e
ELSEVIER

Journal of Fluorine Chemistry 73 (1995) 159-160

JOURNAL OF

HIUDRINGE

GHEMISHIR

Studies on polyhaloalkanes.
V. A new reduction system: zinc/hydrazine hydrate

Fang-Hong Wu, Bing-Nan Huang, Wei-Yuan Huang *

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032, People’s Republic of China

Received 6 April 1994; accepted 19 July 1994

Abstract

Using zinc/hydrazine hydrate as a new reduction system, polyfluoroalkyl halides such as CI(CF,),H (la—c, n=4, 6, 8), CI(CF.),l (le-
g n=4, 6, 8) and R(CF,),Cl (n=4, 6, 1h, i) have been converted to the corresponding reduction products H(CF,) H (2a-g, n=4, 6, 8)
and R(CF,),H (n=4, 6, 2h, i) in high yield. Reduction of the CF,Cl group was faster than that of the CHI in the reaction of 1m.
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1. Introduction

Zinc and hydrazine are useful reductants in organic syn-
thesis, for example, zinc(Hg) in the Clemmensen reaction
[1], zinc/hydrochloric acid in the hydrogenation of the car-
bon-halogen bond and hydrazine in the Wolff—Kishner reac-
tion converting carbonyl groups into methylene [2].
Hydrazine is also used in catalytic hydrogenation as a hydro-
gen source [3]. Here we wish to report the application of
zinc/hydrazine hydrate in the reduction of polyfluoroalkyl
chlorides (RzCl) and iodides.

2. Results and discussion

The carbon—chlorine bond may be cleaved to give the
hydrogenation product with lithium aluminium hydride [4],
dialkylaminolithium {5] and nickel in situ {6]. We have
found that treatment of polyfluoroalkyl chloride with an
excess of zinc and hydrazine hydrate in DMF at 70-80 °C for
2 h gives the corresponding hydrogenation product in high
yield. Polyfluoroalkyl iodides were also reduced (Scheme
1). The reaction results are listed in Table 1.
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Scheme 1. The reduction of polyfluoroalkyl halides.

The presence of zinc and hydrazine hydrate appears to be
essential for the reaction. For example, in the absence of
hydrazine hydrate, CI(CF,) ¢H was the only product from the
reaction of 1f with zinc On the other hand, without zinc the
product was again CI(CF,)cH but in lower conversion.
Hence, the reaction may involve a new species formed in the

Table 1
Reduction of polyfluoroaklyl halides by zinc/hydrazine hydrate

ReX Temp. Time Product Yield
(°C) (h) (%)
la 70 2 2a 94
1b 70 2 2b 95
1c 70 2 2c 90
le 70 2 2e 90
1f 80 2 2f 92
1g 80 2 2g 90
1h 80 2 2h 92
1i 80 2 2i 92
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Table 2
Reduction of 1f by zinc and hydrazine hydrate

Entry Reductant Product Conversion
No. (%} *

1 Zn/N,H,;-H,0 2b 100

2 Zinc 1b 100

3 N.H,-H,O 1b 30

2 The extent of conversion was determined by '’F NMR spectroscopy.

reaction of zinc and hydrazine hydrate. Further results are
listed in Table 2.

We have also found that the reduction of RCF,Cl is faster
than that of RCHI. Thus reaction of 1m gave two products
2m and 2m’ indicating that during the complete conversion
of —CF,Cl into —CF,H, the —CHI bond was only partially
reduced. On extending the reaction time (3 h) reduction of
the —CHI bond was complete and 2m was the sole product.

Zn/N2Ha-H20
-
DMF, 80 °C, 2 h

CH;(CH,)CHICH,(CF;),Cl

(1m)
CH;(CH,) ;CHICH,CF,(CF,),H + CH;(CH,) sCF,(CE,);H
(2m") 38.1a (2m) 36.52
2m’'/2m=1:1*

2 Ratio was estimated by '°F NMR spectroscopy. Chemical
shifts in ppm.

The reduction of polyfluorcalkyl halides by zinc/hydra-
zine hydrate provides a very simple and efficient alternative
method for the preparation of hydropolyfluoroalkanes which
can be transformed into a series of useful compounds [7].

3. Experimental details

All boiling points were uncorrected. '’F NMR spectra were
performed using an EM-360L spectrometer with TFA as
external standard. Mass spectral data were recorded on a
Finnigan 4021 spectrometer. The compounds CI(CF,),H
(n=4, 6, 8) were obtained from the reaction of CI(CF,),lI
with aqueous sodium hydroxide solution. The compounds 1h

and 1i were prepared from reduction with zinc in alcoholic
solution of the addition products of the corresponding poly-
fluoroalkyl iodides with olefins initiated by sodium dithionite
in aqueous acetonitrile solution.

3.1. Typical procedure

A mixture of 1e (0.9 g, 2.5 mmol), zinc (0.3 g, 5 mmol),
hydrazine hydrate (1 mi, 20 mmol) and DMF (10 ml) was
stirred at 70 °C for 2 h. The precipitate was filtered off. The
filtrate was poured into water and the aqueous layer extracted
with ether (3X20 ml). The combined organic layer was
washed with saturated aqueous sodium chloride solution and
dried over magnesium sulfate. After removal of ether, 2e
(0.45 g, 90%) was obtained by distillation [6]; b.p. 40 °C.
'F NMR &: 60.5 (d, 4F, Jy =54 Hz, HCF,); 52.6 (4F,
HCF,CF;,) ppm.

Other products showed the following characteristics: Com-
pound 2b: b.p. 84-85 °C. "F NMR §&: 60.5 (d, 4F, Jy; =54
Hz); 51.3 (4F); 45.4 (4F) ppm. Compound 2c¢: b.p. 137 °C.
YF NMR &: 61.0 (d, 4F, J; =53 Hz); 52.7 (4F); 46.5
(4F); 45.0 (4F) ppm. Compound 2h: b.p. 89 °C/31 mmHg.
'F NMR &: 60.6 (d, 2F, Jy =54 Hz); 52.5 (2F); 48.0
(2F); 36.5 (2F) ppm. MS m/z: 286 (M™); 285 (M™* —1);
284 (M* —2); 57. Compound 2i: b.p. 56-58 °C/20 mmHg.
F NMR &: 60.0 (d, 2F, J,, =54 Hz); 52.2 (2F); 46.0
(2F); 44.6 (8F); 36.0 (2F) ppm.

All known products were characterized by comparing their
boiling points, 'F NMR spectra and MS data with those of
corresponding authentic compounds {6].
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