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4,5-Diphenyl-1,2,3-selenadiazole and 3,5-diphenyl-1,2,4-selenadiazole were alkylated with trimethylsilylmethyl
trifluoromethanesulfonate. Quaternisations occurred at N-3 and N-2 respectively. The salts were desilylated to
generate transient selenadiazoliumylmethanide (ylide) intermediates. 4,5-Diphenyl-1,2,3-selenadiazol-3-ium-3-
ylmethanide, 3, was trapped with dimethyl acetylenedicarboxylate and methyl propiolate in a cycloaddition–
rearrangement reaction which gave the pyrazolylvinyl vinyl selenides 6 and 7. 3,5-Diphenyl-1,2,4-selenadiazol-
2-ium-2-ylmethanide, 10, ring-expanded in situ to 4,6-diphenyl-2H-1,3,5-selenadiazine, 13.

Interest in organoselenium systems has increased with the
recognition of the physiological role of selenium in a second-
line anti-oxidant defence against lipid autoxidation,1 as well as
the bioactive nature of some fused bicyclic 1,2,3-selenadiazole
systems 2 and organoselenium compounds in general.3 Trans-
formation of selenium heterocycles has been a major strategy in
the synthesis of new organoselenium compounds but the dif-
ficulty attached to the instability of selenium azoles has limited
the scope of this approach.4 These difficulties have been over-
come in recent years and reliable routes to a range of selenadi-
azoles have been developed,4–10 although these substrates are
still difficult to work with. Herein we explore the synthetic use
of both the 1,2,3- and 1,2,4-selenadiazole systems by generating
the first selenadiazolium methanide (ylide) species in situ. This
work complements our recent reports 11,12 on thiadiazolium
ylide systems and earlier work on oxadiazolium systems 13 and
extends this chemistry deeper into Group VI. The selenadi-
azolium systems were the most unstable and difficult members
of the group but they provided useful new additions to
organoselenium synthetic routes.

Results and discussion
(a) 1,2,3-Selenadiazol-3-ium-3-ylmethanides

When the selenadiazole 1 was heated at 80 �C with trimethyl-
silylmethyl trifluoromethanesulfonate alkylation occurred at
N-3 giving the salt 2 as a dark sticky gum on cooling. 1H and
13C NMR spectra supported the structure and the quaternis-
ation site was confirmed by 15N NMR spectra which showed a
large shielding shift of 177.6 ppm at the quaternised 3-N-atom
and a smaller shift of 29.2 ppm at the adjacent N-2 site. In
general quaternisation of higher azole N-atoms causes a large
upfield shift (>100 ppm) in the 15N NMR signal of the quater-
nised azolium nitrogen and a smaller shift (~25 ppm) on other
ring N-atoms.14,15 Similar shifts have been noted for quaternis-
ation of substituted 1,2,3-thiadiazoles by L’abbé et al.16 and
us.11 The subsequent chemistry also confirmed quaternisation
at N-3. Attempted purification of the sticky salt resulted in loss
of Se with decomposition. Hence the crude salt was used
immediately to generate the unstable 1,3-dipole 3.

The species 3 was generated at ambient temperatures in
dichloromethane by treatment of 2 with CsF (following a

