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ABSTRACT

A one-pot three-component sequential synthetic gomt produces structurally and
biologically important phthalidyl fused spitd,N-disubstituted thiohydantoinfsom readily
available aromatic isothiocyanates, primary amamas$ ninhydrin. In this three-step synthesis
while the initial two steps are catalyst-free, e final step silica sulfuric acid (SSA) induces
an oxidative rearrangement in [3.3.0]-bicyclic #ja} adducts of ninhydrin and thioureas
under solvent-free condition to generate the fipalducts spiro-fused thiohydantoins. The
adequate acidity of SSA in cooperation with mode@tidizing property promotes a facile
oxidative rearrangement in 1,2-diol intermediate$rtoduce the spiro-fused thiohydantoins
with diverse functionalities. Easy recyclability &SA, good to excellent yield of the
products, wider substrate scope, shorter reados, tsolvent-free two steps out of three and
high atom economy make this method attractive aadtigable.

Keywords: Thiohydantoins, Phthalide, Spiro-fused bi-heteobey, Heterogeneous solid-

support, Recyclable SSA, Solvent-free oxidativersagement
1. Introduction

2-thioxoimidazolidin-4-ones (thiohydantoins), aasd of nitrogen and sulfur
containing heterocyclic analogues of imidazolidiaenily are found to possess a diverse
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range of biological and pharmacological activitiésr exampleN-substituted thiohydantoins
are promising pharmacophores due to their antifuldgaanti-prostate cancer [2] (compound
I, Fig. 1), and antiandrogenic activities [3] (camupd II, Fig. 1). 5-arylidene thiohydantoins
are another group of structural units that act @tsmgcobacterial agents [4] as well as
NADPH oxidase (NOX) inhibitiors [5]. Moreover, a mber of 5-arylidene thiohydantoin
analogues are used for the treatment of schist@sisninfections [6] (compound llI, Fig. 1).
Therefore, the synthesis of thiohydantoin scaffolisl assessment of their biological
activities generate considerable interest amongsymthetic and pharmaceutical chemists.
However, a literature survey revealed that onlgwa $ynthetic procedures have been reported
for spiro-fused thiohydantoin derivatives [7-10heéBe conformationally constrained sulfur
containing bi-heterocyclic spiro frameworks mighg bignificant for exhibiting drug-like
activities inside the living body [7Recently, Takahashi and co-workers developed a one-
step synthetic route to produce 3-allyl-2-thiohydém5-spiro-2'-piperidine and evaluated it
as a potential anti-mutagenic agent [8] (compoindFig. 1). In 2009, Rutjest al. reported

a base catalysed formation of pyrrolidine fusedaosthiohydantoins which were testified as
potential CNS ligands [9] (compound V, Fig. 1). Baet al. assembled a novel semirigid
heterocyclic motif by spiro-fusion of glucopyranbsayit to thiohyantoin ring system and the
preliminary studies revealed this composite agdatietic agent [10] (compound VI, Fig. 1).
Because of their biological importance, the syntghes new spiro-fused thiohydantoin cores
remains an immensely valid exercise. Keeping thisiew, we would like to explore the
synthetic aspect of bioactive phthalidyl[11] fusediro thiohydantoins. The structural
complexity of this spiro-fused skeleton along wigmedicinal potential due to the presence
of both bioactive heterocyclic core thiohydantoimdgohthalide, stimulated us to design a

general and efficient synthetic strategy, feasilnider benign reaction conditions.
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Fig. 1. Selected bio-active thiohydantoin molecules.

The multicomponent domino reactions have drawn idenable attention of the
synthetic organic chemists due to their inhereilitgto introduce structural complexity in
organic molecules through convergent addition &f $karting materials. In addition, high
atom economy and short reaction time make thisopobtstrategically efficient [12,13]. On
the other hand, the implementation of heterogenesalgl-support/catalyst in organic
reactions under solvent-free condition offers savedvantages such as elimination of
hazardous solvent and easy recovery and recydlalodi the solid-support/catalyst which
make the process economically viable. Moreoverwitte surface area of the solid-support
absorbs more number of reacting substances whitlmtaract rapidly with large number of
catalytic active sites. By virtue of these, theelhejeneous solid-support promotes efficient
organic transformations, and amazingly in somesas@ chemo- or regio-selective manner
[14,15]. Silica sulfuric acid (SiQOSGH or SSA), a familiar heterogeneous acidic solid-
support, easily prepared from silica gel and ctdalonic acid, has been exploited in various
organic reactions successfully [16-20]. Now we wbolike to introduce a facile SSA
mediated solvent-free intramolecular rearrangemeott 3a,8a-dihydroxy-2-thioxo-
indenoimidazolones, the [3.3.0]-bicyclic 1,2-diolntermediates derived from the
condensation of thioureas and ninhydrin. The aciaid oxidizing property of SSA

competently assisted the oxidative rearrangemefitdrdiol intermediates to produce spiro-
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fused N,N-disubstituted thiohydantoins through a number ohdbreaking and bond-

formation on the surface of the solid-support.
2. Results and Discussion

In search of an optimal reaction condition, anlesgiory study was initiated by
taking 1,2-diol intermediatda as the model substrate (Scheme 1, Table 1). Adyphne-pot
sequential addition of phenyl isothiocyandtiebenzylamine2 and ninhydrind at open-air
deliveredN-benzylN'-phenyl-3a,8a-dihydroxy-2-thioxo-indenoimidazolomtermediate5a
in almost quantitative yield (Scheme 1). First, thepid formation of N-benzylN'-
phenylthiourea3a was achieved within 2-3 minutes by successive tadiof phenyl
isothiocyanatel (1.0 mmol) and benzylamin2 (1.0 mmol) under neat condition at 0 °C.
Then the crude produ&a (1.0 mmol) and ninhydrid (1.0 mmol) were dissolved in 10 mL
chloroform and the resulting mixture was refluxedr f15 minutes to produce the
condensation produ&a. Subsequently, the intermedidia which preferentially persists in
bicyclo[3.3.0]-hemiketal form was screened in pnegeof various solvents, solid-supports
and catalysts at different temperatures to find thé optimal reaction condition for
rearrangement in the final step of the synthesabl@ 1). Initially, 5a (1.0 mmol) was
dissolved in different polar protic solvents such water and ethanol, and the reaction
mixtures were refluxed without adding any catalyuat in both the cases no product was
formed even after 10 h of refluxing (Table 1, ezdriL and 2). A Similar outcome was also
observed in refluxing acetic acid medium containtgy(Table 1, entry 3). Surprisingly,
when 1 mol% of sulfuric acid was added as catadlysacetic acid a new compound was
generated fromba upon 6 h of reflux. Chromatographic purificationdaspectroscopic
analysis revealed the formation of the desired pcb6la, althoughthe yield wasonly 20%
(Table 1, entry 4). The sulfuric acid which actsaagroton source, as well as an oxidizing

agent, was suitable to promote the product formaty virtue of these properties.
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Unfortunately, further addition of sulfuric acidskdted adversely as the reaction mixture was
charred due to high acidity (Table 1, entries 5 @hdrhen we looked for an effective acid-
catalyst which will display oxidizing property withit damaging the reaction mass at elevated
temperature. Therefore, we implemented melamin@rsicl acid (MSA), PEG sulfonic acid
(PEG-OSQ@H) and silica sulfuric acid (SSA) as different hetgeneous solid-supports. A
uniform composition oba (1.0 mmol) and heterogeneous solid-support (30Ppwag heated

at 80 °C in absence of solvent. In case of MSA BE&G-OSQ@H very low yield of6a was
observed even after 10 h of continuous heating I€T4b entries 7 and 8). However, an
effective result was evolved in case of SSA aftérd heating which producegh in ~ 50%
yield (Table 1, entry 9). Interestingly, when thmaunt of SSA was enhanced to 400 mg, the
yield of 6a was also increased to ~65% (Table 1, entry 1&ewise, 600 mg of SSA load
boosted the yield up to ~75 %, which remained ungkd till the addition of 700 mg of SSA
(Table 1, entries 11-13). Surprisingly, further iidd of SSA caused a sharp fall in the
product yield (Table 1, entries 14 and 15). Thisevbation suggested that the presence of
moderately strong sulfonic acid group on the s@fat SSA causes decomposition of the
product6a at high temperature. Upon lowering the reactionperature from 80 °C to 65 °C
the yield of the produdia was improved up to ~ 83% using 600 mg of SSA (@dblentries

16 and 17). But further lowering of the reactiomperature caused worsening of the product
yield (Table 1, entry 18). Therefore, a seriestofies established that the maximum yield of
6a (~ 83%) can be obtained through heating@{1.0 mmol) at 65 °C for 2 h in presence of

600 mg of SSA under solvent-free condition.
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Scheme 1(a) Neat condition, 0 °C, 2-3 min; (b) CHCleflux, 15 min. Yields in the initial
two steps are quantitative.

