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P-Ethoxyphenylcyanothioformamide (1) was reacted with o.B-unsaturated ketone (2) and
N-p-chlorophenylmaleimide (4) to furnish pyrrole and pyrrolo{2,3-c]pyrrol-4,6-diones (3)
and (5) respectively. Also, interaction of 1 with anthranilic acid and o-phenylenediamine pro-
duced 3-(4‘-ethoxypheny!)-2-thioxoquinazolin-4-one (6) and 2-thioxobenzimidazoles (7).
When, 1 was reacted with iso(thio)cyanates caused cyclization to afford S-imino-4-thioxoim-
idazolidinones (9). Compound 9 was subjected to some reagents such as hydrazine hydrate,
thiosemicarbazide, o-phenylenediamines, hydrogen sulfide and HC! to give S-hydrazono,
4-thiosemicarbazono, and thiohydantoin derivatives (10-17), respectively.

Keywords: pyrrole; Hydantoin derivatives; hydrogen sulfide

INTRODUCTION

The synthesis of cyanothioformamides has attracted considerable attention
since these compounds are used as versatile starting materials for the syn-
thesis of a wide variety of fused heterocyclic compounds!™. We have
been involved in a program aiming to explore the utility of cyanothiofor-
mamides for synthesis of many heterocyclic derivatives> 8. As a part of

* Corresponding Author.
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this work we report here the results of our investigation on the reactivity of
p-ethoxycyanothioformamide (19, towards a variety of reagents. The
work has resulted in the development of several new approaches for the
synthesis of pyrrole, pyrrolo[2,3-c]pyrrole, quinazolinone, imidazolidine
and imidazoquinoxaline derivatives. The reactivity of 1 towards some acti-
vated double bonds was also discussed.

RESULTS AND DISCUSSION

Thus, interaction of 1 with unsaturated ketone (Chalcone) (2) at room tem-
perature in the presence of triethylamine effected cyclization to give
4-benzoyl-1-(4*-ethoxyphenyl)-5-phenyl-3-iminopyrrolidine-2-thione,
which has the tautomeric structures of pyrroline and pyrrole (3)
(Scheme 1).

Its '"H NMR spectrum showed signals at 1.2-1.6(3H,t,CH;-ethoxy), 4.1-
4.3 (2H, q, CH;-ethoxy) and its mass spectrum showed a molecular ion
peak at m / z 414 (M, 24%), the fragmentation pattern was showed in
(scheme 2).

Also, interaction of 1 with N-p-chlorophenylmaleimide (4) as other elec-
trophile in the presence of triethylamine, the product 3-amino-5-(4‘-chlo-
rophenyl)pyrrolo{2,3-c]pyrrole-4,6-dione (5) was precipitated after the
reaction was stirred at room temperature for 30 min. The suggested prod-
uct was elucidated by IR spectrum which showed bands at 3319 (broad;
NH), 2990(CH-aliphatic) and 1712 (C=0) and its mass spectrum revealed
a molecular ion peak at m / z 416 (M; 2.4%) and 281[M-135
(p-H5C20C6H4-N); 67%]

Furthermore, condensation of 1 with anthranilic acid furnished a product
which gave analytical data fitted with 3-(4"-ethoxyphenyl)-2-thioxo-
quinazolin-4-one (6) via elimination of HCN and H,O. Its 'HNMR spec-
trum exhibited signals at 1.4-1.7 (3H, q, CHj-ethopxy), 4.1-4.3 (2H, g,
CH;-ethoxy) and mass spectrum showed a molecular ion peak at m/ z 298
M; 100%), 270 [M-28(C=0); 30.2%].

