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Summary

The work in  t h i s  t h e s i s  d e a ls  w i t h  q u a d r u p ly  bonded 

dimolybdenum compounds. Many new complexes have been 

s y n t h e s is e d  and c h a r a c t e r i s e d  by v a r i o u s  s p e c t r o s c o p i c  

t e c h n i  q u e s .

Complexes o f  g e n e r a l  f o r m u l a  Mo2X4 ( P ~ P )2 where X = Cl 

o r  Br and P"P i s  a d ip h o s p h in e  l i g a n d ,  can e x i s t  as two 

g e o m e t r ic  is o m e rs .  I n  many cases t h e  a ( c h e l a t e d )  isomer  

i s o m e r is e s  t o  t h e  IB ( b r i d g e d )  form  in  d ry  di  ch i  oromethane  

s o l u t i o n .  T h i s  t r a n s f o r m a t i o n  has a l s o  been o bs erved  f o r  

Mo2C l 4 ( d p p e )2 in  t h e  s o l i d  s t a t e .  K i n e t i c  p a r a m e te r s  have  

been c o l l e c t e d  f o r  t h e  s o l u t i o n  i s o m e r i s a t i o n  o f  

a -M o2C l 4 ( d p p p )2 and f o r  t h e  s o l i d  s t a t e  i s o m e r i s a t i o n  o f  

a -M o2C l 4 ( d p p e ) 2 « The k i n e t i c  d a t a  a r e  compared w i t h  th o s e  

o b t a i n e d  f o r  o t h e r  dimolybdenum com plexes .  The p o s s i b l e  

mechanisms f o r  t h e  i s o m e r i s a t i o n  r e a c t i o n s  a r e  r e v ie w e d  

and d is c u s s e d  in  t h e  l i g h t  o f  t h e  new d a t a  o b t a i n e d  f o r  

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

Many q u a d r u p ly  bonded complexes c o n t a i n  w e a k ly  bound 

l i g a n d s  which can e a s i l y  be d i s p l a c e d .  The complex  

Mo2 (TFMS) 4 c o n t a i n s  v e r y  l a b i l e  l i g a n d s .  R e a c t io n s  o f  t h i s  

complex w i t h  l i g a n d s  such as DMF o r  a c e t o n i t r i l e  le a d  t o  

t o t a l  l i g a n d  s u b s t i t u t i o n .  [Mo2 (C>2CCH3 ) 2 (CH3C N ) e ] 2+ has 

l a b i l e  a c e t o n i t r i l e  l i g a n d s  and p a r t i a l  l i g a n d  

s u b s t i t u t i o n  was observed  when th e  c a t i o n  was r e a c t e d  w i t h  

d i p h o s p h in e  o r  d ia m in e  l i g a n d s .  The p r o d u c t  f rom t h e  

r e a c t i o n  o f  [M0 2 ( O2CCH3 ) 2 ( CH3CN) q ] 2+ and dmpe g i v e s
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[Mo2 ( 0 2 CCH3 ) 2 (dm pe)2 ] 2 + , t h e  l a t t e r  complex has a t r a n s  

ar ra n g e m e n t  o f  a c e t a t e  l i g a n d s  w h i l e  t h e  f o r m e r  has c i s . A 

mechanism f o r  t h i s  r e a c t i o n  i s  p r e s e n t e d .

O p t i c a l  a c t i v i t y  in  q u a d r u p ly  bonded complexes has 

g e n e r a te d  c o n s i d e r a b l e  i n t e r e s t  in  r e c e n t  y e a r s .  The 

c o n f i g u r a t i o n s  and c o n fo r m a t io n s  o f  a v a r i e t y  o f  complexes  

o f  t h e  g e n e r a l  f o r m u l a  3-Mo2C l 4. (P ~ P ) 3 and 

[Mo2 ( 0 2CCH3 ) 2 ( L ~ L ) 4 _ 2x (CH3CN) q] ( x = 1 o r  2 ) ,  where P~P 

i s  a c h i r a l  d ip h o s p h in e  l i g a n d  and L~L can be e i t h e r  a 

c h i r a l  d ia m in e  o r  d ip h o s p h in e  l i g a n d ,  have been s t u d i e d .
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1 . M u l t i p l e  Bonds Between M eta l  Atoms

1.1 G en era l  O v e rv ie w  on M u l t i p l e  M e ta l  Bonds

The r e v i v a l  in  i n o r g a n i c  c h e m i s t r y  which  began in  t h e  

1 9 5 0 ’ s has been g r e a t l y  supp lem ented  by t h e  d i s c o v e r y  t h a t  

m e t a ls  can form  m u l t i p l e  bonds. I n  1964 C o t to n  e t  aj_ f i r s t  

proposed t h e  n a t u r e  o f  t h e  bonding scheme in  t h e  q u a d r u p ly  

bonded s p e c ie s  1 »2 , [ F ^ C I q ] 2 - . S in c e  th e n  a v a s t  amount  

o f  r e s e a r c h  has been c a r r i e d  o u t  in  t h i s  a r e a  and hundreds  

o f  complexes have been s y n t h e s is e d  which c o n t a i n  a 

m u l t i p l e  m eta l  bond.

I n  s p i t e  o f  t h e  f a c t  t h a t  t h e  f i r s t  s y n t h e s i s  and 

s t r u c t u r e  d e t e r m i n a t i o n  o f  a q u a d r u p ly  bonded complex was 

t h a t  o f  a d i r h e n iu m  s p e c ie s  3 , molybdenum i s  t h e  most  

p r o l i f i c  fo r m e r  o f  m u l t i p l e  m eta l  bonds. T a b le  1.1 l i s t s  

t h e  t r a n s i t i o n  m e t a ls  which a r e  known t o  fo rm  m u l t i p l e  

bonds 4 . I n  a d d i t i o n  t o  t h i s ,  s e v e r a l  h e t e r o n u c l e a r  

complexes c o n t a i n i n g  q u a d r u p le  bonds have been formed  

between chromium and molybdenum 5 - 7 , and a l s o  between  

molybdenum and t u n g s t e n  8 - 1 1 .

1 .2  Bonding Scheme f o r  M u l t i p l e  M e ta l  Bonds

The components o f  a m u l t i p l e  m eta l  bond a r e  made up 

f rom  i n t e r a c t i o n s  o f  t h e  v a l e n c e  m eta l  d o r b i t a l s  as shown 

i n  f i g u r e  1.1 1 2 .



L l l ,

a) c*o dt. ceo

) < % r f «  ^ 6

c c c s o

SOS
< 3 S $

d )

« )

F i g u r e 1.1 F i v e  n o n - z e r o  d o r b i t a l  o v e r l a p s  f o r m i n g  

m e t a l - m e t a l  bonds.
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T a b le  1.1 T r a n s i t i o n  M e t a l s  which E x h i b i t  M u l t i p l e  M e ta l  

Bondi ng

V Cr

3 4

Mo Tc Ru Rh

3 . 3 . 5 . 4  3 . 5 , 4  2 , 2 . 5 , 3  1

W Re Os P t

3 . 3 . 5 . 4  3 , 3 . 5 , 4  3 1

When two m eta l  atoms approach each o t h e r ,  t h e r e  a r e  

f i v e  n o n - z e r o  o v e r l a p s  p o s s i b l e  between t h e  p a i r s  o f  d 

o r b i t a l s .  The o v e r l a p  between t h e  d z 2 o r b i t a l s  on each  

atom g i v e  r i s e  t o  a s t r o n g  c bonding o r b i t a l .  The o v e r l a p  

between each p a i r  o f  dxz and dyz o r b i t a l s  g i v e  r i s e  t o  a 

p a i r  o f  e q u i v a l e n t ,  i n t e r m e d i a t e  s t r e n g t h ,  it bonding  

o r b i t a l s ;  t h e s e  bonds a r e  o r t h o g o n a l  and d e g e n e r a t e .  

F i n a l l y ,  t h e  o v e r l a p  between each p a i r  o f  dxy and dx 2 _ y 2 

o r b i t a l s  g i v e  r i s e  t o  a p a i r  o f  weak 5 bonds, t h e s e  a r e  

a l s o  o r t h o g o n a l  and d e g e n e r a t e .  The re  a r e  f i v e  

c o r r e s p o n d in g  a n t i b o n d i n g  o r b i t a l s  which a r i s e  f rom  t h e  

n e g a t i v e  o v e r l a p s  o f  t h e  above o r b i t a l s .  The o v e r l a p  

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

o r d e r  5  << tc < o .  Assuming t h a t  t h e  e n e r g i e s  o f  t h e s e  

o r b i t a l s  a r e  p r o p o r t i o n a l  t o  t h e  o v e r l a p  i n t e g r a l s ,  th en  

t h e  o r d e r i n g  o f  t h e  o r b i t a l  e n e r g i e s  w i l l  be
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o  < n  < <  5 < 5 *  << t t *  < a *

T h i s  system a p p l i e s  t o  t h e  s im p le  d i a t o m i c  m o le c u le  M2 

Which has c y l i n d r i c a l  symmetry D ^ .  When e i g h t  l i g a n d  

atoms a r e  in t r o d u c e d  around t h e  m eta l  d im er  in  a c u b ic  

a r r a y  as in  f i g u r e  1 . 2  1 3 , th e n  t h e  symmetry o f  t h e  system  

i s  low e re d  t o  a sq u a re  p r i s m a t i c  M2 L3 ( D ^ ) .  A s e t  o f  

c o o r d i n a t e  a x i s  a r e  chosen such t h a t  t h e  m e t a l - m e t a l  bond 

l i e s  a lo n g  t h e  z - a x i s  as in  f i g u r e  1 . 2 .  I t  th e n  a r i s e s  

t h a t  t h e  dx 2 _ y 2 o r b i t a l s  on t h e  m eta l  atoms become 

i n v o l v e d  in  m e t a l - 1 igand  bonding and t h e r e f o r e  w i l l  n o t  

c o n t r i b u t e  t o  any m e t a l - m e t a l  i n t e r a c t i o n .

A q u a d r u p le  bond i s  a c h ie v e d  when t h e  bonding o r b i t a l s  

a r e  c o m p l e t e l y  f i l l e d  and t h e r e  i s  no occupancy o f  t h e  

a n t i  bonding o r b i t a l s .  T h e r e f o r e  t h e  two m eta l  atoms  

r e q u i r e  e i g h t  d e l e c t r o n s  between them t o  a t t a i n  t h i s  

s t a t e .  D i n u c l e a r  s p e c ie s  which f i t  t h i s  r e q u i r e m e n t  a r e ,  

f o r  exam ple ,  t h e  [Mo2C1q ] 4~ an io n  and Mo2C l 4 ( P E t 3 ) 4  where  

molybdenum i s  in  t h e  +2 o x i d a t i o n  s t a t e  ( d 4 ) ;  a l s o  th e  

[Re2C l Q ] 2 -  a n io n  where rhenium i s  in  t h e  +3  o x i d a t i o n  

s t a t e  ( d 4 ) .  These s p e c ie s  have 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  a 2n:4 5 2 which co r re s p o n d s  t o  a fo r m a l  m e t a l -  

m eta l  q u a d r u p le  bond. Two s t r i k i n g  a s p e c t s  o f  q u a d r u p ly  

bonded complexes a r e  t h e  e x t rem e  s h o r t n e s s  o f  t h e  m e t a l -  

m eta l  bond and t h e i r  ten d en cy  t o  form  e c l i p s e d  s t r u c t u r e s .  

The s h o r t n e s s  o f  t h e  bond i s  due t o  t h e  h ig h  bond o r d e r .



Fi gure  1.

<u
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2o (a-*)

b2u(dx2.y2) 
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/x

fy fy

V "  V

x y r

2 R e l a t i v e  e n e r g i e s  f o r  d m o l e c u l a r  o r b i t a l s  in  

Dooh and ^ s y m m e tr ie s .



7

F i g u r e  1 . 3  d e p i c t s  t h e  s t r u c t u r e  o f  t h e  [ I ^ ^ C l g ] 4 -  a n i o n .  

Here  t h e  m e t a l - m e t a l  s e p a r a t i o n  i s  e x t r e m e l y  s h o r t  ( 2 . 1 4  

A) 1 4 , t h i s  can be compared w i t h  t h e  m e t a l - m e t a l  d i s t a n c e  

in  e le m e n t a l  molybdenum ( 2 . 7  A ) .  T h e r e f o r e  t h e  combined  

e f f e c t s  o f  t h e  components o f  t h e  q u a d r u p le  bond m a rked ly  

d e c re a s e  t h e  m e t a l - m e t a l  bond l e n g t h . T h e  p r o p e n s i t y  f o r  

q u a d r u p ly  bonded complexes t o  have both h a l v e s  o f  t h e  

m o le c u le  e c l i p s e d  w i t h  r e s p e c t  t o  each o t h e r  i s  shown t o  

good e f f e c t  in  f i g u r e  1 . 3 .  The r e p u l s i o n s  between t h e  

o p p o s i t e  h a l i d e s  a r e  a t  a maximum in  t h e  e c l i p s e d  

c o n fo r m a t io n  and one m ig h t  e x p e c t  t h e  s t a g g e r e d  

c o n f o r m a t io n  t o  be more f a v o u r a b l e .  T h i s  can be e x p l a i n e d  

by t h e  f a c t  t h a t  t h e  5 bond i s  a n g le  s e n s i t i v e .  The 

dependence o f  t h e  5 o v e r l a p  on t h e  t o r s i o n  a n g le  (X )  15 i s  

shown in  f i g u r e  1 . 4 ,  where X i s  t h e  a n g le  o f  i n t e r n a l  

r o t a t i o n  between t h e  two h a l v e s  o f  t h e  m o le c u le  when 

v iew ed  down t h e  m e t a l - m e t a l  bond. The 5 o v e r l a p  f o l l o w s  a 

cos2X r e l a t i o n s h i p  so as X i n c r e a s e s  f rom  0 °  t o  4 5 ° ,

t h e  5 o v e r l a p  d e c re a s e s  f rom  u n i t y  t o  z e r o .  Thus in  t h e  

e c l i p s e d  c o n f o r m a t io n  t h e r e  i s  maximum 5 o v e r l a p  and 

t h e r e f o r e  a l th o u g h  t h e  r e p u l s i o n s  between t h e  o p p o s i t e  

l i g a t o r s  a r e  maximised in  t h i s  c o n f o r m a t i o n ,  t h e  en e rg y  

g a in e d  f rom  f o r m in g  t h e  5  bond must o u tw e ig h  t h i s  s t e r i c  

h i n d r a n c e .  I t  can be seen f rom  t h e  graph t h a t  a t  X = 4 5 ° ,  

t h e  6 o v e r l a p  w i l l  be z e r o  and t h e r e  w i l l  be a n e t  t r i p l e  

bond.



Mo

2 .4  5 A

Mo

•8 6 '

Fi pure  1 .3 C r y s t a l  s t r u c t u r e  o f  t h e  fMogC I g T4 -  a n io n .
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The bonding o r b i t a l s  may n o t  a lw a ys  be c o m p l e t e l y  

f i l l e d  and i t  i s  p o s s i b l e  t o  g e t  bond o r d e r s  o f  l e s s  th a n  

f o u r .  T r i p l e  bonds can be formed when t h e r e  a r e  o n l y  s i x  d 

e l e c t r o n s  a v a i l a b l e  f o r  b on d ing .  The e l e c t r o n i c  

c o n f i g u r a t i o n  f o r  complexes o f  t h i s  t y p e  i s  g^tc4 , which i s  

v e r y  s i m i l a r  t o  t h e  c a r b o n -c a r b o n  t r i p l e  bond and w i l l  

t h e r e f o r e  be i n s e n s i t i v e  t o  any i n t e r n a l  r o t a t i o n .  An 

example  o f  t h i s  i s  Mo2 (NMe2 ) 6  t h i s  m o le c u le  has a 

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

h i n d e r e d .  T h e re  i s  a n o t h e r  t y p e  o f  t r i p l e  bond, t h e  

e l e c t r o n  r i c h  t r i p l e  bond. T h i s  o cc u rs  when e l e c t r o n s  f i l l  

t h e  5 *  a n t i b o n d i n g  o r b i t a l  t o  g i v e  complexes w i t h  th e  

e l e c t r o n i c  c o n f i g u r a t i o n  a 2tt4 5 2 5 * 2 where t h e  two e l e c t r o n s  

i n  t h e  a n t i b o n d i n g  5 *  o r b i t a l  can ce l  o u t  t h e  two e l e c t r o n s  

in  t h e  bonding 6 o r b i t a l  t o  g i v e  a n e t  t r i p l e  bond. An 

example  o f  t h i s  i s  Re2C l 4 ( P E t 3 ) 4  shown in  f i g u r e

1 . 5 .  T h i s  complex has an e c l i p s e d  c o n fo r m a t io n  in  o r d e r  t o  

a l l e v i a t e  t h e  s t e r i c  c r o w d in g .

A v e r y  i n t e r e s t i n g  e l e c t r o n  r i c h  t r i p l y  bonded s p e c ie s  

i s  t h e  r e c e n t l y  s y n t h e s is e d  [ C ^ C I q ] 2 -  a n io n  2 0 >2 1 . S in c e  

t h e r e  i s  no b a r r i e r  t o  i n t e r n a l  r o t a t i o n ,  t h e  e x p e c te d  

c o n f o r m a t io n  f o r  t h i s  a n io n  would be t h e  s ta g g e r e d  

s t r u c t u r e  as t h i s  m in im is e s  t h e  h a l i d e  r e p u l s i o n s .  However  

t a b l e  1 . 2  shows t h a t  t h e r e  a r e  s e v e r a l  c o n fo r m a t io n s  in  

t h e  s o l i d  s t a t e .
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p

Fi  gure  1 .5  C r y s t a l  s t r u c t u r e  o f  Re2C1 j\ ( P E t g .



1 2

T a b le  1 .2  S e l e c t e d  S t r u c t u r a l  P a ra m e te rs  f o r  S a l t s  o f  t h e  

[QsgC l g l 2 -  Anion

Complex Os-Os (A )  X ( ° )

( n -B u 4 N ) 20 s 2C18 2 . 1 8 2  4 9 . 0

green  (P P N )20 s 2C l 3

m a jo r  o r i e n t a t i o n  2 . 2 0 6  1 1 . 4

m inor  o r i e n t a t i o n  2 . 1 8  3 9 . 8

brown (P P N )20 s 2C l 3

m a jo r  o r i e n t a t i o n  2 . 2 1 2  0 . 0

m inor  o r i e n t a t i o n  2 . 211  0 . 0

The s h o r t e s t  bond l e n g t h s  a r e  f o r  t h e  s ta g g e r e d  

c o n f o r m a t io n s ,  as e x p e c t e d .  However t h e  f a c t  t h a t  t h e r e  

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

t h e  h a l i d e  r e p u l s i o n s  m ig h t  n o t  be o f  m a jo r  im p o r ta n c e  in  

d e t e r m i n i n g  t h e  s t r u c t u r e  bu t  t h a t  o t h e r  f a c t o r s  a r e  

r e s p o n s i b l e  e . g .  c r y s t a l  p a c k in g  f o r c e s  o r  t h e  n a t u r e  o f  

t h e  c a t i o n  used o r  even t h e  method o f  p r e p a r a t i o n .  I n  

s o l u t i o n  t h e  c o l o u r  o f  t h e  a n io n  i s  g r e e n ,  t h i s  su g g es ts  

t h a t  a s t a g g e r e d  s t r u c t u r e  i s  p r e s e n t .  Thus t h e  s t a g g e r e d  

c o n fo r m a t io n  i s  t h e  most p r e f e r r e d ,  however t h e  d i f f e r e n c e  

in  en e rg y  between v a r i o u s  c o n fo rm ers  i s  sm a l l  because  

s e v e r a l  can be r e a d i l y  s t a b i l i s e d .
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1 . 3  E l e c t r o n i c  S p e c t r a  o f  Q uadrup ly  Bonded Complexes

Many t y p e s  o f  s p e c t r o s c o p y  have been u t i l i s e d  t o  s tu d y  

m e t a l - m e t a l  bonded s p e c ie s  i n c l u d i n g  e l e c t r o n i c  a b s o r p t i o n  

and e m is s io n  s p e c t r o s c o p y ,  i n f r a r e d ,  nmr, v i b r a t i o n a l ,  

Raman, p h o t o e l e c t r o n  s p e c t r o s c o p y  and many more. One o f  

t h e  most r e g u l a r l y  used t o o l s  f o r  i n v e s t i g a t i n g  q u a d r u p ly  

bonded complexes i s  e l e c t r o n i c  a b s o r p t i o n  s p e c t r o s c o p y  

which w i l l  be d is c u s s e d  be low.

The lo w e s t  e n e rg y  e l e c t r o n i c  t r a n s i t i o n  observed  f o r  

complexes c o n t a i n i n g  a q u a d r u p le  bond i s  t h e  5 - 5 *  

t r a n s i t i o n  ( 1A - |g -1A2 U) shown in  f i g u r e  1 . 6 .  T h i s  

t r a n s i t i o n  i s  c h a r a c t e r i s t i c  o f  t h e  e l e c t r o n i c  a b s o r p t i o n  

s p e c t r a  o f  q u a d r u p ly  bonded s p e c i e s .  The t r a n s i t i o n  i s  

f u l l y  e l e c t r i c  d i p o l e  a l lo w e d  and i n v o l v e s  a l i n e a r  

movement o f  c h a rg e  a lo n g  t h e  m e t a l - m e t a l  bond, i . e .  t h e  

t r a n s i t i o n  i s  p o l a r i s e d  a lo n g  t h e  m e t a l - m e t a l  bond ( z -  

a x i s )  and can o n l y  be e x c i t e d  by l i g h t  p ro p a g a te d  

p e r p e n d i c u l a r  t o  t h e  bond and w i t h  e l e c t r i c  v e c t o r  

p a r a l l e l  t o  i t .  The en e rg y  and i n t e n s i t y  o f  t h e  5 - 6 *  

t r a n s i t i o n  a r e  s e m i - q u a n t i t a t i v e l y  r e l a t e d  t o  5 o v e r l a p ,  

a l t h o u g h  t h i s  s t a t e m e n t  must be t r e a t e d  w i t h  e x t rem e  

c a u t i o n  as w i l l  be seen l a t e r .

The i n t e n s i t y  o f  t h e  5 - 5 *  t r a n s i t i o n  i s  r e l a t i v e l y  weak 

c o n s i d e r i n g  t h a t  i t  i s  a f u l l y  a l lo w e d  t r a n s i t i o n .  T h is
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1 5

can be e x p l a i n e d  as a consequence o f  t h e  sm a l l  d - o r b i t a l  

o v e r l a p  t h a t  makes up t h e  5 bond 1 3 . M u l l i k e n  22 has shown 

t h a t  o s c i l l a t o r  s t r e n g t h  in  a t r a n s i t i o n  o f  t h i s  n a t u r e  i s  

a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  t h e  sq u a re  o f  t h e  o v e r l a p  

i n t e g r a l .  Thus t h e  weak i n t e n s i t y  i s  d i r e c t l y  l i n k e d  t o  

t h e  sm a l l  6 o v e r l a p .

The p o s i t i o n  o f  t h e  5 - 5 *  t r a n s i t i o n  f o r  d4 - d 4 complexes  

o cc u rs  between 1 0 0 0 0 -2 3 0 0 0  cm- 1 . The 6 - 5 *  t r a n s i t i o n  

e n e rg y  does n o t  f o l l o w  a l i n e a r  r e l a t i o n s h i p  w i t h  cos2X.  

C o t to n  e t  aj_ have shown f o r  f a m i l i e s  o f  complexes w i t h  

d i f f e r e n t  t w i s t  a n g le s  t h a t  a n o n - l i n e a r  r e l a t i o n s h i p  i s  

observed  2 3 . T h i s  i s  shown in  f i g u r e  1 . 7 .  From t h e o r y  i t  

would be e x p e c te d  t h a t  a t  t h e  f u l l y  s t a g g e r e d  c o n f o r m a t io n  

( X = 4 5 ° ) ,  th e n  t h e  5 - 5 *  t r a n s i t i o n  en e rg y  s ho u ld  be z e r o .  

However |B-MO2 0 l 4 (dmpe)2 which has a c o n f o r m a t io n  c l o s e  t o  

z e r o  o v e r l a p ,  ( X = 4 0 ° )  2 3 , has in  f a c t  a 5 - 5 *  t r a n s i t i o n  a t  

12500 cm- 1 . T h i s  i s  c l o s e  t o  t h e  v a l u e  o f  17200 cm- "1 f o r  

t h e  s t o i c h i o m e t r i c a l 1y s i m i l a r  complex

M0 2 C I 4_(PMeg)4 2 4 , 2 5 ? which has an e c l i p s e d  s t r u c t u r e .  Thus 

even a t  z e r o  5 o v e r l a p  t h e r e  w i l l  be a c o n s i d e r a b l e  6 - 6 *  

t r a n s i t i o n  e n e r g y .  T h i s  can be a s s ig n e d  t o  t h e  o r b i t a l  

o v e r l a p  dependence o f  t h e  one and two e l e c t r o n  

i n t e r a c t i o n s  in  t h e s e  sys tem s .  C o t to n  has d is c u s s e d  t h i s  

e l e c t r o n  c o r r e l a t i o n  prob lem  2 3 .

The r e l a t i o n s h i p  between t h e  p o s i t i o n  and i n t e n s i t y  o f  

t h e  5 - 5 *  t r a n s i t i o n  o f  q u a d r u p ly  bonded complexes i s  v e r y
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B-MogXy] ( P~P) 2 com plexes .



p o o r .  The Mo2 ( 0 2 CR)4 complexes have among t h e  s h o r t e s t  

known Mo-Mo bond d i s t a n c e s  ( ~ 2 . 0 9  A) and a l s o  t h e  h i g h e s t  

e n e r g i e s  f o r  t h e  6 - 5 *  t r a n s i t i o n  (~ 23000 cm- 1 ) ;  however  

t h e  i n t e n s i t i e s  o f  t h e  t r a n s i t i o n  a r e  e x t r e m e l y  weak ( e  ~ 

100 M-1 cm- 1 ) .  On t h e  o t h e r  hand, t h e  complex Mo2 l 4.(PMe3 ) 4  

26 (Rm- m = 2 . 1 2 7  A) has t h e  5 - 6 *  t r a n s i t i o n  o c c u r r i n g  a t  

15720 cm-1 and has i n t e n s i t y  6  = 5250 M-1 cm-1 which i s  

t h e  l a r g e s t  o bs erved  i n t e n s i t y  f o r  a 6 - 5 *  t r a n s i t i o n  in  a 

q u a d r u p ly  bonded dimolybdenum s p e c i e s .  Why i s  t h e r e  such 

d i f f e r e n t  v a l u e s  f o r  t h e  i n t e n s i t y  o f  t h i s  t r a n s i t i o n ?  An 

e x p l a n a t i o n  has r e c e n t l y  been p u t  f o r w a r d  in  which i t  i s  

s ug gested  t h a t  t h e  v a s t  m a j o r i t y  o f  t h e  i n t e n s i t y  o f  t h e  

5 - 5 *  t r a n s i t i o n  o f  t h e  l a t t e r  complex i s  s t o l e n  f rom  t h e  

l i g a n d  t o  m eta l  ch a rg e  t r a n s f e r  ( LMCT) t r a n s i t i o n s  2 7 . 

M ononuc lear  t r a n s i t i o n  m eta l  complexes have shown t h i s  

phenomenon and i t  i s  e x p l a i n e d  in  g r e a t e r  d e t a i l  in  

r e f e r e n c e  27 .  The a c t u a l  i n t r i n s i c  i n t e n s i t y  o f  t h e  6 - 5 *  

t r a n s i t i o n  i s  t h o u g h t  t o  be c l o s e  t o  t h a t  seen in  t h e  

dimolybdenum t e t r a c a r b o x y 1a t e s . These complexes can s t e a l  

l i t t l e  i n t e n s i t y  f rom  t h e  LMCT t r a n s i t i o n s  because t h e  

oxygen donor l i g a n d s  have v e r y  h igh  e n e rg y  LMCT s t a t e s  

which makes t h e  i n t e n s i t y  s t e a l i n g  mechanism u n f a v o u r a b l e .  

A ls o  t h e  s t r u c t u r e  o f  t h e s e  complexes impose Mo-Mo-0  

a n g le s  o f  v e r y  c l o s e  t o  9 0 °  which means t h a t  t h e r e  can be 

v e r y  l i t t l e  l i g a n d  c h a r a c t e r  mixed i n t o  t h e  5 and 6 *  

o r b i t a l s .  T h e r e f o r e  in  t h e s e  complexes t h e  i n t e n s i t y  o f  

t h e  5 - 6 *  t r a n s i t i o n  w i l l  a lm o s t  e x c l u s i v e l y  r e s u l t  f rom  

t h e  m eta l  l o c a l i s e d  5 o r b i t a l s .
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The low t e m p e r a t u r e  a b s o r p t i o n  and Raman s p e c t r a  can be 

used t o  g i v e  a v a l u e  f o r  v ( M - M )  in  t h e  ground and e x c i t e d  

e l e c t r o n i c  s t a t e s  o f  q u a d r u p ly  bonded com plexes ,  v ( M - M )  i s  

t h e  t o t a l l y  sym m etr ic  s t r e t c h i n g  wavenumber o f  t h e  m e t a l -  

m eta l  bond and i s  a measure o f  t h e  s t r e n g t h  o f  t h e  bond.

I t  i s  c a l c u l a t e d  f rom  t h e  d i f f e r e n c e  in  en e rg y  between t h e  

f i r s t  and second v i b r o n i c  en e rg y  l e v e l s  in  a p a r t i c u l a r  

e l e c t r o n i c  s t a t e .  The room t e m p e r a t u r e  e l e c t r o n i c  

a b s o r p t i o n  spec trum  i s  o f  l i t t l e  use in  y i e l d i n g  t h e  

d e s i r e d  i n f o r m a t i o n  because o n l y  a g a u s s ia n  band i s  

o bserved  f o r  t h e  5 - 5 *  t r a n s i t i o n  because many o f  t h e  

v i b r o n i c  l e v e l s  a r e  p o p u la t e d  and t h e r e f o r e  many 

t r a n s i t i o n s  a r e  o b s e r v e d .  T h i s  i s  i l l u s t r a t e d  in  f i g u r e  

1 . 8 .  T h e r e f o r e  i t  i s  e s s e n t i a l  t h a t  o n l y  t h e  f i r s t  

v i b r o n i c  l e v e l  i s  p o p u la t e d  in  t h e  ground s t a t e .  T h i s  can 

be a c h ie v e d  by r e c o r d i n g  t h e  spec trum  a t  a v e r y  low 

t e m p e r a t u r e  ( e . g .  10 K) where t h e r e  i s  n e g l i g i b l e  

p o p u l a t i o n  o f  any o t h e r  v i b r o n i c  l e v e l  e x c e p t  t h e  f i r s t .

A t  t h i s  t e m p e r a t u r e  t h e  a b s o r p t i o n  spec trum  w i l l  t a k e  t h e  

fo rm  o f  s h a rp ,  v i r t u a l l y  e q u i d i s t a n t  peaks c o r r e s p o n d in g  

t o  t h e  t r a n s i t i o n s  0- 0 ’ , 0- 1 ’ , 0 - 2 ’ e t c ,  t h i s  i s  

i l l u s t r a t e d  in  f i g u r e  1 . 9 .  The s e p a r a t i o n  between t h e  0 - 0 ’ 

and 0- 1 ’ peaks w i l l  g i v e  t h e  sym m etr ic  s t r e t c h i n g  

v i b r a t i o n  f o r  t h e  e x c i t e d  s t a t e  ( i . e .  t h e  5 5 *  s t a t e ) .  I n  

t h i s  case t h e  e x c i t e d  s t a t e  i s  t r i p l y  bonded as t h e  

e l e c t r o n  in  t h e  a n t i b o n d i n g  o r b i t a l  w i l l  can ce l  o u t  t h e  

e l e c t r o n  in  t h e  bonding o r b i t a l  t o  g i v e  a n e t  t r i p l e  bond.
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Fi gure  1 .9  The a b s o r p t i o n  p rocess  a t  v e r y  low t e m p e r a t u r e s .
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T h e V ( M - M )  v a l u e  f o r  [M c ^ C lg ] 4 -  in  t h e  e x c i t e d  s t a t e  28 i s  

336 cm- 1 . However in  t h e  Raman spec trum  t h e  e l e c t r o n s  a r e  

e x c i t e d  i n t o  a v i r t u a l  e x c i t e d  s t a t e ,  t h i s  l i e s  between  

t h e  ground s t a t e  and t h e  f i r s t  e x c i t e d  e l e c t r o n i c  s t a t e .  

When t h e  e l e c t r o n s  f a l l  back t o  t h e  ground s t a t e ,  th e n  t h e  

0-1  s e p a r a t i o n  can be c a l c u l a t e d  and t h e  \? (M-M) v a l u e  f o r  

[Mo2C1q ] 4 -  in  t h e  ground s t a t e  29 i s  346 cm- 1 . The 

d i f f e r e n c e  in  i) (M-M) f o r  t h e  t r i p l y  bonded and t h e  

q u a d r u p ly  bonded s t a t e s  i s  sm a l l  compared t o  t h e  o v e r a l l  

v a l u e .  T h i s  i n d i c a t e s  t h a t  t h e  6 component makes o n l y  a 

sm al l  c o n t r i b u t i o n  t o  t h e  q u a d r u p le  bond.

1 . 4  T h e o r e t i c a l  C a l c u l a t i o n s  o f  E l e c t r o n i c  S t r u c t u r e  

and 5 - 5 *  T r a n s i t i o n  E n e r g ie s  o f  M-M Bonded Complexes

The most w i d e l y  used t h e o r e t i c a l  method o f  c a l c u l a t i n g  

t h e  e l e c t r o n i c  s t r u c t u r e  o f  m u l t i p l y  bonded m e t a l - m e t a l  

complexes has been t h e  Xa s c a t t e r e d  wave t r e a t m e n t  (SCF-  

Xa-SW).  Background i n f o r m a t i o n  on t h e  d e t a i l s  o f  t h i s  

method a r e  g iv e n  e ls e w h e r e  30 -33_  These c a l c u l a t i o n s  have  

been per fo rm ed  on numerous r e a l  and model complexes 34 -49_  

T h i s  method t r e a t s  a m o le c u le  as a group o f  t o u c h i n g  o r  

s l i g h t l y  o v e r l a p p i n g  s p h e r i c a l  a toms,  a s s ig n s  p o t e n t i a l s  

w i t h i n  each a to m ic  s p h ere  and in  t h e  i n t e r s t i c e s ,  and 

s o l v e s  t h e  wave e q u a t i o n  s u b j e c t  t o  t h e  a p p r o p r i a t e  

boundary c o n d i t i o n s .  I t  i s  t h e  t r e a t m e n t  o f  t h i s  p rob lem  

in  te rm s  o f  t h e  m e e t in g  o f  waves ( e i g e n f u n c t i o n s )  f rom
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s e p a r a t e  o r i g i n s  t h a t  g i v e s  r i s e  t o  t h e  s c a t t e r e d  wave 

(SW) d e s c r i p t i o n .  The te rm  Xa r e f e r s  t o  an a p p ro x im a te  way 

o f  e v a l u a t i n g  t h e  mean exchange e n e r g y .  The c a l c u l a t i o n s  

on [Mo2C l g ] 4“ g i v e  e x c e l l e n t  q u a n t i t a t i v e  d e s c r i p t i o n s  o f  

t h e  ground e l e c t r o n i c  s t r u c t u r e  3 5 , 3 6  and g00d

agreem ent  w i t h  t h e  o r i g i n a l  d e s c r i p t i o n  o f  t h e  q u a d r u p le  

bond based on t h e  o r b i t a l  o v e r l a p  c o n s i d e r a t i o n s  2 . T h i s  

method can a l s o  be used t o  g i v e  an e s t i m a t e  o f  t h e  5 - 5 *  

t r a n s i t i o n  e n e r g y .  For systems w i t h  bond o r d e r  3 . 5 ,  ( i . e .  

w i t h  e l e c t r o n i c  c o n f i g u r a t i o n  a^Tr^S"1 o r  a 2-rr4 5 26 * 1 , e . g .  

