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SUMMARY

4 5M ollisin (1) * is  d e r iv e d  v ia  th e  p o ly k e tid e  p a th w a y  in  th e  

fu n g u s  M ollisia cae s ia  a n d  is  th e  on ly  know n n a tu r a l  p r o d u c t  to  c o n ta in
4

an  a ro m a tic  d ic h lo ro a c e ty l m oiety . S in ce  i t s  d is c o v e ry  in  1956 s e v e ra l  

50-54g ro u p s  h a v e  a t te m p te d  to  u n ra v e l  th e  b io s y n th e s is  of m ollisin

b e c a u s e  of i t s  u n iq u e  s t r u c t u r e .  T h e  u ltim a te  aim of th e  w ork

d e s c r ib e d  in  th is  th e s is  w as to  e lu c id a te  th e  b io g e n e s is  of th is  u n u s u a l

fu n g a l m e tab o lite  a n d  is  in  p a r t  a c o n tin u a tio n  of th e  w ork  p e rfo rm e d  

50b y  A .A . F in n ie  in  th i s  la b o ra to ry .

CL2Ĉ 0

OH 0

( 1)

T h e  In tro d u c t io n  g iv e s  a b r ie f  a c c o u n t of th e  p o ly k e tid e  

p a th w a y  a n d  d is c u s s e s  b io log ica l c h lo r in a tio n , a common in  v iv o  

m od ifica tion  in  th e  b io s y n th e s is  of p o ly k e tid e s  a n d  o th e r  c la s s e s  of 

m e tab o lite . T h e  In tro d u c t io n  a lso  d e s c r ib e s  in  d e ta il th e  m echanism  

fo r  th e  fo rm ation  of p h e n a n th re n e s  v ia  s tilb e n e  p h o to c y c lis a t io n . T h is  

is  r e le v a n t  to  s u b s e q u e n t  c h a p te r s  d ea lin g  w ith  s y n th e t ic  s t r a t e g ie s  to



iii

th e  p h e n a n th re n e  d e r iv a t iv e s  w h ich  a re  p o s tu la te d  in te rm e d ia te s  in  th e  

b io s y n th e s is  of m ollisin . P ra c tic a l  a s p e c ts  of s t i lb e n e  p h o to c y c lis a tio n s  

a re  o u tl in e d  in  th e  fin a l se c tio n  of th e  I n tro d u c t io n .

T h e  b io s y n th e s is  of m ollisin  is  d is c u s s e d  in  C h a p te r  1 a n d  is  

p ro p o s e d  to  in v o lv e  c h lo rin a tio n  a n d  th e n  r in g  d e g ra d a tio n  of a p o ly ­

k e tid e  d e r iv e d  p h e n a n th re n e  (1 4 ) ,  (15) o r (1 6 ) . C h a p te r  1 also

2 13r e c o rd s  th e  d is a p p o in tin g  r e s u l t  of fe e d in g  sodium  [2 - H ^, 1“ C ] -

a c e ta te  to  m alt a g a r  c u l tu r e s  of M. c ae s ia  d u r in g  th e  p r e s e n t  

in v e s t ig a t io n .  T h u s  i t  w as p ro p o s e d  to  s tu d y  th e  b io s y n th e s is  of 

m ollisin b y  fe e d in g  d e u te riu m  la b e lle d  p h e n a n th r e n e s  (14) -  (16) to  th e  

fu n g a l m edium .

OH OH

(1 4 )  X = H , ( 1 5 )  X = OH '(16) X = C0oH 
' ' 2
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C h a p te r s  2, 3 a n d  4 d e s c r ib e  a t te m p ts  to  s y n th e s is e  th e  

p o s tu la te d  b io s y n th e tic  in te rm e d ia te s .  T h e  s y n th e s is ,  p r o p e r t ie s  a n d  

p h o to c h e m is try  o f o r th o -h a lo s t i lb e n e s  w ith  a '- a c e to x y -a -c y a n o  o r af- 

a c e to x y -a -c a rb o m e th o x y  s u b s t i tu e n ts  a re  r e c o rd e d  in  C h a p te r s  2 a n d  3 

r e s p e c t iv e ly .  T h e  e v id e n c e  from  th e  pho to ch em ica l e x p e r im e n ts  

in d ic a te s  th a t  an  o r th o -h a lo  s u b s t i tu e n t  c a n n o t b e  u s e d  to  re g io -  

chem ica lly  c o n tro l th e  c y c lisa tio n  s te p  in  th e s e  s y s te m s . A s o u tlin e d  

in  C h a p te r  3, a s ig n if ic a n t r e s u l t  w as th e  f in d in g  th a t  th e  9 -c a rb o -  

m e th o x y l g ro u p  of p h e n a n th r e n e  (173) can  b e  ea s ily  rem o v ed  w ith  

s im u ltan e o u s  h y d ro ly s is  of th e  1 0 -ace to x y l g ro u p  u pon  tre a tm e n t w ith  

a q u e o u s  b a s e .  C h a p te r  4 m ainly d ea ls  w ith  a tte m p ts  to  s y n th e s is e  

p h e n a n th re n e  (14) u s in g  b e n z y l p ro te c t in g  g ro u p s  fo r th e  p h en o lic  

s u b s t i tu e n ts  in  th e  s ta r t in g  m a te r ia ls .  U n fo r tu n a te ly ,  no  feed in g  

e x p e r im e n ts  em ploy ing  d e u te riu m  la b e lle d  p h e n a n th re n e s  w ere  c o n d u c te d . 

H ow ev er, m any in te r e s t in g  r e s u l t s  w ere  o b ta in e d  in  c o n n ec tio n  w ith  th e  

pho to ch em ica l s y n th e s is  of p h e n a n th r e n e s .

M e O \^ ^ /O M e

MeCLC

( 1 7 3 )

OAc OMe
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1. B a c k g ro u n d

E v e r  s in c e  1769-85 w hen  C a rl Wilhelm S cheele  f i r s t  iso la te d  

ta r t a r i c  a c id  in  p u r e  form  from  g r a p e s ,  c i tr ic  ac id  from  lem ons, malic 

ac id  from  a p p le s  a n d  gallic  ac id  from  gall n u t s ,  ch em is ts  h av e  b e e n  

in te r e s te d  in  th e  m o lecu la r s t r u c t u r e ,  chem ical p r o p e r t i e s ,  s y n th e s is  a n d  

b io s y n th e s is  of n a tu r a l  p r o d u c ts .  ^

L iv in g  o rg a n ism s  s y n th e s is e  a n d  d e g ra d e  chem ical com pounds 

b y  m eans of a s e r ie s  of enzym e m e d ia te d  chem ical re a c tio n s  know n as 

m etabo lism . All o rg an ism s  h av e  some m etabolic  p a th w a y s  in common th a t  

a re  e s s e n tia l  fo r  th e i r  s u r v iv a l ,  fo r  exam ple th o s e  th ro u g h  w hich  amino 

a c id s ,  s u g a r s ,  common f a t ty  a c id s  a n d  n u c le o tid e s  a re  c o n s tru c te d .  In  

a d d itio n  to  s u c h  p r im a ry  m e ta b o lite s , a c o n s id e ra b ly  g r e a te r  b o d y  of 

s u b s ta n c e s  -  a lk a lo id s , te r p e n e s ,  p o ly e n e s ,  p ig m e n ts , p h e n o ls ,  m yco- 

to x in s  an d  so fo r th  -  o c c u r  th ro u g h o u t  n a tu r e  a n d  a re  o ften  sp ec ific  

to  a p a r t ic u la r  sp e c ie s  of o rg a n ism . S u c h  se c o n d a ry  m e tab o lites  a re  

b io s y n th e s is e d  from  p r im a ry  m e tab o lite s  a n d  a re  th e  en d  p ro d u c ts  of a 

long  line of com plex fu n c tio n a lis a tio n  r e q u i r in g  a la rg e  n u m b e r of 

sp ec if ic  en zy m es.

M any th e o r ie s  h av e  b e e n  p ro p o s e d  to  a c c o u n t fo r th e  p re s e n c e  

2of s e c o n d a ry  m e ta b o lite s . One view  is  th a t  th e y  a re  sim ply  w aste

p r o d u c ts ,  a n o th e r  th a t  th e y  can  b e  u s e d  a s  a food  r e s e r v o ir  in  tim es

w hen  th e  o rg an ism  face s  n u tr i t io n a l  d e f ic ie n c ie s . I t  h a s  a lso  b e e n

s u g g e s te d  th a t  th e y  can a c t as  to x ic  p r o te c to r s  a g a in s t  p r e d a to r s .

W h atev er th e i r  ro le ,  to  d a te  m any h u n d r e d s  of s e c o n d a ry  m e tab o lites

h a v e  b e e n  iso la te d  from  fu n g i an d  n o v e l s t r u c tu r a l  ty p e s  co n tin u e  to  b e  

3d is c o v e re d . T h is  th e s is  is  c o n c e rn e d  w ith  th e  b io s y n th e s is  of th e



2

fu n g a l m e tab o lite  m ollisin  (1 ) ,  p ro d u c e d  b y  M ollisia caesia  a n d  
4 5

M. fa l le n s .

( 1 )

OH 0

2. T h e  P o ly k e tid e  o r  A cy lpo ly m alo n a te  P a th w a y

O ne of th e  m ost im p o rta n t b io s y n th e tic  r o u te s  in  th e  s e c o n d a ry

m etabolism  of fu n g i is  th e  p o ly k e tid e  o r acy lp o ly m a lo n a te  p a th w a y . T h e

id e a  th a t  n a tu ra l ly  o c c u r r in g ,  p o ly o x y g e n a te d  com pounds may a r is e  from

th e  c o n d e n sa tio n  of a c e ta te  u n i ts  w as f i r s t  s u g g e s te d  b y  Collie^ in 1893.

H o w ev er, th is  s p e c u la tio n  was la rg e ly  ig n o re d  u n ti l  i t  w as r e s ta t e d  b y  
7 8

B irc h  e t a l .  * o v e r  f i f ty  y e a r s  l a te r .  T h e y  s u p p o r te d  th e  p ro p o s itio n

14w ith  th e  e x p e rim e n ta l e v id e n c e  th a t  C - la b e lle d  a c e ta te  w as in c o rp o ra te d  

in to  6 -m e th y lsa lic y lic  ac id  (2 ) ,  a m e tab o lite  of Penicillium  g riseo fu lv u m  

a n d  o th e r  fu n g i.

( 2 )
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T h e  b a s ic  c o n c e p ts  w h ich  u n d e r l in e  th e  a c e ta te  h y p o th e s is  can  

b e  su m m a rised  th u s :

(a )  A ce tic  ac id  u n i ts  a re  jo in ed  b y  th e  form al elim ination  of w a te r  in  

h e a d - to - ta i l  l in k a g e s  w ith  e a c h  o th e r  o r w ith  o th e r  n a tu ra l ly  

o c c u r r in g  c a rb o x y lic  a c id s  to  form  @ -polyketom ethy lene c h a in s .

(b )  T h e  3- p o ly k e to m e th y le n e  c h a in s  may u n d e rg o  se c o n d a ry  c h a n g e s , 

n o ta b ly  c y c lis a tio n s  of th e  C la isen  o r A ldol ty p e  to  form  arom atic  

r in g s .

(c )  T h e  c a rb o n  sk e le to n  so fo rm ed  m ay b e  m odified  b y  th e  in tro d u c tio n  

of a lk y l g ro u p s .

(d )  S e c o n d a ry  p ro c e s s e s  o f r e d u c t io n  a n d  o x id a tio n  may o c c u r  e i th e r  

b e fo re  o r  a f te r  c y c lis a tio n .

3 . C h lo ro m et ab o lit e s

3 .1  N a tu ra l O c c u rre n c e

O f th e  m any know n in v iv o  m o d ifica tio n s  of p o ly k e tid e s  an d  o th e r

9 10c la s s e s  of m e tab o lite , c h lo rin a tio n  is  f r e q u e n t ly  e n c o u n te re d . ’  More 

th a n  130 c h lo rin e  c o n ta in in g  com pounds h a v e  b e e n  iso la te d  from  h ig h e r  

p la n ts  a n d  f e r n s ;  a b o u t h a lf  a re  p o ly a c e ty le n e s ,  th io p h e n e s  an d  

s e s q u i te rp e n e  la c to n e s  from  th e  A s te r a c e a e . Some p la n t  ch lo ro m eta - 

b o lite s  show  s tro n g  b io log ica l a c t iv i ty ,  e i th e r  w ith in  th e  p la n t  i t s e lf  as  

ho rm o n es o r  a g a in s t  o th e r  o rg a n ism s  as a n t ife e d a n ts  o r  to x in s .  T h e  

f i r s t  p la n t  com pound  to  b e  d is c o v e re d  to  co n ta in  c o v a le n tly  b o u n d  

ch lo rin e  w as s c e le ra tin ic  ac id  la c to n e  (3) from  th e  h ig h ly  to x ic  S enecio



4

11 12 13s c e le r a tu s ,  a l th o u g h  i t s  s t r u c t u r e  w as o n ly  c la r if ie d  la t e r .  *

e

0
( 3 )

C h lo ro m etab o lite s  a re  m ore common in  fu n g i ,  l ic h e n s  a n d

m arin e  a lg a e . Among m any know n exam p les  a re  th e  d e p s id o n e s  g a n g a -

14leo id in  (4) from  th e  lich en  L ec a n o ra  g a n g a le o id e s  a n d  m ollicelin D (5 )

15from  th e  fu n g u s  C haetom inium  m ollicellum .

Me 0

CCLMe
( 4 )

CL

HO

Me 0

Me
( 5 )

ch2oh



M any ch lo rin e  c o n ta in in g  p ro d u c ts  of p o ly k e tid e  o r ig in  h a v e

b e e n  iso la te d : th e  x a n th o n e  a u s to c y s t in  A (6) from  m aize meal c u l tu r e s  of

16A sp e rg il lu s  u s tu s ,  th e  a n th ra q u in o n e  f ra g il in  (7) from  th e  C alop laca  

17g e n u s  of lich en  a n d  th e  c h lo ro n a p h th a lic  e s te r  (8) p ro d u c e d  from  a

18p h e n a le n o n e  ty p e  com pound  in V ertic illium  lam ellico la .

( 6 )



6

M ost c h lo ro  com pounds of p o ly k e tid e  o r ig in  h a v e  an  a rom atic  

b o n d e d  c h lo rin e  a tom . N o n -a ro m a tic  fu n g a l ch lo ro m etab o lite s  of p o ly ­

k e t id e  o r ig in  a re  o f te n  d e r iv e d  v ia  r in g  d e g ra d a tio n  of an  arom atic

p r e c u r s o r .  F o r  ex am p le , c ry p to s p o r io p s in o l (9) is  d e r iv e d  from  th e

19ch lo ro iso co u m arin  (10) in  th e  fu n g u s  P e r ic o n ia  m a c ro sp in o sa .

M any ch lo ro m e ta b o lite s  h a v e  a n t ib io t ic ,  fu n g ic id a l,  h e rb ic id a l

o r  p e s t ic id a l  p r o p e r t i e s .  C h lo ram p h en ico l (11) ( S tre p to m y c e s  v e n e z u e la e ) ,

g r is e o fu lv in  (12) (P en icillium  u r t ic a e )  a n d  c h lo ro te tra c y c lin e  (13)

20( S tre p to m y c e s  a u re o fa c ie n s ) a r e  c lin ica lly  im p o r ta n t a n t ib io t ic s .

3. 2 T h e  M echanism  of B io logical C h lo rin a tio n

L ittle  is  know n a b o u t th e  m echanism  of b io lo g ica l c h lo r in a tio n .

T h e  p ro c e s s  is  th o u g h t  to  in v o lv e  th e  o x id a tio n  of ch lo rid e  to  c h lo rin e

c a t io n s ,  o r  some e q u iv a le n t .  T h is  cou ld  b e  acco m p lish ed  b y  a ch lo ro -

p e ro x id a se  enzym e to g e th e r  w ith  a s u ita b le  o x id is in g  a g e n t .  S u ch  an

21enzym e h a s  b e e n  iso la te d  from  th e  m ould C ald ario m y ces fum ago .

T h e  p u r if ie d  p re p a ra t io n  was show n to c a ta ly se  th e  fo rm ation  o f c a rb o n  -  

h a lo g en  b o n d s  in  th e  p re s e n c e  of h y d ro g e n  p e ro x id e . D eta ils  of th e  

s t r u c t u r e  of th e  enzym e a re  k n o w n : it c o n ta in s  one mole of f e r r ip r o to -

p o rp h y r in  IX as  a p ro s th e t ic  g ro u p  a n d  h a s  a m olecu lar w eig h t of 

42,000 of w hich  25-30% is  c a rb o h y d ra te .  H ow ever, d e ta ils  of th e  

s t r u c tu r e  of th e  ac tiv e  s ite  a n d  th e  m echanism  b y  w hich  th e  h a lo g en  

atom is  t r a n s f e r r e d  to  th e  s u b s t r a te  a re  la c k in g . S p e c ific a lly , th e  

n a tu r e  of th e  g ro u p  to  w h ich  th e  h a lo g en  atom is  a d d e d  d u r in g  t r a n s f e r  

is  n o t k n o w n . In  s tu d ie s  of th e  C . fum ago c h lo ro p e ro x id a se  th e  

re la t iv e  n o n -s p e c if ic i ty  of th e  enzym e w as n o te d : i t  c a ta ly s e d  th e



Cl Cl

OH 0

Me

(9) ( 10)
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c h lo r in a tio n , b ro m in a tio n  a n d  io d in a tio n  of a n u m b e r of cyclic  a n d  acy c lic  

1, 3 -d ic a rb o n y l c o m p o u n d s .

3. 3 D ic h lo ro a c e ty l M etabo lites

A s t r u c tu r a l ly  u n iq u e  p o ly k e tid e  ch lo ro m etab o lite  is  th e

n a p h th o q u in o n e  p ig m e n t m ollisin ( 1 ) ,  is o la te d  from  fu n g i of th e  g e n u s  

4 5M ollisia . ' I t  w as th e  f i r s t  n a tu r a l  p r o d u c t  to  b e  d is c o v e re d  to  co n ta in

a d ic h lo ro a c e ty l g ro u p  d ir e c t ly  a t ta c h e d  to  c a rb o n  a n d  it  rem a in s  th e

o n ly  know n n a tu ra l  p r o d u c t  to  c o n ta in  an  arom atic  d ic h lo ro a c e ty l g ro u p .

D ich lo ro a ce ty l g ro u p s  a r e  n o t u n k n o w n  in s e c o n d a ry  m e tab o lite s

b u t  th e y  a re  ex tre m e ly  r a r e  from  fu n g a l s o u rc e s .  O ne of th e  few

exam ples is  ch lo ram p h en ico l (11) w h ich  h a s  a d ich lo ro ace tam id e  g ro u p .

T h e  o rig in  of th is  g ro u p  is u n c le a r  b u t  i t  does n o t a p p e a r  to  a r is e

e i th e r  from  th e  c h lo rin a tio n  of an  ace tam id e  o r v ia  th e  fo rm ation  of an

am ide from  d ic h lo ro a c e tic  ac id  in  S . v e n e z u e la e . I t  h a s  b e e n  s u g g e s te d

th a t  b io s y n th e s is  p ro c e e d s  th ro u g h  th e  f ix a tio n  of c a rb o n  d iox ide  in to  a

th r e e  c a rb o n  u n it  follow ed by  c h lo rin a tio n  of th e  r e s u l ta n t  fo u r  c a rb o n

com pound  o r  i t s  d e r iv a t iv e .  ^

M arine a lg ae  a re  a m ore a b u n d a n t so u rc e  of d ic h lo ro a c e ty l

22m oieties an d  of halo  com pounds g e n e ra lly . C h lo ro c a rb o n s  a r e  th o u g h t

to  p la y  an im p o rta n t ro le  in th e  re g u la tio n  of a tm o sp h e ric  ozone d e n s ity

a n d  m arine  p la n ts  h av e  b e e n  s u g g e s te d  as  th e  so u rc e  of su c h  a i r - b o r n e  
23

co m p o u n d s. Among th e  vo la tile  com ponen ts  of th e  H aw aiian seaw eed  

A sp a ra g o p s is  ta x ifo rm is , id e n tif ie d  b y  G C-M S, w ere  fiv e  d ih a lo a c e ta m id e s , 

se v e n  h a lo g e n a te d  b u t-3 - e n -2 -o ls  a n d  tw e n ty  h a lo g e n a te d  iso p ro p a n o ls . ^  

M ollisin ( 1 ) ,  w ith  a u n iq u e  arom atic  d ic h lo ro a c e ty l g ro u p  is  of 

b io s y n th e tic  in t e r e s t  an d  is  th e  s u b je c t of th is  th e s i s .  C h a p te r  1
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d is c u s s e s  th e  b io s y n th e s is  of m ollisin  (1) a n d  is  p ro p o s e d  to  in v o lv e  

c h lo rin a tio n  th e n  r in g  d e g ra d a tio n  of a p o ly k e tid e  d e r iv e d  p h e n a n th re n e  

com pound  (1 4 ) , (15) o r  (1 6 ) . O ne w ay of te s t in g  th is  th e o ry  w ould  b e  

to  fe e d  iso to p ica lly  la b e lle d  co m pounds (14) — (16) s e p a ra te ly  to  th e  f u n g u s ,  

fo llow ed b y  iso la tio n  of m ollisin  (1) w h ich  is  m o n ito red  fo r  in c o rp o ra tio n  

of th e  iso to p ic  la b e l.  T h u s  s y n th e t ic  r o u te s  to  p h e n a n th re n e s  (1 4 ) ,

(15) a n d  (16) a re  d e s i r e d .

OH OH

(14) X= H

(15) X= OH

(16) X= CO H

4. P h e n a n th re n e  S y n th e s is

P h o to cy c lisa tio n  is  th e  p r e f e r r e d  m ethod  fo r  th e  s y n th e s is  of 

p h e n a n th re n e s  a n d  m any d if f e re n t  p o ly n u c le a r  a ro m a tic  sy s te m s .

On ir ra d ia t io n  in so lu tio n  w ith  u lt ra v io le t  (u v )  l ig h t ,  c is -  

s t i lb e n e  (17) u n d e rg o e s  r e v e r s ib le  p h o to c y c lis a tio n  to  g iv e  t r a n s - 4 a ,4 b -  

d ih y d ro p h e n a n th re n e  (1 8 ) , an  in te rm e d ia te  th a t  can  b e  t r a p p e d  

o x id a tiv e ly  w ith  h y d ro g e n  a c c e p to rs  su c h  a s  io d in e , o x y g e n , te tra c y a n o -  

e th y le n e  o r  d ip h e n y l se le n id e  to  g iv e  p h e n a n th re n e  (19) in  h ig h  y ie ld  

[Schem e 1] .



10

^ 5 s

h u

h-v) or 
dark

(17) (1 8 )

oxidant 
 ^

Scheme 1

4 .1  T h e  M echanism  of S tilb e n e  P h o to c y c lisa tio n

T h e  m echanism  of th e  p h o to c y c lis a tio n  of s t i lb e n e s  h a s  b e e n  

25s tu d ie d  e x te n s iv e ly . T h e  p h o to c y c lis a tio n  of s t i lb e n e s  a n d  th e  

t r a p p in g  of th e  r e s u l t in g  d ih y d ro p h e n a n th re n e s  a re  co m p lica ted  t r a n s ­

fo rm a tio n s , an d  m any m e ch an is tic  d e ta ils  a re  n o t y e t firm ly  e s ta b lis h e d ,
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4 .1 .1  D ih y d ro p h e n a n th re n e s  from  c is -S ti lb e n e s

26P h o to c y c lisa tio n  r e a c t io n s ,  w ith  one p o ss ib le  e x c e p tio n , 

p ro c e e d  on ly  b y  a b s o rp tio n  of a p h o to n  b y  th e  c i s - isom er a n d  n o t b y  

th e  tr a n s - is o m e r  of th e  s ti lb e n e  d e r iv a t iv e .  H ow ever, th e  s y n th e t ic a l ly  

m ore a c c e s s ib le  t r a n s -iso m e r is  com m only u s e d  a s  th e  s ta r t in g  m a te ria l 

s in c e  r e v e r s ib le  c i s - t r a n s  p h o to iso m e risa tio n  g e n e ra te s  th e  m e ch an is tic a lly  

r e q u i r e d  c i s - isom er [Schem e 2 ].

hu
^  / = \

hi) Ar Ar' 

Scheme 2

T y p ic a lly , s t ilb e n e  p h o to c y c lis a t io n s  a re  c a r r ie d  o u t a t  

- 2c o n c e n tra t io n s  of 10 M or le s s  to  m inim ise th e  com peting  p h o to d im e ris -

a tio n  of th e  t r a n s - isom er to  g ive  a 1 , 2 , 3 , 4 - te t r a a ry lc y c lo b u ta n e  

27d e r iv a t iv e .  P ho tochem ica l [2+2] cy c lo a d d itio n  in v o lv in g  C -9  a n d  C -10

of th e  p ro d u c t  p h e n a n th re n e  an d  th e  d o u b le  b o n d  of th e  s ta r t in g  s ti lb e n e ,

p a r t ic u la r ly  th e  t r a n s - is o m e r , is a n o th e r  p o te n tia l ly  tro u b leso m e  s id e

28re a c tio n  th a t  is m inim ised a t low c o n c e n tr a t io n s .  P h o to c y c lisa tio n s  of 

s t i lb e n e s  an d  r e la te d  sy s te m s  g e n e ra lly  p ro c e e d  on ly  b y  w ay of m olecules 

in  th e i r  low est e x c ite d  s in g le t s ta t e .

P ho tochem ica lly  p ro d u c e d  d ih y d ro p h e n a n th re n e s  su c h  a s  (18) 

a re  u n s ta b le  b e c a u se  b o th  p h o to ch em ica l a n d  th e rm a l r in g  o p en in g  

r e a c t io n s  r e g e n e ra te  th e  s ta r t in g  c is - s t i lb e n e  d e r iv a t iv e .  T h e s e  d ih y d ro -

Ar

\
\

Ar"
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p h e n a n th r e n e s  g e n e ra lly  a re  n o t is o la b le , b u t  u n d e r  a p p ro p r ia te  co n d itio n s

m any a re  s u f f ic ie n tly  long  liv e d  in  so lu tio n  to  s tu d y  th e i r  chem ical

29 30re a c t io n s  a n d  s p e c tr a l  p r o p e r t i e s .  J T h e  a s s ig n m e n t of t r a n s  r a th e r

th a n  c is  s te re o c h e m is try  fo r  th e  two a lly lic  h y d ro g e n s  on th e  c a rb o n

atom s a t th e  s i te  of r in g  c lo su re  is  b a s e d  on o rb ita l  sy m m etry  c o n s id e r -

31 32a tio n s  a n d  on e x p e rim e n ta l e v id e n c e  in  a few  s y s te m s . '

A c u r r e n t  view  of th e  p h o to c y c lis a t io n  m echanism  is  i l lu s t r a te d  

fo r  c is - s t i lb e n e  (17) in Schem e 3. In  th is  ro u g h  e n e rg y - r e a c t io n  

c o o rd in a te  d ia g ra m , th e  im p o r ta n t p a th w a y s  a r e  show n fo r b o th  th e  

p h o to c y c lis a tio n  of (17) to d ih y d ro p h e n a n th re n e  (18) a n d  th e  com peting  

p h o to iso m e risa tio n  of (17) to  t r a n s - s ti lb e n e  (2 0 ) .

P h o to e x c ita tio n  of c i s - s ti lb e n e  (17) b y  a b s o rp tio n  of a p h o to n  

of u v  l ig h t  t r a n s fo rm s  th e  m olecule from  i t s  g ro u n d  s in g le t  e le c tro n ic  

s ta te  S q to  i ts  low est e x c ite d  s in g le t  e le c tro n ic  s ta te  S-^. T h e  r e s u l t in g  

e x c i te d  sp e c ie s  (17*) is  d raw n  p a r t l y  w ith  d o tte d  lin e s  in Schem e 3 to  

in d ic a te  th a t  th e  d is tr ib u t io n  of TT-electron d e n s ity  in  th e  S^ s ta te  d if f e r s  

from  th a t  in th e  S q s ta te .  C a lcu la tio n s  show  th a t ,  in  co m parison  to  (1 7 ) , 

(17*) h a s  a sm aller TT-bond o rd e r  b e tw e e n  th e  two o le fin ic  c a rb o n  atom s 

C -a  a n d  C - a ’ a n d  a g r e a te r  TT-bond o r d e r  b e tw e e n  C - a  a n d  C - l  (a n d  

a lso  b e tw ee n  C - a 1 an d  C - l 1) . ^

T h e  e x c ite d  c i s - s tilb e n e  (17*) is  th o u g h t  to  h av e  tw o p r in c ip a l  

f a te s :  ro ta t io n  a ro u n d  th e  b o n d  b e tw ee n  C -a  a n d  C -a 1 follow ed b y  an

S j  S q e le c tro n ic  t r a n s i t io n  to  g iv e  th e  tw is te d  g ro u n d  s ta te  s ti lb e n e  

sp e c ie s  (2 1 ) , a n d  r in g  c lo su re  fo llow ed b y  an  S^ -* S q t r a n s i t io n  to  g iv e  

th e  sk ew ed  g ro u n d  s ta te  d ih y d ro p h e n a n th re n e  sp e c ie s  (2 2 ) . B o th  (21) 

a n d  (22) a re  a t  e n e rg y  maxima on th e  g ro u n d  s ta te  p o te n tia l  e n e rg y  

s u r fa c e :  (21) is  c o n s id e re d  id e n tic a l w ith  th e  tr a n s i t io n  s ta te  fo r  th e
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Scheme 3
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th e rm a l c i s - t r a n s  iso m e risa tio n  r e a c tio n  (17) (20) , a n d  (22) is

c o n s id e re d  id e n tic a l w ith  th e  t r a n s i t io n  s ta te  fo r  th e  th e rm a l r in g  

o p en in g  r e a c tio n  (18) (1 7 ) .  T h e  d ih e d ra l  a n g le  b e tw e e n  th e  b o n d

from  C -a  to  C - l  a n d  th e  b o n d  from  C -a ' to  C - l '  is  a s su m ed  to  b e  a b o u t 

90° in  th e  tw is te d  s ti lb e n e  (2 1 ) . T h e  b o n d  b e tw e e n  th e  s a tu r a te d  

c a rb o n  atom s in  th e  sk ew ed  d ih y d ro p h e n a n th re n e  (22) is  r e g a r d e d  a s  

ab n o rm a lly  lo n g  a n d  w eak co m p ared  to  th e  c o r re s p o n d in g  b o n d  in  th e  

r e la x e d  d ih y d ro p h e n a n th re n e  (1 8 ) . S p e c ie s  (21) re la x e s  r a p id ly  to  

e i th e r  (17) o r (2 0 ) ,  an d  sp e c ie s  (22) r e la x e s  r a p id ly  to  e i th e r  (17) o r 

(1 8 ) .

4 .1 .2  P h e n a n th re n e s  fhom D ih y d ro p h e n a n th re n e s  b y  O x id a tiv e  

T ra p p in g

T h e  c o n v e rs io n  of t r a n s - 4a, 4 b -d ih y d ro p h e n a n th re n e  (18) to

p h e n a n th re n e  (19) in a ir  s a tu r a te d  so lu tio n  p ro c e e d s  b y  a ra d ic a l

m echanism  in v o lv in g  two s u c c e s s iv e  h y d ro g e n  a b s t r a c t io n s  w ith  ra d ic a l
33  84

(23) a s  an in te rm e d ia te  ’ [S chem e 4 ] .

A lth o u g h  o x y g en  a c ts  c le a n ly  a s  th e  o x id a n t in th e  p h o to -

-5  -4c y c lis a tio n s  of v e ry  d ilu te  so lu tio n s  of s t i lb e n e s  (10 -1 0  M ), i t s  u se
-2

w ith  th e  m ore c o n c e n tra te d  so lu tio n s  (10 M) n e e d e d  fo r  p ra c t ic a l  

p r e p a r a t iv e  w ork  o fte n  r e s u l t s  in  low y ie ld s  of im p u re  p h e n a n th r e n e s .  

T h is  p rob lem  may stem  from  u n w a n te d  re a c tio n s  of th e  acc u m u la ted  

h y d ro g e n  p e ro x id e .

U su a lly  it  is  a d v a n ta g e o u s  to  c a r r y  o u t p r e p a r a t iv e  sca le  

p h o to c y c lis a tio n s  in  an a ir  s a tu r a te d  so lu tio n  w ith  a sm all am oun t of 

a d d e d  io d in e . T h is  g e n e ra lly  s h o r te n s  th e  i r ra d ia t io n  tim e fo r  com plete
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(18) PH. (2 3 )  PH'

(19)

Initiation

Propagation

p h 2 + 

p h 2 +
°2
HO.

PH* + 0.

PH* + 

PH* +

- P

ho2*

H2°2
HO*

PH2 + °2 P + HO  2 2

Scheme 4-
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25
c o n v e rs io n  a n d  g iv e s  a c le a n e r  p r o d u c t  in  h ig h e r  y ie ld . Io d in e  

p ro v id e s  a n o th e r  ch a in  m echanism  fo r  t r a p p in g  d ih y d ro p h e n a n th re n e s .

In it ia t io n  

P ro p a g a tio n

T h e  p h o to ch em ica l d is so c ia tio n  of m olecu lar iod ine  may in v o lv e

p re d o m in a n tly  th e  v is ib le  com ponen t o f th e  em ission  from  th e  l ig h t  so u rc e

u s e d  in  th e  i r r a d ia t io n .  T h e  h y d ro g e n  io d id e  from  th e  p ro p a g a tio n

s te p s  m ay u n d e rg o  o x id a tio n  u n d e r  th e  re a c tio n  c o n d itio n s  to  r e g e n e ra te

io d in e . A n o th e r  co n ce iv ab le  in it ia tio n  s te p  in v o lv in g  iod ine  is

P H 2 + I 2 ------► PH* + HI + I - .

H y d ro g e n  a b s tr a c t io n  b y  iod in e  atom s is  m ore ex o th erm ic  th a n

b y  o x y g e n  m olecules b y  24 k ca l/m o l. [T h is  is  th e  d if fe re n c e  in th e

b o n d  d is so c ia tio n  e n e rg ie s  of H -  I (71 k ca l/m o l) an d  H -  (47 k c a l /

35m o l) . ] T h is  a c c o u n ts  fo r  th e  g r e a te r  s u c c e s s  of iod ine  as  com pared

to  o x y g e n  in  tr a p p in g  c e r ta in  d ih y d ro p h e n a n th re n e  d e r iv a tiv e s  fo r

36w hich  th e  com peting  r in g  o p en in g  is  e sp e c ia lly  f a s t .

37 38T e tra c y a n o e th y le n e  a n d  d ip h e n y l se le n id e  can  also be

u s e d  as  d e h y d ro g e n a tin g  a g e n ts .

I 2 + h v  ------ 21-

PH2 + I- ------ »- PH- + HI

PH- + I 2  P + HI + I-

P H 2 + I 2 ------ ►- P + 2HI
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4 .1 .3  P h e n a n th re n e s  from  D ih y d ro p h e n a n th re n e s  b y  

N o n -o x id a tiv e  T ra p p in g

4 a ,4 b -D ih y d ro p h e n a n th re n e s  w ith  s u ita b ly  p la c e d  le a v in g  

g ro u p s  can  u n d e rg o  elim ination  r e a c t io n s  le a d in g  to  p h e n a n th re n e s  in  

th e  a b se n c e  of o x id a n ts .  T h is  b e h a v io u r  is  fo u n d , fo r  ex am p le , in  

th e  p h o to c y c lis a tio n  of c e r ta in  o r th o - s u b s t i t u te d  s t i lb e n e s .  A s show n 

in  Schem e 5, an  o r th o - s u b s t i tu t e d  s ti lb e n e  e x is ts  in  so lu tio n  a s  a 

m ix tu re  o f co n fo rm e rs  (24a) a n d  (2 4 b ) ; th e r e f o r e ,  u v  i r ra d ia t io n  

p ro d u c e s  two isom eric  d ih y d ro p h e n a n th re n e s  (25a) a n d  (2 5 b ) , r e s p e c t ­

iv e ly . F o r c e r ta in  s u b s t i tu e n ts  X , d ih y d ro p h e n a n th re n e  (25b) can  b e  

t r a p p e d  to  g ive  p h e n a n th re n e  (19) b y  a h ig h ly  ex o th e rm ic  elim ination  

re a c tio n ;  th e  t r a p p in g  of th e  iso m eric  d ih y d ro p h e n a n th re n e  (25a) 

r e q u i r e s  an  o x id a n t.  I f  o x id a n ts  a re  e x c lu d e d  d u r in g  ir r a d ia t io n  in  

s u c h  s y s te m s , th e  r e v e r s ib i l i ty  of fo rm atio n  of th e  1 - s u b s t i tu te d  

d ih y d ro p h e n a n th re n e  (25a) allow s th e  o v e ra ll p h o to re a c tio n  to  p ro c e e d  

in  h ig h  y ie ld  b y  w ay of e lim in a tiv e  t r a p p in g  of th e  4 a - s u b s t i tu te d  

d ih y d ro p h e n a n th re n e  (2 5 b ) . T h u s  s t i lb e n e s  w ith  o r th o -m e th o x y l

s u b s t i tu e n ts  p h o to c y c lise  u n d e r  a n it ro g e n  a tm o sp h e re  w ith  elim ination

39of m eth an o l.

E lim ination of HX in v o lv e s  a b s tr a c t io n  of th e  4 b -h y d ro g e n  

from  th e  4 a - s u b s t i tu te d  d ih y d ro p h e n a n th re n e  (25b) (b y  O ^, > X*

o r  a so lv e n t d e r iv e d  ra d ic a l)  to  g iv e  a ra d ic a l o f ty p e  (27) th a t  

s u b s e q u e n tly  u n d e rg o e s  u n im o lecu la r e x p u ls io n  of X . [Schem e 6 ] .

T h is  e x p u ls io n  is  e s tim a te d  from  b o n d  d is so c ia tio n  e n e rg ie s  to  b e  

ex o th e rm ic  fo r  X = C H ^, CH ^O , C £ , B r  a n d  I  b u t  en d o th e rm ic  fo r 

X = H , F a n d  C ^ . 35
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(2 5 b )

Scheme 6

4. 2 P h e n a n th re n e s  from  2 -H a lo s tilb e n e s

4 .2 .1  2 -B rom ostilb  e n e s

O x id a tiv e  p h o to c y c lis a tio n  of s t i lb e n e  (28) g iv e s  a 1 :1  m ix tu re

of p h e n a n th re n e s  (29) a n d  (30) w hile s t i lb e n e  (3 1 ) , w ith  a b lo c k in g

2-brom o s u b s t i tu e n t ,  g iv e s  p h e n a n th re n e  (32) a s  th e  sole p ro d u c t  u n d e r

40th e  same co n d itio n s  [Schem e 7 ]. To d a te ,  in  th e  v a s t  m a jo rity  of 

sy s te m s  in v e s t ig a te d ,  o x id a tiv e  p h o to c y c lis a tio n  of b ro m o s tilb e n e s  h a s

r e s u l te d  in  re te n t io n  of th e  brom o s u b s t i tu e n t ,  i r r e s p e c t iv e  of i t s

41 42 43 p o s itio n  ' * [Schem e 8 ].

N o n -o x id a tiv e  p h o to c y c lis a tio n  of 2 -b ro m o s tilb e n e s  w as f i r s t  

44u s e d  b y  C av a 's  g ro u p  in  1970 fo r  th e  s y n th e s is  of th e  a p o rp h in e  

a lk a lo id  g la u c in e  (41) [Schem e 9 ]. Calcium  c a rb o n a te  w as u s e d  as  an 

a c id  s c a v e n g e r  fo r  h y d ro g e n  h a lid e  fo rm ed  b y  a ro m a tisa tio n  o f th e  

p re su m e d  d ih y d ro p h e n a n th re n e  in te rm e d ia te . T h re e  y e a r s  la te r  C a v a 's

(27)  

-X* 

(19)
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g ro u p  r e p o r te d  an  im p ro v ed  y ie ld  (59%) of p h e n a n th re n e  (40) from  

p h o to c y c lis a tio n  of 2-b ro m o s tilb e n e  (39) in  d e o x y g e n a te d  b e n z e n e / t e r t -  

b u ta n o l c o n ta in in g  p o ta ss iu m  t e r t - b u to x id e . C av a  p ro p o s e d  th a t  th e  

p re s u m e d  4 b -b ro m o d ih y d ro p h e n a n th re n e  in te rm e d ia te  can  sm oothly  u n d e rg o  

a c o n c e r te d  E 2 e lim ination  in  th e  p r e s e n c e  of t e r t - b u to x id e  b u t  can 

decom pose on ly  so lv o ly tica lly  (E l)  in  th e  p re s e n c e  of calcium  c a rb o n a te ,  

th u s  a c c o u n tin g  fo r  th e  im p ro v ed  y ie ld  of c y c lis e d  p ro d u c t .

4 .2 .2  2-Io  do s tilb  ene  s

T h e  p h o to c h e m is try  of s t i lb e n e s  w ith  2-iodo s u b s t i tu e n ts  is  

co m plica ted  b y  a n o th e r  p o s s ib le  m e c h a n is tic  p a th w a y  le a d in g  to  p h e n a n ­

th r e n e s  in  a d d itio n  to  th a t  p ro c e e d in g  b y  way of d ih y d ro p h e n a n th re n e  

in te rm e d ia te s .  T h is  o th e r  p a th w a y  in v o lv e s  p h o to ly s is  of th e  c a rb o n -  

iod in e  b o n d  follow ed b y  in tra m o le c u la r  f r e e  ra d ic a l a ry la tio n  as 

i l lu s t r a te d  in  Schem e 10 fo r  th e  p a r e n t  2 -io d o s tilb e n e  sy stem  (4 2 ). 

Som etim es th is  ro u te  to  p h e n a n th re n e s  is  a d v a n ta g e o u s  s y n th e t ic a l ly .

F o r ex am p le , n i t ro  s u b s t i tu te d  p h e n a n th re n e s  a re  n o t p ro d u c e d  from th e  

c o r re s p o n d in g  s t i lb e n e s  b y  th e  e le c tro c y c lic  p a th w a y , b u t  u v  ir ra d ia t io n

of th e  2-iodo an a lo g u es  r e s u l t s  in  c y c lis a tio n . T h is  ro u te  w as f i r s t

46u s e d  b y  K u p ch an  a n d  W orm ser in  1965 fo r  th e  s y n th e s is  of (4 6 ), th e  

m ethy l e s te r  o f th e  n a tu ra l  p r o d u c t  a r is to lo c h ic  ac id  I [Schem e 11].
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In  a so lv e n t w ith  eas ily  a b s t r a c ta b le  h y d ro g e n  atom s ( e .g .  

cy c lo h e x a n e ) th e  fo rm ation  of p h e n a n th re n e  (19) m igh t follow one o r 

m ore o f th e  fo llow ing p a th w a y s  in  w h ich  th e  2-io d o  s u b s t i tu e n t  p la y s  a 

t r iv ia l  ro le :

(a )  p h o to ly s is  of (42b) to  g ive  ra d ic a l (43b) (Schem e 10), follow ed 

b y  h y d ro g e n  t r a n s f e r  from  th e  so lv e n t a n d  o x id a tiv e  p h o to c y c lis ­

a tio n  of th e  r e s u l t in g  s t i lb e n e , p e rh a p s  w ith  th e  iod ine  g e n e ra te d  

in  s i tu  s e rv in g  as th e  o x id a n t;

(b )  a se q u e n c e  an a lo g o u s  to  p a th w a y  ( a ) ,  s ta r t in g  w ith  p h o to ly s is  

of th e  t r a n s - isom er of th e  io d o s tilb e n e ;

(c )  o x id a tiv e  p h o to c y c lis a tio n  of s t i lb e n e  (42b) to  g ive  1 -io d o p h e n a n - 

t h r e n e ,  w ith  s u b s e q u e n t  p h o to ly s is  of th e  c a rb o n - io d in e  b o n d  a n d  

h y d ro g e n  t r a n s f e r  from  th e  so lv e n t to  g iv e  p h e n a n th re n e  (1 9 ) .
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A t le a s t  one  o f th e  la t t e r  th r e e  ty p e s  o f p a th w a y  m u st b e  in v o lv e d , fo r

ex am p le , in  th e  p h o to c y c lis a tio n  o f th e  3 -a c e to x y -2 - io d o s ti lb e n e  (47) in

cy c lo h e x a n e  b e c a u se  th e  m ajor p r o d u c t  i s  th e  7 -a c e to x y p h e n a n th re n e

47(48) r a th e r  th a n  th e  5 -a c e to x y  iso m er (49) [Schem e 12],

OMe

W C6H6 12

(47 )

0

OMe
OMe

( 48 ) 57 % (49) 1 4 %

Scheme 12
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T h e  s y n th e s is  an d  p h o to c y c lis a tio n  o f 2 -h a lo s tilb e n e s  is  

d is c u s s e d  in  m ore d e ta il in  C h a p te r s  2 a n d  3 of th is  th e s i s .

25 485. P ra c tic a l  A sp e c ts  of S tilb e n e  P h o to c y c lis a t io n s  '

5 .1  Lam ps

M any d if f e r e n t  com m ercially  av a ilab le  m e rc u ry  d is c h a rg e  lam ps 

can  b e  u s e d  as  s o u rc e s  o f u v  l ig h t  fo r  s t i lb e n e  p h o to c y c lis a tio n s  on a 

p r e p a r a t iv e  sc a le . Among th e  m ost p o p u la r  of th e s e  a re  H anovia 

m edium  p r e s s u r e  im m ersion lam ps an d  R a y o n e t low p r e s s u r e  lam p s. In  

medium  p r e s s u r e  lam ps th e  p r e s s u r e  of m e rc u ry  lie s  in  th e  ra n g e  of 

1 to  10 a tm o s p h e re s , b e in g  d e te rm in e d  b y  th e  am ount of m e rc u ry  

in t ro d u c e d  in to  th e  tu b e  d u r in g  m a n u fa c tu re ,  a n d  th e  o p e ra tin g  

te m p e ra tu re  of th e  lam p , w hich  is  in  th e  re g io n  of 600 to  800°C.

Low p r e s s u r e  lam ps o p e ra te  a t a lam p tu b e  te m p e ra tu re  ju s t  above 

am b ien t (40-50°C  u su a lly  b e in g  th e  o p tim u m ), a t  w hich th e  v a p o u r
-5

p r e s s u r e  of m e rc u ry  is  a ro u n d  10 a tm o sp h e re s . H igh p r e s s u r e  lam ps 

a re  also  av a ilab le  a t o p e ra t in g  p r e s s u r e s  from  10 to s e v e ra l h u n d re d  

a tm o sp h e re s . T h e  h ig h  p r e s s u r e  lamp c o n te n ts  can  be  m e rc u ry , o r a 

r a r e  gas  su c h  as  x e n o n , o r  a m ix tu re  of m e rc u ry  an d  r a r e  g as .

T h e  fu n d am e n ta l r e q u ire m e n t of th e  l ig h t  s o u rc e  is  em ission  in  

th e  w a v e le n g th  re g io n  th a t  c o r re s p o n d s  to  th e  a p p ro p r ia te  e le c tro n ic  

a b s o rp tio n  b a n d  of th e  r e a c ta n t .  Medium a n d  h ig h  p r e s s u r e  lam ps em it 

th ro u g h o u t  th e  re g io n  of 200-400 nm . T h e  s p e c tr a l  d is tr ib u tio n  of th e  

ra d ia tio n  em itted  b y  an  u n d o p e d  medium p r e s s u r e  m e rc u ry  lamp is  m ainly  

in  th e  form  o f s h a r p ,  d is c re te  lin e s  (F ig . 1 ). M etal h a lid e  d o p ed  lam ps
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p ro d u c e  a d d itio n a l lin e s  c h a r a c te r i s t ic  of th e  m etal d o p a n t ( e .g .  gallium , 

m ag n esiu m , i r o n ,  th a lliu m ). T h e  m ain f e a tu r e  o f th e  s p e c tr a l  d i s t r i b u t ­

ion em itted  b y  h ig h  p r e s s u r e  lam ps is  th e  p re s e n c e  of a s tro n g  

c o n tin u u m , w hich  becom es m ore d o m in an t fo r  th e  h ig h e r  o p e ra tin g  

p r e s s u r e s .  A ro u n d  90% of th e  r a d ia t io n  em itted  b y  low p r e s s u r e  

m e rc u ry  lam ps c o n s is ts  of th e  m e rc u ry  re s o n a n c e  lin e s  a t 254 nm a n d  

185 n m , p ro d u c e d  in  th e  r a t io  of a p p ro x im a te ly  6 :1 . T h u s  th e s e  lam ps 

a re  n o t  w ell s u i te d  fo r  s t i lb e n e  p h o to c y c lis a t io n s  b e c a u se  th e  p ro d u c ts  

u s u a lly  a b s o rb  m ore s tro n g ly  th a n  th e  r e a c ta n t s  in  th e  re g io n  of 200-300 

nm . S a tis fa c to ry  r e s u l t s  a re  o f te n  o b ta in e d , h o w e v e r, w ith  low p r e s s u r e  

lam ps th a t  a re  co a ted  on  th e  in s id e  w ith  a m a te ria l th a t  a b s o rb s  th e  

254 nm ra d ia tio n  a n d  s u b s e q u e n tly  em its i t s  own c h a ra c te r i s t ic  f lu o r ­

e sc e n c e  a t  lo n g e r  w a v e le n g th s .

Some l ig h t  s o u rc e s  a r e  d e s ig n e d  to  b e  en c lo se d  in  a t r a n s ­

p a r e n t  well w ith  a w a te r  coo led  ja c k e t  a n d  im m ersed  in  th e  so lu tio n  to  

b e  i r r a d ia te d .  S u r ro u n d in g  o f th e  l ig h t  so u rc e  b y  th e  re a c tio n  m ix tu re  

in  th is  w ay m axim ises th e  e f fe c t iv e n e s s  w ith  w h ich  th e  em itted  p h o to n s  

a re  c a p tu r e d  b y  th e  r e a c ta n t  m o lecu les. O th e r  l ig h t  so u rc e s  a re  

d e s ig n e d .to  b e  m oun ted  o u ts id e  th e  re a c tio n  v e s s e l .

