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Abstract — Synthesis of new pyrrolo[1,2-aJquinoxaline derivatives was achieved starting from various nitroanilines or orthophenyle-
nediamines. Their affinity towards glucagon receptors was evaluated. © Elsevier, Paris
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1. Introduction

Glucagon is a 29 amino acid single-chain poly-
peptide hormone, synthesized from proglucagon in the
o cells of the pancreatic islet of Langerhans [1].
Glucagon shares some sequence homology with the
truncated glucagon-like peptide-1 (7-37) (tGLP-1)
which is an other polypeptide hormone synthesized
from the same precursor mainly in the L cells of the
gastrointestinal tract [2].

The secretion of glucagon is regulated by dietary
glucose, amino acids and fatty acids. but also by the
autonomic innervation of the pancreatic cells [3, 4].
Glycemia is the primary regulator of glucagon secre-
tion. Glucose, which is the most potent inhibitor of
glucagon release by pancreatic o cells, acts both
directly and through insulin secretion. Glucose is
more effective when taken orally than when adminis-
tered intravenously. Secretion of glucagon is stimula-
ted by most amino acids and increased by stimulation
of adrenergic and cholinergic pancreatic nerves
ending. Glucagon plays a crucial role in the regulation
of glucose homeostasis by adapting the glucose
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production to the glucose requirements. Glucagon
stimulates hepatic gluconeogenesis and glycogeno-
lysis leading to a release of glucose into the blood-
stream [3, 4]. It also induces lipolysis in the liver and
the fat cells [5].

The expression, cloning and signaling properties of
the rat glucagon receptor have been published by
Jelinek [6]. This receptor belongs to the family of
G-protein coupled receptors with seven membrane
spanning domains and is positively coupled to adenyl-
cyclase via a Gs protein. Stimulation of cyclic AMP
production triggers a succession of reactions leading
to the metabolic effects of glucagon.

There are now clear evidences on the implication of
glucagon in the pathogenesis of diabetes. In some
diabetic states, insulin deficiency is exacerbated
despite hyperglycemia by an inappropriate and persis-
tent secretion of glucagon. According to the bihormo-
nal hypothesis of Unger [7-9], overproduction of
glucose and ketone bodies could be due to an excess
of circulating glucagon whilst insulin deficiency or
insensivity is responsible for the underutilisation of
glucose. Considering these biological and physiologi-
cal data, inhibition of the action of glucagon could be
one way to restore normoglycemia. There are clear
evidences that glucagon antagonists are able to lower
hyperglycemia of diabetic animals without addition of
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exogeneous insulin [10]. If numerous peptidic antago-
nists of the glucagon receptor have been synthesized,
CP-99,711 remains the sole antagonist of this receptor
which have been yet described [11]. It was postulated
that this compound, discovered by serendipity in a
screening programm, exerts its activity through the
presence of both an aminoalkyl chain and a styryl
group linked to a quinoxaline squeleton, in such a
manner they are able to mimic the amino terminal
region of glucagon.

These structural prerequisites were used by us as
the conceptual basis in designing new pyrroloqui-
noxalines in order to test and to enlarge this first struc-
ture—activity relationship.

Thus, taking into account our experience in the field
of the synthesis of these type of compounds [12-14],
we prepared substituted derivatives bearing amino-
alkyl chains and aromatic substituents in various posi-
tions (figure 1).

2. Chemistry

Most of the reported structures were obtained from
1-(2-aminophenyl)pyrroles la—c. Preparation of the
latters was performed according to the Clauson-Kaas
reaction [15, 16] runned under micro-waves irradia-
tion starting from 2-nitroanilines 2a—¢ and 2,5-dime-
thoxytetrahydrofuran in acetic acid. The resulting
1-(2-nitrophenyl)pyrroles 3a—c intermediates were
subsequently reduced using a BiCl;-NaBH, treatment
[17-19] into the attempted 1-(2-aminophenyl)pyrroles
la—c (figure 2).

The 5H-pyrrolo[1,2-a]quinoxalin-4-ones 4a—c¢ were
prepared by reaction of phosgene in toluene solution
with la—c¢ according to the previously reported
Nagarajan method [20]. Chlorodeshydroxylation of
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Figure 1. Structures of CP-99,711 and synthesized
pyrrolo[1,2-a]quinoxalines.

lactames 4a—c with phosphorus oxychloride according
to Cheeseman method [21, 22] led to 4-chloro-
pyrrolo[1,2-a]quinoxalines 5a—c. Displacement of the
chlorine atom of S5a-¢ with N,N,N'-trimethyl-1,3-
propanediamine or N-methylpiperazine was carried on
in dimethylformamide in presence of potassium
carbonate [23-26] leading to 6a—c and 7c, converted
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Figure 2. Synthesis of compounds 1a—c.



into their oxalates 8a—c and 9¢ respectively by treat-
ment with oxalic acid in refluxing isopropanol.
Treatment of 5S¢ with homopiperazine in a solid-
solid fusion yielded the pyrrolo{1,2-alquinoxaline 10¢
whose the N-methyl derivative 1l¢ was obtained
using dimethylsulfate in acetone [27] (figure 3).
Homologation of the amino side chain in C-4 posi-
tion of the pyrrolo[1,2-alquinoxaline system was
realized by formation of the chloracetamides 12a—c
[28], cyclised into 4-chloromethylpyrrolo[1,2-al-
quinoxalines 13a—c¢ by refluxing in phosphorus
oxychloride. Displacement of the chlorine atom of
13a—-c with N,N,N'-trimethyl-1,3-propanediamine took
place in dimethylformamide solution as above to give
14a—c. Conversion to the oxalates 15a-c¢ completes

the reaction (figure 4).
2
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The 4-phenylpyrrolo[1,2-a]quinoxalines 16a—c and
4-styrylpyrrolo[ 1,2-a]quinoxalines 17a,c were prepa-
red by cyclisation of the amides 18a—c and 19a,c in
refluxing phosphorus oxychloride. Under Vilsmeier—
Haack reaction conditions [29-31], formylation of
16a—c and 17a,c occurs selectively using a POCl,/DMF
complex at 1 position to give the 4-arylpyrrolo[1,2-a]-
quinoxaline-1-carbaldehydes 20a-¢ and 2la,c.
Reaction of primary amines {32, 33] with the latters
gave the imines 22a—c, 23a-¢ and 24a,¢ reduced into
the amines 25a-¢, 26a—c and 27a,c using sodium
borohydride in methanol [34]. The salts 28a—c, 29a—¢
and 30a,c were obtained as above (figure 5).

In order to obtain 4-phenylpyrrolo[1,2-a]quinoxa-
line-2-carbaldehyde 31a, we tried to displace the
formyl group of 20a according to the method we
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Figure 3. Synthesis of compounds 8a—c, 9¢ and 11c.
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14a-¢
, 2 (COOH): : 15a-¢

Figure 4. Synthesis of compounds 15a-c.

previously described in 1-phenylpyrrole series |35].
However, all attempts using trifluoromethanesulfonic
acid in various conditions of temperature failed
and only furnished the deformylated product 16a
(figure 6).

The aldehydes 31a,b were finally prepared accord-
ing to the following sequence. Reaction of com-
mercialy available phenylenediamines 32a,b with
I-phenylpropan-1.2-dione in acetic acid gave the
methylphenylquinoxalines 33a,b according to the von
Auwers method [36]. Treatment of 33a,b with ethyl
bromopyruvate in refluxing ethanol [37-39] led to
ethyl  4-phenylpyrrolo|1,2-a]quinoxaline-2-carbox y-
lates 34a.b. Reduction of the ester group of 34a,b
with lithium aluminium hydride in anhydrous THF at
0 °C gave the alcohols 35a,b [40] subsequently oxy-
dized into the attempted aldehydes 31ab using
manganese dioxide in chloroform |41, 42]. The imines
36a.b, amines 37a,b and oxalates 38a,b were then
prepared as above (figure 7).

3. In vitro pharmacology

The binding affinities of the described compounds
and reference products (tGLP-1, glucagon, CP-
99.711) have been measured at rat tGLP-1 and gluca-
gon receptors [43].

4. Results and discussion

Twenty pyrrolo[1,2-a]quinoxaline derivatives were
synthesized and evaluated for their affinity to the

CH; CH,

glucagon receptor. As glucagon share some sequence
homology with tGLP-1 (7-37), all the compounds
were also evaluated on the tGLP-1 receptor (zable I).

Surprisingly CP-99,711 showed a better affinity for
the tGLP-1 receptor than for the glucagon receptor
with IC;, of respectively 0.3 uM and 1 uM.

With the exception of 30a (ICs, =5 uM and 2.5 uM
on glucagon and tGLP-1 receptors respectively) and
to a less extend 30¢ (ICs, = 10 uM on both receptors)
8¢ and 38b (IC, = 10 uM on glucagon receptor) none
of the synthesized compounds showed any significant
affinity for the glucagon receptor.

It is undoubtedly not a hazard if 30a and 30c are the
only synthesized compounds having a styryl substi-
tuant as CP-99,711. Affinities of 30a and 30¢ remain
lower than those of CP-99,711 probably because of a
wrong relative orientation (too great angulation)
between the styryl and the aminoalkylaminomethyl
side chains. 38b which present a lower angulation
between the aromatic and amino substituents has a
significant affinity for the glucagon receptor though
been substituted by a phenyl instead of a styryl.

[t would be interesting to enlarge the biological
evaluation of these new pyrroloquinoxalines towards
other receptors of the same type such as secretine or
GRP receptors.

5. Experimental protocols
5.1. Chemistry
Melting points were determinated on a Kofler block and are

uncorrected. IR spectra were recorded on a Philips PU-9716
spectrophotometer. NMR spectra (1H, 13C, TH-COSY) were
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Figure 5. Synthesis of compounds 28a.b, 29a—c¢ and 30a,c.

recorded at 400 MHz or 100 MHz with tetramethylsilane as an
internal standard using a JEOL JNM-LA 400 spectrometer.
Splitting patterns have been designated as follows: s = singlet;
bs = broad singlet; d = doublet; t = triplet; g = quartet; qt =
quintuplet; dd = double doublet, m = multiplet. Mass spectra
were recorded on a JEOL D 300 instrument using direct inlet
system and electron impact ionisation. Analytical TLC was
carried out on 0.25 precoated silica gel plates (POLYGRAM
SIL G/UV,s,) with visualisation by irradiation with a UV lamp.
Silica gel 60 (70-230 mesh) was used for column chromato-
graphy. Analyses indicated by the symbols of the elements
were within + 0.4% of the theoretical values.

5.1.1. General procedure for the preparation of [-(2-amino-
phenyl)pyrroles la—c

To a solution of 1-(2-nitrophenyl)pyrrole 3 (0.02 mol) in
ethanol (130 mL) was added bismuth trichloride (0.03 mol).

N
/ n
CH, H —
R, N.
NaBH MeOH  ° 7
2) (COOH),, isopropanol -
Ry Ry

25a-c(R3=CgHs-;n=1)
26a-¢ (Ry=CgHs-;n=0)
27a,¢ (R3 = C¢Hy-CH=CH-:n= 1)

. 2(COOH), : 28a,b(R; = CgHs-:n = 1)
.2(COOH), : 29a-c (R; = C¢Hs-:n=10)
.3(COOH), : 30a,¢c (R; = CiHs-CH=CH- 1 n = 1)

Sodium borohydride (0.16 mol} was added portion-wise at
0 °C to the reaction mixture which was then stirred at room
temperature for 2 h. The solution was then poured into an
aqueous hydrochloric acid solution (I N, 130 mL) and stirred
for an other hour. Ethanol was evaporated under reduced pres-
sure. The residue was made alkaline with concentrated aqueous
ammonium hydroxide solution and then extracted with ethyl
acetate. The organic layer was dried over magnesium sulfate
and evaporated to dryness under reduced pressure. The residue
was then recrystallized from hexane to give 1 as yellow
crystals.

5.1.2. 1-(2-Aminophenyl)pyrrole la

Yellow crystals (70%): m.p. 96 °C (lit. [22] 98 °C); 1
(KBr) 3480, 3310 (NH,); '"H-NMR (DMSO-d,) &: 7.08 (t, 1
Ja s = Jya s = 7.32 Hz, H-4), 7.02 (dd, 1H, J,; 1y
7.32 Hz, Jy..ps = 1.46 Hz, H-3), 6.88 (dd, 2H, J,,, »s

|| 1::70
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CHO

Figure 6. Attempt to rearrange compound 20a.

1.96 Hz, 2H-0), 6.84 (dd, 1H, Jus s = 7.32 Hz, Jyg s =
1.46 Hz, H-6), 6.63 (1. 1H, Jus s = Jus s = 7.32 Hz, H-5),
6.23 (dd, 2H, J; 4 1.0, = 1.96 Hz, 2H-B); 3C-NMR (DMSO-dy)
5 4”8 (C-1), 1378 (C-2), 1262 (C-4), 126.1 (C-6), 121.2
(2C-0), 116.3 (C-5), 115.6 (C-3), 108.7 (2C-B).

5.1.3. 1-(2-Amino-4-chlorophenyl)pyrrole 1b

Yellow crystals (74%): m.p. 89 °C (lit. [44] 89 °C); IR (KBr)
3380, 3210 (NH,); | H-NMR (DMSO-4;) &: 7.01 (d, 1H,
Jis s = 8.30 Hz, H-6), 6.89 (d, 1H, J,, 5 = 2.44 Hz, H-3),
687 (dd, 2H, Jy 1 = 1.95 Hz, 2H-0), 6.61 (dd, 1H, Ty =
830 Hz, Jys5 43 = 244 Hz, H-5), 6.24 (dd, 2H, Jyg4, =

1.95 Hz, 2H- B) 5.11 (s, 2H, NH,); 13C-NMR (DMSO-d,) &:
144.5 (C-2), 1322 (C-4), 127.9 (C-1), 125.0 (C-6), 121.4
(2C-o), 115.8 (C-5), 114.8 (C-3), 109.2 (2C-B).

5.1.4. 1-(2-Amino-4,5-dichlorophenyl)pyrrole lc¢

Yellow crystals (63%): m.p. 60 °C (lit. [44] 58 °C); IR (KBr)
3410, 3320 (NH,); 'H-NMR (DMSO-d,) &: 7.23 (s, 1H, H-3),
7.07 (s 1H, H-6), 6.91 (dd, 2H, J4.4 4.5 = 1.96 Hz, 2ZH-0), 6.29
(dd, 2H, J;; g4 = 1.96 Hz, 2H-f), 5. Z(f(s, 2H, NH.,), *C-NMR
(DMSO-d,) o: 143.5 (C-2), 130.1 (C-4), 127.7 (C-1), 125.9
(C-5), 121.4 (2C-o), 116.8 (C-6), 116.2 (C-3), 109.4 (2C-B);
MS (EI) m/z: 227 (M+, 61), 226 (62), 225 (100), 224 (83), 198
(35), 156 (19), 78 (15).

