Tetrahedron Letters, Vol.31, No.48, pp 7031-7034, 1990 0040-4039/90 $3.00 + .00
Printed in Great Britain

Pergamon Press plc

TRIFLUOROPROPENE OXIDE AS A TRIFLUOROMETHYL SOURCE.

PREPARATION OF OPTICALLY ACTIVE ALCOHOLS
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Summary: Optically active 3,3,3-trifluoropropene oxide (TFPO) was converted to 1,1,1-

trifluoro-2-ols 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
CF3-groups into organic molecules have been reported.1 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 (—)-14 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
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.

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

Usual work-

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

epoxides.5 Because the bond-formation did not occur on the asymmetric carbon atom, the

configulation of (—)-14 was assigned to be S (75 % ee) via this reaction which gave reported
compounds.ia-b
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Table 1 Grignard type ring opening reaction of 1
RM (eq) Cul (eq) Solvent Product % Yield® % ee®
nCyH1sMgBr (1.5)° 0.02 THF - Et0 229 77 74
2:1)
(nCqHg)zCuli (1.2) - Et,0 - Hexane 2b 77 75
(1:1)
n-CgH,;0 @‘O‘Mgaf 0.02 THF 2¢ 66 nd®
(12
PhMgBr (1.5)° 0.02 THF 24af 89 75

a: |solated 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}p = - 16.6° (MeOH).

Ditferent value was reported in ref. 1a. e: Not determined. f{: [a]p =- 36.8° (MeOH).
Literature value was - 47.7° for S (98 % ee) in ref. 1a.

Second, Friedel-Crafts type reaction was examined (Scheme 1, Table 2). Epoxide 1
was added with cooling into a mixture of AICI3 (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 epoxides 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.8 So it should be noted that the present products were not 3 but 2.

Scheme 1 Table 2 Friedel-Crafts Type Reaction of 1
R=CFy —» OH AH (eq) Product % Yield?
0 cF A
A, ACk T et O e 2d® . 75
R —_— (75 % ee)
~rt
1: R=CF3 Ar CH3-O (22) 2e 81
4 R=CHy RaCHg — 1 OH @:2:1
(6. 8)  CHy” " CHy=_p-CHs (19) 21 72
3'

a: Isolated yield. b: 'H NMR and [a]p were
identical with the product shown in Table 1.

c: Determined by GLC analysis of its MTPA-

ester. d: Isomeric ratio which reters to the
aromatic substitution patern (19F 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. 5.01.10

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 (Tg, Table 3). For the fluorinated Tg,
C1 which was more positive than C2 would be more electrophilic, and the C1-O bond which
was longer than C2-0O 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 Tg

R Atomic Charge Bond Length (A)
C1 c2 C1-0 C2-0

CF3 +0.034 - 0.058 1.468 1.453

CHj +0.003 +0.033 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 C1 and C2 were simulated by
stepwise shortening of d1 and d2 respectively. In each step, the relative positions of all
atoms were optimized. The calculation gave transition states Tgq and Tfgz along with the
corresponding energy barrier AE based on Tg for the reaction of 1, and also gave Tyt and
TH2 for 4 (vide infra). The C~C bond formation of 1 would much more tavorably occur at
C1 than C2 (AAE = 12.4 kcal/mol), by contrast, 4 would react at C2 (AAE = 3.6 kcal/mol).
These results also agree with the observed and reportedd® regio-selectivities.

L
AD-CL
o CL
TF1 Tr2 TH1 TH2
AEERy = 29.6 kcal/mol AEF2 = 42.0 kcal/mol AEH1 = 33.3 kcal/mol AEH2 = 29.7 kcal/mol
di=2.10A da=2.07A d1=2.05A da=2.17A
C1-0=1.57A C1-O=1.44A C1-0=1.60A C1-0=1.43A

C2-0=1.43A C2-0=1.56A C2-O=1.44A C2-0=1.64A



7034

In conclusion, we showed facile conversions of TFPO to optically active 1,1,1-trifluoro-
2-ols 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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