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Abstract: A zinc enamide generated from the corresponding N-aryl imine undergoes addition to an
unactivated olefin, such as ethylene, 1-octene, and isobutylene, to generate an a-alkylated y-zincioimine
intermediate in good to excellent yield. Terminal and gem-disubstituted olefins react with >99%
regioselectivity, allowing the C—C bond formation to take place at the more hindered carbon of the double
bond. The organozinc intermediate undergoes further C—C bond formation with a carbon electrophile to
give, upon hydrolysis of the imine, an a-alkylated ketone bearing a variety of functionalized primary,
secondary, and tertiary alkyl groups.

Introduction
. , X M 1)E* 0E
Addition of a metal enolate to a carbonyl compound is a X—M 2) Hz0*
fundamental repertoire for carbecarbon bond formation. M
However, little attention has been paid to its isoelectronic A B c

olefinic variant, addition of a metal enolate to a simple olefin,
because of its unfavorable thermodynamics and kinetics. One
naturally expects that the addition of a heteroatom-stabilized
anion A across an unactivated carbecarbon double bond
would first require a high activation energy, and second suffer
from unfavorable thermodynamiég. Despite this inherent
difficulty, such a transformation would provide an alternative
approach for thex-alkylation of carbonyl compounds(1) a
sequential three-component coupling reaction that affords mul-
tifunctionalized compounds unavailable by the conventional
alkylation or Michael addition reactions; (2) the use of industri-
ally abundant alkenes that have been scarcely utilized for the
synthesis of fine chemicals; and (3) the synthesis-eécondary
and o-tertiary alkylated ketones from substituted alkenes that (5) An o-tertiary alkylation of carbonyl compounds was achieved with enol
continues to be difficult in the conventional alkylation reaction Isr|1|tyl E&hegng?dlgg'-ze‘gf %Ceﬁ'foc;’_”?gt)'ogzgt(;) ,\'}eeth gﬁ{ﬂgﬁg‘gif?dr}gﬂ'_';
relying on the use of a secondémyr tertiary alkyl halide® Hubner, F.; Heimbach, HOrg. Synth.1984 62, 95-100.

We previously reported the additibaf a zincated hydrazone Reviews of carbometalation reaction: (a) Marek, |.; Normant, J. Mdtal-
A (X = NN(CHjz)2, MT = (C4Hg)Zn™)7 to a variety of alkenes

X; O, NR, M*; counter metal cation, E* ; electrophile

such as ethylene and vinyl metéland an asymmetric synthesis
of a-substituted ketones by the reaction of a chiral zinc enamide
A (X = chiral amino ether, M = CHsZn").°® Whereas the
carbozincation and the successive electrophilic trapping have
been achieved in high overall yield for ethylene, the first reaction
with substituted alkenédwas found to be too slow to be
synthetically useful? We decided to systematically reinvestigate
the imine and hydrazone compounds to achieve high reactivity
and selectivity toward unactivated olefins so that we could
establish the carbometalation approach as a generally useful
o-alkylation reaction of carbonyl compounds.
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Scheme 1. a-Alkylation of Ketone by Carbometalation Approach for a temperature of 30C for 11 days in B4 to achieve 30%
1) LDA yield.”2 The carbometalation reaction took place with 100%
Ar At 2)znCl, | Ar 4{ . i ) X
o} NH, N 3) BuLi N—ZnBu regioselectivity, favoring the €C bond formation at the C-2
VS a7 _— position of the 1-octen&? After protonation of the carbon
zinc bond and hydrolysis of the imine moiety with acetic acid,
ketone 1 2 the ketoneB was obtained as a mixture of diastereomers (syn:

anti = 7:3 to 6:4). The poor diastereoselectivity may be
attributed to mutual face selection and/or the geometrical

Ar
| \ O E
AgN—Zn% E* 4?_? HgO* M flexibility of the zinc enamide intermediaté.
(
4 5

