SYNTHESIS ANDPROPERTIES OF INDOLO-3,3'-TRIMETHINECYANINES SUBSTITUTED
IN THE POLYMETHINE CHAIN AND HETERORINGS

T. M. Karymova, P. I. Abramenko, UDC 547.753'754'757.07:543.422.6:541.651
and L. G. Kurkina

New 8-chloro-, 9-cyano-, and 8-methyl-9-carboxy-substituted (in the outer polymeth-
ine chain), indolo-3,3'-trimethinecyanines containing substituents in the 2, 5, or

7 position of the indole heteroresidues were synthesized, and their spectral, polar-
ographic, and photographic properties were studied. It is shown that electron-
acceptor substituents in the 2 and 2' positions of the indole heteroresidues and
the 8 and/or 9 positions of the polymethine chain of the dye molecules

that do not have steric hindrance give rise to a bathochromic shift of their absorp-
tion maxima. 8-Chloro-, 9-cyano- and 8-methyl-9-carbethoxyindolo-3,3'-trimethinecy-
anines with electron-acceptor groups in the 2 and 2' positions are ineffective
sensitizers of direct positive silver halide emulsions.

The effect of halogen atoms and alkyl groups in the meso position and of alkyl and aryl
groups in the 8(10) positions of the outer polymethine chain of indolo~3,3'-trimethinecya-
nines — spectral sensitizers of direct positive silver halide materials - on their spectral,
polarographic, and photographic properties has been previously studied [1, 2].

In the present paper we describe the synthesis and spectral, polarographic, and photo-
graphic properties of new indolo-3,3'-trimethinecyanines substituted in the polymethine
chain and heteroresidues (I): '

i
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I R'=H, C¢Hs; R?=H, CgH;, COOH, COOC,H;, COOCHs, p-BrCeH,, p-CHaCgH,; R3=H,
Cl, NOg, CHs; R*=H, CH;, Cl; R®=H, Cl, COOC;Hs; X=CiO,, Br, C;H;SC;

Symmetrical indolotrimethinecyanines that do not have substituents in the ~uter poly-
methine chain (Iw, x,* R* = R5 = H) were obtained by the reaction of 1-methylindoles with tetra-
ethoxypropane in acetic anhydride in the presence of p-toluenesulfonic acid (p-TSA) with
subsequent conversion of the tosylate to the perchlorate.

The new indolo-3,3'-trimethinecyanines substituted hlthepolymethihechainandheteroresi-
dues were synthesized via the general scheme. (See scheme on following page.)

The symmetrical and unsymmetrical indolotrimethinecyanines with a nitrile group in the
meso position (I, R* = H, R® = CN) were synthesized by the reaction of l-methyl-2-R'-indoles
with 2-cyano-3-dimethylaminocacreolein in anhydrous benzene with the addition of acetyl chlo-
ride andsubsequent condensation of 1-methyl-2-R!-3-(2'-cyano-2'-formylvinyl)indoles II with
1-methyl-2-R?-7-R®-indoles in acetic anhydride or nitromethane in the presence of p-TSA with
subsequent conversion of the tosylate to the perchlorate.

The 8-chloroindolotrimethinecyanines (I, R* = Cl) were obtained via the following scheme.
The reaction of 1-methyl-2-R!-3-acetylindoles with phosphorus pentachloride and dimethylforma-

*See Table 1 for the expansion of the designations Ia-x.
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TABLE 1. Spectral and Polarographic Characteristics of Indo-
3,3"-trimethinecyanines I

