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Condensation of 2-(2,2-dicyano-1-methylvinyljthiophene (2) with phenylhydrazine fur-
nished the corresponding 2-(1-phenylhydrazonoethyl)-thiophene (4). Compound (4) was
obtained also via reaction of (1) with phenylhydrazine. Reaction of (2) with amines gave
2-(2,2-dicyano-1-ethylamino or benzylamino- 1 methylethyl)thiophene (5a,b). Treatment of
(2) with elemental sulfur yielded directly the cyclised product 2-(5-amino-4-cyano-
3-thienyl)thiophene (6). On the other hand refluxing (2) in pyridine with carbon disulfide
gave the pyridine-1,3-dithione derivative (7). Condensation of (2) with phenyl isocyanate
and/or phenyl isothiocyanate afforded 6-amino-4-(2-thienyl)-1,2-dihydro-2-oxo- 1-phe-
nylpyridine-5-carbonitrile (9) and/or 5-(2-thienyl)-2,7-dithioxo-3,8-N-phenyl-1,2,3,7,8-pen-
tahydropyrido[2,3-d)pyrimidine-4-imine (11). Also the dicyano derivative (2) when reacted
with cinnamonitrile (12) afforded the 2-(3-amino-2,4-dicyano-5-arylphenyl)-thiophenes
(15a-d). Conversion of (15b) into the polyazanaphthalene (17) and (18) was affected via
cyclocondensation with phenyl isocyanate and/or phenyl isothiocyanate. Compound (15a)
showed promising antiradiation activity.

Keywords: Thiophene derivatives; antiradiation activity

INTRODUCTION

Several nitrogen, oxygen and sulfur containing heterocyclic compounds
incorporating thiophene residues were found to possess interesting biolog-
ical properties!>. Recently, we have reported the synthesis and structure
activity relationship of a variety of heterocyclic and aromatic derivatives

* To whom correspondence should be addressed.
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of thienopyrimidines, quinazolinones and thiazolopyrimidines6‘11. More-
over various sulfur compounds were found to have antiradiation and other
biological propertieslz'ls. However thiophenes incorporating various het-
erocyclic unit residues have not yet been studied. Therefore, several thi-
ophene derivatives (2-18) were synthesized and tested for antiradiation
activity.

RESULTS AND DISCUSSION

To realize the synthesis of the target antiradiation compounds the follow-
ing scheme was adopted. In continuation of our work!®!!, it was consid-
ered of interest to synthesize new thiophene derivatives which might show
the desired activity. Thus, condensation of 2-acetylthiophene (1) with
malononitrile using a Dean-Stark trap afforded 2-(2,2-dicyano-1-methyl-
vinyl)thiophene (2)16. In contrast to the anticipated formation of the pyra-
zoline derivative!’ (3), the reaction of (2) with phenylhydrazine in boiling
ethanol gave the hydrazone derivative (4). The reaction proceeds via elim-
ination of malononitrile. The proposed structure for (4) was supported by
its independent synthesis from (1) by refluxing with phenylhydrazine
(m.m.p was not depressed) (Scheme 1). The IR spectrum of (4) showed
bands at 3250 cm™! (NH), 2910 cm™! (CH aliphatic), 3100 cm™! (CH aro-
matic), 1630 cm™! (C=N). The 'H-NMR spectrum of (4 in DMSO-dg)
exhibited signals at 6 2.3 [3H, s, CH;], 6.6-7.5 {8H, m, Ar-H], 9.2 [1H, s,
NHI.

Interaction of (2) with ethylamine and/or benzylamine in boiling ethanol
furnished 2-(2,2-dicyano-1-ethylamino or benzylamino- 1-methyle-
thyl)thiophene (5a,b), resulting from initial attack of the nucleophile at
C-B of the olefinic bond of the dicyano derivative (2) (Scheme 1). The IR
spectrum of (5b) revealed bands at 3230 cm™'(NH), 2920 cm™! (CH
aliphatic), 3100 cm™' (CH aromatic), 2195, 2160 cm™! (2C=N). The
IH.NMR spectrum of (5b in DMSO-dg) exhibited signals at 8 2.6 [3H, s,
CH,l, 4.1 [2H, 5, CH,}, 7.1-7.8 [8H, m, Ar-H], 9.7 [1H, s, NH].

