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8 9. 9 A s 313EE ((Z)-1-bromopropene, 1-bromo-2-methylpropene, 2~bromo
-3-methyl-2-butene, (E)-ethyl 3-bromo-2-methyl propencate, 1-bromocyclohexene)= &3 2}
%29} ethyl acrylate, methyl methacrylate, ethyl crotonate, allyl cyanide, ethyl 3-butenoate,
ethyl 4-pentenoate 8} methyl 10-undecenoate & palladium acetate Zo) 9} triorthotolylphosphine
triethylamine &4 39 FLAAA AR, f¢ 22 F2 A2 93] ¢ubd o2 2 4-dienoic
acid FEAES §& F5E2 d9 2 o F 4459 dAFH=E = 3dct 99 S o ¢
3}2 24 ethyl 3-butenoate, ethyl 4-pentencate ¢ methyl 10-undecencate o] €]& 47, 54 2
1A sa-gha 289 F35 7Hdgen

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-butencate, 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.

wElg) ul 91}, =3 Heck ¢ Dieck?: M
g SIS YA A E HPEE
Egotul st Pd(P(CeHs)s)2(0Ac), Fvif &
FEE & triethylamine £4 3ol A palladium A 3}l A s1-8AA conjugated dienes & 4
acetate & 2 %-32| triphenylphosphine 22 T Sl A2 wae AAE u glvk o] My
AR Zofo] o3 gt ulgAY L4 3 A= 1-iodo-1-hexene F& 1-bromo-I-hexene

.M 2
BEslold s vl SRHEES 294 3

3~bromo~2-

5o 2 o]FA 9] vinylic hydrogen 7 &
2AZelE ®E v 3FEe] FgAle] AA
=¥ A coupling ¥ o] Al 2% dienes o] 44 5ol

7 1-bromo-2-methyl-1-propene,
methyl acrylate 2} methyl acrylate 9] palladium.
Zof| 3} w-goff 23] 2, 4-dienoic acid ester 9]
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4ol A5} e =93t 2-bromopropene 7
methyl acrylate 2}2] HlS-o] &= Y484

| Pd(0Ac)
/\/Bl‘ + /\C02CH3+ Et3N“"‘—'——PP]]3 2

/'\ __/COCHy+Et;NH*Br~

dienoic acid ester 2] Diels-Alder adducts gko}
AAHE &3 v 9t

B3 {2 A6l odeold gz
g APEEF 2dH HIEE (acrylic acid,
methyl acrylate, acrylonitrile, acrylamide,
crotonic acid, methyl methacrylate, methyl
methacrylamide)®] 3ol A wW&EEo] AY
Sol gt A8 A7 ST D 45
ol A AL Gl FHAR AAs] AFE A
#B3 6 Qi

9] palladium %o 5} W&o 23 diene |
IFE e} il $ F2F AL gl 1)
Fol £ dFAE 46 AAHA 2d¢d o
oA Bgstug AFE B2 vE3 Fzd
o}d 2254 ethyl 3-butenoate, allyl cya-
nide, ethyl 4-pentenoate, methyl 10-undecenoate
& W8AA palladium &o3} kg9 s 9
AL E &) A zA sglen =g P8
29 QASEel dAAE Fra g

2 ¥4 #

2.1 &#717]

B e A7 F9 24 Ee}E= Varian S-
60T 2, A3 ¥ 29 2+ Beckman spec-
trophotometer 18-A 5 Al-83te g on 38
29 EAFE 284 AFE3) (HP. 5985-B)
2 £33

AHZE 27l f39 AleR GLC
shimadzu GC-6A o]gler @& 10% SE 30/
chromosorb W NAW 2 315 W3 64, 2o
3me XulsA PgPolrt,

2.2 Al ¢

W3l 8T o A HEESF ethyl
acrylate(Tokyo Kasei Co.), methyl methacryl-
ate(Tokyo Kasei Co.), ethyl erotonate(Tokyo

Kasei Co.)2} 2oz A}-4-3 palladium acetate
(Aldrich Chem. Co.)= AM+ESL Fashe] =
EEE Ty

Triorthotolylphosphinet, 1-bromo-2-methyl-
propene®, allyl cyanideS, ethyl 3-butenoate”.® 2
ethy] 3-butencate®= F3 o wa} FA s 4}
$H 2 o) BESY 3354 wgEE
= o533 2L e FYIG ALsad

