CONDENSED HETEROCYCLIC SYSTEMS WITH A QUATERNARY NITROGEN ATOM.
III.* SYNTHESIS OF BENZIMIDAZO[3,2-b]ISOQUINOLINIUM PERCHLORATES

Yu. P. Andreichikov, G. E. Trukhan, UDC 547.785.5'833.07
S. N. Lyubchenko, and G. N. Dorofeenko

Isochromylium cations containing easily detached groupings (NHCOR, NH,, OCHj)
in the 3 position react readily with o-phenylenediamine. The reaction is. ac-
companied by opening of the benzopyrylium ring and condensation of the result-
ing compound at one or two amino groups of o-phenylenediamine. Benzimidazo-
[3,2-b]isoquinolinium salts were synthesized alternatively by acylation of 2-
(3,4-dimethoxybenzyl)benzimidazole., The tautomerism of the synthesized N-(2-
aminoaryl) isoquinolinium perchlorates was investigated.

It has been shown [2] that N-diazoarylpyridinium diperchlorates are cyclized via the
Pschorr method to give quinolizinium cations. The substantial noncoplanarity of the pyrid-
inium and N-phenyl rings [3, 4] in the starting compounds is not an obstacle to the forma-
tion of a planar quinolizinium system. This has been explained [5] by interaction of the
N-phenyl and a-phenyl groupings, apparently as a result of twisting vibrations. In this
connection, we investigated the structure and properties of the amino group in 3-hydroxy-N-
(2-aminoaryl)isoquinolinium salts in which the vibrations of the N-aryl grouping about the
C~N bond should be stabilized by an intramolecular hydrogen bond. A convenient method for
the synthesis of N-(2-aminoaryl)isoquinolinium salts, which we presented in [l1], consists in
reaction of isochromylium salts I with o-phenylenediamine. However, we found that benz-
imidazo{3,2-b]isoquinolinium perchlorates are formed along with the desired compounds.

The direction of the reaction depends to a considerable degree on the solvents used
and the temperature. Thus N-(2-aminoaryl)isoquinolinium perchlorates (V) are formed in
acetone in the cold. Benzimidazo[3,2-blisoquinolinium perchlorates (VI) were obtained by
heating 2-benzopyrylium salts and o-phenylenediamine in ethanol. Ketones III were isolated
when 807 aqueous acetone was used as a solvent. The use of other solvents [dimethylform-
amide (DMF), tetrahydrofuran (THF), and chloroform] leads to a reduction in the yvields of
salts V or to resinification.
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%See [1] for communication II.
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TABLE 1. Ketones III Formed as a Result of Opening of the
Isochromylium Rings

. . g‘lound, (aijalc., IR splectra, w®
Vg o mpirica o o cm- <
B5] R X mp, “C }formula i P
Q0 cliH|[N} C|H}|N]| Yc=0 [YNH|m
On, . P
111a|CH; [NHCOCH, | 164—165| C;4H;NO; | 59,8| 6,5} 5,4} 60,2/ 6,11 5,0 1735, 1715] 3205| 90
11Ib|CH; {NH, 234—235 | C,,H1sNOs |60,4{6,0]6,2]60,8]6,3|5,9|1725, 166} 3225)91
1ilc |C,Hg{NHCOC,Hs | 106—107 | C,sHNOs {62,1]6,9]4,1162,5{6,814,5|1720, 1670} 3205| 84
111d |CoHs|NH, 203—204 | Cy3H;NO, |62,316,9]5,9]62,116,815,5{1725, 1675| 3225 50
ille |C,H,INHCOC:H; | 229—230] CisHysNO5 {64,3]7,6]4,0]64,5] 7,5 4,111725, 16451 3380| 71
11 {CsH,{NH, 147—148 | C,sH;sNO, 62.7|7,3]5,5]63,3[7,2] 5,2|1725, 1675{ 3230| 94
1118 1CeH5|OCH; 170—171{ C;sHs05  |68,316,1| — | 68,7{5,7{ — }1730, 1715} — (66

Addition product II, which is recyclized to N-arylisoquinolinium perchlorate IV, as in
the reaction of 2-benzopyrylium salts with primary aromatic amines [6], is probably formed
in an intermediate step of the reaction. The 3-substituted N-arylisoquinolinium salts (IV)
obtained in this way undergo hydrolysis in aqueous acetone in the cold to give 3-hydroxy-N-
arylisoquinolinium perchlorates V, whereas they are cyclized to benzimidazo[3,2-blisoquin-
olinium perchlorates VI on heating in ethanol.

