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The pyrazolo[1,5-a]py rimi dines 4, 10, 11 and 14 were syn the sized from re ac tion of 4-aryazo-2,5-
 diaminopyrazoles 1 with cy clic -ketoesters 2a,b or cy clic -ketoesters 7, 8 or acetoacetanilide 12, re spec-
tively. The re ac tion of 1 with the enamines 15, 16 and 17 yielded also the pyrazolo[1,5-a]py rimi dines 18, 20
and 21, re spec tively.

IN TRO DUC TION

5-Aminopyrazoles are ver sa tile re agents and have been
ex ten sively uti lized as syn thetic start ing com po nents for
prep a ra tion of sev eral polysubstituted fused pyra zoles.1-3

These fused pyra zoles are in ter est ing as pharmaceuticals1-3

and bio de grad able agro chemi cals.4,5 In con junc tion with our
in ter est in this class of com pounds, we re port here on the syn-
the sis of sev eral new aminopyrazol[1,5-a]py rimi dines and
their azo an a logues as po ten tial antischistosomal agents. The
syn the sized com pounds pos sess la tent func tional sub stitu-
ents and ap pear prom is ing for util ity in fur ther chem i cal
trans for ma tions and also for bi o log i cal stud ies.

RE SULTS AND DIS CUS SION

It has been found that com pound 1 re acts with di ethyl
acetonedicarboxylate (2a) to yield cyclocondensation prod -
uct that may be for mu lated as 4a and iso meric 6a. Al though
struc ture 6a seemed more likely based on sim i lar ity to the
well es tab lished be hav ior of 5-aminopyrazoles 1 to wards

-keto es ters, an in de pend ent struc ture proof seemed man da-
tory, as marked in cre ment in re ac tiv ity of exocyclic amino ni-
tro gen in 1 com pared with other monoaminopyrazoles is to
be ex pected. Such in cre ment re sults from the op po si tion of
the mesomeric ef fects of the two amino groups that in crease
the elec tron den sity at each ni tro gen atom. Struc ture 4a ap-
pears more likely based on 1H-NMR spec trum which re-
vealed one pro ton sig nal at  = 5.96 ppm and  = 10.5 ppm for
py rim i dine ring H-6 and NH groups, re spec tively. Struc ture

4a was also pre ferred fol low ing a pro ce dure re cently re -
ported.6

Sim i larly, 5-aminopyrazole 1 re acted with -methyl-
acetoacetate 2b in refluxing ace tic acid to yield also a prod uct
via eth a nol and wa ter elim i na tion. Struc ture 4b was es tab-
lished for the re ac tion prod uct on the ba sis of 1H-NMR spec -
trum that clearly in di cated the ab sence of es ter group and the
pres ence of sig nals cor re spond ing to two methyl groups (cf.
Scheme I).

Sim i larly, treat ment of 1 with cy clic -ketoesters 7 and
8 in ace tic acid af forded the pyrazolo[1,5-a]py rim i dine de riv-
a tives 10 and 11, re spec tively (cf. Scheme II). The IR and
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mass spec tra were con sis tent with the pro posed struc tures.
Also, the re ac tion of 1 with acetoacetanilides 12 in ben-

zene con tain ing a few drops of HCl af forded prod ucts via wa-
ter and pri mary ar o matic amine elim i na tion. The pyrazolo -
pyrimidines 14 were es tab lished as re ac tion prod ucts based
on their cor rect el e men tal anal y sis and spec tral data (cf.
Scheme II). Com pounds 14 are as sumed to be formed via ini-
tial con den sa tion of the exocyclic amino func tion in 1 with
the car bonyl group in 12 to give the in ter me di ate 13 which
readily cyclized to the fi nal isolable prod uct 14.

Enamines are ver sa tile re agents and their uti li za tion in
syn the sis of heterocycles has re ceived con sid er able in ter-
est.6-11 In con tin u a tion of our in ter est in syn the sis of fused az-
oles, we re port here on the re ac tiv ity of 5-aminopyrazoles 1
to wards enaminonitrile 15 and the enaminones 16 and 17.
Thus, re ac tion of 1 with the enaminonitrile 15 in eth a nol con-
tain ing a few drops of ace tic acid af forded a prod uct with
dimethylamine elim i na tion. The 7-aminopyrazolo[1,5-a]-

py rim i dine 18 and 4-aminopyrazolo[1,5-a]py rim i dine 19
seemed pos si ble prod ucts for such re ac tion; how ever, the
7-aminopyrazolo[1,5-a]py rim i dine 18 was es tab lished as a
re ac tion prod uct based on 1H NMR spec tra which re vealed a
sig nal cor re spond ing to the amino group at  > 7.00 ppm. If
4-aminopyrazolo[1,5-a]py rim i dine 19 is the re ac tion prod -
uct, one would ex pect a sig nal at  = 4-6 ppm for the amino
group. Deshielding of 7-aminopyrazolopyrimidine pro tons
by ring ni tro gen ani so tropy has been pre vi ously ob served.12

Com pound 18 pro posed to form via ini tial ad di tion of the
exocyclic amino group in 1 to the ac ti vated dou ble bond in 15
by elim i na tion of dimethylamine and cyclization through ad -
di tion of the pyrazole NH to the cyano group.