(Z)~1-Bromopropene. Crotonic acid Z3-§
trans-crotonic acid dibromide & 343 c}& o)
£ Norris® o] 28] sodium bicarbonate &
dimethylformamide o] #g4z fLdez wn
st HEAA AAHE QA EL =]
ololx= Efj e g 3% F 7HEF(bp. 55°C/
708mmHg) 3t (Z)-1-bromopropene(§0% )&
A,

NMR(CDCl) : 6 1.7(d, J=4Hz, 3H) ;6.0
~8.3(m, 2H)

1-Bromocyclohexene. Caubere!! o 2] 3]
dibromocyclohexane o] sodium amide-sodium
t-butoxide complex base 5- A28}« NaNH, :
t-BuONa : Substrate 8| vj7} 3:3:27] =A%
F Aol A 2447 A ohe ukg Y
£ el 22 £33 F4 magnesium sulfate
2z, ¥5A2 F 34FF(bp. 44°C/8mm
Hg)3le 1-bromocyclohexene(60%) 2 ol 9t}

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} ¢}
HE&2 HE trimethylethylene dibromide 2 2
iz wle} 4§ F o] dibromide & sodium
ethoxide &4 F A FFAR o}s u-2EHE
£ &2 vigreux column 2.2 7}4EF (bp.29°
C/24mmHg) 3t  2-bromo-3-methyl-2-butene
(56%)% AR o8 WA ¥ 2dEFHL
AR 2 A3,

(E)-Ethyl 3-Bromo-2-methyl propenoate.
Lossen®® #l ol &3l methacrylic acid 25§
dibromo methacrylic acid & =& v}-2 10% <+
A ER 7847 }EF A5A g5
Sradgl ¥ A QAL Aebd APES
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ARt o1& dFste Gao AAAs} 3-
bromo-2-methyl propenoic acid (mp 64°C, 58
%)% AAAZ %k ol F kA i
23} wgd Eate dlgtgst 239 AL ¢
o] FFAA Q& g THESL FFbp. 192
~193°C) 3t (E)-ethyl 3-bromo-2-methyl pro-
penoate(85% )& < At

NMR(CDCly) : & 0.9, J=4Hz,3H) ; 1.7{(s,
3H) ; 3.4(q, J=4Hz, 2H)} ;7.7(s, TH)

2.3 2 4-Dienocic Acid S&|Ee| ULt Bt
Ay

10mmol & B E3tu]d g-F, 12.5mmol &
2419 kg5, 30mmol & triethylamine, 0.1
mmol 2] palladium acetate ¢} 0.2mmol €] trior-
thotolylphosphine & ut-$-¥ o] @ 22 Hypodermic
syringe 3 AL4E 4 JA 2Foplz 9HT
F B EE YA AT TR &4 L=
9 & FEU1EF FuAA wgAN

g 2% kg EFER HE 4] NEE
A7)1H 2.2 st GLC 2 FA438

Table 16| viEbd A& GLCazeteady
8 BnEFHed WSE Fa0t gAY 9 o)
A ZaEHA 48 AE F3Y ol whg A
ez A%+

A4Ee e 349 03 EREO 43
o} de 29 kel 10% FAEFE 589
£ 15t RS ¢ 8dFez FHdm
$42g dyzz F£3% F249¢ #0139
dE 2 293 &4 F< magnesium sulfate &
Az, AAEEFHs FF =2 AZA 94
5 AAEE A8+

