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A facile and efficient copper(I)-catalyzed one-pot, three-com-
ponent diastereoselective synthesis that provides new 3-spi-
roazetidinimine-2-oxindoles in excellent yield has been ac-
complished. The 3-spiroazetidinimine-2-oxindoles under-
went a facile ring-opening reaction of the spiroazetidinimine

Introduction
Spirocyclic compounds are an important class of natu-

rally occurring substances because of their pronounced bio-
logical properties.[1–3] Among them, spiro-β-lactams are im-
portant because of their antiviral[4] and antibacterial prop-
erties.[5] Several syntheses of spiro-β-lactams have been de-
scribed in the literature.[6] The copper(I)[7]-catalyzed multi-
component reaction[8] between sulfonyl azides and alkynes
has drawn special interest because its products are syntheti-
cally and biologically important.[9] The synthesis of N-sulf-
onylazetidin-2-imines[9a] through a copper-catalyzed cas-
cade reaction of an alkyne and azide with an imine has
been reported. However, copper-catalyzed alkyne–azide cy-
cloaddition reactions (CuAAC) with imines that are derived
from 1,2-diketones and 1,2,3-triketones have not been ex-
plored. To the best of our knowledge, there have been no
reports for the synthesis of 3-spiroazetidinimine-2-oxind-
oles. Therefore, in continuation of our work on the synthe-
sis of spirooxindoles,[10] we, herein, report the results for the
synthesis of various ketone-derived spiroazetidin-2-imines
by using a copper-catalyzed in situ generated ketenimine
and imine in a formal [2+2] cycloaddition reaction. Ring-
opening reactions of azetidines are very efficient methods to
synthesize biologically important nitrogen heterocycles.[11]

Thus, in addition, we, herein, report two efficient methods
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unit by treatment with KOH/MeOH and p-thiocresol under
basic conditions to afford two new classes of fluorescent con-
jugated indolones. This method has general applications
with regard to the imines that are derived from 9-fluorenone,
1,2-diketones, and 1,2,3-triketones.

for the ring-opening reaction of 3-spiroazetidinimines by
using methanolic KOH and p-thiocresol under mild basic
conditions to afford two new classes of merocyanine dye
analogues. One of the ring-opened conjugated indolones
shows emission in the violet region.

Results and Discussion

Initially, to a mixture of N-methylisatinimine 1a
(1.0 equiv.), p-toluenesulfonyl azide (2a, 1.1 equiv.), and
10 mol-% of CuI in CH3CN were added phenyl acetylene
(3a, 1.1 equiv.) and Et3N (2 equiv.), and the resulting mix-
ture was stirred at room temperature for 16 h under nitro-
gen. The reaction afforded a mixture of the separable dia-
stereomeric 3-spiroazetidinimine-2-oxindoles 4a and 5a in 9
and 73% yield, respectively (see Scheme 1). The structure
of compounds 4a and 5a were assigned on the basis of spec-
troscopic analysis (FTIR, 1H and 13C NMR, and HRMS),
and the relative stereochemistry of compounds 4a and 5a
were derived from single-crystal X-ray analysis (see Fig-
ure 1).[12]

To optimize the reaction conditions, different parameters
were studied that include changing the molar ratio of the
catalyst as well as varying the solvent and base. Using
10 mol-% of CuI and 2 equiv. of Et3N in CH3CN were de-
termined as the optimum conditions to afford the maxi-
mum yield of products (see Table 1, Entry 1). A prolonged
reaction time of 24 h or the use of 2 equiv. of pyridine as
the base did not improve the yield. In addition to CH3CN,
a number of other solvents such as CH2Cl2, CHCl3, and
tetrahydrofuran (THF) were examined under the basic con-
ditions, but no obvious improvement in the yield was ob-
served (see Table 1, Entries 4–6). A change to the molar ra-
tio of the catalyst also proved to be unsuccessful (see
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Scheme 1. Synthesis of 3-spiroazetidinimine-2-oxindoles 4a and 5a.

Figure 1. ORTEP diagrams of compounds 4a and 5a.

Table 1, Entries 7 and 8). The diastereomeric ratio of the
products was determined by 1H NMR spectroscopic analy-
sis of the crude samples.
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Table 1. Optimization of the synthesis of 3-spiroazetidinimine-2-
oxindoles 4a and 5a.

Entry Catalyst Solvent Base % Yield Diastereomeric
[mol-%] 4a/5a[a,b] ratio 4a/5a[c]

1 10 CH3CN Et3N 9/73 15:85
2 10 CH3CN Et3N 6:71[d] 10:90
3 10 CH3CN pyridine 8:68 12:88
4 10 CH2Cl2 Et3N 7:62 14:86
5 10 CHCl3 Et3N 6:69 8:92
6 10 THF Et3N 4:58 7:93
7 20 CH3CN Et3N 7:72 9:91
8 5 CH3CN Et3N 2:64 12:88

[a] Isolated yield. [b] All reactions were performed for 16 h. [c] De-
termined by the 1H NMR spectroscopic analysis of the crude prod-
uct. [d] Reaction was performed for 24 h.

Having optimized reaction conditions in hand, the meth-
odology was extended to isatinimines 1a–1j (see Supporting
Information, Figure S1) with phenylacetylene (3a) and 4-
ethynyl-α,α,α-trifluorotoluene (3b). All the reactions pro-
ceeded smoothly and provided the corresponding 3-spiroaz-
etidinimine-2-oxindoles in good to excellent combined
yields (see Figure 2). Imines that were derived from N-
methylisatin and anilines that contained an electron-releas-
ing group afforded the products in a very good combined
yield. Imine 1b, which was derived from p-bromoaniline
and N-methylisatin, afforded the single diastereomer 5b in
70 % yield. Imine 1c, which was derived from isatin and p-
toluidine afforded the single diastereomer 5c in 66% yield,
which is a lower yield than that of the products from imine
1a. Imine 1d, which was derived from p-anisidine and N-
methylisatin, resulted in the single diastereomer 5d in 74%
yield. The reaction of imine 1e that was derived from 1-
naphthylamine and N-methylisatin gave the single isomer
5e in 62 % yield, which was probably lower than the others
because of steric factors. Imine 1f, which is derived from
aniline and N-methylisatin, afforded diastereomers 4f and
5f in 79% combined yield with a diastereomeric ratio of
11:89. Imine 1g that was derived from aniline and 5-nitro-
1-methylisatin resulted in product 5g in 72% yield. Imine
1h, which was derived from aniline and 5-bromo-1-meth-
ylisatin, afforded diastereomers 4h and 5h in 82 % combined
yield with a diastereomeric ratio of 13:87. Imine 1i, from
aniline and 5-fluoro-1-methylisatin, afforded diastereomers
4i and 5i in a combined yield of 86% with a diastereomeric
ratio of 29:71. Imine 1j, which was derived from aniline and
5-(trifluoromethoxy)-1-methylisatin, afforded diastereomers
4j and 5j in 82% combined yield with a diastereomeric ratio
of 14:86. The reaction of 1a and the alkyne substrate 3b
afforded diastereomers 4k and 5k in a combined yield of
82 % with a diastereomeric ratio of 15:85. Thus, the substi-
tution of the aniline moiety altered the product yield con-
siderably more than that from the substitution of the N-
methylisatin unit or phenyl acetylene.

To demonstrate the scope of the reaction, imines derived
from various ketones were also employed (see Supporting
Information, Figure S1). Imine 1k, which was derived from
aniline and 9-fluorenone, afforded the single isomer 5k in
90 % yield. Similarly, imine 1l that was derived from aniline
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Figure 2. Synthesized spiroazetidinimines (Ts = p-tolylsulfonyl, Ms = methylsulfonyl).

and ninhydrin afforded the single isomer 5l in 72% yield.
Imine 1m, from aniline and camphoroquinone, afforded
diastereomers 4m and 5m in a combined yield of 92% with
a diastereomeric ratio of 26:74. Imine 1n, which was derived
from 4-chloroaniline and acenaphthoquinone, afforded an
inseparable diastereomeric mixture of spiroazetidinimines

www.eurjoc.org © 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2014, 954–965956

4n and 5n in 74 % combined yield with a diastereomeric
ratio of 20:80. However, the imines of 9,10-phenanthro-
quinone 1o and 1p that are derived from 2,4,6-trimethyl-
aniline and 2,6-diisopropylaniline, respectively, decomposed
to 9,10-phenanthrenequinone in the reaction to form the
azetidinimine. An aliphatic sulfonyl azide such as mesyl az-
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ide 2b with imine 1a and alkyne 3a afforded diastereomers
4t and 5t in 88% combined yield with a diastereomeric ratio
of 17:83. An aliphatic acetylene such as cyclohexylacetylene
(3c) with imine 1a and p-toluenesulfonyl azide (2a) afforded
only the single isomer 5u in 55% yield.

To further demonstrate this method, isatin 1q and 1,3-
dibromopropane under basic conditions afforded the highly

Scheme 2. Synthesis of bis(3-spiroazetidinimine-3-oxindole) 4s.

