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SUMMARY 

Trans-ionylidineacetaldehyde-1-’H (3) w a s  obtained by reduct ion of 

unlabeled aldehyde (1) with l i th ium b o r o t r i t i d e ,  followed by reoxidat ion of t h e  

t r i t i o  a lcohol  (2). Condensation of aldehyde (3) with t r i e t h y l  3-methyl-4- 

phosphonocrotonate (z), followed by saponi f ica t ion  of t h e  r e t i n o i c  e t h y l  ester 

(s), afforded trans-retinoic-ll-’H a c i d  (9). E s t e r i f i c a t i o n  of the  c r y s t a l l i n e  

ac id  with diazomethane, and subsequent reduct ion of t h e  methyl t rans-ret inoate-  

11-’H with l i th ium aluminum hydride,  yielded t r a n s - r e t i n ~ l - l l - ~ H ,  which w a s  

ace ty la ted  i n  s i t u  t o  give --retinyl-ll-’H a c e t a t e  (10). 

Key Words: Lithium b o r o t r i t i d e  reduct ion,  Manganese dioxide,  Emmons-Horner 

reac t ion ,  Phase transfer,Retinoic-ll-’H ac id ,  Retinyl-ll-’H acetate 

INTRODUCTION AND DISCUSSION 

Within t h e  framework of ongoing metabolic and pharmacologic s t u d i e s  r e l a t e d  

t o  t h e  prevention of lung cancer and o ther  e p i t h e l i a l  cancers t r i t i a t e d  a l l -  

t r a n s - r e t i n y l  acetate of high s p e c i f i c  a c t i v i t y  w a s  required.  A synthes is  of 

all---retinoic a c i d  and all---retiny1 a c e t a t e  containing a tritium on 

carbon 11 of t h e  s i d e  chain w a s  therefore  developed. 

The Wit t ig  and Emmons-Horner reac t ions  have been widely used f o r  t h e  

synthes is  of Vitamin A compounds. (’) 

from t h e  B-ClS-aldehyde (1) and the phosphonate“) (1) or t h e  corresponding 

phosphonium sal t .  (*) 

c a l l y  labe led  analogs and h a s  indeed been used t o  prepare al l - t rans-a-ret inyl-  

ll-’H acetate”)  from t h e  corresponding a-C1 .-aldehyde and phosphonium s a l t .  

Thus, r e t i n o i c  a c i d  esters were obtained 

This sequence i s  adaptable  t o  the  preparat ion of isotopi-  
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A mixture of cis and trans-ionylidineacetaldehyde w a s  s e p a r a t e d  by prepara- 

t i v e  HPLC. 

t e t r ahydro fu ran  a t  25" t o  a f f o r d  t h e  t r i t i o  a l c o h o l  (2). Subsequent o x i d a t i o n  

of 2 wi th  manganese d iox ide  a f fo rded  t h e  1 - t r i t i o  a ldehyde (3). 

The --isomer (1) w a s  t hen  reduced wi th  l i t h i u m  b o r o t r i t i d e  i n  

The phosphonate e s t e r C 4 )  (7) was syn thes i zed  by Emmons-Horner condensat ion 

of chloroacetone w i t h  triethylphosphonoacetate followed by h e a t i n g  t h e  r e s u l t i n g  

3-methyl-4-chlorocrotonate (6) wi th  t r i e t h y l  phosph i t e  a t  150". The phosphono- 

c r o t o n a t e  (7) w a s  ob ta ined  as a 50:50 c i s - t r a n s  mixture ,  b u t  a f t e r  Emmons conden- 

s a t i o n  wi th  t h e  t r i t i o  aldehyde (2) i n  a phase t r a n s f e r  medium,(5) t h e  e t h y l  

r e t i n o a t e  (8) s o  ob ta ined  w a s  shown t o  be 85% t r a n s  by HPLC. 

e s t e r  i n  a l c o h o l i c  potassium hydroxide a f fo rded  t h e  r e t i n ~ i c - l l - ~ H  a c i d  (?), 

which w a s  c r y s t a l l i z e d  from e t h a n o l .  The HPLC and UV spectrum w e r e  i n  agreement 

with a u t h e n t i c  m a t e r i a l .  

