Chemistry of Heterocovelic Compounds. Vol 36, No. 6, 2000)

CONDENSATION OF 1-CARBAMOYLMETHYL-
2,3,3-TRIMETHYL-3H-INDOLIUM CHLORIDE
WITH AROMATIC ALDEHYDES

A. Sackus, V. Amankaviciene, V. Martynaitis

The reaction of 1-carbamovimethvl-2.3 . 3-trimethvi-3H-indolivm chloride with various aromatic aldehvdes
in acetic acid and the subsequent workup of the intermediare sterviic derivatives with strong bases vielded
u-(2-arviethenyl)-1.2,3, 9a-tetrahvdro-9H-imidazof 1. 2-al indol-2-one  derivatives. Condensation of  the
mentioned  salt  with  salicvialdelivde in  acidic or  basic  medium — afforded  the  derivative  of
I'-carbamovimethyvispirofbenzopyran-2,2"-indole]. Alkylation of the lutter compound with benzvl chloride
in the presence of potassium hvdroxide gave 9u-[2-(2-benzvioxvphenvlethenvi]-1,2.3 . 9a-tetrahyvdro-9H-
imiduzof1,2-afindol-2-one.

- Kevwords: aromatic  aldchydes.  1-carbamoyl-2.3 3-trimethyl-3H-indolium  chloride.  condensation.
1.2.3.9a-tetrahydro-9H-imidazo[ I.2-¢]indol-2-ong¢s.

It has been reported that the reaction of 2,3, 3-trimethyl-3H-indole with cthylene oxide in acctic acid and
subscquent  trecatment  of  the rcaction  mixture  with  sodium hydroxide atforded derivatives  of
2.3.9.9a-tetrahydrooxazolo[3,2-a]indolc [1]. Alkylation of 2.3.3-trimethyl-3H-indole with 2-haloacctamide gave
1-carbamoylalkyl-2.3.3-trimcthyl-3H-indolium salts, which under the action of a basc underwent cyclization into
derivatives ot 1.2.3 9a-tetrahydro-9H-1midazo[ 1.2-a]indole [2. 3]. The derivatives of 1,2.3.4.10.10a-hexahydro-
pyrimido[1.2-¢]indole were synthesized by the reaction of 2.3,3-trimethyl-3H-indolium salts with amides of
2 3-unsaturated acids [4.5]. Thesc tricyclic compounds bear an active methyl group and arc able to take part in the
condensation reactions with aromatic and heterocyclic aldchydes [1. 4-8]. 1.2-Annclated dcerivatives of
2-(2-phenylethenyl)indole have important applications as organic dyes for synthetic fibers and in information
processing [8-15].

We now have cxamined the condensation of 1-carbamoylmethyl-2.3,3-trimethyl-3H-indolium salts with a
series of aromatic aldchydes and synthesized new derivatives of 9a-(2-phenylethenyl)-1.2.3.9a-tetrahydro-9H-
imidazo[1,2-a¢]indol-2-onc.

