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A two-step sequence involving an Ugi four-component reaction (Ugi-4CR) and a palladium-catalyzed intramolecular amidation of aryl iodide
has been developed for rapid access to functionalized oxindole (1). Microwave heating was used to accelerate and to improve the efficiency
of the intramolecular Buchwald —Hartwig reaction.

The rapid generation of molecular complexity and diversity ing three or more reactants together in a single ordered event,
from simple and readily accessible starting materials is a a multicomponent reaction, offers not only great molecular
contemporary research theme in the practice of moderncomplexity and diversity per step but also the possibility of

organic synthesis.In this context, the combination of a
multicomponent reactidrwith an efficient post-transforma-
tion, typically a ring-forming process, has been proven to
be a powerful tool for the synthesis of highly functionalized
heterocyclic compoundsindeed, being capable of combin-
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introducing matched functionalities suitable for further
transformations. A variety of reactions including condensa-
tion? ring-closure metathests;ycloaddition® macrolacton-
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ization/ an intramolecular GAr reaction® etc. have been  (4a), and methyb-isocyanoacetates@) under classic Ugi
combined with an isonitrile-based multicomponent reaction conditions (MeOH, rt). Cyclization oféa was initially
(MCRY)? for the construction of cyclic scaffolds. examined under the influence of a copper catalyst (Table
The palladium-catalyzed -©C bond and C-heteroatom 1).}4!5As can be seen, conditions previously optimized for
bond-forming reactions have been developed into reliable
and versatile synthetic methods. Association of these trans
formations_ with M(_:RS has naturally attracted the attention Table 1. Copper-Catalyzed Intramolecular Ullmann Reaction
of synthetic chemists and has led to the development of to; the Synthesis of Oxindole: A Survey of Reaction
several facile syntheses of medicinally relevant hetero- conditiong
cycles!® We have recently reported a two-step synthesis of
1,4-benzodiazepine-2,5-diones and its tetracyclic derivatives ;\ C.H o¢< _C.H
by a sequence of an Ugi four-component reaction (Ugi-4CR) ~ ©~ Ny Table 1 N
and a copper/palladium-catalyzed intramolecular N-arylation WNVCOOMG @ESZO
process?! As a logical extension of this work, we became e N

interested in the synthesis of an oxinddlg\hose structure 6a AN 1a ‘~coowe
has been found in a vast number of natural products and N
pharmaceutical® The synthetic sequence that we envisaged e . o NHMe e
is shown in Scheme 1. Thus, reaction of an ami2g & @COOH = |N E L
s N NHMe COOMe
L1 L2 L3 L4 L5
Scheme 1. Synthesis of Oxindold by a Sequence of an
Ugi-4CR and an Intramolecular N-Arylation Process entry  solvent  ligand base temp (°C)  yield
- CHO 1 DMSO L1 K2CO;3 110 0%
R'NH, Rz{;[ RCOOH  RINC 2 DMSO L1  CsC05 90 0%
2 3 I 4 5 . 3 dioxane L1 Cs2CO3 reflux 26%
R3 R 4 dioxane L1 K3PO, reflux 30%
//J\ _R! 04N,R1 5 dioxane L1 KoCO3 reflux 20%
o~ N NHRE N 6 toluene L1 Cs2CO3 reflux 42%
Re_” X Rz%o 7 toluene L1 K3PO, reflux 0%
> le} = N 8 toluene L1 Cs2CO3 reflux 28%°
6| 1 R* 9 toluene L2 Cs2CO3 reflux 14%
10 toluene .- Cs2CO3 reflux 19%
11 toluene L3 Cs2CO3 reflux 0%
functionalizedortho-iodobenzaldehydesj, a carboxylic acid 12 toluene L4 Cs2C0s reflux 0%

(4), and an isonitrile%) should providex-acylaminophenyl- 13 toluene L5 Cs2C0;3 reflux 20%
acetamide (6), which upon an intramolecular N-arylation  auynless specified, 0.2 equiv of Cul was use€uCh was used.
under appropriate conditions should afford the desired
oxindole (). Very recently, Kalinski and co-workers reported
the synthesis ol employing the same synthetic stratédy. the synthesis of benzodiazepinedione (Cul, thiophene-2-
However, the yield of cyclization remained low at best carboxylic acidL1, DMSO, K,CO;, 110 °C)! failed to
(4—45%). We report herein our own efforts that led to the catalyze the formation of oxindole, and thus a survey of
development of a very efficient synthesis of oxindolgés (  reaction conditions was performed varying the solvents, the
Amide (6a) was prepared in quantitative yield by reacting bases, and the ligands. As is seen, toluene turned out to be
n-butylamine Ra), ortho-iodobenzaldehyd&4), acetic acid the solvent of choice whereas cesium carbonate gave results
_ - as a base superior to those for potassium carbonate and
12§7%§53£2§%*1§(B)3§3bmFg?%’;‘g:g:;?é?e“ngfm'glﬁhfgﬁua%%’f potassium phosphate. However, under the best conditions
Eur. J.2006,12, 1174—1184. (c) Henkel, B.; Marta, L.; lligen, K.; Eckl, ~ We found, the yield ofLa did not exceed 42% (entry 6).
R. Synlett2006, 1315-1318. The moderate yield obtained on the copper-catalyzed
(8) (a) Cristau, P.; Vors, J. P.; Zhu, Org. Lett.2001,3, 4079—4082. R . .
(b) Tempest, P.; Ma, V.; Kelly, M. G.; Jones, W.; Hulme, Tatrahedron cyclization of 6a prompted us to examine the palladium-
Lett. 2001, 42, 4963-4968. (c) Cristau, P.; Vors, J. P.; Zhu Tetrahedron catalyzed version usingb as a test substrate (Table ).