literature 17,18 procedure) in the presence of excess dimethyl
acetylenedicarboxylate (DMAD) and methyl propiolate. The
products isolated on work-up were the new divinyl selenides 6
and 7 (Scheme 1). The formation of these products involves a
cycloaddition followed by a 1,4-conjugative elimination which
aromatises the newly formed pyrazoline ring (Scheme 1). The
vinyl hydrogen selenide intermediate 5 thus generated is trapped
by a second molecule of alkyne giving the products. In the solid
state the compounds exist in a single form as indicated by a
sharp mp, IR spectrum, single spot on TLC and X-ray crystal
structure 11 of compound 6 (S for Se). In solution isomerism
around the 6–7 double bond produced a mixture of the ZZ and
EZ forms in approximately a 2.5 :1 ratio for compound 6 and a
3 :1 ZZ :EZ ratio for compound 7. In the ZZ-form the 5-H of
the pyrazole is shielded by the 6-C-phenyl group for both com-
pounds 6 and 7 and appears at δ 7.5–7.7. In the EZ-isomer this
shielding is not present due to the E-configuration of the 6–7
bond which removes the 5-H from the shielding region of the
6-phenyl substituent. These signals, which appear at δ 8.8–8.9
are normal 19,20 for a pyrazole with a vinyl-bond at N-1 and a
CO2R group at C-4. The structure of compound 7 was further
supported by NOE difference spectra showing NOE effects
between H-4 and H-5 and between H-9 and H-10 and the pro-
ton signals for H-4 and H-5 appeared as doublets, confirming
the regiochemistry. The linking of the dipole unsubstituted
methanide terminus to the alkyne unsubstituted carbon is the
regiochemistry expected for a dipole HOMO–dipolarophile
LUMO reaction where these sites have the highest orbital
coefficients.

Interestingly for compounds 6 and 7 the CO2Me and the
H-atom respectively at C-9 experienced special shielding from
the C-7-phenyl group. Thus for 6 the 9-CO2Me methyl
signal appeared at δ 3.38 and 3.39 for both isomers, significantly
more shielded than the other normal CO2Me groups, δ 3.6–3.8,
and the 9-H atom, although α-vinylic, was more shielded than
the 10-H atom which is β-vinylic. Suitable crystals of com-
pounds 6 and 7 could not be grown but we have previously
reported 11 an X-ray crystal structure of the more stable
sulfur analogue (6, ZZ, S for Se). The close spectroscopic
similarities allow a definite structural assignment of the selen-
ium analogue. This sequence of reactions was also attempted
with an H-atom at the selenadiazole 5-position, adjacent to
the Se atom, i.e. with 4-phenyl-1,2,3-selenadiazole. However,



J. Chem. Soc., Perkin Trans. 1, 2001, 394–397 395

Scheme 1 Reagents: (i) Me3SiCH2OSO2CF3; (ii) CsF; (iii) MeO2C–C���C–CO2Me for product 6, H–C���C–CO2Me for product 7. Shown are some 1H,
13C and 15N NMR shifts 6, (ZZ and EZ), the numbering system applied to the divinyl selenide substituent and NOE for Y = H.

attempted quaternisation with trimethylsilylmethyl triflate
resulted in decomposition of the selenadiazole unlike the case
with the thiadiazole.

(b) 1,2,4-Selenadiazol-2-ium-2-ylmethanide: ring expansion to a
1,3,5-selenadiazine

Quaternisation of the 1,2,4-selenadiazole 8 with trimethylsilyl-
methyl trifluoromethanesulfonate in dichloromethane at 40 �C
occurred at N-2 giving the unstable salt 9 as a gum (Scheme 2).
This was characterised by proton and carbon-13 NMR spectra
but due to its propensity for decomposition it was not purified
other than by washing with diethyl ether. Desilylation with CsF
in CH2Cl2 at ambient temperature generated the ylide 10 for
which, unlike the species 3, a valency-allowed ring-opening to a
conjugated triene 11 is possible. The intramolecular rearrange-
ment occurred more rapidly than a cycloaddition and no trap-
ping was achieved with up to 20 mol excess of dimethyl
acetylenedicarboxylate. The rearrangement gave 4,6-diphenyl-
2H-1,3,5-selenadiazine 13, mp 110–112 �C (79%). The structure
of compound 13, which was stable, was readily established from
microanalysis, IR, proton and carbon-13 NMR spectra which
showed all of the expected signals and multiplicities. We have
previously established this class of valency-allowed ring-
expansion of azolium-unsubstituted methanide species with

both oxygen 21 and sulfur 12 azoles. This is the first example of
such a ring-expansion for a selenium azole system and it
extends the general reaction in the azole series to selenium
systems. However, the successful use of the reaction is limited
by the instability of the 1,2,4-selenadiazole ring. We could not
achieve the reaction with the 3,5-di(p-tolyl) derivative 8b. These
systems have a propensity for collapsing to aryl nitriles with
loss of Se and although quaternisation was achieved with 8b
to give 9b, treatment of this with CsF gave decomposition to
p-toluonitrile ( p-methylbenzonitrile) and gums.

