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The multi-step synthesis of two benzimidazole trimethine cy- 
anines as  possible green sensitizing dyes (Gs3-1, Gs3-2) is 
reported. Compounds were characterized from UV-Vis, mass 
spectroscopic and NMR data. The charge density distribu- 
tions of the two compounds, calculated using the semi-empi- 

rical MOPAC 93 package, are in  agreement with assign- 
ments in NMR spectroscopy. Sensitizing properties of the cy- 
anine dyes were evaluated in actual photographic T-grain 
emulsions. 

Introduction 

Silver halide crystals, which constitute the sensitive el- 
ements in most photographic processes, have only signifi- 
cant sensitivity in the ultraviolet, violet and blue region, 
while the human eye is sensitive to the part of the electro- 
magnetic spectrum between h = 400 and 700 nm. Since sil- 
ver halide emulsions are unaffected by green, yellow, orange 
and red light, these "colour-blind" materials give photo- 
graphs in which the tone values are distorted and therefore 
can not be used as the basis for colour photography. The 
sensitivity of silver halide must be extended from h = 480 
nm (blue light), into the h = 500-600 nm (green light) and 
600-700 nm (red light) regions of the visible spectrum in 
order to produce colour photographic products. 

Benzimidazole cyanine dyes are of industrial importance 
as green-sensitizing dyes in the spectral sensitization of 
emulsion microcrystals in negative filmmaking" '1. In con- 
tinuation of our research program into functional 
we report the multi-step synthesis of two benzimidazole car- 
bocyanine dyes, the general formula of which is given in 
Figure 1. FAB-MS proved to be an efficient technique to 
determine the structure of the final dye as well as intermedi- 
ate compounds. Compounds were further characterized by 
UV-Vis spectroscopy and NMR measurements. The struc- 
tures of the benzimidazole trimethine cyanine dyes were 
also studied by semi-empirical MOPAC 93 calculations, and 
the charge distributions correlated with the NMR spectra. 
Finally, the dyes were tested for solubility, sensitizing ef- 
ficiency and dyeing extent (residual dye density). 

Figure I .  Structure formula and numbering used for the com- 
pounds, together with the atomic scheme 

Cs3- 1 R , :  H, R,: N(C2H& 

Gs3-2 R,:  CI, R2. C1 

Synthesis 

The benzimidazole trimethine cyanine dyes (Gs3-1, Gs3- 
2) were prepared by a multi-stage reaction in which all steps 
proceeded under nitrogen atmosphere. First, the appropri- 
ate heterocyclic compound carrying an active methyl group 
in the 2-position was quaternized at the nitrogen atom. The 
resulting (QM) salt then reacted with diphenylformamidine 
to produce the corresponding intermediate, an anilido-vinyl 
compound (often called ICI intermediate). Subsequently, 
the ICI intermediate was further coupled with p-toluenesul- 
fonyl chloride to become more reactive. Finally, the acti- 
vated ICI intermediate was reacted with the appropriate 
QM salt in the presence of triethylamine to obtain the final 
dye. Details regarding the synthesis of Gs3-1 are depicted 
in Figure 2, and in the Experimental Section. 
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Figure 2a. Synthetic route towards Gs3-1: preparation of QM salts Figure 2c. Synthetic route towards Gs3-1: final coupling to the dye 

A 

GZH5 

Figure 2b. Synthetic route towards Gs3-1: preparation of the ICI 
intermediates 

Mass Spectra 

Like many organic salts, cyanine dye salts resist ioni- 
zation by traditional gas-phase methods due to poor vola- 
tility and thermal instability. In such cases FAB spectra 
have proven particularly u s e f ~ l [ ~ ~ ~ ] .  For example, when ex- 
amining an iodide compound, an intense signal of the intact 
ion [M - I]+ was always observed. Also, the loss of a 
methyl and/or an ethyl group from the intact ion could be 
seen although the signal intensity was often low. Moreover, 
for Gs3-2, the intensity of the isotopic molecular ions at 
mlz = M, M+2, M+4, M+6 and M+8 proved the presence 
of four chlorine atoms. Similarly for the intermediates 
QM3, ICI4, TCI5 and IC16 as well as Gs3-1, the intensities 
at mlz = M, M + 2  and M+4 proved the presence of two 
chlorine atoms as the proposed structures require. 

