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SUMMARY 

Lithium borotritide reduction of a-ionylidene- 

acetaldehyde (2) followed by manganese dioxide oxi- 
dation provided the tritiated aldehyde (2) which re- 
tained over 95% of the label. On treatment with the 

ylide derived from ethyl 4-chloro-3-methylcrotonate, 

ethyl a-retin~ate-ll-~H (14) was obtained which, after 

purification, was hydrolyzed to a-retin~ic-ll-~H acid 
hr 

(15). Conversion to the methyl ester (16) followed by 

lithium aluminum hydride reduction yielded a l l  trans- 

a-retinal (17) which was isolated as the acetate deriva- 

tive (18). 
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INTRODUCTION AND DISCUSSION 

A number of syntheses have been reported (1-3) of a-vitamin 

A acid and a-vitamin A (L), an isomer of naturally occurring 
vitamin A (2). 
all trans configuration , for biological comparison ( 4 )  , a-retinol 
should be similarly of the all trans configuration. 

0 1977 by John WiZey ,8 soma Led. 

Since the natural vitamin (6-retinol) is of the 
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The reported syntheses offer.limited spectral or other analytical 

data concerning the configuration of the products obtained which 

nost probably consist of mixtures of ueometric isomers. We were 

interested in preparina high specific activity tritium labelled 

a-retinol of the all trans configuration. The existing pro- 

cedures were examined in considerable detail and improved in 

several instances. This we now wish to report along with the 

methods developed for the isolation and characterization of the 

desired compounds. 

From ethyl a-ionylideneacetate (3J ( 5 )  the synthesis of a- 

vitamin A has been accomplished y& a two step conversion to a- 

ionylideneacetaldehyde (2) which has then been condensed with methyl- 
E-methylglutaconate (') or ethyl senecioate ( 2 )  or ethyl 4-chloro-3- 

methyl~rotonate'~) to supply the remaining five carbon atoms of the 

vitamin A skeleton. 

which was partially purified by hydrolysis to and the acidic frac- 

tion was re-esterified and reduced to a-retinol (A). 
is amenable to the preparation of isotopicaily labelled analogs since 

the label can be inserted specifically and at a relatively late stage 

of the synthesis. Condendation of 6-ionylideneacetaldehyde with 

carbon-14 labelled ethyl senecioate has ultimately led to formation 

of '*C labelled vitamin A and derivatives(6). 

reduction of the c-15 aldehyde with a deuterium or tritium containing 

reagent yields the correspondingly labelled B-ionylidene ethanol: 

reoxidation with manganese dioxide was observed(6) to Proceed with a 
significant isotope effect such that retention of the label occurs in 

An ester (2) of 3-retinoic acid ( 7 )  was obtained 
ru 

This sequence 

A ~ S O  in the ~-series, 
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the  r e s u l t i n g  aldehyde. The above synthesis  has been used to pre- 

pare vitamin A - l b 3 H  and de r iva t ives  (>1 Ci/mole)  a f t e r  completion 

of the synthesis  the e t h y l  senecioate condensation. 

To provide isomerically pure aldehyde (2) i n  t h e  a - se r i e s ,  the 

methyl ester of c r y s t a l l i n e  2-trans,  4-trans-a-ionylidene a c e t i c  

ac id  was reduced with "Red-All' t o  t he  isomerical ly  pure alcohol 

which was oxidized with manganese dioxide t o  afford the aldehyde. 

Subsequent reduction with sodium borodeuteride and reoxidation 

with manganese dioxide showed t h a t  g rea t e r  than 95% of t h e  deuterium 

a t  C-1 w a s  re ta ined during the  oxidation. Similar ly ,  reduction of 

($1 

( 5 )  with l i thium b ~ r o t r i t i d e ' ~ )  (15 Ci/mmole) and oxidation of the 
w 

r e s u l t i n g  alcohol (8 )  with manganese dioxide gave the  desired C - 1  

t r i t i a t e d  aldehyde (2) with s p e c i f i c  a c t i v i t y  of  2-3 Ci/mmole. 
r 
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The Wi t t ig  condensat ion of  ( 5 )  and (12) was found t o  be 
(u 

highly  dependent on s o l v e n t  and base.  With preformed y l i d e  (LO) 
and benzene a s  s o l v e n t ,  a mixture  of i somer ic  

es ters  was formed from which t h e  known 13-c is  

d e s i r e d  a l l  t r a n s  ester ( 6 )  and t h e  anomolous 
w 

a - r e t i n o i c  a c i d  

isomer (111, t h e  

a d d i t i o n  product  
,* 

( 1 2 )  were obta ined .  The l a t t e r  w a s  i d e n t i f i e d  a s  t h e  corresponding 
N 

a c i d  (13) by hydro lys i s  of t h e  ester mixture ,  c r y s t a l l i z a t i o n  and 

comparison wi th  a sample of (12) syn thes i zed  by an a l t e r n a t e  rou te  
,- 

