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Highly functionalized dispiro oxindole—pyrrolo[1,2-c]thiazole—piperidone
hybrid: Synthesis, characterization and theoreticainvestigations on the

regiochemistry

Raju Suresh Kumdr, Abdulrahman I. AimansoudrNatarajan ArumugahSaied M.
Soliman®*® Raju Ranijith Kumaf;” Hazem A.Ghabbofif

The synthesis of highly functionalized dispiro akahe—pyrrolo[1,2€]thiazole—
piperidone hybrid has been achieved regioselegtieghploying microwave-assisted
three-component 1,3-dipolar cycloaddition. Struafwelucidation of the compound has
been accomplished using NMR spectroscopy and fudtefirmed by single crystal X-
ray crystallographic studies. The cycloaddition wasind to proceed by normal
electronic demand (NED) character with a signiftchigh charge transfer (0.1247eV)
from the 1,3-dipole to the dipolarophile. The regiemistry has been explained using the
local reactivity descriptors obtained from the DEdlculations. The DFT optimized

molecular structure agreed well with the X-ray fesu
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Abstract

The synthesis of highly functionalized dispiro akite—pyrrolo[1,2e]thiazole—piperidone
hybrid has been achieved regioselectively employmgrowave-assisted three-component 1,3-
dipolar cycloaddition. Structural elucidation ofetltompound has been accomplished using
NMR spectroscopy and further confirmed by singlgstal X-ray crystallographic studies. The
molecular structure of the compound crystallizednionoclinic,P2,/c, a = 11.6182 (2) Ap =
12.2466 (2) A,c = 21.7061 (3) A,p = 103.018 (1)°,V = 3009.04 (8) A Z = 4. The
cycloaddition was found to proceed by normal etsutr demand (NED) character with a
significant high charge transfer (0.1247eV) frome th,3-dipole to the dipolarophile. The
regiochemistry has been explained using the lagadtivity descriptors obtained from the DFT

calculations. The DFT optimized molecular structageeed well with the X-ray results.
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Introduction

1,3-Dipolar cycloadditions constitute a highly \aie and prevailing tool for the construction of
pharmacologically important hybrid heterocycles3]1-Spirooxindoles are attractive synthetic
targets because of their prevalence in many natuadlucts such as rychnophyilline [4],
alstonisine [5], strychnofoline [6] and spirotryptatin A [7] and their applications in medicine
and therapeutics (Fig. 1) [4,8-9]. Spirooxindolesdalso been found to target the p53-MDM2
interaction [10]. Pyrrolothiazoles are the centsieletons for numerous alkaloids and
pharmacologically important compounds [11,12] arspldy wide array of biological activities,
enabling their use as hepatoprotective [13], antibi14], antidiabetic [15], anticonvulsant [16],
anti-inflammatory [17], antileukemic agents [18]skmes being used in the treatment for
Alzheimer disease [19]. Heterocycles possessingripipne sub-unit also gains importance as
antitumor agents [20] in addition to being usefyhtions for the construction of complex
molecules [21]. Hence it is conceivable that theegnation of piperidone, spirooxindole and

pyrrolothiazole into a molecule may result in thgcdvery of new leads.

Rychnophylline Spirotryprostatin A

Figure 1 Representative naturally occurring spirooxinda&hocyclic hybrids

Microwave-assisted organic reactions have recemedh attention in recent years in

view of the numerous advantages. Due to the rapidl @niform dielectric heating, it is



conceivable that microwave-assisted reactions oeocoruch lesser time in contrast to reactions
under conventional heating and thus consequerdbsléo cleaner reactions with enhanced yield
and fewer side products. Recently several investige pertaining to the utility of microwave in
synthetic organic chemistry have been reportedchvkargets wither to improve the classical
organic reactions or to promote new reacti@®. However, the utility of microwave irradiation
to carry out multi-component reactions is an enmgygechnique.

Although the scope of 1,3-dipolar cycloaddition atgan in the synthesis of spiro
compounds has been broadened by the use of difféigolarophiles [23-27], to the best of our
knowledge, the utilization of compounds with pipgeme sub unit embedded with three
unsaturated double bonds as dipolarophlies has lessnexplored. As part of our ongoing
investigations in the construction and/or biologisereening of novel heterocycles [21,28-34],
herein we report the synthesis and X-ray analykidigpiro oxindole—pyrrolo[1,Z]thiazole—
piperidone hybrid. In addition we also intend tovestigate the regiochemistry of the

cycloaddition through DFT calculations.

