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A Hammett correlation (using o~ constants) for the feactions of a-bromo- and «-iodobenzyl phenyl sulfones
with sodium arenesulfinates in aqueous dimethylformamide has yielded p values of +6.20 and +6.27, respectively.
A similar study of the reactions of a-bromo- and a-iodo-p-cyanobenzyl phenyl sulfones with substituted sodium
arenesulfinates showed that the logarithms of the second-order rate constants gave linear correlations with ot
constants to yield p values of —2.57 and —1.89, respectively. The order of reactivity in the reactions of sodium
benzenesulfinate with the a-halo-p-nitrobenzyl phenyl sulfones is kg: > ki > k¢, but a-iodobenzyl phenyl sul-
fone reacts significantly faster than a-bromobenzyl phenyl sulfone with the nitrogen nucleophile 1,5-diazabicyclo-

[4.3.0]non-5-ene (DBN).

The reactions of a-halobenzyl phenyl sulfones with triar-
ylphosphines in aqueous dimethylformamide (DMF) have
been investigated in detail.23 This reaction (eq 1) can be
characterized as a bimolecular nucleophilic displacement
by the phosphine on the halogen atom in 1 to yield a carb-
anion-halophosphonium ion pair (3) which subsequently is
rapidly hydrolyzed by water to give the observed products
(eq 1).

slow
ArCHXSOsPh + Ar'sP —> [ArCHSO,Ph|~[Ar'sPX]*

1 2 3
fast
— ArCH,S05Ph + Ar’sPO + HX (1)
H20 4

Reaction 1 is characterized by several interesting fea-
tures which distinguish it from normal nucleophilic dis-
placement reactions: (a) kp,/kr ratios are greater than
one;2* (b) the Hammett p values associated with the reac-
tions of triphenylphosphine with 1 correlate with ¢~ con-
stants and for X = Br and X = I are quite large (ca. +6);?
(c) the Hammett p values associated with 2 in reaction 1
correlate with ¢ constants and for 1, Ar = m-CNCgHy, X =
Br and I, the p’s are ca. —3.3 These data indicate that this
reaction is very sensitive to changes in the substituents on
both the nucleophile and the electrophile; this sensitivity
was attributed to the high degree of bond making and bond
breaking in the transition state of the first step in reaction
1_2—4

a-Halo sulfones react with a variety of nucleophiles in
protic solvents via nucleophilic attack on the halogen atom
to give the reduced sulfones 4, but to date only triarylphos-
phines have been studied extensively. We now report on
the kinetics of the reactions of the «-halo sulfones 1 with
arenesulfinates in aqueous DMF. These reactions (eq 2)
follow a pathway similar to eq 1, but in eq 2, the reaction
involves nucleophilic displacement on a halogen atom by a
sulfur nucleophile.

slow

ArCHXSO.Ph + Ar'SOy~ —>»
1 5

fast
[ArCHSO,Ph]-Ar'S0,X —> 4 + ArSO;~ + HX  (2)
H20

Results and Discussion

The reactions of sodium benezenesulfinate (5, Ar’ = Ph)
with the w«-halo sulfones were run in 90% (v/v) aqueous
DMF, and the rates were measured by titration for liberat-
ed halide ion. The kinetic data are given in Tables I and II.
The reactions were shown to follow second-order kinetics,
first order each in sulfone and benzenesulfinate. The pre-
sumed benzenesulfonyl halide intermediates were shown to

react under the reaction conditions at rates much greater
than those associated with the sulfones 1 (see Experimental
Section). The a-chloro sulfones (1, X = Cl) reacted consid-
erably slower with sodium benzenesulfinate, and only rate
data for a-chloro-p-nitrobenzyl phenyl sulfone were deter-
mined.

A comparison of the rate data in Table II with those re-
ported earlier for the reaction of 1 with triphenylphosphine
in 90% aqueous DMF? shows that triphenylphosphine
reacts ca. 102 times faster with the a-bromo sulfones and
ca. 10 times faster with the a-iodo sulfones than does sodi-
um benzenesulfinate. «-Chloro-p-nitrobenzyl phenyl sul-
fone reacts 13 times faster with triphenylphosphine than
with sodium benzenesulfinate in 90% aqueous DMF at 25
°C.

