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A simple and one-pot protocol for the synthesis of indene-spiro-oxindole derivatives via TiCl +-mediated reaction between 1,1-diarylethylenes
and isatin derivatives involving construction of two carbon —carbon bonds through tandem Prins and intramolecular Friedel —Crafts (PFC)

reactions has been described. A plausible mechanism for this transformation is also presented.

Indene and spiro-indene derivatiV@scupy a special place  nected by an interesting spiro-bridge would be of biological
in organic and medicinal chemistry because these compoundsnterest and also aesthetically appealing and in continuation
are well-known h5-HT6 serotonin receptors, estrogen recep-of our interest in the synthesis of heterocyclic molecdles,
tor modulators, antiproliferative agents, and oxytocin an- we herein report a facile reaction of 1,1-diarylethylenes with
tagonists. The spiro-oxindole framewdrkepresents yet isatin derivatives under the influence of TiGb provide a
another important structural organization present in a numbernovel one-pot protocol for the synthesis ¢f-Indene-spiro-
of bioactive natural products such as coerulescine, horsfiline, oxindole derivatives via the construction of twe-C bonds
welwitindolinone A, spirotryprostatin A, elacomine, alsto- in an operationally simple process involving tandem Prins
nisine, surugatoxin, etc. With the view that the molecules and intramolecular FriedelCrafts reactiorfs(PFC reaction
containing both the indene and oxindole frameworks con- sequence). We have been working for the last several years
on various aspects of the Baylislillman reactior?-4 which
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and on the basis of our recent work on the applications of ||| [ GGG

isatin derivative® for the preparation of the spiro-oxindole
[{ 1-acetyl-5-methyl-6,8-dioxabicyclo(3.2.1)octaré spiro-
3'-(indolin-2-one)] framework, we envisioned that the Prins
reaction of 1,1-diarylethylenes with isatin derivatives fol-
lowed by intramolecular FriedelCrafts reaction would lead
to the synthesis ofH-indene-spiro-oxindoles (retro-synthetic
strategy, Scheme 1).

Scheme 1. Retro-Synthetic Strategy:
1H-Indene-spiro-oxindoles
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Accordingly, we first carried out the reaction between
isatin (1a, 1 mmol) and 1,1-diphenylethyler#a( 1 mmaol)

at room temperature under the influence of various acids
(entries 1—6, Table 1). In this regard, the best results were

Table 1. Standardization: Reaction of Isatifig, 1 mmol)
with Diphenylethylene (2a, 1 mmol) in Gi€l, (3 mL) at Room
Temperature

entry acid (mmol) time (h) % isolated yield of 3
1 AcOH (1 mmol) 13 nil
2 p-TsOH (1 mmol) 13 nil
3 MeSOsH (1 mmol) 13 9
4 SnCly (1 mmol) 13 nil
5 TiCls (1 mmol) 13 90
6 TiCly (0.5 mmol) 13 14

obtained when a solution of isatiid, 1 mmol) and 1,1-
diphenylethyleneZa, 1 mmol) in CHCI, (3 mL) was treated
with TiCl,4 (1 mmol) (addition at 0C) at room temperature
for 13 h, thus providing the desired (3-pheny-indene)-
1-spiro-3'-(indolin-2"-one) (3) in 90% isolated yield (Table
1, entry 5) after workup, followed by purification through
silica gel column chromatography. The structure of this
molecule was further confirmed by single-crystal X-ray data
(see Figure 15.

(6) For leading reviews on the Baylis—Hillman reaction, see: (a)
Basavaiah, D.; Rao, A. J.; SatyanarayanaCiiem. Re»2003,103, 811—
891. (b) Ciganek, EOrg. React.1997,51, 201—-350. (c) Basavaiah, D.;
Dharma Rao, P.; Suguna Hyma, Retrahedronl 996,52, 8001—8062. (d)
Drewes, S. E.; Roos, G. H. Fetrahedron1988,44, 4653—4670.

(7) Basavaiah, D.; Rao, A. Jetrahedron Lett2003,44, 4365—4368.
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Figure 1. ORTEP diagram of compourl Hydrogen atoms were
omitted for clarity.

To understand the generality of this new Prikgiedel—
Crafts reaction, we have subjected various isatin derivatives
(1b—f) to the reaction with 1,1-diarylethyleneZx-c) under
the influence of TiC4 to provide the resulting H-indene-
spiro-oxindoles4—15) in moderate to excellent yields (Table
2, entries 2-13). The structures of the moleculdsand 14

