
I N V E S T I G A T I O N S  O F  I M I D A Z O [ 1 , 2 - a ] B E N Z I M I D A Z O L E  

D E R I V A T I V E S  

IV.* REACTION OF IMIDAZO[1,2-a]BENZIMIDAZOLES WITH ALDEHYDES 

A .  M .  S i m o n o v  a n d  V .  A .  A n i s i m o v a  UDC 547.785.5'.979:542,953 

The conve r s ion  of 2-phenyl  (methy l ) -9 -methy l imidazo  [1,2-a]benzimidazole  to 3 -hydroxy-  
me thy l  de r iva t ives ,  Mannich ba s e s ,  and cyanine dyes is desc r ibed .  

As found prev ious ly ,  the 3-pos i t ion  in the imidazo[1 ,2-a]benzimidazole  molecule  is highly active with 
r e s p e c t  to e lec t rophi l i c  reagen ts  (nitrous acid, diazonium sa l t s ,  etc.) [1]. In this communica t ion  it is 
shown that  these  compounds also r eac t  read i ly  with a ldehydes.  
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VI R= CH~., R'=CHO; R' = CHO;/--'~ YllY R =R= CoHs'C6Hs' R'= CH2N ~ )  ; VIII  R= CH 3, R'=CH2N(C2Hs)~ 

IX a R = C~H 5 
b R = Ella 

3-Hydroxymethy l  de r iva t ives  (Ill and IV) a re  fo rmed  smoothly  at 20 ~ by the action of aqueous f o r m -  
aldehyde on 2-phenyl -  and 2-methy l imidazo[1 ,2 -a ]benz imidazo les  (I and 1I). The posit ion of the hydroxy-  
methy l  group in these  compounds was proved  by oxidizing them with act ive manganese  dioxide to aldehydes 
V and VI, which were  p rev ious ly  desc r ibed  in [2]. The hydroxyl  group is r ep laced  by an amine res idue  in 
the reac t ion  of Ill and IV with secondary  amines ,  and dia lkylaminomethyl  de r iva t ives  (VII and VIII) a re  
fo rmed;  they were  also obtained d i rec t ly  f rom I and II via the Mannich reac t ion .  The reac t ion  is a c c o m -  
panied by the fo rma t ion  of bis ( imidazo[1,2-a]benzimidazolyl)methane der iva t ives  (IX), which can also be 
synthes ized  in quantitative yield by heating I and II with formaldehyde .  
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xa R = R ' = C H  a. R '=  R" '=  II; 
b R ~ % H  5 . r ' =  CHa. R " = R " ' = H ;  

R =  C6H=. R' = CH2C6H s. R"= R ' ' =  H; 
R = C~HO4Br . p,  R' = CH 3, R" = R"' H ; 

e R = CH3. R '=  C2H s, R"=CH 3, R" '= I t ;  
f R=C6Hs' R'= C H5'2 R"=CHa' R"'=H; 

R= C~H~. R" = C H  3, R "=H .  r " ' =  % , ~ n O a - p ;  
gh r cf ia ~, r '  cn  3, r . . = , ,  r " ' = c 6 n ,  noz~p; 
i R=COH 5, R' = C2H s, R "= CH3, R"C6H4NO.2-PI 

X a - f X = B r - ;  Xg-i X=CHaCOO- 

Compounds V and VI r eac t  with s ta r t ing  I and II  to f o r m  s y m m e t r i c a l  methinylcyanine dyes (Table 1). 
The reac t ion  is c a r r i e d  out in boiling glacial  acet ic  acid, which protonates  the N 1 atom and the reby  i n c r e a s e s  
the act ivi ty  of the CH group in the 3-posi t ion.  The yie lds ,  however ,  are  low (about 10%). Dyes Xa- f  a re  ob-  

* See [1] for  communica t ion  III .  
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T A B L E  1. C y a n i n e  D y e s -  I m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  D e r i v a t i v e s  

lCrystal color (alcohol 
~ / solution color) 

1 
X a Violet cry.stals (dark- 

raspberry) 

Xb Black plates with a 
violet lusmr (dark- 
turquoise) 

Xc Black shiny crystals 
with a ~teen ~nt 
(turquoise) 

Xd Dark-violet needles 
(dark- turquoise) 

Xe Dark-cherry powder 
(lilac-colofed) 

)ff Dark-blue crystals 
(blue) 

X g Dark-violet needles 
(blue) 

~h )ark-claret crystals 
(dark-raspberry) 

