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2-carboxylic Acids and Esters under Mild
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A cationic palladium complex,
[Pd(PPhg)>(MeCN),](BF,),, catalyzed the car-
bonylation of 2,3-dien-1-ols under mild condi-
tions. The dienols bearing two or more alkyl
substituents on the diene part afforded 1,3-
diene-2-carboxylic acids successfully in tetrahy-
drofuran (THF), while those possessing one or
no alkyl substituent gave polymers of the
products exclusively. The former afforded the
corresponding methyl esters in good yields when
the reactions were carried out in methanol, while
the latter afforded mainly the Diels—Alder
reaction products of the resulting esters. An
alkylidene group-substituted sr-allylpalladium
species has been presumed to be an intermedi-
ate. Copyright © 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

have also been developedAllylpalladium inter-
mediates are estimated to play a crucial role in these
reactions. On the other hand, derivatives of 2,3-
dien-1-ol ¢-allenic alcohol) such as carboxylates,
phosphates and carbonates are reported to undergo
palladium-catalyzed reactions, including alkyla-
tion®> and carbonylatiot, under mild conditions.
Palladium-catalyzed alkylation of carboxylates and
phosphates with hard carbonucleophiles (alkyl-
magnesium and - zinc compounds) affords 1,3-
dienes while with soft ones (malonates) it affords
2,3-dienes.Carbonylation of 2,3-dienyl carbonates
catalyzed by a palladium(0) complex proceeds
smoothly to give 1,3-diene-2-carboxylatesin
these reactions, a somewhat different intermediate
is expected where an alkylidene group is directly
attached to ther-allyl group. However, the
palladium chemistry of 2,3-dienol itself is far less
studied in spite of the ready availability of the
substrate. In 1994, a cationic palladium complex /
p-toluenesulfonic acid system was developed for
the regioselective carbonylation of 2,3-dienols{o
vinylacrylic acids® This catalytic system can be
applied to the buta-2,3-dien-1-ols having alkyl
substituents on the C-4 position, whereas those
bearing no substituents on that position give some
uncharacterized polymeric materials possessing

Palladium(0) complexes catalyze the dimerizationcarbonyl groups.

of propa-1,2-diene (allene) with addition of nucleo-

philes to give 1,3-diene derivativéRalladium(0)

In this paper, we present a cationic palladium
complex that is active enough for the carbonylation

complexes also mediate the carbopalladation off 2,3-dien-1-ols under mild conditions even in the
allenes with aryl and vinylic halides or triflates absence of a co-catalygt-{oluenesulfonic acid).

followed by addition of various nucleophiles to

give products containing all three moietfes.

Several intramolecular versions of this chemistry
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RESULTS AND DISCUSSIONS

Chemistry, Graduate School of Engineering, Tohoku University, 1 N€ carbonylation of 2,3-dien-1-olswas carried
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out in tetrahydrofuran (THF) or methanol at
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50°C for 1h under carbon monoxide (10atm)
in the presenceof 2mol% of the cationic
palladium complex [Pd(PPR)>(MeCN)](BFy),.
This procedure afforded 1,3-diene-2-carboxylic
acids2 or their methyl esters3 (Eqn[1]). Neutral
palladium(ll) and palladium(0)complexessuchas
PdCL(PPh), and Pd(PPR), did not show the
catalyticactivity. Theresultsaregivenin Table 1.

Carbonylation in THF: synthesis of
carboxylic acids

The carbonylationof the parentsubstratéuta-2,3-
dien-1-ol(1a) andthe methyl-substitutedubstrate
penta-3,4-dien-2-ol(1b) afforded products that
polymerized quite easily. The IR spectraof the
crude samples before polymerlzatlon exhibited
broad peaksat 3500-250@m* and strong ones
around 1700cm ! indicating the formation of
carboxylic acids. 1,1-Disubstitutedbuta-2,3-dien-
1-ols (1c—1¢ underwentsmoothcarbonylationto
afford the correspondingl,3-diene-2-carboxylic
acids 2c—2e respectively,in good yields. These
typesof carboxylic acidswere not obtainedfrom
thereactionausingp-toluenesulfoniacidastheco-
catalyst becauseof the polymerization of the
products® Modestto fair yields (27-72%)resulted
when poly-substitutedbuta-2,3-dien-1-olg1f-1i)
wereemployedasthe substratesThe E/Z ratiosin
the products2d, 2f and2g were,67:33,80:20and
100:0, respectively.It is noted that this type of

productis anefficientsubstratdor nickel-catalyzed
carbonylationto «-ketolacton€.

