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e 9% od#sA pEsed 38EE ((Z)-1-bromopropene, 1-bromo-2-methylpropene, 2-bromo
-3-methyl-2-butene, (E)-ethyl 3-bromo-2-methyl propenocate, 1l-bremocyclchexene) -£3# 3}
2o} ethyl acrylate, methyl methacrylate, ethyl crotonate, allyl cyanide, ethyl 3-butenoate,
ethyl 4-pentenoate 2} methyl 10-undecencate & palladium acetate Zw 9} triorthotolylphosphine @
triethylamine &4 &8 FAA oA bSAZH T, $o} 22 ¢4 A =20l g dubd o2 2 4-dienoic
acid F2AES F& $£582 d3od ofF AAEY dAFRT=E st e 9y e ol
3224 ethyl 3-butenoate, ethyl 4-pentenoate $} methyl 10-undecenoate o 2]& 47, 57 2
114 eha-wke AT 345 7St

ABSTRACT. A wide variety of vinylic bromides such as (Z)-1-bromopropene,
methylpropene, 2-bromo-3-methyl-2-butene, (E)-ethyl 2~-methyl-3-bromo-2-propenoate, 1-bromo-

1-bromo~2-

cyclohexene has been found to react with ethyl acrylate, ethyl 3-butenoate, allyl cyanide, (E)-
ethyl crotonate, ethyl 4-pentenocate, methyl 10-undecenoate and methyl methacrylate in the
presence of triethylamine and a palladium acetate-triorthotolylphosphine catalyst. In general, 2,4-
dienoic acid derivatives were obtained in good yield and stereochemistry of the products was
determined. Using this method, four, five and eleven carbon-carbon extension with ethyl 3-

butenoate, ethyl 4-pentenoate and methyl 10-undecenoate was also possible.

urgls ul 9vd =3} Heck 9} Dieck? =
1. M =

BE3olal wi vd I3EEF &9 9 3
FHEE0  triethylamine &A] 3follA palladium
acetate &+ 2 k8] triphenylphosphine &2 F
AR Fofof] o uk-gste] wk-gde) SHA 3}
o 9lE o]%5A Fe] vinylic hydrogen 7} &
gAgleld m wd FIES Al A
5w A coupling Ho] A 2L dienes o] HA o]

HE
shld S¥}EEF Aok &g AEEES
Eg]g7olulst Pd(P(CeHs)s)2(0Ac), &7 &
A Bl A HEEAIA  conjugated dienes & A
S A2e $Eg AN ¥ AT o] w)
A= 1-iodo-1-hexene E-& 1-bromo-1-hexene
7 1-bromo—2-methyl-1-propene, 3-bromo~2-
methyl acrylate 2 methyl acrylate ¢] palladium.
Zul| 3} uk-Zo 98] 2,4-dienoic acid ester 2] %}
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Aol J5dE =989 2-bromopropene 7
methyl acrylate 9}9] uhg-ol 4= A4 E<

| Pd(OAc)
A\ Nco,ch, T EsN—ppp,

| -
/\ /\ /C02CH3+ Et;NH*Br

dienoic acid ester o] Diels-Alder adducts =}o]
AARE &3 ¥

=S Y dF6lAE deAA gzAS
g FFEEH A 3EE (acrylic acid,
methyl acrylate, acrylonitrile, acrylamide,
crotonic acid, methyl methacrylate, methyl
methacrylamide) ] #t-$-oj 4 wSEEo A
S d& 487k A8t ueE 9 ‘Lr‘—zv
Eol FA = G FAAR A ATFE =
qgt uh Aot

49 palladium w3} wk-So & diene A
3HHES] FAo] oS F28 AX A Q1S ]
Fol £ dFelNE FAd AAsA Fgtdd o
Y7 BESd 83E Fo v 2xs
ol 39553} ethyl 3-butenoate, allyl cya-
nide, ethyl 4-pentenoate, methyl 10-undecenoate
S 4-&AA palladium o3} wl-g-o] ¥ 9}
AL & A7lzA stgon] =g A4
=9 QAo AN s Arax g

2. ¢4 #

2.1 &8717]

