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A cationic palladium complex,
[Pd(PPh3)2(MeCN)2](BF4)2, 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 p-allylpalladium
species has been presumed to be an intermedi-
ate. Copyright # 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Palladium(0) complexes catalyze the dimerization
of propa-1,2-diene (allene) with addition of nucleo-
philes to give 1,3-diene derivatives.1 Palladium(0)
complexes also mediate the carbopalladation of
allenes with aryl and vinylic halides or triflates
followed by addition of various nucleophiles to
give products containing all three moieties.2

Several intramolecular versions of this chemistry

have also been developed.p-Allylpalladium inter-
mediates are estimated to play a crucial role in these
reactions. On the other hand, derivatives of 2,3-
dien-1-ol (a-allenic alcohol) such as carboxylates,
phosphates and carbonates are reported to undergo
palladium-catalyzed reactions, including alkyla-
tion3 and carbonylation,4 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.5 Carbonylation of 2,3-dienyl carbonates
catalyzed by a palladium(0) complex proceeds
smoothly to give 1,3-diene-2-carboxylates.4 In
these reactions, a somewhat different intermediate
is expected where an alkylidene group is directly
attached to thep-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 toa-
vinylacrylic acids.6 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
carbonyl groups.

In this paper, we present a cationic palladium
complex that is active enough for the carbonylation
of 2,3-dien-1-ols under mild conditions even in the
absence of a co-catalyst (p-toluenesulfonic acid).

RESULTS AND DISCUSSIONS

The carbonylation of 2,3-dien-1-ols1 was carried
out in tetrahydrofuran (THF) or methanol at
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50°C for 1 h under carbon monoxide (10atm)
in the presence of 2 mol% of the cationic
palladium complex [Pd(PPh3)2(MeCN)2](BF4)2.
This procedure afforded 1,3-diene-2-carboxylic
acids2 or their methyl esters3 (Eqn [1]). Neutral
palladium(II) andpalladium(0)complexessuchas
PdCl2(PPh3)2 and Pd(PPh3)4 did not show the
catalyticactivity. The resultsaregiven in Table1.

Carbonylation in THF: synthesis of
carboxylic acids

Thecarbonylationof theparentsubstratebuta-2,3-
dien-1-ol(1a) andthe methyl-substitutedsubstrate
penta-3,4-dien-2-ol(1b) afforded products that
polymerizedquite easily. The IR spectraof the
crude samples before polymerization exhibited
broad peaksat 3500–2500cmÿ1 and strong ones
around 1700cmÿ1 indicating the formation of
carboxylic acids. 1,1-Disubstitutedbuta-2,3-dien-
1-ols (1c–1e) underwentsmoothcarbonylationto
afford the corresponding1,3-diene-2-carboxylic
acids 2c–2e respectively,in good yields. These
typesof carboxylic acidswere not obtainedfrom
thereactionsusingp-toluenesulfonicacidastheco-
catalyst becauseof the polymerization of the
products.6 Modestto fair yields(27–72%)resulted
when poly-substitutedbuta-2,3-dien-1-ols(1f–1i)
wereemployedasthe substrates.The E/Z ratiosin
the products2d, 2f and2g were,67:33,80:20and
100:0, respectively.It is noted that this type of

productis anefficientsubstratefor nickel-catalyzed
carbonylationto a-ketolactone.7

Carbonylation in methanol:
synthesis of esters

The carbonylationof the parent substrate1a in
methanoldid not give the expectedmethyl ester.
Instead,Diels–Alder reaction product 4a of the
anticipatedproduct3a wasobtainedin 45% yield.
Methyl-substitutedsubstrate1b gave the antici-
patedester3b in a modestyield of 15% together
with a Diels–Alderproduct4b 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 stereochemistryaroundthedoublebondin 3b
was confirmedto be Z by the 1H NMR coupling
constant(11.58Hz).Onepossibilityof theZ isomer
beingableto surviveis thattheE isomerundergoes
faster Diels–Alder reaction than the Z isomer.
Actually, the stereochemistryaround the double
bondin 4b wasE.

