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I M I D A Z O L E S  IN T H E  H E T A R Y L A T I O N  R E A C T I O N  

A .  K .  S h e i n k m a n ,  T .  V.  S t u p n i k o v a .  
N. A .  K l y u e v ,  L .  Y u .  P e t r o v s k a y a ,  
a n d  V.  G.  Z h i l ' n i k o v  

UDC 547.78.751'785.5 

Indoles and p y r r o l e  were  subjected to hetaryla t ion with imidazole  and benzimidazole  in the 
p r e s e n c e  of aliphatic,  a romat i c ,  and he te roa romat ic  carboxyl ic  acid ch lor ides .  The resu l t -  
ing N,N ' -d iacy l imidazol iny l -  and N,N' -d iacylbenzimidazol inyl indoles  were  conver ted to 
2- (3 ' - indolyl)-  1 ,3-d iacyl imidazol ium and N,N ' -d iacy lbenz imidazol ium sal ts  by the action 
of t r i ty l  pe r ch lo ra t e .  

Until recent ly  the d i rec t  he tary la t ion  of nucleophilic organic  compounds was poss ib le  only by means  of 
N-he te roa romat i c  anion radica ls  [1] or  N-acylpyr id in ium [2] or  N-alkoxypyridinium [3] and benzopyridinlum 
sal ts  in situ. The behav ior  of azoles  in these  react ions  has not been studied sys temat ica l ly ,  although the p r e s -  
ence of a "pyridtne" ni t rogen a tom in the ring and the ability to f o r m  N-acyl  sa l ts  on reac t ion  with acylat ing 
agents [4] have made it poss ib le  to cons ider  the poss ibi l i ty  of the use of these  he te rocyc les  also in he tary la t ion  
react ions [2]. 

The react ion  of benzimidazole  with nucleophiles in the p r e sence  of acylat ing agents was studied by Gern-  
g ross  in 1913 [5]. Bergman  [6], who obtained hetary la t ion  products  r a t he r  than acylat ion products  in a t tempts  
to acylate  indole with N-acety l imidazole ,  a lso recent ly  repor ted  the poss ibi l i ty  of using azoles  in the he ta ry la -  
lion react ion.  Independently of him and a lmos t  s imultaneously,  in a continuation of our s y s t e m  studies of the 
behav ior  of N-he t e r oa rom a t i c  s y s t e m s  in the he tary la t ion  reac t ion  in the p r e s e n c e  of acyl halides, we also ob- 
served the poss ib i l i ty  of the use  of imidazole,  benzimidazole ,  and per imidine  in it [7]. However,  up until now 
the conditions for  he tary la t ion  by N-acyl  sa l ts  of imidazoles  and the physica l  constants  of the resul t ing com-  
pounds have not been indicated in the l i t e ra tu re ,  including the communica t ions  mentioned above [6, 7]. Rigorous 
proof  of the i r  s t ruc tu re s  has also been lacking. In the p resen t  communicat ion  we examine in detail  the he ta ry la -  
tion of indoles by N-acyl imidazol ium and benztmidazol ium sal ts  in s i tu.* 

We obtained N,N ' -d iacy l imidazo l iny l -  and N,N'-diacylbenzimidazol inyl indoles  (II) (Table 1) by reac t ion  
of imidazole  and benzimidazole  with [ndoles in the p r e sence  of aliphatic,  a romat ic ,  and he terocycl ic  carboxyl ic  
acid chlor ides .  Indoles II a re  evidently formed as a resu l t  of a t tack on the indole r ing by the in te rmedia te ly  
fo rmed N,N' -d iacy l imidazol ium and benzimidazol ium cations (I) via the following scheme:  

*We will separa te ly  r epor t  the poss ib i l i t i es  of the use of other azoles  and per imid ine  in this react ion.  