FAEY qAY] F9 ¥ EgtE Varian S-
60T 2, A4 ¥4 &9 EzlE Beckman spec-
trophotometer 18-A & A}-&-3lo QA¢lon 3513
=9 EAFe 284 Ao (HP. 5985-B)
2 39

=S FE}7 A A8d GLCE
shimadzu GC-6A o]l om d#-& 10% SE 30/
chromosorb W NAW 2 Z43 W73 6p, 2o
3me| Xulgx A7)t

2.2 Al &%

Hhgol ARS8 SEd FFEEF ethyl
acrylate(Tokyo Kasei Co.), methyl methacryl-

ate(Tokyo Kasei Co.), ethyl crotonate(Tokyo

FEAS 4
Kasei Co.)9 &ul 2 A28} palladium acetate
(Aldrich Chem. Co.)= A#EL F3}od =
2 Ag-st
Triorthotolylphosphinet, 1-bromo-2-methyl-
propene®, allyl cyanide®, ethyl 3-butenoate”® =2
ethyl 3-butenoate®= F&do] wle} 43t A}
S5l o] BEsud 854 wgEE
e e e wiew HY%d Aesan
(Z)-1-Bromopropene. Crotonic acid =3-E
trans-crotonic acid dibromide & 341 c}-L- o]
£ Norris® o] €]4 sodium bicarbonate &
dimethylformamide o] & &A1z g oz wn
E3h5ast AR 44FE AHEL Sl
otolx Efjo g A3 F & F (bp. 55°C/

708mmHg) 3t} (Z)-1-bromopropene (60% )<
A4t

NMR(CDCl3) : 6 1.7(d, J=4Hz, 3H) ;6.0
~6.3(m, 2H)

Cauberel! H o] 2|3
sodium amide-sodium
t-butoxide complex base & A}-238}¢] NaNH, :
t-BuONa : Substrate 2] ®]7} 3:3:27) =A%
F ALl A 2447k WA o wke A5
£ d¥l2® %32 ¥4 magnesium sulfate
2 Az, 547 F 24EF(bp. 44°C/8mm
Hg) 3l 1-bromocyclohexene(60%)-& 19t}

NMR(CDCly) : 6 1.65(s, 4H) ; 2.0(s, 2H) ;
2.35(s, 2H) ;5.7~6.0(d, J=14Hz, 1H)

2-Bromo-3-methyl-2-butene, 33 o}y <
252 HE trimethylethylene dibromide & &
H1%| wu} A3 & o] dibromide 2 sodium
ethoxide 4 Fo| A ZAFA7 v}S wre stz
£ #& vigreux column ¢ 8 7}9+EF (bp. 29°
C/24mmHg) 3}  2-bromo-3-methyl-2-butene
(56%)% At o8 A T ¥ EHe
Ax28 & A X8,

(E)-Ethyl 3-Bromo-2-methyl propenoate.
Lossen!® ] oj}

1-Bromocyclohexene.
dibromocyclohexane oj

3} methacrylic acid 238
dibromo methacrylic acid & =& o2 10% 4
AEIEE SLA HEED AFAA GnE
Shradtet A A AL ek AAES o
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At o] & o st Aoz A} 3-
bromo-2-methyl propenoic acid (mp 64°C, 58
%)% AAA 2 ARt olF dubH< oz
23} wpgol Fato] olek&3t 4o 4L ¥
o] FFAA Q& kg EFEL FF(bp. 192
~193°C) 3l (E)-ethyl 3-bromo-2-methyl pro-
penoate(85% )% A it

NMR(CDCly) : 6 0.9(¢, J=4Hz,3H) ; 1.7(s,
3H) ; 3.4(g, J=4Hz, 2H) ; 7.7(s, TH)

2.3 2,4-Diencic Acid REREC] Utx &
Adhy

10mmol 8} B E3ujd ¥i-gE, 12.5mmol 9
L83 uSE 30mmol & triethylamine, 0.1
mmol 8} palladium acetate ¢} 0. 2mmol 9] trior-
thotolylphosphine -2 ul-2- o] ¥ =2 Hypodermic
syringe & AH4E & QA 2FoIE 0@
¥ 2 3‘3%01 TaZel AR HE 24 2=
9 ¥ %2 7§ YA HAA,

g =5 kg EFER FE 4] AR
A71H o2 FHse] GLC = £Ag.

