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Abstract - 1,3,4-0xa/thiadiazolo(3,2-~)pyrirnidin-5-onea 
(m. s), 1,3,4-oxa/thiadiazolo(3,2-a) (1,3,5)triazin- 

7-thiones(l1a-c, 12a-c), 1,3,4-oxa/thiadiazolo(3,2-a)- 

(1,3,5)triazine-5(6H,7H)- -- thiones(l5a-1, 16a-I), 1.2.4- 

triazolo(3.4-~)(l,3,4)thiadiazines (18a-e) - and 1,2,4- 
triazolo(3,4-&) (1,3,4)thiadiazoles (-) were 

synthesized. The physical and spectral data of the 

new compounds were described. 

1 
The work described here forms a part of our general program on the studies 

of the chemistry of heterocycles and in particular on bpidgehead nitrogen 

heterocycles. 2a-c In recent years chemistry of nitrogen bridgehead hetero- 

cycles has made an impact in organic chemi~try.~~-~ It was reported that 

active methylene compounds condensed with 2-amino-? ,3.4-axa/thiadiazoles 

yielded oxa/thiadiazolo-pyrimidine-5-ones .4 2-Amino-? .3,4-oxa/thiadiazoles 

'part IV. P. C. Gogoi and J. C. S. Kataky, Heterocycles, 1991, 2, 237. 
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on treatment with acyl chlorides end ammonium thiocyanate gave the fused 

2,5-disubstituted 1,3,4-oxa/thiadiazolo(3,2-a)(1,3,5)triazin-7-thiones. - 5 

Cycloaddition reactions of aryl isothiocyanates to 2-benzylideneamino 

derivatives of 5-substituted l,3,4-oxa/thiadiazoles constitute an ideal 

approach to the synthesis of bridgehead nitrogen heterocycles. 3e9f Cyolo- 

condensation of 4-amino-3-aryl-1,2,4-triazole-5-thiol with a-chloroaceto- 

nitrile, a-helocarbony1 compounds and isothiocyanates is another approach 

for the synthesis of 7H-1,2,4-triazolo(3,4-b) (1,3,4)thiadi~zine,~ and 

1,2,4-tzinzolo(3.4-b)(1,3,4)thiadiazole. 718 In a continuation of our 

interest in the chemistry of bridgehead nitrogen heterocycles Ih,2a-c we 

wish to descrihe here the synthesis of the fused 1,3,4-oxa/thiadiazoles and 

1,2,4-triazoles. Explorstion of these studies is principally directed towards 

the synthesis of new nitrogen bridged heterocycles. The results obtained 

during this sttempt are reported in this paper. The required 2-amino-5- 

(2,4-dichloropheny1)-1,3,4-oxa/thiadiazoles (3,4) were prepared by the 
reaction of 2,4-dichlorobenzohydrazide (1) with potassium thiocyanate and 
concentrated hydrochloric acid and subsequent cyclization of 2 in presence 
of iodine in potassium iodide or phosphoric acid respecti~el~.~ The reaction 

of 2-amino-5-(2,4-dichlorophenyl)-1,3,4-oxa/thiadiazoles (2,4) with ethyl 
acetoacetate or diethyl malonate gave 7-substituted 2-(2,4-dichloropheny1)- 

1,3,4-oxa/thiadiazolo(3,2-a)pyrimidin-5-ones (w, 9). When the reaction 

with diethyl malonate was carried out in the presence of phosphoryl chloride 

and polyphosphoric acid (PP.4) the cyclized products 7-chloro-2-(2,4-dichloro- 

phenyl)-~-l,3,4-oxa/thiadiazolo(3,2-~)pyrimidin-5-ones , were 

obtained. The same reaction of compound ?/s when carried out with diethyl 
ethoxymethylenemalonate (DENX) gave the cyclised product 6-ethoxycarbonyl-2- 

(2,4-dichlorophenyl)-1,3,4-oxa/thiadiazolo(~,2-a)pyrimidin-5-ones - @.Ed). 

