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Quaternary ammonium salt based room temperature ionic liquid, ACIEG utilized for the
synthesis of isoxazolidine heterocyclic hybrids by the addition of beta lactam fused nitrone
with number of mono/bis O-allylic dipolarophiles. Exclusive regioselectivity with excellent
chemical yield was achieved.

R=COOMe, COOEt, CN; R’ = Aromatic diketone derivatives
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Abstract: A novel efficient eco-friendly on “ionic liquidinethod has been developed
for the synthesis of multi-functionalized isoxazaties through a nitrone 1,3-dipolar
cycloaddition reaction. The low cost and eco-benigom temperature ionic liquid,
acetylcholine iodide-ethylene glycol (ACI/EG) accelerates thenfation of the desired
regioselective mono-/di isoxazolidine analogues r@ddiced the reaction time with high
level of chemical yield. Furthermore, the recydi#piof ACI/EG has also been

investigated.
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1. Introduction

Beyond their well-known biological properties, arfidine derivatives and various
p-lactam antibiotics have also been used as builtlogks in the stereo controlled
synthesis of complex organic compoundsoxazolidine functional group play key
roles in several transformatiohsind their analogues are interesting intermediates
the synthesis of3-amino alcohol and alkaloids. In particular, one tbhe highly
biological activeGelsemium alkaloids and their building blocks can be synittexs from
isoxazolidine analogues by ring contracti@mModified spiro isoxazolidines have also
been proved to efficiently inhibit vitro andin vivo viral infections caused by sexual
transmissiorf. In addition, functionalized isoxazolidine derivas are known to

possess antifungal, anti-inflammatory, antiviraig derbicidal propertiesAzetidine-2-



one is an another important heterocyclic scaffsdt is prevalent in many antibiotics

such as penicillins, cephalosporins, carbapeneatsrdicins and monobactarhs.

Based on the precedents outlined above, we redstitee combination of the
isoxazolidine and azetidine-2-one motifs in a stnglolecule would be of interest in the
context of antimicrobial drug discovetyAccordingly, research in exploring strategies
for the preparation of functionalized novel isoXaiae analogues were fascinating for
many decades and it can be effectively synthesimmd 1,3-dipolar cycloaddition
reaction between nitrones and electron deficiepbldrophiles. Certainly, 1,3-dipolar
cycloaddition reaction is one of the best known huds to afford, particularly 5-
membered heterocyclic derivatives due to its djnegio-specific, and stereo-controlled
approacH. Particularly, nitrone cycloaddition is a quite fusemethod for the
construction of nitrogen-containing carbon framekgare., carbon-carbon bonds (C=C)

and carbon-oxygen bonds (C=0) in a one- pot reactio

Considering the growing environmental impacts @famic volatile solvents,
organic reactions conceded on ‘green solvents’ibkéc liquids (ILs) have become one
of the most absorbing area in environmentally beragemistry. Despite their green
credential$ many of the IL reactions require high temperatprelonged reaction time
and complicated purification processes. The choiceoom temperature ionic liquids
(RTILS) in organic synthesis overcome those linotag besides their easy obtainability.
Particularly, imidazolium ionic liquids possess ebkent ionic conducting nature and
low volatilities, and are thus encouraging to bdizetd as an alternative to the
commonly used organic solvents for eco-friendlyctiems? In 2008, considering their
cost effect and drastic conditions, Jhaeical.,'® made attempt to prepare quaternary
ammonium salts based RTILs. Recently, S-Y é&ual.'* synthesized low price
quaternary ammonium salts based RTILs called adw®tiihe iodide-ethylene glycol
(ACI/EG) and utilized as low volatile electrolyterfdye sensitized solar cells. ACI/EG
RTILs can be easily prepared by simply mixing aedting quaternary ammonium salt
acetylcholine iodide (ACI) with hydrogen bond dorethylene glycol (EG). RTILs
gains importance due to their simple preparatiott anexplored solvent medium in
nitrone cycloaddition reactions.

2. Results and Discussion



We chose novelB-lactam fused bicyclic nitrone and hydroxy allylicetone
derivatives prepared from vinHlactam aldehyde and vinyl ester / nitrile, respwety.
The hydroxy allylic Baylis-Hillman (BH) adduct wadibe of great interest as alkenes
have proven to be useful precursors for the syrgh&fsmultifunctional heterocycles
and biologically active moleculéé.Besides that the hydroxy allylic BH adduct was
efficient dipolarophile due to the presence of etetwithdrawing group. The synthetic
strategy used for construction of highly regiostecisoxazolidines is shown in Figure
1.
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Figure 1. Synthetic strategy @-lactam fused polycyclic isoxazolidine moieties.