Carbonylation in methanol:
synthesis of esters

The carbonylationof the parent substratela in
methanoldid not give the expectedmethyl ester.
Instead, Diels—Alder reaction product 4a of the
anticipatedproduct3a wasobtainedin 45% yield.
Methyl-substitutedsubstratelb gave the antici-
patedester3b in a modestyield of 15% together
with a Diels—Alder product4b in 78% yield. The
yield of 3b wasslightly improvedto 26%whenthe
reactionwas carried out at room temperaturefor
1 h, althoughthe main productwasstill 4b (54%).
The stereochemlstrwoundthe doublebondin 3b
was confirmedto be Z by the *H NMR coupling
constan{11.58Hz). Onepossibilityof theZisomer
beingableto surviveis thatthe E isomerundergoes
faster Diels—Alder reaction than the Z isomer.
Actually, the stereochemistryaround the double
bondin 4b waskE.

R
COOMe
Z~R
MeOOC

4a R
4b R

=H

=Me
Smoothcarbonylationoccurredwith the substrates
1c-1i to producethe correspondingmethyl 1,3-
diene-2-carboxylate8c—3i Diels—Alder-typepro-
ductswerescarcelyobservedn thesecasesThe E/
Z ratiosin the products3d, 3f and 3g were 67:33,
85:15and100:0,respectivelyl,3-Diene-2-carboxy-
lates 3 were reportedto be obtained from the

Table 1 Carbonylationof 1 catalyzedby [Pd(PPR),(MeCN)](BF4), (Eqn[1])

1
1 R R? R3 R* 2 Yield (%) 3 Yield (%)
la H H H H 2a (Polymer) 3a 0 (4a 45)
1b H H Me H 2b (Polymer) 3b 13(@2) (4b 78)
1c H H Me Me 2c 61 3c 75
1d H H Me Et 2d 95(F/Z=67:33) 3d 96(E/Z=67:33)
le H H -(CHy)s 2e 40 3e 54
1f Me H Me Me 2f 72(E/Z2=80:20) 3f 82(E/Z=85:15)
19 Ph H Me Me 29 48(E) 39 45()
1lh Me Me Me Me 2h 38 3h 75
1i Me Me H H 2i 27 3i 78

Copyright© 2000JohnWiley & Sons,Ltd.
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carbonylation of 2,3-dienyl carbonatesin the

presencef a palladlumcatalyst4 Since2,3-dienyl
carbonatesare usually preparedfrom 2,3-dienols
andalky! chloroformatethe carbonylatiorreaction
mentionedabovehastheadvantagef beingableto

employ2,3-dienolsassubstrateslirectly.

We tentativelypropcsea following reactionpath-
waywhereanH-Pd" speciess involvedasanactive
species(Schemel). Thus, an H-Pd" species[or
H™ + Pd(0)]generatedn situ would reactwith 2,3-
dienol 1 to give the =-allylic speciesA with
elimination of water, wherean alkylldenegroupls
directly attachedto the m-allyl group® Insertian of
carbonmonoxidefollowed by hydrolysis(or metha-
nolysis) of the resulting acylpalladium species
would give rise to the observedproduct.

t H R® R1 RZ_R*
P —_— R4
i OH
(Me) 3
H—Pd"
(H* + Pd(0)
H,0
(MeOH)
1
< R>—)|\r
= R4 Pd
2 + R
R Pd

Schemel Presumedeactionpathway.

Thisreactionaffordsareadyaccesgo 1,3-diene-
2-caboxylic acids and esters which cannot be
obtainedeasily by other methods.The key to the
reactionis the employmentof the cationic palla-
dium(ll) complex,[Pd(PPh),(MeCN),](BF,), asa
catalystprecursomwhich hasweaklyligatedligands
(MeCN) and showsa propensityto promotethe
heterolyticcleavagé of the carbon—oxygeivondof
2,3-dienols.