Scheme 3. A plausible mechanism of the reaction.

Scheme 4. Synthetic transformations of 3-spiroazetidinimine-2-oxindoles 4 and 5.
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functionalized N-bridged isatin 1r in 85 % yield. Bis(imine)
1s was prepared in 90% yield by treating N-bridged bis-
(isatin) 1r in ethanol with 2.1 equiv. of p-toluidine and a
catalytic amount of glacial acetic acid followed by heating
the reaction mixture to reflux. To our delight, imine 1s in
CH3CN with tosyl azide (2a), phenyl acetylene (3a), CuI,
and triethylamine was stirred for 16 h to afford a single iso-
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mer of N-bridged bis(3-spiroazetidinimine-2-oxindole) 4s in
65% yield (see Scheme 2).

A plausible reaction mechanism for the formation of 4
and 5 is shown in Scheme 3. Initially, alkyne 3 undergoes a
reaction with sulfonyl azide 2 in the presence of triethyl-
amine and CuI to form the (1-sulfonyl-4-phenyltriazol-5-
yl) copper intermediate A. By following pathways I and II,
intermediate A could give the two possible intermediates B
and D, respectively, which could lead to the formation of
ketenimine intermediate C along with the regeneration of
the Cu catalyst. The mechanism of ketenimine formation is
well established from the literature.[9a] Then, intermediate C
could undergo a reaction with imine 1, which is derived
from a ketone. This reaction could proceed through a [2+2]
cycloaddition reaction to afford the observed products 4
and 5. The selectivity of the product formation can be ex-
plained from the well-established polarization of the keten-
imine and the imine p and p* orbitals.[9f] Thus, orientation
E gives the minor product 4, whereas orientation F affords
the major product 5.

To demonstrate the synthetic use of the 3-spiroazetidin-
imine-2-oxindoles, we conducted the reaction of 5h with
KOH in methanol to afford the ring-opened product 6h in
excellent yield. However, both the product and the starting
material had the same Rf value, as the reaction was moni-
tored by TLC (see Scheme 4). On the other hand, the at-
tempt to detosylate 5g by using p-thiocresol and K2CO3 in
N,N-dimethylformamide (DMF) gave the spiroazetidin-
imine ring-opened product 7g in excellent yield (with a lower
Rf value than the starting material). The relative stereo-
chemistry of compounds 6h (1Z,2Z) and 7g (1E,2E) were
derived from single-crystal X-ray analysis (see Figure 3).[12]

Experiments involving both reactions pathways and start-
ing with mixtures of diastereomers 4 and 5 also afforded
single isomers of the ring-opened product. Thus, this
method is an efficient route to the synthesis of synthetically
important conjugated imine analogues.[13] Azetidinimine 5l
from 9-fluorenone was treated with methanolic KOH to af-
ford ring-opened product 6l in 97 % yield. Upon treatment
with methanolic KOH, the inseparable mixture of the dia-
stereomeric spiroazetidinimines 4o and 5o afforded the sin-
gle ring-opened product 6o in 94% yield.

A plausible mechanism for the formation 6 and 7 has
been proposed in Scheme 5. The highly strained spiroazet-
idinimine ring system is vulnerable to undergo a ring-open-
ing reaction with nucleophiles. Thus, the first step to form
product 6 is the nucleophilic attack of the alkoxide ion
(RO–) at the spiro carbon. The subsequent cleavage of the
C–N bond gives ring-opened intermediate I, which can be
drawn as its resonance structure intermediate J. Deproton-
ation followed by elimination of ROH affords the final
product 6. Similarly, the first step to form product 7 is the
nucleophilic attack of ArS– at the spiro carbon to give ring-
opened intermediate K. Intermediate K can also be drawn
as its resonance structure intermediate L. Deprotonation
followed by elimination of ArSH affords the final product
7. There is steric hindrance between the nucleophile ArS–

and the tosyl group. Thus, the reaction between azetidine
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Figure 3. ORTEP diagrams of compounds 5g, 6h, and 7g.

4/5 and the nucleophile ArS– exclusively affords product 7,
whereas the reaction with the less sterically hindered RO–

nucleophile affords product 6.
To confirm the fluorescent properties of conjugated

indolones 6 and 7, absorption and emission spectra of these
compounds were recorded. Compounds 6f, 6g, 6h, 6l, and



Three-Component Diastereoselective Synthesis

Scheme 5. Plausible mechanism for the formation of 6 and 7.

6o showed UV absorption maxima in a range from 312 to
322 nm (see Figure 4 and Table 2) and emission in a range
from 408 to 424 nm (see Figure 5 and Table 2). Compounds
7g and 7h showed UV absorption at 317 and 320 nm,
respectively, however, they did not show any emission.

Figure 4. Absorption spectrum of compounds 6g, 6o, 6h, 6f, and
6l.

Table 2. Absorption and emission data of compounds 6f, 6g, 6h,
6l, and 6o.

Entry Product Absorption[a] Emission[a,b] Stokes
λmax,abs [nm] λmax,em [nm] shift [cm–1]

1 6f 322 415 6959
2 6g 333 409 5580
3 6h 322 424 7471
4 6l 320 408 6741
5 6o 312 414 7897

[a] Recorded in CH3CN at 25 °C. [b] Excited at the longest wave-
length of the absorption maxima.
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Figure 5. Emission spectrum of compounds 6g, 6o, 6h, 6f, and 6l.

Conclusions

In summary, we have demonstrated a one-pot, three-
component synthesis that provides new 3-spiroazitidin-
imine-2-oxindoles in excellent yields. The approach has
been successfully extended to synthetically and biologically
important mono-, di-, and triketones. Both diastereomeric
3-spiroazetidinimine-2-oxindoles underwent a facile ring-
opening reaction of the spiroazetidinimine unit by treat-
ment with methanolic KOH and p-thiocresol under mild
basic conditions to afford two new classes of synthetically
important conjugated indolones.

Experimental Section
General Methods: All reactions were carried out in oven-dried
glassware. The progress of the reactions was monitored by thin
layer chromatography (TLC), and purification of crude compounds
was carried out by column chromatography with neutral alumina.
The NMR spectroscopic data were recorded with Jeol-500 MHz
and Bruker-400 MHz spectrometers. Chemical shifts are reported
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in δ (ppm) relative to TMS (for 1H NMR) or CDCl3 (for 13C
NMR) as internal standards. The signal integrations are in accord-
ance with the assignments, and coupling constants are given in Hz.
All the 13C NMR spectra are proton decoupled. Multiplicity is
indicated according to s (singlet), d (doublet), t (triplet), q (quar-
tet), m (multiplet), dd (doublet of doublet), and br. s (broad sing-
let). HRMS analyses were recorded with a Waters® Micromass®

Q-TOF Micro TM spectrometer, yields refer to the quantities that
were obtained after chromatography. All solvents were purified
prior to use by following literature procedures.

Typical Experimental Procedure for the Synthesis of Diastereomeric
3-Spiroazetidinimine-2-oxindoles 4a and 5a: A mixture of N-meth-
ylisatin (161 mg, 1 mmol, 1 equiv.), p-toluidine, (0.128 mg,
1.0 mmol, 1.2 equiv.), and acetic acid (catalytic amount) in ethanol
was heated at reflux for 2 h. After the completion of the reaction
(monitored by TLC, the Rf values of the imines were similar to
their corresponding isatin), ethanol and acetic acid were removed
by using a rotary evaporator at 70 °C under vacuum. The resulting
residue was purified by column chromatography on silica gel (ethyl
acetate/hexane, 30:70) to afford imine 1a as a yellow solid (212 mg,
85% yield). To imine 1a (125 mg, 0.5 mmol, 1.0 equiv.) in acetoni-
trile (3 mL) were added tosyl azide (2a, 0.086 mL, 1.1 equiv.), cop-
per iodide (9.5 mg, 10 mol-%), phenylacetylene (3a, 0.06 mL,
1.1 equiv.), and triethylamine (0.13 mL, 2 equiv.), and the resulting
mixture was stirred at room temperature for 16 h. The progress of
the reaction was monitored by TLC. After completion of the reac-
tion, the mixture was passed through a pad of neutral alumina
(ethyl acetate), and the solvent was evaporated in vacuo. The resi-
due was treated with dichloromethane (25 mL) and washed suc-
cessively with dilute HCl (10 mL) and brine solution (10 mL). The
organic layer was dried with anhydrous Na2SO4, and the solvent
was evaporated under reduced pressure. Chromatography on silica
gel (gradient of ethyl acetate/hexane) yielded compounds 4a
(23.5 mg, 9% yield) and 5a (190.5 mg, 73% yield).

Typical Experimental Procedure for the Synthesis of Merocyanine 6:
A mixture of 3-spiroazetidinimine-2-oxindole 4a/5a (156 mg,
0.3 mmol, 1 equiv.) and potassium hydroxide (56 mg, 0.3 mmol,
3 equiv.) in ethanol (5 mL) was stirred at room temperature for 1 h.
After the completion of the reaction (monitored by TLC, product
had same Rf value as the corresponding spiroazetidine), the ethanol
was removed in vacuo. The residue was treated with dichlorometh-
ane (25 mL) and washed successively with dilute HCl (10 mL) and
brine solution (10 mL). The organic layer was dried with anhydrous
Na2SO4, and the solvent was evaporated under reduced pressure.
Chromatography on silica gel (gradient of hexane/ethyl acetate)
yielded compound 6a (151 mg, 97% yield) as a yellow solid.

