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The paper describes spectrophotometric determination of rate constants of the addition of glycine,
thioglycolic acid and OH™ ions to seven series of isothiocyanates, containing a sulphur atom
besides that present in the functional group. The effect is discussed of various groups on the
electrophilic character of carbon in the NCS group, and, consequently, on the reactivity of the
individual isothiocyanates toward the above-mentioned nucleophilic agents.

Reactions of isothiocyanates suggest a strongly electrophilic character of the carbon atom in the
NCS group! ~3, which is the cause of its reactivity with nucleophilic agents (reaction type Ady).
From the viewpoint of biological action, three types of addition reactions of isothiocyanates
are important: the addition of amino groups, sulphydryl groups and OH™ ions. A quantitative
study of the reaction of isothiocyanates with these nucleophilic agents (glycine, thioglycolic
acid, OH™ ion) has been made possible by the use of a sensitive spectrophotometric method.
The three types of addition have been found to be bimolecular, Ady, and, under the given con-
ditions, first-order reactions.

In the reaction of isothiocyanates with OH™ ions the apparent rate constants k&’ are linear
functions of the concentration of hydroxyl ions if [OH™] > [RNCS]. The choice of expcrimental
conditions for investigating the reactions of isothiocyanate with glycine and thioglycolic acid
was guided by the fact that the reaction rate is a linear function of the concentration of isothio-
cyanate as well as glycine or thioglycolic acid, and is strongly pH-dependent, because the amino
acid reacts in its basic form whereas thioglycolic acid in the form ¢~ )ECH,_-COOH.l

A complicating circumstance in following the rates of these two addition reactio’ﬁs is the fact
that in a buffered medium with a higher concentration of OH™ ions there also proceeds a side
reaction of isothiocyanate with hydroxyl ions. Consequently, the spectrophotometric measure-
ment of the formation of an N-substituted thiocarbamoylmercaptoacetic acid (in the reaction
with thioglycolic acid) or an N-substituted thiocarbamoylaminoacetic acid (in the reaction with
glycine) includes the possible formation of morothiocarbamate. To simplify the calculation
of rate constants we have introduced the assumption that the concentrations of the amino acid,
mercaptoacetic acid and hydroxyl ions are constant throughout the course of the measurement.

Our previous paper* dealt with the reactivity of isothiocyanates of conjugated,
conductive systems. The present communication treats the nucleophilic addition
reactions of isothiocyanates with glycine, thioglycolic acid and hydroxyl ionms.
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The following series of isothiocyanates were employed:

P-XCeH,YCgH,NCS-p p-XCgH,CH,YCgH,NCS-p
I i
P-RYCgH,NCS p-XC4H,YCH,C4H,NCS-p
I w

P-XCgH,YCH,CH,NCS
v
Y = §,50,

In series I we investigated the effect of a substituent at position 4 on the reactivity
of the NCS group in isothiocyanates derived from diphenyl sulphide and dipheny!
sulphone. As can be seen from the rate constants (Table I) the reaction rate increased
with the increasing electron-withdrawing power of the substituent, whereas electron-
releasing substituents retarded the reactions. These observations accord with the
idea that the reaction under study is a nucleophilic addition to the carbon atom of the
NCS group. Comparison of the individual rates of the reactions of isothiocyanates I
with the three nucleophilic agents reveals that the addition of thioglycolic acid is
orders of magnitude faster than the addition of glycine or hydroxyl ions, in agree-
ment with the much stronger nucleophilic character of thioglycolic acid.

In the diphenyl-sulphide series the effect of a substituent on the reaction rate was
estimated by means of a linear correlation of log k with the o, constants of the sub-
stituents. The correlation coefficients (ryy, = 0948, roy- = 0:973, rgy = 0:950)
suggest a good linearity of the relation of log k to a,,.

Table I further shows that the reactions of the NCS group with hydroxyl ions
and with thioglycolic acid were faster in the case of diphenylsulphones, which is due
to the electron-withdrawing effect of the SO, group, increasing the electron deficit
on the carbon of the NCS group.

Comparison of the series of (p-isothiocyanatophenyl)alkyl sulphides and sulphones
reveals that the addition of hydroxyl ions and sulphydryl ions to the former (Table I)
is controlled by the electron-releasing character of sulphur and the concerted --I
effect of the bound alkyl groups, which somewhat reduces the electron density
on the carbon in the NCS group. With the sulphones the addition rate of hydroxyl
ions is an order of magnitude higher, owing to the strong —I effect of the SO,
group. In the case of longer alkyls (n-octyl and n-decyl) the measured rates are sub-
stantially lower in either series of isothiocyanates, which is probably due to steric
proximity of the terminal methyl to the NCS group.

With the isothiocyanate series I and IV the rate constants of the additions of thio-
glycolic acid and hydroxyl ions were practically equal, which indicates that the reac-
tion rate is not influenced by the electron effects of the substituents. Similar results
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TABLE I
Rate Constants of the Additions of Glycine (k,), Thioglycolic Acid (kg) and Hydroxyl Ions
(koy-) to Isothiocyanates I— ¥V at 25 4 0-2°C

The dimension of the constants is 1 mol ™! min~!.

