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SUIQIABP 

The synthes is  of r e t i n a l s  a t  pos i t ions  11, 13, 14, 15, 12620, 
13L14, and la15 i n  high isomeric  p u r i t y  i s  reported. The importance of these re- 
tinals i n  studying the  s t r u c t u r e  and p r o p e r t i e s  of rhodopsin and bacteriorhod- 
opsin by 13C NHR spectroscopy i s  b r i e f l y  described. 

Key Words: 1 3 C  enriched r e t i n a l s ,  Emmons-Horner reac t ion ,  Arbuaov r e a c t i o n ,  
Manganere(IV) oxide oxidat ion,  A l l y l i c  brorninstion. 

enr iched w i t h  13C 

INTROIXI(;TIOR AND DISCUSSION 

N)IB i s  a powerful t o o l  f o r  i n v e s t i g a t i o n s  of t h e  s t r u c t u r e  and proper- 

t i e s  of v i s u a l  p i g m e n t s  and r e l a t e d  s y s t e m s  ( r h o d o p a i n  and b a c t e r i o r h o d o p -  

s i n )  . (1s2) chemical s h i f t s  and coupling constants  r e f l e c t  l o c a l  e l e c t r o n i c  

and s t e r i c  e f f e c t s  and ,  as such ,  a r e  s e n s i t i v e  t o  t h e  i n d u c t i v e ,  s t e r i c ,  and 

coulombic i n t e r a c t i o n s  which may play important r o l e s  i n  the  wavelength regula- 

t i o n  i n  v i s u a l  t r ~ n s d u c t i o n . ( ~ )  Moreover, 13C nuclear  magnetic resonance (NMR) 

presents  t h e  advantage of probing exc lus ive ly  the ground s t a t e  of these mole- 

cu les ,  thus avoiding poss ib le  formation of photointermediates. The synthe t ic  

e n r i c h m e n t  of r e t i n a l s  w i t h  1 3 C ,  t h e i r  use  i n  r e g e n e r a t i n g  t h e  r h o d o p s i n  and 

bacter iorhodopsin pigments from the corresponding apoproteins ,  and the  lov  na- 

t u r a l  abundance (1.1%) of I3C makes i t  poss ib le  t o  observe i n  t h e  NMR spectrum of 

the pigment the s i g n a l s  of the  s p e c i f i c a l l y  labe led  p o s i t i ~ n s . ( ~ s ~ )  Moreover, i t  

has  been recent ly  shown t h a t  a p p l i c a t i o n  of modern NHR techniques such a s  double- 

quantum coherence  s p e c t r o s c o p y  w i t h  double  l a b a l l e d  r e t i n a l s  l e a d s  t o  u s e f u l  

s i m p l i f i c a t i o n  of s p e c t r a  of biomacromolecules.(6) 
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To carry out these NHIl inves t iga t ions ,  it was necessary t o  design an e f f i -  

c i e n t ,  r e l i a b l e  s y n t h e t i c  p r o c e d u r e  t o  o b t a i n  h i g h  y i e l d ,  h i g h  p u r i t y  I 3 C  en- 

r iched r e t i m l  isomers . We r e p o r t  h e r e  the  synthes is  of r e t i n a l 8  enriched i n  

p o s i t i o n s  11,13,14,15, 12620,  13614, and 14615 a c c o r d i n g  t o  a 8 - i o n y l i d e n e  

acetaldehyde i soprenyla t ion  route  (Scheme 1). This  scheme, based on t h e  Emmons- 

Horner reaction,(') i s  charac te r ized  by high v e r s a t i l i t y .  Posi t ions 10 through 

1 5  may be e n r i c h e d  i n  v e r y  good y i e l d s  by c h o o s i n g  t h e  a p p r o p r i a t e  l a b e l l e d  

precursors. The r e a c t i o n s  a r e  s t e r e o s e l e c t i v e ,  as  t h e  a l l - t u g s  i s o m e r  predo-  

minates i n  the  f i u n l  product, d e s p i t e  the  f a c t  t h a t  t h e  ethyl-Y-diethyl phospho- 

nosenecioate i s  a &-- (40:60) mixture. (8) 

