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The ruthenium-catalyzed alkenylation of-€l bonds with
alkenylboronates has been explored for a series of aromati
ketones. The coupling reaction of pivalophenofg with
2-isopropenyl-5,5-dimethyl[1,3,2]dioxaborinar® gave the
corresponding isopropenylation product in 73% yield. In the

Note

ruthenium-catalyzed ortho selective arylation of arylpyridines
with arylstannane®We subsequently reported the RyE0)-
(PPhy)s-catalyzed arylation of aromatic ketones with aryl-
boronateg2To explore the synthetic utility of our protocol of
C—H/organoboronate coupling to a variety of organoboronates,
we examined the ruthenium-catalyzed alkylation of aromatic
ketones using alkenylboronates. We wish to report a new aspect
of the regioselective alkenylation of aromatic ketones with
alkenylboronates via cleavage of-El bonds using Ruk{CO)-
(PPh)s as a catalyst.

In our previous studies, which focused on the ruthenium-
catalyzed arylation of aromatic ketones with arylboronates-(Ar
B(ORY),), the use of the acceptor of the HB(OR), species was
found to be essential for attaining high yields in the coupling
reaction. To this end, we discovered that pinacolone can function
as an efficient acceptor of the HB(ORgpecies. As a result of
this finding, pinacolone was used as a solvent in this study.

(2) (a) Jordan, R. F.; Taylor, D. B. Am. Chem. S0d.989 111, 778—
779. (b) Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A,;
Sonoda, M.; Chatani, NNature1993 366, 529-531. (c) Lim, Y.-G.; Kim,

Y. H.; Kang, J.-B.J. Chem. Soc., Chem. Commua894 2267-2268. (d)
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CEtienne, S.; Chaudret, B. Am. Chem. Sod.998 120, 4228-4229. (f)

Lenges, C. P.; Brookhart, Ml. Am. Chem. Sod.999 121, 6616-6623.
(g) Harris, P. W. R.; Rickard, C. E. F.; Woodgate, P..D.Organomet.
Chem200Q 601, 172-190. (h) Gupta, S. K.; Weber, W. Rlacromolecules
2002 35, 3369-3373. (i) Thalji, R. K.; Ellman, J. A.; Bergman, R. G.

case of the reaction of a sterically congested alkenylboronate Am. Chem. So2004 126, 7192-7193.

such as 2-methylpropenylboronat®),(the yield was de-
creased slightly. Wherf-styrylboronates were used, the
corresponding coupling products were obtained in good
yields. The reaction of acetophenone witfstyrylboronate
afforded the corresponding 1:1 coupling product, exclusively.

In recent years, considerable attention has been directed(l_)|

toward the selective functionalization of unreactive carbon
hydrogen bonds with the aid of a transition metal catalyi&d.
date, several types of transformations ofl€bonds have been
reported. Among these,-C bond formations such as alkyla-
tion,2 alkenylation® acylation? and arylatioA~” have widely
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Chem. Lett1999 615-616. (f) Lim, Y. G.; Lee, K. H.; Koo, B. T.; Kang,
J.-B.Tetrahedron Lett2001, 42, 7609-7612. (g) Kakiuchi, K.; Uetsuhara,
T.; Tanaka, Y.; Chatani, N.; Murai, S. Mol. Catal. A2002 182183
511-514. (h) Lim, S.-G.; Lee, J. H.; Moon, C. W.; Hong, J. B.; Jun, C. H.
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Y.; Tokunaga, Y.; Kawata, A.; Takai, KI. Am. Chem. SoQ006 128
202-2009.
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E. J.; Pretzer, W. R.; O’'Connell, T. J.; Harris, J.; LaBounty, L.; Chou, L.;
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been studied. In these reactions, three types of protocols havet94. (d) Szewczyk, J. W.; Zuckerman, R. L.; Bergman, R. G.; Ellman, J.