( 8 )  

5 
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The formation of some 1 2  i s  n o t  unexpected cons ide r ing  t h e  
w 

known r e a c t i v i t y  of a l l y l i c  y l i d e s  19) . 
When t h e  y l i d e  ( 1 0 )  w a s  generated with sodium e thoxide  i n  

e thano l  s o l u t i o n  and then  added t o  an e thano l  s o l u t i o n  of 

(51, t h e  r e a c t i o n  product  c o n s i s t e d  of t h e  1 3 - c i s  ester (51) and 

t h e  d e s i r e d  a l l  t r a n s  ester (6) i n  a r a t i o  of about  3:l .  To o u r  

advantage,  t h i s  r a t i o  was reversed  when h igh  s p e c i f i c  a c t i v i t y  

tritium l a b e l l e d  (2) [aldehyde ] w a s  used, thereby provid ing  

a reasonable  y i e l d  o f  t h e  d e s i r e d  ester ( 1 4 )  l a b e l l e d  a t  C-11. 

The ester mixture  was chromatographed over  s i l i ca  g e l  and t h e  

e l u a t e  h igh ly  en r i ched  w i t h  12 w a s  hydrolyzed. The r e s u l t i n g  mix- 

t u r e  was t r e a t e d  wi th  iod ine  ('') and t h e  a l l  t r a n s  a - r e t i n ~ i c - l l - ~ ~  

.- 

/u 

rv 

-- 

T NaOEt 1 
HC02Et  

CH3 
15 
h. 

a c i d  (15) w a s  then  i s o l a t e d  by c r y s t a l l i z a t i o n .  I n t e r e s t i n g l y ,  t h e  

r e l a t i v e l y  h igh  endogenous r a d i a t i o n ,  which presumably e f f e c t e d  a 

favorable  isomer r a t i o  i n  t h e  W i t t i g  r eac t ion ,  now inf luenced  i so -  

N 
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meriza t ion  of  t h e  a l l  t r a n s  a c i d ,  i n  s o l u t i o n ,  t o  t h e  13-+ isomer 

as t h e  mother l i q u o r s  from which 15 c r y s t a l l i z e d  became inc reas ing ly  

enr iched  i n  t h e  1 3 - c i s  ac id .  
N 

The pure a l l  t r a n s  a c i d  (15) w a s  converted t o  t h e  es te r  (16 )  
.I/ hr 

with  diazomethane and reduced wi th  l i t h i u m  aluminum hydride a t  -5OO 

t o  a-vitamin A-11- H (L7) .  

f i e d  ester ( 1 4 )  r e s u l t e d  i n  a complex mixture  of i somer ic  

products .  On t h e  p u r i f i e d  a c i d ,  however, reduct ion  a f t e r  

e s t e r i f i c a t i o n  w a s  s t r a i g h t f o r w a r d  a t  t h e  l o w  temperature  ind i -  

ca ted .  The a c i d  (15)  w a s  found t o  be moderately s t a b l e  b u t  t h e  

a l coho l  ( 1 7 )  was q u i t e  uns t ab le .  The a c e t a t e  d e r i v a t i v e  (18 )  

was cons iderably  more s t a b l e  and w a s  t h e r e f o r e  qu ick ly  prepared 

us ing  a c e t y l  c h l o r i d e  and py r id ine .  The product  was p u r i f i e d  by 

chromatography Over alumina fu rn i sh ing  pure a - r e t i n ~ l - l l - ~ H  a c e t a t e  

w i t h  s p e c i f i c  a c t i v i t y  of 2 .65  Ci/mmole. The a - r e t i n y l  a c e t a t e  

prepared i n  t h i s  manner was shown by NMR(4)to be f r e e  of B-ret inyl  

a c e t a t e .  