T h e  u s e  of a q u a r tz  im m ersion  well (o r  a q u a r tz  re a c tio n  

v e s s e l  w ith  an e x te rn a l  l ig h t  so u rc e )  allow s lig h t  of all w a v e le n g th s  

ab o v e  a b o u t 200 nm to  e n te r  th e  re a c tio n  m ix tu re .  F o r some p h o to ­

c y c lisa tio n s  h ig h e r  chem ical y ie ld s  a re  o b ta in e d  b y  em ploy ing  a P y re x  

im m ersion  well (o r  a P y re x  re a c tio n  v e s s e l ) .  T h is  e x c lu d e s  from  th e  

re a c tio n  m ix tu re  l ig h t  o f w a v e le n g th s  below  a b o u t 300 nm a n d  th e r e b y  

p r o te c ts  th e  p ro d u c t  from  p h o to ch em ica l d e s t ru c t io n .
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5. 2 C hoice of S o lv en t

In  s ti lb e n e  p h o to c y c lis a t io n s  a n d  in  pho to ch em ical re a c tio n s  

g e n e ra l ly ,  th e  so lv e n t m u s t b e  t r a n s p a r e n t  in  th e  w a v e le n g th  re g io n  th a t  

is  e f fe c tiv e  in  b r in g in g  a b o u t r e a c t io n .  F o r tu n a te ly  th e r e  is  a fa ir ly  

w ide cho ice  of so lv e n ts  w h ich  tr a n s m it  dow n to  q u ite  s h o r t  w a v e le n g th s  

in c lu d in g  m any a lco h o ls , e t h e r s ,  h y d ro c a rb o n s  a n d  w a te r .  T h e  

w a v e le n g th  below  w hich  a so lv e n t is  no  lo n g e r  t r a n s p a r e n t  is  ca lled  th e  

c u t-o f f  w a v e le n g th . C u t-o f f  w a v e le n g th s  fo r  a se lec tio n  of s o lv e n ts  a re  

g iv en  in  T ab le  1.

T a b le  1. C u t-o f f  w a v e le n g th s  fo r  a se le c tio n  of 

s o lv e n ts

S o lv en t C u t-o f f  

w a v e le n g th , nm

w a te r < 190

a c e to n itr ile 190

h e x a n e • 195

m ethanol 205

d iiso p ro p y l e th e r 220

1 , 2-d ic h lo ro e th a n e 225

e th y l a c e ta te 255

b e n z e n e 280

to lu en e 285

p y r id in e 305

ace to n e 330
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O th e r  r e q u ire m e n ts  of th e  so lv e n t a re  th a t  i t  is  f r e e  from  im p u r it ie s , 

e sp e c ia lly  th o s e  w hich  a b s o rb  o u ts id e  th e  so lv e n t c u t -o f f ,  a n d  th a t  i t  

sh o u ld  n o t (u n le s s  d e s ire d )  r e a c t  w ith  th e  p h o to e x c ite d  s ta te s  or w ith  

o th e r  in te rm e d ia te s  in v o lv e d  in  th e  c o u rs e  of th e  r e a c tio n .  F o r exam ple 

if  f re e  ra d ic a ls  a re  in v o lv e d , s o lv e n ts  la b ile  to  h y d ro g e n  a b s tr a c tio n  b y  

th e  f re e  ra d ic a ls  n e e d  to  b e  a v o id e d . T h is  can  e x c lu d e  a lco h o ls , e th e r s  

a n d  s a tu r a te d  h y d ro c a rb o n s  from  c o n s id e ra tio n . B e n z e n e , a c e to n itr i le  

a n d  te r t - b u ta n o l  a re  r e la t iv e ly ,  b u t  n o t  co m p le te ly , u n re a c t iv e  to w a rd s  

f r e e  r a d ic a ls .

5 .3  G en era l

T h e  i r ra d ia t io n  tim e r e q u i r e d  fo r  op tim al c o n v e rs io n  of r e a c ta n t  

to  p r o d u c t  in  a p h o to c y c lis a tio n  re a c tio n  d e p e n d s  on s e v e ra l  f a c to rs :  

th e  ty p e  of l ig h t  so u rc e  a n d  i t s  p o s itio n in g  r e la t iv e  to  th e  re a c tio n  

m ix tu re ; th e  t r a n s p a r e n c y  of th e  m a te ria l th ro u g h  w hich  th e  l ig h t  e n te r s  

th e  so lu tio n ; th e  p u r i ty  of th e  r e a c ta n t  a n d  th e  so lv e n t; th e  e f fe c t iv e ­

n e s s  w ith  w hich  th e  re a c tio n  m ix tu re  is  s t i r r e d ;  an d  th e  scale  of th e  

r e a c tio n . B eca u se  so m any f a c to r s  a re  o p e ra t iv e ,  th e  r e p o r te d  d u ra tio n  

o f ir ra d ia t io n  in  a p u b lish e d  d e s c r ip t io n  of a p a r t ic u la r  p h o to re a c tio n  is  

n o t a re lia b le  g u id e  fo r  p re d ic tio n  of th e  ir r a d ia t io n  tim e th a t  w ould  b e  

r e q u ir e d  fo r  th e  re p e t i t io n  of th e  w o rk  b y  an  in d e p e n d e n t in v e s t ig a to r .  

T h e re fo re ,  i t  is  e s s e n tia l  to  m on ito r th e  p r o g r e s s  of a p h o to c y c lisa tio n  

to  d e te rm in e  w hen  to  s to p  th e  i r r a d ia t io n .  A ny c o n v e n ie n t a n a ly tic a l 

m ethod  can b e  em p loyed , su c h  as  g lc , tic  o r  u v  s p e c tro s c o p y .

D u rin g  th e  c o u rse  of a p h o to re a c tio n  th e  wall o f th e  im m ersion 

w ell (o r  re a c tio n  v e s s e l)  th ro u g h  w hich  th e  l ig h t  e n te r s  th e  re a c tio n
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m ix tu re  o f te n  becom es co a ted  w ith  o p a q u e  m a te ria l, th e re b y  in te r f e r in g  

w ith  com pletion  of th e  re a c tio n  (a s  re v e a le d  b y  m o n ito r in g ) . In  th is  

e v e n t th e  r e a c tio n  sh o u ld  b e  in t e r r u p te d  a n d  th e  im m ersion w ell an d  

re a c tio n  v e s s e l  c le a n e d ; i t  is  a lso  a d v isa b le  to  f i l te r  th e  re a c tio n  m ix tu re  

th r o u g h  a s h o r t  colum n of alum ina to  rem o v e  h ig h ly  co lo u re d  o r  po ly m eric  

m a te ria ls  b e fo re  r e tu r n in g  th e  m ix tu re  to  th e  c lean ed  re a c tio n  v e s s e l  fo r  

re su m p tio n  of ir r a d ia t io n .

F o r some p h o to c y c lis a tio n s  i t  is  d e s ira b le  to  e x c lu d e  d is so lv e d  

o x y g e n . T h re e  te c h n iq u e s  can  b e  em ployed  fo r th is  p u rp o s e :  d e g a s s in g

th e  so lu tio n  u n d e r  h ig h  vacuum  b y  a s e r ie s  of f re e z e - th a w  c y c le s  an d  

th e n  sea lin g  th e  re a c tio n  v e s s e l b e fo re  i r r a d ia t io n ;  h e a tin g  th e  so lu tion  

a t  r e f lu x  a n d  th e n  allow ing it  to  cool u n d e r  an a tm o sp h e re  of an  in e r t  

gas  su c h  as  n it ro g e n  o r  a rg o n  b e fo re  ir r a d ia t io n ;  a n d  c o n tin u o u s ly  

p u rg in g  th e  so lu tio n  w ith  n i t ro g e n  o r a rg o n  d u r in g  i r r a d ia t io n .  T h is  

la s t  m ethod  is  recom m ended  fo r  p r e p a r a t iv e  sca le  w ork  b e c a u se  of i t s  

sim p lic ity  a n d  e f fe c t iv e n e s s .

In  m ost p r e p a ra t iv e  sca le  p h o to re a c tio n s  th e  a b s o rb a n c e  of th e  

r e a c ta n t  is  s u f f ic ie n tly  h ig h  th a t  th e  l ig h t  p e n e t r a te s  on ly  an  ex tre m e ly  

s h o r t  d is ta n c e  in to  th e  re a c tio n  m ix tu re .  T h u s  s t i r r in g  is  v e r y  im p o rta n t 

in  o rd e r  to  rem ove th e  p ro d u c t  from  th is  v e r y  th in  re a c tio n  zone a n d  

b r in g  in  f r e s h  r e a c ta n t .

A m ore d e ta ile d  d isc u ss io n  c o n c e rn in g  e x p e rim e n ta l m e th o d s in

49pho tochem ical s y n th e s e s  is  g iv en  e lse w h e re .



CHAPTER 1 

T h e  B io s y n th e s is  of M ollisin



1 .1  In tro d u c t io n

4
In  1956 G remmen d e s c r ib e d  some new  s t r a in s  of th e  sp e c ie s

M ollisia caesia  a n d  M. fa lle n s  w h ich , w hen  c u l t iv a te d  on m alt a g a r ,

p ro d u c e d  a c h a ra c te r i s t ic  yellow  c ry s ta l l in e  p ig m en t in  th e  m edium .

T h e  p ig m e n t, nam ed  m ollisin , show ed  s tro n g  a n t ifu n g a l  a c t iv ity  on

s e v e ra l ty p e s  of m ould . I t  was id e n tif ie d  a s  8- d ic h lo ro a c e ty  1-5-

h y d r o x y - 2, 7 -dime th y  1 -1 ,4 -n a p h th o q u in o n e  (1 ) b y  O vereem  a n d  v an  d e r  
5

K e rk  in  1964 on th e  b a s is  of chem ical a n d  s p e c tro sc o p ic  e v id e n c e . 

50-54S e v e ra l g ro u p s  h a v e  in v e s t ig a te d  th e  b io s y n th e s is  of m ollisin  (1)

b e c a u se  of i t s  u n iq u e  s t r u c tu r e ;  i t  is  th e  on ly  know n n a tu r a l  p ro d u c t  

to  co n ta in  an arom atic  d ic h lo ro a c e ty l g r o u p .

14

OH 0

M ollisin h a s  a re la t iv e ly  sim ple c a rb o n  fram ew o rk  a n d  is  h ig h ly  

o x y g e n a te d , th e re fo re  im plying  th a t  i t  is  d e r iv e d  from  ac e tic  ac id  v ia  

th e  p o ly k e tid e  p a th w a y . T h is  o r ig in  w as f i r s t  p ro p o s e d  b y  O vereem
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5 51an d  v an  d e r  K erk  a n d  w as la te r  co n firm ed  b y  B e n tle y  a n d  G a ten b e ck

14th ro u g h  a d d itio n  of C - la b e lle d  s u b s t r a t e s  to  m alt a g a r  c u l tu r e s  of

14 14M. c a e s ia . [1 - C] A c e ta te  an d  [1 ,3 -  C ]m alo n a te  w ere  in c o rp o ra te d

in to  m ollisin a n d  c a rb o n  atom s 2 , 4, 5, 7, 9 a n d  13 w ere  fo u n d  to  b e  

14la b e lle d . [ C H ^]M eth ion ine w as n o t  u t i l is e d  fo r  m ollisin b io s y n th e s is .

B e n tle y  a n d  G a ten b eck  s ta te d  th a t  if th e  n u c le u s  a n d  d ic h lo ro a c e ty l s id e

ch a in  a re  c o n s tru c te d  from  a s in g le  p o ly k e tid e  c h a in , th e n  a t  le a s t  one

m eth y l g ro u p  m u st b e  d e r iv e d  from  a a d d itio n . T h e  r e s u l t  of 

14fe e d in g  [ C H ^]m eth ion ine  ru le d  o u t th e  p o s s ib ili ty  of a ad d itio n  a n d

th u s  im plies th a t  C - l l  a n d  C -12  a r e  d e r iv e d  from  C -2  of a c e ta te .  To

accom m odate th e s e  r e s u l t s  th e y  p ro p o s e d  a two chain  m echanism  in  w hich

th e  d ic h lo ro a c e ty l g ro u p  is  fo rm ed  b y  c h lo rin a tio n  of an  a c tiv e  m e th y len e

u n it  follow ed b y  d e c a rb o x y la tio n  [Schem e 13]. A lth o u g h  a re la tiv e ly

5 5uncom m on s i tu a t io n ,  it  h a s  b e e n  show n b y  G a ten b e ck  a n d  M osbach th a t

tw o c h a in s  a re  u s e d  in  th e  b io s y n th e s is  of c itro m y c e tin ; fu r th e rm o re ,

th e  p a r t ic ip a tio n  of an  a c e to a c e ty l u n it  as  a seco n d  ch a in  h a s  b e e n

56d e s c r ib e d  in  ro tio r in  b io s y n th e s is  b y  H olker e t a l .

52 iIn  1970, T a n a b e  a n d  S e to  u s e d  H n m r s p e c tro s c o p y  to

d e te rm in e  th e  lab e llin g  p a t te r n  in  iso to p e  e n r ic h e d  m ollisin from  

13[2 - C ]a c e ta te .  T h e  r e s u l t s  d e m o n s tra te d  th a t  c a rb o n  atom s 3, 6 , 11,

12 a n d  14 of m ollisin a re  d e r iv e d  from  th e  m e th y l g ro u p  of a c e ta te .

C a rb o n  atom s 1, 8 a n d  10 w ere show n also  to  o r ig in a te  from  th e  m e th y l

53g ro u p  of a c e ta te  b y  C asey  e t a l. on r e p e a tin g  th is  e x p e r im e n t.

54T h re e  y e a r s  l a t e r ,  S e to  e t a l. e x c lu d e d  B e n tle y  a n d  G a te n -

b e c k 's  p ro p o sa l fo r  m ollisin b io s y n th e s is  on e v id e n c e  from  fe e d in g

13 . 13[1 ,2 -  C ]a c e ta te  to  th e  fu n g a l m edium . T h e  C nm r sp e c tru m  of
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from

[ 1 -14C ] a c e ta te

13 13m ollisin iso la te d  in th is  e x p e rim e n t show ed  C - C co u p lin g  b e tw een  

C -2  a n d  C -1 2 , C -3  an d  C -4 , C -5  a n d  C -1 0 , 0 6  a n d  0 7 ,  0 8  a n d  0 9 ,  

a n d  0 1 3  an d  0 1 4 .  T h u s  th e s e  p a i r s  of c a rb o n  atom s a re  d e r iv e d  

from  th e  sam e m olecule of a ce tic  a c id . C o u p lin g  b e tw ee n  0 1 3  an d  0 1 4
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w ould n o t b e  e x p e c te d  on th e  b a s is  of B e n tle y  a n d  G a te n b e c k 1 s p ro p o sa l 

show n in  Schem e 13. S e to  e t a l .  s u g g e s te d  th a t  th e  p a th w a y  d e p ic te d

in  Schem e 14 i s  a c tu a lly  in v o lv e d  in  th e  fo rm ation  of m ollisin (1 ) .
5 7

In  1975 M clnnes a n d  W righ t p ro p o s e d  th a t  th e  b io g e n e tic  

p a th w a y  d e p ic te d  in  Schem e 15 is  a lso  p la u s ib le .  T h is  p a th w a y  in v o lv e s  

c o n d e n sa tio n  of th e  o c ta k e tid e  c h a in  (54) to  p ro d u c e  th e  p h e n a n th re n e  

d e r iv a tiv e  (1 6 ) . T au tom erism  of (16) y ie ld s  th e  5 ,7 -d io x o  in te rm e d ia te  

(55) w hich  th e n  u n d e rg o e s  c h lo ro p e ro x id a se  enzym e m ed ia ted  d ic h lo r in ­

a tio n  a t  th e  a c tiv e  m eth y len e  g ro u p . N u cleoph ilic  a t ta c k  b y  h y d ro x y l 

a t th e  C -7  c a rb o n y l g ro u p  c le a v e s  th e  r in g  g iv in g  (5 7 ) , th e n  lo ss  of 

c a rb o n  d iox ide o c c u rs  follow ed b y  a p ro to n  s h if t  to  a f fo rd  th e  n a p h th ­

a len e  d e r iv a tiv e  (5 9 ). (59) is  re a d i ly  tra n s fo rm e d  in to  m ollisin ( 1) b y

o x id a tiv e  d e c a rb o x y la tio n  follow ed b y  d e h y d ro g e n a tio n , c o n tro lle d  b y  th e  

m o n o -o x y g en a se  an d  d e h y d ro g e n a se  enzym es r e s p e c t iv e ly .  A lte rn a tiv e ly , 

d e c a rb o x y la tio n  o r o x id a tiv e  d e c a rb o x y la tio n  of p h e n a n th re n e  (16) m igh t 

o c c u r  a t th e  s t a r t  of th e  se q u e n c e  g iv in g  p h e n a n th re n e s  (14) a n d  (15) 

r e s p e c t iv e ly .  T h e se  p h e n a n th re n e s  cou ld  y ie ld  m ollisin v ia a m echanism  

sim ilar to  th a t  o u tlin e d  in Schem e 15.

T h e  p ro p o sa l of M clnnes an d  W righ t w as d e c la re d  a n u ll

53 58h y p o th e s is  b y  C asey  e t a l . in 1976, b u t  S im pson com m ented in 1977

th a t  " th e  b io s y n th e s is  of m ollisin b y  c leav ag e  of a s in g le  o c ta k e tid e  ch a in

w ould a p p e a r  to  b e  a t le a s t  as lik e ly  a s  th e  tw o ch a in  p a th w a y  p ro p o sa l"  .

A s d e s c r ib e d  a b o v e , th e  M. cae sia  fe e d in g  e x p e rim e n ts

13 14 13em ploy ing  s in g ly  ( C o r C) o r  d o u b ly  ( C) la b e lle d  a c e ta te  h a v e  b een

u n a b le  to  d is tin g u is h  b e tw een  th e  two p o s tu la te d  b io s y n th e tic  r o u te s  to

m ollisin (1) ( i . e .  S chem es 14 an d  15) s in ce  b o th  ro u te s  a re  c o n s is te n t
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2 13w ith  th e  o b s e rv e d  la b e llin g  p a t t e r n s .  H ow ever, if [2 -  H ^, 1- C]~

1 2a c e ta te  is  fe d  to  M. caesia  th e n ,  a ssu m in g  e q u a l r a te s  of H / H

e x c h a n g e  a t all p o s it io n s , th e  r e s u l t in g  m ollisin w ould  h a v e  an  iso to p e

d is tr ib u t io n  c h a ra c te r is t ic  of one of th e  b io s y n th e tic  p a th w a y s

1 2[Schem e 16 ]. Of c o u rse  H i  H e x c h a n g e  is  u n lik e ly  to  b e  e q u iv a le n t 

a t  all s i te s ,  b u t  ( la )  a n d  ( lb )  in  Schem e 16 do r e p r e s e n t  th e  maximum 

p o ss ib le  e x te n t  of d eu te riu m  la b e llin g  in  m ollisin , p ro v id e d  th a t  one of

th e  two p o s tu la te d  b io s y n th e se s  does in d e e d  o p e ra te .

50 2 13F in n ie  fe d  a q u e o u s  so lu tio n s  of sodium  [2 - 1~ C ]~

a c e ta te  a f te r  10, 13, 16 an d  19 d a y s  g ro w th  to  m alt a g a r  c u l tu r e s  of

M. c a e s ia . A f te r  26 d a y s  th e  com bined  c u l tu r e s  w e re  e x t r a c te d  w ith

e th y l a c e ta te  a n d  th e  e x t r a c t  p u r if ie d  b y  c h ro m a to g ra p h y  to  p ro v id e  a

sam ple of m ollisin . T h is  sam ple w as c a re fu lly  a c e ty la te d  b y  th e  m ethod  

53of C asey  e t a l. to  g ive m ollisin a c e ta te  (61) w hich  is  a p p re c ia b ly  m ore

13so lu b le  th a n  m ollisin in  o rg an ic  s o lv e n ts .  C nm r s p e c tro s c o p y  of th e

13sam ple of (61) re v e a le d  th a t  th e  le v e l of e n r ic h m e n t of C w as on ly

0 . 2% ab ove  th e  1 . 1% n a tu ra l  a b u n d a n c e  b a c k g ro u n d , too sm all to  g ive  a

13c le a r  in d ica tio n  of th e  C -la b e llin g  p a t t e r n .  (E n ric h m e n ts  m u st u su a lly

13 57be a b o u t 0 .5-1 .0%  C above  n a tu ra l  a b u n d a n c e  to  b e  m e an in g fu l. )

13C lose exam ination  of th e  C nm r sp e c tru m  fo r  gem inally  s h if te d

re s o n a n c e s  in d ic a te d  th e  p re s e n c e  of a s in g le  d e u te riu m  atom a t C-6

2a n d  two d eu te riu m  atom s a t C -12 . T h is  was co n firm ed  b y  H nm r

s p e c tro s c o p y . (S ee  S ec tion  1 .3  fo r  an  e x p la n a tio n  o f th is  m ethod  of

lo c a tin g  d eu te riu m  la b e ls  in an e n r ic h e d  m e ta b o li te ) . F in n ie  s u g g e s te d  

1 2th a t  r a p id  H / H e x c h a n g e  re a c tio n s  in  th e  p o ly k e tid e  m igh t a c c o u n t 

fo r  th e  fa c t th a t  no  d e u te riu m  was o b s e rv e d  a t s i te s  ( e .g .  C -3 ) w h ere
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i t  w ould  b e  e x p e c te d  on th e  b a s is  of th e  tw o b io s y n th e tic  h y p o th e s e s .

T h e  w ash in g  o u t of d eu te riu m  b y  e x c h a n g e  re a c tio n s  is  a well r e c o g -

59n is e d  lim ita tio n  of su c h  sy s tem s  a n d  is  d if f ic u lt to  overcom e.

Cl2C- ^ 0  0

Me Me

AcO 0

( 6 1 )
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R e s u lts  a n d  D iscu ssio n

1. 2 T h e  S e a rc h  fo r New M etabo lites  of M ollisia cae sia

A s th e  o v e ra ll p u rp o s e  of a b io s y n th e tic  s tu d y  is ,  b y

d e f in i tio n , th e  id e n tif ic a tio n  of th e  p r e c u r s o r s  of a n a tu ra l  p r o d u c t ,

one o b v io u s  c o u rse  is  to  iso la te  co -m e tab o lite s  w hich  can  th e n  b e

id e n tif ie d  o r  r e je c te d  as  p r e c u r s o r s .

S u rp r is in g ly ,  few m inor m e tab o lites  of M. cae sia  w ere

d e te c te d  a n d  w ith  th e  e x ce p tio n  of a r e d  oil w hich  r a n  ju s t  ah ea d  of

m ollisin  on s ilic a , none  w ere  p r e s e n t  in s u ff ic ie n t am oun ts  to  p e rm it

c h a ra c te r i s a t io n .  T he  r e d  oil, w hich  c ry s ta l l is e d  on s ta n d in g ,  h as

51p re v io u s ly  b e e n  r e p o r te d  b y  B en tley  an d  G a ten b e ck  a n d  id e n tif ie d  as

2 , 7 -d im e th y ln a p h th a z a r in  (6 2 ) . T h e  n a p h th a z a r in  (62) is  p ro p o s e d  to

a r is e  th r o u g h  a b io log ical d e g ra d a tio n  of m ollisin an d  is  n o t th o u g h t  to

51b e  a b io s y n th e tic  p r e c u r s o r .  U n fo r tu n a te ly ,  th e n ,  no  new  m eta­

b o li te s  of M. cae sia  w ere  id e n tif ie d .

OH 0 

Me Me

OH 0

( 6 2 )
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2 131 .3  F eed in g  of Sodium  [2 - 1-  C ]a c e ta te  to  M ollisia caesia

A seco n d  a p p ro a c h  to  in v e s t ig a t in g  th e  b io s y n th e s is  of a 

n a tu r a l  p ro d u c t  is  to  fe e d  an  iso to p ica lly  la b e lle d  p o s tu la te d  p r e c u r s o r  

to  th e  o rg a n ism , follow ed b y  iso la tio n  of th e  m etabo lite  of i n t e r e s t ,  

w h ich  is  th e n  m on ito red  fo r in c o rp o ra tio n  of th e  iso to p ic  la b e l.

T h e  fa te  of d eu te riu m  in  b io s y n th e s is  may b e  m o n ito red  e i th e r

2 13d ir e c t ly  b y  H nm r sp e c tro sc o p y  o r in d ire c tly  b y  C nm r s p e c tro ­

s c o p y . ^0 j f  d e u te ro n  is  d ire c tly  a t ta c h e d  to  a atom th e n

13th e  C n m r s ig n a l fo r th a t  c a rb o n  is  s h if te d ,  no rm ally  up  f ie ld , a n d

sh o w s d eu te riu m  c o u p lin g . T h is  te c h n iq u e  is  d is a d v a n ta g e d  b y  th e

s ig n a l to  n o ise  r a t io  of th e  s h if te d  signal b e in g  r e d u c e d  b y  p o o r

r e la x a t io n ,  s ig n a l m u ltip lic ity  a n d  lo ss  of n u c le a r  O v e rh a u s e r  e f fe c ts .

13I f  th e  d e u te ro n  is p la c e d  3 to  th e  C n u c le u s ,  th e n  ag a in  an up  fie ld

13 2 13s h if t  in  th e  C nm r sp ec tru m  r e s u l t s  b u t  th e  H - C co u p lin g  o v e r

tw o b o n d s  is  n e g lig ib le , th e  s h if te d  s ig n a l is  th e re fo re  a s in g le t an d

th e  le v e l o f en ric h m e n t can  m ore eas ily  b e  d e te rm in e d  a s  th e  p ro b lem s

13w ith  re la x a tio n  a n d  NOE a re  a v o id e d . T h u s  th e  C nm r sp e c tru m  of

2 13a m e tab o lite  e n r ic h e d  from  [2- 1- C] a c e ta te  w ould  show a gem inal

13iso to p e  s h if t  of c . 0 .1  ppm  p e r  d e u te ro n  3 to  th e  C n u c le u s  a n d  th e  

m a g n itu d e  of th is  s h if te d  re so n a n c e  w ould b e  p ro p o r tio n a l to  th e  le v e l

o f d e u te r iu m  in c o rp o ra tio n .

13 13C nm r s p e c tro sc o p y  also  p e rm its  th e  C -la b e llin g  p a t te r n

in  a n  e n r ic h e d  m etabo lite  to  b e  d e te rm in e d  d ire c tly  from  d if fe re n c e s  in

13th e  in te n s i t ie s  of c o r re s p o n d in g  re so n a n c e s  in  th e  C nm r s p e c tr a  of
57

n a tu r a l ly  o c c u r r in g  a n d  la b e lle d  m e tab o lite s . E n ric h m e n ts  m u st u su a lly
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13b e  a b o u t 0 .5-1 .0%  C above n a tu ra l  a b u n d a n c e  to  b e  d e te c ta b le  b y  th e

13d if fe re n c e  m ethod . T h u s  C n m r sp e c tro sc o p y  is  a p o w erfu l tool in  

13 2e lu c id a tin g  th e  C - an d  H -lab e llin g  p a t te r n s  a n d  le v e ls  of in c o rp o r -

2 13a tio n  in  a m etabo lite  e n r ic h e d  from  [2 - H ^, 1- C ]a c e ta te .

. 5 0  2R ecall th a t  F inn ie  fe d  a q u e o u s  so lu tio n s  of sodium  [2 -

131- C ja c e ta te  a f te r  10, 13, 16 a n d  19 d a y s  g ro w th  to a g a r  c u l tu re s

o f M. cae sia  a n d  a f te r  26 d ay s  g ro w th  fo u n d  th a t  th e  r e s u l t in g  m ollisin

a c e ta te  c o n ta in e d  a s in g le  d e u te riu m  atom a t C -6  a n d  tw o d eu te riu m

13atom s a t  C -1 2 . T h e  C -la b e llin g  p a t te r n  cou ld  n o t b e  d e te rm in e d  as

13th e  le v e l of e n ric h m e n t of C in  th e  sam ple w as on ly  0.2% above  th e

1 . 1% n a tu r a l  a b u n d a n c e  b a c k g ro u n d .

In  th e  p r e s e n t  s tu d y ,  i t  w as th o u g h t th a t  b y  v a ry in g  th e

fe e d in g  te c h n iq u e  b e t t e r  le v e ls  of in c o rp o ra tio n  m igh t b e  a c h ie v e d ,

13 2e n a b lin g  th e  C - a n d  H -lab e llin g  p a t te r n s  to  b e  c le a r ly  e s ta b l is h e d .

T h e  m ethod  of feed in g  u se d  in  th e  p r e s e n t  s tu d y  in v o lv e d  ap p ly in g  a

w a te r  su sp e n s io n  of th e  M. caesia  c u l tu re  to  th e  s u r fa c e  of B lak es lee

2 13m alt e x t r a c t  a g a r  co n ta in in g  sodium  [2- H^, 1- C ]a c e ta te  an d  

in c u b a tin g  a t 25°C fo r 21 d a y s . T h e  com bined c u l tu re s  w ere c o n tin ­

u o u s ly  e x t ra c te d  w ith  e th y l a c e ta te  o v e rn ig h t an d  th e  o rg a n ic  e x t r a c t  

p u r i f ie d  b y  column c h ro m a to g ra p h y  o v e r  silica to  a f fo rd  m ollisin . T h is

sam ple w as a c e ty la te d  to  g ive mollisin a c e ta te  an d  a n a ly se d  b y
Ci'vrLc.km.e-.vir

C a n d  H nm r s p e c tro s c o p y . U n fo r tu n a te ly ,  th e  lev e l of fn cor por - -
O i5 % 0 0 7 - 0 - 6 6 %

*1 Q /

-a-t-io n  of C a v e ra g e d  only  0.1% ( ra n g e  0 .02 -0 .26% ), aga in  too low to

13 13g iv e  a c le a r  in d ic a tio n  o f th e  C -la b e llin g  p a t te r n .  T he  C nm r

s p e c tru m  c o n ta in e d  no ob v io u s  $ - s h if ts ,  even  on e x p a n s io n  of th e  
2

s ig n a ls ,  b u t  th e  H nm r sp e c tru m  in d ic a te d  th e  p re s e n c e  of d eu te riu m



a t  th e  C -2  m ethy l g ro u p . T h u s  no  new  in fo rm ation  a b o u t th e  b io ­

s y n th e s is  of mollisin w as d e r iv e d  from  th is  e x p e r im e n t.

p a th w a y  to  m ollisin d e p ic te d  in  Schem e 15 b y  c o n d u c tin g  fe e d in g  

e x p e r im e n ts  w ith  th e  d eu te riu m  la b e lle d  p h e n a n th re n e s  (1 4 ) - (1 6 ) .  

H ig h e r le v e ls  of in c o rp o ra tio n  in to  m ollisin a re  lik e ly  to  b e  a c h ie v e d  

if  th e  h y p o th e s is  is  c o r r e c t  s in ce  th e se  a re  la te  in te rm e d ia te s . 

F u r th e rm o re ,  th e se  com pounds a re  lik e ly  to  be  h ig h ly  r e a c tiv e  ow ing 

to  th e i r  p o ly p h en o lic  n a tu r e  an d  so r e q u ir e  to  be  p ro te c te d  b y  a c e ty l-  

a t io n .  I t  is  a ssu m ed  th a t  on fe e d in g  th e s e  a c e ta te  m oieties w ould  be 

en zy m atica lly  c leav ed  to  g ive th e  f re e  p h e n o ls .

H ence i t  was p ro p o se d  to  p ro v e  o r r e je c t  th e  tw o ch a in

X = H
X

(15) X = OH

OH OH

S u b s e q u e n t c h a p te r s  d is c u s s  v a r io u s  s y n th e t ic  s t r a te g ie s  to 

th e  p o s tu la te d  b io s y n th e tic  in te rm e d ia te s  (1 4 ) - (1 6 ) .



CHAPTER 2

T h e  S y n th e s is ,  P ro p e r t ie s  a n d  P h o to c h e m is try  

of 2 -H alo- a n d  2 ,6-D ih a lo -a -c y a n o s tilb e n e s
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2 .1  In tro d u c t io n

A s d e sc r ib e d  in  th e  p re v io u s  c h a p te r ,  th e  b io s y n th e tic  s tu d y

of m ollisin  ( 1) r e q u ir e s  th e  s y n th e s is  of d e u te riu m  la b e lle d  h y d ro x y -

p h e n a n th r e n e s .

A lso in  conn ec tio n  w ith  in v e s t ig a t in g  th e  b io s y n th e s is  of 

61m ollisin  (1 ) ,  F in n ie  an d  Hill d e v ise d  a s y n th e s is  o f 1 0 - h y d r o x y - l ,  5, 7-

tr im e th o x y -3 -m e th y lp h e n a n th re n e  (73) in v o lv in g  p h o to c y c lisa tio n  of

s t i lb e n e  (70) as th e  k ey  s te p  [Schem e 17]. U n fo r tu n a te ly ,  tre a tm e n t of

(73) w ith  b o ro n  tr ib ro m id e  o r  tr im e th y ls ily l io d id e  fa iled  to  e f fe c t com plete

50d e m e th y la tio n  to  g ive th e  ta r g e t  p h e n a n th re n e  (1 4 ) . T h e  s y n th e s is

in v o lv e d  p ro d u c tio n  of 3 ,5 -d im e th o x y b en z y l c y a n id e  (67) from  com m ercially

6 2av a ilab le  3 ,5 - d ih y d ro x y  b e n  zoic ac id  (63) v ia  th e  ro u te  of H in ch liffe . 

T re a tm e n t of th e  n it r i le  (67) w ith  2 .2  e q u iv a le n ts  of n - b u ty l  lith ium  

fo rm ed  th e  d ia n io n , w hich  was a c y la te d  w ith  m e th y l 2 ,6 -d im e th o x y -4 - 

m e th y lb e n z o a te  ( 68) to  g ive  th e  3_k e to  n i t r i le  (69) in  65% y ie ld . A 

m ix tu re  of E - an d  Z -s ti lb e n e s  (70) was o b ta in e d  u pon  re a c tio n  of (69) 

w ith  ace tic  a n h y d r id e  in  th e  p re s e n c e  of a c a ta ly tic  am ount of co n cen ­

t r a t e d  s u lp h u r ic  ac id  fo r 1 .5  h o u r s .  I r r a d ia t io n  of (70) in b e n z e n e  

y ie ld e d  p h e n a n th re n e  (71) v ia  elim ination  of m ethano l from  th e  Z ^isom er. 

T h e  a c e to x y l g ro u p  of (71) was h y d ro ly s e d  by  b a se  an d  th e n  th e  cy ano  

g ro u p  of (72) was rem oved  in  42% y ie ld  b y  re a c tio n  w ith  R an ey  n ic k e l in 

a q u e o u s  form ic ac id .

T h e  s y n th e s is  o u tlin e d  in  Schem e 17 w ould  b e  le ss  e ff ic ie n t fo r  

th e  p re p a ra t io n  of th e  4- s u b s t i tu t e d  p h e n a n th re n e s  (15) an d  (16) s in ce  

th e  Z -s ti lb e n e  e x is ts  in so lu tio n  as a m ix tu re  of tw o co n fo rm ers  [(74a) 

a n d  (7 4 b )]  a n d  so two p ro d u c ts  [(7 5 a) a n d  (7 5 b )] w ould b e  fo rm ed  in



48

H O ^ ^ H  Me2S04 Me0\f̂ T/C02Me

OH
(63)

OMe

(64)

LiALH. MeO
Hr

OMe

(65)

SOCL.

py

MeO

OMe

CL KCN

( 6 6 )

MeO
CN

(67)

1. n - B u L i

2. Me

M e O ^ ^ O M e  
CO Me

( 6 8 )

MeO

MeO
CN V ^ s ^ M e

OMe

( 69)



MeO
CN V ^ ^ Mg

( 69 )

Ac 0 MeO

H+ *
1-5 h

OMe
ho)

OMe

(70) E : Z = 3 :1

M e O r f ^ O M e M e O r r ^ O M e

OAc OMe

30 %  

NaOH

OH OMe

(71) (72)

M e O r ^ ^ O M e
Raney Ni

h c o jT / T lo

OH OMe

(73)

Scheme 17
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th e  c y c lis a tio n  s te p  [Schem e 18].

T h e  w ork  d e s c r ib e d  in  th is  a n d  s u b s e q u e n t  c h a p te r s  w as aim ed 

a t  g e n e ra t in g  a g e n e ra l s y n th e t ic  s t r a te g y  th a t  co u ld  b e  a p p lie d  to  th e  

p r e p a ra t io n  of a n y  of th e  t a r g e t  p h e n a n th re n e s  (1 4 ) , (15) o r (1 6 ) . T h e  

main o b je c tiv e s  w ere :

1. To in tro d u c e  reg ioehem icai c o n tro l in to  th e  cy c lisa tio n  s te p  so th a t

a s in g le  p h e n a n th re n e  p ro d u c t  w ould  b e  fo rm ed  u p o n  ir r a d ia t io n  of each

of th e  s tilb e n e  p r e c u r s o r s  of th e  ta r g e t  p h e n a n th r e n e s  (1 4 ) - (1 6 ) .  I t

w as a n t ic ip a te d  t h a t  th is  m igh t b e  a c h ie v e d  b y  in tro d u c in g  an  o r th o - halo

s u b s t i tu e n t  in to  th e  a p p ro p r ia te  s ti lb e n e  sy stem  s in ce  i r ra d ia t io n  of

o r th o -h a lo s t i lb e n e s  can  r e s u l t  in  p r e f e r e n t ia l  lo ss  of h y d ro g e n  h a lid e

45 46u n d e r  su ita b le  co n d itio n s . ’ T h is  w ould  p e rm it th e  p h o to c y c lisa tio n  

of th e  2 -h a lo s tilb e n e  (77) to  th e  4 - s u b s t i tu te d  p h e n a n th re n e  (75a) in 

co m p arab le  y ie ld  to  th e  p h o to c y c lisa tio n  of (76) to  p h e n a n th re n e  (71) 

w h ich  la c k s  a s u b s t i tu e n t  a t p o s itio n  4 [Schem e 19]. (T h e  y ie ld  of th e  

4 - s u b s t i tu te d  p h e n a n th re n e  (75a) w ould p ro b a b ly  b e  s lig h t ly  low er th a n  

th a t  of th e  c o r re s p o n d in g  u n s u b s t i tu te d  p h e n a n th re n e  (71) d u e  to  th e  

u n fa v o u ra b le  m eta-m eta ' in te ra c tio n  in  s tilb e n e  ( 7 7 ) .)



Y= OMe ; Z = OMe J CHO or COJAe
c

MeOfr^^OMe

Y r f ^ M e

OMe

MeOrr^nOMe

Y r ^ ^ M e

(7 4 a ) (74b)

hv h - o

MeOrT^iOMe

OAc OMe

MeOiY^iOMe

OAc OMe

(75a) (75b)

OH OH

(15) X = OH

(16) X=CO H

Scheme 18
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M e O r f ^ O M e

- H X

hi)

MeOrf"%OMe
Y

OAc OMe

X = B r , I  

(76)  Y = H

(77)  Y = OMe , CHO , C02Me 

Scheme 19

(71) Y = H 

(7 5 a )  Y = OMe, 

CHO , C02Me

2. To p r e p a r e  su ita b le  a -c a rb o m e th o x y -a '-o x y s ti lb e n e s  (78) fo r

p h o to c y c lis a tio n  to  9- c a rb o m e th o x y -1 0 -o x y p h e n a n th re n e s  (79) [Schem e 20]

I t  w as th o u g h t  th a t  th e  9 -c a r  bom e th o x y  1 g ro u p  m igh t b e  ea s ily  rem o v ed

b y  h y d ro ly s is  ̂ d eca rb o x y la tio n  in c o n t r a s t  to  th e  d iff ic u lty  e x p e r ie n c e d

50in  rem o v in g  th e  9 -cyano  g ro u p  (se e  C h a p te r  3 ) . H ow ever, if  th e  

9- c a r  bom e th o x y  1 g ro u p  also  p ro v e d  d iff ic u lt to  rem o v e , o r if th e  y ie ld  of 

c y c lis e d  p ro d u c t  w as u n a c c e p ta b ly  low , th e n  it  was e n v isa g e d  th a t  e i th e r  

c y an o  o r  ca rb o m eth o x y l g ro u p s  cou ld  b e  rem o v ed  a t an  a p p ro p r ia te  p o in t  

p r io r  to  c y c lis a tio n .
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CO

h'o

(78) R = Me , MeC
II
0

(79)

Scheme 20

3. To accom plish  dem eth y la tio n  of (73) to  (14) (s e e  Schem e 17) an d  

to  in v e s t ig a te  o th e r  p h en o l p ro te c tin g  g ro u p s  ( e .g .  b e n z y l)  if  a su ita b le  

d e m e th y la tin g  a g e n t could  n o t be  fo u n d .

T h e  p r e s e n t  c h a p te r  an d  p a r t  of th e  n e x t  c h a p te r  d is c u s s e s  

th e  p r e p a r a t io n ,  p ro p e r t ie s  and  p h o to c h e m is try  of o r th o - h a lo s tilb e n e s  

( i . e .  w ork  r e la te d  to top ic 1 above) . T he n e x t  c h a p te r  a lso  re c o rd s  

th e  s y n th e s is  an d  photochem ical b e h a v io u r  of a '-a c e to x y -a -c a rb o m e th o x y -  

s ti lb e n e s  ( to p ic  2 ). T he  w ork  c a r r ie d  o u t in  an a tte m p t to  overcom e 

th e  d if f ic u lty  e x p e r ie n c e d  in  d em e th y la tin g  p h e n a n th re n e  (73) (to p ic  3) 

is  d e s c r ib e d  in  th e  fina l c h a p te r .
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R e s u lts  a n d  D iscu ssio n

2 .2  2 -B ro m o stilb en es

2 . 2 .1  S y n th e s is

T h e  f i r s t  h a lo s tilb e n e  to  b e  p r e p a r e d  w as th e  2 -b ro m o stilb en e

(83) v ia  th e  ro u te  o u tlin e d  in  Schem e 21. T h e  3- k e to  n i t r i le  (81) w as

s y n th e s is e d  b y  co n d e n sa tio n  of th e  n i t r i le  (67) w ith  th e  e s te r  (80)

61a c c o rd in g  to  th e  p ro c e d u re  d ev e lo p ed  b y  F in n ie  a n d  H ill. As 

p r e d ic te d ,  th e  2-b rom o  3- k e to  n it r i le  (82) was o b ta in e d  b y  tre a tm e n t of

(81) w ith  N -b ro m o su cc in im id e . R eac tio n  of (82) w ith  a c e tic  a n h y d r id e  

c o n ta in in g  a c a ta ly tic  am ount of ]D -to luenesu lphonic  ac id  fo r  2 h o u rs  

a f fo rd e d  a m ix tu re  of E - an d  Z -eno l a c e ta te s  (83) in alm ost q u a n ti ta t iv e  

y ie ld  a f te r  c h ro m a to g ra p h y . T h e  200 MHz ^H nm r sp e c tru m  of th e  

m ix tu re  of s te re o iso m e rs  in d ic a te d  th a t  th e  iso m ers  w ere  p r e s e n t  in  th e  

r a t io  of 1 .0 : 1 .3  from  th e  in te g ra t io n  of th e  H -6' d o u b le ts  (J  ~ 8 Hz) a t 

6 7 .53  a n d  7 .02  ppm re s p e c t iv e ly . A dd ition  of e th e r  c a u se d  c ry s ta l l is ­

a tio n  of m ost of th e  minor isom er an d  le f t  a yellow  gum c o n s is tin g  of th e  

m ajor isom er an d  21% of th e  m inor iso m er. F ig s .  2 a n d  3 show th e  

200 MHz ^H nm r s p e c tr a  of th e  m inor isom er an d  th e  s te reo iso m eric

m ix tu re . I t  is  well know n th a t  E -s ti lb e n e s  a re  u su a lly  c ry s ta l l in e  while

25Z -s ti lb e n e s  a re  o ften  gum s. On th is  b a s is ,  th e  m inor isom er was 

p r e d ic te d  to  be  th e  E -s ti lb e n e  a n d  th e  m ajor isom er th e  Z -s ti lb e n e .

D e te rm in a tio n  of th e  u v  s p e c tr a  of th e  m inor isom er a n d  th e  

s te re o iso m e ric  m ix tu re  co n ta in in g  21% of th e  m inor isom er allow ed th e  

c o n f ig u ra tio n  of th e  isom ers to  be  a s s ig n e d . T h e  u v  s p e c tr a  a re
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( 67)

CN
1. n-BuLi

2. Me

C02Mg (80)

CN

MeO

(81)
OMe

NBS

Br CN r r ^ ^ Me

MeO

(82)
OMe

Ac20

catalytic PTSA 

2h

Br CN 6'

MeO

(83)
OAc OMe

OMe

E : Z = 1*0 : 1-3

Scheme 21



56

m

□  
L J

m  
o o

ai 
c :
CL)

JD

I/)
O
e
0  
£_ 

jQ
1

CNI

I
U JI

cu

LJ
CU
ex.
00

c_
E
c :

M

CD
CD
CNI

CNI

CD



57
m

CD

co
CDcz
CD

JD

10
O
G
0

JD
1

CNI
I

M

"O
d

a
i

L U

CD
J Z

e
Z D

LJ
CD
CL
CO

G
a

INI
i n

o
o »CNI

m

cn

GO

m

ii

N  I

LU I

nn
v_)

□
U J



58

re p ro d u c e d  in  F ig s .  4 a n d  5 an d  a re  d is c u s s e d  in  m ore d e ta il in  S ec tio n  

2 . 6 . 1 .

T h e  in te n s i ty  of an  a b so rp tio n  b a n d  is  g e n e ra lly  e x p re s s e d  in 

te rm s  o f th e  m olar e x tin c tio n  c o e ff ic ie n t, e, w hich  is  c a lc u la te d  from  th e  

B e e r -L a m b e r t law [E q u a tio n  1 ].

A = ec & E q u a tio n  1

T h e  a b s o rb a n c e ,  A , h a s  no  u n its  an d  is  m e asu re d  w hen th e  sp e c tru m  is

r e c o r d e d .  c is  th e  c o n c e n tra tio n  of th e  a b s o rb in g  so lu tio n  in  m o l/£ .

i  is  th e  p a th  le n g th  in cm a n d  is  d e te rm in e d  b y  th e  u v  cell ch o sen  to
2

m e a su re  th e  sp e c tru m . T h e  u n its  of e a re  th e re fo re  1 ,000 cm /m ol, b u t  

th e s e  a re  b y  co n v en tio n  n e v e r  e x p re s s e d .

T h e  lo n g e s t w av e le n g th  b a n d  of th e  u v  sp e c tru m  of th e  m ix tu re  

of iso m ers  (F ig . 5) is  le ss  in te n s e  (e  8 ,100) th a n  th a t  of th e  m inor isom er 

(F ig . 4, £ 1 0 ,8 0 0 ). T h e re fo re  th e  m inor isom er h a s  th e  E -c o n fig u ra tio n  

a n d  th e  m ajor isom er th e  Z -c o n f ig u ra tio n . T h is  is  b e c a u s e , in  th e  Z- 

iso m e r, s te r ic  in te r f e re n c e  b e tw een  th e  a d ja c e n t o r th o - s u b s t i tu e n ts  of th e  

two a ry l  g ro u p s  r e s u l t s  in a d e c re a se  in  c o p la n a r ity  an d  a re d u c tio n  in  

th e  am ount of co n ju g a tio n . T he low er th e  am ount of c o n ju g a tio n , th e  

w eak er th e  b a n d .

T h e  g e n e ra l sh a p e  of th e  u v  sp e c tru m  of th e  p u re  Z^-isomer 

w ould re se m b le  th a t  show n in  F ig . 5. T h e  e v a lu e s  of th e  th r e e  b a n d s  

e x p e c te d  to  o c c u r  in  th e  u v  sp e c tru m  of th e  Z -isom er can b e  e s tim a ted  

from  th e  B e e r-L a m b e r t law (E q u a tio n  1) u s in g  th e  in fo rm atio n  c o n ta in e d  

in F ig s .  4 a n d  5.
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Fig. 4 Uv spectrum of the E-s t i lbene  (83).

Path  length = 1 cm . Cone. = 1 - 80 x 10 mol / 1 e t h a n o l .
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T h e  c o n c e n tra tio n  of th e  Zyisom er in  F ig . 5 can b e  c a lc u la te d

from  th e  c o n c e n tra tio n  of th e  m ix tu re  of iso m ers  s in ce  th e  r a t io  of iso m ers

is  know n  (E :Z  = 1 .0 :3 .8 ) .  T h e  c o n c e n tra tio n  of th e  Z -isom er is

s u b s t i tu t e d  in  each  of th e  th r e e  e q u a tio n s  fo r  e (one e q u a tio n  fo r  each

b a n d )  a long  w ith  th e  know n v a lu e  of th e  p a th  le n g th ,  I .

In  F ig . 5, th e  c o n tr ib u tio n  from  th e  Z-isom er (A ) to  th ez

a b s o rb a n c e  of each  of th e  b a n d s  is  ca lcu la ted  from  E q u a tio n  2.

A Z = Am ixt "  A e E q u a tio n  2

A . , is  th e  b a n d  a b so rb a n c e  of th e  m ix tu re  of iso m ers  a n d  A is  th e  m ix t E

a b s o rb a n c e  of th e  E -iso m er. A is  ca lc u la te d  from  E q u a tio n  1 u s in g  th e— E

c o n c e n tra tio n  of th e  E -isom er in  F ig . 5, th e  know n p a th  le n g th ,  it, an d  

th e  a p p ro p r ia te  v a lu e  of e from  F ig . 4.