The condensation ot 1 -carbamoylmethyl-3H-indolium chlorides 1a-c¢ with benzaldehydc and its derivatives
substituted in thc aromatic ring was performed in glacial acctic acid at 90-100°C. A colored solution
(Aman = 560 nm, acctic acid) of the 1-carbamoylmethyl-2-[2-(4-dimethylaminophenyl)ethenyl]-3H-indolium salt 2a
is formed during heating of a mixturc of chloride 1a with 4-dimethylaminobenzaldchyde. The 'H NMR spectrum
of compound 2a is characterized by the presence of singlets at 1.78 (3,3-CH;), 3.16 (N,N-CH;), and 5.33 ppm
{CH-) and two doubilcts of the AB-system ("J.\n = 15.0 Hz) of the vinyl protons at 7.13 and 8.32 ppm.
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During the treatment of an aqucous solution of chloride 2a with potassium hydroxide. the nucteophilic
addition of thc nitrogen atom of the amide group to g-carbon of the indole moicty occurs and a denvative of
Ya-[2-(4-dimethylaminophenyl)ethenyl]-1.2.3.9a-tetrahvdro-9H-imidazo[ 1 2-¢]indol-2-onc  (3a) 1s formed. The
structure of compound 3a was confirmed by means of spectral investigations. An absorption band at 1705 em’.
which is duc to a carbonyl group, and a band at 3200 ¢cm™', which corresponds to the stretching vibrations ot the
N-H bond, arc obscrved in the IR spectrum of 3a. The signals of the diastercotopic geminal methyl groups are
present at 1.03 and 1.30 ppm in the 'H NMR spectrum. The methylene protons of the imidazolidine ring resonate
in the form of an AB-quadruplet (3. 3.51. &, 3.65. “Jas = 16.0 Hz). The vicinal spin-spin coupling constant of the
vinyl protons is 16.0 Hz and attests to their trans orientation.

The condensation of salts la-e with benzaldchyde. 4-dicthylamino-, 4-alkyl-, 4-mcthoxy-, 2- or
4-halobenzaldchydes and various disubstituted benzaldchydes was carried out by a similar method. It was found
that 3H-indolium salts la-c undergo condensation with 4-dialkylaminobenzaldehydes in acctic acid casier than
with benzaldehyde or its substituted derivatives bearing the methoxy group or halogens. Treatment of the reaction
mixturcs with a solution of a strong basc aftorded 9a-(2-phenylethenyl)-1.2.3,9a-tetrahydro-9H-imidazo[ 1,2-u]-
indol-2-on¢ derivatives 3b-r. "'C NMR spectrum of 9a-[2-(4-methylphenylicthenyljimidazo[ 1.2-a|indol-2-onc 3i
showed the signals of sp’ hybridized carbon atoms at 20.78 (CH:), 21.91 (CH3). 27.90 (CH:). 47.25 (C-9). 54.44
(NCH>), and 92.90 ppm (C-10a). The signals of sp” hybridized carbon atoms of compound 3i are situated in the
arca of 112.47-173.69 ppm.

Compounds 3a-r have no absorption bands in the visible region of clectronic spectra. However. protonic acids
promote ring opening and the formation of colored cations of salts 2a-r. The wavelength of the band is mainly
dependent on the substituent in the styryl fragment, c. g., solutions of 9a-[2-(4-dicthylaminophenyl)ethenyl]-
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and 9a-|2-(4-mcthoxyphenyl)ethenyl]-imidazo[ 1.2-¢]indol-2-ones 3b,p in acctic acid have an intense peak at 570
and 439 nm respectively, while a solution of unsubstituted compound 3g is characterized by a peak at 398 nm.

Heating of salt Ta with salicyl aldchyde in acctic acid and subsequent trcatment of the reaction mixture
with a solution ot sodium acctate yiclds 1'-carbamoylmethylspiro{benzopyran-2.2-indole| 4a. An identical product
was obtained when  condensation was  carmied  out  in cthanol in the presence  of  piperidine.
6-Bromospirobenzopyran 4b was obtained by a similar procedure.

R | CHCOOH HC CH,
2B —
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Absorption bands characteristic ot the primary amides at 3464, 3192 (NH:). and 1688 em” (C=0) are
obscerved in the IR spectrum of compound 4a. The 'H NMR spectrum of compound 4a is characterized by the
presence of two singlets of diastercotopie 3'.3-CHs groups at 1.20 and 1.33, the AB-gquadruplct of the NCH» group
in the region of 3.55-4.03. and a doublet of onc of the protons of the pyran ring at 5.62 ppm. Vicinal coupling
between protons 3-H and 4-H occurs at 10.0 Hz and indicates their cis location [16]. The presence of the pyran
ring is also confirmed by the fact that the signal of the indolc ¢-carbon atom of compound 4b is situated in the arca
below 106.0 ppm in the "C NMR spectrum. which is a characteristic feature of spiro[benzopyran-2 2-indole]
derivatives [17].

