ORGANIC
LETTERS

Ruthenium Complex-Catalyzed Direct T

Ortho Arylation and Alkenylation of 25792581
2-Arylpyridines with Organic Halides

Shuichi Oi,*" Susumu Fukita," Naoki Hirata," Noboru Watanuki,’
Sotaro Miyano,* and Yoshio Inoue*!

Department of Materials Chemistry and Department of Biomolecular Engineering,
Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan

oishu@aporg.che.tohoku.ac.jp

Received June 11, 2001

ABSTRACT
= | cat.
SN [RuClo(n°-CeHg)lo, 4PPhg
+ Ar-X
KoCOs3,
Ar = Ar = |
SN~ andior N

Ar

The ortho position of the aromatic ring of pyridyl group-substituted aromatic compounds is directly arylated or alkenylated with organic
halides in the presence of a catalytic amount of a ruthenium(ll)-phosphine complex.

Transition metal-catalyzed cross-coupling reactions of aro- catalyzed ortho alkylation of acetophenones with terminal
matic compounds have recently been recognized to be ofalkened and ortho carbonylation of pyridylbenzenes with
genuine synthetic utility. Reactions of various arylated metal CO and terminal alkenéshodium-catalyzed ortho alkylation
compounds, such as Mg, Zn, B, Si, and Sn, with aryl halides of pyridylbenzenes with terminal alkerfeand multiple

or their synthetic equivalents, such as aryl triflates, catalyzed alkylation of arylboronic acids with norbornefe@nd pal-

by nickel or palladium complexes are widely employed for |adium-catalyzed alkenylation of benzene derivatives with
preparations of unsymmetrical biarylsHowever, these

reactions require each reactant to have a reacting point, such () (a) shilov, E.; Shurpin, G. BChem. Re»1997, 97, 2879. (b)

as a halogen or a metal functionalized group. Recently, thereKakiuchi, F.; Murai, S. InActivation of Unreactive Bonds and Organic
has been much interest in transition metal-catalyzed direct\S(}’;”Jtir:;“:g'lflj""T"f;r"}'élfékfifcﬂ’é'&%eégﬁigg‘d,13333 (F()j?g?/.k((ecr), g‘;‘{g’é@@‘
C—C bond formation of aromatic compounds involving the Chem., Int. Ed1999,38, 1698. (e) Trost, B. MSciencel991,278, 1471.
activation of normaly unreacive aromatic-Gf bond, in ¢ (3@ g, B Kakuen £ Seke S Tarale, ¥ Kaaien A
terms of synthesis efficiency and minimization of atomic F: sekine, S.: Tanaka, Y.: Kamatani, A.: Sonoda, M,: ChataniPie

waste? Examples of these reactions include ruthenium- Appl. Chem1994 66, 1527. (c) Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka,
Y.; Kamatani, A.; Sonoda, M.; Chatani, Bull. Chem. Soc. Jprl995,

