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The corresponding 2-(o-hydroxystyryl )benzimidazoles  were obtained by the condensation 
of aromat ic  o-hydroxyaldehydes with 5 -n i t ro -  and 5 ,6 -d in i t ro - l ,2 ,3 - t r imethy lbenz imid-  
azolium sal ts .  It was established that derivatives of salicylaldehyde and 5-methoxy-  
sal icylaldehyde are  capable of in t ramolecular  cyclizat ion in absolute, aprotic solvents to 
form spiro{benzimidazol ine-2,2 ' - [2H]chromene)  derivat ives .  

In [1] we recent ly  demonstra ted that the anhydro bases of 2 - (o -hydroxys tyry l ) - l ,3 -d imethy lbenz imid-  
�9 azolium sal ts ,  in cont ras t  to the analogous benzoxazolium [2] and benzothiazolium [3] derivat ives,  exist in 

the open form.  Assuming that this difference is caused by the low electrophil ici ty of the meso  carbon atom 
of the imidazole r ings,  we decided to inc rease  it by the introduction of acceptor  groups into the benzene 
ring of benzimidazole.  For  this,  we undertook the synthesis of 2-(o-hydroxystyryl )  derivatives of benzimid-  
azolium salts  based on 5 -n i t ro -  and 5 ,6-d in i t ro- l ,2 ,3- t r imethylbenzimidazol ium saltS. The lat ter  were ob- 
tained as the methosulfates (I and II) by alkylation of the corresponding n i t ro- l ,2 -d imethylbenz imidazoles  
with dimethyl sulfate. In alcohol in the presence  of piperidine, compound I readi ly  condenses with sa l icyl -  
aldehyde and its der ivat ives  (5-nitro and 3,5-dibromo) and also with 2-hydroxynaphthaldehyde. In the case 
of II, however ,  the condensation in basic media  is apparently accompanied by hydrolytic cleavage of the 
imidazole r ing.  This does not in ter fere  with the preparat ion of merocyanines  with 3 ,5-dibromosal icyla lde-  
hyde and 2-hydroxynaphthaldehyde (VIII and IX), which a re  only slightly soluble and crys ta l l ize  f rom the r e -  
action mass  during the react ion.  However,  if the condensation proceeds comparat ively  slowly and the m e r o -  

TABLE 1. Solvatochromism of Anhydros Bases  {I]~, V, VI, and IX) 
in Aqueous Acetone Solutions* 

Amt. of water in the z, 
a e e t o n e ~ m o l e  

0,0 
l,O 
2,5 
5,0 
7,5 

10,0 
15,0 
20,0 
25,0 
30,0 

67,0 
68,1 
70,0 
72,9 
75,0 
76,6 
78,7 
80,7 
82,1 
83,2 

Constant~ in the equation E t 
aZ+b 

"Area., n m  

Ill  V VI 

s 500_ 
54O 
520 53-0 
515 
510 574 472 
505 
500 4-;; 

458 490 ~6 454 

b, kcal/moje 

IX I t [  

52,8 
5~ 54.9 

55,4 
536 56,0 

56,5 
52"7 57,0 
5~ 58,3_ 

0,44 

48,4 

E t, kcal/mole 
V VI  

5~,6 57_2 

56,7 62,2 
5-~,4 62,4 63,0 

0,36 0,36 

49,2 54,4 

IX 

50,9 

52,1 

53,1 

54,0 

55,0 

0,27 

49,5 

* The concentrat ion of III and VI was 0.5 �9 10 -4 M, and the concent ra -  
tion of V and IX was 0,25 �9 10 -4 M. 
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Fig.  1. Absorpt ion s p e c t r a  of 5 ,6 -d in i t ro -2 -  (o -hydroxys tyry l ) -1 ,3 -d imethy l  benzimidaz olinm 
(VII, c 0.5 . 10 -4 M) in aqueous acetone solutions at the following wa te r  concentrations..  1) 5; 
2) 10; 3) 15; 4) 20; 5) 25; 6) 30 vol.%. 

