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Palladium-Catalyzed Domino Process to Spirooxindoles: Ligand Effect on
Aminopalladation versus Carbopalladation

Stéphanie Jaegli,’”! William Erb,™ Pascal Retailleau,”” Jean-Pierre Vors,"
Luc Neuville,*'*! and Jieping Zhu*"*!

The spiropyrrolidine-3,3’-oxindole skeleton is present in a
number of bioactive natural products! and is a sought after
structural motif for the development of pharmaceuticals and
agrochemicals.”! This class of compounds can be as simple
as elacomine (1)P or present additional structural complexi-
ty as seen in spirotryprostatine (2)¥. The synthesis of such
heterocycles has received considerable attention in recent

Elacomine (1)

Spirotryprostatine A (2) Horsfiline (3)

years.”) However, most of these approaches rely upon the
stepwise construction of two rings and examples of the si-
multaneous formation of the spirocycle and the quaternary
carbon remain rare.

Palladium-catalyzed double addition across an alkene is a
well-documented reaction.”! Heck/anionic-capture sequen-
ces have been extensively developed and a variety of nucle-
ophiles have been used to trap the intermediate o-alkylpal-
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ladium complex.[®! Starting from appropriately functional-
ized dienes, Overman'®! and Takemoto!®! reported the syn-
thesis of spiro[indoline-3,3'-pyrrolidine] by a Pd-catalyzed
Heck/allylic-substitution sequence. Although C—N bonds
are formed in these transformations, they do not involve the
capture of a o-alkylpalladium complex by a nucleophilic ni-
trogen. Indeed such a capture would require a reductive
elimination between an sp® carbon atom and a heteroatom,
which has little precedent.’) On the other hand, palladium-
catalyzed, intramolecular carboamination of alkenes has re-
cently emerged as an attractive method for the construction
of heterocycles."®!!) Whereas this process has been well
studied for intra/intermolecular sequences, little is known
about the related intra/intramolecular one."”

We recently reported a facile method for accessing func-
tionalized 3-alkyl-3-cyanomethyl-2-oxindoles by a palladi-
um-catalyzed, domino intramolecular-Heck/cyanation pro-
cess and applied it to the total syntheses of both physostig-
mine and horsfiline (3).!% In connection with our previous
work on palladium-catalyzed domino reactions involving
either multiple C—C bond formation™ or C—C and C—N
bond formation,™ we became interested in developing a
one-step synthesis of spiropyrrolidine-3,3’-oxindoles 5.
Herein, we report an efficient palladium-catalyzed spirocyc-
lization of linear anilides 4 that leads to the formation of
compounds 5 in good to excellent yields (Scheme 1). Pre-
liminary results indicated that the domino process'*® was ini-
tiated by aminopalladation instead of by an intramolecular
Heck reaction.
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Scheme 1. Synthesis of spirooxindole 5§ by a palladium-catalyzed spirocyc-
lization of anilide 4.
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The cyclization of 4 under the influence of palladium is
challenging, since a number of competitive reactions could
occur: a) 3-Hydride elimination o to the amine; b) intra- or
intermolecular N-arylation of the amine; or c) intramolec-
ular Michael addition leading to pyrrolidine formation.
Other challenges arise because of the interplay between car-
bopalladation (the Heck reaction) and aminopalladation
and, even if the desired sequence occurs, the transformation
poses interesting questions regarding regio- and stereoselec-
tivity.

We selected N-tosyl derivative 4a (R'=SEM, R*=H,
R*=Ts)? as a probe for a survey of reaction conditions. In
our initial studies, various bases and solvents were screened
by using [Pd(PPh;),] (10 mol %) as the catalyst. Performing
the reaction in solvents such as toluene, dioxane, or acetoni-
trile in the presence of a weak base (K,COj;) resulted in low
conversion (<30%) and none of the desired product was
formed. In DMF, in the presence of K,CO; or a stronger
base (K;PO, or PhONa), high conversion (>90%) was ob-
served, but led to the formation of pyrrolidine 6 as the main
product instead of the desired spiro compound (Scheme 2).

NHTs N ,Tol
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| SEM 80-110°C
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Scheme 2. Preliminary observations.

Further experiments indicated that 6 was formed, even in an
apolar solvent, if a strong base (K;PO, or PhONa) was
used. The formation of pyrrolidine 6 can be explained by an
intramolecular Michael addition through 5-endo-trig cycliza-
tion. A related cyclization has recently been reported, al-
though such a process is disfavored according to Baldwin’s
rules."”! Furthermore, a control experiment showed that pal-
ladium is not involved in the formation of 6 as K,COj; alone,
in DMF, promoted the cyclization of 4a to afford pyrroli-
dine 6 in 80 % yield.

In these preliminary experiments, we consistently isolated
another product, in addition to 6, in about 10% yield. Based
on the spectroscopic data (see the Supporting Information),
we assigned the structure of this product to be palladacycle
7 (Scheme 2). A control experiment, performed with a stoi-
chiometric amount of tetrakis(triphenylphosphane)palladi-
um(0), in toluene, at reflux, afforded, after flash column
chromatography, palladacycle 7 in 78 % yield. Such o-alkyl
palladium complexes, resulting from Heck reactions, have
been documented in the literature.'¥ The reactivity of com-
plex 7 was examined next, in an attempt to induce the for-
mation of the C—N bond."! Heating the complex at 110°C
for a prolonged period of time (15 h) both in the presence
or absence of additional ligands (PPh,, BuMePhos)?”! led
to full recovery of the starting complex; this was also the
case if the reaction was performed in the presence of benzo-
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quinone or Cu(OTf),,” whereas complete degradation was
observed if PhI(OAc), was used as the oxidant.?!!

