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Abstract—The reaction of pyrrolo[3,2,1-ij]quinoline-1,2-diones with methyl (het)aryl ketones gave the corre-
sponding 1-(het)arylmethylidenepyrroloquinolin-2-ones, and 1,3-dipolar cycloaddition of the latter to azo-
methine ylide generated from sarcosine and paraformaldehyde afforded 4-acyl-1,4',4",6'-tetramethyl-
spiro[pyrrolidine-3,1'-pyrrolo[3,2,1-i/]quinolin]-2'(4'H)-ones. The synthesized compounds were evaluated for
inhibitory activity against blood coagulation factors Xa and Xla.
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Analysis of published data showed that search for
inhibitors of factor Xa which is common for extrinsic
and intrinsic blood coagulation pathways is one of
the main lines in the design of efficient anticoagulants
[1-6]. According to recent data, tetrahydroquinoline
derivatives were found among these compounds [7].
Computer design of factor Xa inhibitors [8] revealed
fairly active compounds in the series of 2,2,4-trimethyl-
1,2-dihydroquinoline [9] and 4H-pyrrolo[3,2,1-ij]-
quinoline-1,2-dione derivatives [10—11]. The latter are
inhibitors of protein kinases [12]. The strategy of
search for new factor Xa inhibitors implies, among
other methods, molecular hybridization [13], i.e., com-
bination of two and more pharmacophores in a single
molecule, which is achieved mainly by using selective
coupling reactions. As applied to 4H-pyrrolo[3,2,1-if]-
quinoline-1,2-diones, such approach is possible, e.g.,
when a carbonyl group is present in the 1-position
[14, 15]. Later on, this was also demonstrated for
5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinoline-1,2-diones
[16, 17]. With the goal of searching for new inhibitors
of factors Xa and Xla via molecular hybridization, it

seemed promising to combine 4H-pyrrolo[3,2,1-i/]-
quinoline scaffold with pharmacophoric aroyl-
methylidene [18] and spirooxindole systems [19, 20].
In particular, it is known that 2-oxindoles are privileged
substructures in the design of new drugs since many
2-oxindole derivatives have passed clinical trials for
cancer therapy [21-23].

The present work was aimed at synthesizing new
ethylidene and spiro-pyrrolidine derivatives of pyrrolo-
[3,2,1-if]quinolin-2-ones and studying their inhibitory
activity against factors Xa and Xla.

An activated double bond can be built up by
crotonization of the carbonyl group in position / of
4H-pyrrolo[3,2,1-ij]quinoline-1,2-diones with aceto-
phenone and its heterocyclic analogs. In the case of
isatin, which is a structural analog of 4H-pyrrolo-
[3,2,1-ij]quinoline-1,2-dione, this can be achieved via
a two-step synthesis [24-29]. In the first step, which is
catalyzed by di- or trialkylamine, tertiary alcohol is
formed. In the second step, the alcohol undergoes
dehydration in the presence of acetic and hydrochloric
acids with the formation of the corresponding cyclic
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R? = Ph (h), pyridin-2-yl (i).

chalcone. Acetophenones reacted with dihydropyrrolo-
[3,2,1-if]quinoline-1,2-diones in a similar way [17].

This synthetic approach proved to be applicable to
4H-pyrrolo[3,2,1-if]quinoline-1,2-diones 1. Their reac-
tion with substituted acetophenones, 2-acetylpyridine,
and 2-acetylthiophene gave 1-(het)arylmethylidenepyr-
roloquinolin-2-ones 3a-3i in good yields (Scheme 1).
The product separated from the reaction mixture even
in the first step, when the initial compounds were
heated in boiling ethanol in the presence of diethyl-
amine. The subsequent treatment of the filtrate with
a mixture of aqueous HCIl and acetic acid completed
dehydration of intermediate tertiary alcohol and
allowed good yields to be achieved without isolation of
the latter.