Results and Discussion

Initially, the synthesis of 3,5-bis(4-methoxyphengthylidene)piperidin-4-one2) was
accomplished following a literature method [35]Subsequently 1-allyl-3,5-bis(4-
methoxyphenylmethylidene)piperidin-4-on8) (was prepared by the reaction »fwith allyl
chloride in acetone (Scheme 1). The structur8 wias confirmed by NMR spectroscopic (vide

supplementary) and X-ray crystallographic stud8& [Fig. 2).

Os_H
HCl

NH.HCI
O;G € CH;COOH
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K,CO4
Acetone

Scheme 1 Synthesis of 1-allyl-3,5-bis(4-methoxyphenylmettgine)piperidin-4-on8
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Figure2 ORTEP diagram o3

Having synthesized the dipolarophBe the optimization of reaction conditions for the
cycloaddition was studied by taking an equimolaxtare of 1-allyl-3,5-bis(4-methoxyphenyl-
methylidene)piperidin-4-on&, isatin 4 and thiazolidine-4-carboxylic acifl. The reaction in
ethanol (90 min), methanol (60 min), methanol:diexanixture (1:1 v/v; 60 min) or dioxane (60
min) under reflux, afforded the dispiro oxindoler@yo[1,2C]thiazole—piperidone6 in 62, 70,

67 or 69 % vyield, respectively. Subsequently, di@es reaction was examined under microwave
irradiation in a focused microwave synthesizer vatliiew to improve the yield and reduce the
reaction time. An equimolar mixture & 4 and5 without any solvent was irradiated with
microwave at 90°C for 10 min. The reaction mixture was extractedhwethylacetate and
subjected to column chromatographic purificatiorobain the produdd in 76% isolated vyield.
Further, in order to ensure thorough mixing of tieactants, the same reaction was also
performed after the addition of 4-5 drops of DMK éxpected, the reaction was completed in 5
minutes affording the produétin 85%. Apparently, an increase in the yield &f iroduct was
observed under microwave method when comparedetodhventional heating.
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Scheme 2. Synthesis of dispiro oxindole—pyrrolo[1¢khiazole—piperidon®

The structure 06 was elucidated using elemental analysis, FT#R,”*C and 2D NMR
spectroscopic data. In thel NMR spectrum o, the doublet at 4.40 pprd (0.0 Hz) can be
readily assigned to H-4, which show H,H-COSY catieh (vide supplementary) with the
multiplet in the range 4.65-4.70 ppm assignabléitda. Thel value presumably reveals that H-
4 and H-4a ar¢rans. The C,H-COSY correlation of H-4 and H-4a assitires signals at 49.21
and 69.16 ppm to C-4 and C-4a respectively. Thiggament is further confirmed from the
DEPT 135 spectrum. Furthermore, H-4 shows HMBC# @it3 and C-2 spiro carbons at 76.80
and 72.78 ppm, respectively apart from showing HMB@th the carbonyl carbon C-4t
197.66 ppm and thigso andortho carbons of th@ara-methoxy phenyl ring at C-4. The H,H-
COSY correlation of H-4a assigns the multiplet2.d3-2.82 and 2.98-3.01 ppm to 5-£Hhe
doublet at 3.68 ppmJ (6.5 Hz) and the multiplet at 3.50-3.56 ppm is tu&-CH. The doublet
and the multiplet at 1.92 pprd 13.0 Hz) and 3.50-3.56 ppm are due t€B, protons whereas
the multiplets at 2.73-2.82 ppm and 3.50-3.56 ppendue 6CH, protons of the 4-pyridone
ring. Furthermore, these protons show HMBCs with’ @part from showing HMBCs with C-7
at 60.53 ppm. The C,H-COSY correlation of Cagsigns the doublet of doublets at 3.15 ppm (
13.5, 4.5 Hz) and the multiplet at 2.73-2.82 t&€H, protons. From H,H-COSY spectrum, the
multiplets at 5.59-5.67 ppm and 4.95-5.02 ppm caagsigned to H:&nd 9CH,respectively.
The NH proton of the oxindole ring appears as glstnat 8.46 ppm and the aromatic protons
appear as multiplets at 6.65-7.30 ppm. For bettelerstanding, th&H and**C NMR chemical

shift assignment dd are shown in Fig. 3.
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Figure 3 SelectedH and**C chemical shifts 06

X-ray crystallographic study of a single crystal6of37] (Fig. 4) confirms the structure

elucidated from NMR spectroscopic studies. Thetallggraphic data, conditions used for the

intensity data collection and some features ofstinecture refinements are listed in Table 1 and

the selected geometric parameters are listed ifeTabin the crystal structure of compousd

the unit cell contains one independent moleculepmsad of a pyrrolo[1,2}thiazolering (C7-
C12/S1/C13/N2) which make dihedral angles neartpgredicular with all spiro linked ringsz.
oxindole ring (C1-C8/N1), pyridinone ring (C9/C2@ZIN3/C23) and phenyl ring (C14-C19)
85.68°, 84.04° and 79.67°, respectively (Fig. A)tHe crystal structure, two intermolecular N—

H---O and C-H-O hydrogen bonds are observed to form a netwosk dikucture (Fig. 5 and

Table 3).

