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The reaction of N-arylcyanamides with thiophene o-aminonitriles under the influence of dry hydrogen
chloride gas yields a mixture of two products. The major product has been identified as 2-amino-3-aryl-4-
iminothieno[2,3-d]pyrimidine and the minor as 2-amino-3-arylthieno{2,3-dlpyrimidin-43H)-one.
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A variety of condensed pyrimidines, especially quinazo-
lines, with primary amino groups at the 2- and 4-positions
1 as well as those with substituted amino functions at the
2- and 4-positions 2 have been synthesized and evaluated
for antifolate, antimalarial activities [1-3]. As part of our
continuing programme on the synthesis and antimalarial
screening of 2,4-diaminopyrimidines, we have prepared a
variety of 2,4-diaminopyrimidines [4] and condensed 2,4-
diaminopyrimidines [5,6] through different synthetic
routes. The aim of the present study was to synthesize
some hitherto unexplored 4-amino-2-substituted-aminothi-
eno[2,3-d]pyrimidines 3 as potential antifolate, antimalari-

al compounds.
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Reaction of nitriles with o-aminocarbonyl compounds
under the influence of dry hydrogen chloride gas has been
developed into a facile one-spot synthesis of condensed py-
rimidines in this laboratory. e-Aminonitriles of benzene,
thiophene and furan have been condensed with various
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nitriles to synthesize a series of condensed 4-aminopyrimi-
dines [7-10].

In our previous work, we described a reaction of N, N-di-
alkylcyanamides 5 with thiophene o-aminonitriles 4a and
4b leading to the corresponding 2,4-diaminothienof2,3-d]-
pyrimidines 6a and 6b [8].

NH
R! : ’
CN R

1 1
RY s N/)\
6a,R!, R?=-(CHy,-
6b,R',R>=CH;

NR3R*

Reaction of monosubstituted cyanamides like N-aryl-
cyanamides 7 with thiophene o-aminoesters 8 afforded a

mixture of isomeric 2-aminothieno[2,3-d]pyrimidin-4(3H)-
ones 10 and 11. The reaction presumably proceeds
through a non-isolable guanidine intermediate 9 [11]

(Scheme I).
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Analogously, the reaction of thiophene o-aminonitriles 4
with an arylcyanamide 7 can be presumed to proceed
through nonisolable guanidine intermediate 12. Through
alternate modes of cyclization the guanidine 12 should af-
ford not only the target compound 13 but also lead to
another isomeric diaminothieno{2,3-dlpyrimidine 14. At
the same time, the formation of the third isomer 15 via a
Dimroth rearrangement involving the ring opening and
recyclization of 14 should not be overlooked (Scheme II).

Thus, when thiophene o-aminonitrile 4 was reacted with
7 in the presence of dry hydrogen chloride gas the workup
of the reaction mixture yielded a mixture of two products
which could be separated over neutral alumina by column
chromatography. However, the major product was not the
expected 4-amino-2-arylaminothieno[2,3-d]pyrimidine 13.
It was characterized as 2-amino-3-aryl-4-iminothieno[2,3-
dlpyrimidine 14 on the basis of its microanalysis and spec-
tral data as well as its comparison (ir, mixed mp, tlc) with
an authentic sample of 14 prepared through unequivocal
route [5]. The minor component of the mixture of products
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was surprisingly found to match with none of the three ex-
pected isomeric diaminothieno[2,3-dJpyrimidines 13-15. It
could be instead characterized as 2-amino-3-arylthieno-
[2,3-d]pyrimidin-4(3 H)-one 16 (Scheme III). This structural
assignment was based not only on its elemental analysis
and spectral data but also on its comparison (mixed mp,
tle, ir) with an authentic sample prepared by an unequivo-
cal route involving the reduction of the corresponding 2-
azido-3-arylthieno[2,3-d]pyrimidin-4-one [12].
Iminopyrimidines are known to undergo Dimroth rear-
rangement under basic and acidic conditions [13-15]. In
order to study the chemical properties of the 2-amino-3-
aryl-4-iminothieno[2,3-d]pyrimidines, Dimroth rearrange-
ment of 14b and 14d was attempted under basic as well as
acidic conditions. While in the presence of catalytic
amounts of sodium ethoxide in ethanol at 40-50° 14b and
14d undergo isomerisation to an extent of about 50%, no
isomerization occurred under acid catalysis (10% hydro-
chloric acid, p-toluenesulfonic acid in benzene and formic
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acid). The rearranged product obtained under basic condi-
tions was separated from the starting material on a neutral
alumina column and was characterized as 4-amino-2-aryl-
aminothieno[2,3-d]pyrimidine. The rearranged products
13a and 13b were found identical with the authentic sam-
ples of the corresponding 2,4-diaminothieno[2,3-d]pyrimi-
dines, namely, 4-amino-2-(4-methylphenyl)amino-5,6,7,8-
tetrahydrobenzo[b]thieno[2,3-d]pyrimidine and 4-ami-
no-2-(4-chlorophenyl)amino-5,6,7,8-tetrahydrobenzo[ b]thi-
eno[2,3-dJpyrimidine [S] (Scheme IV).
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The formation of 4-amino-2-arylaminothieno[2,3-d]py-
rimidine 13a and 13b may be explained by the reaction
pathway depicted in Scheme V, involving the cleavage of
C4+-N; bond of 14 followed by a free rotation around the
C2-N, bond of the resultant guanidine intermediate and its
recyclization to the 4-aminothienopyrimidine 13.

