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The exchange and cycl izat ion of phenyliminooxalyl chloride with ammonium thioeyanate, sodi-  
um azide, aniline, amidoximes,  and diphenylthiourea, and with 2-aminopyridine,  2 -amino-  
benzothiazole,  and 2 -amino-  and 2-mercaptobenzimidazole  were studied. The cycl izat ion 
products  are  derivat ives  of thiazolidine, imidazo[1,2-a]pyridine,  imidazo[2,1-b]benzothiazole,  
imidazo [1,2-a]benzimidazole,  and thlazolo [3,2-a]benzimidazole.  A t r i m e r  of 1 -phenyl te t raz -  
o le -5 -ca rboxy l ic  acid was obtained when an attempt was made to conver t  its azide to the c o r -  
responding isocyanate .  

In a continuation of our previous investigations of exchange and cycl izat ion react ions on the basis  of 
the acid chlorides of oxanilic acids [1, 2] and ary lazochloroacet ic  acids [3] we have studied the react ions of 
phenyliminooxalyl chloride 6) (which we obtained for the f irst  time) with ammonium thiocyanate,  sodium 
azide, aniline, amidoximes,  and diphenylthioure a, as well as with 2-aminopyridine,  2-aminobenzothiazole,  
and 2 -amino-  and 2-mercaptobenzimidazole .  

Acid chloride I was obtained by the react ion of oxanilic acid with phosphorus pentachloride in benzene. 
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The diphenylamide (if) of phenyl iminooxal ic  acid was isola ted by the reac t ion  of I with 5 mole  of ani l -  
ine.  The read i ly  p o l y m e r i z e d  di isothiocyanate  (IIIa) was obtained by the reac t ion  of I with ammonium thio-  
cyanate  in absolute  ace tone .  Compound II Ia  could not be isola ted in pure  fo rm.  It  r e ac t s  with a romat i c  
amines  to f o r m  th ioureas  IIIb and IIIc.  The c h a r a c t e r i s t i c  band of the N-~C = S  group at 1980-2100 cm -1 
p rac t i ca l ly  vanishes  a f t e r  prolonged s to rage ,  and the po lymer i c  subs tance  apparent ly  fo rmed  does not r e a c t  
with a roma t i c  amines  and was not inves t iga ted  in detai l .  The exchange of I with sodium azide was c a r r i e d  
out in acetone at low t e m p e r a t u r e s .  The init ial  reac t ion  product  is probably  phenyliminooxalic  acid diazide 
(IVc), which is r ead i ly  cyc l ized  to 1 - p h e n y l - t e t r a z o l e - 5 - c a r b o x y l i c  acid azide (IV). The l i t e ra tu re  contains 
s i m i l a r  data [4-6] which indicate the ease  of cycl iza t ion of the diazide of the isocyanide to the c o r r e s p o n d -  
ing 5 - a z i d o - l - p h e n y l t e t r a z o l e .  The s t ruc tu re  of IV was also conf i rmed  by its IR spec t rum,  which contains 
the c h a r a c t e r i s t i c  absorp t ion  bands of the N 3 group (doublet of bands at 2150-2195 cm-1),  C ~ O  (1715 cm-1), 
and absorpt ion bands at 1280-1320, 1205-1260, 1100-1140, 1020-1080, and 960-990 cm -~, which are  usual ly  
a s sumed  for  the t e t r azo l e  r ing [5, 7]. An additional conf i rmat ion  of the s t ruc tu re  of IV is the reac t ion  with 
t r iphenylphosphine .  The IR s p e c t r u m  of the reac t ion  product  (V) does not contain the f requencies  of the va l -  
ence v ibra t ions  of the azido group,  and the absorpt ion  bands of the t e t r azo le  r ing are  p r e s e r v e d .  The f r e -  
quency of the ca rbonyl  g roup  is lowered  by 100 cm -1, probably  because  of the possible  format ion  of a di -  
po la r  s t ruc tu re :  
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In an a t tempt  to conver t  IV to the co r respond ing  1 -pheny l -5 - i socyana to te t r azo le  (IVb) by means  of 
the Cur t ius  r eac t ion  [8] by heat ing i t  in absolute toluene we obtained 86% of a h igh-mel t ing  compound (XI) 
which, f rom its composi t ion ,  confo rmed  with the cor responding  i socyanate ,  but i ts  IR spec t rum did not con-  
tain the c h a r a c t e r i s t i c  f requenc ies  of the N ~ C  ~ O  group (2240-2270 cm-1),  and the substance  did not give 
the c h a r a c t e r i s t i c  r eac t ions  of i socyana te s .  F r o m  cryoscopic  data, the mo lecu l a r  weight of the substance  
is th ree  t imes  the m o l e c u l a r  weight of i socyanate  IVb. We also obse rved  a s i m i l a r  t r i m e r i z a t i o n  in [9]. 
These  r e su l t s  provide  a bas i s  for  a s suming  a cycl ic  t r i m e r  s t ruc tu re ,  viz. ,  2 , 4 , 6 - t r i o x o - l , 3 , 5 - t r i s  (1- 
p h e n y l - 5 - t e t r a z o l y l ) h e x a h y d r o - s - t r i a z i n e ,  for  XI. We also proved the format ion  of in te rmedia te  i socyanate  
IVb f r o m  IV indi rec t ly  by the isola t ion of 5 - (3 -pheny lu re ido ) - l -pheny l t e t r azo le  (XII) by the decomposi t ion  
of IV in toluene in the p r e s e n c e  of anil ine.  The v ibra t ions  of the N - H  bonds (3210-3290 cm-1),  the C ~ O  
bonds (1715 cm-1),  and the bands of the t e t razo le  r ing (1280-1320, 1205-1260, 1100-1140, 1020-1080, and 
960-990 cm -1) a re  c l e a r l y  e x p r e s s e d  in the IR s p e c t r u m  of XII. 

