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ABSTRACT 

0-lsopropylethylxanthate (1) reacts with glycine to 

yield the glycine thiocarboxylate (4) .  Compound 4 

afforded the 2-oxazolin-5-one (5) on hearing in acetic 

anhydride which could be trapped as 4-arylhydrazones 

7a,b and 4-arylidene derivatives 8a,c. Compounds 7u.h 

rearranged into 5-0x0-l,24-triazolin-3- carboxylic ucid 

derivatives on treatment with nucleophilic reagents. Tkze 

arylidene 8b  rearranged by action of amines inro rhe 

imidazolidines 25. 

Polyfunctionall y substituted heteroaromatics are biologically 

interesting molecules and their chemistry has in the past received 
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considersble interest l-3. In the last few years we were involved in a 

program aimed at designing simple and efficient approaches to 

polyfunctionally substituted heterocycles utilizing inexpensive, 

readily obtainable starting materials. During this phase of our 

research novel syntheses of t h i ~ p h e n e s ~ * ~ ,  thiazoles6, oxadiazoles7, 

thiadiazoles8, pyridazines9'10, pyridinesl l, and condensed 

heterocycles 12*14 could be developed. In conjunction of this work 

we report the synthesis of new class of functionally substituted 

2-oxazoline-5-ones and enabled their rearrangement into several 

other new functionally substituted azoles. Thus, we have found that 

0-isopropylethylxanthate (1) reacts with glycine (2) in refluxing 

aqueous, potassium hydroxide to yield a condensation product that 

may be formulated as 3 or isomeric 4, Structure 4 was preferred over 

possible isomeric 3 based on 'H-NMR which revealed the isopropyl 

CH proton at 6 = 5.60 ppm. If the reaction product was 3 this proton 

should has appeared at much higher field (Ca 6 = 4.5 ppm). Reaction 

of 1 with glycine (2) yield firstly 3 which rearranges into 4 via 

isopropyl group-transfer into the more electronegative sulphur atom 

as in intermediate 5. It is of value to report here that the reaction of 

1 and 2 in aqueous ethanolic potassium hydroxide has previously been 

reported to yield 15,16. The difference in behavior may be 

rationalized for in terms of higher temperature employed now as in 

absence of ethanol reaction temperature of > 100°C is reached. 

Compound 4 readily cyclized on heating with acetic anhydride 

into the 2-oxazolin-5-one derivative 6. This should never be isolated 

in pure from but could be trapped as the arylhydrazone derivatives 

7a,b and the arylidenes 8 a-c by coupling with aryldiazonium salts and 
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condensation with aromatic aldehydes respectively. 

Compounds 7a,b reacted with aromatic amines to yield 

products of addition of aromatic amines and isopropyl mercaptan 

elimination. Two structures were considered (cf. structures 10 and 

11). The imidazolidine structure 11 could be readily ruled out based 

on the fact that the reaction products were all colourless. Moreover, 

the same products 10a could be also obtained via refluxing the known 

compound l2aI7 with ethanolic hydrochloric acid, The formation of 

10a-c is assumed to occur via acyclic intermediate 9 which rearranges 

into final products via loss of isopropyl mercaptan. The behavior of 

7a,b towards aromatic amines finds parallelism to the reported 

rearrangement of 4-arylhrazono-2-oxazolin-5-ones *.2 and of 4- 

arylhydrazono-2-thiazolin-5-ones towards aromatic amines 15, 1 6 ,  

22- 24. Simiarly, treatment of 7a,b with aminoheterocyclic compound 

yield 1,2,4- triazolin-3-carboxamides 10d-g. 

