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The reaction of chloroacetic acid with thiourea represents an SN2 substitution of chlorine by sul­
phur atom and is about two orders of magnitude slower than that of bromoacetic acid. Chloro­
acetate ion reacts slower than chloroacetic acid by only about 30%. The acid catalyzed splitting 
off of hydroxyl group from the formed tetrahedral intermediate is rate-limiting in the cyciization 
of the S-carboxylatomethyleneisothiouronium salt, formation of the intermediate being rate­
-limiting below pH 2. 

Reactions of substituted thioureas with chloroacetic acid derivatives giving substitut­
ed 2-imino-4-thiazolidinones are described in the review!. Most papers cited aim 
at syntheses of substances with potential biological activity. Though the reaction 
proceeds in two steps, its intermediate (thiouronium salt) was only isolated in few 
cases2

,4. Kinetics of formation and subsequent cycIization of the thiouronium salt 
was not described in literature. The present paper deals with kinetics of reactions 
of chloro(II)- and bromoacetic acid (III) with thiourea giving S-carboxylatomethyle­
neisothiouronium salts and its cycI ization to 2-imino-4-thiazolidinone. 

EXPERIMENTAL 

Reagents 

Bromoacetic acid (lII) was prepared by bromination of acetic acid according to ref. 5 • The 
S-carboxylatomethyleneisothiouronium salt (IV) was prepared by mixing of equal volumes 
of 2M solutions of thiourea (I), chloroacetic acid (/1) and sodium acetate. The solution was 
left to stand overnight at room temperature. The separated solid was filtered off, washed with 
water and methanol, and dried in a dessiccator over phosphorus pentoxide. Yield 90%, m.p. 
235°C (decomp.). For C3 H6N 2 0 2 S (134·1) calculated: 26·86% C, 4·50% H; found: 27·10% C, 
4·64% H. 2-Imino-4-thiazolidinone (V) was prepared by reaction of thiourea with ethyl chloro­
acetate in ethanol6 . The first and the second dissociation constants of the substance IV were 
measured spectrophotometrically7 in dilute hydrochloric acid solutions at 250 nm (pKal = 2·30) 
and in borax buffers at 245 nm (pKa2 = 9·54) at the ionic strength I = 0·5 at 25°C. 
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Kinetic Measurements 

Formation 0/ thiouronium salt IV: a) By reaction of thiourea with bromoacetic acid. 1 ml 0·5 
or 1M thiourea was added to 19 ml aqueous solution of the acid III (0'1 to 0'25M) containing 
2 ml 1 M-HCI. 0·1 ml samples were withdrawn at suitable time intervals, and, after dilution with 
25 ml water the absorbance decrease was measured at 240 nm. b) By reaction of thiourea with 
chloroacetic acid . In a thermostatted flask (25°C) 100 ml 2M acid II was mixed with 100 (or 200) 
ml water and 200 (or 100) ml2M thiourea. The mixture was divided into 40 ml samples . At suitable 
time intervals (20 min to 1 h) the individual samples were treated with 20 ml 2M sodium acetate, 
and the separated product was filtered off, washed with water, dried and weighed. c) By reaction 
of thiourea with sodium chloroacetate . In a thermostatted flask 100 ml 2M chloroacetic acid was 
mixed with 100 ml2M sodium acetate and 200 ml2M thiourea. The mixture was divided into 400 ml 
samples and at 1 h intervals the separated product was filtered off, washed with water and weighed. 

Cyclization 0/ thiouronium salt IV. Fresh aqueous thiouronium salt IV solution (1 ml about 
2. 10-4M) was added into 1 ml temperated buffer solution or dilute hydrochloric acid (ionic 
strength adjusted at 1 = 1·0 by addition of potassium chloride) in a quartz cell. The absorbance 
increase was followed at 250 nm at 25°C using a VSU-2P apparatus (Zeiss, Jena) . Spect rum 
of the mixture after the finished reaction was identical in all cases with that of solution of the 
ketone V of the same concentration in the same sol vent. 