More information may be obtained from FAB-MSMS 
spectra compared to ordinary FAB spectra. The exact 
identification of daughter-parent relationship allows extra 
structural information and details of the fragmentation pro- 
cess to be obtained. Table 1 summarizes the data of the 
daughter spectra obtained from the original intact molecu- 
lar ions. It may be noted that IC16 exhibits y-fission with 
respect to the imidazole moiety (this is equal to p-fission 
with respect to the phenyl ring) as well as a fragmentation 
reaction that cleaves the imidazole ring. These processes are 
shown in Figure 3. The y-fission may be seen as the forma- 
tion of a stable positive ion containing an aromatic seven- 
membered ring with two nitrogen atoms (see Figure 3 for a 
possible structure). The cleavage of the imidazole ring may 
be induced by the expulsion of a stable molecule (see Figure 
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3). As follows from the data in Table 1 and as explained in 
Figure 4, similar fragmentation patterns of the benzimida- 
zole ring seem to occur in the dyes Gs3-1 and Gs3-2. 

Table I .  Characteristic mIz values in FAB-MSMS mass spectra 
~ 

QM2: 

mlz-values 

QM3: 

mi?-values 

ICI4: 

ml?-values 

ICI6: 

m/z-vaIue+” 

Gs3- 1 : 

mlz-values 

GS3-2: 

mlz-values 

1,3-diethyl-5-(diethylamino)-2-methyl- 
benzimidazolium iodide 
260 M+; 216 MI = M - (CHZ - 2 CH,); 188 
M z =  MI - (CHZ=CH2); 160 MT= M2 - 

(CHzzCH2) 
5,6-dichloro- 1,3-diethy1-2-methyl- 
benzimidazolium p-toluenesulfonate 

2-(2‘-anilinoethenyl)-5,6-dichloro- 1,3- 
diethylbenzimidazolium p-toluenesulfonate 

257 M+; 229 MI = M - (CH,=CH,); 201 Mz = 
MI - (CHZzCH2); 166 M3 = M2 - C1 

360 Mf:  267 MT = M - H - (CLHc - NH): 239 
M~ - = M ,  -‘(cH=cH,); 130 M, = C ~ H ~  - 

NH - CH - CH - C; 229 M q =  M - M3; 201 
MS = Mq - (CH?=CH2) 
5.6-dichloro- 1.3-d1ethvl-2-12’-(N-tolvlsuluhonvl- 
anilino)ethenyl]benzimida~olium chioride * 

514 M+; 359 MI = M - (CHT - C6HS - SO,); 
267 ( M l =  M I  - H - (C6H5 - NH); 239 M3 = 
M2 - (CH2 = CH2); 131 M4 = C6H5 - NH - 
CH - CH - CH; 228 M5 = M - Mq; 200 M6 = 
Mc - (CHi=CHi) 
5,6-dichlor6-2- { 1 -[3-(5-diethylamino- 1,3-diethyl- 
1.3-diethvl-2- 
benzimidazolylidene)propenyl]} benzimidazolium 
iodide 

298 M, = M - 228 (ix. M - MA + 2): 230 MA = 
526 M+; 497 MI = M - Et; 468 Mz = MI - Et; 

230 (b&ion[’I); 202 M5 = M i  - (CH2=CH2) 
270 !3-fission[h] 
5,6-dichloro-2-{ 1-[3-(5,6-dichloro-l,3-diethyl-2- 
benzimidazolylidene)propenyl]} - 1,3- 
diethylbenzimidazolium iodide 
523 M+ (37C1135C13); 494 MI = M - Et; 465 
M2 = MI - Et; 
295 M3 = M - 228; 228 M4 = 230 (b-fission[”I) 
- 2; 
200 M5 = M4 - (CH2=CH2); 267 P-fission[”]; 
239 Mh = P-fission - (CH2CH2) 

La] See Figure 3 for details. - [’I See Figure 4 for details. 