Compounds 3a—3i can be formed as £ and Z
isomers. According to the '"H NMR, IR, and HPLC/MS
data, only one of the possible isomers was formed in
our case. Stereochemical studies of structurally related
3-acylmethylidene-2-oxindoles showed that the £ iso-
mer is preferred and that Z isomer is formed only when
a substituent is present in the 4-position of isatin [27].
The corresponding position in pyrroloquinoline-1,2-
dione molecules 1 is C°, and our attempts to obtain
compound like 3 from a 9-substituted 4H-pyrrolo-

[3,2,1-ij]quinoline-1,2-dione were unsuccessful. The
E configuration of the exocyclic double bond was also
confirmed by the NOESY spectrum of 3h, which
displayed no coupling between the CH= and 9-H
protons (& 7.44/7.73 ppm) possible for the Z isomer.
Presumably, preferential formation of the £ isomer
with formally frans-oriented carbonyl groups is related
to the energy factor: in the case of the Z isomer, larger
carbonyl oxygen atoms would appear close to each
other.

The reaction of azomethine ylilides with alkenes
underlies one of the main synthetic approaches to
pyrrolidines [30]. In order to construct a pyrrolidine
fragment spiro-fused to the pyrrolo[3,2,1-ij]quinoline
system, compounds 3a-3d and 3h were used as
dipolarophiles in 1,3-dipolar cycloaddition with azo-
methine ylides generated in situ from sarcosine and
paraformaldehyde [31-33] (Scheme 2).

Fast depolymerization of paraformaldehyde and
decarboxylation of sarcosine in boiling toluene leads to
generation of azomethine ylide which adds to the
activated exocyclic C=C double bond of 3, yielding
4-aroyl-8'-R-1,4',4",6'-tetramethyl-4'H-spiro[pyrro-
lidine-3,1'-pyrrolo[3,2,1-ij]quinolin]-2'-ones 4a—4e
(Scheme 3). Taking into account the assumed £ con-

Scheme 2.
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figuration of the exocyclic double bond, only one
diastereoisomer is formed in which the acyl fragment
R? and benzene ring of the pyrroloquinoline moiety are
arranged cis with respect to each other. The formation
of only one stereoisomer was confirmed by the 'H and
13C NMR spectra which contained only one set of
signals.

The '"H NMR spectra of 4a—4e characteristically
showed signals from methylene protons in the pyrro-
lidine ring as doublets at & 2.6 and 2.8 ppm and
doublets of doublets at § 3.6 and 4.5 ppm. In the
3C NMR spectra of 4a—4e, 4'-methyl carbon signals
were observed at 6 25.61 and 27.01 ppm, methylene
carbons resonated at - 53.25 and 67.71 ppm, and
carbonyl carbon signals were located at 6- 177.00 and
197.82 ppm. The IR spectra of 4a—4e displayed absorp-
tion bands at 2769-2798 (NCHs), 1652-1687 (NC=0),
1698-1703 (C=0), and 1614-1615 cm™~' (C=C).
Compounds 3 and 4 were characterized by HPLC
retention times of 5.3-5.9 and 1.4-1.5 min,
respectively.

Compounds 3f-3i and 4a—4e were evaluated for
their in vitro inhibitory activity against factors Xa
and Xla. Compounds 4 showed no inhibitory activity,
whereas compounds 3 moderately inhibited factors Xa
and Xla (Table 1). These findings prompted us to
continue studies aimed at rational molecular design of
efficient anticoagulants based on pyrrolo[3,2,1-ij]quin-
olin-2-ones.

In summary, we have synthesized new pyrrolo-
[3,2,1-ij]quinolin-2-ones containing acylmethylidene
and spiro-pyrrolidine moieties and tested them for their
inhibitory activity against blood coagulation factors
Xa and XIa.

EXPERIMENTAL

The 'H and '*C NMR spectra were recorded on
Bruker DRX-500 (500 and 125.76 MHz, respectively)
and Bruker AM-300 spectrometers using DMSO-d, as
solvent and tetramethylsilane as internal standard.
HPLC/MS analyses were carried out with an Agilent

Table 1. Inhibitory activity? of compounds 3f-3i and 4a—4e against factors Xa and Xla

Compound no. Factor Xa Factor XIa
3f 56+10 71+4
3g 1244 29+6
3h 1545 31+1
3i 5642 98+2
4a 9544 9447
4b 1019 109+6
4c 101£5 96+3
4d 100£8 92+3
4e 101+8 95+4

