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I. INTRODUCTION.

The biological and medicinal activities of 5-aminopyra-
zoles have prompted enormous research aimed at develop-
ing synthetic routes to these ring systems [1-4]. A search
of the literature revealed large number of 5-aminopyrazole
ring systems that fit this criteria. Such a fact may not be
surprising for those who are interested in the chemistry of
this class of compounds as, of course, there are theoretical
and practical reasons for this interest.

5-Aminopyrazoles (1) became of recent importance due
to the reported anti-inflammatory and antipyretic proper-
ties of many of these derivatives [1-4]. Moreover, in recent
years, these derivatives have been extensively utilized as
intermediates for synthesis of fused pyrazoles of potential
biological activity [1-4].

The chemistry of 5-aminopyrazoles have been reviewed
in two books which were published in 1964 [5] and in
1967 [6]. The extensive literature that has been published
since both books appeared made it mandatory to update

5-Aminopyrazoles (1) have been extensively synthe-
sized via the reaction of a—, p-functional nitriles with
hydrazines [7-9]. A variety of a—, B-functional nitriles
have been utilized for the synthesis of 1.
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This review focuses on recently published methods of
preparation of 5-aminpyrazoles. For example, cyano-4'-
nitroacetophenone (2) undergoes cyclization upon treat-
ment with arylhydrazines in the presence of triethylamine
in refluxing ethanol to yield pyrazole 3. The nitro group
was then reduced to an amine under hydrogenation condi-
tions and the amine was condensed to an aryl sulfonyl
chloride to afford aminopyrazoles 4 in excellent yields
[10] (Scheme 1).
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knowledge in this area. It should be however, stated clearly
here that some reports were not involved because it
seemed mere repetition of the established and reviewed
chemistry of these compounds.

On the other hand, some of the old literature is surveyed
here because it seemed of vital importance in understand-
ing the chemistry of this class of compounds.

II. METHODS OF PREPARATION

1- Reactions of a- or P-Functional Nitriles with
Hydrazines.
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Alternatively, aminopyrazoles that contained a cyclo-
hexylmethyl- or phenylmethyl- sulfonamido group were
prepared as illustrated in (Scheme 2) [10]. These com-
pounds were designed because the cyclohexylmethylsul-
fonamido group had previously been shown to be present
in high-affinity ligands of the human nuropeptide y y>
receptor [11].

On the other hand, Watson et al. [12] reported a novel
solid phase syntheses of some 5-aminopyrazoles and their
N-acyl and N-sulfonyl derivatives have developed utilizing
the B-keto nitrile 10 as shown in (Scheme 3). The syntheses
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are versatile, affording compounds based around a known
pharmacophoric template and are ideally suited for combi-
natorial library generation.

Jachak et al. [13] have recently reported a novel synthe-
sis of 5-aminopyrazoles 15 via reaction of cyanoacetalde-
hyde (13) with hydrazines to give the hydrazones 14 which
readily cyclized under basic conditions to give 15.
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a, R, = CJH,OMe(p)
b, R; = C¢H,Br(p)
¢, Ry = CgH<CH,
d, R; = pyridyl-

Substituted malononitrile derivatives have been shown
to react smoothly with hydrazine to yield 3,5-diaminopy-
razoles with an expected wide spectrum of biological
activity. Thus, it has been shown that [14-16] arylhydra-
zonomesoxalonitriles 16 react with hydrazines to yield
3,5-diamino-4-arylazopyrazoles 17 (Scheme 4).

Similarly, Echevarria et al. [17] have reported that octyl-
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malononitrile (18) afforded 3,5-diamino-4-octylpyrazole
(19) when heated with hydrazine hydrate in ethanol for 24
hs (Scheme 4).

2- Reactions of a,B-Unsaturated Nitriles with Hydrazines.

An efficient route for the synthesis of 5-aminopyrazoles
is the reaction of a,B-unsaturated nitriles with hydrazines
[18-25]. Thus, the ketene dithioacetals (20) cyclocon-
densed with hydrazine hydrate (70%) in refluxing
methanol to give 5-aminopyrazoles (21) in good yield.

Also, compound 20a underwent smooth conjugate addi-
tion with aryl amines and with diethyl phosphite to afford
o,B-unsaturated nitriles 22 and 23, respectively. Finally,
cyclization reaction of 22 with hydrazine hydrate in reflux-
ing ethanol affords 5-amino-3-arylaminopyrazole-4-car-
bonitrile derivative 24 [26]. While cyclization of 23 with
hydrazine hydrate to construct 5-amino-4-cyano(ethoxy-
carbonyl)-3-phosphonylpyrazole (25) [27] was achieved
under carefully controlled reaction temperature —5~0 °C in
essentially quantitative yield (Scheme 5).