5.1.5. General procedure for the preparation of I-(2-nitrophe-
nyl)pyrroles 3a—

A mixture of nitroaniline 2 (0.07 mol) and 2,5-dimethoxy-
tetrahydrofuran (0.07 mol) in acetic acid (100 mL) was
refluxed for 8 min with vigorous stirring under microwaves
(850 Watts) irradiations. After cooling, the reaction mixture
was poured into water (300 mL). The precipitate was filtered,
washed with water and dissolved in ethyl ether (150 mL). The
organic layer was washed with water (100 mL), dried over
magnesium sulfate and evaporated to dryness under reduced
pressure to give red crystals which were recrystallized from
petroleum ether.

5.1.6. 1-(2-Nitrophenyl)pyrrole 3a

Red crystals (82%): m.p. 56 °C (lit. [22] 55 °C); 'H-NMR
(DMSO-dg) &: 7.23 (dd, IH, Jy; 4e = 732 Hz, Jyi s =
1.46 Hz, H-3), 6.98 (dd, 1H, Jus 45 = 732 Hz, Jys s =
1.46 Hz, H-6), 6.82 (m, 2H, H-4 et H-5), 6.12 (dd, 2H,
Jyonp = 1.96 Hz, 2H-0), 545 (dd, 2H, Jyp 4., = 1.96 Hz,
2H-[).

5.1.7. 1-(4-Chloro-2-nitrophenyl)pyrrole 3b

Red crystals (84%): m.p. 57 °C (lit. [44] 56 °C); 'H-NMR
(DMSO-d,) &: 8.18 (d, 1H, Jy.; 4.5 = 2.44 Hz, H-3), 7.83 (dd,
1H, Jy5 46 = 8.78 Hz, Jyy5 .y = 2.44 Hz, H-5), 7.65 (d, 1H,
Jion.s = 8.78 Hz, H-6), 6.93 (dd, 2H, JHQ,.,;;- 1.96 Hz, 2H-w),
6.29 (dd, 2H, J, g1 = 1.96 Hz, 2H-B)

5.1.8. 1-(4,5-Dichloro-2-nitrophenyl)pyrrole 3¢

Red crystals (86%): m.p. 69 °C (lit. [44] 70 °C); 'H-NMR
(DMSO-d,) 8: 8.43 (s, 1H, H-3), 8.01 (s, 1H, H-6), 6.97 (dd,
2H, Jy.up = 1.95 Hz, 2H-0), 6.28 (dd, 2H, Jy. g4, = 1.95 Hz,
2H-B); BBC-NMR (DMSO-d;) & 143.0 (C-5), 1382 (C-2),
136.2 (C-1), 132.7 (C-4), 129.2 (C-3), 126.4 (C-6), 121.3 (2C-
o), 111.0 (2C-); MS (EI) m/z: 258 (M+ + 1, 23), 256 (37), 241
(67), 239 (100), 211 (59), 186 (45), 140 (35).

5.1.9. General procedure for the preparation of SH-pyrrolof1,2-a]-
quinoxalin-4-ones 4a—

A solution of phosgene in toluene (20%, 0.0375 mol) was
added to a solution of 1-(2-aminophenyl)pyrrole 1 (0.03 mol)
in toluene (80 mL.), then heated under reflux for 4 h. The solu-
tion was then allowed to come to room temperature. The crys-
talline precipitate was filtered off, washed with ethyl ether and
recrystallized from ethyl acetate to give 4 as white crystals.

5.1.10. 7-Chloro-5H-pyrrolof 1,2-a]quinoxalin-4-one 4b

White crystals (84%): m.p. > 260 °C; IR (KBr) 3200-2700
(NH), 1650 (CO); 'H-NMR (DMSO-d,) &: 11.25 (s, 1H, NH),
8.13(dd, 1H, J;y ;1o = 2.60 Hz, Jyy, .2 = 0.91 Hz, H-1), 8.03 (d,
1H, Jyo g = 8.75 Hz, H-9), 7.33 (d, 1H, Jy, s = 1.83 Hz,
H-6), 7.21 (dd, 1H, Jy., 4o = 8.75 Hz, J;.4 45 = 1.83 Hz, H-8),
7.06 (dd, 1H, Jy; po = 3.70 Hz, Jyy, 4, = 0.91 Hz, H-3), 6.69
(dd, 1H, J,y 54, = 3.70 Hz, J,; ; 4o, = 2.60 Hz, 1H, H-2); I3C-NMR
(DMSO-d,) 6: 154.8 (CO), 129.9 (C-5a), 129.3 (C-3a), 123.0
(C-7), 122.0 (C9a), 121.6 (C-1), 118.3 (C-8), 116.6 (C-3),
115.7 (C-9), 1129 (C-6), 111.7 (C-2). Anal. C H,CIN,O
(C, H, N).

5.1.11. 7,8-Dichloro-5H-pyrrolof 1,2-aJquinoxalin-4-one 4¢

White crystals (91%): m.p. > 260 °C; IR (KBr) 3200-2700
(NH), 1645 (CO); 'H-NMR (DMSO-d;) &: 11.09 (s, 1H, NH),
8.27 (s, 1H, H-9), 8.12 (dd, 1H, J,.; 4o = 270 Hz, Jy; s =
0.92 Hz, H-1), 745 (s, 1H, H-6), 7.05 (dd, 1H, J4; 4.
3.64 Hz, Jy; 4, = 092 Hz, H-3), 6.66 (dd, 1H, Jy; 4;
3.64 Hz, Jy, 4, = 2.70 Hz, H-2); 3C-NMR (DMSO-d;) &:
154.7 (CO), 128.9 (C-3a), 127.4 (C-5a), 124.4 (C-9a), 123.3
(C-7), 122.7 (C-8), 118.9 (C-1}, 117.4 (C-3), 116.8 (C-6), 113.2
(C-9), 112.3 (C-2); MS (ED) m/z: 254 M+ + 1, 67), 253 (M~+,
15), 252 (100), 223 (10), 197 (13), 189 (23). Anal.
C, H,CLL,N,O (C, H, N).

no

5.1.12. General procedure for the preparation of 4-chloropyr-
rolof 1,2-a]quinoxalines 5a—c

A solution of 5H-pyrrolo{1,2-a]quinoxalin-4-one 4 (0.03 mol)
in POCI, (60 mL.) was refluxed for 4 h. After removing excess
of reactive under vaccum, the residue was carrefully dissolved
in water at 0 °C and the resulting solution was alkalinized with
30% aqueous ammonium hydroxide solution. The precipitate
was filtered and recrystallized from ethy] acetate to give 5.
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Figure 7. Synthesis of compounds 38a,b.

5.1.13. 4,7-Dichloropyrrolof 1,2-a]quinoxaline 5b

White crystals (79%): m.p. 198 °C; lH-NMR (DMSO-d,) &:
8.52(dd, 1H, Jy; 4y, = 2.68 Hz, J4., 4.3 = 0.98 Hz, H-1), 8.28 (d,
IH, Jy e = 8.79 Hz, H-9), 7.83 (d, 1H, Jy4 45 = 2.44 Hz,

1) NaBH,, MeOH
2) (COOH),, isopropanoi

37a,b
.2 (COOH); : 38a,b

H-6), 7.62 (dd, 1H, Jy4 49 = 8.79 Hz, Jyy4 46 = 2.44 Hz, H-8),
7.06 (dd, 1H, Ju; 4., = 3.91 Hz, J,y; 4, = 0.98 Hz, H-3), 6.98
(dd, 1H, Jy; 55 = 391 Hz, J,, ., = 2.68 Hz, H-2). Anal.
CH,CLN, (C, H, N).
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Table 1. Binding of new pyrrolo[1.2-¢]quinoxalines to
tGLP-1 and glucagon receptors.

Compound tGLP-1 receptor Glucagon receptor
ICs, (UM) ICsy (UM)
tGLP-1 16 x 10-3 > 10
Glucagon > 10 S5x 10+
CP-99,711 0.3 0.1
8a > 10 > 10
8b > 10 > 10
8c > 10 10
9¢ > 10 > 10
11c > 10 > 10
15a > 10 > 10
15b > 10 > 10
15¢ > 10 > 10
22¢ > 10 > 10
23a > 10 > 10
25¢ > 10 > 10
28a > 10 > 10
28b > 10 > 10
29a > 10 > 10
29b > 10 > 10
29c¢ > 10 > 10
30a 2.5 5
30c 10 10
38a > 10 > 10

38b > 10 10

5.1.14. 4,7,8-Trichloropyrrolo[ 1,2-a Jquinoxaline 5¢

White crystals (95%): m.p. 230 °C; 'H-NMR (DMSO-d,) &:
8.57 (s, 1H, H-9), 8.54 (m, 1H, H-1), 7.95 (s, 1H, H-6), 7.06
(m, IH H-3), 6.97 (m, 1H, H-2); MS (EI) m/z: 272 (M+ + 1,
94). 271 (M+, 14), 270 (100), 235 (24), 208 (11), 200 (15), 135
(10). Anal. C, H;CIN, (C, H, N).

5.1.15. General procedure for the preparation of N-
(pvrrolo[ I.2-a]quinoxalin-4-yl)-N,N',N'-trimethyipropane- 1, 3-
diamines 6a—c, 7,8-Dichloro-4-(4-methylpiperazin-1-yl)pyr-
rolo[ 1,2-aquinoxaline 7¢ and N-(pyrrolol1.2-a]quinoxalin-4-
vimethyl)-N,N',N'"-trimethylpropane-1,3-diamines 14a—c

To a solution of 4-chloropyrrolo[1,2-a]quinoxaline 5 or 4-
chloromethylpyrrolof 1.2-a]quinoxaline 13 (0.01 mol) in dime-
thylformamide (35 mL) were added K,CO, (0.012 mol) then
N, N, N-trimethyl-13-propanediamine or N-methylpiperazine
(0.011 mol). The reaction mixture was heated at 120-130 °C
for 4 h and, after cooling, was poured into water (100 mL). The
suspension was extracted with ethyl ether (2 x 100 mL). The

organic layers were collected, washed with water (150 mL),
dried over magnesium sulfate and evaporated to dryness under
reduced pressure to give 6a-c, 7¢ or 14a—c. Oils were used
without other purification; 7¢ was recrystallized from hexane.

5.1.16.  N-(pyrrolo[1,2-a]quinoxalin-4-yl)-N,N',N'-trimethyl-
propane-1,3-diamine 6a
Yellow oil (84%): 'H-NMR (DMSO-d,) &: 8.26 (dd,

Juyu2=278Hz, Jy, 4= 1.20 Hz, H-1), 8.00 (d, 1H, JH(,,.H—
7.73 Hz, H-9), 7.45 (d, 1H, J)4 .- = 7.73 Hz, H-6), 7.26 (t, 1H,
Jnsmwo=Iysnr=T7T3Hz, H-8), 717 (t, 1H, Sy 56 = T s =
7.73 Hz, H-7), 7.01 (dd, 1H. Jy,; y, = 403 Hz, Jy; 4, =
1.20 Hz, H-3), 6.76 (dd, 1B, /4, y; = 403 Hz, Jy, 4, =
2.78 Hz, H-2), 3.74 (t. 2H, J.yn ¢4 = 7.10 Hz, CH,). 3.34 (s,
3H, CH,), 2.26 (1, 7H Jews ewe = 7.10 Hz, CH,), 2.14 (s, 6H,
2CH;), 1.81 (qt, 2H, Jeys ¢ = 7.10 Hz, CH,); 13C- NMR
(DMSO- -dg) &: 150.6 (C-4), 136.3 (C-5a), 125.7 (C 6), 125.0
(C-7), 124.5 (C-9a), 122.2 (C-8), 118.7 (C-3a), 115.6 (C-9),
113.8 (C-1), 112.3 (C-3), 108.1 (C-2), 56.4 (CH,). 49.3 (CH,),
45.2 (2CHy), 38.2 (CHy), 25.4 (CH,). Anal. C,-H,,N, (C, H, N).

5.1.17. N-(7-Chloropyrrolof 1,2-a]quinoxalin-4-yl)-N,N' N -
trimethvipropane-1,3-diamine 6b

Yellow oil (84%): 'H-NMR (DMSO-d,) &: 8.19 (m, 1H.
H-1),7.95 (d, 1H, Jy¢yx=8.79 Hz, H-9), 7.36 (d, 1H, J,,,,,,K=
247 Hz, H-6), 7.1l (dd, H, Jyy 4o = 879 Hz, Jys s =
2.47 Hz, H-8), 6.98 (m, 1H, H-3), 6.74 (m, 1H, H-2), 3.69 (t.
2H. Jeyz e = 7.0 Hz, CH,), 332 (s, 3H, CH.), 2.27 (t, 2H,
Jewr en2 = 7.0 Hz, CHy), 2.14 (s, 6H, 2CH;), 1.77 (qt, 2H,
Jenz ewp = 7.0 Hz, CH,). Anal. C,,H,,CIN, (C, H, N).

5.1.18. N-(7.8-Dichloropyrrolof 1,2-aJquinoxalin-4-yl)-N.N'\N'-
trimethyl-propane-1,3-diamine 6¢

Yellow oil (93%): 'H-NMR (DMSO-d;) &: 8.30 (dd, IH
Stz =293 Hz, Jy; 4; = 0.98 Hz, H-1), 8.28 (s, 1H, H-9).
7.42 (s. IH, H-6), 7.02 (dd, 1H, JH;H« =391 Hz, Jy:p, =
0.98 Hz, H-3). 6.76 (dd, 1H, Jy, 4; = 391 Hz, Jy, 4, =
2.93 Hz, H-2), 3.71 (1. 2H, J(,,,(“ = 7.32 Hz, CH,), 3.33 (s,
3H, CH.), 2.26 (t, 2H, Jys ¢4n = 7.32 Hz, CH.), 2.15 (s, 6H,
2CH,). 1.80 (qt. 2H. Jeys cy2 = 7.32 Hz, CH.); I3C-NMR
(DMSO-d,) 8: 150.8 (C-4), 136.5 (C-5a), 126.7 (C-9), 125.6
(C-9a), 124.0 (C-8), 122.9 (C-7). 118.0 (C-3a), 116.7 (C-1),
115.3 (C-6), 112.7 (C-2), 109.2 (C-3), 56.4 (CH,). 49.3 (CH,).
45.1 (2CH,), 38.2 (CH.), 25.3 (CH,); MS (ED) m/z: 352 (M* +
1. 17), 351 (M+, 32). 292 (36), 279 (80), 250 (73), 236 (20), 85
(63), 58 (100). Anal. C;H,CI,N, (C, H, N).

