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The fine s t ruc tu re  of some  N-subst i tu ted  2 - i m i n o - l , 3 - d i m e t h y l - b e n z i m i d a z o l i n e s  is e x a m -  
ined with the aid of IR spec t roscopy .  It is shown that the introduction of an alkyl o r  phenyl 
group into the imino group does not affect  the C= N group o r  the imidazol ine  r ing s t ruc tu re .  
In sa l t s  of 2 - imino - l , 3 -d ime thy lbenz imidazo l ine  and i ts  N-subst i tu ted  der iva t ives ,  the he t -  
e roeyc l i c  s y s t e m  has  the benz imidazol ium s t ruc tu re .  The s t r u c t u r e  of 2 - i m i n o - l , 3 - d i m e t h -  
y lbenzimidazol ines  in which the exocycl ic  ni t rogen a tom has  e lec t rophi l ie  subst i tuents  
which a r e  conjugated with the he t e r ecyc l e  is cha r ac t e r i z ed  by a cons iderab le  contr ibution 
f r o m  d ipo la r  f o r m s ,  with the imidazole  r ing bea r ing  a pos i t ive  charge .  

Continuing our  invest igat ions  into the s t ruc tu re  of 2 -amino-benz imidazo le  and 2- iminobenzimidazol ine ,  
we invest igated the s t ruc tu re  of the conjugated guanidine s y s t e m  in va r ious  N-subst i tu ted 2 - i m i n o - l , 3 - d i -  
methy lbenz imidazo l ines  (I). IR spec t roscopy  was an a t t r ac t ive  method,  since changes in the spec t r a l  c h a r -  
a c t e r i s t i c s  in the regions  of s t re tch ing  and deformat iona l  v ib ra t ions  depend on the e lec t ronic  influence of 
the subst i tuents  [1] on the na ture  of the bonds in such sy s t ems .  

Dif ferences  in the s t ruc tu re  of de r iva t ives  of 2 - i m i n o - l , 3 - d i m e t h y l - b e n z i m i d a z o l i n e s  a r e  seen  in the 
IR spec t r a  in the 1670-1200-cm -~ region.  The spec t rum of 1 , 2 - e t h y l e n e d i - N , N ' - ( 2 - i m i n o - l , 3 - d i m e t h y l -  
benzimidazoline)  (ID* as well  as that  of 2 , i m ino - l , 3 -d ime thy lbenz imidazo l i ne  [5] we re  cha r ac t e r i z ed  by the 
p r e s e n c e  in this region of wide, intense bands cor responding  to the s t re tching of the exocycl ic  C= N bond 
(1655-1638 cm -1, and of s t rong  s t re tch ing  bands due to the or thodisubst i tuted benzene r ing at 1602 and 1497 
cm -~ (other bands were  not considered,  s ince they give li t t le informat ion  concerning the s t ruc tu re  of the 
he te roeycle)  (Fig. 1). Bands c h a r a c t e r i s t i c  of the 2- iminobenzimidazol ine  s t ruc tu re  a r e  a lso  p r e sen t  in 
the spec t rum of 2 -pheny l imino- l , 3 -d ime thy lbenz imidazo l ine  (I, R =Cr at 1658-1636 s, 1609 s, and 1500 
cm -1 s (Fig. 1). The phenyl rad ica l  on the ni t rogen of the imino group gives a sha rp  band at 1580 cm - i .  

CH~ CH~ 2 CH3 

I I I  I l l  

Salt fo rma t ion  r e s u l t s  in convers ion  of the guanidine f r agmen t  of s t ruc tu re  I into the guanidium f r a g -  
ment .  This  r e su l t s  in the d i sappea rance  of the 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 tch ing  f requenc ies  of 
the guanidine C - N  bond at 1250 and 1350 cm -1 (Fig. 1), which a r e  p r e s e n t  in the IR spec t r a  of the imine I 
(R = H) [5], and of i ts  N-alkyl  and N-phenyl  de r iva t ives ,  and in the appea rance  of two bands at about 1410 
and 1550 c m  -1 (Fig. 2) due to 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 tch ing  of the C - N  bonds fo rmed  in the 

* Since 2 -me thy l imino - l , 3 -d ime thy lbenz imidazo l ine  was e x t r e m e l y  hygroscopic ,  [4], compound II was s e -  
lected fo r  the invest igat ion of the s t ruc tu re  of the alkyl de r iva t ives  of 2 - imino- l ,3 -d imethy lbenz imid . -  
azol ine.  
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Fig. 1. IR spec t r a :  1) 1 , 2 - e t h y l e n e d i - N , N ' - ( 2 - i m i n o - l , 3 - d i -  
methylbenzimidazol ine)  and 2) 2 - p h e n y l i m i n o - l , 3 - d i m e t h y l -  
benzimidazol ine .  