NMR Measurements 

The atomic numbering scheme used in the NMR in- 
terpretations is shown in Figure 1. The results of QM2, 
Gs3-I and Gs3-2 are shown in Tables 2, 3 and 4, respec- 
tively. 

Upon inspection, the data (Figure 5 )  show that the order 
of ‘H and I3C shifts along the trimethine chain are the same 
as observed earlier in similar green sensitizing The 
shifts reflect differences in the electron distribution, which 
can be rationalized with the electron-in-a-box descrip- 
t i ~ n [ ~ - ~ ] .  In the trimethine chain, the number of n-electrons 
equals 8, and thus in the HOMO there is a minimum in the 
n-density at the position of the central C atom. In accord- 
ance with this view one observes in all trimethine series sig- 
nificantly higher shift values (downfield shifts) in the cen- 
tral than in the adjoining C, H nuclei. 

Finally, it was noted that the vicinal coupling constant ‘ J  
[H(8), H(9)] = 13.5 Hz, which shows the E configuration 
of the -C(8)-C(9)- moiety of Gs3-2. Similar coupling 
constants were observed for H(S), H(9) and H(10) in Gs3-1. 

Figure 3. Fragmentation details of the intermediate ICI6 

267 Et I 

131 228 CI 

MOPAC Calculation 

Since no experimental geometries are available for the 
dyes, we used the semi-empirical MOPAC 93 package in the 
AM1 approach to calculate the fully relaxed geometry of 
Gs3-1 and Gs3-2. Based on these optimized geometries, 
charge distributions were calculated (see Figure 6). A com- 
parison with NMR data (Figure 5, Tables 3 and 4) shows 
the following. First, the charges on the central atoms C(9) 
of the trimethine cyanine systems (N = C - C = C - C = C - N) 
are positive, and compared to C(8) and C( 10) indicate mini- 
mum n-density. Furthermore, in Gs3-1 the charge on C(10) 
is more negative than that on C(8), which indicates that the 
chemical shifts values of H( lo), C( 10) should be lower than 
of H(8), C(8) (upfield shifts). This result is in line with our 
interpretation of the NMR measurements. Second, the elec- 
tron density on the N atoms follows the order: N(1), N(3) 
< N(l’), N(3’) < Phenyl-N, a result also reflected in the 
NMR data. In fact, in the ‘H and I3C spectra of Gs3-1, the 
ethyl groups attached to the N positions show as expected, 
the chemical shift order: N(1), N(3) > N(l’), N(3‘) > 
Phenyl-N. 
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Figure 4. Fragmentation details of Cs3-1 (top) and Gs3-2 (bottom) 

,% 497 - - Et 468 

d z S 2 6  I- 270 

Gs3- I 

M-Et - Et 

I- 494 - 465 

Figure 5.  ' H  and "C-chemical shifts (ppm) in Cis-1 and Gs3-2 

146.0 c 
H 

A 

UV-Vis Spectra and Performance in Photographic 
Emu 1 s i o n s 

It seems appropriate to comment here on the preparation 
of photographic emulsions. For full details, however, we re- 
fer to the technical l i terat~re[ '~- '~I .  The process consists of 
three basic stages. 

