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Abstrrt- Addition of unsubstituted and substituted benz.encsulfinic acids to acrylonitrile in aqueous 
buffers has been studied kinetically by means of ultraviolet spectrophotometry. The reactions follow the 
second-order kinetics: v = k [acrylonitrile] x [sulfmate ion]. The reaction is subject to neither general acid 
nor general base catalysis, the rate being independent of pH The substituent effect on benzenesulfinic 
acid tits Hammett’s equation, pvalue at 50” being - 1.15 (r = 0998) at pH 4.22. The energy and entropy 
of activation are 21 kcal/mol and - 12 e.u., respectively. The nucleophilic reactivity of various sulfur 
anions are shown to depend on the basic&s of the nucleophiles. 

OUR PREVIOUS reports have disclosed the addition mechanism of benzenesulfinic 
acids to pbenzoquinone as a nucleophilic addition to a&unsaturated com- 
pounds. r* 2* 3 The kinetics suggest a mechanism (1) involving a shift of rate-determining 
step from addition to deprotonation with increasing pH, characterized by inter- 
mediate II similar to the aromatic ring 
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The present paper reports the kinetic study on the addition of benzenesulfinic acids 
to acrylonitrile. 

CH,=CHCN + ArS02H -+ ArSO,CH,CH,CN (2) 

The effects of acidity of media, substituent, and temperature on the rate were esti- 
mated, Hammett’s pvalue and activation parameters being calculated. In view of 
these data, the mechanism and nucleophilic reactivity of aromatic sulfmate ion are 
discussed in comparison with those of other sulfur anions. 

RESULTS AND DISCUSSIONS 

Rate law: Effects of pH und b@Rr concentration The active species in the present 
addition is not free benzenesul6nic acid, but sulfinate ion. The slow disappearance 
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of sulfinic acid in cone HCl is regarded as the disproportionation of sulfinic acid.4 
The rates in various buffers follow secondorder kinetics at least at pH’s below 8. 

o = k[CH,=CHCN] x [A&O,-] (3) 

Here, [ArSOz -1 is the arylsulfinate ion concentration calculated from the pK, values 
of corresponding sulfinic acids in aqueous solution at 25”. Table 1 lists the second- 
order rate constants, which are independent of hydronium ion and buffer concentra- 
tions within experimental error. On the other hand, the rate constants at pH’s above 
8 decrease as the reaction proceeds. This phenomenon can be explained by assuming 
that acrylonitrile is consumed by the competitive reactions with hydroxide ion as 
well as sulfinate ion, the rate being expressed as follows : 

- d[CH,=CHCN]/dt = [CH,=CHCN] ti (k&OH -] + k[ArSO,-]) (4) 

In fact, Wronski-Bogdanski’s kinetic study on the reaction of acrylonitrile with 
hydroxide ion forming g-hydroxypropionitrile gave a k,, value of 1.93 x lo-’ 
M-r set-’ at ~CI”.~ Since the value of k for the present reaction is 5.85 x 
10s4 M- ’ see- ’ at 50”, the reaction of acrylonitrile with hydroxide ion tends to 
become a main pathway with increasing pH, as is the case. 

TALIIJZ 1. THE SECOND-ORDBR IlATB CONSTANlX FOR ADDITION OF BENZENE3ULFINIC ACID TO ACRYLGNlTRlLB 

AT IOMC STRENGTH O-24 AND 50 f 0.5” 

Second-order rate constant (k x 10 M-’ set-‘) 

Buffer concentration (M) 

No PH 02 04 0.6 

1 198” 515 - 6.15 
2 3-w 499 5.20 5.95 
3 4.22b 625 6.50 7.28 
4 625’ - 7Q2 
5 6w 6.65 760 7a 
6 69(y - 467 
7 797’ - 5-55-7.08 - 
8 8.83’ - (6.2# - 
9 1035’ - WW - 

a Reaction in chloroacetate buffer 
b Reaction in acetate buffer 
’ Reaction in borate buffer 
’ Initial rate constant 
’ Reaction in carbonate buffer 

Efict of temperature. The second-order rate constants for the addition of benxene- 
suNnate ion to acrylonitrile at 25”, 40” and 50” are 4QO x 10w5, 1.56 x low4 and 
5.85 x 1O-4 M-’ set-‘, respectively. The energy and entropy of activation were 
calculated on the basis of these data to be 21 kcal/mol and - 12 e.u. 
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Substitueti &cc. The reactions of substituted benzenesultlnate ions with acrylo- 
nitrile were carried out in 004 M acetate buffer at ionic strength of @24, pH 422 
and temperature of 50”. The reactions are accelerated by electron-releasing groups 
on benxenesulfinic acid, second-order rate constants (k x 10’ M- ’ set- ‘) being as 
follows: p-Me, 11.1; H, 650; p-Cl, 3.56; m-NO,, 1%. Hammett’s plot of the data 
gives a good straight line, affording a pvalue of - 1.15 (r = 0998). 