R "tBuli R

Ar Bu

3 N 2ZnClh  Nznpy MHex 0
3) BuLi (5.0 eq) /_§_< )
We found a significant increase of the reactivity of the zinc D) neat 'n-Hex
enamide by proper choice of the nitrogen substituent, and that 6 60°C, 24 h 8 (major i
- g then HaO* jor isomer)
the enamide thus reacts smoothly with 1-alkenes. The carbo- (1.0 eq) 3 symanti = 7:3~6:4

metalation reaction generatesyaincioimine intermediate in

high yield, which can then be trapped with a variety of carbon ~ Figure 1 shows the effect of the substituent of the enamide

electrophiles either with or without a transition metal catalyst. nitrogen atom. The zincated hydrazongR = N(CHj);] gave

The overall result represents an efficient cross-coupling reactionthe adduct8 in 28% yield (entry 1). TheN-cyclohexyl zinc

of an imine, an alkene, and a carbon electrophile under mild enamide is unstable at room temperature, producing tiny

reaction conditions. One bonus is that the reaction provides aparticles of metallic zinc, and hence no adduct was obtained

new entry too-secondary and-tertiary alkylated ketones that ~ under the reaction conditions (entry 2). TRe2-methoxyethyl

have been difficult to obtain by the conventional method relying zinc enamide, on the other hand, is stable under the reaction

on the reaction of a metal enamide or enolate with an alkyl conditions, but not reactive enough (17% yield, entry 3). The

halide. N-phenyl zinc enamide showed certain reactivity to give the

desired product in 62% yield (entry 4). The2-methoxy phenyl

enamide was less reactive, and the 4-methoxy one was found
Scheme 1 outlines the procedure for the alkylation of a ketone to be far more reactive (entry 5 vs 6). Finally, 89% yield was

based on our carbometalation approach. The irtipeepared achieved by the use df-4-diethylaminophenyl zinc enamide

from the corresponding ketone is deprotonated with lithium (entry 7). We therefore conclude that an electron-donating

diisopropylamide (LDA). The resulting lithium enamide was substituent enhances the reactivity of zinc enamide.

allowed to react with zinc chloride and then with butyllithium Having achieved the high-yielding-secondary alkylation

to generate th&-aryl zinc enamide. The reaction of with with 1-octene by the use df-aryl zinc enamides, we then

a variety of simple olefins was examined under neat conditions examined the reaction of isobutylene so as to perform an

or in hexane. The-zincioimine producB was trapped with an  o-tertiary alkylation of ketone. We found, at this juncture, that

electrophile to obtain primary, secondary, and tertiary alkylated the use of LDA in THF for deprotonation of iming gives a

ketoness after hydrolysis of the imine group . result comparable to that obtained with the useBiiLi, when
Reaction of 1-Octene and Isobutylene with Zinc Enamide resulting diisopropylamine and THF are removed in vacuo

Possessing a Variety of Substituents on Enamide Nitrogen.  before the reaction with Zngleq 3).

In the past several yeaf§2-°we have examined imine, oxime,

Results and Discussion

and hydrazone derivatives of several ketones as a metal enamide . ;; Eﬁé o

precursor, and eventually we focused our attention on the imines N 3) BuLi N—ZnBu (4 atm) 0

bearing a variety of aryl substituents on the nitrogen atom, which — /_g_é ®)

are expected to exert electronic and steric influences directly & ;i’af(’h

on the transition state of the carbometalation reaction. We first 6 7 then HaO* 9

studied the addition of a variety of zinc enamides to 1-octene, (1.0 eq)

which gave poor results under our previous conditions developed

for zincated hydrazonés. Figure 2 shows the results of the screening of various zinc
The zinc enamidg was prepared from the corresponding enamides in the reaction with isobutylene. The zincated hydra-

3-pentanone iminé by a sequence of deprotonation witht- zone7 [R = N(CHa)2] gave theo-tertiary butyl ketone as the

butyllithium (or LDA, vide infra), transmetalation with zinc ~ Sole product but only in 6% yield (entry 1). Tihecyclohexyl
chloride, and ligand exchange with butyllithium (Scheme 1). zinc enamide andll-2-methoxyethyl zinc enamide did not react
The ligand exchange is necessary to accelerate the additionVith this hindered olefin (entries 2 and 3). The parerihenyl
reaction, as we previously noté8The butyl group was chosen ~ ZINC enamide affordefl in 8% yield (entry 4). As found in the
here because of its availability, while methyl ateft-butyl reaction of 1-octene, an electron-donating substituent at the
ligands are equally useful. Solvent was removed in vacuo from 4-position increases the reaction rate and the product yield (entry
the solution of7, and 1-octene was then added. The addition

(11) The reaction of a cyclohexanone imine with 1-octene showed the same

reaction was initiated at 60C and continued for 24 h. Note range of the low diastereoselecitivity (data not reported). We are thus

; iti i it assuming that the poor diastereoselectivity in the reaction of the 3-pentanone
that our previous conditions, optimized for the addition of a imine is due to low selectivity of mutual face selection, but not toEfie
zincated hydrazone such @§R = N(CHz),] to 1-octene, call isomerism of the zinc enamide intermediate.

