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ABSTRACT 

Few organic compounds of selenium are known and, consequently, very little published 
data are available concerning the various vibrations around the se l en i~~m atom. The present 
paper discusses the C=Se vibration in selenosemicarbazones by comparing their infrared 
spectra with those of corresponding Se-benzyl derivatives in which the C=Se group has bee11 
replaced by a C-Se--Bz. On this basis, i t  can be seen that  a band a t  800-780 cm-I in the 
spectra of selenose~nicarbazoiles is absent in the spectra of the benzpl derivatives. This band 
is assigned to the C=Se vibration. 

In recent years, a few organic coinpounds of selenium have been investigated with 
particular emphasis on the localization of the various infrared vibrations around the 
selenium atom, generally by comparison with infrared spectra of analogous sulfur com- 
pounds. For instance, a band a t  942 cm-I was attributed to the CSe2- ion of diseleno- 
carboxylates by comparison with the spectra of dithiocarboxylates which lacked that 
band (I).  In metal complexes of iso- and seleno-cyanates, the C-Se stretching vibration 
was found to be in the regions 650 cin-l for NCSe-, and 550 cm-I for SeCN- (2, 3).  In 
selenoesters of the type Ar-CSeOMe, the region 1 227 - 1 220 cm-l was suggested by 
Collard-Charon and Renson (4) for the C=Se by comparison with the spectra of the 
corresponding thio and oxygen compounds, although these workers point out the great 
similarity between the spectra of sulfur and selenium coinpounds in this class as  well 
as in all the other compounds of selenium and sulfur they have studied. Thus, in n-butyl- 
4-selenosemicarbazides a band a t  1 045 cm-l was assigned to the C 4 e  vibration while 
in the corresponding thio conlpound, a band a t  1 055 cm-l was suggested for the C=S, 
and a t  1 070 cm-l (C=Se) and 1 075 cm-l ( C 4 )  in n-butyl-4-methyl-2-seleno- and 
thio-semicarbazides (5). By the same inethod of comparison, bands a t  1080 cm-I and 
1 082 cnl-l were assigned to the C=S and C 4 e  respectively in thio- and seleno-ureas, 
and a t  1 115 cnl-l (C=S) and 1 110 cm-l ( C 4 e )  in substituted ureas (6). 

In view of the results recently reported froin this laboratory on the localization of the 
C 4  in thiosemicarbazones (7), it seemed appropriate to extend this study to seleno- 
semicarbazones. Because of the great siinilarity between the spectra of thio and seleno 
compounds already mentioned and because this similarity was found to  exist in the case 
of thio- and seleno-semicarbazones, i t  was felt that  the inethod of coinparison could 
lead to very misleading conclusions. Indeed, it was found by Jensen (8) that  the spectra 
of thio- and seleno-amides, ureas, and semicarbazides were so much alike that  i t  was 
impossible to discriminate between the various vibrations. Jensen even argues that  all 
assignments of infrared bands to the C 4  group of thioamides may have been erroneous 
since the same bands appear in spectra of selenoamides. 

The present work describes a number of new selenoseinicarbazones and their infrared 
spectra with particular emphasis on the C 4 e  vibration. Another purpose of this work 
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was to  study the antifungal properties of selenoseinicarbazones and their reaction with 
metals. Such studies were carried out earlier with thiosemicarbazones (7, 9, 10) and a 
relationship was found between antifungal activity and complex forination with copper. 

The selenoseillicarbazones investigated are listed in Table I ,  together with their 
melting points and analyses. The preparation of these compounds is complicated by the 
fact that the required starting material, selenosemicarbazide, is not readily available 
and cannot be obtained by the procedures used for the oxygen and sulfur analogs. Seleno- 
seinicarbazide was obtained accidentally and in low yields during the isoinerization of a 
selenocyanate in the presence of butyraldehyde (11, 12). The  possible methods of pre- 
paration of selenosenlicarbazones were reviewed by Mautner (13) and later by Renson 
et al. (11), who arrived a t  the conclusion that  the best inethod was one involving an 
exchange of carbonyl radicals starting from acetone selenosemicarbazone which can be 
obtained in fair yields. This method was used in the present work. 

TABLE I 

S o .  Carbonyl compoul~ds 1n.p. ('C) Yield (yo) Formulae Required (7,) Found (7,) 

8 Benzaldehyde 166* 

*Literature m.p. 167-168 (12. 17). 