Although a number of s y n t h e t i c  r o u t e s  a r e  r e p o r t e d  i n  l i t e r a t u r e  f o r  t h e  

synthesis  of r e t i n a l s  and t h e i r  der ivat ives , (9)  the unique f e a t u r e  of t h i s  syn- 

t h e t i c  scheme i s  i t s  adapta t ion  f o r  s p e c i f i c  13C l a b e l i i n g  wi th  cons idera t ion  f o r  

t h e  a v a i l a b i l i t y  and  c o s t  of I 3 C  e n r i c h e d  p r e c u r s o r s .  By c h o o s i n g  t h e  appro-  

p r i a t e  I3C precursors ,  B-ClS aldehyde z can a l s o  be enriched i n  pos i t ione  10 and 

11. The e f f i c i e n c y  and v e r s a t i l i t y  of t h i s  s y n t h e t i c  scheme f o r  1 3 C  l a b e l l e d  

r e t i n a l e  have made p r a c t i c a l  1 3 C  NMB s t u d i e s  of v i s u a l  p i g m e n t s  and r e l a t e d  

systems.( l ,4)  

EWEBIMENTAL 

E t h y l  b r o m o a c e t a t e  ( 9 0 %  I 3 C  e n r i c h e d  a t  p o s i t i o n s  1 o r  2, and 99% a t  162, 

MSD Isotopes)  was used without  f u r t h e r  pur i f ica t ion .  Dnlabelled e t h y l  bromoace- 

t a t e  (Aldrich) was d i s t i l l e d  i n  vacuo (bp-62-3OCI 19mm Hg) before use. P i e t h y l  

p h o s p h i t e  ( A l d r i c h )  was d i s t i l l e d  a t  a t m o s p h e r i c  p r e s s u r e  (bp=15O0C). T e t r a -  

h y d r o f u r a n  (TIIF) and d i e t h y l  e t h e r  (Et20)  were  f r e s h l y  d i s t i l l e d  p r i o r  t o  u s e  

under a n i t r o g e n  a t m o s p h e r e  from sodium m e t a l  and l i t h i u m  aluminum h y d r i d e  

(LiAlH41, respect ively.  Hexamethylphosphoric t r iamide  (BMPA, Aldrich) was dis-  

t i l l e d  from barium o x i d e  ( B a O )  under  n i t r o g e n .  Acetone (90% 1 3 C  e n r i c h e d  a t  

pos i t ions  2 or  163, MSD Isotopes)  was used without  f u r t h e r  pur i f ica t ion .  Acetone 

(spectrophotometr ic  grade, Aldrich) was d i s t i l l e d  under n i t rogen  atmosphere and 

s t o r e d  o v e r  4 8  m o l e c u l a r  s i e v e s .  8 - Ionone ( A l d r i c h )  w a s  d i s t i l l e d  i n  vacuo 

( b ~ - 1 2 6 - 1 2 8 ~ C ,  1 2  mm Hg) and s t o r e d  i n  b r o v n  b o t t l e s  under  an a t m o s p h e r e  of 
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Scheme 1. Synther i r  of 13C enr iched retimls. Labelled precursors  and 
the correrponding enriched p o r i t i o n r  are l i s t e d  belov,  w i t h  13C chemi- 
c a l  r h i f t r  of the  l a b e l  i n  a l l - m - r e t i m l s .  