J. AM. CHEM. SOC. = VOL. 126, NO. 38, 2004 11821
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Figure 1. Chemical yields of the reaction of 1-octene with zinc enamides possessing a variety of substitutes on the enamide nitrogen. The yield was
determined by GC analysis with tridecane as an internal standard.
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Figure 2. Chemical yields of the reaction of isobutylene with zinc enamides possessing a variety of substituents on the enamide nitrogen. The yield was
determined by GC analysis with decane as an internal standard.

5). The 2-methyl substitution enhances considerably the reactiv-well as the stability of alkyl zinc intermediate to achieve a useful
ity of the zinc enamide in comparison with the 3- or 4-methyl synthetic outcome.
substitutions (entries-68). Whereas a simple electronic effect Addition of the Aryl Zinc Amide to a Variety of Olefins.

based on the Hammett rule cannot explain the observedgxamination of the reactivity of the zinc enamid® toward
tendency, the 2-methyl substitution can exert a certain steric various unactivated olefins revealed the wide scope of the
effect on the transition structitteand may contribute t0  reaction. The high reactivity of0 is apparent already in the
conformational stabilization of the transition state. 2-Methyl- addition to ethylene (entry 1), where the alkylated product was
4-diethylaminophenyl substitution further improved the product gptained in 94% yield under atmospheric pressure of ethylene;
yield (entry 9). 2,4-Dimethyl substitution was found to be the note that zincated hydrazori@and imines possessing a chiral
optimum in terms of both the reactivity and availability of the gtheral side chafrequire 5-30 atm of ethylene atmosphere
starting arylamine (entry 10). 2,4,6-Trimethyl substitution may tg achieve sufficient conversion. The addition to propylene was
cause a steric problem to lower the yield (entry 11). also accomplished under 1 atm of propylene atmosphere to
It should be noted that the zinc enamide, which shows afford the isopropylated ketor in 86% vyield (entry 2).
excellent reactivity toward the unactivated olefins, does notadd 11,0 high reactivity of the aryl zinc enamide enables us to
to an electron-deficient olefin used commonly as a Michael
acceptor under the reaction conditions. For instance, the zinc

enamidel0 reacts Withte.rt-butyl acrylaote to give an acrylate  ; pieve 9204 yield (entry 3), whereas a zincated hydrazone such
polymer rather than a 1:1 adduct (70% recovery of the parent ;o 7 [R = N(CHs);] needed 10 equiv of 1-octene to achieve

imine 6) und(_arthe reaction c_onditions_ (68, 12 h in hexane), 30% yield, even after 11 days.The addition introduces
whereaslO gives the adduds in 92% yield (Table 1, entry 3). exclusively a secondary alkyl group to tleposition of the

As discussed previously for the reaction of an allylic metal ketone. Unfortunately, the relative stereochemistry between the

) Y . J
;:ompogjlnq with an oLeflﬁ, the Ere;ent reactlondutrllllzef ;'he newly formed chiral centers has thus far been uncontrollable,
avorable interaction between the zinc atom and the olefin as 54 “the ratio stays in a range of 7:3 to 6:4 (syn:ant.

