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Abstrace: A series of 3-(alkoxycarbonyloxy)-2-methylenealkanoate (1), a sulfonate (5}, and an N N-dimethylamide (6)
were carbonylated using Pd(0) complexes as catalyst to give alkylidenesuccinate (2}, and analogues in moderate 1o good
yields, The stereoselectivity for E and Z isomers of carbonylation products was found to differ remarkably, depending on
the three iypes of substrates which always include an electron-withdrawing group. The results are explained in terms of
the plausible MM2 simulation through the model compounds.

It has been reported by Tsuji et al.1) that allylic carbonates are very susceptible to oxidative addition to
Pd(0) species, undergoing facile decarboxylative carbonylation 1o give B,y-unsaturated esters under mild
conditions.2»3) Their procedure appears to occupy a prominent place among a variety of Pd(0)-catalyzed
carbonylations of allylic substrates due to its facility.

We have been concerned with the Pd(0)-catalyzed, regioselective carbonylation of 3-(methoxy-
carbonyloxy)-2-methylenealkanoates (1) to give predominantly (E)-alkylidenesuccinates @9 {eq. 1). It was
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also found that the carbonylation of the cyano analogue of 1 afforded mainly (Z)-3-cyano-3-alkenoate, reflecting
presumably the syn-alkyl-n-allylpalladium intermediate to be carbonylated preferably.4) The reaction involves an
interesting issue of remarkable difference in steric effects between two electron-withdrawing groups (EWG),
which occupy the 2-position of 1,2-disubstituted w-allylpalladium intermediates. To our best knowledge, few
studies are reported on the Pd(0)-mediated reactions regarding these intermediates, which involves the allylation
of dimethyl sodiomalonate in a rather non-stereoselective manner.>) Accordingly, we have undertaken an
extensive study on the Pd(0)-catalyzed carbpnylation of these types of allylic carbonates. We report here the
Pd(0)-catalyzed carbonylation of 3-(methoxycarbonyloxy)-2-methylenealkanoates (1) and analogues in order to
look at the stereochemical outcome of the carbonylation products which may reflect the geometry of 1,2-
disubstituted n-allylpalladium intermediates.

RESULTS AND DISCUSSION

a) Preparation of 3-(methoxycarbonyloxy)-2-methylenealkanoates (la-h), a sulfonate (5), and an N,N-
dimethylamide (6).

() In order to extend the scope of the regio- and stereoselective carbonylation of 1 (R = i-Bu),4) we have
prepared a series of 3-(methoxycarbonyloxy)-2-methylenealkanoate (1a-1h) according to a two-step procedure
which consists of a base-catalyzed addition of acrylates to aliphatic aldehydes (the Baylis-Hillman reaction)6)
followed by the carbonate formation of the resulting allylic alcohols (3), (eq. 2). The Baylis-Hillman reaction of

| DABCO CICOR?
RCHO + L , CO,R! CO,R! (2)
CO,R! (60 - 90%) on pyridine, PhH OCO,R?
(70 - 80%)
3 1

an acrylate was carried out using an excess aldehyde (1.5-2 equiv) in the presence of either 1,4-
diazabicyclo[2.2.2]octane (DABCO; 20 mol%) or 3-quinuclidinol (10 mol%)7) to give, usually in a week, 3-
hydroxy-2-methylenealkanoate (3) in 60-90% yields.

(i) The similar reaction of phenyl ethylenesulfonate with 3-methylbutanal proceeded very rapidly (3 h) in
benzene solution, giving phenyl 3-hydroxy-5-methyl-1-hexene-2-sulfonate (4) in 87% yield. Carbonate
formation of 4 required rather forcing conditions using CICO2Et and NaH in the presence of a catalytic amount of
dicyclohexano-18-crown-6 in ether under refluxing for two weeks and pheny! 3-(ethoxycarbonyloxy)-5-methyl-
1-hexene-2-sulfonate (5) was obtained in 71% yield.