From these preliminary results, we concluded that: 1) the
use of either polar or apolar solvents combined with a
strong base should be avoided in order to suppress the for-
mation of pyrrolidine 6; 2)the Heck pathway is a viable
route but was unproductive due to the high stability of pal-
ladacycle 7. Therefore, we hypothesized that, to achieve the
desired spirocyclization, the Heck manifold has to be avoid-
ed and conditions that favor carboamination were sought.

First, the effect of the ligand structure was examined.?
Using tri-tert-butylphosphane as a supporting ligand allowed
us to isolate spirooxindole Sa in 5% yield, thus demonstrat-
ing the feasibility of the spirocyclization (for details see the
Supporting Information). Bidentate ligands (BINAP, Xant-
phos,® and dppf)?! were inefficient for the reaction. Fur-
ther screening of biaryl-type phosphanes™ showed that the
use of sterically encumbered, electron-rich phosphanes con-
taining the di-fert-butylphosphinyl group was necessary to
allow the spirocyclization. Among them, tBuMePhos gave
spirocycle 5a in the highest yield (19%).

With the optimum ligand in hand, we set out to further
optimize the conditions by varying the palladium source, the
base, and the solvent. Although PdCl, was ineffective, both
[Pd(tfa),]™ and [Pd(dba),]*™ displayed catalytic activity,
with the latter providing slightly better results. The base also
considerably affected the reaction outcome. Whereas strong
bases (rBuOK, NaHMDS,” NaOH) and tertiary amines
(DIPEA)? were clearly inefficient, carbonated bases gener-
ally gave superior results, with Na,CO; showing the best ac-
tivity. Under otherwise identical conditions, reactions per-
formed in toluene or dioxane provided much better results
than those performed in polar solvents, such as CH;CN,
DMSO and NMP. Overall, the optimum reaction conditions
were found to be as follows: 10 mol % [Pd(dba),], 20 mol %
tBuMePhos, and 2.5 equivalents of Na,COj; in toluene or di-
oxane, at 110°C, C 0.20m. Under these conditions, spiropyr-
rolidine-3,3’-oxindole 5a was isolated in 45% yield (67 %
based on conversion).”

The scope of this novel spirocyclization was then exam-
ined by using the established conditions. A variety of spiro-
pyrrolidine-3,3’-oxindoles, containing an electron-donating
(OMe, Me) or -withdrawing group (CN, NO,, halogen) on
the aniline, were readily synthesized in good to excellent
yields (Table 1, entries 2-9). The presence of a substituent at
the ortho-, meta-, or para-position of the aniline was well
tolerated. Extraneous halogens, such as chlorine or fluorine,
were unaffected by the reaction (Table 1, entries 4 and 5),
providing the potential for further functionalization of the
skeleton.”® The effect of the protecting group on the pri-
mary amine was next examined (Table 1, entries 10-13). It is
interesting to note that, under these optimized conditions,
the N-Boc®! and N-Cbz™ derivatives (4j and k, Table 1,
entries 10 and 11) underwent the desired spirocyclization, al-
though less efficiently than their N-tosyl counterpart. Other
para-substituted benzenesulfonyl groups (NO, and OMe,
Table 1, entries 12 and 13) can also be used and give the spi-
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Table 1. Spirocyclization of substituted anilides.

R2
R2HN \
[Pd(dba)] (10 mol%) N
tBuMePhos (20%)
R—'\ X
! Na,COs5 (2.5 equiv) I
P 2 3
Q\N O Dioxane, 110 °C, 15h R N ©
I R L1
4 5 R
Anilide 4 Product 5 Yield
[%]"
TsHN e
R I
194 )
g‘EMO N ©
SEM
1 R=H 4a R=H 5a 45 (67)"
2 R=OMe 4b R=OMe 5b 57 (75)0
3 R=CN 4¢c R=CN 5¢ 72
4 R=Cl 4d R=Cl 5d 76
5 R=F 4e R=F 5e 73
TsHN I
I 2/?
; :N N o
OMe SEMO SEM
OMe
6 4f 5t 67 (850
OMe TsHN NS
| OMe,
N o)
SEMO Sem
7 4g 5g 64 (80)"
TsHN s
R Semo N
R SEM
8 R=Me 4h R=Me 5h 81
9 R=NO, 4i R=NO, 5i 52 (750
R2
RZHN N
@'ij @%
0
N
N
SEMO New
10 R*=Boc 4j R’=Boc 55 32 (45
11 R?’=Cbz 4k R?’=Cbz 5k 19 (450
12 R?’=p-NO,C(H,SO, 41 R’=p-NO,CH,SO, 51 32550

13 R?’=p-OMeCH, SO, 4m R?’=p-OMe-C(H,SO, 5m 42 (62)"

[a] Refers to chromatographically pure product. [b] Isolated yield based
on conversion appears in parentheses.

rooxindole in reduced or comparable yields. However, the
N-benzylated derivative is incompatible with the proposed
reaction sequence.”’! Substitution of the amide was also ex-
amined and, as expected, N-Me amides cyclized efficiently
to give the corresponding spirooxindoles in good to excel-
lent yields (see Table 2).

To further extend the scope of this spirocyclization, sub-
strates containing a substituent o to the terminal tosylamine

Chem. Eur. J. 2010, 16, 5863 5867

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

COMMUNICATION

were investigated (Table 2). Unfortunately, low conversion
(<20%) was observed when compound 4n (R=iPr) was
submitted to the standard reaction conditions. Fortunately,

Table 2. Spirocyclization of a-substituted tosylamines.

