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SYNTHESIS OF PYRIDOJ[3',2':4,5]THIENO(2,3-c] CINNOLINES —
A NEW HETEROCYCLIC SYSTEM

V. A. Artemov, V. L. Ivanov, A. V. Koshkarov,
A. M. Shestopalov, and V. P. Litvinov

Pyrido[3',2':4,5]thienof2, 3-c]cinnolines, new heterocyclic compounds, were obtained in three steps:
1) alkylation of 3-cyanopyridine-2(1H)-thiones by o-nitrobenzyl bromide to give 2-(o-nitro-
benzyljthio-3-cyanopyridines, 2) closure of the thiophene ring in these intermediates to give
3-amino-2-(o-nitrophenyl)thienof2, 3-bjpyridines, and 3) closure of the pyridazine ring by condensation of the
amino and nitro groups in triethyl phosphite, leading to the final heterocyclic system.

Condensed cinnolines hold great interest in light of the broad spectrum of their useful properties [1]. The major method
for constructing such heterocyclic systems involves intramolecular cyclization of aryldiazonium salts [1]. This approach has
been used for the synthesis of such condensed heterocyclic systems as benzo[c]cinnolines [I, 2] and thieno-
[2,3-¢(3,2-c)]cinnolines [3]. However, o-aryl- or o-hetarylanilines, the starting compounds for these syntheses, are usually
difficult to obtain. This lack of availability has limited the compounds of this class, as described [1].

In the present work, we propose a new approach for construction of the cinnoline system involving formation of a
—N=N- double bond by the reaction of NH, and NO, groups in P(OEt);. Intermolecular reactions of this type leading to
arylazo compounds have not yet been reported. A similar method has been proposed for ring closure in 2-amino-
2'-nitrodiphenyl, which, upon treatment with trimethylbenzylammonium hydroxide, gives a cyclic azoxy compound, namely,
benzo[c]cinnoline oxide [4, 5].

Previously unreported 3-amino-2-(2-nitrophenyl)thieno{2,3-b]pyridines (Ia-Ig, see Scheme) were selected as the starting
compounds for the synthesis of fused cinnolines. Several published studies have been devoted to the synthesis of analogous
compounds (R!, RZ, R? = H, Me, R* = H, R’ = NO,) containing a 4-nitrophenyl substituent by cyclization of the
corresponding 2-(4-nitrobenzyl)thio-3-cyanopyridines in the presence of sodium ethylate in ethanol [6-8].

According to the proposed scheme, alkylation of deprotonated 3-cyano-1(2H)-pyridinethiones (Ila-IIg) by 2- or
4-nitrobenzyl bromide leads to benzylthiopyridines (Illa-1IIg). The next step involves deprotonation of the acidic methylene
group in III by the action of KOH as a base and subsequent closure of the thiophene ring by a Thorpe —Ziegler reaction to give
thienopyridines (Ia-Ig). We have shown that the nitrophenyl group in this case is also a sufficiently strong electron-withdrawing
substituent for carrying out such a cyclization. The feasibility of obtaining I directly from starting pyridinethiones II without
isolation of intermediate pyridines III is not excluded though isolation of the intermediate is desirable for obtaining the desired
thienopyridine in pure form and good yield.

The PMR and IR spectral data were sufficiently informative to establish the structures of I and III. Thus, the IR spectra
of pyridines III have a band for the 3-CN group in the vicinity of 2220 cm~!. This band disappears after closure of the
thiophene ring and formation of I and several bands appear at ~3360 cm™! characteristic for the NH, group. The PMR signal
for the methylene group in pyridines III at ~4.80 ppm is also diagnostic. This signal is lacking in the spectra of 1, and a broad
singlet at 4.50-6.00 ppm appears for the amino group.
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I—II1 aR' =R? =R*~H, R? = 2-thienyl (Het), R®=NO2; bR~ CF3, R?=R*=H, R*= Het,
RS =NOz; ¢ R!=R*=H, R?=CN, R® = NHz, R® = NOz; dR! =R*~ H, R?+R* = (CH2)3, R* =NOz;
¢R!=R?=CH3, R? =R’ = H,R*=NO:; f R'~R?~R*~ H, R* - Het, R* = NO2;
£ R! = CF3, RZ=R®=H, R* - Het, R'=NO2

