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Abstract

An efficient protocol has been developed for the synthesis of spiro[imidazolidine-2-thione-
oxindole] derivatives with multi-functionalized groups via catalyst-free domino reaction of by
domino Mannich/cyclization of 3-isothiocyanato oxindoles and bis(arylmethylidene)hydrazines.
The domino reaction can proceed smoothly in an environmentally benign conditions and provides
pure functionalized spiro[imidazolidine-2-thione-oxindole] derivatives with excellent
diastereoselectivity in moderate to excellent yield.

Keywords: Domino reaction, spirooxindoles, bis(arylmethylidene)hydrazines, Mannich reaction,
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Introduction

The development of efficient methods for the synthesis of new spirocyclic skeleton has been a
topic of great relevance in organic synthesis because this class of compounds have a wide range
of excellent biological activities. The spirocyclic oxindole derivatives are recognized as attractive
synthetic targets because of their prevalence in numerous natural products and pharmaceutical
agents as well as useful intermediates for the easy access of a variety of heterocyclic compounds
by rearrangement reaction due to their steric strain associated with the quaternary carbon.'

Recently, 3-isothiocyanato oxindoles have been used as the most attractive substrates in
catalytic cascade Michael/cyclization reactions,>®  Mannich/cyclization  reactions®!
Aldol/cyclization reactions>®® and [3+2] cyclization!*® for the synthesis of the highly
functionalized spirocyclic oxindole derivatives.
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Results and Discussion

Due to their varied biological activities and important precursors, design and development of a
straightforward and “greener” approach for the construction of new functionalized spirooxindoles
is still interesting. Very recently, we synthesized a series of 3-isothiocyanato oxindoles and
successfully used them as nucleophiles for asymmetric synthesis of a range of enantioenriched
multi-functionalized tetracyclic spirooxindoles with multiple stereocenters.'® Based on this
achievement and our recent successes in the development of new methodologies for the
construction functionalized heterocycles using domino reactions, we envisioned that
spiro[imidazolidine-2-thione-oxindole] derivatives with multi-functionalized groups could be
synthesized by domino Mannich/cyclization of 3-isothiocyanato oxindoles and
bis(arylmethylidene)hydrazines under mild conditions (Eq. 2, Scheme 1).
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Scheme 1. Synthetic approach to dihydrofurans via domino Michael addition-alkylation reaction.

Table 1. Screening for the optimum conditions®

Entry Base Solvent Yield %° Dre
1 KOH THF 23 >09:1
2 K2CO3 THF 67 >909:1
3 KOAc THF 70 >00:1
4 DABCO THF 79 >09:1
5 DABCO toluene 54 >09:1
6 DABCO acetone 86 >00:1
7 DABCO ethanol 95 >00:1
8 DABCO H.0 47 >09:1
104 - ethanol 86 >99:1

& Otherwise noted, reactions performed with 0.10 mmol of 1a, 0.10 mmol of 2a, 20 mol% of base
in 1 mL solvent at room temperature for 1h. ® Isolated yield. ¢ Determined by *H NMR. % 0.5 h.
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We first studied the domino Mannich/cyclization of 3-isothiocyanato oxindole 1a with 1,4-
dibenzalhydrazine 2a. Several organic solvents and bases were screened for the domino reaction
and the representative results are shown in Table 1. When the strong base KOH was used as the
catalyst, the domino Mannich/cyclization of 3-isothiocyanato oxindole la with 1,4-
dibenzalhydrazine 2a became complicated and low yield was isolated (Table 1, entry 1, 23% yield).
Then the weaker bases, such as KoCOz and KOAc was screened for the domino reaction, and good
yields were obtained (Table 1, entries 2-3). The organic base DABCO (14-
diazabicyclo[2.2.2]octane) was used as the catalyst, the yield of the desired product was higher
than those by using KOH, K>COz and KOACc as the catalysts. Subsequently, the effects of solvent
on the reactivity were investigated using DABCO as the catalyst. The reaction in a polar aprotic
solvent such as THF and toluene afforded only 3aa with somewhat lower yields (Table 1, entries
4 and 5). On the contrary, the desired product 3aa was formed in high yield, when the reaction
was carried out in a protic solvent, EtOH. Among the solvents screened, the use of ethanol gave
the excellent result (Table 1, entry 7, 95% vyield). To our delight, the domino reaction proceeded
smoothly to provide desired product spiro[imidazolidine-2-thione-oxindoles] 3aa with high yield
under catalyst-free conditions when ethanol was used as solvent (Table 1, entry 9, 94% vyield).
Maybe the hydrogen atom of ethanol could activate bis(arylmethylidene)hydrazine 2a by the
hydrogen bond between ethanol and nitrogen atom of the bis(arylmethylidene)hydrazine 2a. In
addition, the yield was reduced when the reaction time was shortened (able 1, entry 10).

