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hour the compound became sticky and the
colour became a more intense red. M.p. 78—
79°C (decomp.). (Found: C 20.45; H 3. 60. Calc.
for CH,PSe,: C 19.53; H 3.69).

The triethylphosphine compound (II) was
obtained in a similar way as a green, crystalline
powder, which melted at 72—-75°C to a red
liquid. It is soluble in most organic solvents
with a green colour (it is more soluble than the
corresponding carbon disulfide compound).
(Found: C 29.90; H 5.37. Cale. for C,H,;PSe,:
C 29.18; H 5.25).

On addition of tripropylphosphine to carbon
diselenide in ether a green solution was first
formed, but the colour soon became brown and
on addition of pentane a semi-solid brown-red
precipitate separated. On standing for about a
week in a refrigerator the precipitate became
crystalline and after stirring with a little chloro-
form and filtering it was isolated as a dark red
crystalline powder. On heating it began to
darken at 120°C and melted with decomposi-
tion at 130-132°C. (Found: C 19.2; H 2.69.
Cale. for (CgH,);P-4CSe,: C 18.6; H 2.50).

On adding tripropylphosphine to a solution
of carbon diselenide in pentane we succeeded
in isolating a green crystalline compound with
the composition (CH,);P-CSe, (III). (Found:
C 36.35; H 6.38. Cale.: C 36.38; H 6.41). It
rapidly became red and sticky and no definite
melting point could be determined. In some
experiments this transformation took place
before the precipitate could be filtered.

Carbon diselenide was prepared from me-
thylene chloride and selenium!. We thank
stud.scient. J. Borchsenius Carlsen for assis-
tance in preparing the carbon diselenide.

1. Ives, D. J. G., Pittman, R. W. and Ward-
law, W. J. Chem. Soc. 1947 1080.
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Infra-red Spectra of Dithiocarboxy-
lates and Diselenocarboxylates

K.A. JENSEN, J.B. CARLSEN, A. HOLM and
P.H. NIELSEN

Chemical Laboratory II (General and Organic
Chemistry), University of Copenhagen,
Copenhagen, Denmark

dditional evidence for the localization of
the infra-red bands due to the dithio- and
diselenocarboxylate ions, —CS, and —CSe,”
(cf. the preceding papers) has been found
by comparison of the infra-red spectra of
potassium ethylxanthate (potassium O-
ethyldithiocarbonate, C,H,0 —~CS —SK)
and the corresponding diselenoxanthate !
(potassium O-ethyldiselenocarbonate,
C,H,0—CSe—8eK). The infra-red spectra
of these two compounds are practically
identical, apart from a strong band at 1055
cm™!, found only in the spectrum of the
sulfur compound, and a strong band at
942 cm™!, found only in the spectrum of the
selenium compound. It seems therefore
rather convincing that these two bands
should be ascribed to the groups —CS,” and
—CRSe,", respectively.
A comparison of the infra-red spectra of
the carboxymethyl esters of ethylxanthoge-

nic acid (C,H,—CS-—-SCH,COOH) and
the corresponding selenium compound
(C,H,0—CSe—SeCH,COOH) similarly

served to localize the bands due to the
groupings —S —SR and —Se —SeR, respec-
tively. Here again a strong band at 1050
cm! is only found in the spectrum of the
sulfur compound, and a strong band at
950 ecm™ is only found in the spectrum of
the selenium compound. Otherwise the
spectra are almost identical.

Finally, the infra-red spectrum of
zine N,N-dimethyldiselenocarbamate 2,
[(CH,),N —CSe —Se},Zn has a strong band
at 878 cm™ corresponding to a strong band
at 981 ecm™ in the spectrum of zinc N,N-di-
methyl dithiocarbamate.