2 Ratio of the substrate hydrolysis rates in the presence and in the absence of inhibitor, %.
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Infinity 1260 liquid chromatograph coupled with
an Agilent 6230 TOF mass-selective detector;
Poroshell 120 EC-C18 column, 4.6x50 mm, particle
size 2.7 pm; column temperature 28°C; mobile phase:
0.1% formic acid in MeCN (A)/0.1% formic acid in
water (B), gradient 0-100%: A, 3.5 min, 50%; A,
1.5 min, 50-100%; B, 3.5 min, 50%; B, 1.5 min,
50-0%; flow rate 0.4 mL/min; electrospray ionization,
capillary voltage —3.5 kV; fragmentor voltage +191 V;
OctRF +66 V, positive polarity. The IR spectra were
recorded on a Bruker Vertex-70 spectrometer with
Fourier transform. The melting points were measured
with a Stuart SMP30 melting point apparatus. The
purity of the initial compounds and products was
checked, and the progress of reactions was monitored,
by TLC on Merck TLC Silica gel 60 F,s4 plates using
CHCl;-MeOH (10:1) as eluent; spots were visualized
under UV light. Initial compounds 1a—1¢ were syn-
thesized according to the procedure described in [34].

The inhibitory activity of the synthesized com-
pounds against blood coagulation factors Xa and Xla
was evaluated by measuring the kinetics of hydrolysis
of the corresponding enzyme-specific substrates in the
presence of tested compounds. These specific sub-
strates were S2765 (Z-D-Arg-Gly-Arg-pNA, 2HCI)
for factor Xa and S2366 (pyroGlu-Pro-Arg-pNA-HCI)
for factor XlIa. The substrates were obtained from
Chromogenix (Instrumentation Laboratory Company,
Lexington, MA 02421, USA).

Each well of a 96-well microplate was charged with
a buffer containing 140 mM NaCl, 20 mM HEPES,
0.1% PEG (6000) (pH 8.0), and factor Xa (final
concentration 2.5 nM) or Xla (final concentration
0.8 nM), substrate S2765 (final concentration 200 pM)
or S2366 (200 uM), and inhibitor (30 uM), and DMSO
(£2%) were added. The kinetics of formation of
p-nitroaniline were measured with a THERMOmax
Microplate Reader (Molecular Devices Corporation,
Sunnyvale, California) at A 405 nm. The initial
hydrolysis rate was determined from the initial slope of
the kinetic curve. The rate of substrate hydrolysis by
the enzyme in the presence of an inhibitor was
normalized to the rate of hydrolysis in the absence of
inhibitor. The results were processed using GraphPad
Prism (GraphPad, 2365 Northside Dr, San Diego, CA
92108, USA) and OriginPro 8 (OriginLab Corporation,
One Roundhouse Plaza, Suite 303 Northampton,
MA 01060 USA) (Table 1).

8-Substituted 4,4,6-trimethyl-1-[2-0x0-2-(het)-
arylethylidene]-4H-pyrrolo|3,2,1-ij]quinolin-2(1H)-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.

56

1553

ones 3a-3i (general procedure). A mixture of 2 mmol
of pyrrolo[3,2,1-ij]quinoline-1,2-dione la—1c¢ and
3 mmol of (het)aryl methyl ketone 2a—2e in 15 mL of
ethanol and 1 mL of diethylamine was refluxed for 4—
6 h. After cooling, the precipitate was filtered off, 1 mL
of concentrated aqueous HCI and 1 mL of acetic acid
were added to the filtrate, and the mixture was refluxed
for 2-3 h. After cooling, the precipitate was filtered off,
washed with ethanol, dried, and combined with the
precipitate isolated previously. The product was
purified by recrystallization from propan-2-ol con-
taining a few drops of acetic acid.

(E)-4,4,6-Trimethyl-1-(2-0x0-2-phenylethyli-
dene)-4H-pyrrolo[3,2,1-ij|quinolin-2(1H)-one (3a).
Yield 0.45 g (68%), red—brown crystals, mp 162—
164°C. IR spectrum, v, cm™': 1705 s (C=0), 1655 s
(NC=0), 1614 (C=C), 1598 m (COC=C). 'H NMR
spectrum, J, ppm: 1.65 s (6H, 4-CH;), 1.99 d (3H,
6-CH;, J = 1.4 Hz), 546 d (1H, 5-CH, J = 1.4 Hz),
6.93 t (1H, 8-H, J = 7.8 Hz), 7.21 d (1H, 7-H, J =
7.7 Hz), 7.61 t 2H, Hyom, J = 7.6 Hz), 7.73 t (1H,
Haoms < = 7.6 Hz), 7.75 s [1H, C(O)CH], 7.80 d (1H,
9-H, J="7.7 Hz), 8.08 d (2H, H,om, J = 7.3 Hz). Mass
spectrum: m/z 330.1494 [M + H]*. C,,HoNO,. Cal-
culated: M 330.1490.