Also, Nilov et al. [28] have reported the synthesis of
5-aminopyrazole-4-carboxamide (27) from reaction of
a-cyano-f-dimethylaminocrotonamide (26) with
hydrazine hydrate.
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Recently, it has been reported [29,30] that 1,1-dicyano-
2-methoxy-3-arylpropene 28 undergo cyclization when
treated with hydrazine hydrate in ethanolic triethylamine
to yield 5-aminopyrazole derivatives 29.
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3-Other Syntheses.

Beam et al. [31] have reported a novel synthesis of 5-
aminopyrazoles from polylithiated C(a),N-thiosemi-
cabazones or C(a) ,N-semicarbazones. The polylithiated
intermediates, prepared in an excess of lithium diisopropy-
lamide, underwent cyclization and subsequent hydrolysis
to give aminopyrazole derivative 32.
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A second solid phase synthesis of 5-aminopyrazoles has
been achieved [32] utilizing the enamine nitrile 33 [33] as
starting material. In this reaction compound 33 was readily
hydrolysed to afford the 4-(1-cyano-2-oxoethyl)benza-
mide derivative 34 which react efficiently with hydrazines
to give the corresponding 5-aminopyrazoles 35.
Subsequent acylation and cleavage from the resin affords
N-acyl-5-aminopyrazoles 36 (Scheme 6). This new 5-
aminopyrazole synthesis is more versatile than its prede-
cessor [12], in that it avoids the use of troublesome B-keto
nitrile functionality. This new route is ideally suited for the
synthesis of combinatorial libraries for screening against
drug targets.

The enamine nitrile [34] 37 readily coupled with aryl
diazonium chlorides to yield coupling products 38 that
were converted to the aminopyrazole derivatives 39 by
refluxing in DMF/piperidine [34].

Hutaud et al. [35] have reported a rare method for the
preparation of 3,5-diaminopyrazoles 42 in good yields
upon treatment of the alkenes 40 with trifluoroacetic acid.
The Boc deprotection is spontaneously followed by a
nucleophilic attack of the cyano group by the N-terminal
nitrogen of the hydrazino substituent (Scheme 7).
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Other interesting syntheses that afford 5-aminopyrazole
H,C___NNHCOCH,CN r%(:? H3CIN‘I\>IHCOCH2CN derivatives are also reported [18,33] in (Scheme 8).
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\[CN ALINNZ SON III. STRUCTURE OF 5-AMINOPYRAZOLES.
37 38 (3)5-Aminopyrazoles (1) are tautomeric with its imino
form (1'). It is difficult to make a clear cut distinction
DME/pip. between the two structures. It is usually necessary to
_ COCH,CN consider both structures, as well as their resonance stabi-
(le lized ionic hybrid structures, to rationalize for the chem-
ical behavior of these compounds [6]. However it has
been stated that in a superficial way it is more or less
/ﬁ NH, apparent that 5-aminopyrazoles behave primarily as 5-
N\ / imines [6]. Such a statement seems to be over simplified
H,C N=NAr and it might even be wrong as the ultraviolet absorption
39 studies have indicated that 5-iminopyrazoles exist as
such under the conditions of measurements [36,37].
Scheme 7 iz_<NH2 v NH
\ .
Ne_ | NH, TFA NC__ NH, L+ /N,N - X/Z\_,il{ +o1
> ) < ® O H N
R,0C  NHNHCO,Bu R,0C  NHNH;TFA
40
CC double
bond rotation IV. CHEMICAL PROPERTIES.
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b, Ry = p-CICsH, position. Coupling with diazonium salts, nitrosation,



