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5-Substituted 3-amino-ltl-pyrazole-4-carbonltriles 2a-d react with 
appropriate biselectrophilic reagents in the presence of (TEA) to 
give the substitution products pyrazololl.5-alpyrimidines 4a-d. 
6a-d and pyrazoloC1,5-al1,3,5-triazines 8a-d. Compounds 6a and 
8a react with secondary amlnes to lOa-c and lla-c. Treatment 
of 2a with malonodinitrile results in the substituted pyrazolo- 
[1,5-a]pyrimidine 16. Condensation of 2a, 2c and 26 with ethyll- 
dene-malodinitriles leads to racemic dihydro-pyrazolo[l,5-alryr- 
imidines 18a-e. Reaction of diene 20 with the heterodienophile 21 
leads to formation of Diels-Alder adduct 22. 

Uerivatives of the ring system pyrazololl,5-alpyrimidine and pyrazolo[l.5-all,3.5- 

triazine show pharmacological activity according to the literature. 

Amino-pyrazoloCl,S-alpyrimidines are known as anti-cancer agents. 2*3 Various 

pyrazololl,5-alpyrimidine derivates were synthesized as possible hypotensive and 

anxiolytic agents. 4 Pyrazolotriazinediones are applied as herbicides. 5 

Due the great interest for this class of pharmacologically active compounds, we 

have synthesized novel substituted pyrazolopyrimidlnes and PYraZOlOtriaZineS. 

3,5-Diamino-lfi-pyrazole-4-carbonitrile 2a has been produced by treatment of enol 

ether la with hydrarlne.' In our synthesis we replaced enol ether la by thioenol ether 

lb as ethylene reagent. Methyl hydrarine reacts with lb to give 3,5-diamino-l-methyl- 

lH-pyrazole-4-carbonitrile 2a. 
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la: R = -o-Kty*OH 

lb: R = -SCH3 

2a: R = H 

2e : R = CH3 
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Aminopyrazole 2a was treated with acetonylacetone in the presence of acetic acid 

to give 2b by elimination of water. 

AcOH / EtOH 
2a + H3COCH2(li$CH3 b 

- 2H20- 

2b 

Preparation of substituted 3-aminopyrazoles 
5.7 2c and 2d has been described in 

literature. 

The substituted 3-aminopyrazoles 2a-d react with appropriate biselectrophilic 

reagents by being heated under reflux in basic conditions. Hereby alcohol or methyl- 

mercaptane is released, after which cyclization to the corresponding heterocyclic 

derivatives via attack of the cis-orientated nitrilo-C-atom takes place. 

Reaction of 3-aminopyrazole with ethyl N-cyanofgormimidate leads to formation of 

I-amino-pyrazoloCl,5-a31.3.5 triazine. Tam et al. showed that this reaction did 

not produce the constitution isomer 2-amino-pyrazolotriazine. Compounds 41-d can be 

produced likewise by reaction of 2s and 2b with 3a and 3b. 

N-NH Eto,C,R‘ 
(IH 

Et(H / TEA 
l 

R td 
R 

Nf \CN 
- EtOH R’ 

CN NC 

2a,b 3a,b 

4a:R=NH2 R' = H 

4b : R = t$-dlaethyl-l-pyrtyl. R’ = H 

4ad 

4~: R-NH;! R’ = CH3 

4d : R = L.&dlpthyl-1-pyrryl. R' = C% 

Treatment of 2a-d with 5 leads to the substituted pyrazololl,5-alpyrimidines 6a-d 

and with 7 to the substituted pyrazoloCl,5-al1.3.5 triarines 8a-d. 

"JC+SC"J 

c 
Nf5'CN 

l 

N-M" EtOH / TEA , -SCH3 

2ad 

EtOH / TEA , -SCH3 

6a, 8a : R =Nt$ 

6b, 8b : R = 2.5dimethyl-1-pyrryl 

6c, 8~ : R = I-rorphollnyl 

6d,8d: R=SCH3 
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Compounds 68 and 8a react with a surplus of the secondary amines 9a-c to IOa-c and 

(la-c. The one-step reaction of 2a with appropriate acrylonitrile or N-cyanoimldate 

derfvqtes to lOa-c orlla-c, however, was never soccessfui. 

