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Abstract: An unprecedented, concise and environmentally-friendly protocol for
the synthesis of benzo-and pyrido-annulated azocinones, azoninones and azecin-
ones 8a—h via Friedel-Crafts reactions is described. These simple and efficient
procedures involve cycliacylations of heterocyclic esters 7a—h in the presence of
catalytic amount of AICI;/CH3NO, or TfOH or PPA catalysts as the key step.
Starting amides 3a—d were readily obtained by coupling reactions of acryloyl
chlorides 2a and b with pyridin-2-amines 1a and b. Developed strategy offers
some high selectivity reactions, mild reaction conditions and easy access to com-
plex medium-sized N-heterocycles in moderate to good yields. All tetracyclic
fused compounds have been screened for antimicrobial activity.

Keywords: Friedel-Crafts cycliacylations; Brensted acid; azocines; azoninones;
azecinones.

INTRODUCTION

Condensed medium-sized N-heterocycles containing azepines, azocines and
azonines are widely found in pharmacologically active natural products! and often
incorporated into drugs.2 A few examples are given in Fig. 1. Interestingly, their
aryl- and heteroaryl derivatives are particularly noted for their diverse biological
activities3 and in many industrial applications such as polymeric# organic semi-
conductors and luminescent materials.>

Despite the high transannular strain,® enthalpic and entropic barriers’ encount-
ered in the synthesis of nitrogen containing ring systems, the last few decades have
witnessed a much efforts dedicated to developing methods for the construction of
such ring systems.

In the literature, a variety of well-established methods are used for the syn-
thesis of medium-sized N-heterocycles of various ring sizes and include well
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2 1 4 ABD EL-AAL

known: transition-metal mediated cyclizations and annulations,® ring-closing
metathesis (RCM),? tandem cleavage-cyclizations,!0 sigmatropic cyclizations,!!
radical-mediated ring expansions and fragmentations,!? Fischer carbene com-
plexes (FCCs),!3 Diels—Alder reactions,!4 domino cycloadditions!> and Cope
rearrangements. 16
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Fig. 1. Some of biologically active alkaloids containing medium-sized N-heterocycles.

On the other hand, a significant number of cases are described in the literature
related to construction and isolation of benzo-annulated azonines and higher ring
systems as in the total synthesis of dopamine antagonists, erythrina and vincristine
alkaloids.17

A number of the most commonly used methods for the construction of poly-
cyclic azonines include, the Beckmann ring expansion of unsymmetrical oximes, 18
biosynthesis of (s)-N-benzylisoquinolines and their dienone derivatives,!9 Schmidt
rearrangement of alicyclic ketones,20 ring-closing metathesis (RCM) of 2-penten-
ylphenyl-N-benzamides,2! Fischer indolization of 1,2,3,4-tetrahydrocarbazole
phenylhydrazones,?2 acyloin condensation of diesters,23 asymmetric induction by
the addition of Grignard reagents to phenylglyoxylate derivatives of the phenyldi-
hydrothebaine alkaloids?* aza-Claisen rearrangement of a-silyloxyamides medi-
ated by lithium hexamethyldisilazide (LHMDS) in toluene,?5 fragmentation/
/acylation reactions of enol-ether of dihydropyridone2¢ and coupling of palladated
3-phenylpropanamides with alkynes followed by CO-insertions.2”

Given the wide array of biologically and industrial applications of N-het-
erocycles, a flexible route to access these types of structures from readily available
acyclic precursors would be interesting. Recently we have studied the formation
of a diverse drug like carb- and heterocycles?8-30 via intramolecular Friedel—
—Crafts3! methodology with broad functional group compatibility. In continuation
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of research activity on polyfunctionalized heterocyclic systems, herein, we wish to
report the synthesis of newly fused and bridged nitrogen containing
[6,(6/7),(8/9/10),6]-ring systems namely; benzo- and pyrido-annulated azocinones,
azoninones and azecinones via Friedel-Crafts cycliacylation reactions of nitrogen
containing ester precursors. Furthermore, these polycyclic substrates were tested
against bacteria and fungi.

