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The usual way to synthesize spiroindolinones is the applica-
tion of isatin derivatives. Here, we report the first Pd-cata-
lyzed Buchwald-Hartwig addition-elimination strategy for
the formation of the spiroindolinone-isoindolinone architec-

ture. The application of the Ugi-4-component reaction (Ugi-
4CR) allows the facile introduction of diversity and increases
the practicality of this protocol.

Introduction

Indoles, especially spiroindolinones, are widespread in
nature’s kingdom. They remain a topic of interest for the
synthetic organic chemist because of their omnipresence in
pharmaceuticals and biologically important alkaloids (Fig-
ure 1).['1 As a consequence, in the past few years, important
efforts have been made for the construction, modification,
and decoration of this privileged architecture.>*! However,
most strategies start with (derivatives of) isatins,['" which
may be considered as a severe limitation of the existing pro-
tocols. As a result, improved methodologies in terms of sub-
strate scope and starting material availability are always
welcomed. Nowadays, metal-catalyzed cascade cyclizations
are rising to prominence, as they provide direct access to

R = OMe, horsefiline

Spirotryprostatin B
R = H, coerulescine

polycyclic frameworks in a single step.[*! Moreover, multi-
component reactions (MCR) are a powerful tool to intro-
duce diversity in an atom-economical fashion.’] Hence, we
envisioned that the combination of these two strategies may
deliver a concise route to spiroindolinones (Scheme 1).

------

Scheme 1. Retrosynthetic approach for the formation of spiro-
indolinones.
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Figure 1. Examples of some natural products and pharmaceutically important compounds containing the spiroindolinone core.

[a] Laboratory for Organic & Microwave-Assisted Chemistry
(LOMAC), Department of Chemistry, University of Leuven
(KU Leuven),

Celestijnenlaan 200F, 3001 Leuven, Belgium
E-mail: ddvachhani@gmail.com
erik.vandereycken@chem.kuleuven.be

[b] Department of Chemistry, Saurashtra University,

Rajkot, India

Supporting information for this article is available on the

WWW under http://dx.doi.org/10.1002/ejoc.201402909.

Eur. J. Org. Chem. 0000, 0-0

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

With this core approach in mind and as a result of our
ongoing interest in MCR!®! and cascade cyclizations,[”! we
designed a complementary disconnection strategy for the
formation of spiroindolinones (Scheme 1). Here we report a
palladium-catalyzed post-Ugi cascade cyclization approach
towards the spiroindolinone-isoindolinone framework.
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Results and Discussion

We began our study with 5a, synthesized by the Ugi-
4-component reaction (U-4CR)I®! of 2-bromobenzaldehyde
(1a), 4-methoxybenzylamine (2a), 2-bromobenzoic acid
(3a), and 7Bu isocyanide (4a), by using Pd(OAc), (5 mol-
%), PPh; (10 mol-%), and Cs,COj3 (2 equiv.) in toluene at
120 °C for 20 h. To our delight, the formation of 58 % of the
desired product 6a was observed by 'H NMR spectroscopy
(Table 1, entry 1). Changing the ligand from PPh; to DPPE
or Me-Phos resulted in lower yields (Table 1, entries 2 and
3). Xantphos substantially enhanced the performance of the
reaction and led to 87% of the desired product 6a (Table 1,
entry 4). Among the bases screened, Cs,CO; proved to be
the best (Table 1, entries 4-7). While xylene was found to
be as good as toluene, other solvents revealed a global fail-
ure for this cascade cyclization (Table 1, entries 8 and 9).
No amelioration was observed upon switching the Pd catal-
ysts (entries 10-12). Reducing the reaction time to 15 h gave
a cleaner reaction profile and provided the highest yield of