3 Attempts t o  reduce t h e  p a r t i a l l y  pur i -  

w 

hr 

r-, k 
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.4 

1 7  
N 

N 



3 - trans-C+RetinyZ-lI- H Acetate 129 

Experimental 

Melting and boiling points are uncorrected. All solvents 

were distilled prior to use. Radiochemical purity was determined 

on thin layer chromatograms with a Packard Model 7201 Radiochroma- 

togram Scanner System. 

p,~-3-Methyl-5-(2,6,6-trimethyl-2-cyclohexen-l-yl)-2-trans, 4- 

trans-pentadienoic acid, ( 2 - a ~ ~  4-trans-a-ionylidene acetic 

acid).- A solution of potassiun hydroxide (5g) in the minimum 

amount of water was flushed with argon and then treated with a 

solution of 59 (19.1 mole) of ethyl a-ionylidene acetate (approxi- 

mately 60% trans-40% cis) in 150 ml of methanol. The resulting 

mixture was refluxed for one hour, cooled then added to cracked 

ice. Hydrochloric acid was added to pH3 and the crude product 

was then extracted with CHC13. 

pressure left a residual oil which was crystallized from aceto- 

nitrile ( 3  crops) providing 2.799 ( 5 8 % )  of all trans product, m.p. 

98-99O (Found: C, 77.1; H, 9.5. C H 0 theoretical: C ,  76.9; H I  9.5%) 

Xmax (ethanol) 254 nm ~=24,800. The acid was treated with diazo- 

methane to give the methyl ester, which was used without further 

purification. 

-- 

Removing the solvent under rsduced 

15 22 2 

D,L-3-Methyl-5-(2,6,6-trimethyl-2-cyclohexen-l-yl)-2-trans~ 4- trans- 

pentadien-1-01 ( 2 - t ~ ~ ~  I-t=-a-ionylidene ethanol (,%- A solu- 
- ---- --I- 

~ 

tion of 2.4g of the methyl ester, prepared as described above, in 12 

ml of benzene was cooled to 5 O C  and with stirring was treated drop- 

wise with 3,s ml of a 70% benzene solution of sodium dihydrido-bis 

(2-methoxy ethoxy) aluminate. The resulting mixture was stirred for 

two hours at room temperature and then treated with 10 ml of water- 

saturated ether followed by 5 0  ml of water. The mixture was 

filtered and the filtrate was extracted with ether which was 

then concentrated to a residual oil of 2.059 (9.3 mole). By 

thin later chromatography (silica gel; benzene-ethyl acetate, 
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9 : 1 ) ,  t h e  product  c o n s i s t e d  of > 9 9 %  a l coho l  (2 (1’3)at Rf0.33 

and a trace of t h e  s t a r t i n g  ester a t  Rf0.8. 

3,L-3-Methyl-5-(2,6,6-trimethyl-2-cyclohexen-l-yl)-2-trans, 4- 

-- t rans-a- ionyl idene aceta1dehyde)Q.-The a l coho l  ( 4 )  ob ta ined  

---I---- 

above w a s  d i s so lved  i n  50 m l  of dichloromethane and s t i r r e d  wi th  

11.5g o f  manganese d iox ide  a t  room temperature  f o r  1 6  h r .  Af t e r  

f i l t r a t i o n  t h e  product  was p u r i f i e d  by chromatography over  s i l i c a  

g e l  (E. Merck N o .  7734, 1OOg) e l u t i n g  wi th  hexane-ethyl a c e t a t e ,  

35:l .  Molecular d i s t i l l a t i o n  of  t h e  product  (90 -100°C,  0 .01  mm) 

y i e lded  1.77g o f  t h e  aldehyde which was 97-988 pure by t l c .  Re-  

duc t ion  of  3 wi th  sodium borodeuter ide  (>95% d,) i n  te t rahydro-  

fu ran  y i e lded  t h e  1-deutero d e r i v a t i v e  of (fi which w a s  p u r i f i e d  

by column chromatography ( s i l i c a  g e l ;  hexane-ethyl a c e t a t e ,  7 : l )  

(6) with  dl con ten t  o f  89.8%. Reoxidat ion wi th  Mn02 as desc r ibed  

y i e lded  t h e  1-deutereo d e r i v a t i v e  of (5 )  wi th  t h e  same dl conten t  