When compound 4a was treated with perchlonic acid, ring cleavage of the pyran ring occurred, and
I -carbamoylmethyl-[ 2-(2-hydroxyphenylicthenyl|-3H-indolium perchlorate § was isolated. A doublet of a vinylic
proton at 6.30 with 'J = 16.0 Hz in the '"H NMR spectrum corresponds to the rrans structure of the perchlorate 5.
The O-alkylation of compound 4a with benzyl chloride proceeds efficiently in the presence of potassium
hydroxide in cthanol and gives 9a-[2-(2-benzyloxyphenyl)ethenyl)imidazo[ 1.2-¢]indol-2-one 6.The absorption
bands at 3256 (N—H) and 1704 ¢cm™' (C=0) in the IR spectrum of compound 6 indicate the presence of a five-
member lactam ring. The singlet of methylene protons at 5.55 ppm in the 'H NMR spectrum confirms the presence
of'a benzyl group at the oxygen atom.
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TABLE 2. '"H NMR Spectra of 9.9-Dimethvl-9a-(2-phenylethenyl)-1.2.3 9a-
tetrahvdro-9H-imidazo[ 1.2-a]indol-2-oncs 3a-r, 6

Com- Sulvent Chemical shitts, ppm

pound | R —_

3a DMSO-d,, FO3 (3L S 9-CHo E30 L s 9-CT 288 (6L s NUN-CHL:
340375200 AB-q = 160 Hz  CH Y 0,057 43 (1OHL CH=CHL Al
NS L broscNID

b DMSO-d., LON L S 9-CH: LOR(OHL L= 7.0 Tz, CH-ChE:

1.32 (31, s 9-CHy: 333 (41, g,/ = 7.0 Hz, CHACLHLy,
IAR3TH2HAB-q. /= 163 Nz, CHL.COY

6.09-7 29 (1011 m. CH=CTL A %84 (1L bros. NEH)

3¢ DMSO-d.. O3 T s, 9-CHE: P33 s, 9-CHy: 3083013 (4 m, 2CEH )
350-3.7302HAB-g. = 163 7. CH 370375 (L m 20T ).
6256071 (2H AB-g. /= 160 17, CH=CH): 6.87-738 (SH. m. Arliy
SN2 (L brosc NIy

3d DMSO-d,, TSI s, 9-CH: L30T s 9-CHO: 209 (3L s, 7-Clo:

289 (01 La NONSCHE 330375 02H, AB-g. /0 1601z Cli:
601745 (9H mo CH=CH. Ary, SR80 ¢1TE bro s, N

e DMSO-d., 1OT L3 s, 9-CH: EO7 (olln g = 7.0 Hz, CHSCH 130 (3100
O-CHO: 223 QL s 7-CHE 344368 (22H AB-q /= 16.2 Nz CH:):
608729 (OH . CH=CH, At K80 (T broso NI

af DMSO-d,, TOS (3L s 9-CHa 133 (35 9-CH 2 293 (60 s NON-CTx
3203882 AB-q 7 162 Hz  ClE)

GA-T AR m CH=CHL Al 888 (L bro s N1

kT NDMSO-d,, AT G s, 9-CHap 136 G S 9-CHak 3.32-3.70 021 AB-g.

J =062 Hz CHEy 638745 (LT m, CH=CHL Al

770 bro s, NID

100 (3 S 9-CHEs T3S OH S 9-CHLoe 225 (A s 7-Cl e
AT AB-g. = 162 H2 ULy

OATS2010HL my CH=CHL ArH g K81 bro sONTHD

3 DMSO-d.. FOS (3 s, 9-CTE): T34 (3L s 9-CHy: 229 350 s p-ClL:
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o te Hzo CH=CHDD 08K 40K o Arthi 85 (1L bro s, NEHDY
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O6.89-T SO (SH mu ArH Y SSA (T bro s, N1D
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3k CnCL O Q3L S 9-CHar T3S 9-CH 380021 S Cl Ly

6.25-7.20 (OHL CH=CHL Art): 799 (1HL bro s NH)
k)| DMSO-d,, 109 (3HL s, 9-CHz L3935 9-CH 357-378 (21, AB-q.