(iii) Although there has been a report that acrylamide undergoes a basecatalyzed addition to an aldehyde under
high pressure,8) the Baylis-Hillman reaction of N,N-dimethylacrylamide with 3-methylbutanal entirely failed.
The requisite 3-hydroxy-5-methyl-2-methylene-N,N-dimethylhexanamide (B) was also found to be hardly
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prepared even by an indirect procedumg) using 3-(N,N-dimethylamino)-N,N-dimethylpropanamide as depicted in
Scheme 1. Thus, attempted Hofmann elimination after quaternization of 2-(N,N-dimethylaminomethyl)-3-
hydroxy-5-methyl-N,N-dimethylhexanamide (A) did not take place, but resulted exclusively in giving N,N-
dimethylacrylamide via the retro-aldol reaction. It was eventually found that 2-(N,N-dimethylaminomethyl)-3-
(methoxycarbonyloxy)-5-methyl-N, N-dimethylhexanamide (C), obtained by a carbonate formation from A,
underwent smooth -elimination of an N-oxide10) to give 3-(methoxycarbonyloxy)-5-methyl-2-methylene-N,N-
dimethylhexanamide (6) in a moderate yield.

NMe,
NMez a) b)
\r\cno + [ —_— CONMe, —4» CONMe,
CONMe, OH OH
A B
c)
a) LDA/THF ; l
b) Mel/MeOH, then base ; NMe,
) CICO;Me/CHCl, ; d)
d) m-CPBA then ALO3 col CONMe, CONMe,
m en Ag0s column 0CO,Me (30%) 0CO,Me
c 6

Scheme 1

All 3-(alkoxycarbonyloxy)-2-methylenealkanoate (1a-h), a sulfonate (5), and an N,N-dimethylamide (6)
analogue thus prepared are listed in Table I including their spectral data.
b) Palladium(0)-catalyzed carbonylation of 3-(methoxycarbonyloxy)-2-methylenealkanoates (1) and analogues.

The decarboxylation-carbonylation was carried out using 1a-h in the presence of a catalytic amount (2
mol%) of a palladium(0)-phosphine complex, usually generated in situ from Pd(OAc), + 2 PPh3, under carbon
monoxide pressure (20 atm) at 50 °C for 15 h as the most reliable conditions (eq. 1). The carbonylation of 1
proceeded straightforward to give the corresponding alkylidenesuccinates (2) in moderate to good yields. The
regioselective carbonylation of 1 always retained but the stereoselectivity for E and Z isomers of 2 and yields
deteriorated significantly under CO pressure less than 20 atm as reported previously.4) In Table II are
summarized the results of Pd(0)-catalyzed carbonylation of 1 and the selectivity for E/Z isomers of 2.

It is evident from Table II that the carbonylation of 1 containing a variety of R (originated from aldehydes)
and R1 (from acrylates) gave rise uniformly to (E)-alkylidenesuccinate 2 as a major product with 90-93%
selectivity. Introduction of bulky substituents, such as R=i-Pr (Entry 6) and R1=;-Bu (Entries 3,5, and 9), to the
substrate 1 is expected to improve the stereoselectivity for E/Z isomers of product 2, provided that 1,2-
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R R /Pd\ /Pd\

L “co,r? L' “co,r?
(E)-2 anti syn @-2
Scheme 2

disubstituted n-allylpalladium complexes in the anti/syn equilibrium are key intermediates that undergo
carbonylation as depicted in Scheme 2. This is not necessarily the case, as is seen in Table II, since the
substantial difference in steric bulk of R and R] was rather leveled to the uniform selectivity during a course of
the reaction. Related but a little positive steric effects were observed in the Pd(0)-catalyzed carbonylation of 1-
alkyl-2-trialkylsilyl-2-propenyl carbonates.11) It is worth mentioning that, while an old procedurelz) which
consists of a condensation of a nitroalkane with a dialkyl fumarate in the presence of diethylamine affords the
corresponding dialkyl alkylidenesuccinate with a little higher E selectivity (95 : 5), the present catalytic
carbonylation provides a sole product 2 which accommodates two different ester groups at will (Entries 3,5,8,
and 9).