Donetsk State Univers i ty ,  Donetsk 340055. Trans la ted  f r o m  Khimiya Getero ts ik l ichesk ikh  Soedinenii, 
No. 2, pp. 238-247, February ,  1977. Original a r t i c le  submit ted December  30, 1975; revis ion  submit ted May 
13, 1976. 
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The fo rmat ion  of s a l t s  of the I type as i n t e r m e d i a t e s  is  conf i rmed by the fact  that  II a r e  a l so  obtained under  
s i m i l a r  condit ions when imidazo le  is  r ep l aced  by N-acy l imidazo le .  N ,Nt -Diacy l imidazo l ium sa l t s  I cannot be 
i so la ted  because  of t h e i r  e x t r e m e l y  low s t a b i l i t i e s .  However,  we obtained sa l t s  of this type (Table 2) s tab i l i zed  
by an indole f r agment  in the 2 pos i t ion  of the [midazol ium cat ion III by the act ion of t r iphenylmethyl  p e r c h l o r a t e  
on imidazo l iny l indo le  II. In th is  c a se  d iphenyl (3- indoly l )methanes  {IV), which we obtained by an independent 
method,  a r e  fo rmed  as  s ide  p roduc t s .  

We proved  the s t r u c t u r e s  of N,N)-d iaey l imidazo l iny l  - and N,NV-diacylbenzimidazol inyl indoles  II by PMR, 
IR, and m a s s  spec t ro scopy .  In p a r t i c u l a r ,  the absence  in the IR s p e c t r a  of IIa, e, h, m ER r =CH 3) of an a b s o r p -  
t ion band of an NH group at 3200-3500 cm -1 cons t i tu tes  evidence for  the addit ion of two acyl  r e s idues  to the 
n i t rogen  he t e roa toms  of the  imidazo l ine  r ing and excludes  s t r u c t u r e s  with an open imidazo le  r ing of the V o r  
VI type,  in which t h e r e  is  a f r ee  NH group.  

C O R  
I 

V Vl I~l 

The pos i t ion  of the uCO carbonyl  band (1650-1660 cm -1) a l so  indica tes  the p r e s e n c e  of an amide  r a t h e r  than a 
ketone grouping.  We made the a s s ignment  of the remain ing  bands, which conf i rm the s t r u c t u r e s  of the com-  
pounds obtained,  on the bas i s  of a study of the IR s pe c t r a  of the compounds in var ious  so lvents .  F o r  the com-  
p le te  a s s i gnmen t  of the absorp t ion  bands of the C =O and C - N  groups we used the p o s s i b i l i t y  of the format ion  
of hydrogen bonds of compounds of this  type with a p o l a r  solvent~ It is  known that  a shift  in vCO of 10-40 cm -1 
to the l ower - f r equency  region  occurs  in the s p e c t r a  of both p r i m a r y  and secondary  amides  during the f o r m a -  
tion of hydrogen bonds,  while vC_ N is lowered  by the same value to the h igh-f requency reg ion  [8]. The s p e c t r a  
of al l  of the compounds in solvents  with d i f fe ren t  p o l a r i t i e s  - ca rbon  t e t r aeh lo r ide ,  ch loroform,  n-butyla lcohol ,  
and t e t r a h y d r o f u r a n  (THF) - w e r e  r eco rded .  It was found that a shift  of 20-30 cm -1 (from 1670-1690 to 1650- 
1660 cm -1) of the absorp t ion  band of the C = O group to the low-frequency reg ion  occurs  when the m o r e  p o l a r  
ch lo ro fo rm is used,  and an addi t ional  shif t  of 10-20 cm -1 (to 1630-1650 cm -i)  of VCQ o c c u r r e d  on pas s ing  f rom 
ch lo ro fo rm to n-buty l  a lcohol .  Cor responding ly ,  the vCN band is shifted 15-30 cm -1  (from 1380 to 1410 cm -1) 
to the h ighe r - f r equency  region  on pas s ing  f rom CC14 to ch lo roform.  The highest  f requenc ies  of the carbonyl  
group and the lowest  f requenc ies  of the C - N  bond were  observed  in dilute CC14 solut ions;  this  is  due to the 
absence  of i n t r a m o l e c u l a r  and i n t e r m o l e c u l a r  hydrogen bonds and of hydrogen bonds with the solvent.  The 
same  f requenc ies  of the C =O and CN groups  we re  a l so  observed  in the spec t rum of a concent ra ted  solution in 
THF, and this is  a l so  expla ined by the absence  o f i n t r a -  and i n t e r m o l e c u l a r  hydrogen bonds owing to the fact  that  
the N - H  group of the indole r ing is t ied up comple te ly  by a hydrogen bond with the solvent .  The band of C4=C 5 
s t re tch ing  v ibra t ions  (1610-1620 cm -1) of the imidazol ine  r ing was identif ied f rom the absence  of a solvent  
effect on the f requency  of i ts  absorp t ion  and a l so  by compar i son  with the IR spec t rum of a genuine sample ,  which 
does not contain th is  band. This  band is absen t  in the s pe c t r a  of benz imidazol ine  de r i va t i ve s .  The PMR spec-  
t r a  of imidazo l ine  de r iva t ives  I Ia -c  contains  s ing le t s  of methyl  groups of ace ty l  r e s idues  at  6 2.10 ppm. The 
s ignals  of the H2, H4, and H s p ro tons  of the imidazo l ine  r ing and the indole pro tons  fo rms  a complex  mul t ip le t  
at 6 6.9-8.5 ppm, f rom which the H 2 s ingle t  o f t h e i m i d a z o l i n e  f ragment  at 6 6.9 ppm and lndole N--H bonds at  
12.05 ppm can be i so la ted .  The PMR s p e c t r a  of benz imidazo le  de r iva t ives  I I / - o  a l so  conf i rm the i r  s t r u c t u r e s .  
Thus the s ignal  c h a r a c t e r i s t i c  for  the pro tons  of the N-methylene  group is not obse rved  in the  PMR spec t rum 
of [I / ,  and this  would const i tu te  evidence in f avo r  of the open form (VI) of the synthes ized  compounds.  We a s -  
s igned the two s ingle ts  with chemica l  shif ts  6 2.20 and 6.00 ppm to the resonance  of the pro tons  of two methyl  
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groups bonded to the carbonyl  group and o n e  H 2 methylidyne proton, respec t ive ly .  This ass ignment  is conf i rmed 
by the integral  intensi ty rat io  (6 : 1). [naddttion, it follows f rom the PMR s p e c t r a t h a t  the a r e a  of t heb road  signal in 
the region of the proton of the NH group co r re sponds  to one proton r a the r  than to two protons ,  as would be expected for  
the open fo rm (VI) of these compounds.  A 11 nine of the a romat i c  protons of the ary l  port ion of the molecule  give a 
complex mult iplet  at 6 6.75-8.05 ppm. 