EXPERIMENTAL

Commercially available reagents were used without further purification unless otherwise
stated; solvents were dried by standard procedures. Melting points were taken on a digital Gal-
lenkamp capillary melting point apparatus and are uncorrected. Infrared (IR) spectra were
obtained on a Perkin—Elmer 1600 FT-IR spectrophotometer using KBr wafer and thin film
techniques (v / cm™). The 'H- and '3C-NMR spectra were recorded on Jeol LA 400 MHz
FT-NMR (400 MHz for 'H-NMR, 100 MHz for 13C-NMR) using CDCl; solvent with tetra-
methylsilane (MeySi, TMS) as internal standard. Chemical shifts (J) are given in ppm, and the
coupling constants (J) are given in Hz, respectively. Mass spectra were measured on a Perkin—
—Elmer PE SCIEX-API 2000 mass spectrometer at an ionizing potential of 70 eV using the
direct inlet system. Elemental analyses were carried out by a GmbH Vario EL III, 2400,
CHNOS-clemental analyzer. Antimicrobial screenings were performed at Assiut University
Mycological Center (AUMC) in DMF by disc diffusion. The progress of reactions was accom-
plished by thin-layer chromatography (TLC) analysis on coated silica plates (Silufol, UV-254
TLC, aluminum sheets) and plates were visualized with UV light (at 254 and/or 360 nm). Flash
column chromatography was performed on silica gel (230—400 mesh) or basic alumina using
AcOEt and hexane as eluents. The 3-(pyridine-2-yl)acryloyl chloride 2b was obtained by reflux-
ing a mixture of 3-(pyridin-2-yl)acrylic acid (Lit.3> m.p. 233-236 °C) with excess PCls in ben-
zene for 5 h on a water bath.

Analytical and spectral data are given in the Supplementary material to this paper.

Chemistry

General procedure for synthesis of arylamides (3a—d). A solution of acid chloride (cin-
namoy]l chloride 2a or 3-(pyridine-2-yl)acryloyl chloride 2b (32 mmol) in benzene (20 mL) was
added dropwise with stirring over a period of 30 min to a solution of amines 1a or b (30 mmol)
in dry benzene (30 mL) containing a catalytic amount of pyridine (0.5 mL). The resulting mix-
ture was stirred at room temperature for 4 h, and then refluxed on a steam bath for 3 h. The
mixture was cooled and the solvent was then concentrated in vacuo. After standing, the resulting
solid was filtered to give the crude amides. The residue was purified by flash chromatography
(basic alumina, AcOEt/hexane, 1:1) to afford pure amides 3a—d.

General procedure for synthesis of lactams (4a—d). A mixture of amide 3a—h (20 mmol)
with anhydrous AICl; (50 mmol) and NaCl (5 g) was warmed with stirring at 80-90 °C for 1 h.
After which TLC analysis (EtOAc/n-hexane, 1/3) indicated that the reaction was complete, the
resulting hot mixture was poured into an excess of well-stirred ice water (150 mL) and then
basified with NaOH solution (40 mL, 20 %). The mother liquor was diluted with water (100
mL) and extracted with EtOAc (3%x30 mL). The combined extracts were washed with water,
dried over MgSO, and filtered. The solvent was removed in vacuo to give a crude product.
Purification by flash column chromatography (basic alumina, EtOAc/n-hexane, 1/1) gave pure
products 4a—d.
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General procedure for synthesis of bicyclic amines (5a—d). To an ice-cold stirred suspen-
sion of LiAlH4 (30 mmol) in ether (40 mL), was added a solution of lactam 4a—d (10 mmol) in
THF (30 mL) dropwise with efficient stirring over a period of 30 min. The mixture was stirred
at room temperature for 2 h and then refluxed for 4 h on water bath. After cooling in ice-bath,
excess hydride was carefully destroyed by sequential addition of cold water (5 mL) and aqueous
NaOH solution (20 mL, 10 %) with efficient stirring. The resulting suspension was stirred for
30 min. After filtration and washing the precipitate with AcOEt, the precipitate was discarded
and the filtrate was extracted with AcOEt (3x30 mL). The combined organic phase was washed
with water, NaHCOj3; (30 mL, 5 %), and dried over anhydrous MgSO,. The solvent was eva-
porated under reduced pressure to give a dark crude products 5a—d. Purification by flash column
chromatography (basic alumina, EtOAc/n-hexane, 1/1) afforded the target amines 5a—d.

General procedure for the synthesis of heterocyclic esters (7a—h). A solution of ethyl 2-
-bromoacetate 6a or ethyl 3-bromopropanoate 6b (20 mmol) in DMF (15 mL) was added drop-
wise with efficient stirring over 10 min to a mixture of bicyclic amine 6a—d (15 mmol) and
milled K,CO;3; (40 mol) in DMF (30 mL) at room temperature. The reaction mixture was ref-
luxed for 8—10 h. After which TLC analysis (AcOEt/hexane, 1/2) showed the reaction was com-
pleted, the solvent was removed in vacuo and the residue was diluted with water (100 mL) and
extracted with AcOEt (3x30 mL). The combined organic layer was washed with water, dried
over MgSQy, filtered and concentrated in vacuo. The residue was purified by flash chromato-
graphy column to afford crude ester 7a—h.

General procedure for cyclization of heterocyclic esters 8a—h

Method I: General procedure for AICl;/CH3;NO,-mediated cyclizations of esters (8a—h).
To a solution of AICl; (10 mmol) in CH3NO, (100 mmol) was added a solution of ester 7a—h
(3 mmol) in DCM (10 mL) dropwise with constant stirring over 10—15 min at ambient tempe-
rature. The mixture was stirred for a certain time at the required temperature (Table I). After-
wards, the mixture was quenched with ice-cold HCl solution (30 mL, 10 %) and extracted with
EtOAc (2x30 mL). The combined extract was washed with H,O and Na,COj; solution (30 mL,
5 %). After drying over MgSQy, the solution was filtrated and evaporated under reduced pres-
sure to give the crude products 8a—h.