Consequently, an array of bis(arylmethylidene)hydrazines 2 were explored in the reactions
with 3-isothiocyanato oxindoles 1 to establish the general utility of this new methodology. The
catalyst-free domino Mannich/cyclization was generally conducted in ethanol for 1 h at room
temperature. As summarised in Table 2, all the products were obtained with excellent
diastereoselectivities (>99:1). The electronic characteristics of bis(arylmethylidene)hydrazines 2
seemed to have significant effects on the yield except of 2e. High yields were obtained for a
diversity of bis(arylmethylidene)hydrazines 2 bearing electron-withdrawing groups on the
aromatic ring (Table 2, entries 2-5 and 9-11). On the contrary, bis(arylmethylidene)hydrazines 2
bearing electron-donating groups on the aromatic ring tended to decrease the reactivity and only
moderate yields were obtained (Table 2, entries 6-7 and 12-13). In addition, the position of
substituent on aryl ring of bis(arylmethylidene)hydrazines 2 had little influence on the vyields,
spiro[imidazolidine-2-thione-oxindole] derivatives were also obtained with high yields.
Bis(arylmethylidene)hydrazines 2h with furanyl substitution exhibited a good reactivity, and the
good results (78% yield) were still obtained (Table 2, entry 8). The stereochemistries of
spiro[imidazolidine-2-thione-oxindole] derivatives 3 were established unambiguously by X-ray
analysis of 3aa (Figure 1). The relative configuration was confirmed as illustrated by the ORTEP
diagram depicted in Figure 1.
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Table 2. Reaction between 3-isothiocyanato oxindoles 1 and bis(arylmethylidene)hydrazines 22

S o
NCS »_NH ]
-N N~
©\//LO boar S NAr B0 N
N rt, 1h AJ/
;

I\? Ar
1 2 3
Entry R (1) Ar (2) Yield (3) %° Dre
1 n-CsHy (1a) CeHs (2a) 94 (3aa) >99:1
2 n-CsH7 (1a) p-ClCsHs (2b) 90 (3ab) >09:1
3 n-CzH7 (1a) m-ClCsHs (2¢) 89 (3ac) >09:1
4 n-CsHy (1a) p-BrCesHs (2d) 84 (3ad) >00:1
5 n-CsHy (1a) p-CF3CeH4 (2€) 68 (3ae) >09:1
6 n-CsHr- (1a) p-MeOCsHa (2f) 65 (3af) >99:1
7 n-C3H7 (1a) m-MeOCsHs (29) 60 (3ag) >09:1
8 n-CzHy (1a) 2-Furyl (1h) 78 (3ah) >09:1
9 Me (1b) 0-CICsHa (1i) 90 (3bi) >99:1
10 Me (1b) p-NO2CsHs (1)) 89 (3bj) >99:1
11 Me (1b) mM-NO2CeHs (2k) 85 (3bk) >09:1
12 Me (1b) 0-MeCgHa (2I) 68 (3bl) >09:1
13 Me (1b) m-MeCeH4 (2m) 65 (3bm) >09:1

& Otherwise noted, reactions performed with 0.10 mmol of 1, 0.10 mmol of 2 in 1 mL ethanol at
room temperature for 1 h. ® Isolated yield. ¢ Determined by *H NMR.

Figure 1. X-ray crystal structure of (E)-1-(benzylideneamino)-5-phenyl-1'-propyl-2-
thioxospiro[imidazolidine-4,3'-indolin]-2'-one 3aa.

