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Abstract: Acylation of allylic esters Z) with acylsilanes 1) in the presence of a catalytic amount (5 mol %)

of a palladium complex is reported. The reaction proceeds selectively to #ffenghsaturated ketone8)(in

high yields. [Pdf3-CsHsCH=CHCH,)(CRCOO)} (4a) showed the best catalytic activity. After the reaction,
formation of CRCOOSiMe (5a) was confirmed by°Si NMR measurement of the resulting reaction mixture,
indicating the trimethylsilyl moiety effectively traps the §€FOO leaving group fron2. The leaving group of

the allylic esters affects the reaction considerably: allylic trifluoroacetate gave the best result, while the
corresponding acetates and trichloroacetates did not afford any acylation products at all. Stoichiometric reaction
of 4a with 1 gave acylation produ@ with a formation of5a and Pd(0), whereas no acylation reaction took
place with the corresponding acetate complex fRdisHsCH=CHCH,)(CHsCOO)L (4b). A DFT calculation
suggests that interaction of high-lying HOMO band low-lying LUMO of#3-allylpalladium trifluoroacetate
intermediate4 would be indispensable in the catalytic cycle.

Introduction

The palladium(0)-catalyzed nucleophilic substitution of allylic
esters via n-allylpalladium intermediate is one of the most

B,y-Unsaturated carbonyl compounds are versatile starting
materials in a variety of synthetic reactichi§acyl functionality
can be introduced in the palladium-catalyzed nucleophilic
substitution of allylic esters, the reaction will be a potent

important homogeneous catalyses, since it has numerous apsynthetic method. However, generation of nucleophilic acyl

plicabilities in synthetic organic chemistfySo far, a number
of nucleophiles such as stabilized garbani??r’f’senolateécvd
organotin compound®; 9 and amine®' have been successfully

speciesis usually difficult, since carbonyl functionality is found
to be a gooctlectrophile Consequently, to realize the acylation
reaction of allylic esters, carbonylative three-component cou-

employed in the reaction. However, functionality that can be pling reactions with allylic benzoates, carbon monoxide, and

directly introduced to the allylic system is still limited.

organozinc compound were reportetMore recently, acylzir-

Therefore, UneXplOited and Capable functionalities should be conocene chlorid@ and chromium carbene Comp|e§|ewere

explored to make the catalytic reaction more proficient.
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employed in palladium-catalyzed acylation of allylic acetates
or allylic bromide, respectively, but both of these reactions
afforded acylation products only as a mixture of regioisomers.
We have developed palladium-catalyzed silylaticand
cyanatio”? reactions of allylic esters using disilanes and silyl
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cyanide as silylation and cyanation reagents, respectively
(Scheme 1, i and ii). In these reactions, the silyl and the cyano

functionalities were transferred from the silyl moieties of the
reagents with concomitant formation of the-8) bonds.

In this paper, we design the novel acylation reaction using
acylsilanes 1)!! as acylation reagents (Scheme 1, iii). A wide
variety of acylsilanes are prepared readily, and these stable an

easily accessible substrates are utilized in various organic

synthesed? Nevertheless, so far, there is only one example for
the transition metal catalyzed reaction withas a substrate,
i.e., benzocyclobutanone synthesis froftoi-phenylthio)alkyl-
benzoyltrimethylsilane¥® Herein, we report that functions as

a good acylation reagent for allylic trifluoroacetates in the
presence of a palladium catalyst via=%t o-bond cleavage of

1 with formation of the Si-O bond (eq 1).

o R® R®
I
R'CSiMe;  + RZN"NOCOCF;
1 R
2
3 5
[Pd] T F a M
_CFsCOO0SIMe; RS i
R* O
3

Results and Discussion

Results are listed in Table 1. When the reaction of 3-phen-
ylpropionyltrimethylsilane 1a) with cinnamyl trifluoroacetate
(2a) was carried out in the presence of a catalytic amount of
[Pd(3-CeHsCH=CHCH,)(CRCOO)L (4a) (5 mol %), the
acylation product3a) was obtained regio- and stereoselectively
in high yield (entry 1). The product is onlg,y-unsaturated
ketone, and nax,3-unsaturated isomers were detectétbi
NMR measurement of the resulting reaction mixture after the
reaction confirmed a comparable formation of;CPOSiMe
(5a 33.6 ppm, lit!* 33.1 ppm), indicating the M&i moiety
of 1a effectively trapped the GEOO leaving group fron2a.

