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Abstract-Addition of substituted benzmcsulll&. acids to pbemoquinone-h, and d. has been studied 
kinetically in aqueous solutions at pH Mow 6. Tk rate is cxprcsscd as D = k[quinone] x [sultinate ion] 
and the scmnd-orda rate constant k satis& the Hammctt’s equation, givin8 p values CC - 1.59, - 1.55, 
and - 164 at pH l-90, 3.50, and 482, respectively. The significant isotope effect is observed at pH 4.82, 
k&, beiq ca. l+lG3, but no kinetic isotope effed for the reaction at pH below 350. These results indicate 
that the ratedeteminin 8 step shifts from the additim step to the deprotonation step with increasing pH, 
and that the substituents hardly influena the deprotonation step. The Hammett’s p-value for the ionization 
of lmimsulfiiic acids was ca 147. 

OUR previous papers have disclosed nucleophilic mechanisms for the addition of 
sodium thiosulfate’ and benxenesulfinic acid2 to pbenxoquinone I. The latter reaction 
produced 2,5dihydroxydiphenylsulfone II at pH below 6, and the reaction kinetics 
satisfied the second-order expression : u = kCp_benzoquinone][benxenesulfmate ion]. 
The dependence of rate on pH changed distinctly at pH 35+0, and no kinetic 
isotope effect was observed at pH below 35, suggesting that the addition step is 
ratedetermining at more acidic media On the other hand, the reaction at pH 4=0-6-O 
was catalyzed by the general base, where the kinetic isotope effect (kH/kD) increased 
from l-15 to l-87 with increasing pH. These results support the following mechanism. 
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The overall rate constant is expressed as : k = k,kJ(k_ 1 + kJ. The rate constant k, 

is the sum of catalytic terms, k2 = kn,[H,O] + ku+[H+] + k,-[A-], where 
b,, kn+ and k,,_ mean catalytic constants of subscripted catalysts. Hence, k, is 
very large at low PI-I, and k approximates to k,. On the other hand, k2 compared 
with k_ , decreases with increasing pH and k finally approaches to k,, i.e., the overall 
ram constant, k, approaches the rate constant for the deprotonation, k2 

The present paper sunnmuizs our data concerning the effect of substituent of 
benxenesuhinic acid on both addition and deprotonation. The substituent effect on 
dissociation constants and UV absorption am also discussed. 
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RESULTS AND DISCUSSION 

Attucking center o~~~~~te ion (Ambidency o~~~~~te ion) 
The UV spectra of substituted benzenesulfrnic acids were obtained in an aqueous 

solution, where sulfinic acids are completely dissociated.3 The W peaks and molar 
extinction coefficients of substituted benexenesulfinic acids are as follows: pMe0, 
261 rnp (3.38); p-Me, 262 mu (315); unsubstituted, 264 mu (368); p-cl 267 mp (3.10); 
m-NO, 266 mu (3.95). These values are consistent with Kobayashi-Koga’s data.’ 
The very small effect of substituents on absorption max indicates the very little 
resonance between SOz group and the x-orbital of benzene ring. On the other hand, 
new n-x* excitation absorptions of the associated acids appear on addition of HCL4 
The dissociation constants can be calculated by measuring the change of this n-x* 
absorption with pH. The observed pK, values are sum in Table 1. These 
values agree with Ritchie et al. dau~,~ obtained by an analogous method rather than 
Burkhard et al. data by potentiometric titration.6 

TABLE 1. pK# VALUES OF SUBSTITUTED ~Z~UL~~C ACIDS 1N WATER AT 25” 

Substitucnt Ja mp (log e) pK, references of pK, 

p-Me0 238 (358) 1.70 f 0.2 

P-Me 238 (3.87) 1.55 f o-1 1*70,* 1.24; 199p Id0 

H 235 (352) 1.45 f o-1 158,4 1.21,” f-87,6 l-29’ 
PC1 242 (3.73) 1.15 f 01 1.18 4 1.09 5*b 1*896 

m-NO2 241(3.81) 055 f 0.1 @48:5 1.88’ 

* n-x* exitation absorption in 2N HCl. 
* pie, of Pbrorno~~n~ul~~ acid. 