On the basis of the experimental observations, a plausible mechanistic were proposed, as

shown in Scheme 2. The reaction proceeds faster in ethanol than that in other organic solvents
without catalyst, since hydrogen atom of ethanol could activate bis(arylmethylidene)hydrazines 2
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by the hydrogen bond between ethanol and nitrogen atom of the bis(arylmethylidene)hydrazines
2, increasing electrophilic property of the a-carbon. In addition, the hydrogen bond between
ethanol and nitrogen atom of the 3-isothiocyanato oxindoles 1 increases the electrophilic property
of 3-isothiocyanato oxindoles 1. Thus, a domino Mannich/cyclization between 3-isothiocyanato
oxindoles 1 and bis(arylmethylidene)hydrazines 2 proceeded smoothly using ethanol as solvent.

Scheme 2. Proposed mechanism of domino Mannich/cyclyzation of 3-isothiocyanato oxindoles 1
and bis(arylmethylidene)hydrazines 2.

Conclusions

An efficient method for the synthesis of functionalized spiro[imidazolidine-2-thione-oxindole]
derivatives 3 by catalyst-free domino Mannich/cyclyzation of 3-isothiocyanato oxindoles 1 and
bis(arylmethylidene)hydrazines 2 has been explored. The catalyst-free domino reaction can
proceed smoothly in an environmentally benign conditions and provides pure functionalized
spiro[imidazolidine-2-thione-oxindole] derivatives with excellent diastereoselectivities in
moderate to excellent yields. This novel methodology should be of great interest for
pharmaceutical synthesis because of the mild reaction conditions.

Experimental Section

General. All reactants were commercially available and used without further purification. All
melting points were uncorrected. *H NMR and *3C NMR spectra were measured on a 600 MHz
Bruker spectrometer (*H 600 MHz, ¥C 150 MHz), using CDCl; as the solvent with
tetramethylsilane (TMS) as the internal standard at room temperature. Chemical shifts are given
in o relative to TMS, the coupling constants J are given in Hz. Column chromatography was
performed using EM Silica gel 60 (300-400 mesh).