Hydrolysis  of t h e  

It is  i n t e r e s t i n g  t h a t  t h e  condensat ion o f  t h e  approximately 50% t r ans -  

phosphonocrotonate (7) wi th  t h e  iony l id ineace ta ldehyde  (5) y i e l d e d  a product w i th  

a very h igh  pe rcen tage  of t rans- isomer.  The phase t r a n s f e r  medium was appa ren t ly  

r e spons ib l e  f o r  t h i s  r e s u l t .  

The c r y s t a l l i n e  r e t ino ic - l l -3H a c i d  (2) w a s  e s t e r i f i e d  on a n  approximately 

25umolar s c a l e  by t r ea tmen t  w i th  diazomethane i n  e t h e r .  The methyl e s t e r  was 

then reduced wi th  l i t h i u m  aluminum hydr ide  i n  e t h e r  a t  -55". 

t u r e  w a s  decomposed wi th  e t h y l  a c e t a t e  and s a t u r a t e d  aqueous ammonium c h l o r i d e  

and t h e  r e t i n ~ l - l l - ~ H  a c e t y l a t e d  w i t h  t h e  a i d  o f  a c e t y l  c h l o r i d e  and p y r i d i n e  

i n  e t h e r .  The r educ t ion ,  whose p rogres s  w a s  be ing  analyzed by HPLC, proved t o  be 

s t r a i g h t f o r w a r d  only when run  wi th  i n a c t i v e  m a t e r i a l .  Attempts t o  reduce t h e  

t r i t i a t e d  methyl r e t i n o a t e  fo l lowing  t h e  pub l i shed   procedure^'^'^) gave r i s e  t o  

t h e  formation of an  unknown by-product w i t h  a n  Rf very close t o  r e t i n y l  a c e t a t e  

i n  amounts of up t o  ~ 4 0 %  of t h e  product  mixture .  The formation of t h i s  by- 

product  could f i n a l l y  b e  h e l d  t o  approximately 4% by r e v e r s i n g  t h e  usua l  a d d i t i o n  

sequence of reducing agent  and ester. Chromatography of t h e  crude product  on 

alumina f u r n i s h e d  a product  of only ~ 8 8 %  p u r i t y .  Pure (<97% by HPLC) r e t i n y l  

a c e t a t e  cou ld  on ly  b e  ob ta ined  by p u r i f i c a t i o n  on r e v e r s e  phase HPLC i n  small 

The r e a c t i o n  mix- 



t runs- Ret inoic- 1 1 - H Acid and trans- Ret inyl- 11 - H Acetate 1101 

C l C H 2 C O C H 3  + (Et0)2POCH2COOEt 

c H 3  

C 1 CH C= CH COOE t 
I 

(s+ c 3110 CH 3 
I 

-7. ( E t  0) 2 POCH z C=CHCOOEt 

7 - 

9 - 10 - 

increments.  Use of a normal-phase (Waters, u-Poraci l )  HPLC column gave r i s e  t o  

formation of probably t h e  same decomposition product  w i th  s l i g h t l y  s lower e l u t i o n  

a s  a l r e a d y  observed earlier du r ing  t h e  formation of t h e  r e t i n o l .  