(12) (a) Nakamura, E.: Nakamura, M. Miyachi, Y. Koga, N.: Morokuma, K. _Interestlngly, the _regloselectlwty of the additionIdito styrene
J. Am. Chem. So2993 115 99-106. (b) Kubota, K.; Mori, S.; Nakamura, IS such that a primary and a secondary alkylated product are

M.; Nakamura, EJ. Am. Chem. S0d.998 120, 13334-13341. (c) Hirai, : . : ;
A Nakamura, M. Nakamura. B, Am. Chemn. So200Q 125 11791 produced in a 46:54 ratio (entry 4). The formation of such an

11798. isomeric mixture stands in contrast to the general tendency of

carry out the addition 010 to 1-octene by the use of a nearly
stoichiometric amount (1.2 equiv) of the olefinic substrate to

11822 J. AM. CHEM. SOC. = VOL. 126, NO. 38, 2004
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Table 1. o-Alkylation of 3-Pentanone with Various Alkenes Table 2. Alkylation of a Variety of Ketones with Alkenes
entry Znenamide? olefin  conditions product?® % yield
0 Ar, 0
iti HzO* N—ZnBu B
N=ZnBu . olefin conditions _1is , L 5 atm, neat ! 76°
R 80°C,72h
Pr
Pr
10 16 17
entry  olefin conditions product? % yield Ar, o
0 N=ZnBu / 1 atm, hexane d
2 /  65°C,24h 90
1 / 1atm, hexane 94b ’
50°C,12h
1 18 19
0 o]
1 h / 8 atm, neat d
2 { 85°C. 00N /_§—< 86° 8 18 < 65°C, 24 h 88
12 20

0 Ph 2 eq, hexane P Ph
3 { 1.2 eq, hexane bd 4 18 /" “socc, 12h 87%¢
65°C, 12h 92°
n-Hex

n-Hex
P 5 at t
Ph 1.2eq, hexane 0 y 22
Ve 30°C, 12 h 13 90°¢ Ar
Ph N—ZnBu y 0
10 atm, neat Ph c
14gy, ‘§ < 80°C,72h 4§_< &
O
23 24
5 3.0 eq, neat 77¢
65°C,72h

15 aZinc enamides (Ar= 2,4-dimethylphenyl) were prepared from the
corresponding imine. Regioselectivity of the carbozincation wa®9:1
unless otherwise note@lsolated yield.9 Determined by GC analysis with
6 4 atm, neat [e)

65 °C. 60 h 85b decane as internal standafd.inear:branched= >98:2.
_< 5 atm, neat f i gab 3). The addition to styrene, on the other hand, showed reversed
80°C,36h 9 regioselectivity, giving only the linear addu2t in 87% yield
(entry 4); this selectivity is different also from the one observed
a Rebgioselec_tivity of the carbozincation was99:1 unless otherwise ~ for 10(Table 1, entry 4). The origin of this interesting difference
Qf;ﬁﬂén?ﬁféﬁ{zgdy%{ dfgy?]rz‘;'%is'zs é";‘fg;‘fﬁﬁ:&i?{lg%‘igﬁgﬁe‘i‘ﬁ"gtema' is unclear at this time, but the result suggests that some subtle
= 46:54, syn:anti= 66:34. steric effects overwhelm the electronic effet®he cyclic zinc
enamidel8 gave 2tert-butylcyclohexanon®2 in 24% vyield.
the carbometalation of styreAgwhere a benzylic anion forms ~ An aryl alkyl ketone also took part in the alkylation reaction:
preferentially’a® the addition of the zinc enamid&8 to propylene proceeded at
The reaction of methylenecyclohexane illustrates the general-80°C to give theo-isopropylated produ@4in 74% yield (entry
ity of the tertiary alkylation reaction (77% yield, entry 5). 6). An unsymmetrical ketone imine such as 2-methyl-3-
Together with the results shown in Figure 1, entry 6 illustrates Pentanone can enolize in two different ways and gave a mixture
the success in theert-butylation with isobutylene (entry 6).  Of a- and a’-alkylated product upon the addition reaction in
Heating at 8C°C accelerates the addition reaction, and a high rather poor yield (data not shown).

yield was achieved after a shorter reaction period (36 h), as Electrophilic Trapping of y-Zincioimine: One-Pot, Three-
shown in entry 7. Component Couplings.The organozinc intermediafégener-