duiy oz W A EY 753 A4
7] 913k S5ef = 10009 TFER ) wg
A Zh

AAR g2 weF RxH i dHAE
obefell 2 o5 A A 3R

(E, Z)-Ethyl 3, 5-Heptadienoate 2| FrAd,
(Z)-1-Bromopropene (6.05g, 50mmol), ethyl
3-butenoate(7. 125g, 62.5mmol), triethylamine
(15.2g, 150mmol), palladium acetate(0.11g,
0.5mmol) ¢} triorthotolylphosphine(0. 305g, 1
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mmol) & 200m! 2] Yol Y2 ¥ vAR
U3t & EF W ETHEC] T H
AR g FEFFA00°C) A 3347 WEAR
v, w3 AP By GLC 2 FA43he] el
Sl dbEe RESES sart vEvA
FeH ZAAE 9§ Agkez A3} kg
Bydd vt EFELE 3AAD F 4739 JH
2§ Jbet o7t ke 10% TAJUEE §
fd o2 g B4R omIge] AL 44
AAR f71%% 44 Foz Fodd o%
242 & FEEFE ddbzE d8d F
232 o] oy 583 |15 dH 2
24L& FH T4 magnesium sulfate 2 A2 A
712 A 2E AAY F AYFF(32~33°C/
1.1lmmHg)3le 3 WA EFZA (E,Z)-ethyl
3, 5-heptadienoate & 458 68% 2 A4}
(E)-Ethyl 6, 7-dimethyl-4, 6-octadiencate
9] #tA). 2-Bromo-3-methyl-2-butene(7. 45g,
50mmol), ethyl 4-pentenoate(8g, 62.5mmol),
triethylamine(15.2g, 150mmol), palladium ac-
etate(0.11g, ¢.5mmol) s} triorthotolylphosphine
(0.305g, 1mmol}Z 200mi 2] wk-§-3el] Y=
Ao} =AG FH FFHAA 100°C 2 %647
b Az kg 94 GLCE¥H e 33
He d-gol Bt F 448 Eele A9
(E, Z)-ethyl 3, 5-heptadiencate 8] 314 o A<}
Ze g oz Azt (E)oh (Z) 14249
EEzg 5% B8%((E):35 (2):13
unknown : 10) & €& 4 AHh (bp 120°C/
6mmHg). (E) == (2) °|3AAY A=
GLC ol 3 vl 284% o3l 23T A

3. Ey A nH
o277, BE3ud FAFEE((Z)-1-brom-

opropene, 2-methyl-1-bromopropene, 2-bromo-
3-methyl-2-butene, (E)-ethyl 3-bromo-2-me-
thy] propenoate, 1-bromocyclohexene) s} &
3 3}32E (ethyl acrylate, methyl methacr-
ylate, ethyl crotonate, allyl cyanide, ethyl 3-
butenoate, ethyl 4-pentenoate, methyl 10-undt-
ecenoate) & triethylamine 2 palladium acetate—
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Table 1. Palladium catalyzed reactions of olefins with vinylic halides and amines.

Amine Catalyst

Vinylic halide  Olefin %ﬁ_ 5&‘2“23;2 Product
molar ratio Temp, °C Time, h (% yield of isolated product)
(Z)-CH CH=CHBr CH,=CHCO:Et 3 2/1 100 25  (E,2)~CHyCH=CHCH=CHCO,C,H;(86)

(E, Z-ethyl 2, 4-hexadienoate)

CH;=CHCH,CO.C.HHs 3 2/1 100 33 (E. Z)-CH3CH=CHCH = CHCHLCO,C,H;(68)
(E, Z-ethyl 3, 5-heptadienoate)
CH,=CHCH,CN 3 2/t 100 98  (E,Z)-CHCH=CHCH=CHCHCN (58
(E, Z-3, 5-heptadienenitrile}
CH,=C(CH»CO,CH; 3 2/1 100 73 (B, 2)-CHyCH=CHCH=C(CH3)COLCH;(63)
(E, Z-methyl 2-methyl-2, 4-hexadienoste)
(E)~CHsCH=CHCO.CHs 3 2/1 100 55 f(:EIaEH CHC(CHs) =CHCOLH;
43, E
(ethyl 3—methyl-2, 4-hexadienoate)
CH,=CH{CH}sCOLH; 3 2/1 100 70 CHsCH=CHCH= CH(CHz)aCOZCHa
(EE: 14, E, Z:46)
(methyl 10, 12-tetradecadienoate)
(CHy)C~=CHBr  CHy=CHCOC:H; 3 2/1 100 29 (E) )~ (CHy){C=CHCH=CHCOLHs 7 1)
yl 5-methyi-2, 4-hexadienoate)
CH,=CHCH.CO,C.;Hs 3 2/1 100 40 (CH3)2C CHCH=CHCHzCO,CoHs;

(E:57, Z:5)
(ethyl 6-methyl-3, S5-heptadienoate)
CH,=CHCHCN 3 21 100 71 ECH3%52C ZCHC;i =CHCH.N

(6-methyl-3, 5-heptadienenitrile)