In previous work17 it was shown that 4-arylhydrazono- 

2-ethoxy- 2-thiazolin- 5-one (13) rearranges by action of aromatic 

amines into 1,2,4- uiazol-3-carboxylic acid anilides 17 via loss of 

hydrogen sulphide while morpholine and piperidine afforded 

5-oxotriazolin-3-carboxamide (19) via loss of ethyl mercaptan. The 

mechanism of reaction is summarized in Scheme 3. We have found 

that 13 (Ar = C6H4 - p - CH ) rearranges on treatment with 
3 

5-amino-1,2,4-triazole and with 3-phenyl-5- aminopyrazole into the 

5-ethoxy- 1,2,4-triazoles 20 and 21 respectively. The reaction 

proceeds via loss of hydrogen sulphide. The behavior of 13 

towards heterocyclic amines is thus similar to their behavior 

towards aromatic amines. 
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C - - , , ~r : C 6 H 5  

t > ,  / > I  z 7 -  f! l lyL 

c , r , l  = C 6 ti L -(,I - p  

S c h e m e  I 
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a ,  Ar = ~ r . '  = c6 t i  
b , nr = C,H, - p -  OCH, ; A; = C,H, 

c ,  A r  = ~ r '  = C6H4  - p -  OCHJ  

d ,  &r. = C,HS, ~ r '  = 4 - p h e n y l t h i a z o l e -  2-yL  

, A . C 6 H 5  , A ?  = I - p h e n y l  - 2 . 3 -  d i m e t h y l  p y r a z o l i n e -  5 -  

S c h e m e  2  



Elnagda, Erian, El.-Xousy, El-Torgoman, anbE1-M ohamaby. 

H 
A r  - N -  N =  C - CONHR 

" I 

1 6 s  a l iphat ic  

N = C - C O N H R  

E t S  

1 8  

S c h e m e  3 



Scheme L 
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S C H  
' C H I  

b, A r  = 4 -  phenyl th iazo le  - 2 - y l  

Scheme 5 
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Compounds 7a,b reac t  with phenols  to yield 

1,2,4-triazole-3-carboxylic easters 22a-d. Compound 22a could be 

converted into 1,2,4-triazolin-3-carboxylic acid 23. 

Compound 8 could be also converted into imidazolidines 25. 

Thus, when treated with aniline or 4-phenylthiazol-2-amines, the 

hydantoin derivatives 25a,b were formed via intermediacy 24 with 

loss of iso-prop yl mercaptan. 

EXPERIMENTAL 

All melting points are uncorrected. Analytical data were 

obtained from the Microanalytical Data Unit at Cairo University. The 

IR spectra were carried out on  a Pye-Unicam Sp-1000 

Spectrophotometer. IH-NMR spectra were measured in DMSO on a 

Varian Em-360-60 MHz, using TMS as internal standard and chemical 

shifts are expressed as 6 ppm. 1 3 ~ - ~ ~ ~  was measured in DMSO on 

a Bruker AC 250 Spectrometer using TMS. Mass spectra were 

recorded on Varian MAT 3 11A spectrometer. 

Glycine, N-(S-ispropylthiocarboxyiate) (4) : 

A mixture of 0-isopropylethylxanthate (0.01 mol) and glycine 

(0.01 mol) was refluxed in aqueous potassium hydroxide (20 rnl; 

10%) for two hours. ,The reaction mixture was neutralized and the 

solid, so formed, was filtered, washed with water, then crystallized 

from dilute ethanol. 

Compound 4 : Yield 56%. m.p. 125QC. -IR(KBr): 3480-3320 

(COOH and NH): 2950 (CH3) 1700 (C=O). -IH-NMR: k1.35 (d, 6H, 

2CH3); 4.42 (s, 2H,CH2); 5.60 (m, lH, CH); 6.22 (s, 1H, NH); 10.70 
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(s, lH, COOH). MS: m/z=177M+ (Found; C, 40.7; H, 6.2; N, 7.9; S, 

18.2. Calc. for C6HllN03S: C. 40.6; H, 6.2; N, 7.9; S, 18.0%). 

Glycine, ~-(0-iso~ro~~lthiocarbox~late)3~~ was 'heated with 

acetic anhydride, then treated with the appropriate aromatic 

diazonium chloride as previously described16 for the preparation of 

4-arylazo- 2-benzyloxy-2-thiazolin-5-ones. 

