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Reductive defluorination of perfluoroarenes by zinc in aqueous ammonia
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Abstract

A very simple reductive system such as zinc in aqueous ammonia has been shown to be applicable for hydrodefluorination of some
perfluoroarenes (hexafluorobenzene, octafluorotoluene, octafluoronaphthalene and decafluorobiphenyl) under mild conditions. In all cases
an ammonia concentration effect has been observed. Moreover, for octafluoronaphthalene, the presence of NH,Cl is of importance and for

decafluorobiphenyl this factor and the addition of an organic solvent to the aqueous ammonia are significant.
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1. Introduction

The reductive defluorination of perfluoroarenes is a poten-
tially promising approach to partially fluorinated arenes
which are valuable starting compounds for synthesis but sig-
nificantly less accessible than perfluoroarenes. We have
found that aqueous ammonia is a good medium allowing the
highly selective reductive defluorination of polyfluoroarene
functional derivatives by zinc at room temperature [1]. In
this communication we report this very simple reductive sys-
tem to be applicable for the hydrodefluorination of simple
perfluoroarenes such as hexafluorobenzene (1), octafluoro-
toluene (2), octafluoronaphthalene (3) and decafluorobi-
phenyl (4) under mild conditions. The influence of various
factors (ammonia concentration, presence of NH,CI' or
organic solvent) has been revealed.

2. Results and discussion

The results of the reduction of hexafluorobenzene (1) by
zinc in aqueous ammonia are represented in Table 1. With
20% aqueous ammonia (exp. 1) the reaction gave pentafluo-
robenzene (5) in low conversion. The use of 30% aqueous
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' Simultaneously and independently, an electrolyte effect was observed in
hydrodehalogenation of polyfluoroarenes by the action of Zn(Cu) in water
or DMF-H,0 on heating [2}.

Table 1
Reaction of hexafluorobenzene (1) with zinc
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N Time, 1:Zn:NH,Cl, Ammonia Product distribution,
exp. h mol ratio concentration,  mol%

% 1 5 6
1 24 1:5:0 20 76 24 <1
2 24 1:5:0 30 33 64 3
3 24 1:5:2 30 25 71 4

ammonia (exp. 2) considerably increased conversion of 1,
and even a small amount of defluorination product 5, 1,2,4,5-
tetrafluorobenzene (6) was observed. Addition of NH,CI to
aqueous ammonia (exp. 3) brought about greater conversion
of 1, but this effect was of little importance as compared with
ammonia concentration effect.

Analogously, for octafluorotoluene (2) the content of
defluorination product ( Table 2) a,«,@,2,3,5,6-heptafluoro-
toluene (7) rose with ammonia concentration (exp. 1,3) and
remained practically invariant upon the addition of NH,CI
(exp. 3,4). The reduction of 2 with zinc in aqueous ammonia
is more rapid than of 1, and compound 7 can be obtained with
high yield ( ~85%) from this reaction (exp. 2).
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Table 2
Reaction of octafluorotoluene (2) with zinc

CF; CF;
—

H

2 7
N Time, 2:Zn:NH,CI, Ammonia Product distribution,
exp. h mol ratio concentration, mol%

% 2 7

! 15 1:4.6:0 20 31 69
2 39 1:4.6:0 20 2 98
3 15 1:4.6:0 30 11 89
4 15 1:4.6:1.8 30 9 91
Table 3

Reaction of octafluoronapthalene (3) with zinc

QQ — Q" .
8
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N Time, 3:Zn:NH,CI, Ammonia Product distribution,
exp. h mol ratio concentration, mol%*
%o 3 8
1 20 1:12:0 20 64 30
2 20 1:12:0 30 32 56
3 20 1:12:6 30 <1 91
4 15 1:12:6 0 97 <1

*The remainder of the mixture consists of unidentified defluorination com-
pounds. Product distribution for exp. 2, 4 was estimated only by '’F NMR
data, for exp. 1, 3 by '°F NMR and GLC data which were in agreement.