The first contains the precipitation and physical ripening 
of the silver halide crystals. In the double-jet method em- 
ployed here, an aqueous solution of silver nitrate and gela- 
tin and an aqueous solution of an alkali halide and gelatin 
are added to the precipitation vessel through separate feed 
lines at the same time, but the feed rate is not necessarily 
the same over the whole period. To make a monodisperse 
emulsion (i.e. silver halide crystallites of a narrow size dis- 
tribution), the halide concentration is kept low (lo-' mol 
L ~ l ) .  This requires a careful balancing of the silver nitrate 
addition, which is achieved by on-line electronic measure- 
ment and feed-back of the silver ion concentration (con- 
trolled pAg). The process allows to a large extent the con- 
trol of the number of nuclei formed in the nucleation phase, 
the morphology of the crystallites and even the stacking 

Figure 6. Charge distributions in Gs3-1 and Gs3-2; upper, Gs3-1; 
lower, Gs3-2 

I l l 1  ! I154 

faults. With a high pAg and a high inlet rate at the begin- 
ning of the precipitation, the grains (microcrystallites) will 
be almost exclusively tabular grains (T-grains). This grain 
shape is most desired in modern photographic emulsions 
because of the resulting improved sensitivity and granu- 
larity. Most important for the present purpose is that the 
high surface-to-volume ratio makes T-grains especially suit- 
able for adsorption of sensitizing dyes. In the present case 
we used an aqueous solution of gelatin (2%) and AgN03 
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Table 2. 'H and 13C-chemical shifts (in ppm relative to TMS) and 
coupling constants (in Hz) of QM2 in deuteriated DMSO at 30°C. 
The atomic numbering is given in Figure 1; atom H(i) is attached 
to C(i); d signifies doublet, dd double doublet; q quartet and t 

triplet 

atom chem. shift area coupling constant atom chem. shift 

heterocyclic ring 

C(2) 146.6 
C(3a) 132.2 

H(4) 6.96 1H,d 4 ~ = = ~  .5 C(4) 92.3 
C(5)  147.5 

H(6) 7.00 1H,dd 'J=9:J=1.5 C(6) 112.1 
H(7) 7.72 1H,d 'J=9 C(7) 113.1 

C(7a) 121.0 
CH3(C2) 2.82 CH,(C2) 10.1 

N1 substituents 

CH, 4.42"' 2H,q 'J=5 CH, 44.0Id1 
CH, 1.35'" 3II,t 'J=5 CH, 14.1"l 

N3 substituents 

CH, 4.40"' 2H,q 'J=5 CH, 44.2Id1 
CH, 1 .34Ic1 3H.t 'J=5 CH, 13.8"' 

phenyl-N substituents 

CH2 3.45 2H,q 3J=6.9 CH2 39.514 
CH3 1.12 3H,t 3J=6. 9 CH3 12.0 

I"] The chemical shift of CH2 group coindices with those of the 
solvent DMSO. - Lh1 May be interchanpd. - 1'1 May be inter- 
changed. - Ld] May be interchanged. - '] May be interchanged. 

Table 3. 'H and I3C-chemical shifts (in ppm relative to TMS) and 
coupling constants (in Hz) of Gs3-1 in deuteriated DMSO at 30°C; 
the atomic numbering is given in Figure I ;  atom H(i) is attached 

to C(i) 

atom chem. shift area coupling const atom chem. shift 

heterocyclic ring 

C(2) 146.2 
C(34 133.0 

H(4) 6.79 lH,d 4J=l C(4) 92.0 
C ( 5 )  147.5 

H(6) 6.81 1H,dd 'J=9;J=1 C(6) 110.2 
H(7) 7.49 lH,d 'J=9 C(7) 111.2 

C(74 122.3 
Hi81 6.01'"' 1H,d 3J=13.5 C(8) 88.3[a' 
W9) 7.71 1H,dd J=13.5 C(9) 139.9 

C(2') 146.0 
C(3a'), 132.2 
C(7a') 

Hi10) 5.61[al lH,d ,J=13.5 C(10) xO.l[al 

H(4'),H(7') 7.78 2H,s C(4'), C(7') 109.7 
C(5'), C(6') 124.6 

N(1), N(3) substituents 

4.33 4H,q ,J=6 CH, 44.12 
CH3 1.40 6H,t ,J=6 CH; 13.73 
CH2 

13.54 

N(l'), N(3') substituents 

CH, 4.22 4H.q 'J=7 CH2 3 9. 50Ib1 
CH3 1.34 6H,t 3J=7 CH3 12.88 

phenyl-N suhstituents 

,J=7 CH, 39.30"' 
'J=7 CH3 12.15 

CH, 3.43 2H,q 
CH3 1.12 3H,t 

["I May be interchanged. - Lh1 The chemical shift of CH2 group 
coincides with those of the solvent DMSO. 