114 T. M. Abu Elmaati and Fathi M. El-Taweel
Scheme 8
— K —
o N/N\CN
R ON MeJ\/R , 60°C Me)l\/R S N, R
| —— 4
NH, -H,0 ﬂ N\N\ Me  Ref. 19
43 R R
N~c 45
HN )LN
Me)\
R
44
o\\s//O
J 7 CN NH,NH,*H,0 — Q0 N
—_— N Ref. 19
S N R /N
1\'4e NHMe . NH
46
aR=H 4
b, R = CO,Et s
l PhNCS (» | NHPh
_—
H,N NHNHCOR ROCHNHN NH, Ref. 34
CHCly / (C,Hs)sN
HN CSNHPh
7\
N\N NH,
Cor
50
halogenation and nitration takes place at this position. Y. NH,
Acylation, sulphonation, hydrolysis have also been X/Z\N—/EH(R)
reported [5,6]. These reactions were previously surveyed
- . . 1
efficiently in reference 5 and 6 and are summarized here
in (Scheme 9). L hd L
It has been reported that the behaviour of 5-aminopy- a Ph H o
. . b phenazonyl- H p
razoles toward condensation with aldehydes and ketones ¢ &h Br q
e H r
resembles that of 2-aminoindole [38,39] since 5- e Me Br
. . . - f NH, NO,
aminopyrazoles behave primarily as 5-imines [36]. g NH, _N=NAT s
Swett et al. [40], have suggested a structure of type 58 as fl ’NEIAF gg
. . . . j Et -CONH t
the most likely for this reaction. Since they were unable % | isopropyl- oN 2 u
to either purify or characterize these products, they I (Gels)CHy CN v
- . N
could not rule out the possibility of the formation of m ©:§>_ CN X
w
Schiff bases of type 57 which could rearrange to 58 n Me -COMe

(Scheme 10).

Figure 1

Vol. 41

X Y
H CO4EL
Me -CHO
H CN
SMe CN
O, OTr
w | H
o _0
>N
H CH,
Me NO
NH, -CH,SPh
-COBt CN
-CH,Ph | -N=NAr
Me SH




Mar-Apr 2004 Review 115
Scheme 9
Y. NHSO,R Y NHCOR Br NH, Y N=NOH
S N~ ~ N~ 2\ N~ x N~
N R X ~ R x Y\ R xS R
52 53 54 55
T RCOCI Br, T
A1S0,Cl HNO,
Ar ®0o % NH,
N=N NH, AIN=NCI /z=<
\7_<— -————— s N~
&~ ,N\R X N R
X7 N X
Y=H
51
ArCHO
Ar
N\ /N\
X7 1\ R
57 56
Scheme 10
Ar
N=/
77 & NH
XN
Y NH, ArCHO 57
s NH
XN
1
NH
NH Ar 2
aX=PhLY=H AN N
b, X = phenazonyl-, Y = H L . NH - s N
XN X° N

58
HNO,
resorcinol
HO,
Ar \ N=—/—=N
A\
~ N HO
X N



116 T. M. Abu Elmaati and Fathi M. El-Taweel

It has been proven that [41,42], by condensation reaction
of 5-aminolpyrazoles 1a,b with aromatic aldehydes only 4-
arylidene derivatives are formed. Spectral analysis were in
complete agreement with the proposed structures that further
elucidated by the formation of diazonium salts and coupling
with resorcinol to give the azo products 59 (Scheme 10).

Vol. 41

V. THE SYNTHETIC POTENTIALITY OF 5-AMINO-
PYRAZOLES.

In the following review emphasis will be placed on the
reactions leading to the formation of fused azoles as a great
advance in the chemistry of 5-aminopyrazoles. In addition
to the potential biological importance of fused pyrazoles

Scheme 11
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the synthetic approaches to the latter's might also be of
interest to be extended to other amino heterocyclic deriva-
tives, thus prompting ideas in this field [6].

A- Synthesis of Pyrazolo[1,5-a]pyrimidines.

5-Aminopyrazoles 1 have been extensively utilized for
the synthesis of pyrazolo[1,5-a]pyrimidines [13,15,42-46].
With only a few exceptions, all reported syntheses of pyra-
zolo[1,5-a]pyrimidines utilize the cyclocondensation reac-
tion of 5-aminopyrazoles 1 with B-bifunctional reagents
[13,15,42-46]. Thus, pyrazolo[1,5-a]pyrimidines were iso-
lated from reactions of 1 with f -diketones 60, -keto
esters 61, malonic acid derivatives 62, a,-unsaturated
nitriles 20, 70 and enaminones 72, 74, respectively
(Schemes 11, 12 and 13).

Although the reaction of asymmetric f-diketones 60
with 1f may lead theoretically [1-3] to the promotion of
two isomeric derivatives, in all the reported reactions of
this type only one product could be isolated which is the
pyrazolo[1,5-a]pyrimidine derivative 64. Generally, the

Review
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reaction was assumed to proceed via the interaction of
the most active carbonyl moiety of the diketone with the
exocyclic amino function followed by cyclisation
(Scheme 11).

