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The corresponding 5{4)-mercaptoimidazoles ,  f rom which var ious  5 (4 ) -mercap to imidazo le -  
4(5)-carboxyl ic  acid der iva t ives  were  synthesized,  were  obtained f rom the amide  and ethyl 
e s t e r  of 5 -d iazo imidazo le -4 -ea rboxy l i c  acid by substi tut ion of the diazo group. 5 -Diazo-  
imidazo le -4 -hydroxamic  acid does not undergo subst i tut ion with sodium disulfide but does 
undergo cycl izat ion to 3 -N-hydroxy imidazo [4 ,5 -d ] - l , 2 ,3 - t r i a z in -4 -one  under these  con- 
dit ions.  The kinet ics  of the cycl iza t ion of d iazoimidazoles  were  studied, and the i n t e r r e l a -  
t ionship between the s t ruc tu re  and reac t iv i ty  of the l a t t e r  was examined.  

The p re sen t  communicat ion  is devoted to the synthesis  of new analogs of 5 (4)-aminoimidazole-4(5)-  
carboxamide  containing a m e rcap t o  group in the 5 (4) posi t ion of the imidazole  r ing and carboxamide ,  ethoxy- 
carbonyl ,  carboxyl ,  and thioamide groups in the 4(5) posi t ion.  Of the methods for  the p repa ra t ion  o f imid -  
azoles [2], no data on the synthesis  of 5 (4) -mercap to imidazo les  f rom the appropr ia t e  diazo compounds a re  
avai lable .  We a t tempted to use  5 -d iazo imidazo le -4~carboxamide  (I) for  the p repa ra t ion  of 5 (4) -mercap to-  
imidazo le -4(5) -ca rboxamide  (II). A dist inctive fea ture  of o -d iazocarboxamides  of the a romat i c  s e r i e s  is 
the i r  tendency to undergo in t r amolecu la r  cycl izat ion to give condensed 1 ,2 ,3- t r iaz ines  [3]. Thus in acidic, 
neutral ,  and pa r t i cu l a r ly  rapidly in alkaline media  I is i r r e v e r s i b l y  conver ted  to imidazo[4 ,5 -d] - l ,2 ,3 -  
t r i a z in -4 -one  (IH) [4]. In this connection, one might  have a s sumed  that the synthesis  of 5 (4)-thio de r iva -  
t ives  of imidazo leca rboxamide  f rom diazoimidazole  I would not be  feas ible .  However, we have shown that 
I undergoes  substi tution in alkaline media  to give the cor responding  thio der iva t ives .  5 (4)-Ethylxanthato- 
imidazo le -4 (5) -ca rboxamide  (IV) is fo rmed  in smal l  amounts along with the in t r amolecu la r  cycl izat ion 
product  in the reac t ion  of amide  I with po tass ium ethylxanthate at 60 ~ The yield of IV inc rea se s  to 43% 
when the reac t ion  t e m p e r a t u r e  is lowered.  A mix tu re  of mercap to imidazo le  II and bis[4(5)- c a r b a m o y l -  
imidazol-5(4)-yl]  disulfide (V) is fo rmed  by saponificat ion of IV with alkali .  Chromatographica l ly  individ- 
ual H was obtained by reduction of a mix tu re  of II and V in alcohol with hydrazine  hydrate,  whereas  disul-  
fide V was obtained by oxidation of this s a m e  mix tu re  with alcoholic iodine solution. Mercapto imidazole  
II was also synthesized by another  m o r e  convenient method - by reac t ion  of d iazoimidazole  I with sodium 
disulfide [5] and reduct ion of the resul t ing mix tu re  of II and V with hydrazine hydrate .  Similar ly ,  ethyl 
5 (4) -mereap to imidazo le -4(5) -ca rboxyla te  (VII) was obtained f r o m  ethyl 5 -d iazo imidazo le -4 -ca rboxy la t e  [6]. 

Assuming that the method that we successfu l ly  used for  the synthesis  of the prev ious ly  inaccess ib le  
mercap to imidazo le  II and VI would also p rove  to be successfu l  for  the p r e p a r a t i o n  of 5 (4) -mercap to imid-  
azo le -4(5) -hydroxamic  acid, we synthesized 5 -d iazo imidazo le -4 -hydroxamic  acid (VII) by diazotizat ion of 
the corresponding amine [7]. Compound VII was isolated in the solid zwit ter ion form,  the IR spec t rum of 
which contains a band of s t re tching vibra t ions  of a diazo group at 2210-2240 cm -1 (doublet). 