(E)-CHsCH=CHCQ,C:Hs 3 2/1 130 11  (E)}-(CHj3)L=CHC(CH;) =CHCO,C,H5(71)
(E-ethyl 3,5-dimethyl-2, 4-hexadienoate)
(CHy)«L=C(CHg)Br CHy=CHCH,CO:CHs 3 2/1 140 28 EEH%ZC ZC(ClJ{s)CH =CHCHCO0:CoHs
0 .
(ethyl 5, 6-dimethyl-3, 5-heptadienoate)
CH;=C(CH;)COCHs 3 2/1 140 61 ESH%%C ZC(CHa)CH C(CH3)CO.CHy
(methyl 2, 4. 5-trimethyl-2, 4-hexadienoate)

. CHa=CHCHCH;CO:CoHs 3 2/1 100 96 (CHa3)C=C(CH3)CH=CHCH,CHCO;Et
(E : 35, Z:13, unkpown : 10)
(ethyl 6, T-dimethyl-4, 6-octadienoate)
(E)-BrCH=C(CHz)CO;Et CH,=CHCH,CO,C-Hs3 2/1 100 9  CoHsCO;CHCH=CHCH=C(CH3)CO,Et
{E.E 45, E,Z:20, unknown:7)
(ethyl 2-methyl-6-(carboethoxy)~2,
4-hexadienoate)
1-Bromocyclohexene CH,=CHCO.C;Hs 3 2/1 100 16 (E) -(1-CeHg) CH=CHCO,C,H5(78)
(E-ethyl 3-(1’-cyclobexenyl) -2-propenocate)
CH;=CHCHLO,C:Hs 3 2/1 100 40  (1-CeHg)CH=CHCHCOCoH;
(E: 35, Z:7, unknown : 10)
(ethyl 4~(3’-cyclohexenyl)-3-butenoate)
CH,=CHCH,CN 3 2/1 130 39 E:IE;CBI?)%H C)?HCHgCN
2 el
(3-Q1' —cyclohexeny]) -2-cyano propenoate)
(E)-CH:CH=CHCQ,C;Hs 3 2/1 130 11 gcms)g(CHg) =CHCO,CzHs
(ethyl 3, 3~(1'-cyclohexenyl), methyl-2-
propenoate)

aReactants : 12, 5mmol of olefin, 10mmo} of vinylic halide, 30mmol of amine, 0. Immol 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.

b. p. /mm
or mp

Compound

NMR Spectrum
é, ppm(CDCly)

IR Spectrum Molecular

Weights (HRMS)

Formula

cm-!

Found

Caled.

23/1
LEt

/ ‘\//\CO

COzEt 32~33/1.1

SN

CN  34~35/1.5

SN\

/:\/l\ 20~-30/1
7 NCOLCH;
SN 4“1
7 0ok

SN
(CH2):COCHs

COEt  45/1.4

|
NN
[
/NN /NCOEL

l
NSNS \CN

CO.Et

I
NN\

CO:Et
l/\n/ ~\/
~NS

107~110/2. 1

I/ \]\/ N/ NCOEL

AN
(7 Nen
\

CN
i/ \h/ N/

| CO.Et
( \"/ N/
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50~52/1.2

56~58/2. 6

85~88/2.2

80~82/2.2

1.3(t, J=7Hz, 3H); 1.9(d,
J=7Hz, 3H); 4.22(q, J=7Hz,
2H);6.0{m, 3H): 7.5(m, 1H)

1.32(¢, J=7Hz, 3H); 1.9(d,

J=7Hz, 3H); 2.3(d, J=5Hz,

CeH 202

CoH O,

2H);4.2(q. J= 7Hz 2H); 5.8
(d, j_14Hz, 1H); 6.2(d, J=

7Hz, 2H)

1.93d, J=
J=6Hz, 2H):
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,
Hz, 1H); 6.16(bs, 2H)

1.33(m, 11H); 1.7(m, 3H):
2.17(m, 5H); 3.6(s, 3H):
5.76(td, 1H, J=7.5Hz);
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=THe,
2H): 5.92(m, 2H); 7.62{d
of d, J=12Hz, 1H)

1,22(t, J=7Hz, 3H): L. 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);
5.88(d, J=14Hz, 1H)

1.22(t. J=6Hz 3H); 1.82
(bs, 6H); 2.22(bs, 3H):
4.2(q, ]