lcjglilld‘ R R? R? R} RS I}l‘rrnn X* e 10 E./g‘?x. EI'\“;‘“'-
H H H H {r 570 85 — —
CsHs CsHs H H |H 592 [2] | 10 114 | 026
CsHs CsHs H H |[Cl 610 [2] | 47 | LI2 ]| 021
CeHs CsHs H H |[CH, 612 [2] | 7.8 —_— _
CsHs CsHs H CH; |H 605 [2] | 65 | 1.2t | 048
CeHs CeHs H Cetls | H 625 {2] | 19 1,20 | 0,45
CH, CH; H H [H 568 [2] {1325 1,17 | 0,41
Ia H H H H |CN 592 104 | 1,38 | 0,10
b H CsHs H H ICN 596 40 141t 008
Ic H COOH H H |CN 590 134 | 1,39 | 0,08
Id H COOC,H; |7-Cl | H |CN 590 125 | 143 | 0,04
Ie H H 7-NO,] H |[CN 590 85 | 1,42 {+0,03
If CsHs CeHs H H |CN 586 [2] [ 10,0 | 1,04 | —
Ig CeHs p-BrCeH, [H 11 |CN 588 82 j 1,44 | 0,10
1h CeHs COOH 11 H |CN 584 80 | 1,401 012
I CeHs CO0C,H; |7-Cl | H |CN 584 89 | 146 0,07
Ij CeHs H 7-NO,| H |CN 582 89 | 1,50 | 0.10
1 H H H CioH 502 8751 1,251 0,11
I H CsH; H c | 612 863| 1,30 | 0,08
Im |H CHs; 5-CHs| CI {H 506 875} 1,48 | 004
In H COCH; H cl o 622 275| 1,44 | 0,05
Io CsHs CeHs H cl |H 636 19| 1,36 | 0,15
Ip CeH; CH; 5-CH,{ CI I 620 2401 1,28 | 020
Iq CeHls COOCH, [H cl{u 638 2,10{ 1,421 012
It CgHs CeHs H Cll; |COOC,Hs| 61¥ 125 | 1,28 | 0.30
Is CsHs CeHa 5-NQ,| CH, [COOC,Hsi 614 2.7 — —
It CeHs CH, 5-Cti;} Cly JCOOC,II5| 600 6,4 — —
1u sH; H 7-NO,| ClI; |COOC.I15{ 576 13 — —
Iv CGH5 [)-CH3C6H4 H CH3 COOCQI l_r, 6106 8,() hand —_
Iw  |COOC:H;} COOC,Hs [H H |H 632 4,9 - -
Ix COOH COOH H H |[H 628 2.6 — —

*Ta-j, m-xX = Cl0,; Ik X = Ts; I% X = Br.
tThe Apay values were measured in nitromethane—acetic acid

(5:1).
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R¥=7-Cl. 7-NO,; R®=CHO; X=ClOs;: Ib R'=Cl; R5=H; R=COCH;; R'=H, Cg¢Hs:

R*=H, CH,, Cil;, COOCHs: R*=5-CH; R6=CHQO; X=ClO,, Ts, Br; Ic R¢=CH,; Ri=

=COO0C,H;; R=COCH;; R'=C¢Hs: 1}?;6=H. CHJ;CCcﬁ)Ila, p-CH3Cslly; R®*=H, 7-NO,, 5-CHj:
=H; X\=ClO,

mide by the Vilsmeier method was used to synthesize 3-(1'-methyl-2'-R'-3-indolyl)-3-chloro-
2-propen-l-als III (3], the condensation of which with l-methyl-2-R2-5-R3-indoles in nitrometh-
ane (or acetic anhydride) with the addition of a mineral (or organic) acid gave indolotrimeth-
inecyanines with a chlorine atom in the 8 position.

For the synthesis of both symmetrical and unsymmetrical 8-methyl-9-carbethoxyindolotri-
methinecyanines ethyl 3-(1'-methyl-2'-R'-3-indolyl)crotonates IV were condensed with l-methyl-
2-R2-5(or 7)-R3-3-formylindoles at room temperature in acetic anhydride in the presence of
perchloric acid.

The dyes are formed in good yields. 1In some cases side products in the synthesis of
the trimethinecyanines are indolomonomethinecyanines, whichare removed by treatment of the
reaction product with benzene-methanol (20:1). The starting ethyl 3-(1'-methyl-2'-R!-3-indo-
lyl)crotonates IVwere obtained by the reaction of l-methyl-2-R*-3-acetylindoles with ethyl
monobromoacetate in the presence of activated zinc [4].