EXPERIMENTAL

2,3-Dienols 1° and the cationic palladium(ll)
comple>ilo [Pd(PPR),(MeCN)](BF,), were pre-

Copyright© 2000JohnWiley & Sons,Ltd.

paredaccordlngto the publishedmethods The *H
and**C NMR spectravereobtainedn CDCl; ona
Bruker DPX-400spectrometewith HMQC and(in
certain cases)nuclear overhancegNOE) experi-
ments.ThelR andmassspectravererecordecbn a
JascoFT/IR 350 spectrometerand a Shimadzu
GCMS QP2000Aapparatustespectively.

Carbonylation of 1 in THF: synthesis
of 2

A mixture of 1 (2mmol), [Pd(PPh),(MeCN),]

(BF4), (0.04mmol) and THF (4 ml) was placedin

an autoclaveand heatedat 50°C under carbon
monoxidepressurg10atm). After 1 h, thereaction
mixture was takenup in diethyl etherand passed
through a short Florisil™® column to remove
palladium complexes. Then the acidic product
was extracted with 0.5moldm3 NaOH
(3 x 15ml). After acidification with 1 moldm 3

HCI, the productwas extractedwith diethyl ether,
dried (MgS(Q,) and concentratedto give 2. In

certaincasesthe productswerefurther purified by

column chromatographyover silica gel using
hexane/ethyhcetate(3:1).

2-Methylenebut-3-eroic acid (2a)

This compoundunderwentfacile polymerization
into white solidsduringisolation.IR of thepolymer
(KBr): 3500-25001694,1654cm *

2-Methylenepent-3-enoicacid (2b)
Massspectrumm/z41 (100),67 (85),97 (17),112
(48, M™). This compoundunderwentfacile poly-
merization into white solids during isolation.
Found:C, 63.35;H, 7.25; calcdfor (CsHgO5): C,
64.24;H, 7.19%.

4-Methyl-2-methylenepent-3-enoiacid (2c¢)

IR (neat):3500-25001697,1607,1284cm *. *H

NMR (CDCls): 0 1.78(s, 3 H, oneof Mey), 1.86(s,

3H, oneof Mey), 5.66(s, 1 H, =CH (transto the
carbonyl group)), 6.45[s, 1 H =CH (cis to the
carbonylgroup)], 10.23 (br, 1H, OH). *°C NMR

(CDCly): 6 19.53,26.64,119.64,128.20,136.44,
138.91,172.62. Mass spectrum:m/z 39 (95), 53
(55), 79 (100), 126 (72, M™). This compound
underwentpolymerizationon standing.Found:C,
66.59;H, 8.03;calcdfor (C;H100,).: C, 66.64;H,

7.99%.

4-Methyl-2-methylenehex-3-enoiacid (2d)
Mixture of E and Zisomers
IR (neat): 3500—-2500,1696, 1285cm . Mass

Appl. Organometal Chem.14, 8—13(2000)
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spectrum:m/z 39 (86), 55 (76), 79 (100), 95 (46),
125 (100), 140 (52, M"). Found: C, 67.94; H,
9.05%;calcdfor CgH1,05: C, 68.54;H, 8.63%.

E isomer

'H NMR (CDCly): 6 1.07 (t, 3H, J=7.28Hz,
—CH,CH3), 1.78 (s, 3H, =C—CHg), 2.17 (q,
2H, J=7.28Hz, —CH,CHy), 5.67 [s, 1H, =CH
(trans to the carbonyl group)], 5.96 (d, 1H, J=
1.40Hz, =CH), 6.46 [d, 1H, J=1.40Hz (cis
to the carbonylgroup)], 11.15 (br 1 H, OH). *3C
NMR (CDCly): ¢ 12.37,17.88, 25.71, 117.98,
128.08,136.45,144.10,172.79.

Zisomer

'H NMR (CDCly): ¢ 1.04 (t, 3H, J=7.57Hz,
—CH,CH3), 1.84 (s, 3H, =C—CHs), 2.18 (q,
2H, J=7.57Hz, —CH,CH3), 5.65[s, 1H, =CH
(trans to the carbonyl group)], 5.92 (d, 1H, J=
1.40Hz, =CH), 6.42 [d, 1H, J=1.40Hz (cis
to the carbonylgroup)], 11.15 (br. 1H, OH). *3C
NMR (CDCl): 6 12.75, 23.32, 25.55, 119.23,
127.65,136.21,144.28,172.71.