Several pyrazolo[1,5-a]pyrimidine derivatives have
recently been synthesized via condensation of 5-amino-
pyrazole 1g with p-ketoesters 61 and their structures were
identified as 66 [42,43,47,48].

On the other hand, reaction of malonic acid derivatives
62a,b with le afforded the pyrazolo[1,5-a]pyrimidine
derivatives 67a,b (Scheme 11).

The addition of suitably substituted reagents to 5-amino-
pyrazoles has been extensively utilized as a route for the
synthesis of pyrazolo[1,5-a]pyrimidines [49,50]. Thus,
reaction of compound 20 with 5-aminopyrazole 1h in
refluxing DMF gave the corresponding pyrazolo[1,5-a]-
pyrimidine 68. The formation of 68 from dithioacetals 20
proceeds via intial alkylation of the ring nitrogen [51] in
1h followed by cyclisation to give 68 (Scheme 12). Fusion
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of 62 with aromatic amines at 140 °C furnished the corre-
sponding anilino derivatives 69a,b. Compounds 69 were
also, prepared from reaction of 1h with 22.

Similarly, 5-aminopyrazoles 1g,y reacted with aryliden-
emalononitriles 63a,b to give the pyrazolo[1,5-a]pyrim-
idines derivatives 71a,b [49,52] (Scheme 12).

5-Aminopyrazoles have also been reported to react with
B-enaminones 72 and 74 to yield pyrazolo[1,5-a]pyrim-
idines 73 and 75, respectively [53-57] (Scheme 13).

Also, It was found that [58] 5-aminopyrazole 1a reacts
with sodium salts of 3-hydroxymethylene-2-alkanones
(76) to yield pyrazolo[1,5-a]pyrimidine derivatives 77.

Vol. 41

Elgemeie et al. [59] have recently reported the synthe-
sis pyrazolo[1,5-a]pyrimidine derivatives utilizing 5-
aminopyrazoles as starting materials. Thus, 3,5-
diaminopyrazole 1g react with a mixture of aromatic
aldehydes and cyclopentanone (78) in ethanolic potas-
sium hydroxide to afford pyrazolo[1,5-a]pyrimidine
derivatives 80. The same products have also been
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obtained via reaction of 1g with 2,5-((E,E)-diaryli-
dene)cyclopentanone 79.

B- Synthesis of pyrazolo[3,4-d]pyrimidines.

Because of their biological importance, many recent
methods for the synthesis of pyrazolo[3,4d|pyrimidines
have been described in the literature [1,2,29,60-64]. Most
of these methods utilized the readily available 5-aminopy-
razoles as starting materials.

Treatment of 1i with carbon disulphide in pyridine
solution afforded the pyrazolo[3,4-d]pyrimidine deriva-

tives 82. The reaction was considered to proceed via the

Scheme 14
NC NH, Ar CN
— CS, >_S\
. _ - 1\ \’ —
s NR : >
Ar” °N pyridine N*N NHC\\S 5\1\ /
R S H
1i
S
Ar w“ o Ar NH
4 OH g S
N - ]
NTNTSs N Nfgs
R R H
82 81

intermediate formation of the 4-imino-pyrazolo[3,4-d]-
[1,3]thiazine derivative 81 which rearrange rapidly and
irrevesibly by a base catalysed (pyridine) ring —opening
and ring closure sequence to yield the final products [1]
(Scheme 14).

Simple nitriles were also reported [1,2] to react with 11 to
yield the pyrazolo[3,4-d]pyrimidine derivatives 8 8. Another
route for the synthesis involves the reaction of 1i with ethyl
orthoformate (8 5) to afford the corresponding Schiff's bases
89 which were cyclised by ammonia, amines and guanidine
to yield the final pyrimidine derivatives 90, 91 and 92
respectively. Similarly, 1i reacts with diethyl oxalate (84) to
yield 93 which could be converted into the pyrazolo[3,4-d]-
pyrimidine derivative 95 by the action of diazomethane fol-
lowed by boiling in ethanolic/ammonia (Scheme 15).

Condensation of compound 1j with 2-ethoxybenzalde-
hyde (96) afforded the pyrazolo[3,4-d]pyrimidine 97 [64].
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H,NOC NH, N N
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Also, pyrazolo[3,4-d]pyrimidine derivatives 98, 100,
102 could be obtained via reacting the 5-aminopyrazoles
1k-o with formamide, aryl isothiocyanate and amide-diac-

etal reagents respectively, [29,60-63] (Scheme 16).

