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Palladium-catalyzed insertion of N-tosylhydrazones for
the synthesis of isoindolines†

Ping-Xin Zhou,a Jian-Yi Luo,a Lian-Biao Zhao,b Yu-Ying Yea and Yong-Min Liang*a

Isoindolines are synthesized by palladium-catalyzed coupling reaction

of N-(2-iodobenzyl) anilines with a,b-unsaturated N-tosylhydrazones.

The reaction has several potential advantages: (1) toleration of a

wide range of functional groups, (2) easy to handle and with mild

conditions, (3) enriches the isoindoline family, (4) two new bonds

form in one step.

Isoindolines and their derivatives display a variety of biological
activities and interesting chemical properties. For instance,
the isoindoline structure is present in molecules which act
as modulators of estrogen, inhibitors of selective serotonin
reuptake, spin probes for studying cancer, antitumor, herbicidal,
anti-inflammatory and anesthetic agents.1 Moreover, they play
an important role in cycloaddition reactions and organic light-
emitting diodes.2 Therefore, the study of these compounds
continues to be an area of great interest in organic chemistry.
A variety of synthetic procedures have been reported, however,
these methods usually suffer from long reaction time, high
temperature, expensive catalysts or high catalyst loadings.3 In
addition, the protecting groups on the nitrogen of the products
of these methods are often Cbz, Boc, Ts,4 or the products can’t
allow for incorporation of aromatic moieties on the isoindoline
ring,5 which limits the versatility of the isoindoline. Hence,
development of new, efficient and straightforward methods for
the preparation of diverse isoindolines is highly desirable.

Palladium-catalyzed insertion of diazo compounds has been
shown to be a powerful method for the C–C bond-forming reaction,
which is analogous to insertion of a CO. Migratory insertion of Pd
carbene species is considered to be the key step for these cross-
coupling reactions. A series of palladium-catalyzed reactions involving
benzyl, vinyl, aryl and acyl group migratory insertion have
been reported by Van Vranken, Barluenga and Wang et al.6–9

For example, migration of vinyl groups could generate Z3-allyl-
palladium intermediates that can be trapped with nucleophiles
such as secondary amines and sodium diethylmalonate.7

Previously, we verified that Z3-allylpalladium intermediates
can also be formed from palladium-catalyzed dediazotization
of the arylvinyldiazoacetate, which is then attacked by amines.8 As
we all know, N-tosylhydrazones could decompose to give unstabi-
lized diazo substrates in the Bamford–Stevens reaction, which
expanded the scope of palladium-catalyzed coupling reaction
of diazo compounds.9 In this work we report a related coupling
using a,b-unsaturated N-tosylhydrazones and N-(2-iodobenzyl)
anilines to construct isoindoline derivatives.

We hypothesize that the reaction starts with oxidative addition of
palladium to the N-(2-iodobenzyl) anilines to afford intermediate A
(as shown in Scheme 1), which can dediazotize the diazo compound
B (generated in situ from N-tosylhydrazone) to afford a palladium
carbene complex C. Then, migratory insertion of the aryl group into
the palladium carbene at the carbonic carbon atom leads to the
Z1-allylpalladium complex D, which can isomerize to the
Z3-allylpalladium E. The intermediate E species is then trapped

Scheme 1 Plausible catalytic cycle.
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with an amine nucleophile and the Pd(0) catalyst is regenerated
with the aid of base.10