Table 1] el A 712 GLC 2 2vlE 1
9 ngshld WSE A5k fAAY A o
A BadA GE ALE 99 o1F 0 A
2oz ARGt

A4E foe 74" g EFE &7
9 sz} FHake 10% FAFIEE T8
}?5}"4 F71%% FE4Foz festn &
=% dHzr F523% FE2F4E /7134
Lol 7} 3z F-<* magnesium sulfate &
AEEEHESr FF = AZACd 94§
T BAEE A9

dquid oz ukgL HAEY F5EEE AR
7] 93t 54l = 1009 FERE o] ug
AZ et

AN o] wgF AFA wgel A=
ot ol = o & AlA 3 .

(E, Z)-Ethyl 3, 5-Heptadienoate 2| &4,
(Z)~1-Bromopropene (6.05g, 50mmol), ethyl
3-butenoate(7.125g, 62.5mmol), triethylamine
(15.2g, 150mmol),
0.5mmol)9} triorthotolylphosphine(0.305g, 1

palladium acetate(0. 11g,
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mmol) & 200m! &} WH-g¥el PYx =¥ wAR
A3t & E£50] ubs EFECl Tl H
A G¥ E59000°C)olA 3347 AR
o ukgo] g 8= GLC 2 RA%le #aql
SR h-3EQ BEIEY slast vEuA
L& 7AAE kg Aoz APt ub-gol
U ubg £EFES B4 F 47 dH
2% sbebs o7k Fgd] 10% FAFVEE T
|40z WeF AAE ohgdd AR 43
AR f71%55 5oz FEdS %
A7 g FEEEE dEEZE Ay F
Z3lx o] dHz FE5L95} {759 dEz
£ & 3F FF magnesium sulfate 2 7 ZA
712 A EE AAY F 2¢EFF(32~33°C/
1.1mmHg)dte] &34 A EZA (E, Z)~ethyl
3, 5-heptadienoate & 458 68% = 4T}
(E)-Ethyl 6, 7-dimethyl-4, 6-octadienoate
o] #AJ. 2-Bromo-3-methyl-2-butene(7.45g,
50mmol), 62. 5mmol),
triethylamine(15.2g, 150mmol), palladium ac-
etate(0.11g, 0.5mmol) ¢} triorthotolylphosphine
0.305g, 1lmmol)S 200m/ o] ul-g9e] ¥ &
Aol HAGR A FFFAA  100°C 2 9647
SARS. 138 $AL GLCEA® A4
sz ubgo] Tt F 4AEY EEe A9
(E, Z)-ethyl 3, 5-heptadienocate &] ¥4 ol A 9}
Ze vy or Aestd (E)d (Z) o144 A 9
EFERA 45§ 58%(E) :35 (2):13
unknown : 10) & 4% 4 3=k (bp 120°C/
émmHg). (E) =& (Z) o|4AA A=
GLC ol 913t W3- w3g%] ofste] A A st et

olo 1“‘-

|:l

ethyl 4-pentenoate(8g,

3. #u 8 1
A& 7tA, BEshuld 33E5((Z)-1-brom-

opropene, 2-methyl-1-bromopropene, 2-bromo-
3-methyl-2-butene, (E)-ethyl 3-bromo-2-me-
thyl propenoate, 1-bromocyclohexene)} 22
A 3FE
ylate, ethyl crotonate, allyl cyanide, ethyl 3-

E (ethyl acrylate, methyl methacr-
butenoate, ethyl 4-pentenoate, methyl 10-undt-

ecenoate) & triethylamine @ palladium acetate-
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Table 1. Palladium catalyzed reactions of olefins with vinylic halides and amines. =

Amine Catalyst

o . EtsN  P(o-tol Product
Vinylic halide  Olefin _R%(— —P(E%O‘Kc))sz roduc

molar ratio Temp, °C Time, h (% yield of isolated product)

