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Abstract: Highly diastereoselective synthesis of chrom@ractam hybrids was achieved by
an efficient one-pot three-component reaction. Witis procedure, the desiregHactam
products were obtained in good yields and with @sigk cis stereoselection, by combining a
variety of benzaldehydes, malononitrile, and eitBeés-dimethylcyclohexane-1,3-dione or 4-
hydroxycoumarin in the presence of 1,4-diazabidgcikh2]octane under reflux conditions.
These adducts were structurally characterized emdsis of IR, 1D and 2D NMR spectra, X-ray
analysis, H-H COSY and H-C HSQC two-dimensional NMRperiments, and elemental
analysis. Each of the synthesized compounds wagrsed for anti-inflammatory and anticancer
activities. p-Lactams5b and8b showed a 53.4 and 19.8 anti-inflammatory ratispeetively,
and 5b appeared more active than the well-known dexarsetie corticosteroid used for the
treatment of rheumatoid and skin inflammatipr.actamsba, 5b, 5¢, 5f, 5g, 8¢, 8 and8p also
showed good antitumor activity against t8&/1116 (colon cancer) cell line without notable
cytotoxicity towards thélepG2 control cell line.
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1. Introduction

In the recent past, our laboratories have pursesearch exploring the synthetic combination
of several prominent classes of bioactive compounds create new scaffolds with
pharmacological potential. Pharmacophore hybritimathas emerged as a paradigm for
pharmaceutical chemists. The main motivations fsing this strategy are the significant
improvement in the therapeutic potential, strengibde of action and pharmacokinetics [1-4].
Multicomponent reactions (MCRs) have recently begploited as a means to synthesize a
variety of chemically-hybridized compounds, inclgli those of interest for biological
evaluation. Among the synthetic methods utilizedtfas purpose, single-pot multi-component
reactions provide the mosffieient routes to the desired products, avoidingribed to isolate
and purify intermediate products while improvingorat economy and product yields [5].
Medicinal chemists have further exploited multi-gmnent synthesis in order to construct
compounds of pharmaceutical interest, by combimwg or more structural subunits that have
their own biological activities. In some cases,sthdiological activities are complementary to
one another or aid in the enrichment of some deégireperties, such as antimicrobial activity
(bifunctional or even trifunctional prodrugs), arropletely orthogonal (such as anticancer with
antimicrobial). Recently our laboratories have exgtl applications of the MCR approach to
uncover new chemical structures with intriguinglbgical properties. In this study, we explore
the unique combination of two different classediofctive structures, namely fused chromenes
andp-lactams (Figure 1).
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Fig. 1. Generalized structure of a fused chromp#aetam hybrid.

Tetrahydro-#4-chromenes and dihydropyraspghromenes have diverse pharmacological
potential as anti-allergenic, anti-proliferativentiaacterial, antiviral, antifungal, antioxidant,
antitumor, and anticancer agents [6-9]. Examplekide benzopyran8 andB, which possess
anticancer activity [10], and compouf@d which has antibacterial activity [11] (Figure 2).



Fig. 2. Structures of biologically-active fused chromenes.

The discovery and clinical development factam antibiotics remains one of the major
advances in modern medicine [1Phe commonly used bicyclig-lactam antibiotics such as the
penicillins and cephalosporins prevent bacteriadngpeptidases from crosslinking the
polysaccharide cell wall [13]. More recently, fulcalized monocyclig-lactams have been
developed having a host of other pharmaceuticahlméipes, such as anti-HIV [14], antifungal
[15], anticancer [16,17] and antimalarial [18] (&ig 3), anti-inflammatory, or analgesic
activities [19]. Thus, theB-lactam framework presents a rich source of divesg®dogical
properties.

Antifungal

Anticancer
N / \(RI
S i s\
N
O / \
—~
Antimalarial /Ry

Fig. 3. Structures of some biologically active monocyglitactam derivatives.

In this current study, we set our focus on strudtyrunique pB-lactams 8a-p bearing
tetrahydro-#-chromene and dihydropyrammpichromene pharmacophores, through the
development of a single-pot, multi-component caupktrategy illustrated in Scheme 1.
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Reagents and conditions: (a) K,CO3/DMF/70 °C; (b) TsCI/Et;N/CH,Cl,/r.t; (c) DABCO in refluxing EtOH
(refer to Table 1 for identity of R and Ar.)

Scheme 1Multi-component synthesis of aldehyglidactamsba-j and chromend-lactam hybrid8a-p.
2. Results and discussion

2.1. Chemistry

In this study, p-lactams 5a-j were synthesized by a diastereoselective ketemeim
cycloaddition reaction (Scheme 1) [18,20]. The tieacof 4-hydroxybenzaldehydel)( with
bromoacetic acid 2) in DMF at 76C in the presence of solid ,€O; afforded 2-(4-
formylphenoxy)acetic acid3]. Treatment of3 with Schiff bases4a-j in the presence of
triethylamine and p-toluenesulfonyl chloride proddahecis-p-lactams5a-j in isolated yields
varying from 68-80% after column chromatographyiéal).

Table 1.Isolated yields of aldehydj&lactam hybridba-j.

Cpc R Ar Isolated yield (%)
5a OMe 4-CIPt 8C
5b Me 4-CIPt 75
5c Cl 3-NO,Pr 77
5d OMe 3-NO,Pr 7C
5¢ OEtl 4-CIPt 8C
5f OEtl 4-NO,PF 8C
5¢g NMe, 4-NO,PF 88
5h OEl 4-NMe,Pr 74
5i OEl anthracen 80
5j OMe anthracen 80



Structures of the cycloaddudds-j were established on the basis of their IR,NMR, **C
NMR spectral data and elemental analysis (see stipganformation). The IR spectra &b
(R=Me, Ar=4-CIPh) showed absorption band df759 cn for thep-lactam carbonyl group and
absorption band at 1689 cnt for the aldehyde carbonyl group. Compotidshowed doublets
at 56 5.79 ppm and 6.03 ppm for the H-2 and H-B-lactam ring protons. The aldehydic
hydrogen resonated as a single6#.81 ppm. Thé*C NMR spectral data for compouridh
exhibited signals at 60.9 ands 80.4 ppm for the C-2 and C-B-lactam ring protons,
respectively, the aromatic carbons at appropriatitss thep-lactam carbonyl carbon ét161.4
ppm and the aldehyde carbonyl carbord d90.5 ppm. Theis stereochemistry was assigned
from the vicinal coupling constants of the t@g«actam ring protons, H-2 and H-3,6>4.0 Hz)
[18]. Single crystal X-ray analysis @flactam5b confirmed thecis stereochemistry (Figure 4).
Crystallographic data, details of the data col@ctand structure refinement can be found in the
supplementary material [21].

Fig. 4. ORTEP diagram d8-lactam5b.

From aldehydi@-lactamsb, we further developed an expedient multi-compoa@ptroach
for constructing chromen@lactam hybridS (Scheme 2).
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Scheme 2Multi-component synthesis of chromepwactam hybridS8a-p.

To optimize the reaction conditiong;lactam 5a was stirred in ethanol with equimolar
amounts of malononitrile6] and 5,5-dimethylcyclohexane-1,3-dionég) in the presence of
different base catalysts (Table 2). A higher yield simafter reaction time were observed when
the reaction was carried out in the presence of alam equivalent of 1,4-
diazabicyclo[2.2.2]octane (DABCO) under reflux cdiwhs (entry 6) [22,23].

Table 2. Effects of reagent and solvent on the reactioptlattam5a, malononitrile 6) and 5,5-
dimethylcyclohexane-1,3-dion&d) under dfferent reaction conditions.

Entry Reagent Reagent (mmol) Solvent  Temp (°C) Time (h) Yield
1 —_— —_— EtOH Reflux 48 —_—
2 EtN 1.0 EtOH Reflux 5 70
3 K,COs 1.0 EtOH Reflux 8 62
4 DABCO 0.5 EtOH Reflux 15 75
5 DABCO 15 EtOH Reflux 15 95
6 DABCO 1.0 EtOH Reflux 15 95
7 DABCO 1.0 MeCN Reflux 10 20
8 DABCO 1.0 H,0 Reflux 10 50
9 DABCO 1.0 MeOH Reflux 10 55
10 DABCO 1.0 CHCl; Reflux 10 Trace
11 DABCO 1.0 EtOAc Reflux 10 24
12 DABCO 1.0 EtOH r.t. 8 60
13 DABCO 1.0 80 10 33
14 DABCO 1.0 e 100 10 46

Subsequently, these optimized reaction conditiomewsed for the condensationgof
lactamsba-j (Table 3).



Table 3.Isolated yields of chromerflactam hybrid€8a-p under the optimized reaction conditions.

Cpd R Ar Time (h) Yield Cpd R Ar Time (h)  Yield
(%) (%)

8a OMe 4-CIPh 15 95 8i OEt Anthracene 15 92
8b Me 4-CIPh 2.5 90 8j OMe Anthracene 15 90
8c Cl 3-NO,Ph 2.2 92 8k OEt 4-CIPh 3.0 85
8d OMe 3-NQPh 3.5 80 8l OMe 4-CIPh 2.6 92
8e OEt 4-CIPh 2.5 94 8m NMe; 4-NO,Ph 4.0 82
8f OEt 4-NQPh 1.6 95 8n OEt 4-NMePh 3.8 90
89 NMe; 4-NO,Ph 3.2 85 80 OEt Anthracene 18 95
8h OEt 4-NMePh 3.0 90 8p OMe Anthracene 2.0 90

Structures of the chromerslactam hybridsa-p were established from their IBH NMR,
13C NMR spectral data, H-H COSY and H-C HSQC two-disienal NMR studies, and
elemental analysis (see supporting information)e TR spectra showed the anticipated ;NH
stretching vibration, the CN stretching, and flalactam carbonyl signals in regions similar to
those for the precurs@rlactamsba-j. We also noted the absence of the aldehyde carlgomyp
at 1689 crit, and the appearance of a sharp band at 1666fomthe vinylogous carbonyl
(ketone or lactone). Th#d NMR spectra showed doublets wittr 5.0 Hz for the tw@-lactam
ring protons, H-2 and H-3, and NHbrotons in the aromatic region. For compow@itas a
representative example, these Notons deuterium-exchanged withdand the integration of
4Hs in the region 0$ 6.88-6.95 (m, ArH, Nk) decreased to 2H, producing a sharp doublét at
6.94 0 = 10.0 Hz). Thé®C NMR spectral data for each of the compounds éehitcarbonyl,
aliphatic and aromatic carbons at appropriate cbanshifts. H-H COSY and H-C HSQC NMR
experiments also corroborated the stereochemisajrasents, in that the correlations observed
in the two-dimensional spectra for lacta@as 8b, 8c, 8f, 8¢, 8i, 8j, 8l, 8n, 8o, and8p all were in
alignment with the structure haviegs-disubstitution on th@-lactam rings.

2.2. Biological activities

2.2.1. Anti-inflammatory activity assay

Inflammation contributes to the degenerative presessof host of human ailments and
diseases, such as cancer, arthritis, atherosdermsioimmune diseases and aging of skin and
other tissues and organs. Treatment with antisimit@tory compounds may reduce the severity
of inflammation. Non-steroidal anti-inflammatory ugis (NSAIDs) are the most popular
pharmaceutical agents for the treatment of chrarflammatory diseases, pain and fever that
exert their therapeutic effestia blockade of cyclooxygenase isoenzymes (arachidanid
pathway) to prevent the production of prostaglasdind other inflammatory mediators. Nitric
oxide (NO) plays significant roles in the pathopbiegy of inflammatory ilinesses. It gives an
anti-inflammatory effect under normal physiologicahditions. NO is synthesized and released



into the endothelial cells by the help of nitridae synthases that convert arginine into citrulline
producing NO in the process. Also, NO is consideasda pro-inflammatory mediator that
induces inflammation because of over productionabnormal situations. Therefore, NO
inhibitors represent important therapeutic advancine management of inflammatory diseases
[24]. In order to identify new anti-inflammatoryrwdidates, the RAW 264.7 murine macrophage
assay was used to examine anti-inflammatory behaofothe new p-lactam hybrids we
synthesized. This assay monitors the inflammatascade leading to an overproduction of NO
in the endothelial lining of blood vessels. In firesent study, it was performed to evaluate the
capacity of the compounds to inhibit the pro-inftaatory cascade leading to NO production in
mouse macrophages. Results are reported in Talfl@mpounddb was the most active of all
the chromeng-lactam hybrids tested, with a 19.8 anti-inflamnngatatio.