While the 4-iminopyrimidine 14 was found stable in
dilute hydrochloric acid, it did hyrolyse under more dras-
tic conditions, viz., when refluxed with 6 hydrochloric
acid and nitrous acid. Under these conditions, 14b yielded
the corresponding 4-oxo compound 16b in two different
sets of experiments (Scheme VI).

The formation of the minor product 2-amino-3-arylthi-
enof2,3-dlpyrimidin-43H)-one 16 cannot be viewed as an
artifact in the reaction. Its formation can be rationalized
as proceeding through the protonated guanidine interme-
diate 12 which undergoes hydrolysis through a Ritter-type
reaction, followed by cyclization during the workup

(Scheme VII).
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Scheme V

u _
R! NI,{/OCZ ? R! HN)BCZH’ R oC,H
|| || e | NA I | S,Aj.
——
/J\ R2 S N,)\Nﬂz R2 S N=<

R¥ 87 NT TNH,

14
NH
R! R,
OC,H; I
L o — A
RY s7 N R
_<NAr
NH
Rl
] OC,Hs -C,HsOH
NH,
RZ 87 TN=
_<NHAr
Scheme VI
NH
6 M HCL
T N-Ar —_—
L, Eo
s~ N~ “NH,
14b
Scheme VII
R} C=N
N HCI
I I + |(|:| —_—
RY 57 ONH, ~NHAr
4 7
0
1
NH
- | | LNHAr
R¥ s 1
N=C—NH,
EXPERIMENTAL

Melting points were determined in open capillaries and are un-
corrected. The ir spectra were recorded in potassium bromide or
chloroform on a Perkin Elmer 841 grating spectrophotometer.
Ultraviolet spectra were recorded on a Beckman Model 25 spec-
trophotometer using methanol as the solvent. The 'H nmr spec-
tra were taken on a Varian A-60 spectrometer using tetramethyl-
silane as the internal standard. The mass spectra were obtained
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on a Varian Atlas CH-7 spectrometer at 70 €V ionizing beam
using direct insertion probe.

The N-arylcyanamides 7a-d [16] and thiophene o-aminonitriles
4a,b [17] were prepared by methods described in the literature.

I. Reaction of Thiophene o-Aminonitriles 4a and 4b with
N-Arylcyanamides 7a-d in the Presence of Dry Hydrogen Chlo-
ride Gas.

General Procedure.

A stream of dry hydrogen chloride gas was bubbled through an
ice-cold mixture of the appropriate thiophene o-aminonitrile 4
(0.01 mole) and N-arylcyanamide 7(0.01 mole) in dry dioxane [18]
(30 ml) for 12-14 hours. After allowing to stand overnight at room
temperature, the reaction mixture was poured into ice-water mix-
ture and basified with dilute ammonium hydroxide solution (pH
8). The solid separated was filtered, washed with water, and
dried. The dried product was extracted with hot benzene (30 ml)
and the benzene extract was concentrated (10 ml) and chromato-
graphed on a neutral alumina column. The elution was first car-
ried out with benzene. The appropriate benzene fractions were
combined and evaported to dryness to afford a yellow coloured
residue, which on recrystallization from benzene yielded the pure
compound, characterized as 2-amino-3-arylthieno[2,3-d]pyrimi-
din-4-3 H}one 16.