Conclusion
The reaction sequences which had previously been established
for oxadiazoliumyl- and thiadiazoliumyl-N-methanide 1,3-
dipoles have been found to occur also with some derivatives of
1,2,3- and 1,2,4-selenadiazoles, thereby establishing that the
chemistry is the same deeper into Group VI. However, unlike
the earlier cases, relatively minor changes in the substituents on
the selenadiazole showed major effects on the stability of the
compounds and the synthetic usefulness may be limited.

Experimental
Mps were measured on an electrothermal apparatus. The 4,5-
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Scheme 2 Reagents: (i) Me3SiCH2OSO2CF3; (ii) CsF. Shown are some 1H and 13C NMR shifts.

diaryl-1,2,3-selenadiazoles were prepared from the reaction of
selenium() oxide with the semicarbazone of the appropriate
ketone.22 The 3,5-diaryl-1,2,4-selenadiazoles were prepared by
treating selenocarboxamides with N-bromosuccinimide follow-
ing a literature procedure.4 NMR spectra were measured on a
JEOL LAMBDA 400 MHz instrument with tetramethylsilane
as reference for 13C and proton shifts and nitromethane for 15N
shifts (measured at natural abundance level). IR spectra were
measured on a Perkin-Elmer 983G spectrometer and micro-
analyses were measured on a Perkin-Elmer model 240 CHN
analyser. The following examples show typical experimental
procedures.

4,5-Diphenyl-3-trimethylsilylmethyl-1,2,3-selenadiazol-3-ium
triflate, 2

A mixture of 4,5-diphenyl-1,2,3-selenadiazole (0.25 g, 0.9
mmol) and trimethylsilylmethyl trifluoromethanesulfonate (0.4
cm3, 1.8 mmol) was heated at 80 �C for 12 h, under a reflux
condenser. The resultant mixture was cooled to ambient tem-
perature giving compound 2 in the form of a black gum. νmax

(mull) 1605.2 cm�1 (C��N); δH (CDCl3) 0.10 (s, 9H, SiMe3), 4.02
(s, 2H, CH2-N), 6.99–7.11 (m, 6H, Hmeta,para, Ph), 7.22–7.26 (m,
4H, Hortho, Ph); δC (CDCl3) �2.4 (SiMe3), 51.7 (N-CH2), 158.2
(C-4), 154.6 (C-5), 123.6, 126.8 (C-1� of 4-C-Ph and 5-C-Ph),
128.3, 129.8 (C-3� of 4-C-Ph and 5-C-Ph), 130.6, 131.2 (C-2� of
4-C-Ph and 5-C-Ph), 132.4, 133.0 (C-4� of 4-C-Ph and 5-C-Ph);
δ15N (CDCl3) 51.2 (N-2), �88.0 (N-3). The compound was used
directly as the residue and not purified further.

Dimethyl 1-{(Z)-2-[(Z)-1,2-bis(methoxycarbonyl)vinylseleno]-
1,2-diphenylethenyl}-1H-pyrazole-3,4-dicarboxylate, 6

