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ARTICLE INFO ABSTRACT

Article history This article reports the synthesis of some new osfiactams bearing an indeno[1,2-
Received b]quinoxaline ring system, prepared by a [2+2] ogddition of ketenes witimines derive
Received in revised form from 11-H-indeno[1,2-b]quinoxalin-11-one. The stires of newly synthesized spifglactam:
Accepted 2a—i and 3a-i were characterized by FT-IRH NMR, *C NMR, mass spectrometry ¢
Available online elemental analyses. The relative stereochemistigpobs-lactams2a and3a wasdetermine

unequivocally by X-ray crystallographic studies.
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1. Introduction intermediates to access,a-disubstituted p-amino acids and

. : tide derivatives:
The four-membered 2-azetidinone ring, commonly kn@sn peplide dervative

the B-lactam, is a privileged structural unit encountdere the
most widely used antibiotics that include penicdlin
cephalosporins, and carbapenériia counter deadly pathogenic
microorganisms that have built up resistance agaraditional
antibiotic drugs, researchers continue to exploeew fi-lactam
compounds with the objective of identifying variartiaving
improved antibacterial capabilitiédn this respect, a variety of

different methods have been reported for the sgishef 2- been approved by the U.S. Food and Drug Administrdtiothe

azetidinones, including cyclization reactions, ea insertion .. . .
. ) treatment of glaucom#.Tetracyclic indenoquinoxalines are also
reactions, rearrangement of heterocyclic = compounds

. ' o important types of heterocycles containin uinimeal
Reformatsky reaction, Ugi-4CR/ cyclization and [2+K3tene- P _ PE Y ining - qu
. . . .3 ) Indenoquinoxalines are not only used as intermeslidh the
imine cycloaddition (Staudinger reactioh). The classical

. . . synthesis of several types of spiro compounds aslspiro-
Staudinger reaction remains one of the most pogulacedures >Y . : ypes, 4p mp P
) . 12 - . . indenoquinoxaline pyrrolizidined! and spiro-lactone$, but also
for the synthesis df-lactam ring system$;* including spiroB-

. . . . as potent-glucosidase inhibitor and antibacterial agefits.
lactams:*** which have shown a great variety of important P g 9

biological properties such as antimalarial activitgholesterol To further capitalize on the unique properties aofthbp-
absorption inhibitiod® TRPV1 antagonisi, T-type calcium lactams and quinoxalines, we have expanded upomvotk on
channel blocking? and as3-turn mimics:® Jarrahpour et al have conjugateds-lactamé’ towards the syntheses of some interesting
recently synthesized spiftactams having potent antimalarial indenoquinoxaline-bearing spifslactams2 and 3, depicted in
capabilities’ Spirop-lactams also serve as synthetic Scheme 1.

Quinoxalines comprise another important class aéroeyclic
compounds also having a diverse range of biologacdivities
such as anti-hypertensiv&, anti-tuberculaf? convulsant? anti-
malarial?® anti-anti-HIV 2 anti-depressarif, anti-diabetic® anti-
inflammatory?® antibacteriaf’ antimicrobial®* and anticance¥.
The quinoxaline derivatives brimonidine and vartnéi have



2 Tetrahedron

1
N -Ar
/ Ar’0OCH,CO,H,
J T‘\I TsCl, E;N
N= CH,Cl,, 1t
la-d 2a-i 3a-i
Ar': a: 4-MeOC¢H, Ar?: CgHj
b: 4-MCC6H4 4-C]C6H4
c: 4-IsopropylCgH, 2,4-DiCICsHj;

d: 3,4-DiMeOCgHj;

Scheme 1Synthesis of indeno[1,2-b]quinoxaline sppdactams2a-i and3a-i

2. Results and Discussion

2.1.Synthesis of novel spirplactams bearing the 2,11'-
indeno[1,2-b]quinoxalin moiety:

Spirocyclic indeno[1,2-b]quinoxalinp-lactams2a-i and 3a-i
were synthesized by a modified Staudinger reactetwéen N-
phenyl-11H-indeno[1,2-b]Jquinoxalin-11-imine derivas 1 and
various phenoxyacetic acid derivatives. The reastiovere
carried out in the presence of triethylamine argyltahloride in
anhydrous CkLCl, at room temperature, in molar ratios of
1:1.5:5:1.5, respectively. Purification of the réac mixture by
thick-layer silica gel chromatography confirmed fbemation of
diastereomers2a-i and 3a-i, in equal amounts and in isolated
yields varying from 46-83%. The ratio of diasteresg® and3
was determined by the integration of the proton Hf3he B-
lactam rings in théH NMR spectrum.