[ T c 2C1q ] 3“ t h e  t r a n s i t i o n  i s  e s t i m a t e d  t o  o c c u r  a t  6 . 0  x 

103 cm- - * compared w i t h  t h e  e x p e r i m e n t a l  v a l u e  o f  5 . 9  x 103 

cm- 1 , and h e re  t h e  agreem ent  i s  e x c e l l e n t .  However f o r  

s p e c ie s  o f  bond o r d e r  4 t h e  agreem ent  i s  n o t  so good. The 

e x p e r im e n t a l  v a l u e  f o r  t h e  5 - 5 *  t r a n s i t i o n  f o r  [Nte^Clg]4 -  

i s  1 8 . 8  x 10 3 cm-1 compared t o  t h e  c a l c u l a t e d  v a l u e  o f  9 . 2  

x 10 3 cm- 1 . T h i s  i s  an e l e c t r o n  c o r r e l a t i o n  problem  

because s i n g l e t - s i n g l e t  and s i n g l e t - t r i p l e t  t r a n s i t i o n s  

a r e  p o s s i b l e  in  q u a d r u p ly  bonded s p e c ie s  whereas in  

[ T c 2C l g ] 3“ o n l y  a d o u b l e t - d o u b l e t  i s  p o s s i b l e .  An a t t e m p t  

t o  overcome t h i s  prob lem  was u n d e r ta k e n  by Noodleman and 

Norman 5 0 , who in t r o d u c e d  v a l e n c e  bond (VB)  co n c e p ts  t o  

t h e  c a l c u l a t i o n  t o  g i v e  an Xa-VB method. An a p p l i c a t i o n  o f  

t h i s  method gave a t remendous improvement  in  t h e  5 - 5 *  

t r a n s i t i o n  en e rg y  t o  1 5 . 2  x 103 cm- 1 .
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2.  S t r u c t u r e s  and P r o p e r t i e s  o f  Dimolybdenum Complexes

2 .1  C a r b o x y l a t e s  and S u b s t i t u t e d  D e r i v a t i v e s

The dimolybdenum t e t r a c a r b o x y 1a t e s , Mo2 ( 0 2CR)4 , a r e  a 

v e r y  i m p o r t a n t  c l a s s  o f  complexes c o n t a i n i n g  a Mo-Mo 

q u a d r u p le  bond. T h e i r  s i g n i f i c a n c e  i s  t h a t  t h e y  can be 

s y n t h e s is e d  7 3 - 7 9  in  v e r y  good y i e l d s  f ro m  a m ononuclear  

s t a r t i n g  m a t e r i a l ,  Mo(CO)g, which i s  e a s i l y  a v a i l a b l e  and 

r e l a t i v e l y  i n e x p e n s i v e .  The most i m p o r t a n t  member o f  t h i s  

f a m i l y  i s  dimolybdenum t e t r a a c e t a t e ,  Mo2 ( 0 2CCH3 ) 4 , t h e  

i n i t i a l  s t r u c t u r a l  c h a r a c t e r i s a t i o n  80 o f  which was 

c a r r i e d  o u t  in  1965 ,  soon a f t e r  t h e  r e c o g n i t i o n  o f  t h e  

q u a d r u p le  bond. S in c e  th e n  t h e  s t r u c t u r e  has been 

r e d e t e r m in e d  more a c c u r a t e l y  53 and i s  shown in  f i g u r e  

1 . 1 0 .  The complex has a l l  f o u r  a c e t a t e  groups in  t h e  

b r i d g i n g  mode and has a r i g o r o u s l y  e c l i p s e d  c o n f o r m a t io n  

between t h e  two h a l v e s  o f  t h e  m o le c u le  when v iew ed  down 

t h e  m e t a l - m e t a l  bond.

The t e t r a c a r b o x y 1 a t e  complexes c o n t a i n  v e r y  s h o r t  Mo-Mo 

d i s t a n c e s  as i s  shown i n  t a b l e  1 . 3 .  These s h o r t  m e t a l -  

m eta l  bonds a r i s e  f ro m  t h e  f a c t  t h a t  in  t h e s e  s p e c i e s  t h e  

Mo-Mo-0 a n g le  i s  a lw a y s  v e r y  c l o s e  t o  9 0 °  and a l s o  t h e  

sm al l  l i g a n d  backbone w i l l  f a v o u r  a s h o r t  m e t a l - m e t a l  

s e p a r a t i  o n .
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Fi gure  1 .1 0 C r y s t a l  s t r u c t u r e  o f  Mog ( OgCCHg ) ^ .



T a b le  1 .3  Dimolvbdenum Complexes w i t h  C a r b o x y l a t e

Li gands

Rm-m—A Complex Re f

ComDlexes w i t h  Four C a rb o x y l  a t e  Licjands

2 .091 M0 2 ( O2CH)4 51

2 . 1 0 5 Mo2 ( 0 2CH)4 .KC1 52

2 . 0 9 3 4 m° 2 ( ° 2 c c h 3 ) 4 53

2 . 0 9 0 M0 2 ( O2CCF3 )4 54

2 .  129 M O 2 (0 2 C C F s )4 (p y )2 55

2 . 0 8 8 M0 2 ( 0 2 CCMe3 )4 56

2 . 0 9 6 M0 2 ( O2CCQH5 ) 4 56

2 . 1 0 0 Mo2(02CC6H5 ) 4 ( d i g l y m e ) 2 57

ComDlexes w i t h  Two T ra n s  C a rb o x y l  a t e  L ig an d s

2 .0 6 5 M0 2 ( O2CCH3 ) 2 [ o ~ ( NMe2 )CqH4CH2]2 58

2 .0 7 9 Mo2 ( 0 2CCH3 ) 2 C( 0CHMe2 ) 4A1 ] 2 59

2 . 0 8 6 ( Ph4A s ) 2 [Mo2 ( 0 2CCH3 ) 2C14 ] . 2CH3OH 60

2 .091 M0 2 B r 2 ( 0 2CCgH5 ) 2 ( PBun3 ) 2 61

2 .091 Mo2C12 ( 0 2CCH3 ) 2 ( PPh3 ) 2 62

2 . 0 9 8 [ NBun4 ] 2 [Mo2 ( 0 2CCF3 ) 2 B r4 ] 63

2 . 0 9 8 Mo2C l 2 ( 0 2C C M e 3 )2 (P E t3 )2 64

2 . 0 9 9 Mo2C12 ( 0 2CCH3 ) 2 ( PBun3 ) 2 65

2 .1 0 7 Mo2 ( 0 2CCH3 ) 2 { [ ( 2 , 6- x y 1y 1 ) N ] 2CCH3 } 2 . 4 THF 66

2 . 1 1 4 Mo2 ( O2CCH3 ) 2 ( OS i Me3 ) 2 ( PMe3 ) 2 67
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T a b le  1 .3  c t d .

Complexes w i t h  Two C is  C a r b o x y l a t e  L ig an d s

2 . 1 1 3 Mo2C12 ( 0 2CCMe3 ) 2 ( P E t 3 ) 2 64

2 .1 2 7 M0 2C12 ( O2CCF3 ) 2 (C 2H5CN) 2 68

2.  129 Mo2 ( O2CCH3 ) 2 ( a c a c )2 60

2.  129 M°2 ( 0 2CCH3 ) 2 [ ( P Z ) 2 B E t2 12 ■c ^2 69

2 .131 Mo2 ( 0 2CCH3 ) 2 [ PhNC( CH3 )CHC(CH3 ) 0 ] 2 70

2.  134 Mo3 ( O2CCH3 ) 2 ( CH3CN) § ] [BF4J 2 71 ,7 2

The most i m p o r t a n t  p r o p e r t y  o f  t h e  t e t r a c a r b o x y ! a t e  

f a m i l y  i s  t h a t  t h e y  a r e  e x t r e m e l y  u s e f u l  i n  t h e  s y n t h e s i s  

o f  so many o t h e r  q u a d r u p ly  bonded s p e c ie s  e . g .  i n  t h e  

s y n t h e s i s  o f  t h e  [Mo2C l g ] 4 -  14 ,81  a n i o n ,  w h ich  i s  i t s e l f  

used as a p r e c u r s o r  f o r  many o t h e r  dimolybdenum  

c o m p le x e s .

An i n t e r e s t i n g  c l a s s  o f  d imolybdenum c a r b o x y l a t e s  a r e  

th o s e  t h a t  c o n t a i n  two c a r b o x y l a t e  l i g a n d s ;  t h i s  can l e a d  

t o  d i f f e r e n t  isom ers  a r i s i n g .  F i g u r e  1 .11  d e p i c t s  t h e  two  

s t r u c t u r a l l y  c h a r a c t e r i s e d  isom ers  o f  

Mo2C l 2 (C>2CCMe3 ) 2 ( P E t 3 ) 2  The A isom er  has t h e

c a r b o x y l a t e  groups in  a c i s  a r r a n g e m e n t  w h i l e  t h e  B isom er  

has a t r a n s  d i s p o s i t i o n  o f  t h e  c a r b o x y l a t e  l i g a n d s .  T a b le  

1 . 3  shows t h e  Mo-Mo bond l e n g t h  f o r  s i x t e e n  such is o m e r s .  

T here  i s  a t r e n d  t h a t  t h e  t r a n s  isom ers  have s i g n i f i c a n t l y  

s h o r t e r  bond l e n g t h s  th a n  t h e  c i s  is o m e r s .  The most  

r e a s o n a b le  e x p l a n a t i o n  f o r  t h i s  i s  t h a t  t h e r e  i s  l e s s  

s t e r i c  c row ding  in  t h e  t r a n s  is o m e rs .
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The o n l y  p a i r  o f  isomers t o  be i s o l a t e d  a r e  th o s e  shown 

i n  f i g u r e  1 .11  where t h e  Mo-Mo bond l e n g t h  in  t h e  t r a n s  

isom er  i s  0 . 0 1 5  A s h o r t e r  th an  in  t h e  c i s  fo rm .  The 

p r e p a r a t i v e  r o u t e s  f o r  each isomer a r e  c o m p l e t e l y

d i f f e r e n t .  The t r a n s  isomer i s  made as f o l l o w s

Mo2 ( 0 2CCMe3 )4 + 2 P E t3 + 2Me3S iC l  ——— ——̂  t r a n s — 

Mo2C12 ( 0 2CCMe3 ) 2

Here  t h e  p i v a l a t e s  in  Mo2 ( 0 2CCMe3 >4 w i l l  p r o b a b ly  be

s t e p w is e  s u b s t i t u t e d  t h e r e b y  f a v o u r i n g  f o r m a t i o n  o f  t h e

l e s s  s t e r i c a l l y  crowded t r a n s  isom er .

C ls -M o 2C l 2 ( 0 2CCMe3 ) 2 ( P E t 3 ) 2 i s  s y n t h e s is e d  in  t h e  

f o l l o w i n g  way

Mo2C l 4 ( P E t 3 ) 4 + 2Me3CC02H ----------------- > c i s -

Mo2C12 ( 0 2CCMe3 ) 2

The c i s  isomer w i l l  form from Mo2C l 4 ( P E t 3 )4 because in  

t h e  l a t t e r  complex 82 t h e  phosphine  and c h l o r i d e  l i g a n d s  

a r e  s e t  up in  t h e  same c o n f i g u r a t i o n  t h a t  i s  p r e s e n t  in  

cj_s-Mo2C l 2 ( 0 2CCMe3 ) 2 ( P E t 3 ) 2 . Thus t h e  s l i g h t l y  l e s s  

f a v o u r a b l e  c i s  isomer i s  formed in  t h i s  ca s e .  However t h e  

en e rg y  d i f f e r e n c e  between t h e  two isom ers  must be f a i r l y  

sm a l l  because t h e y  app ear  t o  be i n t e r c o n v e r t i b l e  in  

s o l u t i o n ,  a l th o u g h  t h e  r a t e s  and mechanisms o f  th e s e  

p ro c e s s e s  have n o t  y e t  been r e p o r t e d
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I n  f i g u r e  1 . 1 1 ,  t h e  n o n - a c e t a t e  l i g a n d s  a r e  

m onod enta te ,  t h i s  i s  n o t  a lways  t h e  t h e  case and t h e  

f o r m a t i o n  o f  e i t h e r  t h e  c i s  o r  t r a n s  d i c a r b o x y 1 a t e  i s  

sometimes h e a v i l y  dependent  on t h e  n a t u r e  o f  t h e  l i g a n d s  

i n v o l v e d .  For example  in  Mo2 (C>2CCH3 ) 2 ( a c a c ) 2 , 

M o 2 ( 0 2 C C H 3 ) 2 [ ( p z ) 2 B E t 2 ] 2 - c s 2 a n c *

Mo2 ( O2CCH3 ) 2 [ PhNC(CH3 )CH(CH3 ) 0 ] 2 > both ends o f  t h e  non­

a c e t a t e  l ig a n d s  c h e l a t e  t o  th e  molybdenum atoms.  In  th e s e  

s i t u a t i o n s  a c i s  d i c a r b o x y l  a t e  s t r u c t u r e  must be formed  

because a t r a n s  isomer i s  i m p o s s ib le  w i t h  c h e l a t i n g  

l i g a n d s .  The re  a r e  no c i s  d i c a r b o x y l a t e s  where t h e  two  

n o n - a c e t a t e  l i g a n d s  a r e  in  t h e  b r i d g i n g  mode. The reasons  

f o r  t h i s  must be because i t  i s  s t e r i c a l l y  u n f a v o u r a b l e .

The [M0 2 ( O2CCH3 ) 2^ 1 4 ] ani on 60 i s  e x t r e m e l y  

i n t e r e s t i n g  because t h e  m e t a l - m e t a l  s e p a r a t i o n  i s  2 . 0 8 6  A, 

t h i s  i s  s h o r t e r  th an  e i t h e r  Mo2 (C>2CCH3 ) 4  51 , where t h e  

d i s t a n c e  i s  2 . 0 9 3  A, o r  K4Mo2C1q which has a 

s e p a r a t i o n  o f  2 . 1 3 9  A. However t h e  5 - 6 *  t r a n s i t i o n  o cc u rs  

a t  20200 cm-1 which i s  between t h a t  o f  Mo2 ( 0 2CCH3 ) 4 , 23000  

cm- 1 , and I ^ N ^ C I q ,  18800 cm- 1 . T h i s  i l l u s t r a t e s  t h e  

u n r e l i a b i l i t y  o f  t h e  r e l a t i o n s h i p  between Rm- m and t h e  

e n e rg y  o f  th e  5 - 5 *  t r a n s i t i o n .
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2 . 2  Complexes w i t h  D ipho sph ine  L igands

T h e re  has been e x t e n s i v e  r e s e a r c h  i n t o  q u a d r u p ly  bonded 

complexes c o n t a i n i n g  phosphine  l i g a n d s  in  t h e  l a s t  decade .  

Complexes o f  t h e  g e n e r a l  f o r m u la  Mo2X4 ( L ~ L )2 (where  L~L i s  

a d i p h o s p h in e  l i g a n d  and X i s  a h a l i d e )  have been o f  

p a r t i c u l a r  i n t e r e s t .  These s p e c ie s  can e x i s t  in  two  

i s o m e r ic  forms which a r e  shown in  f i g u r e  1 . 1 2 .  In  t h e  a 

form  both ends o f  t h e  d ip h o s p h in e  l i g a n d  c h e l a t e  t o  th e  

same molybdenum atom; when v iewed down t h e  m e t a l - m e t a l  

bond t h e  l i g a t o r s  t a k e  up an e c l i p s e d  c o n fo r m a t io n  and 

t h e r e f o r e  th e  complex has maximum 6 o v e r l a p .  A l l  m u l t i p l y  

bonded a s p e c ie s  which have been c h a r a c t e r i s e d  t o  d a t e  

have t h i s  c o n fo r m a t io n  i n c l u d i n g  a -Mo2C l 4 ( d p p e )2 8 7 , 

a-W2C l 4 ( d p p e )2 9 6 , a - V ^ C l 4 (dmpe)2 9 2 >9 7 , 

a - R e 2C l 4 (dmpe)2 98 and a - F ^ C l  dppp ) % " ■  I n  t h e  3 

i s o m e r ,  t h e  d ip h o s p h in e  l i g a n d  b r i d g e s  ac ro s s  t h e  m e t a l -  

m eta l  bond and depending  on t h e  n a t u r e  o f  t h e  backbone o f  

t h e  l i g a n d  th en  t h e  two h a lv e s  o f  t h e  m o le c u le  may be 

s t a g g e r e d  w i t h  r e s p e c t  t o  each o t h e r .  T h i s  s t a g g e r i n g  w i l l  

reduce  t h e  a o v e r l a p  (s e e  f i g u r e  1 . 4 ) .

I n  c e r t a i n  q u a d r u p ly  bonded dimolybdenum s p e c ie s  t h e  a 

isom er  has been shown t o  is o m e r is e  t o  t h e  3 form  in  

s o l u t i o n  8 9 j 100 ,101  ancf -jn t h e  s o l i d  s t a t e  8 7 . T h is  

i s o m e r i s a t i o n  process  i s  t h e r m o d y n a m ic a l l y  f a v o u r a b l e  

d e s p i t e  t h e  r e s u l t i n g  d ec re ase  in  6 o v e r l a p  as a r e s u l t  o f
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t h e  s t a g g e r i n g  in  t h e  3 isom ers .  T h i s  f a v o u r a b i 1 i t y  i s  

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

r i n g s  formed by t h e  l i g a n d s  b r i d g i n g  a c ro s s  t h e  m e t a l -  

m eta l  bond in  th e  3 isom er .  A ls o  in  t h e  a isomer th e  

c h e l a t i n g  r i n g s  t a k e  up an u n f a v o u r a b l e  e n v e lo p e  

c o n f o r m a t io n  in  which t h e  carbon backbone l i e s  o v e r  t h e  

m e t a l - m e t a l  bond and in  c lo s e  p r o x i m i t y  t o  t h e  h a l i d e  

atoms;  t h i s  occurs  in  o r d e r  t h a t  t h e  s u b s t i t u e n t s  on th e  

phosphorus atoms p o i n t  away f rom t h e  h a l i d e s .  The c r y s t a l  

s t r u c t u r e  o f  3-Mo2C l 4 ( d p p e )2 i l l u s t r a t e d  in  f i g u r e

1 . 1 3 ,  has two h e t e r o n u c l e a r  M o-M o-P-C-C-P  s ix -mem bered  

r i n g s .  These r i n g s  t a k e  up a s t a b l e  c h a i r  c o n fo r m a t io n  and 

t h e  two fu sed  r i n g s  g i v e  an o v e r a l l  c i s - d e c a l i n  t y p e  

s t r u c t u r e .  The c o n f o r m a t io n a l  s t a b i l i t y  o f  t h e s e  r i n g s  

w i l l  be t h e  d r i v i n g  f o r c e  f o r  th e  i s o m e r i s a t i o n  r e a c t i o n  

and w i l l  more th an  compensate f o r  any d e c re a s e  in  t h e  5 

bon d ing .  The mechanism f o r  t h i s  p rocess  has r e c e i v e d  

c o n s i d e r a b l e  a t t e n t i o n  8 7 , 8 9 , 1 0 0  ancj w i l l  be d is c u s s e d  

l a t e r  in  t h i s  t h e s i s .

T a b le  1 .4  shows a l i s t  o f  m e t a l - m e t a l  bond l e n g t h s  o f  

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

f o r m u la  Mo2X4 ( L ~ L ) 2 and Mo2X4 L4 ; t h e  t w i s t  a n g le  (X )  i s  

a l s o  g iv e n  in  each cas e .  T h is  i l l u s t r a t e s  t h e  d i f f e r e n c e  

in  t h e  a and 3 isomers  o f  Mo2C l 4 ( d p p e ) 2 , t h e  o n l y  p a i r  o f  

t h e s e  dimolybdenum isomers t o  be s t r u c t u r a l l y  

c h a r a c t e r i s e d .  The e c l i p s e d  a isomer has a s i g n i f i c a n t l y



Fi gure  1 .1 3  C r y s t a l  s t r u c t u r e  o f  O-MooCl^ ( d p p e ) 2



s h o r t e r  bond l e n g t h  th a n  th e  s ta g g e re d  3 isom er .  A graph  

o f  Rm_ m vs cos2X has been p l o t t e d  f o r  c e r t a i n  3 isomers  

t a k i n g  i n t o  account  t h e  d i f f e r e n c e s  o f  t h e  -PMe2 and t h e  

-P P h 2 l i g a n d s .  T h is  y i e l d s  an e x c e l l e n t  l i n e a r  

r e l a t i o n s h i p  92 and t h e  l e a s t  squ ares  f i t  p l o t  has a v e r y  

good c o r r e l a t i o n  c o e f f i c i e n t  ( 0 . 9 5 4 7 ) .  T h i s  p l o t  i s  shown 

in  f i g u r e  1 . 1 4 .  For t h i s  f a m i l y  o f  complexes t h e  p l o t  can 

be e x t r a p o l a t e d  t o  show t h a t  th e  i n c r e a s e  in  bond l e n g t h  

f o r  t h e  lo s s  o f  t h e  6 bond ( i . e .  go ing  f rom  X = 0 °  t o  X = 

4 5 ° )  would be 0 . 0 9 7  A. T h is  a g a in  i l l u s t r a t e s  t h a t  t h e  6 

component o f  t h e  q u a d r u p le  bond i s  f a i r l y  weak and t h a t  

i t s  c o n t r i b u t i o n  t o  t h e  o v e r a l l  bond s h o r t e n i n g  caused by 

t h e  q u a d r u p le  bond i s  s m a l l .

I t  i s  w o r th  comparing t h e  q u a d r u p ly  bonded dimolybdenum  

complexes w i t h  ana logous  t r i p l y  bonded d i r h e n iu m  s p e c ie s  

t o  o b s e rv e  any d i f f e r e n c e s  caused by t h e  5 bond. The 

s t r u c t u r e  o f  3 -Mo2C l d p p m ) 2 83 i s  shown in  f i g u r e  

1 . 1 5 ( a ) ,  t h i s  has an e n v e lo p e  c o n fo r m a t io n  w i t h  a t w i s t  

a n g le  o f  z e ro  and t h e r e f o r e  maximum 6 o v e r l a p .  T h is  

complex i s  one o f  t h e  few e c l i p s e d  3 iso m ers .  However t h e  

s t r u c t u r e  o f  3- R e 2C l 4 (dppm) 2 98 has an e s s e n t i a l l y  

s t a g g e r e d  c o n fo r m a t io n  w i t h  X = 5 6 ° ,  t h i s  i s  d e p i c t e d  in  

f i g u r e  1 . 1 5 ( b ) ,  t h e  b r i d g i n g  r i n g  has a t w i s t - b o a t  

s t r u c t u r e .  T h i s  s t a g g e r i n g  a r i s e s  because t h e  complex has  

a t r i p l e  bond and t h e r e f o r e  no fo rm a l  b a r r i e r  t o  r o t a t i o n  

a b o u t  t h e  m e t a l - m e t a l  bond. T h is  t w i s t e d  s t r u c t u r e  must



34

• <

03O
c
o
m
b

c
o

CD

0  
2
1

o

2 .2 3

2 .22

2.21

2 .2 0

2 .1 9

2 . 1 7

2 .1 6

I A. 8

2.13

2.12

1.00.730.25

COS (2X)

F i g u r e  1 . 1 4  Rm_m vs .  cos2X f o r  13-MooX^ ( P~P) 2 com plexes .



35



36

T a b le  1 . 4  S t r u c t u r a l  Da ta  f o r  some Dimolvbdenum Complexes

C o n t a in i n q  Phosohine L igands

Rm-m X ( ° )  ComDlex R e f .

ComDlexes w i t h  MonoDhosDhine L igands

2 . 1 3 0 0 Mo2C l 4 (PMe3 )4 82

2 . 1 2 5 0 Mo2B r4 (PMe3 >4 26

2 . 1 2 7 0 Mo2 I 4 (PMe3 ) 4 26

ComDlexes w i t h  D iDhosohine  L igands  w i t h  a 3 -a to m Backbone

2 . 1 3 8 0 0-Mo2C l 4 (dppm)2 . 2 (CH3 ) 2CO 83

2 .1 6 7 1 3 .3  0 -Mo2 (NCS)4 (dppm)2 . 2 (CH3 ) 2CO 83

2 . 1 4 8 20 |B-Mo2C l 4 ( t d p m ) 2 . 2CH2C l 2 84

2 .  1253 0 (3-Mo2C 14 ( dmpm) 2 85

2.  134 0 l3-Mo2C l 4 (dmpm) 2 . 0 . 5H20 . 1 . 25CH3OH 85

2 . 1 3 8 0 |3-Mo2Br4 (dppm) 2 84

2 .  139 0 |B-Mo2 l 4 (dppm) 2 86

ComDlexes w i t h  D io h o so h in e  L igands w i t h  a 4 -a to m Backbone

2 . 1 4 0 0 a -Mo2C l 4 ( d p p e ) 2 .OC4H8 87

2 . 1 8 3 5 9 . 5  (3-Mo2Cl 4 ( dppe ) 2 88

2 .1 7 7 5 8 . 7  3-Mo2 Br4 ( d p p e ) 2 89

2 . 1 2 9 0 3~Mo2 l 4 ( d p p e ) 2 . 0 . 67CH2C12 90

2 . 180 2 7 . 9  |3-Mo2 l 4 ( d p p e ) 2 . 0 .6 7 C H 2C l 2 90

2 . 1 7 9 2 5 . 7  3-Mo2 I 4 ( d p p e ) 2 . C7H8 90

2 . 1 8 3 4 0 . 0  3~Mo2C14 ( dmpe) 2 91

2 . 168 3 3 . 8  3 ’ -Mo2C l 4 (dmpe) 2 23

2 .  169 3 6 . 5  3~Mo2Br4 (dmpe) 2 23
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T a b le  1 . 4  c t d .

Complexes w i t h  D ipho sph ine  L igands w i t h  a 4 -a to m  Backbone

2 .  173 4 2 . 7 (3 -Mo2Cl4 (depe)2 92

2 .  150 2 4 . 6 (B-M0 2 C14 ( S , S -d p p b ) 2 . OC4HQ 93

2 .  143 2 2 . 9 |3-Mo2C1 4 ( S , S -d p p b ) 2 . 4CH3CN 93

2 .  147 21 .7 (B-M0 2 B r4 ( S , S -d p p b ) 2 .CK^Hg 94

2 . 180 2 5 . 8 |3-Mo2 ( NCS) 4 ( S , S -d p p b ) 2 95

r e p r e s e n t  t h e  ene rg y  minimum c o n f o r m a t io n .  The ene rg y  

d i f f e r e n c e  between t h e  c o n fo r m a t io n s  in  f i g u r e  1 . 1 5 ( a )  and 

( b )  w i l l  be sm al l  because t h e  5 bond must be d e c i s i v e  in  

f o r c i n g  t h e  e c l i p s e d  s t r u c t u r e  in  t h e  dimolybdenum case as 

t h i s  i s  th e  o n ly  d i f f e r e n c e  between t h e  com plexes.  The 

complex 3 - R e 2C l 5 (dppm)2 1 0 2 , which has bond o r d e r  3 . 5 ,  has  

an e c l i p s e d  c o n f o r m a t io n .  The s t r u c t u r e  o f  t h i s  complex i s  

i d e n t i c a l  t o  I3-Mo2C1 4 (dppm>2 e x c e p t  t h a t  i t  has a c h l o r i d e  

in  an a x i a l  p o s i t i o n  t o  t h e  m e t a l - m e t a l  bond, so even h a l f  

a 5 bond may be enough t o  cause e c l i p s i n g  in  t h e  above  

com plexes .  The s t r u c t u r e  o f  |3- R e 2C l 4 ( d p p e >2 117 i s  v e r y  

s i m i l a r  t o  t h a t  o f  (3-Mo2C l 4 (d p p e )2 (s e e  f i g u r e  1 . 1 3 ) .  The 

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

complex i s  5 2 . 4 °  w h i l e  i t  i s  5 9 . 5 °  in  t h e  l a t t e r .  Here  t h e  

5 bond makes no im pact  in  d e t e r m in in g  t h e  c o n f o r m a t io n .  I t  

i s  t h e  a f f i n i t y  o f  t h e  b r i d g i n g  s ix -mem bered  r i n g s  t o  be 

i n  t h e  c h a i r  c o n fo r m a t io n  which d e te r m in e s  t h e  s t r u c t u r e .
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I t  i s  c l e a r  t h a t  th e  5 bond is  v e r y  weak and t h a t  t h e r e  

a r e  many o t h e r  f a c t o r s  which can i n f l u e n c e  th e  

c o n fo r m a t io n  o f  th e s e  complexes.  T a b le  1 . 4  shows t h a t  

|3-Mo2 l 4 ( d p p e )2 has t h r e e  d i f f e r e n t  c o n fo r m a t io n s  in  th e  

s o l i d  s t a t e  w i t h  t w i s t  a n g le s  o f  0° ,  2 5 . 7 °  and 2 7 . 9 °  

r e s p e c t i v e l y .  The f i r s t  and t h i r d  o f  th e s e  c o n fo r m a t io n s  

o c c u r  in  t h e  same c r y s t a l .  The e c l i p s e d  s t r u c t u r e  (X = 0 ° )  

o f  3-Mo2 l 4. (d p p e )2 has th e  o n ly  example o f  a h e t e r o n u c l e a r  

b r i d g i n g  s ix-membered r i n g  t a k i n g  up a boa t  c o n f o r m a t io n .  

T h i s  l e a d s  t o  a s h o r t  m e t a l - m e t a l  ( 2 . 1 2 9  A) which i s  

s i g n i f i c a n t l y  s h o r t e r  than  th e  two s ta g g e re d  c o n fo r m a t io n s  

which do n o t  have maximum 6 o v e r l a p .  The f a c t  t h a t  t h e r e  

a r e  two m arked ly  d i f f e r e n t  ro tam ers  in  th e  same c r y s t a l  

i l l u s t r a t e s  how l i t t l e  energy  d i f f e r e n c e  t h e r e  must be 

between them. So what i s  d e t e r m in in g  th e  s t r u c t u r e  in  t h i s  

case? Smal l  i n t e r m o l e c u ! a r  pack ing  f o r c e s  may be i m p o r t a n t  

in  s t a b i l i s i n g  th e  two d i f f e r e n t  co n fo rm e rs ,  each one a t  a 

d i f f e r e n t  s i t e  in  th e  c r y s t a l .  Another  f a c t o r  which may be 

d e c i s i v e  in  fo rm in g  th e  e c l i p s e d  form o f  |3-Mo2 l 4. (d p p e )2 i s  

t h a t  in  t h i s  c o n fo r m a t io n  th e  phenyl groups must ado p t  a 

f a c e  t o  f a c e  a r rangem ent  which cou ld  be im p o r t a n t  in  

s t a b i l i s i n g  t h i s  c o n fo r m a t io n .  T h is  i s  d e p ic t e d  in  f i g u r e  

1 . 1 6 .  However in  s o l u t i o n  th e  complex g i v e s  o n ly  one band 

in  t h e  5 - 5 *  e l e c t r o n i c  t r a n s i t i o n  r e g io n  a t  11600 cm- 1 , 

which sug gests  a t w i s t e d  c o n fo rm a t io n  o f  ro u g h ly  2 7 °  i s  

most s t a b l e  in  t h i s  phase.  The 31P nmr s o l u t i o n  spectrum  

o f  t h i s  complex d i s p l a y s  a t e m p e r a t u r e  dependence
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s u g g e s t in g  a low ene rg y  f l u x i o n a l  p roce ss  i n t e r c o n v e r t i n g  

v a r i o u s  ro tam ers  90 .  T h i s  seems v e r y  l i k e l y  when one 

c o n s i d e r s  t h a t  s e v e r a l  ro tam ers  can e a s i l y  be s t a b i l i s e d  

i n  t h e  s o l i d  s t a t e .

An i n t e r e s t i n g  r e c e n t  deve lopm ent  has been t h e  

i s o l a t i o n  o f  a and (B isomers o f  Mo2X4 ( d p p e e >2 103 (X = C l ,  

Br and I ) ,  a l th o u g h  t h e  rhenium an a lo g u es  a r e  a l r e a d y  

known 3 isomers p r e s e n t  a un ique  s i t u a t i o n  o f  a

fu s e d  deca l  i n - 1  i k e  r i n g  system which c o n t a i n s  both C=C and 

q u a d r u p le  Mo-Mo bonds

Much o f  t h e  above i n f o r m a t i o n  c o n f i r m s  t h e  weak 

s t r e n g t h  o f  t h e  6 bond. I n  m o le c u le s  c o n t a i n i n g  

d i p h o s p h in e  l i g a n d s  t h e r e  a r e  many f a c t o r s  i n v o l v e d  in  

d e t e r m i n i n g  t h e  c o n f o r m a t io n .  S in ce  t h e  5 o v e r l a p  i s  v e r y  

weak, o t h e r  f a c t o r s  w i l l  have a g r e a t e r  c o n t r i b u t i o n  in  

d e t e r m i n i n g  t h e  s t r u c t u r e ,  t h i s  i s  i l l u s t r a t e d  by many o f  

t h e  examples g iv e n  above.

2 . 3  Complexes w i t h  N i t r o g e n  L igands

D e s p i t e  t h e  v a s t  amount o f  r e s e a r c h  on q u a d r u p ly  bonded 

dimolybdenum s p e c i e s ,  t h e r e  have been r e l a t i v e l y  few  

complexes made in  which a l l  e i g h t  c o o r d i n a t i n g  l i g a n d  

atoms a r e  n i t r o g e n  i . e .  complexes h a v in g  t h e  M0 2 NQ 

m o e i t y .
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The f i r s t  example o f  t h i s  t y p e  was Mo2 ( e n ) 4 C l 4 which  

was s y n t h e s is e d  in  1974 11° .  A l th o u g h  a c r y s t a l  s t r u c t u r e  

was n o t  r e p o r t e d  t h e  complex was p r e d i c t e d  i 1 0 , f rom  s c a l e  

models and i n t e r p r e t a t i o n  o f  v a r i o u s  s p e c t r a ,  t o  c o n t a i n  

f o u r  c h e l a t i n g  en l ig a n d s  ( f i g u r e  1 . 1 7 ( a ) )  r a t h e r  th an  

f o u r  b r i d g i n g  en l i g a n d s  ( f i g u r e  1 . 1 7 ( b ) ) .  However a 

r e c e n t  paper  d e a l i n g  w i t h  th e  o p t i c a l l y  a c t i v e  m e t h y l a t e d  

d e r i v a t i v e  M0 2 ( R - p n ) 4 C14 has shown t h a t  t h e  s t r u c t u r e  

a lm o s t  c e r t a i n l y  c o n t a i n s  b r i d g i n g  l i g a n d s  1 1 1 . T h i s  w i l l  

be e x p l a i n e d  when t h e  o p t i c a l  a c t i v i t y  o f  q u a d r u p ly  bonded 

complexes i s  d is c u s s e d  in  a l a t e r  c h a p t e r .