Method II: General procedure for TfOH-mediated cyclizations of esters (8a—h). To a
cooled (0 °C) solution of esters 7a—h (3 mmol) in DCM (15 mL) was added TfOH (12 mmol)
dropwise over 10 min the mixture was stirred at the required temperature and time as shown in
Table I. Thereafter, the mixture was cooled and then quenched cautiously by the slow addition
of aqueous NaHCOj solution (40 ml, 30 %). The product was extracted with EtOAc (3x30 mL).
The organic extracts were washed with water and Na,COs solution (30 mL, 5 %), dried over
anhydrous Na,SO, and then evaporated in vacuo to give the crude products 8a—h.

Method III: General procedure for PPA-mediated cyclizations of esters (8a—h). To a sol-
ution of esters 7a—h (3 mmol) in PhCl1 (15 mL), was added freshly prepared PPA (10 g) and the
mixture was refluxed for the required time presented in Table I. Afterwards, the solvent was
evaporated under reduced pressure. The cold mixture was made alkaline with NaHCO; solution
(40 ml, 20 %) and then extracted with EtOAc (3%30 mL). The combined organics was washed
with water and Na,COj; solution (30 mL, 5 %). After drying over MgSQy,, the solution was
filtered and concentrated in vacuo to afford the desired crude products 8a—h. In all procedures,
the completion of the reaction was monitored by TLC-analysis. The crude residue was subjected
to flash chromatography (basic alumina, EtOAc/hexane, 1/2) to afford the pure cyclic products
8a-h.
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TABLE I. Optimization of Friedel-Crafts cyclizations of precursors 7a—h; Method I: esters
7a—h (3 mmol) in CH,Cl, (10 ml), AlCl; (10 mmol), MeNO, (100 mmol), room temperature;
Method II: esters 7a—h (3 mmol), TfOH (1 ml, 12 mmol), 1,2-DCE (20 ml), reflux; Method III:
esters 7a—h (3 mmol), PPA (10 g), PhCl (15 mL), reflux

Entry Substrate Methods Time, h Product Yield, %
1 Ph Method 1 12 82
_ Method I 8 _ 75
< Method 111 8 < 71
NTONC N7 N o
7a CO,Et 8a
2 Ph 1 15 80
= 11 5 73
Efj 1 7 B o 70
N N\\/COZEt
7b
3 N I 18 84
N~ 11 6 77
| 111 10 74
SNTON
7e \—CO,Et
4 N I 11 88
N # II 8 81
= | 11 12 71
SNTON
7 \\/COzEt
5 Ph I 16 84
II 10 80
=
EN\JON o i 10 ® 0 72
~ 2 N N
7e 8e
6 Ph I 18 91
_ I 7 78
N ‘ o CozEt 1l 10 68
7%
7 N I 18 90
N A 11 6 87
y ‘ 11 8 72
SN N._CO,Et
79
8 | A 1 15 89
N I 6 86
= 111 10 74
Sy | N~ COEt
7h
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RESULTS AND DISCUSSION

Chemistry

The reaction sequences employed for synthesis of polyheterocycles 8a—h from
heterocyclic esters 7a—h are illustrated in Scheme 1. Firstly, the starting amides 3a
(n=0; Ar = Ph), 3b (n = 0; Ar = 2-pyridyl), 3¢32 (n=1; Ar=Ph),3d (n = 1; Ar=
= 2-pyridyl), were obtained in good yields through the reaction of ary-substituted
acryloyl chlorides (2a: Ar = Ph; 2b: Ar = 2-pyridyl33) with pyridine amines 1a and
b in benzene for 7 h. Secondly, these amides were transformed to the correspond-
ing bicyclic lactams 4a—d by fusion with AICl3/NaCl at 80-90 °C for 1h following
the standard literature procedure.34 Thirdly, reduction of the latter lactams 4a—d
using LiAlH4 in Etp)O/THF for 4-6 h under reflux conditions to furnish bicyclic
amines Sa—d. Various substituted esters 7a—h were synthesized via N-alkylations
of bicyclic amines Sa—d with ethyl 2-bromoacetate 6a or ethyl 3-bromopropanoate
6b in the presence of K,CO3 in DMF.

