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T r e a t m e n t  of iodo imidazo les  with ni t r ic  acid of va r ious  concent ra t ions  r e su l t s  in r e p l a c e -  
ment  of the iodine a toms  by ni t ro groups,  including those in the 2-posi t ion,  which is  not 
act ivated towards  e lec t rophi l ic  substi tut ion in acid media .  The use of a ni t r ic  a c i d - s u l -  
fur ic  acid ni t ra t ing mix tu re  also r e su l t s  in the r e p l a c e m e n t s  of the iodine a tom in the 4(5)- 
posi t ion.  

We have desc r ibed  [1,2] some new methods for  the ni t ra t ion of imidazo les .  He re  we examine "sub-  
s t i tut ive"  ni t ra t ion in the imidazole  s e r i e s  (the IR spec t r a  of the sa l t s  of the compounds descr ibed  here  
have a l ready  been published by us [3]. P roof  of the s t r u c t u r e s  of the sa l t s  was  also given). 

Rep lacement  of halogen a toms  by the ni tro group in he t e roa roma t i c  compounds has been effected 
using va r ious  ni t ra t ing agents  (nitric acid, su l fu r i c -n i t r i c  ni t rat ing mix tu res ,  and ni t r ic  ac id-ace t ic  anhy- 
dr ide m i x t u r e s  [4-14]). 

In examining subst i tut ive ni t rat ion in the imidazo le  s e r i e s ,  we have inves t igated the action of th ree  
di f ferent  n i t r ic  acid concent ra t ions  (3, 50,and 100%), and a sulfur ic  acid-ni t r ic  acid ni t rat ing mixture ,  on 
iodo imidazo les  (as being the mos t  access ib le ) .  

No ni t ro de r iva t ive  was obtained on t rea t ing  t r i iodoimidazole  with 3 % ni t r ic  acid. 

On boiling t r i -  and t e t r a iodo imidazo les  (I and II) with 50% ni t r ic  acid, r ep lacemen t  of two of the 
iodoatoms by ni t ro  g roups  o c c u r r e d  to give the s a m e  dini t ro iodoimidazole  IV. In o r d e r  to p rove  i ts  s tuc-  
ture ,  it was  methyla ted  with dimethyl  sulfate in alkaline solution, and with d iazomethane.  In both cases ,  
methyla t ion  gave a mix tu re  of the two i s o m e r s  V and VI, one of them predominat ing.  The fo rmat ion  of 
two i s o m e r s  p r o v e s  conclus ive ly  that IV is  2 ,4(5)-dini t ro-5(4)- iodoimidazole ,  since the other  poss ib le  
i s o m e r  (2- iodo-4 ,5-din i t ro imidazole)  would have given only a single i s o m e r .  

On care fu l  heating of 2 ,4 ,5 - t r i iodo-  (I) and 1 ,2 ,4 ,5- te t ra iodoimidazole  (II) in 50% ni t r ic  acid, the in-  
t e r m e d i a t e  reac t ion  product  1 ,2 ,4 (5~- t r i iodo-5 (4? ) -n i t ro imidazo le  {III) may  be isolated,  whose s t ruc tu re  
i s  p roved  by i t s  chemica l  r eac t ions  (with p o t a s s i u m  iodide it i s  read i ly  conver ted  into 2,4 (5)-diiodo-5 (4)- 
n i t ro imidazo le  (VII), and methyla t ion of this g ives  the two i s o m e r s  VIII and IX). 

P roo f  of the s t r u c t u r e s  of the in t e rmed ia te  and final products  shows that the iodine a toms  a re  r e -  
p laced succes s ive ly  in the poly iodoimidazoles .  The f i r s t  a tom to be rep laced  is  that in the 4 (5)-position, 
followed by that in the 2-posi t ion.  