The reaction took place elso with the formation of the uncyclized products 

&,5) which were isolated and characterized. These uncyclized products were 
formed when the reactions were carried out at room temperature and the pro- 

ducts isolated were subsequently cyclized to the desired compounds. In a 
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similar manner 5-alkyl/aryl-2-(2,4-dichloropheny1)-I ,3,4-oxa/thiadiazolo 

(3,2-?)(1,3,5)triazin-7-thiones (Ila-c, l2a-c) were obtained by the reaction 

of the amino compounds (2,s) with acyl halides and ammonium thiocyanates in 
acetone which gave the uncyclized thiourea derivatives (w, -) then 

cyclized in the presence of phosphoryl chloride and phosphorus pentachloride 

to give the compounds (Ila-c, 12a-c)(Scheme 1). 5-(2,4-Dichloropheny1)-1,3,4- 

oxa/thiadiazol-2-iminobenzylidine (s,l4) were prepared by the reaction of 
3/4 with benzaldahyde using the reported method. If - 

Benzylidene derivatives (2.3) react with aryl isothiocyanates in refluxing 

toluene to give 1,4-cycloadducts (15a-1, 16a-1). 4- min no-3-(2,4-dichlorophe- 

ny1)-l,2,4-triazol-5-thiol (2) was prepared by the reaction of 2,4-dichlo- 
robenzoylhydrazine (1) and carbon disulphide in presence of potassium hydro- 

xide and subsequent cyclisation in presence of hydrazine hydrate (98%) using 

the reported method.la Triazole (2) reacts with phenacyl halides in ethanol 
followed by neutralization with potassium carbonate afforded E-6-aryl-3- 

(2,4-dichlorophenyl)-1 ,2,4-triazolo(3,4-&) (1,3,4)thiadiazine (-) . Tria- 
zole (17) - reacts with chloroacetonitrile to give cyanomethylthio derivative 
which on cyclization gave E-6-amino-3-(2.4-dichloropheny1)-1,2,4-triazolo- 

(3,4-b)(l,3,4)thiadiazine (B, R=NH ). Triazole (2) reacts with aryl iso- - 2 

thiacyanates in dry dimethylformamide at room temperature to afford the 

uncyclized substituted thiourea derivatives which upon refluxing had cyclized 

into 6-arylamino-3-(2,4-dichloropheny1)-I ,2,4-triazolo(3,4-&) (I ,3,4)thiadia- 

zoles (-).8b In our attempt the reaction was carried in presence of 

dicyclohexylcarbodiimide (Dcc) and fused triazoles were formed. Cyanogen 
7 bromide is finding increasing use in heterocyclic synthesis and when used 

in place of aryl isothiocyanates it gave 6-amino-3-(2,4-dichloropheny1)- 

1,2,4-triazolo(3,4-b)(1,3,4)thiadiazole - (s, R=H). Triazole (17) on reaction 

with benzoyl isothiocyanate10 in acetone yielded 6-benzoylamino-3(2,4-dichlo- 

rophenyl)-I ,2,4-triazolo(3,4-b) - (1,3,4)thiadiazole (190, R=COC6H5)(~cheme 1 ) . 
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EXPERIMENTAL 

Melting points  were determined with a Buchi o i l  heated apparatus i n  open 

c a p i l l a r i e s  and a re  uncorrected. Ir spectra  were recorded with a Perkin- 

Elmer 580B spectrophotometer using potassium bromide d iscs  unless  otherwise 

s t a t e d  ( v max i n  cm-I). 'H Nmr spec t ra  were recorded in so lu t ions  s ta ted  

with TMS a s  t h e  in t e rna l  reference i n  60 MHz and 90 MHz on a Varian T-60 and 

Zeol Fx-90 spectrometers (chemical s h i f t s  i n  6 ppm). 2,4-Dichlorobenzhydrazi- 

de (1) was prepared from e thy l  2,4-dichlorobenzoate following t h e  reported 

method. lb  2-~mino-5-(2,4-dichlorophenyl)-I ,3,4-oxa/thiadiazoles (?,A) were 

prepared using the  known method.' 4- min no-3-(2,4-dichloropheny1)-I ,2.4- 

t r iazol -5- th io l  (12) was prepared using t h e  method of Goswami g. I a 

A mixture of compound (?)(I .61 g ,  0.007 mol), e thyl  acetoacetate  (2 g, 

O.Cl5 mol) and ptoluenesulphonic acid (0.1 g) i n  toluene (100 m l )  was 

refluxed f o r  24 h using a Dean Stark  apparatus t o  remove water. The react ion 

mixture was cooled t o  room temperature and d i lu t ed  with 100 m l  of cyclohexane 

t o  give a grey so l id .  The s o l i d  was f i l t e r e d  and c rys t a l l i zed  from C2H50H t o  

give compound 2. The f i l t r a t e  was evaporated and t r i t u r a t e d  with cyclohexane 

t o  give a pasty mass which was dissolved i n  C2H50H and f i l t e r e d  hot.  The solu- 

t i o n  on cooling gave colourless  s o l i d  of e thyl  3-(5-(2,4-dichloropheny1)-1,3, 