Continued elution with a benzene:chloroform (1:1) mixture af-
forded a solid, which on recrystallization from benzene or ben-
zene-hexane mixture yielded the pure compound characterized
as 2-amino-3-aryl-4-iminothieno[2,3-d]pyrimidine 14.

2-Amino-4-imino-3-phenyl-5,6,7,8-tetrahydrobenzo[ blthieno[2,3-
dlpyrimidine (14a).

This compound obtained through the reaction of 4a and 7a
was a light yellow crystalline solid (benzene-n-hexane), mp
198-200°, yield 41%; ir (Nujol): 3420, 3350, 3300 (NH), 1640
cm™; uv (methanol): A max 325, 271; ms: (m/z) 296 (M*), 295, 268,
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267, 219.
Anal. Calcd. for C,,H,)N,S: C, 64.84; H, 5.44. Found: C, 64.51;
H, 5.13.

2-Amino-3-phenyl-5,6,7,8-tetrahydrobenzo[ b]thieno[2,3-dJpyrimi-
din-4(3H)y-one (16a).

This compound obtained as the minor component in the reac-
tion of 4a and 7a was a colorless crystalline solid (benzene), mp
230-232° (lit [12] mp 227-229°); yield 17%; ir (potassium bro-
mide): 3360, 3200 (NH), 1710 (CO) cm™.

Anal. Caled. for C,,H,,N,0S: C, 64.62; H, 5.08. Found: C,
64.30; H, 5.01.

2-Amino-4-imino-3-(4-methylphenyl)-5,6,7,8-tetrahydrobenzo[ b}
thieno[2,3-dlpyrimidine (14b).

This compound obtained as the major product of the reaction
between 4a and 7b was a colorless crystalline solid (benzene), mp
195-196°, yield 44%; ir (potassium bromide): 3480, 3360, 3320
3240 (NH), 1660 cm™'; uv (methanol): X\ max 330, 276; 'H nmr
(deuteriochloroform): 6 1.7-1.9 (m, 4H, CH, at 6 and 7), 2.4 (s, 3H,
Ar-CH;), 2.6-2.9 (m, 4H, CH, at 5 and 8), 4.9 (s, 3H, NH, at 2 and
NH at 4, deuterium oxide-exchangeable), 7.1-7.6 (m, 4H, phenyl
protons).

Anal. Caled. for C,;H,N,S: C, 65.78; H, 5.84; N, 18.05. Found:
C, 65.75; H, 6.00; N, 17.93.

2-Amino-3-(4-methylphenyl)-5,6,7,8-tetrahydrobenzo[ bjthieno-
[2,3-d]pyrimidin-4(3 H}-one (16b).

The compound obtained as the minor product of the reaction
between 4a and 7b was a colorless crystalline solid (benzene), mp
250-252° (lit [11] mp 243-245°), yield 16%; ir (potassium bro-
mide): 3360, 3200 (NH); 2920; 1600 (CO) cm™; uv (methanol): A
max 315, 265; 'H nmr (deuteriochloroform + dimethyl sulfoxide-
de): 6 1.7-2.0 (m, 4H, CH, at 5 and 8), 5.7 (s, 2H, NH,, deuterium
oxide-exchangeable, 7.1-7.5 (m, 4H, phenyl protons).

Anal. Caled. for C,H,,N,0S: C, 65.57; H, 5.50. Found: C,
65.98; H, 5.37.

2-Amino-4-imino-3-(4-methoxyphenyl)-5,6,7,8-tetrahydrobenzo-
[b]thieno[2,3-d]pyrimidine (14c¢).

This compound representing the major component in the reac-
tion of 4a and 7c was obtained as colorless crystals (benzene), mp
200-202°, yield 38%; ir {nujol): 3460, 3300, 3180 (NH), 1650 cm™";
uv (methanol): A max 332, 279; ms: (m/z) 326 (M*), 325, 311, 298,
297, 295, 284, 283, 219, 217.

Anal. Calcd. for C,,;H,,N,0S: C, 62.55; H, 5.56. Found: C,
62.63; H, 5.70.