5.1.19.  7.8-Dichloro-4-(4-methylpiperazin-1-yvl)pyrrolo[ 1,2-a |-
qguinoxaline 7¢

Yellow crystals (80%): m.p. 144 °C; TH-NMR (DMSO-d,) &:
8.33 (s, IH, H-9), 8.28 (dd, |H, Ju, ;.o = 3.11 Hz, J,y, 4;
0.92 Hz, H-1), 7.59 (s, 1H, H-6), 6.96 (dd, 1H, J,. 4
4.07 Hz, Jy; 4 = 0.92 Hz, H-3), 6.79 (dd. 1H, Jy. 4,
4.07 Hz, Jyy 5, = 3.11 Hz, H-2), 3.79 (1, 4H, J 45 ¢4> = 4.76 Haz.
2CH,). 2.48 (t, 4H, Jey; ¢ = 4.76 Hz, 2CH,), 2.24 (s, 3H,
CH;); 13C-NMR (DMSO-d) &: 152.1 (C-4), 135.9 (C-5a),
126.9 (C-9a), 126.7 (C-8), 124.7 (C-7), 124.6 (C-6), 118.6
(C-9), 117.0 (C-1), 115.6 (C-3a), 113.1 (C-3), 108.6 (C-2), 54.5
(2CH,), 46.9 (2CH,), 45.4 (CH,). Anal. C,(H,,CL,N, (C, H, N).

H

HH

5.1.20. N-(Pyrrolof 1,2-uajquinoxalin-4-ylmethyl)-N,N'.N'-
trimethyilpropane-1,3-diamine 14a

Orange oil (66%): 'H-NMR (DMSO-d,) &: 8.37 (m, 1H, H-
1), 8.23 (d, 1H, Jyopys = 7.82 Hz, H-9), 7.86 (d. 1H, J;; 44, =
7.82 Hz, H-6), 7.58 (m, 1H, H-8), 7.46 (m, 1H, H-7), 7.18 (m,
tH, H-3), 6.89 (m, 1H, H-2), 3.78 (s, 2H, CH,), 2.46 (t. 2H,



Jews cue = 6.84 Hz, CHy), 2.22 (s, 3H, CH,), 2.16 (1, 2H,
Jers s = 6.84 Hz, CHy), 2.05 (s, 6H, 2CH,), 1.54 (qt, 2H,
Ter e = 6.84 Hz, CH,). Anal. C sH,N, (C, H, N).

5.1.21. N-(7-Chloropyrrolo[ 1,2-a]quinoxalin-4-yimethyl)-
N,N' N'-trimethylpropane-1,3-diamine 14b

Orange oil (78%): 'H-NMR (DMSO-d,) &: 8.39 (m, 1H, H-
1), 829 (d, 1H, Jygys = 8.79 Hz, H-9), 7.84 (d, IH, Jysns =
2.44 Hz, H-6), 7.56 (dd, 1H, Jys 4o = 879 Hz, Jy5 s =
2.44 Hz, H-8), 7.19 (m, 1H, H-3), 6.89 (m, 1H, H-2), 3.75 (s,
2H, CH.), 2.43 (t, 2H, Jeuz cnz = 6.83 Hz, CH,), 2.21 (s, 3H.
CH,), 2.16 (t, 2H, Jep, iz = 6.83 Hz, CH,), 2.05 (s, 6H, 2CH;).
1.59 (qt, 2H, Joup ez = 6.83 Hz, CHy). Anal. CgHyCIN,
(C,H,N).

5.1.22. N-(7.8-Dichloropyrrolo] 1,2-a]quinoxalin-4-ylmethyl)-
N,.N' N'-trimethylpropane-1,3-diamine 14¢

Orange oil (67%): 'H-NMR (DMSO-d;;) &: 8.55 (s, 1H. H-
9), 8.43 (dd, 1H, J,y.; 4o = 2.26 Hz, Jyy; 4.; = 0.96 Hz, H-1), 7.93
(s, 1H, H-6), 7.18 (dd, 1H, Jy; .. = 3.50 Hz, Jy ; 4, = 0.96 Hz,
H-3), 6.89 (dd, 1H, Jy »s = 3.50 Hz, Jy5 4., = 2.26 Hz, H-2),
3.72 (s. 2H, CH,), 2.47 (1, 2H, J gz o2 = 6.92 Hz, CH,), 2.25 (1,
2H, Jeys ez = 6.92 Hz, CH,), 2.21 (s, 3H, CHy), 2.12 (s, 6H,
2CH,), 1.62 (qt, 2H, Jeyp cwe = 6.92 Hz, CH,); 13C-NMR
(DMSO-d,) &: 155.8 (C-4), 134.7 (C-5a), 129.7 (C-9a), 129.4
(C-8), 126.9 (C-7), 126.6 (C-6), 124.8 (C-9), 116.7 (C-3a),
116.4 (C-1), 114.0 (C-3), 108.5 (C-2), 62.2 (CH;), 56.8 (CH),
55.4 (CH,). 44.7 (2CH,), 422 (CH,), 24.6 (CH,). Anal
CxH,CLN, (C, H, N).

5.1.23 7.8-Dichloro-4-({ 1,4 ]diazepan-1-vl)-pyrrolof 1,2-a |-
quinoxaline 10c

To a solution of homopiperazine (0.026 mol) at 40-50 °C
was added portion-wise 4,78-trichloropyrrolo[1,2-a]quinoxa-
line 5¢ (0.0037 mol). The reaction mixture was heated at
140 °C for 3 h and then, after cooling, was poured into water
(50 mL). The precipitate was collected, washed with water,
dried and recrystallized from ethanol. Yellow crystals (70%):
m.p. 110°C; IR (KBr) 3420 (NH); 'H-NMR (DMSO-d,) &:
8.25 (dd, 1H, Ju., 5o = 2.98 Hz, Jy, 4.; = 097 Hz, H-1), 8.23
(s, 1H, H-9), 7.44 (s, 1H, H-6), 6.94 (dd, 1H, J. ;4. = 4.08 Hz,
Dy s = 097 Hz, H-3), 6.74 (dd, 1H, /4y, ., = 4.08 Hz,
Juony = 2.98 Hz, H-2), 3.96 (t, 2H, Jou> > = 5.52 Hz, CH,),
3.92 (t, 2H, Jews e = 5.52 Hz, CH,), 3.00 (t, 2H. Jeps o2 =
5.52 Hz, CH,), 2.76 (m, 3H, NH and CH,). 1.87 (qt. 2H,
Jens enp = 5.52 Hz, CH,). Anal. C¢H(CI:N, (C, H, N).

5.1.24.  7.8-Dichloro-4-(4-methyl{ 1,4 ]diazepan-1-yl)-pyrrolo-
[1.2-a]quinoxaline Hc

To a solution of 7,8-dichloro-4-([].4]diazepan-1-yl)-
pyrrolo[1,2-a]quinoxaline 10¢ (0.002 mol) in acetone (35 mL)
was added aqueous sodium hydroxide solution (5%, 5 mL)
then dimethyl sulfate (0.003 mol). The mixture was refluxed
for 3 h and evaporated to dryness. The residue was triturated in
water to give 10c as white crystals which were filtered, washed
with water, dried and recrystallized from propan-2-ol. White
crystals (91%): m.p. > 260 °C; 'H-NMR (DMSO-d,) &: 8.39
(dd.. 1H, ‘I/l»l "= 2.90 Hz, JH-/ Moy = 0.80 Hl, H-1 ). 8.38 (S., 1H,
H-9), 7.54 (s, IH, H-6), 7.05 (dd, IH, J;.,, = 3.40 Hz,
Joiwy = 0.80 Hz, H-3), 6.84 (dd, 1H, Jy;4; = 3.40 Hz,
Jis s = 2.90 Hz, H-2), 4.23 (1, 2H, J¢y2 ¢z = 5.30 Hz, CH,),
4.10 (t, 2H, Jeyo ez = 5.30 Hz, CHy), 3.77 (t, 2H, Jeyo o =
5.30 Hz, CH,), 3.60 (1, 2H, J(‘ug CHp = 5.30 Hz, CH:) 3..41 (s,
3H, CH,), 2.36 (qt, 2H, Jeys ez = 5.30 Hz, CHy); 3C-NMR
(DMSO-d,) 8: 155.2 (C-4), 135.9 (C-5a), 126.9 (C-9a), 126.3
(C-7), 124.4 (C-8), 124.1 (C-6), 118.0 (C-9), 117.4 (C-1), 1157
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(C-3a), 113.2 (C-3), 109.9 (C-2), 64.9 (CH,), 64.0 (CH,), 52.7
(CH,), 52.0 (CH,), 40.8 (CH,), 22.2 (CH,). Anal. C;;HsCLN,
(C,H.N).

5.1.25. General procedure for the preparation of N-(pyr-
rolof 1,2-a]quinoxalinyl)di- or -trimethylalkyldiamine oxalates
8a—c, 9¢, 15a—c, 28a,b, 29a—¢, 30a.c and 38a,b

To a solution of N-(pyrrolo[1.2-a]quinoxalinyl)di- or -trime-
thylalkyldiamines 6, 7¢, 14, 25, 26, 27 or 37 (0.006 mol) in
isopropanol (35 mL) was added oxalic acid (0.018 mol). The
reaction mixture was heated under reflux for 30 min. The preci-
pitate was filtered, washed with ethyl ether and recrystallized
from a mixture of propan-2-ol/water (60:40).

5.1.26.  N-(pyrrolof1,2-a]quinoxalin-4-yl)-N.N',N'-trimethyl-
propane-1,3-diamine (oxalate) 8a

White crystals (76%): m.p. 198 °C; IR (KBr) 2760-2630
(NH+) 1690 (CO); 'H-NMR (DMSO-d,) &: 8.57 (bs, 4H, NH+
and OH), 8.31 (dd, 1H, J,,; 5. = 2.93 Hz, Jy, 4; = 0.97 Hz,
H-1), 8.04 (d, 1H, Jy.4 g = 7.81 Hz, H-9), 7.46 (d, 1H, Jy5,.- =
7.81 Hz, H-6), 7.28 (1, 1H, Sy 0 = Jyg r = 1.81 Hz, H-8),
719 (t. 1H, Jy7 ps = Juy e = 7.81 Hz, H-7), 7.09 (dd, 1H,
Jys e = 415 Hz, Jy; 4, = 097 Hz, H-3), 6.80 (dd, 1H,
Jyons=415Hz, Jysp, =293 Hz, H-2), 3.80 (t, 2H. Jeyz oz =
7.10 Hz, CH,), 3.40 (s, 3H, CH;), 3.13 (t. 2H, Jep cp =
7.10 Hz, CH,), 2.79 (s, 6H, 2CHj;), 2.09 (qt, ZH, Jey oo
7.10 Hz, CH,). Anal. C; HaN,O (C, H, N).

5.1.27. N-(7-Chloropyrrolof 1,2-aJquinoxalin-4-y)-N.N',N"-
trimethylpropane-1,3-diamine (oxalate) 8b

Yellow crystals (82%): m.p. 200 °C; IR (KBr) 3100-2400
(NH*) 1710 (CO); 'H-NMR (DMSO-d;) 8: 9.94 (bs, 4H, NH+
and OH), 8.22 (m, 1H. H-1), 7.99 (d. 1H, J, 44, = 878 Hz,
H-9, 7.42 (d, 1H, Jy4 56 = 1.50 Hz, H-6), 7.15 (dd, IH,
Jysno= 8T8 Hz, Jyyue = 1.50 Hz, H-8), 7.07 (m. IH, H-3),
6.78 (m, 1H, H-2), 3.81 (t, 2H, Jeyp cz = 7.16 Hz, CH,), 3.43
(s, 3H, CH,), 3.14 <t, 2H, Jpy0 o = 7.16 Hz, CH,). 2.79 (s, 6H,
2CH.), 2.09 (qt, 2H, Jeyz ¢z = 7.16 Hz, CH,). Anal.
C, H,sCINLOg (C. H, N).

5.1.28. N-(7,8-Dichloropyrrolof 1,2-alquinoxalin-4-y{)-N.N' N -
trimethyipropane-1,3-diamine {oxalate) 8c

White crystals (84%): m.p. 198 °C; IR (KBr) 3200-2300
(NH+) 1710 (CO); '"H-NMR (DMSO-d,) &: 9.83 (bs. 4H, NH*
and OH), 8.27 (dd, 1H, J;; ., = 2.91 Hz, Jy; .. = 1.03 Hz,
H-1). 825 (s, 1H, H-9), 7.54 (s, 1H, H-6), 7.08 (dd, 1H,
Jisno = 405 Hz, Jy3 4, = 1.03 Hz, H-3), 678 (dd, 1H,
Jrans =405 Hz, Jyop, =291 Hz, H-2), 3.82 (L. 2H, Jeyz o2 =
7.40 Hz, CH.). 3.42 (s, 3H, CH;), 3.15 (t, 2H, Jeyz o =
7.40 Hz, CH,), 2.79 (s, 6H, 2CH.), 2.10 (qt, Jepyz e = 7.40 Hz,
2H, CH.). Anal. Cy,H.,CLN,O, (C, H. N).

5.1.29. 7,.8-Dichloro-4-(4-methylpiperazin-1-yl)pyrrolof 1,2-

.dJquinoxaline (oxalate) 9c

White crystals (82%): m.p. > 260 °C; IR (KBr) 3100-2400
(NH+) 1710 (CO); 'H-NMR (DMSO-d,) d: 9.05 (bs, 4H, NH+
and OH), 8.35 (s, |H, H-9), 8.30 (dd, 1H, J,, . = 3.28 Hz,
Sy ws = 092 Hz, H-1), 7.64 (s, 1H, H-6), 7.02 (dd, IH,
Jyswo = 398 Hz, Jy; 4, = 092 Hz, H-3), 6.82 (dd, 1H,
.I,/__w 3= 3.98 HZ, j//_2 Mool = 3.28 HZ. H“2). 3.96 (t, 4H, .](7{_;(“.3 =
4.83 Hz, 2CH,), 3.06 (t, 4H, Jeyp cn = 4.83 Hz, 2CH,), 2.64 (s,
3H, CH,). Anal. C30H,,CLNO, (C, H. N).

5.1.30. N-(Pyrrolof 1,2-alquinoxalin-4-vimethyl)-N.N'.N'-
trimethylpropane-1,3-diamine (oxalate) 15a

Yellow crystals (66%): m.p. 228 °C; IR (KBr) 2850-2350
(NH+) 1705 (CO); 'H-NMR (DMSO-d,) & 8.39 (dd. 1H,
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Jypa =244 Hz, Jy, 5= 1.46 Hz, H-1), 8.23 (d, 1H, J,1 41 =
7.81 Hz, H-9), 7.88 (d, 1H, J,,; ., = 7.81 Hz, H-6), 7.55 (1, 1H,
Jusno=Jusnr =781 Hz, H-8), 7.48 (t, 1H, Jyr s = Jupr s =
7.81 Hz, H-7), 7.15 (dd, 1H, J,; 4, = 3.90 Hz, Jy, 4; =
1.46 Hz, H-3), 7.03 (bs, 4H, NH* and OH), 6.92 (dd, 1H,
Jiz2 s = 3.90 Hz, Jyy, 5, = 2.44 Hz, H-2), 4.07 (s, 2H, CH,),
3.09 (t, 2H, Jey ez = 7.33 Hz, CHy), 2.80 (t, 2H, Jop cor =
7.33 Hz, CH,), 2.75 (s, 6H, 2CH,), 2.46 (s, 3H, CH,), 1.95 (qt,
2H, Jews ez = 7.33 Hz, CH,). Anal. C,,H,4N,O5 (C, H, N).

