CHEMISTRY OF HETEROCYCLIC COMPOUNDS

ISOELECTRONIC ANALOGS OF INDOLIZINE
V. Derivatives of Pyrrolo[1, 2-a]JBenzimidazole*
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A new method is offered for synthesizing hitherto unknown com-
pounds of the pyrrolof1, 2-albenzimidazole series, involving
heating quaternary salts prepared from 1, 2-dialkylbenzimidazoles
and a-halogenoketones with sodium carbonate solution, The me-~
thod is used to prepare 6 bases iso-electronic with the correspond-
ing indolizine derivatives. The salts of the pyrrolo[1, 2-a]benzi~
midazoles give 2 series of cyanine dyes, those with a chain at the
1,1 positions, and those with one at the 3,3 positions, The anom-
alous value of the vinylene shift of the absorption maximurm ob-
served on passing from monomethine- to trimethinecyanines, is
due to steric hindrance in molecules of monomethinecyanines,

Starting from the formula of indolizine, which is
one of the nonbenzenoid heteroaromatic compounds.
it is theoretically possible to pass to formulas of a
series of compounds iso-electronic with it, and con-
taining two heteroatoms, The formulas of the iso~
electronic analogs of indolizine can be arrived at by
replacing a vinylene group in the latter by the hetero-
atoms O, S, Se, or an NR group (R = H, Alk, Ar),
when the formulas of compounds I-IV are obtained,
where the indolizine 10 7-electron system is obtained
by the coupling of two 5 electron rings.
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Previous papers described the preparation of pyr-
rolo[2, 1-b]thiazole (II) [1, 2] and iso-indolof1, 2-b]-
benzothiazole (V) [3, 4]. Hitherto compounds of types
I, I, and IV have not been described in the litera-
ture. Compounds of the pyrrolo[l, 2-aJbenzimidazole
(VD) and iso-indolo{1, 2-albenzimidazole (VII) series
are also unknown. Compounds of structures whose
skeletons closely resemble VII are known [5-8], but
they are not iso-electronic analogs of indolizine and
do not have its characteristic system of bonds.
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In the present work it is shown that derivatives VI
can be obtained by the same method as pyrrolof2, 1-b}-
thiazoles [1]. Heating 1, 2-dialkylbenzimidazoles with
«-halogeno ketones gives guaternary salts VI and
treatment of these with sodium carbonate converts
them to pyrrolo{1, 2-aJbenzimidazoles IX-XIV,
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*For previous parts see {1-4].
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If sodium bicarbonate or triethylamine is used instead
of sodium carbonate, pyrrolo[l,2-albenzimidazoles
are not formed. The bases obtained are purer if sodi-
um sulfite, inhibiting oxidation of the products, is
present during the heating of quaternary salts VII
with sodium bicarbonate. The benzimidazole ring be-
ing highly basic, quaternary salts with a-halogen-
ketones are very easily obtained (rather more easily
than in the thiazole and benzothiazole series), so that
here it is possible to synthesize the most diverse
substituted pyrrolo[1, 2-aJbenzimidazoles.

Unlike pyrrolo[2, 1-b]thiazoles and pyrrolo[l, -
2-blbenzothiazoles, pyrrolo[l,2-a]benzimidazoles
are rather strong bases, giving with mineral acids
salts which can be crystallized from water*. With
picric acid they form picrates.