Fig.  2. Absorpt ion s p e c t r a  of 5 -n i t r o -  and 5 ,6 -d in i t ro - l , 3 -d ime thy l sp i ro (benz imidazo l ine -  
2 ,2 ' - [2H]chromenes)  in dioxane: 1) IIIa;  2) VIIa; 3) Xa (c 0.5 �9 10 -4 M). 

cyanines  fo rmed  r ema in  in solution, the products  of the opening of the he te ro r ing  hinder  the isolation of the 
merocyan ine  in pure  f o r m .  The products  of the condensation of II with the appropr ia te  aldehydes were  ob-  
tained as sa l t s  by ref luxing in acet ic  anhydride,  and the anhydro bases  (VII and X) were  isola ted f rom them 
by the action of ammonia .  

~H3 ~il3 

X - ~ i ~ y  X N 

CH~ CH~ 

I I l - -X  Ifia~ VII,9., xa 

I I l - -V l  X=5 (6 ) -N02 ;  VI I - -X X =5,6- (N02)2;  I l l - - V I I  Y=H; 

IV, VIII Y=5' ,o ' -bezlZO; V, IX Y=3',5 '-Br.2;  VI, V Y=5'-NO~; 

X Y = 5'-OCH 3 

The hydrolyt ic  c h a r a c t e r  of the c leavage  of the imidazole  r ing of I and II in the p re sence  of piperidine 
in alcohol was conf i rmed  in the case  of II and 5 - n i t r o - l , 3 - d i m e t h y l - 2 - e t h y l b e n z i m i d a z o l i u m  perch lo ra te  (XI). 
Oaly a mix tu re  of i s om er i c  4-  and 5 -n i t ro -2 -me thy lp rop iony lamino-N-me thy lan i l i ne s  (XII) was isolated,  in-  
s tead of the product  of the condensation of XI with sa l icyla ldehyde,  in the p re sence  of piper idine .  The s t r u c -  
t u re s  of XII (without separa t ion  of the mixture)  we re  proved  by the i r  p repara t ion  f rom XI in wa te r  by the 
action of alkali ,  as  well  as by the IR, UV, and PMR spec t r a  (in KBr,  VNH 3330 c m  -1, vCO 1660 cm- l ;  in a l -  
cohol ~ m a x  380 nm,  log e 4.25). The following s ignals  a r e  p resen t  in the PMR spec t rum of a ch lo ro fo rm 
solution of the mix tu re  of i s o m e r s :  two t r ip le t s  f rom the protons of the methyl  groups of the propionyl  
grouping (1.07 and 1.7 ppm),  two adjacent  quar te ts  f rom the protons of the CH2CO groups  (about 2 ppm), a 
doublet f r o m  the th ree  protons of the N H - C H  3 group (3.07 ppm), a t h ree -hydrogen  singlet  f rom the H3C-  
NCO group (3.23 ppm), and a quar te t  f rom the proton of the H - N C H  3 group (3.78 ppm) .  

The anhydro bases  of the o -hyd roxys ty ry l  der iva t ives  of the n i t r o -  and d in i t robenzimidazol ium sa l t s  
0II-X) a re  in tense ly  colored,  c rys ta l l ine  subs tances  with indist inct  mel t ing points (with decomposi t ion)  of 
,~280 ~ Some of them (III, IV, and VII) f o r m  c rys ta l l ine  hydra tes .  The p r e sence  of wa te r  of hydration was 
detected f r o m  the intense absorpt ion at ,~3600 cm -I  in the IR s p e c t r a  of solutions in acetoni t r i le  and was 
conf i rmed  by e l e m e n t a r y  ana lys i s .  Compounds I I I -X a r e  mode ra t e ly  soluble in po la r  organic so lvents ,  and 
sl ightly soluble or  insoluble in wa te r  and nonpolar  organic  so lvents .  Absorpt ion in the region of the v i b r a -  
t ions of the carbonyl  group is absent  in the IR s p e c t r a  of c rys ta l l ine  s amples  (in KBr) of I I I-X,  which a t tes ts  
to cons iderab le  polar iza t ion  of the conjugated s y s t e m  and prox imi ty  to a dipolar  l imit ing s t ruc tu re .  
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Fig.  3. IR spec t ra  of 2 - (2 -hydroxys tyry l ) -  
benzimidazol inms and the corresponding 
spiro (benzimidazolinechromenes) (in KBr):  
1) IIIa; 2) ]II; 3) VlIa; 4) vii;  5) Xa; 6) X. 