(Z)-CH;CH=CHBr CH,;=CHCO:Et 3 2/1 100 25 (E, Z)~CH3CH=CHCH =CHCO;C,H5(86)
(E, Z-ethyl 2, 4-hexadienoate)
CH,=CHCH,CO,C,H; 3 2/1 100 33 (E, Z)~CH3CH=CHCH =CHCH,CO;C,H;(68)
(E, Z-ethyl 3, 5-heptadienocate)
CH,=CHCH,CN 3 2/1 100 98 (E, Z)-CH;CH=CHCH =CHCH,CN (58)
(E, Z-3, 5-heptadienenitrile) :
2/1 100 73 (E, Z)-CHsCH=CHCH =C (CH3) CO;CH;(653)
(E, Z-methyl 2-methyl-2, 4-hexadienoate)
(E)-CH;CH=CHCO,C:l1s 3 2/1 100 55  CHsCH=CHC(CHj) =CHCO,C;H;
(E,E:43, E,Z:30)
(ethyl 3-methyl-2, 4-hexadienoate)
2/1 100 70 CH3CH=CHCH=CH (CHj)sCO,CH;
(E,E: 14, E, Z:46)
(methyl 10, 12-tetradecadienoate)
(CH3),C=CHBr CH,=CHCO,C;H; 3 2/1 100 29 (E)-(CH3) sC=CHCH=CHCO,C2H;5(71)
(E~ethyl 5-methyl-2, 4-hexadienoate)

CH,=CHCHsCO,C,Hs 3 2/1 100 40 (CH3) 2C=CHCH=CHCHCO,C,Hj

CH,=C(CH3)CO,CHj

w

CH;=CH(CHy)sCO,CHj3

w

(E:57, Z:5)
(ethyl 6~methyl-3, 5-heptadiencate)
CHy=CHCH,CN 3 2/1 100 71 (CHj) 2C=CHCH=CHCH,CN
(E:35 Z:25)

(6-methyl-3, 5-heptadienenitrile)

2/1 130 11 (E)-(CHj),C=CHC(CHj) =CHCO,C,H;5(71)
(E-ethyl 3, 5-dimethyl-2, 4-hexadienoate)
(CH3),C=C(CHg)Br CH,=CHCH,CO.C;Hs 3 2/1 140 28 EgHsizc C(Ci)ia)CH =CHCH;COCoHs
0. : 20
(ethyl 5, 6-dimethyl-3, 5-heptadienoate)
CH,=C(CH3)CO,CHs 3 2/1 140 61 ggHsng ZC(CI){s)CH C(CHj3)CO,CH;
2
(methyl 2, 4, 5~trimethyl-2, 4-hexadienoate)

. CHy=CHCH,CH;CO,C:Hs 3 2/1 100 96  (CHj):C=C(CHz)CH=CHCH,CH,CO,Et
(E : 35, Z:13, unknown :10)

(ethyl 6, 7-dimethyl-4, 6-octadienoate)
CgHsCOzCHzCH CHCH= C(CH3)C02Et
(E,E:45, E,Z:20, unknown:7)
(ethyl 2—methy1—6~ (carboethoxy) -2,
4-hexadienoate)

1-Bromocyclohexene CHy=CHCO:C,Hs 3 2/1 100 16 (E)-(1-C¢Hg) CH=CHCO,C,H5(78)
(E—ethyl 3-(1'-cyclohexenyl)-2-propenoate)
CH,=CHCH,CO,C:Hs 3 2/1 100 40  (1-CeHg)CH=CHCH,COC,H;5
(E:35, Z:7, unknown : 10)
(ethyl 4-(1" cyclohexenyl) -3-butenoate)
CH,=CHCH,CN 3 2/1 130 39 (1-C¢Hg) CH=CHCH,CN
(E: 25 Z:20)
(3- (1’—cyclohexenyl) ~2-cyano propenoate)
(E)-CH;CH=CHCO.C,Hs 3 2/1 130 11 E%E—CZEIQ)(Z:(CHa) =CHCO:C;Hjs
(etl;yl 3, 3-(1'-cyclohexenyl), methyl-2-
propenoate)

(E)-CH3;CH =CHCO,C;Hs

W

(E) -BrCH=C (CH3) CO.Et CHo=CHCH,CO,CoHs3 2/1 100

©

¢Reactants : 12, 5mmol of olefin, 10mmol of vinylic halide, 30mmol of amine, 0. 1mmol of palladium acetate,
0. 2mmol of triorthotolylphosphine, if used.
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Table 2. Properties, NMR, IR spectra and molecular weights of compounds prepared.