T h u s  th e  th r e e  b a n d s  in  th e  u v  sp e c tru m  of th e  Z -2-brom o- 

s ti lb e n e  (8 3 ) , in o rd e r  of d e c re a s in g  w a v e le n g th , h av e  c a lc u la te d  e v a lu e s  

of 7 ,4 0 0 , 11,600 an d  28,800.

2 .2 .2  P h o to ch e m is try

A v a r ie ty  of pho tochem ical e x p e rim e n ts  w ere c o n d u c te d  in  an 

a tte m p t to  in d u c e  th e  2-b ro m o stilb en e  (83) to  p re fe re n t ia l ly  elim inate 

h y d ro g e n  b rom ide  a n d  g ive th e  d e s ire d  p h e n a n th re n e  (71) in  good y ie ld  

[Schem e 22] .
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MeO M e O r f ^ O M e

hi) 

-  HBr
OAc OMe

( 8 3 )  (71)

Scheme 22

T h e  l i te r a tu r e  co n ta in s  m any exam ples of o x id a tiv e  a n d

25e lim in a tiv e  p h o to c y c lisa tio n s  of b ro m o s tilb e n e s . As m en tio n ed  in  th e

In tro d u c t io n  an d  i l lu s t r a te d  in Schem es 7-9 th e re in ,  p h o to c y c lisa tio n  of

b ro m o s tilb e n e s  u n d e r  ox id ising  co n d itio n s  (so lv e n t, iod ine  a n d /o r  a ir)

g e n e ra lly  r e s u l t s  in  re te n tio n  of th e  brom o s u b s t i tu e n t ,  ev en  w hen i t  is

a t  s t i lb e n e  p o s itio n  2 , 2' ,  6 or 6' an d  th u s  cou ld  p o te n tia lly  b e  e lim inated

40-42in  th e  cy c lisa tio n  s te p . If more th a n  one brom o s u b s t i tu e n t  is

p r e s e n t  in  th e  s ti lb e n e , th e n  u n d e r  o x id is in g  c o n d itio n s , g e n e ra lly  b o th

43a re  r e ta in e d  in  th e  p h e n a n th re n e  p ro d u c t.  T he exam ples d e p ic te d  in

Schem e 23 a re  e x ce p tio n a l. I r ra d ia t io n  of th e  3 -b ro m o stilb en e  (84) in

b e n z e n e  c o n ta in in g  a tra c e  of iod ine  g iv es  p h e n a n th re n e  (85) via

o x id a tiv e  p h o to c y c lisa tio n  an d  p h e n a n th re n e  ( 86) v ia  lo ss  of th e  brom o

6 3g ro u p  b e fo re  o r  a f te r  o x id a tiv e  p h o to c y c lisa tio n . A lso , i r ra d ia t io n  of

l- b r o m o - 2-s ty ry ln a p h th a le n e  (87) in  a ir  s a tu r a te d  cy c lo h ex an e  c o n ta in in g
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6 4io d in e  p ro d u c e s  b e n z o [c ]p h e n a n th re n e  ( 88) in  18% y ie ld . L oss  of th e

brom o g ro u p  cou ld  o ccu r b e fo re ,  d u r in g  o r a f te r  p h o to c y c lis a tio n .

L oss  of brom o s u b s t i tu e n ts  in  s tilb e n e  p h o to c y c lisa tio n s  m ost 

o f te n  o c c u rs  w hen th e  s u b s t i tu e n t  is  a t  p o s itio n  2 a n d  th e  ir ra d ia t io n  is

c a r r ie d  o u t u n d e r  n itro g e n  o r a rg o n  in  th e  p re s e n c e  of a su ita b le

45 65tr a p p in g  a g e n t su c h  as p o tass iu m  te r t -b u to x id e  o r an  a lip h a tic  am ine.

In  Schem e 23, th e  p h o to c y c lisa tio n s  of s tilb e n e s  (84) a n d  (87) a re  u n u su a l

s in ce  th e y  in v o lv e  lo ss  of a brom o g roup  in  th e  a b se n c e  of a t r a p p in g

a g e n t .  In  (84) th e  brom o g ro u p  is  lo s t from  p o s itio n  3, w hile in  (87) it

is  lo s t  from  p o s itio n  2 .

T h e  cy c lo d eh y d ro b ro m in a tio n  of 2 -b ro m o stilb en es  b y  ir ra d ia t io n

in  d e o x y g e n a te d  b e n z e n e / t e r t -b u ta n o l co n ta in in g  p o ta ss iu m  t e r t - b u to x id e

45w as d is c o v e re d  in 1973 b y  C a v a 's  g ro u p  an d  h a s  s in ce  b e e n  u se d  to

p r e p a r e  a n u m b e r of a lk a lo id s . ^  O ne m ech an is tic  s u g g e s tio n , p ro p o s e d

b y  C av a  a n d  i l lu s t r a te d  in Schem e 24 fo r th e  c o n v e rs io n  of (39) to  (40),

is  th a t  i r ra d ia t io n  of th e  2-b ro m o stilb en e  (39) u n d e r  n it ro g e n  le a d s

r e v e r s ib ly  to  a m ix tu re  of d ih y d ro p h e n a n th re n e s  w ith  th e  b rom ine atom

at e i th e r  C-8  o r C -4 b . In  th e  p re s e n c e  of p o ta ss iu m  t e r t - b u to x id e  th e

la t t e r  d ih y d ro p h e n a n th re n e  is  t r a p p e d  b y  an  E2 elim ination  of h y d ro g e n

b ro m id e . An a l te rn a t iv e  m echanism  has b een  s u g g e s te d  b y  G rim shaw  

67a n d  de S ilv a , in v o lv in g  as th e  f i r s t  s te p  p h o to ly s is  of th e  c a rb o n -  

b rom ine  b o n d  in  th e  s ta r t in g  2-b ro m o s tilb e n e  (39) a s s is te d  b y  in t r a ­

m olecu lar ra d ic a l com plexation  [Schem e 24].

When th e  2-b ro m o stilb en e  (83) was d is so lv e d  in d ry  b e n z e n e / 

te r t - b u ta n o l  an d  i r r a d ia te d  u n d e r  an ae ro b ic  co n d itio n s  in  th e  p re s e n c e  

of p o ta ss iu m  te r t -b u to x id e  th e  major p ro d u c ts  w ere th e  g -k e to  n it r i le
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(82) a n d  th e  d im er (91) [Schem e 25].

S ince  th e  re a c tio n  was c a r r ie d  o u t u n d e r  a n h y d ro u s  c o n d itio n s , 

fo rm atio n  o f (82) e i th e r  in v o lv es  b a se  p rom oted  elim ination of k e te n e  from  

th e  eno l a c e ta te  system  of s tilb e n e  (8 3 ) , o r sim ple O -acy l p h o to fra g m e n t­

a tio n  [Schem e 26]. T h is  ty p e  of pho tochem ical c leav ag e  of enol 

a c e ta te s  to  g ive k e to n e s  is  k n o w n . ^ '^  F or exam ple , R o b e rts^ ^  

is o la te d  d eso x y b en zo in  (94) from th e  p h o to re a c tio n  of E -a -a c e to x y s ti lb e n e  

(93) in  d ry  a ce tic  ac id . T he o th e r  p ro d u c ts  w ere  9 -a c e to x y p h e n a n th re n e  

(95) a n d  th e  Z -isom er of th e  s ta r t in g  s tilb en e  [Schem e 27].

A p o ss ib le  m echanism  fo r  th e  d im erisa tion  p ro c e s s  is  show n in

Schem e 28. T h e  s te p s  in v o lv ed  a re :  1. p h o to ly s is  of th e  two c a rb o n -

b ro m in e  b o n d s  an d  coup ling  of th e  ra d ic a l c e n t r e s ,  a n d  2. O -acy l b o n d

c le a v a g e  a n d  s u b se q u e n t c a rb o n -c a rb o n  b o n d  fo rm atio n . S te p s  1 an d  2

c o u ld , of c o u rs e ,  b e  r e v e r s e d .  T h is  m echanism  is  s u p p o r te d  b y  th e

69o b s e rv a tio n s  of Y ogev e t a l. on th e  re a c tiv i ty  of th e  enol a c e ta te  

(98) upo n  ir ra d ia t io n  in cy c lo h ex an e  [Schem e 29]. T h e  main c h a n g e s  

a re  O -acy l b o n d  fiss io n  followed b y : 1. h y d ro g e n  atom a b s tra c t io n  to

g ive  th e  k e to n e  ( 99) ,  2 . acy l ra d ic a l m ig ra tion  y ie ld in g  th e  g -d ik e to n e  

( 100) ,  a n d  3 . d im erisa tion  via c a rb o n -c a rb o n  b o n d  fo rm ation .

I t  was th o u g h t th a t  s tilb e n e  (102) w ould p e rh a p s  u n d e rg o  

p h o to d e h y d ro b ro m in a tio n  u n d e r  th e  above ir ra d ia tio n  co n d itio n s  since  

th e  eno l e th e r  system  of s tilb e n e  ( 102) w ould rem ain  in ta c t  in  th e  

p re s e n c e  of u v  l ig h t an d  p o tass iu m  t e r t - b u t  o x id e , in  c o n t r a s t  to  th e  

o b s e rv e d  r e a c tiv i ty  of th e  enol a c e ta te  m oiety of s tilb e n e  (83) d e p ic te d  

in  Schem e 25. T h u s  a tte m p ts  w ere m ade to  p r e p a r e  s tilb e n e  (1 0 2 ), b u t  

th e s e  w ere  u n s u c c e s s fu l .
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Br CN

MeO ( 102 )

OMe OMe

F in n ie  s y n th e s is e d  s tilb e n e  (103) b y  re a c tio n  of th e  $ -k e to

n i t r i le  (81) w ith  tr im e th y l o rth o fo rm a te . H ow ever, (103) fa iled  to

c y c lise  u n d e r  th e  same co n d itio n s  (h \> /e th e r /o x id a n t)  w hich  a f fo rd

9 -c y a n o -1 0 -m e th o x y p h e n a n th re n e  (105) in  65% y ie ld  from  o t-cyano-a1-

70m e th o x y s tilb e n e  (104) [Schem e 30]. When th e  c o r re sp o n d in g  2-brom o

$ -k e to  n it r i le  (82) w as tr e a te d  w ith  tr im e th y l o rth o fo rm a te  on ly  s ta r t in g

m a te ria l w as r e c o v e re d . A lso , re a c tio n  of th e  enol e th e r  (103) w ith

N -b rom osuccin im ide  gave a com plex m ix tu re  of p ro d u c ts  w hich  cou ld  n o t

b e  re s o lv e d  b y  c h ro m a to g rap h y  o v e r  s ilica .

An a lip h a tic  amine su c h  as tr ie th y la m in e  o r t e r t - b u ty l  amine can

b e  u s e d  in s te a d  of po tass iu m  t e r t - b u to x id e  as a s c a v e n g e r  fo r  h y d ro g e n

65h a lid e  in th e  p h o to c y c lisa tio n  of 2 -h a lo s t ilb e n e s . P h o to d eh a lo g en a tio n

71-73of a ry l  h a lid e s  by  e lec tro n  t r a n s f e r  from am ines is  well docum ented

a n d  a sim ilar m echanism  is  p ro p o se d  to  o p e ra te  in  th e  p h o to c y c lisa tio n  of

74
2 -h a lo s tilb e n e s  in th e  p re s e n c e  of an  a lip h a tic  am ine. T h is  is

i l lu s t r a te d  in  Schem e 31 fo r  th e  pho tochem ical r in g  c lo su re  of 2 -b rom o-

74s tilb e n e  (106) in  th e  p re s e n c e  of tr ie th y la m in e . I t  is  th o u g h t  th a t  

i r r a d ia t io n  of a m ix tu re  of (106) a n d  tr ie th y la m in e  le a d s  to  an  e x c ite d
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s ta te  com plex  (o r  ex c ip lex ) be tw een  th e  e x c ite d  s ta te  of th e  am ine a n d  

th e  s t i lb e n e  , follow ed b y  e le c tro n  t r a n s f e r  from th e  am ine. 

D ecom position  of th e  ra d ic a l anion (108) a n d  s u b se q u e n t in tram o lecu la r 

r a d ic a l  c y c lisa tio n  a f fo rd s  (44) w hich  is  c o n v e r te d  to  p h e n a n th re n e  (19) 

u p o n  h y d ro g e n  atom a b s tra c tio n  b y  Et^N + ’ .

A m echanism  sim ilar to  th a t  show n in Schem e 24 in  w hich  th e  

4 b -b ro m o d ih y d ro p h e n a n th re n e  (109) is  t r a p p e d  b y  b ase  p ro m o ted  E2 

e lim ination  of h y d ro g e n  brom ide is  a p la u s ib le  a l te rn a t iv e  to  th e  e le c tro n  

t r a n s f e r  m echanism  [Schem e 32].

h-u

( 106 ) (109)

Et N (-H Br)

(19)

Scheme 32
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When a m ix tu re  of th e  2 -brom ostiIbene (83) a n d  tr ie th y la m in e  

w as i r r a d i a te d  in a c e to n itr ile  u n d e r  n itro g e n  fo r 20 h o u rs  th e  10-h y d r o x y -  

p h e n a n th re n e  (72) was iso la ted  in  9% y ie ld  [Schem e 33]. T h e  1 0 -h y d ro x y l 

s u b s t i tu e n t  of (72) could  h av e  b een  form ed by  photochem ical c leav ag e  of 

th e  1 0 -a c e to x y l s u b s t i tu e n t  of p h e n a n th re n e  (7 1 ), o r b y  sim ple e s te r  

h y d ro ly s is  of (71) d u r in g  th e  re a c tio n  w o rk -u p  (see  th e  E x p e rim en ta l, 

p . 200). A small am ount of th e  2-brom o $ -k e to  n it r i le  (82) was also  

fo rm ed  in  th e  re a c tio n  as ev id en ced  by  th e  s in g le t due  to  CHCN a t 

6 6 .3 1  ppm  in  th e  90 MHz nm r sp ec tru m  of th e  c ru d e  re a c tio n  m ix tu re .

T h e  fin a l pho tochem ical reac tio n  of th e  2 -b ro m o stilb en e  (83)

in v o lv e d  ir r a d ia t io n  in  b en ze n e  u n d e r  n itro g e n  an d  gav e  a m ix tu re  of th e

fo u r  p h e n a n th r e n e s  (1 1 0 ), (111), (71) an d  (112) in  good o v e ra ll y ie ld

[Schem e 3 4 ]. T h e  p ro to n s  a t p o s itio n s  4 and  5 of a p h e n a n th re n e

o c c u r  in  th e  nm r sp ec tru m  in  th e  reg io n  of 6 8 .5 -9 .5  ppm  due  to

7 5a n g u la r  c ro w d in g . T he in te g ra tio n  of th e  s in g le ts  a t 6 9 .2 4 , 9 .05 ,

8 .90 a n d  8 .68  ppm  in th e  90 MHz 1H nm r sp ec tru m  of th e  c ru d e  m ix tu re  

in d ic a te d  th a t  th e  fo u r p h e n a n th re n e s  (110), (111 ), (71) a n d  (112) w ere  

p r e s e n t  in  th e  ra tio  of 1 : 2.5 : 2 : 2 r e s p e c t iv e ly . When o x y g en  was 

r ig o ro u s ly  rem o v ed  in th is  re a c tio n  a 1 .3 : 1 .7  : 1 .8  : 1 .0  m ix tu re  of 

p h e n a n th r e n e s  (1 1 0 ), (1 1 1 ), (71) and  (112) was o b ta in e d . T he fo u r  

p h e n a n th r e n e s  w ere  s e p a ra te d  by  ch ro m a to g rap h y  an d  id e n tif ie d  by  

200 MHz nm r a n d  o th e r  te c h n iq u e s .
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Scheme 34

T h e  uv  sp e c tru m  of p h e n a n th re n e  (71) is  re p ro d u c e d  in  F ig . 6 , 

I t  is  s im ilar to  th e  uv  s p e c tr a  of th e  o th e r  th r e e  p h e n a n th re n e s  in  th a t  

s tro n g  a b so rp tio n  o c c u rs  th ro u g h o u t th e  reg io n  of 200-400 nm .

C om parison  w ith  F ig . 5 re v e a ls  th a t  th e  p h e n a n th re n e  p ro d u c ts  a b so rb  

u v  l ig h t  a t  le a s t  th r e e  tim es more s tro n g ly  th a n  th e  s ta r t in g  2-b ro m o - 

s tilb e n e  (83) in  th e  w av e len g th  reg io n  (260-350 nm) th a t  le a d s  to 

p h o to c y c lis a t io n . T h is  m eans th a t  as th e  am ount of cy c lise d  p ro d u c t  

in c re a s e s  a s  th e  p h o to c y c lisa tio n  p ro c e e d s , th e  am ount of ra d ia tio n



296 nm , E 54 500

538 nm , E 34 000

JD

200

Fig. 6 Uv spectrum of phenanthrene (71) in MeOH
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av a ilab le  to  th e  s ta r t in g  m ateria l p ro g re s s iv e ly  d im inishes an d  th is  can

b r in g  a b o u t p re m a tu re  cessa tio n  of th e  reac tio n .

V ario u s  m echanism s could accoun t fo r th e  form ation  of th e se

fo u r  p h e n a n th r e n e s ,  a lth o u g h  th e  m echanism s show n in  Schem es 35 a n d

41 a re  c o n s id e re d  to  be  th e  most likely  o nes. Schem e 35 in v o lv es

e le c tro c y c lic  re a c tio n  of th e  2-b rom ostilbene  (83) to  g ive th re e  isom eric

d ih y d ro p h e n a n th re n e s  ( 113a)-( 113c). Elim ination of h y d ro g e n  brom ide

from  (113a) a n d  m ethanol from (113b) a ffo rd s  p h e n a n th re n e s  (71) a n d

(111) r e s p e c t iv e ly .  As ex p la in ed  in th e  In tro d u c tio n  ( p .1 7 ), th e se

e lim in a tio n s  p ro c e e d  by  a b s tra c tio n  of th e  4 a -h y d ro g en  from th e

a p p ro p r ia te  d ih y d ro p h e n a n th re n e  followed by  unim olecular e x p u ls io n  of

Br* o r  CH ^O *. In  th e  p re se n c e  of re s id u a l d isso lv ed  oxy g en  ( th e  la s t

t r a c e s  of o x y g e n  a re  d ifficu lt to rem o v e ), p h e n a n th re n e  ( 112) is  fo rm ed

b y  d e h y d ro g e n a tio n  of d ih y d ro p h e n a n th re n e  (113c). T h is  o c c u rs  v ia  a

33 34ra d ic a l m echanism  in v o lv in g  two co n secu tiv e  h y d ro g e n  a b s tra c tio n s  

(se e  p. 14 ).

T h e re  is  e x te n s iv e  l i te r a tu re  p re c e d e n t fo r th e  lo ss  of

h y d ro g e n  a n d  m ethano l d u rin g  photochem ical e lec tro cy c lic  re a c tio n s  of
25

s ti lb e n e s  u n d e r  b o th  ox id isin g  and  n o n -o x id isin g  co n d itio n s . T he

76e le g a n t w o rk  of B eg ley  an d  Grimshaw shows th a t  a ry l b rom ides can 

u n d e rg o  e le c tro c y c lic  re a c tio n s  to  th e  exclusion  of hom olysis [Schem e 36]. 

T h e y  fo u n d  th a t  (114) p h o to cy c lises  to g ive (116) as th e  only  p ro d u c t .  

E lec tro ch em ica l re d u c tio n  of a ry l halides r e s u l t s  in th e  g e n e ra tio n  of 

a ry l  r a d ic a ls ;  th e  fo rm ation  of (118) m ust invo lve  su ch  sp e c ie s . T h e  

a b se n c e  of (118) from  th e  p ro d u c ts  of th e  photochem ical re a c tio n  

in d ic a te s  th a t  in  th is  case  th e  e lec tro cy c lic  re a c tio n  ta k e s  p re c e d e n c e  

o v e r  th e  hom olytic re a c tio n .
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MeO OMe MeO
h 'O
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OAc OMe

(113a)

( 8 3 a )  
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-HBr

(71)
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(113b)
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Scheme 35
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D ih y d ro p h e n a n th re n e  (113d) would p ro b a b ly  u n d e rg o  an 

e sp e c ia lly  r a p id  r in g  o p en in g  re a c tio n  to  r e g e n e ra te  s tilb en e  (83d) a n d  

th u s  e sc a p e  tr a p p in g  to  p h e n a n th re n e  (110) [Scheme 37]. H ence th e  

e le c tro c y c lic  p a th w a y  d e p ic te d  in  Schem e 35 can acco u n t fo r form ation  of 

p h e n a n th re n e s  (7 1 ) , (111) an d  (112), b u t  can n o t acco u n t fo r  fo rm ation  

of p h e n a n th re n e  ( 110) .

M eO rj^ jO M e

x V ^ M e
h i )

M e O f^ iO M e

hi) or dark

(8 3 d )  X = B r  ; Y =  OMe (113d)

Scheme 37

T h e  n e x t  p o ss ib le  m echanism  can acco u n t fo r  th e  p ro d u c tio n  

of p h e n a n th re n e s  (71) a n d  (110) [Schem e 38]. I t  in v o lv es  e le c tro -  

c y c lisa tio n  of th e  2-b ro m o stilb en e  (83) to  th e  b ro m o p h e n a n th re n e s  (119) 

a n d  ( 120) ,  follow ed b y  c a rb o n -b ro m in e  b o n d  pho tohom olysis an d  h y d ro g e n
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MeOf^^iOMe

r r ^ M e

(83c)

MeOrj^^OMe

NC
OAc OMe

(119)

h-u

M eO rf^O M e

B r k ^

OAc

(83b) Y = OMe

h\)

MeOrf"%OMe 
Br

( 120 )

h - o

MeO

( 121 )

OAc OMe

H

M eO rr^ iO M e

’  T T f ^ l
Me

OAc
( 122 )

H

( 7 1 ) Scheme 38 (110)
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atom a b s tr a c t io n  from  m ethano l, h y d ro g e n  b ro m id e , a  so lv e n t im p u rity  

o r  a r a d ic a l  o f ty p e  (1 2 3 a).

OAc OMe

(123a)

H o w ev er, th is  is  an u n lik e ly  m echanism  fo r  a n u m b e r of

r e a s o n s .  F i r s t  of a ll, in  th e  v a s t  m ajority  of l i te r a tu r e  exam ples of

p h o to in d u c e d  e le c tro c y c lisa tio n  of b ro m o stilb en es  in  th e  a b sen ce  of a

tr a p p in g  a g e n t (p o tass iu m  t e r t -b u to x id e , tr ie th y lam in e  o r t e r t - b u ty l -

am ine) th e  c a rb o n -b ro m in e  bond  rem ains in ta c t  in  th e  p h e n a n th re n e  

25p r o d u c t .  (Schem e 38 in v o lv es  c leavage of th e  ca rb o n -b ro m in e  b o n d

of p h e n a n th re n e s  (119) an d  (1 2 0 ).)  F u r th e rm o re , ra d ic a ls  (121) a n d  

( 122) w ould  b e  e x p e c te d  to  in te ra c t  w ith  b en ze n e  ( th e  s o lv e n t) ,  b y  

an a lo g y  w ith  th e  fo rm ation  of 1 ,2 -d ip h e n y lp h e n a n th re n e  (125) in  88% 

y ie ld  u p o n  ir r a d ia t io n  of 2- io d o - l -p h e n y lp h e n a n th re n e  (124) in  b e n z e n e  

[Schem e 3 9 ]. S im ila rly , ra d ic a ls  (121) a n d  (122) w ould p e rh a p s  b e

77



85

Ph

hu

V ,

(124) (125)

Scheme 39

e x p e c te d  to  r e a c t  in  th e  same way as ra d ic a l (128) a s  fo u n d  b y  Weiss 

78e t  a l . [S chem e 40]. A s show n in Schem e 40, ir ra d ia tio n  of 9- b rom o- 

p h e n a n th re n e  (126) in h ex an e  form s an excip lex  com posed of two 

m olecu les of s ta r t in g  m a te ria l. O ne of th e se  m olecules y ie ld s  th e  

c o r re s p o n d in g  9-p h e n a n th ry l  ra d ic a l (128) w hich th e n  a t ta c k s  th e  

seco n d  m olecule to  p ro d u c e  (129). T he  fac t th a t  re a c tio n s  e q u iv a le n t 

to  th o s e  d e p ic te d  in  Schem es 39 an d  40 d id  n o t o ccu r upon ir ra d ia tio n  

of th e  2-b ro m o s tilb e n e  (83) in b en zen e  is  f u r th e r  ev id en ce  a g a in s t th e  

m echanism  show n in  Schem e 38.

T h e  th i r d  m echanism  th a t  could o p e ra te  in  th e  p h o to c y c lisa tio n  

of (83) in v o lv e s  p h o to  hom olysis of th e  ca rb o n -b ro m in e  b o n d  in th e  

s ta r t in g  2-b ro m o s tilb e n e  followed b y  two com peting  in tram o lecu la r  ra d ic a l 

c y c lis a tio n s  [Schem e 41 ]. T ra p p in g  of ra d ic a l (123d) to g ive p h e n a n -



h'u

Br C6H14

(126)
(127)

(126) (128)

(129)

Scheme 40
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M e O rf^ O M e

(8 3 a )

hv
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OMe

( 9 6 a )

M eO rr^ iO M e 
I /  H

OAc OMe

(1 2 3 a )

- H

M e O rf^ O M e

W e

OAc

(83d) Y= OMe

h 'U

M eO r^^O M e

Y r T ^ M e

(9 6 d )

M eO rf^ iO M e
Y

(123d)

-Y«

(71) Schem e 41 (110)



th r e n e  ( 110) o c c u rs  sp o n tan eo u s ly  by  unim olecu lar ex p u ls io n  of CHgO*

w hile fo rm atio n  of p h e n a n th re n e  (71) in v o lv es  h y d ro g e n  atom t r a n s f e r

from  ra d ic a l  (123a) to  a su ita b le  a c c e p to r  ( e .g .  O ^, HO^*, CH^O*, B r* ,

e t c . ) .  (C o n su lt th e  In tro d u c t io n , p p . 14, 17).

S u p p o r t  fo r th e  ra d ic a l n a tu re  of th is  m echanism  comes from

th e  s y n th e s is  of a p o rp h in e  alkalo ids b y  th e  p h o to c y c lisa tio n  of s u b s t r a te s

b e a r in g  n o n -c o n ju g a te d  arom atic  r in g s .  T y p ica lly  y ie ld s  of 15-30% a re

o b ta in e d  a n d  pho tochem ically  in d u c e d  fiss io n  of th e  c a rb o n -h a lo g e n  b o n d

6 7is  a ssu m e d  to  b e  th e  f i r s t  s te p . T h is  is  i l lu s tr a te d  in  Schem e 42 fo r 

th e  c o n v e rs io n  of (130) to  th e  a lkalo ids o livero line  (131) an d  u s h in -  

s u n in e  ( 1 3 2 ) . ^

P ho tochem ica lly  in d u c e d  hom olysis re a c tio n s  of th e  c a rb o n -  

h a lo g en  b o n d  h av e  b een  know n since  a ro u n d  I960, a n d  b o n d  re a c tiv i ty

follow s th e  o rd e r  e x p e c te d  from c a rb o n -h a lo g en  b o n d  e n e rg y  c o n s id e r -

80 81 a t io n s .  Io d o b e n z e n e  was in v e s t ig a te d  f i r s t ,  a n d  la te r  b rom obenzene

w as show n to  u n d e rg o  e q u iv a le n t re a c tio n s ,  a n d  ch lo ro b en zen e  to  r e a c t

w ith  a low quan tu m  y ie ld . T h e re  a re  two p ro c e s s e s  fo r e n e rg y  t r a n s f e r

to  th e  c a rb o n -h a lo g e n  bon d  lead in g  to  ra d ic a ls , w hich may recom bine

74b e fo re  b re a k in g  from th e  so lv en t cage an d  form ing p ro d u c ts .

F i r s t ly ,  hom olytic f iss io n  in a ry l iod ides  may a r is e  from p o p u la tio n  of 

no* o r ao* s ta t e s .  T h is  m echanism  is  n o t ava ilab le  in th e  o rd in a ry  

so lu tio n  p h o to c h e m is try  of a ry l b rom ides an d  c h lo rid e s , w hich do n o t 

p o s s e s s  a low e n e rg y  cr* o rb ita l .  R ad ia tio n less  decay  of th e  Tnrr s ta te  

to  a v ib ra tio n a lly  e x c ite d  g ro u n d  s ta te  can also lead  to  hom olysis of th e  

w eak es t b o n d  in  th e  system  b e fo re  th e  v ib ra tio n a l e n e rg y  is  d is p e rs e d



89

h-u

3 %  HCl

(130)

< :  i <n

(131) (132)

Scheme 42

as  h e a t .  In  a ry l  io d id e s , b rom ides an d  ch lo rid e s  th e  w eak es t bon d  is 

u s u a lly ,  b u t  n o t n e c e s s a r i ly ,  th e  ca rb o n -h a lo g e n  b o n d . C le a r ly , fo r 

sim ple hom olysis to  o c c u r , th e  e n e rg y  of th e  e x c ite d  s ta te  m u st be 

g r e a te r  th a n  th e  b o n d  e n e rg y .  A cco rd ing  to  G rim shaw  an d  de S ilva 

th e  e n e rg y  re q u ire m e n t fo r hom olysis is  low ered  w hen th e  r e s u l ta n t  

ra d ic a l  is  com plexed  b y  an  ad ja c e n t ir-cloud . T h is  is  th e  s itu a tio n  in

67
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th e  p h o to h o m o ly sis  of th e  2-b ro m o stilb en e  (83 ).

Schem e 43 o u tlin e s  th e  final p o ssib le  m echanism , in  w hich th e  

f i r s t  s te p  is  ag a in  •ca rbon -b rom ine  bon d  pho tohom olysis . R ad ical (9 6 a ), 

d e r iv e d  from  th e  Z -2 -b ro m o stilb en e  (8 3 a), a b s t r a c ts  a h y d ro g e n  atom a n d  

th e n  u n d e rg o e s  o x id a tiv e  and  elim inative p h o to c y c lisa tio n s  to  y ie ld  p h e n ­

a n th re n e s  (71) a n d  (110) re s p e c t iv e ly . R ad ical (9 6 e ), d e r iv e d  from  th e  

E -iso m e r, a lso  a b s t r a c ts  a h y d ro g e n  atom , an d  th e n  iso m erises  to  th e  Z - 

isom er a n d  cy c lise s  to  p h e n a n th re n e s  (71) an d  (110). H ow ever, th is  is  

u n lik e ly  to  b e  a m ajor pa th w ay  owing to  th e  re la tiv e ly  low c o n c e n tra tio n  of 

sp e c ie s  cap ab le  of donating  a h y d ro g e n  atom .

A p o ss ib le  side  re a c tio n  in th e  p h o to rea c tio n  is  a ry la tio n  of 

ra d ic a l  (96e) by  in te ra c tio n  w ith b en ze n e .

In  sum m ary th e n ,  p h e n a n th re n e  (110) could  b e  form ed  b y  th r e e  

of th e  fo u r  p o ss ib le  m echanism s (Schem es 38, 41 an d  4 3 ), all of w hich 

in v o lv e  ca rb o n -b ro m in e  b ond  p h o to ly s is , e i th e r  b e fo re  o r a f te r  c y c lisa tio n . 

T h e  m ost lik e ly  p h o to ly tic  pa th w ay  is Schem e 41, w hich in v o lv es  in t r a ­

m olecu lar ra d ic a l cy c lisa tio n  as th e  key  s te p . P h e n a n th re n e  (71) cou ld  be 

fo rm ed  b y  all fo u r m echanism s while p h e n a n th re n e s  ( 111) an d  ( 112) can  only  

b e  d e r iv e d  via th e  e lec tro cy c lic  pa thw ay  shown in Schem e 35. T h u s  b o th  

e le c tro c y c lic  an d  p h o to ly tic  m echanism s a re  o p e ra tin g  in th is  sy s tem .

T h e  ab ility  of an e lec trocyc lic  reac tio n  to com pete w ith  a homo- 

ly t ic  re a c tio n  d e p e n d s  upon  th e  re la tiv e  ac tiv a tio n  e n e rg ie s  fo r th e  two 

p ro c e s s e s  an d  on th e  e n e rg y  availab le  fo r re a c tio n . S te r ic  fa c to rs  a re  

im p o r ta n t in e lec tro cy c lic  re a c tio n s  s in ce  th e re  is m ore s te r ic  o v e rc ro w d in g  

in  th e  t r a n s i t io n  s ta te .  T he hom olytic re a c tio n  may well r e s u l t  in  th e  

re lie f  of s te r ic  o v e rc ro w d in g  in th e  ra te  de te rm in in g  s te p .  T h e  com petition
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b e tw e e n  e le c tro c y c lic  an d  hom olytic p ro c e s se s  also d e p e n d s  upon  th e  n a tu re  

of th e  h a lo g e n  s in ce  hom olysis becom es p ro g re s s iv e ly  e a s ie r  as th e  

s u b s t i tu e n t  is  c h a n g e d  F - * C & - > - B r * * I .

A s d e s c r ib e d  ab o v e , th e  2 -b rom ostilbene  (83) p h o to c y c lise s  

v ia  b o th  e le c tro c y c lic  an d  p h o to ly tic  p a th w a y s . H ow ever, th e  c o r r e s p ­

o n d in g  2 -io d o s tilb en e  (139) p ro b a b ly  p h o to c y c lises  v ia  in itia l c a rb o n -  

io d in e  b o n d  p h o to ly s is  (see  Section 2 . 4 . 2 ) .  T h ese  r e s u l t s  c lea rly  

d e m o n s tra te  th e  e f fe c t of ca rb o n -h a lo g en  bond  e n e rg y  an d  size of 

h a lo g en  in  d e te rm in in g  th e  m echanism  of p h o to c y c lisa tio n .

2 .3  2 ,6-D ib ro m o stilb en es

2 . 3 . 1  S y n th e s is

I t  w as re a so n e d  th a t  th e  2 ,6-d ib ro m o stilb e n e  (135) w ould g ive  

few er p h o to p ro d u c ts  th a n  th e  c o rre sp o n d in g  2 -b rom o stilb en e  (83) 

b e c a u s e  o f th e  sym m etry  of th e  p e n ta s u b s t i tu te d  arom atic  r in g  a n d  so 

th is  s t i lb e n e  becam e th e  n e x t s y n th e tic  ta rg e t .

T re a tm e n t of th e  3~keto n itr ile  (81) w ith  two e q u iv a le n ts  of 

N -b rom o su cc in im id e  gave a com plex m ix tu re  of in se p a ra b le  p ro d u c ts .  

H ow ever, th e  d e s ire d  dibrom o d e riv a tiv e  (134) was o b ta in e d  in  77% y ie ld  

upon  re a c tio n  of (81) w ith  brom ine in ace tic  acid  a t 70-80°C [Schem e 44]. 

T h e  d ib rom o com pound (134) was show n b y  H nm r (d ^ -d m so ) a n d  i r  

(K B r d isc )  to  e x is t  e n tire ly  in th e  enol form : th e  1H nm r sp ec tru m

la c k s  a s ig n a l c o rre sp o n d in g  to CHCN an d  th e  i r  sp e c tru m  show s a 

s t r o n g  O -H  a b so rp tio n  a n d  no C=0 a b so rp tio n . T h e  re a so n  fo r  th is  

p r e f e r e n c e  fo r  th e  enol form is ex p la in ed  in S ection  2 .5 .1 .  When
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com pound  (134) w as re f lu x e d  in  ace tic  a n h y d r id e  fo r  8 h o u rs  th e  E -en o l 

a c e ta te  (135) c ry s ta l l is e d  o u t from  th e  so lu tion  upon  cooling a n d  th e  

Zyisom er rem a in ed  as a w hite c ry s ta l lin e  solid  upon  rem oval of th e  ace tic  

a n h y d r id e  a s  an  azeo tro p e  w ith to lu en e . T he  ra tio  of s te re o iso m e rs  w as 

E : Z = 2 .3  : 1 .0  a f te r  r e c ry s ta ll is a tio n . T he  E an d  Z a s s ig n m e n ts  

w ere  m ade on th e  b a s is  of uv  m easu rem en ts  in  th e  same way as fo r  th e  

2 -b ro m o s tilb e n e  (83) .  T h e  molar ex tin c tio n  co e ff ic ie n t, e, of th e  

lo n g e s t w a v e le n g th  b a n d  of F ig . 7 is  g re a te r  th a n  th a t  of F ig . 8 .

T h u s  F ig . 7 is  th e  uv  sp ec tru m  of th e  E -isom er an d  F ig . 8 th e  uv  

sp e c tru m  of th e  Z -isom er.

2 . 3 . 2  P h o to ch e m is try

W hen th e  2 ,6-d ib ro m o stilb e n e  (135) w as i r r a d ia te d  in  b e n z e n e  

on ly  s ta r t in g  m a te ria l was re c o v e re d . In tro d u c tio n  of p o tass iu m  t e r t -  

b u to x id e  o r tr ie th y la m in e  in to  th e  re a c tio n  m ix tu re  c a u se d  a com plex 

m ix tu re  of p ro d u c ts  to form . T he  lack  of s ig n a ls  in  th e  re g io n  of 

6 8 . 5- 9 .5  ppm  in th e  nm r sp ec tru m  of th e  c ru d e  re a c tio n  m ix tu re  

im plied  th a t  p h o to c y c lisa tio n  h ad  n o t o c c u r re d . F a ilu re  to  cy c lise  b y  

th e  e le c tro c y c lic  p a th w ay  m ight be  due to in e ffic ien cy  of o v e rla p p in g  of 

th e  h e x a tr ie n e  s y s te m . T h is  was p ro p o se d  to acco u n t fo r th e  fa ilu re  

of th e  2-b ro m o s tilb e n e  (136) to u n d e rg o  photochem ical e le c tro c y c lis a t io n . * 

T h e  c o r re s p o n d in g  2-iodo d e r iv a tiv e  (137) cy c lised  in  25-6 y ie ld  v ia  a 

ra d ic a l m echan ism . In  a d d itio n , ha logen  s u b s t i tu e n ts  in c re a s e  i n t e r ­

sy stem  c ro s s in g  from  b o th  th e  e x c ite d  s in g le t to  th e  t r ip le t  s ta te  a n d
83

from  th e  t r ip le t  s ta te  to  th e  s in g le t g ro u n d  s ta te .  T h e re fo re ,  

e le c tro c y c lic  a n d  hom olytic p ro c e s se s  from  th e  e x c ite d  s ta te  of th e
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d ib ro m o stilb e n e  (135) may b e  u n ab le  to  com pete e ffe c tiv e ly  w ith  v e ry  

f a s t  in te r s y s te m  c ro s s in g .

MeO

OMe

rS OMe

r  x r
/ L / O M e (1 3 6 )

(137)
HN—

2 .4  2-Io d o s tilb e n e s

2 . 4 . 1  S y n th e s is

N e x t, a t te n tio n  was tu rn e d  to  th e  2 -io d o stilb en e  (1 3 9 ), w hich 

w as c o n v e n ie n tly  p r e p a re d  in two s te p s  from th e  $ -k e to  n it r i le  (81) 

[Schem e 45] .  T h e  f i r s t  s tep  in v o lv ed  iod ina tion  of (81) w ith  p re c is e ly  

one e q u iv a le n t of N -iodosuccin im ide (ad d ed  in  small p o r tio n s  o v e r 1£ 

h o u rs )  in  ch loroform  a t room te m p e ra tu re  fo r 10^ h o u r s .  Much 

e x p e rim e n ta tio n  was r e q u ir e d  to optim ise th e  co n d itio n s  of th e  iod i­

n a tio n  re a c tio n  to  g ive  an  accep tab le  y ie ld  of th e  2-io d o  $ -k e to  n itr i le

(138 ).
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CN / W M e

MeO (81)

0 OMe

OMe

NIS /  CHCU /  room temp

MeO (138)

0 OMe

OMe

Ac90 /  PTSA /  2h

I  CN 6A / M e

MeO (139)

OAc OMe

E : Z = 1 -0 : 1 - 0

Scheme 45
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T h e  f i r s t  time th e  re a c tio n  was c a r r ie d  o u t th e  p re c a u tio n  was 

ta k e n  to  e x c lu d e  l ig h t  from th e  re a c tio n  m ix tu re  s in ce  NIS is  l ig h t  

s e n s i t iv e .  NIS w as ad d e d  in  one p o rtio n  a t th e  b e g in n in g  of th e  

re a c tio n  to  a ch loroform  so lu tion  of (81) an d  th e  so lu tion  was r e f lu x e d  

fo r 3 h o u r s .  A f te r  coo ling , th e  r e d  so lu tion  w as w ash ed  su c c e s s iv e ly  

w ith  20% aq u e o u s  sodium  th io su lp h a te  an d  b r in e ,  th e n  d r ie d  an d  

e v a p o ra te d  to  le av e  an am ber gum . T h is  c ry s ta l l is e d  on ad d in g  e th e r  

a n d  g av e  th e  2-iodo  (3-keto n itr i le  (138) in  40% y ie ld  a f te r  r e c r y s ta l l i s ­

a tio n  from  c h lo ro fo rm /h e x a n e . When th e  re a c tio n  was re p e a te d  u s in g  

c a rb o n  te tr a c h lo r id e  as th e  so lv e n t, a low er y ie ld  (< 20%) of (138) was 

o b ta in e d , ev en  w hen th e  NIS was ad d ed  o v e r a p e r io d  of 3 h o u r s .

Two sim ple e x p e rim e n ts  w ere c o n d u c ted  in  an  a ttem p t to  a cc o u n t fo r  

th e  low y ie ld  of (138). F ir s t  of a ll, a ch loroform  so lu tion  of (138) was 

r e f lu x e d  in  th e  d a rk  fo r 3 h o u rs ,  w hereu p o n  th e  so lu tion  d ev e lo p ed  a 

r e d  co lo u ra tio n  d u e  to  l ib e ra te d  io d in e . T h a t d e -io d in a tio n  h ad  in d e e d  

o c c u r re d  w as con firm ed  by  nm r sp e c tro sc o p y  of th e  re s id u e  a f te r  

e v a p o ra tio n  of th e  so lv e n t. T he sp ec tru m  d isp la y ed  a small p e a k  a t 

6 5 . 85  ppm  due  to CHCN of th e  g -k e to  n it r i le  (81) .  (T he  c o r re s p o n d ­

in g  p e a k  of th e  2-iodo g -k e to  n itr i le  (138) o c c u rs  a t 6 6.34 p p m ) .  A 

sm all am oun t of d e - io d in a tio n  also  o c c u rre d  w hen a ch loroform  so lu tion  

of (138) was w ash ed  w ith 20% aq u eo u s sodium  th io su lp h a te . No 

io d in a tio n  of (81) o c c u rre d  when tr e a te d  w ith one e q u iv a le n t of NIS in 

ch lo ro fo rm  a t room te m p e ra tu re  in  th e  d a rk  fo r  4 h o u r s .  H ow ever, 

a d d itio n  of NIS to  a ch loroform  so lu tion  of (81) o v e r l z  h o u rs  an d  

r e a c tio n  fo r  a f u r th e r  9 h o u rs  a t room te m p e ra tu re  in  th e  d iffu se  

la b o ra to ry  l ig h t  le d  to  an 84% y ie ld  of (138 ).
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T h e se  r e s u l t s  s u g g e s t  th a t  th e  iod ination  re a c tio n  p ro c e e d s

84 8^
v ia  a h e a t  o r  l ig h t  in i tia te d  ra d ic a l m echanism . R adical ' as well 

86a s  ion ic  m echanism s fo r  iod ina tion  b y  NIS h av e  b een  p ro p o se d  in

e a r l ie r  w o rk s . T h e  m echanism  fo r iod ina tion  of (81) may b e  sim ilar to

84th a t  s u g g e s te d  b y  B eebe and  H ow ard in  1969 fo r th e  o x id a tio n  of

1 -p h e n y le th a n o l (142) b y  N IS. T h ey  c a r r ie d  o u t a s e t  of e x p e r im e n ts  

w h ich  le d  to  th e  m echan istic  p ro p o sa l show n in Schem e 46 in  w hich  th e  

su cc in im id y l ra d ic a l (141) is  th e  chain  c a r r ie r .  Schem e 47 o u tlin e s  

th e  p ro p o s e d  m echanism  fo r th e  re a c tio n  of (81) w ith  N IS . T h e  s ite  

o f io d in a tio n  is  m ainly c o n tro lled  b y  th e  m ethoxyl an d  c a rb o n y l g ro u p s  

of (8 1 ) . T h e se  g ro u p s  a re  o r th o /p a ra  d ire c to rs  in  ra d ic a l p ro c e s s e s  

a n d  so io d in a tio n  o c c u rs  a t p o sitio n  2 p re fe re n t ia l ly .

A s d e p ic te d  in Schem e 45, th e  2-iodo 3_k e to  n it r i le  (138) was 

r e a c te d  w ith  ac e tic  a n h y d r id e  in  th e  p re se n c e  of a ca ta ly tic  am ount of 

]D -to luenesu lphon ic  acid  to a ffo rd  a m ix tu re  of E - an d  Z^-2-iodostilbenes

(139) w h ich  w ere  in se p a ra b le  b y  c ry s ta llis a tio n  o r s ilica  gel ch ro m ato ­

g r a p h y .  T he  200 MHz *H nm r sp ec tru m  of th e  m ix tu re  of geom etric  

iso m ers  w as a s s ig n e d  by  com parison w ith th e  s p e c tra  of E - a n d  Zp2- 

b ro m o s tilb e n e s  (83) .  T he in te g ra tio n  of th e  H -61 d o u b le t of th e  E - 

isom er a t 6 7.56 ppm re la tiv e  to  th a t  of th e  Z_-isomer a t 6 7.04 ppm 

in d ic a te d  th a t  th e  ra tio  of isom ers was E :  = 1.0  : 1 .0 .

2 . 4 . 2  P h o to ch e m is try

46In  1965 K upchan  an d  W ormser p u b lish e d  a new  g e n e ra l 

s y n th e s is  of s u b s t i tu te d  p h e n a n th re n e s  in v o lv in g  p h o to c y c lisa tio n  of

2 - io d o s ti lb e n e s . T h ey  d e te c te d  ra d ic a l in te rm e d ia te s  in  th e  p h o to
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MeO and 0 = 0  are o /p  directors in radical processes
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0
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Scheme 47
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p ro c e s s  b y  e le c tro n  sp in  re so n a n c e  an d  d ev ised  ex p e rim en ts  to  ev a lu a te  

th e  in t e g r i t y  of th e  fre e  ra d ic a l form ed upon  p h o to ly s is  of th e  c a rb o n -  

iod ine  b o n d  of th e  s tilb e n e . T h ey  re a so n e d  th a t  2 - , 3- o r 4 -iodo- 

s t i lb e n e s  w ould  y ie ld  a common p ro d u c t if  re a r ra n g e m e n t of th e  a ry l 

ra d ic a l  o c c u r s .  Schem e 48 show s th e  r e s u l t s  of th e se  e x p e rim e n ts .

T he  2 -io d o s tilb e n e  (148) gave p h e n a n th re n e  (149) in  50% y ie ld  while 

th e  3 -iodo  a n d  4-iodo isom ers of (148) d id  n o t p h o to c y c lise , c lea rly  

d e m o n s tra tin g  th a t  re a rra n g e m e n t of th e  a ry l ra d ic a l does n o t o c c u r .

T h e  p h o to cy c lisa tio n  of io d o stilb en es  is  alw ays accom panied  by

25lo ss  of th e  iodo  s u b s t i tu e n t  ir re s p e c tiv e  of its  p o s itio n . T h is  r e f le c ts  

th e  e a se  w ith  w hich  a ry l iod ides u n d e rg o  ca rb o n -io d in e  b o n d  p h o to ly s is  

u p o n  u v  ir r a d ia t io n .

In  th e  p r e s e n t  s tu d y ,  th e  2 -iodostilbene  (139) was i r r a d ia te d  

in  d e o x y g e n a te d  b en ze n e  w hereupon  a 50% y ie ld  of th e  d e s ire d  p h e n a n ­

th r e n e  (71) was o b ta in ed  in add ition  to  a 15% y ie ld  of p h e n a n th re n e  

(110) [Schem e 49] .  T he form ation of th e se  p ro d u c ts  v e ry  lik e ly  

in v o lv e s  in itia l p h o to ly s is  of th e  ca rb o n -io d in e  b o n d  of s tilb en e  (139) 

an d  s u b s e q u e n t  in tram o lecu la r ra d ic a l cy c lisa tio n . R ad ical (123a) is 

t r a p p e d  o x id a tiv e ly  by  iodine g e n e ra te d  in  s itu  o r by  re s id u a l t r a c e s  of 

d is so lv e d  o x y g e n , while tra p p in g  of rad ic a l (123d) o c c u rs  by  un im olecu lar

e x p u ls io n  o f CH^O*.

A re la te d  in tram o lecu la r a ry la tio n  re a c tio n  was o b s e rv e d  fo r 

th e  2-iodo $ -k e to  n it r i le  (138) upon  uv  ir ra d ia tio n  in  d e a e ra te d  ace to -  

n it r i le  c o n ta in in g  two eq u iv a le n ts  of iodine [Schem e 50].  A com plex 

m ix tu re  of in s e p a ra b le  p ro d u c ts  was o b ta in e d , a lth o u g h  one of th e se  

w as id e n tif ie d  as p h e n a n th re n e  (72) by  th e  p re s e n c e  of a s in g le t a t
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NO C02 Me

(148) (149)

NO C02 Mg

hi)

C6H12

no phenanthrene 

products

( 1 5 0 )  X  = I  , Y =  H 

or X  = H* Y = I

Scheme 48
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None of this  was detec ted

Scheme 50



6 8 .90 ppm  in  th e  90 MHz nm r sp ec tru m  of th e  c ru d e  re a c tio n

m ix tu re .  S u rp r is in g ly ,  none of th e  a l te rn a tiv e  p h o to cy c lisa tio n  p ro d u c t 

(151) w as d e te c te d .