The s t ruc tu re s  of the [midazole  and benzimidazole  der iva t ives  of indoles a r e  also conf i rmed by the i r  m a s s  
spec t r a .  The f ragmenta t ion  of the m o l e c u l a r  ions of these compounds p roceeds  ex t r eme ly  specif ical ly ,  and this 
makes  it poss ib le  to eas i ly  in te rp re t  each f r agmen t  that makes  up the s ta r t ing  molecule .  In the genera l  case  
the c h a r a c t e r  of the f ragmenta t ion  of 1 ,3 -d iacy l~2(3 ' - indoly l ) - l ,2 -d ihydro imidazoles  t I a -k  is i l lus t ra ted  by the 
following scheme (in the case of IId): 

COC6H5 7 +- COC6H= 
I I 

§ 
COC6H 5 H H 

M �9 393 ( 11.2 ) / 288 ( 6.1 } 

C,H,CO-N:HC " ~H 

117(2,6) ' H N ~ I  ~ H $ H 248 (4.0) 288 (6.1 ) 

-HCN 
~ - 1 4 : .  ~ CsHhCO--N=CHx~ 

129(5.3) 221 (3.2) 

As seen from the above scheme, the fragmentation of the molecular ion can be realized via three path- 
ways:  1) c leavage of the labile  amide  bond leads to the appearance  in the m a s s  spec t r a  of ion peaks  w i t h m a s s e s  
105 and 238 with the s t ruc tu res  of the benzoyl and 1-benzoyl -2-  (3 ' - indolyl) imidazolyl  cation: 2) c leavage of the 
in te rannular  bond is accompanied by migra t ion  of a hydrogen atom, and this leads to the format ion  of a pseudo-  
m o l e c u l a r  ion with the [ndole s t ruc tu re  (m/e  117); 3) dest ruet ion of the imidazol ine ring leads to the fo rmat ion  
of an ion peak with m a s s  129, evidently with a quinoline s t ruc tu re  {because of expansion of the p y r r o l e  ring in 
the indole f ragment) .  