In order to examine the steric effect imposed by the other EWG than an ester group on the stereochemical
outcome of the carbonylation products, we have carried out the Pd(0)-catalyzed carbonylation of phenyl 3-
(ethoxycarbonyloxy)-5-methyl-1-hexene-2-sulfonate (5) and 3-(methoxycarbonyloxy)-5-methyl-2-methylene-
N,N-dimethylhexanamide (6), respectively.

The carbonylation of 5§ was not effectively catalyzed by the foregoing Pd(OAc); + 2 PPh3 but by
1/2Pdp(dba)3-CHCl3 (dba = dibenzylideneacetone) + 2 PPh3 (5 mol%) under a little forcing conditions [CO (35
atm), 50 °C for 36 h], giving ethyl (E)-6-methyl-3-phenoxysulfonyl-3-heptenoate (7)13) (43% yield) and phenyl
(E)-1-ethoxy-5-methyl-2-hexene-2-sulfonate 13) (7% yield), respectively (eq. 3). Thus, a complete E
stereoregulation for the Pd(0)-catalyzed carbonylation via a n-allylpalladium intermediate is first realized by

CO,Et OEt

. Pd(PPhy),, (5 mol%)
i-Bu SO.Ph - . + (3)
™ co@sam), 50°C  PUINFNgopn  TPUSFgo.rn

OCO,Et

5 7 (43%)
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Tadie 1T Securdonydmve cardony tdon or 1 giving akyduknesuctiitaey 2

2 2
PA(OAc), + 2PPh, COzR COzR
1 (2 mol%) R + H
C:’ = co.15n oot  “cowx!
OCO,R \ H ®
1 (E)-2 (2)-2
Substrate Conditions
Entry 2, Yield(%)® 2, E/zb)
R Rl R2 Temp °C) CO (atm)
1 la Me Me Me 50 20 289) 93:7
2 1b Me Et Et 100 50 55 91:9
3 1lc Me t+-Bu Me 50 30 379) 92: 8
4 Me t+-Bu Me 100 50 55 90:10
5 1d Et +-Bu Me 50 20 51 91: 9
6 le  i-Pr Me Me 50 20 67 93: 7
1f i-Bu Me Me 50 25 82 92: 8
8 1g i-Bu i-Pr Me 50 20 70 91: 9
1h  i-Bu t-Bu Me 50 20 72 90:10

a) Isolated, combined yield.
b) Analyzed by a capillary column (HR-20M, 25 m x 0.24 mm) unless otherwise stated.

¢) By-product 2-alkoxycarbonyl-1,3-butadiene formed as a dimer (see Ref. 19).
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substituting such a bulky group as phenoxysulfonyl for any alkoxycarbonyl group in 1. It should be noted that
an ether formed as by-product in the carbonylation of § was also found to be an E isomer. This was not the case
in the carbonylation of 1f, where the by-product methyl ether always consisted of an E/Z isomeric mixture in a
ratio 5 : 1.4) These facts reinforce that a strong steric control in the anti-alkyl-r-allylpalladium intermediate can
operate to give rise to the carbonylation product (E)-7.

Carbonylation of 6 was carried out under CO (30 atm) in otherwise the same manner as that of 1, giving
methyl 3-(3-methylbutylidene)-N,N-dimethylsuccinaminate (8) in satisfactory yield. However, the ratio of (E)-
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and (Z)-8 was found to be 30 : 70. Additional experiments were performed under various conditions in order to
confirm the stereochemical outcome in giving 8. Results are summarized in Table IIl. As is seen in Table HI, the
stereoselectivity did not alter appreciably by changing either CO pressure (Entries 1 and 3) or reaction temperature
(Entry 4), being hard of preferring the E isomer.

Having found rather unexpected stereochemistry in this particular carbonylation of 6 in contrast to the high
E selectivity for the carbonylation of 1, we discuss briefly the reason why the reversed stereoselectivity was
observed.

