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ABSTRACT

A combination of CoCl, and 1,6-bis(diphenylphosphino)hexane catalyzes a novel three-component coupling reaction of alkyl bromides, 1,3-
dienes, and silylmethylmagnesium chloride, yielding homoallylsilanes in good to excellent yields. The reaction involves a radical species from

alkyl halides.

In recent years, cobalt-catalyzed carbaarbon bond forma-

cyclohexyl bromide (0.75 mmol) and 1-phenyl-1,3-butadiene

tion with organometallic reagents has received increasing (1a, 0.5 mmolj in ether (3 mL) in the presence of CoCl
attentiont Cahiez and Knochel have demonstrated the ability (0.025 mmol) and 1,6-bis(diphenylphosphino)hexaneRPh
of cobalt complexes as a catalyst in the cross-coupling (CH,)sPPh (dpph) 0.025 mmol) at @C. The resulting
reaction between aryl halides and organomagnesium andmixture was then stirred for 5 h at 25 °C. After aqueous
organozinc species. We have also reported that a cebalt workup, silica gel column purification affordedg)-4-
phosphine complex catalyzes a Heck-type reaction of alkyl cyclohexyl-1-phenyl-3-trimethylsilylmethyl-1-buten2d] in
halides with styrenes in the presence of trimethylsilylmethyl- 87% yield with high regio- and stereoselectiviti/Z =

magnesium chloridéDuring the course of our research on

>99/1).

cobalt-catalyzed novel reactions, we have found that the use The choice of the phosphine ligand is crucial for the
of 1,3-dienes in place of styrene resulted in a formation of successful reaction. The use of 1,6-bis(diphenylphosphino)-

unexpected three-component coupling prodéttsrein we

hexane (dpph) provided the best result among phosphine

wish to describe a synthesis of homoallylsilanes from 1,3- ligands we examined. Other diphosphines, 1,5-bis(diphenyl-
dienes, alkyl halides, and a silylmethylmagnesium Grignard phosphino)pentane and 1,4-bis(diphenylphosphino)butane

reagent under cobalt catalysis.
Trimethylsilylmethylmangnesium chloride (1.0 M ether
solution, 1.0 mL, 1.0 mmol) was added to a mixture of

(dppb) afforded?a in 75% and 65% yield, respectively. In
contrast, 1,3-bis(diphenylphosphino)propane (dppp) gave
only a trace amount of the desired coupling prod@stinder
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(4) A mixture of stereoisomerE/Z = 40/60) was employed. The
geometry of the starting material seems not to be essential. The use of the
pure E-isomer provided almost the same result.



the same reaction conditions. 1,2-Bis(diphenylphosphino)- || |l | 8 I
ethane and bis(diphenylphosphino)methane afforded a COM-raple 2. Three-Component Coupling Reaction with Various
plex mixture. The reaction did not take place at all in the 1 3 pjenes

presence of monophosphine ligands such asg BP the

absence gf Iigan&Whereas it took 5 h for completion of <:>_Br v PSR Me;SiCH,MgCl O\/[Siﬂjg
the reaction with dpph at 25C, full conversion was , CoCh/dpph ar

accomplished within 30 min at 35 (ether reflux). 2
I i product  yield (%) (selectivity)
1 p-MeOCgH, 29 99 (E/Z = >99/1)
Scheme 1 2 0-BrCsHa 2h 72 (E/Z = >99/1)
iMe: - _
_ Me3SiCH, MgCl 3 3 m-ClCeH4 2 78 (E/Z = >99/1)
er * I CoCl,/dpph > ph 4 N-Cobhio 2 (85
oLl,/dppl _
1a (E/Z= 40/60) 2a 87% 5 C CsH]_lCHz 2k 85 (57/43)C
6 n-CoH19CH=CH 21 93 (58/42)°
7 PhMe,Si 2m 97 (E/Z = 92/8)

Next we examined the use of various alkyl halides in the  ®Cyclohexyl bromide (0.75 mmol), 1,3-diene (0.5 mmol), CoL025
y mmol), dpph (0.025 mmol), MSiCHMgCI (1.0 mmol), and ether (3.0

three-component coupling reaction using 1-phenyl-1,3-buta- mi) were employed? The product was obtained as a mixture of isomers
diene and trimethylsilylmethylmagnesium chloride in the of which the ratio could not be determinedlhe stereochemistry of the

presence of the Cog@PhP(CH)sPPh catalyst combination. ~ 'SCmers could not be assigned.
The results are summarized in Table 1. Several characteristics

We next examined several 1,3-dienes to clarify the scope
_ and limitations of this reaction (Table 2). 1-Aryl-1,3-dienes
Table 1. Three-Component Coupling Reaction with Various that have an electron-donating group or an electron-
Alkyl Halides* withdrawing group on the benzene ring worked equally well
to provide 2 in good to excellent yields. In addition, the

CoClo/dpph SiMe
Me-SiCH-MaCl 3 reaction tolerates chloride and bromide in the substrates
R—X + WS _MesSCHMGC! |
— = Ph R i i ic di i -1.3-di
1 other. 35 °C 2/ Ph (entries 2 and 3). An aliphatic diene, trideca-1,3-diene,
a
oty - ey prodet venco N
Scheme 2

1 n-CnggBl’ 2 2b 84 SiMe

2 2-bromooctane 0.5 2c 87 Br Conditions $

3 t-BuBr 0.5 2d 87 >+ e ph y pn

4 1-bromoadamantane 0.5 2e 93 3 1a .

