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4-Hydrazino-7H-pyrrolo[2,3-d]pyrimidines (4) were cyclocondensed with formic acid or triethyl orthofor-
mate to give 7H-1,2,4-triazolo[!,5-c]pyrrolo[3,2-e]pyrimidines (5) and 7H-1,2,4-triazolo[4,3-c]pyrrolo-
[3,2-e]pyrimidines (6) respectively. The [4,3-c]-isomers (6) were rearranged into thermodynamically more
stable [1,5-c]-isomers (5). The identical compounds (5) were prepared using another route by reacting
3-amino-4-imino-7H-pyrrolo[2,3-d]pyrimidines (3) with formic acid or triethylorthoformate. Reaction of
2-amino-3-cyanopyrroles (1) with triethyl orthoformate followed by hydrazinolysis afforded (3) via the for-
mation of N-ethoxymethylene-2-amino-3-cyanopyrroles (2).
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The thermal rearrangement of isomeric triazoles to its
thermodynamically more stable isomers has rarely been
studied in di- and triheterocycles [1-3]. A number of
reports have been found for the synthesis of fused pyrim-
idines by cyclocondensation of 4-hydrazinopyrimidines
with various one carbon donor moieties [4-11]. In many
instances formic acid was used as a cyclizing agent in
which the possibility of the formation of isomeric triazo-
lopyrimidines has been overlooked [11-14]. However, the
possibility of isomeric rearrangement was taken into con-
sideration in the reaction of 4-hydrazinothieno-
pyrimidines and 4-hydrazinopyrazolopyrimidines with
one carbon donor moieties yielding respective isomeric
triazolothienopyrimidines [2,3] and triazolopyrazolopy-
rimidines [15]. So far, there has not been any report of iso-
meric conversion in the triazolopyrrolopyrimidine sys-
tem. A series of 4-hydrazinopyrrolo[2,3-d]pyrimidines,
the useful intermediates in the construction of biologically
important triazolopyrrolopyrimidines [16-20], have been
prepared and reacted with triethyl orthoformate or formic
acid to form novel triheterocyclic triazolopyrrolo-
pyrimidines. Therefore, in continuation of our interest in
fused triheterocyclic pyrimidines [21-24], it was thought
of interest to report the synthesis of 7H-1,2,4-tria-
zolo[1,5-c]pyrrolo[3,2-e]pyrimidines and 7H-1,2,4-
triazolo[1,5-c]pyrrolo[3,2-e]pyrimidines, by the annella-
tion of the triazole ring onto the existing pyrrolo[2,3-d]-
pyrimidine systems. Furthermore, the isomeric rearrange-
ment of triazolopyrrolopyrimidines to the more stable
form has also been studied.

1,4-Disubstituted 2-amino-3-cyanopyrroles (1) [25]
were reacted in boiling triethyl orthoformate to give 1,4-
disubstituted N--ethoxymethylene-2-amino-3-cyano-
pyrroles (2), which on hydrazinolysis with hydrazine
hydrate afforded 5,7-disubstituted 3-amino-4-imino-7H-
pyrrolo[2,3-d]pyrimidines (3). The cyclocondensation of
(3) with one carbon donor moiety such as triethyl orthofor-
mate or formic acid under reflux conditions yielded the
target 7,9-disubstituted 7H-1,2,4-triazolo[1,5-c]pyrrolo-
[3,2-e]pyrimidines (5) (Method A) (Scheme 1).
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The identical triazolopyrrolopyrimidines (5) were
synthesized by another route (Method B) in which 5,7-dis-
ubstituted 4-hydrazino-7H-pyrrolo[2,3-d]pyrimidines (4)
[21] were condensed with formic acid under boiling condi-

- tion. The attempted reaction was believed to initiate with the

formation of 6, which were rearranged to the more stable
isomers (5) in the presence of a strong nucleophile under
thermal conditions. The reaction between 4 and triethyl
orthoformate provided 7,9-disubstituted 7H-1,2,4-triazolo-
[4,3-c]pyrrolo[3,2-e]pyrimidines (6). The [4,3-c]-isomers
(6) on heating with formic acid were isomerized to the ther-
modynamically more stable unsymmetrical [1,5-c]-isomers
(5) via Dimroth rearrangement [2,3,26] (Scheme 2).

