Enaminonitriles in heterocyclic synthesis: new routes
for the synthesis of some novel azolo[1,5-
alpyrimidine, pyrimido[1,2-albenzimidazole,
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The synthesis of several new azolo[1,5-alpyrimidines, pyrimido[1,2-albenzimidazoles, pyrazolo[3,4-b]pyridines,
pyrido[1,2-albenzimidazoles, pyrazoles and pyrimidines is reported.

In continuation of our previous interest in the synthesis of Several structures seemed possible for these products. Thus
variety of heterocycles, from the readily obtainable inexpen-initial formation of adduc# (route a) would lead t6, while

sive starting materiaf$:1*We report here on the utility of 3-
oxopropanenitrile derivative®a,b as building blocks for the

the formation of addudd can lead to either or 8 (route b).

H NMR revealed the pyrazole H-4 &in the range of 7.20

synthesis of the otherwise not readily obtainable cyano-1Hand absence of any signals corresponding to NH protons; thus

pyrazolo[1,5a] pyrimidines, 1,2,4-triazolo[1,&]pyrim-
idines, pyrazolo[3,d]pyridines, pyrazolo [1,Z]benzimida-

structure? could be ruled out. Structutewas also ruled out
on the basis ofH NMR spectra of the isolated products which

zoles, pyrazoles, and pyrimidines of expected potentialrevealed a singlet signal in the rangedo8.90 which was

biological activity.

We found that treatment of the aroylacetonitrilesb with
dimethylformamide-dimethylacetal DMF-DMA) in dry

assigned for the pyrimidine CH-2 in struct@&and not CH-4
in structures.’® The latter structure was firmly established for

the reaction products by the synthesis of the same prodacts

xylene under reflux for a short time afforded yellowish solid condensing@a with DMF-DMA and subsequent condensation

products that were assigned 3-arylNeN-dimethylamino)
methylene-3-oxopropanenitrile®a,b in almost quantitative

of the so formed amidine N-(N,N-dimethylaminomethyl-
ene)amino-3-phenyl-1H-pyrazoled)( with aroylacetonitrile

yields rather than following recently reported procedures byla,bto afford products identical in all respects (m.p., mixed

Kappaet al2 The behaviour of compoun@s,btowards some
heterocyclic amines, H-benz-imidazole-2-acetonitrile,
hydrazine, phenyl hydrazine and guanidine is investigated.

m.p. and mass spectra) with those corresponding to com-
pounds8a,h.

. . NMe;
Thus, compoundga,b reacted with 5-amino-3-arylpyrazoles ~¢""2  DMFDMA ~0 S lab
) . ’ ) LT — —— » 8ab
3a,bin ethanol in the presence of a catalytic amount of piperi- CGHSm xylene C‘*Hs_g.

dine to afford products of addition and both dimethylamine

and water elimination (Scheme 1).
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Similarly, the enaminonitrilea,b reacted with 5-amino-3-
phenyl-4-bromopyrazole10a and with 4-(4-chloropheny-
lazo)-3,5-diaminopyrazolelQb) under the same experimental
conditions to afford the pyrazolo[1d}pyrimidine derivatives
1la-din almost quantitative yield.

RZ  NH» R? N
2ab + Z_( > F CcN
RN NH RN, N 7/
N N 3
R
10 1
a R'=CgHs; R®=Br a Rl= R3=CgHs, R2=Br
b R'=NHy; R =N=N-CeHsCld 1y RI= CyHy; R2 = Br; R%= CgHaCHyp
¢ RY=NHy; R? = N=N-CgH4Cl-p; R® = CgHs
d R=NHy; R = N=N-CgH,Cl-p, R® = CgH,CHz-p

Formation of compound&a-dandlla-dis assumed to take
placevia the addition of the exocyclic amino group3a,b
and10a,bto thea,B-unsaturated moiety in compounga,b
to yield the corresponding acyclic non-isolable intermediates
which cyclize and aromatize into the final produgésd and
11a-d Itis of importance to report here that whereas ring N is
the most nucleophilic centre in compouddsb,*6-18however,
it is sterically hindered. Our approach for elucidating structure
8 may thus be taken as a basic approach for establishing struc-
ture of products formed by reacting functionalized alkenes
with the unsubstituted aminoazoles.

In the same manner, the enaminonitri®@sb reacted with
3-amino-1,2,4-triazole 1) to afford the 4-aryltriazolo[1,5-
a]pyrimidine-3-carbonitrile derivativesl3a,b in moderate
yields (Scheme 2). Structure of compoud@s,bwas estab-
lished on the basis of their elemental analysis and spectral
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data. A final evidence for the proposed structures, comes fror N
synthesizing compoundé3a,b via reaction of 3N-(N,N- @[N\ N N
dimethylamino-methylene)amino-1,2,4-triazol@4) with N N‘\ A
aroylacetonitrilesla,b to afford products identical in all o ‘CN W\
aspects (mp., TLC, IR, and mass spectra) with those obtaine

. . . . 25a, Ar=CgH 26
previously from reaction of compoun@s,b with 3-amino- *He

b, Ar = CgH,-CHz-p

1,2,4-triazole 12) as described before. T
<\N\\(NHZ N=CH-NMe, ‘ (i)
N-NH <N§I/N\ lab N 2a,b
- NH
v P, v o
Ar
13 a,Ar=CgHs 14
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Scheme 2 21 23a, Ar=CgHs

