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Abstract

A novel series (13) of isoxazoline functionalizesumarins was synthesized through 1,3-
dipolar cyclization of nitrile oxides with Allylatcoumarins. Synthesis of effective and target
selective immunostimulators through conjugatiomiokrsely substituted isoxazolines and 7-
hydroxycoumarins is the focus of the present atidlhe proposed synthetic scheme was
observed to be highly regiospecific yielding atté@apconjugates in good yield (>90%).
Kinetic resolution of the racemates was carried lmutemploying lipase B fronCandida
antarctica(CALB). The synthesized compounds were screeneaditro andin vivo for their
biological activitiesviz. toxicity and impact on splenocyte proliferation- (&nd B-cell
proliferation), antibody production (HA titer), @sled-type hypersensitivity reaction (DTH),
T-cell subtypes (CD4 and CDS8), cytokine productigh-2, IFN-y, and IL-4) and NO
(macrophage) production. Our results establish ibatazoline functionalized coumarins
exhibit excellent immune potentiating activity esjpdly compounds2, 4 and 8 whose
activity is more than that of Levimasole as stadddrhe structure activity relations are
explained in light of the structural/functional asfs of tested compounds. To the best of our

knowledge the presented work is first of its kimalas presaged to prove very useful for the



design and synthesis bis-heterocycle based novel, therapeutically seleciive effective
immunopotentiators.
Keywords: 7-hydroxycoumarin; 2-isoxazoline;Bis-heterocycles; kinetic resolution;

Immunopotentiation.

Introduction

Encouraging results from immunomodulation based ummpharmacological approaches as a
cure for many biological malfunctions has stimutiaen intense research activity towards
design of appropriate, less toxic and effective imopotentiators. As an outcome of this
intense research activity, a huge library of imnpuotentiators, of natural and synthetic origin
is available today [1-6]. Among the currently knowmmunopotentiators like, muramyl
dipeptide derivatives [7], levamisole [8], niriddzo[9], and those from the groups of
interferons and interleukins, many have been faonekpress undesirable side effects and/or
high toxicity during the clinical trials [10-13]. Bhpresaged potential of immunomodulation
based therapies and the safety and therapeutictieéfieess concerns about currently known
immunopotentiators, makes studies related to designovel, safe to use and effective
immunopotentiators indispensable. The developmentatural product based low molecular
weight immunopotentiators is considered as on@@fpromising approaches in this direction
[6].

Aromatic heterocycles have served as valuabl¢hstin templates for the preparation of
new compounds with specific biological or matepabperties. Biological activities diis-
heterocycles, especially those with nitrogen angjer as heteroatoms are well documented
in literature [14-16]. In addition to their use synthetic chemistry, these compounds have
been found to express cytotoxic, immunostimulatamgtimicrobial, tuberculostatic, plant
growth regulative properties and various otherdgadal activities [17]. Since recent years,
attention is increasingly being paid towards theatlsgsis of aromatidis-heterocyclic
compounds. The diverse functional groupings and sheergistic activity of the fused
pharmacophores makbis-heterocyclic compounds divalent dual target irdeng with
improved pharmacological functions. Individuallytbhacoumarins and isoxazolines in view
of their immunostimulatory effects have been emetbyfor diverse applications and
pharmacological activities [14-16, 18-25]. Coumarimve been demonstrated to exhibit a

broad spectrum of pharmacological activities likeidepressant, antimicrobial, antioxidant,



antitumor, antihistaminic, antiviral, CNS stimulaahd anticoagulant [26-34]. Similarly
isoxazolines; the O- and N-containing heterocydiese been extensively explored for
synthetic and biological applications [35-37]. laarlines have been demonstrated to exhibit
interesting and diverse biological properties bkgiinflamatory, antagonistic, anticancer, anti
HIV, antidepressant and are currently used as pd@phores of many clinically approved
therapeutic agents [25, 38]. The compounds withdwmore heterocycles play a vital role in
natural and synthetic bioactive compounds [39-48ls0 it has been established that
biological efficacy of coumarins can be desirablierad through incorporation of another
heterocyclic moiety and the resulting compound roftexhibiting promising and
unprecedented properties. These above cited faudsliterature documented biological
expressions of coumarins and isoxazolines implyt g@njugation of isoxazolines with
coumarins can serve as a promising synthetic gydt@ the design of effective and target
selective immunostimulators; the same is demorstriirough the present work. Herein we
report a simple scheme for the synthesis of nawelunopotentiators through conjugation of
bioactive pharmacophoric isoxazolines with 7-hygamumarin (7-OHC). A novel series of
13 isoxazoline functionalized 7-OHO gble 1) was synthesized and testiedvitro andin
vivo to probe the immune potentiating potential andwvaaié structure activity relationship
(SAR) of these conjugates. The structures of nempmunds were confirmed by chemical
and spectroscopic methods like IB4 NMR, *C NMR, and mass spectrometry. The
synthesized conjugates were found to express extethmunopotentiating activity. To the
best of our knowledge the presented work is fifsitokind and is presaged to prove very
useful for the design and synthesisbif-heterocycle based novel, therapeutically selective
and effective immune potentiators.

Results and discussion

Chemistry

For the synthesis of aimed conjugates, the stratégy,3-dipolar cyclization between an
Allylatedcoumarin and various substituted nitrilxides Scheme ) was followed.
Dipolarophile was obtained by alkylating 7-OHC withllyloromide using KCO:.
Nitrileoxides used as 1,3-dipoles, were synthesiaecbrding to the literature procedures
[41]. The novel isoxazoline conjugates of 7-OHC thgsized in the ensuing work are
presented inTable 1 Formation of 3,5-disubstituted isoxazolines pessg O-allyl
derivative of 7-OHC at'B position, was established through the charackedsiemical shift



values with multiplets at 4.00-4.26 ppm for the @6tons and 3.00-3.65 ppm for C4 protons.
Similarly, characteristic chemical shift values f6H, group of O-allyl derivative were
established with double-doublets/multiplets in thege of 4.06-4.30 ppm and 5.05-5.29 ppm
for the two non equivalent protons. The detailsyithetic and characterization procedures
are given in the experimental section.
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Scheme 1Synthesis of bis-heterocycles encompassing 7-hycisarmarin and isoxazolines.
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Table 1: Synthesis of various isoxazoline derivatives ofeallifiérone
fsolated yields after chromatographic purification

The isoxazoline derivatives as presentedtable 1, possess one chiral centre in the
isoxazoline ring thereby raising the possibilitatiderivatives synthesized as [@aheme 1
would be a mixture of two possible enantiomers.ohder to investigate the impact of
stereochemistry dbis-heterocyclic conjugates on their immune potenmt@potential, kinetic
resolution of the racemate by employing lipase @&@nfrtCandida Antarctica(CALB) was
carried out. The details of the kinetic resolutmocedures are presented in the experimental
section.

Evaluation of biological activity

The isoxazoline-coumarin conjugates synthesizedh®mpresent worKI@ble 1) were tested
for their biological expressiongiz. lymphocyte proliferation, antibody titre, delayegpé



hypersensitivity response, spleenocyte prolifergtaytokine release, macrophage production
and toxicity following procedures whose detailsagivelsewhere [6] are also included in the
supporting information. To begin with, all the dyasised compounds were tested for their
impact on lymphocyte proliferation undervitro conditions.The significant activity observed
for compounds2, 4 and 8 in in vitro investigations motivated us for their furthier vivo
investigations. In then vivo investigations, compound@s 4 and8 were tested for their impact
on primary and secondary antibody and DTH resporsggeen cell subtyping and
proliferation, cytokine (IL-2, IFNy, and IL-4) and NO production. The efficacy of &abt
compounds was compared to the results observetdefcamisole (Lev), a commonly used
standard for such investigations [8]. Lev was adsiened orally at a dose of 2.5 mg/kg body
weight as a positive control. In view of the en@ging immunopotentiating activity of
compound<?, 4 and8 noticed duringn vivo investigations these were also tested for their
toxicity.