C- Synthesis of Pyrazolo[3,4-b]pyridines.

The reactions of 5-aminopyrazoles with f-functional
reagents have been shown to afford substituted aminopyra-
zole derivatives which can be cyclised under a variety of
reaction conditions to yield pyrazolo[3,4-b]pyridines [64-
69]. Thus, cyclocondensation of 5-aminopyrazole deriva-
tives 1p with active methylene reagents 103 afforded the
pyrazolo[3,4-b]pyridine derivatives 105a-d (Scheme 17).

Another route for the synthesis of pyrazolo[3,4-b]-
pyridines has been recently reported [70,71]. This includes
the reaction of 5-aminopyrazole-4-carbonitriles 1q,r with
dimethyl acetylenedicarboxylate (106) in DMSO to afford
the pyrazolo[3,4-b]pyridine derivative 107a,b. The oxida-
tion [71] of 107b with one equivalent of m-chloroperben-
zoic acid (108) gave the desired sulfoxide products 109 in
good yields. Use of excess m-chloroperbenzoic acid in this
reaction, of course, gave the corresponding sulfons 110
(Scheme 17).

Later on, the same author reported [72-75] the reac-
tion of 5-aminopyrazole 1q,r with acetylenedicarboxy-
late (106) in the presence of potassium carbonate and
subsquent traetment of the filterate with 10 % HCI to
afford the pyrazolo[3,4-b]pyridine derivative 113. The
mechanism of formation of 113 can be postulated as
shown in (Scheme 18). Evidently, the Michael addition
adduct produced by addition of dimethyl acetylenedi-
caroxylate to 1q,r, in the first step of the process, was
then dimerized, followed first by 1,6-cyclization of the
cyano group and the enamino carbon and then a second
cyclization of the amino group and ester group to give

the 3-iminopyrazolo[3,4-b]pyridine derivative 112,
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OMe
H,N
Meo_ N_ R 2 \\<
YU N ~— nel N
| N ’
NR
NH, A AN
95 T NH,/EOH
OMe
NH,
Ar o N=—l_
v AN f{ CO,Et
N
\ & NR
N N/) AT N
88 94
1 CH,N,
(COLE),
RCN NC NHCOCO,Et
Ar CN 83 NC NH, 84
NH = —_— -
7/_§\ : - ) NR SR
NN R AN AN
R
1i 93
87
R C(OED);,
85 , R =H
b,R =Me
OFt -
N § ; guanid. N §\
U~ NHy N N 86 NPT N
Naw / -— _ _ = >\-—N /
H,N
NH, Ar A SR 2 NI Ar
89
RNH,

followed by hydrolysis of the imino group to the final
product 113.

Also, pyrazolo[3,4-b]pyridines have been synthesized
via reaction of 5-aminopyrazoles with o,f-unsaturated
nitriles [76-79]. Thus 3(5)-aminopyrazole derivatives 114
react with ethoxymethylene malononitrile (115) and with

dithioketal 20a to afford the pyrazolo[3,4-b]pyridine
derivatives 117, 118, respectively (Scheme 19).

On the other hand, when the N1-nitrogen in 5-aminopy-
razole 1d is substituted by a methyl or aryl group, the reac-
tions of these heterocycles with 119 gave 4,7-dihydropyra-
zolo[3,4-bpyridines 120a-d (Scheme 19) as a result of



Mar-Apr 2004

Review 121

Scheme 16
X NH,
HCONH SN
2 N\/ | /)
N
RN
98 a, X =isopropyl- ,Y =CN
b X= ,Y=0CN
N
¢, X= ; Y =CN
©:s)_ ,
0
AINCS x OBt
A\
N, NH-C-NHAr
VLS
99
-EtOH
Y. NH,
Puties < g
X N JAT
N | N
1 N
k-0 E N/gs
H
100
X =H, Y = CO,Et
Me
1) H,NCH(OMe), 041_8(
H,N \
N
2) ACONH, NSy
H
101
\ “H0
Me x
N ’
P
N
N" §

pyrazole C4-alkylation followed by intramolecular cycli-
sation [79]. It has been found that the reaction conditions
of 119 with N1-substituted 5-aminopyrazoles depended
profoundly on the electrophilicity of ethylenes. Indeed,
the reaction of alkene 119a with 1d went to completion
within 24 h in acetonitrile at room temperature.

Alkenes 119b,f reacted similarly. At the same time short

time heating was needed for alkylation by alkene 119¢ to
be brought to completion.