2-Cyclohexylidenemetlyl-2-propenoic acid £2e)
IR (heat):3500-25001696,1609,1288cm *. *H
NMR (CDCls): 6 1.56-1.62(m, 6 H, CH,), 2.20—
2.35(m,4H, =C—CH,), 5.64[s, 1 H, =CH (trans
tothecarbonylgroup)],5.87(s,1 H, =CH), 6.42[s,
1H, =CH (lcis to the carbonylgroup)], 10.00(br.
1H, OH). 3C NMR (CDCly): & 26.54, 27.74,
28.38, 29.64, 37.51, 116.51, 128.32, 136.01,
146.46,172.71. Mass spectrum:m/z 39 (23), 81
(100),121(12),166(16,M™). Found:C, 71.32;H,
8.72;calcdfor C1gH1405: C, 72.26;H, 8.49%.

2-Ethylidene-4-methylpent3-enoicacid (2f)
Mixture of E and Zisomers

IR (neat): 3500-2500,1687, 1628, 1281cm ™.
Massspectrum:m/z 39 (81), 41 (69), 55 (55), 67
(52), 79 (100), 95 (38), 125 (32), 140 (64, M™).
Found:C, 68.51;H, 8.77; calcd for CgH,,05: C,
68.54;H, 8.63%.

Eisomer

'H NMR (CDCly): 6 1.57(s,3 H, oneof Mey), 1.74
(d,3H,J=7.13Hz, =C—CHzy), 1.85(s, 3 H, one
of Me,), 5.74 (s, 1H, =CH), 7.02 (q, 1H,
J=7.13Hz, =CHCHj), 10.25(br. 1H, OH). **C
NMR (CDCly): ¢ 15.70, 19.67, 25.33, 117.45,
130.46,138.21,141.16,172.92.

Zisomer
'H NMR (CDCly): 4 1.70(s, 3 H, oneof Me,), 1.80

Copyright© 2000JohnWiley & Sons,Ltd.

(s, 3H, one of Me,), 2.08 (d, 3H, J=7.35Hz,
=CCH,), 5.86 (s, 1H, =CH), 6.10 (q, 1H,
J=7.35Hz, =CHCHg), 10.25(br 1H, OH). *°C
NMR (CDCly): 6 15.75, 19.00, 25.47, 122.14,
130.14,135.76,140.73,173.29.

2-Benzylidene-4-methyl-3-pntenoicacid (29)

M.p. 82-83°C. IR (KBr): 3500-25001684,1604,
1273cm™ . *H NMR ([Dg]DMSO): 6 1.36(s, 3 H,
oneof Me,), 1.82(s,3 H, oneof Mey), 5.92(s, 1 H,
=CH), 7.32-7.42(m, 3H, Ph), 7.49 (s, 1H,
=CHPh), 7.57 (d, 2H, J=7.30Hz, Ph), 12.47
(br. 1H, OH). *C NMR (CDCly): ¢ 19.97,25.57,
118.39, 128.35,129.11, 130.29, 135.55, 139.33,
140.96,173.38. Mass spectrum:m/z 39 (46), 79
(41), 91 (41), 115 (51), 128 (69), 143 (79), 157
(100),187(44),202(25,M™). Found:C, 77.53;H,
7.36; calcdfor C,3H,40,: C, 77.20;H, 6.98%.

2-Isopropylidene-4-metlyl-3-pentenoicacid (2h)
IR (neat):3500-25001683,1613,1276cm . *H
NMR (CDCls): 6 1.55(s,3 H, oneof Mey), 1.79(s,
3 H, oneof Mey), 1.81(s, 3 H, oneof Mey), 2.12(s,
3H, oneof Mey), 5.78(s, 1 H, =CH), 11.85 (br,
1H, OH). *C NMR (CDCly): ¢ 19.35, 22.51,
23.84, 25.31, 120.80, 125.13, 136.95, 148.96,
174.08.Massspectrum:m/z41 (100),59 (90), 67
(82), 93 (79), 139 (33), 154 (64, M™). Found:C,
70.01; H, 9.04; calcd for CgH140,: C, 70.10; H,
9.15%.

