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A palladium-catalyzed intramolecular amidation of arylcarbamic acid derivatives bearing 1,3-diene moi-
ety with or without external nucleophiles is described. The tandem cycloamidation and nucleophilic
allylic substitution are successfully applied to the construction of the spiro[indoline-3,30-pyrrolidine]
skeleton as well as contiguous stereogenic centers with an aim of synthesizing spirocyclic oxindole
alkaloids.

� 2009 Elsevier Ltd. All rights reserved.
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The 3,3-disubstituted oxindoles are important synthetic targets
for organic chemists due to their frequent occurrence as substruc-
tures or synthetic intermediates of natural products and biologi-
cally active molecules (Fig. 1).1 With an aim of total synthesis of
elacomine2, spirotriprostatine B3, and alstonisine4, various syn-
thetic methods have been intensively studied. However, most of
these studies focused on the efficient construction of the spiro-
skeleton bearing quaternary and tertiary chiral centers at the C3
and C20 positions, starting from indole and oxindole derivatives.5

Although concurrent construction of two stereocenters along
with the formation of oxindole skeleton would be desirable from
the viewpoints of synthetic efficiency and economy, such concise
synthetic approaches are quite limited.6,7 The elegant one-step
synthesis of the spiro[indoline-3,30-pyrrolidine] skeleton has been
achieved by Murphy6 and Overman7 by using Radical-mediated or
Pd-catalyzed tandem cyclization and intramolecular trapping reac-
tion. In this Letter, we describe alternative synthetic strategy for
spiro[indoline-3,30-pyrrolidine] derivative bearing the stereogenic
centers at the C3 and C20 positions, via the Pd-catalyzed intramo-
lecular amidation to the 1,3-diene moiety (Fig. 2).

We recently developed the Pd(0)-catalyzed intramolecular cya-
noamidation of 2-(alkenyl)phenylcarbamoyl cyanide to give the
3,3-disubstituted oxindoles (Eq. 1 in Fig. 2).8a–d However, the reac-
tion was limited to terminal olefins.8a Then we planned to apply
this reaction to 1,3-dienyl compound A expecting that the transfor-
mation of the intermediate B into C (X = CN) might be accelerated
(Eq. 2). Furthermore, if the reaction is carried out in the presence of
an external nucleophile, 1,4-functionalized adduct D may be ob-
tained regioselectively via the nucleophilic allylic substitution with
the p-allyl palladium complex B.9,10 Similarly, the intramolecular
trapping by an appropriate nucleophile (R3 = CH2CH2NHR4) pro-
ll rights reserved.
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vides the desired spirocyclic product E predominantly (Eq. 3).11

To the best of our knowledge, this is the first report on the double
functionalization of 1,3-dienes by the Pd(0)-catalyzed amidation of
carbamic acid derivatives.

We initially examined the intramolecular amidation of several
carbamic acid derivatives 1a–c under the reported conditions
(Table 1).8b In contrast to 2-(2-butenyl)phenyl carbamoyl cyanide,
the reaction of 2-(2,4-pentadienyl) derivative 1a with Pd(PPh3)4 at
130 �C proceeded slowly to afford the 1,4-adduct 2a in 24% yield
along with the recovery of the starting material (entry 1). Further-
more, the corresponding 1,2-adduct was not observed, but the
unexpected cyclopropyl adduct 2a012 was obtained in 13% yield.
Further examination of the palladium source or the phosphine li-
gand did not improve the chemical yield of 2a (entries 2 and 3).
Although carbamoyl chloride 1b8f,13 provided no cyclized product
2b, the same treatment of carbamoyl sulfide 1c14 furnished the
corresponding 1,4-adduct 2c in good yield (entries 4 and 5).

To extend this cycloamidation to the synthesis of various oxin-
dole derivatives, we next turned our attention to the intermolecu-
lar trapping of the p-allylpalladium intermediate by external
nucleophiles (Table 2). The Pd(0)-catalyzed reaction of 1a–c was
carried out in the presence of HCO2NH4 (3 equiv) as a hydride
Me
alstonisine

H
elacomine

H
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Figure 1. 3,30-Pyrrolidinyl-spirooxindole-type natural products.