R e c u r  ror  
Enriched 

Reti-1 P o r i t i o n  Chemical S h i f t  

A. 1-*C-ethylbraeoacetate, 1 1 5  
B. 2-*C-ethylbrcloacetate, 1 1 4  
C. 1 ,2-iC2-ethy1brwoacatate, 1 14.15 

E. 2-W-acetone 13 
F. B and E 13,14 

D. 1-*C-ethylbrwoacetate,  1. 11 

G. 1 ,3-*C2-acetone 12,20 

191.4 
129.0 

132.5 
154.1 

* 

* 
* 

*See Figure 3 
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n i t r o g e n .  Bexane was d i s t i l l e d  over  sodium h y d r i d e  b e f o r e  use. b g a n e s e ( 1 V )  

oxide (ac t iva ted ,  Aldrich) was used as such f o r  the oxida t ion  react ions.  Lithium 

aluminum hydride (LiAlH41, lxln s o l u t i o n  i n  d i e t h y l  e ther  was a n  Aldrich product. 

A l l  r eagents  were s tored  and handled under dry ni t rogen atmosphere. A l l  g lassware 

was oven d r i e d  a t  12OoC o v e r n i g h t  b e f o r e  use. Thin  l a y e r  chromatography (TLC) 

p l a t e s  ( s i l i c a  g e l  60 P-254, 0.25 mm,  Merck) were used f o r  monitor ing reac t ions .  

S i l i c a  gel  (Herck 230-400 %, was w e d  f o r  p u r i f i c a t i o n  of r e a c t i o n  mixtures  by 

f l a s h  column chromatography.(") 

P r o d u c t s  were  C h a r a c t e r i z e d  by and I 3 C  LHR u s i n g  V a r i s n  XL-200 and 

Bruker WH270 spectxometerr. A l l  the  s p e c t r a  were taken i n  CDCl3 w i t h  THS a s  a n  

i n t e r n a l  reference. The I3C and IH NMR s p e c t r a  of l a b e l l e d  r e t i n a l s  and r e t i n a l  

precursors  were compared wi th  re ference  spec t ra  of unlabel led mater ia l .  (11) 

These data were used t o  confirm s t r u c t u r a l  assignments and t h e  level of i so topic  

enrichment. UV-Visible s p e c t r a  were obtained i n  epectrophotometric cyclohexane 

or ethanol s o l u t i o n s  w i n g  a Cary 1 5  spec t rophotmeter .  Absorption spec t ra  of 

synthe t ic  in te rmedia tes  and l a b e l l e d  retinals were i d e n t i c a l  wi th  those reported 

i n  1 i t  e r  a t ur ,512) 

T r i e t h v l  Ehosphonoacetate L a Arbusov Reaction(13) 

A th ree  neck f l a s k  equipped w i t h  a magnetic stirrer, r e f l u x  condenser, and 

pressure-equalizing a d d i t i o n  funnel, was charged under n i t rogen  atmosphere w i t h  

t r i e t h y l  phosphite (41.5g, 42.9 m l ,  0.25 mole) and heated t o  6OoC v i t h  s t i r r i n g .  

Ethyl bromoacetate (36.763, 25 m l ,  0.22 mole) was added dropvise  t o  t h e  s t i r r i n g  

t r i e t h y l  p h o s p h i t e  over  a p e r i o d  of 30 min. and h e a t e d  t o  80°C f o r  t h r e e  hours .  

The r e a c t i o n  m i x t u r e  w a s  cooled  t o  room t e m p e r a t u r e ,  and t h e  t r a c e s  of e t h y l  

bromide and e x c e s s  t r i e t h y l p h o s p h i t e  were  removed i n  vscuo  (80°C, O.5mm Hg). 

T r i e t h y l  phosphonoacetate was obtained i n  99.5% y i e l d  (50.19g. 0.224 mole, see 

F i g u r e  1). 