2-Amino-3-(4-methoxyphenyl)-5,6,7,8-tetrahydrobenzo[ b]thieno-
{2,3-d]pyrimidin-4(3 H}-one (16c¢).

This compound obtained as the minor component in the reac-
tion of 4a and 7c was a light yellow crystalline compound (ben-
zene), mp 248-251° (lit [19] mp 252-253°), yield 18%; ir (potas-
sium bromide): 3460, 3380 (NH), 1680 (CO) cm™*; uv (methanol): A
max 320, 272; ms: (m/z) 327 (M*), 326, 312, 311, 285, 284.

Anal. Caled. for C,H;N,0,S: C, 62.35; H, 5.24. Found: C,
62.65; H, 5.57.

2-Amino-3-(4-chlorophenyl)-4-imino-5,6,7,8-tetrahydrobenzo{ b)-
thieno[2,3-dlpyrimidine (14d).

This compound obtained as the major product in the reaction
of 4a with 7d formed colorless crystals (benzene) mp 185-188° (lit
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[5] mp 185-188°), yield 42%; ir (Nujol): 3480, 3350, 3300 (NH),
1640 ¢cm™; uv (methanol): A max 332, 280; 'H nmr (deuteriochlo-
roform): 6 1.7-1.8 (m, 4H, CH; at 6 and 7), 2.6-2.8 (m, 4H, CH, at 5
and 8), 5.1 (s, 3H, NH, at 2 and NH at 4, deuterium oxide ex-
changeable), 7.2-.7.77 (m, 4H, phenyl protons); ms: (m/z) 332
(M +2), 330 (M*), 329, 302, 301, 295, 294, 267, 260.

Anal. Caled. for C H CIN,S: C, 58.09; H, 4.57; N, 16.98.
Found: C, 58.45; H, 4.51; N, 16.47.

2-Amino-3-(4-chlorophenyl)-5,6,7,8-tetrahydrobenzo[ b]thieno[2,3-
dlpyrimidin-4(3 Hy-one (16d).

This compound was obtained as the minor product of the reac-
tion between 4a and 7d as pale yellow crystals (benzene) mp
260-262° (lit [19] mp 260-262°) yield 20%, ir (potassium
bromide): 3340, 3200 (NH), 1660 (CO) cm™*; uv (methanol): A max
322, 270; 'H nmr (deuteriochloroform): 6 1.7-1.9 (m, 4H, CH, at 6
and 7), 2.5-3.0 (m, 4H, CH, at 5 and 8), 5.4 (s, 2H, NH, deuterium
oxide exchangeable), 7.3-7.6 (m, 4H, phenyl protons); ms: (m/z)
333 (M +2), 331 (M*), 330, 315, 303, 296, 289, 220, 179.

Anal. Caled. for C,(H,,CIN,0S: C, 57.91; H, 4.26. Found: C,
58.07; H, 4.47.

2-Amino-3-(4-chlorophenyl)-4-imino-5,6-dimethylthieno[2,3-d]-
pyrimidine (14e).

This compound obtained as the major product of the reaction
between 4b and 7d formed shiny colorless crystals (benzene-n-
hexane), mp 186-188°, yield 46%; ir {(Nujol): 3460, 3360, 3320
(NH), 1650 cm™; uv {methanol): A max 331, 278; ms: (m/z) 306
(M +2), 304 (M*), 303, 193.

Anal. Caled. for C, ,H,,CIN,S: C, 55.17; H, 4.30. Found: C,
54.87; H, 4.42.

2-Amino-3-(4-chlorophenyl)-5,6-dimethylthieno[2,3-d]pyrimidin-
43 H)-one (16e).

This compound obtained as the minor product of the reaction
between 4b and 7d was a colorless crystalline solid (benzene), mp
215-220°, yield 15%; ir (Nujol): 3500, 3320 (NH), 1670 (CO) cm™
uv (methanol): X max 322, 271; ms: (m/z) 307 (M +2), 305 (M*),
304, 290, 277, 270, 269, 194, 153.

Anal. Caled. for C,H,CIN,0S: C, 54.99; H, 3.96. Found: C,
54.92; H, 3.78.

II Unequivocal Synthesis of 2-Amino-3-phenyl-5,6,7,8-tetrahy-
drobenzo[b]thieno[2,3-dlpyrimidin-43 H}-one 16a.

