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The catalytic functionalization of unreactive bonds such as Scheme 1. The Phenylation of a Variety of C—N Bonds?
carbon-hydrogent, carbon-carbor? carbon-fluorine and carbor

oxygert bonds has become an interesting research subject in modern o RuHz(CO)(PPhs)s (1)
organic synthesis. In addition to these reactions, the functionalization Bu' + Ph—BO>< g.oZmme Bu'

. . . R . toluene 0.5 mL
of aryl carbor-nitrogen bonds in aniline derivatives is also NMe2 reflux, 20 h

challenging because, to date, only one example of the oxidative 50.5 mmol 30.6 mmol 6 91%

addition of an aryl G-N bond in anilines to a transition metal has
been reported For the functionalization of aryl €N bonds, the CEE
bonds are usually activated by conversion to diazonium salts (Ar

N2X),” ammonium salt§,triazenes, and imidazole4® However,
to the best of our knowledge, the catalytic functionalization of 83% 82% 87% 82%" 51%
unreactive aryl €N bonds in aniline derivatives has not yet been  ajggjated yields? Phenylboronat& (1.0 mmol) and catalyst (0.04mmol).
achieved. Herein, we describe the first example of catalyticCC ¢ Phenylboronat® (1.5 mmol) and catalyst (0.06 mmol).
bond formation via the cleavage of aryH®l bonds in anilines. ) )

In our continuous studies of the catalytic functionalization of I7\—I?It\)ll—el’3_ilr'ne;l;]r;/?a%?:&l)lir\]/%l5;??;28260{5) with Various
unreactive carbon bonds such ast€and C-O bonds, we found Organoboronates?
that RuH(CO)(PPh); (1) can function as an excellent catalyst, and
the use of a chelation assistance protocol is highly efficient for
attaining the cleavage of these boA#i&:d1Therefore, the reaction
of 2'-N,N-dimethylamino-6methylacetophenone2) with 5,5-
dimethyl-2-phenyl[1,3,2]dioxaborinan8)(was examined usind

_ R=CF3 89% 87%

as a catalyst (eq 1). We were pleased to find that the expected F 88% o

ortho phenylation via aryl €N bond cleavage took place to give OMe 91% . .
2'-methyl-8-phenylacetophenonef)(in 84% yield!2 This result NMe2 98% Bu Bu
provides the following notable features: (1) this is the first example = B
of the catalytic functionalization of aryl €N bonds in anilines 720 779%b 7-0 560/3.)
via an oxidative addition of a €N bond to a low-valent transition S 65%P S 45%°

metal; (2) this coupling reaction proceeds through a transmetalation

between a rutheniumamide complex and an organoboron com- But But B! But
pound.
= =z Z “Ph |

77%° 68%

o RuH2CO)(PPhs)s (1) 86%" (E:Z=94:6) 82%"

+ PhE >< 0.02 mmol )
fo) toluene 0.5 mL
NMez reflux, 20 h Ph ‘ Bu!
20.5 mmol 30.6 mmol 4 84% Bu
S|Me3 Ph
. . . . . b

When this coupling reaction was carried out usingNa- 91% 59%" 72% 82%"

dimethylaminoacetophenone, the phenylation took place at both  aghgitions: RUH(CO)(PPR); 1 (0.02 mmol), toluene (0.5 mL),
C—NMe; and C-H bonds. To suppress this undesired phenylation arylamine 5 (0.5 mmol), organoboronate (0.6 mmol), reflux, 20 h.
at the G-H bond, pivalophenone derivatives were employed. °Conditions: 1 (0.04 mmol), organoboronate (1.0 mmdiConditions: 1
Several amino groups such as\Me,, —N(CH,)s, —NMe(allyl), (0.06 mmol), organoboronates (1.5 mmol).

—NHMe, and —NH, are applicable to this aryl €N/RB(OR),
coupling (Scheme 1). The substituent on the nitrogen atom does
not have a significant effect on the yields of the coupling products
except for the—NMeAc group. Interestingly, a free NH group
(NHMe and NH) does not disturb this coupling reaction. In the
case of the reaction of an NMeAc derivative, the reactivity of the

ketone was decreased. Coupling prodéiatas obtained in 51%
yield under conditions of 12 mol % of catalyst loading.