T r e a t m e n t  of 2,4(5)diiodoimidazole (X) with boiling 50% ni t r ic  acid resu l t s ,  in addition to r e p l a c e -  
ment  of the 2- iodine atom, in ni t ra t ion at the f r ee  5(4)-posi t ion (X~IV) .  
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The iodine a tom in 2,4 (5)-dini t ro-5 (4)-iodoimidazole (IV) i s  r ep laced  by the ni t ro group only on boi l -  
ing with ni t r ic  acid (d 1.5), giving the p rev ious ly  desc r ibed  [2], full ni t ra ted 2 ,4 ,5 - t r in i t ro imidazo le  (XI) in 
8"0~o yield.  When ni t r ic  acid of d 1.5 is  used, the t r in i t ro imidazo le  XI may  be obtained not only f r o m  IV, 
but a lso  f r o m  t r i iodo-  (I) and te t ra iodo imidazo le  (II), without isolat ing the l e s s  n i t ra ted  in te rmedia te  p rod-  
uc ts .  

A sulfur ic  a c i d - n i t r i c  acid ni t ra t ing mix tu re  i s  also an effect ive reagent  for  the r ep l acemen t  of the 
iodine a tom in iodo imidazo les  by the ni t ro  group.  Thus, t r ea tmen t  of a solution of I in concent ra ted  sulfuric 
acid with n i t r ic  acid (d 1.5) r e su l t ed  in r ep l acemen t  of the iodine a t o m  in the 4 (5)-position, even in the cold 
(i--~ VII). A s i m i l a r  resu l t  was  obtained when 2,4 (5)-di iodoimidazole was  t r ea t ed  with a sulfur ic  ac id-n i t r i c  
acid ni t ra t ing mix tu re  to give 2- iodo-4 (5)-ni t ro imidazole  (XII). (The p r epa ra t i on  of this compound by a -  
s i m i l a r  method was desc r ibed  in 1966 [15].) The s t ruc tu re  of this compound was  conf i rmed  by i t s  p r e p a -  
ra t ion  f r o m  2- iodoimidazole  (XIII) with a hot sulfur ic  ac id -n i t r i c  acid ni t rat ing mix ture .  Heating XII with 
the s a m e  ni t ra t ing mix tu re  at 180 ~ C gave 4 ,5 -d in i t ro imidazo le  (XIV), which was ident ical  with the c o m -  
pound which we obtained by ni t ra t ion of imidazo le  [2]. 

In o r d e r  to p rove  the s t r u c t u r e  of some  of the n i t ro iodoimidazoles ,  they were  methyla ted  with d imeth-  
yl sulfate in alkaline solution, and with d iazomethane .  According to the m e c h a n i s m  for  the methyla t ion  
of 4 (5 ) -n i t ro imidazo les  with dimethyl  sulfate in alkali  [16-18], the 4 -n i t ro  i s o m e r s  should p redomina te .  
Methylation of imidazo le s  with d iazomethane  does  not resu l t  in a definite or ienta t ion of the methyl  group 
[19]. 

Methylation of iodoni t ro imidazo les  with dimethyl  sulfate and d iazomethane  gave predominant ly  dif-  
f e ren t  p roduc ts .  

The methyla t ion  of IV, VII, and XII with dimethyl  sulfate gave p roduc t s  whose s t ruc tu re  must  be VI, 
IX~ and XV respec t ive ly ,  s ince methyla t ion of IV and VII with d iazomethane  gave main ly  those i s o m e r s  
which o c c u r r e d  only as impur i t i e s  in the dimethyl  sulfate  methyla t ion products .  T h e r e f o r e  these  i s o m e r s  
p o s s e s s  a ni t ro group in the 5-posi t ion,  and the pr inc ipa l  d iazomethane  methyla t ion  p roduc t s  of IV and 
VII mus t  be ass igned  the s t r u c t u r e s  V and VIII, r e spec t ive ly .  

C o m p a r i s o n  of the m p ' s  and ch roma tog raph ic  dis t r ibut ion coeff ic ients  (here and e l sewhere ,  r e f e r r i n g  
to thin l a y e r  ch roma tog raphy  without binders)  of the methyla t ion p roduc t s  of IV, VII, and XII, and of 4(5)- 
n i t ro imidazo le  (Table 1) also support  the s t r u c t u r e s  ass igned.  The 4 -n i t ro  i s o m e r s  have much higher 
m p ' s  and s m a l l e r  d is t r ibut ion coeff ic ients  than the 5-n i t ro  i s o m e r s .  