4-oxadiazol-2-y1amino)-2-butenoate (5)  (0.7 g )  . Compound (5) (0.5 g ,  0.0015 mol) 

and 2-toluenesulphonic ac id  (0.1 g)  i n  toluene (30 ml) was refluxed f o r  36 h. 

The solvent was evaporated t o  h a l f  and t h e  residue was cooled t o  room tempe- 

r a t u r e  t o  give a s o l i d  which was f i l t e r e d  and c rys t a l l i zed  from C2H50H t o  

af ford  compound 2. Similar ly the  compound (a) was a l so  prepared. The phy- 

s i c a l  and spec t r a l  deta of these  compounds a re  given i n  Table 1 and Table 2. 

2-(2,4-~ichloro~hen~l)-7-hydroxy-5~-l,3,4-oxa/thiadiazo10(3,2-a~yrimidin-5- 

ones (7b 8b) - - 9  - 
A mixture of compound (3)  - (2.3 g ,  0.01 mol), d i e thy l  malonate (DEM) 
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(3.2 g,  0.02 mol), ptoluenesulphonic acid (0.1 g )  and 1.2.4-trichloroben- 

zene (25 ml) was heated a t  240°C f o r  2 h. The o i l y  mass was dissolved i n  

e thyl  ace t a t e  and f i l t e r e d  through a s i l i c a  ge l  column. The f i l t r a t e  was 

evaporated and t h e  s o l i d  mass thus  obtained was refluxed i n  toluene (12 ml) 

and p to luenesulphonic  acid (0.001 g) f o r  40 h. Then the  solvent was removed 

and the  s o l i d  obtained was c rys t a l l i zed  from C2H50H t o  give compound 2. 
Similar ly compound (&) was a l so  prepared. 

7-~hloro-2-(2,4-dichlorophenyl)-5~-1,3,4-oxa/thiadiazolo(3,2-a)pyrimidin-5- 

ones (7c 8c)  - - 9  - 
A mixture of compound (J)(2.3 g ,  0.01 mol), d i e thy l  malonate (3.2 g,  0.02 

mol) and phosghoryl chloride (4.6 g,  0.03 mol) was heated i n  presence of PPA 

( I  g) a t  120°C f o r  3 h. Dry C2H5-OH was then ca re fu l ly  added and t h e  r e su l t -  

ing so l id  was f i l t e r e d  and washed with ether .  I t  was then neutral ized with 

10% aqueous sodium hydroger cerbonate so lu t ion  and recrys ta l l ized  from 

acetone:hexane mixture (3: l )  t o  afford compound z. Similar ly compound (g) 
was a lso  prepared. 

A mixture of compound (3)(2.3 g,  0.01 mol) and GEMM (3.2 g,  0.015 mol) was 

heated a t  170-180°C fo r  6 h. The reac t ion  mixture was then cooled, f i l t e r e d  

and washed with petroleum s p i r i t  and then with e thy l  acetate .  The s o l i d  thus  

separated was r ec rys t a l l i zed  from acetone t o  afford compound z. Fcllowing 

t h e  same procedure compound (g) was prepared. The physical and spec t r a l  

data a re  given i n  Table 1 and Table 2. 

A mixture of ammoniun thiocyanate (0.076 g, 0.01 mol) and acid chloride 
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(0.01 mol) in acetone (25 ml) was refluxed for 30 Din. Compound (j)(2.3 g, 

0.01 mol) was then added to it and the mixture was refluxed further 3 h. 

The mixture was then poured into excess water (500 m l ) .  The resulting solid 

was dried and crystallized from C2H50H : acetone (50 : 50 v/v) to give 

compound (2). Following the same procedure compounds (E, m) were 
prepared. 

A mixture of compounds (~)(0.015 mol), phosphoryl chloride (15 ml, 

0.16 mol) and phosphorus pentachloride (3.12 g, 0.015 mol) was refluxed for 

4 h. The excess phosphoryl chloride was then removed by distillation and the 

residue was poured into crushed ice. The resulting solid was filtered, washed 

with water and crystallized from C2H50H to give compounds (-1. The same 

procedure was followed to convert (-) to (=). The physical and spec- 

tral data are given in Table 1 and Table 2. 