Also in accord  with this sor t  of s t ruc ture  is the de-  
pendence of the electronic absorption spec t ra  of IH-VI, 
VIII, and IX on the nature of the solvent.  These compounds 
have the c lear ly  expressed  negative so lva tochromism 
(Table 1) that is charac te r i s t i c  for intraionoid compounds 
[4]. It should be noted that a solution of III in anhydrous 
acetone (in cont ras t  to a solution in alcohol) has >,max 380 
nm. When water  {~1%) is added, the color  of the acetone 
solution deepens sharply,  and an absorption band with a 
maximum of ~545 am appears in the spec t rum.  A l inear  
dependence of the energy of t ransi t ion of the long-wave ab-  
sorption band (E t) f rom the Z value of the solvent [5] (E t = 
aZ + b) is observed for IH, V, VI, and IX in aqueous ace-  
tone solutions.  As seen f rom the data in Table 1, the de-  
gree  of shifting of X max f rom Z, i.e., the polar izabi l i ty  of 
the conjugated sys tem,  depends on the nature of the sub-  
stituents in both par ts  of the molecule.  As expected, s i -  
multaneous re inforcement  of the acceptor  proper t ies  of the 
substituents in both portions of the molecule  leads to a de-  
c r e a s e  in the shift; two bromine atoms in the meta  position 
relat ive to the conjugation chain, in accordance  with the (r 1 
value for bromine,  have the same effect as one meta ni tro 
group [6]. At the same t ime, the presence  of a ni t ro  group 
in the pa ra  position relat ive to the phenolic oxygen of the 
aldehyde component resul ts  (in contras t  to the bromine 
atoms in the ortho and pa ra  positions re la t ive  to it) in a 
significant decrease  in the conjugation of the phenoxide 
oxygen with the acceptor  in the he terocycl ic  portion of the 
molecule 0~ TV - b I I I =  6 k c a l / m o l e ,  and b V - b IH = 0.8 
kca l /mo le ) .  

A different pattern is observed for VII and X. A1- 
though VII and X are intensely colored in the crys ta l l ine  

state,  their  alcohol solutions do not give an absorption band with a maximum above 400 nm. These c o m -  
pounds and, as noted above, III behave anomalously in acetone solution. A comparison of the spec t ra  of VII 
in aqueous acetone solutions (Fig. 1) shows that there is an equilibrium between the two forms of VII (VII 
and VIIa). An intensely co lored  compound with Xma x ~ 510 nm (30% H20 ) appears as the percentage of 
water  i nc r ea se s .  A small  hypsochromic  shift of the absorption curves  relat ive to the isopiest ie point as the 
percentage of water  increases  (above 15%) is apparently induced by the negative so lva tochromism of the 
colored form of VII. We assumed that the most  probable reason for the sharp inc rease  in the color  of III 
(see above), VII, and X in anhydrous acetone is in t ramolecular  cyclizat ion with the formation of compounds 
of the spi ropyran type (IIIa, VIIa, and Xa). This cyclization could m o s t  likely have been expected prec ise ly  
for these compounds as a consequence of the increased  nucleophilicity of the oxygen atom. 