The reaction of (2) with sulfur via a Gewald reaction!8 produced the
thienyl derivative (6). On the other hand refluxing (2) in pyridine with car-
bon disulfide gave the dithione derivative (7). The IR spectrum of (6)
showed bands at 3300, 3200 cm™! (NH,), 3080 cm™! (CH aromatic) and
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2200 cm™! (C=N) and the IR spectrum of (7) exhibited bands at 3320 cm™!
(NH), 3100 cm™! (CH aromatic), 2220 cm™! (C=N), 1270 cm™! (C=S).

Gewald er al'®, reported that the reaction of the crotononitrile derivative
(2) with phenyl isocyanate and/or phenyl isothiocyanate yielded 2H-pyran
and pyridinethione derivatives respectively. Accordingly the reaction of
(2) with phenyl isocyanate furnished 6-amino-4-(2-thienyl)-1,2-dihy-
dro-2-oxo-1-phenylpyridine-5-carbonitrile (9). It’s structure was con-
firmed by its IR, 1H-NMR, and mass spectra. The IR spectrum showed
absorption bands at 3350, 3240 cm™! (NH,), 3100 cm™! (CH aromatic),
2210 cm™! (C=N), 1650 cm™ (C=0). The 'H-NMR spectrum of (9 in
DMSO-dg) exhibited signals at & 6.7 [1H, s, CH], 7.1-8.6 [8H, m, Ar-H],
10.4 [2H, s, NH,]. The Mass spectrum of (9) showed a molecular ion peak
m/z 293 (M*. 5.25%), with a base peak at 93 (100%); other significant
peaks were at 167 (2.34%), 183 (6.31%); 212 (16.39%), 265 (7.59%).

The reaction of (2) with phenyl isothiocyanate in a 1:1 molar ratio under
the previous conditions!? yielded a product of molecular formula
(Cp3HgN4S3) (11). This compound was also obtained by using a 1:2
molar ratio. It is assumed to proceeds via the intermidiate (10) which
reacts with another mole of phenyl isothiocyanate to give (11). It's IR
spectrum indicates absence of the carbonitrile absorption band, presence
of bands at 3320, 3200 cm™ (2NH), 1320, 1240 cm™! (2C=S) and it's
TH-NMR spectrum with absorptions at § 6.1 [1H, s, CH], 6.2, 6.8 [2H, 2s,
2NH), 7.3-8.9 [13H, m, Ar-H], is in agreement with the assigned struc-
ture.

Recently the condensation of (2) with various substituted o-cyanocinna-
monitrile (12a-d) was found to be a new general route for the synthesis of
polysubstituted aromatic amines 2-(3-amino-2,4-dicyano-5-arylphe-
nylthiophenes (15a-d). The formation of (15) from the reaction of (2) and
(12) is assumed to proceed via a Michael-type addition of the methyl
group in (2) to the activated double bond to yield the acyclic Michael
adduct (13a) which then cyclizes into compound (14a). The latter readily
looses HCN to yield the final stable compounds (15a-d).

In contrast to the anticipated formation of the ester (16), the reaction of
(2) with various substituted o-cyanocinnamonitriles (12e-h) afforded the
derivetives (15a-d). Their formation is assumed to proceed via elimination
of ethyl formate from the intermediate (14b). The IR spectrum of (15b)
showed bands at 3350, 3300 cm™! (NH,;), 3100 cm™! (CH aromatic), 2220
cm™! (C=N), 760 cm™! (C-Cb), also the IR spectrum of (15d) exhibited
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bands at 3400, 3350 cm™! (NH,), 3095 cm™!(CH aromatic), 2210 cm™!
(C=N). The 'H-NMR spectrum (15a in DMSO-dg) possesses peaks at
3.8 [3H, s, OCH3], 6.9 [2H, br, NH;], 7.2-8.1 [8H, m, Ar-H].

TABLE I Characterization data of newly synthesized combounds

Analysis Required/ (Found)%

Compd. No. MP°C VYield%  Mol-formula

c H N s
4 103-105 88 CiHpN,S 6666 555 1296 1481
(66.90) (5.20) (12.50) (15.10)
5a 160-62 72 CyHpN3S 6027 593 19.17 1461
(60.50) (5.60) (19.40) (14.50)
5b 12022 70 CigH;sN3S 6832 533 1494 1138
(68.10) (5.50) (15.20) (11.60)
6 >340 82 CoHgN,S, 5242 291 1359 31.06
(52.10) (2.60) (13.70) (31.30)
7 >340 65 CioHgN,S3 4800 240 1120  38.40
(47.70) (2.10) (11.50) (38.70)
9 250-52 86  CyjgH;N;OS 6552 375 1433 1092
(65.80) (3.90) (14.10) (10.60)
1 5340 70 CyHgNsS; 6216 360 1261 2162

