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2-Azidothiazolo[5,4-b |pyridine and 2-azidothiazolo[4,5-¢ ]pyridine were synthesized. Azido-
tetrazolo isomerizations of these compounds were investigated and in both cases also the tetrazolo

form could be obtained.
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Recently, we have accumulated considerable experi-
mental evidence concerning the problem of azido-tetrazolo
isomerizations (2-22) and its implications. A review on
this subject has also appeared (23). So far, all our studies
were devoted to systems where the azido group was
attached to a six-membered heterocycle and hence the
isomerization to the tetrazolo form generated the corres-
ponding tetrazoloazines. It was therefore of interest to
investigate some systems in which fusion of the tetrazolo
ring to a five-membered heterocycle may be possible.

From the published data it appears that in general the
tendency of tetrazoloazole formation is less pronounced
as compared to tetrazoloazines. Although for most 2-
azidobenzothiazoles, with few exceptions (24, 25), the
tetrazolo form is favoured in the solid state (24-29),
these compounds exist in solution in general as azides
(25,27,29). Infrared and ultraviolet spectroscopy have
been used almost exclusively for the determination of
particular forms. Recently, nmr spectroscopy was used
and azido-tetrazolo equilibrium of 2-azidobenzothiazole
could be determined (KT = 1 in deuteriochloroform at
35°) (30). Furthermore, on hand of infrared examination
2-azidothiazole exists predominantly as azide (31) and
also for 3-azidobenzisothiazole (26) and other azidobenz-
azoles (28) the azide form was claimed to be the preferred
one.

Azido-tetrazolo isomerizations and equilibria in the
azole series have been recently investigated in detail by
Elguero (32-34). It could be established that for the
neutral molecules the equilibrium is displaced towards the
azide, whereas compounds where anion formation is
possible (for example on the ring nitrogen unsubstituted
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In solution, equilibria at different temperatures were determined.

pyrazoles, imidazoles) are transformed into the tetrazolo
form (32,33,35). Similarly, l-acetyl-2-azidoimidazole is
in equilibrium with the tetrazolo form (36). A theoretical
approach to the azido-tetrazolo isomerization showed that
tetrazole formation should be preferred in polar solvents
since these polarize and stabilize to a greater extent the
transition state with respect to the azido form (37).

For our present investigation we have prepared the
isomeric azidothiazolopyridines 2a and 7a. 2-Azidothi-
azolo[5,4-b ]pyridine (2a) was prepared in the usual
manner from the known 2-hydrazinothiazolo[5,4-b ]pyri-
dine (38). For the synthesis of 2-azidothiazolo{4,5-c]-
pyridine (7a) the following series of transformations was
necessary. 4-Chloro-3-nitropyridine was transformed with
a mixture of sodium hydrosulfide, sodium sulfide and
carbon disulfide into 2(3H)thioxothiazolo[4,5-¢ |pyridine
(4). This compound was transformed into its S-methyl
derivative (5) which upon hydrazinolysis afforded the
corresponding hydrazino derivative (6). Nitrosation of
compound 6 afforded the desired azido compound (7a).

2-Azidothiazolo[5,4-b | pyridine (2a), when crystallized
from water had m.p. 98-100° and the infrared spectrum
of the solid did not reveal any absorption band character-
istic for the presence of an azido group. The compound
exists therefore in the solid state in the. tetrazolo form
(2b). When sublimed- in vacuo, the tetrazolo compound
was transformed into the azido isomer (2a), m.p. 72-75°
and this, upon melting, is transformed again back into
the tetrazolo form (2b). The azido compound revealed
a characteristic azide absorption band at 2140 e¢m™!
solid state or in chloroform solution. A nmr spectro-
scopic investigation of a solution of this compound in
dimethylsulfoxide revealed an equilibrium between both
forms, 2a and 2b (A H = 2.2 £ 0.2 kcal/mole for tetrazolo/
azido form) (see also Table I). The equilibrium constant
was determined by employing both forms, i.e., the azido
and tetrazolo form, as starting material.

in

A similar behaviour could be observed for the isomeric
2-azidothiazolo[4,5-c |pyridine (7a). The compound is
converted at its m.p. at 75-85° into the tetrazolo isomer
(7b) with m.p. 128-130°. Here again, in solution of
dimethylsulfoxide an equilibrium of both isomers (7a and
7b) could be established (A H=1.5 % 0.2 kcal/mole for
tetrazolo/azido form) (see Table I).