( 9 0 . 4 % )  a f t e r  p u r i f i c a t i o n .  
cv 

Lithium b o r o t r i t i d e . -  A heavy-walled pyrex tube  (5x20 c m )  f i t t e d  

wi th  a high-vacuum stopcock was charged wi th  11 mg (0.5 mmole) of  

l i t h i u m  borohydride.  The tube  was f lushed  wi th  hydrogen, evacu- 

a t e d  then  hea ted  t o  230OC. A f t e r  coo l ing ,  hydrogen w a s  added t o  a 

p re s su re  of  45 c m  o f  Hg and t h e  tube  w a s  a g a i n  hea ted  t o  230’ where 

it was kept  f o r  1 hour. A f t e r  coo l ing ,  t h e  tube  was aga in  

evacuated t o  <lu and 2 0  C i  o f  c a r r i e r - f r e e  t r i t i u m  gas N a s  ad- 

mi t ted .  The tube  w a s  c losed  and hea ted  t o  225’ where it was 

maintained f o r  3 1 / 2  days when no f u r t h e r  exchange occurred.  

During t h i s  pe r iod ,  t h e  exchange w a s  monitored as descr ibed  (7 )  

us ing  benzaldehyde or  o t h e r  r e a d i l y  r educ ib le  carbonyl .  F i n a l  

s p e c i f i c  a c t i v i t y  was approximately 15  Ci/mmole. 

~ , ~ - 3 - M e t h y l - 5 -  ( 2  , 6 , 6-trimethyl-2-cyclohexen-1-yl) - b 3 H - 2 -  
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trans, 4-trans-pentadien-1-01 (3.- The lithium borotritide ob- 

tained above was dissolved in 0.5 ml of peroxide free tetrahydro- 

furan in the tube used for the exchange. The solution was cooled 

to 5' and with magnetic stirring a solution of the all trans 

aldehyde B, 460 mg (2.1 mmole) in 2 ml of THF was added and 
the resulting mixture was stirred at room temperature for 20 hours 

when a thin layer chromatographic probe (silica gel, benzene elu- 

tion) showed the reaction to be complete. The mixture was trans- 

ferred to a liquid-liquid extractor, treated with water, then con- 

tinuously extracted with ether which on evaporation, provided the 

labelled alcohol ( 8 )  as a light yellow oil which was not further 

purified. 
21 

trans, 4-trans-pentadienal m.- The alcohol ( 8 )  obtained above, 

dissolved in 15 ml of dichloromethane, was treated with 2.5 g of 

manganese dioxide and the resulting mixture was stirred at room 

temperature for 16 hr. The mixture was filtered, and the filtrate 

was concentrated in vacuo to a residue of 4 2 0  mg (1.92 mole) of 

(9), 91%, homogenous and >98% radiochemically pure by tlc. 

-c/ 

Y 

yl)-2-transI 4-trans, 6-trans-heptatrienoic acid (m.- The 
ylide (lo) , 550 mg, 1.4 mmole) was prepared from the corre- 

sponding phosphonium salt (680 mg, 1.6 mole) by exactly neutral- 

izing an aqueous solution of the salt with 0.1N sodium hydroxide 

at 0' and filtering the bright yellow solid which immediately 

precipitated. 

and then dissolved in 25 ml of benzene. 

14 mole) in 5 ml of benzene was added and the resulting mixture 

then heated to 80° where it was held for 3 hr. The mixture was 

evaporated to about one-half the original volume, cooled, and 

The ylide was dried under a stream of dry nitrogen 

A solution of m , ( 3 0 8  mg, 
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t r e a t e d  wi th  10 nl of  co ld  hexane t o  p r e c i p i t a t e  t r iphenylphosphine  

oxide (345 mg, 1.2 mole, obta ined  i n  t w o  c r o p s ) .  Evaporat ion of 

t h e  f i l t r a t e  provided a r e s i d u a l  o i l  which on f i l t r a t i o n  chroma- 

tography through 1 0  g o f  s i l i c a  (E .  Merck N o .  7734) packed i n  hex- 

ane , sepa ra t ed  75 mg of unreac ted  m a n d  228 mg of  an ester mixture .  