X-ray crystallographic studies were done on diasteg¥e2a
and 3a (Figures 1 and 2). All bond lengths and bond angles
appear to be normal and comparable with those megdir
related compound§:** Intramolecular C-HO hydrogen bonds Figure 1. ORTEP diagram of diastereonga
stabilize the molecular conformations @k and 3a In the
crystals of botl2a and3a exist evidence of C-Hr interactions,
and in3a, additional O-H'N hydrogen bonds, forming a three-
dimensional structure. The IR spectraZaf and 3a showed the
characteristic absorption of tielactam carbonyl at 1759 ¢m
and 1766 cm, respectively. The'H NMR spectrum of2a
exhibited the aryl methoxy protons as a single.88 ppm, and
at 3.84 ppm for3a. The p-lactam H-3 proton appeared to be
highly deshielded foRa and3a, appearing downfield at 6.13 and
6.24, respectively. Th&C NMR spectrum exhibited signals at
55.05 ppm and 55.07 ppm for the methyl carbon2fpand 3a,
respectively, 68.87 ppm for the C-3 and 84.85 ppnttie C-4 in
2a, 86.89 ppm for the C-3 and 95.42 ppm for the @-84, the
aromatic carbons at appropriate shifts, andpttectam carbonyl
carbon at 161.0 ppm and 161.3 fta and 3a, respectively. The
GC-MS analysis showed the expected parent ion a#ilzfor
both diastereomers.

The cycloaddition reaction between N-(4-methoxypheny
11H-indeno [1,2-bJquinoxalin-11-iminelé) and phenoxyacetyl
chloride was then attempted in the presence ohtii@mine in
anhydrous CKLCl, and toluene at different temperatu(€sheme Figure 2. ORTEP diagram of diastereon8a A molecule of EtOH as a
2). To investigate the diastereoselectivity of tyeloaddition  crystallizing solvent was trapped in the crystalsture (top left quadrant).
reaction under different reaction conditions, tlene mixture
with the same ratios of reagents was treated at teoiperature,

-10 °C or -83 °C in anhydrous GE&l, or refluxed in toluene
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Scheme 2Staudinger reaction of imirkea with phenoxyacetyl chloride

(Table 1). The isolated yields of the two productsengrastically
diminished at lower temperature, or when toluene wsed was
the solvent. It is noteworthy that the Staudingactien did not
afford any cyclization  product when  using
methoxyphenylacetic acid, 4-hydroxyphenylacetic daci4-
biphenylacetic acid, phthaloyl glycine, or methoostic acid as
the coupling partner with the imine.

4-

Table 1. Different conditions for the reaction of imideand
phenoxyacetic acid

Entry | Solvent Temperature °C. Yield

1 CH,ClI, rt 61%

2 CH,CI, -10 Trace

3 CH.CI, -83 Trace

4 Toluene Reflux 15%

5 Toluene rt No reaction

Then it was decided to evaluate the order of additibthe
reactants on the diastereoselectivity and overaldyof the
reaction of iminela with phenoxyacetic acid. Two conditions
were compared: the first was the dropwise additiothefacyl
chloride to the mixture of imine and triethylamiae-83 °C, and
the second was the same reaction at room temperaftee
addition of reactants at -83 °C. Next the order a@diton was
reversed and triethylamine was added dropwise tonikture of
phenoxyacetyl chloride and imine under both setgeafction
conditions. Although the diastereoselectivity of ttyeloaddition
reaction using the carboxylic acid and tosyl cliderivas similar
to that using the acid chloride, the former metipodved to be
more efficient.

Using these preferred reaction conditions, we syinbdsl8
spirof-lactam derivative®a-i and3a-i (Table 2).

Table 2. Structures of different diastereomeric sgiqactam derivative®a—i and3a-i.

Yield®

B-lactam Structure B-lactam Structure (2+3)
(%)
2a 3a 61
2b 3b 64




Tetrahedron

2C

2d

2h




2i 3

Cl

50

% |solated yields.
3. Conclusion

In this study, a library of novel indeno[1,2-b]qakaline
spiroB-lactams has been synthesized. Th@sactams were
prepared in good vyields from N-phenyl-11H-inden®{l,
b]quinoxalin-11-imines and different phenoxyacetids in the
presence of triethylamine and p-toluenesulfonylodde. The
structures of cycloadduc#a-i and3a-i were established by IR,

The appropriate aromatic imine (N-phenyl-11H-indér2-
blquinoxalin-11-imine) (1 mmol), triethylamine (5 mol),
phenoxyacetic acid (1.5 mmol) and tosyl chloride5 (inmol)
were added to anhydrous gH, (5 mL) and the mixture was
stirred at room temperature for 24 h (TLC controlai solvent
system n-hexane: ethyl acetate = 10:3). The mixtta® washed
twice with 1N aqueous HCI solution (20 mL), and oncehwit
saturated agueous NaHg6plution (50 mL). The organic layer

'H NMR, ®C NMR, mass spectra and elemental analyses. Th@gas dried over anhydrous )80, and the solvent was removed

three-dimensional structures df-lactams 2a and 3a were
unambiguously determined by X-ray single crystalfrddtion
analysis, as a means to assign relative stereostrgntfforts to
evaluate the potential biological properties of sthenew -
lactams-quinoxaline hybrids are underway.