The uv (methylene chloride) spectra of 1,4-disubstituted
N-ethoxymethylene-2-amino-3-cyanopyrroles show two
prominent Amax near 297 and 249 nm. The ir (potassium
bromide) spectra of 1,4-disubstituted N-ethoxymethylene-2-
amino-3-cyanopyrroles (2) exhibit a sharp absorption near
2210 cm! due to cyano group. 'H nmr (deuteriochloroform)
spectra of 2 display a triplet at § 1.20-1.46 and a quartet at &
4.20-4.35 integrating for three and two protons respectively
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Scheme 2 and a multiplet at 8 7.20-8.10 was assigned to amino and
OH N——rx aromatic protons respectively in the 'H nmr (deuterio-
R N HC(OC,H),s R | N J chloroform) spectra of 3. The imino proton was found to
WP e || J be merged with aromatic protons.
I NS The uv (methylene chloride) spectra of 7,9-disubstituted
Ry Ry 7H-1,2,4-triazolo[1,5-c]pyrrolo[3,2-e]pyrimidines (5) dis-
4 6 played two Amax at 247 and 257-293 nm. The ir (potassium
HCOOH . o . .
l Tes o bromide) spectra of § and 6 exhibited absorption bands in
the region of 1628-1496 cm-! for aromatic C=C, C=N
456 R R N stretching vibrations whereas the resonance due to aromatic
a 8”;{5 :-gr%ﬁlafe“.s R |_/|,L protons as multiplet was obtained at 8 7.0-8.46 in the 'H
- C:Hi ) 4:1(;6}34“ | /)N nmr (deuteriochloroform) spectra of compounds 5 and 6.
4 AOCCes ABrCe NN The more shielded triazole ring proton in the [1,5-clisomers
a 3Cehy a-llgHy ] .. 8
f 3g:g(g4 3-(B)I%Hilc(,ﬂ4 R; 5 present at position-2 appear as a singlet at § 9.05-9.22
< ACICH,  4ICeH, | 5 whereas the proton at position-3 in the [4,3-c]isomers 6 was

because of the ethyl protons of ethoxymethylene group. A
multiplet responsible for aromatic protons was appeared
near 8 7.10-7.76. The proton resonance of the pyrrole ring is
observed as a singlet at 8 6.85-6.91 and the aliphatic -CH
proton of the ethoxymethylene functionality appear in the
downfield region at § 8.85-8.92 as a singlet.

The uv (methylene chloride) spectra of 5,7-disubstitued 3-
amino-4-imino-7H-pyrrolo[2,3-d]pyrimidines (3) show two
Amax at 293 and 246 nm respectively. The ir (potassium
bromide) spectra of 5,7-disubstituted 3-amino-4-imino-7H-
pyrrolo[2,3-d]pyrimidines (3) exhibited stretching vibra-
tions in the region 3440-3140 ¢m-! together with a
bending vibration at 1648-1632 cm1 because of imino
and amino functionalities. A broad singlet at & 5.43-5.47

Scheme 3
-HCN(27)
—_— -
OCH;
m/z =314
-Nx28) J -Ny(28)
_l o
&
1)
A
N N -HCN(27)
OCHs OCH,
m/z =313 m/z = 286

found to appear at little downfield in the region 5 9.39-9.49
in the form of a singlet (2, 3, 15, 26].

The mass fragmentation pattern of compounds 5a is
depicted in Scheme 3 which was in agreement with the pat-
tern of fused triazolopyrimidines [2-3] giving a molecular

Table 1
Physical and Analytical Data for Compounds 2a-h and 3a-h
Compound  Yield mp°C Molecular Analysis

