i s  p e r i o d  nmr s p e c t r o s c o p y  showed 

t h a t  n o  r e a c t i o n  h a d  t a k e n  p l a c e ,  w i t h  o n ly  s i g n a l s  f o r  s t a r t i n g  m a t e r i a l s  

p r e s e n t .

T ran s- j^P tC l^ (lv B ^P h ) (PMe^Ph)J + PhCHO:- To a  sa m p le  o f  t r a n s -  [ p t C l ^ -  

(KS^Ph) (PTfe^Ph) ]  (25mg. 5 0 .3  j jm ol )  i n  CT12]^(2.5ml) was a d d e d  PhGH0(7mg, 

6 6 ,O j j .m o l ) .  ^^P nmr s p e c t r o s c o p y  showed t h a t  t r a n s -  [ptGl^(NPhCHPh) 

(PMe^Ph) ]  fo rm ed  (27% i n  30 m i n u t e s ) .  The nmr s p e c t r u m  was i d e n t i c a l  

t o  t h a t  o f  a  sam p le  o f  t r a n s - jP tC l^ (h P h ^ k iP h ) (P M e ^ P h ) la f t e r  i t  h ad  

u n d e r g o n e  h y d r o l y s i s .
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C h a p t e r  5 -  THE ISCMERISATION OF PLATINTJM OLEFIN COMPLEXES |P tX g ( o l e f i n ) P R ^ ]

5-1 I n t r o d u c t i o n

P l a t i n u m  o l e f i n  co m p lex e s  occupy  a  u n i q u e  p o s i t i o n  i n  t h e  h i s t o r y  o f  

o r g a n o m e t a l l i c  c h e m i s t r y  a s  t h e  s a l t  K ^ P tC l^ lC ^H ^ y jP g O , p r e p a r e d  hy Z e i s e  

i n  1827^^^ an d  w h ich  s u b s e q u e n t l y  b o r e  h i s  nam e, was t h e  f i r s t  o r g a n o -  

m e t a l l i c  compound r e p o r t e d .  I n  more r e c e n t  t i m e s  a  g r e a t  d e a l  o f  work 

h a s  b e e n  p e r fo rm e d  on m e t a l - o l e f i n  co m p lex e s  due  t o  t h e i r  u s e f u l n e s s  i n  

c a t a l y t i c  p r o c e s s e s .  F o r  e x a m p le ,  t h e  W acker p r o c e s s  ( e q n ,  5 - 1 )  t o  

c o n v e r t  o l e f i n s  t o  c a r b o n y l s  i s  c a t a l y s e d  by p a l l a d i u m .  The p r o c e s s  

i s  made c a t a l y t i c  by  t h e  r e - c o n v e r s i o n  o f  P d ( o )  t o  P d ( l l )  w i t h  Cu an d  

oxygen  ( e q n s .  5 -2  and  5 - 3 ) .

[ p d C l J  + CgH^ + H ^O ----------- ^  CH^CEO + P d ( 0 )  + 2HC1 + 2 C l"  (5-1  )

Pd + 2 CUCI2 ____   ^  PdClg  + 2CUC1 (5 -2 )

2CuCl + 2HC1 + i O g -----------------^  2CuCl + H^O ( 5 - 3 )

P la t in u m  o l e f i n  co m p lex e s  a r e  l e s s  c a t a l y t i c a l l y  u s e f u l  t h a n  t h e i r  

p a l l a d i u m  a n a lo g u e s  ( e . g .  t h e  Wacker o x i d a t i o n  w i l l  n o t  o c c u r  f o r  

Z e i s e ' s  s a l t  a l t h o u g h  [P dC l^ (C ^H ^)]  i s  an  i n t e r m e d i a t e  i n  e q n .  (5 -1 )) .

T h i s  i s  due t o  a  lo w e r  r e a c t i v i t y  o f  t h e  P t  c o m p le x e s ,  b u t  i n  t u r n  t h i s  

l o w e r  r e a c t i v i t y  makes them  e a s i e r  t o  p r e p a r e  and  s t u d y .

5 -2  -  B o n d in g  an d  S t a b i l i t y  i n  P t - o l e f i n  co m p lex e s

O l e f i n  c o m p le x e s  a r e  fo rm e d  i n  t h e  0 an d  I I  o x i d a t i o n  l e v e l s  o f  P t ,  

b u t  n o  P t ( l V )  o l e f i n  c o m p lex e s  h av e  b e e n  p r e p a r e d .  The p r o p e r t i e s  o f  

t h e  p l a t i n u m  o l e f i n  bond a r e  q u i t e  d i f f e r e n t  i n  t h e  two o x i d a t i o n  l e v e l s ,  

an d  a n y  d e s c r i p t i o n  o f  t h e  b o n d in g  m ust  t a k e  i n t o  a c c o u n t  t h e  f o l l o w i n g  

e x p e r i m e n t a l  o b s e r v a t i o n s : -
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1 ,  I n  P t ( l l )  o l e f i n  co m p lex e s  t h e  a x i s  o f  t h e  d o u b le  bond i s  

p e r p e n d i c u l a r  t o  t h e  s q u a r e  p l a n e  o f  t h e  p l a t i n u m  l i g a n d s ,  and  r o t a t i o n  

a r o u n d  t h e  P t - o l  bond ( o l  = o l e f i n )  h a s  a  lo w  e n e r g y  b a r r i e r  ( o f  t h e  

o r d e r  4 0 -6 5  kJm ol ^ ) ,  w h e re a s  f o r  P t ( o )  c o m p lex e s  t h e  o l e f i n  d o u b le  bond 

i s  i n  t h e  p l a t i n u m - l i g a n d  p l a n e  and  r i g i d l y  b o u n d ,

2 ,  The s u b s t i t u e n t s  on t h e  o l e f i n  a r e  b e n t  o u t  o f  t h e  p l a n e  o f  t h e  

d o u b le  bond  an d  away fro m  p l a t i n u m ,  w h i l s t  t h e  d o u b le  bond i s  l e n g t h e n e d  

on c o - o r d i n a t i o n .  B o th  t h e s e  e f f e c t s  a r e  g r e a t e r  f o r  Pt(c) t h a n  P t ( l l ) ,

The b o n d in g  i s  c o n s i d e r e d  i n  t e rm s  o f  t h e  D e w a r -G h a t t -D u n c a n s o n  

( 2 )a p p r o a c h ^  ' i n v o l v i n g  two c o m p o n e n ts .  F o r  P t ( l l )  o l e f i n  co m p lex es  

( u s i n g  t h e  a x e s  snown i n  f i g .  5 -1 )  t h e r e  i s  f i r s t l y  a  cT -com ponent from  

t h e  o l e f i n  T C - o r b i t a l  t o  an  empty h y b r i d  o r b i t a l  ( 5 d ^ 2 .5 d ^ 2  2 .6 p ^ )  on

p l a t i n u m  an d  a  T X -co m p o n en t  f ro m  t h e  f i l l e d  5dyz ( o r  more s t r i c t l y  t h e  

5 d y a -6 p ,^ h y b r id )  on p l a t i n u m  t o  t h e  u n o c c u p ie d  TC o r b i t a l  on t h e  o l e f i n .  

T h i s  b o n d in g  schem e r e q u i r e s  t h e  o l e f i n  t o  be bound  a t  r i g h t  a n g l e s

y
A

H
N

L

G"'H^

/
F i g .  5-1

t o  t h e  s q u a r e  o f  t h e  p l a t i n u m  a to m .  h o w e v e r ,  nmr s t u d i e s  h a v e  shown t h a t  

r o t a t i o n  a b o u t  t h e  P t - o l e f i n  bond i s  p o s s i b l e ^ ^ ^ ^ ^ ,  an d  i f  t h e  o l e f i n  

d o u b le  bond i s  i n  t h e  p l a t i n u m - l i g a n d  p l a n e ,  b ac k  d o n a t i o n  t o  t h e  TC 

o r b i t a l s  c a n  s t i l l  o c c u r  from  t h e  5d^y o r b i t a l .  M o l e c u l a r  O r b i t a l
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c a l c u l a t i o n s  o f  t h e  t o t a l  bond e n e rg y  o f  t h e  co m plex  a g a i n s t  t h e  a n g l e  

b e tw e en  t h e  d o u b le  bond a x i s  an d  t h e  p l a t i n u m - l i g a n d  p l a n e  h av e  shown 

e n e r g y  m in im a a t  9 0 °  an d  0 °  an d  i t  h a s  b ee n  s u g g e s t e d  t h a t  t h e

p r e f e r e n c e  f o r  9 0 °  i s  due  t o  t h e  r e d u c t i o n  o f  u n f a v o u r a b l e  s t e r i c  

i n t e r a c t i o n s  b e tw e e n  t h e  o l e f i n  s u b s t i t u e n t s  an d  o t h e r  p l a t i n u m  l i g a n d s .

T h i s  d e s c r i p t i o n  l e a d s  t o  a  v iew  o f  l o s s  o f  e l e c t r o n  d e n s i t y  fro m

t h e  o l e f i n  T X - o r b i t a l  and  a  s i m u l t a n e o u s  i n c r e a s e  o f  e l e c t r o n  d e n s i t y

i n  t h e  * i l ^ - o r b i t a l  w h ich  w i l l  c a u s e  an  o v e r a l l  w e a k e n in g  and  l e n g t h e n i n g

o f  t h e  C=C d o u b le  b o n d .  T h i s  a g r e e s  w i th  t h e  e x p e r i m e n t a l  X - ra y

d i f f r a c t i o n  an d  i r  s t u d i e s  on t h e s e  c o m p le x e s .  The b ack  d o n a t i o n  a l s o

2 3
c h a n g e s  t h e  h y b r i d i s a t i o n  o f  t h e  c a r b o n  a tom s fro m  s p  to w a r d s  s p  .

( i n  t ne e x t r e m e  c a s e ,  w i th  no  (^ -co m p o n en t  and  a l l  T X -back-bond ing ,  t h e  

o l e f i n  w ould  e f f e c t i v e l y  be a  d i c a r b a n i o n  w i t h  two c o m p l e t e l y  sp^ 

h y b r i d i s e d  c a r b o n  a t o m s ) .  So t h e  c a rb o n  a tom s move to w a r d s  t h e  

t e t r a h e d r a l  g e o m e t r y  e x p e c t e d  f o r  sp^  c a r b o n  a to m s .  When t h i s  t h e o r y  

was t e s t e d  by  îiO c a l c u l a t i o n s  f o r  P t - a c e t y l e n e  co m p le x e s^ ^ ^ ^ ^  i t  was 

shown t h a t  i n c r e a s i n g  e l e c t r o n  d e n s i t y  i n  t h e  TX a n t i b o n d i n g  o r b i t a l s  

m ust  l e a d  t o  b e n d i n g  o f  t h e  a c e t y l e n e  s u b s t i t u e n t s  an d  t h a t  c i s - b e n u in g  

was e n e r g e t i c a l l y  f a v o u r e d  due t o  t h e  s t e r i c  r e p u l s i o n  o f  t h e  c e n t r a l  

m e t a l  g r o u p .  The r e h y b r i d i s a t i o n  o f  t h e  c a r b o n  a to m s  w i l l  a l s o  a f f e c t  

t h e  nmr c o u p l i n g  c o n s t a n t s  o f  p r o t o n s  on t h e  o l e f i n ,  w here  i t  i s  fo u n d  

t h a t  b o t h  J g g ( c i ^ )  an d  ( t r a n s ) a r e  d e c r e a s e d  upon  o l e f i n  co

o r d i n a t i o n .  S t a b i l i t y  c o n s t a n t s  f o r  P t ( l l )  o l e f i n  co m p lex e s  a r e  fo u n d  

t o  i n c r e a s e  a s  t h e  e l e c t r o n  w i th d r a w in g  power o f  t h e  o l e f i n  s u b s t i t u e n t s  

i n c r e a s e s ^ ^ ^ , S in c e  t h i s  ch a n g e  w ould  d e c r e a s e  t h e  s t r e n g t h  o f  t h e  

CX-component b u t  i n c r e a s e  t h e  T’.*-compoi e n t  o f  t h e  m e t a l - o l e f i n  b o n d ,  t h e  

r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  7 [-co m p o n en t  i s  m ore i m p o r t a n t  i n  t h e  

f o r m a t i o n  o f  s t a b l e  P t ( l l ) - o l e f i n  c o m p le x e s .
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O le f in s  have  been  found  e x p e r im e n ta l l y  t o  be l i g a n d s  w i th  a  v e ry

( 2 1 )h ig h  t r a n s  e f f e c t  and low t r a n s  i n f l u e n c e  . T h is  f o l lo w s  n a t u r a l l y  

from  th e  above d e s c r i p t i o n  w ith  th e  bond ing  scheme f i t t i n g  v e ry  w e l l  w i th  

th e  TU-bonding mechanism of t h e  t r a n s - e f f e c t ,  bu t  t h e  low c f - d o n a t in g  

a b i l i t y  l e a d i n g  t o  a  low t r a n s  i n f l u e n c e ,  e s p e c i a l l y  i f  t h e  l ig a n d  t r a n s  

t o  th e  o l e f i n  e x h i b i t s  l i t t l e  o r  no T t-b o n d in g  i t s e l f ,

Pt(c) com plexes  a r e  d^  ̂ ( a l th o u g h  back d o n a t io n  from  m e ta l  t o  l i g a n d  

s h a l l  re d u c e  t h i s  t o  l e s s  th a n  1Od e l e c t r o n s ) ,  and t y p i c a l l y  Pt(o) o l e f i n  

com plexes a r e  t h r e e  c o - o r d i n a t e ,  e . g .  [ p t ( ( PPh^) ^ ] .  U sing  th e  co

o r d i n a t e  sys tem  d e f i n e d  i n  f i g ,  5-2 t h e  o r b i t a l s  a v a i l a b l e  f o r  th e  

f o r m a t io n  o f  f T -b a c k  bond ing  a r e  t h e  5U 2 2^^d -2 and 6p . The l a s t  twoX - 2 2 -

how ever , a r e  u se d  i n  t h e  fo rm a t io n  of "jX ba.ck bonds from  P t  t o  th e  phosph ine

P t

X

CH.

CH.

g ro u p s  and no back d o n a t io n  can occur when th e  o l e f i n  i s  a t  90 t o  th e

; P t - o l  

, o ( l 6 9 )

P t ?2 p l a n e .  I n d e e d  MO c a l c u l a t i o n s  o f  t o t a l  bond e n e rg y  o f  th e  P t - o l

bond a g a i n s t  bond a n g le  show a minimum a t  0 and a  maximum a t  90 

The c f-com ponent from  X[(C=l)to th e  5d^2_ ^ 2 .6 p ^ ,6 p ^  h y b r id  o r b i t a l  a p p e a r s  

t o  have l i t t l e  c o n t r i b u t i o n  t o  th e  o v e r a l l  bond s t a b i l i t y ,  a s  (NC)2C= 

C(CK)2  forms a  s t r o n g  P t ( o ) - o l e f i n  bond, d e s p i t e  b e in g  a  v e ry  poo r  c f -  

d ono r  ( a l th o u g h  i t  i s  a  s t r o n g  i X - a c c e p t o r ) .

The geom etry  of  p la t in u m  o l e f i n  complexes can be f u r t h e r  a f f e c t e d
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by h a v in g  b u lk y  s u b s t i t u e n t s  on th e  o l e f i n ,  Nmr s t u d i e s  on 

|^PtCl^(C^H^)j and o t h e r  m o n o s u b s t i tu te d  o l e f i n s s h o w  a  s l i g h t  

d e c r e a s e  i n  th e  P t-H  c o u p l in g  c o n s ta n t  f o r  t h e  p r o to n  c i s  t o  t h e  b u lk y  

g ro u p .  T h is  s m a l l  d i f f e r e n c e  has  been i n t e r p r e t e d  i n  te rm s  of  a  s m a l l  

t w i s t  round  th e  do u b le  bond a x i s  t o  m in im ise  t h e  n o n -b o n d in g  s t e r i c  

i n t e r a c t i o n s  betw een th e  o l e f i n  s u b s t i t u e n t  and th e  m e ta l  c e n t r e  ( f i g ,

5 - 5 ) .

Cl

 P t   Cl

Cl

f i g .  5-5

The s t a b i l i t y  c o n s t a n t s  of many P t ( l l )  o l e f i n  com plexes have been

(1 7 1 )  (1 7 2 )d e te r m in e d '  ' i n c l u d i n g  d i s u b s t i t u t e d  o l e f i n s  and i t  has  been

found  t h a t  i n  aqueous s o l u t i o n  th e y  have h i g h e r  s t a b i l i t y  th a n  aquo-  

l i g a n d s ,  low er  t h a t  am ines  and s i m i l a r  to  3 r  and I ,  V it h  d i 

s u b s t i t u t e d  o l e f i n s ,  c i s  o l e f i n s  form more s t a b l e  com plexes th a n  t r a n s . 