R ]+. 
I 

(RI4- H ) �9 
~ (2,3 }7,1 ;1.1 ; 1,6) 

(1,4 16,1 ~2.9 ;6,5 1~1 

( 9.8 ; 6,3 ; 26,g ; 4.6) 

.."-., 

R 

~ N+N~--- R' -CH2=C=O 

ii l R=COCH 3 i R'=3-indolyl; 
o R--COC~H s ~ R' = 3-indolyl; 

[ ~ N  7 +. N 7+ 

(9.5 } 2.6 ~ 0,8 ;1,5 ) --R'[ H 

Y R I ~ R 

(2.7}10.2 --;23.7) ;1.5;I,0 i2.1) 

--R(C6HhCO) 
m R =COCH 3 ; R' = N-me[hyl-3-indolyl; 

p R =r162 3 ; R' = 2-pyrrolyl 

*The  i n t e n s i t i e s  of  the ion p e a k s  in p e r c e n t  of the total  ion c u r r e n t  for  II/, m ,  o, p, r e s p e c t i v e l y ,  a r e  p r e s e n t e d .  
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The overa l l  p ic tu re  of the d issoc ia t ive  ionization of benzimidazol ine  der iva t ives  IT/-p is i l lus t ra ted  by 
the s cheme  at the bot tom of the previous  page.  

The succes s ive  e l iminat ion of two acyl  res idues  leads to a s table  b i s h e t a G t  sy s t em with nonequivalent 
he te rocyc l ic  r ings .  The subsequent  trend of the f ragmenta t ion  of this ion on e lec t ron  impact  follows the well-  
known scheme  [9-1I] .  The f ragmenta t ion  of the benz imidazole  f r agment  is accompanied  by the appearance  in 

,the spec t r a  of ton peaks  with the following m a s s  numbers :  145, 117, 91, 90, 64, and 63 [13]. Thus the m a s s -  
s p e c t r o m e t r i c  study of the synthesized compounds ([Ia-p) comple te ly  conf i rms  the s t ruc tu r e s  ass igned to them:  

The s t ruc tu r e s  of the 1 ,3 -d iacy! -2 - (3 ' - indo ly l ) imidazo l ium ([Ha-e) and benz imidazol ium sal ts  ([TIf-h) 
a r e  conf i rmed  by the i r  chemica l  behav io r  and the i r  [R spec t r a .  They a re  insoluble in e ther ,  benzene,  and 
other  nonpolar  solvents  and decompose  under  the influence of alkali  or  weak ammonium hydroxide. Tn this 
ca se  the imidazol ium (ITTa-e) and benz imidazol ium ([IIf-h) sa l t s  behave differently:  Salts ITIa-e decompose 
rapidly  to give 3- formyl indole ,  which is subsequently conver ted  under  the react ion  conditions to indole-3-  
carboxyl ic  acid, and N,N ' -d iacy laminoe thy lene  (VII), which is also obtained by alkaline decomposi t ion of 1,3- 
diacylimidazolium salts in situ. The reaction of bromine with VE gave N,N'-dibenzoyldiamino-l,2-dibromo- 
ethane (VIIi), which readily undergoes alcoholysis and on refluxing in ethanol solution is converted to N,N'- 
dibenzoyldiamino-l,2-diethoxyethane (IX), which can be obtained by direct bromination of VII in ethanol: 

COR 

I :~ r ,~o~ , 

r Ff~ 7 
A . X  _..~o~ '.N ' ( i  > 

- - ~ : ~  R" J~ - ~NHCO ~ OH- [ (~N> _t " Jr-RCOCI 
1, ~ -  - .  L , cl j 
h{ ~(,~x', VH (R_-C6Hs)~',,,:, COR H 

~. NHC~ R ~ C2HsOH 

IX (R=C6H$) VIII (R=C6H5) 

1,3-Diace~l-2-(3'-indolyl)benzylimidazolium salts IHf-H also undergo partial decomposition to give N,NL 
diacetyl-o-phenylenediamine and indol-g-carboxylic acid under the influence of ammonium hydroxide but they 
are mainly (~70%) converted to indoline derivative X, which is converted to the starting saltby acidification: 

