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2-BENZOPYRYLIUM SALTS.
34.% REACTIONS OF 3-CARBOXY-2-BENZOPYRYLIUM SALTS
WITH AMINES. SYNTHESIS OF CYCLIC KETOLS

Yu. A. Zhdanov, V. G. Brovchenko, UDC 547.833.8'814:543.422'51
M. A. Klyuev, and E. V. Kuznetsov

3-Carboxy-2-benzopyrylium salts form 3-carboxyisoquinolinium salts, their decarbox-
yvlated analogs, or products of contraction of the heterocycle, namely, cyclic ketols,
depending on the nature of the amine and solvent. Upon treatment with acids, these
ketols are demethylated through the intermediate formation of a-acylcarbenium ions
and are converted to quinonemethides.

The presence of functional groups in the heterocycle of the pyrylium cation has a defin-
ite effect on the nature of its reaction with nucleophiles [2, 3]. Thus, monocyclic a-carboxy-
pyrylium salts react with primary amines to convert to pyridinium salts with decarboxylation
(4, 51.

We have found that l-aryl-3-carboxy-2-benzopyrylium salts Ia and Ib react with primary
amines in ethanol or chloroform to give 3-carboxyisoquinolinium salts IIa-IId in 90-97% (meth-
od A) and in benzene to give their decarboxylated analogs, IIIa-IIId in 52-627 yield (method
Al) [6].

We may propose that salts II are formed as intermediates in benzene and are then converted
to III either by thermal decarboxylation [7] or by recyclization due to addition of a nucleo-
phile with simultaneous decarboxylation as found in the case of their monocyclic analogs [5].
However, the direct decarboxylation of isoquinolinium salts IIa-IId under these conditions
leads to a sharp decrease in the yields of IIIa-IIId (40-12%, method B). On the other hand,
"degenerate recyclization" products were not found in the reaction mixture upon carrying out
this reaction with primary amines having substituents at the nitrogen atom different from those
in isoquinolinium salts II (method Bl) [5, 8]. Thus, if the formation of salts III under the
conditions examined proceeds by thermal decarboxylation of acids II, the contribution of this
pathway is only slight.

The most likely reason for the different reaction courses lies in the effect of the sol-
vent on the site of nucleophile addition to the 2-benzopyrilium cation, which, in contrast
to its monocyclic analogs, has two nonequivalent a-positions. In ethanol, a primary amine,
upon addition to C(1)s causes recyclization without affecting the carboxyl group. A pyruvic
acid enamine fragment capable of facile decarboxylation [9] arises upon addition to C(s) in

*For communication 33, see [1].
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Rostov-on-Don 344071. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 4, pp.
454-459, April, 1989. Original article submitted August 4, 1987.
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benzene and opening of the heterocycle in IV. The vinyl carbanion V (R* = H) formed after

the loss of CO, is the concealed form of the acyl anion, which is converted to N-anion VI by
a prototophic shift. N-Anion VI attacks the carbonyl group with the formation of an isoguino-
line ring.

This reaction scheme implies that carbanion V (R* # H), in which prototropic rearrangement
is impossible, should be formed after analogous transformations in the reaction of 2-benzopy-
rylium salts Ia-Id with secondary amines, for which addition at C(3) is also more likely for
steric reasons [10]

cozﬂ—l coH
\\ \
C,H,OH 1 co,” i
0
| 2 “CHy
| Ar~ TREHR
Co.H ! - - P N
CH.0. -4 _~. .CO. -d ‘*/ viia,b
S 7 o HNRORY | na-d 2 s
T e 9
L ] U . NRR' CEL0. N
: R -
A; T h [co,m | o+ ) a0
- < bz
ra sile %’/\/,0 CH,O Y R
' Ar
! /4
,/\ p, >
Ar= [ ‘ NROR*
/\Rz S I \l_ R*=u
i i co; —= Spf
R \h\ﬁ¢o @ oo, (AL BFF
r g oo
Ar Ar
v v
| R*sH
i
CH,0 CH 0~ I\
NI ST
A o/
CH,0 < CH,0 N
Ar oH Ar OH
x a~d vit a~d

I, VIII, IX a R'=R2=0CHy P R'=OCH;, R=H; ¢ R'=R?=H; ¢ R!=Br, R’=H;
I, Il 2 R'=R?=0CH;, R3=CgHy; b R'=0CH;, R?=H, R>=C¢H;: ¢ R!=R?’=0CH,,
8=CH; d R'=0CH;, R*=H, R3=CHjy VIl a R'=R*=0CHj;; b R'=0CH;, R?=H

