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ABSTRACT: An unusual multiple isocyanide insertion reaction

with methyleneindolinone using indium(III) chloride as the
catalyst has been disclosed. This strategy allows for the rapid

construction of structurally complex spirooxindole in an efficient 4 r-nc  + G

manner. The present protocol features mild conditions, atom

economy, and broad substrate scope.
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socyanides can serve as highly valuable and versatile C1 Scheme 1. Lewis Acid Catalyzed Versatile Isocyanide

building blocks and have been extensively used in various Insertion Reactions
carbon—carbon and carbon—heteroatom bond-forming reac- Chatani's work: 5
. 1,2 . . . . . ) 3 R
tions.”” As such, transformations involving isocyanides have A R Gal _
been well documented in the past decades.>* Of note is the R ¥R 4(/_<\O B, R 7 o} )
isocyanide insertion reaction, which has drawn much attention R2 R NR

. . N . . .
from ‘the organic community.” The history of the isocyanide Winkler's work:
insertion reaction can be traced back to copper-catalyzed 0 =
insertion of isocyanide into a series of nucleophiles by Saegusa s o = o Lewis 0
and Ito.° Since then, gallium-,” palladium-,*® aluminum-,” T+ /7 _acd 2
. 10 11 2. . NR

ruthenium-,~ cobalt-,~ and other metal-catalyzed ~ isocyanide NHR
insertions have been widely investigated. To date, the Zhu's work: NHR
transition-metal-catalyzed and Lewis acid catalyzed isocyanide R
i i i i i o ZnBr, YO
1nsert10r.1 reactlogs have bec'ome powerful tools' in_organic ¢ ., RecoOH @ *. N/ NHR 3
synthesis. Despite the achievements in transition-metal- NR
catalyzed reactions, we were particularly interested in Lewis CONHR
acid catalyzed isocyanide insertions. An extensive literature
survey revealed that Lewis acid catalyzed single isocyanide multiple isocyanide insertion continues to be a challenging and
insertion is most common, and numerous reports have been valuable target.
disclosed in this field. For instance, Chatani and co-workers Spirocyclic oxindole represents a privileged synthetic motif
discovered an efficient [4 + 1] cycloaddition reaction with a,f- that constitutes the core structures of many natural products
unsaturated carbonylbcompounds to prepare lactone derivatives and clinical pharmaceuticals.ls In particular, these compounds
(Scheme 1, eq 1).”*" In contrast, double-isocyanide insertions have exhibited a broad range of biological activities including
are less common, and only a few examples have been reported. antitumor, insecticidal, and antibacterial properties.'® Thus,
In 2006, Winkler and co-workers disclosed a Lewis acid many efforts have been devoted to the efficient synthesis of
catalyzed novel synthesis of the polycyclic ring using double- such skeletons in a chemo-, regio-, and stereocontrolled
isocyanide insertion as the key step (Scheme 1, eqs 2)."** In fashion.'” Recently, we have spent much time developing
addition, other components including epoxides and 2- isocyanide-based novel transformations,'® which included the
ethynylanilines were also proven to be compatible in such construction of functionalized spirooxindole from methyle-
transformations. > ¢ Yet, to our knowledge, examples on neindolinone using a multicomponent strategy. Following these
Lewis acid catalyzed multiple isocyanide insertions are still very works, we became interested in exploring Lewis acid catalyzed
rare. In 2013, Zhu and co-workers reported that in the presence insertion reactions between isocyanides and methyleneindoli-

of zinc bromide, reactions of carboxylic acids and isocyanides nones. As a continuation of our previous research, herein we

efficiently afforded polysubstituted oxazoles through a triple-
isocyanide insertion process (Scheme 1, eqs 3).'* As a result, Received: August 23, 2015
exploring the potential application of Lewis acid catalyzed Published: September 11, 2015
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report that methyleneindolinone undergoes an unusual multi-
ple isocyanide insertion reaction to synthesize spirooxindole
using indium chloride as catalyst.