Due to the greater lnass of the selenium atom, the C 4 e  vibration is expected to occur 
a t  somewhat lower frequencies than the C=S. The latter does not give rise to as charac- 
teristic a band as the C=O group due to the coinplication of interaction, particularly 
in the case of thiosernicarbazones where the NH rocking vibrations can interfere; how- 
ever, the C=S vibration was reviewed recently for several compounds by Colthup (14) 
and was found to  be in the range 1 200 - 1 050 cin-l. Furtherinore, in an earlier publica- 
tion, we assigned a band a t  around 1 100 cm-I to this vibration in the case of thiosemi- 
carbazones (7). The region between 1200 and 700 cm-I is, therefore, the logical one for 
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the C=Se vibration to  occur, a t  least in the case of selenoseinicarbazones. This is sub- 
stantiated by the value obtained for v,=,, using Gorcly's rule and the harmonic oscillator 
e q ~ a t i o n . ~  

The method used previously (7) for the localization of the C=S vibration by coin- 
paring spectra of thiosemicarbazones with those of their copper complexes could not be 
used with reliability in the present case because of the difficulty in obtaining the copper 
complexes in sufficient degree of purity. Selenoselllicarbazone-copper colllplexes can be 
prepared bj. the method described in a previous publication (10) but purification of the 
conlplexes, except in a few cases, resulted in partial decolnposition and formation of 
colloidal selenium. However, benzrl derivatives of selenosemicarbazones, in ivhich the 
benzyl radical is bonded to the selenium atom, are convenientlj. prepared and \\-ere found 
suitable for infrared studies, since the required change from C=Se to C-Se-Bz takes 
place. 

Benzyl derivatives were then prepared from the series of selenosemicarbazones listed 
in Table I ,  and the new compounds are shown in Table 11. Bands between 1'200 and 
700 cm-' in the spectra of selenosemicarbazones and their corresponding benzyl deriva- 
tives are sho\vn in Table 111. 

I t  can be seen from Table 111 that  the bands appear with a strilting regularity in the 

TABLE I1 

Ben~~lselenosemicarbazones: R-C=N-S=C-NM? 
I I 

Bz 

No. Carbon1.l compounds m.p. ("C) Yield (%) F o r m ~ ~ l a e  Iiequired ( C / ; )  Found (';;) 
-- 

l a  n-Hep ta~~a l  58 59 C1,1-I?3S3Se C, 55.56 55 .61  
M, 7 . 1 0  6 . 8 8  
X, 12.96 12.119 

8a Benzaldehyde 158 l a  CljM10S3Se C, 56.06 56.83 -- 
H ,  4 . 7 5  4 .71  
N, 13.211 13 25 

2Professor R. it. Zingaro, Agricz~ltz~ral and il/leclzanircil College of Tesas,  reviewed tltis paper, 1-arried ozit 
t l ~ c  calcz~latio~rs, and suggested that they l ~ e  i7tclzLded. Force constants are 2.7 and 5.8 X 105 dy~l/cllz for "isolnted" 
pz~re C-Se b o d  and pzue C=Se b o ~ d  respec t idy .  The  correspo~rding ualues are vc-s, = 685 ciil-', vc-s, 
= 086 CTH-'. 
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'TABLE 111 

Region 1 200 - 700 cm-I for seleno- and benzylseleno-semicarbazones 

1 030111 !)75\v 930111 885w 800w 770111 725111 
1 070w 975w 935, 870w - 765s 725w 
1 0 3 5 ~  
1 045111 'J!)Ow 935\\. 895w 780111 765w 'i25111 
1 0 7 0 ~  98Ow 9 4 . 5 ~  865w - 765s 7 2 5 ~  
I n:<oxv 

1 020w 
1 005w 

!)SOW 
1 015w 

')SOW 
965w 
995, 

1 ooow 
975w 
9SOw 

spectra of seleno- and benzylseleno-semicarbazones. For instance, a band a t  1 103 - 
1 110 c111-~ in the spectra of the seleno compounds is shifted regularly by 13-20 c111-~ in 
the benzyl derivatives while a band a t  1030 - 1 045 cm-I in the former is split into a 
doublet in the spectra of the latter. This regular pattern can be seen throughout the 
spectra. The spectra of selenosemicarbazones consistently sho\\~ a group of two bands, 
of \\real< to medium intensity, a t  800-780 cm-I and a t  773-763 cm-l, while the spectra 
of benz) l derivatives show 0 1 1 1 ~ 7  one band a t  763 cm-l. The band a t  800-780 cm-I is 
therefore assigned to the C=Se vibration. I t  is realized that formation of benzj.1 deriva- 
tives not only replaces a C=Se by a C-Se-Bz, but also results in a change of con- 
figuration from =N-NI-I-C(Se)-XI-I2 to =N-X"\T=C(S~BZ)-NII?; hence, a loss of a 
hydrogen aton1 and replacement of a C-N bond by a C=N bond. The band a t  800- 
780 cm-I (C=Se) in the spectra of selenoisemicarbazones is too lolv to have resulted froin 
a C-N stretching vibration since this is usually found in the 1400 c111-~ region (13) or 
between 1 300 and 1 000 cn1-I in amines (16). I t  could be argued that N-H rocking 
vibration can be found a t  such a lo\v frequency but there remains in the molecules of 
benz~~lselenosei~~icarbazones free NtIr groups, so that any N-M roclting should still be 
detected. The new C=N bond in benz> lseleno compo~~ncls is likely responsible for an 
extra band a t  1 630 cm-I in the spectra. The nenr bancl is a t  somewhat higher frequency 
than that normally associated with the aromatic ring. This \\-as examined more closely 
by comparing the spectra of benzaldehyde selenosemicarbazone \\rith its benzyl deriva- 
tive. The former has a broad band a t  1600 cm-I, probably clue to overlapping of the 
C=N vibration of the benzilidene grouping with the double bond vibrations of the 
aromatic ring, while the benzyl derivative sho\\rs the same pattern a t  1 GOO cnl-' but has 
an extra band a t  1650 cm-l. This band is attributed to the C=N of the selenocarbo- 
hydrazide residue since it is probable that the vibrations associated with the benzyl 
radical \ \ r i l l  overlap \\.it11 those of the benzene ring in the benzaldehyde portion of the 
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molecule. The strong absorption a t  700 cm-l in the spectra of benzylselenosemicarbazones 
may be suggestive of a C-Se stretch but no definite assignment can be made since this 
band may be due to the aromatic ring. Thus, a similar band a t  695 cm-l is present in 
both compounds 8 and 8a (Table 111) which are aromatic, benzaldehyde seleno- and 
benzaldehyde benzylseleno-semicarbazone. 

