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The first enantioselective cyanoamidation of olefins provides quick access to a variety of 3,3-disubstituted oxindoles. The combination of
Pd(dba),, an optically active phosphoramidite, and N,N-dimethylpropylene urea (DMPU) in decalin were found to be the best conditions.

Developing convenient synthetic methods for 3,3-disubsti-
tuted oxindoles may contribute to biological and pharma-
cological studies due to their frequent occurrence as sub-
structures or synthetic intermediates of biologically active
molecules.* Recent efforts have been focused on enantiose-
lective construction of oxindoles which have a quaternary
stereocenter at the 3-position.>~ Reported methods can be
categorized in three groups according to the synthetic
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strategies (Figure 1). Retrosynthetic disconnection at position
a corresponds to the enantioselective Heck reaction pioneered
by Overman? and the domino Heck/cyanation reaction which
was published recently by Zhu.® The same disconnection
provides arylation reactions reported by Hartwig and oth-
ers.*® Disconnection at b meets O-to-C acyl migration,®
allylic alkylation,” and cycloaddition® strategies.® Motivated
by our interest in transition-metal-catalyzed reactions of
formamide derivatives,'®*?> we planned to develop an
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Figure 1. Strategies for enantioselective synthesis of 3,3-disubsti-
tuted oxindoles.

enantioselective intramolecular cyanoamidation of alkenyl
cyanoformamides, which allows disconnection at position
c. Our strategy will have several advantages over existing
methods: (i) avoiding the use of halogens or their equivalents
(vs disconnection a), (ii) realizing simultaneous formation
of the lactam ring and a quaternary stereocenter (vs discon-
nection b), (iii) allowing use of neutral reaction conditions,
and (iv) exploring the less studied utility of cyanoformamides
in transition-metal-catalyzed reactions.***
Cyanoamidation is an attractive transformation that allows
introduction of two carbonyl equivalents to vicinal positions
of C—C multiple bonds with high atom economy. We
previously found that cyanoformamides add to intramolecular
triple and double bonds to give a variety of functionalized
lactams in the presence of a palladium catalyst.'%*® Herein
we report the first enantioselective cyanoamidation of olefins.
From preliminary experiments on screening achiral phos-
phorus ligands, it was found that monophosphorus ligands
give higher conversion than bisphosphorus ligands. Based
on this observation, we started this project by exploring
optically active monophosphorus ligands. Therefore, cyano-
formamide 1 was treated with Pd(dba), (2 mol %) and
ligands (4—8 mol %) in xylene at 130 °C (Table 1).*® When
4 mol % of MeO-MOP (L 1)*’ was used, the reaction finished
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3304

Table 1. Studies of Optically Active Ligands

Pd(dba), (2 mol %)
ligand (x mol %)

2
. EJ\\)QCN
CN —————— [0}
O
N’< xytene, 130 °C N

i
Bn1o an

entry ligand (mol %) time (h) yield (%)* ee (%) config

1 L1 4) 0.25  quant 9 (R)
2 L2 4) 0.5 98 7 (R)
3 L3 (4) 24 26 (70) 0

4 L4 (4) 24 4 (87) 0

5 L514) 24 80 (16) 16 S)
6 L6 (8) 24 65 (28) 46 S)
7 L7 (4) 26 60 (32) 64 (S)
8 L7 (8) 6 96 69 S
9 L8 (8) 0.5 quant 16 S
10 L9 (8) 0.5 97 44 (S)

2The values in parentheses shows the recovered yield of compound 1

Ph

Ph,P. [ ] /N\ 0]
2 Pth Me p”