Mechanism. At pH 2-9, the addition of arylsulfinic acid to acrylonitrile gives 
cyanoethylsulfone (IV) alone, neither acid nor base catalysis taking place. Most 
nucleophilic additions to carbonyl groups and a&unsaturated carbonyls are known 
to follow general acid and general base catalysis.6 On the other hand, no acid catalysis 
has been observed for nucleophilic additions of amines,‘*’ mercaptides,* alkoxides,g 
bisulfite’O or thiosulfate’* I1 to acrylonitrile. The same is true of the present reaction. 
As is obvious from Table 1, the second-order rate constants are invariant with varying 
pH’s and buffer concentrations, within experimental error. These results together 
With a negative pvalue of - 1.15 suggest the following mechanism involvmg 
uncatalyzed nucleophilic addition of sulfinate ion, where the rate is determined 
step (6). 

fast 
ArSO,H + H,OG ArSO,- + H,O+ 

ArSOl - + CH&JHCN slOw [ArSOICH,t?HCNl 

[ArSO,CH,CHCN] + H,O+ h ArSO,CH,CH,CN + H,O 

IV 

an 

by 

(5) 

(6) 

(7) 

Recently, there have been reports on nucleophilic additions of amino acids,’ 
aminothiols,8. I2 alkoxideqg and thiols’s I2 to acrylonitrile suggesting that the rate 
increases linearly with basicities of the aucleophiles, if the nucleophiles have a similar 
steric environment at the a-carbon. In spite of the presence of steric hindrance, this 
linearity is observed for the addition of sulfur anions to acrylonitrile. As shown in 
Fig 1, the nucleophilic additions of sulfur anions (e.g., ArSOz-, RS-, S103*-, CSJ2- 
etc) to acrylonitrile exhibit this linearity of log k us. pK, with a slope of O-59 (r = 0982), 
irrespective of the bulkiness of nucleophiles. Furthermore, the plotted line is almost 
identical with that of primary alkyl mercaptides (X-CH,-S-) but not with that of 

TABLB 2. Trirc SRCOND+RDER RATE COWTANTS FOR ADDITION OF VARIOUS SULFUR AMOM TO ACRYLONITRILE 

IN WATER 

Nuclmphile PK.. k x lO*M-‘set-’ Reaction temp ref 

PhSO* - 1.45 0741 
!&o,z- 2 160 
SO,‘_ 7 2200 
S’- 7.24 933 
C&f- 8.18” 367 
-O,C-CH,-S- 105 42600 

30 
50” 
30 
30” 
20 
30” 

this work 
lit” 
Iit’O 
IiF 
lit’ 
lit’ 

l pG valuea of conjugated acids of nucleophilea 
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secondary and tertiary alkyl mercaptides (X-CRR-S-), *where X represents 
-CH(NH,)COz-. That is, nucleophilic reactivities of sulfur anions are influenced 
by alkyl groups (R and R’) on the a-carbon, but not substituents directly substituted 
on the sulfur anion as observed with compounds 2-9 in Fig 1. Substituents on the 
sulfur anion in these compounds seem to have small steric hindrance and little effect on 
the polarizability of the sulfur anion, since the sulfur atom is rather large in size and 
quite polarizable. 

PIG 1. Plot of log k vs pK, for addition of various sulfur anions to acrylonitrile at 30” (solid 
line) Nuckophilc: 1, m-NO&H,SOs- ; 2 pUCsH,SOs - ; 3, PhSOa- ; 4, p 
McCsH.SOs- ; 5, SsOa2- ; 6, SO,‘- ; 7, S2- ; 8, CSs2- ; 9, -02C-CH2S-. Plots 5 and 8 
are estimated from the relative rates at 50” and 2iS’, respectively. Tbe uppa dotted line is a 
plot of log k vs pK, for the addition of mercaptide groups attached to primary carbon 
(X-CH2S-) to acrylonitrile at 30 O.** is The lower dotted line is that in the case of mercaptide 

groups attached to secondary and tertiary carbon (X-CRR-S-).s*” 

EXPERIMENTAL 

hfarer&Is Acrylonitrik (b.p. 73”) was obtained from Toray Ind Inc The benxeneaulfmic acids sub- 
stituted by pMc, Ii, p-Cl, and m-NO, groups were prepared and purified as described prtiously.’ 

React&m prociucrs. To ArS02Na*XH20 (002 mol) in aq acetate buffer (30 ml) was added acrylonihile 
(003 mol), stabilixed by addition of a small amount of hydrquinone The reaction mixtures were kept 
standing at 50” for 1 h to ykld substituted cyanoethyl aryl sulfones, X-C6H,S02CH2CH2CN. The follow- 
ing data describe, successively, substituent, mp. crystallized from EtOH, and UV absorption peaks 
in mu (loge) in water. pMt, 94-94.5” (lit’* 93-94”X 228 (4.14b 268 (2.781276 (2.47); II, 94-945 (W 93-94“), 
218 (3.97), 2655 (3-f%), 272.5 (299); p-Cl, 93+V (lit” 92-93”), 231 (4.24X 263 (2.88), 273.5 (269); m-N02, 
1165-1175” (liti6 113-115”), 253 (3.82) These products were identitied by their IR spectra. 

Rote mtwswement. Since these products, ArS02CH2CH2CN, have similar UV peaks and absorbances 
as those of benmnesultinic acids, it is difficult to dcterminc directly the concentrations of products and 
reactants Hence, rate of disappearance ofbenxenesulfinic acid was daermined h&ectly after its conversion 
to diphenyl sulfone.’ PuriIIed benznesultInic acids (approx @18 g. 005 hl) was added to an aq buffer (25 ml) 
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amtaining acrylonitrik (1 ml, 0608 M) at 50”. Aliquots were taken out at regular intervals of time and 
diluted with water. Then excess aqueous pbenzoquinonc was added to th& soln to convert remaining sulfiic 
acids to diphenyl sulfones, which were determined by means of UV spcctrophotometry.’ Siaa a large 
cxccss of acqlonitrik was used, the rate is pseudo-fiit-orda with respect to arylsulfinic acid, the concen- 
tration of which is estimated as diphenyl sulfone. The second-order rate constant was calculated by (pseudo- 
first-order rate constant)~acrylonitrile]. 
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