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Studies with Condensed Azines: New Routes to
Pyrazolo[3,4-b]pyridines and Pyrrolo[3,2-b]pyridines
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Several condensed pyrazole derivatives are obtained from the reaction of 3-methyl-1-phenylpyrazol-5-amine (1) with
o, f-unsaturated ketones, o, f-unsaturated nitriles and isothiocyanates.

In conjunction with our previous interest in the chemistry of
azoloazines,™” we report here the novel syntheses of pyr-
azolo[3,4-b]pyridines and pyrrolo[3,2-b]pyridines. We found
that 3-methyl-1-phenylpyrazol-5-amine (1) reacts with
1-phenyl-3-dimethylaminoprop-2-en-1-ones 2a,b in the
presence of zinc chloride and pyridine, respectively, to yield
addition products with the elimination of dimethylamine and
water. The products can thus be formulated as 5 or the iso-
meric structure 6. Structure 6 was established based on 'H
NMR data and NOE experiments. NOE difference experi-
ments showed that the methyl group and pyridine H-4 inter-
act through space. Thus, irradiating the methyl signal at 6
2.62 and 2.68 enhanced the pyridine H-4 signal at ¢ 8.45 and
9.07 in 6a and 6b respectively. Moreover, when 1 and 2a were
refluxed in ethanol, compound 4a was isolated in good yield.
It could then be cyclised to 6a on fusion with ZnCl,. Com-
pound 1 also reacted with benzylidenemalononitrile (7) in
refluxing pyridine to yield an addition product which then
underwent auto-oxidation to give 8 or the isomeric structure
9. Again, structure 8 was established based on the shielding
effect of the methyl signal by the aromatic ring current and by
NOE experiments. Thus irradiating the methyl signal at o
1.86 little enhanced the phenyl protons at § 7.21 while no
enhancement of the NH, protons was observed. The
observed small effect is perhaps due to the existence of
phenyl o-H’s out of plane as shown in structure (8). The
observation that the methyl protons are shifted upfield to ¢
1.86 (expected position is ca. 6 2.45) further supports this
conclusion.

Compound 1 also reacted with ethoxymethylidenemalono-
nitrile to yield a product that may be formulated as acyclic 10

NH, o}
iy .
Ph —
Me— X~ ~Ph X NMe,
1 2
Ph

Me X Me X
| OJ\U/ s
N N
N N 0%~ph

NoNH N ONH,
Ph Ph
3 4
Ph {

Me X Me X
| h | h
N | e N | —

- e
Ph Ph
5 6
2-6a X =H
b X=CN

*To receive any correspondence.

and 11 or cyclic 12 and 13. '"H NMR revealed an absence of
any signal for a pyrazole H-4 and thus the acyclic form 11 was
excluded. *C NMR indicated the presence of only one CN
carbon at 6 109.85 and thus the acyclic form 10 could also be
excluded. NOE difference experiments showed no inter-
action between the methyl protons at 6 2.45 and the 6-H
pyridine proton at ¢ 8.48. It showed in contrast that the
methyl protons and amino protons are proximal. Thus irradi-
ating the methyl signal at ¢ 2.45 enhanced the amino proton
signal at 6 5.8 and vice versa. Hence structure 12 was excluded
and structure 13 was established. When the same reaction
was carried out in refluxing ethanol for 2 h, compound 11 was
formed instead of 13. "H NMR revealed the presence of the
pyrazole H-4 signal at 6 6.33. Compound 11 was cyclised to
give 13 on refluxing in ethanol for a few more hours. Thus
structure 13 was further established.
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Attempted diazotisation of 1 gave the nitroso derivative 14
which reacted with malononitrile to yield a product of molec-
ular formula C,(H,N;. The same product was also obtained
by reacting 14 with the malononitrile dimer 15. It was thus
assumed that malononitrile first dimerises under the reaction
conditions, which then condenses with 14 to yield a product
that can be formulated as 16 or isomeric 17. Structure 17 was
established on the basis of "C NMR which revealed the
presence of only one CN signal. Moreover, compound 17 was
recovered almost unreacted when boiled in acetic acid: a
condition expected to effect cyclisation of 16 into 17.

Compound 1 also reacted with benzoyl isothiocyanate
(prepared in situ) in acetonitrile to give the thiourea deriva-
tive 18. Compound 18 on treatment with bromine in acetic
acid gave pyrazolo[3,4-d]thiazole 19.
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The fact that 1 reacted with 2a,b, 7 and nitrous acid at C-4
while reaction with benzoyl isothiocyanate and ethoxy-
methylidenemalononitrile occurred preferentially at the exo-
cyclic amino group can be interpreted as follows. Firstly reac-
tion with nitrous acid was conducted in acid solution. Under
such conditions, the exocyclic amino group is protonated and
the attacking reagent is thus directed to C-4. For the reac-
tions with 2a,b, ethoxymethylidenemalononitrile and benzoyl
isothiocyanate, we believe that both the exocyclic amino and
C-4 are potential sites for attack, with the former being more
reactive. Thus in reaction with benzoyl isothiocyanate, the
addition at the exocyclic amino is irreversible, and thus the
reaction product with the amino function was isolated. In
reactions with 2a,b and 7, the reaction at the exocyclic amino
group is reversible while the one at C-4 is irreversible. Thus
the reaction is thermodynamically controlled and the
products are exclusively those of addition at C-4. Although
adducts 20a,b seem to be structurally related, the fact that
EtO~ is a better leaving group than NMe, has resulted in
ready elimination of EtO~ from the adduct 20a, leading to
the formation of 11, while reaction leading to 3 will revert to
the starting material.

Methyl 4-amino-2-methyl-1H-pyrrole-3-carboxylate (21a)
was generated in situ via reacting ethyl acetoacetate with
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aminoacetonitrile in sodium methoxide solution as has been
described earlier® (21a was formed instead of 21b due to
transesterification in methanol). The pyrroleamine 21a
reacted with ethyl benzylidenecyanoacetate 22 to yield a
product that may be formulated as 23 or the isomeric 24. This
compound underwent methylation with methyl iodide to give
the dimethyl derivative 25, the structure being confirmed by
NOE which revealed steric interaction between the methyl
signal at 6 2.66 and the N-methyl signal at J 3.08 and the
phenyl protons at § 7.53.
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