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ABSTRACT

The reaction of 2,3-dichloromaleimides 1a-f with binucleophiles, viz, o-aminophenol (2a)
and o-phenylenediamine (2b) is described. Products isolated were dependent on both pH and
the used reaction solvents. Many of the novel, fused pyrroloquinoxalines and maleimides

showed remarkable antimicrobial activities.

INTRODUCTION

Numerous derivatives of malei-
mides have been recently developed and
tested as potential fungicidal agents,
where they showed valuable activity(1-4),
In addition, the authors started (o rein-
vestigate thoroughly the chemistry of
2.3-dichloromaleimides which may be
considered as key intermediates 1o many
interesting compounds of potential anti-
microbial value!56), This has usged the
cvnthesis of new maleimides as well as
other fused heterocyclic ring systems
through [4+2] cyclocondensation of 2,3-
dichloromaleimides with the binucleo-
shiles viz. o-aminophenol 2a and o-
phenylenediamine 2b (Figure 1).

The bactericidal and fungicidal ac-
rivities of N-substituted maleimides and
several of their derivatives are well
known(79). 1t has been reported that
come of these compounds arc useful as
industrial biocides, antifouling agents or
aricultoral fungicides(T310). Moreover,
the nuclenside antibiotic showdomycin is

4 maleimide derivative. Showdomycin
[2-(B-D- ribofuranosyl) maleimide] is
produced by Streptomyces showdoensis
and possesses moderate activity against
gram-positive and gram-negative bacte-
ria and is cytotoxic to tumour cells(11),

In this paper, we describe the syn-
thesis of some maleimide derivatives as
well as the antimicrobial activity of
twelve compounds of the newly synthe-
sized compounds.

RESULTS AND DISCUSSION
SCHEME 1:

Imidation of 2,3-dichloromaleic
anhydride with aromatic amines gives
the 2.3~(hchlum-N-arylmalcimidcs (1a-

( .
H1213), Cyclocondensation of (1f) with

(2a) was conducted in hasje solution us-

ing methylene chloride and tricthylamine
to give pyrrolo[3,2-b| Il,4]bcn:/.();:(dar?il::
(36) instead of 1he expected pyrrolo [;5 4
bl [1.4]-benzoxazine (S) (7=0). “Tiic
could be ascribed fj y Foribed

i g It 10 the favoure
nucleophilic attack at position # 2 vig tltlg
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Figure 1:
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awvanon formed in hasie solution, (ol

owed by oy ovondensaton with the
ATWHO Aroup erther at postion # | or at
paniien # 3 depending on the tvpe of the
Prnieiy obtamed. Thus, product (30 en
IOV I aromatic 1 sextet and therefore
Wl e foomed easier than the elative-
IV untable dilivdio product (8) (£0O),

On the other hand, reaction of (In-
0 with (2a) m neutral or
proceaded ditferentlv. W veacts first
thaough the amino froup Lo afford the
wrevelhized prodducts Oa-0. Farther eyeli
ration through the phenolae anion 1o
S () was now prevented due to the
duninihed clectrophilicity of position #
3 bewng conjugated with nmtrogen. So
nals W atfect evelization of compound
) Mo (5) using sodium hydroxide re-
wited m hvdrolytie cleavage at posttion
# 310 2ive products (7).

acidie soluthion

he strueture of the intermediates 6
and 7 was established based on elemen-
tal, chemical and spectral data. Thus, the
solubiluy in sodinm hvdroxide solution
reveaied the presence of a phenolic hy-
droxy I group. Compounds 6 showed two
strong absorption bands in their IR spec-
waat 1700-172071630-1670 em-! due to
the unsvmumetrical C=0 at positions # |
and # 4, respectively. The carbonyl at
position # 4 s affected by the positive el-
ectronic effects of the amino substituent.
On the contrary, compounds 7 showed
ane broad absorption band due to the
quite similar carbonyl groups.

