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Substituent Effects in Five-membered Rings : aHet Constants for Thia- 
and Oxa-Substituents from the Reaction of Arenesulphonyl Chlorides with 
Aniline 
By Emanuele Maccarone, Giuseppe Musumarra.* and Gaetano A. Tomaselli, lstituto di Chimica Industriale, 

Values for thia- and oxa-substituents in five-membered heterocycles are derived from the rate constants for 
the reactions of sulphonyl chlorides with aniline in methanol. These values, which are negative and similar to 
G+, are in agreement with the S,N mechanism previously proposed. 
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THE kinetics of reaction of some ' aromatic ' sulphonyl 
chlorides with anilines in methanol have been widely 
investigatedl and an SAN mechanism involving the 

1 (a)  0. R o p e ,  J .  Chem. sot. (B) ,  1971, 1855; A. Arcoria, E. 
Maccarone, G. Musumarra, and G. A. Tomaselli, J .  Org. Chenz., 
(b) 1973, 38, 2457; (c) 1974, 39, 1689; (d )  p. 3595; (e) E. Mac- 
carone, G. Musumarra, and G. A. Tomaselli, Ann. Chim. (ItuZy), 
1973, 63, 861. 

formation of an intermediate complex has been pro- 
posed.2 Hammett treatment of the data gives inform- 
ation on the effects of the heteroatom and of the sub- 
stituent on the side chain reactivity in this reaction. By 
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regarding the heteroatoms as ~ubst i tuents ,~ the dH& con- 
stants for the replacement of a CH=CH in the benzene ring 
by an oxygen (oxa-substituent) or a sulphur atom (thia- 
substituent) can be obtained from equation (1) where 

log k = p oHet + log (1) 
p (1.02) and log k, (-1.168) are respectively the slope 
and the intercept of the Hammett plot * for the reaction 
where p (1.02) and log k, (-1.168) are respectively the 
slope and the intercept of the Hammett plot * for the re- 
action of substituted benzenesulphonyl chlorides with 
aniline in methano1.l GHet Values are reported in the 
Table together with CT and some CT+ values from the litera- 
ture. The differences in the latter values can be ascribed 

methanol,le which can be regarded as disubstituted 
benzene derivatives, we can recalculate a,-s from equation 
(2), assuming the constancy of g and the additivity of 

log k = P (OX + oa-s) + log ko (2) 
substituent effects.16 cx Is the CT constant for the X 
substituent in the thiophen ring (am and op for the 4- and 
5-positions respectively), while p and log k,  have the 
same values as those used in equation (1). 

In  the absence of interactions between the thia and 
X substituents, G,-S should be constant and equal, 
within experimental error, to the value calculated for 
the unsubstituted sulphonyl chloride. For some 5- 
substituted derivatives (CH,, C1, Br, I), in fact, an 

Substituent constants for the heteroatoins in  five-membered rings 
0" cS+ o+ = crf cr+ * o+ f of g cS Eelh 

u-0 1.04 - 0.94 -1.26 -0.89 -0.91 -0.93 -- 0.85 - 1.03 
0.25 - 0.49 -0.76 - 0.42 -0.45 - 0.44 - 0.44 -0.88 
0.6'7 -0.84 - 1.13 -0.79 -0.79 - 0.79 -0.76 - 1.06 

P-0 
Ct-S 
p-s 0.11 - 0.47 - 0.38 - 0.43 -0.52 - 0.44 - 0.50 

From the pli, of unsubstituted carboxylic acids;4 pKo = 4.20. Other o values calculated from the hydrolysis of carboxylic 
esters 5 and the solvolytic rearrangement of P-arylethyl tosylates by the Yukawa-Tsuno equation 6 are very close to  zero, apart from 
G ~ - ~  which is ca. 0.33. d From pyrolysis of l-arylethyl 
acetates.9 0 From the 
solvolysis of alkyl  chloride^.^ 

From solvolysis of l-arylethyl acetates.? From protiodernercuriation.8 
From protiodesi1ylation.lO f From electrophilic reactivity using the ' extended selectivity treatrnent.'ll 

This work. 

mainly to experimental error, but it has also been claimed 
that ot varies with the reaction considered, depending on 
the electron demand,12 although the application of the 
extended selectivity principle to such ' substituents ' 
suggests this is not 

OH&, Constants follow the sequence of G+, apart from 
tsS-,. which discrepancy, however, is not surprising, 
taking into account the inaccuracies in its derivation 
from equation (l).? 

To check the reliability of oKfet values, the logarithms 
of the rate constants of reaction of benzene-, furan-, 
and thiophen-sulphonyl chlorides with aniline in acetoni- 
trile l5 have been plotted against dHet constants, a very 
good Hammett plot being obtained (p 1.00; Y = 0.997). 
This confirms that for the reaction with aniline o&t 

constants are negative and different from CT given by the 
pK, of carboxylic acids.4 

For the reaction between substituted thiophen-2- 
sulphonyl chlorides (XC,H,S*SO,Cl) and aniline in 

* For all substituents except p-OCH,. 
i The value -0.88 was calculated by us from a single rate 

constant and not from a set of data; the value -0.49 was 
extrapolated from rate constants measured in the range 60- 
85 "C; the accuracy (+0.021) in -0.4159 was obtained by 
applying 500/, confidence limits in statistical analysis ; the value 
-O.44,'lc which was calculated from many reactions, has a high 
standard deviation ( s  0.38). Moreover the higher reactivity in 
electrophilic substitution of the P-position of furan with respect 
to the $-position of thiophen notwithstanding the o+ values has 
been recently pointed out1* 

3 H. H. Jaffi: and H. L. Jones, A d v .  Heterocyclic Chem., 1964, 
3, 220. 
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5 G. T. Bruce, A. R. Cooksey, and I<. Morgan, J.C.S. Perkin 
11, 1976, 551 and relcrences therein. 

6 D. S. Noyce and R. L. Castenson, J .  Amer .  Chem. Soc., 1973, 
95, 1247. 

average value 6,-s = -0.98 & 0.06 is found, indicating 
that the additivity principle is followed. 

For nitrothiophen-2-sulphonyl chlorides, instead, d i f -  
ferent o,.~ values are found [--0.51 and -0.39 (-0.86, 
using the 0- value for the nitro-substituent) respectively 
foi- the 4- and 5-derivatives] showing deviation from 
additivity. The lower conjugation between the thia- 
substituent and the reacting side chain, can be ascribed, 
in this case, to direct electronic interaction between the 
thia- and nitro-substituents. 

Although limitations due to the magnitude of experi- 
mental errors do not allow fine distinctions, the fol- 
lowing general conclusions can be drawn from the above 
results: OH& values, which have been calculated by a 
Hammett-like treatment, are always negative and their 
values similar to of indicating that the electron-donating 
character of the heteroatoms in the ground state is 
different from that in the transition state ; in particular, 
with p positive, conjugation is less important in the 

7 E. -4. Hill, M. L. Gross, M. Stasiewicz, and As. Manion, J .  
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X = S  or 0 
SCHEME 

transition state.17 This is consistent with the proposed 
SaN mechanism 2 which implies the formation of an 
intermediate complex where the sulphonyl group is 
negatively charged and the mesomeric interaction 
between the heteroatom and the reaction centre is 
lower (see Scheme). 
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