Table 1

Optimization of reaction conditions for the syntisesf 3-benzyl-1-phenyl-2-thioxo43-

spiro[imidazolidine-4,1'-isobenzofuran]-3',5-diod&from 5a.2

0
@:}OHQ Catalyst/ Solid Q

N
Support NS
HO NSy —>upport | 7
S Temp. Q Nw@
Time O
0]
5a
(1.0 mmol) 6a
Entry  Solvent Catalyst/ solid-support Amount  Temp.(°CYime (h) Yield )
(10 mL)
1 H.O - - 100 10 -
2 EtOH - - 80 10 -
3 AcOH - - 110 10 -
4 AcOH HSO, 1 mol % 110 6 20
5 AcOH HSO, 2 mol % 110 6 18
6 AcOH HSO, 3 mol % 110 6 12
7 - MSA 300 mg 80 10 15
8 - PEG-OSGH 300 mg 80 10 17
9 - SSA 300 mg 80 2 50



10 - SSA 400 mg 80 2 65

11 - SSA 500 mg 80 2 70
12 - SSA 600 mg 80 2 75
13 - SSA 700 mg 80 2 75
14 - SSA 800 mg 80 2 68
15 - SSA 1000 mg 80 2 45
16 - SSA 600 mg 70 2 80
17 - SSA 600 mg 65 2 83
18 - SSA 600 mg 60 2 75

®Substrateba (1.0 mmol) was treated with different catalystssolid-support or in different solvents
and heated at different temperaturbsld row 17 indicates the optimized reaction condibns).
®|solated yield oBain the final step

The substrate scope of the present synthetic gyrates thoroughly investigated
under the optimized reaction condition (Table 1tryerl?7). Initially, a series ofN,N-
disubstituted thioureas3@-w) were synthesized by addition of differently suioséd
aromatic isothiocyanates with primary amine2. Then the mixtures of thioure& and
ninhydrin4 in chloroform were refluxed for 15 minutes to pwod a broad spectrum of 1,2-
diol intermediate®a-w (Table 2). It was observed that the nucleophilicitghe two nitrogen
atoms of the disubstituted thioure@a-w) are different. The nitrogen atom attached to the
aryl group is less nucleophilic due to the loner milocalization with the aromatic ring
which makes the nitrogen a hard centre. On ther dthied, the nitrogen atom attached to the
aliphatic group is more nucleophilic and acts aso#t centre. In case of ninhydrin, the
presence of two strong electron-withdrawing carlbb@gngups makes the C-2 centre as a hard
site. Thereafter a preferential hard-hard intecactoccurred during the condensation of
ninhydrin and thioureas to produce particularly swneric 1,2-diol intermediate through a

regioselective reaction (Table2a-w). All the intermediateSa-w with electron-withdrawing
7



as well as electron-donating substituents wereesstally rearranged by SSA to the desired
spiro-fused thiohydantoir&a-w under the optimized reaction conditions in goo@xoellent
yield (Table 2). In general, the presence of séflsichindered substituents at R caused
lowering of the overall yield of the products (Compds6f, 6g and6u, Table 2). The®C
NMR spectra of the purified solid produ&a-w displayed three characteristic carbon peaks
at ~o 166.6, 166.0 and 91.0 indicating the lactone aayboarbon, amide carbonyl carbon
and spiro carbon respectively. This novel synthetiategy was further extended to
synthesize a series of new spiro-fused hydantonivateres {fa-f) using SSA (Table 3)
instead of the strongly oxidizing NaJ@s reported earlier [21].

The structures of the synthesized compouidsd 7 were confirmed by FTIR*H
and**C NMR spectroscopy, HRMS and elemental analysistelheer, single-crystal X-ray
diffraction analysis confirmed the formation of goounds6a and6c (Fig. 2).

Table 2
Library synthesis oN,N-disubstituted-2-thioxo-Bf-spiro[imidazolidine-4,1'-isobenzofuran]-
3',5-diones from 5.2

Ar—N-C-S 0 A

1 . Ar Ninhydrin (4) OHar o N-¢S
(1.0 mmol) 0C HN>: s (1.0 mmol) N~ SSA (600 mg) N'R
* Neat Condition HN. CHClg, reflux HON™s 65°C,2h O
R—NH, 2-3 min R 15 min R Solvent-free O
2 3a-w 5a-w 6a-w
(1.0 mmol) (1.0 mmol) (1.0 mmol)

g S PUU FU U
sfo ofe sfo &0

6a (83%) 6b (80%) 6¢ (88%) 6d (80%)



Q S
&ﬁﬁ
O
(@]
6e (85%)

0 N\,\/'l/
Crp
6i (84%)
Q«s
&NJ@W
@]
(@)
6m (85%)

o

o)
6q (82%)

Cl

N
635
oV
(@)

6u (70%)

o N\,\/'l/
P
(@)

6f (68%)

N
0=
A
0 X

o)
6n (79%)

Qo/
N S
é?‘@@r
@)
(0]
6r (87%)

Cl

Suie
O

6v (85%)

o N\,\ﬁ o NRTS
@30 A=\ @30 N
O o]
6g (70%) 6h (84%)
Q .
NS NS i
(Oj?‘ZON\/\OH &gﬁ
0 O
6k (75%) 61 (82%)

g 3

NS NS
:OE{N? E&Q@
“ N
0 0
0 0
60 (86%) 6p (84%)
F F

C._ 9,
ST 2

) )

6s (90%) 6t (88%)

\?
(@)

N
Crp

6w (86%)

%Isolated yields (%) of in the final step; yields in the initial two step®e quantitative.



Table 3
Library synthesis ofN,N-disubstituted-2-oxo-Bi-spiro[imidazolidine-4,1'-isobenzofuran]-

3' 5-diones’ from5'.2

Ar—N:-C:O 0 Ar o
1 . Ar Ninhydrin (4) OHar o N\I//
(1.0 mmol) 0cC HN>: o (1.0 mmol) N~ SSA (600 mg) N
= . 0
*  NeatCondion HN_ ~ CHCl, refux O N0 65°C,2h
R=NH, 2-3 min \ 15 min R Solvent-free o)
2 3a'f 53'-f' 7acf
(1.0 mmol) (1.0 mmol) (1.0 mmol)
o) N--O o) N o)
o7 o< & o< ¥ o< cl
N NOACN N N
0 o) 0 A 0
o) O 0 o)
7a (88%) 7b (85%) 7¢ (72%) 7d (84%)
0 o)
0 N\I\T 0 N}f
@:O V @ZO M
o) 0
7e (65%) 7f (84%)

%Isolated yields (%) of in the final step; yields in the initial two stese quantitative.

Fig. 2. ORTEP diagrams of compoundm (CCDC 1858914) &6¢ (CCDC 1921631).

Thermal ellipsoids are shown at 50% probability.
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The surface of the heterogeneous SSA is embeddédanwliarge number of active
sites containing oxo-, -S8 and -OH functional groups. The sulfonic acid greuapidly
transfer protons for catalysis of the reaction alsh act as a binding and activating group of
the 1,2-diol intermediateS. The active sites of SSA are also responsiblecéorying out
oxidation at the intermediate stage of the reactfoplausible mechanistic pathway has been
depicted in Scheme 2 to rationalize the produané&dion, where the dual role of SSA has
been emphasized in the oxidative rearrangementirdtthe intermediat®& gets protonated
from the sulfonic acid group and consequently taetr@al C-C bond is ruptured to furnish
eight-membered amide intermedia® which readily tautomerizes ta-hydroxyketo
intermediateB. Next, the intermediatB experiences SSA assisted oxidation to form eight-
membered intermediaté with vicinal dicarbonyl groups. Thereafter, a nucleaphaktack of
SiO,-OS(Q;™ causes the breakage of the cyclic amide linkagpreduce a substructui®.
Subsequently a facile intramolecular attack offtee NH group oD to one of the vicinal
dicarbonyl groups produces thiohydantoin/hydaniobermediateE. In the final step, the
nucleophilic attack of the free hydroxyl groupkto the ester carbonyl produces spiro-fused
thiohydantoins/hydantoiné/7 with simultaneous regeneration of SSA. Therefeeyeral
bond-breaking and bond-construction on the surtdc8SA lead to the facile formation of
spiro-fused N,N-disubstituted thiohydantoins/hydantoins under midd solvent-free

conditions.
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Scheme 2. A plausible mechanistic pathway for the formatiorf epiro-fused
thiohydantoins/hydantoir&/7 on the SSA surface.

