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SYNTHESIS OF METHYL T R A N S - U O - '  4C)-RETINOATE AND TRANS- 

(10- ' 4C) - RET I NOL 
- 

* ** 
J . D .  Bu'Lock , S . A .  Q u a r r i e  8 D . A .  T a y l o r .  

R e c e i v e d  on December 5 ,  1 9 7 2 .  

S U Y MA R Y 

The p r e p a r a t i o n  of t h e  t i t l e  compounds, using Bionone, 
C1 19 i s  accomplished i n  f a i r  overalZ radiochemical yieZd from (2- 

bromcetic acid, in 7 and 8 steps respectively. The sequence 
u t i l i s e s  y t i d  reactions of the phosphonoacetate derived from 
bromacetic ester,  and i s  also capable of the introduction of 

label a t  C-14. 

M A T E R I A L S  AND METHODS 

In conneotion w i t h  oontinuillg mrk on the bioeynthesis of 
trisporic aoid B (3 and related compounds (I) i n  cer tdn  flmgi, r e  required 
to sgntheaise 
3,5,7-ootatriepZGone (2, hereclfter referred to as i r a  C18-ketone) a d  - trans 3,7-dimethgl-Y( 2,6, Ctrime thyl- I-cyalohercrp l-y1)-2,4,6,b 
nonetetraen-i-ol (1, hereafter referred to as 

labelled with I4c* 

he thg l -8 (  2,6,6-trimethyl-l-cyol ohexeb 1-y1)- 

re t inol)  , suitably 

a 

~ 
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The synthesis and labe l l ing  of retinol and re la ted  oompounds has bean 

reviewed.(293) Retinols labe l led  by 14C at  posit ions 6,7; 14; 15; and by 

b at 11, 12 (IUPAC numbering, as shorn i n  1) have been 
describe the preparation of =s[lb 14 C-j-retinol via ~ a a s [ l d 4 C l - C i 8  
ketone and metbyl &ms[ lb  14 CFretinoate,  in  20% yie ld  from [2- 14 C> 

bromacetic acid by a method also adaptable t o  the synthesis of trans-[ ld 

re t inol  i n  higher yield. 

modification of the t ' littig reaction,") oaoh adopted by Ruiaman and 
co-workers i n  the synthesis of 4-thiaret:o?") The sequence i s  depicted 
i n  the Schene. 

We now 

14 C 3  
The synthesis u t i l i z e s  the phoephonate ester 

The route is a t t r ac t ive  since stereoisomers with trans double bonds 

2 proceed i n  good y ie lds  of p l r i f i ed  compounds. 

greatly predominate i n  the y l i d  reactions, and all the s teps  with the exception 

of the aldol condensation 4 
The y ie lds  i n  the reactions, with phosphonate carbanions a re  o r i t i oa l ly  

dependent on 
a) the  use of hexamethylphosphoric triamide (Eg6pT) ae *solvent t o  

increase t h e i r  nu01 eopphil i c i ty (6)  and 

b j  the use of an excess of trimet~~phosphoncacetate r e l a t ive  t o  

sodium hydride and substrate ketone. 

The y i e lds  i n  the  reduction reactions a re  c r i t i c a l l y  dependent upon 

temperature. 

Experimental 

Merck S i l i c a  Gel t.1.c. p la tes  (250~)  were used t o  monitor p r i t y .  
Preparative separations were performed on Lerck S i l i c a  Gel F 

G.1.c. was carried out on a Perkin-Elmer F-11 instrument. 

spectra were measured on a Perkin-Elmer 257 Spectrameter and u l t r l t v i o l e t  (UV) 
spectra on a Unicam SP-800 Spectraneter. 

platea (h). 254 
In f r l t r ed  ( IR)  

Reactions resu l t ing  i n  the formation of canpounds 2- 1 were 
conveniently followed by withdrawing aliquot8 and examining UV spectra4 tho- 

o f  f i na l  products i so la ted  were i n  all  cases in aomplete agreanent with the  UV 
spectral  data plotted and tabulated by W ~ E I M . ( ~ ~ )  

dadioac t iv i t ies  were determined by l i qu id  Sc in t i l l a t i on  oounting on 
a Packard B i c a r b  Liquid Sc in t i l l a t i on  Counter Model 3320. 
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Beaotions performed under nitrogen were, unless otherwise specified, 

oonduoted by flushing the flask, containing a magnetic s t i r r e r  bead i f  
required, with dry nitrogen a d  sealing dth a vaccine cap pierced by a syringe 
needle conneoted to  a s t a t i c  nitrogen head. 

additions of eolutioas were made us im syringes. 
Al l  necessary transfers and 

Solvents were rsmoved on a r o t a r y  evaporator a t  room temperature i n  

all oaaoa. 