B-Lactam bicyclic nitrones were preparéd®® as regioisomeric mixture in good

yield, by the reaction of vinyB-lactam aldehydd with hydroxylamine hydrochloride



in the presence of gM. Initially p—lactam oxime2 was obtained, which was then
treated with phenylselenyl bromide in dry &, at room temperature followed by the
addition of EtN to furnish the bicyclic nitrone3a and3b (67:33), which were easily

separated by flash column chromatography (Scheme 1)
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Scheme 1Synthesis op-lactam fused phenylselenylbicyclic nitroBaand3b

The various required substituted hydroxy allylic BEducts were prepared (Scheme
2) by the reaction of corresponding di/tri ketonghvacrylates in the presence of 1,4-
diazabicyclo[2.2.2]octane (DABCO) as baSe.

i HO
5a-c / 6a-c
4a-c
DABCOI
onstandmgl iv
8a-c
7a-c OH

R = a) COOMe; b) COOEt; c) CN R
Reagents: (i) Ninhydrin; (ii) Isatin; (iii) Acenaphtoquinone; (iv) Terephthalaldehyde
Scheme 2Synthesis of hydroxy allylic BH adducts

The synthesized dipolarophileSatc to 8a-¢) are highly stable, possibly due to the
presence of intramolecular hydrogen bonding betvedectron withdrawing groups and
oxygen atom in OH group. An IR absorption band caorg our observation and the OH
group exhibit a lower frequency broad band@250 cm' due to intramolecular
hydrogen bonding between allylic OH and ester aayb@xygen / nitrile nitrogen
group’?In the case of nitrile substitution (€8r), the CN absorption band is @123

cm?, which is in good agreement with Buckingham forandescribing the frequency



shift.%*9 Also the C=0 stretching absorption peak appearéieaange of 1690 chto
1706 cnt. From the above observations, it is clear that afailability of favored
alkene position for cycloaddition is stabilized keak G-H--O=C / O-H--N=C
intramolecular hydrogen bonds and the O-allyliceakk bond formation is stabilized by

stable six member ring (Figure 2).

Figure 2. Intramolecular hydrogen bonding between electromegaatoms of BH
adducts

After extensive experimentation in various solvefdsganic solvents and ionic
liquids) and reaction conditions like various temgpere with various time interval, we
established that the cycloadducts were obtainddgh yields by using ACI/EG RTIL
as a suitable medium at room temperature condifibis optimized reaction conditions
were investigated (Table 1) by the reaction of @uiraolar quantity of hydroxy allylic
BH adductsa derived from ninhydrin and methylacrylate, with isolated 1,3-dipolar,
[lactam fused phenylselenylbicyclic nitroBa furnished indanedione substitut@el
lactam fused polycyclic novel isoxazolidin®a in ACI/EG RTIL medium at room
temperature. The cycloaddu&a was obtained around ~15% to 20% yield in organic
solvents. The same reactant undergoing cycloaadiidLs gives better chemical yield
from 43% to 55% even though it requires temperatorectivation. But, the ACI/EG
RTIL medium afforded excellent yield 92% with higlelectivity and also in shorter
reaction time at room temperature. The used ACIAE& recovered by vacuum
distillation and dried under vacuum at 4D overnight and then recycled. The utility of

recovered RTIL was presented in Table 2.



Table 1 Solvent condition and reaction time optimizatadrcycloaddition

Entry Solvent system Time Yield
(h) ()
1 Ethanol 48 20
2 Methanol 48 20
3 Acetonitrile 48 trace
4 Dry MeCN 24 20
5 Dry dioxane 48 -
6 Dioxane/MeCN (1:1) 24 15
7 [Bmim][CI] 6 43
8 [Bmim][Br] 6 52
9 [Bmim][Tfa] 6 48
10 [Bmim][PF¢] 8 46
11 [Bmim][BF4)/Cul (10 mol%) 8 44
12 [Bmim][BF 4)/Cu(OTf) (10 mol%) 6 55
13 ACE/EG, rt 1 92
14 ACE/EG, 60°C 2 90

General conditions: Optimized reaction conditiansin bold (entry 13, 14)
lonic liquids were subjected to high vacuuehdoe use (entry 7-14)

Table 2 Reusability in various cycles of recovered ACE/BGhe synthesis dba at
room temperature

Yield percentage of isoxazolidirfk@ in experiments

Medium First Second Third Fourth Fifth
Recovered
ACE/EG 90 20 87 o %

The synthesis of indanedione substitut@dlactam fused polycyclic novel
isoxazolidines 9a-c)was achieved by the addition of an equimolar qtxaofi hydroxy
allylic BH adduct ba-c) derived from ninhydrin, with isolated 1,3-dipolg¥lactam
fused phenylselenylbicyclic nitrorga, in ACI/EG RTIL medium at room temperature
(Scheme 3).
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Reagents and conditions: (i) ACI/EG RTIL; Stirring at room temperature
Scheme 3Synthesis of-lactam fused polycyclic isoxazolidin8s-c