No. %  Crystallization  formula Calcd.\Found
Solvent C H N
2a 70 120-121  CyH;gN;0, 73.02 554 12.17
{a] 7332 565 1239
2b 72 152-153  CyH ¢BIN;O  60.92 4.09 10.66
(a] 60.81 3.89 10.46
2¢ 71 156-157 CogH gIN;O 5444 3.66 9.52
[a] 5422 343 929
2d 80 147-148 CyHgBrN;0, 59.44 428 9.90
(a] 5922 444  9.69
2e 70 158-159 CH;gIN;O, 53.52 3.85 892
[a] 5329 3.66 8.63
2f 80 157-158 C,H gCIN;0, 6640 4.78 11.06
[a] 66.23 4.61 10.88
2g 85 192-193 CyoH,sBrCIN;O 56.03 3.53  9.80
[a] 56.43 3.19 10.02
2h 88 191-192  CyoHsCIIN;O 5049 3.18 8.83
[a] 5033 299 9.09
3a 87 155-156  CjgH;NsO  68.86 5.17 21.14
{b] 68.56 499 21.40
3b 72 151-152  CjgH;4BrNs  56.85 3.71 1842
[c] 56.61 3.52 18.33
3c 60 194-196  CgH|4INs 50.60 3.30 16.39
[b] 5041 341 16.49
3d 71 162-163 C gH;¢BrN;O §5.62 3.93 17.07
[bl 5541 4.11 1691
3e 80 191-193  C|gH(INSO 4990 3.53 15.32
[c] 49.72 333 15.21
3f 75 200202 C,gH;CINsO 6238 4.41 19.15
{b] 62.18 4.61 19.01
3g 86 229-231 C;gH|3BrCINg 52.13 3.16 16.89
[e] 5201 3.02 16.64
3h 88 213215 CjgHyClINs  46.83 284 1517
[c] 46.63 2.65 15.01

[a] = Ethanol, [b] = benzene and [c] = dioxane.
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Table 2
Physical and Analytical Data for Compounds 5a-h

Compound Yield % mp°C Molecular Analysis
No. Method Crystallization formula Calcd.\found
A B solvent C H N

Sa 51 65 206-207 CyoH 5sN5O 70.37 443 20.52
[a] 70.19 431 20.19

5b 65 70 220-222 CioH3BrNg 58.47 3.10 1795
[a] 58.27 2.99 17.81

Sc 42 55 228-230 CgH|,INg 52.19 277 16.02
[b] 51.88 2.61 16.19

5d 68 72 191-192 CyoH 4BIN5O 57.16 336 16.67
[a] 57.28 3.49 16.79

Se 59 67 211-212 CyoH 14INsO 51.41 3.02 1499
{b] 51.09 3.48 14.77

5f 70 74 238-240 CyoH4CINSO 63.92 376  18.64
[b] 63.75 3.61 18.49

5g 55 72 239-241 C9H;BrCINg 53.73 2.61 16.49
[b] 53.21 241 16.28

5h 65 69 263-265 CoH;|CIINg 48.38 2.35 14.85
[b] 48.21 2.21 14.49

[a] = dioxane and [b] = a mixture of N,N-dimethylformamide:ethanol (4:6 v/v)

Table 3

Physical and Analytical Data for Compounds 6a-h

Compound  Yield mp Molecular Analysis
No. % °C formula Calcd\found
C H N
6a 75 209-210 CygH sNsO 7037 443 20.52
[a} 7020 433 20.24
6b 77 246-248  CjoH|,BrN; 5847 3.10 1795
fa] 5827 299 1781
6¢ 71 243-245  Cy9H,;3INs 5219 277 16.02
[a] 51.88 261 16.19
6d 78  248-250 CygH|4BINSO  57.16 3.36 16.67
[a] 57.28 349 1679
e 72 238-240 C,pH|4IN5O 5141 3.02 1499
[a] 51.09 348 14.77
6f 79 279-281 CygH[4CINSO 6392 376 18.64
[a] 6375 3.61 18.49
6g 74 299-301 C;gHBrCINg 5373 2.62 1649
[a] 5320 229 16.32
6h 70 322-324 CgH||CIINg 4838 235 14.85
{a] 4825 225 14.58

[a] = a mixture of N,N-dimethylformamide : ethanol (4:6 v/v)

ion peak at 341. The fragments at 313, 314 and 286 were
obtained due to subsequent elimination of nitrogen and
hydrogen cyanide or hydrogen cyanide and nitrogen

molecules.