Table 4
Reaction of decafluorobiphenyl (4) with zinc

The reduction defluorination of octafluoronaphthalene (3)
(Table 3) gave mainly the product of removal of two fluorine
atoms, 1,2,4,5,6,8-hexafluoronaphthalene (8) (this structure
was assigned by '°F NMR spectroscopy )—the formation of
which is in accordance with the reduction of 3 by (CsHs),-
ZrCl,-Mg—HgCl, in THF [3]. Just as for 1 and 2, for com-
pound 3 the amount of the main defluorination product
increased with ammonia concentration (exp. 1, 2). The pres-
ence of NH,Cl was also significant (exp. 2, 3) leading to
practically complete conversion of 3 and high content of 8 in
the product mixture (exp. 3). However, the reduction of 3
by zinc in an aqueous solution of NH,Cl at room temperature
did not occur (exp. 4), confirming the importance of ammo-
nia for this reaction.

The reduction of decafluorobiphenyl (4) by zinc in aque-
ous ammonia ( Table 4) was more complicated as compared
with 1, 2 and 3. Thus, this compound was not reduced at all
by zinc in 20% aqueous ammonia (exp. 1). The formation
of defluorination products 2,2',3,3',4,5,5',6,6'-nonafluoro-
biphenyl (9) and 2,2°,3,3',5,5",6,6 -octafluorobiphenyl (10)
occurred upon addition of organic cosolvents such as diethyl
ether ( ~4% conversion for 22 h), THF (exp. 2) or acetone
( ~45% conversion for 20 h), to aqueous ammonia with
acetone to be the most efficient one. Upon the reduction by
zinc in the presence of THF (exp. 2} or acetone, in addition
to 9 and 10, unidentified products were also observed. These
products may contain amino groups as indicated by the
upfield shifts of '’F NMR signals and IR data and are probably
formed by nucleophilic substitution of fluorine. However, in
the absence of zinc this process was not occurred (exp. 3).
The content of hydrodefluorination products increased with
ammonia concentration (exp. 2, 4, 5), but the content of
unidentified products in the case of THF was very high (exp.
5). The addition of NH,CI to 30% aqueous ammonia caused
the deftuorination reaction of 4 by zinc in the absence of

4 9 10
N exp. Time, h 4:Zn:NH,Cl, mol ratio Ammonia concentration, % Organic cosolvent Product distribution, mol%?
| 9 10
1 22 1:13.3:0 20 - 100 0 0
2 10 1:13.3:0 20 THF 90 3 <2
3 22 1:0:0 20 acetone 100 0 0
4 22 1:13.3:0 30 Et,0 83 9 7
5 22 1:13.3:0 30 THF 30 15 10
6 10 1:13.3:6.7 30 - 88 6 5
7 20 1:13.3:6.7 30 Et, O 40 48 11
8 22 1:13.3:6.7 30 THF <1 S 68
9 22 1:13.3:6.7 30 acetone 16 7 9

“The remainder of the mixture for exp. 2, 5, 8 and 9 consists of unidentified compounds. Product distribution for exp. 1-3, 5 was estimated only by **F NMR

data, for exp. 4, 6-9 by '*F NMR and GLC data which were in agreement.
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organic solvent but conversion was low (exp. 6} and was
favourable for the reduction of 4 in the presence of Et,O or
THF (exp. 7, 8) but led to a very complicated mixture of
unidentified products besides 9 and 10 in the presence of
acetone (exp. 9). By the reaction of 4 with zinc in 30%
aqueous ammonia in the presence of NH,Cl and THF (exp.
8) compound 10 can be obtained.

Thus, for all perfluoroarenes under study the defluorination
rate rose with ammonia concentration in aqueous solution.
Perhaps, the higher the ammonia concentration the higher the
activation of the zinc surface thus increasing the reduction
rate, but another reasons are also possible. For the reduction
of compounds 3 and 4 the presence of NH,Clis of importance,
but for 1 and 2 this factor is insignificant. Therefore, an
influence of NH,Cl is not related to the active zinc surface,
as it is not displayed for all substrates. It is possible that
addition of this compound alters the redox potential of the
substrate, but the present experimental data do not confirm
this. Finally, the effect of organic solvent upon the reaction
of 4 with zinc seems certainly caused by the very low solu-
bility of this compound in aqueous solution. Thus, compound
4 is more reactive in the presence of water-miscible solvents
such as acetone or THF as compared to Et,0.

