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Synthesis of Pyrrolo[2,3-c]acridines

Munawar Ali Munawar* and Paul W. Groundwater'

Department of Chemistry, Istamia University, Bahawalpur, Pakistan
"School of Health Sciences, University of Sunderiand, Sunderfand, SR2 35D, UK.

The synthesis of 6-amino-3-benzylpyrrolo[2.3-c]acridine (9) and its 8.9-dimethoxy derivative {10) from A-
benzyl-4,5.6,7-tetrahydroindol-4-one and anthranilonitriles, vi¢ imine formation followed by cyclization and

aromatisation, is described.

Introduction

teteroeycelic-fused acridines possess a wide range of bio-
logical activitics including anti-bacterial. anti-viral and anti-
tumour propertics.! We have recently reported the synthesis
ol pyrido| 2 3-c|acridines from 5.6,7.8-tetrahydroquinolin-5-
ones.? A very similar strategy has been used for the synthesis
ol pyrrolo|2,3-¢|acridines in the present work. Although
Takagi ef al® have prepared a serics of 4.5-dihydropyr-
rolo|2,3-¢|acridines (2) (rom 4.5,6.7-ctrahydroindol-4-ones
(1). this synthesis is limited to the condensation of 4,5.6,7-
tetrahydroindol-4-ones (1) with some aromatic ketones
{Scheme 1).

Result and Discussion

6-Amino-3-benzylpyrrolo[2,3-c|acridine (9) and its 8.9-
dimethoxy derivative (10) were prepared [rom 4.5,6.7-tct-
rahydroindol-4-one (3) in three steps. N-Benzyl-4,5,6.7-tet-
rahydroindol-4-one (4) was prepared by the method of
Remers et all by using benzyl bromide as the alkylating
agent (Scheme 2).

6-Amino-3-benzyl-4.5-dihydropyrrolo[2.3-c|acridine  (7)
and its 8,9-dimethoxy derivative {8) were prepared, in 49%
and 44% yiclds respectively. by the one-pot generation/
cyclization of the imines. (5) and {6), from N-benzyl-4.5,6.7-
tetrahydroindol-4-one (4) and the appropriate anthraniloni-
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trile (Scheme 3). The reactants were dissolved in toluenc,
with a calalylic amount of para-toluencsulfonic acid, and
refluxed for 100 hours with the azcotropic removal of waler.
Afler evaporating the oluene, the residue in dry DME. was
treated with 2.5 cquivalents of sodium amide. in the pres-
ence of 13-crown-3, and refluxed lor 24 hours.

The structures of the isolated products (7 & 8) were con-
firmed by high resolution mass spectroscopy and other spec-
troscopic data. In the 'HENMR spectra of these compounds,
the presence of two dilterent signals around 8 153.0 and 8 8.0,
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Scheme 3. Reagents and conditions: -(a) Anthraniloniwile or 4.5-
dimethoxyanthranilonitrile. PISAL toluene. refllux. 100 h. (b)
NaNHz;. DME. 15-crown-5. Na. reflux. 24 h. (¢) Mn(=. DMF.
rellux. 24h.



Svathesis of Pyvirrolof2,3-cJacridines

cach intcgrating 1o onc proton and exchangeable with D-O.
indicates that they exist as the imine. (7") and (8"). rather
than the tautomeric aming (7) and (8) in solution. The most
important fcaturcs of these 'H NMR spectra are the presence
of two doublets around & 7.0 corresponding to the pyvrrole
protons. a singlet at & 3.2 corresponding 1o the methyvlene
protons of the bensy! group. and a mulitiplet at & 3.0 corre-
sponding to the methy lenc protons at C-4 and C-5. The *C
NMR spectra were also [ully consisient with these struc-
turcs. Although the IR spectra can be attributed to the imine
structures of thesc compounds they arc Iess indicative duc to
the commeon absorption region for C=N sirciching and NH;
bending, The mass spectrum of compound (7) shows a very
intense molccular ion peak ¢ z 325) and. as expecled. the
m z 91 ion (tropy lium 1on) as the basc peak. Surprisingly. the
mass speetrum of the compound (8) shows a very weak
molccular ion peak and is completely dominated by the tro-
pylium ion (m z 91).

