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;
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Absorption bands characteristic of six-membered lactams are observed in the IR spec-
trum of spiroindolo-2,2'-piperidine IIa at 3210 (N-H) and 1655 cm ! (C=0) {6]. In the !*C
NMR spectrum, the signal of the a-carbon spiro atomof the indole ring system is at 86.5 ppm,
and that of the carbon atom of the carbonyl group is at 172.6 ppm (&-lactam) [7].

Strong protic acids promote cleavage of the piperidine ring of compounds IIa-d. Thus,
2~(3-carbamoylpropyl)-3H-indolium perchlorates IIla-d are obtained when an alcoholic solution
of compounds IIa-d is treated with perchloric acid. In the proton NMR spectra (in CF;COOH)
the chemical shift of the protons of the 1-CH; group of perchlorates IIIa-c (3.85-4.03 ppm)
is close in value to the chemical shift of the protons of the corresponding methyl group
of 1,2,3,3-tetramethyl-3H-indolium iodide (3.78 ppm).

3
_mcio,
Ha—= R (CH,),CONHCH,
N—/\

N cl0,”
cn
w v

Alkylation of spiro compound IIa by methyl iodide in dimethylformamide (DMFA) in the
presence of potassium hydroxide occurs at the nitrogen atom of the lactam ring, and 1'-meth-
ylspiro[indolo-2,2"-piperidine] IV is formed, which is converted to perchlorate V in the
presence of perchlroic acid.

The IR spectrum of salt V contains absorption bands at 3410 (N-H), 1665 (C=0), and 1540
em™* (amide II) characteristic of secondary amides [6]. In the proton NMR spectrum (in
CD5CN) the signal of the protons of the methyl group at the amide nitrogen atom is split into
a doublet with a center at 2.72 ppm (*Jcy_,Ng = 4.5 Hz). In the case of recording of the
proton NMR spectrum of salt V in CF,COCH, *the signal of the same protons is observed in the
form of a singlet at 2.69 ppm, whlch is apparently related to exchange processes because of
protonation in the acid medium of the O atom of the carbamoyl group [8].

EXPERIMENTAL

The IR spectra were recorded on a Perkin-Elmer 325 instrument with KBr tablets. The
proton NMR spectra of compounds IIla-c were obtained on a Varian XL-200 spectrometer, and those
of the remaining compounds were obtained on Varian XL-100 and Tesla BS-487C spectrometers
(80 MHz) with a hexamethyldisilazane (HMDS) internal standard. The !3C NMR spectra were record-
ed on a Tesla BS-567 spectrometer (25.14 MHz). The signals were assigned on the basis of
the results of using various pulsed spectrum-recording methods [9] and the data of [7], [10],
and [11]. The mass spectra were recorded on an LKB-9000 instrument (40 eV) with direct injec-
tion of the substance into the ion source. The course of the reactions and the purity of
the compounds were monitored by thin-layer chromatography on aluminum oxide of activity grade
II in the acetone—hexane (3:5) system with development by iodine vapor.