Table 4. Anti-inflammatory activity of chromenp-lactam hybrids8a-p.

IC50‘NO release IC 50-cell viability Anti'inﬂammatory
Sample Sample (UM) Sample (UM) ratio
8a ND ND ND
8b 6.24+ 1.2¢ 123.47+ 13.2¢ 19.¢
8c 53.41+5.1¢ 124.21+ 8.2¢ 2.8
8d 100.02+ 6.21 114.31+ 10.31 1.1
8e 73.36+ 7.94 201.45+ 11.5¢ 2.7
8f 89.42+ 6.81 124.31+ 11.3¢ 1.4
8¢g 60.08+ 5.24 251.48+ 8.37 4.1
8h 38.10+ 4.31 146.25+ 7.2¢ 3.€
8i 101.65+ 23.2¢ 165.23+ 10.8 1.€
8j 56.41+ 5.64 134.63+ 8.24 2.4
8k ND ND ND
8l 89.56+ 3.81 124.31+ 8.3¢ 1.4
8m 161.36+ 21.5¢ 163.24+ 11.4. 1.C
8n ND ND ND
80 168.23+ 11.41 224.34+11.8¢ 1.2
8p 164.57+ 8.84 198.56+ 12.0¢ 1.z
Dexamethasone 5.02+1.34 pN 159.2+ 26.35 puh 31.9

ND: Not determined due to poor solubility

For comparison, we also checked anti-inflammatatyey for the aldehydig-lactamsba-
(Table 5). As observed for lactaBb, the p-tolyl group on N-1 of the3-lactam ring of5b
enhances anti-inflammatory activity in this assmgre active than the corticosteroid drug,
dexamethasone.



Table 5. Anti-inflammatory activity of derivativeSa-j.

IC50'NO release IC 50-cell viability Anti-inﬂammatOl’y

Sample Sample (UM) Sample (UM) ratio
5a 92.42+ 6.81 131.31+9.3¢ 1.4
5b 2.31+0.5¢ 123.78+ 7.4¢ 53.4
5c 63.65+ 4.07 132.48+ 6.37 2.1
5d 2.91+0.84 4.15+ 1.6¢€ 14
5e 11.32+0.8¢ 56.28+ 6.31 4.
5f 97.73+ 9.9t 189.65+ 8.1¢ 1.€
59 32.86+ 3.3t 116.84+ 14.5¢ 3.€
5h 125.20+ 8.1¢ 241.78+11.4; 1.€
5i 42.58+ 4.27 112.56+ 10.3¢ 2.€

5j 69.11+ 19.4¢ 68.32+ 6.87 1.C
Dexamethasone 5.02+1.34 pN 159.2+ 26.35 ph 31.¢

2.2.2. Anticancer activity and cytotoxicity assays

In vitro cytotoxicity and anti-cancer activity were alsakwated for each of the compounds
synthesized. Three of the chromdhtactam hybrid compound8¢, 8j and8p) showed elevated
anticancer activity against tf&V1116 (colon cancer) cell lines, with ¥gvalues of 7.29, 8.83,
and 7.43 pM, respectively, in comparison to thdcanter agent methotrexate {Cof 2.49
pHM). The remainder of the lactar@safford no anticancer activity at or below 200. Since all
of these lactams carry a tetrahydid-dhromene or dihydropyrangfchromene group on C-3 of
the p-lactam ring, the aryl substituents at N-1 and GF2he p-lactam ring are responsible for
these differences in activity. A tentative struetactivity relationship exists, in that the presenc
of ap-nitrophenyl orp-chlorophenyl group on C-2 of tigelactam ring and @-methoxyphenyil,
p-tolyl, p-ethoxyphenyl op-N,N-dimethylaminophenyl ring on N-1 of tifelactamprovide the
best anticancer bioactivity. Additionally, five tfe aldehydid3-lactams $a, 5b, 5¢ 5f and5g)
possess comparable siCvalues. 1G, values are 10.26, 10.00, 6.71, 8.19, and G.B88
respectively. Conversely, none of the lacta®a-j(or 8a-p) have cytotoxicity againgtiepG2
cells at or below 20QM (Table 6).



Table 6. Anticancer and cytotoxic activity assays of selé@éactamss and8, assessed by the MTT

reduction assay against SW1116 andHepG2

cells Compound SW1116 HepG2
ICso(UM) | 1C s (M)

5a 10.26 > 200

5b 10.00 > 200

5e 6.71 > 200

5f 8.19 > 200

5¢ 6.92 > 20C

8c 7.29 > 200

8 8.83 > 200

8p 7.43 > 200

Methotrexate 2.49 0.30

2.2.3. Molecular docking studies
2.2.3.1. Validation of molecular docking

The performance of a common computational dockéehriique can be tested by checking its
power to foresee the most significant binding mofle cognate (co-crystallographic) ligand
[25]. This method was carried out by eliminating 8tructure of a cognate ligand and re-docking
it into its protein (self-docking). Root-mean-sqgeiadeviation (RMSD) of the Cartesian
coordinates of the atoms of the ligand in the ddc&ed crystallographic conformations is the
principle of the docking validation (RMSD < 2 A).aWdation of molecular docking showed
RMSD values were for PDB ID: 4NOS = 0.4 A and f@B°ID: 3LN1 = 0.01 A (Supplementary
Information).

2.2.3.2. Study of the binding mode

Molecular docking experiments suggest that chronmferactams8a-p may bind to human
inducible nitric oxide synthase proteuna hydrogen bond and hydrophobic interactions with
specific active site amino acid residues. The iragn of computational and experimental
technigues is an acutely attractive strategy ferdbhsign and optimization of drug candidates.
Molecular docking studies showed that synthesizeshpounds5a-j and 8a-p could inhibit
human inducible nitric oxide synthase and cyclo@nase-2 via hydrogen bond and
hydrophobic interactions (Tables 7 and 8). Accaydito molecular docking results, all
compounds exhibited higher free binding energy eslwith human inducible nitric oxide
synthase enzyme compared with cyclooxygenase-2reiidre, these derivatives showed anti-
inflammatory activity through inhibition of releasef nitric oxide. Thus, we focused on

10



investigation of molecular docking results and lIoigdmodes of synthesized compounds at the
human inducible nitric oxide synthase active site.

Table 7. Docking results oba-j and 8a-p derivatives docked into the human inducible nitnkide
synthase target (PDB ID: 4NOS).

Code AGpinding Hydrogen Hydrophobic -7 Cation-n
(Kcal/mol)  bond interaction

- Gly371, Ala351,
Pro350, Asn370,
Val352, Glu377,
Sa -7.54 Asp382, Arg266, - -
Trp346, Tyr347,
GIn263, Ala262,
Asn354

GIn263 Ala351, Asp382,
Arg381, Glu377,
5b -10.30 Tyr373, Pro350, - -
Ala262, Val352,
Met355, Asn354

Cys110  Gly117, Leulls,
Serl18, Cys115
-9.30 ' '
> lle462, GIN478,
Trp461, Glu479

Trp461

Cys110 GIn478, Trp461,

5d -9.23 G|U479, ”e462,
Glyl117, Cys115,

Serl18, Leull6

Arg388, Arg266, Arg388,
Tyr373 Ala262, Val352,
Se -9.91 GIn263, Pro350, - Arg266
Gly371, Asn370,
Phe369, Glu377

Tyr373, Asp385, Arg381,
Arg388 Ala282, Arg266,
Asn354, Ala262,
Sf -8.35 GIn263, Met355, Tyr491 -
Val352, Pro350,
Glu377, Trp372,
Gly371

11



59

-9.65

Cys110

His477, GIn478,
Glu479, Met480,
Phe476, Trp461,
Cys115, Serl18,
lle462, Gly117

5h

-8.19

Tyr373,
Arg388

Asp382, Glu377,
GIn263, Val352,
Ala351, Phe369,
Pro350, Gly371,
Asn370

Hem

Si

-8.64

Trp461, Pro466,
lle462, Val465,
Pro467, Asp385,
Arg381, Trp463

Hem

Arg381

5

-8.53

Trp461, lle462,

Pro466, Val465,
Trp463, Pro467,
Arg381, Asp385

Hem

Arg381

8a

-9.23

Arg381,
Asp382

GIn263, Arg266,
Arg388, Glu377,
Val352, Met120,
Trp463, Pro466,
Pro467, lle462

Hem

8b

-10.01

Arg381,
Asp382

GIn263, Val352,
Glu377, Arg388,
Trp463, Met120,
Pro467, lle462,
Pro466, Val465

8c

-8.80

Gly470,
Trp463

Met120, Arg381,
lle462, Pro467,

Val465, Pro466,
Trp461, Phe476,
Ser469, Met468

8d

-8.82

Arg381

Val352, Glu377,
GIn263, Arg388,
Met120, Val465,
Trp463, Pro466,
Pro467, lle462

8e

-9.18

Asp412, Cys384,
Leu392, Lys411,

12



Val386, Val415,

Pro467, Val380,

Arg381, Asp385,
Val465, Pro466,
lle462, Trp461

8f

-8.99

Arg388,
Tyr373

Asp385, Arg381,
Ala282, Arg266,
Asn354, Ala262,
Met355, Val352,
GIn263, Gly371,
Pro350, Trp372,
Glu377

Arg266

89

-9.71

Ala351, Glu377,
Val352, GIn263,
Arg266, Tyrd91,
Met355, Asn354,
Ala262, GIn492,
Glu494, Lys497,
Thr121

Hem

8h

-9.13

Gly371,
Tyr373,
GIn263

Arg388, Met120,
Thrl21, Asn354,
Ala262, Met355,
Trp463, Val352,
Glu377, Ala351,
Phe369, Pro350,
Asn370

8i

-8.52

Lys411

Val465, Trp463,
Met120, Arg381,
lle462, Pro467,
Met468, Val415,
Val380, Asp385,
Cys384

Arg381

8

-9.16

Met120, Arg381,
lle462, Pro466,
Trp463, Val465,
Pro467, Asp385,
Cys384, Val380,
Val415, Lys411,
Met468

Arg381

8k

-9.61

Arg381,
Asp382

Ala351, Pro350,
Val352, Pro467,
GIn263, Arg388,

13



Trp463, Met120,
lle462

8l

-8.79

Tyr373,
Arg388,
Arg381

Arg266, Glu377,
Met120, Ala282,
Asn354, Val352,
GIn263, Ala262,
Pro350, Gly371,
Asn370

Hem

Arg266

8m

-8.53

Arg381

Pro350, Ala351,
Arg388, Val352,
Met374, GIn263,
Arg266, Pro466,
Pro467, Val465,
Met120, Trp463,
lle462

Hem

8n

-8.49

Arg381

Met355, Asn354,
Ala262, Tyr491,
Arg266, Val352,
GIn263, Met120,
Glu377, Met374,
lle462, Trp461,
Val465, Trp463,
Pro467

Tyr491
, Hem

80

-9.44

GIn263

Glu285, Ala282,
GIn387, Ala262,
Asn354, Phe369,
Tyr491, Val352,
Met120, Trp463

8p

-9.39

Arg381

Val352, Tyr491,
Met355, Asn354,
Trp463, Met120,
Pro467, lle462

Hem

Dexamethasone

-8.01

Tyr373,
Arg388,
GIn263,
Glu377

Asp382, Val352,
Phe369, Asn370,
Pro350, Gly371




Table 8. Docking results oba-j and8a-p derivatives docked into the cyclooxygenase-2 tafigeB ID:
3LN1).