R._NHTs R
[Pd(dba),] (10 mol%) ~NTs
tBuMePhos (20%)
Q\ Cs,C0; (2.5 equiv) @\ o
N "O toluene, 110 °C, 15h N
| Me Me
4 5
Anilides 4 Products 5§ Yield [%]®
1 R=iPr 4n R=iPr Sn 90
2 R=H 40 R=H 50 570
3 R=CH, 4p R=CH, 5p 58
4 R=1Bu 4q R=1Bu 5q 80
5 R=CH,OBn 4r R=CH,OBn 5r 48
6 R=Ph 4s R=Ph 55 54
7 R=p-MeOCH, 4t R=p-MecOCH, 5t 58
8 R=p-CICH, 4u  R=p-CICiH, 5u 58
9  R=p-Ph-CiH, 4v  R=p-Ph-CH, 5v 63
10  R=COyBu 4w  R=CO,Bu 5w 400

[a] Refers to chromatographically pure product. [b] Na,CO; was used as
the base. [c] 1/1 mixture of diastereoisomers.

simply changing the base from Na,CO; to Cs,CO; allowed
the reaction to reach full conversion and led to spirooxin-
dole Sn, as a single diastereomer, in 90% isolated yield
(Table 2, entry 1). Therefore, we applied this new protocol
to other substrates. As can be seen in Table 2, substrates
bearing an alkyl side chain were successfully converted to
spirooxindoles (Table 2, entries 1-5). Steric hindrance was,
to a certain extent, beneficial as seen for the isopropyl and
tert-butyl derivatives (4m and q, Table 2, entries 1 and 4),
which afforded the spirocyclic product in higher yields than
40 and p (R=H and Me, respectively, Table 2, entries 2 and
3). Aromatic ring substituents with various electronic prop-
erties were also tolerated at the 4-position of the 4-(N-tos-
yl)aminobutanamides (Table 2, entries 6-9). It should be
noted that, in most cases, the diastereoselectivity was excel-
lent as only one stereoisomer could be detected in the
"H NMR spectra of the crude products. Of these types of
compound we only observed the presence of a second dia-
stereoisomer for compound 5t (R=4-MeOPh, major/
minor=15:1). In contrast, cyclization of compound 4w, con-
taining an ester functionality, afforded two diastereoisomers
in a 1:1 ratio (Table 2, entry 10). A control experiment per-
formed by separately resubmitting each diastereoisomer of
Sw to the reaction conditions revealed that complete epime-
rization o to the ester function occurs in this compound.
The relative stereochemistry of the substituted spiropyrroli-
dine-3,3’-oxindoles was found to be cis, based on detailed
NOE correlations for compound 5q and confirmed by X-ray
crystallographic analysis of compound 5v.**!

Several possible reaction pathways could explain the for-
mation of these spirooxindoles. In principle, pyrrolidines 6
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could be converted to spirooxindoles by palladium-catalyzed
a-arylation of the amide group” and, indeed, this process
has been used for the preparation of spiropiperidine-3,3’-0x-
indoles.® However, this pathway was ruled out in our
system, since resubmitting pyrrolidine 6 to the reaction con-
ditions only led to recovery of the starting materials. The
second pathway to be considered is one that is initiated by
the Heck reaction. Isolation of palladacycle 7 supports the
feasibility of this pathway. However, the fact that C(sp®)—N
bond-forming reductive elimination did not take place from
this complex allows us to infer that this pathway is not con-
ducive to product formation. A third mechanism, which
most probably accounts for the formation of spirooxindoles,
involves aminopalladation of the double bond as the initial
step (Scheme 3). Thus, after oxidative addition of the arylha-

NHTs X Rf

%O

(M + H20 +CO,

C& \ Clpd E B

Qe L

Cis- amlnopalladatlon Aq trans- amlnopalladatlon A,

Scheme 3. Possible mechanism and rationale for the stereoselectivity;
X =halide.

lide to Pd’, aminopalladation via the coordinated intermedi-
ate A leads to palladacycle B; reductive elimination of this
complex then provides the spirooxindoles. Both trans- and
cis-aminopalladation are known to occur.’¥ In our case,
cis-aminopalladation would involve the unfavorable forma-
tion of a nine-membered chelate; nevertheless, the entropic
penalty could, in part, be compensated for by the additional
alkene coordination in this intermediate (Scheme 3). How-
ever, if cis-aminopalladation operates, transition state A, in
which the R! substituent adopts a pseudo axial position
would be preferred, since this avoids unfavorable allylic-1,2
strain with the tosyl group;®! this would provide a dia-
stereomer of the spirooxindoles 5 that was barely detectable
under our reaction conditions. Alternatively, trans-aminopal-
ladation through the preferred transition state A, would
provide, via intermediate B, spirooxindoles 5 with the rela-
tive stereochemistry that is in accord with experimental ob-
servations. It is interesting to note that dihydropyrroles,
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which would result from $-Hydride elimination of B, were
not observed under our reaction conditions.

In summary, we have developed a novel palladium-cata-
lyzed, domino spirocyclization process for the formation of
biologically relevant spiropyrrolidine-3,3’-oxindoles. Experi-
mental results indicate that both Heck and aminopalladation
processes were viable pathways from amide 4 and the route
that occurs is dependent upon the ligand chosen. However,
only the latter process is conducive to the spirocyclization
and the use of fBuMePhos as the ligand is required for the
success of this palladium-catalyzed process. Excellent dia-
stereoselectivity was obtained for cases in which a-substitut-
ed terminal sulfonamides are used, which can be accounted
for by a trans-aminopalladation process.