S e v e r a l  complexes o f  th e  g e n e r a l  f o r m u l a  Mo2 (N'vN )4 have  

been s t r u c t u r a l l y  c h a r a c t e r i s e d  where N~N i s  an a n i o n i c  

N-C-N o r  N-N-N backbone s p e c ie s  105-109^ ^11 f o u r  l i g a n d s  

b r i d g e  ac ro s s  t h e  m e t a l - m e t a l  bond in  a l l  o f  th e s e  

com plexes .  These s p e c ie s  have c h a r a c t e r i s t i c a l 1y s h o r t  

m e t a l - m e t a l  bond l e n g t h s  in  t h e  range 2 . 0 7 0 - 2 . 1 0 3  A and 

have e s s e n t i a l l y  e c l i p s e d  c o n f o r m a t io n s ,  s i m i l a r  t o  t h e  

s t r u c t u r e  o f  Mo2 (C>2CCH3 ) 4  as in  f i g u r e  1 . 8 .

Two complexes t h a t  have r e c e n t l y  been s t u d i e d  a r e  

M0 2 ( TPP)2 112 and Mo2 ( t m t a a )2 1 1 3 , where both l i g a n d s  a r e  

N4 m a c r o c y c l i c  d e r i v a t i v e s .  The m e t a l - m e t a l  bond l e n g t h  

f o r  t h e  f o r m e r  complex i s  2 . 2 3 9  A, t h i s  i s  t h e  lo n g e s t  

re c o rd e d  Mo-Mo bond l e n g t h  f o r  a q u a d r u p ly  bonded 

dimolybdenum complex.  The c r y s t a l  s t r u c t u r e  i s  shown in
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f i g u r e  1 . 1 8 .  The complex i s  r o t a t e d  by 18°  b u t  t h e  reason  

f o r  t h e  r e l a t i v e l y  long bond l e n g t h  i s  t h e  b u l k i n e s s  o f  

t h e  l i g a n d s  which p r e v e n t  c l o s e  c o n t a c t  o f  t h e  molybdenum 

atoms.  Mo2 ( t m t a a )2 a l s o  has a p o r p h y r in  N4 l i g a n d ;  th e  

c r y s t a l  s t r u c t u r e  o f  o f  t h i s  complex has n o t  y e t  been 

c a r r i e d  o u t .  However,  [Mo2 ( t m t a a ^ ]  [PFq]  which has a bond 

o r d e r  o f  3 . 5  has been s t r u c t u r a l l y  c h a r a c t e r i s e d  ^ 3 . 

A g a in ,  t h e  b u l k i n e s s  o f  t h e  l i g a n d  e x p l a i n s  t h e  long  

m e t a l - m e t a l  bond l e n g t h  ( 2 .221  A ) ,  b u t  a l s o  t h e  lo s s  o f  

h a l f  a 5 bond w i l l  account  f o r  some o f  t h e  i n c r e a s e .  The 

t w i s t  a n g le  o f  t h i s  complex i s  c l o s e  t o  9 0 °  in  o r d e r  t o  

l e s s e n  t h e  s t e r i c  c o n g e s t io n .  The s t r u c t u r e  o f  M0 2 ( t m t a a )2 

i s  e x p e c te d  t o  be i d e n t i c a l .

M onodenta te  n i t r o g e n  l ig a n d s  have n o t  been used 

e x t e n s i v e l y  in  dimolybdenum c h e m i s t r y .  The complex  

Mo2 (CH3CN)q(TFMS)4 has been s y n t h e s is e d  a l th o u g h  n o t  

s t r u c t u r a l l y  c h a r a c t e r i s e d  1 1 4 . From s p e c t r o s c o p i c  d a t a  

t h e  s t r u c t u r e  has e i g h t  a c e t o n i t r i l e s  bonded th ro u g h  t h e  

n i t r o g e n  atoms t o  t h e  dimolybdenum u n i t .  S p ec t ro sco p y  a l s o  

f a v o u r s  i o n i c  t r i f l a t e s  r a t h e r  than  c o o r d i n a t i n g  t r i f l a t e s  

as in  M0 2 ( TFMS>4 1 1 5 . C o t to n  e t  aj_ have r e p o r t e d  th e  

s y n t h e s i s  o f  [Mo2 (CH3CN)8 ] [ B F 4 ] 4 complex 116 in  c r y s t a l  

fo rm  in  a s i n g l e  s te p  r e a c t i o n  f rom Mo2 (C>2CCH3 ) 4 .
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Fi gure  1 .1 8  C r y s t a l  s t r u c t u r e  o f  Mo?lTPP_l?^_
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3 O b j e c t i v e s

The purpose o f  t h i s  p r o j e c t  was t o  s y n t h e s i s e  new 

q u a d r u p ly  bonded dimolybdenum com plexes .  The s t r u c t u r e  and 

p r o p e r t i e s  o f  t h e s e  complexes were s t u d i e d  u s in g  v a r i o u s  

t e c h n i q u e s .  Three  m a jo r  a re a s  o f  s tu d y  were u n d e r ta k e n .

( 1 )  The i s o m e r i s a t i o n  r e a c t i o n  o f  Mo2X4 ( P ~ P )2 complexes  

was s t u d i e d  in  both s o l u t i o n  and t h e  s o l i d  s t a t e ,  in  o r d e r  

t o  h e lp  d e t e r m in e  a mechanism f o r  each phase.

( 2 )  S u b s t i t u t i o n  r e a c t i o n s  i n v o l v i n g  re p la c e m e n t  o f  

l a b i l e  l i g a n d s  by s t r o n g e r  c o o r d i n a t i n g  s p e c ie s  in  

dimolybdenum complexes.

( 3 )  O p t i c a l  a c t i v i t y  in  q u a d r u p ly  bonded complexes has 

a t t r a c t e d  a l o t  o f  i n t e r e s t  in  r e c e n t  y e a r s .  The 

c o n f i g u r a t i o n s  and c o n fo r m a t io n s  o f  new o p t i c a l l y  

complexes w i l l  be d is c u s s e d  and compared w i t h  e x i s t i n g  

s p e c i e s .



C h a p te r  Two: EXPERIMENTAL
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1 I n s t r u m e n t a t i o n

1.1 E l e c t r o n i c  A b s o r p t io n  S p e c t r a

A l l  e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  were reco rd e d  on a

Beckman UV 5270 U V - v i s i b l e - N I R  s p e c t r o p h o t o m e t e r . The 

a b s o r p t i o n  i n t e n s i t y  measurements were a c c u r a t e  t o  0 . 0 01  

a b s o r p t i o n  u n i t s .

1 .2  C i r c u l a r  D ic h ro is m  S p e c t r a

The cd s p e c t r o m e te r  i s  c o n s t r u c t e d  around a Jo b in -Y v o n

0 . 6  m monochromator.  The source  i s  a 150 W h o r i z o n t a l l y  

mounted xenon a r c  lamp which i s  focuss ed  by means o f  a 

p a r a b o l i c  r e f l e c t o r .  The l i g h t  energ y  f rom  t h e  

monochromator i s  p l a n e - p o l a r i s e d  in  t h e  v e r t i c a l  p la n e  by 

a q u a r t z  Rochon p r ism  and i t  i s  c i r c u l a r l y  p o l a r i s e d  by 

p a s s in g  th rough  a p h o t o - e l a s t i c  m o d u la to r  h e ld  a t  4 5 °  t o  

i t s  f a s t  and slow axe s .  The c i r c u l a r l y  p o l a r i s e d  l i g h t  i s  

c o l l e c t e d  by a p h o t o m u l t i p l i e r  a f t e r  i t  has passed th ro u g h  

t h e  sample .  A synchronous l o c k - i n  a m p l i f i e r  i s  used t o  

measure t h e  modulated s i g n a l ,  t h i s  i s  r e f e r e n c e d  t o  t h e  

p h o t o - e l a s t i c  m o d u la to r  v i b r a t i o n  f re q u e n c y  o f  50 kHz. The 

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

t h e  p rese nce  o f  an o p t i c a l l y  a c t i v e  sample i s  d e t e c t e d  by 

t h e  l o c k - i n  a m p l i f i e r .  The o u t p u t  f rom t h e  a m p l i f i e r  i s  

p l o t t e d  on a c h a r t  r e c o r d e r  as th e  monochromator scans t h e  

d e s i r e d  w a v e le n g th  r e g i o n .  A spectrum  o f  A.A w i t h  

w a v e le n g th  i s  o b t a i n e d ,  where A A i s  t h e  f r a c t i o n a l
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c i r c u l a r  d i c h r o is m  absorbance .  V a lu e s  as low as 10 5 can 

be d e t e c t e d  f o r  A A.

1 . 3  Raman S p e c t r a

Raman s p e c t r a  were reco rd e d  on a Spex Ramalog IV  

i n s t r u m e n t  u s ing  c o h e r e n t  52G Kr+ and A r + ion  l a s e r s  as 

e x c i t a t i o n  s o u rc e s .  I n  o r d e r  t o  p r e v e n t  t h e  sample b u rn in g  

i n  t h e  l a s e r  beam, t h e  r o t a t i n g  sample t e c h n i q u e  was used.  

The s c a t t e r e d  l i g h t  was c o l l e c t e d  a t  180°  t o  th e  i n c i d e n t  

beam.

1 . 4  N u c le a r  M a g n e t ic  Resonance S p e c t r a

A l l  nmr s p e c t r a  were reco rd e d  on a B ru k e r  WP 200 ST 

s p e c t r o m e t e r .

1 .5  I n f r a - R e d  S p e c t r a

A l l  i r  s p e c t r a  were reco rd e d  on a P e r k i n - E l m e r  983  

s p e c t r o p h o t o m e t e r .

2 C h e m ic a ls .  S o l v e n t  P u r i f i c a t i o n  e t c .

The p u r i t y  and s u p p l i e r s  o f  some o f  t h e  c h e m ic a ls  used 

i n  t h i s  p r o j e c t  a r e  l i s t e d  in  t a b l e  2 . 1 .  The p u r i f i c a t i o n  

methods f o r  t h e  s o l v e n t s  a r e  g iv e n  in  t a b l e  2 . 2 .



4 9

T a b le  2 .1  P u r i t y  and S u p p l i e r s  o f  C h em ica ls  used in  

P ro . ie c t

Chemica l P u r i t y  Su p p I i e r

Molybdenum hex acarb o n y l Pure  B .D .H .

dppe Pure Strem

S ,S -d p p b  ( c h i r a p h o s ) Pure  Strem

dppp Pure Strem

dmpe Pure Strem

DIOP Pure A l d r i c h

T r i p h e n y lp h o s p h i n e Pure Strem

C h io r o d i  pheny lphosph i  ne Tech.  A l d r i c h

P r o p y le n e d ia m i  ne Pure B .D .H .

T r i f l i c  a c i d Pure Fluorochem

[Me30 ] [ B F 4 ] Pure F lu k a

t h i  s
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T a b le  2 . 2  Methods o f  S o lv e n t  P u r i f i c a t i o n

Sol v e n t P u r i f i c a t i o n  Method

M ethanol  

E than o l  

Di glyme

Di m e th y 1formami de 

P y r i d i n e  

T e t r a h y d r o f u r a n  

To!uen e  

A c e to n i  t r i l e

Di ch lo ro m e th a n e

D i s t i l l e d  f rom  CaH2 and s t o r e d  

o v e r  a c t i v a t e d  3 A s i e v e s .

D i s t i l l e d  f rom  KOH.

D i s t i l l e d  f rom  and s t o r e d  

under  Na wi r e .

D i s t i l l e d  f rom  P2O5 and s t o r e d  

o v e r  a c t i v a t e d  3 A s i e v e s .  

D i s t i l l e d  f rom  CaH2 and s t o r e d  

ov e r  a c t i v a t e d  3 A s i e v e s .

R e a c t io n s  t h a t  r e q u i r e d  an i n e r t  a tmosphere  were  

p er fo rm e d  w i t h  o x y g e n - f r e e  n i t r o g e n .  The n i t r o g e n  was 

d r i e d  by p as s in g  i t  th ro u g h  a column o f  sodium h y d r o x id e  

p e l l e t s  f o l l o w e d  by a column o f  s i l i c a  g e l .

C e r t a i n  r e a c t i o n s  r e q u i r e d  a vacuum l i n e .  T h is  was 

c o n s t r u c t e d  f rom pyrex  g la s s  and used a Genevac r o t a r y  o i l  

pump and a mercury d i f f u s i o n  pump. P r e s s u r e s  as low as  

1o~^ mm Hg were a c h e iv e d .  Some r e a c t i o n s  had t o  use both  

a n i t r o g e n  atmosphere and a vacuum, t h e s e  r e a c t i o n s  were  

c a r r i e d  o u t  on a Sch lenk  l i n e .



Most complexes were c h a r a c t e r i s e d  by t h e  above  

s p e c t r o s c o p i c  t e c h n i q u e s .  E lem enta l  a n a ly s e s  o f  new 

compounds were c a r r i e d  o u t  by t h e  Glasgow U n i v e r s i t y  

M i c r o - a n a l y s i s  s e r v i c e .
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3 E x p e r im e n ta l  Procedure

3 .1  P r e p a r a t i o n  o f

The s y n t h e s i s  o f  t h i s  complex can be u n d e r ta k e n  by 

e i t h e r  o f  two f a v o u r e d  methods.

( a )  79 G l a c i a l  a c e t i c  a c i d  (10  m l ) ,  a c e t i c  a n h y d r id e  

(1 m l)  and p u r i f i e d  d ig ly m e  (100  m l)  were p la c e d  in  a 

round bottomed f l a s k .  T h is  m ix t u r e  was purged w i t h  

n i t r o g e n  f o r  a t  l e a s t  15 m inutes  and th e n  Mo(C0)g ( 2 . 0 0  g; 

7 . 5 8  mmol) was added. The m ix t u r e  was r e f l u x e d  under  

n i t r o g e n  f o r  3 hours .  D u r ing  th e  r e f l u x  Mo(CO)g su b l im ed  

on t h e  condenser  w a l l ,  t h i s  was p e r i o d i c a l l y  scraped  t o  

l e t  t h e  Mo(C0)g f a l l  back i n t o  t h e  r e f l u x i n g  s o l u t i o n .  The 

r e s u l t i n g  brown s o l u t i o n  was c o o led  in  i c e  u n t i l  y e l l o w  

n e e d le  c r y s t a l s  o f  Mo2 ( 0 2 CCH3 ) 4  were fo rm ed .  A d d i t i o n  o f  

e t h a n o l  sometimes he lped  c r y s t a l  f o r m a t i o n .  These c r y s t a l s  

were f i l t e r e d  and washed w i t h  two 10 ml p o r t i o n s  o f  

e t h a n o l  and e t h e r ,  th en  d r i e d  in  vacuo.  T y p i c a l  y i e l d  70%.

( b )  118 o - d i c h lo r o b e n z e n e  (100  m l ) ,  g l a c i a l  a c e t i c  a c i d  

( 10  m l ) ,  a c e t i c  a n h y d r id e  (1 m l)  and hexane (2 m l)  were  

p la c e d  in  a round bottomed f l a s k .  The m i x t u r e  was purged  

w i t h  n i t r o g e n  f o r  15 m in u te s .  Then Mo(CO)g ( 2 . 0 0  g; 7 . 5 8  

mmol) was added and t h e  m ix t u r e  was r e f l u x e d  f o r  10 hours  

under  n i t r o g e n .  The r e s u l t i n g  brown s o l u t i o n  was then  

c o o le d  in  i c e  and Mo2 ( 0 3 0 ^ 3 ) 4  was p r e c i p i t a t e d .  The 

c r y s t a l s  were washed w i t h  two 10 ml p o r t i o n s  o f  e t h a n o l  

and e t h e r ,  th en  d r i e d  in  vacuo.  T y p i c a l  y i e l d  80%.
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3 . 2  P r e p a r a t i o n  o f  Mo2 (OgCCFg )  ̂ 119

T h i s  r e a c t i o n  was c a r r i e d  in  a n i t r o g e n  a tm osphere .  

Mo2 ( 0 2 CCH3 ) 4  ( 2 . 0 0  g; 4 . 6 6  mmol) d i s s o l v e d  in  a m i x t u r e  o f  

t r i f 1u o r o a c e t i c  a c i d  (30  m l)  and t r i f 1u o r o a c e t i c  a n h y d r id e  

(3  m l ) .  T h i s  s o l u t i o n  was hea ted  t o  b o i l i n g ,  c o o le d  t o  

room t e m p e r a t u r e  and then  a l lo w e d  t o  s ta n d  f o r  two hours  

a t  - 2 0 ° C .  The s o l v e n t  was removed by p as s in g  a s t re a m  o f  

n i t r o g e n  o v e r  t h e  s o l u t i o n .  Once t h e  c r y s t a l s  had been 

d r i e d ,  t h e y  were washed w i t h  two 10 ml p o r t i o n s  o f  p en tan e  

and d r i e d  in  vacuo under a b l a n k e t  o f  n i t r o g e n .  The y e l l o w  

c r y s t a l s  o f  Mo2 ( 0 2CCF3 ) 4  a r e  s l i g h t l y  a i r  s e n s i t i v e  and 

were s t o r e d  in  an i n e r t  a tm osphere .  T y p i c a l  y i e l d  70%.

T h i s  complex co u ld  be f u r t h e r  p u r i f i e d  by vacuum 

s u b ! i m a t i o n .

3 . 3  P r e p a r a t i o n  o f  K^MogClQ 120

I n  a t y p i c a l  r e a c t i o n ,  Mo2 ( 0 2CCH3 ) 4  ( 1 . 0 0  g; 2 . 3 3  mmol) 

and KC1 ( 1 . 3 9  g; 1 8 .7 0  mmol) were added t o  12M HC1 (5 0  m l )  

which had been s a t u r a t e d  w i t h  HC1 gas a t  0 °C .  The 

r e a c t a n t s  were s t i r r e d  in  a b eaker  covered  w i t h  a 

w a tc h g la s s  f o r  40 m in u te s  a t  room t e m p e r a t u r e .  The red  

K4Mo2C lg  t h a t  formed was f i l t e r e d  and washed w i t h  two 15 

ml p o r t i o n s  o f  e th a n o l  and d r i e d  in  vacuo.  T y p i c a l  y i e l d  

70%.
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3 . 4  P r e p a r a t i o n  o f  R-phenphos 12 ^

The R-phenphos l i g a n d ,  (C6H5 ) 2 PCH(C6H5 )CH2 P(C6H5 ) 2 , was 

p r e p a re d  in  t h r e e  s ta g e s  f rom m a n d e l ic  a c i d .

( 1 ) ( S ) - p h e n y 1- 1 , 2- e t h a n e d i o l

L -m a n d e l i c  a c i d  (43  g; 0 . 8  mol)  d i s s o l v e d  in  125 ml was 

added d ropw is e  t o  a suspens ion  o f  6 . 7  g ( 0 . 1 7  m ol)  o f  

L i A l H 4 in  250 ml o f  d i e t h y l  e t h e r  a t  a r a t e  s u f f i c i e n t  t o  

m a i n t a i n  a r a p i d  r e f l u x .  A f t e r  abo u t  one hour t h i s  

a d d i t i o n  was c o m p le te .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  

f o r  a f u r t h e r  30 m in u te s ,  coo led  and t r e a t e d  w i t h  18 ml o f  

e t h y l  a c e t a t e  t o  d e s t r o y  excess L i A l H ^  The r e s u l t i n g  

m i x t u r e  was then  h y d ro ly s e d  by a d d i t i o n  o f  7 ml o f  w a t e r ,  

th e n  7 ml o f  15% aqueous sodium h y d r o x id e  and f i n a l l y  20 

ml o f  w a t e r .  The p r e c i p i t a t e  t h a t  formed was f i l t e r e d  and 

washed w i t h  d i e t h y l  e t h e r .  T h is  d i e t h y l  e t h e r  s o l u t i o n  was 

d r i e d  o v e r  MgSC>4 and then  c o n c e n t r a t e d  under  25 mm Hg 

p r e s s u r e .  The r e s i d u e  was c r y s t a l l i s e d  f rom  a m i x t u r e  o f  

d i e t h y l  e t h e r  and 3 5 - 6 0 ° C  p e t r o le u m  e t h e r  t o  g i v e  7 . 0  g 

(65% y i e l d )  o f  ( S ) - C 6H5CH(OH)CH2OH.

( 2 )  ( S ) - 1 - p h e n y l - 1 , 2 - e t h a n e d i o l  b i s ( t o ! u e n e s u l p h o n a t e )

A s o l u t i o n  o f  7 . 0  g ( 0 . 0 5  mmol) o f  ( S ) - p h e n y l - l , 2 -

e t h a n e d i o l  in  40 ml o f  p u r i f i e d  p y r i d i n e  was t r e a t e d  a t  

0°C w i t h  2 3 . 3  g ( 0 . 1 2  mmol) o f  p - t o lu e n e s u l p h o n y  1 

c h l o r i d e .  The m i x t u r e  was s t i r r e d  f o r  t h r e e  hours a t  t h i s  

t e m p e r a t u r e  and th en  c o o le d  t o  - 1 0 ° C  f o r  16 h o u rs .  A f t e r  

t h i s  t im e  t h e  m ix t u r e  was poured i n t o  300 ml o f  i c e  w a t e r
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w i t h  v ig o r o u s  s t i r r i n g .  The r e s u l t i n g  f i n e  suspens ion  was 

poured i n t o  a m ix t u r e  o f  35 ml o f  c o n c e n t r a t e d  HC1 and 

exc ess  crushed i c e .  A w h i t e  c r y s t a l l i n e  p r e c i p i t a t e  was 

formed and t h i s  was f i l t e r e d ,  washed t h o r o u g h l y  w i t h  w a t e r  

and p e t r o le u m  e t h e r  t o  g i v e  1 5 .3  g ( 6 7 % y i e l d )  o f  ( S ) - 1 -  

p h e n y l - 1 , 2- e t h a n e d i o l  b i s ( p - t o l u e n e s u l p h o n a t e ) .

( 3 )  ( R ) - 1 , 2 - b i s ( d i p h e n y l p h o s p h i n o ) - 1 - p h e n y l e t h a n e

A s o l u t i o n  o f  7 . 2  ml ( 8 . 8  g; 0 . 0 4  mol)  o f  (C g H g ^ P C l  in  

150 ml d io xan e  was b o i l e d  under  r e f l u x  f o r  7 hours w i t h

3 . 8  g ( 0 . 1 6 6  mol)  o f  f i n e l y  c u t  sodium m eta l  in  a n i t r o g e n  

atm osphere  w i t h  s t r o n g  m echanica l  s t i r r i n g .  The r e s u l t i n g  

o rang e  y e l l o w  s o l u t i o n  r e a c t i o n  m ix t u r e  was t r e a t e d  w i t h  

100 ml o f  anhydrous t e t r a h y d r o f u r a n  and then  dec an ted  f rom  

u n r e a c te d  sodium. A s o l u t i o n  o f  ( S ) - 1 - p h e n y l - 1 , 2 -  

e t h a n e d i o l  b i s ( t o l u e n e s u l p h o n a t e )  ( 6 . 6  g; 0 . 0 1 5  m ol)  in  50 

ml o f  THF was added dropw ise  o v e r  30 m in u te s .  The r e a c t i o n  

m i x t u r e  had become l i g h t  y e l l o w  a f t e r  t h i s  a d d i t i o n  and 

was s t i r r e d  f o r  a f u r t h e r  30 m inutes  b e f o r e  b e ing  f i l t e r e d  

th r o u g h  g l a s s  w oo l .  The s o l v e n t s  were removed f rom  t h e  

f i l t r a t e  under  p re s s u r e  t o  g i v e  an o i l .  The o i l  was 

t r e a t e d  w i t h  e th a n o l  t o  g i v e  a w h i t e  s o l i d .  T h i s  s o l i d  was 

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

( R ) - ( C6H5 ) 2 PCH(C6H5 )CH2 P(C6H5 ) 2 <2 - 8 9; 4 0 %  y i e l d ) .
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3 . 5  P r e p a r a t i o n  o f  S .S-skewohos ^22

The S,S-skewphos l i g a n d ,

( ^ 6^ 5 ) 2PCH( CH3 )CH2CH( CH3 ) P(CgHs) 2 j was p re p a re d  in  s e v e r a l  

s t e p s  f rom  2 , 4 - p e n t a n e d i o l .

( 1 )  (R ,R )  and ( S , S ) - 2 , 4 - p e n t a n e d i o l  b i s ( d - 1 0 -

cam ph orsu lphona te )

To a s t i r r e d  s o l u t i o n  o f  f r e s h l y  r e c r y s t a l  1 ised  

d -1O -cam p horsu lphony !  c h l o r i d e  (55  g)  in  d ry  p y r i d i n e  (50  

m l)  a t  0°C was s l o w ly  added racem ic  2 , 4 - p e n t a n e d i o l  ( 1 0 . 4  

g) in  d ry  p y r i d i n e .  The m ix t u r e  was s t i r r e d  a t  t h i s  

t e m p e r a t u r e  f o r  f o u r  hours and warmed t o  25°C and s t i r r e d  

f o r  12 hours a t  t h i s  t e m p e r a t u r e .  Crushed i c e  was th en  

added t o  th e  r e a c t i o n  m ix t u r e  u n t i l  t h e  p r o d u c t ,  a 

c o l o u r l e s s  o i l ,  was f u l l y  fo rm ed .  T h is  m i x t u r e  was poured  

i n t o  a s t i r r e d  m ix t u r e  o f  HC1 (12N,  70 m l)  in  crushed i c e  

(6 0 0  g ) .  The p ro d u c t  was e x t r a c t e d  f rom  t h e  n e u t r a l i s e d  

m i x t u r e  w i t h  d i e t h y l  e t h e r  (2 x 200 m l ) ;  then  t h e  combined  

e t h e r  e x t r a c t s  were washed w i t h  w a te r  (2  X 100 m l)  and 

th e n  w i t h  b r i n e  (100  m l )  and were d r i e d  o v e r  MgS0 4 . The 

e t h e r  was removed under reduced p r e s s u r e  a t  40°C t o  g i v e  a 

c o l o u r l e s s  o i l  (52  g ) .

( 2 )  ( R , R ) - 2 , 4 - p e n t a n e d i o l  b i s ( d - c a m p h o r s u l p h o n a t e )

The o i l  f rom above was d i s s o l v e d  in  d i e t h y l  e t h e r  (52

m l ) ;  t h i s  s o l u t i o n  was s to p p e re d  and l e f t  t o  s tan d  a t  

a m b ie n t  t e m p e r a t u r e  f o r  f o u r  days.  F in e  w h i t e  c r y s t a l s  

formed which were f i l t e r e d  and washed w i t h  d i e t h y l  e t h e r .
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The f i l t r a t e  was s e t  a s i d e ,  and th e  s o l i d  (18  g) was 

r e c r y s t a l  1 ised  f rom d ic h lo r o m e th a n e  (50  m l)  and d i e t h y l  

e t h e r  ( 100  m l)  t o  which hexane was g r a d u a l l y  added.  The 

p l a t e  c r y s t a l s  o f  th e  pure R , R d i a s t e r e o m e r  were f i l t e r e d  

and washed w i t h  d i e t h y l  e t h e r  and hexane.

( 3 )  ( S , S) -skewphos

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

r e c r y s t a l  1 is e d  t r i p h e n y l p h o s p h i n e  ( 2 6 . 2  g) in  THF (75  m l)  

a t  25°C was added f i n e l y  c u t  l i t h i u m  ( 1 . 4  g ) .  T h is  m i x t u r e  

was s t i r r e d  f o r  two hours and t h e  s o l u t i o n  tu r n e d  o ra n g e .  

D u r in g  t h i s  s t i r r i n g  o p e r a t i o n ,  t h e  consumption o f  t h e  

l i t h i u m  caused t h e  te m p e r a t u r e  t o  r i s e  t o  55°C ,  however a t  

t h e  end o f  t h e  two hours th e  t e m p e r a t u r e  had r e t u r n e d  t o  

25°C .  F r e s h ly  d i s t i l l e d  t e r t i a r y - b u t y 1 c h l o r i d e  ( 9 . 2 5  g)  

was th e n  added dropw ise  t o  th e  r e a c t i o n .  The r e a c t i o n  

s o l u t i o n  became h o t ,  and a f t e r  30 m in u te s  s t i r r i n g ,  t h e  

v e s s e l  was immersed in  an i c e  b a th .  ( R , R ) - 2 , 4 - p e n t a n e d i o l  

b i s ( d - c a m p h o r s u l p h o n a t e ) ( 1 0 . 6  g) in  THF (35  m l)  was then  

added d ropw ise  t o  t h e  s t i r r e d ,  c o ld  phosphide  s o l u t i o n .

The r e a c t i o n  m ix t u r e  was then  s t i r r e d  f o r  30 m in u te s .

W ater  ( 100  m l)  was s l o w ly  added and th e n  most o f  t h e  THF 

was removed under  reduced p r e s s u r e .  The r e s i d u e  was 

e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2 x 100 m l)  and added s l o w l y  

t o  a s t i r r e d  s o l u t i o n  o f  N i ( 0 1 0 4 ) 2 - 6H2O (5  g)  and NaNCS (5  

g) in  e th a n o l  (100  m l ) .  Y e l lo w  c r y s t a l s  formed a t  once and 

t h e  s l u r r y  was s t i r r e d  f o r  10 hou rs .  The y e l l o w  s o l i d
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[ N i { ( S , S ) - s k e w p h o s } ( NCS>2 ] ( 8 . 8  g) was th e n  c o l l e c t e d  and 

was washed w i t h  e th a n o l  and d i e t h y l  e t h e r .

( 4 ) [ N i { ( S , S ) - s k e w p h o s } ( N C S ) 2 ]

T h i s  complex was r e c r y s t a l  1 ised  by suspending  th e  s o l i d  

( 8 . 8  g)  in  d ic h lo r o m e th a n e  (170  m l ) .  T r i f l u o r o a c e t i c  a c i d  

(9  m l )  was s l o w l y  added t o  t h i s  m ix t u r e  and t h e  complex  

d i s s o l v e d .  I t  was f i l t e r e d  and e th a n o l  (1 7 0  m l)  was s l o w l y  

added t o  t h e  now c l e a r  orange-brown f i l t r a t e .  The s o l u t i o n  

was th e n  a l lo w e d  t o  s tand  f o r  two hours d u r in g  which t im e  

more e t h a n o l  (150  m l)  was added.  The bronze  c o lo u r e d  

p l a t e s  were c o l l e c t e d  and washed w i t h  e th a n o l  and d i e t h y l  

e t h e r .  The n i c k e l  complex cou ld  be r e c r y s t a l l i s e d  by t h e  

above method f o r  a second t im e  i f  d e s i r e d .

( 5 )  F ree  ( S , S) -skewphos

[Ni  { (S ,S ) -s k e w p h o s )  ( N C S ^ ]  ( 4 . 5  g) was suspended in  a 

m i x t u r e  o f  e th a n o l  (20  m l)  and THF (2 0  m l ) .  T h is  m i x t u r e  

was s t i r r e d  and b roug ht  t o  80°C and th en  NaCN ( 1 . 5  g)  in  

w a t e r  (10  m l)  was q u i c k l y  added.  A deep red s o l u t i o n  

formed which r a p i d l y  fad ed  t o  a p a l e  y e l l o w  c o l o u r .  The 

e t h a n o l  and THF were removed under reduced p r e s s u r e ,  th e n  

w a t e r  (50  m l)  was added t o  th e  r e s i d u e ,  and t h e  phosphine  

was e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (2  x 50 m l ) .  The combined  

e t h e r  e x t r a c t s  were washed w i t h  w a te r  (2  x 50 m l)  and th en  

w i t h  b r i n e  (50  m l)  and then  d r i e d  o v e r  Na2S04 . The e t h e r  

was removed under  reduced t o  l e a v e  (S ,S ) -s k e w p h o s  ( 3 . 3  g)  

as an o i l .  The phosphine was s t o r e d  under  n i t r o g e n  a t  0°C  

a l t h o u g h  i t  i s  n o t  v e r y  a i r  s e n s i t i v e .
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3 . 6  P r e p a r a t i o n  o f  g-Mog C l ^ ( d p p e )o

T h e re  a r e  two methods o f  p r e p a r i n g  t h i s  complex

( a )  100 I n  a t y p i c a l  r e a c t i o n  K4Mo2C1q ( 0 . 3 5  g; 0 . 5  

mmol) and dppe ( 0 . 4  g; 1 mmol) were added t o  50 ml o f  

methanol  which had been th o r o u g h ly  purged w i t h  n i t r o g e n .  

The r e a c t a n t s  were r e f l u x e d  under n i t r o g e n  f o r  t h r e e  hours  

and th e n  coo led  in  i c e .  The green p r e c i p i t a t e  which formed  

was f i l t e r e d  and washed w i t h  two 10 ml p o r t i o n s  o f  

methanol  and d i e t h y l  e t h e r .  T y p ic a l  y i e l d  75%. The 

p r o d u c t ,  a -Mo2C l 4. ( d p p e ) 2 , i s  a i r  s t a b l e .

( b )  88 M0 2 (C>2CCF3 ) 4  ( 0 . 3 2  g; 0 . 5  mmol) and dppe ( 0 . 4  g; 

1 mmol) were added t o  30 ml o f  degassed t o l u e n e .  A ru b b e r  

septum cap was p la c e d  o v e r  th e  r e a c t i o n  v e s s e l  in  o r d e r  t o  

m a i n t a i n  a n i t r o g e n  atmosphere .  Me3S iC l  (2 mmol) was th en  

i n j e c t e d  by s y r i n g e  i n t o  th e  r e a c t i o n  m i x t u r e .  The 

r e a c t a n t s  were then  s t i r r e d  f o r  2 - 3  hours  d u r in g  which  

t im e  a green  p r e c i p i t a t e  formed.  T h is  p r e c i p i t a t e  was 

f i l t e r e d  and washed w i t h  two 10 ml p o r t i o n s  o f  e t h e r .  

T y p i c a l  y i e l d  50%.

3 . 7  P r e p a r a t i o n  o f  a -MooCl/) ( d p p p ) g

T h i s  was p re p a re d  by t h e  same method as p r e p a r a t i v e  

r o u t e  ( a )  f o r  a -Mo2C l 4 ( d p p e ) 2 ■ However o n l y  a r e f l u x  o f  

l e s s  th a n  an hour was n ec e s s a ry .  The p ro d u c t  was an a i r  

s t a b l e  g reen  s o l i d .  A n a ly s is  ( fo u n d )  C 61 .2% ( 6 1 . 0 ) ,

H 4.9% ( 4 . 8 ) ,  P 11.7% ( 1 2 . 0 ) .
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3 . 8  P r e p a r a t i o n  o f  (3-Mo2C1 A ( R -phenphos) 2

T h i s  complex c ou ld  be p rep a re d  by e i t h e r  o f  t h e  two  

p r e p a r a t i v e  r o u t e s  used f o r  a-Mo2C l 4 ( d p p e ) 2 . The s o l i d  was 

an a i r  s t a b l e  y e l l o w - g r e e n  s o l i d .  A n a l y s i s  ( f o u n d )

C 59.9% ( 5 9 . 4 ) ,  H 4.4% ( 4 . 0 ) ,  Cl 11.1% ( 1 1 . 7 ) .