The systematic structure analysis for the syntleesizycloadducts to arrive at the
proposed regiochemistry was carried out using ond #wo-dimensional NMR
spectroscopic techniqud=or instance, the IR spectrum of cycloaddzshowed three
characteristic peaks at 1755 ¢m1740 cmt and 1703 cm due to Blactam and
ninhydrin carbonyl carbons. The regiochemistry lné tycloadducBb was initially
determined by itsH NMR spectrum, which showed two multiplets in ttaaged =
2.43-2.50 ppm and = 2.74-2.80 ppm corresponding to isoxazoliding mmethylene.
The presence of two multiplets instead of two detsblfor isoxazolidine ring
diastereotopic methylene protons strongly ruledtbatformation of other regioisomer
10b. That the H proton shows multiplet betweén= 2.43-2.80 ppm supports formation
of regioisome®b. The*C NMR spectrum 09b exhibited a peak &= 164.5 ppm and
0 = 168.9 ppm due t@-lactam and ester carbonyl carbons, respectivEhe peaks ab
=194.4 ppm and = 197.6 ppm corresponded to two carbonyl carbdriseoninhydrin
moiety. The quaternary carbon showed a peak at85.8 ppm. The off-resonance
decoupled*C NMR spectrum 08b showed a triplet & = 29.8,5 = 34.5 and = 63.4
due to three methylene carbons in the cycloaddhatiwis also confirmed by DEPT-
135 NMR spectrum!H-'H COSY studies indeed showed that cross-peaks were
observed among HH., H—Hyp; Ho—H., H—Ha; He—Hq1 and H—Hg, resonances, whereas
the 'H-'3C COSY spectra showed connectivity between the yteth carbons with
corresponding methylene protons; thds,= 60.8 (§ = 3.67-3.72)9c = 34.5 with H
protons anddc = 29.9. Furthermore, the presence of the moledolarpeak atm/z
661.56 (M+) in the mass spectrumatif supported the formation of the cycloadduct and

the compound gave satisfactory elemental analysis.



With the background of theoretical studies, theasgectivity and endo/exo ratio of
nitrone type dipolar cycloaddition reaction dependsthe nature of the dipolarophile,
related to the size of reactants and several emviemtal factors of the reaction
including solvent systent8.As we used RTILs as highly polar solvent mediurd tre
highly rigid dipolar and dipolarophile support tfeemation of cycloadduct through less
hindered facial selectivity. The assignments of thk hydrogens and carbons of
cycloadduct9b will be essential for stereochemistry and regioaiséry determination,
particularly the multiplicity between Hand H; protons confirms the regiochemistry of
the cycloadduct. Also, the absence of interactietwben OH proton with {Hprotons
for methylene protons of isoxazolidine ring showattthe intramolecular hydrogen
bond between OH and COOEt is undisturbed duringdheation of cycloadducts. In
addition, the intramolecular hydrogen bonding in Bidolarophile causes the lowering
of LUMOaxkenc€nergy level and reduction of the HOM@JLUMO ivone €nergy gap’
Such an interaction also influenced the regioseiggtof adducts during the formation
for transition state in addition reaction. As ihdae seen from the above discussion, the
formation of regioisome®b is highly favorable and the unfavorable environtnien
the formation of regioisomelOb. Similar results were observed when the reactias
carried out with isatin dipolarophile$4-¢) giving cycloadductsl(la-g in Scheme 4
and acenaphthoquinone dipolarophiléa-¢) giving cycloadductsl@a-g in Scheme 5
respectively. The NMR spectra details were disalissehe experimental section and

spectra were presented in supporting information.t
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Scheme 4 Synthesis op-lactam fused polycyclic isoxazolidinéda-c
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Scheme 5Synthesis op-lactam fused polycyclic isoxazolidinéSa-c

Motivated by the aforementioned results, we soughextend the scope of the
cycloaddition methodology using methyl 1,4-bis-{&Hoxy-2-methylenebutanoatonyl)
benzenes8a-c) as an bis-dipolarophile with bicyclic nitrorga. Synthesis of aryl-
bridged bis-isoxazolidinesl%a-9 was accomplished by reacting 2.2 equivalent of
bicyclic nitrone 3a with one equivalent of bis-hydroxy allylic BH adtda Ba-c) in
ACI/EG RTIL medium at room temperature. As per empectation, on extension of
this methodology to these reactions, the regiockyniof the product remained

unchanged, as observed in the previous schemesr(eob).

@ 15a-c
3a
OMe

+ OMe

y/4
/4
R = a) COOMe; b) COOEt; c) CN @ 16a-c @
OMe

Reagents and conditions: (i) ACI/EG RTIL; Stirring at room temperature, 1h

Scheme 6 Synthesis of-lactam fused polycyclic isoxazolidinésa-c



The structure of regioisomers was elucidated usiagdard spectroscopic studies.
Considering an example of nitrile substituted addifc, in the’H NMR spectrum, it
showed a singlet & = 5.10 ppm due to the benzylic proton. As obselweitie earlier
case, isoxazolidine ring methylene protons resoaatevo multiplets in the range=
2.51-2.57 ppm and = 2.87-2.95 ppm which confirm the regiochemistry the
cycloadduct. The presence of these two multiplatsthe absence of two doublets for
isoxazolidine diastereotopic methylene protonsngfiyruled out the formation of other
regioisomerl6c The'*C NMR spectrum ofl5c exhibited a peak & = 163.8 ppm due
to Flactam carbonyl carbon. The peak correspondir@Naattached quaternary carbon
appeared ab = 80.9 ppm and, DEPT-135 studies confirmed thatnvethylene carbons
are present in the cycloadductéat 30.5 andd = 35.8 ppm. The mass spectrum of
compoundl5c exhibited molecular ion peak at MALDI-TOR/z 1042.88 (M), which
confirmed the formation of cycloadduct and the commq gave satisfactory elemental
analysis. Similar results were observed for thelaaaducts15a and 15b. NOE
irradiation of OH proton il5catd = 2.17 did not cause any enhancement of the signal
for Hyq1 and Hi, protons of isoxazolidinyl ring. All the NMR maspextra details were
presented in supplementary information.t The yaid results of the synthesizgd

lactam fused polycyclicisoxazolidinesgre summarized in Table 3

10



Table 3 Synthesis of3-lactam fused polycyclic isoxazolidine derivativiesACI/EG
RTIL medium through intermolecular 1,3-dipolar ayatldition methodology