Compound VI, the s t ruc tu re  of which was conf i rmed  by the IR spec t rum,  was obtained by the cyc l i za -  
tion of I with 2 -aminopyr id ine  in absolute benzene in the p resence  of t r i e thy lamine .  The IR spec t rum of VI 
contains c h a r a c t e r i s t i c  bands at 1745 c m  -I  (C ~ O )  and 1695 and 1600 cm -1 (C ~ N ) .  The f requencies  of the 
valence v ibra t ions  at 1435, 1400, 1340, 1310, 1100, 780, and 695 cm -I  a re  usual ly  taken for  the imidazole  
and pyridine r ings  [10, 11]. 

The reac t ion  of I with 2-aminobenzoth iazole  and 2 - a m i n o -  and 2 -mercap tobenz imidazo le s  yields con-  
densat ion products  VIIa, b, and IX, the s t r u c t u r e s  of which were  proved  by the IR spec t r a l  data; IX was also 
hydrolyzed.  The IR s p e c t r a  of VIIa,b and IX contain intense f requencies  of the valence  vibra t ions  of the 
C ----O group (1710-1770 c m  -I) and the C ~-~N group (1660 cm-1).  The f requencies  of the valence v ibra t ions  
at 1480-1550, 1270-1390, and 1065-1180 cm -I  apparent ly  c h a r a c t e r i z e  the v ibra t ions  of the imidazo[1 ,2-b] -  
benzothiazole ,  th iazolo[2 ,3-a]benzimidazole ,  and benzene r ings [10]. 

The O-acy la t ion  product  (VIII) was obtained by the condensat ion of I with N-pheny l -p -n i t r obenz -  
amideoxime in absolute benzene in the p r e s e nce  of t r i e thy lamine .  I ts  s t ruc tu re  was conf i rmed  by its IR 
s p e c t r u m ,  which contains  the f requencies  of the valence  v ibra t ions  of N - H  bonds (3315 cm-1),  C---~O bonds 
(1770 and 1715 cm-1),  and C ~ N  bonds (1635-1660 cm-1).  

