On Selenoketenes. Formation of 1,3,4-Selenadiazoline from Carbon

Diselenide and Diazoalkanes

Rolf H. Berg,® Niels Harrit,® Elfin Larsen® and Arne Holm®*

2Department of General and Organic Chemistry, The H. C. @rsted Institute, University of Copenhagen, Universitetsparken 5,
DK-2100 Copenhagen @, Denmark and ®Chemistry Department, Risg National Laboratory, DK-4000 Roskilde, Denmark

Berg, R. H., Harrit, N., Larsen, E. and Holm, A., 1989. On Selenoketenes. Forma-
tion of 1,3,4-Selenadiazoline from Carbon Diselenide and Diazoalkanes. — Acta

Chem. Scand. 43: 885-887.

Di-tert-butyldiazomethane and carbon diselenide react in toluene at 80°C. A com-
pound isolated in ca. 30 % yield from the mixture has been identified as the di-tert-
butyl derivative of the hitherto unknown 2-alkylidene-2,5-dihydro-1,3,4-selenadia-
zoles. Further investigations indicate that the same ring system is formed upon
reaction between di-tert-butyldiazomethane and photochemically generated tert-bu-
tylselenoketene. Pyrolysis in the vapor phase of the di-tert-butyl derivative gives rise
to a mixture consisting of di-tert-butyl selenoketene and di-tert-butyl selenoketone
(1:2) as well as some secondarily formed di-ter-butyl carbene and di-tert-butyl

methylenecarbene.

Selenoketenes are generally highly reactive molecules
which can be isolated only at low temperatures.! This ap-
plies to both aliphatic and aromatic selenoketenes although
some selenoketenes substituted with an a-silicon atom have
been isolated at room temperature.? Selenoketenes have
mostly been generated by initiating a Wolff-like rearrange-
ment of 1,2,3-selenadiazoles or by [3,3]-sigmatropic rear-
rangement of allylic ethynyl selenides.>* We have investi-
gated the reaction between carbon diselenide 1 and di-tert-
butyldiazomethane 2 with the intention of obtaining the
unknown selenadiazoline 3 which — by elimination of Se
and N, - is a potential selenoketene precursor.® Such an
approach, which does not rely on the migration of a group
or an atom, could be particularly useful in the preparation
of crowded selenoketenes.

When compounds 1 and 2 were mixed in toluene and
heated to 80°C, the yellow colour of 2 disappeared and the
evolution of nitrogen and formation of elemental selenium
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were observed. The reaction mixture was worked up using
thin layer chromatography to give compounds 4-7 (Scheme
1).

The structure of compound 4 was established on the basis
of elemental analysis, 'H, 1*C, and 7Se NMR spectroscopy
and MS as well as on supplementary results as discussed
below. The tentative identification of compound § is based
exclusively on the spectroscopic data presented in the Ex-
perimental section.

The structure of 4 suggests that this compound may arise
from a 1,3-dipolar cycloaddition reaction between the
diazo compound present and transient di-tert-butylseleno-
ketene formed as outlined in Scheme 1. Support for the
suggested mechanism is obtained from the following ex-
periment. tert-Butylselenoketene was generated by irradia-
tion* of 4-tert-butyl-1,2,3-selenadiazole (8) in the presence
of di-tert-butyldiazomethane. Only one product was ob-
tained which, on the basis of elemental analysis and spec-
tral data, was assigned the Z- or E-form of 9 (Scheme 2).
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Scheme 2.

Alternative structures 10 and 11 (Scheme 3), which could
be formed from unrearranged selenadiazole and di-ters-
butylcarbene or from di-tert-butyldiazomethane and a 1,3-
diradical formed from the selenadiazole by nitrogen extru-
sion, are ruled out on the basis of the 'H and 77Se NMR
off-resonance spectra. These both exhibit a Jg, ;; coupling
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constant of 10 Hz which is within the range reported for
vicinal *Jg, 4, couplings, but lower than those reported for
geminal Se-H (¥, y ).® The formation of 9 shows that the
selenoketene and diazomethane react in the above as-
sumed 1,3-dipolar cycloaddition reaction.

