Nickel-Catalyzed Homoallylation
Reaction of Aldehydes with 1,3-Dienes:
Stereochemical and Mechanistic Studies

Teck-Peng Loh,* Hong-Yan Song, and Yan Zhou

ORGANIC
LETTERS

2002
Vol. 4, No. 16
2715—-2717

Department of Chemistry, Nantional University of Singapore, 3 Science Drive 3,

Singpaore 117543
chmlohtp@nus.edu.sg

Received May 21, 2002 (Revised Manuscript Received June 19, 2002)

ABSTRACT

o} R’
X
R)kH ' \(v\,

cat. Ni(acac),
—_—

Et,Zn v

Contrary to what was reported, the coupling reaction of nickel-catalyzed cyclic diene such as cyclohexadiene with carbonyl compounds in the

presence of diethyl zinc afforded y,d-alkenyl alcohols in good yields.

Most recently, our group has developed a new method for styrene and 2,5-dimethyl-2,4-hexadiene were unreactive, and

the synthesis of substituted tetrahydropyrans via a novel In-

cyclic dienes reacted slowly to provide intractable mixtures

(OTf)s-catalyzed (3,5)-oxonium ene type cyclization (Scheme of addition products in low yield¥ On the basis of this
1).* During the course of these studies, we are required to information, they proposed the involvement of a trans nickel
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prepare the requisite alkenyl alcohdl)(in optically pure
form. An attractive strategy is to apply the nickel(0)-catalyzed
coupling of 1,3-dienes to a chiral aldehyde elegantly
developed by Tamafuand Mori2 This homoallylation of

carbonyl compounds has been demonstrated to be a usefuf®

process because it produces synthetically ugetishlkenyl
alcohols?®

However, the major limitations of this reaction are the
difficulty of obtaining the product when cyclic dienes were

oxametallacycle intermediate in the reaction pathway (Figure
1) 8 Interestingly, in the course of our studies, we discovered
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that this nickel-catalyzed reaction also proceeded with
cyclohexadiene which greatly expanded the synthetic utility

of the reaction. In this paper, we report that Ni(agac)

catalyzed reaction of cyclohexadiene with a wide variety of

aldehydes in the presence obFt as the reducing reagent.

Initially, we carried out the reaction of various 1,3-dienes
with chiral steroidal aldehyd8 catalyzed by Ni(acag)in
the presence of diethylzinc (&n) or triethyl borane (EB).

The results are shown in Table 1. It was found that the

reaction with E&Zn was much faster than the reaction with
Et:B (entry 1 vs entry 2). Therefore, #£n was used for all

the subsequent reactions. In all these cases, the reaction
proceeded smoothly to afford the desired products in good

yields with moderate to good selectivities. For the nickel-
catalyzed reaction of chiral steroidal aldehydeith isoprene
under the treatment of fEAn, this reaction offered the
corresponding homoallylation product in good yield (82%)

Table 1. Nickel-Catalyzed Homoallylation of Chiral Steroidal
Aldehyde 3 with Various Dienés

n,, CHO ;‘i;\“ cat. Ni(acac),
+ [ — .
Std R1/ R3 EtZZn or Et3B, rt.
3 4
OH R, Ry OH R, Ry
’ 22 Rs * 22 Rs
Std Ry Std R,
Std =
¢
. reducing yield®  selectivity®
entry diene reagent/r[h] (%) (5:6)
1 a \/K Et;B /12 72 85:15
s
a Et,Zn/2 82 70:30
P ’
3 b Y& Et,Zn /2 84 90:10
c W Et,Zn/2 60° 62:38
@ Et,Zn/2 61° 75:25

a8 Reaction conditions: Ni(acac)0.1 mmol), aldehyde (1 mmol), dry
THF (5 mL), diene (4 mmol), and EZn or E&B (2.4 mmol).PBased on
isolated productDetermined by théH NMR or weight of diastereomers
separatediThe diene reacts only at the least substituted posit@mduct

and moderate stereoselectivity with 1,3-anti product as the was obtained in 45% yield when Bt was used instead of n.

major product $a/6a: 70/30). These reactions are highly

chemoselective, reacting only with the aldehyde functional entry 3 to 4 were based on compariséd NMR and*3C

group without affecting the enone functionality. Furthermore,

NMR) with 5a and 6a.

all these reactions proceeded in very high facial selectivity — Similarly, the product9 obtained from cyclohexadiene

in which only the Felkin-Ahn’s product (22/) was ob-
served.