2 .5 .1  S y n th e s is

I t  w as d isc o v e re d  th a t  tre a tm e n t of th e  (3-keto n it r i le  (81) w ith  

p re c is e ly  tw o e q u iv a le n ts  of N -iodosuccin im ide a ffo rd s  th e  diiodo 

d e r iv a tiv e  (1 5 2 ). T h is  diiodo com pound an d  th e  c o rre sp o n d in g  dibrom o

com pound (134) e x is t  in  th e  enol form in  th e  so lid  s ta te  an d  in  so lu tio n . 

T he  ir  s p e c tr a  of p o tassium  brom ide d iscs  of (134) a n d  (152) e x h ib it s tro n g  

O-H a b s o rp tio n  a n d  no C=0 ab so rp tio n  (see  T ab le  2 ), c le a rly  d e m o n s tr­

a tin g  th a t  th e s e  com pounds e x is t e n tire ly  in  th e  enol form  in  th e  so lid  

s ta te .  T h e  so lu tio n  i r  s p e c tra  of (134) an d  (152) cou ld  n o t b e  r e c o rd e d  

b e c a u se  th e y  a re  in so lu b le  in  all common so lv e n ts  e x c e p t d im ethy l

2 .5  2 ,6-D iio d o s tilb en es

OMe



s u lp h o x id e  a n d  te t r a h y d r o f u r a n . E v id en ce  fo r  th e  enol form  in  so lu tio n  

is  p r o v id e d  b y  1H nm r: th e  s p e c tra  of (134) a n d  (152) in  d ^ -d im e th y l

su lp h o x id e  la c k  a s ig n a l due to  CHCN a n d  th e  sp ec tru m  of (152) a t 

200 MHz show s a b ro a d  s in g le t a t  610 .00  ppm due to  OH.

T a b le  2. I r  d a ta  fo r com pounds (6 9 ) , (134) a n d  (152); 

s -  s t r o n g ,  m -  m edium , w -  w eak

C om pound v (K B r) ,c m  1 v (C H C £ 3),c m  1

te tra m e th o x y  (69) 3650-3030 m, 

2210 m, 1635 s , 

1610 s ,  1585 s

3620-3140 v e ry  w, 

2250 w,

2210 w , 1715 m, 

1610 s

d ibrom o (134) 3630-3030 s ,

2210 m, 1640 m, 

1610 m, 1570 s

d iiodo (152) 3640-3020 s ,  

2205 s ,  1630 s , 

1610 m

T h e  enol ta u to m er is  a lso  p r e f e r r e d  b y  th e  te tra m e th o x y  

com pound  (69) in  th e  solid  s ta te  as show n by  ir  s p e c tro sc o p y  ( r e f e r  to  

T ab le  2) a n d  X -ra y  a n a ly s is  [F ig . 9 ]. As e x p e c te d , th e  two arom atic  

r in g s  a d o p t th e  t r a n s -c o n f ig u ra t io n .  T ab le  3 show s th a t  th e  r in g s  a re





o rie n ta te d , a t  91 .16° to  each  o th e r  an d  th a t  th e  te t r a s u b s t i tu te d  r in g  

( r in g  B ) is  tw is te d  ou t of th e  p lan e  of th e  rem ain ing  s ty re n e  sy s tem .

9 OMe 5' 
CN

MeO

OH OMe

(69)

T ab le  3. A n g les  be tw een  se lec ted  p la n es  in  th e  te tra m e th o x y  com pound (69)

P lan e A toms in th e  p lane
A ngle be tw een  norm als 

or lin e s

( 1) r in g  A ( 1) + (2) = 91 .16°, (1) + (3) = 4 .9 0 °

( 2) r in g  B ( 1) +(4) = 4 .0 0 ° , ( 1) +(5) = 3 .3 9 °

(3) C (1 ')C (7 )C (8 )0 (8 ) ( 2)+(3) = 93 .85°, (2 )+ (4 ) = 94 .09°

(4) C (7) C (8 )C( 9 )0 (8 ) (2 )+ (5) = 94 .25°, (3) + (4) = 1 .40°

(5) C( 1) C (7 )C (8 )C (9 ) (3) +(5) = 2 .7 2 °, (4 )+ (5 ) = 1 .32°
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T h e  b e h a v io u r  of (69) in  so lu tion  is  m ore com plica ted . T h e  

1H n m r sp e c tru m  of (69) was d e te rm in ed  a t  90 MHz in  a v a r ie ty  of 

s o lv e n ts .  In  d ^ -a c e to n e , d ^ -d im eth y l su lp h o x id e  a n d  d ^ -m ethano l 

com pound  (69) a p p e a rs  to  e x is t in  m ore th a n  one tau to m eric  fo rm . T h e

200 MHz ^H n m r sp ec tru m  of (69) in d ^ -a ce to n e  is  show n in F ig . 10.

T h e  90 MHz ^H nm r sp ec tru m  of (69) in  d-^-chloroform  w as re c o rd e d  

th r e e  tim es w ith  v a ry in g  r e s u l t s .  T he f i r s t  time th e  sp e c tru m  was 

r e c o rd e d  a p e a k  o c c u rre d  a t 6 6 .63  ppm w hich d is a p p e a re d  u p o n  

a d d itio n  of D^O. T he  positio n  of th is  peak  sh if te d  to  6 6 .51  ppm  w hen 

th e  s p e c tru m  was re c o rd e d  fo r th e  second  tim e, th e n  i t  w as com plete ly  

a b s e n t  from  th e  fin a l sp e c tru m . T h e se  r e s u l t s  im ply th a t  th e  eno l

ta u to m e r  is  p r e f e r r e d  in  chloroform  so lu tio n . I t  was h o p ed  th a t  th is

13 13w ould  b e  co n firm ed  by  th e  C DEPT ex p erim en t w hich allow s C nm r

s ig n a ls  to  b e  id e n tif ie d  as co rre sp o n d in g  to  p r im a ry , s e c o n d a ry  o r

t e r t i a r y  c a rb o n s . T h re e  CH s ig n a ls  a re  e x p e c te d  fo r  th e  enol form  a n d

fo u r  fo r  th e  k e to  fo rm . When th is  ex p erim en t w as p e rfo rm e d  th e

sp e c tru m  i l lu s t r a te d  in F ig . 11 was o b ta in e d . F o u r major CH s ig n a ls

a r e  p r e s e n t :  th e  p eak  a t 6 51.54 ppm is p ro b a b ly  due  to  CHCN of th e
13

k e to  form  sin ce  a sim ilar p eak  o c c u rs  a t 6 49.85 ppm in  th e  C nm r 

sp e c tru m  of th e  c o rre sp o n d in g  trim e th o x y  8~keto  n itr i le  (81) [F ig . 12]. 

O th e r  m inor CH p e a k s  a re  p r e s e n t ,  b u t  i t  does seem lik e ly  th a t  th e  

k e to  form  is  p red o m in an t in  th is  ex p e rim en t. I t  is  d iff ic u lt to  ex p la in  

th e  c o n tra s t in g  co n clusions  from th e  DEPT ex p erim en t a n d  th e  90 MHz 

nm r e x p e r im e n ts  in d ^ -c h lo ro fo rm . I t  is also n o t c lea r  w hy th e  

200 MHz 1H nm r sp ec tru m  of (69) in d-j-ch loroform  c h a n g e d  s u b s ta n t­

ia lly  w hen D 20  was a d d e d  [F ig s . 13 a n d  14]. I t  may b e  a so lv e n t
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e f fe c t  sim ilar to  th a t  o b se rv e d  on ch a n g in g  from  d-j-ch lo roform  (one 

ta u to m e ric  form ) to ,  fo r  exam ple , d ^ -a ce to n e  (m ore th a n  one tau to m eric  

form  ) .

T h e  i r  sp ec tru m  of (69) in  ch loroform  also  im plies th a t  th e  

k e to  ta u to m e r is  p red o m in an t in  so lu tio n . T he  sp e c tru m  (see  T ab le  2) 

d isp la y s  on ly  a v e ry  w eak b ro a d  a b so rp tio n  c e n tr e d  a t 3550 cm  ̂ an d  

a p e a k  of medium in te n s i ty  a t 1715 cm T h is  c a rb o n y l a b s o rp tio n  is  

a p p ro x im a te ly  one th i r d  of th e  in te n s i ty  of th e  arom atic  p e a k  a t 1610 cm  ̂

a n d  i t s  p o s itio n  d if fe r s  s ig n if ic a n tly  from th a t  of th e  $ -ke to  n i t r i le s  (8 1 ) , 

(82) a n d  (138) (se e  T ab le  4 ) . Two n itr i le  p e a k s  a re  p r e s e n t ,  one 

p ro b a b ly  d u e  to  th e  m ajor k e to  ta u to m er an d  th e  o th e r  d u e  to th e  m inor 

eno l ta u to m e r .

T h e  tr im e th o x y  com pound (81) an d  its  m onobrom o a n d  m ono- 

iodo d e r iv a tiv e s  (82) a n d  (138) re s p e c tiv e ly  p r e f e r  to  e x is t  in  th e  k e to  

fo rm . T h is  is  e v id e n t from th e  1H s in g le t d u e  to  CHCN in th e  nm r 

a n d  th e  s tro n g  c a rb o n y l a b so rp tio n  in th e  so lid  s ta te  a n d  so lu tio n  i r  

s p e c tr a  of each  of th e se  com pounds [T ab le  4 ]. T h e  ch lo roform  ir  

s p e c tr a  also  e x h ib it w eak a b so rp tio n  a t 3640-3220 cm 1 w hich in d ic a te s  

th a t  a sm all am ount of enol ta u to m er is  also p r e s e n t .  X -ra y  an a ly s is  

of th e  iodo d e r iv a tiv e  (138) confirm ed  th a t  it  e x is ts  as th e  ke to  tau to m er 

in  th e  so lid  s ta te  [F ig . 15]. T h e  two arom atic  r in g s  a re  in c lin ed  a t  

101 .85° to  each  o th e r  [T ab le  5 ]. T h e  to rs io n  an g le s  in  T ab le  6 allow 

an  a c c u ra te  m olecular model of (138) to  b e  c o n s tru c te d .
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T ab le  4. I r  a n d  90 MHz "̂ H nm r d a ta  fo r  $- k e to  n it r i le s  (8 1 ), (82) 

a n d  (138) j s -  s t r o n g ,  m -  m edium , w -  w eak

3- K eto  n i t r i le v (K B r) ,c m  1 v (C H C £ 3>,cm 1 6 c h c n (C D C V >

(ppm )

trim  e th o x y  (81) 2240 w 

1680 s 

1610 s

3640-3220 

v e ry  w 

2250 w 

1680 m 

1610 s

5 .85

2-b ro m o  (82) 2250 w 

1670 s 

1610 s 

1580 s

3640-3220 w 

2250 w 

1680 s 

1610 s 

1590 s

6 .33

2-iodo (138) 2240 w 

1680 s 

1610 s 

1585 s

3640-3220 w 

2240 w 

1680 s 

1610 s 

1585 s

6 .34
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OMe 

(138)

T ab le  5. A n g les  b e tw een  se lec ted  p la n e s  in  th e  2-iodo $ -k e to  

n i t r i le  (138)

P lane Atoms in th e  p lan e A ngle be tw een  norm als 
o r lines

( 1) r in g  A (1) + (2) = 101.85°

( 2) r in g  B (1) + (3) = 104.63°

(3) C (1' )C ( 7)C( 8 )0 (  8) (2) + (3) = 136.94°

T h u s  com pounds (6 9 ), (134) an d  (152) con ta in in g  2 ' , 6'-  

d im e th o x y , 2 , 6-d ib rom o  a n d  2, 6-d iiodo  s u b s t i tu e n ts  r e s p e c t iv e ly ,  p r e f e r  

to  e x is t  in  th e  eno l fo rm . In  c o n t ra s t ,  com pounds (8 1 ), (82) an d  (138 ), 

in  w h ich  th e  2 a n d  6 p o s itio n s  of th e  same arom atic r in g  do n o t b o th  

h av e  s u b s t i t u e n t s , p r e f e r  to  e x is t  in  th e  ke to  fo rm . T h e  re a so n  fo r



T ab le  6 . T o rs io n  an g les  fo r th e  2-iodo $ -k e to  n itr i le  (138) 
V ____

J to rs io n  ang le  = ang le  be tw een
i

C C XCC p lan e  an d  CCY p lan e
\  \

\ _y + clockw ise -  an tic lockw ise

A ngle D eg rees  (° )

C (2 ) - C ( l )  -  C (7 ) -  C (8) -  136.6

C (2 ) - C ( l )  -  C (7) -  C (9) + 102.3

C ( 2) - C ( l )  -  C (7 ) -  H (7) -  17.7

C ( 6) - C (1) -  C ( 7) -  C ( 8) + 45 .1

C ( 6 ) -

P011—1o

-  C (9) -  75 .9

C (6 ) - C ( l )  -  C( 7) -  H(7) + 164.0

C ( 2 ') - C ( l ' ) -  C (8) -  C (7) + 45.7

C (2 ')  - C ( l ')  -  C (8) -  0 ( 8) -  137.5

C ( 6')  - C (T )  -  C ( 8) -  C (7) -  136.4

C ( 6')  - C ( l ')  -  C ( 8) -  0 ( 8) + 40.4

C( 9) - C (7) -  C (8) -  0 ( 8) + 4 .2

H (7) - C (7) -  C (8) -  0 ( 8) + 123.0

H(Y) - C (7) -  C (8) -  C ( l ') -  60 .2
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th i s  d if fe re n c e  can be  u n d e rs to o d  from  m odels. In  th e  k e to  form of 

com p o u n d s (6 9 ) , (134) a n d  (152) th e re  is  se v e re  s te r ic  crow d ing  

b e tw e e n  th e  cy an o  an d  c a rb o n y l g ro u p s  an d  th e  a d ja c e n t arom atic  

s u b s t i tu e n t s ,  i r r e s p e c t iv e  of th e  o r ie n ta tio n  of th e  2 , 6- s u b s t i tu te d  

a ro m atic  r i n g . In  th e  m ore r ig id  enol form th e  s te r ic  co n g es tio n  is  

s ig n if ic a n tly  re d u c e d . C om pounds (8 1 ), (82) an d  (138) e x is t  in  th e  

k e to  form  w ith  fa ir ly  f re e  ro ta tio n  ab o u t th e  te t r a h e d r a l  c a rb o n  a tom .

T h e  d e c re a se  in  th e  e va lu es  (21,500 9,600 -»- 3 ,300) of

th e  m ajor b a n d  in th e  uv  s p e c tra  of th e  21, 6'-d im e th o x y , 2 , 6-d ib rom o  

a n d  2 , 6-d iio d o  com pounds show s th a t  th e  s te r ic  co n g es tio n  in c re a s e s  on 

go ing  from  CH^O B r I . H ence th e  d r iv in g  fo rce  fo r eno l fo rm ation  

( i . e .  r e d u c t io n  in  s te r ic  co n g es tio n ) is  n o t as g re a t in  th e  2' , 6 '-  

d im eth o x y  com pound (69) as in  th e  2 ,6 -d iio d o  com pound (1 5 2 ). T h is  

a c c o u n ts  fo r  th e  fine b a lan ce  be tw een  th e  d if fe re n t ta u to m eric  form s 

o f (69) o b s e rv e d  in  so lu tio n .

2 .5 .2  P h o to ch e m is try

P h e n a n th re n e s  (72) and  (151) w ere iso la ted  in  20% a n d  10% 

y ie ld s  re s p e c t iv e ly  upon  ir ra d ia tio n  of th e  2 ,6 -d iio d o  sp e c ie s  (152) in 

d e a e ra te d  te t r a h y d ro fu ra n  [Schem e 51]. In tra m o le c u la r  f re e  ra d ic a l 

a ry la tio n  p ro b a b ly  p red o m in a te s  in th is  re a c tio n . In d e e d  fo rm ation  of 

p h e n a n th re n e  (151) m ust p ro cee d  b y  in itia l p h o to ly s is  of one of th e  

c a rb o n - io d in e  b o n d s  s in ce  it  in v o lv es  lo ss  of th e  m ethoxy l g ro u p  a t 

s ti lb e n e  p o s itio n  2’ . In  com petition  w ith  ra d ic a l cy c lisa tio n  of (153) 

is  h y d ro g e n  atom t r a n s f e r  from te tr a h y d ro fu ra n  to  g ive  th e  2-iodo
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3~keto  n i t r i le  (138) w hich has two fa te s :  in tram o lecu la r cy c lisa tio n

a n d  r e d u c t iv e  d eh a lo g en a tio n . A small am ount of th e  3“ k e to  n it r i le  

(81) w as d e te c te d  in th e  90 MHz nm r of th e  c ru d e  re a c tio n  p ro d u c t  

th r o u g h  th e  p re s e n c e  of a s in g le t a t 6 5 .85 ppm  due to  CH CN .

2 .6  S p e c tra l  P ro p e r tie s  of a '-A c e to x y -a rc y a n o s tilb e n e s

2 .6 .1  U ltrav io le t S p e c tra

87T h e  u v  s p e c tr a  of E - an d  Z -s tilb en e  in  e th an o l so lu tion  a re  

p r e s e n te d  in  F ig s . 16 an d  17. T he uv  a b so rp tio n  sp e c tru m  of a 

com pound  can p ro v id e  u se fu l in fo rm ation  ab o u t th e  e le c tro n ic  t r a n s i t io n s  

th a t  o c c u r s in ce  b a n d s  c o rre sp o n d in g  to  tt -> tt t r a n s i t io n s  a re  u su a lly  

m ore in te n s e  (e  5,000 -  100,000) th a n  th o se  c o rre sp o n d in g  to  n  -* a 

( e 100 -  1 ,000) o r n  7T* tr a n s i t io n s  ( e l  -  4 0 0 ) . ^  T h e re fo re  all of 

th e  u v  a b so rp tio n  b a n d s  of E - an d  Z ^stilbene  a re  th e  r e s u l t  of it tt 

t r a n s i t io n s .

T he  low est e n e rg y  e x c ite d  s in g le t s ta te  of Z -s tilb en e  is  

r e s p o n s ib le  fo r p h o to c y c lis a tio n . A value  fo r th e  e n e rg y  of a low est 

e x c ite d  s in g le t s ta te  can be  es tim ated  from th e  u v  a b so rp tio n  sp e c tru m  

of a m olecule. If  v ib ra tio n a l fine  s t r u c tu r e  is  a p p a re n t ,  as in  th e  

sp e c tru m  of E -s ti lb e n e  in  F ig . 16, th e  lo n g e s t w av e le n g th  b a n d  in  th e  

sp e c tru m  is  o ften  th e  one th a t  c o rre sp o n d s  to  th e  e n e rg y  r e q u ir e d  

[s in c e  e n e rg y  an d  w av e len g th  a re  in v e rse ly  re la te d  th u s :

E (k J  mol” 1) = 1.19 x  105/A (n m )] , an d  th e  w av e le n g th  can b e  c o n v e r­

te d  to  i t s  e q u iv a le n t e n e rg y . S p e c tra  fo r  m ost o rg an ic  com pounds in  

so lu tio n  show  li ttle  or no v ib ra tio n a l fine  s t r u c tu r e  b e c a u se  of in te r -
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a c tio n s  o f so lu te  w ith  so lv en t m olecu les. In  th e se  c a se s  ( e .g .  F ig . 17)

a  re a s o n a b le  g u e ss  fo r th e  low est e x c ite d  s in g le t s ta te  e n e rg y  can b e

m ad e . N ote th a t  th e  a b so rp tio n  maximum does n o t c o r re s p o n d  to  th e

e x c i te d  s ta te  e n e rg y .  T h e  lo n g e s t w av e len g th  b a n d  of F ig s . 16 a n d  17

c o r re s p o n d s  to  th e  s tilb e n e  ch rom ophore  an d  is  te rm ed  th e  co n ju g a tio n

b a n d .  I r r a d ia t io n  an y w h ere  w ith in  th e  con ju g a tio n  b a n d  of Z -s tilb e n e

le a d s  to  p h o to c y c lis a tio n . T he  o th e r  b a n d  a ss ig n m e n ts  a re  th e  su b je c t

o f some c o n t r o v e r s y .^

T h e  low er v a lu e s  of X  an d  e of th e  lo n g e s t w av e len g thmax max °  °

b a n d  of Z -s ti lb e n e  com pared  to  E -s ti lb e n e  a re  a s c r ib e d  to  th e  s h o r te r

le n g th  of th e  co n ju g a te d  system  in  th e  Z ^-configuration , owing to  th e

re d u c t io n  in  c o p la n a r ity  ca u se d  b y  s te r ic  in te r fe re n c e  be tw een  th e

90o r th o - h y d ro g e n  atom s of th e  p h e n y l g ro u p s .

T h e  u v  a b so rp tio n  sp ec tru m  of a co n ju g a ted  com pound d if fe rs

from  th a t  e x p e c te d  fo r a p la n a r  model w hen th e  m olecule is  su ff ic ie n tly

c ro w d ed  to  r e n d e r  co p la n a rity  of th e  co n ju g a te d  atom s d iff ic u lt or 

91im p o ss ib le . T h e  d e g re e  of d ev ia tio n  from th e  e x p e c te d  sp ec tru m  

seem s to  in c re a s e  w ith  th e  d e g re e  of s te r ic  c ro w d in g , an d  on th is  b a s is ,  

t h r e e  ty p e s  of b e h a v io u r  of th e  lo n g e s t w av e len g th  b a n d  h av e  f re q u e n tly  

b e e n  d is tin g u is h e d :

(1) S lig h t c ro w d in g , th e  sp e c tro sc o p ic  r e s u l t  of w hich is  an in te n s ity  

d e c re a se  (hypochrom ic e f fe c t) ;

(2) M oderate  c ro w d in g , r e s u lt in g  in  b o th  an in te n s i ty  d e c re a se  a n d  a

s h if t  of X  to  a s h o r te r  w av e len g th  (hyp so ch ro m ic  s h if t ) ;  
max



(3 ) S e v e re  c ro w d in g , re s u lt in g  in a sp ec tru m  q u ite  d if fe re n t  from 

th a t  e x p e c te d  fo r a p la n a r  m odel. T he  s e v e r i ty  of th e  s te r ic  

c ro w d in g  d e te rm in es  th e  a p p e a ra n c e  of th e  o b se rv e d  sp e c tru m : 

th e  co n ju g a tio n  b a n d  (o r  lo n g e s t w av e len g th  b a n d )  d u e  to  th e  

e x te n d e d  ch rom ophore  may n o t be  p r e s e n t  if th e  c row ding  is 

p a r t ic u la r ly  s e v e re  since c o p la n a rity  of th e  co n ju g a te d  atom s is  

no  lo n g e r  p o ss ib le . In  th is  e v e n t th e  o b se rv e d  sp ec tru m  is th e  

sum m ation of th e  s p e c tra  of th e  two iso la ted  ch ro m o p h o res .

Z -S tilbene  b e lo n g s  to th e  second  c a te g o ry  an d  i t s  u v  sp e c tru m  

is  r e p r e s e n ta t iv e  of a m o dera te ly  c row ded  s tilb e n e . T h e  uv  s p e c tra  

of th e  E -iso m er a n d  th e  s te reo iso m eric  m ix tu re  (E : Z _  -  1 .0  : 3 .8 ) of 

iso m e rs  of th e  2 -b rom ostilbene  (83) show n in F ig s . 4 a n d  5 h av e  th e  

c h a r a c te r i s t ic  sh a p e  of a m odera te ly  crow ded  s tilb e n e . T he  u v  s p e c tr a  

of th e  2 -io d o s tilb en e  (139) an d  th e  te tra m e th o x y s tilb e n e  (70) show  th a t  

th e s e  a re  a lso  m odera te ly  crow ded  s tilb e n e s .

T h e  E - an d  Z -isom ers of th e  2 ,6-d ib ro m o stilb e n e  (135)

b e lo n g  to  th e  th i r d  c a te g o ry  as  ev id en ced  by  th e  uv  s p e c tr a  in  F ig s .

7 a n d  8 . T he  p e r fe c t  c o p la n a rity  of th e  m olecular co n fig u ra tio n  is

n o t p r e r e q u is i te  to  th e  o c c u rre n c e  of co n jugation  an d  h en ce  n o t p r e -
92

r e q u is i te  to  th e  a p p e a ra n c e  of th e  con jugation  b a n d . T h e re fo re ,

th e  tw o lo n g e s t w av e len g th  b a n d s  of F ig s . 7 an d  8 may c o rre sp o n d  to

th e  s ti lb e n e  ch rom ophore  while th e  241/242 nm b a n d s  may c o rre sp o n d

to  th e  p a r t ia l  s ty re n e  ch rom ophore  s in ce  s ty r e n e s  d isp la y  a c h a ra c te r -

93
is tic  b a n d  in  th e  250 nm re g io n .



2 .6 .2  Nmr S p e c tra

T h e  d a ta  c o n ta in ed  in  T ab le  7 show th a t  th e  nm r s ig n a l 

d u e  to  th e  p ro to n  a t p o s itio n  6' in  a Z y a '-a c e to x y -a -c y a n o s tilb e n e  

o c c u rs  up  f ie ld  re la tiv e  to  th e  same s ig n a l in  th e  E -s t i lb e n e . T h is  is  

c a u s e d  b y  sh ie ld in g  of H -61 in th e  Z-isom er b y  th e  n e ig h b o u rin g  

a n iso tro p ic  arom atic  r in g .  A lso , th e  E -s ti lb e n e  ace to x y l p ro to n s  

r e s o n a te  a t  h ig h e r  fie ld  th a n  th e  Z ystilbene  ace to x y l p ro to n s  ow ing to 

a g r e a te r  d e g re e  of sh ie ld in g  of th e s e  p ro to n s  b y  th e  arom atic  r in g s  in  

th e  E -iso m er com pared  to  th e  Z -iso m er. In  each  of th e  E- an d  Z- 

iso m e rs  th e  s ig n a l c o rre sp o n d in g  to  th e  arom atic m ethy l g ro u p  is  

b r o a d e r  th a n  th e  ace to x y l s ig n a l d u e  to  in te ra c tio n  w ith th e  o r th o ­

p r o to n s ,  a n d  in th is  way th e se  s ig n a ls  can  b e  d is tin g u is h e d .

T h e  E - an d  Z -c o n fig u ra tio n s  w ere d e te rm in e d  b y  v a r io u s  

m e an s. S ec tio n s  2 .2 .1  an d  2 .3 .1  d e s c r ib e d  th e  a ss ig n m e n t of th e  con ­

f ig u ra t io n  of th e  geom etric  isom ers of th e  2 -b ro m o stilb en e  (83) an d  th e  

2 ,6 -d ib ro m o s tilb e n e  (135) on th e  b a s is  of u v  m e asu re m en ts . As 

m en tio n ed  in  S ection  2 .4 .1  , th e  "̂ H nm r sp ec tru m  of th e  m ix tu re  of 

g eo m etric  isom ers  of th e  c o rre sp o n d in g  2- io d o s tilb e n e  (139) w as a s s ig n e d  

b y  co m parison  w ith  th e  s p e c tra  of th e  E - an d  Z_-2-brom ostilbenes (8 3 ) .

R eac tion  of th e  3~keto n it r i le  (81) w ith  ace tic  a n h y d r id e /  

c a ta ly tic  p - to lu e n e su lp h o n ic  acid  fo r 2 h o u rs  a ffo rd e d  a 1 .0  : 1.4 

m ix tu re  of E - an d  Z _-trim ethoxystilbenes (156) re s p e c t iv e ly .  T h e  ra tio  

of E - a n d  Z -isom ers  was d e te rm in ed  from th e  in te g ra tio n  of th e  H -61 

d o u b le ts  in  th e  200 MHz 1H nm r sp e c tru m . T h e  m ajor isom er was 

a ssu m ed  to  h a v e  th e  Z -c o n fig u ra tio n  sin ce  i t  c o rre sp o n d e d  to  th e  

up  f ie ld  H -6’ d o u b le t an d  th e  dow nfield  ace to x y l s ig n a l.
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T a b le  7. 200 MHz nm r chem ical s h if ts  fo r a '- a c e to x y -a -

cy a n o s tilb e n e s

S tilb e n e 6(C D C £3),p p m

H -61 CH 3CO

(70) E 2 .07

Z 2.22

(83) E 7.53 1.95

Z 7.02 2.28

(135) E 7 .59 1.95

Z 7.00 2.29

(139) E 7.56 1.92

Z 7. 04 2.28

(156) E 7.43 2.09

Z 7.11 2.26

MeO

X (70) X = Y =H  , Z = OMe

(83) X = B r , Y  = Z = H  

(135) X = Y = Br , Z=  H

(139) X = I , Y = Z = H

Y OAc OMe

OMe

(156) X = Y = Z = H
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F in n ie  a s s ig n e d  th e  c o n fig u ra tio n  of th e  geom etric  isom ers

of th e  te tra m e th o x y s tilb e n e  (70) in  th e  follow ing w ay. T h e  *H nm r

sp e c tru m  of th e  m ix tu re  of isom ers in d ic a te d  th a t  th e  isom ers w ere

p r e s e n t  in  th e  r a t io  of 2 :1 . I r ra d ia t io n  of th is  m ix tu re  a f fo rd e d

p h e n a n th re n e  (71) w hich  was iso la ted  b y  ad d itio n  of m ethano l to  th e

c ru d e  re a c tio n  p ro d u c t .  T he seco n d  b a tc h  of c ry s ta ls  w as show n to

b e  th e  m ajor geom etric  isom er from  its  nm r s p e c tru m . T h e  gummy

re s id u e  c o n s is te d  m ainly of th e  m inor geom etric  iso m er. T h u s  th e  m ajor

isom er w as p ro p o se d  to  h av e  th e  E -c o n fig u ra tio n  s in ce  E -s ti lb e n e s  a re

25u s u a lly  c ry s ta l l in e  while Z -s ti lb e n e s  a re  o ften  gum s. On th e  b a s is  of 

th is  p ro p o s a l ,  th e  ace to x y l s ig n a l of th e  E -isom er o c c u rs  u p fie ld  from  

th a t  of th e  Z -iso m er, in  ag ree m en t w ith  th e  o th e r  E /Z  p a i r s  of 

a1 - a c e to x y -  a- cy an o stilb  e n e s .

E v id en ce  is  p r e s e n te d  in  C h a p te r  3 w hich  show s th a t  th e  E - 

a n d  Z -iso m er H -6' an d  ace to x y l re s o n a n c e s  in a '-a c e to x y -a -c a rb o m e th o x y -  

s t i lb e n e s  h a v e  th e  same re la tiv e  p o s itio n s  as  in a '- a c e to x y -a -c y a n o -  

s t i lb e n e s .

2. 7 E nol A ce ta te  D e riv a tiv e s  of 2, 3 -D ia ry l-3 -o x o p ro p a n e n itr i le s

E xam ples of enol a c e ta te  d e r iv a tiv e s  of 2 ,3 - d ia ry l-3 -o x o -  

p ro p a n e n i tr i le s  (157) ( i . e .  a '-a c e to x y -a -c y a n o s tilb e n e s )  o ccu r th ro u g h o u t 

th is  c h a p te r .  A m ore d e ta iled  d isc u ss io n  of th e  d e r iv a tis a t io n  reac tio n  

b a s e d  on th e  r e s u l t s  co n ta in ed  in  T ab le  8 now follow s.

T h e  g e n e ra l p ro c e d u re  fo r  p re p a ra t io n  of th e  enol a c e ta te  

d e r iv a tiv e s  c o n s is ts  of re f lu x in g  a so lu tio n  of th e  3~ keto  n it r i le  in ac e tic



T ab le  8 . Enol a c e ta te  d e r iv a tiv e s  of 2 ,3 -d ia ry l-3 -o x o p ro p a n e n itr ile s

Enol a c e ta te R eac tion
time

R atio  of 
E :

is o m e rs . 
Z

Y ie ld , %

(156) 5 min 1.0 : 1.0

30 min 1.0 : 1.1

1 h 1.0 : 1.2

2 h 1 .0  : 1 .4 80

7 h 1.0  : 1 .5

(83) 2 h 1.0  : 1 .3 98

24 h 1.0  : 1.8

(139) 2 h 1.0 : 1.0 62

(70) 5 min 1 .3  : 1.0

30 min 1.2 : 1.0

2 h 1.0 : 1.1 83

5 h 1.0 : 1.1

(a) 1.0 : 1 .3

(135) 8 h 2 .3  : 1.0 85

N ote ( a ) :  T he  m ix tu re  of geom etric isom ers o b ta in ed  a f te r  2 h o u rs

was re f lu x e d  in A c20 /c a ta ly tic  PTSA  fo r  a f u r th e r  7 h o u rs



a n h y d r id e  c o n ta in in g  a few  c ry s ta ls  of p - to lu e n e su lp h o n ic  ac id  mono­

h y d r a te  (P T S A ) . T he  p u rp o s e  of th e  PTSA is  to prom ote tau tom erism  

of th e  in i tia l k e to  form  to  th e  c o rre sp o n d in g  enol fo rm , w hich th e n  

r e a c t s  w ith  a ce tic  a n h y d r id e  to  g ive th e  enol a c e ta te  as o u tlin e d  in 

Schem e 52. S ince  th e  2 ,6 -d ib rom o  com pound (134) a lre a d y  e x is ts  as 

th e  eno l ta u to m e r , no  ac id  is  em ployed in  th e  p re p a ra t io n  of i t s  enol 

a c e ta te  d e r iv a tiv e  (135).

H

PTSA

)

A c20

(160)

Scheme 52



133

In  each  ca se  th e  ra tio  of geom etric  isom ers was d e te rm in e d  

from  th e  nm r in te g ra t io n .  F o r enol a c e ta te s  (8 3 ), (135 ), (139) a n d  

(156) th e  r a t io  of isom ers was e s tim a ted  from  th e  in te g ra tio n  of th e  

d o w n fie ld  H -61 d o u b le t of th e  E -isom er re la t iv e  to  th a t  of th e  u p  fie ld  

H -6* d o u b le t of th e  Z -isom er. T he  ra tio  of E - an d  Z -isom ers  of enol 

a c e ta te  (70) was c a lc u la te d  from th e  in te g ra tio n  of th e  ace to x y l s ig n a l 

o f th e  E -iso m er r e la t iv e  to  th a t  of th e  Z -isom er a t low er f ie ld .

T h e  co n d itio n s  em ployed in  th e  ace ty la tio n  re a c tio n s  e q u ilib ra te

E - a n d  Z -fo rm s to  g ive a therm odynam ically  co n tro lled  m ix tu re , i . e .  a

m ix tu re  r ic h  in  th e  m ore therm odynam ically  s ta b le  isom er [Schem e 53] .

Z -S ti lb e n e s  a re  g e n e ra lly  le ss  therm odynam ically  s tab le  th a n  E -s ti lb e n e s

ow ing to  s te r ic  crow d ing  be tw een  th e  a d ja c e n t o r th o - s u b s t i tu e n ts  of th e  

25tw o a ry l  g ro u p s .  T h u s , on s te r ic  g ro u n d s  th e  E -en o l a c e ta te  w ould 

b e  p r e d ic te d  to  be  th e  m ajor isom er. H ow ever, a f te r  2 h o u r s ,  th e re  

w as a p re p o n d e ra n c e  of th e  Z -isom er of enol a c e ta te s  (7 0 ), (83) a n d  

(156) a n d  th e  E- an d  Z -isom ers of enol a c e ta te  (139) w ere p r e s e n t  in  

e q u a l a m o u n ts . F u r th e rm o re , th e  p ro p o rtio n  of Z_-isomer in c re a s e d  a t 

th e  e x p e n se  of th e  E -isom er upon long  re a c tio n  tim es in  th e  case  of 

eno l a c e ta te s  (7 0 ), (83) an d  (156). (O n p ro lo n g e d  re a c tio n  th e  iodo 

eno l a c e ta te  (139) was u n s ta b le ) .  A fte r  2 h o u rs  th e  ra tio  of geom etric  

iso m ers  of (70) w as E : Z = 1.0 : 1 .1 . When th is  m ix tu re  w as re f lu x e d  

in  a c e tic  a n h y d r id e  co n ta in in g  a ca ta ly tic  am ount of PTSA fo r  a f u r th e r  

7 h o u r s  th e  ra tio  of isom ers ch a n g e d  to  E : Z = 1 .0  : 1 .3 . T h ese  

r e s u l t s  s u g g e s t  th a t  th e  Z -isom er of enol a c e ta te s  (7 0 ) , (83) a n d  (156) 

(a n d  p ro b a b ly  a lso  (139)) is  m ore therm odynam ically  s ta b le  th a n  th e  

E - iso m e r .



+H® A r ^ T c N

A c O ^ ^ A r '
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the  t e t r a h e d r a l  
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I r r a d ia t io n  of a b en ze n e  so lu tio n  co n ta in in g  a m ix tu re  of El­

a n d  Z -s t i lb e n e s  a n d  a tra c e  of iod ine w ith  v is ib le  l ig h t e q u ilib ra te s  th e

E - a n d  Z -iso m ers  to  g ive  a m ix tu re  w hich  is  r ic h  in  th e  m ore th e rm o -

25d y n am ica lly  s ta b le  isom er [Schem e 54]. H ow ever, on ly  a small am ount

Ar Ar H
+  1-

'Ar' vAr'

(1 6 4 ) (165)

Ar A r’
A r . Ar

H

(167) (166)

Scheme 54
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0

of iso m e risa tio n  to  th e  Z^-isomer o c c u r re d  w hen a b e n z e n e  so lu tion  of 

th e  E -b ro m o  enol a c e ta te  (83) a n d  iod ine  was i r r a d ia te d  w ith  v is ib le  

l ig h t  a n d  h e a te d  a t g en tle  r e f lu x  fo r 24 h o u r s .  No ch an g e  w as 

o b s e rv e d  w hen a m ix tu re  (E : Z _  =  1 .0  : 3 .8 ) of th e  E - a n d  Z -brom o 

eno l a c e ta te s  (83) o r w hen e ith e r  th e  E - o r !Z-dibromo enol a c e ta te  

(135) w ere  t r e a te d  in  th e  same w ay.

I t  w as th o u g h t th a t  th e  E -eno l a c e ta te  w ould p ro b a b ly  b e  th e  

p r o d u c t  of k in e tic  c o n tro l, i . e .  th e  m ajor p ro d u c t a f te r  s h o r t  re a c tio n  

tim es . T o  te s t  th is  p ro p o s itio n , th e  $ -k e to  n it r i le  (81) was re f lu x e d  

in  a c e tic  a n h y d r id e /c a ta ly t ic  PTSA fo r 5 m in u tes  w h ereu p o n  a 1 .0  : 1 .0  

m ix tu re  of E- a n d  Z -eno l a c e ta te s  (156) was o b ta in e d . U n re a c te d  

$ -k e to  n i t r i le  rem a in ed  (a s  e v id en ced  b y  th e  p re s e n c e  of a d o u b le t a t 

6 7 .60  ppm  due  to  H -61) an d  th e  ra tio  of e i th e r  isom er to  s ta r t in g  

m a te ria l was 1 .0  : 1 .4 . A r a p id  r a te  of E ->• Z iso m erisa tio n  m ight 

a c c o u n t fo r  th e  o b se rv e d  ra tio  of geom etric  isom ers of (156) a f te r  5 

m in u te s . I t  was th o u g h t th a t  th e  r a te  of iso m erisa tio n  in th e  m ore 

c ro w d ed  enol a c e ta te  (70) would b e  s lo w er, a n d  th is  a p p e a rs  to be th e  

ca se  s in ce  th e  ra tio  of isom ers was E : Z_ = 1 .3  : 1 .0  a f te r  5 m in u tes . 

T h u s  it  seem s lik e ly  th a t  th e  E -eno l a c e ta te  is  th e  p ro d u c t  of k in e tic  

c o n tro l .  T h e  1 .3  : 1.0 ra tio  of E - an d  Z_-isomers of (70) p ro g re s s iv e ly  

c h a n g e d  w ith  time in fa v o u r of th e  Z^isom er a n d  th is  is  c o n s is te n t w ith  

th e  g r e a te r  therm odynam ic s ta b ili ty  of th e  Z -isom er com pared  to  th e  

E - iso m e r .

When th e  2 ,6 -d ib rom o  enolic com pound (134) was h e a te d  a t 

r e f lu x  in  a ce tic  a n h y d r id e  fo r  8 h o u rs  th e  E - a n d  Z-enol a c e ta te s  (135) 

w ere  p ro d u c e d  in  th e  ra t io  of 2 .3  : 1 .0  re s p e c t iv e ly . T h is  show s th a t
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th e  E -iso m er of (135) is  m ore therm odynam ically  s ta b le  th a n  th e  Z -isom er.

In  th e  so lid  s ta te  th e  dibrom o enol (134) v e ry  lik e ly  h a s  th e  

E -c o n f ig u ra tio n  s in ce  th is  is  th e  co n fig u ra tio n  of th e  te tra m e th o x y  enol 

(69) in th e  so lid  s ta te  as re v e a le d  b y  X -ra y  a n a ly s is  (se e  F ig . 9 ).

T h e  c o n f ig u ra tio n  of (134) in so lu tio n  is  p ro b a b ly  also  E a n d  so one 

w ould e x p e c t th e  E -eno l a c e ta te  (135) to  b e  form ed  in itia lly  an d  th e n  to 

e q u i l ib ra te  g iv in g  a therm odynam ically  c o n tro lled  m ix tu re  of E - an d  

Z -iso m e rs . I t  is un lik e ly  th a t  a slow ra te  of E Z iso m erisa tio n  

a c c o u n ts  fo r th e  o b s e rv e d  ra tio  of geom etric isom ers s in ce  th e  re a c tio n  

tim e was r e la t iv e ly  long (8 h o u r s ) .  Schem e 55 form s th e  b a s is  of a 

p o ss ib le  e x p la n a tio n  fo r  th e  u n e x p e c te d  fin d in g  th a t  Zyenol a c e ta te s  a re  

fo rm ed  p re fe re n t ia l ly  in  th e  re a c tio n  of 3~keto n i t r i le s  (6 9 ) , (8 1 ) , ( 82) 

a n d  (138) w ith  ace tic  a n h y d r id e  u n d e r  ac id  c a ta ly s is ,  while th e  E -en o l 

a c e ta te  (135) is  fo rm ed  p re fe re n t ia l ly  upon  re f lu x in g  (134) in  ace tic  

a n h y d r id e .

In  Schem e 55, th e  E -en o l a c e ta te  (160) can  b e  p ro to n a te d  a t  

th r e e  p o ss ib le  s ite s  g iv ing  (1 6 1 ), (168) an d  (169). R o ta tio n  ab o u t th e  

te t r a h e d r a l  c a rb o n  atom in ( 161) an d  (168) a n d  ro ta t io n  a b o u t th e  p a r tia l  

d oub le  b o n d  in (169) g ive (1 6 2 ), (170) a n d  (171) re s p e c t iv e ly ,  w hich  

y ie ld  th e  Z -eno l a c e ta te  (163) upon  d e p ro to n a tio n . I f  A r a n d  A r1 a re  

n o t too b u lk y ,  th e n  (1 6 2 ), (170) an d  (171) will p ro b a b ly  b e  m ore s ta b le  

th a n  (1 6 1 ), ( 168) a n d  (169) ow ing to  fa v o u ra b le  e le c tro n ic  in te ra c t io n  

b e tw ee n  th e  c a rb o n y l o x y g en  a n d  th e  c a rb o n  of th e  cy an o  g ro u p .

T h u s , ,  if  A r a n d  A r' a re  n o t too b u lk y , th e  Z -isom er will b e  th e  m ajor 

iso m er. T h e  u v  s p e c tr a  of enol a c e ta te s  (7 0 ) , (8 3 ) , (139) a n d  (156) 

show  th a t  th e s e  a re  on ly  m o d era te ly  c row ded  (se e  S ec tio n  2 .6 .1  ) an d
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so one w ould p r e d ic t  th e  major isom er to  b e  th e  Z -isom er on th e  b a s is  

of th e  ab o v e  r e a s o n in g . S im ilarly , one w ould p re d ic t  th e  E -isom er to  

b e  th e  m ajor isom er in  th e  case  of th e  d ibrom o enol a c e ta te  (135) s in ce  

th e  u v  s p e c tr a  of i t s  geom etric isom ers show  th a t  i t  is  s e v e re ly  c ro w d ed . 

T h e se  p re d ic t io n s  a g re e  w ith  th e  ex p e rim en ta l f in d in g s .  T h e re fo re  th e  

m ajor fa c to r  in f lu e n c in g  th e  ra tio  of s te reo iso m ers  in  s l ig h t  o r m o dera te ly  

c ro w d ed  a1-a c e to x y -a -c y a n o s ti lb e n e s  is  e lec tro n ic  an d  th e  Z^-isomer is  th e  

m ajor iso m e r. A s e x p e c te d , th e  am ount of Z^-isomer re la tiv e  to  th e  

am ount of E -isom er d im in ishes as th e  s te r ic  h in d e ra n c e  is  in c re a s e d : 

th is  is  a p p a re n t  from  th e  E : r a t io s  fo r enol a c e ta te s  (1 5 6 ), (83) an d

(139) a f te r  2 h o u r s .  In  c o n t ra s t ,  in  se v e re ly  c row ded  s tilb e n e s  of 

th is  ty p e  th e  fav o u rab le  e lec tro n ic  in te ra c tio n  is  n o t s tro n g  en o u g h  to  

com pete w ith  th e  u n fa v o u ra b le  s te r ic  in te ra c tio n  a n d  so th e  le ss  h in d e re d  

E -iso m er is  th e  major isom er.

M any of th e  p r in c ip le s  u n d e r ly in g  th e  s y n th e s is ,  p ro p e r t ie s  

a n d  p h o to c h e m is try  of aZ -acetoxy-cx-cyanostilbenes d e sc r ib e d  in th is  

c h a p te r  a re  r e le v a n t  to  th e  d iscu ss io n  of a1-a c e to x y -o irca rb o m e th o x y - 

s ti lb e n e s  p r e s e n te d  in  th e  n e x t  c h a p te r .



CHAPTER 3

T h e  S y n th e s is  an d  D ecarbom ethoxy la tion  of a 

9 -C a rb o m e th o x y p h e n a n th re n e
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3 .1  In tro d u c t io n

T h e  p re v io u s  c h a p te r  o u tlin ed  th e  s y n th e s is  of 1 0 -ace to x y -9 -

c y a n o - 1 ,5 , 7 - tr im e th o x y -3 -m e th y lp h e n a n th re n e  (71) d e v ise d  b y  F in n ie  

61
a n d  Hill ( s e e  Schem e 17). T h is  p h e n a n th re n e  was c o n v e r te d  to  10-

h y d r o x y - 1, 5 ,7 - tr im e th o x y -3 -m e th y lp h e n a n th re n e  (73) upon  h y d ro ly s is

of th e  a c e to x y l g ro u p  an d  rem oval of th e  cyano  g roup  u s in g  R aney

n ic k e l in  a q u e o u s  form ic ac id . T he  y ie ld  in  th is  la t te r  re a c tio n  was

a t  b e s t  o n ly  42% a n d , as d e sc r ib e d  below , r e p re s e n te d  a g re a t  deal of

e f fo r t  on th e  p a r t  of th e  r e s e a r c h e r s .

T h e  cyano  g ro u p  of p h e n a n th re n e  (71) p ro v e d  ex trem ely

r e s i s t a n t  to  sim ple acid  or base  h y d ro ly s is  an d  only  th e  10- h y d ro x y -

p h e n a n th re n e  (72) was o b ta in ed  u n d e r  th e se  c o n d itio n s . S im ilarly , no

re a c tio n  of th e  cyano  g ro u p  o c c u rre d  d u r in g  a tte m p te d  h y d ro ly s is  of

th e  9 -c y a n o -1 0 -m e th o x y p h e n a n th re n e  (172), p r e p a re d  b y  m e thy la tion

of (7 2 ) . T h e se  r e s u l t s  a re  c o n s is te n t w ith  th e  re p o r te d  re s is ta n c e  of

94o r th o -o x y g e n a te d  a ry l cy an id es  to  h y d ro ly s is .  T h e  cyano  g ro u p  of 

th e  h y d ro x y p h e n a n th re n e  (72) could  n o t be  rem oved  b y  p y ro ly s is  of 

i t s  calcium  s a lt  an d  all th re e  com pounds (7 1 ), (72) an d  (172) fa iled  to  

show  an y  d ecy a n a tio n  w hen h e a te d  in  sodium  h y d ro x id e /e th a n o l a t 

200°C in  a sea led  tu b e ,  o r re a c te d  w ith p o ly p h o sp h o ric  acid  o r  sodium
rn

in  liq u id  am m onia. An a l te rn a tiv e  a p p ro ac h  is  to  c o n v e r t th e  cyano  

g ro u p  in to  a d if fe re n t fu n c tio n a l g roup  w hich may be  e a s ie r  to  rem ove . 

H ow ever, am ide fo rm ation  w ith b asic  h y d ro g e n  p e ro x id e  an d  th ioam ide 

fo rm ation  w ith  b a s ic  h y d ro g e n  su lp h id e  w ere u n su c c e s s fu l in th e  case  

of p h e n a n th re n e  (172 ). In  an  a ttem p t to  re d u c e  th e  cyano  g ro u p  to  an 

a ld e h y d e , p h e n a n th re n e  (72) was t r e a te d  w ith  R aney  n ick e l in  aq u eo u s
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form ic ac id  u n d e r  a n itro g e n  balloon in  a m odification of S ta s k u n  an d  
95

B a c k e b e rg ’s p ro c e d u re . S u rp r is in g ly  th is  gave  a 42% y ie ld  of th e  

d e s ir e d  p h e n a n th re n e  (7 3 ) , a lth o u g h  th e  y ie ld  was r a th e r  v a r ia b le .

