August, 1986) © 1986 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 59, 2471—2479 (1986) 2471

Regioselective Carboxylation of Silicon-Stabilized Allylic Carbanions
and the Synthetic Utility of 2-Silyl-3-butenoates
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Carbanions of allylic dimethylphenylsilanes show remarkable regioselectivity toward both carboxylation
with carbon dioxide and methylation with methyl iodide. Methylation of these compounds occurred preferen-
tialy at & position, although allyltrimethylsilane and allyltriphenylsilane are known to give v selectivity toward
the same electrophiles. Moreover, their aluminum ““ate”’ complexes react with carbon dioxide regioselectively at

the a position irrespective of methyl substitution pattern of the allylic moieties.

The a-carboxylated allylic

silanes proved to be useful synthons of 3-(methoxycarbonyl)allyl anions after esterification.

Regioselectivity in the reaction of unsymmetrical
allylic carbanions with electrophiles has been dis-
cussed from both theoretical and synthetic points of
view by numerous investigators? and is still subtle be-
cause it depends upon not only inherent characters
of allylic carbanions, i.e. charge densities and HOMO
coefficients, but also counter metal cations, solvation,
steric effects, and transition states. Many efforts have
been made to attain preferable regiochemistry. For
example, predominant location of the counter cations
was successfully achieved by charge repulsion,? intra-
molecular chelation,® and transmetallation? includ-
ing “ate”’ complexation.® Accessibility of electrophiles
to the carbanionic centers was well controlled by
“hard-soft”’ interaction,® steric effects,” and transition
state.”  Although similar methodologies could be
generally applied for the regiochemical control of
silicon-stabilized allylic carbanions, y-regioselectivity
was frequently realized mainly because of steric fac-
tors.® Tsai and Matteson? have reported an exclusive
a selectivity in reactions of 3-trimethylsilyl-2-propen-
yl-boronate. Similar results!® have been reported in
the reaction of n3-trimethylsilylallyltitanium(III)
compound, [Ti(n5-cp)a(n3-1-trimethylsilylallyl)]. Suc-
cess of these reactions may be ascribed to location

of very bulky counter cations on the y carbon. While,

the effects of counter cations at the transition state
have been frequently discussed,® the roles of substit-
uents on silicon atom have never been considered.
We have already reported that aluminates of
dimethylphenylsilyl-stabilized allylic carbanions
reacted with carbon dioxide regioselectively at «
position.!V In this report, we describe the further
results about the effects of substituents on a silicon
atom.

Results and Discussion

Regioselectivity in Nucleophilic Reaction of Silyl-
Stabilized Allylic Carbanions. Alkylation of silyl-
stabilized carbanions bearing alkali metals as counter
cations has been reported to occur preferably at vy
position because of the steric hindrance and the large
v charge densities. For example, lithiated allyltri-
phenylsilane (1b) reacted with methyl iodide exclusive-

ly at vy position as well as the corresponding trimeth-
ylsilyl derivatives.8848)  The lithiated derivative of
allyldimethylphenylsilane (lc), however, was found
to react predominantly at a position to give a mix-
ture of (1-methyl-2-propenyl)dimethylphenylsilane (1h)
and (l-butenyl)dimethylphenylsilane (2¢) (1h/2c
=80/20) (Eq. 1). Also, moderate a selectivity was ob-
served in l-methyl-2-propenylsilane 1h (11/2h=
64/36). Allylmethyldiphenylsilane (1d), of which «
position could be more hindered than lc, still show-
ed a selectivity (1m/2d=73/27).
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According to MINDQO/3 calculation for a carban-
ion of allylsilane,!2 « selectivity was predicted under
orbital control conditions, while +y selectivity under
charge control conditions. From orbital cosideration,
stabilization of an adjacent carbanion by a silyl group
is attributable to p-o* hyperconjugation.!® In allyl-
dimethylphenylsilane (1c), the energy level of the o*
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+

Fig. 1. Proposed orbital interaction of lc.
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Table 1. Carboxylation of Allylic Carbanions

Ente Silane 1 3/4 Ratio (Yield/%)®
Y Rs R! Rz  R® R* M+=Li+ M+=AlEts- Li*

1 Mes H H H H (la) 12/88 75 (35)/25
2 Phs H H H H (1b)  20/80 (60)® 70 (55)/30
3 MezPh H H H H (lc) 20/80 (59)° 100 (85)/—
4 MePh; H H H H (1d) 23777 91)° 100 (60)/—
5 Mez(CH=CHz) H H H H (le)y 29/71 (29)° 100 (46)/—
6 Mez(p-Tol) H H H H (1f) 22/78 (53)° 100 (50)/—
7 Mez(¢-Bu) H H H H (lg) -9 100 (20)/—
8 MezPh Me H H H (lh) 45 (35)/55 (44) 100 (75)/—
9 MezPh H Me H H (1)  20/80 (50)° 100 (70)/—
10 MezPh H H Me H (Ij) —/100 (79) 100 (65)/—*°
11 MezPh H H Me Me (1k) —/100 (25) —

a) Isolated yield. b) Rel. 8b.

c) Isolated yield of the regioisomeric mixture.

d) Not determined. e)

Stereoisomeric ratio was determined to be Z/E=>10/1 by the 1TH NMR (400 MHz) analysis after methylation

with diazomethane.

