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Organic Selenium Compounds

XVIL* Reactions of Carbon Diselenide with
Active Methylene Compounds
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The H. C. Qrsted Institute, DK-2100 Copenhagen, Denmark

The reactions of carbon diselenide with active methylene com-
pounds have been studied in order to compare the corresponding
sulfur and selenium compounds. The primary products, the 1,1-
deselenolates, have been transformed into Se,Se’-dialkyl derivatives
(Table 1), diselenolans (Table 2), and diselenans (Table 3). A com-
parison of the infrared spectra of corresponding sulfur and selenium
compounds allows an assignment of absorptions to which C—S8e
stretching vibrations contribute.

In 1963 — 64 we started an investigation of the reactions between carbon
diselenide and active methylene compounds. The attempts to prepare
defined selenium compounds met with success only in the case of malono-
nitrile, and, after numerous unsuccessful attempts to prepare selenium deriv-
atives from other active methylene compounds, we decided to study this type
of reaction in more detail, using the more accessible carbon disulfide for the
pilot experiments. This work has resulted in a rather extensive paper ! on the
reactions of carbon disulfide with active methylene compounds, and this
should be consulted for a comparison with the results with carbon diselenide
described in this paper.

On the basis of our experiences with the sulfur compounds we were, in
most cases, able to prepare the analogous selenium compounds. Thus, CH-
acidic compounds covering the pK-range 8 —ca. 20, viz. malonic esters, ethyl
cyanoacetate, malononitrile, ethyl acetoacetate, benzyl cyanide, acetophenone,
3-methyl-1-phenyl-5-pyrazolone, and fluorene could be transformed into
1,1-diselenolates which subsequently, by reactions with alkyl halides, were
transformed into 1,1-bis(alkylseleno)methylene compounds or, with 1I,2-
dibromoethane and 1,3-dibromopropane, into 1,3-diselenolans and 1,3-
diselenans, respectively. As in the case of the sulfur compounds, cyanamide

* Part XVI: Acta Chem. Scand. 24 (1970) 2065.
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3214 JENSEN AND HENRIKSEN

closely resembled the CH-acidic compounds in its reactivity. The reaction with
carbon diselenide gave rise to cyanimidodiselenocarbonates.

The conditions for carrying out reactions with carbon diselenide are more
critical than for the analogous reactions with carbon disulfide, and the crucial
point is the choice of both the solvent and the base. The following conclusions
concerning solvent-base systems are based upon the observations that carbon
diselenide is more reactive and correspondingly less selective towards bases
than carbon disulfide. The 1,1-diselenolates and their Se-alkylated derivatives
also show an increased sensitivity towards bases compared to their respective
sulfur analogues.

The use of hydroxylic solvents is limited to the preparations of the strongly
stabilized 1,1-diselenolates. In these cases the methylene compound, e.g.
malononitrile, is sufficiently acidic to ensure a very low concentration of the
lyate ion. At the same time the diselenolate is almost non-basic. In aprotic
solvents the nature of the base has a marked influence. The soluble base
sodium 2-methyl-2-butanolate may be used in nonpolar solvents, e.g. ether
or toluene, at low temperature only when the methylene compound is suffi-
ciently acidic to ensure a virtually complete consumption of this base prior to
the addition of carbon diselenide. Sodium hydride effectively converts even
very weak CH-acids into carbanions and has, at the same time, a very low
reactivity towards carbon diselenide. This base is therefore well suited for
these reactions. However, the reaction of sodium hydride with CH-acids is,
except when these are rather strong (pK < 12), very slow in non-polar solvents.
Addition of a cation solvating component, e.g. di(2-methoxyethyl) ether
(diglyme), gives satisfactory reaction rates, and such a system may be used for
the reactions. However, in accordance with the results obtained with carbon
disulfide, the best results were obtained in dipolar aprotic solvents. Of these
we preferred dimethyl sulfoxide (DMSO) as the reaction medium. A few
experiments, carried out in hexamethyl phosphoric triamide (HMP), gave
results similar to those obtained in DMSO, indicating that this solvent might
equally well be used. Dimethyl formamide (DMF) was discarded as a solvent
for these reactions because it was found, in the investigation of the reactions
with carbon disulfide, that DMF in the presence of sodium hydride reacted to
give N,N,-dimethyldithiocarbamates. However, DMF could often be used with
advantage as a solvent for pre-prepared diselenolates. DMSO is not an ideal
solvent either, because its melting point (18°C) precludes its use at low tem-
perature.

In most cases the expected selenium compounds could be isolated, but the
yields were generally lower than for the analogous sulfur compounds and in
some cases extremely low (see Tables 1 —3); part of the reason for this is that
the reaction products are often difficult to purify. However, although the use
of chromatographic separation methods gave definitely improved yields of the
pure materials, these were still considerably lower than those of the sulfur
analogues. Therefore, the main reason is that with the increased reactivity
of carbon diselenide, as well as the 1,1-diselenolates and their Se-alkylated
derivatives, side processes become more predominant in all stages of the
reaction. It should be pointed out that apart from the higher reactivity towards
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bases the Se,Se’-dialkylated products exhibit a stability comparable to that
of the sulfur compounds.

Some of the by-products have been identified. Thus, in the reaction be-
tween the anion of dimethyl malonate with carbon diselenide a diselenetan
(XXXITIT) has repeatedly been isolated, sometimes in comparatively good
yield (22 9%,). The formation of this type of compound may occur either by
elimination of selenide ions from the diselenolate or by addition of a diselenolate
group to an electrophilic species followed by elimination.

Se

MeO,C_ ,COMe

7
c=c/ c=c
Me0,c” s’ “coMe

N\

XXX111

Products, which apparently also contain a diselenetan, have been isolated
from the reaction with acetophenone, but their selenium content has been
higher than that corresponding to two selenium atoms, and in one case it
corresponded practically to three atoms. This indicates that a triselenolan
(XXXIV) may also be formed. This would involve an oxidation of the disel-
enolate ion, followed by elimination of a selenide ion. This seems quite possible,
because redox reactions between different selenium compounds, formed during
a reaction with carbon diselenide, have also been found to occur in other cases;
these reactions are now being studied in more detail. So far, however, it has
not been possible to isolate a triselenolan in the pure state.