Compound 7a: Yellow crystals, yield 76%, m.p. 165°C. -1R 

(KBr): 3380 (NH), 2970 (CH3); 1710 (C=O). -IH-NMR: 6-1.50 ( d, 

6H, 2CH3); 5.59 (m, lH, CH); 7.20-7.45 (m, 3H, ArH); 7.61-7.89 (m, 

2H, ArH); 10.30 (br, lH,  NH). MS: m/z = 263 M+. (Found : C, 54.8; 

H, 5.1; N, 15.8; S, 12.1. Calc. for C12H13N302 S :  C. 54.8; H, 5.0; N, 

16.0; S, 12.2%) 

Compound 7b : Yellow crystals, yield 57%, m.p. 153°C. - IR 

(KBr) : 3385 (NH); 2975 (CH3); 1710 (C=O). (Found, C, 53.1; H, 5.1; 

N. 14.3; S, 10.8. Calc. for C13H15 N303 S : C, 53.2; H, 5.1: N, 

14.3; S ,  11.0%). 

4-Aryliden-2- isopropylmercapto r2-oxazolin -5-ones 8a-c : 

They were prepared by the action of the apprepriate aldehyde on 

glycine N-(0- isopropylthiocarboxylate) 3 in acetic anhydirde after 

the procedure described by Cook et al. 24. 

Compound 8a : Colourless crystals, yield 79%, m.p. 50°C. -1R 
1 (KBr): 2990 (CH3; 1700 (C=O). - H-NMR; 6=1.50 (d, 6H, Z C H ~ ) ;  

5.55 (m, lH, CH); 7.0 ( s ,  lH,  styryl- Hj; 7.45-7.52 (m, 3H, Ar-H); 
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8.12-8.29 (m, 2H, Ar-H). (Found: C ,  63.2; H, 5.2; N, 5.8; S ,  12.9%. 

Calc. for CI3Hl3NO2S: C, 63.2; H, 5.3; N. 5.7; S ,  13%). 

Compound 8b :Brown crystals , yield 75%, m.p. 65OC. IR 

(KBr): 2990 (CH3); 1700 (C=O). (Found: C ,  55.7; H, 4.3; N, 4.8; S, 

11.4. Calc. forC13H12CIN02S: (2.55.4; H, 4.5; N, 5.9; S, 13.5%). 

Compound 8c : Colourless crystals, yield 70%, m.p. 102OC. -1R 

(KBr): 2998 CH3); 1695 (C=O). (Found: C ,  55.4; H, 4.3; N, 5.0; S ,  

11.4. Calc. for C13H12CINO2S: C ,  55.4, H, 4.3; N, 5.0; S ,  11.4%). 

Method (A) : Arnixture of 7a,b (0.01 mol) and the appropriate 

aromatic or heterocyclic amine (0.01 mol) was heated on a boiling 

water-bath for two hours. The reaction mixture was triturated with 

ethanol and the resulting solid was crystallized from ethanol. 

Method (B) : 1-phenyl-3-(N-pheny1carboxamido)-5- ethoxy- 

1,2,4-triazole l d 7  (0.01 rnol) was refluxed in 50  rnl ethanolic 

hydrochloric acid (20%) for two hours. Ethanol was evaporated and 

the solid was triurated with water, collected by filtration, then 

crystallized from ethanol. 

Compound 10a : Yield 6076, m.p. 280°C. -IR (KBr): 3380-3330 

(NH), 1690, 1675 (C=O). -'H-NMR: S 7 . 1 2  -7.51 (m, 5H, Ar-H), 

7.85-8.19 (m, 5H, Ar-H), 10.31 (br, lH, NH), 13.20 (br, lH,  NH). 

MS: m/z = 280 M'. (Found: C ,  64.3; H, 4.2; N, 19.8. Calc. for 

C15H12N402: 64.3; H, 4.3; N, 20.0%). 