Code AGpinding Hydrogen Hydrophobic - Cation-n

(Kcal/mol) bond interaction

Arg499 Tyr371, Phe367,
Leu370, Gly512,
Ser516, Trp373,
Ala513, Ser339,
>a 8.43 Val335, Phe504,
Val509, Leu338,
Ala502, His75,
Tyr341

Phe504
Tp373 -

Tyr371

Arg106 Leu370, Gly512,
Met508, Trp373,
Val509, Val335,
5b 953 Phe504, Ala502,
Leu338, Ser339,
Tyr341, Leu345,
Leu517, His75,
Ala513, Val102

- Trp373, Phe367,
Gly512, Leu370,
Tyr371, Ser516,
Val509, Ala513,
5c 954 Leu338, Phe504,
Leu345, His75,
Ser339, Val335,
Tyr341, Vall02,
Arg106, Ala502,
Arg499

Phe504

Trp373

Tyr371, GIn178, Ser339,
Tyr341, Val509, Ala502,
5d 9.26 Argl06, His75 Leu338, Ala513,
Phe504, Gly512,
Ser516, Val335,
Tyr334, Val330

Phe504 -

Arg499 Ser339, Val509,
Tyr341, His75, Tyr371 -
Ala502, Phe504,

5e -9.18
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Ala513, Leu338,
Leu517, Leu520,
Val335, Tyr334,
Tyr371, Ser516,
Phel91, Phe367

5f

-8.61

His75, Ala502,
Tyr341, Ser339,
GIn178, Val509,
Leu338, Phe504,
Tyr371, Leu517,
Vall02, Ser516,
Leu345, Ala513,
Val335, Tyr334,
Gly512, Phe367,
Leu520, Phel191

Tyr371

59

-8.35

Leu370, Val509,
Met508, Trp373,
Phe504, Ser516,
Leu338, Gly512,
Val335, Ser339,
Ala513, Leu517,
Tyr341, Argl06,
Leu345, Val102

5h

-8.82

Arg499

His75, Ser339,
Tyr341, Val509,
Phe504, Ala502,
Ala513, Leu338,
Tyr371, Vall02,
Leu345, Val335,
Leu517, Ser516,
Phe367, Tyr334,
Phel91

Tyr371

5i

-7.25

His75

Pro500, Thr79,

Asp501, GIn178,
GIn336, Gly340,
Tyr341, His337,
Prol77, His342,
Val568, Asn567

His342

5]

-7.11

Pro500, Ala502,
Thr79, His75,
Gly340, Prol77,
GIn178, Asp501,
His337, Tyr341,

His342
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His342, GIn336,
Val568, Asn567,
Gly179

8a

-6.14

Pro500, Arg499,
Ala502, Thr79,

Asp501, Gly340,
His75, His342,

GIn336, Ser339,
GIn178, Asp333,
Asn567, His337

His342

8b

-6.07

GIn336, Thr79

Arg499, Ala502,
His75, Pro500,
GIn178, Ser339,
Tyr341, Gly340,
Asp501, His337,
Asp333, Glu332,
Asn567

8c

-6.59

GIn336, Thr79

Pro500, Asp501,
Arg499, His75,

Ser339, Ala502,
His342, Gly340,
GInl178, Ser565,
His337, Asn567

8d

-6.31

GIn336

His75, Pro500,
GIn178, Thr79,
Asp501, Gly340,
Ser339, Ala502,
Tyr341, His337,
Asnb567, Asp333,
Glu332

8e

-5.85

His75, GIn178

Gly179, Asn567,
His342, Prol77,
Pro500, Gly340,
Asp501, Ala502,

Thr79, Tyr76, His80

His80

8f

-6.79

GInl178

Asn567, Gly340,
Gly179, Prol77,
His342, Pro500,
Asp501, Ala502,

Thr79, His80, His75,

Tyr76
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8¢9

-5.64

GIn336, Thr79 His75, Pro500,

His342, Asp501,
Ala502, Arg499,
Gly340, His337,
Gly179, GIn178,
Asn567, Asp333

8h

-5.65

Pro500

Thr79, Ala502,
Asp501, His342,
Gly340, Ser339,
His337, GIn178,
Val568, Phe566,
Asp333, 11e550,
Ser565, Asn567,
GIn336, Gly179

8i

-1.59

GIn178

His337, Asn567,
GIn336, Gly340,
Ser339, Thr79,
Tyr76, Asn72,
Ala502, His75,
Arg499, His80,
Pro500

8

-5.45

Thr79

His75, Ala502,
Thr79, GIn178,
Pro500, Gly340,
Asp501, Ser339,
His80, GIn336,
Phe566, Asp333,
His337, Asn567

8k

-7.18

Gly340

Thr79, His80,
Pro500, His75,
His342, Asp501,
His337, GIn178,
GIn336, Asn567

8l

-7.26

GIn336,

Gly340, Thr79

His75, His80,
Pro500, Asp501,
His342, GIn178,
Asn567, His337,
Asp333

8m

-5.37

GInl178

Asn567, Leu338,
GIn336, His337,
Arg499, Ser339,
Gly179, Gly340,

18



His75, Ala502,
Pro500, Thr79,
Asn72, Tyr56, His80

Thr79 His80, Pro500,
His75, His342,
Asp501, Gly340,
8n -5.53 His337, GIn336, His75 -
GIn178, Val568,
Asnb567, Glyl79,
Asp333, 11e550

- Pro500, His75,
Thr79, GInl178,
Ala502, Asp501,
3 Gly340, Asn567,
8o 719 Phe566, His337, - -
Asp333, 11e550,
GIn336, His342,

Tyr341

Asp501, Thr79,
His75, His80,
Pro500, Ala502,
8p -5.86 - Lys82, Gly340, - Lys82
Asn567, GIn569,
Val568, His337,
GIn336, GIn178

Tyr373, Asp382, Val352, -
Dexamethasone -7.23 Phe369, Asn370, -
Glu377 Pro350, Gly371

Members of this group exhibit weak to goodvitro anti-inflammatory activity, such that
higher lipophilicity enhances these particular lopdrobic interactions. Indeeflb exhibited the
best docking score from the computational studiesiciding with the most potei vitro anti-
inflammatory activity. Interactions @b with the enzyme active site are depicted in Fidhre
The carbonyl and 4-oxyphenyl oxygen atoms intethobugh hydrogen bonds with Arg381
(O...NH, 1.96 A and O...NH, 1.98 A). Also the aminerogen atom of the C-2 chromeno
moiety is involved in a hydrogen bond with Asp388irmo acid (NH...O, 1.96 A). Compound
8b was found to also interact with a hydrophobic acef formed by GIn263, Val352, Glu377,
Arg388, Trp463, Metl120, Pro467, lle462, Pro466 "atl65 residues.
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Fig. 5: Compound8b in the human inducible nitric oxide synthasetive site. The 3D (left) and 2D
(right) ligand interaction diagrams.

Replacement of thp-chlorophenyl group at C-4 position of the lactamgrin 8e with a p-
nitrophenyl in8f substantially decreased thevitro activity. The calculated CLogP value f&e
(6.75) indicates that it is somewhat more lipoghilhan 8f (CLogP = 5.78) and can thus
experience stronger interactions with hydrophobigna acids, accounting for its better anti-
inflammatory activity and free binding energy (Taldl & 7).

Replacing thg-(N,N-dimethylamino)phenyl ring dh with an anthracene moiety at the C-4
position i) decreased thia vitro activity. The lower anti-inflammatory activity i can be
attributed to steric hindrance and a change imtlentation of compoun8i in the active site,
which weakens the intermolecular interactions.

Dexamethasone was likewise computationally dockeédl the protein and showed a similar
binding mode to th@-lactams, forming hydrogen bonds and hydropholtierattions with key
residues in the enzyme active site. (Figure 6).
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Fig. 6: Hydrogen bonds and hydrophobic interactions ofideethasone within the human inducible
nitric oxide synthase active site.

For comparison, we also examined the docking oéhaldic pB-lactams5 into the human
inducible nitric oxide synthase active site. Compagatb and 5e gave the best docking scores
that correspond with their strong anti-inflammatastivity (Table 5). The carbonyl oxygen
atom of lactam rin@f 5b formed a hydrogen bond interaction with NH of GB840O...HN, 1.84
A). Moreover,5e formed two hydrogen bonds with amino acid actitess The carbonyl oxygen
atom of lactam ring displayed a hydrogen bond \@th group of Tyr373 (O...HO, 2.59 A) and
the carbonyl oxygen atom of aldehyde showed a lyardbond with NH group of Arg388
(O...HN, 2.18 A). The binding mode of compourfits and5e to the human inducible nitric
oxide synthasactive site is revealed in Figure 7.

(Aa)
Ala262 ® Ala262

Arg266

Asn354

-

/
\(\;ln263 Arg3s1 GIn263 ||

Met35S§ \ / / \'al3§2
Val3s2! - .
Z

N A

/  Asp3s2

/G377 =
9 Tyra73
\ I

Fig. 7: Binding modes of compourib (A) and5e (B)with human inducible nitric oxide synthaaetive
site (PDB ID: 4NOS).

The three aryl rings dbb were located within the hydrophobic pocket endalobg Ala351,
Asp382, Arg381, Glu377, Tyr373, Pro350, Ala262, 3k, Met355 and Asn354. Exposed
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residues Arg266, Arg388, Ala262, Val352, GIn263p3%0, Gly371, Asn370, Glu377 and
Phe369 also formed hydrophobic interactions véigh Docking calculations revealed thae
forms a catione interaction with the Arg266 residue. All theseenatctions help anchd&b and
5ein the binding site of the human inducible nitdgide synthase protein. In addition, anti-
inflammatory activity of5b was higher than dexamethasone as positive con@ed.{o release
5.02uM).

Replacing the 4-chlorophenyl ringod) with the 4-nitrophenyl ring 5f) and 4-{,N-
dimethylamino)phenyl ring 5h) decreased the anti-inflammatory activity. The réased
polarization and strong electron-donating characteduced the potency of compounds but
addition of hydrophobic groups had a positive dffeslso, docking results exposed that
compoundse and5f formed a catione andz-nt stacking interactions with Arg266 and Tyr491
amino acids, respectively. While compobtddid not participate in these contacts (Figure 8).

Fig. 8: Close up of the calculated binding ¢ (A) and 5f (B) within the human inducible nitric oxide
synthase enzyme active site.

A methoxy or methyl group at theara position of the aryl ring induced different
conformations, leading to a change in interactioits the hydrophobic pocket of the protein.
This suggests that this the reason for compourisb showing higher anti-inflammatory activity
andAGying Value than compounsé. In addition, the carbonyl oxygen atom of lactangiof 5b
formed a hydrogen bond interaction with NH of GI82®...HN, 1.84 A), whereaSa did not
have this interaction. The superimpositionrbafand5b in the enzyme binding site is illustrated
in Figure 9.

.
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Fig. 9: Superimposition oba (violet) ands5b (green) within the enzyme binding site.

Compound5a, having amethoxy group at thpara position of the aryl ring, showed lower
inhibitory activity than compoun8e that has an ethoxy group at the same position €Tapl
The lower anti-inflammatory activity oba can be attributed to the improper geometric
orientation in the active site of enzyme. Also, pawnd5e shows two hydrogen bonds with
Arg388 and Tyr373 residues and a catiostacking interaction with Arg266, while compound
5a did not have these interactions (Figure 10). Dogldalculations indicate th&e has stronger
interactions tharba with active site amino acids, accounting for ilsvated anti-inflammatory
activity.

A
@ Asp382 (B)\ Tyr373
Trp346 Arg388
/ 2 5 \
- .- Arg266 Pro3so /I .
Z_/ Try347 -
Glu377 « | Arg266
_GIn263
/ Ala262  Gly371
// —
Asn354 ~ GIn263
. ) = Ala262
> Ala351 < Val3s2 ) _
. ‘ (
, _ Phe369" N
Gly371 A Asn370 I o Val3s52

\

Fig. 10: Calculated binding modes of compousal (A) and5e (B)within the human inducible nitric
oxide synthasactive site (PDB ID: 4NOS).

It is also interesting to compapdactam5e with 5i. While 5e has go-chlorophenyl ring at the
C-2 position of lactam ringhi has a bulkier anthracemeoiety (Figure 11). The computational
modeling suggests that steric differences betwdwset two aryl groups, along with the
differences in the calculatetiGyj,g values for lactam8e and5i, may account for the different
anti-inflammatory potencies.

Fig. 11: Calculated binding mode of compoubel (A) and5i (B) within the human inducible nitric oxide
synthasective site (PDB ID: 4NOS).

Replacing theéN-aryl ethoxy substituent() with anN,N-dimethylamino $g) increased anti-
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inflammatory activity, suggesting that increaseecbn-donation into the N-aryl ring improves
potency. This is corroborated by computational dugkexperiments showing that while
compound5f forms looser hydrogen bonds with Tyr373 and Arg38&npound5g forms a
tighter hydrogen bond to the Cys110 residue iretieyme binding pocket.

