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In general the ease of reduction of alkyl halides increases as the series

progresses, RCl <RBr <RI. Although the literature in this area contains many
references to reductions which occur via displacement by nucleophiles on the
halogen atom in alkyl halidesl, there have been few kinetic studies made.
Recently, a study of the reaction of 1l-halo-l-alkynes with thiolate ions as

2

nucleophiles® has substantiated the mechanism involving displacement on the

halogen atom in that system. The iodides reacted ca. 103-104 times faster than

3_104

the bromides which reacted ca. 10 faster than the chlorides.

We have studied the kinetics of the reductions of a-halobenzyl phenyl
sulfones (1, X=Cl, Br and I and Ar is p-H, p-NO,, p—Cl, p—CN, m-CN and m—Cl
substituted) with triphenylphosphine (Ph3P) in 90% aqueous dimethylformamide
(DMF) to give the benzyl phenyl sulfones (2) in quantitative yield. A Hammett
op correlation (using o~ constants) gives a p=+2,23 (r=0.988) for the chloro
series (1, X=Cl), p=+5.97 (r=0.998) for the bromo series (l, X=Br) and
p=+6.29 (r=0.993) for the iodo series (], X=I).3 The rates of reaction? at

6 faster than those for the chloro

25° for the bromo sulfones are 102—10
sulfones. Surprisingly, the a-iodobenzyl phenyl sulfones (1, X=I) react 2-40

slower than the corresponding bromides (see Table I)6. Our data as well as

othersla_d are consistent with the following mechanism:
H
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Table I. Second Order Rate Constants for the Reaction of a-Chloro, a-Bromo

and a-Iodobenzyl Phenyl Sulfones with Triphenylphosphine in 90% Aqueous DMF

at 25°.

Substituent kp(1 mol tsec™d)4 kg, (1 mol lsec™1)? ko (1 mol tsec™1)4
H 4.09 x 1077 1.07 x 107° 4.79 x 1078
p-c1 2.76 x 1076 8.06 x 107° 3.19 x 1077
m-C1 4.30 x 107° 1.75 x 1074 4.14 x 1077
m~CN 7.76 x 107> 2.07 x 1073 2.75 x 107¢
p-CN 9.90 x 1073 1.61 x 1071 9.20 x 107°
p-NO, 4.36 23.5 2.80 x 107°

The unusual observation that the iodides undergo reduction with Ph3P less
easily than the bromides might be due to a number of effects. Internal return9
of 3 to 1 (k_;) seems to be unimportant for several reasons: a) since the
acidity of the media increases with increasing reaction time, the rates of
these reactions should show an upward drift from linearity if k_1 is important
(this is not observed) and b) attempts to trap 3 intramolecularly (eq 2)

failed to reverse the order of reactivity for the iodides and bromides.

0x¢-Oy N \H N c’
(2) ?HSOZPh Ph3P fast CH SO Ph
XPPh
XPPh3
o
-3

= 3.46 x 10 ° 1 mol lsec"1)
= 1.18 x 1073 1 mol-lsec-1)

4a, X=Br (k
4b, X=I (k

60°
60°

In light of the previously observed "normal" order of reactivity of
sulfide ion toward the alkynyl halidesz, a possible explanation for our results
can be based on the relevant bond dissociation energies. The bond dissociation
energies decrease going from chlorides to bromides to iodides, but the drop is

12 Since in the transition states

particularly large going from P-Br to P-I.
for these reactions, a P-X bond is being made as well as a C-X bond being
broken, the stronger P-Br bond (c¢f. P-I) being made more than compensates for

the stronger C-Br bond (cf. C-I) being broken. Presumably, other nucleophiles
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(e.g. RST) will exhibit different orders of reactivity with l. This point

is currently being tested.
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