Table 1 The crystal and experimental data of compo&ind

Crystal data

Chemical formula GH35N304S

MW 593.72

Crystal system, space group Monoclir#@;/c

Temperature (K) 100

a, b, c(A) 11.6182 (2), 12.2466 (2), 21.7061 (3)
a, B,y (%) 103.018 (1)

V (A3) 3009.04 (8)

Z 4




Radiation type

MdKa

W (mm™)

0.15

Crystal size (mm)

0.52 x0.30 x 0.17

Data collection

Diffractometer

BrukeAPEX-II CCD diffractometer

Absorption correction

Multi-scaBADABS Bruker 2014

Tmin, Tmax

0.925, 0.974

No. of measured, independent and
observed [l > 3(1)] reflections

38512, 9623, 7064

Rint

0.046

Refinement

R[F? > 26( F9)], wR(F?), S

0.053, 0.132, 1.03

No. of reflections 9623
No. of parameters 394
No. of restraints 0

H-atom treatment

H atoms treated by a mixture of independent and

constrained refinement

Apmay, APmin (e A_3)

0.39, -0.36

Table 2 Selected geometric parameters (A, °) of compdiind

S1—C12 1.8340 (16) N1I—C1 1.4046 (19)
S1—C13 1.8377 (17) N1—C8 1.3540 (19)
01—C8 1.2322 (18) N2—C7 1.4665 (18)
02—C17 1.3655 (19) N2—C11 1.4650 (19)
02—C31 1.434 (2) N2—C13 1.4523 (19)
03—C20 1.2230 (19) N3—C22 1.465 (2)
04—C28 1.3645 (18) N3—C23 1.4602 (19)
04—C35 1.430 (2) N3—C32 1.465 (2)
C12—S1—C13 93.34 (7) 01—C8—N1 125.49 (14)
C17—02—C31 116.87 (13) N1I—C8—C7 108.60 (12)
C28—04—C35 116.42 (13) N2—C11—C12 104.13 (13)
C1—N1—C8 111.53 (12) N2—C11—C10 99.98 (11)
C7—N2—C11 108.16 (11) S1—C12—C11 103.85 (11)
C7—N2—C13 120.05 (12) S1—C13—N2 103.73 (10)
C11—N2—C13 109.60 (11) 02—C17—C16 115.81 (14)
C22—N3—C23 109.40 (11) 02—C17—C18 124.40 (14)
C22—N3—C32 112.03 (12) 03—C20—C21 121.89 (12)
C23—N3—C32 113.74 (12) 03—C20—C9 120.73 (12)
N1I—C1—C2 127.47 (14) N3—C22—C21 110.45 (12)
N1I—C1—C6 109.72 (12) N3—C23—C9 107.95 (11)
N2—C7—C6 111.62 (12) 04—C28—C27 116.14 (14)
N2—C7—C9 101.94 (10) 04—C28—C29 123.92 (14)
N2—C7—C8 111.62 (10) N3—C32—C33 111.94 (13)
01—C8—C7 125.53 (13)




Figure5 A view of the crystal packing of the title compalushowing network structure. Dashed

lines indicate weak hydrogen bonds

Table 3 Hydrogen-bond geometry (A, °) of compoudid

D—H---A D—H H---A D---A D—H---A
NI—HIN1.--O1 0.84 (2) | 2.02 (2) | 2.8514 (17) 172.8 (19)
C32—H32A- - O} 0.9900 2.4600 3.179 (2) 129.00

Symmetry codes: (iyx+1,

-y, —z; (1) —x+1, y+1/2, —z—1/2.