Entry Br-lliitir((:)tr?(;n dipolzlr_:)phile poncSc-:lleiacﬁts?)r:;zujI?cﬂne%b vield (%)
1. 3a 5a 9a 92
2. 3a 5b 9b 88
3. 3a 5c 9c 90
4. 3a 6a 1lla 93
S. 3a 6b 11b 95
6. 3a 6C 11c 92
7. 3a 7a 13a 91
8. 3a 7b 13b 90
9. 3a 7c 13c 92
10. 3a 8a 15a 88
11. 3a 8b 15b 90
12. 3a 8c 15c 88

& Reaction conditions: Stirring at rt in ACI/EG RTihedium.
P Completion of the reaction monitored by TLC.
“Yield of the isolated product after flash colunwamatography.

3. Conclusion

In conclusion, highly regioselective polyfunctitimad p-lactam fused isoxazolidine
heterocyclic hybrids were synthesized by 1,3-dipaitrone cycloaddition op-lactam
fused bicyclic nitrone with hydroxy allylic alkerderived from BH reaction and were
economically achieved in RTIL medium. Comparing yiedd and reactivity in organic
solvents medium, it is clear that the high regiesiVity with shorter reaction time in

11



eco-friendly RTIL ACI/EG medium in room temperatyskys a role. ACI/EG RTIL
medium has never been used previously for cyclémadieactions and it is reported for
first time, showing remarkable reaction rate antbdivity even in hydroxy allylic
dipolarophile. This ionic liquid medium offers higlynthetic scope for the synthesis of
highly regioselective novel class of bifunctionakéd heterocycles. Also, recycling of

ACI/EG has proved the ionic liquid’s activity anelectivity.

4. Experimental

4.1 General information

All melting points are uncorrected. IR spectra wereorded on a SHIMADZU FT-IR
8300 instrument'H and**C NMR spectra were recorded in CR@ising TMS as an
internal standard on BRUKER 300 MHz, mass spectaeewecorded on JEOL- DX303
HF mass spectrometer and BRUKER DALTONICS FLEX Amsal spectrometer.
Elemental analyses were carried out on a PerkireEIB#00B instrument. Column
chromatography was performed on silica gel (ACMBO0-200 mesh). Routine
monitoring of the reactions was made using thiretaghromatography developed on
glass plates coated with silica gel-G (ACME) of & thickness and visualized with
iodine. After purification, all compounds were chaterized by FTIRIH-NMR, **C-
NMR, 2D-NMR ¢H-*H COSY,'H-**Cc COSY, DEPT-135).

4.2. General Procedure for the Synthesis of 2-azdihone-tethered oximes, 2
Hydroxylamine hydrochloride (2.00 mmol) and triddmine (2.00 mmol) were
sequentially added at room temperature to a wieledtsolution of the corresponding 4-
oxoazetidine-2-carbaldehyde (1.00 mmol) in benzene (10 mL). After the resulting
suspension was stirred at room temperature overtigh solvent was removed under
reduced pressure. Then, the mixture was diluted @ithloromethane and washed with
saturated aqueous NaHg@nd then water. The combined organic extract wasld
with anhydrous NgO, and concentrated under reduced pressure. Chroraptogof

the residue eluting with ethyl acetate gave anadiiif pure compound.

4.3. General Procedure for the Synthesis of BicycliNitrones, 3a
Phenylselenyl bromide (1.00 mmol) was added at reemperature to a well

stirred solution of thed—lactam oxime2 (1.00 mmol) in dichloromethane (20 mL).

12



After the resulting suspension was stirred at rademperature for 3 h, triethylamine
(1.00 mmol) was added and the mixture was stiroechh additional 1 h. The solvent
was removed under reduced pressure. Then, the mmixtwas diluted with
dichloromethane and washed with brine and watee. driganic extract was dried with
anhydrous Ng50O, and concentrated under reduced pressure. Chroraptogof the
residue eluting with ethyl acetate/hexanes (1:3xtuné gave analytically pure
compounds bicyclic nitrone2a.

4.4. General procedure for the synthesis of dipolaphiles, 5a-c to 8a-c

To a stirred solution of diketone / triketone (Inimol) and corresponding
acrylate (2.0 mL) was added DABCO (0.1 mmol) amaext 50-60°C for 60 min — 180
min. After completing the reaction evidenced by TL€action mixture was diluted
with dichloromethane and water. The organic extweas dried with anhydrous B&O,
and concentrated under reduced pressure. The ewadepurified by flash column
chromatography (hexane/ethyl acetate, 1:1), wedcobtain the desired dipolarophiles

5a-cto 8a-cin good yield.