SCHEME 2:

With 2b, the 2.3-dichloro-
maleimides (1a-fN were simultancously
cyciocondensed to give the pyrrolo [2.3-
bl-quinoxalines (4a-f) rather than the ex-
pected pyrrojo [3,4-bl-quinoxalines (5)
(Z=NH) confirming a similar reaction
pathway to 2a in basic solution. This
would be paraliel to the relatively higher
stability enjoved by the quinoxalines 4
being aromatic in nature. The structure
of the products (d4a-f) was proved by both
elemental and spectral data (also by 13C-
NMR for 4f and MS for 4b) and by alter-

-

10

native synthesis. ‘Thus, reacting the ma-
leimides (6u-0) with 2 resulied n SN2
displacement reaction via Michael-type
with consequent expulsion of the substit-
nents at position # 2 1o afford the previ-
ously obtained pyrroloquinoxalines (4a-
0. In the same way, the maleimides (8a-
o) bearing five ditferent substituted phe-
nylimino residues at position # 2 pave
the same eyelization product (40).

Antimicrobial Activity :

Twelve of the new, chemically
synthesized compounds, (4a and [), (6b,
d, ¢, and 1), (7a, b and d) and (8a, b and
¢} (Table 1), have been investigated for
their antimicrobial activity employeing,
the dise-plate agar diffusion method(13)
ARAIMSE seven strains of microorganisms.
These microorganisms are: Staphylococ-
cus awreus, Sarcing lutea, Bacillus subtj-
lis. Neisseria sp., Escherichia ¢oli, Pseus
domonas acruginosa and Sagcharomyaes
cerevisine. Most of the compounds
showed variable degrees of antimicrobial
activity against all of these microorgan-
IS\,

Table (2) shows the antimicrobial
activity of the 12 synthesized chemical
compounds against the 7 microorgan-
ISms, representing Gram's positive and
Gram's negative bacteria as well as a
yeast (Saccharomyces cerevisiae), Com-
pounds (61 and 8¢), showed 4 wide spec-
trum antimicrobial activity. They also
could inhibit the growth of Pseudomonas
acruginosa.  Compounds (8a and b)
showed the most pronounced antimicro-
bial activity against all of the tested mi-
croorganisms, except Pseudomonas ac-
ruginosa, where they did not show any
antimicrobial activity, In a descending
order, compounds, (8b, 8a, 6f and 8¢)
showed the highest activity against F,
coli, but compounds (8¢, 8b and 6f) were
more active against Nejsseria sp. Com-
pounds (6f, 8e and 8b) produced the
largest inhibition zone in plates seeded
with the yeast Saccharomyces cerevisiae.
Other compounds showed either a very
low antimicrobial activity against most
ol the tested microorganisms or only
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Table (1): Microbiologically tested compounds, codes, and their

chemical structure

Cod Chemical Molecular Chemical RE
os Formula weight Structure
413 C16H10N30 295.702 Q\
Af C18H14CIN50 325.78 T
== o]
N - c
6b | CigH10CIN,O5 | 349.17 )
6d C17H3CINgO4 328.75
Ry Ry o OH
6e Cl7H13C]N203 344.75 7/ \ NH x
Ry N l
6f C18H15CIN5O4 342.78 pee Y} o
2 o
7a | C1gH19Ny0, 296.28
T | C16H;1CINyO, | 330.72 = o ; OH
NH
7d C17H14CIN,0, 310.30 R'-@"{I
¥ OH
8a C18H;5CIN,0,, 326.78 ¥ Re
8b C18H14CINgO, | 361.99 ST Cr
8e 019H17CIN203 356.80 QN&LM
Py CHy X Ci
v

11
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Table (2): Comparison between the antimicrobial activity of the

synthesized compounds against seven tested
microorganisms by the disc agar diffusion method,
expressed as X2 (mm2) ()

4 )
Code | Staph | Sarcina |Bacillus | Neisseria | E, Ps, Yeast
fureus | lutea | subtilis | subtilis | coli |aeruginosa
4a 100 25 25 (¢ 25 - :
af 49 , 1 : 16 . -
6b 16 16 25 " 16 . 20
6d 25 100 - - 9 - 16
Be , 36 56 , 16 » 9
6f 81 81 81 16 100 16 81
7a 16 9 9 . 25 d .
7b 4 9 16 9 25 : ]
7d 25 25 25 4 16 - 36
8a 36 225 64 25 100 ; 9
8b 100 196 9 36 121 : 49
8e 64 100 64 56 81 16 49
N ' w

(a) Compounds were dissolved in dimethyl formamide (1 mg/ml). The
were saturated with the solution, dried in air and then
agar plates seeded with the microorganisms.

‘ n filter paper diges
applied to the surface of the

(b) X is the distance between the edge of the disc and the outer edg
zone. Diameter of the disc = 5mm. The figures in this table are
different parallel measurements, performed under the

e of the inhibition
the mean value of 3
same conditions.