Compound lob : Yield 6596, m.p. 283OC. -1R (KBr): 3390- 
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3330 (NH); 1680, 1665 (C=O). (Found: C, 61.8; H, 4.4; N, 18.0. 

Cak. for Cl6Hl4N4O3: C, 61.9; H, 4.5; N, 18.1%). 

Compound 10c : Yield 65%, m.p. 262"C,- IR (KBr): 3385-3330 

(NH); 1700, 1670 (C=O). (Found: C, 56.9;H, 4,7; N, 15.5. Calc. for 
I 

Cl7Hl6N4O4: C, 60.0; H, 4.7; N,15.6%). 

Compound 10d : Yield 55%, m.p. > 280°C. - IR (KBr): 

3380-3330 (NH); 1690,1670 (C=O). - 1H-NMR: 6 = 5.25-7.60 (m, 5H. 

Ar-H); 7.78 (s, lH, thiazole-H); 7.92 (m, 3H, Ar-H); 10.21 (br, lH, 

NH). (Found: C, 59. 5;H, 3.6; N, 19.4; S,89. Calc. for C18H13N502S: 

C, 59.5; H,3.6; N, 19,3; S, 8.8%). 

Compound 10e : Yield 45%, m.p. 270°C. - IR (KBr): 3380- 

3330 (NH);1700, 1680 (C=O). (Found: C, 61.4; H, 4.X; N, 21.5. 

Cak. for C20H18N603: c, 61.5; H, 4.6; N, 21.5%). 

Compound 10 f : Yield 46%, M.p. > 280°C. - IR (KBr) : 

3380-3335 (NH); 1685, 1670 (C=O). (Found: C, 01.5; H, 4.7; N, 

21.6, Calc. for C20H18N603: C, 61.5; H, 4.6; N, 21.5%). 

Compound IOg :Yield 63%, m.p. 217°C. - IR(KBr): 3370-3330 

(NH); 1990, 1665 (C=O). -'H-NMR: 6 = 3.83 ( s ,  3H, CH3), 6.95-7.55 

(m, 4H, pyridine-H), 7.80-8.21 (m, 5H, Ar-H), 8..20 (br, lH,NH). MS: 

m/z = 311 M+. (Found: C, 58.2; H, 3.8; N, 22.4. Calc. for 

C15H13N503: C, 58.6; H, 3.9; N, 22.6%). 

1-Aryl-3-(N-substituted carboxamido)-5-ethoxy-1,2,4- triazoles 

20,21: 

Amixture of 4-tolylhydrazono-2-ethoxy-2- thiazolin-5- one(l3) 17 
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(0.01 mol) and the appropriate heterocyclic amine (0.01 mol) was 

heated on aboiling water-bath for two hours. The reaction mixture 

was triturated with ethanol and the resulting solid was crystallized 

from ethanol. All formed compounds are colourless. 

Compound 20 : Yield 60%, m.p. 7 280°C. -1R (KBr): 

3380-3350 (NH), 1685 ( G O ) ,  -'H-NMR: 6 = 1.30 (t, 3H. CH3); 3.32 

(q, 2H, CH2); 7.10-8.89 (m, 5H, Ar-H); 8.50 (s, 1H, NH); 13.00 (br, 

lH, NH). MS: rnlz = 3 13 M'. (Found: C, 53.6; H, 4.8; N, 3 1.3. Calc. 

for C H N 0 C ,  53.7; H, 4.8; N, 31.3%). 14 15 7 2: 

Compound 21 : Yield 65%, m.p. > 280°C. -1R (KBr): 3390 - 
3345 (NH), 1670 (C-0). (Found : C, 64.9; H, 5.2; N,22.0. Clac. 

C21H18N602: C, 64.9; H, 5.2; N, 21.6%). 

5-Oxo-l-phenyl-1,2,4-triazoi-3-carboxylic acid ester 22a-d: 

Amixture of 7a,b (0.01 mol) and the appropritate phenol (0.01 

mol) was heated on a boiling water-bath for two hours. The reaction 

mixture was triturated with ethanol and the resulting solid was 

crystallized from ethanol. All formed compounds are colourless. 