The reaction ofla with 2a was carried out under various
conditions. As a catalyst precursdg gave the best result (entry
1). Other palladium complexes showed lower catalytic activi-
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ties: the yield of3a was 53% with Pd(OCOG,, 27% with
Pd(DBA), 12% with Pd(OCOCH),, and 0% with Pd(OS&®
CF3),. Palladium complexes with phosphine ligands such as
PdMe(PMePHh),, PACL(PPh),, Pd(DBA), combined with P-
Bu)s (P/Pd= 3), and Pd(DBA) combined with P(OCk)3CCHs
(P/Pd= 3) totally suppressed the catalytic activity. Addition
of CsF orn-BusNF to the catalyst system lowered the yield to
<5%215 Other metal complexes such as Pt(DBAhd (GMes)-
RuCI(COD) did not show any catalytic activity at all. As for
the solvent, THF gave the best result. Toluene and dioxane could
be used similarly. However, strongly coordinated solvents such
as CHCN and DMF lowered the yields considerably.

The acylation reaction ofa with acylsilanes such as
nonanoyl- {Lb), butyryl- (1¢), 4-methylvaleryl- {d), and 3-me-
thylbutyrylsilane Le) gave the correspondind)-3,y-unsatur-

(fpted ketones regio- and stereoselectively in good yields (entries

2—5). Various allylic trifluoroacetate2p—e) can be employed
in the reaction affording the corresponding acylation products
regioselectively (entries -610)16 However, the reaction of
benzoyltrimethylsilane (§Hs(C=0)SiMe;) with 2a was slug-
gish and not stereoselective to afford the corresponding ketone
in 26% vyield with sterecisomer&(Z = 88:12).

Noteworthy is that leaving groups of the allylic esters affect

the reaction considerably (eq 2). The trifluoroacetas gave

5 mol% 4a
CsHs/\/\OY +1a W 3a @
2a: Y=COCF3 78 %
2f  =COCF,CF; 67 %
2g: =COCCIF 54 %
2h: =CO,CHj 7 %
2i;  =COCCl, 0 %
2j; =COCHj 0 %

the highest yield. The corresponding pentafluoropropiorifje (
and dichlorofluoroacetat®g) gave3ain 67% and 54% yields,
respectively. The carbonat2h) only afforded3ain 7% yield.
Further, the corresponding trichloroacetétg énd acetate?()
did not afford any acylation product at &llAmong the acetates,
esters of stronger acid seem to have higher reactivity.

In the previous silylatiohand cyanatiot reaction of allylic
esters, the silyl moiety effectively trapped the oxygen-containing
leaving groups by forming the SO bond (Scheme 1). Strong
oxophilicity of the silicon atom may be an important driving
force for these successful reactions. In the present acylation
reaction, a comparable formation of £FOOSiMeg (5a) was
confirmed after the reaction by°Si NMR (vide supra),
suggesting the strong oxophilicity of the silicon atom might
operate similarly. For the marked effect of the trifluoroacetate
moiety &) as compared with acetat®j) in eq 2, the stronger
Si—0O bond of 5a than that of CHCOOSiMe (5b), which
should have been obtained in the reaction wAfhmight be
responsible. Thus, to estimate bond dissociation energies of the
Si—0O bonds obaand5b, ab initio molecular orbital calculation
with the MP4/6-3%G(2d,p)//B3LYP/6-31G(d) methd®was

(15) (a) Degl'Inniocenti, A.; Ricci, A.; Mordini, A.; Reginato, G.; Colotta,
V. Gazz. Chim. 1tal1987 117, 645. (b) Ricci, A.; Degl'Innocenti, A.;
Chimichi, S.; Fiorenza, M.; Rossini, G.; Bestmann, HJJOrg. Chem.
1985 50, 130.
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2-cyclohexenyl trifluoroacetate did not give any acylation products at all.