3 . 9  P r e p a r a t i o n  o f  (3-Mo2C1^( S .S -s k e w p h o s ) 2

I n  a t y p i c a l  r e a c t i o n  K4Mo2C1q ( 0 . 3 5  g; 0 . 5  mmol) and 

S,S-skewphos ( 0 . 4 4  g; 1 mmol) were added t o  50 ml o f  

degassed m e th a n o l .  T h i s  m ix t u r e  was r e f l u x e d  under  

n i t r o g e n  f o r  one hour .  A green s o l u t i o n  was o b t a i n e d  as  

a-M o2C l 4 (S ,S -s k e w p h o s ) 2 i s  s o l u b l e  in  m e th a n o l .  T h is  

s o l u t i o n  was s t r i p p e d  o f  s o l v e n t  t o  g i v e  a green  s o l i d  

which was washed w i t h  d i e t h y l  e t h e r .  A l l  o p e r a t i o n s  were  

c a r r i e d  o u t  in  a n i t r o g e n  atmosphere  as t h e  p ro d u c t  i s  a i r  

s e n s i t i v e .  A n a l y s i s  ( fo u n d )  C 57.3% ( 5 6 . 7 ) ,  H 4.9% ( 4 . 8 ) ,

P 10.2% ( 9 . 9 ) .

3 . 1 0  P r e p a r a t i o n  o f  IB-MooC l /\ ( P IO P) 2

T h i s  complex was p re p a re d  by th e  same p r e p a r a t i v e  

method used f o r  I3-M02 C14 ( S , S-skewphos) 2 • I n  t h i s  case th e  

p r o d u c t  i s  an a i r  s e n s i t i v e  b lu e  s o l i d .  C h a r a c t e r i s a t i o n  

o f  t h i s  complex was based on t h e  s p e c t r a  c o l l e c t e d .
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3 .11  P r e p a r a t i o n  o f  Mog ( TFMS) /\ 123

The f o l l o w i n g  p r e p a r a t i o n  was c a r r i e d  o u t  on t h e  vacuum 

l i n e  in  a doub le  l imbed v e s s e l .  I n  one l im b  o f  t h e  v e s s e l  

was p la c e d  1 .3  g (3  mmol) o f  Mo2 ( 0 2CCH3 )4 and 5 ml o f  

p u r i f i e d  HTFMS in  th e  o t h e r  l im b .  The HTFMS was then  

d i s t i l l e d  i n t o  th e  l im b  c o n t a i n i n g  th e  Mo2 ( 0 2CCH3 . The 

r e a c t i o n  m ix t u r e  r a p i d l y  became b r i g h t  red  in  c o l o u r .  T h i s  

m i x t u r e  was f r e q u e n t l y  shaken over  a p e r i o d  o f  s e v e r a l  

hours  and then  hea ted  t o  d r i v e  t h e  re m a in in g  l i q u i d .  The 

p r o d u c t  u s u a l l y  v a r i e d  in  c o l o u r  f rom orange t o  t a n .  

T y p i c a l  y i e l d  70%. F u r t h e r  p u r i f i c a t i o n  co u ld  be a c h ie v e d  

by vacuum s u b l i m a t i o n .  T h is  a i r  s e n s i t i v e  p ro d u c t  was 

s t o r e d  under  n i t r o g e n .

3 . 1 2  P r e p a r a t i o n  o f  Mo2 (DMF)q (TFMS)^

T h i s  r e a c t i o n  was c a r r i e d  o u t  on t h e  vacuum l i n e .  

Mo2 (TFMS)4 was c o m p l e t e l y  d i s s o l v e d  in  DMF t o  g i v e  a 

b r i g h t  red  s o l u t i o n .  The s o l v e n t  was th e n  removed t o  g i v e  

an a i r  s e n s i t i v e  red  s o l i d .  T y p ic a l  y i e l d  80%. The complex  

c o u ld  be r e c r y s t a l l i s e d  from d ic h l o r o m e t h a n e . A n a l y s i s  

( f o u n d )  C 24.5% ( 2 4 . 5 ) ,  H 4.1% ( 3 . 9 ) ,  N 8.2% ( 8 . 0 ) .

3 . 1 3  P r e p a r a t i o n  o f  Mo2 (CH^CN_)a(TFMS)a

Mo2 (TFMS)4 was c o m p le t e ly  d i s s o l v e d  in  a c e t o n i t r i l e  on 

t h e  vacuum l i n e  t o  g iv e  a deep p u r p l e  s o l u t i o n .  The
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s o l v e n t  was removed t o  l e a v e  an a i r  s e n s i t i v e  p u r p l e  

s o l i d .  T h is  s o l i d  c ou ld  be r e c r y s t a l l i s e d  from  

a c e t o n i t r i l e .

3 . 1 4  P r e p a r a t i o n  o f  Mog(NH3 ) 8 (TFMS)/|

Mo2 (CH3CN)3 (TFMS)4 was d is s o l v e d  in  a c e t o n i t r i l e  on t h e  

vacuum l i n e ,  then  a cou p le  o f  mis o f  d ry  ammonia was 

d i s t i l l e d  i n t o  t h e  r e a c t i o n  m ix t u r e  t o  g i v e  a brown 

s o l u t i o n .  The s o l v e n t  was removed t o  g i v e  a brown 

s o l i d .  C h a r a c t e r i s a t i o n  o f  t h i s  complex was based on 

s p e c t r o s c o p y  (see  chp 4 ) .

3 . 1 5  P r e p a r a t i o n  o f  rMo2 ( 0 2 CCH3 ) 2 (CH3CN)6 1 rBF>) 12 72

T h i s  r e a c t i o n  was per form ed us ing  Sch lenk  t e c h n i q u e s .  

Mo3 ( O2CCH3 ) 4  ( 1 . 3  g; 3 mmol) was added t o  a s o l u t i o n  o f  

[Me30 ] [ BF4 ] ( 1 . 8  g; 12 mmol) in  a c e t o n i t r i l e  ( 100  m l ) .  A 

b r i g h t  red  s o l u t i o n  formed and t h e  m ix t u r e  was s t i r r e d  

u n t i l  a l l  o f  th e  Mo2 ( 0 2 CCH3 ) 4 had d i s s o l v e d .  When th e  

s o l v e n t  was be ing  removed, a red s o l i d  s t a r t e d  t o  

p r e c i p i t a t e ,  t h i s  was in c re a s e d  by t h e  a d d i t i o n  o f  d i e t h y l  

e t h e r .  The a i r  s e n s i t i v e  s o l i d  was f i l t e r e d  and washed 

w i t h  d i e t h y l  e t h e r .  T y p ic a l  y i e l d  80%. The p r o d u c t  co u ld  

be r e c r y s t a l l i s e d  from a c e t o n i t r i l e .  A n a l y s i s  o f  t h i s  

complex v a r i e d ;  t h i s  has been d iscu s sed  e ls e w h e r e  7 1 .
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3 . 1 6  P r e p a r a t i o n  o f  [MogfOoCC^lgCdmpaJo.l  f M / i  I 2

T h i s  r e a c t i o n  was per form ed on a Sch lenk  l i n e  a l th o u g h  

t h e  p r o d u c t  i s  a i r  s t a b l e .  [Mo2 ( 0 2CCH3 ) 2 (CH3CN)6 3[BF4 ] 2 

( 0 . 1 5  g; 0 . 2 0  mmol) was c o m p le t e ly  d i s s o l v e d  in  

a c e t o n i t r i l e ,  th en  dmpe ( 0 . 6  g; 0 . 4 0  mmol) was added t o  

t h i s  m i x t u r e .  An orange s o l u t i o n  formed and t h i s  was 

s t i r r e d  f o r  s e v e r a l  hours .  The s o l v e n t  was removed t o  g i v e  

an o range  s o l i d ,  t h i s  was washed w i t h  a l i t t l e  

d ic h lo r o m e t h a n e  and d i e t h y l  e t h e r .  A n a l y s i s  was e x c e l l e n t  

e x c e p t  f o r  carbon which was somewhat h i g h .  A n a l y s i s  

( f o u n d )  C 24.5% ( 2 1 . 3 ) ,  H 4.85% ( 4 . 8 ) ,  P 15.8% ( 1 5 . 8 )

N 0.0% ( 0 . 0 ) .  The complex was r e c r y s t a l  1 is e d  f rom  

a c e t o n i  t r i 1e .

3 . 1 7  P r e p a r a t i o n  o f

C Mo2 ( OgCCH 3 ) 2 (S ,S -d p p b ) (C H  3CN) g I I B F 4l g

[Mo2 ( 0 2CCH3 ) 2 (CH3CN)6 ] [ B F 4 ] 2 ( 0 . 3  g; 0 .41  mmol) was 

c o m p l e t e l y  d i s s o l v e d  in  a c e t o n i t r i l e ,  S ,S -dppb  ( 0 . 3 3  g; 

0 . 8 3  mmol) was then  added. The m ix t u r e  was s t i r r e d  f o r  one 

day and t h e  s o l u t i o n  darkened t o  a deep p u r p l e  c o l o u r .  The 

volume o f  s o l u t i o n  was reduced and p r e c i p i t a t i o n  o f  a 

p u r p l e  s o l i d  o c c u r r e d ,  t h i s  was i n c r e a s e d  by a d d i t i o n  o f  

d i e t h y l  e t h e r .  The a i r  s e n s i t i v e  s o l i d  was f i l t e r e d  and 

washed w i t h  d i e t h y l  e t h e r .  A n a l y s i s  ( fo u n d )  C 44 .9%

( 4 5 . 2 ) ,  H 4.2% ( 4 . 2 ) ,  P 6.4% ( 6 . 0 ) .
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3 . 1 8  R e a c t io n  o f  [Mog ( OgCCHg )g ( CH3CN ) g ] rBF/; ] g w i t h  NH3

T h i s  r e a c t i o n  was c a r r i e d  o u t  on t h e  vacuum l i n e .  A 

c o u p le  o f  mis o f  ammonia was d i s t i l l e d  i n t o  a s o l u t i o n  o f  

[MogtOgCCHg^tCHgCNlg]  [BF4 ]2 in  a c e t o n i t r i l e .  The 

r e s u l t i n g  s o l u t i o n  was golden y e l l o w .  The s o l v e n t  was 

removed t o  g i v e  a y e l l o w  green s o l i d .  C h a r a c t e r i s a t i o n  o f  

t h i s  complex w i l l  be d iscussed  in  chp 4 .

3 . 1 9  R e a c t io n  o f  [Mog ( QgCCH3 ) 2 (CH3CN)g ] rBF/j ] 2 w i t h  

R-pn

T h i s  r e a c t i o n  a lm o s t  i d e n t i c a l  t o  t h e  l a s t  p r e p a r a t i o n  

d i s c u s s e d .  I n  t h i s  case a brown s o l u t i o n  i s  o b t a i n e d ,  t h i s  

w i l l  be d is c u s s e d  in  chp 4 .

3 . 2 0  R e a c t io n  o f  Moo fOgCCHg )>f w i t h  S .S -dppb

T h i s  r e a c t i o n  was per form ed on t h e  vacuum l i n e .

Mo2 ( 0 2CCH3 ) 4 ( 0 . 2  g; 0 . 5  mmol),  S ,S -dppb  ( 0 . 4  g; 1 mmol) 

and [Me30 ] [ B F 4 ] ( 0 . 3  g; 2 mmol) were p la c e d  in  a vacuum 

c e l l .  A c e t o n i t r i l e  (5  m l)  was d i s t i l l e d  on to  t h e  m i x t u r e ,  

a b r i g h t  orange s o l u t i o n  was observed  w i t h  much u n r e a c te d  

Mo2 ( 0 2 CCH3 ) 4 . T h is  w i l l  be d iscussed  in  chp 4
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3 .2 1  R e a c t io n  o f  Mo2 (O0CCH3 )  ̂ w i t h  R-pn

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

p r e p a r a t i o n ,  a go lden  s o l u t i o n  was o b t a i n e d .  See chp 4 .

4 C r y s t a l  S t r u c t u r e  o f  rMo2 ( 0 2CCH3 ) 2 (dm pe)2 'l TBF  ̂1 2

D e t a i l s  o f  d a t a  c o l l e c t i o n  proce dures  and s t r u c t u r a l  

r e f i n e m e n t  a r e  g iv e n  in  t a b l e  2 . 1 .

[Mo2 ( 0 2 CCH3 ) 2 (dm pe)2 ] [ B F 4 ] 2 .CH3CN c r y s t a l l i s e s  f rom  

a c e t o n i t r i l e  as t r a n s l u c e n t  orange pr ism s which r a p i d l y  

c lo u d  on removal f rom th e  mother  l i q u o r .  A segment c .  0 . 3  

x 0 . 3  x 0 . 3  mm was c u t  f rom a l a r g e r  c r y s t a l  and 

i m m e d ia t e l y  coa ted  in  g lu e  in  o r d e r  t o  p r e v e n t  s o l v e n t  

l o s s .  Da ta  were c o l l e c t e d  on an E n r a f - N o n iu s  CAD4F 

autom ated  d i f f r a c t o m e t e r , w i t h  g r a p h i t e  monochromated  

X - r a d i a t i o n  ( )v = 0 .7 1 0 6 9  A ) .  U n i t  c e l l  p a ra m e te rs  were  

d e t e r m in e d  by r e f in e m e n t  o f  th e  s e t t i n g  a n g le s  ( © >  12° )  

o f  25 r e f l e c t i o n s .  S tand ards  were measured e v e r y  two hours  

d u r i n g  d a t a  c o l l e c t i o n  and no s i g n i f i c a n t  decay was 

o b s e r v e d .  L o r e n t z / p o l a r i s a t i o n  and a b s o r p t i o n  (DIFABS 124)  

c o r r e c t i o n s  were a p p l i e d .  S y s te m a t ic  absences (hOJL, h + 1  

= 2n + 1; OkO, k = 2n + 1) u n i q u e l y  i n d i c a t e d  th e  

m o n o c l i n ic  space group P2-j /n (no .  14 C2h5 ) -  The s t r u c t u r e  

was s o lv e d  by d i r e c t  methods (MITHRIL 1 2 5 ) and subsequent  

e l e c t r o n  d e n s i t y  s y n th e s e s .  A l l  non-hydrogen atoms were  

a l lo w e d  a n i s o t r o p i c  the rm a l  m ot ion .  Hydrogen atoms were  

i n c l u d e d  a t  c a l c u l a t e d  p o s i t i o n s  (C-H = 1 .0  A) and were  

h e ld  f i x e d  d u r in g  r e f in e m e n t  w i t h  f i x e d  i s o t r o p i c  ( 0 . 0 5  A)
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t h e r m a l  p a r a m e te r s .  R e f inem ent  was by f u l 1 - m a t r i x  l e a s t -  

s q u a r e s .  Due t o  m a t r i x  s i z e  l i m i t a t i o n s  t h e  p a r a m e te r s  

l i s t  was d i v i d e d  i n t o  two s e c t i o n s  and each r e f i n e d  

s e p a r a t e l y .  The f u n c t i o n  m in im ised  was w ( j F 0 | - |Fc J) 2 w i t h  

t h e  w e i g h t i n g  f u n c t i o n  w = [ a 2 ( F 0 ) ] “ 1 used and ju d g ed  

s a t i s f a c t o r y .  a ( F 0 ) was e s t i m a t e d  from c o u n t in g  

s t a t i s t i c s .  N e u t r a l  atom s c a t t e r i n g  f a c t o r s  were f rom  

r e f e r e n c e  126 w i t h  c o r r e c t i o n s  a p p l i e d  f o r  anomalous  

s c a t t e r i n g .  A l l  c a l c u l a t i o n s  were c a r r i e d  o u t  on a 

Gould -SEL 3 2 / 2 7  min i  computer  us ing  GX s u i t  o f  

programs "*2 7 .
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T a b le  2 .1  E x p e r im e n ta l  Data  f o r  C r y s t a l l o g r a p h i c  Study o f  

[ Mo2 ( OgCCH 3 ) 2 ( dmpe) 2 1 [ BF^ 12 . CH 3CN

Formul a 

Mr

Space group

C r y s t a l  system

a /A

b/A

c /A

0 /d e g

V /A 3

Z

f i c a l d / g  cm~ 3 

£ ( 0 0 0 )

l i ( M o -K a ) ,  cm” 1 

I / K

Scan mode 

0 r a n g e /d e g  

C r y s t a l  s ize /mm  

Range o f  t r a n s .  c o e f f .  c o r r .  

No. o f  d a t a  c o l l e c t e d  

No. o f  un ique  d a t a  

S t d .  r e f l e c t i o n s  

O b s e r v a b i l i t y  c r i t e r i o n  n 

I  > n a ( ! )

No. o f  d a t a  in  r e f in e m e n t

C16h 3 8 b2 f 8Mo2 ° 4 p 4 • CH3CN 

8 2 5 .4

£ 2 -1/ 1! ( N o . 14 C2h5 ) 

monoc1 i n i c 

1 6 . 0 4 7 ( 8 )

1 1 . 5 8 2 ( 4 )

1 9 . 0 6 7 ( 4 )

1 0 1 . 0 3 ( 3 )

3 4 7 8 ( 2 )

4

1 .58  

1658

9 . 5  

298  

0 / 2 0

2 4 0 « 22

0 . 3  x 0 . 3  x 0 . 3

0 . 9 1 - 1 . 1 1

4701

4244

251 251

3

2874
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T a b le  2 .1  c td

No. o f  r e f i n e d  p a ra m e te rs 2 1 7 /2 6 2

F i n a l  R 0 . 0 4 3

F i n a l  Rw

L a r g e s t  re m a in in g  f e a t u r e  in  

e l e c .  d e n s i t y  map, e A“ 3 

S h i f t / e s d  in  l a s t  c y c l e 0 . 3 5  (m a x ) ,  0 . 0 2  ( a v )

+ 0 . 7 4  (m a x ) ,  - 0 . 6 4  (m in )

0 .0 4 5

5 C o l l e c t i o n  and T re a tm e n t  o f  I s o m e r i s a t i o n  R e s u l t s

I n  t h i s  p r o j e c t  t h e  k i n e t i c  p a ra m e te rs  were c o l l e c t e d  

f o r  t h e  a-(B i s o m e r i s a t i o n  o f  Mo2C l 4 (d p p p )2 in  

d i c h i o r o m e t h a n e  s o l u t i o n  and Mo2C l 4 ( d p p e )2 in  t h e  s o l i d  

s t a t e .  The i s o m e r i s a t i o n  was m on i to re d  by e l e c t r o n i c  

a b s o r p t i o n  s p e c t ro s c o p y  in  both phases.  The t r e a t m e n t  o f  

t h i s  d a t a  w i l l  be d iscus sed  a f t e r  a d e t a i l e d  s tu d y  o f  

f i r s t  o r d e r  i s o m e r i s a t i o n  k i n e t i c s .

T h i s  a-|3 i s o m e r i s a t i o n  f o l l o w s  f i r s t  o r d e r  k i n e t i c s  and 

no i n t e r m e d i a t e s  a r e  obs erved ,  thus

a k *  (3

where k i s  t h e  r a t e  c o n s ta n t  f o r  t h e  i s o m e r i s a t i o n .
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The r e a c t i o n  i s  f o l l o w e d  by a b s o r p t i o n  s p e c t r o s c o p y .  

Thus f rom  t h e  B e e r -L a m b er t  law,  t h e  absorbance a t  a s e t  

w a v e l e n g t h ,  a t  any p a r t i c u l a r  t im e ,  due t o  th e

c o n c e n t r a t i o n  o f  th e  isom ers ,  c,-^ and cp^,  i s

^ t  = £ a c a t^  + ^(Bc |3t^ ( 2 . 1 )

where £ a and £3 a r e  th e  e x t i n c t i o n  c o e f f i c i e n t s  f o r  t h e

r e s p e c t i v e  a and IB isomers a t  th e  s e t  w a v e le n g t h .  The p a th  

l e n g t h  o f  t h e  c e l l  i s  denoted by 1 .

S in c e  t h e r e  a r e  no i n t e r m e d i a t e s  in v o l v e d  and t h e r e  can 

o n l y  e v e r  be two s p e c ie s  in  s o l u t i o n ,  th en

c a t  + c |3t  = co ( 2 . 2 )

where c Q i s  t h e  t o t a l  c o n c e n t r a t i o n  and i t  i s  equal  t o

t h e  i n i t i a l  c o n c e n t r a t i o n  o f  th e  a isom er .  The c e l l s  used

i n  t h i s  p r o j e c t  a l l  have pa th  le n g t h  o f  1 cm. Using t h i s

i n f o r m a t i o n  and e q u a t io n  ( 2 . 2 ) ,  then  e q u a t i o n  ( 2 . 1 ) can be

r e w r i t t e n  as

A-fc = £aca t  + ^B^co ~ cdt^
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The r a t e  o f  t h e  r e a c t i o n  i s  equal  t o  t h e  r a t e  o f  

d i s a p p e a r a n c e  o f  t h e  a isomer  o r  t h e  r a t e  o f  f o r m a t i o n  o f  

t h e  13 iso m er .  T h is  can be w r i t t e n  as

r a t e  -  ~dCQt = dc^^ = kca £ 

d t  d t

dcat  -  ~ I k d t  

dca t  i

I n  ca t  = ~ ( k t )  ( 2 . 3 )

The absorbance a t  any p a r t i c u l a r  w a v e le n g th  a t  a t i m e ,  

t ,  i s  g iv e n  in  e q u a t i o n  ( 2 . 1 ) .  When t  =©o, Cq -̂  = 0 ,  t h e  

ab sorbance  a t  t h i s  t im e  w i l l  be

Aoo = £|3co 

Thus a t  any t i m e ,  t ,

A * , -  At  = £ 0=0 " ( £ a ca t  + f 0c e t>  

S u b s t i t u t i n g  c0 = ca t  + c g t  '*n e q u a t i o n  g i v e s

A « o -  At  = S(3( c a t  + c B t )  " ( f aca t  + £ Bc l3 t>

A ^ -  At  = f 0Cat  + 6 BC|3t -  £ a c a t  " ^ 0 c l3t

A * -  At  = c a t ( £ B -  6 a > ( 2 ' 4 )
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T h e re  a r e  c e r t a i n  w ave leng ths  in  th e  i s o m e r i s a t i o n  

s p e c t r a  where t h e  absorbance does n o t  change w i t h  t i m e .  At  

t h e s e  p o i n t s  A,** -  = 0 , thus  from e q u a t i o n  ( 2 . 4 ) £_a w i l l

be equ a l  t o  6 3  a t  th e s e  p a r t i c u l a r  w a v e le n g th s .  T h e r e f o r e  

f o r  a s e t  c o n c e n t r a t i o n ,  no m a t t e r  what th e  r e l a t i v e  

p r o p o r t i o n  o f  a and (3 isom er ,  th e  e l e c t r o n i c  spectrum  w i l l  

pass th ro u g h  t h i s  i s o s b e s t i c  p o i n t .  These i s o s b e s t i c  

p o i n t s  a r e  c e r t a i n  s ig n s  t h a t  t h e r e  a r e  o n l y  two s p e c ie s  

i n  s o l u t i o n ,  th u s  i n t e r m e d i a t e s  can be r u l e d  o u t .

E q u a t io n  ( 2 . 4 )  can be r e a r r a n g e d  t o  g i v e

(*|3 " £ a )

Now c a t  can be s u b s t i t u t e d  i n t o  e q u a t i o n  ( 2 . 3 )  t o  g i v e  

In  = - ( k t )

I n  o r d e r  t o  s i m p l i f y  t h i s  e q u a t i o n ,  w a v e le n g th s  a r e  

chosen where o n l y  one isomer  absorbs .  Thus e q u a t i o n  ( 2 . 5 )  

now becomes

c a t  ~ Afc)

l n ( A<*> ” At>  = -  k t  + l n [ c o ( t 0 -  t a ) ]  ( 2 . 5 )

l n ( A ^ -  At ) = - ( k t )  + l n ( c 0 €n )
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where £ n i s  £ a o r  depending on th e  w ave len g th  

chosen.  Now both l a cQ and £(3C0 a re  equal  t o  t h e  i n i t i a l  

a b s o rb a n c e ,  Aoa and A0 |3 , o f  each r e s p e c t i v e  isom er .  

T h e r e f o r e  t h e  f i n a l  v e r s io n  o f  th e  e q u a t io n  can be 

e x p re s s e d  as

ln (A o o -  At ) = - ( k t )  + l n ( A o n ) ( 2 . 6 )

Now a p l o t  o f  l n (A o o -  A-^) versus  t im e  w i l l  g i v e  a 

s t r a i g h t  l i n e  w i t h  g r a d i e n t ,  - k ,  and i n t e r c e p t ,  l n ( A o n ) ,  

i f  t h e  r e a c t i o n  i s  a f i r s t  o r d e r  p ro ce ss .

T h i s  p ro c e d u re  can be rep ea te d  ove r  a range o f  

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

e n e rg y  f ro m  t h e  A r r h e n iu s  e q u a t io n .

l n ( k )  = -  Ea + 1n(A)  ( 2 . 7 )

RT

where k ( i n  sec - 1 ) i s  th e  r a t e  c o n s t a n t ,  A i s  t h e  p r e ­

e x p o n e n t i a l  f a c t o r ,  R i s  th e  gas c o n s ta n t  ( 8 . 3 1 4  JK- 1 mol 

1 ) ,  T ( i n  K) i s  t h e  te m p e r a tu r e  and Ea i s  t h e  a c t i v a t i o n  

e n e rg y  ( i n  Jmol- 1 ) .  A p l o t  o f  l n ( k )  v e rs u s  1 /T  g i v e s  a 

s t r a i g h t  l i n e  w i t h  g r a d i e n t  ( - E a / R )  and i n t e r c e p t  l n ( A ) .
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A n o th e r  e q u a t i o n  can be employed t o  g i v e  t h e  e n t r o p y  o f  

a c t i v a t i o n ,  t h i s  i s

l n ( A )  = RTe ( 2 . 8 )

Nh

where A i s  t h e  p r e - e x p o n e n t i a l  f a c t o r ,  R i s  t h e  gas 

c o n s t a n t  ( 8 . 3 1 4  JK- 1mol- 1 ) ,  T ( i n  K) i s  t h e  t e m p e r a t u r e ,  e 

i s  t h e  base o f  n a t u r a l  lo g a r i th m s  ( ~ 2 . 7 1 8 2 8 ) ,  N i s  

A v o g a d r o , s c o n s t a n t  ( 6 . 0 2 2  x 1023 mol- 1 ) ,  h i s  P l a n c k , s  

c o n s t a n t  ( 6 . 6 2 6  x 10 -34  Js )  and AS^ i s  th e  e n t r o p y  o f  

a c t i v a t i o n  ( i n  JK- 1mol- 1 ) .

The c o l l e c t i o n  o f  th e  k i n e t i c  d a t a  in  s o l u t i o n  i s  easy  

because t h e  t h e  i s o m e r i s a t i o n  o f  a s i n g l e  sample can be 

m o n i to r e d  f rom  s t a r t  t o  f i n i s h  by s p e c t r o s c o p y .  T r e a t m e n t  

o f  t h e  r e s u l t s  i s  f o l l o w e d  as above. I n  f a c t  th e  

i s o m e r i s a t i o n  o f  a -Mo2C l 4 (d ppp)2 was s t u d i e d  a t  f i v e  

d i f f e r e n t  t e m p e r a t u r e s  in  th e  range 15 .2  -  2 9 . 2 ° C .  A 

t h e r m o s t a t e d  e l e c t r o n i c  a b s o r p t io n  c e l l  was used t o  keep  

t h e  t e m p e r a t u r e  c o n s t a n t ,  th e  t e m p e r a tu r e s  were a c c u r a t e  

t o  + 0 . 1° C .

I n  t h e  s o l i d  s t a t e  i s o m e r i s a t i o n  i t  i s  n o t  as easy  t o  

c o l l e c t  t h e  r e s u l t s  because o f  th e  more ex t rem e c o n d i t i o n s  

( i . e .  under  vacuum and a t  h igh t e m p e r a t u r e s ) .  I t  i s  

i m p r a c t i c a l  t o  s tudy  j u s t  one sample a t  a p a r t i c u l a r  

t e m p e r a t u r e .  T h is  i s  because o f  th e  d i f f i c u l t y  i n v o l v e d  in  

removing t h e  sample s e v e r a l  t im es  from t h e  oven,  b r e a k in g  

t h e  vacuum s e a l  and r e c o r d in g  th e  e x t e n t  o f  i s o m e r i s a t i o n
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by r u n n in g  t h e  e l e c t r o n i c  spectrum o f  p a r t  o f  t h e  sample  

i n  d i c h 1o r o m e th a n e . Then th e  sample would have t o  be r e ­

e v a c u a t e d  and p u t  back in  th e  oven where i t  would r e q u i r e  

t im e  t o  e q u i l i b r a t e  t o  th e  oven t e m p e r a t u r e .  I t  i s  

o b v i o u s l y  unwise t o  r e p e a t  t h i s  p rocedure  s e v e r a l  t i m e s .  

The s i m p l e s t  method i s  t o  s t a r t  w i t h  s e v e r a l  ev a c u a te d  

v e s s e l s  c o n t a i n i n g  t h e  a isomer,  th e s e  a r e  pu t  in  t h e  oven 

t o g e t h e r  a t  a s e t  t e m p e r a t u r e .  A f t e r  a s u i t a b l e  t im e  

i n t e r v a l  has e l a p s e d ,  one o f  th e  v e s s e ls  i s  removed f rom  

t h e  oven .  G r e a t  c a r e  i s  taken  when opening t h e  oven t o  be 

as q u i c k  as p o s s i b l e  in  o r d e r  t o  a v o id  any t e m p e r a t u r e  

drop in  t h e  oven which i s  u n d e s i r a b l e .  The s ea l  on t h e  

c o o le d  v e s s e l  i s  then  broken,  th e  sample i s  d i s s o l v e d  in  

d i c h i o r o m e t h a n e  and t h e  e l e c t r o n i c  spectrum i s  run 

i m m e d ia t e l y  in  o r d e r  t o  avo id  any i s o m e r i s a t i o n  o c c u r r i n g  

in  s o l u t i o n .  From t h i s  spectrum, th e  r a t i o  o f  t h e  a and (3 

isom ers  can be d e r i v e d  a f t e r  t h a t  p a r t i c u l a r  p e r i o d  in  t h e  

oven .  The w e ig h ts  o f  t h e  sample a re  checked w i t h  th e  

s p e c tru m  t o  ens ure  t h a t  no decom posi t ion  ta k e s  p l a c e  

d u r i n g  t h e  i s o m e r i s a t i o n .  Thus from s e v e r a l  samples ta k e n  

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

d i f f e r e n t  r a t i o s  a t  th ese  t im e  i n t e r v a l s .  T h is  can be used  

t o  o b t a i n  a r a t e  c o n s ta n t  f o r  a p a r t i c u l a r  t e m p e r a t u r e ,  

f rom  e q u a t i o n  ( 2 . 3 ) a p l o t  o f  I n C c ^ / C o )  v e rs u s  t im e  w i l l  

y i e l d  t h e  r a t e  c o n s ta n t  f o r  th e  a decay.  Thus i t  does n o t  

m a t t e r  i f  t h e  w e ig h ts  o f  th e  samples a r e  d i f f e r e n t  a t  a 

s e t  t e m p e r a t u r e ,  i t  i s  th e  r a t i o  o f  t h e  isomers a t  t h e  

t im e  i n t e r v a l  t h a t  i s  i m p o r ta n t .  The v e s s e ls  cannot  j u s t  

be p la c e d  on th e  oven s h e l f  because where th e  s h e l f  comes 

i n t o  c o n t a c t  w i t h  th e  vesse l  causes uneven h e a t
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d i s t r i b u t i o n  and t h i s  i s  u n d e s i r a b l e .  T h is  can be overcome  

by suspend ing  t h e  v e s s e l s  by an i r o n  w i r e  f rom a g r i d  in  

t h e  oven ,  making su re  t h a t  a l l  o f  th e  sample i s  a t  one end 

o f  t h e  v e s s e l  and th e  w i r e  i s  t i e d  t o  t h e  o t h e r  end.  The 

t e m p e r a t u r e  range s t u d i e d  f o r  a-Mo2C l 4 (d p p e )2 in  t h e  s o l i d  

s t a t e  was 211 -  250°C .  The te m p e r a tu r e  i s  c o n t r o l l e d  by a 

f a n  t o  e n s u re  t h a t  t h e r e  i s  no te m p e r a t u r e  g r a d i e n t  and 

t h e  t e m p e r a t u r e s  were c o r r e c t  t o  + 1°C.
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C h a p t e r  T h r e e : ISOMERISATION REACTIONS OF DIMOLYBDENUM 

COMPLEXES CONTAINING DIPHOSPHINE LIGANDS
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1 The I s o m e r i s a t i o n  R e ac t io n  o f  Mo2X>1(P ~ P ) 2 Complexes

I n  c h a p t e r  1 i t  was noted t h a t  complexes w i t h  th e  

g e n e r a l  f o r m u la  Mo2X4 (P ~ P )2 can e x i s t  as two g e o m e t r ic  

isom ers  ( f i g u r e  1 . 1 2 ) .  These a re  a c h e la t e d  ( a )  fo rm ,  in  

which t h e  two d ip h o s p h in e  l ig a n d s  c h e l a t e  d i f f e r e n t  

molybdenum atoms,  and a b r idged  (13) form in  which th e  

d ip h o s p h in e  l ig a n d s  b r id g e  across th e  m e t a l - m e t a l  bond.  

F r a s e r  e t  a l  100 found t h a t  th e  a form is o m e r is e s  t o  t h e  

a p p r o p r i a t e  3 isomer in  dry  d ic h lo ro m e th a n e  s o l u t i o n  and 

s u b s e q u e n t l y  Agaskar  and Cotton  87 have shown t h a t  t h e  

i s o m e r i s a t i o n  o f  a -Mo2C l 4 (d p p e ) 2 occurs in  th e  s o l i d  

s t a t e .  The s o l u t i o n  i s o m e r is a t i o n  proceeds w i t h  a h a l f  

l i f e  o f  between s e v e r a l  minutes and a few hours depending  

on t h e  complex and has been s t u d ie d  f o r  Mo2C l 4 (dppe ) 2 , 

Mo2 B r4 ( d p p e ) 2 , M02C14( d p t p e ) 2 , Mo2Br4 ( d p t p e )2 and 

M°2C14 (R“ d pp p)2 10° -  In  a l l  cases th e  i s o m e r i s a t i o n  

f o l l o w s  f i r s t  o r d e r  k i n e t i c s  f o r  both a decay and 3 

f o r m a t i o n .  The o n ly  complex t h a t  has been s t u d i e d  in  t h e  

s o l i d  s t a t e  i s  Mo2C l 4 ( d p p e ) 2 • Here th e  a form was shown t o  

i s o m e r i s e  c l e a n l y  t o  th e  3 isomer a t  250°C under a s t a t i c  

vacuum w i t h  no d e t e c t a b l e  s id e  p ro d u c ts .  The r a t e  o f  

i s o m e r i s a t i o n  was n o t  r e p o r t e d .