We began our research by selecting 2,6-dimethylphenyl
isocyanide la and oxindolylideneacetate 2a as model substrates.
In the presence of InCl; (10 mol %), heating the mixture in
toluene under reflux essentially gave rise to unknown
compound 3a. To our surprise, the 'H NMR of 3a clearly
indicated that four isocyanides participated in the whole
conversion. Pleasingly, the structure of compound 3a was
unambiguously confirmed by single-crystal X-ray analysis
(Figure 1)." Encouraged by this result, we sought to briefly

Figure 1. Single-crystal X-ray structure for 3a.

optimize the reaction conditions by varying the solvent, the
Lewis acid, and the temperature. The experimental outcome
showed that lower yields were observed when reactions were
performed in other solvents such as THF, dioxane, and CH;CN
(Table 1, entries 2—5). Notably, decreasing the temperature
from reflux to 80 °C could increase the yield of 3a, which was
an extra bonus from the screening (Table 1, entry 6). Of the
Lewis acids examined, AgOTf, FeCl;, and Pd(OAc), showed
no catalytic activity toward the formation of 3a (Table 1,

Table 1. Optimization of Reaction Conditions”

EtO,C
Me
QNC . conditions
N
Me Me
1a 2a
Xyl = 2,6-dimethylpheny!
entry catalyst solvent t (°C) yield” (%)
1 InCly toluene reflux 71
2 InCl, THEF reflux 41
3 InCl, EtOH reflux S0
4 InCly dioxane reflux 25
S InCly CH,;CN reflux trace
6 InCly toluene 80 78
7 AgOTf toluene 80
8 Zn(OTf), toluene 80 trace
9 Yb(OTf), toluene 80 trace
10 FeCl, toluene 80
11 CuCl, toluene 80 10
12 Pd(OAc), toluene 80

“Until otherwise noted, 10 mol % of catalyst was used. “Yield of
product after silica gel chromatography.
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entries 7, 10, and 12). The replacement of InCl; with other
metal catalysts only led to decreased yields (Table 1, entries 8,
9, and 11).

After the optimal conditions were established, we then
attempted to investigate the feasibility of electron-deficient
component 2. As shown in Table 2, oxindolylideneacetate 2

Table 2. Indium-Catalyzed Reaction of Isocyanide la and
Oxindolylideneacetate 2

EtO,C
Me
Q A InCl
4 NC + R--
Z~N toluene
Me Pg
1a 2
Xyl = 2,6-dimethylphenyl
entry R! Pg product yield” (%)
1 H Me 3a 78
2 S-fluoro Me 3b 82
3 S-bromo Me 3c 77
4 6-bromo Me 3d 72
S 4-bromo Me 3e 53
6 S-methyl Me 3f 65
7 S-methoxyl Me 3g 56
8 H Bn 3h 75
9 H Ac 3i 68

“All reactions were carried out with isocyanide 1a (1.2 mmol), catalyst
(10 mol %), and oxindolylideneacetate 2 (0.3 mmol) in S mL of
toluene under 80 °C unless otherwise noted. “Yield of product after
silica gel chromatography.

bearing electron-withdrawing (Table 2, entries 2—S5) and
electron-donating substituents (Table 2, entries 6 and 7) on
the aromatic ring worked well under the standard conditions to
afford the desired compounds 3. All new compounds were
characterized by '"H NMR, 3C NMR, and HRMS (see the
Supporting Information for details). Experiments to check the
influence of different protecting groups at the nitrogen atom of
substrate 2 were subsequently conducted, which revealed that
benzyl and acetyl groups were well tolerated under optimized
conditions (Table 2, entries 8 and 9).