Alkylation of a Variety of Ketones with Simple Olefins. ated by the new carbometalation reaction are stable even at 80
Having established an effective procedure for the generation of °C and can be used for further-@ bond-forming reaction with
the zinc enamide and its addition to a simple olefin, we ©OF without a transition metal cataly$t.Scheme 2 shows the
examined the scope of the reaction for the ketone part. The zincresults of the electrophilic trapping gfzincioimines25 and
enamide of 5-nonanoris reacted with isobutylene more slowly 26, which are generated by the addition of the zinc enarhidle
than the lower homologue (Table 2, entry 1). The cyclohexanone to ethylene and isobutylene, respectively.
zinc enamidel8 was as reactive ak0 to react with ethylene The zinc intermediat@5 reacts with ethyl 2-bromomethyl-
under atmospheric pressure to give 2-ethylcyclohexanone inacrylate to give the ketoeste in 85% yield at 25°C without
90% yield (entry 2). The addition of this cyclic zinc enamide any additives (Scheme 2a). The Pd-catalyzed cross-coupling
to propylene gave exclusively a branched prodaét(entry

IS

[}
T
>

(14) (a) Nakamura, E.; Kuwajima, J. Am. Chem. S0d.983 105, 651-652.
(b) Kuwajima, I.; Nakamura, ETop. Curr. Chem199Q 155 1-39.

(13) (a) Norsikian, I.; Marek, I.; Normant, J. Fetrahedron Lett1997 38, (15) Reviews: (a) Knochel, P.; Singer, Bhem. Re. 1993 93, 2117-2188.
7523-7526. (b) Rodriguez, A. L.; Bunlalsananusorn, T.; KnocheDRy. (b) Negishi, E. InOrganozinc Reagent&nochel, P., Jones, P., Eds.; Oxford
Lett 200Q 2, 3285-3287. University Press: Oxford, 1999; pp 23243.
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Scheme 2. Synthesis of Functionalized Ketones via Three-Component Coupling?

A
N—ZnBu
EtO.C J—
0 J | s0°C §‘ 65°C 4{ P
20 h 72h
K 1atm | hexane 10 neat | 4 atm /d’
27 30
o o % Ar Bu Ar Bu 82% o
é < > < b N zn N Zn e O
86% /_g—) /_g—ﬁ 71%

25 26

28 / \ 31
O 0 JPh
NO2 “go9 78%
Ar = 2,4-dimethylphenyl
29 32

aReagents and conditions: (a) ethyl 2-bromomethylacrylate (2.2 equi@, 8 h then HO™; (b) 4-iodoacetylbenzene (2.2 equiv)/TMEDA (2.0 equiv)/
PdCL(PPh), (5 mol %), 25°C, 8 h then HO*; (c) 4-iodonitrobenzene (2.2 equiv)/TMEDA (2.0 equiv)/PgEPh), (5 mol %), 25°C, 8 h then HO™; (d)
allyl bromide (2.4 equiv), 28C, 3 h then HO*; (e) iodomethane (0.2 equiv) then in vacuo, 2-cyclohexen-1-one (2.4 equidi®lg2.4 equiv)/ TMEDA
(2.0 equiv)/CuCN (0.3 equiv), OC, 6 h then HO"; (f) iodomethane (0.2 equiv) then in vacy®:bromostyrene ¥99.9%E, 2.4 equiv)/TMEDA (2.0
equiv)/CuCN (1.0 equiv), OC, 8 h then HO™.