3. Conclusion

This describes the first diastereoselective symhelschromeno-substitutetlactams. The
compounds were accessed by an expedient singldyms-component synthesis approach, to
give exclusively theis-disubstituted adducts. The series of chromghectam hybridsBa-p, as
well as their aldehydic precursdsa-j, were evaluated for anti-inflammatory activity.€lrbest
anti-inflammatory activity was observed for compdsrbb and 8b (53.4 and 19.8 anti-
inflammatory ratio, respectively). Moreover, basedthe results of anti-inflammatory activity
and molecular docking calculations of the syntregizompounds, the anti-inflammatory
activity is closely dependent on the substituentthe N1 and C-2 centers of the lactam ring.
Chromeno lactam8c, 8] and8p, as well as aldehydic lactarbs, 5b, 5¢ 5f, 5g, displayin vitro
anticancer activity against tr&V1116 colon cancer cell line, without noticeable cytototxi
towards healthy cells. Studies are now underwayiniprove the biological activity and
determine the mechanism of action.

4. Experimental Section
4.1 General experimental methods

All needed chemicals were purchased from Fluka,riélhd Merck and Across chemical
companies and used without further purificationv8ets and reagents that used such ag3GH
andEt;N were dried before to use by distillation over GaBll products were characterized by
comparison of FT-IR 8300 spectrophotometer usirnggsium bromide pellets {n cni'). The
'H NMR (250 MHz) and™C NMR (100 MHz) spectra, as well as the two-dimenal H-H
COSY and H-C HSQC experiments, were run on a BANkance400 in CDGlusing a Bruker
Avance DPX instrument. Chemical shifts were repbiteparts per milliong) downfield from
tetramethylsilane. Coupling constants (J) are tegoin hertz (Hz). Splitting patterns are
indicated as s: singlet, d: doublet, t: triplet, ggiartet, m: multiplet, dd: doublet of doublet.
Melting points were recorded on a Buchi 510 melfoojnt apparatus in open capillary tubes.
Elemental analyses were run on a Thermo FinnigashFEA-1112 series. The mass spectra
were recorded on a Shimadzu GC-MS QP 1000 EX imsni. Thin-layer chromatography
(TLC) was carried out on silica gel 254. X-ray datare collected on a Bruker D8 VENTURE
diffractometer.

4.2. General procedure for the synthesis of some wep-lactams containing benzaldehydes
5a-j:

To a solution of 4-hydroxybenzaldehydg (1.00 mmol) in 5 mL DMF in a 250 mL beaker,
was added bromoacetic acid (1.50 mma))gnd potassium carbonate (5.00 mmol). The mixture
was stirred at room temperature for 24 h. Therreaetion mixture was poured into 20 mL water
with stirring. The solution was adjusted to pH #@ih 2.0M hydrochloric acid, where upon
precipitation occurred. The product was collectad washed with water (20 mL). The crude
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product was purified by recrystallization from atbhto give 2-(4-formylphenoxy)acetic acid
(3). A solution of corresponding iminéa-j (1.00 mmol) was stirred with the corresponding
substituted 2-(4-formylphenoxy)acetic acigl) (1.50 mmol),p-toluenesulfonyl chloride (0.69
mL, 1.5 mmol) and triethylamine (5.00 mmol) in d@H,Cl, at room temperature overnight.
Then it was washed with HCI 1.0 N (20 mL), satuwlaiaHCQ (20 mL), brine (20 mL), dried
over NaSQ, and the solvent was evaporated under reducedypesgsgive the crude product. It
was then purified by recrystallization from ethanol afford pure p-lactams containing
benzaldehydeSa-|.

4.2.1. 4-((2-(4-Chlorophenyl)-1-(4-methoxyphenyipoazetidin-3-yl)oxy)benzaldehydgd):

White solid; Mp. 175-177 °C; IR (KBr, ch: 1766 (COp-lactam), 1689 (CO aldehydel-
NMR (250 MHz, DMSO): 3.68 (3H, s, OGH 5.77 (1H, dJ = 4.0 Hz, H-2B-lactam), 6.02 (1H,
d,J= 4.0 Hz, H-3p-lactam), 6.91 (2H, d] = 8.2 Hz, ArH), 7.02 (2H, d) = 8.0 Hz, ArH), 7.22
(2H, d,J = 8.2 Hz, ArH), 7.30 (2H, dJ = 7.7 Hz , ArH), 7.37 (2H, dJ = 8.0 Hz , ArH), 7.75
(2H, d,J = 8.0 Hz , ArH), 9.81 (1H, s, CHO)®C-NMR (100 MHz, DMSO)5 191.3 (CO
aldehyde), 161.1 (CQ-lactam), 160.7, 156.1, 132.3, 131.4, 131.1, 130382, 129.7, 121.7,
118.5, 115.4, 114.6 (aromatic carbons), 80.1 @k&tam), 59.9 (C-B-lactam) , 55.2 (O-C¥j;
GC-MS m/z = 407 [M]; Analysis calculated for £H;sCINO,: C, 67.73; H, 4.45; N, 3.43%.
Found: C, 66.18; H, 4.35; N, 3.62%.

4.2.2. 4-((2-(4-Chlorophenyl)-4-oxo-1-(p-tolyl)akkh-3-yl)oxy)benzaldehydesp):

White solid; Mp. 178-180 °C; IR (KBr, ch: 1759 (COp-lactam), 1689 (CO aldehyde’-

NMR (250 MHz, DMSO): 2.213H, s, CH), 5.79 (1H, d,J = 4.7 Hz, H-2B-lactam), 6.03 (1H,
d,J = 4.7 Hz, H-3p-lactam), 7.02 (2H, d] = 8.7 Hz, ArH), 7.13 (2H, dJ = 8.7 Hz, ArH), 7.18
(2H, d,J = 8.2 Hz, ArH), 7.29 (2H, dJ = 8.7 Hz, ArH), 7.36 (2H, dJ = 8.5 Hz, ArH), 7.75
(2H, d,J = 8.7 Hz , ArH), 9.81 (1H, s, CHO)*C-NMR (100 MHz, DMSO)5 190.5 (CO
aldehyde), 161.4 (CQ-lactam), 159.0, 131.6, 131.1, 130.7, 129.7, 12928.8, 122.7, 120.9,
119.9, 117.4, 115.6 (aromatic carbons), 80.4 (€l8ctam), 60.9 (C-B-lactam), 20.9 (Ch);

GC-MS m/z = 391 [M]; Analysis calculated for £H1sCINOs: C, 70.50; H, 4.63; N, 3.57%.
Found: C, 70.33; H, 4.31; N, 3.61%.

4.2.3. 4-((1-(4-Chlorophenyl)-2-(3-nitrophenyl)-4aazetidin-3-yl)oxy)benzaldehyd&d):

White solid; Mp. 232-234 °C; IR (KBr, ch: 1751 (COp-lactam), 1697 (CO aldehyde’-
NMR (250 MHz, DMSO): 6.02 (1H, dl = 5.0 Hz, H-2p-lactam), 6.15 (1H, d] = 5.0 Hz, H-3
B-lactam), 7.01 (2H, d] = 8.5 Hz, ArH), 7.34 (2H, d] = 8.7 Hz, ArH), 7.42 (2H, d) = 9.0 Hz,
ArH) 7.55 (1H, t,J = 8.0 Hz, ArH), 7.73 (2H, dJ = 8.5 Hz, ArH), 7.80 (1H, dJ) = 7.7 Hz,
ArH), 8.08 (1H, d,J = 8.2 Hz, ArH), 8.23 (1H, s, ArH), 9.79 (1H, s, CHGJC-NMR (100
MHz, DMSO) § 190.2 (CO aldehyde), 161.4 (QBlactam), 160.6, 147.9, 134.6, 134.3, 133.7,
131.4, 130.9, 129.9, 129.5, 129.2, 123.7, 122.8,411115.3 (aromatic carbons) , 80.4 (G-3
lactam), 60.2 (C-B-lactam); GC-MS m/z = 422 [\; Analysis calculated for £H;sCIN,Os: C,
62.50; H, 3.58; N, 6.63%. Found: C, 61.93; H, 3¥56.80%.
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4.2.4. 4-((1-(4-Methoxyphenyl)-2-(3-nitrophenyl)ekoazetidin-3-yl)oxy)benzaldehyd8d):

Cream solid; Mp. 205-207 °C; IR (KBr, ¢t 1751 (COB-lactam), 1689 (CO aldehydé)-
NMR (250 MHz, DMSO): 3.68 (3H, s, OGH 5.97 (1H, d) = 4.7 Hz, H-2B-lactam), 6.11 (LH,
d,J = 4.7 Hz, H-3p-lactam), 6.91 (2H, d] = 8.7 Hz, ArH), 7.01 (2H, d] = 8.5 Hz, ArH), 7.27
(2H, d,J = 8.7 Hz, ArH), 7.54 (1H, t) = 7.7 Hz, ArH), 7.72 (2H, dJ = 8.5 Hz, ArH), 7.79 (1H,
d,J= 7.7 Hz, ArH), 8.07 (1H, dJ = 8.2 Hz, ArH), 8.22 (1H, s, ArH), 9.79 (1H, s, CHG¥-
NMR (100 MHz, DMSO)$ 191.3 (CO aldehyde), 161.0 (QBlactam), 160.5, 156.2, 147.4,
135.3, 134.4, 131.4, 130.6, 129.8, 129.5, 123.2,9,2118.5, 115.4, 114.6 (aromatic carbons),
80.2 (C-3p-lactam), 56.5 (C-PB-lactam), 55.2 (O-Ch; GC-MS m/z = 418 [M]; Analysis
calculated for gzH1sN2>Og: C, 66.03; H, 4.34; N, 6.70%. Found: C, 66.724H.3; N, 6.87%.

4.2.5. 4-((2-(4-Chlorophenyl)-1-(4-ethoxyphenylpreazetidin-3-yl)oxy)benzaldehyd&d):

White solid; Mp. 193-195 °C; IR (KBr, cfh): 1735 (COp-lactam), 1689 (CO aldehydel-
NMR (250 MHz, DMSO): 1.24 (3H, t] = 6.7 Hz, CH), 3.93 (2H, qJ = 6.7 Hz, OCH), 5.77
(1H, d,J = 4.2 Hz, H-2B-lactam), 6.01 (1H, d] = 4.2 Hz, H-3B-lactam), 6.89 (2H, d) = 7.5
Hz, ArH), 7.02 (2H, dJ = 7.7, ArH), 7.20 (2H, dJ = 7.5 Hz, ArH), 7.30 (2H, dJ = 8.2 Hz,
ArH), 7.37 (2H, dJ = 7.5 Hz, ArH), 7.74 (2H, dJ = 7.5 Hz, ArH), 9.81 (1H, s, CHO}*C-
NMR (100 MHz, DMSO)3é 191.3 (CO aldehyde), 161.1 (O®lactam), 160.7, 155.3, 133.0,
131.9, 131.4, 130.5, 129.9, 129.6, 128.2, 118.5,411115.0 (aromatic carbons) , 80.1 (B-3
lactam), 63.2 (O-Ch), 59.8 (C-2p-lactam), 14.5 (CH; GC-MS m/z = 421 [M]; Analysis
calculated for g4H20CINO,: C, 68.33; H, 4.78; N, 3.32%. Found: C, 68.2740; N, 3.59%.

4.2.6. 4-((1-(4-Ethoxyphenyl)-2-(4-nitrophenyl)-&aazetidin-3-yl)oxy)benzaldehyd&ff:

White solid; Mp. 198-200 °C; IR (KBr, cfh): 1751 (COp-lactam), 1697 (CO aldehydel-
NMR (250 MHz, DMSO): 1.25 (3H, t] = 7.0 Hz, CH), 3.93 (2H, q,J = 7.0 Hz, OCH) 5.93
(1H, d,J = 4.7 Hz, H-2B-lactam), 6.10 (1H, d] = 4.7 Hz, H-3B-lactam), 6.90 (2H, d) = 9.0
Hz, ArH ), 7.02 (2H, d,J = 8.5, ArH), 7.22 (2H, dJ = 9.0 Hz, ArH), 7.64 (2H, dJ = 8.5 Hz,
ArH), 7.74 (2H, d,J = 8.5 Hz, ArH), 8.10 (2H, dJ = 8.7 Hz, ArH), 9.80 (1H, s, CHO}*C-
NMR (100 MHz, DMSOQO)6 190.5 (CO aldehyde), 161.0 (O®lactam), 160.8, 156.4, 148.2,
139.9, 131.7, 131.3, 129.4, 128.9, 123.7, 118.%,61115.2 (aromatic carbons), 80.6 ($G-3
lactam), 63.7 (O-Ch), 60.7 (C-2p-lactam), 14.7 (CH; GC-MS m/z = 432 [M]; Analysis
calculated for g4H,0N,Os: C, 66.66; H, 4.66; N, 6.48%. Found: C, 65.614H5; N, 6.35%.