Compound b. p. /mm

or mp

NMR Spectrum
g, ppm{CDCly)

IR Spectrum
cmt

Molecular Weights (HRMS)

Formula Found  Caled.

23/1
HEt

7 “\/\CO

CO.Et 32~33/1. 1

SN

_ CN  34~35/1.5
TN\

] 29~30/1
STNAN
CO,CHs
VRN 44/1
| COzEt

SN
(CHz)sCO5CH3

| CO,Et
NSNS

45/1. 4

| 50~52/1.2
NN NCOEL

| 56~58/2.6
INSNN
CN

]
NSNS

CO.Et

CO.Et
l/ \“/ N/

NS

85~88/2. 2

107~110/2.1

]/ \H/ N\ N\COzEL
NS

AN
(V7 e

NS
CN

| COEt 80~82/2.2
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1.3(t, J=7Hz, 3H); 1.9,
J=7Hz, 3H); 4.22(q, J=7Hz,
2H);6.0(m, 3H); 7.5(m, 1H)

1.32(t, J=7Hz, 3H); 1.9(d,
J=7Hz, 3H); 2.3(d, J=5Hz,
2H);4.2(q, J=7Hz, 2H); 5.8
(d, J=14Hz, 1H); 6.2(d, J=
7Hz, 2H)

1.93(d, J=6Hz, 3H); 2.17(d,
J=6Hz, 2H):; 5.2(s, 1H);
6.13(m, 3H)

1.83(bs, 6H); 3.73(s, 3H);
6.12(m, 2H): 7.2(d of d,
J=11Hz, 1H)

1.32(t, J=7Hz, 3H);1.9(m,
3H); 2.28(s, 3H):; 4.18(q,
J=7Hz, 2H); 5.62(d, J=
Hz, 1H): 6.16(bs, 2H)

1.33(m, 11H); L 7(m, 3H)
2.17(m, 5H); 3.6(s, 3H);
5.76(td, 1H, J= 75Hz)
6.12(td, 1H, J=7Hz);
6.52(dd, 1H, J=10Hz);
6.78(dd, 1H, J=15Hz)

1.34(t, J=7Hz, 3H); 1.96
(s, 6H); 4.23(q, J=THz,
2H); 5.92(m, 2H); 7.62(d
of d, J=12Hz, 1H)

1,22(t, J=7Hz, 3); 1.74
(s, 6H); 3.15(d, J=6Hz,
2H); 4.14(q, J=7Hz 2H);
6.02(m, 3H)

1.92(s, 6H): 2.04(d, J=
6Hz, 2H); 5.1(s, 2H);
5.838(d, J=14Hz, 1H)

1.22(t, J=6Hz 3H); 1.82
(bs, 6H); 2.22(bs, 3H);
4.2(q, J=6Hz, 2H);5.62
(bs, 2H)

1.24(t, J=6Hz 3H); 1.62
(bs, 4H); 2.22(bs, 4H);

4. 18(q, J=6Hz, 2H);5.67
(d, J=15Hz, 1H);6.2(bs,
1H) ; 7.3(d, J=16Hz, 1H)

1.28(t, J=6Hz, 3H);1.64
(bs, 4H): 2.2(bs, 4H);
3.18(d, J=6Hz, 2H);4. 18
(q, J=6Hz, 2H); 6.02
(m, 3H)

1.7(bs, 4H); 1.96(s, 2H);
2.24(bs, 4H); 5.15(d, J=
18Hz, 1H); 6.2(m, 2H)
1.7(bs, 4H); 1.96(s, 2H)3
2.3(bs, 4H); 5.1(s, 1H):
6.1(s, 2H)

1. 22(t, J=6Hz, 3H) ;1. 7(bs,
4H); 2. 2(bs, 4H)5 2. 38(s,
3H):4.2(q, J=6Hz 2H);
5.8(s, 1H) ;- 6.24(bs, 1H)

3008 (C—H) ;2240
(C=N)s
(C=CLC=0C)

2900 (C—H)
=0);

1600

1695

2900(C—H); 2400
(C=N); 1600
€=

cZCc=C)