A solution of compound 2 (400 mg, crude) in dry methylene

chloride (4 cm3) was treated with dimethyl acetylenedicarboxyl-
ate (0.43 cm3, 3.5 mmol) followed by CsF (600 mg, 3.9 mmol),
stirred at ambient temperature for 24 h, filtered to remove
insoluble salts and evaporated under reduced pressure. The
residue in dichloromethane (2 cm3) was placed on a silica gel-60
column (70–230 mesh ASTM). Elution with a gradient mixture
of dichloromethane–diethyl ether (1 :0–30 :1 v/v) gave the
product 6 (ca. 61% yield) (ca. 40% overall yield from 1,2,3-
selenadiazole 1) as a yellow solid, mp 77–79 �C (from CH2Cl2–
hexane) (Found: C, 56.1; H, 4.2; N, 4.5. C27H24N2O8Se requires
C, 55.6; H, 4.1; N, 4.8%); νmax (mull)/cm�1 1748, 1720, 1703
(C��O); δH (CDCl3) (2.5 :1 mixture of Z,Z and E,Z isomers)
3.38, 3.39, 3.63, 3.66, 3.67, 3.73, 3.77, 3.80 (s, 3H each, OMe),
6.57, 6.58 (s, 1H each β-vinyl 10-CH), 6.75, 6.77 (m, 2H, Ph),
6.97–7.03 (m, 1H, Ph), 7.04–7.11 (m, 10H, Ph), 7.16–7.17 (m,
1H, Ph), 7.25–7.26 (m, 3H, Ph), 7.25–7.32 (m, 3H, Ph), 7.52 (s,
1H, 5-CH, ZZ form), 8.80 (s, 1H, 5-CH, EZ form); δC (CDCl3)
51.7, 52.2, 52.3, 52.5, 53.1 (each OMe, overlap of some signals
from both isomers), 166.1, 166.0, 165.1, 164.9, 162.0, 161.9,
161.6 (each C��O), 115.2, 114.9 (C-4), 146.4, 145.7, 144.3, 143.7
(C-3 and C-9), 124.6, 124.0 (C-10), 138.9, 138.0 (C-5), 137.7,
137.4, 136.8, 136.4, 135.1, 134.2, 133.8, 131.4, 129.7, 129.5,
128.8, 128.5, 128.3, 128.2 (aromatic C–H), overlap of some
signals from both isomers.

Methyl 1-{(Z)-2-[(Z)-2-methoxycarbonylvinylseleno]-1,2-
diphenylethenyl}-1H-pyrazole-3-carboxylate, 7

A solution of 2 (400 mg, crude) in dry methylene chloride
(4 cm3) was treated with methyl propiolate (4.24 cm3, 47.6
mmol) followed by CsF (450 mg, 3.0 mmol), stirred at ambient
temperature for 24 h, filtered to remove insoluble salts and
evaporated under reduced pressure. The liquid was placed on a
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silica gel-60 column (70–230 mesh ASTM) using dichloro-
methane (2 cm3) for complete transfer. Excess methyl propiolate
was first eluted with CH2Cl2 (ca. 800 cm3) and elution with a
mixture of methylene chloride–diethyl ether (30 :1 v/v) gave the
product 7 (ca. 51% yield) (ca. 34% overall yield from 1,2,3-
selenadiazole 1), mp 193–195 �C (from CH2Cl2–hexane 1 :1)
(Found: C, 58.9; H, 4.3; N, 5.7. C23H20N2O4Se requires C, 59.1;
H, 4.3; N; 6.0%); νmax (mull)/cm�1 1724, 1679 (ester C��O); δH

(CDCl3) (3 :1 mixture of ZZ and EZ isomers) 3.71, 3.95 (s, each
3H, OMe, ZZ-isomer), 3.75, 3.98 (s, each, 3H, EZ isomer), 6.13
(d, 1H, J 12 Hz, 9-CH, NOEDS, enhancement from 10-CH),
6.90 (d, 1H, 10-CH, NOEDS, enhancement from 9-CH), 6.97
(d, J 2.5 Hz, 1H, 4-CH, NOEDS, enhancement from 5-CH ZZ-
isomer), 7.63 (d, J 2.5 Hz, 1H, 5-CH, ZZ-isomer), 7.05–7.09
and 7.10–7.13 (m, 6H, Hmeta, para, Ph), 7.27–7.33 (m, 4H, Hortho,
Ph), 8.87 (weak d, J < 2 Hz, 5-CH, EZ-isomer); δC 51.7, 52.1
(OMe), 165.6, 162.1 (C��O), 109.7 (C-4), 116.5 (C-10), 144.5 and
145.7 (C-9, of both stereoisomers), 137.5, 136.7, 135.7, 134.5
(C-3, C-6, C-7, C-1� Ph), 132.8 (C-5), 130.6, 130.5, 129.3, 128.9,
128.7, 128.6, 128.3, 128.0, 127.9 (Ar, CH), overlap of some
signals from both isomers.