In a sim i lar way, com pound 1 re acted with 1-(3-
 coumarinyl)-3-(N,N-dimethylamino)-2-propen-1-one (16)
and 2-(N,N-dimethylaminomethylene)indane-1,3-dion (17)
to af ford the pyrazolo[1,5-a]py rimi dines 20 and 21, re spec-
tively (cf. Scheme III).
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EX PER I MEN TAL

All melt ing points are un cor rected. IR spec tra were re -
corded in KBr disks us ing a Shimadzu IR-740 spectro pho-
tometer. 1H NMR spec tra were re corded on a Bruker Ac-80
spec trom e ter with [2H6] DMSO as sol vent and TMS as in ter-
nal stan dard; chem i cal shifts are re ported in units (ppm).
Mass spec tra were mea sured on Gs/MS INCOS XL Finnigan
MAT. Microanalysis was per formed on LECOCHNS- 932.

Prep a ra tion of pyrazolo[1,5-a]py rimi dines (4)
A so lu tion of 1 (0.01 mol) and (0.01 mol) of 2a or 2b in

ace tic acid (20 mL) was heated un der re flux for 4 hours. The
re ac tion mix ture was cooled and the solid prod ucts so formed
were col lected by fil tra tion and recrystallized from the proper
sol vent and then iden ti fied as 4a,b.

Ethyl 2-amino-3-(4-chlorophenylazo)-4,5-dihydro5-oxo-
 pyrazolo[1,5-a]py rim i dine-7-yl]ethanoate (4a)

Red crys tals from eth a nol/dioxane, m.p. 162-164 C,
yield 65%. IR ( max/cm-1): 3473, 3294 (NH2, NH), 1726
(CO), 1660 (CO), 1600 (N=N). 1H-NMR [2H6] DMSO ( ,

ppm): 1.21-1.28 (t, J = 7 Hz, 3H, CH3), 3.86 (s, 2H, CH2),
4.16-4.23 (q, J = 7 Hz, 2H, CH2), 5.96 (s, 1H, py rim i dine
H-6), 6.74 (s, 2H, NH2), 7.56-7.60 (d, J = 8.8 Hz, 2H, ar o-
matic pro tons), 7.85-7.90 (d, J = 8.8 Hz, 2H, ar o matic pro -
tons), 10.5 (s, 1H, NH). C16H15ClN6O3 (374.74). MS m/z 374
(M+). Calcd. C, 51.28, H, 4.03, N, 22.42. Found C, 51.23, H,
4.11, N, 22.12%.

2-Amino-3-(4-chlorophenylazo)-6,7-dimethyl-4,5-dihydro-
5-oxo-pyrazolo[1,5-a]py rim i dine (4b)

Red crys tals from DMF, m.p. 294-296 C, yield 70%.
IR ( max/cm-1): 3443, 3254 (NH2, NH), 1660 (CO), 1640
(C=N). 1H-NMR [2H6] DMSO ( , ppm): 1.9 (s, 3H, CH3),
2.30 (s, 3H, CH3), 6.65 (s, 2H, NH2), 7.40-7.60 (d, J = 8.8 Hz,
2H, ar o matic pro tons), 7.75-7.92 (d, J = 8.8 Hz, 2H, ar o matic
pro tons), 8.10 (s, 1H, NH). C14H13ClN6O (316.75). Calcd. C,
53.09, H, 4.16, N, 26.53. MS m/z 316 (M+). Found C, 53.23,
H, 4.11, N, 26.12%.