=102 Hz  CHO: 647777 (Lo CH=CH. Arlhi: X96 (1H. bro s NI
Im DMSO-d,, FOSEIEL 5 9-CHa 1370310 s, 9-CHuz 334414 (21 AB-q.
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9a-[2-(2-Thicnylicthenylf-1.2.3.9a-tetrahydro-9H-imidazo[ | 2-¢Jindol-2-one derivative 7 was synthesized
by the reaction of 1-carbamoylmethyl-3H-indolium chloride with thiophene-2-carbaldehyde in acctic acid with
subsequent treatment of the reaction mixture with a base.
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EXPERIMENTAL

'"H NMR spectra were determined on a Tesla BS-487C (80 MHz) and Bruker DPX (200 MHz) and Bruker
ASW-300 (300 MHz) instruments: internal reference TMS. 'C NMR spectra were obtained on a Bruker ASW-300
(75 MHz) spectrometer. IR spectra were recorded on a [R-75 spectrometer (KBr pellets). UV-vis spectra were
obtained on a Specord UV-Vis spectrometer. The course of the reactions was observed using TLC on Silufol
plates: eluent acctone-hexane, 1 : 2.

1-Carbamoyimethyl-3.3-dimethyl-2-]2-(4-dimethylaminophenyl)ethenyl]-3H-indolium Chloride (2a).
A solution of l-carbamoylmethyl-23 3-trimethyl-3H-indolium  chloride (1a) (3.79 ¢, 15 mmol) and
4-dimethylaminobenzaldehyde (2.24 g, 15 mmol) in acetic acid (20 ml) was heated at 100°C for 2 h. The
precipitated substance was filtered oft and recrystallized from cthanol to give 4.20 g (73 %) of salt 2a:
mp 214-215°C. Electronic spectrum (ethanol): 2, = 357 nm. log ¢ = 4.18. '"H NMR spectrum (CD:OD): 1.78 (6H,
s. 3.3-CHx): 3.16 (6H, s, NN-CH:): 5.33 (2H. s. CH:): 6.80-8.40 ppm (10H, CH=CH. ArH). Found. %: Cl 9.41.
C:H0CINO. Caleulated. %o: C19.23.

9.9-Dimcthyl-9a-|2-(4-dimcthylaminophenyl)ethenyl|-1.2,3,9a-tetrahvdro-9H-imidazo| 1,2-alindol-2-
one (3a). A. A solution of chloride 2a (3.83 g, 10 mmol) in cthanol (30 ml) was poured into 3% potassium
hydroxide (150 ml). The substance scparated out was filtered off. dissolved in boiling acctone (10 ml), and poured
again into water (200 ml). The precipitated substance was filtered oft. dried, and recrystallized from cthanol to
afford 2.90 g (83.5%0) of compound 3a. UV spectrum (cthanol): 7., at 209, 230, and 285 nm (log ¢ 4.24. 3.97.
4.38); mp and clemental analysis data of compound 3a are presented in Table |, '"H NMR spectrum data are shown
in Table 2.

B. A solution of chloride 1a (5.06 g. 20 mmol) and (2.98 g. 20 mmol) 4-dimcthylaminobenzaldehyde in
acctic acid (30 ml) was heated at 100°C for 2 h. The reaction mixture was poured into water (200 mi) and treated
with 10% potassium hydroxide until alkaline: the substance separated out was tiltered off, dissolved in boiling
acctone (30 ml), and poured into water (300 mD. The precipitated substance was filtered off, dried. and
recrystallized from cthanol. Yield of compound 3a are given in Table 1.