I n  t h i s  c h a p t e r  th e  s o l i d  s t a t e  i s o m e r i s a t i o n  i s  

s t u d i e d  in  d e t a i l  and th e  k i n e t i c  p a ram e te rs  a r e  compared 

w i t h  th o s e  p r e v i o u s l y  measured f o r  t h e  s o l u t i o n  p ro c e s s .
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K i n e t i c  r e s u l t s  a r e  a l s o  p resented  f o r  th e  i s o m e r i s a t i o n  

o f  C1-M 0 2 C14 ( d p p p )2 in  s o l u t i o n  and th e  p a ram e te rs  o b t a i n e d  

f o r  t h i s  complex w i t h  a f i v e  atom l ig a n d  backbone a r e  

compared w i t h  th o se  w i t h  o n ly  f o u r  atoms in  t h e  l i g a n d  

backbone.  The p o s s i b l e  mechanisms f o r  th e  i s o m e r i s a t i o n  

r e a c t i o n  w i l l  be d iscussed  in  th e  l i g h t  o f  t h e  new 

r e s u l t s .

2 E l e c t r o n i c  S p e c t r a  and K i n e t i c s  o f  I s o m e r i s a t i o n  o f

M0 2 X>j( P ~ P ) 2 Complexes

T a b l e  3 .1  shows t h e  5 - 6 *  t r a n s i t i o n  e n e r g i e s  f o r  

v a r i o u s  a and |3 isomers o f  th e  gen era l  f o r m u la  

M0 2 X4. ( P ~ P ) 2 « The most n o t i c e a b l e  f a c t  in  t h i s  t a b l e  i s  

t h a t  t h e  t r a n s i t i o n  e n e r g ie s  o f  th e  3 isomers a r e  a t  a 

lo w e r  e n e rg y  th an  t h e i r  co rrespond ing  a isom ers .  T h i s  i s  

because most o f  th e  3 isomers a r e  t w i s t e d  ( t a b l e  1 . 4 )  

which r e s u l t s  in  a p a r t i a l  loss  o f  5 o v e r l a p  and f i g u r e

1 .7  shows t h e  n o n - l i n e a r  r e l a t i o n s h i p  between cos2X and 

t h e  5 - 5 *  t r a n s i t i o n  e n e rg y .  A l l  th e  a isomers a r e  e c l i p s e d  

and t h e r e f o r e  have maximum 6 o v e r l a p .  However th e  

com plexes w i t h  t h e  h i g h e s t  6 - 5 *  t r a n s i t i o n  e n e r g i e s  in  

t h i s  s e r i e s  a r e  th e  3 isomers w i t h  t h r e e  atom backbone  

l i g a n d s  i . e .  dppm and dmpm. Here th e  s h o r t  backbone le a d s  

t o  an e c l i p s e d  3 isomer  w i t h  a s h o r t  m e t a l - m e t a l  bond.  

T h e re  a r e  no a isomers c o n t a i n i n g  th e s e  l ig a n d s  because  

t h e  phosphorus atoms cannot  g e t  c lo s e  enough t o  c h e l a t e  t o  

t h e  same m eta l  atom.
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T a b le  3 .1  The 5 - 5 *  T r a n s i t i o n  E n erg ies  o f  M0 2X4 (P ~ P ) 2 

Complexes in  Pi ch ioromethane S o l u t i o n

Complex > ( nm) ■v ( cm-1 ) R e f .

a -M0 2 C l 4 d p p e ) 2 675 14815 100

a-M0 2 C l 4 dmpe>2 666 15015 128

a-M o2C l 4 d p t p e ) 2 675 14815 129

CI-M0 2 C 14 R -d p p p )2 670 14925 129

a -M o2C l 4 d p p p )2 648 15432 t h i s  work

a-Mo2 B r 4 d p t p e >2 685 14598 129

I3-M02C14 dppm)2 634 15772 83

(B-M0 2 C I 4 dmpm)2 604 16556 85

3-M 0 2 C14 d p p e ) 2 760 13158 100

3-M 0 2 C14 dmpe)2 803 12453 91

|3—M0 2 C14 d p t p e >2 760 13158 129

(3—M0 2 C1 4 R - d p p p ) 2 750 13333 129

13—M0 2 C14 S , S - d p p b ) 2 725 13793 93

3-M0 2 C14 R -phenphos)2 755 13245 t h i s  work

(3-M0 2 C14 dpp p) 2 682 14662 t h i s  work

I3-M02BT4 dppm)2 650 15384 84

I3-M02BP4 d p p e ) 2 790 12658 129

(3-M02BT4 dmpe)2 843 11862 23

B-M0 2 BT4 d p t p e ) 2 790 12658 129

3-M02BT4 R-dpp p)2 775 12903 129

3-M02BT4 S ,S - d p p b )2 755 13245 129

3-Mo2 l4 (d p p m )2 684 14619 86

3 - M o 2 l 4 ( d p p e ) 2 860 11600 90
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The e l e c t r o n i c  a b s o r p t io n  s p e c t r a  o f  th e  a and 13 

isom ers  o f  Mo2C l 4 (d p p e )2 a re  shown in  f i g u r e  3 . 1 .  T h i s  

i l l u s t r a t e s  t h e  h i g h e r  energy  8 - 6 *  t r a n s i t i o n  o f  t h e  

i s o m e r .  I t  i s  a l s o  a more in te n s e  t r a n s i t i o n .  T h is  i s  

m a i n ly  due t o  t h e  g r e a t e r  8 o v e r l a p  in  t h e  a s p e c ie s  

a l t h o u g h  comparisons o f  i n t e n s i t y  must be t r e a t e d  w i t h  

c a u t i o n  (chp 1 s e c t . 1 . 3 ) .  As s t a t e d  e a r l i e r ,  

a-M o2C l 4 ( d p p e )2 is o m e r is e s  t o  th e  3 form when d i s s o l v e d  in  

dry  d i c h i o r o m e t h a n e . T h is  r e a c t i o n  can be m o n i to re d  by 

e l e c t r o n i c  a b s o r p t i o n  spec troscopy  as shown 100 in  f i g u r e  

3 . 2 .  The i s o m e r i s a t i o n  r e a c t i o n  i s  a f i r s t  o r d e r  p rocess  

w i t h  no i n t e r m e d i a t e s  i n v o l v e d ,  th e  sharp  i s o s b e s t i c  

p o i n t s  i n d i c a t e  t h a t  o n ly  two s p e c ie s  a r e  p r e s e n t  in  

s o l u t i o n .  I n  o r d e r  t o  o b t a i n  a r a t e  c o n s ta n t  f o r  a isomer  

de c a y ,  t h e  absorbance i s  m on i to red  a t  a w a v e le n g th  where  

t h e  a isom er  absorbs s t r o n g l y  and th e  3 isomer does n o t .  

The absorbance  o f  an isomer i s  d i r e c t l y  p r o p o r t i o n a l  t o  

i t s  c o n c e n t r a t i o n .  A p l o t  o f  log A b s(a )  vs t im e  w i l l  g i v e  

a s t r a i g h t  l i n e  f o r  a f i r s t  o r d e r  process;  t h e  g r a d i e n t  

g i v i n g  t h e  r a t e  c o n s ta n t  k.  The same p ro ce d u re  can be 

r e p e a t e d  f o r  3 isomer f o r m a t i o n .  An A r r h e n iu s  p l o t  i s  

o b t a i n e d  i f  t h e  i s o m e r i s a t i o n  i s  s t u d i e d  a t  s e v e r a l  

d i f f e r e n t  t e m p e r a t u r e s . The a c t i v a t i o n  energy  (E a ) and t h e  

e n t r o p y  o f  a c t i v a t i o n  (AS^) can be c a l c u l a t e d  f rom t h i s  

p l o t .

The a - 3  i s o m e r i s a t i o n  o f  Mo2C l 4 (d p p p )2 in  

d i c h i o r o m e t h a n e  i s  shown in  f i g u r e  3 . 3 ,  here  t h e  8 - 8 *
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550 X(nm) 650

F i g u r e  3 . 3  q-»6 i s o m e r i s a t i o n  o f  Mo^C1a ( dppp.).? in  OHgClg-^-
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t r a n s i t i o n  e n e r g i e s  o f  both isomers a r e  v e r y  c lo s e  

t o g e t h e r .  The t w i s t  a n g le  o f  the  (3 isomer must be v e r y  

c l o s e  t o  0 °  o r  9 0 °  t o  have such a h igh  t r a n s i t i o n  e n e rg y .  

U n f o r t u n a t e l y  t h e  c r y s t a l  s t r u c t u r e  o f  th e  3 isomer has 

n o t  y e t  been de te rm in e d  but  s c a le  models i n d i c a t e  t h a t  a 

t w i s t  a n g le  o f  c l o s e  t o  9 0 °  r a t h e r  than  0 °  would be more 

f a v o u r a b l e .  T h is  i s  because th e  seven membered r i n g  formed  

by t h e  b r i d g i n g  dppp l ig a n d  i s  l i k e l y  t o  be more s t a b l e  in  

a seven atom c h a i r  t y p e  con fo rm at io n  r a t h e r  than  a 

s t r u c t u r e  which i s  c lo s e  t o  e c l i p s e d .  T h e r e f o r e  f rom  t h e  

graph o f  5 - 5 *  t r a n s i t i o n  e n e r g ie s  vs cos2X, a c o n fo r m a t io n  

w i t h  a t w i s t  a n g le  o f  7 2 °  would appear  t o  be most 

f a v o u r a b l e .  F i g u r e  3 . 4  shows a p l o t  o f  a -M 0 2 C l4 ( d p p p >£ 

decay vs t im e  a t  2 1 .6 ° C  and th e  A r r h e n iu s  p l o t  f o r  t h i s  

i s o m e r i s a t i o n  i s  shown in  f i g u r e  3 . 5 .

a -M o2C l 4 ( d p p e )2 is o m e r is e s  t o  th e  3 form in  t h e  s o l i d  

s t a t e  8 7 . The c o n d i t i o n s  f o r  t h i s  t r a n s f o r m a t i o n  t o  occur  

a r e  t h a t  i t  i s  per form ed a t  a high te m p e r a t u r e  (~ 2 5 0 °C )  

and under  s t a t i c  vacuum. The k i n e t i c  pa ra m e te rs  f o r  t h i s  

s o l i d  s t a t e  process  were c o l l e c t e d  as p a r t  o f  t h i s  p r o j e c t  

in  o r d e r  t o  compare i t  w i t h  th e  r e s u l t s  in  s o l u t i o n .  

O b t a i n i n g  t h e  d a t a  f o r  th e  s o l i d  s t a t e  r e a c t i o n  was much 

more d i f f i c u l t  than  in  th e  case o f  th e  s o l u t i o n  

i s o m e r i s a t i o n  because o f  th e  more ex trem e c o n d i t i o n s .  The 

p r o c e d u r e  i s  e x p l a i n e d  in  d e t a i l  in  c h a p te r  2 .  A p l o t  o f  

3 f o r m a t i o n  a t  228°C i s  shown in  f i g u r e  3 . 6  and t h e  

A r r h e n i u s  p l o t  f o r  t h i s  process i s  g iven  in  f i g u r e  3 . 7 .
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F la u r e _ 3 ^ 4  PlpJ^ofLJLnLAt630 -  A 630^ v s . t imft f n r

Mo2^J-4-i-^PPP)2 f o l l o w i n g  a decay ( 2 1 . 6 ° C ) .

- 0. 3 -

- 0 .4 -

- 0 . 5 -

- 0 . 6 -

- 0 .7 -

4530

time (mins)
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EJ gure  3 ._5 A r rh e n iu s  p l o t  f o r  i s o m e r i s a t i o n  o f  

Mo?Cl4 (d p p p )2 in  CHoC1o .

- 7. 5 -

i— ,------------------------- ---------------1— -------------------------------------

3.30 3.40 3.50

y ( x 1 0 " 3 )
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Fj g u r e  3 . 6  P l o t  o f  1 n (c n/ c n + c ^) vs .  t im e  f o r

MopCl4l d p p e ) g. in  th e  s o l i d  s t a t e  ( 2 2 8 ° C ) .
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20
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-9

- 10 -

-11

In k

- 12-1

-13-

F ig u r e —3_. 7 A r rh e n iu s  p l o t  f o r  i s o m e r i s a t i o n  o f  

MopCJ_4 (d p p e ) g in  th e  s o l i d  s t a t e .

1.95 2.00
J - ( x 1 0 " 3)

2.05
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The k i n e t i c  d a t a  f o r  the  a-(3 i s o m e r is a t i o n  r e a c t i o n s  o f  

a l l  com plexes s t u d i e d  t o  d a te  a re  summarised in  t a b l e  3 . 2 .  

A c u r s o r y  i n t e r p r e t a t i o n  o f  these  r e s u l t s  i s  p r e s e n te d  

h e re  b e f o r e  l o o k i n g  a t  p o s s ib le  mechanisms. The main 

d r i v i n g  f o r c e  f o r  th e  i s o m e r is a t i o n  i s  th o u g h t  t o  be t h e  

c o n f o r m a t i o n a l  s t a b i l i t y  o f  the  b r i d g in g  r in g s  in  t h e  IB 

isom ers  and a l s o  p o s s ib ly  th e  u n fa v o u ra b le  s t e r i c  

i n t e r a c t i o n s  in  th e  a isomers (chp 1 s e c t . 2 . 2 ) .  F i g u r e  3 . 8  

d e p i c t s  t h e  c r y s t a l  s t r u c t u r e  87 o f  a-Mo2C l 4 ( d p p e ) 2 , t h i s  

shows how t h e  backbone o f  th e  l ig a n d  l i e s  over  t h e  m e t a l -  

m eta l  bond and in  c lo s e  p r o x i m i t y  t o  th e  h a l i d e  atoms.

T h i s  p i c t u r e  can be used t o  h e lp  e x p l a i n  some o f  t h e  

d i f f e r e n c e s  i n  t h e  k i n e t i c  param eters  o f  th e  d i f f e r e n t  

com plexe s .  I t  i s  no t  s u r p r i s i n g  t h a t  th e  r a t e  o f  

i s o m e r i s a t i o n  o f  a-Mo2Br4 (d p p e ) 2 i s  f a s t e r  than  t h e  

c h l o r i d e  an a lo g u e  because th e  l a r g e r  bromide means t h a t  

t h e  s t e r i c  i n t e r a c t i o n s  in  th e  a isomer a r e  i n c r e a s e d .

Thus t h e  s t a b i l i t y  o f  th e  a isomer i s  decreased and makes 

t h e  i s o m e r i s a t i o n  process more f a c i l e .  In  

a-M o2C l 4 ( R - d p p p ) 2 th e  l ig a n d  backbone has a methyl  

s u b s t i t u e n t ,  t h i s  w i l l  markedly  decrease th e  s t a b i l i t y  o f  

t h e  c h e l a t e d  a isomer  and th e  i s o m e r is a t i o n  r a t e  f o r  t h i s  

complex i s  v e r y  f a s t .  The a isomers o f  Mo2X4 (R -p h e n p h o s )2 

and Mo2X4 ( S , S - d p p b ) 2 have not  been i s o l a t e d ,  t h i s  i s  

a lm o s t  c e r t a i n l y  due t o  th e  severe  s t e r i c  c o n g e s t io n  in  

t h e  r e s p e c t i v e  a isomers which makes t h e  i s o m e r i s a t i o n  

e x t r e m e l y  f a s t  even a t  v e ry  low t e m p e r a t u r e s .
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F i g u r e  3 . 8  C r y s t a l  s t r u ct u r e  o f  Q-Mo.9C1it(dpp_e ) 2
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The i s o m e r i s a t i o n  r a t e  o f  a-Mo2C l 4 (dppp ) 2 i s  perhaps  

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

complex has n o t  been de te rm in ed .  However th e  s t r u c t u r e  o f  

t h e  t r i p l y  bonded s p e c ie s  a -R e2C l 4 (dppp ) 2 99 i s  known, 

h e re  t h e  s i x  membered r in g s  formed by c h e l a t i n g  

d i p h o s p h in e s  t a k e  up t h e  c h a i r  c o n fo rm a t io n .  I f  i t  i s  

assumed t h a t  t h e  di molybdenum complex has t h e  same 

s t r u c t u r e  as i t s  di  rhenium analogue (and t h i s  i s  most  

l i k e l y ) ,  th e n  a -Mo2C l 4 (dppp ) 2 might  be expec ted  t o  be 

r e l a t i v e l y  s t a b l e  as th e  c h a i r  c o n fo rm a t io n  r e l i e v e s  some 

o f  t h e  s t e r i c  c o n g e s t io n  even in  th e  a isom er .  T h e r e f o r e  

t h e  i s o m e r i s a t i o n  r a t e  should be r e l a t i v e l y  s low .  The f a c t  

t h a t  t h i s  i s  n o t  th e  case means t h a t  some o t h e r  f a c t o r  

must be r e s p o n s i b l e  f o r  th e  i s o m e r is a t i o n  r a t e .

I n t e r p r e t a t i o n  o f  th e  k i n e t i c  param eters  o f  

a-M o2C l 4 ( d p p e ) 2 in  t h e  s o l i d  s t a t e  w i l l  be un d e r ta k e n  

a f t e r  p o s s i b l e  mechanisms a re  rev iew ed .

3 Mechanism

I s o m e r i s a t i o n  r e a c t i o n s  i n v o l v in g  q u a d ru p ly  bonded 

dimolybdenum complexes have been r e l a t i v e l y  few and 

p o s s i b l e  mechanisms have not  been w id e ly  d is c u s s e d .  

T h e r e f o r e  i t  i s  perhaps b es t  t o  look a t  t h e  p o s s i b l e  

mechanisms f o r  i n t r a m o l e c u l a r  rear rangem ents  o f  0  ̂

com plexe s .  F i g u r e  3 . 9  i l l u s t r a t e s  th e  f o u r  ways t h a t



93

0 ^ 1
v ^ - b /V

dextro

M

A -
(A)

A -

/ \
/> “ /

/

(B)

h 2oi

M

h 2o-

(C)

7 V ^

F i g u r e  3 . 9  P o s s i b l e  r earrangements  i n v o lv e d  in ..

i n t r a m n l e e u l a r  r a c e m is a t io n  o f  o c t a h e d r a l 

rM(N~N): T2+ rnmplexes^



94

M(N N )3 can race m ise  t o  th e  o p p o s i te  c o n f i g u r a t i o n .  The 

mechanisms shown in  f i g u r e s  3 . 9 ( a )  and (b )  i n v o l v e  m e t a l -  

l i g a n d  bond r u p t u r e ,  w h i l e  those in  f i g u r e s  3 . 9  ( c )  and 

( d )  p roce ed  by t w i s t i n g  mot ions o f  th e  c h e l a t e  r i n g s  and 

app ear  t o  i n v o l v e  no fo rm a l  m e ta l -m e ta l  bond c l e a v a g e . l t  

i s  d i f f i c u l t  t o  a s s ig n  which mechanism occurs  f o r  a 

p a r t i c u l a r  re a r ra n g e m e n t  and few processes have been 

c l a s s i f i e d  as hav in g  o n ly  one mechanism.

Two p o s s i b l e  mechanisms have been put  fo r w a r d  f o r  t h e  

a-|3 i s o m e r i s a t i o n  o f  Mo2X4 (P~P)2 complexes,  th e s e  two  

mechanisms a r e  s i m i l a r  t o  th e  two c la s s e s  o f  mechanism 

d e s c r i b e d  above.  One in v o lv e s  a Mo-P bond r u p t u r e  100 and 

t h e  o t h e r  proceeds  by an i n t e r n a l  f l i p  Qf  th e  

dimolybdenum u n i t .  The fo rm er  mechanism was suggested  by 

F r a s e r  e t  aj_ a f t e r  th e  o b s e r v a t io n  o f  th e  s o l u t i o n  

i s o m e r i s a t i o n  o f  th e  Mo2X4 (P~P)2 complexes.  Agaskar  and 

C o t to n  proposed th e  i n t e r n a l  f l i p  mechanism on th e  b a s is  

t h a t  a -M o 2C l 4 ! d p p e)2 is o m er is es  in  th e  s o l i d  s t a t e  and 

t h a t  t h i s  mechanism would a ls o  o p e ra te  in  t h e  s o l u t i o n  

phase.  Both mechanisms a r e  d es cr ibe d  in  d e t a i l  be low.

The bond d i s s o c i a t i o n  mechanism is  i l l u s t r a t e d  in  

f i g u r e  3 . 1 0 .  The i n i t i a l  s tep  i n v o lv e s  a Mo-P bond 

r u p t u r e .  T h i s  i s  f o l l o w e d  by r o t a t i o n  o f  t h e  two h a lv e s  o f  

t h e  m o le c u le  abo u t  t h e  m e t a l - m e t a l  bond. The t h i r d  s t e p  i s  

an Sn2 t y p e  a t t a c k  by th e  f r e e  end o f  t h e  d ip h o s p h in e
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l i g a n d  between th e  h a l i d e  atoms on the  o p p o s i te  molybdenum 

atom, th u s  d i s p l a c i n g  one end o f  th e  o t h e r  d ip h o s p h in e  

l i g a n d .  The 0 s t r u c t u r e  i s  completed in  th e  f i n a l  s te p  

when t h e  f r e e  phosphine end forms a second b r i d g i n g  r i n g .  

The f i n a l  two s te p s  may w e l l  be c o n c e r te d .  The r a t e  

d e t e r m i n i n g  s t e p  i s  p ro b a b ly  s tep  ( 2 ) ,  as o n ly  a r o t a t i o n  

abo ut  t h e  m e t a l - m e t a l  bond w i l l  d r a m a t i c a l l y  a f f e c t  t h e  

p o s i t i o n  and i n t e n s i t y  o f  th e  5 - 5 *  t r a n s i t i o n  and t h i s  i s  

what i s  b e in g  m on i to re d  when th e  i s o m e r is a t i o n  i s  f o l l o w e d  

by e l e c t r o n i c  s p e c t ro s c o p y  in  s o l u t i o n .

F i g u r e  3 .1 1  i l l u s t r a t e s  th e  i n t e r n a l  f l i p  mechanism. In  

t h e  a isom er  t h e  e i g h t  l i g a t o r s  can be co n s id e re d  as 

f o r m in g  t h e  e i g h t  c o rn e rs  o f  a cube as in  f i g u r e  3 . 1 1 ( a )  

( t h i s  a l m o s t  o ccurs  in  th e  c r y s t a l  s t r u c t u r e  o f  

a -M o2C l 4. ( d p p e ) 2 ) ■ The two molybdenum atoms each r e s i d e  a t  

t h e  c e n t r e  o f  o p p o s i t e  f a c e s  such t h a t  each d ip h o s p h in e  

l i g a n d  c h e l a t e s  t o  o n ly  one molybdenum atom. I f  th e  

d i m e t a l  u n i t  r o t a t e s  in  th e  p lane  p a r a l l e l  t o  t h e  paper  as 

i n  f i g u r e  3 . 1 1 ( b ) ,  t h i s  i n v o lv e s  no b l a t a n t  m e t a l - 1 i g a n d  

bond c l e a v a g e ,  o n ly  a gradual  e lo n g a t i o n  o f  th e  bonds.  

F i g u r e  3 . 1 1 ( c )  shows when th e  r o t a t i o n  has completed 9 0 ° ,  

t h i s  i s  e s s e n t i a l l y  a 0 s t r u c t u r e  w i t h  th e  d ip h o s p h in e  

l i g a n d s  now b r i d g i n g  th e  dimolybdenum u n i t .  Depending on 

t h e  n a t u r e  o f  th e  l ig a n d  some rearrangem ent  may occur  as 

in  f i g u r e  3 . 1 1 ( d )  and t h i s  may w e l l  be c o n c e r te d  w i t h  t h e  

f l i p .
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Which mechanism i s  o c c u r r in g  in  which phase? The f l i p  

mechanism i s  t h e  most p l a u s i b l e  in  th e  s o l i d  s t a t e  because  

i t  i s  u n l i k e l y  t h a t  th e  bond r u p tu r e  mechanism cou ld  

proceed  so c l e a n l y  a t  such high te m p e r a tu r e s .  These  

s t u d i e s  have been complemented by extended Huckel  

c a l c u l a t i o n s  on a s im p le  model complex, Mo2C14 (PH3 ) 4 , in  

o r d e r  t o  o b t a i n  an e s t i m a t e  o f  the  a c t i v a t i o n  energy  f o r  

th e  f l i p  mechanism in  th e  s o l i d  s t a t e .  The a c t i v a t i o n  

en e rg y  f o r  t h e  f l i p  mechanism is  th e  d i f f e r e n c e  in  ene rg y  

between t h e  ground s t a t e  and the  a c t i v a t e d  s t a t e ,  i . e .  t h e  

d i f f e r e n c e  in  energy  between f i g u r e s  3 . 1 1 ( a )  and ( b ) .  The 

ground s t a t e  f o r  t h i s  model complex i s  an a - t y p e  m o le c u le  

w i t h  each b i d e n t a t e  d iphosph ine  l ig a n d  r e p la c e d  by two  

m onophosphines . The a c t i v a t e d  s t a t e  i s  when t h e  r o t a t i o n  

i s  a t  4 5 ° ,  h e re  t h e  l ig a n d s  may have t o  s p la y  back t o  l e t  

th e  m e ta l  atoms pass th ro u g h .  Th is  Huckel c a l c u l a t i o n  

e s t i m a t e s  t h e  a c t i v a t i o n  energy as being a p p r o x im a t e l y  400  

kJmol-1  . O b v io u s ly  t h i s  i s  a very  crude v a lu e  as o n ly  

e l e c t r o n i c  f a c t o r s  a r e  cons idered  and th e  c a l c u l a t i o n  does 

n ot  t a k e  i n t o  account  any s t e r i c  f a c t o r s  o r  c o n f o r m a t io n a l  

c o n s i d e r a t i o n s .  However i t  i s  o f  the  same o r d e r  o f  

m agn i tude  as t h e  e x p e r im e n ta l  va lu e  (330 kJmol ^ ) ,  and 

t h i s  can be c o n s id e r e d  a good p iece  o f  e v id en ce  f o r  

f a v o u r i n g  t h e  f l i p  mechanism in the  s o l i d  phase.

R o t a t i n g  m eta l  f ra gm ents  w i t h i n  l ig a n d  cages a l s o  occ u r  

in  m e ta l  c l u s t e r  complexes.  One such example i s  Fe3(C0)- |2»
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h ere  t h e  Fe3 u n i t  was f i r s t  p o s tu la t e d  131 then  proven 132 

t o  r o t a t e  w i t h i n  t h e  f i x e d  l ig a n d  cage in  th e  s o l i d  phase  

by s o l i d  s t a t e  nmr. The s t r u c t u r e  o f  Fe3 (CO) 12 in  th e  

s o l i d  133 has been d e te rm in ed  and i s  shown in  f i g u r e  3 . 1 2 .  

The m o l e c u l e  i s  d i s o r d e r e d  c o n s is t i n g  o f  a c lo s e  t o  

i c o s o h e d r a l  a r ra n g e m e n t  o f  carbon monoxide l ig a n d s  w i t h  

two p o s s i b l e  o r i e n t a t i o n s  o f  the  i ro n  t r i a n g l e  r e l a t e d  by 

an i n v e r s i o n  c e n t r e ,  t h i s  i s  s c h e m a t ic a l l y  r e p r e s e n t e d  in  

f i g u r e  3 . 1 3 .  The s o l i d  s t a t e  nmr ^32 i s  c o n s i s t e n t  w i t h  a 

f l u x i o n a l  p r o c e s s  i n v o l v i n g  a r o t a t i o n  o f  th e  i r o n  

t r i a n g l e  between th e s e  two o r i e n t a t i o n s  as in  f i g u r e  3 . 1 3 .  

There  a r e  s i x  s i g n a l s  in  th e  s o l i d  s t a t e  13C nmr in  t h e  

r a t i o  2 : 2 : 2 : 2  : 2:  2 . T h is  f i t s  th e  scheme in  f i g u r e  3 . 1 3  

where t h e  e q u i v a l e n t  p a i r s  a re  1 and 5,  2 and 6,  3 and 8 ,

4 and 7,  9 and 12 and 10 and 11. T h is  process may a l s o  

occur  in  s o l u t i o n  bu t  i t  i s  not  th e  o n ly  mechanism as a l l  

t w e l v e  ca rb o n  monoxide l ig a n d s  are  e q u i v a l e n t  in  th e  

s o l u t i o n  nmr 134 } t h e r e  may be s e v e ra l  v i a b l e  mechanisms 

in  t h i s  phase .

Thus t h e  e v id e n c e  appears  to  fa v o u r  th e  i n t e r n a l  f l i p  

mechanism f o r  t h e  s o l i d  s t a t e  i s o m e r is a t i o n  o f  

a-Mo2C l 4 ( d p p e ) 2 . However th e  mechanism f o r  th e  s o l u t i o n  

i s o m e r i s a t i o n  o f  a -Mo2X4 (P~P)2 complexes i s  no t  so c l e a r  

c u t .  R e l e v a n t  e x p e r im e n ts  1^0 t h a t  have been c a r r i e d  o u t  

in  o r d e r  t o  h e l p  d e te r m in e  which mechanism i s  o c c u r r i n g  in  

s o l u t i o n  a r e  d is c u s s e d  h e re .  When a l a r g e  excess o f  h a l i d e



1 0 0

F ig u r e  3 . 1 2  S t r u c t u r e  o f  FegCCO) ^ o  in  th e  s o l i d  s t a t e .

F i g u r e  3 . i a  T w o  o b s e r v e d  o r i e n t a t i o n s  o f  F _ e a  i n  F e . q l C O l - i p j , .
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( e . g .  Ph^PX) i s  added t o  a s o l u t i o n  o f  an a isom er ,  then  

th e  r a t e  o f  i s o m e r i s a t i o n  i s  u n a f f e c t e d .  T h is  r u l e s  o u t  

any mechanism t h a t  i n v o l v e s  h a l i d e  d i s s o c i a t i o n  d u r in g  

i s o m e r i s a t i o n .  A ls o  when an excess o f  d iphosp h in e  l ig a n d  

i s  added t o  a s o l u t i o n  o f  an a isomer, aga in  t h e  r a t e  i s  

u n a f f e c t e d .  T h i s  r u l e s  o u t  any mechanism i n v o l v i n g  

co m p le te  d i s s o c i a t i o n  o f  th e  d iphosphine  l ig a n d  d u r in g  

i s o m e r i s a t i o n  as t h e  r a t e  would be r e t a r d e d  i f  t h i s  was 

th e  c a s e .  However excess d iphosphine  should  no t  a f f e c t  t h e  

r a t e  i f  t h e  mechanism in v o lv e s  on ly  one end o f  th e  

d i p h o s p h in e  b e in g  d i s s o c i a t e d .  Th is  l a s t  p ie c e  o f  

i n f o r m a t i o n  f a v o u r s  n e i t h e r  mechanism as th e  f l i p  

mechanism would  a l s o  not  be a f f e c t e d  by any excess  

d ip h o s p h in e  l i g a n d .  When PBun3 is  added t o  a s o l u t i o n  o f  

an a isom er  th e n  Mo2X4_(PBun3 is  formed in  p r e f e r e n c e  t o  

th e  (3 i s o m e r ,  t h i s  means t h a t  the  a isomer i s  

s u b s t i t u t i o n a l  1 y l a b i l e .  A s o l u t i o n  o f  th e  (3 isomer i s  

u n a f f e c t e d  by any PBun3 - Thus the  Mo-P bond must be e a s i l y  

c l e a v e d  i n  t h e  a isomer  f o r  t h i s  s u b s t i t u t i o n  t o  t a k e  

p l a c e .  T h i s  makes t h e  bond r u p tu r e  mechanism a v e ry  

f e a s i b l e  p r o c e s s .  A lso  t h i s  probab ly  r u l e s  o u t  th e  Mo-P 

bond r u p t u r e  as be ing  th e  r a t e  d e te rm in in g  s te p  in  t h e  

bond c l e a v a g e  mechanism (see  above) .  O ther  i s o m e r i s a t i o n  

r e a c t i o n s  o f  q u a d r u p ly  bonded dimolybdenum complexes in  

s o l u t i o n  may p r o v i d e  some c lu e s  in  f a v o u r  o f  one o f  t h e  

mechani sms.
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I n  t h e  I n t r o d u c t i o n  i t  was s t a t e d  t h a t  

M 0 2 C l2 ( 0 2 CCMe3 ) 2 ( p E t 3^2 64 e x i s t e d  in  two is o m e r ic  forms  

(see  f i g u r e  1 . 9 ) .  I t  was r e p o r te d  t h a t  th ese  isomers  

i n t e r c o n v e r t e d  in  s o l u t i o n  a l though no r a t e s  o r  mechanisms 

were g i v e n .  An i n t e r n a l  f l i p  can be r u le d  o u t  as t h i s  w i l l  

not  i n t e r c o n v e r t  t h e  isomers.  Green e t  a l  65 a l s o  i s o l a t e d  

isomers  o f  t h i s  t y p e  and r e p o r te d  slow i s o m e r i s a t i o n  in  

s o l u t i o n  as o bs erved  by nmr. A mechanism i n v o l v i n g  a 

minimum o f  a t  l e a s t  two bond c leavages  i s  r e q u i r e d  t o  

i n t e r c o n v e r t  t h e  isom ers ,  a l th ough  which two bonds would  

be broken  i s  n o t  known.

A n o th e r  complex f o r  which two geo m e tr ic  isomers have 

been s y n t h e s i s e d  i s  Mo2 (S 2PEt2 ) 4 135 , th ese  a r e  d e p ic t e d  

in  f i g u r e  3 . 1 4 .  The C2V isomer has two b r i d g in g  and two  

c h e l a t i n g  l i g a n d s  w h i l e  th e  form has a l l  f o u r  l i g a n d s  

b r i d g i n g .  S y n t h e s i s  o f  th e  C2V isomer i s  g iven  below

K4 Mo2C l 8 + N aEt2PS2 ---------------- *  Mo2 (S 2P E t2 )4 (C2 v )

The D4 f, fo rm  was made by d i s s o l v i n g  th e  C2v isomer in  

t e t r a h y d r o f u r a n  and c o o l i n g  th e  s a t u a r a t e d  s o l u t i o n  t o  

- 5 ° C ,  where  c r y s t a l s  o f  th e  D4  ̂ isomer a re  formed.  The 

f o r m u la  f o r  t h e  D4 h isomer i s  a c t u a l l y  Mo2 (S 2P E t2 ) 4 .THF 

where t h e r e  i s  a v e r y  long Mo-0 a x i a l  bond ( 3 . 1 0 7  A ) .  I n  

t e t r a h y d r o f u r a n  s o l u t i o n  a t  room t e m p e r a tu r e ,  t h e r e  i s  an 

e q u i l i b r i u m  o f  t h e  two isomers.  Th is  i s  m on i to red  by 31P
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nmr. No mechanism was put  ■forward f o r  th e  i n t e r c o n v e r s i o n  

o f  t h e  i s o m e r s .  An i n t e r n a l  f l i p  would not  r e s u l t  in  t h e  

d e s i r e d  i s o m e r i s a t i o n ,  t h i s  is  d e p ic te d  in  f i g u r e  3 . 1 5 .  