The structure of pyrrolo{l, 2-albenzimidazole,
and those of the other 10 n-electron heterocyclic com-
pounds, are not only represented by the nonpolar
formulas VI, but also by dipolar structures VIa, Vib
where the entire ring has an aromatic sextet of elec-
trons. Such compounds, with enhanced electron den-
sity in the pyrrole part of the molecule,
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should react readily with electrophilic reagents,
Preliminary experiments showed that VI deriva-
tives lacking a substituent at position 1 or 3, indeed

*The question of the structure of the salts will be
considered in a subsequent paper.
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react with clectrophilic reagents. and that their salts
give cyanine dyes with the appropriate intermediates,
Heating XI with acetic anhydride gives a 1-acetyl de-
rivative XV, and XIII gives a 3-acetyl derivative XVI.
The IR spectrum of this compound has an intense ab-
sorption band at 1620—1640 em™, corresponding to

a carbonyl group. Both 1- and 3-acetyl derivatives
are easily hydrolyzed with hot hydrochloric acid, with
splitting off of an acetyl group, and formation of a
salt of XI and XIO respectively. In this respect the
acetyl derivatives of pyrrolofl, 2~albenzimidazole
resemble the acyl derivatives of iso-indolof1, 2-b]-
benzothiazole [3], and 5- and 7-acyl derivatives of
pyrrolo[2, 1-b]thiazole [1]. Similar properties are
possessed by all compounds with an acyl group on a
carbon atom where there is enhanced electron den-
sity (1- and 3-acyl derivatives of indolizine, acyl-
methylene bases, etc).

Fig, 1. Steric hindrance
in a molecule of dye XIX
(plane projection).

Derivatives of pyrrolo[1, 2-albenzimidazole give
two series of cyanine dyes. XI gives cyanine dyes
when the polymethine chain starts at position 1, while
isomeric XIII gives dyes with the chain at position 3.
There is a substantial difference in the colors ofthese
two types of dyes. Lengthening of the internal chain
by two carbon atoms in molecules of dyes which are
styrenes (see compounds XVII, XVIII), quite unex-
pectedly results not in a bathochromie, but in a hyp-
sochromic shift of the absorption maximum (by 13
mi) . With the symmetrical monomethine
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dyes XIX and XX, the transition leads, as would be
expected, to deepening of the color (by 44 mu).
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KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

Trimethinecyanines XXI and XXII were prepared
by condensing the perchlorates of XIII and XI, re-
spectively, with 8-ethoxyacroleindiethylacetal in di-
methylformamide. Comparison of absorption maxima
of trimethinecyanines and monomethinecyanines shows
the vinylene shift for dyes with a polymethine chain at
positions 1.1 to be 65 my, and with 3. 3'-cyanines,
to be 39 myu. Obviously the difference found for the
vinylene absorption maxima is considerably less than
that usually found for cyanine dyes. For example in
the case of thiacyanines, the vinylene shift of the ab-
sorption maximum on passing from monomethinethia-
cyanines to trimethinethiacyanines is 135 mu, and on
passing from trimethinethiacyanines to pentamethine-
thiacyanine. it is 94 mu [9]. Possibly such an abnor-
mally low value of the vinylene difference for dyes
which are derivatives of VI is connected with steric
hindrance in the molecules of monomethinecyanines.
Projections of molecules of monomethinecyanines
drawn with the right covalent and interference radii,
and valence angles (Figs. 1 and 2), show that there
is really steric hindrance in the molecules of these
dyes.

Fig. 2. Steric hindrance
in molecule of dye XX
(plane projection),

EXPERIMENTAL
QUATERNARY SALTS

I-Acetonyl-2, 3~-dimethylbenzimidazolium bromide (XXV). 2 g
(0.014 mole) 1, 2-Dimethylbenzimidazole [10] and 1.9 g (0.014 mole)
brom.acetone in 10 ml toluene were heated for 10 min at 100° The
crystals were washed with benzene, then with ether, yield 3.2 g (0,011
mole, 8299, mp 234° (ex PrOH), Found: Br 28.07, 28 19%, calculated
for C,yH;sBrN,O:Br 28,21%.