In contrast to their behaviour towargla,b, 10a,band12, e I
compounds2a,b reacted through the ring nitrogen in 2- Reagents: i = Cequ Pi= @ Dt
aminobenzimidazolelf) to afford the pyrimido[1,Z]benz- N s Noo
imidazole derivatived 7a,bvia the non-isolable intermediate 9 24
16 (Scheme 2). ThusH NMR showed a low field singlet at
~ 9.2, this is assignable for H-4 in compoudd®,band is
being deshielded by van der Waal's deshielding forces, whilehydrazine and phenylhydrazine to yield the nonisolable acyclic
H-5 appeared di = ~ 7.8 which is typical for such proton. If hydrazino derivative&7a-d The intermediate®7a,bcyclized
the reaction product is the isometi, formedviainitial addi- readily via water elimination leading to pyrazole®3a,h
tion to the exocyclic amino group in compout&] this singlet  Similar cyclization of27¢,dinto 28 s sterically hindered as it
should appear at a higher field. could produce pyrazoles with two adjacent bulky substituents,

On the other hand, the enaminonitri2s,b reacted with  consequently27c,dcyclizesvia addition to cyano group yield-
5-amino-1,3-diphenylpyrazolel9) in pyridine under reflux ing the amino pyrazole derivative®®a,b as confirmed by
and afforded products that may be formulated as the pyraelemental analyses and spectral data (Scheme 4).
zolo[3,4b]pyridine derivatives21 or its isomer23 via the In contrast to its behaviour towards hydrazines, compounds
non-isolable intermediate80 or isomeric 22, respectively 24 hreacted with hydroxyl amine in ethanol under reflux and

(Scheme 3). AgaintH NMR spectra of the isolated reaction afford in an excellent yield the hydroxylaminopropenonitrile
products, supported structuB as it revealed the pyridine

ring CH-2 atd in the range of 8.8 which is in accordance with

Scheme 3

structure23.2! If the reaction product is the isomegdt, one i \ g o A,\):

would expect this proton (now H-4) to appear at higher field A)K/f/)“\ -~ Hz}ﬁwez — T

as it is shielded by phenyl moiety ring current. HNT TN TN bt Y
Also, compounds2a,b reacted with H-benzimidazole-2- - A s et

acetonitrile 24) in ethanol in the presence of a catalytic b Ar=CeHiCHsp

amount of piperidine and afforded in each case a single proc S

uct for which structur@5a, or 25b was assigned on the basis
of their elemental analysis and spectral data (Scheme 3). Thu
IH NMR spectrum of the isolated reaction product revealec

o
CN CN
Ar Ar I
—_—
HOHN \NMEZ HOHN

30 31aAr=CeHs

one proton at high field as a doubledat 6.13 ( = 11) which RNHIHS b Ar = CHiCHz
is assigned for H-9 in structu2®a This is highly shielded by

lying over the benzene ring at C-1 which is perpendicular tc

the ring plane. A singlet &= 7.91 was observed and is attrib- N ™ O N,
uted to H-3 in the benzimidazopyridine ring system. This is a X \NH AN
typical value for pyridine H-4. If the reaction product \2&s HN =N

it would be difficult to assign the high field signaldat 6.13, w278 Ar=Cgs R=H #
moreover, the singlet due to pyridine H-2 in this case shoulc & bz ceeCap R =H T

appear at a lower field. e d Ar=CHsCHzp; R =CeHls NG

Compound®a,b reacted with hydrazine hydrate in ethanol
to yield the 4-cyanopyrazole derivative8a,h On the other
hand, compound&a,b reacted with phenyl hydrazine under

the same experimental conditions to yield the aminopyrazole.

29a,h It was believed thafa,b reacted initially with both

o /Z_\
= jo\
N—Ph
Al‘)‘\d\' AN N
N

29a Ar=CgHs
b Ar=CgHsCHz-p

H

28 a Ar=CgHs
b Ar= CgH4CHz-p

Scheme 4
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derivatives31a,b based on elemental analysis and spectralReceived 27 September 1999, accepted after revision
data of the isolated reaction products. It is of value to reporB0 December 1999

Paper 9/07511J

here that all trials to convert compourgisa,binto the corre-
sponding isoxazole derivative32a,b were unsuccessful,
which is in contrast to a recent rep#This can be attributed
to the fact that compoun@4.a,bis mainly existing in thanti-
form as indicated from ittH NMR spectra.

The reaction of enaminonitrilea,b with guanidine in
ethanol under reflux has afforded the aminopyrimidBves b
via the acyclic non-isolable intermediat&é3a,h Structure35
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was readily ruled out on the basis of spectral data (IR and MS)3
of the isolated products. For example, the IR spectrum of the
reaction products revealed absorption peaks for the nitrile and4

amino functions at 2220 and 3310 ‘gmespectively, which

are compatible with structui4. Besides the IR spectra, the 15

mass spectra revealed molecular ion peaks/atl96 (M)
and 210 (M) for compounds34a and 34b, respectively13C
NMR spectrum of compoun@4b is also in full agreement
with that proposed structuref( Experimental). A plausible
mechanism for the formation of compoursd&a,bis depicted
in Scheme 4.
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