* S e e  [1] for  communicat ion III.  
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Like  d i a z o i m i d a z o l e  I, VII  in a c i d i c ,  n e u t r a l ,  and a l k a l i n e  m e d i a  is  c o n v e r t e d  to the  c o r r e s p o n d i n g  c y c l i c  
d e r i v a t i v e  - 3-  N - h y d r o x y i m i d a z o [ 4 , 5 - d ] -  1,2, 3 - t r i a z i n - 4 - o n e  (VIII) - but  does  not  r e a c t  wi th  s o d i u m  d i su l f i de .  

I t  m igh t  have  b e e n  e x p e c t e d  tha t  the  r e a s o n  fo r  the  d i f f e r e n t  r e a c t i v i t i e s  of d i a z o i m i d a z o l e  I and VII 
is the  h i g h e r  r a t e  of i n t r a m o l e c u l a r  c y c l i z a t i o n  of VII a s  c o m p a r e d  with  I .  A c o m p a r a t i v e  s tudy  of the  
r a t e  of c y c l i z a t i o n  of d i a z o i m i d a z o l e s  I and VII was  m a d e  s p e c t r o p h o t o m e t r i c a l l y  at  21 ~ in 0.1 N HC1, a 
p h o s p h a t e - b o r a t e  b u f f e r  (pH 7), and 0.1 N NaOH. The  r a t e  of c y c l i z a t i o n  i s  d e s c r i b e d  by  a f i r s t - o r d e r  
equa t ion .  As  a r e s u l t  of a s tudy  of the  k i n e t i c s  of t he  r e a c t i o n  i t  was  e s t a b l i s h e d  tha t  VII  u n d e r g o e s  c y c l i z a -  
t ion  i n s t a n t a n e o u s l y  on d i s s o l v i n g  in a c i d i c  m e d i a ,  and the  r a t e  c o n s t a n t  could  not  b e  d e t e r m i n e d .  C y c l i z a -  
t i on  p r o c e e d s  s l owly  in n e u t r a l  and a l k a l i n e  m e d i a  (1.1 �9 10 -5 and 26.5 - 10 -5 s e c  -1, r e s p e c t i v e l y ) .  A d i f f e r -  
ent  m e c h a n i s m  is  o b s e r v e d  fo r  d i a z o i m i d a z o l e  h in ac id  and n e u t r a l  m e d i a  i t  i s  s lowly  c o n v e r t e d  to  c y c l i c  
compound  III (49.1 " 10 -5 and 56.6 " 10 -5 s e c  -~, r e s p e c t i v e l y )  and u n d e r g o e s  p r a c t i c a l l y  i n s t a n t a n e o u s  con-  
v e r s i o n  in  a l k a l i n e  m e d i a .  Thus  the  d e c i s i v e  f a c t o r  in the  a b i l i t y  of the  d i a z o  compound to u n d e r g o  r e a c -  
t ion  wi th  Na2S 2 i s  e v i d e n t l y  the  s t r u c t u r a l  p e c u l a r i t i e s  of d i a z o i m i d a z o l e s  I and VII r a t h e r  than  the  r a t e  of 
i n t r a m o l e c u l a r  c y c l i z a t i o n .  Compound VII  a p p a r e n t l y  e x i s t s  in n e u t r a l  and a l k a l i n e  m e d i a  in t he  z w i t t e r i o n  
f o r m ,  fo r  which  the  f o r m a t i o n  of a r e a c t i v e  c o m p l e x  with  s o d i u m  d i s u l f i d e  is  d i f f icu l t .  

We used  m e r c a p t o i m i d a z o l e s  II and VI for  the  s y n t h e s i s  of v a r i o u s  d e r i v a t i v e s  invo lv ing  the  c a r b o x y l  
g r o u p .  Thus  5 ( 4 ) - m e r c a p t o i m i d a z o l e - 4 ( 5 ) - c a r b o x y h y d r a z i d e  (IX) i s  f o r m e d  on r e f lux ing  VI in h y d r a z i n e  
h y d r a t e .  5 ( 4 ) - M e r c a p t o i m i d a z o l e - 4 ( 5 ) - c a r b o x y l i c  a c id  (XI) was  ob ta ined  by  s a p o n i f i c a t i o n  of m e r c a p t o -  
i m i d a z o l e  II  wi th  n i t r o s y l s u l f u r i c  a c i d  and r e d u c t i o n  of the  r e s u l t i n g  b i s [ 4 ( 5 ) c a r b o x y i m i d a z o l e - 5 ( 4 ) - y l ] d i -  
su l f i de  (X) wi th  h y d r a z i n e  h y d r a t e  in e thano l .  5 ( 4 ) - m e r c a p t o i m i d a z o l - 4 ( 5 ) - t h i o a m i d e  (XII) was  s y n t h e s i z e d  
by  r e a c t i o n  of I I  wi th  P2S5 in d i o x a n e .  