102 X= Me, Y = COMe

Quiroga et al. [80] have reported a new direct and
simple synthetic entry into the pyrazolo[3,4-b]pyridine
ring system. They have found that the 5-aminopyrazole
derivative 1d reacts with B-dimethylaminopropiophe-
nones hydrochloride (121) in refluxing pyridine to yield
a product of condensation via elimination of dimethy-
lamine hydrochloride and water. These products can
thus be formulated as 122 or the isomeric 124. Addition

of aryl vinyl ketone, resulting from elimination of



122

dimethylamine hydrochloride from 121, to the C-4 atom
of the pyrazole ring and subsequent cyclization with
water elimination gives 123. On the other hand, addi-
tion of an exocyclic amino group to the f-carbon atom
of an aryl vinyl ketone followed by cyclization can
afford 122. B-Aminopropiophenones are relatively
unstable in basic medium and easily lose the amino

group forming aryl vinyl ketones [81,82], a fact which

T. M. Abu Elmaati and Fathi M. El-Taweel

Vol. 41

compound 124 by treatment with Abromosuccinimide
in ethanol (Scheme 20).

D- Synthesis of Pyrazolo[1,5-a]-1,3,5-triazine.

It has been stated that [1,78,79,80] derivatives of this
ring system may be considered isomeric with the corre-
sponding purines and might be expected to inhibit various

nucleic acid-enzyme systems.

Scheme 17
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proved the formation of structure 123. The new dihy-
dropyrazolopyridines 123 are smoothly oxidized to

Moreover, anticancer activity has been reported [83-84]
for several pyrazolo[1,5-a]-1,3,5-triazines. Pyrazolo-
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[1,5-a]-1,3,5-triazines have been generally synthesized via
the action of ethoxycarbonyl isocyanate 125a or its thio
analogue 125b on 5-aminopyrazoles to yield Mcarbo-
ethoxy-N-(pyrazol-5-yl)ureas 126 [1,85]. Compounds 126
were then either directly cyclised into the corresponding
pyrazolo[1,5-a}1,3,5-triazine derivatives 128 or hydrol-
ysed to the corresponding N-(pyrazol-5-yl)-urea deriva-
tives 127. Cyclization of 127 with triethyl orthoacetate 85b

gave the corresponding pyrazolo[1,5-a]-1,3,5-triazine
derivatives 128 [86] (Scheme 21).

Also, Elgemeie et al. [87] have reported the reaction of
diaminopyrazole derivatives 1g with sulfuryl chloride iso-
cyanate (129) to afford 7-amino-8-arylazo-1H-pyra-
zolo[1,5-a]-1,3,5-triazines (130).

Another route for the synthesis of these compounds was
recently reported [88]. Thus Ncyanodithiocarbonimidic
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acid dimethylester 131 was reacted with diaminopyrazole An alternative approach for the synthesis of pyra-
derivative 1g to afford the pyrazolo[15«]-1,3,5-triazine zolo[1,5-a]-1,3,5-triazines is reported [90] utilizing
derivative 132. 3(5)-aminopyrazoles as the key intermediate. In this
Scheme 19
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N —
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— N7 SN YCOR
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A
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o) NC A~
/L—( | « - N—COR
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a, R=H
B R=COR MeS  CN
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¢ MeS N SMe  op
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e - — — N
Me \N,NR NC R E\ ﬁ NI,
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f,Z =Cl,R = CO,Me
Reaction of 5-aminopyrazole derivative 1r with biselec- approach, C-nucleoside derivatives of the pyrazolo[1,5-
trophilic reagent 133 leads to the formation of the pyra- a]-1,3,5-triazines are synthesized as an important class

zolo[1,5-a]-1,3,5-triazine derivatives 134 [89]. of compounds that contain a C-C bond instead of the
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C-N bond between the carbohydrate and the hetero-
cyclic moiety, which stabilizes the glycosylic bond,
resulting in a different biological profile. Liang et al.
[90] reported the formation of pyrazolotriazines 137,
138 as a mixture of a- and - isomers. The reaction of
1s with alkyl N-cyanoformamidate 135 gave the
anomeric mixture 136 that was deprotected in acidic
medium to afford the free nucleosides 137a and it's o-
isomer 137b (Scheme 22).

E- Synthesis of Pyrazolo[1,5-c]-1,2,4-triazines.

Particular interest has been aroused by tricyclic ring sys-
tems bearing a pyrazole moiety, which have shown high
affinity for the BDZ receptor, with agonist, antagonist and
inverse agonist activity [83-85].