4.2.7. 4-((1-(4-(Dimethylamino)phenyl)-2-(4-nitrogryl)-4-oxoazetidin-3-yl)oxy)benzaldehyde
(59):

Cream solid; Mp. 160-162 °C; IR (KBr, ¢th 1743 (COB-lactam), 1689 (CO aldehydél-

NMR (250 MHz, DMSO): 2.81 (6H, s, NG} 5.89 (1H, d) = 4.7 Hz, H-2B-lactam), 6.08 (LH,
d, J = 4.7 Hz, H-3p-lactam), 6.67 (2H, dJ = 9.0 Hz, ArH), 7.02 (2H, dJ = 8.5, ArH), 7.14
(2H, d,J = 9.0 Hz, ArH), 7.62 (2H, dJ = 8.5 Hz, ArH), 7.74 (2H, dJ = 8.5 Hz, ArH), 8.10
(2H, d, J = 8.5 Hz, ArH), 9.80 (1H, s, CHO)}*C-NMR (100 MHz, DMSO)5 191.3 (CO
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aldehyde), 160.7 (CQ-lactam), 160.4, 147.8, 147.4, 141.1, 131.5, 13028.4, 125.9, 123.2,
118.3, 115.4, 112.7 (aromatic carbons), 80.4 (£kictam), 59.6 (C-B-lactam), 40.1 (N-Ch);
GC-MS m/z = 431 [M]; Analysis calculated for GH,; NsOs: C, 66.81; H, 4.91; N, 9.74%.
Found: C, 66.51; H, 4.64; N, 9.83%.

4.2.8. 4-((2-(4-(Dimethylamino)phenyl)-1-(4-ethoxygnyl)-4-oxoazetidin-3-
yhoxy)benzaldehydesh):

White solid; Mp. 230-232 °C; IR (KBr, ch: 1735 (COp-lactam), 1689 (CO aldehyde’-
NMR (250 MHz, DMSO): 1.20 (3H, t] = 6.7 Hz, CH), 2.72 (6H, s, NCh), 3.80 (2H, qJ =
6.7 Hz, OCH) , 5.53 (1H, dJ) = 4.2 Hz, H-2p-lactam), 5.84 (1H, d] = 4.2 Hz, H-3p-lactam),
6.48 (2H, dJ = 8.2 Hz, ArH ), 6.81 (2H, dJ = 8.5, ArH), 6.96 (2H, dJ = 8.2 Hz, ArH), 7.09
(2H, d,J = 8.5 Hz, ArH), 7.14 (2H, d) = 8.7 Hz, ArH), 7.68 (2H, dJ = 8.5 Hz, ArH), 9.74
(1H, s, CHO);®*C-NMR (100 MHz, DMSO)5s 191.7 (CO aldehyde), 161.6 (C®lactam),
159.8, 155.6, 143.1, 139.7, 131.8, 130.4, 129.4,5,1118.9, 115.9, 115.4, 112.0 (aromatic
carbons), 80.7 (C-B-lactam), 63.6 (O-Ch), 61.1 (C-2p-lactam), 40.5 (N-Ch), 15.0 (CH);
GC-MS m/z = 430 [M]; Analysis calculated for &Hos N-Os: C, 72.54; H, 6.09; N, 6.51%.
Found: C, 72.28; H, 5.96; N, 6.61%.

4.2.9. 4-((2-(Anthracen-9-yl)-1-(4-ethoxyphenylpteazetidin-3-yl)oxy)benzaldehydsi):

Cream solid; Mp. 200-202 °C; IR (KBr, ¢ 1751 (COp-lactam), 1697 (CO aldehyde)-
NMR (250 MHz, DMSO): 1.17 (3H, ] = 7.0 Hz, CH), 3.81 (2H, qJ = 7.0 Hz, OCH), 6.46
(1H, d,J = 5.0 Hz, H-3p-lactam ), 6.74 (4H, dd} ;= 10.2 Hz,J, = 2.0 Hz, ArH), 7.04 (2H, d)

= 8.7 Hz, ArH), 7.20 (1H,d) = 5.0 Hz, H-2B-lactam ), 7.36-7.45 (4H, m, ArH), 7.54 (1HJt

7.7 Hz, ArH), 7.70 (1H, tJ = 7.7 Hz, ArH), 7.97-8.07 (2H, m, ArH), 8.49 (1H, @i 9.7 Hz,
ArH), 8.56 (1H, s, ArH), 8.79 (1H, d,= 9.0 Hz ArH), 9.60 (1H, s, CHO}?*C-NMR (100 MHz,
DMSO) 6 191.0 (CO aldehyde), 161.6 (&lactam), 160.7, 155.3, 131.3, 131.0, 130.9, 130.8,
130.6, 130.3, 130.2, 130.0, 129.5, 129.3, 127.8,22125.0, 124.7, 124.4, 122.8, 121.7, 117.8,
115.0, 114.9 (aromatic carbons), 82.1 (B-{&ctam), 63.0 (O-Ch , 58.2 (C-2B-lactam), 14.4
(CHs); GC-MS m/z = 487 [M]; Analysis calculated for £H,sNO4: C, 78.83; H, 5.17; N,
2.87%. Found: C, 76.93; H, 5.01; N, 3.02%.

4.2.10. 4-((2-(Anthracen-9-yl)-1-(4-methoxyphengtpxoazetidin-3-yl)oxy)benzaldehydgj):

Cream solid; Mp. 170-172 °C; IR (KBr, ¢l 1759 (COp-lactam), 1689 (CO aldehyde)-
NMR (250 MHz, DMSO)5 3.55 (3H, s, OCH), 6.47 (1H, dJ = 4.7 Hz, H-3B-lactam), 6.75
(4H, d,J= 8.5 Hz, ArH), 7.06 (2H, d) = 8.7 Hz, ArH), 7.21 (1H, d) = 4.7 Hz, H-2B-lactam),
7.35-7.44 (4H, m, ArH), 7.53 (1H,d,= 7.0 Hz, ArH), 7.70 (1H, tJ = 8.2 Hz, ArH), 7.98 (1H,
d,J= 8.2 Hz, ArH), 8.05 (1H, d) = 8.5 Hz, ArH), 8.51 (1H, dJ = 8.5 Hz, ArH), 8.56 (1H, s,
ArH), 8.79 (1H, d,J = 9.0 Hz, ArH), 9.60 (1H, s, ArH)**C-NMR (100 MHz, DMSO): 191.0
(CO aldehyde), 161.6 (C@-lactam), 160.7, 156.0, 131.3, 130.9, 130.8, 1303%.4, 130.2,
130.0, 129.5, 129.3, 128.3, 127.3, 126.2, 125.8,712124.4, 122.8, 121.7, 117.8, 114.9, 114.6
(aromatic carbons), 82.2 (CRlactam), 58.2 (C-3B-lactam), 55.0 (O-CkJ; GC-MS m/z = 473
[M™]; Analysis calculated for £H,3NO4: C, 78.63; H, 4.90; N, 2.96; O, 13.51%. Found: C,
79.03; H, 4.71; N, 3.15%.
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4.3. A typical procedure for the synthesis of novep-lactam hybrids with tetrahydro-4H-
chromene and dihydropyranof]-chromene 8a-p:

To a mixture ofcis-B-lactam benzaldehyd®a-j (1.00 mmol), malonitriles (1.00 mmol) and
cyclic ketone7a,b (1.00 mmol) in 3 mL of ethanol, DABCO (1.00 mmeaas added and the
mixture was refluxed for appropriate time. Afterngaetion of the reaction, as indicated by
TLC, ethanol (10 mL) was added and the reactiortuméxwas filtered. The crude produ8ts-p
was purified by recrystallization from ethanol (956%

4.3.1. 2-Amino-4-(4-((2-(4-chlorophenyl)-1-(4-mextyphenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
7,7-dimethyl-5-ox0-5,6,7,8-tetrahydrdd4chromene-3-carbonitrile3g):

White solid; Mp. 250-252 °C; IR (KBr, cf: 3386 (NH), 2191 (CN), 1743 (C@®-lactam),
1666 (CO ketone)H-NMR (250 MHz, DMSO): 0.90 (3H, s, G} 1.00 (3H, s, Ch), 2.03 (1H,
d,J=16.0 Hz, CH), 2.20 (1H, dJ = 16.0 Hz, CH), 2.32-2.48 (2H, m, C}), 3.65 (3H, s, Ch),
4.06 (1H, s, CH), 5.64 (1H, d,= 4.7 Hz, H-2B-lactam), 5.77 (1H, d] = 4.7 Hz, H-3p-lactam),
6.72 (2H, d, J = 8.2 Hz, ArH), 6.81 (2H, &= 8.0, ArH), 6.94 (4H, br, NK ArH), 7.21-7.28
(4H, m, ArH), 7.38 (2H, dJ = 8.5 Hz, ArH); ®*C-NMR (100 MHz, DMS0)3 195.9 (CO
ketone), 162.5, 158.9, 156.4, 155.5, 138.7, 1382,5, 130.5, 130.2, 128.5, 121.9, 120.1, 118.8,
115.5, 115.0, 113.3, 113.2 (@alactam, vinylic carbon, aromatic carbons and GBY{)2 (C-3p-
lactam), 60.5 (C-3B-lactam), 58.5 (C-CN), 55.6 (O-GH 50.3 (CH), 35.0 (CH), 32.1 (CH),
28.8 (CH), 27.0 (CH); GC-MS m/z = 595 [M]; Analysis calculated for £HzCIN3Os: C,
68.51; H, 5.07; N, 7.05%. Found: C, 63.64; H, 41896.90%.

4.3.2. 2-Amino-4-(4-((2-(4-chlorophenyl)-4-oxo-1{glyl)azetidin-3-yl)oxy)phenyl)-7,7-
dimethyl-5-ox0-5,6,7,8-tetrahydrd-4chromene-3-carbonitrile8p):

White solid; Mp. 208-210 °C; IR (KBr, ci): 3386, 3325 (Nh), 2198 (CN), 1743 (C-
lactam), 1666 (CO ketone}d-NMR (250 MHz, DMSO): 0.88 (3H, s, GH 1.00 (3H, s, Cbh),
2.04 (1H, dJ = 16.2 Hz, CH), 2.18-2.25 (4H, m, Ckhnd CH), 2.38-2.47 (2H, m, C}), 4.07
(1H, s, CH), 5.69 (1H, dl = 5.0 Hz, H-2B-lactam), 5.82 (1H, d] = 5.0 Hz, H-3B-lactam), 6.72
(2H, d,J = 7.0, ArH), 6.88-6.96 (4H, m, ArH, N} 7.10-7.18 (4H, m, ArH), 7.27-7.34 (4H, m,
ArH); *C-NMR (100 MHz, DMS0)5 195.9 (CO ketone), 162.9, 162.5, 158.9, 155.5,7,39
138.7,134.4, 134.0, 133.3, 132.7, 130.2, 128.5,112(18.8, 117.4, 115.5, 113.3 (@Aactam,
vinylic carbon, aromatic carbons and CN), 81.2 (gdactam), 60.5 (C-P-lactam), 58.5 (C-
CN), 50.3 (CH), 35.1 (CH), 32.1 (CH), 28.8 (CkJ, 27.0 (CH), 20.8 (CH); GC-MS m/z = 579
[M™]; Analysis calculated for £H3CIN3O4: C, 70.40; H, 5.21; N, 7.24%. Found: C, 69.93; H,
5.11; N, 7.61 %.