3-Amino-2-(2-nitrophenyl)thieno[2,3-b]pyridines Ie-Ig undergo pyridazine ring closure upon heating at reftux in triethyl
phosphite to give pyrido[3’,2:4,5]thieno[3,2-c]cinnolines (IVa-IVc):

[vaR!=R®= Me, R?= H;bR! = R? = H, R? = Het;
cR!= CF;, R? = H,R? = Het

The mechanism for the intramolecular cyclization of the amino and nitro groups in this case probably involves
consecutive steps featuring deoxygenation of the nitro group, formation of the corresponding nitroso compound, and
condensation of the amino and nitroso groups, leading to the final condensed cinnoline. The structure of IVa-IVc was supported
by PMR and IR spectroscopy and mass spectrometry. The spectral data for these compounds are given in Table 3. Closure of
the cinnoline ring is indicated by the lack of the PMR signal for the NH, group, lack of IR bands for the NH, and NO, groups,
the mass spectral data, and downfield shift of the PMR signal for the R! substituent, which is characteristic for such systems
[9].

Thus, we have developed a new method for the synthesis of condensed cinnolines based on the closure of a pyridazine
ring in 3-amino-2-(2-nitrophenyl)thieno[2,3-b]pyridines.

EXPERIMENTAL

The melting points were determined on a Koeffler block. The IR spectra were taken on a Specord M-80 spectrometer
for KBr peliets and the PMR spectra were taken on a Bruker WM-200 spectrometer at 200 MHz for solutions in DMSO-dg.
The mass spectra were taken on a Varian MAT mass spectrometer at 70 eV. The elemental analysis for C, H, and N was
carried out on a Perkin—Elmer C,H,N-analyzer. The characteristics of products I, III, and IV are given in Tables 1-3.

The starting 3-cyanopyridine-1(2H)-thiones were obtained according to our previous procedure [10].

2-(Nitrobenzyl)thio-3-cyanopyridines (IIla-IIIg). A sample of 3 mmoles KOH as a 10% aqueous solution was added
to a solution of 3 mmoles Ila-IIg in 10 ml DMF followed by 3 mmoles corresponding benzyl bromide. The reaction mixture
was maintained for 3-5 min at room temperature. The product was then precipitated by adding water, filtered off, washed with
ethanol and hexane, and dried in the air. The mass spectrum for Ille (m/z, intensity): 299 (M+, 1%), 281 (4%), 251 (5%),
164 (100%).
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3-Amino-2-nitrophenylthieno[2,3-b)pyridines (Ia-Ig). Two or three drops of 10% aq. KOH were added to a solution

of 1 mmole Illa-Ilig in DMF and the mixture was maintained at room temperature for 2 h. The product was precipitated by
adding water, filtered off, washed with ethanol and hexane, and dried in the air. The mass spectrum for le (m/z): 299 (M,
100%), 282 (71%), 254 (63%), 165 (93%).

Pyrido{3',2':4,5]thieno(3,2-c]cinnolines (IVa-IVc). A solution of 1 mmole Ia-Igin 5 ml triethyl phosphite was heated

at reflux for 6 h. Triethyl phosphite was distilled off in vacuum and the residue was covered with ethanol. The crystalline
precipitate formed after 30 min was filtered off, washed with ethanol and hexane, and dried in the air. An analytically pure
sample was obtained by reprecipitation of the product obtained from DMSO. The mass spectrum for 1Va (m/z): 265 (M,
100%), 252 (5%), 236 (14%), 222 (6%).

The authors express their gratitude to the Russian Basic Research Fund (Grant No. 96-03-32012a) for financial support.
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