4. Experimental Section
4.1. General:

All needed chemicals were purchased from Merck, Fhric

to yield the product as a crystal that was then figdri by
recrystallization from ethanol. Diastereomers wereifigd by
silica gel chromatography.

4. 2. 1: 1-(4-Methoxyphenyl)-3-phenoxyspiro[azet&l2,11'-
indeno[1,2-b]quinoxalin]-4-one2é):
Yellow crystals; Mp. 220-222 °C; IR (KBr, ¢t 1759 (CO

p-lactam),;*H NMR (250 MHz, DMSO-g): 3.53 (3H, s, Ch),
6.12 (1H, s, H-3), 6.42 (2H, d,7.75 Hz, ArH), 6.64-6.86 (5H,

Acros chemical companies. and were used without furtheé: ArH), 6.98 (2H, tJ7.87 Hz, ArH), 7.50-7.67 (2H, m, ArH),

purification, All reagents and solvents were drietbpto use
according to standard methddsIR spectra were run on a
Shimadzu FT-IR 8300 spectrophotometer using patassi
bromide pelletsy(in cm?). '"H NMR and**C NMR spectra were
recorded in dimethylsulfoxidesd(DMSO-d) or chloroform-d
(CDCl,) using a Bruker Avance DPX instrumeni (NMR 250
MHz, *C NMR 62.9 MHz). Chemical shifts were reported in
parts per million §) downfield from tetramethylsilane (TMS).
The coupling constants)(are reported in Hertz (HzZJH NMR
splitting patterns are indicated as s: singletlalblet, t: triplet,
g: quartet, m: multiplet, dd: doublet of doubleheTmass spectra

7.76-8.00 (3H, m, ArH), 8.12 (1H, dd,5.50, 1.75 Hz, ArH),
8.21 (2H, tdJ 9.25, 1.50 Hz, ArH)**C NMR (63 MHz, DMSO-
ds) 6 161.0 (COp-lactam), 142.6, 141.0, 139.8, 139.0, 138.7,
137.1, 131.9, 131.3, 131.0, 130.0, 129.5, 129.3.212126.7,
122.4,122.1, 118.4, 118.2, 114.7, 114.4, 114.8,61¢aromatic
carbons), 84.8 (C spirf-lactam), 68.8 (C3-lactam), 55.0 (O-
CHs); GC-MS m/z = 471 [M]; Analysis calculated for
CsoH21N3Os: C, 76.42; H, 4.49; N, 8.91%. Found: C, 75.12; H,
5.04; N, 8.22%.

4. 2. 2: 1-(4-Methoxyphenyl)-3-phenoxyspiro[azetili2,11'-
indeno[1,2-b]quinoxalin]-4-one3@):

were recorded on a Shimadzu GC-MS QP 1000 EX instrument

Elemental analyses were run on a Thermo FinnigashFEA-
1112 series. Melting points were obtained on a Bush0
melting point apparatus. X-ray data were collectadaoBruker
APEX-II CCD diffractomer.

4.2. General procedure for preparation of Schifelsaa-d:

A  mixture of ninhydrin (5.00 mmol) and 1,2-
phenylenediamine (5.0 mmol) were combined in absdtiianol
(20 mL) and then heated at reflux for 20 min todwwe the
corresponding aromatic ketone (not isolated), aiter @ooling
the mixture to room temperature, the desired amitierivative

(5.5 mmol) and 3 drops of glacial AcOH were added. The 4

reaction mixture was returned to reflux for sevemnalrs to
produce the imine derivativds-d in high yield. The progress of
the reaction was monitored by thin-layer silica gel
chromatography (TLC). Evaporation of the solveribrafed the
crude imine as a solid, which was used for the steg without
further purification.

4.3. General procedure for the preparation of spitactams2
and3 by a modified Staudinger reaction:

White crystals; Mp. 180-181°C; IR (KBr, ¢hm 1766 (COB-
lactam);'H NMR (250 MHz, DMSO-¢): 3.84 (3H, s, Ch), 6.52
(1H, s, H-3), 6.57 (2H, dd} 7.75, 1.00 Hz, ArH), 6.88-7.05 (3H,
m, ArH), 7.08-7.22 (4H, m, ArH), 7.95-8.17 (4H, m,_ArH),
8.28-8.57 (4H, m, ArH)**C NMR (63 MHz, DMSO-¢) § 161.3
(CO B-lactam), 155.5, 142.0, 141.7, 140.6, 138.9, 13632.8,
131.4, 130.9, 129.9, 129.4, 129.3, 128.8, 128.8,.912122.7,
122.0, 121.5, 118.5, 118.4, 114.7, 114.1 (arontaibons), 95.4
(C spirop-lactam), 86.8 (B-lactam), 55.0 (O-CkJ; GC-MS m/z
= 471[M7; Analysis calculated for gH» N3O C, 76.42; H,
4.49; N, 8.91%. Found: C, 77.08; H, 4.58; N, 9.15%.