6'-0x0-1,3,3-trimethyl-1,3~dihydrospiro{2H-indolo-2,2"'-piperidine] (ITa). A. A mixture
of 6.93 g (40 mmoles) of 2-methylene-1,3,3-trimethyl-2,3- -dihydro-1H-indole (la) and 4.26 g
(60 mmoles) of acrylamide in 20 ml of ethylene glycol was heated for 6h atl1ll0°C, The mixture
was poured into 150 ml of water and extracted with ether (2 x 25 ml). The extract was washed
with 20 ml of water and dried with calcium chloride, the solvent was driven off, and the
residue was crystallized from acetone. Yield: 5.6 g (57%), mp 140-141°C. Proton NMR spectrum
(CDC13): 1.21 (3H, s, 3-CH3); 1.30 (3H, s, 3-CHy); 1.85-2.42 (6H, m, CH,CH,CH,); 2.73 (3H,
s, 1-CHz); 5.74 (1H, broadened singlet, NH); 6.44 (1H, doublet doublet doublet, J = 0.6;
1.0; 7.6 Hz, 4-H); 6.76 (1H, doublet triplet, J = 1.0; 7.4 Hz, 6-H); 7.01 (1H, doublet doublet
doublet, J = 0.6; 1.3; 7.3 Hz, 7-H) 7.11 ppm (1H, doublet triplet, J = 1.3; 7.5 Hz, 5-H).
Carbon-13 NMR spectrum (CDC1l;): 18.3 (CH3); 21.7 (C(4r)); 25.2 (C(3')); 25.4 (CH3); 28.5
(C(s5'))s 31.2 (CHy); 48.4 (C(3)); 86.5 (C(3)); 107.2 (C(,)); 118.9; 121.8 (C(.), C(s5));
127.9 (C(g))s 135.8 (C(3a)); 148.1 (C(,a)); 172.6 ppm (CO). Found: C 73.9; H 8.2; N 11.6%7;
Mt 244, C;sHa20N20. Calculated: C 73.7; H 8.2; N 11.5%; M 244.

B. The reaction of 3.47 g (20 mmoles) of compound Ia with2.13 g (30mmoles) of acrylamide
was carried out similarly to the above-described example, but 10 ml of diethylene glycol was
used as the solvent. The yield of compound Ila was 2.0 g (417%).

6'-0xo0-1,3,3,5-tetramethyl-1,3-dihydrospiro[2H-indolo-2,2"'-piperidine] (IIb) was obtained
from 7.49 g (40 mmoles) of methylene base Ib similarly to compound IIa (method A). Yield:
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6.09 g (59%), mp 166-167°C (from acetone). IR spectrum: 3180 (N-H), 1650 em~! (C=0). Proton
NMR spectrum (CDCl;): 1.20 (3H, s, 3-CHy); 1.28 (3H, s, 3-CHg); 1.87-2.49 (6H, m, CH,CH,CH, );
2.26 (3H, br. s, 5-CHy); 2.70 (3H, s, 1-CHy); 6.35 €1H, d, J = 7.8 Hz, 7-H); 6.83 (1H, d.q.

J =0.6; 2.5 Hz, 4-H); 6.91 ppm (1H, d.d.q, J = 0.8; 2.5; 7.8 Hz, 6-H). Found: C 74.4; H
8.6; N 10.7%7. M' 258, C,.H,,N,0. Calculated: C 74.4; H 8.6; N 10.8%7;: M 258.

6'-0xo-1,3,3,7-tetramethyl-l,3-dihydrospiro[2H—indolo~2,2'—piperidine] (IIc) was obtained
from 7.49 g (40 mmoles) of methylene base Ic similarly to compound Ila. Yield: 5.27 g (51%),
mp 106-107°C (from acetone). IR spectrum: 3220 (N-H), 1660 cm~! (C=0). Proton NMR spectrum
(CDCls): 1.17 (3H, s, 3-CHs); 1.26 (3H, s, 3-CHy); 1.82-2.41 (6H, m, CH,CH,CH,); 2.41 (3H,
br. s. 7-CH3); 2.99 (3H, s, 1-CH;); 5.87 (1H, br. s. NH); 6.67 (1H, d.d. J = 6.8; 8.0 Hz,
5-H): 6.85 ppm (2H, multiplet, 4-H, 6-H). Found: C 74.5; H 8.7; N 10.8%. C,¢H,,N,0. Calculat-
ed: C 74.4; H 8.6; N 10.8Z.

3,3-Dimethyl—6‘-oxo-l-ethyl-l,3-dihydrospiro[ZH-indolo-Z,2'-piperidine] (II1d) was obtained
from 7.49 g (40 mmoles) of methylene base Id similarly to compound IIa. Yield: 4.55 g (44%),
mp 79-80°C (from petroleum ether). IR spectrum: 3180 (N-H), 1660 cm~! (C=0). Proton NMR
spectrum (CDC1;): 1.20 (3H, s, 3-CHy); 1.20 (3H, t, J = 7 Hz, CH,CH;); 1.30 (3H, s, 3-CH,;);
1.68-2.56 (6H, m, CH,CH,CH,); 2.86-3.46 (2H, m, CH,CH,); 5.85 (1H, br.s., NH);6.36-7.31 ppm
(4H, m, ArH). Found: C 74.6; H 8.5; 10.6%. C,¢H,,N,0. Calculated: C 74.4; H 8.6; N 10.8%.