COCH 3 NHz. OH ~ ] ~  N HCO CH3 ~N,~]'CHO 
~ ~ . _ ~  11-15~ ":1 "NHCOCH~ 

XI H 
NHzOH COCH3 

COCH 3 H ClO~- 70~ --- I 

COCH 3 
X 

The analogous 1,3-dibenzoyl sa l t s  of benzimidazolyl indoles  were  found to be ex t remely  unstable,  and we were  
unable to obtain them, s ince t r a n s f o r m a t i o n  products  a re  immedia te ly  fo rmed {n the reac t ion  of the co r r e spond-  
ing dibenzoyl de r iva t ive  Ho with t r i ty l  pe r ch lo ra t e :  

coc..~. L c~ ~ e,oZJ + 

II o OHC 

(C6Hs)3C H "Jr" 

COC6H~ H H 
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Triphenylmethylindole is not formed in this reaction. The band of the stretching vibrations of the C = O group 
in the IR spec t ra  of salts  IIIa-h (Table 2) is found at 1740-1760 cm -t ,  i.e., it is shifted by 100-110 cm -1 to the 
higher-frequency region as compared with the corresponding amides II. In addition the absorption band at 
1610-1620 cm -1 related to the stretching vibrations of the C =C bond of the imidazoline ring in IIa-k vanishes 
in the spect ra  of these salts .  The data f rom the IR spect ra  of imidazolium salts IIIa-e,  in par t icu lar  the ~CO 
position, are  in good agreement  with the position of the corresponding band of the carbonyl group in the spec-  
t ra  of N-acylpyridinium [14] and 1-acyl -2-amino-3-a lkylbenzimidazol ium [15] salts, and this completely con- 
f i rms  their  s t ruc tures .  

All of our at tempts to c a r r y  out the hetarytat ion of other nucleophilic organic compounds (dialkylanilines, 
acetoacetic ester ,  acetophenones, etc.) by a s imi lar  method were unsuccessful,  and compounds of the VII and 
XI type, which do not contain a nucleophilic fragment and are  formed during isolation as a resul t  of opening 
of the imidazolium ring in salts I under the influence of water or  by mois ture  entering the react ion medium, 
were obtained in all cases .  We were also able to extend the reaction to pyr ro les .  

EXPE RIME NTA L 

The PMR spectra of dimethyl sulfoxide (DMSO) solutions of the compounds were recorded with a Vat[an 
XL-100 spectrometer (I00 MHz) at 35~ the chemical shifts (6, ppm) are presented relative to tetramethyl- 
silane. The accuracy in the measurement of the chemical shifts was ~- 0.01. The mass spectra were obtained 
by using the technique of direct introduction of the samples into the ion source with a Varian MAT-311 spec- 
trometer (the accelerating voltage was 3 kV, the cathode emission current was 1.0 mA, and the ionizing volt- 
age was 70 eV). The apparent masses of the metastable transitions were recorded with a partially unadjusted 
MKh-1303 spectrometer. The IR spectra of solutions of the compounds in CCI4, CHCI3, n-butanol, tetrahydro- 
furan (THF), and acetonitrile were recorded with a UR-20 spectrometer. Chromatography in a loose thin 
layer of aluminum oxide (activity II on the Broekmann scale) was accomplished in a chloroform-benzene- 

hexane-methanol system (30 : 6 : 1 : 1) with development by iodine vapors and in UV light. 

1,3-Diacetyl-2-(3'-indolyl)-4-imidazoline ([Ic). A) A mixture of 0.68 g (0.01 mole) of imidazole, 0.58 g 
(0.005 mole) of indole, and 0.63 g (0.01 mole) of acetyl chloride in 20 ml of dry benzene was refluxed for 2 h, 
after which it was cooled and treated with 50 ml of water. The benzene layer was separated, washed with 
water, and dried, and the benzene was removed by distillation. The residue was recrystallized from butanol 
to give 0.3 g (22.4~) of a product with mp 214-215 ~ (from n-butanol) and Rf 0.23. Found: C 66.7; H 5.7; N 

15.3%. C15HIsN302. Calculated: C 66.9; H 5.6; N 15.6%. 

B) A mixture of I.i g (0.01 mole) of N-acetylimidazole, 0.58 g (0.005 mole) of indole, and 0.3 g (0.005 
mole) of acetyl chloride was refluxed for 2 h, after which it was worked up by the method described above to 
give 0.4 g (28%) of 1,3-diacetyl-2-(3'-indolyl)-4-imidazoline with mp 215 ~ (from n-butanol) and Rf 0.23. Found: 

C 66.9; H 4.7; N 15.4%. C15HIsN302. Calculated: C 66.9; H 5.6; N 15.6%. 

