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Abstract—The reduction of 4,4,6-trimethyl-4H-pyrrolo[3,2,1-i/]quinoline-1,2-diones with aqueous hydrazine
hydrate selectively involved the C!'=O carbonyl group to give the corresponding 4,4,6-trimethyl-4H-pyrrolo-
[3,2,1-i/]quinolin-2(1H)-ones within a few hours. The reduction products were condensed with aldehydes and
acetone to afford new 1-[(het)arylmethylidene]- and 1-(propan-2-ylidene)-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-
ones in 59-78% yield. The reaction of 4,4,6-trimethyl-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-ones with N,N-di-
methylformamide dimethyl acetal, followed by transamination with primary amines led to the formation of
1-{[(het)arylamino]methylidene}-4H-pyrrolo[3,2,1-ij]quinolin-2-ones in 65-83% yield. The synthesized
compounds were evaluated for their anticoagulant activity by measuring inhibition of blood coagulation

factors Xa and Xla.
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INTRODUCTION

Organic compounds containing a pyrrolo[3,2,1-i/]-
quinoline fragment often exhibit high biological activ-
ity. For example, pyrrolo[3,2,1-ij]quinoline derivatives
were reported as antibacterial [1-4] and antitumor
agents [5], diuretics [6—7], aldosterone synthase inhibi-
tors [8], melatonin receptor agonists and antagonists
[9], and compounds promising for the treatment of
human lymphoma [10], diabetes [11], asthma [12],
epilepsy, and obesity [13].

We recently found that some 4H-pyrrolo[3,2,1-i/]-
quinolin-2-one derivatives displayed inhibitory activity
against blood coagulation factors Xa and Xla [14-18].
Therefore, search for new blood coagulation factors
among derivatives of 4H-pyrrolo[3,2,1-ij]quinolin-2-
ones is of significant interest. Target-oriented synthesis
of differently substituted 4H-pyrrolo[3,2,1-ij]quinolin-
2-ones opens wide possibilities for functional diver-
sification of this scaffold, which could considerably

affect the type and strength of physiological action of
the resulting compounds.

Thus, the present work was aimed at synthesizing
4H-pyrrolo[3,2,1-ij]quinolin-2-one derivatives func-
tionalized at the 1-position and evaluating their in vitro
inhibitory activity against blood coagulation factors
Xa and Xla.

RESULTS AND DISCUSSION

4H-Pyrrolo[3,2,1-ij]quinolin-2-ones can be synthe-
sized by cyclization of 1- and 8-substituted quinolines
[19-26]. One of the most widely used methods is based
on the intramolecular Friedel-Crafts alkylation of
haloacetyl derivatives of quinoline. For example,
1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]quinolin-2-one
was synthesized by cyclization of 1-chloroacetyl-
1,2,3,4-tetrahydroquinoline in the presence of alumi-
num chloride in o-dichlorobenzene [21-22]. However,
the reaction with 1-haloacetyl-2,2,4-trimethyl-1,2-di-

1225



1226 NOVICHIKHINA et al.
Scheme 1.
Me Me
R! R'
\ N2H4'H20, A \
—_—
N\ Me 67-82% N\ Me
Me Me
(e} (6] (@]
1a-1d 2a-2d

1,2, R' = H (a), Me (b), MeO (c¢), Et (d).

hydroquinoline under these conditions can be com-
plicated by concurrent alkylation at the 4-position. On
the other hand, selective reduction of 4H-pyrrolo-
[3,2,1-ij]quinoline-1,2-diones with aqueous hydrazine
hydrate is a convenient one-step method of synthesis of
4H-pyrrolo[3,2,1-ij]quinolin-2-ones. This procedure
was used previously to obtain derivatives of 2,3-dihy-
dro-1H-indol-2-one and its N-alkyl analogs [27-30].