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

2,4(5)-Dini t ro-5 (4)- iodoimidazole (IV). A) A 1-g (2 mmole)  quantity of 2 ,4 ,5- t r i iodoimidazole  (I) 
[20] (mp 191-192 ~ C) was  added to 40 ml  of hot n i t r ic  acid ( d 1.32), and the mix tu re  was boiled until iodine 
vapo r  no longer  evolved.  The reac t ion  mix tu re  f r o m  14 r eac t i ons  was  poured into 400 g of ice,  and neu- 
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TABLE 1. 
azoles  

Comparison of the P rope r t i e s  of the Methylnitroimid- 

rap, Isomer obtained by_ meth- Isomer obtained bymerh- "C ! n~ 
n~ ~ C ylation with dimekhyl ylationwithdiazomethane mp, 

sulfate I 

0,38 134 
0,60 259--261 

0,53 216--218 

0,25 236--238 

1-Methyl-4-nitro 
1 -Methyl -2, 5-diiodo -4- 

nitro 
i -Methyl-2,4-dinitro-5- 

lode 
l-Methyl-2-iodo-4-nitro 

1 -Methyl -5 -nitro 
1 -Methyl-2,4-diiodo-5- 

nitro 
l-Methyl-2,5-dinitro-4- 

iodo 
1 -Methyl -2-iodo -5 -nitro 

3 0.60 
206 207 0.79 

113--115 0,84 

* 0.59 

* This i somer  was not obtained in the pure state.  

TABLE 2. Methylation of Iodonitroimidazoles  

ta0~ 

B 

VII A 

B 

XII B 

~ R / a  

J 

V 084 lll--ll3b 

VI 0.53. 219--221cl 

Vi! 0,79 206--208d 

0.601 259--261e 

0,25 236--238f 
I 

Molecular 
rap, ~ ' formula 

C4H3IN404 

C4H3 I2N302 

C4H4INaO~ 

Found, % Calculated. % 

c H I N C H I N 

188c 
: t:3 : 9: i ' �9 

10 341,15142 761 ] I I t 
16.29 1.1242.76 . . 

l: G:0616:52 i 

[=* 
~4 

82 

74 

85 

85 

68 

a A1203, grade II activity, benzene -me thano l  = 25: 1. b F r o m  CC14. 
c F r o m  dichloroethane,  d F r o m  b e n z e n e - p e t r o l e u m  ether  ( 3: 1). 
e F r o m  benzene, f F r o m  alcohol; l i te ra ture  mp [15], 240 ~ C. 

t ra l ized with sodium bicarbonate.  Nitric acid (d 1.32) (20 ml) was then added, and the mixture was ex- 
t rac ted  with 12 x 150 ml of ether.  The ether  ex t rac ts  were  evaporated,  and the residual  yellow c rys ta l s  of 
2,4(5)-dini tro-5(4)- iodoimidazole (IV) were  f i l tered off, washed with water,  and dried in air to give 8 g 
(80%) of product,  mp 216-218 ~ C (from water) .  Rf 0.43 ["acid ~ alumina (obtained by washing commerc ia l  
alumina with 3% HC1 and then with distilled water  until chloride ion was absent) grade II activity, benzene : 
methanol= 20 :5 ] .  Found, %: C 12.01, 12.03; H 0.99, 1.00; 1 42.10, 42.05; N 18.31, 18.22. Calculated for  
C3I-IIN 4 �9 H20 , %: C 11.94; H 1.00; I 42.02; N 18.55. IV is  readily soluble in ether and alcohol, but sparingly 
soluble in dichloroethane.  With hydroxides, carbonates ,  and bicarbonates  of the alkali metals,  readily 
water -so luble  salts  are  formed.  With imidazole,  it gives a salt, mp 252-253 ~ C (from water).  

B) A 0.8-g (1.5 mmole) quantity of 1 ,2,4,5- tetraiodoimidazole (II) [21] was introduced into 50 ml of 
ni tr ic  acid (d 1.32), and heated to boiling. Iodine was liberated, II dissolved, and a yellow precipi tate  of 
1 ,2 ,4(5?)- t r i iodo-5(4~-ni t roimidazole  (Ill) separated.  This in turn gradually dissolved. The react ion mix-  
ture was heated until iodine vapor was no longer evolved, and poured on to 20 g of ice compound. IV was 
isolated as in A) above to give 0.2 g (50%) of product,  mp 216-218 ~ C (from water).  