Table 1. Optimization of the Pd-catalyzed cascade cyclization.[l

catalyst
Br PMB ligand
O0“ >N - base
H
N toluene, 120 °C
[ I il “tBu
Br .
6a
5a
Entry Catalyst Ligand Base Time [h] Yield [%]®!
1 Pd(OAc),  PPh, Cs,CO; 20 58
2 Pd(OAc),  DPPE Cs,CO; 20 21
3 Pd(OAc),  MePhos  Cs,CO; 20 41
4 Pd(OAc), Xantphos  Cs,CO4 20 87
5 Pd(OAc), Xantphos  K,CO; 20 51
6 Pd(OAc), Xantphos  Na,CO; 20 52
7 Pd(OAc), Xantphos  KOAc 20 traces
8 Pd(OAc), Xantphos  Cs,CO; 20 traces!!
9 Pd(OAc), Xantphos  Cs,CO; 20 821d]
10 Pd(dba), - Cs,CO; 20 n.d.¢
11 Pd(PPhs),Cl, — Cs,CO; 20 70
12 Pdydba); - Cs,CO; 20 35
13 Pd(OAc), Xantphos ~ Cs,CO; 15 97
14 Pd(OAc), Xantphos  Cs,CO; 10 80
15 Pd(OAc), Xantphos ~ Cs,CO; 15 8211l
16  Pd(OAc),  Xantphos Cs,CO; 15 96ll (92)
17 Pd(OAc), Xantphos ~ Cs,CO; 15 5611
18 - - Cs,CO; 20 n.d fedl
19 Pd(OAc), Xantphos - 15 n.d.[

[a] Unless otherwise stated, all reactions were run with Ugi adduct
5a (0.1 mmol), catalyst (5 mol-%), ligand (10 mol-%), and base
(2 equiv.) in toluene (2 mL) under a N, atmosphere at 120 °C. [b]
Yields were determined by '"H NMR spectroscopy by using 2.4,6-
trimethoxybenzaldehyde as an internal standard. [c] 1,4-Dioxane
or acetonitrile or DMF were used as solvents. [d] Xylene was used
as solvent. [e] Not detected. [f] The reaction was carried out at
100 °C. [g] A ligand concentration of 5 mol-% was used. [h] Iso-
lated yield. [i] Concentrations used: catalyst 3 mol-%; ligand 5 mol-
%. [j] Only unreacted starting material was observed by TLC and
MS analysis.
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6a, while further reduction led to incomplete reaction
(Table 1, entries 13 and 14). To our delight, ligand loading
could be reduced to 5 mol-% without compromising the
yield (Table 1, entry 16), However, lowering the catalyst
loading led to failure in achieving completion of the reac-
tion (Table 1, entry 17). Finally, a control experiment estab-
lished the requirement for the Pd catalyst (entry 18).

With the optimized conditions on hand (Table 1, entry
16), we investigated the influence of different halides on the
efficiency of our Pd-catalyzed cascade cyclization. Almost
identical results were observed upon switching the halide
from bromine to chlorine or even to fluorine in the acid-
derived part (Table 2, entries 1-3). However, a significant
drop of the yield was observed when we employed Ugi ad-
duct 5a% which was synthesized by using 2-iodobenzoic
acid (Table 2, entry 4). When experiments were carried out
at low temperature (80 °C), only 5all, bearing fluorine, gave
some detectable amount of spiro compound 6a. Compound
5a", derived from 2-iodobenzaldehyde, was successfully con-
verted into 6a (Table 2, entry 5). Because of the low cost
and availability of the starting benzaldehyde, we proceeded
with 2-bromobenzaldehyde.

Table 2. Effect of the type of halide on the Pd-catalyzed cascade
cyclization.

X PMB optimized PMB-N
oo>N" H conditions
N
tBu
v (0]
6a
5a-a¥
Entry  Ugiadduct5a X Y Yield [%o]@
1 5a Br Br 96 (traces)l®
2 5ai Cl Br 98 (traces)l®
3 5l F Br 97 (18)M!
4 5a 1 Br 53 (n.d.)P!
S 5a¥ Br 1 95

[a] Yields were determined by 'H NMR spectroscopy. [b] The reac-
tion was carried out at 80 °C, and the yield was determined by 'H
NMR spectroscopy.

The applicability of this unprecedented Pd-catalyzed cas-
cade cyclization protocol for the preparation of spiro-
indolinones is shown in Table 3. A variety of electron-
donating and electron-withdrawing functional groups on
either the aldehyde or the acid part of the Ugi adduct are
compatible with this transformation. It is worth noting that
aromatic amines, and even highly deficient aniline, are well
tolerated in this protocol (compounds 6d, 6h, 6i). Although
the use of an aromatic isocyanide resulted in a poor yield
(compound 6j), aliphatic isonitriles nominated themselves
as effective substrates. To our surprise, an attempt to ex-
pand the size of isoindolinone ring met with complete fail-
ure (compound 6q).

To get some mechanistic insight, competitive experiments
between different halides were carried out, and fluorine was

Eur. J. Org. Chem. 0000, 0-0
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6a, X =Br, 91 %
X =F, 97 %!
X = Cl, 98 %!