(17) Ineq 2, only allylic esters containing a fluorine ato2a,(2f, and
29g) afford the acylation product. It is well-known that a fluoride anion
strongly interacts with a silicon atom of silan€s-lowever, there will be
no direct interaction between the fluorine atom2oénd the silicon atom
of 1in eq 2, sinc&Si NMR measurement of a mixture b and2ain the

absence of a palladium catalyst at 70 in tolueneds showed the?’Si
resonance olaat 9.73 ppm did not change.
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Table 1. Palladium-Complex-Catalyzed Acylation of Allylic Trifluoroacetates

1 2 3 yield/%?
T CeH OCOCF i
6 5\/\/ 3 W/ 78)60
1 csHs/\)J\SiMes CeHs N-Cetls (78
1a 2a 3a
ol
0
2 \/\/\/\)J\ i \/\/\/\/U\/v 63
SiMes 2a Xx-CeHls
1b 1

(o]
O
65)55
3 /\/U\SiMes /\)K/\/CGHS ©5)
1c

3c
(o] (o]
4 \Msm% WJV\/CsHs 56
1d 3d
PO ? "
5 SiMes )\)jv\/csHs
1e 3e

O
1a BN 46
6 ococF, CSHS/\)\/\O
3f
o]
(49)36
0COCF; CeHs

~

-

-]
N n N N
o l [ (-] [

2c o 39
1 W ¢
8 2 = "ocock; CsHs/\)J\’WW (75)58
2d 3h
N
9 1a /‘\/\/KL 3h 448
2e “ococr,
o)
10 1b 2d n SN 60°
3i

2 Conditions: 1 (0.50 mmol),2 (1.0 mmol),4a (0.025 mmol), and THF (0.5 mL) under reflux for 16'hisolated yields. Numbers in parentheses
show GLC yield determined by the internal standard meth&lZ = 71:29.9E:Z = 63:37.°E:Z = 68:32.

carried out for the heterolytic (eq 3) and the homolytic cleavage Consequently, simple comparison of the-8i bond dissociation
(eq 4). However, in both cases, lower (by ca. 20 kcal/mohCi energies betweeba and5b could not explain the distinct effect
of the trifluoroacetate moiety dain eq 2.

CR3COOSiIMe3 CR;CO0D + ®SiMes (3) The most plausible catalytic cycle for the present acylation
R = F (5a) AH = 172.1 keal/mol is shown in Scheme 2. The catalytic cycle will be initiated by
R=H (5b) 4H = 193.4 kcal/mol the oxidative addition of allylic ester2) to Pd(0) to give an

ne-allylpalladium intermediate4) (step a). This step has been
well-studied?® Subsequently4 reacts with acylsilanelj to
R=F (5a) AH = 136.7 keal/mol ; ; ; ;
R = H (5b) H = 159.5 keal/mol afford 5 and the acylation producs, p(_)SSlny viab. Thert_e is,
however, no precedent for the reactionszgdfallylpalladium
species withl.2! Therefore, a model reaction for step b was
carried out. As model compounds 4ffor the reaction oRa
(18) (@) Damrauer, R.; O’Connell, B.; Danahey, S. E.; Simon, R. and2j, 4aand ¢°-cinnamyl)palladium acetate dimetk) were
Organometallics 1989 8, 1167. (b) Damrauer, R.; Danahey, S. E. prepared, respectively. Then, stoichiometric reactiofiadnd
Organometallics1986 5, 1490. 4b with ll ied out t’7EC th del f ten b
(19) The Gaussian 98 package: Frisch, M. J.; Trucks, G. W.; Schlegel, wi awas carned out a as the model for step b (eq

H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; 5). As a result4a provided3a with a concomitant formation
Montgomery, J. A.; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam,
J. M,; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.;

CR3COOSIMe; CRiCOO* + *SiMes (4

bond dissociation energy was calculated %ar than for 5b.

Barone, V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Ph\/“\ THF-o?

Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q. Rcoo/Pd\ P + 1a e 3a + Pd(0) 3)
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, }ﬁ”ﬂf )

J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; ~ CF5COOSiMes for 4a

Piskorz, P.; Komaromi, |.; Gompartz, R.; Martin, R. L.; Fox, D. J.; Keith, R = CF; (4a) 31 % yield (NMR)

T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Gonzalez, C; R = CHj (4b) no acylation product

Challacombe, M.; Gill, P. M. W.; Johnson, B. G.; Chen, W.; Wong, M.
W.; Andres, J. L.; Head-Gordon, M.; Replogle, E. S.; Pople, Laussian . ) )
98; Gaussian: Pittsburgh, PA, 1988. of CRRCOOSiMeg (5a) and Pd (0¥2 while no acylation product
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Scheme 2

(o]
2
R \/\)’\ R! PdL RZMOCOR
3 2
step ¢ step a
2
" \/;\d\ 1 RAA
R
s Pd
L \g/ L~ Tocor
6 4
step b
(o]
RCOOSiMe3 R1gSiMe3
5 1

was obtained at all by the reaction db with la. This
observation is very consistent with the catalytic reaction (eq
2), in which2a gave the acylated product, whig did not.

