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New pyrrolo[1,2-a ]quinoxaline-2- or -4-carboxylic acid
hydrazide derivatives were synthesized from nitroani-
line or 1,2-phenylenediamine, and evaluated in vitro for
their antimycobacterial activity as part of a TAACF TB
screening program. Two compounds 7c and 13 showed an
interesting activity at 6.25 png/mL against Mycobacterium
tuberculosis H;;Rv, with a 94 and 100 percentage
inhibition, respectively.
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INTRODUCTION

Tuberculosis (TB), an infection of Muycobacterium
tuberculosis, still remains the leading cause of world-
wide death among infectious diseases;'* one-third of
the population is infected with M. tuberculosis and the
World Health Organization (WHO) estimates that
within the next 20 years about 30 million people will
develope tuberculosis.’~” The poor and the wealthy
countries alike are at increased risk of infection. As of
now, in most parts of the world, we are limited to a
five drug combination to treat tuberculosis effect-
ively: rifampicin, isoniazid, ethambutol, strepto-
mycin and pyrazinamide. Problems in the
chemotherapy of tuberculosis arise when patients
develop bacterial resistance to any of these “first-line”
tuberculosis drugs and because “second-line” drugs

such as ethionamide, aminosalicylic acid, cycloserine,
amikacin, kanamycin and capreomycin are too toxic
and cannot be employed simultaneously.® The
infuriating truth is that the pharmaceutical industry
has produced nothing, in the way of new tuberculosis
drugs, since rifampicin was introduced in the 1960s,
even if rifapentine, a long-acting rifamycin drug, was
more recently investigated by Hoechst Marion
Roussel.” In the course of screening to discover new
compounds employed in the chemotherapy of
tuberculosis, we identified new pyrrolo[1,2-a Jquin-
oxaline-carboxylic acid hydrazide derivatives which
inhibited in vitro M. tuberculosis Hs7Rv. Thus, taking
into account our experience in the field of the
synthesis of new bioactive heterocyclic compounds
of the type pyrrolo[1,2-a ]quinoxaline,'®~** we have
prepared pyrrolo[1,2-a Jquinoxaline-2- or -4-carboxy-
lic acid hydrazide derivatives bearing hydrazide or
arylmethylenehydrazide groups in various positions
(Figure 1). We present preliminary results concerning
the synthesis and the initial in vitro antituberculosis
activity of the first representative compounds of this
chemical series.

MATERIALS AND METHODS

Chemistry

Melting points were determined with an SM-LUX-
POL Leitz hot-stage microscope and reported
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FIGURE 1 Structures of pyrrolo[1,2-a]quinoxaline-2- or -4-
carboxylic acid hydrazide derivatives 1, 2 and 7, 8-13.

uncorrected. Infrared (IR) spectra were determined
in KBr discs on a BRUKER IFS-25 spectrometer.
NMR spectra were recorded on a BRUKER AVANCE
300 spectrometer (300 MHz). Chemical shifts refer to
tetramethylsilane which was used as an internal
reference. Elemental analyses were conducted by
CNRS, Vernaison, France.

General Procedure for the Preparation of
Pyrrolo[1,2-alquinoxaline-4- or -2-carboxylic Acid
Hydrazides 1 and 7a—c

To a solution of ethyl pyrrolo[1,2-a Jquinoxaline-4-
carboxylate 6 or ethyl pyrrolo[1,2-a Jquinoxaline-2-
carboxylates 14a—c (0.004 mol) in 30 mL of ethanol,
was added an excess of hydrazine hydrate (98%).
The mixture was refluxed for 7h. The precipitate
formed was filtered, washed with ethanol then with
diethyl ether and dried.