13C e n r i c h e d  t r i e t h y l  phosphonoace ta te  was synthesized by condensing tri- 

e t h y l  phosphite w i t h  the  appropr ia te  13C enriched ethylbromoacetate under s i m i -  

l a r  condi t ions  as used f o r  the  preparat ion of unlabel led t r i e t h y l  phosphonoace- 

ta te .  Proton NMR spec t ra  of the  enriched compounds a r e  shown i n  Figure 1, where 



Synthesis of "C-Labelled Retinals 

0 0  

811 

I I I I I I ( I  
Y . 5  2.95 1.0 

200 tUz  p r o t o n  tMt s p e c t r a  of :  
l t r '  thylphosphonoacetate ,  ( c )  [2ff3C 1 triethylphosphonoacetate, 
,2-*gC21triethylphosphonoacetate. Coup1 i n g  c o n s t a n t s  are  i n  Hz. 

t r i e t h y  lphosphonoace ta t e ,  

t h e  s p l i t t i n g 8  due  t o  13C-1H c o u p l i n g  a r e  e v i d e n t .  The l e v e l  of i s o t o p i c  en-  

r i c h m e n t  was d e t e r m i n e d  by i n t e g r a t i o n  of co r re spond ing  s i g n a l s .  The i s o t o p i c  

p u r i t y  of t h e  e n r i c h e d  p r e c u r s o r s  was m a i n t a i n e d  d u r i n g  t h i s  and  s u b s e q u e n t  

s y n t h e t i c  s t eps .  

E t h y t  r e n e c i o a t a  I .  rin g&g lt- 

Sodium hydr ide  (50% in o i l ,  285.6mg, 5.95 mmole) was washed w i t h  hexane and 

THF u n d e r  n i t r o g e n  a t m o s p h e r e  a n d  s u s p e n d e d  i n  5 m l  THF. T r i e t h y l  phos-  
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phonoacetate (1.33g, 5.95 mmole) was added dropwise a t  O°C and s t i r r e d  (2 hours) 

u n t i l  t h e  s o l u t i o n  was c l e a r  and p a l e  ye l low.  To t h i s  s o l u t i o n ,  a c e t o n e  

(345.5mgD 5.95 mmole, 436.9 u l )  was added d r o p w i s e  v i a  s y r i n g e  a t  O ° C  and t h e  

r e a c t i o n  m i x t u r e  s t i r r e d  f o r  2-3 h o u r s  a f t e r  warming t o  room t e m p e r a t u r e .  The 

r e a c t i o n  m i x t u r e  was c o o l e d  t o  O°C and t h e  e x c e s s  h y d r i d e  was  quenched w i t h  

w a t e r  (5ml). The product  was e x t r a c t e d  w i t h  Et20 (3xl5m11, washed w i t h  w a t e r  

(3xlOml), and the  combined organic  l a y e r s  were d r i e d  over anhydrous sodium sul- 

fa te .  The solvent  was removed i n  mi ld  vacuum t o  y i e l d  e t h y l  senecioate  (735mg, 

5.73 mmole, 96%). 

1 3 C  e n r i c h e d  e t h y l  s e n e c i o a t e s  w e r e  p r e p a r e d  under  

s t a r t i n g  from 1 3 C  t r i e t h y l  phosphonoacetate or  1 3 C  acetone. 

'H NMR: (61.2tD 3H), (1.8s, 3H), (2.178, 3H), (4.15q, 2H), ( 5 . 6 8 ~ ~  1H). 

1 3 C  NMR: 166.77, 156.34, 116.66, 59.60, 27.52, 20.23, 14.66 ppm. 

E t hv 1-Y - bromosenec ioa t e  1 v i a  a l l v i c  bromina t ion( 14) 

s i m i l a r  c o n d i t i o n s  

To a s o l u t i o n  of e t h y l  s e n e c i o a t e  (735 mg, 5.73 mmole) i n  c a r b o n  t e t r a -  

ch lor ide  (CC14, 5ml) was added N-bromosuccinimide (1.03g, 5.79 mmole) and a few 

c r y s t a l s  of Azobis(isopropy1 cyanide) a s  a c a t a l y s t .  The r e a c t i o n  m i x t u r e  was 

boi led under r e f l u x  a t  90°C f o r  2-3 hours, a t  which t i m e  succinimide had formed a 

l a y e r  a t  t h e  t o p  of p a l e  y e l l o w  s o l u t i o n .  The r e a c t i o n  m i x t u r e  was cooled  t o  

room temperature, f i l t e r e d  through a s in te red  g l a s s  funnel  and concentrated i n  

vacuo t o  y i e l d  Fis and trens ethyl-Y-bromosenecioate (1.156g, 5.56 mmole, 97%). 