Xi ~ark-blue powder 
[(blue) 

mp 

> 330 ~ 

!91 --292 

L87--189 

260--261 

>350 

294 

272--274 

>350 

212--215 

Empirical 
~rmu~ 

C2aH21BrN6 

CaaH=sBrN6 

CaaHa3Bc"(G 

CaaH2aBraN6 

CegH~BrNs 

CagH37BrN6 

C~IHaIN704 

C31H~7N704 

C47H43N704 

Found, % 

N 18,3 

N 14,3 

C 73,0; 11 4,7; 
Br 10,3; N 11,4 

N II,1 

N 15,5 

C 69,7; H 5,6; 
Br 11,5; N 12,7 
N 14,4 

C 6612; N 17,41; 
H 5,0 

C 73,5; 
H 5,8 

I Yield, 
Yo Calc., % 

N 18,2 70 

N 14,4 85 

C 73,3; H 4.5; 87 
Br 10,8; N 11,4 

N 11,3 92 

N 15,4 72 

C 69,9; H 5,6; 89 
Br 11,9; N 12,6 
N 14,3 88,5 

C 66,3; N 17,46; Quantit. 
H 4,9 

[ C 73,3; Quantit. 
IH 5.6 

T A B L E  2. A b s o r p t i o n  M a x i m a  of S y m m e t r i c a l  M e t h i n y l c y a n i n e  
Dye  s * 

Dye ~"max; nm Iz 8 ~',~ax= nm Iz 8 

X, a 
X'b 

X,e 
x f  

367 
446 
448 
464 
367"1" 
484 

3,398 
3,8t9 
3,649 
3,870 
3,934 
3,796 

540 
616 
620 
622 
560 
630 

3,844 
4,339 
4,062 
4,387 
4,064 
4,301 

* The  UV a b s o r p t i o n  s p e c t r a  of  m e t h a n o l  s o l u t i o n s  wi th  c o n c e n t r a -  
t i o n s  of  the  o r d e r  of 10 -4 m o l e / l i t e r  w e r e  o b t a i n e d  wi th  an S F - 4 A  
s p e c t r o p h o t o m e t e r .  

I n f l e c t i o n .  

t a i n e d  c o n s i d e r a b l y  m o r e  r e a d i l y  in good y i e l d s  by  the r e a c t i o n  of  I and II  wi th  e thy l  o r t h o f o r m a t e  u n d e r  the  
s a m e  c o n d i t i o n s .  S i m i l a r l y  c o n s t r u c t e d ,  d e e p l y  c o l o r e d  d y e s  (Xg-i)  a r e  f o r m e d  by  the c o n d e n s a t i o n  of 
i m i d a z o  [ 1 , 2 - a ] b e n z i m i d a z o l e s  wi th  a r o m a t i c  a l d e h y d e s ,  fo r  e x a m p l e ,  p - n i t r o b e n z  a ldehyde  [2]. 

The  UV s p e c t r a l  da t a  fo r  X a - f  (Table  2) i n d i c a t e  tha t  r e p l a c e m e n t  of  the  m e t h y l  g roup  in the  2 - p o s i -  
t i on  of i m i d a z o  [ 1 , 2 - a ] b e n z i m i d a z o l e  by  an a r y l  r a d i c a l  c a u s e s  a b a t h o c h r o m i c  sh i f t  of the  a b s o r p t i o n  
m a x i m a .  The  i n t r o d u c t i o n  of a b e n z y l  o r  e thy l  g r o u p  into  the  9 - p o s i t i o n  of the  r i n g  and the  i n t r o d u c t i o n  of 
two m e t h y l  g r o u p s  into  the  6 -  and 7 - p o s i t i o n s  have  v i r t u a l l y  no e f fec t  on the  c o l o r  index  of  the  c o m p o u n d s .  
The  p r e s e n c e  of an a r y l  r a d i c a l  in  the  m e t h i n e  g r o u p  i s  w e a k l y  r e f l e c t e d  in  the  c o l o r  of the  c o m p o u n d s .  