(e) (-) means no zone of inhibition.
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Table (4): 3-Chloro-2-(Z-hydroxyphcnylammo

M. Al-Ashmawi et al.

maleimides (6a-f)

)-N-substituted p'henyl

OH
0
NH
Ar—N
Cl
0
f ' * W
Compound's Number
Parameters
6a (1) eb (1) gc (1 6d (1) ge (1) ef (1)
Yield (%) 78 85 81 76 91 89
M.P. ("C) 190-1 156-7 150-1 178-9 184-5 208-9
Mol. Formula CIGH] ]CIN203 Clﬁ”llClN203 0161110CIN203CI7'H 13CIN20 3C17H 13CIN203 ClSH 15C[N203
Mol. Weight 314.72 349.17 349.17 328.75 344.75 342.78
Elem.| C (;nlculm.ed 61.06 55.03 55.03 62.11 59.22 63.07
Anal.|  |Found 60.92 55.30 54.83 61.90 58.87 63.23
(%) | H [Calculated 3.42 2.88 2.88 3.98 3.80 4.41
Found 3.39 2.71 2.91 3.68 3.78 4.10
N |Calculated 8.90 8.02 8.02 8.5 8.12‘ 8'17
Found 8.57 7.90 8.20 8.72 7.90 8.91
IR(K“I‘) C=0 1710 165 - - __—.—/:
-1650 1720-1650 : : e
i1 o St e 1720-1650 | 1720-1660 | 1720-1670 | 1700-1650
NH S sy 3380 3360 3380 3380
IH-NMR** | CH, i) 3320 3340 3340 A
(5 ppm)  [Harom 6.7-7.5(m) | 6.9-7.7 (m) 6.9 21569 518 e e
(multiplicity{ NH 9.35 (s) 9.45 (s) o | 88740 | 6aram) | sordm
-~ 9.45 ‘ 5(5) |
5 OH BT 08510 . s? Es) 9.32 (s) 9.35 (s) 9.45(8) |
sl 9.75 (s) 9.75 (s) 9.85(s) i
(*) Solvent of crystallization i - :
oy i i lonis : (1) CH3OH, (2) CoHrOH !
issolved in DMSO-dG and the intensitieg . w oD on i) C2HSOH/H2O £
3 28 ¢ ce wi ' ]
gree with the Proposed m'rangement. ¢

13
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Table (311 3-Hydrosy-2hydvoxyphony

.'.\'._..; o Phatan, Ne, Vi 8 e !

maleimides (Ta, b, 40

\l" i ""”

ol Naubatitutod phony)

1
. Compound's Number®
Parametors - ) 0 (n ¢
7o (D) T 7d ¢ 7o 7
Yield (0 N7 8 . e =~
M (O 2045 1934 187-8 1766 186-3
Mol. Formula CrallaNoO | ¢ NGO [ O N0 Cpalli NaOgl CiglligNgly
Mol Weight 206 28 330.72%% 31030 A$26.00 12408
Elem | O [Caleulated 64 86 5810 6580 6267 66,60
Anal Found (8 L) 5800 6570 62,60 66,60
G T H Calculated 108 1656 4.54 4.32 4.97
Found RIRMR 151 L.62 1.32 4.86
N [ Calculated 045 8.47 REIR 8.58 8.64
Found 0.42 845 805 8.51 873
IR(KBr) [U=Q 1640 1640 1650 1650 1640
‘-n\'l OH RRIES 3390 3395 3390 3305
\ 3530 34 q
: NH 00 3300 3300 3300 3300
NMR** |CH .
H-NMR Un_ql : ‘ l 215 (8) 3.80 (s)
dp ah 330 (br,s) K Q : o £ .
“1 H‘]m' o ph 30 (br, 130 (hrys) 310 (beys) 6, 3.30 (br,s)
(multiplicity) *'arom 6.7-76(m) | 6.7- 377 :
m OH, : llu)(l) G778 m) | 6775 | 6.7.7.5 (m)
arom ! 8§ 810 (s 3 (
on - 0 () 8.10 (x) 8.10 (8)
0.2 (s 0.2 (s ¢
L 10.2 (s) 10.2 () 10.2 (s) 9,75 ()
(*) Solvent of 1
Solvent of erystallization was ; (1) CHqOHL (9) O
s ; JOH, (2) CH4CN, (3) CoHrOW/HoO or (4)
CH3ON/HL0 3 (3) CoHrOH/HR0
(**)  Dissolved in DMSO-dg and the i iti
MS ¥ € Intont 3 AUITree wi
€ nsities agree with the proposed arrangement.
**9  MS m/z (MY) for 7b caleulated was 330,73,

(132.00, 100%) base peak.