T h is  i s  th o u g h t  t o  be due t o  a  com bina tion  of  two r e a s o n s ,  F i r s t l y ,  

f r e e  c i s  o l e f i n s  a r e  more s t r a i n e d  th an  t h e i r  t r s n s  iso m e rs  (a lw ays 

e x c e p t in g  c y c l i c  o l e f i n s )  and th e  r e l e a s e  o f  t h i s  s t r a i n  on co

o r d i n a t i o n  w i l l  h e l p  s t a b i l i s e  th e  com plexes . S e c o n d ly ,  c i s - o l e f i n  -  

m e ta l  bonds a r e  s t r o n g e r  th a n  t r a n s - o l e f i n  m e ta l  o n e s .  T h is  a r i s e s  

from  two d i f f e r e n t  t w i s t i n g s  t h a t  occu r  t o  low er  t h e  d e s t a b i l i s i n g  

s t e r i c  i n t e r a c t i o n s .  C is  o l e f i n s  w i l l  t w i s t  a lo n g  th e  o l e f i n  doub le  

bond a x i s  i n  a m anner a n a la g o u s  t o  f i g ,  5-5 ( se e  f i g .  5-5.(e )  w hereas 

t r a n s  o l e f i n s  w i l l  t w i s t  a round th e  m eta l  o l e f i n  bond ( s e e  f i g .  5 - 4 ) .

The l a t t e r  c a u se s  a  l a r g e  d e c re a s e  i n  th e  m e ta l-T C  o v e r la p  and m ark ed ly



a )  R o t a t i o n  i n  c i s - d i s u b s t i t u t e d  o l e f i n  com plexes -  v iew  a lo n g  

o l e f i n  d o u b le  bond.

R

Cl- ■Pt •Cl

R

b) R o t a t i o n  i n  t r a n s - d i s u b s t i t u t e d  o l e f i n  com plexes  -  v iew  a lo n g  

P t - o l e f i n  bond .

F i g ,  5—3fa)R o ta tion  i n  s u b s t i t u t e d  o l e f i n  P t  c om p lexes .
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r e d u c e  th e  s t a b i l i t y  o f  t h e  complex, w h i l s t  t h e  fo rm e r  has  much l e s s  

e f f e c t  on th e  back b o n d ing  and m o s t ly  a f f e c t  t h e  (^-component which i s  o f  

f a r  l e s s  im p o r ta n c e  t o  t h e  o v e r a l l  s t a b i l i t y  o f  t h e  com plex,

5-3 -  Chemical R e a c t i v i t y  of P t - O l e f i n  Complexes

A lthough ' P t ( I I ) o l e f i n  complexes a r e  c h e m ic a l ly  l e s s  r e a c t i v e  

t h a n  t h e i r  P d ( l l )  a n a lo g u e s  ( e . g .  t h e  Wacker p r o c e s s  ( eq n ,  5 - 1 j o ccu rs  

s p o n ta n e o u s ly  i n  w a te r ,  b u t  Z e i s e ' s  s a l t  does n o t  r e a c t  w i th  w a te r  u n t i l  

100*^G, and even th e n  d e c o m p o s i t io n ,  w i th  l i b e r a t i o n  of e th e n e ,  i s  

p r e d o m i n a n t t h e y  a r e  s t i l l  s u s c e p t i b l e  t o  n u c l e o p h i l i c  a t t a c k .

When a lk o x id e  io n s  a t t a c k  m onoo le f in  complexes d e c o m p o s i t io n  u s u a l l y  

o c c u r s ,  b u t  w i th  d i o l e f i n  com plexes, o l e f i n - a l k y l p l a t i n u m ( l l ) complexes 

a r e  form ed^^^^ (e q n ,  5 - 4 ) .

,C1

P t '
KeOK/N&gCO^

HGI

Cl

MeO

,01

i P t + 01

(5 -4 )

The r e a c t i o n  can be r e v e r s e d  by b o i l i n g  th e  p ro d u c t  i n  h y d r o c h l o r i c  

a c i d .  The p ro d u c t  a l s o  r e a c t s  w i th  00 which w i l l  s p l i t  t h e  h a l i d e  b r id g e  

t o  form th e  P t - c a r b o n y l  s p e c i e s ,  o r  r e a c t  f u r t h e r  t o  r e fo rm  th e  

d i o l e f in ^ ^ ^ ^ ^  (eq n .  5 - 5 ) .  V/hether o r  n o t  t h e  s eco n d  s t e p  o c c u rs  depends 

s t r o n g l y  on t h e  e l e c t r o p h i l i c  c h a r a c t e r  of t h e  d i o l e f i n .

MeO

01

.Pt + 200

MeO

+ 200  >

Cl

00
P t

01

COgMe

(5 -5 )

O a r b o ry la te  a n io n s  r e a c t  w i th  d i o l e f i n - p l a t i n u m ( l I ) com plexes i n  a
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s i m i l a r  manner t o  a lk o x id e s ^ ^ ^ ^ ^  w i th  th e  f o r m a t io n  o f  a  P t-C  cJ'-bond 

(e q n ,  5 -8 ,  d i o l e f i n = c y c l o o c t a d i e n e ,  n o r b o m a d i e n e ) . S t u d ie s  i n  th e

RCO,

AgO^CR

or RgCO^/hagCO
(5 -8 )

l i g a n d ^ ^ h a v e  shown t h a t  b o th  w i th  a lk o x id e s  and c a r b o x y l a t e s , t h e  

n u c l e o p h i l e  a t t a c k s  t h e  doub le  bond on th e  s i d e  t r a n s  from P t ,  a s  would 

be e x p e c te d  on s t e r i c  g ro u n d s .

I n t e r n a l  n u c l e o p h i l i c  a t t a c k  on d i o l e f i n s  h as  a l s o  been  obse rved^  

a l t h o u g h  th e  n a t u r e  of  t h e  p ro d u c t  depends on th e  n u c l e o p h i l e  and th e  

s u p p o r t i n g  l i g a n d s  (eq n .  5-7» 5 - 8 ) .

5P t ( c o d )  ( r|^-Gp) (Me) + CO P t ( r [ -  Cp)(Me)(CO) (5 -7 )

P h

PPh

Ph
f p t ( c o d ) ( T ^ i - c p X p h ) ]  - d p e m  >

P h o P PPh

(5 -8 )

Amines a t t a c k  d i o l e f i n s  i n  a  s i m i l a r  m anner, b u t  t h e y  a l s o  r e a c t

(177)w i th  m o n o o le f in  com plexes t o  form z w i t t e r i o n i c  com plexes (e q n .  5 -9 ,
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L = PR^ or NR^) with the equilibrium position being very dependent on the

^ ^ 0 1

Pt

Cl

^ 2 ^ ^  RgNH.CHg.CRgPt - Cl ( 5 - 9 )

bulk of the amine with the (j'-bonded complex being favoured by small, 

unhindered amines When excess amine is reacted with cis- |PtCl̂ -

(C^H^)(amine)j, the first product is still the zwittenonic complex as 

shown in eqn. (5-9), but the excess amine will displace one chloride to
+(171)̂  In the presence of a baseform Pt Cl (amine )̂  CE ̂Ch^( amine )Ê

th e  a l i p h a t i c  ligands can be made to  cyclise forming a fo u r  membered
(180)

r i n g  (eqn. 5-10, L = PR dmso)

Et
Cl

-Pt-

Et

CPCl
-Cl + Me m 3

trace NaCH

-#Ie.

-Pt -Cl 4- HCl (5-10)
'OMe, fOSMe,

5-4 - Preparation and stereochemistry of Pt-olefin complexes

The geometry of the l i g a n d s  aground platinum in the complexes 

I^Pt(olefin)L̂ j will depend both on the type of ligands present and the 

synthetic route employed. The latter point can be illustrated in the 

synthesis of cis and trans-ĵ PtCl̂  (C Ĥ^) (iJiEtPh)J (eqn. 5-11, 5-12).

K2 ^ P t C l ^ l +  NEEtPh  > K [ P t ( 2 R i E t P h ) C l J  cis-[^Pt (lIKEtPh) (C2H ^ ) C l^ j

( 5 - 1 1 )

 >  t r a ^ - { p t C l 2 ( m E t P h ) ( C ^ H ^ ) J (5 -1 2 )K]PtCl^(C2H^)J + EEEtPh

One of the most common methods of preparing olefin complexes has 

been the cleavage of halide-bridged diplatinum complexes either by olefin, 

or else incorporating olefin into the bridged complex and cleaving the
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bridge with another ligand (eqns. 5-13^”*̂  ̂\  am = 2,4,8-

trimethyl pyridine ).

pt2Cl^(PR^)2j + 2GR^=Ctl,C]i^(M --- ^ 2 cis-|~PtGl2(CH2=CHGH^QB) (PR,)j .

( 5- 13)

|Pt2Cl^(C2H^)2] + 2 am -------------> 2 trans- PtCl2(am)(C^H^) (5-14)

As shovm in equation (5-13), pla.tinum phosphine olefin dihalide 

complexes are invariably cis although in the reaction between 

|̂ Pt^Cl^(PPr^)2j and CR^ rrCIiCĤ QH at low temperature, trans-|̂ PtCl2(CH^= 

CHCIî OH) (PPr^)j was shov.n to be the first product, which disappeared 

rapidly on warming to room temperature being replaced by the cis isomer^^^^^ 

Similar results were achieved between ĵ Pt2Br^(PMe2ph)2~| or ĵ Pt2Cl^(PMe2- 

Ph)^j and allyl alcohol, with the trens->cis isomérisation being found 

to be faster for the bromo complexea With the very bulky phosphine 

complex j^Pt2Gl (̂PFr̂ 3u'̂ 2)2 J ̂ ^lyl alcohol again split the halide bridge 

at low temperature to form trans- ̂ PtGl^CCK^ = ORCE^OR)(PPr^Ru^^)J but,due 

to the bulk of the phosphine,the cis complex could not be formed and the 

composition o f  the solution at room temperature was not reported.

R e a c t io n s  of GO w i th  j^Pt-  ̂ X^fPR^)^^

The reactions of CO with ~ 01, PR^ = PEt^,PMe2Eh,

PMePhg, PPh^, PBu^, PCy^; PR^ = PEe^ph,X = B R , I) have been studied

recently by Anderson and Cross. They found the initial cleavage of the 

dimer by CO lead to rapid formation of the expected trans- ,lptX2(C0)Lj 

which t h e n  slowly isomerised (l-3 days) to the cis-form. The isoméri

sation stopped at temperatures below -50°C . I n  some cases (X = C l,

L = PMePh2,PPĥ ) by freeze-drying from benzene solutions, the pure

t r a n s  iso m e rs  co u ld  be i s o l a t e d .  I n  s o l u t i o n ,  t h e  t r a n s  iso m ers  te n d e d  
onto lose CO, and^sweeping the solutions with Ng, total re-dimerisation 

due to CO loss occurred within 5 hours.
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The i s o m é r i s a t i o n  r a t e  i s  d r a m a t i c a l l y  i n c r e a s e d  when e x c ess  CO i s  

p r e s e n t .  F o r  i n s t a n c e ,  a  s o l u t i o n  of t r a n s -j^P tC l^(C O )(iM ePh^)^  was 

c o m p le te ly  c o n v e r te d  t o  t h e  c i s  isom er i n  35 m in u te s  when a f low  of CO 

was m a in ta in e d  th ro u g h  th e  s o l u t i o n ,  a l t h o u g h  an i d e n t i c a l  u n t r e a t e d  

s o l u t i o n  was unchanged  over  t h e  same t im e  p e r i o d .  (With b u lk y  

p h o s p h in e s ,  such  a s  P(C^H^^)^ no i s o m é r i s a t i o n  o c c u r r e d  even a f t e r  

p ro lo n g e d  t r e a tm e n t  w i th  CO^**^^^), By u s i n g  ^ G - la b e l l e d  CO, i t  was 

shown t h a t  CO exchange o c c u rs  f o r  bo th  i s o m e r s ,  a l th o u g h  i t  was f a s t e r  

f o r  t h e  t r a n s  iso m e r  ( 50 ĉ exchange a f t e r  15 m in u te s )  th a n  f o r  th e  c i s  

iso m e r  ( 30̂ 6 exchange i n  1 h o u r ) ,

Otf.er n u c l e o p h i l e s  c a t a l y s e  th e  i s o m é r i s a t i o n .  F re e  p h o sph ine  was 

a s  e f f e c t i v e  a s  GO a t  i n c r e a s i n g  th e  r a t e  w hereas  h a l i d e  io n s  (C l ,  B r 'a n d  

I') a c t e d  more s lo w ly .  I t  i s  th o u g h t  t n a t  f o r  u n c a ta ly s e d  i s o m é r i s a t i o n s ,  

t h e  p a r t i a l  l o s s  o f  CO from th e  t r a n s  iso m er  p ro v id e s  th e  c a t a l y s t  f o r  

t h e  i s o m é r i s a t i o n  w hich would th e n  p ro ce e d  v i a  a  5 - c o - o r d in a t e  a s s o c i a t i v e  

i n t e r m e d i a t e  u n d e rg o in g  p s e u d o - r o t a t i o n  ( e q n s .  5-15» 5 - l 8 ) ,  I t  s h o u ld  

be n o te d  t h a t  i n t e r m e d i a t e s  (A) and (b ) i n  eqn . (5 -1 8 )  a r e  th o s e  t h a t  

would be in v o lv e d  i n  t h e  s t e r o s p e c i f i c  exchange of CO i n  th e  t r a n s  and c i s  

iso m e rs  r e s p e c t i v e l y .

Due t o  t h e  s i m i l a r i t y  of P t -L  bond ing  betw een  L = CO and L = CgH^, 

i t  was th o u g h t  t h a t  a  s i m i l a r  s tu d y  of o l e f i n  a n a lo g u e s  would y i e l d  

s i m i l a r  r e s u l t s  and g iv e  more i n fo r m a t io n  a b o u t  b o th  s y s te m s .  I n  t h i s  

c h a p t e r  i t  w i l l  be shown t h a t  th e  f o rm a t io n  and i s o m é r i s a t i o n  of 

j^PtX2 (®l ) B j i s  c o n s i d e r a b l y  more c o m p l ic a te d  th a n  f o r  t h e  c a rb o n y l  

com plexes .

t r a n s - ^ P tX ^ ( GO) LJ :±  j^PtX^Lj + CO (5 -1 5 )

t r a n s -  PtX2 (C0 )L
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aCO
^ , 0   ---------------  ÇiË-[PtXg(CO )L]

5 -6  -  R e s u l t s . a n d  D i s c u s s i o n

5 - 6 .1  -  The r e a c t i o n s  o f  e t h e n e  and  p ro p e n e  w i t h  P t_X .D _
-------------------------------------------- —'----- c-------------------------------2~~4‘ 'g -

The o v e r a l l  r e a c t i o n  b e in g  s t u d i e d  can be r e p r e s e n t e d  by eqn , (5 -1 7 )-  

The s t a r t i n g  com plexes P t^ C l^ (PMe^Ph) ^ j , j ^ P t ^ ( PMe^Ph) ^ j  and

^PtgX^L^] + 2 o l  ----------------------- >  2 c i s - ^ P t X n f o l i L l  (5 -1 7 )

^ P t 2C l^ (P B u^)2j  a r e  a l l  w e l l  c h a r a c t e r i s e d  compounds. The l a t t e r  by 

b o i l i n g  i n  a c e to n e  w i th  e i t h e r  K'Br or  L i l  was r e a d i l y  c o n v e r te d  t o  t h e  

com plexes j^P t2B r^(P B u^)2 J  and j~Pt2l^ (F B u ^ )2~| r e s p e c t i v e l y .  The l a t t e r ,  

a l t h o u g h  i n v e s t i g a t e d  i n  d e t a i l  by ^^P nmr s p e c t r o s c o p y ^ h a d  n o t  

p r e v i o u s l y  been  i s o l a t e d ,  w hereas th e  bromo complex i s  new. The ^^P nmr 

sp e c t ru m  of t h e  bromo complex c o u ld  be a n a ly s e d  a s  f o r  t h e  o t h e r  h a l i d e s  

and th e  c o u p l in g  c o n s t a n t s  a r e  shown i n  T ab le  5 -1 .  R e a c t io n  of th e  

a p p r o p r i a t e  h a l i d e  complex w ith  or  p roduced  w h ite  c r y s t a l l i n e

com plexes  c i s - f P t C l ^  ( C„K^) (PMe„Ph)j - h  c is - [ |p tC l^ (C ,H p (P M e ^ P h ) j .  