Compound 22a : Yield 45%, m.p. 240°C. -1R (KBr): 3350 
1 (NH): 1785 (C=O ester);l710 (C=O). H-NMR: 6 = 7.0-8.29(m,, 12H, 

Ar-H), 10.75 (s, lH, NH). (Found: C ,  68.9; H, 3.8; N, 12.6. Calc. for 

N Q . C, 68.9; H, 3.9; N, 12.7%). C 1 9 ~ 1 3  3 3' 

Compound 22b : Yield 51%, m.p. 263°C.- IR(KBr): 3400 (NH); 

1795 (C=O tnioester); 1710 (C=O). MS: m/z = 347 M+. (Found: C, 

65.7; H, 3.8; N, 12.2; S ,  9.4 Calc. for C H N 0 S: C, 65.7; H,3.7; 
19 13 3 2 

N, 12.11; S ,  92%). 
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Compound 22c :Yield 42%, m.p. 213OC. -IR(KBr): 3370 (NH); 

1785, 1705 (C=O). IH-NMR: 6 = 3.06 (3H, OCH3); 6.92-7.59 (m, 9H, 

Ar-H), 10.75 (s, lH, NH), (Found: C, 61.8; H, 4.2; N, 13.4. Calc. for 

C16H13N304: C .  61.7; H, 4.2: N, 13.5%). 

Compound 22d : Yield 42%, m.p. 139°C. -IR(KBr): 3330 (NH); 

1725, 1685 (C=O). (Found: Cg 49.3; H, 3.2; N, 10.9. Calc. for 

C H BrN 0 :C,49.2;H,3.1;N,10.8%). 
16 12 3 4 

5-0x0-1-pheny1-1,2,4-triazol-3- carboxylic acid 23: 

A suspension of 22a (0.01 mol) in ethanolic potassium 

hydroxide (SO ml; 10%) was refluxed for three hours. The resulting 

reaction mixture was filtered and the filtrate was acidifted with cold 

hydrochloric acid. The resulting solid prodcts was crystallized from 

benzene as colourless crystals. 

Compound 23 : Yield 25%, m.p. 152"C, -IR(KBr): 3600-3450 

(COOH); 3330 (NH), 1680 (C=O). -IH-NMR: 6 = 7.22-7.65 (m, 

5H,Ar-H); 9.55 (s, lH,COOH); 10.75 (s, lH, NH). (Found: C, 52.7; 

H, 3.4; N, 20.6 Calc. for C H N 0 : C, 52.7; H, 3.4; N, 20.5%). 
9 7 9 9  

1-AryJ-4-furfuryliden-2- hydantoin 25 a,b : 

A mixture of 8b (0.01 mol) and the appropriate amine (0.01 mol) 

was heated on oil bath (120°C) for one hour. The rection mixture was 

diluted with water, acidified with hydrochloric acid. The solid 

products, so formed, were crystallized from ethanol as colourless 

crystals. 

Compound 2% : Yield 30%, m.p. z 280°C. -1R (KBr): 3300 
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(NH); 1705, 1675 (C=O). (Found: C, 66.2; H, 3.7; N, 11.3. Calc. for 

C14H10N203: C, 66.1; H, 3.9; N, 11.0%). 

Compound 25b : yield 35%, m.p. z 280°C.- IR (KBr): 3350 
1 (NH); 1710, 1680 (C=O). - H-NMR: 8 = 6.61-7.19 (M, 4H, styryl, 

furyl-H); 7.28-7.60 (m, 4H, Ar, thiazol -H), 11.19 (br, lH ,  NH) 

(Found: C, 60.4; H, 3.2; N. 12.5; S, 9.5. Calc. for C17H11Ng03S: C, 

60.5; H, 3.3; N, 12.5; S, 9.5%). 
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