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ABSTRACT

A novel one-step synthesis of valuable 2-vinylic indoles and their tricycle derivatives is described. This reaction, which utilizes a gem-
dibromovinyl unit as a readily available starting material, occurs via an efficient Pd-catalyzed tandem Buchwald —Hartwig/Heck reaction.

gem-Dihalovinyl systems are important, versatile synthons 2-substituted indoléor Cu-catalyzed tandem intramolecular
in organopalladium chemistry, and they have been used inamidation to provide imidazoindolon&séierein, we describe
many different cross-coupling reactions with organostan- an extension to this concept where a tandem Pd-catalyzed
nane! organomagnesiurhprganoboranéprganozind, and C—N¥Heck reactiott is involved to provide a novel, highly
also organocoppereagents as coupling partners. efficient, and modular synthesis of 2-vinylic indolésind
The gemdihalovinyl moiety also represents a very attrac- their tricyclic derivatives (Scheme 1)
tive key unit for the syntheses of various heterocycles and
carbocycles by judicious selection of the coupling partners || NG
and well-desi_gned starting mafte_:r_ials. Despite this great Scheme 1
potential, relatively few reports utilizing palladium-catalyzed . P
chemistry have been published in this atea. R‘W 3 . R1mr . A,
In the context of developing a selective tandem coupling N 3 NH
of gem-dihalovinyl systemspur previous studies showed Ra. Ro
that ortho-gem-dibromovinylanilines can undergo a Pd-
catalyzed tandem-€N/Suzuki-Miyaura coupling to provide
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Vinylic indoles are valuable building blocks and are used
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as indole alkaloids, carbazoles, and carboliteBhey are

PCys, P(-tolyl);, PPh, P(o-tolyl-p-OMe), X-Phos, Dav-

also present in medicinally important compounds such as ePhos, S-Phos), and additives have been tested.

fluvastatiri® (cholesterol-lowering drug) or SB-242732
(treatment for osteoporosis; Figure 1).

Cl

Fluvastatin ~ MeQ HN N—
Y,
/ o}

$B-242782

IZz

Cl

Figure 1. Biologically active 2-vinylic indoles.

The existing synthetic methods present some limitations,

Three catalyst systems were discovered to give good
results depending on the substituent on the nitrogen. The
use of Pd(OAG) (4 mol %) and Pg-tolyl); (8 mol %) with
N-benzyl-vinylaniline2a gave a 71% vyield of 2-vinylic
indole 1a (Scheme 2). The use of Jeffery’s conditions (4
mol % of Pd(OAc), Me,NCI)?° which avoid the use of
expensive phosphines is even bettetas obtained in 79%
yield. Although longer reaction times are usually required
under Jeffery’s conditions, yields are generally much better
than those obtained with P(o-tolyl)Using Pd(OAcYP(o-
tolyl)s with N-aryl-vinylaniline2b gave 50% of vinylic indole
1b and 40% of an interesting byprodug{Scheme 2). This
product @) is probably the result of a 1,4-migration palladium
species, followed by a Heck reaction, as shown by Larock
and Gallagher with a biaryl systethAdditional screening
showed that the use of Riba (3 mol %) and S-Phd3(12
mol %) with 2b avoids the formation of the indolg and
provideslb in 78% vyield. Toluene was found to be the best

such as the necessity of introducing a functional group on solvent, and reflux was the optimum temperature for a

the heterocycle prior to the vinylation step resulting in longer
linear syntheses and limited ability to introduce significant
molecular diversity8

This novel tandem Pd-catalyzed-Gl/Heck reaction was
first investigated usin@a and 2b*® with tert-butyl acrylate

complete and rapid conversion. Screening a range of bases
revealed that a combination of organic and inorganic bases
(EtsN and KsPO,-H,0) provided the best yields.

The optimized conditions were then applied to various
commercially available alkenes of different electronic char-

to screen different Pd sources, ligands, organic and inorganicacter usind\-benzylortho-geradibromovinylaniline a). In
bases, additives, and temperatures (Scheme 2). Catalysill cases, the expected 2-vinylic indoles were isolated in good

Scheme 2
B
i We Vo
e
Br Pd source
NHR ligand, base ﬁ
2aR=Bn 1aR =Bn
2b R =Ph 1b R =Ph

co
N . ,COuBu
@:;f R=Ph)

systems comprising different palladium sources (Pd(QAc)
Pddbas, Pd(PPH)s, Pd/C), ligands (HRBU)sBFs, PtBU)s,

(7) (a) Ramirez, F.; Desai, N. B.; McKelvie, N. Am. Chem. Sod962
84, 1745. (b) Corey, E. J.; Fuchs, P.Tetrahedron Lett1972,13, 3769.
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de Meijere, A., Diederich, F., Eds.; John Wiley & Sons: Weinheim, 2004.
(b) Hartwig, J. F. IrHandbook of Organopalladium Chemistry for Organic
Synthesis; Negishi, E.-I., de Meijere, A., Eds.; Wiley-Interscience: Wein-
heim, 2002. (c) Prim, D.; Campagne, J. M.; Joseph, D.; Andrioletti, B.
Tetrahedron2002,58, 2041.