Furifioation of reauents and solvents 

Met41 bromoaoetate was p l r i f i e d  by f i l t e r ing  *om sodium carbonate 

a d  distilling, oolleoting the fraotion boiling a t  146-8'/770 ran. 

Trimethyl phospbite WM p l r i f i e d  by reflux over, and dist i l la t ion 

f m ,  sodium b y M d e  under dry nitrogen. 

lllp waa oolleoted. 

The fraotion boiling a t  11l-2'/770 

B-Eonone was @fled by dis t i l la t ion a t  reduced pressure under 
nitrogen, collecting the fraotion boiling a t  134-6'/l2 m. 

TBF was @ f i e d  by reflux over, and dist i l la t ion from, LAX unCer 
dry nitrogen. "he fraotion boiling a t  65.7'/770 m was collected and stored 
i n  the dark under nitrogen over 3A Molecular Sieve i n  a flask stoppered with 

8 vaccine oap. Diethyl ether, b.p. 34-5'/770 mu was plrified and stored i n  
the E I e  Ww. 

€WT, b.p. 232'/770 mm was purified by dist i l la t ion under nitrogen 
and stor* over 13 X Yolec i la r  Sieve under nitrogen i n  a vaccine c a p  

stoppered flak. 

Yethvl r s  '4CFbromoao&ate 

An mpoule of [&14C>brmaoetio acid (250pCi, speoific activity 

55 
oooled in &y ioa/aoetone, opened a d  treated a t  onoe with excess 

diatmuethano in ether. Ths solution w a s  quantitatively transferred t o  methyl 
bromoamtate (660 mg, 4.31 mole) contained in a 5 m l  stoppered flask and the 

mixture allowed t o  stand 10 mins, after which R yellow colour was still apparent. 

mCi/mmole, 98% w e ,  mpplied by the Badiochemiod Centre, herehan) was 
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The ether was removed. 

2- 1 4 ~ ~ ~ m e ~ l  pho sph~no aoetate 

14 Tkimethyl phosphito (0.9 ml) w a a  added t o  the  methyl [S C)- 
bromoaoetate, the  mixtare refluxed under dry nitrogen i n  a 120' o i l  ba th  for  90 
mina, cooled and transferred, washing with w e  trimethyl phoaphite, to a 5 m l  

QtidcFit micro-distillation apparatus f i t t e d  dth a dry nitrogen bleed for 
vaaawn d ia t i l l a t ion .  
l iqu id  had dbganaed, the  flask named i n  a 100' o i l  bath. 

d i s t i l l e d  at 70'. 
l~'~~1-trimethylpbosphonoaoet~te d i s t i l l e d  at  13OU/15 mm. 
This was stored under nitrogen at  -5u. vmar(fi lm)c 1738, 12'70, 1052, 1028 a-'. 

Methyl ~ ~ L 1 0 - ~ ~ C ) - 8 , i o n y l i d e n e  aoetate (a 

The presuure WM nlowly reduoed t o  15 mo and, rh.n tha 
Trimethyl phosphite 

Yield 636 mg (61%). 
The temperature of the  ba th  waa raised to <ao, and the  

A dispersion of sodium Wdride i n  o i l  (120 mg, 2.50 mole) waa 

weighed i n t o  a 10 m l  flask containing a magnetic stirrer bead. 

adapted t o  carry out reactions under nitrogen. 
ghosphonoacetate (636 mg, 3.49 mole) was added t o  the  s t i r r ed  flosk content8 

using THF (2  I 2 ml) to carry and wash. 
s t i r r ed  i n  the dark for 1 hour, by which time it was olear and 0001. 

