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Isotellurazoles: A New Heteroaromatic System

Francesco LUCCHESINI, Vincenzo BERTINI

Dipartimento di Chimica, Universita della Calabria, 1-87030 Arcava-
cata di Rende (Cosenza), Italy

Recently', we described the synthesis of 1,2,5-telluradiazole,
the first pentaatomic uncondensed heterocyclic system con-
taining nitrogen-tellurium bonds, and some of its derivatives.
Now we report the synthesis of another pentaatomic uncon-
densed heterocyclic system containing nitrogen-tellurium
bonds, isotellurazole (2).

The isotellurazole derivatives 2 are obtained in low yields by
reacting a-acetylenic ketones 1 with hydroxylamine-O-sul-
phonic acid in buffered aqueous sodium acetate medium in
the presence of potassium telluride by a one-pot procedure
(Table). Water may be replaced by methanol as reaction me-
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dium with the same results. In place of potassium telluride, li-
thium telluride may be used with similar results, but the use of
the former allows a better work-up.

Isotellurazoles 2 are accompanied by the corresponding tellu-
robis[alkenyl ketones] 3 and, in the case of 4-phenyl-3-butyn-
2-one (le), also by the reduction product, 4-phenyl-3-buten-2-
one. Moreover, the addition of telluride always causes redox
reactions as shown by the blackening of the mixture, conse-
quent upon the formation of elemental tellurium.

The use of acetylenic aldehydes 4 in place of the ketones 1
does not give 3-unsubstituted isotellurazoles, but yields the
tellurobis[alkenenitriles] 5 (Table).
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A reasonable mechanism for the formation of isotellurazoles 2 in-
volves the initial transformation of the carbonyl group into an oxime-
O-sulphonic acid, followed by nucleophilic addition of the telluride
anion to the triple bond according to known reactions? and the cycli-
zation by nucleophilic displacement of the sulphate anion.
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The oxime-O-sulphonic acids and their analogues react with reducing
agents to give imines or carbony! compounds after hydrolysis®, while
those of aldehydes are unstable, forming nitriles®. This fact, combined
with the presence of strong reducing agents like tellurides in the reac-
tion mixture, account for the formation of side product 3 as well as for
the failure to obtain 3-unsubstituted isotellurazoles from acetylenic al-
dehydes 4. The cyclization is prevented when the side reaction domi-
nates by the interaction of telluride with the acetylenic bond of two
molecules of the starting material.

The prepared isotellurazoles are characterized by rather high
melting points combined, at least for the alkyl derivatives,
with ease of sublimation, and tendency to escape when or-
ganic solutions are evaporated in open air. Under electron im-
pact, they undergo a fragmentation analogous to that of iso-
thiazoles® with loss of R'—C=CH and R>—CN: neverthe-
less, the 3-propyl derivative undergoes the McLafferty rear-
rangement® with loss of ethene.
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The 'H-N.M.R. spectra show signals at about §=10.3 and 8.0
ppm for protons in position S and 4 respectively. Both of such
signals have satellites due to the coupling with *Te.

3-Butyn-2-one (ia)’, l-pentyn-3-one (1b)®, 1-hexyn-3-one (1¢)°, 3-
pentyn-2-one (1d)’’, 4-phenyl-3-butyn-2-one (le)'’, propynal (4a)?,
phenylpropynal (4b)", potassium telluride'*, and lithium telluride
were prepared according to known procedures.

Isotellurazoles 2 and Tellurobislalkenyl Ketones| 3; General Proce-
dure:

The reaction components are used in the molar ratio ketone : hy-
droxyiamine-O-sulphonic acid : sodium acetate : potassium telluride
=1:1:2:1

The a-acetylenic ketone 1 (Table) is added to a solution of hydroxyl-
amine-O-sulphonic acid in water (5 ml) at 0°C under nitrogen and vig-
orously stirred for 20-35 min till a clear solution is obtained. Sodium
acetate is then added and the stirred solution is treated with a 0.6 mo-
lar aqueous solution of potassium telluride in about 20 min. The stir-
ring is. continued for 4 h at room temperature and worked up as fol-
lows.