Like isatins, 4,4,6-trimethyl-4H-pyrrolo[3,2,1-ij]-
quinoline-1,2-diones 1a—1d were selectively reduced
with hydrazine hydrate in water on heating under
reflux for 2 h to give 67-82% of 4H-pyrrolo[3,2,1-ij]-
quinolin-2-ones 2a-2d (Scheme 1). Compounds 2a—2d
are white or pale yellow solids readily soluble in
chloroform, acetone, isopropyl alcohol, and N,N-di-
methylformamide. Unlike initial compounds 1a—1d,
the '"H NMR spectra of 2a-2d showed a singlet at
5 ~3.43-3.45 ppm due to methylene protons on C'.
In the '*C NMR spectra of 2b and 2d, the C'=0 signal
at 8¢ 160 ppm disappeared, and C'H, signal appeared
at ¢ 56 ppm.

4H-Pyrrolo[3,2,1-ij]quinolin-2-ones 2a—2d possess
an active methylene group, which makes it possible to
involve them in well-known condensations with
various carbonyl compounds by analogy with [27-29,
31-34], so that new 1-substituted derivatives could be

obtained. We examined reactions of 4H-pyrrolo-
[3,2,1-ij]quinolin-2-ones 2a—2¢ with aromatic and
heterocyclic aldehydes, as well as with acetone. The
reactions were carried out by heating the reactants in
boiling ethanol in the presence of piperidine as base
catalyst for 2—5 h. After standard workup, we isolated
1-[(het)arylmethylidene]- and 1-(propan-2-ylidene)-
4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-ones 4a—4g in
good yields (59-78%; Scheme 2). Compounds 4a—4g
were isolated as bright red or orange powders.

The structure of 4a—4g was confirmed by 'H NMR
spectra. The spectra of 4a—4e lacked methylene proton
signal at 8 ~3.4 ppm, but a singlet appeared in the
region & 7.58-8.15 ppm due to the exocyclic C=CH
proton together with additional aromatic protons at
0 7.1-8.8 ppm. In the spectra of 4f and 4g we observed
new singlets at & 2.27-2.29 ppm corresponding to
protons of the isopropylidene group on C'.

N,N-Dimethylformamide dimethyl acetal (DMF-
DMA) as a one-carbon building block is widely used in
the synthesis of heterocyclic systems. The reaction of
pyrrolo[3,2,1-ij]quinolin-2-ones with DMF-DMA in
boiling o-xylene readily afforded the corresponding
1-(dimethylamino)methylidene derivatives which
underwent transamination with primary amines to
produce 1-{[(het)arylamino]methylidene}-4H-pyrrolo-

Scheme 2.
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[3,2,1-ij]quinolin-2(1 H)-ones Sa—5f. The reactions
with amines were carried out in o-xylene under reflux
in the presence of acetic acid (Scheme 3).

The reaction with amines was not selective, and
most transamination products 5a—5f were isolated as
mixtures of Z and £ isomers (according to the HPLC/
MS and '"H NMR data). Apart from signals typical of
initial pyrrolo[3,2,1-ij]quinolin-2-ones 2b and 2¢, the
"H NMR spectra of 5a—5f showed signals correspond-
ing to the aromatic part of the amine moiety, the
CH=C' proton resonated as a singlet at § 7.2-7.3 ppm,
and the NH proton appeared as a doublet at & 9—
11 ppm. Taking into account the obvious possibility for
stabilization of the Z isomer by intramolecular hydro-
gen bonding between the NH proton and C?>=0
carbonyl oxygen, we presumed that the major isomer
has Z configuration. Depending on the substituents, the
Z/E ratio ranged from 3:1 to 6:1.

With the goal of finding lead compounds, pyrrolo-
[3,2,1-ij]quinolin-2-ones 4a—4g and Sa—5f were
evaluated for their in vitro inhibitory activity against
blood coagulation factors Xa and Xla. Contrary to our
expectations, most of the tested compounds showed no
anticoagulant activity. Only compounds 4a and Sb
moderately inhibited factor Xa (Table 1). These results
prompted us to plan further studies aimed at rational
molecular design of effective anticoagulants in the
series of pyrrolo[3,2,1-ij]quinolin-2-one derivatives.