By gas chromatography ( a l l  g l a s s  6' column, 3% UCW-98 l i q u i d  phase 

a t  178' and H e  a s  mobile p h a s e ) ,  t h e  mixture  conta ined  approximately 

1 0 %  phosphine, 60% of  an unknown material and abcut  15% each of  t h e  

13 cis isomer (u and t h e  d e s i r e d  a l l  t r a n s  isomer @. 
colcrin chromatography on 11.4 g of s i l i c a  packed i n  benzene and e lu-  

t i o n  wi th  benzene e f f e c t i v e l y  sepa ra t ed  t h e s e  4 compounds. The 

unknown material w a s  t r e a t e d  wi th  methanol ic  potassium hydroxide 

( 2 9  i n  3 m l )  f o r  1 hour a t  60-70°, cooled,  d i l u t e d  wi th  water  and ex- 

t r a c t e d  wi th  e t h e r .  The aqueous s o l u t i o n  w a s  t hen  a c i d i f i e d  t o  pH2 

(H3P04) and aga in  e x t r a c t e d  wi th  e t h e r .  The e x t r a c t  was d r i e d  and 

concent ra ted  i n  vacuo t o  a s o l i d  r e s idue  which w a s  c r y s t a l l i z e d  t o  

provide 1 1 9  mg of  product ,  m.p, 160-161" (from hexane-ether)Amax 

323 nm (hexane) ~39,500, 6 (CDC1,) compatible wi th  theory  inc lud ing  

Fur the r  

J 

/ E  
\ 

H 

chemical s h i f t s  a t  5.24 and 4.89, dd, >=C 

3 D,L-Ethyl a-retinoate-11- H (3.- The phosphonium s a l t ,  ( trans-3-ethoxy 

carbonyl-2-methyl a l l y l )  tr iphenylphosphonium c h l o r i d e ,  1.27 g ,  

3 mole, was d i s so lved  i n  5 m l  of dry e thano l ,  cooled t o  0"  and 

t r e a t e d  wi th  t h e  dropwise a d d i t i o n  of 5 m l  o f  0.54 N sodium e thoxide  

so lu t ion .  

e thano l ,  w a s  then treated wi th  t h e  y l i d e  s o l u t i o n  and t h e  r e s u l t i n g  

mixture  then s t i r r e d  a t  room temperature  for  1 6  h r .  The mixture  w a s  

t r e a t e d  wi th  w a t e r  and then  cont inuous ly  e x t r a c t e d  wi th  petroleum 

e t h e r  (b.p. 30-60') t o  a cons t an t  l e v e l  of r a d i o a c t i v i t y .  The extract 

was concent ra ted  i n  vacuo t o  a r e s i d u a l  o i l  which w a s  chromatographed 

on s i l i c a  g e l  us ing  (E. Merck N o .  7734) 50 t i m e s  t h e  weight of  res idue  

packed and e l u t e d  wi th  benzene, which sepa ra t ed  t h e  13-cis ester 

The t r i t i a t e d  aldehyde (z), obta ined  above, i n  2 m l  of 

(g) 
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from t h e  d e s i r e d  a l l  t r a n s  es te r  (g). 
o u t  i n  an i n e r t  atmosphere t o  maintain s t a b i l i t y  and t h e  products  

were kept  i n  s o l u t i o n  and no t  f u r t h e r  p u r i f i e d .  

D,L a-ret inoic-11-  H a c i d  (L5-J. - The f r a c t i o n s  con ta in ing  t r a n s  ester 

( 1 4 )  obta ined  above were combined i n  an i n e r t  atmosphere then  concentra-  

t e d  i n  vacuo. The r e s idue ,  d i s so lved  i n  about 1 m l  of abso lu t e  e t h a n o l ,  

w a s  t r e a t e d  wi th  a s o l u t i o n  of SO0 mg of  potassium hydroxide i n  0.5 m l  

of water  and 5 m l  o f  abso lu t e  e thano l  wi th  s t i r r i n g  a t  60' f o r  1 hr .  

The mixture  was cooled,  a c i d i f i e d  wi th  phosphoric a c i d  and cont inuous ly  

e x t r a c t e d  wi th  e t h e r .  Af t e r  concen t r a t ing  t h e  e x t r a c t  t o  a smal l  

volume, 1 m l  of hexane con ta in ing  1 mg of  i od ine  was'added and t h e  re- 

s u l t i n g  mixture  was maintained a t  room temperature  f o r  3 h r ,  cooled t o  

-20' f o r  1 6  h r .  The r e s u l t i n g  c r y s t a l s  w e r e  f i l t e r e d  o f f  and washed 

wi th  c o l d  hexane, d i s so lved  i n  e t h e r  t hen  t r e a t e d  wi th  s o l i d  sodium 

t h i o s u l f a t e  (3-5 mg) for  1 0  minutes.  The mixture  w a s  f i l t e r e d ,  t h e  

f i l t r a t e  concent ra ted  t o  a s o l i d  which was aga in  c r y s t a l l i z e d  from 

ether-hexane a t  -20' t o  provide 3 5 . 7  mg (0 .12  mmole) of product  (151 ,  

homogeneous by t l c  ( s i l i ca  g e l ;  benzene-ethyl a c e t a t e ,  8 : 2 )  and 

having s p e c i f i c  a c t i v i t y  of 2.65 Ci/mmole. 