S5.1.31. N-(7-Chloropyrrolof 1,2-ajquinoxalin-4-ylmethyl)-
N, N',N'-trimethylpropane-1,3-diamine (oxalate) 15b

Yellow crystals (72%): m.p. 254 °C; IR (KBr) 3150-2500
(NH+) 1700 (CO); 'H-NMR (DMSO-d,) 6: 8.41 (m, 1H, H-1),
8.27 (d, 1H, Jyg s = 8.79 Hz, H-9), 7.87 (d, 1H, Jy4ps =
1.95 Hz, H-6), 7.60 (dd, 1H, Jyg yo = 8.79 Hz, Jys ye =
1.95 Hz, H-8), 7.19 (bs, 5H, H-3, NH* and OH), 6.54 (m, 1H,
H-2), 4.06 (s, 2H, CH,), 3.08 (t, 2H, Jey; cw2 = 7.33 Hz, CH,),
2.78 (t, 2H, Jeys e = 1.33 Hz, CH,), 2.75 (s, 6H, 2CH,), 2.44
(s, 3H, CHy), 1.94 (qt, 2H, Joy, o2 = 7.33 Hz, CH,). Anal.
C.,H,CIN,O; (C, H, N).

5.1.32.  N-(7,8-Dichloropyrrolof 1,2-a]quinoxalin-4-ylmethyl)-
N.N'N'-trimethylpropane- 1,3-diamine (oxalate) 15¢

Beige crystals (51%): m.p. 261 °C; IR (KBr) 2850-2300
(NH+) 1710 (CO); 'H-NMR (DMSO-d;) &: 8.61 (s, 1H, H-9),
8.49 (m, 1H, H-1), 8.03 (s, 1H, H-6), 7.21 (bs, SH, H-3, NH+
and OH), 6.95 (m, 1H, H-2), 4.04 (s, 2H, CH,), 3.08 (t, 2H,
Jewz e = 1.33 Hz, CH,), 2.77 (t, 2H, Jey e1p = 7.33 Hz, CH,),
2.75 (s, 6H, 2CH5), 2.43 (s, 3H, CH,), 1.94 (qt, 2H, Joyo co2 =
7.33 Hz, CH,). Anal. C,,H,CI,N, G, (C, H, N).

5.1.33. N'-(4-Phenylpyrrolo[ 1,2-a]quinoxalin- I -ylmethyl)-N,N-
dimethylpropane-1,3-diamine (oxalate) 28a

Orange crystals (68%): m.p. 218 °C; IR (KBr) 2900-2300
(NH," and NH") 1700 (CO); H-NMR (DMSO-d,) & 8.37 (d.
IH, Jyy 4y = 7.81 Hz, H-9), 7.93 (m, 3H, H-2', H-6' and H-6),
7.54 {m, 5H, H-3', H-4', H-5', H-7 and H-8), 7.01 (d, 1H,
Sz s = 3.91 Hz, H-2), 695 (d, 1H, J,,; ;. = 3.91 Hz, H-3),
6.89 (bs, SH, NH,*, NH" and OH), 4.64 (s, 2H, CH,), 3.10 (t,
2H, Jog cnp = 6.84 Hz, CH,), 3.00 (t, 2H, Joyp cy> = 6.84 Hz,
CH,), 2.71 (s, 6H, 2CH,), 2.00 (qt, 2H, Jeoy: ¢4 = 6.84 Hz,
CH,). Anal. C;;H3)N,O; (C, H, N).

5.1.34. N'-(7-Chloro-4-phenylpyrrolof 1,2-a jquinoxalin-1-
vimethyl)-N,N-dimethylpropane- 1, 3-diamine (oxalate) 28b

Yellow crystals (67%): m.p. 239 °C; IR (KBr) 2900-2500
(NH," and NH") 1715 (CO); 'H-NMR (DMSO-d,) &: 8.57 (bs,
5H, NH,*, NH" and OH), 8.44 (d, 1H, J,,¢ ;5 = 8.80 Hz, H-9),
7.92 (m, 3H, H-2', H-6" and H-6), 7.55 (m, 4H, H-3', H-4', H-5'
and H-8), 7.00 (2d, 2H, Jy, 43 = Ju3 o = 4.39 Hz, H-2 and
H-3), 4.50 (s, 2H, CH,), 3.08 (t, 2H. Joy; ez = 6.84 Hz, CH,),
2.92 (4, 2H, Jeys cn2 = 6.84 Hz, CHy), 2.71 (s, 6H, 2CH,), 1.94
(qt, 2H, Jewr ez = 6.84 Hz, CH,). Anal. Cy,H,CIN,Oq
(C,H, N).

5.1.35. N'-(4-Phenylpyrrolof 1,2-a]quinoxalin- I-ylmethyl)-N.N-
dimethylethane-1,2-diamine (oxalate) 29a

Yellow crystals (72%): m.p. 236 °C; IR (KBr) 2900-2550
(NH," and NH") 1715 (CO); TH-NMR (DMSO-d,) d: 8.88 (bs,
5H, NH,*, NH* and OH), 8.39 (d, 1H, J,., s = 7.82 Hz, H-9),
7.91 (m, 3H, H-2', H-6' and H-6), 7.54 (m, 5H, H-3', H-4',
H-5'. H-7 and H-8), 6.95 (d, 1H, J,,.,; = 4.14 Hz, H-2), 6.91
(d. IH, Jy;y.3 4, = 4.14 Hz, H-3), 4.46 (s, 2H, CH,). 3.17 (t, 2H,
Jowz enz = 6.84 Hz, CH,), 3.13 (t, 2H, Jp; ¢z = 6.84 Hz, CH,),
2.73 (s, 6H. 2CHj;). Anal. C,sH,sN,O, (C, H, N).

5.1.36. N'-(7-Chloro-4-phenylpyrrolof 1,2-a]quinoxalin-1 -
ylmethyl)-N,N-dimethylethane- 1,2-diamine (oxalate) 29b

Yellow crystals (66%): m.p. 232 °C; IR (KBr) 2880-2400
(NH," and NH*) 1710 (CO); 'H-NMR (DMSO-d) 8: 8.46 (d,
1H, Jy 045 = 8.80 Hz, H-9), 7.93 (m, 3H, H-2', H-6' and H-6),
7.69 (bs, 5H, NH,*, NH* and OH), 7.57 (m, 4H, H-3', H-4',
H-5' and H-8), 6.98 (2d, 2H, Jy, ns = Jy; 2 = 440 Hz, H-2
and H-3), 4.42 (s, 2H, CH,), 3.20 (t, 2H, Jcy; ¢z = 6.84 Hz,
CH,), 3.12 (t, 2H, Jcy; oz = 6.84 Hz, CH,), 2.76 (s, 6H, 2CH,).
Anal. C,;H,,CIN,O; (C, H, N).

5.1.37. N'-(7,8-Dichloro-4-phenylpyrrolof 1,2-a]quinoxalin-1-
ylmethyl)-N,N-dimethylethane- 1,2-diamine (oxalate) 29c¢
Yellow crystals (71%): m.p. 236 °C; IR (KBr) 2930-2400
(NH," and NH*) 1710 (CO); 'H-NMR (DMSO-d) 5: 8.68 (s,
1H, H-9), 8.04 (s, 1H, H-6), 7.92 (m, 2H, H-2' and H-6'), 7.80
(bs, SH, NH,", NH" and OH), 7.60 (m, 3H, H-3', H-4' and
H-5"), 6.99 (m, 2H, H-2 and H-3), 4.36 (s, 2H, CH,), 3.22 (t,
2H, Jeys e = 5.70 Hz, CH,), 3.09 (t, 2H, Jouy cur = 5.70 Hz,
CH,), 2.79 (s, 6H, 2CH,). Anal. C,sH,4C1,N,O4 (C, H, N).

5.1.38. N'-(4-Styrylpyrrolo[ 1,2-a]quinoxalin-1-ylmethyl)-N, N-
dimethylpropane-1,3-diamine (oxalate) 30a

Brown crystals (52%): m.p. 167 °C; IR (KBr) 2900-2600
(NH," and NH*) 1710 (CO); 'H-NMR (DMSO-d,) 8: 8.28 (m,
1H, H-9), 8.02 (d, 1H, J4.yans #rans = 15.70 Hz, CH=), 7.95 (m,
1H, H-6), 7.89 (d, 1H, 4 105 srans = 15.70 Hz, CH=), 7.69 (m,
11H, H-7, H-8, H-2', H-6', NH", NH," and OH), 7.55 (m, 3H,
H-3', H-4' and H-5%, 7.08 (d, 1H, J,;, 4; = 4.10 Hz, H-2), 7.05
(d, 1H, Jp 5 4., = 4.10 Hz, H-3), 4.28 (s, 2H, CH,), 3.06 (m, 4H,
2CH,), 2.71 (s, 6H, 2CHy), 198 (m, 2H, CH,). Anal.
C3HyN,Oy; (C, H, N).

5.1.39.  N'-(7,8-Dichloro-4-styrylpyrrolof 1,2-aJquinoxalin- 1 -
yimethyl)-N,N-dimethylpropane- I, 3-diamine (oxalate) 30c¢

Orange crystals (57%): m.p. 203 °C; IR (KBr) 3100-2300
(NH," and NH") 1700 (CO); H-NMR (DMSO-d,) : 8.73 (s,
IH, H-9), 7.99 (s, 1H, H-6), 798 (d, H, Jyiums taan =
15.75 Hz, CH=), 7.77 (m, 2H, H-2' and H-6"), 7.63 (d, 1H,
st tvans Hoarans = 15.75 Hz, CH=), 7.42 (m, 4H, H-2, H-3', H-4' and
H-5), 6.98 (d, 1H, J,;.; ., = 3.60 Hz, H-3), 6.56 (bs, 7H, NH,",
NH* and OH), 4.34 (s, 2H, CH,), 3.08 (t, 2H, J oy, co = 7.0 Hz,
CH,), 2.84 (t, 2H, Jeup ¢ = 7.0 He, CHy), 2.71 (s, 6H, 2CH.,),
1.93 (qt, 2H, Jcyz o = 7.0 Hz, 2H, CH,). Anal. C5,H,,N,CLO,,
(C,H, N).

5.4.40. N'-(4-Phenylpyrrolo[ 1, 2-a]quinoxalin-2-ylmethyl)-N,N-
dimethylpropane- 1,3-diamine (oxalate) 38a

Yellow crystals (76%): m.p. 234 °C; IR (KBr) 3100-2400
(NH," and NH*) 1710 (CO); IH-NMR (DMSO-d,) &: 8.59 (d,
1H, Jy.; s = 0.90 Hz, H-1), 8.19 (dd, 1H, J,, 45 = 8.20 Hz,
Jy.9n., = 1.20 Hz, H-9), 8.01 (m, 2H, H-2' and H-6'), 7.95 (dd,
IH, Jys 47 = 8.20 Hz, Jy4 4s = 1.20 Hz, H-6), 7.63 (t, 1H,
Juspr = Juguy = 8.20 Hz, H-8), 7.59 (m, 3H, H-3', H-4' and
H-5%, 7.53 (t, 1H, Ju; ys = Jyr ps = 8.20 Hz, H-7), 7.45 (bs,
5H, NH,", NH* and OH), 7.20 (d, 1H, J,.; 4., = 0.90 Hz, H-3),
4.29 (s, 2H, CHy), 3.01 (t, 2H, J y; ¢z = 7.30 Hz, CH,), 3.01 (t,
2H, Jeuz ez = 7.30 Hz, CH,), 2.64 (s, 6H, 2CH,), 2.04 (qt, 2H,
Jenz ez = 7.30 Hz, CH,). Anal. C,;H,(N,O; (C, H, N).

5.1.41.  N'-(7,8-Dichloro-4-phenylpyrrolof 1,2-a]quinoxalin-2-
ylmethyl)-N,N-dimethylpropane-1,3-diamine (oxalate) 38b
Yellow crystals (64%): m.p. 245 °C; IR (KBr) 3070-2740
(NH," and NH") 1720 (CO); 'H-NMR (DMSO-d;) &: 8.64 (s,
1H, H-1), 8.44 (s, 1H, H-9), 8.26 (bs, 5H, NH,*, NH*and OH),
8.04 (s, 1H, H-6), 7.98 (m, 2H, H-2' and H-6"), 7.57 (m, 3H,
H-3', H-4' and H-5), 7.26 (s, 1H, H-3), 4.26 (s, 2H, CH,), 3.04



(t, 2H, Jeyr cnp = 6.93 Hz, CH,), 3.01 (t, 2H, Jopps oz = 6.93 Hz,
CH,), 2.64 (s, 6H, 2CH;), 2.06 (qt, 2H, Jews s = 6.93 Hz,
CH,). Anal. C»,H,,CLN,O (C, H, N).

5.1.42. General procedure for the preparation of 2-chloro-N-
(2-pyrrol-1-yl-phenyl)acetamides 12a—c

To a solution of 1-(2-aminophenyl)pyrrole 1 (0.02 mol) in
dioxane (80 mL) was added pyridine (0.022 mol) then chloro-
acetyl chloride (0.02 mol). The reaction mixture was refluxed
for 4 h and the solvent then removed under reduced pressure.
The residue was triturated with water and extracted with ethyl
ether (2 x 80 mL). The organic layers were collected, washed
with an aqueous sodium hydrogen carbonate solution (100 mL)
then with water (100 mL), dried over magnesium sulfate and
evaporated to dryness. The precipitate was recrystallized from
ethanol.

5.1.43.  2-Chloro-N-(4-chloro-2-pyrrol- 1 -yl-phenyl)acetamide
12b

Beige crystals (84%): m.p. 103 °C; IR (KBr) 3340 (NH),
1700 (CO); 'H-NMR (DMSO-d,) 8: 9.75 (s, 1H, NH), 7.80 (s,
1H, H-3), 7.38 (m, 2H, H-5 and H-6), 6.98 (dd, 2H, J;; , s =
1.95 Hz, 2H-w), 6.27 (dd, 2H, J;, 341, = 1.95 Hz, 2H-B), 4.24 (s,
2H, CH,). Anal. C,,H,\N,Cl, (C, H, N).

5.1.44.  2-Chloro-N-(4,5-dichloro-2-pyrrol-1-yl-phenyl)aceta-
mide 12¢

Yellow crystals (71%): m.p. 149 °C; IR (KBr) 3290 (NH),
1665 (CO); 'H-NMR (DMSO-d,) 8: 9.87 (s, 1H, NH), 7.96 (s,
IH, H-3), 7.68 (s, 1H, H-6), 7.04 (dd, 2H, J, , ,,; = 1.95 Hz,
2H-o), 6.28 (dd, 2H, Jy 5 4., = 1.95 Hz, 2H-B), 4.24 (s, 2H,
CH.). Anal. C,,H,N,Cl, (é, H, N).