EXPERIMENTAL

The 'H and '3C NMR spectra were recorded on
Bruker DRX-500 and Agilent MR 400+ spectrometers
(500 and 400 MHz for 'H and 125 and 101 MHz for
13C, respectively), using DMSO-d; as solvent and
tetramethylsilane as internal standard. HPLC/MS
analyses were carried out with an Agilent Infinity 1260

Table 1. Activity of factors Xa and Xla in the presence of compounds 4a, 4b, 4d, 4e, 5a—Sc, Se, and 5f in percent relative to

the activity in their absence

Compound no. Factor Xa Factor Xla
4a 49+2 96+5
4b 8544 105+6
4d 80+5 89+2
4e 83+4 96+5
Sa 83+1 11649
5b 57+3 91+6
S¢ 98+4 1014
Se 87+6 128+13
5f 71+2 85+4
Rivaroxaban 61 92+5
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liquid chromatograph equipped with an Agilent 6230
TOF mass-selective detector; HPLC conditions:
Poroshell 120 EC-C18 column, 4.6x50 mm, particle
size 2.7 um; eluent A: 0.1% formic acid in acetonitrile;
eluent B: 0.1% formic acid in water; gradient elution:
(1) A/B 50:50, 3.5 min; (2) A/B (50-100):(50-0),
1.5 min; flow rate 0.4 mL/min; column temperature
28°C; positive electrospray ionization, capillary volt-
age 3.5 kV; fragmentor voltage +191 V; OctRF +66 V.
The melting points were measured on a Stuart SMP30
melting point apparatus. The progress of reactions and
the purity of the initial reactants and isolated products
were monitored by TLC on Silica gel 60 F,s5, plates
(Merck) using chloroform—methanol (10:1) as eluent;
visualization was done under UV light and by treatment
with iodine vapor. Initial compounds 1a—1d were
synthesized according to the procedure described in
[35]. Commercially available reagents were purchased
from Acros Organics and VEKTON.

8-R'-4,4,6-Trimethyl-4H-pyrrolo[3,2,1-ij]quino-
lin-2(1H)-ones 2a-2d (general procedure). Hydrazine
hydrate (64%), 10 mL, was added to 10 mmol of
4,4,6-tetramethyl-4 H-pyrrolo[3,2,1-ij]quinoline-1,2-
dione 1a-1d, and the mixture was refluxed at 115°C
for 1-3 h. After completion of the reaction, the mixture
was cooled, and excess hydrazine hydrate was removed
under reduced pressure. The residue was treated with
water, and the precipitate was filtered off, washed with
water, dried, and recrystallized from hexane—ethyl
acetate (4:1).

4,4,6-Trimethyl-4 H-pyrrolo[3,2,1-ij]quinolin-
2(1H)-one (2a) was synthesized from 2.27 g of 1a.
Yield 1.60 g (75%), white powder, mp 117-119°C.
'"H NMR spectrum (400 MHz), §, ppm: 1.55 s (6H,
4-CH3), 1.93 d (3H, 6-CH3, J = 1.2 Hz), 3.41 s (2H,
CH,), 5.29 d (1H, 5-H, J= 1.2 Hz), 6.82 d.d (1H, 9-H,
J=173,1.2 Hz), 6.85 d.d (1H, 9-H, J = 7.2, 1.1 Hz),
7.03 t (1H, 8-H, J = 7.5 Hz). Mass spectrum:
m/z 214.1232 [M + H]". C4H;sNO. Calculated:
M+ H214.1227.