T h is  i l l u s t r a t e s  a sch em at ic  diagram f o r  th e  C2v 

isomer ( f i g u r e  3 . 1 5 ( a ) ) ,  a 9 0 °  r o t a t i o n  in  th e  p la n e  

p a r a l l e l  t o  t h a t  o f  t h e  paper con ver ts  i t  t o  f i g u r e  

3 . 1 5 ( b )  w h ich  i s  a n o th e r  C2v isomer where th e  l ig a n d s  t h a t  

were c h e l a t i n g  in  ( a )  a r e  now b r id g in g  and v i c e  v e r s a .  A 

d i f f e r e n t  9 0 °  r o t a t i o n  c o n v e r ts  ( a )  t o  ( c )  in  f i g u r e  3 . 1 5 ,  

( c )  i s  a new isom er  where a l l  f o u r  l ig a n d s  a r e  now 

c h e l a t i n g .  However t h e  31P nmr suggests no presence o f  a 

t h i r d  i s o m e r .  A bond r u p t u r e  mechanism cou ld  proceed v e r y  

e a s i l y  by d i s s o c i a t i o n  o f  one end o f  a c h e l a t i n g  l i g a n d  in  

th e  C2v is o m e r .  T h i s  f r e e  end o f  th e  l ig a n d  cou ld  th en  

make an S^2 a t t a c k  a t  th e  o p p o s i te  molybdenum d i s p l a c i n g  

one end o f  t h e  o t h e r  c h e l a t i n g  l ig a n d ,  which would then  

bond t o  t h e  o t h e r  molybdenum th e re b y  com p le t in g  th e  

t e t r a b r i d g e d  s t r u c t u r e .  The reve rs e  process cou ld  e a s i l y  

be a p p l i e d .  T h i s  mechanism is  a lmost  i d e n t i c a l  t o  t h a t  

proposed by F r a s e r  e t  al_ f o r  th e  s o l u t i o n  i s o m e r i s a t i o n  o f  

a-Mo2C l 4 ( d p p e ) 2 .

An i n t e r e s t i n g  r e c e n t  d is c o v e ry  has been th e  r e v e r s e  

i s o m e r i s a t i o n  r e a c t i o n ,  (3-*a, in  c e r t a i n  complexes.  One 

such compound which d i s p l a y s  t h i s  phenomenon i s  

Mo2C l 4 ( S - c h a i  r p h o s ) 2 101 ■ The a isomer o f  t h i s  complex i s  

s t a b l e  i n  s o l v e n t s  such as d ich lo ro m eth an e ,  a c e t o n i t r i l e
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and m e t h a n o l .  However when i t  i s  d is s o lv e d  in  benzene or  

t o l u e n e ,  t h e  13 isomer i s  formed ( i t  i s  d e f i n i t e l y  a 

s t a g g e r e d  P isom er  as i t  d is p la y s  o p t i c a l  a c t i v i t y  under  

th e  5 —6 *  t r a n s i t i o n ) .  When the  p isomer i s  r e d i s s o l v e d  in  

t h e  above n o n - a r o m a t i c  s o l v e n t s ,  th e  a isomer i s  formed.  

Both o f  t h e s e  isom ers  a r e  a i r  s e n s i t i v e .  The energy  

d i f f e r e n c e  between t h e  two isomers must be f a i r l y  sm al l  

f o r  t h i s  i n t e r c o n v e r t a b i 1i t y  to  occur .

T h i s  r e v e r s e  i s o m e r i s a t i o n  i s  a ls o  d i s p la y e d  in  

Mo2C l 4 ( d t p d ) 2 1 3 6 - The dtpd l ig a n d  i s  v e ry  s i m i l a r  in  

s t r u c t u r e  t o  dppe.  One major  d i f f e r e n c e  between t h e  a and 

P iso m ers  o f  Mo2C l 4 ( d t p d ) 2 and those o f  Mo2C l 4 ( d p p e ) 2 i s  

t h a t  t h e  isom ers  o f  th e  form er  complex a r e  much more 

s o l u b l e .  a -M o 2C l 4 ( d t p d ) 2 isom er ises  to  th e  P form when 

d i s s o l v e d  i n  d i c h lo r o m e t h a n e ,  however when a s o l u t i o n  o f  

t h e  p u re  p isom er  in  th e  same s o l v e n t  i s  mixed c a r e f u l l y  

w i t h  m ethano l  then  c r y s t a l l i s a t i o n  o f  th e  le s s  s o l u b l e  a 

isomer o c c u r s .  Thus both isomers can i n t e r c o n v e r t  w i t h  

eas e .  The e n e rg y  d i f f e r e n c e  between th e  two isomers must 

be f a i r l y  s m a l l  and in t e r c o n v e r s i o n  can ta k e  p la c e  i f  t h e  

r i g h t  c o n d i t i o n s  a r e  chosen.
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4 C o n c lu s io n s

The mechanism f o r  th e  s o l i d  s t a t e  i s o m e r is a t i o n  o f  

a-Mo2C l 4 ( d p p e ) 2 appears  t o  be the  Mo2 f l i p .  The p r e c e d e n t  

o f  r o t a t i n g  m eta l  f ra g m en ts  in  th e  s o l i d  s t a t e  by meta l  

c l u s t e r s  and t h e  Huckel c a l c u l a t i o n  on Mo2C l 4 (PH3 )4 seem 

s u f f i c i e n t  e v i d e n c e .  In  s o l u t i o n  th e  f a c t s  tend  t o  f a v o u r  

th e  bond b r e a k i n g  mechanism, as a l l  the  examples o f  th e  

i s o m e r i s a t i o n  in  s o l u t i o n  o f  o t h e r  dimolybdenum complexes  

appear  t o  have t h e  bond c leavage  mechanism as t h e  o n ly  

r e a l i s t i c  pathway t o  i s o m e r is a t i o n .

The k i n e t i c  p a ra m e te rs  f o r  th e  s o l i d  s t a t e  and s o l u t i o n  

i s o m e r i s a t i o n  o f  a -Mo2C l 4 (d p p e )2 a re  d r a s t i c a l l y  

d i f f e r e n t .  The a c t i v a t i o n  energy i s  much l a r g e r  in  th e  

s o l i d  s t a t e  as much h ig h e r  tem p era tu res  a r e  r e q u i r e d  t o  

a c h ie v e  t h e  same r a t e  in  t h i s  phase compared t o  t h e  

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

d e f i n e ,  a l a r g e  p o s i t i v e  v a lu e  means t h a t  th e  t r a n s i t i o n  

s t a t e  i s  more d i s o r d e r e d  and has more degrees o f  f reedom  

to  r o t a t e .  Thus in  th e  s o l i d  s t a t e  r e a c t i o n ,  perhaps t h e  

Mo2 u n i t  i s  w h i z z i n g  about  r a p i d l y .  The f a c t  th e  

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

th e  d i f f e r e n t  phases i s  perhaps i n d i c a t i v e  t h a t  t h e r e  a r e  

s e p a r a t e  mechanisms o c c u r r in g  in  each phase
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The e n e rg y  d i f f e r e n c e  between r e s p e c t iv e  a and |3 

isomers must be f a i r l y  smal l  and most can p ro b a b ly  

i n t e r c o n v e r t ,  a l t h o u g h  t h i s  has o n ly  been observed in  a 

few c a s e s .  However t h e r e  w i l l  be isomers where  

i n t e r c o n v e r s i o n  i s  v i r t u a l l y  im poss ib le  because o f  s e v e r e  

s t e r i c  c ro w d in g  i n  t h e  a isomer,  e . g .  a-Mo2C l 4 ( S , S - d p p b ) 2 •
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C h a p te r .  F o u r :  SUBSTITUTION REACTIONS OF DIMOLYBDENUM

COMPLEXES
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1 G e n e r a l  O verv iew

T h i s  c h a p t e r  d e a ls  w i t h  p a r t i a l  or  t o t a l  l ig a n d  

s u b s t i t u t i o n  o f  v a r i o u s  quadrup ly  bonded dimolybdenum 

complexes and t h e  novel  p o in t s  ra is e d  by these  r e a c t i o n s .  

I t  i s  i m p o r t a n t  t o  n o te  here  t h a t  some o f  th e  complexes  

made below a r e  a i r  s e n s i t i v e  and appear t o  a n a ly s e  v e ry  

p o o r l y ,  i n c l u d i n g  one c h a r a c t e r is e d  by X - r a y  

c r y s t a l l o g r a p h y  7 1 . Co t ton  e t  M  71 have worked on s i m i l a r  

c l a s s e s  o f  complexes and have a ls o  exp er ien ced  t h i s  

problem .  T h e r e f o r e  t h e  a n a l y s i s  o f  these  complexes can be 

reg ard e d  w i t h  some s c e p t i c i s m .  C h a r a c t e r i s a t i o n  o f  th e s e  

s p e c ie s  has been based m a in ly  on the  s p e c t r a l  d a ta  

c o l l e c t e d .

2 S t r u c t u r e  o f  fMo2 ( 0 2CCH3 ) 2 ^CH3CN^6^ BF4 ^2 and

r e a c t i o n  w i t h  dppm

The complex [Mo2 ( 0 2 CCH3 ) 2 (CH3CN)6 ] [B F 4 ] 2 has r e c e n t l y  

been s y n t h e s i s e d  and s t r u c t u r a l l y  c h a r a c t e r i s e d  by X - r a y  

c r y s t a l  1 ograp hy  by two independent  groups o f  w orkers  

7 ^ ’ 7^. The s t r u c t u r e  o f  th e  [ M o 2 ( 0 2 CCH3 ) 2 (CH3CN)0 ] ^ + 

c a t i o n  i s  shown in  f i g u r e  4 . 1 .  The two a c e t a t e  groups a r e  

in  a c i s  a r ra n g e m e n t  and two o f  th e  s i x  a c e t o n i t r i l e  

m o le c u le s  a r e  a t t a c h e d  a x i a l l y  to  the  m e t a l - m e t a l  bond.  

I n t e r e s t i n g l y , t h e  s o l u t i o n  nmr 7  ̂ o f  t h i s  complex  

d i s p l a y s  o n l y  one s i g n a l  f o r  th e  methyl pro tons  o f  t h e  

a c e t o n i t r i l e  m o le c u le s ,  i n d i c a t i n g  t h a t  a l l  s i x
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a c e t o n i t r i 1es a r e  e q u i v a l e n t  in  s o l u t i o n .  T h i s  i m p l i e s  

t h a t  t h e  a c e t o n i t r i l e s  in  t h i s  complex a r e  l a b i l e  and may 

be s u s c e p t i b l e  t o  s u b s t i t u t i o n  by v a r i o u s  l i g a n d s .  T h i s  

complex was made a n a l y t i c a l l y  pure by P i m b l e t t  7 2 , b u t  

C o t t o n  e t  aj_ 7  ̂ cou ld  no t  o b t a i n  good r e p r o d u c i b l e  

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

P i m b l e t t  137 r e a c te d  [Mo2 ( 0 2CCH3 ) 2 (CH3CN)6 ] [ B F 4 ] 2 w i t h  

dppm t o  g i v e  an a i r  s e n s i t i v e  p u r p le  p r o d u c t  which was 

c h a r a c t e r i s e d  f rom  s p e c t r a  and a n a l y s i s  as 

[Mo2 ( 0 2CCH3 ) 2 (dppm)(CH3CN)2 1 [BF4 ] 2 . The s t r u c t u r e  o f  t h i s  

complex was t h o u g h t  t o  c o n t a i n  c i s  a c e t a t e  g roups ,  w i t h  

t h e  dppm l i g a n d  b r i d g i n g  across  th e  m e t a l - m e t a l  bond. T h i s  

complex was no t  s t r u c t u r a l l y  c h a r a c t e r i s e d  and w i l l  be 

d is c u s s e d  l a t e r .

3 R e a c t io n  o f  [Mo2 ( 0 2CCH3 ) 2 (CH3CN)fil f B F ^ 12 w i t h  dmpe

I n  t h i s  p r o j e c t  [Mo2 ( 0 2CCH3 ) 2 (CH3CN)6 ] [ B F 4 ] 2 was 

r e a c t e d  w i t h  t h e  le s s  s t e r i c a l l y  b u lk y  l i g a n d ,  dmpe, t o  

see i f  any f u r t h e r  s u b s t i t u t i o n  cou ld  t a k e  p l a c e .  I n  f a c t  

t h e  p r o d u c t  f rom t h i s  r e a c t i o n  i s  an a i r  s t a b l e  o range  

s o l i d .  The i n f r a r e d  spectrum ,  f i g u r e  4 . 2 ,  i n d i c a t e s  t h e  

p re s e n c e  o f  a c e t a t e  and d ipho sp h in e  l i g a n d s .  However t h e r e  

i s  no i n d i c a t i o n  o f  t h e  presence o f  a c e t o n i t r i l e .  A n a l y s i s  

s u g g e s ts  t h e  complex has t h e  f o r m u la
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[Mo2 ( 0 2 CCH3 ) 2 (dm pe)2 ] [ B F 4 ] 2 i a l th o u g h  t h e  carbon a n a l y s i s  

i s  somewhat h i g h .  There  a r e  t h r e e  p o s s i b i l i t i e s  f o r  t h e  

s t r u c t u r e  o f  t h e  [Mo2 ( 0 2CCH3 ) 2 ( dmpe)2 ] 2+ c a t i o n ,  t h e s e  a r e  

d e p i c t e d  in  f i g u r e  4 . 3 .  I n  f i g u r e  4 . 3 ( a ) ,  t h e  a c e t a t e  

groups a r e  t r a n s  t o  each o t h e r  and t h e  dmpe l i g a n d s  a r e  

b r i d g i n g  t h e  q u a d r u p le  bond. There  i s  a c i s  a r ra n g e m e n t  o f  

a c e t a t e s  in  f i g u r e  4 . 3 ( b ) ,  a g a in  t h e  dmpe l i g a n d s  a r e  

b r i d g i n g  t h e  m e t a l - m e t a l  bond. In  f i g u r e  4 . 3 ( c ) ,  t h e  dmpe 

l i g a n d s  each c h e l a t e  t o  a d i f f e r e n t  molybdenum atom w h i l e  

t h e  a c e t a t e  groups a r e  c i s  t o  each o t h e r .  A d i s c u s s io n  o f  

t h e  s p e c t r a  o f  t h e  c a t i o n  w i l l  h e lp  t o  e l u c i d a t e  t h e  

s t r u c t u r e .

The 1H nmr o f  [Mo2 (C>2CCH3 ) 2 (clmpe)2 ] [BF4J 2 was re c o rd e d  

i n  d ic h lo r o m e t h a n e  and i s  shown in  f i g u r e  4 . 4 .  The s i n g l e t  

a t  2 . 8 4  p .p .m  can be a s c r ib e d  t o  t h e  s i x  a c e t a t e  methy l  

p r o t o n s  and i s  com parab le  w i t h  t h e  s i g n a l  a t  2 . 8 2  p .p .m  in  

[Mo2 ( O2CCH3 ) 2 (CH3C N )g ] [B F 4 ] 2 * The s i g n a l s  due t o  t h e  

p r o t o n s  in  t h e  dmpe l i g a n d  may be ass ig n ed  as f o l l o w s ;  t h e  

p r o t o n s  in  t h e  carbon backbone o f  t h e  l i g a n d  g i v e  r i s e  t o  

t h e  broad resonance a t  2 . 0  p .p .m ;  w h i l e  t h e  q u i n t e t  a t  

1 . 3 4  p .p .m  a r i s e s  f rom t h e  P-Me p r o t o n s .  These P-Me 

p r o t o n s  d i s p l a y  an A3A ’ 3 BB’ c o u p l in g  which i m p l i e s  

s t r o n g l y  c ou p le d  phosphorus atoms.  The c o u p l i n g  c o n s t a n t  

( 2Jpp)  i s  g e n e r a l l y  t e n  t im e s  l a r g e r  f o r  t r a n s  th an  f o r  

c i s  phosphorus atoms 138; t h i s  f a v o u r s  t h e  s t r u c t u r e  

d e p i c t e d  in  f i g u r e  4 . 3 ( a ) .  The 3 1 p - { 1 n }  nmr o f  t h i s  

complex d i s p l a y s  a s i n g l e t  a t  4 .81  p .p .m .  T a b le  4 .1  shows
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Tfrble  4 .1 Chemical S h i f t s  in  th e  31p ^mr Qf  some M u l t i p l y

Bonded D im eta l  Complexes C o n t a in i n g  D ip h o s p h in e  

Ligands ( V a lu e s  vs 85% HgPOvjl

Complex 6 R e f .

IB-Mo2C l 4 (dppm)2 + 1 6 . 1 4 139

(3-Mo2B r 4 ( dppm) 2 + 1 4 . 8 5 139

B-Mo2 I 4 (dppm) 2 + 1 2 . 4 3 139

|3- Mo2C l 4 (dmpm)2 - 0 . 7 7 85

(3-Mo2 I 4 ( dppe ) 2 + 14 . 9 90

[ Mo2 ( O2CCH3 ) 2 ( dmpe) 2 ] + 4 . 81 t h i s  work

|3-Re2C l 4 (dppm) (dppe) + 3 . 0 , - 5 . 7 140

a - R e 2C l 4 ( d p p e e )2 + 2 9 . 6 104

3 - R e 2C l 4 ( d p p e e ) 2 + 5 . 6 104

t h a t  t h i s  v a l u e  i s  s i m i l a r  t o  th o se  o f  complexes w i t h  two  

t r a n s  d ip h o s p h in e  l i g a n d s .  Thus th e  s p e c t r o s c o p y  o f  

[Mo2 ( 0 2CCH3 ) 2 (dm pe)2 ] [ B F 4 ]2 suggests  a s t r u c t u r e  

c o n t a i n i n g  t r a n s  d ip h o s p h in e  and t r a n s  a c e t a t e  l i g a n d s .  

T h i s  was c o n f i rm e d  by X - r a y  c r y s t a l l o g r a p h y .

4 C r y s t a l  S t r u c t u r e  o f  [MoofO g C C H g ^ C d m p e ^ ] [BF4 l 2

The [MO2 ( 0 2CCH3 ) 2 (clmpe)2 ] [BF4 ] 2 complex was 

r e c r y s t a l l i s e d  from a c e t o n i t r i l e  and grew as t r a n s l u c e n t  

o ra n g e  p r is m s .  The d e t a i l s  o f  t h e  c o l l e c t i o n  o f  t h e  

r e s u l t s  a r e  d e s c r ib e d  in  t h e  e x p e r im e n t a l  s e c t i o n .  The
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m o le c u le  a c t u a l l y  c r y s t a l l i s e s  as 

[M0 2 (O2CCH3 ) 2 ( dmpe) 2 ] [ BF4 ] £ . CH3CN. T h e re  a r e  two  

i n d e p e n d e n t  m o le c u le s ,  1a and 1b, in  t h e  u n i t  c e l l  and 

t h e s e  a r e  shown in  f i g u r e s  4 . 5 ( a )  and ( b )  r e s p e c t i v e l y .  A 

v ie w  down t h e  m e t a l - m e t a l  bond o f  m o le c u le  1a i s  d e p i c t e d  

i n  f i g u r e  4 . 6 .  The two c a t i o n s ,  1a and 1b, a r e  v i r t u a l l y  

i d e n t i c a l  hav in g  t r a n s  a c e t a t e  and t r a n s  dmpe l i g a n d s .

Both m o le c u le s  have a t w i s t  a n g le  o f  0 ° ,  t h i s  i s  a d i r e c t  

e f f e c t  o f  t h e  a c e t a t e  groups which ten d  t o  produce  

e c l i p s e d  s t r u c t u r e s .  A l i s t  o f  t h e  main bond l e n g t h s  and 

bond a n g le s  o f  t h e  two m o lecu les  i s  shown in  t a b l e  4 . 2 .

The Mo-Mo bond le n g t h s  a r e  v e r y  s i m i l a r  f o r  both  

com plexes ,  2 . 0 9 9 ( 1 )  A f o r  1a and 2 . 0 9 6 ( 1 )  A f o r  1b. These  

bond l e n g t h s  a r e  s i m i l a r  t o  o t h e r  q u a d r u p ly  bonded 

dimolybdenum complexes w i t h  two t r a n s  c a r b o x y l a t e  l i g a n d s  

( s e e  t a b l e  1 . 2 ) .

The most s i g n i f i c a n t  d i f f e r e n c e  between 1a and 1b i s  

t h e  C-C bond l e n g t h  in  th e  dmpe l ig a n d  backbone.  I n  1a 

t h i s  bond l e n g t h  i s  normal ( 1 . 4 6  A) whereas in  1b i t  i s  

v e r y  s h o r t  ( 1 . 2 0  A) and th e  a n i s o t r o p i c  th e rm a l  p a r a m e te r s  

f o r  C ( 7)  and C ( 8 ) a r e  v e r y  l a r g e .  T h is  phenomenon o cc u rs  

commonly in  dmpe complexes 23 ,141  ancj -js mQs t  l i k e l y  due 

t o  a r i n g  f l i p p i n g  process  between t h e  X anc* 5 

c o n f i g u r a t i o n s  o f  t h e  s i x  membered r i n g s  ( s e e  chp 5 s e c t . 6 

f o r  n o t a t i o n  on b r i d g i n g  r i n g s ) ,  o r  a s t a t i c  

c o n f o r m a t i o n a l  d i s o r d e r .
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F i g u r e  4 . 5 C r y s t a l  s t r u c t u r e  o f  t h e  fMc^fOgCCHg ) o (dmpe ) o l 2+ c a t i o n^
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C(6)
C(5)

C(22J PC2) CC21) 
> C(1DC(12)

P(1)

C(1)
o o

0(1)

C (2 J M od) C(210 (2)

m ')

F i g u r e  4 . 6  View down th e  Mo-Mo bond o f  m o le c u le  1a.
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T a b le  4 . 2  S e le c t e d  Bond Lengths (A)  and Angles  ( ° )  f o r  t h e  

Complex [MQ2 ( 02 CCH3 ) 2 (dm pe)2 lTBF^Ig.CHgCN

Bond Lenqths

M o le c u le 1a M o le c u le 1b

Mo( ) - M o ( 1 ’ ) 2 . 0 9 9 ( 1  ) Mo(2 ) - M o ( 2 ’ ) 2 . 0 9 6 ( 1 )

Mo( ) - P ( 1 ’ ) 2 . 5 4 2 ( 3 ) Mo(2 ) - P ( 3 ’ ) 2 . 5 4 9 ( 3 )

Mo( ) - P ( 2 ) 2 . 5 5 2 ( 3 ) Mo(2 ) - P ( 4 ) 2 . 5 4 4 ( 3 )

Mo( ) - 0 ( 1) 2 . 1 0 6 ( 6 ) Mo(2 ) - 0 ( 3) 2 . 1 2 4 ( 6 )

Mo( ) - 0 ( 2 ’ ) 2 . 1 0 0 ( 6 ) Mo(2 ) - 0 ( 4  * ) 2 . 1 1 6 ( 6 )

C(1 - 0 ( 1  ) 1 . 2 8 ( 1  ) C ( 3 ) - 0 ( 3) 1 . 2 7 ( 1  )

C(1 - 0 ( 2 ) 1 . 2 8 ( 1 ) C ( 3 ) - 0 ( 4 ) 1 . 2 6 ( 1 )

C(1 - C (  2) 1 . 4 8 ( 1  ) C ( 3 ) - C ( 4 ) 1 . 4 9 ( 1  )

P(1 - C (  5) 1 . 8 3 ( 1  ) P ( 3 ) - C ( 7 ) 1 . 7 5 ( 1  )

P(1 - C ( 11) 1 . 8 0 ( 1  ) P ( 3 ) - C ( 31 ) 1 . 8 1 ( 1  )

P(1 - C ( 12) 1 . 8 2 ( 1  ) P ( 3 ) - C ( 32) 1 . 7 9 ( 1 )

P( 2 - C (  6 ) 1 . 8 4 ( 1  ) P ( 4 ) - C ( 8 ) 1 . 7 9 ( 1  )

P( 2 - C ( 21 ) 1 . 8 1 ( 1  ) P ( 4 ) - C ( 4 1 ) 1 . 8 0 ( 1 )

P( 2 - C ( 22 ) 1 . 8 0 ( 1  ) P ( 4 ) - C ( 42 ) 1 . 8 0 ( 1  )

C( 5 - C (  6 ) 1 . 4 6 ( 1  ) C ( 7 ) - C ( 8 ) 1 . 2 0 ( 1 )
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T a b le  4 . 2  c o n t in u e d

Bond Angles

M o le c u le  1a M o le c u le 1b

M o ( 1 ) - M o ( 1 * ) - P ( 1 ) 1 0 6 . 3 ( 1 ) Mo(2 ) - M o ( 2 * ) - P ( 3 ) 1 0 7 . 5 ( 1 )

M o ( 1 ’ ) - M o ( 1 ) - P ( 2 ) 1 0 7 . 5 ( 1 ) Mo(2 * ) - M o ( 2 ) - P ( 4 ) 1 0 6 . 7 ( 1 )

M o ( 1 ) - M o ( 1 ’ ) - 0 ( 2 ) 9 1 . 9 ( 2 ) Mo(2 ) - M o ( 2 ’ ) - 0 ( 4 ) 9 1 . 9 ( 2 )

M o ( 1 ’ ) - M o ( 1 ) - 0 ( 1 ) 9 1 . 9 ( 2 ) Mo(2 ’ ) - M o ( 2 ) - 0 ( 3 ) 9 1 . 1 ( 2 )

M o ( 1 ) “ 0 ( 1 ) - C ( 1 ) 1 1 7 . 3 ( 6 ) Mo(2 ) - 0 ( 3 ) - C ( 3) 1 1 7 . 9 ( 6 )

M o ( 1 ’ ) - 0 ( 2 ) - C ( 1) 1 1 7 . 5 ( 6 ) Mo(2 ’ ) - 0 ( 4 ) - C ( 3) 1 1 7 . 8 ( 6 )

0 ( 1 ) - C ( 1 ) - 0 ( 2 ) 1 2 1 . 5 ( 8 ) 0 ( 3 ) - C ( 3 ) - 0 ( 4 ) 1 2 1 . 8 ( 8 )

0 ( 1 ) - C ( 1 ) - C ( 2) 1 1 9 . 9 ( 9 ) 0 ( 3 ) - C ( 3 ) - C ( 4 ) 1 1 8 . 8 ( 9 )

0 ( 2 ) - C ( 1 ) - C ( 2 ) 1 1 8 . 6 ( 9 ) 0 ( 4 ) - C ( 3 ) - C ( 4 ) 1 2 0 . 1 ( 8 )
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These two fu sed  r i n g s  have o p p o s i t e  c o n f i g u r a t i o n s  and 

t h e r e f o r e  t h e  complex has no o v e r a l l  c h i r a l i t y .

A m a jo r  d i f f e r e n c e  between [Mo2 ( 0 2CCH3 ) 2 (dm pe)2 ] 2+ and 

o t h e r  dmpe complexes i s  t h e  Mo-Mo-P bond a n g le  which i s  

1 0 6 . 9 °  in  t h e  c a t i o n i c  s p e c ie s .  T h is  v a l u e  i s  

s i g n i f i c a n t l y  l a r g e r  than  in  |B-Mo2C l 4 (dmpe)2 ( 9 8 . 4 ° )  91 

and (3-M o2B r4 (dmpe)2 ( 1 0 1 . 3 ° )  2 3 , both o f  t h e s e  complexes  

have s t a g g e r e d  c o n fo r m a t io n s  w i t h  t w i s t  a n g le s  o f  4 0 . 0 °  

and 3 6 . 8 °  r e s p e c t i v e l y .  The l a r g e r  bond a n g le  in  t h e  

c a t i o n i c  s p e c ie s  i s  exp ec ted  because in  o r d e r  t o  be a b l e  

t o  be e c l i p s e d ,  t h e  Mo-Mo-P a n g le  must be s p la y e d  back 

more th a n  in  th e  s ta g g e re d  complexes which have lo n g e r  Mo- 

Mo bond l e n g t h s .  The Mo-Mo-0 bond a n g le s  in  th e  

[Mo2 ( 0 2 CCH3 ) 2 (dm pe)2 ] 2+ c a t i o n  a r e  a l l  v e r y  c l o s e  t o  9 0 ° ;  

t h i s  i s  a common f e a t u r e  in  a l l  dimolybdenum complexes  

c o n t a i n i n g  c a r b o x y l a t e  l i g a n d s .

The s i x  membered r in g s  formed by t h e  dmpe l i g a n d s  and 

t h e  dimolybdenum u n i t  t a k e  up a novel  h a l f  c h a i r  

c o n f o r m a t io n ;  t h i s  i s  shown t o  good e f f e c t  in  f i g u r e s  4 . 5  

and 4 . 6 .  The fused  double  r i n g  system can be c o n s id e r e d  as  

a h e t e r o n u c l e a r  e q u i v a l e n t  o f  1 , 2 , 3 , 4 , 5 , 6 , 7 ,8  

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

t h e  n e x t  c h a p t e r  a long  w i t h  ana logous c h i r a l  com plexes .

The s t r u c t u r a l  s k e l e t o n  o f  th e  [MO2 ( 0 2 CCH3 ) 2 (dm pe)2 ] 2+ 

c a t i o n  must be v e r y  r i g i d  because t h e  nmr s o l u t i o n  

s pe c trum  i s  unchanged when coo led  t o  - 4 0 ° C .
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The e l e c t r o n i c  a b s o r p t i o n  spectrum o f  

[Mo2 ( 0 2 CCH3 ) 2 (dm pe)2 ] 2+ i s  shown in  f i g u r e  4 . 7 .  The 6 - 5 *  

t r a n s i t i o n  occurs  a t  19 880 cm" 1 and has an e x t i n c t i o n  

c o e f f i c i e n t  o f  1 332 mol" 1 1 cm"1 . I t  i s  more i n t e n s e  th a n  

t h e  5 - 5 *  t r a n s i t i o n  o f  Mo2 ( 0 2 CCH3 ) 4  ( i  -  100 mol-1 1 

cm"1 ) ,  t h i s  i s  due t o  th e  i n t e n s i t y  s t e a l i n g  mechanism 

o p e r a t i n g  because t h e  Mo-Mo-P bond a n g le  d e v i a t e s  

c o n s i d e r a b l y  from 9 0 °  (see  chp 1 s e c t . 1 . 3 ) .  However i t  i s  

n o t  as i n t e n s e  as in  some o t h e r  complexes ( e . g .

Mo2C l 4 (PMe3 ) 4 where t  ~ 3 110 mol-1 1 cm- 1 ) 2 6 , because  

t h e  p rese n ce  o f  two a c e t a t e  groups means t h a t  t h e r e  a r e  

o n l y  f o u r  Mo-Mo-L bond a n g le s  which d e v i a t e  f rom  9 0 ° ,  

w hereas in  Mo2C14 (PMe3 ) 4 t h e r e  a r e  e i g h t  and t h e r e f o r e  

more o r b i t a l  m ix in g .  Thus [Mo2 (C>2CCH3 ) 2 (dm pe)2 ] 2+ i s  o f  

i n t e r m e d i a t e  i n t e n s i t y  and i l l u s t r a t e s  t h e  dependence o f  

o t h e r  f a c t o r s  a p a r t  f rom 5 o v e r l a p  on t h e  i n t e n s i t y  o f  t h e

5 - 5 *  t r a n s i t i o n .

The resonance Raman spectrum ( 4 8 8 . 0  nm e x c i t e d )  was 

a l s o  reco rd e d  and d is p l a y e d  a s h o r t  p r o g r e s s io n  in  t h e  

Mo-Mo s t r e t c h i n g  v i b r a t i o n  w i t h  a wavenumber o f  391 cm"1 . 

T h i s  v a l u e  i s  j u s t  lower  than  t h a t  found in  Mo2 ( 0 2 CCH3 )4  

( 406  cm"1 ) and i s  c o n s i s t e n t  w i t h  a s h o r t  and s t r o n g  

m e t a l - m e t a l  bond.
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F i g u r e  4 . 7  A b s o r p t io n  spectrum o f  [Mog COgC C ^ ^ (dmpe ) o l 2 +  

in  CH3CN.
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5 Mechanism o f  t h e  r e a c t i o n  o f  [ Mo2 ( OgCCHg ) 2 ( CH3CN) 6 ] 2+

w i t h  D ioho sph ine  L igands

I n  t h e  r e a c t i o n  o f  dmpe w i t h  [Mo2 ( 0 2 CCH3 ) 2 (CH3CN)6 ] 2 + , 

an i n t e r e s t i n g  s i t u a t i o n  a r i s e s  in  which t h e  r e a c t a n t  has  

a l l  o f  t h e  a c e t a t e s  in  t h e  c i s  a rrangem ent  whereas in  t h e  

p r o d u c t  a l l  t h e  m o le c u le s  have t r a n s  a c e t a t e s .  T h i s  i s  t h e  

f i r s t  example  o f  a r e a c t i o n  i n v o l v i n g  a q u a d r u p ly  bonded 

dimolybdenum b i s - c a r b o x y 1 a t e  s p e c ie s  hav in g  100% 

c o n v e r s i o n  f rom  c i s  t o  t r a n s . There  a r e  examples where  

i n t e r c o n v e r s i o n  t a k e s  p la c e  between g e o m e t r ic  isomers  

( e . g .  Mo2C l 2 ( 0 2CCMe3 ) 2 ( P E t 3 ) 2 and Mo2C12 ( 0 2CCH3 ) 2 (PX3 ) 2 ) . 

However in  t h e s e  cases 6 4 100% c o n v e r s io n  i s  no t  

a c h i e v e d ,  o n l y  an e q u i l i b r i u m .

The r e a c t i o n  o f  [Mo2 ( 0 2CCH3 ) 2 (CH3CN)6 ] 2+ w i t h  S ,S -d p p b  

produ ces  a p u r p l e  s o l i d  which a n a ly s e s  c l o s e  t o  th e  

f o r m u l a  [Mo2 ( 0 2CCH3 ) 2 ( S , S - d p p b ) ( C H 3CN)2 ] [ B F 4 ] 2 . The S , S -  

dppb l i g a n d  i s  d e f i n i t e l y  p r e s e n t  in  a b r i d g i n g  mode 

because t h e r e  i s  a m easurab le  cd spectrum  under  t h e  6 - 6 *  

t r a n s i t i o n .  In  f a c t  t h e  complex appears  v e r y  s i m i l a r  t o  

t h e  [Mo2 ( 0 2CCH3 ) 2 (dppm)(CH3CN)2 ] 2+ c a t i o n  1 3 7 . Both o f  

t h e s e  complexes a r e  d e s ig n a te d  t o  have c i s  a c e t a t e  groups  

because o f  t h e  s i m i l a r i t y  o f  t h e i r  s p e c t r a  t o  t h a t  o f  

[Mo2 ( 0 2CCH3 ) 2 ( CH3CN) e 12+ > see t a b l e  4 . 3 .  However t h e r e  i s  

no reason  t o  s u s p e c t  t h a t  t r a n s - b i s  d ip h o s p h in e  complexes  

sh o u ld  n o t  e x i s t  c o n t a i n i n g  th e  l ig a n d s  dppm and S , S -  

dppb.
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T a b le  4 . 3  S e le c t e d  E l e c t r o n i c  S p e c t r a l  Da ta  For

Complex C o lo u r 5 - 5 * (nm)

[Mo2 ( 0 2CCH3 ) 2 ( dppm) ( CH3CN) 2 ] 2+ p u r p l e 541 c i s

[M O 2(02CCH3)2 ( S , S - d p p b ) ( C H 3CN)2 32+ p u r p l e 536 c i s

[ Mo2 ( 0 2CCH 3 ) 2 ( CH3CN) 6 ] 2+ red 531 c i s *

[ Mo2 ( 0 2CCH3 ) 2 ( dmpe) 2 ] 2+ orange 503 t r a n s :

[ Mo2 ( 0 2CCH3 ) 2 ( S , S -d p p b ) 2 ] 2+ orange 492 t r a n s

*  -  f ro m  c r y s t a l  s t r u c t u r e

In d e e d  t r a n s  e c l i p s e d  s t r u c t u r e s  a r e  found in  

|3-M0 2 C l 4 (dppm)2 83 and in  one o f  c r y s t a l l o g r a p h i c  form s o f  

3-M o2 l 4. (d p p e )2 9 0 - A c i s - b i s  d ip h o s p h in e  complex (a s  in  

f i g u r e  4 . 3 ( a ) )  i s  e x t r e m e l y  u n l i k e l y  because o f  t h e  

u n f a v o u r a b l e  i n t e r a c t i o n s  a r i s i n g  between t h e  a d j a c e n t  

s u b s t i t u e n t s  on t h e  phosphorus atoms.