Table 4. 'H chemical shifts (im ppm relative to TMS) of Gs3-2L"l 
in deuterated DMSO at 30°C; the atomic numbering is given in 

Figure 1 

H4, H7 7.9812H) 
H8, €110 5.96(2H) 
H9 7.82(1 H) 
N-CHI 4.31(8H) 
CH, 1.36(12H) 

Id] The solubility of Gs3-2 was too low to measure the "C-NMR 
spectrum. 

Table 5.  Sensitometric properties of the green-sensitizing dyes Gs3- 
1 and Gs3-2; (A): number of ml added of a 0.2% solution of dye 
in methanol to SO g photographic emulsion; Do, D,,,; minimum 
and maximum optical density of exposed photographic plate; S: 

sensitivity of photographic plate in DIN; y: contrast 

Dye A Do S y D,, 

Control 0 0.09 21 3.0 5.67 

no. (ml) (DIN) color 

Gs3-1 2 0.65 10 2.5 5.42 no 
3 0.65 8 3.0 5.77 
4 0.90 5 2.4 5.38 

Control 0 0.07 21.5 2.4 5.05 
Gs3-2 0.5 0.09 20.0 1.9 4.35 no 

1 0.09 21.5 2.1 4.53 
2 0.10 23.5 2.2 4.35 

with a ratio of gelatin-to-silver at 2.5. The other aqueous 
solution contained gelatine and potassium bromide with 
potassium iodide such that the total iodide content in the 
silver halide grain is 1.5 mol%. These solutions were added 
simultaneously under agitation over a period of 110 min. 
keeping the temperature of the mixture at 70°C and the 
pAg at 9.0. Under these conditions, the nucleation time is 
1 minute and the times needed for growth and shelling 50 
and 54 minutes, respectively. 

In the second phase, the soluble salts generated during 
precipitation are removed. To do so, the gelatin emulsion is 
coagulated with a 10% polystyrene sulfonate solution, 
washed 3 to 4 times with distilled water to the desired de- 
gree of residual salt content and then redispersed at  pH 
> 6. 

In the third stage, the photographic sensitivity of the 
grains is significantly enhanced by adding certain sulfur and 
gold containing compounds. Such compounds give rise to 
so-called sensitivity centers, which in turn increase the num- 
ber of surface sites where latent-image specks are formed 
upon exposure to light. It should be noted that latent-image 
specks at the surface are developable, and those in the in- 
terior of the crystals are not. To increase the number of 
sensitivity centers at the surface of the redispersed T-grains, 
some sodium thiosulfate and some gold chloride is added 
to the redispersed emulsion at pAg = 8, pH = 7 and 50°C. 
We used 0.3 ml of an 0.1 % sodium thiosulfate solution and 
0.75 ml of an 0.167% HAuCI4 solution per 100 g emulsion. 
The S + Au chemical sensitization is stopped by cooling 
after about 1 h, when the sensitivity is at a maximum and 
fog is still low. The latter parameters are monitored by 
sampling the emulsion at intervals, coating it on a support 
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and performing the photographic tests. This type of chemi- 
cal sensitisation is thought to produce Ag2S and mixed 
(A~,ALI)?S species, which adsorb on the grain surfaces. On 
exposure, latent-image specks consisting of only a few silver 
atoms (developable interstitial Ag, clusters with y1 s 4) are 
formed preferentially at these AgzS and ( A ~ , A U ) ~ S  sensi- 
tivity specks. Just before the S + Au sensitization is started, 
the spectral sensitizing dye (here Gs3-1 or Gs3-2) is added 
to the emulsion. Such dye covers a part of the grain surface 
during the digestion and so acts as a site director for the 
topology of the sensitivity specks. The later resulting top- 
ology of latent-image centers may in favourable cases lead 
to further gain in sensitivity. However, this does not happen 
with all sensitizing dyes. 