One of the most characteristic feature of acylsilarBsig
their much lower oxidation potentials than those of the corre-
sponding ketones and aldehy#@$ which induce unique
spectroscopic behaviéfed This is due to higher HOM&?
levels caused by strong mixing of the-8LO g-orbital and the
localized oxygen lone paf#*cThus, electrochemical oxidation
of acylsilanes occurs easily with a facile cleavage of the Si
CO o-bonds?32PAs shown in eq 5, the reactivity @fa and4b
is quite different. To gain further insight into this different
reactivity, DFT calculation was performed on [R&CsHs)(CFs-
COO)b (40) and [Pd3-CsHs)(CH3COO)} (4d), models forda
and4b, with the B3SLYP/LANL2DZ method?® LUMOs of 4c
and4d look very similar, consisting of antibonding interaction
between nonbonding (nx) of the 73-CsHs and the palladium
d orbital 8, see Supporting Information). However, LUMO

energy ofdc(—2.537 eV) is much lower than that 4fl (—1.628
eV). It might be conceivable that HOMO-LUMO interactfén
(one-electron transfer or concerted) betw&emd4 is requisite

(20) (a) Trost, B. M.; Verhoeven, T. R. Am. Chem. S0d.98Q 102
4730. (b) Hayashi, T.; Hagihara, T.; Konishi, M.; Kumada,MAm. Chem.
Soc.1983 105, 7767 and references therein.

(21) For reactions of*-allylpaladium chloride with acyl transition metal
complexes, see: Hegedus, L. S.; TamuraDRyanometallics1982 1, 1188.

(22) The reaction would proceed vig3(allyl)(acyl)palladium species
6. However, we could not isolate or even detéctvhich may be unstable
under the reaction conditions to affoBdand Pd(0) black or mirror.

(23) (a)Yoshida, J.-i.; Itoh, M.; Matsunaga, S.-i.; IsoeJS0rg. Chem.
1992 57, 4877. (b) Yoshida, J.-i.; Matsunaga, S.-i.; Isoe T8trahedron
Lett. 1989 30, 5293. (c) Brook, A. G.; Quigley, M. A.; Peddle, G. J. D
Schwartz, N. V.; Warner, C. MJ. Am. Chem. Sod96Q 82, 102. (d)
Harnish, D. F.; West, Rinorg. Chem.1963 2, 1082.

(24) (a) Since there has been no explicit comparison of HOMO energy
between acylsilanedl) and the corresponding ketones, it was calculated
for Me(C=0)SiMe; (1f) and Me(C=0)CMe; (7): HOMO energy,—9.747
(1f) and—10.580 eV ) by HF/6-31G(2d, p):—5.940 (Lf) and—6.463 eV
(7) by B3LYP/6-31G(d). (b) Bock, H.; Seidl, Hl. Am. Chem. S0d.969
91, 355. (c) Ramsey, B. G.; Brook, A.; Bassindale, A. R.; Bock,JH.
Organomet. Cheml974 74, C41.
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in eq 5 and the catalytic cycle (step b, Scheme 2). To realize
such interaction with the high-lying HOMO df the lower lying
LUMO of 4 containing the CECOO moiety would be indis-
pensable.

Experimental Section

Materials. The reagents and the solvents were dried and purified
before use by the usual proceduf&$he following catalyst precursors
and complexes were prepared by the published methdd3? 4b,?8
Pd(OCOCE),,% Pd(OCOCH),,*° Pd(OSQCF),%° Pd(DBA),** PdCb-
(PMePh),,%2 and Pd(PP¥)..32 Acylsilanesl were prepared according
to published method€a Allylic trifluoroacetates were obtained with
the corresponding alcohols.

Analytical and Computational Procedures.All manipulations were
performed under argon atmosphere in conventional Schlenk-type
glassware on a dual-manifold Schlenk line. NMR spectra were recorded
on a Bruker ARX-400H, 400 MHz;*3C, 100 MHz;?°Si, 79.3 MHz).

