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Palladium-Catalyzed Cross-Coupling Reaction of integrated into the one-pot sequential reactions which have never
Alkenyldimethyl(2-pyridyl)silanes with Organic been accomplished to date.

Halides: Complete Switch from the Carbometalation As we already establishédhe Mizoroki—Heck-type reactioh
Pathway to the Transmetalation Pathway occurs with dimethylhexenyl(2-pyridyl)silang)(and iodobenzene

in the presence of palladium catalyst jRtbay-CHCl; + tri-2-
furylphosphine (TFP)] (Table 1, entry 1). Although various Pd
catalysts were examined, the only product detected was the
carbometalation produdt This may be due to the strong directing
effect of the pyridyl group and the poor transmetalation ability
of silicon. Thus we followed the lead of Hiyamiayho has
Receied February 9, 2001 established that the transmetalation from silicon to palladium can
Revised Manuscript Receéd May 1, 2001 be accelerated by adding a fluoride ibiWVe subjectedl and
iodobenzene to the action of palladium catalyst and fluoride source
The transition metal-catalyzed cross-coupling reactions con- at 60°C in THF. By adding tetrabutylammonium fluoride (TBAF)
stitute one of the most versatile and efficacious carbzarbon to the Pd/TFP catalyst, the course of the reaction changed to the
bond formations, and the development of improved catalysts andtransmetalation pathway and the carbometalation pathway was
reagents continues to evolve at a rapid pagéthough there are completely suppressed (entry 2). Moreover, we found that
a number of reaction types known to date, integration of these phosphine-free Pd complexes were more active catalysts giving
reaction types by utilizing a multifunctional substrate lags far the transmetalation produétin extremely high yields (entries
behind presumably due to the difficulty in controlling those 3—6). The observed excelle@3 ratio (99/1) is noteworthy since
individual reaction pathways. It would be of great importance in the production of cine substitution produ@) (s the plague in
organic synthesis if such plural reaction pathways were perfectly this chemistry for some instancés.
controlled, ideally with slight changes of additive or reaction
conditions, and integrated into sequential and/or one-pot reactions-taple 1. Effect of Catalyst and Additive in the
During the course of our investigations in this area, we became Palladium-Catalyzed Cross-Coupling Reactiorilaind
interested in the multiform reactivities of vinylsilanes, which can lodobenzene
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potentially react with organic halides and palladium catalyst in N7 Pd cat N7
two mechanistically different modes, namely carbometalation g, Q v phoy A9 gy o P Q
pathway (path a, eq 2j and transmetalation pathway (path b, ~ Ve, THF P ey i Ve
eq 1)* Although both of these reaction pathways have been 1 2 3 Y

extensively utilized in organic synthesis, their integration has not

been examined to date. entry Pd catalyst additive yield (%)  2/3/4¢

12 Pd(dba}/TFP EtN 94 0/0/100

Carbometallation Pd-X 2 20 Pd(dba}/TFP TBAF 59 97/3/0

1 (path a) R?2 S R~ Si 3 Pd(OAc) TBAF 93 98/2/0
RNy  — TS hpax 4 [allylPdCl]; TBAF 95 98/2/0
. R 1) 5 PACLCHCN),  TBAF 96 99/1/0
RZ-Pd—X T o1 ) ; 6° PdCL(PhCN) TBAF 99 99/1/0

-~ R RE___, R~
Transmetallation '~ P PA(0) R? aReaction was performed at 3C for 2 h usingl (0.5 mmol), Phl
(path b) (0.55 mmol), Pe{dba)-CHCI; (0.5 mol %), tri-2-furylphosphine (TFP)