The stereochemistry of the homoallylation prodb&ivas
confirmed by a single-crystal X-ray crystallography (Figure
2)8 The stereochemical assignment of the minor pro@act

(entry 5) was oxidized to the corresponding ketdi@
(Scheme 2). The ratio of the two isomers (75:25) of ketone
10 observed in théH NMR, and**C NMR was consistent
with the diastereomeric ratio of alcoh®] which indicated
the difference in the configuration of C-23.

was assigned after comparing the spectroscopic data of the Interestingly, cyclohexadiene reacted with steroidal alde-

corresponding keton&a with the ketone7a obtained from
5a (Figure 2)? The difference in thé*C NMR suggested
that it is most probably the FelkirAhn's product of the

syn isomer. The stereochemical assignments of products of
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5, 441—443.
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hyde 3 to afford the desired product in moderate yield and
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Figure 2. Single-crystal X-ray diffraction analysis &a and clarification of the structure da.

selectivity. Since the cyclohexane moiety is featured in a In conclusion, this work has demonstrated the utility of
large number of biologically important natural products, and nickel-catalyzed homoallylation strategy as an efficient
the development of synthetic methods other than Diels— method for the synthesis ¢fd-alkenyl alcohols. Excellent
Alder and olefin metathesis reactions is needed, the reactionFelkin—Ahn’s product was obtained for all the dienes when
was studied in detail. Accordingly, we focused our attention chiral steroidal aldehyde was used. Moderate 1,3-diastereo-
on the EtZn/Ni(acac) condition and expanded this condition selectivity was observed. Furthermore, we have found that
to other aldehydes. The results are listed in Table 2. contrary to what was reported, nickel-catalyzed cyclic diene

As shown in Table 2, most of the aldehydes reacted with such as cyclohexadiene afforded the products in good yields.
1,3-cyclohexadiene smoothly and gave the products in The ability to work with cyclic dienes indicates that a cis
moderate to good yields. It is interesting to note that this cis nickel oxametallacycle does play a role in the reaction
diene afforded the product in low (1,2)-diastereoselectivity. pathway. Furthermore, to account for the low 1,2-diastereo-
selectivity observed even with this cis diene, we proposed
that a less rigid, open-chain transition state may be involved.
Efforts to further understand the mechanism and increase
the selectivity are currently in progress.

Table 2. Nickel-catalyzed Homoallylation of Aldehydes with
1,3-Cyclohexadierfe

OH
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t R ield (%)° lectivity® (anti: . . . .
oy yield (6) selectivity” (anth:syn) Supporting Information Available: Complete experi-
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§ tc) :'85:“ 2(5) 22:‘3‘8 compounds and X-ray crystal data féa. This material is
g1y . H H .
4 d cCeHu 65 6832 available free of charge via the Internet http://pubs.acs.org.
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aReaction conditions: Ni(acac)0.1 mmol), aldehyde (1 mmol), dry

THF (5 mL), 1,3-cyclohexadiene (4 mmol), andBt (2.2 mL, 1.1 M
solution in toluene, 2.4 mmol). The reaction mixture was stirred?fb at
room temperaturé@Based on separated yiekiDetermined by théH NMR.
*Interconvertible (relative stereochemistry not determined).
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(9) Productsa (white solid) andsa (oil) were isolated by flash column
chromatography. The structure ®dwas confirmed by single-crystal X-ray
diffraction analysis; treatment 8 and6a, respectively, with DessMartin
periodinane gave the corresponding ket@a@nd8a as diastereomers, by
which the stereochemistry 6awas determined to be 1,3-syn configuration.
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