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Abstract —Cyanine dyes containing a pyrimido[lafhenzimidazole chromophore are described.

It is known that quaternary salts of methyl-sub- Quaternary saltda, Ib are not alkylated by f
stituted heterocycles react with various reagents in thimdirect evidence for this conclusion comes from the
presence of bases to give condensation products [Mffect of the acidity of the medium on the electronic
The present work estabilshes the reactivity of methyspectra of the alkylation products of salts Ib and
groups in pyrimido[1,2a]benzimidazolium saltda—-  basellb: Absorption and emission of dications like
Id as exemplified by the condensation of the latteV that model the corresponding quaternary salts are
with orthoformic ester. observed in the acidity function range. Among the

cH alkylation products of baseB no compounds with
3 similar spectra were found (see table).

CHs
+ X A~ N
R_©\_JNI\ R—@\_ A Heating of quaternary salta—Id in the presence
N” N ~CHs NZ ~N”>CHs of triethyl formate in base medium gives rise to
|

cyaninesVla-Vid. They were isolated as perchlorates

Alk (the groups are the same as in compouindis).

la—Id lla -Ild

, I, R = H @), 7-Cl (b), 8-SOCH; (c), 7,8-Ch (d);
Alk = Et (a, ¢, d, Me (b); A~ = CIOj (a), I~ (b-d).

These deeply colored compounds are soluble in
acetonitrile and DMF and poorly soluble in water. The

Electronic absorption and fluorescence spectra of mono-
cationsla, Ib (50% aqueous EtOH), dication&g, Vb, Vc
(95% H,S0Oy), and cyanine perchloratdda-Vid (MeCN)

Quaternary salt$ were prepared by alkylation of
the corresponding basdt with alkyl iodides (salts
Ib—Id) or by photocyclization by the nitrogen atom
of 2-(N-ethyl-2-chloroanilino)-4,6-dimethylpyrimidine
(1) (salt 1a) [2].

Pyrimido[1,2a]benzimidazoledl can be quaterni-
zed by N and N°. Comparison of the electronic ab- la 42.5 (17), 33.9 (6.4), 29.4 sh (2.1}L) 21.4

Comp. vmax, 103, cnrt V% 103,
no. (ex10% Imol?tcm) cmt

sorption and emission spectra of sdlt®btained by b2 [42.0 (42.0), 33.5 (12.4), 30.5 sh 23.3

photocyclization of amindll and quaternization of (5.4)

azolesll (see table) shows that the salts are alkylatedva |37.0, 31.0 27.7

by N°. Vb |38.5, 30.0 27.4
Vc 38.9, 333

HSO; Via |16.0 (14.0 15.5

Me Me
. N/i . Kll)j Vib [33.0 (8.0), 15.9 (23.6) 15.4
N/)\RI/ Ve NJ\N’ Me Vic |40.0 (38.6), 31.0 (14.6), 15.7 (38%0) 15.4
LA L A~
Al A R H

vid' |40.6 (37.0), 31.0 (14.0), 15.6 (63%) 15.3

v Va-Vc @ Electronic spectrum of a monoprotonated form like(Alk =
H), vx 103, cnrd: 42.2, 33.3, 31.2 sh; acetate buffer, pH 3.6.
V,R=H,R=Et, A=Cl(@; R=7-Cl, R=Me, A" = Concentrations (MeCN), MP 3.3x 107>, €5.7x 107, 9 5.02x
I= (b); R = 7-Cl, R = H, A~ = HSQ; (c). 1075, €2x 10 T IH NMR spectrum (CRCN), 3, ppm: 1.42 s
(CHg), 2.73 br.s (CH), 4.3 br.s(NCHy), 6.2 d @,o'-H, 2H,
TheH NMR spectra, too, reveal no isomer liké 12 Hz), 7.07 s (2H, ArH), 7.78.90 B-CH + 2H, ArH),
in the alkylation products of azinoazolda. 7.95 s (2H, ArH).
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Apparently, the chromaticity of these dyes in

NI CH=CH-CH N acetonitrile is much dependent on association, which
R—©\_JI\ | /)\_/@—R is characteristic of polymethine dyes [3].
N N”CHz CH3 N N
Al\lk Alk

3
clo; Substituents in the 7 and 8 positions of the starting
saltl exert bithochromic and hypsochromic effects on
Via-Vid the absorption spectra of compoundk (see table).
Dyes Vla-VId show fluorescence whose maximum

CH=CH—CH, is independent of excitation wavelength and tends

Cl N 2 cl to bathofloric shifting in the presence of substituents

:@TJ\ P ~ J\_/Qi CRCOO (see table). In acid medium, the fluorescence maxima
Cl N NCh, CHl;I N Cl are shifted hypsoflorically (see figure) by formation
Et ClO; Et of a dication likeVIld . The observed emission spec-
Viid trum of dicationVIld in energy and Stoke’s shift

_ . resembles the corresponding absorption spectra of
electronic absorption spectra of dy¥#a—-Vld show  gyaternary salts. The low-frequency band in the elec-
fragments of the spectrum of the starting quaternary,nic absorption spectrum of dicatiowllb is ill-

salt, while in the low-frequency region there is aregolved and, therefore, as well as because of the lack
narrow absorption band, which implies a symmetricalyt qata on its fluorescence excitation spectrum, we
electron density distribution in moleculeél (see ., |4 not exactly determine its Stoke's shift, but the

figure). In acid medium, the low-frequency bandggiimated value 0£8000 cm is close to respective

suffers a hypsochromic_shift, probably, due to the g es for quaternary salts, Ib: 7000-8000 cni.
formation of a dication likeVild whose absorption .. dyesVla_Vid this para;neter is no higher than
spectrum is similar to that of the parent quaternansng eng et (see table)

salt (see figure).

