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Isothiocyanates react with thioglycolate by the ionized sulphydryl group. 
The dependence of the reaction rate on pH has the shape of>ll dissociation 
curve. The reaction products under the investigated conditions are carboxy­
methyl N-aryldithiocarbamates which are cyclized in acidic medium. 

The rate constants k of the reaction of arylisothiocyanates with thio­
glycolate are higher by two orders of magnitude in average than the rate 
constants of the reaction of the arylisothiocyanates with glycine or OH - ions 
(the reactivity was investigated under identical conditions). The relative 
reaction rates of the investigated arylisothiocyanates with thioglycolate give 
a linear dependence when plotted against the same values for the reaction 
with OH- ions or with glycine. The values of the Arrhenius activation energy 
and of the logarithm of the frequency factor fullfil Leffler's isokinetic relation­
ship. 

Our experiments, directed towards studies of the reactions of isothiocyanates with 
the sulphhydryl groups of amino acids, peptides and proteins, were first oriented 
towards investigation of the kinetics and mechanisms of the reaction of several aryl­
isothiocyanates with thioglycolic acid, cysteine and reduced glutathione. The import­
ance of detailed studies of the reactions of isothiocyanates with thiol compounds 
is indicated by our preceding work on the role of the isothiocyanates in the meta­
bolism of yeast!, Ehrlich ascites tumor cells or HeLa cells!,3, which consists in the 
inhibition of glycerol aldehyde-3-phosphate dehydrogenase. This as well as some 
other enzymes containing sulphhydryl groups are sensitive to isothiocyanates also 
in isolated form. Inactivation can be prevented by adding thiol compounds (e.g. 
thioglycolic acid). In this paper the results of our studies of the reactions of aryliso­
thiocyanates with the SH-group of thioglycolic acid are summarized. The papers4 ,s 
are concerned with the reaction of this compound with the NH2 group of amino acids. 

* Part II.: This Journal 30, 1221 (1965). 
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Experimental 

Chemicals and Apparatus 

The kinetics of the reactions of isothiocyanates with thioglycolic acid were investigated with 
the same derivatives as described previously4. The buffers were prepared with p.a. chemicals from 
Lachema. The pH value was adjusted by an electronic pH-meter using a glass and calomel elec­
trode. The isothiocyanates were usually dissolved in methanol. The experiments were always 
carried out with fresh solutions. The required sodium thioglycolate (Lachema) concentration in 
aqueous solutions (boiled redist. water) was adjusted after iodometric determination of the con­
centration of the reduced form. Inert atmosphere in the reaction of isothiocyanates with thio} 
compounds was achieved by bubbling the reaction mixture with oxygen-free nitrogen. The spectro­
photometric measurements were carried out with the Zeiss VSU-l instrument in an air conditioned 
room. 

The course of the reaction of aromatic isothiocyanates with thioglycolate was followed spec­
trophotometrically in the range of the adsorption maxima in the ultraviolet range of the isothio­
cyanate4 or of the reaction products. The reaction medium in the determination of the apparent 
rate constants (le /) was the citrate-phosphate buffer of McIlvain of pH 7·5 (O'IM citric acid + 0'2M­
Na 2HP04 ). The initial isothiocyanate concentration was usually 3·13 . 10- 5M. The concentra­
tion of thioglycolate in the form of (-)S.CH2 .COO(-), maintained with the aid of the buffer, 
was 1·25 .10- 3 M (pKSH = 10'0)6. The volume of the reaction mixture was 12:ml~ quartz vessels 
with an internal diameter of 30 mm (11·7 ml of buffer, 0·15 ml of 2·5. 1O-3M isothiocyanate in 
methanol and 0·15 ml of O'IM sodium thioglycolate in water) were used. The measurements were 
carried out at a temperature of 25 ± 0·2°C. With selected isothiocyanates the temperature depend­
ence was investigated ,at four different temperatures in the range from 20 to 40°C. 

In the experiments where the effect of pH of the reaction medium on the reaction rate was 
followed, Clark-Lubbs phosphate buffer was used. The reaction mixture contained 39·4 ml of 
buffer of the corresponding pH, 0·5 ml of the aqueous thioglycolate (O'IM) solution and 0·125 ml 
of a phenylisothiocyanate solution (O'01M) in methanol or other isothiocyanates. The samples were 
kept in the ultrathermostat at 20°C and the extinction of the reaction mixture was determined 
at 300 nm (cuvette of internal diameter 20 mm) in suitable intervals (selected on the basis of pre­
liminary measurements). 