5-(2,4-Dichlorophenyl)-2-iminobenzylideneamino-l,3,4-oxa/thiadiazoles (2,B) 

A mixture of 3,4 (0.01 mol) and benzaldehyde (1.06 g, 0.01 mol) was refluxed 

in C2H50H (50 ml) in the presence of 2 drops of piperidine. After refluxing 

for 2 h, solvent was removed under reduced pressure to give solid on cooling. 

The solid w2s filtered and recrystallized from C2H50H to get compounds 

(13 -9- 14)(80% yield). 

6-~r~l-2-(2,4-dichlorophen~l)-7-phenyl-l,3,~-oxa/thiadiazolo(3,2-a)(1,3,5)- 

triazin-5(6~,7~) thiones (w, w) 
Generel Method : 

A mixture of compounds (Q,B)(0.01 mol) and aryl isothiocyanates (0.01 mol) 

in toluene (100 ml) was refluxed for 6 h. The solvent was removed by disti- 

llation and the residue was washed with small amount of C2H50H (15 ml) 

followed by water (25 ml). The solid was recrystallised from C2H50H to give 
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Table 1 : Physical data of compounds (1-2) 

7a 

7b 

7c 

7d 

8a 

8b 

8c 

8d 

9a 

9b 

9c 

10a 

1 Ob 

1 oc 

Ila 

Ilb 

Ilc 

12a 

12b 

12c 

13 

14 

15a 

15b 

15c 

15d 
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Table 2 : Spectral data of  compounds (1-9) 

. . 

'gpdi ir (KBr) v cm-I 'H nmr ( 6  ppm, DMSO-d6) 
4 a " 7 

7a 

7b 

7c 

7d 

8a 

8b 

8c  

8d 

9a 

9b 

9c 

10a 

lob 

1 oc 

I l a  

I l b  

l l c  

12a 

12b 

12c 
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1 p 2 P 3 

6.7.(s, IH), 6.9-7.4(m, Ar-H) 

6.8(s, IH), 7.2-7.5(m, Ar-H) 

5.2(s, IH). 6.9-7.4(m, nr-H) 

5.2(s, AH), 7.1-7.5(m, Ar-H) 

5.3(s, IH), 6.8-7.5(m, APH) 

5.2(s, IH), 7.3-7.8(m, Ar-H) 

5.2(s. IH), 7.2-7.5(m, Ar-H) 

5.1(s. IH), 7.1-7.6(m, Ar-H) 

5.2(s, IH), 7.2-7.5(m, Ar-H) 

5.3(s, IH), 6.9-7.4(m, Ar-H) 

1.9(~, 3H), 5.2(s, IH), 7.2-7.6(m, Ar-H) 

1.7(s, 3H), 5.3(s, IH), 6.9-7.5(m, Ar-H) 

3.5(s, 3H), 5.2(s, IH), 6.9-7.5(m, Ar-H) 

3.5(s, 3H), 5.2(s, IH), 7.2-7.8(m1 Ar-H) 

5.2(s, IH), 6.8-7.5(m, Ar-H) 

5.2(s, IH), 7.2-7.5(m, ~r-H) 

5.2(s, IH), 7.0-7.6(m, Ar-H) 

5.1(s, IH), 6.9-7.4(m, Ar-H) 

5.2(s, IH), 7.2-7.5(m, Ar-H) 

5.3(s, IH), 7.1-7.6(m, Ar-H) 

5.3(s, IH), 7.2-7.5(m, Ar-H) 

5.2(s, AH), 6.8-7.3(m, E.r-H) 

1.9(s, 3H), 5.1(s, IH), 7.2-7.5(m, Pr-H) 

1.7(s, 3 5.1(s, IH), 6.&7.4(m, Pr-H) 

3.5(s, 3H), 5.2(s, IH), 6.9-7.5(m, ~r-H) 

3.5(s, 3H), 5.2(s, IH), 7.0-7.6(m, Ar-H) 

1.3(s, 3H), 3.@(s, 2H), 7.3-8.l(m, Ar-H) 

3.9(s. 2H), 7.5-8.Z(m, Ar-H) 

3.8(s, ZH), 7.1-8.0(~, Ar-H) 



HETEROCYCLES, Vol. 32, No. 10, 1P91 l9G9 

pure products (15a-1, 16a-1). The physicel data  of t h e  compounds are given 

i n  Table 1 and Table 2. 