4.3.3. 2-Amino-4-(4-((1-(4-chlorophenyl)-2-(3-nipbenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-7,7-
dimethyl-5-ox0-5,6,7,8-tetrahydrd-dchromene-3-carbonitrile3¢):

White solid; Mp. 219-221 °C; IR (KBr, cm: 3417, 3332 (Nh), 2191 (CN), 1759 (C(-
lactam), 1674 (CO ketone}d-NMR (250 MHz, DMSO): 0.87 (3H, s, GH 1.00 (3H, s, Cbh),
2.03 (1H, dJ = 16.0 Hz, CH), 2.20 (1H, dJ = 16.0 Hz, CH), 2.36-2.48 (2H, m, C}), 4.04
(1H, s, CH), 5.93 (2H, br, H-2 and HB3dactam), 6.71 (2H, d] = 8.2 Hz, ArH), 6.91-6.94 (4H,
m, ArH, NH,), 7.32 (2H, d,J = 8.2 Hz, ArH), 7.40 (2H, d) = 8.2 Hz, ArH), 7.54 (1H, )= 7.7
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Hz, ArH), 7.77 (1H, dJ = 6.2 Hz, ArH), 8.07 (1H, dJ = 8.0 Hz, ArH), 8.22 (1H, d] = 8.0 Hz,
ArH); C-NMR (100 MHz, DMSO) 195.4 (CO ketone), 167.7 (C®lactam), 166.8, 163.7,
158.4, 157.3, 149.2, 147.9, 138.4, 137.1, 129.8,412128.8, 128.3, 128.1, 126.6, 124.9, 123.4,
119.8, 118.7 (C@-lactam, vinylic carbon, aromatic carbons and GBY1)0 (C-3p-lactam), 64.9
(C-2 B-lactam), 59.8 (C-CN), 49.8 (GH 34.6 (CH), 31.7 (CH), 28.3 (Ck), 26.6 (CH); GC-
MS m/z = 610 [M]; Analysis calculated for £H,7CIN4Os: C, 64.87; H, 4.45; N, 9.17%. Found:
C, 64.63; H, 4.31; N, 9.61%.

4.3.4. 2-Amino-4-(4-((1-(4-methoxyphenyl)-2-(3-mphenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
7,7-dimethyl-5-ox0-5,6,7,8-tetrahydrad4chromene-3-carbonitrile3(l):

Cream solid; Mp. 228-230 °C; IR (KBr, ¢ 3448, 3332 (Nb), 2191 (CN), 1759 (CQ-
lactam), 1666 (CO ketone}4-NMR (250 MHz, DMSO): 0.87 (3H, s, G} 1.00 (3H, s, Ch),
2.03 (1H, dJ = 16.0 Hz, CH), 2.20 (1H, dJ = 16.0 Hz, CH), 2.36-2.48 (2H, m, C}), 3.67
(3H, s, CH), 4.04 (1H, s, CH), 5.88 (2H, br, H-2 and H3actam), 6.70 (2H, dJ = 8.2 Hz,
ArH), 6.91-6.94 (6H, m, ArH, Nb), 7.24 (2H, dJ = 8.2 Hz, ArH), 7.53 (1H, tJ = 8.0 Hz,
ArH), 7.77 (1H, d,J = 7.2 Hz, ArH), 8.05 (1H, dJ = 7.7 Hz, ArH), 8.19 (1H, s, ArH)}*C-
NMR (100 MHz, DMSO)5 195.4 (CO ketone), 168.7, 161.3, 158.1, 155.0,7,54.1, 135.4,
134.1, 128.8, 128.2, 127.3, 126.0, 124.7, 123.8,3,1116.0, 115.0, 113.9, 112.4 (Gactam,
vinylic carbon, aromatic carbons and CN), 80.9 (B4actam), 60.4 (C-ZB-lactam), 59.1 (C-
CN), 54.1 (O-CH) , 50.3 (CH), 34.6 (CH), 31.7 (CH), 28.5 (CH), 27.1 (CH); GC-MS m/z =
606 [M']; Analysis calculated for §H3zN4O;: C, 67.32; H, 4.98; N, 9.24%. Found: C, 66.93; H,
4.71; N, 9.61%.

4.3.5. 2-Amino-4-(4-((2-(4-chlorophenyl)-1-(4-ethghenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
7,7-dimethyl-5-0x0-5,6,7,8-tetrahydrdd4chromene-3-carbonitrile8€):

White solid; Mp. 242-244 °C; IR (KBr, cf: 3394 (NH), 2191 (CN), 1735 (C@-lactam),
1666 (CO ketone)H-NMR (250 MHz, DMSO): 0.88 (3H, s, G} 1.00 (3H, s, Ch), 1.25 (3H,
t, J = 6.7 Hz, CH), 2.03 (1H, dJ = 16.2 Hz, CH), 2.21 (1H, dJ = 16.2 Hz, CH), 2.37-2.47
(2H, m, CH) 3.92 (2H, gqJ = 6.7 Hz, OCH), 4.06 (1H, s, CH), 5.66 (1H, d,= 4.0 Hz, H-23-
lactam), 5.79 (1H, d] = 4.0 Hz, H-3B-lactam), 6.71 (2H, d] = 7.5 Hz, ArH), 6.86-6.95 (6H, m,
ArH, NHy), 7.18 (2H, d,J = 7.5 Hz, ArH), 7.27-7.34 (4H, m, ArH}:*C-NMR (100 MHz,
DMSO) 6 195.9 (CO ketone), 162.5, 158.4, 155.6, 155.5,114%39.7, 138.7, 133.3, 132.8,
130.2, 130.1, 128.6, 128.5, 120.0, 118.8, 115.8,3{COB-lactam, vinylic carbon, aromatic
carbons and CN), 81.2 (C{8lactam), 63.6 (O-C}J, 60.5 (C-2p-lactam), 58.5 (C-CN), 50.3
(CHy) , 35.0 (CH), 32.1 (CH), 28.8 (CH), 27.0 (CH), 14.9 (CH); GC-MS m/z = 609 [M;
Analysis calculated for £H3,CIN3Os: C, 68.90; H, 5.29; N, 6.89%. Found: C, 66.47;4t83;
N, 6.73%.

4.3.6. 2-Amino-4-(4-((1-(4-ethoxyphenyl)-2-(4-nipleenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
7,7-dimethyl-5-ox0-5,6,7,8-tetrahydrdd4chromene-3-carbonitrilesf):

Cream solid; Mp. 237-239 °C; IR (KBr, ¢ij1 3448, 3386, 3317 (N#}, 2191 (CN), 1751 (CP-
lactam), 1666 (CO ketone}d-NMR (250 MHz, DMSO): 0.86 (3H, s, G} 0.99 (3H, s, Ch),
1.24 (3H, tJ = 6.5 Hz, CH), 2.02 (1H, dJ = 16.0 Hz, CH), 2.20 (1H, dJ = 16.0 Hz, CH),
2.36-2.47 (2H, m, C}J, 3.93 (2H, gJ = 16.0 Hz, OCH), 4.05 (1H, s, CH), 5.83 (1H, d= 4.0

29



Hz, H-2B-lactam ), 5.89 (1H, d] = 4.0 Hz, H-3B-lactam), 6.71 (2H, d] = 8.0 Hz, ArH), 6.89-
6.94 (6H, m, ArH, NH), 7.19 (2H, d,J = 8.2 Hz, ArH), 7.59 (2H, d) = 6.7 Hz, ArH), 8.08 (2H,
d,J = 7.2 Hz, ArH);**C-NMR (100 MHz, DMSO) 195.5 (CO ketone), 167.8, 161.8, 158.3,
154.9, 147.4, 141.2, 139.4, 138.5, 129.6, 129.8,212123.5, 123.3, 121.6, 119.6, 118.3, 115.1
(CO B-lactam, vinylic carbon, aromatic carbons and C81),1 (C-3p-lactam), 63.2 (O-CbJ,
60.0 (C-2p-lactam), 58.0 (C-CN), 49.8 (GH 34.7 (CH), 31.7 (CH), 28.4 (Ch), 26.5 (CH),
14.5 (CH); GC-MS m/z = 620 [M)]; Analysis calculated for £§Hs>N4O7: C, 67.73; H, 5.20; N,
9.03%. Found: C, 66.40; H, 5.27; N, 9.22%.

4.3.7. 2-Amino-4-(4-((1-(4-(dimethylamino)phenyh(2-nitrophenyl)-4-oxoazetidin-3-
yl)oxy)phenyl)-7,7-dimethyl-5-ox0-5,6,7,8-tetrahpedH-chromene-3-carbonitrile3():

Cream solid; Mp. 288-290 °C; IR (KBr, ¢t 3456, 3325 (Nb), 2198 (CN), 1743 (CP-
lactam), 1674 (CO ketonejd-NMR (250 MHz, DMSO): 0.86 (3H, s, G} 0.99 (3H, s, Ch),
2.02 (1H, dJ = 16.0 Hz, CH), 2.21 (1H, dJ = 16.0 Hz, CH), 2. 36-2.48 (2H, m, C}), 2.80
(6H, s, NCH), 4.05 (1H, s, CH), 5.79 (1H, d= 4.7 Hz, H-23-lactam), 5.87 (1H, d] = 4.7 Hz,
H-3 B-lactam), 6.66 (2H, d) = 9.0 Hz, ArH), 6.71 (2H, d] = 8.5 Hz, ArH), 6.91-6.94 (4H, m,
ArH, NH), 7.12 (2H, dJ = 9.0 Hz, ArH), 7.57 (2H, dJ = 8.7 Hz, ArH) 8.08 (2H, dJ = 8.5
Hz, ArH); *C-NMR (100 MHz, DMSO) 195.9 (CO ketone), 162.6, 161.7, 158.8, 155.4,9,49
148.1, 142.0, 139.7, 138.8, 129.7, 128.5, 126.8,6,220.1, 118.7, 115.5, 113.2 (Gactam,
vinylic carbon, aromatic carbons and CN), 81.4 (@4actam), 60.3 (C-ZB-lactam), 58.6 (C-
CN), 50.3 (CH), 40.5 (N-CH), 35.1 (CH), 32.1 (CH), 28.8 (Ck), 27.0 (CH); GC-MS m/z =
619 [M']; Analysis calculated for §H3aNsOg: C, 67.84; H, 5.37; N, 11.30%. Found: C, 66.93;
H, 5.31; N, 12.01%.

4.3.8. 2-Amino-4-(4-((-2-(4-(dimethylamino)phenylly{4-ethoxyphenyl)-4-oxoazetidin-3-
yl)oxy)phenyl)-7,7-dimethyl-5-ox0-5,6,7,8-tetrahpedH-chromene-3-carbonitrile8f):

Cream solid; Mp. 253-255 °C; IR (KBr, ¢th 3394, 3325 (Nb), 2191 (CN), 1743 (C®-
lactam), 1681 (CO ketone)4-NMR (250 MHz, DMSO): 0.89 (3H, s, G} 0.99(3H, s, CH),
1.25 (3H, t,J = 7.0 Hz, CH) 2.04 (1H, dJ = 16.2 Hz, CH), 2.20 (1H, dJ = 16.2 Hz, CH),
2.38-2.48 (2H, m, C}J, 2.80 (6H, s, NCh), 3.92 (2H, gJ = 7.0 Hz, OCH), 4.06 (1H, s, CH),
5.48 (1H, dJ = 4.5 Hz, H-2B-lactam), 5.67 (1H, d] = 4.5 Hz, H-3B-lactam), 6.56 (2H, d] =
8.5 Hz, ArH), 6.72 (2H, dJ = 8.2 Hz, ArH), 6.85 (2H, dJ = 8.7 Hz, Ang, 6.92-6.95 (4H, m,
ArH, NHy); 7.12 (2H, dJ = 8.5 Hz, ArH), 7.19 (2H, dJ = 8.7 Hz, ArH);"*C-NMR (100MHz,
DMSO) 6 196.0 (CO ketone), 162.7, 155.9, 155.2, 150.3,6,4%38.4, 135.3, 130.4, 129.2,
128.3, 123.6, 122.6, 118.7, 115.6, 115.2, 113.1,9A{COB-lactam, vinylic carbon, aromatic
carbons and CN), 81.2 (C{8lactam), 63.3 (O-C}J, 61.1 (C-2p-lactam), 58.4 (C-CN), 50.2
(CHy), 40.3 (N-CH), 34.8 (CH), 31.9 (CH), 28.5 (CH}, 26.8 (CH,), 14.7 (CH); GC-MS m/z =
618 [M'] Analysis calculated for £H3gN4Os: C, 71.83; H, 6.19; N, 9.06%. Found: C, 69.93; H,
6.01; N, 9.61%.