PYRROLO[1,2-2 ]QUINOXALINE-4-CARBOXYLIC
ACID HYDRAZIDE (1)

As yellow crystals (71%), m.p. 205°C (ethanol). IR
(KBr), cm™':3300 and 3270 (NH and NH,), 1675
(CO); '"H NMR (dg-DMSO), 3, ppm; ], Hz:4.68 (br s,
2H, NH,), 6.99 (dd, ] = 3.70 and 2.90, 1H, H-2), 7.49
(dd, J = 3.70 and 1.30, 1H, H-3), 7.51 (t, ] = 7.60, 1H,
H-8),7.62 (t,] =7.60, 1H, H-7),7.92 (d, ] = 7.60, 1H,
H-6),8.31(d,] = 7.60,1H, H-9), 8.54 (dd, ] = 2.90 and
1.30, 1H, H-1), 9.99 (br s, 1H, NH). Anal. Calcd for
C1oH1oN4O:C, 63.71; H, 4.45; N, 24.77. Found: C,
63.85; H, 4.38; N, 24.71%.

PYRROLO[1,2-2 ]QUINOXALINE-2-CARBOXYLIC
ACID HYDRAZIDE (7a)

As beige crystals (81%), m.p. > 300°C. IR (KBr),
cm 1:3290 and 3210 (NH and NH,), 1650 (CO); 'H
NMR (d¢-DMSO), 8, ppm; J, Hz:4.49F (s, 2H, NH,),
7.37 (d,] =130, 1H, H-3), 7.55 (t, ] = 7.85, 1H, H-8),
7.59 (t,] =7.85,1H, H-7), 7.88 (d, ] = 7.85, 1H, H-6),
8.30 (d,] =7.85,1H, H-9), 8.87 (d, ] = 1.30, 1H, H-1),

8.90 (s, 1H, H-4), 9.70 (s, 1H, NH). Anal. Calcd for
C1oH1oN4O:C, 63.71; H, 4.45; N, 24.77. Found: C,
63.78; H, 4.40; N, 24.92%.

4-METHYLPYRROLO[1,2-4 ]QUINOXALINE-2-
CARBOXYLIC ACID HYDRAZIDE (7b)

As white crystals (65%), m.p. > 300°C. IR (KBr),
cm™ 1:3300 and 3280 (NH and NH,), 1620 (CO); 'H
NMR (de-DMSO), 3, ppm; J, Hz:2.63 (s, 3H, CHj),
448 (br s, 2H, NH,), 7.42 (d, ] = 1.35, 1H, H-3), 7.53
(t, J=7.90, 1H, H-8), 7.58 (t, ] = 7.90, 1H, H-7), 7.82
(d, ] =790, 1H, H-6), 8.23 (d, ] = 7.90, 1H, H-9), 8.83
(d, J=1.35, 1H, H-1), 9.63 (br s, 1H, NH). Anal.
Caled for C13H{,N4O:C, 64.98; H, 5.03; N, 23.32.
Found: C, 65.08; H, 4.93; N, 23.41%.

4-PHENYLPYRROLO[1,2-4 |QUINOXALINE-2-
CARBOXYLIC ACID HYDRAZIDE (7c¢)

As white crystals (76%), m.p. > 300°C. IR (KBr),
cm™ %3310 and 3285 (NH and NH,), 1655 (CO); 'H
NMR (dg-DMSO), 8, ppm; J, Hz:4.47 (br s, 2H, NH,),
751 (d, ] =1.40, 1H, H-3), 7.53 (m, 1H, H-8), 7.61
(m, 4H, H-7, H-3/, H-4' and H-5'), 7.93 (d, ] = 8.00,
1H, H-6), 8.00 (m, 2H, H-2" and H-6'),8.35 (d, ] = 8.00,
1H, H-9), 8.95 (d, ] = 1.40, 1H, H-1), 9.69 (br s, 1H,
NH). Anal. Calcd for C;gH14,N4O:C, 71.51; H, 4.67; N,
18.53. Found: C, 71.65; H, 4.59; N, 18.77%.