On the other hand, the use of secondary amines, which are stronger bases, with a concur-
rent increase in the reaction temperature for less electrophilic 3-carboxyisoquonolinium salts
II, whose decarboxylation proceeds thermally, should markedly increase the yields of III. In-
deed, upon heating salts IIa-IId with piperidine or morpholine in xylene, the yield of the
decarboxylation products IITa-IIId reaches 90-97% (method C). The reduction of IIIc in metha-
nol by sodium borohydride gives the racemate of the alkaloid, cryptostilline II (VIIa) in high
yield [11].

Heating 2-benzopyrilium salts Ia-Id with morpholine in benzene gave the products of the
intramolecular reaction of carbanion V (R* # 4) with the carbonyl group of the benzophenone
fragment, namely, ketols IXa-IXd [6]. These ketols were isolated as enamines VIIIa-VIIId,
which, however, proved unstable, and, with the exception of VIIIc, are hydrolyzed during
their purification by column chromatography on alumina.

The mass spectrum of IXa shows a molecular ion peak with m/z 344, which corresponds to
the molecular formula proposed. The nature of the fragmentation supports the finding of a
tetrahedral carbon atom, carbonyl and hydroxyl groups (fragment ions with m/z 328 [M — 01%,
327 [M - OH]*, 299 [M — co — OHI]*, 316, [M — cO]*, and 315 [M — COH]*). These data along
with the IR and PMR spectral parameters [6] support the proposed structure for IX.

Highly colored reaction products are formed upon the acid hydrolysis of enamines VIIIa-
VIIId instead of colorless ketols IX, which may be obtained by the treatment of solutions of
ketols IXa-IXd directly in ethanol.

The IR spectrum of the product obtained from ketol IXa shows a carbonyl band which is
shifted to 1710 cm™! relative to 1755 em~! for the ketol and a new band for a conjugated car-
bonyl group at 1640 cm™!. The signal for one of the methoxyl groups disappears in the PMR spec-
trum, while the signal for the methylene group becomes a singlet, indicating the loss of molec-
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ular chirality. Furthermore, the mass of the molecular ion (312), which indicates the loss
of CH,O0H from the starting ketol and the presence of a weak [M + 2]% ion peak (m/z 314),
characteristic for compounds with quinoid strucutre, permit the assignment of this product
as quinonemethide XIIa. The finding that quinoidization proceeded specifically due to de-
methylation in the fused ring and not in the aryl substituent was supported by the synthesis
of compounds with similar spectral characteristics from ketols IXc and IXd.

Oxonium ion X, which is probably formed upon the protonation of ketols IX, loses a water
molecule and is converted to carbocation XI, which has an electron-withdrawing carbonyl group
at the a-position. This is followed not by deprotonation by analogy to that described by Hol-
land and Jones [12], but rather by demethylation of the 5-methoxy group due to attack of nu-
cleophilic solvent molecules at the conjugated oxonium site.
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When the reaction was carried out in less nucleophilic acetic acid, carbenium salt XIa,
which proved stable at room temperature, was isolated. Upon the action of water or ethanol,
XIa is quantitatively converted to quinonemethide XIIa. The carbonyl band in the IR spectrum
of salt XIa is found at 1740 cm™!. The PMR spectrum of this compound shows a downfield shift
for one of the four methoxyl groups and for the aromatic multiplet; the methylene group signal
appears as a singlet.

The great conformational rigidity of a-acylcarbenium ions XIa-XId in comparison with
their acyclic analogs [13, 14], due to the presence of the methylene bridge, apparently leads
to a marked increase in the contribution of the fused aromatic ring to the resonance stabiliza-
tion of carbenium ion XI and, thereby, to an increase in its stability.

Thus, the presence of a carboxyl group in the heterocycle of 2-benzopyrylium salts leads
to their recyclization by a new pathway, which does not find analogy among other heteroaroma-
tic cations {2]}. Either cyclic ketols or quinonemethides may be isolated depending on the
type of treatment of the reaction mixture.