Smoothcarbonylationoccurredwith thesubstrates
1c–1i to producethe correspondingmethyl 1,3-
diene-2-carboxylates3c–3i. Diels–Alder-typepro-
ductswerescarcelyobservedin thesecases.TheE/
Z ratios in the products3d, 3f and3g were67:33,
85:15and100:0,respectively.1,3-Diene-2-carboxy-
lates 3 were reported to be obtained from the

Table 1 Carbonylationof 1 catalyzedby [Pd(PPh3)2(MeCN)2](BF4)2 (Eqn [1])

1

1 R1 R2 R3 R4 2 Yield (%) 3 Yield (%)

1a H H H H 2a (Polymer) 3a 0 (4a 45)
1b H H Me H 2b (Polymer) 3b 13(Z) (4b 78)
1c H H Me Me 2c 61 3c 75
1d H H Me Et 2d 95(E/Z = 67:33) 3d 96(E/Z = 67:33)
1e H H -(CH2)5 2e 40 3e 54
1f Me H Me Me 2f 72(E/Z = 80:20) 3f 82(E/Z = 85:15)
1g Ph H Me Me 2g 48(E) 3g 45(E)
1h Me Me Me Me 2h 38 3h 75
1i Me Me H H 2i 27 3i 78

[1]
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carbonylation of 2,3-dienyl carbonatesin the
presenceof a palladiumcatalyst.4 Since2,3-dienyl
carbonatesare usually preparedfrom 2,3-dienols
andalkyl chloroformate,thecarbonylationreaction
mentionedabovehastheadvantageof beingableto
employ2,3-dienolsassubstratesdirectly.

We tentativelyproposea following reactionpath-
waywhereanH–Pd� speciesis involvedasanactive
species(Scheme1). Thus, an H–Pd� species[or
H� � Pd(0)]generatedin situ would reactwith 2,3-
dienol 1 to give the p-allylic species A with
elimination of water,wherean alkylidenegroup is
directly attachedto the p-allyl group.6 Insertion of
carbonmonoxidefollowed by hydrolysis(or metha-
nolysis) of the resulting acylpalladium species
would give rise to the observedproduct.

This reactionaffordsareadyaccessto 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(II) complex,[Pd(PPh3)2(MeCN)2](BF4), asa
catalystprecursorwhichhasweaklyligatedligands
(MeCN) and showsa propensityto promote the
heterolyticcleavage8 of thecarbon–oxygenbondof
2,3-dienols.

EXPERIMENTAL

2,3-Dienols 19 and the cationic palladium(II)
complex10 [Pd(PPh3)2(MeCN)2](BF4)2 were pre-

paredaccordingto the publishedmethods.The 1H
and13C NMR spectrawereobtainedin CDCl3 on a
BrukerDPX-400spectrometerwith HMQC and(in
certain cases)nuclear overhances(NOE) experi-
ments.TheIR andmassspectrawererecordedona
JascoFT/IR 350 spectrometerand a Shimadzu
GCMSQP2000Aapparatus,respectively.

Carbonylation of 1 in THF: synthesis
of 2

A mixture of 1 (2 mmol), [Pd(PPh3)2(MeCN)2]
(BF4)2 (0.04mmol) andTHF (4 ml) wasplacedin
an autoclaveand heatedat 50°C under carbon
monoxidepressure(10atm).After 1 h, thereaction
mixture was takenup in diethyl etherand passed
through a short Florisil1 column to remove
palladium complexes.Then the acidic product
was extracted with 0.5mol dmÿ3 NaOH
(3� 15ml). After acidification with 1 mol dmÿ3

HCl, the productwasextractedwith diethyl ether,
dried (MgSO4) and concentratedto give 2. In
certaincases,theproductswerefurtherpurifiedby
column chromatographyover silica gel using
hexane/ethylacetate(3:1).

2-Methylenebut-3-enoic acid (2a)
This compoundunderwentfacile polymerization
into whitesolidsduringisolation.IR of thepolymer
(KBr): 3500–2500,1694,1654cmÿ1.

2-Methylenepent-3-enoicacid (2b)
Massspectrum:m/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 (C6H8O2)n: C,
64.24;H, 7.19%.