Initially, we studied the cross-coupling reaction by employing
N-(2-iodobenzyl)-3,4-dimethylaniline 1a and N-tosylhydrazone 2a
with Pd2(dba)3�CHCl3/PPh3 as a catalyst and t-BuOLi as base in
THF at 60 1C (Table 1, entry 1). To our delight, the desired coupling
product was isolated in 72% yield. Increasing the amount of
lithium tert-butoxide and N-tosylhydrazone relative to 1a led to
improvement in the yield (Table 1, entries 2 and 3). Using
2.25 equiv. of 2a gave a good yield but when the amount of 2a
was increased to 2.50 equiv., the yield of 3a did not increase further
(Table 1, entry 4). Then 1.0 equiv. of BTAC was used as an additive
to enhance the solubility of the lithiated sulfonylhydrazone, but led
to a diminished yield (Table 1, entry 5). Next, several other solvents,
such as DCE, MeCN, dioxane and toluene, were examined, how-
ever, they were all less efficient than THF (Table 1, entries 6–9).
Additionally, it was found that the yield could not be further
improved by employing different bases (Table 1, entries 10–13).
Various palladium catalysts including Pd(II) and Pd(0) were
screened. From the results, Pd(OAc)2 afforded good yield and
PdCl2(MeCN)2 was isolated in low yield. As for Pd(0), both Pd2(dba)3

and Pd(PPh3)4 worked efficiently for this reaction. It is worth noting
that the ligand PPh3 was essential for this reaction. Only a trace
amount of product was detected when XPhos was employed as a
ligand, and no reaction occurred in the absence of PPh3 (for details,
see the ESI†). Finally, the reaction could not proceed without
palladium catalysis (Table 1, entry 14).

With the optimal conditions in hand, we examined the scope
of this reaction with respect to the amine. The yield of isoindoline
was dramatically affected by the nucleophilicity of the amine.
Electron-donating groups led to moderate to good yields
(Scheme 2, 3a–d); however, the electron-withdrawing group gave
a lower yield, which may be due to less nucleophilicity of the

amine (Scheme 2, 3f). In the case of R1, both electron-donating
and electron-withdrawing groups were well suited on the aromatic
ring (Scheme 2, 3g–k and 3s), except 3q, which contains an ortho-
substituent. Notably, the halogen substituents are tolerated
under the Pd-catalyzed conditions (Scheme 2, 3g–i), which allows
further transition-metal-catalyzed coupling reaction. As for the
N-tosylhydrazones, a series of substituents and functional groups,
including phenyl, heterocycle and ortho-substituted N-tosylhydra-
zones, could react smoothly with N-(2-iodobenzyl)-3,4-dimethyl-
aniline 1a to afford the corresponding isoindolines in moderate to
good yields (Scheme 2, 3l–p, 3r and 3t). The structure of 3l was
further established by X-ray diffraction.

Table 1 Optimization of conditions for the palladium-catalyzed reaction of 1a
and 2aa

Entry Equiv. of 2a Base Solvent Yieldb

1 1.75 t-BuOLi (4.75 equiv.) THF 72
2 2.00 t-BuOLi (5.00 equiv.) THF 77
3 2.25 t-BuOLi (5.25 equiv.) THF 88
4 2.50 t-BuOLi (5.50 equiv.) THF 88
5 2.25 t-BuOLi (5.25 equiv.) THF 25c

6 2.25 t-BuOLi (5.25 equiv.) DCE 76
7 2.25 t-BuOLi (5.25 equiv.) MeCN 52
8 2.25 t-BuOLi (5.25 equiv.) Dioxane 85
9 2.25 t-BuOLi (5.25 equiv.) Toluene 45
10 2.25 K2CO3 (5.25 equiv.) THF 86
11 2.25 Cs2CO3 (5.25 equiv.) THF 82
12 2.25 t-BuOK (5.25 equiv.) THF 0
13 2.25 t-BuONa (5.25 equiv.) THF 0
14 2.25 t-BuOLi (5.25 equiv.) THF 0d

a Reaction conditions: 1a (0.3 mmol), Pd2(dba)3�CHCl3 (2.5 mmol%),
PPh3 (15 mmol%), solvent (4 ml). b Yield of the isolated product.
c 1.0 equiv. of BTAC used as an additive. d Without palladium catalysis.