5.1.45. General procedure for the preparation of 4-chlorome-
thylpyrrolof 1,2-a]quinoxalines 13a—¢

A solution of chloroacetyl derivative 12 (0.02 mol) and
POC]; (0.1 mol) in toluene (100 mL) was heated under reflux
for 4 h. After cooling, the precipitate was filtered and dissolved
in water (100 mL). The solution was then made alkaline with
sodium hydrogen carbonate and extracted with ethyl acetate
(150 mL). The organic layer was washed with water (120 mL),
dried over magnesium sulfate and evaporated to dryness
under reduced pressure. The precipitate was collected and
recrystallized from hexane.

5.1.46. 7-Chloro-4-chloromethylpyrrolof 1,2-ajquinoxaline 13b

Yellow crystals (52%): m.p. 152 °C; IH-NMR (DMSO-d,) &:
8.55(dd, |H, Sy, 4, =293Hz, J,, , ., = 1.46 Hz, H-1), 8.35 (d,
IH, Jyops = 8.79 Hz, H-9), 792 (d, 1H, J,,4 s = 2.44 Hz,
H-6), 7.68 (dd, 1H., Jy 446 = 8.79 Hz, Jyy s = 2.44 Hz, H-8),
7.24 (dd. 1H, Jy; 4, = 3.91 Hz, J4; 4., = 1.46 Hz, H-3), 7.01
(dd, 1H, Jy 5 45 =3.91 Hz, Jy5 4., = 2.93 Hz, H-2), 5.02 (s, 2H,
CH,). Anal. C,HiN,Cl, (C, H, N).

5.1.47. 7.8-Dichloro-4-chloromethylpyrrolof 1,2-a Jquinoxaline
13C

Yellow crystals (67%): m.p. 180 °C; 'H-NMR (DMSO-d,) &:
8.56 (s, 1H, H-9), 8.48 (dd, I1H, J;., o = 3.10 Hz, J.; 13
1.20 Hz, H-1), 7.99 (s, 1H, H-6), 7.19 (dd, 1H, J,, 4. =
4.30 Hz, JH-J H1 = 1.20 Hz, H“3), 6.96 (dd, 1H, JH»Z H-3 =
4.30 Hz, Jy; 4, = 3.10 Hz, H-2), 4.94 (s, 2H, CH,). Anal.
C,H;N,Cl; (C, H, N).

5.1.48. General procedure for the preparation of 4-phenylpyr-
rolo[ 1,2-a]quinoxalines 16a-c and 4-styrvipyrrolof1,2-aj-
quinoxalines 17a,c

A solution of derivative 18 or 19 (0.03 mol) and pyridine
(0.03 mol) in phosphorus oxychloride (70 mL) was heated

il
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under reflux for 4 h then evaporated to dryness. After cooling,
the precipitate was filtered and slowly dissolved in water
(100 mL). The solution was then made alkaline with sodium
carbonate and extracted with methylene chloride (150 mL).
The organic layer was washed with water (120 mL), dried over
calcium chloride and evaporated to dryness under reduced
pressure. The precipitate was collected, washed with hexane
and recrystallized from toluene.

5.1.49. 4,5-Dichloro-4-phenylpyrrolof 1,2-aJquinoxaline 16¢

White crystals (93%): m.p. 180 °C; IH-NMR (DMSO-d,) §:
8.55 (s, 1H, H-9), 8.49 (dd, 1H, J, 4o = 2.48 Hz, Jy, ..
1.28 Hz, H-1), 8.02 (s, 1H, H-6), 7.96 (m, 2H, H-2' and H-6",
7.56 (m, 3H, H-3', H-4' and H-5), 7.02 (dd, 1H, Jy; s,
3.84 Hz, Jy; 4, = 1.28 Hz, H-3), 695 (dd, 1H, J,, 4,
3.84 Hz, Jy, y., = 2.48 Hz, H-2); 3C-NMR (DMSO-d,) &:
154.0 (C-4), 136.9 (C-5a), 134.9 (C-1"), 129.6 (C-9a), 129.5
(C-8), 129.2 (C-7), 128.0 (C-4"), 127.6 (C-2' and C-6"), 126.9
(C-3" and C-5", 125.8 (C-6), 123.7 (C-9), 117.0 (C-1), 116.0
(C-3a), 114.1 (C-3), 108.9 (C-2); MS (EI) m/z: 314 (M* + 1,
19); 313 (M™, 64); 311 (100); 285 (21); 250 (6); 156 (14); 105
(21); 80 (22). Anal. C;H(N,Cl, (C, H, N).

5.1.50. 4-Styrylpyrrolof 1,2-a]quinoxaline 17a

Yellow crystals (74%): m.p. 118 °C; TH-NMR (DMSO-d;) 6:
8.40 (m, 1H, H-1), 8.20 (d, 1H, J;.4 .5 = 7.83 Hz, H-9), 8.05 (d,
TH, Sy ans trarans = 15.80 Hz, CH=), 7.93 (d, 1H, Jyy 4> =
7.83 Hz, H-6), 7.84 (m, 2H, H-2' and H-6"), 7.73 (d, 1H,
S ttsrans oans = 15.80 Hz, CH=), 7.49 (m, 6H, H-3', H-4', H-5',
H-7, H-8 and H-3), 6.97 (dd, 1H, Jy, 4; = 3.65 Hz, Jy. 4, =
2.80 Hz, H-2); 13C-NMR (DMSO-d,) 6: 149.0 (C-4), 136.0
(CH=), 135.7 (C-9a), 135.6 (CH=), 129.1 (C-5a), 129.0 (C-4",
128.7 (C-3" and C-5'), 127.7 (C-2" and C-6"), 127.1 (C-6), 126.9
(C-8), 125.5 (C-3a), 125.3 (C-7), 123.3 (C-1"), 116.0 (C-1),
1145 (C-9), 1138 (C-3), 106.5 (C-2). Anal. C,,H,N,
(C, H, N).

5.1.51. 7,8-Dichloro-4-styrylpyrrolof 1,2-alquinoxaline 17¢

Yellow crystals (84%): m.p. 182 °C; 'H-NMR (DMSO-d,,) o:
8.51 (s, 1H, H-9), 845 (dd, 1H, Jy, 4y, = 2.74 Hz, J,0, e =
0.91 Hz, H-1), 8.00 (d, 1H, Jy 11y 1.0rame = 15.83 Hz, CH=), 7.99
(s, IH, H-6), 7.79 (m, 2H, H-2' and H-6"), 7.63 (d, 1H,
S ttesrans Harans = 15.83 Hz, CH=), 7.42 (m, 4H, H-3', H-4', H-5'
and H-3), 6.97 (dd, 1H, Jy, 45 = 3.70 Hz, J,,. ,,, = 2.74 Hz,
H-2); BC-NMR (DMSO-dy) & 150.3 (C-4), 136.7 (CH=),
135.7 (C-5a), 1354 (C-17), 129.5 (C-9a), 129.3 (C-8), 128.8
(C-3" and C-5'), 1284 (C-7), 127.9 (C-2’ and C-6"), 127.2
(CH=), 1264 (C-4"), 125.3 (C-6), 122.4 (C-9), 117.5 (C-1),
116.5 (C-3a). 114.5 (C-3), 107.8 (C-2). Anal. C,H, ,N.Cl,
(C. H, N).

5.1.52. General procedure for the preparation of N-(2-pyrrol-
I-vl-phenyl)benzamides 18a—c and N-(2-pyrrol-1-yl-phenyl)-3-
phenylacrylamides 19a,¢

To a solution of 1-(2-aminophenyl)pyrrole 1 (0.02 mol) in
dioxane (80 mL) was added pyridine (0.022 mol) then benzoy!
chloride or cinnamoyl chloride (0.022 mol). The reaction
mixture was refluxed for 4 h and the solvent then removed
under reduced pressure. The residue was triturated with water
and extracted with ethyl ether (2 x 80 mL}). The organic layers
were collected, washed with an aqueous sodium hydrogen
carbonate solution (100 mL) then with water (100 mL), dried
over magnesium sulfate and evaporated to dryness. The preci-
pitate was recrystallized from ethanol.

5.1.53. N-{(4,5-Dichloro-2-pyrrol-1-vl-phenyl)benzamide 18¢

White crystals (89%): m.p. 135 °C; IR (KBr) 3390 (NH),
1670 (CO); TH-NMR (DMSO-d,) 8: 9.97 (s, IH, NH), 7.95 (s,
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IH, H-3), 7.84 (d, 2H, Jyps s = Jus ns = 7.51 Hz, H-2" and
H-6", 7.73 (s, 1H, H-6), 7.58 (t, 1H, Jyy s = Iy sns =
7.51 Hz, H-4"), 749 (t, 2H, Jy s s = Tz = Jise = sy =

7.51 Hz, H-3' and H-5), 7.08 (dd, 2H, J,,, 5 = 1.95 Hz, 2H-
o), 6.22 (dd, 2H, Jyp 1., = 1.95 Hz, 2H-B); e NMR (DMSO-
dy) & 165.7 (CO), 135.9 (C-1', 133.5 (C-2), 131.7 (C-4",
131.4 (C-1), 129.5 (C-4), 128.8 (C-5), 128.6 (C-3), 128.3 (C-3'
and C-5'), 127.5 (C-2' and C-6'), 127.0 (C-6), 121.3 (2C-00),
109.8 (2C-B); MS (EI) m/z: 332 (M™ + 1, 13), 330 (20), 315
(9), 123 (42), 122 (100), 106 (64). Anal. C,;H;2N,CL,O (C, H, N).

5.1.54. N-(2-pyrrol-1-yl-phenyl)-3-phenylacrylamide 19a

White crystals (30%): m. p. 128°C; IR {KBr) 3200 (NH),
1650 (CO); 'TH-NMR (DMSO-d;) &: 9. 58 (s, 1H, NH), 7.71 (d.
UH, Jit.trans Horans = 15.60 Hz, CH=), 7.61 (m, 3H, H-arom), 7.40
(m, 6H, H-arom), 6,99 (dd, 2H, J;, , .5 = 1.96 Hz 2H-a), 6.83
(d IH JH trang H-trans = 15.60 HZ: CH= )’ 6.25 (dd 2H JH[JH o=
1.96 Hz, 2H-B). Anal. C,sH,(N,O (C. H, N).

5.1.55.  N-(4,5-Dichloro-2-pyrrol-1-yl-phenyi)-3-phenylacryl-
amide 19¢

White crystals (41%): m.p. 158 °C; IR (KBr) 3240 (NH).
1650 (CO); TH-NMR (DMSO-d;) 8: 9.65 (s, 1H, NH), 8.10 (s,
IH, H-3), 7.62 (s, 1H, H-6), 7.59 (m, 2H, H-2' and H-6"), 7.58
(ds VH, Jryran tvans = 15.60 Hz, CH=), 7.42 (m, 3H, H-3', H-4'
and H-5"), 7.04 (dd, 2H, J;;. .5 = 1.85 Hz, 2H-), 6.85 (d, 1H,
It seans tarans = 15.60 Hz, CH=), 6.27 (dd, 2H, J;; 54, = 1.85 Hz,
2H-B); BC-NMR (DMSO-d,) & 164.4 (CO), 141.0 (CH=),
134.5 (C-1'), 134.0 (C-2), 131.5 (C-1), 129.9 (C-4), 1289
(C-5), 127.8 (C-3" and C-5"), 127.7 (C-4"), 127.5 (C-2" and C-
6, 127.4 (C-3), 121.6 (C-6), 121.5 (CH=), 121.2 (2C-w), 110.2
(2C-B). Anal. C,oH ,N,OCl, (C, H, N).

5.1.56. General procedure for the preparation of 4-arylpyr-
rolof 1,2-alquinoxaline- 1-carbaldehydes 20a—c and 21a,c

To cold (0°C) N N-dimethylformamide (0.09 mol) was
added dropwise phosphorus oxychloride (0.09 mol). The
mixture was allowed to stir at 05 °C for 10 min, then a solu-
tion of 4-arylpyrrolo[1,2-a]quinoxaline 16 or 17 in N,N-dime-
thylformamide (70 ml) was slowly added. The reaction
mixture was then stirred at 130 °C for 3 h, colded, poured into
ice water (100 mL) and treated with an aqueous sodium
hydroxide solution (6 N) until pH = 8-9. The solid product
was isolated by filtration and dissolved in methylene chloride
(100 mL). The organic layer was washed with water (80 mL),
dried over calcium chloride and evaporated to dryness. The
precipitate was collected, washed with hexane, dried and
recrystallized from ethanol (A silica-gel column was used to
purify the product 21c with methylene chloride. The desired
fractions were combined and evaporated to dryness).

5.1.57. 4-Phenylpyrrolof 1,2-a]quinoxaline- f-carbaldehyde 20a

Beige crystals (71%): m.p. 153 °C; IR (KBr} 1665 (CO);
IH-NMR (DMSO-dy) &: 10.03 (s, 1H, CHO), 9.16 (dd, 1H,
Joo iy = 180 Hz, Jyonr = 1.28 Hz, H-9). 8.03 (dd. IH,
Fue s =180 Hz, Jys4us = 1.28 Hz, H-6), 7.92 (m, 2H, H-2'
and H-6"), 7.80 (d. 1H, Jy.; 4; = 4.44 Hz, H-2), 7.62 (m, 5H,
H-3', H-4', H-5', H-7 and H-8), 7.07 (d, 1H, J,.; 4., = 4.44 Hz,
H-3); 13C-NMR (DMSO-d,) &: 179.0 (CO), 153.6 (C-4), 137.2
(C-5a), 131.8 (C-1"), 131.1 (C-9a), 130.0 (C-1), 129.8 (C-4),
129.7 (C-3a), 128.6 (C-2' and C-6'), 128.5 (C-3' and C-5').
128.0 (C-8), 127.4 (C-7), 126.7 (C-2), 119.3 (C-6), 119.2
(C-9), 109.2 (C-3). Anal. C 3H,,N,O (C, H, N).

5.1.58. 7-Chloro-4-phenylpyrrolof 1,2-a]quinoxaline-1-carbal-
dehyvde 20b

Beige crystals (54%): m.p. 197 °C; IR (KBr) 1675 (CO);
'TH-NMR (DMSO-ds} &: 10.02 (s, 1H, CHO), 9.20 (d, IH,

7.92 (m. 2H, H-2' and H-6", 7.84 (d, 1H, J,,. ., = 4.40 Hz,
H-2), 7.61 (m, 4H, H-3', H-4', H-5' and H-8), 7.11 (d, Jyy1 2 =
4.40 Hz, H-3). Anal. C,3H,,N,CIO (C. H, N).