Work-up A for 2a, 2b, and 2c: The reaction mixture is extracted
with ether (5x 30 ml), the ether phase is dried with sodium sulphate
and concentrated to a volume of 10 ml. The solid separated on cooling
at —30 °C is treated with ether (10 ml), filtered, and the ether solution
is cooled to —30"C to obtain more of the solid product (see below).
The ether fractions are combined, evaporated to dryness, and the resi-
due is taken up in dichloromethane (3 ml). The dichloromethane
phase is extracted with 1 normal hydrochloric acid (1 x 1 ml) and wa-
ter (2 x 2 ml). The acid extracts are filtered, treated with 15 normal am-
monia until pH > 10, extracted with dichloromethane (10 x 5 ml), the
extract is dried with sodium sulphate, and evaporated to dryness. Sub-
limation of the residue at 70°C/0.01 torr gives the corresponding iso-
tellurazole 2a-c. Products 2a-c are further purified by crystailization
(Table).

Work-up A for 3a, 3b, and 3¢: The dichloromethane phase from the
acid extraction is combined with the solid product obtained (see
above), evaporated to dryness, and sublimed at 70°C/0.001 torr to give
the corresponding tellurobis[alkenyl ketones] 3a-c.

Work-up B for 2d: The reaction mixture is extracted with ethyl ace-
tate (4 x 20 ml), dried with anhydrous sodium sulphate, evaporated to
dryness, and the residue sublimed at 70°C/0.01 torr to give 3,5-dime-
thylisotellurazole (2d) (Table).

Work-up B for 3d: The mother liquor from the extraction with ethyl
acetate is evaporated to dryness and the residue is purified by prepara-
tive thin layer chromatography on silica gel [Merck PFass, 10, thick-
ness: 1 mm, eluent: benzene/acetone (98 :2)]. The product 3d is ob-
tained only in traces and is identified spectroscopically.

Work-up C for 2e: The reaction mixture is extracted with ethyl ace-
tate (7 x 15 ml) and concentrated to a volume of 5 ml. To avoid loss
connected with the relevani solubility of 3-methyl-S-phenylisotellur-
azole hydrochloride in the organic phase, the ethyl acetate solution is
extracted with 0.5 normal hydrochloric acid (1 x 3 ml) and water (4 x 3
ml), then such a series of extractions is repeated until 2e is present (9
times). The combined acidic extracts are treated with 15 normal am-
monia until pH is > [0, extracted with dichloromethane (4x 5 ml),
dried with sodium sulphate and evaporated to dryness to yield 2e (Ta-
ble).

Work-up C for 3e: The tarry residue left after extraction with ethyl
acetate containing the reduction product 4-phenyl-3-buten-2-one and
4.4"-tellurobis[4-phenyl-3-buten-2-one] (3e) is purified by preparative
thin layer chromatography on silica gel {Merck PFasy 166, thickness: |
mm, eluent: benzene/acetone (95 : 5)].

Tellurobis{alkenenitriles] 5; General Procedure:

The reaction is carried out as for the preparation of isotellurazoles 2
using «-acetylenic aldehydes 4 in place of a-acetylenic ketones 1, but
reducing the reaction time to avoid the complete conversion of the ox-
ime intermediate into nitrile. The formation of oxime derivative needs
about 2 min. The addition of sodium acetate and then of potassium
telluride is carried out without delay.
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Work-up D for 5a: The reaction mixture is extracted with ether
(5% 30 ml), the ether phase dried with sodium sulphate, evaporated to
dryness, and the residue is crystallized from ethyl acetate to yield 3,3’
tellurobis[2-propenenitrile] (5a).

Work-up E for Sh: The reaction mixture is extracted with ethyl ace-
tate (5 x40 ml), the extract dried with sodium sulphate, and evapo-
rated. The residue obtained is submitted to preparative T.L.C. on silica
gel [Merck PFisy 366, thickness: 1 mm, eluent: benzene/methanol
(99 :1)] to yield 3,3'-tellurobis[3-phenyl-2-propenenitrile] (5b).

We are thankful to Dr. S. Pucci of Centro delle Macromolecole Stereor-
dinate ed Otticamente Ottive del C.N.R., Pisa, for running and inter-
preting the mass spectra. This work was supported in part by C.N.R.
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