As stated above, the chemically and spectrally sensitized 
emulsion is coated on a support and the film is finally dried. 
Film strips were exposed using a tungsten lamp (5500 K) 
and exposure times stepped up with 1/20 sec. employing a 
Xang Fong (Shanghai, P. R. China) exposure meter. The 
strips were developed in D-19 b developer for 5 min. at 
20°C, followed by fixation in F-5 fixer for 40 min. Density, 
fog and maximum density of the dried films were measured. 
Transmission densities were used to construct the character- 
istic curve from which sensitivity (speed) and contrast fol- 
l o~ed l '~ ] ] .  The average grain size of the microcrystals of the 
emulsion was 0.78 pm as determined by electron mi- 
croscopy and an image analyser. 

The results are given in Table 5. It follows that, despite 
their large structural similarity, Gs3-2 shows sensitizing 
properties in T-grain emulsions, while Gs3-1 is a strong de- 
sensitizer. Although the complexity of the sensitizing pro- 
cess["~''] precludes a full explanation, some comments 
may be given. The role of a sensitizing dye in a photo- 
graphic emulsion is to extend the light sensitivity of silver 
halides beyond the blue region of the spectrum (AgC1 limit 
420 nm; AgBr limit 470 nm; AgI limit 520 nm). To do so, 
the dyc is promoted from the ground state So to the singlet 
excited state S, by absorption of a photon. In photographic 
negative materials the excited electrons are transferred from 
the SI  state to the conduction band of the silver halide. 
These electrons are used to reduce interstitial silver ions to 
silver atoms, which after several subsequent absorption ev- 
ents aggregate until a silver cluster of sufficient size ( 3 4  
atoms) is formed. This cluster is the latent-image speck. An 
efficient electron transfer requires the Sl state to be ener- 
getically slightly above the bottom of the silver halide con- 
duction band. Apparently this is the case for Gs3-2, not 
unexpected, because substitution of one N-C2H5 group in 
(33 -2  by N(CH2)$03. or by N(CH2)4S0.7 produces sensi- 
tizers employed in commercial color films. Unfotunately, 
Cs3-2 is too poorly soluble to be of practical value. It was 
hoped, and indeed observed, that Gs3-1 has a higher solu- 
bility. The difference in sensitizing properties may be under- 
stood from electrochemical principles, although other rea- 
sons may not be excluded such as the presence of impurities 
or the failure to form suitable aggregates. Introduction of 
electron acceptors raises the reduction potential, and intro- 
duction of electron donors lowers the reduction potential 

compared to the unsubstituted parent compound. Since re- 
duction potentials can be expected to qualitatively follow 
the same order as electron affinities and energies of lowest 
unoccupied molecular orbitals (LUMO), the S, state of 
Gs3-1 can be expected to be below the S, state of Gs3-2. 
Extrapolation of a correlation between Hammett constants 
and reduction suggests a substantial de- 
crease of the LUMO-HOMO energies of Gs3-1 compared 
to those of Gs3-2. The more the LUMO energy of the dye 
falls below the energy of the conduction band of the silver 
halide, the less efficient is the electron transfer from S1 to 
the grain. This obviously impairs the ability of the dye to 
sensitize the photographic emulsion for green light. The 
concomitant decrease in the dye's HOMO energy rational- 
izes why a suitable UV absorption maximum is not a suf- 
ficient criterion for a sensitizer. In addition to the above, 
the dye becomes increasingly important in reoxidizing pre- 
viously formed latent-image specks, as well as in accepting 
photoelectrons while they are generated in the grains, and 
even in accepting electrons from the grain's valence band. 
These processes turn a dye into a desensitizer and cause 
fogging of the film. The latter is in line with an observation 
that substituents lowering the basicity of the benzimidazole 
moiety are essential in order to control fog. 