4.5. General procedure for the synthesis of cycloddcts, 9a—c

The bicyclic nitrong(3a) (500 mg, 1.25 mmol) and BH adduct, 2,3-dihydro-2-
hydroxy-1,3-dioxo-H-inden-2-yl)acrylateg5a—c) (306 mg, 1.25 mmol) was added in
ACI/EG (10 mL) RTIL medium at room temperature dhen stirred another 1 h. After
completion of the reaction, evident by TLC, ionguid was distilled off under reduced
pressure. 10 — 20 mL of chloroform was added enrdsidue and stirred for another
10-15 min. The organic layer was washed with b{&ve 10 mL), dried over anhydrous
NaSO, and the solvent removed under reduced pressuréhandcrude cycloadducts
were purified by flash column chromatography ushexane/ethyl acetate mixture
(8:2). The purified isoxazolidine®94-0 were subjected to spectroscopy analysis for

structure determination.

4.5.1 6-(1-Hydroxyindane-2,3-dione-1-yl)-6-methoxycanlgb1-(4-methoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4ipha{ 1,2-b]isoxazol-2-one9a.

(92%); Colorless solid, mp 118-12@; FTIR (KBr) 3245, 1753, 1742, 1726, 1705
cm’; *H (300 MHz, CDCJ) & 2.15 (s, 1H), 2.40-2.48 (m, 1H 4}, 2.70-2.79 (m, 1H,

13



Ha2), 3.69 (s, 3H), 3.76 (s, 3H, OMe), 3.70-3.75 (H, PhSeCH), 3.77-3.83 (m, 1H,
Ha), 3.86-3.89 (m, 1H, b, 3.92-3.96 (m, 1H, k), 4.60-4.64 (m, 1H, }), 6.88-8.06 (m,
13H, ArH); *C (75 MHz, CDC}) 29.8, 34.5, 55.4, 59.1, 60.8, 63.4, 64.1, 66588
114.4, 117.3, 123.5, 127.5, 129.4, 131.1, 132.8.4,3135.9, 140.8, 143.1, 156.1,
164.5, 169.2, 194.4, 197.7 ppm; EI-MBvVz 647.53 (M). Anal. Calcd for
CaHogN20gSe: C, 59.35: H, 4.36; N, 4.33 %. Found: C, 59H84.48; N, 4.25 %.

4.5.2 6-(1-Hydroxyindane-2,3-dione-1-yl)-6-ethoxycarboiy(4-methoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4jpha{ 1,2-blisoxazol-2-oneQb.

(88%); Colorless solid, mp 126-12€; FT-IR (KBr) 3250, 1755, 1740, 1726, 1703
cm®; 'H (300 MHz, CDC}) & 0.91 (t, 3H,J 7.2, 7.5 Hz, COOCKCHz), 2.17 (s, 1H),
2.43-2.50 (m, 1H, K), 2.74-2.80 (m, 1H, k), 3.67-3.72 (m, 2H, PhSeGH 3.77 (s,
3H, OMe), 3.78-3.86 (m, 1H, § 3.89-3.91 (m, 1H, k), 3.92-3.94 (m, 1H, §), 4.12
(g, 2H,J 6.9, 6.9 Hz, COOCHCHz), 4.59-4.62 (m, 1H, k), 6.81-7.98 (m, 13H, ArH);
3¢ (75 MHz, CDCJ) 13.6, 29.9, 34.5, 55.4, 59.1, 60.8, 63.4, 64618685.8, 114.4,
117.3, 123.5, 127.5, 129.4, 131.1, 132.9, 135.%.9.3140.9, 143.0, 156.1, 164.5,
168.9, 194.4, 197.6 ppm; EI-M®/z 661.56 (M). Anal. Calcd for GsH3oN,OsSe: C,
59.91; H, 4.57; N, 4.23 %. Found: C, 60.02; H, 4/864.11 %.

4.5.3 6-(1-Hydroxyindane-2,3-dione-1-yl)-6-cyano-1-(4thoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4ipha{ 1,2-b]isoxazol-2-one9c.

(90%); Colorless solid, mp 122-12€; FTIR (KBr) 3242, 2223, 1754, 1739, 1706
cm’; 'H (300 MHz, CDCY) & 2.19 (s, 1H), 2.46-2.53 (m, 1H4f} 2.77-2.84 (m, 1H,
Haz), 3.66-3.70 (M, 2H, PhSeGK 3.79 (s, 3H, OMe), 3.80-3.88 (m, 1H,)H3.90-3.92
(m, 1H, H), 3.91-3.94 (m, 1H, b, 4.58-4.62 (m, 1H, k), 6.86-8.14 (m, 13H, ArH);
13 (75 MHz, CDCJ) 29.9, 34.5, 55.5, 59.2, 63.4, 64.1, 66.9, 85198, 117.4, 120.1,
123.5, 127.5, 129.6, 131.1, 132.8, 135.4, 135.0,914143.2, 156.1, 164.4, 194.4,197.6
ppm; EI-MSm/z 614.51 (M). Anal. Calcd for GH,sNsOsSe: C, 60.59; H, 4.10; N,
6.84 %. Found: C, 60.68; H, 4.01; N, 6.98 %.

4.6. General procedure for the synthesis of cycloddcts, 11a-c
The bicyclic nitrong3a) (500 mg, 1.25 mmol) and BH adduct, 2-(3-hydroxy-2-

oxoindolin-3-yl)acrylateg6a-c) (290 mg, 1.25 mmol) was added in ACI/EG (10 mL)
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RTIL medium at room temperature and then stirrentlar 1h. After completion of the
reaction, evident by TLC, ionic liquid was distdi®ff under reduced pressure. 10 — 20
mL of chloroform was added in the residue and esdirfor another 10-15 min. The
organic layer was washed with brineX20 mL), dried over anhydrous p&0O, and the
solvent removed under reduced pressure and thele aycloadducts were purified by
flash column chromatography using hexane/ethylaaeemixture (8:2). The purified
isoxazolidines 1la-g were subjected to spectroscopy analysis for wtrac

determination.