EXPERIMENTAL

Melting points are uncorrected and were determined in open cap-

illaries. The uv (methylene chloride) spectra were taken on
Backman Du-64 spectrophotometer. The infrared spectra were
recorded in cm-! on a Buck-500 spectrophotometer using potassium

bromide technique. The 'H nmr spectra were recorded on Varian
300 MHz spectrometer using deuteriochloroform as solvent and
tetramethyl silane as the internal standard. The chemical shifts are
expressed in 8 ppm. The mass spectra was taken on LKB 9000 mass
spectrometer. The purity of the compounds was checked by tlc
using silica gel G and spots were visualized by exposing the dried
plates to iodine vapour.

General Procedure for the Synthesis of 1,4-Disubstituted N-Ethoxy-
methylene-2-amino-3-cyanopyrroles (2a-h).

1,4-Disubstituted 2-amino-3-cyanopyrroles (1, 0.01 mole)
were refluxed with triethyl orthoformate (10 ml) for 3.0-4.0
hours. After completion of the reaction, the excess of triethyl
orthoformate was recovered in vacuo. The solid thus obtained
was treated with cold water, filtered, dried and crystallized
(Table 1).

General Procedure for the Synthesis of 5,7-Disubstituted 3-Amino-
4-imino-7H-pyrrolo(2,3-d]pyrimidines (3a-h).

A mixture of 1,4-disubstituted N-ethoxymethylene-2-amino-3-
cyanopyrroles (2, 0.01 mole) and hydrazine hydrate (99%, 10 ml)
was heated under reflux condition for 3.5-4.0 hours. The reaction
mixture was allowed to cool, poured onto the crushed ice and
neutralized with aqueous acetic acid (50%, v/v). The solid thus
obtained was filtered, washed with water, dried and crystallized
(Table 1).

General Procedure for the Synthesis of 7,9-Disubstituted 7H-1,2,4-
Triazolo[1,5-c]pyrrolo[3,2-¢]pyrimidines (5a-h).

Method A.