A plausible reaction pathway to validate the forioratof dispiro oxindole—pyrrolo[1,2-
c|thiazole—piperidonés is depicted in Scheme 3. The reaction of isdtiand thiazolidine-4-
carboxylic acids by dehydration and successive decarboxylationdhes the azomethine ylide
8, which are known to exist in the isomeric for8asand8b. Probably, the azomethine ylidez.
8a undergoes cycloaddition with 1-allyl-3,5-bis(4-m&xyphenylmethylidene)piperidin-4-orge
via path 1 furnishing. The regioselectivity observed in the reaction rbayexplained by the
fact that the electron-rich carbon of the 1,3-dg®d prefers to add over the electron-deficient
carbon of thex,3-unsaturated moiety of the dipolaroph8e The other possible regioisomér
was not observed in the reaction. In this sectoimeoretical investigation of the regioselectivity

of this cycloaddition reaction in the frame work@FT calculations was performed.

S S
0 e J
/}\] CO,H e ® )
oS o Ol = Ul
H + S -CO, N N
-H2O H H
4 5 8a Sb

Scheme 3 Proposed mechanism for the formation of spiroloetglic hybrid6



Table 4 shows the values of the FMO energies (#\),electronic chemical potentials
and the global electrophilicity of the reactantgguife 6 presents a schematic representation of
the possible interactions between the FMOs (HQM@-LUMOipolarphild and (HOMQipolarphile
LUMOyipole). From Table 4 and Figure 6, we can notice th@atHMOQyiyolarphie~ LUMOgipole gap
is larger (3.861 eV) than the HOM&ie—LUMOyipoiarphie 9ap (3.024 eV). Hence the main
interaction occurs between the HOMO 8f and the LUMO of3. Consequently, this
cycloaddition reaction has NED character. Moreotee, electronic chemical potential 8f(-
3.2770 eV) is higher than that f8r(-3.6953 eV) indicating that charge transfer osdoom the
dipole 8 to dipolarphile3, which is in agreement with the FMO analysis. @ngount of charge
transfer from the dipol8 to dipolarophile3 is calculated to be 0.1247e. At the transitionestat
structure, the dipole fragment is positive while dhipolarophile is negative which confirm the
NED.

Table 4 The FMO energies (E), electronic chemical poténfjg, nucleophilicty (N) and
electrophilicity () indices for the reactants.

Reactant En EL R (0] N
3 -5.5523 -1.8384 -3.6953 1.8385 3.5688
8 -4.8627 -1.6912 -3.2770 1.6930 4.2583

-1.00 Ho

2 JJJ"
¢.‘ 4; gl s " ‘a“

NED = 3.024 eV

-2.00 Ho

-3.00 A

E (eV)

IED=3.861 eV

-5.00 1§

h 2 J;:i)’ 3
/YL

Figure 6 Possible interactions between the FMOs
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Domingoet al. classified electrophiles based on the electraptyilindex as stronge>
1.50 eV), moderate (1.50 » > 0.80 eV) and marginalok 0.80 eV). On other hand,
nucleophiles could be classified as strong (N >03V), moderate (3.00 > N > 2.00 eV) and
marginal (N < 2.00 eV) [38-40]. As a resuBtcould be considered as a strong electrophile and
nucleophile, wherea3is a strong electrophile and moderate nucleopBidesed on the values of
nucleophilicity index (N) listed in Table 4, thepdie 8 has higher nucleophilicity (4.2583 eV)
than the dipolarphile (3.5688eV). On other hand, ékectrophilicity index«) of 8 (1.6930 eV)
is lower than3 (1.8385 eV). As a resul§ is the nucleophile whil8 is the electrophile in this
reaction, in agreement with the NED character Gictien.

The local electrophilicity indicesox and N of atom k were used to explain the
regioselectivity of the studied CA reaction. Thdues of the Fukui indicesfi{ andf,) and
local electrophilicity indicesdx and N) are reported in Table 5. Scheme 4 depicts these
interactions for better visualization. In the sedliCA reaction, the most favorable two-center
interaction takes place between C15 and C1B af electrophile and C16 and C8 &fas
nucleophile, respectively. These results are ir@gent with the experimental findings, which
afforded6 and not7.

Table 5 Electrophilic and nucleophilic Fukui indices anddl electrophilicities for the reactive

atoms of3 and8.

Reactant 3 8
Ci15 C17 Ccs8 Cl16
fk+ -0.1205 -0.0142 fk+ -0.0398 -0.1544
fii -0.0027 -0.0846 fi -0.1855 -0.1853
on 0.2215 0.0049 Ny 0.6575 0.7889

r

S C18 02215
c16

07889 //’

0 6575

Scheme 4 Favorable interactions using local electrophiicitdices
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M olecular mechanism

The above cycloaddition may presumably occur atbegwo regioisomeric pathways as
shown in Scheme 3. The geometries of the two T&gigen in Figure 7 together with the newly
forming bond lengths. Table 6 reports the ener@geas.) and relative energies (kcal/mol). The
potential energy surfaces (PESs) correspondingl tthe reaction channels, are illustrated in
Figure 8. Based on the calculated energy differelnetween the product and reactants, the
product6 is more stable thermodynamically th@anOn other hand, the calculated activation
energies of the different reaction pathways betweand8 showed that the pathwdy(adduct
6) is the most favored kinetically in comparisontwgathway?2 (product?7). The large energy
difference (10.78 Kcal/mol) between the two cyclbiidn TSs confirmed tha is the only

product that could be formed in this reaction aseobed experimentally.