c i s - [P tB r„ (C J _ ^ ) (P f ' :e „ P h )1 .  c i s - [p tC l^ (C „ H ^ ) ( ? B u p 1  and c l s - [  -

P tB r^ (C 2H^)(pBu^)J . P h y s i c a l  d a ta  f o r  t h e  new com plexes a re  shown i n  

T a b le  5 -2 .  The d im e th y lp h e n y lp h o sp h in e  complexes a r e  v e ry  i n s o l u b l e  i n  

c h lo ro fo rm  and were i s o l a t e d  as pure  c r y s t a l s  d i r e c t l y  from th e  r e a c t i o n  

v e s s e l  when a s low  s t r e a m  of o l e f i n  was p a s se d  th ro u g h  a s o l u t i o n  o f  

P t 2X^(PMe2P h ) 2 . With th e  more s o lu b l e  PBu_ complexes t h e  c h lo ro  

complex was c r y s t a l l i s e d  by m a in ta in in g  a s t r e a m  o f  e th e n e  t o  remove 

c h lo ro fo rm  by e v a p o r a t i o n ,  and th e  bromo complex by a d d i t i o n  of l i g h t  

p e tro le u m  t o  a c h lo ro fo rm  s o l u t i o n  of t h e  compound. These o l e f i n  

com plexes  e x h i b i t  a  t y p i c a l  c o u p l in g  c o n s ta n t  be tw een p la t in u m  and th e



51T able 5 - 1 . P nmr param eters o f g t 2 %^(PBu^ ) 2

X Sp PPt 2j
PtPt '̂ PPt

Cl 5.57 3741 199 23.5 2.8

Br 1.73 3679 230 25.4 3.4

I 1.49 3425 380 21.4 5.1
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o l e f i n  p r o t o n s  ( 6l Hz )  w h i l s t  ( < 1 . 5 H z )  i s  c o n s i s t e n t  w i t h  a  

c i s  g e o m e t r y .  The d i c h lo r o c o m p le x e s  a l s o  e x h i b i t  two P t - C l  s t r e t c h e s  

i n  t h e i r  i r  s p e c t r a  c o n f i r m i n g  t h e  c i s  g e o m e t r y .  The ^^P nmr p a r a m e t e r s  

o f  t h e s e  an d  o t h e r  co m p lex e s  a r e  shown i n  T a b l e  5 - ^ .  A l l  t h e  co m p lex es  

w ere  t h e r m a l l y  u n s t a b l e ,  d eco m p o s in g  cn h e a t i n g  an d  e v e n t u a l l y  m e l t i n g  

t o  g i v e  r e d / o r a n g e  l i q u i d s  whose s u b s e q u e n t  " r e - m e l t i n g "  p o i n t s  showed 

them  t o  be t h e  s t a r t i n g  d im e r s .  Due t o  t h e  e x t r e m e l y  low  s o l u b i l i t y  

o f  t h e  d im e th y lp h e n y l p h o s p h in e  c o m p lex e s ,  m o s t  o f  t h e  s u b s e q u e n t  s t u d i e s  

w ere  p e r fo r m e d  on t h e  PDu^ compounds w i th  w h ich  no s u c h  s o l u b i l i t y  

p ro b le m s  w ere  e n c o u n t e r e d .

I t  was fo u n d  t h a t  p a s s i n g  o l e f i n  t h r o u g h  s o l u t i o n s  o f  c i s - j ^ t C l ^ -  

( o1 ) ( F 3 u ^ ) J  c a u s e d  r a p i d  s t e r e o s p e c i f i c  o l e f i n  e x c h a n g e .  Thus 

w ould  c o m p l e t e l y  d i s p l a c e  e t h e n e  from  c i s - j^PtCl^CC^B^) (PBu^^) j  w i t h i n  one 

m in u te  a.r. room t e m p e r a t u r e  t o  g i v e  t h e  p ro p e n e  c o m p lex ,  w h i l s t  t h e  

t r e a t m e n t  o f  t h e  p r o d u c t  w i th  e th e n e  c a u s e d  t h e  r e v e r s e  r e a c t i o n  ( e q n ,

5-1 B ),  A d d in g  p ro p e n e  f o r  a  v e r y  s h o r t  t im e  ( 4 . 5 )  p ro d u c e d  a  m i x tu r e  o f

ChH,c i s - [ " P t C l 2 ( C 2 H ^ ) ( P B u J ]  _  c i s - p t C l 2 ( C ^ H ^ ) ( P B u ^ ) J  ( 5 - 1 B)

t h e  two o l e f i n  co m p lex e s  c o n t a i n i n g  3 CÇ0 o f  t h e  p r o p e n e  co m p lex ,  a l t h o u g h  

i n  t h i s  c a s e  t n e  e x c h an g e  was n o t  a s  r a p i d  due t o  t h e  lo w e r  

c o n c e n t r a t i o n  o f  f r e e  o l e f i n  p r e s e n t .  I t  i s  n o t a b l e  t h a t  t h e  e x c h an g e  

i s  much f a s t e r  t h a n  f o r  t h e  c a rb o n y l  c o m p le x e s ,  w h e re  1 h o u r  o f  GO 

t r e a t m e n t  was r e q u i r e d  t o  e f f e c t  dOpo e x c h a n g e  i n  c i s - j^PtCl^ (GO) (PMePh) 

T h i s  t y p e  o f  o l e f i n  e x c h a n g e  h a s  b een  u s e d  s y n t h e t i c a l l y  t o  p r e p a r e  new 

P t - o l e f i n  c o m p le x e s  su c h  a s  c i s - ^ P tC l^ fC y H ^ )(P B u ^ )J  an d  c i s - ^ P t C l ^ -  

( ) ( PBu^) j  f ro m  t h e  e t h e n e  c o m p lex ^ ^ ^ ^ ^ ,  a l t h o u g h  t h e  e x p e r i m e n t a l  

c o n d i t i o n s  u s e d  (12  h o u r s  o f  CLR^ i n  r e f l u x i n g  I H ^C l^)  seem a  b i t  

e x c e s s i v e  i n  v ie w  o f  t h e  above  r e s u l t s .



Table 5 -3  nmr param eters of P t - o l e f in  com plexes

L X o l c i s

S
i s o m e r

J

t r a n s  i s o m e r

6  J

PMe Ph Cl E E - 1 0 . 0 3 0 9 1

( - C , 0 ) ( 3 0 9 0 ) ( - 1 0 . 0 ) ( 3 4 6 7 )

B r E E - 9 . 3 3 0 1 0

( - 6 . 5 ) ( 3 0 0 6 ) ( - 1 2 . 2 ) (3 3 4 3 )

PBu Cl E E 5 .0 3 0 4 1 5 .8 3 4 4 0

( 7 . 2 ) ( 3 0 5 4 ) ( 6 . 0 ) (3383)

E E 4 .1 3 0 8 8 5 . 3 3459

EE 4 3 .6 3089 4 . 7

( 5 . 2 )

3468

( 3 3 6 4 )

Br E E 5 .2 2 9 6 4 3 . 8 3346

( 7 . 5 ) ( 2 9 6 2 ) ( 4 . 0 ) ( 3 2 6 5 )

E E ( 2 . 5 ) (3 2 9 8 )

(a)Recorded at room temp, (or -60°C)
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The g r e a t e r  r e a c t i v i t y  o f  c i s - P t  o l e f i n  c o m p le x e s  e v e r  a n a lo g o u s  

c a r b o n y l  com pounds was a l s o  a p p a r e n t  i n  o t h e r  t y p e s  o f  r e a c t i o n .

S o ,  f o r  i n s t a n c e ,  c i s - I^P tC l^C co)^^  was s t a b l e  i n  GhCl^ s o l u t i o n ,  and  

p a s s i n g  g a s  t h r o u g h  t h e  s o l u t i o n  f o r  5 h o u r s ,  h ad  no  e f f e c t  on t h e  

co m p lex ,  i n d i c a t i n g  t h a t  t h e r e  was no CO l o s s  f ro m  t h e s e  com plexes  

i n  s o l u t i o n .  The o l e f i n  com plex c j^-^^P tC l^C C^K ^) (PBu^) J  s lo w ly  

l o s t  o l e f i n  u n t i l  i t  had c o m p l e t e l y  r e - d i m e r i s e d  a f t e r  4 d a y s ,  w i th  t h e  

r e a c t i o n  b e i n g  r a p i d l y  a c c e l e r a t e d  by  p a s s i n g  t h r o u g h  t h e  s o l u t i o n  

( 4 0 ^ r r e - d i m e r i s ? t i o n  a f t e r  2 h o u r s  N ) .  The bromo co m p lex es  c i s -  

I^PtBr^CC^H^) (Pl'le^Ph)^ and  c i s - j^PtBr^fC^H^) (P B u ^ )^  w ere  much l e s s  

s t o .b l e ,  r e - d i m e r i s i n g  r a p i d l y  a t  room t e m p e r a t u r e ,  w i t h  t h e  p r o c e s s  

b e i n g  c o m o le te  w i t h i n  50 m in u te s  ( f o r  L = P B u ^ ) . A g a in ,  sw e e p in g  

t h e  s o l u t i o n s  w i t h  g as  h a s t e n e d  t h e  r e a c t i o n  s o  t h a t  o l e f i n  l o s s  

f ro m  t h e  PBu^ com plex  was c o m p le te  w i t h i n  5 m i n u t e s .  The r e s u l t  o f  

t h e s e  r e a c t i o n s  i s  t h a t ,  a t  l e a s t  f o r  X = B r ,  c i s | P t X o ( o l ) L j  i s  n o t  

t h e  " f i n a l  p r o d u c t "  o f  th e  r e a c t i o n  r e p r e s e n t e d  by e q n .  ( 5 - 1 7 ) and  t h a t  

r e - c o n v e r s i o n  t o  t h e  d im er  a t  a  r a t e  s i m i l a r  t o  i t s  f o r m a t i o n ,  m ust 

a lw a y s  be a l l o w e d  f o r .  The bromo co m p lex e s  w o u ld  be  e x p e c t e d  t o  r e -  

d i m e r i s e  more r e a d i l y ,  a s  t h e  s t r e n g t h  o f  t h e  h a l i d e  b r i d g e  i n  t h e  

d i p l a t i n u m  c o m p le x e s  i n c r e a s e s  i n  t h e  o r d e r  C l <  Br < I . The lo w e r  

s t a b i l i t y  o f  o l e f i n  co m plexes  o v e r  c a r b o n y l  ones  h a s  b ee n  r e p o r t e d  

a l r e a d y h S P .

The c l e a v a g e  o f  t h e  h a l i d e - b r i d g e d  d im e r  ^ P tg X ^ B g ]  ^y  a  n u c - le o p h i le  

(Nu) w ould  be e x p e c t e d  t o  g iv e  co m p lex es  o f  t h e  t y p e  t r a n s - j^PtX^LNuJ 

a s  t h e  i n i t i a l  p r o d u c t  due t o  t h e  h i g h e r  t r a n s  e f f e c t  o f  t h e  p h o s p h in e  

l i g a n d  L o v e r  h a l i d e  X. T h i s  was fo u n d  t o  be  t h e  c a s e  when am in es  

a t t a c k e d  t h e  h a l i d e  b r i d g e  p ro d u c in g  s t a b l e  t r a n s - j^ P tX g ( a m ) b j  ( s e e  ‘ 

c h a p t e r  4 ) .  I f  t h e  t r a n s  fo rm  i s  t h e  l e s s  s t a b l e  i s o m e r  t h e n  

f u r t h e r  i s o m e r a t i o n  t o  c i s  can  o c c u r .  When t h e  r e a c t i o n s  o f
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[P tX ^(P B u^)2] (X = C l ,B r )  w i th  o r  were fo l lo w e d  by '^* 'p  nmr

s p e c t r o s c o p y ,  t h e  a p p e a ra n c e  of  new s i g n a l s  b e f o r e  the fo rm a t io n  o f  c i s  

i so m e r  was d e t e c t e d .  From th e  a p p e a ra n ce  o f  a  s im p le  1 :4 :1  t r i p l e t  

p a t t e r n  i n  th e  s p e c t r a ,  i t  was c l e a r  t h a t  t h e s e  com plexes were mono

p la t in u m  com plexes .  (Bimerl-C complexes would g iv e  19 s i g n a l s  i n  th e  

^^P nmr sp ec tru m  ( s e e  T a b l e  5-1 ) .  These s i g n a l s  were t h e r e f o r e  a s s ig n e d  

t o  t r a n s - j^PtX^( o l ) lJ . T h is  a ss ig n m en t was s u p p o r t e d  by th e  s i m i l a r i t y  

of t h e  P tP  c o u p l in g  c o n s t a n t s  ( se e  T ab le  5 -6 )  w i th  t r a n s - [PtCl^(CH2 = 

C R C H 2 0 H )(P P r^ )]( l^^ )( jp ^ p  3323 Hz) and t r a n s - [ p tC lg  ' (CH^= CHCH^OH) (PNe^Ph)] 

( j p t p  3441 H z ) .  The v a lu e s  a r e  l a r g e r  th a n  f o r  t h e  t r a n s  c a rb o n y l  

com plexes 2900) i n d i c a t i n g  t h a t  th e  CO l i g a n d  has  a  h i g h e r  t r a n s

i n f l u e n c e  th a n  t h e  o l e f i n  l i g a n d .

The f o rm a t io n  of  t h e  t r a n s - c a r b o n y l  com plexes i s  com p le te  i n  

s o l u t i o n ,  and t h e y  c a n ,  i n  some c a s e s ,  be i s o l a t e d  a s  pu re  compounds 

and t h e i r  r e a c t i o n s  s t u d i e d ^ ^ ^ ^ \  U n f o r tu n a t e l y  t h e  t r a n s  o l e f i n  

com plexes r a p i d l y  form  e q u i l i b r i a  w i th  th e  d im ers  (eq n .  5 -19 , H = E,Me) 

so  pu re  s o l u t i o n s  of th e  t r a n s -  complex a t  t e m p e r a tu r e s  which th e y  would

K L.
P t 2 X^(PBu^ ) 2  + 2 CHg^CER ^    f  2 t r a n s - j^PtXg( CHg^CHR) (PBu_.) j

(5 -19 )

f u r t h e r  r e a c t  were n o t  a v a i l a b l e .

S e v e ra l  a t t e m p t s  w ere  made t o  i s o l a t e  a  t r a n s  com plex, u s in g  th e  

l e s s  s o l u b l e  PMegPh. The f i r s t  a t t e m p t s  in v o lv e d  f r e e z e  d r y in g  benzene 

s o l u t i o n s  of ^ P t 2Cl^(PMe2P h ) 2j  s a t u r a t e d  w i th  CgH^^ b u t  o n ly  d im er was 

i s o l a t e d ,  p ro b a b ly  due t o  o l e f i n  l o s s  a t  low p r e s s u r e .  The o t h e r  method 

employed in v o lv e d  t r e a t i n g  a  s o l i d  sam ple o f  |^Pt gC1 ^ (PMe gPh) g J  w i th  

g aseo u s  CgH^. The d im er was p re p a re d  i n  a  f i n e l y  d iv id e d  form  a g a in  

by f r e e z e  d r y in g  from b e n z en e .  T rea tm en t  o f  th e  s o l i d  w i th  e th e n e  f o r  

6 and 10 h o u rs  p roduced  a change i n  t h e  c a rb o n  a n a l y s i s ,  s u g g e s t i v e  of
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some o l e f i n  co m p lex  f o r m a t i o n  ( s e e  T a b le  5-&J b u t  on r e - d i s s o l u t i o n  o f  

t h e  s o l i d  i n  CDGl^ o n l y  d im e r  was p r e s e n t  ( a s  shown by nmr s p e c t r o 

s c o p y ) ,  I t  seem s l i k e l y  t h a t  t h e  i n c r e a s e  i n  am ount o f  c a rb o n  c o u ld  

be  fro m  n o n - v o l a t i l e  i m p u r i t i e s  i n  t h e  g a s .  T h e s e  f a i l u r e s  show a g a i n  

t h a t ,  l i k e  t h e  c i s  c o m p le x ,  t h e  t r a n s  o l e f i n  c o m p le x e s  h av e  a  lo w e r  

s t a b i l i t y  t h a n  t h e  c o r r e s p o n d i n g  c a r b o n y l  c o m p le x e s .