5,7-Disubstituted 3-Amino-4-imino-7H-pyrrolo[2,3-d]pyrim-
idines (3, 0.01 mole) were heated with boiling formic acid
(15 ml) for 6.0-7.0 hours. The cold reaction mixture was poured
onto the crushed ice and neutralized with sodium hydroxide solu-
tion (1N). The solid obtained was filtered, washed with water,
dried and crystallized (Table 2).
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Table 4
Ir and 'H nmr Spectral Data for Compounds 2a-h, 3a-h, 5a-h and 6a-h
Compound. ir (potassium bromide) cm’! 'H nmr (8 ppm)
No
2a 3070, 2840 (CH), 2210 (CN), 1612, 1.20-1.40 (t, 3H, OCH,CH3), 3.85 (s, 3H, OCHj3), 4.20-4.31 (q, 2H, OCH,CH»),
1520 (C=C, C=N) 6.85 (s, 1H, H at Cs), 7.20-7.70 (m, 9H, Ar-H), 8.85 (s, 1H, CHOC,Hs)
2b 3080, 2860 (CH),2210 (CN), 1600, 1.23-1.44 (t, 3H, OCH,CH3), 4.25-4.33 (g, 2H, OCH,CH3), 6.87 (s,
1498 C=C, C=N) 1H, H at Cs), 7.25-7.72 (m, 9H, Ar-H), 8.86 (s, 1H, CHOC,Hs)
2c 3070, 2850 (CH), 2200 (CN), 1604, 1.24-1.44 (1, 3H, OCH,CH3), 4.28-4.35 (q, 2H, OCH,CHy),
1508 (C=C, C=N) 6.87 (s, 1H, H at Cs), 7.23-7.75 (m, 9H, Ar-H), 8.91 (s, 1H, CHOC,Hs)
2d 3090, 2840 (CH),2205 (CN), 1612, 1.22-1.41 (t, 3H, OCH,CH3), 3.85 (s, 3H, OCHj3), 4.20-4.31 (q, 2H, OCH,CH3y),
1496 (=C, C=N) 6.88 (s, 1H, H at Cs), 7.30-7.77 (m, 8H, Ar-H), 8.90 (s, 1H, CHOC,H5)
2e 3100, 2850 (CH), 2220 (CN), 1612, 1.23-1.43 (t, 3H, OCH,CH3), 3.88 (s, 3H, OCHj3), 4.20-4.31 (q, 2H, OCH,CHjy),
1492 (C=C, C=N) 6.89 (s, 1H, H at Cs), 7.30-7.76 (m, 8H, Ar-H), 8.86 (s, IH, CHOC,Hy)
2f 3070, 2840 (CH), 2200 (CN), 1600, 1.22-1.40 (t, 3H, OCH,CH3), 3.95 (s, 3H, OCHj3), 4.24-4.30 (q, 2H, OCH,CHj),
1520 (C=C, C=N) 6.91 (s, 1H, H at Cs), 7.29-7.71 (m, 8H, Ar-H), 8.85 (s, 1H, CHOC,Hs)
2g 3090, 2860 (CH), 2220 (CN), 1608, 1.23-1.43 (t, 3H, OCH,CH3), 4.25-4.33 (q, 2H, OCH,CH3), 6.87 (s, 1H,
1516 (C=C, C=N) H at Cs), 7.25-7.72 (m, 8H, Ar-H), 8.86 (s, 1H, CHOC;H5)
2h 3080, 2870 (CH), 2200 (CN), 1604, 1.25-1.46 (t, 3H, OCH,CH3), 4.25-4.33 (q, 2H, OCH,CH3y), 6.87 (s, 1H,
1504 (C=C, C=N) H at Cs), 7.25-7.72 (m, 8H, Ar-H), 8.92 (s, 1H, CHOC;Hs)
3a 3340, 3280, 3140 (NH), 3030, 2960 (CH), 3.95 (s, 3H, OCH3y), 5.40 (s, 2H, NH,), 7.20-7.95 (m, 12H Ar-H + NH)
1632 (NH), 1600, 1520 (C=C, C=N),
3b 3380, 3280, 3180 (NH), 3060, 2970 (CH), 5.43 (s, 2H, NH,), 7.26-8.0 (m, 12H, Ar-H + NH)
1648 (NH), 1624, 1500 (C=C, C=N)
3c 3370, 3280, 3150 (NH), 3050, 2960 (CH), 5.45 (s, 2H, NH,), 7.30-8.03 (m, 12H, Ar-H + NH)
1644 (NH), 1598, 1512 (C=C, C=N)
3d 3350, 3300, 3180 (NH), 3060, 2840 (CH), 3.85 (s, 3H, OCH3), 5.46 (s, 2H, NH,), 7.20-7.86 (m, 11H,
1632 (NH), 1612, 1492 (C=C, C=N) Ar-H + NH)
3e 3440, 3300, 3180 (NH), 3010, 2840 (CH), 3.89 (s, 3H, OCH3y), 5.46 (s, 2H, NH,), 7.28-7.99 (m, 11H,
1636 (NH), 1596, 1488 (C=C, C=N) Ar-H + NH)
3f 3340, 3280, 3160 (NH), 3050, 2880 (CH), 3.85 (s, 3H, OCHjy), 5.44 (s, 2H, NH,), 7.22-8.05 (m, 11H,
1648 (NH), 1620, 1516 (C=C, C=N) Ar-H + NH)
3g 3380, 3290, 3180 (NH), 3060, 2950 (CH), 5.46 (s, 2H, NH,), 7.28-8.10 (m, }1H, Ar-H + NH)
1648 (NH), 1628, 1504 (C=C, C=N)
3h 3370, 3300, 3170 (NH), 3070, 2190 (CH), 5.47 (s, 2H, NHj), 7.28-8.12 (m, 11H, Ar-H + NH)
1644 (NH), 1624, 1496 (C=C, C=N)
5a 3090, 2860 (CH), 1624, 1520 (C=C, C=N) 3.83 (s, 3H, OCHj), 7.0-8.30 (m, 11H, Ar-H), 9.05 (s, 1H, Hat Cy)
5b 3090, 2930 (CH), 1620, 1512 (C=C, C=N) 7.10-8.20 (m, 11H, Ar-H), 9.12 (s, 1H, Hat C;)
Se 3050, 2880 (CH), 1612, 1508 (C=C, C=N) 7.0-8.10 (m, 11H, Ar-H), 9.15 (s, IH, Hat Cy)
5d 3090, 2820 (CH), 1616, 1496 (C=C, C=N) 3.87 (s,3H,0CH3), 7.07-8.34 (m, 10H, Ar-H), 9.22 (s, 1H, H at C3)
Se 3090, 2860 (CH), 1628, 1500 (C=C, C=N) 3.80 (s, 3H, OCHj), 7.0-8.0 (m, 10H, Ar-H), 9.10 (s, IH, Hat Cy)
Sf 3070, 2840 (CH), 1628, 1520 (C=C, C=N) 3.65 (s, 3H, OCHj), 7.10-8.20 (m, 10H, Ar-H), 9.12 (s, 1H, H at Cy)
Sg 3090, 2980 (CH), 1628, 1504 (C=C, C=N) 7.20-8.20 (m, 10H, Ar-H), 9.10 (s, 1H, Hat C;)
5h 3080, 2990 (CH), 1628, 1508 (C=C, C=N) 7.10-8.10 (m, 10H, Ar-H), 9.12 (s, IH, Hat Cy)
6a 3090, 2950 (CH), 1620, 1516 (C=C, C=N) 3.83 (s, 3H, OCHj), 7.0-8.29 (m, 11H, Ar-H), 9.42 (s, IH, Hat Cy)
6b 3070, 2830 (CH), 1620, 1512 (C=C, C=N) 7.10-8.21 (m, 11H, Ar-H), 9.46 (s, 1H, H at C3)
6¢ 3060, 2870 (CH), 1612, 1504 (C=C, C=N) 7.01-8.10 (m, 11H, Ar-H), 9.45 (s, 1H, H a1 C3)
6d 3090, 2930 (CH), 1616, 1500 (C=C, C=N) 3.87 (s, 3H,0CH3), 7.10-8.46 (m, 10H, Ar-H), 9.39 (s, |H, H at G3)
be 3060, 2950 (CH), 1624, 1512 (C=C, C=N) 3.80 (s, 3H, OCH3), 7.02-8.0 (m, 10H, Ar-H), 9.43 (s, IH,Hat G3)
6f 3070, 2940 (CH), 1624, 1520 (C=C, C=N) 3.65 (s, 3H, OCH3), 7.08-8.20 (m, 10H, Ar-H), 9.42 (s, |H, H at Cy)
6g 3080, 2980 (CH), 1622, 1508 (C=C, C=N) 7.20-8.20 (m, 10H, Ar-H), 9.44 (s, 1H, H at Cy)
6h 3070, 2980 (CH), 1622, 1504 (C=C, C=N) 7.10-8.10 (m, 10H, Ar-H), 9.46 (s, IH, H at C3)
Method B. General Procedure for the Synthesis of 7,9-Disubstituted 7H-

