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4(5)-Sulfonyl chlor ides ,  which were  conver ted  to the cor responding  sulfamoyl  der iva t ives ,  were 
obtained f r o m  the amide and ethyl e s t e r  of 4 (5 ) -mercap to imidazo le -5 (4 ) -ca rboxy l i c  acid by oxida-  
t ive chlorinat ion.  The azide of 4(5) -su l famoyl imidazole-5(4)carboxyl ie  acid was synthes ized 
through 4(5) - su l famoyl imidazo le -5(4) -earbexylhydraz ide ,  and its convers ion  in var ious  media  to 
5(4) -aminoimidazole-4(5) -su l fonamide  der iva t ives  and to 3 ,4 -d ihydro -3 -oxo imidazo[4 ,5 -e ] - l , 2 ,4 -  
thiadiazine 1,1-dioxide was studied. 

The synthes is  of 5(4) -aminoimidazole-4(5)-su l fonamide  (I) and its acyl der iva t ives ,  which are  analogs 
of the biosynthet ic  p r e c u r s o r  of pur ines  5(4) -aminoimidazole -4(5) -carboxamide  (AICA), has been the goal of 
a number  of  studies [2-4]; however ,  all a t tempts  to obtain these  imidazolesul fonamides  have given negative 
resu l t s .  The p resen t  communicat ion  is devoted to the study of a new method for  the synthesis  of the prev ious ly  
inaccess ib le  der iva t ives  of I.  

We synthes ized  the cor responding  sulfonyl chlor ides  (IIIa, b) by oxidative chlorinat ion of the e s t e r  and 
amide (Ha, b) [5] of 4 (5 ) -mercap to imidazo le -5 (4 ) -ca rboxy l i e  acid; the IR s p e c t r a  of IIIa,  b contain intense bands 
of s y m m e t r i c a l  and a s y m m e t r i c a l  s t re tching v ibra t ions  of the SO 2 group at 1172, 1368, and 1179, 1367 cm -l ,  
r e spec t ive ly .  Ethyl 4 (5) - su l famoyl imidazo le -5(4) -ca rbexyla te  (IVa) and 4 (5 ) - su l f amoyl imidazo le -5 (4 ) -ca r -  
boxamide (IVb) were  obtained by reac t ion  of IIIa, b with ammonia .  Sulfonamide IVa was conver ted  to 4(5)- 
su l famoyl imidazo le -5 (4) -ca rboxyl ie  acid hydrazide (V) by refluxing with hydrazine hydrate;  we were  also able 
to synthesize  V f rom IVd by t r ansamina t ion  of the carboxamide  group with hydrazine.  Reaction of ca rboxy-  
hydrazide V with ni t rous acid gave the azide (VI) of 4 (5) -su l famoyl imidazole-5(4) -carboxyl ic  acid, the IR spec -  
t r u m  of which contains an intense band of an N S group of 2176 c m  -1. We used  azide VI as the key compound 
for  the synthes is  of labeled analogs of AICA via  the Curt ius react ion.  

Thus,  when VI was ref luxed in absolute ethanol,  it was conver ted  to 5(4) -e thoxycarbonylamidoimidazole-  
4 (5)-sulfonamide (VII), which w as conver ted  to the eo r r e  spending 5 (4)- (3-methylure  ido)- and 5 (4)- ( 4 - semi -  
ca rbaz ido) tmidazole -4(5) -su l fonamides  (VHI, IX) by reac t ion  with methylamine and hydrazine hydrate .  De- 
composi t ion of azide VI in wa te r  o r  in aqueous dioxane and toluene leads to the format ion  of s y m m e t r i c a l  u r e a  
der ivat ive  5 ,5 ' (4 ,4 ' )~ureylenebis [ imidazole-4(5)-su l fonamide]  (X). We were  unable to isolate the corresponding 
isocyanate  der ivat ive  of imidazole  by refluxing VI in anhydrous solvents  (dioxane, toluene, and ni t romethane) ,  
and the final product  in all cases  was 3 ,4-d ihydro-3-oxoimidazo[4 ,  5 -e ] - l ,2 ,4 - th iad iaz ine  1,1-dioxide (XI). The 
IR s p e c t r u m  of the l a t t e r  contains bands of s t re tching v ibra t ions  of a CO group at 1682 cm -1 and of an NH 
group at 3090, 3140, and 3360 em-1; the band of v ibra t ions  of the N =C =O group at 2240-2275 em - i  is absent.  
(See equation following page).  

