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EFFICIENT CARBON-CARBON BOND FORMATION WITH
THERMALLY STABLE 1,1-DIHALO-2,2,2-TRIFLUOROETHYLZINC REAGENT
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The zinc carbenoids CF3CXZZnX. prepared from CF30X3 and zinc powder
in dimethylformamide, were found thermally stable to add to aldehyde

carbonyls in excellent yields.

In view of remarkable biological activity of CFj-containing compoundsf
extensive studies on perfluorocalkylmetals have been made.? as synthetic
pyrethroids containing CH=C(C1)CF3 group are recently found highly potent, we
explored their synthetic method through employment of a carbenocid reagent,
CF3CX,-Mtl (1, X=Cl,Br). The only one example recorded so far is the
corresponding Grignard reagent CF3CX2MgX (1a),3 which is labile and undergoes
carbonyl addition in poor yields even at low temperatures. We report herein
that the 2,2,2-trifluoro-1,1-dihaloethylzinc halides (1b) are readily prepared
from commercially available 1,1,1-trifluoro(trihalo)ethanes and zinc powder in
dimethylformamide (DMF) and are thermally stable enough to add tco aldehyde
carbonyls in good yields without appreciable decomposition.

OH
CXsCF3 —2" =  [XZnCXaCFs] —nCHO

DMF R NCXoCF 3
Ib

X = Cl, Br

When 1,1,1-trichlorotrifluoroethane was added to a suspension of small

excess of zinc powder4

in DMF in the presence of CuCl catalyst5 (5 mol%) at
room temperature, exothermic reaction took place, and most of the zinc was
consumed within 1 h. Formation of the zinc reagent 1b (X = Cl) was confirmed
by 19 _NMR analysis.6 At the expense of the peak of CC13CFy (6§ 81.1), a new
peak appeared at § 72.3. This peak may be assigned as that of 1b (X = Ccl),

since quantitative formation of CF3CC12H7 was observed upon hydrolysis. The

2135



2136

Table 1. Aldehyde addition of CF,CX nx.2

2
run aldehyde CX3CF3b conditions productc % yie]dd
CHO 3 h o
rt, -
1 O @ g 02 s % 2 ©)\cm,cr, 86
. OH
0 °C, 0.5 h— e
2 2 CCIBrCF, (1.2) % %0 CCIBrCF 23
0 °C, 0.2 ™
°C, 0.2 h-
3 2 CBryCF, (1.5) v %% ©)\car,cr', 27
OH
a < CHo cCl.CF, (1.2) 9 °C 0.2 h- CCI,CF 80
373 V. 50 °C, 2 h < alts
o OH
0°C, 0.2 h—
5 m© CC1,CF 5 (1.5) TR . CClyCF 87
OH
6 cHo CClCF, (1.2) "8 0.5 h -~ CClaCF 9
o 3ty - 50°°C, 4.5h o aCFs
cl Cl oH
~CHO rt, 1h -
7 @N CCl,CF, (1.2) 5 Sc. 17 h ch,cr, 82
OH
5 ANCHO B colCF, (15)  60°C, 12 AXcoger, @ 22
9 3 CCl4CF, (1.5) 50 °C, 8 h'*9 a 60
10 3 CCI,CF, (1.5) 50 °C, 8 " 4 61°
n CClCFy (1.5) 50 °C, 8 hl 4 72°
12 3 CC1,CF, (1.5) vt - 50 °C, 3 hJ 4 83°
o, %
CHO 0°C, 0.3h- ©\(k
13 M CC1,CF, (1.2) 5 0 CCI,CF s 60
] Me
OH
0 0 °C, 0.3 h —
14 O &  cgr, 0.2) 5 %3 0 CCI,CFy (6) 16
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Table 1. (Continued)

15 5 CC14CF4 (1.5) 50 °C, 5 h9 6 61
t, 0.3 h -
16 CC1.CF, (2.0) 't 2l ClCFy 75
, 3 50 °C, 7 h 3
Me00 CHO 3 MeoOC' T
¢9)

17 " ccierCF, (2.0)  TBOSNT . COBrCF, 35(49)"

ArCH,00 CHO ’ " ArCHZ00C OH &"

8The ratio CX3CF3/Zn = 1.0~1.2. Reactions were carried out in DMF (1 mL/mmol). byalues
in the parentheses are mol-equiv. to the aldehyde. €A1l the new compounds gave
satisfactory elemental analysis. dsolated yields unless otherwise noted. ©€Glc yield.
fThe aldehyde 3 was added dropwise over 1 h after 1b was prepared. 8Employing CuCl
catalyst (5 molZ%). hEmploying PdClz(PPh3)2 catalyst (1 molZ). ‘Employing NiCl,(PPhg),
catalyst (1 molZ). JCarried out under ultrasonic irradiation (250 W). kpr = 2-methyl-
3-phenylphenyl, 15 mixture of (1R*,3R*)- and (1R*,3S*)-isomers (6 : 1). MOnly (1R*,3R*)-
isomers were isolated. ™A yield based on the consumed starting material.

reaction with carbon dioxide gave 2,2-dichloro-3,3,3-trifluoropropanoic acid
(18 % yield).8 Thermal stability of 1b (X = Cl) deserves particular
attention: no decomposition of 1b (X = Cl) was observed in DMF solution after
several days at room temperature. The zinc reagent 1b (X = Cl) was prepared
in tetrahydrofuran (THF) solution also in a similar manner.

The synthetic utility of 1b is demonstrated by aldehyde addition. Zinc
powder (22 mmol) was added portionwise to the solution of benzaldehyde (20
mmol) and 1,1,1-trichlorotrifluoroethane (24 mmol) in DMF (20 mL) at room
temperature. The reaction mixture was stirred for 3 h at 50 °C. Workup
followed by distillation gave 2,2-dichloro-3,3,3-trifluoro-1-phenyl-1-propanol
in 86 % yield. Other examples are summarized in Table 1.9 10 1he reaction
with aromatic aldehydes proceeded smoothly in good yields. Though some
aliphatic and o,B-unsaturated aldehydes gave low yields, the addition of CucCi,
PdClz(PPh3)2, or NiClZ(PPh3)2 catalyst or ultrasonic irradiation improved the
yields significantly (runs 9-12, and 15). Other 1,1,1-trifluorotrihaloethanes
(CClBrZCF3 and CBr3CF3) were applicable, though the yields were inferior (runs
2, 3, and 17).

The present reaction provides a new practical way for the introduction of
CF3CCl, group which itself is a partial structure of some precursors of

biologically interesting compounds.rI

In particular, the CF3CC12 adducts of
types 4, 7, and 8 are key intermediates of CF3-containing synthetic

pyrethroids as is described in the following paper.
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