(2 mol %), and EiN (0.6 mmol) in THF.® Reactions were performed

Recently we reported that the palladium-catalyzed cross- at 60°C for 1.5 h usingl (0.3 mmol), Phl (0.2 mmol), Pd catalyst (5
coupling reaction of vinyl(2-pyridyl)silanes with organic halides Mol %), and TBAF (0.3 mmol) in THF: Determined by GC and NMR
occurs in the carbometalation pathway (path a) to give the analysis.
substituted vinyl(2-pyridyl)silanes in extremely high yiefdsThe
realization of the previously difficult Heck-type reaction of We were pleased to find that the potentially transferable pyridyl
vinylsilane may be due to the strong coordination effect of the group is not transferred into the product and ends up in the
pyridyl group on silicon. In this communication, we establish that quantitative formation of pyriding These facts led us to inves-
(1) this carbometalation pathway (path a) can be completely tigate the reaction mechanism in more detail. First, styryldimethyl-
switched to the transmetalation pathway (path b) by the Pd/TBAF (2-pyridyl)silane b) was allowed to react with 1.0 equiv of

system and (2) these two distinct reaction pathways can bePdChL(CHs;CN); in the presence of TBAF (1.2 equiv) anié,E)-
1,4-diphenylbutadiene was isolated in 72% yield. This result

Reglc)ﬁ'g'nesdvevri'lgg’_v':c‘h:St\‘,'j‘v'éﬁ’hhzinf"lggdgk_’]eta"cata'ywd Cross-Coupling ,nambiguously supports the occurrence of the transmetalation

(2) (a) Karabelas, K.; Westerlund, C.; Hallberg, A.Org. Chem1985 pathway. Again, the pyridyl group transferred products (2,2
50, 3896. (b) Karabelas, K.; Hallberg, Aetrahedron Lett1985 26, 3131. bipyridyl and styrylpyridine) were not observed at all.
(c) Karabelas, K.; Hallberg, Al. Org. Chem1986 51, 5286. (d) Karabelas,
K.; Hallberg, A.J. Org. Chem1988 53, 4909. (e) Daves, G. D., Jr.; Hallberg,
A. Chem. Re. 1989 89, 1433. (f) Yamashita, H.; Roan, B. L.; Tanaka, M. N7 TBAF (1.2 equiv) /
Chem. Lett.199Q 2175. (g) Voigt, K.; von Zezschwitz, P.; Rosauer, K; Ph. - g ) —- =7 Ph g OH 4 |
Lansky, A.; Adams, A.; Reiser, O.; de Meijere, Bur. J. Org. Chem1998 ~F g THF-ds Me, N 2
1521 (h) Jeffery, T.Tetrahedron Lett1999 40, 1673. o (03,5% £20)
(3) Itami, K.; Mitsudo, K.; Kamei, T.; Koike, T.; Nokami, T.; Yoshida, J. ’
J. Am. Chem. So@00Q 122 12013.
(4) (a) Hatanaka, Y.; Hiyama, Bynlett199], 845. (b) Hiyama, T. In ref (6) (a) Brae, S.; de Meijere, A. In ref 1, Chapter 3. (b) Heck, R. F. In
1, Chapter 10. Comprehensie Organic Synthesigrost, B. M., Ed.; Pergamon: New York,
(5) For other related chemistry of 2-pyridylsilanes, see: (a) Yoshida, J.; 1991; Vol. 4, Chapter 4.3.
Itami, K.; Mitsudo, K.; Suga, STetrahedron Lett1999 40, 3403. (b) Itami, (7) Pd-catalyzed cross-coupling reaction utilizing fluorosilicates; see: (a)
K.; Mitsudo, K.; Yoshida, JTetrahedron Lett1999 40, 5533. (c) Itami, K.; Yoshida, J.; Tamao, K.; Takahashi, M.; Kumada, trahedron Lett1978
Mitsudo, K.; Yoshida, JTetrahedron Lett1999 40, 5537. (d) Itami, K.; 2161. (b) Yoshida, J.; Tamao, K.; Yamamoto, H.; Kakui, T.; Uchida, T.;
Nokami, T.; Yoshida, JAngew. Chem., Int. E®001 40, 1074. Kumada, M.Organometallics1982 1, 542.
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Table 2. Palladium-Catalyzed Cross-Coupling Reaction of
Alkenyldimethyl(2-pyridyl)silanes and Various Organic Halitles

