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The ortho position of the aromatic ring of imino group substituted aromatic compounds is directly arylated and 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- co-workers reported that phenolic compounds such as
matic compounds have recently been recognized to be ofl-naphthols and 2-phenylphendlbenzyl phenyl ketones,
greatly useful synthetic utility. Reactions of various arylated and benzanilidéswere arylated with aryl halides in the
metal compounds, such as Mg, Zn, B, Si, and Sn, with aryl presence of palladium catalysts. It is considered that the
halides or their synthetic equivalents, such as aryl triflates, coordination between the phenolate or enolate oxygen of the
catalyzed by nickel or palladium complexes are widely substrates and the arylpalladium intermediate plays a key
employed for preparations of unsymmetrical biafyRe- role in these reactions. We have reported that, in the presence
cently, there has been much interest in transition metal of a catalytic amount of a rhodium{phosphine complex,
catalyzed direct €C bond formation of aromatic compounds pyridylbenzenes are directly arylated in the ortho position
involving the activation of a normally unreactive aromatic with tetraarylstannanésThe protocol was then developed
C—H bond, in terms of synthesis efficiency and minimization for the arylation and alkenylation reaction of the pyridyl-
of atomic waste. For the direct arylation of aromatic benzenes with organic halides instead of the organostannanes
compounds that gives the unsymmetrical biaryls, Miura and by use of ruthenium(Il-phosphine complexésin these
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reactions, coordination by the pyridyl group is presumed to
direct the aryl-rhodium or -ruthenium intermediate to the 1,40 1. Ruthenium-Catalyzed Ortho Arylation and

ortho position of the aromatic ring and promote the meta- Ajkenylation of Aromatic IminesL with Organic Halide<2
lation. Such an idea leads us to expect that the imino group
also acts as the directing group in our reaction system. The entry 1’ 2

imino groups are synthetically very useful because they can
Br
©/ 90 (3.4aa)’ 81:19

yield (%)° ratio (3:4)

be converted to many other functional groups such as
ketones, alcohols, carboxylic acids, and amines and are !
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sometimes utilized as the directing group in transition metal 2 2a 92 (34aa)* 61:39
catalyzed direct functionalization of aromatic rings with

alkenes or alkynesHerein we report that, in the presence 3 A 2a 91 (3.4da) 78:22
of a catalytic amount of a ruthenium®phosphine complex, . 1d

the aromatic rings of imino group substituted aromatic
compounds were directly arylated and alkenylated, in the - AT 2a 52 (3,4ea)’  10:90
ortho position, with the corresponding organic halides.

Initially, reactivity of 1-phenylethyliminesl{a—c) bearing
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different substituents on nitrogen was examined. Wki€a- @)\\N,Ar 2a 17 (3fa) )

methoxyphenyl)-1-phenylethylimine (1a, 0.5 mmol) was 1f

treated with a slightly excess amount of bromobenz@ae ( ™~

0.6 mmol) in the presence of [Ru{}5-CsHe)]» (0.0125 ~ Ar

mmol), PPh (0.05 mmol, P/Ru ratie= 2), and KCO;s (1.0 7 N 2a 83(ga)  100:0

mmol) in N-methylpyrrolidinone (NMP) at 10€C for 20 h, ~ o

90% total yield of monophenylated produ8ta and di-

phenylated productaawas obtained with 8aa:4aaratio 8 F3C\©/L\N’Ar 2a 93 (3ha)  100:0
b

of 81:19 (Scheme 1). Changing the substituent to either a
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phenyl group 1b) or benzyl groupXc) decreased the total

yield to 78% and 74%, respectively. The electron-donating 2e
4-methoxyphenyl group would be favorable for the nitrogen : _
. . 5 1 73 3ghl  100:0
atom to coordinate to the metal center. Besides, 4-methoxy- g )VBr 8
phenyl group is advantageous for deprotection because it 2f