reactions with 4-iodoacetylbenzene and 4-iodonitrobenzenebecause of its apparently unfavorable thermodynafdidhe
proceeded smoothly at 3 to yield 86% of the diketon28 addition of a zinc enamide to an alkene reported here has opened
and 80% of the nitro keton29, respectively (Scheme 2b,c), anew possibility for the chemical transformation in the synthesis
attesting to the high functional group compatibility of such a of o-alkylated ketones. A particularly useful nature of the
reaction? In these latter reactions, the butyl group on the zinc present reaction is its potential to introduce a wide variety of
atom that is used as a dummy ligand in the first reaction reactedsecondary and tertiary alkyl groups next to the carbonyl group
faster with the electrophile in the second reaction. Therefore, a synthetic sequence rather difficult to achieve so far. We have
we needed to use at least 2 equiv of the electrophiles. shown that installation of an electron-donating aryl group on
The addition/trapping sequence can be extended to the morethe enamide nitrogen dramatically enhances the reactivity of
hindered adduc26 formed by the reaction with isobutylene. the zinc enamide to effect high-yielding and regioselective
For instance, allylation @30 was achieved in 82% yield without ~ carbozincation of unactivated olefins. For instance, the zinc
any additives (Scheme 2d). In the presence of 2.4 equiv gf Me enamidelO undergoes smooth addition to a variety of alkenes
SiCI*% and 30 mol % of CuCN25 underwent 1,4-additidr to to produce the correspondingzincioimines. Furthermore, the
2-cyclohexen-1-one (Scheme 2e) to give the correspondingorganozinc addition product serves as a carbon nucleophile for
cyclohexanone derivativ&l in 71% yield after hydrolysis with the succeeding €C bond formations, which allows further
acetic acid. Coupling wittg-bromostyrene (Scheme 2f) pro- introduction of a wide range of functional groups onto the
ceeded in the presence of 1 equiv of CUCN to afford the cross- alkylated carbonyl compounds. We have demonstrated a pos-
coupling product32 in 78% yield. In this reaction, we added sibility for the utilization of unactivated olefins, provided directly
20 mol % of iodomethane before the 1,4-addition or the coupling as a primary product of the chemical industry, for controlled
with S-bromostyrene for the purpose of trapping of unreacted C—C bond formation. The use of industrially abundant carbon
zinc enamide that interferes with the cross-coupling reaction. resources, such as ethylene and 1-alkenes, is highly attractive
N,N,N',N'-Tetramethylethylenediamine (TMEDA) was necessary and desirable and will become an important subject in organic
to bring the reaction to completion since the reaction otherwise synthesig?
stopped halfway® The examples of the three-component
coupling reactions shown in Scheme 2 demonstrate the newEXperimental Section

ppportunities p_rOVided by the present (_:arbometallation reaction General. Flash column chromatography was performed on Kanto
in the synthesis of densely functionalized organic molecules. gjjica gel 60 (spherical, neutral, 14825 mesh) as described by Still
et al?! High-pressure reactions were conducted in a glass autoclave

N _ ) purchased from Taiatsu Techno Co. (Hyper Glass Cylinder). Proton
The addition of a metal enolate or its equivalent to an alkene nuclear magnetic resonanc#{(NMR) and carbon nuclear magnetic

has thus far been regarded as a difficult reaction to perform resonance'fC NMR) spectra were recorded with JEOL AL-400 (400
MHz), JEOL ECX-400 (400 MHz), or JEOL ECA-500 (500 MHz)

Conclusion

(16) (g) uakamura, Es-?_'f_iu""_ajimﬁ,J\-( A’f\lnlfrr‘ﬁ”: Sg‘?ﬁs“ 19&;%38‘}13?&?0[-1 NMR spectrometers. Gas chromatographic (GC) analyses were per-
Caa a0 e Horguent, Y-; Nakamura, E.; Kuwajma dirahedro formed on Shimadzu GC-14B instruments equipped with an FID

(17) Reviews: (a) Knochel, P.; Jones, P.; Langer, FOtganozinc Reagents detector and a capillary column, HR-1 (Shinwa, 259.25 mm i.d.,
Knochel, P., Jones, P., Eds.; Oxford University Press: Oxford, 1999; pp
179-212. (b) Sibi, M. P.; Manyem, S.etrahedror200Q 56, 8033-8061.

(c) Feringa, B. L.; Naasz, R.; Imbos, R.; Arnold, L. A. Modern (19) (a) Hegedus, L. S.; Williams, R. E.; McGuire, M. A.; HayashiJTAm
Organocopper ChemistrKrause, N., Ed.; WileyVCH: Weinheim, 2002; Chem Soc 198Q 102 4973-4979. (b) Ito, Y.; Nakatsuka, M.; Saegusa,
pp 224-258. T. Tetrahedron Lett198Q 21, 2873-2876.

(18) Effect of TMEDA on the reaction of organozinc reagents: (a) Tuckmantel, (20) During the preparation of this article, two catalytic alkylation reactions of
W.; Oshima, K.; Nozaki, HChem Ber. 1986 119, 1581-1593. (b) Arai, 1,3-dicarbonyl compounds with unactivated olefins were reported: (a) Yao,
M.; Kawasuji, T.; Nakamura, EChem Lett 1993 2, 357-360. (c) X.; Li, C.-J. J. Am Chem Soc 2004 126, 6884-6885. (b) Wang, X.;
Nakamura, M.; Hirai, A.; Nakamura, . Am. Chem. So200Q 122 978~ Widenhoefer, R. AChem Commun 2004 660-661.
979. (21) still, W. C.; Kahn, M.; Mitra, A.J. Org. Chem 1978 43, 2923-2925.
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0.25um film), or a CP-Chirasil-DEX CB (Chrompack, 26 0.25 mm 1.01 (d,J = 7.2 Hz, 3H, COCHE3), 1.04 (t,J = 7.2 Hz, 3H,