Apart from diselenoxanthates and disele-
nocarbamates, diselenocarboxylates have
hitherto been unknown. We have made
several attempts to prepare esters of
diseleno- or thioseleno-acids by the same
methods which were used to prepare esters
of dithio-acids 3, but in most cases without
success. It was, however, found that zinc
salts of diseleno-acids are formed from
dialkyl- or diarylzincs and carbon diseleni-
de. Whereas, e.g., diethylzinc is almost
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unreactive towards carbon dioxide, it reacts
slowly with carbon disulfide and very
rapidly with carbon diselenide with forma-
tion of the zine salts of dithiopropionic and
diselenopropionic acid, respectively. Some
representative diseleno-acids and their
esters have been prepared in this way.
Furthermore we have prepared some disele-
nocarboxylates from carbon diselenide and
compounds with a reactive methylene
group.

In the infra-red spectra of most dithio-
carboxylates (salts and esters) a strong
band is found near 1000—1100 cm™. A
comparison of these spectra with the
spectra of the corresponding selenium com-
pounds shows that this band must actually
be due to the —CS,” or —CSSR groups.
The corresponding band in the spectra of
the selenium compounds is found near
900 cm™.

The details of this investigation will be
published in a forthcoming paper in this
journal.

1. Grimm, H. G. and Metzger, H. Ber. 69 (1936)
1356.

2. Barnard, D. and Woodbridge, D. T. J.
Chem. Soc. 1961 2922,

3. Jensen, K. A. and Pedersen, C. Acta Chem.
Scand. 15 (1961) 1087.
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Infra-red Spectra of Thioamides
Selenoamides
K. A. JENSEN

Chemical Laboratory II (General and Organic
Chemistry), University of Copenhagen,
Copenhagen, Denmark

n connexion with other studies of thio-

acids and their derivatives we have also
studied the infra-red spectra of a great
number (about 300) of these compounds.
Although this study was made mainly for
practical purposes, ¢.e. to obtain useful
diagnostic information, it also led to infor-
mation on the controversional problem of
the origin of the absorption bands in the
spectra of thioamides (including thioureas,
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thiohydrazides and thiosemicarbazides).
Thus, we have been able to locate various
characteristic bands in the spectra of these
compounds of which each behaves in a
characteristic way when the compounds
are deuterated, S-alkylated or transformed
into metal complexes. Although it may be
extremely difficult to decide from which
molecular vibrations these bands originate,
it is often easy to localize corresponding
bands in various thioamide-compounds.
As a new method we have used the com-
parison of corresponding sulfur and sele-
nium compounds. The pronounced chemi-
cal similarity between sulfur and selenium
is also borne out in the infra-red spectra
of such compounds. Whereas the infra-red
spectra of corresponding oxygen and sulfur
compounds are rather different, so that an
identification of a specific vibration by
comparison between the spectra of sulfur
and oxygen compounds may be very
uncertain, the spectra of analogous sulfur
and selenium compounds are almost identi-
cal, except for the bands due to the sulfur-
and selenium-containing groups. This me-
thod has been used to localize dithiocar-
boxylate and diselenocarboxylate bands
(see the preceding papers) and also to
determine the P=S and P=Se absorp-
tions in phosphine sulfides and phosphine
selenides and the corresponding bands in
arsine sulfides and arsine selenides.
When this method was applied to the
study of thioamides, thiosemicarbazides
and thioureas it was found that the spectra
of the corresponding selenoamides, seleno-
semicarbazides and selenoureas were virtu-
ally identical with the spectra of the thio-
compounds between 1000 cm™ and 3000
cm™t. Thus the absorption bands of corre-
sponding thio- and seleno-compounds ap-
pear at the same place within a few cm™
and in most cases with comparable inten-
sity. Since a vibration which appears in the
spectrum of a selenium compound can ob-
viously not be due to C=S8 vibration the
unavoidable conclusion seems to be that
thioamides do not show a C=S8 vibration
and that all assignments of infra-red bands
to this vibration — inso farasthe thioamides
are concerned — have been erroneous.
Perhaps this is a somewhat academic
remark since it is now generally agreed
that most strong bands in the infra-red
spectra of these compounds contain contri-
butions from several vibrations. Never-
theless, the proponents of the latter view
also assume that the bands of thioamides
contain contributions from a C=S8 vibra-