Typical Experimental Procedure for the Synthesis of Merocyanine 7:
A mixture of 3-spiroazetidinimine-2-oxindole 4h/5h (175 mg,
0.3 mmol, 1 equiv.), p-thiocresol (55.8 mg, 0.3 mmol, 1.5 equiv.),
and potassium carbonate (124.3 mg, 0.3 mmol, 3 equiv.) in DMF
was stirred at room temperature for 1 h. After the completion of
the reaction (monitored by TLC, product had lower Rf value than
the corresponding spiroazetidine), the reaction mixture was treated
with dichloromethane (25 mL) and washed successively with dilute
HCl (10 mL) and brine solution (10 mL). The organic layer was
dried with anhydrous Na2SO4, and the solvent was evaporated un-
der reduced pressure. Chromatography on silica gel (gradient of
hexane/ethyl acetate) yielded compound 7h (148 mg, 85% yield) as
a yellow solid.

4-Methyl-N-[(2S,3S)-1�-methyl-2�-oxo-3-phenyl-1-p-tolylspiro-
(azetidine-2,3�-indoline)-4-ylidene]benzenesulfonamide (4a): White
powder (23.5 mg, 9% yield). FTIR (KBr): ν̃max = 3427, 2924, 1730,
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1640, 1515, 1491, 1415, 1154, 1092, 817, 759 cm–1. 1H NMR
(500.1 MHz, CDCl3/TMS): δ = 2.23 (s, 3 H), 2.40 (s, 3 H), 3.09 (s,
3 H), 5.24 (s, 1 H), 6.91 (d, J = 7.5 Hz, 1 H), 7.01 (d, J = 8 Hz, 2
H), 7.11–7.18 (m, 9 H), 7.24–7.28 (m, 1 H), 7.42–7.45 (m, 1 H),
7.47 (d, J = 7 Hz, 1 H), 7.52 (d, J = 8.5 Hz, 2 H) ppm. 13C NMR
(125.7 MHz, CDCl3/TMS): δ = 21.1, 21.6, 64.6, 71.4, 109.2, 118.5,
123.6, 123.8, 124.3, 127.0, 127.1, 127.9, 128.0, 128.5, 129.0, 129.1,
129.2, 129.6, 129.8, 130.3, 131.2, 133.9, 135.7, 138.9, 142.9, 143.4,
163.2, 169.7 ppm. HRMS: calcd. for C31H27N3O3S [M + H]+

522.1851; found 522.1849.

4-Methyl-N-[(2S,3R)-1�-methyl-2�-oxo-3-phenyl-1-p-tolylspiro-
(azetidine-2,3�-indoline)-4-ylidene]benzenesulfonamide (5a): White
powder (190.5 mg, 73 % yield). FTIR (KBr): ν̃max = 3438, 3062,
2925, 1745, 1616, 1515, 1470, 1402, 1371, 1315, 1250, 1155, 1091,
1016, 915, 812, 737, 700, 670, 548 cm–1. 1H NMR (500.1 MHz,
CDCl3/TMS): δ = 2.19 (s, 3 H), 2.39 (s, 3 H), 3.30 (s, 3 H), 5.31 (s,
1 H), 6.13–6.66 (m, 2 H), 6.85 (d, J = 8 Hz, 1 H), 6.96 (d, J =
8 Hz, 2 H), 7.05–7.09 (m, 4 H), 7.19–7.24 (m, 6 H), 7.75 (d, J =
8 Hz, 2 H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 20.9,
21.6, 62.2, 71.0, 118.3, 118.4, 120.6, 122.8, 126.0, 126.9, 127.0,
128.1, 128.5, 128.6, 129.2, 129.3, 129.7, 129.8, 131.0, 134.3, 135.5,
139.2, 142.8, 143.6, 163.3, 173.3 ppm. HRMS: calcd. for
C31H27N3O3S [M + H]+ 522.1851; found 522.1832.

N-[(2S,3R)-1-(4-Bromophenyl)-1�-methyl-2�-oxo-3-phenylspiro-
(azetidine-2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide
(5b): White powder (205 mg, 70% yield). FTIR (KBr): ν̃max = 3441,
3061, 2928, 1730, 1623, 1489, 1394, 1372, 1315, 1251, 1156, 1090,
1010, 857, 820, 669, 546 cm–1. 1H NMR (500.1 MHz, CDCl3/
TMS): δ = 2.40 (s, 3 H), 3.32 (s, 3 H), 5.32 (s, 1 H), 6.61 (d, J =
7.5 Hz, 1 H), 6.68 (t, J = 8 Hz, 1 H), 6.87 (d, J = 7.5 Hz, 1 H),
7.03–7.08 (m, 4 H), 7.20–7.29 (m, 8 H), 7.74 (d, J = 8.5 Hz, 2
H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 27.1, 62.5,
71.1, 109.1, 118.7, 119.9, 120.3, 123.0, 127.1, 128.3, 128.5, 128.7,
129.4, 131.3, 132.3, 132.4, 135.9, 138.9, 143.2, 143.6, 163.5,
172.8 ppm. HRMS (FAB): calcd. for C30H25BrN3O3S [M + H]+

585.0799; found 585.0797.

4-Methyl-N-[(2S,3R)-2�-oxo-3-phenyl-1-p-tolylspiro(azetidine-2,3�-
indoline)-4-ylidene]benzenesulfonamide (5c): White powder
(167.5 mg, 66% yield). FTIR (KBr): ν̃max = 3365, 3310, 2960, 2923,
1739, 1616, 1469, 1403, 1307, 1188, 1152, 921, 813, 762, 669,
542 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.21 (s, 3 H),
2.40 (s, 3 H), 5.40 (s, 1 H), 6.56–6.64 (m, 2 H), 6.89 (d, J = 7.5 Hz,
1 H), 6.99 (d, J = 8.5 Hz, 2 H), 7.10–7.23 (m, 10 H), 7.74 (d, J =
8.5 Hz, 2 H), 9.24 (s, 1 H) ppm. 13C NMR (125.7 MHz, CDCl3/
TMS): δ = 21.0, 21.6, 62.1, 71.5, 111.3, 115.4, 118.4, 120.5, 120.9,
122.8, 126.2, 127.1, 128.3, 128.7, 129.3, 129.7, 129.9, 131.0, 132.3,
134.4, 135.7, 139.1, 140.9, 142.9, 163.5, 175.4 ppm. HRMS: calcd.
for C30H26N3O3S [M + H]+ 508.1695; found 508.1688.

N-[(2S,3R)-1-(4-Methoxyphenyl)-1�-methyl-2�-oxo-3-phenylspiro-
(azetidine-2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide
(5d): White powder (198.6 mg, 74% yield). FTIR (KBr): ν̃max =
3436, 3032, 3006, 2936, 2836, 1728, 1615, 1511, 1469, 1370, 1309,
1251, 1154, 1091, 1021, 914, 880, 738, 701 cm–1. 1H NMR
(500.1 MHz, CDCl3/TMS): δ = 2.40 (s, 3 H), 3.30 (s, 3 H), 3.67 (s,
3 H), 5.50 (s, 1 H), 6.63 (d, J = 7.5 Hz, 1 H), 6.67–6.61 (m, 3 H),
6.85 (d, J = 8.5 Hz, 1 H), 7.09–7.13 (m, 4 H), 7.19–7.26 (m, 6 H),
7.75 (d, J = 8 Hz, 2 H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS):
δ = 21.6, 27.0, 55.5, 62.3, 71.3, 108.9, 114.5, 120.3, 120.7, 122.9,
126.1, 126.9, 128.2, 128.6, 128.7, 129.3, 130.1, 131.1, 132.6, 142.9,
143.8, 157.4, 163.2, 173.1 ppm. HRMS: calcd. for C31H28N3O4S
[M + H]+ 538.1800; found 538.4416.