To a well stirred solution of 2-azido-3-phenyl-5,6,7,8-tetrahy-
drobenzo[b]thieno[2,3-d]pyrimidin-43H}one [12] (3.23 g, 0.01
mole) in glacial acetic acid (30 ml) was added portionwise ac-
tivated zinc dust (5.0 g) at room temperature over a period of 30
minutes. Stirring was continued for additional 3 hours. There-
after the reaction mixture was heated on a waterbath (80-90°) for
3 hours. The progress of reduction was monitored by tlc. After
allowing the reaction mixture to cool to room temperature, it was
poured onto cold water (150-200 ml). The insoluble solid which
separated was filtered, washed with water and dried. The crude
solid was extracted with hot benzene and the solid obtained after
removal of benzene under reduced pressure recrystallized to
yield colorless crystals (ethanol) mp 230-232°, yield 61%, iden-
tical (mixed mp, tle, ir) with 16a; ir (potassium bromide): 3360,
3200 (NH), 1710 (CO) cm™*; ms: (m/z) 297 (M*), 282, 281, 270, 269,
268, 255, 220, 179.

Anal. Caled. for C,,H N,0S: C, 64.62; H, 5.08. Found: C,
63.32; H, 4.91.
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III Base Catalyzed Isomerization of 2-Amino-3-aryl-4-imino-
5,6,7,8-tetrahydrobenzo[ blthieno[2,3-d]pyrimidines 14b and 14d
to 4-Amino-2-arylaminothieno[2,3-dlpyrimidines 13a and 13b in
the Presence of Sodium Ethoxide in Absolute Ethanol.

General Procedure.

A mixture of 2-amino-3-aryl-4-iminothieno[2,3-dJpyrimidine
(14) (0.01 mole) and absolute ethanol (30 ml) containing sodium
ethoxide (10-15 mg) was warmed on a water bath (40-50°) for 2
hours and allowed to stand at room temperature for 12 hours.
The solid obtained was filtered, dried and dissolved in benzene
(10-15 ml). The benzene solution was chromatographed on a neu-
tral alumina column using benzene for elution. Appropriate ben-
zene fractions were combined and concentrated (under reduced
pressure) to give a colorless solid, which on recrystallization from
benzene-n-hexane afforded the pure crystalline material, charac-
terized as 4-amino-2-arylaminothieno[2,3-d]pyrimidine (13).

4-Amino-2-(4-methylphenyl)amino-5,6,7,8-tetrahydrobenzo[ blthi-
eno[2,3-dlpyrimidine (13a).

This compound was obtained through the base catalyzed iso-
merization of 14b and formed colorless crystals (benzene-n-hex-
ane), mp 220-222° (lit [5] mp 220-222°), yield 55%; ir (potassium
bromide): 3360, 3320, 3180 (NH), 1650 cm™*; uv (methanol): A max
325, 263; 'H nmr (deuteriochloroform): 6 1.8-2.0 (m, 4H, CH, at 6
and 7), 2.3 (s, 3H, Ar-CH;), 2.6-2.8 (m, 4H, CH, at 5 and 8), 5.1 (s,
2H, NH, at 4, deuterium oxide exchangeable), 6.8 (s, 1H, Ar-NH
at 2, deuterium oxide-exchangeable), 7.0-7.6 (m, 4H, phenyl pro-
ton) ms: (m/z) 310 (M*), 309, 295, 294, 282, 281, 268, 267, 178.

Anal. Caled. for C,,H,,N,S: C, 65.78; H, 5.85; N, 18.04. Found:
C, 65.94; H, 6.35; N, 17.63.

4-Amino-2-(4-chlorophenyl)amino-5,6,7,8-tetrahydrobenzo[ b]thi-
eno[2,3-djpyrimidine (13b).

This compound obtained through the base catalyzed isomeri-
zation of 14d was a colorless crystalline solid (benzene-n-hexane),
mp 214-215° (lit [5] mp 213-215°), yield 56 %; ir (potassium bro-
mide): 3500, 3420, 3300, 3180 (NH), 1640 cm™; uv (methanol): A
max 330, 265; 'H nmr (deuteriochloroform): 6 1.8-2.0 (m, 4H, CH,
at 6 and 7), 2.7-3.0 (m, 4H, CH, at 5 and 8), 5.2 (s, 2H, NH, at 4,
deuterium oxide exchangeable), 6.9 (s, |H, Ar-NH at 2, deuterium
oxide exchangeable), 7.2-7.7 (m, 4H, phenyl protons); ms: (m/z)
332 (M +2), 330 (M*), 329, 302, 301 295, 288, 287, 260, 219, 204,
178, 177.