'€I NMR: (61.3t ,  3H), (2 .0~1,  3H), (2.28, 3H), (3.98, 2B), (4.19, ZH), ( 4 . 5 ~ ~  281, 

(5.9d, 1H). 

Ethyl-y-diethvl uhosphonosenecioate 

T r i e t h y l  p h o s p h i t e  (970mg, 5.83 mmole, 1.00 ml) was h e a t e d  t o  80°C w i t h  

s t i r r i n g  and ethyl-y-bromosenecioate (1.156g. 5.56 mmole) was added dropwise v i a  

syringe. The r e a c t i o n  mixture  was ref luxed a t  90°C f o r  3 hours. After  t h i s  t ime 

i t  was cooled  t o  room t e m p e r a t u r e ,  and t h e  t r a c e s  of e t h y l  bromide and e x c e s s  

t r ie thylphosphi te  were removed i n  vacuo (8OoC, O.4mm Hg) t o  y i e l d  and trans 
(40:60) ethyl-Y-diethylphosphonosenecioate (1.44g, 5.44 mmole, 98%). 
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E thvl- f3- ionvlideneace ta  t e  5 

Sodium h y d r i d e  (50% i n  o i l ,  6.920, 0.144 mole)  was suspended i n  TBF (20ml) 

a f t e r  washing  w i t h  hexane  a n d  TEF. T r i e t h y l  phosphonoace ta te  (40.59, 35.85m1, 

0.181 mole)  was added d r o p w i s e  over  a p e r i o d  of s i x t y  m i n u t e s  a t  O°C. The 

r e a c t i o n  mixture  was s t i r r e d  u n t i l  t h e  formation of a c l e a r  l i g h t  yellow solu- 

tion. To t h e  yellow anionic  s o l u t i o n  W a 8  added HMPA (lOml), t h e  f l a s k  shielded 

from l i g h t  w i t h  aluminum f o i l  and t r e a t e d  dropwise w i t h  6-ionone (25.0g, 26.56 

m l ,  0.13 mole)  a t  O°C. The r e a c t i o n  m i x t u r e  was s l o w l y  a l l o w e d  t o  a t t a i n  room 

temperature and s t i r r e d  f o r  24 hours. The excess hydride was quenched w i t h  water  

(90ml) a t  O°C and t h e  product  e x t r a c t e d  w i t h  e t h e r  (3xlOOml). The combined 

organic  layer  was washed w i t h  water, dr ied  over sodium s u l f a t e  and concentrated 

i n  vacuo t o  y i e l d  e t h y l -  @ - i o n y l i d e n e a c e t a t e  (33.06g, 0.126 mole,  97%), X m a x  = 

258 and 304 nm i n  ethanol. 

Pur i f ica t ion ,  i f  necessary, w a s  done by f l a s h  column chromatography using 8% 

EtpO i n  hexane as  eluent .  

f3-ionylidene e t h a n o l  

To a s o l u t i o n  of @-ionylidene a c e t a t e  (26548, 0.101 mole) i n  e t h e r  (100 ml) 

a t  -7OOC was added dropwise a so lu t ion  (1H) of l i th ium aluminum hydride i n  e t h e r  

(25.25 m l ,  0.101 mole). The r e a c t i o n  mixture  was warmed t o  -25OC and s t i r r e d  f o r  

t h i r t y  minutes a t  t h i s  temperature. The r e a c t i o n  was monitored by TLC using 50% 

e t h e r  i n  hexane a s  developing solvent  (Rf 6-ionylidene ethanol=0.32, Rf 8-iony li- 

denacetate4.61). A s l i g h t  excess of l i th ium aluminum hydride may be used when 

r e q u i r e d  t o  d r i v e  t h e  r e a c t i o n  t o  comple t ion .  A t  t h e  t i m e  t h e  r e a c t i o n  w a s  

comple te ,  t h e  r e a c t i o n  m i x t u r e  was cooled  t o  -7OOC and t h e  e x c e s s  h y d r i d e  was 

quenched by dropwise a d d i t i o n  of methanol (20ml) followed by addi t ion  of water  