Three-Component Diastereoselective Synthesis

4-Methyl-N-[(2S,3R)-1�-methyl-1-(naphthalen-1-yl)-2�-oxo-3-phen-
ylspiro(azetidine-2,3�-indoline)-4-ylidene]benzenesulfonamide (5e):
White powder (173 mg, 62 % yield). FTIR (KBr): ν̃max = 3360,
3262, 2923, 2852, 1732, 1629, 1529, 1492, 1306, 1160, 1087, 907,
817, 703, 535 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.41
(s, 3 H), 3.16 (s, 3 H), 5.54 (s, 1 H), 6.68 (t, J = 7 Hz, 2 H), 6.79
(d, J = 7.5 Hz, 1 H), 7.14 (t, J = 8 Hz, 1 H), 7.21 (d, J = 7.5 Hz,
3 H), 7.24–7.31 (m, 6 H), 7.40–7.47 (m, 2 H), 7.70 (d, J = 8.5 Hz,
2 H), 7.75 (t, J = 7.5 Hz, 2 H), 8.17 (d, J = 8.5 Hz, 1 H) ppm. 13C
NMR (125.7 MHz, CDCl3/TMS): δ = 21.6, 62.8, 74.9, 108.8, 120.8,
122.7, 124.1, 124.3, 125.1, 126.4, 126.7, 126.8, 126.9, 128.1, 128.2,
128.7, 128.9, 129.2, 129.4, 129.9, 131.0, 131.8, 133.0, 134.3, 139.5,
142.7, 144.5, 167.1, 173.6 ppm. HRMS: calcd. for C34H28N3O3S
[M + H]+ 558.1851; found 558.1832.

4-Methyl-N-[(2S,3S)-1�-methyl-2�-oxo-1,3-diphenylspiro(azetidine-
2,3�-indoline)-4-ylidene]benzenesulfonamide (4f): White powder
(17 mg, 7% yield). FTIR (KBr. FTIR (KBr): ν̃max = 3439, 3056,
2961, 2930, 2872, 1729, 1641, 1495, 1471, 1415, 1314, 1248, 1154,
1091, 916, 819, 760, 704, 541 cm–1. 1H NMR (500.1 MHz, CDCl3/
TMS): δ = 2.40 (s, 3 H), 3.05 (s, 3 H), 5.26 (s, 1 H), 6.92 (d, J =
8 Hz, 1 H), 7.07–7.1 (m, 1 H), 7.13 (d, J = 7 Hz, 2 H), 7.16–7.19
(m, 5 H), 7.21–7.24 (m, 4 H), 7.26 (d, J = 5.5 Hz, 1 H), 7.44 (t, J

= 7.5 Hz, 1 H), 7.49 (d, J = 7.5 Hz, 1 H), 7.52 (d, J = 7.5 Hz, 2
H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 26.8, 64.6,
71.4, 109.2, 118.4, 123.6, 123.8, 124.2, 125.0, 127.0, 128.0, 128.5,
129.2, 129.3, 130.2, 131.3, 136.3, 138.7, 142.9,143.3, 163.4,
169.6 ppm. HRMS: calcd. for C30H26N3O3S [M + H]+ 508.1695;
found 508.1697.

4-Methyl-N-[(2S,3R)-1�-methyl-2�-oxo-1,3-diphenylspiro(azetidine-
2,3�-indoline)-4-ylidene]benzenesulfonamide (5f): White powder
(182.5 mg, 72% yield). FTIR (KBr): ν̃max = 3433, 3061, 2931, 1726,
1624, 1407, 1408, 1370, 1317, 1251, 1016, 917, 754, 674, 546 cm–1.
1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.40 (s, 3 H), 3.32 (s, 3
H), 5.32 (s, 1 H), 6.62 (d, J = 6.5 Hz, 1 H), 6.67 (t, J = 7.5 Hz, 1
H), 6.87 (d, J = 8 Hz, 1 H), 7.02–7.06 (m, 2 H), 7.08–7.11 (m, 2
H), 7.15–7.20 (m, 7 H), 7.24 (d, J = 9 Hz, 2 H), 7.76 (d, J = 8.5 Hz,
2 H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 27.1,
62.3, 71.1, 109.0, 118.4, 120.6, 122.9, 125.7, 126.1, 127.1, 128.2,
128.6, 128.7, 129.3, 129.4, 131.1, 136.9, 139.2, 143.0, 143.7, 163.6,
173.0 ppm. HRMS: calcd. for C30H26N3O3S [M + H]+ 508.1695;
found 508.1688.

4-Methyl-N-[(2S,3R)-1�-methyl-5�-nitro-2�-oxo-1,3-diphenylspiro-
(azetidine-2,3�-indoline)-4-ylidene]benzenesulfonamide (5g): White
powder (198 mg, 72% yield). FTIR (KBr): ν̃max = 3460, 3066, 2927,
1741, 1631, 1523, 1457, 1494, 1405, 1336, 1157, 1090, 933, 824,
675, 547 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.43 (s, 3
H), 3.41 (s, 3 H), 5.39 (s, 1 H), 6.98 (d, J = 8.5 Hz, 1 H), 7.08–7.14
(m, 5 H), 7.19–7.26 (m, 7 H), 7.52 (d, J = 2.5 Hz, 1 H), 7.71 (d, J

= 8.5 Hz, 2 H), 8.17 (dd, J = 9.25, 2.5 Hz, 1 H) ppm. 13C NMR
(125.7 MHz, CDCl3/TMS): δ = 21.7, 27.6, 62.8, 70.1, 108.8, 118.2,
121.7, 126.1, 127.2, 127.8, 128.3, 128.9, 129.1, 129.4, 129.6, 131.5,
136.4, 138.6, 143.4, 148.8, 162.8, 173.2 ppm. HRMS: calcd. for
C30H25N4O5S [M + H]+ 553.1545; found 553.1546.

N-[(2S,3S)-5�-Bromo-1�-methyl-2�-oxo-1,3-diphenylspiro(azetidine-
2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide (4h): White
powder (23 mg, 8% yield). FTIR (KBr): ν̃max = 3440, 3062, 2979,
2927, 1732, 1631, 1494, 1411, 1310, 1245, 1152, 1093, 927, 820,
739, 691, 543 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.41
(s, 3 H), 3.03 (s, 3 H), 5.25 (d, J = 8.5 Hz, 1 H), 7.10–7.14 (m, 3
H), 7.17–7.21 (m, 6 H), 7.23 (d, J = 7.5 Hz, 2 H), 7.27–7.30 (m, 1
H), 7.54 (d, J = 8.5 Hz, 2 H), 7.57 (dd, J = 8, 2.5 Hz, 1 H), 7.6 (d,
J = 2.0 Hz, 1 H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ =
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21.7, 26.9, 64.8, 70.0, 110.8, 116.5, 118.3, 118.4, 125.9, 126.2, 126.7,
127.1, 128.1, 128.7, 128.9, 129.2, 129.3, 129.4, 129.5, 129.9, 134.2,
136.1, 138.6, 142.2, 143.1, 163.0, 169.0 ppm. HRMS: calcd. for
C30H24BrN3O3S [M]+ 588.0779; found 588.0796.

N-[(2S,3R)-5�-Bromo-1�-methyl-2�-oxo-1,3-diphenylspiro(azetidine-
2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide (5h): White
powder (216 mg, 74% yield). FTIR (KBr): ν̃max = 3443, 3062, 2924,
1731, 1632, 1493, 1461, 1407, 1319, 1251, 1156, 1094, 926, 813,
742, 675, 547 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.39
(s, 3 H), 3.29 (s, 3 H), 5.33 (s, 1 H), 6.70 (d, J = 1.5 Hz, 1 H), 6.75
(d, J = 8.5 Hz, 1 H), 7.07 (t, J = 6.5 Hz, 2 H), 7.14–7.24 (m, 10
H), 7.31 (d, J = 8.5 Hz, 1 H), 7.73 (d, J = 8.5 Hz, 2 H) ppm. 13C
NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 27.3, 62.4, 70.7, 110.5,
115.6, 118.2, 122.5, 125.9, 127.1, 128.5, 128.6, 128.9, 129.1, 129.4,
129.5, 132.1, 133.9, 136.6, 138.9, 142.6, 143.2, 163.2, 172.4 ppm.
HRMS: calcd. for C30H24BrN3O3S [M]+ 588.0779; found 588.0789.

N-[(2S,3S)-5�-Fluoro-1�-methyl-2�-oxo-1,3-diphenylspiro(azetidine-
2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide (4i): White
powder (57 mg, 22% yield). FTIR (KBr): ν̃max = 3437, 3069, 2924,
2855, 1728, 1628, 1495, 1456, 1320, 1159, 1093, 975, 882, 812, 756,
672, 548 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.41 (s, 3
H), 3.33 (s, 3 H), 5.35 (s, 1 H), 6.38 (d, J = 8 Hz, 1 H), 6.81 (dd,
J = 4, 4.5 Hz, 1 H), 6.94 (dt, J = 8.5 Hz, 1 H), 7.06–7.09 (m, 3 H),
7.15 (d, J = 8 Hz, 2 H), 7.19 (d, J = 7.5 Hz, 2 H), 7.25–7.28 (m, 5
H), 7.76 (d, J = 8 Hz, 2 H) ppm. 13C NMR (125.7 MHz, CDCl3/
TMS): δ = 21.7, 27.3, 63.35, 70.81, 109.6, 114.1, 114.3, 117.4, 117.6,
118.3, 122.4, 125.8, 127.1, 128.4, 128.6, 129.4, 132.1, 136.7, 138.9,
139.6, 143.2, 157.9, 159.8, 163.2, 172.8 ppm. HRMS: calcd. for
C30H25FN3O3S [M + H]+ 526.1600; found 526.1592.