Hammett op plots of the data in Table II give good cor-
relations with ¢~ constants which is consistent with the in-
termediacy of a carbanion (eq 2) and agrees with the data
reported previously for the reactions of 1 with triphenyl-
phosphine.2 The p yalues for the bromides and iodides for
reaction 2 are +6.27 (r = 0.998) and +6.20 (» = 0.997), re-
spectively. They are comparable to those p values reported
for the reactions of 1 with triphenylphosphine: (Br) p =
+5.97 and (I) p = +6.29.2 The AH¥s for reaction 2 (see
Table II) are about 6-8 kcal/mol higher than the AH*’s as-
sociated with reaction 1; however, the AS*s are about
10-15 eu less negative for reaction 2 than reaction 1. This
increase in AS¥ for reaction 2 (cf. reaction 1) is expected
since in reaction 1 charges are being created in the transi-
tion state (hence a high ordering of the polar solvent mole-
cules),? whereas in reaction 2, the charge is being dispersed
in the transition state.

As in the reactions with triarylphosphines,>* the a-
bromo sulfones proved to be more reactive than the a-iodo
sulfones toward sodium benzenesulfinate. The absolute dif-
ference in reactivity between the bromides and iodides for
reactions 1 and 2 are remarkably similar (ca. an order of
magnitude) which is surprising in view of the difference in
nucleophiles. The diminished reactivity of the iodides (cf.
the bromo sulfones) is probably due to the weak sulfur—io-
dine bond (cf. the significantly stronger sulfur-bromine
bond) being formed in the transition state.® This implies
that the use of a nucleophile in which the incipient nucleo-
phile-iodine bond being formed differs little in strength
from the analogous nucleophile-bromine bond might lead
to a “normal” order of reactivity, i.e., the iodides reacting
faster than the bromides.” The bond dissociation energies
of the nitrogen trihalides’ suggest that nitrogen nucleo-
philes might show a different order of reactivity than the
phosphines or the sulfinates. However, since amines are
significantly harder bases® than phosphines or sulfinates,
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Table I. Rate Constants for the Reactions of a-Halobenzyl Phenyl Sulfones, YC¢H,CHXO.Ph, with Sodium
Benzenesulfinate in 90% Aqueous DMF
Registry no. X Y Temp, °C (£0.1°) 103 ko, M1 g1
41037-81-4 Br m-Cl 80.0 0.576 + 0.049
90.0 1.29 + 0.04
100.0 3.47 £0.13
41037-82-5 Br m-CN’ 60.0 1.63+0
70.0 4.20 + 0.01
80.0 10.9 £ 0.03
56571-78-9 Br p-CH3S0, 30.0 1.12 £ 0.01
40.0 3.35 £0.12
50.0 9.67 + 0.29
41037-83-6 Br p-CN 20.0 0.840 £ 0.040
30.0 2.56 + 0.16
40.0 7.55 4 0.01
41037-84-7 Br p-NOg 10.0 123 £ 4
0.0 43.9 + 1.0
-10.00 134 £0.2
41037-86-9 1 m-Cl 70.0 0.194 + 0.003
80.0 0.723 + 0.016
90.0 1.56 + 0.02
41037-87-0 I m-CN 60.0 0.443 £ 0.017
70.0 1.28 £ 0.01
80.0 4.47 +0.35
58311-76-5 I p-CH380, 30.0 0.617 + 0.03
40.0 2.05 + 0.04
40.0 6.06 + 0.05
41037-88-1 I p-CN 30.0 1.01 £ 0.05
40.0 5.41 + 0.47
50.0 103 +0
41037-89-2 I p-NO» 0.0 103+ 1.4
10.0 334 £1.5
20.0 82.4 +0.2
7693-38-1 Cl p-NO; 80.0 0.833 £ 0.003
90.0 1.55 £ 0.04
100.0 4.69 £ 0.07

Table II. Rate Constants and Activation Parameters for the Reaction of a-Halobenzyl Phenyl Sulfones,
- YCgH,CHXSO;,Ph, with Sodium Benzenesulfinate in 90% Aqueous DMF at 25 °C