It was reported that cyanothioformamides reacted with o-phenylenedi-
amines to yield 2-substitutedanilinobenzimidazole derivatives (through
elimination of HCN and H,0).
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SCHEME 1

In this paper, condensation of 1 with 4-methyl or 4,5-dimethyl-o-phe-
nylenediamines gave products which were expected to have one of the two
structure (7 or 8). The obtained products were found to be sulfur positive
and 'HNMR showed the absence of ethoxy group which favored structure
7 (scheme3). 'HNMR spectrum of 7b in DMSO-dg showed
2.3(6H,s,2CH5), also mass spectrum of 7a exhibited a molecular ion peak
at m/z 164(M, 100%) and 132 [M-32(S); 14.3%]. Compounds 7a,b were
also confirmed through their synthesis via the reaction of o-phenylenedi-
amines with CS,"".

The reactivity of p-ethoxyphenylcyanothioformamide 1 was extended to
cover its behavior towards iso(thio)cyanate for obtaining other type of het-
erocyclic compounds. Thus, interaction of (1) with aryl iso(thio)cyanates
in the presence of triethylamine caused cyclization to give S-amino-4-thi-
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SCHEME 2 Fragmentation pattern of compound (3)

oxoimidazolidin-2-one or 2-thione derivatives (9a-c). THNMR spectrum
of 9b in DMSO-d¢ revealed signals at 1.3-1.7(3H,t,CH;-ethoxy), 4.2—-
4.5(2H,q,CH,-ethoxy) and 8.8(1H,br,NH).

The imidazolidine derivative (9) contain adjacent imino and thione
functions in the 5-and 4- positions which appear promising for further
chemical transformations. Thus equimolecular amounts of 9b and hydra-
zine hydrate gave the monohydrazono derivative for which structure 10
or 11 seemed possible. The positive element test for sulfur and spectral
data favored the 5-hydrazono derivative 11. The formation of 11 may be
rationalized as in scheme 4. Mass spectrum of 11b showed a molecular ion
peak at 375 (M, 100%), 377(M+2,37% due to the chlorine isotope),
357{M-16; (NH,), 25.4%], 347[M-28(CO), 43.7%] and 196[M-179
{H5C,OCgH4NCS), 20%].

On the other hand, condensation of 9 with benzalhydrazone or thiosemi-
carbazide furnished the corresponding 4-azine or thiosemicarbazono
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derivatives (12a,b). Mass spectrum of 12a showed a molecular ion peak at
m/z 492 (M, 100%).

Furthermore, interaction of 9 with o-phenylenediamines, the obtained
product gave analytical and spectral data compatible with imi-
azo[4,5-b]quinoxalines (13a,b) via elimination of H,S and NH;. '"HNMR
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spectrum of 13b in CDCl; showed signals at 1.2-1.5 (3H, t, CH3-ethoxy),
2.6 (6H, s, 2CH,3), 4,14.3 (2H, q,.CH;-ethoxy).

When the iminothione 9a was subjected to a stream of hydrogen sulfide
in presence of triethylamine produced 1-(p-ethoxyphenyl)-3-phenylhydan-
toin (14). Its 'THNMR spectrum in DMSO-dg showed signals at 1.3-1.6
(3H, t, CHs-ethoxy), 4.2-4.5 (2H, g, CHj-ethoxy) and 52 (2H, s,
CH,-methylene).
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SCHEME 4

The reactivity of the active methylene in compound 14 was proved
through its reaction with p-N,N-dimethylaminobenzaldehyde and triethyl-
orthoformate to give the benzylidene and ethoxymethylene derivatives
(15a,b). '"HNMR spectrum of 15a in DMSO-dg exhibited signals at 1.3-
1.6 (3H,1,CH;-ethoxy), 3.2 [6H,s, N(CHj3),], 4.1-4.3 (2H, q, CHjy-ethoxy)
and 5.4 (1H, s, CH=). Also, mass spectrum of 15b showed a molecular ion
peak at m/z 368 (M,33.2%), the fragmentation pattern was showed in
scheme 5.