-Se

e
CeHsCOCH=2\S _C=CHCOC¢Hs
e

XXXIV

Triselenocarbonates constitute another interesting type of by-product.
The mechanism of the formation of these compounds is still unclear and they
may be formed in the absence of an active methylene compound. In the
experiments described here these compounds have only been formed in minor
amounts but, by a change of the reaction conditions, they may be formed as
the main products.2

Furthermore, undefined, probably high-polymeric, substances are formed
in many of the reactions. Elementary selenium, on the other hand, has only
been encountered in a few cases, notably under conditions when hydrolysis
with the formation of hydrogen selenide is possible; therefore it is probably
formed by oxidation of this compound. Another reason for the low yields may
be the elimination of selenide ions which are subsequently alkylated; when
benzyl chloride was used as the alkylating agent dibenzyl diselenide has
consistently been isolated as a by-product.

Some of the preparations were performed in a nitrogen atmosphere as well
as in an open vessel. No definite improvement was obtained by the exclusion
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of oxygen. This, as well as the fact that the selenolates are stable in DMSO
solution, indicates that these compounds are not easily oxidized. However,
a nitrogen atmosphere is, in some cases, needed in order to exclude moisture.

- In the sulfur series 1,3-dithiolanols, 1,3-dithiolanones, and 1,3-dithianones
-were obtained by reactions of 1,1-dithiolates with «-haloaldehydes, «-halo-
carboxylic acids, and «-haloketones. With progargyl bromide either a 4-
methylene-1,3-dithiolan or the isomeric 4-methyl-1,3-dithiole could be ob-
tained. Dithiolanols could be transformed into dithioles, and dithiolanones
into thiophene or thiazole derivatives (for details see Ref. 1). In the present
investigation the main efforts were directed towards the determination of the
reaction conditions giving optimal yields of the 1,1-diselenolates and their
derivatives. Therefore, our attention was focused upon the standard deriva-
tives listed in Tables 1 — 3. The preparations of a 1,3-diselenolan-4-ol (XXXVI)
and a 1,3-diselenan-5-one (XXXYV) in satisfactory yields serve, however, as
examples to indicate that it is, in principle, possible to prepare such compounds.
.Therefore the experiments in this direction are being continued, especially
with a view to the potential formation of selenophenes and selenazoles, and the
study of cis,trans-isomeric forms.

NC \c C'Se>=
= 0]
NeT Se

XXXV
c""’\c=c/5'~cuou

Ne©  se-CH:

XXXV1

INFRARED SPECTRA

‘A comparison of the infrared spectra of the selenium compounds described
here with those of the corresponding sulfur compounds?! allows an identifica-
tion of infrared absorption bands which are due, more or less, to vibrations

~of sulfur- and selenium containing groups.

The very strong bands ascribed ! mainly to the C=C or C=N double bond

‘are found at essentially the same wavenumbers in the spectra of corresponding
sulfur and selenium compounds, i.e. with a few exceptions between 1440 and
1530 cm™. The derivatives of ethyl acetoacetate absorb at lower wavenumbers
A(ca. 1400 cm™) and for the ionic salts of 1,1-dithiols and 1,1-diselenols this
band is found near 1300 em™. It often occurs at 5 — 10 cm lower wavenumbers
for the selenium compounds than for the corresponding sulfur compounds;
‘however, for the ionic diselenolates it is found at higher wavenumbers (cf.
Table 4).

In the case of the selenium compounds the bands due to CN or CO groups
are, if at all, usually only shifted a few cm™ towards lower frequencies. How-

Acta Chem. Scand. 24 (1970) No. 9



3217

ORGANIC SELENIUM COMPOUNDS XVII

9FP N ‘29°€H €6'TF O +'9[8D
09'% N ‘98'€ H ‘6L°1% D :punog %€—63 Lg fogN'TH'TO ‘H°(ND)O=0%es*HD) | ITA
SLON ‘L€ H 26190 o18) _ .
L9'9 N ‘L¥'€ H f00'29 O :punog 08—6L og fog®N"TH®D H(NOID=D%eS*HO *H®D) | IA
0869 S ‘633 H ‘08°L3D :o1ed .
07'69 8 *02'¢ H $¥°Lg O ‘punog 39—19 | L *o8°N*H"D HNO)=0%es"HD) | A
80°FE 8 ‘ZO'E N ‘€T'F H ‘98°1¢D o[8D
09'¥%€ o8 $2'¢ N ‘L8’ H ‘36'1¢ O ‘punog 0IT—601 | 83 |%S*ON*'H®D (CH*0%00) (ND)D=D%eS*HOH*)) | AT
9L°02 ©8 ‘09°F N ‘99°¢ H ‘680D :o[eD
9L°09 ©F ‘09'F N ‘€9°€ H 96°0¢ D ‘punoyq PL—3L 91 | *es*ON''H®D THEOF00(ND)D =0%es*HD) | IIT
L€ 08 SI'FPH ‘18°6% D  o18D
89'2¢ o8 ‘88’7 H ‘16'6% O :punog e8—18 ¥ og’0*H D $(*HO00)0=D%eS*HO H)) | IT
8LV o8 ‘99°¢ H ‘11630 o[8D
8€'L¥ ©F ‘98°¢ H ‘03'63 D ‘punoj 6L—8L 54 %80 H*D **HO*00)0=D%eS°HD) | I
% % .
sesArBuy . m.og Pt |ULIOJ 9 oN