2-Ethenyl-3-methyl-2-butenoic acid (2i)°

IR (neat):3500-2500,1694,1637,1243cm . *H
NMR ([Dg]DMSO): 6 1.79 (s, 3H, one of Mey),
1.80 (s, 3H, one of Me,), 5.05 [d, 1H,
J=17.30Hz, HC=CHH (trans)], 5.11 (d, 1H,
J=11.00Hz, HC=CHH (cis)), 6.60(dd,J = 17.30,
11.00Hz, HC=CHH), 12.60 (br, 1H, OH). 3C
NMR ([Deg]DMSO): 6 19.63,23.14,114.94131.33,
131.58, 135.36, 170.53. Mass spectrum: m/z 39
(100),53 (49), 59 (35), 79 (74), 81 (66), 111 (17),
126 (52, M™). Found:C, 65.96;H, 7.86.calcd for
C7H1002: C,66.64;H, 7.99%.

Carbonylation of 1 in methanol:
synthesis of 3

A mixture of 1 (2mmol), [Pd(PPR)>(MeCN))]

(BF4)> (0.04mmol) and methanol (4ml) was
placedin an autoclaveand heatedat 50°C under
carbonmonoxidepressurg10atm). After 1 h, the
reactionmixture wastakenup in diethyl etherand
passedhrougha shortFlorisil® columnto remove
palladium complexes.The productswere isolated

Appl. Organometal Chem.14, 8—-13(2000)
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by column chromatographyover silica gel using
hexane/ethyhcetate(10:1).

Methyl 2-methylene-3-but@oate (3a)
This affordedthe Diels—Alderreactionproduct4a
exclusively.

Diels—Alder reaction product of 3a (4a)

IR (neat): 1731, 1715, 1654, 1635, 1437, 1258,
1088cm *. 'H NMR (CDCl): 6 1.81-1.85(m,
1H, oneH of =CCH,CHy,), 2.08-2.124m, 1 H, the
otherH of =CCH,CH,), 2.32(s,2 H, =CCH,CHy),
2.79(d, 1H, J=19.46Hz, one H of =CHCH,),
281 (d, 1H, J=19.46Hz, the other H of
=CHCH,), 3.69][s, 3H, oneof (OMe),], 3.72]s,
3H, one of (OMe),], 5.11[d, 1H, J=17.35Hz,
CH=CHH (trans)], 5.16 [d, 1H, J=10.55Hz,
CH=CHH (cis)], 5.87 (dd, 1H, J=10.55,
17.35Hz, CH=CHH), 6.96 (s, 1H, =CH. *C
NMR (CDCly): 0 21.61,29.35,32.04,47.12,51.45,
52.14, 115.07, 129.25, 136.88, 139.26, 167.16,
174.65.Massspectrum:m/z45 (100), 59 (69), 83
(62), 105 (53), 123 (49), 142 (60), 165 (46), 182
(37),224 (4, MH).

Methyl (2)-2-methylene-3-pen¢noate(3b)

IR (neat):1725,1652,1260,1094cm*. *H NMR
(CDCl): ¢ 1.77 (dd, 3H, J=7.10, 1.74Hz,
=CCHs) 3.77 (s, 3H, OCH,), 5.65 [d, 1H,
J=1.36Hz, =CH (transto the carbonylgroup)],
5.83(dq, 1H, J=11.58,7.10Hz, =CHCHj), 6.17
(dg, 1H, J=11.58,1.74Hz, =CH), 6.39[d, 1H,
J=1.36Hz, =CH (cis to the carbonylgroup)].**C
NMR (CDCl): o 14.45,51.94, 124.87,126.88,
129.26, 135.85, 167.34. Mass spectrum:m/z 41
(100),67 (93), 111 (28), 126 (27, M ™).