Fig. 2. IR s pec t r a :  1) 1 ,2 ,3 - t r imethy lbenz imidazo l ium iodide, 
2) 2 - i m i n o - l , 3 - d i m e t h y l b e n z i m i d a z e l i n e  hydriodide,  3) 2 - m e t h -  
y l imino - l , 3 -d ime thy lbenz imidazo l ine  sulfate,  and 4) 2-phenyl-  
imino-  1 ,3-d imethylbenz imidazol ine  hydriodide~ 

benz imidazo l ium s t ruc tu re .  These  bands a r e  a lso  p re sen t  in the spec t rum of 
~L= ~ ~ ~r ! ' ' ~  1 ,2 ,3 - t r im  ethylben z imida zolium iodide (Fig. 2). T he i nc r ea se  in the f requency  

of the de format ion  v ibra t ion  of the NH 2 group to 1670 cm -1 in the spec t rum of 
2 2 - i m i n o - l , 3 - d i m e t h y l b e n z i m i d a z o l i n e  hydriodide [III, R = H, X = I (Fig. 2)] 

indicates  that i ts  s t ruc tu re  is m o r e  p lanar  in compar i son  with the no rma l  
amino group as a r e su l t  of conjugation with the ring. (The 5NH 2 band in the 
s p e c t r a  of al iphat ic  and a r o m a t i c  amines  [6] l ies  in the 1560-1640-cm -1 r e -  
gion.) The intense band at 1630 c m :  i in the spec t rum of 2 - m e t h y l i m i n o - l , 3 -  

3 d imethylbenzimidazol ine  sulfate  [III, R = CH~, X = HSO 4 (Fig. 2)] is due to 
the de format ion  v ib ra t ions  of the NH group in the C= NHCH 3 f~agment .  In the 

~ s p e c t r u m  of 2 -pheny l imino- l , 3 -d ime thy lbenz imidazo l ine  hydriodide (III, R = ~ 4 C6I-I5, X = I), the intense bands at 1608, 1596, and 1572 cm -1 a re  due to v i b r a -  
t ions of the o-phenylene radica l ,  the NH group, and the phenyl radical ,  r e s p e e -  

~ ~ tively~ 

,60o ,400,20o ,000 e00 p, cm - 1  The IR s p ec t rum of 2 -p i c ry l im ino - l , 3 -d ime thy lbenz imidazo l i ne  (I, R = 
Fig.  3. IR Spectra :  1) p ic ry l )  shows two intense bands at 1580 and 1320 em -~ (Fig. 3), co r responding  

to the a s y m m e t r i c a l  and s y m m e t r i c a l  s t re tching of the nonionized ni t ro groups 
N-2 ,4-d in i t rophenyl - ,  [7]. The band at 1635 cm -1 is due to the v ibra t ion  of the exocycl ie  C=N bond. 
2) N - p i e r y l - ,  3) N-ni -  However,  in the spec t rum of the 2 ,4-dini t rophenyl  der iva t ive  (Fig. 3), in ad- 
t r o s o - ,  and 4) N-ben-  dition to the bands due the nonexeited ni t ro  group at 1310 and 1556 cm - t ,  s t rong 
zenesu l fony l -2 - imino-  bands occu r s  at 1130 and 1240 cm -1, co r re spond ing  to the s y m m e t r i c a l  and 
1 ,3 -d imethy lbenz imid-  a s y m m e t r i c a l  s t re tch ing  v ib ra t ions  of the ionized n i t ro  group [8]. In addition, 
azoline,  above 1585 cm - i  the s p e c t r u m  of tMs compound contains no bands wha t soever .  
These  r e su l t s  cont ra indica te  the imino s t ruc tu re  fo r  this compound, whose molecu le  apparent ly  has  a be ta -  
ine- l ike  s t r u c t u r e  (IV), the he t e rocyc l e  having the benz imidazo l ium s t ruc tu re .  This  is a lso  shown by i ts  
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Fig.  4. UV spec t r a  of 
2 - p i c r y l a m i n o -  1 ,3-d i -  
methylbenz imidazol ine  
in: 1) an acetone solu-  
tion of NaOH and 2) ac -  
etone; and of 2- (2 ,4-  
d in i t ropheny l ) imino- l ,3 -  
d imethylbenzimida  zoline 
in: 3) acetone and 4) an 
acetone solution of NaOtt. 
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Fig.  5. IR Spectra  of 2- 
a c e t y l i m i n o - l , 3 - d i m e t h -  
y lbenzimidazol ine :  1} 
as  a pas te  in Vase l ine  
oil, 2} in ch lo roform,  3) 
in benzene,  4) in a mix -  
tu re  of benzene and ace -  
t ic  acid; and 5) i ts  hydro -  
chlor ide  as a pas te  in 
Vasel ine  oil.  

behavior  toward alkali .  The re  is no deepening of i ts  co lor  in alkaline acetone 
solution [the UV spec t r a  of the neut ra l  and alkaline solutions a re  identical  
(Fig. 4)], while the act ion of a lkal i  on acetone solutions of the p ic ry l  der iva t ive  
r e s u l t s  in a deep colorat ion,  a t t r ibutable  to the ionized molecule  of the sodium 
sal t  (the UV s pec t r a  of alkal ine solutions show a s t rong  ba thochromic  shift in 
c o m p a r i s o n  with neut ra l  solutions}. 