Peaks of ions corresponding to [M — HX]' ions and peaks that indicate the presence of
an alkyl group attached to the nitrogen atom of the indole heteroresidue and the substituted
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TABLE 2. Charges on the Atoms of the Chromophore in
the Molecules of the Dyes with Structure V:

B> r*
R c’::c‘:—cn\ R
|
, | 1 X0
R' CH, v ciy R
qr(‘so state)
R R! R? R? R
N(l) C(E) C(ﬂ) C(a) C(Q)
H H H H H 1031170111} —0,085 | 0,216| —0,045
H H CsHs H H 0,288 0,101 | —0,083 | 0,180| —0,048
H H CgHs H Cl 10,30710,08| —0,078 | 0,200} —0,038
H H COOH| H H 0,321} 0,091 { —0,070 | 0,180} —0,036
H H H Ci H 0,304 0,099 —0,088 |0,185| —0,039
H H H H CN {0320 0,101} —0,084 {0,201 ] —0,048
CH, | H H H H 0,308 { 0,109 | —0,086 | 0,214 | —0,046
H NO; | H H H 0,315} 0,113| —0,087 {0,218 —0,042

indole ring in the structure of the dye molecule are characteristic for the mass spectra of
the indolotrimethinecyanines.

The data in Table 1 show that carboxy and carbethoxy groups in the 2 and 2' positions
of the indolo-3,3'-trimethinecyanines (Iw, x) give rise to a significantly greater bathochromic
effect (58-62 nm) than a phenyl group (22 nm) [2]. The introduction of an electron-acceptor
nitrile group in the meso position of the polymethine chromophore of unsubstituted (in the
2 and 2' positions of the indole heteroresidues) indolo-3,3'-trimethinecyanine (Ia) gives
rise to a significant bathochromic shift of the absorption maximum (by 22 nm). However, the
introduction of this group into 2,2'-disubstituted indolo-3,3'-trimethinecyanine (If), on
the other hand, leads to a hypsochromic effect — evidently because of the steric hindrance
of the substituents, which is absent in the case of the 2-monosubstituted dyes, as demonstrated
by Stuart—Briegleb models of their molecules. The presence of a chlorine atom in the 8 posi-
tion of the outer polymethine chain also gives rise to a bathochromic effect. Thus the batho-
chromic shift of the absorption maximum of 1,1'-dimethyl-2,2'-diphenyl-8-chloroindolo-3,3'-
trimethinecyanine perchlorate (Io) is 44 nm. Dyes that contain methyl and carboxy groups
in the 8 and 9 positions (Ir-v), respectively, are more weakly colored than the 8-chloro deriv-
atives.

The results of quantum-chemical calculations [by the Pariser—Parr—Pople (PPP) method
as described in [5], Table 2] show that distribution of the electron density in the chromo-
phore with localization of the positive charge on the N(.), C(2), and C(s) atoms and of the
negative charge on the C(s) and C(s) atoms is characteristic for the atoms of the chromophore
of the indole-3,3'-trimethinecyanines. A chlorine atom inthe 9 position promotesmore uniform
distribution of the electron density in the chromophor; this corresponds to the experimental-
ly observed bathochromic shift of the absorption maximum. It manifests chiefly an electronic
effect [2], since steric hindrance is virtually insignificant here. The same is also charac-
teristic for the 8-chloro derivatives. The nitrile group in the 9-cyano-substituted dyes
gives rise to a decrease in the electron density and increases the uniformity of its distribu-
tion in the chromophore, which should lead to deepening of the color. However, as noted above,
a hypsochromic effect occurs in the series of 9-cyano-2,2'-disubstituted cyanines, evidently
because of steric hindrance. Electron-acceptor substituents in the 2 and 2' positions promote
an increase in delocalization of the electron density in the chromophore, thereby giving
rise to a bathochromic effect. Methyl groups in the 5 and 5' positions of the indole hetero-
residues have little effect on the character of the charge distribution; this is also charac-
teristic for a nitro group in their 7 and 7' positions. These substituents are evidently
weakly conjugated with the w-electron system of the chromophore.

It follows from the data in Table 1 that smaller values of the polarographic reduction
potentials and larger values of the polarographic oxidation potentials than in the series
of 9-Y- and 8-Y'-substituted derivatives (Y = Cl, CH,;, COOC,Hz;; Y' = CH;, CcHg) are character-
istic for the dyes that contain a nitrile group in the 9 position and a chlorine atom in the
8 position in the polymethine chain. Low ERed and EOX values are characteristic for the 9-
cyanoindolo-3,3'-trimethinecyanines, particularly whenelectron-acceptor substituents are pres—
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TABLE 3. Characteristics of the Dyes with Structure I