A similar procedure was used to obtain compounds 3b-f (Tables | and 2).

9a-|2-(4-Bromophenyl)ethenyl}-9.9-dimethyl-1.2.3.9a-tetrahydro-9H-imidazo|1,2-alindol-2-one (3n).
A solution of chloride 1a (2.53 ¢, 10 mmol) and 4-bromobenzaldehyde (1.85 ¢, 10 mmol) in acetic acid
(10 mh) was heated at 100°C tor 4 h, after which the mixture was poured into water (100 ml), treated with
10" potassium hydroxide until alkalinc. and extracted with cther (20 mD). The mixture was kept at 5°C for
I8 h,and the precipitated substance was filtered off. dried. and recrystallized from dimethylformamide. Yicld,
mp. and clemental analysis data of compound 3n are presented in Table 1; 'H NMR spectrum data are given
Table 2.

A similar procedure was used to obtain 9a-(2-phenylethenyl)imidazo[ 1.2-«)indol-2-one derivatives 3g-m,
3o-r (Tables 1 and 2).

1'-Carbamoylimethyl-3',3"-dimethyl-1'3'-dihydrospiro|2H-1-benzopyran-2.2'-[2H|indole] (4a). A. A
solution of chloride 1a (2.53 g. 10 mmol) and salicyl aldehyde (1.68 g, 13.5 mmol) in acctic acid (10 ml) was
heated at 100°C for 6 h. The reaction mixture was poured into 5% sodium acetate (75 ml) and cxtracted with cther
(2 < 15 ml). The extract was washed with 5% sodium carbonate (20 ml) and water (20 ml). dried with calcium
chloride. organic solvent evaporated, and the residue was crystallized from cthanol to vield 2.14 g (58%) of
compound 4a: mp 195-196°C. 'H NMR spectrum (CDCli): 1.20 (3H. s, 3-CHy): 1.33 (3H. s, 3'-CH5); 3.55<4.03
(ZH. AB-q. J = 16.0 Hz, NCH:): 5.62 (IH, d. J = 10 Hz, CH=CH): 5.94-7.21 ppm (11H. m, ArH. CONH.,
CH=CH). Found. "e: C 75.22: H 6.57: N 9.00. C20H>iN-O-. Calculated. "o: C 74.97: H 6.29: N 8.74.

B. To a solution of l-carbamoylmethyl-2.3 3-trimethyl-3H-indolium chloride 1a (5.06 g. 20 mmol)
and salicyl aldchyde (3.36 g, 27 mmol) in cthanol (15 ml) piperidine (3 drops) was added and the mixture was
refluxed for 6 h. The reaction mixture was kept at -5°C for 2 h and the crystalline compound tiltered off and
recrystallized from cthanol to yicld 3.84 g (52 ") of compound 4a, which is identical to the sample obtained in
experiment A,
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6-Bromo-1'-carbamoyvlmethyl-3',3'-dimethyl-1',3'-dihydrospiro|2H-1-benzopyran-2.2'-[2H|indole|
(4b). To a solution of I-carbamoylmethyl-2.3.3-trimcthyl-3H-indolium chloride 1a and 5-bromo-2-
hydroxybenzaldehyde (2.21 g) in cthanol (15 ml) piperidine (5 drops) was added. and the mixturc was refluxed for
3 h. The rcaction mixture was poured into 1% sodium acctate (100 ml) and extracted with cther (2 x 20 ml). The
extract was dried with calcium chloride. the organic solvent evaporated. and the residue crystalhzed from cthanol
to yicld 2.75 g (69 %) of compound 4b: mp 182-183°C. 'H NMR spectrum (CDCl:): 1.20 (3H, s, 3'-CHa:):
1.35 (3H. s, 3-CH;): 3.86-3.96 (2H. AB-system. NCH:): 5.73 (1H. d. J = 10.2 Hz, H-3): 5.81 (1H, br. s, NH): 6.55
(1H. d. %/ = 7.8 Hz. ArH); 6.74 (1H. br. s, NH); 6.81 (1H. d, *J = 10.2 Hz, H-4); 6.92-7.49 ppm (7H. m, ArH).
“C NMR spectrum (CDClz): 21.03 (CHs), 26.42 (CHa), 47.96 (C-3"). 53.20 (NCH-). 106.43, 107.54, 110.52,
113.23, 121,11, 121.49, 121.54, 122.46, 128.39, 129.16, 129.37, 135.64. 135.96, 145.51, 149.27 (C-2', C-3, C4,
14 x Ar-C), 172.83 ppm (C=0). Found, %: C 59.83: H 5.01: N 7.14. CxHvBrN:0.. Calculated, %: C 60.16:
H 4.80: N 7.02.