Dchvdrogenation of  6-amino-3-bensy1-3.3-dihvdropyr-
rolo|2.3-c]acndine (7) (47%) and ils 8.9-dimcthoxy deriva-
tive (8) (34%) was carricd oul by the mecthodology
developed for dibydropyride|2.3-c|acridines, (10 1. whw.
ratio of MnO- (¢ substrate in refluxing DMF).= The struc-
turcs of the resultant fully aromatic pyrrolo|2.3-c|acridinges.
(9) and (10). were confirmed by high resolution mass spec-
troscopy and other spectroscopic analysis, In the 'H NMR
spectra. the absence of signals near 8 3.00 corresponding to
the methyvlene protons in dihydropyrroloacridines. (7) and
(8). and downl(icld shifting of all the aromatic protons. duc to
the extended conjugation. are (he most indicative [caturces.
The appearance of broad singlets. ntegrating (0 (wo protons
and corresponding (o the NH:. conlirms the amino struc-
turcs. The IR spectra of these compounds can also be atlrib-
uled Lo the amine structures, However. they arc. once again.
Icss indicative duc lo the common region of C=N slrclching
and NH- bending absorption bands. The mass spectrum off
the compound (9) is simple and is dominated by the tropy-
lum ion (m 2z 91). The mass spectrum of compound (10)
shows a very iniensc peak al m 2 91 and a molccular ion
pcak as basc pcak at m/z 383, The [ragmenlation process
(M*-Mc-CO) characteristic of the ertho-substiluied dime-
thoxy compounds. can also be obscrved in the spectrum.,

Experimental Section

Meclting points (uncorrceted) were determined on Gallen-
kamp mclting point apparatus. IR speetra were recorded on a
Perkin-Elmer 1600 scrics FT-IR spectrophotometer. Sam-
ples were taken as nujol mulls on sodium chloride plates. 'H
and *C NMR spectra were oblained on Bruker W360 at 360
and 90 MHz respectively. Coupling constants are reported in
hertz and chemical shifls are reported with respect to TMS
(6 =10). Mass spcctra were recorded on Fison Instruments
VG Platcform 11 and high-resolution spectra were recorded
on VG ZAB-E spectrometer (EPSRC National Mass Spec-
trometry Service Centre. Swansca. UK). Microanalyscs for
carbon. nitrogen. and hvdrogen were performed on Perkin-
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Elemer 240 Elemental Analyzer. Thin laver chromatrogra-
phy was carricd out on Merck silica gel GOFas4 plates. Dime-
thyl sulfoxide was dried over calcium hydride and distilled
under reduced pressurc. 1.2-Dimcthoxyethane (DME) was
dricd over sodium wire with benzophenone. Tolucne was
distilled and stored over molecular sicves.
N-Benzyl-6,7-dihydroindol-4(5H)-one (4)*, Dry dime-
thy 1 sulfoxide (16.6 mL) was added to sodium hydride (60%
w/v inmineral oil; 1.93 g. 40 mmol). under nitrogen. and the
mixture was heated at 70 °C lor 1 h with continous stirring.
then cooled to room temperature. 6.7-Dihvdroindol-4(53H)-
onc (3) (3.41 g. H) mmol) in dimethyvl sulfoxide (16.6 mL)
was added and stirring was continued for 2 h. Benzyl bro-
mide (6.84 g .75 mL. 0.04 mmol) was added and stirring
was continucd lor further 20 h. The reaction mixture was
diluted gradually with water (200 mL). The precipitate was
liltered. washed with water (100 mL) and dissolved in
dichloromcthane (100 mL). The resulting solution was
washed with water (100 mL). dricd (MgSO,). filtered and
the solvent was cvaporated. The residue was recrystallized
from cthyl acctate to give the title compound (4) (4.65 ¢.
52%). m.p. 80-82 °C (lit.* 80-81.5 °C). (Found: C. 79.8: H.
6.0 N. 6.05: CsHsNO requires C. 80.0: H. 6.7: N. 6.2%):
Vinax (Nujol/em 1) 1632 (C=0). 1606 (aromatic) and 1503:
H NMR (CDCl5) §: 2.08-2.14 (2H. quin. J = 6.4. 6-H) 246
CH. t.J=064.7-H). 263 QH.t../=064.5-H). 504 (2H. s.
PhCH-). 6.39 (IH. d. J=3.1. 2-H or 3-H). 6.62 (lH. d.