6b,X=Br, 81 %
X=F, 80 %!
X=Cl, 47 %[°!

6f, R = OMe, 88 %

6e, 77 % 6g,R=H,87 %

6c, X=Br, 84 % 6d, 60 %
X=F, 92 %!

X=Cl, 82 %"

6i, 70 %

60, 66 %

6n, 83 %

6q, n.d.l9

[a] The reactions were run by using the optimized conditions with 0.2 mmol of 5. [b] Yields were determined by 'H NMR spectroscopy.

[c] Not detected.

found to be the most reactive, pointing to an addition—eli-
mination reaction (Scheme 2a). To further support this
hypothesis, an experiment without halide in the “upper”
aromatic ring was carried out. Employment of 5t, resulting
from unsubstituted benzoic acid, gave only traces of the
cyclized compound (Scheme 2b).[”! Finally, the experi-
ment with 5u, derived from 2-bromobenzylamine, resulted
in a moderate yield (Scheme 2¢). This confirms the neces-
sity of a carbonyl group for the efficient “upper” ring clo-
sure.
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On the basis of these observations and previous re-
ports,['% a plausible mechanism for this Pd-catalyzed cas-
cade cyclization is proposed in Scheme 3. Oxidative ad-
dition of Pd® to 5a results in intermediate A. Subsequent
attack of amide followed by reductive elimination gives C.
This can undergo an addition—elimination reaction in the
presence of a base to deliver spiroindolinone 6a. However,
the possibility for the reverse order, that is the addition—
elimination reaction followed by Pd-catalyzed Buchwald-
Hartwig coupling, could not be eliminated.

WWW.eurjoc.org 3
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[a] Yields were determined by LC-MS.
[b] Isolated yields.

Scheme 2. Control experiments for the Pd-catalyzed cascade cyclization. Reactions were run by using the optimized conditions with
0.2 mmol of 5.
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Scheme 3. Plausible mechanism for the cascade cyclization.
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Conclusions

In summary, we have demonstrated an efficient Pd-cata-
lyzed Buchwald-Hartwig addition—elimination sequence for
the construction of the spiroindolinone-isoindolinone
framework. The reaction occurred under relatively mild
conditions with a broad substrate scope and good to excel-
lent yields. The control experiments provide support for the
proposed mechanism. Further, application of this protocol
for cascade cyclization by using dehydrogenative coupling
is under investigation (Scheme 2b)."]

Experimental Section

General Procedure for the Pd-Catalyzed Cascade Cyclization: To a
screw-cap vial were added Ugi product Sa—v (0.2 mmol), Pd(OAc)
5 (5 mol-%), Xantphos (5 mol-%), and Cs,COj3 (2 equiv.), along
with dry toluene (3 mL). The reaction vial was then evacuated and
back-filled with N, (five times), and the reaction mixture was
stirred at 120 °C for 15-20 h. After completion of the reaction, the
mixture was diluted with EtOAc (100 mL) and extracted with water
(50 mL). The organic layer was washed with brine (50 mL), dried
with magnesium sulfate, and concentrated under reduced pressure
to obtain a residue, which was subjected to silica gel column
chromatography (20-40% ethyl acetate in heptane) to afford the
desired product 6a-v.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, spectroscopic data, and copies of
the "H NMR and '3C NMR spectra.

Acknowledgments

Support was provided by the research fund of the University of
Leuven (KU Leuven) and the Fund for Scientific Research-Flan-
ders, Belgium (FWO). D. D. V. thanks KU Leuven for providing a
post-doctoral scholarship. H. H. B. thanks Erasmus Mundus Ex-
perts 2 for providing a visiting doctoral fellowship.

[1] For selected reviews on the spirooxindole core as a privileged
structure, see: a) R. M. Williams, R.J. Cox, Acc. Chem. Res.
2003, 36, 127; b) C. Marti, E. M. Carreira, Eur. J Org. Chem.
2003, 2209; ¢) H. Lin, S. J. Danishefsky, Angew. Chem. Int. Ed.
2003, 42, 36; Angew. Chem. 2003, 115, 38; d) C. V. Galliford,
K. A. Scheidt, Angew. Chem. Int. Ed. 2007, 46, 8748; Angew.
Chem. 2007, 119, 8902; ¢) B. M. Trost, M. K. Brennan, Synthe-
sis 2009, 3003; f) F. Zhou, Y.-L. Liu, J. Zhou, Adv. Synth. Catal.
2010, 352, 1381; g) R. Rios, Chem. Soc. Rev. 2012, 41, 1060;
h) G.S. Singh, Z.Y. Desta, Chem. Rev. 2012, 112, 6104; 1)
N. R. Ball-Jones, J. J. Badillo, A. K. Franz, Org. Biomol. Chem.
2012, 10, 5165.