Diels—Alder reaction product of 3b (4b)

IR (neat):1731,1714,1651,1259cm *. *H NMR
(CDCly): 6 0.98(d, 3H, J=7.26Hz, —CHCH5),
1.71(d, 3H, J=6.34Hz, =CCHg), 1.74-1.78m,
1H, oneH of =CCH,CHy,), 2.13-2.1m, 1 H, the
other H of =CCH,CH,), 2.24-2.40 (m, 2H,
=CCH,), 2.99-3.02(m, 1H, CHCHjs), 3.65 [s,
3 H, oneof (OMe),], 3.70]s, 3H, oneof (OMe),],
5.41(d, 1H, J=15.80Hz, —CH=CHCHy), 5.54
(dg,1H,J=15.80,6.34Hz, —CH=CHCH,), 6.92
(d,1H,J=4.55Hz, C=CH).*C NMR (CDCly): ¢
16.00, 18.07, 21.99, 24.58, 35.42, 49.99, 51.34,
51.89, 126.24, 127.84, 131.28, 143.48, 167.37,
175.18.Massspectrum:m/z41 (97), 67 (80), 126
(84),161((100),193(94),252(13,M™). Found:C,
6652, H, 807, calcd for C14H2004: C, 6664, H,
7.99%.

Copyright© 2000JohnWiley & Sons,Ltd.

Methyl 4-methyl-2-methylene-3-pentenoatg3c)
IR (neat):1725,1653,1611,1201,1141cm . *H
NMR (CDCly): 6 1.76(s, 3 H, oneof Mey), 1.85(s,
3H, oneof Mey), 3.76(s,3H, OCHy), 5.54[s, 1 H,
=CH (transto the carbonylgroup)],5.95(s, 1 H,
=CH), 6.31[s, 1H, =CH (cis to the carbonyl
group)].*3C NMR (CDCly): 6 19.38,26.52,51.83,
120.24, 126.03, 136.96, 138.15, 167.66. Mass
spectrumm/z 39 (100), 53 (73), 79 (100), 125
(49),140(50,M™). Found:C, 68.83;H, 8.87;calcd
for C8H1202: C, 68.54;H, 8.63%.

Methyl 4-methyl-2-methylene-3-hexenoatg3d)
Mixture of E and Zisomers

IR (neat): 1724, 1652, 1265, 1077cm *. Mass
spectrum:m/z39 (77), 55 (60), 79 (100), 95 (46),
139(56), 154 (35, M™). Found:C, 70.34;H, 9.14;
calcdfor CgH.405: C, 70.10;H, 9.15%.

Eisomer

H NMR (CDCl):s 1.07 (t, 3H, J=7.48Hz,
—CH,CHy), 1.76(s, 3H, Me), 2.12-2.18m, 2 H,
—CH,CHa), 3.76 (s, 3H, OCHg), 5.55 [d, 1H,
J=1.66Hz, =CH (trans to the carbonylgroup)],
5.96 (t, 1H, J=1.37Hz, =CH), 6.32 [d, 1H,
J=1.66Hz, =CH (cis to the carbonylgroup)].**C
NMR (CDCl):0 12.48, 17.90, 25.78, 51.97,
118.71,126.12,137.09,143.59,167.90.

Zisomer

'H NMR (CDCl):6 1.03 (t, 3H, J=7.57Hz,
—CH,CHg), 1.83 (s, 3H, Me), 2.12-2.18(m, 2
H, —CH,CHj3), 3.76 (s, 3H, OCHg), 5.53 [d,
1H, J=1.71Hz, =CH (trans to the carbonyl
group)],5.92(s, 1 H, =CH), 6.27[d, 1H,J=1.71
Hz, =CH (cis to the carbonylgroup)]. :*C NMR
(CDCls):6 12.86, 22.72, 26.98, 51.97, 119.97,
125.65,136.85,143.74,167.82.

Methyl 2-cyclohexylidene-2methylpropenoate
(3e)

IR (neat):1726,1651,1612,1279,1144cm . *H
NMR (CDCly):6 1.53-1.59m, 6 H, CH,), 2.23(d,
4H, =CCH,), 3.76 (s, 3H, OCHg), 5.51s, 1H,
=CH (transto the carbonylgroup)],5.87[s, 1H,
=CH), 6.27 (s, 1H, =CH (cis to the carbonyl
group)]. **C NMR (CDCl,):6 26.50,27.68,28.31,
29.54, 37.47, 51.82, 117.09, 126.11, 136.50,
145.76,167.72. Mass spectrum:m/z 39 (62), 79
(70), 81 (100), 91 (67), 180 (40, M™"). Found:C,
7336, H, 900, calcd for CllHlst: C, 7329, H,
8.95%.