I t  w as in itia lly  th o u g h t th a t  d ecy an a tio n  m igh t b e  o c c u rr in g  v ia  

h y d ro g e n a t io n  of th e  9, 10- double b o n d  an d  s u b se q u e n t lo ss  of h y d ro g e n  

c y a n id e . H ow ever all a tte m p ts  to  c a ta ly tica lly  re d u c e  th is  b o n d  of 

p h e n a n th re n e  (72) fa ile d , even  u n d e r  h ig h  p r e s s u r e  c o n d itio n s . T h u s  

i t  w as p o s tu la te d  th a t  lo ss  of th e  cyano  g ro u p  o c c u rs  b y  a ra d ic a l 

m echanism  sim ilar to  th a t  s u g g e s te d  fo r r e la te d  re a c tio n s  u s in g

95d isso lv in g  m etal r e d u c t io n s .

T h e  w ork  d e sc r ib e d  in  th is  c h a p te r  was aim ed a t avo id ing  th e  

low y ie ld in g  d ecy an a tio n  s te p .  I t  was th o u g h t th a t  th e  9 -ca rb o m eth o x y l 

g ro u p  of p h e n a n th re n e  (173) m igh t b e  easily  rem oved  b y  sim ple acid  or 

b a s e  h y d ro ly s is /d e c a rb o x y la tio n  a n d  so an  e ff ic ie n t s y n th e s is  of th is  

p h e n a n th re n e  was d e s ire d . A t th e  o u ts e t  i t  was re a l is e d  th a t  if th e  

9-c a rb o m e th o x y l g ro u p  p ro v e d  d iff ic u lt to  rem ove , o r if  th e  y ie ld  of 

c y c lis e d  p ro d u c t (173) was u n a c c e p ta b ly  low , th e n  cy an o  o r c a rb o -  

m e thoxy l g ro u p s  cou ld  p e rh a p s  be  rem oved  a t an  a p p ro p r ia te  p o in t 

p r io r  to c y c lisa tio n .

M eO ^/^/O M e

MeO C

(173)

OAc OMe
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R e s u lts  a n d  D iscu ssio n

3 .2  S y n th e s is  of g’-A c e to x y -g -c a rb o m e th o x y s tilb e n e s

T h e  in itia l s y n th e t ic  ta r g e t  en  ro u te  to  th e  9 -ca rb o m e th o x y - 

p h e n a n th r e n e  (173) was th e  2 -b ro m o stilb en e  (1 7 4 ). T h e  2-brom o 3“

(174)

k e to  e s te r  p r e c u r s o r  (179) of th is  s tilb e n e  was p r e p a re d  b y  th e  re a c tio n
96

s e q u e n c e  d e p ic te d  in  Schem e 56. As d e s c r ib e d  b y  N oire  an d  F ra n c k ,

3 ,5 -d im e th o x y b e n z y l alcohol (65) was b ro m in a ted  u s in g  N ~ brom osuccin - 

im ide to  g ive  com pound (175), w hich was c o n v e r te d  in  th re e  s te p s  to 

th e  p h e n y la c e tic  e s te r  (178). A cylation  of th is  e s te r  w ith  m ethy l 

2-m e th o x y -4-m e th y lb en z o a te  (80) cou ld  n o t b e  e f fe c te d  u s in g  sodium  

m e th o x id e  as th e  b a se  a n d  only  e s te r  s ta r t in g  m a te ria ls  w ere re c o v e re d  

u n c h a n g e d . H ow ever, w hen lith ium  d iisop ropy lam ide  was u se d  a 22"g 

y ie ld  of th e  2-brom o 3- k e to  e s te r  (179) was o b ta in e d . A lik e ly  s id e  

re a c tio n  is  h a lo g en -m eta l e x ch a n g e  a ffo rd in g  m ethy l 3 , 5 -d im eth o x y -

Br CO Me

MeO

OAc OMe

OMe
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p h e n y la c e ta te  (180) d u r in g  th e  re a c tio n  w o rk -u p . Owing to  th e  low 

y ie ld  in  th i s  re a c tio n  th e  s y n th e s is  was ab a n d o n e d  a t th is  s ta g e  a n d  a 

m ore e f f ic ie n t r o u te  to  th e  9 -c a r  bom e th o x y  p h e n a n th re n e  (173) was s o u g h t.

M ethy l 3 , 5 -d im e th o x y p h en y lace ta te  (180) was p r e p a r e d  b y

m e th a n o ly s is  of th e  n itr i le  (67) [Schem e 57]. A cylation  of th is  e s te r

w ith  th e  b e n z o a te  e s te r  (80) u s in g  sodium  m eth o x id e , sodium  h y d r id e ,

lith iu m  d iiso p ro p y lam id e  o r lith ium  d icyclohexy lam ide as th e  b a se  was

in v e s t ig a te d  u n d e r  a v a r ie ty  of re a c tio n  c o n d itio n s , b u t  th e  y ie ld  of

th e  d e s ir e d  $ -k e to  e s te r  (181) was a t b e s t  on ly  4%. A h ig h  y ie ld in g

(84%) s y n th e s is  of (181) was dev e lo p ed  w hich in v o lv ed  tre a tm e n t of th e

e s te r  (180) w ith  lith ium  d icyclohexylam ide a t low te m p e ra tu re ,  follow ed

b y  re a c tio n  w ith  th e  ac id  ch lo rid e  (183) a t  room te m p e ra tu re  fo r 2 h o u rs .

T h e  ac id  c h lo rid e  (183) was p r e p a re d  from  th e  c o rre sp o n d in g  ca rb o x y lic

ac id  (182) u s in g  th io n y l c h lo rid e . T he  acy la tio n  re a c tio n  is  an a d a p t-

97a tio n  of R a th k e  a n d  D e itc h 's  p ro c e d u re  fo r th e  s y n th e s is  of (3~keto 

e s te r s  in v o lv in g  re a c tio n  of lith ium  e s te r  e n o la te s , p r e p a re d  b y  tre a tm e n t 

of e s t e r s  w ith  lith ium  iso p ro p y lcy c lo h ex y lam id e  a t -7 8 °C , w ith  acid  

ch lo rid e s  a t th is  same low te m p e ra tu re .

Two s tilb e n e s  w ere s y n th e s is e d  from  th e  3~keto e s te r  (181).

T h e  f i r s t  of th e s e  was th e  Z -2 -io d o s tilb en e  (185) b u t ,  as th e  n e x t 

se c tio n  d e s c r ib e s ,  i t  soon becam e a p p a re n t  th a t  p h o to c y c lisa tio n  of (185) 

to  th e  t a r g e t  p h e n a n th re n e  (173) p ro c e e d s  in  u n a c c e p ta b ly  low y ie ld .

T h u s  th e  Z -s ti lb e n e  (186) was s y n th e s is e d  in  th e  hope th a t  i t  w ould 

p h o to c y c lis e  to  g iv e  p h e n a n th re n e  (173) as th e  major p ro d u c t u n d e r  

o x id is in g  c o n d it io n s .



146

OMe

(67) (180)

NLi MeO

NqOH SOCl

(80 ) (182) (183)

Scheme 57



147

T h e  Z^-2-io do s tilb en e  (185) was eas ily  p r e p a r e d  in  two s te p s

from  th e  $ -k e to  e s te r  (181) [Schem e 58], Io d in a tio n  of (181) w ith

N -io d o su cc in im id e  in  ch loroform  a t room te m p e ra tu re  a f fo rd e d  a 69%

y ie ld  of th e  2-iodo d e r iv a tiv e  (184). When (184) was r e f lu x e d  in

a c e tic  a n h y d r id e /c a ta ly t ic  p - to lu e n e su lp h o n ic  ac id  fo r h o u rs  a s in g le

g eo m etric  isom er of th e  2-io d o s tilb e n e  w as iso la te d  in  68% y ie ld  as a

w h ite  c ry s ta l l in e  so lid . T he n e x t sec tio n  d e s c r ib e s  how th is  w as show n

to  b e  th e  Z^-isomer. None of th e  E -isom er cou ld  b e  d e te c te d  am ongst

th e  m inor p ro d u c ts  fo rm ed  in  th e  re a c tio n . S u rp r is in g ly ,  th e  Z -s ti lb e n e

(186) cou ld  n o t b e  p r e p a re d  s a tis fa c to r ily  u n d e r  th e  same co n d itio n s

s in c e  m u ltip le  p ro d u c ts  w ere o b ta in e d . An a l te rn a t iv e  m ethod of

p r e p a r in g  enol a c e ta te s  in v o lv es  u s in g  iso p ro p e n y l a c e ta te  an d  a s tro n g  

98 99a c id  c a ta ly s t .  ’ T h is  is  a p a r t ic u la r ly  mild m ethod  an d  o ften  

allow s h ig h  y ie ld s  of p ro d u c ts  to  be  o b ta in e d . When th e  3~keto e s te r  

(181) w as r e a c te d  w ith  iso p ro p e n y l a c e ta te  in  th e  p re s e n c e  of £ - to lu e n e -  

su lp h o n ic  acid  fo r 11 h o u rs  a 95% y ie ld  of a c ry s ta l l in e  s te reo iso m er of 

th e  a '-a c e to x y -a -c a rb o m e th o x y s ti lb e n e  was iso la te d .

T he  c o n fig u ra tio n  of th is  s tilb e n e  s te reo iso m er was d e te rm in e d  

to  b e  Z b y  NOE d iffe re n c e  sp e c tro sc o p y . T he  nm r sp ec tru m  of th e  

s te re o iso m e r was re c o rd e d  a t 360 MHz an d  m ost of th e  s ig n a ls  in  th e  

sp e c tru m  w ere i r r a d ia te d  in  tu r n  an d  th e  r e s u lt in g  NOE en h an cem en ts  

m e a su re d  [T ab le s  9 an d  10]. I r r a d ia t io n  of th e  arom atic  m ethy l s ig n a l 

c a u s e d  en h an cem en t of th e  H~3' an d  H -5' s ig n a ls  an d  ir ra d ia tio n  of th e  

6H s in g le t  due to th e  m e thoxy ls  a t p o s itio n s  3 an d  5 e n h a n c e d  th e  3H 

s in g le t c o rre s p o n d in g  to  H -2 , H -4 an d  H -6 . T h e se  NOE en h an cem en ts  

w ould b e  e x p e c te d  fo r b o th  s tilb e n e  s te re o iso m e rs . T h e  re la tiv e ly
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T a b le  9. 360 MHz H nm r d a ta  fo r th e  Z -s tilb e n e (186)

6 (CDC&3) , ppm S ignal
M ultip lic ity

In te g ra l A ssignm en t

7 .05 d , J  = 7 .6  Hz 1H H -6'

6 .58 d , J  = 7 .6  Hz 1H H-5»

6 .55 s 1H H-3»

6 .25 s 3H H -2 ,H -4 ,H -6

3 .76 s 3H c o 2c h 3

3 .62 s 3H 2l-C H 30

3 .59 s 6H 3-C H 30 ,5 -C H 30

2.26 s 3H A rC H 3

2.17 s 3H c h 3c o

M e O \ 5 / ^ 3 / O M e
5'

MeO 0

(186)
3'

12 '

OAc OMe



Table 10. NOE enhancements for the Z -stilbene (186)

S ig n a l I r r a d ia te d S ig n a l(s )  E n h an c ed S ize of NOE, %

A rC i?3 H -3! 7

H -51 7

3-C H 30 ,  5 -C H sO H -2 ,H -4 ,H -6 15

2 '-C H 30 H -31 12

c o 2c h 3 no n e

H -2 ,H -4 ,H -6 3-C H 30 ,  5-C H 30 1

H -61 small (< 1%)

H -6 1 H-5* 5

H -2 ,H -4 ,H -6 small (< 1%)

la rg e  NOE o b s e rv e d  fo r H-3* w hen th e  2 '-m eth o x y l was i r r a d ia te d  p ro b a b ly  

s u g g e s ts  th a t  th is  m ethoxyl s u b s t i tu e n t  is  o r ie n ta te d  sy n  to  H -3 '. No 

e n h a n c e d  s ig n a ls  w ere o b ta in ed  w hen th e  ca rb o m eth o x y l re so n a n c e  was 

i r r a d ia te d .  M odels in d ica te  th a t  th e  p ro b a b il ity  of o b se rv in g  an  NOE w hen 

th e  ca rb o m eth o x y l s ig n a l is  i r r a d ia te d  is  g re a te r  in  th e  E -isom er th a n  in th e  

Z -iso m er. H ow ever, th e  fa ilu re  to  o b se rv e  an NOE w hen th is  s ig n a l was 

i r r a d ia te d  does n o t n e c e ssa r i ly  mean th a t  th e  isom er h a s  th e  Z -c o n f ig u r -  

a tio n  s in c e  th is  s itu a tio n  cou ld  s til l a r is e  in  th e  ca se  of th e  E -iso m er.
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As e x p e c te d ,  th e  c ru c ia l ex p erim en ts  w hich d e te rm in ed  th e  c o n fig u ra tio n  

o f th e  isom er w ere  ir ra d ia tio n  of th e  3H s in g le t due to  H -2 , H -4 a n d  

H- 6  a n d  ir ra d ia t io n  of H -61. When th e  fo rm er ir ra d ia tio n  was p e rfo rm e d  

a sm all NOE ( K  1%) was o b se rv e d  fo r H -61 a n d  w hen H -61 was i r r a d ia te d  

a s im ilar sm all (< 1%) en h ancem en t of th e  H -2,- H -4 , H-6  s ig n a l was 

o b ta in e d . T h e  fa c t th a t  th e se  NOE en h an cem en ts  o c c u rre d  a t all is  

s ig n if ic a n t  s in ce  th e y  w ould n o t b e  o b se rv e d  if  th e  isom er h ad  th e  

E -c o n f ig u ra tio n . T he  small en h an cem en ts  a re  p ro b a b ly  d u e  to  th e  

re la t iv e ly  la rg e  d is ta n c e  be tw een  H -2 o r H-6  an d  H -61 b e c a u se  th e  r in g  

c o n ta in in g  H -61 is  lik e ly  to  be tw is te d  ou t of th e  p lan e  of th e  rem a in in g  

s ty r e n e  sy stem  fo r  s te r ic  re a s o n s .

R ecall th a t  a '-a c e to x y -a -c y a n o s tilb e n e s  a re  form ed as a 

s te re o iso m e ric  m ix tu re  a n d  th e  ra tio  of s te reo iso m ers  d e p e n d s  u pon  th e  

s te r ic  h in d e ra n c e  in  th e  s tilb en e  since  th is  d e te rm in es  w hich s te re o ­

isom er is  th e  m ost therm odynam ically  s tab le  (see  Section  2 .7 ) .  T h e  

Z -s ti lb e n e  is  m ore therm odynam ically  s ta b le  th a n  th e  E -s ti lb e n e  

p ro v id e d  th e  s te r ic  in te r fe re n c e  be tw een  th e  two a ry l g ro u p s  in  th e  

Z -iso m er is  n o t too g re a t .  T h is  may be due to  a fav o u rab le  e le c tro n ic  

in te ra c t io n  b e tw een  th e  cyano an d  ace to x y l g ro u p s  in th e  Z^-stilbene 

w hich  is  n o t ava ilab le  in th e  E -s tilb e n e . In  th is  s itu a tio n  th e  Z -isom er 

p re d o m in a te s  in  th e  s te reo iso m eric  m ix tu re , p ro v id e d  th e  re a c tio n  time 

is  su f f ic ie n tly  long  fo r th e  E- an d  Z -form s to  re a c h  therm odynam ic 

e q u ilib r iu m . I f  th e  s te r ic  in te r fe re n c e  be tw een  th e  two a ry l g ro u p s  is  

g r e a t ,  th e n  th e  fa v o u ra b le  e lec tro n ic  in te ra c tio n  be tw een  th e  cyano  an d  

a c e to x y l g ro u p s  in  th e  Z -isom er is  n o t s tro n g  en o u g h  to  com pete w ith  

th e  u n fa v o u ra b le  s te r ic  in te ra c tio n  be tw een  th e  a ry l  g ro u p s . In  th is



c a se  th e  le s s  h in d e re d  E -s tilb en e  is m ore therm odynam ically  s ta b le  an d  

so  i t  p re d o m in a te s  in  th e  ste reo iso m eric  m ix tu re .

I t  is  in te re s t in g  th a t  th e  Z-a’-a c e to x y -a -c a rb o m e th o x y s ti lb e n e s  

(185) a n d  (186) a r e  form ed  to  th e  ex c lu sio n  of any  E -isom er. T h is  

im plies th a t  th e s e  Z y stilb en es  a re  s ig n if ic a n tly  m ore therm odynam ically  

s ta b le  th a n  th e  c o rre sp o n d in g  E -s ti lb e n e s  an d  th is  may b e  due to  a 

p a r t i c u la r ly  fa v o u ra b le  e lec tro n ic  in te ra c tio n  betw een  th e  carb o m eth o x y l 

a n d  a c e to x y l g ro u p s  in  th e  Z^-isomers. T he u v  s p e c tra  of th e  Z- 

s t i lb e n e s  (185) an d  (186) h av e  th e  c h a ra c te r is t ic  sh ap e  of a m od era te ly  

c ro w d ed  s ti lb e n e  a n d  so th e  s te r ic  in te r fe re n c e  be tw een  th e  two a ry l 

g ro u p s  is  n o t v e ry  g re a t .  T h is  m eans th a t  th e  u n fa v o u ra b le  s te r ic  

in te ra c t io n  b e tw een  th e  a ry l  g ro u p s  is n o t s tro n g  en o u g h  to  overcom e 

th e  fa v o u ra b le  e lec tro n ic  in te ra c tio n  in th e  Z_-isomers (185) a n d  (186). 

P re su m a b ly  th e  e lec tro n ic  in te ra c t io n  be tw een  th e  ca rb o m eth o x y l and  

a c e to x y l g ro u p s  is  g re a te r  th a n  th a t  be tw een  th e  cyano  a n d  ace to x y l 

g ro u p s  s in c e  on ly  th e  Z -a '-a c e to x y -a -c a rb o m e th o x y s tilb e n e s  a re  form ed 

w hile b o th  th e  E -a n d  th e  Z _ -a '-ac e to x y -a -cy a n o stilb e n es  a re  fo rm ed .

O ne m igh t e x p e c t a m ix tu re  of E- and  Z _ -a -ace to x y -a-carb o - 

m e th o x y s tilb e n e s  to  be  form ed if  th e  s te r ic  in te r fe re n c e  be tw een  th e  

a ry l  g ro u p s  is  la rg e .  I t  was h o p ed  th a t  th is  w ould be confirm ed  b y  

th e  fo rm ation  of a m ix tu re  of geom etric isom ers in th e  a ce ty la tio n  

r e a c tio n  of th e  c row ded  2 ,6 -d ib rom o  com pound (187), p r e p a re d  by  

re a c tio n  of th e  8-k e to  e s te r  (181) w ith  brom ine in  ace tic  ac id . T he  

p o ta ss iu m  b rom ide d isc  ir  sp ec tru m  and  200 MHz 1H nm r sp ec tru m  of

(187) show  th a t  i t  e x is ts  in  th e  enol form in  th e  solid  s ta te  an d  in d &-  

d im eth y l su lp h o x id e . U n fo rtu n a te ly , re a c tio n  of (187) w ith  ace tic
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a n h y d r id e  a f fo rd e d  a com plex m ix tu re  of in se p a ra b le  p ro d u c ts .  T h u s  

n o  co n firm atio n  o r o th e rw ise  of th e  above ex p ec ta tio n  was d e r iv e d  from 

th is  e x p e r im e n t.

Br CCLMe

MeO (187)

OH OMe

OMe

3 .3  P h o to c h e m is try  of a -A c e to x y -o rc a rb o m e th o x y s tilb e n e s

T h e  2 -io d o stilb en e  (185) was th e  f i r s t  o t'-ace toxy -Q rcarbo - 

m e th o x y s tilb e n e  to  b e  in v e s tig a te d  as a p o ssib le  so u rc e  of th e  ta rg e t  

p h e n a n th re n e  (173) upon p h o to c y c lisa tio n . When (185) was ir r a d ia te d  

w ith  u v  l ig h t  in  d e o x y g e n a te d  b en ze n e  fo r 22 h o u rs  a d isa p p o in tin g  23% 

y ie ld  of th e  r e q u ir e d  p h e n a n th re n e  (173) was o b ta in ed  in ad d itio n  to  a 

6% y ie ld  of p h e n a n th re n e  (188) [Schem e 59]. Com pound (185) 

p ro b a b ly  p h o to c y c lise s  v ia  in tram o lecu la r f re e  rad ic a l a ry la tio n  in  th e  

same w ay as d e sc r ib e d  fo r th e  c o rre sp o n d in g  a -c y a n o stilb e n e  (139) 

in  S ec tio n  2 .4 .2 .  In tro d u c tio n  of tr ie th y lam in e  in to  th e  re a c tio n  

m ix tu re  r e s u l te d  in  10% an d  3% y ie ld s  of p h e n a n th re n e s  (173) an d  (188) 

a f te r  20 h o u r s .  F in a lly , ir ra d ia tio n  of th e  2 -io d o stilb en e  s te reo iso m er



MeO C

OAc OMe

(185)

M e O v ^ ^ v ^ O M e

h^ / N2 / C6H6

MeO C

OAc OMe

MeO OMe

(173)

Me02C

OAc

Scheme 59 (188)
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(185) in  b e n z e n e /tr ie th y la m in e  fo r  4 h o u rs  u n d e r  an ae ro b ic  co n d itio n s  

r e s u l t e d  in  a p h o to s ta tio n a ry  eq u ilib riu m  of E - an d  Z_- isom er s .  T he  

o p p o s ite  s te re o iso m e r from  (185) was s u b se q u e n tly  iso la te d  upon  

f ra c t io n a l c ry s ta l l is a t io n  of th e  c ru d e  re a c tio n  p ro d u c t an d  show n to  be 

th e  E -iso m er (185a) b y  NOE d iffe re n c e  sp e c tro sc o p y  (see  be low ). T h u s  

th e  c o n f ig u ra tio n  of th e  s te reo iso m er (1 8 5 ), form ed  b y  re a c tio n  of th e  

$ -k e to  e s te r  (184) w ith  ace tic  a n h y d r id e /c a ta ly t ic  P T S A , was c lea rly  

e s ta b l is h e d  as Z .

T h e  nm r sp ec tru m  of th e  isom er (185a) p ro d u c e d  in  th e  

p h o to ch em ica l e x p e rim en t was re c o rd e d  a t  200 MHz a n d  some of th e  

s ig n a ls  in  th e  sp ec tru m  w ere ir r a d ia te d  and  th e  re s u lt in g  NOE 

e n h a n c e m e n ts  m e asu re d  [T ab les  11 an d  12]. I r r a d ia t io n  of th e  H -6' 

s ig n a l c a u s e d  en h an cem en t of th e  H-5' s ig n a l o n ly . R ecall th a t  in th e  

Z -s ti lb e n e  (186) a small NOE was o b s e rv e d  fo r  th e  3H s in g le t d u e  to  

H -2 , H -4 an d  H-6  upon ir ra d ia tio n  of H -6’ . In  th e  Z -s ti lb e n e  (185) 

th e  2-iodo  s u b s t i tu e n t  w ould p ro b a b ly  n o t p ro h ib i t  th e  small NOE 

e x p e c te d  to  o ccu r fo r H-6  upon  ir ra d ia tio n  of H -6' .  T h u s  th e  fa ilu re  

to  o b s e rv e  en h an cem en t of H-6 w hen H -6' of th e  s tilb e n e  s te reo iso m er 

(185a) was i r r a d ia te d  s u g g e s ts  th a t  i t  h as  th e  E -c o n f ig u ra tio n . 

I r r a d ia t io n  of th e  d o u b le t a t 6 6 .60  ppm r e s u l te d  in  2% an d  0.8% 

e n h a n c e m e n ts  of th e  m ethoxyl re s o n a n c e s  a t 6 3 .79 a n d  3.84 ppm 

re s p e c t iv e ly .  S im ilarly , ir ra d ia tio n  of th e  d o u b le t a t 6 6 .40 ppm 

c a u s e d  3% an d  0.6% en h an cem en ts  of th e  m e thoxy ls  a t 6 3 .87 an d  3 .79  

ppm  re s p e c t iv e ly .  I t  follows th a t  th e  s ig n a l a t  6 3 .79  ppm c o rre sp o n d s  

to  th e  m ethoxy l s u b s t i tu e n t  a t p o s itio n  5. T h e  ass ig n m e n t of th e  o th e r  

m e th o x y l s ig n a ls  is  u n c e r ta in .



Table 11. 200 MHz H nmr data for the E-stilbene (185a)

6 (C D C & g)» PPm S ignal
M ultip lic ity

In te g ra l A ssignm en t

7 .31 d , J=7. 7 Hz 1H H -61

6 .80 d q , J= 7 .7 ,0 .7  Hz 1H H -5'

6 .74 s 1H H -3'

6 .60 d , J = 2 .7 Hz 1H ArH

6 .40 d , J=2. 7 Hz 1H A rH

3.87 s 3H CH3o

3.84 s 3H c h 3o

3 .79 s 3H c h 3o

3 .57 s 3H g h 3o

2.37 s 3H A rC H 3

1.85 s 3H CH jCO

MeO

C02M e | ^ > Me 

2 *

OAc OMe

(185a)
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T able 12. NOE enhancem ents for th e E -stilb en e (185a)

S ig n a l I r r a d ia te d S ig n a l(s )  E n h an ced S ize of NOE, %

H -61 H -51 10

d o u b le t a t 6 6 .60 CH30  a t 6 3 .79 2

CH30  a t 6 3.84 0.8

d o u b le t a t 6 6 . 40 CH 30  a t 6 3 .87 3

CH30  a t 6 3 .79 0.6

T h e  uv  s p e c tra  of th e  Z -isom er (185) an d  th e  E -isom er (185a) 

of th e  2-io d o s tilb e n e  s u p p o r t  th e se  co n fig u ra tio n  a ss ig n m e n ts  m ade on th e  

b a s is  of NOE d iffe re n c e  of isom er (185a) s in ce  th e  lo n g e s t w av e len g th  b a n d  

of th e  sp e c tru m  of (185) is  le ss  in te n s e  th a n  th a t  of (1 8 5 a).

I t  is n o te w o rth y  th a t  th e  "̂H nm r s ig n a l due  to  H -6' in  th e  

E -s ti lb e n e  (185a) o c c u rs  dow nfield  from th a t  in  th e  Z -s tilb en e  (185) an d  

th a t  th e  ace to x y l s ig n a l o c c u rs  a t h ig h e r  fie ld  in  th e  E -isom er th a n  in  th e  

Z -iso m er. T h ese  re la tio n sh ip s  also e x is t in  E - an d  Z -a '-a c e to x y -a r  

c y a n o s tilb e n e s  ( re fe r  to S ection  2 .6 .2 ) .

T h e  poor y ie ld  of th e  d e s ire d  p h e n a n th re n e  (173) upon p h o to -  

cy c lisa tio n  of th e  2-io d o s tilb en e  (185) in b en ze n e  so lu tion  p ro m p ted  th e  

s y n th e s is  of s tilb en e  (186). I t  was th o u g h t th a t  th is  s tilb e n e  m ight 

a f fo rd  p h e n a n th re n e  (173) as th e  major p h o to p ro d u c t u n d e r  ox id isin g  

c o n d itio n s  since  th e re  a re  n u m ero u s l i te r a tu r e  exam ples in v o lv in g  

p r e f e r e n t ia l  lo ss  of h y d ro g e n  from an o r th o -m e th o x y s tilb e n e  upon  p h o to -
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c y c lisa tio n  in  th e  p re s e n c e  of an o x id a n t. H ow ever, i r ra d ia tio n

of s ti lb e n e  (186) fo r  20 h o u rs  in  a ir  s a tu ra te d  cyc lohexane  co n ta in in g

io d in e  g av e  p h e n a n th re n e  (173) in  21% y ie ld  an d  th e  e lim inative p h o to -

c y c lisa tio n  p ro d u c t  (188) in  56% y ie ld . T h is  r e s u l t  s u g g e s ts  th a t  th e

c o r re s p o n d in g  2' ,  6'-d im e th o x y s tilb e n e  (189) would p ro b a b ly  g ive  a v e ry

good y ie ld  of th e  ta r g e t  com pound (173). U n fo rtu n a te ly  s tilb e n e  (189)

cou ld  n o t b e  s y n th e s is e d .  T he  s y n th e s is  fa iled  a t an e a r ly  s ta g e  owing

to  th e  d if f ic u lty  e x p e rie n c e d  in  p re p a r in g  th e  acid  ch lo rid e  (191 ),

r e q u i r e d  to  a cy la te  th e  p h en y la c e tic  e s te r  (180) to  g ive th e  (3-keto

e s te r  (190) [Schem e 60]. T he ac id  ch lo rid e  (191) is  a know n 

102com p o u n d , b u t  in  o u r h a n d s , i t  cou ld  n o t be p r e p a re d  from  th e  

c o r re s p o n d in g  ca rb o x y lic  acid  ( 192) u s in g  th io n y l c h lo rid e , p h o sp h o ru s  

p e n ta c h lo r id e  or oxaly l ch lo rid e  u n d e r  a v a r ie ty  of re a c tio n  c o n d itio n s .

E v id en ce  is  p re s e n te d  in  th e  n e x t  sec tio n  w hich in d ic a te s  

th a t  if  th e  2',  6' -d im e th o x y s tilb e n e  (189) could  b e  p r e p a re d  an d  

s u b s e q u e n tly  p h o to c y c ly se d , th e n  th e  ro u te  w ould r e p r e s e n t  a v e ry  

e f fe c tiv e  s y n th e s is  of th e  d e s ire d  com pound 1 0 -h y d ro x y - l ,  5 ,7 -  

tr im e th o x y -3 -m e th y lp h e n a n th re n e  (7 3 ).

3 .4  D ecarbom eth o x y la tio n  of P h e n a n th re n e  (173)

In  c o n tra s t  to  th e  re s is ta n c e  of th e  9 -cyano  g ro u p  of p h e n a n ­

th r e n e  (71) to  a w ide v a r ie ty  of r e a g e n ts ,  th e  9-ca rb o m e th o x y l g ro u p  

of th e  c o r re sp o n d in g  p h e n a n th re n e  (173) cou ld  be easily  rem oved  w ith  

s im u ltan e o u s  h y d ro ly s is  of th e  10-a c e to x y l g ro u p  to  y ie ld  th e  d e s ire d  

p h e n a n th re n e  (73) in  v e ry  good y ie ld  [Schem e 61 ]. T h is  la t te r
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MeOrT^iOMe

MeO
(173)

OAc OMe

15 %  NaOH /  MeOH /  N,

MeO r j ^  OMe 

Y Y % M e (73)

OH OMe

Scheme 61

p h e n a n th re n e  was p re p a re d  in  two s te p s  from  p h e n a n th re n e  (71) b y  

61F in n ie  an d  Hill, a lth o u g h  th e  seco n d  s te p  in v o lv ed  v a r ia b le  an d  low 

y ie ld in g  d ecy a n a tio n  u s in g  R aney  n ick e l in  aq u eo u s  form ic ac id . 

C o n v ers io n  of th e  9-c a rb o m e th o x y p h e n a n th re n e  (173) to  p h e n a n th re n e  

(73) was a ch iev ed  b y  re f lu x in g  a so lu tio n  of (173) in  15% aq u eo u s  

sodium  h y d ro x id e /m e th a n o l u n d e r  n itro g e n  fo r 6 h o u rs .  T h e  y ie ld  of 

th e  c ru d e  p ro d u c t was 90%. T h e  p u rp o s e  of c o n d u c tin g  th e  re a c tio n  

u n d e r  n itro g e n  was to p re v e n t  fo rm ation  of th e  9 ,1 0 -q u in o n e  (193) 

w hich w ould o ccu r upon  h e a tin g  (73) in  a i r .  T h e  nm r sp ec tru m  of
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th e  c ru d e  p ro d u c t (73) was v e ry  c lean , b u t  on re c ry s ta ll is a tio n  p a r t ia l  

o x id a tio n  of (73) o c c u r re d . Im m ediate a ce ty la tio n  of th e  c ru d e  re a c tio n  

p r o d u c t  w ould p r e v e n t  th is  h a p p en in g  a lth o u g h  th is  was n o t t r i e d  ow ing 

to  a  la ck  of tim e.

0 OMe

T h u s  deca rb o m eth o x y la tio n  of p h e n a n th re n e  (173) cou ld  be 

e a s ily  acco m p lish ed , b u t  u n fo r tu n a te ly  th e  y ie ld  of (173) v ia  p h o to c y c li-  

s a tio n  of s tilb e n e  (185) o r (186) is  u n a c c e p ta b ly  low fo r th e  ro u te  to  be  

s y n th e t ic a l ly  u se fu l.  T he n e x t sec tio n  d e sc r ib e s  an ap p ro a c h  w hich 

w as aim ed a t g e n e ra tin g  1 0 -h y d ro x y - l ,  5 ,7 - tr im e th o x y -3 -m e th y lp h e n a n -  

th r e n e  ( 73) v ia  a ro u te  w hich g ives a good y ie ld  of cy c lised  p ro d u c t 

a n d  also  av o id s  th e  low y ie ld in g  d ecy an a tio n  s te p .
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3 .5  D eso x y b en zo in s  v ia  3~Keto E s te r  H y d ro ly s is  /D eca rb o x y la tio n

Scholz e t a l. hav e  a tte m p te d  to ex p la in  th e  fa ilu re  of

c e r ta in  s tilb e n e  p h o to c y c lisa tio n s  b y  m olecular o rb ita l c a lcu la tio n s  an d

h a v e  im plied  th a t  s u b s t i tu e n ts  p lay  a c ru c ia l ro le  in  d e te rm in in g  th e

y ie ld  of cy c lise d  p ro d u c t .  As an il lu s tra t io n  of th e  e ffe c t a s u b s t i tu e n t

can  h a v e , c o n tra s t  th e  p h o to re a c tiv ity  of th e  a’-a c e to x y -a -c a rb o m e th o x y -

s tilb e n e  (186) r e p o r te d  in  Section  3 .3  w ith th e  fa ilu re  of th e  s t r u c tu ra l ly

r e la te d  s ti lb e n e  (194) (lack ing  th e  a -ca rb o m eth o x y l s u b s t i tu e n t)  to

50p h o to c y c lis e  u n d e r  th e  cond itions  in v e s t ig a te d .

d e r iv a tiv e  (195) of s tilb en e  (194) m ight in d u ce  r in g  c lo su re  to  p h e n a n ­

th r e n e  (196) an d  th is  sy n th e tic  ro u te  w ould avo id  th e  n e e d  to  p erfo rm  

d ecy a n a tio n  o r decarb o m eth o x y la tio n  su b se q u e n t to  cy c lisa tio n .

OMe

As show n in  Schem e 62, u v  ir ra d ia tio n  of th e  2-halo
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H y d ro ly s is  of th e  10-ace toxy l g ro u p  of p h e n a n th re n e  (196) w ould y ie ld  

th e  ta r g e t  1 0 -h y d ro x y p h e n a n th re n e  (73), C~9 of w hich is  su sc e p tib le  to  

o x id a tio n . T h e re fo re  a n o th e r  a d v a n ta g e  of th e  ro u te  show n in  Schem e 

62 is  th a t  i t  g e n e ra te s  th e  ta rg e t  p h e n a n th re n e  (73) as  i t s  1 0 -ace toxy l 

d e r iv a tiv e  (196) an d  th is  p r e v e n ts  ox id a tio n  o c c u rr in g  a t 0 9 .  T h u s  

s ti lb e n e  (1 9 5 ), w ith  a 2 - s u b s t i tu e n t  of e i th e r  brom ine o r io d in e , 

becam e th e  n e x t sy n th e tic  ta r g e t .  I t  was ho p ed  th a t  a good y ie ld  of 

p h e n a n th re n e  (196) w ould be o b ta in ed  upon  ir ra d ia tio n  of one of th e se  

h a lo s ti lb e n e s .

F in n ie  an d  H il l^  d e v ise d  a s y n th e s is  of s tilb e n e  (194) in  

w hich  th e  d eso x y b en zo in  (201) was d e r iv e d  from th e  3 -a ry liso co u m arin  

(198) a n d  th e n  re a c te d  w ith  ace tic  a n h y d r id e /p o ta ss iu m  a c e ta te  to  g ive 

s tilb e n e  (194) in 52% y ie ld  [Schem e 63], R ep ea ted  a tte m p ts  to  c o n v e r t 

th e  ft-keto  n i t r i le  (81) to  th e  d eso x y b en zo in  ( 201) in  ac id ic  o r b asic  

m edia w ere  u n s u c c e s s fu l.

In  th e  p re s e n t  s tu d y ,  th e  d eso x y b en zo in  (201) was co n v en i­

e n tly  p r e p a re d  by  re f lu x in g  th e  3 -k e to  e s te r  (181) in  5M h y d ro c h lo r ic  

ac id  o v e rn ig h t [Schem e 64]. U pon re f lu x in g  in  10% aq u eo u s  sodium 

h y d ro x id e ,  th e  $ -k e to  e s te r  (181) a ffo rd e d  3 ,5 -d im e th o x y p h en y lace tic  

ac id  (202) an d  2 -m eth o x y -4 -m eth y lb en zo ic  acid  (182) v ia  a re tro -C la is e n  

ty p e  of re a c tio n . A ttem p ted  b rom ination  or iod ina tion  of th e  d e so x y ­

b en zo in  (201) u s in g  th e  N -halo succin im ides gave m ultip le p ro d u c ts  

w h ich  cou ld  n o t be s e p a ra te d .

A more p rom ising  s y n th e s is  of th e  r e q u ir e d  2 -h a lo s tilb en e  

(195) is  show n in  Schem e 65, a lth o u g h  th is  ro u te  was n o t in v e s t ig a te d  

d u e  to  a lack  of tim e. I t  in v o lv es  h y d ro ly s is /d e c a rb o x y la tio n  of th e
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2-halo  $ -k e to  e s te r  (204) follow ed b y  enol a c e ta te  d e r iv a tis a t io n . T h e

2-halo  3~keto e s te r  (204) is  re a d ily  av a ilab le  v ia  ha lo g en a tio n  of th e  

£ -k e to  e s te r  (181) u s in g  NBS o r NIS ( e .g .  see  p . 147).



167

OMe MeO OMe

OMe

(195)  X = B r \ I (203 )

MeO OMe

Me OX

M e O ^ / ^ / O M e
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Scheme 65



A s d e sc r ib e d  in  th is  an d  th e  p re v io u s  c h a p te r ,  10- h y d ro x y -  

1 , 5 , 7 - tr im e th o x y -3 -m e th y lp h e n a n th re n e  (73) can b e  p r e p a re d  from  

a -c y a n o -  o r a -ca rb o m e th o x y s tilb en e  in te rm e d ia te s . A ttem p ted  dem eth y l- 

a tio n  of (73) to  p ro v id e  p h e n a n th re n e  (1 4 ), one of th e  p o s tu la te d  

in te rm e d ia te s  in  th e  b io sy n th e s is  of mollisin ( 1) ,  is  d is c u s se d  in  th e  

n e x t  c h a p te r .  T he  n e x t c h a p te r  also  d e s c r ib e s  a tte m p ts  a t sy n th e s is in g  

p h e n a n th re n e  (14) u s in g  b en zy l p ro te c tin g  g ro u p s  fo r th e  arom atic 

h y d ro x y l s u b s t i tu e n ts  in  th e  s ta r t in g  m a te ria ls .



CHAPTER 4

T he S y n th e s is  an d  P h o to cy c lisa tio n  

of a 2 -B en zy lo x y stilb en e
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4 .1  In tro d u c t io n

In  conn ec tio n  w ith  an in v e s tig a tio n  of th e  b io s y n th e s is  of 

61m ollisin  ( 1 ) ,  F inn ie  an d  Hill d e v ise d  a s y n th e s is  of 1 0 -h y d ro x y - l ,  5 ,7 -  

tr im e th o x y -3 -m e th y lp h e n a n th re n e  (73) invo lv ing  p h o to c y c lisa tio n  of th e  

te tra m e th o x y s tilb e n e  (70) a s  th e  k ey  s te p  (se e  Schem e 17). H ow ever, 

t r e a tm e n t of p h e n a n th re n e  (73) w ith  b o ro n  tr ib ro m id e  (B B r^ ) o r 

tr im e th y ls ily l  iod ide (TM SI) fa iled  to  e f fe c t com plete d em ethy la tion  to  

g iv e  th e  t a r g e t  p h e n a n th re n e  (1 4 ) , one of th e  p o s tu la te d  b io s y n th e tic  

in te rm e d ia te s . ^

M e O r j ^ O M e

Y r f ^ M e

M eO rT ^O M e

OAc

OMe

H O r T ^ O H

OH OH

(14)
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T h e re  a re  a la rg e  n u m b er of re a g e n ts  ava ilab le  fo r  arom atic  

104e th e r  c le a v a g e , b u t  th e  re a g e n t  of choice is  o ften  B B r^  w hich is

g e n e ra lly  c lean  a n d  e ffe c tiv e . C leavage of th e  m ethy l e th e r s  of

50p h e n a n th re n e  (73) u s in g  B B r^ w as n o t a n t ic ip a te d  b y  F in n ie  to  b e  a 

p ro b le m , b u t  b e c a u se  th e  te tr a h y d ro x y p h e n a n th re n e  (14) w ould b e  

re a d i ly  o x id ise d  in  a i r ,  th e  c ru d e  re a c tio n  p ro d u c t  was im m ediately 

a c e ty la te d  b y  re a c tio n  w ith  ace tic  a n h y d r id e  an d  p y r id in e .  1, 10-  

D ia c e to x y -5, 7-dim eth o x y -3 -m e th y lp h e n a n th re n e  (205) w as o b ta in e d  w hen 

p h e n a n th re n e  (73) was t r e a te d  w ith  a la rg e  molar e x c e ss  of B B r^  a n d  

th e  c ru d e  re a c tio n  m ix tu re  a c e ty la te d . T h is  r e s u l t  w as re p e a ta b le .

OAc OAc 

(205)

T h e  fa ilu re  of B B r^  to  fu lly  d em eth y la te  p h e n a n th re n e  (73) is  

som ew hat s u r p r is in g .  T h e  m ethoxyl a t C - l  w ould b e  e x p e c te d  to  b e  

p a r t ic u la r ly  lab ile  to w ard s  B B r3 b e c a u se  th e  p e r i - h y d ro x y l g ro u p  w ould
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fa c il i ta te  d e liv e ry  of th e  b o ran e  m oiety; th is  ex p ec ta tio n  a g re e s  w ith  

th e  e x p e rim e n ta l ev id en ce . T he m ethoxyl a t  C -7  is u n h in d e re d  an d  so 

i t  is  d if f ic u lt to  u n d e r s ta n d  why it is in e r t  to  B B r^ . T he m ethoxyl a t 

C -5  is  p a r t ia l ly  h in d e re d  due to  i t s  p o sition  in  th e  arom atic  b ay  re g io n , 

b u t  w ould  s till b e  p re d ic te d  to  b e  re a c tiv e  to w ard s B B r^ .

O ne of th e  m any a l te rn a tiv e  re a g e n ts  availab le  fo r th e  c leav ag e

of e th e r s  is  TM SI, w hich is r e p o r te d  to r e s u l t  in c lean , q u a n tita t iv e

105d e m e th y la tio n  in  many sy s te m s . T rea tm e n t of p h e n a n th re n e  (73)

w ith  a la rg e  molar e x c e ss  of TMSI in  re f lu x in g  chloroform  u n d e r  

n i t r o g e n ,  follow ed b y  ch ro m a to g rap h y  of th e  a c e ty la te d  c ru d e  re a c tio n  

m ix tu re , a f fo rd e d  5 ,1 0 -d ia c e to x y -7 -e th o x y -  1 -m e th o x y -3 -m e th y lp h en an - 

th r e n e  (206) as th e  major p ro d u c t in  40% y ie ld . T h u s  c leav ag e  of th e  

m e th o x y ls  a t C -5  an d  C -7  of p h e n a n th re n e  (73) o c c u rs  in th e  p re s e n c e  

of T M S I/ch lo ro fo rm , b u t  b eca u se  th e  C -7  m ethoxyl is u n h in d e re d  i t  is  

e th y la te d  u n d e r  th e  reac tio n  co n d itio n s . I t  is  c u rio u s  th a t  e th y l e th e r  

fo rm atio n  o c c u rs  u n d e r  cond itions  d e s ig n e d  to  prom ote e th e r  c leav ag e .

E t 0 \ ^ - ^ / 0 A c

(2 0 6 )

OAc OMe
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A know n re a c tio n  of a lip h a tic  alcohols w ith  TMSI is  fo rm ation  of th e  

106
a lk y l io d id e . T h e re fo re  th e  e th y la tin g  a g e n t in  th e  re a c tio n  of

p h e n a n th re n e  (73) w ith  T M SI/chloroform  is p ro b a b ly  e th y l io d id e , 

fo rm ed  b y  th e  re a c tio n  of e thano l ( p r e s e n t  in ch lo roform  as a s ta b ilis e r )  

w ith  TM SI.

I t  is p ro b a b le  th a t  5 ,7 ,1 0 - tr ia c e to x y -l-m e th o x y -3 -m e th y l-  

p h e n a n th re n e  (207) w ould be  o b ta in ed  b y  c a r ry in g  o u t th e  re a c tio n  of 

p h e n a n th re n e  (73) w ith TMSI in e th a n o l- f re e  ch lo ro fo rm . S u b se q u e n t 

tre a tm e n t of th is  p ro d u c t w ith  B B r^  w ould p ro b a b ly  c leave th e  fin a l 

m e th y l e th e r ,  b u t  i t  is  lik e ly  th a t  th e  p oo r y ie ld  o b ta in ed  in  each  s te p  

w ould lim it th e  sy n th e tic  value of su ch  a ro u te .

OAc OMe

R ecall th a t  th e  u ltim ate aim of th e  r e s e a rc h  was to  p re p a re  

d e u te riu m  lab e lle d  p h e n a n th re n e s  (1 4 )-(1 6 ) in a c e ty la te d  form  in  o rd e r  

to  in v e s t ig a te  th e  b io sy n th e s is  of mollisin (1 ) .  One ap p ro a c h  to  th e



173

s y n th e s is  of d e u te r ia te d  com pounds is  to employ a ro u te  w h e reb y  th e

la b e l is  c a r r ie d  along from a d e u te r ia te d  s ta r t in g  m ateria l o v e r  a m ulti-

s te p  s e q u e n c e  in to  th e  d e u te r ia te d  p ro d u c t .  A d if fe re n t  ap p ro a c h

in v o lv e s  s y n th e s is  of u n lab e lled  m ateria l w hich is  th e n  m ade to  u n d e rg o  
1 2
H / H e x c h a n g e  w ith in  th e  f in ish e d  m olecular fram ew o rk .

^H/^H  ex ch an g e  in  e lec tro n  r ic h  arom atic  com pounds can b e

a c h ie v e d  u n d e r  ac id  or b ase  c a ta ly s is  an d  th e  choice of co n d itio n s  is
  107

o f te n  d e te rm in e d  b y  th e  s ta b ility  of th e  s u b s t r a te .  W ahala e t  a l.

h a v e  show n th a t  p h en o ls  u n d e rg o  o r th o  an d  p a ra  e x c h a n g e  c a ta ly se d  by

d e u te r iu m  brom ide g e n e ra te d  in s i tu  from  d eu te riu m  ox ide an d

p h o s p h o ru s  tr ib ro m id e . Y ields a re  im proved  upo n  p r io r  e x c h a n g e  of

50th e  ac id ic  p h en o lic  p ro to n . F inn ie  u se d  th is  m ethod to  in tro d u c e  

d e u te riu m  la b e ls  in to  p h e n a n th re n e  (73) a f te r  e x ch a n g e  of th e  p ro to n  

of th e  10-h y d ro x y l s u b s t i tu e n t  b y  s t i r r in g  a so lu tion  of (73) in 

d e u te r io c h lo ro fo rm /d e u te r iu m  ox ide a t room te m p e ra tu re  fo r  5 m in u tes . 

T h e  le v e l of deu te riu m  in c o rp o ra tio n  a f te r  60 h o u rs  was d e te rm in e d  to 

b e  77% b y  nm r in te g ra tio n . More p ro lo n g e d  re a c tio n  w ould p e rh a p s  

in c re a s e  th e  lev e l of d e u te r ia t io n .

T he  s y n th e s is  of th e  p o s tu la te d  b io s y n th e tic  p r e c u r s o r  (14) 

in  la b e lle d  form would be com plete if a dem eth y la tin g  a g e n t capab le  of 

c leav in g  th e  th r e e  m ethyl e th e r s  of p h e n a n th re n e  (73) could  b e  fo u n d . 

T h e  n e x t  sec tio n  de ta ils  d em ethy la ting  a g e n ts  w hich w ere exam ined  in  

th e  c o u rse  of th e  c u r r e n t  in v e s tig a tio n  a n d  a lso  d is c u s s e s  a tte m p ts  to  

s y n th e s is e  p h e n a n th re n e  (14) u s in g  b e n z y l p ro te c tin g  g ro u p s  fo r  th e  

ph en o lic  s u b s t i tu e n ts  in  th e  s ta r t in g  m a te ria ls .



4. 2 R e s u lts  an d  D iscussion

Two o th e r  r e a g e n ts  availab le  fo r  e th e r  c leavage  a re  d ry  

lith iu m  i o d i d e / c o l l i d i n e a n d  alum inium  tr ic h lo r id e /e th a n e th io l .

H o w ev er, th e s e  re a g e n ts  also p ro v e d  in e ffe c tiv e  in  com plete ly  d em ethy l­

a tin g  p h e n a n th re n e  (73) to  give th e  ta rg e t  p h e n a n th re n e  (1 4 ).