Table III. Decarboxylative Carbonylation of 6

Pd(OAc), + 2PPhg

-] CO,Me
i-Bu \HLCOM {2 mol%) .
ocozue CO, 15 h i-Bu -

CONMe,
6 8
Enty  Temp(°C) COf(atm) 8, Yield (%)2) 8, E/zb)
1 50 10 75 41:59
2 50 30 75 30:70
3 50 50 62 37:63
4 100 30 79 43:57

a) Isolated combined yield of the E/Z mixture.
b) Analyzed by a capillary column (HR-20M, 25 m x 0.24 mm).

¢) Examination of the reversed stereoselectivity for (E)-2a and (Z)-8 in the Pd(0)-catalyzed carbonylation of 1a
and 6.

It is premised that, under a CO pressure, a Pd(0) complex undergoes oxidative addition to the allylic
carbonate with concomitant decarboxylation to form the z-allylpalladium alkoxide which, in turn, gives the
corresponding alkoxycarbonyl complex El4 essentially in anti/syn equilibrium as depicted in Scheme 3.

The recent mechanistic insight into the palladium complex-catalyzed reactions which involve the x-
allylpalladium intermediate suggests that the reductive elimination will take place at mutual cis positions directly
from the n-allyl ligand rather than the prior formation of the c-allylpalladium moiety.16) According to this view,
the transient structures F (frans and cis) may apply for the transition states of the present reductive elimination
starting from anti-E and syn-E, respectively. Namely, the stereoselectivity imposed by the carbonylation
products must reflect the composition of these transient structures F, rather than that of n-allylpalladium
intermediates E (the Curtin-Hammett principle).1 1) Furthermore, the transient structures F are rather akin to
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[ EWG EWG
R\)\
R\’/lL PdL,, CO %‘r\\ -~ 28 I
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- anttE syn-E -
la: R=Me, EWG=CO,Me
6 : R=i-Bu, EWG=CONMe, i l
[ EWG 1T ewe )
) 4 ' TH., |
: s ' : ." :
1
L L/Pd ---- CO,Me L /Pd' ~~=~-CO,Me
F (trans) F (cis)

Scheme 3

those of the o-allylpalladium holding an olefinic part in coordination with the palladium center. For the first
approximation, consequently, one may assume that there is no significant difference in a spacial interaction of the
R group with the palladium center between F(trans) and F(cis) under otherwise equal situations. Since we have
still no reliable parameters of bondings which involve the palladium moieties, it appears reasonable to examine the
relative stability between geometrical differences in only the olefinic moieties extracted from the transient
structures F(trans) and F(cis). On the basis of these premises, two compounds, methyl 2-methyl-2-butenoate (9)
and N, N-dimethyl-2-methyl-2-butenamide (10), were adopted as the reliable models for transient structures F to
simulate the observed stereoselectivities for the present carbonylation products 2a and 8, respectively. Thus,
MM2 calculations of 9 and 10 for both E and Z isomers were carried out using Chem3DPlus program.17)
Optimization with respect to the RMS gradient less than 0.02 was completed by taking advantage of various
dihedral angles which bear between a carbony] group and an olefin plane. Two parameters generated from the
most stable conformers of respective (E)/(Z)-9 and -10 are the dihedral angles (6) and the total energy differences
(AE) between these geometrical isomers. The results are given in Table IV. Significant features from Table IV
may be three-fold: Firstly, while the dihedral angles of 9 indicate almost adequate coplanarity in both E and Z
isomers, those of 10 are found to deviate remarkably from coplanar conformation. The extent of this deviation is
larger in the (Z)-10 than in the E isomer. Secondly, the difference in total steric energy, though it must be
qualitative in nature, between (E)-9 and (Z)-9 is much advantageous for the former, whereas that of 10 is found
to be inverted, the Z isomer being more stable than the E isomer. The fact that the steric bulk of N,N-
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Table IV. Dihedral angles (6) and total steric energy differences (AE)
in the most stable conformers of 9 and 102)

(E)-9° (2)-9 (B)-10 (2)-10
0 (deg)P) 180 176 -124 99
AE (kcal/mol)c) -1.629) +1.02¢)

a) Calculation using Chem3DPlus program.
b) Coplanarity taken as 180 °.

c) Total steric energy difference, (E) - (Z).
d) (E )-9 more stable than (Z)-9.

