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Abstract: The reactions of trialkylboranes or B-alkyl-9-BBN with aryl and I-alkenyl halides 

take place readily in the presence of PdClp(dppf) and sodium hydroxide or methoxide to afford 

alkylated arenes and alkenes in excellent yields. 

The cross-coupling reaction of organic electrophiles with organometallic reagents in the 

presence of transition metals is a very mild and most straightforward method of forming 

carbon-carbon bonds.1 Although organometallic reagents with methyi, I-alkenyl, I-alkynyl, and 

aryl groups have been successfully used for cross-coupling, those with alkyl groups having 

@-hydrogen have been severely limited due to the side reactions caused by B-hydride 

elimination, for example, from alkyl-Pd species generated in the catalytic cycle. Recently, 

Hayashi and coworkers found that such difficulties are readily overcome by Pd-catalyst having 

bis(diphenylphosphino)ferrocene ligand, PdC12(dppf), and organomagnesiums and zincs contain- 

ing primary- and secondary-alkyl groups become applicable for the coupling reactions2 

Here, we wish to report the alkylation of I-alkenyl and aryl halides with organoboranes such 

as trialkylboranes and B-alkyl-9-borabicyclo[3.3. llnonanes (B-R-9-BBN) in the presence of 

PdCl2(dppf) and bases (eqs. 1 and 2). 

o- 0 R--B< - 
-o- 0 R 

(1) I (or Br) + 

LB, l 
R-B< (2) 

R-B: = R,B or R-B 

The optimum conditions for carrying out the reaction of eqs. 1 and 2 were studied by 

using phenyl or 2-phenylethenyl halides and B-octyl-9-BBN or trioctylborane in the presence 

of PdClg(dppf) (3 mol%) and bases. The results are summarized in Table 1. It has been found 

that the coupling products can be obtained in high 

without production of any noticeable quantities of 

in the absence of base or in the presence of weak 

It should be noted that a high yield of octylbenzene 

yields in the presence of NaOH or NaOMe 

by-products, and the reactions were failed 

bases such as sodium acetate. 

can be obtained when powdered NaOMe is 
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used, whereas 2M-NaOMe in MeOH which is employed in most cases of the cross-coupling reactlon 

of 1-alkenylboronate~,~ gives Only 18°K yield (entries 1 and 2). %n(acat-)~ successfuil) 

utilized for the carbonylative cross-coupling of organoboranes4 alSO accelerates the reactlon 

in the presence of HMPA and gives a moderate yield of octylbenzene ( entry 5 1. 

As an alkylborane, 5-alkyl-9-BBN 1s rather favorable than trlalk!.lboranc, because only 

one of the three alkyl groups in the latter participates In the coupling r<Aactlon ientrles 6 

and 7) and the hydroboration of alkenes with 9-BRN is more reglo- and st~~reoselectlvc t ban 

borane.6 

In Table 2, the representative results of the reactlon of a varl?t\ , of al-> I and 

I-alkenyl halides with B-alkyl-Y-BBN are summarized. From these results, it is apparent that 

B-primary-alkyd-9-BBN with o-branched alkyl groups react with aryl lodidcs, bromides, and 

I-alkenyl bromides5 to give corresponding poducts in excellent ylelds. ‘I‘he retention of 

configuration of the starting (E)- and (%I-I-alkenyl bromides in the coupling w:;L~ observed 

(entries 9 and IO). On the other hand, no couphng uas observed in the r?actlon of 

iodobenzene a-1th set-butylboranes (entree 3 and 4). 