The structure of the synthesized benzimidazo[3,2~blisoquinolinium perchlorates (VI) was
confirmed by alternative synthesis. The reaction may also be realized by direct heating of
2-(3,4~dimethoxybenzyl)benzimidazole (VII) with perchloric acid in the appropriate anhydride
(R = Alk). 1In this case the acyl group attacks the veratrole ring rather than the benzimid-
azole ring in the 1 position, as sometimes is observed [7]. This was proved by means of the
IR spectra and also by alkylation of VIII (R = CHs;) at the NH group.
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We studied the structure and properties of N-(2-aminoarylisoquinoclinium perchlorates V,
during which the most expedient task was to study the tautomerism, which determines the pres-
ence of an intramolecular hydrogen bond.

At present the tautomerism of isoquinolines has been studied quite completely [8, 9].
It has been established that, depending on the solvent and the character of the substituent
in the 1 position, isoquinolones IX exist in lactam or lactim forms. However, in subsequent
papers [10-13] the existence of isoquinolones in the form of 3-oxo-4H derivative X is as-
sumed. This was explained by the absence in the IR spectra of IX of the absorption band of
a hydroxyl group [6, 11]. The synthesis of 4,4~dimethyl-l~phenyl-2-isoquinolone as a model
compound has also been realized [14], but the electronic spectra of the latter have not been
studied. The most likely interpretation of the IR spectra was presented by McCorkindale and
McCulloch [9], who observed a change in the intensity of a group of bands in the IR spectra
of isoquinolones IX (R! = H) on passing from the lactam form in THF to the lactim form in
ethanol. The IR spectra of solid isoquinolones IX provide evidence for the existence of
strong intermolecular hydrogen bonds. The signals of only aromatic protons have been identi-
fied in the PMR spectra of isoquinolines IX [9].
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The synthesized N-aminoarylisoquinolinium perchlorates (V) should not exist in the lac-
tam form, and the possible equilibrium was therefore studied. The signals of methylene protons
characteristic for Va are absent in the PMR spectra of V. Solutions of V are violet (like
phenols) in the presence of ferric chloride. Compounds V do not display the properties of
o-quinoid tautomers on reaction with N-phenylmaleinimide by the method in [8]. The IR spectra
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TABLE 2. 3-Hydroxy-6,7-dimethoxy-N-(2-aminophenyl)isoquin-
olinium Perchlorates (V)

Found, Calc., bQ
ég R mp, °C Empirical 070 070 M ars T i
G2 > formula clulainjcin|c|N e e) 2
Va| CH, |305-306| CillluCINGO; |530|49|83|69|526,46|86 68| 255 Egg?g 71
420 (3,63) -
vb | CHy |230-231| CeHaCINO; |54.1]52/80|68]53.7|49183/66| 260 (473)* |75
Vel CH |162—163| CoHwCIN:Or | 550|568.4]69]547/52!8,16,3 25 ((gg% 72
Vd | CoHy |235—236| CoHaCINGO, |580|4.717.36,058,4|4,4|7,5150] 280 (487) |71
310 (4.72)
410 (353)

*Longwave structureless absorption at 410 nm.

of solid V contain absorption bands of the vs and vas stretching vibrations of an amino group
at 3485 and 3555 em™', respectively, and a group of intense bands at 1630 cm™'. The low
solubility of perchlorates V in organic solvents does not make it possible to study their IR
spectra in solution and establish the presence of an intramolecular hydrogen bond. The
existence of the latter probably can be confirmed by an indirect method. It is known that
this sort of bond is capable of inhibiting many chemical reactions [15]. Thus, compounds V,
in contrast to isoquinolones IX, do not form O-acetyl derivatives and are not alkylated on
fusion with methyl p-toluenesulfonate; this is characteristic for a chelated phenolic hy-
droxyl group. On the other hand, the amino group in salts V is inert with respect to acylat~
ing and diazotizing reagents and also does not undergo reaction with aldehydes. Despite the
drawing together of the reaction centers due to an intramolecular hydrogen bond, we were un-
able to bring about the intramolecular condensation of V by heating in ethanol, glacial acet-
ic acid, or acetic anhydride. This is apparently explained both by the inert character of
the phenolic hydroxyl group and by the probable decrease in the basicity of the amino group
because of compression of the molecule.
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All of the material set forth above makes it possible to assume that perchlorates V
exist in hydroxyl form Vb, which is stabilized by an intramolecular hydrogen bond.

