JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Advancing Palladium-Catalyzed C-N Bond Formation: Bisindoline
Construction from Successive Amide Transfer to Internal Alkenes
Kilian Muiz
J. Am. Chem. Soc., 2007, 129 (47), 14542-14543 « DOI: 10.1021/ja075655f
Downloaded from http://pubs.acs.org on February 9, 2009

first C-N bond second C-N-bond

: ¢ Tos
formation formation N
alladium oxidation
=y, oNHTos endo-selective Tos patadium.exica
[ reductive amination/

" i-amil i P N
ol anti-aminopalladation q [Pd') depalladation 'JFOS
s g Vo H %
k } e e Ilos Los
TosHN™ “+~ TosN—{_ 2
W
N N

new route to diamine-based
heterocycles

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 19 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja075655f

JIAIC

S

COMMUNICATIONS

Published on Web

Advancing Palladium-Catalyzed C
Construction from Successive Amide

11/07/2007

N Bond Formation: Bisindoline
Transfer to Internal Alkenes

Kilian Mufiz
Institut de Chimie, UMR 7177, Unérsite Louis Pasteur, 4 rue Blaise Pascal, F-67000 Strasbourg Cedex, France

Received July 29, 2007; E-mail:

Aminopalladation of alkenésias emerged as a versatile method
for the synthesis of alkyl nitrogen bonds. In contrast, alternative
palladium catalysis for the direct installment of~® bonds from
alkyl—palladiumn*-amido complexes remains a challenging task.

The sequential combination of both approaches enables stepwise

oxidative diamination of alkenes and offers new synthetic meth-
odology toward the important class of vicinal diamideSuch a
sequence was recently realized for palladium(ll) catalysis using

ureas as tethered nitrogen sources under intramolecular reactionentry

control#% This chemistry relies on the use of iodosobenzene

diacetate as oxidant and may be understood on the basis of a high 2

oxidation state metal intermediat®®’ This work now presents the
first examples for catalytic diamination ofternal alkeneemploy-

ing Pd catalysis. Its approach relies on simple amido groups as
nitrogen source and, within an operationally convenient oxidation
reaction, allows for the construction of bisindoline, bipyrrolidine,
and annelated indoline heterocycles containing vicinal diamine
moieties.

After an extensive screening of candidates for catalytic diami-
nation with simple amide%jt was discovered that a precursha
undergoes a highly selective diamination to form protected bisin-
doline2a(Table 1). Optimized reaction conditions for the oxidative
diamination employ PhI(OAg)as oxidant. Acetate base is required
for high rate, and the combination of NM& and NaOAc was
found to be most convenient. DMF represents the optimum solvent
for complete solubility of the starting material. Less polar solvents
such as dichloromethane require longer reaction times due to low
solubility. A quantity of 10 mol % of catalyst allowed for complete
conversion during 14 h reaction time, although the reaction proceeds
at lower catalyst loading as well.

It is noteworthy that the reaction is not influenced by steric or
electronic factors (Table 2, eq 1). For example, sterically congested
di(2,4,6-triiso-propylphenyl) derivative.e underwent clean diami-
nation to yield a single isome2e in 93% isolated yield, and the
nosyl substitution inld was similarly tolerated. The reaction is
highly stereospecific and furnishes chi@j-symmetric products
from E-configured alkene precursors. This stereochemistry was
unambiguously confirmed by X-ray analysis of prod@et

The high efficiency of precursors that require formaido
amination can be understood on the basis of the ligand-free,
coordinatively unsaturated palladium catalyst. Palladitosyla-
mide precoordination as initial step was recently established for
catalytic diamination with ureas. In the present case, similar
nitrogen-palladium interactiohis assumed to pose the path for
selectiveanti-aminopalladation by the second amido group. At this
state,synaminopalladatioh®?1°cannot proceed for geometrical
reasonsanti-Aminopalladation leads to a chelation-controlled state
B, which inhibits potentials-hydride elimination pathways in
aliphatic substrates (eq 3). This compkhen undergoes oxidation
to palladium(IV)7 amide dissociation, and selectiasti-amination/
depalladatiorf®1* This final step is in complete agreement with
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Table 1. Optimization of Reaction Conditions