Attempts to effect  the hydro lys i s  of VII, X, and XI under  var ious  conditions by means of HC1, NaOH, and 
Ba(OH) 2 in o r d e r  to synthesize unsubst i tuted amine I were  unsuccessfu l ,  and only destruct ion of the s ta r t ing  

* See [1] for communicat ion V. 
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compounds was observed.  As seen f rom Table 1, the frequency of the symmet r i ca l  vibrations of the SO 2 group 
is found at 1152-1170 cm -1 in the IR spec t ra  of synthesized sulfonamides IV-X[. The range of the frequency of 
the asymmet r ica l  vibrations is 1310-1325 cm -l, but the corresponding vibrations appear 50 cm -1 higher in the 
spec t rum of cyclic sulfonamide X[. 

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

The IR spec t ra  of potass ium bromide pellets of the compounds were recorded  with a UR-20 spec t rometer .  
The UV spec t ra  were recorded  with a P e r k i n - E l m e r  402 spectrophotometer .  Chromatography was ca r r i ed  
out on Silufol UV-254 in bu tano l -ace t i c  a c i d - w a t e r  (4 : 1 : 1) Rf and p ropano l -0 .2  N NH4OH (R'f) sys tems .  
The physical  constants,  yields, and resul ts  of analysis of the compounds are presented in Table 1. 

4(5)-Chlorosulfonyl imidazole-5(4)-carboxylic  Acid Ethyl Es te r  and Amide (IIIa, b). Chlorine was bub- 
bled with s t i r r ing  at - 2  ~ through a suspension of 27,0 mmole of mercaptoimidazole  IIa or  IIb in 33 ml of 1 N 
HC1, and the precipi tated sulfonyl chloride was removed by filtration, washed with water  and ethanol, and 
dried over  P205. 

4(5)-Sulfamoylimidazole-5(4)-carboxylic  Acid Ethyl Es te r  and Amide (IVa, b). An 8.05-mmole sample 
of sulfonyl chloride IIIa o r  IIIb was added to with s t i r r ing  at 0 ~ to 10 ml of concentrated NH4OH, and the mix-  
ture was vacuum evaporated to dryness .  Water  (5 ml) was added to the residue, and the mixture was acidi- 
fied to pH 3 with concentrated HC1. The precipitate was removed by fil tration and crysta l l ized f rom water.  

4(5)-Sulfamoylimidazole-5(4)-carboxylic  Acid Hydrazide (V). A) A solution of 0.32 g (1.46 mmole) of 
IVa in 5 ml of hydrazine hydrate was refluxed for 3 h, after  which it was vacuum evaporated to dryness .  
The residue was dissolved in 4 ml of water,  and the solution was acidified to pH 4 with concentrated HCI 
and cooled. The resul t ing precipitate was removed by fil tration to give 0.24 g (80.1%) of V. 

B) A 3.1-g (14.9 mmole) sample of IVb was refluxed in 25 ml of hydrazine hydrate for 4 h, and hydra-  
zide V was isolated as in method A. The yield was 2.8 g (88.9%). 

4(5)-Sulfamoylimidazole-5(4)-carboxylic  Acid Azide (VI). A solution of 0.22 g (3.19 mmole) of sod- 
ium nitrite in 3 ml of water  was added gradually with s t i r r ing  at - 3  ~ to a solution of 0.6 g (2.92 mmole) 
of V in 6 ml of 1 N HC1, and the mixture was allowed to stand for  15 min. The precipitate was removed by 
fi l trat ion and washed with water,  alcohol, and ether  to give 0.55 g of VI. 

5(4)-Ethoxycarbonylamidoimidazole-4(5)-sulfonamide (VII). A 1.5-g (6.95 mmole) sample of VI was 
refluxed in 60 ml of absolute ethanol for 3 h, after which the mixture was vacuum evaporated to dryness ,  
and the residue was crys ta l l ized  f rom water to give 1.17 g of VII. 

5(4)-(3-Methylureido)imidazole-4(5)-sulfonamide (VIII). A solution of 0.45 g (1.95 mmole) of VI in 
45 ml of ethanol sa turated at 0 ~ with methylamine was heated in a sealed tube to 145 ~ and maintained at 
this t empera ture  for 5 min. It was then cooled and vacuum evaporated to dryness .  The residue was 
c rys ta l l ized  f rom water  acidified to pH 4. The yield was 0.26 g. 

