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Organonickel complexes are distinctive in their nucleophilic
reactivity from organometal complexes of the other group 10
elements. By virtue of this characteristic, many efficient nickel-
catalyzed or -promoted-©C bond formation reactions have been
developed:®* Among these, allylation of carbonyls and alkyl and
allyl halides with s-allylnickels has proved to be particularly
useful and has been utilized widely for the synthesis of natural
and unnatural products. Unfortunately, however, this methodol-
ogy requires a stoichiometric amount of nickel.

Recently, a useful version of catalytic additiorveallylnickel
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Table 1, when a mixture of isoprengh 4 mmol), benzaldehyde
(2 mmol), Ni(acag) (0.1 mmol), and EB (2.4 mmol) in dry THF

(5 mL) was stirred at room temperature under nitrogen for 35 h,
3-methyl-1-phenyl-4-pentendklp) was obtained in a 90% isolated
yield® The use of 2.4 mmol of BB seems to be essential; with
1.2 mmol, the reaction is not completed (80% isolated yield of
2b based on 70% conversion after 71 h). In the absence;Bf Et
the reaction provides neithétb nor the oligomers oflb as
monitored by GLC and TLC.

The reaction is remarkable in many respects. Fidstreacts
with benzaldehyde exclusively at the C1 position of the diene
moiety with an exclusive delivery of hydrogen at C2. No other
products that might stem from the-@ bond formation at C4
and the hydrogen delivery to the other allylically related positions
were detectel. Thus, the reaction formally corresponds to a
reductive coupling of the C1C2 double bond ofb and the GO
double bond of benzaldehyde, wherebyBE$erves as a reducing
agent. Second, the reaction exhibits high 1,3-diastereoselectivity,
providing 1,3anti-2b in preference to 1,3yn2b (15:1) (see
Figure 1 for selected NMR dat®)!! 1,3-Dienes with a similar
substitution pattern, e.glc and 1f (runs 3 and 7), show higher

to aldehyde has been developed, which promotes the cyclization1,3-asymmetric induction thatb, giving rise to 1,3anti-2c and

of w-dienyl aldehydes to 24f)-1-propenyl]cycloalkanols (eq £).
2-Allylcycloalkanols may be obtained selectively by employing
a stoichiometric amount of “NiH” complexes generated under
sophisticated conditions (eq 1).

OH OH
Here, we disclose that Ni(acaqacac= acetylacetonato) in
combination with triethylborane nicely catalyzes the homoally-
lation of benzaldehyde with 1,3-dienes to provide 1-phenyl-4-
pentenols2 in excellent yields and with pronounced regio- and
stereoselectivities (eq 2). For example, as exemplified in run 2,
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1,3anti-2f as single diastereomers, respectively. Third, the
selective and high yield formation of a 1:1 adduct of diene and
aldehyde is surprising in light of the propensity of nickel
complexes to promote oligomerization of simple diettesn fact,
it has been reported that nickel catalyzes or promotes the coupling
reaction of isoprene and aldehyde (or ketone) to furnish homoallyl
alcohols as a mixture of 1:1, 2:1, and 3:1 adducts, each of which
consists of many possible regio- and stereoisorters.
1,3-Pentadienelf) exhibited a different reaction feature (run
4), where both termini of the diene moiety took part in the
reaction, providing3a (C1 addition product) as a major product
together with2d (C4 addition product, as a 5.2:1 diastereomeric
mixture). Judging from the exclusive formation of BBti-2e
(C4 addition product) from 3-methyl-1,3-pentadietie (fun 5),
however, the C3 methyl group is apparently more influential than
the C4 methyl group in controlling the regioselectivity. In this
regard, both methyl groups ofg are properly arranged to
cooperatively promote the C1 addition reaction (run 8). Indeed,
the expected isomer, 1#@hti-2g, was obtained exclusively.
Together with these, the selective reactioriLbfat the terminus
carrying an electron-withdrawing group (run 9) suggests that the
butadiene terminus bearing higher electron density undergoes an
addition reaction to aldehyde in a nucleophilic fashion. Under
the usual reaction conditions, styrene and 2,5-dimethyl-2,4-
hexadiene were unreactive and cyclic dienes (1,3-cyclohexadiene
and 1,3-cyclooctadiene) reacted slowly to provide intractable
mixtures of addition products in low yields.

(8) The same reaction, using Ni(cedgod = cyclooctadiene) (0.1 mmol)
in place of Ni(acag)(0.1 mmol), proceeded much faster and provi@edn
a 88% isolated yield witm 3 h atroom temperature.
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Table 1. Nickel-Catalyzed Homoallylation of Benzaldehyde with Table 2. Nickel-Catalyzed Homoallylation of Benzaldehyde with
Acyclic 1,3-Dienes Dienes with Reduced Amounts of Ni(acaend Diene%