4.3.9. 2-Amino-4-(4-((2-(anthracen-9-yl)-1-(4-etlyphenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
7,7-dimethyl-5-0x0-5,6,7,8-tetrahydrdd4chromene-3-carbonitriles():

White solid; Mp. 220-222 °C; IR (KBr, cm: 3456, 3332 (NH), 2191 (CN), 1751 (C(-
lactam), 1674 (CO ketone}d-NMR (250 MHz, DMSO): 0.83 (3H, s, G} 0.96 (3H, s, Ch),
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1.17 (3H, tJ = 7.2 Hz, CH) 1.98 (1H, dJ = 16.2 Hz, CH), 2.14 (1H, dJ = 16.2 Hz, CH),
2.33-2.40 (2H, m, Ch), 3.81 (2H, g = 7.2 Hz, OCH), 3.94 (1H, s, CH), 6.20 (1H, d= 5.0
Hz, H-3B-lactam ), 6.54 (2H, d] = 8.5 Hz, ArH), 6.71-6.77 (4H, m, ArH), 6.89 (2H,NH,),
7.02 (2H, dJ = 8.7 Hz, ArH), 7.11 (1H, dJ = 5.0 Hz, H-2B-lactam), 7.36-7.40 (2H, m, ArH),
7.56 (1H, tJ = 6.7 Hz, ArH), 7.68 (1H, t) = 8.5 Hz, ArH), 7.99-8.02 (1H, m, ArH), 8.12 (1H,
d, m, ArH), 8.45-8.49 (1H, m, ArH), 8.61 (1H, s,H#¢ 8.72 (1H, dJ = 9.0 Hz, ArH);"*C-NMR
(100 MHz, DMSQ)5 195.4 (CO ketone), 162.7, 162.1, 158.2, 155.5,2,5831.2, 131.0, 130.7,
130.4, 129.8, 129.6, 129.3, 127.9, 127.8, 127.2,112126.0, 125.0, 124.7, 124.6, 122.7, 122.4,
119.5, 117.8, 115.1, 115.0, 112.5 (@@actam, vinylic carbon, aromatic carbons and (3%3),1
(C-2 B-lactam), 63.0 (O-C}J, 58.6 (C-3B-lactam), 58.2 (C-CN), 49.8 (GH 34.5 (CH), 31.6
(CH), 28.3 (CH), 26.8 (CH), 14.4 (CH); GC-MS m/z = 675 [M] Analysis calculated for
Ca3H37N3O0s: C, 76.43; H, 5.52; N, 6.22%. Found: C, 76.03511; N, 6.61%.

4.3.10. 2-Amino-4-(4-((2-(anthracen-9-yl)-1-(4-mexlyphenyl)-4-oxoazetidin-3-
yl)oxy)phenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahpeH-chromene-3-carbonitrile8):

White solid; Mp. 202-204 °C; IR (KBr, ch): 3448, 3325 (Nk), 2191 (CN), 1748 (C®-
lactam), 1674 (CO ketone}d-NMR (250 MHz, DMSO): 0.83 (3H, s, G} 0.96 (3H, s, Ch),
1.98 (1H, dJ = 16.0 Hz, CH), 2.14 (1H, dJ = 16.0 Hz, CH), 2.31-2.40 (2H, m, C}), 3.56
(3H, s, CH), 3.94 (1H, s, CH), 6.21 (1H, d,= 5.0 Hz, H-3B-lactam), 6.54 (2H, d] = 8.5 Hz,
ArH), 6.73-6.77 (4H, m, ArH), 6.89 (2H, s, NH7.03 (2H, dJ = 9.0 Hz, ArH), 7.12(1H, d] =
5.0 Hz, H-2B-lactam); 7.36-7.40 (2H, m, ArH), 7.56-7.59 (1H, AxH), 7.66-7.72 (1H, m,
ArH), 7.99-8.03 (1H, m, ArH), 8.11 (1H,3,= 7.4 Hz, ArH), 8.45-8.49 (1H, m, ArH), 8.61 (1H,
s, ArH), 8-68-8.74 (1H, m, ArH)**C-NMR (100 MHz, DMSO)$ 195.4 (CO ketone), 162.7,
162.0, 158.3, 155.9, 155.5, 138.3, 131.2, 131.0,71.3.30.5, 129.7, 129.6, 129.5, 129.3, 127.9,
127.8, 127.1, 126.0, 125.0, 124.7, 124.6, 122.8,4,219.5, 117.8, 115.1, 114.5 (Gactam,
vinylic carbon, aromatic carbons and CN), 83.0 (B4actam), 58.6 (C-3P-lactam), 58.0 (C-
CN), 55.0 (O-CH), 49.8 (CH), 34.5 (CH), 31.6 (CH), 28.3 (CH), 26.5 (CH); GC-MS m/z =
661 [M']; Analysis calculated for £HzsN3Os: C, 76.23; H, 5.33; N, 6.35%. Found: C, 65.93; H,
5.07; N, 6.82%.

4.3.11. 2-Amino-4-(4-((2-(4-chlorophenyl)-1-(4-etyphenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
5-0x0-H,5H-pyrano[3,2€]chromene-3-carbonitrileBk):

White solid; Mp. 210-212 °C; IR (KBr, ci): 3448 , 3325 (Nb), 2198 (CN), 1759 (C@-
lactam), 1674 (CO lactone}H-NMR (250 MHz, DMSO): 1.25 (3H, t) = 7.0 Hz, CH) 3.92
(2H, q,J= 7.0 Hz, OCH), 4.34 (1H, s, CH), 5.66 (1H, d,= 4.7 Hz, H-2B-lactam), 5.81 (1H,
d,J= 4.7 Hz, H-3B-lactam), 6.75 (2H, d] = 8.5 Hz, ArH), 6.87 (2H, dJ = 8.7 Hz, ArH), 7.07
(2H, d,J = 8.5 Hz, ArH), 7.18 (2H, dJ = 8.7 Hz, ArH); 7.28-7.34 (6H, m, ArH, N} 7.41-
7.49 (2H, m, ArH), 7.69 (1H, = 7.7 Hz, ArH), 7.86 (1H, dJ = 7.7 Hz, ArH);**C-NMR (100
MHz, DMSO) 6 162.0, 159.4, 157.8, 155.6, 155.2, 153.2, 15236,.9, 132.9, 132.3, 129.8,
129.7, 128.6, 128.2 , 124.6, 122.4, 119.1, 11814.8, 116.5, 115.3, 115.0, 112.9, 103.9 (CO
lactone, COB-lactam, vinylic carbon, aromatic carbons and 0.8 (C-3p-lactam), 63.1 (O-
CH,), 60.0 (C-2B-lactam), 57.9 (C-CN), 36.0 (CH), 14.5 (HGC-MS m/z = 631 [M];
Analysis calculated for £H,6CIN3Og: C, 68.41; H, 4.15; CI, 5.61; N, 6.65%. Found:68,03,;
H, 4.09; N, 7.11%.
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4.3.12. 2-Amino-4-(4-((2-(4-chlorophenyl)-1-(4-meiyphenyl)-4-oxoazetidin-3-
yl)oxy)phenyl)-5-oxo-#,5H-pyrano[3,2€]chromene-3-carbonitrile8():

White solid; Mp. 199-201 °C; IR (KBr, cm: 3463, 3325 (Nk), 2198 (CN), 1743 (CP-
lactam), 1674 (CO lactone)d-NMR (250 MHz, DMSO): 3.67 (3H, s, G} 4.35 (1H, s, CH),
5.67 (1H, dJ = 4.7 Hz, H-2B-lactam), 5.82 (1H, d] = 4.7 Hz, H-3p-lactam), 6.75-6.79 (2H, d,
J= 8.5 Hz, ArH), 6.89 (2H, dJ = 8.7 Hz, ArH), 7.07 (2H, d) = 8.0 Hz, ArH), 7.20 (2H, d] =
8.7 Hz, ArH), 7.28-7.35 (6H, m, ArH, N) 7.41-7.49 (2H, m, ArH), 7.69 (1H, 3,= 7.7 Hz,
ArH), 7.86 (1H, dJ = 7.7 Hz, ArH);**C-NMR (100 MHz, DMSOY 162.0, 161.9, 159.4, 157.9,
157.8, 155.9, 155.5, 153.2, 153.0, 152.0, 132.8,313129.8, 128.6, 128.1, 124.6, 122.4, 119.1,
118.4, 116.5, 115.2, 114.5, 112.9, 103.9 (CO lagtd@O p-lactam, vinylic carbon, aromatic
carbons and CN), 80.8 (C{8lactam), 60.0 (C-3B-lactam), 57.8 (C-CN), 55.2 (O-GH 36.0
(CH); GC-MS m/z = 661 [M; Analysis calculated for £gH-4CIN3Os: C, 68.02; H, 3.91; Cl,
5.74; N, 6.80; O, 15.53%. Found: C, 66.93; H, 3K.15.96%.

4.3.13. 2-Amino-4-(4-((1-(4-(dimethylamino)phen@)¢4-nitrophenyl)-4-oxoazetidin-3-
yhoxy)phenyl)-5-oxo-#,5H-pyrano[3,2€]Jchromene-3-carbonitrileBfm):

White solid; Mp. 222-224 °C: IR (KBr, cf: 3325 (NH), 2198 (CN), 1735 (C@-lactam),
1674 (CO lactone)H-NMR (250 MHz, DMSO): 2.79 (6H, s, NG} 4.33 (1H, s, CH), 5.79
(1H, d,J = 4.5 Hz, H-2B-lactam), 5.89 (1H, d] = 4.5 Hz, H-3p-lactam), 6.65 (2H, dJ = 9.0
Hz, ArH), 6.74 (2H, dJ = 8.5 Hz, ArH), 7.04-7.13 (4H, m, ArH), 7.34 (2H,NHH,), 7.40-7.48
(2H, m, ArH), 7.56 (2H, dJ = 8.7 Hz, ArH), 7.68 (1H, t) = 7.7 Hz, ArH), 7.85 (1H, d)= 7.7
Hz, ArH), 8.07 (2H, dJ = 8.5 Hz, ArH);**C-NMR (100 MHz, DMSO) 161.3, 159.4, 157.8,
155.4, 153.1, 152.0, 147.7, 147.3, 141.5, 137.0,8,3129.3, 128.7, 126.1, 124.6, 123.1, 122.4,
119.1, 118.2, 116.5, 115.2, 112.9, 112.7, 103.9 (&one, COp-lactam, vinylic carbon,
aromatic carbons and CN), 81.0 ((B3actam), 59.8 (C-P-lactam), 57.8 (C-CN), 40.1 (N-
CHs), 36.1 (CH); GC-MS m/z = 641 [N Analysis calculated for §H.7NsO7: C, 67.39; H,
4.24; N, 10.91%. Found: C, 66.93; H, 3.98; N, 4.61%

4.3.14. 2-Amino-4-(4-((2-(4-(dimethylamino)phenyh(4-ethoxyphenyl)-4-oxoazetidin-3-
yhoxy)phenyl)-5-oxo-#,5H-pyrano[3,2-c]Jchromene-3-carbonitrilén):

Cream solid; Mp. 197-199 °C; IR (KBr, ¢th 3325 (NH), 2198 (CN), 1759 (C@-lactam),
1674 (CO lactone)!H-NMR (250 MHz, DMSO): 1.25 (3H, t) = 7.0 Hz, CH), 2.78 (3H, s,
NCHs), 2.80 (3H, s, NCh), 3.91 (2H, gJ = 7.0 Hz, OCH), 4.34 (1H, s, CH), 5.48 (1H, d,=
4.7 Hz, H-2B-lactam), 5.69 (1H, d) = 4.7 Hz, H-3B-lactam), 6.56 (2H, d) = 7.2 Hz, ArH),
6.75 (2H, dJ = 8.2 Hz, ArH), 6.85 (2H, d) = 8.7 Hz, ArH ), 7.05-7.11 (3H, m, ArH), 7.17 (3H,
t,J= 8.7 Hz, ArH), 7.33 (2H, s, N}, 7.42 (1H, d,J = 7.5 Hz, ArH), 7.47 (1H, d) = 7.5 Hz,
ArH), 7.68 (1H, tJ = 7.5 Hz, ArH), 7.85 (1H, dJ = 7.7 Hz, ArH);**C-NMR (100 MHz, DMSO)
6 162.3, 159.4, 157.9, 156.0, 155.0, 153.1, 1550,0, 136.6, 132.8, 130.1, 128.8, 128.5, 124.5,
122.4, 119.5, 119.1, 118.4, 116.5, 115.4, 114.9,991111.7, 104.0 (CO lactone, (lactam,
vinylic carbon, aromatic carbons and CN), 81.0 (B-fctam), 63.1 (O-Ch), 60.9 (C- B-
lactam), 57.3 (C-CN), 40.(IN-CHs), 36.0 (CH), 14.5 (CK); GC-MS m/z = 640 [N]; Analysis
calculated for GgH32N4Og: C, 71.24; H, 5.03; N, 8.74%. Found: C, 70.9345,7; N, 8.95 %.
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4.3.15. 2-Amino-4-(4-((2-(anthracen-9-yl)-1-(4-etlyphenyl)-4-oxoazetidin-3-yl)oxy)phenyl)-
5-0x0-H,5H-pyrano[3,2-c]jchromene-3-carbonitril@d):