) (Z)-10 more stable than (£)-10.

dimethylamide group strongly prevents its coplanarity with the olefin moiety may explain these rather unusual
results. The existing allylic strain between two methyl groups in mutual cis position ((E)-9) must be smaller than
the steric repulsion between the methyl and the methoxycarbonyl group ((Z)-9). However, this is not the case for
amide 10. Since the amide group in 10 deviates from coplanar conformation by 56-81°, the allylic strain of two
methyl groups in (E)-10 emerges out of the other repulsive interactions. Finally, the foregoing arguments may
apply to the transient structures F (Scheme 3), where F (trans, EWG = COyMe) is preferred over F (cis) to give
the carbonylation product 2a with 93% E selectivity. On the other hand, the carbonylation product 8 with 70% Z
selectivity would be the direct consequence that F (cis, EWG = CONMe») is responsible for proceeding the
transition state easier than F (trans).

In conclusion, we have carried out the novel Pd(0)-catalyzed carbonylation of 3-(methoxycarbonyloxy)-2-
methylenealkanoate (1) and analogues which contain an EWG [SO3Ph (§) or CONMe5 (6)] other than an ester
group in 1 and found that the stereochemical outcome of the carbonylation products differs remarkably each
other. Particularly, the results of striking difference in stereoselectivities in the catalytic carbonylations of 1a and
6 are explained in terms of the plausible MM2 simulation of the model compounds, 9 and 10, which were
extracted from the transient structures F presumed as the transition states of the present reaction.
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Experimental Section

General

Infrared spectra were recorded on a JASCO IR-700 spectrometer (neat). Nuclear magnetic resonance
spectra were recorded on a JEOL JNM-FX-90Q FT NMR spectrometer (1H, 90 MHz; 13C, 22.5 MHz) in CDCI3
using tetramethylsilane as a standard. GC-MS spectra were recorded on a JEOL JMS-AX500 mass spectrometer.
Gas chromatography (GLC) analyses were performed on a Shimadzu Model GC-4C chromatograph. Capillary
GLC analyses were performed on a Shimadzu Model GC-6A chromatograph. Peak areas were calculated on
Shimadzu Model C-R3A chromatopac an automatic integrator. HPLC separations were performed on a Nihon
Seimitsu Kagaku apparatus.

Materials

Allylic alcohols (3) were prepared according to the literature methods (the Baylis-Hillman reaction). In
Table V are listed 3d and 3h newly prepared along with 3a-¢ and 3e-g prepared previously by others and by us.
Preparation of phenyl 3-hydroxy-5-methyl-1-hexene-2-sulfonate (4) : A mixture of 3-methylbutanai (14 mL,
0.15 mmol), phenyl ethylenesulfonate (8 g, 43.4 mmol) and DABCO (0.5 g, 4.5 mmol) in benzene (80 mL) was
stirred at r.t. for 3 h. The reaction mixture was washed with dil. HCI and brine, and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, hexane-CH,Cly 4 : 1) to give 4 (10.3 g, 87%). 1H
NMR (CDCl3, TMS) d 0.98(d, J=6.4 Hz), 1.67(m), 2.37(br d), 4.72(m), 6.13(s), 6.18(s), 7.25(m); 13C
NMR 3§ 21.5, 23.4, 24.7, 45.2, 67.8, [122.2, 127.2, 129.8, 149.4(Ar)], 127.3, 148.9; IR (cm-1) 3530, 1586,
784.

