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ORGANIC PREPARATIONS AND PROCEDURES I N T .  19(2-3), 187-195 (1987) 

PREPARATION OF THE 9-&-, 13-*-, 

AND ALL trans-ISOMERS OF u- AND B2-RETINAL 

Michael F. Vaezi, Cynthia Y. Robinson, Kenneth D. Hope, 

* 
Wayne J. B r o u l l l e t t e  and Donald D. Huccio 

Department of Chemistry, 
Universi ty  of Alabama a t  Birmingham 

Birmingham, AL 35294 

V i t a m i n  A a l d e h y d e  ( r e t i n a l ,  Scheme 11, t h e  chromophore found i n  t h e  

l i g h t - s e n s i t i v e  pigments rhodopsinl and bacter iorhodopsin,2 I s  bound t o  a 

p r o t e i n  i n  e a c h  case by a p r o t o n a t e d  S c h i f f  b a s e  l i n k a g e  I n v o l v i n g  one of 

t he  l y s i n e  residues.  However, t he  spec i f  l c  noncovalent chromophore-protein 

i n t e r a c t i o n s  which g i v e  r ise  t o  s h i f t e d  absorpt ion maxima ( r e l a t i v e  t o  model 

protonated Schiff  bases of t h i s  chromophore) i n  these  systems are not  f u l l y  

understood. One common approach i n  s tudying these  i n t e r a c t i o n s  has  been t o  

a n a l y z e  a n a l o g u e s  of t h e  n a t i v e  chromophore which have been i n c o r p o r a t e d  

i n t o  t h e  p r o t e i n s .  A wide v a r i e t y  of schemes have been m o d i f i e d  t o  

inco rpora t e  i s o t o p i c   label^.^ Here we desc r ibe  the  s y n t h e s i s  of two known 

r e t i n o i d  a n a l o g u e s  ( T a b l e  l ) ,  a - r e t i n a 1 6  ( a - 7 )  and B2- re t ina14  ( 8  2-7), 

by a s y n t h e t i c  p r o c e d u r e  p r e v i o u s l y  used  o n l y  f o r  t h e  s y n t h e s i s  o f  13C- 

l abe led  B- re t ina l s  (Scheme l).’ While a number of HPLC systems have been 

&“a” 8-1 

19 20 

8 10 12 14 

r e t i n a l  4 

( a )  N a H ,  ( C  H 0) POCH2C02Et .  ( b )  L I A 1 H 4  f o l l o w e d  by Mn02. 
?C? N i H ,  (C2H.j0)2POCH2C(CH3)CHCO2Et.  

Scheme 1 
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V A E Z I ,  ROBINSON, HOPE, BROUILLETTE AND MUCCIO 

r e p o r t e d  f o r  t h e  s e p a r a t i o n  of B - r e t i n a l  i ~ o m e r s , ~ ' ~  on ly  a few r e p o r t s  have 

desc r ibed  t h e  s e p a r a t i o n  of B2-retinal '  and no HPLC work has  been r e p o r t e d  

f o r  a - r e t i n a l  o r  t h e  s y n t h e t i c  i n t e r m e d i a t e s  2-4 ( T a b l e  1). We r e p o r t  a 

s y s t e m a t i c  method employing i s o c r a t i c  s o l v e n t  sys t ems  f o r  t h e  p r e p a r a t i v e  

HPLC s e p a r a t i o n  (up t o  400 mg of i s o m e r i c  mix tu re  p e r  i n j e c t i o n )  of t h i r t y  

m a j o r  g e o m e t r i c a l  i s o m e r s  f o r  a l l  i n t e r m e d i a t e s  and  p r o d u c t s  i n  t h i s  

s y n t h e s i s  (Table 1 )  as w e l l  a s  t h e i r  c h a r a c t e r i z a t i o n  by 'H NMR and U V / V l s  

spec t roscopy.  