orbital of Si-Me bond would be lowered by the con-
jugation with a phenyl group (Fig. 1).1¢ Therefore,
the interaction between p orbitals of an allylic car-
banion moiety and the o* antibonding orbital might
be increased and larger HOMO coefficient at a car-
bon was expected than that of allyltrimethylsilane
(la). Moreover, the charge density at the a carbon
might be increased according to the electron-attracting
character of a phenyl group. Allyltriphenylsilane (1b)
would show the reverse selectivity because of not only
large steric hindrance but the lack of the low lying sp?-
o* orbital. Indeed, it was reported that methylation of
1b occurred exclusively at the vy carbon® and that
moderate v selectivity (a/y=35/65) was observed in the
alkylation of 1a with alkyl iodides. On the other hand,
preferential o methylation was observed if the silicon
atom had both methyl and phenyl groups (lc:
a/vy=80/20, 1d: a/y=73/27). Allylic carbanions stabi-
lized by a dimethylphenylsilyl or methyldiphenylsilyl
group were no longer vy selective in the reaction with
methyl iodide, a “soft” electrophile. In the next, we
will focus the discussion on the regioselectivity in the
carboxylation of silyl-substituted allylic carbanions
with carbon dioxide, which is classified to a “hard”
electrophile.

Carboxylation of the lithiated derivatives of allyl-
triorganosilanes was carried out at —78°C by reverse
addition of the carbanion solution to give a regio-
isomeric mixture in moderate to good yields (Eq 3
and Table 1). In Enties 1—6, moderate vy regio-

R? R? R?
R’j/'lﬁ/sm’ CO. R‘WSR, Hozc%rsm, 3
> —— *
M R R R R m )
1 3 4

R COH

selectivity (3/4=12/88—29/71) was observed. The 7y
selectivity could be well explained in terms of the 6-
membered cyclic transition state if the equilibrium
between the a-lithio allylic silanes and +y-lithio vin-
ylic silanes was assumed to lie to the formers (Eq. 4).

)

This assumption was supported by the fact that
carboxylation of butenylsilane 1j occurred preferably
at the carbanion center bearing a methyl substituent
to give exclusively vy carboxylated compounds 4j in
good vyield, although this position is sterically
disadvantageous (Entry 10). On the other hand, the
reaction of (1-methyl-2-propenyl)dimethylphenyl-
silane (1h) showed lower regioselectivity (Entry 8,
3h/4h=45/55).19 It is known that a methyl substi-
tuent increases the charge density on the < carbon
to the methyl group because of its electron-donating
character. Therefore, lithium counter cation would
tend to be localized at the y position to the methyl
group. Opposite effects between methyl and dimeth-
ylphenylsilyl groups described above would be the
reason for the low selectivity in 1-methyl-2-propenyl-
silane 1h. On the other hand, cooperative effects of
both substituents to give the high <y regioselectivity
in 1j and 1k.

We turned our attention to effects of counter cat-
ions. Corriu and his co-workers® reported that a-
carboxylated compound 3b was preferably obtained
(3b/4b=85/15) in the reaction of the Grignard re-
agent prepared from 3-bromo-1-triphenylsilylpropene.
The similar result (3c/4c=83/17) was obtained in the
carboxylation of the Grignard reagent prepared from
3-bromo-l-(dimethylphenylsilyl)propene.%) As the
carboxylation of the Grignard reagents would also
be thought to proceed via 6-membered cyclic transi-
tion state, the different selectivity between lithio and
magnesio derivatives might be interpreted if we would
assume that the magnesium counter cation would be
localized mainly at the vy position by the electronic
repulsion with the silyl group. Though the respective
electronegativity values of magnesium and lithium
were given as 1.2 and 1.0, a magnesium counter cation
might be more positive than a lithium counter cation
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because the former had another highly polarized
magnesium-halogen bond.1®

In order to obtain the a-carboxylated products in
high selectivity, we examined the effects of additives
to lithio derivatives of allylic silanes. As high « selec-
tivity was reported in the reaction of lithiated allyl-
trimethylsilane with acetophenone in the presence of
MgBr3,% carboxylation was carried out according to
the similar manner to give a regioisomeric mixture
(3a/4a=83/17). In the course of the reaction, it was
ambigous whether the actual intermediate was a
magnesio derivative or a magnesium ‘“‘ate”’ complex,
because the magnesium-bromine bond was accounted
to undergo transmetallation reaction with alkyl-
lithiums.

As aluminum “‘ate” complexes were reported to
show marked regioselectivity in the reaction with
various electrophiles,® we attempted to utilize this
method to the carboxylation. The allylic aluminum
“ate” complex, which was generated in situ by adding
triethylaluminum to the lithiated allyltrimethylsilane,
reacted smoothly with CO; to give a regioisomeric
mixture which consisted of 3a and 4a (3a/4a=75/25).
By chromatographic separation, pure a-carboxylated
compound 3a was obtained in 35% yield (Table 1).
The low isolated yield seemed to be attributable to
instability of 3a. During the isolation and purification,
3a slowly decomposed to give 2- and 3-butenoic acid.
Once 3a was isolated as solids, it could be stored in
a freezer without decomposition for several weeks.
Allyltriphenylsilane (1b) gave a mixture of a- and y-
carboxylated compounds (3b/4b=70/30). On the
other hand, carboxylation of dimethylphenylsilyl deriv-
ative lc occurred exclusively at the a position to give
2-(dimethylphenylsilyl)-3-butenoic acid (3c¢) in good
yield (Entry 3). Similar high « selectivity was realized
in the reaction of “hybrid” allylsilanes (Entries 4—
7). Low yields obtained in the reaction of le and 1g
(Entries 5 and 7) could be ascribed to anionic polym-
erization and poor metallation. A methyl substituenton
the allyl moiety proved to have no influence on the
regioselectivity if the dimethylphenylsilyl group was
employed as an anion-stabilizing group. Silanes 1h,
li, and 1j were carboxylated regioselectively at «
position to give a-silyl B,7y-unsaturated carboxylic
acids in good yields (Entries 8, 9, and 10). It is note-
worthy that 2-butenylsilane 1j gave Z-isomer of
2-(dimethylphenylsilyl)-3-pentenoic acid (3j) in good
selectivity (Z/E=>10/1) (Enury 10). 3-Methyl-2-butenyl-
silane 1k (Entry 11) did not show the existence of any
carboxylated compounds. Similar results were also ob-
tained in the reactions of (1,2-dimethyl-2-propenyl)-,
(2-methyl-2-butenyl)-, and (1-methyl-2-butenyl)dimethyl-
phenylsilanes of which lithiation seemed to occur
insufficiently. Though there is some limitation that
this method could not be applied for highly-substi-
tuted allylic silanes, this method is very useful for
the preparation of a-silyl B,7-unsaturated carboxylic
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Fig. 2. Proposed carboxylation mechanism.