To verify this assumption, we attempted to isolate the indicated highly colored  forms.  For  this, III, 
VII, and X were  dissolved by heating in anhydrous acetone, the solutions were evaporated in vaeuo to a 
smal l  volume, and the dissolved substances were  precipi tated by the addition of pet roleum ether  and then 
reprec ip i ta ted  f rom benzene by the addition of petroleum ether .  Compounds IIIa, VIIa, and Xa obtained in 
this way dissolved readi ly  in organic solvents of low polari ty (the solubility of VIIa in benzene was 0.8% at 
20 ~ compared  with 5% in dioxane) and melted at much lower t empera tu res  than the s tar t ing tli, VII, and X. 
These proper t ies  attest  to the relat ively low polari ty of IIIa, VIIa, and Xa. Dioxane solutions of them are 
yellow (Fig. 2), which does not contradict  a cycl ic  s t ruc ture  including a f ragment  of the p-ni troanil ine type. 
The absorption spec t ra  of these solutions are  monotypic.  In addition, the spec t ra  of dioxane solutions of HI 
and IIIa, VII and Viia, and X and Xa are  identical,  which attests  to in t ramolecular  cycl izat ion of HI, VII, and 
X in absolute dioxane. 

A compar ison  of the IR spec t ra  of IIIa, VIIa, and Xa with those of the corresponding merocyanine  forms 
(III, VII, and X, Fig.  3) also confi rms the spiropyran s t ruc ture  of the fo rmer  [7, 8]. The IR spec t ra  of Ilia, 
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VIIa, and Xa contain absorption bands at 1640-1650 cm -1 (v C : C  of the pyran ring) and at 940-960 cm -I (a 
band charac te r i s t i c  for sp i ropyrans ,  but its ass ignment  is not unambiguous), which are  absent in the spect ra  
of merocyanine,  and the bands at about 1420-1435 cm -1 and 1210-1220 cm -1 that are  found in the spec t ra  of 
III, VII, and X are absent.  In addition, the spec t ra  differ markedly  at 1500-1600 c m - l :  for the spirans,  the 
intensity of the band of the aromat ic  ring at 1610 cm -1 is about one-half  the intensity of the v NO2_as band, 
while the intensities are about the same for the merocyanines .  

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

5-Ni t ro- l ,2 ,3 - t r imethylbenz imidazol ium Methosulfate (I). A 3.8 g (0.02 mole) sample of a mixture of 
5- and 6-n i t ro- l ,2 -d imethylbenz imidazoles  (obtained by the action of dimethyl sulfate on 2 -me thy l -5 -n i t ro -  
benzimidazole in potassium hydroxide) and 2.35 ml (0.025 mole) of dimethyl sulfate was heated at 140 ~ until 
everything dissolved.  The reaction was considered to be complete when a sample of the mass  dissolved 
completely  in water  (after about 30 rain). The melt  was t r i tura ted  with 30 ml of acetone, and the color less  
c rys ta l s  were removed  by fi l tration. Crystal l izat ion from acetone (1 : 70) gave 2.7 g (43~c) of I with mp 
175 ~ Compound I dissolved readi ly in water and alcohol and had Rf  0.45 [A1203 with elution by c h l o r o f o r m -  
ethyl acetate (1:9)] .  Found%: N 13.4; S 10.2. CllHl~N30~S. Calculated %: N 13.2; S 10.1. 

5 ,6-Dini t ro- l ,2 ,3- t r imethylbenzimidazol ium Methosulfate (II). A mixture of 8 g (0.034 mole) of 5,6- 
d in i t ro- l ,2 -d imethylbenzimidazole  [9] and 6.6 ml (0.068 mole) of dimethyl sulfate was heated at 140 ~ until 
the reaction mass  dissolved completely in water (after about 30 min). The viscous mass  was t r i tura ted 
with 40 ml of acetone, and the solid was f i l tered and washed with acetone to give 9.8 g (80%) of II. C rys t a l -  
lization from alcohol gave a product with mp 242 ~ and Rf  0.3 [AI~O 3 with elution by a l coho l -e thy l  acetate 
(1:3)].  Found 7c: N 15.7; S 9.1. CitHt4N4OsS. Calculated~c: N 15.5; S 8.8. 

