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HIGHLY CIS-SELECTIVE WITTIG REACTION OF OXIDO-ALLYLIC PHOSPHORANE 

WITH ALDEHYDE. AN EFFICIENT SYNTHESIS OF ll-CIS-RETINOIDS 

Akihiko Iiosoda, Takeo Taguchi, and Yoshiro Kobayashi* 

Tokyo College of Pharmacy, 1432-l Gorinouchi, Eachioji, Tokyo 192-03, Japan 

Summary: An efficient and highly stereoselective preparation of (2E,4Z)- 

dienyl alcohols was explored by reactions of (E)-oxido-allylic phosphorane 

with aldehydes. ll-cis-Retinals could be effectively prepared. 

Isomers of retinal serve as chromophores for two classes of biologically 

important photoreceptor proteins, rhodopsin and bacteriorhodopsin. Investiga- 

tions on the structures and the mechanism of functions of both proteins have 

been extensively studied using artificial pigments, among which fluorinated 

analogs are involved. 1) Recently, we reported the preparation of all-trans- 

18,18,18-trifluororetinal(2b)2) and its artificial pigment, trifluorobacterio- 

rhodopsin(F3-bR).3) The fact that F3-bR, unlike natural bR, does not trans- 

locate protons due to the presence of an electronegative trifluoromethyl group 

indicates that a proper fit of the chromophore in the binding site is required 

for proton translocation. 3) In visual pigment, rhodopsin, the chromophore is 

ll-cis-retinal(g). Although several methods for the preparation of 11-cis 

isomer have been reported, the low stereoselectivity of the synthetic reaction: 

and difficulty in the separation of the desired ll-cis isomer from the 

resulting reaction mixture due to its instability are problems that remain to 

be solved.4) 

We report an efficient and highly selective synthesis of (2E,4Z)-dienyl 

alcohol(5) by reactions of (E)-oxido-allylic phosphoranes derived from 4_a and 

4,~ with aldehydes and its application to the synthesis of 11-cis-retinals 

including the fluoro analog(lb) through reactions of s with R-ionylidene 

acetaldehyde derivatives(& and 3_b). 

CHO 

1,Q X=CH3 

l,b X=CF3 

3,a X=CH3 

3& X= CF3 

2,a X=CH3 

2,b X=CF3 
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The results of the reactions of the phosphonium salt (4J with aldehydes 

are summarized in Table 1. In the case of the (E)-phosphonium salt, 4b, a 

mixture of four possible isomers (zb-8Jb) was obtained(entry 8,9) as a result 

of isomerization of the double bond in the phosphorane through resonance and 

non-selective reaction with aldehyde. 7) With the oxido-allylic phosphorane 

derived from 4_a, only 5a(2E,4Z) and 72(2E,4E) were obtained without isomeriza- 

tion of the double bond existing in the phosphorane. When the reaction was 

conducted using a lithium base in THF, cis-selectivity was moderate with 

aliphatic aldehyde(entry l), but trans-isomer was still predominant with 

aromatic aldehyde(entry 5). No appreciable increace in cis-selectivity was 

observed in either case by the addition of HMPA as a co-solvent. On using 

potassium hexamethyldisilazide[KN(TMS)2] as the base, the desired cis-isomer 

2 was obtained with high stereoselectivity (>90%) in the reactions of both 

aromatic and aliphatic aldehydes. 

Similar tendencies were also found in reactions of the oxido-allylic 

phosphorane derived from s with aldehydes (entry 10-13). 

ll-cis-Retinals, $ and lb, were effectively prepared through the react- 

ions of the phosphorane derived from 4," with La and SJ, respectively. Thus, 

following the generation of ylid by treating 4_a with KN(TMS)2 in THF for lh, 

the addition of aldehyde, za, at -78'C and subsequent stirring at room tempera- 

ture for lh afforded retinols, s and Ea, in 40% yield in a ratio of 83:17 

for 11-cis, s, and all-trans isomer, lOa as determined by 'H-nmr(400 MHz). 