S coc i
: -
%NHZ A 23 b e L Cﬁ} @
n

1ab Aras= Ph{)b 12 Pyridyl 3a-d 4a-d Sa-d
n=0or - 4 (90%); b (84%)

a: n = {0} zero, Ar = Ph {84%} a (B0%} b(SS%)

b n:({U) 2et0, Ar s 2 ngr\dyl (78%) ¢ (79%} d (75%) © (92%}; d (B9%)

o n=1, Ar = Ph (S0%)

= #
dn=t Are 2-Pyricyl (81%) BrM\CozEt
Bax=0
hix=1
Ar
__Friedel-Crafts cyclizations = \ ‘3 COMEL
- v SN N0
n
7a-h
n= (0 zete

8a-d: [n = (0} zerof 8e-h: fn = 1] a. Ar = Ph, x = (0} zero, (74%)
a Ar=Ph x =1 e Ar=Ph x=1 B zf“ ;hpx “d1l (5”?)) ey
b:Ar=Ph,x=2 fAr=Ph x=2 Al YTICH1 X = ) zero,
e Ar = 2-Pyridyl x =1 g Ar = 2-Pyridyl, x = 1 g "; ZPyridgh, = 1, (76%)
d: Ar=2-Pyridyl,x=2 W Ar=2-Pyridyl, x=2 r Ph, % = {0} zero (B4%)

—m

= Ph,x =1, (81
g Ar 2 Pyridyt, x = (O)zero (85%)
B Ar= 2-Pyridyl, x = 1, {T2%)

Scheme 1. Reagents and conditions: i) cinnamoyl chloride or 3-(pyridine-2-yl)acryloyl
chloride/PhH, 7 h, reflux, ii) AICl3/NaCl, 1 h, 80-90 °C, iii) LiAIH,/THF/Et,0, reflux, 4-6 h,
NaOH, iv) BrCH,CO,Et or BrCH,CH,CO,Et/K,CO3/DMF, reflux, 8-10 h, v) cycliacylations

of esters 8a—h mediated by AICl;/CH;NO, or TfOH or PPA promoters (Table I).

Our synthetic approach allows easy access to fused medium-sized N-hetero-
cycles 8a—h namely, benzo-fused pyrido[2,3-b:2',3'-e]azocinones, pyrido[2,3-
-blazoninones and pyrido[2,3-¢:2',3'-flazecinones (Table I). Initially, an inves-
tigation of AlCl3/CH3NO; or TfOH or PPA catalysts in cycliacylations of nitro-
gen-based esters 7a—h was carried out under different reaction conditions. We
focused on the screening of several variables including, mole ratio, catalyst type
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and loading, solvent and temperature. Notably the choice of Brensted and Lewis
acids screened was based on the degree of oxophilicity, chemical yield as well as
extent of their acidity.

Interestingly, in this type of electrophilic aromatic substitution reactions con-
taining sufficiently electron rich nucleophiles, the appearance of catalytic inhi-
bitions35 by sp2-and sp3-hybridized nitrogens beside the presence of poor leaving
—OEt group present in cyclization precursors 7a—h is obvious. These coordination
or protonation of basic nitrogen with acidic promoters leading to ring closure is
less likely to occur or gave disappointingly low yields. Practically, low yields of
tetracyclic amines 8a—h were obtained on cyclization of precursors 7a—h with less
than equivalent of these catalysts at lower reaction time. It was observed that,
cycliacylations of electron rich precursors and yield enhancements were attained
under severe conditions with more than stoichiometric loading of oxophilic pro-
moter for longer reaction times and high temperatures.

On the other hand, numerous studies on the intramolecular Friedel-Crafts
acylation mechanisms have been carried out.36-38 Thus, it can be concluded that,
cyclization mechanism of highly electron-rich precursors diverges to two different
pathways based on the nature of the acylating agent and the binding strength of
acidic promoters on substrate heteroatoms. A possible mechanism for formation
of the compound 8f is shown in Scheme 2. The cycliacylation mechanism of this
reaction is probably similar to that of the Okauchi acylation procedure.30 It is pre-
sumably that, differential in cyclization pathways is due to whether heteroatoms
on acyclic ester 7f were protonated by Brensted acid proton or the formation of a
polarized Lewis acid-acylating agent complex. This coordination’s were leading
to either alteration in catalyst acidity or decreasing its reactivity beside deactivation
of a nucleophilic substrate. It was hypothesized that, the nature of the acylating
agent and the strength of the Lewis acid determine the electrophilicity of this
complex while the regiochemistry is determined by the transition state.

+
Lewws acid (ﬁ . 0, 04/0
Bh +MX /\\/ e . /\/
@ MX,0Et

Bmdmg sites
CO,Et |

\N N/\\/ ]
Bransted acid m C » H -EtOH /

Scheme 2. Proposed mechanism for the cyclization of ester 7f by Lewis or Bronsted acids.

af
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Subsequently, that would lead to removal of EtOH molecule generating acyl-
-carbocation either free or as an ion pair.39 The anticipated acyl-carbocation stabil-
izes both by resonance delocalizations and adjacent hyperconjugative interactions.
Ultimately, ring closures of this carbocation may proceed via a single transition
states concurrent with the removal of H' to give the product 8f in a single regio-
isomer.