Effect of test compounds onn vitro lymphocyte proliferation by MTT assay

The results recorded during tive vitro screening of isoxazoline functionalized coumarins
synthesised for the present study, for their immactymphocyte proliferation are presented
as Figure 1. As is evident from these results, the screened oams exhibit a dose
dependent response. Compou2d8, 4, 5, 7 and8 were observed to significantly enhance
the immunostimulation, especially compour2dgl and8 whose immunostimulating potential
even at lower doses (0.1 pg/mL) seems significamtier than that observed for levamisole
(Lev) and 7-OHC. Immunostimulatory effect, as ewidigom Figure 1 was found to decrease
with increase in dosage from 0.1-10 pg/mL in conmu®s®-13. These compounds did not

enhance the lymphocyte proliferation significantly.
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Figure 1: Effect of test compounds on lymphocyte proliferatio vitro. The proliferation was
calculated based on MTT assay. Absorbance was dedaat 570 nm. Values are expressed as mean
+S.E. of three observation®? < 0.05; "P < 0.01; " P < 0.001 as compared to control determined
by one-way Anovaspnferroni correctionmultiple comparison test)

Effect on antibody titre
The compounds 2, 4 and 8 were tested for their ainpa B- cell activation. For this we
monitored the impact of these compounds at dosd &#v0.001 mg/kg, 0.01 mg/kg and 0.1



mg/kg on primary and secondary antibody responsi¢in estimation of total antibody titre.
Assuming that the response recorded on day 7 qunes to primary antibody titre and that
recorded on day 14 corresponds to secondary antilitoel;, the results presented as Figure 2

suggest that in comparison to standard, compounds @&d 8 enhance the primary and

secondary antibody synthesis by a significantlyhargextent. In view of the above cited

assumption it may be inferred that the extent @rease in antibody at 14 day (usually

attributed to IgG titre) seems to be more than tfaantibody response on day 7 (usually

attributed to IgM titre). Comparatively, the immutionualation activity of compound 2 at a

dose of 0.1 mg/kg is highest.

Mean £ SE

Doses (mg/kg)

EDayT mDayi4d

Effect of Compound 2 on HA titre

ke

B

&k

Mean t SE

Effect of Compound 4 on HA titre

mDay7 mDayi4d

*k

Doses (mg/kg)

Meant SE

mDay7 mDayi14

Effect of Compound 8 on HA titre

dedke

Doses (mg/kg)

Figure 2: Effect of compound®, 4 and 8on antibody titres in mice. Data are mean + S.Esif
P < 0.001 when compared with control group deteediy one-
way ANOVA (Bonferroni correction multiple comparidest).
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Delayed type hypersensitivity (DTH) response

Compound2, 4 and8 were administered at varying doses to mice andntipact on SRBC-
induced DTH reaction was monitored. The resultsftbese studies presentedragure 3
clearly indicate a significantly higher DTH respenthan that observed with Lev even at
doses as low as 0.001 mg/kg. The DTH response bsewed to decrease with time (24 hr >
48 hr > 72 hr) with compournlbeing the most effective.
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Figure 3: Effect of compoundd 4 and8 on DTH response. Data are expressed as mean &flve
observations of left hind foot pad thickness meauat 24, 48 and 72 hrP < 0.05; “P < 0.01;

Kok

P < 0.001 as compared to control determined by wag- Anova Bonferroni correctionmultiple
comparison test).

Effect on spleenocyte proliferationex vivo (T and B cell proliferation)
The results fromex vivosplenocyte proliferation investigations whereilmpmunds2, 4 and
8 were administered at various doses to mice are depiasdeigure 4. Cell proliferation

showed a regular increase with increase in the fwsall these compounds. As is evident



from Figure 4, compound resulted in a significant increase in T and B pedliferation at
all doses in comparison to Lev and the other twonmaunds. Compound showed
proliferation equivalent to Lev at a dose of 0.0@)/kg. Compound also increased cell

proliferation to a significant extent.
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Figure 4: Effect of compoundg, 4 and8 on T and B cell proliferation.Splenocyte prolifécs
expressed as the absorption at 570 nm ex vivo. Batamean + SE of six animals? < 0.05;
"P <0.01;7 P <0.001 compared with control group determineddmg-way ANOVA (Bonferroni
correction multiple comparison test).

Effect on spleen T-cell subtyping

The impact of compounds 4 and8 on T-cell subtyping (CD4CD8") in spleen single cell
suspension was monitored by flow cytometry. Forsé¢hanvestigations fluoresceine-
isothiocyanate (FITC) conjugated anti-CD4 and pleytdorin (PE) conjugated CD8

monoclonal antibodies were employed. The total am®of CD4 and CD8 subtypes were

10



calculated by multiplying their estimated ratiosttwthe total spleen cell contents and the
results are enlisted iable 2 In these studies compourtdseems to be very effective
yielding 40.2% CD2 and 21.6% CD8T cells at a dose of 0.1 mg/kg which is much better
than that observed for the control values of 200t1%6D4" and 13.3% of CDS8T cells under
similar conditions. Even with an oral dose of 2.§/kg Lev stimulated CD4and CD8 T

cells only to the extent of 30.8% and 18.3% respelgt

Spleen CD4

Spleen CD8

Treatment Dose | pa*T-cell | cDs* T-Cell CD4/CD8 Content

(ma/kg) (%) (%) Ratio Conte;nt
(x107) (x10)
Control 20.7+0.90 | 13.3+0.34| 1.56+0.09| 2.70+0.12 | 1.47+0.04
(vehicle)

Levamisole 2.5 30.8+1.3@ | 18.3+05a | 1.68+0.06 | 1.48+0.14 | 1.38 +0.1@
0.001 30.3+058| 16.4+0.37| 1.32+0.06| 1.23+0.06 | 1.26 £0.03
Comgound 0.01 342+062| 198+0.39| 1.72+0.06| 1.61+0.06 | 1.35+0.03
0.1 402+0.70| 21.6+046| 1.86+0.07| 1.85+0.07| 1.48+0.04
0.001 20.3+0.63| 154+0.35| 1.32+0.07| 1.02+0.07 | 0.88+0.04
ComArrJound 0.01 242+059| 153+0.38| 1.58+0.07| 1.31+0.06| 1.18+0.03
0.1 31.1+059| 184+0.39| 1.69+0.07| 1.51+0.06| 1.37+0.03
0.001 20.3+058| 154+0.34| 1.32+0.06| 1.16+£0.05| 1.19+0.03
Comgound 0.01 27.2+059 | 16.2+0.3® 1.67+0.06| 1.54+0.06 | 1.29 +0.0®
0.1 35.3+0.64 | 19.9+0.4» 1.77+0.07 | 1.67.+£0.07| 1.41 +0.0%

Number of observation =6
(&) P<0.01; (b) P<0.05

Table 2: Effect of different doses of compou2¢dd and8on spleen T cell subtypes

Effect on cytokine release (IL-2, IFNy& IL-4)

The impact of compound® 4 and8 on the release of cytokines IL-2, IFN-and IL-4 was
monitored to point out their specific effects ontakyne profiles. The results presented as
Figure 5, indicate a dose dependent impact on the relelabe?) IFN-y, and IL-4 wherein

11



IL-4 release was always the least one. Compdlsdems to be the most effective followed
by compoundB. At a dose of 0.01 mg/kg the observed effect ofigound4 is comparable to
that of Lev while at dose of 0.1 mg/kg it provedb®more effective than the later.
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Figure 5: The bars in the depicted graphs are a mean+ SEesilts from three different experiments
carried under similar conditions. Mouse spleenséll x 10 cells/mL) were stimulated for 48 h with
and without (control) 2.5 pg/well Con-A in the prase of each of these compounds after which the
cell supernatant was collected and tested for ILFA\- y and IL-4, by employing commercially
available standard kits (Quantikine, R&D Systemspact of isoxazoline functionalized coumars

4 and8 on IL-2, IFNyand IL-4 cytokine production at changing doses.

Effect on NO production (macrophage production)

To test the impact of compoun@s 4 and 8 on macrophage production, NO production in
response to different doses (0.001, 0.01 and 0/kghgf these compounds and the standard
under similar conditions was monitored. The statdlly analysed results from these
experiments are depicted #&$gure 6. As evident from the presented results, the NO

production (an index of macrophage productionesponse to administration f4 and8 is

12



significantly more than that of standard, and tihedpction increases with the increase in

dosage. Comparatively compouldeems to be the most active followed4gnd8.
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Figure 6: Effect of compound®, 4 and8 on NO production.Results are expresseghh Data are
mean + SE of six animalsP <0.05; "P <0.01; ™ P <0.001 compared with control group
determined by one-way ANOVA (Bonferroni correctianitiple comparison test).