A t -60°G  p u re  s o l u t i o n s  o f  t r a n s - j^PtCl^^^G^H^) fP B u ^ ) j  c o u ld  be 

fo rm e d ,  due t o  t h e  e f f e c t  o f  t e m p e r a t u r e  d é p e n d a n c e  o f  e q u i l i b r i u m ( 5 - 1 9 ) .  

At t h i s  t e m p e r a t u r e  t h e  com plex  showed no  s i g n  o f  i s o m é r i s a t i o n  o r  o l e f i n  

l o s s  o v e r  1 h o u r .  H ow ever ,  on w arm ing  t h e  s o l u t i o n  up t o  -2 0 °C  o l e f i n  

l o s s  became a p p a r e n t  an d  t h e  p r e s e n c e  o f  d im e r  c o u l d  be d e t e c t e d .

At 0°G i s o m é r i s a t i o n  t o  t h e  c i s  fo rm  was a l s o  o b s e r v e d .  A l th o u g h  no 

o l e f i n  l o s s  was o b s e r v e d  a t  -6 0 ° C ,  d i s s o c i a t i o n  m ust t a k e  p l a c e ,  a s  

s w e e p in g  a s o l u t i o n  o f  t r a n s -^ P tC l^ fC ^ H ^ ) ( P B u ^ )J  w i th  a t  -60°G  c a u s e d  

r e d i m e r i s a t i o n  w i t h  t h e  o l e f i n  l o s s  b e i n g  c o m p le te  b e tw e e n  40 and  60 

m i n u te s .  P a s s i n g  n i t r o g e n  th r o u g h  s o l u t i o n s  o f  t r a n s - |^PtXg( o l ) ( P B u^)^

(X = C l ,  o l  = X = B r ,  o l  = C^H^) o r  t r a n s - p t X g ( o l )  (PMe.gPh)J

(X = C l , B r ;  o l  = O^H^) a t  room t e m p e r a t u r e  c o m p l e t e l y  rem oved t h e  o l e f i n  

i n  l e s s  t h a n  one m i n u te .

O l e f i n  e x c h a n g e  was r a p i d  w i th  t h e  t r a n s  c o m p le x e s ,  even  a t  -6 0 ° G .  

T re a tm e n t  oi’ s o l u t i o n s  o f  t r a n s - ^^FtClgCCgH^) (P B u^)J  a t  -6 0 °C  w i t h  G^H^ 

c a u s e d  c o m p le te  o l e f i n  e x c h a n g e  w i t h i n  2 m i n u t e s ,  p r o d u c in g  t r a n s -  

j~PtGl2 (G^Hg) (P 3 u ^ )J  , a  r e a c t i o n  t h a t  c o u ld  be r e v e r s e d  by  t r e a t i n g  t h e

l a t t e r  co m p lex ,  s t i l l  a t  - 6 0 ° G ,w i t h  e th e n e  ( e q n .  5 - 2 0 ) .

G,H.
t r a n s - p t X 2 (C ^ H ^ ) (P B u ,) J  — 2 — t r a n s - FPt X^ (G^H^) (PB u, )~j ( 5 - 2 0 )

W ith  t h e  c o r r e s p o n d i n g  bromo co m p lex es  t h e  r e a c t i o n  was more 

c o m p l i c a t e d .  T r e a tm e n t  o f  j^Pt^Br, (p B u ^ ) 2 j w i t h  C ^H ^for 2 m i n u t e s .



T able 5-4 E f f e c t  o f on s o l i d  [pt^Gl^ÇPMe^Ph)^']

%G 9&1

[ p t2 C q ( E M e 2 P h ) 0 C a lc u la te d 23 .78 2 .74

P r e c i p i t a t e d  benzene 2 3 .4 2 .2

A f t e r  6 ho u rs  of 
e th e n e

24 .5 2 .3

A f t e r  10 h o u rs  of 

e th e n e

25 .68 2 .17

[p tC lg fC g K ^ )-

(EMe^P’n ) ]

C a lc u la te d 2 7 .79 3 .5 0
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f o l l o w e d  by c o o l i n g  t o  -6 0 °C  p ro d u c e d  a  s o l u t i o n  c o n t a i n i n g  r o u g h l y  

e q u a l  am ounts  o f  s t a r t i n g  d im e r  and  t r a n s - ^ ^ P t B r ^ ( P B u ^ ) ^  w i t h  a  

t r a c e  o f  t h e  c i s  i s o m e r .  T h i s  r e f l e c t s  b o t h  t h e  i n c r e a s e d  s t r e n g t h

o f  t h e  h a l i d e  b r i d g e  w i t h  Br o v e r  Cl an d  a l s o  a  f a s t e r  t r a n s   c i s

i s o m é r i s a t i o n  r a t e  f o r  bromo c o m p le x e s .  T r e a tm e n t  o f  t h i s  m i x tu r e  

w i t h  p ro p e n e  a t  -6 0 °C  f o r  2 m in u te s  gave  a  s o l u t i o n  o f  n e a r l y  p u re  

t r a n s - I^ P tB r^ (C ^ H g ) (P B u ^ ) j  w i th  no d im e r  p r e s e n t .  (The am ount o f  c i s

i s o m e r  was v e r y  low  and  i t s  p r e s e n c e  c o u ld  n o t  be a c c u r a t e l y  d e t e r m i n e d ) .  

A g a in ,  r e v e r s i n g  t h e  p r o c e s s  gave  t r a n s - j^PtBr^ ) (P B u O J  and  w i t h

l o n g  a c c u m u l a t io n  t im e  t h e  ^^P nmr s p e c t r u m  showed t h e  p r e s e n c e  o f  t h e  

c i s  i s o m e r .  The f a c t  t h a t  t h e  d im e r  was c l e a v e d  b y  p ro p e n e  a t  low 

t e m p e r a t u r e  i s  i n t e r e s t i n g  a s  t h e r e  i s  no  r e a c t i o n  b e tw e e n  t h e  two 

compounds a t  room t e m p e r a t u r e .  The ch a n g e  r e f l e c t s  t h e  f a c t  t h a t  a t  

-6 0 °G  p ro p e n e  i s  a  l i q u i d  and  so  was p r e s e n t  i n  v e r y  h i g h  c o n c e n t r a t i o n ,  

a n d  t h e  lo w er  t e m p e r a t u r e  w ould  i n c r e a s e  t h e  s t a b i l i t y  o f  t h e  t r a n s  

c o m p le x .  The c l e a v a g e  o f  p t 2 B r^ (P B u ^ )2 j  by G^H^ a l s o  w ould  t a k e  p l a c e  

a t  -6 0 ° C ,  and  i n  t h i s  way p u re  s o l u t i o n s o f  t r a n s - j^PtBr^CG^H^)(PBu^)J 

c o u l d  be p r e p a r e d .

I t  seems c e r t a i n  t h a t  t h e s e  e x c h an g e  r e a c t i o n s  ( e q n s .  5 - 1 8 ,  5 -2 0 )  

a r e  a s s o c i a t i v e .  A l th o u g h  o l e f i n  l o s s  t o  r e f o r m  t h e  b r i d g e d  d i p l a t i n u m  

s p e c i e s  i s  p o s s i b l e ,  t h e  t im e  t a k e n  t o  remove t h e  o l e f i n  w i t h  i s  

c o n s i d e r a b l y  l o n g e r  t h a n  f o r  t h e  ex c h an g e  r e a c t i o n s .  A s s o c i a t i v e

( 2 3 )
r e a c t i o n s  i n v o l v i n g  5 c o - o r d i n a t e  i n t e r m e d i a t e s ,  h o w e v e r ,  a r e  w e l l  known 

a n d  t h i s  m echanism  i s  a l s o  t h o u g h t  t o  be t h e  m echan ism  o f  c a r b o n y l  

ex c h a n g e  i n  t h e  a n a lo g o u s  r e a c t i o n s  w i t h  c a rb o n  m o n o x id e ^ ^ ^ ^ ^ .

As s t a t e d  b e f o r e  (eqn , 5 -19 )  t h e  i n i t i a l  t r e a tm e n t  of h a l i d e - b r i d g e d  

d ip la t i n u m  s p e c i e s  l e a d s  t o  an e q u i l ib r i u m  b e in g  e s t a b l i s h e d  betw een 

t h e  d im er and t h e  t r a n s  o l e f i n  co m p le x :-
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K
Pt^X^CPBu^)^ + 2 o l  - ,T:— - t  2 t r a n s -  fP tX ^ C o l) (P B u ^ )]  ( 5 - 1 9 )

The p o s i t i o n  o f  t h i s  e q u i l i b r i u m  m ig h t  be  e x p e c t e d  t o  h a v e  an  

e f f e c t  on t h e  r a t e  o f  f o r m a t i o n  o f  t h e  c i s  i s o m e r ,  an d  t h e  f a c t o r s  

a f f e c t i n g  t h e  s y s t e m  w ere  lo o k e d  a t .  The e q u i l i b r i u m  r a t i o  was fo u n d  

t o  be  v e r y  d e p e n d e n t  on e x p e r i m e n t a l  c o n d i t i o n s  a n d  fo u n d  t o  be 

s e n s i t i v e  t o  s u c h  f a c t o r s  a s  t e m p e r a t u r e , t y p e  of h a l i d e  o r  o l e f i n  an d  

l i g h t .

Lowering th e  t e m p e r a tu r e ,  a s  e x p e c te d  from  t h e  e n t r o p y  o f  t h e  

sy s te m , moves e q u i l i b r i u m  (5-19)  t o  th e  r i g h t ,  so  t h a t  a t  -60°C pure  

t r a n s - ^ P tC ln f o l )  (PBu^)J ( o l  = C^R^jC^Hg) can  be o b t a i n e d ,  b u t  a t  room 

te m p e ra tu re  t h e  e q u i l i b r i u m  ( in  th e  l i g h t )  shows 8 0% d im er  f o r  o l  =

and 56% f o r  The bromo complexes of e th e n e  a l s o  e x h i b i t

t h i s  change a l t h o u ^  a  sample c o n ta i n in g  pu re  t r a n s - ^PtEr^fCgH^) (PBu^)^ 

a t  -60°G changed t o  95% dim er a t  room te m p e ra tu re  ( s e e  T a b le  5 -5 ) •

The n a tu r e  o f  th e  h a l i d e  a l s o  had th e  e x p e c te d  e f f e c t ,  h a l i d e  

b r id g e  c le a v a g e  b e in g  f a v o u re d  by Cl over  Br f o r  e i t h e r  PBu^ and PMe^Ph 

com plexes w i th  t h e  io d o  b r id g e d  d im ers  n e i t h e r  e th e n e  o r  p ropene  form ed 

o l e f i n  complexes a t  room te m p e r a tu r e s .  These r e s u l t s  a r e  c o n s i s t e n t  

w i th  t h e  h a l i d e  b r id g e  s t r e n g t h  d e c r e a s in g  i n  t h e  o r d e r  I > Br > G1.

W ith X = Gl, e q u i l i b r i u m  (5-19)  l i e s  f u r t h e r  t o  t h e  r i g h t  when o l  =

G^Hg t h a n  o l  = G^E^ ( s e e  T a b le  5-5 , F i g s .  5 -4 ,  5 - 5 ) .  T h i s  r e f l e c t s

t h e  h i g h e r  n u c l e o p h i l i c i t y  of propene due t o  th e  e l e c t r o n  r e l e a s i n g

m e th y l  g ro u p  c a u s i n g  a  h i g h e r  T U -e lec tron  d e n s i t y  i n  t h e  o l e f i n  d o u b le

b o n d .  W ith  X -  Br o n ly  e t h e n e  c a u s e s  c l e a v a g e  o f  t h e  h a l i d e  b r i d g e .

As m en tioned  i n  t h e  i n t r o d u c t i o n ,  e l e c t r o n  r e l e a s i n g  g roups de-crease

t h e  s t r e n g t h  of t h e  P t - o l  bond and so  e th e n e  complexes would be

e x p e c te d  t o  be more, s t a b l e  th a n  propene o n es ,  so  t h e  r e a c t i o n  must be 
thermo dynomic

u n d e r  /  c o n t r o l .  W ith  a l l  o t h e r  o l e f i n s ,  c l e a v a g e  o f  t h e  b r i d g e



Table 5-5' E f f e c t  o f o l e f i n  on {BtgX^ÇPBu^)^j (a )

X T em p .(°C ) o l  = ^3 ^6

Cl 20 19 61

—60 100 100

Br 20 5 0

■"60 50 0

( a )  R ec o rd e d  a f t e r  1 m in u te  o l e f i n  a t  room t e m p e r a t u r e  t h r o u g h  a  

CDCl^ s o l u t i o n  o f  ^ t ^ X ^ C P B u ^ ) ^ ^

(b )  R e s u l t s  e x p r e s s e d  a s  % [ t r a n ^  i n  e q u i l i b r i u m  m i x t u r e .
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p r o v e d  t o  be  d i f f i c u l t ,  an d  a l l  were l e s s  e f f e c t i v e  t h a n e t h e n e .

The e f f e c t  o f  d i f f u s e  b a c k g ro u n d  l i g h t  ( e i t h e r  d a y l i g h t  o r  

a r t i f i c i a l  l i g h t )  was t o  d i s p l a c e  e q u i l i b r i u m ( 5 - 1 9 )  t o  t h e  l e f t .

O b se rv ed  o v e r  a  p e r i o d  o f  s e v e r a l  h o u r s  a t  room t e m p e r a t u r e ,  t h e  r a t i o  

o f  ^ P tg C l^ f P B u ^ ) ^ ^  t o  t r a n s - j~ P tC l^ ( o l ) ( P B u ^ ) J  ( o l  = was

a lw a y s  g r e a t e r  i n  t h e  l i g h t  t h a n  i n  t h e  d a r k  ( s e e  f i g s ,  5-4» 5 - 5 ) .  

U n f o r t u n a t e l y ,  due  t o  t h e  f o r m a t i o n  o f  t h e  c i s  i s o m e r ,  t h e  e q u i l i b r i u m  

c a n n o t  be s t u d i e d  i n  i s o l a t i o n .  L o w erin g  t h e  t e m p e r a t u r e  t o  p r e v e n t  

i s o m é r i s a t i o n  moves t h e  e q u i l i b r i u m  t o o  f a r  t o  t h e  r i g h t  f o r  an y  

a c c u r a t e  d e t e r m i n a t i o n  o f  t h e  p o s i t i o n .  The c h a n g e  i n  e q u i l i b r i u m  

p o s i t i o n  i s  m ost  l i k e l y  due  t o  p h o t o - i n d u c e d  e l i m i n a t i o n  f ro m  t h e  y e l l o w /  

g r e e n  t r a n s  c o m p le x .

W ith  t h e  bromo c o m p le x e s ,  e q u i l i b r i a  ( 5 - 1 9 )  c a n n o t  be  d e t e r m in e d

a c c u r a t e l y  eno u g h  t o  o b s e r v e  an y  d i f f e r e n c e  b e tw e e n  l i g h t  an d  d a rk  due t o

t h e  v e r y  low l e v e l  o f  t r a n s - j^P tB r^ (C ^ H ^ )(P B u ^ )J  ( s e e  f i g .  5 - 6 ) .  The

s i t u a t i o n  i s  f u r t h e r  c o m p l i c a t e d  by t h e  v e r y  r a p i d  f o r m a t i o n  o f  t h e  c i s
readily

i s o m e r  and  i t s  known t e n d e n c y  t o  • l o s e  o l e f i n ^ a n d  r e v e r t  t o  t h e

d im e r .  So t h e  s y s te m  c a n n o t  e s t a b l i s h  a  d e t e c t a b l e  e q u i l i b r i u m  b e tw e en  

t r a n s  i s o m e r  and  d im e r  i n  t h e  same m anner t h a t  t h e  c h l o r o  s y s te m  d o e s .

The f o r m a t i o n  o f  t h e  c i s  i s o m e r s  from  s o l u t i o n s  c o n t a i n i n g  t r a n s -  

|^PtX2 ( o l ) ( P B u ^ ) J  m ig h t  be e x p e c t e d  t o  f o l l o w  a  s i m i l a r  p a th w a y  t o  t h a t  

fo u n d  f o r  t h e  c a r b o n y l  s y s te m  due t o  t h e  s i m i l a r i t y  o f  b o n d in g  i n  t h e  

c o m p le x e s .  H ow ever ,  a c co m p an y in g  an y  c o m p a r i s o n  o f  t h e  two s y s t e m s ,  two 

p o i n t s  m ust be b o rn e  i n  m i n d : -

1 .  B eca u se  t r a n s - p t X ^ ( o l ) ( PTu ) J  e q u i l i b r a t e d  w i th J^ P t2 ^ -^ ( fB u ^ )2 j ( e q n ,

5 -1 9 )»  f r e e  o l e f i n  m ust a lw a y s  be p r e s e n t  i n  s o l u t i o n .