3,5-Diphenyl-2-trimethylsilylmethyl-1,2,4-selenadiazol-2-ium
trifluoromethanesulfonate, 9a

A solution of 3,5-diphenyl-1,2,4-selenadiazole (0.2 g, 0.7
mmol) and trimethylsilylmethyl trifluoromethanesulfonate (0.3
ml, 1.5 mmol) in dry methylene chloride (1 cm3) was stirred at
40 �C under a reflux condenser for 24 h, evaporated under
reduced pressure and the residue washed with ether to give
compound 9a as a gum. νmax 1602.3 cm�1 (C��N); δH (CDCl3)
0.15 (s, 9H, SiMe3), 4.29 (s, 2H, CH2-N), 7.44–7.69 (m, 6H,
Hmeta, para, Ph), 7.91–7.99 (m, 2H, Hortho, Ph), 8.21–8.23 (m, 2H,
Hortho, Ph); δC (CDCl3) �2.9 (SiMe3), 46.3 (N-CH2), 194.6,
172.6 (C-5 and C-3), 127.3, 133.1 (C-1� of 3-C-Ph and 5-C-Ph),
130.3, 129.6 (C-3� of 3-C-Ph and 5-C-Ph), 130.0, 129.3 (C-2�
of 3-C-Ph and 5-C-Ph), 136.4, 134.8 (C-4� of 3-C-Ph and
5-C-Ph).

4,6-Diphenyl-2H-1,3,5-selenadiazine, 13

A solution of 9a (0.15 g, 0.4 mmol) in dry dichloromethane
(3.2 cm3) was treated with CsF (120 mg, 0.8 mmol), stirred at
ambient temperature for 14 h, filtered to remove salts and then
evaporated under reduced pressure. The residue in dichloro-
methane (1 cm3) was placed on a silica gel-60 column (70–230
mesh ASTM). Elution with methylene chloride gave compound
13 (79%) (52% overall yield from 1,2,4-selenadiazole 8), mp
110–112 �C (from CH2Cl2–hexane 1 :1 v/v) (Found: C, 59.9; H,
3.9; N, 9.2. C15H12N2Se requires C, 60.2; H, 4.0; N, 9.4%). νmax

(mull) 1604.3, 1575.1 cm�1 (C��N); δH (CDCl3) 4.8 (s, 2H,
SeCH2N), 7.3–7.5 (m, 6H, Hmeta, para, Ph), 8.0–8.1 (m, 4H, Hortho,
Ph); δC (CDCl3) 44.9 (SeCH2N), 164.7 (C-4), 174.2 (C-6), 138.8,
136.5 (C-1� of 4-Ph and 6-Ph), 128.8, 128.7 (C-2� of 4-Ph
and 6-Ph), 128.3, 127.9 (C-3� of 4-Ph and 6-Ph), 133.2, 130.0

(C-4� of 4-Ph and 6-Ph). Similar results were obtained in the
presence of various quantities of dimethyl acetylenedicarb-
oxylate up to a 20 molar excess. When this reaction was
attempted with the 3,5-di( p-tolyl)-1,2,4-selenadiazol-2-ium-2-
yl(trimethylsilyl)methyl triflate salt 9b decomposition to
p-toluonitrile and gums occurred.
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