The s t e r i c  effect  of a single ni t ro group situated in the posit ion ortho to 
the ni t rogen a tom of the imino group is  apparent ly  insufficient  fo r  the comple te  
depa r tu re  of the dini trophenyl rad ica l  f r o m  the plane of the he te rocyc le ,  while 
the two o r tho -n i t ro  groups  of the p ic ry l  r ad ica l  make  this a poss ibi l i ty .  A 
s i m i l a r  d i f fe rence  between the dini trophenyl and p i c ry l  r ad ica l s  has been 
mentioned e a r l i e r .  Thus,  the absorpt ion  band caused by the in te rac t ion  of the 
NH group with the unsubsti tuted phenyl nucleus is p r e s e n t  in the UV spec t rum 
of 2 ,4-dini t rodiphenylamine [9], and absent  in that of 2 ,4 ,6- t r in i t rodiphenyl -  
amine  [10 ]. The plane of the benzene r ing in the compound under  cons ide ra -  
t ion is inclined at an angle of 65 ~ [11]. 

~"~ ~"~ ~"~ o- 

r NO~ ~H 3 I O -  
C H  3 + C H  3 

Iv V VI 

Thus in I (R = picryl} the rad ica l  is  p reven ted  f r o m  conjugating with the 
he te rocyc le  and is able to influence it only by an inductive mechan i sm.  The 
appea rance  of an intense b lood- red  co lor  in the c rys ta l l ine  s ta te  (the co lo r  of 
the solution is yellow} is apparent ly  due to the fo rmat ion  of a charge  t r a n s f e r  
complex .  

The benzimidazol ine  s t ruc tu re  may  thus be conver ted  into the benz i -  
midazo l ium s t ruc tu re  m e r e l y  by the introduction of e l ec t ron -accep t ing  sub- 
st i tuents  on the exoeycl ic  ni t rogen a tom in It, ~r-conjugation with the he r e to -  
cycle .  This  condition is complied with in 2 -n i t r o so -  and 2-benzenesul fonyl-  
imino- l , 3 -d ime thy lbenz imidazo l ine ,  which may  be descr ibed  by the in t r a -  
ionic s t r u c t u r e s  V and VI, r e spec t ive ly .  The IR spec t r a  of both these  c o m -  
pounds (Fig. 3} do not show any significant  absorp t ion  in the regions  c h a r a c -  
t e r i s t i c  fo r  the exocycl ic  C= N bond. In the spec t rum of V, the N= O band is 
shifted to 1360 cm -1 compared  with 1500-1430 cm -1 c h a r a c t e r i s t i c  fo r  t h e  
N=O bond in no rma l  n i t ro soamines  IT]~ The p r e s e n c e  of s t ruc tu re  VI is in- 
dicated by the long-wavelength shift  of the bands due to a s y m m e t r i c a l  (1271 
cm -~} and s y m m e t r i c a l  (1140 cm -1} v ibra t ions  of the SO 2 group in conjunction 
with the s epa r a t e  band due to s t re tch ing  v ib ra t ions  of the S= N at 1020 cm -1, 
as opposed to 817 cm -1 fo r  S - N  [12]. 

In the IR spec t r a  of the N-acetyl ,  N-benzoyl ,  and N-p-n i t robenzoyl  
de r iva t ives  of 2 - imino - l , 3 -d ime thy lbenz imidazo l ine ,  the bands fo r  the c a r -  
bonyl group a r e  shifted to much lower  f requenc ies .  The mos t  intense band 
in the s p e c t r u m  of the acetyl  de r iva t ive  (Fig. 5) in the solid phase  occurs  at  
1526 cm -1, while in solution i ts  posi t ion is  shifted to higher  f requenc ies  (1548 
em -1 in benzene,  and 1550 cm - ;  in ch loroform) .  In benzene solution in the 
p r e s e n c e  of acet ic  acid, it is shifted to 1566 cm - t ,  i .e. ,  in acid solution the 
double bond c h a r a c t e r  of the C= O bond is inc reased .  The absence  of any 
c l ea r l y  apparen t  absorp t ion  above 1600 cm -1 sugges ts  that in this compound 
the degree  of mul t ip l ic i ty  of the exoeycl ic  C= N bond is  smal l .  2 -Ace ty l imino-  
1 ,3-d imethylbenzimidazol ine  hydrochlor ide  shows a no rma l  amide  spec t rum 
(Fig. 5), having an e lec t rophi l ic  subst i tuent  on the ni t rogen a tom.  The band 
at 1724 cm - t  co r r e sponds  to the s t re tch ing  v ib ra t ions  of the C=O group (am-  
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ide I), and the bands at 1563 and 1370 cm -1 are due to amide II and amide III, respectively. The band at 
1550 cm -1, which is characteristic of the benzimidazolium structure, is apparently included in the intense 
amide II band. A similar picture is also seen in the spectra of the N-benzoyl and N-p-nitrobenzoyl deriv- 
atives. Thus, N-acyl derivatives of 2-imino-l,3-dimethylbenzimidazoline must be assigned a structure with 
strong contributions by structure VII, and its hydrohalides, structure VIII. 