General Procedure for the Preparation of
(N'-benzylidene)pyrrolo[1,2-a]quinoxaline-4- or
-2-carboxylic Acid Hydrazides 2 and 8—12

To a suspension of pyrrolo[1,2-a ]quinoxaline-4-
carboxylic acid hydrazide 1 or pyrrolo[1,2-a Jqui-
noxaline-2-carboxylic acid hydrazide 7a (0.002 mol)
in 20mL of ethanol containing two drops of a 37%
aqueous hydrochloric acid solution, was added the
corresponding aromatic aldehyde derivative
(0.0021 mol). The mixture was refluxed for 5h. The
precipitate formed was filtered, washed with ethanol
then with diethyl ether and dried.

N’-(2-HYDROXYBENZYLIDENE)-PYRROLO[1,2-4 |-
QUINOXALINE-4-CARBOXYLIC ACID HYDRAZIDE (2)

As yellow crystals (43%), m.p. 238°C (methanol).
IR (KBr), cm™ %3210 (NH), 1665 (CO), 1625 (C=N);
'H NMR (de-DMSO), 8, ppm; J, Hz:6.95 (m, 2H,
Ar-H'), 7.07 (dd, J=3.80 and 2.80, 1H, H-2), 7.33
(m, 1H, Ar-H'), 7.59 (m, 3H, H-7, H-3 and Ar-H'), 7.74
(t, J=795, 1H, H-8), 8.07 (d, J=7.95, 1H, H-6),
8.39(d,] =7.95,1H, H-9), 8.63 (dd, ] = 2.80 and 1.35,
1H, H-1), 8.89 (s, 1H, N=CH), 11.28 (br s, 1H, OH),
12.49 (br s, 1H, NH). Anal. Calcd for C19H4N40,:C,
69.08; H, 4.27; N, 16.96. Found: C, 68.94;, H, 4.39;
N, 16.82%.

N'-BENZYLIDENE-PYRROLO[1,2-2 |QUINOXALINE-2-
CARBOXYLIC ACID HYDRAZIDE (8)

As beige crystals (74%), m.p. 269°C IR (KBr),
cm™ 13200 (NH), 1660 (CO), 1625 (C=N); 'H NMR
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(de-DMSO), 8, ppm; J, Hz:7.47 (m, 4H, H-3, H-3/, H-4'
and H-5), 7.73 (m, 4H, H-7, H-8, H-2' and H-¢'), 8.01
(d,] =7.80,1H, H-6), 8.51 (d, ] = 7.80, 1H, H-9), 8.57
(s, 1H, N=CH),9.34 (d,] = 1.35,1H, H-1),9.40 (s, 1H,
H-4), 12.18 (br s, 1H, NH). Anal. Calcd for
CioH14N,O : C, 72.59; H, 4.49; N, 17.82. Found: C,
72.72; H, 4.63; N, 17.96%.

N’-(2-HYDROXYBENZYLIDENE)-PYRROLO[1,2-4 |-
QUINOXALINE-2-CARBOXYLIC ACID HYDRAZIDE (9)

As beige crystals (90%), m.p. > 300°C. IR (KBr),
cm ™ 13210 (NH), 1655 (CO), 1625 (C=N); 'H NMR
(de-DMSO), 8, ppm; J, Hz:6.94 (m, 2H, H-3' and H-4'),
7.31(t,] = 8.60, 1H, H-5), 7.56 (d, ] = 8.60, 1H, H-¢),
7.65 (t, ] = 8.10, 1H, H-7), 7.79 (t, ] = 8.10, 1H, H-8),
794 (d,] =1.20, 1H, H-3), 8.02 (d, ] = 8.10, 1H, H-6),
8.49 (d, ] = 8.10, 1H, H-9), 8.77 (s, 1H, N=CH), 9.35
(d, J=1.20, 1H, H-1), 941 (s, 1H, H-4), 11.22 (br s,
1H, OH), 1245 (br s, 1H, NH). Anal. Calcd for
C19H14N4022C, 6908, H, 427, N, 16.96. Found: C,
69.16; H, 4.42; N, 16.90%.