E X P E R I M E N T A L  

The IR s p e c t r a  of K B r  p e l l e t s  of the  compounds  w e r e  r e c o r d e d  wi th  a UR-20 s p e c t r o m e t e r .  The  UV 
s p e c t r a  of the  compounds  w e r e  r e c o r d e d  wi th  a P e r k i n - - E l m e r - 4 0 2  s p e c t r o p h o t o m e t e r .  C h r o m a t o g r a p h y  
was  c a r r i e d  out on Si lufol  UV-254 in b u t a n o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 1) (Rf) and p r o p a n o l - 0 . 2  N NH4OH 
(3 : 1) (R'f) s y s t e m s .  The  k ine t i c  c y c l i z a t i o n  c u r v e s  of I w e r e  ob ta ined  at  k 315 n m  (pH 7) and 300 nm (in 
0.1 N HC1) (at k 275 n m  f o r  d i a z o i m i d a z o l e  VII).  The  r e a c t i o n  r a t e  c o n s t a n t s  w e r e  found by  the  me thod  of 
l e a s t  s q u a r e s  wi th  an a c c u r a c y  of 5%. 

5 ( 4 ) - E t h y l x a n t h a t o i m i d a z o l e - 4 ( 5 ) - c a r b o x a m i d e  (IV). A 2 .05 -g  (15 m m o l e )  s a m p l e  of 5 - d i a z o i m i d a z o l e -  
4 - c a r b o x a m i d e  was  added  in p o r t i o n s  wi th  s t i r r i n g  at  15 ~ to  a s o l u t i o n  of 3.2 g (20 m m o l e )  of p o t a s s i u m  
e t h y l x a n t h a t e  in 25 m l  of w a t e r ,  a f t e r  which  the  m i x t u r e  was  a l l owed  to s tand  fo r  2 h. It was  then  ac id i f i ed  
to  pH 4 with  c o n c e n t r a t e d  HC1 and c o o l e d .  The  r e s u l t i n g  p r e c i p i t a t e  was  s u s p e n d e d  in 30 m l  of r e f l u x i n g  
T H F ,  and the  i n s o l u b l e  p o r t i o n  was  r e m o v e d  by  f i l t r a t i o n .  The  f i l t r a t e  was  v a c u u m  e v a p o r a t e d  to a m i n i -  
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mum volume, and the resulting precipi tate  was removed by fil tration and dried over lo205 to give 1.5 g 
(43%) of a product with mp 155 ~ (from THF), Rf 0.84, and R ' f  0.75. Found: C 36.8; H 4.2; N 18.5; S 27.5%. 
CTHoN30282. Calculated: C 36.4; H 3.9; N 18.2; S 27.7%. 

The THF-insoluble precipi tate  was crysta l l ized f rom water  to give a product with mp 210 ~ and R ' f  
0.20. This product  was identical to the imidazo[4 ,5-d] - l ,2 ,3 - t r i az in-4-one  obtained by the method in [4]. 

5(4)-Mercaptoimidazole-4(5)-carboxamide (II). A) A solution of 0.3 g (1.3 mmole) of IV in 5 ml of 
10% NaOH was refluxed for 1 h, after  which it was cooled and acidified to pH 3 with concentrated HC1. The 
resulting precipi ta te  was removed by filtration to give a mixture of II and disulfide V. The mixture was 
suspended in 5 ml of absolute ethanol, 0.1 ml of.hydrazine hydrate was added, and the mixture was refluxed 
for 30 rain. It was then cooled, and the precipi tated l ight-yellow crys ta ls  of II were removed by filtration 
to give 0.08 g (43%) of a product with mp 310 ~ Rf 0.39, and R ' f  0.62. Found: C 33.7; H 3.7; N 29.6; S 22.4%. 
C4HsN3OS. Calculated: C 33.6; H 3.5; N 29.4; S 22.4%. UV spectrum (in water), )`max, nm (log e): 265 
(3.86) and 293 (3.93). 