~.~ ~.~ . xe 
N 

CH 3 CH 3 

V | I  VIII  

The authors thank Dr. Yu. N. Sheinker for valuable discussions and advice. 

EXPERIMENTAL 

2-Phenylimino-l~3-dimethylbenzimidazoline was obtained by fusing 2-anilinomethylbenzimidazole 
with methyl benzenesulfonate, followed by decomposition of the resulting benzenesulfonate with ammonia, 
mp 84 ~ C. Found, %: C 75.9; H 6.3; N 18.0. Calculated for CIsHI5N3, %: C 76.0; H 6.4; N 17.7. The hydriodide 
was obtained by adding a saturated solution of potassium iodide to an aqueous solution of the benzenesul- 
fonate, mp 230 ~ C. Found, %: NII.4;135.2~ Calculated for CIsHIsNs'HI, %: N 11.5; I 34.7. 

2-1mino-l,3-dimethylbenzimidazoline hydriodide was prepared by the reaction of 2-amino-l-methyl- 
benzimidazole with methyl iodide, mp 254-255 ~ C [2]. 

1,2,3-Tvimethylbenzimidazolium iodide was synthesized by the reaction of methyl iodide with 1,2- 
dimethylbenzimidazole, mp 259 ~ C [3]. 

2-Acetylimino-l,3-dimethylbenzimidazoline hydroehloride was prepared by passing dry HCI into a 
solution of 2-aeetylimino-l,3-dimethylbenzimidazoline in dry benzene, mp 247 ~ C. Found, %: N 17.6; 
C1 15.0. Calculated for C11HI3N30" HCI, ~o: N 17.5; CI 14.8. 

The preparation of the remaining compounds has been described elsewhere [4]. 

The IR spectra were obtained using the compounds in the solid state (as pastes inVaseline oil), and, 
in a few cases, using their solutions (as thin films). The measurements were carried out on UR-10 and 
IKS-14 spectrophotometers in the 400-4000-cm -I region, using KBr, NaCI, and LiF prisms. The UV spec- 
tra were measured on an SF-4A spectrophotometer. Acetone and solutions of NaOH in acetone were used 
as solvents. 

LITERATURE CITED 

1. E. Wilson, G. Decius, and P. Cross, Molecular Vibrations: Theory of Infrared and Raman Vibrational 
Spee~a [Russian translation], IL, 1960. 

2. N.D. Vitkevich and A. M. Simonov, ZhOKh, 3_00, 2868, 1960. 
3. N.A. Zakharova, B. A. Porai-Koshits, and L. S. Efros, ZhOKh, 2_3_3 , 1225, 1953. 
4. V.G. Sayapin and A. M. Simonov, KhGS [Chemistry of Heterocyclie Compounds], 1120, 1967. 
5. Yu. N. Sheinker, A. M. Simonov, Yu. M. Yutilov, V. N. Sheinker, and E. L Perel'shtein, ZhOrKh, 2, 

917, 1966. 
6. K~ Nakanishi, Infrared Absorption Spectroscopy, Practical Holden-Day, San Francisco, 1957, p~ 45. 
7. K. Nakanishi, Infrared Absorption Spectroscopy, Practical Holden-Day, San Francisco, 1957, p. 61. 
8. J. E~ Brown, J. Am~ Chem. See~ 7_7, 6341, 1955; N. Jonatan, J. Mol. Spectr., 7_, 105, 1961. 
9. E . E .  Milliaresi and V. A. Izmail'skii, DAN, 146, 1094, 1962; ZhOKh, 3_~5, 776, 1965. 

10o E .E .  MilliaresL ZhOKh, 3__66, 1034, 1966. 
11. E. Grison, Acta Cryst., 2~ 410, 1949 [cited in 10]. 
12. A. Kucsman, F. Ruff, J. Kapovits, and J. G. Fischer, Tetrah., 2_22, 1843, 1966. 

627 


