
Tetrahedron Letters,Vol.29,No.8,pp 853+856,1988 0040-4039/88 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

REGIOSELECTIVE PHOTOISOMERIZATION OF PENTAENALS. 

EFFECT OF METHYL SUBSTITUENTS? 

P. Arjunau and R. S. l-l. Liu* 

Department of Chemistry. University of Hawaii 

2545 The Rail. Honolulu, Hawaii 96822. U.S.A. 

sulimlary . The different photochemical behavior of a demethylated retinal analog 
versus its methylated homologs bas been rationalized based on perturbation of the 
excited potential surface by the methyl substituents. 

Photoisomerizations of retinal, 1, and its derivatives are known to be solvent 

dependent. 
2 

In a non-polar solvent, isomerization only takes place at the trisubstituted 

double bonds favoring the site with the smallest volume of reaction. 
3 

In a polar solvent, 

the direction of reaction becomes less selective taking place at all four double bonds. 
4 

The polar character of an excited polyene5 is also demonstrated in isomerization of 

negatively substituted aryldienes where the direction of isomerization appears to be 

controlled by dipolar character of the transition state borrowed from the more stable 

zwitterionic intermediate. 
6 

The changed photochemical properties of demethylated retinals, 

e.g. the absence of 13-cis isomer during photoisomerization of 13-demethylretinal. 
7 

could 

then be a reflection of the electronic and the steric effects exerted by the methyl group 

onto the excited chromophore. To test the importance of the role of the methyl substituents 

on the isomerization process, we have now prepared several pentaenals. We believe the 

result not only reinforce the ideas advanced earlier but also clarifies other aspects of 

regioselectivity in photoisomerization of polyenes. 

9-(l’-Cyclohexenyl)-2,4.6.8-nonatetraenal. 2, was prepared by consecutive C, extension 

of cyclohexenylcarbowlaldehyde by procedures analogous to those established in vitamin A 

synthesis. 
7 

Also prepared were the g-methyl (3) end 7-methyl (4) homologs. Isomers were 

isolated from synthetic or photo-mixtures by preparative hplc end the geometry characterized 

by ‘H-nmr (Table 2). To examine the preferred direction of photoisomerization of each of 

the polyenes , the all-trans isomer was irradiated in hexane or acetonitrile. and the 

reaction followed by hplc 

characterized by comparison 

absorption spectra recorded 

listed in Table 1. 

until stationary states were reached. Photoproducts were 

of retention times with authentic samples or by their uv-vis 

on a diode array hplc detector. Results of such a study are 
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Table 1. Fhotoisomerization of the all-trans isomer of 

2 Hexane 1 8 

5 13 

20 14c 

c&Ch 1 4 

2 8 

5 47 

10 53 

20 58= 

3 1 8 

5 16= 

20 17c 

1 3 

1.5 13 

3 23 

7 42= 

4 Hexane 1 2.5 

1.5 9 

5 30” 

20 29= 

1 3 

1.5 6 

2 12 

2.5 26 

4 35 

10 66” 

20 66= 

pentaenals, 2 to 4a I _ 

Compound Solventb irrd. time 4: conversion 
min 

2-cis 

-_ 

-_ 

-_ 

-_ 

-_ 

-_ 

-_ 

-_ 

4d 

5d 

7d 

-- 

-- 

-- 

-- 

0.5 

2 

7 

7 

__ 

__ 

_- 

_- 

-- 

_- 

_- 

ecis 

5 

8 

10 

4 

8 

37 

39 

42 

3 

13 

21 

32 

0.5 

2 

5 

5 

_- 

2 

5 

12 

16 

23 

23 

6-cis 

3 

5 

4 

-_ 

-_ 

10 

14 

16 

4 

11 

10 

-_ 

-_ 

2 

10 

1.5 

5 

18 

17 

3 

4 

7 

14 

19 

43 

43 

a. Degassed solution of all-trens isomer (-0.01 W) was used. Corning 3-73 

filter plus Hanovia Medium pressure Hg lamp. Analyzed: Altex ultrasphere Si 

column. b. Cormnercial reagent solvents used without purification. 

c. Photostationary state. d. Overlapping peaks. 

The most- interesting trend revealed by the data in Table 1 is the different behavior of 

the completely demethylated pentaenal 2 from the two methylated pentaenals. Compound 2 

exhibited little sensitivity toward solvents of different polarity. Whether in hexane or in 

acetonitrile. the product mixture did not contain the 2-cis isomer and of the two product 

isomers, 4-cis was the major isomer in both solvents. But for the two methylated 
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pentaenals, there were noticeable changes of stationary state product distributions in the 

two solvents. Hence, for 3, the major isomer in hexane was the 6-cis isomer but in 

acetonitrile. the 4-cis: and for ,4, the major isomer in hexane was the 6-cis isomer with 

4-cis increased substantially in acetonitrile. Clearly, methyl substitution significantly 

affected the direction of photoisomerization. 