N-[(2S,3R)-5�-Fluoro-1�-methyl-2�-oxo-1,3-diphenylspiro(azetidine-
2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide (5i): White
powder (168 mg, 64% yield). FTIR (KBr): ν̃max = 3361, 3262, 2925,
2855, 1732, 1627, 1550, 1304, 1259, 1217, 1156, 1093, 1019, 815,
693, 548 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.43 (s, 3
H), 3.05 (s, 3 H), 5.23 (s, 1 H), 6.91–6.94 (dd, J = 9.15, 4 Hz), 7.12
(d, J = 7.5 Hz, 3 H), 7.19–7.22 (m, 7 H), 7.24–7.28 (q, J = 8.5,
7.5 Hz, 3 H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.7,
27.3, 62.4, 70.8, 109.5, 109.6, 114.1, 114.3, 117.4, 117.6, 118.3,
122.4, 122.5, 125.8, 127.1, 128.4, 128.6, 128.9, 129.2, 129.3, 129.4,
132.1, 136.7, 139.5, 143.1, 157.9, 159.8, 163.2, 172.8 ppm. HRMS:
calcd. for C30H25FN3O3S [M + H]+ 526.1601; found 526.1584.

4-Methyl-N-[(2S,3S)-1�-methyl-2�-oxo-1,3-diphenyl-5�-(trifluoro-
methoxy)spiro(azetidine-2,3�-indoline)-4-ylidene]benzenesulfonamide
(4j): White powder (27 mg, 9 % yield). FTIR (KBr): ν̃max = 3445,
3065, 2927, 1733, 1632, 1496, 1459, 1406, 1319, 1363, 1632, 1496,
1459, 1406, 1319, 1363, 1319, 1254, 1220, 1158, 1092, 919, 862,
814, 755, 737, 692, 547 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS):
δ = 2.39 (s, 3 H), 3.31 (s, 3 H), 5.35 (s,1 H), 6.53 (s, 1 H), 6.88 (d,
J = 8.5 Hz, 1 H), 7.04–7.10 (m, 4 H), 7.14–7.23 (m, 9 H), 7.73 (d,
J = 7.5 Hz, 2 H) ppm. 13C NMR (500.1 MHz, CDCl3/TMS): δ =
21.6, 27.3, 62.4, 70.8, 109.9, 118.3, 119.2, 119.9, 121.2, 122.1, 124.5,
125.5, 127.1, 128.3, 128.6, 128.9, 129.4, 129.5, 131.9, 136.6, 138.9,
142.3, 143.3, 144.6, 163.3, 173.9 ppm. HRMS: calcd. for
C31H25F3N3O4S [M + H]+ 592.1518; found 592.1536.

4-Methyl-N-[(2S,3R)-1�-methyl-2�-oxo-1,3-diphenyl-5�-(trifluoro-
methoxy)spiro(azetidine-2,3�-indoline)-4-ylidene]benzenesulfonamide
(5j): White powder (215 mg, 73% yield). FTIR (KBr): ν̃max = 3443,
3065, 3035, 2927, 1732, 1632, 1599, 1498, 1406, 1364, 1458, 1406,
1316, 1256, 1220, 1157, 919, 862, 814, 756, 693, 611, 546 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 2.41 (s, 3 H), 3.05 (s, 3 H),
5.25 (s, 1 H), 6.93 (d, J = 8.5 Hz, 1 H), 7.09–7.15 (m, 3 H), 7.19–
7.24 (m, 8 H), 7.29 (t, 1 H), 7.33 (d, J = 8.5 Hz, 1 H), 7.38 (s, 1
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H), 7.55 (d, J = 8.5 Hz, 2 H) ppm. 13C NMR (125.7 MHz, CDCl3/
TMS): δ = 21.6, 27.3, 62.5, 70.7, 109.7, 110.2, 117.5, 118.3, 119.2,
119.9, 121.2, 122.2, 124.2, 124.4, 125.9, 127.0, 127.1, 128.1, 128.3,
128.6, 128.9, 129.3, 129.4, 129.5, 129.9, 136.6, 138.9, 142.2, 143.2,
144.6, 163.2, 172.9 ppm. HRMS: calcd. for C31H25F3N3O4S [M +
H]+ 592.1518; found 592.1521.

4-Methyl-N-{(2S,3S)-1�-methyl-2�-oxo-1-p-tolyl-3-[4-(trifluoro-
methyl)phenyl]spiro(azetidine-2,3�-indoline)-4-ylidene}benzene-
sulfonamide (4k): White powder (29 mg, 10% yield). FTIR (KBr):
ν̃max = 3439, 3063, 2987, 2927, 1730, 1632, 1515, 1471, 1324, 1247,
1155, 1121, 1091, 1069, 922, 861, 815, 754, 685, 661, 540 cm–1; 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 2.25 (s, 3 H), 2.40 (s, 3 H),
3.06 (s, 3 H), 5.28 (s, 1 H), 6.9 (d, J = 8 Hz, 1 H), 7.03 (d, J =
8.5 Hz, 2 H), 7.13 (t, J = 8.5 Hz, 4 H), 7.18 (t, J = 8 Hz, 1 H), 7.24
(d, J = 8.5 Hz, 2 H), 7.37 (d, J = 8 Hz, 2 H), 7.45 (d, J = 8 Hz, 3
H), 7.50 (d, J = 7 Hz, 1 H) ppm. 13C NMR (125.7 MHz, CDCl3/
TMS): δ = 21.0, 21.5, 26.9, 63.6, 71.2, 109.4, 118.4, 122.9, 123.7,
123.8, 123.9, 124.8, 124.9, 125.1, 125.1, 126.6, 129.2, 129.9, 130.1,
130.2, 130.5, 131.6, 133.6, 133.9, 136.0, 138.7, 143.1, 143.2, 162.6,
169.4 ppm. HRMS: calcd. for C31H27F3N3O3S [M + H]+ 590.1725;
found 590.1734.

4-Methyl-N-{(2S,3R)-1�-methyl-2�-oxo-1-p-tolyl-3-[4-(trifluoro-
methyl)phenyl]spiro(azetidine-2,3�-indoline)-4-ylidene}benzene-
sulfonamide (5k): White powder (212 mg, 72% yield). FTIR (KBr):
ν̃max = 3435, 3063, 2925, 1731, 1633, 1614, 1517, 1406, 1371, 1251,
1158, 1115, 1091, 1068, 1018, 918, 834, 812, 754, 731, 709, 662,
550, 537 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.21 (s, 3
H), 2.41 (s, 3 H), 3.34 (s, 3 H), 5.37 (s, 1 H), 6.59 (d, J = 7.5 Hz,
1 H), 6.71 (t, J = 7.5 Hz, 1 H), 6.89 (d, J = 7.5 Hz, 1 H), 6.98 (d,
J = 8.5 Hz, 2 H), 7.05 (d, J = 7.05 Hz, 2 H), 7.22–7.28 (m, 5 H),
7.47 (d, J = 8.5 Hz, 2 H), 7.75 (d, J = 7.5 Hz, 2 H) ppm. 13C NMR
(125.7 MHz, CDCl3/TMS): δ = 21.0, 21.6, 27.2, 61.5, 70.9, 109.2,
118.4, 120.3, 122.8, 123.1, 125.0, 125.6, 125.7, 125.9, 126.7, 126.9,
129.0, 129.2, 129.4, 130.2, 131.4, 134.1, 135.9, 136.7, 139.1, 143.2,
143.7, 143.7, 162.4, 172.7 ppm. HRMS: calcd. for C31H27F3N3O3S
[M + H]+ 590.1725; found 590.1731.

(R)-N-(1,3-Diphenylspiro[azetidine-2,9�-fluorene]-4-ylidene)-4-meth-
ylbenzenesulfonamide (5l): White powder (236 mg, 90 % yield).
FTIR (KBr): ν̃max = 3427, 3060, 2924, 2856, 1621, 1496, 1458,
1408, 1311, 1241, 1155, 1091, 910, 808, 748, 686, 544 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 2.40 (s, 3 H), 5.44 (s, 1 H),
6.77 (d, J = 3.5 Hz, 2 H), 6.91–6.96 (m, 3 H), 7.02 (t, J = 7.5 Hz,
2 H), 7.06–7.10 (m, 3 H), 7.14 (d, J = 8.5 Hz, 2 H), 7.17–7.21 (m,
1 H), 7.26 (d, J = 7.5 Hz, 2 H), 7.28–7.31 (m, 1 H), 7.43 (t, J =
7.5 Hz, 1 H), 7.52 (d, J = 7.0 Hz, 1 H), 7.61 (d, J = 7.5 Hz, 1 H),
7.72 (d, J = 6.5 Hz, 1 H), 7.81 (d, J = 8.5 Hz, 2 H) ppm. 13C NMR
(125.7 MHz, CDCl3/TMS): δ = 21.7, 63.6, 76.7, 118.8, 120.5, 120.9,
122.9, 125.3, 126.0, 127.1, 127.3, 127.8, 128.4, 128.5, 128.7, 129.1,
129.4, 129.9, 130.3, 133.6, 136.8, 138.0, 139.5, 139.9, 140.5, 142.9,
1 4 3 . 1 , 1 6 3 . 8 p p m . H R M S : c a l c d . fo r C 3 4 H 2 5 N 2 O 2 S
[M + H]+ 527.1793; found 527.1793.