Jio s = 8.80 Hz, H-9), 7.98 (d, 1H, J, 4 ys = 2.20 Hz, H-6),
2 M-
7.11

5.1.59. 7.8-Dichloro-4-phenylpyrrolof 1,2-a jquinoxaline- ! -
carbaldehyde 20c

Orange crystals (41%): m.p. 229 °C; IR (KBr) 1660 (COy;
'H-NMR (DMSO-d;) 8: 9.93 (s, 1H, CHO), 9.60 (s, 1H, H-9),
8.10 (s, 1H, H-6), 7.90 (m, 2H. H-2" and H-6"), 7.86 (d, 1H,
Iy s = 4.35 Hz, H-2), 7.57 (m, 3H, H-3', H-4' and H-5"), 7.12
(d, 1H, Jy. 3 4., = 435 Hz, H-3); 13C-NMR’ (DMSO-d,) 8: 179.3
(COy, 155.2 (C-4), 136.9 (C-5a), 136.6 (C-1", 132.0 (C-9a),
1364 (C-1), 131.1 (C-8), 130.4 (C-7), 129.8 (C-4"). 129.1
(C-3a), 128.6 (C-2' and C-6"), 128.5 (C-3' and C-5", 126.8
(C-6), 121.2 (C-2), 120.9 (C-9), 110.3 (C-3); MS (EI} m/z: 342
(M* + 1, 70}, 340 (100), 316 (52), 286 (77), 276 (26), 241 (30),
152 (43). Anal. C 3 H (N,CLO (C, H, N).

5.1.60. 4-Styrylpyrrolof 1,2-a]quinoxaline- 1-carbaldehyde 21a

Brown crystals (35%). m.p. 80 °C; IR (KBr} 1675 (CO);
IH-NMR (DMSO-d,) 6: 9.96 (s, 1H, CHO), 9.21 (m, 1H, H-9).
8.04 (d, 1H. Jppus 1o = 16.60 Hz, CH=), 7.96 (m, 1H. H-6).
7.88 (m, 2H, CH= and H-2), 7.69 (d, 1H, Jy; ;. = 4.20 Hz,
H-3), 7.58 (m, 2H, H-2' and H-6", 7.46 (m, 5H, H-7. H-8,
H-3', H-4" and H-5"). Anal. C;0H ,N,O (C, H, N).

5.1.61. 7.8-Dichloro-4-styrylpyrrolof 1, 2-a Jquinoxaline- 1-carbal-
dehyde 21c

Yellow crystals (9%): m.p. 228 °C; IR (KBr) 1660 (CO);
TH-NMR (DMSO-d;) &: 9.88 (s, 1H, CHO), 9.55 (s, 1H, H-9),
7.99 (s, 1H, H-6), 7.96 (d, 1H, Sy uns tr.arans = 16.0 Hz, CH=),
7.85 (d, IH, Jy; 4 = 4.30 Hz, H-2), 7.75 (d, 2H. Jy5 . =
‘,H~6' Hs = 7.40 HZ. H-2" and H'6'), 7.63 (d, ]H. J”,m,,,_\ H-trans —
16.0 Hz, CH=), 7.55 {d, 1H, Jy, ; 4» = 4.30 Hz, H-2), 7.41 (m,
3H, H-3'. H-4' and H-5'}; 3C-NMR (DMSO-d,) &: 179.1 (CO),
151.0 (C-4), 138.1 (CH=), 137.1 (C-5a), 135.7 (C-1Y, 132.0
(C-9a), 131.9 (C-1), 131.4 (C-8), 129.7 (C-7), 129.4 (CH=),
129.1 (C-3a), 129.0 ((.‘.“4‘), 128.7 (C-3' and C-5), 128.0 (C-2
and C-6'), 126.9 (C-6), 121.9 (C-2), 121.1 (C-9). 108.5 (C-3).
Anal. (’z(,H,zN_Cl'O (C, H, N).

5.1.62. General procedure for the preparation of N'-(4-aryl-
pyrrolof I,.2-aJquinoxalin-1- or -2-vimethylene)-N,N-dimethy-
lalkyldiamines 22a—c, 23a—¢, 24a,c and 36a.b

A solution of 4-arylpyrrolo[l,2-a]Jquinoxaline-1- or -2-
carbaldehyde 20, 21 or 31 (0.008 mol) in 3-dimethylaminopro-
pylamine or 2-dimethylaminoethylamine (20 mL) was refluxed
for 4 h. The excess of diamine was evaporated to dryness under
reduced pressure. After cooling, the residue was extracted with
methylene chloride (100 ml.). The organic layer was washed
with water (90 mL), dried over calcium chloride and eva-
porated to dryness. Solids were recrystallized from methanol;
oils were used without further purification.

5.1.63. N'-(4-Phenyipyrrolof 1,2-alquinoxalin- 1 -vimethylene )-
N, N-dimethylpropane-1,3-diamine 22a

Orange oil (96%): IR (KBr) 1620 (C=N); 1H-NMR (DMSO-
d,) & 8.92 (s, 1H, CH=N), 8.57 (dd, 1H, J,., ,s = 7.81 Hz,
Jiour= 195 Hz, H-9), 7.95 (m, 3H, H-2', H-6' and H-6), 7.57
(m. 5H. H-3', H-4', H-5'. H-7 and H-8), 7.31 (d, 1H, Jyrms =
4.40 Hz, H-2), 7.00 (d, 1H, J,,; ., = 4.40 Hz, H-3), 3.72 (t, 2H,
Jess e = 6.84 Hz, CHa), 2.33 (1, 2H, ey o2 = 6.84 Hz, CH,),
2.16 (s, 6H, 2CH,), 1.83 (qt. 2H, Joyo oo = 6.84 Hz, CH,).
Anal. Cs;HyN, (C, H, N}



5.1.64. N'~(7-Chloro-4-phenylpyrrolof I,2-a Jquinoxalin- 1 -
ylmethylene )-N,N-dimethylpropane-1,3-diamine 22b

Orange crystals (98%): m.p. 90 °C; IR (KBr) 1620 (C=N);
IH-NMR (DMSO-d;) &: 8.80 (d, 1H, J,.4 55 = 8.80 Hz, H-9),
8.78 (s, 1H, CH=N), 7.89 (m, 3H, H-2', H-6' and H-6), 7.56 (m,
3H, H-3', H-4' and H-5"), 747 (dd, 1H, J,4 4o = 8.80 Hz,
Jisne = 2.44 Hz, H-8), 7.28 (d, 1H, Jy; 4; = 4.30 Hz, H-2),
6.98 (d, 1H, Jy4; 4., = 4.30 Hz, H-3), 3.70 (t, 2H, Jeps ez =
6.84 Hz, CH,), 2.36 (t, 2H, Joyo o2 = 6.84 Hz, CH,), 2.17 (s,
6H, 2CH,), 1.83 (qt, 2H, J.y2 > = 6.84 Hz, CH,). Anal.
C23H23N4C] (C, H, N)

5.1.65. N'-(7,8-Dichloro-4-phenylpyrrolo] 1,2-a]quinoxalin-1-
vimethylene)-N,N-dimethyl-propane-1,3-diamine 22¢

Beige crystals (93%): m.p. 119 °C; IR (KBr) 1615 (C=N);
TH-NMR (DMSO-d,) 8: 9.92 (s, 1H, H-9), 8.65 (s, 1H, CH=N),
8.00 (s, 1H, H-6), 7.87 (m, 2H, H-2' and H-6"), 7.56 (m, 3H.
H-3', H-4" and H-5"), 7.32 (d, 1H, J};, y.; = 4.40 Hz, H-2), 7.02
(d, TH, Jy ; 4> = 4.40 Hz, H-3), 3.71 (t, 2H, Jeyz ¢4z = 6.84 Hz,
CH,), 2.40 (t, 2H, J ¢4 ci2 = 6.84 Hz, CH,), 2.18 (s, 6H, 2CH,),
1.87 (qt, 2H, Jryy; o2 = 6.84 Hz, CH,); MS (EI) m/z: 426 (M* +
1, 20), 356 (60), 312 (100), 207 (51), 149 (65). Anal.
Cy3H,NLCLL (C, H, N).

5.1.66. N'-(4-Phenylpyrrolof 1,2-aquinoxalin-1-vimethylene )-
N,N-dimethylethane-1,2-diamine 23a

Beige crystals (88%): m.p. 74 °C; IR (KBr) 1635 (C=N);
'H-NMR (DMSO-d,) 3&: 8.88 (s, 1H, CH=N), 8.57 (dd. 1H,
Jyowe =780 Hz, J,04-= 196 Hz, H-9), 7.94 (m, 3H, H-2",
H-6' and H-6), 7.54 (m, 5H, H-3', H-4', H-5', H-7 and H-8),
7.26 (d, 1H, Jy,; 5 = 440 Hz, H-2), 6.99 (d, IH, J,; - =
4.40 Hz, H-3), 3.78 (t, 2H, Joy: ¢z = 6.84 Hz, CH,), 2.61 (1,
2H. Jeur ¢z = 6.84 Hz, CH,), 2.28 (s. 6H, 2CH,). Anal.
C5,HaN, (C.H, N).

5.1.67.  N'A(7-Chloro-4-phenylpyrrolof 1,2-ajquinoxalin-1-yI-
methylene )-N,N-dimethylethane-1,2-diamine 23b

Orange crystals (98%): m.p. 93 °C; IR (KBr) 1615 (C=N);
'H-NMR (DMSO-d,) &: 8.79 (s, 1H, CH=N), 8.77 (d, IH,
Jugus = 8.80 Hz, H-9), 7.89 (m, 3H, H-2', H-6' and H-6), 7.57
(m, 3H, H-3', H-4' and H-5", 7.50 (dd, 1H, J,;4 4., = 8.80 Hz,
Jusue = 2.44 Hz, H-8), 7.27 (d. 1H, Jy, ., = 4.40 Hz, H-2),
7.00 (d, 1H, Jy; 4, = 440 Hz, H-3), 3.77 (1, 2H, Joyp o2 =
6.35 Hz, CH,), 2.60 (t, 2H, J4; ¢4z = 6.35 Hz, CH,), 2.26 (s,
6H. 2CH;). Anal. C,.H,,CIN, (C, H, N}.

5.1.68. N'-(7.8-Dichloro-4-phenylpyrrolof 1,2-aquinoxalin- 1 -
ylmethylene }-N,N-dimethyl-ethane-1,2-dicinine 23¢

Orange crystals (94%): m.p. 95 °C; IR (KBr) 1635 (C=N);
'H-NMR (DMSO-d,) 8: 9.79 (s, 1H, CH=N). 8.73 (s, IH, H-9),
8.07 (s, 1H, H-6), 7.90 (m, 2H, H-2' and H-6"), 7.58 (m. 3H,
H-3', H-4" and H-5), 7.36 (d, 1H, /. 4; = 4.0 Hz, H-2), 7.07
(d, TH, Jy.5 4> = 4.0 Hz, H-3), 3.80 (1, 2H, Jy5 ¢4 = 6.1 Hz,
CH,). 2.68 (t, 2H, Joy: ¢n2 = 6.1 Hz, CH,), 2.27 (s, 6H, 2CH,).
Anal. C,,H,,CLN, (C, H, N).

5.1.69.  N'-(4-Styrylpyrrolof [, 2-a]quinoxalin-1-vlmethylene )-
N,N-dimethylpropane-1,3-diamine 24a

Brown oil (85%): IR (KBr) 1625 (C=N); 'H-NMR (DMSO-
dg) & 891 (s, I1H, CH=N), 8.62 (m, 1H, H-9), 8.07 (d, 1H,
tttrans sarans = 15.70 Hz, CH=), 7.91 (m, 1H, H-6), 7.84 (d, 1H,
Tittrom trans = 1570 Hz, CH=), 7.45 (m, 4H, H-7, H-8, H-2' and
H-6), 7.27 (m, 4H, H-2, H-3', H-4' and H-5", 7.11 (d, 1H,
itz = 415 Hz, H-3), 3.25 (t, 2H, J42 ¢4; = 6.85 Hz, CH,),
2.31 (t, 2H, Jeyz ¢ = 6.85 Hz, CH,), 2.15 (s, 6H, 2CH>), 1.81
(qt, 2H, Je2 ¢42 = 6.85 Hz, CH,). Anal. C:sHy (N, (C, H, N).
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5.1.70.  N'-(7,8-Dichloro-4-styryipyrrolof 1,2-ajquinoxalin-1-
vimethylene )-N,N-dimethyl-propane-1,3-diamine 24c

Orange oil (85%): IR (KBr) 1630 (C=N); |H-NMR (DMSO-
dg) 8: 9.05 (s, 1H, CH=N), 8.52 (s, 1H, H-9), 7.90 (d, 1H,
St rans t-vens = 15.65 Hz, CH=), 7.86 (s, 1H, H-6), 7.78 (m, 2H,
H-2"and H-6"), 7.61 (d, 1H, J 4. uns tr.trams = 15.65 Hz, CH=), 7.43
(m, 3H, H-3', H-4' and H-5, 7.17 (d, 1H, J,., ,; = 4.0 Hz,
H-2), 7.06 (d, 1H, Jy; 4, = 4.0 Hz, H-3), 3.66 (t, 2H,
Jerz cuz = 6.90 Hz, CHa), 2.43 (t, 2H, Jen; o = 6.90 Hz, CH,),
2.20 (s, 6H, 2CH.), 1.86 (qt, 2H, Jeys a2 = 6.90 Hz, CH,).
Anal. C,;H,,CLN, (C, H, N).

5.1.71. N'-(4-Phenylpyrrolof 1,2-a Jquinoxalin-2-vlmethylene )-
N, N-dimethylpropane-1,3-diamine 36a

Orange oil (95%): IR (KBr) 1640 (C=N); '"H-NMR (DMSO-
de) O: 8.80 (s, 1H, H-1), 8.39 (s, 1H, CH=N), 8.30 (d, 1H.
Juo s = 1.86 Hz, H-9), 7.95 (m, 2H, H-2' and H-6"), 7.89 (d,
tH, Jy. 1.r = 7.86 Hz, H-6), 7.56 (m, 4H, H-3', H-4', H-5'
and H-8), 7.48 (m, 1H, H-7). 7.18 (s, 1H, H-3), 3.52 (t, 2H.
Jewz e = 7.03 Hz, CH,), 2.20 (t, 2H, Jeys ¢4> = 7.03 Hz, CH,),
2.08 (s, 6H, 3CH,), 1.69 (qt, 2H, J¢p ¢y = 7.03 Hz, CH,);
I3C-NMR (DMSO-d¢) &: 154.7 (C-4), 153.3 (CH=N), 137.4
(C-5a), 1355 (C-1"), 130.0 (C-9a), 129.5 (C-4"), 1284 (C-2'
and C-6), 128.2 (C-3' and C-5", 128.1 (C-8), 127.0 (C-7),
1263 (C-6), 1259 (C-9), 124.7 (C-1), 117.0 (C-3a), 114.8
(C-2), 106.5 (C-3), 58.8 (CH,), 56.8 (CH.,), 45.1 (2CH,), 28.5
(CH.). Anal. C,;H, N, (C, H, N).