EXPERIMENTAL

The IR spectra of mineral oil suspensions of the compounds were recorded with UR-20 and
Specord 71IR spectrometers. The UV spectra of methanol solutions (10™°® M) were recorded
with an SF-4a spectrophotometer. The PMR spectra of trifluoroacetic acid solutions were re-

corded with an RYa-2305 spectrometer at room temperature (with hexamethyl disiloxane as the
internal standard).

1-Alkyl-3-acetylamino-6,7-dimethoxy—-2-benzopyrylium Perchlorates (Ic, f). These salts were

obtained by the method in [12] as yellow-green substances, which were crystallized from gla-
cial acetic acid (see Table 5).

1-Alkyl-3~amino=-6,7~-dimethoxy-2-benzopyrylium Chlorides (Ia,d,g) (Table 5). These com-
pounds were obtained by heating the acylamino derivative in concentrated hydrochloric acid
for 1 h. The products were colorless prisms (from concentrated HCl), as were the perchlor-
ates (from ethanol). The bands at 1648 and 1620 cm~', which characterize the isochromylium
structure, are retained in the IR spectra as an inflection on the intense band at 1669 cm*

from the scissors vibrations of the NH, group. The vg and vyg stretching bands of the amino
group are found at 3390 and 3550 cm™', respectively.

207



*pPIOE 01399® TBIOBIS woij paziTe1sLido axam O] pue
fTouryle woid pIazTTTRISAI0 2i19M Y®s°ql {prok OTIOTYDO0IPAY Po3lBIIUODUOD WOAJ POZITTLISAID a2iam 3°p el S1TESk

sapEIuENg 0% | 201 | &9 7’8y g€y | Lo1 | 19 9'gp ID*ONEIHD 801—.01 (o]19] ZHN *HED m_
SATIRINIUEND 67 | 78l | V9 265 I's ] 831 | 99 064 IDFONPHYD 005—661 10 SHN HED 1
: 6L ve | 98 LS Lle 8¢ | 68 0’9 1'68 IDFONPHED 9P 1—G¥I j(o)1¢] ‘HEDODHN ‘H'D Il
ShnEINUENG [ ZF | 901 | 8y | L9 Ly B0l Y | vor “OION*HHD 951551 01D ZHN SHD 3l
sAnBIUEND ve | 1€l 65 8 LS S | 8%l | L'§ 6'.¢ ‘OION®'H®'D 0v1—6€1 3¢} *HN *H®D pI
: 98 m,m ﬂm M,m. g6y 6'c g6 g'e ¥9p IDFON®HD 681—881 o1 SHEDODHN S 21
O €y | 01l | ¥y o'sy er | ol | g &Sy IDEONFIHEID §66—¥52 Y010 ZHN *HD q1
sapEIINRND g'c | 8¢l | g 798 g's | 9'ct | 09 £'98 IDPONYTHED BEG—8ET D *HN *HD 1
N C - 3 ,
% ‘PIoIL 10 ~ mo[ o N[ [ H e — 5, “dm 1 womy . N punod
% '*o1ed % ‘punog reonidwy -woD
(1) sates untrlikdozusq-z-Lxoy3zawrp~/ ‘g-(outwrilov)ourwe—g-TANTV-T -G TTIVI
99 | 09¥€ [ 0BLI (S21¥'S 1PL{ILILG|€%L  PONTH®D | g1g—¥1g | “H'D |plIA
89 | glgg | 0841 16'819°916/0210'8{1°9]2'02|  EON®H®D | €01—201 | ‘HD |9(LiA
19 | Gope | GPLI {9'812°91€°0L(L8(L9(G'0L] SOINHBD | 891—491 | *H'D |qIIIA
09 | qove | S6L1 [0'618'G|9'69(€'6)L'¢|2'69| ONU'HP'O | 688—86 | °HO |®lIIA
= =
s m HNp (0=D4 | N _ H{O |NjH|[D eI} 5. *dw N punod
s 1.0 A A reorardwiy ° S-UI0D
‘winigoads I “*o1ED ‘punoyg
(IIIA) SoT0zBPTWIzuUaq(T4zusqLx0ylaWrp~G‘y-TAOY~Z)-Z ¥ FTEVL