Mn02 oxidation of the retinol mixture and subsequent purification by hplc 

afforded 11-cis-retinal, 2. High stereoselectivity was also found in the 

reaction with trifluoro derivative, z. 

The Wittig reaction of aldehydes with salt-free alkylidene triphenyl- 

phosphorane is an excellent method for synthesis of cis-alkene. 9) In contrast, 

the reaction with oxido-type or allylic-type phosphorane has been reported to 

proceed with trans-selectivity or non-selectivity. 
10,ll) 

Both B- and y-oxido- 

type phosphorane particularly enhance trans-selectivity through the inter- 

conversion of the oxaphosphetane intermediates. 10) Although details of the 

4,a 
1) Base 
2) s or 3,b 

9,a X=CH3 1& X=CH3 

9,b X=CF3 1OJb X=CF3 

X 

CH3 

CH3 

CF3 

Base Yield(%) 11-cis(z) : all-trans(g) 

KN(TMS)2 40 83 : 17 

n-BuLi 31 37 : 63 

KN(TMS)2 19 88 : 12 
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d z 
)i _ 1)Base 

Ph3b Br 2)R2CH0 
) RF2 + R2yz + R2s, cR2+ 

R’ Z R’ 

5 5 !z .7 2 

@-&?_a R'=CH3, Z=CHzOH; s-8& R1,CH3, Z=COOMe; 4c-8c R'=H, Z=CH20H NN 

Table 1. Reactions of 4_a, 4,b or 4," with aldehydea 

entry P-salt(4)b R'CHO Base Solvent Yield(%) z:&:z:se 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

n-C5Hll 

n-C5Hll 

n-CgH1l 

n-CgH1l 

Ph 

Ph 

Ph 

Ph 

Ph 

n-C5H11 

n-C5Hll 

Ph 

Ph 

n-BuLi THF 30 78: 0 22: 0 

KN(TMS)2 THF 67 91: 0 9: 0 

KN(TMS)2 Et20 38 96.5: 0 3.5: 0 

KN(TMS)2 Et20 42 92: 0 8: 0 

n-BuLi THF 33 18: 0 82: 0 

KN(TMS)2 THF 57 83: 0 17: 0 

KN(TMS)2 THF 54 91: 0 9: 0 

n-BuLi THF quant. 16: 33 28: 23 

KN(TMS)2 THF 68 10: 20 43: 27 

n-BuLi THF 80 81: - 12: -f 

KN(TMS)2 THF 60 95: 0 5: 0 

n-BuLi TIIF 54 49: - 32: -g 

KN(TMS), THF 35 83: 0 17: 0 

(a) After treatment of the phosphonium salt with base at -78'C for 5 min, 

then at room temperature for lh, aldehyde was added at -78'C and then the 

mixture was stirred for lh at -78'C to room temperature. 

(b) molar ratio, &a or 4_c/base/aldehyde=l.5/3.2/1, 4_bb/base/aldehyde= 

1,5/1.5/l except for entries 4 and 7 (c) 4_aajbase/aldehyde=3/6.4/1 

(d) L)_/baselaldehyde=0.83/1.8/1 (e) determined by nmr(400 MHz)*) 

(f) G_c+8c(R=n-C5H11), 7% ratio (g) 6_c+8c(R2=Ph), 19% ratio 

mechanism of the present reaction are not clear, the results indicate oxido- 

allylic phosphorane to possibly have a nature distinct from those of oxido- 

type and allylic-type phosphoranes. Corey reported the non-selective synthesi 

of 5S,12S-diHETE through reaction of the particular oxido-allylic phosphorane 

generated by lithium base. 12) Selection of base for generating phosphorane is 

of particular importance in the present case. 



68 

In conclusion, the Wittig reaction of oxido-allylic phosphorane is an 

efficient method for the synthesis of (2E,4Z)-dienyl alcohols and this opens 

a new entry for ll-cis-retinoids. 
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