As SSA has been implemented as solid-support in syrghesis, the ease of
separation, as well as its scope of reusability easnined to assess the industrial viability of
the method. In the present synthesis, the SSAcpestiwere easily separated from the
reaction mixture by sonication in ethylacetate dokd by simple filtration. Then
straightforward washing of SSA with ethylacetatedm#hem suitable for application in the
next catalytic cycle. This way the SSA was employethe synthesis dda for six catalytic
cycles. Notably the yield of the produ6a altered from 83% to 80% which showed an

insignificant loss of the catalytic activity of SS&en after repeated applications (Fig. 3).
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Fig. 3. Recyclability of SSA in the synthesis @
3. Conclusions

In conclusion, we have developed a one-pot syiatine¢thod for the construction of
drug-like phthalidyl fused spiro thiohydantoin/hydiain scaffolds from easily available
starting materials within a short time. The coopieesacidic and oxidizing properties of SSA
have been successfully exploited in the facile gsis of spiro-fused
thiohydantoins/hydantoins with diverse functioriait Easy recyclability of SSA, good to
excellent yield of the products, wider substrateps; solvent-free two steps out of three and
high atom economy make this method attractive arattigable. This multicomponent
synthesis involving SSA represents an effective-mote general approach to construct
complex spiro-fused thiohydantoins/hydantoins wattnsiderable diversity and variation
from readily available substrates.

4. Experimental Section
4.1. General Information

The solvents and chemicals were procured from cerciad chemical suppliers and

used without further purification. Melting pointseve recorded in open capillary tubes and

were uncorrected. Perkin-Elmer 782 spectrophotonveds used for FTIR spectra. Coloumn
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chromatography was performed with neutral alumMar€k) and using hexane/ethylacetate
solvent system'H (300 MHz & 500 MHz) and®*C NMR (75 MHz & 126 MHz) spectra
were recorded on Bruker instrument (300 MHz & 508 A)1in CDCE and DMSOds;. Some
'H (400 MHz) and®*C NMR (101 MHz) spectra were recorded on JEOL imstnt (400
MHz) in CDCkL. HRMS spectra were recorded using Xevo G2-S Qistfument. Elemental
analyses (C, H and N) were done in Perkin-ElmerO2dl@mental analyzer. The X-ray
diffraction data for crystallized compounds werdlamied with Mok, radiation at 296 K
using the Bruker APEX-11 CCD System.

4.2. General procedure for the synthesis MNfN-disubstituted-3a,8a-dihydroxy-2-
thioxo/oxo-2,3,3a,8a-tetrahydroindeno[Hmidazol-8(1H)-ones ba-w/ 5a'-f")

At first, the synthesis dll,N-disubstituted-thioureas/ured&@afw/ 3a'-f') were carried
out within 2-3 minutes by successive addition dbsituted isothiocyanate/isocyandtd’
(2.0 mmol) and primary amin&s(1.0 mmol) under neat condition at O °C in a 1Q0nound
bottom flask. Then the crude thiourea/urea demestBa-w/ 3a'-f') were dissolved in 10 mL
chloroform. To the above solution 178 mg (1.0 mnudl)ninhydrin 4 was added and the
mixture was subjected to reflux for 15 minutes. @tation of the reaction was monitored by
TLC. Thereafter, chloroform was removed under redugressure. Instead of tedious work-
up procedure and chromatographic purification thele mixture was kept in high vacuum
till solid crystalline intermediaté appeared. The resulting solid prodGatvas characterized
by 'H and**C NMR spectroscopy. Presence of two charactefisiibon peaks at &-90.0 in
13C NMR spectra suggested the formation of 1,2-di#rimediatesSa-w/ 5a'-f").

4.3. Spectroscopic data of some representativemetdiate
4.3.1. 3-benzyl-3a,8a-dihydroxy-1-phenyl-2-thiox&;3a,8a-tetrahydroindenol[1,2-

d]limidazol-8(1H)-one 64)

14



Yield 386 mg (~ 96%) as yellow solidl NMR (500 MHz, CDCY): 3ppm = 7.82 (d,J
= 7.5 Hz, 1H), 7.60 (t) = 7.5 Hz, 1H; ), 7.54 (t) = 7.5 Hz, 1H), 7.44-7.42 (m, 2H), 7.40-
7.37 (m, 5H), 7.28-7.22 (m, 6H), 5.30-5.22 (m, 2H¢ NMR (126 MHz, CDG)) ppm =
193.8, 181.5, 147.8, 137.6, 137.1, 135.6, 132.8,203130.5, 129.18, 129.12, 128.5, 127.6,
127.4,125.4, 125.1, 92.0, 89.7, 46.9.
4.3.2. 3-(4-fluorobenzyl)-3a,8a-dihydroxy-1-pheythioxo-2,3,3a,8a-
tetrahydroindeno[1,2f}imidazol-8(1H)-one &d)

Yield 410 mg (~ 98%) as yellow soli# NMR (300 MHz, DMSO#€g) Sppm = 7.81-
7.75 (m, 2H), 7.70 (s, 1H), 7.63-7.57 (m, 3H), 77433 (m, 3H), 7.26-7.22 (m, 4H), 7.09-
6.98 (m, 2H), 5.22 (dJ = 16.5 Hz, 1H), 5.00 (d) = 16.5 Hz, 1H);*C NMR (75 MHz,
DMSO-dg) dppm = 194.5, 180.1, 161.3 (d,= 240.52 Hz), 159.7, 149.0, 137.3, 136.8, 134.5,
132.9, 131.3, 131.1, 130.9, 129.5 Jds 4.12 Hz), 128.6, 128.1, 126.2, 124.4, 114.9)(d,
20.92 Hz), 92.0, 91.6, 45.6.
4.3.3. 3-cyclopropyl-3a,8a-dihydroxy-1-phenyl-2etko-2,3,3a,8a-tetrahydroindeno[1,2-
djimidazol-8(1H)-one 6f)

Yield 335 mg (~ 95%) as white solitti NMR (300 MHz, DMSOels) 5pm = 8.06 (d,
J = 6.3 Hz, 1H), 7.91-7.86 (m, 1H), 7.77 M= 6.3 Hz, 1H), 7.66-7.55 (m, 2H), 7.29-7.26
(m, 4H), 7.05-7.03 (m, 2H), 1.91-1.81 (m, 1H), 6®88 (m, 2H), 0.71-0.68 (m, 2H}’C
NMR (75 MHz, DMSOedg) éppm = 194.8, 181.8, 148.6, 137.4, 137.2, 133.1, 1313#.1,
128.8, 128.2, 126.4, 124.6, 92.3, 90.9, 27.4,92,
4.3.4. 3-butyl-3a,8a-dihydroxy-1-phenyl-2-thiox@3a,8a-tetrahydroindeno[1,2-
d]limidazol-8(1H)-one 6i)

Yield 364 mg (~ 99%) as yellow solidd NMR (300 MHz, DMSO€s) 3ppm = 7.90
(d,J = 6.9 Hz, 1H), 7.75-7.68 (m, 4H), 7.47-7.40 (m,)3A23 (s, 2H), 6.72 (d} = 6.6 Hz,

1H), 3.79-3.74 (m, 2H), 1.87-1.77 (m, 1H), 1.746l(f, 1H), 1.40-1.30 (m, 2H), 0.95 {t=
15



7.1 Hz, 3H);"*C NMR (75 MHz, DMSO¢s) 8ppm = 196.2, 179.0, 148.9, 137.0, 136.8, 132.7,
131.3,131.2,128.7, 128.3, 125.7, 124.4, 92.11,98.2, 30.4, 20.2, 14.1.
4.3.5. 3-allyl-3a,8a-dihydroxy-1-phenyl-2-thioxa3Z3a,8a-tetrahydroindeno(1,2-
dlimidazol-8(1H)-one &j)

Yield 340 mg (~ 97%) as yellow solidH NMR (300 MHz, DMSO#) dppm = 8.01
(d,J = 7.8 Hz, 1H), 7.90 (t) = 7.5 Hz, 1H), 7.81 (dJ = 7.8 Hz, 1H), 7.71-7.60 (m, 3H),
7.43-7.35 (m, 3H), 7.22-7.19 (m, 2H), 5.91-5.79 (i), 5.16 (d,J = 17.4 Hz, 1H), 5.05 (d
= 10.2 Hz, 1H), 4.57-4.52 (m, 2H}’C NMR (75 MHz, DMSO€s) 8ppm = 194.2, 179.0,
148.8, 137.0, 136.9, 134.4, 132.7, 131.1, 130.8.613128.3, 127.7, 126.2, 124.1, 116.8,
91.7,91.1, 45.2.
4.3.6. 3a,8a-dihydroxy-3-(2-hydroxyethyl)-1-pheythioxo-2,3,3a,8a-
tetrahydroindeno[1,2imidazol-8(1H)-one &k)