15

observed was 330,038, 7.6%; m/z M*



Aul,’. J, Pharny, 5el., Vol 4, No, 1, Aprit 1494

Table (8): 3-Chlo
' b r().N‘Z 6' l. > » Y/ 3 3 2 M § *"_—
mides (Ha-e)’, dimethylphenyl)-2-substituted aminomalei-

O
A
N
o
Me
O '
4 .
Pt etert Compound's Number®
v . .
Bn “b e % “e
o CgHg | m-CICH, | p-CICH, | p-CH4CH 4 p-CHAOCy H
' (%, ' .
Yield (%) 54 w1 56 ” 4
MP.(°C . 18
1P CC) 19%-9 174-4 160)-1 17449 1412
Mol. Formula Cr eIy ¢, C10,0, C 3 5H 100, |01 oM 371N 0 N
Mol. Weight 326.74 261,949 961,97 D405 50 L6 20
Elem.| C | Calculated 66.16 50 85 5055 65,55 5% .05
Anal, Found 6577 59.63 59.5% 6563 67 w7
(%) | H |Caleulated 4.62 450 50 £ 02 4 %)
Found 4.62 4.0% 3.77 5.10 A5
N |Calculated 5.57 7.5 795 499 757
Found 8.46 7.63 761 BE 7.7%
IR(KBr) |2C=0 1710 & 1650 | 17106 & 1650 [1710 & 1650 | 1710 2 1650 1700 & 1€50
em! NH 3300 4200 2260 3255 Keifd
CHypom, &] 2060-2800 | 2060-2900 | 20602090 | 2060-2590 YRS 2K
aliph.
C=C 1600 & 1540 | 1600 & 1510 1600 16/ 154
C-OCHa 1154}
]}’_:,v!xd’{.. GH (2 (:}{3) 2.]5("/ 2.15 %) 2.15 (45 21'1/', 2!’,!7.,
(& ppm) 3H ’(;”3 125,CHa) | 490 (a,0CH,)
(multiplicity)| o OCHg)
Harom 7.1-7.6m5H |7.1-7.7m,7H (7.1-7.7m,7H |6.4.76 m1H 6974 m,TH
MNH 10.15 (s 103,20 () 30.2% (n) J61.6¥) (9 19.00 (4} p
L.

allization is ethanol.
and the intensities agree with the proposed arrangemens

(*)  Solvent of crystal)
(**) Digsgolved in DMS0O-dg

16
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| | 2,3-blquinoxaline.
Table (7): 3-Chloro-1-substituted Ph"“yl'l'"'pyrrom "y ! : Ryt

2(41)-one (4a-1).

N
\ z
Ar=N |
Cl
0
—
g Jompound's Number*
e s an (M) an (D) ac (D 4d (2) 4e (3) 41 (2)
Vil () H2 0 51 63 h6 56
MP () =300 »300 >300 >300 5300 >300
Mol Formuln a0 CgHaCly 0L € gHGCINLOF CalT 4 CINg(] CyqH 1o CIN4Of CygH 14CING0
Mol Weight 205,702 330,170 43011 300.75 325.76 32578
Flem "T ﬂ'nlmluu--l 04954 H8.20 5HK.20 65.91 62.68 66.77
fasl Found 5.1 BH 32 57.87 65.81 62.55 66.50
(%) |H [Caleulated|  3.40 214 274 .90 3.71 4.35
Sy - 284 218 .89 3.74 4.36
o bonsr w0 1272 1272 13.56 12.90 12.98
J ks N e 12.66 13.00 Cmos | 1299
I Kite) (-0 1660 066 - R
em?  [CeN 1620 ::;;, ::Lz :‘[ff“’ 1660 1660
e WU} 200 | 296 e ' .»m 1620 1630
TH-NMRee O, 4210 3200 3250
t ppmy | Harem 2.40 () 3.90 (s) 20008 |
(mnltiplicity { NI 1.2:7.66 () 7177 (m) | 7.2-7.45 () g
N 1290 (bres) | 12,90 (hrg) | 12,90 Grd |
(*) B

Solvent of ¢ rystallization iv - . M e
T b (D CH,0ML 2) 1108, or 3) Cy11, 01110
R 2~ .