(11) For a review on Heck reactions, see: (a) Beletskaya, |I.
Cheprakov, A. V.Chem. Re»2000,100, 3009. (b) de Meijere, A.; Meyer,
F. E.Angew. Chem., Int. Ed. Endl994,33, 2379.

(12) For reviews on indoles, see: (a) Gribble, G. WOomprehensive
Heterocyclic Chemistry II; Katritzky, A. R., Ress, C. W., Servien, E. F.
V., Eds.; Pergamon: Oxford, 1996; Vol.2, p 207. (b) Sundberg, Rddles

P

Academic Press: San Diego, 1996. (c) For a review on Pd-catalyzed indole

syntheses, see: Cacchi, S.; Fabrizi,Ghem. Re»2005,105, 2873.

4204

yields (Table 1, entries 1—8). The reaction tolerates a wide

Table 1. Scope of Alkene Reagents

Br
Cy == 0/~
r
NHBn PA(OAG), N
2a MesNCl Bn 4
entry alkene product 1/yield® ©
1 > C0,1Bu 1a79%
2 Z>ph 1¢ 65%
3 ZPhpCl 1d 71%
4 Z > PhpOMe 1e 73%°
AP
5 N\ 1£ 63%
\/-\O
_~OH .
0,
8 Cotirs 1g 82%
7 ZCN 1h 70%S ©
8 Z>50,Ph 1§ 40%

ajlsolated yields? Alkene (2.0 equiv), Pd(OAg)(4 mol %), MeNCI
(1.0 equiv), KPOs-H20 (2.0 equiv), NEf (2.0 equiv), reflux, toluene. P(o-
tolyl)3 (8 mol %) instead of MgNCI. 4 Mixture of ketone/allylic alcohol:
3:1.©80% conversion.

variety of alkene reagents containing ester, amide, nitrile,
sulfone, and alcohol moieties (Table 1, entries 1 an@y

Org. Lett, Vol. 8, No. 19, 2006



and also phenyl moieties with different electronic properties

(Table 1, entries 2—4).

The effect of substitution on the aniline nitrogen of the
gem-dibromovinylaniline has also been studied ugertr

butyl acrylate under the standard reaction conditions (Table

2, entries 1—6). The coupling with both the electron-rich

Table 2. Scope ofortho-gem-Dibromovinylaniline Substrates

Br
©\/\( @JCOﬂBU
Br
NHR N
2 R

> C0,1BuU
_—

entry subtrate 2 product1 entry subtrate2  product1
yield® ® yield® ®
1j 62%

S Br
Br A Br
1 e NH 4 Br 1m69%
NH
2N
Br

|
29 C4Hg

11 60%°

SN Br
Br S
2 g 1k 60%° 5 B 1n67%
NH
OMe
OMe
R Br SN Br
3 Br 6 5 1050%°
NH NH;
2e 2h

alsolated yieldsP tert-Butyl acrylate (2.0 equiv), Pd(OA£}4 mol %),
MesNCI (1.0 equiv), KPOsHO (2.0 equiv), NEf (2.0 equiv), reflux,
toluene.® Pcbdba (3 mol %), S-Phos (12 mol %}).Pd(OAc) (4 mol %),
P(o-tolyl)s (8 mol %).

and the electron-deficienN-aryl substrate andN-benzyl

derivative proceeded smoothly to afford the desired product

in good yields (Table 2, entries—B). In addition,N-alkyl-

substituted anilines with different steric hindrance (entries
4 and 5) also reacted efficiently. The use of the unsubstituted

aniline (2h), which allows flexibility, gave the expected
product, but in lower yield (Table 2, entry 6).

Various dibromovinylanilines substituted on the phenyl
ring were also evaluated wittert-butyl acrylate (Table 3,

Table 3. Scope ofortho-gem-Dibromovinylaniline Substrates

Br
A m Zcoztu W COutBu
Br _— -
SONHR Z~N
2 R 1
entry subtrate 2 product 1 yield@ ©
e B \_/ CO,tBu
1 Br 1p 53%°
NH, ﬁ pos
OMe 2i OMe
Br CO,tBu
F NHBn F ’I%In

%

Br
r
MeO,C NHBn  MeO,C En

2k

BnO SN Br BnO A\ / CO,tBu
4 Br 1s 64%°
NHBn N
Bn
OBn 21 OBn
MeO ¢ Br MeO \ /G0
5 Br 9 11 39%
om NHBn Bn

X Br
6 Br

A / CO,Bu
N 1u 43%°
|O Bn
2n

alsolated yieldsP tert-Butyl acrylate (2.0 equiv), Pd(OAg}4 mol %),
MesNCI (1.0 equiv), KPOs-H,O (2.0 equiv), NE§ (2.0 equiv), reflux,
toluene.c Pd(OAc) (4 mol %), Pp-tolyl)s (8 mol %).