zo?g’)'%%nZﬁrfi Jano Rev2006.106, 17-89. Although cyclization ofo-bromophenylacetamide is well-
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45, 417-420. (c) Xiang, Z.; Luo, T.; Lu, K.; Cui, J.; Shi, X.; Fathi, R.;  K.; Kubo, T.; Tokuyama, H.; Fukuyama, Bynlett2002, 231—-234. (c)
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(11) Cuny, G.; Bois-Choussy, M.; Zhu,J.Am. Chem. So€004,126, 126, 3529—3533. (e) Yang, T.; Lin, C.; Fu, H.; Jiang, Y.; Zhao,0Ofg.
14474—14484. Lett. 2005, 7, 4781—4784. (f) Wrona, I. E.; Garbada, A. E.; Evano, G.;
(12) (a) Marti, C.; Carreira, E. MEur. J. Org. Chem2003 2209~ Panek, J. SJ. Am. Chem. So@005,127, 15026—15027. (g) Cai, Q.; Zou,

2219. (b) Dounay, A. B.; Overman, L. Ehem. Rev2003,103, 2945— B.; Ma, D. Angew. Chem., Int. EQ006,45, 1276—1279.

2963. (c) Somei, M.; Yamada, Nat. Prod. Rep2005,22, 73-103. (15) For reviews, see: (a) Ley, S.; Thomas, A. Whgew. Chem., Int.
(13) Kalinski, C.; Umkehrer, M.; Ross, G.; Kolb, J.; Burdack, C.; Hiller, Ed. 2003,42, 5400—5449. (b) Kunz, K.; Scholz, U.; Ganzer, $ynlett

W. Tetrahedron Lett2006,47, 3423—3426. 2003, 2428-2439.
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Table 2. Palladium-Catalyzed Intramolecular Buchwald—
Hartwig Reaction: A Survey of Reaction Conditiéns A
0

o;< RINH; ™% CHOconditionsa
-0 NG T S
+ P R2—— O

Table 2
o R°COOH R‘NC 1 ke
N _________________________________________________ R
6b oH ;\/
N-LaMg
PCy PCy, o PCyz Pri Pr N 0 N N O
Me,N
€y \\COOMe @ COOMe

Prl 1a99% (72%)°  1b82% (99%)°  1c 66% (99%)°

L8 L10
- - - O;< .Bn P O;< OMe
entry solvent Pd ligand temp (°C) time (h) yield’ N N-CaHo N
1 PhMe Pd(dba); BINAP 100 24 <20% wo MeO
PhMe Pd(OAc); MOP 100 24 50% N . 0 N o

-

2
3  PhMe Pd(OAc, MOP Wb 1 0% _

4 s Pd(OAc), MOP LW 1 0% COOMe coome  —COOMe

5 8 Pd(dba), MOP UWP 1 71% 1d 88% (66%)° 1€ 78% (65%)"  1f90% (67%)°

6 S¢  Pddbay MOP Wb 1 80%

7 se Pd(dba), L8 LW 2 61% o

8 s Pd(dba), L9 LW 15 82% N CiHo N-CaH
9 s Pd(dba), L10 LW 2 48%

10 s Pd(dba), L11 LW 2 24% @\/S: ©
1 s Pd(dba), L9 uWe 15 82%

aGeneral conditions: 5 mol % of Pd, 5 mol % of ligand, 2 equiv of COOMe )V
K>CQ;s. ® Microwave heating with a Discover microwave reactor from CEM. o o b b
Irradiation power: 180 W. Ramp time: 1 min. 10G. ¢ PhMe/MeCN= 19 80% (33%)” 1h 83% (21%)" 1 60% (85%)
1:1.9PhMe/MeCN= 3:1. ¢ PhMe/MeCN= 2:1. fYield refers to isolated

1. 1. 1. cl
yield. <\1:§_Z<
O

known2 initial experiments using BINAPLE) as a ligand @Eg:
and Pd(dbag)as a palladium source afforded the desired