The application of Hammett’s equation to the data of Table 1 @es p value of 
107 for the ionization of benxenesuhinic acid. Compared with a large p value of 
293 for the ionization of thiophenol,’ the present low value seems to show that the 
negative char8e of sulfimiate ion is fairly locahxed on the 0 atom. These UV absorp- 
tion and p values of sulfiic acid suggest that the structure of sulfinate ion may be 
best formulated as (A) rather than (B) as reported by Lindberg.” Hence, we can 

- 
(4 (W - 

expect these reactions to give ester, where a negatively charged 0 atom is the reaction 
site, In fact, the ambident nucleophilicity of p-toluenesulfinate ion has been reported ; 
i.e. the sulfinate can react with diaxomethane, methyl sulfate and so on to 8ive esters.’ ’ 
But the reaction in the present paper produced only sulfone. 

E&ret of ~&~i~~t. The rate of addition of various substituted ~~n~u~~c 
acids to pbenxoquinone were followed in the same manner as the previous report.’ 
The second-order rate constants are summarized in Table 2 The reaction rates at 
pH 190 showed a little scattering probably because of the inaccurate values for the 
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TAIlU2EpwlXop V AND pH iQR IliE #lDDITiON Op BENZBNEWL.PINIC~ACIIS TO p+IBNZOQUlNONB 

ANIXI, AT 25” 

Substituent 

pMe0 
pMe 
H 
PC1 
m-NO, 

k(M-‘se-‘) 

pH 1W pH 3.5ob pH 4.82b 

29.5 339 252 
22.5 21.4 16.4 

8.9 100 7.1 
5.9 4.3 34 
@8 10 07 

Hammett’s p values of these reactions 

I7 

-@250 
-0.170 

0 
0227 
@715 

Ar’Y - 
P+(r*Y 

1.59(@965) - 1.55(1m) - 1+X(0998) 
- l.lqo-025) - lQ9(0.%0) - 1.15(0968) 

Reaction in a buffer of @3M chloroacetate with ionic strength of @3. 
Reaction in a buffer of 03M acetate with ionic strength of 03. 
p corresponds to (r. 
p+ corresponds to u+. 
r is the coefhcient of correlation.” 

dissociation constant of sulfinic acids. It is apparent that electron-releasing groups 
accelerate the reaction, while electron-withdrawing ones retard it. By means of 
JafE’s statistical treatment, values of p and p+ were calculated, and it was obvious 
that the rates were correlated with u better than G+. The p values at pH l+O, 350, 
and 4.82 are - 159, - 1.55, and - 164, respectively (Table 2). The fact that the p value 
hardly changes with pH shows little transmission of the substituent effect through 
ALSO, group and that little substituent effect is operating on the rate constant k2 for 
deprotonation (Eq. 1). 

There have been some papers on the p values for the formation of sulfones.s* lo 
Also Schjanbergi3 measured the rates of sulfone formation from benxenesulfmic 
acid and a&unsaturated carboxylic acid, which are much slower than those in 
Table 3. This is explicable by assuming that the reaction is accelerated by increasing 
the positive charge at reaction site. In general, the p values iu closely related reactions 
tend to decrease with increasing rates, but the p value for the reaction of pbenzo- 

TAIIU 3. &I VALUE RIR I-YE RXMATION OF SULR)NBp BY THE REACTION W SUBSITUW BJINZENESULI’INIC 

ACmswmi!4ULmlum 

Substrate P(M-‘xc-‘) Temp cc) P Ref. 

CH,BrCONH, 0336 60 
CH,BrCO,Na 0.144 60 
P-C&H.-N: 983 295 
pBewmquinone 1004 25 

-@914 
-0712 
-1.2 
- 1.55 

IO 
10 
5 

this work 

a Second-ordex rate constants with tutsubstituted bemeueaulfii acid 
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quinone with sulfinate is considerably larger than that of bromoacetate or bromo- 
a&amide. 

*I1 

CH, 
lae 

Ar SOY-----C--_~r 
68 IV 

I 
H,N°C*O 

This discrepancy is probably due to the difference of the transition states; i.e., 
that of the former III involves only the electron shift and the nucleophilic reaction 
on sp2 carbon, while that of the latter IV is the fission of C-Br bond and the S,,,2 
reaction on sp3 carbon. The electron shift may be more sensitive to the polar sub- 
stituent effect ihan the bond cleavage is. 