2-Amino-6,7-dimethyl-4,5-dihydro-5-oxo-3-(4-methoxy-
phenylazo)pyrazolo[1,5-a]py rim i dine (4c)

Or ange crys tals from eth a nol/dioxane, m.p. 286-288
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C, yield 65%. IR ( max/cm-1): 3500, 3340 (NH, NH2), 1680
(CO), 1630 (C=N), 1610 (N=N). 1H-NMR [2H6] DMSO ( ,
ppm): 1.93 (s, 3H, CH3), 2.21 (s, 3H, CH3), 3.70 (s, 3H,
OCH3), 6.80 (s, 2H, NH2), 7.10-7.30 (d, J = 8.8 Hz, 2H, ar o-
matic pro tons), 7.66-7.80 (d, J = 8.8 Hz, 2H, ar o matic pro -
tons), 8.10 (s, 1H, NH). C15H16N6O2 (312.33). Calcd. C,
57.67, H, 5.16, N, 26.91. MS m/z 312 (M+). Found C, 57.11,
H, 5.34, N, 26.84%.

Re ac tion of 1 with -ketoesters 7, 8, acetoacetanilide 
de riv a tives 12: For ma tion of com pounds 10, 11 & 14

A mix ture of 1 (0.01 mol) and (0.01 mol) of each of cy -
clic -ketoesters 7, 8 or acetoacetanilide de riv a tives 12 in
ace tic acid (30 mL) was heated un der re flux for 3 hours. The
sol vent was then evap o rated un der vacuo and the re sult ing
solid prod ucts were fil tered off and recrystallized from the
suit able sol vent.

2-Amino-3-phenylazo-7,12-dihydro-6-methylpyrazolo[3,4-
d]py rim i dine-5,8-dione (10a)

Brown crys tals from DMF, m.p. > 300 C, yield 65%.
IR ( max/cm-1): 3350, 3300 (NH2, NH), 1715, 1700 (CO),
1600 (N=N). C15H13N7O2 (323.3). MS m/z 323 (M+) Calcd. C,
55.72, H, 4.05, N, 30.32. Found C, 55.63, H, 4.32, N, 30.11%.

2-Amino-3-(4-chlorophenylazo)-7,12-dihydro-6-methyl-
pyrazolo[3,4-d]py rim i dine-5,8-dione (10b)

Brown crys tals from DMF, m.p. > 300 C, yield 70%. IR
( max/cm-1): 3350, 3300 (NH2, NH), 1715, 1700 (CO), 1600
(N=N). C15H12ClN7O2 (357.75). MS m/z 357 (M+). Calcd. C,
50.36, H, 3.38, N, 27.41. Found C, 50.23, H, 3.11, N, 27.12%.

2-Amino-3-phenylazo-6,8-diphenyl-6,7-dihydro-4H-
pyrazolo[1,5-a]quinazoline-5-one (11a)

Brown crys tals from DMF, m.p. 292 C, yield 63%. IR
( max/cm-1): 3340, 3300 (NH2), 1700 (CO), 1605 (N=N).
C28H20N6O (456.49). MS m/z 456 (M+). Calcd. C, 73.66, H,
4.41, N, 18.41. Found C, 73.34, H, 4.20, N, 18.23%.

2-Amino-3-(4-chlorophenylazo)-6,8-diphenyl-6,7-dihydro-
4H-pyrazolo[1,5-a]quinazoline-5-one (11b)

Brown crys tals from DMF, m.p. 290 C, yield 63%. IR
( max/cm-1): 3340, 3300 (NH2, NH), 1700 (CO), 1605 (N=N).
C28H21ClN6O (492.96). MS m/z 492 (M+). Calcd. C, 68.22, H,
4.29, N, 17.05. Found C, 68.23, H, 4.11, N, 17.12%.

2-Amino-3-phenylazo-5-methyl-7-hydroxypyrazolo[1,5-a]-
py rim i dine (14a)

Scar let red crys tals from eth a nol/DMF, m.p. 250-252

C, yield 73%. IR ( max/cm-1): 3490, 3433, 3278 (OH, NH2),
1640 (C=N), 1610 (N=N). 1H-NMR [2H6] DMSO ( , ppm):
2.3 (s, 3H, CH3), 5.83 (s, 1H, CH), 6.65 (s, 2H, NH2), 7.36-
 7.80 (m, 5H, ar o matic H), 10.2 (s, 1H, OH). C13H12N6O
(268.27). MS m/z 268 (M+). Calcd. C, 58.20, H, 4.51, N,
31.33. Found C, 58.00, H, 4.70, N, 31.22%.

2-Amino-3-(4-methoxyphenylazo)-5-methyl-7-hydroxy-
pyrazolo[1,5-a]py rim i dine (14b)

Red crys tals from DMF, m.p. 260-263 C, yield 75%.
IR ( max/cm-1): 3480, 3433, 3278 (OH, NH2), 1635 (C=N),
1615 (N=N). 1H-NMR [2H6] DMSO ( , ppm): 2.2 (s, 3H,
CH3), 3.8 (s, 3H, OCH3), 5.65 (s, 1H, CH), 6.60 (s, 2H, NH2),
6.95-7.15 (d, J = 8 Hz, 2H, ar o matic H), 7.80-7.95 (d, J = 8
Hz, 2H, ar o matic H), 10.10 (s, 1H, OH). C14H14N6O2

(298.30). MS m/z 298 (M+). Calcd. C, 56.37, H, 4.73, N,
28.17. Found C, 56.30, H, 4.74, N, 28.12%.

