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Abstract: The first synthesis of several types of optically active {,1,2-trifluoro-1-
alken-3-ols has been accomplished through the Pseudomonas cepacia lipase-catalyzed
trans-esterification. The PCL catalyzed acylation using vinyl chloroacetate as the acyl
donor provided the corresponding fluorinated-allyl alcohols that possess an aromatic
functional group with sufficient enantioselectivity. © 1999 Elsevier Science Ltd. All rights reserved.

Partially-fluorinated organic molecules have been shown to be important in the fields of material
science, agrochemical, and medical chemistry.' A large number of chiral fluorinated compounds have been
synthesized and various types of chiral synthones have thus been developed for the synthesis of fluorinated
bioactive molecules.? We have recently reported that multifluorinated y-lactones were efficiently synthesized
through the intramolecular radical cyclization of O-trimethylsilyl acetals that were derived from the
corresponding allyl esters of ¢, a-difluoroacetate.® Various types of fluorinated chiral o, a-difluoro-y-lactones
can be easily synthesized if we could prepare suitably fluorinated-allyl alcohols in the optically active form using
our reaction protocol. We describe here the first synthesis of optically active 1,1,2-trifluoro-1-alken-3-ols
through the lipase-catalyzed trans-esterification in organic media (Eq. 1).
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The lipase-catalyzed trans-esterification in an organic solvent system has been recognized as a very
useful method for the synthesis of optically active compounds. Typically, the reaction was carried out as
follows: to a mixture of Pseudomonas cepacia lipase (PCL) (50 weight % of the substrate), 2,6-di--butyl-4-
methylphenol (BHT) as the anti-oxidant was added a 2.5 ml i-propyl ether (i-Pr,0) solution of racemic alcohol
(£)-1 (0.5mmol) * and vinyl chloroacetate (1.5¢q) as the acyl donor. The resulting mixture was then stirred at
35°C. The optical purity of the acetate 2 produced and the remaining alcohol (+)-1 was determined by capillary
GC analysis using a chiral column (Chiraldex G-TA). Excellent enantioselectivity was observed when the
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Table 1. Results of PCL-catalyzed enantioselective trans-esterification of fluorinated allyl alcohols 1

Entry R Time Conv.(%) %eeof2  %eeofl ES Relative Rate
(h) (%Yield)* (%Yield)® %conv./h x 10
1 PhCH,CH, 36 29 97 (24) 40 (66) 100 82
2 Ph 22 30 95 (32) 46 (61) 65 150
3 c-Hexyl 139 4 85(4) 2(32) 13 1
4 PhCH=CH 416 0 0 0 - -
5 n-C,H,, 5 26 20 (24) 5(67) 2 430
6 nCH,, 72 20 9 (20) 4(62) 1 45
a) Isolated yield.

substrate 1a (R=PhCH,CH,) and 1b (R=Ph) were subjected to the reaction (Table 1, Entries 1 and 2). This is
the first example of preparing optically active 1,1,2-trifluoro-1-alken-3-ols.” Although moderate selectivity was
obtained for 1¢ (R= c-Hexyl) (Entry 3), no enantioselection was observed when linear aliphatic allyl alcohols,
le and 1g, were employed as substrates (Entries 5 and 6). Twenty-eight types of commercial enzymes have
been investigated for the acylation of 1e, unfortunately, no enzyme was found to provide the acetate 2e with
sufficient enantioselectivity. Since 1d (R=PhCH=CH) was so easily polymerized under the reaction conditions
even in the presence of BHT, neither the acylated product nor the unreacted substrate were obtained (Entry 4).
We reported that the enantioselectivity of the lipase-catalyzed reaction was greatly improved by the addition of a
thiacrown ether.® However, little improvement in enantioselectivity was observed with the addition of 5 mol% of
the thiacrown ether in these reactions; this is probably due to the influence of BHT, because the thiacrown
modification of the lipase-catalyzed reaction was inhibited by the addition of BHT.

The lipase-catalyzed reaction can be used in a large-scale preparation; the present method, therefore,
affords a valuable means of preparing optically active fluorinated-allyl alcohols that possess an aromatic
substituent in the molecules. A further study of the scope and limitations of this reaction will make it even more
beneficial.

References and Notes

1) () Ojima, L; McCatthy, J. R.; Wekh, J. T. Biamedicd frontiers of fluorineChemistry, ACS, 1996. (b)Wekh, J. T.; Eswarakrishnm,
S. Fluorine in Bicorganic Chemistry, Jom Wiky & Sons, New Yok, 1991.

2) Wekh, J. T. Tetrahedon, 1987, 43, 3123,

3) (@)htch,T.; Sakabe, K.; Kud, K.; Ohara, H.; Takagi, Y.; Kihara, H.; Zagatti, P.; Renou M. J. Org. Chen. inpress (b)Itch, T.; Sakabe, K. ;
Kud, K.; Zagatti, P.; Rencu, M. Temhedon Le. 1998, 39, 4071. (c)ltch, T.;OhaaH.; Emato, S. Tetrahedon Len. 1995, 36, 3531

4) A recent review see. (a) Faber, K, Biatransformaion in Organic Chemistry, Springer, Bedin, 1997. (b) Schmid, R. D.; Verger, R.
Angew. Chem. Int. Ed Engl. 1998, 37, 1608.

5)Raemic alwhols 1 wer preparedby Pexcy’s Method: Pexcy, J. M.; Wilkes, R. D. Tetrahedon, 1997, 53, 14749,

6)Chen, C. -S.; Fujimotq, Y.; Gixlauskas, G.; Sih, C. J.J. Am. Chen. Soc 1982, 102, 72%4.

7) The absolute configumtion of the produced acdate 2 has not yet been determinated, though we assume it to be (R) by the gencral
enatiopreference of PCL: Weissflach, A. N. E.; Kadauskas, R. J. J. Org. Chen. 1995, 60, 695.

8) (a) Takagi, Y.; Temmoto, J.; Itch, T.; Kihara, H.; Tsukube, H. Tetrahedon Let. 1996, 37, 4991. (b) Takagi, Y.; Ino, R.; Itch, T.;
Kihara, H.; Tsukube, H. Chen. Let. 1997, 1247. Itch, T.; Mitsukum, K.; Kenphai, W.; Takagi, Y.; Kihara, H.; Tsukube, H. J. Org.
Chem. 1997, 62, 9165.

9) Enatiosdectivity wasimproved upto 100by theaddtion of S mol% ofthe thiacrown ether when 1b (R=Ph) was subjectedto thereaction
in the absence of BHT, though the recovered yiedld was significantly reduced by polymerzation. On the contrary, no such effect was
observed when the reaction was carried out in the presence of BHT.

10) The authors are grateful to the SCNMR Laboratory of Okayama University for the NMR messurements. They also thank the Amano
Phamacauticdl Co., Ltd, for providing the lipase.