4,4,6,8-Tetramethyl-4 H-pyrrolo[3,2,1-ij|quino-
lin-2(1H)-one (2b) was synthesized from 2.41 g of 1b.
Yield 1.52 g (67%), white powder, mp 107-109°C.
"H NMR spectrum (500 MHz), §, ppm: 1.58 s (6H,
4-CH3), 1.95 s (3H, 6-CH3), 2.24 s (3H, 8-CH3), 3.44 s
(2H, CH,), 5.32 s (1H, 5-H), 6.87 s (1H, 7-H), 6.88 s
(1H, 9-H). *C NMR spectrum (125 MHz), &, ppm:
16.9, 20.9, 27.2, 36.4, 56.1, 117.9, 121.2, 121.7,
124.1, 124.8, 130.1, 130.5, 138.0, 174.6. Mass spec-
trum: m/z 228.1379 [M + H]*. C;sH;;NO. Calculated:
M+ H 228.1384.
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8-Methoxy-4,4,6-trimethyl-4 H-pyrrolo|3,2,1-ij]-
quinolin-2(1H)-one (2¢) was synthesized from 2.57 g
of 1ec. Yield 1.99 g (82%), off-white crystals, mp 112—
115°C. "H NMR spectrum (400 MHz), §, ppm: 1.54 s
(6H, 4-CH3;), 1.97 s (3H, 6-CHj3), 3.44 s (2H, CH,),
3.73 s (3H, CH;30), 5.32 s (1H, 5-H), 6.89 s (1H, 7-H),
7.06 s (1H, 9-H). Mass spectrum: m/z 244.1336
[M+H]*. C;sH;NO,. Calculated: M + H 244.1333.

8-Ethyl-4,4,6-trimethyl-4H-pyrrolo[3,2,1-ij]-
quinolin-2(1H)-one (2d) was synthesized from 2.55 g
of 1d. Yield 0.1.88 g (78%), off-white powder,
mp 135-137°C. '"H NMR spectrum (400 MHz), 3,
ppm: 1.13 t (3H, CH,CH;, J = 7.6 Hz), 1.56 s (6H,
4-CH3), 1.94 d (3H, 6-CH;3, J = 1.2 Hz), 2.51 q (2H,
CH,CHs, J = 7.7 Hz), 3.43 s (2H, CH,), 5.30 d (1H,
5-H, J = 1.2 Hz), 6.84 s (1H, 7-H), 6.89 s (1H, 9-H).
13C NMR spectrum (101 MHz), 8¢, ppm: 16.7, 17.4,
27.6,28.7,36.8, 56.5, 118.3, 120.6, 122.1, 123.4,
125.3, 130.5, 137.7, 138.6, 175.1. Mass spectrum:
mlz 242.1544 [M + H]". C(HoNO. Calculated:
M + H 242.1540.

1-Ylidene-4,4,6-trimethyl-4 H-pyrrolo|[3,2,1-ij]-
quinolin-2-ones 4a—4g (general procedure). 4H-Pyr-
rolo[3,2,1-ij]quinolin-2-one 2a—2¢, 2.4 mmol, was
dissolved in ethanol, 2.4 mmol of the corresponding
aldehyde or acetone and a catalytic amount of
piperidine were added, and the mixture was refluxed
for 2-5 h. After completion of the reaction, the mixture
was cooled, and the precipitate was filtered off, dried,
and recrystallized from isopropyl alcohol.

1-[(1H-Indol-3-yl)methylidene]-4,4,6-trimethyl-
4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-one (4a) was
synthesized from 0.51 g of 2a. Yield 0.53 g (65%),
yellow powder, mp 234-236°C. 'H NMR spectrum
(500 MHz), 6, ppm: 1.71 s (6H, 4-CH3), 2.0 d (3H,
6-CH;,J=1.3Hz),541d(1H, 5-H,/=1.5Hz), 6.95 t
(1H, 8-H, J=7.5 Hz), 6.99 d.d (1H, H,;ynn, /= 6.7 Hz),
7.24-7.26 m (2H, Hgom), 7.52-7.55 m (1H, Hyom),
7.72 d.d (1H, Hyom, J = 7.4, 1.1 Hz), 8.15 s (1H,
C=CH), 8.16-8.19 m (1H, H,.m), 9.44 d (1H, Hgoms
J =29 Hz), 12.1 s (1H, NH). Mass spectrum:
m/z 341.1645 [M + H]". C,3H,,N,0. Calculated:
M+ H 341.1649.