Toxicity studies

The synthesised compounds were tested for possgildar toxic effects on spleen cells by
MTT assay [42]. Our observations vis-a-vis toxigtydies suggest that even at a dose of as

high 100 pg/mL the test compounds do not exhibjttaric effect after 72 h incubation.

Docking Results

In this study we carried out the molecular dockstgdies, in which Levamisole, compounds
2, 4 and 8 were docked into ATP binding site of Acetylcholibending protein at 2.38
Aresolution (PDB code: 4MU1). The docking studiesravperformed with Glide (Grid-
Based Ligand Docking with Energetics) program [43] incorporated in the Schrodinger
molecular modeling package (Schrodinger, LLC, Nearky NY, 2015). The binding poses
found by maestro 9.0 for Levamisole, compouBd4 and8 are given in Figure 7 (also see
figure S1). All the four compounds were succesgfdibcked into the active site of 4AMUL.
On analyzing the docking poses the positioned cam@® shows interactions with try 89 and
serl86. In addition, we have observed a relatigelysistent interaction of carbonyl group

with trp 143. In order to validate the interactimsults we superimposed our ligand with

13



standard (levamisole) ligand and observed thatigands and the levamisole shares similar
binding orientation against the 4MUL1 (Figure 7 ase figure S2). Results from the docking
studies indicate that binding affinity of the mastive compounds follows the order 2> 8 > 4,

and with almost similar binding affinity of R ands®mers for their respective enantiomers.

Figure 7: Binding interactions of (a) levamisole, (b) compa2th against acetylcholine

binding protein and (c) superimposition of comp(&en) with levamisole

14



Discussion

Our main interests for the work presented in curtd® were; 1) Designing of a simple
synthetic strategy for conjugation of isoxazolirsesl coumarins for the synthesis of novel
isoxazoline derivatized coumarins as novel immuotetiators. 2) To explore the SAR of
the resulting conjuagtes vis-a-vis their immunopbtting potential. A major challenge in
the synthetic approaches involving the conjugatibrsoxazoline and coumarin is to ensure
the stability of the chemically very sensitive ftinoal groups present on each of these
counterparts [45-47]. To ensure the same we foldbaesimple low cost but efficient and
chemically less demanding strategy for the fundii@ation of hydroxyl coumarins with
isoxazolines. The synthetic scheme involved 1,®dip cyclization between an
Allylatedcoumarin andin situ generated variedly substituted nitrile oxides. Fdir the
compounds synthesized in present work we obselhedormation of only one regioisomer
(see Table 1), this suggests that nitrile oxide cycloadditiam dllyliccoumarin is highly
regiospecific. For exploration of SAR in isoxaz@inconjugates of 7-OHC as
immunopotentiators, correlation of their activityithvthe substitution pattern in the basic
skeleton seems quite informative. To decipher sintbrmation, for present work we
attempted varied type of substitutions on the ang attached to isoxazoline from simple H,
electron donating (OCHand CH) and electron withdrawing groups (F, Cl, Br and )N®
bulky aryl (naphthyl) groups for the synthesis ofimarin-isoxazoline conjugates.

In the biological experiments compoundsl@) showed no or little toxicity in comparison to
the cell control and compound® 4 and 8 showed excellent dose dependent Con-A
proliferative activity Figure. 1). The activity observed for compoun#s4 and8 underin
vitro conditions motivated us to test theseifowivo. In in vivo studies levamisole was used
as standard, different doses of compould$ 8 and the standard were administered to the
animals and the blood collected at day 7 and 1l4tested for HA titre. Significant HA titre
observed at day 14-igure 2) after administration of compoun@s 4, 8 suggests that these
compounds appreciably enhance the production db@iy against SRBC’s. Similarly these
compounds were also observed to enhance the secddticell-secreted cytokines, such as
IL-2, IL-4, and IFNy and splenocyte proliferation significantly morauhthe administration
of standard. The observations a visimmunophenotyping expressions like CD4 and CDS8
(Table 2), DTH responses and NO productidfigure 3 and 6)also support observations
regarding the cytokine expression. The well-knoymesgism between the cytokines in INOS

15



expression [42], suggests that the induction obkiyies observed after treatment with
compounds2, 4, 8 can be attributed to the release of NO. In ithhevivo experiments,
compound2 exhibited highest activity at all doses in compamigo control, levamisole and
compoundst and8. At lower doses compoundl showed activities almost similar to that of
standard; however at higher doses the activity f@asd to increase with increase in dosage
per kg body weight.

Our observationsis a visthe production of primary and secondary antibofiégure 2, 1IgG

> |gM) suggests that administration of compour2dgl, 8 leads to generation of a good
number of memory cells. The observations aboutirttygact of compound®, 4 and 8 on
spleen T-cell sub typing and the relative C&d CD8 counts Table 2) are in conformity
with their antibody response. The observed enhaenenn CD4 values for these
compounds clearly implies that the immunogenic sasp follows MHC-class Il pathway.

It is important to mention that in addition to thlectronic effects the substituents used for the
current investigations are also expected to chamgdipophilicity and hence the membrane
permeation properties of the coumarins. To know ithpact of the substituents on the
lipophilicity of coumarins, we estimated the LogvBlues for the compounds 1-13. The
estimated Log P values (Table S2 Supporting Inféion were found to vary in the order
13>12>11>10>5>6>7>9>2>8>3>4>1. Relative Log P valokthe investigated coumarins in
light of their observed immune potentiating actest clearly indicate that the substituent
effects of the attempted substitutions in the pres¢éudy are dominated by the electronic
effects of the substituents.

It is pertinent to mention that the isoxazolinedt@uin conjugates presented table 1,
possess one chiral centre in the isoxazoline hegeby raising the possibility that derivatives
synthesized as p&cheme 1 would be a mixture of two possible enantiomensoider to
investigate the impact of stereochemistrybis-heterocyclic conjugates on their immune
potentiating potential, kinetic resolution of thacemate of the most active of all these
compoundsviz. (2) was carried out following the steps depictedScheme 2 The lipase
showed excellent differential enantioselectivitycatalysing the hydrolysis of racemic ester.
It was observed that the enzyme in presencé&-isbmer selectively hydrolysed the-
counterpart without affectin§isomer, producing the corresponding enantiopwetsa! with
high enantiomeric excesses (>9@% in accordance with the Kazlauskas rule. Howelwrer,
the absence dR-counterpart, the ester withconfiguration at chiral carbon in the ring is
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slowly hydrolysed to the corresponding enantiomlo®hol with high enantiomeric excesses
(>99%e6@. The enantiomeric excesses of acefdje2c, alcohold(S)-2d, (R)-2d] and bromo
compoundg(S)-2¢e (R)-2e] were determined by chiral column chromatograpline @bsolute
configurations of compoundéS)-26(S)-2d, (R)-2d, (S)-2e and (R)-2e were determined
comparing the specific rotation signs measuredtlier products with that reported in the
literature [48-51]. The spectroscopic daf&l-NMR, MS and IR) and melting point of
compound<2c, 2d and2e matches well with the data reported in the lite@t[49, 51-52].
The known absolute configuration of enantiom@)s2d, (R)-2d, (S)-2e and(R)-2e provided

the way to determine the absolute configurationthebis-heterocycles(R)-2 and(S)-2].
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Scheme 2Stereoselective synthesis of R and S enantiomeéis-bétrocycle?)

Both the compoundqR)-2 and (S)-4 as well as their racemate were explored for threir
vitro lymphocyte proliferation potential. It was obsaivwhat both the tested enantiomers as
well as their racemate show excellent dose-relatetase of titreKigure 8) even at lower
doses (0.1 pg/mL) in comparison to levamisole. #swnoticed that the activity of the
enantiomers in their pure form as well as theienaate form is almost similar at all doses.

We attribute this stereo-independent biologicaivégtof the testedvis-heterocycles to their
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flexible molecular structure. On prima facie thesules from thein vitro lymphocyte
proliferation studies, the toxicity studies of ttaeemate and the docking studies on the R and
S isomers of compound indicate that these isomers can be expected tdiexdimilar
stereo-independent activity undarvivo conditions, however a thorough investigation aa th

toxicity of these isomers needs to be carried @support the said claim.