General procedure for the reaction between  3-isothiocyanato oxindoles 1 and

bis(arylmethylidene)hydrazines. A mixture of 3-isothiocyanato oxindole 1a (0.10 mmol) and
1,4-dibenzalhydrazine 2a (0.10 mmol) was stirred in ethanol (1 mL) at room temperature for 1 h.
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After that, flash chromatography on silica gel (30% DCM/petroleum ether) gave 3aa (44 mg, 93%
yield) as pale yellow solid.
(E)-1-(Benzylideneamino)-5-phenyl-1'-propyl-2-thioxospiro[imidazolidine-4,3'-indolin]-2'-
one (3aa). Solid, mp 218-220 °C; *H NMR (600 MHz, CDCls) § 7.97 (s, 1H), 7.72 (d, J 7.3 Hz,
1H), 7.60 — 7.54 (m, 3H), 7.40 (t, J 7.7 Hz, 1H), 7.34 — 7.26 (m, 3H), 7.22 — 7.17 (m, 3H), 6.97 (d,
J 7.3 Hz, 2H), 6.75 (d, J 7.9 Hz, 1H), 5.57 (s, 1H), 3.51 — 3.44 (m, 1H), 3.04 — 2.98 (m, 1H), 1.17
—1.09 (m, 1H), 1.01 — 0.93 (m, 1H), 0.54 (t, J 7.4 Hz, 3H). 3C NMR (150 MHz, CDCl3) & 183.5,
172.1, 151.1, 143.6, 133.7, 131.3, 131.0, 130.4, 129.0, 128.5, 127.8, 127.1, 126.6, 124.8, 123.4,
108.8, 74.1, 68.6, 41.7, 20.3, 11.1. ESI-HRMS: calcd for C2sH24NsOS +H 441.1749, found
441.1740. Crystal data for 3aa. CzsH22N4OS (440.55), (CCDC number: XXX), Monoclinic,
P2(1)/c; a = 13.1311(3)A, alpha = 90 deg. b = 22.3023(4) A, beta = 104.5990(10) deg. ¢ =
8.2940(2) A, gamma = 90 deg. U = 2350.51(9) A3, Z = 30, T = 296(2) K, absorption coefficient
0.163 mm, reflections collected 78909, unique 5419 [R(int) = 0.0435], refinement by Full-matrix
least-squares on F?, data/ restraints/ parameters 5419 / 0 / 290, goodness-of-fit on F?= 1.067, final
R indices [I>2sigma(l)] R1 = 0.0573, wR2 = 0.1391, R indices (all data) R1 = 0.0734, wR2 =
0.1518, largest diff. peak and hole 0.422 and -0.394 e. A%,
(E)-1-((4-Chlorobenzylidene)amino)-5-(4-chlorophenyl)-1'-propyl-2-thioxospiro-[imidazoli-
dine-4,3'-indolin]-2"-one (3ab). Solid, mp 176-178 °C; *H NMR (600 MHz, DMSO) § 9.83 (s,
1H), 7.81 (s, 1H), 7.70 (d, J 7.3 Hz, 1H), 7.58 (d, J 8.5 Hz, 2H), 7.47 — 7.41 (m, 3H), 7.32 (d, J
8.5 Hz, 2H), 7.21 (t, J 7.5 Hz, 1H), 7.03 (d, J 7.9 Hz, 1H), 6.89 (d, J 8.4 Hz, 2H), 5.90 (s, 1H),
3.22 —3.16 (m, 1H), 1.17 — 1.11 (m, 2H), 1.09 — 1.02 (m, 1H), 0.51 (t, J 7.4 Hz, 3H). *C NMR
(150 MHz, DMSO) 6 182.9, 172.2, 147.5, 143.7, 135.1, 133.8, 133.2, 131.2, 131.0, 129.5, 129.1,
128.8, 127.2, 125.2, 123.5, 109.5, 71.2, 68.4, 41.3, 20.5, 11.1. ESI-HRMS: calcd for
C26H22C12N4OS +H 509.0970, found 509.0966.
(E)-1-((3-Chlorobenzylidene)amino)-5-(3-chlorophenyl)-1'-propyl-2-thioxospiro[imidazoli-
dine-4,3'-indolin]-2'-one (3ac). Solid, mp 174-175 °C; 'H NMR (600 MHz, DMSO) & 9.91 (s,
1H), 7.81 (s, 1H), 7.70 (d, J 7.1 Hz, 1H), 7.64 (s, 1H), 7.50 (d, J 7.3 Hz, 1H), 7.47 — 7.40 (m, 3H),