C) Reaction of 2,4(5)-diiodoimidazole (X) [22] (mp 180-181 ~ C) with nitric acid (d 1.32) under condi- 
tions s imi lar  to those in A) above gave IV in 40% yield, mp 216-218 ~ C (from water).  

D) A 0.43-g (1.1 mmole) quantity of 2,4(5)-di iodo-5(4)-ni troimidazole (VII) was introduced into 20 ml 
of nitric acid (d 1.32), and the mixture was heated until evolution of iodine vapor  ceased.  The react ion 
mixture was poured onto 20 g of ice, neutral ized with sodium bicarbonate,  then 1 ml of nitric acid (d 1.32) 
added, and the mixture  was extracted with 12 x 10 ml of ether.  The ether  ext rac ts  were evaporated, and 
the c rys t a l s  of IV which separated were f i l tered off, washed with water ,  and dried in air  to give 0.23 g 
(70%), mp 216-218 ~ C (from water) .  
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The identi ty of IV as  obtained in B-D above, and i t s  methyla t ion products ,  with the authentic c o m -  
pound and i ts  N-methy l  de r iva t i ve s  was  es tab l i shed  by ch roma tog raphy  and mixed mp's.A 

1 ,2 ,4(5?) -Tr i iodo-5(4?) -n i t ro imidazole  (III). A 1-g (2 mmole)  quantity of I was  mixed with 40 ml  of 
ni t r ic  acid (d 1.32), and the mix tu re  heated slowly. The solid dissolved,  the mix tu re  became  brown in col -  
or ,  and a yellow solid separa ted .  Heating was discontinued.  After  3 hr, III was  f i l t e red  off and washed 
with water ,  alcohol,  and e ther  to give 0.22 g (20%) of yel low powder,  insoluble in organic  solvents  and in 
wa te r .  It did not mel t  up to 350 ~ C, and did not ch roma tog raph  on alumina.  

2 ,4(5)-Di iodo-5(4)-n i t ro imidazole  (VII). A) A 5 .7-g  (11 mmole)  quantity of III  was  p laced in 100 ml 
of a 10% solution of p o t a s s i u m  iodide. Solution of IN was  accompanied  by the separa t ion  of iodine. The 
f i l t e red  reac t ion  mix tu re  was  ex t rac ted  with toluene until all the iodine had been removed ,  and acidified 
with dilute HC1 (1 : 1). The p rec ip i t a ted  VII was  f i l t e red  off, washed with water ,  and a i r  dr ied to give 1.9 g 
(45%), mp 225-226.5 ~ C (from dichloroethane) .  Rf  0.49 (acid alumina,  benzene : methanol  = 20 : 5). Com-  
pound, read i ly  soluble in alcohols,  mode ra t e ly  soluble in e ther  and dichloroethane,  and spar ingly  soluble 
in wa te r  and hydroca rbons .  With hydroxides,  ca rbona tes ,  and b ica rbona tes  of the alkali  me ta l s ,  it gave 
sa l t s  which were  read i ly  wa te r  soluble.  

B) To a solution of 4.46 g (10 mmole)  of I in 40 ml  of conc. H2SO 4 was  added dropwise  in the cold 
0.4 ml  (10 mmole)  of ni t r ic  acid (d 1.5). Iodine was  l ibera ted .  The mix ture  was  diluted with five t imes  
i t s  volume of ice,  and the p rec ip i t a te  of iodine and the iodoni t ro imidazole  VII was washed with po ta s s ium 
iodide solution until the iodine had been comple te ly  removed ,  then with wate r ,  and a i r  dr ied .  Yield, 2 g 
(55%) of product ,  mp 225-226.5 ~ C (from dichloroethane) ,  ident ical  by ch roma tog raphy  with the m a t e r i a l  
obtained f r o m  III, and giving no depress ion  of mp with this  m a t e r i a l .  