OCon A BLPS

ki *dhk *hk

1.6 4

ik &k +* * &k
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OD at 570 nm (Mean * SE)

0.2 4
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(S 7-OHC -2 (R)-2 (s)-2

Doses (pg/mL)

Figure 8: Effect of enatiomers for compoudn [(R)-2, (S)-2] and their racemate on lymphocyte
proliferation. The depicted bars present mears.E. of three observations. The proliferation was
calculated based on MTT assay. Absorbance was dedoat 570 nm. Values are expressed as.
"P <0.05;"P <0.01;" P <0.001 as compared to control determined by wag-Anova Bonferroni
correctionmultiple comparison test).

Analysis of the results from biological experimemtdight of the structure activity relations
(SAR) points to some interesting conclusions alibet immune potentiating activity of
coumarin based immunopotentiators. The immune-&itimg potential of isoxazoline
functionalized coumarins synthesized for the prestndy is evidently more than that

observed for the control. The results of prelimyjnassays and structures of synthesized
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conjugates indicate that isoxazolines possessewjreh donating groups on the aryl riry (
8) are stronger immunopotentiators (4-O£H,4-OCH> 2-OCH; > 3-OCH; > 4-CH; > 2-
CHz> 3-CH) in comparison to those possessing electron wathioirg groups $-12) (4-Cl >
4-Br > 4-F= 4-NO,). The results further indicate that the immunostatory activity is
enhanced by increasing dosage of electron richamaine derivatives. Introducing a bulky
aryl (naphthyl) group13) decreases the immnostimulating potential withrease in dose.
This may be attributed to high molecular mass awmdraowding of aryl rings, which
probably inhibit the effective interaction of thegsgmacophore with its corresponding binding
receptors. The attachment of 7-OHC Atg®sitionvia an O-allyl intermediate formation on
the isoxazoline ring together with appropriatelyndtionalized aromatic ring at the®3
position of isoxazoline ring seems to impart immandancing activity to the molecule
(compound2, 4 and8).

Coumarins are reported to interact with ubiquitantsacellular receptor proteins through
binding of their aromatic hydrocarbons [53]. Frdme data observed for present study it can
be inferred that electron donating groups aatho or para positions with respect to
isoxazoline ring increase the overall electron dgnand hence lead to their stronger
interaction with the receptor binders. The posss#iigle bond rotations between an aryl ring
and isoxazoline ring in the conjugates ensure phmasence of later does not impede the
binding of coumarin unit to its relevant receptofbe presence of electron donating groups
seems to facilitate the kinetics and thermodynaracshe binding of these conjugates with
the relevant intracellular receptor proteins.Thaswell in agreement with the results we
obtained in the current study. Compounds with @@Hd CH groups on the phenyl rings
ortho/para to isoxazoline ring (compound® 4, 5 and 7) displayed significantly higher
activity than OCH and CH groups meta to isoxazoline ring (compouBdmd6). Conjugate
occupied with OCHK group at botlortho andpara positions with respect to isoxazoline ring
(compoundB) also resulted in better activity. The differeradeserved in activity of2 and4
may be attributed to the fact that compo@rakingpara substituted is more symmetrical and
stable, that leads to its better interaction wlid teceptor binders in comparison to compound
4. In contrast, compoun@ being slightly bulkier and less symmetrical thamay show
lesser interaction with the receptors. This isHertsupported by the results from the docking
studies where binding affinity and Log P value2oifvas observed to be higher than that of

compound4 and8.
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The results from biological activity experimentgygast that compound3 4 and8 are a
good addition to the library of till date known inimostimulators that need to be tested for
their prophylactic and therapeutic potential. Ressd@fom our present work suggest that
iIsoxazoline functionalized coumarins can serverasfsing lead compounds for the design
of clinically safe and effective immunepotentiatohs view of the short half-life of the
coumarins, it seems that multiple oral or intraueadministrations of these compounds may
be required for threshold saturation of the reléwaceptors for the optimal activation of
lymphocytes and macrophages.

Conclusion

A simple synthetic scheme was attempted for thethegms of novel isoxazoline
functionalized coumarins. The kinetic resolution thle racemate was carried out by
employing lipase B fronCandida antarctica(CALB). The synthesized compounds when
tested for their immune potentiating activity exted appreciable activity, especially
compound, 4 and8.The observed immune potentiating activity for conpas?2, 4 and8

in our opinion makes them a promising addition tee tlibrary of till date known
immunostimulators that need to be tested for thmphylactic and therapeutic potentiahe
results from our presented work suggest that isalkez functionalized coumarins can serve
as useful immnopotentiators whose thearupatic afficcan be tuned through appropriate
substitutions in the fused heterocyclic moieties.

Experimental

Chemistry

All solvents were dried and freshly distilled pritor use. IR spectra were recorded on a
Bruker Vector 22 instrument using KBr pellets amd GHCE. *H and **C NMR were
recorded on a Bruker DPX 500 instrument in CPGsing TMS as internal standard for
protons. Mass spectra were recorded on ESI-esG0DO Bruker Daltonics instrument and
MALDI TOF-TOF. Elemental analysis was carried owing Elemental Vario EL Il
elemental analyser. Chemicalshift values are meeationé (ppm) and coupling constant§ (
are given in Hz. Mass-spectrometric (MS) data poreed inm/z Elemental analysis data is
reported in % standard. The progress of all reastiwas monitored by TLC on 2 cm x 5 cm

pre-coated silica gel 60 F254 plates of thickne&5 énm (Merck). The chromatograms were
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visualized under UV 254-366 nm and iodine. Meltpmnts were determined on Buchi B-
542 apparatus by an open capillary method and aoertected Optical rotations were
measured on Perkin-Elmer 241 polarimeter at 25 Sdgusodium D light. Enantiomeric
excess (ee%) was determined by chiral HPLC on QuHADH chiral columns. Chemicals
were purchased from M/s Aldrich Chemicals, Mumb@eagents and solvents used were

mostly of LR grade.

7-(Allyloxy)-2H-chromen-2-one (1c):

In a typical procedurelb (0.50 g, 3.08 mmol) was dissolved in dry acetd@erilL). K;COs
(4.26 g, 30.85 mmol) was added and the reactiorntumaxstirred for 5 min at ambient
temperaturela (0.44 g, 3.70 mmol) was charged to the above i@achixture and the
reaction mixture allowed to reflux for 3 h. Afteorapletion of the reaction (monitored by
TLC), the reaction mixture was allowed to attaionmotemperature, filtered and the filtrate
concentrated under vacuum to affdain pure form (100%).

'H NMR (500 MHz, CDCJ): 5 4.61 (d, 2HJ = 5.27 Hz), 5.31-5.37 (m, 1H), 5.40-5.49 (m,
1H), 5.96-6.12 (m, 1H), 6.26 (d, 18, = 9.48 Hz), 6.86 (d, 1H] = 9.58 Hz), 6.89 (s, 1H),
7.38 (d, 1HJ = 8.36 Hz), 7.64 (d, 1H] = 9.49 Hz); Mass (ESI-MS): 224.8 (M Na); C, H
analysis for @H;¢0s: Calculated C, 71.28; H, 4.98. Found C, 71.244193.
Phenylhydroxymoyl chloride (1d):

Phenylhydroxymoyl chloride was synthesized as Ipediterature procedure [54]. In a typical
procedure, NKHOH.HCI (0.50 g, 7.22 mmol) was dissolved in watad aneutralized with
NaOH. To the neutralized solution of hydroxylamimgrochloride, benzaldehyde (1.00 g,
9.43 mmol) was added and the reaction mixtureestifor 1 h at ambient temperature. After
completion of the reaction (monitored by TLC), ess@f water was added to the reaction
mixture and the organic compound extracted withA&&t@ x 50 mL). The combined organic
layers were dried over anhydrous,N88, and concentrated under vacuum to afford pure
oxime in 99% yield. Benzaldoxime (1.00 g, 6.42 mhwhés dissolved in DMF (20 mLN-
chlorosuccinimide (0.95 g, 7.18 mmol) was addedh® above solution and the reaction
mixture stirred for 8-10 h. After completion of tiheaction (monitored by TLC), excess of
water was added to the reaction mixture and orgemmepound extracted with 2 (3 x 50
mL). The combined organic layers were dried ovenydnous NaSO, and concentrated
under vacuum to afford pufiel (74%).
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'H NMR (200 MHz, CDCJ):  7.42 (m, 3H), 7.85 (m, 2H); Mass (ESI-MS): 155(68); C,
H, N analysis for €HsCINO: Calculated C, 54.04; H, 3.89; N, 9.00. Fohdb3.98; H, 4.00;
N, 9.11.