"S[OUO[OSIP- ‘[ JO SOAIBALIOP [AX[BIQ-,2828 T 2190

Acta Chem. Scand. 24 (1970) No. 9



JENSEN AND HENRIKSEN

3218

PI'LN ‘LGS H ‘86'8% D  :0o[8D
€2°L N 69°S H ‘€6'S% O :punog 98—¢8 gg %g* N"'H"D NO—N=0%es*HO*H™)) | AX
L9'TT N 9C'3 H 00080 918D
99°11 N ‘99° H 96°61 O ‘punog e —2¥ 6¢ %8 N*H"D NO—N=0D%eS*HD) | AIX
gT'0g ©8 F€'9 N 03'F H ‘93°'L9 D o[8D | (so[peeu) 931 —g31 mxﬁ/z <
8¢°0€ °8 ‘8¢9 N ‘$9'F H ‘v'L9 O punog | (sogerd) ce1—%81 | 8¢ | *0SO°N**HD ,__Mvnufmfumzwe IIIX
tHD
89°0€ o8 ‘62F H ‘€1'09 0 918D
$9°0¢ o8 ‘69'F H ‘06'%9 O :punog 111—601 | 83 RIS = ) *HD=0%es*HO H")) | IIX
9g'e¥ of ‘L8'€ H ‘GL'3ID 98D (ouoprifuex
0°E¥ o8 76'¢ H ‘09°39 O ‘Pumog 96—96 | €I *eg"H""0 -ong-6:*H""D) *H'0=0%(e8"HO) | IX
09'8¢ oS ‘6%'F H ‘6L'8GD  :O[BD . . .
6¥'8¢ o8 ‘09'F H ‘LL'89 D :punog 98T —¥81 | 9% %e80"H**D (CH*000)/HO=0%Ces"HO’H"D) | X
36'38 °8 89V H ‘09°'220 918D
86°3€ °8 ‘99°% H ‘0639 O punog L6—26 11 St 0% H"D |(*H®0"00) (*HO0D)0=0%es*HD 'H")) | XI
00'€ N ‘OT'F H ‘I1'690 :9180 .
91'¢ N 28’7 H ‘93'69 O ‘punog LL—QL 09 *egN*"H®D *H(NO)ID=0%es*HO'H'O) | IIIA
sesAreuy Do % ULIO, ‘0
0 petx | SIUmod q N

‘panunuo) I 3190,

Acta Chem. Scand. 24 (1970) No. 9



3219

ORGANIC SELENIUM COMPOUNDS XVII

LTI N ‘89°'T H ‘L1080 o[eD
PS'IT N ‘8L°T H ‘8908 D :Punoq | g08—08 3g 1t %' N"H'D NO—N= AIXX
09V o8 $EE H ‘60'€C D 08D
€9°¢% ©8 ‘0€'¢ H ‘06'29 D ‘PUnoq | $Z1—E3L 11 Tog*TH""D ouepIAuaion| -6 IIIXX
[T} Y
e €y e o1 o, H*D
99°gv o8 ‘LO'L N ‘L3¢ H ‘81390 oD SN
00°8% o8 38'L N ‘0L'€ H 69'2F D :punog | 913—%Ig 91 'S0 N*'H®D b/ IXX
‘ NS
€709 08 ‘LFP N ‘063 H 03'3vD :o[8D .
LT'09 8 ‘IL'F N ‘P6'3 H ‘60'3% O ‘punog SL—1L 0g fegN*H"'D (*E%) (ND)D= IXX
gP'8¥ o8 ‘IL'CH ‘ST'8ED orB) .
09°'8¥ o8 ‘69°¢ H ‘€¢'¢€ O ‘punog 3L—OL 31 *agt 0 HO (*E*0%00) (*HO0D)D= XX
0209 °8 P9I H ‘€9'LZO  :o[8D N
9¥'09 o8 ‘19'T H ‘QL°L3 O PUnog | 903—903 ¥ Sog"N"H’D HNDD= XIX
68°F¥ o8 ‘66'¢ H ‘GL'€ED o8 . b0t
£E°P¥ o8 06°¢ H ‘0°FE O pPunog | 909—09 01 tag’0"'H""D YTHD®00)D= IIIAX
gI'8¥ ©8 ‘30'S H 63630 018D ’oTens
%6°L¥ ©F ‘83°¢ H ‘19°63 O punog | €0I—101 £e %80 H®D H*HO'0D)D= IIAX
9P N 962 H 60'I1€D  o1ed et tert .
19% N ‘90'€ H ‘I#'1€ 0D punoq | EII—1I1 9¢ 13 oS’ ON°H’D (*H%*%00) (ND)D= IAX
0 ANAd | OSHA
sesA[suy dw % ‘POIA B[OUWLIO aq ‘ON

2S
‘euBYjeOUIOIqIP-g‘] PuB seysjouejestp woxy peaderd ‘¥ u.m§~on£om_ﬂ.m.~ ‘2 2190.L
)

Acta Chem. Scand. 24 (1970) No. 9



JENSEN AND HENRIKSEN

3220

SUTIN OF'3 H ‘€8'€830 018D

30'11 N ‘6%'¢ H ‘08'62 D ‘punojg 931—831 44 93 *os* N*H'D NO—N= IIXXX
86'1¥ o8 ‘GL'€ H ‘L3FID o1
€Igy o8 ‘IL'€ H 01'F9 D :punog 6¥1—S8¥1 g *ag"H "D oueprAuaionii-¢ IXXX

SH%D 2
83°LN ‘S9°C H ‘QL'€F D :o[8D SN
LT'L N ‘8L°€ H ‘g8°8¥% O :punog L8T—981 8¢ feg0°*N"'H''D ,__ XXX
€D

82% N 6€'€H ‘C0%9P 0 o8

8% N 39°¢ H ‘%0°'%% O :punog I11—011 81 [ 2 *ogN"TH®'D (*E*0) (NO)D= XIXX
V9 o8 ‘9T H ‘1€'96D 918D
Z¥9% o8 $6°'¢ H L¥°9€ D punoq 9L—GL 01 REIN 0 e = e (CE*%00) CHO0D)D= IIIAXX
023°L2 98 ‘61'3 H ‘9¥0€D 08D
L6°99 o8 ‘193 H ‘€908 D :punog 391 —1¢81 12 oS N°H*D HND)D= IIAXX
12°9% o8 ‘IS¢ H 89°1€0 9180
£€9'9% o8 (L0°¢ H 9L°'1€ D ‘punog 19—6¢ 3¢ %80 HD H*HD®0D)D= IAXX