Hydrolysis of 5-imino-4-thioxoimidazolidin-2-ones 9a,b by using eth-
anolic hydrochloric acid produced the corresponding 4-thioxoimidazoli-
din-2,5-diones (16a,b). Condensation of 16a with hydrazine hydrate or
aryl amines took place through the thioxo group via elimination‘of H,S
and the corresponding 4-hydrazono (17a) and 4-substitutedimino deriva-
tives (17b-d)were obtained.
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SCHEME 5 Fragmentation pattern of compound (15y)
Experimental

All mps are uncorrected. IR spectra were measured as KBr pellets on a Shi-
madzu IR 200 spectrophotometer. 'H NMR spectra were recorded in deu-
trated chloroform at 200 MHz on a Varian Gemini NMR spectrometer using
tetramethylsilane as an internal reference. Mass spectra were performed on a
Shimadzu GCMS-QP 1000 EX mass spectrometer at 70 eV. Elemental anal-
yses were carried out at the Microanalytical Center of Cairo University.

4-Benzoyl-1-(4-ethoxyphenyl)-5-phenyl-3-iminopyrrolidine-
2-thione (3)

To a solution of (1, 0.01 mol) in ether (20 ml), the chalcone (2, 0.01 mol)
and triethylamine (0.5ml) were added. The reaction mixture was stirred at
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room temperature for 3 hr and the solid that obtained after filtration was
crystallized to furnish (3; Table I). Its IR spectrum exhibited 3240, 3307
(NH,), 2980 (CH-aliphatic), 1640 (C=0) which is lower than the expected
value due to the intramolecular hydrogen bond. THNMR spectrum in
DMSO-dq, showed signals 1.2-1.6 (3H, t, CHj-ethoxy), 4.1-
4.3(2H,q,CH,-ethoxy) and 6.8-8.0(16H,m,Ar-H+NH,).

TABLE I Characteristics of the synthesized compounds

Compd. MPY Yield Mol. Formula Elemental analyses, % Required/ Found

No. [°Ccj (%) (Mol. wt)

c H N §

3 155-7° 65  CypsHpoN,0,S 7244 535 6.76 7.73
(414.52) 7230 5.20 6.50 7.60
5 135-6° 64 CyoH|N;0;SCl 5804 3389  10.15 7.75
(413.87) 5810 390  10.10 7.80
6 310-12° 68  CigH;4N,0xS 6441 473 9.39 10.75
(298.35) 6440 470 9.40 10.70
7a 275-7° 70 CgHgN,Sy 58.51 4.91 17.06 19.52
(164.22) 5850 490  17.00 19.50
76 3002 70 CgH oN,S 60.65  5.65 1571 17.99
(178.25) 6060 570 1580 17.00
9a 125-7° 68  CsH;sN;0,8 6275  4.65 1291 9.85
(325.38) 6270 470  12.90 9.80
9b 167-8° 71 C;7H|4CIN;O,S 6575 392 11.68 891
(359.82) 6570 350 1160 8.90
9¢ 135-6° 69  C;;H;sN;0S,  59.80 443 12.31 18.78
(341.45) 5990 440 1240 18.70
10a 210 70 CpiH|gN,0S 5999 474 1646 9.42
(340.40) 5990 480 1640 9.50
10b 195° 69 C4H|sCIN,O,S 5447 403 1495 8.55
(374.84) 5440 410 1490 8.70
12a 218% 65  CyHyCINsO,  69.03 463 1342
(522.01) 69.00 480 1340
12b 190° 69 CgH;sCINGO,S 5186 411  20.16
(416.88) 5190 410 2030

13a 220° 64 CpHiN,0,Cl 6627 411 1344
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Compd. M.Pa Yield Mol. Formula Elemental analyses, % Required/ Found