I t  was re a so n e d  th a t  b e n z y l p ro te c tin g  g ro u p s  m igh t b e  m ore 

e a s ily  rem o v ed  a n d  so a tte n tio n  was tu rn e d  to  th e  s y n th e s is  a n d  p h o to ­

c y c lisa tio n  of b e n z y lo x y s tilb e n e s . S ince th e  m e thoxy ls  a t C -5  an d  C -7  

of p h e n a n th re n e  (73) a re  r e s is ta n t  to  BBr^> a tte m p ts  w ere made to  

p r e p a r e  th e  c o rre sp o n d in g  5 , 7 -d ib e n z y lo x y p h e n a n th re n e  (208 ). I t  was 

p ro p o s e d  to  s y n th e s is e  th is  com pound in  a sim ilar m anner to  p h e n a n ­

th r e n e  (73) (se e  Schem e 17) in vo lv ing  p h o to c y c lisa tio n  of s tilb e n e  (210) 

a s  th e  k e y  s te p  [Schem e 66] .  H ence 3 ,5 -d ib en z y lo x y b en zy l cy an id e  

(217) w as p r e p a re d  v ia  th e  ro u te  of H il l^ ^  [Schem e 67 ]. H ow ever, th e  

s y n th e s is  of p h e n a n th re n e  (208) fa iled  owing to  th e  d iff ic u lty  e x p e r i­

en c e d  in  p re p a r in g  th e  ft-keto  n it r i le  p r e c u r s o r  ( 211) of s tilb e n e  ( 210) 

b y  acy la tio n  of n itr ile  (2 1 7 ). T he  f i r s t  a tte m p t a t p re p a r in g  th e  

(3-keto n it r i le  ( 211) in v o lv ed  su c c e ss iv e  tre a tm e n t of th e  n it r i le  (217) 

w ith  n - b u ty l  lith ium  an d  th e  b en zo a te  e s te r  ( 68) .  T h is  r e s u l te d  in 

th e  fo rm ation  of m ultip le p ro d u c ts  w hich p ro v e d  d iff ic u lt to  s e p a ra te .  

R eac tio n  of th e  m e thy lene  p ro to n s  of th e  b en zy lo x y  g ro u p s  w ith  n -b u ty l  

lith ium  m igh t h av e  been  re sp o n s ib le  fo r cau s in g  a m ix tu re  of p ro d u c ts  

to  b e  fo rm ed . I t  was th o u g h t th a t  th is  m ight b e  avo ided  b y  u s in g  a 

m ore h in d e re d  b a se  like lith ium  d iisop ropy lam ide  (LDA) o r a w eaker 

b a se  lik e  sodium  m ethoxide  to  e ffe c t th e  c o n d e n sa tio n . H ow ever, a
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com plex p ro d u c t  m ix tu re  was o b ta in e d  w hen LDA was u se d  an d  w hen th e  

re a c tio n  w as r e p e a te d  u s in g  sodium  m ethoxide on ly  n itr i le  an d  e s te r  

s ta r t in g  m a te ria ls  w ere re c o v e re d  u n c h a n g e d .

A sim ple nm r ex p erim en t d em o n stra te d  th a t  sodium  m ethoxide is 

a s t ro n g  en o u g h  b ase  to  a b s tr a c t  th e  p ro to n s  ad ja c e n t to  th e  cyano  g ro u p  

(CH^CN) in  th e  n itr i le  (217) w hile leav in g  th e  b en zy lo x y  m ethy lene  p ro to n s  

(P hC F ^O ) la rg e ly  u n c h a n g e d . T he  90 MHz nm r sp ec tru m  of (217) was 

r e c o rd e d  in  a m ix tu re  of d ^ -ch lo ro fo rm  an d  d ̂ -m ethano l. T he  sp ec tru m  

d isp la y e d  a 4H s in g le t a t 6 4.92 ppm due  to  th e  two P hC I^O  g ro u p s  an d  a 2H 

s in g le t  a t 6 3 .60 ppm  due  to  CH^CN. A small p iece  of c lean  sodium  was 

a d d e d  to  th e  nm r tu b e  an d  th e  sp ec tru m  was r e - r e c o r d e d  a f te r  10 m in u tes . 

T h e  p eak  a t 6 3.60 ppm c o rre sp o n d in g  to  C l^ C N  was com pletely  a b s e n t,  

s u g g e s tin g  th a t  sodium  m ethoxide g e n e ra te d  in  s i tu  form ed th e  d ian ion  w hich 

w as s u b se q u e n tly  d e u te r ia te d  b y  th e  so lv e n t. T h e  p eak  c o rre sp o n d in g  to  

P h C ^ O  was e sse n tia lly  u n c h a n g e d , even  a f te r  a d d in g  m ore sodium  and  

le a v in g  fo r 20 m in u tes . T h e  ev id en ce  from th is  e x p e rim en t led  to  th e  in itia l 

th o u g h t th a t  th e  fa ilu re  of th e  re a c tio n  to  p ro d u c e  th e  d e s ire d  3~keto  

n it r i le  ( 211) in th e  p re s e n c e  of sodium  m ethoxide m ight b e  d u e  to  s te r ic  

h in d e ra n c e  on a p p ro ac h  of th e  n i t r i le  d ianion an d  th e  b en zo a te  e s te r  ( 68). 

H ow ever, th is  is  un lik e ly  since  sodium  m ethoxide also fa iled  to  e ffec t 

acy la tio n  of 3 , 5 -d im eth o x y b en zy l cy an id e  (67) w ith  m ethyl 2 -m eth o x y -4 - 

m e th y lb en z o a te  (8 0 ). T h u s  it  is  n o t c lea r w hy sodium  m ethox ide is  an 

in e ffe c tiv e  b ase  in  th e se  re a c tio n s .

Owing to  th e  fa ilu re  of th e  ro u te  to  th e  5, 7 -d ib en zy lo x y  p h e n ­

a n th re n e  (208) o u tlin ed  in  Schem e 66, a s y n th e s is  of th e  2 -b en zy lo x y - 

s tilb e n e  (223) was d e v ise d  w ith  th e  in te n tio n  to  p h o to c y c lise  i t  to  th e
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1 -b e n z y lo x y p h e n a n th re n e  (218). TMSI would p ro b a b ly  c leave  th e  

m e th o x y ls  a t C -5  a n d  C -7  in p h e n a n th re n e  (218) s in ce  th is  r e a g e n t  

c le a v e s  th e s e  m ethoxy ls  in  th e  c o rre sp o n d in g  tr im e th o x y p h e n a n th re n e  

{ 1 3 ) .  T h e  1 -b en zy lo x y  s u b s t i tu e n t  w ould p ro b a b ly  also  b e  c leav ed  upon  

tre a tm e n t of p h e n a n th re n e  (218) w ith  TMSI.

M e ( k ^ ^ / 0 M e

Me

NO

( 2 1 8 )

OAc OCH Ph

As show n in Schem e 68 , th e  s y n th e s is  of th e  2 -b en zy lo x y - 

s tilb e n e  (223) in v o lv ed  acy la tion  of 3 ,5 -d im eth o x y b en zy l cy an id e  (67) 

w ith  m ethy l 2 -b en zy lo x y -4 -m e th y lb en zo a te  (221) u s in g  n -b u ty l  lithium  

as  th e  b a s e . T h e  c ru d e  p ro d u c t from th is  re a c tio n  was p u r if ie d  by  

colum n ch ro m a to g ra p h y  to  a ffo rd  a 58% y ie ld  of th e  $ -k e to  n itr ile  (222) 

a s  a yellow  gum . R eaction  of (222) w ith ace tic  a n h y d r id e /c a ta ly t ic  

p - to lu e n e s u lp h o n ic  acid  fo r  4 h o u rs  a ffo rd e d  a s te reo iso m eric  m ix tu re  

of eno l a c e ta te s  (223) in  43% y ie ld . T h is  sam ple was o b ta in ed  by  

p r e p a r a t iv e  tic  a f te r  colum n c h ro m a to g rap h y  of th e  c ru d e  re a c tio n
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m ix tu re . T h e  ra tio  of s te reo iso m ers  was d e te rm in ed  to  b e  m inor : 

m ajor = 1 .0  : 1 .3  = isom er a : isom er b from th e  200 MHz nm r

in te g ra t io n  of th e  P h C t^ O  re so n a n c e s  a t 6 5.08 an d  4 .82 ppm  r e s p e c t­

iv e ly  . When a b e n z e n e  so lu tion  of th is  m ix tu re  of s te reo iso m ers  an d  a 

t r a c e  of io d in e  was ir r a d ia te d  w ith  v is ib le  l ig h t an d  h e a te d  a t  g en tle  

re f lu x  fo r 72 h o u rs ,  th e  ra tio  ch an g e d  to  isom er a : isom er b  = 1 .4  : 1 .0 .

T h e se  co n d itio n s  e q u ilib ra te  E - an d  Z_- form s to  g ive a m ix tu re  w hich is

25r ic h  in  th e  m ore therm odynam ically  s tab le  isom er (see  S ection  2 .7 ) .

T h e  u v  sp e c tru m  of th e  1 .0  : 1 .3  m ix tu re  of s te reo iso m ers  h as  th e  

c h a ra c te r i s t ic  sh ap e  of a se v e re ly  crow ded  s tilb e n e  an d  th is  im plies 

th a t  th e  E -isom er of (223) is m ore therm odynam ically  s ta b le  th a n  th e  

Z -isom er (se e  S ec tio n s  2 .7  and  3 .2 ) .  I t  follows th a t  th e  E -isom er 

(isom er a) was th e  m inor isom er in  th e  s te reo iso m eric  m ix tu re  iso la ted  

from  th e  a c e ty la tio n  re a c tio n . On th e  b a s is  of th is  a s s ig n m e n t, th e  

nm r s ig n a l due  to  H -6' of th e  E -isom er o c c u rs  dow nfield  from  th a t  

of th e  Z -isom er an d  th e  ace toxy l s ig n a l of th e  E -isom er o c c u rs  u p fie ld  

from  th a t  of th e  Z -isom er. T h ese  re la tio n s h ip s  also e x is t  in th e  o th e r  

E /Z  p a i r s  of a '-a c e to x y -a -c y a n o s tilb e n e s  p re p a re d  d u r in g  th e  c o u rse  of 

th is  w ork  (see  Section  2 .6 .2 ) .  T he  o b s e rv e d  1 .0  : 1 .3  ra tio  of E : Z 

iso m ers  of th e  2-b e n z y lo x y s tilb e n e  (223) is in c o n s is te n t w ith th e  g re a te r  

the rm odynam ic  s ta b ility  of th e  E-isom er an d  may re f le c t lo sse s  of th e  E - 

isom er d u r in g  th e  ch ro m ato g rap h ic  p u rif ic a tio n  s te p s .

I t  was a n tic ip a te d  th a t  uv  ir ra d ia tio n  of s tilb e n e  (223) in  th e  

p re s e n c e  of an  o x id a n t ( e .g .  iod ine) w ould lead  to  th e  1-b e n z y lo x y -  

p h e n a n th re n e  (218) in  good y ie ld  [Schem e 69]. I t  was th o u g h t th a t
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tw o fa c to rs  w ould p ro b a b ly  c o n tr ib u te  to  th e  s tro n g  p re fe re n c e  fo r th e  

fo rm ation  o f th e  1- s u b s t i tu te d  p h e n a n th re n e  (218) o v e r th e  u n s u b s t i tu te d  

p h e n a n th re n e  ( 110) u n d e r  o x id isin g  co n d itio n s:

(i) s t i lb e n e  confo rm er (223a) w ould p red o m in a te  o v e r th e  m ore crow ded  

co n fo rm er (223b) su c h  th a t  re la tiv e ly  l i tt le  of th e  d ih y d ro p h e n a n -  

th r e n e  (224b) w ould be  g e n e ra te d  p h o to ch em ica lly ;

(ii) th e  m ore crow ded  d ih y d ro p h e n a n th re n e  (224b) w ould u n d e rg o  an 

e sp e c ia lly  ra p id  r in g  open ing  re a c tio n  to r e g e n e ra te  s tilb e n e  (223b) 

a n d  th u s  be  m ore lik e ly  to  e scap e  e lim inative t r a p p in g .

I r ra d ia t io n  of th e  2 -b en zy lo x y stilb e n e  (223) in  a ir  s a tu ra te d  

cy c lo h ex an e  co n ta in in g  iodine fo r  9 h o u rs  a ffo rd e d  a 23% y ie ld  of 

p h e n a n th re n e  ( 110) an d  none of th e  e x p e c te d  p h e n a n th re n e  (218).

T h is  r e s u l t  i l lu s tr a te s  th e  u n p re d ic ta b le  n a tu re  of s tilb e n e  p h o to c y c lis -  

a tio n s  a n d  is  c u r r e n t ly  u n e x p la in e d .

T h e  b e s t  s t r a te g y  fo r f u tu r e  w o rk e rs  en g a g e d  in s tu d y in g  th e  

b io s y n th e s is  of th e  fu n g a l m etabolite  mollisin ( 1) w ould p ro b a b ly  b e  to  

u n d e r ta k e  a th o ro u g h  in v e s tig a tio n  of d em ethy la tion  of 10- h y d r o x y - 1,5 ,7 -  

t r im e th o x y -3-m e th y lp h e n a n th re n e  (7 3 ). P re fe ra b ly  th is  sh o u ld  invo lve  

a s in g le  d em eth y la tin g  a g e n t b u t  th e  low er y ie ld s  a sso c ia te d  w ith  more 

th a n  one a g e n t sho u ld  be  to le ra te d  fo r th e  sake  of g e n e ra tin g  a labe lled  

s u b s t r a te  fo r feed in g  to th e  fu n g a l m edium .
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G en era l E x p erim en ta l P ro c e d u re s

M elting p o in ts  (m .p .)  w ere  d e te rm in e d  on a K ofler h o t- s ta g e  

a p p a r a tu s  a n d  a re  u n c o rre c te d . I n f r a - r e d  s p e c tr a  w ere re c o rd e d  on a 

P e rk in -E lm e r 983 sp e c tro p h o to m e te r . T h e  follow ing a b b re v ia tio n s  a re  

u s e d :  s -  s t r o n g ,  m -  m edium , w -  weak an d  b r  -  b ro a d . U ltra ­

v io le t s p e c tr a  w ere re c o rd e d  on a P ye Unicam SP8-100 o r P e rk in -E lm er
2

550 SE sp e c tro p h o to m e te r . T he  u n its  of e a re  1,000 cm /mol an d

s h  sp e c if ie s  a sh o u ld e r  in th e  u v  sp e c tru m . R ou tine  nm r s p e c tra

w ere  d e te rm in e d  on a P e rk in -E lm er R32 (90 MHz) sp e c tro m e te r  u s in g

te tra m e th y ls ila n e  as  in te rn a l s ta n d a rd .  ^H nm r s p e c tr a  w ere  also

r e c o rd e d  a t  200 MHz on a B ru k e r  WP 200 SY in s tru m e n t,  em ploying a

d eu te riu m  lock  sy stem , s e tt in g  ch loroform  (CHCil^) in  CDCH^ a t

136 7 .25  ppm  as in te rn a l  s ta n d a rd .  P ro to n  n o ise -d e c o u p le d  C nm r 

s p e c t r a  w ere  re c o rd e d  a t 55 MHz on th e  B ru k e r  WP 200 SY s p e c tro ­

m e te r , in  C D C £^, s e tt in g  th e  re fe re n c e  CDCH^ sig n a l a t 6 77.0 ppm .

A B ru k e r  WH-360 in s tru m e n t was u se d  to  re c o rd  th e  360 MHz ^H nm r

sp e c tru m  g iven  in  T ab le  9, s e tt in g  C H C&3 a t 6 7 .25  ppm  as in te rn a l

13s ta n d a r d .  T h is  in s tru m e n t was also u sed  to re c o rd  th e  C (90 .5  MHz) 
o

a n d  H (55 MHz) nm r s p e c tra  of mollisin a c e ta te . R o u tin e  m ass s p e c tra  

w ere  d e te rm in e d  u s in g  a V G /K rato s MS 12 sp e c tro m e te r . H igh re s o l­

u tio n  s p e c tr a  w ere re c o rd e d  on a V G /K ra to s  MS 902S sp e c tro m e te r .

O rg an ic  so lu tions w ere d r ie d  o v e r a n h y d ro u s  m agnesium  

s u lp h a te  a n d  e v a p o ra te d  on a ro ta ry  e v a p o ra to r  u n d e r  r e d u c e d  

p r e s s u r e .
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Column c h ro m a to g rap h y  was p e r fo rm e d  u s in g  F luka  Kieselgel 

H F254* P r e p a r a t iv e  th in  la y e r  ch ro m a to g ra p h y  ( tic )  was p e r fo rm e d

u s in g  20 x  20 cm g lass  p la te s  coa ted  w ith  1 mm of F luka  K ieselgel

G F254-

Photochem ical e x p e r im en ts  c o n d u c te d  in  th e  a b sen ce  of a ir  

in v o lv e d  d e o x y g e n a t in g  th e  so lu tion  p r io r  to  i r r a d ia t io n  an d  b u b b lin g  

a slow flow of n i t ro g e n  gas  t h r o u g h  th e  so lu tion  d u r in g  i r ra d ia t io n  

(u n le s s  o th e rw ise  s ta te d )  . T he  in itia l d eo x y g en a tio n  s te p  e i th e r  

in v o lv e d  p u r g in g  th e  so lu tion  with n i t ro g e n  fo r  l - 2h  o r  r e f lu x in g  th e

so lu tion  u n d e r  n i t ro g e n  fo r  \  -  l^ h .

S o lv en ts  an d  r e a g e n t s  w ere d r ie d  a n d  p u r i f i e d  p r io r  to u se  

as  follows: t e t r a h y d r o f u r a n  was d is t i l led  from so d iu m /b en zo p h en o n e

a n d  u s e d  im m ediately; e th e r  was d r ie d  u s in g  sodium w ire; b en ze n e  

was d is t i l le d  from calcium h y d r id e  a n d  s to re d  o v e r  sodium w ire; 

m ethanol an d  t e r t - b u t a n o l  w ere d r ie d  u s in g  m agnesium  a c t iv a te d  with 

iod ine  a n d  s to r e d  o v e r  3A molecular s ie v e s ;  b u ta n o n e  was d r ie d  o v e r  

a n h y d r o u s  magnesium s u lp h a te ,  d is ti l led  an d  u se d  im mediately; 

p y r id i n e ,  t r i e th y la m in e , d iisopropylam ine  an d  d icyclohexylam ine w ere 

r e f lu x e d  o v e r  sodium h y d ro x id e  p e l le ts ,  d is t i l led  u n d e r  n i t ro g e n  an d  

s to r e d  o v e r  po tass ium  h y d ro x id e ;  th io n y l ch lo ride  was d is ti l led  from 

iro n  a n d  N -brom osuccin im ide was r e c r y s ta l l i s e d  from w a te r .
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C r y s ta l  S t r u c t u r e  A nalys is  of 3 - ( 2 , 6 -D im e th o x y -4 -m e th y lp h en y l) -

2- (  3, 5 -d im e th o x y p h e n y l) -3 -o x o p ro p a n e n i t r i le  (69)

C r y s ta l  D ata

C o lo u r le s s ,  c u b e - s h a p e d  c ry s ta l s  grow n from a c e to n e /h e p ta n e ,

^ 2 0 ^ 2 1 ^ ^ 5 ’ ^  = ^55.4 , tr ic lin ic  space  g roup  P I ,  a = 7.990 ( 3 ) ,

b = 8 .2 0 6 (1 ) ,  c = 14.473(2) A, a  = 80 .4 6 (1 ) ,  0 = 7 7 .1 9 (2 ) ,

y = 87 .75° ,  V = 912.5 A 3, Dc = 1.23 g cm” 3, Z = 2, F(000) = 360,

[ x ( M o - K  ) = 0.87 cm” 1, T = 291K. a

C ry s ta l lo g ra p h ic  M easurem ents

Cell d im ensions  w ere d e r iv e d  b y  l e a s t - s q u a r e s  t r e a tm e n t  of th e  s e t t in g

a n g le s  of 25 re f le c t io n s  (0 > 12°) m e asu re d  on an E n ra f -N o n iu s  CAD 4
o

d if f ra c to m e te r  w ith  Mo-K ra d ia t io n  (A = 0.71069A). 3565 in d e p e n d e n ta
o b s e r v e d  re f le c t io n s  w ere collected  in  th e  r a n g e  0 ^  27° a n d  of th e s e  

1721 s a t i s f ie d  th e  c r i te r io n  I ^  3 .0 a  ( I ) .

S t r u c t u r e  A nalys is

T h e  s t r u c t u r e  was so lved  u s ing  th e  d i re c t  p h a s in g  p ro c e d u r e  MITHRIL. 

A f te r  p re l im in a ry  le a s t - s q u a r e s  ad ju s tm en t of th e  c o -o rd in a te s  of th e  C , 

N a n d  O atom s, a s u b se q u e n t  d if fe re n ce  F o u r ie r  s y n th e s is  en ab led  the  

loca tions  of all th e  H atom c o -o rd in a te s  to be  d e te rm in e d .  R efinem ent 

w ith  an iso tro p ic  the rm al p a ra m e te rs  fo r  th e  C, N an d  O atom s, w ith H

atoms in c lu d e d  b u t  n o t  r e f in e d ,  c o n v e rg e d  a t R = 0 .048, R ^  = 0.059
2

w ith  w e ig h ts  w = 1 /a  (F ) .  F o u r ie r ,  l e a s t - s q u a r e s ,  geom etry  a n d  ORTEP
. ___ .  116 

ca lcu la t io n s  w ere  p e r fo rm e d  u s in g  th e  GX system  of p ro g ra m s .
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C r y s ta l  S t r u c t u r e  A nalys is  of 2 - (2 - Io d o -3 ,5 -d im e th o x y p h e n y l) -3 -  

( 2 -m e th o x y -4 -m e th y lp h e n y l) -3 -o x o p ro p a n e n i t r i le  (138)

C r y s ta l  D a ta

C o lo u r le s s ,  c u b e - s h a p e d  c r y s ta l s  grow n from c h lo ro fo rm /h e x a n e ,  

C 19H 18IN O 4 , M = 451.3, monoclinic space  g ro u p  P 2 ^ /a ,  a = 9 .2 2 0 (2 ) ,  

b  = 18.969 (5 ) ,  c = 10.602(6) A , 3 = 9 4 .1 4 (2 )° ,  V = 1849.4 A 3 ,

Dc = 1.62 g cm "3, Z = 4, F (000) = 896, *i(Mo-K ) = 17.32 cm "1,

T = 291K.

C ry s ta l lo g ra p h ic  M easurem ents

A s fo r  com pound (69) above e x c e p t  t h a t  4023 re f le c t io n s  w ere  co llected  

a n d  3122 of th e s e  sa t is f ie d  th e  c r i te r io n  I ^ 3 . 0 a ( I ) .

S t r u c t u r e  A naly s is

As fo r  com pound (69) above  e x c e p t  t h a t  l e a s t - s q u a r e s  ad ju s tm en t  an d

re f in e m e n t  of th e  C , N, O an d  I atoms w ere  p e r fo rm e d  a n d  R = 0 .029,

R = 0 .043. w

50 53C u l tu r e  of Mollisia caesia  ’

M. caesia  (CBS 220.56) was o b ta in ed  from C e n t r a a lb u re a u  

v o o r  S ch im m elcu l tu re s , B a a rn ,  T h e  N e th e r la n d s .  T h e  o rgan ism  was 

g row n in c u l tu r e  tu b e s  on s lan ts  of modified B lakeslee  malt e x t r a c t  

a g a r  (p lu s  sodium ch lo ride)  p r e p a r e d  from glucose (2 0 g ) ,  Oxoid malt 

e x t r a c t  (2 0 g ) ,  Bacto  p e p to n e  ( l g )  an d  sodium ch lo ride  (0 .5 g )  in 

d e - io n is e d  w a te r  (l.t) con ta in ing  1.4% a g a r .  T he  s la n t  was ino cu la ted  

b y  sm earin g  th e  s u r fa c e  with a small p iece  of mycelium a n d  allowed to  

grow  a t  21°C fo r  7-10 d a y s .
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50I so la t io n  of Mollisin (1) an d  2 , 7 -D im e th y ln ap h th aza r in  (62)

T h e  c o n te n ts  of th e  c u l tu r e  tu b e s  w ere  com bined an d

c o n t in u o u s ly  e x t ra c te d  with e th y l  ac e ta te  o v e rn ig h t  to a f fo rd  a d a rk

b ro w n  r e s id u e  a f te r  e v ap o ra tio n  of th e  so lv e n t .  T h is  was p a s s e d

th r o u g h  a s h o r t  column of silica u n d e r  suc tion  u s in g  e th y l  ace ta te  as

e lu a n t  to  rem ove h igh ly  p o la r ,  r e s in o u s  m a teria l .  F u r t h e r  p u r if ica t io n

b y  p r e p a r a t i v e  tic  on silica u s in g  40:60 e th e r :h e x a n e  as e lu a n t

a f fo rd e d  mollisin (1) (R^ = 0 .5) as o ra n g e  n eed le s  ( ty p ica l  y ie ld  :

40 m g /£  of medium) a n d  2 , 7 -d im e th y ln a p h th a z a r in  (62) (R^ = 0 .6 )  as

a r e d  oil w hich c ry s ta l l i s e d  on s ta n d in g  ( ty p ica l  y ie ld  : 8 m g /£  of

m edium ). Mollisin (1) was r e c r y s ta l l i s e d  from m ethanol as  yellow /

o ra n g e  f loccu len t  n e e d le s ,  m .p .  203-204°C ( l i t . , 51 203-204°C). T he

n a p h th a z a r in  (62) was r e c ry s ta l l i s e d  from 60-80° pe tro leum  e th e r  as

n e e d le s ,  m .p .  130-132°C ( l i t . , 51 125-126°C).

50 51 Mollisin (1) ’

V (K B r) 1720 s ,  1650 s ,  an d  1610 s cm 1. m a x .

m /z  229 (M+ -  CH C £2).

50 512, 7 -D im e th y ln ap h th aza r in  (62)

6 r  (90 MHz; C D C £3): 2.25 ( 6H, s ,  ArCH^) an d  6 .95 (2H, s ,  A rH ) .

V (K B r) 1740 s ,  1655 s ,  a n d  1610 s cm 1. 
max.

m /z 218 (M + ).
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53P r e p a r a t io n  of Mollisin A ceta te  (61)

To a m ix tu re  of mollisin (1) (104 mg) an d  acetic  a n h y d r id e  

(1 .0  ml) in  a small t e s t  tu b e  was ad d ed  p y r id in e  (0 .8  ml). T he  t e s t  

tu b e  was sh a k e n  u n t i l  so lu tion  o c c u r re d  and  th e n  allowed to s ta n d  a t  

room te m p e ra tu r e  fo r  5 min. D u rin g  th i s  p e r io d  a p re c ip i ta te  of l ig h t  

yellow n e e d le s  a p p e a re d .  T he m ix tu re  was p o u re d  in to  an ex ce ss  of 

2M h y d ro c h lo r ic  acid  an d  th e n  e x t r a c te d  with ch lo roform . T he  o rgan ic  

e x t r a c t  was w ashed  w ith b r in e ,  sodium b ic a rb o n a te  so lu tion ,  more b r in e ,  

th e n  d r ie d .  E vap o ra tio n  of th e  so lven t le ft  a yellow solid which was 

r e c r y s ta l l i s e d  from m ethanol to g ive mollisin a ce ta te  (61) as b r ig h t  

yellow n e e d le s  (116 mg, 98%), m .p .  210-212°C ( l i t . , 53 211-213°C).

6 h  (200 MHz; C D C £3): 2.13 (3H, d ,  J  1.5 Hz, 12-CH3) , 2.44 (3H,

s ,  CH 3C O ), 2.48 (3H, s ,  11-CH3) ,  6.38 (1H, s ,  H -14),  6.74 (1H, q ,

J  1 .5  H z, H - 3 ) , an d  7.32 (1H, s ,  H -6 ) .

Sc  (9 0 .5  MHz; CDC&3): 15.78 (C -1 2 ) ,  20.23 ( O i l ) ,  20.89 ( 0  16),

70.61 ( 0 1 4 ) ,  121.44 ( 0 1 0 ) ,  131.82 ( 0 6 ) ,  132.17 ( 0 9 ) ,  135.22

( 0 8 ) ,  137.39 ( 0 3 ) ,  144.50 ( 0 7 ) ,  146.01 ( 0 2 ) ,  150.28 ( 0 5 ) ,

168.85 ( 0  15), 182.31 ( 0 4 ) ,  186.08 ( C - l ) ,  and  191.74 ( 0 1 3 ) .

V (K B r) 1770 s ,  1710 s ,  1650 s ,  an d  1580 s cm 3 .
m ax.

m /z  271 (M+ -  C H C £2).

2 13F eed in g  of Sodium [2- H3 , 1- C] ace ta te  to Mollisia caesia

2 13Sodium [2- H3 , 1- C ja c e ta te  (150 mg) was d isso lved  in th e  

minimum am ount of d e - io n ised  w a te r ,  mixed with modified B lakeslee  malt 

e x t r a c t  a g a r  (200 ml) an d  app lied  in equal p o r t io n s  as a th in  s u r fa c e  la y e r  

to  malt a g a r  (150 ml) in 13 b e a k e r s .  A smooth w a te r  s u sp e n s io n  of th e
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ab o v e  M. caes ia  c u l tu re  was f looded o v e r  th e  a g a r  su r fa c e  in  th e  

b e a k e r s  a n d  th e  e x c e ss  w a te r  d ra in e d  off . Two c o n tro l  b e a k e r s  

la c k in g  la b e lle d  a c e ta te  w ere  s e t - u p  id e n tica l ly .  T h e  15 b e a k e r s  w ere 

in c u b a te d  a t  25°C fo r  21 d a y s .  T h e  com bined c o n te n ts  of th e  13 fed  

b e a k e r s  w ere  co n t in u o u s ly  e x t r a c te d  with e th y l  ac e ta te  o v e rn ig h t  to 

a f fo rd  a d a r k  b row n  r e s id u e  (0 .8 4 g )  a f te r  ev ap o ra t io n  of th e  so lv en t .  

Mollisin (1) was e lu te d  in th e  f i r s t  f rac t io n  upon  silica gel column 

c h ro m a to g ra p h y  of th i s  r e s id u e  u s in g  ch loroform . A f te r  r e c r y s ta l l i s ­

a t ion  th e  y ie ld  of mollisin (1) was 78 mg. T h e  y ie ld  of r e c ry s ta l l i s e d  

mollisin ( 1) from th e  two con tro l b e a k e r s ,  o b ta in ed  as ab o v e ,  was 10 mg.

E ach  sample was ace ty la te d  to g ive mollisin ac e ta te  (61) a n d  a n a ly se d  b y  

13C nm r s p e c t ro s c o p y .  T he  sample of (61) from th e  labe lled  ace ta te

2fe e d in g  e x p e r im e n t  was also exam ined  b y  H nm r (see  Sec tion  1 .3 ) .

6 2M ethyl 3 , 5- dim e th o x y  ben zo a te  (64)

3 , 5 -D ih yd roxybenzo ic  acid (63) (30. Og) d is so lv ed  in  A nalar

a ce to n e  (300 ml) with a n h y d ro u s  po tass ium  c a rb o n a te  (130g) a n d

d im ethy l s u lp h a te  (60 ml) was h e a te d  a t  r e f lu x  for 7h w ith  s t i r r i n g .

A f te r  coo ling , th e  so lution was f i l te re d  an d  th e  r e s id u e  w ashed  with

a c e to n e .  T h e  com bined ace tone so lu tions  w ere e v a p o ra te d  a n d  th e

golden  b ro w n  r e s id u e  d isso lv ed  in e t h e r ,  w ashed  with ammonia l iq u o r ,

10% sodium h y d ro x id e  so lu tion ,  an d  w a te r ,  th e n  d r ie d  a n d  e v a p o ra te d .

T h e  r e s id u e  so lid ified  on cooling and  was r e c ry s ta l l i s e d  from m ethanol

as  w hite  n e e d le s  (3 0 .6 g ,  78%), m .p .  41-42°C ( l i t . ,  42°C).

<5h  (90 MHz; C D C £3): 3.82 ( 6H, s ,  CH30 ) ,  3.92 (3H , s ,  C 0 2CH3) ,

6 .65  (1H , t ,  J  3Hz, H -4 ) ,  a n d  7.19 (2H, d ,  J  3 Hz, H-2 a n d  H - 6).

V (K B r)  1720 s an d  1600 s cm \m a x . '
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3, 5 -D im ethoxybenzy l alcohol (6 5 )62

M ethyl 3 , 5 -d im ethoxybenzoate  (64) (25. Og) in  d ry  t e t r a h y d r o -  

f u r a n  (200 ml) was ad d e d  slowly to lithium aluminium h y d r id e  ( 6 . 0g) in 

TH F (100 ml) an d  th e  m ix tu re  was s t i r r e d  a t r e f lu x  fo r  8h .  A fte r  

coo ling , w a te r  (6 .0  ml) was a d d ed  c au t io u s ly ,  followed b y  15% sodium 

h y d ro x id e  so lu tion  ( 6.0 ml) a n d  more w ate r  (18 .0  ml) w ith  s t i r r i n g .

T h e  g r a n u la r  aluminium h y d ro x id e  was f i l te re d  an d  w ashed  with e th e r .  

T h e  o rg a n ic  so lu tions  were e v a p o ra te d  to d ry n e s s  to g ive  a w hite  solid

w hich  was r e c ry s ta l l i s e d  from d iisop ropy l e th e r  as n eed le s  (1 9 .3 g ,  90%),

m .p .  46-47°C ( l i t . , 62 47°C).

6 h  (90 MHz; C D C £3): 2.06 (1H, b r  s ,  O H ), 3.81 ( 6H, s ,  CH30 ) ,

4.64  (2 H , s ,  CH2) ,  6.41 (1H, t ,  J  2 Hz, H -4 ) ,  an d  6 .54 (2H, d ,  J

2 H z, H-2 a n d  H -6).

V (K B r)  3400 b r  m and  1600 s cmmax.

6 2
3, 5 -D im ethoxybenzy l ch lo ride  ( 66)

T h iony l ch lo ride  (10 ml) and  p y r id in e  (1 ml) in  d r y  e th e r  

(150 ml) w ere  added  o ver  lh  to 3 ,5 - dim e th o x y  b en zy l alcohol (65)

(15. Og) in  e th e r  (100 ml) with s t i r r i n g .  More th iony l ch lo ride  (5 ml) 

was a d d e d  in one p o r t io n  and  the  reac tio n  m ix tu re  g en t ly  h e a ted  un ti l  

com plete  d isso lu tion  o c c u r re d .  A f te r  a f u r t h e r  2h a t  room te m p e ra tu re  

th e  e x c e s s  th iony l ch lo ride  was d e s t ro y e d  w ith  w a te r ,  a n d  th e  e th e r  

l a y e r  w ash ed  with w a te r ,  10% sodium h y d ro x id e  so lution  an d  more w ate r .  

T h e  e t h e r  so lu tion  was d r ie d  an d  e v a p o ra te d  to  a f fo rd  a fawn co loured  

so lid  w hich  was r e c ry s ta l l i s e d  from e th e r  as fine  w hite  n eed le s  ( 11. 6g , 

70%), m .p .  47-48°C ( l i t . , 62 46°C).
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6 h  (90 MHz; C D C £3): 3.80 ( 6H, s ,  CH30 ) ,  4.51 (2H, s ,  CH 2) , 6.41

(1H, t ,  J  2 H z, H - 4 ) , a n d  6.53 (2H, d ,  J  2 Hz, H-2 a n d  H - 6) .

V (K B r)  1600 s cm” 1 ,max.

6 23, 5 -D im ethoxybenzy l cyan ide  (67)

Po tass ium  cyan ide  (13 .5g ) a n d  3 , 5 -d im e thoxybenzy l ch lo ride  

( 66) (1 2 .5 g )  in  e thano l (200 ml) an d  w a te r  (60 ml) w ere  s t i r r e d  at 

r e f lu x  fo r  4h th e n  p o u re d  onto ice . T h e  cream p re c ip i ta te  was allowed 

to  s ta n d  fo r  2h  th e n  f i l te re d ,  w ashed  th o ro u g h ly  w ith  cold w a te r  an d  

d r ie d  o v e r  p h o s p h o ru s  p e n to x id e  in a vacuum  d e s ic c a to r .  R e c ry s ta l l i s ­

a t ion  from m ethanol y ie lded  fine w hite n eed le s  ( 7 .4 g ,  62%), m .p .  54°C 

( l i t . , 62 5 3 °C ) .

6 H (90 MHz; C D C £3): 3.66 (2H, s ,  CH 2) ,  3.78 (6H, s ,  CH 30 ) ,  and

6.44  ( 3H, m, A rH ) .

V (K B r) 2240 w an d  1610 s cmmax.

M ethyl 2 , 6 -d im e th o x y -4 -m e th y lb en z o a te  ( 68)

M ethyl 2 ,6 -d ih y d ro x y -4 -m e th y lb e n z o a te  (50. Og) in  A nalar  

ace to n e  (600 ml) con ta in ing  d im ethyl s u lp h a te  (60 ml) a n d  a n h y d ro u s  

p o ta ss ium  c a rb o n a te  (115g) was s t i r r e d  a t  r e f lu x  fo r  9h. T h e

re a c t io n  m ix tu re  was w o rk e d -u p  as o u tl ined  fo r  th e  p r e p a ra t io n  of the

e s t e r  (64 ) .  T h e  c ru d e  p r o d u c t  was r e c ry s ta l l i s e d  from m ethanol to 

y ie ld  th e  e s t e r  ( 68) as  co lourless  p la te s  (5 2 .3 g ,  91%), m .p .  86°C 

( l i t . , 102 86°C ) .

6 h  (90 MHz; CD C £3): 2.32 (3H, s ,  A rC H 3) , 3.79 ( 6H, s ,  CH 30 ) ,

3 .88 (3H, s ,  C 0 2CH 3) ,  an d  6.36 (2H, s ,  A rH ) .
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V (K B r) 1735 s ,  1610 s ,  an d  1585 s cm \m ax .

m/z_ 210 (M+) .

3-(  2 ,6 -D im e th o x y -4 -m e th y lp h e n y l) -2 - (  3, 5 -d im e th o x y p h e n y l) -3 -  

o x o p ro p a n e n i t r i le  (6 9 )61

3 , 5-D im ethoxybenzyl cyan ide  (67) (2 .00g )  in d r y  t e t r a h y d r o -  

f u r a n  (40 ml) was ad d ed  o v er  15 min to n -b u ty l  lithium (9 .31  ml, 2.61M 

in  h e x a n e )  in  THF (20 ml) with s t i r r i n g  a t 0°C an d  u n d e r  n i t ro g e n .

T h e  so lu tion  was s t i r r e d  a t 0°C fo r  a f u r th e r  h o u r  an d  th e n  m ethyl 

2 , 6 -d im e th o x y -4 -m e th y lb en z o a te  ( 68) (3 .08g) in  THF (40 ml) was in t r o ­

d u c e d  o v e r  30 min. T he  reac t io n  m ix tu re  was s t i r r e d  an d  h ea te d  a t 

r e f lu x  fo r  S^h. T h e  cooled so lu tion  was ad d ed  d rop  wise o v e r  20 min to 

s a t u r a t e d  aq u eo u s  ammonium ch lo ride  with r a p id  s t i r r i n g .  T he  THF was 

rem o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  th e  r e s u l t in g  aq u eo u s  p h a s e  

e x t r a c t e d  w ith  e th y l  a c e ta te .  T he  com bined o rgan ic  e x t r a c t s  were 

w a sh e d  w ith  b r in e  an d  th e n  d r ie d .  E vapo ra tion  of th e  so lv en t  le ft  a 

b ro w n  gum w hich p ro d u c e d  com pound (69) as white p la te s  upon  c ry s ta l l ­

isa t io n  from a c e to n e /h e p ta n e  and  a f te r  w ashing  with e th e r  (2 .4 1 g ,  60%),

m .p .  165-167°C ( l i t . , 61 164-165°C).

(200 MHz; CDC&,): 2.36 (3H, s ,  A rC H ^ ) , 3.77 ( 6H, s ,  C H ~0),
H -j

3.83  ( 6H, s ,  CH30 ) ,  6.38 (1H, t ,  J  2.3 Hz, H -4 ) ,  6.41 (2H, s ,  H-3' 

a n d  H -51) ,  6 .47 (1H, s ,  CHCN or O H ), and  7.00 (2H, d ,  J  2.3  Hz,

H -2 a n d  H - 6) .

V (K B r) 3250 b r  m, 2210 m, 1635 s ,  1610 s ,  an d  1585 s cm 1.
m a x .

V (C H C iL) 3550 b r  w, 2250 w, 2210 w, 1715 m, an d  1610 s cm .
m ax. 3
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X (MeOH) 246 sh  (e  7,900) a n d  286 nm (21 ,500).m a x .

m /z  355 (M+) an d  179 (C 10H1]LO3).

3 - A c e to x y - 3 - ( 2 , 6 -d im e th o x y -4 -m e th y lp h e n y l ) -2 - (3 , 5 -d im ethoxy-  

p h e n y l ) p r o p - 2-e n e n i t r i le  ( 7 0 ) ^

A so lution of th e  (3- k e to  n i t r i le  (69) (1 .5 0 g )  in  acetic  

a n h y d r id e  (20 ml) con ta in ing  a few c ry s ta l s  of p - to lu e n e su lp h o n ic  acid 

was r e f lu x e d  fo r  2h. T h e  cooled so lu tion  was p o u re d  onto  c ru s h e d  ice ,  

s t i r r e d  fo r  20 min and  th e n  e x t ra c te d  w ith e th y l  a c e ta te .  T h e  combined 

o rg a n ic  e x t r a c t s  w ere w ashed  with b r in e ,  s a tu r a t e d  aqueous  sodium 

b ic a r b o n a te ,  more b r in e ,  th e n  d r ie d  and  e v a p o ra te d  to give a b row n  gum. 

A l ig h t  b ro w n  gum co n s is t in g  of th e  E- an d  Z -isom ers  of th e  s t i lb en e  

(70) was o b ta in e d  by  column c h ro m a to g rap h y  o v e r  silica u s in g  e th e r  as

e lu a n t  (1 .4 0 g ,  83%, E : Z = 1.0 : 1.1 from th e  1H nm r in te g ra t io n  of

th e  ace to x y l r e s o n a n c e s ) .

6 (200 MHz; C D C £ J :  E -isom er,  2.07 (3H, s ,  C H ,C O ),  2.29 (3H, d ,

J  0 .5  Hz, A rC H 3), 3.79 ( 6H, s ,  CH30 ) ,  3.84 ( 6H, s ,  CH 3Q ) ,  6.40

( 2H , d ,  J  0 .5  Hz, H-3' an d  H -5 ') ,  6.45 (1H, t ,  J  2 .3  Hz, H -4 ) ,  an d

6 .77  ( 2H, d ,  J  2 .3  Hz, H-2 an d  H -6); Z -isom er,  2.22 (3H, s ,  CH3C O ),

2 .35 ( 3H, d ,  J  0 .5  Hz, A rC H 3) , 3.57 ( 6H, s ,  CH 30 ) ,  3.58 ( 6H, s ,

CH 30 ) ,  6 .26 ( 2H, d ,  J  0 .5  Hz, H-3' an d  H -5 ') ,  6.29 (1H, t ,  J  2 .3  Hz,

H -4 ) ,  a n d  6.34 (2H, d ,  J  2 .3  Hz, H-2 an d  H -6) .

V (C H C £0) 2940 m, 2210 w, 1750 s ,  an d  1610 s cm 1.
m ax. 3

A (MeOH) 207 (e  44,100) an d  299 nm (10 ,400).
max.

m /z  397 (M+) .
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1 0 -A c e to x y -9 -c y a n o - l ,  5 , 7 - t r im e th o x y -3 -m e th y lp h e n a n th re n e  ( 7 1 ) ^

R ed is t i l led  b e n z e n e  (800 ml) was d e o x y g e n a te d  by  re f lu x in g  

fo r  l h  while a s tream  of n i t ro g e n  was b u b b le d  th r o u g h  th e  so lu tion .

T h e  s t i lb e n e  (70) (1 .4 0 g )  was d isso lved  in d e o x y g e n a te d  b e n z e n e ,  a d d ed  

to  th e  cooled so lu tion  in  th e  p h o to ly s is  f la sk ,  th e n  s t i r r e d  an d  i r r a d ia te d

u n d e r  n i t r o g e n  fo r  20h. T he  so lven t  was e v a p o ra te d  an d  th e  r e s id u e

c ry s ta l l i s e d  from m ethanol. T h e  c ry s ta l s  w ere co llected  and  th e  m other 

l iq u o r s  e v a p o ra te d .  T h is  r e s id u e  was d isso lv ed  in b e n z e n e  an d  

r e - i r r a d i a t e d .  T h is  cycle  was r e p e a te d  twice to f u r n i s h  th e  p h e n a n -  

t h r e n e  (71) as th e  sole p r o d u c t .  R ec ry s ta l l i sa t io n  from ch loroform / 

h e x a n e  gave  p la te s  (1 .0 6 g ,  76%), m .p .  244-245°C ( l i t . , ^  244-245°C).

6 h  (200 MHz; C D C £3): 2.47 (3H, s ,  CH 3C O ), 2.56 (3H, s ,  A rC H 3) ,

3 .95 ( 3H, s ,  CH30 ) ,  3.98 (3H, s ,  CH30 ) ,  4.06 (3H, s ,  C t^ O ) ,  6.76 

(1H, d ,  J  2 .4  Hz, A rH ) ,  6.83 (1H, d ,  J  1.2 Hz, H -2 ) ,  7.18 (1H, d ,

J  2 .4  H z, A rH ) ,  an d  9.05 (1H, m, H -4 ) .

V (CHC&-) 3020 m, 2220 w, 1760 m, 1610 s ,  and  1575 m cmm a x . 3

A (MeOH) 296 (e  54,500) an d  338 nm (34 ,000).m ax.

m/z_ 365 (M ) .

61
9 - C y a n o - 1 0 - h y d r o x y - 1, 5, 7 - t r im e th o x y -3 -m e th y lp h e n a n th re n e  (72)

A so lu tion  of th e  p h e n a n th re n e  (71) ( 0 .6 lg )  in methanol 

(50 ml) a n d  w a te r  (5 ml) con ta in ing  sodium h y d ro x id e  (3g) was h e a te d  

a t  r e f lu x  for 2h. A f te r  cooling, th e  m ix tu re  was p o u re d  in to  iced  w ater  

(100 ml) a n d  acid ified  w ith  c o n c e n tra te d  h y d ro ch lo r ic  ac id . T he  

p r e c ip i ta te  was co l lec ted ,  w ashed  with w a te r  an d  d r ie d  in vacuo  over  

p h o s p h o r u s  p e n to x id e .  R ec ry s ta l l i sa t io n  from m ethanol gave th e
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p h e n a n t h r e n e  (72) as n eed le s  (0 .5 2 g ,  96%), m .p .  192-193°C ( l i t . , 61 

192-193°C ).

SH (200 MHz; C D C £3): 2.53 (3H, s ,  A rC H 3) , 3.95 (3H, s ,  CH 30 ) ,

4 .02  ( 3H, s ,  CH 30 ) ,  4.08 (3H, s ,  CH30 ) ,  6 .57  (1H, d ,  J  2 .5  Hz, A rH ) ,

6 .80  (1H, d ,  J  1.3 Hz, H -2 ) ,  7.06 (1H, d ,  J  2 .5  Hz, A rH ) ,  8.98 (1H, 

m, H -4 ) ,  a n d  10.73 (1H, s ,  O H).

V (K B r) 3300 b r  m, 2210 m, 1610 s ,  and  1580 s cm "1,m ax. ’

A (MeOH) 299 (e  96 ,900), 337 (72 ,800 ) ,  354 (6 1 ,500 ) ,  and  373 nmmax •

(5 5 ,2 0 0 ) .  

m /z  323 (M ) .

1 0 -H y d ro x y -1 ,5 ,  7 - t r im e th o x y -  3 -m e th y lp h e n a n th re n e  ( 73) 61

95R aney  n ickel alloy (4 .50g )  was a d d e d  as a w ate r  s lu r r y  to 

a s u s p e n s io n  of th e  p h e n a n th r e n e  (72) (0 .4 6 g )  in  75% formic acid  

so lu tion  (50 ml) and  th e  m ix tu re  was s t i r r e d  u n d e r  n i t ro g e n  an d  h e a te d  

a t  r e f lu x  fo r  12h. A f u r th e r  p o r t io n  of R aney  n icke l  (4 .50g) was ad d e d  

a n d  h ea t in g  co n t in u ed  fo r  a f u r t h e r  12h. A f te r  cooling , th e  m ix tu re  

was f i l te re d  and  th e  n icke l w ashed  with e th y l  a ce ta te  (150 ml). T h e  

com bined so lu tions  were w ashed  with w ater  (50 m l), s a tu r a t e d  aqueous  

sodium b ic a rb o n a te  (4 x 60 ml) and  w a te r  (50 ml). T he  o rgan ic  

so lu tion  was d r ie d  and  e v a p o ra te d  to g ive a d a rk  b row n  gum. Polar 

m a te r ia l  was rem oved by  p a s s in g  th r o u g h  a s h o r t  column of silica u s ing  

ch loroform  as e lu a n t .  F u r th e r  p u r if ica t io n  by  p r e p a r a t iv e  tic  on silica 

u s in g  chloroform  as e lu an t  gave the  p h e n a n th r e n e  (73) as p la te s  a f te r  

r e c ry s ta l l i s a t io n  from m ethy lene  c h lo r id e /h e x a n e  (0 .1 3 g ,  31%), m .p .

177°C ( l i t . , 61 177-177. 5°C ).



6 h  (90 MHz; C D C £3): 2.44 (3H, s ,  A rC H 3) , 3.81 (3H, s ,  CH 30 ) ,

3 .93  (3H, s ,  CH 30 ) ,  3.95 (3H, s ,  CH sO ) ,  6.46 (1H, d ,  J  2 Hz, A rH ) ,

6 .62  (1H, d ,  J  2 Hz, A rH ) ,  6.70 (1H, s ,  A rH ) ,  6.85 (1H, s ,  A rH ),

9 .00  (1H, s ,  H -4 ) ,  an d  9.58 (1H, s ,  O H ).

V (K B r)  3310 b r  m an d  1610 s  cm \m ax.

m /z  298 (M+) .