Compounds VI do not adhere the Bouguer The 'H NMR spectra of dyesVlb, Vic, except
LambertBeer law; thus for dy&/Ib we obtained the for VId, are ill-resolved. Nevertheless, apart from
following & values: N-Me and N-Et signals, the spectra contain signals

of methyl substituents in the pyrimidine ring
(~2.7 ppm) and of the SMle group for compound

cx10°, M 21 578 21 65.6 Vic (3.14 ppm). The spectrum of cyanixéd contains
ex10* (MeCN), 2.0 2.4 2.9 3.3 aromatic proton singals shifted upfied compared with
| mol~t cmrt salt Id, N-Et, pyrimidine Me ¢2.7 ppm), anda-

metine proton signals~6.2 ppm). Thep-methine
proton signal (7.87.9 ppm) overlaps with the aro-
matic proton signals.

D

1.0 It should be noted that the pyrimidine Me signals

of basesll and their quaternary salisare nonequi-
valent. Thus, the Me protons of BHethyl-2-chloro-
anilino)-4,6-dimethylpyrimidine give a single signal
at ~2.2 ppm [2]. The 1-Me signals of the cyclization
product of this amine, baska, are até; 3.25 ppm
and those of 3-Me, ai; 2.92 ppm [4], for basefic,

0.5

0L ] ! ]
45 41 37 33 29 25

21 17 13 8, is 3.27 ppm and; is 2.64 ppm [2]. The nonequi-
v x 10% cnr? valence of the 1-Me and 3-Me groups of pyrimido-
[1,2-a]benzimidazoles correlates with the difference
Electronic absorption spectra of1)( cyanine Vib, in the chemical shifts of I1—|and H in the isoelec-
(2)  7-chloro-1,3,5-trimethylpyrimido[1,2Jbenzimida- tronic pyrido[1,2a]benzimidazoles [5, 6] and di-
zolium iodide (b), and @) the protonated form of pyrido[1,2a:3,2-d]imidazole [7], therewith, the
cyanineVIld . The fluorescence spectra of)(cyanine former absorbs in a weaker field. In latter gave us
VIb and &) the protonated form of cyanin&/Iid . grounds to assign the weaker field signal to 1-Me, and
Solvent: (, 2, 4) acetonitrile and3, 5) 15% of trifluoro- the stronger field one, to 3-Me. The nonequivalence
acetic acid in acetonitrile. of the 1- and 3-Me groups is still preserved in the
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quaternary saltsta: 6, 3.2 ppm ands; 2.8 ppm [2]; 7,8-Dichloro-1,3,5-trimethylpyrimido[1,2-a]-
ld: 8; 3.2 ppm andé; 2.7 ppm. benzimidazolium (Ig) is a crystalline crimson sub-
stance.'H NMR spectrum (CRCN), 8, ppm: 1.4 s

In the 'H NMR spectra of dyesVib-Vid, (CHy), 2.7 s (CH), 3.2 s (CH), 4.3 br.s (NCH),

protons of the Me groups of the condensed pyrimidin€.7 s (1H, ArH), 8.05 s (1H, ArH), 8.3 s (1H, ArH).

nucleus absorb near2.7 ppm. From a comparison

of the pyrimidine Me signals of quaternary salts DicationsVa-Vc were obtained by dissolution of

la, Id and cyaninesVib, Vic, Vid it follows quaternary salka, Ib or basdlb in conc. HSO,.

that the condensation involves the 1-Me group

of the parent quaternary salt N-Alkyl-1-{3-( N-alkyl-3-methylpyrimido[1,2- a]-
benzimidazol-1-ylidene)-1-propenyl}-3-methyl-
EXPERIMENTAL pyrimido[1,2-a]benzimidazolium perchlorates Via-

VId (general procedure).Quaternary saltla—Id
The IR spectra were measured in KBr on a UR-2((~0.1 g) and ethyl orthoformate-Q.1 ml) in pyridine
spectrophotometer. The UV spectra were obtained ofs-1 ml) with a drop of acetic anhydride was heated
Specord M-40 and SF-20 spectrophotometers. *he under reflux for 4650 min. After cooling, the result-
NMR spectra were measured on an AC-200 spectrdng dye was precipitated with ether, the precipitate
meter (200 MHz) (Institute of Antibiotics and Medical was filtered off, washed with ether, dissolved in a
Preparations). The luminescence spectra were olainimum of acetonitrile, and a saturated solution of
tained on an instrument described in [8]. sodium (or lithium) perchlorate in 2-propanol was
added. The precipitate that formed was filtered off and
The synthesis of baseBa-lld is described in washed with ether.
[2, 4]. Quaternary salla was prepared photochemical-
ly from 2-(N-ethyl-2-chloroanilino)-4,6-dimethyl- Dyes Vla-VId are bluish dark powders with ill-
pyrimidine as described in [2]. To convert sidtinto  defined melting points. Decompose when heated in
perchlorate, after photolysisert-butyl alcohol was the solid state to give compounds whose spectral
distilled off, dried to glassy, mixed with equimolar characteristics are similar to those of the starting salts
amount of sodium perchlorate in acetonitrile, thel. Yield 30-40%.
solvent was exaporated, and the dry residue was dried
to glassy, recrystallized from 2-PrOH to obtain a The IR spectra of the cyanines contain a strong
light brown powder. Its'"H NMR spectrum is given absorption band at 1160150 cm* (CIO}). The elec-
in [2], and the electronic spectra, in the table. IR spectronic spectra are listed in the table.
trum, v, cmt: 3400 (H,0), 3000, 2940 (CH), 1650 s,
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