2. 3: 3-(4-Chlorophenoxy)-1-(4-methoxyphenyl)epi
[azetidine-2,11'-indeno[1,2-b]quinoxalin]-4-on@bj:

Yellow crystals; Mp. 200-201 °C; IR (KBr, ¢ 1759 (CO
B-lactam);"H NMR (250 MHz, DMSO-¢): 3.52 (3H, s, CH),
6.14 (1H, s,_H-3), 6.48 (2H, d,7.50 Hz, ArH), 6.70 (2H, dJ
7.75 Hz, ArH), 6.79 (2H, d] 8.75 Hz, ArH), 7.03 (2H, d] 8.75
Hz, ArH), 7.52-7.65 (2H, m, ArH), 7.75-7.96 (3H, m,_ArH),
8.07-8.27 (3H, m, ArH)**C NMR (63 MHz, DMSO-¢)  160.7
(CO p-lactam), 156.3, 154.4, 141.0, 138.6, 137.1, 1313,.3,
131.0, 131.0, 130.0, 129.4, 129.2, 129.2, 129.B.112126.7,
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122.5, 118.4, 116.4, 116.3, 114.7, 112.8 (aromedidons),
98.0 (C spirop-lactam), 84.7 ((B-lactam), 55.0 (O-CFJ; GC-
MS m/z = 507 [M, *'Cl], 505 [M", **CI]; Analysis calculated for
C3oH2CINsOs: C, 71.22; H, 3.98; N, 8.31%. Found: C, 72.05; H
4.36; N, 8.57%.

4. 2. 4.  3-(4-Chlorophenoxy)-1-(4-methoxyphenyl)-
spiro[azetidine-2,11-indeno[1,2-b]quinoxalin]-4eo(8by):

White crystals; Mp. 210-212°C; IR (KBr, cm-1): 17680 f3-
lactam);"H NMR (250 MHz, DMSO-¢): 3.54 (3H, s, Ch), 6.16
(1H, s, H-3), 6.34 (2H, dd} 7.00, 2.25 Hz, ArH), 6.50 (2H, dd,
6.75, 2.25 Hz, ArH), 6.69-6.75 (5H, m, ArH), 6.78—6(851, m,
ArH), 6.95 (2H, dd,) 6.75, 2.25 Hz, ArH), 7.05 (2H, dd,7.00,
2.25 Hz, ArH);**C NMR (63 MHz, DMSO-d6% 161.0 (COp-
lactam),156.3, 156.2, 154.3, 132.8, 131.4, 13134,.4, 129.4,
129.2, 129.1, 128.9, 128.7, 125.8, 124.9, 122.8.5,1118.4,
116.3, 116.0, 114.7, 114.7 (aromatic carbons), 86.3pirof-
lactam), 68.7 ((B-lactam), 55.0 (O-Ck); GC-MS m/z = 507
[M*, ¥Cl], 505 [M", *°CI]; Analysis calculated for $gH,,CIN;Os:
C, 71.22; H, 3.98; N, 8.31%. Found: C, 70.65; H, 41498.61%.

4. 2. 5: 3-(2,4-dichlorophenoxy)-1-(4-methoxyphespliro-
[azetidine- 2,11'-indeno[1,2-b]quinoxalin]-4-orke):

White crystals; Decompose 250 °C; IR (KBr, m1766 (CO
p-lactam);'H NMR (250 MHz, DMSO-¢): 3.51 (CH, s, 3H),
6.27 (H-3, s, 1H), 6.47 (ArH, d, 1H, J =8.75), 6.6566(&rH, m,
2H), 6.79 (ArH, d, 2H, J=9.00), 6.98 (1H, di#19.00, 2.50 Hz,
ArH), 7.39-7.69 (3H, m, ArH), 7.79-7.94 (3H, m, ArH), 8.07-
8.26 (3H, m, ArH);"*C NMR (63 MHz, DMSO-¢) § 165.6 (CO
B-lactam), 156.3, 152.5, 142.7, 138.5, 137.1, 13R31,9, 131.5,
131.4, 131.0, 130.0, 128.4, 129.4, 129.3, 129.3.212128.6,
127.7, 126.6, 124.1, 122.4, 122.4, 118.5, 114.7onfatic
carbons), 84.8 (C spirf-lactam), 55.0 (C3-lactam), 54.6 (O-
CH,); GC-MS m/z = 541 [M, *'Cl], 539 [M*, *Cl]; Analysis
calculated for GH;CI,N;Os: C, 66.68; H, 3.54; N, 7.78%.
Found: C, 67.54; H, 4.27; N, 8.54%.