acids.

The remarkable a regioselectivity and stereoselec-
tivity may be interpreted by applying the similar
postulation described in the alkylation except for
the case of 1g. The reaction mechanism is discussed
about 2-butenyldimethylphenylsilane (1j) as a repre-
sentative case including both problems. There might
be a conformational equilibrium of the allylic alu-
minate generated by adding EtzAl to the lithiated
derivative of 2-butenylsilane 1j (Fig. 2). In the equi-
librium, triethylaluminum would be localized at vy
position by steric and/or electrostatic repulsions with
the silyl group. Since 2-butenyllithium was reported
to exist preferably as an “S”’-shape comformer in a
THF solution,!? the conformer A would be more
faborable than the “W”’-shape conformer B. Another
“S”-shape conformer C seemed to be disadvantageous
because of the steric interaction between the bulky silyl
group and a <y-allylic proton. Indeed, all vinylic
silanes obtained in the reaction at <y position had
trans geometry and no generation of cis vinylic
silanes was observed in all cases irrespective of the
species of counter cations. As aluminum “ate” com-
plexes were considered to be in a saturated coordina-
tion state, 6-membered cyclic transition state might
not participate even in the reaction of carbon dioxide.
Therefore, it is suitable to consider that Se2’ type
reaction via the conformer A would occur on the «
carbon which had the large HOMO coefficient to af-
ford cis-2-(dimethylphenylsilyl)-3-pentenoic acid (3j).

By treatment with CH2Ng3, a-carboxylated allylic
silanes were converted to the corresponding methyl
esters which proved to be useful for introduction of
3-(methoxycarbonyl)allyl groups.’? We have demon-
strated the utility of methyl 2-(dimethylphenylsilyl)-

RI R2
SiMe,Ph e* E O,Me
O e
R R COMe TiCk R R

5¢ R!=R?=R3=H

5h R!=Me, R2=R:=H
5i R1=R3=H, R2=Me
5j Ri=R?=H,R’=Me
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Table 2. Reaction of Allylic Silanes 5 with Electrophiles

Entry Electrophile Silane Conditions Product Yield/%®

1 MeOCH,Cl 5h -78°C, 1h M.,o/\/ﬁ/mr”'e 7%

[
2 5 78°C. 1h MeOWO’Me 66
3 PhS<_-Cl sh “78~-0°C 1 h PhS X COMe 73®

T ’
4 5 “78~10°C. 1h PhS X C0:Me 669

9

H

5 cho 5h 78°C~r.t, 2h 48
6 5 -78°C~rt, 2h 709
7 MeCOCO,Me 5h -7B°C~rt, 3h 96%
8 5 “78°C~rt, 2h -
9 sh 78~ -10°C, 1 h" 70"
10 5 -78~-10°C, 1 h® 72"
1 cocl 5h -78°C~rt, 1h 54

h 1

0

2 5 7B°C-r1, 1h - O0Me 79

18

2 OzMe
1
OH —

13 OzNO—CHO Sh -78°C~rt, 1 h mcoﬂe 53
O;N n 29

1% 5 J8°C~rt, 1 h /@j\’/%/ COMe 69"
0;N 2

a) Isolated yield. b) Only E isomer. c) Diastereomeric mixture (ca. 1:1). d) Cyclic trimers of methyl
pyruvate was obtained and 5j was recovered in a 57% yield. e) Tin tetrachloride was employed instead
of TiCls. f) Isolated yield of the corresponding hydroquinone diacetate after treatment with pyridine and
acetic anhydride.  g) During the purification by column chromatography the double bond of 18 migrated
to give a mixture (18/19=1/5.8). h) The diastereomeric ratio was estimated to be 73:27 by the NMR

analysis.

3-butenoate (5¢) in the total syntheses of 1H-3,4-di-
hydronaphtho[2,3-c]pyran-5,10-dione antibiotics!®
and anthracyclinones.’® a-Silyl 8,y-unsaturated esters
(5h and 5j) can be prepared only by our method20
and are synthetically more valuable.

