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Summary - The preparation and properties of the 9-cis and 11-cis isomers of 
three trifluoromethylated retinals are described. 

The preparations of several stable isomers of trifluorinated retinals with the fluorine 

labels located at the 13-, 9- and 5-methyl positions, 1-3, have recently been reported (see W-_ 

below). Because of the preference for the E-configuration (cis isomer) of CF, bearing 

olefins.' the synthesis of the 11-cis and 9-cis isomers of such retinals, those important for 

vision research, is far from routine. We now report the successful preparation of such 

isomers. 

The synthesis of 20,20,20-trifluororetinal (1) was first reported in the literature.' The 

thermodynamically most stable isomer was first assigned the all-trans geometry but was 

subsequently corrected to the 13-cis."' Attempts to prepare the 11-cis and the 9-cis isomers 

via photoisomerization in acetonitrile* were unsuccessful. For this system, the photochemical 

method only led to an unseparable mixture of isomers containing the 13-cis geometry 

accompanied by degradation of the compound. Instead, the recently reported synthesesa's of 

the relatively unstable all-trans isomer have provided new routes to the 9-cis and 11-cis 

isomers. Thus, the Tokyo group reported the preparation of the key trifluoro-&,-ketone, 4.s 

Elaboration of this intermediate has now afforded the 11-cis isomer. 

'New Geometric Isomers of Vitamin A 14. For previous paper in the series, see ref. 5. The 

work done in Hawaii was supported by a grant from the U.S. Public Health Services (AM-17806). 
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a. TMSCH,CO,Et + LICA. b. HJLindlar cat. c. DIBAL. d. MnOz. 

Modification of the Hawaii routes led to 9-cis-2: 

e. CPeCOCHJpiperidine + CHsCOsH. f. (EtO)2P(0)CH,C0,Et, LDA. g. hplc separation. 

The syntheses of the stable 9-cis and 9,13-dicis isomers of 19,19,19-trifluororetinal (,2) 

are in the literature.“5’6 Irradiation of the 9-cis isomer led to one bond isomerization 

giving the 9,13-dicis and 7,9-dicis isomers7 plus a trace amount of the trans isomer. The 

absence of the 11-cis isomer in the irradiation mixture made necessary the design of an 

independent synthetic route. Two separate synthetic sequences have now successfully provided 

the isomer. The first route featured the key step of modified Wittig reaction reported for 

cis selective formation of simple 0lefins.o The same 11-cis isomer was also obtained in a 

step-wise process involving the intermediacy of the Cl.-ketone: 

+yy+ 

i 
+ all-trans AN 

'0 
+ II-cis 

h. (cF,CH,O)J’OCH,C(CH,)=cHcN. I&03, + 1~crown-6. i. TMSCH,C(CHe)=NtBu9, LDA. 

-=-I 
I+ 11-cis 

-2 

1 s.c.d.n 

The synthesis of the all-trans isomer of 18.18.18-trifluororetinal (3) has recently been 

reported by the Tokyo group.‘O In this case, the CFa group is too remote to change the normal 

course of photoisomerization of the polyene. Therefore, irradiation of the isomer in 
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acetonitrile led to the formation of four new isomers (13-cis, 11,13-dicis. 11-cis and 9-cis). 

The 11-cis (major) isomers have been isolated by preparative hplc. The minor isomer with lc 

retention time between those of 11-cis and all-trans was partially purified. By comparison of 

relative lc retention time with those of the parent retinal isomers, its partial spectral 

data, and reactivity toward bovine opsin, we tentatively assigned the 9-cis geometry." 

Preliminary binding studies with these fluorinated 9-cis and 11-cis retinal isomers with 

bovine opsin showed that stable pigments can be f0rmed.l' Their absorption maxima are listed 

in Table 1. Other information on these pigment analogs will be reported in a separate paper 

in the future. 

In summary, these retinal and pigment analogs are now available for detailed investigation 

of protein substrate interactions whether using the fluorine atoms as nmr probesI or possible 

source of specific electronic interactions as recently observed in the photobleaching process 

of 10-fluororhodopsin.i4 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Asato, A. E.: Mead, D.; Denny, M.; Bopp. T. T.; Liu, R. S. H., J. Am. Chem. Sot., 104, 

4979-4981 (1982). 

Ggrtner, W., Oesterhelt. D. Towner, P.; Hopf, H.: Ernst, L., j. Am. Chem. Sot., 103, 

7642-7643 (1981). 

Hanzawa, Y.. Kawagoe, K. Kobayashi, N.. Oshima. T., Kobayashi, Y., Tetrahedron Lett.. 26, 

2877-2880 (1985). 

(a) Denny, Il.; Liu. R. S. H., J. Am. Chem. Sot., 99, 4865-4867 (1977). (b) Liu, R. S. H.; 

Asato. A. E., Methods 506-516 (1982). 

Mead, D.; Loh, R.: Asato, A. E.; Liu, R. S. H., Tetrahedron Lett., 26. 2873-2876 (1985). 

Hanzawa, Y.: Yamada. A.; Kobayashi, Y.. Tetrahedron Lett., 26, 2881-2884 (1985). 

The 7,9-dicis isomer undergoes an unexpected facile thermal 1,7-H migration from C&-5 to 

C-10 giving a deconjugated retinal analog. 

Still, W. C.; Gennari, C., Tetrahedron Lett., 24, 4405-4408 (1983). 

Croteau, A. A.; Termini, J., Tetrahedron Lett.. 24, 2481-2484 (1983). 

Taguchi, T.; Hosoda, A.; Kobayashi, Y., Tetrahedron Lett., 26, 6209-6212 (1985). 

The tentative assignments of 9-cis- and 11-cis-ZJ have since been confirmed in the 

preliminary result of an independent synthesis of these isomers. 

For 9-cis-2. the negative result reported earlier' was most likely due to a combination of 

a low yield of pigment formation in digitonin plus the employment of a less sensitive 

absorption spectrometer at that time. 

Liu, R. S. H.: Matsumoto, H.; Asato, A. E.; Denny, M.; Shichida. Y.; Yoshizawa, T.: 

Dahlquist; F. W.. .J. Am. Chem. SOC., 103. 7195-7201 (1981). 

Liu, R. S. H.; Crescitelli, F.; Denny, M.: Matsumoto, H.: Asato. A. E., Biochemistry, in 

press. 

(Received in USA 26 September 1986) 


