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ABSTRACT

An efficient FeCl3-catalyzed stereoselective intramolecular tandem 1,5-hydride transfer/ring closure reaction was developed. The method allows for the
formationof structurally diverse spirooxindole tetrahydroquinolines in high yields (up to 98%) with good to excellent levels of diastereoselectivity (up to 99:1
dr). The catalytic enantioselective variant of this process was also investigated preliminarily with a chiral BINOL-derived phosphoric acid.

Because of their highly remarkable biological activities,
heterocyclic spiro compounds occupy a key place among
the various classes of organic molecules.1 Particularly,
spirocyclic-3,30-oxindoles have emerged as attractive syn-
thetic targets because of their prevalence in a number of

biologically active compounds and natural products.2

The defined three-dimensional spatial shape of spiroox-

indoles is an attractive target to complement the flat

heterocyclic compounds encountered in many drug dis-

covery programs, since it greatly influences the related

biological activity.2e In the past few years, many diverse

methods to access structure-diversity spirocyclic oxindoles

have been reported, including metal-based and organoca-

talytic methods.3 Undoubtedly, each of the developed

strategies results in a different class of spirocycle that

may show promise as biologically active compounds. In

this regard, new methods to afford spirocyclic oxindoles

Scheme 1. Functionalization of C(sp3)�H Bond via
1,5-Hydride Transfer/Ring Closure Sequence
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with structural diversity are highly desirable.More impor-

tant, such methods will probably provide a certain syn-

thetic platform for library-based medicinal evaluation of

the spirooxindoles and their analogues. However, to the

best of our knowledge, the methodology for the construc-

tion of a new class of spirooxindoles in which the oxindole

core is fused with a tetrahydroquinoline4 moiety at the

C3-position still remains elusive. Herein, we wish to report

a FeCl3-catalyzed protocol for the stereoselective synthesis

of spiro[tetrahydroquinoline-3,30-oxindoles] via a tandem

1,5-hydride transfer and subsequent ring closure reaction.
The functionalization of a C(sp3)�H bond via intra-

molecular 1,5-hydride transfer/ring closure sequences
(Scheme 1) represents an important and creative goal in
synthetic organic chemistry.5 The intramolecular tandem
1,5-hydride transfer/ring closure sequence (Scheme 1) is
characterized by an internal redox process comprising a
1,5-hydride shift from the carbon atom (R to the nitrogen

atom) to the electrophilic position of the vinyl group
followed by a cyclization.6 Much effort has been exerted
to intensively study this tandem transformation and
employ it for the construction of tetrahydroquinoline
derivatives.6 Inspired by these related studies, and as part
of our research program on the development of synthetic
methods to access various spirocyclic oxindoles,7,8 we
speculated that amethodology, inwhich the initial cleavage
of a C(sp3)�Hbond in the context of a 1,5-hydride transfer
and subsequent ring closure utilizing corresponding

Scheme 2. Plan for the Construction of
Spiro[tetrahydroquinoline-3,30-oxindoles] via 1,5-Hydride
Transfer/Ring Closure Sequence

Table 1. Evaluation of Various Reaction Conditionsa

entry solvent

Lewis

acid x time (h) drb
yield

(%)c

1 DCE Cu(OTf)2 30 3 91:9 95

2 DCE FeCl3 30 3 92:8 94

3 DCE Sc(OTf)3 30 1 91:9 90

4 DCE Zn(OTf)2 30 48 91:9 87

5 DCE Mg(ClO4)2 30 2 91:9 82

6 DCE NiCl2 30 48 91:9 97

7 DCE FeCl3 20 4 92:8 94

8 DCE FeCl3 10 5 93:7 93

9 DCE FeCl3 5 48 � trace

10 THF FeCl3 10 5 � trace

11 MeCN FeCl3 10 5 � trace

aReactionconditions:1a (0.11mmol) in refluxing solvent (2.0mL)with
the catalyst, its loading and the reaction time as indicated. bDiastereomeric
ratios were determined by 1H NMR spectra of purified product. Diaster-
eomers were inseparable by column chromatography. c Isolated yield.
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methyleneindolinone derivatives as substrates and Lewis

acids as catalysts, would ultimately lead to the formation of

a series of spirooxindole tetrahydroquinolines (Scheme 2).

Admittedly, if the above-mentioned strategy was suc-

cessfully realized, it will provide a highly attractive and

convergent approach toward the complex spiro[tetrahy-

droquinoline-3,30-oxindole] derivatives.
We commenced our investigation with compound 1a

as the substrate in 1,2-dichloroethane (DCE) for the
screening of various potential catalysts. As shown in
Table 1, with 30 mol % Cu(OTf)2, 1a could be smoothly
converted into the expected product 2a after 3 h in 95%
yield with 91:9 dr (Table 1, entry 1). To our delight, the
same reaction could complete even with inexpensive FeCl3
(30 mol%) after 3 h, affording 2a in 94% yield with 92:8 dr
(Table 1, entry 2). Additionally, we found that some other
Lewis acids, such as Sc(OTf)3, Zn(OTf)2, Mg(ClO4)2, and
NiCl2, also promoted the transformation of 1a to 2a well
with acceptable results (Table 1, entries 3�6). Therefore, in
light of multiple factors including the price of the catalyst,