5 c-CeHu1l 2 2a 60 4 52 %

6 ¢-CgH11Cl 2 2a nrb ></

7 c-CeHuBr 05 2f 91¢ 0N+ A Apy

SiMe

aRX (0.75 mmol),1a (0.5 mmol), CoC (0.025 mmol), dpph (0.025 7-BuO Br 1a °
mmol), MeSiCHMgCI (1.0 mmol), and ether (3.0 mL) were employed. 5 Conditions Z
b No reaction proceeded and cyclohexyl chloride was recovéiedMe- E— Ph
SiCHMgCI was used instead of M8ICH,MgClI. 6 93 %

0
nBuO
. . . SiMe,

of this reaction are noteworthy. Not only secondary bromides cro
but also primary and tertiary bromides provided the corre- ’ o ZPh

sponding coupling products in good to excellent yields. As 7

for halides, bromides are the choice. The use of cyclohexyl

iodide instead of bromide yieldethin rather reduced yield.

Furthermore, alkyl chlorides such as cyclohexyl chloride did D_/Br_, > —  AF
3

not react at all under the same reaction conditions, and the
chloride was recovered unchanged completely. Another

silylmethyl Grignard reagent, PhiM8iCH,MgCl, also ef- o></ o></ o
fected the three-component coupling reaction, yielding the ar )\ - :
corresponding produ@f (entry 7). Unfortunately, the use RO 5 RO RO

of other alkyl and aryl Grignard reagents provided none of
the desired three-component coupling products

aConditions: RX (0.75 mmol)la (0.5 mmol), CoC{ (0.025

(5) At the present time, we do not know the exact nature of the catalyst MMol), dpph (0.025 mmol), M&iCH,MgCl (1.0 mmol), and ether
combination of CoG¥dpph, i.e., whether dpph acts as a bidentate or (3.0 mL) were employed.
monodentate ligand to the cobalt center.
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yielded an inseparable mixture of regioisomers in 85% yield

(entry 4). The use of 2,4-pentadienylcyclohexane as a Scheme 3. Proposed Reaction Pathway
substrate, which does not give rise to a problem associated CoCla/dpph
with regioisomerism, furnished the expected homoallylsilane
2k in good yield (entry 5). Pentadeca-1,3,5-triene provided SiMe, kMeGSiCHzMQC'
the corresponding coupling produ2t in excellent yield Ph/\)/\/R - R =
without the formation of its regioisomer (entry 6). The % > Col,
reaction with 1-aryl-1,3-dienes exhibited high stereoselec- / 8
tivity with regard to the newly formed double bond, and the Ph” N
(E)-isomers were formed exclusively. In contrast, the forma- MesSiCH; -~ A Vh Rg'
tion of theZ-isomer in addition to th&-isomer was observed P SR ] L,Cox 10
in other cases. 1B pp N R !
To elucidate the reaction mechanism, the following two "
reactions were carried out (Scheme 2). Treatment of cyclo-
propylmethyl bromide3 with 1-phenyl-1,3-butadienda Me,SICH,MgCl X ot
exclusively yielded 1-phenyl-3-trimethylsilylmethyl-1,7-octa- ph SINR
diene4, which was derived via the cleavage of the cyclo- 12
propane ring. In addition, starting from bromo acéiathe
cyclization-coupling produdd, which has a tetrahydrofuran In conclusion, we have developed a cobalt-catalyzed novel

ring, was obtained in excellent yield. These experimental three-component coupling reaction of alkyl bromides, 1,3-
results strongly suggest that the reaction involves somedienes, and trimethylsilylmethylmagnesium chloride. The
radical species from the alkyl halides employedow we reaction requires the use of 1,6-bis(diphenylphosphino)-
propose the following reaction mechanism depicted in hexane as the phosphine ligand.

Scheme 3. An addition of trimethylsilylmethylmagnesium )

chloride to the mixture of CoGland PhP(CHy)sPPh . Agknowledgmgqt. This work was suppqr'ged by Grants-
provides low valent cobalt speci8sSingle electron transfer ~ iN-Aids for Scientific Research from the Ministry of Educa-
from cobalt complex8 to an alkyl halide yields kCoX and tion, Culture, Sports, Science and Technology, Government
an alkyl radical9, which then attacks to 1-phenyl-1,3- Of Japan.

butadiene, yielding allylic radical0. Recombination of the
radical 11 with cobalt specieslO affords sz-allylcobalt
complex128 Allylcobalt 12 is alkylated with MgSiCH,-
MgCIl. The complext3 eventually collapses to the coupling
product via reductive elimination on the cobalt center and OL0356643
regenerates low valent cobalt compl@X

Supporting Information Available: Experimental pro-
cedures and compound data. This material is available free
of charge via the Internet at http://pubs.acs.org.
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