X Y@ kos, M—1g~1 AH#, kcal/mol AS* eu
Br m-Cl 1.16 X 10-6 229+ 1.2 —-12.0 + 3.3
m-CN 3.14 X 105 21.6 £ 0.3 -9.7+ 1.0
p-S0,CH; 6.21 X 10—¢ 20.4+ 0.3 -7.7+£10
p-CN 1.49 X 10-3 194+ 0.4 -91+14
p-NOo 5.41 X% 101 158+ 0.3 -9.0£1.0
I m-Cl 6.84 X 10~7 25.3+0.3 -53+0.7
m-CN 3.54 X 10~ 26.4 + 1.0 +1.9+ 3.0
p-S02CHj3 3.35 X 104 216+ 0.1 -4.1+0.3
p-CN 6.27 X 104 22.1+0.5 -1.9+15
‘p-NOs 1.37 x 101 16.0+ 1.1 -9.3 £ 3.7
Cl p-NO, 2.15 X 10—8 22.0+ 0.2 -14.0+ 0.9

@ The ¢~ constants used in the Hammett plots are those derived from the ionization of phenols except for the p-CH3S0z group.
The o~ values for the p-CH3SO0; group is 0.82 which was obtained from a related study (see ref 1).

typical amines are unreactive in this type of reaction, al-
though some vicinal dihalides may undergo dehalogenation
via nucleophilic displacement on an iodine® or bromine!°
atom by nitrogen nucleophiles.!? We have found that the
bicyclic amidines such as 1,5-diazabicyclo[4.3.0]non-5-ene
(DBN) are considerably more reactive in reactions involv-
ing nucleophilic displacements on halogen atoms than are
typical amines; this increased reactivity is probably due to
the enhanced polarizability of the bicy¢lic amidines.!? The
a-iodo sulfones reacted considerably faster than the a-
bromo sulfones with DBN. Thus, at ambient temperatures,
the reaction of DBN with a-iodobenzyl phenyl sulfone in

90% aqueous DMF was complete within 3 h to give the re-.

duced sulfone 4 (Ar = Ph), while under these conditions,
a-bromobenzyl phenyl sulfone gave only recovered starting

material. However, at 40° the more reactive a-bromo-m-
cyanobenzyl phenyl sulfone did react with DBN to give the
reduced sulfone 4. The degree of bond making between the
nitrogen and halogen atoms in the transition state for this
reaction is no doubt less? than the corresponding degree of
bond making for the transition states of step one in reac-
tions 1 and 2,24 and this in part accounts for the divergent
behavior of DBN vs. the phosphine and sulfinate nucleo-
philes.!3

The large positive p values associated with the a-bromo
and a-iodo sulfones in reaction 2, Ar'SOs~ = PhSOy™, are
indicative of a carbanion-like transition, i.e., nearly com-
plete carbon—halogen bond cleavage.? In order to ascertain
the degree of sulfur-halogen bond making in the transition
state, a study of the variation of rates with a change in
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Table III. Kinetic Data for the Reactions of a-Halo-p-
cyanobenzyl Phenyl Sulfones, p-NCC¢H,CHXSO,Ph, with
Sodium Arenesulfinates, YC¢HSO2Na, in 90% Aqueous
DMF