Com- mp, c Found, % Empirical Calc., %o Yield,
pound c , . formula . | - ‘ - %,
la 300 62,1 | 41 9.7 | CaHsCIN;O; 623 | 43 | 99 | 37
Ib >300T 672 | 4.2 | 81| CusHxCIN;O; 674 | 44 | 84 | 49
Ie >300* 588 | 3,7 88 | CyuHisCIN;O; 590 | 39 | 90 51
Id >300F 56,5 | 3,8 — | CusHyCIN;Os 56,6 | 4.0 — { 39
e | >300T 562 | 35 | 11.8] CoH:CIN,O; 564 | 36 [119 | 25
Iﬁ 209—2107 625 | 3,6 6,3 | CaHxsBrCIN,Os | 623 | 38 | 64 75
L 23623817 [63.7 | 4.2 6.9 | CaeHpCIN;Os 64,0 | 4,0 7.1 68
I 232—-233% | 61,6 | 44 6,6 | CaHyuClNaOs | 64,4 | 41 6.9 71
Ij 243—244%** {617 | 36 | 100 ] CuHxCINJOs 61,4 | 38 1102 | 55
Ik 91—93** 1665 | 50 55 | CussHasCIN2O,S | 66,6 | 5,0 5.5 95
1 130—1321 {660 | 43 5.4 | CyHuBrCIN, 66,2 | 4,5 57 | 62
Im | 175—178* (59,6 | 4,67 | 594| CuHuCLN.O, |[598 | 4,81 | 607] 78
In 162—1641 — | — 55 | CuHpClLN,Os 1562 | 4.1 57 | 59
Io 180—1821 | 676 | 4.2 4,6 | CgHasCloNaOy 67,7 | 45 48 63
Ip 1751 64,7 | 47 50 | CooHusCloN,Oy [ 647 | 49 | 52 78
(dec)
Iq ogo—o82t lgio | 4t 47 1 CaHalCLN;O0s (614 1 42 | 49 | 62
It 151—153** | 69,6 | 5,0 41 | CaHziCINGO, 007 | 52 | 44 81
Is 198—201T |649 | 45 6,3 | CaH3NsClOg 65,1 | 4.7 6.2 37
It 160—161T | 670 | 54 45 | CsHsNoClOg 67,3 | 565 47 | 81
In 95—97 T 61,2 | 44 6,7 | CaHasCIN3Os 61,4 | 4,6 6,9 70
Iv 192—194T 699 | 52 4,1 | CisHypCINLOs 701 | 54 | 43 | ol
Iw | 231—233** (583 | 4,40 | 540] CoHuCIN,Os 58,311 451 | 541] 62
Ix 203—205** | 56,62 | 3,53 | 561] CuHsCiNuOg 56,81 | 3,70 { 576| 24

*Violet prisms.
+Dark-blue prisms.
¥Dark-violet prisms.
**Dark-green prisms.

ent in the 2(2') and/or 7(7') positions of the indole rings. The results of an investigation
of the photographic properties ofthe dyes cbtained show that 8-chloro{methyl)-9-cyano{carbeth-
oxy)indolo-3,3'-trimethinecyanines with electron-acceptor groups in the above-indicated posi-
tions of the indole heteroresidues are ineffective sensitizers of direct positive silver hal-
ide photoemulsions; this corresponds to their extremely low ERed angd high EOX values. With
respect to effectiveness they are significantly inferior to dyes that contain an alkyl (aryl)
group or a chlorine atom as a substituent, respectively, in the 8 or 9 position of the poly-
methine chain and a phenyl or substituted phenyl group in the 2 and 2' positions of the in-
dole rings.

EXPERIMENTAL

The spectra of the dyes were measured with an SF-1(0 spectrophotometer. The mass spec-
tra were recorded with a Varian MAT-311A spectrometer at an ionizing voltage of 70 meV, a
cathode-emission current of 300 pA, and an accelerating voltage of 3 kV. The polarographic
characteristics were determined by the method described in [1].

Indolotrimethinecvanines (I, R“ = R®> = H). A 0.0l-mole sample of p-TSA was added in
portions to a solution of 0.02 mole of l-methyl-2-R-indole and 0.01 mole of 1,1,3,3-tetra-
ethoxypropane in acetic anhydride, and the mixture was stirred for 3 h at room temperature.