N’-(4-HYDROXYBENZYLIDENE)-PYRROLO[1,2-1 |-
QUINOXALINE-2-CARBOXYLIC ACID HYDRAZIDE (10)

As white crystals (77%), m.p. > 300°C. IR (KBr),
cm™ 1:3200 (NH), 1660 (CO), 1630 (C=N); 'H NMR
(de-DMSO), 8, ppm; J, Hz:6.85 (d, ] = 8.20, 2H, H-2/
and H-6'), 7.59 (m, 3H, H-7, H-3' and H-5), 7.68
(d, ] =1.30, 1H, H-3), 7.70 (t, ] = 8.00, 1H, H-8), 7.95
(d, J=8.00, 1H, H-6), 8.39 (s, 1H, N=CH), 8.44
(d,J =8.00,1H, H-9),9.14 (d,] = 1.30, 1H, H-1), 9.17
(s, 1H, H-4),9.98 (br s, 1H, OH), 11.75 (br s, 1H, NH).
Anal. Calcd for C19H14N4OZ:C, 6908, H, 4:27, N,
16.96. Found: C, 69.02; H, 4.33; N, 17.08%.

N’-(THIEN-2-YLMETHYLIDENE)-PYRROLO[1,2-4 |-
QUINOXALINE-2-CARBOXYLIC ACID HYDRAZIDE (11)

As yellow crystals (72%), m.p. 279°C. IR (KBr),
cm™ 13210 (NH), 1660 (CO), 1630 (C=N); 'H NMR
(de-DMSO), 3, ppmy; J, Hz:7.16 (m, 1H, H-4'), 7.50
(m, 1H, H-3'), 7.65 (t, ] = 7.85, 1H, H-7), 7.70 (d, ] =
1.30, 1H, H-3), 7.79 (t,] = 7.85, 1H, H-8), 8.04 (m, 2H,
H-6 and H-5'), 8.53 (d, ] = 7.85, 1H, H-9), 8.83 (s, 1H,
N=CH), 9.43 (d, ] = 1.30, 1H, H-1), 9.50 (s, 1H, H-4),
12.29 (br s, 1H, NH). Anal. Calcd for C;;H;,N4OS:C,
63.73; H, 3.77; N, 17.49. Found: C, 63.95; H, 3.86; N,
17.54%.

N’-[1-(3,4-DICHLOROPHENYL)ETHYLIDENE]-
PYRROLO[1,2-4 |QUINOXALINE-2-CARBOXYLIC
ACID HYDRAZIDE (12)

As pale-yellow crystals (69%), m.p. > 300°C. IR
(KBr), cm™':3200 (NH), 1655 (CO), 1630 (C=N);
"H NMR (de-DMSO), 3, ppm; J, Hz:2.59 (s, 3H, CH3),
7.54 (m, 2H, H-7 and H-5'), 7.58 (t,] = 7.85, 1H, H-8),
7.71 (m, 2H, H-3 and H-6), 7.93 (d,] = 8.00, 1H, H-¢),
8.08 (s, 1H, H-2), 8.37 (m, 1H, H-9), 8.97 (d, ] = 1.30,
1H, H-1), 9.08 (s, 1H, H-4), 11.78 (br s, 1H, NH).
Anal. Calcd for C,0H14,CLN,O:C, 60.47; H, 3.55; N,
14.10. Found: C, 60.65; H, 3.68; N, 14.37%.