Yield 348 mg (~ 98%) as white solild NMR (300 MHz, DMSO«) dppm = 8.08-
8.04 (m, 1H), 7.99-7.94 (m, 1H), 7.84-7.79 (m, 1AY4-7.59 (m, 3H), 7.39-7.37 (m, 3H),
7.19-7.18 (m, 2H), 4.95 (s, 1H), 4.04-3.93 (m, 18185-3.77 (m, 2H), 3.63-3.53 (M, 1H);
C NMR (75 MHz, DMSO#g) Sppm = 194.3, 179.1, 149.2, 137.4, 137.1, 133.0, 131136,8,
128.6, 128.0, 125.7, 124.5, 91.6, 91.2, 58.7, 45.3.
4.3.7. 3a,8a-dihydroxy-1-(4-methoxyphenyl)-3-(pymi@-ylmethyl)-2-thioxo-2,3,3a,8a-
tetrahydroindeno(1,2f}imidazol-8(1H)-one 6p)

Yield 425 mg (~ 98%) as yellow soli#i NMR (300 MHz, DMSOsd) Oppm = 8.43-
8.30 (m, 2H), 7.70-7.56 (m, 7H), 7.16-7.07 (m, 36189 (s, 2H), 5.16-5.07 (m, 2H), 3.72 (s,
3H); °C NMR (75 MHz, DMSO#s) Sppm = 194.5, 180.2, 159.1, 149.1, 148.0, 137.1, 135.4,
134.1, 133.1, 132.0, 131.5, 129.8, 126.1, 124.8,3,1214.0, 91.9, 91.4, 55.7, 44.2.
4.3.8. 3a,8a-dihydroxy-1-(2-methoxyphenyl)-3-(4-mgtbenzyl)-2-thioxo-2,3,3a,8a-

tetrahydroindeno(1,2fimidazol-8(1H)-one 6r)
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Yield 440 mg (~ 98%) as yellow soli#i NMR (300 MHz, DMSOsd) dppm = 7.68-
7.65 (m, 1H), 7.50-7.49 (m, 3H), 7.38 (M= 9.0 Hz, 2H), 7.31-7.22 (m, 2H), 7.05-7.03 (m,
2H), 6.93-6.91 (m, 4H), 5.12 (d,= 16.2 Hz, 1H), 4.91 (d] = 16.8 Hz, 1H), 3.36 (s, 3H),
2.16 (s, 3H);°C NMR (75 MHz, DMSO#€g) Sppm = 193.5, 180.2, 156.1, 148.5, 135.9, 135.4,
135.2, 133.4, 132.1, 130.8, 129.8, 128.4, 127.3,91225.8, 123.4, 120.2, 112.4, 92.0, 90.3,
55.4,45.7, 20.8.
4.4. General procedure for the synthesis ®,N-disubstituted-2-thioxo-Bi-
spiro[imidazolidine-4,1'-isobenzofuran]-3',5-dione¢6a-w) and N,N-disubstituted-3i-
spiro[imidazolidine-4,1'-isobenzofuran]-2,3',5-tigs {a-f)

The synthesized intermediaté&mafw/ 5a'-f', 1.0 mmol) in 200 mL round bottom flask
(as described earlier) was dissolved in minimununa of chloroform and then 600 mg of
SSA was added. The mixture was stirred for 5 mmatieroom temperature and then dried
under vacuum. These way intermedidbesere absorbed on the surface of SSA which was
then subjected to heating at 65 °C on an oil batter 2 h continuous heating the maximum
conversion of the intermediates was observed (astared by TLC). After cooling at room
temperature ethylacetate was added to the masshwhés sonicated and then filtered
through Whatman-42 filter paper followed by washwgh ethylacetate (4« 5 ml) to
separate out organic compounds from SSA surfacen €thylacetate was removed from the
filtrate under vacuum to collect the crude prodwbich was purified over neutral alumina
coloumn chromatography using 20% ethylacetate kahe as solvent system. The purified
solid products5/7 were characterized by and**C NMR spectroscopy. Presence of three
characteristic carbon peaks &t~ 166.6, 166.0 & 91.0 if°C NMR spectra indicates the
lactone carbonyl carbon, amide carbonyl carbonhidhtydantoin ring and spiro carbon
respectively. In addition HRMS values strongly segtgd the formation of the desired spiro

derivatives/7.
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4.4.1. 3-benzyl-1-phenyl-2-thioxoks'spiro[imidazolidine-4,1'-isobenzofuran]-3',5-dione
(6a)

R=0.50 (Hexane/Ethyl acetate 7:3); Yield 332 mg 893 as white solid; m.p. 120
°C. IR (KBr): 3100 (Ar-H), 2980 (aliphatic C-H), 6@ (lactone C=0), 1600 (amide C=0),
1150 (C=S) crit. *H NMR (300 MHz, CDC}) 3ppm = 7.83 (d,J = 7.8 Hz, 1H), 7.50-7.36 (m,
5H), 7.33-7.27 (m, 2H), 7.04-6.91 (m, 6H), 5.080d; 15.3 Hz, 1H), 4.50 (d] = 15.0 Hz,
1H); *C NMR (75 MHz, CDCJ) 8ppm = 183.5, 166.6, 166.0, 141.0, 135.2, 134.8, 132.7,
131.8, 129.6, 129.2, 128.4, 128.36, 128.34, 12B26.8, 126.2, 123.0, 91.7, 47.4. HRMS
(ESI-TOF):m/zcalcd for GsH16N203S + H': 401.0960 [M + H]; found: 401.0992.

4.4.2. 1-phenyl-3-(pyridin-3-ylmethyl)-2-thioxoks'spiro[imidazolidine-4,1'-
isobenzofuran]-3',5-dion&k)

R=0.38 (Hexane/Ethyl acetate 4:6); Yield 320 mg (093 as white solid; m.p. 160
°C. IR (KBr): 3130 (Ar-H), 2988 (aliphatic C-H), B3 (lactone C=0), 1590 (amide C=0),
1145 (C=S) cril. '"H NMR (500 MHz, CDC}) 8ppm = 8.43 (d,J = 4.0 Hz, 1H), 8.21 (s, 1H),
8.00 (d,J = 7.5 Hz, 1H), 7.66 () = 7.5 Hz, 1H), 7.59-7.48 (m, 5H), 7.39 (&= 7.0 Hz, 2H),
7.17 (d,J = 7.6 Hz, 1H), 7.13-7.10 (m, 1H), 5.10 (= 15.5 Hz, 1H), 4.66 (d] = 15.5 Hz,
1H); *C NMR (126 MHz, CDGJ) 8ypm = 183.4, 166.3, 165.8, 149.5, 149.3, 140.7, 136.0,
135.2, 132.5, 132.4, 131.1, 129.8, 129.3, 128.5.812126.6, 123.3, 122.9, 91.6, 44.7.
Elemental analysis calcd (%) fopf15sN303S: C 65.82, H 3.77, N 10.47; found: C 65.78, H
3.80, N 10.40.

4.4.3. 3-phenethyl-1-phenyl-2-thioxa-Bspiro[imidazolidine-4,1'-isobenzofuran]-3',5-
dione 60)

R=0.46 (Hexane/Ethyl acetate 7:3)ield 364 mg (~ 88%) as white solid; m.p. 180

°C. IR (KBr): 3132 (Ar-H), 2970 (aliphatic C-H), 62 (lactone C=0), 1607 (amide C=0),

1158 (C=S) crit. *H NMR (300 MHz, CDC}) 8ppm = 7.99 (d,J = 7.2 Hz, 1H), 7.73-7.65 (m,
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2H), 7.48-7.44 (m, 3H), 7.41-7.37 (m, 1H), 7.3417(f, 2H), 7.17-7.11 (m, 3H), 7.00-6.97
(m, 2H), 3.85-3.75 (m, 1H), 3.44-3.34 (m, 1H), 2(83 = 8.1 Hz, 2H)*C NMR (75 MHz,
CDCl) 6ppm = 182.7, 166.5, 166.0, 140.9, 137.4, 135.5, 13P29,6, 129.2, 128.6, 128.3,
127.2,126.7, 126.6, 122.7, 92.3, 45.8, 34.2. HRESI-TOF):m/zcalcd for G4H1gN203S +
H*: 415.1116 [M + H]; found: 415.1113.
4.4.4. 3-(4-fluorobenzyl)-1-phenyl-2-thioxokB8'spiro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 6d).