No. [°c) (%) (Mol. wt) c H N S
(416.87) 6630 420  13.60

13b 200° 68  CyHygN,O,Cl 6690 444  13.00
(430.89) 66.80 460 1320

13c 270 70 CyHyN,O,C1 6749 476  12.59
(444.92) 6740 490 1280

14 175° 67  CpjgHgN,0,8 6537  5.16 8.97 10.26
(312.38) 65.50  5.00 8.80 10.10

[5a 155 63 CpeHpsN30,S 7041 5.68 9.47 7.23
(443.55) 7060  5.80 9.30 7.40

15b 1682 40 CyHpN,0;8 6520  5.47 7.60 8.69
(368.44) 6530  5.60 7.80 8.50

16a 140 70 Cj7HN,058 6257 4.32 8.58 9.82
(326.36) 6270 4.30 8.40 9.90

16b  150-29 68 CH;3N;038Cl 5659  3.63 7.76 8.88
(360.80) 56.70  3.80 7.60 8.70

17a 2100 66 Cj9HgN4O3 6296  4.97 17.28
(324.34) 6270 500  17.40

17b 220° 66 CayyH N304 7168 497 10.90
(385.42) 7180 470 1070

17¢ 215 69 CyuHy N30 7217 5.29 10.52
(399.45) 7230 540  10.60

17d 240> 71 CyHygN;O3Br 5949 391 9.05
(464.31) 5960  3.80 9.20

Solvent cryst.
from ethanol
from chloroform
from benzene

a0 o

3-Amino-5-(4‘-chlorophenyl)-1-(4¢-ethoxyphenyl)-2-mercaptopyrrolo
[2,3-c]pyrrol-4,6-dione (5)

A mixture of (1, 0.01 mol), N-p-chlorophenylmaleimide (4, 0.01mol) and
triethylamine (0.5 ml) in ether (20ml) was stirred at room temperature for
3 hr. The obtained product after treatment with pet-ether (40-60) and fil-
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tration was crystallized to give (5; Table I). IR spectrum showed a broad
band around 3319(NH,), 2930(CH-aliphatic) and 1712 (C=0). Also its
mass spectrum showed m/z 416 (2.4%) with a base peak at m/z =86 and
other significant peaks 344 (2.0%), 307 (5.6%), 274 (6.7%), 226 (1.7%),
191 (5.0%), 180 (12.3%), 148 (12.1%), 129 (16.5%) and 127 (46.2%).

3-(4¢-ethoxyphenyl)-2-thioxoquinazolin-4-one (6)

A solution of (1, 0.01mol) in DMF (15ml) was treated with anthranilic
acid (0.01mol) and piperidine (0.5ml) then refluxed for 3hr. The solid that
obtained after cooling and filtration was crystallized to afford (6; Table I).
Is 'HNMR spectrum in DMSO-dg showed signals at 1.4
1.7(3H,t,CH3-etoxy), 4.1-4.3(2H,q,CH;-ethoxy) and 7.2-8.3 (9H, m,
Ar-H+NH) and mass spectrum exhibited m/z 299 (M + 1,14.1%), 298
(M*, 100%), 270 (30.2%), 237 (4.7%), 211 (10.7%), 163 (35.7%), 135
(24.4%), 119 (17.7%), 90 (10.0%) and 77(20.0).

2-Thioxobenzimidazoles (7a,b)

a - A mixture of (1, 0.01mol), o-phenylenediamines (0.01mol) and piperi-
dine (0.5ml) in DMF (15ml) was heated under reflux for 3hr. Cooling, fil-
tered and the obtained product was crystallized to give (7a,b; Table I).
'HNMR spectrum of 7a in DMSO-dg showed signals at 2.3(3H,s,CH3),
7.2-7.7(5H,m,Ar+NH) and 'HNMR of 7b in DMSO0-dg2.3(6H,s,2CH5)
and 7.2(2H,s,Ar-H). Mass spectrum of 7a showed m/z 164 (M*, 100%),
132[M-32(S), 14.3%], 106(24.5%) and 77(15.6%).

b - Compound 7a,b were prepared according to the reported method'!.