N'-Benzyl-pyrrolo[1,2-alquinoxaline-2-carboxylic
Acid Hydrazide (13)

To a suspension of (N'-benzylidene)pyrrolo[1,2-a |qui-
noxaline-2-carboxylic acid hydrazide 8 (0.001 mol) in
methanol (25mL) was added, portion-wise at room
temperature, sodium borohydride (0.002mol). The
reaction mixture was then heated under reflux for 3h
and then evaporated to dryness under reduced
pressure. After cooling the residue was triturated in
water, filtered, washed with ethanol and then with hot
methylene chloride to give beige crystals (56%) 13.
m.p. 295°C. IR (KBr), cm™":3330 and 3200 (NH), 1630
(CO); "H NMR (dg-DMSO), 8, ppm; J, Hz : 4.30 (s, 2H,
CH,), 6.22 (br s, 1H, NH), 6.52 (d, ] = 1.35, 1H, H-3),
6.80 (m, 2H, H-7 and H-8), 6.96 (d, ] = 7.90, 1H, H-6),
743 (m, 3H, H-3, H-3', H-4 and H-5),7.52 (d,] = 7.90,
1H, H-9), 7.71 (m, 2H, H-2' and H-6'), 8.11 (d, ] = 1.35,
1H, H-1), 8.38 (s, 1H, H-4), 11.36 (br s, 1H, NH). Anal.
Calcd for C;0H;N4O:C,72.13; H,5.10; N, 17.71. Found:
C,72.39;H,5.02; N, 17.78%.

Primary Antimycobacterial Activity

All compounds were evaluated for in vitro anti-
tuberculosis activity against M. tuberculosis as partof a
TAACEF TB screening program under the direction of
the US National Institute of Health, NTAID division.
Primary screening was conducted at a single
concentration, 6.25pg/mL against M. tuberculosis
Hj37Rv (ATCC 27294) in BACTEC 12B medium using a
broth microdilution assay, the Microplate Alamar
Blue Assay (MABA)." The reference compound used
in this primary assay was Rifampicin (MIC =
0.25 pg/mL). Compounds demonstrating at least
90% inhibition in the primary screen were retested
at lower concentrations against M. tuberculosis Hz;Rv
to determine the actual minimum inhibitory concen-
tration (MIC) in the MABA. The MIC is defined as the
lowest concentration effecting a reduction in fluo-
rescence of 90% relative to controls.

Cytotoxicity Assay

Concurrent with the determination of MICs, com-
pounds are tested for cytotoxicity (ICsp) in VERO
cells at concentrations less than or equal to
62.5 pg/mL or 10 times the MIC for M. tuberculosis
Hs7Rv. After 72h exposure, viability is assessed on
the basis of cellular conversion of MTT into a
formazan product using the Promega CellTiter 96
Non-radioactive Cell Proliferation Assay.

RESULTS AND DISCUSSION

Chemistry

The synthesis of the new pyrrolo[1,2-a [quinoxaline-
4-carboxylic acid hydrazide derivatives 1-2 has been
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SCHEME 1 Synthesis of compounds 1, 2. Reagents: (i) 2,5-
dimethoxyTHF, CH3;COOH; (ii) NaBH,—BiCl;, C,HsOH; (iii).
(COOCH,CH3)y; (iv) POCl3; (V) Ho.N—NH,, H,0O, C;Hs0H; (vi) 2-

accomplished in five or six steps starting from
2-nitro-aniline according to the sequence depicted
in Scheme 1. The Clauson-Kaas reaction!>'¢ of
2-nitroaniline with 2,5-dimethoxytetrahydrofuran
(DMTHEF) in acetic acid gave the pyrrolic derivative

N, i
L, 0K
NH, R

15a-c

3, which was reduced using BiCl;—NaBH, treatment
to provide the required 1-(2-aminophenyl)pyrrole
4.'71% The ethyl oxamidate 5 was synthesized from
compound 4 by action of diethyl oxalate. The ethyl
pyrrolo[1,2-a ]quinoxaline-4-carboxylate 6 was then
prepared by cyclization of the amide 5 in refluxing
phosphorus oxychloride.'” Treatment of the ester 6 in
refluxing ethanol with hydrazine hydrate yielded the
pyrrolo[1,2-a |quinoxaline-4-carboxylic acid hydra-
zide 1. The new carboxyhydrazone derivative 2 was
obtained by condensing compound 1 with salicyl-
aldehyde in ethanol, using hydrochloric acid as a
catalyst (Scheme 1).2*!