7.34 (d, J 7.7 Hz, 1H), 7.29 (t, J 7.3 Hz, 1H), 7.22 (t, J 7.1 Hz, 1H), 7.06 (d, J 7.7 Hz, 1H), 6.86
(s, 2H), 5.90 (s, 1H), 1.18 — 1.10 (m, 2H), 1.10 — 1.02 (m, 1H), 0.88 — 0.82 (m, 1H), 0.54 (t, J 6.5
Hz, 3H). BC NMR (150 MHz, DMSO) § 182.9, 172.1, 146.9, 143.6, 136.5, 134.3, 134.0, 133 .4,
131.3,130.7,130.3, 129.1, 127.2, 127.0, 126.6, 126.4, 126.2, 125.2, 123.6, 109.6, 71.0, 68.4, 41.3,
20.59, 11.2. ESI-HRMS: calcd for C26H22Ci2N4OS +H 509.0970, found 509.0979.
(E)-1-((4-bromobenzylidene)amino)-5-(4-bromophenyl)-1'-propyl-2-thioxospiro[imidazo-
lidine-4,3'-indolin]-2"-one (3ad). Solid, mp 194-195 °C; *H NMR (600 MHz, DMSO) & 9.84 (s,
1H), 7.80 (s, 1H), 7.71 (d, J 7.4 Hz, 1H), 7.60 (d, J 8.5, 1.8 Hz, 2H), 7.52 (d, J 8.5 Hz, 2H), 7.48
—7.41 (m, 3H), 7.22 (t, J 7.5 Hz, 1H), 7.05 (d, J 7.9 Hz, 1H), 6.83 (d, J 8.4 Hz, 2H), 5.89 (s, 1H),
3.25 - 3.18 (m, 1H), 1.20 — 1.11 (m, 2H), 1.10 — 1.02 (m, 1H), 0.53 (t, J 7.4 Hz, 3H). *C NMR
(150 MHz, DMSO) 6 182.9, 172.2, 170.8, 147.4, 143.7, 133.5, 132.3, 131.7, 131.3, 131.2, 129.5,
129.4,127.2,125.2, 123.9, 123.5, 122.5, 109.5, 71.2, 68.4, 41.3, 20.5, 11.2. ESI-HRMS: calcd for
Ca6H22Br2N4OS +H 596.9959, found 596.9974.
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(E)-1'-Propyl-2-thioxo-1-((4-(trifluoromethyl)benzylidene)amino)-5-(4-(trifluoromethyl)-
phenyl)spiro[imidazolidine-4,3'-indolin]-2'-one (3ae). Solid, mp 189-190°C; *H NMR (600
MHz, DMSO) & 9.98 (s, 1H), 7.85 (s, 1H), 7.80 — 7.73 (m, 5H), 7.65 (d, J 8.1 Hz, 2H), 7.46 (t, J
7.8 Hz, 1H), 7.25 (t, J 7.5 Hz, 1H), 7.10 (d, J 7.9 Hz, 2H), 7.06 (d, J 7.9 Hz, 1H), 6.07 (s, 1H),
3.21 - 3.16 (m, 1H), 1.09 — 1.00 (m, 1H), 0.97 — 0.79 (m, 2H), 0.45 (t, J 7.4 Hz, 3H). *C NMR
(150 MHz, DMSO) 6 183.0, 172.1, 170.8, 146.4, 143.7, 138.2, 136.5, 131.4, 129.6, 128.3, 128.1,
126.8, 126.1, 125.7, 125.5, 125.2, 123.7, 123.4, 109.6, 71.0, 68.5, 41.3, 20.4, 11.0. ESI-HRMS:
calcd for CogH22FsN4OS +H 577.1497, found 577.1490.
(E)-1-((4-Methoxybenzylidene)amino)-5-(4-methoxyphenyl)-1'-propyl-2-thioxospiro[imid-
azolidine-4,3'-indolin]-2'-one (3af). Solid, mp 213-215°C; *H NMR (600 MHz, DMSO) § 9.76
(s, 1H), 7.87 (s, 1H), 7.72 (d, J 7.3 Hz, 1H), 7.43 (td, J 7.8, 0.9 Hz, 1H), 7.31 (t, J 7.9 Hz, 1H),
7.22 (t,J 7.5 Hz, 1H), 7.16 — 7.11 (m, 3H), 7.03 (d, J 7.9 Hz, 1H), 6.98 (d, J 8.2, 2.2 Hz, 1H), 6.82
(d,J8.2,2.3 Hz, 1H), 6.47 (d, J 7.7 Hz, 1H), 6.39 (s, 1H), 5.81 (s, 1H), 3.75 (s, 3H), 3.57 (s, 3H),
3.23 — 3.14 (m, 1H), 1.14 — 1.08 (m, 1H), 1.06 — 1.00 (m, 1H), 0.53 (t, J 7.4 Hz, 3H). *C NMR
(150 MHz, DMSO) & 183.2, 172.3, 159.9, 159.4, 149.5, 143.9, 135.7, 133.56, 131.1, 130.3, 129.8,