RESULTS AND DISCUSSION 

The first reaction step, formation of I V, is an SN2 substitution of halogen by sulphur 
(Eq. (A)). At pH above 2·5 the inner salt IVa is formed predominantly which is 
slightly soluble in water and, hence, separates even from very dilute solutions. At low 
pH values (mineral acid media) the main product is IV which is much more solu.bJe_ 
and crystallizes from more concentrated solutions. 

CH2- COOH + NHz- CS-NHz -> 

I 
X 

II, X = Cl 
Ill, X = Br 

IV IVa 

The reaction of thiourea with bromoacetic acid (Ill) was carried out in a 4 to 10 
fold excess of the acid 111* and in the presence of hydrochloric acid, so that the salt IV 
was the primary product. The reaction was followed spectroscopically from thiourea 
absorbance decrease. The dependence log (At - Aoo) vs time was linear up to at least 
80% conversion. Then the absorbance decrease began to be somewhat slower than 
it should have been according to pseudomonomolecular reaction, because the ca­
tion IV undergoes cyclization to some extent (reaction (B)). The observed rate 

For the four-fold excess the rate constants were also calculated according to equatio n 
of the 2nd order reaction, and the differences found were within experimental error. 
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constants were directly proportional to concentration of the acid I II. The calculated 
rate constant was k2 = kobs/[IIl] = (1'07 ± 0'10).10- 2 I mol - 1 

S-I. 

o 
CHo- C"" 
I - " NH 
S-- C/ 

""NH 

v 

(8) 

The reaction of thiourea with chloroacetic acid (II) wa.s followed under two 
different conditions: first with pure acid II and next with predominant chloroacetate 
anion (addition of sodium acetate)' In the both cases the reaction course was followed 
gravimetrically by the amount of the separated inner salt I Va, as no suitable spectral 
or titrimetric analytical method could be found. The reaction was carried out both with 
equimolar ratio and with excess acid II (or its anion). The rate constants were cal­
culated from Eqs (I) and (2). 

k2t = ([1]0 - [II] 0 ,ana It I .2·3 Jog ([I]t/[II]t,anal) + const. , 

where [II]t ,anal = [1I]o ,anal - [IVaJ . 

(I) 

(2) 

The reactions with the acid II (both equimolecular and excess II) produce mixture 
of IVandlVa cycIizing slowly to V. As the product Vis far more soluble, it remains 
in solution, and the weighed yields of the product were gradually lower than they 
should have been according to kinetic relations. The dependence concentration 
vs time was linear up to 30-40% conversion only. The calculated value of the 2nd 

order constant k2 = (1'3 ± 0'1).10- 4 1 mol - 1 
S - I. The reaction of thiourea with 

chloroacetate ion produces the inner salt IVa which is immediately separated from the 
reaction mixture. Therefore, the cycIization does not practically occur. The de­
pendence concentration vs time was linear up to at least 70% conversion. The cal­
culated constant k2 = (0'98 ± 0'05) . 10 - 4 I mol- 1 s - 1 . 

Bromoacetic acid (111) reacts with thiourea (1) faster than chJoroacetic acid (II) 
by almost 2 orders of magnitude. This difference reflects the reactivity difference 
between chloride and bromide leaving groups in SN2 reaction with a reactive nucleo­
phile8 . Thiourea (1) reacts 100 times faster with bromoacetic acid (111) than with 
bromomethane, * though substitution of hydrogen by COOH group increases sterical 
interactions between nucIeophile and substrate decreasing thus the reaction rate ll . 