(100ml). The aqueous m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  (3xlOOml), t h e  o r g a n i c  

e x t r a c t  combined and d r i e d  o v e r  sodium s u l f a t e  and c o n c e n t r a t e d  i n  vacuo t o  

o b t a i n  t h e  6-ionylidene e thanol  (22.30g, O.lOlmole, 100%). This compound was used 

immediately for  oxidat ion without  p u r i f i c a t i o n  X m a x  235 and 255 i n  hexane. 

B-ionvl iden? pcetaldehvde L 
To a s o l u t i o n  of 6 - i o n y l i d e n e  e t h a n o l  (21.5g, 97.7 mmole) i n  d i c h l o -  
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b) 
11 

romethane (200ml) was added manganese(1V) o x i d e  (66.0g, 0.75 mole,  8 - f o l d  ex- 

cess). The r e a c t i o n  mixture  was s t i r r e d  f o r  8 hours and monitered by TLC using 

50% e t h e r  i n  hexane,  t h e  product  f o r m i n g  a y e l l o w  s p o t ,  a f t e r  s p r a y i n g  w i t h  

H2S0v Upon completion, t h e  mixture  was f i l t e r e d  through a c e l i t e  cake and washed 

thoroughly with dichloromethane and once w i t h  ether. The s o l u t i o n  was concen- 

t r a t e d  i n  vacuo and t h e  res idue  p u r i f i e d  by f l a s h  column chromatography using 5% 

e t h e r  i n  hexane a s  e luent  t o  y i e l d  6-ionylidene acetaldehyde (2130g, 93.0 mmole, 

93% yield). The product i s  predominantly t h e  all-- ieomer (See Figure 2). 

' 23 
1 

I I  

, .  

5 
12 

0 
1 3  

3 

h 
1 1 1 1 1 1 1 1 1 l I I  

220 ion -0 

Figure 2. 
s p e c t r a  of B-ionylidene acetaldehyde. 

( a )  The 50.3 MEz 13C NMR spec t ra  and (b) t h e  200 PMz proton 

E l 3  r e t i n o a t e  8_ 

Sodium hydride (50% i n  o i l ,  144.0mg, 3.02 mmole) was suspended i n  THF (5ml) 

a f t e r  washing wi th  hexane and THF, and 1.l2ml HMPA was added t o  t h i s  suspension. 

Ethyl-Y-diethy1 phosphonosenecioate (794.4 mg, 699 m l ,  3 mmole) was added d r o p  
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wise a t  O°C. Eydrogen evolu t ion  was observed wi th  the  deepening of t h e  color  of 

the s o l u t i o n  t o  amber. The r e a c t i o n  mixture  was s t i r r e d  a t  O°C u n t i l  c lear .  The 

f l a s k  was shielded from l i g h t  wi th  aluminum f o i l  and t r e a t e d  dropwise wi th  

6-ionylidene acetaldehyde (654.0mg, 733.5 u l ,  3 mmole) using THF (2ml) t o  car ry  

and wash. The 

workup was c a r r i e d  o u t  a s  f o r  r w i t h  e t h e r i w a t e r ,  t h e  combined o r g a n i c  l a y e r s  

were dr ied  over Na2S04 and concentrated i n  vacuo t o  y i e l d  e t h y l r e t i n o a t e  (1.063g 

crude) wi th  a t r a c e  of B-C15 aldehyde a t  RfpO.50 (yellov/H2SOq). 

The r e a c t i o n  m i x t u r e  was  a l l o w e d  t o  r e a c t  a t  O°C f o r  24  hours .  

