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REDUCTIVE DEHALOGENATION OF o-HALO KETONES WITH BENZENETHIOL

CATALYZED BY IRON-POLYPHTHALOCYANINE
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Department of Applied Chemistry, College of Engineering, University

of Osaka Prefecture, Sakai-shi, Osaka 591

It is found that a-halo ketones are reduced with benzenethiol
in the presence of iron-polyphthalocyanine to the parent ketones,
although they are not reduced in the absence of iron-polyphthalo-
cyanine. The iron-polyphthalocyanine appears to serve as an electron-

transfer catalyst for the reductive dehalogenation.

Recently we reported the catalytic action of iron-polyphthalocyanine (Fe-poly
PC) on the reduction of a-chlorodeoxybenzoin (1) with l-benzyl-1,4-dihydronicotin-

b In such a reduction system, Fe-poly PC was shown to

amide to deoxybenzoin (4).
function as an electron-transfer carrier between l-benzyl-1l,4-dihydronicotinamide
and 1. We have now extended this study to include the use of benzenethiol as a
reducing agent, and found that Fe-poly PC catalyzes the reductive dehalogenation of

a-halo ketones (1-3) with benzenethiol in dry benzene or 80 vol% agqueous methanol.

)‘( CgHsSH SCeHs
[}
C¢HsCOCHR » CgH5COCH,R + CgHsCOCHR
l: R=CgHs; X=Cl Fe-poly PC 4: R=CeHs 6: R=Cg¢Hs
: R=CgHs; X=Br 5: R=CHj; 7: R=CHj;

: R=CHj3; X=Br

In the absence of Fe-poly PC, 1, a-bromodeoxybenzoin (2), and o-bromopropio-
phenone (3) underwent no reaction with benzenethiol in dry benzene at 80°C under
a nitrogen atmosphere in a sealed tube. Employing 80 vol% aqueous methanol as the
solvent, however, 1, 2, and 3 were converted to the corresponding o-phenylthio
ketones (6 and 7) in high yields, as Table 1 shows (n=0). The reduction of the oa-
halo ketones with benzenethiol did not occur at all.

Fe-poly PC (Fe, 5.8%), which was prepared by the method described in our

2)

previous paper, was suspended in a solution containing o-halo ketones and benzene-

thiol in dry benzene or 80 vol% aqueous methanol and the solution was heated at
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80°C under the conditions similar to those used in the absence of Fe-poly PC.

The a-halo ketone, 1, was reduced selectively to 4 by the action of Fe-poly PC
(Table 1), while benzenethiol was oxidized to diphenyl disulfide in this reaction.
However, the amount of the diphenyl disulfide was ambiguous, since benzenethiol was
easily oxidized to diphenyl disulfide with air in the presence of Fe-poly PC. The
amount of 4 produced increased with the passage of time. When the Fe(II) ion/a-halo
ketone molar ratio (n) was 1, the reaction time (tso) required for 50% formation of
4 was 15 hr in dry benzene and 9 min in 80 vol% aqueous methanol. At n = 0.1, the
value of tso was 1 hr in the case of 80 vol% aqueous methanol. Thus, Fe-poly PC
acted as an effective catalyst for the reductive dehalogenation of 1 with benzene-

thiol.

Table 1. The reductions of o-halo ketones with benzenethiol in 80 vol%

aqueous methanol (80°C)a)
b) ) ) Yields,%c) Recovery,%c)
Ketones n Time, min
4 or 5 6 or 7 Ketones
1 0 30 0 59 37
1 1 30 92 0 —
1 0.1 120 67 0 23
2 0 5 0 96 <1
2 1 5 87 ) 0 —
3 0 5 0 80 20
3 1 30 58 24 0

a) The concentration of a-halo ketones; 2.8x10”2 mol/1l and the molar
ratio of benzenethiol to a-halo ketones; 4 : 1.
b) The value of n represents the Fe(II) ion/o-halo ketone molar ratio.
c) The.amounts of the products and the recovered a-halo ketones were
determined by means of glc, with biphenyl or 1,2-diphenylethane as
an internal standard.
d) Isolation yield: 70%.
The catalytic activity of Fe-poly PC for the formation of 4 in the reductive
dehalogenation of 1 was compared with that of various metal complexes. The
reaction was carried out using dry benzene as the solvent with the metal complexes

at n = 1 (80°C). The yields of 4 and 6 after a reaction of 48 hr are described
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3) 3)

below (%): Fe(II)-poly PC (75; 0), Fe(II)-PC (83; 14), Co(II)-PC (64; 0),
Fe(III) (acac)s (72; 20), Fe(OAc)s (31; 3), FeCls; (11; 0), FeCls/2CsHsN (36; 0), and
H,-PC (0; 0). The Fe(II), Fe(III), and Co(II) complexes, in which the bond between
metal ion and ligand has the covalent character, exhibited high activity. This
result agreed with that observed in the metal complex-catalyzed reduction of 1 with

1)

1-benzyl-1,4-dihydronicotinamide. Moreover, Fe-poly PC brought about the selective
formation of 4, although the reduction of 1 using Fe(II)-PC or Fe(III) (acac)s; was
accompanied by the formation of 6.

The reaction of 2 with benzenethiol in 80 vol% aqueous methanol in the presence
of Fe-poly PC gave selectively 4 in a high yield, as Table 1 shows. However, the
yield of the reduction product became lower in the case of 3 (Table 1). a-Bromo-
acetophenone reacted with benzenethiol in dry benzene in the presence of Fe-poly PC
(n = 1) to give acetophenone and o-phenylthioacetophenone in 16 and 62% yields,
respectively, with 22% recovefy of a-bromoacetophenone after a reaction of 24 hr.

The reaction of phenacylpyridinium bromide with benzenethiol in 80 vol% agqueous
methanol in the presence of Fe-poly PC (n = 1) at 80°C gave acetophenone in 42%
yield with 50% recovery of phenacylpyridinium bromide after a reaction of 72 hr.

The reduction of a-phenylthio ketones with benzenethiol in the presence of
Fe-poly PC did not occur at all, although it has been reported previously that

4)

o-alkylthio ketones are reduced by a thiolate anion to the parent ketones. It has

been already reported that organic halogen compounds are reduced by iron-porphy-
rinss) and thiols are oxidized by the Fe(III) complexes, such as Fe(CN)g- and ferric

6)

octanoate, in the absence of oxygen to disulfides. In view of these facts, the
Fe-poly PC-catalyzed dehalogenation of a-halo ketones with benzenethiol would be
explained to proceed by an electron-transfer mechanism which may be made up by the
combination of the reduction of a-halo ketones with Fe (II)-poly PC (a) and the
oxidation of benzenethiol with Fe(III)-poly PC X (b), as shown in the following

scheme.

X
]

C¢HsCOCHR Fe (II)-poly PC CeHsSSC¢Hs + HX
CsHsSH | (a) (b)

C¢H5sCOCH,R Fe(III)-poly PC X . Ce¢Hs5SH

+ CsHss‘
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