Selenadiazolines 4 and 9 are representatives of a novel
class of heterocyclic compound. The corresponding sulfur
compounds are known and are obtained by 1,3-dipolar
cycloaddition between diazoalkanes and thioketenes.’

Compound 4 appeared to be a possible candidate for the
thermal formation of di-ters-butylselenoketene. It was thus
pyrolyzed at 480°C using the Curie point technique and
monitoring the reaction with field ionization mass spec-
trometry (FIMS). Intense peaks are found in the FI-spec-
trum at m/z 218 (¥Se), 206 (¥*Se) and 138, and a smaller
one at 126 which, on the basis of exact mass measurements,
are assigned to di-tert-butylselenoketene, di-tert-butyl
selenoketone, di-ter-butylmethylenecarbene, and di-tert-
butylcarbene, respectively (Scheme 4). When compound 4
was subjected to pyrolysis in the vapor phase in a flow
system, a turquoise product was trapped at —196°C. On
co-condensation with carbon tetrachloride and cautious
heating of the mixture to 0°C, a solution was obtained
which was shown by direct MS to contain di-tert-butyl-
selenoketene and di-fert-butyl selenoketone. These are as-
sumed' and known,? respectively, to be blue. No attempts
were made to separate the mixture into the individual
compounds, which, from the molar intensities, were
formed in the approximate ratio 1:2.
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Scheme 4.

Experimental

'H, C, and ""Se NMR spectra were obtained with a JEOL
FX 90 Q instrument (CDCl;; SiMe, and Me,Se as internal
and external standards), UV spectra (cyclohexane) with a
Unicam SP 800A spectrophotometer, IR spectra (CCl,)
with a Perkin—-Elmer 157 grating spectrometer calibrated
against polystyrene (bands noted are either strong or me-
dium in intensity unless denoted as weak (w), and mass
spectra with an AEI MS 902 double-focusing spectrometer
operating at 70 eV using a direct-insertion probe. Flash
vacuum pyrolysis experiments were carried out using a
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Varian MAT CH 5D instrument set up as described else-
where.” Gold-plated filaments with Curie-point 480°C
were used. A sample of approximately 50 pg was placed on
the filament. Photochemical reactions were performed us-
ing an Osram SP 200 medium-pressure mercury lamp
equipped with a monochromator. TLC and PTLC were
performed on Merck silica gel (0.2 and 2.5 mm, respec-
tively).

Reaction of carbon diselenide with 3-diazo-2,2,4,4-tetra-
methylpentane. The diazo compound'® (8.36 mmol) and an
excess of carbon diselenide (2 ml) were dissolved in dry
toluene (15 ml) and heated to 80°C under nitrogen (15
min). Gas was evolved and a red precipitate of elemental
selenium formed, which was removed by filtration after the
reaction had been cooled to room temperature. A reddish
oil remained after evaporation of the solvent in vacuo. TLC
analysis [toluene-light petroleum (1:6 v/v)] showed the re-
action to be complete and revealed spots at R; 0.52, 0.46,
0.28, and 0.00. Upon PTLC the first three bands could be
eluted using dichloromethane while the band at R; 0.00 was
eluted with methanol. The last fraction was obtained as a
yellow oil after evaporation of the methanol and was identi-
fied as 2,2-di-tert-butyl-5-(di-zert-butylmethylenehydra-
zono)-5-dihydro-1,3,4-selenadiazole (5) (59 mg, 4 % based
upon the diazo compound). Attempts to crystallize this
material were unsuccessful. Anal. C;;H;N,Se: C, H, N. 'H
NMR: & 1.34 (18 H, s) and 1.22 (18 H, s). *C NMR: &
174.0 (s), 171.2 (s), 135.8 (s), 43.3 (s), 41.4 (s), 40.5 (s),
31.4 (q), 30.1 (q), and 27.7 (q). "Se NMR: & 285 (s). IR:
2920, 2880, 1580, 1470, 1390, 1360, 1220, 1190, 1060, 1030,
980, 930, and 840 cm™'. UV (¢): 380 (5300), 269 (4600), and
225 nm (22000). MS (m/z, 90°C): 400 (M*") (6), 344 (7),
343 (5), 329 (3), 316 (4), 315 (4), 287 (100), 246 (6), 231
(14), 206 (40), and 154 (49 %).