7-{(3-Phenyl-4,5-dihydroisoxazol-5-yl)methoxy}-2H-bromen-2-one (1):

In a typical procedureld (0.10 g, 0.04 mmol) was dissolved in THF (4 mLylda it was
added EIN (0.02 g, 0.02 mmol). A solution dfc (0.05 g, 0.02 mmol) in THF (4 mL) was
added to the above solution. The reaction mixtuae stirred at ambient temperature for 4 h.
After completion of the reaction (monitored by TL @)e reaction mixture was diluted with
80 mL of water and extracted with EtOAc X230 mL). The combined organic layers were
dried over anhydrous N8O, and concentrated under vacuum to afford crudeymtosthich
was subjected to column chromatography [silica 280-400 mesh as stationary phase,
hexane: EtOAc; (7:3) as mobile phase] to yieldghee 7-{(3-Phenyl-4,5-dihydroisoxazol-
5-yl)methoxy}-2H-chromen-2-onel) as a white solid (90%).

White solid; mp: 132-138C; *H NMR (500 MHz, CDCJ): & 3.39-3.42 (dd, 1HJ, = 15.54
Hz,J,= 6.93 Hz), 3.54-3.59 (dd, 18, = 15.55 HzJ,= 10.82 Hz), 4.16-4.22 (m, 2H), 5.04-
5.09 (m, 1H), 6.15 (d, 1H] = 8.78 Hz), 6.27 (d, 1H] = 8.46 Hz), 6.83 (s, 1H), 6.86 (m,
3H), 7.38 (d, 1HJ = 8.56 Hz), 7.63 (d, 1Hl = 9.47 Hz), 7.71 (d, 2Hl = 9.61 Hz);"*C NMR
(500 MHz, CDC}): 6 37.50, 69.03, 78.35, 101.75, 112.80, 113.05, K13136.79, 128.81,
128.89, 129.11, 129.57, 130.39, 143.29, 155.74,4P56161.06, 161.50, 176.86; IR (KBr,
cm?): 693, 761, 853, 913, 1124, 1230, 1280, 1355, 14@28, 1507, 1558, 1614, 1723,
2358, 2853, 2924, 3386. ESI-MS: 321.8'JMC, H, N analysis for GH1sNO,: Calculated C,
71.02; H, 4.71; N, 4.36. Found C, 71.04; H, 4.744190.
7-{(3-(4-Methoxyphenyl)-4,5-dihydroisoxazol-5-yl)m#&oxy}-2H-chromen-2-one (2):

White solid; mp:140-142C; *H NMR (500 MHz, CDCJ): & 3.25-3.29 (dd, 1H,J; = 16.45
Hz, J, = 6.82 Hz), 3.42-3.47 (dd, 1H, = 16.65 Hz,J, = 10.75 Hz), 3.88 (s, 3H), 4.06-4.09
(m, 1H), 4.12-4.15 (dd, 1H; = 9.75 Hz,J, = 4.98 Hz), 5.05-5.08 (dd, 1H;= 10.93 Hz J, =
5.44 Hz), 6.20 (d, 1H] = 9.47 Hz),6.75 (s, 1H), 6.79 (d, 1Bi= 8.56 Hz), 6.90 (d, 2H] =
8.64 Hz), 7.31 (d, 1H] = 8.52 Hz), 7.52 (d, 1H] = 8.46 Hz), 7.56 (d, 2H] = 9.52 Hz);"*C
NMR (500 MHz, CDC)): & 39.69, 55.72, 69.10, 79.15, 101.77, 112.83, 113108.57,
114.98, 117.69, 124.20, 128.90, 129.22, 131.41,2D43155.78, 156.56, 158.29, 161.04,
161.56; IR (KBr, crit): 669, 810, 837, 897, 1022, 1063, 1095, 1126, 12325, 1356, 1402,
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1507, 1558, 1615, 1650, 1714, 2337, 2361, 28529;38R\LDI-mass: 352 (M + H); C, H,
N analysis for GoH;7NOs: Calculated C, 68.37; H, 4.88; N, 3.99. Found &38; H, 4.85; N,
3.94.

7-{(3-(3-Methoxyphenyl)-4,5-dihydroisoxazol-5-yl)m#éhoxy}-2H-chromen-2-one (3):

White solid; mp: 96-97C; *H NMR (500 MHz, CDCY): & 3.48-3.51 (dd, 1HJ}, = 16.50 Hz,
J,=6.93 Hz), 3.65-3.69 (dd, 1K; = 14.64 Hz J, = 10.54 Hz), 3.82 (s, 3H), 4.10-4.14 (m,
2H), 5.13-5.16 (dd, 1H}; = 11.68 Hz,J, = 6.72 Hz), 6.27 (d, 1H] = 9.47 Hz), 6.85-6.95
(m, 3H), 7.20 (d, 1HJ = 8.56 Hz), 7.30-7.41 (m, 3H), 7.64 (d, 1Hr 9.50 Hz)**C NMR
(500 MHz, CDC}): 6 37.81, 55.39, 69.18, 78.11, 101.85, 112.79, 1131328.25, 114.83,
115.44, 124.53, 128.35, 128.89, 129.40, 143.26,106955.97, 160.34, 161.31, 161.61; IR
(KBr, cm'l): 759, 835, 908, 1027, 1124, 1231, 1291, 1377214@62, 1507, 1557, 1613,
1728, 2360, 2850, 2921, 2955, 3416; Mass (ESI-\83% (M" + Na);C, H, N analysis for
Co0H17NOs: Calculated C, 68.37; H, 4.88; N, 3.99. Found 8813, 4.84; N, 3.91.
7-{(3-(2-Methoxyphenyl)-4,5-dihydroisoxazol-5-yl)m#éhoxy}-2H-chromen-2-one (4):

White solid; mp: 142-143C;*H NMR (500 MHz, CDC}): & 3.41-3.44 (dd, 1HJ}; = 16.56
Hz, J, = 7.05 Hz), 3.62-3.67 (dd, 1H; = 16.00 Hz,J, = 10.80 Hz), 3.86 (s, 3H), 4.12-4.18
(m, 2H), 5.08 (m, 1H), 6.27 (d, 1Kd,= 9.45 Hz), 6.83 (s, 1H), 6.86-6.89 (m, 2H), 7.2897
(m, 3H), 7.64 (d, 1HJ = 9.50 Hz), 7.74 (d, 1HI = 9.40 Hz);**C NMR (500 MHz, CDGJ):d
39.80,55.95, 69.26, 78.67, 101.75, 111.82, 112178,89, 113.53, 117.88, 121.11, 128.93,
129.09, 131.12, 143.39, 155.10, 155.97, 160.34,316161.61; IR (KBr, cif): 755, 808,
835, 891, 1023, 1096, 1124, 1231, 1277, 1340, 14060, 1487, 1556, 1614, 1727, 2284,
2853, 2924, 3405; Mass (ESI-MS): 374" (MNa); Anal Calcd. for gH:/NOs: Calculated C:
68.37, H: 4.88, N: 3.99; found C: 68.33, H: 4.823.93.
7-{(3-p-Tolyl-4,5-dihydroisoxazol-5-yl)methoxy}-2H-chromen2-one (5):