5-Imino-4-thioxoimidazolidin-2-ones and —-2,4-dithione (9a-c)

To a solution of (1, 0.01mol) in ether (20ml), iso(thio)cyanates (0.01mol)
and triethylamine (0.5 ml) were added, the reaction mixture was stirred at
room temperature for 2 hr. The obtained products were crystallized from
the proper solvent to afford (9a-c; Table I). IR of 9a showed bands at 3240
(NH), 2980 (CH-aliphatic) and 1740 (C=0). While IR spectrum of 9c
showed the absence of CO group. THNMR spectrum of 9a in DMSO-dg4
1.3-1.6 (3H, t, CHj-ethoxy), 4.2-4.5 (2H, q, CH,) and 7.3-8.0 (10H, m,
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Ar-H+ NH) and 'HNMR spectrum of 9b in DMSO-dg 1.3-1.7 (3H, t,
CHj), 4.2-4.5 (2H, g, CH,), 7.8-8.6 (8H, m, Ar-H) and 8.8 (1H, br, NH;
cancelled with D,0).

3-(4‘-Ethoxyphenyl)-5-hydrazono-1-substitutedphenyl-4-
thioxoimidazolidin-2-ones (10a,b)

A mixture of (9a or b, 0.01mol) and hydrazine hydrate (0.012mol) in eth-
anol (20 ml) was stirred at room temperature for one hr. The obtained
product after filtration was crystallized to give (10a,b; Table I). IR spec-
trum of 10a showed bands at 3430, 3366 (NH>), 2993 (CH-aliphatic) and
1734(C=0). Also mass spectrum of 10b showed 377 (M+2, 37.0% chlo-
rine isotope), 375 (M*, 100%), 359 (M-16; NH,; 25.4%), 347(M-28;
C=0; 43.7), 317 (12.2%), 284 (4.0%), 248 (4.9%), 196 (7.0%), 179
(20%), 149 (48.7%), 135 (84.9%), 121 (50%) and 107 (52.7%).

Interaction of (9b) with diphenylhydrazone or thiosemicarbazide

To a solution of (9b, 0.0lmol) in ethanol (20ml), diphenylhydrazone or
thiosermicarbazide (0.0lmol) was added and the reaction mixture was
refluxed for 3hr. The obtained product was filtered, washed with ethanol
and crystallized to furnish (12a,b; Table I). IR spectrum of 12b showed
bands at 3263, 3163 (NH,,NH) and 1763 (C=0) and mass spectrum of 12a
exhibited m/z 523 (M+1, 1.1%), 522 (M™*, 1.6%), 492 (100%), 444
(23.3%), 416 (3.9%), 362 (4.0), 358 (13.3%), 357 (37.8), 330 (4.8%), 292
(50.2%), 281 (4.1%), 264 (2.7%), 232 (5.6%), 182 (12.8%), 180 (58.9%),
153 (12.3%), 135 (12.2%), 125 (10.5%), 104 (13.6%), 77 (78.0%).

Imidaz([4,5-b]quinoxalines (13a-c)

A solution of (9b, 0.01mol) in ethanol (20 ml) was treated with o-phe-
nylenedi amines (0.01mol) and triethylamine (0.5 ml). The reaction mix-
ture was refluxed for 3hr and the solid that obtained after filtration was
crystallized to give (13a-c, Table I). IR spectrum of 13a showed 2997
(CH-aliphatic), 1748 (C=0) and 1604 (C=N), '"H NMR spectrum of 13c in
DMSO-dg exhibited signals at 1.2-1.5 (3H, t, CHj-ethoxy), 2.6 (6H, s,
2CH,), 4.1-4.3 (2H, g, CHj-ethoxy) 7 7.2-8.8 (10H, m, Ar-H) and mass
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spectrum of 13a showed m/z 417 (M*, 100%), 389 (67.5%), 360 (3.0%),
324 (2.9%), 277 (10.2%), 235 (16.2%), 206 (32.7%), 180 (4.6%), 148
(1.3%). 107 (2.7%) and 90 (10.4%).