Scheme 2 Palladium-catalyzed cross-coupling of N-(2-iodobenzyl) aniline deriva-
tives with N-tosylhydrazones. Reaction conditions: 1 (0.3 mmol), 2 (0.675 mmol,
2.25 equiv.), t-BuOLi (1.575 mmol, 5.25 equiv.), THF (4 ml), Pd2(dba)3�CHCl3
(2.5 mmol%), PPh3 (15 mmol%), 60 1C, 4.5–5.5 h. Yield of the isolated product.

Scheme 3 Palladium-catalyzed cross-coupling of 1a with non-aromatic N-tosyl-
hydrazones. a2.0 equiv. of NEt3 was used as co-base, t-BuOLi was decreased to
3.25 equiv.
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To further expand the scope of the reaction, we investigated
non-aromatic a,b-unsaturated N-tosylhydrazones (Scheme 3).
To our disappointment, when the H-substituted N-tosylhydra-
zones were used as substrates under the standard conditions,
the desired product was obtained in poor yield. In pioneering
studies, Van Vranken and co-workers demonstrated that
triethylamine used as co-base in palladium-catalyzed reaction
of diazo compounds proved useful for carbenylative amina-
tions. Indeed, when 2.0 equiv. of NEt3 was added, it resulted
in 53% yield. While as for methyl-substituted a,b-unsaturated
N-tosylhydrazones a similar yield was afforded both in the
presence and absence of Et3N.

In summary, we have reported a new, efficient and straight-
forward method for the synthesis of isoindolines by palladium-
catalyzed coupling reaction of N-(2-iodobenzyl) anilines with
tosylhydrazones derived from a,b-unsaturated aldehydes. The
reaction has several potential advantages: (1) a wide range of
functional groups are tolerated and the yields are moderate to
good. (2) The reaction is easy to handle and the conditions are
mild. (3) By changing the substituent on the protecting groups
of the nitrogen and aromatic moieties on the isoindoline ring, a
series of products with diverse substituents were synthesized,
which enriched the isoindoline family. (4) Two new bonds are
formed in a one-step reaction. Future work on three-component
coupling reaction involving aryl halide, amine and vinyl hydra-
zone is in progress and will be reported in due course.
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M. Sánchez-Roselló and C. del Pozo, Chem.–Eur. J., 2008, 14, 9868;
(b) K. Kurihara, Y. Yamamoto and N. Miyaura, Adv. Synth. Catal.,
2009, 351, 260; (c) M. Fujioka, T. Morimoto, T. Tsumagari,
H. Tanimoto, Y. Nishiyama and K. Kakiuchi, J. Org. Chem., 2012,
77, 2911.

5 (a) R. Grigg, L. Zhang, S. Collard and A. Keep, Tetrahedron Lett., 2003,
44, 6979; (b) D. Enders, A. A. Narine, F. Toulgoat and T. Bisschops,
Angew. Chem., Int. Ed., 2008, 47, 5661; (c) M. Angelin, M. Rahm,
A. Fischer, T. Brinck and O. Ramström, J. Org. Chem., 2010, 75, 5882.