N Br
H b b
Aldehydes: Amines: 1 85% (44%) 1k 75% (70%)
| ;<
@E X\/\NH2 ©/\ /@/ 0 N CaHo /\/
CHO -0 cH, OMe
! o { NF, \ﬁ
NH
cHO o7 N ” Q oo
Acids: 11 78% (85%)° 1m 72% (82%)°

X

RJJ\ 0 Figure 2. Synthesis of oxindoles by a sequence of an Ugi-4CR/
OH intramolecular BuchwaldHartwig reactior? @Conditions: (i) MeOH,
OH CI OH rt; (i) Pd(dba} (5 mol %), Me-Phos, KCO; (2 equiv),uW, 100

R=H, Et
°C, PhMe/MeCN= 3:1, reaction time 1—2.5 WYield of an Ugi-
Isocyanides: ACR.

/N 0
o N (- %
__/ _\—NC NC MeO)J\/NC NC . . . .
oxindole 1b in low yield (entry 1). Up to 50% yield olb

/@\/ ©/ ﬁ OAc was obtained when the reaction was catalyzed by Pd(©Ac)
Br NC NC in the presence of a monophosphine ligand (MO, (entry

2). The controlled microwave heating technique was next
applied with the hope to increase the cyclization efficiency

Figure 1. Starting materials for an Ugi-4CR.
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(Table 1)!1° Interestingly, applying microwave heating

advantage of the transition-metal-catalyzed transformation

under otherwise identical conditions, we observed no cy- of aryl chlorides?® Interestingly, even aryl bromide was

clization in toluene (entry 3) and toluen®eCN (entry 4).
However, by simply switching from Pd(OAgc)o Pd(dbay,
cyclization of 1b occurred smoothly to providéb in 80%
yield. We have also briefly examined the effect of ligand

tolerated as evidenced by the formation of compolikdh
75% yield. When Ugi addudf (Figure 3) was subjected to
the present N-arylation conditions, only oxinddlé was
isolated; the dihydrophenanthriding)(resulting from the

structure on the reaction efficiency and found that Me-Phos potentially competitive C—H activation process was not

(L9) furnished results superior to those for DavephoB)(
X-phos (L10), and dicyclohexyl(2,4,6-triisopropylphenyl)
phosphinel(11). Overall, under optimized conditions [5 mol
% of Pd(dbay, 5 mol % of Me-Phos, KCO;s, tol-MeCN =
3:1, uW, 100 °C], cyclization of6b provided 1b in 82%
yield (entries 8 and 11).

The optimized conditions were then applied to the syn-
thesis of a range of oxindoles in combination with the Ugi
reaction. From two aldehydes, six amines, five carboxylic

observed?

Finally, cyclization of6a (cf. Table 1) took place in the
absence of microwave irradiation under otherwise identical
conditions [Pd(dba)(5 mol %), Me-Phos, KCOs (2 equiv),

100 °C, PhMe/MeCN= 3:1]. However, a longer reaction
time (24 h) was required to afforthin reduced yield (50%).
This control experiment clearly demonstrated the beneficial
effect of microwave irradiation because the same compound
lacan be isolated in quantitative yield afteh of microwave

acids, and six isonitriles (Figure 1), the oxindoles synthesized irradiation.

were listed in Figure 2. As is seen, a range of functional

In summary, we have developed microwave-assisted

groups such as ester, amine, ether, heterocyclic nuclei suctintramolecular N-arylation conditions for the cyclization of

as pyridine (1j), and indole (1g) are tolerated. Sterically

2-(o-iodophenyl)-2-acylamino acetamide. In combination

hindered amides such as tertiary butylamide are readily with the versatile Ugi four-component reaction, highly

cyclized to give the corresponding oxindolé)(in 60% yield.

functionalized 2-oxindoles with four diversity points can be

The reaction is not sensitive to steric hindrance around the easily prepared in two steps from readily accessible starting

iodide because the 7-methyloxindol{) can be prepared
in good yield (72%). Cyclization 08 (Figure 3) is chemo-

MeO

N I N

C4H9 O O
OO, R

, © COOMe COOMe
6j 6f

Figure 3. Structure of Ugi adducts and a possible side product.

selective leading to the formation of the desired oxindole
(1)) in 85% yield without touching the aryl chloride function,
which could in principle be further functionalized by taking

(16) For reviews, see: (a) Wolfe, J. P.; Wagaw, S.; Marcoux, J. F.;
Buchwald, S. FAcc. Chem. Redl998,31, 805—818. (b) Hartwig, J. F.
Angew. Chem., Int. EA998,37, 2046—2067.
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Chem., Int. Ed2004,43, 838—842. (c) Microwave-assisted cyclization,
see: Poondra, R. R.; Turner, N. Qrg. Lett. 2005, 7, 863—866 and
references therein.
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