Several organoboronates involving aryl, heteroaryl, alkenyl, and
alkylboronates can be used in this reaction. Some selected results
are listed in Table 1. In the case of 4-styrylboronate, the yield was
decreased slightly due to the polymerization of some of the
 Keio University. 4-styrylboronate during the reaction. The reaction using sterically
#Osaka University. demanding arylboronates such as 2-tolyl- and 1-naphthylboronates
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afforded the coupling products in 87 and 99% isolated yields,

The ruthenium-catalyzed chemoselective sequentiaC®ond

respectively. When the coupling reaction with heteroarylboronates formation using 2N,N-dimethylaminoacetophenoné&3) with 3
was carried out in the presence of 8 mol % of catalyst, the and trimethylvinylsilane 14) gavel5 as the sole product (eq #.

corresponding coupling products were obtained in4%% yields.
The reaction using 1-propenylboronate = 5:95) afforded 2
(1-E-propenyl)pivalophenone as a major produEtZ( = 94:6).

Phenylation at the €N bond with 3 and alkylation at the €H
bond with 14 took place to give produd5 in 99% isolated yield.

When @)-1-propenylboronate was heated at @D for 30 min in H RuH2(CO)(PPh3)s (1) e

the presence of RWCO)(PPh); catalyst, isomerization ofz)-1- @fﬁ\ + 3+ 7 SiMes gozmmal (4)
propenylboronateH;Z = 5:95) to the correspondirigisomer E:Z e ::';f:ezgﬁ mk

= 95:5) occurred. This suggests that ta@ropenylation product 130.5 mmol 1.0 mmol 141.0 mmol ' 15990'Zh

was formed after the isomerization of the propenylboronate.
Alkylboronates, such as benzyl, trimethylsilylmethgdphenethyl, In summary, we discovered the ruthenium-catalyzedXbond
and cyclopropylboronates, can be used in this reaction. It is formation via the unreactive aryl-€N bond cleavage in aniline
noteworthy that, in the case of the reactiorfgfhenethylboronate, derivatives with organoboronates. This reaction includes two
the a-phenethyl product, which could be formed yiahydride important elementary steps: one is oxidative addition of an
elimination from thes-phenethylruthenium intermediate followed —unreactive aryl €N bond to the late transition-metal complex and
by the re-insertion of the double bond in styrene into the-Ru the other is transmetalation between the—RIR, species and
bond, was not formed, and that the cyclopropyl group can be organoboronates. Further studies to address the scope and limitation
introduced on the aromatic ring without ring opening of the of this reaction and the reaction pathway are currently in progress.
cyclopropyl ring, which is usually reactive toward low-valent ~ Acknowledgment. This work was supported, in part, by a
transition metals. Grant-in-Aid for Scientific Research on Priority Areas “Advanced
To obtain information with respect to the transmetalation process, Molecular Transformations of Carbon Resources” from the Ministry
we carried out a competitive reaction usirigatninopivalophenone  of Education, Culture, Sports, Science and Technology, Japan, and
5, 4-N,N-dimethylaminophenylboronat&, and 4-trifluorometh- by the Cooperative Research with Sumitomo Chemical Co., Ltd.
y|pheny|b0r0nat@ (eq 2) After heating for 20 h, the Coup”ng F.K. thanks Tokuyama Science Foundation, and S.U. acknowledges
product10 derived from8 was obtained as the major product. This Research Fellowships of J.S.P.S. for Young Scientist.
indicates that an electron-withdrawing group improves the reactivity ~ Supporting Information Available: Experimental procedures and
of the arylboronate. These electronic effects of the arylboron spectral analyses of all products (PDF). This material is available free
compounds are consistent with the results of the palladium-catalyzed©f charge via the Internet at http:/pubs.acs.org.
cross-coupling reaction of propargylic carbonates with arylboron
compounds? In their study of this reaction, these workers reported R
that transmetalation between the palladitatkoxy species and
arylboron compounds proceeded through the coordination of the
alkoxy oxygen to the boron atom. We propose, on the basis of
their studies, that the transmetalation between thefRJe, species
and Ar—B(OR), takes place via the coordination of the amino group
to the boron atom. The low reactivity oN-methylN-(2-
pivaloylphenyl)acetamide, in which the electron density on the
nitrogen atom is slightly lower than those of other amino groups
(Scheme 1), is consistent with this proposed mechanism of the
transmetalation step.
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