TS1 TS2

Figure 7 The four transition state structure for the CActam

Table 6 Energies and relative energi@&] of the reactants, transition states and products
System  E(au.)  AE (Kcal/mal)?
3 -1209.5491
8 -1007.9056
TS1 -2217.4459 5.48451
TS2 -2217.4287 16.26471
6 -2217.4864  -19.94534
7 -2217.4799  -15.83885

¥he energies of the TSs and products are
referred to the sumgiEg|.

12
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Figure 8 Energy profiles, in kcal/mol for the two pathwayfghe CA reactions.

Optimized molecular structure of 6

The optimized molecular structure 6fdone by using B3LYP/6-31G(d,p) is shown in
Figure 9. The calculated bond distances and bomgtesrare given in Table 7 and Table S1
(Supplementary data). Figure 10 shows the coroglatbetween the calculated and experimental
geometric parameters (bond distances and angles).cadrrelation between the calculated and
experimental bond distances and angles gave cboreleoefficients (&) of 0.9963 and 0.9798,
respectively. Moreover, the root mean square deviafRMSD) of the bond distances and
angles are 0.011 A and 1.05°, respectively. As salltethe geometric parameters are well
predicted.

13
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Figure 9 The optimized molecular structure®f

Table 7 The calculated and experimental bond distancés of

Paramete Calc Paramete Calc X-ray

R(1-26) 1.85¢ 1.83¢ R(21-42) 1.54¢ 1.541
R(1-29) 1.86( 1.83¢ R(21-47) 1.53¢ 1.52¢
R(2-20) 1.22% 1.232 R(2z-24) 1.53: 1.52¢
R(3-37) 1.36 1.36€ R(2z-32) 1.51¢ 1.507
R(3-62) 1.41¢ 1.43¢ R(24-26) 1.52¢ 1.51¢
R(4-42) 1.22¢ 1.227 R(32-33) 1.40¢ 1.39¢
R(5-57) 1.36( 1.365 R(32-40) 1.40( 1.39:¢
R(5-74) 1.421 1.43( R(3335) 1.39( 1.39(
R(€-9) 1.40( 1.40t R(3E-37) 1.401 1.39:
R(€-20) 1.377 1.35¢ R(37-38) 1.39¢ 1.38¢
R(7-19) 1.46: 1.46€ R(3€-40) 1.397 1.39:
R(7-24) 1.45¢ 1.465 R(4z-43) 1.49¢ 1.48¢
R(7-29) 1.44¢ 1.45; R(4344) 1.51: 1.507
R(8-44) 1.45¢ 1.46¢ R(4350) 1.35¢ 1.34¢
R(8-47) 1.45¢ 1.46( R(5C-52) 1.45¢ 1.46:
R(8-66) 1.46¢ 1.465 R(52-53) 1.41¢ 1.40¢
R(S-10) 1.39( 1.38: R(52-60) 1.40¢ 1.39¢
R(S-18) 1.40¢ 1.391 R(5355) 1.38¢ 1.38¢
R(1C-12) 1.40( 1.39¢ R(5E-57) 1.40¢ 1.39¢
R(12-14) 1.39¢ 1.39C R(57-58) 1.401 1.38¢
R(14-16) 1.40:2 1.39¢ R(5&-60) 1.391] 1.38¢
R(1€-18) 1.38¢ 1.38¢ R(6€-69) 1.50¢ 1.49¢
R(1&-19) 1.52¢ 1.51¢ R(6¢S-71) 1.33: 1.317
R(1¢-20) 1.571 1.562 R(2-49) 2.30: 2.341
R(21-22) 1.571 1.56: R(1¢-21) 1.627 1.60¢

14
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Figure 10 The correlation graphs between the calculatedeapdrimental geometric parameters
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Natural atomic charges