4. 2. 6. 3-(2,4-Dichlorophenoxy)-1-(4-methoxyphespiyo
[azetidine-2,11'-indeno[1,2-b]quinoxalin]-4-orx);

Gray crystals; Mp. 178-180°C; IR (KBr, & 1766 (COp-
lactam);"H NMR (250 MHz, DMSO-¢): 3.53 (3H, s, Ch), 6.30
(1H, s, H-3), 6.50 (1H, d] 7.00 Hz, ArH), 6.72 (2H, dd] 9.00,
1.75 Hz, ArH), 6.82 (2H, dd] 9.00, 2.25 Hz, ArH), 6.98- 7.05
(1H, m, ArH), 7.53-7.68 (2H, m, ArH), 7.71-7.94 (4H, m_ArH)
8.11-8.24 (3H, m, ArH)**C NMR (63 MHz, DMSO-¢) 5 161.4
(CO p-lactam), 158.4, 156.0, 153.4, 148.3, 148.3, 14240,
139.6, 136.6, 133.1, 131.8, 131.2, 130.3, 129.8.712129.3,
129.3, 125.4, 132.1, 122.4, 119.1, 116.8, 114.8,a,(aromatic
carbons), 87.1 (C spirf-lactam), 69.3 ((B-lactam), 40.3 (O-
CHs); GC-MS m/z = 541 [M, *'Cl], 539 [M*, *Cl]; Analysis
calculated for GH;sClLN;O;: C, 66.68; H, 3.54; N, 7.78%.
Found: C, 67.59; H, 4.86; N, 8.73%.

4. 2. 7. 3-Phenoxy-1-(p-tolyl)spiro[azetidine-2;irideno
[1,2-b]quinoxalin]-4-oneZd):

White crystals; Mp. 258-260°C; IR (KBr, ¢ 1766 (COp-
lactam);'"H NMR (250 MHz, CDC)): 2.06 (3H, s, Ch), 4.15
(1H, s, H-3), 5.84 (1H, s, ArH), 6.21-6.56 (2H, m, ArH)6B
7.03 (6H, m, ArH), 7.34-7.85 (5H, m, ArH), 7.97-8.26 (3H,
ArH); *C-NMR (62 MHz, CDC}) § 163.0 (COB-lactam), 153.2,
144.3, 131.8, 131.8, 131.0, 130.9, 130.8, 130..01,3129.9,
129.7, 129.6, 129.5, 129.4, 129.3, 128.7, 127.@.6,2122.3,
122.3, 117.4, 115.0 (aromatic carbons), 85.6 (@ogpiactam),
68.1 (C B-lactam), 29.6 (-Ck; GC-MS m/z 455 [M+],
Analysis calculated for §H»:N;O,: C, 79.10; H, 4.65; N, 9.22%.
Found: C, 81.68; H, 4.92; N, 10.14%.

Tetrahedron

4. 2. 8: 3-Phenoxy-1-(p-tolyl)spiro[azetidine-2;iddeno[1,2-
b]quinoxalin]-4-one &d):

Yellow crystals; Mp. 169-171°C; IR (KBr, ¢t 1766 (COp-
'lactam); *H NMR (250 MHz, CDCJ): 2.06 (3H, s, Ch), 5.64
(1H, s, H-3), 5.84 (1H, s, ArH), 6.21-6.56 (2H, m, ArH)65-
7.03 (6H, m, ArH), 7.34-7.85 (5H, m, ArH), 7.97-8.26 (3H,
ArH), 6.30 (2H, dd,J 7.50, 1.25 Hz, ArH), 6.63 (1H, d, 7.50
Hz, ArH), 6.77-6.93 (6H, m, ArH), 7.54-7.72 (5H, m, ArH)99.
(1H, d,J 7.50 Hz, ArH), 8.06 (1H, d] 7.50 Hz, ArH);"*C NMR
(63 MHz, CDC}) & 161.7 (COB-lactam), 142.5, 137.1, 134.7,
132.4, 131.2, 130.5, 130.4, 130.3, 130.2, 129.8.612129.5,
129.4, 129.2, 129.1, 129.0, 123.6, 123.2, 122.7,.511114.9,
114.7 (aromatic carbons), 88.3 (C spfrdactam), 77.1 (CB-
lactam), 20.8 (-Ck); GC-MS m/z 455 [M], Analysis
calculated for GH»N3O,: C, 79.10; H, 4.65; N, 9.22%. Found:
C, 81.91; H, 5.02; N, 10.32%.

4. 2. 9: 1-(3,4-Dimethoxyphenyl)-3-phenoxyspiro[édiee-
2,11'-indeno[1,2-b]quinoxalin]-4-on2¢):

Yellow crystals; Mp. 170-171°C; IR (KBr, ¢t 1766 (COp-
lactam);"H NMR (250 MHz, CDCJ): 3.66 (6H, s, 2CH, 5.93
(1H, s, H-3), 5.95-6.07 (1H, m, ArH), 6.34-6.55 (4H, mHAr
6.80 (1H, t,J 7.00 Hz, ArH), 6.99 (1H, t) 7.75 Hz, ArH), 7.12
(1H, s, ArH), 7.55 (3H, tJ 6.50 Hz, ArH), 7.71-7.96 (4H, m,
ArH); *C NMR (63 MHz, CDCJ) & 166.8 (COB-lactam), 134.2,
132.6, 131.8, 131.0, 130.8, 130.7, 129.9, 129.8.7,2129.4,
128.2, 127.1, 125.3, 123.9, 122.6, 122.3, 119.%.9,1115.0,
111.0, 108.6, 103.9, 102.8, 102.8 (aromatic carho®d.6 (C
spiro B-lactam), 85.5 (@-lactam), 55.8 (O-Ck), 55.7 (O-CH);
GC-MS m/z = 501 [M], Analysis calculated for §H,NzO,: C,
74.24: H, 4.62; N, 8.38%. Found: C, 73.61; H, 5.429183%.