€CP N FPEH ‘99’860  :'orE)

82'% N ‘6%'¢ H ‘6¥%'¢¢ O :punog 801 —L0T o¥ gt *og*ON'"H"0 (CE*00) (ND)D= AXX

9% JIWd | OSHA
sesA[euy d'w % PIOIX BMULIOY 9 ‘ON

S
‘ouedoadowroaqrp-g‘1 pue sejejousiestp wolj persdead .mnwmuv ‘sumsue[esI(I-¢‘T ¢ 2190.[

Acta Chem. Scand. 24 (1970) No. 9



ORGANIC SELENIUM COMPOUNDS XVII 3221

ever, the derivatives of ethyl acetoacetate form an exception: Compound
XX has the C=0 bands at 1670 cm™ (s) and 1620 ecm™ (vs), whereas, for the
corresponding sulfur compound,! they are at 1704 cm™ (vs) and 1630 cm™ (s).
Any gross structural difference between XX and its thio analogue is precluded
by the YH NMR spectra of these two compounds. The following = values
(in CDCl,) have been found for corresponding groups in these two compounds:
5.62, 5.63 (0—CH,); 6.57, 6.66 (X—CH,—CH,—X); 7.52, 7.57 (COCH,);
8.61, 8.63 (C— CH,).

- =, In the 1300—1000 cm™ range there are somewhat greater differences be-
t¥en the spectra of corresponding sulfur and selenium compounds. However,
the patterns of the spectra are not changed, i.e. the sequence of strong and
weak bands, and shoulders are on the whole unchanged. That sulfur and sele-
nium influence the symmetric deformation frequency of an attached CH,
group is evident from a comparison of the spectra of the simpler CH, —S and
CH;—Se compounds (i.e. those without ester groups or aromatic groups).
As would be expected from both the influence of electronegativity ® and the
reported infrared spectra of dimethyl sulfide and selenide,* the CH; group
attached to selenium absorbs at a somewhat lower frequency than when attached
to sulfur. Similar differences are found for the CH, deformation frequencies
of the five- and six-membered ring systems.

Below 1000 cm™ there is a conspicuous change in the pattern of the infra-
red spectrum when sulfur is exchanged by selenium, because some bands are
shifted considerably, while others remain in essentially the same place. The
ionic salts exhibit two strong bands in the 800 — 1000 cm range; these bands
can also often be recognized in the spectra of derivatives of the dithiolates
and diselenolates. In the spectra of the methyl derivatives (CH;X),C=C(CN),
and (CH X),C=N—CN, these bands occur with the same intensity as, and
at similar wavenumbers to, the corresponding bands in the spectra of the ionic
salts (cf. Table 4). Two additional, weaker bands in this region can easily be
identified as rocking frequencies of the CH, group (cf. Ref. 4).

In our paper on 1,1-dithiolates,! we tentatively correlated the two above-
mentioned bands with the =CS, group. This hypothesis has, however, to be
modified in light of the results on the corresponding selenium compounds,
only one of these bands showing a major shift when sulfur is substituted by
selenium. For (KS),C = (CN),, the 960 cm™ band is shifted ca. 100 cm™ towards
lower frequencies and the assignment of it to the asymmetrical CSS stretching
vibration is, therefore, undoubtedly correct. The 870 cm™ band, on the other
hand, is subjected only to a minor shift by the substitution. On the basis of the
following arguments, it seems very plausible that this band should be correlated
with the =C(CN), group and is, in fact, due to the symmetrical stretching
vibration of the C—C—C grouping. This band has counterparts at approxi-
mately the same frequencies in the spectra of alkylidenemalononitriles (ethoxy-
methylenemalononitrile and isopropylidenemalononitrile) which do not possess
sulfur- or selenium containing groups. It was found to be absent in the spectrum
of 1,1-bis(methylthio)-ethylene, (CH;S),C = CH,, having the ethylenedithiolate
but not the C—C— C grouping.

The derivatives of both (HS),C=C(CN), and (HSe),(C=C(CN), have two
further, rather intense bands around 1200 em™ and 600 cm!. These bands

Acta Chem. Scand. 24 (1970) No. 9
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Table 4. Comparison of infrared spectra of alkali metal dithiolates and diselenolates, and their methyl

derivatives.

‘Wavenumbers (cm™?)

Assignments
(K8);C=C(CN)H,0 | (KSe);C=C(CN), | (MeS),C=C(CN), | (MeSe),C=C(CN),
2195 vs 2210 vs 2215 vs 2215 vs (C=N)
2180 vs 2190 vs 2195 8 2205 vs vib=
1320 vs 1360 vs 1450 vs 1445 vs »(C=0)
1420 s 1415 m J4s(CH,)
1326 m 1282 m
1318 m 1276 m 95(CH,)
C a
1237 m 1211 m 1212 m 1196 m vu(=0< )
c
982 m 930 w
960 m 920 m e(CH,)
930 m 910 s /X
960 s 846 s 921 m 817 m v”(=C )
\x,
. a
870 m 830 m 870 s 853 m v5(=c<c)
C
707 vw 588 vw »(X—0)
C a
620 m 605 m 610 m 605 m ® (=c< )
c
X
507 m 466 m 476 m 448 vw w (C=C\ )
490 m 457 m 430 m X

(K8),C=N—CN

(K8e),C=N—CN

(MeS),C=N—CN

(MeSe),C=N—CN

21560 vs
1315 vs

1035 s

980 s

596 w

560 w
520 w

2156 vs
1360 vs

1016 m
1000 m

870 vs

572 w

505 w

2185 vs
1480 vs
1420 m
1310 m
1040 s

1020 s
960 m

945 s
7156 w
562 m

506 w

2180 vs
1480 vs
1420 m
1276 w
12656 m
1005 s

938 m
917 m

878 s
615 vw
550 m

468 w

% These bands have counterparts in the spectra of ethoxymethylenemalononitrile (1226, 884, and
600 cm™!) and isopropylidenemalononitrile (1170, 890, and 625 cm™).
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also have counterparts in the reference substances ethoxymethylenemalono-
nitrile and isopropylidenemalononitrile, and are therefore assigned to the
=C(CN), group. This is also in agreement with the presence of similar bands
in the spectra of tri- and tetracyanoethylene.%8

For (KS),C=N-CN the 980 cm™ band is again shifted by ca. 100 cm?
towards lower frequencies on substituting sulfur by selenium, whereas the
1035 cm™ band is almost unchanged. It seems very plausible that the latter
band should be assigned to the stretching vibration of the N — (CN) bond.