Lewis Acid-Mediated Reaction of Allylic Silanes
5 with Electrophiles. In the presence of TiCls, 5h
prepared from 3h in quantitative yield reacted smooth-
ly with electrophiles at -y position as expected?? (Table
2). The reaction with chloromethoxymethane was
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carried out in the presence of TiCls (1 equiv) at
—78°C to give a crude mixture which consisted of
almost only (E)-7. After column chromatography,
pure (E)-7 was obtained in 77% yield. a-Chloroethyl
phenyl sulfide, isobutyraldehyde, and methyl pyr-
uvate were also reacted smoothly to give trans «o,f3-
unsaturated esters (8; 73%, 10; 48%, and 12; 96%). The
reaction of acetylquinone 14 occurred at the quinone
nucleus to afford 15, which was isolated as the cor-
responding hydroquinone diacetate 15a after treat-
ment with acetic anhydride and pyridine. In this
reaction SnCly, as a milder Lewis acid than TiCl,
was employed instead of TiCls because the quinone
14 was a very good Michael acceptor. Isobutyryl
chloride was also employed to give 6-oxo, «,B-un-
saturated ester 17 which was isolated by column
chromatography in a 54% yield without the double
bond migration. Similarly, (Z)-5j also reacted with
various electrophiles at vy position in the presence of
a Lewis acid to give 3-substituted trans-pentenoates
in good vyields (Table 2). Pure (Z)-5j employed in this
reaction was readily prepared from the correspond-
ing (Z)-carboxylic acid 3j which was purified by
recrystallization. It is noteworthy that isobutyryl chlo-
ride reacted with 5j to give only «,B-unsaturated
ester 18. During the isolation by column chro-
matography the double bond of 18 mostly migrated
to give a mixture (18/19 = 1/5.8). In Entry 8, 5j was
recoverd in-a 57% vyield instead of the expected
compound 13. Under the applied reaction condi-
tions methyl pyruvate reacted with itself to give a
cyclic trimer. The remarkable contrast between the
reaction of 5h and 5j (Entries 7 and 8) could be at-
tributed to the steric difference at their y carbons. In
any reactions of 5j, diastereoselectivity could not be
observed in spite of all our efforts. The lack of high
selectivity might be considered as follows. The reac-
tion of (2-butenyl)trimethylsilane probably proceeds
via acyclic transition state to exibit the selectivity
whereas in that of 5j, cyclic transition state might
participate since the reagent has a carbonyl group
which could coordinate the Lewis acid.

In both reactions of 5h and 5j, only (E)-olefins were
obtained. This E selectivity could be easily interpreted
if we assumed 5h and 5j would take the similar
conformation as that of 5¢ described in the preliminary
report (Scheme 1).10

HOMO of 5

02ME
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Experimental

All melting points were measured with a Yanagimoto
micromelting point apparatus and are uncorrected. 'H NMR
spectra were observed with Hitachi R-600 (60 MHz), JEOL-
PS-100 (100 MHz), and/or JEOL-GX-400 (400 MHz) spec-
trometers with TMS as an internal standard. IR spectra
were measured with a JASCO IRA-1 and/or Hitachi 270-30
spectrometers. Mass spectra were measured with Hitachi M-
80B spectrometer. Column chromatography was performed
using Wakogel C-200. Diethyl ether and THF were distilled
from sodium benzophenone ketyl and stored over sodium
wire. Dichloromethane was distilled from calcium hydride
and stored over 4A molecular sieves. Other solvents were used
after simple distillation otherwise noted. Allylic silanes;
1c (bp 93°C/2.27 kPa), 1d (bp 85°C/27 Pa), le (bp 112°C),
1f (bp 80—84°C/667 Pa), 1g (bp, 147°C), 1h2? (bp 106°C/
2.67 kPa), and 1i (bp 110°C/3.07 kPa), were prepared from
chlorosilanes and the Grignard reagents. 2-Butenylsilane 1j
(bp 106°C/2.67 kPa) and 3-methyl-2-butenylsilane 1k22
(bp 115—118°C/2.00 kPa) were prepared from the silyl-
lithium and allylic halides.

Lithiation of Allylic Silanes. Following methods A and
B are applicable for almost cases except for le, and give
similar results. For the lithiation of le method C was
employed to privent from Michael addition to a vinyl
group.

Method A: An allylic silane (1 equiv) and N,N,N’,N’-
tetramethylethylenediamine (TMEDA, 1.5 equiv) were placed
in a three-necked flask fitted with a stopcock, a rubber
serum cap, and a thermometer. The vessel was [illed with
nitrogen. After addition of THF (3 ml/1 mmol) the mixture
was cooled to —78°C by Dry Ice acetone bath and then ¢-BuL.i
(pentane solution, 1.5 equiv) was added dropwise. After the
addition the mixture was gradually warmed to —40°C and
stirred at —40——30°C for 1 h.

Method B: ToaTHF solution (3 ml/1 mmol) of an allylic
silane (1 equiv) and TMEDA (1.5 equiv) was added n-BuLi
(hexane solution, 1.5 equiv) under —70°C. The mixture
was gradually warmed up to —15°C and allowed to stand
for 2 d in a freezer (—15°C).

Method C: ToaTHFsolution (3 ml/1 mmol)ofan allylic
silane (1 equiv) and TMEDA (1.5 equiv) was added MecLi
(ether solution, 1.5 equiv) at —20°C. The mixture was al-
lowed to stand for 3 d in a freezer (—15°C).