1-methyl-2-ethylbenzimidazole bromophenylacylate (XXVI). Pre-
pared similarly to XXV, using 7 g (0. 044 mole) 1-methyl-2-ethyl-
benzimidazole and 8.7 g (0. 044 mole) bromoacetophenone in 25 ml
toluene (40 min heating). Yield 13,4 g (0.037 mole, 85%), colorless
prisms, mp 239° (ex PrOH). Found: Br 22.06, 21.98%, calculated for
Ciyt1BrNoO:Br 22,24%,

1-Methyl-2-ethylbenzimidazole was obtained by methylating
2-ethylbenzimidazole with Me 28O0y, similarly to [10], yield 45%,
mp 62°.

1-Methyl-2-ethyl-3-acetonylbenzimidazolium bromide (XXVII),
Prepared from 11.4 g (0. 071 mole) 1-methyl-2-ethylbenzimidazole
and 9, 8 g (0. 071 mole) bromoacetone, The product was washed re-
peatedly with acetone and ether, yield 14.4 g (0.049 mole, G8%).
mp 266° (ex PIOH). Found: Br 27.06, 27.09%, calculated for
Ciatl,-BrN;O:Br 26,88%.

1, 2-Dimethyl-3-(butan-2'-on-3'-yl) benzimidazolinium bromide
(XXVIil), 15 g (0.102 mole) 1, 2-dimethylbenzimidazole, 15.6 g
(0.103 mole) methyl -a-bromoethyl ketone, and 20 ml toluene were
heated together for 45 min at 100°, The product which came down
after 14 hr was recrystallized, and washed with acetone and ether,
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Yield 20 g (0. 067 mole, 65%), mp 255° (ex iso-PrOH). Found: Br 27,
27.13; 27.00% , calculated for Cy,HyyBrN,O:Br 26,88%.

PYRROLO[1, 2~aJBENZIMIDAZOLES

2, 4~Dimethylpyrrolofl, 2-aJbenzimidazole (IX). 4 g XXV was
heated for 2 hr at 80°-90° with 180 ml 0.7% Na,CO, solution, con-
taining 1. 6 g sodium sulfite. A pale yellow oil formed, which crys-
tallized on cooling, It was extracted with ether, yield 1.2 g (46%),
colorless plates, mp 90° (ex MeOH). Found: N 15.19; 15,25%, calculate
for CioHipNo 3 N 15.21%.

2, 4-Dimethylpyrrolof1, 2~-albenzimidazolium perchlorate (XXIX),

3 g impure base IX was dissolved in 6 ml hot HC1 (1:1), 2.5 ml42%
HC104 added, and after cooling the product filtered off, washed with
water, acetone, and ether. Yield 4,3 g (93%), colorless needles, mp
199°-200° (ex FtOH). Found: C112.33; 12.29; N 10.02; 10,20%, cal-
culated for CsHwNy-HCIO.: CI 1245; N 9.84%.
2-Phenyl-4-methylpyrrolo 1, 2-a benzimidazole (X). Prepared
similarly to base IX, colorless needles, mp 114° (ex EtOH). Found:

N 11,51; 11,68%, calculated for CyzHygNy:H 1:N 11.39%.
2~Phenyl-4~methylpyrrolo[1, 2= albenzimidazolium chloride. mp
2173° (ex water), Found: Cl 12.48; 12.34% , calculated for C;;HuN;-HCL

Cl112,54%.

2~-Phenyl-4-methylpyrrolofl, 2-abenzimidazolinjium iodide, ob=-
tained by treating the hydrochloride with KI, yellow needles, mp 276°,
Found: N 7.37; 7.23%, calculated for Cy7H; Ny ¢ HI:N 7.48%.

2, 3, 4~Trimethylpyrrolo[1, 2~ ajbenzimidazole (XI). 3 g XXVII
was heated with 120 ml 0,7% NayCOj solution for 40 min at 90-95°,
Yield 1 g (50%), colorless plates, mp 99° (ex MeOH), which turned
green on keeping in air. Found: N 14,12; 14.32%, calculated for
CisHiNz ¢ N 14,13%.

