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ABSTRACT
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In contrast to the Pd(0)-catalyzed mechanism by Uemura, Mizoroki—Heck type reaction of boronic acids is found to proceed under a Pd(ll)-
mediated pathway using a catalytic amount of Pd(OAc); in the presence of Cu(OAc), as an oxidant. Treatment of a variety of alkenes with

boronic acids, boronates, and sodium tetraphenylborate furnishes f-arylated and alkenylated products in good to excellent yields. The reactions
with norbornene, norbornadiene, and diphenylacetylene are also performed to give 1:2 or 2:1 coupling products.

In addition to the conventional MizorokiHeck (MH) amount of Pd(ll) in the presence of an appropriate oxidant.
reaction of unsaturated compounds with organic halides asThis is the case with the reaction of silanol and trialkyltin
anelectrophile!? the related reactions with severaicleo- (eq 2). This is because the reaction involtremsmetalation
philic organometallic reagents such as silahalisd orga- between the reagents and Pd(ll) species to form the orga-
nostannanédave also attracted much attention recently. In nopalladium complex liké as a key step. On the other hand,
contrast to MH reaction catalyzed by Pd(0) as shown in eq the MH-type reaction of boronic acid was shown by Uemura

1 of Scheme 1, Organometallic reagent-mediated MH—type_
reactions usually require stoichiometric Pd(ll) or a catalytic

Scheme 1
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to proceed under Pd(0)-catalyzed conditions (e18)this 65% yield after stirring for only 3 h. Use of a slightly excess
reaction,oxidative additionof the carbon—boron bond to  amount (1.2 equiv) of phenylboronic acid improved the yield
Pd(0) to giveB is shown to be the initial step of the catalytic to 84%.

cycle. We have been interested in studying the difference of
such organometalloids. Here we report our recent findings
on organoboron-mediated catalytic MH-type reaction, which
can be performed also via a Pd(ll)-catalyzed pathway in an

aprotic polar solvent such as DMF using copper(ll) acetate i _ ) i
as an inexpensive oxidant. alkenes bearing an electron-withdrawing substituent (2a—

The reaction of phenylboronic acid, (1 mmol) with butyl @), allyl phenyl ether (2e) and styrene (2f) also affected the

acrylate (2a, 1 mmol) was carried out as shown in Scheme "eaction. All the aIkene; examiped except acry!onitrﬂd)(
2 under the similar conditions as for silanol or tin using 10 afforded the products witB-configuration, exclusively. The

reaction with 1,2-disubstituted alkenes such as ethyl crotonate

As summarized in Table 1, we examined the MH-type
reaction of phenylboronic acid) with various alkenes. The
reactions proceeded smoothly to afford the corresponding
phenylated products in reasonable yields. In addition to

(20) and ethyl fumarate?h) also proceeded stereoselectively.
Although these reactions required a higher reaction temper-

SCher:joic)z ature _thaq those of Pd(O)-cataIyzed reac_tions (rt, ¥ d),_
o 152 8;'\2‘)’;/%{6;\(: boronic acid was much more reactive than silanols and aryltin
Ph-B(OH), + “cooBu BVE 100°C Ph~cooBu reagents.
1 2a 8h 3a (84%) Table 2 shows the reaction of various boron reagents with

butyl acrylate. Use of boronic acidé-8 that possess an
electron-withdrawing or -donating substituent on the aromatic
mol % of Pd(OAc), 2.0 equiv of Cu(OAc) and 3.0 equiv  ring was found to be equally effective irrespective of the
of LIOAc in DMF (7.5 mL) at 100°C.* In contrast to the  glectronic effect. Sodium tetraphenylbora® élso under-
reactions of silanols and tin reagents, which required ayent the arylation in a good yiefiMoreover, the reaction

reaction period of 24 h to result in a reasonable 'yield', the alkenylpinacolborane40 instead of the corresponding
product, butyl 3-phenyl-2-propenoatéa), was obtained in ), oic acids was also effective to give the corresponding

_ dienoates in notably good yiel88Thus, the boronic esters
Fobe 1, MH-Type Reacton of PRB(OHuih Various I —

Alkeneg .
Table 2. MH-Type Reaction of Organolboron Reagents10
alkene product %yield with Butyl Acrylate Qa)
Ph boron reagent %yield
Zco0Bu P cooBu 84
2a 3a Me@B(OH)Z 4 76
> COOEt PP~ coort 63 MeOOB(OH)g 5 66
2b 3a
M Ph _~_ Me FaoOB(OH)Z 6 7
e Y 82 o
Y © >—®—B(OH)2 7 78
2c 3c Mé
ZCeN PO
58
CN C|~<i%s(on-|)2 8 58
2 3d (E:z=3:1)
o NaBPh, 9 95°
Ph
N Ph o~ OPh 79 Ph A~ .0
2e 3e B <
| 10a 67
Ph ©
/\Ph \/\Ph 82
2f 3f Hex\/\B/O ‘
Meo Ph | 10b 59
~FSCO0Et 7 COOEt 62 o
Me
29 3g
Ph a . " .
EtOOC._ _~ Z~COOEt The reaction was performed under the same conditions as those in Table
7 Co0Et \(ggEt 58 1 unless otherwise noteB The ratio of2a/9was 2.2, and the reaction was
2h carried out in the absence of LiOAc. The yield was estimated on the basis

aThe reaction was carried out using 5 mol % of Pd(GA&)kene2
(0.2 mmol), andL (0.24 mmol) in the presence of Cu(OA¢DP.4 nnol) and