The f i r s t  s te p  o f  t h e  r e a c t i o n  o f  

[M0 2 ( O2CCH3 ) 2 (CH3C N )g ]2+ w i t h  d ip h o s p h in e  l i g a n d s  w i l l  be 

t h e  d is p la c e m e n t  o f  two a c e t o n i t r i l e  m o le c u le s  which w i l l  

be r e p l a c e d  by a s i n g l e  b r i d g i n g  d ip h o s p h in e  l i g a n d .  I n  

t h e  case  o f  t h e  dmpe l i g a n d ,  in  o r d e r  t o  com ple te  t h e  

r e a c t i o n  t o  th e  t r a n s  p ro d u c t  t h e r e  a r e  two p o s s i b i l i t i e s .  

F i r s t l y  t h e  m o n o s u b s t i tu te d  c i s  complex can is o m e r is e  t o  a
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m o n o s u b s t i t u t e d  t r a n s  complex,  then  a n o th e r  dmpe l i g a n d  

can d i s p l a c e  th e  re m a in in g  two a c e t o n i t r i l e  m o le c u le s  t o  

g i v e  t h e  d i s u b s t i t u t e d  complex. The o t h e r  p o s s i b i l i t y  i s  

t h a t  t h e  m o n o s u b s t i tu te d  c i s  complex can be a t t a c k e d  by a 

dmpe l i g a n d  between t h e  c i s  a c e t a t e  groups t o  g i v e  t h e  

t r a n s  d i s u b s t i t u t e d  p r o d u c t .

The f i r s t  p o s s i b i l i t y  appears  u n t e n a b le  because i f  a 

t r a n s  m o n o s u b s t i tu te d  complex i s  fo rm ed ,  th en  t h i s  

c o u ld  e a s i l y  be a t t a c k e d  by dppm o r  S ,S -dppb  t o  g i v e  t h e  

t r a n s  d i s u b s t i t u t e d  complex.  However s o l u t i o n s  o f  

[Mo2 ( O2CCH3 ) 2 ( CH3CN) § ] wi t h  S ,S -dppb  and [Me30 ] [ B F 4 ] 

show no change o v e r  a p e r io d  o f  s e v e r a l  days i n d i c a t i n g  

t h a t  t h e  c i s  m o n o s u b s t i tu te d  complex does n o t  i s o m e r is e  a t  

a l l ,  th u s  r u l i n g  o u t  th e  f i r s t  mechanism. The second  

mechanism appears  more p l a u s i b l e  because dmpe i s  a sm al l  

l i g a n d ,  t h e r e f o r e  i t  can e a s i l y  a t t a c k  between t h e  c i s  

a c e t a t e s ,  whereas t h e  more b u lky  l i g a n d s  w i t h  phenyl  

groups f i n d  t h i s  im p o s s ib le .  Thus in  th e  case o f  t h e  dppm 

and S ,S -d p p b  l ig a n d s  t h e  r e a c t i o n  does n o t  proceed  beyond  

t h e  f i r s t  s t e p .

T h e r e f o r e  in  o r d e r  t o  make [Mo2 ( 0 2CCH3 ) 2 ( S , S - d p p b ) 2 ] 2 + , 

a d i f f e r e n t  p r e p a r a t i v e  r o u t e  must be u n d e r ta k e n .  When 

Mo2 ( 0 2CCH3 ) 4 i s  r e a c te d  w i t h  excess S ,S -d p p b  in  t h e  

p r e s e n c e  o f  [Me3 0 ] [ B F 4 ] ,  an orange s o l u t i o n  i s  o b t a i n e d .
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The e l e c t r o n i c  spectrum o f  t h i s  complex has t h e  5 - 5 *  

t r a n s i t i o n  energ y  a t  492 nm, see t a b l e  4 . 2 .  The s o l u t i o n  

i s  p lag u e d  w i t h  Mo2 ( 0 2 CCH3 ) 4  i m p u r i t y  bu t  i t  a lm o s t  

c e r t a i n l y  c o n t a i n s  t h e  [Mo2 ( 0 2CCH3 ) 2 ( S , S - d p p b ) 2 ] 2+ c a t i o n  

because o f  th e  s i m i l a r i t y  t o  t h e  spectrum  o f  

[Mo2 (C>2CCH3 ) 2 (dm pe)2 ] 2 + . The M0 2 (C>2CCH3 ) 4 i m p u r i t y  w i l l  

have l i t t l e  e f f e c t  on t h e  spectrum o f  d e s i r e d  c a t i o n  

because t h e  i n t e n s i t y  o f  th e  6 - 6 *  t r a n s i t i o n  i s  e x t r e m e l y  

weak f o r  M0 2 (C>2CCH3 ) 4 . A lso  t h e r e  appears  t o  be no s i g n  o f  

any [MO2 ( 0 2 CCH3 ) 2 ( S ,S - d p p b ) (C H 3CN)2 ] 2+ ( a t  536 nm) in  t h e  

s o l u t i o n .  In  t h i s  r e a c t i o n  th e  Mo2 (C>2CCH3 ) 4 w i l l  p r o b a b ly  

be s t e p w is e  s u b s t i t u t e d  t h e r e b y  f a v o u r i n g  f o r m a t i o n  o f  t h e  

t h e r m o d y n a m ic a l l y  more s t a b l e  t r a n s  isomer which has two  

b r i d g i n g  s i x  membered r i n g s .  The o p t i c a l  a c t i v i t y  o f  t h e s e  

complexes c o n t a i n i n g  th e  S ,S -dppb  l i g a n d  w i l l  a l s o  be 

d is c u s s e d  in  t h e  n e x t  c h a p t e r .

6 R e a c t io n  o f  rMog fOoC C ^ l g fCI-^C N lg ] [BF^ ]g w i t h  NH3

The l a b i l i t y  o f  th e  a c e t o n i t r i l e  l i g a n d s  in  t h e  

[Mo2 ( O2CCH3 ) 2 ( CH3CN) 6 32+ c a t i o n  was a g a in  d e m o n stra ted  

when i t  was r e a c te d  w i t h  ammonia. A r e a c t i o n  d e f i n i t e l y  

t a k e s  p l a c e  as a golden y e l l o w  s o l u t i o n  i s  o b t a i n e d .  The  

e l e c t r o n i c  a b s o r p t i o n  spectrum o f  t h i s  s o l u t i o n  i s  shown 

in  f i g u r e  4 . 8 .  There  i s  a s h i f t  t o  h i g h e r  ene rg y  f o r  t h e

6 - 5 *  t r a n s i t i o n  and t h e r e  i s  no s ig n  o f  any band a t  531 

nm, t h i s  i n d i c a t e s  t h a t  a l l  o f  th e

[Mo2 ( 0 2CCH3 ) 2 ( CH3CN) 6 ] [ BF4 ] 2 has r e a c t e d .  The i r  spectrum
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F i g u r e  4 . 8  A b s o r p t io n  spectrum o f  

in  CH3CN.
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o f  t h e  p r o d u c t  f rom t h i s  r e a c t i o n  i s  shown in  f i g u r e  4 . 9 , 

t h e  bands a t  3 350 cm-1 and 1 650 cm-1 a r e  due t o  t h e  NH3 

s t r e t c h e s  and NH3 d e g e n e ra te  d e f o r m a t io n  r e s p e c t i v e l y .  

T h e re  i s  no a c e t o n i t r i l e  in  t h i s  complex ( i . e .  no bands a t  

2 100 cm- 1 ) .  T h e r e f o r e  i t  appears  t h a t  a l l  o f  t h e  

a c e t o n i t r i l e  in  th e  [Mo2 ( 02 CCH3 ) 2 (CH3CN)6 ] 2+ c a t i o n  has  

been r e p l a c e d  by ammonia. The most p r o b a b le  f o r m u la  f o r  

t h e  p r o d u c t  i s  [Mo2 ( 0 2 CCH3 ) (N H 3 ) 4 ] [ B F 4 ] 2 , a l th o u g h  t h e  t h e  

complex i s  a i r  s e n s i t i v e  and a n a ly s e s  p o o r l y .  However a l l  

t h e  s p e c t r a  i n d i c a t e  a complex o f  t h e  above f o r m u l a ,  t h i s  

i s  n o t  s u r p r i s i n g  in  v iew  o f  th e  l a b i l i t y  o f  th e  

a c e t o n i t r i l e  in  t h e  r e a c t a n t  m o le c u le .  The p r o d u c t  w i l l  

o n l y  have f o u r  ammonia m o lecu les  as ammonia does n o t  

u s u a l l y  b ind  a x i a l l y  in  dimolybdenum com plexes.  I t  can n o t  

be s t a t e d  w i t h  any c e r t a i n t y  w hether  t h e  p ro d u c t  c o n t a i n s  

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

7 R e a c t io n s  o f  Mo2 (TFMS)/|

The complex Mo2 (TFMS) 4 has been used as a p r e c u r s o r  t o  

make o t h e r  q u a d ru p ly  bonded dimolybdenum complexes,  

because t h e  t r i f l a t e  an ion  i s  a w eak ly  c o o r d i n a t i n g  l i g a n d  

and can be e a s i l y  s u b s t i t u t e d .  I t  i s  made f rom  t h e  

r e a c t i o n  o f  Mo2 ( 0 2CCH3 ) 4 w i t h  HTFMS and t h e  p ro d u c t  can be 

su b l im e d  f o r  f u r t h e r  p u r i f i c a t i o n .  A b b o t t  e t  a ±  123 f i r s t
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s y n t h e s i s e d  Mc>2 (TFMS)4 , however th e y  s t a t e  t h a t  i t  i s  

p lag u e d  w i t h  a c e t a t e  i m p u r i t y .  In  t h i s  p r o j e c t  th e  

s y n t h e s i s  proceeded w e l l  w i t h  no m a jo r  i m p u r i t y ,  t h e  

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

8 R e a c t io n  o f  Mog fTFMSlyj w i t h  DMF

When Mo2 (TFMS)4 i s  d is s o l v e d  in  DMF, a deep red  

s o l u t i o n  i s  formed.  The p ro d u c t  f rom t h i s  r e a c t i o n  i s  a 

red  s o l i d  which can be r e c r y s t a l l i s e d  f rom  

d i c h l o r o m e t h a n e .  T h is  s o l i d  i s  th e r m o c h r o m ic , i t  i s  red a t  

room t e m p e r a t u r e  and orange a t  l i q u i d  n i t r o g e n  

t e m p e r a t u r e s . The e l e c t r o n i c  spectrum o f  t h e  red p r o d u c t  

i s  shown in  f i g u r e  4 . 1 0 ;  t h e  5 - 5 *  t r a n s i t i o n  o cc u rs  a t  517  

nm. The p r o d u c t  i s  s t a b l e  in  a i r  f o r  o n l y  a few m in u te s .  

The a n a l y s i s  o f  t h i s  complex was good and i n d i c a t e s  a 

f o r m u l a  o f  Mo2 (DMF)8 (TFMS)4 . The i r  spectrum  i s  shown in  

f i g u r e  4 .1 1  and can be compared w i t h  f r e e  DMF and t h e  

q u a d r u p ly  bonded complex Mo2C l 4 (DMF)4 1 2 8 j t h i s  i s  

summarised in  t a b l e  4 . 4 .

T a b le  4 . 4  S e le c t e d  i r  d a t a  o f  F ree  DMF and R e la t e d  

Complexes.

Complex C -0  S t r e t c h  (cr tT1 )

DMF 1 672

Mo2C l 4 (DMF) 4 1 637

[Mo2 (DMF)8 ] [TFM S] 4 1 645
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F i a u r e  4 . 1 0 A b s o r p t io n  spectrum o f  [Mog CDMF)q ] 4+ i n  CHgClg-
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I n  Mc>2C l 4 ( DMF)4 , t h e  C=0 s t r e t c h  o cc u rs  a t  1 637 cm-1  

which s i g n i f i e s  a weaker C=0 bond th an  in  f r e e  DMF. T h is  

i m p l i e s  t h a t  m e t a l - 1 igand c o o r d i n a t i o n  o cc u rs  th r o u g h  t h e  

oxygen atom. I n  Mo2 (DMF)q(TFMS)4 , t h e  C=0 s t r e t c h  i s  a l s o  

w e a k e r ,  th u s  in  t h i s  complex a l l  e i g h t  DMF m o le c u le s  w i l l  

bond t o  t h e  molybdenum atoms th rough  t h e  oxygen atoms,  

w h i l e  t h e  t r i f l a t e  s p e c ie s  w i l l  be in  an a n i o n i c  bonding  

a r r a n g e m e n t .

The 1H nmr o f  f r e e  DMF has two s i g n a l s  in  t h e  methy l  

r e g i o n  o f  t h e  spectrum ,  a t  2 . 9 7  and 2 . 8 8  p . p . m . ,  and t h e  

amide p r o to n  s i g n a l  i s  a t  8 . 0 2  p .p .m .  Thus a t  room 

t e m p e r a t u r e  t h e r e  i s  no f r e e  r o t a t i o n  ab o u t  t h e  N-C bond 

and t h e  m o le c u le  w i l l  no t  possess a p la n e  o f  symmetry.  I n  

t h e  1H nmr o f  Mo2 (DMF)q(TFMS)4 in  f i g u r e  4 . 1 2 ,  t h e r e  

a p p e a rs  a l i t t l e  f r e e  DMF but  no t  a s i g n i f i c a n t  amount.  

T h e re  i s  no s ig n  o f  any a c e t a t e  l i g a n d  in  t h e  sp e c tru m .  I n  

t h e  amide r e g io n  o f  th e  spectrum ,  t h e r e  i s  a broad s i g n a l  

a t  8 . 1 4  p .p .m .  However in  th e  methyl  r e g io n  t h e r e  a r e  two  

main s i g n a l s  surrounded by some s i d e  bands,  t h e s e  s i d e  

bands w i l l  i n c l u d e  some i m p u r i t i e s  and a l s o  f r e e  l i g a n d  

t h a t  i s  p r e s e n t .  These two methyl  s i g n a l s ,  a t  2 . 9 8  and 

3 . 0 8  p . p . m . ,  a r i s e  from th e  methyl groups in  complexed  

DMF. A l l  t h e  p ro to n  s i g n a l s  in  th e  complexed s p e c ie s  a r e  

s h i f t e d  d o w n f ie l d  by ~ 0 .1  p .p .m .  compared t o  t h e  f r e e  

l i g a n d ;  t h i s  i s  due t o  th e  d ia m a g n e t ic  a n i s o t r o p y  o f  t h e  

q u a d r u p le  bond.
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9 Mog( TFMS) y\ w i t h  CHoCN

A deep p u r p l e  s o l u t i o n  i s  observed  when Mo2 (TFMS) 4 i s  

d i s s o l v e d  in  CH3CN. The s o l i d  f rom t h i s  r e a c t i o n  can be 

r e c r y s t a l  1 is e d  from CHgCN and a n a ly s e s  v e r y  c l o s e  t o  t h e  

f o r m u l a  Mo2 (CH3CN)g(TFMS)4 . T h is  complex has been made 

b e f o r e  a l th o u g h  a s l i g h t l y  d i f f e r e n t  method ^14 was used.  

The s p e c t r a  o f  both complexes a r e  i d e n t i c a l  and t h e  5 - 6 *  

t r a n s i t i o n  occurs  a t  555 nm.

10 R e a c t io n  o f  Mog (CH3CN)g (TFMS)>| w i t h  NHg

Mo2 (CH3CN)g(TFMS)4 was r e a c te d  w i t h  ammonia in  

a c e t o n i t r i l e  in  t h e  hope o f  a s u b s t i t u t i o n  r e a c t i o n  t a k i n g  

p l a c e .  A r e a c t i o n  occurs  as a brown s o l u t i o n  i s  o b t a i n e d ,  

t h e  p r o d u c t  i s  e x t r e m e l y  a i r  s e n s i t i v e .  The i r  spec trum  o f  

t h e  p r o d u c t  i s  shown in  f i g u r e  4 . 1 3 ,  ammonia i s  d e f i n i t e l y  

p r e s e n t  (bands a t  3 350 and 1 650 crrT^ ) w h i l e  t h e r e  i s  no 

s ig n  o f  any a c e t o n i t r i l e .  The e l e c t r o n i c  a b s o r p t i o n  

s p e c tru m  i s  shown in  f i g u r e  4 . 1 4 ,  th e  6 - 6 *  t r a n s i t i o n  

o c c u rs  a t  478 nm. T h is  spectrum i s  v e r y  s i m i l a r  t o  

Mo2 ( e n ) C l 4 11° .  The most l i k e l y  f o r m u la  i s  

Mo2 ( NH3 ) 8 (TFMS)4 , a l th o u g h  th e  e le m e n t a l  a n a l y s i s  o f  t h e  

p r o d u c t  i s  low f o r  n i t r o g e n  and h igh  f o r  c a rb o n .  Thus t h e  

p r o d u c t  p r o b a b ly  c o n t a i n s  t h e  [Mo2 (NH3 ) g ] ^ + c a t i o n ,  

however i t  i s  s t i l l  t o  be i s o l a t e d  in  a pure  fo rm .
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F i g u r e  4 . 1 4 A b s o r p t io n  spectrum o f  fMog CNHg in  CH3CN.
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C h a p te r  F i v e : OPTICAL ACTIVITY IN  DIMOLYBDENUM

COMPLEXES CONTAINING BRIDGING CHIRAL 

BIDENTATE LIGANDS
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1 G enera l  Overv iew

C o n s i d e r a b l e  i n t e r e s t  has c e n t r e d  on t h e  o p t i c a l  

a c t i v i t y  o f  complexes c o n t a i n i n g  a q u a d r u p le  bond. The 

o p t i c a l  a c t i v i t y  u s u a l l y  a r i s e s  from t h e  prese nce  o f  a 

c h i r a l  l i g a n d  a t t a c h e d  t o  th e  d im e ta l  u n i t .  I n  c e r t a i n  

cases  where th e  complexes have an e c l i p s e d  s t r u c t u r e ,  t h e  

c h i r a l i t y  o f  th e  l ig a n d  does no t  g r e a t l y  a f f e c t  t h e  

chromophore ( i . e .  th e  Mo-Mo bond) .  Examples o f  t h i s  t y p e  

i n c l u d e  [ M o g ( L - l e u c i n e ) 4 ] 4+ 1 4 2 , a - M o g C l ^ R - d p p p l g  129 and 

(B-Mo2C l 4 ( S - p e a p )2 1 4 2 . In  o t h e r  cases t h e  l i g a n d s  en s u re  

t h a t  t h e  Mo-Mo chromophore i s  i n t r i n s i c a l l y  d i s s y m m e t r ic .  

T h i s  i s  t h e  s i t u a t i o n  in  complexes where t h e  l i g a n d  f o r c e s  

t h e  complex t o  s t a g g e r  g i v i n g  a t w i s t  in  t h e  c l o c k w i s e  o r  

a n t i c l o c k w i s e  d i r e c t i o n .  F ig u r e  5 .1  shows t h e  .a. 

( a n t i c l o c k w i s e )  and A ( c l o c k w i s e )  c o n f i g u r a t i o n s  o f  

(3-M o2C l 4 ( d p p e )2 ■ I n  t h i s  case th e  l i g a n d  i s  a c h i r a l  and 

both  c o n f i g u r a t i o n s  a r e  p r e s e n t  in  equal  numbers. However  

t h e  d o u b ly  C -m e t h y la te d  d e r i v a t i v e  o f  t h i s  l i g a n d ,  S , S -  

dppb, f o r c e s  t h e  complex t o  t a k e  e i t h e r  t h e  -A o r  A  

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

w i l l  be d iscus sed  in  more d e t a i l  be low.

2 C i r c u l a r  D ich ro ism  S p e c t ra

The o p t i c a l  a c t i v i t y  o f  th e s e  s t a g g e re d  c h i r a l  

complexes i s  n o r m a l ly  d e t e c t e d  by measur ing  t h e  cd



143

CL

OCL CL
CM

o CL

CL

fi
g

u
re

 
5.

1 
A 

an
d 

A 
c

o
n

fi
g

u
ra

ti
o

n
s

 
of

 
I3

-M
o2

C1
 >

j (
d

o
p

e
)



144

sp e c t ru m .  When p la n e  p o l a r i s e d  l i g h t  c ro ss es  an o p t i c a l l y  

a c t i v e  medium, th e  l e f t  and r i g h t  c i r c u l a r l y  p o l a r i s e d  

components i n t e r a c t  d i f f e r e n t l y  w i t h  t h e  c h i r a l  m o le c u le s .  

T h e r e f o r e  t h e  r e f r a c t i v e  i n d ic e s  o f  th e  l e f t  (n - j )  and 

r i g h t  ( n r ) components a r e  d i f f e r e n t  and one component i s  

slowed down more than  t h e  o t h e r .  Thus when l e a v i n g  t h e  

o p t i c a l l y  medium, th e  two components a r e  o u t  o f  phase by a 

c e r t a i n  a n g l e .  A lso  when th e  f re q u e n c y  o f  t h e  

e l e c t r o m a g n e t i c  r a d i a t i o n  i s  c lo s e  t o  an a b s o r p t i o n  band 

o f  t h e  m o le c u le  be ing  s t u d i e d ;  th e  e x t i n c t i o n  c o e f f i c i e n t s  

(€.] a n d £ r ) o f  t h e  two c i r c u l a r l y  p o l a r i s e d  components a r e  

n o t  i d e n t i c a l .  T h e r e f o r e  as w e l l  as emerging a t  d i f f e r e n t  

a n g l e s ,  t h e  e l e c t r i c  v e c t o r s  a l s o  have d i f f e r e n t  

m a g n i tu d e s .  Thus th e  two components recombine t o  fo rm  

e l  1 i p t i c a l 1y , n o t  p l a n e ,  p o l a r i s e d  l i g h t .  These a r e  t h e  

f u n d a m e n ta ls  o f  c i r c u l a r  d ic h r o is m  s p e c t ro s c o p y  and a r e  

e x p l a i n e d  in  g r e a t e r  d e t a i l  e ls e w h e re  14 4 .

3 The 5 - 5 *  T r a n s i t i o n

The lo w e s t  energy  e l e c t r o n i c  t r a n s i t i o n  f o r  q u a d r u p ly  

bonded complexes i s  t h e  6 - 5 *  t r a n s i t i o n  (chp 1 ) .  The 

t r a n s i e n t  charge  d i s t r i b u t i o n  f o r  t h i s  t r a n s i t i o n  i s  

d e p i c t e d  in  f i g u r e  1 . 6 ; t h i s  i s  s im p ly  o b t a i n e d  by 

m u l t i p l y i n g  t h e  phases o f  th e  two o r b i t a l s  i n v o l v e d .

F i g u r e  1 . 6  shows a complex w i t h  a f u l l y  e c l i p s e d  geo m e try .  

T h i s  p i c t u r e  i s  f o r m a l l y  e q u i v a l e n t  t o  t h e  group
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t h e o r e t i c a l  s t a t e m e n t  t h a t  th e  p ro d u c t  o f  t h e  sym m etr ies  

o f  t h e  6 (fc>ig ) and 5 * ( b 2U) o r b i t a l s  t r a n s f o r m  as z ( a 2 U) in  

D4 h symmetry.  The r e p r e s e n t a t i o n s  in  D2h ( e - 9 -  f o r  

e c l i p s e d  |3-Mo2X4 (P ~ P )2 complexes)  a r e  b - jg ( 5 ) ,  a u ( 6 * )  and 

b 1u ( z ) - However when t h e  complex i s  c o n f i g u r a t i o n a l 1y 

c h i r a l ,  t h e  symmetry o f  t h e  chromophore drops t o  D4 o r  D2 

and t h e  p ro d u c ts  o f  th e  5 and 6 *  o r b i t a l  sym m etr ies  

t r a n s f o r m  as b*( and a 2 r e s p e c t i v e l y .  These r e p r e s e n t a t i o n s  

a r e  e l e c t r i c  and m agne t ic  d i p o l e  a l lo w e d  a lo n g  o r  around  

t h e  m e t a l - m e t a l  bond and so th e  t r a n s i t i o n  can show 

c i r c u l a r  d i c h r o is m  9 4 .

When t h e  l i g a t o r s  a r e  t w i s t e d  w i t h  r e s p e c t  t o  each  

o t h e r  a b o u t  t h e  m e t a l - m e t a l  bond t h e  s h o r t e s t  pa th  o f  t h e  

e l e c t r o n  becomes a h e l i x .  The meta l  l o c a l i s e d  model 94 can  

be used t o  h e lp  p r e d i c t  th e  s t r u c t u r e  o f  t h e  complex f rom  

t h e  s i g n  o f  th e  6 - 6 *  t r a n s i t i o n  in  th e  cd spec trum .

F i g u r e  5 . 2  shows th e  r e s u l t  o f  t w i s t s  p ro d u c in g  t h e  TV 

c o n f i g u r a t i o n  o f  a [3-Mo2X4 ( L~L) 2 chromophore.  In  f i g u r e  

5 . 2 ( a )  t h e  t w i s t  a n g le  between th e  f r o n t  and r e a r  l i g a t o r s  

i s  between 0 °  and 4 5 °  when viewed down th e  m e t a l - m e t a l  

bond. Here  t h e  charge  d is p la c e m e n t  i s  t h a t  o f  a l e f t  

handed h e l i x .  I n  f i g u r e  5 . 2 ( b ) ,  th e  t w i s t  a n g le  i s  between  

4 5 °  and 9 0 °  and t h e  charge  d is p la c e m e n t  i s  t h a t  o f  a r i g h t  

handed h e l i x .  The chromophore i s  n o t  c h i r a l  a t  0 ° ,  4 5 °  and 

9 0 ° ;  a t  t h e s e  a n g le s  t h e r e  i s  no n e t  h e l i c i t y .  The 

a b s o l u t e  s ig n  o f  th e  cd a s s o c ia te d  w i t h  t h e  6 - 5 *
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t r a n s i t i o n  can be d e r i v e d  from th e  h e l i c i t y  o f  t h e  ch a rg e  

d i s p l a c e m e n t .  In  f i g u r e  5 . 2 ( a ) ,  t h e r e  i s  a l e f t  handed  

h e l i c a l  charge  d is p la c e m e n t  around and a lo n g  t h e  m e t a l -  

m eta l  bond. However th e  6 - 6 *  t r a n s i t i o n  i s  e x c i t e d  by 

l i g h t  p ro p a g a ted  p e r p e n d i c u l a r  t o  t h e  m e t a l - m e t a l  bond and 

any h e l i x  has th e  o p p o s i t e  h e l i c i t y  when v iewed  

p e r p e n d i c u l a r  t o  th e  h e l i x  a x i s .  T h e r e f o r e  in  f i g u r e  

5 . 2 ( a ) ,  r i g h t  c i r c u l a r l y  p o l a r i s e d  l i g h t  w i l l  i n t e r a c t  

more s t r o n g l y  w i t h  t h e  r i g h t  handed h e l i c a l  charg e  

d i s p l a c e m e n t .  T h is  means t h a t  t h e  e x t i n c t i o n  c o e f f i c i e n t  

o f  t h e  r i g h t  component ( L r ) w i l l  be g r e a t e r  th a n  t - \  . 

T h e r e f o r e  t h e  d i f f e r e n t i a l  e x t i n c t i o n  c o e f f i c i e n t  A t  

(w h ic h  i s  d e f i n e d  as t m\ -  l r ) w i l l  be n e g a t i v e  f o r  f i g u r e  

5 . 2 ( a ) ,  whereas w i l l  be p o s i t i v e  f o r  f i g u r e  5 . 2 ( b ) .

Thus a s ig n  r u l e  can be b u i l t  up f o r  t h e  6 - 6 *  t r a n s i t i o n  

depend ing  on t h e  t w i s t  a n g le  and t h e  c o n f i g u r a t i o n  o f  t h e  

chromophore.  T h is  s ig n  r u l e  i s  shown in  f i g u r e  5 . 3 ,  t h e  

s i g n  o f  t h e  cd i s  t h a t  o f  t h e  s e c t o r s  c o n t a i n i n g  t h e  r e a r  

s e t  o f  l i g a t o r s .  There  a r e  nodal p la n e s  a t  0 ° ,  4 5 °  and 

9 0 ° .

4 The 6 - d y 2 . y 2 T r a n s i t i o n

The n e x t  lo w e s t  energy  t r a n s i t i o n  in  many q u a d r u p ly  

bonded complexes i s  t h e  6 - d x 2_y2 t r a n s i t i o n  y^© 

t r a n s i e n t  charge  d i s t r i b u t i o n  f o r  t h i s  t r a n s i t i o n  i s  shown 

i n  f i g u r e  5 . 4 .  T h is  i n v o l v e s  a r o t a t i o n  o f  cha rg e  ab o u t
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t h e  m e t a l - m e t a l  bond and i s  t h e r e f o r e  m agne t ic  d i p o l e  

a l l o w e d .  R o t a t i n g  th e  two h a lv e s  o f  t h e  m o le c u le  w i l l  a l s o  

make t h e  t r a n s i t i o n  e l e c t r i c  d i p o l e  a l lo w e d .  The same 

p ro c e d u r e  can be used w i t h  t h i s  t r a n s i t i o n  as w i t h  t h a t  

used above f o r  t h e  5 - 5 *  t r a n s i t i o n .  F i g u r e  5 . 5 ( a )  d e p i c t s  

a X -  c o n f i g u r a t i o n  w i t h  a t w i s t  a n g le  o f  between 0°  and 

4 5 ° ,  h e re  a r i g h t  handed h e l i c a l  charge  d is p la c e m e n t  

a r i s e s .  F i g u r e  5 . 5 ( b )  has a t w i s t  a n g le  o f  between 4 5 °  and 

9 0 °  in  t h e  c o u n te r c lo c k w is e  d i r e c t i o n ,  t h i s  r e s u l t s  in  a 

l e f t  handed h e l i c a l  charge  d i s p la c e m e n t .  Again  a s i g n  r u l e  

can be c o n s t r u c t e d  and t h i s  i s  shown in  f i g u r e  5 . 6 .  The 

s i g n  r u l e  f o r  th e  6 - d x 2_y 2 t r a n s i t i o n  has t h e  same nodal  

p la n e s  as in  f i g u r e  5 . 4  but  has o p p o s i t e  s i g n s .  Thus i t  i s  

p r e d i c t e d  t h a t  th e  s ig n  o f  th e  cd under t h e  6 - 6 *  

t r a n s i t i o n  should  be o p p o s i t e  t o  t h a t  o f  t h e  6 - d x 2 _ y 2 

t r a n s i t i o n  f o r  q u a d ru p ly  bonded complexes.

5 M agn i tu de  o f  Dissymmetry  F a c to r s

The magni tude o f  th e  dissymmetry  caused by r o t a t i o n  

a b o u t  t h e  chromophore can be q u a n t i f i e d .  The h e l i c a l  

c h a rg e  d is p la c e m e n t  can be th o u g h t  o f  in  te rm s o f  an 

e l e c t r i c  and m agnet ic  d i p o l e  t r a n s i t i o n .  The t r a n s l a t i o n a l  

m ot ion  o f  th e  e l e c t r o n  ( i . e .  a long  t h e  m e t a l - m e t a l  bond)  

i s  t h e  e l e c t r i c  d i p o l e  t r a n s i t i o n  and t h e  r o t a t i o n a l  

m ot ion  i s  t h e  m agnet ic  d i p o l e  t r a n s i t i o n .  The e l e c t r i c  

d i p o l e  t r a n s i t i o n  moment, p, i s  dependent  on t h e  6 o v e r l a p
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between t h e  two metal  atoms and can be w r i t t e n  as

M(X)  — Mfflgx COS2X

The m ag n e t ic  d i p o l e  t r a n s i t i o n  moment, m( X) ,  i s  a l s o

dep en d en t  on 6 o v e r l a p  and has a maximum a t  4 5 °  and minima

a t  0 °  and 9 0 ° ,  and i s  w r i t t e n  as

m(X)  = mmax s in2X

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

p r o p o r t i o n a l  t o  <p>2 , w h i l e  th e  r o t a t i o n a l  s t r e n g t h ,  R, i s  

p r o p o r t i o n a l  t o  t h e  p ro d u c t  o f  \x and m. Thus

D ( X ) = Dmax cos22X

R( X ) = Rmax cos2X s in2X

The d issym m etry  f a c t o r  ( c a l l e d  t h e  g v a l u e )  i s  

e x p re s s e d  as

g = 2R/D = Afc/e

U s ing  t h e  above e q u a t io n s  i t  i s  p o s s i b l e  t o  e x p re s s  a 

v a l u e  f o r  g in  terms o f  t h e  t w i s t  a n g le ,  X,

9 = 9max tan2X
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These e q u a t io n s  a r e  summarised p i c t o r i a l l y  in  f i g u r e  

5 . 7 .  I t  can be seen t h a t  g i s  a t  a minimum a t  t w i s t s  o f  0 °  

and 9 0 ° ,  however as th e  t w i s t  approaches 4 5 °  t h e  g v a l u e  

t e n d s  t o  i n f i n i t y .

6 C o n fo rm a t io n s  and C o n f i g u r a t i o n s

The above e q u a t io n s  can h e lp  in  d e t e r m i n i n g  t h e  n a t u r e  

o f  t h e  t w i s t  in  c h i r a l  qua d ru p ly  bonded com plexes.  However  

t h e  i n f o r m a t i o n  i s  no t  t o t a l l y  unambiguous. For  example  a 

complex which g iv e s  a n e g a t i v e  cd under t h e  6 - 6 *  

t r a n s i t i o n  c ou ld  have a A .  c o n f i g u r a t i o n  w i t h  a t w i s t  a n g le  

o f  between 0° and 4 5 ° ,  o r  a A. c o n f i g u r a t i o n  w i t h  a t w i s t  

a n g le  o f  between 4 5 °  and 9 0 ° .  X - r a y  c r y s t a l l o g r a p h y  can  

e a s i l y  s o l v e  t h i s  prob lem .  However when t h i s  i s  no t  

p o s s i b l e  an e x a m in a t io n  o f  s c a le  models and c o n s i d e r a t i o n  

o f  t h e  c o n fo r m a t io n s  o f  th e  b r i d g i n g  r i n g s  a r e  r e q u i r e d .