X Y I'N ky . 10* kou-
Series I
H S 31-06 4+ 048 2:75 4- 027 1199 = 0-02
CH; S 27-82 4 0-50 5-05 4- 020 11-98 + 0-03
Cl S 3808 4 0-51 4-66 - 0-70 1437 4- 1115
NO, S 42-37 + 0-60 631 £ 042 23-33 4 045
N(CH3), S 2997 4+ 0-58 316 4- 0-58 922 4+ 033
Br S 3776 & 1:56 5:09 & 0-30 17-07 4 0-45
H SO, 4067 £ 0:50 10-20 -+ 0-05 9163 4+ 1-04
CH,4 SO, 3856+ 046 18-55 4+ 097 86:34 4 1:05
N(CHj3), SO, 3650+ 030 11-91 + 045 10-42 4- 052
NO, SO, 7590 4 050 4397 4 0-75 —
NCS SO, — 27954 135 11434 4 076
Series I
R
CH, S - 6:36 = 0-40 7-38 4- 0-13
C,H; S — 615 &+ 0-50 10-63 + 0-57
i-C3H, S — 569 + 0-40 7-10 4- 0-62
n-C4Hg S — 5-80 + 030 9-06 + 0-85
n-CgH, S — 0-99 + 0-075 9-04 £ 0-67
n-CgH, 5 S — 0-80 -+ 0-03 514 + 0-34
0-CyoH,s S - 0-78 4 0-02 318 4 0-30
H; SO, — 110 4- 0-50  108-80 4 45
C,H; S0, - 287 4 130 111-50 4+ 2:5
i-C;H, S0, — 15-95 +- 0-85 122:20 4 4-3
n-C,H, SO, — 1690 + 130 123-0 + 4-8
n-CgHy, S0, - 2730 4+ 170 106-50 + 10
n-CgHy3 S0, — — 7-23 £ 0-70
n-C,oH,s SO, - - 176 + 0-19
Series 111
H S 1551 £ 026 1-06 4- 0-05 697 £ 0-60
Cl S 1671 + 1-88 1-42 + 0-04 673 4 0-20
Br S 1526 -+ 0-34 173 4 0:32 648 4- 0-05
CH, S 12:82 £ 2:94 138 £ 0-27 8:95 £ 0-84
H SO, 1744 4 007 20-01 & 1-09 13:50 + 0-50
Cl SO, 17234010 38:55 4- 0-92 13-86 £ 0-48
Br SO, 1778 4 1:04 3990 4 1-05 10-52 + 0-60
CH; SO, 1897 4 050 52:50 + 1-04 11-60 £ 015
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TaBLE I
(Continued)
X Y ky ky . 10% koy-
Series IV
H S — 5724035 10-97 4+ 0-02
CH, S - 269 + 0-11 9-49 4- 082
NCS S — 14-30 4- 0-50 1916 4- 0-38
H S0, — 13:75 + 0-15 89-23 £ 0-72
CH;, SO, - 11-97 4- 2:42 7738 £ 0-25
NCS SO, — 67-20 4- 2-50 107-67 & 0-50
Series V'

H S 7-01 £ 005 177 £+ 009 822 4 052
Cl S 551 £ 025 1-70 4- 0-02 7-59 £ 019
C,H;0 S 9-81 4 0-75 1-66 4 0-10 572 4= 066
Br S 7-52 4 0-10 1-57 + 025 668 £ 072
NO, S 13-03 4- 1-88 291 4 001 10-52 4- 020
H SO, 2819+ 1-85 826 + 0-13 1-80 4 0-20
Cl SO, 3173 £ 025 9-60 4- 0-50 2-:04 4- 0-10
C,H;0 SO, 2398+ 088 642 4- 0-09 345 4 0-82
Br SO, 47154+ 050 8:16 4- 0-09 393 4 0-28
NO, SO, — 1543 £ 0-05 1525 4 0-50

were observed in the series of 4-substituted phenyl-2-isothiocyanatoethyl sulphides
and sulphones. In the series of the sulphones the rate constants were higher (the —I
effect of the SO, group).

EXPERIMENTAL

The syntheses of the isothiocyanates studied are described in papers iousl. blished’ = 8. All the isothi: were
recrystallized or redistilled before use. The solvents were spectrally pure, the buffer constitueats, thioglycolic acid and glycine,
were A. G, chemicals,

The kinetics were measured with a recording spectrophotometer Specord UV VIS Zeiss at 25 -
= 0-2°C in a region that proved suitable by comparing the spectra of the starting isothiocyanate
and its addition product. The reaction kinetics in the three cases were investigated by following
spectrally the decrease in the content of isothiocyanate at a suitable wave length. The apparent
rate constants were calculated from the linear plot of log AE vs time, the actual rate constants
were calculated from the apparent ones by dividing them by the concentrations of the reacting
forms of the agents (concentration of ¢~ )‘SCHZCOO_ at the given pH, concentration of NH,CH,.
.COO ™), the first-order kinetic equations were employed.
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Addition of glycine. The reactions of isothiocyanates with glycine were investigated in a mixture
composed of 10 ml of methanol, 7-8 ml of a 0-1M borate buffer (pH 9-8), 2 ml of 0-05M aqueous
glycine and 0-2 ml of a methanolic solution of an isothiocyanate; its starting concentration
in the resulting mixture was 1. 10" >Mto 5. 10~ 5.

Addition of hydroxyl ions. To follow the reaction of isothiocyanates with hydroxyl ions we em-
ployed a mixture composed of 10ml of methanol, 9-8 ml of 0-2Mm, 0-4M or 0-1M-NaOH (depending
on the expected reactivity of the NCS group) and 0-2 ml of methanolic isothiocyanate; its starting
concentration in the mixture was (2 to 5). 10~ SM.

Addition of thioglycolic acid. The reaction was conducted in a 0-1M Mc Ilvain buffer, pH 7-53;
the product was an N-substituted rhodanine (the addition reaction is immediately followed by ring
closure). The medium employed: 9-0 ml of the buffer, 0-5 ml of 0-1M aqueous thioglycolic acid
and 0-5 ml of 0-001Mm isothiocyanate in dioxan.
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