D,  L-Methyl a -retinoate-11- H (J,$) .-The f i l t r a t e  fm a i c h  pure g 
c r y s t a l l i z e d  w a s  shown by t l c  t o  con ta in  a d d i t i o n a l  a l l  t rans-a-  

r e t i n o i c  a c i d  and 13-&-a-retinoic ac ids .  

smal l  volume, t h i s  mixture  w a s  app l i ed  t o  a column of 1 0 0  t i m e s  i t s  

weight  of s i l i c a  g e l  (E. Merck N o .  7 7 3 4 )  packed i n  benzene and f lushed 

wi th  dry argon. E l u t i o n  wi th  benzene, methanol, e t h e r  (100:5:15)  and 

c o l l e c t i o n  i n t o  amber g l a s s  tubes  r e s u l t e d  i n  sepa ra t ing  t h e  mixture  

and ob ta in ing  an a d d i t i o n a l  100  m C i  o f  pure z. Afte r  concen t r a t ion  

t o  dryness  i n  vacuo, t h e  r e s idue  was t r e a t e d  wi th  an excess  of  diazo-  

methane i n  e t h e r  f o r  1 0  minutes a t  room temperature ,  f i l t e r e d  through 

The chromatography was c a r r i e d  

3 

* 

Y 

3 

Afte r  concent ra t ion  t o  a 

a cm' of s i l i ca  g e l  then  concent ra ted  t o  dryness  i n  vacuo y i e l d i n g  

1 6  which was n o t  f u r t h e r  p u r i f i e d .  
N 
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D,L ~ t - r e t i n y l - l l - ~ H  a c e t a t e  (-48). - The ester (x) obta ined  above, 

d i s so lved  i n  2 m l  o f  dry e t h e r ,  w a s  added over  a 5 minute pe r iod  a t  

- 8 O O  t o  0,5 m l  o f  0.2 M L i A 1 H 4  i n  2 ml of dry  e t h e r .  The r e s u l t i n g  

mixture was then  warmed t o  - 6 O O  over  a 15 minute pe r iod  and then 

s t i r r e d  a t  -55" f o r  1 hr .  Ice c o l d  s a t u r a t e d  N H 4 C 1  s o l u t i o n  was added 

cau t ious ly  followed by 5 m l  of petroleum e t h e r .  The r e s u l t i n g  organic  

l a y e r  w a s  s epa ra t ed  and evaporated t o  a r e s idue  (A7) which was 

immediately d i s so lved  i n  2 m l  of dry  e t h e r .  

The s o l u t i o n ,  under argon,  was cooled t o  5O and wi th  s t i r r i n g  

0.2 m l  anhydrous py r id ine  and 22 mg (0 .28  mmole) a c e t y l  c h l o r i d e  was 

added. The r e s u l t i n g  mixture  w a s  s t i r r e d  a t  5' f o r  1 0  min then  a t  

25O f o r  30 min then  r e f r i g e r a t e d  overn ight .  The mixture  w a s  SUC- 

c e s s ive ly  e x t r a c t e d  wi th  1 0  m l  o f  ice-water, 1 0  m l  of co ld  1% Na2C03 

s o l u t i o n ,  1 0  ml of  ice-water. The o rgan ic  phase w a s  then concent ra ted  

and the  r e s idue  p u r i f i e d  by column chromatography over  a c t i v i t y  I11 

alumina (Woelm) (1:500) e l u t i n g  wi th  benzene. F rac t ions  con ta in ing  

only (g) were pooled t o  provide 6 2  m C i  (0.023 m o l e  @ 2.65 Ci/mmole). 

Radiochemical p u r i t y  exceeded 99%. 

Nonradioact ive k8 w a s  ob ta ined  i n  66.5% y i e l d  from pure  a-reti- 

no ic  a c i d  by t h e  above procedures  provid ing  a c o l o r l e s s  s o l i d  of 

m.p. 43-43.5". 
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