In analogy with [12], a quanti tat ive yield of X was i so la ted  by ref luxing I with diphenylthiourea in ab-  
solute benzene in the p r e s ence  of pyridine;  the s t ruc tu re  was conf i rmed  by the method used for  its synthe-  
s is  [10] and by the p r e s e n c e  in the IR s p e c t r u m  of c h a r a c t e r i s t i c  f requencies  of the C ~ O  group (1775 
cm -I) and the C -~--N group (1660-1670 cm-1) .  
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E X P E R I M E N T A L  

Pheny l iminooxa ly l  Chlor ide  (i). Phosphorus  pen tach lor ide  [20.8 g (0.1 mole)] was added in s m a l l  p o r -  
t ions in the c o u r s e  of 15 rain to a ground suspens ion  of 8.25 g (0.05 mole)  of oxani l ic  acid  in 25 ml  of dry  
benzene at room t e m p e r a t u r e .  The mix tu re  was hea ted  at 80 ~ unti l  HC1 evolution cea sed  comple t e ly  (about 
1 h). The phosphorus  oxychlor ide  and solvent  were  r e m ove d  by d i s t i l l a t ion ,  and the res idue  was vacuum 
d i s t i l l ed  to give a yel low,  mobi le  l iquid with l a c r i m a t o r y  p r o p e r t i e s .  It s lowly decomposed  on d i s t i l l a t ion  
with phosgene evolut ion and the fo rmat ion  of pheny l i son i t r i l e .  The product  [3.9 g (48~)] had bp 114 ~ (12-14 
ram),  n~ 1.5840 and d~ ~ 1.3607. Found%:  C1 35.1, 35.1; MR D 51.70. C8HsC12NO. C a l c u l a t e d ~ :  C1 35.1; 

MR D 51.83. 

Pheny l iminooxa l i c  Acid Diphenylamide (II). A mix tu re  of 0.5 g (0.002 mole)  of I and 0.93 g (0.01 
mole) of anil ine was al lowed to s tand for  1 h. The r e su l t ing  p r ec ip i t a t e  was f i l t e r ed  and washed with wa te r  
to give 0.56 g (72%) of a product  with mp 141-142 ~ (from alcohol) .  Found %: N 13.6, 13.5. C20H17N30. C a l -  
cula ted  % : N 13.5. 

Bis  (3-phenyl thioureide)  of Pheny l iminooxa l i c  Acid (]IIb). A solut ion of 1.0 g (0.05 mole) of I in 10 ml 
of absolute  acetone was added dropwise  in the cou r se  of 15 rain to a solut ion of 0.76 g (0.1 mole)  of ammon i -  
um th iocyanate  in 25 ml  of absolute  acetone.  The mix tu re  was s t i r r e d  at 30-40 ~ for  2 h, f i l t e r ed ,  0.93 g 
(0.1 mole)  of anil ine was added, and the mix tu re  was s t i r r e d  at 40 ~ for  2 h. The solvent  was evapora ted ,  
and the r e s idue  was washed with dilute hyd roch lo r i c  acid  and w a t e r  and d r i ed  to give 0.9 g (42~) of a p r o d -  
uct with mp 172-175 ~ (from alcohol) .  Found %: S 15.3. C22H19NsOS 2. Calcu la t ed  %: S 14.8. 

Bis [3- (p-ch lorophenyl ) th ioure ide]  of Pheny l iminooxa l i c  Acid  (iIIc). This was s i m i l a r l y  obtained in 
51% y ie ld  and had mp 205-206 ~ (from alcohol) .  Found %: S 12.1. CzzH17C12NsOS2. Ca lcu la t ed  ~c: S 12.7. 