2a 

I.’ 

c1 
4 

NH 12 
It 

-byh 

aa 4 
0 

A N-N-N 
l H2N / 

9a-c 
- HSCH3 

% 
N ’ N A 

N 
3 

9 10 11 lla-c 

a a a 4-methylpipwaztnyl 

b b b 4-rorpholinyl 

C c C l-piperfdinyi 

Compound 8a reacts with morpholine 9b only to 13 and not to 8c or 12. This means that 

the methylmercapto group can only be substituted by a secondary amtne when located 

on the pyrimldine of triarine and not on the pyrazole part of the ring structure. 

8d 4 

n A 

13 





Suhstiwcd ~lo[i,~u]-p~~din~ 71.59 

Reaction of 2c with 2,5-dimethoxytetrahydrofuran 19 leads to 20, which can be 

converted with the heterodienophile 21 via Diels-Aider addition to 22. Further 

results on these reactions will be published separately. 
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rt 
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0 
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22 

RWR spectra on 

EXPERIMENTAL 

IR spectra were recorded on Perkfn-Elmer 398 spectrophotometer 
a Bruker WH 270. All melting points are uncorrected. 

. 

3.5"Oiamtno-W-p razalo-4-crrbonitrile (2s) 
(10 ml) In ethaniF1 I 

- To a solution of hydrazlne hydrate 
20 ml) was added i-amino-I-methylmercapto-2,2-dicyano-ethylene 

(9.73 g; 0.07 mol). The mixture was stirred under reflux for 2h with evolutlon of 
methylmercaptane. Solvent was removed under reduced pressure. The residue was 
recrystallized from ethanol/ether and obtained as white solid (6.20 g; 72X), m.p.171°- 
Anal.Calcd. for C4H5N5 (123.1): C, 39.02; H, 4.09; N, 56.89. Found. C.38.94; H. 4.12; 
N. 56.67%. 

3,5-O!a~~no-l-aethyl-lH-pyrazalo-4-carbon~trile (Pe) - Utilization of methyl 
hydrazine instead of hydr?izine hydrate in the preparation of 2a leads to compound 
2c (7.0 g; 73%). m.p.202~203o. Anal. Calcd, for C5H7N5 (137.2): C, 43.79, H. 5.14; 
N, 51.07. Found. C, 43.60; Ii, 5.17; N, 50.96%. 

3-A~ino-5-(2,5-d!~cthyl-t-pyrryl)-l~-pyrazolo-4-c8rbonitrile (26) - A mixture of 
2a (2.46 g; 0.02 mol) and acetonyIacetTine (2.28 g;'O.O2 ~01) in ethanol (20 ml) and 
acetic acid (20 ml) were stirred under reflux for 2h. The solvent was evaporated 
and the resldue was recrystallized from chloroform/ethyl acetate to give a micro- 
crystalline powder (2.49 g; 62%). m.p.193-194o- Anal. Calcd. for CtDH X5 (201.2): 
C, 59.69; Ii, 5.51; N, 34.80. Found. C, 59.39; H, 5.36; N, 34.61% - 
6s 12.14 (s, 1H); 6.63 fs, 2H); 5.77 (s, 2H); 2.03 (s, 6H). 

tH&R (CWSD-d6): 

Beneral Procedure for the Synthesis of 
triatines 8a-d. 

Pyrazolop 
- A mixture of aminopyrazales 2a-d ! 

rlridlnes Is-d; 6a-d and Pyrazolo- 
0.02 mol), equiaolar amounts of 

the ethylene compounds 3r, 3b, 5, 7 and triethylanine (2 ml) in ethanol (SO m1)were 
stirred under reflux for 2h. After cooiing, the precipitate was filtered off and 
recrystallized t4a, 4c. 6a and 6d from OWF/EtOH; 6c, 88. Bc and 8d from AcOH). In 
the case of 4b. 46, 6b and 8b, the solvent was removed under reduced pressure and 
the residue chromatographed on a column of silica gel, elution with a mixture of 
chloroformlcthyl acetate 3:2. 
'HNnR of compounds: 

- Recrystallization from ethanol. Data see Table 1 - 
4C (OHSO-d6):4 = 8.55 (5, 2H); 6.52 (2, 2H); 2.47 (s, 3H).6a 

(OHSO-d6): 60 7.65 (s. 2H); 6.65 (sr 2H); 2.88 (s, 3H). 8b (DHSO-d6): a- 6.07.7.95 
(d, 2H); 5.90,6.68 (d. 2H); 2.64 (s, 3H); 2.12.2.10 (d, 6H). 
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Table 1. 