A mixture of 5,7-Disubstituted 4-hydrazino-7H-pyrrolo[2,3-d]-

1,2,4-Triazolo[4,3-c]pyrrolo[3,2-¢]pyrimidines (6a-h).

pyrimidines (4, 0.01 mole) and formic acid (20 ml) was refluxed
for 7.0-8.0 hours. Then the reaction mixture was allowed to cool,
poured on to the crushed ice and neutralized with sodium
hydroxide solution (1). The obtained precipitates were filtered,
washed with water, dried and crystallized to get title compounds
5 (Table 2).

A mixture of 5,7-disubstituted 4-hydrazino-7H-pyrrolo{2,3-d]-
pyrimidines (4, 0.01 mole) and triethy! orthoformate (20 ml) was
refluxed for 1.0 hour at 100°C. The excess of reagent was dis-
tilled under pressure and to the cold reaction mixture was added
methanol (10 ml). Thus obtained solid was filtered, dried and
crystallized to get the title compounds (6) (Table 3).
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General Procedure for the Conversion of Compounds 6 to 5.

7.9-Disubstituted 7H-1,2,4-triazolo[4,3-c]pyrrolo[3,2-e]pyrim-
idines (6, 1.0 g) were heated with formic acid (10 ml) under reflux
condition for 3.0-4.0 hours. The reaction mixture was allowed to
cool, poured onto crushed ice, filtered, washed with water till neu-
tralized, dried and crystallized to get compounds (5).
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