C) A mixture of 0.68 g (0.Ol mole) of imidazole and 1.17 g (0.01 mole) of indole in 30 ml of acetic an- 
hydride was heated at 125 ~ for 2 h, after which it was worked up as described above to give 1.0 g (37%) of 1,3- 
diacetyl-2-(3r- indolyl)-4- imidazol ine with mp 214-215 ~ (from n-butanol) and Rf 0.23. Found: C 66.7; H 5.7; 
N 15.4%. C15HI5N302 . Calculated: C 66.9; H 5.6; N 15.6~. 

Compounds IIa-o were obtained by method A (the chief charac ter i s t ics  are  presented in Table 1). 

Reaction of 1,3-Dibenzoyl-2- (3 ' - indolyl)-4-imidazoline with Triphenylmethyl Perchlora te .  A solution 
of 0.34 g (1 mmole) of tr iphenylmethyl perchlora te  in 10 ml of dry acetonitrole was added to a solution of 0.4 g 
(1 mmole) of 1 ,3-dibenzoyl-2-(3 ' - indolyl) -4- imidazol ine  (lid) in 10 ml of dry acetonitri le,  and the mixture 
was maintained at room tempera ture  for  5 rain. It was then poured into 150 ml of dry ether, and the result ing 
precipi ta te  was removed by fi l t rat ion and washed with ether.  The salt  was purified by repreeipi tat iou f rom 
acetonitri le by the addition of ether. The yield of 1 ,3-dibenzoyl-2-(3 ' - indolyl) imidazol ium perchlorate ,  with 
mp 160-161 ~ , was 0.63 g (61.2%). Found: C 61.0; H 4.1; N 8.8; C1 6.8%. C25HIsN30~C1. Calculated: C 61.0; 
H 3.7; N 8.5; C1 7.2%. 

The other 1 ,3-diacyl-2-(3 ' - |ndolyl ) imidazol ium perchlora tes  IIIa-h (Table 2) were s imilar ly  obtained. 
After  separat ion of the c rys ta ls  of the salt  in the filtrate, 50 ml of water  was added, and the ether layer  was 
separated,  washed with water, and dried. The ether  was removed by distillation, and the residue was re -  
c rys ta l l ized  f rom butanol. The yield of tr iphenyl(3 '- indolyl)methane,  with nap 208-209 ~ {from butanol) and 
Rf 0.5, was 0.10 g (27.7%). Found: C 90.3; H 6.2; N 3.8%. C27H21N. Calculated: C 90.2; H 5.91 N 3.9%. 

196 



Triphenyl(3 '- indolyl)methane (IV). A mixture  of 0.12 g (1 mmole) of indole and 0.34 g (1 mmole) of t r i -  
phenylraethyl perch lora te  in 10 ml of dry acetonitr i le  was refluxed for 5 min, after  which it was cooled and 
t reated with 50 ral of water .  The aqueous mixture  was extracted with ether, and the ether extracts  were 
washed with water  and dried. The ether  was removed by distillation, and the residue was recrys ta l l ized f rom 
butanol. The yield of tr iphenyl(3 '- tndolyl)raethane,  with mp 207-208 ~ (from n-butanol) and Rf 0.5, was 0.3 g 
(83.3%). Found: C 90.3; H 6.0; N 3.6%. C27H21N. Calculated: C 90.2; H 5.9; N 3.9%. 

N,N'-Dibenzoyl-l,2-diaminoethylene (VII). A) A mixture of 0.68 g (0.01 mole) of imidazole and 2.3 ml 
(0.02 mole) of benzoyl chloride in 25 ml of dry benzene was refluxed for 2 h, after which it was cooled and 
treated with 50 ml of 10% ammonium hydroxide. The benzene layer was separated, washed with water, and 
dried. The benzene was removed by distillation, and the residue was recrystallized from ethanol to give 1 g 
(37%) of a product with mp 195-196 ~ (from ethanol) and Rf 0.21. Found: C 72.3; H 5.2; N 10.3~ C16HI4N202. 
Calculated: C 72.3; H 5.3; N 10.5%. 