(E)-4,4,6-Trimethyl-1-[2-0x0-2-(pyridin-2-yl)-
ethylidene]-4 H-pyrrolo[3,2,1-ij]quinolin-2(1H)-one
(3b). Yield 0.41 g (62%), red crystals, mp 198-200°C.
IR spectrum, v, cm!: 1704 s (C=0), 1655 s (NC=0),
1612 m (C=C), 1597 m (COC=C). 'H NMR spectrum,
o, ppm: 1.65 s (6H, 4-CH3), 2.00 d (3H, 6-CHs, J =
1.4 Hz), 5.46 d (1H, 5-H, J= 1.4 Hz), 7.00 t (1H, 8-H,
J =178 Hz), 7.25 d (1H, 7-H, J = 7.6 Hz), 7.74 d.d.d
(1H, 4'-H, J=1.3,4.7, 7.5 Hz), 8.11 t.d (1H, 5-H, J =
1.7,7.5Hz),8.17d.t (1H, 3"-H, J=1.2, 7.8 Hz), 8.25 d
(1H, 9-H, J = 7.7 Hz), 8.40 s [1H, C(O)CH], 8.82 d.t
(1H, 6’-H, J = 1.2, 4.6 Hz). Mass spectrum: m/z:
331.1440 [M + H]". C,;HgN,0,. Calculated:
M 331.1442.

(E)-4,4,6-Trimethyl-1-[2-0x0-2-(thiophen-2-yl)-
ethylidene]-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-one
(3¢). Yield 0.48 g (72%), brown crystals, mp 165—
167°C. IR spectrum, v, cm™': 1709 s (C=0), 1649 s
(NC=0), 1612 m (C=C), 1600 m (COC=C). 'H NMR
spectrum (300 MHz), 5, ppm: 1.64 s (6H, 4-CHj),
1.99 s (3H, 6-CH3), 5.46 s (1H, 5-H), 6.96 t (1H, 8-H,
J="178Hz), 722 d (1H, 7-H, J= 7.6 Hz), 7.32 t (1H,
Hyy,, J = 4.3 Hz), 7.67 s [1H, C(O)CH], 8.08 d (1H,
9-H, J = 7.8 Hz), 8.13-8.18 m (2H, Hryy,). Mass spec-
trum: m/z: 336.1049 [M + H]". C,yH;7;NO,S. Calculat-
ed: M 336.1053.
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(E)-4,4,6,8-Tetramethyl-1-(2-oxo-2-phenylethyli-
dene)-4H-pyrrolo[3,2,1-ij|quinolin-2(1H)-one (3d).
Yield 0.51 g (75%), brown crystals, mp 212-214°C.
IR spectrum, v, cm™': 1701 s (C=0), 1653 s (NC=0),
1618 m (C=C), 1602 m (COC=C). 'H NMR spectrum,
o, ppm: 1.63 s (6H, 4-CH3), 1.98 d (3H, 6-CHj;, J =
1.0 Hz), 2.24 s (3H, 8-CHj3), 5.45 s (1H, 5-H), 7.05 s
(1H, 7-H), 7.61 t (2H, H,om, J = 7.7 Hz), 7.66 s [1H,
C(O)CH], 7.71-7.75 m (2H, H,.,m, 9-H), 8.08 d (2H,
Huyom» 4 = 7.3 Hz). Mass spectrum: m/z: 344.1643
[M + H]'. Cy3H,;NO,. Calculated: M 344.1646.

(E)-1-]2-(4-Bromophenyl)-2-oxoethylidene]-
4,4,6,8-tetramethyl-4 H-pyrrolo[3,2,1-ij]quinolin-
2(1H)-one (3e). Yield 0.56 g (67%), brown crystals,
mp 184-186°C. IR spectrum, v, cm™': 1702 s (C=0),
1654 s (NC=0), 1617 m (C=C), 1602 m (COC=C).
"H NMR spectrum, 8, ppm: 1.62 s (6H, 4-CH3), 1.98 d
(3H, 6-CH;, J = 1.3 Hz), 2.23 s (3H, 8-CHj3), 5.44 d
(1H, 5-H, J = 1.4 Hz), 7.05 s (1H, 7-H), 7.69 s [1H,
C(O)CH], 7.70 s (1H, 9-H), 7.81 d (2H, Hyom, J =
8.6 Hz), 8.01 d (2H, H,,om, J = 8.6 Hz). Mass spectrum:
m/z 422.0755 [M + H]*. C,3H,(BrNO,. Calculated:
M 422.0751.