127.3, 125.2, 123.4, 120.5, 119.6, 116.6, 114.2, 113.0, 112.0, 109.3, 72.1, 68.6, 55.6, 55.3, 41.2,
20.5, 11.2. ESI-HRMS: calcd for C2sH2sN4O3S +H 501.1960, found 501.1963.
(E)-1-((3-Methoxybenzylidene)amino)-5-(3-methoxyphenyl)-1'-propyl-2-thioxospiro[imid-
azolidine-4,3'-indolin]-2'-one (3ag). Solid, mp 170-172 °C; *H NMR (600 MHz, DMSO) § 9.76
(s, 1H), 7.87 (s, 1H), 7.72 (d, J 7.3 Hz, 1H), 7.43 (td, J 7.8, 0.9 Hz, 1H), 7.31 (t, J 7.9 Hz, 1H),
7.22 (t,J 7.5Hz, 1H), 7.16 — 7.11 (m, 3H), 7.03 (d, J 7.9 Hz, 1H), 6.98 (d, J 8.2, 2.2 Hz, 1H), 6.82
(d, 3 8.2,2.3 Hz, 1H), 6.47 (d, J 7.7 Hz, 1H), 6.39 (s, 1H), 5.81 (s, 1H), 3.75 (s, 3H), 3.57 (s, 3H),
3.23 — 3.14 (m, 1H), 1.14 — 1.08 (m, 1H), 1.06 — 1.00 (m, 1H), 0.53 (t, J 7.4 Hz, 3H). *C NMR
(150 MHz, DMSO) & 183.2, 172.3, 159.9, 159.4, 149.5, 143.9, 135.7, 133.5, 131.1, 130.3, 129.8,
127.3, 125.2, 123.4, 120.5, 119.6, 116.6, 114.2, 113.0, 112.0, 109.3, 72.1, 68.6, 55.6, 55.3, 41.2,
20.5, 11.2. ESI-HRMS: calcd for C2sH2sN403S +H 501.1960, found 501.1963.
(E)-5-(Furan-2-yl)-1-((furan-2-ylmethylene)amino)-1'-propyl-2-thioxospiro[imidazolidine-
4,3'-indolin]-2"-one (3ah). Solid, mp 193-194 °C; *H NMR (600 MHz, DMSO) § 9.75 (s, 1H),
7.89 (s, 1H), 7.83 (s, 1H), 7.57 (s, 1H), 7.41 (t, J 7.8 Hz, 1H), 7.17 (t, J 7.5 Hz, 1H), 7.09 (d, J 7.9
Hz, 1H), 6.82 (d, J 3.4 Hz, 1H), 6.61 (dd, J 3.2, 1.7 Hz, 1H), 6.41 — 6.37 (m, 1H), 6.24 (d, J 3.3
Hz, 1H), 5.97 (s, 1H), 3.57 (m, J 13.9, 7.0 Hz, 1H), 3.39 — 3.35 (m, 1H), 2.51 (s, 1H), 1.40 (m, J
31.7,13.8,7.0 Hz, 2H), 0.74 (t, J 7.4 Hz, 3H). 3C NMR (150 MHz, DMSO0) § 181.8, 171.9, 149.3,
145.8, 144.1, 143.4, 139.2, 131.0, 128.0, 124.7, 123.4, 114.7, 112.7, 111.3, 110.9, 109.5, 67.2,
66.1, 41.4, 20.6, 11.4. ESI-HRMS: calcd for C22H20N4O3S +H 421.1334, found 421.1329.
(E)-1-((2-Chlorobenzylidene)amino)-5-(2-chlorophenyl)-1'-methyl-2-thioxospiro[imidazoli-
dine-4,3'-indolin]-2"-one (3bi). White solid (432.1 mg, 90% vyield), mp 201-203 °C; *H NMR
(600 MHz, DMSO) 6 9.96 (s, 1H), 7.97 (d, J 6.9 Hz, 1H), 7.64 (d, J 7.4 Hz, 1H), 7.58 (s, 1H), 7.46
—7.37 (m, 5H), 7.35-7.30 (m, 2H), 7.17 (t, J 11.0, 4.1 Hz, 1H), 7.06 (m, J 14.4, 6.9, 5.2 Hz, 2H),
6.19 (s, 1H), 2.91 (s, 3H). *C NMR (150 MHz, DMSO) & 181.6, 171.4,133.5,132.3,131.9, 131.5,
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131.1, 130.9, 130.3, 130.1, 130.0, 129.0, 128.1, 127.6, 127.2, 124.7, 123.8, 109.4, 100.0, 67.7,
26.7. ESI-HRMS: calcd for C24H18CI2N4OS +H 481.0657, found 481.0651.
(E)-1'-Methyl-1-((4-nitrobenzylidene)amino)-5-(4-nitrophenyl)-2-thioxospiro[imidazoli-
dine-4,3'-indolin]-2"-one (3bj). Yellow solid (446.8 mg, 89% yield), mp 211-213 °C; *H NMR