Under the conditions of the investigations of the reaction of isothiocyanates with thioglycolate 
the reaction proceeded according to the equation for a first order reaction. The reaction rate 
significantly depends on the hydrogen ion concentration. In a similar way as in the case of the 
reaction with amino acids5

, the reaction of thioglycolate with isothiocyanates is also preceded by 
a dissociation reaction (thioglycolate reacts with the ionized sulphhydryl group). Since the reactivity 
of the isothiocyanates with thioglycolate is very much higher than that with OH- ions4, 
side reactions of the isothiocyanates with OH- ions were negligible under the given conditions. 

The values of the apparent rate constants le' of the reaction of the isothiocyanates with thio­
glycolate were obtained from the slope of the linear dependence from log (Eo - Eoo) plotted 
against time. The values of the Arrhenius activation energy (E) and of the logarithm of the fre­
quency factor (log A) were calculated by a similar method as in the case of the studies of the reac­
tions with amino acids. 

Synthesis of the Reaction Products of Isothiocyanates with Thioglycolate 

Besides the main products of the reaction of the investigated isothiocyanates with thioglycolate 
(i.e. of the carboxymethyl N-aryldithiocarbamates) in the reaction mixtures of neutral or weakly 
acidic pH (in studies of the dependence of k on pH) a certain fraction of these products could be 
cyc1ized to the corresponding N-arylrhodanine. In order to 'identifify the reaction products of th~ 
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isothiocyanates with thioglycolate N-phenylrhodanine (m_p_192' C) was prepared by the described 
met hod7 and according to the procedure reported by Elmore and co-workers, for the preparation 
of carboxymethyl-N-benzoyldithiocarbamate8

• The carboxymethyl-N-phenyldithiocarbamate was 
prepared which was identified as the N-phenylrhodanine aftercyclization in glacial acetic acid 
saturated with hydrogen chloride and eveporation of the solvent (m_p_ 192°C)_ 

Results and Discussion 

Comparison of the UV absorption curves of the reaction mixtures after carrying 
out the reaction of the phenylisothiocyanate with thioglycolate (McIlvain buffer 
of pH 7'5 and temperatures up to 40DC or phosphate buffer according to Clark-Lubbs 
at a temperature of 20D C at various pH in the range of 5·6 - 8·0 with addition of the 
reactants) and of the UV absorption curves of N-phenylrhodanine or carboxymethyl­
N-phenylrhodaninic acid or carboxymethyl-N-phenyldithiocarbamate showed that 

Table I 

Apparent and Effective Rate Constants of the Reaction of Phenylisothiocyanates with Thioglycol­
ate in Clark-Lubbs Phosphate Buffer at Various pH 

Initial thioglycolate concentration 1·25 __ 10 - 3M (pKSH lO'OO at 20°C) _ 

Concentration of the 
--- -1 

lO-2 _ k ' 
10

4

• k I pH Ionized Form min- 1 1_ mol-I. min - 1 

mol.l- 1 . 10- 7 

6'5 3-95 2-4 6·2 
7·0 12-5 5-9 4-7 
7-6 49-6 22-3 4·5 
8·0 124 62-5 5-1 

Table II 

Parameters of the Arrhenius Reaction Equation of the Arylisothiocyanates R-C6 H4- NCS 
with Thioglycolate in Citrate-Phosphate Buffer (McIlvain, pH 7) 

1640 

The dependence of reactivity on temperature was investigated in the range 20- 40°C, 

R 

4-CI 
4-J 
4-CH2 COOH 
4-CH3CO 
4-Br 

H 

E 
kcal _ mol- 1 

16-4 ± 0-7 
27-1 ± 0-9 
14-3 ± 0-6 
8·3 ± 0'4 
9-4 ± 0;4 

IH ± 1-0 

log A 
1 . mol- 1 . min - 1 

6·6 ± 0-3 
14·6 ± 0'7 

5-1 ± 0·2 
0-15 ± 0·01 
1-4 ± 0-06 
3-5 . ± 0-2 
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Table III 

Rate Constants and Relative Reaction Rates of Substituted Phenylisothiocyanates 
R-C6 H4 -N=C=S with Thioglycolate (Mcllvain Buffer of pH 7'5; 25°C) and with Glycine 

(Borate Buffer pH 9'8; 25°C) 