Experimental Section

Typical procedure: Anilide 4a (50.0 mg, 0.083 mmol, 1.0 equiv) and /Bu-
MePhos (5.2 mg, 0.017 mmol, 0.20 equiv) were added to a stirred suspen-
sion of [Pd(dba),] (4.8 mg, 0.0083 mmol, 0.10 equiv) in dioxane (0.40 mL)
under argon. This was followed by the addition of the base (Na,COs;
28.8 mg, 0.208 mmol, 2.5 equiv). The reaction mixture was then heated to
reflux and stirred overnight. The reaction mixture was cooled to room
temperature, diluted with water and extracted with EtOAc. The com-
bined organic layers were washed with brine, dried over sodium sulfate
and concentrated under reduced pressure. Purification by flash column
chromatography (SiO,, heptane/EtOAc, 2:1) afforded 5a as a white solid
(17.8 mg, 45%, 67% based on conversion); m.p. 73-74°C; 'H NMR
(CDCl;, 500 MHz): 6=7.76 (d, /=82 Hz, 2H), 7.36 (d, /=82 Hz, 2H),
7.28 (dt, J=7.7, 1.0 Hz, 1H), 7.11 (dd, J=7.7, 0.9 Hz, 1H), 7.05-7.02 (m,
2H), 5.12 (d, J=10.9 Hz, 1H), 5.08 (d, /=109 Hz, 1H), 3.78-3.73 (m,
1H), 3.57 (d, /=9.7 Hz, 1H), 3.55-3.49 (m, 3H), 3.44 (d, /=9.7 Hz, 1H),
2.47 (s, 3H), 2.32-2.25 (m, 1H), 2.07-2.02 (m, 1H), 0.89 (t, /=8.7 Hz,
2H), —0.04 ppm (s, 9H); "CNMR (CDCl;, 75 MHz): 6=177.3, 143.9,
141.0, 133.4, 131.9, 129.8, 128.6, 127.7, 123.6, 122.9, 109.8, 69.5, 66.1, 56.3,
52.7, 47.3, 36.6, 21.6, 17.7, —1.5 ppm; IR (CHCL): 7=3056, 2950, 2890,
1721, 1613, 1487, 1467, 1348, 1246, 1228, 1163, 1081 cm™'; HRMS (ES+):
m/z caled for C,,H;,N,0O,NaSSi: 495.1750; found: 495.1762.

Acknowledgements

Financial support from the CNRS, the Bayer CropScience (Doctoral fel-
lowship to S.J.) and the “Ministere de I'Enseignement Supérieur et de la
Recherche” (Doctoral fellowship to W.E.) is gratefully acknowledged.

Keywords: aminopalladation - carbopalladation - domino
reactions - oxindoles - palladium - spiro compounds

[1] For reviews: a) C. Marti, E. M. Carreira, Eur. J. Org. Chem. 2003,
2209-2219; b) C. V. Galliford, K. A. Scheidt, Angew. Chem. 2007,
119, 8902-8912; Angew. Chem. Int. Ed. 2007, 46, 8748—8758.

[2] a) M. Schwarz, E. Sebille, C. Cleva, C. Merlot, D. Church, P. Page, J.
Macritchie, J. F. Atherall, S. Crsignani, D. Pupowicz, (SERONO),
WO 2006/125784A1, 2006; b) J. Cassayre, L.-P. Molleyers, P. Maien-
fisch, F. Cederbaum, (SYNGENTA), WO 2005/061512A1, 2005.

[3] M.N. G. James, G.J. B. Williams, Can. J. Chem. 1972, 50, 2407-
2412.

Chem. Eur. J. 2010, 16, 5863 — 5867


http://dx.doi.org/10.1002/ejoc.200300050
http://dx.doi.org/10.1002/ejoc.200300050
http://dx.doi.org/10.1002/ejoc.200300050
http://dx.doi.org/10.1002/ejoc.200300050
http://dx.doi.org/10.1002/ange.200701342
http://dx.doi.org/10.1002/ange.200701342
http://dx.doi.org/10.1002/ange.200701342
http://dx.doi.org/10.1002/ange.200701342
http://dx.doi.org/10.1002/anie.200701342
http://dx.doi.org/10.1002/anie.200701342
http://dx.doi.org/10.1002/anie.200701342
http://dx.doi.org/10.1139/v72-386
http://dx.doi.org/10.1139/v72-386
http://dx.doi.org/10.1139/v72-386
www.chemeurj.org

Spiropyrrolidine-3,3’-oxindoles

[4] a) C.-B. Cui, H. Kakeya, H. Osada, J. Antibiot. 1996, 49, 832-835;
b) C.-B. Cui, H. Kakeya, H. Ckada, Tetrahedron 1996, 52, 12651—
12666.

[5] See reference [1] and B. Trost, M. K. Brennam, Synthesis 2009,
3003-3025.

[6] a) D. Lizos, R. Tripoli, J. A. Murphy, Chem. Commun. 2001, 2732—
2733; b) L. E. Overman, M. D. Rosen, Angew. Chem. 2000, 112,
4768-4771; Angew. Chem. Int. Ed. 2000, 39, 4596-4599; c) H. Ka-
misaki, Y. Yasui, Y. Takemoto, Tetrahedron Lett. 2009, 50, 2589—
2592; d) D. M. D'Souza, A. Kiel, D.-P. Herten, F. Rominger, T. J. J.
Miiller, Chem. Eur. J. 2008, 14, 529-547.

[7] For a monograph, see: Handbook of Organopalladium Chemistry
for Organic Synthesis (Ed.: E.-1. Negishi), Wiley, New York, 2002,
Chapter 4, pp. 1123-1662.

[8] a) R. Grigg, V. Sridharan, J. Organomet. Chem. 1999, 576, 65-87;
for a recent monograph on the Heck reaction, see: b) The Mizoro-
ki—Heck Reaction, (Ed.: M. Oestreich), Wiley, New York, 2009.