Table 1. Th?e Seactiuns of Octylborsnes with Phenyl and 2-Phenyletfieny liti;! 3t& 

Entry Halide Borar1e 

1 PtI 
2 Pk;I 
? Phi 
4 Phi 
5 Phi 
G Phi 
7 PhT 
8 PhSr 
9 (El-Ph~‘ZH=?HBr 

10 (El-PhCH=CHBr 
11 (E)-?~CE=:HB~ 

B-Oc tyl-9-BBN 
B-Octyi-Q-BBN 
B-Oct,yi-9-RBN 
%Octyi-+RBN 
3-Oc tyi -‘&BB!< 

B-Octyi-+BBN 
B-Cc tyl -?-ERN 
(3ctyl) ?B 

A typlcal procedure IS as follows. A dry 25ml-flask was charged with f’dC12(dppf)2 (22 

mg, 0.03 mmol) and flushed with nitrogen. THF (5 ml), aqueous 3WNaOH i I ml!, I -bromo- 

naphthalene (1.0 mmol) and B-iso-butyl-9-BRN6 (1.1 ml of I\1 solution, 1. I mmoll in TIFF were 

added. After refluxing for 16 h, the reaction mixture was cooled down to room temperature 

and diluted with benzene (20 ml). The organic layer was separated, washed with brine and 

dried over MgS04. Column chromatography on silica gel with hexane gave I-lso-but)lnaphtha- 

lene in 88% yield. 

The usefulness of the present method IS demonstrated by the synthesis of an alkqlbenzene 

with functional groups (3) and the extention of a side chain in a steroid (41 (eqs. 3 and 

4). The hydroboration is tolerant of several functional groups such aa cyano and ester 

groups and the organoboranes thus obtained also quite inert toward mall) functionai groups. 

Thus, the reactlon of organoboranr (I) obtained via hydroboration of methli IO-undecenoate 
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Table 2. The Cross-Coupling Reaction of Organoboranes with Organic Ha1ides.a 

Entry halide borane base Product Yieldc%P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

c- o ’ 

OMe 

A/ \ Br 

Br 

AA / 

CH,(CH&eBr 

octyi-B 

iso-butyl-B 

set-butyl-B 
a 

(set-butyl jSB NaOMe (1.5) 

octyl-B 
a 

octyl-B 

octyl-B 

iso-butyl-B 
=r 

octyl-6 
a 

octyl-B 
a 

octyl-B 
a 

octyl-B 
a 

octyl-B 
=r> 

NaOMe ( 1.5 ) 

NaOMe ( 1.5) 

NaOMe ( 1.5) 

3M-NaOH ( 3 ) 

3M-NaOH (3) 

NaOMe ( 1.5 ) 

3M-NaOH (3) 

3M-NaOH (3 I 

3M-NaOH 

3M-NaOH 

3) 

3) 

3M-NaOH ( 3) 

NaOMe ( 1.5) 

OMe 

A./ \ (CH,),CH, 

98 

95 

0 

0 

90 

(7 8) 

82c 

(88) 

a5@ 

90” 

94 

96 

cH3(CH’)5~(cti,),~~, (7 5 I 

SAll reactions were carried out under coditions described in the text, unless otherwise 
noted. bGlpc yields based on organic halides and isolated yields are in parentheses. 
GThe reaction was conducted for 4 h at refluxing temperature of THF, and then the reaction 
mixture was treated with acetic anhydride (5 equiv.) for 30 min to prevent the ester group 
from hydrolysis. d/3-Bromostyrene (E/Z=91/9) gave the decenylbenzene (E/Z=91/9). eThe 
product has Z configuration (Z>97%). 
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with 9-BBN in THF, with methyl 4-iodobenzoate under the conditions shown in entry 7 in Table 

2 gave 3 in 72% yield (eq. 3). The hydroboration of 20(21)-methylene steroid7a8 with 9-BBN 

in THF, followed by cross-coupling with 2-methyl-l-propenyl bromide gave 6 In 77% yield (eq. 

41.9 

MeOC-(CH,),aB 

8 

* l+{O,. 
+ MeOC-(CH,),, 0 

-(II>- 
COMe (3) 

% 6 

1 2 3 

Ic,i:t 

AC0 

4 5 6 

In a course of our study on the palladium-catalyzed reactions of organoboranes, we 

reported the reactions of I-alkenylboronates3 and phenylboronic acidLo wtth organic halides. 

The present reaction can make it possible for saturated alkyl groups on boron to be used as 

organic groups of cross-coupling reactions, and extend the usefulness of such reactions in 

organic synthesis. 
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