0¢
0g

(85°y)

0lg *(2L'F) 082

(88c) 09¢ (9¥'¢)

0ve (88'%) 828

(02'%) 008.(85Y)

06g (0e%) 08%

(8L°¢) gog (91°7)

1'9{8°218'%)2°09 w.w‘o.h SYIIT9
L9lygloelos md'm,w 3G lg'98
89(L8{LT (195 (8L

8'8[0'g19'Cs

*ONID®'H®D
mOmZﬁVEEomU
oo.ﬂzamva;.mm—o

¥66—E68 |*H®D |PIA
80€-—L0¢ |*H®D |0lA
¥18—€1€ *H%D [IA

L9 gie (£8'%) 093|{1'L|0°6{€F{0'GC (0L |L'8(QF (098 YOPNIDPHD | L16—91€ | BHD 1A
= I O
o N|w|lH]| D |N __u m_ D — p \ mw
,.‘Dl.. 2 M: E.ﬂ.v.:.:& Uo 0 [&4] 1 2=
= % ‘*o1eD 9% ‘punogd Teoniduwig

(IA) seaeioTydaag unturiournbosy[q-z‘glozeprutzusg ‘¢ FTAVL

208



1-Phenyl-3,6,7-trimethoxy-2-benzopyrylium Perchlorate. A mixture of 1.05 g (5 mmole)
of methyl homoveratrate, 2.4 ml (10 mmole) of benzoyl chloride, 2.5 g (10 mmole) of silver
perchlorate, and 10 ml of absolute nitromethane was heated on a water bath for 10 min, after
which it was poured over ice, and the resulting oil was separated and triturated with ether.
The resulting yellow precipitate was removed by filtration and crystallized from glacial
acetic acid to give a product with mp 170° in 60% yield. The physical constants of the prod-
uct are in agreement with the data in [6].

1-Alkyl-3~hydroxy-6,7-dimethoxy-N-(2-aminophenyl)isoquinolinium Perchlorates (Va-c)
(Table 2). A 2.37-g (8 mmole) sample of salt I, 0.81 g (8 mmole) of o-phenylenediamine, and
20 ml of acetone containing 2% water were mixed, during which heat evolution was observed.
The mixture was then allowed to stand at room temperature for 10 h, after which the solvent
was removed by distillation. The residual mass was triturated with ethanol, and the solid
material was removed by filtration and purified by reprecipitation from DMF by the addition
of water to give crystalline substances, the physical constants of which are presented in
Table 2.

1-Phenyl-3~hydroxy-6,7-d imethoxy-N~(2-aminophenyl) isoquinolinium Perchlorate (Vd)
(Table 2). The compound was obtained by the method described above in glacial acetic acid.
The crystallization solvent was nitromethane.

Ketones IIIa-g (Table 1). These ketones were obtained by the method described above
with a water content of more than 2 moles in the reaction mixture. The precipitate that
formed after the reaction mixture had been stirred for 10 h was removed by filtation to give
colorless prisms (from ethanol).

7-Alkyl~-9,10-dimethoxybenzimidazo[3,2-blisoquinolinium Perchlorates (VI). A. An equi~
molecular mixture of benzopyrylium salt I and o-phenylenediamine was heated in ethanol for
2 h, after which isoquinolinium perchlorate VI was removed by filtration.

B. A l-mmole sample of 70% perchloric acid was added gradually to a solution of 1
mmole of 2~(3,4~dimethoxybenzyl)benzimidazole in 16 mmole of acetic anhydride, after which
the mixture was heated at 80° for 10 min, and the precipitated VI was removed by filtrationm.
The crystallization solvent was nitromethane.