The mass spectra were measured on a Shimadzu QP-5050A (El) and
a JEOL JMS-700TZ (HRMS, EIl). The GC analysis was made on a
Shimadzu GC-8APF equipped with an integrator (C-R6A) with a
column (3 mm i.dx 3 m) packed with Silicon OV-17 (2% on Uniport

HP, 60/80 mesh) or Apiezon Grease L (5% on Uniport HP, 60/80 mesh).
IR spectra were measured on a Shimadzu FT-IR-8300. Elemental
analysis was preformed at the Center for Instrumental Analysis of
Hokkaido University. Molecular orbital calculations were performed
with the Gaussian 98 packadfeon an HP Exemplar V2500 at the
Computing Center of Hokkaido University.

Acylation Procedure. A typical procedure is described for the
synthesis oBa. A mixture ofl1a (103 mg, 0.5 mmol)2a (230 mg, 1.0
mmol), 4a (14 mg, 0.025 mmol), and THF (0.5 mL) and a magnetic
stirring bar were placed under an argon flow in a 20 mL round-bottomed
flask with stirring for 16 h under reflux. After the reaction, the whole
mixture was passed through a short Florisil column (8 mm *.c60
mm) to afford a clear yellow solution. GLC analysis (OV-17) with
eicosane as an internal standard sho@awvas formed in 78% yield.
The product 8a) was isolated by medium-pressure column chroma-
tography (silica gel with hexane/EtOAe 98/2) followed by Kugelrohr
distillation in 60% yield (pot temperature 18C/1 mmHg).

3a: white solid; mp 56-57 °C; *H NMR (CDCl) 6 2.83 (t,J =7
Hz, 2H), 2.95 (tJ = 7 Hz, 2H), 3.31 (d,J = 7 Hz, 2H), 6.31 (dt] =
16 Hz, 7 Hz, 1H), 6.47 (d) = 16 Hz, 1H), 7.2+7.39 (m, 10H)}*C
NMR (CDCl) ¢ 29.8 (CH), 44.0 (CH), 47.2 (CH), 121.9 (CH), 126.2
(CH), 126.3 (CH), 127.6 (CH), 128.4 (CH), 128.57 (CH), 128.60 (CH),
133.9 (CH), 136.9 (C), 141.0 (C), 207.7 (C); IR (neat, &m1713
(ve=0); MS (relative intensity)ywz 250 (M, 6), 134 (3), 117 (19), 105
(100), 91 (95); HRMS calcd for £gH:80 250.1358, found 250.1360.
Anal. Calcd for GgH180: C, 86.36; H, 7.25. Found: C, 86.07; H, 7.31.
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(d, J = 16 Hz, 1H), 7.26-7.43 (m, 5H);*3C NMR (CDCk) ¢ 14.1
(CHs), 22.7 (CH), 23.7 (CH), 29.16 (CH), 29.22 (CH), 29.4 (CH),
31.8 (CH), 42.5 (CH), 47.0 (CH), 122.2 (CH), 126.3 (CH), 127.5
(CH), 128.6 (CH), 133.6 (CH), 136.9 (C), 209.0 (C); IR (neat, &m
1717 pc=0); MS (relative intensity)n/z 258 (M*, 5), 141 (63), 123
(5), 117 (26), 116 (8), 115 (26), 91 (14), 81 (15), 71 (75), 67 (10), 57
(100), 55 (23).

3c:% colorless oil; 154°C (pot) /0.5 mmHg;*H NMR (CDCl) 6
0.92 (t,J = 7 Hz, 3H), 1.63 (sexJ = 7 Hz, 2H), 2.47(tJ = 7 Hz,
2H), 3.31 (dJ = 7 Hz, 2H), 6.33 (dt) = 16, 7 Hz, 1H), 6.47 (d) =
16 Hz, 1H) 7.2+7.41 (m, 5H);13C NMR (CDCk) 13.8 (CH), 17.2
(CHy), 44.4 (CH), 47.0 (CH), 122.2 (CH), 126.3 (CH), 127.5 (CH),
128.7 (CH), 133.6 (CH), 136.9 (C), 209.0 (C); IR (neat, émL715
(ve=0); MS (relative intensityy/z 188 (5), 117 (20), 115 (22), 91 (11),
71 (100).