eaSIIy undergo oxidative Cleavage with CAN'_ aCommon reaction conditions: Ax 4-MeO-GHa4, 1 (0.5 mmol), 2
RuChL(PPh); or [RuCk(cod)L—4PPh catalytic systems Eo.e mmollg. [RUCi((WG'Ce)He)]z (0-012ﬁ mmol), PPA};I(Oé?’S mmol), Pézcos
N ; ; ; 1.0 mmol), NMP (1 mL), 120C, 20 h, N atmosphere? Arrows indicate
a_lsc_) shqwed good activities in afford_|n9 _the products in - reacting point(sy. Isolated yieldsd Reaction at 100C. € 1.5 mmol of
similar yields. However, various phosphine ligands other than 2 and 2.0 mmol of KCO; were used! Isolated as aldehydes or ketones
PPh, such as alkyl phosphines, phosphites, and bidentateafter hydrolysis? Reaction for 40 h.
diphosphines, examined in combination with [Ry(&%-
CsHe)]2 did not exhibit comparably favorable results. Aprotic Table 1 summarizes the representative results for the
polar solvents were suitable for the reaction, of which NMP reactions of aromatic imines with organic bromide.1°

exhibited the best results. When imine 1a (0.5 mmol) was treated with an excess
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amount of bromobenzen&€d, 1.5 mmol) under similar  substituents on the arylbromides. As shown in entries 11
reaction conditions, except for the increased amount of 14, all of the reactions proceeded smoothly, affording only
K,CGO; (2.0 mmol), the ratio of diphenylated produtaa the monoarylated products selectively in good yield. Alk-
was increased to 61:39 with a good yield of 92%; however, enylation was also observed whdmg was treated with
the formation of monophenylated produ8ta was still 1-bromo-2-methylbutene (2f) to afford monoalkenylated
predominant (entry 2). Steric interaction between the first product3gfin 73% yield (entry 15).

introduced phenyl group and the methyl group on the imino  As was proposed in our previous paper for arylation of
moiety would prevent the second phenylation. Although pyridylbenzene$tetravalent aryl- or alkenylruthenium spe-
introduction of an ethyl group on the imino moietid) was cies is considered to be a key intermediate, which is
expected to increase the ratio of monophenylated productgenerated by the oxidative addition of bromigléo ruthe-
3da, the ratio was similar to that froita (entry 3). On the nium(ll) complex. A presumed reaction mechanism is shown
other hand, the imine from benzaldehydke) bearing a  in Scheme 2. The tetravalent arylruthenium complegacts
hydrogen on the imino group underwent diphenylation
predominantly (3ea:4ea& 10:90) even when 1.2 equiv of

bromobenzene was used (entry 4). Thus the use of an excess Scheme 2
amount of bromobenzene (3 equiv) gave only diphenylated R’
product4eain a good yield of 92% (entry 5). < R?

The reaction of iminelf bearing a methyl group at the d\N Ry Ar-Br
ortho position of the benzene ring with bromobenzene gave Ar 5
only 17% vyield of producBfa (entry 6). The low yield can 3

be also explained by steric interaction betweendimeethyl
group and the methyl group on the imino moiaty-Methyl

substituted imind.g underwent the arylation only at the less R R2

hindered ortho position where monophenylated pro8get @:‘\\N’

was formed exclusively in 83% yield (entry 7). Similarly, Au\"’ Ar—Ru-Br
imines having substituents at the meta position of the benzene 6 Ar 5
rings (Lhand 1i) gave only monophenylated produciha :

and 3ia, selectively in very good yield (entries 8 and 9). R »
These results also indicate that the reaction is compatible to Kﬁ?:ré ©/‘\\N’R K.CO.
either an electron-withdrawing or -donating substituent on 8 ] TS

the reacting aromatic ring. The reaction of imitjebearing
a methyl group at the para position gave both mono- and

diphenylated productsja and4ja) in 81% total yield with electrophilically with reactant by the aid of the chelation

a 3ja:4ja ratio of 67:33 (entry 10). of the imino group to yield the arylated ruthenacy6leand
The arylation of m-methyl-substituted iminelg with the reductive elimination of ruthenium affords the product

substituted bromobenzenes were then examined. The presers,

arylation reaction also showed good compatibility with the  |n conclusion, the reaction reported herein provides a new

method of direct arylation and alkenylation of the ortho
(8) (a) Kakiuchi, F.; Yamauchi, M.; Chatani, N.; Murai, Shem. Lett. ~ position of imino group substituted aromatic compounds with
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