Z
jny
o)
>

entries 1—6). This methodology proved to be a very general
and efficient method to prepare functionalized indoles.
Electronic factors and steric hindrance had little effect on
the yield. A broad spectrum of electron-donating and
electron-withdrawing functionalities in different positions
around the phenyl ring is tolerated. The only limitation of
this reaction is in the formation of 3-substituted indoles, as
yields were poor when attempts were made with the
corresponding substituted dibromovinylanilines.
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M.; Zhang, H.J. Org. Chem2005,70, 2206. (f) Rawat, M.; Wulff, W. D.
Org. Lett.2004,6, 329. (g) Grieco, P. A.; Kaufman, M. . Org. Chem.
1999,64, 7586.

(16) Repic, O.; Prasad, K.; Lee, G. Drg. Process Res. De2001,5,
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2002,4, 3115. For a review on 1,4-migration on biaryl systems, see: (c)
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An intramolecular version of this methodology was stereoselective syntheses of indole alkaloids, carbazoles, and
developed to provide more elaborate heterocycles usingnonnatural annulated indole derivatives of pharmological
substrates where the alkene moiety is tethered to the nitrogeninterest?® The reactivity of 2-vinylic indoledawas briefly

of the ortho-gem-dibromovinylaniline. The enoate?® was

examined usingN-phenylmaleiimide and dimethyl acety-

used for this study, and different palladium sources and lenedicarboxylate as a dienophile in toluene at reflux. The

ligands were screened. fitba; (4 mol %) withnBu,NCI (1
equiv) in the presence of N#K3PO,;-H,0 in toluene at 120

interesting carbazole derivativésand 7 were obtained in
good yields (Scheme 4§.

°C gave the desired tricyclic adduct in good yield (76%) as
a mixture of two easily separable isomefsa(and 5a’;

Scheme 3). Scheme 4. Utility of a 2-Vinylic Indole Building Block
Ph ﬁh
Scheme 3 — COuBu
B A CO,tBu A\
CO,tBu N 6 90%
©(N:<Br Pdzdbag (4 mol %) ' W T oene i
—_— 5a féln 1a reflux MeO,C CO,Me
4a nBuyNCl N/ CO,fBu
5 K3PO4H,0, NE
x> toh?enef re%lux,153h N O CO,tBu
CEarea MeO,C—==—CO,Me
76% (ba: ba' = 3:1 2 2
CO,tBu (5a: 5a ) 5o N —

Bn

The generality of the intramolecular process was explored | conclusion, we have developed an efficient and modular
as shown in Figure 2. Substituents on the aromatic ring with one-pot procedure giving rapid access to a wide range of

substituted 2-vinylic indoles from readily accessilglem-
dibromovinylaniline substrates via a palladium-catalyzed
8o tandem Buchwald—Hartwig amination/Heck reaction. The
A CO,tBu A CO,tBu intramolecular variant of this reaction leads to the formation
% MeOQC% of interesting cyclic compounds including pyrido and azepino

58% (5b: 5b'= 3:1) 67% (5¢: 5¢'=7:1)
\ CO,1Bu N

N NN

indole derivatives.
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70% (5d: 5d'= 2: 3) 72% (5e)?

Figure 2. Scope of the intramolecular version. (Isolated yields.
Conditions: Pedba (4 mol %), nBuNCI (1 equiv), KkPOy-H,0O

(2 equiv), NEt (2 equiv), toluene, refluxdPd(OAc) (4 mol %),
P(o-tolyl); (8 mol %).)

Supporting Information Available: Full experimental
details and characterization includidg and '3C spectro-
scopic data for all new compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.

different electronic properties have been used successfully
(examplesa—c), and it is also possible to use a nonactivated
alkene be). Moreover, a compound with a seven-membered
ring attached to the indole unit has been readily obtained OL061374L

using the aminatiorHeck sequence. It is worth noting that - —

these interesting pyrido and azepino-indole skeletons are, (24,7 same ernies see @) German, i, L Gl T, L
simultaneously constructed from the corresponding acyclic p.; Germain, A. L.Tetrahedron1997,53, 4447. (b) Conzélez-Pérez, P.;

precursors in just one step, which is distinctive from the Pérez-Serrano, L.; Casarrubios, L.; Dominguez, G.; Pérez-Castells, J.

waciional ring-by-ing approactt e L R L el
2-Vinyl indole moieties have been shown to be versatile Hill, C. H.; Keech, E.; Vesey, D. RTetrahedron1991,47, 4645.

dienes in Diels—Alder reactions for the regioselective and pin(ﬁﬁ’?, F&ﬁ‘é‘%"gicﬁ’é S%ggé'?d’e{zrse;czg”;ﬁéu"r"”&'r?iﬂ?ifiéggi 41("")

40((326) Eitel, M.; Pindur, UJ. Org. Chem1990,55, 5368.

(23) For syntheses ¢f, see the Supporting Information.
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