Both the sulfur and selenium compounds usually exhibit one or two weak
bands in the 400— 550 cm™ region; in the spectra of the selenium compounds
they occur at wavenumbers ca. 40 em™ lower than in the spectra of the corre-
sponding sulfur compounds. It seems probable, therefore, that these bands
should be assigned to vibrations of the =CX, group.

An interpretation of the absorptions below 1400 cm™ in terms of group
frequencies seems to be a reasonable approximation only for the spectra
of the simplest compounds, ¢.e. the salts and methyl derivatives of
(HX),C=C(CN), and (HX),C=N~CN, where X =8 or Se. Table 4 contains
our tentative interpretations, derived using this concept, of the spectra of
these compounds. A more detailed spectroscopic investigation of these com-
pounds is in progress.

According to the concept of group frequencies, the =C(—X~-C’), group
should give rise to four stretching vibrations, »iz. the antisymmetric and
symmetric combinations of the C—X and X —C’ stretching vibrations, re-
spectively. The latter pair may give rise to only one absorption because of
very small coupling. In the case of the methyl derivatives given in Table 4,
only two vibrations could be identified which were highly sensitive to exchange
of sulfur by selenium. With increasing complexity of the molecules, the assign-
ment of any single absorption to these vibrations become increasingly difficult.
The asymmetric vibration of the CX, group gives rise to absorptions in the
same frequency region as the CH rocking vibrations, which also show a pro-
nounced shift towards lower wavenumbers when sulfur is exchanged by selenium.
Furthermore, it must be expected that various degrees of coupling between
these two types of vibration occur in the spectra of most of the compounds.
The X —C' stretching vibrations give rise to only weak absorptions, which
are difficult to recognize except when the spectrum contains stronger neigh-
bouring absorptions, ¢.e. in those cases when the degree of C—X character
in each absorption is the most uncertain.

However, for many of the compounds a few absorptions which are
conspicuously sensitive to the selenium-sulfur interchange can still be
recognized. These absorptions are assumed to have substantial contributions
from C—X vibrations. A list of such absorptions is presented in Table 5 and
interpreted in accordance with the assignments given in Table 4.

In our paper on the corresponding sulfur compounds,! we assigned one
or two bands, near 740 cm™ and 780 cm™, respectively, to the S —C(alkyl)
vibration. The latter band, however, often remains almost unchanged when
sulfur is substituted by selenium and therefore cannot be due to this vibration.
The first band is shifted 20 — 50 cm™ towards lower frequencies by the exchange
and therefore probably contains some contribution from an S—C vibration.

Acta Chem. Scand. 24 (1970) No. 9
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Table 5. Infrared bands (cm™) of 1,1-diselenol derivatives and their sulfur analogues (designated
by (8)), showing a major shift on substitution of sulfur with selenium. Tentative assignments:

X X
A,vu(=c/ ) B, »(X—0C). C, (=c< )

\Xx X
Compound no. A B (o]

X1V 878 vs 615 vw 468 w

XIV (8S) 945 vs 716w 5056 m

Xv 880 s 600 w 452 w

XV (S) i 980 vs 715 m 509 w

XXIV 887 vs 595 vw 471l m
XXIV (8) 986 s 676 w 507 m, 514 w

XXXII 895 vs 570 vw 468 w
XXXII(S) 995 s 680 w 510 w, 500 w

\' 817m 588 vw 430 m

V (8) 921 m 707 vw 480 m

XIX 822 m 590 w 428 m

XIX (S) 950 s 6756 m 498 m

XXVII 822 m 560 vw 428 m

XXVII (8) 965 s 690 w 498 m

I 830 w 600 w, 590 w 440 w

I(S) 890 m 710 w, 700 w 480 w

II 830 w 600 w 430 w

II (S) 890 m 660 m 470 w

IIT 8356 m 560 vw 436w

III (S) 910 m 685 vw 490 w

v 800 w 615 m 445w

IV (S) 905 m 737s 495 w

XVI 810 w 562 w 445 w

XVI (8) 920 s 676 w 500 w

XXV 85656 m 455 w

XXV (8) 916 m 495 w
XXIX 840 m 464 w, 434 w
XXIX (8) 930 m 485w, 474 w

XX 895 m, 810 w, 790 w 5656 w, sh 495 w

XX (8) 916 s, 870 w, 688 w 520
833 m, 867 m

A weak band near 700 cm™ in the spectra of the sulfur compounds, which is
shifted to ca. 600 em™ in the spectra of the selenium compounds, is probably
due to the S—C’ stretching vibration and not to the symmetric vibration
of the CS, group, since it is absent from the spectra of the ionic dithiolates
and selenolates.

The absorptions which are due mainly to C—X stretching vibrations are
usually shifted ca. 100 cm™ towards lower wavenumbers when sulfur is ex-
changed by selenium. In some cases (see, for example, compound XX, Table 5)
none of the bands exhibits a shift of this magnitude, but a great number of
bands show a minor shift, i.e. extensive coupling of the C—X vibrations
with a number of other vibrations occurs.

When the compounds contain aromatic substituents, the spectra of corre-
sponding sulfur and selenium compounds become so similar that the bands
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to which C—S or C—Se vibrations contribute usually cannot be identified.
This applies especially to the derivatives of fluorene and acetophenone. For
the S- and Se-benzyl derivatives most of the bands due to the benzyl group
could be eliminated by comparing the spectra with those of dibenzyl sulfide
and selenide, so that a plausible assignment could also be made for some of
these compounds (see compounds II, IV, and XV, Table 5).