NMe2

Ph
>-_
F>—N>
Ph
L5(R1 Me) L7 R2
L6 (R'=Pr) L8 (R? Me)

in 15 min to give oxindole 2 quantitatively, but the
enantioselectivity was poor (9% ee) (entry 1). NMDPP (L 2)*8
showed a similar result (entry 2). Taking advantage of simple
preparation, derivatives of phosphonic acids and phosphinic
acids were tested.’® Phosphonite L3%° and phosphonic
diamide L4%' promoted the reaction only slightly and did
not show any stereoselectivity (entries 3 and 4). However,
when the reaction was performed in the presence of phos-
phoramidite L 5,22 oxindole (-2 was obtained in 80% yield
and 16% ee (entry 5). Based on this result, we started to
examine the effect of substituents on phosphoramidites.
Change of the dimethylamino group to a diisopropylamino
group improved the selectivity to 46% ee (entry 6).2°
Moreover, use of bis[(R)-1-phenylethyl]amine derivative

(16) Cyanoformamides were synthesized from corresponding anilines.
See the Supporting Information for details.
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1274.
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L7 led to 60% yield and 64% ee (entry 7). Finally, by
increasing the amount of L7 from 4 mol % to 8 mol %,
96% vyield and 69% ee was achieved (entry 8). Reactions in
the presence of L8 and L9 provided higher yields but lower
selectivities (entries 9 and 10).

The effect of solvent and additives was examined for the
reaction catalyzed by Pd(dba), (2 mol %) and L7 (8 mol %)
(Table 2). When N-methyl-2-pyrrolidone (NMP) was used

Table 2. Effect of Solvent and Additive

Pd(dba); (2 mol %) o~
L7 (8 mol %) CN
N it (100 mol %) °
a nive mo
N,< o N

| 0 solvent, temp !
Bn 1 52

entry solvent additive 7 (°C) time (h) yield* (%) ee (%)

1 xylene 130 6 96 69
2 NMP 130 0.25 97 56
3 decalin 130 24 83 (10) 74
4 decalin NMP 130 7 quant 78
5 decalin NMP 100 24 85 (15) 80
6 decalin DMPU 100 24 quant 81

@The values in parentheses show the recovered yield of compound 1.

as solvent, to our surprise, the reaction was complete in 15
min at 130 °C, but the selectivity dropped to 56% ee (entry
2). On the other hand, the reaction in decalin provided poor
conversion but higher selectivity (entry 3). Therefore, we
planned to add polar additives such as NMP to the reaction
in decalin. When 100 mol % of NMP was added, oxindole
(9-2 was obtained quantitatively and the selectivity reached
78% ee. It was possible to reduce the reaction temperature
to 100 °C when polar additives were present. At the end,
the best conditions were determined to be the addition of
N,N-dimethylpropylene urea (DMPU) in decalin at 100 °C,
which gave quantitative yield and 81% ee (entry 6).

The absolute configuration of the major enantiomer of
oxindole 2 obtained from the reaction using L7 was
determined by converting 2 to known pyrroloindole 4
(Scheme 1). Selective reduction of the cyano group®

Scheme 1. Determination of Absolute Configuration

"“\\CN 1) NaBH, \/NHCOgMe
o COC|2 6H20
N 2) CICO,Me, Et;N

DMAP
Bn
(S)-2 (81% ee)

LiAH, N.
THF, reflux N H Me

[0d%p —68 (¢ 0.20, CH,Cl,)
Lit.%8 [0]°85 —82 (¢ 0.20, CHCl3)
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followed by methoxycarbonylation and reductive cyclization
gave pyrroloindole 4. Comparison of the optical rotation of
4 with that reported in the literature showed that oxindole 2
has the S-configuration.?®

A variety of 3,3-disubstituted oxindoles were synthesized
through enantioselective cyanoamidation (Table 3). N-

Table 3. Enantioselective Intramolecular Cyanoamidation

R’