EXPERIMENTAL

The IR spectra were taken on a Specord 75 IR spectrophotometer for Vaseline mulls. The
PMR spectra were taken on a Tesla BS-487 spectrometer at 80 MHz in CDCl; and CF;CO,H with
HMDS as the internal standard. The mass spectra of IXa and XIIa were obtained on a Varian
MAT-113 mass spectrometer at 70 eV with direct sample inlet into the source. The elemental
analysis data for C, H, N, and Hal corresponded tc the calculated values.

3-Carboxy-6,7-dimethoxy-1-phenyl-2-benzopyrylium Perchlorate (Ic, C1sH15C10s). A mix-
ture of 0.5 g (2.2 mmoles) 3,4-dimethoxyphenylpyruvic acid and 0.27 ml (2.6 mmoles) freshly
distilled benzaldehyde was heated in 3 ml acetic anhydride until the pyruvic acid was com-
pletely dissolved. The solution was cooled and 0.60 ml (7 mmoles) 707 perchloric acid was
added dropwise every 5 min at room temperature. The mixture was maintained for 4-5 h. Then,
3 ml ethyl acetate and 2 ml ether were added and left overnight. The precipitate formed was
filtered off, washed with ether, and recrystallized from acetic acid to give 0.41 g (45%),
mp 254-256°C. IR spectrum: 1740, 1590, 1100 cm™t.

1-(4-Bromphenvl)-3-carboxy-6,7-dimethoxy-2-benzopyrylium perchlorate (Id, C;.H,,BrC10g)
was obtained by analogy in 25% yield as light green crystals with mp 263-264°C (from acetic
acid). IR spectrum: 1735, 1605, 1300, 1140 cm™?*.
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TABLE 1. Characteristics of Isoquinolinium Salts

II and III
Com- Chemical ° Synthesis Vield, %
pound formula - Mp, °C method Y 4

Ila CasHayCINO g 253...255 A 93

I1b CosH33CING, 239...240 A 95

IIc Ca1H2CINOyo 248 ...250 A 90

114 CaoH20CINOg 230...232 A 97

Hla CosHasCINO; 250...252 Al 62

Bl 45

C 94

11Ib CasHCINO; 235...237 Al 64

Bl 38

C 98

1llc CaoHCINOs Pasa. 250 Al 52

Bl 18

C 91

1ia C1oH2CINO; 230...232 Al 54

BL 12

c 98

1-(3,4-Dimethoxyphenyl)-3-carboxy-6,7-dimethoxy-2-phenylisoquinolinium Perchlorate (IIa).
A sample of 0.10 ml (1.1 mmole) aniline was added to a suspension of 0.25 g (0.53 mmole)
perchlorate Ia in 10 ml ethanol. The solution formed was heated at reflux for 3 h and evapor-
ated. The dark viscous residue was triturated with 5 ml water and 10 drops of 407 perchloric
acid. The colorless precipitate was filtered off and washed with a small amount of water.
Drying and recrystallization from acetic acid gave 0.27 g salt IIa. IR spectrum: 3300,
1740, 1610, 1180, 1000 cm™!. PMR spectrum (in CF,CO,H): 3.36 (s, OCH;), 3.53 (s, 20CH,),
3.85 (s, OCH,), 6.57 (d, 3H), 6.77-7.15 (m, 6H), 7.33 (s, 1H), 8.50 ppm (s, 1H).

Products IIb-IId were obtained by analogy (Table 1).

1-(3,4-Dimethoxyphenyl)-6,7-dimethoxy-2-phenylisoquinolinium Perchlorate (IIIa). Al. A
sample of 0.1 ml (1.1 mmole) aniline was added to a suspension of 0.23 g (0.45 mmole) per-
chlorate Ia in 15 ml benzene and heated at reflux for 90 min. The suspension was converted
to a viscous mass, which gradually hardened and collected on the bottom of the flask. The
reaction mixture was cooled and 10 ml hexane was added. The mixture of solvents was decant-
ed after 30-40 min. The precipitate was triturated with 5 ml water and five drops of 407 per-
chloric acid were added. The colorless crystalline product was filtered off. Recrystalliza-
tion from acetic acid gave 0.15 g salt IIIa. IR spectrum: 1605, 1175, 1145, 1095 cm™!. PMR
spectrum (in CF3CO,H): 3.33 (s, OCH;3), 3.50 (s, 20CH;), 3.77 (s, OCH;), 6.54-7.22 (m, 10H),
7.88 pppm (s, 2H).