The f l a k  was 

[Z-%-J-~,W~~I- 

HK€T (2  m l )  was added and the mixture 

&Ionone (481 mg, 2.51 mole )  was added using THF ( 2  I 0.5 ml) t o  

The s t i r r ed  reaotlon was l e f t  in the  dark for 65 hr, of* carry and wash. 
which it waa parti t ioned between &6O0 pet ro l  (5 m l )  and water (5 m l ) .  The 

organic phase was washed with watar ( 2  I 5 ml) ,  dried (H%C03), f i l t e r e d  md  

evaporated in a 10 m l  flask to  y ie ld  608 mg (7@i, relative t o  
trimethylphoaphonoacetate). 
trace of  p-ionone, Rf I 0.49, 88 a purple spot, and methyl m & i o J V l i d c l a e  

acetate, Rf I 0.65, as a yellow a p t  turning red on wurming briefly, after 
viaualiaation with oonc. H2S04. 

T.1.c. (60-80' petrol/aoetone 9/1), &wed a f b t  

(fi lm),  1710, 1605, 1228, 1148, 1040, 965 m-'. " m a r  

- Trans[ d4C]-8,ionylidene ethanol (1) 
~~ ~ 

LAH (3  g) was s t i r r e d  i n  the  cold under nitrogen w i t h  diethyl ether 
(100 ml) for 3 hr, the  suspension allowed t o  s e t t l e ,  a aupe rna ta t  aliquot 
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withdrawn and spun down i n  a centrifuge tube flushed with nitrogen and dosed  

with a vaccine cap. 
a s  determined by decomposition of 200 p1 i n  20% ethanolic ether i n  a gae 

burette. 

The resulting supernatant contained 3.5 mg LAH/lOO pi, 

Methyl as[ 1&14C)-&ionylidene acetate (608 mg, 2.44 mole )  was 

dissolved i n  diethyl ether (3 m l )  i n  a 10 m l  f l a k  equipped with stirrer bead 

and s e t  up f o r  work under a nitrogen atmosphere. 

f o i l  to  shield from l i gh t ,  oooled i n  a dry ice/acetone bath a t  -50' and an 
ethereal solution of LAH (2.5 m l ,  prepared as above) added with stirring. 

The flask was enclosed i n  t i n  

After 45 mine, during whioh t i m e  the temperature rose to,  and was 

maintained at, Oo, the reaction was again cooled t o  -50' and Analar methanol 

(3  m l )  added slowly with stirring. 
0' and parti t ioned between @6Oo petrol (8 ml) and 1N H2m4 ( 3  ml), both 

precooled  t o  0'. 
dried (Na2C03), f i l t e r e d  and evaporated t o  y ie ld  505 mg (94;). 
-5', dissolved i n  a l i t t l e  methanol, and used as  soon as  possible. 

The resu l t ing  mixture was allowed t o  come t o  

The organic phase w a s  washed with ioed water ( 2  x 5 m l ) ,  
This was kept a t  

T.1.o. (benzene/ethyl acetate 9/1) showed only transg-ionylidene 
ethanol, Rf L 0.36, as  a green spot on sprwing  with conc. H 20 
briefly.  

and warning 
2 4  

(film): 3300, 1630, 1610, 1010, 970 an-'. " m a  

~ ~ [ 1 0 - ~ ~ C ) + i o n y l i d e n e  acetaldehyde (41 

Active manganese dioxide was prepared by a modification of Idorton's 

procedure.(7) &So .4H 0 (167 g, 0.75 mole) i n  deionised water (2x) ml) was 

heated t o  70' with s t i r r iog .  

water (1300 ml) ,  s t i r r ed  and maintained a t  TO', wae added to  the manganoue 
sulphate solution over 35 m i n s  without allowing the temperature to  fall .  