[2] For selected examples of spiroindolinones fused with nitrogen
containing five membered rings, see: a) S. Rehn, J. Bergman,
B. Stensland, Eur. J. Org. Chem. 2004, 413; b) P. Shanmugam,
B. Viswambharan, S. Madhavan, Org Lett. 2007, 9, 4095; c)
A.P. Antonchick, C. Gerding-Reimers, M. Catarinella, M.
Schurmann, H. Preut, S. Ziegler, D. Rauh, H. Waldmann, Nat.
Chem. 2010, 2, 735; d) X. Jiang, Y. Cao, Y. Wang, L. Liu, F.
Shen, R. Wang, J Am. Chem. Soc. 2010, 132, 15328; ¢) Y. Cao,
X. Jiang, L. Liu, F. Shen, R. Wang, Angew. Chem. Int. Ed.

Eur. J. Org. Chem. 0000, 0-0

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

European Journal
of Organic Chemistry

2011, 50, 9124; Angew. Chem. 2011, 123, 9290; f) A. S. Girgis,
J. Stawinski, N. S. M. Ismail, H. Farag, Eur. J Med. Chem.
2012, 47, 312; g) B. Tan, X. Zeng, W. W. Y. Leong, Z. Shi, C. F.
Barbas 111, G. Zhong, Chem. Eur. J. 2012, 18, 63; h) B. Zhang,
P. Feng, L.-H. Sun, Y. Cui, S. Ye, N. Jiao, Chem. Eur. J. 2012,
18, 9198; i) H. Lv, B. Tiwari, J. Mo, C. Xing, Y. R. Chi, Org
Lert. 2012, 14, 5412; j) A. S. Girgis, J. Stawinski, N. S. M. Is-
mail, H. Farag, Eur. J. Med. Chem. 2012, 47, 312; k) F. Tan,
H.-G. Cheng, B. Feng, Y.-Q. Zou, S.-W. Duan, J.-R. Chen, W.-
J. Xiao, Eur. J. Org. Chem. 2013, 2071; 1) X.-L. Liu, W.-Y. Han,
X.-M. Zhang, W.-C. Yuan, Org Lett. 2013, 15, 1246; m) H.
Wu, L.-L. Zhang, Z.-Q. Tian, Y.-D. Huang, Y.-M. Wang,
Chem. Eur. J. 2013, 19, 1747; n) W.-Y. Han, S.-W. Li, Z.-J. Wu,
X.-M. Zhang, W.-C. Yuan, Chem. Eur. J. 2013, 19, 5551.

[3] For selected examples about the formation of other spiro-
indolinones catalyzed by transition-metals, see a) B. M. Trost,
N. Cramer, S. M. Silverman, J Am. Chem. Soc. 2007, 129,
12396; b) L.-H. Sun, L.-T. Shen, S. Ye, Chem. Commun. 2011,
47,10136; ¢) Y.-Y. Han, W.-Y. Han, X. Hou, X.-M. Zhang, W.-
C. Yuan, Org. Lett. 2012, 14, 4054; d) N. V. Hanhan, N. R.
Ball-Jones, N. T. Tran, A. K. Franz, Angew. Chem. Int. Ed.
2012, 51, 989; Angew. Chem. 2012, 124, 1013; ¢) W. Sun, G.
Zhu, C. Wu, L. Hong, R. Wang, Chem. Eur. J. 2012, 18, 13959.

[4] a) T.J. ). Miiller in Metal Catalyzed Cascade Reactions, Vol.
19 (Ed.: T. J. J. Miiller), Springer-Verlag, Berlin, 2006; b) K. C.
Nicolaou, D. J. Edmonds, P. G. Bulger, Angew. Chem. Int. Ed.
2006, 45, 7134; Angew. Chem. 2006, 118, 7292; c¢) L. F. Tietze,
G. Brasche, K. Gericke in Domino Reactions in Organic Synthe-
sis Wiley-VCH, Weinheim, 2006; d) K. C. Nicolaou, J. S. Chen,
Chem. Soc. Rev. 2009, 38, 2993; ¢) T. Vlaar, E. Ruijter, R. V. A.
Orru, Adv. Synth. Catal. 2011, 353, 809.