Appl. Organometal Chem.14, 8—13(2000)
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Methyl 2-ethylidene-4-methyl3-pentenoate(3f)
Mixture of E and Zisomers

IR (neat): 1720, 1633, 1250, 1045cm*. Mass
spectrum:m/z39 (62), 67 (66), 79 (100), 95 (54),
154 (46, M™). Found:C, 70.22;H, 9.35; Calcdfor
CoH140,: C, 70.10;H, 9.15%.

E isomer

'H NMR (CDCly):0 1.52(s, 3 H, oneof Me,), 1.68
(d,3H,J=7.16Hz,=CHCHg), 1.85(s,3 H, oneof
Me,), 3.72(s,3H, OCHs), 5.74(s,1 H, =CH), 6.88
[, 1H, J=7.16Hz, =CH (cis to the carbonyl
group)]. X*C NMR (CDCly):6 15.29,19.49,25.22,
51.40,117.95,130.85,137.12,138.45,167.93.

Zisomer

'H NMR (CDCl):0 1.67(s, 3 H, oneof Me,), 1.79
(s, 3H, one of Mey), 1.99 (d, 3H, J=7.24Hz,
=CHCH3), 3.75 (s, 3H, OCHy), 5.82 (s, 1H,
=CH),5.93[q, 1 H,J=7.24Hz, =CH (transto the
carbonyl group)]. **C NMR (CDCly):d 13.86,
22.48, 31.43, 51.06, 122.42, 131.06, 134.99,
137.39,167.93.

Methyl 2-benzylidene-4-mehyl-3-pentenoate
(39)

IR (neat):1714,1615,1253,1048cm *. *H NMR
(CDCls):0 1.39(d, 3H, J=1.15Hz, one of Me,),
1.83(d, 3H,J=1.16Hz, oneof Mey), 3.77(s,3 H,
OCH), 5.94(s,1H, =CH), 7.22-7.31m, 3H, Ph),
7.52 (d, 2 H, J=7.24Hz, Ph) 7.58 (s, 1 H,
=CHPh). *C NMR (CDCl):6 19.62, 25.37,
51.80, 118.24, 128.07, 128.49, 128.90, 129.82,
135.63,138.28,168.59. Mass spectrum:m/z 115
(46),141(51),142(63), 157 (100),201 (25), 216
(29, M. Found: C, 77.83; H, 7.52; calcd for
C14H1602: C,77.75;H, 7.46%.

Methyl 2-isopropylidene-4-methy-3-pentenoate
(3h)

IR (neat): 1717, 1200, 1081cm™*. *H NMR
(CDClR):0 1.52(s, 3H, oneof Mey), 1.75(s, 3H,
oneof Mey), 1.80(s, 3 H, oneof Mey), 2.01(s,3H,

Copyright© 2000JohnWiley & Sons,Ltd.

one of Mey), 3.70 (s, 3H, OCH), 5.77 (s, 1H,
=CH). *C NMR (CDCly):6 18.97,21.94,22.53,
25.30, 51.05, 120.70, 125.96, 136.02, 143.85,
169.26.Mass spectrum:m/z 67(56), 73 (100), 93
(91),168(60,M™). Found:C, 70.68;H, 9.69;calcd
for C10H1602: C, 71.39;H, 9.59%.

Methyl 2-ethenyl-3-methyl-2-buenoate(3i)

IR (neat):1731,1636,1218,1146cm *. *H NMR
(CDCls):0 1.84 (s, 3H, oneof Me,), 1.86(s, 3H,
one of Me,), 3.80 (s, 3H, OCHy), 5.07[d, 1H,
J=17.50Hz, CH=CHH (trans)], 5.14 [d, 1H,
J=11.00, CH=CHH (cis)], 6.57 (dd, J=17.50,
11.00Hz, =CH). **C NMR (CDCly): ¢ 19.81,
22.93, 51.52, 114.94, 129.83, 130.44, 137.72,
169.74.Mass spectrum:m/z 39 (79), 53 (52), 79
(100),81 (67), 109 (36), 140 (44, M™). Found:C,
68.34; H, 8.75; calcd for CgH50,: C, 68.54; H,
8.59%.
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