(a) Preparation of 1, 5, and 6

(i) Preparation of alkyl 3-(methoxycarbonyloxy)-2-methylenealkanoate (1). A typical procedure for the
preparation of 1b is as follows: To a solution of 3b (given in Table V) (14.4 g, 0.10 mol) in benzene (80 mL)
were added ethyl chloroformate (14 mL, 0.15 mol), pyridine (8 mL, 0.1 mol), and 4-dimethylaminopyridine
(DMAP; 1.22 g, 10 mmol) under cooling with an ice-bath. After being stirred at r.t. for 3 h, the reaction mixture
was worked up as usual. The concentrated material was purified by column chromatography (silica gel, hexane-
ether 4 : 1) to give 1b (19.8 g, 92%). Spectral data of 1 are given in Table I. Analytical data are given below:
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Table V. Preparation of 3-hydroxy-2-methylenealkanoate (3)

RTH . l _E.AH:__O_» R w/‘L
° CO,4R! CO,R!
OH
s
R R! Time(day) Yield%) IHNMR (CDCl3, TMS)3 Ref.
3 Me M 7 95 1.39(d, J=6.4 Hz), 2.73(br d), 3.79(s), 4.6(m), )
5.83(t, J=1.1 Hz), 6.22(t, J=0.7 Hz)
3b Me Et 8 77 1.32(t, J=6.4 Hz), 1.38(d, J=6.6 Hz), 3.04(br d) 18)
4.24(q, J=7 Hz), 4.63(m), 5.83(s), 6.21(s)
3c Me tBu 15 63 1.38(d, J=6.6 Hz), 1.52(s), 2.65(br d), 4.57(br @),  19)
5.72(s), 6.11(s)
3d Et Bu 12 62 0.95(t, J=7 Hz), 1.51(s), 1.63(dq, /=7 Hz), this work
2.78(br d), 4.21(br q), 5.68(s), 6.12(s)
3¢ iPr Me 7 51 4)
3f iBu M 7 52 4)
3g i-Bu iPr 7 62 4)
3h iBu tBu 19 95 0.94(d, J=6.6 Hz), 1.48(m), 1.51(s), 2.58(br), this work

4.37(m), 5.70(s), 6.10(s)

Calcd for C1gH1605 (1b) C, 55.55; H, 7.46%. Found C, 54.00; H, 7.51%. C11H;805 (1¢) C, 57.38; H,
7.88%. Found C, 57.76; H, 8.07%. CjH200s5 (1d) C, 59.00; H, 8.25%. Found C, 58.56; H, 8.40%.
C14H2305 (1h) C, 61.74; H, 8.25%. Found C, 61.84; H, 9.18%.
(ii) Preparation of phenyl 3-(ethoxycarbonyloxy)-5-methyl-1-hexene-2-sulfonate (5). From phenyl 3-hydroxy-5-
methyl-1-hexene-2-sulfonate (4) was prepared 5 (Table I) as follows: To a suspension of NaH (55% in mineral
0il 0.5 g, 11.5 mmol) in ether (20 mL) were added 4 (1 g, 3.7 mmol), ethyl chloroformate (2.8 mL, 30 mmol),
and dicyclohexano-18-crown-6 (0.15 g, 0.36 mmol) with stirring. The mixture was heated at reflux for two
weeks. By usual work-up and purification was obtained 5 in 71% yield. Anal. Calcd for C1gH2306S C,
56.13; H, 6.48; S, 9.36%. Found C, 56.19; H, 6.53; S, 9.23%.
(iii) Preparation of 3-(methoxycarbonyloxy)-5-methyl-2-methylene-N,N-dimethylhexanamide (6)

To a solution of 2-(V,N-dimethylaminomethyl)-3-hydroxy-5-methyl-N,N-dimethylhexanamide (A) (10 g,
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43.4 mmol), which was prepared by the addition of an enolate of 3-(N,N-dimethylamino)-N,N-
dimethylpropanamide to 3-methylbutanal,?) in CH3Cl3 (50 mL) was added methyl chloroformate (5 mL, 64.7
mmol) under cooling with an ice-water bath. After being stirred at r.t. for 5 h, the reaction mixture was extracted
with cold diluted HCL. The extract was washed with CH7Cly, neutralized with NaOH, and the organic materials
was extracted with CHyCly. The extract was washed with brine, dried (MgSO4) and concentrated in vacuo to
give 3-(methoxycarbonyloxy)-5-methyl-2-(N,N-dimethylaminomethyl)-N,N-dimethylhexanamide (C) (12.4 g,
99.5%).