B. A sample of 0.10 ml (1.1 mmole) aniline was added to a suspension of 0.20 g (0.37

mmole) perchlorate IIa in 10 ml benzene. The solution obtained was heated at reflux for 3 h.
Salt IIIa was separated as in procedure Al. The product yield was 0.07 g (387).

Bl. A suspension of 0.20 g (0.37 mmole) perchlorate IIa in 10 ml benzene was saturated
with gaseous methylamine at room temperature and the solution formed was heated at reflux
for 3 h. Salt IIIa was isolated as described in procedure Al.

C. A sample of 0.05 ml (0.6 mmole) piperidine was added to a suspension of 0.10 g (0.18
mmole) perchlorate IIa in 5 ml xylene and heated at reflux for 90 min. After cooling, salt
IITa was isolated as indicated in procedure Al.

Products IITb-IIId were obtained by analogy (Table 1).

1-(3, 4-Dimethoxyphenyl)-2-methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (VIIa).
A sample of 1.25 g (33 mmoles) sodium borohydride was added over 15 min in small portions to
a solution of 0.30 g (0.68 mmole) salt IIIa in 30 ml methanol and heated at reflux for 20 min.
Methanol was distilled off at reduced pressure. The solid residue was treated with 30 ml 107
aqg. NaOH and the reaction product was extracted by three 20-ml portions of chloroform. The
extract was evaporated to give 0.21 g (85%) VIIa, mp 103°C (from hexane) [11].

Tetrahydroisoquinoline VIIb was obtained by analogy in 89% yield, mp 86-87°C (from hex-
ane).
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TABLE 2. Characteristics of 1l-Hydroxy-2-indan-
ones (IX) and Quinonemethides (XIIa-d)

Com~ - Chemical

pound | formula Mp, °C IR spectrum, v

cm

>

IXe | C7HysO4 148...150 | 3500, 1760, 1605, 1170 74
IXd | CyHsBrOy | 174...176 | 3480, 1765, 1625, 1275 51
X1lla | CisH60s 200...202 1710, 1640, 1140, 1110 85

XI1b | C7H,404 187...188 1700, 1635, 1240~ 76
Xl1le CisH120s 166...168 1680, 1630, 1215 90
XIla | CysH;1BrOs | 238...240 1720, 1660, 1265 78

*Characteristics for IXa and IXb were given in
our previous work [6].

1-(3,4-Dimethoxyphenyl)-5,6-dimethoxy-1-hydroxyindan-2-one (IXa). A sample of 0.1 ml
(1.1 mmole) morpholine was added to a suspension of 0.20 g (0.43 mmole) perchlorate Ia in
15 ml benzene and heated at reflux for 150 min. The benzene solution was decanted from the
morpholine perchlorate precipitate and evaporated. The residue was thoroughly triturated
in a small amount of chloroform and separated on an alumina column. The fractions containing
a product with Rf 0.37 were combined and evaporated. The residue was dissolved in a minimal
amount of benzene and hexane was added dropwise until the onset of crystallization to give
0.10 g indanone IXa. Mass spectrum, m/z (relative intensity, %): 165 (100), 166 (14), 179
(21), 227 (5), 241 (10), 254 (17), 255 (11), 269 (40), 270 (14), 284 (14), 285 (98), 286 (33),
299 (24), 300 (10), 301 (30), 315 (70), 316 (94), 317 (22), 327 (5), 328 (20), 344 (MF, 33).

Products IXb-IXd were obtained by analogy (Table 2).

This reaction with salt Ic gave l-phenyl-5,6-dimethoxy-2-morpholino-l-~hydroxyindene
(VIIIc, C,,H,,N0,) in 75% yield, mp 144-145°C (from benzene). IR spectrum: 3350, 1680,
1610, 1140 cm ®. PMR spectrum (in CDCl;): 0.78 (t, CH,), 1.15 (s, CH,), 3.30-3.64 (m, 2CH,),
3.68 (s, OCH;), 3.80 (s, OCH;), 5.00 (s, OH), 6.78 (s, 1H), 6.95 (s, 1H), 7.10 (s, CgHy), 7.23
ppm (s, 1H).