Table 1
The Pd-catalyzed intramolecular amidation of dienes 1a–c

N
X

OBn

xylene
130 ºC N

O

Bn

X

(X = CN)
(X = Cl)
(X = SPh)

2a—c

'Pd'

N
O

Bn

CN

2a'1a
1b
1c

.

Entry 1 X ‘Pd’ (mol%) Time (h) Yield (%) SM (%)

1 CN Pd(PPh3)4 (10) 19 24 (13)a 29
2 CN Pd(dba)2 (2)/t-Bu3P (4) 24 5 33
3 CN Pd(dba)2 (2)/Me3P (4) 24 0 89
4b Cl Pd(PPh3)4 (10) 24 0 81
5 SPh Pd(PPh3)4 (10) 17 67 0

a 13% of 2a0 was obtained.
b 2 equiv of n-Bu3N was used as an additive.
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Figure 2. Synthetic strategy for constructing the contiguous stereogenic centers of spirocyclic compounds.
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source. In all cases, the desired reductive product 3 was obtained in
low to moderate yields with no contamination of 1,4-adducts 2a
and 2c (entries 1–3). Further optimization of the reaction condi-
tions revealed that the reaction of chlorocarbamate 1b with
[Pd(p-allyl)Cl]2/PPh3 in xylene at 100 �C gave the best results to af-
ford 1,2-adduct 3 in 89% yield (entries 4–6).15 In contrast to these
results, we discovered that the regioisomeric 1,4-adduct 4 was
Table 2
The Pd-catalyzed hydroamidation of dienes 1a–c

N
X

OBn

reductant (equiv.)
xylene

temp (ºC)

'Pd' (10 mol %)

1a—c
.

Entry 1 X ‘Pd’ reductant (equiv)

1 CN Pd(PPh3)4 HCO2NH4 (3)
2 Cl Pd(PPh3)4 HCO2NH4 (3)
3 SPh Pd(PPh3)4 (10) HCO2NH4 (3)
4 Cl Pd(OAc)2/Ph3Pb HCO2NH4 (3)
5 Cl Pd(OAc)2/Ph3Pb HCO2NH4 (3)
6 Cl [Pd(p-allyl)Cl]2/Ph3Pb HCO2NH4 (3)
7 Cl Pd(OAc)2/Ph3Pb Cs2CO3, BnOH (5)

a The values in parentheses are yields of the recovered starting material.
b 20 mol % of PPh3 was used.
exclusively obtained by the treatment of 1b with Pd(OAc)2/PPh3

in the presence of 5 equiv of BnOH (entry 7). Thus, we succeeded
in the regioselective hydride reduction of the p-allylpalladium
complex by switching the reducing agents.

Having established the reductive cycloamidation of 1b, we next
examined several external nucleophiles such as sulfonamide and
phenol to introduce the functional group at C10 or C30 position.
All reactions were carried out with the catalytic system composed
of Pd(OAc)2 and PPh3 (Table 3). Treatment of 1b with p-NsNH2 in
the presence of n-Bu3N or BSA did not provide the desired product
5a at all. However, when Cs2CO3 was used as a base, the 1,4-adduct
5a was obtained in 51% yield along with a 29% yield of the dialky-
lated product (entries 1–3). As expected, none of the 1,2-adducts
was observed. In contrast to p-NsNH2, both p-TsNH2 and TfNH2

were introduced regioselectively, giving the monoalkylated prod-
ucts 5b and 5c as the single products (entries 4 and 5). Further-
more, indole could be used as a nitrogen-nucleophile for the
synthesis of 5d, while the reactions of 1b with morpholine and ani-
line afforded no cyclized products, leading to the exclusive produc-
tion of the corresponding ureas which were obtained by the direct
addition of the nucleophiles to carbamoyl chloride (entry 6). Sim-
ilarly, less nucleophilic compounds such as phenol and benzoic
acid also attacked the terminal carbon of the p-allylpalladium
complex to give the corresponding ether 5e and ester 5f in good
yields (entries 7 and 8). In addition, the arylated and alkenylated
adducts were also synthesized in reasonable yields by the reaction
N
O

Bn

H

N
O

Bn

+

43

H

Temp (�C) Time (h) Product yield (%)

130 19 3 23 (49)a

130 6 3 42 (15)a

130 23 3 17 (65)a

130 0.5 3 21
100 19 3 58 (20)a

100 8 3 89
130 0.5 4 97
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Scheme 2. Application of the tandem cycloamidation.