(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
(g, 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)
2.3(bs, 4H); 5.1(s, 1H};
6.1(s, 2H)

1. 22(t, Y=6Hz, 3H) ;1. 7(bs,
4H): 2.2(bs, 4H): 2.38(s,
3H);4.2(g, J=6Hz, 2H):
5.8(s, 1H) 3 6. 24(bs, 1H)

5.2(s,

£Hz, 3H); 2.17(d,
1H);

3008(C—H) 12240
(C=N);
(C=C—C=C)

2900(C—H); 1693
(C=0); 1595
=6Hz, 2H):5.62 (—C=C—C

2000(C—H): 2400

C7HoN

CeHi20:

CoH,40:

J=11

C14H2502

CsH02
C1oH1602

CgHYN
1600

CyoHuO:
CiiH1602

Cy2Hy60;

CioHiaN
(C=N): 1600
{C=C—C=0()

CyoHyalN

2900(C—H); 1710 Cy2HyO:
C=0)

140. 086

154. 101

107.075

140. 086

154. 099

154. 101

168. 114

121. 091

180. 120

147.113

140. 088

154. 099

107. 078

140. 033

154. 099

154. 099

1628.110

121. 098

166. 110

180. 121

194.132

147.111

194. 132
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| 98/1 1 3(:, J=5Hz, 6H); 198 2900g: H):1700 CiHyuO, 226.121 226.132
VA V4 VAN (s, 3H); 3.24(d, J=6Hz ) 1610
COEt oH)5 4.22(a. J=6Hz, 4 (C=C
Et,0C 51) 6.2 24(m2,H)1H) 7.18(d,
2Hz,
| CO:CH; 47-48/1.2  1.74(bs, 12H):3.8(s, 3H) CyoHy02 168, 110
/‘\I/\/ 5.44(ds, 1H)
| 50/1. 2 1.31(t, J=6Hz, 3H);1.79 CuHj;s02 182. 1304 182,121
NN\ (bs, 9H), 2.48(bs, 2H);
i COEt 4 2(q, J=6Hz, 3H); 6.62
cJl—15Hz, 2H)
) COEt 120/6 26(t, J=6Hz, 3H); 1.8 Cral02 196. 132
NSNS (bs. 9H) 2.42(bs, ~ 4H);
i 4.16(q, J=6Hz, 2H); 6.58
(d, ]=16Hz, 2H)
Aty ez =E #|d3 g c2EA F
Wt A, £+ 52 AYsden ez 23 &4
PdidAch L+ =X » PdLy* 7 THOk 3} §H-5-(of] : ethyl 3-butenoate, methyl 10-un-
oL X decenoate) 72| wt-goll A (E) = (Z) ol 44
ry P — Pl O ¢ YNqzt, b A48 2ol AAY mechanism oA s}
R RL X R 70| z-allylic complex 2| #H33e) 7]¢ld)l= A
- 2 FA4r}
x ML e nF g7 HUEE ¥u Ba-wx A
o Aolg ARE BAAE EHUY wat
T~ A KY\Q F7H0 oo} 50 A0 2o 2Ue
Rg pd,_z)? - B o} 2-bromo-3-methyl-2-butene o  ethyl

l

R\/\(\Q
Py’
/\R

- X L

R~ - L PNAN, »HPdL

Ny T 7Y X

e d

X1

HAIL X + EryN —PgLy +EryNH' X

riorthotolylphosphine 2ol &4 dhell A wb-g-A
A 2, 4-dienoic acid FEH 5L AR AT
T lsieh

Table 19 3217k dienoic acic =4 52
FAo AZ g 2434 APEEY F58
A A AAE A 23 Table 2o
B 3o 4= 2E 2, 4-dienoic acid -5
59 ¥y Fo 4 AgA £33 29EHd
ol¥lgt Fg RFEHA T EAGg R F4d
Fad gAe A% AHE FENY

4-peatenocate & w27 ethyl 6, 7-dimethyl-
4, 6-octadiencate & FA3E Ao = gL
%7} methyl methacrylate @ ethyl 3-butenoate
£ WEAT A% 20 wEE ¢ 4 A

Sdl Ao} AZ/HS A= AJrle] A3 g
2% MadAE LE A de) —C=N7
o) A% A% ug $E7h mHH

w3t (Z)-1-bromopropene 3 o3 7}2} term-
inal Z3l 9 LSt ukgel 9 g AYE
< 2% (E, Z2)9 94 Bol4 & il “]
3 internal S8 A 31§F-Z<¢l ethyl crotonate &
%347 A fole (E E)-ethyl 3-methyl-2,4-
hexadiencate(43%) 9+ (E, Z)-ethyl 3-methyl-2,
4-hexadiencaie(30%) 7} &4 AAAUE, ol
(Z)-1-bromopropene 8} 7] 4] A Ao v 5}
g 27 st

/=N N

T

+ Et;N
COEt
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Pd(0Ac)2+2P(o-tol)3
100°C, 55hrs.