TABLE 1. a -  and 3,4-Dehydroretinoids Prepared  v i a  Scheme 1. 

n 

R 1 2 X 

4 7 CHO 

8 CO2H 

a = 9E, 13E; b = 9Z, 13E; c = 9E, 132 

3,4-Dehydro-B-ionone (B2-1) was syn thes i zed  from 6-ionone (8-1, Scheme 

1 )  acco rd ing  t o  t h e  procedure  of Surma t i s  and Thornmen." According t o  t h e  

p r o c e d u r e  u s e d  by I q b a l  e t  al.' f o r  t h e  c o n v e r s i o n  of  B-1 t o  a n  i s o m e r i c  

mix tu re  of r e t i n a l s ,  B -7a-7c (Scheme l ) ,  compounds B2-1 and a-ionone (a-1) 

were then  conver ted  t o  B2-re t ina l  (B2-7) and a - r e t i n a l  (a-7),  r e s p e c t i v e l y .  

B r i e f l y ,  f o r  b o t h  t h e  a- a n d  B 2 -  s y s t e m ,  1 w a s  r e a c t e d  w i t h  

triethylphosphonoacetate via a Horner-Emmons condensa t ion  t o  y i e l d  ester 2 

as a m i x t u r e  of  a l l  t r a n s -  and  9-*-isomers. R e d u c t i o n  of 2 w i t h  LiAlH4 

provided t h e  r e l a t i v e l y  u n s t a b l e  a l c o h o l ,  3, which was ox id ized  w i t h  Mn02 t o  
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9-&-, 13-c&-, AND ALL t r a n s - I S O M E R S  OF a- AND B z - R E T I N A L  

g i v e  t h e  a l d e h y d e  4. T h i s  was condensed  w i t h  e t h y l - y - d i e t h y l p h o p h o n o -  

s e n e c i o a t e ,  w h i c h  p r o v i d e d  e s t e r  5 as  a m i x t u r e  c o n s i s t i n g  m a i n l y  o f  a l l  

trans-,  13-+-, and 9-&-isomers. F i n a l l y ,  t h e  ester was conver ted  t o  t h e  

cor responding  r e t i n o l  6 and r e t i n a l  7 v i a  t h e  procedures  p r e v i o u s l y  employed 

f o r  t h e  c o n v e r s i o n  o f  2 t o  4. t o  

t hose  r e p o r t e d  by I q b a l  e t  al.7 f o r  t h e  8-system. 

The y i e l d s  a t  e a c h  s t e p  w e r e  c o m p a r a b l e  

As s u m m a r i z e d  i n  T a b l e  2, p r e p a r a t i v e  HPLC on  a Whatman M9 or  M20 

s i l i c a  g e l  column r e s u l t e d  i n  t h e  s e p a r a t i o n  of t h e  i n d i v i d u a l  i somers  of 

t h e  compounds 2-7 ( T a b l e  1). The Whatman M20 column w a s  u s e d  a t  9mL/min 

f l o w  r a t e s  w h i c h  g a v e  s i m i l a r  r e t e n t i o n  t imes  t o  t h o s e  o f  t h e  Whatman M9 

column a t  2mL/min. The i s o m e r i c  a s s ignmen t s  were i n i t i a l l y  i n f e r r e d  from 

t h e  HPLC r e s u l t s .  The a l l  t rans- i somers  were expec ted  t o  predominate  f o r  t h e  

Horner-Emmons condensation" which is a l s o  c o n s i s t e n t  w i t h  HPLC r e s u l t s  on 

t h e  $-system.4s8 The r e m a i n i n g  two  i s o m e r s  were t e n t a t i v e l y  a s s i g n e d  by  

t h e i r  r e l a t i v e  r e t e n t i o n  t imes ,  s i n c e  t h e  9-*-isomer h a s  a l o n g e r  

r e t e n t i o n  t i m e  t h a n  t h e  13-*-isomer i n  t h e  B-system.' T h e s e  t e n t a t i v e  

a s s i g n m e n t  were t h e n  c o n f i r m e d  by p r o t o n  NMR d a t a .  Based upon p r e v i o u s  

s t u d i e s  w i t h  t h e  $-system," a d o w n f i e l d  s h i f t  f o r  p r o t o n  8 (H-8) and  a n  

u p f i e l d  s h i f t  ( w i t h  r e s p e c t  t o  t h e  a l l  t rans- i somer)  f o r  t h e  9-methyl group 