been published. The first is the addition of-€& bonds to C-C
multiple bonds~ the second involves coupling with organo-
halides® and the third involves coupling using organometallic
compounds$:” The former two protocols have been the subject

of extensive investigations. The third has great potential as a

synthetic tool, but this is still at a primitive stage of development.
Only two types of coupling reagents have appeared in the
literature®” For example, Oi and co-workers reported the
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TABI__E 1. Ruthenium-Catalyzed Alkenylation of Pivalophenone the addition of the &H bond to the G-C double bond ir2, in
(1) with Alkenylboronates via C—H Bond Cleavage the case of the reaction using isopropenyltrimethylsilane, where
entry alkenylboronate product yieldb the addition of the €H bond across the €€C double bonds

gave the corresponding alkylation product exclusively.
o 0 Several alkenylboronates can be applied to the present new
J {\B/ :>< @& alkenylation reaction. The results for the reaction usingre
1 o 58% listed in Table 1. The reaction with 1-propenylboronad® (
6 = which was used as a mixture &f andZ-isomers E:Z = 39:
7 61), afforded the coupling produ@tin 58% vyield as a single

isomer (entry 1). To obtain information concerning the reaction
pathway of the stereochemical isomerization of the double bond,

(0]
m)\ o the following two control experiments were conducted. When
2 2t :>< 54% a pinacolone solution o6 was refluxed in the absence of
o) Z (E:Z = 65:35) ruthenium catalys3, no change in the stereochemistrycofias
(0]

(E:Z=39:61) E-isomer only

(EZ=18:82) observed even after 20 h. In the second experiment, a solution
of 6 was heated at 60C for 5 min in the presence of catalyst
3. In this case, th&-isomer of6 was completely converted to
R the corresponding-isomer. Thus, the ruthenium catalyst also
\©\/\ P O participated in the isomerization of the stereochemistry of the
A :>< = alkenylboronates. The reaction of 2-butenylboronat&:Z =
o O 18:82) gave a mixture df- andZ-isomers in the ratio of 65:35
R (entry 2). Several styrylboronates having electron-donating or
R=H -withdrawing groups can also be used in this coupling reaction
(runs 3-6). In these cases;)-5-styryl derivatives were obtained
as a sole product. Oi and co-workers reported that the alkenyl-
ation of aryloxazolines withH)-5-styrylbromide using [RuGH
(78-CeHg)]2 catalyst provided a mixture of stereo- and regio-

o) ) ‘ i L .
isomers vias-hydride elimination from the styrytruthenium
J 0 intermediaté. Interestingly, however, in our case, no isomer-
7 YB\O:>< 37% ization of the stereo- and regiochemistry was observed, although
8 9 |
9

61%
R = CH, 56%
R = OCHj 68%
R =CFs3 48%

o oW

the reaction proceeded through a similar stynylthenium
intermediate. From these results, we propose tha€C®ond
formation, that is, the reductive elimination step, is faster than
the 5-hydride elimination from the styrylruthenium intermedi-

2 Reaction conditions: pivalophenor® (1 mmol), alkenylboronate (1.2 ate. In the case of a sterically congested alkenylboronate, such
IO FUHCOIER. 9 002 e, prenine 05 ), (2, a5 2methyt-L-propenylboronat, the_prouct yild was
catal.yst Ioading).‘; Alkénylboronate (1.[?3 mmol) was usetReyaction condi- ’ decreasgd to 37% (gntry 7)- When the .coupllng. reactidn(@f
tions: 1 (2 mmol), 8 (1 mmol), 3 (0.02 mmol), toluene (0.5 mL), reflux, ~ €quiv) with8 (1 equiv) was carried out in refluxing toluer,

3 h."Based or8. was obtained in 70% yield (0.7 mmol) based®(entry 8). In

this casel functioned also as an acceptor of the-B(OR),

The reaction of pivalophenonel)( with 2-isopropenyl-5,5-  species. These results suggest that the choice of the acceptor of
dimethyl[1,3,2]dioxaborinane2) was initially examined using  the H-B(OR), species and the steric congestion of the alkenyl-
RuHx(CO)(PPR); (3) as a catalyst in refluxing pinacolonk boronate affect the yields of the alkenylation products. Presently,
(eq 1). The expected propenylation reaction occurred ortho to it is not certain whyl has high activity as an acceptor of the
the pivaloyl group to give produd in 73% yield. In the case =~ H—B(OR), species, and the reason of the different activity
of the C-H/acetylene coupling (addition of €H bonds to betweenl and4 as the acceptor must await further study.
acetylenes), only internal acetylenes can be used as the substrate