3. Experimental details

Melting points were determined in sealed capillaries and
boiling points were measured during distillation, both are
uncorrected. 'H and '""F NMR spectra were recorded in
CD,COCD; using a Bruker WP-200 SY spectrometer at
200.1 and 188.3 MHz, respectively. Chemical shifts are
reported with respect to TMS and CFCl;. IR spectra were
obtained with a Specord M80 spectrometer. GLC analysis
was performed on a HP 5890 instrument using the HP
G1800A GCD system (capillary GC column 0.26 mm/30
m, 0.25 um film HP-5 phase).

3.1. Reaction of hexafluorobenzene (1) with zinc

Compound 1 (5.2 g, 28 mmol), zinc powder (9.1 g, 140
mmol) and (in exp. 3, Table 1) NH,Cl1 (3.0 g, 56 mmol) in
aqueous ammonia (45 ml) were stirred at room temperature
for 24 h. The mixture was diluted with water and gradually
heated to 100°C. An organic mixture was collected in a Dean—
Stark trap, separated from water, dried (yield ~50-60%)
and analyzed by '°F NMR.

3.2. Reaction of octafluorotoluene (2) with zinc

Compound 2 (5.9 g, 25 mmol), zinc powder (7.5 g, 115
mmol) and (in exp. 4, Table 2) NH,C1 (2.4 g, 45 mmol) in

aqueous ammonia (40 ml) were stirred at room temperature.
After standard work-up (vide supra), an organic mixture
(yield ~80-85%) was analyzed by '°F NMR. Compound 7
(4.7 g) has been isolated from exp. 3, yield 86%, b.p. 110.5—
111.5°C (lit. 111-112°C [4]). 'H, '°F NMR spectra were
identical to those of an authentic specimen.

3.3. Reaction of octafluoronaphthalene (3) with zinc

Compound 3 (0.90 g, 3.3 mmol), zinc powder (2.6 g, 40
mmol) and (in exp. 3 and 4, Table 3) NH,Cl (1.07 g, 20
mmol) in aqueous ammonia (25 ml) were stirred at room
temperature. Unreacted zinc was separated and washed with
water. The aqueous solution was extracted with diethyl ether
(3X25 ml). The combined ether extract was dried over
MgSO,. The solvent was removed by distillation to give a
mixture (yield ~65-75%) which was analyzed by '°F NMR
and GLC. A crude product (0.55 g) from exp. 3 was crys-
tallized from ethanol to afford 0.35 g of 8 (yield 45%). '°F
NMR, 6: 117.3 (F-4,8; J=64 Hz), 1364 (F-2,6), 1494
(F-1,5; J=64 Hz). Anal. calc. for C,,H,F,: C, 50.87; H,
0.85; F, 48.28. Found: C, 50.64; H, 0.78; F, 48.11%.

3.4. Reaction of decafluorobiphenyl (4) with zinc

Compound 4 (1.00 g, 3 mmol), zinc powder (2.6 g, 40
mmol) (except exp. 3, Table 4) and (in exp. 6-9, Table 4)
NH,CI (1.07 g, 20 mmol) in aqueous ammonia (25 ml) with
addition of organic solvent (8 ml) (in exp. 2-5 and 7-9,
Table 4) were stirred at room temperature. The isolation
described above for 3 was used. An organic mixture (yield
~80-90%) was analyzed by 'F NMR and GLC. A crude
product (0.79 g) from exp. 8 was crystallized from ethanol
to afford 0.25 g of solid containing 95% of 10 (yield 27%),
m.p. 80.5-82.5°C (lit. 82-83.5°C [5]). The IR spectrum was
in accordance with literature IR data [5].
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