2-(3-Carbamovlpropyl)-1,3,3-trimethyl-3H-indolium Perchlorate (IITa). A solution of
1.22 g (5 mmoles) of compound IIa in 6 ml of alcohol was neutralized with 60% perchloric acid.
The mixture was kept at =5°C for 12 h, and the crystalline material was filtered off and recrys-
tallized from alcohol. Yield: 1.10 g (63%), mp 195-196°C. IR spectrum: 3440 (N-H), 3200
(N-H), 1680 cm™! (C=0)., Proton NMR spectrum (CF,COOH): 1.31 (6H, s, 3,3-CH;); 1.68-3.16 (6H,
m, CH,CH,CH,); 3.85 (3H, s, 1-CH;); 7.21-7.51 ppm-(4H, m, ArH). Found: C 52.1; H 6.2; Cl
10.4; N 8.1%. C,¢H,,CIN,05. Calculated: C 52.3; H 6.1; C1 10.3; N 8.1Z.

2-(3-Carbamoylpropyl)-1,3,3,5-tetramethyl-3H-indolium perchlorate (II1Ib) was obtained
from 1.29 g (5 mmoles) of compound IIIb similarly to perchlorate Illa. Yield: 0.80 g (45%),
mp 179-180°C (from alcohol). Proton NMR spectrum (CF;COOH): 1.30 (6H, s, 3,3-CH;); 1.73-
3.13 (6H, m, CH,CH,CH,); 2.17 (3H, s, 5-CH;); 3.86 (3H, s, 1-CH,;); 7.03-7.31 ppm (3H, m, ArH).
Found: Cl1 10.0%Z. C;¢H2sCIN,0s. Calculated: Cl 9.9%. .

2-(3—Carbamoylpropvl)-l,3,3,7-tetramethyl-3H~indolium perchlorate (IIIc) was obtained
from 1.29g (5 mmoles) of compound IIc similarly to perchlorate IIla. Yield: 0.90 g (50%),
mp 174-175°C (from alcohol). Proton NMR spectrum (CF,COCH): 1.28 (6H, s, 3,3-CH;); 1.73-
3.11 (6H, m, CH,CH,CH,); 2.47 (3H, s, 7-CH,); 4.03 (3H, s, 1-CH3); 7.00-7.26 ppm (3H, m, ArH).
Found: Cl 9.9%7. C,.H,;CIN,0;. Calculated: 9.9%.

3,3-Dimethvi-2-(3-carbamoylpropyl)-1l-ethyl-3H-indolium perchlorate (IIId) was obtained
from 1.29 g (5 mmoles) of compound IId similarly to perchlorate IIIa. Yield: 1.22 g (68%),
mp 169-170°C (from alcohol). Proton NMR spectrum (CF,COOH): 1.34 (6H,"s, 3,3-CH;); 1.35
(3H, t, J =7.0 Hz, CH,CH3); 1.68-3.13 (6H, m, CH,CH,CH,); 4.33 (2H, q, J = 7.0 Hz, CH,CHj);
7.26-7.48 ppm (4H, multiplet, ArH). Found: Cl 9.7%. C,¢H;3CIN,0;. Calculated: Cl 9.9Z.