(R)-N-(1,3-Diphenylspiro[azetidine-2,9�-fluorene]-4-ylidene)-4-meth-
ylbenzenesulfonamide (5l): White powder (236 mg, 90 % yield).
FTIR (KBr): ν̃max = 3427, 3060, 2924, 2856, 1621, 1496, 1458,
1408, 1311, 1241, 1155, 1091, 910, 808, 748, 686, 544 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 2.40 (s, 3 H), 5.44 (s, 1 H),
6.77 (d, J = 3.5 Hz, 2 H), 6.91–6.96 (m, 3 H), 7.02 (t, J = 7.5 Hz,
2 H), 7.06–7.10 (m, 3 H), 7.14 (d, J = 8.5 Hz, 2 H), 7.17–7.21 (m,
1 H), 7.26 (d, J = 7.5 Hz, 2 H), 7.28–7.31 (m, 1 H), 7.43 (t, J =
7.5 Hz, 1 H), 7.52 (d, J = 7.0 Hz, 1 H), 7.61 (d, J = 7.5 Hz, 1 H),
7.72 (d, J = 6.5 Hz, 1 H), 7.81 (d, J = 8.5 Hz, 2 H) ppm. 13C NMR
(125.7 MHz, CDCl3/TMS): δ = 21.7, 63.6, 76.7, 118.8, 120.5, 120.9,
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122.9, 125.3, 126.0, 127.1, 127.3, 127.8, 128.4, 128.5, 128.7, 129.1,
129.4, 129.9, 130.3, 133.6, 136.8, 138.0, 139.5, 139.9, 140.5, 142.9,
1 4 3 . 1 , 1 6 3 . 8 p p m . H R M S : c a l c d . fo r C 3 4 H 2 5 N 2 O 2 S
[M + H]+ 527.1793; found 527.1793.

(R)-N-(1�,3�-Dioxo-1,3-diphenyl-1�,3�-dihydrospiro[azetidine-2,2�-
indene]-4-ylidene)-4-methylbenzenesulfonamide (5m): White powder
(182 mg, 72% yield). FTIR (KBr): ν̃max = 3450, 3.61, 2924, 1751,
1718, 1632, 1595, 1498, 1458, 1410, 1314, 1226, 1154, 1090, 882,
755, 728, 694, 554, 530 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS):
δ = 2.40 (s, 3 H), 5.26 (s, 1 H), 7.06 (d, J = 7.5 Hz, 1 H), 7.11–7.14
(m, 1 H), 7.17–7.29 (m, 10 H), 7.54 (d, J = 7.5 Hz, 2 H), 7.75 (d,
J = 7.5 Hz, 1 H), 7.90 (t, J = 7.5 Hz, 1 H), 7.98 (t, J = 7.5 Hz, 1
H), 8.14 (d, J = 7.5 Hz, 1 H) ppm. 13C NMR (125.7 MHz, CDCl3/
TMS): δ = 21.6, 62.7, 74.1, 118.1, 124.2, 124.4, 126.1, 127.0, 128.6,
128.9, 129.1, 129.7, 129.2, 129.3, 129.4, 129.9, 136.2, 137.2, 137.6,
138.6, 139.7, 140.4, 143.1, 162.1, 191.6, 193.6 ppm. HRMS: calcd.
for C30H23N2O4S [M + H]+ 507.1378; found 507.1374.

4-Methyl-N-[(1�S,2R,3S,4�R)-1�,7�,7�-trimethyl-3�-oxo-1,3-diphenyl-
spiro(azetidine-2,2�-bicyclo[2.2.1]heptane)-4-ylidene]benzenesulfon-
amide (4n): White powder (51 mg, 20% yield). FTIR (KBr): ν̃max

= 3430, 3063, 3035, 2965, 2934, 2875, 1744, 1627, 1593, 1454, 1408,
1310, 1154, 1091, 1008, 915, 881, 827, 768, 734, 684, 553 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 0.79 (s, 3 H), 0.84 (s, 3 H),
0.95 (s, 3 H), 1.22–1.28 (m, 1 H), 1.29–1.34 (m, 1 H), 1.54–1.59 (m,
1 H), 1.61–1.67 (m, 1 H), 2.27 (s, 3 H), 2.61 (d, J = 4.5 Hz, 1 H),
4.94 (s, 1 H), 6.89 (s, 4 H), 7.28 (t, J = 6.5 Hz, 3 H), 7.33–7.37 (m,
5 H), 7.45 (d, J = 7.5 Hz, 2 H) ppm. 13C NMR (125.7 MHz,
CDCl3/TMS): δ = 9.6, 18.9, 20.9, 21.5, 22.3, 31.3, 45.0, 55.5, 60.2,
65.2, 81.7, 124.5, 126.5, 127.9, 128.1, 128.3, 128.6, 128.8, 129.5,
130.8, 137.2, 138.5, 142.2, 166.8, 213.1 ppm. HRMS: calcd. for
C31H33N2O3S [M + H]+ 513.2212; found 513.2226.

4-Methyl-N-[(1�S,2R,3R,4�R)-1�,7�,7�-trimethyl-3�-oxo-1,3-diphen-
ylspiro(azetidine-2,2�-bicyclo[2.2.1]heptane)-4-ylidene]benzene-
sulfonamide (5n): White powder (184 mg, 72% yield). FTIR (KBr):
ν̃max = 3469, 3092, 3004, 3034, 2875, 1748, 1632, 1592, 1495, 1453,
1420, 1305, 1152, 1090, 1003, 914, 880, 833, 768, 686, 539 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 0.07 (s, 3 H), 0.61 (s, 3 H),
0.83 (s, 3 H), 0.85–0.89 (m, 1 H), 1.38–1.40 (m, 1 H), 2.06–2.12 (m,
1 H), 2.29 (s, 3 H), 2.53 (d, J = 4 Hz, 1 H), 5.23 (s, 1 H), 6.97 (d,
J = 8.5 Hz, 2 H), 7.14–7.18 (m, 5 H), 7.22 (d, J = 7 Hz, 1 H), 7.26–
7.28 (m, 4 H), 7.32–7.36 (m, 3 H) ppm. 13C NMR (125.7 MHz,
CDCl3/TMS): δ = 9.3, 19.9, 21.5, 21.6, 25.4, 26.6, 46.2, 51.6, 57.5,
60.7, 82.3, 126.6, 128.0, 128.1, 128.8, 129.3, 129.5, 129.8, 129.9,
131.3, 135.2, 139.3, 143.1, 168.8, 211.1 ppm. HRMS: calcd. for
C31H33N2O3S [M + H]+ 513.2212; found 513.2196.

(S)-N-[1�-(4-Chlorophenyl)-2-oxo-3�-phenyl-2H-spiro(acenaphth-
ylene-1,2�-azetidine)-4�-ylidene]-4-methylbenzenesulfonamide (4o):
White powder (207 mg, 74 % yield). FTIR (KBr): ν̃max = 3434,
3057, 2924, 1730, 1634, 1494, 1401, 1313, 1153, 1014, 931, 857,
834, 733, 691, 552 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ =
2.43 (s, 2 H), 2.44 (s, 3 H), 5.32 (s, 1 H), 5.40 (s, 1 H), 7.04 (s, 2
H), 7.08–7.17 (m, 8 H), 7.19 (d, J = 8.5 Hz, 2 H), 7.23 (t, J = 8 Hz,
1 H), 7.28–7.30 (m, 2 H), 7.54 (d, J = 7.5 Hz, 2 H), 7.43–7.79 (m,
5 H), 7.82–7.86 (m, 1 H), 8.04 (t, J = 4.5 Hz, 1 H), 8.14 (d, J =
7.0 Hz, 1 H), 8.19–8.23 (m, 1 H) ppm. 13C NMR (125.7 MHz,
CDCl3/TMS): δ = 21.7, 22.6, 62.5, 65.5, 75.6, 75.7, 119.6, 119.7,
120.4, 122.9, 123.3, 123.4, 126.5, 126.9, 127.1, 128.2, 128.3, 128.4,
128.5, 128.6, 128.7, 128.9, 129.0, 129.2, 129.3, 129.5, 130.5, 130.6,
130.7, 130.8, 130.9, 132.7, 132.8, 133.5, 134.9, 135.5, 140.9, 141.8,
143.2, 143.3, 163.7, 163.8, 195.9, 199.3 ppm. HRMS: calcd. for
C33H24ClN2O3S [M + H]+ 563.1196; found 563.1210.
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Bis(spiroazetidine-3-oxindole) (4s): White powder (347 mg, 65 %
yield). FTIR (KBr): ν̃max = 3435, 3033, 2927, 2865, 1725, 1629,
1515, 1466, 1316, 1156, 1091, 917, 812, 745, 698, 672 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 1.82 (s, 4 H), 1.97 (s, 4 H),
2.09 (s, 2 H), 2.38–2.40 (br. d, 6 H), 3.83–3.98 (m, 4 H), 5.30 (d, J