5 -Ni t ro-  and 5 ,6-Dini t ro- l ,3 -d imethyl -2- (2-hydroxyary lv inyl )benzimidazol iums fflI-X, Table 2). The 
appropriate  aldehyde (2 mmole) and 1.2 ml (12 mmole) of piperidine were added to a hot solution of 2 
mmole of I or  II in 15 ml of alcohol. The solution acquired an intense color  after  the addition of piperidine. 
The mixture was s t i r r ed  with refluxing for about 30 rain until a precipitate developed (IV-VI, VIII, and IX), 
or  {in the preparat ion of III) until I was no longer present  in the react ion mass  (as monitored by chromatog-  
raphy on A1203). The precipitate was fi l tered (III was isolated after the addition of a twofold amount of 
water),  washed with water ,  and crys ta l l ized;  the purity of the compounds was monitored chromatographical ly .  

Compounds VII and X were obtained after refluxing a solution of 1.5 mmole of II and 1.5 mmole of 
salicylaldehyde or 5-methoxysal icylaldehyde in 3 ml of acetic anhydride for 12-15 h. The mixture was 
cooIed, 7 ml of water  was added, 1 ml of concentrated HC1 was added, and the mixture was refluxed for 20 
rain with activated charcoal .  The c rys ta l s  of the hydrochlor ides  of VII or X that precipitated after cooling 
were  separa ted  by fil tration and crys ta l l ized  f rom water .  {They dissolved on heating in 150 ml portions of 
water  followed by evaporation to one-half  the original volume.) The thus purified salt  was dissolved in hot 
water  (1 : 150), the solution was cooled, and 25~ ammonium hydroxide was added until the mixture had pH 
9-10. The resul t ing deeply colored,  finely crys ta l l ine  precipi tates of VII or  X were fil tered, washed with 
water ,  and crys ta l l ized  f rom aqueous alcohol. 

5 -Ni t ro -  and 5 ,6-Din i t ro - l ,3 -d imethy lsp i ro  (benzimidazoline-2,2,-  [2H]chromenes) ffIIa, VIIa, and Xa, 
Table 3). A 0.1 g sample of III, VII, or X was refluxed for 30 rain with 120 ml of anhydrous acetone. The 
solution was fi l tered,  evaporated to 30 ml in vacuo, and 60 ml of petroleum ether was added. The result ing 
precipi ta te  was f i l tered and dissolved by heating in 100 ml of absolute benzene. The soIution was filtered, 
evaporated in vacuo to 10 ml, and 50-70 ml of pet roleum ether was added. The result ing precipitate was 
fi l tered,  washed with petroleum ether,  and dried in a vacuum des icca tor .  

5 -Ni t ro - l ,3 -d imethy l -2 -e thy lbenz imidazo l inm Perch lo ra te  {XI). Like I, this was s imi la r ly  obtained 
in 30~ yield from 5(6)-ni t ro-2-ethylbenzimidazole  [10]. The melt  was dissolved in alcohol, and XI was p re -  
cipitated by the addition of magnesium perchlorate  to this solution to give a product with mp 225 ~ (alcohol) 
a n d R f  0.3 (AI203 with elution by chloroform).  Found %: C1 11.1. CllHI4CIN306. Calculated %: C1 11.1. 

4 -  and 5-Ni t ro-2-methylpropionylamino-N-methylani l ines  (XII). A total of 2 ml (3.5 mmole) of 10% 
potassium hydroxide was added with s t i r r ing  to a solution of 0.6 g (2 mmole) of XI in 10 ml of water,  and 
the result ing floeculent yellow precipitate was washed with water  until it gave a neutral  reaction to give 
0.38 g (64%) of XII with mp 175 ~ [from benzene (1 : 30)] and Rf  0.8 (A1203 and elution with chloroform).  
Found%: C 55.4; H 6.6. CI1H15N303. CalculatedTc: C 55.6; H 6.3. 
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The UV spectra were recorded with SFD-2, (Fig. 2 and Table 2), and SF-10 spectrometers  (Fig. 1 
and Table 1). The IR spectra were recorded with an IKS-22 spectrometer ,  and the PMR spectrum was ob- 
tained at a frequency of I00 MHz. 
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