4.6.1 6-(3-Hydroxyindolin-2-on-3-yl)-6-methoxycarbon¥K4-methoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4ipka{ 1,2-b]isoxazol-2-onel 1a

(93%); Colorless solid, mp 162-16€; FTIR (KBr) 3392, 1756, 1726, 1695 ¢mH
(300 MHz, CDC}) 6 2.13 (s, 1H), 2.45-2.51 (m, 1H4h, 2.75-2.81 (m, 1H, k), 3.67

(s, 3H), 3.68-3.72 (m, 2H, PhSe@H3.74 (s, 3H, OMe), 3.75-3.76 (m, 1Hy)H3.90-
3.93 (m, 1H, H), 3.95-3.97 (m, 1H, b, 4.60-4.62 (m, 1H, b}, 6.81-7.97 (m, 13H,
ArH), 9.11 (s, 1HNH); *3C (75 MHz, CDC}) 30.1, 33.5, 54.4, 59.1, 60.8, 63.4, 64.1,
67.4, 86.9, 108.6, 113.4, 118.4, 122.6, 128.6,5,381.6, 137.7, 139.2, 139.9, 143.1,
156.2, 164.5, 169.5, 178.1 ppm; EI-MBVz 634.54 (M). Anal. Calcd for
Ca1H20N307Se: C, 58.68; H, 4.61; N, 6.62 %. Found: C, 58t804.70; N, 6.68 %.

4.6.2 6-(3-Hydroxyindolin-2-on-3-yl)-6-ethoxycarbonyK4-methoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4jpha{1,2-b]isoxazol-2-onel 1h.
(95%); Colorless solid, mp 186-18€; FTIR (KBr) 3384, 1752, 1728, 1691 ¢mtH
(300 MHz, CDC}) 4 0.85 (t, 3H,J 7.5, 7.5 Hz, COOCHCHg), 2.15 (s, 1H), 2.39-2.43
(m, 1H, Hy), 2.69-2.75 (m, 1H, k), 3.68-3.75 (m, 2H, PhSeG}K 3.81 (s, 3H, OMe),
3.83-3.87 (m, 1H, |, 3.91-3.95 (m, 1H, §), 3.96-3.98 (m, 1H, K, 4.12 (q, 2HJ 7.2,
6.9 Hz, COOCHCHs), 4.53-4.58 (m, 1H, k), 6.73-7.86 (m, 13H, ArH), 9.16 (s, 1H,
NH); *C (75 MHz, CDC}) 12.9, 30.6, 33.3, 54.9, 59.1, 60.9, 63.4, 646:8686.6,
109.0, 113.9, 117.3, 123.6, 127.9, 129.4, 131.4.313137.9, 140.5, 143.2, 156.2,
164.4, 169.7, 178.2 ppm; EI-M®/z 648.56 (M). Anal. Calcd for GH3:N:O;Se: C,
59.26; H, 4.82; N, 6.48 %. Found: C, 59.38; H, 41916.59 %.

15



4.6.3 6-(3-Hydroxyindolin-2-on-3-yl)-6-cyano-1-(4-metkygphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4ipka{ 1,2-b]isoxazol-2-on€l 1c
(92%); Colorless solid, mp 132-13€; FTIR (KBr) 3384, 2223, 1753, 1693 ¢mtH
(300 MHz, CDC}) 6 2.18 (s, 1H), 2.43-2.51 (m, 1H4Pl 2.76-2.82 (m, 1H, ), 3.65-
3.72 (m, 2H, PhSeCH 3.76 (s, 3H, OMe), 3.78-3.81 (m, 1H,)H3.86-3.89 (m, 1H,
Ho), 3.90-3.93 (m, 1H, §), 4.55-4.58 (m, 1H, ), 6.79-7.98 (m, 13H, ArH), 9.16 (s,
1H, NH); °C (75 MHz, CDC}) 28.7, 33.5, 55.5, 59.1, 63.4, 64.2, 66.8, 85(%.9,
114.6, 117.3, 120.1, 123.5, 127.5, 129.6, 131.2.813135.3, 135.4, 140.9, 143.2,
156.1, 164.5, 178.2 ppm; EI-M®/z 601.51 (M). Anal. Calcd for GoH,6N4OsSe: C,
59.90; H, 4.36; N, 9.31 %. Found: C, 59.81; H, 4M89.39 %.

4.7. General procedure for the synthesis of cycloddcts, 13a-c

The bicyclic nitrong(3a) (500 mg, 1.25 mmol) and BH adduct, 2-(1,2-dihydro-
1-hydroxy-2-oxoacenaphthylen-1-yl) acrylat@a-c) (335 mg, 1.25 mol) was added in
ACI/EG (10 mL) RTIL medium at room temperature dhdn stirred another 1h. After
completion of the reaction, evident by TLC, ionguid was distilled off under reduced
pressure. 10 — 20 mL of chloroform was added enr#sidue and stirred for another
10-15 min. The organic layer was washed with b{&ve 10 mL), dried over anhydrous
NaSQO, and the solvent removed under reduced pressuréhandcrude cycloadducts
were purified by flash column chromatography ushexane/ethyl acetate mixture
(8:2). The purified isoxazolidined3a-g were subjected to spectroscopy analysis for

structure determination.

