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Direct transition metal-catalyzed functionalization of 8 bonds Table 1. Pd-catalyzed Alkynylation of N-Fused Heterocycles
in heterocycles serves as a powerful tool for organic synthesis. This (eg3) i
approach offers the possibility for catalytic transformation of R Srodact Yield, %
unreactive G-H bonds into diverse functionalities, as opposed to 1 Ph &Ph 3a 51 (59)
the traditional cross-coupling methods, employing heterocyclic
halide§ or o_rganometallic derivatives. In particular_, direct_arylation 2 Si(CHa)s (63\5,(%3 3b 62 (71)
and vinylation of heterocycles has already gained widespread
acceptance within the synthetic community, because of its capacity o0
e . . b
to utilize simpler and cheaper precursors for the construction of 3 Ph 5>\ 3¢ 76(97)
complex framework$.In the last two decades, this area was rapidly HGCOQC
growing and new types of transition metal-catalyzed direct intra-
. . . 4 nBu 3d 64 (88)
and intermolecular reactions of electron-fich and electron-
defficient heterocycles, as well as simple arehdsave been HCO:C,
developed (eq 1). These-C bond forming reactions involve-H 5 Si(CHa)s 5>\S,(CH3)3 3e 90 (98)
arylation, heteroarylation, and vinylation. Although the majority
of thes_e methods are based on the employment of palladium 6 Si(CHy)s ©iz7/s|(cm)3 af 87 (98)
catalysis in both Pd(0/#)* and Pd(Il/IVP modes, methods
involving rhodigm? platinum? and gold comple?(es have also been 7 Ph M= 3g 73 (83)
reported. Despite the vast structural complexity of the products that )
existing methods for di.regtelH functionalization of heterocycles 8 nBu TN _ 3h 72 (89)
offer (eq 1), they are still limited to 8p-sp? carbon-carbon bond- /
forming reactions. Herein, we repoTt the dlre(;t paIIadlum-cataI_yzed 9 @ O N = O 3 65 (76)
sp—sp carbor-carbon bond-forming reaction of electron-rich
hete_rocycles yvith alkynyl halides._T_his conceptually new approach 10 CO,Et @%/woa 3j 64 (75)
provides straightforward and efficient access to diverse alkynyl e / o
heterocycles (eq 2). D
11 Ph c;:<N <, 3k 76 (97)
N\ . ) [Pd, Rh, ...] N\ ) sp?- sp? coupling: S ___pn
Q_H X-Ar(Vin) over 100 references U Ph S Q/
12 Ph \[N)_’% 3l 51 (64)
Y
_ [Pd] _ 2. ling:
Qi x=n L Qy=n P ol
13 ) a8 \\ am  71(85)°
It is well-established that speciésserve as key electrophilic )
intermediates in Pd-catalyzed arylation/vinylation of electron-rich 14 CO,Et "N\ 3n 63 (74)
heterocycled.It is also known that the similar intermediatewhich COOEt
forms upon oxidative addition of palladium into alkynylhalides, ]
effectively serves as an electrophilic component in Stiked 15 Si(CHs)s \ 30 59 (71)

Suzuki? cross-coupling reactions with the corresponding stannyl-
and boryl- heterocycles. We hypothesized that, analogousiy to "

- . i ; 16 A i
electrophilic specieg may also undergo reaction with nonfunc- O
tionalized electron-rich heterocycl&s.

OQ 3p 58 (67)

17 4 )com ' = (Orcom 3q 50 (56)°

X-Pd"-Ar(Vin) X-Pdl——=—R

i v
a|solated yields, NMR yields are in bracke®sTrace amount of products

. . were detected with iodo- and chloroalkynes (see Supporting Information
To test the above hypothesis, we examined a number of electron-fo, getails)  Yield based on recovery Ofy starti(ng matepﬁp%ll. g

rich N-fused heterocyclekin reaction with alkynyl halide® (eq
3). After certain optimization work, we found that indeed, in toluene underwent smooth coupling reaction with bromoalkynhes
the presence of 3 mol % of Pd{fPPh), and 2 equiv. of KOAc in (eq 3, Table 1). Remarkably, this direct alkynylation reaction
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appeared to be quite general with respect to the electron-rich alkenyl, aryl, silyl, and ester, were perfectly tolerated in this
N-fused? heterocyclic coré? Thus, unsubstituted- (entries-2) alkynylation reaction. This conceptually new method fo?-sgp
carbon-carbon bond-formation in heterocycles was proposed to

PdCly(PPh); 3-5 mol% proceed via electrophilic substitution motif.

]\ W+ Br———R KOAc, 2 equiv |\ — )
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Scheme 1
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[Pd], Br—=—Ph Y I (13) Trial attempts with non-fused heterocycles, such as pyrroles, under these
k Ik = 1.15 . N\ “) reaction conditions, afforded low yields of the corresponding alkynylation

H'ED N products. Further studies on the scope of this transformation are underway

Ph in our group.
(14) For preparation of bromoalkynes, see Supporting Information.

) . (15) See Supporting Information for details.

In summary, we developed a mild and effective method for the (16) Carbor-carbon bond forming reactions proceeding via C-H activation
direct palladium-catalyzed €€H alkynylation of electron-rich R"Cc’é'fgﬁ:ﬂ'ygggg&”&%‘:qzbghe’ KIE. See, for example: Jones, W. D.
heterocycles, including indolizine, pyrroloquinoline, pyrroloiso-  (17) The reaction was stopped at 60% conversion to avoid thermal decomposi-

quinoline, pyrrolooxazole, and bis-pyrrolo-pyrimidine. It was shown tion of the product.
that a variety of functional groups at bromoalkyne, such as alkyl, JAQ72718L

7

J. AM. CHEM. SOC. = VOL. 129, NO. 25, 2007 7743