B) A 1.33-g (9.3 mmole) sample of diazoimidazole I was added with s t i r r ing at 13 ~ to a freshly p r e -  
pared solution of 2.68 g (10.3 mmole) of Na2S 2 �9 9H20 and 0.33 g (10.3 mmole) of sulfur in 10.6 ml of water,  
after  which the react ion mixture was allowed to stand for  2 h. It was then acidified to pH 3 with concen- 
t rated HC1, and the result ing precipi tate  was removed by fil tration and crysta l l ized f rom water  to give a 
mixture of II and V. The mixture was reduced with hydrazine hydrate to give a compound indentical to 
that described in experiment A. The yield was 0.75 g (53%). 

Bis[4(5)-carbamoyl-5(4)imidazolyl]  Disulfide (V). A 10% ethanol solution of iodine was added drop- 
wise with s t i r r ing  to a suspension of 0.4 g of a mixture of II and V in 30 ml of ethanol until the added iodine 
solution was no longer decolorized,  after which the mixture was allowed to stand at room tempera ture  for 
12 h. The result ing precipi tate  was removed by fi l tration and washed success ively  with water,  alcohol, 
and ether to give 0.38 g (95%) of a product with mp 300 ~ Rf 0.13, and R ' f  0.55. Found: C 33.5; H 2.9; S 
22.2z/0. CsHsN~O2S2. Calculated: C 33.8; H 2.8; S 22.5%. UV spect rum (in water), )`max, nm (log e): 202 
(4.26) and 250 (4.04). 

Ethyl 5(4)-Mercaptoimidazole-4(5)-carboxylate {VI). Method B for  the prepara t ion  of II was used 
to obtain this compound from ethyl 5-diazoimidazole-4-carboxylate ,  which was synthesized by the method 
in [6]. The yield of product  with rap 138-139 o (from water), Rf 0.59, and R ' f  0.57, was 45%. Found: N 16.3; 
S 18.6%. C6HsN202S. Calculated: N 16,3; S 18.6%. UV spect rum (in water), )'max, nm (log e): 270 (3.73) 
and 300 (3.90). 

5(4)-Mercaptoimidazole-4(5)-carboxyhydrazide (IX). A 0.4-g (2.32 mmole) sample of VI was re -  
fluxed in 4 ml of hydrazine hydrate for 3 h, after  which the mixture was vacuum evaporated to dryness,  
and the residue was dissolved in 5 ml of water.  The aqueous solution was acidified to pH 4 with concen- 
t rated HC1, and the result ing precipi tate  was removed by fil tration to give 0.3 g (82%) of a product with 
rnp 250-253 ~ (from water), Rf 0.43, and R ' f  0.60. Found: C 30.6; H 4.1; N 35.5; S 20.5%. CaH6NaOS. Cal- 
culated: C 30.4; H 3.8; N 35.5; S 20.2%. UV spectrum (in water), )`max, nm (log e): 263 (3.71) and 295 
(3.92). 

Bis[4(5)earboxy-5(4)imidazolyl] Disulfide (X). A solution of 3 g (43.5 mmole) of NaNO 2 in 10 ml of 
water,  was added in portions with vigorous s t i r r ing  at 20 ~ (under the l ayer  of the react ion mixture) to a 
solution of 4.65 g (32.5 mmole) of mercaptoimidazole  II in 26.8 ml of concentrated tt2SO 4. After  all of the 
ni trate had been added, the mixture was heated on a boi l ing-water  bath for 2 h. It was then cooled and 
poured over  130 g of ice. The result ing precipi tate  was removed by filtration and washed with water  and 
alcohol to give 4.45 g (96%) of a product with rap 190-191 ~ (from water), Rf 0.12, and R ' f  0.28. Found: 
C 33.7; H 2.4; N 19.5; S 22.2%. CsH6N404S 2. Calculated: C 33.6; H 2.1; N 19.6; S 22.2%. UV spect rum 
(in water), )`max, nm (log e): 206 (4.22) and 246 (3.89). 