Methylation of Allyldimethylphenylsilane lc. To an
orange yellow solution of lithiated 1¢ prepared by method A
(1c, 880 mg, 5 mmol) was added Mel (1.42 g, 10 mmol) at
—78°C. The resulted white suspension was allowed to warm
to 0°C and then ag NH4Cl was added. The reaction mix-
ture was extracted with ether. The ethereal phase was wash-

i coMe
ENZMe
¢) —
R R
R! (E)
E

Scheme 1.
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ed with brine and dried over Na:SOs. After the solvent was
evaporated, the residue was simply purified by being passed
through a short silica-gel column (hexane-ether). From the
IHNMR spectrum (400 MHz), the mixture was proved to
consist of the starting silane 1c (32%), 1h (53%), and 2c
(15%). Separation of the methylated compounds from lc was
achieved by preparative GPC (Japan Analytical Industry,
LC-08, JAI-1H (20 mmID X 60 cm) +JAI-2H (20 mmIDX
60 c¢cm)) using CHCIs as a carrier solvent to give 672 mg
(65%) of 1h (80%) and 2c (20%). Isomer ratio of the purified
products was almost unchanged from the crude one. lh:
1H NMR (CDCls, 400 MHz) 6=0.30 (6H, s), 1.08 (3H, d, J=
17.3 Hz), 1.87 (1H, t-quintet, J=7.3, 1.6 Hz), 4.83 (1H, dt,
J=17.1, 1.8 Hz), 4.89 (1H, dt, J=10.4, 1.5 Hz), 5.89 (1H,
ddd, j=17.1, 10.4, 7.3 Hz), 7.39 (3H, m), and 7.54 (2H, m).
2¢: tTHNMR (CDCls, 400 MHz) 6=0.35 (6H, s), 1.04 (3H,
t, J=7.3 Hz), 2.19 (2H, m), 5.80 (1H, d, J=18.3 Hz), 6.21
(1H, dt, J=18.3, 5.6 Hz), 7.39 (3H, m), and 7.54 (2H,
m).

Methylation of (1-Methyl-2-propenyl)dimethylphenyl-
silane (1h). The reaction of 1h (380 mg, 2 mmol) was car-
ried out in the similar manner as described above. By the
NMR analysis of the reaction mixture, it was estimated
to consist of 1h (67%), 11 (21%), and 2h (12%). 11: *H NMR
(CDCl3, 400 MHz) 6=0.29 (6H, s), 1.02 (6H, s), 4.73 (1H, dd,
J=17.4, 1.5 Hz), 491 (1H, dd, J=10.7, 1.5 Hz), 5.84 (1H, dd,
J=17.4,10.7 Hz), 7.38 (3H, m), and 7.53 (2H, m). 2h: 1H NMR
(CDCls, 400 MHz) 6=0.35 (6H, s), 1.02 (3H, t, J=7 Hz),
1.68 (3H, m), 2.16 (2H, quintet, J=7 Hz), 5.40 (1H, m), 7.38
(3H, m), and 7.53 (2H, m).

Methylation of Allylmethyldiphenylsilane (1d). The
reaction of 1d (476 mg, 2 mmol) was carried out in the
similar manner. By the NMR analysis of the reaction mix-
ture, it was proved to consist of 1d (65%), 1m (18%), and
2d (7%). 1m: 'HNMR (CDCls, 400 MHz) 6=0.58 (3H, s),
1.19 (3H, d, J=7.3 Hz), 2.34 (1H, m), 4.95 (2H, m), 5.98 (1H,
ddd, Jj=17.1, 10.4, 7.0 Hz), 7.40 (6H, m), and 7.57 (4H, m).
2d: 'H NMR (CDCls, 400 MHz) §=0.65 (3H, s), 1.08 (3H, ¢,
J=17.5 Hz), 2.25 (2H, m), 6.00 (1H, d, J=18.6 Hz), 6.28 (1H,
dt, J=18.6, 5.6 Hz), 7.40 (6H, m), and 7.57 (4H, m).

Carboxylation of Lithiated Allylic Silanes. General
Procedure: Dry CO2 gas (through a CaClz column) was
bubbled into THF (5 ml/1 mmol) at —78°C under argon. A
solution of the lithiated allylic silane was slowly introduced
into the THF solution absorbing COz at —78°C by astainless
steel transfer tube. The color of the lithiated allylic silane
(yellow or orange yellow) rapidly faded to give a clear
colorless solution. The reaction was quenched by adding an
aqueous NH4CI solution and acidified by 5% HCl. The
reaction mixture was extracted with ether. The ethereal phase
was washed with brine and dried over NazSOs4. After the
solvent was evaporated in vacuo at room temperature, the
residue was chromatographed on silica gel (hexane/
CH:Clz/ether=1/1/0—1/1/0.1).

Carboxylation of Allylic Aluminates. General Proce-
dure: A hexane solution of triethylaluminum (ca. 1.4 M%)
was slowly added to the solution of the lithiated allylic
silane at —78° C untill the color of the solution became almost
colorless. The mixture was stirred for additional 10 min and
then dry CO2 gas was slowly introduced to the solution at
—78° C. After a large excess amount of COz was absorbed, the