4. 2. 10: 1-(3,4-Dimethoxyphenyl)-3-phenoxyspirofiatiee-
2,11'-indeno[1,2-b]quinoxalin]-4-on&€):

Yellow crystals; Mp. 175-177°C; IR (KBr, ¢t 1751 (COp-
lactam); '"H NMR (250 MHz, CDC)): 3.66 (3H, s, CH), 3.67
(3H, s, CH), 5.07 (1H, s, H-3), 6.00 (1H, dd8.5, 2.5 Hz, ArH),
6.40 (2H, t,J 8.25 Hz, ArH), 6.70 (1H, t) 8.25 Hz, ArH), 6.89
(2H, t,J 8.00 Hz, ArH), 7.10-7.32 (2H, m, ArH), 7.61-7.83 (5H,
m, ArH), 7.99-8.21 (2H, m, ArH), 8.31 (1H, d,7.00 Hz, ArH);
¥%C NMR (63 MHz, CDC)) 5 164.6 (COB-lactam), 149.2, 146.3,
146.2, 142.7, 142.6, 141.6, 139.3, 132.4, 131.D.813130.5,
130.2, 129.7, 129.4, 129.2, 129.0, 128.7, 123.8.212122.2,
114.7, 111.0, 108.6, 102.9 (aromatic carbons), 88.3pirof-
lactam), 77.2 (@-lactam), 55.8 (O-C}J, 55.7 (O-CH); GC-MS
m/z = 501 [M], Analysis calculated for §H,sN;O,: C, 74.24;
H, 4.62; N, 8.38%. Found: C, 75.83; H, 4.42; N, 8.91%.

4. 2. 11: 3-(4-Chlorophenoxy)-1-(p-tolyl)spiro[aizie-2,11'-
indeno[1,2-b]quinoxalin]-4-onef):

Gray crystals; Mp. 290 decompose °C; IR (KBr, 3766
(CO p-lactam); '"H NMR (250 MHz, DMSO-g): 2.05 (3H, s,
CH,), 5.77 (1H, s, H-3), 6.32 (2H, d,9.00 Hz, ArH), 6.78 (2H,
d, J 6.25 Hz, ArH), 6.86 (2H, d] 9.00 Hz, ArH), 7.38-7.56 (3H,
m, ArH), 7.62-7.80 (4H, m, ArH), 8.04 (1H, d,8.00 Hz, ArH),
8.14 (2H, d,J 7.75 Hz, ArH);"*C NMR (63 MHz, DMSO-¢) §
162.9 (COB-lactam), 155.9, 147.3, 142.6, 138.9, 137.6, 135.3,
131.8, 131.3, 131.2, 131.1, 130.9, 130.1, 129.3.112127.5,
123.0, 123.0, 117.7, 114.7, 111.2, 104.3, 102.Fonfatic
carbons), 91.0 (C spir@-lactam), 73.6 (CB-lactam), 23.5 (-
CHs); GC-MS m/z = 491 [N, *'CI], 489 [M', **Cl], Analysis
calculated for GH,CIN;O,: C, 73.54; H, 4.11; N, 8.58%.
Found: C, 74.93; H, 5.25; N, 9.12%.

4. 2. 12: 3-(4-Chlorophenoxy)-1-(p-tolyl)spiro[aizite-2,11'-
indeno[1,2-b]quinoxalin]-4-one3f):



White crystals; 250 decompose °C; IR (KBr, YiL766 (CO
B-Iactam);lH NMR (250 MHz, CDCJ): 1.54 (3H, s, Ch), 5.64
(1H, s, H-3), 6.32 (2H, d) 7.25 Hz, ArH,), 7.19-7.30 (5H, m,
ArH), 7.57-7.92 (6H, m, ArH), 8.10 (2H, 3,8.00 Hz, ArH), 8.31
(1H, t,J 7.00 Hz, ArH);"*C NMR (63 MHz, CDCJ) § 162.0 (CO
B-lactam), 158.6, 157.1, 149.2, 146.8, 145.9, 14038,4, 137.0,
132.4, 131.3, 130.6, 129.6, 129.5, 129.2, 129.8.312120.7,
120.1, 118.0, 117.5, 116.0, 101.8 (aromatic carpod8.2 (C
spiro pB-lactam), 77.3 (@B-lactam), 20.8 (-Ck); GC-MS m/z =
491 [M', ¥Cll, 489 [M', *Cl], Analysis calculated for
C3H»CIN3O,: C, 73.54; H, 4.11; N, 8.58%. Found: C, 72.98; H,
4.35; N, 9.17%.