The above results are consistent with the observations
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Table I

Tetrazolo-azido Equilibria

a) Equilibrium 2b = 2a (in DMSO-dg)

T (°K) KT
300 0.7
323 0.55
338 0.49
348 0.43
b) Equilibrium 7b = 7a (in DMSO-d¢)
T (°K) KT
296 0.26
316 - 0.23
336 0.19

of azido-tetrazolo isomerizations in the field of azido-
azoles and azidobenzazoles. The solubility of the investi-
gared compounds limits the number of solvents for in-
vestigation of equilibria and hence the dependency of
these from the solvent polarity. However, the published
results concerning the influence of solvent polarity upon
azido-tetrazolo isomerization of 2-azidothiazoles revealed
that with enhanced solvent polarity the tetrazolo forms are
favoured (34).

Since in addition to the influence of the solvent,
temperature and the neighbouring ring heteroatom, the
isomerization is sensible also to substituent effects, it was
of interest to establish the eventual influence of the
fused pyridine ring. Unfortunately, a direct correlation
of equilibrium constants of the investigated 2-azidothi-
azolopyridines with 2-azidothiazole or 2-azidobenzothi-
azole is not possible because the published data are either
based on the interpretation of infrared spectra and allow
only qualitative evaluation (31) or deuteriochloroform was
used as solvent for the determination of the equilibrium
constant by nmr spectroscopy (30). However, from the
determined equilibrium constants for the isomeric 2-
azidothiazolo[5,4-b Jpyridine and 2-azidothiazolo[4,5-c]-
pyridine it appears that the position of the pyridine ring
nitrogen towards the fused thiazole ring has some in-
fluence on the azido-tetrazolo equilibrium. What regards
the temperature effect the recorded measurements present
evidence that with increased temperature the proportion
of the azido form is increased. ‘

A correlation of nmr spectra of the corresponding
azido and tetrazolo forms revealed pronounced displace-
ment of chemical shifts of pyridine protons towards lower
field for the tetrazolo form. An explanation, based on the
influence of steric effects, could be reasonable only for
the proton H; of the tetrazolo form, but not for the
more distant Hg and H; protons. It must be therefore
anticipated that the pyridine ring in 2b or 7b becomes
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more aromatic when compared to the azide forms. In the
latter case, electron delocalization involves the whole
bicyclic system, whereas in the tetrazole forms electrons
are delocalized in two more or less separated aromatic
parts, the pyridine ring and the tetrazole ring. An ad-
ditional support for this comes also from the observation
that the transformation of the tetrazolo into the azido
form is an endothermic process as a result of resonance
destabilization of the system.

EXPERIMENTAL

Melting points were taken on a Kofler micro hot stage. All
nmr spectra were obtained on a JEOL JNM C60-HL spectrometer
and mass spectra were recorded on a Hitachi-Perkin-Elmer RMU-
6L instrument.

2.Azidothiazolo[ 5,4-b] pyridine (2a).

A solution of the 2-hydrazino compound (1) (0.166 g.) in
hydrochloric acid (3 ml. of 1:1) was cooled to -5° and under
stirring a solution of sodium nitrite (0.138 g.) in water (1 ml.)
was added dropwise. After some time water (5 ml.) was added
and the reaction mixture was neutralized with sodium bicarbonate
to pH 7 and the separated product was filtered (0.13 g., 74%
yield), m.p. 72-75° (from the melt crystals of the tetrazolo form
separated, m.p. 98-100°); mass spectrum: M* = 177; infrared
spectrum: 2140 em~! (N3 group); nmr spectrum of the azide
form: (deuteriochloroform): = = 1.92 (dd, Hy), 2.6 (dd, Hs),
1.48 (dd, H¢), Ja s = 7.5, Js. 6 = 4.5, J4,6 = 1.5 Hz; (DMSO-d¢):
7 = 170 (dd, Hg), 2.42 (dd, Hs), 1.43 (dd, Hg), J4,5s = 8.0,
Js,6 = 4.5,Ja 6 = 1.5 Hz. If crystallized from water, the tetrazolo
form was obtained, m.p. 98-100°; nmr (DMSO-dg): 7 = 1.15
(m, Hs and H7), 2.15 (dd, Hﬁ)a J5,6 = 6'51.16,7 = 4.5 Hz.

The tetrazolo compound when sublimed in vacuo was trans-
formed back into the lower melting azido isomer.

Anal. Caled. for C¢H3NsS: C, 40.69; H, 1.71. Found: C,
41.05; H, 1.98.

2(3H)Thioxothiazolo[4,5-c] pyridine (4).