(E)-1-]2-(4-Methoxyphenyl)-2-oxoethylidene]-
4,4,6,8-tetramethyl-4H-pyrrolo[3,2,1-ijj]quinolin-
2(1H)-one (3f). Yield 0.49 g (66%), red—brown
crystals, mp 181-183°C. IR spectrum, v, cm™': 1706 s
(C=0), 1654 s (NC=0), 1615 m (C=C), 1594 s
(COC=C). '"H NMR spectrum, §, ppm: 1.63 s (6H,
4-CH3), 1.98 d (3H, 6-CH;, J = 1.3 Hz), 2.23 s (3H,
8-CH;), 3.88 s (3H, OCH3), 544 d (1H, 5-H, J =
1.4 Hz), 7.03 s (1H, 7-H), 7.12 d (2H, Hzom, J =
8.9 Hz), 7.63 s [1H, C(O)CH], 7.70 s (1H, 9-H), 8.07 d
(2H, Hyrom, J = 8.9 Hz). Mass spectrum: m/z 347.1755
[M + H]'. C,4,H,3NO;. Calculated: M 347.1752.

(E)-4,4,6,8-Tetramethyl-1-[2-0x0-2-(thiophen-2-
ylethylidene|-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-
one (3g). Yield 0.47 g (67%), brown crystals, mp 190—
192°C. IR spectrum, v, cm™': 1703 s (C=0), 1648 s
(NC=0), 1614 m (C=C), 1600 m (COC=C). 'H NMR
spectrum, 6, ppm: 1.63 s (6H, 4-CH;), 1.98 d (3H,
6-CH;, J = 1.3 Hz), 2.27 s (3H, 8-CHj3), 5.44 d (1H,
5-H, J= 1.4 Hz), 7.06 s (1H, 7-H), 7.32 d.d (1H, Hryy,
J =10, 49 Hz), 7.64 s [1H, C(O)CH], 7.95 s (1H,
9-H), 8.15 d.d (1H, Hyy,, /= 1.0, 4.9 Hz), 8.16 d.d (1H,
Hpy,, J = 1.0, 4.9 Hz). Mass spectrum: m/z 350.1208
[M+ H]'. C,;HyNO,S. Calculated: M 350.1210.

(E)-8-Methoxy-4,4,6-trimethyl-1-(2-0xo0-2-
phenylethylidene)-4H-pyrrolo[3,2,1-ij]quinolin-
2(1H)-one (3h). Yield 0.56 g (78%), violet crystals,
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mp 180-182°C. IR spectrum, v, cm™': 1702 s (C=0),
1652 s (NC=0), 1604 m (COC=C). "H NMR spectrum,
o, ppm: 1.63 s (6H, 4-CH3), 1.98 d (3H, 6-CH;, J =
1.3 Hz), 3.70 s (3H, OCH;), 549 d (1H, 5-H, J =
1.4 Hz), 6.81 d (1H, 7-H, J= 2.4 Hz), 7.44 d (1H, 9-H,
J=2.4Hz),7.61t(2H, Hyom, /= 7.9 Hz), 7.71-7.75 m
[2H, H,om» C(O)CH], 8.08 d (2H, Hyom, J = 7.2 Hz).
Mass spectrum: m/z 360.1597 [M + H]". C,3H,NO;.
Calculated: M 360.1595.

(E)-8-Methoxy-4,4,6-trimethyl-1-[2-ox0-2-(pyri-
din-2-yl)ethylidene]-4 H-pyrrolo[3,2,1-ij|quinolin-
2(1H)-one (3i). Yield 0.45 g (62%), violet crystals,
mp 209-211°C. IR spectrum, v, cm™': 1699 s (C=0),
1658 s (NC=0), 1604 m (COC=C). "H NMR spectrum,
o, ppm: 1.63 s (6H, 4-CH3), 1.99 d (3H, 6-CH;, J =
1.3 Hz), 3.79 s (3H, OCH3), 549 d (1H, 5-H, J =
1.4 Hz), 6.85 d (1H, 7-H, J = 2.4 Hz), 7.74 d.d.d (1H,
4-H, J = 12,45, 75 Hz), 792 d (1H, 9-H, J =
2.4 Hz), 8.10 t.d (1H, 5'-H, J = 1.7, 7.5 Hz), 8.18 d.t
(1H, 3'-H, J = 1.2, 7.8 Hz), 8.39 s [1H, C(O)CH],
8.82 d.t (1H, 6'-H, J = 1.2, 4.6 Hz). Mass spectrum:
m/z: 361.1544 [M + H]*. Cy,H,,N,O5. Calculated:
M 361.1548.