-I 

R 
Rea:i~::ith ThliO~IYCOlatea 1 _ _ ~~:.:tnWith G,IYCine

b
•
c 

I . mol. min - 1 illog k 1 . mol . min - 1 t. log k 

.-----+---;...., --II, -- I 
4-H 6·3 ± 0·3 0·0000 14·6 ± 0·6 0·0000 
4-CI 18·6 ± 0·8 0'4702 22'2 ± 2·0 0·1820 

0·2301 
4-Br 11·6 ± 0·4 0'2652 21'1 ± 1·3 0·1599 

0·3098 

4-1 15·7 ± 0·7 0·3966 I 24·8 ± 3·2 'I 

4-HO 3-l ± 0·1 -0·3079 8·5 ± 1·2 - 0·2350 
3-Br 19·5 ± 0'8 0·4907 I 29·8 ± 2·3 • 

4-N02 ~56 0·9489 ~163 1·0500 
4-COOH 12'9 ± 0·5 0·3113 I 16·8 ± 0·9 
3-COOH 4·1 ± 0·2 -0·1865 10·8 ± 1·2 

4-CH3 CO 21·0 ± 0·8 0'5229 II 42·2 ± 2-4 
4-CH2COOH 1·9 ± 0·1 -0·5205 16·8 ± 0·9 
4-N(CH3h 1·4 ± 0'1 -0·6534 5·9 ± 0·6 
1-Naphthylisothiocyanate 4·1 ± 0·2 - 0·1865 9·2 ± 1·2 
4-Brombenzylisothio-

cyanate ~ 6·3 _1_ 0·0000 I 5·8 ± 0·9 

0'0609 
-0·1310 

0·4609 
0·0609 

- 0·3935 
-0'2006 

- 0·4010 

a Initial concentration of isothiocyanates 3·13 . 10 - 5M and of a thioglycolate; b initial concen­
tration of isothiocyanates 5 . 10- 5M and of glycine in base form 2·5 . 10- 3

M; c from4
•
5

. 

1-5 

L-____ ~ ____ -L ____ ~ _____ ~ _ _ 

12 15 20 

Fig. 1 
Course of the Reaction of Phenylisothiocyanate with Thioglycolate in Media of Various pH 
(Clark-Lubbs phosphate buffer), investigated spectrophotometrically at A = 300 nm and 20°C. 
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the uncyclized form is the only reaction product under the given conditions. Cycliza­
tion occurs at temperatures above 40°C and below pH 7. The cyclization rate depends 
on the pH of the medium. 

The apparent rate constant k' of the reaction of the phenylisothiocyanate with 
thioglycolate, determined at various pH of the reaction mixture (results in Table I, 
and Fig. 1) indicate that the dependence of the reaction rate on pH of the reaction 
mixtures has the form of a dissociation curve. The reacting form is therefore the 
thioglycolate anion with the ionized sulphydryl group whose concentration is given 
by the dissociation equilibrium (equation A). The concentration of the ionized form 
and therefore also the value of k increase with increasing pH value. The product I 
of the addition of the dianion with isothiocyanate in acidic medium cyclizes under 
release' of water to the corresponding N-arylrhodanine II which decyclizes in alkaline 
medium (equation B). 

The values of the rate constants of the reaction of 13 arylisothiocyanates and of 
p-bromobenzylisothiocyanate with thioglycolate and with glycine are given in Table 
II. The relative rates were calculated using unsubstituted phenylisothiocyanate as the 
reference compound. Determination of the rate constants of six suitably chosen 
arylisothiocyanates with thioglycolate at various temperatures, calculation of the 
parameters of the Arrhenius equation (Table III) and plotting of the dependence of 
the activation energy on the logarithm of the frequency factor (Fig. 2) showed that 
the investigated derivatives fulfil Leffler's isokinetic relationship also with regard 
to the reaction with thioglycolate. 

Already comparison of the values of the relative rates of the reaction of isothio­
cyanates with thioglycolate and glycine (Table II) shows the similarity of the sequence 

25 

20 

(1 i 
:: ~C_H_)~_~--,--_ _ C-,-H_2_CO_O_H-'-_.~_ L ... J 

12 15 
log A 

Fig. 2 
Dependence of the Activation Energy of the Reaction of Arylisothiocyanates with Thioglycolate 

on the Logarithm of the Frequency Factor (see Table II) 
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0·5 

-05 

4-CH 2COOH 
o 

4-N(CH 3l2 o 

-0·5 

H 
3-COOH 

Fig. 3 

4- CH 3CO 
o 

3-8r 
4-J 0 

4-Br 04-CI 

04-COOH 

0·5 1-0 

Dependence of the Relative Rates of the Reaction of Arylisothiocyanates with ThioglycoJate 
(25°C) on the same Terms for the Reaction of Arylisothiocyanates with Glycine 

tg (X = 0·587 ± 0·004. Designation of the derivatives in Table III. Correlation coefficient r = 

= 0'956. 