Cream solid; Mp. 226-228 °C; IR (KBr, ¢th 3402, 3325 (Nk), 2198 (CN), 1743 (C®-
lactam), 1674 (CO lactone)d-NMR (250 MHz, DMSO): 1.17 (3H, t) = 7.0 Hz, CH), 3.81
(2H, g,J = 7.0 Hz, OCH), 4.20 (1H, s, CH), 6.23 (1H, d,= 4.7 Hz, H-3p-lactam), 6.51 (2H,
d,J= 8.2 Hz, H-2B-lactam), 6.73 (2H, d] = 8.7 Hz, ArH), 6.83 (2H, d] = 8.2 Hz, ArH), 7.03
(2H, d, J = 8.7 Hz, ArH), 7.09 (1H, d,= 4.7 Hz, H-2B-lactam); 7.29 (2H, s, N}, 7.33-7.39
(3H, m, ArH), 7.46 (2H, tJ = 8.0 Hz, ArH), 7.60 (1H, tJ = 8.2 Hz, ArH), 7.69 (1H, tJ = 8.0

Hz, ArH), 7.82 (1H, dJ = 7.7 Hz, ArH), 7.97 (2H, d] = 8.2 Hz, ArH), 8.45-8.49 (1H, m, ArH),
8.54 (1H, s, ArH), 8.66 (1H, d,= 9.0 Hz, ArH);**C-NMR (100 MHz, DMSO) 162.6, 159.2,
157.9, 157.3, 156.4, 154.4, 136.6, 131.0, 130.6,413129.7, 129.5, 129.3, 128.8, 128.3, 127.0,
126.0, 124.6, 123.9, 122.7, 122.3, 121.3, 120.9,741119.1, 118.7, 117.8, 116.5, 115.1, 115.0,
114.4, 113.2, 112.9, 104.0 (@=lactam, CO lactone, vinylic carbon, aromatic cardand CN),
82.8 (C-2B-lactam), 63.0 (O-Ch), 61.7 (C-3p-lactam), 59.6 (C-CN), 35.9 (CH), 14.4 (@H
GC-MS m/z = 697 [M]; Analysis calculated for GHs1 N3Os: C, 75.74; H, 4.48; N, 6.02%.
Found: C, 74.93; H, 4.13; N, 6.61%.

4.3.16. 2-Amino-4-(4-((2-(anthracen-9-yl)-1-(4-mexlyphenyl)-4-oxoazetidin-3-
yhoxy)phenyl)-5-oxo-#,5H-pyrano[3,2€]Jchromene-3-carbonitrileBp):

Cream solid; Mp. 212-214 °C; IR (KBr, ¢ 3425, 3325 (Nk), 2198 (CN), 1743 (C®-
lactam), 1674 (CO lactone}4-NMR (250 MHz, DMSO): 3.56 (3H, s, OGH 4.20 (1H, s, CH),
6.23 (1H, dJ = 4.7 Hz, H-3p-lactam), 6.52 (2H, d] = 8.0 Hz, ArH), 6.75 (2H, d) = 9.0 Hz,
ArH), 6.83 (2H, dJ = 8.5 Hz, ArH), 7.02-7.09 (3H, m, ArH, H{-lactam), 7.30-7.46 (7H, m,
ArH); 7.53-7.69 (2H, m, ArH), 7.77-7.84 (1H, m, ArH7.96-8.11 (2H, m, ArH), 8.45-8.68 (3H,
m, ArH); **C-NMR (100 MHz, DMSOY 162.6, 159.2, 157.9, 157.8, 155.9, 155.7, 15%2,8,
152.0, 136.6, 132.8, 131.2, 131.0, 130.6, 130.5,712129.3, 128.3, 127.0, 126.0, 125.0, 124.7,
124.5,122.7,122.3, 122.2, 119.0, 117.8, 116.5,31115.1, 114.5, 112.9, 104.0 (Bactam,
CO lactone, vinylic carbon, aromatic carbons and,@8.8 (C-2B-lactam), 58.4 (C-B-lactam),
57.6 (C-CN), 55.0 (O-Ch), 35.9 (CH); GC-MS m/z = 683 [\t Analysis calculated for
Ca3H29N306: C, 75.54; H, 4.28; N, 6.15%. Found: C, 74.934H1; N, 6.91%.

4.4.1n vitro antiinflammatory activity

4.4.1. Principle of the assay

The in vitro anti-inflammatory assay is based on the abilitym@crophages to generate a
strong inflammatory response when stimulated wittiggns. Mouse immortalized macrophages
(RAW 264.7 cell line) are stimulated B coli LPS, and exposed to the test material for 24
hours. At the end of the incubation period, NO picithn is evaluated indirectly by measuring
the accumulation of nitrite/nitrate, the stable @ndducts of NO oxidation, in the culture
medium using a spectrophotometric method basetetiess reaction.

4.4.2. Cell line
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Mouse macrophages (RAW 264.7, Sigma-Aldrich, N° R@&D1, Lot. 09I006), low passage
number (<50).

4.4.3. Culture medium

Complete medium: MIEM with stable L-glutamine (Dulbecco’s Minimum EssehMedium,
PAN BIOTECH. Lot 974251) supplemented with penicillLOO IU/ml and streptomycin 100
ug/mL (PAN BIOTECH, Lot 20145123), and 10% of inaetied calf serum (PAN BIOTECH,
Lot P440008), H 7.2, freshly prepared, stored no longer than kaee

4.4.4, Dilutions of the test material
The test materials were diluted into dimethyl sxidie (DMSO, Sigma-Aldrich).
4.4.5. Controls

Negative control: DMSO (Sigma-Aldrich).
Positive control: Dexamethasone (Sigma-Aldrich)3—10 — 50 — 100 puM.

4.4.6. Test procedure

Cells were seeded into 48-well tissue culture platethe concentration of 121€ells/mL (200
pnL/well) for 24 hours at 37°C (5%@®;). At the end of the incubation period the cultoredium
was replaced by 200 pL of medium containing ther@mpate concentrations of the test
materials, and cells were incubated at 37°C (5%)Qi{Dring one hour. At the end of the
incubation period, pro-inflammatory LPS frdincoli was added to cell cultures (1pug/mL). Then
cells were incubated at 37°C (5% & @uring 24 hours.

4.4.7. Assessment of NO release

NO release was measured in the culture supernbtatie Griess reaction. 100 pL of the
supernatants were transferred into the wells 06-av8ll tissue culture plate, and 100 pL of the
Griess modified reagent (SIGMA-ALDRICH) were addedeach well. After a 15 min period at
room temperature, the Optical Density (OD) of eaell was read at 540 nm by a fluorescence-
luminescence reader Infinite M200 Pro (TECAN). Tesults obtained for wells treated with the
test material were compared to those of untreatedral wells (DMSO, 100% viability) and
converted to percentage values.

4.4.8. Assessment of cell viability

In parallel to the assessment of NO release, calflility was measured to validate the assay.
The WST-1 vital dye reagent was used to measurenugbchondrial respiration. For this
purpose, the culture medium was decanted and 100MWST-1 reagent (1/10 dilution) were
added in each well. After a 30-min incubation perai 37°C (5% CO2), the Optical Density
(OD) of each well was read at 450 nm by a fluoreseduminescence reader Infinite M200 Pro
(TECAN). The results obtained for wells treatednitie test material were compared to those of
untreated control wells (DMSO, 100% viability) acmhverted to percentage values [26].
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4.4.9. Calculation of the 1Gg

Inhibition of NO release and inhibition of cell biity were expressed as percentages as
compared to the negative controls:

Percentage of NO release = 100 x (OD of tedit-wOD of blank)

OD of DMSO control - OD of blank

Percentage of Cell viability = 100 x (OD o$tevell - OD of blank)

OD of DMSO control - OD ofanlk

The concentrations of the test material causingees/ely a 50% decrease of NO release
(ICs0-n0 releask @and @ 50% decrease of cell viability £4Gei viaviity) Were calculated using software
Tablecurve Version 2.0. The anti-inflammatory rat@mresponded to the ratio between the anti-
inflammatory activity and the toxicity. It was exssed as follows:

Anti-inflammatory ratio = [Go.cell viavility / 1Cs0-NO release
4.5. Cytotoxicity and Anticancer study

The cytotoxicity assay was performed as descrilyeRdwan et al. (2001) with modifications.
The HepG2 andSW1116 cell line were used in which the cell monolayeeyevseeded at 5x310
cells per well (in RPMI 1640 medium plus 10% fetallf serum) in 96-well plate. Various
concentration of tested compounds (5,10, 50, 100280uM) were prepared and inoculated to
cell monolayer and repeated triple for each compouvionolayers containing the tested
compounds were incubated overnight at 37 °C in a G@®2 atmosphere. After overnight
incubation, the suspension from each well was digchand 25 pl of fresh complete medium
(RPMI+10% fetal calf serum) containing 0.004 g/mLMTT reagent (Sigma, Ronkonkoma,
NY, USA) was added. Samples were incubated forl8shat 37 °C in 5% Cf£and the formazan
product was solubilized by the addition of 100 rmtmnethyl sulfoxide. Optical densities of the
suspensions were measured at 540 nm using an Eld&der (Biotek, Power Wave, Winooski,
VT, USA) and cytotoxicity (percentage of dead getlalculated as (1 — optical density of test
sample/optical density of negative control)x100]{27

4.6. Molecular docking study

Computer-simulated docking studies were accomplidhethe AutoDock 4.2 software [28].
Lamarckian Genetic Algorithm of the AutoDock 4.2gram was used as the search algorithm.
The Graphical User Interface program AutoDock Tdo&s6 (ADT) were used to prepare, run,
and analyze the docking simulatidisviolecular docking of compounds was performed with
two crystal structures (PDB ID: 4NOS (human indigimitric oxide synthase), 3LN1
(cyclooxygenase-2)) by the Auto-Dock Tool 1.5.6] #wo-dimensional (2D) structures of the
compounds were built using the ChemDraw prograne(@raw Ultra 10.0, Cambridge soft.),
and then moved into the Hyperchem 8.0 software @r9pem, Release 8.0 for Windows,
Molecular Modeling System: HyperCube, 2007). Molesu were subjected to energy
minimization with MM+ force field and then PM3 seampirical technique. Then the patrtial
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charges of atoms were calculated by the Gasteigansil procedure implemented in the
AutoDock Tools package [29]. The non-polar hydregeri compounds were merged. The
crystal structures of protein were taken from HroRatabank (www.rcsb.org). All bound water
and ligands were eliminated from thetein, and polar hydrogen atom were added t@tbesin

as it was required for the electrostatics intecanstj and then non-polar hydrogen atomese
merged together. In all dockings, a grid map withgsid points in the X, Y, and Z directions
was built. Among the three different search al¢pong offered by AutoDock 4.2, the Lamarckian
genetic algorithm (LGA) approach was appli€dr all docking procedures, 150 independent
runs with the step sizes of 0.2 A for translati@msl 5 for orientations and torsions were
considered. For the Lamarckian GA method, a maximumber of 25 x 1%energy evaluations;
27,000 maximum generations; a gene mutation rat®@#; and a cross-over rate of 0.8 were
used. At the end of docking, the structures wen&ead by energy. Ligand-receptor interactions
were all visualized on the basis of docking resukgg Discovery Studio Visualizer 4.0 and
Ligplus2012.
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AN

Some novel chromeno B-lactam hybrids have been synthesi zed.

Inflammatory, mammalian cell toxicity and cancer activities have been examined.
5b and 8b showed high potentials as anti-inflammatory agents with no cytotoxicity.
A single crystal X-ray structure of 5b has been determined.