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

9 - M e t h y l - 3 - h y d r o x y m e t h y l - 2 - p h e n y l i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e  (HI). A t o t a l  of  0.25 g (1 m m o l e )  of 
I was  t h o r o u g h l y  t r i t u r a t e d  wi th  e x c e s s  40% f o r m a l i n ,  d u r i n g  wh ich  an o i l y  l u m p  f o r m e d .  The  next  day ,  the  
f o r m a l i n  was  d e c a n t e d ,  and the r e s i d u e  was  t r i t u r a t e d  wi th  w a t e r .  The  r e s u l t i n g  c r y s t a l s  w e r e  f i l t e r e d ,  
w a s h e d  wi th  w a t e r ,  and d r i e d  in a v a c u u m  d e s i c c a t o r  o v e r  P205 to g ive  0.27 g (96%) of a s u b s t a n c e  which  
s i n t e r e d  on h e a t i n g  and then  m e l t e d  at  85-87 ~ I t  was  qui te  r e a d i l y  s o l u b l e  in m o s t  o r g a n i c  s o l v e n t s .  I t  
cou ld  not  be r e c r y s t a l l i z e d  s ince  i t  i s  c o n v e r t e d  to IXa on a t t e m p t s  to do s o .  S i m i l a r  d e c o m p o s i t i o n  with  
the  f o r m a t i o n  of f o r m a l i n  and w a t e r  a l s o  o c c u r s  on s t o r a g e  and on h e a t i n g  to 110-120 ~ Found  %: C 73.80; 
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H 5.33; N 15.48. C17H15N30. Ca lcu la ted%:  C 73.63; H 5.45; N 15.15. IR spec t rum:  vOH appea r s  at 3000- 
3100 c m  -1, while 5OH appea r s  at 1030 c m  -i .  

2 ,9 -Dimethy l -3 -hydroxymethy l imidazo[1 ,2 -a ]benz imidazo le  (IV). Compound II (0.1 g) was dissolved 
in the cold in 1.5 ml  of 40% fo rmal in .  A quanti tat ive yield (0.12 g) of a white prec ip i ta te  fo rmed  i m m e d i a t e -  
ly.  The s i lky  needles  (from alcohol) did not have a sha rp  mel t ing  point because  of gradual  convers ion  to IXb. 
Found %: C 66.71; H 6.29; N 19 .65 .  C12HI3N30. Calcula ted %: C 66.96; H 6.09; N 19.52. IR spec t rum:  ~OH 
a p p e a r s  as a b road  band with a peak at 3140 cm -1, while 5OH appea r s  at 1020 cm -~. The hydrochlor ide  of IV 
was obtained by t r i tu ra t ing  IV with a sma l l  amount of concent ra ted  HC1 to give snow-white needles  (from ab-  
solute alcohol with e ther)  which me l t ed  at 252 ~ with gradual  decomposi t ion .  Found %: C 53.57; H 6.12; N 
15.86; C1 13.46. C12H13N30 �9 HC1 �9 H20. Calcula ted  %: C 53.43; H 5.98; N 15.58; C1 13.15. 

2 - I m i n o - 5 , 6 - d i m e t h y l - 3 - p h e n a c y l - l - e t h y l b e n z i m i d a z o l i n e .  A solution of 5.67 g (0.03 mole) of 2-  
a m i n o - 5 , 6 - d i m e t h y l - l - e t h y l b e n z i m i d a z o l e  and 5.97 g (0.03 mole) of phenacyl  b romide  in 50 ml  of ethanol 
was ref iuxed for  2 h. The next day, the prec ip i ta te  was f i l te red  and washed with e ther  to give 10.6 g (82%) 
of the hydrobromide  as co lo r l e s s ,  f ibrous  needles  with mp  297-298 ~ (from alcohol).  Found %: C 58.65; H 
5.83; B r  20.29; N 10.83. C19H21N30 �9 HBr .  Calcula ted  %: C 58.77; H 5.71; Br  20.58; N 10.82. T r e a t m e n t  of 
a hot alcohol solution of the hydrobromide  with 40% alkali  yielded the imine as fine, snow-white needles  with 
mp  180-181 ~ (from aqueous alcohol).  Found %: C 74.18; H 6.77; N 14.00. CIsH21N30. Calcula ted %: C 
74.24; H 6.89; N 13.67. 

6 ,7 -Dime thy l -2 -pheny l -9 -e thy l imidazo  [1,2-a ]benzimidazole .  2 - I m i n o - 5 , 6 - d i m e t h y l - 3 - p h e n a c y l - 1 -  
e thylbenzimidazol ine  hydrobromide  (5 g) was ref iuxed for  5 h in 200 ml  of concent ra ted  HC1 and 5 ml  of 
POC13. The mix tu re  was cooled, and the resu l t ing  prec ip i ta te  was f i l te red  and washed with wa te r  to give 
4.5 g of the hydrobromide .  T r e a t m e n t  of a hot aqueous alcoholic solution of the hydrobromide  with excess  
ammonia  yielded 3.6 g (quantitative) of the base  with mp 189-190 ~ (from alcohol).  Found %: C 78.75; H 
6.86; N 14.78. ClsH19N 3. Calcula ted  %: C 78.86; H 6.62; N 14.52. 