Prep a ra tion of pyrazolopyrimidines 18, 20 and 21
A so lu tion of 1 (0.01 mol) in ace tic acid (30 mL) which

treated with (0.01 mol) of 15, 16 or 17 was heated un der re -
flux for 2 hours. The sol vent was then evap o rated un der
vacuo and triturated with eth a nol. The solid de pos ited was
col lected by fil tra tion and recrystallized from the suit able
sol vent to give 18, 20 and 21 re spec tively.

6-(1H-Benzimidazol-2-yl)-3-(3-chlorophenylazo)-pyrazolo-
[1,5-a]py rim i dine-2,7-diamine (18a)

Red crys tals from ace tic acid, m.p. > 300 C, yield
75%. IR ( max/cm-1): 3490, 3395 (NH2, NH), 1605 (N=N).
1H-NMR [2H6] DMSO ( , ppm): 7.40 (s, 2H, NH2), 7.45-7.70
(m, 8H, ar o matic H), 8.32 (s, 1H, py rim i dine H-5), 8.99 (s,
2H, NH2), 9.60 (s, 1H, NH). C19H14ClN4 (403.83). MS m/z
403 (M+). Calcd. C, 56.51, H, 3.49, N, 31.22. Found C, 56.50,
H, 3.80, N, 31.34%.

6-(1H-Benzimidazol-2-yl)-3-(2-methylphenylazo)pyrazolo-
[1,5-a]py rim i dine-2,7-diamine (18b)

Brown pow der from eth a nol/DMF, m.p. 280-282 C,
yield 70%. IR ( max/cm-1): 3460, 3356 (NH2, NH), 1620
(N=N). 1H-NMR [2H6] DMSO ( , ppm): 2.00 (s, 3H, CH3),
7.43 (s, 2H, NH2), 7.50-7.80 (m, 8H, ar o matic H), 8.40 (s, 1H,
py rim i dine H-5), 8.90 (s, 2H, NH2), 9.70 (s, 1H, NH).
C20H17N9 (383.42). MS m/z 383 (M+). Calcd. C, 62.65, H,
4.47, N, 32.88. Found C, 62.32, H,4.11, N, 32.64%.

2-Amino-2-(3-chlorophenylazo)-4-(coumarin-3-yl)pyrazolo-
[1,5-a]py rim i dine (20a)

Red crys tals from meth a nol/DMF, m.p. 276-278 C,
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yield 70%. IR ( max/cm-1): 3433, 3278 (NH2), 1725 (CO),
1620 (N=N). 1H-NMR [2H6] DMSO ( , ppm): 7.36-7.92 (m,
10H, ar o matic H), 8.70 (s, 2H, NH2), 9.10 (s, 1H, coumarin
H-4). MS m/z 416 (M+) C21H13ClN6O2 (416.82). Calcd. C,
60.51, H, 3.14, N, 20.16. Found C, 60.00, H, 3.70, N, 20.22%.

2-Amino-4-(coumarin-3-yl)-2-(3-methylphenylazo)pyrazolo-
[1,5-a]py rim i dine (20b)

Red crys tals from di ox an, m.p. 198-200 C, yield 75%.
IR ( max/cm-1): 3370, 3280 (NH2), 1718 (CO), 1606 (N=N).
1H-NMR [2H6] DMSO ( , ppm): 2.20 (s, 3H,CH3), 7.30-7.81
(m, 10H, ar o matic H), 8.80 (s, 2H, NH2), 9.10 (s, 1H,
coumarin H-4). C22H16N6O2 (396.41). MS m/z 396 (M+)
Calcd. C, 66.66, H, 4.07, N, 21.20. Found C, 66.60, H,4.40,
N, 21.21%.

2-Amino-3-(3-chlorophenylazo)-1,4-10c-triazacyclopenta-
[c]fluoren-6-one (21)

Red crys tals from DMF, m.p. > 300 C, yield 75%. IR
( max/cm-1): 3410, 3294 (NH2), 1708 (CO), 1620 (N=N). MS
m/z 374 (M+) C19H11ClN6O (374.78). Calcd. C, 60.89, H,
2.96, N, 22.42. Found C, 60.60, H, 2.40, N, 22.21%.

Re ceived De cem ber 3, 2001.
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