Further evidence for this result was confirmed by NMR spectroscopy. At
closer look on the intermediates 7a—f and cyclic structures 8a—h, we observed that
the benzylic-carbon (C-5) is a chiral center and the next methylene group (C-6)
protons are diastereotopic#? in nature. These protons are chemically inequivalent
and will split each other resulting in complex overlapping signals with different
multiplicities. In addition to diastereotopic protons and because of the flexibility
of these ring systems, other constitutional conformers with inequivalent sets of
cyclic methylene protons (pseudo-axial and equatorial hydrogens) emerged from
a large number of low energy interconverting conformers. Interesting stereo-
chemical outcomes were observed during this study. Since cyclization precursors
and products were conformer mixtures with different chemical environments and
chirality, NMR interpretation was difficult. Efforts were made to understand the
reactivity profiles of these building blocks and to identify the configuration of
unique structures and bonding characteristics of these ring systems. The assign-
ment of all chemical structures of the cyclic products was made on the direct ins-
pection of the 'H-NMR spectrum.

For example, the IH-NMR spectrum of compounds 7f and tetracyclic 8f dis-
played complex signals of CHj-group adjacent to the stereogenic center and
bridged pseudo-axial and equatorial protons (Fig. 2). Moreover, the neighboring
environment of bridged N-CH, group is very unsymmetrical due to the ring
conformations. The expected downfield shifting signal for pseudo-equatorial could
be explained in terms of shielding effect exerted by the magnetic anisotropic effect
generated by heteroatoms of both carbonyl groups and N-heteroatoms incorporated
in tetracyclic structures.

Fig. 2. Diastereotopic protons containing tetracyclic structure 8f and its acid precursor 7f.

Thus, the 'H-NMR spectrum of 7f showed three upfield triplet signals at &
1.18,2.48 and 2.93 ppm related to CH3CH,O—, C®H; and CPH, groups. The most
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downfield quartet signal at 6 4.28 ppm was assigned to the CH3CHO-group. The
complex overlapped multiplets at  2.05 ppm is assigned to the diastereotopic pro-
tons (Ha & Hb) of COH,-group appeared as doublet of doublets of doublets of
doublets (dddd) with four vicinal coupling constants 13.9, 6.6, 4.7 and 2.6 Hz.
Another upfield multiplet signal at 6 2.91 ppm assigned to C’H, group appeared
as doublet of doublets of doublets with coupling constants 7.8, 6.6 and 2.6 Hz.
Two signals appearing at 6 4.01 and 4.17 ppm are assigned to C’H and N-C°Ha,
respectively. These upfield shifts can be explained by shielding due to the magnetic
anisotropic effect*” generated by heteroatom or the carbonyl group. The remaining
eight aromatic protons appeared in the range of § 7.10-8.60 ppm with inner over-
lapping and different multiplicities.

In comparison with ester 7f, the lH-NMR spectrum of tetracyclic skeleton 8f
displayed as several complex overlapped signals. The most upfield with multi-
plicity of doublet of doublets of doublets of doublets at  2.66 ppm is assigned to
the bridged-C15H, with couplings 11.1, 7.7, 6.3 and 2.2 Hz. The complex multiplet
signals in the regions of 6 3.08-3.10, 3.32-3.41 and 3.48-3.50 ppm were assigned
to C8H,, bridged-NC16H, and C7H; groups, respectively. Chemically inequivalent
C3H,-protons are expected to appear in the range of § 4.37-4.48 ppm as doublet
of doublets with coupling constants 8.6 and 6.9 Hz. A doublet signal appeared at
4 4.45 ppm is assigned to bridged-C!4H proton. The diagnostic signal in the 13C-
-NMR spectrum of 8f is that of the carbonyl carbon at 6 200.8 ppm. The upfield
signals at § 31.2, 32.9, 35.9, 51.4, 53.4 and 59.5 ppm are assigned to C!4H,
bridged-CH,, C8H,CO, C7H,, C3H, and bridged-C!6H,, respectively. Compar-
ison of the fragmentation patterns of compounds ester 7f with tetracyclic 8f show
some quantitative and qualitative differences attributed to the nature of both the
substituents at the 5-position of the bicyclic ring system and at the nitrogen atom.
The mass spectra of ester 7f are much simpler and contain only molecular ion peaks
m/z 324 with intensity 20 % and the base peak appeared at m/z 279. Whilst, the
molecular ion peak of 8f appeared at 278 as a base peak (100 %).