2 .  C i s - |^ P tX ^ (o l ) ( P B u ^ ) J  c o u ld  n o t  be r e g a r d e d  a s  a  " f i n a l  p r o d u c t "  i n
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t h i s  r e a c t i o n  a s  t h e  c i s  p r o d u c t s  c o u l d  r e v e r t  t o  d im e r .  T h i s  i s  

p r o b a b l y  n o t  a  s i g n i f i c a n t  p r o c e s s  f o r  X = C l o v e r  t h e  t im e  p e r i o d  

o f  t h e  r e a c t i o n s  b e i n g  s t u d i e d , i t  w ou ld  be  s i g n i f i c a n t  when X = B r ,

The f o r m a t i o n  o f  t h e  c i s  i s o m e r  was f o l l o w e d  f o r  t h r e e  s y s t e m s ,  
o r  o ropene  and  F t 2 Br^(PBU ^ ) 2  w i th  e t h e n e .

P t 2 C l^ (P B u ^ ) 2  w i t h  e t h e n e » /  The e x p e r i m e n t a l  p r o c e d u r e  f o r  f o l l o w i n g

t h e  i s o m é r i s a t i o n s  was t h e  same f o r  a l l  t h r e e  s y s t e m s .  The o l e f i n  was 

p a s s e d  t h r o u g h  a  s o l u t i o n  o f  e i t h e r  t h e  c h l o r o - o r  b ro m o - b r id g e d  d im e r  

f o r  1 m in u te  a t  room t e m p e r a t u r e .  The s o l u t i o n  was d i v i d e d  b e tw e e n  two 

nmr t u b e s  w h ic h  w ere  t h e n  c a p p e d  an d  s e a l e d .  One t u b e  was s t o r e d  i n  

t h e  d a r k  and  t h e  o t h e r  k e p t  ex p o se d  t o  e i t h e r  a r t i f i c i a l  o r  d a y - l i g h t .

The r e a c t i o n s  m o n i to r e d  b y  ^^P nmr s p e c t r o s c o p y  an d  t h e  r e l a t i v e  

a b u n d a n c e  o f  e a c h  s p e c i e s  was d e t e r m in e d  e i t h e r  by  i n t e g r a t i o n  o r  by  

a s s u m in g  t h a t  b e c a u s e  a l l  t h e  s i g n a l s  a r e  v e r y  s h a r p  t h a t  t h e  s i g n a l  

i n t e n s i t y  ( o r  h e i g h t )  i s  p r o p o r t i o n e d  t o  t h e  s i g n a l  a r e a .  I n t e g r a t i o n  

showed t h a t  t h i s  l a t t e r  m ethod  was a s  a c c u r a t e  a s  t h e  f i r s t ,  (W h ic h e v e r  

was u s e d ,  i t  was i m p o r t a n t  t o  rem em ber t h a t  t h e  i n t e n s i t y  o f  t h e  c e n t r a l  

s i g n a l s  o n ly  a c c o u n t s  f o r  66% o f  a  m onom eric  co m p lex  an d  44% o f  a  

d i m e r i c  one due t o  t h e  p r e s e n c e  o f  t h e  P t  s a t e l l i t e  s i g n a l s ) .  The 

r e s u l t s  a r e  shown i n  f i g s ,  5-4> 5-5 a n d  5 - 6 ,  I t  c a n  be s e e n  t h a t  t h e  

r e s u l t s  f o r  t h e  two c h l o r o  co m p lex es  a r e  b r o a d l y  s i m i l a r ,  w i th  t h e  

e x t e n t  o f  i s o m é r i s a t i o n  b e i n g  s l i g h t l y  g r e a t e r  f o r  t h a n  CyH^.

( T h i s  i s  d e s p i t e  t h e  c o n c e n t r a t i o n  o f  t h e  t r a n s  co m p lex e s  b e i n g  t h e  o t h e r  

way ro u n d  w i t h  g r e a t e r  t h a n  C^H^). T h i s  r e f l e c t s  t h e  g r e a t e r

s t a b i l i t y  o f  t h e  e t h e n e  com plex  o v e r  t h e  p ro p e n e  com plex  a s  e x p l a i n e d  

a b o v e .  A ls o  t h e  s i d e  g ro u p  on t h e  p ro p e n e  w i l l  c a u s e  a  t w i s t i n g  m o t io n  

i n  t h e  l i g a n d  a s  shown i n  f i g ,  5-3» r e d u c i n g  t h e  m e ta l -T C  o v e r l a p  

an d  h e n c e  t h e  s t r e n g t h  o f  t h e  m e t a l - o l e f i n  b o n d .

The f o r m a t i o n  o f  t h e  c i s -b rom o co m p lex  i s  much more r a p i d ,  r e a c h i n g
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a  maximum l e v e l  w i t h in  1 h o u r .  Because o f  t h i s t r a n s - |^PtBr^(C_H^) 

c o u ld  n o t  be p re p a re d  i n  t h e  a b sen c e  o f  t h e  c i s - isom er  a t  room 

t e m p e r a t u r e .  I t  has  a l r e a d y  been r e p o r t e d ^ ^ ^  t h a t  t r a n s  bromo o l e f i n  

com plexes  i s o m e r i s e  t o  c i s  a t  low er t e m p e r a tu r e s  th a n  th e  a n a la g o u s  

c h lo r o  complexes and th e  r a t e  of i s o m é r i s a t i o n  of j^PtXg(CO)(PMegPh)^ was 

fo u n d  t o  be I  »  Br > 01^”* c o n s i s t e d  w i th  th e  above r e s u l t s .  With 

^^^^^(FM egPh)^ th e  same r e s u l t s  were found  w i th  a much more r a p i d  

f o r m a t io n  of c i s - |^PtX^(Q^H^)(PMe^Ph)^J w i th  X = Br th e n  X = C l ,  a l th o u g h  

p r e c i p i t a t i o n  of t h e  c i s  com plexes p re v e n te d  an  a c c u r a t e  c o m p ar iso n .

W h i l s t  f i g u r e s  5-4  and 5-5 c l e a r l y  show th e  e f f e c t  of l i g h t  on th e  

d im er / t r a n s  e q u i l ib r i u m ,  a t  t h e  same t im e  th e y  a l s o  show t h a t  th e  o v e r a l l  

f o r m a t io n  of th e  c i s  iso m e r  i s  l a r g e l y  u n a f f e c t e d  by a l t e r a t i o n  o f  t h i s  

e q u i l i b r i u m .  T h is  cou ld  be i n t e r p r e t e d  i n  two ways -

1, A l th o u g h  th e  amount o f  t r a n s  isom er  i s  l e s s  in  th e  l i g h t ,  i t  can

r e a c t  more q u ic k ly  t o  p roduce  c i s  v i a  a  ph o to ch em ica l  pa thw ay , o r

2 , More th a n  one r e a c t i o n  pathway o p e r a t e s  t o  produce c i s  and t h e

d i f f e r e n c e  in  r a t e s  due t o  ch a n g in g  c o n c e n t r a t i o n s  f o r  t h e  v a r i o u s

pathw ays c a n c e l  each o t h e r  out by c h a n c e .

S in c e  r e a c t i o n s  perfo rm ed  t o t a l l y  i n  th e  dark  s t i l l  p roduce  th e  c i s  

i so m e r ,  => pho tochem ica l  r o u t e  canno t  be t h e  o n ly  one o p e r a t i n g ,  and a 

m ix tu re  of  r e a s o n s  ( l )  and (2 )  i s  n e a r e r  t h e  t r u e  s i t u a t i o n .

M a in t a in in g  a l a r g e  e x c e s s  of o l e f i n  a l s o  had an e f f e c t  on th e  isom er- 

s a t i o n  r a t e .  The e x c es s  o l e f i n  was p ro v id e d  by m a i n ta i n in g  a, c o n s t a n t  

f lo w  o f  gas  th ro u g h  th e  s o l u t i o n  b e in g  s t u d i e d .  The e f f e c t  on t h e  

p r o d u c t io n  of c i s - jp tX ^ (o l )  (PBu^)J (X = C l ,  o l  = CgH^^C^H^; X = B r, o l  = 

C^H^) i s  shown in  T ab le  5 -6 ,  where th e  f i g u r e s  i n  th e  column marked 

"1 inin o l e f i n "  r e f e r  t o  s o l u t i o n s  t r e a t e d  w i th  o l e f i n  f o r  1 m in u te  and



T a b le  5-6 E f f e c t  o f  e x c e s s  o l e f i n  on th e  p r o d u c t io n  o f  c i s -  

jjPtXg(ol)(PBupJ

X Imin CgB I h r  C^H^ Imin CLH^ I h r  C,H. 
t  6

Cl 33 16 19 12
i

Br 65 69 0 0

( a )  % o f  c i s  i so m e r  p r e s e n t  i n  s o l u t i ^ c i ^  + f t r a n ^  + jdimerj
X 100
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l e f t  t o  s t a n d  f o r  1 h o u r  a t  room t e m p e r a t u r e ,  w h e re a s  t h o s e  m arked  "1 h o u r  

o l e f i n ” a r e  f o r  s o l u t i o n s  t r e a t e d  c o n s t a n t l y  w i th  o l e f i n  f o r  1 h o u r .  I t  

car. be s e e n  t n a t  f o r  t h e  c h l o r o  c a s e  e x c e s s  o l e f i n  c a u s e s  a  r e t a r d a t i o n  

o f  t h e  r a t e  o f  f o r m a t i o n  o f  t h e  c i s - i s o m e r ,  w h e re a s  f o r  t h e  bromo c a s e  

t h e  f o r m a t i o n  o f  c : . s | jp tB r^(C ^H ^) (PBu^)~J was i n c r e a s e d  s l i g h t l y ,  a l t h o u g h  

a f t e r  1 h o u r ,  t h e  bromo r e a c t i o n  a p p e a r s  s o  be i n  e q u i l i b r i u m  ( f i g ,  5 -6 )  

an d  t h e  r e s u l t  i s  more l i k e l y  t o  r e p r e s e n t  a  s h i f t  i n  t h i s  e q u i l i b r i u m  

r a t h e r  t h a n  t h e  r a r e  o f  f o r m a t i o n  o f  t h e  c i s  i s o m e r .  T h e se  r e s u l t s  

c o n t r a s t  m a rk e d ly  w i t h  t h e  a n a lo g o u s  c a r b o n y l  i s o m é r i s a t i o n s ,  w here  e x c e s s  

CO was fo u n d  t o  c a t a l y s e  t h e  r e a c t i o n  o f  t h e  c h l o r o  c o m p le x e s  t o  a  g r e a t  

e x t e n t  w i t h  t h e  r a t e  i n c r e a s i n g  hy two o r d e r s  o f  m a g n i tu d e ,

F i g u r e  5 -7  shows t h e  p o s s i b l e  pa thw ays  from  t h e  s t a r t i n g  m a t e r i a l s

t o  c i s - |^ P tX ^ (o l )L J ,  a l l  o f  w h ich  a r e  p l a u s i b l e  m echan ism s f o r

( 2^)i s o m é r i s a t i o n s  i n  s q u a r e  p l a n a r  compounds , The m ost  s t r a i g h t f o r w a r d  

f o r m a t i o n  o f  t h e  c i s - i s o m e r  i s  by t h e  d i r e c t  c l e a v a g e  o f  t h e  d im e r  a t  t h e  

m e t a l - h a l i d e  bond c i s  t o  t h e  p h o s r h i n e  t o  p ro d u c e  t h e  p r o d u c t ,  r e p r e s e n t e d  

by p a th w ay  [ A] , T h i s  w ould  co m p ete  w ish  t h e  f a s t e r  r e v e r s i b l e  f o r m a t i o n

2 c i s - [ P t X ^ ( o l ) L ]  [ P t^ X ^ L £ |+  2 o l  2 t r a n s - [ P t X ^ ( o l ) L ]  (5 -2 1  )

o f  t h e  t r a n s  i s o m e r  ( e q n ,  5-21 ) and su c h  a  r o u t e  was o r i g i n a l l y  p r o p o s e d  

f o r  t h e  f o r m a t i o n  o f  t h e  c l s - c a r b o n y l  co m p lex e s^ ^ ^ ^ ^  a l t h o u g h  i t  was 

l a t e r  shovm n o t  t o  be a p p l i c a b l e  i n  t h a t  c a s e ^ ^ ^ ^ ^ .  I n  t n e  p r e s e n t  

s y s te m  t h e  p a th w ay  i s  c o n s i s t e n t  w i th  t h r e e  e x p e r i m e n t a l  o b s e r v a t i o n s ,

1 ,  The r a t e  o f  f o r m a t i o n  o f  t h e  c i s  com plex  i s  s l i g h t l y  g r e a t e r -  

f o r  e t h e n e  t h a n  p r o p e n e .  The c o n c e n t r a t i o n  o f  d im e r  i s  

a l s o  g r e a t e r  f o r  e t h e n e  t h a n  p r o p e n e ,

2 ,  Bromo co m p lex e s  i s o m e r i s e  f a s t e r  t h a n  t h e  c h l o r o  c o m p le x e s ,

5 .  E x c e s s  o l e f i n  i n h i b i t s  t h e  i s o m é r i s a t i o n  o f  t h e  c h l o r o  c o m p le x e s .



Fig.5 -7  Possible  M echanism s for the Formation of c is-jPtXpkOlJ
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1 , ,  a l t h o u g h  f i t t i n g  t h e  d i r e c t  r o u t e ,  can a l s o  be e x p l a i n e d  i n  

te rm s  o f  s t a b i l i t y  of  t h e  p r o d u c t s .  F o r  2.  a  v e r y  low v a l u e  of  K i n  

e q u i l i b r i u m  ( 3 -1 9 )  means t h a t  t h e  c o n c e n t r a t i o n  of  | ^P tgBr^(PBu^)g j  and 

a r e  h i g h e r  t h a n  f o r  t h e  c h lo r o  ca.se a.nd t h e  r a t e  of  f o r m a t i o n  

( r a t e o c ^ P t 2B r^ (P B u ^ )2j ^ C 2^ ^ ] )  sho u ld  be g r e a t e r .  A g a i n s t  t h i s  

argument  i s  t h e  o b s e r v a t i o n  t h a t  c i s -  PtX^Cco)(PKe^Ph) i s  a l s o  formed 

more r a p i d l y  when X = Br t h a n  X = Cl and t h i s  pa thway i s  known no t  t o  

o p e r a t e  i n  t n i s  c a s e ,  3 . ,  t h e  i n h i b i t i o n  i n  t h e  c h l o r o .  ca.se comes 

from two co m p e t in g  f a c t o r s .  The remova l  of  d im er  i n  t r a n s -  P t C l 2 ( o l ) L  

v i a  e q u i l i b r i u m  ( 5 - 1 9 )  depends on [ o l e f i n ] ^ ,  w h e r e a s ,  b e c au s e  a t t a c k  of 

t h e  f i r s t  n u c l e o p h i l e  i n  a  b r id g e  c l e a v a g e  r e a c t i o n  i s  u s u a l l y  r a t e  

d e t e r m i n in g ^  ^ , t h e  d i r e c t  f o r m a t i o n  of  c i s  would be p r o p o r t i o n a l  t o  

[ o l e f i n ] .  Thus t h e  o v e r a l l  f o rm a t i o n  of  t h e  c i s  i s o m e r  would v a ry  

i n v e r s e l y  w i t h  o l e f i n  c o n c e n t r a t i o n .

Pathways [B]and [c] r e p r e s e n t  c a t a l y t i c  i s o m é r i s a t i o n  v i a  n u c l e o -  

p h i l i c  a t t a c k ,  and i s  t h e  most common i s o m é r i s a t i o n  r o u t e  found i n
( ç>:z \

s q u a r e  p l a n a r  complexes , [e ] r e p r e s e n t s  t h e  pathway th ro u g h  a

f i v e  c o - o r d i n a t e  i n t e r m e d i a t e ,  which can t h e n  unde rgo  p s e u d o - r o t a t i o n  

and l i g a n d  e l i m i n a t i o n ,  whereas  pathway [c] shows t h e  i s o m é r i s a t i o n  

p r o c e e d i n g  v i a  a s s o c i a t i v e  c o n s e c u t i v e  l i g a n d  d i s p l a c e m e n t .  These two 

pa th w ays ,  however ,  m e r e ly  r e p r e s e n t  t h e  two e x t r e m e s  of  one s i n g l e  

p r o c e s s ^ ^ ^ ^ \  i n  p a r t i c u l a r  t h e  ex tr emes  of  b o n d in g  between  t h e  m e ta l  

and a x i a l  l i g a n d  i n  a  s q u a r e  p l a n a r  t r a n s i t i o n  s t a t e .