10 mol%
O NHTos Pd-catalyst 1[\]08
Z PhI(OAC),
T (1.2 equiv.) N
osHN RT Tos
1a 2a
base time  yield?
catalyst solvent (1.1 equiv) (h) (%)
1 Pd(OAc) CH.Cl> NaOAc/MeNCI 36 79
Pd(OAc) CH.CI,/DMF  NaOAc/MeNCI 36 88
3 Pd(OAc) DMF MesNOAc 14 88
4 Pd(OAc) DMF NaOAc/Me4NClI 14 89
5 Pd(OAcY® DMF NaOAc/MeNCI 24 74

a|solated product after reductive workup and column chromatography.
b5 mol % catalyst loading.

Table 2. Pd-Catalyzed Bisindoline and Bipyrrolidine Synthesis?

NHSO,R 10 mol% Pd(OAC),, NOR
P NaOAc/NMe,Cl (1.1 eq.), O .
O PhI(OAC): (14 €q.), O
RO;SHN DMF, 14h, RT. go R
2
1a:R="Tol 2a (89%)
1a R =Tol 2a (86%)
1b: R = Me 2b (82%)
1¢: R = Ph 2¢ (91%)
1d: R = 4-NOpCgH 2d (88%)
1e: R = 2,4 6-(i-Pr)3-CgH; 2e (93%)
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aYields refer to isolated material after column chromatography or
crystallization and are average from at least two independent reactions (0.5
mmol scale)? Reaction on 5 mmol scale. Yield refers to crystallized
product.

recent detailed work on a related platinum(IV) comptend again
proceeds with complete stereochemical selectivity. Furthermore, it
constitutes the first general examples of secondap-® bond

formation in palladium catalysi:13

These reactions are noteworthy for the fact that the palladium
catalyst exercises a remarkable flexibility throughout the course of
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Table 3. Catalytic Oxidation of Unsymmetrical Internal Alkenes the synthetic potential of the stepwise diamination of unsaturated
— a .
1h—I and Alkyne 3 C—C bonds to generate annelated inddl&’ Although overall

NHTos O 10 mol% PA(OAC),, Tos related in mechanism to the alkene diamination, the reaction
O / Q NaOAG/NMe,Cl (1.1 eq.), O OQ @ required significantly higher temperature. For the secorti®ond
N

TosHN o e o) N formation, this observation can be rationalized on the basis of a
1h 2h (89%) thermal reductive elimination from within the Pd coordination
O NriTos conditions N spherés instead of the @-type mechanism in the final step of
= O o (5) alkene diamination (stat€, Figure 1).
MesHN N~ In summary, the sequential catalytic transfer of two sulfonamides
1i 2i (77%) to internal alkenes was shown to afford the construction of vicinal
NHTos i Tos diamines. The reaction consists of two different palladium-catalyzed
conaitions . . . .
~ - % © C—N bond formation reactions and provides convenient access to
TostiN as above N heterocyclic structures such as bisindolines, annelated indolines,
N 25 (84%) and bipyrrolidines.
NHR .
O condiions R , Acknowledgment. The author thanks the Agence Nationale de
Z O - @ la Recherche and the Fonds der Chemischen Industrie for generous
HO as above o financial support, and Dr. Lydia Brelot for the X-ray structure
1k (R = Tos) 2k (87%) inati
e 2 o determination.
NHTos Jos Supporting Information Available: Discussion on the reaction
_ _20mol% Pd(OAC), p . scope, detailed experimental procedures, data for new products, and
= NHTos  Phi(OAc), (1.6 equiv.) ® - : P : .
DM 120°C. 48h N spectral characterization. This material is available free of charge via
3 e 4(58%) the Internet at http:/pubs.acs.org.
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