2900(C—“H)1 1710 C12H1802
(€=0)

CsH20;  140.086 140.088

CoH1402  154.101 154.099

C/HgN  107.075 107.078

CsHia02 140.086 140. 088

CgH 140, 154.099 154.099

C14H3s0,

CoHp0, 154.101 154.099

CioH1602 168.114 168.110

CGHLN  121.091 121.098

C1oH1Os 166. 110

CiHie02 180.120 180.121

Cy2H150; 194.132

CioHpsN 147.113 147.111

CioHaN

194. 132
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| 98/1 1. 3(t, J=5Hz,
Ve VA VAN (s 3H) 3.24(d, J
CO, 2H); 4.22(q,

Et,0C

J=12Hz, 2H)

| CO,CH; 47-48/1. 2

7 \l/ N 5.44(ds, 1H)

50/1. 2 1.31(t,
(bs, 9H);
4. 2(q,

(d, J=15Hz, 2H)

1. 26(t, J=6Hz,
(bs, 9H); 2.42(bs,
4.16(q, J=
(d, J=16Hz, 2H)

|
Ve Vi VAN
] COEt

| CO;Et 120/6
/ \l/ ) Vv

188 o18% 24-94 #=

6H); 1.98 2900(C—H);1700 CyoHygOs 226. 121
J=6Hz, (C=0); 1610

J=6Hz, 4
H):6.24(m, 1H); 7.18(d,

1. 74(bs, 12H);3. 8(s, 3H);

J=6Hz, 3H);1.79
2.48(bs, 2H);
J=6Hz, 2H); 6.62

3H); 1.8
4H);
6Hz, 2H); 6.58

Ao ¢4
29€. 132
(C=C~C=C)

C1oH360; 162.110

CiHis02 182. 1304  182.121

CI2I‘I2002

H AcO
PUOA) Ly + ¢  —Ey PaLy e D= +HOAC
PdL,X
L R\/\G 2 -L
Pl * X — Popd | 8, R Y ezl
R R L X
R N~
b -HPdLXeL /_2,/\0
H-Py-X
R/=\I4\a \
: D mAa

R pa,x

R N

/\R
R X L
R~ - L PNEN, + HPdL
\/Y\Q LN \/Y\a ZX
i v
XL

HPdLZX tE'aN _"‘Psz‘EfaNH‘X-

riorthotolylphosphine Zul] &4 3lel A} ul-2-4
#A 2, 4-dienoic acid FEAES A Ro] FAF
T ARt
Table 1] o8 7}% dienoic acic 4= &2l
Aol A3 ubg 24T YHEEY F5&
et A3 AFE A XSG =8 Table 2 o &=
B oA A BE 2 4-dienoic acid A
59 440 3% 3 A4 B3 2d = o
olH g} Ak HFBA o EAF L FAHE
a4 Ao dd A34E FEIH

durd o ® BE vt dbge F2EA
< FEEE AP o sz 2F & T
3}3H5 (o : ethyl 3-butenoate, methyl 10-un-
decenoate) #}9] ¥l-2-o A (E) =& (Z) o|AZA|
7t A45Ee el AAE mechanism ol A 9}
7+o] z-allylic complex o] H3&3}o] 7eldtE= A
o8 A5

g 299 EEE Yy ga-wa A
Aol & g Aetz ulgl A S A4 ‘ﬂ'-’f—'r‘ﬂ'
F7 el wel -S4 k' A FobehE 3%
3.9 o1} 2-bromo-3-methyl-2-butene oj| ethyl
4-pentenoate E- H+-&A A ethyl 6, 7—dimethyl—
4, 6-octadiencate & FA e A S A= uk2
J_7]- methyl methacrylate @ ethyl 3-butenoate

WAl A9 moh wES & F ol

%Eﬂ;ﬂ"ﬂ A &= gl AZrld o wks
Ao wao A E ubgel o] —C=N7|
o A7t Mg ubg S0k =3

=8t (Z)-1-bromopropene 3} o 2] 7}A] term-
inal &l 9 BFEEFA] ubgol ¥ AHEE
< 2% (E2)9 A ol e vehied v
3] internal &9 33E-9 ethyl crotonate &
W27l 4o = (E, E)-ethyl 3-methyl-2, 4~
hexadienoate(43%) ¢} (E, Z)-ethyl 3-methyl-2,
4-hexadiencaie (30%) 7} 4 AA AL}, o=
(Z)-1-bromopropene & x7]9} <JAA o] v]d 3}
g 271 3t A

(o

/TN, N

T

+ Et;N
CO,Et
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Pd(OAc)»+2P(o-tol)s _,
100°C, 55hrs.