(H-19) i s  c h a r a c t e r i s t i c  of t h e  9-*-isomers, wh i l e  a downf ie ld  s h i f t  f o r  

p r o t o n  12 (H-12) and  a n  u p f i e l d  s h i f t  f o r  t h e  13-methyl  g r o u p  (H-20) i s  

c h a r a c t e r i s t i c  of t h e  13-*-isomers. These s h i f t s  have been a t t r i b u t e d  t o  

s ter ic  i n t e r a c t i o n s  i n  t h e  B-system," which should  be n e a r l y  i d e n t i c a l  i n  

t h e  ci- and B2-systems. T a b l e s  3 and  4 c o n t a i n  t h e  p r o t o n  c h e m i c a l  s h i f t  

a s s ignmen t s  f o r  t h i r t y - s i x  i somers  of t h e  (1- and B2-retinoids.  Complete 

13C-NMR a s s i g n m e n t s  f o r  t h e  compounds i n  T a b l e  1 w i l l  be r e p o r t e d  

s e p a r a t e l y .  
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VAEZI, ROBINSON, HOPE, BROUILLETTE AND MUCCIO 

TABLE 2. P r e p a r a t i v e  HPLC Sepa ra t ion  on Whatman M9 Column and W / V i s  Data 
f o r  Compounds 1-7.a 

1 

2a 

2b 

3a 

3b 

4a 

4b 

5a 

5b 

5c 

6a 

6b 

6c 

7a 

7b 

7C 

A 

C 

C 

A 

A 

B 

B 

C 

C 

C 

A 

A 

A 

B 

B 

B 

29.4 

25.6 

37.7 

31.8 

22.4 

18.3 

31.5 

27.5 

24.5 

47.0 

45.8 

38.4 

29.4 

24.6 

22.0 

Re ten t ion  Relat i v e  
Time (mln.) h a x  (nm) d -- Peak Area (X)' --- -- 

a 82 a B 82 
Compound So lven tb  

a B2 

100 100 227 290 337 nn r .-...I , 
LU.  J L-l. 4 

39.9 

33.8 

46.6 

37.3 

25.6 

19.5 

41.4 

35.5 

30.9 

62.9 

61.1 

49.5 

34.6 

27.4 

24.0 

(222) (333) 

85 81 
(265) (340) 

15 19 

79 79 
(237) (310) 

21 21 

80 82 
(277) (357) 

20 18 

73 67 
(360) (360) 

15 21 

12 12 

58 64 
(312) (350) 

24 17 

18 19 

60 58 
(350) (380) 

22 18 

18 24 

264 

270 

242 

242 

28 1 

280 

344 

340 

342 

316 

315 

319 

358 

354 

354 

302e 

302e 

25gf 

266f 

326f 

321f 

3548 

3488 

3598 

3258 

3238 

3288 

38 18 

3738 

37 5g 

343 

354 

313 

317 

366 

362 

383 

373 

375 

352 

353 

354 

392 

383 

379 

a) S e e  E x p e r i m e n t a l  S e c t i o n  f o r  d e t a i l s .  b )  A = 10% THF, 10% E t 2 0  i n  
h e x a n e ;  B = 3% THF, 10% E t  0 i n  hexane ;  C = 1.5% E t  0 i n  hexane .  c)  
Numbers i n  pa ran theses  are tge wavelengths  (nm) a t  w h i c i  HPLC s e p a r a t i o n s  
were monitored. d )  I n  cyclohexane. e) Mixture  of I somers  ( s e e  r e f e r e n c e  
14). f )  V a l u e s  o b t a i n e d  f r o m  r e f e r e n c e  15. g )  V a l u e s  i n  E t O H  (see 
r e f e r e n c e  16). 
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9-Q-, 13-Q-, AND ALL t r a n s - I S O M E R S  OF a -  AND Bz-RETINAL 

TABLE 3. ‘H-NMR ASSIGNMENTS FOR THE ISOMERS OF a-RETINOIDS 

‘H CHEMICAL SHIFT I N  CDC13(ppm,TMS)a 

& 2 a  Zb 3 4 6 7 8 10 I1 12 14 15 16 17 18 19 20 

1 1.22 1.45 2.m 5.9 229 6.62 bas a% a m  1.57 225 

L 1.18 1.45 203 5.45 222 5.93 6.03 5.73 am a91  1-56 227 

2b 1.19 1.46 203 5.U 21) 5.91 7.54 561 

S 1.18 1.44 201 5.41 216 5.50 6.a 5.59 627 

3b 1.19 1.44 2a 5.42 218 5.57 6.37 5.48 41) 