Table 2. Scope of the Tandem 1,5-Hydride Transfer/Ring Closure Reactiona

aReaction conditions: 1 (0.33 mmol) and FeCl3 (10 mol%) in ClCH2CH2Cl (6.0 mL) at 85 �C for the time as indicated. bDiastereomeric ratios were
determined by 1H NMR spectra of purified product. Diastereomers are inseparable by column chromatography. c Isolated yield. dThe structure of
product 2e was characterized by X-ray crystallography.10
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reactivity, and stereoselectivity, we decided to use FeCl3 as
the best catalyst for further investigation of other reaction
conditions. We were delighted to discover that the reaction
could proceed well in the presence of 20 or 10 mol% FeCl3
(Table 1, entries 7�8). Disappointedly, in the presence of
5mol%FeCl3, only a trace amountof2awasobtainedafter
48 h (Table 1, entry 9). Additionally, a simple survey of
solvents revealed that DCE was significantly superior to
THF and acetonitrile (Table 1, entry 8 vs entries 10�11).
Therefore, these studies provided the optimal reaction con-
ditions: the reactionwas conducted with 10mol%FeCl3 as
the catalyst in refluxing DCE.
Having established the optimum reaction conditions,

we next examined the scope of the tandem transformation
with a series of substrates 1b�r (Table 2).9 First, an
unprotected methyleneindolinone derivative 1b as sub-
strate was investigated, it was found that the expect
intramolecular tandem 1,5-hydride transfer/ring closure
process proceeded smoothly, giving the corresponding
spirooxindole tetrahydroquinoline 2b in 96% yield with
97:3 diastereoselectivity ratio (Table 2, entry 1). Substitu-
tion on the oxindole aromatic ring was well tolerated
regardless of the electronic nature of the substituent,
leading to the desired ring-fused spirooxindole tetrahydro-
quinoline in high yield (92�98%) with high dr values
(Table 2, entries 2�4). The exact structure and relative
configuration of the major isomer of 2e was characterized
by single-crystal X-ray analysis.10 Nevertheless, the rela-
tive configuration of the major isomer of 2i could be
determined by NOE NMR experiment. Therefore, the
relative configurations, not absolute configurations, of
the major isomer of other products in this paper were
tentatively assigned by analogy. In addition, the reactions
with the piperidine derived substrates 1f�i showed very
good reactivity and stereoselectivity under the optimal
reaction conditions (Table 2, entries 5�8). The related
morpholine compound 1j, with an unprotected oxindole
core, also could rearrange efficiently to product 2j in 97%
yield and up to 99:1 dr with a longer reaction time (72 h,
Table 2, entry 9). However, some other morpholine-
derived substrates 1k�m, with a N-ethoxy carbonyl pro-
tected oxindole core, participated readily and delivered
the corresponding products 2k�mwith satisfactory results
(Table 2, entries 10�12). We observed the tetrahydroiso-
quinoline 1n rapidly rearranged to 2n under the standard
conditions after 1 h in 89% yield with a 91:9 dr (Table 2,
entry 13). Gratifyingly, some other substrates 1o�r incor-
porating tetrahydroisoquinoline into the unprotected
oxindole core also smoothly rearranged to the expected

products even in no more than 30 min (Table 2, entries
14�17). Moreover, these cases demonstrate that various
amine donors, such as pyrrolidine, piperidine,morpholine,
and tetrahydroisoquinoline, are well-tolerated (Table 2).
We also attempted to develop a catalytic asymmetric

version of this process for access to enantioenriched spiroox-
indole tetrahydroquinolines.Aftera seriesofefforts,we found
that the use of some chiral ligands11 in combination with
various metal salts, including FeCl3, Cu(OTf)2, Sc(OTf)3,
Zn(OTf)2,Mg(ClO4)2, andNiCl2, gives rise to the product 2a
in very poor enantioselectivity (nomore than 11% ee; results
not shown). However, to our delight, we discovered that a
promising result of the catalytic asymmetric process could be
obtained by using 20 mol % chiral BINOL-derived phos-
phoric acid12 to afford product 2a in 95% yield with 94:6 dr
and 54%ee (Scheme3).13Notably, this example indicates the
process is able to be realized without metal.
In conclusion, we have developed a highly stereo-

selective intramolecular tandem 1,5-hydride transfer/ring
closure reaction for the synthesis of a new class of spir-
ocyclic oxindole tetrahydroquinolines using FeCl3 as the
catalyst.With this tandem strategy, biologically interesting
and structurally diverse spirooxindole tetrahydroquinolines
are able to be smoothly obtained in excellent yield (up to
98%) and diastereoselectivity (up to 99:1 dr). A preliminary
experiment for the catalytic enantioselective variant of this
processwith a chiral BINOL-derived phosphoric acid as the
catalyst12 could deliver the corresponding product in 95%
yield with 94:6 dr and 54% ee. Efforts to realize the highly
enantioselective version of this reaction and use this new
methodology to synthesize interesting biologically active
compounds are ongoing in our laboratory.
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Scheme 3. Catalytic Asymmetric Variant of this Processa

aThe relative configuration of themajor isomer of 2awas determined
by NOE NMR,10 but the absolute configuration was not determined.
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