;
Pd(dba), (2 mol %) R
r oy LT(Bmol%) R e gN
/Q YMPU (100 mol %) N

N o decalin, 100°C, 24 h

R? R
entry substrate product yield'/ee (%)
CN
1 & Na 88/75
N {
5 Me o} 6 Me
2 @;CN Q\?QSN quant./72
Ny %
7 Bn 8
TBSO TBSO
CN
CN
3 £ O 72/68
9 Bn © 105
CN
4 ,{:N N 94/74
N !
11Bn © 1280
CN
5 ’£CN N N 0 quant./82
Cl \
1380 © 14 Bn
6 MeO MeO on 43(46)/78
CN 0
. N4 N
7 158 © 16 B0 94/78
Meo:d§ MeO CN
8" CN 0 91/82
MeO ,Q MeQ N
1780 © 18 Bn
CN
9 CcN 0 44(53)/86
— N
1980 © 20 Bn

2The values in parentheses show the recovered yield of starting
materials. ® Pd(dba), (5 mol %) and L7 (20 mol %) were used. ¢ Pd(dba),
(5 mol %) and L7 (10 mol %) were used.

Methylcyanoformamide 5 underwent cyclization in 88%
yield and 75% ee (entry 1). The substituent on the vinyl
group can accommodate a simple alkyl group as well as a

(24) Badalassi, F.; Crotti, P.; Macchia, F.; Pineschi, M.; Arnold, A;
Feringa, B. L. Tetrahedron Lett. 1998, 39, 7795.

(25) (a) Satoh, T.; Suzuki, S.; Suzuki, Y.; Miyaji, Y.; Imai, Z.
Tetrahedron Lett. 1969, 4555. (b) Heinzman, S. W.; Ganem, B. J. Am.
Chem. Soc. 1982, 104, 6801.

(26) Huang, A.; Kodanko, J. J.; Overman, L. E. J. Am. Chem. Soc. 2004,
126, 14043.
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siloxymethyl group (entries 2 and 3). Especially, resulting
oxindole 10, which has distinct functional groups on both
side chains, seems to be a promising synthetic intermediate
for more complicated derivatives. The reaction has high
tolerance toward substitutions on the aromatic ring. Cyano-
formamides which have a methyl or chloro substituent on
the aromatic ring gave the corresponding lactams in high
yield and good selectivity (entries 4 and 5). A strange
behavior was observed when methoxy-substituted cyanofor-
mamide 15 was subjected to the reaction. Using 2 mol % of
Pd(dba), and 8 mol % of L7 led to incomplete reaction after
24 h (entry 6). However, by increasing the palladium catalyst
to 5 mol % and the ligand to 20 mol %, the desired oxindole
16 was obtained in 94% and 78% ee (entry 7). Dimethoxy
derivative 17 also required an increased amount of catalyst,
but the reaction proceeded smoothly (entry 8). Unfortunately,
cyclization of cyanoformamide 19 which has a methyl
substituent ortho to the propenyl group did not go to
completion, even with high catalyst loading (entry 9).

Though there is not much information for the reaction
mechanism, we believe that the reaction proceeds through
oxidative addition of the CO—CN bond to palladium(0),
followed by amidopalladation and reductive elimination
(Figure 2).2” We propose that the oxidative addition into the
CO—CN bond forms intermediate C prior to the insertion.
Other pathways through five coordinated complex E or
cationic complex F, which are frequently proposed in
enantioselective Heck reactions,?® are unlikely since the
reaction was catalyzed effectively by large unidentate ligands
and not by bidentate ligands.

In conclusion, the synthesis of 3,3-disubstituted oxindoles
through enantioselective cyanoamidation has been developed.
A suitable combination of optically active ligand and Lewis
basic additives enables excellent yield and good to high
enantioselectivity. Broad substrate scope and neutral reaction

(27) The corresponding pathway through cyanopalladation was excluded
through previous studies; see ref 10b.

(28) For similar discussion on enantioselective Heck reaction, see:
Dounay, A. B.; Overman, L. E. Chem. Rev. 2003, 103, 2945.
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Figure 2. Plausible mechanism for cyanoamidation.

conditions may meet further applications in pharmacological
and biological studies.
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