White solid; mp: 158-159C; *H NMR (500 MHz, CDC)): & 2.39 (s, 3H), 3.38-3.39 (m,
2H), 3.49-3.54 (dd, 1H], = 15.15 Hz J,= 10.86 Hz), 4.14-4.17 (dd, 18, = 12.39 Hz J,=
4.94 Hz), 5.13-5.14 (m, 1H), 6.27 (d, 1H5= 9.50 Hz), 6.83 (s, 1H), 6.87 (d, 18Iz 8.60
Hz), 7.23 (d, 2HJ = 7.62 Hz), 7.38 (d, 1H] = 8.59 Hz), 7.59 (d, 2H] = 7.08 Hz), 7.69 (d,
1H, J = 8.78 Hz);*C NMR (500 MHz, CDG)): & 20.44, 36.63, 68.11, 77.17, 100.78,
111.77, 112.03, 112.52, 125.28, 125.77, 125.79,8627128.22, 128.48, 139.65, 142.35,
154.74, 155.34, 160.02, 160.54; IR (KBr, m634, 818, 837, 887, 920, 986, 1027, 1123,
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1184, 1231, 1280, 1532, 1394, 1448, 1506, 1616012049, 2854, 2922, 3444; Mass (ESI-
MS): 357.9 (M + Na);C, H, N analysis for &H;1/NOy4: Calculated C, 71.63; H, 5.11; N,
4.18. Found C, 71.66; H, 5.15; N, 4.14.
7-{(3-m-Tolyl-4,5-dihydroisoxazol-5-yl)methoxy}-2H-chromen2-one (6):

White solid; mp: 133-134C; *H NMR (500 MHz, CDGJ): & 2.34 (s, 3H), 3.48-3.51 (dd, 1H,
J1=11.56 Hz J, = 6.63 Hz), 3.65-3.69 (dd, 1H; = 14.49 Hz J, = 10.07 Hz), 4.20 (m, 2H),
5.13-5.18 (dd, 1HJ); = 12.01 Hz J,= 5.27 Hz),6.27 (d, 1H] = 9.41 Hz), 6.84 (s, 1H), 6.90-
6.95 (m, 3H), 7.19-7.41 (m, 3H), 7.64 (d, 1H,= 9.36 Hz):**C NMR (500 MHz, CDG)):
023.96, 37.36, 69.10, 78.74, 101.85, 112.85, 113.03,65, 127.80, 128.06, 128.33, 129.05,
129.15, 134.65, 141.33, 143.30, 160.77, 161.38(KBr, Cm'l): 694, 757, 787, 835, 912,
1025, 1123, 1158, 1231, 1280, 1349, 1401, 15075,16411, 2109, 2850, 2918, 3441; Mass
(ESI-MS): 358 (M + Na);C, H, N analysis for gH;7NO,4: Calculated C, 71.63; H, 5.11; N,
4.18. Found C, 71.64; H, 5.19; N, 4.20.
7-{(3-0-Tolyl-4,5-dihydroisoxazol-5-yl)methoxy}-2H-chromen2-one (7):

White solid; mp: 92-93C; *H NMR (500 MHz, CDCY): & 2.51 (s, 3H), 3.00-3.04 (dd, 1H,
J1=15.32 HzJ,= 9.71 Hz), 3.32-3.36 (dd, 1K, = 16.42 HzJ, = 7.41 Hz), 4.18-4.20 (m,
2H), 5.16-5.19 (dd, 1Hl; = 12.15 Hz J,= 5.60 Hz), 6.26 (d, 1Hl = 9.22 Hz), 6.83 (s, 1H),
7.25-7.44 (m, 4H), 7.60-7.69 (m, 3HJC NMR (500 MHz, CDGJ): & 19.57, 37.50, 69.01,
78.41, 101.79, 112.78, 113.10, 113.61, 122.56,0R23126.46, 128.69, 128.89, 143.24,
155.77, 161.00, 161.49; IR (KBr, ch 615, 718, 759, 835, 892, 989, 1031, 1123, 1230,
1279, 1347, 1377, 1400, 1456, 1493, 1507, 1556316126, 2110, 2853, 2869, 2924,
2956, 3384; Mass (ESI-MS): 357.9 {MNa); C, H, N analysis for H:7NOy: Calculated
C, 71.63; H, 5.11; N, 4.18. Found C, 71.61; H, 5N74.13.
7-{(3-(2,4-Dimethoxyphenyl)-4,5-dihydroisoxazol-54methoxy}-2H-chromen-2-one

(8):

White solid; mp: 141-142C; *H NMR (500 MHz, CDCJ): & 3.55-3.59 (dd, 1HJ; = 13.34
Hz, J,= 6.76 Hz), 3.72-3.76 (dd, 1H; = 14.65 Hz,J, = 10.74 Hz), 3.90 (s, 3H), 3.91 (s,
3H), 4.17 (m, 1H), 4.18-4.21 (dd, 1B,= 12.46 Hz J,=5.20 Hz), 5.14-5.16 (m, 1H), 6.27
(d, 1H,J =9.46 Hz),6.84 (s, 1H), 6.85- 6.90 (m, 3H), 7.@71H,J = 8.22 Hz), 7.39 (d, 1H,
J=18.58 Hz), 7.64 (d, 1H] = 9.48 Hz);"*C NMR (500 MHz, CDGJ): 5 39.84, 56.27, 69.16,
79.15, 101.74, 112.19, 112.89, 113.16, 113.54,9013124.20, 128.93, 129.30, 143.38,
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155.78, 156.39, 156.56, 158.29,161.04, 161.56;KBr(cm™): 664, 792, 841, 868, 934,
990, 1052, 1129, 1161, 1172, 1210, 1232, 1255, 17430, 1457, 1518, 1548, 1618, 1735,
2049, 2927, 3452; Mass (ESI-MS): 381"JMC, H, N analysis for §H1sNOg: Calculated

C, 66.14; H, 5.02; N, 3.67. Found C, 66.19; H, 5N63.62.
7-{(3-(4-Fluorophenyl)-4,5-dihydroisoxazol-5-yl)metoxy}-2H-chromen-2-one (9):

White solid; mp: 114-118C; *H NMR (500 MHz, CDCYJ): & 3.34-3.39 (dd, 1HJ; = 17.21
Hz, J,= 7.04 Hz), 3.51- 3.56 (m, 1H), 4.15-4.18 (dd, Ttk 9.86 Hz,J, = 4.84 Hz), 4.21-
4.23 (dd, 1HJ), = 9.68 Hz,J,= 4.75 Hz), 5.14-5.17 (m, 1H), 6.26 (d, 1H; 9.44 Hz), 6.82
(s, 1H), 6.85 (d, 1HJ = 8.54 Hz), 7.12-7.15 (m, 1H), 7.37-7.46 (m, 4AB3 (d, 1HJ =
9.44 Hz);™*C NMR (500 MHz, CDGJ): & 38.71, 70.38, 80.18, 103.16, 114.26, 114.55,
115.00, 115.05, 118.71, 124.02, 130.38, 131.88,9431144.76, 157.07, 157.18, 162.51,
162.87, 165.22; IR (KBr, ct): 615, 718, 759, 835, 892, 989, 1031, 1123, 12379,
1347, 1377, 1400, 1456, 1493, 1507, 1556, 16136,12210, 2853, 2869, 2924, 2956,
3384; Mass (ESI-MS): 361.8 (M+ Na); C, H, N analysis for gH14FNO;,: Calculated C,
67.25; H, 4.16; N, 4.13. Found C, 67.22; H, 4.194N8.
7-{(3-(4-Chlorophenyl)-4,5-dihydroisoxazol-5-yl)mehoxy}-2H-chromen-2-one (10):

White solid; mp: 111-11%Z; *H NMR (500 MHz, CDCJ): & 3.27-3.32 (dd, 1HJ; = 17.93
Hz, J,= 7.08 Hz), 3.44-3.50 (dd, 1H; = 19.04 Hz J, = 10.87 Hz), 3.53 (m, 1H), 4.08-4.11
(dd, 1H,J; = 10.12 Hz,J, = 4.93 Hz), 5.13-5.15 (m, 1H), 6.12 (d, 1Hs 8.95 Hz), 6.75 (s,
1H), 6.81 (d, 1HJ = 9.48 Hz), 7.30-7.34 (m, 3H),7.56-7.58 (m, 3tAC NMR (500 MHz,
CDCl): & 37.02, 68.74, 78.40, 101.85, 111.56, 112.85, H3127.37, 128.43, 128.63,
128.81, 128.90, 129.22, 131.41, 143.00, 155.10,9753.60.34, 161.31; IR (KBr, chr 666,
760, 919, 1049, 1093, 1159, 1230, 1351, 1402, 15685, 1650, 1714, 2360, 2853, 2924,
3416, 3672; Mass (ESI-MS): 355.3 {MC, H, N analysis for GH14CINO,: Calculated C,
64.14; H, 3.97; N, 3.94. Found C, 64.12; H, 3.933191.