Experimental Section 
Muss Spectm: FAB spectra were obtained using a Finnigan TSQ 

70 mass spectrometer equipped with an ION TECH FAB gun 
which operated at 8 kV on Xenon. Positive ion FAB spectra were 
recorded under control of the Finnigan data system by repetitive 
scanning over the rangc mlz = 50 to nz/z = 1000 with a scan rate 
of 1 sec. Prior to analysis, the products were mixed with trifluoro- 
acetic acidlglycerol. ~ N M R  Measurements: 'H and "C-NMR 
spectra of the intermediate compound QM2 and the final dyes 
Gs3- I ,  Gs3-2 were recorded in deuteriated dimethyl sulfoxide solu- 
tion at 30 "C. A Varian Unity spectrometer, operating at 400 MHz 
for proton and at 100 MHz for carbon, respectively, was used in 
conjugation with a Sun Spark (Palo Alto, CA) data system. Tetra- 
methylsilane was used as the internal standard. Chemical shift as- 
signments are based on carbon-hydrogen 2D correlation spectra 
obtained during previous work on cyanine dyed6], combined with 
the known spectrum of benzimidazole and standard substituent in- 
crements[22.231. ~ UV" Vis: Spectra were recorded at room tempera- 
ture on an UV-8415A spectrophotometer. The absorption spectra 
of the dyes were determined from methanol solutions (dye concen- 
tration about 5 X mollL). The absorption maxima of Gs3-1 
and Gs3-2 were found at h,,, = 514 nm. 

Synthetic Experinients 
5.6-Dichloro- 1 -ethyl-2-methylbenzimidazole was kindly supplied 

by the Laboratory of Photographic Chemistry, Academia Sinica, 
Beijing, P. R. China. Other starting products were obtained com- 
mercially (Aldrich). 

QMI: 5-An~ino-2-meth~lbenritnidu~ole["~: 5 g Raney nickel (acti- 
vated catalyst, 50% slurry in water, purchased from JANSSEN 
CHIMICA) was placed in a 1000 ml pressure vessel; a filtered solu- 
tion of 18 g (0.1 mol) 2-methyl-5-nitrobenzimidazole was added, 
and the vessel was connected to a hydrogen cylinder (Series 3910 
shaker type hydrogenation apparatus). The system was evacuated 
three times to 40-50 Torr and pressurized with hydrogen to 30-40 
p.s.i. After a final evacuation, hydrogen was introduced into the 
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vessel until the pressure reached 40 p.s.i. (ca. 2.8 atm). The reaction 
was allowed to proceed for 48 hours with shaking until no further 
decrease of the pressure occurred. The catalyst was removed by 
filtration and washed with 50 ml of ethanol. The filtrates were com- 
bined, and the solvent removed by distillation under reduced press- 
ure. After drying in vacuum, 13 g of product was obtained. Yield: 
87%; m.p. 70-72°C. - The nitro group is very easily reduced with 
Raney nickel catalyst and the reaction can also be executed under 
normal atmospheric pressure. Yield: 50%; m.p. 70°C. Liquid chro- 
matography of the compound showed only one peak, for which by 
mass spectrometry a molecular ion M +  was observed at mlz = 147. 

QM2: 1,3-Diethyl-S-(diethylumino)-2-metlzylbenzimiduzoliuin 
Iudide["]: 5-Amino-2-methylbenzimidazole (2.5 g, 0.02 mol) and 
NaHC03 (8.4 g, 0.1 mol) were suspended in 32 ml HzO. Next, 12 
ml (0.09 mol) (C2H5)?S04 was dropped into the solution under 
vigorous stirring. The reaction mixture was heated to 50°C for 100 
hours. After cooling to O'C, 9 g KI was added and the stirring was 
continued for one hour, during which the product precipitated. It 
was washed with 20 ml 30%) K1 solution in water, and 30 ml ether, 
crystallized from ethanol and dried in vacuum. A brown-colored 
product (6 g) was obtained. Yield: 50%; m.p. 180-182°C. 