The charges at the different atomic sites wereutatied using natural bond orbital
method at the B3LYP/6-31G(d,p) method. The natatamic charges are listed in Table 8. It
could be seen that, the most negative atomic are®xygen and nitrogen atoms as those sites
have high electronegativity. The natural chargeab@tO and N-atoms are in the range of -0.5120
to -0.6260 and -0.5028 to -0.6275, respectivelyaAgsult, the C-atoms attached to these sites
are expected to have the highest positive charlyeesaThe most electropositive C-atom is C20
(+0.7030) as this carbon is bonded to two of thenst electronegative atoms. Moreover, the
calculations predicted the S-atom to have elecsibpe nature (+0.1777). All the H-atoms have
positive natural charges where the most electrtipesH-site is amino group proton (H78)
which has natural charge of +0.4381. A graphicglresentation of the charge density
distribution at the different atomic site 6fis shown in figure 11. This molecular electrostati
potential map gave indication on the reactive fteelectrophilic and nucleophilic attack. The
blue regions represent the regions with high edectleficiency and those are related to the
reactive sites for nucleophilic attack. In contraéise negative red regions -the most electron rich-
represent the most reactive sites for electrophiiack. As can be seen from The MEP figure
shown in Fig. 11, the most reactive electrophiliesare those related to the carbonyl O-atoms
(04 and 0O2) while the most nucleophilic site is #mine proton (H78). On other hand, dipole
moment is an important electronic parameter whecrelated to the charge distribution among
different atomic sites. The dipole moment6ois calculated to be 7.4818 Debye which indicate
the high polarity of the studied compound probatilye to the large number of electronegative

atoms.
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Figure 11 Molecular electrostatic potential (MEP) map6of

Table 8 The natural atomic charges®f

Atom NAC Atom NAC Atom NAC
S 1 0.177: H 27 0.249¢ C 53 -0.194¢
o 2 -0.620¢ H 28 0.260¢ H 54 0.243t
O 3 -0.520¢ C 29 -0.382: C 55 -0.274:
O 4 -0.579¢ H 30 0.224. H 56 0.253¢
O 5 -0.512( H 31 0.251¢ C 57 0.338¢
N 6 -0.627¢ C 32 -0.071: C 58 -0.325(
N 7 -0.517: C 33 -0.223¢ H 59 0.245:
N 8 -0.502¢ H 34 0.241: C 60 -0.175:
CcC 9 0.175: C 35 -0.270¢ H 61 0.243t
C 10 -0.279¢ H 36 0.249¢ C 62 -0.327¢
H 11 0.240¢ c 37 0.316¢ H 63 0.231¢
Cc 12 -0.217¢ C 38 -0.318¢ H 64 0.205%
H 13 0.241( H 39 0.241¢ H 65 0.205(
C 14 -0.259" C 40 -0.207( C 66 -0.289:
H 15 0.241¢ H 41 0.248¢ H 67 0.261¢
C 16 -0.198( C 42 0.571: H 68 0.205%
H 17 0.264. C 43 -0.131( C 69 -0.230:
C 18 -0.080: C 44 -0.286¢ H 70 0.229¢
C 19 0.081¢ H 45 0.255¢ cC 71 -0.434:
C 20 0.703( H 46 0.209: H 72 0.215:
cC 21 -0.091¢ C 47 -0.280¢ H 73 0.223¢
Cc 22 -0.268¢ H 48 0.228: C 74 -0.330(
H 23 0.285¢ H 49 0.266" H 75 0.235:
C 24 -0.058¢ C 50 -0.130: H 76 0.208¢
H 25 0.234¢ H 51 0.255¢ H 77 0.208¢
C 26 -0.579¢ C 52 -0.112¢ H 78 0.438:
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Frontier Molecular Orbitals (FMOS)

The frontier molecular orbitals; HOMO and LUMO dhee outermost molecular orbital
which offer a reasonable qualitative predictiontioé excitation properties and the ability of
electron transport [41,42]. HOMO is the higher gyeorbital containing electrons and so it acts
as an electron donor while LUMO is the lowest epengital that acts as an electron acceptor.
Also, the HOMO and LUMO are very popular quantuneroical parameters which determine
the molecular reactivity. The isodensity surfacgpbf HOMO and LUMO levels of the studied
compound are drawn using the same level of thdéigy (2). It can be seen from figure 12 that,
the electron density of HOMO is mainly localizedeowthe thiazolidine which represent the
electron donor fragment @ The LUMO is localized mainly over the 4-methoxgpkl and
piperidin-4-one moieties which act as the electemteptor fragments d. The electronic
transition from HOMO and LUMO could be describedtast* in which the electron flow takes
place from the thiazolidinet—molecular orbitals to ther*-molecular orbitals of the 4-
methoxyphenyl and piperidin-4-one moieties. The HDiEhd LUMO energies are -5.6021 and -
1.8373 eV, respectively and hence the minimum gnefghe electronic transition is 3.7647 eV.