A 0.2-ml sample of perchloric acid was then added, after which the mixture was allowed to
stand for 15 min. It was then diluted with ether, and the precipitate was removed by fil-
tration, washed with ether, and dried. The dye was purified by recrystallization from ethanol
and dried in vacuo at 80°C (Table 3). '

meso-Cvanoindolo-3,3'-trimethinecyanines. A mixture of 0.001 mole of l-methyl-2-RI-
3-(2'-cyano-2'-formylvinyl)indole (II), 0.001 mole of 1-methyl-7-R3-indole, 20 ml of acetic
anhydride, and 0.00l mole of p-TSA was stirred for 3 h at room temperature, after which (.5
ml of perchloric acid was added. After 20 min, the mixture was diluted with ether, and the
precipitate was removed by filtration and washed with ether. The dyes were purified by
reprecipitation from nitromethane (Table 3).

8-Chloroindolo-3,3'-trimethinecvanines. A 0.1-ml sample of 70% perchloric (hydrobromic)
acid or p-TSA was added dropwise at room temperature to a mixture of 0.0003 mole of 3-(1'-
methyl-2'-R'-3-indolyl)-3-chloro-2-propen-1-al III, 0.0003 mole of l-methyl-2-R%-5-R¥-indole,
and 10 ml of acetic anhydride (or benzene), and the mixture was maintained at room temperature
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for 2-3 h. It was then poured into 100 ml of ether, and the precipitate was removed by fil-
tration and washed with ether. The dyeswere purifiedby reprecipitation from acetic anhydride
(Table 3).

8-Methyl-9-carbethoxyindolo-3,3'-trimethinecyanines. A mixture of 0.0004 mole of eth-
yl 3-(1'-methyl-2'-R!-3-indolyl)crotonate IV, 0.0004 mole of l-methyl-2-R2-5(7)-R2®-3-for-
mylindole, and 15 ml of acetic anhydride was stirred at room temperature until the solids
had dissolved completely, after which 0.1 ml of 707 perchloric acid was added dropwise. After
2-3 h, the mixture was diluted with ether. The precipitate was removed by filtration and
washed with ether. The dves were purified by reprecipitation from nitroethane (Table 3).
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REACTION OF 2-METHYLENE-2,3-DIHYDROINDOLES WITH ACRYLAMIDE

A. A. Shachkus and Yu. A. Degutis UDC 547.828'753:543.422

1,3-Dihydrospiro[2H-indolo-2,2'-piperidine] derivatives were obtained by the reac-
tion of 2-methylene-2,3-dihydro-1H-indole derivatives with acrylamide in proton-con-
taining solvents. 2-(3-Carbamoylpropyl)-3H-indolium perchlorates were formed when
the 1,3-dihydrospiro[2H-indolo-2,2'-piperidine] derivatives were treated with
perchloric acid.

Alkylation of enamines by induced addition is often used in the preparation of various
heterocyclic compounds [1-3]. It is known that condensed heterocyclic systems containing
a lactam ring are formed in the reaction of pyrrolidine-series endo-enamines with acrylamide
[4, 5].

The purpose of the present paper is an investigation of the reaction of acrylamide
with indoline enamines Ia-d.

1,3-Dihydrospiro[2H-indolo-2,2"-piperidine] derivative IIa is formed during heating _
of a mixture of 2-methylene-2,3-dihydro-1H-indole (Ia) with acrylamide in ethylene or diethy-
lene glycol. We can assume that the first stage of this reaction is the addition of acrylam-
ide to the R-carbon atom of the enamine group with the formation of a Michael adduct, which
then undergoes ring closure to spiro compound IIa. The proton-containing solvent partici-
pates in the reaction during proton transfer. 1,3-Dihydrospiro[2H-indolo-2,2'-piperidines]
ITb-d are obtained similarly to compound IIa.

CHy _cH, cH,  cH, ci,  cH,
2 - 4
R' ] cﬂzw R'€W> Hew, o %(cuz)scomz
X . X +/
N : SN N4 N co,”
! A { A B N
R R R
la-d Ila-d [1Ia-d

I—II1 a-b R=CHs, d R=C;Hs; .a,d R'=H, b R'=5-CHs, ¢ R'=7-CH;

A. Snechkus Kaunas Polytechnic Institute, Kaunas233006., Translated from Khimiya Geter-
otsiklicheskikh Soedinenii, No. 7, pp. 902-904, July, 1988. Original article submitted
January 12, 1987.
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