October, 1966]

NOTES

2301

The Infrared Spectra of S-Alkylisothiouronium Salts

By Masahisa HAsHIMOTO and Satoshi ARAKAWA
Research Laboratory, Dainippon Pharmaceutical Co., Ltd., Ebie, Fukushima-ku, Osaka

(Received January 6, 1966)

The infrared spectra of thiourea!:?> and its
metal co-ordination complex® have been examined
by several authors. Kutzelnigg and Mecke made
the vibration assignment of the isothiouronium
ion.*> Stam examined the crystal structure of §-
methylisothiouronium sulfate by X-ray analysis.®
However, no reports on the characteristic absorp-
tion bands of S-alkylisothiouronium salts and their
deuterated compounds have yet appeared.

The infrared spectra of S-alkylisothiouronium
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Spectrochim.

salts (R—S—Cgﬁgz—HX) have two characteristic
absorption bands in the region from 1675 to 1420
cm~!. On deuteration, they shift to a lower fre-
quency, and two new bands appear in the region
from 1198 to 1140 cm~!, These bands were ob-
served in almost the same region when the alkyl
groups and salts of S-alkylisothiouronium com-
pounds were substituted. Isothiouronium com-
pounds are important as agents protecting against
radiation and as the medium of the sulfur-contain-
ing compounds. In this note the characteristic
absorption bands of S-alkylisothiouronium com-
pounds will be presented.

Experimental

The Preparation of Compounds.—Most of the
compounds used in this experiment were prepared by
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TasLE L.
Compound

S-Methyl iodide 1639 (s )
deuterated 1577 (s)
difference 62

S-Methyl sulfate 1675 (s ) 1642 (m)
deuterated 1587 (s )
difference 88 55

S-Ethyl iodide 1642 (s) 1635 (sh)
deuterated 1575 (s)
difference 67 60

§-Ethyl bromide 1645 (s ) 1637 (sh)
deuterated 1563 (s)
difference 82 74

S-Ethyl chloride 1658 (sh) 1647 (s)
deuterated 1563 (s )
difference 95 84

Ethylene-di- bromide 1639 (s )
deuterated 1565 (s )
difference 74

1-Phenyl- chloride 1645 (s )

propenyl deuterated 1582 (s )
difference 63

0-Methyl- chloride 1692 (s )

isouronium deutrated 1631 (s )
difference 61

* (s); strong, (m); medium, (sh); shoulder

the method described in “Organic Syntheses.”s-?
Their purity was examined by elementary analysis.
1-Phenyl-propenylisothiouronium chloride and ethylene-
diisothiouronium bromide were obtained from Dr.
Nishimura of this laboratory.®> Deuterated compounds
were obtained by the treatment with deuterium oxide
in a sealed tube and by drying in vacuo.

Infrared Spectra.—The infrared spectra were
recorded on a Perkin-Elmer model 21 infrared spectro-
photometer, equipped with a sodium chloride prism, in
the region from 5000 to 650 cm-1. The spectra of
crystals were measured in a potassium bromide disk.
Deuterated compounds should be measured in either
hexachlorobutadiene paste or Nujol mull, but the
compounds used in this study did not disperse homo-
geneously in these media; therefore, the measurements
of spectra were carried out in a potassium bromide
disk which had been carefully prepared in a simple

dry box.

Results and Discussion

Several spectra of S-alkylisothiouronium salts
are illustrated in Fig. 1, while the observed fre-
quencies of the characteristic absorption bands of
S-alkylisothiouronium salts are shown in Table I

The two characteristic absorption bands of
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THE CHARACTERISTIC ABSORPTION BANDS OF S-ALKYLISOTHIOURONIUM SALTS (cm~1)*
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Fig. 1. Infrared spectra of, (A) S-methyliso-

thiouronium iodide, (B) S-ethylisothiouronium

bromide, and (C) l-phenylpropenylisothiouroni-

um chloride; ——, normal comound, --—-,
deuterated compound.
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S-alkylisothiouronium salts were observed in the
1675—1635cm~1 and 1455—1420 cm~! regions.
On deuteration, they shift to the lower frequency
regions of 1590—1565 cm~—! and 1400—1390 cm-!
respectively, as is shown in Table I. The band
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observed at about 1650 cm-! may correspond
to the two kinds of NH,; scissoring vibrations,
one of which is coupled with the out-of-phase
N-C-N stretching vibration because it is shifted
by only 50—90 cm~? on deuteration. The increase
in frequency of the out-of-phase N-C-N stretching
vibration compared with that (A, 1470 cm-1)
of thiourea® may be explained as resulting from
the greater double-bond character of the N-C-N
bond; this has been confirmed by X-ray analy-
sis in S-methylisothiouronium sulfate.®> In the
metal thiourea complex, the above situation has
been reported for the same vibration.®?

The band observed at about 1440 cm-! may
correspond to the band of thiourea at 1417 cm-?
(A;), which has been assigned to the NH, rock-
ing vibration coupled with the N-C-N and C=0
stretching vibrations. For some compounds,
each of the two characteristic absorption bands
described above splits into two components, as
Table I shows. A quantitative discussion of the
nature of these characteristic vibrations could
be made possible only by an appropriate normal
coordinate treatment. The deuterated compounds
give a pair of new bands with a medium intensity
at around 1190 cm~-! and 1140 cm~-!; these bands
can be assigned to the ND, scissoring vibrations.

Both characteristic absorption bands of §-
alkylisothiouronium compounds exist in a narrow
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frequency region when their alkyl groups and
their salts are replaced by other groups and salts.
S-Alkylisothiouronium salt can be distinguished
from O-alkylisouronium salt, which gives these
characteristic absorption bands at slightly higher
frequencies. An examination has been made by
means of infrared absorption measurements as to
whether an interaction of those compounds with
alkali halide takes place. However, no change
was found in the spectra when those compounds
were mixed with alkali halides.

Though only a limited number of compounds
were examined, it can be concluded that S-alkyl-
isothiouronium salts have their characteristic
absorption bands in the 1675—1635cm-! and
1455—1420 em~! regions. On deuteration, they
shift to 1590—1565 cm~—! and 1400—1390 cm-?,
and give the two bands in the 1200—1180 cm~*
and 1155—1140 cm~! regions. These characteristic
absorption bands are expected to be useful for
the determination of the S-alkylisothiouronium
group involved in unknown compounds.
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