No. Pruduct m.p.Ccl Holecular Calcd. 
Yieldf'Xl formula Found. C 

AnalysesCXl 
H N 

4a 

4b 

4c 

4d 

68 

6b 

6c 

&l 

8a 

ab 

UC 

ad 

2,4-diarniro-pyraroloCl,5-al- 
pyrimidine-3,6-dicartxmbonftrile 

7-~ino-2(2,5-d~~thy~-l-pyr- 
rylf-pyrazolo21,5-alpyrimidine- 
3,bdicarbonitrile 

2,7-di~i~-5-~thyl-pyrazoio- 
It&alpyriaidine-3.6-dlcarbo- 
nitriie 

7-amino-2(2,5-dt~thyl-l-pyrr- 
yl)-pyrazolo(l,S-alpyrimidine 

2,7-di~ino-5-~thyl~rcapto- 
pyrazoiol1.balpyrimidine- 
3.6"dicarbonitrile 

7-amino-2(2,5-di~thy~-l-pyrr- 
yl)-5-methylmercapto-pyrazoio- 
U~5;;~pyrimidine-3.6-dicarbo- 

7-amino-5-Rleth fmercapto-Z- 
(I-morphollnyl T -pyrarolo - 
(1,5-alpyrim~dine-3,6-di- 
carbonitrile 

7-amino-2,5-dimethylmeccapto- 
pyratolo[l,5-alpyrimidine- 
3,6-dicarbonitrile 

4,7-diamino-2-methylmercapto- 
pyrazoloC1,5-aJl.3.5 triarine- 
D-carbonitrile 

4-amino-7(2,5-dimethyl-l-pyrr- 
yl)-2-mathylmercapto-pyrarofo- 
(1,5-a31.3.5 triazine-&carbo- 
nitrlle 

4-amino-t-meth Imercapto-7- 
(4-morpholinyl qiyrazolo- 3 
11,5-a11,3,5 triazine-8- 
carbonitrile 

4-amino-2,7-dimethylmercapto- 
pyrazoloCl,5-all,3;5 trlazine- 
I-carbonitrile 

>JOO.dec. 
62 

276,dec. 
57 

>3OO,dec. 
56 

256,dec. 
55 

>3OO,dec. 
65 

247,dec. 
53 

218,dec. 
61 

>3OO,dec. 
62 

>300,dec. 
65 

245,dec. 
54 

300-301 
62 

289-290 
68 

C10H8N6S2 

C7h7NtS 

%3h13N75 

'aHSN6'2 

48.24 2.53 49.23 
47.98 2.65 40.97 

60.64 4.00 35.36 
60.63 4.29 35.11 

50.70 3.31 45.99 
50.39 3.36 45.72 

61.85 4.50 33.66 
61.71 4.53 33.39 

44.07 2.88 39.98 
43.89 3.14 40.13 

55.71 4.05 30.32 
55.50 4.lf 30.18 

49.51 4.16 31.09 
49.67 4.21 30.63 

43.46 2.92 30.41 
43.47 2.89 30.54 

38.00 3.19 44.31 
37.72 3.29 44.06 

52.16 4.36 32.75 
52.21 4.43 32.59 

45.35 4.50 33.66 
45.09 4.42 33.44 

38.08 3.20 33.31 
38.25 3.23 33.24 

Diaalnopyrirolopyrtrfdines 1Da-t. - A mixture of pyrazplopyrimidine 6a (1.23 g; 
5 mmo1) in amines 9r-c (15 ml) was refluxed for 2h. The solvent was removed under 
reduced pressure and the residue was recrystallized from acetic acid. The physical 
properties are reported in Table 2. 

Dlaninopyrarolotriarinas lla-c. - Compounds lla-c were prepared similarly ustng 
pyrazoIotriaz~ne'68 and anines 91-c. The physical properties are collected In Table 2. 