R=0.48 (Hexane/Ethyl acetate 7:3)ield 334 mg (~ 80%) as white solid; m.p. 152
°C. '"H NMR (300 MHz, CDC}) 8ppm = 7.90 (d,J = 7.8 Hz, 1H), 7.59-7.54 (m, 1H), 7.50-
7.43 (m, 4H), 7.34-7.31 (m, 2H), 7.05-6.93 (m, 361),7-6.69 (m, 2H), 5.06 (d,= 15.3 Hz,
1H), 4.53 (dJ = 15.0 Hz, 1H);®*C NMR (75 MHz, CDCJ) 8,,m = 183.5, 166.5, 166.0, 162.3
(d, J = 246.00 Hz), 141.0, 135.0, 132.6, 132.0, 13139.3 (d,J = 8.55 Hz), 129.7, 129.3,
128.3, 126.9, 126.4, 122.9, 115.3 Jd&; 21.75 Hz), 91.7, 46.6. HRMS (ESI-TOR)/z calcd
for CosH1sFN,0sS + H': 419.0865 [M + HI; found: 419.0877.
4.4.5. 3-(4-methylbenzyl)-1-phenyl-2-thioxd-B5piro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 6¢

R=0.51 (Hexane/Ethyl acetate 7:3)ield 350 mg (~ 85%) as white solid; m.p. 110
°C. '"H NMR (300 MHz, CDC}) 8ppm = 7.95 (d,J = 7.5 Hz, 1H), 7.64-7.59 (m, 1H), 7.54-
7.48 (m, 4H), 7.42-7.39 (m, 2H), 7.12 (b= 7.8 Hz, 1H), 6.92 (s, 4H), 5.09 @= 15.0 Hz,
1H), 4.63 (d,J = 15.3 Hz, 1H), 2.25 (s, 3H}*C NMR (75 MHz, CDC}) & = 183.4, 166.7,
166.0, 141.1, 137.7, 134.8, 132.7, 132.1, 131.B,612129.2, 129.0, 128.4, 128.3, 126.9,
126.2, 123.0, 91.8, 47.2, 21.0. HRMS (ESI-TQR)zcalcd for G4H1gN,03S + H': 415.1116
[M + H]"; found: 415.1196.
4.4.6. 3-cyclopropyl-1-phenyl-2-thioxokFs'spiro[imidazolidine-4,1'-isobenzofuran]-3',5-

dione ©f)
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R=0.48 (Hexane/Ethyl acetate 7:3)ield 240 mg (~ 68%) as white solid; m.p. 194
°C. IR (KBr): 3090 (Ar-H), 2980 (aliphatic C-H), B0 (lactone C=0), 1590 (amide C=0),
1140 (C=S) crt. '"H NMR (400 MHz, CDCY) 8ppm = 8.05-8.01 (m, 1H), 7.83-7.79 (m, 1H),
7.75-7.72 (m, 1H), 7.52-7.48 (m, 4H), 7.35-7.33 @Hl), 2.59 (s, 1H) , 0.92 (s, 1H), 0.80-
0.77 (m, 1H), 0.62 (s, 1H) , 0.54-0.50 (m, 1H¢ NMR (101 MHz, CDGJ) 8ppm = 184.2,
166.5, 166.4, 141.7, 135.4, 132.4, 132.1, 129.8,21228.2, 127.2, 126.7, 122.1, 93.0, 27.0,
6.6, 5.0. Elemental analysis calcd (%) fapk;4N.OsS: C 65.13, H 4.03, N 8.00; found: C
65.11, H 4.09, N 7.92.

4.4.7. 3-cyclohexyl-1-phenyl-2-thioxoks'spiro[imidazolidine-4,1'-isobenzofuran]-3',5-
dione 69)

R=0.55 (Hexane/Ethyl acetate 7:3)ield 275 mg (~ 70%) as white solid; m.p. 126
°C. IR (KBr): 3110 (Ar-H), 2986 (aliphatic C-H), B3 (lactone C=0), 1592 (amide C=0),
1135 (C=S) crit. *H NMR (300 MHz, CDCJ) 3ppm = 8.06 (d,J = 6.9 Hz, 1H), 7.85-7.73 (m,
2H), 7.60-7.50 (m, 4H), 7.40-7.36 (m, 2H), 4.381(d), 2.07 (d,J = 10.8 Hz, 1H), 1.78-1.53
(m, 5H), 1.34-1.17 (m, 3H), 0.99-0.87 (m, 1HC NMR (75 MHz, CDC}) 5ppm = 182.3,
166.8, 166.2, 142.4, 135.1, 132.6, 132.0, 129.8,11228.4, 127.2, 126.5, 122.9, 92.3, 58.6,
30.9, 30.4, 26.0, 25.9, 24.9. Elemental analydisdc@o) for G,HooN2OsS: C 67.33, H 5.14,
N 7.14; found: C 67.24, H 5.21, N 7.10.

4.4.8. 1-phenyl-3-propyl-2-thioxo43*spiro[imidazolidine-4,1'-isobenzofuran]-3',5-dione
(6h)

R=0.54 (Hexane/Ethyl acetate 7:3)ield 296 mg (~ 84%) as white solid; m.p. 110
°C. IR (KBr): 3090 (Ar-H), 2972 (aliphatic C-H), 68 (lactone C=0), 1603 (amide C=0),
1150 (C=S) crit. *H NMR (300 MHz, CDC}) 3ppm = 8.08 (d,J = 7.8 Hz, 1H), 7.90-7.76 (m,
2H), 7.58-7.49 (m, 4H), 7.47-7.39 (m, 2H), 3.76&(f, 1H), 3.31- 3.21 (m, 1H), 1.78-1.54

(m, 2H), 0.84 (tJ = 7.4 Hz, 3H);"*C NMR (75 MHz, CDC}) d,pm = 182.8, 166.6, 166.1,
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141.1, 135.4, 132.5, 132.3, 129.5, 129.1, 128.3,202126.6, 122.6, 92.2, 46.0, 21.5, 11.1.
HRMS (ESI-TOF)m/zcalcd for GoH1eN>OsS + H': 353.0960 [M + HJ; found: 353.1010.
4.4.9. 3-butyl-1-phenyl-2-thioxo43-spiro[imidazolidine-4,1'-isobenzofuran]-3',5-dione
(60).

R=0.54 (Hexane/Ethyl acetate 7:3)ield 310 mg (~ 84%) as white solid; m.p. 116
°C.™H NMR (300 MHz, CDC}) 8ppm= 7.98 (dJ= 7.5 Hz, 1H), 7.78-7.63 (m, 2H), 7.54-7.40
(m, 4H), 7.31-7.29 (m, 1H), 7.22-7.18 (m, 1H), 3360 (M, 1H), 3.26-3.16 (m, 1H), 1.52-
1.32 (m, 2H), 1.21-1.12 (m, 2H), 0.74 Jt= 7.2 Hz, 3H);"*C NMR (75 MHz, CDCJ) Sppm =
182.8, 166.6, 166.1, 141.1, 135.5, 132.4, 129.9,412129.2, 128.3, 127.3, 126.7, 122.7,
92.3, 44.2, 30.2, 19.9, 13.4. HRMS (ESI-TORy)z calcd for GoH1gN,O3S + H: 367.1116
[M + H]™; found: 367.1194.

4.4.10. 3-allyl-1-phenyl-2-thioxo-3-spiro[imidazolidine-4,1'-isobenzofuran]-3',5-dioft)

R=0.56 (Hexane/Ethyl acetate 7:3)ield 274 mg (~ 78%) as white solid; m.p. 120
°C. IR (KBr): 3130 (Ar-H), 1750 (lactone C=0), 16¢@mide C=0), 1155 (C=S) ¢m'H
NMR (300 MHz, CDC}) 8ppm = 7.92 (d,J = 7.5 Hz, 1H), 7.73-7.61 (m, 2H), 7.45-7.37 (m,
4H), 7.30-7.27 (m, 2H), 5.72-5.59 (m, 1H), 4.91Jd; 10.2 Hz, 1H), 4.80 (d] = 17.1 Hz,
1H), 4.28 (ddJ = 15.0, 7.0 Hz, 1H), 3.98 (dd,= 16.4, 6.4 Hz, 1H)**C NMR (75 MHz,
CDCl) 6ppm = 182.6, 166.5, 166.0, 140.9, 135.2, 132.5, 13P38,8, 129.5, 129.2, 128.2,
127.3, 126.4, 123.0, 119.4, 91.9, 46.7. HRMS (ESFY. m/z calcd for GoH14N20sS + H':
351.0803 [M + HI; found: 351.0812.