Azide of 1 - P h e n y l t e t r a z o l e - 5 - c a r b o x y l i c  Acid  (IV). A cooled solut ion of 1 g (0.005 mole) of I in 10 
ml  of absolute  acetone was added dropwise  at 0 ~ to a suspens ion  of 3.3 g (0.05 mole)  of sodium azide in 10 
ml of absolute  acetone.  The mix tu re  was s t i r r e d  in the cold for  3 h and at room t e m p e r a t u r e  for  12 h, 
wa te r  was added to d i s so lve  the p r ec ip i t a t e ,  and the r e su l t i ng  azide was e x t r a c t e d  with e the r .  The solvent  
was r e m o v e d  in vacuo,  and the r e s idue  was d r i e d  over P205 to give 0.6 g (60%) of a product  with mp 91- 
91.5 ~ (decomp.) .  Found %: N 45.1, 45.1. CsHsN70. Ca lcu la ted  %: N 45.6. 

1 - P h e n y l - 5 - ( t r i p h e n y l p h o s p h a z o a c y l ) t e t r a z o l e  (V). A cooled solut ion of 0.52 g (0.002 mole)  of t r i -  
phenylphosphine in 5 ml  of e the r  was added dropwise  to a cooled (to 0 ~ solut ion of 2.1 g (0.001 mole) of IV 
in 10 ml of d ry  e t h e r .  The mix tu re  was s t i r r e d  at 0 ~ for  3 h and at 20 ~ for  96 h. The e t h e r  was removed ,  
and the r e s idue  was c r y s t a l l i z e d  f rom alcohol  to give 0.35 g (79%) of a p roduc t  with mp 168-170 ~ (from ab-  
solute alcohol) .  Found%:  N 15.5; P 7.0. C26H20NsOP. C a l c u l a t e d % :  N 15.6; P 6.9. 

2 - P h e n y l i m i n o - 3 - o x o i m i d a z o [ 1 , 2 - a ] p y r i d i n e  (VI). A solut ion of 1 g (0.005 mole) of I in 5 ml of ab-  
solute  benzene was added dropwise  with s t i r r i n g  in the cou r se  of 30 min to a solut ion of 0.47 g (0.005 mole) 
of 2 - aminopy r id ine  and 1.01 g (0.01 mole) of t r i e t hy l a m i ne  in 10 ml of absolute  benzene .  The mix tu re  was 
re f luxed  for  3 h, cooled,  and f i l t e r ed .  The solvent  was r emoved ,  and the r e s i due  was t r e a t e d  with dilute 
(about 1%) hyd roch lo r i c  acid  and wa te r  and d r i e d  to give 0.72 g (69~) of r o s e - c o l o r e d  c r y s t a l s  with mp 142- 
145 ~ (three r e p r e c i p i t a t i o n s  f rom benzene with pe t ro l eum e ther ) .  Found %: C 69.9; H 4.0; N 19.0, 19.1; 
tool .  wt.  223. C13H9N30. Ca lcu la ted  %: C 69.9; H 4.0; N 18.9; tool .  wt. 238. 

3 -Pheny l imino -2 -oxo imidazo [2 ,1 -b ]benzo th i azo l e  (VIIa). A solut ion of 0.5 g (0.0025 mole)  of I in 5 
ml of ch lo ro fo rm  was s lowly added dropwise  to a solut ion of 0.38 g (0.0025 mole) of 2 -aminobenzo th iazo le  
and 0.65 g (0.006 mole)  of t r i e t hy l amine  in 10 ml  of absolute  c h l o r o f o r m .  The mix tu re  was re f luxed  for  2 h, 
and the solvent  was r emoved .  The r e s i d u e  was washed with dilute hyd r oc h l o r i c  acid and wa te r  and d r i e d  
to give 0.3 g (56%) of a product  with mp 150-152 ~ (from aqueous ethanol) .  Found %. N 14.6, tool .  wt. 299, 
277. C15H9N3OS. C a l c u l a t e d % :  N 15.0; tool .  wt. 279. 