Picrate, yield 84%, yellow plates, mp 164° (ex EtOH), Found:

N 16.50; 16.47%, calculated for C)3Hi4Nz+ CoHgNzO7:N 16.39%.

2, 8, 4-Trimethylpyrrelo 1, 2-a benzimidazolium perchlorate (XXX),
from the base and HC10, yield 92%, mp 212°, (ex water). Found:
cl 11.90; 12.05%, calculated for C;3H 4N, - HC1O4C1 11.87%,

" 1-Acetyl-2, 3, 4-trimethylpyrrolof1, 2~aJbenzimidazole (XV).
0.4 g base XI and 3 ml Ac,O were refluxed together for some minutes.
The product which came down on cooling filtered off and washed with
Acz0 and EtOH, Yield 0,25 g (52%), colorless needles, mp 199°
(ex EtOH). Found: N 11.84; 11.99%, calculated for CisHisNzO:

N 11.66%.

Hydrolysis of product XV, 0.15 g compound XV, 1 ml conc HC1,
and 3 ml water were refluxed together for 5 min, then 0.8 ml 42%
HC104 added. The crystals that precipitated were filtered off, washed
with water, then with EtOH, and finally with ether, yield 0.2 g, mp
212° (ex water). Undepressed mixed mp with XXVII,

1, 4~Dimethyl-2~phenylpyrrolo[l, 2~albenzimidazole (XID). 3 g 1.
2-dimethylbenzimidazole, 4.4 g phenyl-a-bromoethyl ketone, and
7 ml toluene were heated together for 30 min at 100°, On long stand-
ing the oil that had formed solidified. It was washed with ether, where-
upon it gave 5.5 g (74%), quaternary salt, 5.8 g of the salt was dis-
solved in 200 ml 0. 8% NazCOj solution, the suspension formed ex-
tracted with ether, and the transparent solution heated for 1 hr at 30°~
95°, Base XII came down as a pale yellow oil, which solidified on
cooling, yield 3.2 g (85% ). Recrystallization from MeOH gave 1. 84 g
(53% ) large yellow piates, mp 145°~146°. Found: N 10.51; 10,60%,
calculated for CygHyeNy: N 10.76%

Picrate, yield 95%, yellow needles mp 185° (ex EtOH). Found:

N 14.44; 14.519%, calculated for CisHieNy- CsHiNaO7 ¢ N 14.31%.

Hydroxide of base XII. 1 g Base was dissolved in hot HC1 (1:1),

a small amount of sodium sulfite added, and 0.9 g KI. The salt came
down as an oil, which rapidly crystallized, The product was washed
with water, EtOH, Me;CO, and ether. Yellow needles, yield 1,06 g
(75%), mp 245° (ex acidified water), Found: N 7.43; 7.31%, cal-
culated for CygH 1gNy *HI: N 7,22%.

1,4-Dimethyl-2-phenylpyrrolo[1, 2-albenzimidazolium per-
chlorate, pale yellow crystals, mp 208° (ex water, acidified with
HCI). Found: Cl 9.53; 9,62%, calculated for CygHygNye HC1O,: Cl
9. ’3%.
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1,2, 4-Trimethylpyrrolo[1, 2-aJbenzimidazole (XII), Prepared
from 7 g XXVIII (heated for 1 1/2 hr at 80°), yield 3,2 g (69%), re-
erystallization from MeOH gave 1,1 g (24%), colorless plates, mp 96°,
which slowly turned red in air. Found: N 14.02; 14.1 6%, calculated
for Cygtl 14N2: N 14.13%.

1, 2,4-Trimethylpyrrolo[1, 2~a]benzimidazolium perchlorate
(XXXI), prepared similarly to XXIX, yield 99%, colorless needles, mp
178° (ex EtOH). Found: Cl 11,96; 12,02%, calculated for CyHigN, -
C1 11.78%.