5.1.72. N'-(7.8-Dichioro-4-phenvlpyrrolof 1,2-alquinoxalin-2-
vimethylene)-N,N-dimethyl-propane-1,3-diamine 36b

Orange oil (96%): IR (KBr) 1630 (C=N); 'H-NMR (DMSO-
dy) & 8.77 (d. 1H, Jyyy 45 = 1.0 Hz. H-1), 8.59 (s, 1H. H-9).
8.30 (s, 1H, CH=N), 7.95 (s, |H, H-6), 7.91 (dd, 2H, J, . ., =
Jrions=TT0Hz, Loy = Jys ne = 1.40 Hz, H-2' and H-6",
7.58 (m, 3H, H-3', H-4' and H-5"), 7.13 (d, 1H, J,, ;,;, = 1.0 Hz,
H-3), 3.53(t, 2H, Joyy; c2 = 7.0 Hz, CH,), 2.26 (1, 2H. Sy o2 =
7.0 Hz. CH,). 2.14 (s, 6H, 2CH,), 1.73 (qt, 2H, Jews o =
7.0 Hz, CH,); 13C-NMR (DMSO-d;) 8: 154.6 (C-4), 154.2
(CH=N), 136.8 (C-5a), 135.1 (C-1"), 130.3 (C-9a), 130.0 (C-8).
129.8 (C-7), 128.5 (C-2" and C-6"), 128.4 (C-3" and C-5'), 127.8
(C-4"), 127.4 (C-6). 125.8 (C-9), 124.3 (C-1), 118.1 (C-3a),
116.7 (C-2), 107.5 (C-3), 58.8 (CH,), 56.9 (CH.), 45.1 (2CH,),
28.4 (CH,). Anal. C5;H,,N,Cl, (C, H, N).

5.1.73. General procedure for the preparation of N'«(4-arvipyr-
rolof1,2-ajquinoxalin-1-  or -2-ylmethyl)-N,N-dimethylalkvi-
diamines 25a—c, 26a—¢, 27a.¢ and 37a.b

To a solution of N'-(d-arylpyrrolo{1,2-«]quinoxalin-1- or
-2-ylmethylene)-N,N-dimethylalkyldiamines 22, 23. 24 or 36
(0.008 mol) in methanol (50 mL) was added portion-wise at
0 °C sodium borohydride (0.016 mol). The reaction mixture
was then heated under reflux for 4 h and then evaporated to
dryness under reduced pressure. After cooling, the residue was
triturated in water and extracted with methylene chloride
(100 mL). The organic layer was washed with water (80 mL),
dried over calcium chloride and evaporated to dryness. Solids
were recrystallized from hexane; oils were used without further
purification.

5.1.74. N'-(4-Phenylpyrrolof 1, 2-a [quinoxalin-1-vimethvi)-N,N-
dimethylpropane-1,3-diamine 25a

Orange oil (81%): IR (KBr) 3230 (NH); 'H-NMR (DMSO-
dg) &: 8.60 (m, 1H, H-9), 7.93 (m, 3H, H-2', H-6' and H-6),
7.54 (m, 5H, H-3', H-4', H-5', H-7 and H-8), 6.89 (d. IH,
Jiz s = 4.40 Hz, H-2), 6.83 (d, 1H, Jy 4 = 4.40 Hz, H-3).
4.20 (s, 2H, CH,), 2.82 (bs, 1H, NH). 2.68 (t, 2H. Joye cso =



306

6.84 Hz, CH,), 2.25 (t, 2H, Joyp, ez = 6.84 Hz, CH,), 2.09 (s,
6H, 2CH,), 1.59 (qt. 2H, Joy o = 6.84 Hz, CH,). Anal.
C23H26N4 (Cv H: N)-

5.1.75. N'-(7-Chloro-4-phenylpyrrolo{ 1,2-a Jquinoxalin-1-
yilmethyl)-N,N-dimethylpropane-1,3-diamine 25b

Yellow oil (97%): IR (KBr) 3285 (NH); 'H-NMR (DMSO-
dg) &: 8.56 (d, 1H, Jyy0 .5 = 8.79 Hz, H-9), 7.90 (m, 2H, H-2'
and H-6"), 7.84 (d, 1H, Jy4 4.5 = 2.44 Hz, H-6), 7.56 (m, 3H,
H-3', H-4' and H-5"), 7.47 (dd, 1H, Jy5p4.9 = 8.79 Hz, Jyyps =
2.44 Hz, H-8), 6.90 (d, 1H, Jy.; 4.; = 3.91 Hz, H-2), 6.83 (d,
]H., JH-3 H2 = 3.9] HZ, H'}), 4.]2 (S, 2H, CH2), 3-06 (:S, IH.
NH), 2.64 (t, 2H, Jeys ey = 6.84 Hz, CH,), 2.23 (1, 2H, Jryo o2 =
6.84 Hz, CH,), 2.08 (s, 6H, 2CH;), 1.57 (qt, 2H. Jeps > =
6.84 Hz, CH,); 13C-NMR (DMSO-d,) &: 154.3 (C-4), 137.8
(C-5a), 137.5 (C-1"), 132.7 (C-9a), 129.9 (C-7), 128.8 (C-1),
128.4 (C-3' and C-5"), 128.0 (C-2' and C-6"), 127.1 (C-4"),
126.6 (C-8), 126.2 (C-6), 1257 (C-9), 119.7 (C-3a), 116.5
(C-2), 108.2 (C-3), 57.3 (CH,), 54.8 (CH,), 47.0 (CH,), 45.1
(2CH;), 27.2 (CH,). Anal. C,;H,sCIN, (C, H, N).

5.1.76. N'-«(7,8-Dichloro-4-phenylpyrrolof 1,2-ajquinoxalin-1-
vimethyl)-N,N-dimethylpropane-1 3-diamine 25¢

Yellow crystals (89%): m.p. 120 °C; IR (KBr) 3240 (NH);
TH-NMR (DMSO-d,) &: 8.89 (s, 1H, H-9), 7.95 (s, 1H, H-6),
7.87 (m, 2H, H-2' and H-6"), 7.54 (m, 3H, H-3', H-4' and H-5"),
691 (d, 1H, Jy, y; = 405 Hz, H-2), 6.85 (d, 1H, Jy; 4. =
4.05 Hz, H-3), 4.03 (s, 2H, CH,), 3.32 (s, 1H, NH), 2.62 (1, 2H,
Jewz cuz = 7.01 Hz, CH,), 2.32 (t, 2H, Jeys o2 = 7.01 Hz, CH.,),
2.11 (s, 6H, 2CH,), 1.59 (qt, 2H, Jcy; o> = 7.01 Hz, CH,);
BC-NMR (DMSO-d;) &: 154.5 (C-4), 137.1 (C-5a), 136.3
(C-1", 132.6 (C-9a), 129.8 (C-8), 129.1 (C-7), 128.4 (C-2' and
C-6), 128.2 (C-3' and C-5"), 1269 (C-1), 126.8 (C-4"), 125.5
(C-9), 120.1 (C-6), 119.8 (C-3a), 117.1 (C-2). 108.6 (C-3), 56.9
(CH,), 46.7 (CH?}.)’ 46.6 (CH,). 44.4 (2CH;). 26.5 (CH,); MS
(ED) m/z: 427 (M7, 12), 326 (23), 281 (15), 207 (31), 149 (16),
85 (35). 58 (100). Anal. C,;H,,CLLN, (C, H, N).

5.1.77. N'-(4-Phenylpyrrolof 1,2-a Jquinoxalin- I -vlmethyi)-N,N-
dimethylethane-1,2-diamine 26a

Orange oil (95%): IR (KBr) 3290 (NH); 'H-NMR (DMSO-
dy) &: 8.59 (d, 1H, Jy6 45 = 7.81 Hz, H-9), 7.93 (m, 3H, H-2,
H-6' and H-6), 7.51 (m, 5H, H-3', H-4', H-5', H-7 and H-8),
6.89 (d, 1H, J,; 4; = 4.20 Hz, H-2), 6.85 (d, 1H, J,,,., =
4.20 Hz, H-3), 4.26 (s, 2H, CH,), 2.88 (bs, 1H, NH), 2.75 (1,
2H, Jepo ey = 6.35 Hz, CH,), 2.39 (t, 2H, J,4; ¢4» = 6.35 Hz,
CH,), 2.16 (s, 6H. 2CH,). Anal. C,,H,,N, (C, H, N).

5.1.78. N'-(7-Chloro-4-phenylpyrrolo] 1,2-alquinoxalin- 1 -
vimethyl)-N,N-dimethylethane- 1,2-diamine 26b

Orange 0il (95%): IR (KBr) 3290 (NH); 'H-NMR (DMSO-
de) 8: 8.58 (d, IH, Jy.9,s = 8.79 Hz, H-9), 7.90 (m, 2H, H-2'
and H-6", 7.85 (d, 1H. Jy4 s = 2.44 Hz, H-6), 7.56 (m, 3H,
H-3', H-4' and H-5"), 7.47 (dd, 1H, J, 44 = 8.79 Hz, J;14 44 =
2.44 Hz, H-8), 6.90 (d, IH, Jy., ., = 4.40 Hz, H-2), 6.83 (d,
1H, Jy; 4o = 440 Hz, H-3), 4.18 (s, 2H, CH,), 2.71 (1, 2H,
ez ez = 6.34 Hz, CH,), 2.35 (t. 2H, Jeys ¢4p0 = 6.34 Hz, CH.,),
2.20 (bs, 1H, NH), 2.14 (s, 6H, 2CH;). Anal. C,,H,,CIN,
(C, H, N).

5.1.79. N'-(7,8-Dichloro-4-phenylpyrrolo[ 1,2-a Jquinoxalin- I -
vlmethyl)-N,N-dimethylethane-1,2-diamine 26¢

Yellow crystals (97%): m.p. 81 °C; IR (KBr) 3280 (NH);
'H-NMR (DMSO-d,) 3: 8.88 (s, 1H, H-9), 7.94 (s, 1H, H-6),
7.88 (m, 2H, H-2" and H-6'), 7.54 (m, 3H, H-3', H-4' and H-5",
6.90 (d. TH, Jy 4., = 3.98 Hz, H-2), 6.83 (d, 1H. J,,;,.. =

3.98 Hz, H-3), 4.13 (s, 2H, CH,), 3.15 (s, IH, NH), 2.75 (t, 2H,
Jewz ez = 6.40 Hz, CH,), 2.41 (t, 2H, J oy oo = 6.40 Hz, CH,),
2.16 (s, 6H, 2CH,); 3C-NMR (DMSO-d,) &: 154.8 (C-4).
137.4 (C-5a), 136.7 (C-17, 132.9 (C-9a), 130.0 (C-8), 129.4
(C-7), 128.7 (C-4), 128.5 (C-2' and C-6", 128.3 (C-3' and
C-5, 127.2 (C-6), 127.1 (C-9), 125.9 (C-1), 120.0 (C-3a),
117.2 (C-3), 108.8 (C-2), 58.8 (CH,), 46.9 (CH,), 46.5 (CH,).
45.2 (2CH,). Anal. C,,H,,CLN, (C, H, N).

5.1.80. N'-(4-Styrylpyrrolof 1,2-a]quinoxalin-1-ylmethyl)-N,N-
dimethylpropane-1,3-diamine 27a

Brown oil (87%): IR (KBr) 3280 (NH); TH-NMR (DMSO-
dg) 8: 8.49 (m, 1H, H-9), 7.93 (d, 1H, Sy runs #.vans = 15.75 Hz,
CH=), 7.84 (m, 1H, H-6), 7.77 (d, 1H, J4_yuns tt-0rams = 15.75 Hz,
CH=), 743 (m, 4H, H-7, H-8, H-2' and H-6"), 7.28 (m, 3H,
H-3', H-4' and H-5", 6.95 (d, 1H, J4., 4.; = 4.10 Hz, H-2), 6.77
(d, TH, Jy ;4> = 4.10 Hz, H-3), 4.23 (s, 2H, CH,), 3.16 (bs, 1H,
NH), 2.60 (t, 2H, Joy; ¢ = 6.85 Hz, CH,), 2.24 (1, 2H,
Jeuz ez = 6.85 Hz, CHy), 2.06 (s, 6H, 2CH,), 1.90 (qt, 2H,
Jerz cnz = 6.85 Hz, 2H, CH,). Anal. C,sHyxN, (C, H, N).

5.1.81.  N'-(7,8-Dichloro-4-styryipyrrolof 1,2-a]quinoxalin-1-
ylmethyl)-N,N-dimethylpropane-1,3-diamine 27¢

Orange oil (76%): IR (KBr) 3290 (NH); 'H-NMR (CDCl,)
d: 8.78 (s, 1H, H-9), 7.95 (s, 1H, H-6), 7.93 (d, 1H, 1 o0 trrams =
15.80 Hz, CH=), 7.46 (m, 2H, H-2' and H-6'), 7.40 (d, 1H,
Jittrans Harans = 15.80 Hz, CH=), 7.32 (m, 3H, H-3', H-4' and
H-5Y, 6.78 (d, 1H, J;;; 5.5 = 3.90 Hz, H-2), 6.67 (d, 1H, J,; 4, =
3.90 Hz, IH, H-3), 4.14 (s, 2ZH,CH,), 2.85 (t, 2H, Jew e =
6.60 Hz, CH,), 2.45 (t, 2H, /iy cy> = 6.60 Hz, CH,), 2.21 (s.
6H, 2CH,), 1.76 (qt, 2H, Jey2 e = 6.60 Hz, CH,). MS (ED) m/z:
454 (M* + 1, 22), 453 (M", 35), 352 (55), 265 (24), 202 (54).
140 (35), 91 (51, 85 (100), 59 (93). Anal. C,H,CLN,
(C, H, N).

5.1.82. N'-(4-Phenylpyrrolof 1,2-a]quinoxalin-2-ylmethyl)-N,N-
dimethylpropane-1,3-diamine 37a

Yellow oil (92%): IR (KBr) 3260 (NH); 'H-NMR (DMSO-
dg) 8: 8.45 (s, 1H, H-1), 8.21 (d, 1H, J,1y 45 = 7.76 Hz, H-9),
7.98 (m, 2H, H-2" and H-6", 7.91 (d. 1H, Jy4 4, = 7.76 Hz,
H-6), 7.58 (m, 4H, H-3', H-4', H-5' and H-8), 7.47 (t, 1H, J,,, 44 =
Jir.7 ne = 7.76 Hz, H-7), 7.02 (s, 1H, H-3), 3.88 (s, 2H, CH,),
3.70 (bs, 1H, NH), 2.62 (t, 2H, Jous o2 = 6.96 Hz, CH,), 2.25
(t, 2H, Jeyz ez = 6.96 Hz, CH,}, 2.09 (s, 6H, 2CH,), 1.59 (qt,
2H, Jews ez = 6.96 Hz, CH,); 13C-NMR (DMSO-d,) &: 152.7
(C-4), 137.9 (C-5a), 135.4 (C-1"), 129.9 (C-9a), 129.5 (C-4"),
128.5 (C-2" and C-6'), 128.3 (C-3" and C-5"), 128.2 (C-8), 127.8
(C-7), 126.5 (C-6), 125.2 (C-9), 124.1 (C-2), 115.0 (C-3a),
114.4 (C-1), 108.2 (C-3), 57.2 (CH,), 46.8 (CH,), 45.5 (CH.),
45.0 (2CHy), 26.7 (CH;). Anal. C,5H,N, (C, H, N).