The benzimidazo{3,2-blisoquinolinium perchlorates synthesizéd by the two methods had
identical melting points and IR spectra and were obtained as yellow crystalline substances
(from nitromethane) {(Table 3).

2-(3,4-Dimethoxybenzyl)benzimidazoles (VII). A mixture of 1.08 g (10 mmole) of o-
phenylenediamine, 1.97 g (10 mmole) of homoveratric acid, 1 ml of ethanol, 1.5 ml of con-
centrated HC1l, and 1 ml of orthophosphoric acid was heated at 130° for 2 h, after which it
was dissolved in 10% hydrochloric acid and refluxed with charcoal. The product was pre-
cipitated by the addition of ammonia and was obtained as colorless prisms, which were crystal-
lized from aqueous ethanol to give 2 g (74%) of a product with mp 159-160°. IR spectrum:

3510 and 1620 cm™*. Found, %: C 71.3; H 6.4; N 10.4. C16H:6N20;. Calculated, %Z: C 71.6;
H 6.0; N 10.4. :

2-(2~Acyl-4,5-dimethoxybenzyl)benzimidazoles (VIIIa~c). These compounds were obtained
by heating VIIa-c in the appropriate anhydride in the presence of traces of 707 perchloric
acid. The products were colorless (crystallization from ethanol). The physical constants
of VIIIa~-c are presented in Table 4,

2-(2-Benzoyl-4,5-dimethoxybenzyl)benzimidazole (VIIId). A 0.25-ml (18 mmole) sample of
benzoyl chloride and a catalytic amount of silver perchlorate were added to a solution of
0.5 g (18 mmole) of VII in 5 ml of dry nitromethane, and the resulting colorless precipitate
was removed by filtration and crystallized from ethanol (Table 4).

1-Methyl-2-(3,4-dimethoxy-6-acetylbenzyl)benzimidazole. An excess amount of an ether
solution of diazomethane was added to a cold solution of VIIIa in ethanol, and the mixture
was allowed to stand at 0° for 2 h and at room temperature for 10 h, The resulting precip~
itate was removed by filtration and crystallized from ethanol to give a colorless product withmp
135° in 53% 53% yield. Found, %: C 69.9; H 6.1; N 8.3. C,sH,0N205. Calculated, %: C 70.4;
H 6.2; N 8.6.
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STUDY OF THE KINETICS OF THE CHICHIBABIN REACTION

V. N. Novikov, A. F. Pozharskii, UDC 547.7/8:542,958.3:541,127-128.2
and V. N. Doron'kin

The rate of hydrogen and ammonia evolution during the amination of N-hetero-
aromatic systems with sodium amide was studied. The ease of the Chichibabin
reaction of heterocycles decreases in the following order: l-methylbenzimid-
azole > isoquinoline > l-methylperimidine > benzo[f]quinoline > pyridine >>
acridine. The decrease in the rate of amination in the presence of free-
radical inhibitors constitutes evidence for a free-radical step in the Chi-
chibabin reaction. It is shown that the Chichibabin reaction has autocatalyt-
ic character and is accelerated in the presence of sodium salts of heterylam-
ines. Opinions regarding the mechanism of this autocatalysis are expressed.

The mechanism of the amination of nitrogen heterocycles by means of sodium amide (the
Chichibabin reaction) remains one of the least investigated nucleophilic substitution reac-
tions in the aromatic and heterocaromatic series. This is due to a considerable extent to
the difficulty in the study of the kinetics of an amination process that takes place under
heterogeneous conditions and at high temperatures. However, the evolution of hydrogen and
a small amount of ammonia is one of the characteristic features of the Chichibabin reaction
[1]. In the present research we attempted to study the reaction rate from the amount of
evolved hydrogen and also attempted to determine the ratio of hydrogen and ammonia during
the amination of various heterocycles. Compounds — pyridine, isoquinoline, benzo[f]quinol-
ine, l-methylbenzimidazole, and l-methylperimidine [1] — for which the Chichibabin reaction
proceeds most smoothly and with the minimum amount of side products were selected as the sub-
jects for this investigation. Several experiments were also carried out with acridine, the
amination of which proceeds with complications {[2]. It was assumed that the results of this
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