Pathway [b ]  i s  t h e  most  i m p o r t a n t  i s o m e r i s a t i o n r o u t e  of  t r a n s -  

PtX2(C0)h  , where GO ( a r i s i n g  e i t h e r  f rom CO l o s s  f rom t h e  t r a n s  

complex,  o r  by d e l i b e r a t e  a d d i t i o n  of  e x c e s s  CO) a c t s  a s  a  n u c l e o p h i l e  

( eqn ,  5 - 1 6 ) .  T h a t  such  a  pathway o p e r a t e s  f o r  t h e  o l e f i n  complexes 

seems h i g h l y  l i k e l y ,  s i n c e  i t  was shown t h a t  b o th  c i s  and t r a n s  

complexes unde rgo  r a p i d ,  s t e r e o r e t e n t i v e  o l e f i n  exchange  (eqn ,  5 -18 ,
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5 - 2 0 ) ,  Furthermore, many 5 c o -o r d in a te  P t - o l e f i n  complexes of the type

( 1 9 0 )

r e p r e s e n t e d  by [ b ]  i s  shown i n  f i g .  5 - 8 .  The c o n v e n t i o n a l  s t e r e o -

P tX ^ C N -N ) (o l )  h a v e  b e e n  i s o l a t e d ^  , The o v e r a l l  p a th w a y

s p e c i f i c  l i g a n d  exc hange  i s  r e p r e s e n t e d  by t h e  d i r e c t  pa thways from A t o  

B and C t o  D f o r  t r a n s  and c i s - j^PtX^( o l ) r e s p e c t i v e l y .  I t  can be 

s e e n  t h a t  a f t e r  o l e f i n  c o - o r d i n a t i o n  t o  s p e c i e s  A, t h e n ,  i f  t h e r e  i s  

r o t a t i o n  a bou t  t h e  X-Pt -X  a x i s ,  g i v i n g  a. t r a n s i t i o n  s t a t e  w i th  phosphine  

and two o l e f i n s  i n  t h e  t r i g o n a l  p l a n e ,  t h e  o l e f i n  e x c h a n g e  pathway w i l l  

be f o l l o w e d .  However ,  a  d i f f e r e n t  r o t a t i o n  a round  t h e  L-Pt -(  o l )  a x i s  

w i l l  l e ^ d  t o  t r a n s i t i o n  s t a t e  E, Th is  t im e  t h e  t r a n s i t i o n  s t a t e  has 

j u s t  one T C - a c c e p t o r  l i g a n d  i n  t h e  t r i g o n a l  p l a n e  and would be e xpe c te d  

t o  be a  l e s s  s t a b l e  s p e c i e s  t h a n  when t h r e e  were p r e s e n t .  Th is  pathway 

must a l s o  be of  h i g h e r  en e rg y  than  th e  l i g a n d  exchange ( s i n c e  t h e  l a t t e r  

w i l l  go r a p i d l y  a t  - 6 0 ° G ,  b u t  t h e  fo rmer  does n o t  s t a r t  u n t i l  > - 2 0 ^ G ) ,  

p r o b a b l y  due t o  t h e  low e r  s t a b i l i t y  of  t h e  t r a n s i t i o n  s t a t e .  F u r t h e r  

r o t a t i o n  from E can  l e a d  t o  t h e  c i s  complexes v i a  complex F and o l e f i n  

l o s s  t o  B,

I f  t h e  a x i a l  h a l i d e  i s  l o s t  from complex S t h e n  t h e  i n t e r m e d i a t e  c is -  

| ^PtX(ol).^L' j  would be f o r m e d .  Subsequen t  a t t a c k  by X wou ld  r e f o r m  E 

and c o n t i n u e  t h e  i s o m e r : s a t i o n .  Th is  would c o n v e r t  t h e  p r o c e s s  t o  one 

of  c o n s e c u t i v e  l i g a n d  d i s p l a c e m e n t , a s  r e p r e s e n t e d  by pa thway [ c ]  i n  

f i g ,  5 - 7 ,  a l t h o u g h  t h e  o v e r a l l  r e s u l t  would  be same a s  f o r  [b,]

A l th o u g h ,  by  a n a l o g y  t o  t h e  c a r b o n y l s ,  an  a t t r a c t i v e  mechanism i n

t h i s  c a s e ,  t h e  i n h i b i t i o n  by excess  o l e f i n  of  t h e  t r a n s  t o  c i s

i s o m é r i s a t i o n s  f o r  t h e  c h l o r o  complexes  s u g g e s t s  tn'= t  i t  c anno t  be t h e  

s o l e ,  o r  even t h e  m a j o r  mechanism i n  t h e s e  r e a c t i o n s ,  a s  t h e  i n h i b i t i o n  

i m p l i e s  a  d i s s o c i a t i v e  pathway.  The s l i g h t  a c c e l e r a t i o n  o r  i n c r e a s e  i n  

t h e  amount of  c i s  f o r  t h e  bromo complexes i s  c o n s i s t e n t  w i th  t h e

mechanism,  y e t  t h e  e f f e c t  of  e x c e s s  o l e f i n  i s  h a r d e r  t o  q u a n t i f y ,  due t o
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e q u i l i b r i u m  ( 5 -1 9 )  l y i n g  w e l l  t o  t h e  l e f t  f o r  t h i s  h a l i d e ,

N o n - d i s s o c i a t i v e  pho toche m ic a l  i s o m é r i s a t i o n s  of  s q u a r e  p l a n a r  

complexes a r e  r e p r e s e n t e d  by pathway [ d ] .  Such pho to ch e m ic a l  i s o m é r i 

s a t i o n s  have been  o bse rve d  f o r  o t h e r  P t - o l e f i n  complexes such as  

^ 1^ 012 ( 0 ^5 ^)  (NR^^I I n  t h e  p r e s e n t  c a s e  i t  i s  p o s s i b l e  t h a t  as

w e l l  a s  a f f e c t i n g  t h e  p o s i t i o n  of  t h e  i n i t i a l  e q u i l i b r i u m  (5 -19 )  l i g h t  

i s  h a v i n g  an a c c e l e r a t i n g  e f f e c t  on t h e  t r a n s  - » c i s  i s o m é r i s a t i o n  s t e p .  

However , even i f  a l i g h t  c a t a l y s e d  pathway i s  o p e r a t i n g ,  i t  c anno t  be 

th e  on ly  one,  a s  i s o m é r i s a t i o n  s t i l l  p roceeds  j u s t  a s  q u i c k l y  ( o r  

s l i g h t l y  f a s t e r )  i n  t h e  d a r k .

One more pathway t h a t  must be c o n s i d e r e d  i s  shown by pathway [ s ]  i n  

f i g ,  5 -7 .  T h i s  i n v o l v e s  d i s s o c i a t i o n  of a  l i g a n d  from a  s q u a r e  p l a n a r  

complex t o  form a. 5 c o - o r d i n a t e ,  14- e l e c t r o n , ' T ' - s h a p e d  i n t e r m e d i a t e  

which t h e n  u n de rgoe s  i s o m é r i s a t i o n  b e f o r e  an incom ing  l i g a n d  r e j o i n s  t h e  

g r oup .  The im p o r ta n c e  of  s o l v a t i o n  of  bo th  t h e  l e a v i n g  group and th e

(139 192)t r a n s i t i o n  s t a t e  has  been d e m o n s t r a t e d '  * , A l though  t h e  mechanism

must  be r e g a r d e d  as  c o n t r o v e r s i a l  f o r  P t ( l l )  complexes ,  i t  i s  known t o  

oc c u r  i n  c e r t a i n  i s o m é r i s a t i o n s  of i so  e l e c t r o n i c  A u ( l l l )  s p e c i e s  ( see  

C h a p te r  2-2 ) .  C e r t a i n l y  o l e f i n  l o s s  f rom t h e  t r a n s  complex must occur  

a t  some p o i n t  woen t h e  dimer i s  r e fo rm e d ,  and a geometry  change of  t h e  

i n t e r m e d i a t e  b e f o r e  d imer r e f o r m a t i o n  c o u ld  l e a d  t o  c i s -  p ro d u c t s  as  

shown i n  pa thw ay[ e ,] T h i s  mechanism f i t s  t h e  o b se rve d  r e t a r d a t i o n  by 

e x c e s s  o l e f i n  on t h e  i s o m é r i s a t i o n  of  t h e  c h l o r o  complexes ,  b u t  even 

w i t h  a v a s t  e x c e s s  of  o l e f i n  t h e  i s o m é r i s a t i o n  i s  no t  s to p p e d  c o m p l e t e l y .  

The f a s t e r  r e a c t i o n s  of  t h e  bromo complexes a r e  h a r d e r  t o  e x p l a i n  a.s a 

v e r y  pronounced c i s  e f f e c t  f rom t h e  h a l i d e  would be r e q u i r e d  t o  g r e a t l y  

i n c r e a s e  t h e  r ^ t e  of  f o r m a t i o n  of t h e  5 c o - o r d i n a t e  i n t e r m e d i a t e ,  or  a 

v e r y  much f a s t e r  geomet ry  change of  t h e  ’T ' - s h a p e d  i n t e r m e d i a t e ,  N e i t h e r
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e x p l a n a t i o n  seems  v e r y  l i k e l y  and  s o ,  l i k e  t h e  o t h e r  p a t h w a y s ,  [e ]  seems 

p l a u s i b l e  b u t  c a n n o t  be t h e  d o m in an t  r o u t e  t o  t h e  c i s  i s o m e r s .

I n  c o n c l u s i o n  t h e n ,  t h e  i s o m é r i s a t i o n  c a n n o t  be a c c o u n t e d  f o r  by one 

p a th w a y  a l o n e ,  A p h o t o c h e m i c a l  pa thwa y must  be  i n v o l v e d  t o  a l l o w  f o r  

t h e  e f f e c t  o f  l i g h t  on e q u i l i b r i u m  ( 5 - 1 9 ) »  a.nd r e t a r d a t i o n  by e x c e s s  

o l e f i n  f o r  t h e  c h l o r o  c a s e  a t  l e a s t ,  s u g g e s t s  a  d i s s o c i a t i v e  p a th w a y ,  

w h ich  m̂ ^J be p h o t o c h e m i c a l ,  o r  a d i r e c t  c l e a v a g e  o f  t h e  d i m e r  i n  t h e  

p o s i t i o n  c i s  t o  t h e  p h o s p h i n e .  F o r  t h e  bromo c a s e ,  o l e f i n  c a t a l y s e d  

a s s o c i a t i v e  i s o m é r i s a t i o n  seems b e s t  t o  d e s c r i b e  t h e  s i t u a t i o n .

H owever ,  g i v e n  t h a t  c h l o r o  an d  bromo l i g a n d :  h a v e  v i r t u a l l y  t h e  same c i s  

an d  t r a n s  i n f l u e n c e ,  an d  bromo h as  o n l y  a  s l i g h t l y  g r e a t e r  t r a n s  

e f f e c t t h e n  t h e r e  i s  no m a j o r  ch a n g e  i n  t h e  n a t u r e  o f  t h e  

co m p lex e s  b e tw e e n  t h e  two s y s t e m s  and an y  d i f f e r e n c e  b e tw e en  them i s  

l i k e l y  t o  r e f l e c t  o n l y  a  change  i n  t h e  r e l a t i v e  r a t e s  o f  t h e  p a th w ay s  

o p e r a t i n g .  The b e s t  c o n c l u s i o n  t h a t  can be drawn i s  t h a t  more  t h a n  one 

n o n - p h o t o c h e m i c a l  p a th w a y  o p e r a t e s ,

5 - 6 , 2  -  The r e a c t i o n s  o f  n o n - g a s e o u s  o l e f i n s  w i t h  ^Pt^X^fPR^)^}

The main  p r o b l e m  w i t h  u s i n g  e t h e n e  and p r o p e n e  was t h a t  i t  was 

i m p o s s i b l e  t o  t e l l  how much o f  e i t h e r  o l e f i n  was i n  s o l u t i o n  a t  a n y  t i m e ,  

a s  t h i s  would  d e p e n d  on t e m p e r a t u r e  an d  t h e  r a t i o  o f  c o - o r d i n a t e d  t o  

f r e e  a l k e n e .  I t  was t h o u g h t  t h a t  by u s i n g  l i q u i d  a l k e n e s  t h e  e x a c t  

s t o i c h i o m e t r y  o f  t h e  r e a c t i o n s  c o u l d  be c o n t r o l l e d ,  ( S o l i d  a l k e n e s  

c o u l d  a l s o  h a v e  b e e n  u s e d  f o r  t h i s  p u r p o s e ,  a l t h o u g h  i n  p r a c t i c e  non e 

w e r e ) ,

The r e a c t i o n  b e t w e e n  |^Pt2X^(PSu ^ ) 2  j  an d  h e p t - 1 - e n e  (C^H.^ ^CH =CK^) 

was o n l y  p a r t i a l l y  s u c c e s s f u l .  To two s a m p l e s  of  j^Pt2 C l^ (P B u ^ ) 2  was 

ad d e d  e i t h e r  1 , 8  o r  2 , 2  e q u i v a l e n t s  o f  h e p t e n e .  Bo th  s a m p l e s  r a p i d l y  

fo rm ed  an  e a u i l i b r i u m  b e tw e e n  d i m e r  an d  a  s p e c i e s  w i t h  ^^P nmr p a r a m e t e r s
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6 p 5 .2 p p n  Jp^p 3564 Hz (measured at -60°C) which was assigned to trans- 

|̂ PtCl2(C.̂ H.ĵ ) (PBu^)J by analogy to the ethene and propene complexes 

(see Table 5 - 6 ) .  Excess olefin had the expected effect of moving the 

equilibrium to the right (as shown in eqn. 5-19)» so that with Q̂P/o 

deficiency of olefin, there was 28% of the trans complex at -60°C ,  but 

with 10̂ 0 excess, 34%. (These values contrast with those for the 

gaseous alkenes, where at -60°C there was no dimer present). Warming to 

room temperature caused complete olefin loss from the dimer, indicating 

that the trans olefin complex from heptene is considerably less stable 

than that containing or With larger excesses of heptene

(10-fold excess) equilibrium (5-19) was detectable even at room 

temperature (K'::̂̂  1) although signals for both dimer and the trans complex 

were broad, indicating tnat olefin loss from the trans complex and re

attack at the dimer was rapid on the nmr timescale. Sharp signals for 

a third complex were present after only 5 minutes in this ca.se,at 

6p3«6ppm, Jp^p 3089 Hz, This complex steadily grew in until after 

5 days it accounted for 67% of the phosphorus containing products.

This is assigned to cis-|̂ PtCl2(Gr̂ H.̂ )̂ (PBû )j , again by anology to the 

gaseous alkene complexes. The fact that it was formed quite rapidly 

initially points to excess olefin accelerating the rate, (No such 

complex was apparent even after 3 hours with around 2 equivalents of 

heptene,) This is due either to increasing the amount of trans complex 

and so causing an increase in rate, or else by promoting direct formation 

from the dimer. Whichever the pathway, the result contrasts sharply 

with the behaviour of PtGl (GÏÏ =CHR)(P3u ) (R = H,Me),I d .  3

Wi th  j”P t 2 B r ^ ( P B u ^ ) 2 l » t h e r e  was no c l e a v a g e  o f  t h e  h a l i d e  b r i d g e ,  

e v e n  u s i n g  h e p t e n e  i n  l a r g e  e x c e s s  an d  a t  low t e m p e r a t u r e ,  a g a i n  

r e f l e c t i n g  t h e  i n c r e a s e d  s t r e n g t h  o f  t h e  h a l i d e  b r i d g e  and t h e  l o w e r  

s t a b i l i t y  of  t h e  h e p t e n e  c o m p l e x e s .  A t t e m p t s  t o  p r e p a r e  c i s - ^ P t B r 2 -
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by e t h e n e  d i s p l a c e m e n t  f r o m  c i s -  j ^ B r ^ ( C ) (PBu^) J  l e d  

t o  a  s m a l l  amount  o f  two new s p e c i e s  w i t h  ^ ”*P nmr p a r a m e t e r s  ^ 5 . 6  

5 0 2 0  Hz .-and ^5«4> J.^j.p3020 Hz,  wh ich  we re  p o s s i b l y  due  t o  some o f  t h e  

c i s - h e p t e n e  p r o d u c t  w i t h  two s i g n a l s  p r o d u c e d  due t o  t h e  two d i f f e r e n t  

i s o m e r s  ( a )  an d  ( b )  a s  shown i n  f i g .  5 -9 .  Such  e n a t i o m e r i c  formation

R. H Ĥ R

PEu- X PBu.