4.4.11. 3-(2-hydroxyethyl)-1-phenyl-2-thioxa-Bspiro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 6k)

R=0.44 (Hexane/Ethyl acetate 7:3)ield 265 mg (~ 75%) as white solid; m.p. 110
°C.'"H NMR (500 MHz, CDGC}) 8ppm = 8.05 (d,J = 7.5 Hz, 1H), 7.84 (t) = 7.4 Hz, 1H),

7.77 (t,J = 7.5 Hz, 1H), 7.58 (d] = 7.5 Hz, 1H), 7.54-7.47 (m, 3H), 7.38 (t= 7.0 Hz, 2H),
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4.00 (dt,J = 14.7, 5.0 Hz, 1H), 3.80-3.71 (m, 2H), 3.53-3(#8 1H), 1.88 (br s, 1H)!*C
NMR (101 MHz, CDCY) dppm = 184.0, 166.6, 166.1, 140.7, 135.7, 132.6, 13229.8,
129.4, 128.3, 127.4, 126.8, 122.9, 92.1, 60.4, .4&leémental analysis calcd (%) for
C18H14N204S: C 61.01, H 3.98, N 7.91; found: C 60.96, H 40%,.81.

4.4.12. 3-(4-chlorobenzyl)-2-thioxo-1-(p-tolyl)F8'spiro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 6l)

R=0.49 (Hexane/Ethyl acetate 7:3)ield 370 mg (~ 82%) as white solid; m.p. 178
°C. ™H NMR (300 MHz, CDCJ) Sppm = 7.98 (d,J = 7.5 Hz, 1H), 7.66 (tJ = 7.4 Hz, 1H),
7.57 (t,J = 7.2 Hz, 1H), 7.37-7.28 (m, 4H), 7.16-7.10 (m))3AH04-7.01 (m, 2H), 5.11 (d,
= 15.3 Hz, 1H), 4.61 (d] = 15.3 Hz, 1H), 2.44 (s, 3H}?C NMR (75 MHz, CDC}) dppm =
183.6, 166.5, 166.1, 140.8, 139.9, 135.0, 133.9,713131.9, 129.9, 129.7, 128.5, 127.9,
126.7, 126.3, 122.9, 91.6, 46.5, 21.3. Elementalyars calcd (%) for &H;7CIN,OsS: C
64.21, H 3.82, N 6.24; found: C 64.24, H 3.89, 96.

4.4.13. 3-(4-methylbenzyl)-2-thioxo-p-{olyl)-3'H-spiro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 6m)

R=0.56 (Hexane/Ethyl acetate 7:3)ield 364 mg (~ 85%) as white solid; m.p. 160
°C.'"H NMR (300 MHz, CDGC}) 8ppm = 7.96 (d,J = 7.8 Hz, 1H), 7.63 (t) = 7.4 Hz, 1H),
7.52 (t,J = 7.6 Hz, 1H), 7.37-7.28 (m, 4H), 7.14 (s 7.5 Hz, 1H), 6.94 (s, 4H), 5.10 @=
14.7 Hz, 1H), 4.65 (dJ = 15.0 Hz, 1H), 2.44 (s, 3H), 2.27 (s, 3H3C NMR (75 MHz,
CDCl) 6ppm = 183.5, 166.6, 166.0, 141.0, 139.7, 137.6, 13432,0, 131.6, 129.9, 129.8,
128.9, 128.3, 127.9, 126.8, 126.0, 122.9, 91.71,,471.2, 20.9. Elemental analysis calcd (%)
for CasH20N203S: C 70.07, H 4.70, N 6.54; found: C 70.01, H 4AN%.58.

4.4.14. 3-allyl-2-thioxo-14¢-tolyl)-3'H-spiro[imidazolidine-4,1'-isobenzofuran]-3',5-dione

(6n)
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R=0.53 (Hexane/Ethyl acetate 7:3)ield 288 mg (~ 79%) as white solid; m.p. 140
°C.™H NMR (300 MHz, CDGC}) 8ppm = 8.04 (d,J = 7.2 Hz, 1H), 7.85- 7.73 (m, 2H), 7.55 (d,
J=7.5Hz, 1H), 7.36-7.26 (m, 4H), 5.84-5.71 (m)15103 (d,J = 10.2 Hz, 1H), 4.92 (d} =
16.8 Hz, 1H), 4.40 (dd] = 15.5, 6.7 Hz, 1H), 4.10 (dd,= 15.3, 6.2 Hz, 1H), 2.43 (s, 3H);
C NMR (75 MHz, CDCJ) dppm = 182.9, 166.6, 166.1, 140.9, 139.8, 135.2, 13238,9,
129.9, 127.9, 127.4, 126.4, 123.0, 119.3, 92.07,45%1.2. Elemental analysis calcd (%) for
Co0H16N203S: C 65.92, H 4.43, N 7.69; found: C 65.90, H 418§.76.

4.4.15. 1-(4-methoxyphenyl)-3-propyl-2-thioxd435piro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 60)

R=0.49 (Hexane/Ethyl acetate 7:3)ield 330 mg (~ 86%) as white solid; m.p. 100
°C.™H NMR (300 MHz, CDC}) 8ppm = 7.98 (dJ = 7.2 Hz, 1H), 7.78-7.66 (m, 2H), 7.46 (d,
= 7.5 Hz, 1H), 7.22-7.18 (m, 2H), 6.94 (= 8.7 Hz, 2H), 3.77 (s, 3H), 3.66-3.56 (M, 1H),
3.21-3.11 (m, 1H), 1.66-1.47 (m, 2H), 0.74)& 7.4 Hz, 3H);*C NMR (75 MHz, CDC}))
dppm = 183.3, 166.8, 166.1, 160.2, 141.2, 135.4, 13228.4, 127.3, 126.6, 125.0, 122.6,
114.5, 92.2, 55.4, 46.0, 21.6, 11.2. HRMS (ESI-TQR)z calcd for GoH1gN204S + H':
383.1065 [M + HJ; found: 383.1076.

4.4.16. 1-(4-methoxyphenyl)-3-(pyridin-3-ylmethy)thioxo-3H-spiro[imidazolidine-4,1'-
isobenzofuran]-3',5-dion&f)

R=0.36 (Hexane/Ethyl acetate 4:&)eld 360 mg (~ 84%) as white solid; m.p. 172
°C.'H NMR (500 MHz, CDCJ) 8ppm = 8.43 (s, 1H), 8.21 (s, 1H), 7.99 (= 7.5 Hz, 1H),
7.65 (t,J = 7.5 Hz, 1H), 7.58-7.53 (m, 2H), 7.29 (d= 9.0 Hz, 2H), 7.16 (d] = 7.5 Hz, 1H),
7.12 (s, 1H), 7.02 (d] = 8.5 Hz, 2H), 5.08 (d] = 15.5 Hz, 1H), 4.65 (d] = 15.5 Hz, 1H),
3.84 (s, 3H);®*C NMR (126 MHz, CDGJ) 8ppm = 183.9, 166.5, 165.8, 160.3, 149.5, 149.3,

140.7, 136.0, 135.2, 132.3, 131.2, 129.4, 126.8,61224.9, 123.3, 122.9, 114.6, 91.6, 55.5,
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44.8. Elemental analysis calcd (%) fopsd1/N304,S: C 64.03, H 3.97, N 9.74; found: C
64.09, H 3.95, N 9.80.
4.4.17. 3-(4-fluorobenzyl)-1-(2-methoxyphenyl)-2etko-3H-spiro[imidazolidine-4,1'-
isobenzofuran]-3',5-dion&()

R=0.46 (Hexane/Ethyl acetate 7:3)ield 367 mg (~ 82%) as white solid; m.p. 184
°C. '"H NMR (300 MHz, CDC}) 8ppm = 7.88 (d,J = 6.6 Hz, 1H), 7.58-7.53 (m, 1H), 7.51-
7.46 (m, 1H), 7.44-7.39 (m, 1H), 7.31-7.28 (m, 1A)9-7.07 (m, 1H), 7.05-6.98 (m, 4H),
6.74 (t,J = 8.7 Hz, 2H), 4.97 (d] = 15.9 Hz, 1H), 4.57 (d = 15.3 Hz, 1H), 3.78 (s, 3H}°C
NMR (75 MHz, CDC}) 8,pm = 183.6, 166.3, 166.1, 162.2 (Hi= 245.85 Hz), 154.8, 141.7,
134.9, 131.8, 131.5, 130.6, 130.2 Jd; 8.10 Hz), 130.1, 126.6, 126.1, 122.9, 121.5,121
1153 (d,J = 21.67 Hz), 112.2, 91.8, 56.1, 46.6. HRMS (ESIF)Om/z calcd for
CoaH17FN,O,S + H': 449.0971 [M + H]; found: 449.0977.
4.4.18. 1-(2-methoxyphenyl)-3-(4-methylbenzyl)-2otto-3H-spiro[imidazolidine-4,1'-
isobenzofuran]-3',5-dion&x)