The energies of HOMO and LUMO are negative, whinfligates that the studied compound is

stable molecule [43].

HOMO LUMO

Figure 12 The isodensity surface plots of HOMO and LUMO |evel6

18



Experimental

General methods

Chemistry

Melting points were recorded using open capillatyes and are uncorrected. The °C and 2-

D NMR spectra were recorded on a Bruker 400 or BMidz instruments (Faellanden,
Switzerland) in CDGl using TMS as internal standard. Standard Brukémwaee was used
throughout. Chemical shifts are given in parts pélion (&-scale) and the coupling constants
are given in Hertz. IR spectra were recorded orr&i® Elmer system 2000 FT IR instrument
(KBr) (Shelton, AL, USA). Elemental analyses wesgfprmed on a Perkin ElImer 2400 Series |l
Elemental CHNS analyzer (Waltham, MA, USA).

Synthesis of (3E,5E)-1-allyl-3,5-bis(4-methoxyphenyl methylidene)pi peridin-4-one (3)

A equimolar mixture of (B,5E)-3,5-bis(4-methoxyphenylmethylidene)piperidin-4eqi9.023 g),
allyl chloride (0.100 g) and ££O; (0.041 g) in 30 mL of acetone was stirred at room
temperature for 30 minutes. After completion of thaction as evident from TLC, the excess
solvent was removed under vacuum and the crudeupradas extracted with ethyl acetate and
recrystallized from the same to afford the prodasta yellow solid, (92%); Mp 97-9€; 'H
NMR (400 MHz, CDCY): o4 3.21 (d, 2HJ=6.4 Hz, 7'-CH), 3.76-3.87 (m, 10H, 2'-C46'-CH,
and 2xOCH), 5.12 (d, 1H.J=10.4 Hz, 9-CH), 5.22 (d, 1HJ=17.2 Hz, 9'-CH), 5.78-5.85 (m,
1H, H-8), 6.93 (d, 2H,J=8.8 Hz, ArH), 7.35 (d, 2H,J=8.8 Hz, ArH), 7.78 (s, 2H,
arylmethylidene)**C NMR (100 MHz, CDGJ): 8¢ 55.00, 55.71, 60.95, 114.50, 118.89, 128.41,
131.77, 132.73, 135.01, 136.49, 160.65, 187.60].Aadcd for G4H2sNOs: C, 76.77; H, 6.71;
N, 3.73%; found: C, 76.95; H, 6.57; N, 3.81%.

General procedure for the synthess of spiro[2.3"]oxindole-spiro[3.3-1-allyl-5-(4-
methoxyphenyl methylidene)tetr ahydr o-4'(1H)-pyridinone-4-(4-methoxyphenyl ) hexahydr o-

pyrrolo[ 1,2-c] thiazole (6).

An equimolar mixture of (B,5E)-1-allyl-3,5-bis(4-methoxyphenylmethylidene)pipén-4-one
3, isatin4 and thiazolidine-4-carboxylic acklwith 4-5 drops of DMF was irradiated in a CEM

microwave synthesizer at 9Q for 5 minutes. After completion of the reactidi.C), water (50
mL) was added to the reaction mixture and extraetigd ethyl acetate (3x30 mL). The excess

19



solvent was evaporated under reduced pressurereBu#tant solid was dried in vacuum and
crystallized from ethyl acetate to obtain pér@s colorless solid, (84%); Mp 147-149; IR
(KBI) Vmax 1608, 1620, 1631, 1708, 3390 ¢tmtH NMR (500 MHz, CDCJ): &y 1.92 (d, 1H,
J=13.0 Hz, 2'-CH), 2.73-2.82 (m, 3H, 5-Ckl 6'-CH,, 7'-CH,), 2.98-3.01 (m, 1H, 5-Chi 3.15
(dd, 1H,J=13.5, 4.5 Hz, 7'-Ch), 3.50-3.56 (m, 3H, 7-CH2'-CH,, 6'-CH), 3.68 (d, 1HJ=6.5
Hz, 7-CH), 3.79 (s, 3H, OCHJ, 3.80 (s, 3H, OCH), 4.40 (d, 1HJ=10.0 Hz, H-4), 4.65-4.70
(m, 1H, H-4a), 4.95-5.02 (m, 2H, 9'-GH5.59-5.67 (m, 1H, H-8'), 6.66 (d, 18£7.5 Hz, ArH),
6.79-6.81 (m, 3H, Ar-H and arylmethylidene), 6.84 ZH,J=8.0 Hz, ArH), 6.94 (d, 2HJ=8.0
Hz, ArH), 6.97 (d, 1H,J=8.0 Hz, ArH), 7.12 (t, 1HJ=7.5 Hz, ArH), 7.26-7.30 (m, 3H, ArH),
8.46 (s, 1H, 1"-NH)*C NMR (125 MHz, CDGJ): 8¢ 33.65, 48.25, 49.21, 53.29, 55.23, 55.28,
55.33, 60.53, 69.16, 71.60, 72.78, 109.04, 113187,.73, 121.72, 126.01, 127.67, 128.38,
129.10, 129.16, 130.35, 131.46, 131.97, 134.14,1937141.43, 158.63, 160.06, 178.87, 197.66.
Anal. calcd for GsH3sN3O4S: C, 70.80; H, 5.94; N, 7.08%; found: C, 70.985H81; N, 7.21%.