3d: colorless oil; 178C (pot)/0.5 mmHgiH NMR (CDCl) 6 0.88
(d,J =7 Hz, 6H), 1.44-1.62 (m, 3H), 2.48 (t) = 7 Hz, 2H), 3.32 (d,
J=7 Hz, 2H), 6.32 (dtJ = 16, 7 Hz, 1H), 6.48 (dJ = 16 Hz, 1H),
7.28-7.41 (m, 5H);*3C NMR (CDCk) ¢ 22.4 (CH), 27.7 (CH), 32.5
(CHy), 40.6 (CH), 46.9 (CH), 122.3 (CH), 126.3 (CH), 127.5 (CH),
128.6 (CH), 133.6 (CH), 137.0 (C), 209.2 (C); IR (neat, éml715
(ve=0); MS (relative intensityyn/z 216 (M*, 6), 145 (3), 117 (31), 115
(29), 99 (73), 91 (19), 81 (100), 71 (38), 57 (11), 55 (16). HRMS calcd
for CisH»00 216.1514, found 216.1508.

3e: colorless oil; 165C (pot)/0.5 mmHgiH NMR (CDCls) 6 0.94
(d,J =7 Hz, 6H), 2.15-2.25 (m, 1H), 2.39 (dJ = 7 Hz, 2H), 3.32
(d, J =7 Hz, 2H), 6.32 (dtJ = 16, 7 Hz, 1H), 6.48 (dJ = 16 Hz,
1H); 33C NMR (CDCk) 6 23.0 (CH), 25.0 (CH), 47.8 (Ch), 51.9
(CHp), 122.5 (CH), 126.7 (CH), 127.9 (CH), 129.0 (CH), 134.1 (CH),
137.3 (C), 209.4 (C); IR (neat, c) 1713 (c—o); MS (relative
intensity) m'z 202 (M*, 4), 117 (15), 115 (16), 91 (9), 85 (62), 57
(100); HRMS calcd for @H1s0 202.1358, found 202.1352.

3f: colorless oil; 180°C (pot)/1 mmHg*H NMR (CDCl) 6 1.43—
1.62 (m, 6H), 2.06-2.16 (m, 4H), 2.74 (t) = 7 Hz, 2H), 2.89 (tJ =
7 Hz, 2H), 3.09 (dJ = 7 Hz, 2H), 5.21 (tJ = 7 Hz, 1H), 7.15-7.22
(m, 3H), 7.25-7.31 (m, 2H);3C NMR (CDCk) 6 26.7 (CH), 27.6
(CHyp), 28.4 (CH), 29.0 (CH), 29.8 (CH), 37.1 (CH), 42.1 (CH),
43.6 (Ch), 112.4 (CH), 126.1 (CH), 128.3 (CH), 128.5 (CH), 141.2
(C), 143.9 (C), 208.7 (C); IR (neat, cr) 1715 (c—o); MS (relative
intensity)m/z 242 (M, 9), 133 (14), 109 (11), 105 (100), 91 (63), 79
(24), 77 (19), 67 (59), 65 (15), 55 (23); HRMS calcd for78,,0
242.1671, found 242.1662.

3g: *H NMR (CDCls) 6 1.38-1.52 (m, 1H), 1.74 (s, 3H), 1.87
2.02 (m, 3H), 2.062.22 (m, 3H), 2.78 (tJ = 7 Hz, 2H), 2.90 (tJ =
7 Hz, 2H), 3.02 (s, 2H), 4.72 (s, 1H), 4.74 (s, 1H), 5%157 (m,
1H), 7.17-7.23 (m, 3H), 7.267.32 (m, 2H);°C NMR (CDClk) o
21.2 (CHy), 28.0 (CH), 29.5 (CH), 30.2 (CH), 31.2 (CH), 41.0 (CH),
43.6 (CH), 52.7 (CH), 109.5 (Ch), 126.3 (CH), 128.7 (CH), 128.9
(CH), 129.3 (CH), 131.7 (C), 141.6 (C), 150.1 (C), 209.0 (C); IR (neat,
cm1) 1715 fc—o); MS (relative intensity)n/'z 268 (M, 3), 135 (9),
133 (19), 120 (12), 105 (100), 93 (10), 92 (9), 91 (96), 79 (18), 77
(17), 65 (12), 55 (9); HRMS calcd for 1¢H,,0 268.1827, found
268.1826.

