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SYNTHESIS OF 13-e-(ll-3H)-RETINOIC ACID 

The b i o l o g i c a l  a c t i v i t y  of 1 3 - e - r e t i n o i c  a c i d  i n  p r e v e n t i o n  of 

e p i t h e l i a l  cancer  i n  animals  h a s  r e c e n t l y  been demonstrated [l]. I n  connec t ion  

w i t h  a me tabo l i c  s t u d i e s  program, w e  have prepared 13-*-(11-3H)-retinoic a c i d  

- l b  from 6-ionylideneacetaldehyde via a r e a c t i o n  sequence similar t o  t h e  one 

r e p o r t e d  by Liebman and co-workers [ 2 ]  f o r  the s y n t h e s i s  of t r a n ~ - ( l l - ~ H ) - a -  

r e t i n o i c  a c i d  2 ( s e e  Scheme 1). 
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- l a .  R = X = H  
b. R = H ,  X = 3H 
- c. R = E t ,  X = 38 
- 

2 - 

The t r i t i a t e d  6-ionylideneacetaldehyde 2 w a s  prepared from t h e  unla- 

be l ed  aldehyde by r e d u c t i o n  w i t h  sodium b o r o t r i t i d c  fol lowed by r e o x i d a t i o n  

wi th  manganese d i o x i d e ,  w i th  a n e t  r e t e n t i o n  of ove r  75% of  t h e  t r i t i u m .  The 

phosphonium y l i d e  used i n  t h e  W i t t i g  r e a c t i o n  was gene ra t ed  i n  s i t u  from a 

mixture  of cis- and trans-phosphonium c h l o r i d e  S by sodium e thox ide  i n  e t h a n o l  

[31. Under t h e s e  r e a c t i o n  c o n d i t i o n s ,  t h e  W i t t i g  condensat ion of t h e  t r i t i a t e d  

aldehyde 3 w i t h  t h e  y l i d e  4 proceeded normally t o  g i v e  a mix tu re  of  f o u r  i somer i c  

r e t i n o i c  esters. The major isomer ob ta ined  i n  t h i s  r e a c t i o n  w a s  shown t o  b e  

t h e  d e s i r e d  13-&-retinoate &. I n t e r e s t i n g l y ,  t h i s  isomer w a s  formed i n  even 

g r e a t e r  amount i n  t h e  ' h o t '  experiment than i n  t h e  ' c o l d '  runs  c a r r i e d  o u t  un- 

d e r  t h e  same r e a c t i o n  c o n d i t i o n s .  A small p o r t i o n  of  pu re  13-&-retinoate 
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Scheme 1 
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w a s  s e p a r a t e d  from t h e  mix tu re  by c a r e f u l  column chromatography ove r  s i l i c a  g e l .  

S a p o n i f i c a t i o n  of  t h e  ester wi th  a l c o h o l i c  potassium hydroxide r e a d i l y  a f f o r d e d  

13-*-(11-3H)-retinoic a c i d  g. A f t e r  d i l u t i o n  wi th  un labe led  13-&-retinoic 

a c i d  and r e c r y s t a l l i z a t i o n ,  t h e  f i n a l  product  had a s p e c i f i c  a c t i v i t y  of 1 . 7 5  

Ci/ntmole. Assay by r e v e r s e  phase HPLC [ 4 ]  showed t h a t  bo th  t h e  chemical and 

radiochemical  p u r i t y  was g r e a t e r  t han  98%. 

The 3H@H) NMR spectrum of 13-&-(11-3H)-retinoic a c i d  (F igu re  1) 

shows one major resonance a t  6.88 ppm, which may be  a s s igned  t o  t r i t i u m  a t  t h e  

11 p o s i t i o n  [5] .  

spectrum (no t  shown) which c o n s i s t s  of  a d o u b l e t  of d o u b l e t s  w i t h  coup l ing  

The assignment w a s  confirmed by o b t a i n i n g  the p ro ton  coupled 
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c o n s t a n t s  of  a p p r o x i m a t e l y  1 2  and  15  Hz. These  d a t a  are a l s o  c o n s i s t e n t  w i t h  

t h o s e  r e c o r d e d  i n  p r e v i o u s  s t u d i e s .  The minor r e s o n a n c e s  are d u e  t o  decompo- 

s i t i o n  i m p u r i t i e s .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  minor r e s o n a n c e s  were n o t  

p r e s e n t  i n  t h e  3H{1H} NMR of  t h i s  same sample  t a k e n  3 months ear l ier .  