4a 1.z 1.45 204 5413 227 6.11 6.19 5.92 iaii 

~b 1.23 1.44 zc6 5.49 233 6.01 7.a 5.a la19 

a) The chemica l  s h i f t s  of t h e  -0CH CH3 and -OCH2CH p ro tons  were 4.16 
and  1.28 ppm, r e s p e c t i v e l y  f o r 3 a  a n d  2b a n d 2 . 1 7  and  1.29 ppm, 
r e s p e c t i v e l y ,  f o r  5a - 5c. 

Prev ious  s t u d i e s  w i t h  s e l e c t e d  82-c~mpounds13 sugges ted  t h a t  p u r i f i e d  

i s o m e r s  may be c a r r i e d  t h r o u g h  s u b s e q u e n t  r e a c t i o n s  ( r e d u c t i o n  and  

o x i d a t i o n )  w i thou t  s i g n i f i c a n t  double  bond i s o m e r i z a t i o n .  Th i s  w e  conf i rmed 

w i t h  bo th  the  B2- and a-systems by c o n v e r t i n g  t h e  i n d i v i d u a l  pure  i somers  of 
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VAEZI, ROBINSON, HOPE, BROUILLETTE AND MUCCIO 

TABLE 4. 'H-NMR ASSIGNMENTS FOR THE ISOKERS OF 82-RETINOIDS 

'H CHEMICAL SHIFTS IN CDC13(ppm,TMS)a 

B2- 
1-r 2 3 4 7 8 10 11 12 14 15 16 17 18 19 20 

1.a 1.08 1.90 2.30 1 2.11 5.88 5.88 7.18 6.P 

b 2.08 575 5.83 6.56 6.23 5.78 1.03 1.03 1.85 2.35 

1.00 1.00 1.85 1.98 zb 2-01 5.70 5.79 6.52 7.71 5 . 9  

3. 2.07 5.71 5.83 6.13 6.17 5.65 4.31 1.01 1.01 1.84 1.86 

3b 2.B 5.75 5.84 6.20 6.53 5.57 4.31 1.02 1.02 1.86 1.93 

& 2.10 582 5.87 6.76 6.32 5.96 10.13 1.06 1.06 1.88 2.33 

4b 2.12 5.84 5.88 6.65 7.23 5.90 10.17 

50 2.a 5.74 5.85 6.28 6.28 6.19 7.00 6.x) 5.78 1.04 1.04 1.87 2-01 2.36 

Sb 2.10 5.77 5.88 6.27 6.81 6.08 7.08 6.23 5 7 7  1.05 1.05 1.91 201 2.33 

E 2.09 5.75 5.85 6.28 6.28 6.29 6.98 7.79 5.64 1.04 1.04 1.87 2.00 2.07 

6. 207 5.72 5.85 6.16 6.27 6.14 6.61 6.x) 5.70 4.31 1.03 1.03 1.86 1.97 1.86 

6b 2.10 5.76 5.87 6.18 6-83 6.04 6.72 6.24 5.69 4.31 1.04 1.04 1.84 1-96 1.91 

6c 2-09 5.71 5.84 6.14 6.22 6.23 6.77 6.66 5.56 4.31 1.03 1.03 1.89 1.96 U C  

7a 2.09 5.76 5.86 6.31 6.37 6.23 7.15 6.39 5.98 10.11 1.05 1.03 1.89 2.04 2-34 

7b 2.11 5.80 5.89 6.32 6.82 6.12 7.23 6.32 5.97 10.10 1.06 1.06 1.92 2.04 2.30 

7c 2.11 5.77 5.86 6.33 6.33 6.26 7.04 7.33 5.86 10.20 1.05 1.05 1.88 2.04 2.15 

& 208 5.76 5.86 6.30 6.30 6.20 7.05 6.33 5.81 1.04 1.04 1.88 202 237 

1.05 1.05 1.92 2.02 2.34 Is 211 5.77 5.88 6.1) 6.81 6.09 7.14 6.25 5-83 

& 211 5.77 5.86 6.32 6.32 6.32 7.03 7.78 5.67 1.05 1.05 1.88 202 2.11 

a )  The c h e m i c a l  s h i f t s  of  t h e  -OC%CH3 and -0CH C 3  p r o t o n s  were 4.17 
a n d  1.28 ppm, r e s p e c t i v e l y ,  f o r  2a, 4.08 a n d  1.26 ppm f o r  2b. a n d  4.17 
and 1.28 ppm, r e s p e c t i v e l y ,  f o r  5a-5c. 