B) A 0.5-g (i mmole) sample of 1,3-dibenzoyl-2-(3'-indolyl)imidazolium perchlorate was allowed to 
stand in 25 ml of 10~ ammonium hydroxide at room temperature for 5 rain. The solid residue was separated, 
washed with water,  and recrys ta l l i zed  frora ethanol to give 0.2 g (74~) of N, N' -dibenzoyl- l ,2-diaminoethylene 
with mp 195-196 ~ (from ethanol) and Rf 0.21. Found: C 72.2; H 5.4; N 10.6~0. C1GH14N~O 2. Calculated: C 
72.2; H 5.3; N 10.5%. 

N,N'-Dibenzoyl- l ,2-(diaminodibromo)ethane (VIII). A mixture of 1.33 g (0.005 mole) of N,N'-dibenzoyl-  
1,2-diaminoethylene and 0.4 g (0.005 mole) of Br  2 in 25 ml of dry chloroform was refluxed for  5 min, af ter  
which it was cooled, and the result ing precipi ta te  was removed by fi l tration and washed with dry chloroform to 
give 1.5 g (71.4%) of a product  with rap 169-170 ~ (from chloroform).  Found: C 45.0; H 3.2; Br 37.5; N 6.8~ 
C16H14Br2N202. Calculated: C 45.1; H 3.3; Br 37.6; N 6.6%. 

N,N'-Dibenzoyl- l ,2-(diaminodiethoxy)ethane (iX). A) A mixture of 1.33 g (0.005 mole) of N,N'-dibenzoyl-  
1,2-diaminoethylene and 0.4 g (0.005 mole) of Br 2 in 25 ml of dry ethanol was refluxed for  5 min, after which 
the precipi ta te  was removed by fi l t rat ion and recrys ta l l ized  from n-butanol to give 1 g (56.1%) of a product 
with mp 240-241 ~ (from butanol) and Rf 0.58. Found: C 67.3; H 6.7; N 8.0%. C20H~4N204. Calculated: C 67.4; 
H 6.7; N 7.8%. 

B) A suspension of 0.43 g (1 mmole) of N,N'-dibenzoyl-l,2-(diaminodibromo)ethane in 25 ral of dry 
ethanol was refluxed for 5 rain, after which it was cooled, and the resulting precipitate was removed by filtra- 
tion and recrystallized from butanol to give 0.27 g (75%) of a product with mp 240-241 ~ (from n-butanol) and 
Rf 0.58. Found: C 67.3; H 6.5; N 8.2g0. C20H24N204. Calculated: C 67.4; H 6.7; N 7.9~. 

N,N'-Diacetyl-2-(2'-pyrrolyl)benzimidazoline (lip). A mixture of 2.36 g (0.02 mole) of benzimidazole, 
0.67 g (0.01 mole) of pyrrole, and 64 g (0.02 mole) of acetyl chloride in 25 ml of dry benzene was refluxed for 
2 h, after which it was worked up as described for Ha-o. The yield of lip, with rap 223-224 ~ and Rf 0.44, was 
0.8 g (20%). PMR spectrum, 6:2.20 (CH3) , 5.95 (CH), 10.55 (N-H), and 6.75-8.05 ppm (aromatic protons), 
The integral intensity ratio of the signals was 7 : 6 : 1 : 1. Found: C 66.7; H 6.0; N 15.2~0. CIsHIsN302. Calcu- 
lated: C 66.4; H 6.3; N 15.5%; M 269 (mass spectrometrically). 

Reaction of N;N'-Diacetyl-2-(3'-indolyl)benzimidazolium Perchlorate with NH4OII. A mixture of 1 g 
(0.0024 mole) of N,N'-diacetyl-2-(3'-indolyl)benziraidazo]ium perchlorate (IIIf) and 20 ml of concentrated 
NH4OH was allowed to stand at room temperature for 5 rain, after which the resulting resin was separated, 
dried, and washed with methanol to give 0.05 g (14~o) of indole-3-carboxylic acid with mp 210-218 ~ (mp 210- 
218 ~ [16]). The methanol filtrate was worked up to give 0.05 g (10.9%) of X[ with mp 180-181 ~ (rap 181-182 ~ 
[16]). The ammoniacal filtrate remaining after separation of the resin was cooled to precipitate 0.5 g (65.8%) 
of yellow crystals of N,N'-diacetyl-2-(3'-tndolenylidene)benzimidazoline (X) with mp 161-162 ~ (from 70% etha- 
nol). UV spectrum (in ethanol): },max 360 nm (recorded with a Specord spectrophotometer). Found: C 71.6; 
H 5.0; N 13.3~o. CtgHI5N302. Calculated: C 71.9; H 4.7; N 13.2%. 