Table 2. Synthesis of 1H-Indene-spiro-oxindole Derivatives
(3—15p

RZ
o) Ry Q O
Ry Ticl, .]
R " e 13-22426 N
time yield
entry isatin R R; diarylethylene (h) product® (%)
1 la H H 2a 13 3¢ 90
2 la H H 2b 13 4 82
3 la H H 2¢ 13 5¢ 69
4 i1b H Cl 2a 18 6 77
5 1b H Cl 2b 18 7 80
6 1b H Cl 2¢ 18 8 88
7 1c H Me 2a 13 9 61
8 lc H Me 2b 13 10 79
9 lc H Me 2¢ 13 11 76
10 1d H Br 2¢ 18 12 64
11 le Me H 2¢ 18 13 72
12 1If Et H 2a 24 14¢ 63
13 1If Et H 2¢ 18 15 71

a All reactions were carried out on a 1 mmol scale of isatibha—f)
with 1 mmol of diarylethylenes (2a—c), under the influence of 1 mmol of
TiCl4 in CHCI, at room temperaturé.All compounds were fully character-
ized (see Supporting InformatiorffCompounds were further confirmed
by single-crystal X-ray data (see Supporting Informatin).

were further confirmed by single-crystal X-ray data (for
ORTEP diagrams, see Figures 2 and 3 in the Supporting
Information)®

To understand the mechanistic pathway, we have quenched
the reaction in the case @& (1 mmol) with2a (1 mmol) in

(8) Structures were confirmed by single-crystal X-ray data. CCDC
numbers for3, 5, 14, and16 are 618512, 618513, 618514, and 618515,
respectively.
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the presence of Ti¢l(1 mmol) with water after 5 min of
stirring at 0°C. Usual workup and purification through silica
gel column chromatography provided the desired product,
(3-phenyl-H-indene)-1-spiro-3(indolin-2-one) @), in only
17% isolated yield and the bisadduct, 3,3-bis(2,2-diphenyl-
vinyl)indolin-2-onel6, in 45% isolated yield (Table 3, entry

Table 3. Control Reactions between Isatins and
Diphenylethylene

s

TICI4 (1 mmol)
CHZCI2

5min24 h
1a, 1b, 1f
1 mmol 1 mmol R 16-18 3,6,14
yield® yield®
entry isatin time temp product (%) product (%)
1 la 5min 0°C 16¢ 45 3 17
2 1b 5min 0°C 17 37 6 16
3 1f 24h rt 18 23 14 63

Isolated yields?based on alkenes aflased on isatin$The structure
of the molecule was further confirmed by single-crystal X-ray data (see
Supporting Information§.

1) (along with recovered isatirf,a). The structure of this
molecule (6) was further established by single-crystal X-ray
data (see Figure 2).

Figure 2. ORTEP diagram of compourib. Hydrogen atoms were
omitted for clarity.

In similar reactions oRa with substratedb and 1f, we
isolated the bisadducts7 and 18 in 37% and 23% yields,
respectively, and spiro-oxindolésand14in 16% and 63%
yields, respectively (Table 3, entries 2 and 3). From these

Table 4. Reaction of Bisadducts with Tig3

T1C14 (0.5 mmol)
Ry
CH,Cl, \‘X‘ %‘
13-48 h
16-18 (0.5 mmol) 3,6,14
yield® yield®

entry bisadduct time (h) product (%) product (%)

1 16 13 3 85 19 60

2 17 18 6 88 19 70

3 18 48 14 36 19 22

a All reactions were carried out on a 0.5 mmol scél€or yields, see
the Supporting Information.

the required product4 was isolated only in 36% yield (along
with a substantial amount of the starting mateti@). In all
three cases, in addition to the spiro-oxindoles, we have also
isolated 3-methyl-1,1,3-triphenylindari® (Table 4) (see
Supporting Information). It is worth mentioning here that
the reaction of diarylethylenes with aldehydes in the presence
of trimethylsilyl iodide providing the corresponding bisad-
ducts, i.e., 1,1-bis(2,2-diarylvinyl)alkanes, and the transfor-
mation of diphenylethylene into 3-methyl-1,1,3-triphenyl-
indane under the influence of TiStHCI and other acidic
conditions are known in the literatu?é®

These results, to some extent, might suggest a plausible
mechanism (Scheme 2) which involves the reaction between

Scheme 2. Plausible Mechanism
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reactions, it appears that the bisadduct might release 1 equiv

of the alkene, thereby providing the desired spiro-oxindoles.

To examine this aspect, we have treated the bisadducts

16—18in CH,Cl, with TiCl, (Table 4, entries +3) at room
temperature. As expected in the caseléfand 17, the
required spiro-oxindole§ and6, were obtained in 85% and
88% isolated yields, respectively, whereas in the cad8pf
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In conclusion, we have developed a simple and one-pot Supportlpg Information Available: Experimental pro-
TiCl,-mediated synthesis of 1H-indene-spiro-oxindoles in- cedures (with all spectral datd} and**C NMR spectra of
volving tandem Prins and FriedeCrafts (PFC) reactions, &l compounds—19, CIF files, and ORTEP diagrams. This
using diarylethylenes and isatins as reaction partners. material is available free of charge via the Internet at
http://pubs.acs.org.
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