e s t e r s  5 s t e r e o s e l e c t i v e l y  t o  t h e  c o r r e s p o n d i n g  a l c o h o l  6 a n d  a l d e h y d e  7. 

I n  a l l  cases, HPLC c o n f i r m e d  t h a t  i s o m e r i c  p u r i t y  was l a r g e l y  m a i n t a i n e d .  

T h i s  i s  a u s e f u l  p r o c e d u r e  w h i c h  a l l o w s  f o r  s e p a r a t i o n  a n d  s t o r a g e  of t h e  

i s o m e r s  a t  t h e  more s t a b l e  ester s t a g e  (5a-5c) w i t h  c o n v e r s i o n  t o  t h e  less 

s t a b l e  a l c o h o l  6 and a l d e h y d e  7 when needed. F i n a l l y ,  t h e  i s o m e r s  o f  esters 
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9-&-, 13-&-, AND A L L  trans-ISOMERS OF a -  AND 82-RETINAL 

5 were a l s o  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  a c i d s  8 by b a s e  h y d r o l y s i s 6 ,  

aga in  w i t h  r e t e n t i o n  of t h e  i s o m e r i c  s ta te  of t h e  compounds as i n d i c a t e d  by 

NMR spec t roscopy (Tables  2 and 3). 

EXPERIMENTAL SECTION 

The c h r o m a t o g r a p h i c  s e p a r a t i o n s  w e r e  p e r f o r m e d  on a R a i n i n  R a b b i t  HPLC 
s y s t e m  w h i c h  i n c l u d e d  a n  App le  I I e - c o n t r o l l e d  G i l s o n  Da ta  M a s t e r  and  a 
H i t a c h i  Model 100-40 v a r i a b l e  w a v e l e n g t h  U V / V i s  d e t e c t o r .  The c o l u m n s  
employed were a Whatman P a r t i s i l  10 M9/50 (500 x 9.4 mm I D )  w i t h  a f l o w  rate  
of 2mL/min w i t h  s e p a r a b i l i t y  of about 20 mg pe r  i n j e c t i o n  and a P a r t i s i l  10 
M20/50 (500 x 22.00 mm I D )  w i t h  a f l o w  rate  of 9mL/min w i t h  s e p a r a b i l i t y  of 
be.tween 100-400 mg p e r  i n j e c t i o n .  A l l  s o l v e n t s  were HPLC g r a d e  ( F i s h e r  
Omni-Solve), s a t u r a t e d  w i t h  d r y  n i t r o g e n ,  and degassed by f i l t e r i n g  through 
a N i l l i p o r e  f i l t e r  (0.45 pm)  p r i o r  t o  use .  The U V / V i s  d a t a  were o b t a i n e d  
on a Beckman Model 26 spec t rophotometer .  The 'H NMR s p e c t r a  were ob ta ined  
on a GE wide bore  spec t romete r  (NT s e r i e s )  equipped w i t h  an 1180e p rocesso r  
and  293c  p u l s e  programmer .  The r e s o n a n c e  f r e q u e n c y  f o r  'H was 300.1 MHz. 
The pro ton  resonances  were r e fe renced  i n t e r n a l l y  t o  t e t r a m e t h y l s i l a n e  (TMS) 
and  s p e c t r a  were o b t a i n e d  i n  C D C 1 3  a t  a m b i e n t  t e m p e r a t u r e s .  A s s i g n m e n t s  
were made by s e l e c t i v e  homonuclear decoupl ing  and by COSY 90 two d imens iona l  
NMR e x p e r  ments .  The COSY 2D e x p e r i m e n t  u t i l i z e d  t h e  f o l l o w i n g  p u l s e  
sequence": (n/2)-(tl)-(n/2)-(FID,t2). Q u a d r a t u r e  p h a s e  d e t e c t i o n  was 
employed and t h e  t r a n s m i t t e r  was p laced  a t  7.9 ppm. The s p e c t r a l  w id th  in 
t h e  F1 and F2 domains was 1529 Hz and conta ined  1K d a t a  poin ts .  Two hundred 
and f i f t y - s i x  s p e c t r a  were  a c q u i r e d  i n  a b o u t  5 h r s .  P r o c e s s i n g  i n v o l v e d  
s i n e  m u l t i p l i c a t i o n  i n  each  dimension and ze ro  f i l l i n g  t o  y i e l d  a 512x512 
d a t a  se t .  The n / 2  p u l s e  w a s  7.5 us. 