EXPERIMENTAL 

Radioassays were c a r r i e d  o u t  i n  10 m l  of  S c i n t i s o l  c o c k t a i l  ( I s o l a b  Inc . )  

w i th  i n t e r n a l  s t anda rds  and counted w i t h  a S e a r l e  Mark 3 l i q u i d  s c i n t i l l a t i o n  

spectrometer .  TLC ana lyses  were conducted on 20-cm TLC p l a t e s  of Merck S i l i c a  

G e l  6F 254. Analyses by HPLC were ob ta ined  from a Waters 6000A pump, U6K 

i n j e c t o r ,  Spe r i so rb  ODS (4.57 mm Y 25/cm) column, and Nodel 450 v a r i a b l e  
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wavelength detector. Unless otherwise noted, analyses were done with 80:20 

acetonitrile-water at 2 mllmin with detection at 280 and 325 nm. 

were obtained from a Hewlett Packard 5710A gas chromatograph on a 10% DC200 

Carbowax column. 

GC analyses 

Ethyl 4-Chloro-3-methylcrotonate (A) 

To a mechanically stirred suspension of 12 g (0.25 mol) of 50% sodium 

hydride oil dispersion in 200 ml of anhydrous ether was added, slowly and under 

occasional cooling to keep the temperature below 2OoC, a solution of 56.05 g 

(0.25 m o l )  of triethyl phosphonoacetate in 100 ml of dry ether. 

mixture was stirred at room temperature over night. Then a solution of 27.8 g 

(0 .3  mol) of chloro-2-propanone in 100 ml of ether was added at a rate to keep 

the temperature below 25OC. 

for 2 h and then diluted with 300 ml of water. 

the aqueous layer was extracted two more times with ether. The organic extracts 

were combined, dried over anhydrous magnesium sulfate and evaporated to dryness. 

The residue yielded 18.1 g of product, bp 87-89OCI15 mm Hg; GC showed a purity 

of 88.5% with a 42~58 cis-trans ratio. 

The resulting 

The mixture was allowed to stand at room temperature 

The phases were separated, and 

Triethy1-3-Methy1-4-phosphonocrotonate (7) 

A mixture of 13.29 g (80 mmol) of freshly distilled triethylphosphite and 

13 g (80 mmol) of ethyl 4-chloro-3-methylcrotonate was stirred under argon at 

150 to 16OOC for 3 h. Distillation yielded 15.35 g (72.6%) product, bp 117-119°C/ 

0.55 nun Hg; GC showed a purity of 92.2% with a 46:54 cis-trans ratio. 

3-Methyl-5- (2,6,6-trimethyl-l-cyclohexen-l-yl) -1-'H-Z-trans-4-trans-pentadien- 

A solution of 5.3 mg ( 0 . 2 4  mmol, 3 Ci) of lithium b~rotritride'~) and 

240 mg (1.1 mol )  of 3-methyl-5-(2,6,6- t r imethyl- l -cyclohexen-l-yl)-2-~-4-  

trans-pentadienal (1) in 6 ml of anhydrous tetrahydrofuran was stirred at room 

temperature (under argon) for 21 h. The mixture then was diluted with 20 ml of 

distilled water and extracted repeatedly with ether. After drying and evapora- 

tion of the solvent, 221 mg of the labelled alcohol (2) was obtained. 

1-01 (2) 
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3-Methyl-5-(2,6,6-trimethyl-l-cyclohexen-l-yl)-2-trans-4-trans-pentadienal-l- 
'H U) 

The alcohol (2) obtained above was dissolved in 25 ml of dichloromethane 

and stirred under argon together with 2 g of manganese dioxide for 18 h. The 

mixture was filtered, the solids were thoroughly washed with dichloromethane, 

and the filtrate was concentrated in vacuo to a residue of 215 mg. 

was shown to have the same Rf on TLC (SiOl, hexane-ethylacetate 95:5) as the 

unlabeled trans-ionylideneacetaldehyde (L) and to be of '~90% radiochemical 
purity. It was used in the next step without further purification. 