5(4)-(4-Semicarbozido)imidazole-4(5)-sulfonamide (IX). A 0.2-g (0.86 mmole) sample of VI was heated 
in 5 ml of hydrazine hydrate on a boi l ing-water  bath for 1.5 h, after which it was vacuum evaporated to d ry -  
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ness .  The res idue was dissolved in 3 ml  of water ,  and the solution was acidified to pH 5 with concent ra ted  
HC1 and cooled. The prec ip i ta te  was r em oved  by f i l t ra t ion and c rys t a l l i zed  f r o m  water .  The yield was 0.1 g. 

5 ,5 ' (4 ,4 ' ) -Ureylenebis [ imidazole-4(5)  s ulfonamide] (X). A 0.21-g (0.97 mmole)  sample  of VI was refluxed 
in 10 ml  of 80% dioxane or  wa te r  for  10 min, a f ter  which the mixture  was vacuum evapora ted  to dryness ,  and 
the res idue  was c rys t a l l i zed  f rom water .  The yield was 0.11 g. 

3 ,4-Dihydro-3-oxoimidazo[4 ,  5 -e ] - l , 2 ,4 - th i ad iaz ine  1,1-Dioxide (XI). A 1-g (4.63 mmole)  sample  of VI 
was added in port ions to 10 ml  of refluxing pyridine,  and the mixture  was allowed to stand for  5 min. It was 
then cooled and t r e a t ed  with 10 ml  of ethanol,  and the resul t ing  prec ip i ta te  was removed  by f i l t ra t ion and c r y s -  
ta l l ized  f r o m  wate r  acidified to pH 4. The yield was 0.7 g. 
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1 , 4 - D I A Z  A B I C Y C  LO [ 2 . 2 . 2  ]OC T A N E  S 

HI* .  SYNTHESIS AND PROPERTIES OF 1,4-DIAZABICYCLO[2.2.2] 

OC TANE-2-C ARBOXYLIC ACID BIS (METHYLBROMIDE) 
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1 ,4-Diazabicyc lo[2 .2 .2]oc tane-2-carboxyl ic  acid bis(methylbromide) ,  which is readi ly  conver ted  
with split t ing out of hydrogen bromide to the cor responding  qua te rna ry  betaine, was synthesized.  

1 ,4-Diazabicyc lo[2 .2 .2]oc tane-2-carboxyl ic  acid der iva t ives  are of in teres t  in connection with the p h a r -  
maco log ica l  act iv i ty  of the cor responding  deaza  analogs - qu inucl id ine-2-carboxyl ic  acid der iva t ives  and p r i -  
ma r i l y  diokhin (diethylaminoethyl quinucl id ine-2-carboxyla te  dimethiodide).  Moreover ,  1 ,4-diazabicyclo[2.2.2]-  
oe t ane -2 -ea rboxy l i c  acid and its der iva t ives  are unknown, and a t tempts  to obtain them have been u n s u c c e s s -  
ful: i n t r amolecu la r  f ragmenta t ion  occu r s  during the synthesis  through 4- ( f i , f i -d ie thoxycarbonyle thyl )p ipera-  
zincs [2, 3], 1 ,1 ,4 ,4 - te t ramethy lp iperaz in ium bromide is fo rmed  in reac t ions  of 1 ,4-dimethylpiperaz ine  with 
methyl  ot , /3-dibromopropionate  or  o~,/?-dibromopropionitr i le  [4], and monothiooxalic acid bis (N-methylp iper -  
azide) is obtained in the synthesis  f r o m  3- (N-methylp iperaz inyl )propionic  acid through its o~-bromo der ivat ive .  

Our expe r imen t s  on the condensation of p iperaz ine  with diethyl aeety lenedicarboxyla te  also gave neg-  
at ive resu l t s .  Instead of the bicycl ic  der iva t ive  we obtained a mix tu re  of products ,  f rom which we isola ted  1- (~,fl- 
d ie thoxycarbonylethylene)piperazine ( I )and  1,4-bis(o~,fi-diethoxycarbonylethylene)piperazine (II). 

* See [1] for  communicat ion II. 
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