i.d., 0.25um film). IR spectra recorded on a FT/IR-420 (JASCO) ora COCH,CH3), 1.10-1.35 (m, 10H, CH(€l,)sCHs), 1.73-1.83 (m, 1H,
React IR 1000 reaction analysis system equipped with DuraSample IRCOCH), 2.37-2.51 (m, 3H, COEGICH, CO(H,CH); 3C NMR

(ASI Applied System) are reported in cf High-resolution mass (100 MHz, CDC}) 6 7.7, 13.1, 14.0, 17.8, 22.6, 26.7, 29.5, 32.7, 35.1,
spectra are taken with the El (electron impact) method on a JEOL GC- 35.1, 51.6, 215.5.

mate II. ZnC} (anhydrous, beads) was purchased from Aldrich Inc.  aqdition to Isobutylene; 4,5,5-Trimethylhexan-3-one (9).After
2,4-Dimethylaniline was purchased from Wako Co. Isobutylene was he reaction performed according to procedure A, the solvents were
purchased from Tokyo Kasei Kogyo Co. and dried over molecular remqyed in vacuo (10 min, room temperature, 0.1 mmHg). Isobutylene
sieves in an aut(_)clave before use. Ethylene and propylene Were(ca 0.5 mL) was added at78°C, and the reaction mixture was charged
purchased from Nippon Sanso Co. in an autoclave. The autoclave was maintained at@%or 60 h with

y Preparition- of Zinc Enamide (prozl;equre A).To a solution SL q stirring (4 atm) and cooled to ambient temperature. After the removal
iisopropylamine (0.16 mL, 1.1 mmol) in THF (1.2 mL) was adde of unreacted isobutylene, the reaction mixture was moved to an ice

dropwise BuLi (1.55 M in hexane, 0.65 mL, 1.02 mmol) &K@ After bath, and acetic acid (1.0 mL) and water (0.5 mL) were added.

i(f)t m|2, rl]m;?]eSS 50'2?9 mL, 1.0 mmo(lj) was SIOWIégddi‘z at"O(Ii Hydrolysis was carried out at & for 6 h, and then water (4.5 mL)

e;{ R %solwlends WletLe remove 'dm vacu;_ ( | m(; _,CQ 0'5 was added at ambient temperature. The agueous layer was extracted
mmHg). Residual siu gy fhium enamide was dissolve HOHO. five times with pentane. The combined organic extracts were washed
mL), and ZnC} (0.5 M in EtO, 2.0 mL, 1.0 mmol) was added at O . . . .

R . . A sequentially with saturated aqueous sodium bicarbonate, 0.5 N HCI,

C. After 30 min, BuLi (1.55 M in hexane, 0.65 mL, 1.0 mmol) was . .

added at-78°C (or added dropwise at®C), and the reaction mixture and saturated aqueous sodium bicarbonate. Gas chromatography
P ’ analysis was carried out (85% yield) using decane (82,0.2 mmol)

was warmed to ambient temperature. as an internal standard. The organic layer was chromatographed on
Addition to Ethylene; 4-Methylhexan-3-one (11) (Procedure B). . ’ 9 Y grap
silica gel (3 g, pentane and then 3%@&tin pentane) to obtain the