4,4,6,8-Tetramethyl-1-(thiophen-2-ylmethyli-
dene)-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-one (4b)
was synthesized from 0.54 g of 2b. Yield 0.58 g (75%),
orange powder, mp 200-202°C. 'H NMR spectrum
(500 MHz), 6, ppm: 1.63 s (6H, 4-CH3), 1.99 d (3H,
6-CH;, J = 1.4 Hz), 2.33 s (3H, 8-CHj;), 5.43 d (1H,
5-H, J = 1.5 Hz), 6.99 s (1H, H,om), 7.32 d.d (1H,
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H,oms J = 5.1, 3.7 Hz), 7.78 s (I1H, C=CH), 7.81-
7.82 m (2H, Hyp), 8.00 d (1H, Hyom, J = 5.0 Hz).
Mass spectrum: m/z 322.1264 [M + H]". C,,H,oNOS.
Calculated: M + H 322.1261.

4,4,6,8-Tetramethyl-1-(pyridin-3-ylmethylidene)-
4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-one (4¢) was
synthesized from 0.54 g of 2b. Yield 0.45 g (59%)),
orange powder, mp 136-138°C. '"H NMR spectrum
(500 MHz), 6, ppm: 1.63 s (6H, 4-CH3), 1.98 s (3H,
6-CHj3), 2.31 s (3H, 8-CHjy), 5.39 s (1H, 5-H), 6.92 s
(1H, Harom)» 7-36 s (1H, Hyom), 7.48 d.d (1H, Hyrop, J =
7.8,5.1 Hz), 7.75 s (1H, C=CH), 8.58 d (1H, Hyopn, /=
4.8 Hz), 8.83-8.85 m (1H, Hyom), 9-15 d (1H, Hyom,
J = 1.9 Hz). Mass spectrum: m/z 317.1647 [M + H]".
C,1H,oN,0. Calculated: M + H 317.1649.

1-(2,4-Dimethoxybenzylidene)-4,4,6,8-tetra-
methyl-4H-pyrrolo[3,2,1-ijjquinolin-2(1H)-one (4d)
was synthesized from 0.54 g of 2b. Yield 0.60 g (67%),
yellow powder, mp 166-168°C. 'H NMR spectrum
(500 MHz), 6, ppm: 1.62 s (6H, 4-CH3), 1.97 d (3H,
6-CH;, J = 1.2 Hz), 2.2 s (3H, 8-CH3), 3.869 s (3H,
CH;50), 3.873 s (3H, CH30), 5.41 d (1H, 5-H, J =
1.5 Hz), 6.69-6.72 m (1H, H,.op), 6.70 s (1H, Hyrom)s
6.90 s (1H, Hyom)»> 7.17 s (1H, Hypom), 7.64 s (1H,
C=CH), 7.66 d.d (1H, H,p, J = 6.5, 2.7 Hz). Mass
spectrum: m/z 376.1905 [M + H]". CyH,sNO;. Cal-
culated: M + H 376.1908.

1-(3-Bromobenzylidene)-4,4,6,8-tetramethyl-4 H-
pyrrolo[3,2,1-ijjlquinolin-2(1H)-one (4e) was synthe-
sized from 0.54 g of 2b. Yield 0.69 g (73%), red
powder, mp 120-122°C. 'H NMR spectrum (500
MHz), o, ppm: 1.63 s (6H, 4-CH3), 1.97 d (3H, 6-CHj,
J=13 Hz), 2.17 s (3H, 8-CH3), 5.43 d (1H, 5-H, J =
1.5 Hz), 6.95 s (1H, Hyom), 7.08 s (1H, Hypom), 7.50 t
(1H, Hyoms J = 7.9 Hz), 7.58 s (1H, C=CH), 7.68—
7.70 m (1H, Hyom), 7.71 d (1H, Hyom, J = 7.8 Hz),
7.88 s (1H, H,,om). Mass spectrum: m/z 394.0806
[M + H]*. C5,H,,BrNO. Calculated: M + H 394.0802.

4,4,6,8-Tetramethyl-1-(propan-2-ylidene)-4H-
pyrrolo[3,2,1-ijjlquinolin-2(1H)-one (4f) was synthe-
sized from 0.54 g of 2b. Yield 0.50 g (78%), yellow
powder, mp 182-184°C. 'H NMR spectrum
(500 MHz), 6, ppm: 1.62 s (6H, 4-CH3), 1.98 s (3H,
6-CH3), 2.17 s (3H, 8-CH3), 2.27 s (6H, CHj), 5.41 s
(1H, 5-H), 6.91 s (1H), 7.04 s (1H, H,,).- Mass spec-
trum: m/z 268.1895 [M + H]*. C,sH,;NO. Calculated:
M+ H 268.1897.