R=0.49 (Hexane/Ethyl acetate 7:3)ield 385 mg (~ 87%) as white solid; m.p. 176
°C.™H NMR (300 MHz, CDC}) 8ppm = 7.94 (dJ = 7.5 Hz, 1H), 7.64-7.47 (m, 3H), 7.38 (d,
= 6.3 Hz, 1H), 7.20-7.06 (m, 3H), 7.00-6.93 (m, 4500 (d,J = 15.0 Hz, 1H), 4.70 (d] =
15.3 Hz, 1H), 3.86 (s, 3H), 2.27 (s, 3HJC NMR (75 MHz, CDCJ) ppm = 183.6, 166.5,
166.3, 154.9, 141.8, 137.6, 134.8, 132.2, 131.4,513130.7, 129.0, 128.3, 126.7, 126.0,
123.0, 121.7, 121.1, 112.2, 92.0, 56.1, 47.3, 2HBRMS (ESI-TOF): m/z calcd for
CosH2oN204S + H': 445.1222 [M + HI; found: 445.1253.
4.4.19. 1-(4-fluorophenyl)-3-(4-methylbenzyl)-2dalko-3H-spiro[imidazolidine-4,1'-
isobenzofuran]-3',5-dion&¢)

R=0.48 (Hexane/Ethyl acetate 7:3)ield 390 mg (~ 90%) as white solid; m.p. 160

°C. *H NMR (300 MHz, CDC}) 8ppm = 7.97 (d,J = 7.8 Hz, 1H), 7.64 (t) = 7.5 Hz, 1H),
24



7.53 (t,J = 7.5 Hz, 1H), 7.43-7.39 (m, 2H), 7.27-7.20 (m)2H13 (d,J = 7.2 Hz, 1H), 6.94
(s, 4H), 5.10 (dJ = 15.0 Hz, 1H), 4.64 (d= 15.3 Hz, 1H), 2.27 (s, 3H)*C NMR (75 MHz,
CDCls) 8ppm = 183.3, 166.7, 166.0, 162.8 (@,= 248.32 Hz), 140.9, 137.8, 134.9, 132.0,
131.8, 130.3, 130.2, 129.1, 128.5, 126.9, 126.3.012116.4 (dJ = 22.8 Hz), 91.8, 47.3,
21.0. Elemental analysis calcd (%) fos.d:7/FN.OsS: C 66.66, H 3.96, N 6.48; found: C
66.64, H 4.03, N 6.40.
4.4.20. 3-allyl-1-(4-fluorophenyl)-2-thioxo+3‘spiro[imidazolidine-4,1'-isobenzofuran]-3',5-
dione 6t)

R=0.48 (Hexane/Ethyl acetate 7:3)eld 324 mg (~ 88%) as white solid; m.p. 148
°C. '"H NMR (300 MHz, CDC}) 8ppm = 8.05 (d,J = 6.9 Hz, 1H), 7.85-7.74 (m, 2H), 7.56-
7.54 (m, 1H), 7.41-7.37 (m, 2H), 7.27-7.19 (m, 26182-5.69 (m, 1H), 5.03 (d,= 9.9 Hz,
1H), 4.91 (d,J= 16.8 Hz, 1H), 4.42-4.35 (m, 1H), 4.12-4.05 (m,)1HC NMR (75 MHz,
CDCls) 8ppm = 182.5, 166.5, 166.0, 162.8 @,= 248.47 Hz), 140.7, 135.3, 132.4, 130.7,
130.2 (d,J = 9.15 Hz), 128.3, 127.3, 126.5, 123.0, 119.5,316,J = 22.87 Hz), 91.9, 46.8.
Elemental analysis calcd (%) fordBl13FN,OsS: C 61.95, H 3.56, N 7.60; found: C 61.87, H
3.66, N 7.68.
4.4.21. 3-cyclopropyl-1-(2,4-dichlorophenyl)-2-thm 3H-spiro[imidazolidine-4,1'-
isobenzofuran]-3',5-dioné)

R=0.40 (Hexane/Ethyl acetate 7:3)eld 293 mg (~ 70%) as white solid; m.p. 140
°C. 'H NMR (300 MHz, CDC}) 8ppm = 8.07 (d,J = 7.5 Hz, 1H), 7.86-7.74 (m, 2H), 7.59-
7.54 (m, 2H), 7.42-7.30 (m, 2H), 2.63-2.60 (m, 16194-0.77 (m, 2H), 0.72-0.51 (m, 2H);
*C NMR (75 MHz, DMSOs) 8ppm = 183.2, 166.7, 166.2, 155.7, 141.0, 136.7, 13633,8,
133.2, 130.1, 129.7, 129.0, 127.9, 126.5, 124.91,9%.1, 6.6, 5.0. Elemental analysis calcd

(%) for CigH12CIN2O3S: C 54.43, H 2.88, N 6.68; found: C 54.52, H 219%.62.
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4.4.22. 1-(2,4-dichlorophenyl)-3-propyl-2-thioxd435piro[imidazolidine-4,1'-
isobenzofuran]-3',5-dion&y)

R=0.47 (Hexane/Ethyl acetate 7:3)ield 360 mg (~ 85%) as white solid; m.p. 150
°C. '"H NMR (300 MHz, CDC}) 8ppm = 7.98 (d,J = 7.2 Hz, 1H), 7.79-7.67 (m, 2H), 7.51-
7.47 (m, 2H), 7.34-7.24 (m, 2H), 3.67-3.57 (m, 1BlR1-3.11 (m, 1H), 1.68-1.42 (m, 2H),
0.75 (t,J = 7.2 Hz, 3H);*C NMR (75 MHz, CDC}) 5,pm = 181.4, 165.9, 165.8, 140.6, 136.8,
135.4, 134.4, 132.4, 131.7, 130.4, 129.1, 127.9,202126.6, 122.6, 92.3, 45.9, 21.5, 11.0.
Elemental analysis calcd (%) fordBl14CIoN2OsS: C 54.17, H 3.35, N 6.65; found: C 54.10,
H 3.43, N 6.59.
4.4.23. 3-butyl-1-(2,4-dichlorophenyl)-2-thioxd-Bspiro[imidazolidine-4,1'-isobenzofuran]-
3',5-dione 6w)

R=0.52 (Hexane/Ethyl acetate 7:3)ield 375 mg (~ 86%) as white solid; m.p. 164
°C. '"H NMR (300 MHz, CDC}) 8ppm = 8.08 (d,J = 7.5 Hz, 1H), 7.88-7.76 (m, 2H), 7.61-
7.56 (m, 2H), 7.44-7.33 (m, 2H), 3.78-3.68 (m, 1BlB4-3.24 (m, 1H), 1.71-1.59 (m, 2H),
1.31-1.19 (m, 2H), 0.83 (8 = 7.2 Hz, 3H);"*C NMR (75 MHz, CDCJ) 8,pm = 181.5, 166.0,
165.9, 140.7, 136.9, 135.5, 134.5, 132.5, 131.8.513129.2, 128.0, 127.3, 126.7, 122.7,
92.4, 44.3, 30.1, 19.8, 13.4. Elemental analysisdc&bo) for GoH16CIoN2OsS: C 55.18, H
3.70, N 6.44; found: C 55.13, H 3.77, N 6.35.
4.4.24. 3-(4-methylbenzyl)-1-phenyl-8'spiro[imidazolidine-4,1'-isobenzofuran]-2,3',5-
trione (/@)

R=0.45 (Hexane/Ethyl acetate 7:3)ield 350 mg (~ 88%) as white solid; m.p. 134
°C.™H NMR (300 MHz, CDC}) 8ppm = 7.97 (dJ = 7.5 Hz, 1H), 7.66-7.41 (m, 7H), 7.13 (d,
= 8.4 Hz, 1H), 6.97-6.86 (M, 4H), 4.59 (b= 15.0 Hz, 1H), 4.28 (d] = 15.0 Hz, 1H), 2.28

(s, 3H) **C NMR (75 MHz, CDGJ) dppm = 166.3, 165.7, 154.4, 141.0, 137.7, 134.7, 132.2,
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131.6, 130.9, 129.2, 129.1, 128.6, 128.5, 127.86,0l2A25.7, 122.9, 91.8, 43.8, 20.9. HRMS
(ESI-TOF):m/zcalcd for G4H1gN2O,4 + H': 399.1345 [M + HJ; found: 399.1374.