(600 MHz, DMSO) 6 10.01 (s, 1H), 8.40 (s, 1H), 8.22 —8.19 (m, 1H), 8.17 (d, J 8.3, 1.6 Hz, 1H),
8.01 (d, J 7.9 Hz, 1H), 7.92 (s, 1H), 7.71 (t, J 6.5 Hz, 2H), 7.61 (t, J 8.0 Hz, 1H), 7.49 (t, J 11.3,
4.3 Hz, 1H), 7.36 (d, J 7.8 Hz, 1H), 7.26 (t,J 7.5 Hz, 1H), 7.06 (d, J 7.9 Hz, 1H), 6.12 (s, 1H), 2.79
(s, 3H). ®*C NMR (150 MHz, DMSO) & 182.7, 171.9, 148.6, 147.9, 145.2, 143.7, 136.2, 134.3,
134.0, 133.5, 131.5, 130.9, 130.6, 127.6, 124.9, 124.3, 124.1, 122.0, 121.8, 109.7, 70.2, 68.4, 26.6.
ESI-HRMS: calcd for C24H18NOsS +H 503.1059, found 503.1119.
(E)-1'-Methyl-1-((3-nitrobenzylidene)amino)-5-(3-nitrophenyl)-2-thioxospiro[imidazoli-
dine-4,3'-indolin]-2'-one (3bk). White solid (426.8 mg, 85% yield), mp 207-209 °C; *H NMR
(600 MHz, DMSO) & 10.03 (s, 1H), 8.41 (s, 1H), 8.20 (dd, J 23.6, 8.3 Hz, 2H), 8.03 (d, J 7.9 Hz,
1H), 7.93 (s, 1H), 7.74 — 7.67 (m, 3H), 7.62 (t, J 8.0 Hz, 1H), 7.51 (t, J 7.7 Hz, 1H), 7.37 (d, J 7.7
Hz, 1H), 7.27 (t, J 7.5 Hz, 1H), 7.07 (d, J 7.9 Hz, 1H), 6.13 (s, 1H), 2.81 (s, 3H). 13C NMR (150
MHz, DMSO) 6 182.7,171.9, 148.6, 147.9, 145.3, 143.7, 136.2, 134.3, 134.0, 133.5, 131.5, 130.9,
130.6, 127.6, 124.9, 124.3, 124.1, 122.0, 121.8, 109.7, 68.4, 26.6. ESI-HRMS: calcd for
C24H18N6OsS +H 503.1059, found 503.1125.
(E)-1'-Methyl-1-((2-methylbenzylidene)amino)-2-thioxo-5-(o-tolyl)spiro[imidazolidine-4,3'-
indolin]-2'-one (3bl). White solid (299.3 mg, 68% yield), mp = 183-185 °C; *H NMR (600 MHz,
DMSO) 6 9.66 (s, 1H), 7.73 — 7.71 (m, 1H), 7.69 (d, J 7.3 Hz, 1H), 7.52 (s, 1H), 7.46 — 7.42 (m,
1H), 7.23 - 7.18 (m, 3H), 7.14 — 7.11 (m, 2H), 7.09 — 7.06 (m, 2H), 7.00 (d, J 7.8 Hz, 1H), 6.14
(s, 1H), 2.82 (s, 3H), 1.87 (s, 3H), 1.72 (s, 3H). *C NMR (150 MHz, DMSO) & 182.3, 172.5,
144.9, 143.9, 137.0, 135.9, 132.3, 131.1, 130.9, 130.1, 129.7, 128.8, 128.6, 126.6, 126.1, 125.0,
123.7, 109.4, 68.3, 26.6, 18.7. ESI-HRMS: calcd for C26H24N4OS +H 441.1671, found 441.1739.
(E)-1'-Methyl-1-((3-methylbenzylidene)amino)-2-thioxo-5-(m-tolyl)spiro[imidazolidine-
4,3'-indolin]-2"-one (3bm). White solid (286.1 mg, 65% yield), mp = 179-180 °C; *H NMR (600
MHz, CDCI3) 6 7.94 (s, 1H), 7.65 (d, J 7.3 Hz, 1H), 7.49 (s, 1H), 7.44 (t, J 7.5 Hz, 1H), 7.39 (d,
J 7.6 Hz, 1H), 7.25-7.20 (m, 2H), 7.18 (d, J 4.5 Hz, 1H), 7.12 (t, J 7.5 Hz, 1H), 7.07 (d, J 7.6 Hz,
1H), 6.78 (d, J 8.6 Hz, 2H), 5.52 (s, 1H), 2.82 (s, 3H), 2.33 (s, 3H), 2.23 (s, 3H). 3C NMR (150
MHz, CDCI13) 6 183.4,172.2, 151.1, 143.7, 138.3, 133.6, 131.3, 131.1, 129.8, 128.4, 128.1, 127 .4,
127.3,125.3, 124.4, 123.9, 123.8, 108.6, 68.7, 26.2, 21.3. ESI-HRMS: calcd for C26H24N4OS +H
441.1671, found 441.1742.
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