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a b s t r a c t

A highly efficient method for the construction of a family of spiro[oxazolidine-2-thione-oxindoles] with
3-isothiocyanato oxindoles and aldehydes via a cascade aldol-cyclization process has been developed.
This method provides access to spiro[oxazolidine-2-thione-oxindole] derivatives bearing two vicinal
quaternary/tertiary stereocenters in up to 95% yield, 98:2 dr, and 89% ee with a chiral bifunctional thi-
oureaetertiary amine organocatalyst based on DPEN scaffold. Good reactivity was observed and the
reaction could be completed within 1.0 min.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The spirooxindole scaffold defines the characteristic structure of
a large number of natural and synthetic compounds possessing
diverse and important biological functions (Fig. 1).1 Motivated by
the significant biological activities of this class of compounds,
considerable efforts have been devoted toward the development of
the asymmetric methods to construct various spirooxindole scaf-
folds.2 Meanwhile, allowing for the relevant reports that sharing of
the oxindole C3-position atom for the generation of spirocyclic
oxindole derivatives can enhance the biological activity of the re-
lated compounds,3 thus exploring enantioselective strategies by
fusing oxindoles with various heterocyclic motifs at the C3-position
of oxindole have been the focus of intensive efforts for the con-
struction of diverse chiral spirocyclic oxindoles. Despite some new
reactions have been disclosed by numerous research groups in this
realm,4 given that a different class of spirocycle ring system may
show promise as medicinally relevant compounds in drug de-
velopment,5 in this context, it is also significant and highly desir-
able to develop an effective catalytic system for the direct

construction of spirooxindoles bearing novel structurewith respect
to synthetic efficiency.

In 2011, we firstly reported that 3-isothiocyanato oxindoles
could be used for enantioselective construction of chiral spirocyclic
thiooxazolidineoxindoles with organocatalysts via aldol-
cyclization process (Scheme 1, (1)).6a Immediately after, we also

A B C

D E F

Fig. 1. Some bioactive compounds bearing the spirooxindole scaffold.
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reported that the synthesis of dispirocyclic bisoxindoles with 3-
isothiocyanato oxindoles as nucleophiles through aldol- and
Mannich-type reaction (Scheme 1, (2) and (3)).6b Subsequently, the
employment of such isothiocyanato oxindoles as donors for the
synthesis of spiro[imidazolidine-4,30-oxindole] core via an asym-
metric Mannich-type reaction with a strontium/Schiff base com-
plex was reported by Kanai and Matsunaga.7 Recently, the same 3-
isothiocyanato oxindoles could serve as valuable substrates for the
construction of bispirooxindole core through a cascade Michael-
cyclization reaction was also demonstrated by some groups.8

Meanwhile, the application of a-isothiocyanato imides and esters
in asymmetric synthesis for producingmasked chiral b-hydroxyl-a-
amino and a,b-diamino acid derivatives has been actively in-
vestigated over the lasted few years.4h,j,6e9 Based on the above
research and as part of our ongoing investigation of the construc-
tion of various spirocyclic oxindoles,6,10 during our recently ex-
tensive studies, we have found that a series of spiro[oxazolidine-2-
thione-oxindoles] can be readily obtained with 3-isothiocyanato
oxindoles and aldehydes via an aldol-cyclization reaction by a bi-
functional thioureaetertiary amine organocatalyst based on DPEN
scaffold (Scheme 1). Herein, we wish to present the results of our
endeavors.

2. Results and discussion

Our initial studies started with the reaction of 3-isothiocyanato
oxindoles 2a and benzaldehyde (3a) in toluene at 0 �C for the ex-
amination of a series of organocatalysts 1ael (Fig. 2). We were

particularly pleased to find that all the reactions could proceed to
completion even within 1 min (Table 1). Firstly, in the presence of
10 mol % chiral organocatalysts 1aeh derived from cinchona al-
kaloids, respectively, the desired product 4aawas able to be readily
obtained in excellent yields and good diastereoselectivities, but the
enantioselectivities were very poor (Table 1, entries 1e8). And then,
the further investigation into various bifunctional thioureaeter-

tiary amine organocatalysts 1iel based on chiral 1,2-diamine
scaffold revealed that the reaction could take place efficiently and
afforded product 4aa in high yields and good diastereoselectivities,
but with poor to moderate enantioselectivities (Table 1, entries
9e12). After considering various factors including reactivity, dia-
stereoselectivity, and enantioselectivity, we chose thioureaeter-
tiary amine catalyst 1j based on DPEN scaffold as the optimal
catalyst for further investigation (Table 1, entry 10). Subsequently,
the probe of reaction temperature was carried out in toluene at
�40 �C and �78 �C, respectively (Table 1, entries 13 and 14). It was
observed that product 4aa could be obtained in 90% yield with
a slight increase in diastereo- and enantioselectivity at �40 �C
(Table 1, entry 13), but no further increase at �78 �C (Table 1, entry
14). Additionally, the effect of solvent on the aldol-cyclization re-
action was tested. It was observed that mesitylene was the best
solvent for the reaction (Table 1, entry 15 vs entries 13, 16e18).
Finally, the survey of catalyst loading and concentration indicated
that the reaction conducted with 10 mol % 1j in 4.0 mL mesitylene
at�40 �C could give the best results (Table 1, entry 21 vs entries 15,
19, and 20). In addition, the relative configuration of major di-
astereoisomers of product 4aa could be determined by NOEFig. 2. Structures of organocatalysts examined in this study.

Scheme 1. Our studies on the synthesis of spirocyclic oxindoles with 3-isothiocyanato
oxindoles as the donors.

Table 1
Screening of catalysts and optimization of reaction conditionsa

Entry Solvent 1 Yieldb (%) drc eed (%)

1 Toluene 1a 92 82/18 �48
2 Toluene 1b 90 75/25 14
3 Toluene 1c 88 71/29 20
4 Toluene 1d 90 68/32 <1
5 Toluene 1e 93 72/28 �40
6 Toluene 1f 93 80/20 �56
7 Toluene 1g 92 75/25 �49
8 Toluene 1h 91 78/22 �30
9 Toluene 1i 87 68/32 �12
10 Toluene 1j 90 85/15 57
11 Toluene 1k 92 79/21 34
12 Toluene 1l 88 78/22 43
13 Toluene 1j 90 87/13 67e

14 Toluene 1j 88 87/13 67f

15 Mesitylene 1j 94 93/7 75e

16 THF 1j 88 82/18 �3e

17 Et2O 1j 90 89/11 58e

18 MTBE 1j 86 88/12 34e

19 Mesitylene 1j 94 92/8 73e,g

20 Mesitylene 1j 88 84/16 70e,h

21 Mesitylene 1j 90 93/7 76e,i

a Unless otherwise noted, the reactions were run with 0.1 mmol of 2a and
0.2 mmol of 3a in 2.0 mL of specified solvent with 10 mol % catalyst at 0 �C.

b Isolated yields of both diastereoisomers.
c Determined by chiral HPLC.
d Determined by chiral HPLC for the major diastereoisomer.
e Run at �40 �C.
f Run at �78 �C.
g 20 mol % 1j was used.
h 5 mol % 1j was used.
i In 4.0 mL of mesitylene. MTBE¼methyl tert-butyl ether.
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