To a solution of compound C (12.4 g, 43.2 mmol) in CHyCl2 (200 mL) was added m-
chloroperoxybenzoic acid (purity 80%, 10 g, 46.4 mmol) under cooling in an ice-water bath. After being stirred
atr.t. for 15 h, the reaction mixture was eluted through a column containing basic alumina (Merck, aluminium
oxide 60 active, basic) with CH3Clp (200 mL) to give 3-(methoxycarbonyloxy)-5-methyl-2-methylene-N,N-
dimethylhexanamide (6) (3 g, 30%). Anal. Calcd for C12H21NO4 C, 59.24; H, 8.70; N, 5.76%. Found C,
59.52; H, 8.98; N, 5.75%. Spectral data for 5 and 6 are given in Table L.

(b) General procedure for Pd(0)-catalyzed carbonylation of 1, 5 and 6

To a mixture of allylic carbonate 1 (1 mmol), Pd(OAc)? (4.5 mg, 0.02 mmol), and PPh3 (10.5 mg, 0.04
mmol), placed in a glass tube fitted to a 50 mL micro-autoclave, was introduced CO (20-50 atm) after careful
removal of air. The mixture was heated at S0-100 °C for 15 h with magnetic stirring. The resulting reaction
mixture was passed through a short Florisil column by elution with ether. The etheral filtrate was concentrated in
vacuo and the residue was purified by column chromatography (hexane-ether 10 : 1) to give the corresponding
carbonylation products. The ratio of (E)-/(Z)-alkylidenesuccinate (2) was determined by capillary GLC (HR-
20M, 25 m x 0.24 mm, Np). Carbonylation of 6 was carried out in exactly the same manner as above and
product 8 was analyzed by capillary GLC to determine the E/Z ratio and isolated as usual and by preparative
HPLC.

A mixture of § (342 mg, 1.0 mmol) and PA(PPh3);, (5 mol%), prepared in situ from Pdy(dba)3-CHCl3 (26
mg, 0.025 mmol) and PPh3 (26 mg, 0.1 mmol) was heated at 50 °C for 36 h under a CO pressure (35 atm).
Usual work-up and column chromatography afforded 7 (140 mg, 43%) and phenyl (E)-1-ethoxy-5-methyl-2-
hexene-2-sulfonate (21 mg, 7%). HPLC analysis revealed that the product 7 and the by-product were
geometrically homogeneous. The results are summarized in Tables If and I, respectively. All spectral and
analytical data are given in Table VI.

(¢) MM2 calculations on 9 and 10

Calculations were preformed using Chem3DPlus (ver. 2.0.1) program.15) General parameters were input
to calculate structures of methyl 2-methyl-2-butenoate (9) and N,N-dimethyl-2-methyl-2-butenamide (10), for
both £ and Z geometrical isomers, respectively. Both s-cis and s-wrans conformers were also taken into account
as the initial structures. Final energies and all coordinates for optimized geometries are given below (see also
Table IV).
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Compound

(E)-9 (2)-9 (E)-10 210
Energies

Stretch 0.6299 0.5825 0.3687 0.3065
Bend 3.1462 3.5175 1.7688 1.4401
Stretch-Bend 0.0699 0.0747 -0.0199 -0.0027
Torsion -4.7048 -3.1672 2.1079 2.4604
Non-1,4 VDW 0.9140 0.6904 -0.3723 -1.0685
1,4 VDW 4.9077 4.8823 4.0916 3.7240
Dipole/Dipole 1.2706 1.2694 -9.2325 -9.1654
Total (kcal/mol) 6.2335 7.8500 -1.2877 -2.3056
Dihedral angle (6) 179.68° 175.86° -123.85° 98.82°
RMS Gradient 0.01 0.01 0.02 0.01

(kcaJ/A-mol)
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