Temp, °C

X Y (£0.1°) 108 kg, M1 571

Br p-Cl 50.0 1.652 + 0.07
60.0 3.884+0.14
70.0 124 4+ 0.19

Br p-CHj 20.0 0.510 + 0.018
30.0 1.53 + 0.09
40.0 4,13+ 0.18

Br p-CH;C(=0)NH 30.0 10.7 £ 0.6
40.0 30.6+1.2
50.0 62.1+1.8

Br p-CH;30 30.0 9.55 + 0.08
40.0 26.7 + 0.7
50.0 65.3 + 1.8

I p-Cl 50.0 1.69 + 0.01
60.0 417 £0.15
70.0 104+ 04

I p-CHjy 20.0 0.346 + 0.034
30.0 1.52 £ 0.15
40.0 592 +0.17

I p-CH3C(=0)NH 30.0 423 +0.18
40.0 12.1 £ 0.2
50.0 27.5+0.3

I p-CH30 20.0 2.24 £ 0.01
30.0 8.71 £0.12
40.0 21.3+0

structure of the arenesulfinates was undertaken (Tables ITI
and 1V). The data in Table IV give good Hammett plots
and show significantly better correlations with o™ values!*
compared with normal ¢~ values: 1 (Ar = p-CNCgHy; X =
Br), p,* = —2.57 (r = 0.999), p, = —4.18 (r = 0.931);!5 1 (Ar
= p-CNCeHy; X =1), p,+ = —1.69 (r = 0.998), p, = —2.78 (r
= (.945).15 These p values can be contrasted with those as-
sociated with reaction 1 in which the substituents were var-
ied on the ring positions of the triarylphosphines.3 These
latter p values (eq 1) are ca. —3 with the one associated
with the a-iodo sulfone being slightly larger than the p
value for the a-bromo sulfone. Where these two systems
differ significantly is that for the phosphines (eq 1), the
change in rates correlates better with the normal Hammett
o constants, whereas for eq 2 the change in rates with a
change in the aryl substituents in the arenesulfinates corre-
lates with % constants much better than with normal o
values (vide supra).

Hammett op studies of arenesulfinates have consistently
shown better correlations with ¢ constants rather than ¢*
constants. Those studies reported in the literature include

J. Org. Chem., Vol. 41, No. 9, 1976 1559

bimolecular nucleophilic displacements (SN2 reactions) on
carbonl® and oxygen!” atoms, Michael additions to acrylo-
nitrile,!8 and correlation of S—O stretching frequencies in
the ir spectra of substituted sodium arenesulfinates.!® In
all these studies, the p values are ca. —1 indicating that
they are not as sensitive to substituent changes as are the
reactions we are reporting. Although additional Hammett
type studies of SN2 reactions on halogen atoms with ar-
enesulfinate nucleophiles have not been reported, several
studies dealing with the reactivity of meta- and para-sub-
stituted thioanisoles toward N-chloro sulfonamides?® and
molecular bromine?! (reactions which involve nucleophilic
displacement by a sulfur atom on a halogen atom) have
been reported. These p values were found to be on the
order of —3.5 and were derived from a correlation of rates
with normal ¢ constants rather than ¢ constants. Al-
though the sulfinate anion in these cited studies does not
appear to function as an electron-accepting group (via reso-
nance), the sulfonyl group in sulfones under suitable condi-
tions can operate as a strong resonance accepting group.??
For example, for a series of para-substituted aryl sulfones,
the square root of the integrated intensities of the symmet-
ric and asymmetric S-O bond stretching frequencies corre-
late with ¢t constants.2® Since we are suggesting that the
transition state for reaction 2 lies very close to complete
sulfur-halogen bond formation, it is reasonable that a
structure-reactivity correlation might resemble more close-
ly those observed for sulfones (and sulfonyl halides) than
those associated with arenesulfinates.

Experimental Section

The syntheses of the «-halo sulfones have been reported pre-
viously.? The sodium arenesulfinates were prepared by the method
of Smiles and Bere?* and were recrystallized from ethanol. The ki-
netic procedure followed that reported earlier? except that the
final concentrations of the sulfones were 0.001 M, and the concen-
trations of the sodium arenesulfinates ranged from 0.01 to 0.2 M.
Aliquots (ca. 5 ml) of sample were quenched with water® and ti-
trated against standard silver nitrate solutions using a Sargent-
Welch recording titrator Model D equipped with a Corning Silver
billet and Sargent calomel electrodes which were interposed by a
potassium nitrate-agar salt bridge. Preparative runs for reaction 2
were made for the reactions of a-chloro-, a-bromo-, and «-iodo-p-
nitrobenzyl phenyl sulfones with sodium benezenesulfinate at ca.
80 °C for 1 half-life. Upon workup, each reaction mixture yielded a
solution which was shown by NMR spectroscopy to be a 50:50 mix-
ture of starting «-halo sulfone 1 and reduced sulfone 4. The sul-
fones were isolated by preparative TLC (silica gel, methylene chlo-
ride) and identified by ir, melting point, and mixture melting
point.