The product 

E thy1 Trans-re tino ate-11- 'H cs) 

To the tritiated aldehyde (2) dissolved in 12 ml of dichloromethane were 

added 1.3 g (5 m o l )  of diethyl 3-ethoxycarbonyl-2-methylprop-2-enyl phosphonate, 

300 mg of trimethyl dodecylammonium bromide and 5 ml of 40% aqueous sodium 

hydroxide. 

phases then were separated, and the dichloromethane was washed successively with 

water, 3 N hydrochloric acid, and dilute aqueous sodium hydroxide. All aqueous 

washes were back-extracted once with dichloromethane. 

extracts were dried over anhydrous magnesium sulfate and evaporated in vacuo. 

The residue (1390 mg) was taken up on 5 ml of hexane/ethyl acetate (95:5) and 

applied to a short column of 10 g of silica gel. Elution with a total of 115 ml 

of hexane/ethyl acetate (95:5) yielded 284 mg 5 (78% overall yield). The isomer 

ratio was found to be about 85:15 ethyl =-retinoate to ethyl 13-e-retinoate 

by HPLC. 

The mixture was stirred at room temperature under argon for 6 h. The 

The combined organic 

Trans-retinoic-ll-'H Acid (9) 

The preceding mixture of all-trans and 13-& ethyl retinoate-ll-'H was 

hydrolyzed by stirring with 0.5 g of potassium hydroxide in 9 ml of ethanol and 

1 m l  of water for 1 h at 60°C under an argon atmosphere. 

to cool, diluted with water, and extracted three times with ether. After back- 

extracting the organic extracts with 1 N sodium hydroxide, all aqueous layers 

were combined, acidified with concentrated sulfuric acid, and extracted repeatedly 

with methylene chloride. 

The mixture was allowed 

The extracts Were dried over anhydrous magnesium 
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s u l f a t e  and evaporated t o  dryness. 

from ethanol ,  y ie ld ing  a t o t a l  of 89.3 mg of r e t i n ~ i c - l l - ~ H  ac id  ( 2 7 %  o v e r a l l  

y ie ld)  as  yellow needles with a s p e c i f i c  a c t i v i t y  of 3.02 Ci/mmol. 

and radiochemical p u r i t y  w a s  determined by reverse-phase HPLC on a Spherisorb 

ODS column using a c e t o n i t r i l e / O . i %  aqueous a c e t i c  a c i d ,  4 : 1 ,  a s  t h e  e l u t i n g  

solvent .  The composition of the l l - 3 H  r e t i n o i c  acid was found t o  be 97.1% a l l -  

t rans-  and 2 .2% 13-&-retinoic acid.  

The r e s u l t i n g  yellow s o l i d  was r e c r y s t a l l i z e d  

The chemical 

After  unsuccessful a t tempts  t o  s e p a r a t e  the isomers by chromatography on 

s i l i c a  gel  with benzene/methanol/ether, 200:1:10, the  mother l i q u o r  ( 4 2 . 2  mg) 

was dissolved i n  20 m l  of e t h e r .  To t h i s  was added 10 m l  of e t h e r  containing 

1 mg of iod ine ,  and the mixture was allowed t o  s tand a t  room temperature i n  the  

dark f o r  5 h. HPLC analyses  showed an improvement from about 50:50 all--/ 

13-* r e t i n o i c  a c i d  a t  the  s t a r t  t o  about 6 0 : 4 0 .  The e t h e r  s o l u t i o n  then was 

washed with 10 m l  of 5% sodium t h i o s u l f a t e ,  d r i e d ,  and concentrated.  The res idue  

was c r y s t a l l i z e d  from ethanol ,  y i e l d i n g  an a d d i t i o n a l  8.5 mg of r e t i n o i c  ac id ,  

but i t  contained 10% of t h e  13-& isomer. 