68, 62. (d) Kakiuchu, F.; Tanaka, Y.; Sato, T.; Chatani, N.; MuraCBem.
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alkyneg and alkylation of aromatic halides with alkyl ever, various phosphine ligands other than$&lch as alkyl
halides® For the cases of the arylation of aromatic com- phosphines, phosphites, and bidentate diphosphines, were
pounds, we have reported that, in the presence of a catalyticexamined in combination with [Rugl®-CesHe)]2, and did
amount of a rhodium(l)-phosphine complex, pyridylbenzenes not exhibit comparably favorable results. Wilkinson complex
are directly arylated in the ortho position with tetraarylstan- (RhCI(PPh)s), which was most effective in arylation reaction
nanes. Coordination by the pyridyl group is presumed to with tetraarylstannanésshowed a lower catalytic activity
direct the rhodium complex during the cleavage of the ortho in the present reaction system, affording prod@eg in
C—H bond. Arylations with aryl halides were also reported; merely 22% vyield. Other PBhand chlorine-coordinated
for example, phenolic compounds such as 1-naphthols andcomplexes of Fe, Co, Pd, and Pt did not demonstrate any
2-phenylphenol$? benzyl phenyl ketone$, and benz- catalytic activities. Aprotic polar solvents were suitable for
anilides? were arylated with aryl halides in the presence of the reaction, of which NMP exhibited the best results.
palladium catalyst. It is considered that the coordination lodobenzene (3a) and phenyltriflatéa) were also used as
between the phenolate or enolate oxygen of the substrategphenylating reagents; reaction of the former gave 65% yield
and the arylpalladium intermediate plays a key role in these of product6éaaand 14% yield of productaa, while the latter
reactions. In our previous report, the arylrhodium species gave 61% yield of produdaaand 7% yield of productfaa
generated by the transmetalation with tetraarylstannane isThe reaction of chlorobenzenBg) was slower; 32% yield
assumed to be a key intermediate. The oxidative addition of of product6aa was obtained from the reaction after 20 h.
aryl halides to transition metal complexes would also yield When reactantia (0.5 mmol) was treated with an excess
the arylated transition metal species, which was thus expectecamount of bromobenzene€d, 1.5 mmol) under similar
to act similarly as an intermediate for the arylation of reaction conditions, except the increased amount Af®%
pyridylbenzenes. Herein we report that, in the presence of a(3.0 mmol), the diphenylated produ@aa was obtained
catalytic amount of a ruthenium(ll)-phosphine complex, the exclusively in 77% yield.
aromatic rings of pyridyl group-substituted aromatic com-  Table 1 summarizes the representative results for the
pounds were directly arylated or alkenylated, in the ortho reactions of arylpyridinesl with equimolar amounts of
position, with the corresponding organic halides. bromides2.’® The arylation of 2-phenylpyridinel@) with
2-Phenylpyridine (1a, 0.5 mmol) was treated with an substituted bromobenzengb, 2c, or 1-bromonaphthalene
equimolar amount of bromobenzeriza( 0.5 mmol) in the (2d) proceeded comparably as in the case of bromobenzene
presence of [RuG(r5-CsHe)]> (0.0125 mmol), PPh(0.05 (2a), affording the monoarylated produ@&ab—adin 60—
mmol, P/Ru ratio= 2), and KCO; (1.0 mmol) in N- 64% yields and the diarylated produ@@b—ad in 16—18%
methylpyrrolidinone (NMP) at 120C for 20 h to yield the yields (entries 1—3). The reaction @& with a hetero-aryl
monophenylated produéaa(71% yield) and a small amount  bromide, bromopyridine2g), yielded product6aeand7ae
of the diphenylated productaa (11% vyield, Scheme 1). in 40% and 14% vyields, respectively (entry 4). Alkenylation
was also observed whdmawas treated witl-bromostyrene
(2f) to afford the monoalkenylated prodwgafin 62% yield
and the dialkenylated produ@af in 17% vyield (entry 5).

Scheme 1 . .
3-Methyl-2-phenylpyridine (1b) selectively gave the mono-
= | cat. phenylated product (6ba) in 90% yield in the reaction with
N . [RUCIy(n®-CgHg)l2. 4PPhg bromobenzene (2a, entry 6). As was described in the
Ph-X KoCOs, literatures’® the steric interaction between the phenyl group
1a 2a-5a NMP, 120 °C, 20 h and the methyl group ir6ba would prevent the second
ph P ph  F phenylation. Meta substituted phenylpyridines underwent the
« | - | arylation only at the less hindered ortho position. Thus, the
N7+ N
Ph (8) (a) Catellani, M.; Frignani, F.; Rangoni, Angew. Chem., Int. Ed.
Engl. 1997,36, 119. (b) Catellani, M.; Cugini, Fletrahedron1999, 55,
X 6aa (%) 7aa (%) 6595.
Br (2a) 71 1 (9) Oi, S.; Fukita, S.; Inoue, YChem. Commuril998, 2439.
| (3a) 65 14 (10) (a) Satoh, T.; Kawamura, Y.; Miura, M.; Nomura, Mhgew. Chem.,
oTi (@ 61 7 Int. Ed. Engl.1997,36, 1740. (b) Satoh, T.; Inoh, J.-l.; Kawamura, Y.;
(4a) 0 Kawamura, Y.; Miura, M.; Nomura, MBull. Chem. Soc. Jpr1998,71,
Cl (54) 32 2239. (c) Kawamura, Y.; Satoh, T.; Miura, M.; Nomura, @hem. Lett.

(11) Satoh, T.; Kametani, Y.; Terao, Y.; Miura, M.; Nomura, M.
Tetrahedron Lett1999,40, 5345.