h 
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F i g u r e  1 - The 3H{1H} NMR s p e c t r u m  of  13-&-(11-3H)-retinoic a c i d .  
The c o n d i t i o n s  used  t o  o b t a i n  t h i s  s p e c t r u m  were: s p e c t r a l  window: 
1 ,500  Hz; d a t a  a c q u i s i t i o n  t i m e :  8.0 sec; d a t a  p o i n t s  a c c u m u l a t e d :  
24 ,000 ;  p u l s e  w i d t h :  72' (100 p s e c ) ;  b roadband p r o t o n  n o i s e  de- 
c o u p l i n g  w a s  employed and 10,000 t r a n s i e n t s  were accumula ted .  The 
s p e c t r u m  is  p l o t t e d  on a p.p.m. scale w i t h  TMS[1-3H] a t  0.0 p.p.m. 

I n  a d d i t i o n  t o  t h e  13-&-re t inoa te  &, t h r e e  o t h e r  i s o m e r i c  prod- 

u c t s  w e r e  a l s o  formed i n  t h e  W i t t i g  r e a c t i o n ,  b u t  i n  much smaller amounts.  

Two of t h e s e  were i d e n t i f i e d  as t h e  11,13-di-& i s o m e r  2 and t h e  trans- 

r e t i n o a t e  1 by HPLC a n a l y s i s  a n d  compar ison  w i t h  a u t h e n t i c  u n l a b e l e d  s t a n -  

d a r d s .  The o t h e r  p r o d u c t  is  p r o b a b l y  t h e  i s o m e r  5 by a n a l o g y  w i t h  t h e  re- 

s u l t  o f  Liebman and co-workers [ 2 ] .  
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EXPERIMENTAL 
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3-Methyl-5-(2,6,6-trimethyl-l-cyclohexenyl)-l-~H-2-trans-4-trans-pentadienal (3) 

In a 100-ml two-neck flask fitted with a stopcock and a rubber septum 

was placed % 10 Ci of sodium borotritide (purchased from Amersham Corporation 

with a specific activity of 15 Ci/mmole). After the flask was evacuated, 5 ml 

of THF was added via a syringe, immediately followed by a solution of 2.1 mmoles 

of 3-methyl-5-(2,6,6-trimethyl-1-cyclohexenyl)-2-trans-4-trans-pentadienal [6] 

in 10 ml of the same solvent. The mixture was stirred at room temperature for 

20 hr. Water (5 ml) was then added and all of the volatile substances removed 

_- in vacuo. 

ness again in vacuo. This procedure was repeated again and the residue thus 

obtained was extracted with a total of 200 ml of ether. TLC examination of the 

extract indicated total absence of the starting aldehyde. The ether extract 

was dried (MgS04) and evaporated under reduced pressure. The crude reduction 

product was dissolved in 100 ml of hexane and stirred overnight, under nitrogen, 

at room temperature with 2 . 6  g of manganese dioxide. The oxidizing agent was 

filtered off and thoroughly washed with hexane. The combined hexane solution 

was evaporated to give a nearly quantitative yield of the tritiated aldehyde 

with a radiochemical purity estimated at 90-95% by TLC/radiochromatogram scan- 

ning. 

of solvent. 

The residue was treated with 5 ml of methanol and evaporated to dry- 

This aldehyde appeared to deteriorate rapidly on standing in the absence 

13-*-(11-3H)-Retinoic Acid (&) 

A solution of 1.89 g (4 .5  moles) of (3-ethoxycarbonyl-2-methylally1)- 

triphenylphosphonium chloride (obtained from a mixture of cis- and trans-3- 

ethoxycarbonyl-2-methylallyl chloride) in 5 ml of ethanol was treated under 
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n i t r o g e n  a t  i ce  b a t h  t empera tu re  w i t h  a sodium e thox ide  s o l u t i o n  f r e s h l y  pre-  

pared from 9 2  mg (4 mg-atoms) of sodium and 5 m l  of e t h a n o l .  A f t e r  5 min st ir-  

r i n g ,  a s o l u t i o n  of  t h e  t r i t i a t e d  aldehyde (>) i n  20 m l  of e t h a n o l  w a s  added 

t o g e t h e r  w i t h  1 m o l e  of un labe led  aldehyde.  