Previous syntheses of this ring system have been carried

out exclusively on the reactivity of diazopyrazole as it has

NBS/
Ethanol
Me
X
N\/ | P
N
R N
124 R

been used as a template for the building up of pyra-
zolo[1,5-c]-1,2,4-triazines through [4+2] atom combina-
tion either via cycloaddition reaction or via coupling reac-
tion followed by cyclization.

Ege et al. [91] have reported that diazotized aminopy-
razoles 138 exist in equilibrium with isolable diazobe-
taines 139. The diazobetaines 139 have added a variety
of electron-poor and electron-rich systems affording
pyrazolo[1,5-c]-1,2,4-triazines. Thus, depending on the
nature of the reagent and exact reaction conditions either

cycloaddition or coupling may take place.

® O ®
Y N=NCI Y. N,
. — I
X7 N X" N
138 139
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Recent reactions of diazobetaines 139 with enaminones
140, [92,93] B-naphthol (142) [52] and resorcinol (144)
[52] can be looked at as cycloaddition reactions, that
afforded the corresponding target ring systems 141, 143
and 145 (Scheme 23).

Pyrazolotriazines with phosphonate substituents in

position 3 are reported by Ankenbrand et al. [94] via

Y

134
X=SMe, Y =CN

[4+2] cycloaddition using diazobetaines 139 and phos-
phonoacetic acid derivatives 146 or nitrile- and benzoyl-
ethylphosphonic acid diethylesters 148, 150, to give the
3-diethylphosphonatopyrazolo[1,5-c]-1,2,4-triazine
derivatives 147, 149 and 151 respectively (Scheme 24).
A variety of pyrazolo[1,5-c]triazines 153a-d have been

prepared via coupling diazotized aminopyrazoles 138 with
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active methylene nitriles 103a,e-g followed by cyclisation

[21,95,96]. The formation of cyclic or acyclic products

Vol. 41

from the coupling reactions of active methylene com-
pounds with diazotized aminopyrazoles 138 was explained
by the mechanistic pathway for the reactions. Coupling
with reagents which lead to the direct formation of cyclic
products can take place with diazonium salts which exist
in equilibrium with diazobetaines 139 via a dipolar
cycloaddition. When the usual coupling takes place the
hydrazones are formed.

Thus, aminopyrazole 138 diazotized with 1,3,4-thiadia-
zole-2-yl-acetonitrile (103e) [97] and benzoimidazolyl
acetonitrile (103f) yielding the pyrazolo[1,5-c]-1,2,4-tri-
azine derivatives 153a,b. While the reaction of ethyl
cyanoacetate (103a) and 3-(benzothiazol-2-yl)-3-propioni-
trile (103g) [98] with 138, afforded the pyrazolotriazine
153c¢,d via isolable hydrazone 152¢,d (Scheme 25).

In the following reaction the acyclic intermediate 155
could be isolated from the reaction of diazotized aminopy-
razole 138 with 2-phenyloxazol-5-(4H)-one (154) yielding
the pyrazolo[1,5-c]-1,2,4-triazine derivative 157 via ring
opening of 155 to form the intermediate 156, by the action
of phenol [99] (Scheme 26).

A series of pyrazolo[1,5-c]-1,2,4-triazine-5-oxides 158
have been synthesized [89] from 1-(2-nitrophenyl-5-
aminopyrazole derivative 1t which cyclized to the triazine

system 158 in 10% NaOH at room temperature.
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the pyrazolo[3,4-¢]-1,2,4-triazine derivatives 160 on treat-
N N= ment with pyridine [1].
: I'Vi%*Me 10% NaOH Ry N Me On the other hand, pyrazolo[4,3-¢]-1,2,3-triazine-4-ones
ID: - - . N 163 [100-102] were synthesized via diazotizing 161,
RS NO, ? i obtained by treatment of 1q with sulfuric acid. The forma-

O
1t 158

F- Synthesis of other Pyrazolotriazines.

tion of these products were assumed to proceed via the
sequence demonstrated in (Scheme 27).

G- Synthesis of Pyrazolo[3,4-b]pyrazines.

Derivatives of this ring system are obtained by condens-

It has been reported that the thiourea derivative 159,
obtained via the reaction of 5-aminopyrazole 1g with ben-
zoyl or ethoxycarbonyl isothiocyanates 125 cyclises into

ing 5-aminopyrazole 1u with diethylmalonate (62a) to
yield pyrazolo[3,4-b]pyrazine 164 [103]. Also, treatment
of 1u with active methylene nitriles 103c,g,h afforded
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pyrazolo[3,4-b]pyrazine derivatives 165a-c [104] (Scheme

28).