4-A~lno-7-~thylwrc~pto-2-(4-~orpholinyl)-pyrarolot1,5-a11,3.5 triazln&-carbo- 
nitrile(l31 - Compound 13 Drepared In h similar manner from pyrarolotrlazine 8d and 
morpholine, was recrystallized from DMF (1.31 g; 90X), m.p.285oC. dec. - Anal.Cakd. 

33.391 
for C tHl3N70S (291.3): C, 45.35; Ii. 4.50; N, 33.66. Found. C, 45.38; H, 4.56; N 

(s, 3H). 
- lHNMR (DMSO-d6): a= 7.38‘7.22 (d, 2H); 4.15 (s, 4Hf; 3.74 (s. 4H); 2.5; 

4-A~ino-2~4-eethylpiperazinyl~-711-lrorphol~nyl)-pyrazologl,5-a3l~3~5 triazine- 
8-carbqnitrtle (14) - Compound 14 prepared in a slaflar manner from pyrarolotriazine 
8c and N-methylpiperazine, Compound 14 was obtained from AcDR as white microcrysta11lne, 
(1.48 g; 86X), m.p. 270oC. dec. - Anal. Calcd. for Ct5H.aWgO (343.4): C, 52.47; H, 
6.16; N, 36.71. Found. C, 52.45; H, 6.06; N, 36.713 - ~HNMR (DHSO-d6): a= 7.18 
7.10 (d, 2H); 4.12 (S, 4H); 3.75 (S, 4H); 3.46 (5, 4H); 2.42.(s, 4H); 2.23 (S, 3Hj 
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2 5,7-Tria~ino-pyrazoloCl,5-aJpyrlnfdlna-j-carbonltrlle (16) - A mixture of 2a 
(l.Pf 

B 
; 10 nnolf, malononitrife (0.66 g; 10 mmol) and triethylamine (1 ml) in EtOH 

(50 ml were stfrred at room temperature for 24h and lh under reflux. After cooling, 
the greclpitate was flltered off and recrystallized from DHF (0.93 g; 49%). 
>300 C, dec. - Anaf. Calcd. for C H N7(189.2): C, 44.44; H, 3.73; N, 51.83. Fokf;' 
C, 44.22; H, 3.78; N, 51.71% -&~ (DHSO-d6): a= 6.84.6.77 (d, 2H); 6.41 (s, 2H); 
5.90,5.77 (d. 2H); 5.24 (s, 1H). 

Table 2. 

No. Product m.p.Cr;l Bolecular Calcd. 
Yieldt'Xl 

AnalyteslXl 
formula Found. C H N 

IOa 2,7-d~amino-6(b-~tkyi-l-pi~ra- 293,dec. 
zinyl)-pyratoldl,S-alpyrimidine- 75 C13%N9 

3,6-dicarhonitrile 

lob 2,7-di~~~-5(b-~rpholinyl~- >3OO,dec. 
pyrazoldt,5-alpyrimidine- 78 C1~t2N80 

3,6-dicarhonitrile 

IOc 2,7-diamino-6(l-p~perid~nyl)- >3OO,dec. 
pyrazolo[l,5-alpyrlmidine- 76 Ci3HibNa 

3.6-dicarhonitriie 

lla 4,7-dfamino-2(4-methyl-t-pipera- 292,dec. 
zinyl)-pyraroloCl,5-all,3,5- 78 Cll"l5N9 

triazine-l3-carbonitrile 

lib 4.7-diamino-2(4-morpholinyl)- >3iIO,dec. 
pyrarolo(l,5-aJ1,3,5 trisrine- a0 CioH12Nao 
8-carbonitrile 

llc 4.7-diamino-2(1-plperidlnyl)- 276,dec. 
pyrazolotl.5-al1,3,5 triazine- 70 CflH14N8 

