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Thermodynamic Acidity Constants of ortho-Substituted Benzenethiols 
By Paolo De Maria. Adamo Fini, and Francis M. Hail, lstituto di Chimica degli Intermedi, Facolth di Chimica 

Thermodynamic acidity constants for a series of ortho-substituted benzenethiols have been measured in water 
a t  25 "C by an e.m.f.-spectrophotometric method. Analysis of the substituent effects in terms of free energy 
relationships suggests that the dominant substituent interaction is electronic. Other minor effects appear to operate 
for the alkyl, methoxy-, and methylthio-substituents, while intramolecular hydrogen bonding is important for 
o-nitrobenzenethiol. 
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RECENTLY we have reported thermodynamic acidity constants of ortho-substituted benzenethiols and discuss 
constants for a series of meta- and para-substituted the observed results in terms of free energy relationships. 
benzenethiols in both water 1 and aqueous methanol Previously only a few acidity constant data were 
at 25 "C. The compounds chosen represented a wide available for this class of compounds. 
range of substituent effects. (a) G. Schwarzenbach and H. Egli, Helv. Chim.  Acta, 1934, 

22, 360; (c) J. P. Danehy and C. J. Noel, J .  Amer. Chem. Soc., 
1960, 82, 2511; (d) G. R. Schonbaum and M. L. Bender, ibid., 
p. 1900; (e) R. J .  Irving, L. Nelander, and I. Wadso, A d a  Chem. 
Scand., 1964, 18, 769; (f) D. Semenow-Garwood, J .  Org. Chem., 

We now report the effects 

P. DeMaria, A. Fini, and F. M. Hall, J.C.S. Perkin 11, 1973, 

P. De Maria, A. Fini, and F. M. Hall, Gazzetta, 1974, 104, 

of similar substituents upon the thermodynamic acidity 17, 1176, 1183; (b)  G. Schwarzenbach and E* Rudin, ibid-9 1939, 

1969. 

215. 1972,37,3797. 
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EXPERIMENTAL 
The iollowing benzenetkiols were synthesized from the 

appropriate anilines as described in the literature : o-me- 
t h ~ l - , ~  o-metho~y- ,~  o-ethoxy-,6 o - c ~ ~ o T o - , ~  o-bromo-,S 
2,6-dimeth~l-,~ and o-methylthio-.lO The o-nitro-com- 
pound 11 was prepared by reduction of the disulphide 
with glucose in alkaline ethanolic solution. All thiols were 
purified prior to use, checked by titration,12 and stored 
under argon. Only thiols found to be >99% pure were 
used in the experiments. The solutions of benzenethiols 
used in the spectrophotorneter were flushed with argon to 
prevent formation of insoluble oxidation pr0ducts.l 

Thermodynamic acidity constants, on the molality scale, 
were calculated from equation ( l ) ,  where the ratio of 

pKa = ??(aH3/Cl) - log(flzA-/mA€d (1) 

deprotonated to protonated benzenethiol was determined 
spectrophotometrically in aqueous buffer solution, and 
the acidity function values, p(aHycl), of the buffers used, 
are known l3 with great precision. We have previously 
shown that the e.m.f. spectrophotometric method pro- 
vides, for aromatic thiols, an accuracy of *0.005 pK, 
units. 

A Beckman model DU manual spectrophotometer 
thermostatted to 25 f 0.1 "C was used for absorbance 
measurements by following the procedure previously 
described. 

For 2,6-dimethylbenzenethiol we have assumed simple 
additivity of the substituent effect in order to evaluate 
an appropriate q,-. The pK, of o-nitrobenzenethiol was 
omitted from our correlation calculations because of its 
anomalous behaviour. The table lists our pK, values a t  
25 OC, together with relevant experimental details. 

Thermodynamic pK, values and experimental conditions 
of measurements. Molality of benzenethiols in all 
cases ca. lo-* 

Ionic 
P T+', Buffer strength A,,, of 

ortho- & 0.005 table (molality) of base form 
Substitucnts at 25 *C n0.a the buffer (nm) 

2,6-Me2 7.377 11  0.04 261 
OEt 7.063 11 0.04 264 
Me 6.995 11 0.04 262 
OMc 6.890 11 0.04 264 
H 6-6151 11 0.04 263 
SMe 6.754 10 0.041 271 
c1 5.675 10 0.041 267 
Br 5-669 10 0.041 267 
NO, 6.453 10 0.041 261 
fi These numbers refer to the buffer table numbcr of ref. 13. 

DISCUSSION 
Because the Hammett equation is not considered ap- 

propriate to ovt7zo-stibstituents, other correlations 14-17 

have been proposed; and of these that by Tribble 
I<. Leuckart, J .  p m k t .  Chew., 1890, 41, 188. 