8-Methoxy-4,4,6-trimethyl-1-(propan-2-ylidene)-
4H-pyrrolo|3,2,1-ij]quinolin-2-one (4g) was synthe-
sized from 0.58 g of 2c¢. Yield 0.48 g (71%), yellow
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powder, mp 163-165°C. 'H NMR spectrum
(500 MHz), 8, ppm: 1.60 s (6H, 4-CH3), 1.97 s (3H,
6-CHj), 2.29 s (6H, CHy), 3.75 s (3H, CH;0), 5.40 s
(1H, 5-H), 6.65 d (1H, 7-H, J = 1.95 Hz), 6.93 d (1H,
9-H, J = 1.9 Hz). 3C NMR spectrum (125 MHz), 8,
ppm: 17.1, 22.2, 24.8, 27.1, 55.8, 107.1, 109.1, 118.1,
120.4, 122.9, 124.7, 130.6, 131.1, 155.0, 155.4, 166.9.
Mass spectrum: m/z 284.1649 [M + H]". C;sH,;NO,.
M+ H 284.1646.

1-{[(Het)arylamino|methylidene}-4 H-pyrrolo-
[3,2,1-ij]quinolin-2(1H)-ones S5a—5f (general proce-
dure). A mixture of 2.4 mmol of pyrroloquinolin-2-one
2b or 2¢ and 2.5 mmol of DMF-DMA in 10 mL of
o-xylene was refluxed for 1 h. The corresponding
amine, 2.4 mmol, and 1-2 drops of acetic acid were
added, and the mixture was refluxed until the reaction
was complete. The precipitate was filtered off, dried,
and recrystallized from petroleum ether with addition
of isopropyl alcohol.

1-{[(1H-Benzo|d]imidazol-2-yl)amino] methyli-
dene}-4,4,6,8-tetramethyl-4H-pyrrolo|3,2,1-ij]-
quinolin-2(1H)-one (5a) was synthesized from 0.54 g
of 2b. Yield 0.68 g (77%), a mixture of Z and £ isomers
at a ratio of 3:1, yellow powder, mp 232-234°C.
"H NMR spectrum (500 MHz), &, ppm: [1.63]' 1.68 s
(6H, 4-CH3), [1.97] 1.99 s (3H, 6-CHj3), 2.29 [2.32] s
(3H, 8-Me), [5.34] 5.40 s (1H, 5-H), [6.74] 6.79 s (1H,
Harom)s 7.09-7.12 m (2H, H,.om), 7.30 s (1H, C=CH),
[7.35]7.41d (1H, Hyomm, /= 7.0 Hz), 7.44 d (1H, Hyopm,
J=17.1 Hz), [7.60] s (1H, Hy.om)> [8.22] s (1H, Hyrom),
[8.31] s (1H, Hym), 8.52 d (1H, Hypom, J = 11.4 Hz),
11.14 d (1H, NH, J = 11.8 Hz), 11.9 s (1H, NHg;,,).
Mass spectrum: m/z 371.1872 [M + H]". Cp3H,,N,4O.
Calculated: M + H 371.1867.

4,4,6,8-Tetramethyl-1-{[(pyridin-2-yl)amino]-
methylidene}-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-
one (5b) was synthesized from 0.54 g of 2b. Yield
0.64 g (81%), Z/E ratio 4:1, yellow powder, mp 178—
180°C. '"H NMR spectrum (400 MHz), §, ppm: [1.59]
1.64 s (6H, 4-Me), 1.96 d (3H, 6-Me), 2.27 [2.32] s
(3H, 8-Me), [5.33] 5.36 d (1H, 5-H), 6.73 [6.76] s (1H,
Harom)> 7.05 d.d (1H, Hyom, J = 8.0 Hz), 7.23 s (1H,
C=CH), 7.35 d (1H, Hyom, J = 8.0 Hz), [7.68] s (1H,
Haom)> 7.77 t (1H, Hypop, J = 4.0 Hz), 8.31 [8.33] d.d
(1H, Hypom, J = 8.0, 4.0 Hz), [8.56] d (1H, Hyrom, J =
12.0 Hz), 8.72 d (1H, Hyom, J = 8.0 Hz), [9.74] d (1H,
NH, J=12.0 Hz), 10.86 d (1H, NH, J = 8.0 Hz). Mass
spectrum: m/z 332.1763 [M + H]". C,H,;N;0. Cal-
culated: M + H 332.1758.