Reaction of N,N'-Dibenzoyl-2-(3'-indolyl)benzimidazoline with Triphenylraethyl Perchlorate. A mixture 
of 0.88g (0.002 mole) of N,N'-dibenzoyl-2-(3'-indolyl)benzimidazoline and 0.6 g (0.002 mole) of triphenyl= 
methyl perchlorate in 20 ml of dry acetonitrile was allowed to stand at room temperature for 5 min, after 
which the resulting white precipitate of N,N'-dibenzoyl-o-phenylenediamine was removed by filtration and 
recrystallized from glacial acetic acid to give 0.16 g (25.4%) of a product with mp 301-302 ~ Ether and water 
were added to the filtrate, and the ether layer was separated and dried. The ether was removed by distillation, 
and the residue was reerystallized from 70~/0 ethanol. The yield of N-benzoyl-2- (3'-indolyl)benzimidazole, with 
mp 170-171 ~ and Rf 0.26, was 0.35 g (52.2%). IR spectrum, v: 3480 (NH), 1665 (C=O), 1420 (C--N), ]550 (C=N) 
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(charac ter i s t ic  for  azoles) ,  and 1590-1600 cm -1 (CH) (aromatic) .  Found: C 78.0; H 4.7; N 12.1~0. C22H15N30. 
Calculated:  C 78.0; H 4.7; N 12.1%. 
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F O R M A T I O N  O F  1 - P Y R A Z O L I N E  1 , 2 - D I O X I D E S  BY 

O F  1 , 3 - H Y D R O X Y L A M I N O  O X I M E S  

L .  B.  V o l o d a r s k i i  a n d  L A.  T i k h o n o v a  

O X I D A T I O N  

UDC 547.4 '722.2 '775:542.943 

Cycl izat ion with the fo rmat ion  of an N - N  bond and s imul taneous brominat ion,  which lead to 
3 - b r o m o - l - p y r a z o l i n e  1,2-dioxides,  apparent ly  through a step involving the dini t roso de r iva -  
t ive,  occur  in the reac t ion  of sodium hypobromite  with 1 ,3-hydroxylamino oximes .  Dehydro-  
bromina t ion  of the b romopyrazo l ine  leads to the corresponding 3H-pyrazole .  The s a m e t r e a t -  
ment  of acetylacetone dioxime gives 4H-d ib romo-3 ,5 -d ime thy l -4H-py razo l e  1,2-dioxide, which 
is readi ly  hydrolyzed to the cor responding  4-oxo der ivat ive .  Data f rom the IR, UV, and PMR 
spec t r a  a re  p resen ted .  

We have p rev ious ly  shown that  the reac t ion  of t e r t i a ry  1 ,2-hydroxylamino oximes with sodium hypo- 
b romi t e  leads to 3 - b r o m o - l , 2 - d i a z e t i n e  1,2-dioxide [1]. In the p resen t  r e s e a r c h  we examine the poss ib i l i ty  
of the synthesis  of 1-pyrazol ine  1,2-dioxides f rom 1,3-hydroxylamino oximes .  

A co lo r l e s s  c rys ta l l ine  compound {IIa) with the composi t ion C6HltBrN202 is formed by t r ea tmen t  of N- 
(4 -ox imino-2-methy l -2 -pen ty l )hydroxylamine  {In) with excess  sodium hypobromite .  Absorpt ion with )~max 
286 mn (log ~ 3.88) is observed in the UV spec t rum of IIa, and its IR spec t rum contains two intense bands at 
1380 and 1490 cm - t ,  which is cha rac t e r i s t i c  for  c i s - d i m e r i c  n i t roso  compounds [2], and an intense band at 

Novosibi rsk  Inst i tute of Organic Chemis t ry ,  Siberian Branch, Academy of Sciences of the USSR, Novo- 
s ib i r sk  630090. Trans la ted  f rom Khimiya Getero ts ik l icheskikh  Soedinenii, No. ?, pp. 248-251, February ,  1944. 
Original a r t ic le  submit ted January  28, 1976. 

This material is protected by copyright registered in the name o f  Henum Publishing Corporation, 227 West 17th Street, New York, N. 1I. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ Z 50. 

198 