5 F. Mauthner, Be?.., 1906, 39, 1347. 
ti L. Gattermann, Ber., 1899, 32, 1136. 
7 Daccomo, JaAresbeu. I;ovtsch. Chem., 1891, 1377. 
8 Th. Van Hove, Bull. A c n d .  Belg., 1926, 12, 929. 

H. C .  Godt, jun . ,  and R. Ewann, J .  Org. CJzevn., 1961, 26, 
4047. 

10 N. Marziano and G. Montaudo, Boil. Sedute Acad.  Gioenia 
S c i .  Nut., Catania (Italj'), 1961, 6, 160 (Ckem. Abs., 1963, 58, 
202Sb). 

11 M. Claasz, Bev., 1912, 45, 2424. 
12 J. S, Fritz and T. A. Palmcr, Analyt. Chem.,  1961, 33, 98. 

and Traynham,l' involving o0- values has been chosen 
here because their defining system is as close as possible 
to that under examination. Their cod values are de- 
rived from measurements of chemical shifts of the 
OH group in ortho-substituted phenols in dimethyl 
sulphoxide and are claimed to represent electronic 
effects of ortho-substituents in the absence of steric 
effects. 
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Hammett plot for the thermodynamic acidity constants of 
substituted thiophenols; = oi/tho, x = nzeta, 0 = pavn 

A correlation of our pK, values of the ortho-, meta-, 
and 9ara-substituted benzenethiols in terms of a com- 
bined Hammett assessment is highly linear (see Figure) 
and our value 1 does not differ, within experimental 
error, from the present p O , m , p  value (-1.80; Y = 0.973). 
This indicates that acid dissociation in ortho-substituted 
benzenethiols is also essentially governed by electronic 
effects. 

No c0- value has been reported for the o-nitro- 
substituent. A value of 1.20 l7 relates to a different 

l3 R. G. Bates and R. Gary, J .  Res.  N a t .  BUY. Stand. ,  1961,65A, 
495. 

l4 hf. Charton, J .  Amev.  Chem. SOC., 1964, 86, 2033; 1969, 91, 
6649. 

l5 R. W. Taft, in ' Steric Effects in Organic Chemistry,' ed. 
M. S. Newmann, Wiley, New k'ork, 1956, ch. 13. 

l6 A. C. Farthing and B. Nam, Abstracts of Papers presented 
at the Chemical Society Symposium on Steric Effects in Con- 
jugated Systems, Hull, England, 1958, p. 131. 

l7 M. T. Tribblc and J. G. Traynhain, J .  Amer. Chewz. Soc., 
1969, 91, 379. 
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solvent l8 but does not fit our present plot. The 
anomalously high pK, value of o-nitrobenzenethiol 
is probably due to intramolecular hydrogen bonding. 
A comparison of the effects of nitro-substituents on 
berizenethiols and phenols shows that ApK3 (ortho - 
para) in water is 0.738 units for benzenethiols and only 
0.067 units for phenols. Analogous ApK, differences 
were found in ethanol-water mixtures.3b This greater 
hydrogen bonding ability for benzenethiols can be 
attributed to the more favourable position l9 and 
greater acidity of the mercapto-group as compared to 
the hydroxy-group. This proposal is further supported 
by the evidence 2o that intramolecular interaction is 
stronger in o-aminobenzenethiol than in o-amino- 
phenol. 

The non-conformity of the effect of the ortko-methoxy- 
substitueiit was expected. Its oo- value is questionable 
because the reference compound is probably not free 

18 hI. W. Dietrich, J .  Nash, and R. E. Keller, Analyt. Chem., 
1966, 38, 1497. 

l9 D. H. McDaniel and H. C. Brown, J .  Amev.  Chem. SOC., 1955, 
'77, 3756. 

of residual intramolecular intera~ti0n.l~ However, an- 
other t ~ ~ -  value, calculated by Tribble and Traynham l7 

from previously reported data,ls gives a much better 
correlation on our pK, vs. C- plot. 

that the methoxy-substituent is not free 
of specific solvent effects which can influence its ability 
to interact mesomerically with the reaction centre. 
This could explain the low pKa value, not only for 
o-methoxy-, but also for j5-methoxy-benzenethiol. This 
same explanation could further apply to the methylthio- 
substituent. 

The small positive deviation of the o-alkylbenzene- 
thiols can be attributed to steric inhibition of solvation 
of the anion, for this effect has previously been observed 
for the bulky ovtlzo-t-butyl substituent .3f 

It is known 
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