6'—Oxo-1,l',3,3-tetramethvl-l,3—dihvdrospiro[2H-indolo-2,2'-piperidine] (IV). To a
solution of 2.44 g (10 mmoles) of compound IIa in 20 ml of DMFA was added 1.40 g (25mmoles)
of finely ground potassium hydroxide,and 2.84 g (1.25 ml, 20 mmoles) of methyl iodide as added
dropwise. The mixture was kept at 20°C for 1 h, poured into 150 ml of water, and extracted
with ether (3 x 20 ml). The extract was washed with water (2 x 20 ml) and dried with CaCl,,
the solvent was driven off, and the residue was crystallized from an acetone—hexane mixture.
The yield of compound IV was 1.45 g (567), mp 111-112°C. IR spectrum: 1640 cm™! (C=0). Proton
NMR spectrum (CDCl;): 1.21 (3H, s,3-CH5); 1.31 (3H, s, 3-CH,); 1.68-2.68 (6H, m, CH,CH,CH,);
2.39 (3H, s, 1'-CH3); 2.75 (3H, s, 1-CH,); 6.29-7.26 ppm (4H, m, ArH). Found: C 74.3; H
8.5; N 10.7%; M*™ 258. C,¢H,,N,0. Calculated: C 74.4; H 8.6; N 10.8%; M 258.

2-[3-(N-Methylcarbamoyl)propyl]-1,3,3-trimethyl-3H-indolium perchlorate (V) was obtained
from 1.29 g (5 mmoles) of compound IV similarly to perchlorate Ila. Yield: 0.65 g (36%),
mp 173-174°C (from alcohol). Proton NMR spectrum (CD,CN): 1.59 (6H, s, 3,3-CH,); 1.81-2.18
(2H, m, CHp); 2.46(2H, t,J =7 Hz, CH,); 2,72 (3H, d4,J =4.5 Hz, CONHCH3); 2.97-3.24 (2H, m, CHy);
4,07 (3H,s, 1-CH3);6.62 (1H,br., s.,NH); 7.56-7.87ppm (4H, m, ArH). Found: C 53.8; H6.5;C1
10.1; N 7.8%7. Cy4H,;CIN,O5. Calculated: C 53.6; H 6.5; Cl 9.9; N 7.8%.
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REACTION OF 4-ARYLIDENE-3-METHYL-1-PHENYL-5-PYRAZOLONES WITH AMINES

G. Mann, D. Bendler, L. Hennig, . UDC 547.233'775:543.422.25
M. A. Kuznetsov, and V. N. Belov

The reaction of primary and secondary amines with 4-arylidenepyrazolones gives the
corresponding ammonium salts of 4,4'-benzylidenebis-5-pyrazolone derivatives but
not adducts on the exocyclic C=C bond as was previously believed.

The reactions of 4-arylidene-5-pyrazclones with nucleophiles have been the subject of
numerous studies [1]. In particular, it has been reported [2] that with secondary amines
(piperidine, morpholine) addition products (III) are formed on the exocyclic C=C bond. Com-
pounds of this type are of interest to us as intermediates in the synthesis of dyes, therefore
we have studied the reaction of two 4-arylidene-3-methyl-1l-phenyl-5-pyrazolones (I) with pri-
mary andsecondary amines (II),.

NRZR c H,R'
cuc R Me _ CH—C.H,R' Me /CH
\r—~ - s CeH, \r—‘*T
; + R?R°NH __‘*?;E R’R® NH
20-2 N
N /§\ N /
n O HO/
Ph Ph Ph bn

i 1 va-d

IV a R'=R¥*=H, R®=i-Bu; b R'=H. R!=R:=El(; ¢ Ri=H, R2+R*=(CH.js; 4 Ri=
=p-Me0, R?=H, R®=/-Bu

In accordance with the findings of [2], the reaction proceeds readily even at room
temperature and in all cases white crystalline addition products IVa-d are obtained (Table
1). However, their composition and PMR spectra do not correspond to the previously proposed
structure of III. As can be seen from Table 2, for adducts IVa, b, d the ratio of intensities
of the signals from the methyl groups in the pyrazoline ring and in the amine fragment is not
1:2 as in structure III, but 1:1, Moreover, there is a signal from only one arylidene proton
in the spectra, while for compound IVd there is a signal from only one methoxyl group, in
other words, the addition products have a symmetrical structure that contains two pyrazoline
fragments, a CH group with an aryl substituent, and one amine molecule,
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