4, 2. 13: 3-(4-Chlorophenoxy)-1-(4-isopropylphespiyo
[azetidine-2,11'-indeno[1,2-b]quinoxalin]-4-origy:

White crystals; Mp. 169-171°C; IR (KBr, ¢ 1766 (COp-
lactam);*"H NMR (250 MHz, CDCJ): 1.07 (6H, d,J 7.00 Hz,
2CH;), 2.61-2.78 (1H, m, CH), 5.86 (1H, s, H-3), 6.41 (2H,d
7.00, 2.25 Hz, ArH), 6.87-6.98 (6H, m, ArH), 7.45-7.62{(2n,
ArH), 7.72-7.81 (1H, m, ArH), 7.85 (2H, d, 7.00 Hz, ArH,),
8.13 (1H, ddJ8.25, 1.5 Hz, ArH), 8.22 (2H, d,7.75 Hz, ArH) ;
¥%C NMR (63 MHz, CDC)) 5 161.6 (COB-lactam), 155.0, 153.1,
145.7, 143.3, 141.7, 139.5, 137.6, 133.8, 131.8,113130.7,
129.9, 129.7, 129.4, 129.3, 127.4, 127.1, 127.0,.012122.7,
117.5, 116.4 (aromatic carbons), 85.6 (C spiactam), 69.0 (C
B-lactam), 33.4 (CH), 23.7 (G GC-MS m/z = 519 [M*'Cl],
517 [M",**CI]; Analysis calculated for £H,,CIN;O,: C, 74.20;
H, 4.67; N, 8.11%. Found: C, 73.13; H, 4.73; N, 7.91%.

4. 2. 14. 3-(4-Chlorophenoxy)-1-(4-isopropylphespiyo
[azetidine-2,11-indeno[1,2-b]quinoxalin]-4-oriy:

Yellow crystals; Mp. 224-226°C; IR (KBr, ¢t 1751 (COp-
lactam);'H-NMR (250 MHz, CDCJ): 1.02 (3H, , s, CH), 1.05
(3H, s, CH), 2.60-2.81(1H, m, CH), 5.62 (1H, s, H-3), 6.30 (2H,
d, J 6.75 Hz, ArH), 6.79-7.09 (6H, m, ArH), 7.22 (1H, s, ArH),
7.59-7.88 (5H, m, ArH), 8.09 (1H, 4,8.25 Hz, ArH), 8.30 (1H,
d,J 7.00 Hz, ArH) ;*C NMR (63 MHz, CDCI3) 161.3 (COp-
lactam), 153.1, 145.7, 142.7, 137.1, 135.1, 13832,5, 131.3,
130.6, 130.2, 129.5, 129.2, 129.1, 129.0, 127.3,.112123.7,
123.6, 123.3, 117.5, 116.1, 105.4 (aromatic carhos8.2 (C
spiro p-lactam), 86.4 (@-lactam), 33.5 (CH), 23.75 (CH3); GC-
MS m/z = 519 [M,*'Cl], 517 [M",*ClI];, Analysis calculated for
C3H2.CINSO,: C, 74.20; H, 4.67; N, 8.11%. Found: C, 75.53; H,
5.78; N, 8.78%.

4, 2. 15: 1-(4-Isopropylphenyl)-3-phenoxyspiro[adieie-
2,11'-indeno[1,2-b]quinoxalin]-4-onl):

Yellow crystals; Mp. 180-181 °C; IR (KBr, ¢t 1759 (CO
p-lactam); '"H NMR (250 MHz, CDCJ): 1.05-1.09 (6H, m,
2CH;y), 2.64-2.76 (1H, m, CH), 5.92 (1H, s, H-3), 6.46 (2HJ)d
8.75 Hz, ArH); 6.79 (1H, dJ 7.75 Hz, ArH), 6.91-6.93 (4H, m,
ArH), 6.98 (2H, d,J 7.75 Hz, ArH), 7.46-7.61 (2H, m, ArH),
7.70-7.90 (3H, m, ArH), 8.11-8.25 (3H, m, ArHJC NMR (63
MHz, CDCL) 8 160.0 (COp-lactam), 156.7, 156.4, 153.2, 145.5,
1445, 143.3, 141.7, 139.8, 139.8, 137.6, 133.4,.8,3130.9,
130.6, 129.9, 129.6, 129.3, 127.1, 122.6, 122.3,.511115.0
(aromatic carbons), 85.6 (C spipdactam), 69.2 (B-lactam),
33.4 (CH), 23.7 (CH; GC-MS m/z = 483 [M];, Analysis
calculated for GH,sN;O,: C, 79.48; H, 5.21; N, 8.69%. Found:
C, 77.93; H, 6.27; N, 9.18%.