7-{(3-(4-Bromophenyl)-4,5-dihydroisoxazol-5-yl)metlxy}-2H-chromen-2-one (11):
Brown solid; mp: 134-135C; *H NMR (500 MHz, CDC}):5 3.28-3.32 (dd, 1HJ, = 13.95
Hz, J,=5.93 Hz), 3.50-3.56 (dd, 1K; = 18.45 Hz J,= 11.04 Hz), 3.64 (m, 1H), 4.26 (m,
1H), 5.26 (m, 1H), 6.29 (d, 1H,= 9.17 Hz), 6.90 (s, 1H), 6.95 (d, 1Bi= 6.79 Hz), 7.17
(m, 2H), 7.46 (d, 2H) = 8.43 Hz), 7.74 (d, 2H] = 9.15 Hz);"*C NMR (500 MHz, CDGQJ):

0 36.23, 67.89, 77.69, 100.67, 111.78, 112.51, K2136.22, 116.39, 121.55, 128.89,
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129.39, 129.45, 142.27, 158.43, 159.64, 163.70,2864R (KBr, cm'): 683, 835, 896,
1032, 1125, 1158, 1231, 1281, 1351, 1403, 15126,1%614, 1726, 2361, 2852, 2923,
3411; Mass (ESI-MS): 401 (M+ H); C, H, N analysis for H14BrNO,4: Calculated C,
57.02; H, 3.53; N, 3.50. Found C, 57.10; H, 3.5831962.
7-{(3-(4-Nitrophenyl)-4,5-dihydroisoxazol-5-yl)mettoxy}-2H-chromen-2-one (12):

Yellow solid; mp: 130-132C; *H NMR (500 MHz, CDGJ): & 3.40-3.45 (dd, 1H}, = 17.01
Hz, J, = 7.25 Hz), 3.55-3.61 (dd, 1H; = 19.21 Hz J,=10.71 Hz), 4.23 (m, 2H), 5.20-5.29
(m, 1H), 6.28 (d, 1HJ = 9.48 Hz), 6.83 (s, 1H), 7.39 (d, 1Bl= 8.20 Hz), 7.60-7.67 (m,
2H), 8.13 (d, 2H,) = 7.85 Hz), 8.30 (d, 2H] = 7.40 Hz);**C NMR (500 MHz, CDGJ): &
37.68, 73.35, 76.92, 101.44, 102.20, 109.68, 10911%.05, 122.73, 126.83, 127.17,
132.58,136.99, 137.01, 151.39, 151.44, 157.30;KRBr(cm™): 679, 738, 854, 983, 1097,
1191, 1236, 1298, 1345, 1404, 1490, 1523, 1533718523, 1730, 2058, 2927, 3450; Mass
(ESI-MS): 389 (M + Na); C, H, N analysis for gH:14N>Og: Calculated C, 62.30; H, 3.85;
N, 7.65. Found C, 62.38; H, 3.82; N, 7.69.
7-{(3-(Naphthalen-1-yl)-4,5-dihydroisoxazol-5-yl)m#éhoxy}-2H-chromen-2-one (13):
White solid; mp: 119-126C:; *H NMR (500 MHz, CDCJ): & 3.56-3.60 (dd, 1HJ}; = 13.86
Hz, J, = 6.13 Hz), 3.75-3.80 (dd, 1H; = 15.32 Hz J, = 10.92 Hz), 4.11-4.24 (m, 2H), 5.16
(m, 1H), 6.26 (d, 1HJ = 9.15 Hz), 6.84 (s, 1H), 7.36 (d, 18l= 8.04 Hz), 7.50 (d, 1Hl =
7.46 Hz), 7.56-7.63 (m, 4H), 7.89-7.93 (m, 3H),98(f, 1H,J = 8.01 Hz);**C NMR (500
MHz, CDCk): 6 37.45, 69.30, 77.31, 104.44, 115.47, 115.72, B161P6.49, 126.80,
127.45, 128.90, 129.15, 129.60, 130.30, 130.42,3133133.72, 136.68, 145.95, 158.43,
159.64, 163.70, 164.24; IR (KBr, C]l)‘l 615, 751, 775, 800, 834, 1026, 1122, 1230, 1279,
1348, 1401, 1508, 1612, 1724, 2341, 2361, 28523,29255, 3423; Mass (ESI-MS): 394
(M*+ Na); C, H, N analysis for £H1/NO,: Calculated C, 74.38; H, 4.61; N, 3.77. Found C,
74.32; H, 4.67; N, 3.74.

{3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl}methaol (2b):

In a typical proceduregZa (0.20 g, 1.07 mmol) was dissolved in THF (5 mLylda it was
added EIN (0.054 g, 0.534 mmol) at 0 °C. A solution of Aftjcohol (0.062 g, 1.07 mmol)
in THF (4 mL) was added to the above solution. Té®ction mixture was stirred for 8 h
between 0-5 °C. After completion of the reactiomofitored by TLC), the reaction mixture
was diluted with 60 mL of water and extracted WEtOAc (2 x 30 mL). The combined
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organic layers were dried over anhydrous®@, and concentrated under vacuum to afford
crude product which was subjected to column chrography [silica gel 230-400 mesh as
stationary phase, hexane: EtOAc; (7:3) as mobiksehto yield the pure racemic {3-(4-
methoxyphenyl)-4,5-dihydroisoxazol-5-yl}methanoD@a).

White solid; mp: 166-167C; *H NMR (200 MHz, CDCJ): 5 3.18-3.31 (m, 2H), 3.57-3.63
(dd, 1H,J, = 6.00 Hz,J, = 4.00 Hz), 3.74-3.80 (m, 1H), 3.87 (s, 3H), 4.7824(dd, 1HJ; =
10.00 Hz,J, = 8.00 Hz), 6.85 (d, 2H] = 8.00 Hz), 7.47 (d, 2H] = 8.00 Hz); IR (KBr, cri):
626, 707, 814, 906, 955, 1018, 1063, 1178, 1258412300, 1343, 1415, 1459, 1508, 1560,
1604, 2849, 2925, 3391; Mass (ESI-MS): 208" @VH); C, H, N analysis for GH13NOa:
Calculated C, 63.76; H, 6.32; N, 6.76. Found C6B3H, 6.41; N, 6.69.
{3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl}methyacetate (2c):

2b (0.19 g, 0.917 mmol) was dissolved in DCM (5 mAgetic anhydride (0.093 g, 0.917
mmol) was charged to the above solution followedtlyy addition of DMAP (catalytic
amount). The reaction mixture was then alloweditcas ambient temperature for 3 h. After
completion of the reaction (monitored by TLC), tleaction mixture was quenched with
NaHCGQ; solution and extracted with DCM €50 mL). The combined organic layers were
dried over anhydrous N80, and concentrated under vacuum. The semisolidbleffind
was recrystallized from hexane-ethyl acetate téddyracemic compoun@c in pure form
(100%).

White solid; mp: 82-88C; *H NMR (200 MHz, CDCJ): 5 2.02 (s, 3H), 2.98-3.09 (dd, 1B4,

= 14 Hz,J, = 8.00 Hz), 3.39-3.38 (dd, 1H; = 8.00 Hz,J, = 6.00 Hz), 3.74-3.78 (m, 1H),
3.88 (s, 3H), 4.16-4.19 (m, 1H), 4.83-4.94 (dd, 3+% 14 Hz,J,=10.00 Hz), 6.87 (d, 2H}

= 8.00 Hz), 7.49 (d, 2H] = 10 Hz); IR (KBr, cn1): 626, 706, 816, 904, 1045, 1064, 1103,
1175, 1249, 1274, 1301, 1344, 1362, 1441, 1462),15805, 1742, 2855, 2930, 3458; Mass
(ESI-MS): 288 (M + K); C, H, N analysis for GH1sNO,: Calculated C, 62.64; H, 6.07; N,
5.62. Found C, 62.59; H, 6.17; N, 5.33.