5.1.83. N-(7.8-Dichloro-4-phenylpyrrolof 1,2-a Jquinoxalin-2-
vimethyl)-N,N-dimethyipropane-1,3-diamine 37b

Yellow crystals (81%): m.p. 56 °C; IR (KBr) 3440 (NH);
'H-NMR (DMSO-d;) 8: 8.52 (s, 1H, H-9), 8.48 (s, 1H, H-1),
8.03 (s, IH, H-6), 7.97 (m, 2H, H-2' and H-6", 7.57 (m, 3H,
H-3', H-4' and H-5"), 7.07 (s, 1H, H-3), 3.89 (s, 2H, CH,), 3.21
(s. TH, NH), 2.67 (t, 2H, Jeyz ¢ip2 = 7.10 Hz, CH,), 2.32 (t, 2H,
Jena enz = 7.10 Hz, CHy), 2.15 (s, 6H, 2CH;), 1.64 (qt, 2H,
Jewz ez = 7.10 Hz, CH,); BC-NMR (DMSO-d;) 8: 154.0 (C-4),
137.1 (C-5a), 135.0 (C-1), 130;2 (C-9a), 129.9 (C-8), 129.5
(C-7), 128.5 (C-2" and C-6'), 128.4 (C-3' and C-5), 127.1
(C-4), 126.7 (C-6), 125.8 (C-9), 123.8 (C-2), 116.7 (C-3a),
116.2 (C-1), 109.6 (C-3), 56.7 (CH,). 46.2 (CH,), 44.7 (2CH,),
44.6 (CH,), 25.5 (CH,); MS (EIy m/z: 429 (MY + 2, 16), 428
(M* + 1, 27), 427 (M*, 73), 380 (22). 354 (30), 325 (100). 285
(66), 250 (24), 101 (58). Anal. C,3H,,CI,N, (C, H, N).



5.1.84. General procedure for the preparation of 4-phenylpyr-
rolo[ 1,2-ajquinoxaline-2-carbaldehydes 31a,b

To a solution of (4-phenylpyrrolo[1,2-alquinoxalin-2-yl)-
methanol 35 (0.008 mol) in chloroform (180 mL), was added
manganese dioxide (0.08 mol). The reaction mixture was then
refluxed for 12 h. The black solid was removed and washed
with chloroform (2 x 50 mL). The filtrate and washings were
combined, dried and evaporated to dryness under reduced pres-
sure. The residue was chromatographed on a silica-gel column
eluting with ethy! acetate/petroleum ether (50:50).

5.1.85. 4-Phenylpyrrolof 1,2-a]quinoxaline-2-carbaldehyde
31a

White crystals (38%): m.p. 181 °C; IR (KBr) 1670 (CO);
IH-NMR (DMSO-d,) &: 10.08 (s, 1H, CHO), 9.16 (d, 1H,
JH,] H-3 = 1.20 HZ, H'l), 8.38 (dd, IH, ‘]H-9 HE8 = 8. 17 HZ, JH"(/”,7 =
1.37 Hz, H-9), 7.97 (m, 2H, H-2' and H-6"), 7.93 (dd, 1H, Jy 44, =
8.17 Hz, Jy 4 45 = 1.37 Hz, H-6), 7.63 (m, 1H, H-8), 7.59 (m,
3H, H-3', H-4' and H-5"), 7.56 (m, 1H, H-7), 7.33 (d, 1H, Jy, 4, =
1.20 Hz, H-3); 13C-NMR (DMSO-d;) &: 187.1 (CO), 154.2
(C-4), 137.1 (C-5a), 135.9 (C-1", 130.3 (C-9a), 129.8 (C-4"),
128.6 (C-2' and C-6", 128.5 (C-8), 128.4 (C-3' and C-5"), 128.3
(C-7), 126.9 (C-6), 126.2 (C-9), 125.3 (C-1), 120.9 (C-3a),
115.2 (C-2), 107.4 (C-3). Anal. C;3H,,N.O (C, H, N).

5.1.86. 7.8-Dichloro-4-phenylpyrrolo[ 1,2-a]quinoxaline-2-
carbaldehyde 31b

White crystals (62%): m.p. > 260 °C; IR (KBr) 1690 (COy;
'H-NMR (DMSO-d;) &: 10.10 (s, 1H, CHO), 9.09 (d, 1H,
Ju; .y = 1.40 Hz, H-1), 8.65 (s, 1H, H-9), 8.04 (s, 1H, H-6),
7.96 (m, 2H, H-2' and H-6"), 7.57 (mm, 3H, H-3', H-4' and H-5",
7.34 (d, 1H, Jy.; 4., = 1.40 Hz, H-3); MS (EI) m/z: 343 (M™ + 2,
14), 342 (M" + 1, 50), 341 (M*, 31), 340 (75), 311 (55), 213
(52), 207 (60), 133 (100), 96 (18). Anal. C,H,,CLN,O
(C, H, N).

5.1.87. General procedure for the preparation of 2-methyl-3-
phenylquinoxalines 33a,b

To a solution of 1-phenyl-1,2-propanedione (0.08 mol) in
acetic acid (80 mL) cooled at O °C, was added 1,2-phenylene-
diamine 32 (0.08 mol). The reaction mixture was then refluxed
for 1 h, then cooled and poured into water (150 mL.). The preci-
pitate was filtered, washed with water and dissolved in methy-
lene chloride (100 mL). The organic layer was washed with
water (85 mlL), dried over calcium chloride and evaporated to
dryness under reduced pressure. The precipitate was then
recrystallized from ethanol.

5.1.88. 6,7-Dichloro-2-methyl-3-phenylquinoxaline 33b

Beige crystals (75%): m.p. 161 °C; 'H-NMR (DMSO-dy) &:
8.19 (s, 1H, H-8), 8.16 (s, 1H, H-5), 7.68 (m, 2H, H-2' and
H-67), 7.52 (m, 3H, H-3', H-4" and H-5"), 2.67 (s, 3H, CH,);
I3C-NMR (DMSO-d,) &: 155.7 (C-3), 154.2 (C-2), 139.5
(C-4a), 139.3 (C-8a), 138.1 (C-1"), 132.5 (C-7), 132.1 (C-6),
129.6 (C-5), 129.5 (C-8), 129.1 (C-4"), 128.9 (C-3' and C-5"),
128.2 (C-2' and C-6), 24.0 (CH,); MS (El) m/z: 291 (M* + 2,
8), 290 (M™ + 1, 18), 289 (M", 43), 288 (75}, 286 (100), 185
(16), 144 (29), 109 (13). Anal. C;sH,(CL:N, (C, H, N).

5.1.89. General procedure for the preparation of ethvl 4-
phenylpyrrolo[1,2-a]quinoxaline-2-carboxylates 34a,b

To a solution of 2-methyl-3-phenylquinoxaline 33 (0.03 mol)
in dry ethanol (100 mL), was added ethyl bromopyruvate
(0.0405 mol). The mixture was refluxed for 20 h. After filtra-
tion the solid was suspended in water, made alkaline with
sodium hydrogen carbonate and extracted with methylene chlo-
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ride. After drying, the organic layers were evaporated to give
34a,b which were recrystallized from ethyl acetate.

5.1.90. Ethyl 4-phenylpyrrolo[ 1.2-a]quinoxaline-2-carboxylate
34a

White crystals (36%): m.p. 210 °C; IR (KBr) 1700 (CO);
IH-NMR (DMSO-d,} &: 8.91 (d, 1H, J,;; ; = 1.50 Hz, H-1),
8.38 (dd, 1H, Jyg s = 7.74 Hz, Jyy ., = 1.47 Hz, H-9), 7.96
(m, 2H, H-2"'and H-6"), 7.93 (dd, 1H, Jy 54, =T7 74 Hz, Jy,pys =
1.47 Hz, H-6), 7.57 (m, 5H, H-3', H-4', H-5', H-7 and H-8),
7.22 (d, 1H, Jy; 4, = 1.50 Hz, H-3), 4.34 (q, 2H, Jeus cns =
7.04 Hz, CH,), 1.35 (t, 3H, J ey ez = 7.04 Hz, CH,); 13C-NMR
(DMSO-dy) o: 162.8 (CQO), 153.3 (C-4), 136.9 (C-5a), 135.5
(C-1"), 129.5 (C-9a), 129.2 (C-4"), 128.0 (C-2’ and C-6"), 127.8
(C-3" and C-5", 127.7 (C-8), 126.0 (C-7), 125.7 (C-6), 124.3
(C-9), 119.7 (C-1), 118.6 (C-3a), 114.6 (C-2), 108.0 (C-3), 59.5
(CH,), 13.7 (CH,). Anal. CyH (N,O, (C, H, N).

5.1.91. Ethyl 7,8-dichloro-4-phenyipyrrolof 1,2-a]quinoxaline-
2-carboxylate 34b

White crystals (19%): m.p. 232 °C; IR (KBr) 1710 (CO);
'H-NMR (DMSO-d,) 8: 9.04 (d, 1H, J;;,; 4; = 1.30 Hz, H-1),
8.79 (s, 1H, H-9), 8.06 (s, 1H, H-6), 7.95 (m, 2H, H-2' and
H-6'), 7.58 (m, 3H, H-3', H-4' and H-5"), 7.23 (d, 1H, J,,, =
1.30 Hz, H-3), 4.33 (q, 2H, Jeyp ¢4z = 7.10 Hz, CHi)’ 1.34 (1,
3H, Jew; e = 7.10 Hz, CHy); MS (EI) m/z: 387 (M™ + 2, 13),
386 (M™ + 1, 21), 385 (M™, 71), 383 (100), 354 (34), 310 (45),
286 (31), 213 (50), 133 (71). Anal. C;oH,,CLN,O, (C, H, N).

5.1.92. General procedure for the preparation of (4-phenvipyr-
rolof 1,2-a]quinoxalin-2-yl)-methanols 35a.b

To a suspension of lithium aluminium hydride (0.018 mol) in
tetrahydrofuran (130 mL) cooled at 0 °C, was added under
nitrogen ethyl 4-phenylpyrrolo[ | 2-a]quinoxaline-2-carboxy-
late 34 (0.006 mol). The reaction mixture was then stirred at
0-5 °C during 2 h, then water was added dropwise and caus-
tiously for decomposition of excess hydride. The precipitate
was filtered and washed with tetrahydrofuran. The filtrate was
then dried over calcium chloride and evaporated to dryness.
The residue was triturated in ethyl acetate and the precipitate
was filtered and recrystallized from chloroform.

5.1.93. (4-Phenylpyrrolof1,2-a]quinoxalin-2-yl)methanol 35a

Yellow crystals (43%): m.p. 146 °C; IR (KBr) 3260 (OH);
'H-NMR (DMSO-d;) 8: 8.43 (s, 1H, H-1). 8.25 (d, 1H, J; 0,4 =
7.72 Hz, H-9), 7.97 (m, 2H, H-2" and H-6"), 7.91 (d, 1H, J,, 4., =
7.72 Hz, H-6), 7.57 (m, 4H, H-3', H-4', H-5" and H-8), 7.47 (1,
WH, Jy71.8 = Iy e = 7.72 Hz, H-7), 6,96 (s, 1H, H-3), 5.13 (1,
1H, Jou ey = 5.53 Hz, OH), 4.65 (d, 2H, Jeys oy = 5.53 Hz,
CH,); 13C-NMR (DMSO-d) &: 152.9 (C-4), 137.9 (C-5a),
135.4 (C-1", 131.3 (C-9a), 129.9 (C-49, 129.5 (C-8), 128.5
(C-2" and C-6", 128.3 (C-3' and C-5", 127.8 (C-7), 126.6
(C-6), 1252 (C-9), 124.1 (C-2), 114.5 (C-3a), 114.1 (C-1),
107.2 (C-3), 56.8 (CH,). Anal. C ;H;N,O (C, H, N).

5.1.94. (7,8-Dichloro-4-phenyipyrrolof 1,2-a]quinoxalin-2-yl)-
methanol 35b

Yellow crystals (70%): m.p. 188 °C; IR (KBr) 3390 (OH);
'H-NMR (DMSO-d,) &: 8.64 (s, IH, H-9), 8.50 (d, 1H, J,,, 1., =
1.0 Hz, H-1), 8.05 (s, 1H, H-6), 7.93 (m, 2H, H-2' and H-6'),
7.56 (m, 3H, H-3', H-4' and H-5", 6.98 (d, 1H., J,,;;,, = 1.0 Hz,
H-3), 5.19 (t, 1H, Jyy 42 = 5.50 Hz, OH), 4.61 (d, 2H, Jyp o =
5.50 Hz, CH,); '*C-NMR (DMSO-d,) 6: 154.2 (C-4). 137.2
(C-5a), 135.2 (C-1, 132.1 (C-9a), 130.3 (C-8), 130.0 (C-7),
129.6 (C-4'), 128.6 (C-2' and C-6), 128.4 (C-3' and C-5),
127.1 (C-6), 126.2 (C-9), 123.9 (C-2), 116.5 (C-3a), 115.6
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(C-1), 108.4 (C-3), 56.7 (CH,); MS (ED m/z: 345 (M* + 2, 12),
344 (M* + 1, 18), 343 (M*, 65), 341 (100), 324 (30), 310 (57),
287 (17), 144 (25). Anal. C 3H,CLLN,O (C, H, N).

5.2, In vitro pharmacology

5.2.1. Cell cultures

The rat beta cell line subcloned RIN T3 was cultured
in DMEM-glucose 1 g/l medium with 10% foetal calf serum,
100 U/mL penicillin and 100 pg/mL streptomycin [45].

5.2.2. Membrane preparations
The RIN T3 cells membranes were prepared on sucrose
gradient according to the method previously described [43].
The membranes of rat liver were prepared on sucrose
gradient according to the method of Neville Jr up to step eleven
[46].

5.2.3. Radioligand preparations

tGLP-1 (Peninsula, USA) and glucagon (Novo Nordisk,
Denmark) were labelled with 125 iodine according to the
method using the chloramine T and purified on HPLC columm
(uBondapak C 18).

5.2.4. Binding studies

Competition experiments with labelled tGLP-1 or glucagon
were performed according to the method previously described
[43].
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