(**) Dirnolved in DMEO-dg and the
Ppmy for A 163,960,
127.610, V2T, 121, 2

intensition agree with the i
' h the pr vl ar :
Pt vy ey v Propoge arrangement. 139C-NMR ({‘i

16, 116,086, #3511, 17.648. #46, 130.469, 128.746, 128.588, 127.96"

(***) M8 nits 3 for ’ E
Mz M) for 4b - Caled, 133017, found : 329.921. o V9%, miz (M4 |
C T VR IMT) 323,00, 1009% base peak
» 100% base peak.
“i
{

L7
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instrument at the Institute of Pharmaceu-
tical Chemistry using dg-DMSO as a sol-

vent, TMS as an internal standard, and
D,0 to trace NH and OH protons. The

mass spectrum (MS) was made using a
Kratos DS-50 mass spectrometer at the
Institute of Organic and Biochemistry.
Antimicrobial activity was performed at
the Department of Microbiology, Faculty
of Pharmacy, Zagazig University, Zaga-
zig, Egypt.

3-Chloro-1-(2,6-dimethylphenyl)-
pyrrolo{3,2-b][1,4]benzoxazin-2(1H)-
one (3f) :

To a solution of (1f) (2.7 g, 10
mmol) in methylene chloride (40 ml), o-
aminophenol (2a) (1.09 g, 10 mmol) was
added followed by addition of 1 ml of tri-
ethylamine. The reaction mixture was
stirred for 12 hours and then filtered. The
filtrate was concentrated under reduced
pressure and the residue was crystallized
from aqueous ethanol; mp 234-235°C;
}’leld 2.66 g (82%) C18H'13C1N202 (
324.8); Calcd: C: 66.6, H: 4.03, and N:
8.6; found : C: 66.7, H:3.89, and N: 8.7.
The IR spectrum showed absorption at

1680 cm-! for (C=C), and at 1620 cm-!
for (C:N)

3-Chloro-2-(2-hydroxyphenylamino)-
N-substituted phenylmalemides (6a-f):

General Procedure: To a mixture
of 2,3-dichloro-N-substituted phenyl-
maleimides (1a-f)(12:13) in glacial acetic
acid or methanol (30 ml), a solution of o-
aminophenol (2a) (1.96 g, 18 mmol) in
glacial acetic acid or methanol (20 ml)
was added dropwise while stirring. After
refluxing the reaction mixture for 2h, it
was concentrated under reduced pressure,
cooled and diluted with water. The ob-
tained solid was filtered, washed with
distilled water and crystallized from the
appropriate solvent (Table 4).

3-Hydroxy-2-(2-hydroxyphenylamino)-
?-substi(uted phenylmaleimides (7a, b,
.f):

General Procedure : A solution of
(6a-¢) (10 mmol) in 2N sodium hydrox-

1Q

ide (40 ml) was stirred for 1h at room -
temperature and then filtered. The filtrate
was acidified with dilute hydrochloric

acid, where a precipitate was obtained. - -

The precipitate was filtered and crystal-
lized from the suitable solvent (Table 5).

3-Chloro-N-(2,6-dimethylphenyl)-2-
substituted aminomaleimides (8a-¢):

To a solution of (1f) (8.1 g, 30
mmol) in glacial acetic acid (4Q ml), the
proper primary aromatic amines (28
mmol) in glacial acetic acid (20 ml) were
added dropwise while stirring under re-
flux for one hour. The reaction mixture
was then concentrated under reduced
pressure, cooled, diluted withice-cold
water and filtered. Excess acid was
washed with water (3x100 ml) and the

products were crystallized from ethanol
(Table 6). - i v

3-Chloro-1-substituted phenyl-1H-
pyrrolo[2,3-b]quinoxaline-2 (4H)- ones
(4a-f): o '

General Procedure : To a solution
of (1a-f) or (6a-f) (5 mmol) in acetic acid
or methanol (30 ml), o-
phenylenediamine (2b) (1.5 g, 14 mmol)
was added while stirring. After refluxing
for 1 hour, the reaction mixture was
cooled and filtered. The separated prod-
uct was crystallized from DMF/water
(Table 7). The obtained yields were cal
culated based on (1a-f), By repeating th_
same experimental methodology usinge

compounds (8a-f) as substrat
product (4f) was obtained only the
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