3 - P h e n y l i m i n o - 2 - o x o - l H - i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (VIIb). A solut ion of 1 g (0.005 mole) of I in 
10 ml of benzene was added dropwise  to a suspens ion  of 0.67 g (0.005 mole)  of 2 - aminobenz imidazo le  and 
1.25 g (0.012 mole)  of t r i e t hy l amine  in a mix tu re  of 10 ml  of absolute  benzene and dioxane (1 : 1). The m i x -  
tu re  was ref luxed for  3 h, the so lvent  was removed ,  and the r e s i d u e  was f i l t e r ed ,  washed with wa te r ,  and 
d r i e d  to give 0.9 g (69%) of a p roduc t  with mp 218-219 ~ (from alcohol) .  Found %: N 21.8. CisH10N40. C a l -  
cu l t a t ed  %: N 21.4. 
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O-[ -Pheny loxamoyl ] -N-pheny l -p -n i t robenzamidoxime  (VIII). A solution of 0.5 g (0.002 mole) of I in 5 
ml  of absolute benzene was  added dropwise  to a suspension of 0.64 g (0.002 mole) of N-pheny l -p -n i t robenz -  
amidoxime and 0.5 g (0.004 mole)  of t r i e thy lamine  in 10 ml  of absolute benzene.  The mix tu re  was ref luxed 
for  2 h, the solvent  was evapora ted ,  and the res idue  was t r ea t ed  with wa te r  and dr ied to give 0.66 g (68~c) 
of pa l e -ye l low c r y s t a l s  with mp  152-154 ~ (from alcohol).  Found %: C 61.4, 61.6; H 4.0, 4.0; N 13.9, 14.0. 
C21HI6N405. Calcula ted  %: C 62.3; H 4.0; N 13.9. 

2 -Pheny l imino-3-oxo th iazo lo [3 ,2 -a ]benz imidazo le  (IX). A solution of 0.5 g of I in 5 ml  of benzene 
was ca re fu l ly  added dropwise  with s t i r r i ng  to a solution of 0.38 g (0.002 mole) of 2 -mercap tobenz imidazo le  
and 0.62 g (0.06 mole)  of t r i e thy lamine  in 10 ml  of absolute benzene.  The mix tu re  was heated on a wa te r  
ba th  for  3 h, cooled, and f i l t e red .  The solvent  was removed ,  and the res idue  was washed with dilute hydro -  
chlor ic  acid and wa te r  and dr ied  to give 0.5 g (71%) of a product  with mp 163-165 ~ (from 65~c alcohol). 
Found %: C 64.0; H 3.2; N 14.9. C15HgN3OS. Calcula ted %: C 64.5; H 3.2; N 15.0. 

A mix tu re  of 0.8 g (0.0028 mole) of IX in 30 ml  of alcohol and 30 ml  of 35% hydrochlor ic  acid was 
heated on a bo i l ing -wa te r  bath for  10-12 h. The mix ture  was evapora ted  to d ryness ,  and the res idue  was 
t r e a t e d  with wa te r  and f i l t e red .  The f i l t ra te  was cooled to 0 ~ and diazot ized at 0-5 ~ with a solution of sodium 
ni t r i t e .  The resu l t ing  diazo solution was combined with an alkaline solution of fi -naphthol,  and the resul t ing 
azo dye was r e c r y s t a l l i z e d  f r o m  methanol  to give red pla tes  with a meta l l i c  l u s t e r  with mp  131-132 ~ [14]; 
this  dye was identical  to the dye obtained f rom diazot ized aniline and fl -naphthol .  The secondary  hydro lys i s  
product ,  viz . ,  2 ,3-d ioxoth iazole[3 ,2-a]benzimidazole ,  could not be isola ted in pure  fo rm.  

3-Phenyl -2 ,5-d i (phenyl imino) th iazo l id in-4-one  (X). Dry  pyridine [1 g (0.012 mole)] was added d rop -  
wise  to a suspension of 1 g (0.005 mole)  of I and 1.14 g (0.005 mole) of s y m m e t r i c a l  diphenylthiourea in 15 
ml  of absolute benzene.  The t e m p e r a t u r e  of the reac t ion  mix ture  went up 6 ~ and a prec ip i ta te  fo rmed .  The 
mix tu re  was heated  on a wa te r  bath for  30 h, evapora ted  to d ryness ,  and the res idue  was washed with wa te r  
and dr ied  to 1 g (98%) of X with mp  205-207 ~ (from benzene).  Found %: S 9.0; N 11.2; tool.  wt. 338. 
C21H15N3OS. Calcula ted  %: S 9.0; N 11.7; tool .  wt. 357. 