'Values in brackets refer to the E isomer.
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1-[(2-Methoxyanilino)methylidene|-4,4,6,8-tetra-
methyl-4H-pyrrolo[3,2,1-ijlquinolin-2(1H)-one (5¢)
was synthesized from 0.54 g of 2b. Yield 0.72 g (83%),
yellow powder, mp 208-210°C. 'H NMR spectrum
(500 MHz), 6, ppm: 1.65 s (6H, 4-CH3), 1.98 d (3H,
6-CH;, J = 1.3 Hz), 2.29 s (3H, 8-Me), 3.93 s (3H,
OCH;), 5.37 d (1H, 5-H, J = 1.5 Hz), 6.70 s (1H,
Harom), 7.01-7.06 m (2H, Hyom), 7.11 d.d (1H, Hyom,
J =179, 1.6 Hz), 7.27 s (1H, C=CH), 7.64 d.d (1H,
Harom» J = 7.8, 1.8 Hz), 8.60 d (1H, Hyp, /= 12.8 Hz),
10.88 d (1H, NH, J = 12.8 Hz). Mass spectrum:
m/z 361.1907 [M + H]". C53H,4N,0,. Calculated:
M+H361.1912.

1-[(4-Methoxyanilino)methylidene}-4,4,6,8-tetra-
methyl-4H-pyrrolo[3,2,1-ij]quinolin-2(1H)-one (5d)
was synthesized from 0.54 g of 2b. Yield 0.66 g (77%),
Z/E ratio 6:1, yellow powder, mp 264-266°C. '"H NMR
spectrum (500 MHz), 6, ppm: [1.61] 1.65 s (6H, 4-Me),
[1.97] 1.98 d (3H, 6-Me, J= 1.2 Hz), 2.29 [2.33] s (3H,
8-Me), [3.80] 3.81 s (3H, OCHj3), [5.34] 5.37 d (1H,
5-H, J = 1.4 Hz), 6.64 [6.67] d.d (1H, H,om, J = 8.2,
2.3 Hz), 6.71 [6.76] s (1H, H,om), 6.95 [6.97] d.d (1H,
Hyrom» J = 8.0, 2.2 Hz), 7.04 t (1H, H,.om, J = 2.2 Hz),
[7.25] 7.27 s (1H, C=CH), 7.28-7.29 m (1H, Hg,m),
[7.63] s (1H, Hyom), [7.75] d (1H, Hypom, J = 13.6 Hz),
8.56 d (1H, Hyomm, /= 12.6 Hz), [9.3] 10.68 d (1H, NH,
J =12.6 Hz). Mass spectrum: m/z 361.1909 [M + H]".
C23H24N202. Calculated: M+ H 361.1912.

1-[(4-Acetylanilino)methylidene]-4,4,6,8-tetra-
methyl-4H-pyrrolo[3,2,1-ijj]quinolin-2-one (5e) was
synthesized from 0.54 g of 2b. Yield 0.67 g (75%), Z/E
ratio 5:1, yellow powder, mp 208-210°C. 'H NMR
spectrum (500 MHz), 6, ppm: [1.62] 1.66 s (6H, 4-Me),
1.98 s (3H, 6-CHj;), 2.30 [2.34] s (3H, 8-CH3;), 2.54 s
[3H, C(O)CH3], [5.36] 5.38 s (1H, H-5), 6.75 [6.80] s
(1H, Hyom), 7.3 s (IH, C=CH), [7.50] 7.52 d (2H,
Harom» < = 7.9 Hz), [7.7] s (1H, Hyom), [7.81] d
(1H, Hyrom, J = 13.8 Hz), 7.97 [7.99] d (2H, Hyropm, J =
8.3 Hz), 8.63 d (1H, H,m, /= 12.3 Hz), [9.56] 10.84 d
(1H, NH, J = 12.3 Hz). Mass spectrum: m/z 373.1915
[M+H]'. C,,H,4N50,. Calculated: M +H 373.1912.