The results are, however, compatible with the concepts introduced earlier. For compound 

2, the absence of trisubstituted double bonds eliminates the possibility of substituent 

directed selected torsional relaxation. Hence, both in a non-polar end a polar solvent, the 

direction of isomerization was controlled by intrinsic characteristic of the excited polyene 

chromophore which apparently favored twisting at the central most double bonds of the 

polyene system. Steric relief, however, still played a role in the photochemistry of this 

demethylated pentaenal system appearing in the form of low trans to cis conversion in the 

photostationary state in hexane. The ensuing efficient cis to trans isomerization (relative 

to the unaccelerated trans to cis process) on account of 1.4-steric repulsion of a cis bond 

is expected to lead to a low conversion in the photostationary state. But in the dipolar 

acetonitrile where the more polarized excited polyene (leading to a lower P electron 

density) reduced the difference in reactivity between all double bonds, causing a higher 

conversion in the photostationary state. 

The addition of a single methyl group to the polyene chain substantially altered the 

solvent insensitive photochemical characteristics. In nonpolarizing hexane. the reaction 

became regioselective at the trisubstituted double bonds; in the more polar acetonitrile. 

the reduced H electron density again diminished the role of selective decay at the 

trisubstituted centers as a criterion for selective twisting of the polyene system. 

Instead, the favored reaction sites were again at the more centrally located double bonds. 

There was, however, a noticeable difference in regioselectivity of the two pentaenals even 

though the methyl substituents were located at the same double bond. That the 6-cis isomer 

in 4 was more favored in acetonitrile than in 3 was consistent with the dipolar nature of an 

excited polyene. 
8 

Stabilization of the transition state of the zwitterionic intermediate5 

twisted at the 6.7 bond by the methyl group is possible only when it is located at C-7 and 

not at C-6. 

The absence of the 8-cis isomer paralleled the observation of a low yield of the 7-cis 

isomer for retinal. 
2b 

It probably merely reflected the remoteness of this bond to the 

electron withdrawing end group making it richer in electron density than other double bonds. 

In sunmnary. the present set of compounds lent support to the earlier suspicion that the 

methyl substituents have a profound effect on regioselective isomerization of retinal. The 

data also provided further evidence that the direction of twisting of the polar excited 

polyene, which determined its regioselective photoisomerization. resulted from a sensitive 
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balance of many minor perturbations including the intrinsic 

and external factors such as relative ease of displacement of 

steric and electronic effects 

solvent molecules. 
3 

It is our 

hope that a complete characterization of these effects and an understanding of their 

relative importance will allow prediction of direction of regioselective photoisomerization 

of all polyenes in the future. 
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Table 2. ‘H-nmr data of isomers of pentaenals 2 to 2” 

Chemical shift (ppm) and coupling constants (Hz) 

Compound 2H 3H 4H 5H SH 7H SH QH 

J A_.2 J 2.3 J3.4 J 4.5 J6.6 56.7 J 7.8 J 8.9 

all-trots-2 6.16 7.16 6.44 6.74 6.34 6.56 6.24 6.40 
- 7.9 15.1 11.3 15.4 11.1 14.6 10.7 15.4 

4-cis-2 6.17 7.62 6.18 6.48 6.79 6.52 6.27 6.40 
7.9 15.0 12.0 11 12.2 14 10.9 15 

6-cis-2 6.17 7.13 6.45 7.18 6.07 6.32 6.63 6.37 
7.9 15.3 10 16 11 11 11 14.5 

all-trots-3b 6.08 6.61 6.49 6.39 -- 6.26 6.07 6.35 
- 7.8 15.1 10.6 14.7 -- -- 11.0 15.0 

2-cis-3 5.83 7.00 7.20 6.64 -- 6.45 6.30 6.43 
7.7 IO 11 14.9 -- -- 11.3 14.6 

6-cis-3 6.20 7.26 6.46 7.29 -- 6.27 6.62 6.31 
8.0 15.1 11.0 15.6 -- -- 11.4 14.6 

all-trons-4 6.19 7.24 6.49 7.10 6.27 -- 6.77 6.48 
8.0 15.1 11.4 14.4 10.6 -- -- 15.9 

6-cis-4 6.17 7.25 6.42 7.23 6.11 -- 6.76 6.45 
7.9 14.2 11.4 14.5 10.9 -- -- 16.3 

a. NM-300 spectrometer. Solvent CDCl, unless otherwise specified. b. In C6De. 
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