1 M=1moldm™3.
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solution was gradually warmed to 0° Cand stirred for 15 min.
After being recooled to —30°C, the reaction mixture was
poured into a cold aq NH4Cl solution (ca. —10° C) and then
ether was added. The mixture was acidified by cold 5% aq
HCI until both phases became clear. The organic phase was
separated and the aqeous phase was extracted twice with
ether. The combined organic phase was washed twice with
cold 5% aq HCI and brine and dried over NazSOs. After the
solvent was evaporated in vacuo at ambient temperature,
the residue was chromatographed on silica gel (hexane/
CH:Clz/ether=1/1/0—1/1/0.1).
2-(Trimethylsilyl)-3-butenoic Acid (3a): Colorless crys-
tals (ether/hexane); mp 72—73°C; 'H NMR (CDCl;) 6=
0.13 (9H, s), 2.95 (1H, d, J=10 Hz), 4.76—5.08 (2H, m), 6.00
(1H, dt, J=16, 10 Hz), and 9.02 (1H, broad s). Found: C,
53.31; H, 8.97%. Calcd for CsH140:Si: C, 53.12; H, 8.92%.
4-(Trimethylsilyl)-3-butenoic Acid (4a): A colorless oil;
IH NMR (CDCls) 6=0.08 (9H, s), 3.13 (2H, d, J=6 Hz), 5.76
(1H, d, J=19 Hz), 6.09 (1H, dt, J=19, 6 Hz), and 10.90 (1H,
broad s); IR (neat) 2960 (broad s), 1714 (vs), 1616 (m), 1418 (m),
1250 (s), 862 (s), and 840 cm™! (s).
2-(Triphenylsilyl)-3-butenoic Acid (3b):*” Colorless
prisms (benzene/hexane); mp 179—180° C; *H NMR (CDCls)
6=3.75 (1H, d, J=10 Hz), 4.80—5.10 (2H, m), 6.02 (1H, dt,
J=16, 10 Hz), 7.20—7.80 (15H, m), and 10.0 (1H, broad s); IR
(KBr) 300 (broad s), 1675 (vs), 1425 (vs), 1200 (s),and 1115 cm™!
(vs).
4-(Triphenylsilyl)-3-butenoic Acid (4b):8b) Colorless
crystals (benzene/hexane); mp 157—158°C; 'H NMR
(CDCl3) 6=3.31 (2H, d, J=5Hz), 6.10 (1H, dt, J=16, 5 Hz), 6.36
(1H, d, /=16 Hz), 7.2—7.7 (15H, m), and 10.30 (1H, broad s).
2-(Dimethylphenylsilyl)-3-butenoic Acid (3c): Colorless
crystals (ether/hexane); mp 48—49.5° C; 'H NMR (CDCls)
=0.42 (6H, s), 3.04 (1H, d, J=10 Hz), 4.56—4.96 (2H, m), 5.87
(1H, dt, J=17, 10 Hz), 7.16—7.50 (5H, m), and 10.58 (1H,
broad s); IR (neat) 3200 (broad m), 1690 (vs), 1430 (s), 1255 (s),
and 1120 cm! (s). Found: C, 65.47; H, 7.44%. Calcd for
C12H1605Si: C, 65.41; H, 7.31%.
4-(Dimethylphenylsilyl)-3-butenoic Acid (4c): A colorless
oil; TH NMR (CDCls) 6=0.35 (6H, s), 3.14 (2H, d, J=5 Hz),
5.83 (1H, d, J=19 Hz), 6.10 (1H, dt, J=19, 5 Hz), 7.20 (5H, m),
and 11.35 (1H, broad s); IR (neat) 3000 (broad s), 1700 (vs),
1420 (s), 1245 (s), and 1100 cm™1 (s).
2-(Methyldiphenylsilyl)-3-butenoic Acid (3d): Colorless
crystals (ether/hexane); mp 65—68 °C; 'H NMR (CCly)
8=0.65 (3H, s), 3.35 (1H, d, J=10 Hz), 4.45—4.85 (2H, m), 5.75
(1H, dt, J=16, 10 Hz), 6.9—7.5 (10H, m), and 10.53 (1H, s);
IR (KBr) 3000 (broad s), 1680 (vs), 1430 (s), 1315 (s), 1200 (s),
and 1100 cm™?! (s). Found: C, 71.97; H, 6.43%. Calcd for
C17H1802Si: C, 72.30; H, 6.42%.
4-(Methyldiphenylsilyl)-3-butenoic Acid (4d): Colorless
crystals (ether/hexane); mp 93—96°C; 'H NMR (CDCls)
=0.62 (3H, s), 3.21 (2H, m), 6.09 (2H, m), 7.1—7.6 (10H, m),
and 10.56 (1H, broad s); IR (KBr) 2900 (broad m), 1700 (vs),
1420 (vs), 1245 (vs), 1220 (vs), and 1110 cm™! (s). Found: C,
72.42; H, 6.56%. Calcd for C17H1802Si: C, 72.30; H, 6.42%.
2-(Dimethylvinylsilyl)-3-butenoic Acid (3¢): A colorless
oil; 1H NMR (CDCls) 6=(6H, s), 2.92 (1H, d, /=10 Hz), 4.9
(2H, m), 5.9 (4H, m), and 9.0 (1H, broad s); IR (neat) 2950
(broad s), 1685 (vs), 1405 (s), 1250 (s), 905 (s), and 840 cm~1 (vs).
4-(Dimethylvinylsilyl)-3-butenoic Acid (4e): 'H NMR
(CDCls) 6=0.20 (6H, s), 3.18 (2H, d, J=5 Hz), 5.3—6.4(5H, m),
and 9.4 (1H, broad s); IR (neat) 2950 (broad s), 1700 (vs), 1610



August, 1986)