The hydrazide derivatives 7-13, structural ana-
logues of hydrazides 1-2 in position 2 of the
pyrrolo[1,2-a Jquinoxaline moiety, were prepared in
three to five steps from 1,2-phenylenediamine via the
ethyl pyrrolo[1,2-a Jquinoxaline-2-caboxylates 14a—c
(Scheme 2). Reaction of commercially available
phenylenediamine with 1-substituted propan-1,2-
dione in acetic acid gave the methylquinoxalines
15a—c according to the von Auwers method.'"*?
Treatment of 15 with ethyl bromopyruvate in
refluxing ethanol led to ethyl pyrrolo[1,2-a Jquinoxa-
line-2-carboxylates 14a—c. Pyrrolo[1,2-a Jquinoxa-
line-2-carboxyhydrazides 7a—c were obtained, in
65-81% yield, from esters 14a—c by applying

812 13
Compound R Ar
15,14, 7 R
e e
b CH3
< CgHs Hi
9 H
OH
10 H /©/
S
Cl
12 CHs /@
a

SCHEME 2 Synthesis of compounds 7a-c, 8-12 and 13. Reagents: (i) R—CO—CO—CHj;, CH3;COOH; (ii) Br—CH,—CO—COOC,Hs5,
C,Hs0H; (iii) H,N—NH,, H,O, C,Hs0H; (iv) ArCOR/, EtOH; (v) NaBH,, MeOH.
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FIGURE2 Aview of 2 (molecules A and B) with our numbering scheme. Displacement ellipsoids are drawn at the 30% probability level.

the same experimental procedure as described in the
synthesis of hydrazide 1. The desired benzylidene-
carboxyhydrazide compounds 8-12 were prepared
by condensation of hydrazide derivatives 7a—c with
various arylaldehydes.

The hydrazone 8 was reduced into the hydra-
zide 13 using sodium borohydride in methanol.”

The 3D spatial structure of benzylidenecarboxy-
hydrazide 2 was established by X-ray crystallo-
graphy and showed the (E)-isomerism of the imino
double bond in the solid state as anticipated on the
basis of '"H NMR data (Figure 2). The analysis of

the "H-NMR spectra of 2, 8-11, allowed us to detect
the presence of only one imino hydrogen signal,
which indicated reference to the (E)-diastereomer, on
the basis of previously described results.*** Indeed,
compounds 2 and 8-12 presented, in their "H-NMR
spectra, a singlet at 8 8.10-8.89 ppm, which indicates
reference to the (E)-diastereomer. Two independent
molecules designated as A and B were found in the
asymmetric crystallographic unit of 2." These two
conformers only differ from one another through
a rotation of the N—N bonds bearing the
N'-benzilidene moiety.

*Supplementary X-ray crystallographic data of compound 2 (CCDC-225301): Cambridge Crystallographic Data Centre, University
Chemical Lab, 12 Union Road, Cambridge, CB2 1EZ, U K.; E-mail: deposit@ccdc.cam.ac.uk
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Pharmacology

The in vitro evaluation of antituberculosis activity
was carried out at the GW Long Hansen’s Disease
Center within the Tuberculosis Antimicrobial Acqui-
sition Coordinating Facility (TAACF) screening
program for the discovery of novel drugs for
treatment of tuberculosis. Under the direction of
the US National Institute of Allergy and Infectious
Diseases (NIAID), Southern Research Institute
coordinates the overall program. The purpose of
the screening program is to provide a resource
whereby new experimental compounds can be
tested for their capacity to inhibit the growth of
virulent M. tuberculosis.