After the reaction performed according to procedure AOEWwas . .
removed at 50C with N; flow. The reaction mixture was heated to corresponding ketone (0.108 g, 76% yield).
50 °C for 12 h under an ethylene atmosphere (1 atm) and then cooled ~ Palladium-Catalyzed Coupling Reaction of Organozinc Inter-
to 0°C. Acetic acid (1.0 mL) and water (0.5 mL) were added &€0 mediate with 4-lodoacetylbenzene; 6-(4-Acetylphenyl)-4-methyl-
Hydrolysis was carried out at room temperature for 1 h, and then water hexan-3-one (28)The addition reaction was carried out according to
(45 mL) was added at that temperature. The aqueous |ayer WasprOCedUre B on a 10 mmol scale at 8D for 24 h. The solvents were
extracted five times with pentane. The combined organic extracts were r*emoved in vacuo. To the reaction mixture were added TMEDA (3.0
washed sequentially with saturated aqueous sodium bicarbonate, 0.5ML, 20 mmol), 4-iodoacetylbenzene (5.4 g, 22 mmol), B(RR?h).
N HCI, and saturated aqueous sodium bicarbonate. Gas chromatography0.35 g, 0.5 mmol), and THF (20 mL) in turn at°C. The reaction
analysis was carried out (94% yield) by using decane (32,00.2 mixture was stirred at room temperature (ca.°29 for 8 h, and then
mmol) as an internal standard. The organic layer was chromatographedacetic acid (5 mL) and water (5 mL) were added &0 Hydrolysis
on silica gel (3 g, pentane and then 3%in pentane) to obtain the ~ was carried out at room temperature for 1 h, and then water (40 mL)
corresponding ketone (0.068 g, 60% yield). was added at ambient temperature. The aqueous layer was extracted
Addition to 1-Octene; 4,5-Dimethylundecan-3-one (8)After the five times with E§O. The combined organic extracts were washed
reaction performed according to procedure A, the solvents was removedsequentially with saturated aqueous sodium bicarbonate, 0.5 N HCI,
removed in vacuo (10 min, room temperature, 0.1 mmHg). 1-Octene and saturated aqueous sodium bicarbonate, and then in vacuo. The crude
(0.19 mL, 1.2 mmol) and hexane (0.1 mL) were added, and then the product was chromatographed on silica gel (100 g, pentane and then
reaction mixture was heated to 86 for 12 h. Acetic acid (1.0 mL) 10, 20% E£O in pentane) to obtain the corresponding diketone (1.928
and water (0.5 mL) were added atQ. Hydrolysis was carried outat g, 83% vyield): Rr = 0.18, 20% E{O in pentane; IR (neat) 1710 and
65 °C for 1 h, and then water (4.5 mL) was added at ambient 1679 (G=0), 1606 (aromatic &C), 1358, 1267, 1182, 956.0, 819.9;
temperature. The aqueous layer was extracted five times with pentaneH NMR (400 MHz, CDC}) 6 0.96 (t,J = 7.2 Hz, 3H, CHCH3), 1.04
The combined organic extracts were washed sequentially with saturated(d, J = 7.2 Hz, 3H, CH®s), 1.55 (dgJ = 7.2, 13.5 Hz, 1H, CHEH),
aqueous sodium bicarbonate, 0.5 N HCI, and saturated aqueous sodiun1.93 (dq,J = 7.2, 13.5 Hz, 1H, CHCH), 2.30-2.50 (m, 3H, GiC-
bicarbonate. Gas chromatography analysis was carried out (92% yield,(=0)CH,), 2.49 (s, 3H, CEls), 2.54 (t,J = 7.2 Hz, 2H, G4,Ar), 7.17
syn:anti= 7:3) by using tridecane (48/8, 0.2 mmol) as aninternal  (d, J = 8.5 Hz, 2H, aromatic 8), 7.79 (d,J = 8.5 Hz, 2H, aromatic
standard. The organic layer was chromatographed on silica gel (5 g, CH); 3C NMR (100 MHz, CDC}) 6 7.6, 16.6, 26.4, 33.3, 33.9, 34.2,
pentane and then 3% 4 in pentane) to obtain the corresponding 452, 128.4 (2C), 128.4 (2C), 135.0, 147.5, 197.6, 214.6;HRMS

ketone (0.178 g, 90% vyield)R: = 0.66, 10% E{O in pentane; IR- calcd for GsHa0O2 [M]+ 232.1463, found 232.1424. Anal. Calcd for
(neat) 1712 (vs, €0), 1459, 1378, 1261, 1108, 1023, 975.3, 804.5; C,H,,0,: C, 77.55:; H, 8.68. Found: C, 77.33; H, 8.81.

EI-HRMS calcd for GsHzsO [M]* 198.1984, found 198.1988.

Major diastereomer (syn; determined by comparison of the NMR  Acknowledgment. We thank the Ministry of Education,
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