3= Acetyl-1, 2, 4-trimethylpyrrolofl, 2-albenzimidazole (XVI),
prepared similarly to XV, colorless long needles, mp 181° (ex EtOH).
Founds CygH 14Ny » CeHsNgO7, calculated for CysHgNyO: N 11.66%.
Heating the acetyl derivative with HC1 for § min led to splitting off
of the acetyl group and formation of XXXI,

3, ¢-Dimethyl- 2-phenylpyrrolof1, 2-a]benzimidazole (XIV), pre-
pared* from 1 g XXVI by heating with NaOEt in EtOH, yield 66%, mp
36° (ex EtOH). Found: N 10.58; 10.60%, calculated for CygHygNa: N
10,76%.

CYANINE DYES

3-(p-Dimethylaminobenzylidene)-1, 2-4~trimethylpyrrolo 1, 2-2
benzimidazolium perchlorate (XVII). 0.2 g salt XXXI, 0.1 g p-di-
methylaminobenzaldehyde, and 2 ml Ac,0, were boiled together for
10 min, the dye was filtered off and washed with Ac,O, then with EtOH,
and finally with ether, Yield 0,12 g (41%), mp 236° (ex EtOH). Foundz
C1 8.37; 8.41%, calculated for CepHgCIN;Ogr C1 8.25%.

1-(p-Dimethylaminobenzylidene)-2, 8, 4-trimethylpyrrolo[1, 2-8]-
benzimidazolium perchlorate (XVII), prepared similarly to the above
dye, from salt XXX. Yield 69%, mp 232° (ex EtOH), Found: C1 8.08;
7.96; N 9.97%, calculated for CapHys C1NgOys C1 8.25; N 9.77%.

Bis(1, 2, 4~trimethylpyrrolofl, 2-albenzimidazole-3)monomethine~
cyanine perchlorate. (XIX). 0.3 g perchlorate XXXI, 0.3 g ortho-
formic ester, and 2 ml pyridine were refluxed together for 15 min,
The dye was then precipitated with ether, and recrystallized from
EtOH, yield 0.04 g (16%), mp 210° Found: C1 7.07; 7.10%, calcu-
lated for Cy7HpiC1N4Og C1 6.99%,

Bis(2, 3, 4-trimethylpyrrolo[1, 2-a]benzimidazole-1)monomethine -
cyanine perchlorate, 0.3 g perchlorate XXX, 0.3 g dimethylforma-
mide dimethylacetal [11,12] and 2 ml dimethylformamide were re-
fluxed together for 10 min., Dye yield 0.15 g (58%), dark-green crys-
tals, mp 290° (ex EtOH), Found: C1 7.14; 7.20%, calculated for
C21H21C1N4O42 Ccl 6.99‘70.

Bix(1, 2, 4~trimethylpyrrolo[1, 2~ a]benzimidazole-3)trimethine-
cyanine perchlorate, (XXI). A solution of 0.3 g perchlorate XXXI,
0.3 g B-ethoxyacroleindiethylacetal, 4 drops EtgN in 2 ml dimethyl-
formamide was refluxed for 10 min. After 12 hr the dye was filtered
off, carefully washed with dimethylformamide, EtOH, and ether.
Yield 0,14 g (56%), dark green needles, mp 245%, Found: C1 6.87;
7.00%, calculated for CpgHpgCIN4O42 C1 6.65%.

Bis(2, 8, 4-trimethylpyrrolofl, 2-aJbenzimidazole~1)trimethine-
cyanine perchlorate (XXII), 0.3 g perchlorate XXX and 0.3 g B-eth-
oxyacroleindiethylacetal were dissolved in 3 ml dimethylformamide,
and 4 drops Et3N added. The dye formed without heating, green nee-
dles, yield 0.17 g (63%), mp > 350° (ex dimethylformamide). Found:
C1 6.96; 7.02%, calculated for CagllpgCIN4Oy2 C1 6,65%.
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