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Summary: Optically active 3,3,34rifluoropropene oxide (TFPO) was converted to 1 ,l,i- 
trifluoro-2-01s via Grignard type or Friedel-Crafts type reaction. The regio-selectivity of the 
latter reaction was discussed through an MO calculation. 

Trifluoromethyl containing compounds have received much interest because of their 

physical and biological properties, and many synthetic approaches toward introduction of 

CFg-groups into organic molecules have been reported.’ TFPO (1 ), which has oxirane 

functionality, can be regarded as a potentially versatile building block, but few reactions of 

1 have been reported2 probably because of its limited availability.3 Recently, optically 

active (-)-1 4 has got readily available via direct oxidation of the corresponding olefin (3,3,3- 

trifluoropropene) using our microbial method.5 Now we wish to report facile conversions of 

1 to trifluoromethyl containing alcohols in optically active forms (Eq. 1). 
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First, we examined Grignard type ring opening reaction (Eq. 2, Table 1). Epoxide 

(1) 

1 

was added to a cooled solution (- 20 “C) of organocopper reagent which was prepared from 

Grignard reagent or organolithium by mixing with a catalytic or a stoichiometric amount of 

Cul, and the whole reaction mixture was allowed to warm to room temperature. Usual work- 

up gave the adduct 2 without detectable amount of the regio-isomer 3. The present 

selectivity was parallel to that of the analogous reactions well-known for fluorine-free 

epoxides.6 Because the bond-formation did not occur on the asymmetric carbon atom, the 

configulation of (-)-1 4 was assigned to be S(75 96 ee) via this reaction which gave reported 

compounds.la-b 
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Table 1 Grignard type ring opening reaction of 1 

QJl b-II Solvent Product % Yield a %eeb 

- -- 

~+-WWJr (1.51 C 0.02 THF - EtsO 2ad 77 74 
(2:l) 

(nc4W2Ctt~ (1.2) 

r&sH,,O-#-&gBr 

(WC 

Et20 - Hexane 2b 77 75 
(1 : 1) 

0.02 THF 2c 66 nde 

PhMgBr (1.5)C 0.02 THF 2df 69 75 

a: Isolated yield. b: Determined by GLC analysis (PEG 20M. 25 m) of the corresponding 

MTPA-ester. c: Refers to RBr used for the metallation. d: [a]D I- 16.6’ (MeOH). 

Different value was reported in ref. la. e: Not determined. f: [a]D --36.6’(MeOH). 
Literature value was - 47.7O for S (96 % ee) in ref. la. 

Second, Friedel-Crafts type reaction was examined (Scheme 1, Table 2). Epoxide 1 

was added with cooling into a mixture of AICl3 (1.15 eq) and excess ArH.7 After stirring at 

room temperature for 3 h, the adduct 2 was obtained as a sole product. Acidic ring- 

opening of epoxfdes generally occurs on the more substituted carbon, and in fact, fluorine- 

free epoxide 4 has been reported to give 3’ along with stereochemical inversion under 

similar conditions.6 So it should be noted that the present products were not 3 but 2. 

Scheme 1 

1: R=CF3 

Table 2 Friedel-Crafts Type Reaction of 1 

Product % Yield a 

0 (26) 
b 

(752%dee)c 
75 

(22) 
(2 ?l,d 

61 

CH,oCH, (19) 21 72 

a: Isolated yield. b: tH NMR and [a]D were 
identical with the product shown in Table 1. 
o: Determined by GLC analysis of its MTPA- 
ester. d: lsomeric ratio which refers to the 
aromatic substitution patern (lgF NMR). 
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The unusual regio-selectivity could be rationalized by the strong electron-withdrowing 

property of CF3 which destabilizes an a-cationic species. 9 For further rationalization, an 

MO calculation by PM3 method was performed with MOPAC Ver. 5.01.tg 

At first, AICi3 was attached to the oxygen atom of epoxide 1 or 4, and the most 

stable structure was calculated for the each complex (To, Table 3). For the fluorinated To. 

Cl which was more positive than C2 would be more eiectrophiiic, and the Cl-0 bond which 

was longer than C2-0 would be more easily cleaved. On the other hand, C2 was more 

positive and C2-0 was longer for fluorine-free Tg. These results agree with the observed 

regio-selectivities shown in Scheme 1. 

Table 3 The most stable structure of To 

R 

Ch 

CHa 

Atomic Charge 

Cl c2 

+ 0.034 - 0.056 

+ 0.003 + 0.033 

Bond Length (A) 

Cl-0 c2-0 

1.468 1.453 

1.462 1.479 

Then a benzene molecule was placed on the oxirane plane as shown above with 20 A 
of distance” between the reaction centers. The reactions at Cl and C2 were simulated by 

stepwise shortening of c/l and d2 respectively. in each step, the relative positions of all 

atoms were optimized. The calculation gave transition states TP1 and TP2 along with the 

corresponding energy barrier Af based on To for the reaction of 1, and also gave THY and 

Tffz for 4 (vide infra). The C-C bond formation of 1 would much more favorably occur at 

Cl than C2 (AAE = 12.4 kcailmol), by contrast, 4 would react at C2 (AAE = 3.6 kcallmol). 

These results also agree with the observed and reported8 regio-selectivities. 

Af~l = 29.6 kcallmol 

dl = 2.10 A 

cl-o = I .57 A 

~2-0 = 1.43 A 

dfF2 = 42.0 kcallmol 

d2 = 2.07 A 

cl-o = I .44 A 

C2-0 = 1.58 A 

dE~1 = 33.3 kcallmoi d&2 = 29.7 kcallmol 

dl - 2.05 A d2 = 2.17 A 

Cl-0 = 1.60 A cl-o = I .43 A 

~2-0 - 1.44 A C2-0 = 1.64 A 

THY 
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In conclusion, we showed facile conversions of TFPO to optically active l,l,l-trifluoro- 

2-01s via Grignad type or Friedel-Crafts type reaction. In particular, the former reaction 

would be applicable for preparation of a wide variety of CF3 compounds. In addition, a 

unique property of TFPO was demonstrated through an MO caluculation in relation to the 

latter reaction. Further investigations on TFPO as a CF3 source are now in progress. 
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