J=3.1.2-H or 3-H). 706 @H. d. J = 7.8. 2-H. 6-H). 7.26-

737 (3H. m. 3“-H, 4-H, 5'-H). C NMR (CDCly) &; 21.72
(CH-). 23.63 (CH-). 37.63 (CH-). 50.55 (CH:). 105.65 (CH).
121.23 (quat). 12291 (CH). 126.5 (2CH). 12791 (CH).
128.95 (2CH). 136.52 (quat). 143.54 (quat). 194.16 (quat.
C=0). m z (El) 226 (M*+1. 14%). 225 (M~. 53). 197 (537).
169 (22). 168 (27). 106 (30). 91 (100). 78 (20). 65 (65) and
52 (20).
6-Amino-3-henzyl-4,5-dihvdropyrrolo[2,3-clacridine

(7). A mixture of N-benzy1-6.7-dihy droindol-4(3H)-on¢ (4)
(1.125 g. 3 mmol). anthranilonitrile (0.59 g. 5 mmol) and p-
toluencsulfonic acid (96 mg. 0.5 mmol) in toluene (60 mL)
was refluxed for 100 h with azcotropic removal of waler,
The solvent was cvaporated and the residuc was suspended
in dry DME (60 mL). Sodium amide (0.49 g. 12.5 mmol)
and |3-crown-3 (20 drops) were added and the reaction mix-
turc was refluxed under nitrogen for 24 h. The solvent was
cvaporated under vaccum and (he residuc was (reated with
saturatcd ammonium chloride solution (30 mL). The precip-
itate was filtered. washed with water (50 mL) and recrystal-
lized from cthanol to give the title compound (7) (0.8 ¢.
49%). m.p. 265-268 °C (decomp.). (Found: M*. 325 1579;
C--HoN; requires M, 325.1579): vaux (Nujoliem 'y 3320
(NH). 3170 (NH). 1655 (C=N). 1627 and 1582 (aromatic):
TH-NMR (DMSO-ds) &: 2.92-2.98 (4H. m. 4-H and 3-H).
5.23 (2H.s. PhCH-). 7.05 (IH. d..7=2.9. |-H). 7.13 (I1H. d.

J=292-H). 719 CH.m..f=71.2-Hand 6'-H). 7.28 (IH.

t.J=71. 4-H). 735 CQH. t. J=7.1. 3-H and 3-H). 752
(IH. .. 7=76.8-H). 778 (IH. ..7=7.6. 9-H). 811 (IH. br
s. exchangeable with D-O. NA). 82 (IH. d../=84. 7-H or
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10-H). 8.4 (IH. d. J=84. 7-H or 10-H).1335 (1H. br s.
exchangeable with D:O. NH). *C NMR (DMSO-d;) &:
19.23 (CH2). 21.41 (CHs). 50.04 (CHa). 103.32 (quat).
106,08 (CH). 112.18 (quat). 116.14 (quat). 119.5 (CH).
123.57 (CH). 124.46 (CH). 125.46 (CH). 127.56 (2xCH).
128.06 (CH). 129.21 (2xCH). 132.47 (CH). 137.47 (quat).
137.8 (quat). 138.67 (quat). 146.21 (quat). 153.23 (quat): m
2 (E1) 326 (M*+1. 28%). 325 (M*. 93). 324 (35). 248 (12.5).
234 (29). 232 (12.5). 205 (7). 117 (10). 91 (100). and 65
(25).

6-Amino-3-benzyl-4,5-dihydro-8,9-dimethoxypyrrolo-
|2,3-c]acridine (8), The title compound (8) (0.843 g. 44%)
was preparcd [rom N-benzyl-6.7-dihyvdroindol-4(3/H)-onc
(4 (1.123 g. 3 mmol). and 4.3-dimcthoxyanthranilonitrile
(0.89 g. 3 mmol) using the above procedure. and recrystal-
lizcd from methanol. m.p. 230-232 °C. (Found: 385.179.
C:qHz3N:O: requires: 383.179). vy (Nujollem 1) 3327
(NH). 3184 (NH). 1639 (C=N). 1580 and 1509 (aromatic):
'"H NMR (DMSO-dg) &: 2.87-2.92 (4H. m. +-H and 3-H).
3.87 (6H. s. 2xOCHx). 5.19 (2H. s. PhCH-). 6.99 (1H. d.
J=26.1-H). 707 (JH. d. J=2.6. 2-H). 7.17 (2H. d.
J=75.2-Hand 6-H). 7.26 (1H. ../ = 7.5. 4-H). 7.33 (2H.
{.J=735.3-Hand 5-H). 7.67 (\H. s. 7-H or 10-H). 7.73
(1H. s. 7-H or 10-H). 7.87 (1H. br s. exchangcable with
D:0. NAH). 13.14 (1H. br s. cxchangeable with D-O. NH):
13C NMR (DMSO-dg) 8; 19.26 (CH-). 21.6 (CH»). 49.97
(CH-). 56.24 (CH;). 56.79 (CHs). 100.13 (CH). 102.18
(quat). 103,51 (CH). 105.67 (CH). 110.02 (quat). 112.27
(quat). 123.95 (CH). 127.52 (2xCH). 127.99 (CH). 129.15
(2xCH). 133.72 (quat). 137.1 (quat). 137.95 (quat). 143.89
(quat). 148.18 (quat). 132.31 (quat). 133.4 (quat): m z (EI)
385 (M*. 0.3%). 294 (1). 163 (1). 135 (1). 91 (100). 77 (5).
65 (15),