EXPERIMENTAL

Carbon diselenide was prepared from methylene chloride and selenium at elevated
temperature, essentially as described by Ives ef al.” and Treiber et al.® but, however, with
some technical improvements which will be described in a forthcoming publication.

The analyses were carried out in the Microanalysis Department of this Laboratory
(Chief Analyst Preben Hansen). The selenium determinations were performed by a modi-
fication of the combustion method ® in which the selenium was collected as selenium
dioxide and determined by iodometric titration.

Melting points were determined on a Kofler melting point microscope and are un-
corrected.

The infrared spectra were recorded, using KBr discs, on a Perkin Elmer Model 337
grating spectrophotometer.

Preparation of alkali metal diselenolates

Diselenolates were prepared from cyanamide, and the following active methylene
compounds: ethyl cyanoacetate, dimethyl malonate, diethyl malonate, malononitrile,
ethyl acetoacetate, acetophenone, benzyl cyanide, fluorene, and 3-methyl-1-phenyl-5-
pyrazolone.

The diselenolates derived from malononitrile and cyanamide could be obtained as ap-
proximately pure solid salts, and were usually used as such, dissolved in dimethylform-
amide, for the preparation of derivatives. The other diselenolates were prepared as
solutions in dimethyl sulfoxide (DMSO) or dimethylformamide (DMF).

Potasstum 2,2-dicyanoethylene-1,1-diselenolate, (NC),C=C(8SeK ),. Carbon diselenide
(1.70 g) was added with stirring at —10°C, in an N, atmosphere, to a solution of
malononitrile (0.62 g) in 10 ml of 1 M potassium ethanolate in ags. ethanol. After 8 min
another 10 ml of 1 M potassium ethanolate was added. After 8 min the red-brown reaction
mixture was poured into 500 ml of dry ether. After standing for 1 h in a refrigerator the
orange-coloured salt which had separated was filtered off under nitrogen, washed with
ether and dried in a desiccator. Yield 2.98 g (96 9). (Found: C 15.01; H 0.0; Se 50.30.
Cale. for C,K;N,Se,: C 15.39; Se 50.60.) The preparation has also been carried out with
KOH in aqueous dioxan with a similar yield (95 9%).

Potassium cyanimidodiselenocarbonate, NC—N=C(SeK),. Carbon diselenide (25
mmol in 10 m! of dioxan) was added with stirring and cooling at 0°C in a nitrogen at-
“ mosphere to a solution of cyanamide (25 mmol) in 10 ml of dioxan 4 5 ml of ethanol,
to which 25 mmol of potassium hydroxide dissolved in 2 ml of water had been added.
After the addition of the CSe,-solution an additional portion of 25 mmol KOH was
added. On addition of ethanol (100 ml) a yellow solid separated. An additional crop was
obtained by addition of ether; 1t was purified by dissolution in 2.5 ml of water and pre-
cipitation with ethanol. Total yield 60 %. (Found: C 8.41; N 9.33. Calec. for C,K,N,Se,:
C 8.34; N 9.72.

DMSO-solutzons of diselenolates. Sodium hydride (16 mmol, freed from oil by extrac-
tion with pentane and then ether) was added to a solution of the active methylene com-
pound (8 mmol) in DMSO (60 ml) at ca. 15°C. When the hydrogen evolution had stopped
(ca. 10 min), carbon diselenide (8 mmol) was added dropwise over a period of 15 min.
The solution was usually dark brown; however, in. the case of malonic esters, it was green.

DMPF-solutions of diselenolates. a) A solution of the active methylene compound (20
mmol) in DMF (50 ml) was cooled at —50°C, and a solution of sodium 2-methyl-2-bu-
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tanolate (20 mmol) in benzene (25 ml) was added. A solution of carbon diselenide (10
mmol) in benzene (10 ml) was added dropwise with stirring over a period of 30 min.
Alternatively the methylene compound was added to a solution of sodium 2-methyl-2-
butanolate in ether-benzene at — 50°C, carbon diselenide was added, and the solution was
heated slowly to —20°C and kept at this temperature for 1 h. Dimethylformamide was
added to dissolve the red precipitate.

This method was used to prepare derivatives of dimethyl and diethyl malonate, but
in other cases it gave much lower yields than the DMSO method.

Use of the weaker base sodium hydroxide gave positive results only with the more
pronouncedly acid methylene compounds, such as ethyl acetoacetate and benzyl cyanide,
and the yields of the derivatives were extremely low (~1 9%).

b) The following procedure has been used to prepare derivatives of ethyl cyanoacetate
in fair yields. A solution of ethyl cyanoacetate (20 mmol) in dioxan (30 ml) was stirred
with pulverized KOH (20 mmol) for 15 min. Carbon diselenide (10 mmol) dissolved in
dioxan (30 ml) was added at room temperature over a period of 10 min. The reaction
mixture was diluted with ether (200 m{)) and the brick-red precipitate was filtered off.
This material was immediately dissolved in DMF for alkylation.

Preparation of derivatives of the diselenolates

The general procedure is to add the equivalent amount of the halogen compound
(methyl 1odide, benzyl chloride or bromide, 1,2-dibromoethane, 1,3-dibromopropane) to
the solution of the diselenolate in DMSO or DMF. The green colour of the DMSO-solutions
of the diselenolates derived from dialkyl malonates turned red after addition of the
halogen compounds. The solution was left at room temperature for several hours (1—24 h)
and then poured into water and generally extracted with petroleum ether, ether or chloro-
form (in some cases the products crystallized from the aqueous solution). It was found to
be advantageous to use the least fpolaw solvent able to dissolve the desired product in
order to minimize the amount of by-products in the extract. The dried solution was
filtered through a short column of aluminium oxide and the solvent removed in vacuo.
The crude products are usually brownish to orange-coloured and, although not very
impure according to their melting points, required tedious recrystallizations in order to
remove strongly coloured impurities. It was found convenient to use consecutive re-
crystallizations from alternating polar and non-polar solvents. The best suited solvents
were the nonpolar solvents heptane (hexane for lower-melting compounds) or toluene,
and the polar solvent methanol-water (or ethanol for the less soluble fluorene derivatives).