4-Methyl-2-methylenepent-3-enoicacid (2c)
IR (neat):3500–2500,1697,1607,1284cmÿ1. 1H
NMR (CDCl3): d 1.78(s,3 H, oneof Me2), 1.86(s,
3 H, oneof Me2), 5.66(s, 1 H, =CH (trans to the
carbonyl group)), 6.45 [s, 1 H, =CH (cis to the
carbonylgroup)], 10.23 (br, 1 H, OH). 13C NMR
(CDCl3): d 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 (C7H10O2)n: C, 66.64;H,
7.99%.

4-Methyl-2-methylenehex-3-enoicacid (2d)
Mixture of E andZ isomers
IR (neat): 3500–2500,1696, 1285cmÿ1. Mass

Scheme1 Presumedreactionpathway.
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spectrum:m/z39 (86), 55 (76), 79 (100), 95 (46),
125 (100), 140 (52, M�). Found: C, 67.94; H,
9.05%;calcdfor C8H12O2: C, 68.54;H, 8.63%.

E isomer
1H NMR (CDCl3): d 1.07 (t, 3 H, J = 7.28Hz,
—CH2CH3), 1.78 (s, 3 H, =C—CH3), 2.17 (q,
2 H, J = 7.28Hz, —CH2CH3), 5.67 [s, 1H, =CH
(trans to the carbonyl group)], 5.96 (d, 1 H, J =
1.40Hz, =CH), 6.46 [d, 1 H, J = 1.40Hz (cis
to the carbonylgroup)], 11.15 (br 1 H, OH). 13C
NMR (CDCl3): d 12.37, 17.88, 25.71, 117.98,
128.08,136.45,144.10,172.79.

Z isomer
1H NMR (CDCl3): d 1.04 (t, 3 H, J = 7.57Hz,
—CH2CH3), 1.84 (s, 3 H, =C—CH3), 2.18 (q,
2 H, J = 7.57Hz, —CH2CH3), 5.65 [s, 1 H, =CH
(trans to the carbonyl group)], 5.92 (d, 1 H, J =
1.40Hz, =CH), 6.42 [d, 1 H, J = 1.40Hz (cis
to the carbonylgroup)], 11.15(br. 1 H, OH). 13C
NMR (CDCl3): d 12.75, 23.32, 25.55, 119.23,
127.65,136.21,144.28,172.71.

2-Cyclohexylidenemethyl-2-propenoic acid (2e)
IR (neat):3500–2500,1696,1609,1288cmÿ1. 1H
NMR (CDCl3): d 1.56–1.62(m, 6 H, CH2), 2.20–
2.35(m,4 H,=C—CH2), 5.64[s,1 H,=CH (trans
to thecarbonylgroup)],5.87(s,1 H,=CH),6.42[s,
1 H, =CH (cis to the carbonylgroup)], 10.00(br.
1 H, OH). 13C NMR (CDCl3): d 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 C10H14O2: C, 72.26;H, 8.49%.

2-Ethylidene-4-methylpent-3-enoicacid (2f)
Mixture of E andZ isomers
IR (neat): 3500–2500,1687, 1628, 1281cmÿ1.
Massspectrum:m/z39 (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 C8H12O2: C,
68.54;H, 8.63%.

E isomer
1H NMR (CDCl3): d 1.57(s,3 H, oneof Me2), 1.74
(d, 3 H, J = 7.13Hz, =C—CH3), 1.85(s, 3 H, one
of Me2), 5.74 (s, 1 H, =CH), 7.02 (q, 1 H,
J = 7.13Hz, =CHCH3), 10.25(br. 1 H, OH). 13C
NMR (CDCl3): d 15.70, 19.67, 25.33, 117.45,
130.46,138.21,141.16,172.92.

Z isomer
1H NMR (CDCl3): d 1.70(s,3 H, oneof Me2), 1.80

(s, 3 H, one of Me2), 2.08 (d, 3 H, J = 7.35Hz,
=CCH3), 5.86 (s, 1 H, =CH), 6.10 (q, 1 H,
J = 7.35Hz, =CHCH3), 10.25 (br 1 H, OH). 13C
NMR (CDCl3): d 15.75, 19.00, 25.47, 122.14,
130.14,135.76,140.73,173.29.