(35) Shono, T.; Nishiguchi, I.; Ohmizu, KChem. Lett1977 1321.
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3h (as a mixture ofE andZ): 'H NMR (CDCl;) 6 1.57-1.77 (m,
9H), 1.99-2.12 (m, 4H), 2.652.77 (m, 2H), 2.872.98 (m, 2H), 3.09
(d,J = 7 Hz, 2H), 5.07 (tJ = 6 Hz, 1H), 5.29 (tJ = 7 Hz, 1H),
7.14-7.22 (m, 3H), 7.247.31 (m, 2H);*3C NMR (E isomer)d 16.4
(CH3), 17.7 (CH), 25.7 (CH), 26.5 (CH), 29.8 (CH), 39.6 (CH),
42.9 (CH), 43.8 (CH), 115.6 (CH), 123.8 (CH), 126.4 (CH), 128.3
(CH), 128.5 (CH), 131.7 (C), 139.5 (C), 141.1 (C), 208.7 (6J;NMR
(Z isomer)o 17.7 (CHy), 23.5 (CH), 25.7 (CH), 26.3 (CH), 29.8
(CH,), 32.8 (CH), 42.6 (CH), 43.7 (CH), 116.3 (CH), 123.9 (CH),
126.4 (CH), 128.3 (CH), 128.5 (CH), 132.0 (C), 139.4 (C), 141.1 (C),
208.7 (C); IR (neat, crit) 1715 (c—0); GC/MS (E isomer), (relative
intensity) m/z 270 (M*, 1), 227 (6), 201 (5), 133 (16), 122 (17), 107
(12), 105 (100), 91 (76), 79 (10), 77 (12), 69 (63), 67 (13); GC/MS (
isomer) (relative intensityjwz 270 (M*, 1), 227 (4), 201 (14), 133
(14), 122 (29), 107 (17), 105 (100), 95 (13), 91 (76), 81 (19), 79 (15),
77 (16), 71 (13), 69 (62), 65 (11), 57 (25), 55 (23); GC/HRMS (
isomer) calcd for @H2cO 270.1984, found 270.1978; GC/HRMZ2 (
isomer) calcd for GH260 270.1984, found 270.1979.

3i (as a mixture of and Z) *H NMR ¢ 1.01 (t,J = 7 Hz, 3H),
1.22-1.41 (m, 12H), 1.66-1.67 (m, 6H), 1.76 (s, 3H), 2.12.26 (m.
6H), 2.95-3.02 (m, 2H), 5.23-5.31 (m, 1H), 5.525.61 (m, 1H);**C
NMR (E isomer)d 14.5 (CH), 16.6 (CH), 17.9 (CH), 23.2 (CH),
24.3 (CH), 26.0 (CH), 27.1 (CH), 29.8 (CH), 29.8 (CH), 30.0 (CH),
32.4 (CH), 40.2 (CH), 42.2 (CH), 42.9 (CH), 117.3 (CH), 124.8
(CH), 131.6 (C), 138.6 (C), 207.2 (C¥C NMR (Z isomer)o 14.5
(CHs), 16.6 (CH), 23.2 (CH), 23.7 (CH), 24.3 (CH), 26.0 (CH),
26.9 (CH), 29.78 (CH), 29.80 (CH), 30.0 (CH), 32.4 (CH), 32.6
(CHp), 42.4 (CH), 42.6 (CH), 118.1 (CH), 124.7 (CH), 131.9 (C),
138.6 (C), 207.2 (C); IR (neat, cr) 1717 (/c—o0); GC/MS (E isomer)
278 (M*, 0.2), 23 (1), 209 (3), 141 (16), 123 (8), 122 (17), 107 (14),
81 (22), 71 (60), 68 (20), 67 (29), 57 (100); GC/MBiéomer) 278
(M*, 0.3), 235 (1), 209 (17), 141 (23), 137 (5), 123 (12), 122 (34),
107 (34), 95 (10), 81 (35), 71 (7), 69 (74), 68 (15), 67 (27), 57 (100),
55 (29); GC/HRMS E isomer) calcd for @H3,0 278.2610, found
278.2615; GC/HRMSZ isomer) calcd for GHs40 278.2610, found
278.2615.

Reaction of [Pd(3-PhCH=CHCH )(CFsCOO)]; (4a) with 1a (eq
5).In a 5 mmi.d. NMR tube,4a (30 mg, 0.04 mmol) and mesitylene
(20uL, an internal standard féH NMR spectroscopy) were dissolved
in degassed THIgg (0.3 mL). Then, 3-phenylpropionyltrimethylsilane
(1@ (9 mg, 0.04 mmol) was added into the solution at room
temperature. The reaction was carried out afCdor 16 h.
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