However, even by the use of alternating polar and nonpolar solvents it is difficult
to obtain a satisfactory purification without great loss of material. In more recent prepara-
tions we have found the use of short aluminium oxide columns well suited for the purifica-
tion of the products. An amount of adsorbent which will just retain the desired product
is suf;‘icient to effect a satisfactory separation. Thin layer chromatography was found less
suited.

The procedure is illustrated by the following example. The reaction mixture from
sodium hydride (10 mmol), benzyl cyanide (5 mmol), carbon diselenide (5 mmol), and
benzyl bromide (10 mmol) in DMSO-ether was diluted with water and extracted with
ether. The residue (2.15 g) from the dried ether extract was extracted with boiling hexane
(3 X 30 ml). The hot hexane extracts were filtered through a glass filter funnel on which
was placed a 5 mm layer of basic aluminium oxide (5 g) (Woelm, activity grade 1) covered
with a layer of sand and a filter paper disc. The funnel was subsequently washed with hot
hexane (20 ml), and the ﬁltere«f solution was cooled to room temperature (in some ex-
periments an almost pure, crystalline substance separated at this stage). The cooled
solution was run through two successive columns each filled with 5 g of the above men-
tioned material in a 15 mm layer. The columns were eluted at a rate of 5—10 ml/min
with petroleumn ether (ca. 40 ml) followed by petroleum ether with 10 9; ether. The
hexane and petroleum ether fractions contained only unreacted benzyl bromide and small
amounts of dibenzyl triselenocarbonate and dibenzyl diselenide. The 2-[bis(benzylseleno)-
methylene]-2-phenylacetonitrile was contained in the first 120 ml of the petroleum
ether-ether eluate. (In some experiments overload of the column caused this substance
to start appearing, mixed with the triselenocarbonate, in the petroleum ether fraction.)
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Cooling of this eluate to —15°C yielded very pure VIII (760 mg, m.p. 76 —77°C). Evapora-
tion of the mother liquor and recrystallization from hexane gave an additional 160 mg
with m.p. 71—175°C.

In most cases the final products were colourless and, according to thin layer chromatog-
raphy, they were pure substances. However, the derivatives of 3-methyl-1-phenyl-5-
pyrazolone were definitely orange, and the derivatives of fluorene bright yellow. The
dibenzyl derivatives also seem to have a genuine yellow colour in cases where the other
derivatives are colourless.

The compounds prepared have been listed in Tables 1—3. The yields are based upon
added carbon diselenide because it was often found advantageous to use an excess of the
active methylene compound to ensure a low concentration in the solution of bases other
than its carbanion. Most of the preparations were carried out both in DMF and DMSO
solution, but the yields in the first case were generally much lower. They have only been
indicated in the tables when higher yields were obtained in DMF, or if the preparation
was only carried out in this solvent.

The following examples illustrate the procedures used (for analyses, etc., see Tables
1-3).

1,3-Diselenolan-2-ylidenecyanamide (XXIV ). Potassium cyanimidodiselenocarbonate
(2 mmol) was dissolved in 10 m]l of DMF (containing 10— 20 9, of water) at 0°C and 1,2-
dibromoethane (2 mmol) was added. After standing for 5 h at room temperature the
solution was diluted with water to 60 ml, heated to boiling, treated with active carbon
and filtered. On cooling 70 mg of a colourless of solid separated. Extraction of the mother
liquor yielded another 30 mg. Total yield 52 9%,. Colourless crystals were obtained after
recrystallization twice from benzene-heptane (3:1; 4 ml). M.p. 80—80.5°C.

[Bis(methylseleno)methylenelmalononitrile (V). Potassium 2,2-dicyanoethylene-1,1-
diselenolate (1 mmol) was dissolved in DMF (6 ml). Methyl iodide (2 mmol) was added
at —20°C, and the temperature was allowed to rise to room temperature over a period
of 4 h. A precipitate was removed from the solution by centrifugation and the solution
diluted with 30 ml of water. On cooling a dark orange solid separated (yield of crude
product 57 9%). On recrystallization from ether the compound formed long colourless
needles with m.p. 61—62°C (yield 34 %).

[Bis(benzylseleno)methylenelacetophenone (X ). Benzyl chloride (6 mmol) was added
to a DMSO solution of the diselenolate (3 mmol), prepared from acetophenone. After
standing for 18 h at room temperature the solution was diluted with water and extracted
with ether. The residue, after evaporation of the ether, was washed with ether and yielded
261 mg of light yellow crystals; another 29 mg was obtained by chromatographing the
ether solution on Al,0;. Total yield 25 9%. M.p. 134—135°C after recrystallization from
ethanol.

2-Phenyl-2-(1',3’-diselenan-2’-ylidene Jacetonitrile (XXI1X). 1,3-Dibromo{)ropane (3
mmol) was added to a DMSO solution (25 ml) of the diselenolate (3 mmol), prepared
from phenylacetonitrile, and the solution was kept for 18 h at room temperature. The
intensely red solution was diluted with 50 ml of water and 20 ml of a saturated NaCl
solution and extracted twice with 50 ml portions of ether. The residue from the evapora-
tion of the ether yielded on recrystallization from pentane-methylene chloride 314 mg;
another 51 mg was obtained from the mother liquor on recrystallization from methanol.
Total yield 45 9%. M.p. 110—111°C after recrystallization from pentane-ether-methylene
chloride.