[9] (sp*)C—N bond formation by reductive elimination has only been re-
ported under oxidative conditions: with palladium: a)J. L. Brice,
J. E. Harang, V.I. Timokhin, N. R. Anastasia, S.S. Stahl, J. Am.
Chem. Soc. 2005, 127, 2868-2869; with Nickel: b) K. Koo, G. L.
Hillhouse, Organometallics 1995, 14, 4421-4423; with Platinum:
c) A. V. Pawlikowski, A.D. Getty, K.I. Goldberg, J. Am. Chem.
Soc. 2007, 129, 10382-10393.

[10] For general reviews on aminopalladation, see: a) T. E. Miiller, M.
Beller, Chem. Rev. 1998, 98, 675-703; b) A. Minatti, K. Muiiiz,
Chem. Soc. Rev. 2007, 36, 1142-1152; for reviews on carboamina-
tion of alkenes, see: c)J. P. Wolfe, Eur. J. Org. Chem. 2007, 571—
582; d) J. P. Wolfe, Synlett 2008, 2913 -2937.

[11] Recent work reported by Wolfe: a) A.F. Ward, J.P. Wolfe, Org.
Lett. 2009, 11, 2209-2212; b) G. S. Lemen, N. C. Giampietro, M. B.
Hay, J. P. Wolfe, J. Org. Chem. 2009, 74, 2533-2540; examples re-
ported by other groups: c) K. G. Dongol, B.Y. Tay, Tetrahedron
Lett. 2006, 47, 927-930; d) D. Jiang, J. Peng, Y. Chen, Org. Lett.
2008, 10, 1695-1698; e)S. Hayashi, H. Yorimitsu, K. Oshima,
Angew. Chem. 2009, 121, 7360-7362; Angew. Chem. Int. Ed. 2009,
48, 7224 -7226.

[12] a)J. S. Nakhla, J. W. Kampf, J. P. Wolfe, J. Am. Chem. Soc. 2006,
128, 2893-2901; for a related aminopalladation followed by Heck
reaction under oxidative conditions, see: b) K.-T. Yip, M. Yang, K.-
L. Law, N.-Y. Zhu, D. Yang, J. Am. Chem. Soc. 2006, 128, 3130—
3131.

[13] a) A. Pinto, Y. Jia, L. Neuville, J. Zhu, Chem. Eur. J. 2007, 13, 961—
967; b) S. Jaegli, J.-P. Vors, L. Neuville, J. Zhu, Synlett 2009, 2997 —
2999.

[14] a) A. Pinto, L. Neuville, P. Retailleau, J. Zhu, Org. Lett. 2006, 8,
4927-4930; b) A. Pinto, L. Neuville, J. Zhu, J. Angew. Chem. 2007,
119, 3355-3359; Angew. Chem. Int. Ed. 2007, 46, 3291-3295;
Angew. Chem. Int. Ed. 2007, 46, 3291-3295.

[15] a) G. Cuny, M. Bois-Choussy, J. Zhu, Angew. Chem. 2003, 115,
4922-4925; Angew. Chem. Int. Ed. 2003, 42, 4774—4777; b) G. Cuny,
M. Bois-Choussy, J. Zhu, J. Am. Chem. Soc. 2004, 126, 14475—
14484; ¢) Y. Jia, J. Zhu, J. Org. Chem. 2006, 71, 7826-7834; d) A.
Salcedo, L. Neuville, C. Rondot, P. Retailleau, J. Zhu, Org. Lett.
2008, 70, 857-860; e) T. Gerfaud, L. Neuville, J. Zhu, Angew. Chem.
2009, 121, 580-585; Angew. Chem. Int. Ed. 2009, 48, 572-577; f) A.
Pinto, L. Neuville, J. Zhu, Tetrahedron Lett. 2009, 50, 3602 —3605.

[16] For general reviews on the domino process, see: a) L. T. Tietze,
Chem. Rev. 1996, 96, 115-136; b) K. C. Nicolaou, D.J. Edmonds,
P. G. Bulger, Angew. Chem. 2006, 118, 7292-7344; Angew. Chem.
Int. Ed. 2006, 45, 7134-7186; c) for a recent book, see: Domino Re-
actions in Organic Synthesis (Eds.: L. F. Tietze, G. Brasche, K. Ger-
icke), Wiley-VCH, Weinheim, 2006.

COMMUNICATION

[17] a) J. Ichikawa, G. Lapointe, Y. Iwai, Chem. Commun. 2007, 2698
2700; b) J. E. Baldwin, J. Chem. Soc. Chem. Commun. 1976, 734—
736.

[18] a) M. Oestreich, P.R. Dennison, J.J. Kodanko, L.E. Overman,
Angew. Chem. 2001, 113, 1485-1489; Angew. Chem. Int. Ed. 2001,
40, 1439-1442; b) B. Clique, C.-H. Fabritius, C. Couturier, N. Mon-
teiro, G. Balme, Chem. Commun. 2003, 272-273; c) E. M. Beccalli,
G. Broggini, M. Martinelli, N. Masciocchi, S. Sottocornola, Org.
Lett. 2006, 8, 4521-4524; d) O. Esposito, A. K. de Lewis, P. B. Hitch-
cock, S. Caddick, F. G. N. Cloke, Chem. Commun. 2007, 1157-1159.

[19] J. E. Ney, J. P. Wolfe, J. Am. Chem. Soc. 2006, 128, 15415-15422.