2-Benzylidene-4-methyl-3-pentenoicacid (2g)
M.p. 82–83°C. IR (KBr): 3500–2500,1684,1604,
1273cmÿ1. 1H NMR ([D6]DMSO): d 1.36(s, 3 H,
oneof Me2), 1.82(s,3 H, oneof Me2), 5.92(s,1 H,
=CH), 7.32–7.42 (m, 3 H, Ph), 7.49 (s, 1 H,
=CHPh), 7.57 (d, 2 H, J = 7.30Hz, Ph), 12.47
(br. 1 H, OH). 13C NMR (CDCl3): d 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 C13H14O2: C, 77.20;H, 6.98%.

2-Isopropylidene-4-methyl-3-pentenoicacid (2h)
IR (neat):3500–2500,1683,1613,1276cmÿ1. 1H
NMR (CDCl3): d 1.55(s,3 H, oneof Me4), 1.79(s,
3 H, oneof Me4), 1.81(s,3 H, oneof Me4), 2.12(s,
3 H, one of Me4), 5.78 (s, 1 H, =CH), 11.85(br,
1 H, OH). 13C NMR (CDCl3): d 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 C9H14O2: C, 70.10; H,
9.15%.

2-Ethenyl-3-methyl-2-butenoic acid (2i)6

IR (neat):3500–2500,1694,1637,1243cmÿ1. 1H
NMR ([D6]DMSO): d 1.79 (s, 3 H, one of Me2),
1.80 (s, 3 H, one of Me2), 5.05 [d, 1 H,
J = 17.30Hz, HC=CHH (trans)], 5.11 (d, 1 H,
J = 11.00Hz, HC=CHH (cis)), 6.60(dd,J = 17.30,
11.00Hz, HC=CHH), 12.60 (br, 1 H, OH). 13C
NMR ([D6]DMSO):d 19.63,23.14,114.94,131.33,
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
C7H10O2: C, 66.64;H, 7.99%.

Carbonylation of 1 in methanol:
synthesis of 3

A mixture of 1 (2 mmol), [Pd(PPh3)2(MeCN)2]
(BF4)2 (0.04mmol) and methanol (4 ml) was
placedin an autoclaveand heatedat 50°C under
carbonmonoxidepressure(10atm). After 1 h, the
reactionmixture wastakenup in diethyl etherand
passedthrougha shortFlorisil1 columnto remove
palladiumcomplexes.The productswere isolated
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by column chromatographyover silica gel using
hexane/ethylacetate(10:1).

Methyl 2-methylene-3-butenoate (3a)
This affordedthe Diels–Alderreactionproduct4a
exclusively.

Diels–Alder reaction product of 3a (4a)
IR (neat): 1731, 1715, 1654, 1635, 1437, 1258,
1088cmÿ1. 1H NMR (CDCl3): d 1.81–1.85(m,
1 H, oneH of =CCH2CH2), 2.08–2.12(m, 1 H, the
otherH of=CCH2CH2),2.32(s,2 H,=CCH2CH2),
2.79 (d, 1 H, J = 19.46Hz, one H of =CHCH2),
2.81 (d, 1 H, J = 19.46Hz, the other H of
=CHCH2), 3.69 [s, 3 H, oneof (OMe)2], 3.72 [s,
3 H, one of (OMe)2], 5.11 [d, 1 H, J = 17.35Hz,
CH=CHH (trans)], 5.16 [d, 1 H, J = 10.55Hz,
CH=CHH (cis)], 5.87 (dd, 1 H, J = 10.55,
17.35Hz, CH=CHH), 6.96 (s, 1 H, =CH. 13C
NMR (CDCl3): d 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, M�).