QM3: S,6-Dichloro-l,3-diethyl-2-methylbenziinidazolium p-Tolu- 
enesulfonate: A mixture of 5,6-dichloro- 1 -ethyl-2-methylbenzimida- 
zole (10 g, 0.044 rnol), and ethyl p-toluenesulfonate (8.6 g, 0.044 
mol) was heated at 160°C for two hours. After slight cooling, 50 
ml acetone was cautiously added to prevent the formation of 
lumps. After further cooling a precipitate formed, which was fil- 
tered and dried in vacuum; 19 g of white product was obtained. 
Yield: 100%; m.p. 275277°C.  

ICI4: 2- (2'-Anilinoethenyl) -5,6-dichluro-l,3-diethylbenzimidazol- 
iump-Tuluenesu~fonate[26]: A mixture of QM3 (19 g, 0.044 mol) and 
diphenylformamide (12 g, 0.06 mol) was heated on a metal bath at 
170°C under vacuum (0-1 Torr) for 80 minutes. The by-product, 
aniline, was distilled off during the reaction. The reaction product 
was cooled and washed with an ice-cold mixture of etherlacetone 
(1O:l :  v:v); 20 g of product was obtained. Yield: 85%; m.p. 
224-226 "C. 

ICIS: 2-(2'-Anilinoetlienyl)-5,6-dichloro-1,3-diethylbenzimida- 
zold61: ICI4 (5.6 g, 0.01 mol) was dissolved in acetone and 10 ml 
of a NaOH solution (0.8 g in 10 ml water) was added. The mixture 
of the two solutions was stirred at room temperature for two hours 
and then poured onto 700 g ice to precipitate the product. After 
filtration, the precipitate was washed with acetone and ether, and 
dried in vacuum; 3.1 g of light red powder was obtained. Yield: 
82%; m.p. 89°C. 

ICI6: S,6-Dichloro-1,3-diethyl-2[2'-(N-p-tulylsu~piionylanili~io)- 
etlieiiyl]henzimidarolium ICI5 (3 g, 0.008 mol) and (1.6 
g, 0.008 mol) p-toluenesulfonyl chloride were dissolved separately 
in 20 ml acetone each. The solutions were mixed and the mixture 
was stirred for four hours at room temperature. The formed pre- 
cipitate was filtered, washed with ether and acetone, and dried in 
vacuum. Yield: 3.3 g, 72%; m.p. 190°C. 

Gs3-1: 5,6-Dichloro-2- JI-[3-(S-diethylunzino-1,3-2- (1 $3-(2- 
henzimidazolylidene/prupenyl]}-3-diethylbenzimidazolium 
A solution of 2.21 g (0.005 mol) ICI6, 1.56 g (0.005 mol) QM2 and 

4 ml triethylamine (NEt3) in 20 ml pyridine was refluxed under 
nitrogen atmosphere for 45 minutes. The solution was cooled, and 
80 ml ether was added. The resulting precipitate was dissolved in 30 
ml methanol. To this solution 20 ml of a 25% aqueous KI solution 
(preheated to SOOC) was added and the mixture refluxed for 20 
minutes. After cooling, the crude precipitated dye was filtered, 
washed with water and acetone; 1 g (38% yield) of crude product 
was obtained, which was crystallized three times from ethanol; m.p. 
280-282°C. - Elemental analyses: found C 51.56%, H 5.83% N 
10.09%; calculated for C29H38CI2N51 C 53.22%, H 6.01% N 
10.70'%. - Compound Gs3-2 was synthesized similarly. Equal mo- 
lar amounts of ICI6 and QM3 were reacted using the same con- 
ditions as above. Yield: 50%); m.p.: 290-292°C. 
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