M ethyl 2 -m e th o x y -4 -m e th y lb en zo a te  (8 0 )111

4-M ethylsalicylic  acid (30 .0 g )  in A nala r  ace tone (300 ml) 

c o n ta in in g  d im ethyl s u lp h a te  (42 ml) an d  a n h y d ro u s  po tass ium  ca rb o n a te  

(120g) was h e a te d  at r e f lu x  w ith  s t i r r i n g  fo r  8h .  T h e  reac t io n  m ix tu re  

was w o rk e d -u p  as o u tl ined  fo r  th e  p r e p a ra t io n  of th e  e s te r  (64). T he  

go lden  b ro w n  oil th u s  o b ta in ed  was p u r i f i e d  b y  vacuum  d is ti lla tion  to
t

g ive  th e  e s t e r  (80) as a co lourless  l iq u id  ( 3 0 .6g, 86%), b . p .  160°C/

0.01 mm H g.

6 h  (90 MHz; CD C £3): 2.35 (3H, s ,  A rC H 3) , 3.86 (3H, s ,  CH 30 ) ,

3 .88  ( 3H, s ,  CH30 ) ,  6 .78 (2H, m, H-3 a n d  H -5 ) ,  an d  7.71 (1H, d ,

J  8 H z, H - 6) .

V (C H C £ 0) 3020 m, 1715 s ,  an d  1610 s cm 1 .m ax. 3

2-( 3, 5 -D im e th o x y p h e n y l) -3 - (2 -m e th o x y -4 -m e th y lp h e n y l  ) -3 -
6i

o x o p ro p a n e n i t r i le  (81)

3 , 5-D im ethoxybenzy l cyan ide  (67) (2 .00g )  in d ry  t e t r a h y d r o -  

f u r a n  (40 ml) was ad d e d  o v e r  15 min to  n - b u ty l  lithium (9 .31 ml, 2.61M 

in  h e x a n e )  in  THF (20 ml) w ith s t i r r i n g  a t  0°C an d  u n d e r  n i t ro g e n .

T h e  so lu tion  was s t i r r e d  a t  0°C for  a f u r th e r  h o u r  an d  th e n  methyl
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2 -m e th o x y -4 -m e th y lb en zo a te  (80) (2 .64g) in THF (40 ml) was in t ro d u c e d  

o v e r  30 min. T h e  rea c t io n  m ix tu re  was s t i r r e d  and  h e a te d  a t  r e f lu x  

fo r  3£h. T h e  cooled so lu tion  was ad d ed  drop  wise o v e r  20 min to 

s a t u r a t e d  aq u eo u s  ammonium ch lo ride  with r a p id  s t i r r i n g .  T he  THF 

was rem o v e d  in  vacuo  an d  th e  r e s u l t in g  aqueous  p h a s e  e x t r a c te d  with 

e th y l  a c e ta te .  T he  com bined o rg an ic  e x t r a c t s  were w ashed  with b r in e  

a n d  th e n  d r ie d .  E vapora tion  of th e  so lven t le f t  a l ig h t  b row n solid 

w h ich  p r o d u c e d  w hite  p la te s  upon  r e c ry s ta l l i s a t io n  from a c e to n e /h e x a n e  

( 2 . 13g, 58%), m .p .  144-145°C ( l i t . , 61 144-145°C ).

6 h  (90 MHz; CD C £3): 2.37 (3H, s ,  A rC H ^ ) , 3.76 ( 6H, s ,  CH30 ) ,

3.96 (3H, s ,  CH30 ) ,  5.85 (1H, s ,  CH CN), 6 .41 (1H, t ,  J  2 Hz, H -4 ) ,

6 .50  (2H, d ,  J  2 Hz, H-2 and  H - 6) ,  6.82 (2H, m, H-3' and  H -5 ') ,  an d

7.60  (1H, d ,  J  8 H z, H -6' ) .

V (K B r)  2240 w, 1680 s ,  an d  1610 s cm 1 .m ax.

m /z  325 (M+) .

2-(  2 -B rom o-3 , 5 -d im e th o x y p h e n y l) -3 -  ( 2 -m e th o x y -4 -m e th y lp h e n y l) -

3 -o x o p ro p a n e n i tr i le  (82)

R e c ry s ta l l i s e d  N -brom osuccin im ide (1 .10g )  was ad d ed  in  small 

p o r t io n s  o v e r  l^ h  to a re f lu x in g  solution of th e  $ -ke to  n i t r i le  (81) 

(2 .0 1 g )  in  ca rb o n  te t r a c h lo r id e  (75 ml) with s t i r r i n g .  A fte r  a f u r th e r  

l ^ h  th e  h o t  solution was f i l te re d  and  th e  f i l t r a te  w ashed  w ith w ate r .  

D ry in g  a n d  e v ap o ra tio n  of th e  o rg an ic  p h ase  a f fo rd e d  a yellow gum 

w hich c ry s ta l l i s e d  on ad d in g  e th e r .  R ec ry s ta l l i sa t io n  from m ethy lene 

c h lo r id e /h e x a n e  gave  th e  d e s i r e d  bromo com pound (82) (1 .6 2 g ,  73%), 

m .p .  140-141°C.
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6 h  (90 MHz; CD C £3): 2.39 (3H, s ,  A rC H 3) , 3.79 (3H, s ,  CH30 ) ,

3 .87 ( 3H, s ,  CH 30 ) ,  3.96 (3H, s ,  CH30 ) ,  6.33 (1H, s ,  CH CN ), 6.48 

(1H , d ,  J  3 Hz, A rH ) ,  6.65 (1H, d ,  J  3 Hz, A rH ) ,  6 .83  (2H, m, H-3'

a n d  H - 5 ') ,  a n d  7.71 (1H, d ,  J  8 Hz, H -6' ) .

v (K B r)  2250 w, 1670 s ,  1610 s ,  a n d  1580 s cm m ax.

m/z_ 405, 403 (M+) an d  324 (M+- B r ) .

F o u n d :  C , 56.40; H, 4.51; N , 3.37; B r ,  19.79. C 19H lg B r N 0 4

r e q u i r e s  C, 56,45; H, 4 .49; N, 3.46; B r ,  19.76%.

3-A c e to x y -  2- ( 2-brom o- 3, 5 -d im e th o x y p h e n y l) -3 -  ( 2 -m e th o x y -4- 

m e th y lp h e n y l )p ro p -2 -e n e n i t r i le  (83)

A so lu tion  of th e  $ -k e to  n i t r i le  (82) (1 .58g )  in  acetic  a n h y d r id e  

(40 ml) co n ta in in g  a few c ry s ta l s  of p - to lu e n e s u lp h o n ic  acid was h e a te d  

a t  r e f lu x  fo r  2h. T h e  re a c t io n  m ix tu re  was w o rk e d -u p  as o u tl ined  fo r  

th e  p r e p a r a t io n  of th e  enol a ce ta te  (70) to g ive  a b row n  gum. 

C h ro m a to g ra p h y  o v e r  silica u s in g  30:70 e th y l  a c e ta t e :h e x a n e  as e lu an t  

a f fo rd e d  a m ix tu re  of E- an d  Z -isom ers  of th e  s t i lb en e  (83) as a yellow 

gum (1 .7 0 g ,  98%, E : Z = 1.0 : 1 .3  from th e  ^H nm r in te g ra t io n  of th e  

H - 6' d o u b le t s ) .  Most of th e  E -isom er could be  s e p a ra te d  b y  add ing  

e t h e r / h e x a n e .  White p la te s  w ere  o b ta in ed  upon  r e c ry s ta l l i s a t io n  from 

a c e to n e / h e x a n e , m .p .  162-163°C.

E -isom er

6 h  (200 MHz; CDC&3): 1.95 (3H, s ,  CH3C O ), 2.39 (3H, s ,  A rC H 3) ,

3.80 (3H, s ,  CH30 ) ,  3.88 (3H, s ,  CH30 ) ,  3.89 (3H, s ,  CH30 ) ,  6.50 

(1H, d ,  J  2 .7  H z, A rH ) ,  6.56 (1H, d ,  J  2 .7  Hz, A rH ) ,  6 .79  (1H, s ,  

H - 3 ') ,  6 .85 (1H, d q ,  J  0 .7  an d  7 .8  Hz, H -51) ,  an d  7.53 (1H, d ,  J  7 .8  

Hz, H - 6' ) .
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^max (CHC&g) 3020 m, 2210 w, 1770 s ,  1610 s ,  a n d  1585 s cm 

X (EtOH) 204 (e  45 ,800),  232 (15 ,300 ) ,  283 (1 0 ,800 ) ,  a n d  303 nmm a x  •

(1 0 ,8 0 0 ) .

m/z^ 447, 445 (M+) a n d  405, 403 (M+- k e t e n e ) .

F o u n d :  C , 56.54; H, 4.50; N, 3.00; B r ,  18.30. C 21H2QB r N 0 5

r e q u i r e s  C , 56.52; H, 4.52; N, 3.14; B r ,  17.90%.

Z-isom er + 21% E -isom er (yellow gum)

(200 MHz; CDC£~): Z-isom er, 2.25 (3H, s ,  A r C H j ,  2.28 (3H, s ,  ri 5  — — 5

C H 3C O ),  3.56 ( 3H, s ,  CH 30 ) ,  3.63 (3H, s ,  C H 30 ) ,  3.82 (3H, s ,

C H 30 ) ,  6 .21 (1H, d ,  J  2 .7  Hz, A rH ) ,  6.36 (1H, d ,  J  2 .7  Hz, A rH ) ,

6 .57  ( 2H, m, H-3' an d  H -5 ') ,  a n d  7.02 (1H, d ,  J  7 .7  Hz, H -6' ) .

V (CHC£~) 3020 m, 2220 w, 1770 s ,  1610 s ,  an d  1585 s cmm ax. 3

X (EtOH) 204 (e  32 ,400), 232 (1 2 ,3 0 0 ) ,  an d  299 nm (8 ,1 0 0 ) .m a x .
F o u n d :  M + , 447.0518 a n d  445.0545. C ^ H ^ B r N O ^  r e q u i r e s  M+, 

447.0505 a n d  445.0525.

P h o to c h e m is try  of the  2-b rom osti lbene  (83)

(a) h v / N 2 /^ -B u O K /^ -B u O H /C 6H6

A m ix tu re  of the  2 -b rom osti lbene  (83) (0 .51g )  an d  po tass ium  

t e r t - b u to x id e  (0 .54g )  in d ry  b en ze n e  (250 ml) an d  t e r t -b u ta n o l  (150 

ml) was p u r g e d  with n i t ro g e n  for l^ h .  T h e  so lution  was s t i r r e d  and  

i r r a d i a t e d  u n d e r  n i t ro g e n  for 17^h, th e n  c o n c e n t ra te d  to  d r y n e s s  u n d e r  

r e d u c e d  p r e s s u r e  to g ive  a b row n  r e s id u e .  Chloroform was a d d e d ,  

th e  r e s u l t a n t  m ix tu re  f i l te re d  to rem ove th e  in so lu b le  m ateria l an d  th e  

f i l t r a te  e v a p o ra te d  to g ive a b row n  gum (0 .3 7 g ) .  Po lar  m ateria l was 

rem oved  b y  p a s s in g  th r o u g h  a s h o r t  column of silica u s in g  40:60
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c h lo ro fo rm : h e x a n e  as  e lu a n t .  E vapo ra tion  of th e  com bined f rac t io n s  

g av e  a l ig h t  b row n  r e s id u e  (0 .3 3 g ) .  T h is  was p u r i f i e d  b y  p r e p a r a t iv e  

tic  on silica  u s in g  two developm ents  in chloroform to g ive two main 

p r o d u c t s ,  nam ely  th e  3_ke to  n i t r i le  (82) ( 0 . 12g ,  26%) an d  th e  dimer 

(91) (0 .2 0 g ,  27%), m .p .  171-173°C (from ch lo ro fo rm /h e x a n e ) .

Dimer (91)

6 (200 MHz; CDC&3): 2.41 ( 6H, s ,  2 x  A rC H 3) , 3.86 ( 6H, s ,  2 x

CH30 ) ,  3 .97 ( 6H, s ,  2 x  CH30 ) ,  3.98 ( 6H, s ,  2 x  CH 30 ) ,  6 .47 (2H, d , 

J  2 .2  Hz, 2 x  A rH ) ,  6 .70 (2H, d ,  J  2 .2  Hz, 2 x  A rH ) ,  6.83 (2H, s ,

2 x  A rH ) ,  6.86 (2H, d q ,  J  0.7  a n d  7 .9  Hz, 2 x  A rH ) ,  an d  7.74 (2H, 

d ,  J  7 .9  Hz, 2 x  A r H ) .

6 C (55 MHz; C D C £3): 21.93 (A rC H 3) , 54.52 (CH3<D), 55.93 (CH 30 ) ,

56.12  ( C H , 0 ) ,  91.70 ( +C q ) ,  92.52 (C H ),  98.57 (C H ),  112.06 (C H ), 

114.24 ( C q ) ,  114.52 (C q ) ,  121.48 (C H ),  129.37 (C H ),  129.72 (C q ) ,  

137.63 ( C q ) ,  143.30 (C q ) ,  145.54 (C q ) ,  157.14 ( C q ) ,  157.93 (C q ) ,  

a n d  158.93 (C q ) .
•j*

a q u a t e r n a r y  c a rb o n  atom

V (K B r) 2220 m, 1630 m, an d  1610 s cmm a x .

m /z 323 ( i  M+) .

F o u n d : C , 70.46; H, 5 .42; N, 4 .47. C 38H34N 2 °8  r e q u i r e s  C, 70.58;

H, 5 .30; N, 4.33%.

(b) h v / N 2 /E t3N /C H 3CN

A solution of th e  2-b ro m o s ti lb en e  (83) (0 .6 3 g )  in ace to n itr i le  

(350 ml) was d e o x y g e n a te d  b y  r e f lu x in g  fo r  l£ h  while n i t ro g e n  gas was 

b u b b le d  th r o u g h  th e  so lu tion . R ed is t i l led  t r ie th y lam in e  (1 .3  ml) was 

a d d e d  v ia  s y r in g e  to th e  cooled so lu tion  an d  th e n  th e  so lu tion  was
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s t i r r e d  a n d  i r r a d i a te d  u n d e r  n i t ro g e n  for 20h. T he  reac t io n  m ix tu re  

was e v a p o ra te d  to d ry n e s s  by  hea t in g  at 60°C in vacuo  a n d  th e  d a rk  

b ro w n  r e s id u e  d is so lv ed  in chloroform and  w ashed  w ith  5% h y d ro ch lo r ic  

ac id  followed by  b r in e .  D ry in g  an d  evapo ra tion  y ie ld ed  a d a r k  b row n 

sem i-so lid  mass (0 .5 9 g ) .  T he  nm r sp ec tru m  of th is  s u g g e s te d  the  

p r e s e n c e  of s t a r t in g  m ateria l,  th e  $-keto  n i t r i le  (82) an d  a p h e n a n ­

th r e n e  ty p e  com pound. A ddition of m ethanol c au sed  c ry s ta l l is a t io n  of 

a fawn co lo u red  solid which was id en tif ied  as th e  p h e n a n th r e n e  (72)

( 0 . 0 4 g , 9%).

(c) h v / N 2/C 6H 6

D ry  b en ze n e  (140 ml) was d eo x y g e n a te d  b y  h e a t in g  a t  r e f lu x  

fo r  ^h while n i t ro g e n  gas was b u b b le d  th ro u g h  th e  so lu tion . A 

so lu tion  of th e  2 -brom ostilbene (83) (160 mg) in b en ze n e  (10 ml) was 

p u r g e d  w ith  n i t ro g e n  for and  th e n  t r a n s f e r r e d  via s y r in g e  to the  

cooled so lu tion  in  th e  pho to ly s is  f la sk .  T he  so lution was i r r a d ia te d  

u n d e r  n i t r o g e n  fo r  l 6h .  E vapora tion  of th e  so lv en t  le f t  a d a rk  b row n 

sem i-so lid  mass w hich was shown by  tic  and  90 MHz nm r to  be  a 

m ix tu re  of s e v e ra l  com pounds. T he  nm r sp ec tru m  s u g g e s te d  th a t  four 

p h e n a n t h r e n e s  w ere  p r e s e n t  in th e  ra t io  of 1 : 2 .5  : 2 : 2 from th e  

in te g ra t io n  of th e  s in g le ts  a t  6 9 .24, 9 .05, 8.90 an d  8.68 ppm re s p e c t iv e ly .  

P r e p a r a t iv e  tic  of th is  r e s id u e  on silica u s in g  m ethy lene ch lo ride  as 

e lu a n t  gave  t h r e e  major b a n d s .  E x trac t io n  of th e  le a s t  p o la r  b a n d  with 

ch loroform  gave  th e  p h e n a n th re n e  ( 110) a f te r  c ry s ta l l is a t io n  from 

m ethano l.  R e c ry s ta l l i sa t io n  from m ethy lene c h lo r id e /h e x a n e  gave  fine 

w hite  n e e d le s  (13 mg, 11%), m .p .  200-202°C. E x tra c t io n  of th e  most 

p o la r  b a n d  w ith  chloroform  gave th e  p h e n a n th re n e  ( 112) a f te r  c ry s ta l l ­



i s a t io n  from m ethano l.  R ec ry s ta l l i sa t io n  from m ethylene c h lo r id e /h e x a n e  

gave  yellow n e e d le s  (28 mg, 18%), m .p .  258-260°C. T h e  rem ain ing  b an d  

was f u r t h e r  p u r i f i e d  by  p r e p a r a t iv e  tic  on silica u s in g  20:80 e th y l  

a c e ta t e :b e n z e n e  as e lu a n t .  T h is  y ie lded  the  p h e n a n th r e n e  (71) which 

was r e c r y s t a l l i s e d  from m ethy lene  c h lo r id e /h e x a n e  to  g ive w hite  n eed les  

(27 m g, 21%), m .p .  244-245°C ( l i t . , ^  244-245°C). I t  also y ie ld ed  th e  

p h e n a n t h r e n e  ( 111) w hich was r e c ry s ta l l i s e d  from m ethy lene  ch lo r id e /  

h e x a n e  to  g ive  yellow n eed les  (35 mg, 24%), m .p .  197-198°C.

1 0 -A c e to x y -9 -c y a n o - l ,  5 , 7 - t r im e th o x y -3 -m e th y lp h e n a n th re n e  ( 7 1 ) ^

T h e  200 MHz n m r ,  i r ,  uv  an d  ms da ta  fo r  th i s  com pound a re  given 

on p . 194.

9 -A c e to x y -1 0 -c y a n o -2 ,  4 -d im e th o x y -6 -m e th y lp h e n a n th re n e  (110)

6 h  (200 MHz; CDC&3): 2.58 (3H, s ,  CH 3C O ), 2.60 (3H, s ,  A rC H 3) ,

3 .99  (3H, s ,  CH sO ) ,  4.10 (3H, s ,  CH30 ) ,  6 .81 (1H, d ,  J  2 .4  Hz,

A rH ) ,  7.24 (1H, d ,  J  2 .4  Hz, A rH ) ,  7.42 (1H, d d ,  J  1 .2  a n d  8.4 Hz,

H - 7 ) , 7.82 (1H, d ,  J  8 .4  Hz, H - 8) ,  an d  9.39 (1H, m, H -5 ) .

V (C H C £ 0) 3030 m, 2220 m, 1775 s ,  an d  1610 s cmm ax. 3

A (MeOH) 206 (e  23 ,700), 244 (32 ,700 ) ,  266 (33 ,700 ) ,  290 (31 ,400),max.

316 (9 ,0 0 0 ) ,  a n d  330 nm (8 ,4 0 0 ) .  

m /z 335 (M+) a n d  293 (M+- k e te n e ) .

F o u n d :  C , 71.88; H, 5 .11; N, 3 .95 . C ^ H ^ N O ^  r e q u i r e s  C , 71.63;

H, 5 .11; N, 4.18%.

9 -A c e to x y - l -b ro m o -1 0 -c y a n o -2 ,4 -d im e th o x y -6 -m e th y lp h e n a n th re n e  ( 111)

6 H (200 MHz; CD C Z ? ) :  2 .59 ( 6H, s ,  CH 3CO a n d  A rC H 3) , 4 .03 (3H, 

s ,  CH 30 ) ,  4 .12  ( 3H, s ,  CH 30 ) ,  6.86  (1H, s ,  H -3 ) ,  7.43 (1H, d d ,  J  1.6 

a n d  8 .4  H z, H -7 ) ,  7.82 (1H, d ,  J  8 .4  Hz, H - 8) ,  and  9.29 (1H, m, H -5 ) .



203

^m ax (CHC£^) 3020 m, 2220 w, 1780 s ,  an d  1600 s cm

Xm ax. (M e0H ) 206 ( £ 23 ,100), 242 (30 ,000) ,  260 (23 ,700 ) ,  296 (34 ,800 ) ,

328 (4 ,5 0 0 ) ,  a n d  342 nm (3 ,3 0 0 ) .

m/z^ 415, 413 (M ) a n d  373, 371 (M+- k e te n e ) .

F o u n d :  C , 57.92; H, 3.88; N, 3.33; B r ,  19.39. C 20H 16BrNC>4

r e q u i r e s  C , 57.99; H, 3.89; N , 3.38; B r ,  19.29%.

9 -A c e to x y -  1-brom o- 1 0 -cy an o -2 ,4 ,  8- t r im e th o x y - 6-m e th y l-  

p h e n a n t h r e n e  ( 112)

6 h  (200 MHz; C D C ^ ) :  2.47 (3H, s ,  CH3C O ), 2.53 (3H, s ,  A rC H 3) ,

3 .94  ( 3H, s ,  CH sO ) ,  4.00 (3H, s ,  CH30 ) ,  4.05 (3H, s ,  CH30 ) ,  6 .79

(1H , s ,  H -3 ) ,  6 .82 (1H, d ,  J  1.2  Hz, H -7 ) ,  a n d  8.86 (1H, m, H -5 ) .

V (C H C £ q) 3020 m, 2220 w, 1765 m, and  1595 s cmm ax. 3

A (MeOH) 260 (e 79,500), 310 (77,100), an d  358 nm (33 ,900 ) .
n i c i x »

m /z 445, 443 (M+) .

F o u n d :  C , 56.79; H, 4.07; N , 3.18; B r ,  18.10. C 2] H 18B r N 0 5

r e q u i r e s  C , 56.77; H, 4.08; N, 3.15; B r ,  17.98%.

( E ) -  2- ( 3, 5 -D im ethoxypheny l)  -  3 -m ethoxy- 3- ( 2 -m ethoxy- 4-
. . _

m e th y lp h e n y l )p ro p -2 -e n e n i t r i le  (103)

T h e  (3-keto n i t r i le  (81) (0 .30g )  was d isso lved  in tr im e th y l 

o r th o fo rm a te  (5 ml) an d  the  so lu tion  d is ti l led  via a s h o r t  f rac t io n a t in g  

column u n ti l  th e  t e m p e ra tu re  of th e  d is ti l la te  ro se  to 90°C. T h e  reac t io n  

m ix tu re  was s t i r r e d  at r e f lu x  fo r  lh  and  th e n  c o n c e n t ra te d  to d ry n e s s  

u n d e r  r e d u c e d  p r e s s u r e .  T he  r e s u l t in g  r e d  gum was c ry s ta l l i s e d  from 

m ethano l,  f i l te r e d  an d  w ashed  w ith  a li t t le  m ethanol to a f fo rd  white 

p la te s  ( 0 . 28g, 90%), m .p .  145-146 °C ( l i t . ,  146°C).



204

6 r  (90 MHz; C D C J^ ) :  2.40 (3H, s ,  A rC H 3) , 3.67 (3H, s ,  CH30 ) ,

3 .87  ( 6H, s ,  CH 30 ) ,  3.92 (3H, s ,  CH30 ) ,  6.40 (1H, s ,  H -4 ) ,  6.47 

(1H , d ,  J  2 H z, A rH ) ,  6 .67  (1H, d ,  J  2 Hz, A rH ) ,  6.86 (2H, m, H-3' 

a n d  H - 5 ') ,  a n d  7.37 (1H, d ,  J  8 Hz, H -6' ) .

V (K B r) 2205 m, 1610 s ,  an d  1585 s cm ^ .m ax.

2- ( 2 , 6-D ib rom o- 3 ,5 -  d im e th o x y p h e n y l) -  3- ( 2 -m ethoxy- 4-m ethylp h e n y l ) -

3 -o x o p ro p a n e n i t r i le  (134)

A so lu tion  of brom ine (0 .63  ml) in ace tic  acid  (100 ml) was 

a d d e d  o v e r  3h  to  a so lu tion  of th e  3- ke to  n it r i le  (81) ( 2 . 00g) in acetic  

ac id  (80 ml) w ith s t i r r i n g  an d  h e a t in g .  (T he  te m p e ra tu re  of th e  acetic  

ac id  so lu tion  was 7 0 -8 0 °C ) . A f te r  a f u r th e r  4h, th e  cooled solution 

was f i l t e r e d  a n d  th e  w hite  solid w ashed  th o ro u g h ly  with cold w a te r .  I t  

was th e n  d r ie d  o v e r  p h o s p h o ru s  p en to x id e  in a vacuum  des icca to r  to 

g iv e  th e  d e s i r e d  dibromo com pound (134) as white p la te s ,  m .p .  268-269°C 

( 2 . 1 5 g ) . A f u r t h e r  q u a n t i ty  (0 .15g )  of compound (134) was o b ta ined  

b y  k e e p in g  th e  f i l t r a te  in th e  f r id g e  for a few days  (m .p .  266-270°C, 

to ta l  y ie ld  77%) . Owing to a lack  of so lub ility  in all common so lven ts  

( e x c e p t  d im ethy l su lphox ide  an d  te t r a h y d r o f u r a n )  com pound (134), shown 

b y  nm r to  be  su ff ic ie n tly  c lean , was u se d  in th e  n e x t  s tep  w ithout 

p u r i f i c a t i o n .

6 ^  (90 MHz; d ^ -d m s o ) : 2.37 (3H, s ,  A rC H 3) , 3.84 (3H, s ,  CH30 ) ,

3 .94 ( 6H, s ,  CH30 ) ,  6.95 (3H, m, A rH ),  and  7.38 (1H, d , J  8 Hz, H -6')

V (K B r) 3250 b r  m, 2210 m, 1640 m, 1610 m, and  1570 s cm 1 . 
m ax.

A (TH F) 258 (e  9,100) an d  290 nm (9 ,600 ) .
m a x .

m /z  485, 483, 481 (M+) a n d  404, 402 (M+- B r ) .
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3 -A c e to x y -2 -  ( 2 , 6-d ib ro m o -  3, 5 -d im ethoxypheny l)  -  3- ( 2 -m ethoxy-

4 -m e th y lp h e n y l )p ro p -2 -e n e n i t r i le  (135)

An ace tic  a n h y d r id e  solution (10 ml) of the  dibromo d e r iv a t iv e  

(134) (0 .7 4 g )  was r e f lu x e d  for 8h .  T he  hot so lution was f i l te re d  and  

allowed to  s ta n d  o v e rn ig h t  w hereupon  th e  E-isom er c ry s ta l l i s e d  o u t .  

R e c ry s ta l l i s a t io n  from ch lo ro fo rm /hexane  a ffo rd ed  white p la te s  (0 .4 8 g ,  

59%), m .p .  239-241°C. T he  solution was c o n c e n tra te d  to d ry n e s s  by  

rem o v in g  th e  ace tic  a n h y d r id e  as an azeo trope  with to lu en e .  T h e  

rem a in in g  w hite  solid was r e c ry s ta l l i s e d  from c h lo ro fo rm /h ex an e  to y ie ld  

th e  Z -isom er as w hite p la te s  (0 .2 1 g ,  26%), m .p .  221-223°C.

E -isom er

6 H (200 MHz; CDC&3): 1.95 (3H, s ,  CH3C O ), 2.39 (3H, s ,  A rC H 3) ,

3 .90  ( 3H, s ,  CH30 ) ,  3.94 ( 6H, s ,  CH30 ) ,  6 .56 (1H, s ,  H -4 ) ,  6.78 

(1H, s ,  H - 3 ') ,  6 .87 (1H, d q ,  J  0 .7  and  7 .8  Hz, H -5 ') ,  a n d  7 .59 (1H, 

d ,  J  7 .8  Hz, H - 6' ) .

V (K B r) 2220 m, 1775 s ,  1625 s ,  1610 s ,  an d  1570 s cm 1 .
m a x .

X  (C H nCJU) 242 (e  16,100), 279 (15 ,100),  and  304 nm (14 ,000).
m a x . 2 2

m /z  525 (M ) an d  482, 480 (M -C H 3CO).

F o u n d :  C, 48.11; H, 3.69; N , 2.55; B r ,  30.46. C 21H19B r 2N 0 5

r e q u i r e s  C , 48.03; H, 3.65; N, 2.67; B r ,  30.43-6.

Z -isom er

6 H (200 MHz; CDC&3): 2.24 (3H, s ,  A rC H 3) ,  2.29 (3H, s ,  CH3CO)

3.74 (3H, s ,  CH30 ) ,  3.87 ( 6H, s ,  CHsO ) ,  6.46 (1H, s ,  H 4 ) ,  6.50 

(1H, d q ,  J  0 .7  an d  7 .8  Hz, H -5 ') ,  6.59 (1H, s ,  H -3 ') ,  an d  7.00 (1H,

d ,  J  7 .8  H z, H - 6' ) .

V (K B r) 2210 m, 1780 s ,  1610 s ,  an d  1570 s cm 1 .
m a x .
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\ n a x  241 (e  10 ,500), 282 (8,900), a n d  306 nm (9 ,5 0 0 ) .

r n l z _  525, 523 (M+) a n d  482, 480 (M ^C H ^C O ).

2- ( 2 - Io d o -  3, 5 -d im e th o x y p h en y l) -3 -  ( 2-m ethoxy- 4 -m e th y lp h e n y l) -

3 -o x o p ro p a n e n i t r i le  (138)

N -Iodosuccin im ide (0 .85g) was ad d ed  in small p o r t io n s  over

l^ h  to a so lu tion  of th e  3“keto  n i t r i le  (81) ( 1 . 21g) in chloroform  (60 ml)

a t  room te m p e ra tu r e .  T he  solution was s t i r r e d  for a f u r t h e r  9h a n d

th e n  w ash ed  w ith w ate r  and  d r ie d .  Removal of th e  so lv en t  y ie lded  an

am ber  gum w hich c ry s ta l l i s e d  on add ing  e th e r .  R ec ry s ta l l i sa t io n  from

c h lo ro fo rm /h e x a n e  gave w hite p la te s  (0 .9 9 g ,  84%), m .p .  153-155°C.

(90 MHz; C D C J^):  2.39 (3H, s ,  A rC H 3) , 3.80 (3H, s ,  CH 30 ) ,

3 .86 (3H , s ,  CH30 ) ,  3.97 (3H, s ,  CH30 ) ,  6 .34  (1H, s ,  CHCN), 6.42

(1H, d ,  J  2 Hz, A rH ) ,  6.68 (1H, d ,  J  2 Hz, A rH ) ,  6 .84  (2H, m, H-3'

a n d  H - 5 ') ,  an d  7.72 (1H, d ,  J  8 Hz, H -6' ) .

V (K B r) 2240 w, 1680 s ,  1610 s ,  a n d  1585 s cmm ax.

A (EtOH) 280 nm (e  3 ,400).max.

m l z 451 (M ) .

F o u n d :  C , 50.54; H, 4.06; N, 3.10; I ,  28.48. C -^H -^IN C ^ r e q u i r e s

C , 50.57; H, 4 .02; N, 3.10; I ,  28.12%.

P h o to ly s is  of th e  2-iodo 3~keto n i t r i le  (138)

A d e a e re a te d  ace to n it r i le  solution (360 ml) of the  3“keto

n i t r i le  (138) (0 .5 1 g )  and  iodine (0 .60g) was s t i r r e d  an d  i r r a d ia te d  for

22h. T h e  so lv en t  was e v a p o ra te d  off an d  th e  r e s id u e  d isso lv ed  in 

e th y l  a c e ta te  a n d  th e n  w ashed  with 10% sodium th io su lp h a te  so lu tion . 

D ry in g  a n d  ev ap o ra tio n  gave a b ro w n /b la c k  oil w hich was shown b y  tic



207

a n d  nm r to  b e  a complex m ix tu re  of com ponents which could  n o t  be  

r e s o lv e d  b y  ch ro m a to g ra p h y .  T he  90 MHz nm r sp ec tru m  con ta ined  

a s in g le t  a t  6 8.90 ppm w hich p ro b a b ly  c o r re s p o n d e d  to H-4 of the  

p h e n a n t h r e n e  (72 ) .

3 -A c e to x y -  2- ( 2-iodo- 3, 5 -d im e th o x y p h en y l) -3 -  ( 2 -m e th o x y -4 -m e th y l-  

p h e n y l )p r o p - 2 - e n e n i t r i l e  (139)

A so lu tion  of th e  $ -ke to  n it r i le  (138) (0 .46g )  in ace tic  

a n h y d r id e  (10 ml) con ta in ing  a few c ry s ta l s  of ja -to luenesu lphon ic  acid 

was h e a te d  a t  r e f lu x  for 2h. T h e  reac t io n  m ix tu re  was w o rk e d -u p  as 

o u t l in e d  fo r  th e  p re p a ra t io n  of th e  s ti lbene  (70) to g ive  a d a rk  brow n 

gum . S ilica gel column ch ro m a to g rap h y  u s in g  30:70 e th y l  ace ta te :  

h e x a n e  as e lu a n t  a f fo rd ed  a yellow gum which was shown b y  ^H nm r to 

c o n s is t  mainly of th e  E- and  Z^-stilbenes (139) (0 .3 1 g ,  62%, E : = 1.0 :

1 .0  from th e  ^H nm r in te g ra t io n  of th e  H -61 d o u b le ts ) .  F u r th e r  

p u r i f i c a t io n  b y  p r e p a r a t iv e  tic on silica u s in g  s ev e ra l  developm ents  in 

40:60 h e x a n e :  chloroform p ro v id e d  a p u r e  sam ple. T h e  *H nm r spec trum  

of th e  E - an d  Z -2 -iodos t i lbenes  (139) was a s s ig n e d  by  com parison with 

th e  s p e c t r a  of th e  E - and  Z-isom ers of th e  2-brom osti lbene  (83).

E : Z = 1 .0  : 2.1

6 tt (200 MHz; CDCJU): E - i s o m e r ,  1.92 (3H, s ,  C H ,C O ),  2.38 (3H, s ,
H j — J

A rC H 3) ,  3.80 (3H, s ,  CH30 ) ,  3.87 (3H, s ,  CH30 ) ,  3.90 (3H, s ,  CH30 ) ,  

6.42 (1H, d ,  J  2.6  Hz, A rH ) ,  6 .58  (1H, d ,  J  2 .6  Hz, A rH ) ,  6.78 (1H, 

s ,  H - 3 ') ,  6 .86 (1H, d q ,  J  0 .7  a n d  7.8 Hz, H -5 ') ,  an d  7.56 (1H, d ,  J

7 .8  Hz, H - 61); Z -isom er, 2.25 (3H, s ,  A rC H 3) ,  2.28 (3H, s ,  CH 3C O ),

3 .58 ( 3H, s ,  CH 30 ) ,  3.66 (3H, s ,  CH 30 ) ,  3.81 (3H, s ,  CH30 ) ,  6 .27



(2H, m, H -4  a n d  H -6 ) ,  6 .58  (2H, m, H-3' an d  H -5 ') ,  a n d  7 .04 (1H, d ,

J  7 .9  Hz, H - 6' ) .

Vm a x . (CHC&3) 3000 m, 2200 w, 1760 s ,  1600 s ,  an d  1575 s cm 

\ n a x  (MeOH) 203 (e  32,000) a n d  283 nm (7 ,4 0 0 ) .

F o u n d :  M + , 493.0369. c 2i H20IN O 5 recl llires M+> 493.0385.

P h o to ly s is  of th e  2 -iodostilbene  (139)

A so lu tion  of th e  2 -iodostilbene  (139) (0 .20g )  in  re d is t i l le d

b e n z e n e  (150 ml) was r e f lu x e d  fo r  30 min u n d e r  n i t ro g e n  a n d  th e n

cooled . T h e  so lu tion  was s t i r r e d  an d  i r r a d ia te d  while a slow flow of

n i t r o g e n  was b u b b le d  th ro u g h  th e  so lu tion . A f te r  14h th e  d a r k  b row n

so lu tio n  was w ashed  with 20% aq u eo u s  sodium th io su lp h a te  followed by  

b r in e  a n d  th e n  d r ie d .  Removal of the  so lv en t  le f t  a d a r k  b row n  r e s id u e  

w hich  was p u r i f i e d  b y  column c h ro m a to g rap h y  o v er  silica u s in g  20: 80 

e th y l  a c e ta t e :h e x a n e  as e lu an t  to a f fo rd  th e  p h e n a n th r e n e s  (71) an d  

(110) in 50% a n d  15% y ie ld s  re s p e c t iv e ly .  T he  s p e c t r a l  c h a ra c te r i s t ic s  

of th e s e  com pounds  a re  r e c o rd e d  on p a g e s  194 and  202.

2- ( 2 , 6 -D iio d o -3 , 5 -d im ethoxypheny l)  -  3- ( 2 -m e th o x y -4 -m e th y l-  

p h e n y l ) -3 -o x o p ro p a n e n i t r i l e  (152)

N -Iodosuccin im ide (1 .38g )  was ad d e d  in small p o r t io n s  to th e  

B~keto n i t r i le  (81) (l.OOg) in chloroform  (50 ml) o v e r  a p e r io d  of 2h.

T h e  r e a c t io n  m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  o v e r n ig h t .  Most 

of th e  d e s i r e d  diiodo com pound (152) p r e c ip i ta te d  ou t d u r in g  th e  

r e a c t io n .  I t  was co llec ted  b y  f i l t r a t io n ,  w ashed  with e th e r  a n d  d r ie d  

( 0 .5 4 g ) .  T h e  f i l t r a te  was w ashed  with w a te r ,  d r ie d  an d  e v a p o ra te d  to
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give an o r a n g e /b ro w n  foam which a f fo rd e d  a f u r th e r  q u a n t i ty  of (152)

( 0 . 24g) u p o n  c ry s ta l l i s a t io n  from ch lo ro fo rm /hexane  ( to ta l w eigh t 0 .78g , 

y ie ld  44%) . Owing to a lack  of so lubility  in all common so lv en ts  (e x c e p t  

d im ethy l s u lp h o x id e  a n d  te t r a h y d r o f u r a n )  compound (152), shown b y  nm r 

to  b e  su f f ic ie n t ly  c lean ,  was u se d  in the  n e x t  s tep  w ithout p u r if ic a t io n .

A sample fo r  m icroanalysis  (w hite p la te s ,  m .p .  228-229°C [d eco m p .] )  was 

o b ta in e d  b y  re c ry s ta l l i s a t io n  from a v e ry  dilute so lution of ace tone 

c o n ta in in g  a small am ount of hexane .

6 h  (200 MHz; d 6- d m s o ) :  2.37 (3H, s ,  A rC H 3) , 3.82 (3H, s ,  CH 30 ) ,

3 .90  ( 6H, s ,  CH30 ) ,  6 .67 (1H, s ,  H -4 ) ,  6.90 (1H, d , J  7.6 Hz, H -5 ') ,  

6 .98  (1H, s ,  H -3 ') ,  7.44 (1H, d ,  J 7.6 Hz, H -6' ) ,  a n d  10.00 ( l H . b r  s ,  

O H ).

V (K B r)  3210 b r  s ,  2205 s ,  1630 s ,  1610 s ,  an d  1560 s cmm a x .

X (T H F) 294 nm (e  3 ,300). m a x .

m /z 577 (M+) , 450 (M+- I ) , and  323 (M+- 2 I ) .

F o u n d :  C , 39.54; H, 2.91; N, 2.35; I ,  44 .27. C 19H17I 2NC>4 r e q u i r e s

C , 39.54; H, 2.97; N, 2.43; I ,  43.98%.

P h o to ly s is  of th e  2 , 6-d iiodo  enolic compound (152)

Com pound (152) (1 .13g) was d isso lved  in d ry  t e t r a h y d r o ­

f u r a n  (400 ml) a n d  th e n  p u r g e d  with n i t ro g e n  for lh .  T he  solution was 

s t i r r e d  a n d  i r r a d i a te d  u n d e r  a n i t ro g e n  balloon fo r  20h. Upon removal 

of th e  s o lv e n t  a d a rk  b row n oil rem ained  which was p u r i f ie d  by  silica 

gel c h ro m a to g ra p h y  u s in g  40:60 ch lo ro fo rm : h ex an e  as e luan t to  a f fo rd  

th e  p h e n a n th r e n e  (72) (0 .1 3 g ,  20%) an d  th e  p h e n a n th r e n e  (151) (0 .0 6 g ,  

10%). T h e  fo rm er p h e n a n th re n e  was iden tica l to th a t  p ro d u c e d  b y  b ase
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h y d r o ly s i s  of th e  p h e n a n th r e n e  (71) (see  p . 195). A sample of th e  

p h e n a n t h r e n e  (151) for m icroanalysis  (w hite  n ee d le s ,  m .p .  249-251°C) 

w as o b ta in e d  upon  re c ry s ta l l i s a t io n  from m ethylene c h lo r id e /h e x a n e .

1 0 -C y an o -  9 - h y d r o x y - 2 ,4 -d im e th o x y -6-m e th y lp h e n a n th rene  (151)

SH (200 MHz; d ^ a c e t o n e ) :  2.57 (3H, s , ArCH 3) , 3.97 (3H, s ,  CH30 ) ,  

4 .13  ( 3H , s ,  CH30 ) ,  6.79 (1H, d ,  J  2.5 Hz, A rH ) ,  7.10 (1H, d ,  J  2 .5  

H z, A rH ) ,  7 .47 (1H, d d ,  J  1.6 a n d  8.4 Hz, H -7 ) ,  8.33 (1H, d ,  J  8 .4

H z, H - 8) ,  a n d  9.39 (1H, m, H -5 ) .

V (CHC£~) 3250 b r  m, 3020 m, 2210 w, a n d  1610 s cm max . 3

m /z  293 (M + ) .

F o u n d :  C ,  73.74; H, 5.13; N, 4 .82. C 18H15NC>3 r e q u i r e s  C , 73.71;

H, 5 .15; N, 4.78%.

3 -A c e to x y -  2- (3, 5-d im e th o x y p h en y l)  -  3- ( 2 -m eth o x y -4 -m eth y l-

61p h e n y l )p r o p - 2 - e n e n i t r i l e  (156)

A so lu tion  of th e  3_k e to  n i t r i le  (81) (0 .3 0 g )  a n d  a few 

c r y s ta l s  of p - to lu e n e su lp h o n ic  acid  in ace tic  a n h y d r id e  (10 ml) was

r e f lu x e d  fo r  2h. T he  reac tio n  m ix tu re  was w o rk e d -u p  as o u tl in ed  for

th e  p r e p a r a t io n  of th e  s ti lbene  (70 ) .  Column ch ro m a to g rap h y  of th e  

c r u d e  p r o d u c t  o v e r  silica u s ing  e th e r  as e luan t  gave a m ix tu re  of th e  E- 

a n d  Z -s t i lb e n e s  (156) as a l igh t  b row n gum (0 .2 7 g ,  80%, E : Z  = 1.0 :

I . 4  from th e  ^H nm r in te g ra t io n  of the  H -61 d o u b le ts ) .

5 h  (200 MHz; CDC&3): 2.09 (3H, s ,  E -C H 3C O ) , 2.26 (3H, s ,  Z-

CH 3C O ), 2.31 (3H, s ,  Z -A rC H 3) ,  2.38 (3H, s ,  E -A rC H 3) , 3 .54 (3H, s ,  

E -C H 30 ) ,  3 .59 ( 6H, s ,  Z -CH 30 ) ,  3.79 ( 6H, s ,  E -C H 30 ) ,  3.88 (3H, s ,  

Z -C H 30 ) ,  6 .33  ( 3H, m, A rH ) ,  6 .45 (1H, t ,  J  2 .3  Hz, A rH ) ,  6.62 (1H,
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s ,  A rH ) ,  6 .69  (3H, m, A rH ) ,  6 .78  (1H, s ,  A rH ) ,  6 .83 (1H, d q ,  J  0 .7  

a n d  7 .8  H z, A rH ) ,  7.11 (1H, d ,  J  7.8  Hz, Z-H 6, ) ,  a n d  7.43 (1H, d ,

J  7 .8  H z, E-H 6, ) .

962 -B rom o-3 , 5 -d im e thoxybenzy l alcohol (175)

3 , 5 -D im ethoxybenzyl alcohol (65) (l.OOg) was d isso lved  in 

ca rb o n  te t r a c h lo r id e  (35 ml) an d  r e c ry s ta l l i s e d  N -brom osuccinim ide 

(1 .0 6 g )  was a d d e d  in small p o r t io n s  o v e r  10 min with s t i r r i n g .  The 

m ix tu re  was h e a te d  a t 70-80°C (b a th  te m p e ra tu re )  fo r  40 min a n d  th e n  

f i l t e r e d  h o t .  T he  f i l t r a te  was d ilu ted  with e th e r  (50 ml) a n d  th en  

w ash ed  w ith  w a te r  (2 x  30 ml) an d  s a tu r a te d  b r in e  (2 x  30 ml).

D ry in g  a n d  ev ap o ra tio n  y ie lded  a cream solid which was r e c ry s ta l l i s e d  

from a c e to n e /h e x a n e  as fine white need les  (1 .0 8 g ,  73%), m .p .  95-96°C 

( l i t . , 96 96°C ).

6 h  (90 MHz; C D C £3):  3.82 (3H, s ,  CH3O ) ,  3.88 (3H, s ,  CH 30 ) ,  

4 .72 ( 2H, s ,  CH2) ,  6.44 (1H, d ,  J  3 Hz, A rH ) ,  an d  6.70 (1H, d ,  J 

3 Hz, A rH ) .

v (K Br) 3280 b r  m and  1590 s cm \max.

2 - B r o m o - 3,  5 - d i m e t h o x y b e n z y l  c h l o r i d e  (176 )

T he  method of p re p a ra t io n  of th e  b en zy l ch lo ride  ( 66) was 

followed u s in g  a d ry  e ther  solution (60 ml) of th iony l ch lo ride  ( 2.6 ml) 

a n d  p y r id in e  (0 .15  ml) an d  the  bromo alcohol (175) (2 .5 g )  in  e th e r  

(40 m l). T he  c ru d e  p r o d u c t  was r e c ry s ta l l i s e d  from m ethanol to give 

w hite  n e e d le s  ( 2 .4 g ,  89%), m .p .  112-113°C.
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SH (90 MHz; CD C£3): 3.82 (3H, s ,  CH30 ) ,  3.88 (3H, s ,  CH30 ) ,

4 .69  (2H, s ,  CH2) ,  6.45 (1H, d ,  J  2 Hz, A rH ) ,  an d  6.66 (1H, d ,  J  2 

Hz, A rH ) .

Vmax (K B r)  1^85 m an d  1330 s cm \

m /z  268, 266, 264 (M+) an d  231, 229 (M+- C £ ) .

F o u n d :  C , 40.67; H, 3.66; B r ,  30.05; C£, 13.57. C 9H1()B r C £ 0 2

r e q u i r e s  C , 40.71; H, 3.80; B r ,  30.09; C £ , 13.35%.

2 -B ro m o -3, 5 -d im ethoxybenzy l cyan ide  (177)

A m ix tu re  of th e  ben zy l ch lo ride  (176) ( l .O O g), po tass ium

c y a n id e  ( 1 .3 0 g ) ,  e thano l (20 ml) and  w ate r  (5 ml) was s t i r r e d  a t  re f lu x

fo r  4h. T h e  ho t solution was p o u re d  onto c ru s h e d  ice a n d  le f t  to s ta n d

fo r  2h. T h e  cream p re c ip i ta te  was collected  b y  f i l t r a t io n ,  w ashed

th o ro u g h ly  w ith  w ate r  an d  d r ied  o v er  p h o s p h o ru s  p e n to x id e  in a vacuum

d e s i c c a to r . F ine w hite  need les  w ere o b ta in ed  upon  re c ry s ta l l i s a t io n  from

m ethano l (0 .7 7 g ,  80%), m .p .  114-115°C.

(90 MHz; CDCj>3): 3.84 (5H, s ,  CH30  an d  CH2) ,  3 .89 (3H, s ,

CH sO ) ,  6 .47 (1H, d ,  J  2 Hz, A rH ) ,  a n d  6.72 (1H, d ,  J  2 Hz, A rH ).

V (K B r)  2240 w an d  1610 s cmm a x .

m/z 257, 255 (M+).

F o u n d :  C , 46.91; H, 3.87; N, 5.32; B r ,  31.23. C 1()H1()B r N 0 2

r e q u i r e s  C , 46.90; H, 3.94; N, 5.47; B r ,  31.20%.

M ethyl 2- b r o m o - 3, 5 -d im e th o x y p h en y lace ta te  (178)

T h e  n i t r i le  (177) (0 .50g) was d isso lved  in m ethanol (45 ml) and  

w a te r  (5 ml) an d  c o n c e n tra te d  s u lp h u r ic  acid (10 ml) was cau t ious ly

a d d e d .  T h e  so lu tion  was r e f lu x e d  fo r  l 6h  and  th e n  p o u re d  onto c ru s h e d
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ice while s ti l l  h o t .  T he  white p re c ip i ta te  was f i l te re d  off a f te r  2h, 

w a sh e d  w ith  w a te r  an d  d r ie d  over  p h o sp h o ru s  p en to x id e  in  vacuo .

T h e  c r u d e  p r o d u c t  was r e c ry s ta l l i s e d  from e th e r  as w hite  need les  

( 0 . 39g, 70%), m .p .  104-105°C.

6 h  (90 MHz; C D C £3): 3.72 (3H, s ,  CH30 ) ,  3.80 (5H, s ,  CH30  an d

C H 2) > 3 .87 (3H, s ,  CH30 ) ,  6.42 (1H, d ,  J  2 Hz, A rH ) ,  an d  6.48 (1H, 

d ,  J  2 H z , A r H ) .