major products

run  diene time (h)* roducts (% isolated yield)” diene Nicat i
p (% yield) run (equiv) (mol%)  time () (/[is',f)?rlfgf?a{iﬁ'd)
NP a1 OH OH
1 A ,
18 th W\Ph 1 OH
2a: 77 4:13 x WPh
OH _synanti— 1
2 \/g 35 W 1b 2b [1,3-syn:anti = 1:15]
Ph  2p:90 1 40 10,0 35 90
1b (sym.anti =1:15) 2 4.0 25 35 94
)\& )\/\ 3 4.0 1.0 48 82
Y
3 43 OH OH
. . C02Me
x sSAApy 2c:80 )l/\/ th
1e COMe
2h [1,2-syn:anti = 1:>25]
4 X 50 x
Ph A~y 4 4.0 10.0 47 79
1d 2d:23 3a: 55 5 40 25 50 80
(synm:anti=1:5.2) 6 4.0 1.0 66 91
. OH 7 1.1 25 75 75
5 X3 41 X TIPS
; A \/\K\(F"hz 2004 oTIPS d oH
e \2-sym.anti = 8: x v
6 1669 22 2e: 79 (1,2-symanti = 3.7:1) 2 [1,3-syn:anti = 1:>25]
8 20 5.0 65 65
. OH 9 11 50 65 62
7 23 Y\/Lph
1t 2f: 86 a A mixture of diene (indicated amount), benzaldehyde (1.0 mmol
. OH for runs 1 and 4; 2 mmol for runs 2, 5, and-9; 5 mmol for runs 3
8 /\/K 48 /\/\)\ and 6), Ni(acag)(indicated amount), and 8 (2.4 equiv) in dry THF
Ph 2g: 82 (5 mL for runs except for runs 3 and 6; 3 mL for runs 3 and 6) at room
1g temperature under ;N

OH
g A C0Me Ph (ZzE = (_5.9:1) provides 1,Zyn2i with remarkably high stereo-
)l/\; | Some on selectivity (run 10).
z $79 For convenience of experimental procedure, we routinely
~ ¢ OH applied 4 equiv of diene and 0.1 equiv of Ni(aca®lative to

0 benzaldehyde. The homoallylation, however, turned out to be
successful with reduced amounts of dienes and the catalyst (Table
2). The initial molar ratio of diene to benzaldehyde could be

a Reaction conditions: diene (4.0 mmol), benzaldehyde (1.0 mmol), minimized virtually to unity without serious deterioration of the.

Ni(acac) (0.1 mmol), and EB (2.4 mmo| 1 M in hexane) in dry THF  Yields (runs 7 and 9, Table 2; see also run 6, Table 1). This
(5 mL) at room temperature under,.N All products were properly aspect is beneficial especially when dienes are expensive or
characterized byH (400 MHz), **C NMR (100 MHz), IR, HRMS, prepared with difficulty. Furthermore, the amount of the catalyst
and/or elemental analyses. Thgn—anti mixture was not separated,  could be reduced to as small as 1 mol % (runs 3 and 6, Table 2),
and their structures were assigned on the basis of mixtures (see ref 1 nder which neither the yields nor the reaction rates discernibly
and Figure 1)¢ A mixture of ZE = 1.9:1 was used! A reduced amount decreased

of 1e (1.0 mmol) was used. A mixture of Z.E = 6.9:1 was used. In conclusion, the Ni(acag) Et;B system allows us to obtain

~x, 28 x Ph
l

2i: 95
(1,2-sym:anti =15:1)

5186 J2.6 the reductive coupling product of benzaldehyde and acyclic
9799+ 630.8 5740 ' J26 1,3-dienes of a wide structural variety. The utility of the reaction
o&\ /%5254 4 may be apparent from (1) the usefulnes2poivhich is obtained
A Y o in excellent yields and with high 1,2-, 1,3-, and 1,2,3-diastereo-

cis-5 trans-5 Ph

selectivities, (2) the mildness of the reaction conditions (room

temperature), (3) the ease of the experimental procedure, and (4)
the high catalytic turnover number over 80 (runs 3 and 6, Table
2). The low cost of the reagents [Ni(acaend EtB] and a 1:1
stoichiometry of the reaction partners (diene and benzaldehyde)
are important aspects from an economic point of view. This paper
demonstrates, for the first time, thatBiplays an important role

as a reducing agent in maintaining the catalytic cycle for
transition-metal-catalyzed reductive coupling reactions. We are
now undertaking extensive study aimed at a catalytic asymmetric
synthesis of2 and reactions with other electrophiles, such as
Figure 1. Selected NMR data diagnostic for structure determinatidn: imines and allyic halides.

in ppm [*C NMR (100 MHz, CDC})], J in Hz [*H NMR (400 MHz,
CDCls)], and percent (%) increment in NOE.

2.5% 2.4% 2.5% 9.9%

syn-6 anti-6 (a fast equilibrium with

the other conformer)
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Interestingly, the ratio of 1,8yn2eto 1,2-anti-2e decreases Government.

with a decrease in the initial molar ratio dé (a mixture ofZ:E ) ) ) )

= 1.9:1) to benzaldehyde (runs 5 and 6). This may be rationalized S_upportmg Information Ayailable: Physical and spectral data of
by assuming that (1)7)-1ereacts faster tharEj-1eand (2) ¢)- f2a—1 ' d3a,_ an_del 6 p?ges, p(;'%/PbDF)' See ar:y Ct‘.”re”t masthead page
le and E)-1le selectively furnish 1,Zyn2e and 1,2anti-2e or ordering information and ¥Veb access Instructions.

respectively. On this assumption, it may be explained fliat  JA973847C