7H-6-Aryl-3-(2,4-dichlorophenyl)-l,2,4-triazolo(3,4-b)(1,3,4)thiadiazine 

(18a-d) 

General Method : 

Aroylmethyl ha l id  (0.01 mol) was added dropwise t o  a s t i r r e d  so lu t ion  of t h e  

t r i a z o l e  (l7)(2.61 g. 0.01 mol) i n  absolute C2H50H (50 ml). The mixture was 

then refluxed f o r  5 h, cooled t o  room temperature and neut ra l ized  with 1% 

aqueous sodium carbonate so lu t ion .  The s o l i d  product was r ec rys t a l l i zed  from 

C2H50H water mixture t o  give pure product (-). 
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Triazole (17)(2.61 - g, 0.01 mol) dissolved i n  30 m l  of absolute C2H50H was 

mixed with 1.2 m l  (0.02 mol) of ch loroace toni t r i le  end heated f o r  4 h. The 

solvent was removed and t h e  residue was dissolved i n  25 m l  of water. After 

neut ra l iza t ion  with 10% aqueous sodium carbonate gave a  p r e c i p i t a t e  which 

was f i l t e r e d ,  washed with cold water (2 x 20 ml) and dissolved i n  20 m l  of 

concentreted sulphuric acid and l e f t  fo r  3 h a t  room temperature. It was 

then d i lu ted  with water end neutral ized with 20% ammonium hydroxide. The 

prec ip i ta ted  product was f i l t e r e d  and c r y s t a l l i z e d  from C2H50H water mixture 

t o  give compound (=). 

6-~rylamino-~-(2,4-dichlorophenyl)-1,2,4-triazolo(3,4-b)(l,3,4)thiadiazoles 

(-1 
General Method : 

Aryl isothiocyanate (0.015 mol) was added t o  a  solut ion of t h e  t r i a z o l e  (12) 
(2.61 g, 0.01 mol) i n  absolute C2H50H (150 ml) and the  mixture was s t i r r e d  

f o r  4 h. To t h e  s t i r r e d  so lu t ion ,  dicyclohexylcarbodiimide ( D C C ) ( ~ . ~  g. 

0.015 mol) was added and the  whole mixture was refluxed f o r  6 h. On cooling 

t o  room temperature a  white s o l i d  was separated. The s o l i d  was f i l t e r e d  and 

recrys ta l l ized  from C2H50H t o  give t h e  products (19a-m). - 

Cyanogen bromide (2.1 g, 0.02 mol) and t h e  t r i a z o l e  ( x ) ( 2 . 6 1  g,  0.01 rnol) 

were refluxed i n  75% aqueous C2H50H (50 rnl) f o r  4 h. The reac t ion  mixture 

was evaporated t o  one fourth of i t s  volume and then d i lu ted  with a  sa tura ted  

solut ion of sodium ace ta te  i n  water. The prec ip i ta ted  s o l i d  was f i l t e r e d  and 

r ec rys t a l l i zed  from C2H50H t o  afford compound (m). 
6-Benzoylamino-3-(2.4-dichlorophenyl)-1,2,4-triazo10(3,4-b)(1,3.4)- 

thiadiazole (190) 

To a s t i r r e d  so lu t ion  of ammonium thiocyanate (0.76 g,  0.01 mol) i n  acetone 
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(30 ml), benzoyl chloride (1.41 g, 0.01 mol) was added. The mixture was 

s t i r r e d  f o r  15 min and a so lu t ion  of t h e  t r i a z o l e  (lJ)(2.61 g ,  0.01 mol) i n  

acetone (50 ml) was added i n t o  t h e  mixture. The mixture was then heated 

under r e f l u  fo r  3 h. The solvent  was p a r t l y  removed and cooled t o  roomtem- 

peratcre.  The mixture was then d i lu ted  with i c e  cooled water. The sol id thus  

separated was f i l t e r e d ,  washed with 5% aqueous sodium hydrogen carbonate solu- 

t i o n  and then with water (2 x 25 ml). The s o l i d  was r ec rys t a l l i zed  from ace- 

tone t o  give t h e  pure compound (*). 
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