2 , 4 , 6 - T r i o x o - l , 3 , 5 - t r i s  ( 1 -pheny l -5 - t e t r azo ly l )hexahydro - s - t r i a z ine  (XI), Compound IV [0.5 g (0.0025 
mole)] was heated in 10 m l  of absolute toluene until ni t rogen evolution ceased  and was then cooled to give 
0.38 g (86%) of a product  with mp 210-212 ~ (from benzene) .  Found %: N 37.7, 37.5; tool. wt. 580. 
C27H15N1506. Calcula ted  %: N 37.4; mol .  wt. 561. 

5 - ( 3 - P h e n y l u r e i d o ) - l - p h e n y l t e t r a z o l e  (XII). A mix tu re  of 0.5 g (0.0025 mole) of IV and 0.22 g (0.002 
mole)  of aniline in 10 ml  of absolute toluene was heated  until n i t rogen evolution ceased  and was then cooled.  
The resu l t ing  p rec ip i t a te  was f i l t e red  and washed with dilute hydrochlor ic  acid and wa te r  and dr ied  to give 
0.6 g (85%) of a product  with mp  194-196 ~ (from alcohol).  Found %: N 29.8, 29.7. C14H12N60. Calculated %: 
N 30.0. 

L I T E R A T U R E  C I T E D  

1. M . O .  Lozinski i ,  A. F.  Shivanyuk, and P .  S. P e l ' k i s ,  Dokl. Akad. Nauk UkrSSR, 1096 (1969). 
2. M . O .  Lozinski i ,  A. F.  Shivanyuk, and P .  S. P e l ' k i s ,  Dokl.  Akad. Nauk UkrSSR, 266 (1968). 
3. M . O .  Lozinski i ,  A.  F. Shivanyuk, and P .  S. P e l ' k i s ,  Khim. Getero ts ik l .  Soedin., No. 3 (1971) (in p r e s s ) .  
4. P . S .  P e l ' k i s  and Ts .  S. Dunaevs 'ka ,  Zap.  Ins t .  Khim. AN UkrRSR, 6, 163 (1940). 
5. J . C .  Kaner  and W. A. Sheppard,  J .  Org .  Chem. ,  32, 3580 (1967). 
6. M . O .  Lozinski i  and P .  S. P e l ' k i s ,  Zh. Obshch. Khim.,  32, 526 (1962). 
7. E. Z ieber ,  C.  N. Rao, C.  N. P i l l a r i ,  J .  Ramachandran ,  and R. D. Hites,  Can.  J .  Chem.,  3_6_6 , 801 (1958). 
8. P . A . S .  Smith,  Organic  React ions ,  Vol.  3 [Russian t rans la t ion] ,  IL, Moscow (1951), p. 322. 
9. M . O .  Lozinski i ,  S. N. Kukota, and P .  S. P e l ' k i s ,  Zh. Organ.  tChim., in: P r o b l e m s  of Organic Synthe- 

s i s ,  193 (1967). 
10. A . R .  Kat r i t zky ,  Phys ica l  Methods in Heterocycl ic  Chemis t ry ,  Academic  P r e s s  (1971). 
11. L.  Bel lamy,  In f r a r ed  Spect ra  of Complex  Molecules ,  Methuen (1958). 
12. M . O .  Lozinski i ,  S. N. Kukota, and P .  S. P e l ' k i s ,  Ukr .  Khim. Zh., 33, 1096 (1967). 
13. J . D .  Zander ,  J .  Chem.  Soc., 700 (1901). 
14. C.  Z iebe rmann ,  Ber . ,  1_~6, 2860 (1883). 

442 