4.7.1 6-(2-Hydroxyacenaphthen-1-on-2-yl)-6-methoxycandel -(4-methoxyphenyl)-
3-(phenylselenenylmethyl)octahydroazeto[2',3": 3ydAjplo[1,2-b]isoxazol-2-one, 13a
(91%); Colorless solid, mp 242-24€; FTIR (KBr), 1756, 1695 cih *H (300 MHz,
CDCl) & 2.12 (s, 1H), 2.41-2.52 (m, 1H4b 2.71-2.79 (m, 1H, k), 3.62 (s, 3H),
3.67-3.73 (m, 2H, PhSeG)} 3.74-3.77 (m, 1H, B, 3.78 (s, 3H, OMe), 3.90-3.94 (m,
1H, H), 3.95-3.98 (m, 1H, k), 4.58-4.61 (m, 1H, k), 6.83-8.15 (m, 15H, ArH)!*C
(75 MHz, CDC¥}) 28.6, 31.3, 55.5, 59.2, 63.4, 64.0, 66.6, 880(5.3, 114.5, 120.6,
121.1, 122.9, 123.5, 124.6, 126.7, 127.7, 128.8.5,2129.6, 130.9, 131.1, 134.2,
135.3, 137.2, 141.6, 156.2, 164.5, 201.5 ppm; EIsWiB8669.58 (M). Anal. Calcd. for
CssH3oN207Se: C, 62.78; H, 4.52; N, 4.18 %. Found: C, 62t894.61; N, 4.26 %.
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4.7.2 6-(2-Hydroxyacenaphthen-1-on-2-yl)-6-ethoxycandelr (4-methoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4ipka{ 1,2-b]isoxazol-2-onel 3b.
(90%); Colorless solid, mp 226-228; FTIR (KBr), 1752, 1691 cih *H (300 MHz,
CDCls) 6 0.87 (t, 3H,J 7.2, 7.5 Hz, COOCHKCH3), 2.13 (s, 1H), 2.38-2.43 (m, 1H,
Hq1), 2.67-2.73 (m, 1H, i), 3.68-3.72 (m, 2H, PhSeGH 3.80 (s, 3H, OMe), 3.77-
3.82 (m, 1H, H), 3.90-3.93 (m, 1H, K, 3.96-3.99 (m, 1H, K, 4.01 (q, 2HJ 7.2, 7.2
Hz, COOCHCHs), 4.57-4.64 (m, 1H, B, 6.86-8.19 (m, 15H, ArH)}*C (75 MHz,
CDCls) 12.6, 28.5, 31.3, 55.5, 59.2, 63.4, 64.0, 6686,8105.3, 114.5, 120.6, 121.0,
123.3, 124.5, 126.7, 127.8, 128.3, 128.6, 129.®.93131.1, 134.2, 135.3, 137.2,
141.6, 156.2, 164.5, 201.6 ppm; EI-MBVz 683.61 (M). Anal. Calcd. for
CseH32N07Se: C, 63.25; H, 4.72; N, 4.10 %. Found: C, 63t834.61; N, 4.18 %.

4.7.3 6-(2-Hydroxyacenaphthen-1-on-2-yl)-6-cyano-1-(éthoxyphenyl)-3-
(phenylselenenylmethyl)octahydroazeto[2',3":3,4jpha{1,2-b]isoxazol-2-onel 3¢
(92%); Colorless solid, mp 210-12Z; FTIR (KBr) 2118, 1751, 1706 ¢lm*H (300
MHz, CDCk) & 2.15 (s, 1H), 2.39-2.45 (m, 1H4$\ 2.73-2.81 (m, 1H, k), 3.68-3.75
(m, 2H, PhSeC}lj, 3.76-3.79 (m, 1H, K, 3.80 (s, 3H, OMe), 3.91-3.95 (m, 1H¢H
3.96-3.99 (m, 1H, ¥, 4.59-4.65 (m, 1H, k), 6.88-8.16 (m, 15H, ArH)}*C (75 MHz,
CDCl) 29.6, 30.3, 55.5, 59.2, 63.4, 64.0, 66.6, 8805.3, 114.5, 120.6, 121.0, 122.9,
123.5, 124.6, 126.7, 127.8, 128.3, 128.5, 129.®.93131.1, 134.2, 135.3, 137.2,
141.6, 156.2, 164.5, 201.5 ppm; EI-MBVz 636.56 (M). Anal. Calcd for
CasH27N30sSe: C, 64.15; H, 4.28; N, 6.60 %. Found: C, 64t274.37; N, 6.51 %.