(62.40) (3.80) (12.90) (21.40)
15a 300-302 85 CigH)3N;0S 6888 392 1268 966
(68.60) (4.20) (12.90) (9.30)

15b 272-714 91 CjsHppN3SCl 6438 298 1251  9.53
' (64.10) (2.60) (12.20) (9.70)

15¢ 280-82 72 CigHgN;OS 6597  3.09 1443 1099
(65.70) (340) (14.60) (10.60)
15d 260-62 84 CigHgN;S;  62.54 293 1368 2084
(62.10) (2.60) (13.90) (20.40)
17 >340 74 CpHsN,OSCI 6600 330 1232  7.04
(66.30) (3.60) (12.10) (7.20)
18 16062 69  CpsH;sNgS,Cl 6376 318 1190  13.60

(63.50) (3.40) (11.50) (13.80)
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Compound (15b) could readily be converted into polyazanaphthalene
when reacted with phenyl isocyanate and/or phenyl isothiocyanate to yield
the 4-imino-2-oxo-1,2,3-trihydro-3-phenyl-5-(4-chlorophenyl)-7-(2-thienyl)
quinazoline-8-carbonitrile (17) and/or the 4-imino-2-thioxo-1,2,3-trihy-
dro-3-phenyl-5-(4-chlorophenyl)-7-(2-thienyl)-quinazoline-8-carbonitrile
(18), respectively. The IR and IH.NMR spectra of (17) and (18) are in
good agreement with the proposed structure. The IR spectrum of (17)
showed bands at 3420, 3350 cm™! (2NH), 2210 cm™! (C=N), 3100 cm™!
(CH aromatic), 1690 cm™! (C=0), and the IR spectrum of (18) exhibited
bands at 3300, 3220 cm™! (2NH), 2230 cm™! (C=N), 3080 cm™! (CH aro-
matic), 1310 cm™! (C=S). The IH-NMR spectrum of (17 in DMSO-dg)
exhibited signals at & 6.9-7.5 [13H, m, Ar-H]; 8.9 [2H, s, 2NH], and the
TH-NMR spectrum of (18 in DMSO-dg) showed signals at § 7.2-8.0 [13H,
m, Ar-H]J, 9.3 [2H, s, 2NH].

Antiradiation activity

Exploratory test for the antiradiation activity of some of the synthesized
compounds was achieved by intraperitoneal injection of the experimental
animals with the dithione derivative (7) at a dose of (200 mg/kg), which
represend in a survival rate of 0 % after 48 hr.

TABLE II Antiradiation activity®

Compd. No. Dose mg/kg Survival’ % Protective Index” Ratingd
7 200 0 0 -
9 200 50 3 +
15a 200 66 5 +

2The antiradiation data generally represent the lowest dose of a drug for which a high rate
of survival was obtained.

®The percent survival (30 days) of the tested animals is given for the dose specified.
Protective index = (protection factor) x LDsy/minimum effective dose), where doses are in
mg/kg and the protection factor is 1.3 for 30% survival, 1.4 for 40% survival.

9Ratings are based on the following ranges of protective indices:- (-), 0-1; (+), 2-5; (+4),
6-10, (+++), 11-15; (++++), 16-29. The ratings are a measure of the lowest drug dose for
which some protection was obtained. A high survival rate and a low rating (low protective
index) indicates that the compounds did not protect well at doses lower than those shown.

Analogously compounds (9) and (15a) were tested in groups of male rats
each of 12 (100-120 gm) for antiradiation activity by the reported
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method?, The tested compounds, dissolved in dimethylsulfoxide were
orally administred at a dose of 200 mg/kg 30 minutes before exposing the
animals to a gamma irradiation (6.5 Gy)* at a dose rate of 1.2 rad/sec
(Table II). The doses used were determined as employed in previous
experiment13 on analogous compounds which showed LDs; of about 430,
380, 600 mg/kg for compounds (7), (9) and (15a), respectively.

A comparison of the antiradiation activity of the tested compounds
revealed that compound (152) (protective index = 5; survival rate of 66%)
showed a promising activity greater than compound (9) (protective
index = 3; survival rate 50%).