The b r i d g i n g  r in g s  formed in  |3-Mo2X4 ( L~L>2 

complexes have a l r e a d y  been looked a t  in  p r e v i o u s  

c h a p t e r s .  I n  most o f  th e  cases t h a t  w i l l  be d i s c u s s e d ,  s i x  

membered r i n g s  a r e  i n v o l v e d .  These r i n g s  u s u a l l y  p r e f e r  t o  

be in  t h e  c h a i r  c o n fo rm a t io n  as in  c y c lo h exan e  ( f i g u r e  

5 . 8 ) .  S e v e r a l  o t h e r  c o n fo rm a t io n s  a r e  p o s s i b l e ,  i n c l u d i n g  

t h e  b o a t ,  bu t  t h e  c h a i r  i s  th e  most s t a b l e .  I f  any  

s u b s t i t u e n t s  a r e  now added t o  t h e  s i x  membered r i n g  as in  

m e t h y lc y c lo h e x a n e ,  then  t h e  methyl group w i l l  have a
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F i g u r e  5 . 7  G ra p h ic  r e p r e s e n t a t i o n  o f  £ ,  As. and g .  The  

dependence o f  ( a )  d i p o l e  s t r e n g t h ,  ( b )  

r o t a t i o n a l  s t r e n g t h  and ( c )  d issym m etry

f a c t o r  on t w i s t  a n g le  X.
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— 9Ure 5 ' 8 £ ^ 3 h e x a n e _ j m _ t h e  c h a i r  n n n f n r m a * ^

A

F i g u r e  5 . 9  - A - a n d  A c o n f i g u r a t i o n s  o f  o c t a h e d r a l

t . r i s c h e l a t e s . The a b s o lu t e  conf i g u r a t i o n  i s  

d e f in e d  acc o r d ing  t o  th e  t w i s t  o f  th e  h e l i c e s .
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t e n d e n c y  t o  t a k e  up an e q u a t o r i a l  p o s i t i o n .  These  

c o n s i d e r a t i o n s  can h e lp  in  d e c id i n g  which c o n fo r m a t io n  i s  

p r e s e n t  in  th e s e  (3 complexes.

F i r s t l y  when l a b e l l i n g  th e  c o n f i g u r a t i o n  and 

c o n f o r m a t io n  o f  complexes i t  i s  b e s t  t o  look  a t  t h e  system  

used f o r  mononuclear  t r i s c h e l a t e  o c t a h e d r a l  com plexes.

H ere  t h e  chromophores can a l s o  be d is s y m m e t r ic  w i t h  e i t h e r  

a A  o r  A  c o n f i g u r a t i o n ,  see f i g u r e  5 . 9 .  The r i n g s  formed  

by t h e  c h e l a t i n g  l ig a n d  can a l s o  be a s s ig n e d  i n d i v i d u a l  

c o n f i g u r a t i o n s  (A o r  5 ) .  F ig u r e  5 . 1 0  shows t h e  two  

e n a n t i o m e r i c  forms 145 o f  th e  skew f i v e  membered c h e l a t e  

r i n g s  as found in  [ C o ( e n ) 3 ] 3 + . The c o n f i g u r a t i o n  o f  t h e  

i n d i v i d u a l  r in g s  i s  s im p ly  d e r i v e d  f rom  t h e  X -C -C -X

t o r s i o n  a n g le .  These two d i f f e r e n t  forms o f  c h i r a l i t y

l e a d ,  in  th e  case o f  o c t a h e d r a l  t r i s c h e l a t e s ,  t o  f o u r  

p a i r s  o f  d i a s t e r e o m e r s

A  ( 5 6 6 ) A O/O)

A ( 6 6 >) A  (>>5 )

A ( 6 * »  A  0 5 6 )

A  0 )0 ) A  ( 6 6 6 )

T h i s  system can be a p p l i e d  t o  q u a d r u p ly  bonded 

complexes where th e  s i x  membered r i n g s  can be t r e a t e d  as 

f i v e  membered r i n g s ,  as above, i f  t h e  c e n t r a l  p o i n t  o f  t h e  

m e t a l - m e t a l  bond i s  t a k e n  t o  be a m eta l  atom. I n  t h i s  way
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X (1)

(31

I

(b) ( 1)

o

( 2 ) (3)

F i g u r e  5 . 1 0  The two e n a n t i o m e r i c  c o n fo r m a t io n s  o f  th e

sym m etr ic  skew f ive -m em be re d  c h e l a t e  r i n g s .
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t h e  r i n g s  in  th e s e  complexes can be d e s ig n a te d  as X o r  5 

as in  f i g u r e  5 . 1 1 ;  a g a in  t h i s  can be d e r i v e d  by lo o k i n g  a t  

t h e  P - C -C -P  t o r s i o n  a n g l e .  Thus in  q u a d r u p ly  bonded 13 

i som ers  w i t h  s i x  membered r i n g s  t h e r e  a r e  t h r e e  p a i r s  o f  

d i a s t e r e o m e r s  p o s s i b l e .

I n  t h e  c r y s t a l  s t r u c t u r e  o f  |3-Mo2C l 4 ( d p p e )2 8 8 , f o u r  o f  

t h e s e  d ia s t e r e o m e r s  a r e  obs erved .  The complex has two  

o r i e n t a t i o n s :  87% o f  t h e  m o le c u le s  a r e  in  t h e  m a jo r  

o r i e n t a t i o n  where t h e  b r i d g i n g  r in g s  possess a c h a i r  

c o n f o r m a t io n  w h i l e  t h e  minor  o r i e n t a t i o n  (13%)  has t h e  

b r i d g i n g  r i n g s  in  t h e  skew boa t  c o n f o r m a t io n .  W i t h i n  t h e  

m a jo r  o r i e n t a t i o n ,  f i g u r e  5 . 1 2 ,  t h e r e  a r e  equal  numbers o f  

A ( X ) 0  a n d A ( 6 5 ) .  Whereas th e  minor  o r i e n t a t i o n ,  f i g u r e  

5 . 1 3 ,  has equal  numbers o f  A ( 5 5 )  a n d A ( X A ) .  The two o t h e r  

d i  a s t e r e o m e r s , A ( 5 X )  a n d A O S ) ,  were n o t  o b s e rv e d ,  

presum ably  because t h e y  a r e  to o  h igh  in  e n e rg y .  I t  i s  

i n t e r e s t i n g  t o  n o te  t h a t  t h e r e  a r e  two d i f f e r e n t  

c o n f o r m a t io n s  p r e s e n t  in  s i z e a b l e  numbers. T h is  c o n f i r m s  

t h a t  t h e  c h a i r  c o n fo r m a t io n  i s  th e  most s t a b l e  b u t  a l s o  

shows t h a t  t h e  d i f f e r e n c e  in  energ y  between v a r i o u s  

c o n fo r m e r s  i s  sm al l  ( c f  chp 1 s e c t .  2 . 2  on |3-Mo2 l 4 ( dppe ) £ )  • 

The a v e r a g e  t w i s t  a n g le  in  |3-Mo2C l 4 ( d p p e )2 i s  6 0 ° .

A  ( 5 5 ) 

A  ( « »  

A  ( > »

A OO) 

A 0 5 ) 
A (66)



F i g u r e  5 .
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Mo— C C — Mo

P

C

P

Li The 5 and X c o n fo r m a t io n s  o f  t h e  six-membered 

MogPgCg h e t e r o n u c l e a r  r i n g s .
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When t h e  c h i r a l  l i g a n d ,  S ,S -d p p b ,  i s  i n c o r p o r a t e d  i n t o  

a (3 isomer then  th e  complex w i l l  be f o r c e d  t o  t a k e  t h e  vV 

o r  A  c o n f i g u r a t i o n .  The a b s o r p t i o n  and cd s p e c t r a  o f  

|3-M o2C l 4 ( S ,S - d p p b ) g  93 a r e  shown in  f i g u r e  5 . 1 4 .  The f i r s t  

and second lo w e s t  energy  t r a n s i t i o n s  a r e  o f  o p p o s i t e  s ig n  

i n  t h e  cd spec trum ,  t h i s  c o n f i r m s  t h a t  t h e  6 - d x 2_ y 2 

t r a n s i t i o n  i s  t h e  second lo w e s t  energ y  t r a n s i t i o n  in  t h e s e  

com plexes .  l3-Mo2C l 4 ( S , S - d p p b )2 has a n e g a t i v e  cd under  t h e  

5 - 5 *  t r a n s i t i o n ,  t h i s  i n d i c a t e s  t h a t  i t  has e i t h e r  a -/V 

c o n f i g u r a t i o n  w i t h  t w i s t  a n g le  o f  between 0 °  and 4 5 ° ,  o r  a 

A c o n f i g u r a t i o n  w i t h  t w i s t  a n g le  between 4 5 °  and 9 0 ° .  The 

above models can h e lp  t o  d e te r m in e  which c o n fo r m a t io n  w i l l  

r e s u l t .  I t  would be exp ec ted  t h a t  t h e  c h a i r  c o n fo r m a t io n  

would occur  in  each s i x  membered r i n g .  However now t h e r e  

a r e  two methyl  groups in  each r i n g  which w i l l  p r e f e r  t o  be 

in  t h e  more f a v o u r a b l e  e q u a t o r i a l  p o s i t i o n  i f  p o s s i b l e .  

T h e A ( X X )  c o n f i g u r a t i o n  p la c e s  a l l  f o u r  m e th y ls  in  t h e  

u n f a v o u r a b l e  a x i a l  p o s i t i o n ,  w h i l e * ^ ( 5 5 )  has a l l  f o u r  

m e t h y ls  in  th e  e q u a t o r i a l  p o s i t i o n .  However t h e A ( 5 5 )  

c o n f i g u r a t i o n  would be e xp ec ted  t o  have a t w i s t  a n g le  o f  

6 0 °  as in  0 -Mo2C l 4 ( d p p e ) 2 . U n f o r t u n a t e l y  t h i s  p l a c e s  t h e  

complex in  th e  p o s i t i v e  s e c t o r  f o r  t h e  5 - 5 *  t r a n s i t i o n .  

The s i g n  o f  th e  cd can be e x p l a i n e d  i f  i t  i s  assumed t h a t  

t h e  t w i s t  a n g le  i s  t i g h t e n e d  t o  l e s s  th an  4 5 °  which w i l l  

produce a s l i g h t l y  d i s t o r t e d  c h a i r  b u t  t h e  m e th y ls  w i l l  

rem ain  e q u a t o r i a l .  The energy  d i f f e r e n c e  in  d i s t o r t i n g  

t h e  c h a i r  should  be s m a l l .  T h is  proposed c o n f i g u r a t i o n  i s  

c o n f i r m e d  by t h e  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  o f
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3 Mo2C l 4. ( S ,S - d p p b )2 99 which i s  shown in  f i g u r e  5 . 1 5 .  Here  

t h e  d i s t o r t e d  c h a i r  c o n fo r m a t io n  can be r e a d i l y  seen and 

t h e  t w i s t  a n g le  i s  2 3 °  w i t h  c o n f i g u r a t i o n A , ( 6 6 ) as 

p r e d i  c t e d .

I n  f a c t  even one methyl  group in  t h e  l i g a n d  backbone i s  

enough t o  t i g h t e n  th e  t w i s t  a n g le  t o  l e s s  th an  45 ° ,  

because |3-Mo2C l 4 (R - d p p p )2 129 d i s p l a y s  a p o s i t i v e  cd under  

t h e  5 - 5 *  t r a n s i t i o n .  The l ig a n d  R-dppp w i l l  produce t h e  

o p p o s i t e  c o n f i g u r a t i o n  t o  t h a t  seen in

|3-M 02 C l 4 ( S , S -d p p b )2 • T h e r e f o r e  in  l3-Mo2C l 4 (R - d p p p )2 , t h e  

A( ) * X)  c o n f i g u r a t i o n  w i l l  p la c e  both m e th y ls  in  t h e  

e q u a t o r i a l  p o s i t i o n ,  and s in c e  t h e  c o n f i g u r a t i o n  i s  A t h e  

t w i s t  a n g le  must be l e s s  than  4 5 °  in  o r d e r  t o  p l a c e  t h e  

r e a r  s e t  o f  l i g a t o r s  in  t h e  p o s i t i v e  s e c t o r  f o r  t h e  5 - 6 *  

t r a n s i t i o n .  In  f a c t  f o r  |3-Mo2C l 4 ( R - d p p p ) 2 , X wi 11 be 

a p p r o x i m a t e l y  2 7 ° .  T h is  can be i n t e r p o l a t e d  f rom  t h e  p l o t  

o f  5 - 5 *  t r a n s i t i o n  energy  vs cos2X f o r  t h i s  f a m i l y  o f  

complexes ( f i g u r e  1 . 7 ) .

7 R e s u l t s  and D is c u s s io n

7 .1  B-MooCl y\ ( R-Phenphos) ?

One o f  t h e  f i r s t  complexes made d u r i n g  t h i s  p r o j e c t  was 

3-M0 2 C1 4 (R -phenp hos>2 ■ I t  was hoped t o  compare i t s  

p r o p e r t i e s  w i t h  |3-Mo2C l 4 ( R -d p p p )2 t o  see what  t h e  

s i g n i f i c a n c e  was o f  r e p l a c i n g  a methyl  group by a phenyl
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group on t h e  l ig a n d  backbone. F i g u r e  5 . 1 6  shows t h e  

a b s o r p t i o n  and cd s p e c t r a  o f  3 -M o 2 C l4 (R -p h e n p h o s )2  in  

d i c h 1o ro m e th a n e . T a b le  5 .1  l i s t s  t h e  5 - 5 *  and 5 - d x 2 _ y 2 

t r a n s i t i o n  e n e r g ie s  and g v a lu e s  f o r  a m u l t i t u d e  o f  

q u a d r u p ly  bonded dimolybdenum complexes c o n t a i n i n g  

d ip h o s p h in e  o r  d iam in e  l i g a n d s .  The s i g n s  and m agn i tudes  

o f  t h e s e  v a l u e s  a r e  v e r y  s i m i l a r  f o r  |3 -M o2Cl4 (R -dppp)2  and 

|3 -M o 2 C l4 (R -p h e n p h o s )2 . T h is  means t h a t  both o f  th e s e  

complexes w i l l  have v e r y  s i m i l a r  c o n f i g u r a t i o n s .  Thus 

[3 -Mo2Cl4 (R-phenphos)2  w i l l  have a A  c o n f i g u r a t i o n  w i t h  a 

t w i s t  o f  a p p r o x im a t e l y  2 7 ° .  There  app ears  t o  be v e r y  

l i t t l e  d i f f e r e n c e  when th e  methyl i s  r e p l a c e d  by t h e  

p h e n y l ,  i n d i c a t i n g  t h a t  th e  phenyl  group a l s o  t i g h t e n s  t h e  

t w i s t  a n g le  when compared t o  (3 -M o 2 C l4 (d p p e )2 •

7 . 2  O-MogC I /i ( S .S - s k e w p h o s lg

The complex 3-M02C I S , S-skewphos>2 was s y n t h e s is e d  

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

s e n s i t i v e .  The most i n t r i g u i n g  p r o p e r t y  o f  t h i s  complex i s  

i t s  b e h a v io u r  in  d i f f e r e n t  s o l v e n t s .  The e l e c t r o n i c  

a b s o r p t i o n  and cd s p e c t r a  o f  |3-Mo2C l 4 (S ,S - s k e w p h o s )2 in  

d i c h io r o m e t h a n e  and methanol  a r e  shown in  f i g u r e s  5 . 1 7  and 

5 . 1 8  r e s p e c t i v e l y .  The s p e c t r a  in  d ic h lo r o m e t h a n e  a r e  

s i m i l a r  t o  those  o f  |3-Mo2C l 4 ( S , S - d p p b )2 ( s e e  t a b l e  5 . 1 ) .  

T h e r e f o r e  in  t h i s  s o l v e n t  t h e  complex app ears  t o  be a
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Fi gure  5 . 1 6  A b s o rp t io n  and cd s p e c t r a  o f
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t y p i c a l l y  s ta g g e re d  3 isom er .  In  m e th a n o l ,  3 -Mo2C14 ( S , S -  

skewphos) 2 d i s p l a y s  a 5 - 6 *  t r a n s i t i o n  a t  a h igh  ene rg y  

( 1 6 . 1 3  X 103 cm- 1 ) ,  t h e r e  i s  no q u e s t i o n  o f  t h i s  b e in g  an 

a isom er  because t h e r e  i s  a s i g n i f i c a n t  g f a c t o r  f o r  t h i s  

t r a n s i t i o n  which i s  comparable  t o  o t h e r  s ta g g e r e d  3 

i s o m e rs .  T h e r e f o r e  i t  appears  t h a t  t h e r e  a r e  two d i s t i n c t  

3 isom ers  o f  Mo2C l 4 (S ,S - s k e w p h o s ) 2 , each one s t a b i l i s e d  by 

a d i f f e r e n t  s o l v e n t .  The two 3 isomers have a l a r g e  ene rg y  

d i f f e r e n c e  between t h e  r e s p e c t i v e  5 - 6 *  t r a n s i t i o n s  b u t  t h e  

s i g n s  o f  t h e  cd s p e c t r a  a r e  th e  same. The n e g a t i v e  cd 

s i g n a l s  under t h e  6 - 5 *  t r a n s i t i o n s  i n d i c a t e  t h a t  e i t h e r  3 

isom er  can have a ^ c o n f i g u r a t i o n  w i t h  t w i s t  a n g le  between  

4 5 °  and 9 0 ° ,  o r  a >/V con f  i g u r a t i o n  w i t h  t w i s t  a n g le  between  

0 °  and 4 5 ° .  There  appears  t o  be s t a b l e  c o n fo r m a t io n s  in  

both  o f  th e s e  s e c t o r s  because o f  th e  f l e x i b i l i t y  o f  t h e  

b r i d g i n g  r i n g s  due t o  th e  long l ig a n d  backbone.  A s tu d y  o f  

s c a l e  models i n d i c a t e s  a s t a b l e  r o t a m e r i c  form  in  t h e  A 

c o n f i g u r a t i o n  w i t h  a t w i s t  a n g le  o f  abo u t  7 0 ° ,  he re  t h e  

seven membered r in g s  t a k e  up a c h a i r  t y p e  c o n fo r m a t io n  

w i t h  a l l  f o u r  m e th y ls  in  e q u a t o r i a l  p o s i t i o n s .  From t h e  

p l o t  o f  5 - 5 *  t r a n s i t i o n  e n e r g ie s  vs cos2X f o r  t h i s  f a m i l y  

o f  com plexes,  then  th e  3 isomer o f  Mo2C l 4 ( S , S -skew ph os) 2 

in  d ic h lo r o m e th a n e  i s  p r e d i c t e d  t o  have a c o n f i g u r a t i o n  o f  

A ( 2 2 ° )  o r  A ( 68° ) .  From th e  d is c u s s io n  above on s c a l e  

m odels ,  t h e  l a t t e r  c o n f i g u r a t i o n  app ears  a good c a n d i d a t e .  

The 3 isomer p r e s e n t  in  methanol  has a v e r y  h ig h  6 - 6 *
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t r a n s i t i o n  e n e rg y ,  in  f a c t  th e  above p l o t  p r e d i c t s  a t w i s t  

o f  0 °  o r  9 0 ° .  T h is  can not  be th e  case as t h e  m agn i tude  o f  

t h e  g f a c t o r  i n d i c a t e s  c o n s i d e r a b l e  s t a g g e r i n g  f rom  t h e  

e c l i p s e d  c o n fo r m a t io n .  O b v io u s ly  t h i s  i l l u s t r a t e s  t h e  

u n r e l i a b i l i t y  o f  some o f  th e  p l o t s  c o n c e r n in g  t h e  5 

o v e r l a p  and shows t h e  l i m i t a t i o n s  o f  p r e d i c t i n g  X f rom  t h e  

6 - 5 *  t r a n s i t i o n  e n e rg y .  T h e r e f o r e  t h e  methanol  isomer i s  

s t a g g e r e d  bu t  n o t  as much as t h e  o t h e r  |3 isomer (because  

o f  t h e  s m a l l e r  g f a c t o r ) .  T h is  i s  t h e  f i r s t  example  o f  

d i f f e r e n t  ro tam ers  o f  t h i s  t y p e  b e ing  s t a b i l i s e d  in  

d i f f e r e n t  s o l v e n t s ,  a l th o u g h  t h i s  phenomenon has been 

o b s erved  in  t h e  s o l i d  s t a t e  ( c f .  |3-Mo2 l 4 ( d p p e ) 2 ) .

7 . 3  3-Mo2C1>)(DIOP)2

(3-M 0 2 C14_(DIOP)2 d i s p l a y s  s i m i l a r  p r o p e r t i e s  t o  t h a t  o f  

(3-Mo2C l 4 ( S ,S - s k e w p h o s ) 2 . The f o r m e r  complex i s  v e r y  a i r  

s e n s i t i v e  and s o l u b l e  in  a number o f  s o l v e n t s .  The DIOP 

l i g a n d  has a v e r y  long backbone, P - C - C - C - C - P ,  t h e r e f o r e  

t h e  e i g h t  membered b r i d g i n g  r i n g s  formed a c ro s s  t h e  

dimolybdenum u n i t  a r e  ex p e c te d  t o  be q u i t e  f l e x i b l e .  The 

a b s o r p t i o n  and cd s p e c t r a  o f  |3-Mo2C14 (D IO P )2 in  v a r i o u s  

s o l v e n t s  i n d i c a t e  t h a t  more than  one s p e c ie s  i s  p r e s e n t  in  

each s o l u t i o n .  T h is  i s  no t  s u r p r i s i n g  because in  l a r g e  

r i n g  systems t h e r e  w i l l  be l i t t l e  ene rg y  d i f f e r e n c e  

between v a r i o u s  co n fo rm e rs .  T h e r e f o r e  t h e  f l e x i b i l i t y  o f  

t h e  e i g h t  membered r i n g  means t h a t  no one c o n fo r m a t io n  i s
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dom inan t  and s e v e r a l  ro tam ers  can e x i s t  in  t h e  same 

s o l v e n t .

7 . 4  [MogXOpCCjHqJ^p( S , S - d p p b ) YijCH^CN)4 - 2x 3 ( x  = 1 o r  2 )

V e ry  i n t e r e s t i n g  p r o p e r t i e s  a r i s e  f rom  t h e  s p e c t r a  o f  

t h e  c a t i o n s ,  [Mo2 ( 0 2 CCH3 ) 2 ( S , S - d p p b ) ( C H 3CN)2 ] 2+ and 

[Mo2 ( 0 2CCH3 ) 2 ( S , S - d p p b ) 2 ] 2 + , both o f  which have n o t  been 

f u l l y  p u r i f i e d  and a r e  a i r  s e n s i t i v e .  The fo r m e r  c a t i o n  i s  

t h o u g h t  t o  c o n t a i n  t h e  a c e t a t e  groups in  a c i s  a r ra n g e m e n t  

w h i l e  t h e  l a t t e r  w i l l  p r o b a b ly  have a t r a n s  a c e t a t e  

s t r u c t u r e .  These s t r u c t u r a l  ass ignm ents  a r e  made on th e  

b a s i s  o f  s i m i l a r i t i e s  between th e  s p e c t r a  o f  th e s e  c a t i o n s  

w i t h  o t h e r  complexes (s e e  chp 4 ) .  Both complexes  

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

a b r i d g i n g  s t r u c t u r e  because each c a t i o n  has a m eas u rab le  

cd s i g n a l  under th e  r e s p e c t i v e  6 - 6 *  t r a n s i t i o n .

The e l e c t r o n i c  a b s o r p t i o n  and cd s p e c t r a  o f  

[Mo2 ( 0 2CCH3 ) 2 ( S ,S -d p p b ) (C H 3 C N ) 2 ] 2+ and

[Mo2 ( 0 2CCH3 ) 2 ( S , S - d p p b ) 2 ] 2+ a r e  shown in  f i g u r e s  5 . 1 9  and 

5 . 2 0  r e s p e c t i v e l y .  T a b le  5 .1  shows t h a t  t h e  m agn i tudes  o f  

t h e  5 - 6 *  t r a n s i t i o n s  o f  t h e  two c a t i o n s  b e ing  d is c u s s e d  

a r e  r e l a t i v e l y  sm al l  compared t o  t h a t  o f  

|3-Mo2C1 4 ( S , S -d p p b ) 2 • T h i s  i s  no t  unexpected  because  

[Mo2 ( 0 2CCH3 ) 2 ( S , S - d p p b ) 2 ] 2+ w i l l  have a v e r y  s i m i l a r  

s t r u c t u r e  t o  [Mo2 ( 0 2CCH3 ) 2 (dm pe)2 ] 2+ which i s  e c l i p s e d .
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T h e r e f o r e  i t  m ig h t  have been e x p e c te d  t h a t  

[MO2 ( 0 2 CCH3 ) 2 ( S , S - d p p b ) 2 ] 2+ would show no o p t i c a l  a c t i v i t y  

under  t h e  6 - 5 *  t r a n s i t i o n .  The f a c t  t h a t  i t  does means 

t h a t  i t  must be t w i s t e d  by a few d e g re e s ,  b u t  t h e  r i g i d  

e c l i p s i n g  e f f e c t  o f  t h e  a c e t a t e  groups means t h a t  i t  can  

be no more th an  t h i s .

The most s t r i k i n g  a s p e c t  o f  t h e  s p e c t r a  o f  t h e s e  two  

c a t i o n s  i s  t h a t  t h e  s ig n s  o f  t h e  5 - 6 *  and t h e  6 - d x 2 _ y 2 

t r a n s i t i o n s  a r e  both o p p o s i t e  t o  th o s e  o bs erved  f o r  

(3-M o2C l 4 ( S , S - d p p b ) 2 ■ As th e  t w i s t  w i l l  o n l y  be a few  

de g re e s  in  both o f  t h e  c a t i o n s  and t h e  s ig n  o f  t h e  6 - 6 *  

t r a n s i t i o n  i s  p o s i t i v e ,  th en  f rom t h e  s e c t o r  r u l e  ( f i g u r e

5 . 3 )  both  c a t i o n s  must have t h e  & c o n f i g u r a t i o n .  T h i s  i s  

o p p o s i t e  t o  3-MO2 0 l 4 ( S , S - d p p b )2 which has a A  

c o n f i g u r a t i o n .  The c o n fo r m a t io n s  o f  t h e  b r i d g i n g  r i n g s  in  

[Mo2 ( 0 2 CCH3 ) 2 ( S , S - d p p b ) 2 ] 2+ w i l l  be s i m i l a r  t o  th o s e  in  

[Mo2 (C>2CCH3 ) 2 (dm pe)2 ] 2+ as in  f i g u r e  4 . 5 .  S c a le  models  

show t h a t  t h e  A ( \ ) \ )  c o n f i g u r a t i o n  ( t h e >  ’ s a p p ly  o n l y  t o  

t h e  s i x  membered r i n g s ,  t h e  r i n g s  formed by t h e  a c e t a t e s  

a r e  i g n o r e d )  w i t h  a t w i s t  o f  o n ly  a few deg re es  has a l l  

f o u r  m e th y ls  in  t h e  a x i a l  p o s i t i o n .  However A ( 5 5 )  w i t h  a 

sm a l l  t w i s t  has a l l  f o u r  m e th y ls  e q u a t o r i a l .  T h i s  l a t t e r  

c o n f i g u r a t i o n  t i e s  in  w i t h  th e  observed  s p e c t r a  and 

a p p ears  f r e e  o f  any s t e r i c  c o n g e s t io n .  However t h e A ( 5 6 )  

c o n f i g u r a t i o n  w i t h  a sm al l  t w i s t  app ears  e q u a l l y  s t a b l e  

and a l s o  has a l l  f o u r  m e th y ls  e q u a t o r i a l ,  a l th o u g h  t h i s
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would g i v e  r i s e  t o  a n e g a t i v e  cd s i g n a l  under  t h e  6 - 6 *  

t r a n s i t i o n .  As y e t  t h e r e  i s  no a p p a r e n t  reason why t h e  

& ( 5 5 )  c o n f i g u r a t i o n  i s  p r e f e r r e d .  The 

[Mo2 ( 0 2 CCH3 ) 2 ( S , S - d p p b ) ( C H 3CN)2 ] 2+ c a t i o n  has a v e r y  

s i m i l a r  cd spectrum  t o  [Mo2 ( 0 2 CCH3 ) 2 ( S , S - d p p b ) 2 ] 2 + , 

t h e r e f o r e  t h e  fo r m e r  complex w i l l  have a A ( 6 ) 

c o n f i g u r a t i o n .  The g f a c t o r  f o r

[Mo2 ( 0 2 CCH3 ) 2 ( S , S - d p p b ) 2 ] 2+ i s  s i g n i f i c a n t l y  l a r g e r  than  

t h e  monophosphine c a t i o n ,  t h i s  i s  p r o b a b ly  due t o  t h e  

g r e a t e r  s t a g g e r i n g  e f f e c t  o f  t h e  two S ,S -d p p b  l i g a n d s  

which t o g e t h e r  can e x e r t  a g r e a t e r  t w i s t  th a n  a s i n g l e  

o n e .

7 . 5  [MOg( OgCCH;) g ( R - p n ) y ( CH^CN) /|_ o y ] ( x  = 1 o r  2 )

The f i r s t  q u a d ru p ly  bonded dimolybdenum complex t o  be 

made c o n t a i n i n g  a d ia m in e  l i g a n d  was Mo2 ( e n ) 4 C l 4 11° .  As 

s t a t e d  in  t h e  I n t r o d u c t i o n ,  t h i s  complex was i n i t i a l l y  

p r e d i c t e d  as hav ing  c h e l a t i n g  l i g a n d s  p r e s e n t  ( f i g u r e

1 . 1 5 ( a ) )  r a t h e r  than  b r i d g i n g  l ig a n d s  ( f i g u r e  1 . 1 5 ( b ) ) .  

The m e t h y la te d  d e r i v a t i v e ,  Mo2 ( R - p n ) 4 C l 4 1 1 1 , has s i n c e  

been made and t h i s  complex d i s p l a y s  a s t r o n g  cd s i g n a l  

under  t h e  6 - 6 *  t r a n s i t i o n .  T h is  e v id e n c e  i s  i n d i c a t i v e  o f  

a t w i s t e d  s t r u c t u r e  w i t h  b r i d g i n g  l i g a n d s  r a t h e r  th a n  a 

c o n fo r m a t io n  w i t h  c h e l a t i n g  l ig a n d s  which would te n d  t o  

have an e c l i p s e d  s t r u c t u r e .  I t  i s  e x p e c te d  t h a t  

Mo2 ( e n ) 4 C l 4 has a s i m i l a r  s t r u c t u r e .
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When [Mo2 (O2CCH3 ) 2 (CH3CN)0 ] [ B F 4J 2 i s  r e a c t e d  w i t h  R-pn  

in  a c e t o n i t r i 1e , an a i r  s e n s i t i v e  complex i s  o b t a i n e d .  The 

e l e c t r o n i c  a b s o r p t i o n  and cd s p e c t r a  o f  t h i s  complex a r e  

shown in  f i g u r e  5 . 2 1 .  The g f a c t o r  f o r  t h e  5 - 5 *  t r a n s i t i o n  

o f  t h i s  complex (4  x 10“ 4 ) i s  v e r y  sm a l l  compared t o  

Mo2 ( R - p n ) 4.Cl4 (see  t a b l e  5 . 1 ) .  The m eas u rab le  cd s i g n a l  

i n d i c a t e s  t h a t  t h e r e  i s  a t  l e a s t  one b r i d g i n g  R-pn l i g a n d  

p r e s e n t .  The t w i s t  a n g le  w i l l  be v e r y  sm al l  because o f  t h e  

e c l i p s i n g  n a t u r e  o f  t h e  a c e t a t e  groups .  I n  t h e  i r  spectrum  

o f  t h i s  complex,  a c e t o n i t r i l e  i s  p r e s e n t  ( a t  2 100 cm- 1 ) 

th u s  t h e  f o r m u la  o f  t h i s  s p e c ie s  i s  most l i k e l y  t o  be 

[Mo2 ( 0 2CCH3 ) 2 ( R - p n ) ( C H 3CN)2 ]CBF4 ] 2 • The e le m e n t a l  a n a l y s i s  

o f  t h i s  complex i s  poor as w i t h  o t h e r  complexes in  t h i s  

s e r i e s .  The s t r u c t u r e  i s  exp e c te d  t o  be s i m i l a r  t o  t h a t  o f  

t h e  [Mo2 ( O2CCH3 ) 2 ( S , S - d p p b ) ( C H 3CN) 2 ] c a t i o n .

The r e a c t i o n  o f  Mo2 (C>2CCH3 ) 4  w i t h  R-pn in  t h e  p rese n ce  

o f  [Me3 0 ] [ B F 4 ] produces a go lden  y e l l o w  s o l u t i o n .  The 

e l e c t r o n i c  a b s o r p t i o n  and cd s p e c t r a  o f  t h i s  s o l u t i o n  a r e  

shown in  f i g u r e  5 . 2 2 .  T h is  s o l u t i o n  i s  p lagued  w i t h  

Mo2 ( 0 2CCH3 ) 4 i m p u r i t y ,  however t h e  5 - 6 *  t r a n s i t i o n  ap p ears  

a t  s l i g h t l y  h i g h e r  energ y  than

[ M ° 2 ( ° 2cc h 3 ) 2 ( R - Pn ) (C H 3CN) 2 12+ > p o s s i b l y  i n d i c a t i n g  more 

e x t e n s i v e  s u b s t i t u t i o n .  The r e a c t i o n s  o f  R-pn w i t h  

Mo2 ( 0 2CCH3 )4 and t h e  [Mo2 ( 0 2CCH3 ) 2 (CH3CN)6 ] 2+ c a t i o n  

ap p e a r  t o  be ana logous w i t h  those  f o r  t h e  S ,S -d p p b .  Thus 

t h e  go lden  y e l l o w  s o l u t i o n  w i l l  a lm o s t  c e r t a i n l y  c o n t a i n  

t h e  [Mo2 ( 0 2CCH3 ) 2 ( R - p n ) 2 ] 2+ c a t i o n .
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The s ig n  o f  t h e  cd s i g n a l  under t h e  6 - 5 *  t r a n s i t i o n  f o r  

both  [ Mo2 ( O2CCH3 ) 2 ( R - p n ) ( CH3CN) 2 ] 2+and [Mo2 ( 0 2CCH3 ) 2 (R -  

p n ) 2 ] 2+ i s  p o s i t i v e .  The s ig n  o f  t h e  cd under  t h e  same 

t r a n s i t i o n  f o r  Mo2 ( R - p n ) 4C l 4 i s  n e g a t i v e  and t h i s  complex  

i s  p r e d i c t e d  t o  have a A c o n f i g u r a t i o n  w i t h  t w i s t  a n g le  o f  

between 4 5 °  and 9 0 ° .  S in c e  both c a t i o n s  b e ing  d is c u s s e d  

must have v e r y  sm al l  t w i s t s ,  then  t h e y  w i l l  a l s o  have t h e  

A c o n f i g u r a t i o n  as d e r i v e d  from t h e  s e c t o r  r u l e  ( f i g u r e

5 . 3 ) .  I n  f a c t  t h e  c o n f i g u r a t i o n s  o f  t h e s e  c a t i o n s  shou ld  

be a lm o s t  i d e n t i c a l  t o  t h e  ana logous  S ,S -d p p b  com plexes.  

The most s u r p r i s i n g  f a c t  i s  t h a t  R-pn does n o t  r e a c t  w i t h  

[Mo2 ( O2CCH3 ) 2 ( CH3CN)@] 2+ t o  g i v e  t h e  t r a n s  b i s  R-pn 

com plex ,  as R-pn i s  a sm al l  l i g a n d  and m ig h t  be e x p e c te d  

t o  r e a c t  in  t h e  same manner as t h e  dmpe l i g a n d .
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