S t i r r ing  was continued a fur ther  5 mins a f t e r  the addition was complete and the 

mixture allowed t o  s e t t l e  f o r  30 mins, maintaining the temperature. The acidic 

supernatant was decanted and replaced with deionised water ( 1  1) preheated t o  75'. 
The mixture was again s t i r r e d  fo r  several minutes, and allowed to  s e t t l e  and cool 

fo r  15 mins. 

with hot water un t i l  the  washiws were neutral. A f ina l  washing with cold water 

4 2  
A solution of W 0 4  (82 g, 0.52 mole) i n  deionised 

The supernatant was decanted and the washing procedure repeated 
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gave 114 g after f i l t r a t i o n ,  drying i n  a 75' oven, powdering and desiccation O W  

KOH. 

acetone. 

This material i s  pyrophorio when dampened (not wetted) with methanol o r  

Active manganese dioxLde ( 3  g) was added (CARE!) i n  mall portions 
with stirring t o  Analar methanol (50 m l )  cooled t o  OD. =[ld4CJ-p- 
ionylidene ethanol (505 mg, 2.3 mmolee) i n  methanol ( 5  m l )  w a s  added dropwise 
t o  the  vigorously-stirred suspension a t  room temperature and the s t i r r ed  

reaction l e f t  i n  the dark for 4 hr. 

The reaction mixture was f i l t e r e d  with gentle suction through a No. 3 
s in te r ,  and the  Mn02 residue washed with methanol until the w a a h i n g s  w e r e  c lear  
t o  UV. The f i l t r a t e  and washings were evaporated to  low bulk, centrifuged, and 

the supernatant evaporated t o  dryness on a ro ta ry  evaporator. This gave 486 mg 

(971.) of prodwt which w a s  used at once. T.1.c. (-80' petrol/acetone 9 / l )  
showed oaly a + p - i o n y l i d e n e  acetaldehyde, Rf - 0.57, a s  a purple spot on 
spraying with conc. H 2 S 4  and w a r m i n g .  The campound showed a retention time of 

1 min 42 seo a t  200' on g.1.c. using a 1 metre column of 8% polyethylene glyool 

adipate and a carrier flowrate of 50 ml/min. 

(film): 1664, 1605 m-" " max 

- T r a n ~ - [ l b ~ ~ C ] - C ~ ~  ketone (2) 
Wana-[l& 14 CEp-ionylidene acetaldehyde (486 mg, 2.23 mole )  w s s  - 

dissolved i n  Analar acetone (7 m l )  i n  a f l a sk  equipped with a magnetic stirrer 
bead. 
reaction s t i r r ed  i n  the dark for 200 mins. 

were added. 
( 2  x 5 m l )  , dried (Na2C03), f i l t e r e d  and evaporated t o  yield 518 m g  of orude 

product. This w a s  purified by chromatography i n  subdued l i g h t ,  using Spence 
Activated Alumina Type '€I' 100-200 mesh (24 g), e lu t ing  with dichloromethane. 

A bright yellow band separated from a fast-rurlning deep orenge component. (% 
mass spectrum 01 the latter suggested i t  81.088 by aldol condensation between 

s t a r t i ng  materiel and prcjdwt). The yellow band wae collected i n  3 ml fractions,  

which were assqyed by UV and t.1.c. (-80' petrcl/aostons 9/l). 
ketone showed as  a red spot which fades, Rf = 0.43, on spr,-:iing withbone. H2S04. 

Pure fractions were ccmbined t o  give 313 m g  (54.A) on workup. 

1.ON NaoH (0.7 m l )  was added, the f l a sk  flushed with nitrogen and the 

Water (8 ml) and 6&80° petrol (15 m l )  
The organio phase was separated a f t e r  shaking, washed with water 

The 

The spec i f ic  
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ac t iv i ty  of t h i s  material was 57.0 pCi/mole. 

The semioarbasone w a s  prepsred sni recrystallised,( ') affording material  

map. 191' (Kofler hot stage)(Foundc C, 72.3; H, 9.2; N, 13.3. Calo. f w  
C H N O r  C, 72.4; H, 9.2; N, 13.38). 19 29 3 

The purity of the ketone w a s  confirmed by g.1.c. It showed a re ten t ion  
time of 8 mins 30 sec using coeditions ident ica l  t o  those already described fo r  

- trans iouylidene acetaldehyde. 

The compound w a s  dissolved i n  40-60' petrol  and stored i n  the dark under 
nitrogen a t  -5'. It was used a s  soon as possible. 