1-[(Benzylamino)methylidene]-8-methoxy-4,4,6-
trimethyl-4H-pyrrolo[3,2,1-ij|quinolin-2-one (5f)
was synthesized from 0.58 g of 2¢. Yield 0.64 g (74%),
light yellow powder, mp 152-154°C. '"H NMR spec-
trum (400 MHz), 5, ppm: 1.65 s (6H, 4-CHj), 1.98 d
(3H, 6-CH;, J = 1.3 Hz), 3.87 s (3H, OCH3), 4.42 s
(2H, CH,), 5.37 d (1H, 5-H, J = 1.5 Hz), 6.73 s (1H,
C=CH), 7.03-7.05 m (1H, Hyo1n), 7.07 t (1H, Hypop, J =
1.9 Hz), 7.11 d.d (1H, Hy,om, J = 7.4, 1.7 Hz), 7.17 d.d
(1H, Hyrom» J = 7.9, 1.6 Hz), 7.64 d.d (1H, Hyom, J =
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7.8, 1.8 Hz), 8.60 d (1H, H,.,m, J = 12.8 Hz), 10.82 d
(1H, NH, J = 12.8 Hz). Mass spectrum: m/z 361.1910
[M+ H:lJr C23H24N202. Calculated: M + H 361.1912.

The inhibitory activity of the synthesized com-
pounds against blood coagulation factors Xa and Xla
was evaluated by measuring the kinetics of hydrolysis
of enzyme-specific substrates in the presence of tested
compounds. In the case of factor Xa, low-molecular-
weight specific chromogenic substrate S2765 (Z-D-
Arg-Gly-Arg-pNA-2HCI, Chromogenix, Instrumenta-
tion Laboratory Company, Lexington, MA 02421,
USA) was used, and S2366 (pyroGlu-Pro-Arg-
pNA-HCI, Chromogenix, Instrumentation Laboratory
Company, Lexington, MA 02421, USA) was used for
factor Xla.

Each well of a 96-well microplate was charged with
a buffer solution containing 140 mM NaCl, 20 mM
HEPES, 0.1% PEG (6000) (pH 8.0), factor Xa or Xla
was added to a final concentration of 2.5 or 0.8 nM,
respectively, and S2765 or S2366 (final concentration
200 uM), compound to be tested (30 uM), and DMSO
(£2%) were then added. The rate of formation of
4-nitroaniline was determined by measuring the
absorbance of the final solution at A 405 nm using
a THERMOmax Microplate Reader (Molecular
Devices Corporation, Sunnyvale, California). The
initial rate of substrate cleavage was estimated from
the initial slope of the kinetic curve for the formation
of 4-nitroaniline (pNA). The rate of substrate cleavage
by the enzyme in the presence of an inhibitor was
normalized with respect to the rate of substrate
cleavage in the absence of inhibitor. The results are
summarized in Table 1. The data were processed using
GraphPad Prism (GraphPad, San Diego, CA 92108,
USA) and OriginPro 8 (OriginLab Corporation,
Northampton, MA 01060, USA).

CONCLUSIONS

Selective reduction of the C>=O carbonyl group of
pyrrolo[3,2,1-ij]quinoline-1,2-diones afforded 4H-pyr-
rolo[3,2,1-ij]quinolin-2(1H)-one derivatives as con-
venient building blocks for the design of hybrid
molecules, and their further functionalization pathways
were studied. Primary screening of the newly synthe-
sized functionally substituted 4H-pyrrolo[3,2,1-i/]-
quinolin-2-ones for their in vitro inhibitory activity
against blood coagulation factors Xa and Xla showed
that most of them possess no anticoagulant properties.
Only compounds 4a and 5b showed a moderate
inhibitory activity against factor Xa.
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