6 ,7 -Dime thy l -3 -hyd roxyme thy l -2 -pheny l -9 -e thy l imidazo  [1 ,2-a]benzimidazole .  A total  of 0.5 g of 6,7- 
d ime thy l -2 -pheny l -9 -e thy l imidazo[1 ,2 -a ]benz imidazo le  in 6 ml  of formal in  was ref luxed for  30 min to give 
0.55 g (quantitative) of shiny co lo r l e s s  c r y s t a l s  with mp  257 ~ (from alcohol).  Found %: C 75.00; H 6.90; N 
12.94. C20H21N3 O. Calcula ted  %: C 75.21; H 6.63; N 13.15. IR spec t rum:  ~OH appea r s  as a b road  band 
with a peak at 3185 cm -~, ~vhile 5OH appears  at 1030 cm -1. 

Oxidation of III with Active Manganese Dioxide. F re sh ly  p r epa red  act ive manganese  dioxide (2.5 g) 
[3] was added to a solution of 0.56 g (2 mmole )  of III  in 30 ml  of d r y  ch lo ro fo rm.  The mix tu re  was allowed 
to  stand,  and the cour se  of the reac t ion  was moni to red  by means  of t h in - l aye r  ch roma tog raphy  (A1203, ch lo ro -  
f o r m  eluant,  development  by iodine).  The reac t ion  was comple te  in 30 rain. The prec ip i ta te  of MnO 2 was 
f i l t e red  and washed on the f i l t e r  with c h l o r o f o r m .  The ch lo ro fo rm was r emoved  by dis t i l la t ion to give snow- 
white needles  with m p  146-147 ~ (from dioxane) which were  identical  to the genuine aldehyde V. The yield 
was quant i ta t ive.  The 2 ,4-dini t rophenylhydrazone of V had mp 303-304 ~ 

9 -Methy l -3 -morpho l inomethy l -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le  (VII). A solution of 1.05 g (4.25 
mmole )  of I ,  0.4 m l  (5 mmole)  of 40% formal in ,  and 0.44 ml  (5 mmole)  of morphol ine  in 10 ml  of ethanol 
was ref luxed for  3 h on a wa t e r  bath.  The alcohol was r emoved  in vacuo,  and the res idue  was t r i t u ra t ed  
with w a t e r  and allowed to stand in a r e f r i g e r a t o r .  The next day the p rec ip i ta te  was f i l te red  and washed with 
e the r  to give 1.28 g (89.5%) of a product  with mp 129-130 ~ which was soluble in alcohol but insoluble in e ther ,  
hexane,  and wa te r .  I t  decomposed  on heating with wa te r  (the odor of fo rmal in  was detected,  and the mel t ing 
point was lowered) .  Found %: C 72.77; H 6.56; N 16.19. C21H22N40. Calcula ted  %: C 72.80; H 6.40; N 
16.17. The d ip icra te  of VII was obtained as b r igh t -ye l low needles  with mp 233 ~ (from alcohol).  Found ~ :  N 
17.45. C21H22N40 �9 C12H6N6014. Calcula ted  %: N 17.41. The dihydrochlor ide of V ] / w a s  fo rmed  as an oil on 
pas sage  of d ry  HC1 (2 wt. equivalents)  into a benzene solution of VII. T r i tu ra t ion  of the resu l t ing  oil with 
acetone gave c r y s t a l s  of the monohydra te  as snow-white needles  with mp  162 ~ (decomp.,  f rom a l c o h o l - a c e t -  
one) which were  quite soluble in wa te r  in the cold. Found %: C 57.75; H 6.14; N 13.17; C1 16.02. C21H22N40 �9 
2HC1 �9 H20. Calcula ted  %: C 57.67; H 5.99; N 12.81; CI 16.21. 