Isotope effect. The rates of addition of substituted benzenesultinic acids to p- 
benzoquinone-h, and d, were measured under the same conditions, the observed 
k,Jk,, values being summarized in Table 4. The kinetic isotope effect was observed 
at pH 4.82, the Mb value being 15-1.8, but it was not observed at pH 190 and 
3.50. As described in our previous paper,? these results show that the ratedetermin- 
ing step is the addition step at pH 3.5, while at pH 4G-60 both addition and depro- 
tonation may determine the rate and the dependence of the rate on the latter step 
becomes more important with increasing pH. Kinetic isotope effect at pH 4.82 shows 
no significant substituent effect, which is rational, since the driving force for the 
prototropy step is apparently the release of energy by the formation of benzene ring 
and the substituent on another ring through the sulfonyl group hardly affect the step. 

TABLE 4. KINETIC ISOTOW EFFECT RIR THB ADDITION OF BBNZENPSULFINIC ACIDS T~~B~N~QLJINONB-h, 

AND d* AT 25 

Substituent 
pH 482’ 

rc, Wn 

pH 3.5’ 

k&o 

pH 1.W 

W, 

p-MC0 2560 14.15 1.81 1.0 l-0 
p-Me 16.20 11.34 150 1.0 19 
H 7-68 4.21 1.82 1.0 1.0 
P-a 3.35 2.20 1.52 19 10 
m-NO, 062 034 1.81 1.0 1.0 

y Reaction in a buffer of 03M acetate with ionic strength of 03. 
b Reaction in a buffer d 03M chloroacetate with ionic strength of 03. 

EXPERIMENTAL 

Materials plknzoquinone-h, and d. wm preparal and purified as described previously.’ 
phiethoxy-,I4 pmethyl-,*’ unsubstituted,‘6 p-chlor~,” and m-nitrobenzenesulfmic acids’s were pre- 
pared by reduction of the corresponding sulfonyl chlorides with Na,SO, and recrystallized from water. 
M.ps of the sullinic acids were as follows: pMe0, 7678” (lit.” 98-99”); pMc, 83-84” (lit” 85”); H, 
82”(lkL6 W);p-Cl, 95-96”(lit” 98-99”); m_NOx, 88-90” (lit’s 9S”) pMethoxy benxer~ulfinic acid melted 
at lower temp, but it is satisfactorily pure in view d its UV absorbance; the lit. shows that the product, 
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if recrystallixed from water, givm a lower m.p such as 739 which can be raised only by special purilication 
from methyl ether and n-butane.L’~‘P The purity of these sulfii acids were also confirmed by means of 
UVandJRspectra. 

Kinetic rtut. The rates were measured by following the UV absorptions of products at 31&32O mu as 
reported previously.2 In the previous study,l the reaction was carried out with higha initial concentra- 
tions of sultlnic acid than those d quinone The present reaction at pH below 6, however, was found to be 
successfully carried out with various initial concentrations d both reactants The rates at pH above 7 were 
difficult to measure because d the rapid conversicn d the quinone. 

Reaction products. When p-benxoquinone (05 g 46 x lo-’ mole) was added to benxenesulfinic acids 
m an acetate buffer at room temp, the yellow color d tht quinone disappeared immediately to yield 
2,5dihydroxy-4’-substituted diphenyl sulfones These products were recrystallixed 3 times from MeOH- 
water and identified by means d UV and JR spectra, m.ps, and elementary analysis Results were summarized 
in Table 5. 

OH 

OH 

X mp. (lit) Gunuc 
(fog e) C% 

Found (Calc) 
H% N% 

P-M& 188-189 312(359) 

Me 212-213”(211-212”)20 316(364) 592(59~2) 45(45) 
H 193-194”(196”)2’ 317(3.63) 

PCJ 205-206”(20~206”)” 319(364) 5@8W8) 2.8(3.1) 
m-NO, 160-162” 320(362) 486(489) 29(3~) 4.8(4.8) 

’ UV absorption in loo/, EtOHaq. 
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