(12) Kametani, Y.; Satoh, T.; Miura, M.; Nomura, Netrahedron Lett.
RuCkL(PPh)s or [RuChk(cod)L-4PPh catalytic systems also ~ 2000,41, 2655.

showed good activities in affording the products in similar O'éln?;mﬁogszgg r,ﬁ’];e‘j& p ,'ﬁ,;%‘f)’e;grgjt('{‘ggAm”;'th“,ge]f;‘r(,ﬁf P

yields, which indicate that the preceding three catalytic (13.1 mg, 0.05 mmol), and [Rugh®-CeHe)]2 (6.3 mg, 0.0125 mmol,
; ; i available from Aldrich) in 1 mL of dried NMP was stirred at 120 for 20
Systems generate analoQous active catalyuc Species. HOWh under a N atmosphere in a Schlenk tube. The reaction mixture was diluted
with 50 mL of EtOAc, washed with water (20 mk 3), and dried over
(7) (a) Jdia, C.; Piao, D.; Oyamada, J.; Lu, W.; Kitamura, T.; Fujiwara, MgSQs. After the solvent was evaporated in vacuo, the residue was purified
Y. Science2000,287, 1992. (b) Jia, C.; Lu, W.; Oyamada, J.; Kitamura, by flash chromatography (hexareSstOAc, 5: 1) to give the phenylated
T.; Matsuda, K.; Irie, M.; Fujiwara, YJ. Am. Chem. So2000,122, 7252. products6aa (82.1 mg, 71%) andaa (16.9 mg, 11%).
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Table 1. Ruthenium-Catalyzed Ortho Arylation and
Alkenylation of 2-Arylpyridinesl with Organic Halide22

yield (%)
entry 1° 2 mono (6) di (7)
VoC ] Br
1 SN /@ 60 (6ab) 18 (7ab)
1 Me'
=~ a 2b
Br
2 1a O 64 (6ac) 16 (Tac)
F
2c
Br
3 1a 60 6ad) 16 (7ad)
2d
S Br
4 1a | N 40 (6ae) 14 (Tae)
o
2e
5 1a P X8 62 6af) 17 (7ah
2f
Me /| Br
6 N ©/ 90 6ba) 0
b o
g
7 Me SN 2a 95 (6ca) 0
\1c
a
8 F3C \N 2a 90 (6da) 0
\1d
Q
81 (Gea) O

L]
10 O N 2a 76 (6fa) -

A
11 O‘ 95 (6ga) -
S

X
N/ 2a
g

aReaction conditions (0.5 mmol),2 (0.5 mmol), [RuC(75- CGHG)]Z
(0.0125 mmol), PPh(0.05 mmol), NMP (1 mL), 120°C, 20 h,
atmosphere? Arrows indicate the reacting point(s)Isolated yields.

reactions of meta Me- or GFsubstituted substratds, 1d,
or 2-(2-naphthyl)pyridineXe) with bromobenzene2g) gave
the monophenylated produd@sa-eaexclusively in excellent
yields (entries 79). 2-(1-Naphthyl)pyridineXf), having only
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one ortho G-H bond on the aromatic ring, gave the
monophenylated produéfa in 76% yield (entry 10). 7,8-
Benzoquinoline (1g), which has the nitrogen atom fixed in
the same plane of the reacting point, reacted favorably with
2ato afford the monophenylated prod@gain an excellent
yield of 95% (entry 11).

In the present arylation reaction, tetravalent aryl- or
alkenylruthenium species is considered to be a key interme-
diate, which is generated by the oxidative addition of bromide
2 to ruthenium(ll) complex. A presumed reaction mechanism
is shown in Scheme 2. The tetravalent arylruthenium

Scheme 2

Ar-Br

complex8 reacts electrophilically with reactahtby the aid
of the chelation of the pyridyl group, to yield the zwitterionic
intermediate9. Elimination of HBr yields the arylated
ruthenacyclel0, and the reductive elimination of ruthenium
affords the producé.

In conclusion, the reaction reported herein provides a new
method of direct arylation and alkenylation of the ortho
position of pyridyl group-substituted aromatic compounds
with the corresponding organic halides. The pyridyl group
acts as a directing group of the ortho metalation. Further
investigations to extend the scope of these reactions are
currently in progress.
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