Trans-Retinyl-11- 3H a c e t a t e  (lo) 

R e t i n ~ i c - l l - ~ H  ac id  (6 .86  mg, 0.023 mol, 66 mCi) was dissolved i n  2 m l  of 

dry e t h e r  and t r e a t e d  with an excess of diazomethane i n  e t h e r  f o r  30 min a t  room 

temperature. Af te r  t h e  s o l u t i o n  was f i l t e r e d  through 2 g of s i l i c a  ge l ,  the  

solvent  w a s  removed i n  vacuo, y i e l d i n g  methyl r e t i n ~ a t e - l l - ~ H ,  which was not 

p u r i f i e d  f u r t h e r .  The e s t e r  w a s  dissolved i n  5 m l  of dry e t h e r ,  and the  s o l u t i o n  

was cooled t o  -50°C while  being kept  under a b lanket  of argon. 

t u r e ,  1 m l  of 1 M l i t h i u m  aluminum hydride i n  e t h e r  w a s  added ,  wi th  s t i r r i n g  

over I. min. The r e a c t i o n  mixture w a s  s t i r r e d  a t  -55°C f o r  30 min and then 

quenched by the  a d d i t i o n  of 1 m l  of e t h y l  a c e t a t e ,  followed 5 min later by 0 . 4  m l  

of s a t u r a t e d  aqueous ammonium chlor ide .  The mixture w a s  allowed t o  warm t o  room 

temperature and then f i l t e r e d  through anhydrous magnesium s u l f a t e .  After  the  

drying agent w a s  washed with t h r e e  5-ml por t ions  of e t h e r ,  the  solvent  w a s  

removed i n  vacuo. The res idue  was taken up i n  10 m l  of dry e t h e r  and cooled 

A t  t h i s  tempera- 
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under argon i n  an  i c e  ba th .  

of py r id ine .  Then 1 m l  (14 mmol) o f  a c e t y l  c h l o r i d e  w a s  added c a r e f u l l y .  The 

r e s u l t i n g  mixture  w a s  s t i r r e d  f o r  2 h i n  an  i c e  b a t h ,  fol lowed by 1 h a t  room 

temperature .  A f t e r  5 m l  o f  i c e  water w a s  added, t h e  e t h e r  s o l u t i o n  w a s  e x t r a c t e d  

wi th  1 N hydroch lo r i c  a c i d ,  t hen  washed r epea ted ly  i n  co ld  1% sodium carbonate .  

A f t e r  i t  w a s  d r i e d  ove r  magnesium s u l f a t e ,  t h e  o r g a n i c  phase w a s  concen t r a t ed  

and t h e  r e s i d u e  p u r i f i e d  by column chromatography ove r  a c t i v i t y  I1 alumina 

(Woelm). 

o r  36 m C i .  

(excluding 4.2% 13-&- re t in~ l - l l -~H a c e t a t e )  by reverse-phase HPLC. Half of 

t h e  above ret inyl- l l - 'H a c e t a t e  w a s  p u r i f i e d  s u c c e s s f u l l y  i n  s m a l l  increments  

u s ing  a "normal-phase'' HPLC column (Waters,  p-Porasi l )  and hexane/ethyl  a c e t a t e  

(97:3) as t h e  s o l v e n t .  The 8.6 m C i  (8 .8  mCi/mg, 2.9 C i / m o l )  so ob ta ined  w e r e  

found t o  b e  97% radiochemical ly  pu re  (excluding 2% 13-& isomer) by HPLC. 

To t h i s  w a s  added, w i t h  s t i r r i n g ,  1 m l  (12.4 m o l )  

F r a c t i o n s  con ta in ing  r e t i n y l  a c e t a t e  were pooled t o  provide 4.08 mg 

The radiochemical  p u r i t y  of t h i s  product  was found t o  b e  87.5% 

I n  subsequent p r e p a r a t i o n s  o f  r e t i n ~ l - l l - ~ H  a c e t a t e  i t  w a s  found t o  be more 

s u i t a b l e  t o  use a reverse-phase HPLC column and a c e t o n i t r i l e - w a t e r  4 : l  a s  t he  

s o l v e n t .  

could be ob ta ined  without  complicat ions.  

Using t h i s  system all-= r e t i n ~ l - l l - ~ H  a c e t a t e  o f  p u r i t i e s  <97% 
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