H'

F i g ,  5 - 9  P o s s i b l e  i s o m e r s  o f  c i s -  PtBr^CC^^H^ (PBu^)

h a s  b e e n  r e p o r t e d  p r e v i o u s l y ,  and by r e p l a c i n g  t h e  p h o s p h i n e  w i t h  an  

o p t i c a l l y  a c t i v e  a m i n e ,  t h e  two i s o m e r s  of  c i s - ^ ? t C l _ ( o l )  (lIHEtPh-pc 

h a v e  b e e n  s e p - r a t e d  by f r a c t i o n a l  c r y s t a l l i s a t i o n ^ * ' f o r  p r o p e n e ,  

an d  t - b u t y l e t h e n e .  S i m i l a r  o p t i c a l  i s o m e r s  were  a l s o  o b s e r v e d  f o r  t h e  

t r a n s  c o m p l e x e s ,  an d  i t  was fo u n d  t h a t  t r e a t m e n t  o f  t h e  co m p lex e s  w i t h  

e x c e s s  o l e f i n  l e d  t o  r a c é m i s a t i o n  due t o  o l e f i n  e x c h a n g e ,  w i t h  t r a n s  

r a c e m i s i n g  f a s t e r  t h a n  c i s  due t o  f a s t e r  e x c h a n g e .  T h a t  no s u c h  

m i x t u r e  o f  i s o m e r s  was o b s e r v e d  f o r  t fûu -  jjPtCl^(CyH.|  (PBu^) c o u l d  be 

due t o  t n e  f a c t  t h a t  i t  was o n l y  o b s e r v e d  u n d e r  c o n d i t i o n s  w i t h  a  l a r g e  

e x c e s s  o f  h e p t e n e  p r e s e n t ,

M e t h y l a c r y l a t e  (CH^^ChCO^Fe) an d  a c r y l o n i t r i l e  (CH.^=CHCN) were  

e v e n  l e s s  s u c c e s s f u l  t h a n  h e p t e n e  i n  f o r m i n g  P t - o l e f i n  c o m p l e x e s ,  

M e t h y l a c r y l a t e h a d  no e f f e c t  on |^Pt2 C l ^ ( P B u ^ ) 2 J  when a d d e d  i n  s t o i c h i o 

m e t r i c  am o u n t .  F u r t h e r m o r e ,  i n  a  s e p a r a t e  e x p e r i m e n t ,  when 

m e t h y l a c r y l a t e  was a d d e d  t o  a  s o l u t i o n  o f  c i s - p ^ tC l^ C C p H ^ ) (P B u ^ )J  a g a i n  

no r e a c t i o n  o c c u r r e d ,  A c r y l o n i t r i l e ,  on t h e  o t h e r  h a n d ,  d i d  r e a c t  

w i t h  P t 2 C l ^ ( P B u ^ ) 2 j t o  p r o d u c e  a  new s p e c i e s  w i t h  p a r a m e t e r s  S .p  6 , 2 ppm 

P p t p  3 7 8 9  ( a t  room t e m p e r a t u r e ) .  T h i s  s p e c i e s  grew i n  s t e a d i l y  b u t
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s l o w l y  u n t i l  a f t e r  é d a y s  t h e  d i m e r  a n d  new s p e c i e s  we re  p r e s e n t  i n

e q u i m o l a r  a m o u n t s .  The nmr s i g n a l s  were  b r o a d ,  b u t  on c o o l i n g  t h e

s a m p l e  t o  -6 0 °G  t h e y  s h a r p e n e d  c o n s i d e r a b l y  an d  t h e  r e l a t i v e  amounts

o f  t h e  two s p e c i e s  c h a n g e d ,  s o  t h a t  a t  low t e m p e r a t u r e  t h e  d i m e r

a c c o u n t e d  f o r  o n l y  10% o f  t h e  m i x t u r e .  The c o u p l i n g  c o n s t a n t  o f  t h e

2
new ■ s p e c i e s  i s  n o t  c o n s i s t e n t  w i t h  an T| - o l e f i n  co m p lex ,  an d  i t  seems 

l i k e l y  t h a t  t h e  a c r y l o n i t r i l e  i s  a c t i n g  l i k e  a n  am ine  ( e q n ,  5 -2 2 )  w i t h  

t h e  f o r m a t i o n  o f  a  P t - K  bond ( s e e  c h a p t e r  4 ) .  The e q u i l i b r i u m  (5 - 2 2 )

|^Pt2 Cl^(PBu^)2 ] + 2GÊ GBCN̂  Z:2 tra n s-p tC l^ (NCCHCÊ ) (PHn_)j (5-22)

m u s t  t a k e  a  l o n g  t i m e  t o  e s t a b l i s h ,  and t h e r e  i s  no  g u a r a n t e e  t h a t  even 

a f t e r  6 d a y s  i t  h a s  b e e n  r e a c h e d ,

5 - 6 , 3  The i s o m é r i s a t i o n  o f  P t X^ ( o ) (PBu^)

I n  o r d e r  t o  t r y  an d  g a i n  more i n f o r m a t i o n  a b o u t  t h e  p l a t i n u m  o l e f i n  

s y s t e m ,  t h e  r e a c t i o n s  b e t w e e n  P t 2X^(PEu^)  a n d  d i m e t h y l s u l p h o x i d e  (dmso;  

(G H ^)2 30) ,  were  a l s o  s t u d i e d .  T h i s  l i g a n d ,  a l t h o u g h  p o s s e s s i n g  an  S = 0 

d o u b l e  bond d o es  n o t  fo rm  Tj - c o m p l e x e s  w i t h  m e t a l s .  R a t h e r  i t  fo rms  

l i g a n d - m e t a l  d ' - b o n d s  e i t h e r  t h r o u g h  0 ( i f  t h e  m e t a l  i s  a  h a r d  a c i d )  o r  

S ( f o r  s o f t e r  m e t a l s ) .  F o r  P t ( l l ) ,  3 - b o n d i n g  i s  more common, e . g .

[P tc i  (drnso)]]^^'] (*'^^\[PtCl2(dmso)2]^^^^^ and[ptCl2(dmso)(NC^H^Œe-

_o)] a l t h o u g h  0 - b o n d i n g  i s  known,  e s p e c i a l l y  i f  s t e r i c  c r o w d ]n g  i s

p r e s e n t ,  an d  w i t h  h i g h e r  homolog ues  o f  t h e  s e r i e s  R^SO e . g .  |^? tCl(03Me2)  

(d p p e ]^ [  PF j  an d  [ p t G l ^ ï O S (C H^Ph)^^(PGy^) j  a l t h o u g h  t h e  l a t t e r

c om plex  w i l l  i s o m e r i s e  t o  t h e  S -b o n d ed  form v e r y  s l o w l y  ( 809t a f t e r  

9 m o n t h s ) .  The o r o p e r t i e s  o f  s u l o h o x i d e s  S - b o n d e d  t o  P t ( l l )  h a v e  b ee n

( 200) / ( 193)
co m p ared  t o  o l e f i n s  , From k i n e t i c  s t u d i e s  on P tG l ;^ (H 20 )^_^ (d mso)

i t  was fo u n d  t h a t  b o t h  a r e  o f  h i g h  an d  n e a r l y  e q u a l  t r a n s  i n f l u e n c e ,  a n d  

h i g h  t r a n s  e f f e c t  w i t h  e t h e n e  h a v i n g  a g r e a t e r  t r a n s  e f f e c t  t h a n  dmso.

T h e i r  r e a c t i v i t y  i s  s i m i l a r ,  s o  i n  t h e  co m p le x e s  P tG l^ L  (L = CgH^or dmso)

01 t r a n s  t o  L i s  f o u n d  t o  ex c hange  v e r y  r a p i d l y  i n  b o t h  c a s e s ^1^5)^  A l s o
w i t h  K =

e q u i l i b r i u m  c o n s t a n t s  f o r  r e a c t i o n  ( 5 - 2 2 )  a r e  f o u n d  t o  be  v e r y  s i m i l a r /



1 6 0 .
1.5x10® (L = dmso) o r  4 .5x10® (L = C^H^) . 

r  K
|pt(NE^)^L] + H^O ^  ■ - "7: t r a n s - [pt(NH^)2(H20)L] + (5 -2 2 )

The r e a c t i o n  b e t w e e n  ^C1 a n d  l e s s  t h a n  two e q u i v a l e n t s

dmso h a v e  be e n  p r e v i o u s l y  described^^®**  ̂ an d  t h e  i n i t i a l  r a p i d

a p p e a r a n c e  o f  t r a n s - [^ P tC l^ (d m so ) (P B u ^ )Jw h ich  s u b s e q u e n t l y  i s o m e r i s e d

(95% over 24 h o u rs )  t o  the  c i s  isomer r e p o r t e d .  Likewise dmso re a c te d

w i t h  |^ P t 2 C l^ ( P C y ^ ) 2  ]  t o  p r o d u c e  t r a n s - j^Pt01 dmso) (P C y ^ ) J  w hich  v e r y

s l o w l y  i s o m e r i s e d  t o  t h e  c i s  fo rm  (85% a f t e r  8 m o n t h s ) ^ 9 ) ^

On a d d i t i o n  o f  c o n t r o l l e d  amounts  o f  d r y  dmso t o  j^Pt^X^(PBu^)^^

(X = 0 1 ,  B r ) ,  t r a n s -  j^PtX^ ( dmso ) ( PBu^ )J was f o r m e d  i m m e d i a t e l y  an d  u n l e s s

a  d e f i c i e n c y  o f  dmso was u s e d ,  no  d i m e r  reim.kr\c. ( a t  room t e m p e r a t u r e ) .

As w i t h  t h e  o l e f i n  s t u d i e s ,  CDOl^ s o l u t i o n s  o f  t h e  t r a n s  i s o m e r  we re

p r e p a r e d ,  u s i n g  e i t h e r  a  d e f i c i e n c y  o r  e x c e s s  o f  dmso,  s p l i t  i n t o  s e p a r a t e

nmr t u b e s  a n d  s t o r e d  e i t h e r  i n  a m b ie n t  l i g h t  o r  i n  t h e  d a r k  a t  room

t e m p e r a t u r e .  The s u b s e q u e n t  i s o m é r i s a t i o n s  w e re  f o l l o w e d  by 3^p nmr

s p e c t r o s c o p y  o v e r  24 h o u r s ,

31f ' i th  X = 0 1 ,  t h e  P nmr p a r a m e t e r s  o f  t h e  two i s o m e r s  ( s e e  T a b l e

( 201 )5 - 7 )  a g r e e  w i t h  l i t e r a t u r e  v a l u e s ^  \  The amount  o f  t h e  c i s  i s o m e r

p r o d u c e d  a g s . i n s t  v a r y i n g  r e a c t i o n  c o n d i t i o n s  i s  shown i n  T a b l e  5 - 8 ,

The t a b l e  shows t h a t ,  l i k e  t h e  o l e f i n  r e a c t i o n s ,  i n c r e a s i n g  t h e  amount o f  

dmso c l e a r l y  h a s  an  i n h i b i t i n g  e f f e c t  on t h e  i s o m é r i s a t i o n  o f  t h e  t r a n s  

i s o m e r .  A l s o  d i f f u s e  d a y l i g h t  h a s  a  s l i g h t  a c c e l e r a t i n g  a c t i o n  on t h e  

i s o m é r i s a t i o n .  The r e s u l t s  t h e r e f o r e  r e s e m b l e  t h o s e  o b t a i n e d  f o r  t h e  

i s o m é r i s a t i o n  o f  t r a n s - ^ 1 ^ 0 1 ^ ( 0 1 ) ( P B u ^ ) J ,  I t  s h o u l d  be n o t e d  t h a t  

e x c e s s  dmso l o w e r s  t h e  r a t e  o f  i s o m é r i s a t i o n  e q u a l l y  i n  b o t h  t h e  l i g h t  

an d  t h e  d a r k .  T h e r e f o r e  t h e  p h o t o c h e m i c a l  r o u t e  c a n n o t  be p u r e l y  d i s 

s o c i a t i v e ,  a s  t h e  i n h i b i t i o n  by e x c e s s  dmso wou ld  be  removed w i t h  t h e  

r e m o v a l  o f  t h e  s y s t e m  from t h e  l i g h t .  D i r e c t  c l e a v a g e  i s  a l s o  l e s s  

l i k e l y  i n  t h i s  c a s e ,  t h e  c i s - dmso complex  was p r o d u c e d  a s  f a s t  a s  c i s -



Table 5-7  -  nmr parameters of  jptX^Cdmso) (PBu^)J

X c i s  i s o m e r t r a n s  i s o m e r

^  P J p t P ^  ^ ^ P t P  :

Cl 9 .8  3411 2 .9  3121^^)

!

Br 1 0 .0  3346 - 0 . 5  3012

------------------- ---------------------------------------------

a )  L i t e r a t u r e  v a l u e s  6 9 . 9  J  3412

b )  L i t e r a t u r e  v a l u e s  S 5 . 0  J3121



Table 5-8 Amount o f  c i s  isomer produced in  tra n s  c i s  iso m é r is a t io n

o f  |ptClg(dmso)(PBu

fdmsotv
' - ( b / X

Time —  3 

c o n d i t i o n  ----  l i g h t

h r s

dark

6

l i g h t

h r s

da rk

24 h r s  

l i g h t  da rk

0 . 9 67 63 83 78 95 95

1.1 60 57 73 71 86 83

2 . 0 56 53 69 62 — —

[ p i j
( a )  Va lues  r e p r e s e n t e d  as

Qii s  ~| + [ t r a n ^
X 100

( b )  Shown a s
[dmscT]

^[ptjCl^CPSupj



16 l ,

[ p t C l ^ C o l ) ( P B u ^ ) J  y e t  t h e r e  was v e r y  l i t t l e  d i m e r  p r e s e n t ,  t h e  

e q u i l i b r i u m  a n a l o g o u s  t o  ( 5 - 1 9 ) l y i n g  e x t r e m e l y  f a r  t o  t h e  r i g h t  i n  t h i s  

c a s e ,  A d i s s o c i a t i v e  p a thw ay  t h e r e f o r e  seems t o  d e s c r i b e  t h i s  

i s o m é r i s a t i o n  b e s t .

I n  t h e  r e a c t i o n  w i t h  a g a i n  many s i m i l a r i t i e s  w i t h

t h e  o l e f i n  s y s t e m  were  f o u n d .  On a d d i t i o n  o f  v a r y i n g  am oun ts  ( f rom 1 , 8  

t o  4 e q u i v a l e n t s )  o f  dmso t o  |^Pt2 B r ^ ( P B u ^ ) 2 j  two new s i g n a l s  were 

p r o d u c e d  i n  t h e  ^^P nmr s p e c t r a  a t  ^ ^ - 0 , 5ppm Jp ^ p 5 0 1 2  Hz a n d  (5p 10,0ppm 

J p t p  5 3 4 6  Hz a s s i g n e d  t o  t r a n s  and c i s - [ ^ P t B r ^ ( d m s o ) ( P B u ^ ) J r e s p e c t i v e l y ,  

b y  a n a l o g y  o f  t h e i r  P t - P  c o u p l i n g  c o n s t a n t s  an d  c n e m i c a l  r e a c t i v i t y  t o  

^ P t C l 2 ( d m s o ) ( P B u ^ ) J  ( s e e  T a b l e  4 - 7 ) .  F u r t h e r m o r e ,  t h e  c i s  bromo complex 

was i s o l a t e d  an d  f u l l y  c h a r a c t e r i s e d .  As b e f o r e  t h e  c i s - i s o m e r  was 

p r o d u c e d  much more  r a p i d l y  f o r  t h e  bromo c o m p l e x e s  t h a n  t h e  c h l o r o  ones  

w i t h  9 0 ?o c i s  i s o m e r  p r e s e n t  a f t e r  5 h o u r s  f o r  t h e  f o r m e r  compared  w i t h  

GQP/q f o r  t h e  l a t t e r  ( s e e  T a b l e  5 - 9 ) .  The amount  o f  c i s  i s o m e r  d i d  n o t  

c h a n g e  a f t e r  a  f u r t h e r  21 h o u r s ,  i n d i c a t i n g  t h a t  a n  e q u i l i b r i u m  s i t u a t i o n  

h a d  b e e n  r e a c h e d .  I t  seems l i k e l y  t h a t  t h e r e  i s  dmso l o s s  f r om  t h e  

com plex  t o  g i v e  d i m e r  w i t h  r a p i d  r e - a t t a c k  t o  g i v e  more  t r a n s  i s o m e r  

( e q n .  5 - 2 3 ) ,  a l t h o u g h  a  c i s — > t r a n s  i s o m é r i s a t i o n  c a n n o t  be r u l e d  o u t .