(film): 1660, 1588, 1569, 1249, 960 an-'. " m a  

Methyl traue-L 10-14C+retinoate (9 

A 50$ dispersion o f  sodium hydride i n  o i l  (21 mg,  440 mole)  was suspended 

i n  TIIF (1.0 m l )  i n  a 5 m l  f lask  containing a magnetic stirrer bead and adapted 

t o  carry out reactions under nitrogen. 

%O pmole) and EWT (0.4 m l )  were added and the reaction s t i r r ed  till cool and 

clear. The reagent was added t o  a s i m i l a r  f l a sk  oontaining ~ S [ ~ G - ~ ~ C ] - C ~ ~  

ketone (46 mg,178 pmole) and TAF (0.4 ml). 

taaperature i n  the  dark f o r  64 hr. 40-60' pet ro l  (5 ml) and water (5 ml) were 

added and the mixture shaken. The organic phase was sepnrated end washed with 

water ( 2  x 3 ml), dried (La2C03), f i l t e r e d  and evaporated t o  yield 46 mg of 

material with a UV and t.1.c. indicative of sa t i s fac tory  purity. However, as the 
re t ino l  prepared by exceptionally clean reaction i n  the next stage i s  l a b i l e  t o  

handling, a precautionary p l r i f ioa t ion  of the methyl a s r e t i n o a t e  was never- 

the less  undertaken. Preparative t.1.o. (60-80' petrol/acetone 9/l) i n  the d a r k  

i n  a tank flushed with nitrogen gave 40.8 mg (73,,), Rf = 0.70. 

material appears as  a magenta spot on spay ing  with oonc. H2S04. 

Trimethylphosphonoacetats (72 p l ,  approx. 

The reaction was s t i r r e d  a t  room 

The yellow 

1 (film): 1709, 1605, 1582, 1234, 1149 an- . "max 

Trans [  l& 14 C)-retinol (2 - 
Methyl as[ lC-14C]-retinoate (40.8 mg, 130 pmole) was dissolved i n  

diethyl ether (1  m l )  i n  a 5 m l  f l a sk  oontaining a magnetic s t i r r e r  bead and s e t  
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up for work under a nitrogen atmosphere. 

t i n  f o i l  and oooled i n  a dry ice/acetone bath at  -60'. 
ether (PO ~ 1 ,  see preparation of -@-ionylidene ethanol) was added h t h  

s t i r r ing ,  keeping the temperature below -30' throughout. After 20 mine, the 

solution was cooled wain t o  -60' and Analar methanol (0.5 ml) added dropha8 

with stirring. The resu l t ing  solution was parti t ioned beiween 40-60' petrol 

(8 ml) and IN H 2 S 4  ( 2  ml), precooled to 0'. The organic phase was speedily 

washed with ice water ( 2  x 2 m l j ,  dried (Na2C03) and evaporated t o  yield 37.2 mg 

(loo$) trans[ 10- C]-retinol. The oompound was pure by spectral  and t.1.c. 

c r i t e r i a ,  showing one l i l a c  spot, Rf . 0.20 (benzene/ethyl ace ta te  95/5) on 
spraying with conc. H2S4 and w a r m i n g .  
agreement with published values.(5a7 5b) 

The f l a k  was shielded from l i g h t  i n  
The solution of LAH i n  

14 

Spectral data were i n  complete 

The compound had spec i f ic  ac t iv i ty  57.0 pCi/mole confirmed (m$ 
overall  yield from bromacetic acid). 

imedia te ly .  

It i s  not stable,  and was used 

I n  preliminary runs using "cold" C18 ketone on a 1 mmole soale and 
14 increasing a l l  quantit ies reported i n  the preparation or methyl t r a n s [ I &  

re t inoa te  five-fold,  a 37,. yield ( r e l a t ive  t o  excess phosphonate) of pure 

product was obtained. In principle,  therefore, the reaction is  capable of 

providir4 methyl -L l ~ + ~ ~ C j - r e t i n o a t e  i n  approximately 3 0 ~  yie ld  from 

[2-14abromacetic acid. 

C]- 

This would represent a 50p impovement on the previously 
reported procedure. (9) 
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