Evaluation of antimicrobial activity

The antimicrobial activity of the synthesized compounds 8a—h was deter-
mined in vitro against a variety of bacteria and fungi. The antibacterial activity was
investigated against Gram-positive bacteria (Bacillus Subtilis, Micrococcus luteus)
and Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa) using
chloramphenicol (0.001 mol/ml) as standard. The antifungal activity was deter-
mined against Aspergellius flavus, Candida albicans, Geotrichum candidum and
Scopulariopsis brevicaulis using clotrimazole (0.001 mol/ml) as standard. The
tests were carried out using disc diffusion method.#! The minimum inhibitory con-
centrations (MICs) for compounds were calculated in DMF/H,O solution and
activity mentioned on 1000 ppm.
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The results are summarized in Table II. Amongst the compounds tested for
antibacterial activity, compounds 8c, 8d, 8g and 8h possess good activity against
all the bacteria, whereas compounds 8a, 8b, 8e and 8f were found to display
moderate activity against M. luteus, E. coli and P. aeruginosa and low activity
against Gram-positive bacteria (B. cereus).

TABLE II. Antimicrobial activity of the compounds 8a—h

Antibacterial activity

Zone of inhibition, mmP Antifupggl g(;tivity

Compd.? — - Zone of inhibition, mm
Ho. Gram positive Gram negative

B. M. E. pP. A. C. G. S.

cereus luteus coli aeruginosa flavus albicans candidum brevicaulis

8a 7 10 15 14 10 11 10 11
8b 5 16 12 13 11 10 13 16
8c 44 37 22 52 16 14 13 15
8d 25 16 19 26 10 17 12 12
8e 6 15 17 20 13 11 10 13
8f 9 17 20 18 15 13 14 10
8g 58 39 36 64 22 19 24 31
8h 37 28 38 45 13 26 15 36
Standard® 20 23 22 22 26 22 20 25

4Chemical compounds tested at 20 mg; Ythe minimal inhibitory concentrations (MIC, 50 pg/ml) for each pore in
DMF/H,0; “standard for antibacterial: chloramphenicol (0.001 mol/ml); standard for antifungal: clotrimazole
(0.001 mol/ml)

From the data presented in Table II, it was observed that compounds 8¢, 8d,
8g and 8h show good activity against all fungal strains as compared to standard
chloramphenicol. Other compounds 8a, 8b, 8e and 8f showed moderate antifungal
activity. Further, it could be concluded that, due to the increasing of ring size and
the insertion of additional pyridine nucleus in a complex molecular structures,
compounds 8g and 8h showed relatively better inhibitory activity towards all the
tested microorganisms than compounds 8¢ and 8d.

CONCLUSIONS

In summary, the present work embodies a facile and concise synthesis of sev-
eral benzo- and pyrido-fused azocinones, azoninones and azecinones incorporating
8-, 9- and 10-membered N-heterocyclic rings from easily assessable ester precur-
sors in good to excellent yields via Friedel-Crafts cycliacylation methodology. The
newly synthesized scaffolds 8a—h have been assayed for their bactericidal and
fungicidal activities. The combination of structural complexity and biological act-
ivity of tetracyclic skeletons 8a—h has made these fused ring systems as important
architectures for the promising drug discovery. The simplicity and wide variability
of the methods make a good alternative to the literature lengthy multistep proce-
dures usually employed.
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H3BOJ

CHUHTE3A U UCITMTHUBAILE BUOJIOIIKE AKTUBHOCTH HEKHUX CTPYKTYPA
CIIMYHUX JIEKOBUMA KOJE CAIPXE BEH30- U [IMPUJ10-KOHOEH30BAHE
N-XETEPOIHMKIIE CPEJIGE BEJIMYHMHE, JOBMJEHUX HHTPAMOJIEKYJICKOM
PEAKIIMJOM ®PHUIENT-KPA®TCOBOT ALIMJIOBABA

HASSAN ABDOU KOTB ABD EL-AAL
Chemistry Department, Faculty of Science, Assiut University, Assiut, 71516, Egypt

[TprkasaH je jefUHCTBEH U €KOJIOLIKH TPUXBAT/bUB ITOCTYIIAK 38 CHHTE3y DeH30- U TUPUTIO-
-KOHJIEH30BaHUX a30LIMHOHA, a30HWHOHA W a3eluHOHA 8a—h mpumeHom Ppunen—KpadTcose
peakuuje. OBaj jefHOCTaBaH M epuKacaH NOCTyNak, ka0 K/byYHU CUHTETHUKH KOpaK, UMa LIUK-
JI0AUMIOBake XETePOLUKINYHUX ecTapa 7a—h y mpucyctBy karanutuuke konuuuHe AlCls/
/CH3NO2, TfOH unu PPA. ITonasHu amuan 3a—d cy 1ako HOOHjeHH KyIJIOBakeM aKpHIOWI-
-xnopuza 2a u 2b ca nupuanH-2-amuHrMa 1a U b. IlpumemeHa crparerdja Hyou peaknuje
BUCOKE CeJIEKTUBHOCTH, Di1are peakliMOHe yCI0BE U JIaK TPUCTYI CJI0KeHUM N-XeTepoLUKInMa
Cpenme BEJIWYMHE, Y CpelmeM 10 10OpoM mpuHocy. HcnrTaHa je aHTUMHUKPOOHA aKTHBHOCT
CBHUX TETPALMKINYHUX KOHIEH30BaHUX jeJUBEHA.