Typical lipase-catalyzed kinetic resolution of (+)2c:

The racemic acetate (.100 g, .401 mmol), aqueoaspttate buffer (4 mL, 0.1 M, pH. 7.0),
toluene (300 pL) and immobilized lipase B frddandida antarctica(80 mg) were shaken
(150 rpm) continuously at 25 + 1 °C for 7 min. Afte certain degree of conversidb(%)

as indicated by high performance liquid chromatpgya(HPLC), the reaction was terminated

by adding ethyl acetate and centrifuging the mitat 10,000-15,000 g to remove the
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enzyme and the suspended particles. The cleari@oluias decanted and the centrifuged
mass extracted separately with ethyl acetate 889 mL). The organic layer was combined
and washed with water. The combined organic layas then dried and evaporated under
reduced pressure to furnish a mixture of hydrolyakwhol (R)-2d and unhydrolyzed ester
(S)-2c, which was separated by column chromatographycésibel 230-400 mesh as
stationary phase, hexane: EtOAc; (7:3) as mobilasph The unhydrolyzed estés)-2c
(.040 g, 0.16 mmol), aqueous phosphate bufferrf®.50.1 M, pH 7.0), toluene (200 pL) and
immobilized lipase B fron€C. antarctica(30 mg) were shaken (150 rpm) continuously at 25 +
1 °C for 12 h. After complete hydrolysis (as indezaby TLC), the mixture was filtered with
suction, and the filtrate concentrated in vacuafford pure(S)-2d.

Enantiomeric purities afS)-2c¢, R)-2d and(S)-2dwere determined by chiral HPLC:
(9)-{3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl}metyl acetate 2c:

HPLC purity >99%: HPLC ee>99%a]p?° = +41.90 (c 0.5, CHG), HPLC condition (OJH
chiral column, eluent 2-propanol-hexane (1:9), flate: 0.8 mL/min), retention time 62.767
min.

(R)-{3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl}metanol 2d:

HPLC purity >99%; HPLC ee>99%;a]p* = -94.50 (c 0.5, CHG), HPLC condition (OJH
chiral column, eluent 2-propanol-hexane (1:9), flate: 0.8 mL/min), retention time31.53
min.

(9)-{3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl}metanol 2d:

HPLC purity >99%: HPLC ee>99%a]p?° = +96.00 (c 0.5, CHG), HPLC condition (OJH
chiral column, eluent 2-propanol-hexane (1:9), fi@te: 0.8 mL/min), retention time 52.00
min.

(R)-5-{bromomethyl)-3-(4-methoxyphenyl}-4,5-dihydroi®xazole 2e:

(R)-2d (.04 g, 0.193 mmol) was dissolved in DCM (5 mL) &Br, (.096 g, 0.289 mmol)
was charged to the above solution. TPP (.075 g890mol) was added to the reaction
mixture slowly for 10 min at 0 °C. The reaction e was then allowed to stir at ambient
temperature for 2 h. After completion of the reawctimonitored by TLC), the reaction
mixture was diluted with 60 mL of water and exteattwith DCM (2% 30 mL). The
combined organic layers were dried over anhydroagS®, and concentrated under vacuum

to afford crude product which was subjected to wwlichromatography [silica gel 230-400
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mesh as stationary phase, hexane: EtOAc; (9:1) @slenphase] to yield the pul®)-2e
(90%).

HPLC purity >99%; HPLC ee>99%qn]p> = -21.37 (c 0.5, CHG), HPLC condition (OJH
chiral column, eluent 2-propanol-hexane (1:9), flate: 0.8 mL/min), retention time 49.995
min.

White solid; mp: 73-75C; *H NMR (200 MHz, CDC}): & 3.19-3.34 (m, 2H), 3.37-3.50 (dd,
1H, J; = 12.00 Hz,J; = 6.00 Hz), 3.55-3.60 (m, 1H), 3.95 (s, 3H), 4204 (dd, 1HJ, =
14.00 Hz,J, = 8.00 Hz), 6.93 (d, 2H] = 8.00 Hz), 7.55 (d, 2H] = 6.00 Hz); IR (KB, cri):
666, 706, 755, 813, 902, 1020, 1064, 1215, 1258412361, 1416, 1462, 1507, 1602, 2848,
2916, 3018, 3400; Mass (ESI-MS): 269*JMC, H, N analysis for GH1,BrNO,: Calculated
C, 48.91; H, 4.48; N, 5.19. Found C, 48.83; H, 4M]15.27.
(S)-5-{bromomethyl)-3-(4-methoxyphenyl}-4,5-dihydroi®xazole 2e:

Same procedure as described ([@)-2e was used.Yield of the compound was found to be
90%. HPLC purity >99%; HPLC ee>99%g]p?°>= +20.99 (c 0.5, CHG), HPLC condition
(OJH chiral column, eluent 2-propanol-hexane (1fi®j)y rate: 0.8 mL/min), retention time
52.248 min.
(R)-7-{(3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-ythethoxy}-2H-chromen-2-one (2):

In a typical procedure, 7-OHC (0.269 g, 1.66 mnved)s dissolved in dry acetone (5 mL).
K>CO; (4.26 g, 30.85 mmol) was added and the reactiotiun@ stirred for 5 min at ambient
temperature(R)-2e (0.30 g, 1.11 mmol) was charged to the above iachixture and the
reaction mixture allowed to reflux for 3 h. Afteorapletion of the reaction (monitored by
TLC), the reaction mixture was allowed to attaionmotemperature, filtered and the filtrate
concentrated under vacuum to afford crude produbtchv was subjected to column
chromatography [silica gel 230-400 mesh as statiophase, hexane: EtOAc; (7:3) as mobile
phase] to yield the pui®)-2 (92%).

White solid; mp: 140-141.%C; Specific rotationd]p>> —32.51 (c 0.5, CHG); *H NMR (500
MHz, CDCL): & 3.25-3.29 (dd, 1H,J, = 16.45 HzJ, = 6.82 Hz), 3.41-3.48 (dd, 1H; =
16.65 Hz, J,=10.75 Hz), 3.88 (s, 3H), 4.05-4.10 (m, 1H), 44188 (dd, 1HJ; = 10 Hz,J, =
4.98 Hz), 5.04-5.10 (dd, 1H; = 10.00 Hz J, = 5.00 Hz), 6.19 (d, 1H] = 9.47 Hz), 6.76 (s,
1H), 6.80 (d, 1H, = 8.56 Hz), 6.92 (d, 2H] = 8.64 Hz), 7.33 (d, 1H] = 8.52 Hz), 7.45 (d,
1H, J = 8.46 Hz), 7.56 (d, 2H] = 8.00 Hz); IR (KBr, crit): 669, 810, 837, 897, 1022, 1063,
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1095, 1126, 1232, 1275, 1356, 1402, 1507, 155816850, 1714, 2337, 2361, 2852, 3389;
Mass (ESI-MS): 351 (M);C, H, N analysis for gH17,NOs: Calculated C, 68.37; H, 4.88; N,
3.99. Found C, 68.32; H, 4.85; N, 3.94.
(S)-7-{(3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5{ymethoxy}-2H-chromen-2-one (2):
Same procedure as described for compd&)e was used.Yield of the compound was found
to be 92%.

White solid; mp: 140-141.%C; Specific rotationd]p?>: +31.91 (c 0.5, CHG).
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Abbreviations:

Candida antarctica

HA titer

Delayed-type hypersensitivity reaction
CD4

CD8

IL-2

IFN-y

IL-4

NO production

Levamisole

7-hydroxycoumarin

CALB

Hemagglutination assay

DTH

Cluster of differentiation 4
Cluster of differentiation 8
Interleukin 2
Interferon-gamma
Interleukin 4

Nitric oxide production

Lev

7-OHC

Con A Concanavalin A

LPS Lipopolysaccharides

MTT [3-(4,5-Dimethylthiaz@lyl)-2,5-Diphenyltetrazolium Bromide]
Anova Analysis of variance

SRBC Sheep red blood cells

IgM Immunoglobulin M

19G Immunoglobulin G

Fluoresceine-isothiocyanate
Phycoerthyrin
MHC

FITC
PE

Major Histocompatibility Complex
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Resear ch Highlights:

Synthesis of isoxazoline functionalized coumarins was attempted.

A series of 13 novel isoxazoline functionalized coumarins was synthesised.
The synthesized compounds exhibit excellent immune potentiating activity.
The activity of 2,4 and 8 is more than that of Levimasole as standard.

~AowbdhpRE