Spiro[pyrrolidine-3,1'-pyrrolo[3,2,1-ij|quinolin]-
2'-ones 4a—4e (general procedure). A mixture of
1.5 mmol of 2-oxo-2-(het)arylethylidene-4H-pyrrolo-
[3,2,1-if]quinolin-2(1H)-one 3a-3d or 3h, 4.5 mmol of
sarcosine, and 7.5 mmol of paraformaldehyde in 15 mL
of anhydrous toluene was refluxed for 1-1.5 h in
a flask equipped with a Dean—Stark trap. The solution
became colorless during the reaction. After completion
of the reaction, the solvent was removed under reduced
pressure, the residue was dispersed in water, and the
precipitate was filtered off, dried, and recrystallized
from propan-2-ol.

4-Benzoyl-1,4',4',6'-tetramethyl-4’'H-spiro[pyr-
rolidine-3,1’-pyrrolo[3,2,1-ij]quinolin]-2’-one (4a).
Yield 0.37 g (64%), white powder, mp 173—-175°C. IR
spectrum, v, cm': 2769 m (NCH;), 1703 s (C=0),
1687 s (NC=0), 1614 m (C=C). 'H NMR spectrum, §,
ppm: 1.31 s (3H, 4’-CHj;), 1.51 s (3H, 4’-CH;), 1.81 d
(3H, 6'-CH;, J = 1.3 Hz), 2.36 s (3H, NCHj3), 2.63 d
(1H, CH,, J = 8.7 Hz), 2.71 t (1H, CH,, J = 8.8 Hz),
2.78 d (1H, CH,, J = 8.7 Hz), 3.60 d.d (1H, CH,, J =
5.5,9.1 Hz), 4.50 d.d (1H, CH, J=5.5, 8.5 Hz), 5.18 d
(1H, 5'-H, J = 1.4 Hz), 6.81 t (1H, 8'-H, J = 7.6 Hz),
6.85d.d (1H, 7-H, J=1.2,7.7 Hz), 6.93 d.d (1H, 9'-H,
J=1.2,7.3Hz), 7.24-7.31 m (4H, H,,op), 7.41-7.44 m
(1H, H,p,). Mass spectrum: m/z 387.2066 [M + H]".
C,5H,6N,0O,. Calculated: M 387.2068.
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1,4',4',6'-Tetramethyl-4-(pyridine-2-carbonyl)-
4'H-spiro[pyrrolidine-3,1’-pyrrolo[3,2,1-ij]quino-
lin]-2'-one (4b). Yield 0.36 g (62%), white powder,
mp 150-152°C. IR spectrum, v, cm™': 2798 m (NCHs),
1699 s (C=0), 1652 m (NC=0), 1615 m (C=C).
"H NMR spectrum (300 MHz), §, ppm: 1.52 s (3H,
4'-CH3), 1.62 s (3H, 4'-CH3), 1.77 s (3H, 6'-CH;),
2.36 s (3H, NCH3;), 2.52-2.73 m (3H, CH,), 3.59 br.s
(1H, CH,), 4.70 br.s (1H, CH), 5.21 s (1H, 5'-H), 6.62—
6.82 m (3H, 7'-H, 8'-H, 9'-H), 7.35-7.46 m (2H, Hpy),
7.70 t (1H, Hpy, J = 7.2 Hz), 8.45 br.s (1H, Hp,). Mass
spectrum: m/z 388.2025 [M + H]*. C,4H,5N50,. Cal-
culated: M 388.2021.
1,4',4',6'-Tetramethyl-4-(thiophene-2-carbonyl)-
4'H-spiro|pyrrolidine-3,1’-pyrrolo[3,2,1-ij]quino-
lin]-2'-one (4¢). Yield 0.39 g (66%), white powder,
mp 159-161°C. IR spectrum, v, cm™': 2769 m (NCH}),
1703 s (C=0), 1665 s (NC=0), 1614 w (C=C).