(TTpumssenro 19. jyna, pesuaupano 17. Hopembpa 2025, npuxsaheno 9. janyapa 2026)

REFERENCES

1. J. Buckingham, K. H. Baggaley, A. D. Roberts, L. F. Szabo,Dictionary of alkaloids, 2nd
ed., CRC Press, Boca Raton, FL, 2010 (ISBN 9780429145377)

2. D. Robaa, C. Enzensperger, S. E. AbulAzm, M. M. Hefnawy, H. I. E. Subbagh, T. A.
Wani, J. Lehmann, J. Med. Chem. 54 (2011) 7422 (https://doi.org/10.1021/jm200676f)

3. M. J. Moerke, L. R. McMabhon, J. L. Wilkerson, Pharm. Rev. 72 (2020) 527
(https://doi.org/10.1124/pr.119.018028)

4. N. Boden, R. Bissell, J. Clements, B. Movaghar, Lig. Cryst. Today 6 (1996) 1
(https://doi.org/10.1080/13583149608047629)

5. A.L. Ahmed, Y. Briseno, S. A. Xia, J. Jenekhe, J. Am. Chem. Soc. 130 (2008) 1118
(https://doi.org/10.1021/ja077444¢g)

6. C.E. Harding, J. G. R. Standford, J. Org. Chem. 54 (1989) 3054
(https://doi.org/10.1021/j000274a018)

7. L. A. Paquette, R. E. Hartung, J. E. Hofferberth, 1. Vilotijevic, J. Yang, J. Org. Chem. 69
(2004) 2454 (https://doi.org/10.1021/j00358675)

8. N. Krause, C. Winter, Chem. Rev. 111 (2011) 1994 (https://doi.org/10.1021/cr1004088)

9. R. H. Grubbs, Handbook of Metathesis, Vol. 1, 1st ed., Wiley-VCH, Verlag GmbH,
Weinheim, 2003, p. 204

Available on line at: https://www.shd-pub.org.rs/index.php/JSCS

(CC) 2026 Serbian Chemical Society.



224 ABD EL-AAL

10. A.T. Soldatenkov, S. V. Volkov, S. A. Soldatova, Chem. Heterocycl. Compd. 43 (2007)
508 (https://doi.org/10.1007/s10593-007-0076-z)

11. J. Marco-Contelles, E. De Opazo, J. Org. Chem. 67 (2002) 3705
(https://doi.org/10.1021/jo0111107)

12. H. Ishibashi, T. Sato, M. Ikeda, Synthesis 6 (2002) 695 (https://doi.org/10.1055/s-2002-
25759)

13. M. A. Sierra, . Fernandez, F. P. Cossio, Chem.Commun. (2008) 4671
(https://doi.org/10.1039/B807806H)

14. D. L. Boger, S. M. Weinreb, Hetero Diels-Alder Methodologyin Organic Synthesis,
Academic Press, New York, 1987

15. L. F. Tietze, G. Brasche, K. M. Gericke, Domino Reactions in Organic synthesis, Wiley-
-VCH Verlag GmbH & Co. KgaA, Weinheim, 2006 (ISBN:9783527290604)

16. J. Limanto, M. L. Snapper, J. Am. Chem. Soc. 122 (2000) 8071
(https://doi.org/10.1021/ja001946b)

17. T. Hudicky, in Alkaloids: Chemical and Biological Perspectives, S. W. Pelletier, Ed.,
Wiley-Interscience, New York, Vol. 5, Ch. 1, 1987, pp. 25-37

18. R. E. Gawley, Org. React. 35 (1987) 1 (https://doi.org/10.1002/0471264180.0r035.01)

19. D. H. R. Barton, R. James, G. W. Kirby, D. W. Turner, D. A. Widdowson, J. Chem. Soc.,
C (1968) 1529 (https://doi.org/10.1039/J39680001529)

20. I. W. Elliott, M. J. Sloan, E. Tate, Tetrahedron 52 (1996) 8063
(https://doi.org/10.1016/0040-4020(96)00390-0)

21. M. Qadir, J. Cobb, P. W. Sheldrake, N. Whittall, A. J. P. White, K. K. Hii, P. N. Horton,
M. B. Hursthouse, J. Org. Chem. 70 (2005) 1552 (https://doi.org/10.1021/jo048117j)