1-(3, 4~Dimethoxyphenyl)-6-methoxy-3H-indene-2,5-dione (XIIa). A sample of 0.043 ml (0.52
mmole) 707 perchloric acid was added dropwise to a solution of 0.18 g (0.52 mmole) ketol IXa:
in 5 ml ethanol. After 10 min, the bright red product was filtered off and washed with a
small amount of ethanol. PMR spectrum (in CDCl,): 3.35 (s, CH,), 3.80 (s, OCH;), 3.85 (s,
20CH,), 6.41 (s, 1H), 6.70 (s, 1H), 6.93-7.23 ppm (m, 3H). Mass spectrum, m/z (relative in-
tensity, Z): 165 (9), 181 (8), 225 (11), 253 (27), 255 (33), 283 (63), 297 (25), 312 (MF,
100), 314 (14).

Products XIIb-XIId were obtained by analogy (Table 2).

Carbenium salt (XLa, C,oH;,Cl0,). A sample of 0.043 ml (0.52 mmole) 70% perchloric acid
was added dropwise to a solution of 0.18 g (0.52 mmole) ketol IXa in 2 ml acetic acid. The
solution turned dark blue and black crystals began to precipitate. After 5 min, the reaction
product was filtered off, washed with a small amount of absolute ether, and stored at room
temperature in a dessicator. The yield was 0.14 g (65%Z), mp- >250°C (dec.). IR spectrum: 1740,
1600, 1260, 1110 em™!. PMR spectrum (in CF,CO,H): 3.55 (s, CH,), 3.62 (s,.20CH;), 3.70 (s,
OCH,;), 4.00 (s, OCH;), 7.70-7.80 ppm (m, 5H).
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PHOTOCHEMICAL REACTIONS OF 7-AMINOCOUMARINS.
4.* REACTION OF 4-METHYL-7-DIETHYLAMINOCOUMARIN WITH COMPOUNDS
TENDING TO PHOTOLYTIC DISSOCIATION

M. A. Kirpichenok, L. M. Mel'nikova, UDC 547.587.51.04:535.217
L. K. Deniscov, and I. I. Grandberg

The photochemical reactions of 4-methyl-7-diethylaminocoumarin with a series of

alkyl halides including isopropyl iodide, allyl iodide, bromoacetone a-bromoethyl
acetate, phenacyl bromide, p-bromophenacyl bromide, and chloroacetonitrile, and aryl
iodides including iodobenzene, 2-nitroiodobenzene, 3,4-dimethoxyiodobenzene, and 3-
iodo-~4-methyl-7-diethylaminocoumarin proceed by a radical addition mechanism to give
3-substituted aminocoumarins. A series of 3-substituted 7-aminocoumarins was also
obtained as a result of the photochemical reactions of 4-methyl-7-diethylaminocoumar-
in, with other reagents, having photolabile chemical bonds such as dioxanyl perox-
ide, phenyl iodosodiacetate, and nitromethane. The luminescence characteristics of
the compounds synthesized were studied.

We have previously reported about the [2 + 2] photocycloaddition reactions of 7-amino-
coumarins [2, 3] and unusual photoreactions of 4-methyl-7-diethylaminocoumarin (I) with un-
saturated compounds, which affect the diethylamino group [1]. 1In the present article, we des-
cribe the photochemical reactions of coumarin I with alkyl and aryl halides and some other
compounds, which tend to undergo photolytic dissociation.

7-Dialkylaminocoumarins lose alkyl groups at the nitrogen atom upon irradiation in nitro-
aromatic solvents [4]. The dealkylation also proceeds upon the photooxidation of dialkylamino-
coumarins by atmospheric oxygen, which attacks the a-position relative to the nitrogen atom
or the alkyl group at C(,) [5, 6]. Since these processes occur with the formation of radical
intermediates [5], we might expect that coumarin I would also react with other compounds,
which are potential radical sources in photochemical reactions. A priori, two primary direc-
tions for the radical reactions may be proposed for coumarin I: loss of a hydrogen atom from
4~methyl group or from the methylene group in the a-position to the nitrogen atom. Addition
or substitution reactions at the C(3)-C(,) bond also appeared to be probable.

We initially studied the reaction of the starting coumarin with alkyl halides, which tend
to act as acceptors in electron transfer processes [7] and also give direct dissociation of
C-Hal bonds by the action of short-wavelength UV light. A preliminary comparison of the reac-
tivity of alkyl halides in the series RC1»RBr-»RI showed that the use of alkyl iodides is best
from the preparative viewpoint relative to coumarin upon irradiation by the full light of a
PRK-2 mercury lamp, while, in the case of functionally substituted compounds, alkyl bromides,

*For Communication 3, see [1].
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