= 4.5 Hz, 2 H), 6.57 (d, J = 7.5 Hz, 1 H), 6.62–6.68 (m, 3 H), 6.78–
6.81 (m, 4 H), 6.85–6.89 (m, 2 H), 6.93 (d, J = 8.5 Hz, 3 H), 6.98–
7.04 (m, 4 H), 7.09 (t, J = 7.5 Hz, 3 H), 7.13–7.18 (m, 6 H), 7.23
(d, J = 7.5 Hz, 4 H), 7.74–7.76 (m, 4 H) ppm. 1 3 C NMR
(125.7 MHz, CDCl3/TMS): δ = 20.8, 20.9, 21.6, 24.9, 25.1, 40.1,
62.2, 62.3, 70.8, 70.9, 109.1, 109.2, 117.8, 118.1, 120.6, 120.7, 126.3,
127.0, 128.2, 128.3, 128.4, 128.7, 128.8, 129.2, 129.3, 129.7, 129.8,
131.2, 132.4, 132.5, 133.9, 134.3, 135.6, 135.7, 139.2, 139.3, 142.5,
142.6, 142.9, 163.1, 163.2, 173.3 ppm. HRMS: calcd. for
C64H57N6O6S2 [M + H]+ 1069.3781; found 1069.3765.

N-[(2S,3S)-1�-Methyl-2�-oxo-1,3-diphenylspiro(azetidine-2,3�-
indoline)-4-ylidene]methanesulfonamide (4t): White powder (24 mg,
11% yield). FTIR (KBr): ν̃max = 3437, 3229, 1726, 1632, 1499,
14561, 1415, 1308, 1149, 1113, 972, 793, 761, 734, 704, 530,
513 cm–1. 1H NMR (400.1 MHz, CDCl3/TMS): δ = 2.97 (s, 3 H),
3.08 (s, 3 H), 5.23 (s, 1 H), 6.94 (d, J = 7.6 Hz, 1 H), 7.12 (q, J =
8.6, 4.4 Hz, 1 H), 7.17 (t, J = 7.6 Hz, 1 H), 7.22–7.27 (m, 4 H),
7.30–7.35 (m, 5 H), 7.40–7.50 (m, 2 H) ppm. 13C NMR (100 MHz,
CDCl3/TMS): δ = 26.8, 42.3, 64.4, 71.5, 109.2, 118.4, 123.6, 123.9,
125.8, 127.9, 128.2, 128.8, 129.2, 136.2, 143.2, 164.5, 169.5 ppm.
HRMS: calcd. for C24H21N3O3NaS [M + Na]+ 454.1202; found
454.1199.

N-[(2S,3R)-1�-Methyl-2�-oxo-1,3-diphenylspiro(azetidine-2,3�-
indoline)-4-ylidene]methanesulfonamide (5t): White powder (165 mg,
77% yield). FTIR (KBr): ν̃max = 3439, 2927, 2854, 1730, 1622,
1497, 1468, 1405, 1370, 1309, 1154, 1091, 953, 756, 679, 545 cm–1.
1H NMR (400.1 MHz, CDCl3/TMS): δ = 3.10 (s, 3 H), 3.35 (s, 3
H), 5.29 (s, 1 H), 6.64–6.72 (m, 2 H), 6.89 (d, J = 8 Hz, 1 H), 7.10
(t, J = 6.8 Hz, 1 H), 7.14–7.18 (m, 2 H), 7.20–7.29 (m, 8 H) ppm.
13C NMR (100 MHz, CDCl3/TMS): δ = 27.1, 42.8, 62.1, 71.0,
108.9, 118.32, 120.45, 122.94, 125.74, 126.0, 128.3, 128.4, 128.7,
129.3, 131.1, 132.4, 136.7, 143.5, 164.1, 173.0 ppm. HRMS: calcd.
for C24H21N3O3NaS [M + Na]+ 454.1202; found 454.1201.

N-[(2S,3R)-3-Cyclohexyl-1�-methyl-2�-oxo-1-phenylspiro(azetidine-
2,3�-indoline)-4-ylidene]-4-methylbenzenesulfonamide (5u): Yellow
powder (140.8 mg, 55 % yield). FTIR (KBr): ν̃max = 3437, 3031,
1731, 1644, 1498, 1471, 1408, 1298, 1252, 1139, 1115, 971, 915,
858, 786, 763, 691, 505 cm–1. 1H NMR (400.1 MHz, CDCl3/TMS):
δ = 0.92–1.1 (m, 2 H), 1.16–1.37 (m, 1 H), 1.38–1.47 (m, 1 H),
1.48–1.60 (m, 2 H), 1.76–1.80 (m, 1 H), 2.20–2.15 (m, 2 H), 2.40
(s, 3 H), 3.32 (s, 3 H), 3.96 (d, J = 7.6 Hz, 1 H), 6.98–7.01 (m, 4
H), 7.09–7.14 (m, 3 H), 7.29 (d, J = 8 Hz, 2 H), 7.29 (d, J = 8 Hz,
2 H), 7.44–7.49 (m, 2 H), 7.91 (d, J = 8 Hz, 2 H) ppm. 13C NMR
(100 MHz, CDCl3/TMS): δ = 21.5, 25.8, 26.2, 26.4, 26.9, 30.2, 31.1,
38.0, 63.5, 69.9, 109.3, 118.5, 121.5, 123.0, 125.3, 126.4, 126.5,
129.1, 131.3, 136.7, 140.1, 142.6, 144.2, 165.2, 174 ppm. HRMS:
calcd. for C30H31N3O3NaS [M + Na]+ 536.1984; found 536.1989.

(1E,2Z)-2-(1-Methyl-2-oxoindolin-3-ylidene)-2-phenyl-N-p-tolyl-
N�-tosylacetimidamide (6a): Yellow powder (151 mg, 97% yield).
FTIR (KBr): ν̃max = 3442, 3283, 3064, 2929, 1742, 1627, 1526,
1492, 1452, 1336, 1294, 1156, 1086, 932, 824, 755, 692, 549 cm–1.
1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.26 (s, 3 H), 2.44 (s, 3
H), 3.17 (s, 3 H), 6.59–6.64 (m, 2 H), 6.71 (d, J = 8 Hz, 1 H), 6.84
(d, J = 8.5 Hz, 2 H), 6.93 (d, J = 8.5 Hz, 2 H), 7.05–7.10 (br. s, 2
H), 7.14–7.18 (m, 1 H), 7.23 (t, J = 7.5 Hz, 2 H), 7.31 (d, J = 8 Hz,
2 H), 7.35 (t, J = 7.5 Hz, 1 H), 7.98 (d, J = 8 Hz, 2 H), 9.97 (s, 1
H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.1, 21.7, 26.1,
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108.2, 120.9, 121.8, 123.2, 126.2, 127.2, 128.5, 128.7, 128.9, 129.2,
129.5, 130.1, 130.6, 133.7, 133.9, 138.1, 138.7, 141.7, 143, 144.7,
164.3, 165.9 ppm. HRMS: calcd. for C31H27N3O3SNa [M + Na]+

544.1671; found 544.1674.

(1E,2Z)-2-(1-Methyl-2-oxoindolin-3-ylidene)-N,2-diphenyl-N�-
tosylacetimidamide (6f): Yellow powder (149 mg, 98% yield). FTIR
(KBr): ν̃max = 3439, 3285, 3155, 3118, 3057, 2927, 1711, 1605, 1569,
1521, 1443, 1375, 1341, 1283, 1144, 1085, 1025, 974, 875, 756, 694,
553 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.44 (s, 3 H),
3.17 (s, 3 H), 6.06–6.66 (m, 2 H), 6.96 (d, J = 7.5 Hz, 2 H), 7.06
(s, 2 H), 7.12–7.19 (m, 5 H), 7.22 (t, J = 7 Hz, 2 H), 7.32–7.36 (m,
3 H), 7.98 (d, J = 7.5 Hz, 2 H), 10.07 (s, 1 H) ppm. 13C NMR
(125.7 MHz, CDCl3/TMS): δ = 21.7, 26.1, 108.2, 120.9, 121.8,
123.2, 126.2, 127.2, 128, 128.7, 129, 129.2, 130.1, 130.7, 133.7,
136.3, 138.4, 143.1, 144.7, 164.2, 165.9 ppm. HRMS: calcd. for
C30H26N3O3S [M + H]+ 508.1695; found 508.1679.