22. L. J. Dolby, D. L. Booth, J. Amer. Chem. Soc. 88 (1966) 1049
(https://doi.org/10.1021/ja00957a035)

23. N.J. Leonard, T. Sato, J. Org. Chem. 34 (1969) 1066
(https://doi.org/10.1021/j001256a064)

24. S. Gerhard, H. Manfred, F. Edgar, B. Heinrich, G. Volker, W. Bernd, S. Wolfgang,
European Patent, 0 035 360 B1, 1952

25. J. B. Bremner, D. F. Perkins, Tetrahedron 61 (2005) 2659
(https://doi.org/10.1016/j.tet.2005.01.061)

26. G.Kim, M. Y. Chu-Moyer, S. J. Danishefsky, J. Am. Chem. Soc. 112 (1990) 2003
(https://doi.org/10.1021/ja00161a059)

27. R. Frutos-Pedrefio, P. Gonzalez-Herrero, J. Vicente, P. G. Jones, Organometallics 32
(2013) 1892 (https://doi.org/10.1021/0m4000192)

28. H. A. K. Abd El-Aal, A. A. Khalaf, Arkivoc 8 (2024) 202412254
(https://doi.org/10.24820/ark.5550190.p012.254)

29. H. A. K. Abd El-Aal, Chem. Heterocycl. Comp. 56 (2020) 1353
(https://doi.org/10.1007/s10593-020-02822-1)

30. H. A. K. Abd El-Aal, Aus. J. Chem. 76 (2023) 760 (https://doi.org/10.1071/CH23030)

31. R. M. Roberts, A. A. Khalaf, Friedel-Crafts Chemistry: A Century of Discovery, Marcel
Dekker, New York, 1984

32. G. Pelletier, A. B. Charrette, Org. Lett. 15 (2013) 2290
(https://doi.org/10.1021/01400870b)

33. L. Panizzon, Helv. Chim. Acta 24 (1941) 27 (https://doi.org/10.1002/hlca.19410240205)

34. L. T. Smith, W. W. Prichard, J. Am. Chem. Soc. 62 (1940) 778
(https://doi.org/10.1021/ja01861a024)

Available on line at: https://www.shd-pub.org.rs/index.php/JSCS

(CC) 2026 Serbian Chemical Society.



35.

36.

37.
38.

39.

40.

41.

SYNTHESIS OF MEDIUM-SIZED N-HETEROCYCLES 225

K. H. Yong, J. A. Lotoski, J. M. Chong, J. Org. Chem. 66 (2001) 8248
(https://doi.org/10.1021/j0015940w)

T. Okauchi, I. Masaaki, T. Minami, T. Owa, K. Kitoh, H. Yoshino, Org. Lett. 2 (2000)
1485 (https://doi.org/10.1021/01005841p)

G. A. Olah, Acc. Chem. Res. 4 (1971) 240 (https://doi.org/10.1021/ar50043a002)

R. D. Shingare, R. Velayudham, J. R. Gawade, D. S. Reddy, Org. Lett. 15 (2013) 4556
(https://doi.org/10.1021/01402110¢)

G. A. Olah, M. Tashiro, S. Kobayashi, J. Am. Chem. Soc. 92 (1970) 6371
(https://doi.org/10.1021/ja00724a063)

R. M. Silverstein, F. X. Webster, D. J. Kiemle, Spectrometric Identification of Organic
Compounds, Tth ed., Wiley, Hoboken, NJ, 2005

G. J. Collee, G. A. Fraser, P. B. Marmion, A. Simmons, Practical Medical Microbiology,
14t ed., Churchill Livingstone, Edinburgh, Vol. 11, 1996, p. 163.

Available on line at: https://www.shd-pub.org.rs/index.php/JSCS

(CC) 2026 Serbian Chemical Society.




@Article{Abdou2026,

  author    = {Hassan Abdou and Abd El-Aal},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {Synthesis and biological evaluation of some drug-like scaffolds of benzo- and pyrido-fused medium-sized N-heterocycles obtained via intramolecular Friedel–Crafts acylation reactions},

  year      = {2026},

  issn      = {0352-5139},

  month     = {2},

  pages     = {213-225},

  volume    = {91},

  abstract  = {An unprecedented, concise and environmentally-friendly protocol for the synthesis of benzo-and pyrido-annulated azocinones, azoninones and azecin­ones 8a–h via Friedel–Crafts reactions is described. These simple and efficient procedures involve cycliacylations of heterocyclic esters 7a–h in the presence of catalytic amount of AlCl3/CH3NO2 or TfOH or PPA catalysts as the key step. Starting amides 3a–d were readily obtained by coupling reactions of acryloyl chlorides 2a and b with pyridin-2-amines 1a and b. Developed strategy offers some high selectivity reactions, mild reaction conditions and easy access to com­plex medium-sized N-heterocycles in moderate to good yields. All tetra­cyclic fused compounds have been screened for antimicrobial activity.},

  doi       = {10.2298/jsc250719002a},

  file      = {:01_13466_5487.pdf:PDF},

  issue     = {3},

  keywords  = {Brønsted acid,Crafts cycliacylations,azecinones,azocines,azoninones},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/13466},

}




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