AVAVAN + NN
| CO,Et | COEt
(43%) (30%)

AAA oz o) YA e] qh-gol FAsE Aol
ofzt Fr9] urL-Eo| palladium &vi 3} v
A BAHE F74A9 z-allylic complex 7} o]
ARA%s 3 o2 R hydridopalladium halide
group 9] o] gl oj3] ®r}h kA3t diene 33
0| A=) wigolel Py,

1-Bromo-2-methyl-1-propene 2 B.&3k]3
a3 2 st Zdl 3 ub2E-E ethyl crotonate
€ 93t w33 98g AN A $ole (B)-
ethyl 3, 5-dimethyl-2, 4-hexadienoate gto] 4
L Fol9dE Aol

| Br+ N\ + EGN
AN/ =\
CO;Et

Pd(OAc)2+2P(o~tol)s |
130°C 11hrs.

| CO.Et
/\/\/ (71%)

o1& 4 mechanism o 4 VepdA} 7o) g
T%9] AAY hydridopalladium halide # com-
plex & ¥ hydridopalladium halide 8] o] gt
o dstq HAHE ALR FYHG,

€43 W3E24 ethyl crotonate &9 allyl
cyanide =& ethyl 3~butenoate 52 &3} wi
SAAE AYEE B (Z) old2A9 2§
224 dden ol AR AA% (BE)-
ethyl fumarate 9}¢] ub-SofAj9} zhe Arlqle
& 4 9t

| Br+ COEt+Et;N
NS 7

Pd(OAc);+2P(otol)y |
100°C, 40hrs.
} ] COzEt
VA VA VAN INSTNS
(57%) CO:Et (5%)

2-Bromo-3-methyl-2-butene &} L9 335
ol wk2ol A methyl methacrylate(140°C, 28
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hrs,) @ ethyl 3-butencate(140°C, 61hrs.)<}e]
g 2% 100°C oA s w8l A A
B Fkert oluct w4 B ethyl
4-pentenoate = 100°C ol & 964 7huto]] ut-$o]
42 HASL SAENF ARoldl,

1-Bromocyclohexene #} ethyl 3-butenoate,
ethyl 4-pentenoate, allyl cyanide % ethyl cro-
tonate 2}2] wlg-o]l M= BF conjugated diene
BEEEC]l B) (2) ol AAA £HE=RA
A3 =325 o] A B34 1-bromocyclohex-
ene ¥ methyl methacrylate $}8] -804l (E)-
methyl 3-(I'-cyclohexenyl)-2-methacrylate (44
%)¢le] nonconjupated diene Q! methyl 2-(1'~
cyclohexenyl-1'~methyl) acrylate(35%)7} A4
HE A9 vlass Ao

Br
CN +Et,N
Y r s

’
N=

Pd(QAC)2+2P(o-tol)s
130°C, 39hrs.

NN /\/=\/CN
il CN [ I (20%)
N (25%) NS
o149} d#tA Wk Atz Py B E3
2 8}3rE 57} ethyl 3-butenocate, ethyl 4-pen-
tenoate ¥ methyl 10-undecenoate 8] w2 =)
a-ghd AhEe] ol dYE AR F 9
T e F& el =% ohitgy ¥W9 S
FA A5 QL= Halakdt,
=3t o] wkge] RAAA oo} o) kg A
Agel (B)st (Z) o|4344 == (EEB)& (K,
Z) o] 3Adx e EHEE 445 A7) 914
ol & ol e dAl4ol LeE Qg
ot o g whg 2719 NA S o8 T8
T doeizt ARE
£ o7 A AFa] A{Qel 9%
o o] Fe)A Flole] dFo] 288 & R.F.Heck
o ZAh=glet
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