2 ,9 -Dimethy l -3 -d le thy laminomethy l imidazo[1 ,2 -a ]benz imidazo le  (VIII). A. This  was s i m i l a r l y  ob- 
ta ined in quanti tat ive yield by refluxing an alcohol solution of 0.46 g (2.5 mmole)  of II, 0.25 ml  (3 mmole)  of 
fo rmal in ,  and 0.31 ml  (3 mmole)  of diethylamine for  1.5 h and had mp 77-78 ~ (from pe t ro leum ether) .  Found%: 
C 71.00; H 7.80; N 20.60. CI6H22N4. Calcula ted %: C 71.08; H 8.20; N 20.72. 
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If  the mix tu re  of s t a r t ing  m a t e r i a l s  is ref iuxed for  a longer  per iod,  for  example  7 h, co lo r l e s s  b is (2 ,9-  
d ime thy l imidazo[1 ,2 -a ] -3 -benz imidazo ly l )me thane  (iXb) gradual ly  p rec ip i t a t e s  in 33% yield f rom the hot 
solution. This  compound was obtained as snow-white needles  with mp  322 ~ (from d imethy l formamide)  which 
were  insoluble on heat ing in wate r ,  alcohol,  and dioxane. Found %: C 72.34; H 5.85; N 21.92. C23H22I~ 6. 

Calcu la t ed%:  C 72.22; H 5.79; N 21.97. 

B. An alcohol solution of 0.2 g of IV and 0.2 ml  of diethylamine was ref luxed for  1 h. The fine needles  
of IXb (40% yield  with mp  332~ that  p rec ip i t a t ed  on cooling were  f i l t e red  and washed with alcohol; the a lco-  
holic mo the r  l iquor  was evapora ted ,  and the res idue  was t r i t u ra t ed  with wa te r  to give 0.15 g (60%7 of a sub-  
s tance with mp 77-78 ~ This  product  did not dep re s s  the mel t ing  point of the product  of pa r t  A. The di-  
hydrochlor ide  of VIII was obtained by t r e a t m e n t  of VIII with a smal l  excess  of HC1 with subsequent  t r i t u r a -  
tion of the resu l t ing  oily subs tance  with acetone to give a product  with mp  163 ~ (from a l coho l - ace ton e ) .  
Found %: C 52.94; H 7.44; N 15.66; C1 19.58. CI6H22N4 " 2HC1 �9 H20. Calcula ted ~ :  C 53.19; H 7.25; N 
15.50; C1 19.63. 

Bis (9 -methy l -2 -pheny l imidazo[1 ,2 -a ] -3 -benz imidazo ly l )methane  (IXa). A total  of 0.3 g of I was r e -  
fluxed with 3 ml  of 40% formal in  for  30 rain. The ini t ial ly fo rmed  oil gradual ly  c rys t a l l i zed  to give 0.32 g 
(quantitative) of snow-white c r y s t a l s  with mp 267-268 ~ (from alcohol).  Found %: C 78.37; H 5.30; N 16.38. 
C33H26N 6. Calcula ted  %: C 78.23; H 5.17; N 16.60. 

Cyanine Dyes (Xa-f). A.  A solution of 0.4 g of I (or another  s t a r t ing  imidazo[1,2--a]benzimidazole) 
and 1 ml  of ethyl o r tho fo rmate  in 2 ml  of glacia l  acet ic  acid was ref luxed for  6-10 h. The solution was 
cooled, and 2-3 ml  of sa tu ra ted  aqueous KBr  was added. The resul t ing  prec ip i ta te  was f i l tered,  a i r  dried,  
and t r ea t ed  with acetone.  The dyes were  soluble in acetone and were  s epa ra t ed  f rom the inorganic sa l t s  in 
this way.  The acetone solution was evapora ted ,  and the res idue  was pur i f ied by reprec ip i t a t ion  f rom a lco-  
hol with e ther .  

The dyes were  soluble in alcohol,  ch lo ro fo rm,  and acetone, s l ightly soluble in benzene and dioxane; 
only dyes with a methyl  group in the 2-posi t ion were  mode ra t e ly  soluble in wa te r .  

B. The s a m e  dyes were  f o r m e d  by prolonged refluxing of equ imolecu la r  amounts of the 3 - fo rmy l  
de r iva t ives  (V and VI) with the s ta r t ing  I and II in glacial  acet ic  acid.  However,  they ie lds  in this  case  were  
low (8-10%7. 

Dyes Xg- i .  These  were  fo rm ed  by refluxing 2 mmole  of imidazo[1 ,2-a]benzimidazole  with 1 m m o l e  
of n i t robenzaldehyde in acet ic  acid for  30-120 rain. The br ight ly  co lored  solution was evapora ted ,  and the 
res idue  was t r i t u ra t ed  with pe t ro l eum e the r  and f i l te red .  The c r y s t a l s  were  pur i f ied  by reprec ip i t a t ion  
f r o m  alcohol with e ther .  The resul t ing  dyes were  quite soluble in alcohol,  ch lo roform,  benzene,  and acetone, 
and insoluble in pe t ro l eum e ther  and diethyl e ther .  

I. 
2. 

3. 
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