4.4.25. 1-phenyl-3-(pyridin-3-ylmethyl)43-spiro[imidazolidine-4,1'-isobenzofuran]-2,3',5-
trione (7b)

R=0.35 (Hexane/Ethyl acetate 7:)eld 327 mg (~ 85%) as yellow solid; m.p. 144
°C.'H NMR (300 MHz, CDC}) 8ppm = 8.45 (s, 1H), 8.15 (s, 1H), 8.00 (= 7.5 Hz, 1H),
7.67 (t,J = 7.2 Hz, 1H), 7.59 () = 8.4 Hz, 1H), 7.51-7.49 (m, 4H), 7.47-7.40 (m)2HA15
(d,J = 7.7 Hz, 2H), 4.62 (d] = 15.6 Hz, 1H), 4.31 (d = 15.6 Hz, 1H)**C NMR (75 MHz,
CDCl) 6ppm = 166.2, 165.6, 154.7, 149.4, 149.5, 140.8, 13635,3, 132.4, 130.8, 129.7,
129.4, 129.0, 127.5, 127.4, 126.7, 125.9, 123.07,911..7. HRMS (ESI-TOF)n/z calcd for
CooH1sN304 + H': 386.1141 [M + HI; found: 386.1154.

4.4.26. 3-cyclohexyl-1-phenyl-3'H-spiro[imidazoh@-4,1'-isobenzofuran]-2,3',5-trionéc)

R=0.45 (Hexane/Ethyl acetate 7:3)geld 270 mg (~ 72%) as white solid; m.p. 98 °C.
IR (KBr): 3180 (Ar-H), 2930 (aliphatic C-H), 174ta¢tone C=0), 1640 (amide C=0), 1560
(amide -N-(C=0)-N-) cril. '"H NMR (300 MHz, CDCJ) 8ypm = 8.04 (d,J = 7.2 Hz, 1H),
7.83-7.71 (m, 2H), 7.54 (d,= 7.5 Hz, 1H), 7.48-7.46 (m, 4H), 7.41-7.35 (m,)18112-3.01
(m, 1H), 1.95-1.54 (m, 8H), 1.07-1.00 (m, 2K} NMR (126 MHz, CDGJ) 8ppm = 166.6,
165.7, 153.4, 141.9, 135.2, 132.0, 130.9, 129.8,51227.8, 126.4, 125.8, 122.6, 92.6, 54.6,
31.1, 30.8, 25.9, 25.8, 24.8. Elemental analydisdd@b) for GoH2oN20,4: C 70.20, H 5.36, N
7.44; found: C 70.10, H 5.42, N 7.40.

4.4.27. 3-(4-chlorobenzyl)-Ip{tolyl)-3'H-spiro[imidazolidine-4,1'-isobenzofuran]-2,3',5-
trione (7d).

R=0.42 (Hexane/Ethyl acetate 7:3)ield 364 mg (~ 84%) as white solid; m.p. 120
°C.'"H NMR (500 MHz, CDG}) 8ppm = 7.96 (d,J = 8.0 Hz, 1H), 7.64 (t) = 7.5 Hz, 1H),

7.56 (t,J = 7.5 Hz, 1H), 7.35 (d] = 8.5 Hz, 2H), 7.29 (d] = 8.5 Hz, 2H), 7.12-7.10 (m, 3H),
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6.92 (d,J = 8.5 Hz, 2H), 4.57 (d] = 15.5 Hz, 1H), 4.23 (d] = 15.5 Hz, 1H), 2.39 (s, 3H);
C NMR (126 MHz, CDGJ) ppm = 166.3, 165.6, 154.6, 141.0, 138.9, 134.9, 13434,0,
131.9, 130.0, 129.9, 128.7, 128.1, 127.3, 126.53,.612122.9, 91.7, 43.3, 21.2. Elemental
analysis calcd (%) for £H1/CIN2O4: C 66.60, H 3.96, N 6.47; found: C 66.54, H 4.85,
6.42.

4.4.28. 3-cyclopropyl-1g-tolyl)-3'H-spiro[imidazolidine-4,1'-isobenzofuran]-2,3',5eime

(7€)

R=0.45 (Hexane/Ethyl acetate 7:3)ield 226 mg (~ 65%) as white solid; m.p. 158
°C.'"H NMR (400 MHz, CDGC}) 8ppm = 8.03 (d,J = 7.6 Hz, 1H), 7.79 (t) = 7.4 Hz, 1H),
7.72 (t,J = 7.6 Hz, 1H), 7.50 (dJ= 7.6 Hz, 1H), 7.32-7.24 (m, 4H), 2.37 (s, 3H),62.3.33
(m, 1H), 0.92-0.86 (m, 1H), 0.69- 0.57 (m, 2H), BBE47 (m, 1H);"C NMR (101 MHz,
CDCl) 6ppm = 166.8, 165.6, 154.9, 141.8, 138.9, 135.3, 13P29,9, 128.2, 127.7, 126.6,
125.8, 122.3, 92.9, 22.3, 21.3, 5.1, 4.3. Elemeatallysis calcd (%) for £gH16N204: C
68.96, H 4.63, N 8.04; found: C, 68.89, H 4.60,.897
4.4.29. 3-hexyl-14¢-tolyl)-3'H-spiro[imidazolidine-4,1'-isobenzofuran]-2,3', 5etmie (@)

R=0.62 (Hexane/Ethyl acetate 7:3)ield 330 mg (~ 84%) as white solid; m.p. 150
°C.™H NMR (300 MHz, CDC}) 8ppm = 8.04 (dJ = 7.2 Hz, 1H), 7.84-7.71 (m, 2H), 7.51 (d,
= 7.5 Hz, 1H), 7.36-7.25 (m, 4H), 3.36 (ddds 15.4, 8.8, 6.7 Hz, 1H), 3.03 (ddii= 14.6,
8.7, 6.4 Hz, 1H), 2.38 (s, 3H), 1.51-1.39 (m, 2HP5-1.14 (m, 6H), 0.82 (§,= 6.8 Hz, 3H);
C NMR (126 MHz, CDGJ) ,pm = 166.5, 165.8, 154.5, 141.3, 138.7, 135.2, 1329,8,
128.2, 127.7, 126.5, 125.6, 122.6, 92.4, 40.8,,3A8309, 26.2, 22.3, 21.2, 13.9. Elemental
analysis calcd (%) for £H24N2O4: C 70.39, H 6.16, N 7.14; found: C 70.34, H 6182.08.
4.5. Single crystal X-ray Data

4.5.1. Single crystal X-ray structure analysi$afCCDC 1858913
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colourless block, triclinic, Cell volume 976.0(&pace group P-h = 7.400(3)A, b=
9.871(4) A, c = 14.468(5)A, a= 74.553(4)°, f= 87.932(5)°,y= 73.530(5)°,Z = 2, /
(MoK,) =0.71073 A, p = 1.363 g. crii, u (MoK,) =0.193 mm™*, F(000) = 416Cell measurement
temperaturd = 296(2), Total reflections = 6945, 1.4609< 25.100°R; & WRy [I > 25(1)] =
0.0396 (2692) & 0.0897 (3423%; & wR; (for all data) = 0.0514 & 0.0834, Goodness-of-fit
onF?=1.017, Data completeness = 0.986.
4.5.2. Single crystal X-ray structure analysi$ofCCDC 192163}

colourless block, orthorhombic, Cell volume 4061%( Space group P b c a,=
14.569(4)A, b = 13.780(4)A, ¢ = 20.229(5)A, a= 90°, B= 90°, y= 90°,Z = 8, A
(MoK,) =0.71073 A, p = 1.356 g. crii, u (MoK,) = 0.188 mm*, F(000) = 1728Cell measurement
temperaturdl = 296(2), Total reflections = 45121, 2.0139< 25.574°R; & WR, [ > 25(1)]
= 0.0363 (3211) & 0.1103 (380 & WR; (for all data) = 0.0444 & 0.1019, Goodness-of-

fit on F2 = 1.023, Data completeness = 0.996.
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Highlights:

Synthesis of spiro-fused thiohydantoin through SSA induced oxidative rearrangement

Easy recyclability of SSA, good to excellent yield of products, wider substrate scope

Shorter reaction time and high atom economy

Spiro-fusion of two biologically active heterocycles, thiohydantoin and phthalide
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