Table 3
The Pd(0)-catalyzed cycloamidation of 1b accompanied by the intermolecular allylic
substitution

N
Cl

OBn

Pd(OAc)2 (10 mol %)
PPh3 (20 mol %)

xylene
130 ºC N

O

Bn

Nu

1b 5a—h

Nu—H, base

Entry Nu-H, base (equiv) Time (h) Product yield (%)

1 p-NsNH2 (2), n-Bu3N (2) 20 5a 0 (36)a

2 p-NsNH2 (2), BSA (2) 21 5a 0 (59)a

3 p-NsNH2 (2), Cs2CO3 (1.2) 2 5a 51b

4 p-TsNH2 (2), Cs2CO3 (1.2) 0.5 5b 73
5 TfNH2 (2), Cs2CO3 (1.2) 3 5c 94
6 Indol (2), Cs2CO3 (1.2) 8 5d 62
7 Phenol (2), Cs2CO3 (1.2) 0.5 5e 81c

8 Benzoic acid (2), Cs2CO3 (1.2) 0.5 5f 74
9 PhB(OH)2 (2), Cs2CO3 (1.2) 0.5 5g 58

10 PhCH = CHB(OH)2 (2), Cs2CO3 (1.2) 24 5h>37

a The values in parentheses are yields of the recovered starting material.
b 29% of double alkylation product was obtained.
c 10% of carbamate was obtained.
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of 1b with the corresponding organoboronic acids under the same
reaction conditions (entries 9 and 10).16

The plausible reaction mechanism is shown in Scheme 1. Simi-
lar to the intramolecular cyanoamidation of the alkenyl cyanofor-
mamide, the cleavage of the C–Cl bond of the carbamoyl chloride
1b initially took place via the oxidative addition with the Pd(0) cat-
alyst to generate the intermediate F. The subsequent insertion of
the diene moiety to the resulting C–Pd bond provides the p-allyl-
palladium complex G efficiently. When HCO2NH4 is used as a
nucleophile, the intramolecular hydride shift occurs regioselec-
tively via H to furnish the 1,2-addition product 3 exclusively.15

However, it is not yet clear why 1,4-adduct 4 was produced in
the presence of BnOH and Cs2CO3. We presumed that the corre-
sponding p-allylpalladium complex (X = H in G), generated from
G by the hydride reduction, might be a promising precursor of 4
similar to the cases of 5g and 5h in Table 3 (X = Ph and Styryl in
G). On the other hand, the 1,4-adducts 5a–f would be obtained
from the same complex G by the backside attack of the soft
nucleophiles.

Finally, we explored the synthesis of spiro[indoline-3,30-pyrrol-
idine] derivative using the tandem Pd(0)-catalyzed cycloamidation
and the intramolecular nucleophilic addition (Scheme 2). The car-
bamoyl chloride 11 was prepared from 2-iodoaniline derivative 7
and trimethylstannyl-1,3-hexadiene 817 in six steps. We chose
N
PdII

OBn

Cl

N
O

Bn

PdIIX

N
O

Bn

PdII
O

H

O

Pd(0)

oxidative
addition

insertion

1b

F

GH

3 5
+

CO2

HCO2
—

nucleophilic
attack

Scheme 1. Plausible reaction mechanism.
the Tf group as a protecting group of the amine. Expectedly, the
treatment of 11 with 10 mol % of Pd(OAc)2 and 20 mol % of PPh3

in the presence of Cs2CO3 (1.2 equiv) at 130 �C gave rise to the de-
sired spirocyclic products 12 in 71% yield as a 63:37 mixture of two
diastereomers. The relative configuration of these compounds was
determined by the NOE study. It was revealed that the major prod-
uct of 12 possessed the same configuration as spirotriprostatines.

In this Letter, we demonstrated that the cycloamidation reac-
tion of the carbamoyl chlorides could be applied to 1,3-dienyl com-
pounds as well as alkenes, and the subsequent intermolecular
trapping of the resultant p-allylpalladium complex with various
external nucleophiles proceeded regioselectively depending on
the nucleophiles employed. Furthermore, the synthesis of
spiro[indoline-3,30-pyrrolidine] derivative was achieved from 2-
(buta-1,3-dienyl)phenylcarbamoyl chloride 11 bearing triflic
amide.
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