) e o}
because terminal acetylenes are prone to dimerize under these
reaction conditions, and as a result, alkenylation products, such /©)H<

+ 2

8¢ 8 70%/

A N 3 0.02 mmol
as 5, cannot be obtained. Thus, the present alkenylation of —_— @)
. R . pinacolone 0.5 mL R =
aromatic ketones using alkenylboronates provides a comple- reflux, 20 h
mentary protocol to €H/acetylene coupling. 1 mmol 1.5 mmol R=OMe 64% (73%)"

R=F 59% (68%)*

/L 0 Ong;g(Co)l(PPha)g 3) *conducted in a sealed tube, 140 °C, 20 h
. A >< 90zmmol ™)
S ;rnirglacolone (4)0.5 mL — o Ph (0]

. ) eflux, 3 h 5 2\3’0 30,02 mmol
1 mmol 1.5 mmol 73% * ! 40.5mL @
[¢) : Ph
reflux, 20 h

Alkenylboronate2 has two different reaction sites. One is
the C-B bond, and the other is the-€C double bond. In the
case of the reaction of eq 1, the alkenylation product was formed Reactions ofp-methoxy- andp-fluoropivalophenones pro-
via C—H/C—B coupling. This coupling mode contracts with  vided the corresponding coupling products in 64 and 59% yields,

1 mmol 1 mmol 48% l
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respectively (eq 2). A higher reaction temperature (3@)
improved the yields, slightly, to 73 and 68%, respectively. The
coupling reaction of acetophenone withstyrylboronate pro-
vided the monoalkenylation product as the sole product (eq 3).

In summary, our results concerning the ruthenium-catalyzed
coupling of aromatic ketones with alkenylboronates are pre-
sented herein. Several alkenylboronates can be used in thi
coupling reaction. The electronic nature of the substituent on
the benzene ring in styrylboronates did not substantially affect
the reactivity. In these cases;-C bond formation took place
between the ortho €H bonds in aromatic ketones and the B
bonds in the alkenylboronates.

Experimental Section

General Procedure.The apparatus used, which consisted of a
10 mL two-necked flask equipped with a reflux condenser and a
magnetic stirring bar, was flame-dried and then cooled to room
temperature under a flow of nitrogen. RyBO)(PPh); (0.02
mmol), pinacolone (0.5 mL), aromatic ketones (1.0 mmol), and

1268 w, 1185w, 963 s, 946 w, 752 w; M8z (% relative intensity)

202 (Mt, 10), 146 (12), 145 (100), 117 (65), 116 (11), 115 (47),

91 (20), 57 (12), 51 (12). Anal. Calcd forygH150: C, 83.12; H,

8.97%. Found: C, 82.84; H, 8.83%.
2,2-Dimethyl-1-(2-styrylphenyl)propan-1-one.Following the

general procedure above, the crude product was purified by

chromatography on basic aluminum oxide (hexane/EtGALO:

sl): mp 70-72 °C; R = 0.42 (hexane/EtOAe 5:1); *H NMR

(CDCly) 6 1.24 (s, 9H, C(El3)3), 6.94 (d,J = 16.2 Hz, 1H=CH),
7.03 (d,J = 16.2 Hz, 1H, &i=), 7.14 (d,J = 6.8 Hz, 1H, AH),
7.22-7.46 (m, 7H, AH), 7.69 (d,J = 6.8 Hz, 1H, AH); 13C NMR
(CDCls) 6 27.39, 45.29, 124.87, 125.58, 125.67, 126.51, 126.57,
127.86, 128.62, 128.67, 130.97, 133.70, 136.83, 140.34, 215.18;
IR (KBr, cm~1) 2964 w, 2868 w, 1685 s, 1496 m, 1478 w, 1461
w, 1449 w, 1363 w, 1271 w, 1195 w, 1184 w, 963 s, 945 w, 767
S, 749 w, 734 w, 694 m, 681 w, 669 w, 655 w, 531 w; Mz (%
relative intensity) 264 (M, 11), 208 (16), 207 (100), 179 (28),
178 (46), 57 (16), 51 (12). Anal. Calcd foréEl,O: C, 86.32; H,
7.63%. Found: C, 86.17; H, 7.62%.
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