[20] Abbreviations: BINAP =2,2'-bis(diphenylphosphino)-1,1’-binaphth-
yl; Boc =tert-butoxycarbonyl; Cbz=carbobenzyloxy; dba=dibenzy-
lideneacetone; DIPEA =ethyldiisopropylamine; dppf=1,1"-bis(di-
phenylphosphino)-ferrocene; HMDS = bis(trimethylsilyl)amide;
SEM =2-(trimethylsilyl)ethoxymethyl; NMP = N-methylpyrrolidone;
tBuMePhos =2-di-tert-butylphosphino-2'-methylbiphenyl;  Tf=tri-
fluoromethanesulfonyl; tfa=trifluoroacetic acid; Ts=tosyl; Xant-
phos =9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene.

[21] For a review on C—N bond formation under oxidative conditions,
see: a) E. Beccalli, G. Broggini, M. Martinelli, S. Scottocornola,
Chem. Rev. 2007, 107, 5318—5365; b) D. Kalyani, M. S. Sanford, Top.
Organomet. Chem. 2008, 24, 85-116.

[22] For the effect of ligand structure on the reaction pathways, see: a) J.
Hitce, O. Baudoin, Adv. Synth. Catal. 2007, 349, 2054-2060; b) W.
Erb, L. Neuville, J. Zhu, J. Org. Chem. 2009, 74, 3109-3115.

[23] M. Kranenburg, Y. E. M. van der Burgt, P. C.J. Kamer, P. W. N. M.
van Leeuwan, K. Goubitz, J. Fraanje, Organometallics 1995, 14,
3081-3089.

[24] D.S. Surry, S.L. Buchwald, Angew. Chem. 2008, 120, 6438—-6461;
Angew. Chem. Int. Ed. 2008, 47, 6338-6361.

[25] Full conversion was achieved by increasing the catalyst loading ([Pd-
(dba),], 20 mol %, rBuMePhos, 40 mol %), which gave 5a in 70 %
yield.

[26] For palladium cross-coupling with chlorine, see: a) A.F. Littke,
G. C. Fu, Angew. Chem. 2002, 114, 4350-4386; Angew. Chem. Int.
Ed. 2002, 41, 4176-4211; b) R. B. Bedford, C. S. J. Cazin, D. Holder,
Coord. Chem. Rev. 2004, 248, 2283-2321; for a review on C—F bond
activation, see: ¢) H. Amii, K. Uneyama, Chem. Rev. 2009, 109,
2119-2183.

[27] Intramolecular transamidation occurred to give 1-benzyl-3-methyle-
nepyrrolidin-2-one.

[28] CCDC-759424 (for compound 5v) contains the supplementary crys-
tallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.

[29] a) K. H. Shaughnessy, B. C. Hamann, J. F. Hartwig, J. Org. Chem.
1998, 63, 6546-6553; b) S. Lee, J. F. Hartwig, J. Org. Chem. 2001, 66,
3402-3415; for a review, see: c¢) D. A. Culkin, J. F. Hartwig, Acc.
Chem. Res. 2003, 36, 234-245.

[30] a) R. Freund, W. W. K. R. Mederski, Helv. Chim. Acta 2000, 83,
1247-1255; b) J. A. Pfefferkorn, C. Choi, Tetrahedron Lett. 2008, 49,
4372-4373.

[31] For recent mechanistic work on aminopalladation involving Pd"
salts, see: a) J. Alexanian, C. Lee, E. J. Sorensen, J. Am. Chem. Soc.
2005, 127, 7690-7691; b) G. Liu, S. S. Stahl, J. Am. Chem. Soc. 2007,
129, 6328-6335.

[32] For anti palladoheterofunctionalization involving organopalladi-
um(II) species, see: references [10c] and [12]; for related intramolec-
ular carbopalladation, see also reference [7], pp. 2245-2265.

[33] R. W. Hoffmann, Chem. Rev. 1989, 89, 1841—-1860.