Methyl (Z)-2-methylene-3-pentenoate(3b)
IR (neat):1725,1652,1260,1094cmÿ1. 1H NMR
(CDCl3): d 1.77 (dd, 3 H, J = 7.10, 1.74Hz,
=CCH3) 3.77 (s, 3 H, OCH3), 5.65 [d, 1 H,
J = 1.36Hz, =CH (trans to the carbonylgroup)],
5.83(dq, 1 H, J = 11.58,7.10Hz, =CHCH3), 6.17
(dq, 1 H, J = 11.58,1.74Hz, =CH), 6.39 [d, 1 H,
J = 1.36Hz,=CH (cis to thecarbonylgroup)].13C
NMR (CDCl3): d 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):1731,1714,1651,1259cmÿ1. 1H NMR
(CDCl3): d 0.98 (d, 3 H, J = 7.26Hz, —CHCH3),
1.71(d, 3 H, J = 6.34Hz, =CCH3), 1.74–1.78(m,
1 H, oneH of =CCH2CH2), 2.13–2.17(m, 1 H, the
other H of =CCH2CH2), 2.24–2.40 (m, 2 H,
=CCH2), 2.99–3.02(m, 1 H, CHCH3), 3.65 [s,
3 H, oneof (OMe)2], 3.70[s, 3 H, oneof (OMe)2],
5.41 (d, 1 H, J = 15.80Hz, —CH=CHCH3), 5.54
(dq,1 H, J = 15.80,6.34Hz, —CH=CHCH3), 6.92
(d,1 H, J = 4.55Hz,C=CH). 13C NMR (CDCl3): d
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,
66.52;H, 8.07; calcd for C14H20O4: C, 66.64;H,
7.99%.

Methyl 4-methyl-2-methylene-3-pentenoate(3c)
IR (neat):1725,1653,1611,1201,1141cmÿ1. 1H
NMR (CDCl3): d 1.76(s,3 H, oneof Me2), 1.85(s,
3 H, oneof Me2), 3.76(s,3 H, OCH3), 5.54[s, 1 H,
=CH (trans to the carbonylgroup)], 5.95 (s, 1 H,
=CH), 6.31 [s, 1 H, =CH (cis to the carbonyl
group)].13C NMR (CDCl3): d 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 C8H12O2: C, 68.54;H, 8.63%.

Methyl 4-methyl-2-methylene-3-hexenoate(3d)
Mixture of E andZ isomers
IR (neat): 1724, 1652, 1265, 1077cmÿ1. Mass
spectrum:m/z39 (77), 55 (60), 79 (100), 95 (46),
139 (56), 154 (35, M�). Found:C, 70.34;H, 9.14;
calcdfor C9H14O2: C, 70.10;H, 9.15%.

E isomer
1H NMR (CDCl3):d 1.07 (t, 3 H, J = 7.48Hz,
—CH2CH3), 1.76(s, 3 H, Me), 2.12–2.18(m, 2 H,
—CH2CH3), 3.76 (s, 3 H, OCH3), 5.55 [d, 1 H,
J = 1.66Hz, =CH (trans to the carbonylgroup)],
5.96 (t, 1 H, J = 1.37Hz, =CH), 6.32 [d, 1 H,
J = 1.66Hz,=CH (cis to thecarbonylgroup)].13C
NMR (CDCl3):d 12.48, 17.90, 25.78, 51.97,
118.71,126.12,137.09,143.59,167.90.

Z isomer
1H NMR (CDCl3):d 1.03 (t, 3 H, J = 7.57Hz,
—CH2CH3), 1.83 (s, 3 H, Me), 2.12–2.18(m, 2
H, —CH2CH3), 3.76 (s, 3 H, OCH3), 5.53 [d,
1 H, J = 1.71Hz, =CH (trans to the carbonyl
group)],5.92(s, 1 H, =CH), 6.27[d, 1 H, J = 1.71
Hz, =CH (cis to the carbonylgroup)]. 13C NMR
(CDCl3):d 12.86, 22.72, 26.98, 51.97, 119.97,
125.65,136.85,143.74,167.82.