In the N-H stretching region, the spectra of selenosemicarbazones are identical with 
those of corresponding thiosemicarbazones reported earlier (10); they show three bands 
of medium intensity a t  3 420, 3 280, and 3 180 cm-l. 

I t  should be mentioned that,  although the preparation of selenosemicarbazone-copper 
complexes was not generally satisfactory, some were obtained in a fair degree of purity; 
e.g. dodecanal, m-nitrobenzaldehyde, and decanal selenosemicarbazone - copper (I). As 
with the thiosemicarbazone-copper complexes, the infrared spectra of the seleno-copper 
complexes are not well resolved but it is interesting to note that the band a t  800-780 
cm-I (C=Se) disappears while the one a t  765 cm-l remains. 

The biological properties of selenosemicarbazones will be reported elsewhere but it 
should be mentioned that the compounds were found to be generally more active than 
the corresponding thiosemicarbazones against the two organisms studied, Chaetomiz~m 
globosz~m and Aspergillus niger. Furthermore, the activity of thiosemicarbazones was 
limited to the aliphatic ones, while a number of aromatic selenose~nicarbazones (benzalde- 
hyde and o-hydroxy-, o-chloro-, and 9-methoxy-benzaldehyde selenosen~icarbazones) 
were found to be active a t  10 p.p.m. against C. globosz~m. 

EXPERIMENTAL 
Selenosenzicarbazones 

The method used was described by Huls and Renson (17). The new aliphatic compounds are listed in 
Table I. 

Benzylselenosenzicarbazones 
An alcoholic solution of equivalent amounts of a selenose~nicarbazone (from Table I) and sodium was 

refluxed for 5 min and allowed to cool. An excess (loyo) of benzyl chloride was then added and the resulting 
solution was stirred for 1 h a t  room temperature, followed by a 5 min refluxing period. After cooling, the 
sodium chloride was separated out by filtration and the resulting solution was evaporated to a gum which 
was taken up in benzenehexane (1:1), and passed through a column of silica gel. Benzene eluted a small 
amount of a by-product which was found to be benzyl diselenide (CGH5CH2Se)2; m.p. 89, lit. m.p. 92-93 "C 
(18). 
, - - I .  

Anal. Calcd. for CldH1dSe2: C, 49.41; H ,  4.12. Found: C, 50.08; H ,  4.94. 
The infrared spectrum of this compound supports the diselenide structure instead of the bellzyl seleno!, 

since it shows no band in the region where the Se-H vibration is known to occlir, a t  2 290 - 2 295 cm-l 
in phenyl selenol and 2 300 - 2 315 cm-I for n-butyl selenol (6). Benzene-ether (1:l) eluted the required 
bei~zylselenosemicarbazones, listed in Table 11. 

SelenosemicarbazonateCopper 
Three 1:1 complexes were obtained in a sufficiently pure forin for identification: decanal, dodecanal, 

and nz-nitrobenzaldehyde selenosemicarbazonecopper (I). They were prepared by adding equimolar 
amounts of cupric chloride in ethyl alcohol to a warm solution of the seleilosemicarbazone in the same 
solvent. The mixture turned brown and, after cooling, the precipitated complex was collected by filtration. 
The analyses are given for C, H, N only, since the presence of selenium interferes with the determination 
of copper. 

Decanal selenosemicarbazonato-ropper(I), m.p. 104 "C. Required for C11H22N3SeCu: C, 38.98; H ,  6.50; 
N, 12.40%. Found: C, 36.34; H ,  5.82; N, 12.11770. 

Dodecanal selenosemicarbazonato-copper(I), n1.p. 155 OC. Required for C13H?6N3SeC~: C, 42.6; H, 7.1; 
N, 11.45%. Found: C, 42.86; H, 6.5; N, 11.4y0. 

m-Nitrobenzaldehyde selenosemicarbazonato-copper(I), m.p. 214 "C. Required for CsH7NaOzSeCu: C, 
28.8; H, 2.1; N, 16.8y0. Found: C, 29.2; H, 2.6; N, 17.0y0. 

Infrared Sfiectra 
Infrared spectra were taken on a Perkin-Elmer, Model 21, Double-Beam spectrophotoilleter using 

KBr pellets. 
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