"H NMR spectrum, §, ppm: 1.46 s (3H, 4'-CH;), 1.59 s
(3H, 4'-CH3), 1.84 d (3H, 6'-CH3, J = 1.3 Hz), 2.35 s
(3H, NCH,), 2.64 d (1H, CH,, J = 8.7 Hz), 2.69 t (1H,
CH,, J = 8.9 Hz), 2.78 d (1H, CH,, J = 8.7 Hz),
3.55d.d (1H, CH,, J=5.7,9.1 Hz), 4.36 d.d (1H, CH,
J=55,85Hz),525d (1H, 5-H, J=1.4 Hz), 6.82 t
(1H, 8'-H, J = 7.5 Hz), 6.88 d (1H, 7'-H, J = 7.6 Hz),
6.96 d (1H, 9'-H, J = 7.4 Hz), 7.05 t (1H, Hy,, J =
4.1 Hz), 742 d.d (1H, Hyy,, J = 1.1,3.9 Hz), 7.80 d
(1H, Hyy,, J = 5.0 Hz). Mass spectrum: m/z 393.1629
[M + H]'. C,3H,4N,0,S. Calculated: M 393.1633.
4-Benzoyl-1,4',4',6',8'-pentamethyl-4'H-spiro-
[pyrrolidine-3,1’-pyrrolo[3,2,1-ij]quinolin]-2'-one
(4d). Yield 0.38 g (63%), white powder, mp 182—
184°C. IR spectrum, v, cm™': 2788 m (NCHj;), 1702 s
(C=0), 1686 s (NC=0), 1614 w (C=C). '"H NMR spec-
trum, 6, ppm: 1.30 s (3H, 4'-CHj;), 1.50 s (3H, 4'-CH3),
1.79 d 3H, 6’-CH;, J = 1.3 Hz), 2.19 s (3H, 8'-CHj3),
2.36 s (3H, NCH;), 2.62 d (1H, CH,, J=8.7 Hz), 2.68 t
(1H, CH,, J = 8.8 Hz), 2.75 d (1H, CH,, J = 8.7 Hz),
3.60 d.d (1H, CH,, J=5.4,9.1 Hz), 4.50 d.d (1H, CH,
J=54,84Hz),5.15d (1H, 5-H, J = 1.4 Hz), 6.68 s
(1H, 7'-H), 6.76 s (1H, 9'-H), 7.24-7.32 m (4H, H,omm),
7.40-7.44 m (1H, H,,,,,). >°C NMR spectrum, 8¢, ppm:
16.87, 21.04, 26.61, 27.07, 41.58, 53.25, 56.06, 56.43,
57.12, 67.71, 117.38, 121.71, 124.48, 124.58, 127.33,
128.36, 129.63, 130.64, 132.47, 135.37, 137.24,
177.00, 197.82. Mass spectrum: m/z 401.2228
[M +H]'. C,sH5N,0,. Calculated: M 401.2225.
4-Benzoyl-8’-methoxy-1,4',4',6'-tetramethyl-4'H-
spiro[pyrrolidine-3,1’-pyrrolo[3,2,1-ij]quinolin]-2'-
one (4e). Yield 0.42 g (67%), white powder, mp 134—
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136°C. IR spectrum, v, cm™': 2780 m (NCHj;), 1698 s
(C=0), 1680 s (NC=0), 1614 m (C=C). '"H NMR spec-
trum (300 MHz), 8, ppm: 1.30 s (3H, 4’-CH3), 1.50 s
(3H, 4'-CHj;), 1.80 s (3H, 6'-CH3), 2.37 s (3H, NCHy),
2.62-2.77 m (3H, CH,), 3.61 d.d (1H, CH,, J = 5.3,
9.1 Hz), 3.68 s (3H, OCHj3), 4.50 d.d (1H, CH, J=5.3,
8.3 Hz), 520 s (1H, 5-H), 6.44 d (1H, 7-H, J =
2.0 Hz), 6.53 d (1H, 9'-H, J = 2.0 Hz), 7.24-7.36 m
(4H, Hyom)s 743 t (1H, Hyom, J = 7.0 Hz). Mass spec-
trum: m/z: 417.2177 [M + H]". CyH,3N,05. Calcu-
lated: M 417.2174.
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