The major fraction (R; 0.28) from PTLC was obtained
as an oily solid. Crystallization from methanol afforded
yellow crystals of 2,2-di-tert-butyl-5-di-tert-butylmethylene-
2,5-dihydro-1,3,4-selenadiazole (4) (485 mg, 31 % based
upon the diazo compound), m.p. 111.5-112.0°C. Anal.
C,oH;N,Se: C, H, N. 'HNMR: 6 1.60 (9 H, s), 1.48 (9 H,
s), and 1.18 (18 H, s). ®*C NMR: & 162.0 (s), 154.5 (s),
128.2 (s), 43.7 (s), 43.3 (s), 38.5 (s), 35.4 (q), 31.8 (q), and
30.8 (q). "Se NMR: § 270 (s). IR: 2970, 2920, 1600, 1540,
1480, 1390, 1370, 1230, 1210, 1070, 1050, 950, 910, and 860
cm™!. UV (g): 380 (4700), and 224 nm (8900). MS (m/z,
100°C): 372 (M**) (8), 344 (5), 316 (8), 315 (6), 301 (100),
285 (38), 259 (23), and 245 (38 %).

A third product (R; 0.46) could only be separated.from
the minor component (R; 0.52) on an analytical scale. Re-
peated recrystallizations from methanol gave compound 6
(41 mg, 2% based upon the diazo compound). Anal.
CuHyN,Se,: C, H, N. 'H NMR: § 1.41 (18 H, s), 1.35
(9 H, s), and 1.33 (9 H, s). BCNMR: 8 179.4, 42.9, 42.2,
40.9, 30.6, and 29.9. IR: 3000, 2950, 2900, 1690, 1580,
1510, 1400, 1360, and 1230 cm™!. MS (m/z): 572 (M** —Se),
246, 189, and 160. With respect to the minor component



(R; 0.52) only a mass spectrum was recorded which
indicated C19H36N2562 (m/z 452).

Photolysis of 4-tert-butyl-1,2,3-selenadiazole in the presence
of 3-diazo-2,2,4,4-tetramethylpentane. The selenadiazole
(0.8 mmol) and an excess of the diazo compound (500 mg)
in absolute ethanol (1 1) were irradiated in the presence of
air at 290 nm for 76 h. TLC [dichloromethane-light
petroleum (3:4 v/v)] revealed only one new product (R,
0.75). After concentration of the reaction mixture in vacuo,
unchanged selenadiazole (33 mg) was removed by means of
PTLC and the new product was isolated as an oil. Recrys-
tallization of this from methanol afforded yellow crystals of
compound 9 (48 mg, 19 % based upon the selenadiazole),
m.p. 55.5-56.5°C. Anal. C;sHxN,Se: C, H, N. 'THNMR: §
7.16 (1H, S, Js. ; 10 Hz), 1.23 (9 H, 5), and 1.19 (18 H, 5).
BCNMR: 6 158.7 (1 C, s), 146.2 (1 CH, d), 138.1 (1C, 5),
43.7 (2 C, s), 32.1 (1 C, s), 30.8 (6 CH,, q), and 28.8
(3 CH;, q). "Se NMR: 6 202 (s, Js.y 10 Hz). UV: 360 nm
(EtOH). MS (m/z, 100°C): 316 (M*"), 301, 260, 245, 204,
and 189.
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