The promising activity of compound (15a) may be attributed to the pres-
ence of the amino group (NH,); the methoxy group and the thiophene ring.
Such groups when incorporated in known antiradiation”'>?! drugs appar-
ently are responsible for the protection.

EXPERIMENTAL

All m.p.,s are uncorrected. Elemental analyses were carried out at the
microanalytical laboratories of the Faculty of Science, Cairo University.
The IR spectra (KBr) were measured on a Shimadzu IR 440 spectropho-
tometer, the IH.NMR spectra were obtained on a Jeol Fx 90 Q (90 MHz)
spectrometer and the mass spectra on a Shimadzu Ge-Ms-Qp 1000 Ex
using the direct inlet system.

Reaction of 2-(2,2-dicyano-1-methylvinyl)thiophene (2) with
phenylhydrazine

Method (A)

A mixture of 2, (0.01 mol) and phenylhydrazine (0.01 mol) in ethanol (50
ml) was refluxed for 2 hr, the product obtained was crystallized from etha-
nol to give the hydrazone derivative (4, Table I).

* The radiation dose was supplied by 137Cs Y-rays (6.5 Gy) at the National Center for
Radiation Research and Technology.
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Method (B)

To a solution of 1, (0.01 mol) in ethanol (50 ml) was added phenylhydra-
zine (0.01 mol). The reaction mixture was refluxed for 2 hr to give
2-(1-phenylhydrazonoethyl)thiophene (4) (mixture m.p. was not
depressed).

Reaction of (2) with amines

The amine (0.01 mol) dissolved in ethanol (50 ml), was added in portions
to a solution of the dicyano derivative 2, (0.01 mol) in ethanol, then heated
at reflux for 3 hr. After cooling the precipitate was filtered off, dried and
crystallized from ethanol to give 2-(2,2-dicyano-1-ethylamino or benzy-
lamio-1-methylethyl)thiophene Sa,b (Table I).

Reaction of (2) with sulfur

Equimolar amounts (0.01 mol) of (2) and elemental sulfur in ethanol (50
ml) were treated with a few drops of piperidine. The reaction mixture was
refluxed for 3 hr and the precipitate was collected by filtration and crystal-
lized from ethanol to give 2-(5-amino-4-cyano-3-thienyl)thiophene 6,
(Table I).

Reaction of (2) with carbon disulfide

To a solution of 1, (0.1 mol) in pyridine (10 ml), carbon disulfide was
added and the resulting solution was heated at reflux for 10 hr. After cool-
ing, methanol (30 ml) was added and the precipitated solid was collected,
filtered and crystallized from ethanol to give pyridine-1,3-dithione deriva-
tive 7, (Table I).

General procedures for formation of 6-amino-4-(2-thienyl)-1,2-
dihydro-2-oxo-1-phenylpyridine-5-carbonitrile (9) and 5-(2-thienyl)-
2,7-dithioxo-3,8-N-phenyl-1,2,3,7,8-pentahydropyrido [2,3-d]
pyrimidine-4-imine (11)

A mixture of 2, (0.01 mol), finely divided sodium metal (0.01 mol) and
phenyl isocyanate or phenyl isothiocyanate were refluxed for 7 hr in dry
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dioxan (50 ml), then allowed to cool, poured onto cold water and neutral-
ized with dilute HCL. The pricipitate was filtered off and crystallized from
dioxan to give (9) and (11), respectively (Table I).

Reaction of (2) with cinnamonitrile derivatives

A suspension of 2; (0.01 mol) in ethanol (30 ml) was treated with an equi-
molar amount of 12a-h; (0.01 mol) and a catalytic amount of piperidine
(0.1 ml). The reaction mixture was refluxed for 2 hr. The precipitate was
filtered off and crystallized from ethanol to give (15a-d; Table I). -

Formation of 4-imino-2-oxo-1,2,3-trihydro-3-phenyl-
5-(4-chlorophenyl)-7-(2-thienyl)quinazoline-8-carbonitrile (17) and
4-imino-2-thioxo-1,2,3-trihydro-3-phenyl-5-(4-chlorophenyl)-7-
(2-thienyl)quinazoline-8-carbonitrile (18)

A mixture of 15b; (0.01 mol), finely divided sodium metal (0.01 mol) and
phenyl isocyanate or phenyl isothiocyanate were refluxed for 7 hr in dry
dioxan (50 ml) then allowed to cool, poured onto cold water and neutral-
lized with dilute HCL. The precipitate was filtered off and crystallized from
ethanol to give (17) and (18), respectively (Table I).
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