Received: February 4, 2010
Published online: April 13, 2010

Chem. Eur. J. 2010, 16, 5863 5867

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.chemeurj.org — 5867


http://dx.doi.org/10.1016/0040-4020(96)00737-5
http://dx.doi.org/10.1016/0040-4020(96)00737-5
http://dx.doi.org/10.1016/0040-4020(96)00737-5
http://dx.doi.org/10.1055/s-0029-1216975
http://dx.doi.org/10.1055/s-0029-1216975
http://dx.doi.org/10.1055/s-0029-1216975
http://dx.doi.org/10.1055/s-0029-1216975
http://dx.doi.org/10.1039/b108622g
http://dx.doi.org/10.1039/b108622g
http://dx.doi.org/10.1039/b108622g
http://dx.doi.org/10.1002/1521-3757(20001215)112:24%3C4768::AID-ANGE4768%3E3.0.CO;2-7
http://dx.doi.org/10.1002/1521-3757(20001215)112:24%3C4768::AID-ANGE4768%3E3.0.CO;2-7
http://dx.doi.org/10.1002/1521-3757(20001215)112:24%3C4768::AID-ANGE4768%3E3.0.CO;2-7
http://dx.doi.org/10.1002/1521-3757(20001215)112:24%3C4768::AID-ANGE4768%3E3.0.CO;2-7
http://dx.doi.org/10.1002/1521-3773(20001215)39:24%3C4596::AID-ANIE4596%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20001215)39:24%3C4596::AID-ANIE4596%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20001215)39:24%3C4596::AID-ANIE4596%3E3.0.CO;2-F
http://dx.doi.org/10.1016/j.tetlet.2009.03.100
http://dx.doi.org/10.1016/j.tetlet.2009.03.100
http://dx.doi.org/10.1016/j.tetlet.2009.03.100
http://dx.doi.org/10.1016/S0022-328X(98)01052-3
http://dx.doi.org/10.1016/S0022-328X(98)01052-3
http://dx.doi.org/10.1016/S0022-328X(98)01052-3
http://dx.doi.org/10.1021/ja0433020
http://dx.doi.org/10.1021/ja0433020
http://dx.doi.org/10.1021/ja0433020
http://dx.doi.org/10.1021/ja0433020
http://dx.doi.org/10.1021/om00009a054
http://dx.doi.org/10.1021/om00009a054
http://dx.doi.org/10.1021/om00009a054
http://dx.doi.org/10.1021/ja069191h
http://dx.doi.org/10.1021/ja069191h
http://dx.doi.org/10.1021/ja069191h
http://dx.doi.org/10.1021/ja069191h
http://dx.doi.org/10.1039/b607474j
http://dx.doi.org/10.1039/b607474j
http://dx.doi.org/10.1039/b607474j
http://dx.doi.org/10.1002/ejoc.200600767
http://dx.doi.org/10.1002/ejoc.200600767
http://dx.doi.org/10.1002/ejoc.200600767
http://dx.doi.org/10.1055/s-0028-1087339
http://dx.doi.org/10.1055/s-0028-1087339
http://dx.doi.org/10.1055/s-0028-1087339
http://dx.doi.org/10.1021/ol900594h
http://dx.doi.org/10.1021/ol900594h
http://dx.doi.org/10.1021/ol900594h
http://dx.doi.org/10.1021/ol900594h
http://dx.doi.org/10.1021/jo8027399
http://dx.doi.org/10.1021/jo8027399
http://dx.doi.org/10.1021/jo8027399
http://dx.doi.org/10.1016/j.tetlet.2005.11.148
http://dx.doi.org/10.1016/j.tetlet.2005.11.148
http://dx.doi.org/10.1016/j.tetlet.2005.11.148
http://dx.doi.org/10.1016/j.tetlet.2005.11.148
http://dx.doi.org/10.1021/ol8002173
http://dx.doi.org/10.1021/ol8002173
http://dx.doi.org/10.1021/ol8002173
http://dx.doi.org/10.1021/ol8002173
http://dx.doi.org/10.1002/ange.200903178
http://dx.doi.org/10.1002/ange.200903178
http://dx.doi.org/10.1002/ange.200903178
http://dx.doi.org/10.1002/anie.200903178
http://dx.doi.org/10.1002/anie.200903178
http://dx.doi.org/10.1002/anie.200903178
http://dx.doi.org/10.1002/anie.200903178
http://dx.doi.org/10.1021/ja057489m
http://dx.doi.org/10.1021/ja057489m
http://dx.doi.org/10.1021/ja057489m
http://dx.doi.org/10.1021/ja057489m
http://dx.doi.org/10.1021/ja060291x
http://dx.doi.org/10.1021/ja060291x
http://dx.doi.org/10.1021/ja060291x
http://dx.doi.org/10.1002/chem.200601016
http://dx.doi.org/10.1002/chem.200601016
http://dx.doi.org/10.1002/chem.200601016
http://dx.doi.org/10.1021/ol062022h
http://dx.doi.org/10.1021/ol062022h
http://dx.doi.org/10.1021/ol062022h
http://dx.doi.org/10.1021/ol062022h
http://dx.doi.org/10.1002/anie.200605192
http://dx.doi.org/10.1002/anie.200605192
http://dx.doi.org/10.1002/anie.200605192
http://dx.doi.org/10.1002/ange.200351923
http://dx.doi.org/10.1002/ange.200351923
http://dx.doi.org/10.1002/ange.200351923
http://dx.doi.org/10.1002/ange.200351923
http://dx.doi.org/10.1002/anie.200351923
http://dx.doi.org/10.1002/anie.200351923
http://dx.doi.org/10.1002/anie.200351923
http://dx.doi.org/10.1021/ja047472o
http://dx.doi.org/10.1021/ja047472o
http://dx.doi.org/10.1021/ja047472o
http://dx.doi.org/10.1021/jo061471s
http://dx.doi.org/10.1021/jo061471s
http://dx.doi.org/10.1021/jo061471s
http://dx.doi.org/10.1021/ol7029799
http://dx.doi.org/10.1021/ol7029799
http://dx.doi.org/10.1021/ol7029799
http://dx.doi.org/10.1021/ol7029799
http://dx.doi.org/10.1002/ange.200804683
http://dx.doi.org/10.1002/ange.200804683
http://dx.doi.org/10.1002/ange.200804683
http://dx.doi.org/10.1002/ange.200804683
http://dx.doi.org/10.1002/anie.200804683
http://dx.doi.org/10.1002/anie.200804683
http://dx.doi.org/10.1002/anie.200804683
http://dx.doi.org/10.1016/j.tetlet.2009.03.086
http://dx.doi.org/10.1016/j.tetlet.2009.03.086
http://dx.doi.org/10.1016/j.tetlet.2009.03.086