To further demonstrate the utility of the present reaction,
reactions using arenacylideneoxindole 4 (derived from isatin
and acetophenone) as the electron-deficient component were
then performed. As shown in Table 3, a series of substrates 4
with different substituents on the aromatic ring bearing the
carbonyl group were first employed to react with isocyanide 1a
(Table 3, entries 1—6). Gratifyingly, all reactions proceeded
smoothly to produce the products 5. Following these
encouraging results, changing the substituents on the oxindole
ring of arenacylideneoxindoles 4 was then examined (Table 3,
entries 7—11), furnishing the corresponding adducts $ in good
performance. In view of the easy availability of methyleneindo-
linone, the present reaction is significantly distinguished by the
broad substrate scope.

The mechanism of this unprecedented isocyanide insertion
reaction has not been unequivocally established, but one
reasonable mechanistic proposal is depicted in Scheme 2. The
beginning of the cascade reaction involves the coordination of
InCl; to the oxygen atom in methyleneindolinone 2 or 4.” The
more electrophilic f-carbon in 2 or 4 is then attacked by one
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Table 3. Indium-Catalyzed Reaction of Isocyanide la and
Arenacylideneoxindole 4

RZ
o]
Me
N 1 InCly
4 NC + R--
N toluene
Me Me
1a 4 5
Xyl = 2,6-dimethylphenyl

entry R' R’ product  yield (%)"
| H CeHs Sa 57
2 H 4-CICH, 5b 58
3 H 3-CICH, Sc 51
4 H 4-BrCyH, 5d 68
5 H 3-CH;0C¢H, Se 43
6 H (M) s 47
7 5-fluoro CgHs Sg 70
8 S-chloro C¢Hs 5h (it}
9 5-bromo C¢Hs Si 65
10 4-bromo CeHs 5j 53
11 5-methyl CgHs 5k 52

“Reaction conditions: isocyanide 1a (1.2 mmol), catalyst (10 mol %),
and arenacylideneoxindole 2 (0.3 mmol) in S mL of toluene, heated at
80 °C. ®Yield of product after silica gel chromatography.

Scheme 2. Proposed Mechanism
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molecular isocyanide 1 to form intermediate A. The following
transformation involves an intramolecular [1,2]-H shift, which
is accompanied by the delivery of InCl;. Then InCl;-mediated
multiple insertion of isocyanides into imines occurs to produce
intermediate C, which is believed to be the key step in whole
transformation. The following intramolecular cyclization and
isomerization essentially leads to the formation of intermediate
E via D. Intermediate E undergoes Michael addition to afford
F, thus furnishing the construction of the second ring. Finally,
imine—enamine tautomerization® from F essentially yields
product 3 or S.

To further explore the scope and limitation of the present
reaction, several aliphatic and aromatic isocyanides 1 were used
to experience the standard conditions. The experimental results

4876

showed that bulky isocyanides were particularly compatible in
this reaction (Scheme 3). Notably, reactions between sterically

Scheme 3. Controlled Experiments

NMes
EtOOC
Me ) Y NHMes
A InCl EtOOC
Me NC + R o 3 N-pes
Z N toluene, 80 °C  R11_ N
Me Me N
Me
1b 2 6
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hindered 2,4,6-trimethylphenyl isocyanide 1b and methyle-
neindolinone 2 proceeded smoothly to afford 6a and 6b in
good yields. Adamantyl isocyanide 1c was also proven to be
good partner in present transformation. Benzyl isocyanide 1d
was also used to experience the standard reaction conditions,
yet no reaction occurred in such case.

In conclusion, we developed a novel multiple isocyanide
insertion reaction with methyleneindolinone using indium
chloride as the catalyst.”' The present transformation comprises
Michael addition, isocyanide insertion, cyclization, and
sequential imine—enamine tautomerization. This reaction
allowed for the construction of structurally complex spiroox-
indole in an efficient fashion. This protocol also features
excellent atom economy, high synthetic efficiency, and mild
conditions. As a result, the present reaction has the potential to
be further applied in organic synthesis.
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