H- Synthesis of Pyrazolopyridazines.

Derivatives of this ring system are reported [61,105]
from 5-aminopyrazole intermediate. Thus, 5-aminopyra-
zole 1x is converted into pyrazolo[3,4-d]pyridazine [59]
derivative 166 upon cyclocondensation with hydrazine
hydrate in DMF, while refluxing 1v with the same reagent
afforded the pyrazolo[3,4-c]pyridazine derivative 167

[106] (Scheme 29).

Scheme 29
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I- Synthesis of Pyrazolo[3,4-b:4',3'-f][1,5]diazocin.

This class of fused pyrazoles has acquired considerable
importance because of their interesting pharmaceutical and
microbiological properties [10,106-108]. An interesting
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novel route [109,110] for the synthesis is obtained by the
BischlerNapieralski cyclization reaction on pyrazol-4-

Scheme 28
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62a 7
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164
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103 H
¢, R,=CN
g, R, = COPh 165
h, R, = CSNH, aR; =CN,R; =NH,
b,R; =CN,R;=Ph
¢, R, = CSNH,, R; = NH,

carboxamides 171. Thus, the reaction of 5-pyrazolecar-
bonyl chloride 168 with 5-aminopyrazoles 1d gave, 5-
pyrazoleamides 169, key intermediate in the synthesis of
the tricyclic system 172. Treatment of 169 with dimethyl-
sulfate followed by hydrogenation and acetylation
afforded 171 which gave the pyrazolo[3,4-b:4',3'-f]-
[1,5]diazocin derivative 172 upon treatment with POCly

(Scheme 30).
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J-Synthesis of Benzimidazo[1,2-b]pyridine.

It has been reported [30] that 5-aminopyrazole 1h can be
converted to the corresponding triazacyclopenta[a]indene
derivative 173 upon heating with lead oxide in dioxane for
30 min.

H
/®/N CN
R !
'3
N” NH,
H

1h

PbO/dioxane NC

“ H
N
—_— =
Jate)
H,N N
R
173

K-Synthesis of Pyrazolo[2,5-dimidazo[4',5'-#]quinoxa-
line and Naphtho[3,2-¢]imidazo[1',2'-b']pyrazole.

5-Aminopyrazoles 1g,h react with 2,3-dichloroquinoxa-
lines 174 to afford the pyrazolo[2,5¢]imidazo[4',5'-H]-
quinoxaline derivatives 175 [ 111]. While reacting 3,5-
diaminopyrazole 1g with 2,3-dichloronaphthoquinone 176
afforded the naphtho[3,2-e]imidazo[1',2'-b']pyrazole
derivative 177 [50].
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L- Synthesis of Pyrazoloquinazolines.

The reaction of 5-aminopyrazoles 1 with cyclic ketones
is a well established route [44,112,113] for the synthesis of
this ring system. Thus 3,5-diaminopyrazole 1f reacted with
aroylcyclohexanone 178 to yield the pyrazolo[5,1-b]-
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quinazoline derivative 179 [44].

On the other hand, reacting 1f with dimethylcyclo-
hexane-1,3-dione derivative 180 gave the corresponding
pyrazolo[1,5-a]quinazoline derivative 181 [112].

Another route for the synthesis of the targeted com-
pound was achieved by reacting 1g with 2,3-dichloronaph-
thoquinone (176) and DMF to yield the pyrazolo[2,3-a]-
quinazoline derivative 182 [113] (Scheme 32).

M- Synthesis of Pyrazoles fused to five Membered Rings.

It has been reported [1] that 5-aminopyrazole 1c reacted
with benzoyl isothiocyanate to afford the pyrazolo[4,5-d]-
thiazole derivative 184. On the other hand, compound 1¢
reacted with 3-phenylacryloyl isothiocynate (185) to yield
the pyrazolo[3,4-d]thiazole derivative 186 [114].

Also, 5-aminopyrazole 1w reacted with acetic anhydride
(187) to yield the pyrazolo|[3,4-d]thiazole derivative 188
[115] (Scheme 33).

Several synthesis of pyrazolo[1,5-c]-1,2,4-triazoles,
imidazo[1,2-b]pyrazoles and furo[2,3-c]pyrazoles have
been reported [1,116] in the literature and are summarized
in (Scheme 34).
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