http://dx.doi.org/10.1021/cr950027e
http://dx.doi.org/10.1021/cr950027e
http://dx.doi.org/10.1021/cr950027e
http://dx.doi.org/10.1002/ange.200601872
http://dx.doi.org/10.1002/ange.200601872
http://dx.doi.org/10.1002/ange.200601872
http://dx.doi.org/10.1002/anie.200601872
http://dx.doi.org/10.1002/anie.200601872
http://dx.doi.org/10.1002/anie.200601872
http://dx.doi.org/10.1002/anie.200601872
http://dx.doi.org/10.1039/b618251h
http://dx.doi.org/10.1039/b618251h
http://dx.doi.org/10.1039/b618251h
http://dx.doi.org/10.1039/c39760000734
http://dx.doi.org/10.1039/c39760000734
http://dx.doi.org/10.1039/c39760000734
http://dx.doi.org/10.1002/1521-3757(20010417)113:8%3C1485::AID-ANGE1485%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3757(20010417)113:8%3C1485::AID-ANGE1485%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3757(20010417)113:8%3C1485::AID-ANGE1485%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20010417)40:8%3C1439::AID-ANIE1439%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20010417)40:8%3C1439::AID-ANIE1439%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20010417)40:8%3C1439::AID-ANIE1439%3E3.0.CO;2-F
http://dx.doi.org/10.1002/1521-3773(20010417)40:8%3C1439::AID-ANIE1439%3E3.0.CO;2-F
http://dx.doi.org/10.1039/b211856b
http://dx.doi.org/10.1039/b211856b
http://dx.doi.org/10.1039/b211856b
http://dx.doi.org/10.1021/ol061693c
http://dx.doi.org/10.1021/ol061693c
http://dx.doi.org/10.1021/ol061693c
http://dx.doi.org/10.1021/ol061693c
http://dx.doi.org/10.1039/b700671c
http://dx.doi.org/10.1039/b700671c
http://dx.doi.org/10.1039/b700671c
http://dx.doi.org/10.1021/ja0660756
http://dx.doi.org/10.1021/ja0660756
http://dx.doi.org/10.1021/ja0660756
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1007/3418_2007_068
http://dx.doi.org/10.1007/3418_2007_068
http://dx.doi.org/10.1007/3418_2007_068
http://dx.doi.org/10.1007/3418_2007_068
http://dx.doi.org/10.1002/adsc.200700099
http://dx.doi.org/10.1002/adsc.200700099
http://dx.doi.org/10.1002/adsc.200700099
http://dx.doi.org/10.1021/jo900210x
http://dx.doi.org/10.1021/jo900210x
http://dx.doi.org/10.1021/jo900210x
http://dx.doi.org/10.1021/om00006a057
http://dx.doi.org/10.1021/om00006a057
http://dx.doi.org/10.1021/om00006a057
http://dx.doi.org/10.1021/om00006a057
http://dx.doi.org/10.1002/ange.200800497
http://dx.doi.org/10.1002/ange.200800497
http://dx.doi.org/10.1002/ange.200800497
http://dx.doi.org/10.1002/anie.200800497
http://dx.doi.org/10.1002/anie.200800497
http://dx.doi.org/10.1002/anie.200800497
http://dx.doi.org/10.1002/1521-3757(20021115)114:22%3C4350::AID-ANGE4350%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3757(20021115)114:22%3C4350::AID-ANGE4350%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3757(20021115)114:22%3C4350::AID-ANGE4350%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3773(20021115)41:22%3C4176::AID-ANIE4176%3E3.0.CO;2-U
http://dx.doi.org/10.1002/1521-3773(20021115)41:22%3C4176::AID-ANIE4176%3E3.0.CO;2-U
http://dx.doi.org/10.1002/1521-3773(20021115)41:22%3C4176::AID-ANIE4176%3E3.0.CO;2-U
http://dx.doi.org/10.1002/1521-3773(20021115)41:22%3C4176::AID-ANIE4176%3E3.0.CO;2-U
http://dx.doi.org/10.1016/j.ccr.2004.06.012
http://dx.doi.org/10.1016/j.ccr.2004.06.012
http://dx.doi.org/10.1016/j.ccr.2004.06.012
http://dx.doi.org/10.1021/cr800388c
http://dx.doi.org/10.1021/cr800388c
http://dx.doi.org/10.1021/cr800388c
http://dx.doi.org/10.1021/cr800388c
http://dx.doi.org/10.1021/jo980611y
http://dx.doi.org/10.1021/jo980611y
http://dx.doi.org/10.1021/jo980611y
http://dx.doi.org/10.1021/jo980611y
http://dx.doi.org/10.1021/jo005761z
http://dx.doi.org/10.1021/jo005761z
http://dx.doi.org/10.1021/jo005761z
http://dx.doi.org/10.1021/jo005761z
http://dx.doi.org/10.1021/ar0201106
http://dx.doi.org/10.1021/ar0201106
http://dx.doi.org/10.1021/ar0201106
http://dx.doi.org/10.1021/ar0201106
http://dx.doi.org/10.1002/1522-2675(20000607)83:6%3C1247::AID-HLCA1247%3E3.0.CO;2-1
http://dx.doi.org/10.1002/1522-2675(20000607)83:6%3C1247::AID-HLCA1247%3E3.0.CO;2-1
http://dx.doi.org/10.1002/1522-2675(20000607)83:6%3C1247::AID-HLCA1247%3E3.0.CO;2-1
http://dx.doi.org/10.1002/1522-2675(20000607)83:6%3C1247::AID-HLCA1247%3E3.0.CO;2-1
http://dx.doi.org/10.1016/j.tetlet.2008.05.024
http://dx.doi.org/10.1016/j.tetlet.2008.05.024
http://dx.doi.org/10.1016/j.tetlet.2008.05.024
http://dx.doi.org/10.1016/j.tetlet.2008.05.024
http://dx.doi.org/10.1021/ja051406k
http://dx.doi.org/10.1021/ja051406k
http://dx.doi.org/10.1021/ja051406k
http://dx.doi.org/10.1021/ja051406k
http://dx.doi.org/10.1021/ja070424u
http://dx.doi.org/10.1021/ja070424u
http://dx.doi.org/10.1021/ja070424u
http://dx.doi.org/10.1021/ja070424u
http://dx.doi.org/10.1021/cr00098a009
http://dx.doi.org/10.1021/cr00098a009
http://dx.doi.org/10.1021/cr00098a009
www.chemeurj.org