1-Carbamoylmethyl-2-[2-(2-hydroxyphenyl)ethenyl|-3,3-dimethyl-3H-indolium Perchlorate (5). To a
solution of compound 4a (3.20 g, 10 mmol) in cthanol (12 ml) 60% perchloric acid was added until pH 2. The
mixture was kept at -5°C for 12 h, and the crystalline compound filtered off and reerystallized from cthanol. Yield
of perchlorate 5 2.27 g (54 %): mp 203-204°C. IR spectrum: 3475 (N-H), 3260 (N-H), 1688 (C=0), 1100 and
624 cm” (ClOs). 'H NMR spectrum (CF:COOH): 1.40 (6H, s, 3,3-CHi): 4.58 (2H, s, NCH.); 6.30 (1H. d,
J=16.0 Hz. CH=CH); 6.18-7.61 ppm (11H, m, ArH, CONH:, CH=CH). Found, %: C 56.78: H 5.32: Cl 8.66:
N 6.69. C20H:CIN;O,. Calculated. %: C 57.08; H 5.03: C1 8.42: N 6.60.

9a-|2-(2-Benzyloxyphenyl)ethenyl]-3,3-dimethyl-1,2,3,9a-tetrahydro-9H-imidazo| 1,2-alindol-2-onc (6).
To a solution of compound 5a (3.20 g, 10 mmol) and benzylchloride (1.90 g. 1.56 ml. 15 mmol) in cthanol (10 ml)
powdcred potassium hydroxide (2.24 g, 40 mmol) was added. and the mixture was refluxed for 3 h. The reaction
mixturc was cooled to room temperature, and the crystalline compound filtered off. washed with cthanol (2 ml),
and recrystallized from acctone. Yicld, mp, and 'H NMR spectral data of compound 6 arc presented in
Tables | and 2.

9.9-Dimethyl-9a-|2-(2-thicnyl)ethenyl}-1,2,3,9a-tetrahydro-9H-imidazo|1.2-a|indol-2-one (7). A
solution of chloride 1a (2.53 g, 10 mmol) and thiophene-2-carboxaldehyde (1.12 g, 10 mmol) in acctic acid (12 ml)
was heated at 100°C for 5 h, atter which the mixture was poured into water (150 ml), treated with 5% hydroxide
until alkaline, and cxtracted with cther (20 mi). After 18 h, the precipitated substance was rémoved by filtration,
dricd. and crystallized trom acctone to give 1.18 g (38%) of a product with mp 183-184°C. 'H NMR spectrum
(DMSO-d.): 1.06 (3H, s, CH3): 1.35 (3H. s, CH:). 3.57-3.76 (2H, AB-q. J = 15.0 Hz, NCH:):; 6.20 (IH, d.
J =159 Hz, CH=CH): 6.89-7.47 (7H, m, ArH. CH=CH); 8.80 ppm (IH, br. s, NH). Found, %: C 69.45; H 6.03;
N 8.90. C,xHxN-OS. Calculated, %: C 69.65: H 5.84: N 9.02.
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