(1E,2Z)-2-(1-Methyl-5-nitro-2-oxoindolin-3-ylidene)-N,2-diphenyl-
N�-tosylacetimidamide (6g): Yellow powder (152 mg, 92% yield).
FTIR (KBr): ν̃max = 3438, 3269, 3064, 2926, 1719, 1608, 1569,
1526, 1446, 1337, 1289, 1145, 1085, 1024, 901, 812, 755, 704 cm–1.
1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.46 (s, 3 H), 3.27 (s, 3
H), 6.81 (d, J = 8.5 Hz, 1 H), 6.94 (d, J = 6.5 Hz, 2 H), 7.05 (s, 1
H), 7.13–7.17 (m, 2 H), 7.19–7.23 (m, 1 H), 7.28–7.35 (m, 4 H),
7.42–7.48 (m, 1 H), 7.56 (s, 2 H), 7.97 (d, J = 6 Hz, 2 H), 8.14 (d,
J = 8.5 Hz, 1 H), 10.09 (s, 1 H) ppm. 13C NMR (125.7 MHz,
CDCl3, [D6]DMSO/TMS): δ = 21.5, 26.5, 108.1, 118.6, 121.3,
122.6, 124.8, 125.6, 126.1, 126.3, 126.8, 126.9, 128.7, 129, 129.3,
129.8, 131.1, 133.6, 138.0, 140.2, 142.1, 142.6, 147.2, 149.3, 159.4,
165.9 ppm. HRMS: calcd. for C30H24N4O5NaS [M + Na]+

575.1365; found 575.1381.

(1E,2Z)-2-(5-Bromo-1-methyl-2-oxoindolin-3-ylidene)-N,2-diphen-
yl-N�-tosylacetimidamide (6h): Yellow powder (167 mg, 95% yield).
FTIR (KBr): ν̃max = 3436, 3250, 3060, 2925, 2856, 1708, 1603,
1563, 1527, 1385, 1280, 1145, 1086, 1025, 988, 884, 810, 763, 702,
542 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.45 (s, 3 H),
3.16 (s, 3 H), 6.59 (d, J = 8.5 Hz, 1 H), 6.73 (s, 1 H), 6.94 (d, J =
8 Hz, 2 H), 7.02 (s, 1 H), 7.13 (t, J = 8 Hz, 3 H), 7.17–7.20 (m, 1
H), 7.23–7.28 (m, 3 H), 7.32 (d, J = 7.5 Hz, 2 H), 7.37 (t, J =
7.5 Hz, 1 H), 7.96 (d, J = 7.5 Hz, 2 H), 10.07 (s, 1 H) ppm. 13C
NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 26.2, 109.6, 114.4,
125.9, 126.2, 127.2, 128.2, 128.7, 128.8, 129, 129.3, 130.6, 133.1,
133.2, 136.2, 138.4, 143.2, 143.5, 163.6, 165.4 ppm. HRMS: calcd.
for C30H24BrN3O3NaS [M + Na]+ 608.0620; found 608.0638.

(Z)-2-(9H-fluoren-9-ylidene)-N,2-diphenyl-N�-tosylacetimidamide
(6l): Yellow powder, (153 mg, 97 % yield). FTIR (KBr): ν̃max =
3438, 3271, 3058, 2924, 2855, 1599, 1568, 1521, 1442, 1389, 1234,
1146, 1084, 1024, 946, 910, 813, 733, 691, 594, 555, 526 cm–1. 1H
NMR (500.1 MHz, CDCl3/TMS): δ = 2.46 (s, 3 H), 6.25 (s, 1 H),
6.46 (d, J = 7.5 Hz, 1 H), 6.77 (t, J = 8 Hz, 1 H), 6.88 (d, J = 8 Hz,
2 H), 6.92–6.96 (m, 2 H), 7.10 (t, J = 7.5 Hz, 2 H), 7.14–7.21 (m,
2 H), 7.27–7.35 (m, 4 H), 7.41 (s, 1 H), 7.56 (dd, J = 7.5, 16 Hz, 3
H), 7.65 (d, J = 7.5 Hz, 1 H), 7.90 (d, J = 8 Hz, 2 H), 10.09 (s, 1
H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 119.5,
119.8, 121.7, 124.7, 125.1, 125.4, 126.9, 127.4, 125.1, 125.4, 126.9,
127.2, 127.4, 127.7, 127.9, 128.9, 129.1, 129.2, 129.6, 130.9, 133.6,
135.5, 136.2, 137, 137.7, 138.7, 140.9, 141.3, 143.6, 163.7 ppm.
HRMS: calcd. for C34H26N2O2NaS [M + Na]+ 549.1613; found
549.1590.

(1Z,2E)-N-(4-Chlorophenyl)-2-[2-oxoacenaphthylen-1(2H)-yl-
idene]-2-phenyl-N�-tosylacetimidamide (6o): Yellow powder
(158 mg, 94% yield). FTIR (KBr): ν̃max = 3410, 3275, 3059, 2924,
1708, 1599, 1566, 1522, 1494, 1433, 1399, 1281, 1148, 1088, 1025,
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826, 780, 711, 686, 555, 524 cm–1. 1H NMR (500.1 MHz, CDCl3/
TMS): δ = 2.45 (s, 3 H), 6.89 (d, J = 8.5 Hz, 2 H), 6.96 (d, J =
7 Hz, 1 H), 7.07 (d, J = 7 Hz, 2 H), 7.19 (s, 2 H), 7.27–7.33 (m, 5
H), 7.42 (t, J = 7.5 Hz, 1 H), 7.71 (t, J = 7.5 Hz, 1 H), 7.78 (d, J

= 7 Hz, 1 H), 7.95 (q, J = 4, 7.5 Hz, 3 H), 8.04 (d, J = 7 Hz, 1 H),
10.07 (s, 1 H) ppm. 13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.8,
120.9, 121.9, 126.8, 127.2, 127.8, 128.1, 128.8, 129.1, 129.3, 130.3,
130.5, 131.7, 131.8, 133.8, 134.9, 135.5, 138.2, 140.9, 143.3, 164.5,
191.3 ppm. HRMS: calcd. for C33H25ClN2O3S [M + H]+ 563.1196;
found 563.1176.

(1Z,2E)-2-(1-Methyl-5-nitro-2-oxoindolin-3-ylidene)-N,2-diphenyl-
N�-tosylacetimidamide (7g): Yellow powder (141 mg, 82% yield).
FTIR (KBr): ν̃max = 3441, 3285, 3066, 2927, 1740, 1629, 1524,
1495, 1452, 1405, 1336, 1294, 1154, 1088, 930, 822, 753, 690,
549 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.40 (s, 3 H),
3.16 (s, 3 H), 6.80 (d, J = 7.5 Hz, 2 H), 6.85 (d, J = 8.5 Hz, 1 H),
7.12 (q, J = 5, 8 Hz, 4 H), 7.19 (t, J = 8 Hz, 3 H), 7.22–7.25 (m, 2
H), 7.32 (t, J = 7.5 Hz, 1 H), 7.87 (d, J = 8.5 Hz, 2 H), 8.23 (dd,
J = 2, 6.5 Hz, 1 H), 8.35 (d, J = 2.5 Hz, 1 H), 10.18 (s, 1 H) ppm.
13C NMR (125.7 MHz, CDCl3/TMS): δ = 21.7, 26.1, 108.2, 120.9,
121.8, 123.2, 123.9, 125.4, 126.2, 127.1, 127.2, 127.6, 127.6, 128.0,
128.7, 128.8, 129, 129.1, 129.2, 129.7, 130.1, 130.6, 130.7, 131.1,
133.7, 136.3, 138.4, 143.1, 144.7, 164.2, 165.9 ppm. HRMS: calcd.
for C30H24N4O5NaS [M + Na]+ 575.1365; found 575.1378.

(1Z,2E)-2-(5-Bromo-1-methyl-2-oxoindolin-3-ylidene)-N,2-diphen-
yl-N�-tosylacetimidamide (7h): Yellow powder (149 mg, 85% yield).
FTIR (KBr): ν̃max = 3439, 3263, 3062, 2926, 1712, 1603, 1483,
1529, 1364, 1332, 1276, 1144, 1067, 1024, 988, 885, 813, 759, 695,
553 cm–1. 1H NMR (500.1 MHz, CDCl3/TMS): δ = 2.45 (s, 3 H),
3.15 (s, 3 H), 6.60 (d, J = 8.2 Hz, 1 H), 6.72 (s, 1 H), 6.94 (d, J =
7.24 Hz, 2 H), 7.03 (s, 1 H), 7.14–7.19 (m, 4 H), 7.26–7.29 (m, 3
H), 7.32 (d, J = 7.7 Hz, 2 H), 7.39 (d, J = 7.2 Hz, 1 H), 7.97 (d, J

= 7.4 Hz, 2 H), 10.06 (s, 1 H) ppm. 13C NMR (100 MHz, CDCl3/
TMS): δ = 21.7, 26.1, 109.51, 114.3, 118.2, 122.5, 125.8, 126.1,
127.1, 127.5, 128.1, 128.3, 128.6, 128.8, 128.9, 129.2, 129.3, 129.4,
133.1, 133.2, 136.1, 138.3, 143.2, 163.6, 165.3 ppm. HRMS: calcd.
for C30H24BrN3NaO3S [M + Na]+ 608.0619; found 608.0625.

Supporting Information (see footnote on the first page of this arti-
cle): Copies of 1H NMR, 13C NMR and HRMS spectra of all
compounds are provided.
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