4. 2. 16: 1-(4-Isopropylphenyl)-3-phenoxyspiro[adieie-
2,11'-indeno[1,2-b]quinoxalin]-4-on&l):
Yellow crystals; Mp. 190-191°C; IR (KBr, ¢t 1751 (COp-

Iactam);lH NMR (250 MHz, CDCJ): 1.04 (3H, s, ChH), 1.07
(3H, s, CH), 2.59-2.85 (1H, m, CH), 5.71 (1H, s, H-3), 6.37 (2H,

7
dd, J7.50, 1.00 Hz, ArH), 6.67 (2H, d,7.00 Hz, ArH), 6.82-
7.06 (6H, m, ArH), 7.59-7.86 (5H, m, ArH), 8.04-8.14 (2H,
ArH) 8.31 (1H, dJ 7.00 Hz, ArH);*C NMR (63 MHz, CDC)) &
161.8 (COB-lactam), 156.3, 154.4, 153.2, 145.6, 143.7, 142.6,
141.6, 137.1, 133.8, 132.4, 131.1, 130.4, 130.3.412129.2,
129.0, 127.0, 123.7, 123.2, 122.2, 117.5, 114.®nfatic
carbons), 88.3 (C spifd-lactam), 69.3 (@B-lactam), 33.4 (CH),
23.7 (CH); GC-MS m/z = 483 [M]; Analysis calculated for
CsH2sNsO,: C, 79.48; H, 5.21; N, 8.69%. Found: C, 80.93; H,
5.27; N, 8.98%.

4. 2. 17: 3-(2,4-Dichlorophenoxy)-1-(4-isopropylplBapiro
[azetidine-2,11'-indeno[1,2-b]quinoxalin]-4-or&){

White crystals; Mp. 158-160°C; IR (KBr, ém 1759 (COB-
lactam);'H NMR (250 MHz, CDCJ)): 2.14 (6H, s, 2Ck), 2.60-
2.77 (1H, m, CH), 5.85 (1H, s, H-3), 6.48 (1H,X8.75 Hz,
ArH), 6.87-6.97 (5H, m, ArH), 7.24 (1H, s, ArH), 7.51-7 @H,
m, ArH), 7.69-7.83 (2H, m, ArH), 7.92 (1H, dd7.50, 1.25 Hz,
ArH), 8.21 (1H, dd,) 8.25, 1.75 Hz, ArH), 8.21 (2H,4,7.00 Hz,
ArH,); *C NMR (63 MHz, CDCJ) § 161.3 (COp-lactam),151.1,
145.7, 142.2, 141.7, 139.3, 137.6, 133.7, 132.8,.813131.2,
130.7, 130.1, 129.8, 129.7, 129.4, 127.4, 127.4.7,2124.0,
122.6, 117.5, 116.7, 115.5, 106.9 (aromatic carhoBs.8 (C
spiro B-lactam), 77.21 (@-lactam), 30.9 (CH), 23.7 (G} GC-
MS m/z = 553 [M,*'Cl], 551 [M*,*°CI];, Analysis calculated for
C5,H»4CILN5O,: C, 69.57; H, 4.20; N, 7.61%. Found: C, 70.83; H,
5.67; N, 8.91%.

4. 2. 18: 3-(2,4-Dichlorophenoxy)-1-(4-isopropylphBrspiro
[azetidine-2,11-indeno[1,2-b]quinoxalin]-4-or&)(

Yellow crystals; Mp. 170-172°C; IR (KBr, ¢t 1766 (COp-
lactam);'H NMR (250 MHz, CDC}): 2.14 (6H, s, 2CH), 2.60-
2.77 (1H, m, CH), 5.85 (1H, s, H-3), 6.48 (1H,X8.75 Hz,
ArH), 6.87-6.97 (5H, m, ArH), 7.24 (1H, s, ArH), 7.51-7 @H,
m, ArH), 7.69-7.83 (2H, m, ArH), 7.92 (1H, dd7.50, 1.25 Hz,
ArH), 8.21 (1H, dd,) 8.25, 1.75 Hz, ArH), 8.21 (2H,4,7.00 Hz,
ArH); *C NMR (63 MHz, CDCJ) 5 163.0 (COp-lactam),157.3,
152.6, 144.9, 143.7, 140.1, 136.4, 136.1, 132.8.812129.7,
129.3, 127.0, 126.7, 126.0, 123.2, 122.7, 120.9.512120.4,
119.9, 119.8, 115.6, 108.1, 102.6 (aromatic carhd®8.6 (C
spiro B-lactam), 80.33 ((B-lactam), 45.16 (CH), 27.31 (GH
GC-MS m/z = 553 [M,¥'CI], 551 [M*,**Cl];, Analysis calculated
for CyHClLNgO,: C, 69.57; H, 4.20; N, 7.61%. Found: C,
69.51; H, 4.37; N, 8.50%.
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