1-(4‘-Ethoxyphenyl)-3-phenylthiohydantoin (14)

A solution of (9a, 0.01mol) in ethanol (20 ml) was treated with triethyl-
amine (1 ml) and subjected to a stream of hydrogen sulfide for half an hour
at room temperature. The obtained solid after filtration and washed with
ethanol was crystallized to afford (14; Table I). 'THNMR spectrum in
DMSO-d4 showed signals 1.3-1.6 (3H, t, CHj-ethoxy), 4.24.5 (2H, q,
CH,-ethoxy), 5.2 (2H, s, CHy-methylene) and 7.3-8.1(9H,m,Ar-H).

1-(4‘-Ethoxyphenyl)-4-(4‘-N,N-dimethylaminophenylmethylene)-3-
phenylthiohydantoin (15a)

A mixture of (14, 0.01 mol), p-N,N-dimethylaminobenzaldehyde
(0.01 mol) and triethylamine (0.5 ml) in ethanol (20 ml) was refluxed for
3hr. The solid that obtained after cooling and filtration was crystallized to
give (15a; Table I). "Hnmr spectrum in DMSO-dg showed signals at 1.3-
1.6 (3H, t, CHj-ethoxy), 3.2 [6H, s, N(CHj),], 4.143 (2H, q,
CH;-ethoxy), 6.1 (1H, s, CH=) and 7.0.8.2 (13H, m, Ar-H).

1-(4‘-Ethoxyphenyl)-4-ethoxymethylene-1-phenylthiohydantoin (15b)

Compound (14, 0.01 mol) was added to a mixture of acetic anhydride and
triethylorthoformate (1:1; 10 ml) and was refluxed for 4hr. The product
that obtained after cooling and filtration was refluxed to afford (15b; Table
I). Mass spectrum displayed m/z 368 (M*, 33.2%), 352 (17.4%), 326
(100%), 309 (17.4%), 288 (7.1%), 224 (11.4%), 193 (12.8%), 177
(26.5%), 150 (54.2%), 119 (34.2%), 104 (15.0%) and 77 (45.0%).

3-(4‘-Ethoxyphenyl)-1-(phenyl or 4¢-chlorophenyl)-4
thioxoimidazolidine-2,5-dione (16a,b)

To a solution of (9a,b, 0.01mol) in ethanol (20ml), Conc.HC1 (5ml) was
added with stirring at room temperature for 1/2 hr. The solid that precipi-
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tated was filtered, washed with ethanol and crystallized to yield (16a,b;
Table I). IR spectrum showed the complete disappearance of NH band
already present in the parent compound.

3-(4‘-Ethoxyphenyl)-4-hydrazono-1-phenylimidazolidine-2,5-
dione (17a)

To a solution of (16, 0.01mol) in ethanol (20ml), hydrazine hydrate
(0.012mol) was added and the solution was stirred at room temperature for
2hr. The solid that obtained was crystallized to give (17a; Table I). Its IR
spectrum showed bands 3230, 3310 (NH,), 2970 (CH-aliphatic) and 1750,
1710 (2C=0).

3-(4‘-Ethoxyphenyl)-1-phenyl-4-substitutediminoimidazolidine-2,5-
dione (17b-¢)

A mixture of (16, 0.01mol) and the requisite amine (0.01mol) in ethanol
(20ml) was refluxed for 3hr. The obtained product after cooling and filtra-
tion was crystallized to afford (17b-¢; Table I). Mass spectrum of 17b
showed m/z 385(M*, 5.7%), 238 (2.8%), 209 (2.6%), 163 (3.6%), 135
(4.2%), 119 (15.2%), 93 (100%) and 77 (14.3%).
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