3,4-Dehydro-B-ionone ( B Z - l )  was s y n t h  s i z e d  f r o m  8-ionone (6-1) ( A l d r i c h )  

A l d r i c h .  The a-and B 2 - r e t i n o i d s  were p r  p a r e d  f r o m  t h e  c o r r e s p o n d i n g  
iono  es e x a c t l y  a s  desc r ibed  by I q b a l  e t  a1.' f o r  t h e  convers ion  of 8-ionone 
t o  "C-labelled-retinals.  P e r t i n e n t  I R  and Rf d a t a  are g iven  i n  Table  5 
on t h e  i s o m e r i c  m i x t u r e s  o f  compounds 1-7. Crude  s y n t h e t i c  s a m p l e s  were 
p laced  on a s h o r t  s i l i ca  column and e l u t e d  w i t h  10% acetone/hexane t o  remove 
t h e  more p o l a r  components p r i o r  t o  HPLC separa t ion .  The s e p a r a t e d  i somers  
were c o l l e c t e d  i n  f l a s k s  which were cooled  i n  an  ice b a t h  and s h i e l d e d  from 
l i g h t .  W/Vis  maxima of t h e  long-wavelength band and 'H-NMR a s s ignmen t s  f o r  
t h e  s e p a r a t e d  i s o m e r s  o f  1-7 are  g i v e n  i n  T a b l e  2-4. The d a t a  p r e s e n t e d  
h e r e  a r e  c o n s  s t  n t  w i t h  p r e v i o u s  c h a r a c t e r i z a t i o n s  o f  t h e s e  
com pounds. 6*13*1f,1g The a c i d s  8 wer.e p r e p a r e d  f r o m  t h e  c o r r e s p o n d i n g  
esters 5 by h y d r o l y s i s  w i t h  potass ium hydroxide acco rd ing  t o  t h e  procedure  
of Hale e t  aL6 By us ing  i s o m e r i c a l l y  pure esters, t h e  a c i d s  were prepared  
w i t h o u t  E-Z i s o m e r i z a t i o n .  nd 4 )  are  a l s o  
c o n s i s t e n t  w i t h  p r e v i o u s l y  p u b l i s h e d  60  MHz assignments" on B2-re t ino ic  
ac id .  

acco rd ing  t o  an e s t a b l i s h e d  procedure  18 . a-Ionone (a-1) was purchased from 

'H-NMR a s s i g n m e n t s  ( T a b l e  3 
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V A E Z I ,  ROBINSON, HOPE, BROUILLETTE AND MUCCIO 

TABLE 5 .  Rf and I n f r a r e d  Data on I somer ic  Mixtures  of a- and B2-Retinoids 

I n f r a r e d  (cm”Ib 
RS a A 

Com po und 
Number R=a R= $2 

R -  a R 0, 
OH C=C C=O OH c=c cpo 

1 0.65 0.50 - 

2 0.86 0.76 - 

3 0.17 0.11 3320 

4 0.49 0.40 - 

5 0.70 0.75 - 
6 0.18 0.15 3320 

7 0.43 0.50 - 

1675 

1620 

1600 

1620 

1630 - 3325 1625 - 
1580 

1610 

1650 1705 - 1660 1710 

- - 3410 1630 - 
1645 1655 - 1560 1650 

1690 - 1585 1655 

1705 - 1595 1695 

1660 - 1595 1655 

a )  I n  10% ace tone /hexane  on s i l i c a  g e l .  b )  Liquid  f i lms .  
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