2 ,4 ,5 -Tr in i t ro imidazo le  (XI). A) A mix tu re  of 5 g (16 mmole)  of IV and 40 m l  of ni t r ic  acid (d 1.5) 
was  boiled for  10 rain. A prec ip i t a te  of iodic acid sepa ra ted .  The mix tu re  was poured into 100 g of ice,  
neut ra l ized  with sodium bicarbonate ,  5 ml  of ni t r ic  acid (d 1.32) was added, and it was  ex t rac ted  with 
6 x 50 ml  of e the r .  The e ther  ex t r ac t s  were  evapora ted ,  and the res idual  oil d isso lved  in 20 ml  of wate r .  
The solution was  adjusted to pH 8-9 by adding p o t a s s i u m  carbonate ,  and sa tu ra ted  with po t a s s ium chlor ide .  
The p rec ip i t a t ed  po t a s s ium sal t  of the t r in i t ro imidazo le  XI was  f i l t e red  off, washed with water ,  and dried,  
mp 232-235 ~ C (from water) .  Yield 67%. 

B) Under  conditions s i m i l a r  to those in A) above, the t r in i t ro imidazo le  XI was  obtained f r o m  I in 
26% yield,  and f r o m  II in 15% yield.  

The N-methy l  de r iva t ive  of XI was  obtained as in A) and B) and gave no dep re s s ion  of mp on mixing 
with authentic 1 - m e t h y l - 2 , 4 , 5 - t r i n i t r o i m i d a z o l e  [2]. 

2 - Iodo-4(5) -n i t ro imidazo le  (XII). A) To a solution of 3.2 g (10 mmole)  of 2,4 (5)-diiodoimidazole CA) 
in 40 ml  of conc. tI2SO 4 was  added dropwise  in the cold, 0.4 ml  (10 mmole)  of ni t r ic  acid (d 1.5). Iodine 
was  l ibe ra ted  only on decomposi t ion  of the r eac t ion  mix tu re  with ice .  The p rec ip i t a te  of XII was  washed 
with po t a s s ium iodide solution until the iodine was comple te ly  removed ,  then with water ,  and finally a i r  
dr ied  to give 1.5 g (62%), mp 277-280 ~ C (from ethanol, then dioxane). L i t e r a t u r e  mp [15], 281 ~ C. Rf. 
0.47 (acid alumina,  benzene:  methanol=  20: 5). Yellow c rys ta l l ine  solid, modera t e ly  soluble in alcohols,  
l e s s  soluble in dichloroethane,  and spar ingly  soluble in wa te r  and e ther .  T r e a t m e n t  with alkali  gave sa l t s .  

B) To a solution of 0.5 g (2.6 mmole)  of 2- iodoimidazole  (XIII) [22] (rap 135-136 ~ C) in 30 ml  of conc. 
H2SO 4 was  added dropwise  3 ml  (7 mmole)  of n i t r ic  acid (d 1.5). The reac t ion  mix tu re  was  heated to 170 ~ 
C, and poured into a f ivefold quantity of ice .  The p rec ip i t a te  of XII was  f i l t e red  off, washed with water ,  
and a i r  dr ied to give 0.25 g (40%) of product ,  mp 277-280 ~ C (from ethanol and dioxane). The XII obtained 
was  ident ical  ch roma tog raph ica l ly  with 2 - iodo-4(5) -n i t ro imidazo le  (XII) obtained f r o m  X, and gave no de-  
p r e s s i o n  of the mp when mixed with it. 

4 ,5 -Din i t ro imidazo le  (XIV). On heating XII with a sul fur ic  ac id -n i t r i c  acid ni trat ing mix tu re  [as in 
B) above] at 180 ~ C fo r  20 min, 20% of 4 ,5 -d in i t ro imidazo le  (XIV), was  obtained mp 187-188 ~ C (from wa-  
te r ) .  The identi ty of XIV with an authentic sample  of 4 ,5 -d in i t ro imidazo le  [2] was es tabl i shed by ch ro -  
ma tog raphy  and mixed rap. 

Methylat ion of the n i t ra t ion p roduc t s  was c a r r i e d  out with d iazomethane [1] (method A), and with di-  
methyl  sulfate in alkaline solution [I] (method B). The i s o m e r s  were  sepa ra ted  by f rac t iona l  c r y s t a l l i z a -  
tion. Resul ts  a re  given in Table  2. 
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