(s), 1405 (s), 1250 (vs), and 840 cm™! (vs).
2-(Dimethyl-p-tolylsilyl)-3-butenoic Acid (3f): Colorless
crystals (ether/hexane); mp 50—51 °C; THNMR (CDCls)
6=0.39 (6H, s), 2.32 (3H, s), 3.06 (1H, d, J=10 Hz), 4.6—5.0
(2H, m), 5.85 (1H, dt, /=16, 10 Hz), 7.10 (2H, d, J=8 Hz), 7.34
(2H, d, J=8 Hz), and 9.46 (1H, broad s); IR (CCl4) 2960 (broad
s), 1690 (vs), 1250 (s), and 1110 cm~1 (vs). Found: C, 66.44; H,
7.77%. Calcd for C13H1302Si: C, 66.62; H, 7.74%.
2-(t-Butyldimethylsilyl)-3-butenoic Acid (3g): A colorless
oil; tH NMR (CDCl;) 6=0.08 (6H, s), 0.95 (9H, s5),2.93 (1H, d,
J=10 Hz), 4.70—4.92 (2H, m), 5.84 (1H, dt, J=16, 10 Hz), and
10.98 (1H, broad s); IR (neat) 3080 (broad s), 1690 (vs), 1630
(m), 1405 (m), 1250 (m), 1200 (m), 1075 (m), 835 (m), and 815
cm™! (m).
2-Methyl-2-(dimethylphenylsilyl)-3-butenoic Acid (3h):
Colorless crystals (ether/hexane); mp 103—105°C; 'H
NMR (CDCls) 6=0.39 (6H, s), 1.20 (3H, s), 4.59 (1H, d, J=
17 Hz), 4.84 (1H, d, J=10 Hz), 6.20 (1H, dd, J=17, 10 Hz),
7.0—7.3 (5H, m), and 11.65 (1H, broad s); IR (KBr) 2960
(broad m), 1680 (vs), 1628 (m), 1430 (m), 1410 (m), 1280 (vs),
1260 (s), 1112 (s), 914 (s), 832 (), 812 (vs), 738 (m), and 700
cm~1(s). Found: C, 66.40; H, 7.93%. Calcd for C1sH1s02Si: C,
66.62; H, 7.74%.
4-(Dimethylphenylsilyl)-3-pentenoic Acid (4h): A color-
less oil; *H NMR (CDCls) 6=0.40 (6H, s), 1.67 (3H, m), 3.15
(2H, d, J=7 Hz), 5.92 (1H, m), 7.1—7.5 (5H, m), and 10.08
(1H, broad s); IR 2960 (broad s), 1712 (vs), 1620 (m), 1430 (s),
1250 (s), 1216 (m), 1114 (s), 910 (1), 834 (s), 816 (s), 776 (s), 732
(s), and 702 cm™1 (s).
3-Methyl-2-(dimethylphenylsilyl)-3-butenoic Acid (3i):
Colorless crystals (ether/hexane); mp 65—67° C; THNMR
(CDCls) 6=0.48 (6H, s), 1.62 (3H, s), 3.04 (1H, s), 4.74 (1H,
m), 4.84 (1H, m), 7.20—7.35 (3H, m), 7.35—7.55 (2H, m),
and 10.5 (1H, broad s); IR (KBr) 2900 (broad s), 1680 (vs), 1425
(s), 1250 (vs), 1115 (vs), 810 (vs), and 700 cm~1 (vs). Found: C,
66.33; H, 7.86%. Calcd for C1sH1302Si: C, 66.62; H, 7.74%.
3-Methyl-4-(dimethylphenylsilyl)-3-butenoic Acid (4i):
IHNMR (CDCls) 6=0.39 (6H, s), 1.80 (3H, s), 3.12 (2H, s),
5.51 (1H, s), 7.1=7.6 (5H, m), and 8.27 (1H, broad s); IR
(neat) 2960 (broad s) 1710 (vs), 1622 (m), 1430 (m), 1252 (s),
1114 (m), 836 (s), 730 (s), and 702 cm™1 (s).
cis-2-(Dimethylphenylsilyl)-3-pentenoic Acid (3j):
Colorless crystals (ether/hexane); mp 84—88°C; 'H
NMR (CDCl;) 6=0.43 (6H, s), 1.27 (3H, d, J=6 Hz), 3.37
(1H, d, J=10 Hz), 5.40 (1H, dq, J=10, 6 Hz), 5.59 (1H, t, J=7
Hz), 7.2—7.6 (5H, m), and 8.40 (1H, broad s); IR (KBr) 2900
(broad m), 1675 (vs), 1430 (s), 1310 (vs), 1250 (s), 1195 (s), 1120
(s), 820 (s), and 725 cm™! (vs). Found: C, 66.38; H, 7.87%.
Calcd for Ci13H1805Si: C, 66.62; H, 7.74%.
2-Methyl-4-(dimethylphenylsilyl)-3-butenoic Acid (4j): A
colorless oil; TH NMR (CDCls) 6=0.36 (6H, s), 1.29 (3H, d,
J=7 Hz), 3.20 (1H, m), 5.88 (1H, d, J=19 Hz), 6.10 (1H, dd,
J=19,6 Hz), 7.3 (5H, m),and 10.5 (1H, broad s); IR (neat) 2960
(broad s), 1710 (vs), 1614 (m), 1430 (s), 1250 (s), 116 (s), 824 (s),
732 (s), and 700 cm™1 (s).
2,2-Dimethyl-4-(dimethylphenylsilyl)-3-butenoic Acid
(4k): Colorless crystals (ether/hexane); mp 62—64°C;
IHNMR (CDCls) 6=0.40 (6H, s), 1.35 (6H, s), 5.84 (1H, d,
J=19 Hz), 6.20 (1H, d, J=19 Hz), 7.25 (m, 5H), and 11.1 (1H,
broad s); IR (KBr) 2900 (broad s), 1685 (vs), 1295 (s), 1250 (s),
1110 (s), 995 (s), 840 (vs), 730 (vs), and 700 cm~1(vs). Found: C,
68.01; H, 8.47%. Calcd for C14H2002Si: C, 67.70; H, 8.12%.
Methyl 2-(Dimethylphenylsilyl)-3-butenoate (5¢). To a
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solution (ether) of 3¢ (3.749 g, 1 7 mmol) was added an ethereal
solution of CH2Nz under 0°C until the solution became
slightly yellow. After ether was evaporated in vacuo, the
residue was chromatographed on silica gel (CHzClz/hexane)
to give 2.952 g (74%) of 5¢ as a colorless oil; TH NMR (CDCls)
6=0.38 (6H, s), 3.10 (1H, d, J=10 Hz), 3.48 (3H, s), 4.64—5.00
(2H, m), 5.93 (1H, dt, J=17, 10 Hz), and 7.25—7.5 (5H, m); IR
(neat) 2950 (m), 1630 (m), 1430 (s), 1315 (s), 1250 (s), 1165 (vs),
1135 (s), 1115 (vs), 835 (vs), 810(s), and 695 cm~1(s); MS (20 ¢V)
m/z (rel intensity) 234 (M+, 15), 203 (4), 151 (19), 135 (81), and
68 (100).