A\ + N\

(43%) (30%)

AHA oz o] A s e ol Fegste 2o
ofvzl T 9 ub-g-Eol palladium £+{3} 4k
A AAEE F714Q] z-allylic complex 7} o
A3 3 ol 2 X hydridopalladium halide
group 9| ojge] 3] nr} EA3tE diene 33
ol AA=Y] qFolet A4

1-Bromo-2-methyl-1-propene & H.&3}u|d
WEE2 Fx 299 ul-2E 3 ethyl crotonate
£ 93t udd ube-g AAG A $olE (B)-
ethyl 3, 5-dimethyl-2, 4-hexadienoate 5}to] 4} 4]
2 e ARl

oo &

—

+ Et;N

CO,Et

Pd (OAc)2+2P (o~tol) 3 -
130°C, 11hrs.

| Br +
A=

I | CO.Et
INNS (71%)

ol $ mechanism ol 4 VEPAA T o] ulg
E%0)] 443 hydridopalladium halide z com-
plex 2 32-¥] hydridopalladium halide & o]
o Sletd A4 E Aen 24U

£l d ubSEZA ethyl crotonate 2] o allyl
cyanide =& ethyl 3-butenoate 58 A}-&3} u}
SAAE BHEE B9 (D) ol 32AYy &%
24 dglen ol AnilA AAF (E)-
ethyl fumarate 9}o] wh-golAje} 7o Azbele
& F At

| Br+ CO,Et+EtsN

NSNS

Pd(OAc)z+2P(o-tol)s |
100°C, 40hrs.

| + CO,Et
NN\ SN

(567%) COEt (5%)
2-Bromo-3-methyl~2-butene 3} &« ¥ 3135
7ol w20l A methyl methacrylate(140°C, 28
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hrs.) 2 ethyl 3-butenoate(140°C, 61hrs.)$}e
S WHRE 100°C ol A& ukgo]l AL A
P2 Ggort oluch gagst @ ethyl
4-pentenoate = 100°C ol A} 964 7kute] ul-Lo]
44 H3lge 5 gug Ao,

1-Bromocyclohexene 7} ethyl 3-butenoate,
ethyl 4-pentenocate, allyl cyanide 2 ethyl cro-
tonate 9}9] ulgo] A= ®F conjugated diene
HFEEC (B)S (2) ol gAY FIFE=A
A4 =gl e o] &= A B3] A 1-bromocyclohex-
ene 3 methyl methacrylate ¢}¢] L2} 4 (E)-
methyl 3-(I'-cyclohexenyl)-2-methacrylate (44
%)9] o] nonconjupated diene gl methyl‘ 2-(1'-
cyclohexenyl-1'~methyl) acrylate(35%)7¢ 414
He A9 vlzss Aot

Br

Y o+ A
/

Pd(OAC);+2P(o-tol);
130°C, 39hrs.

CN +Et;N

N

CN
NN+ AT
! CN | I (%)
NS (25%) /s

o4 oA Wk AFE Y HE3iy)
d 3}3-EE3 ethyl 3-butenoate, ethyl 4-pen-
tenoate 3! methyl 10-undecenoate & w}-2-o. &
- A FolE JoR dAAY 4 gl
E 38 2 k3ol w3l ojukge W9 E
A AF dS5 Fl gt

= o] ub-& WA ool A 9} zEe] wkg A
Aol (B)oh (2) o] AAA =% (EE)% (E,
Z) ol3ARY EFEE AAHE A%} gl
olE hgel k79 Aol YLE Faelsy
ot o Wi 27 A G o FrF
T ezt Az

2 AT ASHIAG A Aol o8t
of o] Foj Aelw dFe] £&% % R.F.Heck
of ZhAb=E o,
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