entry silane halide product (isolated yield, %)
Z Q. Ph )
2NN ) }_Q_ ' (84)
Mey 5
2 5 //\ Ph
EtO,C | =, CO.Et
2 \—L—/ 2 (91)
2 s O "mo
4 5 @—Br Ph~pn (59
7 o) o]
5 N > < > | AN <> (
SN (79)
Mey 6
I |
6 07~ siMesPy D
7 SORERAS &
(98)
7 /N
7 HO—@—I o =
OH (73)
Q 7
o (75)
9 PhA P siMe,Py EIG,C < > | Ph%\/\@\
9 COE (g5)
CHO (89)
FsC,
11 9

Ph \/\/\Q/C&

CF; (73)

a All reactions were performed at 6@ for 2—5 h using alkenyldi-
methylpyridylsilane (0.3 mmol), organic halide (0.2 mmol), TBAF (0.3
mmol), and PAG[PhCN} (5 mol %) in THF.

Next, we monitored the reaction 6fand TBAF in THFdg by
IH NMR and found thab is converted into styryldimethylsilanol
and pyridine within 30 min at 30C (eq 2)? The small amount
of water (ca. 5%) present in the commercially available THF

solution of TBAF seemed to be the reactant in this case. Indeed,

silanol was not formed with anhydrous TASF instead. This 2-Py
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vinylsilanes in good to excellent yields. The advantage of using

2-pyridyl-substituted vinylsilanes as coupling components is

apparent, as they are readily available in sterecisomerically pure
form by the Peterson-type reaction of carbonyl compounds with
(2-PyMeSi),CHLi.** Thus, the overall process can be regarded

as a novel carbonyl olefination reaction.

In light of the ability of 2-pyridyl-substituted vinylsilane to
cross-couple with organic halide in two mechanistically different
modes (Table 1), we next embarked on the one-pot sequential
cross coupling, in which the carbometalation-oriented cross
coupling (path a, eq 1) occurs first and the transmetalation-oriented
cross coupling (path b, eq 1) takes place thereafter. SFaab-
stituted vinylsilanel was initially cross-coupled with 4-iodoben-
zoic acid ethyl ester in the presence of Pd/TFP catalyst. After
the initial reaction was completed, 4-iodoacetophenone and TBAF
were added to the mixture. The sequential cross-coupling product
10 was obtained in 71% vyield (eq 3. Interestingly, the
regioisomerl1 can be obtained in 79% yield by simply changing
the order of addition (eq 3). In both cases, the reaction proceeded
in virtually complete regio- and stereoselective fashion. This
procedure provides an extremely facile entry into a diverse range
of stereodefined polysubstituted olefins, the synthesis of which
has been a central issue in organic synth¥sis.

Q Q
— —1 >—< —I|
EtO
10 % Pd/TFP

EtsN, THF
60°C, 3 h

10 % PA/TFP
EtsN, THF
60°C, 3 h

TBAF
60°C, 14 h

11 (79%)

In summary, a highly efficient palladium-catalyzed cross-
coupling reaction of alkenyldimethyl(2-pyridyl)silanes with or-

Si bond cleavage is reminiscent to that attained by the KF- ganic halides has been developed. The potentially occurring two
promoted methanolysis of 2-pyridylsilanés/ery recently, Mori* reaction pathways (carbometalation and transmetalation pathways)
and Denmark have reported that silanols can be cross-coupled were perfectly controlled by simply changing the additives, and
with organic halides in the presence of Pd catalyst and we assuméntegrated into the one-pot sequential cross-coupling reaction.
that our cross coupling using 2-pyridylsilanes is mechanistically Although both of these reaction pathways are the types that are
similar to theirs'® After all, it seems plausible to deduce that the already known, the integration of two mechanistically distinct

perfect switch of the reaction pathway stems frthra selectie
remaval of the carbometalation-directing pyridyl group and the
introduction of an electronegate group that actiates silicon
as a leaing group

With the feasibility of the selective transmetalation pathway

reactions clearly opens up new possibilities in the catalytic cross-
coupling chemistry.
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