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DECOMPOSITION OF DITHIOCARBAMATES. III.1) ETHYLDITHIOCARBAMIC ACID
IN CONCENTRATED SULFURIC ACID SOLUTIONSZ)

Fumitaka TAKAMI, Shigeru WAKAHARA, and Takashi MAEDA
Shionogi Research Laboratory, Shionogi & Co., Ltd., Pukushima-ku, Osaka

The UV spectral changes and decomposition rates of ethyldithio-
carbamic acid (I) were investigated in sulfuric acid solutions.
The presence of the S-protonated form (IV) was established.

The observed first-order rate constants fit with the rate
expression, kobs = kK/(hO + K), derivable from the proposed

mechanism, IV ;gi I _K, EtNH, + CS

2 2°

No comprehensive interpretation has been provided to account for the

protonation of dit?iocarbamic acids. Various complicating protonated forms
q.3:4

forms correctly for the establishment of the decomposition pathways.

were presente It is very important problem to determine the protonated
As a part of research in wide concentration ranges of acid and alkali, we
have confirmed the presence of equilibria shown in equation 1; acid form (I)<=

5)

anion form (II) in weak acid solutions and II == conjugate base (III) in

caustic alkali solutions.6) The present paper extends the work to the investi-

SH e S
RNHC{ =~ — RNHC{ == RN=C{ _ (eq. 1)
s S S
I II III

gation of protonation and decomposition of ethyldithiocarbamic acid (Etdtc) in
aqueous sulfuric acid solutions from 10 to 70 w/w% concentrations photometrical-
ly and kinetically.

UV-spectra. The UV spectrum of the acid form (I) of Etdtc in 10 w/wh
sulfuric acid solution displayed two absorption maxima at 236 and 267 nm.
No appreciable changes of the spectra were observed in the solutions containing
between 10 and 40 w/wh sulfuric acid. 1In more concentrated solutions, however,
the intensity of the band at longer wavelength decreased and that of shorter
wavelength increased with the increase of acid concentrations. A selection of
the absorption curves is shown in Fig. 1. The spectra showed an isosbestic
point at about 255 nm and the peak at 267 nm, once disappeared in a 68.7 w/wh
sulfuric acid solution, reappeared by dilution with water.
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The spectral changes should appear due to the shift of the equilibrium
between I and it's conjugate acid (IH+) from I to IH+. The ionization
constant K for TH == I + H' was estimated to be 6 x 105 M (pKa = -3.8) using
equation E = (EIH+-— E )hO/K + EI,where E's are absorbances at 267 nm, and
hO is Hammett's non-logarithmic acidity function. The value of pKa was not
so precisely determined since the decomposition of I existed to small extent.
The similar hypsochromic changes in UV spectra between II (255, 285 nm) and
IITI (255 nm),6) and between V (243, 268 nm)7) and VI (243 nm) indicated the
presence of the chromophore N=C(§ in ITII and VI and, consequently, in IH+

(242 nm).

K + ,oH i /SMe
I ——= RNH=C MeNHCSMe MeN=C\
“sH SMe
+
IV (= IH ) i VI

9)

protonation on the sulfur of thiocarbonyl group of I in the case of I to IH+.

In addition, O-protonation on amides8) and carbamic acids suggests the
Thence the structure of IH+ is assumed to refer to the S-protonated conjugate
acid (IV).

Decomposition Reactions. Decomposition rates were measured at initial
2

concentrations of about 10 ° M of Etdtc in carefully deairated sulfuric acid
solutions, by following the decrease of absorbance at 250-267 nm at 25°C.

The values of pseudo-first-order rate constants (kobs min'1) decreased in
a form of dissociation curve with the increase of acid concentrations as
depicted in Fig. 2. The solid line, which best fits the experimental points,
obs = kK/(hO + K) which is in accord with kinetic
scheme of equation 2. The constants which provide the best fit of the curve

are k = 2.5 x 1072 min~ | and K = 6.5 x 103 M (pKa = —-3.8).

was derived from equation k

1 X EtNH, + CS, (eq. 2)
—H1[+H+
IV

Complete deairation of the reaction media and initial concentrations
(1072
A lack of one of the both requirements caused the side reaction to form N,N'-
diethylthiuram disulfide. '©)

the structure of the product was not determined.

M or more) of Etdtc were both required to measure the rates accurately.

A similar oxidatiog)was observed previously but
The main conclusion to be drawn from these results is that the decompo-
sition solely takes place via I to ethylamine and carbon disulfide as shown
in equation 2. The direct decomposition via IV would not contribute to overall
decomposition rates of any detectable amounts if it were existed.4)
Combination of equations 1 and 2 leads us to further conclusion that an
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Fig. 1. Absorption spectra of
Etdtc (I) in various
sulfuric acid solutions
at 25°C,
a: 68.7 w/wh, b: 58.7 w/wh,
c: 57.3 w/wh, dt 49.2 w/wh,
er 40.1 w/wh.

Fig. 2. Rate profile for the
decomposition of Etdtc
(I) at 25°C.
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N-monosubstituted dithiocarbamic acid in wide concentration ranges of acid and
alkali can be represented as the followings:

IV =71 — II —= IIiI.

Acknowledgement. We are grateful to Professor Y. Inubushi, University

of Kyoto, who has read and criticized part of the manuscript. We also thank
Dr. X. Takeda, Director of this laboratory, for his encouragement.

References

1) For Part II, see F. Takami, S. Wakahara, and T. Maeda, Chem. Pharm. Bull.
(Tokyo) in press.

2) Pyrimidines VII. TFor Part VI see Ref. 1.

3) R. Zahradnik and P. Zuman, Chem. Listy, 52, 231 (1958).

4) XK. I. Aspila, V. S. Sastri, and C. L. Chakrabarti, Talanta, 16, 1099 (1966).

5) References cited in Ref. 1.

6) F. Takami, S. Wakahara, and T. Maeda, Tetrahedron Lett., 1971, 2645.

7) D. M. Miller and R. A. Latimer, Can. J. Chem., 40, 246 (1962).

8) C. 0'Connor, Quart. Rev. (London), 24, 553 (1970).

9) G. A. Olah and M. Calin, J. Amer. Chem. Soc., 90, 401 (1968).

10) J. v. Braun, Ber., 35, 817 (1902).

(Received November 29, 1971)