Ethyl 1,3-diselenolan-2-ylidenecyanoacetate (XVI). a). A DMSO solution of the
diselenolate prepared from ethyl cyanoacetate, to which the equivalent amount of 1,2-
dibromoethane had been added, was kept for 20 h at room temperature, diluted with
water and extracted with chloroform. The residue from the evaporation of the chloroform
was dissolved in ether; the solution was then washed with water, dried and filtered
through an Al,O, column. The residue from the ether solution yielded, on recrystalliza-
tion from pentane-ether-methylene chloride, 133 mg (21 9,) of XVI. It was further re-
crystallized from methanol to give a colourless product.

b) 1,2-Dibromoethane (5 mmol) was added to a solution of the potassium diselenolate
(5 mmol), prepared from ethyl cyanoacetate (5 mmol) in 30 ml of DMF, and the solution
was kept for 12 h at room temperature. The reaction mixture was filtered and the filtrate
poured into 200 ml of water. On cooling to 0°C an orange-yellow solid separated. It was
purified by filtering an ether solution through Florisil, followed by recrystallization from
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methanol, ether, and again from methanol, to give, finally, colourless crystals with m.p.
111—113°C. Yield 36 9%,.

Dimethyl 1,3-diselenolan-2-ylidenemalonate (XVII). a) The diselenolate was repared
from dimethyl malonate (4 mmol), sodium hydride (4 mmol) and carbon diselenide (2
mmol) in DﬁSO (26 ml). The solution was washed with pentane-ether (1:4), and 1,2-
dibromoethane (2 mmol) was added. On standing of the solution at room temperature its
colour changed from green to orange-red over a period of 2—3 h. The solution was poured
into water, ether was added, and an insoluble material filtered off. The ether solution
yielded 33 9, of XVII after recrystallization from pentane-ether. A small residue from
recrystallization was combined with the above-mentioned ether-insoluble material and
recrystallized from 1,2-dichloroethane. It was identified as XXXTIT (yield 3 %).

b) 1,2-Dibromoethane (1.5 mmol) was added at —40°C to a solution of the diselenolate

repared from dimethyl malonate (2 mmol), sodium 2-methyl-2-butanolate (2 mmol, in
15 ml of benzene) and carbon diselenide (1 mmol) in DMF (30 ml). The solution was kept
at room temperature until its colour had changed from green wvia brown to pink, and
was then poured into water and extracted twice with 100 ml portions of ether. A sub-
stance, insoluble both in water and ether, was filtered off. The ether solution yielded
24 %, of XVII after recrystallization from ether-pentane. The mother liquor was
chromatographed on Florisil and yielded 12 9, of ethylene triselenocarbonate. The in-
Sﬁllubkf,' material yielded 15 9, of the diselenetan (XXXIII) on recrystallization from
chloroform.

Tetramethyl 1,3-diselenetan-2,4-diylidenedimalonate (XXII1I). A substance, insoluble
in both water and ether, has repeatedly been isolated in several preparations of dimethyl
1,3-diselenolan-2-ylidenemalonate, both in DMSO and DMF, and under varied reaction
conditions. In 10 preparations the yield of this substance has varied from 3 to 22 9,
along with 18—33 9, of dimethyl 1,3-diselenolan-2-ylidenemalonate and 1—12 9, of
ethylene triselenocarbonate. The analytical data are consistent with the formulation
of this material as the diselenetan XXXIII, and its IR spectrum in the region above
1000 cm~? showed a one-to-one corre?pondence with the thio analogue prepared according
to Ref. 10. After recrystallizations from chloroform it forms light yellow needles with
m.p. 271—272°C. (Found: C 32.52; H 2.53; Se 36.12. Calc. for C,,;H,,0,8e,; C 32.59;
H 2.74; Se 35.72.)

A similar substance has been isolated during preparations of the diselenolate derived
from acetophenone. However, these products have yielded analytical values corresponding
to more than two atoms of selenium (in one case practically three) and therefore are
probably mixtures of a diselenetan and a triselenolan. Also this assignment was supported
by the correspondence, above 1000 cm 2, of the IR spectrum of the product mixture with
that of the thio analogue of the triselenolan.!® Attempts to separate these compounds have
so far been unsuccessful.

5-Ozo-1,3-diselenan-2-ylidenemalononitrile (XXXV ). 1,3-Dichloroacetone (2 mmol),
dissolved in DMF, was added at —20°C to a solution of potassium 2,2-dicyanoethylene-
1,1-diselenolate in DMF (6 ml). The temperature was raised to 20°C over a period of 5 h.
A precipitate which had formed was removed by centrifugation and the solution was
diluted with 30 ml of water. This caused a light brown solid to separate (0.42 g). On re-
crystallizations from ethyl acetate it yielded 0.15 g (26 %) of an orange-brown substance
with m.p. 180—184°C. The compound has a distinct skin-irritating effect. (Found:
C 28.92; H 1.53; Se 54.35. Cale. for C,HN,OSe,: C 28.95; H 1.39; Se 54.45.)

2-Phenyl-2(4’-hydroxy-1’,3’-deselenolan-2’-ylidene Jacetonitrile (XXXVI). Phenyl-
acetonitrile (2 mmol) was added to a benzene solution (40 ml) of sodium 2-methyl-2-
butanolate (4 mmol). This was immediately followed by the slow addition of a solution
of carbon diselenide (2 mmol) in benzene, while maintaining the temperature at 10°C.
The resulting benzene solution was extracted with water. Chloroacetaldehyde (2 mmol),
and KH,PO, (2 mmol) were then added to the aqueous layer; after a period of 5 min
a further 2 mmol of KH,PO, was added. The solution was extracted three times with
60 ml portions of ether. The residue obtained by evaporation of the ether was recrystallized
twice from toluene-heptane (1:1) and yielded colourless crystals with m.p. 118 —124°C
(decomp.). (Found: C 40.20; H 2.83; N 4.17. Calc. for C,,H,NOSe,: C 40.12; H 2.74; N 4.26.)

Reference substances for the IR spectroscopic study: ethoxymethylenemalononitrile,
m.p. 65— 66°C, isopropylidenemalononitrile, prepared according to Ref. 11, and 1,1-
bis(methylthio)ethylene. The latter was prepared from methyl dithioacetate by the
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procedure described by Schuijl et al. 12 for the é)reparation of the higher homologues. Yield

57 %, b.ﬁ. 62—64°C, 18 mmHg. (Found:
C 40.00; H 6

®T SGRe wWho—

40.30; H 6.82; S 53.57. Cale. for CH,S,:
715 S 53.29.)
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