[5] For multicomponent reactions based on isocyanide, see a) A.
Domling, 1. Ugi, Angew. Chem. Int. Ed. 2000, 39, 3168; Angew.
Chem. 2000, 112, 3300; b) A. Domling, Chem. Rev. 2006, 106,
17; for asymmetric multicomponent reactions, see; ¢) D.J.
Ramoén, M. Yus, Angew. Chem. Int. Ed. 2005, 44, 1602; Angew.
Chem. 2005, 117, 1628; for multicomponent reactions in gene-
ral, see; d) J. Zhu, H. Bienaymé, Multicomponent Reactions,
Wiley-VCH, Weinheim, 2005; e¢) B. Ganem, Acc. Chem. Res.
2009, 42, 463; f) L. El Kaim, L. Grimaud, Mol. Diversity 2010,
14, 855; g) L. Banfi, A. Basso, R. Riva, Top. Heterocycl. Chem.
2010, 23, 1; h) E. Ruijter, R. Scheffelaar, R. V. A. Orru, Angew.
Chem. Int. Ed. 2011, 50, 6234; Angew. Chem. 2011, 123, 6358;
i) A. Domling, W. Wang, K. Wang, Chem. Rev. 2012, 112, 3083.

[6] a) S. G. Modha, D. D. Vachhani, J. Jacobs, L. Van Meervelt,
E. V. Van der Eycken, Chem. Commun. 2012, 48, 6550; b) S. G.
Modha, A. Kumar, D. D. Vachhani, S. K. Sharmar, V. S. Par-
mar, E. V. Van der Eycken, Chem. Commun. 2012, 48, 10916;
¢) D. D. Vachhani, A. Sharma, E. V. Van der Eycken, Angew.
Chem. Int. Ed. 2013, 52, 2547; Angew. Chem. 2013, 125, 2607.

[71 a) S. G. Modha, A. Kumar, D. D. Vachhani, J. Jacobs, S. K.
Sharma, V. S. Parmar, L. Van Meervelt, E. V. Van der Eycken,
Angew. Chem. Int. Ed. 2012, 51, 9572; Angew. Chem. 2012, 124,
9710; b) D. D. Vachhani, M. Galli, J. Jacobs, L. Van Meervelt,
E. V. Van der Eycken, Chem. Commun. 2013, 49, 7171.

[8] a) I. Ugi, R. Meyr, U. Fetzer, C. Steinbrucker, Angew. Chem.
1959, 71, 386; b) S. Marcaccini, T. Torroba, Nat. Protoc. 2007,
2, 632.

[9] Employment of the Ugi adduct 5v, derived from the electron
deficient 4-nitrobenzoic acid, yielded 15% of the desired prod-
uct 6v. This might point to a Pd-catalyzed ring closure em-
ploying C-H activation for the upper spiro ring. This work is
under current investigation.

[10]a) F. Bonnaterre, M. Bois-Choussy, J. Zhu, Org. Lett. 2006, 8,
4351; b) L. Zhang, F. Zhao, M. Zheng, Y. Zhai, H. Liu, Chem.
Commun. 2013, 49, 2894.

Received: July 11, 2014
Published Online: B

WWW.eurjoc.org 5



Job/Unit: 042909 /KAP1 Date: 10-09-14 18:14:11 Pages: 6

SHORT COMMUNICAT'ON D. D. Vachhani, E. V. Van der Eycken et al.

R2-NH, H. H. Butani, D. D. Vachhani,*
R HOOG R3 I U. C. Bhoya, A. K. Shah,
CHO DA ) MeOH, r.t. E. V. Van der Eycken* .......cccceeeveuruneee 1-6
|\ - . | 7 .
% - 2) Pd(OAc), xantphos . . .
W gl 2t I Regio- and Chemoselective Formation of [J
R4-NC L - 5 Spiroindolinone-Isoindolinone by a Pal-
1207C up to 91 % ladium-Catalyzed Buchwald-Hartwig Ad-
20 examples dition—Elimination Sequence

A Pd-catalyzed cascade cyclization strategy tecture. The Ugi-4-component reaction
has been documented for expedient access (Ugi-4CR) generates diversity, while Pd ca-
to the spiroindolinone-isoindolinone archi-  talysis ensures regioselective ring closure.

Keywords: Post-Ugi cascade cyclizations /
Multicomponent reactions / Heterocycles /
Palladium / Spiroindolinones

6 WWW.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 0000, 0-0