Methyl 2-cyclohexylidene-2-methylpropenoate
(3e)
IR (neat):1726,1651,1612,1279,1144cmÿ1. 1H
NMR (CDCl3):d 1.53–1.59(m, 6 H, CH2), 2.23(d,
4 H, =CCH2), 3.76 (s, 3 H, OCH3), 5.51 [s, 1 H,
=CH (trans to the carbonylgroup)], 5.87 [s, 1 H,
=CH), 6.27 (s, 1 H, =CH (cis to the carbonyl
group)]. 13C NMR (CDCl3):d 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,
73.36;H, 9.00; calcd for C11H16O2: C, 73.29;H,
8.95%.
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Methyl 2-ethylidene-4-methyl-3-pentenoate(3f)
Mixture of E andZ isomers
IR (neat): 1720, 1633, 1250, 1045cmÿ1. Mass
spectrum:m/z39 (62), 67 (66), 79 (100), 95 (54),
154 (46, M�). Found:C, 70.22;H, 9.35;Calcdfor
C9H14O2: C, 70.10;H, 9.15%.

E isomer
1H NMR (CDCl3):d 1.52(s,3 H, oneof Me2), 1.68
(d,3 H, J = 7.16Hz,=CHCH3), 1.85(s,3 H, oneof
Me2), 3.72(s,3 H, OCH3), 5.74(s,1 H,=CH),6.88
[q, 1 H, J = 7.16Hz, =CH (cis to the carbonyl
group)]. 13C NMR (CDCl3):d 15.29,19.49,25.22,
51.40,117.95,130.85,137.12,138.45,167.93.

Z isomer
1H NMR (CDCl3):d 1.67(s,3 H, oneof Me2), 1.79
(s, 3 H, one of Me2), 1.99 (d, 3 H, J = 7.24Hz,
=CHCH3), 3.75 (s, 3 H, OCH3), 5.82 (s, 1 H,
=CH),5.93[q, 1 H, J = 7.24Hz,=CH(transto the
carbonyl group)]. 13C NMR (CDCl3):d 13.86,
22.48, 31.43, 51.06, 122.42, 131.06, 134.99,
137.39,167.93.

Methyl 2-benzylidene-4-methyl-3-pentenoate
(3g)
IR (neat):1714,1615,1253,1048cmÿ1. 1H NMR
(CDCl3):d 1.39 (d, 3H, J = 1.15Hz, one of Me2),
1.83(d, 3H, J = 1.16Hz, oneof Me2), 3.77(s,3 H,
OCH3), 5.94(s,1H,=CH),7.22–7.31(m,3H, Ph),
7.52 (d, 2 H, J = 7.24Hz, Ph) 7.58 (s, 1 H,
=CHPh). 13C NMR (CDCl3):d 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
C14H16O2: C, 77.75;H, 7.46%.

Methyl 2-isopropylidene-4-methyl-3-pentenoate
(3h)
IR (neat): 1717, 1200, 1081cmÿ1. 1H NMR
(CDCl3):d 1.52 (s, 3 H, oneof Me4), 1.75 (s, 3 H,
oneof Me4), 1.80(s,3 H, oneof Me4), 2.01(s,3 H,

one of Me4), 3.70 (s, 3 H, OCH3), 5.77 (s, 1 H,
=CH). 13C NMR (CDCl3):d 18.97,21.94,22.53,
25.30, 51.05, 120.70, 125.96, 136.02, 143.85,
169.26.Massspectrum:m/z 67(56), 73 (100), 93
(91),168(60,M�). Found:C, 70.68;H, 9.69;calcd
for C10H16O2: C, 71.39;H, 9.59%.

Methyl 2-ethenyl-3-methyl-2-butenoate(3i)
IR (neat):1731,1636,1218,1146cmÿ1. 1H NMR
(CDCl3):d 1.84 (s, 3 H, oneof Me2), 1.86 (s, 3 H,
one of Me2), 3.80 (s, 3 H, OCH3), 5.07 [d, 1 H,
J = 17.50Hz, CH=CHH (trans)], 5.14 [d, 1 H,
J = 11.00, CH=CHH (cis)], 6.57 (dd, J = 17.50,
11.00Hz, =CH). 13C NMR (CDCl3): d 19.81,
22.93, 51.52, 114.94, 129.83, 130.44, 137.72,
169.74.Massspectrum:m/z 39 (79), 53 (52), 79
(100), 81 (67), 109 (36), 140 (44, M�). Found:C,
68.34; H, 8.75; calcd for C8H12O2: C, 68.54; H,
8.59%.
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