All the derivatives resulting from the described
reactional sequences were preliminary evaluated
in vitro at a single 6.25 ug/mL concentration against
M. tuberculosis Hs;Rv by the method described by
Collins and Franzblau.'* The results of the biological
evaluation, expressed as a percentage inhibition of
the growth of mycobacterium, are summarized
in Table I, and for the sake of comparison, the
% inhibition for rifampicin, used as reference, is also
included (MIC = 0.25pg/mL). All tested com-
pounds proved to be less active than rifampicin
against M. tuberculosis HzzRv. However, compounds
7c and 13 showed an appreciable activity with
inhibitions of 94 and 100%, respectively. Compounds
2, 9 and 11, showed a moderate activity, with
percentage inhibition from 52-88, whereas com-
pounds 1, 7a-b, 8, 10 and 12 were found to possess
no activity at the assayed concentration (Table I).

Compounds 7c¢ and 13, which demonstrated an
inhibition >90% in the primary screening, were
selected to further testing at a lower concentration
against M. tuberculosis H3zRv to determine the actual
MIC, with the same method used in the primary
screening (Table II). Concurrent with the deter-
mination of MICs, compound 7c¢ was tested for
cytotoxicity (ICsp) on a VERO cell line. The
cytotoxicity data indicated that 7c exhibited a small

TABLE I Antimycobacterial in vitro activity of the tested
compounds expressed as % inhibition of Mycobacterium tuberculosis
H37Rv at a concentration of 6.25 pg/mL

Compound % Inhibition
1 0
2 88
7a 0
7b 0
7c 94
8 0
9 52
10 0
11 57
12 0
13 100
rifampicin 98?

? At a concentration of 0.25 pg/mL.

TABLE II  Antimycobacterial in vitro activity and cytotoxicity of
compounds 7c¢ and 13.

Compound MIC (pg/mL) ICsp (g/mL) SI
7c 6.25 >10 >1.6
13 6.25 nd? nd?
Rifampicin 0.25 >100 >400

#nd: not determined.

degree of toxicity and consequently a low selectivity
index level (SI), defined as the ratio of the measured
1Cs5p in VERO cells to the MIC (Table II).

The preliminary biological results for this new
series of pyrrolo[1,2-a ]quinoxaline derivatives,
allowed us to clarify the influence of the substituents
in positions 2 and/or 4 of the pyrrolo[1,2-a Jquinoxa-
line nucleus. Indeed, with regard to the pyrrolo[1,2-
a Jquinoxaline-2-carboxylic acid hydrazides 7a-c
variously substituted in position 4, the 4-phenyl
derivative 7c was active at 6.25 ng/mL, whereas the
unsubstituted compound 7a and its 4-methyl
analogue 7b were inactive. However, the introduc-
tion of the carboxylic acid hydrazide function at
position 4 of the pyrrolo[1,2-2 Jquinoxaline moiety in
compound 1 was not found beneficial. Moreover,
activity was significantly affected by the introduction
of a N'-benzylidene function on the hydrazide
moiety of 7a, leading to compounds 8-12. The
2-hydroxybenzylidene and thien-2-ylmethylidene
groups in compounds 9 and 11 seem to be effective
substituents for the antimycobacterial activity (i.e., 52
and 57% inhibition, respectively). Moreover, the
same 2-hydroxybenzylidene group introduced on
the hydrazide function of 1 to give 2 is beneficial,
leading to a moderate activity; the percentage
inhibition was 88% for 2. A comparison of the
activities of compounds 8 versus 13 clearly indicated
that the reduction of the N'-benzylidene function
caused a high increase in the antimycobacterial
activity (i.e., 0% versus 100%).

In conclusion, the phenyl group in position 4 at the
pyrrolo[1,2-a Jquinoxaline-2-carboxylic acid hydra-
zide moiety, and the reduction of the N'-benzylidene
function of the hydrazone group seem important for
the antimycobacterial activity of pyrrolo[1,2,-a ]qui-
noxaline-carboxylic acid hydrazides. Based on these
preliminary structure-activity results, it could be
possible to further identify new pyrrolo[1,2-a Jqui-
noxaline-carboxylic acid hydrazide derivatives
developed as antimycobacterial agents.
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