Anal. Caled. for CH,,CIN,S: C, 58.09; H, 4.57; N, 16.88.
Found: C, 57.62; H, 4.12; N, 16.93.

IV Attempted Acid Catalyzed Isomerization of 2-Amino-3{(4-
chlorophenyl)-4-imino-5,6,7,8-tetrahydrobenzo[ b]thieno[2,3-d}
pyrimidine (14d) using p-Toluenesulfonic Acid in Benzene.

A mixture of 14d (3.30 g, 0.01 mole) and p-toluenesulfonic acid
(1.72 g, 0.01 mole) in benzene (30 ml) was refluxed for 6 hours.
The reaction mixture was cooled and filtered, the filtrate concen-
trated and the solid obtained was recrystallized from benzene to
yield 2.9 g of colorless crystals, mp 185-188°, identical (mixed
mp, tlc) with the starting material.

V Attempted Acid Catalyzed Isomerization of 2-Amino-34-
chlorophenyl)-4-imino-5,6,7,8-tetrahydrobenzo[ b]thieno[2,3-d}-
pyrimidine (14d) using Formic Acid.

A solution of 14d (3.30 g, 0.01 mole) in formic acid (20 ml) was

refluxed for 3 hours. The reaction mixture was cooled to room
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temperature and poured into ice-water mixture. The solid ob-
tained was filtered, washed with water and dried. Recrystalliza-
tion from benzene yielded 3.0 g of colorless crystals, mp
185-187°, identical (mixed mp, tlc) with the starting material.

VI Attempted Acid Catalyzed Isomerization of 14d using
Dilute Hydrochloric Acid (10%).

A solution of 14d (3.30 g, 0.01 mole) in 10% hydrochloric acid
(30 ml) was stirred at 40-50° for 3 hours and allowed to stand
overnight at room temperature. The reaction mixture was poured
into ice-water mixture and basified with dilute ammonium hy-
droxide (pH 8). The solid separated was filtered immediately,
washed with water, dried and recrystallized from benzene to yield
3.0 g of colorless crystalline solid, mp 185-187°, identical (mixed
mp, tle) with the starting material.

VII Hydrolysis of 2-Amino-4-imino-3-(4-methylphenyl)-5,6,7,8-
tetrahydrobenzo[]thieno[2,3-d]pyrimidine (14b) in 6M Hydro-
chloric Acid.

The imino compound 14b (3.10 g, 0.01 mole) was boiled in 6 M
hydrochloric acid (100 ml) for 18 hours. The reaction mixture was
cooled to room temperature, poured into ice-water mixture and
basified with concentrated aqueous ammonium hydroxide (pH 8).
The solid-separated was filtered, washed with water, dried and re-
crystallized from benzene to yield a colorless crystalline product,
mp 249-251°, yield 41 %, identical (mixed mp, tle, ir) with the
authentic sample of 16b [11,19]; ir (potassium bromide): 3360,
3200 (NH), 2920, 1660 (CO) cm™.

Besides the above product, 0.6 g of an impure tarry material
was also obtained, which could not be purified.

VIII Nitrous Acid Deamination of 2-Amino-4-imino-3-(4-methyl-
phenyl)-5,6,7,8-tetrahydrobenzo[b]thienof2,3-d]pyrimidine (14b).

To a solution of 14b (3.10 g, 0.01 mole) in boiling 0.5 M sulfuric
acid (10 ml) was added over a period of 10 minutes, a solution of
sodium nitrite (0.1 g) in water (5 ml). This reaction mixture was
boiled for a further 5 minutes, cooled and made alkaline with
aqueous sodium hydroxide (2M). The solid separated was col-
lected, washed with water and dried. Recrystallization of this
solid from benzene afforded shining colorless crystals, mp
250-252°, yield 64%, identical (mixed mp, tle, ir } with the
authentic sample of 16b [11,19]; ir (potassium bromide): 3360,
3200 (NH), 2920, 1660 (CO) cm™'.
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