ove rn igh t  a t  room t empera tu re ,  d i l u t e d  w i t h  water (40 m l ) ,  and con t inuous ly  ex- 

t r a c t e d  wi th  hexane f o r  2 h r .  The hexane e x t r a c t  w a s  removed and t h e  e x t r a c -  

t i o n  w a s  cont inued w i t h  f r e s h  hexane f o r  f o u r  more hour s .  The combined hexane 

e x t r a c t  was evaporated under reduced p r e s s u r e  t o  g i v e  a r e s i d u e  c o n t a i n i n g  tr i-  

phenylphosphine ox ide  and a mix tu re  of i somer i c  r e t i n o i c  esters. The esters,  

a f t e r  t r i t u r a t i o n  w i t h  a l i t t l e  hexane, w e r e  s e p a r a t e d  from t r ipheny lphosph ine  

ox ide ,  which w a s  washed several t i m e s  w i t h  s m a l l  amounts of hexane. The com- 

bined hexane s o l u t i o n  w a s  t hen  chromatographed ove r  110 g of s i l i c a  g e l .  The 

column w a s  e l u t e d  f i r s t  w i t h  a mix tu re  of  4:l hexane:chloroform and t h e n  w i t h  

3 : l  mix tu re  of t h e  same s o l v e n t  p a i r  acco rd ing  t o  a p a t t e r n  developed i n  runs  

u s i n g  un labe led  materials. The e l u t e  w a s  monitored by TLC and i t  w a s  found 

t h a t  t h e  f i r s t  30 r e t i n o a t e  f r a c t i o n s  ( t o t a l  volume % 60 ml) were homogeneous 

and con ta ined  t h e  d e s i r e d  13-&-retinoate. 

evaporated t o  d ryness  under reduced p r e s s u r e .  The t r i t i a t e d  e t h y l  13-&- 

r e t i n o a t e  thus  ob ta ined  w a s  immediately hydrolyzed by b o i l i n g  w i t h  0.64 g of 

potassium hydroxide i n  30 m l  of e t h a n o l  and 2 m l  of  water f o r  2 h r  under a n i -  

t rogen  b l a n k e t .  A f t e r  t h e  r e a c t i o n  mix tu re  w a s  d i l u t e d  wi th  water (20 ml ) ,  t h e  

e t h a n o l  w a s  evaporated under  reduced p r e s s u r e .  The aqueous r e s i d u e  w a s  e x t r a c t e d  

wi th  e t h e r  (50 r n l )  and t h e  e t h e r  e x t r a c t  w a s  washed once w i t h  d i l u t e  potassium 

hydroxide.  The combined aqueous s o l u t i o n  w a s  c h i l l e d  and a c i d i f i e d  wi th  3N phos- 

p h o r i c  a c i d  t o  pH 3 and then  e x t r a c t e d  w i t h  e t h e r  ( 4  x 50 ml ) .  

e t h e r  e x t r a c t  w a s  washed w i t h  water ( 3  x 20 ml ) ,  d r i e d  (MgS04) and evaporated 

The r e a c t i o n  mix tu re  w a s  s t i r r e d  

These f r a c t i o n s  were combined and 

The combined 



79 6 P-L. Chien, M-S. Sung and D. B. Bailey 

t o  g ive  60 mg of s l i g h t l y  contaminated &. The product  w a s  mixed wi th  10  m g  of 

unlabeled 13-&-retinoic a c i d  and r e c r y s t a l l i z e d  once from methanol t o  g ive  45  

mg of 13-&-(11-3H)-retinoic a c i d  as orange yel low need le s  wi th  a s p e c i f i c  ac- 

t i v i t y  of 1 .75 Ci/mmole. The chemical p u r i t y  of t h i s  product  was shown t o  be 

g r e a t e r  t han  98% by r e v e r s e  phase HPLC [ 4 ]  on a Whatman P a r t i s i l  PXS 10125 ODs-2 

column. The radiochemical  p u r i t y  w a s  determined by a s i m i l a r  HPLC procedure i n  

which 200 f r a c t i o n s  of 2, 0.2 ml each were c o l l e c t e d  from t h e  column and counted 

i n d i v i d u a l l y .  Over 98% of t h e  t o t a l  a c t i v i t y  was found i n  a sha rp  s i n g l e  peak 

corresponding t o  t h a t  of 13-&-(11-3H)-retinoic a c i d .  The 3H{1€I} NMR spectrum, 

ob ta ined  a t  106.7 MHz on a Varian XL-100-12 FT spectrometer  e s p e c i a l l y  equipped 

t o  handle  r a d i o a c t i v e  samples,  showed one resonance a t  6.88 ppm. 
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