8-carbon&trike 

52.52 5.09 42.40 
52.23 5.13 42.17 

50.70 4.25 39.42 
50.74 4.32 39.16 

55.31 5.00 39.69 
55.07 4.94 39.93 

48.34 5.53 46.13 
48.27 5.55 45.95 

46.15 4.88 43.05 
46.07 4.70 42.81 

51.15 5.46 43.38 
51.00 5.49 43.36 

General Procedure for Preparing of Othydrop$?&olopyrtntidints 18a-e. - A mixture 
of 2a. 2c, 2d (10 mmol), equimolar amounts of the ethylidene compounds 17a, 17b and 
trlethylanine (1 ml) in ethanol (50 ml) were stirred at room temp. for 24bard stirred 
under reflux for lh. After cooling, the precipitate was filtered offi and recrystallized 
from AcQHIEtOH. The physical properties are reported in Table 3. - HNHR~of l&J (DMSO- 
d6): a= 8.92 (s, 1H); 7.58-7.37 (m, 3H); 6.95(s;2H); 6.32 (5, 1H); 3.73 ( s, 4H); 
3.34 (s, 4H). 

l-Methyl-3,5-di-l-pyrryl-l~-pyrazo~e-4-carbonffrile (20) - A mixture of 2e (2.74 g; 
20 amol), 2,5-dimethoxytetra~drofuran (5.28 g; 40 mmol), in acetic acid (30 ml) were 
stirred under reflux for lh. The solvent was removed under reduced pressure and the 
residue chromatographed on a column of silica gel, elutlon wfth a mixture of chloro- 
form/ethyl acetate 9:t. Recrystalllration from chloroform/ethanol I:2 (3.27 g; 69%) 
m-.p.~oboc, - Anal. Calcd. for Ci3HttRS (237.3): C, 65.81; Ii, 4.67; N, 29.52. Found. 
C, 65.70; H, 4.76; N, 29.443 

10-Nethy1-6,8-d~oxo-7-pheny1-2,4-d~-1-pyrry1-1,4,7,6-tetrahydro-6H-l,4-epi1n1no- 
1l,2,4ltriarolofSl,2-alfl,2,3ltrfarine-3-carbonttrile (22) - To a solution of 20 (0.719; 
3 mmol) in chloroform (40 ml) was added 21 (0.51 g; 2.9 mmol). The mixture was stirred 
at room temp. lh. The solvent was removed under reduced pressure and the residue 
fhromatographed on a columen of silica gel, elution with a mixture of n-hexane/ethyl 
acetate 2:1. Recrystallization from ethyl acetate as white microcrystallln~ (0.74 g; 
62%) m.p,125oC, dec. - Anal. Calcd. for C2tH;6t@o2 (412.7): C, 61.16; H, 3.91; N, 
27.17. Found. C, 61.20; H, 3.87; N. 26.87% - ~HNMR (CDC13): b= 7.60-7.25 (m, 7H); 
6.94 (t, 2H); 6.58 (q, 1H); 6.47 (tt 2H); 6.40 (t. tH). 
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Table 3. 

No. Product m.p.Ccl Noiecular Calcd. AnaIysesCXl 
YieldlXl fonmrla Found. C H N 

18a 2,7-diamfno-S-(4-chlorophenyi)- >3OO,dec. 
4,5-dihydro-pyrazolo[l,5-al- 57 
pyrimidine-3,6-dicarbonitrile 

18b 2,7-diamino-5-(2,6-dichlorophenyl)- 26;1Pec. 
4,5-dihydro-pyrazoIo~l,5-al- 
pyrimidine-3,6-dicarbonitrile 

18c 7-amino-5-(4-chlorphenyi)-2- 293,dec. 

(I-morphoIinyi)-4,5-dfhydro- 56 
pyrazoio[l,5-alpyrimidine- 
3.6-dicarbonitrile 

18d 7-amino-5-(2,6-dichlorophenylj- 298,dec. 
2-~4-~rph~iinyI)-4,5-dihydro- 52 
pyrazoldl.5~a,lpyrimidine- 
3,6-dicar~nitrile 

l&z 7-amino-5-(cl-chIorophenylf-2- 261,dec. 
~thyl~rcapto-4,5-dihydro- 64 
pyrazoIoll,5-alpyrimidine- 
3,6-dicarbonitrile 

C14HlOCIN7 53.94 3.23 31.45 
53.74 3.22 31.21 

C14H9C'2N7 47.34 2.84 27.60 
*$i20 47.62 2.99 27.34 

'18"16C' N7° 55.32 4.38 25.09 
,$I20 55.03 4.15 24.83 

C18H15C12N70 51.94 3.63 23.55 
51.68 3.60 23.48 

52.56 3.23 24.52 
52.36 3.31 24.27 
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