V (K B r)  1725 s and  1590 s cm \m a x .

m /z  290, 288 (M+),  231, 229 (M+-CC>2CH3) ,  an d  209 (M+- B r ) .

F o u n d :  C , 45.72; H, 4.52; B r ,  27.67. C -^ H ^ B rO ^  r e q u i r e s  C, 45.70;

H, 4 .53; B r ,  27.64%.

M ethyl 2 - (2 -b ro m o -3 ,  5 -d im e th o x y p h e n y l) -3 - ( 2 -m etho x y -4 -m eth y l-  

p h e n y l ) -3 -o x o p ro p a n o a te  (179)

n - B u ty l  lithium (1.48 ml, 1.40M in hex an e )  was ad d e d  ra p id ly  

to  d r y  d iisopropy lam ine  (0 .29  ml) in d ry  te t r a h y d r o f u r a n  (10 ml) w ith  

s t i r r i n g  a t  0°C and  u n d e r  n i t ro g e n .  A fte r  10 min th e  solution was 

cooled to -78°C  and  m ethyl 2-b ro m o -3 , 5 -d im eth o x y p h en y lace ta te  (178) 

(0 .3 0 g )  in  THF (15 ml) was in t ro d u c e d  over 10 min. T he  cooling b a th  

was rem oved  an d  th e  solution s t i r r e d  at room te m p e ra tu re  fo r  lh .

M ethyl 2 -m eth o x y -4 -m eth y lb en zo a te  (80) (0 .28g) in THF (15 ml) was 

a d d e d  o v e r  10 min and  th e  reac tion  m ix tu re  h ea te d  a t 40 °C for 4h.

A f te r  coo ling , 2M h y d ro ch lo r ic  acid (25 ml) was ad d ed  an d  th e  THF 

e v a p o ra te d  o ff . T he  acidic solution was e x t ra c te d  w ith  e th y l  ace ta te  

a n d  th e  o rg an ic  la y e r  w ashed  with s a tu r a t e d  aqueous  sodium b ic a rb o n a te  

followed b y  b r in e .  D ry in g  and  evapo ra tion  y ie lded  a gum which was



214

p u r i f i e d  b y  column ch ro m a to g rap h y  over silica u s ing  45:55 cyclohexane: 

ch lo ro fo rm  as e lu a n t .  F u r th e r  p u r if ica t io n  by  p r e p a r a t iv e  tic  on silica 

u s in g  ch loroform  as e lu an t  gave th e  3~keto e s te r  (179) as w hite  p la te s  

a f te r  r e c ry s ta l l i s a t io n  from ch lo ro fo rm /hexane  ( 0 . 10g ,  22%), m .p .  142- 

143°C .

<$H (90 MHz; C D C £3): 2.30 (3H, s ,  A rC H ^ ) , 3.66 (3H, s ,  CH30 ) ,

3.73 ( 3H, s ,  CH sO ) ,  3.77 (3H, s ,  CH30 ) ,  3.80 (3H, s ,  CH30 ) ,  6.21

(1H, s ,  C H C 0 2CH 3) ,  6.38 (2H, s ,  H-4 an d  H -6) ,  6 .67 (1H, s ,  H -3 ') ,

6 .77  (1H, d ,  J _  8 Hz, H -5 ') ,  an d  7.75 (1H, d ,  J  8 Hz, H -6' ) .

V (K B r) 1740 s ,  1680 s ,  1610 s ,  an d  1580 s cmm a x .

m /z  438, 436 (M+) and  357 (M+- B r ) .

F o u n d :  C, 54.99; H, 4 .82; B r ,  18.42. C^QH^-^BrO^ r e q u i r e s

C , 54.93; H, 4 .84; B r ,  18.27%.

M ethyl 3 , 5-d im e th o x y p h e n y la c e ta te  (180)

C o n c e n t ra te d  su lp h u r ic  acid (45 ml) was ca re fu l ly  ad d e d  to a

so lu tion  of th e  n it r i le  (67) (1 .50g) in m ethanol (170 ml) an d  w ate r  (10 ml)

a n d  th e  so lu tion  h e a te d  a t  r e f lu x  for l 6h .  Upon cooling, th e  m ethanol

was rem oved  u n d e r  r e d u c e d  p r e s s u r e  and  the  acidic so lu tion  e x t ra c te d

w ith  e th y l  a c e ta te .  T he  combined organ ic  e x t ra c t s  w ere  w ashed  with

s a t u r a t e d  aqu eo u s  sodium b ic a rb o n a te  followed b y  b r in e  and  th e n  d r ie d .

E v a p o ra t io n  of th e  so lven t a f fo rd e d  a b row n oil which was d is ti lled

in v acuo  to  g ive  th e  e s t e r  (180) as a co lourless  l iqu id  ( 1 . 21g ,  68-e),
112

b . p .  1 2 5 °C /0 .06 mm Hg ( l i t . ,  94°C /0 .04  mm H g).

6 H (90 MHz; C D C £3): 3.52 (2H, s ,  CH2) , 3.65 (3H, s ,  C 0 2CH3) ,

3 .74  ( 6H, s ,  CH30 ) ,  an d  6.40 (3H, m, A rH ).



215

V (CHC&o) 3020 m, 1730 s ,  an d  1600 s cm \max • o

m /z 210 (M + ) a n d  151 (M+- C 0 2CH3).

M ethyl 2- (3 ,  5 -d im e th o x y p h e n y l) -3 - (  2 -m ethoxy-4 -m ethy l-  

p h e n y l ) -3 -o x o p ro p a n o a te  (181)

n - B u ty l  lith ium (6 .90  ml, 2.61M in  hex an e )  an d  d r y  d icyclo- 

h exy lam ine  (3 .2 6 g )  in d ry  t e t r a h y d r o f u r a n  (20 ml) w ere s t i r r e d  a t  0°C 

u n d e r  n i t r o g e n  for 30 min. T he  solution was cooled to  -78°C  an d  

m e thy l 3 , 5 -d im e th o x y p h en y lace ta te  (180) (1 .80g) in  THF (40 ml) was 

a d d e d  o v e r  15 min. T he  cooling b a th  was rem oved  a f te r  a f u r th e r  40 

min a t  -7 8 °C .  A f te r  20 min th e  solution was again  cooled to 0°C and  

2 -m e th o x y -4 -m e th y lb en zo y l  ch loride  (183) (2 .13g) in THF (50 ml) was 

in t r o d u c e d  o v e r  30 min. T he  reac t io n  m ix tu re  was m ain ta ined  a t  room 

te m p e r a tu r e  fo r  a f u r t h e r  2h an d  th e n  ad d ed  d ropw ise  o ver  15 min to a 

s a t u r a t e d  so lu tion  of ammonium ch loride  w ith e ff ic ien t s t i r r i n g .  T he  

THF was rem o v e d  u n d e r  r e d u c e d  p r e s s u r e  an d  th e  rem ain ing  aqueous  

p h a s e  e x t r a c t e d  w ith  e th y l  ace ta te .  T h e  combined o rgan ic  e x t r a c t s  were 

w ash ed  su c c e s s iv e ly  with s a tu r a t e d  aqueous  sodium b ic a rb o n a te  an d  b r in e ,  

th e n  d r ie d  an d  e v a p o ra te d  to leave  an amber gum. P u r if ica t io n  b y  silica 

gel c h ro m a to g ra p h y  using  20:80 e th y l  a c e ta te :h e x a n e  as e lu an t  y ie lded  

th e  |3- k e to  e s t e r  (181) as a yellow gum (2 .5 8 g ,  84-s).

6 H (90 MHz; C D C £3): 2.35 (3H, s ,  A rC H 3) ,  3.76 (9H, s ,  CH 30 ) ,

3 .88  ( 3H, s ,  C H 30 ) ,  5.62 (1H, s ,  CHC0 2CH 3) , 6 . 40 (1H, t ,  J  2 Hz,

H - 4 ) , 6 .50  ( 2H, d ,  J  2 Hz, H-2 and  H -6) ,  6.81 (2H, m, H-3* an d  H -5 ') ,

a n d  7.72 (1H, d ,  J  8 Hz, H -6')*

V (C H C £ q) 3020 m, 1735 s ,  1675 s ,  an d  1610 s cm l .

m ax. 3
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F o u n d :  M , 358.1416. ^ 2 0 ^ 2 2 ^ 6  re(4u r̂ e s  M + , 358.1416.

2-M eth o x y -4 -m e th y lb e n zo ic  acid (182)

A so lu tion  of th e  e s te r  (80) (lO.Og) in  m ethanol (20 ml) and  

30% a q u e o u s  sodium h y d ro x id e  (80 ml) was re f lu x e d  for 16h. Upon 

coo ling , t h e  m ethanol was rem oved  u n d e r  r e d u c e d  p r e s s u r e  an d  th e  

b a s ic  so lu tion  w ashed  with e th e r  and  th en  acid ified  w ith c o n c e n tra te d  

h y d ro c h lo r ic  ac id .  T h e  acidic solution was e x t ra c te d  with e th y l  ace ta te  

a n d  th e  o rg a n ic  la y e r  w ashed  w ith  w ater and  th e n  d r ie d .  A w hite  solid 

re m a in e d  u p o n  rem oval of the  so lven t which was r e c ry s ta l l i s e d  from 

ch lo ro fo rm  as w hite  p la te s  (7 .8 g ,  85%), m .p .  105-106°C ( l i t . , ^ ^ ^  103- 

1 0 4 °C ) .

<5  ̂ (90 MHz; d ^ -a c e to n e ) : 2.40 (3H, s ,  A rC H ^ ) , 4 .04 (3H, s ,  CH^O),

6 .93  (1H, d ,  J  8 Hz, H -5 ) ,  7.08 (1H, s ,  H -3 ) ,  an d  7.85 (1H, d ,  J  8 Hz, 

H - 6) .

V (K B r)  2950 b r  m, 1670 s ,  a n d  1610 s cm \
max.

m/_z 166 (M+) .

2 -M eth o x y -4 -m e th y lb en zo y l ch loride  (183)

2 -M ethoxy-4 -m ethy lben  zoic acid  (182) (2 .5 0 g )  in  th iony l

c h lo r id e  (10 ml) was s t i r r e d  at room te m p e ra tu re  fo r  2h. T h e  excess

th io n y l  ch lo r id e  was rem oved  u n d e r  re d u c e d  p r e s s u r e  a n d  th e  r e s id u e

p u r i f i e d  b y  b u lb - tu b e  d is ti lla tion  (106°/0 .03  mm Hg) to  a f fo rd  th e  acid
113

ch lo rid e  (183) as  a co lourless  oil (2 .40g ,  86%) ( l i t . ,  b . p .  148-149°C/

12.5 mm H g ) .  T h e  p ro d u c t  was u sed  immediately.
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6 h  (90 MHz; CDC&3): 2.42 (3H, s ,  A r C H ^ ,  3.90 (3H, s ,  CH30 ) ,

6 .84  ( 2H, m, H-3 and  H -5 ) ,  and  7.96 (1H, d ,  J  8 Hz, H -6) .

V (CHC£~) 3020 m, 1770 s ,  1755 s ,  and  1610 s cmmax • j

M ethyl 2- ( 2 - io d o -3, 5 -d im e th o x y p h en y l) -  3- ( 2 -m ethoxy -4 -m ethy l-  

p h e n y l ) -3 -o x o p ro p a n o a te  (184)

h[-Iodosuccinim ide (0. 852g) was added  in  small p o r t io n s  o ver  

2h to  a so lu tion  of th e  6~keto e s te r  (181) (1 .356g) in chloroform (55 ml). 

A f te r  s t i r r i n g  a t room te m p e ra tu re  for a f u r th e r  7h th e  deep r e d  

so lu tion  was w ashed  w ith w ater  an d  th e n  d r ie d .  A brow n sem i-solid  

m ass rem a in ed  upon  rem oval of th e  so lven t which p ro d u c e d  a fawn 

co lo u re d  solid  upon  addition  of e th e r .  R ecry s ta l l isa t io n  from ch loroform / 

h e x a n e  g av e  th e  $ -ke to  e s te r  (184) as white p la te s  (1 .260g , 69%), m .p .  

144-145°C .

6 h  (90 MHz; C D C £3): 2.35 (3H, s ,  A rC H 3) , 3.73 (3H, s ,  CH30 ) ,

3 .78  ( 3H , s ,  CH 30 ) ,  3.84 (6H, s ,  CH30 ) ,  6.24 (1H, s ,  C H C 0 2CH3) ,

6 .48  (1H, d ,  J  2 Hz, A rH ),  6.54 (1H, d ,  J  2 Hz, A rH ) ,  6.71 (1H, s ,  

H - 3 ') ,  6 .82 (1H, d ,  J  8 Hz, H -5 ') ,  and  7.81 (1H, d ,  J  8 Hz, H -6' ) .

V ( K B r ) 1740 s ,  1680 s ,  1610 s ,  a n d  1575 s  cm 1 .
m a x .

m/z_ 484 (M+) an d  357 (M - I ) .

F o u n d :  C ,  49.60; H, 4 .34; I ,  26.36. C 20H 2]IO 6 r e q u i r e s  C , 49.58;

H, 4 .37 ; I ,  26.22%.
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(Z )-M eth y l 3 -a c e to x y -2 - (  2-iodo-3, 5 -d im e th o x y p h en y l) -3 -(  2-m ethoxy- 

4 -m e th y lp h e n y l )p ro p -2 -e n o a te  (185)

A so lu tion  of th e  $ -ke to  e s te r  (184) (0 .25g) in acetic 

a n h y d r id e  (10 ml) con ta in ing  a few c ry s ta ls  of p - to luenesu lphon ic  acid  

was h e a te d  a t  r e f lu x  for l j h .  The reac tion  m ix ture  was w o rk ed -u p  

as  o u t l in e d  fo r  th e  p re p a ra t io n  of the  s ti lbene  (70) to give a b row n oil.

T h e  Z -2 - io d o s t i lb en e  (185) was iso la ted  b y  p r e p a ra t iv e  tic  on silica u s ing  

tw o d ev e lo p m en ts  in 20:80 e thy l  a c e ta te :h e x a n e  an d  r e c ry s ta l l i s e d  from 

a c e to n e /h e x a n e  to  y ie ld  white need les  (0 .19g , 68%), m .p .  153-155°C.

S H (200 MHz; C D C £3): 2.23 ( 6H, s ,  CH3CO an d  A rC H 3) , 3.52 (3H,

s ,  C H 30 ) ,  3.70 ( 6H, s ,  CH30 ) ,  3.80 (3H, s ,  CH30 ) ,  6 .20 (1H, d ,  J

2 .7  H z, A rH ) ,  6 .27 (1H, d ,  J  2 .7  Hz, A rH ) ,  6 .53 (2H, m, H-3' an d

H - 5 ') ,  a n d  7.06 (1H, d ,  J  8.0 Hz, H -6' ) .

V ( K B r ) 1760 s ,  1720 s , 1635 m, 1610 s ,  an d  1570 s cm 1.m a x .

A (MeOH) 202 (e  27,200) and  280 nm (3 ,700 ) .m a x .

m /z  526 (M+) an d  399 (M+- I ) .

F o u n d :  C , 50.13; H, 4.27; I ,  24.38. C22H23IO ? r e q u i r e s  C , 50.20;

H, 4 .40; I ,  24.11%.

P h o to c h e m is t ry  of the  Z -2 -iodostilbene  (185)

(a)  h v / N 2/C 6H6

A solution of the  Z -s ti lbene  (185) (141 mg) in  re d is t i l le d  ben zen e

(150 ml) was d e o x y g e n a te d  by  hea ting  a t r e f lu x  for l h  while n i t ro g e n

gas  was b u b b le d  th r o u g h  the  so lu tion . T he  cooled so lution was i r r a d ia te d

fo r  22h  a n d  th e n  e v a p o ra te d  to leave a d a rk  g reen  sem i-solid  mass.

P u r i f ic a t io n  b y  column ch rom a to g rap h y  o ver  silica u s ing  chloroform as
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e lu a n t  yielded, th e  p h e n a n th re n e s  (173) and  (188). T he  p h e n a n th re n e  

(173) w as r e c r y s ta l l i s e d  from m ethylene c h lo r id e /h e x an e  as w hite p la te s  

(25 m g, 23%), m .p .  200-202°C. The p h e n a n th re n e  (188) was also 

r e c r y s t a l l i s e d  from m ethylene c h lo r id e /h e x an e  as white p la te s  (6 mg, 6%), 

m .p .  150-152°C.

10 -A ce to x y -  9 -c a rb o m e th o x y -1,5 , 7-tr im e th o x y -3 -m e th y lp h e n a n th re n e  

(173)

6 h  (200 MHz; C D C £3): 2.33 (3H, s ,  CH3C O ), 2.54 (3H, s ,  A rC H 3),

3 .89  ( 3H, s ,  CH 30 ) ,  3.91 (3H, s ,  CH30 ) ,  4.01 (3H, s ,  CH 30 ) ,  4.04 

( 3H, s ,  CH 30 ) ,  6 .72 (1H, d , J  2.5 Hz, A rH ),  6.76 (1H, d ,  J  2.5  Hz, 

A r H ) ,  6 .82  (1H, d ,  J  1.2 Hz, H -2 ) ,  and  9.05 (1H, m, H -4 ) .

V ( C H C £ J  3010 m, 1765 s ,  1730 s ,  1610 s ,  and  1575 s cm "1,max • j

m/.z 398 (M+) ,  356 (M+- k e te n e ) ,  an d  324 (M+-k e te n e -M eO H ).

F o u n d :  C , 66.30; H, 5.55 . 62 2 ^ 22^7 recluir e s  C, 66.32; H, 5.56%.

9 -A c e to x y -  1 0 -c a rb o m e th o x y -2 , 4 -d im e th o x y -6 -m e th y lp h en a n th ren e  

(188)

6 h  (200 MHz; C D C £3): 2.44 (3H, s ,  CH3CO ), 2.58 (3H, s ,  A rC H 3) ,

3 .91  (3H, s ,  CH30 ) ,  4.03 (3H, s ,  CH30 ) ,  4.06 (3H, s ,  CH30 ) ,  6.76 

(1H, d ,  J  2 .4  Hz, A rH ) ,  6 . 98 ( 1H , d, J  2.4 H z , A rH ) ,  7.38 (1H, d d ,  J  

1 .2  a n d  8 .4  Hz, H -7 ) ,  7.76 (1H, d , J 8.4  Hz, H -8) ,  and  9.37 (1H, m, H -5 ) .

V (CH CiU ) 3010 m, 1765 s ,  1730 s , and  1610 s cm 1.m ax. 3
m /z 368 (M + ) , 326 (M+- k e te n e ) ,  and  294 (M+-k e te n e -M eO H ).

F o u n d :  C , 68.50; H, 5 .49. C 21H2q0 6 r e q u i r e s  C , 68.47; H, 5.47%.

(b )  h v / N 2/ E t 3N /C 6H6 / 20h

A solu tion  of th e  Z -s ti lbene  (185) (0 .21g) in d ry  benzene  

(400 ml) co n ta in in g  d r y  tr ie thy lam ine  (0 .8  ml) was p u rg e d  with n i t ro g e n
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fo r  2h  a n d  th e n  s t i r r e d  a n d  i r r a d ia te d  for 20h  while a slow flow of 

n i t r o g e n  w as b u b b le d  th r o u g h  th e  so lu tion . A fte r  w ashing  w ith 5% 

h y d ro c h lo r ic  ac id  followed b y  w a te r ,  the  solution was d r ie d  an d  ev a p o r­

a te d  to  y ie ld  a b row n  gum (0 .1 7 g ) .  T he  p h e n a n th re n e s  (173) and  

(188) w ere  iso la ted  in 10% an d  3% y ie lds  re sp e c t iv e ly  upon  p re p a ra t iv e  

tic  on s ilica  u s in g  50:50 ch lo ro fo rm :h exane  as e lu an t.

(c )  h v / N 2/ E t 3N /C 6H6 /4h

T h e  fo reg o in g  p ro c e d u re  was r e p e a te d  u s in g  th e  Z -s t i lb en e  

(185) (0 .3 5 g )  an d  d ry  tr ie thy lam ine  (1 .4  ml) a n d  an i r ra d ia t io n  time of 

4h . T h is  p ro d u c e d  a yellow foam com prising of the  E -  an d  Z-isom ers of 

th e  s t a r t i n g  s t i lb e n e .  A ddition of e th e r /h e x a n e  c au sed  c ry s ta l l isa t io n  

of some of th e  E -s t i lb e n e  (185a) which was r e c ry s ta l l i s e d  from m ethylene 

c h lo r id e /h e x a n e  as w hite p la te s ,  m .p .  167-168°C.

<$H (200 MHz; CDCJ>3): 1.85 (3H, s ,  CH3C O ), 2.37 (3H, s ,  A rC H 3) ,

3.57 (3H, s ,  CH30 ) ,  3.79 (3H, s ,  CH30 ) ,  3.84 (3H, s ,  CH 30 ) ,  3.87 

( 3H, s ,  C H sO ) ,  6.40 (1H, d ,  J  2 .7  Hz, A rH ) ,  6.60 (1H, d ,  J  2 .7  Hz, 

A rH ) ,  6 .74  (1H, s ,  H -3 ') ,  6 .80 (1H, d q ,  J  0 .7  an d  7 .7  Hz, H -51) ,  

a n d  7.31 (1H, d ,  J  7.7  Hz, H -61) .

V (K B r) 1760 s ,  1720 s ,  1620 m, 1610 m, an d  1580 m cm \m a x .

A. (MeOH) 206 (e  43,300) an d  280 nm (5 ,300 ) .m ex •

m /z 526 (M + ) an d  399 (M+- I ) .

( Z) -M ethy l 3- a c e to x y -  2- (3, 5 -d im ethoxyphenyl)  -3 -  ( 2 -m e th o x y -4- 

m e th y lp h e n y l ) p r o p - 2-en o a te  (186)

A so lu tion  of th e  ft-keto e s te r  (181) (0 .48g) an d  g y to lu en e -  

s u lp h o n ic  ac id  (0 .10g )  in iso p ro p en y l ace ta te  (15 ml) was slowly d is ti l led  

fo r  3h u s in g  a 15 cm frac t io n a t in g  column. More isop ro p en y l ace ta te
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was a d d e d  occasionally  to keep th e  volume above 5 ml an d  th e n  th e  

so lu tio n  was r e f lu x e d  for 8h .  A f te r  cooling, sodium b ic a rb o n a te  (0 .50g) 

w as a d d e d  an d  th e  so lution c o n ce n tra te d  to d ry n e s s  u n d e r  r e d u c e d  

p r e s s u r e .  T h e  r e s id u e  was d isso lved  in m ethylene ch lo ride ,  w ashed  

w ith  b r i n e ,  d r ie d  an d  e v ap o ra ted  to give a brow n sem i-crysta ll ine  

r e s id u e .  T h e  Z -s t i lb e n e  (186) was ob ta ined  as white p la te s  upon 

r e c r y s ta l l i s a t io n  of th is  r e s id u e  from m ethylene ch lo r id e /h e x a n e  and  

a f t e r  w ash in g  w ith  e th e r  (0 .51g ,  95%), m .p .  146°C.

SH (200 MHz; C D C J^) :  2.17 (3H, s ,  CH3CO ), 2.26 (3H, s ,  A rC H ^ ) ,

3 .59  ( 6H, s ,  C H 30 ) ,  3.62 (3H, s ,  CH30 ) ,  3.76 (3H, s ,  CH30 ) ,  6.25 

( 3H , s ,  A rH ) ,  6 .58  (2H, m, H-3' and  H -5 ') ,  and  7.05 (1H, d ,  J  7 .6  Hz, 

H - 6' ) .

V (K B r) 1760 s ,  1720 s ,  1640 s ,  1610 s ,  a n d  1590 s  cm \
m a x .

X (MeOH) 204 (e  38,800) an d  280 nm (7 ,900) .m ax.

m /z 400 (M + ) , 358 (M - k e t e n e ) , and  326 (M -ke ten e -M eO H ).

F o u n d :  C , 65.96; H, 6 .02. C22H24°7 r e q u i r e s  C, 65.99; H, 6.04%.

P h o to cy c lisa t io n  of the  Z -s t i lbene  (186)

A so lu tion  of th e  Z -s ti lbene  (186) (0 .33g) and  iodine (0 .44g) in 

cy c lo h ex an e  (400 ml) was s t i r r e d  and  i r r a d ia te d  for 20h ,  th e n  w ashed  

w ith  20% a q u eo u s  sodium th io su lp h a te  and  d r ied .  E vapora tion  of th e  

s o lv e n t  gave  a b row n gum which was p u r if ie d  by  column ch ro m a to g rap h y  

o v e r  silica  u s in g  m ethy lene ch loride  as e luan t to a f fo rd  th e  p u r e  p h e n a n -  

t h r e n e  (188) an d  a m ix tu re  of the  p h e n a n th re n e s  (188) and  (173).

T h is  m ix tu re  was re so lv e d  by  p r e p a ra t iv e  tic on silica u s ing  two 

d ev e lo p m en ts  in  30:70 e th y l  a c e ta t e :h e x a n e . B oth  p h e n a n th r e n e s  w ere
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id e n t ic a l  in  all r e s p e c t s  to those  o b ta ined  upon pho tocyclisa tion  of th e  

c o r r e s p o n d in g  Z -2 -iodos t ilbene  (185) (see  p . 219). T h e  y ie lds  of th e  

p h e n a n t h r e n e s  (173) an d  (188) w ere 21% (0 .07g) and  56% (0 .17g) 

r e s p e c t i v e l y .

M ethyl 2 - ( 2 , 6 -d ib rom o-3 ,  5 -d im e th o x y p h en y l) -3 -(2 -m e th o x y -4 -

m e th y lp h e n y l )  -3 -o x o p ro p an o a te  (187)

A so lu tion  of bromine (0 .12 ml) in acetic acid  (15 ml) was ad d ed

o v e r  l h  to a so lu tion  of th e  6~keto e s te r  (181) (0 .42g) in acetic  acid

(15 ml) w ith  s t i r r i n g  and  h e a t in g .  (The te m p e ra tu re  of th e  ace tic  acid

so lu tion  was m ain ta ined  a t 70-80°C). A fte r  a f u r th e r  3h, th e  ho t

so lu tion  was p o u r e d  onto c ru s h e d  ice and  e x t ra c te d  with e th y l  ace ta te .

T h e  com bined  o rg an ic  e x t r a c ts  were w ashed  with b r in e ,  s a tu r a te d  aqueous

sodium b ic a r b o n a te ,  more b r in e ,  th e n  d r ied  and  e v a p o ra te d  to give a

faw n co lo u re d  so lid . R ecrys ta l l isa t ion  from ch lo ro fo rm /hexane  a ffo rd ed

th e  dibrom o d e r iv a t iv e  (187) as white p la te s  (0 .51g , 84%), m .p .  68-70°C.

6 ^  (200 MHz; d ^ -d m s o ) : 2.43 (3H, s ,  A rC H ^), 3.37 ( 6H, s ,  CH^O),

3.93 ( 6H, s ,  CH 30 ) ,  6.90 (1H, s ,  H -4),  7.21 (1H, d ,  J  8.0 Hz, H -5 ') ,

7.25 (1H , s ,  H -3 ') ,  and  7.83 (1H, d ,  J  8.0 Hz, H -6' ) .

V (K B r) 3400 b r  m, 2940 m, 1740 m ,  a n d  1590 s  cm 1 .
m a x .

m/z 518, 516, 514 (M+) .

F o u n d : C , 46.49; H, 3.86; B r ,  30.82. C ^ H ^ B r ^  r e q u i r e s

C , 46.54; H, 3 .90; B r ,  30.96%.
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2, 6-D im eth o x y -4 -m e th y lb e n z o ic  acid (192)

A so lu tion  of th e  e s te r  (68) (5 .1g )  in 30% aqueous  sodium . 

h y d r o x id e  (50 ml) was r e f lu x e d  for 17h. The cooled solution was 

w a sh e d  w ith  e t h e r  an d  th e n  acidified to pH 2 with c o n c e n tra te d  h y d ro ­

ch lo r ic  a c id .  T h e  r e s u l t in g  p re c ip i ta te  was f i l te red  off,  w ashed  

th o r o u g h ly  w ith  w a te r  and  th en  d r ied  over p h o sp h o ru s  p en to x id e  in vacuo

to  g ive  th e  ac id  (192) as a white solid (3 .8 g ,  80%), m .p .  200-202°C 

102( l i t . ,  180-182°C [d e c o m p .] ) .  The p ro d u c t  was su ff ic ien tly  p u re  to 

u se  w ith o u t  p u r i f ic a t io n .

SH (90 MHz; CD 3OD): 2.32 (3H, s ,  A rC H ^ ) , 3.80 ( 6H, s ,  CH30 ) ,  and

6.52  ( 2H, s ,  A rH ) .

V (K B r)  3000 b r  m, 1690 s ,  1610 s ,  a n d  1585 s  cm
m a x .

m /z 196 (M+) a n d  179 (M+-O H ).

D eca rb o m e th o x y la t io n  of th e  9-c a rb o m e th o x y p h e n a n th re n e  (173)

A so lu tion  of th e  p h e n a n th re n e  (173) (0 .10g) in  15% aqueous  

sodium h y d r o x id e  (15 ml) and  the  minimum amount of methanol (2-3  ml) 

was r e f lu x e d  fo r  6h u n d e r  a n i t ro g en  balloon. C o n cen tra te d  h y d ro ­

ch lo ric  ac id  was a d d ed  to th e  cooled reac tion  m ix ture  un ti l  pH 2 and  th e  

r e s u l t in g  w hite  p re c ip i ta te  was collected by fi l tra tion  and  w ashed  

th o ro u g h ly  w ith  cold w a te r .  T he c rude  p ro d u c t  was d r ied  over  

p h o s p h o r u s  p e n to x id e  in a vacuum desicca tor  and  iden tif ied  as th e  

r e q u i r e d  com pound  10- h y d r o x y - 1 ,5 , 7- tr im e th o x y -  3-m e th y lp h e n a n th re n e

(73) ( 0 . 067g, 90%) by  90 MHz 1H nm r. T he  spec trum  showed th a t  th e  

p h e n a n t h r e n e  ( 73) was v e ry  p u r e ,  b u t  on a t tem pted  re c ry s ta l l i sa t io n  

th e  p r o d u c t  d ev e lo p ed  a p u rp le  colouration due to  p a r t ia l  oxidation to th e  

9 ,1 0 -q u in o n e  (193).
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C o n v e rs io n  of th e  g -ke to  e s te r  (181) to the  desoxybenzoin  (201) 

u s in g  HC£

A so lu tion  of th e  g-keto  e s te r  (181) (0 .47g) in 5M hydroch lo r ic

acid  (40 ml) was re f lu x e d  for 18h. The cooled solution was e x t ra c te d

w ith  e t h e r  a n d  th e  combined e th e r  la y e rs  w ashed with b r in e ,  s a tu ra te d

a q u e o u s  sodium  b ic a rb o n a te  and  more b r in e .  D ry ing  an d  evapora tion  of

th e  o rg a n ic  p h a s e  gave a brown oil which affo rded  th e  desoxybenzoin  

61(201) as  an  am ber gum upon silica gel column chrom atog raphy  using

10:90 h e x a n e :m e th y le n e  chloride as e luan t (0 .28g , 71%).

6 H (90 MHz; C D C £3): 2.25 (3H, s ,  A rC H ^ ) , 3.64 (6H, s ,  CH30 ) ,

3 .80 ( 3H , s ,  CH 30 ) ,  4 .18 (2H, s ,  CH2), 6.27 (1H, t ,  J  2 Hz, H - 4 ) ,

6 .35  ( 2H, d ,  J  2 Hz, H-2 and  H -6 ) ,  6.70 (2H, m, H-3' an d  H -5 ') ,  and

7.54 (1H, d ,  J  8 Hz, H -6 ') .

V (C H C £ 0) 1670 m and  1610 s cm"1,m ax. 3
F o u n d :  M + , 300.1361. C 18H2()0 4 r e q u i re s  M + , 300.1342.

C o n v e rs io n  of th e  g -ke to  e s te r  (181) to the  carboxylic  acids (182)

an d  (202) u s in g  NaOH

A so lu tion  of th e  g-keto  e s te r  (181) (0 .64g) in methanol (10 ml)

a n d  10% a q u e o u s  sodium h y d ro x id e  (10 ml) was re f lu x e d  for I6h . T he

cooled so lu tion  was w ashed  with e th e r ,  acidified with c o n c e n tra te d  h y d ro  

ch loric  a c id ,  th e n  e x t ra c te d  with e thy l ace ta te .  T he combined organ ic  

e x t r a c t s  w ere  w ashed  with w ater  and  d r ied .  Removal of th e  so lvent 

y ie ld e d  an  o f f -w h i te  solid (0 .48g) which was shown to be  a m ix ture  of

2 -m e th o x y -4 -m e th y lb en zo ic  acid (182) and  3, 5-d im ethoxyphenylacetic  

acid  ( 2 0 2 ) . 110
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6 ^  (90 MHz; C D C J^) :  acid (182), 2.36 (3H, s ,  A rC H ^), 3.98 (3H,

s ,  C H 30 ) ,  6 .88  (2H, m, H-3 and  H -5 ) ,  and  7.95 (1H, d ,  J  8 Hz, H -6); 

ac id  (2 0 2 ) ,  3.55 (2H, s ,  CH2), 3.74 (6H, s ,  CH30 ) ,  6.34 (1H, t ,  J  

2 Hz, H - 4 ) , a n d  6.42 (2H, d, J  2 Hz, H-2 and  H -6).  

m /z 196 (M+, ac id  (202)) and  166 (M + , acid (182)).

M ethyl 3 , 5 -d ih y d ro x y b e n z o a te  (212)110

A so lu tion  of 3 , 5 -d ihydroxybenzoic  acid (63) (lO.Og) in d ry

m ethanol (50 ml) was s a tu r a te d  with d ry  h y d ro g en  ch loride  gas and

h e a te d  a t  r e f lu x  fo r  2h. The solution was cooled and  ev ap o ra ted  to

give  a r e s id u e  w hich was re c ry s ta l l i s e d  as s ligh tly  co loured need les

from e th a n o l  (9 .0 g ,  82%), m .p .  167-168°C ( l i t . , 110 164-165°C).

6 H (90 MHz; d ^ a c e t o n e ) :  3.83 (3H, s ,  CC>2CH3) ,  6.58 (1H, t ,  J

2 H z, H -4 ) ,  6 .99  (2H, d ,  J  2 Hz, H-2 and  H -6),  and  8.44 (2H, s ,  OH).

V (K B r)  3250 b r  s ,  1695 s ,  a n d  1600 s  cm 1 .m a x .

3, 5 -D ib en zy lo x y b en zo ic  acid  (214)110

A m ix tu re  of methyl 3 , 5 -d ihyd roxybenzoa te  (212) ( lO .O g), 

b e n z y l  ch lo r id e  (30 ml), a n h y d ro u s  potassium carbona te  (50g) and  

po ta ss iu m  iod ide  ( l l g )  in d ry  bu tanone  (400 ml) was s t i r r e d  a t re f lu x  

fo r  8 h . A f te r  cooling , w ater (150 ml) and  e th e r  (100 ml) were added  

a n d  th e  o rg a n ic  la y e r  s e p a ra te d  and  w ashed with 10% sodium h y d ro x id e  

so lu tion  (2 x  50 ml) . T he  so lven ts  were evapo ra ted  and  th e  r e s id u e  

mixed w ith  30% sodium h y d ro x id e  solution (60 ml) and  ethanol (30 ml). 

T h is  was h e a te d  a t r e f lu x  for 2^h, cooled and  d ilu ted  with w ater  (60 ml) 

T h e  so lu tion  was e x t ra c te d  with e th e r  and  th e  e th e r  lay e r  w ashed with
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w a te r  (2 x  60 ml) . T he  combined aqueous solutions gave a cream solid

on a c id if ic a t io n .  T he  p ro d u c t  was re c ry s ta l l i s e d  from ethanol as

c o lo u r le s s  n e e d le s  ( 1 6 .2g, 81%), m .p .  210-212°C ( l i t . , 110 211-212°C).

6 h  (90 MHz; d 6-a c e to n e ) :  5.12 (4H, s ,  PhCH 2) , 6.87 (1H, t ,  J  2 Hz,

H 4 ) ,  7 .13  ( 2H, d ,  J  2 Hz, H—2 and  H- 6 ) , and  7.35 (10H, m, C /H r ) .
6— 5

Vm ax. (K B r ) 2880 b r  m > 1690 s > 1595 s ,  and  1165 s cm"1.

3, 5 -D ib e n z y lo x y b e n z y l  alcohol (215)110

A so lu tion  of 3 , 5-dibenzyloxybenzoic  acid (214) (10. Og) in d ry  

t e t r a h y d r o f u r a n  (100 ml) was ad d ed  dropwise to a s lu r r y  of lithium 

aluminium h y d r id e  ( l .O g )  in THF (30 ml) with s t i r r in g  and  th e  m ixture  

was r e f lu x e d  fo r  5h. A f te r  cooling, w ater (1 .0  ml) was added  

c a u t io u s ly ,  followed b y  15% sodium h y d rox ide  solution (1 .0  ml) an d  more 

w a te r  ( 3 .0  m l) .  T h e  p re c ip i ta te  was rem oved by  f i l tra tion  and  w ashed  

w ith  e t h e r  (100 m l) .  T he  o rgan ic  so lven ts  were ev ap o ra ted  an d  the  

p r o d u c t  r e c r y s ta l l i s e d  from e th e r /h e x a n e  as colourless need les  (6 .5 g ,  

68%), m .p .  78°C ( l i t . , 110 77-78°C).

6 H (90 MHz; C D C J^) :  2.41 (1H, s ,  OH), 4.44 (2H, s ,  CH2OH), 4.89

( 4H, s ,  P h C H 2) ,  6.50 (3H, m, A rH ), an d  7.28 (10H, s ,  C ^ ) .

V (K B r) 3350 b r  m, 1590 s ,  and  1160 s cm 1 .m a x .

3, 5 -D ib en zy lo x y b en zy l  ch lo ride  (216)

T h e  m ethod  of p re p a ra t io n  of th e  benzyl chloride (66) was

followed u s in g  a d r y  e th e r  solution (70 ml) of th ionyl chloride (5 ml)

a n d  p y r id in e  (0. 2 ml) an d  3 , 5 -d ibenzy loxybenzy l alcohol (215) (5 .0 g )

in  e t h e r  (70 m l). T he  c ru d e  p ro d u c t  was re c ry s ta l l i se d  from e th e r  as
110

co lo u rle ss  n e e d le s  ( 4 .0 g ,  76%), m .p .  74-76°C ( l i t . ,  75 76 C ).
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6 r  (90 MHz; CDC&3): 4.44 (2H, s ,  CH2C £ ) ,  4.97 (4H, s ,  P h C H J ,

6 .59  (3H , m, A rH ) ,  an d  7.35 (10H, s ,  C,H.-).
6— 5

V (K B r)  1600 s  c m " 1 ,m a x .

3, 5 -D ib e n z y lo x y b e n z y l  cyan ide  (217)110

A m ix tu re  of 3 , 5 -d ibenzyloxybenzyl chloride (216) (5 .0 g ) ,  

p o ta ss iu m  c y a n id e  ( 2 .5 g ) ,  e thanol (50 ml) and w ater (25 ml) was h ea ted  

a t  r e f lu x  fo r  3h. T he  hot solution was p o u red  onto ice (60g) and  

e x t r a c t e d  w ith  chloroform  (3 x 70 ml). The chloroform was d r ied  and  

e v a p o r a te d  a n d  th e  r e s id u e  re c ry s ta l l i se d  from e thy l a ce ta te /h ex an e  as 

n e e d le s  ( 3 .5 g ,  72%), m .p .  84-85°C ( l i t . , 110 85-86°C).

6 h  (90 MHz; C D C £3) : 3.59 (2H, s ,  CH2CN), 4.92 (4H, s ,  PhCH 2) ,

6 .48  (3H , s ,  A rH ) ,  an d  7.28 (10H, s ,  C ^ ) .

V (K B r)  2250 w, 1590 s ,  and  1160 s cm 1.m a x .

M ethyl 4 -m e th y lsa licy la te  (220)

4-M ethylsalicy lic  acid (219) (5 .0g) in d ry  methanol (30 ml) 

was s a t u r a t e d  w ith d ry  h y d ro g en  chloride gas and the  solution re f lu x e d  

o v e r n ig h t .  Upon cooling, the  methanol was ev apo ra ted  off an d  the

sem i-so l id  r e s id u e  d isso lved  in e thy l ace ta te  and washed successively  

w ith  s a t u r a t e d  aq u eo u s  sodium b icarbonate  and b r in e .  The organic 

so lu tion  was d r ie d  and  ev a p o ra te d  to leave an amber oil which c ry s ta l l ­

is e d  on s t a n d i n g .  T h is  was sublimed in vacuo ( l60°C/lm m  Hg) to 

a f fo rd  th e  e s t e r  (220) as  white c ry s ta ls  (4 .1 g ,  75-s), m .p .  25-26 C

( l i t . , 114 27-28°C) .

<$H (90 MHz; C D C £3): 2.29 (3H, s ,  ArCH3) ,  3.90 (3H, s ,  CH30 ) ,

6 .65  (1H , d ,  J  8 Hz, H -5 ) ,  6.76 (1H, s ,  H -3),  7.67 (1H, d ,  J  8 Hz,



H -6 ) ,  a n d  10.63 (1H, s ,  OH).

Vm ax. (C H C V  3180 b r  w > *670 s ,  and  1620 m cm"1 .

M ethyl 2 -b en zy lo x y -4 -m e th y lb e n z o a te  (221)

A m ix tu re  of methyl 4-methylsalicylate (220) (5 .6 g ) ,  benzy l 

b rom ide  ( 4 .5  m l) ,  d ry  potass ium  iodide (6 .2g) and  d ry  potassium 

c a rb o n a te  (7 .8 g )  in  d ry  b u tan o n e  (150 ml) was s t i r r e d  at re f lu x  o v e r -  

n i g h t .  T h e  cooled so lution was f i l te red  and  the  re s id u e  washed with

e t h e r .  T h e  com bined organ ic  solutions were ev apo ra ted  to d ry n e s s  and

th e  r e s i d u e  d is s o lv e d  in e th e r ,  th en  washed with 30% sodium h ydrox ide  

fo llowed b y  w a te r .  D ry in g  and  evaporation yie lded an amber oil which 

a f fo rd e d  th e  e s t e r  (221) as a l igh t yellow oil upon distilla tion (6 .2 g ,  72%), 

b . p .  1 7 5 ° C /0 .005 mm Hg.

SH (90 MHz; C D C £3): 2.27 (3H, s ,  ArCH3) , 3.82 (3H, s ,  CH30 ) ,

5 .09  (2H, s ,  P h C H 2) ,  6.73 (2H, m, H-3 and  H -5),  7 .20-7 .56  (5H, m,

C 6H 5) ,  a n d  7 .70  (1H, d ,  J  8 Hz, H-6).

V ( C H C £ J  3025 m, 1720 s ,  and 1610 s cm 1 .m ax. 3

F o u n d :  M + , 256.1110. c l6 Hl60 3 re q u ire s  M+, 256.1099.

3-( 2 -B e n z y lo x y -4 -m e th y lp h e n y l ) -2 - (3 ,  5 -d im ethoxypheny l)-3 -  

o x o p ro p a n e n i t r i l e  (222)

3 ,5 -D im e th o x y b e n zy l cyanide (67) (1 .40g) in d ry  te t r a h y d ro -  

f u r a n  (30 ml) was a d d e d  o ver  10 min to n -b u ty l  lithium (6.40 ml, 2.61M 

in h e x a n e )  in THF (15 ml) a t  0°C and u n d e r  n it ro g en .  A fte r  s t i r r in g  

a t  0°C fo r  a f u r t h e r  50 min, methyl 2 -benzy loxy-4-m ethy lbenzoate  (221)

( 2 . 63g) in  TH F (50 ml) was in t ro d u ced  over 30 min and  the  solution 

s t i r r e d  a t  r e f lu x  fo r  5h. T he cooled solution was added  dropw ise over
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20 min to  a  s a t u r a t e d  solution of ammonium chloride with effic ient 

s t i r r i n g .  T h e  THF was rem oved in vacuo and  the aqueous p h ase  

e x t r a c t e d  w ith  e th y l  a c e ta te .  T he combined organic e x t ra c ts  were 

w a s h e d  w ith  b r i n e ,  d r ie d  and  ev ap o ra ted  to give a brow n gum. The

3 -k e to  n i t r i l e  (222) was ob ta ined  as a yellow gum upon column chrom a-  

t o g r a p h y  o v e r  silica u s in g  30:70 e thy l a c e ta te :h ex an e  as e luan t (1 .83g ,  

58%).

6 h  (90 MHz; C D C J^ ) :  2.30 (3H, s ,  A rC H ^), 3.66 (6H, s ,  CH30 ) ,

5 .16 (2H , s ,  P h C H 2) ,  5.85 (1H, s ,  CHCN), 6.34 (3H, s ,  A rH ),  6.79 

(2H , m, H -3 ' a n d  H -5 ') ,  7.39 (5H, b r  s ,  C ^ ) , and  7.58 (1H, d ,  J  

8 H z, H -6 1) .

V (C H C £ 0) 3010 m, 2210 w, 1680 m, and 1610 s cmm ax. 3

F o u n d :  M+, 401.1612. C ^ H ^ N O ^  re q u ire s  M + , 401.4664.

3 -A c e to x y - 3 - ( 2 -b e n z y lo x y -4 -m e th y lp h e n y l) -2 - (3, 5 -d im ethoxypheny l)-  

p r o p - 2 - e n e n i t r i l e  (223)

A so lu tion  of the  3~keto n itr ile  (222) (0.51g) in acetic 

a n h y d r id e  (10 ml) con ta in ing  a few c ry s ta ls  of p -to luenesu lphon ic  acid 

was r e f l u x e d  fo r  4h. T he  reac tion  m ixture was w orked-up  as outlined  

fo r  th e  p r e p a r a t io n  of the  s tilbene (70). The c rude  p ro d u c t  was 

in i t ia l ly  p u r i f i e d  b y  column chrom atography  over silica using  25:75 

c h lo ro fo rm : h e x a n e  as e lu a n t .  F u r th e r  purifica tion  by  p re p a ra t iv e  tic 

on s ilica  em ploy ing  two developm ents in chloroform affo rded  a l igh t  brow n 

gum c o n s is t in g  of th e  E- an d  Z _ ~  isomers of the  stilbene (223) (0 .2 4 g ,

43%, E : Z = 1 .0  : 1 .3  from the  1H nmr in teg ra tion  of th e  PhCH 2 

r e s o n a n c e s ) .
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SH (200 MHz; C D C £3): 1.87 (3H, s ,  E-CH 3CO), 2.15 (3H, s ,  Z-

C H 3C O ) ,  2 .24  (3H, s ,  Z -A rC H 3), 2.31 (3H, s ,  E -A rCH 3) , 3.44 (6H, 

s ,  Z -C H 30 ) ,  3 .72 (6H, s ,  E -C H 30 ) ,  4.82 (2H, s ,  Z-PhCH2), 5.08 (2H, 

s ,  E -P h C H 2) , 6 .23  (3H, m, A rH ),  6.39 (1H, t ,  J  2.3 Hz, E -H ^),

6 .65  (4H , m, A rH ) ,  6.83 (2H, m, E-H3, and E-H g,),  7.09 (1H, d ,  J

7 .7  H z, Z -H 6, ) ,  7 .18 -7 .42  (10H, m, C^Hg), and  7.46 (1H, d ,  J  7 .6  Hz,

e - h 6 i) .

Vm ax. ( C H C £ 3) 2220 w > 1775 s , and 1600 s cm"1.

Am ax. (MeOH) 242 9,000) and  286 nm (10,300).

F o u n d :  M + , 443.3955. C 2?H25N 0 5 re q u ire s  M + , 443.1733.

E q u i l ib ra t io n  of th e  E- and  Z-isomers of the 2-benzyloxystilbene (223)

A so lu tion  of the  above stereoisomeric m ixture (E : Z = 1.0 :

1 .3) of t h e  2 -b en zy lo x y  s ti lbene  (223) (50 mg) in benzene (3 ml) contain­

in g  a t r a c e  of iod ine  was i r ra d ia te d  with visible l igh t and  hea ted  at 

g e n t le  r e f lu x  fo r  3 d a y s .  Upon cooling, the  solution was washed with 

20% a q u e o u s  sodium th io s u lp h a te , d ried  and evapora ted  to a ffo rd  a brow n 

gum (50 m g ) .  T h e  in teg ra tio n  of the PhCH20  resonances  in the  200 MHz 

1H n m r s p e c t ru m  of th is  re s id u e  showed th a t  the  ra tio  of isomers had  

c h a n g e d  to  E : Z = 1.4 : 1.0.

P h o to c y c l is a t io n  of  t h e  2 - b e n z y l o x y s t i l b e n e  (223)

A so lu tion  of th e  s tilbene (223) (0.17g) in red is t i l led  cyclo- 

h e x a n e  (400 ml) con ta in ing  iodine (O .l lg )  was s t i r r e d  and  i r ra d ia te d  fo r  

9h. W ashing w ith  10% aqueous sodium th iosu lpha te ,  d ry ing  and  evapor 

a tion  of th e  cyc lohexane  solution affo rded  a brown semi-solid re s id u e .  

A ddition  of m ethano l caused  c rysta llisa tion  of a yellow solid which was
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id e n t i f i e d  a s  t h e  p h e n a n th r e n e  (110) (0 .03g , 23%). The spectra l

c h a r a c t e r i s t i c s  o f  th i s  p h e n a n th r e n e  a re  reco rd ed  on p . 202. 1H nmr

of th e  r e s i d u e  sh o w e d  th a t  none  of th e  des ired  oxidative photocyclisation 

p r o d u c t  (218) was p r e s e n t .
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