3h

LiOAc (0.6 mmol) in DMF (1.5 mL) at 100C for 4 h.

of the mol amount oB. ¢ The reaction ofL0a (0.5 mmol) was carried out
with 2a (0.6 mmol) in DMF (2 mL) at 75°C for 4.3 h in the absence of
LiOAc. 9The reaction was carried out using 3 mol % of P4EhCN)
and 2.0 equiv of Cu(OAg)in DMF (2 mL) at 82°C for 5.3 h in the absence
of LiOAc.
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were found to be available for the alkenylmetal-based MH-
type reaction without hydrolysis of the boronate moiety.

smoothly underwent the double alkenylation. These results
are generally better than their tin counterp&ttsloreover,

Employment of substrates that generate an intermediatealkenylboron-based protocol is advantageous because the

not amenable t@-hydride elimination results in remarkable
1:2 condensation reactions. Indeed, the reaction with nor-

reagents are much more readily accessible in stereoselective
fashion in comparison to the corresponding tributyltin

bornene (11) induced double arylation as shown in Schemereagents. We assume that the reaction pathway is rationalized

347 |n this reaction, chloroacetone was found to be an

Scheme 3
PACIL(PhCN), (3 mol %)
Ab CICHzAC (2.0 mmol)
+ Ph—B(OH),
1

KoCOs aq (2.0 M, 1.0 mL)
THF (5.0 mL), 50 °C, 16 h
1.5 mmol

L]}L/Ph + Ph—Ph
Ph

12
34%

1.0 mmol

59%

effective oxidant, whereas none of the copper(ll) salts
examined gave good results. The doubly arylated product
12 was obtained in 34% yield accompanied by 59% of
biphenyl, while the corresponding organotin-mediated reac-
tion gave much better yields of diarylated norbornane
derivatives®®

The reaction of alkenylboronic estet8 with norbornene
(11) and norbornadiene (13) gave much better results
(Scheme 4). When the reactions Bf(2-phenylethenyl)-

Scheme 4

PdCI>(PhCN)»
(1.5 mol %)
CICHAC (1.0 eq)

2M KyCOj aq
1.0eq
THF, 50°C,5h

R

b oy FERL o
7 + \

, sz< R
14,15

10
R = Ph (14a, 72%): Hex (14b, 68%);
£Bu (14¢, 80%); (CH,)sOTHP (14d, 60%)

R = Ph (15a, 90%); Hex (15b, 64%);
#Bu (15¢, 80%)

Norbornene (11):

Norbornadiene (13):

pinacolborane (10ajvere carried out with 1.5 mol % of
PdCL(PhCN} in the presence of 1.0 equiv of chloroacetone
and 1.0 equiv of potassium carbonate in THF (6.0 mL), 2,3-
bis[(E)-2-phenylethenyllnorbornane (14a) and 5,6-bis[(E)-
2-phenylethenyllnorbornend %a) were obtained as single
isomers in 72% and 90% yields, respectivéySome other
alkenylboronateslOb—d with a different R group also
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4909.
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as follows: alkenylpalladation to norbornene would form
an intermediary palladium adduct througin-addition as
proposed in the usual MH-type reaction. However, the rigid
bicyclo[2.2.1] structure would circumvent conformational
rotation leading to theyn-periplaner orientation of Pd—C—
C—H unit that facilitates thg-hydride elimination. Thus,
subsequent transmetalation with the second alkenylboronate
10 to the palladated intermediate followed by reductive
elimination would afford the double alkenylated product.
On the other hand-(2-phenylethenyl)pinacolboran&da)
reacted with diphenylacetylend@a) and dimethyl acety-
lenedicarboxylate (16b) to give 5-(benzylidene)-1,2,3,4-
tetraphenyl-1,3-cyclopentadient’@) and 5-(benzylidene)-
1,2,3,4-tetrakis(methoxycarbonyl)-1,3-cyclopentadidni],
the 1:2 condensation products of the boron reagent and
alkynes (Scheme 5). These products are potentially interest-

Scheme 5
Ph
cat. (5 mol %) |
_ Cu(OAc), R R
0a + R—="R 5yF s7-C, 240
16 R R
17
R: Ph (17a, cat.: PdCIl,«[P(OMe)3]s, 81%);
COsMe (17b, cat.: Pd(OAc),, 17%)
R xpd—"
Ph Ph XPd H
\:>—<de Z " N-R|| R R
R R R R F R

ing precursors of densely substituted cyclopentadienyl
ligands?® The reaction is assumed to proceed via alkenylpal-
ladation giving an intermediatke Insertion of the second
alkyne molecule gived.° Then, intramolecular carbopal-
ladation becomes feasible, leadinglth and subsequent
dehydropalladation producés. Neither double alkenylated
products nor any noncyclized alkyne oligomers were obtained
at all.
In summary, we have shown that the MizoreKeck type

reaction of several organoboron reagents occurs in aprotic
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