5(4)-Mereaptoimidazole-4(5)-carboxylic Acid (X-I). A 2.3-g (8 mmole) sample of disulfide X was 
added in portions at 30 ~ to a solution of 3 ml of hydrazine hydrate in 5 ml of ethanol, after  which the mix-  
ture was allowed to stand for 4 h. Ethanol (30 ml) was added, and the mixture was cooled to 0 ~ The re -  
sulting res in  was t r i turated with absolute ethanol, and the solid mater ia l  was removed by fil tration and 
crystal l ized f rom water  acidified to pH 5 to give 1.5 g (65%) of product with mp 115 ~ Rf 0.20 and R ' f  0.89. 
Found: C 33.5; H 3.0; N 19.7; S 22.4%. C4H4N202S. Calculated: C 33.3; H 2.8; N 19.5; S 22.2%. UV spec-  
t rum (in water), )`max, nm (log ~): 266 (3.88) and 295 (3.89). 
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5(4) -Mercapto imidazole-4(5) - th ioamide  (XII). A 2.33-g (10.5 mmole)  sample  of P2S5 was added with 
vigorous s t i r r i ng  at 60 ~ to a suspension of 1 g (7 mmole)  of II in 50 ml of dioxane, a f t e r  which the mix ture  
was ref luxed with s t i r r i ng  for  4 h. It was then vacuum evapora ted  to a min imum volume, and the res idue 
was dissolved in 200 ml of boiling wate r .  The solution was decolor ized with charcoal  and vacuum evapo-  
ra ted to a volume of 15 ml.  The p rec ip i t a t e  that fo rmed  on cooling of the solution was removed  by f i l t r a -  
tion and c rys t a l l i zed  f r o m  wa te r  to give 0.48 g (43%) of a product  with mp 248-249 ~ Rf 0.82 and R ' f  0.90. 
Found %: C 29.9; H 3.2; N 26.5; S 40.4%. C4HsN~S 2. Calculated: C 30.2; H 3.1; N 26.4; S 40.3%. UV spec-  
t r um (in water) ,  Xma x, nm (log e): 214 (4.22), 273 (3.87), and 352 (4.30). 

5 -Diazo imidazo le -4 -hydroxamic  Acid (VII). A solution of 1.60 g (8.95 mmole)  of 5(4)-amtnoimid-  
azo le -4 (5) -hydroxamic  acid hydrochlor ide  [7] in 11.1 ml  of 1 N HC1 was added gradual ly  with s t i r r ing  at 
- 3  ~ to a solution of 1.11 g (15.4 mmole)  of sodium ni t r i te  in 18 ml of water ,  a f t e r  which the mixture  was 
allowed to stand fo r  15 rain. It was then cooled, and the resul t ing p rec ip i t a te  was r emoved  by f i l t rat ion 
and washed succes s ive ly  with water ,  a smal l  amount of ethanol, and e the r  to give 1 g (69%) of a product  

" 2 ~ " wtth mp 61 (dec. exploslvely) .  Found: C 30.0; H2.3 ;  N43.1%~: C4H3N502"0.SH20. Calculated: C 29.7; 
H 2.5; N 43.2%. IR spec t rum,  cm- l :  1729 (C =O); 2210, 2240 (N= N). UV spec t rum (in water) ,  kma x, mm 
(log ~): 224 (4.24) and 323 (3.67). 

3 -N-Hydroxy t m i dazo [4 ,5 -d ] - l , 2 , 3 - t r i a z in -4 -one  (VIII). A) A 0.5-g (3.27 mmole)  sample  of diazoimid-  
azole VII was added with s t i r r ing  to 40 ml  of 1 N HC1, a f t e r  which the mix tu re  was allowed to stand at room 
t e m p e r a t u r e  for  2 h. Concentrated HC1 (30 ml) was added, and the resul t ing p rec ip i t a t e  was removed  by 
f i l t ra t ion and washed success ive ly  with water ,  alcohol,  and e ther  to give 0.2 g (42.3~) of a product  with mp 
270 ~ (dec. explosively)  and Rf 0.20. Found: C 31.2; H 2.0; N 46.0%. C4HaNsO 2. Calculated: C 31.4; H 2.0; 
N 45.8%. IR spec t rum:  1742 cm -~ (C =O). UV spec t rum (in water) ,  ~'max, nm (log ~): 224 (4.29), 275 (3.52), 
and 332 (3.63). 

B )  A 1-g (6.54 mmole)  s ample  of d iazoimidazole  VII was added with s t i r r ing  at 15 ~ to a f r e sh ly  p r e -  
pa red  solution of 1.82 g (7 mmole)  of sodium sulfide and 0.224 g (7 mmole)  of su l fur  in 8 ml of water ,  a f te r  
which the mix tu re  was allowed to stand for  1 h. It was then heated to 50 ~ acidified to pH 7 with concen-  
t ra ted  HC1, and cooled. The resul t ing p rec ip i t a t e  was removed  by f i l t ra t ion and c rys ta l l i zed  f r o m  wa te r  
to give 0.5 g (53%) of product .  The product  was identical  to the product  descr ibed  in exper iment  A. 
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