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SYNTHESIS OF(7E,9E,llE,13E)-18,18,18-TRIFLUORORETINAL 

(ALL-TRANS S-TRIFLUOROMETHYLRETINAL) 
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Abstract: All-trans-18,18,18-trifluororetinal (,2) was synthesized through 

trifluorocyclocitral (2) as a key intermediate. 

All-trans retinal (l.) is recognized as the chromophore of bacterio- 

rhodopsin (bR) in purple membrane of Halobacterium halobium, which transports 

protons unidiretionally across the membrane by using light energy absorbed 

by its chromophore. 1) To account for the variance in the absorpsion maxima of 

various visual pigments and the purple color of bR, the external point-charge 

model has recently been proposed by Nakanishi. 2) Substitution of hydrogen(s) 

of ,& with fluorine should cause a change in its electronic nature, but not 

appreciablly so in its steric environment. 3) Moreover, the presence of 

fluorine inL would be expected to be utilized as a label for probing structur- 

al information and mechanistic detail of bR and its associated processes. 4) 
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For this purpose, retinals with fluorine(s) on the side chain were synthesized 

and their binding study was investigated. 5,6,7) 

In this paper we wish to report the first synthesis of (7E,9E,llE,13E)- 

18,18,18-trifluororetinal (all-trans-5-trifluoromethylretinal)($. 

For the synthesis of 18,18,18-trifluororetinal including all-trans isomer 

(2J, trifluorocyclocitral (2) is considered an important key intermediate. 

The conjugate addition of the Grignard reagent formed from the silyloxy- 

bromide (5)') to the phosphonate (5)') in the presence of the copper 

complex") gave the adduct (2, 86%), which in turn desilylated (n-Bu4NF, THF) 

and oxidized (Na2Cr207*2H20, AcOH-c-H2S04, r.t.) to the ketone (8, 89%). 

Cyclization of 2 proceeded effectively, but somewhat slowly by treatment with 

LiH in a mixture of THF and HMPA (3:l) under reflux for 48h to give the ester 

(2, 78%). Conversion of the ester (2) to trifluorocyclocitral (3_) was achieved 

by the reduction of the ester group (DIBAL-H, n-hexane, -78'C, 24h, l0, 73%) 

followed by oxidation (Mn02, CH2C12, r.t., 3h,?, 94%)11) (Scheme I), 
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a. Mgl THF; b. 5, [Cul*n-Bu3P]4 I THF; c. TBAFl THF ; 

d. Na2Cr207*2H20, H2S04/ AcOH ; e. LiH I THF-HMPA; 

f. DIBAL-H I n-hexane; g. MnO2l CH2CI2 

The repeated C5-elongation methodology for the synthesis of retinal from 

cyclocitral was applied to the trifluorocyclocitral (3) under modified reaction N 
conditions. 13) 

Thus, the treatment of the C5-phosphonate (Ll, E:Z=1:3, 3.5 equiv.) with 

n-BuLi (3.0 equiv.) at -78' in THF followed by the reaction with 3 at room 

temperature for 10h gave the triene-ester (12, 64%; E,E/Z,E=ca 6:1),14) which 

was converted to the aldehyde 2 without separation of the stereoisomer. 
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DIBAL-H reduction (n-hexane, -7S°C, lh, 13, 94%) followed by oxidation (Mn02, 

CH2C12, r.t., 3h) gave after the purification by column chromatography (SiO2) 

the desired (E,E)-dienal [g, 60%, 'H-NMR(CDCl,)S: 5.98(1H, d, J=8 HZ, H-lo), 

6.14 (lH, d, J=16.2 Hz, H-8), 6.69 (lH, dq, J=16.2 and 2.5 Hz, H-7), 10.13 

(lH, d, J=8 Hz, H-11); "F-NMR(CDC13)6: 5.581 and the (E,Z)-isomer [lo%, 

'H-NMR(CDC13)6: 5.90 (lH, d, J=8 Hz, H-lo), 6.60 (lH, dq, J=16 and 2.5 Hz, 

H-7), 6.99 (lH, d, J=16 Hz, H-8), 10.14 (lH, d, J=8.1 Hz, H-11); "F-NMR 

(CDC13)6: 5.561. A similar reaction of 2 with the phosphonate (11, E:Z=1.9:1) 

gave the trifluororetinoate (2, 78%), which, in turn, was reduced with DIBAL-H 

(g, quant.), oxidized with Mn02 and purified by column chromatography to the 

desired all-trans trifluororetinal [z, 69%, 'H-NMR(CDCl,)S: 5.98 (lH, d, J=8 

Hz, H-14), 6.12 (lH, d, J=16.2 Hz, H-8), 6.21 (lH, d, J=11.4 Hz, H-lo), 6.31 

(lH, dq, J=16.2 and 2.5 Hz, H-7), 6.39 (lH, d, J=15.2 Hz, H-12), 7.1 (lH, dd, 

J=15.1 and 11.4 Hz, H-11), 10.11 (lH, d, J=8.1 Hz, H-15); "F-NMR(CDCl,)S: 

5.561 (Scheme II). 

Scheme II 
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a. lJ, n-BuLi ITHF; b. DIBAL-HI n-hexane; g.Mn02 I CH2Cl2 

As shown in this paper, trifluorocyclocitral (2) is a useful intermediate 

for the synthesis of 18,18,18-trifluororetinal and other isomers such as 11-cis 

eg., which are currently being synthesized. The binding study of2 is now 

being carried out and the results will be published elsewhere. 
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