4.8. General procedure for the synthesis of cycloddcts, 15a-c

The bicyclic nitrone(3a) (500 mg, 1.25 mmol) and bis-BH adduct, 2-(1,2-
dihydro-1-hydroxy-2-oxoacenaphthylen-1-yl) acry&ai@a-c) (180 mg, 0.05 mmol)
was added in ACI/EG (10 mL) RTIL medium at room parature and then stirred
another 1h. After completion of the reaction, ewidiey TLC, ionic liquid was distilled
off under reduced pressure. 10 — 20 mL of chlorafvas added in the residue and
stirred for another 10-15 min. The organic layes weashed with brine (& 10 mL),
dried over anhydrous N80, and the solvent removed under reduced pressuréhand

crude cycloadducts were purified by flash colummoatatography using hexane/ethyl
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acetate mixture (7:3). The purified isoxazolidings5a-Q were subjected to

spectroscopy analysis for structure determination.

4.8.1 6-[1,4-Phenylenebis(hydroxymethyl-1-yl)]-6,6'+ni¢thoxycarbonyl)-1-
(4-methoxyphenyl)- 3- (phenylselenenylmethyl)octimazeto[2',3":3,4]pyrrolo[1,2-b]
isoxazol-2-one15a (88%); Colorless solid, mp 222-22€; FTIR (KBr) 3200, 2128,
1753 cnt; *H (300 MHz, CDC}) 5 2.17 (s, 2H), 2.49-2.56 (m, 2HgH\ 2.72-2.79 (m,
2H, Hq), 2.97-3.12 (m, 4H, PhSeGK13.30 (s, 6H, COOMe), 3.76 (s, 6H, OMe), 3.79-
3.81 (m, 2H, H), 4.08-4.10 (m, 2H, b, 4.32-4.35 (m, 2H, B}, 4.49-4.51 (m, 2H, ),
5.03 (s, 2H, benzylicproton), 6.69-7.59 (m, 22HHRr*3C (75 MHz, CDC}) 30.6,
32.7, 52.5, 55.3, 55.4, 57.0, 59.6, 63.3, 64.62,9014.2, 114.4, 117.2, 126.5, 126.6,
126.9, 127.5, 129.3, 131.1, 133.2, 133.3, 137.8,118.64.4, 170.1 ppm; MALDI-TOF
m/z 1108.97 (M). Anal. Calcd for GHs4/N4O1.Se: C, 58.49; H, 4.91; N, 5.05 %.
Found: C, 58.58; H, 4.80; N, 5.16 %.

4.8.2 6-[1,4-Phenylenebis(hydroxymethyl-1-yl)]-6,6'"titoxycarbonyl)-1-
(4-methoxyphenyl)-3- (phenylselenenylmethyl)octalmgdeto[2',3":3,4]pyrrolo[1,2-b]
isoxazol-2-one15b. (90%); Colorless solid, mp 254-25€; FTIR (KBr) 3235, 2122,
1755 cm; *H (300 MHz, CDC}) 5 0.82 (t, 3H,J 7.2, 6.9 Hz, COOCCH;), 2.18 (s,
2H), 2.50-2.56 (m, 2H, {1), 2.73-2.81 (m, 2H, k), 2.98-3.12 (m, 4H, PhSeGH 3.79
(s, 6H, OMe), 3.80-3.83 (m, 2H,K13.96 (dqg, 4H,J 6.9, 7.5 Hz, COOCKCH;3), 4.10-
4.13 (m, 2H, H), 4.34-4.36 (m, 2H, b, 4.39-4.43 (m, 2H, k), 5.11 (s, 2H,
benzylicproton), 6.71-7.82 (m, 22H, ArH)C (75 MHz, CDC}) 13.7, 30.6, 29.8, 33.9,
55.3, 55.8, 57.1, 59.6, 63.3, 64.6, 90.2, 114.2,3,1117.2, 126.5, 126.6, 126.9, 127.5,
129.3, 131.1, 133.3, 133.5, 137.7, 156.1, 164.4,0.ppm; MALDI-TOFnm/z 1137.03
(M™). Anal. Calcd for GeHseN4O1:Se: C, 59.16; H, 5.14; N, 4.93 %. Found: C, 59.25;
H, 5.22; N, 5.01 %.

4.8.3 6-[1,4-Phenylenebis(hydroxymethyl-1-yl)]-6,6'-¢y&no)-1-(4-methoxyphenyl)-
3- (phenylselenenylmethyl)octahydroazeto[2',3'By#Afolo[1,2-b]isoxazol-2-one15¢c
(88%); Colorless solid, mp 228-23C; FTIR (KBr) 3218, 2123, 1755 ¢m'H (300
MHz, CDC) 8 2.17 (s, 2H), 2.51-2.57 (m, 2HqH), 2.87-2.95 (m, 2H, k3), 2.98-3.12
(m, 4H, PhSeCh), 3.74 (s, 6H, OMe), 3.85-3.87 (m, 2Hg)H4.10-4.14 (m, 2H, ¥},
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4.24-4.25 (m, 2H, ¥}, 4.68-4.72 (m, 2H, }J, 5.10 (s, 2H, benzylic proton), 6.82-7.87
(m, 22H, ArH); **C (75 MHz, CDC}) 30.5, 30.8, 35.8, 55.4, 57.1, 59.8, 63.6, 65.6,
80.9, 114.6, 117.8, 127.8, 127.9, 129.0, 129.5,6,2380.5, 133.3, 136.7, 142.4, 156.5,
163.8 ppm; MALDI-TOFmz 1042.88 (M). Anal. Calcd for GHsgN¢OsSe: C, 59.89;

H, 4.64; N, 8.06 %. Found: C, 59.98; H, 4.72; N,383%.
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