P u r i f i c a t i o n  w a s  c a r r i e d  o u t  by f l a s h  column chromatography u s i n g  1.5% 

EtZO/hexane as mobile phase. P u r i f i e d  product (534mg, 57x1, max=345nm (hexand,  

Rf=0.71 ( r e d  spot/H2S04). 

Ret inol  9 

To a s o l u t i o n  of e t h y l  r e t i n o a t e  S_ (534mg, 1.12 mmoles) i n  e t h e r  (10ml) 

a t  -7OOC under n i t rogen  van added dropwise a s o l u t i o n  of l i th ium aluminum hydride 

(1H) i n  e t h e r  (1.4 m l ,  1.12 mmoles) i n  dark. The r e a c t i o n  m i x t u r e  was s t i r r e d  

and a l l o w e d  t o  w a r m  t o  -25OC. The r e a c t i o n  was m o n i t o r e d  by TLC, w i t h  t h e  

formation of a product i n d i c a t i n g  a blue green spot a t  RfsO.17 when sprayed w i t h  

H2SOk A s l i g h t  excess  of LiA1H4 may be used i f  requi red ,  f o r  the completion of 

t h e  r e a c t i o n .  The workup waa done a s  f o r  6, and t h e  product  d r i e d  over  Na2S04 

under  N2 a t m o s p h e r e ,  y i e l d z 3 8 5  mg, 1.01 mmole, 9 0 % ,  Xmax=326nm (hexane)  i n d i -  

c a t i v e  of c l e a n  product .  T h i s  compound was used i m m e d i a t e l y  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .  

R e t i n a l  10 

Retinol ,  9, (385mg, 1.0 mmole) was taken up i n  5 m l  dichloromethane, i n  

a f l a s k  shielded w i t h  aluminum f o i l  and manganese(1V) oxide (2g, 8.3 mmole) was 

added i n  por t ions  t o  t h e  s o l u t i o n  a t  O°C. The r e a c t i o n  mixture  was s t i r r e d  f o r  

7-8 hours and monitored by TLC, the  product forming yellow spots  a t  Rf= 0 3 5  and 

0.41 (mixture of two isomers) a f t e r  spraying wi th  H2SO4. A t  t h e  completion of the  

r e a c t i o n ,  i t  was f i l t e r e d  i n  dim l i g h t  and washed w e l l  w i t h  d ich loromethane .  

The s o l u t i o n  was  c o n c e n t r a t e d  i n  vacuo;  t h e  c rude  p r o d u c t  (364mg, 0.93 mmoles, 

92%) was predominantly a 1 l - w  (Amax = 368 nm i n  cyclohexane). P u r i f i c a t i o n  
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Figure 3. 
inserts  showing expansion of spectral  regions reveal ing ' b H  coupling. 

The 270 MHz l H  spectrum of all-trans-[15-13C1 tinal with 

134.5 13.1 

1 ' 1 1  I ' l l 1  i 

I ro 80 10 

190.9 1 2 8 . 8  

b I1 J 1 3 , 1 4 =  6 6 . 7  

155.5 1 2 8 . 8  

Figure 4. Low f i e l d  region of the 50.3 MHz 13C NMR spectra of 
w - r  t i n a l ,  (b) all---[13 ,14-l3C2Iretinal,  and ( c )  a l l -  
[14,15-f3C21re~inal.  Also included i s  the spectrum of 1 1 2 , 2 0 - w i e t i n a l  
obtained as described i n  the t e x t .  

(a)  a l l -  
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and  s e p a r a t i o n  of i s o m e r s  was c a r r i e d  o u t  by HPLC u s i n g  hexane :e the r :THF 

(89I:lOX:lX) on a 50 cm Magnum 20 s i l i c a  column (Whatman P a r t i s i l  10). Represen- 

t a t i v e  'H and 13C NMR spectra and r e l e v a n t  chemical  s h i f t  and coup l ing  v a l u e s  of 

e n r i c h e d  re t inal8 are given i n  F igu res  3 and 4. 
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