10 

05 

- 0-5 

4-CH , COOH 0 

O H 

4-HO 0 HOOH 

Fig. 4 

4 - CH)COO 

)-Br O 

4 Br 
o 4-CI 

4-J 

0 4- COOH 

Dependence of the Relative Rates of the Reaction of Arylisothiocyanates with ThioglycoJate 
(25°C) on the same Terms for the Reaction of Arylisothiocyanates with OH- Ions (30°C)9 

tg (X = 1'240 ± 0·014 
Correlation coefficient r = 0·964. 
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of the isothiocyanates arranged according to their reactivity to thioglycolate and to 
glycine. This fact becomes still more apparent from the dependence plotted in Fig. 3. 
A similar dependence of the values of il)og kSH and illog kOH- is shown in Fig. 4. 

15 

4.CIO 3·8r 4·CH 3 CO 

4-J 

10 
0 4·8r 

OH 

j 
0-5 . 

14N(i,~ 
4-HO 

-05 0·5 1-0 

Fig. 5 
Relationship between the Logarithms of the Rate Constants of Substituted Phenylisothiocyanates 

with Thioglycolate (25°C) and Hammet's Constants a 
Constants a according to paperlO; e = 1·006 ± 0·001; correlation coefficient /. = 0·988. 

It follows that there exists a similar relationship between structure and reactivity 
of the investigated isothiocyanates to thioglycolate as observed in studies of the 
reactivity to amino acids4 •5 and OH- ions 9 • It is therefore possible to correlate the 
rate constants of the reaction of the isothiocyanate with thioglycolate with the aid 
of Hammett's equation (Fig. 5). With decreasing electron density on the carbon atom 
of the functional group NCS the reactivity of the isothiocyanates increases as well. 
However, it is important to note that the rate constants of the addition reaction of the 
investigated isothiocyanates with thioglycolate are higher by two orders of magni­
tude in average than the values of k for the reaction with glycine, other amino acids4

•
5 

or with OH- ions9
• In all three cases addition reactions are concerned which have 

to be taken into consideration in the elucidation of the reactions of isothiocyanates 
with cell components. The comparatively high reactivity of isothiocyanates to the 
thioglycolateanion observed in this paper can serve as further proof for the correct­
ness of the conclusions drawn from the experimental results on the macromolecular 
and cellular leveI1

•
3

. 
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Pe3IOMe 

JI. ,[(po6HHIIa H YI. AyrycTHH : PeaKlIulI U30mUOlluallam06 C aMUIlOKUCAomaMU U 6eAKaMu. III. 
KUliemUKa U MexaUU3M 63auMooeUCm6UJl apOMamU'leCKUX u30mUOlluauam06 C mUOZAUKOAeaou KUCAO­
mou. YI30THOn;HaHaT.bI B3alIMoAeHcTBYlOT C THOrJIIiKOJillTOM rrocpeAcTBoM HOHH30BaHHoH cYJI.b!l>rH­

APHJI.bHOH rpyIIII.bI. 3aBIiCHMOCT.b CKOPOCnI: peaKn;HH OT pH IIMeeT !l>0PMY KPHBOH AHCCOn;Han;HH. 

B AaHH.bIX YCJIOBHlIX ·rrpOAYKTaMH peaKn;HH HBJIlIlOTClI Kap6oKcHMeTHJI-N-apHJIAHTHOKap6aMaTbI, 

B KHCITOH cpe.1l.e rrO.1l.BepralOIn;HeCli n;HKJIH3aIIHH. 

KOHCTaHT.bI CKOPOCTH k peaKn;HH H30THOIIHaHaTOB C THOrJIHKOJIlITOM rrpHMepHO Ha.l(Ba rropllAKa 

B.bIrrre KOHCTaHT CKOPOCTH peaKn;HH H30THOn;HaHaTOB C rJIHn;HHOM HJIH HOHaMH OH- (peaKIIHoHHall 

crroc06HOCT.b HCCJIe.l(OBaJIaC.b B Tex JKe YCJIOBHlIX). OTHOCHTeJI.bHbIe CKOPOCTH HCCJIe.l(OBaBIIrHXClI 

apHJIH30THOIIHaHaTOB C THOrJIHKOJIllTOM, OTJIOJKeHH.ble rrpOTHB Tex JKe 3Haq:eHHH .l(JIlI peaKIIHH 

C HOHaMII OH- HJIH rJIHIIHHOM, .l(alOT mmeitHylO 3aBIICIiMOCT.b. 3Haq:eHHll :meprHH aKTHBan;HH 

AppeHHyca H JIOrapH!l>Ma q:aCTOTHoro !l>aKTopa YAOBJIeTBOplllOT IBOKHHeTlI'ieCKOMY COOTHorrreHIHO 
JIe!l>!l>JIepa. . 
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