6-Amino-3-benzylpyrrolo]2,3-cJacridine (9). A mixture
of 6-amino-3-bensy1-4.3-dihydropyrrolo|2.3-clacndine (7)
(0.3 2. 1.34 mmol) and activatcd MnO- (3.0 g) m DMF (150
mL) was hcaled at reflux. under nitrogen. for 24 h, The rcac-
tion mixturc was [(iltered through Celite® and the solvent
was cvaporated. The residuc was recryvstallized from cthyl
acclatic o give the utle compound (9) (0.24 g. 47%).
m.p.163-163 °C (Found: M~ 323.1430. Ca-H,7N3 requirces.
M. 323 1423); Vinax (Nujoliom ) 3334 and 3203 (NH-). 1652
(NH: bending). 1633 and 1397 (aromatic): 'H NMR
(DMSO-dg) 8: 5.5 (2H. s. PhCH»). 7.16 (1H. d. J=2.7. 1-
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H). 721-733 (6H. m. 2-H, 6'-H. and 8-H). 7.45 (1H. d.
J=2.72-H).751 (1H. d./=9.4-H or 5-H). 7.55 (2H. br s.
exchangeable with D:O. NA>). 7.61 (1H. m. 9-H). 7.85 (1H.
d.J=84 7-Hor 10-H). 80 (1H. d./=9. 4-H or 3-H). 8.37
(IH. d. ./ =8.4. 7-H or 10-H): m z (El) 323 (M*. 3%). 232
(7). 91 (100). 65 (31). and 51 (8).

+4.7.46-Amino-3-benzyl-8,9-dimethoxypyrrolo[2,3¢]-
acridine (10), The title compound (10) (0.203 g. 34%) was
preparcd from  6-amino-3-benzy1-8.9-dimethoxy -4, 3-dihy -
dropyrrolo|2.3-c]acriding (8) (0.6 g. 1.36 mmol) by using
the above procedure and reoryvstallized [rom methanol. m.p.
263-265 °C (decomp.). (Found: M*. 383.1634. CasHaN5O:
requires A4, 383.1634). Ve (Nujol/iom ') 3341 and 3198
(NH3). 1650 (NH= bending). 1637. and 1606 (aromatic). 'H
NMR (DMSO-ds) & 392 (3H. s. OCHs). 394 (3H. s.
OCH>). 5.56 (2H. s. PhCH-). 7.2-7.35 (5H. m. 2'-H and 6'-
H).755(IH. d./=28. 1-H). 7.64 (1H. ../ =28. 2-H). 7.7
(IH.s. 7-H or 10-H). 7.8 (1H. d../ = 9. 4-H or 5-H). 7.9 (1H.
s. 7-Hor 10-H). 8.16 (IH. d../=9. 4-H or 3-H). 895 2H.br
s. exchanggable with DO, NH-): “C NMR (DMSQO-d;) §:
4991 (CHa). 56,40 (CH3). 56.75 (CH3). 100.1 (CH). 102.95
(CH). 10349 (CH). 105,54 (quat). 10645 (quay). 110,03
(CH). 116.70 (quat). 117.40 (CH). 127.51 (2xCH). 128.01
(CH). 128.77 (CH). 129.06 (2xCH). 135.74 (quat). 136.97
(qual). 13738 (quat). 138.2 (quat). 147.45 (quat). 154.25
(quat). 153.38 (quat): m z (E1) 384 (M*+1. 29%). 383 (M~.
100). 368 (18). 340 (6). 292 (19). 249 (8). 91 (90). and 63
20).
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