A solution of sodium hydrosulfide was prepared in the
following manner: into a solution of sodium hydroxide (3 g. in
16 ml. of water) hydrogen sulfide was bubbled until saturation.
Into this hot solution 4-chloro-3-nitropyridine (3) (4 g.) was
added and the reaction mixture was heated under reflux for 5
minutes. Into the boiling solution sodium sulfide nonahydrate
(12 g.) was added portionwise and hydrogen sulfide was bubbled
into the boiling reaction mixture for 2.5 hours. Thereafter, the
reaction mixture was treated with aqueous sodium hydroxide
(1.4 g. in 6 ml. water), saturated with hydrogen sulfide, and
finally carbon disulfide (11 ml.) was added. The reaction mixture
was heated at 110° for 5-6 hours, cooled and neutralized with
acetic acid. The separated product was filtered, dissolved in
aqueous ammonia, charcoaled and filtered. The filtrate was
acidified with acetic acid, the product was filtered off and washed
with some ethanol, m.p. over 275° dec. (2.8 g., 66% yield); mass
spectrum: M?* = 168; nmr (DMSO-dg, 88°): 7= 1.56 (d, Ha),
1.75(d, He), 2.41(dd, H7), J6 7 =5.1,J4,7 = 0.75 Hz.

2-Methylthiothiazolo[4,5-c] pyridine (5).

The above thione 4 (0.336 g.) was dissolved in ethanolic
sodium ethylate (prepared from 46 mg. of sodium and 10 ml. of
absolute ethanol) and the solution was evaporated to dryness.
The residue was dissolved in 1,2-dimethoxyethane (15 ml.) and
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methyl iodide (0.352 g.) was added. The reaction mixture was
heated under reflux for 10 minutes, the solvent was evaporated,
water (5 ml.) was added and the separated product was filtered
(yield 0.15 g., 41%). For analysis the product was sublimed at
90°/10 mm and had m.p. 83-85°; nmr (DMSO-d¢): 7 = 0.87
(d, Ha), 1.53 (d, Hg), 1.91 (dd, Hy), 7.18 (s, Me), J¢ .7 = 6.0,
J4’7 = 0.8 Hz.

Anal. Caled. for CoHgN,S,: C, 46.13; H, 3.32; N, 15.37.
Found: C, 45.91; H, 3.48; N, 15.25.

2-Hydrazinothiazolo[ 4,5-c ] pyridine (6).

The methylthio compound (5) (0.17 g.) was treated with
few drops of ethanol and hydrazine hydrate (3 ml. of 80%) and
the reaction mixture was heated at 60° for 45 minutes. Upon
cooling the product was filtered, dried and crystallized from
ethanol, m.p. 272-274° (yield 0.1 g., 64%); nmr (DMSO-dg,
115°): 7 = 1.4 (d, Hg), 1.9 (d, Hg), 2.31 (dd, H4), 5.0 (broad,
NH),J6,7 = 5.0,J4,7 = 0.8 Hz.

Anal. Caled. for CgHgN4S: C, 43.36; H, 3.64; N, 33.71.
Found: C, 43.15; H, 3.81; N, 33.55.

2-Azidothiazolo[ 4,5-c | pyridine ( 7a).

The above hydrazino compound (0.166 g.) was dissolved in
hydrochloric acid (3 ml. of 1:1), the solution was cooled to -5°
and under stirring an aqueous solution of sodium nitrite (0.138 g.
in 1 ml. water) was added. After 5 minutes some water was
added and the reaction mixture was neutralized with sodium
bicarbonate to pH 7. The separated product was filtered and
sublimed at 100°/100 mm, m.p. 75-85° (from the melt new
crystals of the tetrazolo isomer separated and had m.p. 128-130°);
nmr spectrum of the azido form (7a): (deuteriochloroform): 7=

0.85 (s, Ha), 1.51 (d, Hg),-2.32 (d, Hy), J 7 = 5.7 Hz; (DMSO-
dg): 7= 167 (d, Hy), 2.25 (d, Hg), 2.65 (dd, Hy), J6 7 = 5.0,
Jas7 = 08 Hz; nmr spectrum of the tetrazolo form (7b):
(DMS0-dg): 7 = 1.15 (s, Hs), 1.9 (d, Hy), 2.35(d, Hg), J7.8 =
6.0 Hz.

Anal. Caled. for C¢gH3NsS: C, 40.69; H, 1.71; N, 39.54.
Found: C, 40.87; H,1.92; N, 39.65.

Kinetic Measurements.

A sample of about 18 mg. of the corresponding compound
was dissolved in 0.5 ml. of DMSO-dg and the solution was
left at the corresponding temperature to allow equilibration.
The rate of equilibrium formation and the equilibrium constants
were measured at different temperatures (see Table I). The
equilibrium constants as well as values of A H were calculated as
described previously (5). Temperature measurements are accurate
to = 0.5 K at the sample and the measurements of A v are
accurate to* 0.5 Hz. We assign a maximum error of & 0.2
kcal/mol to AH values.
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