X-ray details

The compound was obtained as single crystals by slow evapordtamn ethyl acetate solution
of the pure compound at room temperature. Data wellected on a Bruker APEX-1l CCD
diffractometer, equipped with graphite monochromafio Ko radiation,A = 0.71073 A at 100
(2) K. Cell refinement and data reduction wereiedrout by Bruker SAINT. SHELXT [44, 45]
was used to solve structure. The final refinemeas warried out by full-matrix least-squares
techniques with anisotropic thermal data for nombgdn atoms or. CCDC 1450952 contains
the supplementary crystallographic data for thiswound can be obtained free of charge from the
Cambridge Crystallographic Data Centre via www.a@ln.ac.uk/data_request/cif.

Computational details

Full geometry optimizations were carried out foe theactants, transition states (TSs) and
cycloaddition products (CAs) using the DFT with tBBLYP [46, 47] functional and the 6-
31G(d,p) basis set. All calculations were carried with GAUSSIAN 03 [48]. The stationary
points were characterized by frequency calculatior@der to verify that minima and transition
states have zero and one imaginary frequency, ctgply. Each TS gave one negative
vibrational mode corresponding to the motion inuadvthe formation of the newly forming C-C
bonds. The vibrational mode was assigned apprebyidty means of visual inspection and
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animation using the Gaussview software [49]. Theoreed total energies include zero point
energy (ZPE) corrections are given at 298.15 K.lysia of the frontier molecular orbital (FMO)
interactions, global electrophilicity index); was calculated following the expression [50-53],
o= (u%/2n), whereyp is the electronic chemical potential= (E4 + E.)/2, andn is the chemical
hardnessn= (E. - E4). The nucleophilicity index, N [51], which is de@d as N = Fny) -
Enrce)y, Where tetracyanoethylene (TCE) is chosen as #ference [54,55]. The atomic
electronic population and DFT-based reactivity tedi were computed using natural population
analysis (NPA) [56]. The local electrophilicityx and nucleophilicityNk indices of atom k are
obtained by the help of Fukui index)(fising equations:

we = ofy = w[Q(N + 1) — Q(N)]

Ny = Nfi = 0[Qr(N) — Q(N — 1)]

Where ¢(N), (N+1), q(N-1) are the gross electronic population of siti kieutral, anionic,
and cationic systems, respectively [57]. The omedistructure 08 and8 are given in figure S9

(Supplementary data).

Conclusions

A sustainable microwave-assisted three-compon&ndipplar cycloaddition reaction has
been developed for the regioselective synthesisighly functionalized dispiro oxindole—
pyrrolo[1,2<]thiazole—piperidone hybri@. In order to rationalize the formation @ftheoretical
calculation was performed. The results of the DRlcwdations showed that the azomethine
ylide; 8 and the dipolarophil8 act as strong nucleophile and electrophile, respdyg wherein
the amount of charge transfer fr@mo 3 at the TS structure is 0.1247eV. The CAs readtias
normal electronic demand (NED). The local reactivitdices (@x and N) as well as the
transition state calculations indicated the redexteve formation of6 is the most favored. The
high activation energy difference between the Ti®gyssted that the thermodynamically stable

product6 is the only product that could be obtained, ireagnent with experimental results.
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Highly functionalized dispiro oxindole—pyrrolo[1@thiazole—piperidone hybrid
has been achieved regioselectively

Structure was accomplished using NMR spectroscopyXaray crystallographic
studies

The formation of produdtas been explained using the local reactivity detus
obtained from the DFT calculations

DFT optimized molecular structure agree well whb X-ray results