The e f f e c t  o f  e x c e s s  dmso i s  t o , s l i g h t l y | i n c r e a s e  t h e  amount  o f  c i s

i s o m e r  i n  t n i s  e q u i l i b r i u m  m i x t u r e ,  \
dmso (5-23)

c i s - [ p t B r ^ ( d m s o )  (PB u^)]  [ p t ^ B r ^ ( PBu^) ^  t r a n s -  [ 'P tBr^(dmso)  (PBu,  ^

T h i s  c o u l d  be due e i t h e r  t o  e x c e s s  dmso i n h i b i t i n g  l i g a n d  l o s s  f rom t h e  

c i s  co m plex  o r  e l s e  t o  dmso c a t a l y s i n g  t h e  t r a n s  —» c i s  i s o m é r i s a t i o n  

s t e p  i n  e q n ,  ( 5 - 2 3 ) ,  L i g h t  had l i t t l e  o r  a n y  e f f e c t  on t h e  s y s t e m ,  

p r e s u m a b l y  b e c a u s e  e q u i l i b r i u m  i s  r e a c h e d  s o  f a s t  t h a t  a n y  d i f f e r e n c e  

i n  r a t e  o f  a c h i e v i n g  i t  w i l l  n o t  be n o t i c e d .

The dmso s y s t e m ,  t h e n ,  r e s e m b l e s  t h e  o l e f i n  s y s t e m  i n  r e l a t i v e  

r e a c t i o n  r a t e s  o f  t h e  c h l o r o  and bromo c o m p l e x e s ,  and t h e  same u n u s u a l

b e h a v i o u r  o f  e x c e s s  l i g a n d  on t h e  r a t e  o f  i s o m é r i s a t i o n  i n  t h e  c h l o r o

c o m p l e x e s .  So i t  w o u ld  a p p e a r  t h a t  more t h a n  one pat hw ay  i s



Table 5 -9  Amount o f  c i s  isomer produced in  th e  t r a n s a c t s  i s o m é r is a t io n

of ^tBr^(dmso)(PBu j]

j ^ S ( ^

Time

c o n d i t i o n
3

l i g h t

h r s

dark

6

l i g h t

h r s

d a rk

24 h r s  

l i g h t  dark

0 . 9 89 88 90 88 89 91

1.1 90 91 90 90 92 90

2 .0 93 93 92 93

-------------------1

(a) a s  % c is  isom er



1 6 2

o p e r a t i n g  w i t h  a  d i s s o c i a t i v e  p a th w a y  d o m i n a t i n g  f o r  t h e  c h l o r o  c o m p l e x e s ,

w h i l s t  an  a s s o c i a t i v e  p a th w a y  i s  i m p o r t a n t  f o r  t h e  bromo c o m p l e x e s .  I t

s h o u l d  be n o t e d  t h a t  i n  a  c a r e f u l  s t u d y  o f  t h e  t r a n s  — ^  c i s  i s o m é r i s a t i o n

o f  j^PtCl^Cdmso)^} i t  was f o u n d  t h a t  t r a n s - j^PtCl^ (dmso)  ^  u n d e r w e n t

l i g a n d  l o s s  t o  g i v e  |^P t 2 C l ^ ( d m s o ) 2 J  an d  f r e e  dmso t h a t  t h i ;  dmso

c a t a l y s e d  t h e  i s o m é r i s a t i o n  a l o n g  an  a s s o c i a t i v e  r o u t e ,  a  s i t u a t i o n  w h ich

r e s e m b l e s  b o t h  t h e  bromo c a s e  ab o v e  an d  i s o m é r i s a t i o n  o f  t r a n s - fP tC l  -
^ 2

(CC)(PMe Ph)]
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5-7 Experimental

The co m p l e x e s  [ P t 2 Cl^(PMe2 Ph) 2 ]  (1 ^ 3 ,1&4) 

were  p r e p a r e d  f r o m  K ^ P t C l^  and f r e e  p h o s p h i n e .  C i s - [ P t C l ^ ( C ^ H ^ ) ( P B u ^ ) J  

c i s - [ p t C l ^ ( C ^ E ^ ) ( P K e P h ) ] ( l G 5 )  an d  c i s - [ P t C l ^ ( d m s o ) ( P B u J ] ^  

w e re  p r e p a r e d  b y  l i t e r a t u r e  m e t h o d s .

P i -  jJi - b r o m o d i b r o m o b i s f t r i b u t y l p h o s p h i n e s ) d i p l a t i n u m ; -  E x c e s s  KBr (5g‘) 

was ad d e d  t o  a s o l u t i o n  o f  |^Pt2 G l ^ ( P B u ^ ) 2 J (2g)  i n  a c e t o n e  ( 7 0 m l ) ,  The 

m i x t u r e  was r e f l u x e d  f o r  2 h o u r s ,  t h e n  f i l t e r e d  w h i l s t  h o t  t o  remove 

e x c e s s  KBr,  S o l v e n t  was rer.:oved u n d e r  r e d u c e d  p r e s s u r e  an d  t h e  c r u d e  

p r o d u c t  e x t r a c t e d  i n t o  CKCl^ t o  remove t h e  r e m a i n i n g  p o t a s s i u m  s a l t s .  

E v a p o r a t i o n  o f  CHGl^ an d  r e c r y s t a l l i s a t i o n  f rom m e t h a n o l  y i e l d e d  p u r e  

^ P t ^ P r ^ f P B u ^ ) ^ ]  a s  o r a n g e  c r y s t a l s ,  ( l , 6 3 g ;  6 3 /0  M . P t ,  15 4 -1 55°G ,

P ound ;  G , 2 5 , 8 ;  H, 4 . 8 ;  P ,  5,4/6 r e q u i r e d  f o r  G ^ ^ H ^ ^ B r^ P ^ P t^ ; G, 2 5 , 9 ;

H, 4 . 9 ?  P» 5 .6/6,  ^"*P nmr d a t a  g i v e n  i n  T a b l e  6 - 1 ,

P i -  j i i - i odoi o d o b i s  ( t r i b u t . y  1 phos  p h i n e ) d i p l a t i n u m ; -  A l t h o u g h  i t s  ^^P nmr

c h a r a c t e r i s t i c s  h a d  b e e n  r e p o r t e d ^ n o  p r e p a r a t i v e  d e t a i l s  w e re  g i v e n .  

I t  was p r e p a r e d  by a n  a n a l o g o u s  r o u t e  t o  above  u s i n g  n i l  i n s t e a d  o f  KBr,  

A l l  L i I  d i s s o l v e d  i n  h o t  a c e t o n e ,  b u t  on c o n c e n t r a t i n g  a n d  c o o l i n g  

|^Pt2 l ^ ( P B u ^ ) 2 J  r e - c r y s t a l l i s e d  a s  r e d  c r y s t a l s  ( y i e l d  6996) M . P t ,  15 6 -  

157°G.  F ound :  G, 2 1 . 9 4 ;  H 4 . 1 1 ;  P ,  4.9396. H e q u i r e d  f o r  G ^ ^ H ^ ^ I^ P ^ P t^ ;

G, 2 2 , 1 3 ;  H, 4 . 1 8 ;  P .  4 .76/6 ,  ^^P nmr d a t a  g i v e n  i n  T a b l e  6 - 1 ,

C i s - d i b r o m o ( d i m e t h y l p h e n y l p h o s p h i n e ) ( e t h e n e ) p l a t i n u m : -  ^ P t g B r ^  -

PMe^Ph)^] (200mg) was d i s s o l v e d  i n  GEGl^ ( 3 m l ) ,  E t h e n e  was b u b b l e d  

t h r o u g h  t h e  s o l u t i o n  v e r y  s l o w l y  a t  room t e m p e r a t u r e  f o r  2 h o u r s ,  d u r i n g  

w hich  t i m e  c o l o u r l e s s  c r y s t a l s  o f  c i s - [ ~P tB r^ (G ^ I^ )  (PMe^Ph) J grew i n  

s o l u t i o n  an d  were  t h e n  i s o l a t e d  by f i l t r a t i o n  y i e l d i n g  p u r e  p r o d u c t  ( l 3 7  mg; 

65/6) ( s e e  T a b l e s  6 - 2  an d  6 - 6  f o r  p h y s i c a l  an d  ^ P nmr p a r a m e t e r s )

M . P t .  > 1 2 0 ( d e c ) .
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G i s - d i c h l o r o f d i m e t h y l p h e n y l p h o s p h i n e ) ( p r o p e n e ) p l a t i n u m P r o p e n e  was 

p a s s e d  t h r o u g h  a  s o l u t i o n  o f  |^Pt2 G l ^ ( M e 2 P h ) 2 ]  (215mg) i n  GHGl ( lOml)  

f o r  5 m i n u t e s  a t  room t e m p e r a t u r e .  The f l a s k  was s t o p p e r e d  an d  s t o r e d  

f o r  2 4  h o u r s  a t  5°G d u r i n g  w h ich  t i m e  c r y s t a l s  f o r m e d .  The p r o c e s s  was 

r e p e a t e d  w i t h  p r o p e n e  b e i n g  u s e d  t o  h a l v e  t h e  amount  o f  c h l o r o f o r m  

p r e s e n t .  The c r y s t a l s  w e re  f i l t e r e d ,  a f f o r d i n g  mure c i s - [ P t G l p ( G ^ H ^ ) -  

(PMe^Ph)] (226mg; 9 5 / 0 .  M . P t ,  > 1 60°G ( d e c ) .  P h y s i c a l  an d  ^^P nmr d a t a  

a r e  g i v e n  i n  T a b l e s  6 - 2  an d  6 - 6 .  I . R .  'O ( P t - G l )  278 ,  325cm~’\  'v (c= G )

1 5 0 5cm'"^.

C i s - d i b r o m o ( t r i - n - b u t y l o h o s p h i n e ) ( e t h e n e ^ n l a t i n u m : -  T h i s  was p r e p a r e d

s i m i l a r l y  by p a s s i n g  e t h e n e  t h r o u g h  s s o l u t i o n  o f  ^ P t g B r ^ f P B u ^ ) ^ ]  i n

C H G l ^ / l i g h t  p e t r o l e u m  ( 6 0 - 8 0 ° G )  and s t o r i n g  f o r  24 h o u r s .  W hi te  c r y s t a l s

o f  p u r e  c i s - ^P t3 r_ (C _H ^^  ( P 3 u ^ ) j  were i s o l a t e d .  M . P t . > 9 5 ° G  ( d e c ) .

^  4 . 3 9  H z .  I . H .  Ü{G=C) I 3 l 3 c m " 1 .
C2%4

Ci s -d ib ro m .o (  dime t h y l s u l o h o x i d e )  ( t r i b u t y l  n h o s o h i n e  ) u l a . t i n u m : -  The

s o l u t i o n s  f r om  4  nmr s c a l e  i s o m é r i s a t i o n s  o f  j ^ P t3 r 2 ( d m s o ) ( P B u ^ ) j  ( e a c h  

s t a r t i n g  f rom 2 3 . 8 mg o f  | ^ P t ^ 3 r ^ ( p B u ^ ) 2 J  p l u s  v a r y i n g  a m o u n t s  o f  dmso i n  

4m1 GRGl ) were co m b in ed  an d  s o l v e n t  s l o w l y  e v a p o r a t e d  u n t i l  y e l l o w  

c r y s t a l s  o f  c i s - [ P t B r ^ ( d m s o J ( PBu?)J f o r m e d ,  wh ich  were  t h e n  i s o l a t e d .

M . P t .  1 1 7 - 1 1 8 ^ ^ .  P o u n d ;  G, 2 6 . 6 7 ;  H, 5 . 3 0 ;  3 r  23.01%.  R e q u i r e d  f o r  

^BTgOPPtS; G, 2 6 . 4 7 ;  H, 5 . 2 4 ;  5 r ,  25 .15%.  ^H 6 * 6  3 . 6 5  

2 3  Hz.

A t t e m p t e d  p r e p ,  o f  t r a . n s -  P tC l^ (C ^H ^ )(PM e^Ph)  E t h e n e  was b u b b l e d

t h r o u g h  a, s o l u t i o n  o f  j^Pt2 Gl^(PMe2 P h ) 2  ]] i n  b e n z e n e  f o r  10 m i n u t e s ,  d u r i n g  

w h ich  t i m e  t h e  c o l o u r  o f  t h e  s o l u t i o n  c h a n g e d  f r o m  o r a n g e  t o  g r e e n .

The s o l u t i o n  was r a p i d l y  f r o z e n  and s o l v e n t  r emove d  by s u b l i m a t i o n ,  

l e a v i n g  a  y e l l o w  p ow de r ,  w h ich  was s t o r e d  i n  t h e  d a r k  a t  - 7 8 ^ 0 .  

M i c r o a n a l y s i s  and nmr s p e c t r o s c o p y  showed t h a t  t h e  s o l i d  was s t a r t i n g  

d i m e r .  T r e a t m e n t  of  t h i s  s o l i d  w i t h  more GgE, s t i l ]  f a i l e d  t o  p ro d u c e
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any tran s-^FtC l^  ( C ) ( PMe^Ph

I s o m é r i s a t i o n  o f  P t - o l e f i n  c o m p l e x e s ;»  T h e s e  were  a l l  p e r f o r m e d  on a  

s m a l l  s c a l e ,  t y p i c a l l y  2 0 - 3 0 mg of  ^P tgX^LgJ  a n d  f o l l o w e d  by ^*'p nmr 

s p e c t r o s c o p y ,  A t y p i c a l  exa mple  i s  g i v e n .

I s o m é r i s a t i o n  o f  P tC l ^ f C ^ H ^ ) (P B u ^ )  T h r o u g h  a  s o l u t i o n  o f  [ P t ^ C l ^ -

( p B u ^ ) ^ ]  (20mg) i n  GBGl^ ( j m l )  was p a s s e d  G^H^ ga.s f o r  1 m i n u te  a t  room 

t e m p e r a t u r e .  The s a m p le  was t r a n s f e r r e d  q u a n t i t a t i v e l y  i n t o  an  nmr t u b e  

a n d . s e a l e d .  The i s o m é r i s a t i o n  was f o l l o w e d  by r e g u l a r  m o n i t o r i n g  o f  

t h e  s a m p l e  by ^^P nmr s p e c t r o s c o p y .

O l e f i n  e x c h an g e  s t u d i e s  o f  t r a n s  P t X ^ f o l ) ( P B u ^ )  ^ P t 2X^( PB u ^) 2 j

(20mg) was d i s s o l v e d  i n  CBCl^ (O .^ml)  and G2E^ p a s s e d  t h r o u g h  t h e  s o l u t i o n  

f o r  2 m i n u t e s  a t  room t e m p e r a t u r e .  The s a m p l e  was c o o l e d  t o  -60°G an d  

^^P nmr s p e c t r o s c o p y  d e t e c t e d  o n l y  t r a n s - ^ P tX p fC o H ^ ) ( PB u ^ )^ . The 

s o l u t i o n  was m a i n t a i n e d  a t  -6 0°C  i n  an  a c e t o n e / d r y  i c e  b a t h  an d  G_H^ 

was p a s s e d  t h r o u g h  t h e  " o l u t i o n  f o r  2 m i n u t e s .  ( C a u t i o n  an d  s p e e d  h ad  

t o  be  e x e r c i s e d  i n  a l l  m a n i p u l a t i o n s  a s  G_E^ l i q u i d  a t  t n i s  t e m p e r a t u r e ,  

an d  even on s l i g h t  w a rm in g  d u r i n g  t r a n s f e r  i n t o  t h e  nmr o r o b e ,  v i o l e n t  

e v a p o r a t i o n  was l i a b l e  t o  t a k e  p l a c e ) .  nmr s p e c t r o s c o p y  c o n f i r m e d

t h a t  a l l  e t h e n e  h a d  e x c h a n g e d  f o r  p r o p e n e .  By r e p e a t i n g  t h e  p r o c e s s  

w i t h  C^H t h e  e x c h a n g e  c o u l d  be  r e v e r s e d .

Dmso a n d  h e n t e n e  i s o m é r i s a t i o n s  r e a c t i o n s ; -  T h e s e  w e re  p e r f o r m e d  a s  f o r

t h e  o l e f i n  i s o m é r i s a t i o n s ,  e x c e p t  t h a t  d r y  dmso o r  h e p t e n e  were  

i n t r o d u c e d  t o  t h e  s o l u t i o n  i n  s t o i c h i o m e t r i c  am o u n ts  by a d d i t i o n  o f  t h e  

l i g a n d  w i t h  m i c r o - s y r i n g e s .
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