Reaction of a-Bromo-m-cyanobenzyl Phenyl Sulfone with
1,5-Diazabicyclo[4.3.0]non-5-ene (DBN). To a solution of 1.00 g
(2.98 mmol) of the «-halo sulfone in 40 ml of 90% aqueous DMF
was added 0.40 g (3.22 mmol) of DBN (Aldrich) in 2 ml of 90%

Table IV. Rate Constants and Activation Parameters for the Reaction of a-Halobenzyl Phenyl Sulfones,
p-CNCgH,CHXSO:Ph, with Sodium Arenesulfinates, YCsgHsSOsNa, in 90% Aqueous DMF at 25 °C

Registry no. X Ye ko, M—1s—1 AH#, kcal/mol AS* eu
14752-66-0 Br p-Cl 7.11 X 10-5 225+ 1.0 -1.8+0.8
824-79-3 p-CHg ) 8.89 X 104 185 + 0.4 -10 *1.5
15898-43-8 p-CH3C(=0)NH 6.95 X 103 16.5 + 0.6 -13 +1.9
6462-50-8 p-CH30 1.60 X 10~2 16.9 £ 0.3 —-7.7+09
873-55-2 p-H 1.49 X 103 194 4+ 04 -91+14

I p-Cl 1.23 X 104 194 + 0.4 -1 +1

p-CHs 7.33 X 107¢ 25.3 £ 0.9 12 +£3

p-CH3C(=0)NH 2.62 X 1073 176 £ 04 -11 +1
p-CH30 4.31 X 103 200+ 0.1 -2.1+0.1
p-H 6.27 X 10~¢ 221 %05 -1.9+1.7

@ The o+ constants used in the Hammett plots are given in ref 14 except for the acetamido group. The o* constant for
CH3CONH is reported by S. Clementi and P. Linda, J. Chem. Soc., Perkin Trans. 2, 1887 (1973).
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aqueous DMF. The solution was heated at 40 °C for 10 h. The ad-
dition of water resulted in the formation of a brown precipitate.
The precipitate was redissolved in methylene chloride and the so-
lution dried (MgSO,4) and decolorized with neutral Norit. Meth-
ylene chloride was removed in vacuo and crystallization from
methylene chloride-hexane gave 631 mg (83%) of m-cyanobenzyl
phenyl sulfone. The product identification was made by compari-
son with an authentic sample.?

Reaction of a-Iodo- and a-Bromobenzyl Phenyl Sulfones
with DBN, To 200 mg (0.56 mmol) of a-iodobenzyl phenyl sulfone
in 6 ml of 90% aqueous DMF at room temperature was added 200
mg (1.01 mmol) of DBN. The reaction was followed by TLC (silica
gel, methylene chloride). After 3 h the reaction was complete.
Water was added, and the mixture was extracted twice with 20-ml
portions of methylene chloride, washed once with water, and dried
(MgS0,). The solvent was removed in vacuo. Crystallization from
methylene chloride~hexane gave 80 mg (62%) of benzyl phenyl sul-
fone. Identification was made by comparison with an authentic
sample.? Under similar conditions, a-bromobenzyl phenyl sulfone
gave only recovered starting material.

Reaction of Benzenesulfonyl Halides in Aqueous DMF. So-
lutions of benzenesulfonyl chloride and benzenesulfonyl bromide
(~0.001 M) in 90% agueous DMF were monitored in a Freas con-
ductivity cell with conductance readings taken with a Barnstead
conductivity bridge, Model PM-70CB.? The rate of increase in
conductivity for the bromide was too fast to follow at 25 °C and
crude data for benzenesulfonyl chloride showed that it reacted
>10° times faster than a-chloro-p-nitrobenzyl phenyl sulfone
reacted with 0.2 M sodium benzenesulfinate in 90% aqueous DMF
at 25 °C.
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Nitrobenzenes substituted by a variety of electron-withdrawing groups readily undergo nucleophilic displace-
ment of the nitro group at 25°C if the reaction is conducted in hexamethylphosphoramide (HMPA). The yields of

pure products are excellent.

Nucleophilic displacement of a nitro group from a ben-
zene ring carrying only one activating group, e.g., the pro-
cess of eq 1, has, in the past, rarely been observed.! Recent-
ly, however, Beck and his colleagues? have shown that
when a dipolar aprotic solvent (DMF) is employed the dis-
placement of a nitro group by mercaptide ions occurs readi-
ly at room temperature and that processes such as that of

NO, OCH,

+ CH,O” — + NO,~ @
CN CN
1