The rate constant of the reaction of bromomethane with thiourea (k 2 = 0'93 . 10- 4 I . 
. mol -1 s -1) was calculated from that of hydrolysis of bromomethane9 at 25°C (k 1 = 4·07 . 
. 10- 7 S-I) and relation log (kjko) = II, where II = 4·1 for thiourea! o. 
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A likely reason of the large reactivity increase (as compared with bromomethane) 
lies in the activating effect of the carbonyl group (partial bond formation between 
the attacking nucleophile and the eiectrophilic carbonyl carbon atom)12, resembling 
but smaller than that in e.g. substitution of 1-chloro-2-propanone13 . It is, however, 
surprising to find chloroacetate ion to be highly reactive (only 30% less than the 
non-dissociated acid), which cannot be explained in the same way, as electrophilicity 
of the carbon atom is strongly diminished in the anion. A possible explanation 
of the enhanced reactivity in this case can be in formation of intramolecular hydrogen 
bond between negatively charged oxygen of the carboxyl group and the hydrogen 
of imino group carrying partial positiv(' charge. 

; S '-"- ' CI-I, .... · C I ~ -

J-I,N-f 1 

:1 c=o 
H- N~+ 1 

H .. .... OI-' 

VI 

The cyclization of the compound IV(Eq. (B)) was measured in dilute hydrochloric 
acid solution and chloroacetate buffers. The cyclization rate increases with increa~ing 
buffer concentra tion, but the change is relatively low, and, therefore, the rate consta~t 
for catalysis by buffer was not calculated, and the rate constants measured in chi oro­
acetate buffers were extrapolated to zero buffer concentration. The dependence 
log k vs pH is given in Fig. 1. The cyc\ization mechanism (Scheme 1) is similar 

• 
40 

• 

pH 

FIG. 1 

Dependence of Rate of Cyclization Reaction 
(IV + IVa)_ V on pH in Aqueous Solu­
tions at 25°C 

The full line represents the theoretical 
dependence calculated from Eq. (3). 
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SCHEME I 

S--CH2 

H("t1=t t - O( - l + H + 
2 ' N/I 

I OH 
H 

VII 

267 

to that of the acid-catalyzed cycJization of S-ethoxycarbonylmethyleneisothiouro­
nium chloride l4

, and kobs is defined by kinetic equation (3). 

v = kObs([IV] + [IVa]) = klk2K[H+]([IV] + [IVa])J(L I + k2 [H +]) . 

. (Ka, + [H+]) (3) 

The theoretical dependence in Fig. 1 (full line) was calculated from Eq. (3) and the 
values k2/kl = 25, klK = 9·0. 10- 6 found by comparison of the calculated values 
kobs with the experimental ones. 

At pH above 3 it is K" ~ [H +]; "-1 ~ k2[H +] and kobs = klk2K[H+]/"-1 . 
. K.,; kobs decreases with decreasing proton concentration. The rate is directly pro­
portional to [H+] , and transformation of the intermediate VII into the product V 
(k2) is the rate-limiting step. At pH below 1 it is K., ~ [H+]; kl ~ k2 [H+] , and 
kobs = k 1KJ[H+]; kobs is inversely proportional to [H+], and formation of the 
intermediate VII (kl) is the rate-limiting step. The dissociation constant K., (dis­
sociation of the proton from nitrogen of the compound IVa) equals 10 - 9

.
5 4

. From 
analogy with values of the dissociation constants of succinic acid 15 it can be presumed 
that K ~ 10- 9 and kl ~ 104 . At pH above 10 spectral changes again are observed, 
they are, however, due to another reaction. In this medium the compound IV exists 
predominantly in the form of anion (pKa, = 9'54) which decomposes on reaction 
with hydroxide into mercaptoacetate anion and cyanamide giving dicyandiamide l6

. 

Mechanism of this reaction (C) obviously is the same as that of decomposition of 
S-alkylisothioureas 17

. 

COO( - ) NH 
I 1I + OH( - ) 

CHz--S- C- NHz 
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The rate constant of the reaction (C) increased linearly with OH- concentration. 
The calculated constant k2 = 5 ± 2 I mol- 1 s - 1 is 2 - 3 times greater than that of the 
reaction of S-ethylisothiourea with hydroxide determined in the same way. 
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