6 For selected examples, see: (a) K. L. Greenman, D. S. Carter and D. L. Van
Vranken, Tetrahedron, 2001, 57, 5219; (b) K. L. Greenman and D. L. Van
Vranken, Tetrahedron, 2005, 61, 6438; (c) C. Peng, Y. Wang and J. Wang,
J. Am. Chem. Soc., 2008, 130, 1566; (d) J. Barluenga, M. Tomás-Gamasa,
P. Moriel, F. Aznar and C. Valdés, Chem.–Eur. J., 2008, 14, 4792;
(e) R. Kudirka and D. L. Van Vranken, J. Org. Chem., 2008, 73, 3585;
( f ) S. Chen and J. Wang, Chem. Commun., 2008, 4198; (g) W.-Y. Yu,
Y.-T. Tsoi, Z. Zhou and A. S. C. Chan, Org. Lett., 2009, 11, 469; (h) Q. Xiao,
J. Ma, Y. Yang, Y. Zhang and J. Wang, Org. Lett., 2009, 11, 4732;
(i) Y.-T. Tsoi, Z. Zhou, A. S. C. Chan and W.-Y. Yu, Org. Lett., 2010,
12, 4506; ( j) E. Jellema, A. L. Jongerius, J. N. H. Reek and B. de Bruin,
Chem. Soc. Rev., 2010, 39, 1706; (k) Y. Zhang and J. Wang, Eur. J. Org.
Chem., 2011, 1015; (l) J. Barluenga and C. Valdés, Angew. Chem., Int. Ed.,
2011, 50, 7486; (m) N. M. G. Franssen, A. J. C. Walters, J. N. H. Reek and
B. de Bruin, Catal. Sci. Technol., 2011, 1, 153; (n) Z. Shao and H. Zhang,
Chem. Soc. Rev., 2012, 41, 560; (o) Z.-S. Chen, X.-H. Duan, P.-X. Zhou,
S. Ali, J.-Y. Luo and Y.-M. Liang, Angew. Chem., Int. Ed., 2012, 51, 1370;
(p) Q. Xiao, Y. Zhang and J. Wang, Acc. Chem. Res., 2013, 46, 236.

7 (a) S. K. J. Devine and D. L. Van Vranken, Org. Lett., 2007, 9, 2047;
(b) S. K. J. Devine and D. L. Van Vranken, Org. Lett., 2008, 10, 1909;
(c) R. Kudirka, S. K. J. Devine, C. S. Adams and D. L. Van Vranken,
Angew. Chem., Int. Ed., 2009, 48, 3677; (d) A. Khanna, C. Maung,
K. R. Johnson, T. T. Luong and D. L. Van Vranken, Org. Lett., 2012,
14, 3233.

8 P.-X. Zhou, Z.-Z. Zhou, Z.-S. Chen, Y.-Y. Ye, L.-B. Zhao, Y.-F. Yang,
X.-F. Xia, J.-Y. Luo and Y.-M. Liang, Chem. Commun., 2013, 49, 561.

9 For selected examples, see: (a) J. Barluenga, P. Moriel, C. Valdés and
F. Aznar, Angew. Chem., Int. Ed., 2007, 46, 5587; (b) X. Zhao, J. Jing,
K. Lu, Y. Zhang and J. Wang, Chem. Commun., 2010, 46, 1724;
(c) L. Zhou, F. Ye, Y. Zhang and J. Wang, J. Am. Chem. Soc., 2010,
132, 13590; (d) Z. Zhang, Y. Liu, M. Gong, X. Zhao, Y. Zhang and
J. Wang, Angew. Chem., Int. Ed., 2010, 49, 1139; (e) J. Barluenga,
M. Tomás-Gamasa, F. Aznar and C. Valdés, Adv. Synth. Catal., 2010,
352, 3235; ( f ) Z.-S. Chen, X.-H. Duan, L.-Y. Wu, S. Ali, K.-G. Ji,
P.-X. Zhou, X.-Y. Liu and Y.-M. Liang, Chem.–Eur. J., 2011, 17, 6918.

10 It is more inclined to form the five-membered ring rather than seven-
membered ring, because the small five-membered ring is more
stable. For similar example see: (a) L. M. Lutete, I. Kadota and
Y. Yamamoto, J. Am. Chem. Soc., 2004, 126, 1622; (b) R. C. Larock,
N. Berrios-Peña and K. Narayanan, J. Org. Chem., 1990, 55, 3447;
(c) S. V. Gagnier and R. C. Larock, J. Org. Chem., 2000, 65, 1525;
(d) T. Hayashi, M. Yamane and A. Ohno, J. Org. Chem., 1997, 62, 204.

ChemComm Communication

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

H
on

g 
K

on
g 

L
ib

ra
ri

es
 o

n 
22

 M
ar

ch
 2

01
3

Pu
bl

is
he

d 
on

 2
8 

Fe
br

ua
ry

 2
01

3 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

3C
C

40
57

7J
View Article Online

http://dx.doi.org/10.1039/c3cc40577j