Methyl 2-Methyl-2-(dimethylphenylsilyl)-3-butenoate
(5h): A colorless oil; tH NMR (CCly) 6=0.31 (6H, s), 1.19
(3H, s), 3.41 (3H, s), 4.60 (1H, dd, J=17, =1 Hu), 4.81 (1H, dd,
J=11,=1Hz), 6.16 (1H, dd, J=17,11 Hz),and 7.13 (5H, m); IR
(neat) 2960 (m), 1720 (vs), 1635 (m), 1440 (s), 1245 (vs), 1120
(vs), 905 (s), 840 (s), 820 (s), 790 (s), 745 (s), and 710 cm~1 (s); MS
(20 eV) m/z (rel intensity) 248 (M+, 21), 233 (6), 217 (7),
151 (13), 135 (69), and 82 (100).

Methyl 3-Methyl-2-(dimethylphenylsilyl)-3-butenoate
(5i): A colorless oil; tH NMR (CDClg) 6=0.43 (6H, s), 1.66
(3H, s), 3.08 (1H, s), 3.54 (3H, s), 4.88 (2H, m), and 7.40 (5H,
m); IR (neat) 2956 (m), 1724 (vs), 1638 (m), 1434 (s), 1250 (s),
1152 (vs), 1118 (s), 838 (s), 816 (s), 734 (m), and 702 cm~1(s); MS
(20 eV) m/z (rel intensity) 248 (M+, 8), 233 (5), 217 (4), 151 (9),
135 (69), and 82 (100).

Methyl cis-2-(Dimethylphenylsilyl)-3-pentenoate (5j): A
colorless oil; TH NMR (CDCls) 6=0.39 (6H, s), 1.32 (3H, d,
J=7 Hz), 3.39 (1H, d, J=11 Hz), 3.52 (3H, s), 5.40 (1H, dq,
J=I11,7Hz),5.65 (1H, t, J=11 Hz), 7.36 (3H, m), and 7.49 (2H,
m); IR (neat) 2950 (m), 1720 (vs), 1430 (s), 1305 (vs), 1250 (vs),
1150 (vs), 1115 (s), 835 (s), 810 (s), 725 (s), and 695 cm~1 (vs);
MS (20 eV) m/z (rel intensity) 248 (M+, 12), 217 (3), 151 (6),
135 (55), and 82 (100).

Methyl trans-2-(Dimethylphenylsilyl)-3-butenoate:
Typical 'TH NMR signals: 6=5.21 (1H, dq, J=15, 6 Hz) and
5.59 (1H, ddq, J=15, 9, 2 Hz).

Reaction of 5. General Procedure: To a CH2(Cl: solu-
tion (20 ml/1 mmol) of 5 (1 equiv) and an electrophile (1.2
equiv) was added a CH2:Cl; solution of TiCls (I M solu-
tion, 2.4 equiv) at —78° C with stirring. The reaction was
continued under the conditions listed in Table 2. The
reaction mixture was quenched with water and extracted with
ether or CH2Cl;. The organic phase was washed with brine,
and dried over NasSQs. After the solvent was removed, the
residue was chromatographed on silica gel (hexane/ether or
hexane/CH2Cly).

Methyl 5-Methoxy-2-methyl-2-pentenoate (6): A colorless
oil; TH NMR (CCly) 6=1.76 (3H, s), 2.32 (2H, q, J=7 Hz),
3.20 (3H, s), 3.30 (2H, t, J=7 Hz), 3.59 (3H, s), and 6.50 (1H, t,
J=7 Hz); IR (neat) 2952 (m), 1720 (vs), 1652 (m), 1438 (1), 1228
(s), 1152 (s), and 1118 cm~! (s); MS (20 V) m/z (vel intensity)
158 (M*+, 1), 127 (37), 126 (93), 113 (17), 111 (15), 95 (18), and 82
(100).

Methyl 5-Methoxy-4-methyl-2-pentenoate (7): A colorless
oil; tH NMR (CCly) 6=0.74 (3H, d, J=7 Hz), 2.19 (I1H, m),
2.85 (2H, d, J=7 Hz), 2.89 (3H, s), 3.26 (3H, s), 5.30 (1H, d,
J=16 Hz), and 6.35 (1H, dd, J=16, 7 Hz); IR (ncat) 1726 (vs),
1660 (m), 1438 (m), 1276 (s), 1198 (s), 1178 (s), and 1150 ¢m™!
(s); MS (70 V) m/z (rel intensity) 158 (M+, 1), 137 (8), 127 (13),
113 (7), and 82 (100).

Methyl 2-Methyl-5-phenylthio-2-hexenoate (8): A color-
less oil; TH NMR (CDCls) 6=1.24 (3H, d, J=7 Hz), 2.13 (3H,
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d, J=1 Hz), 2.35 (2H, m), 3.35 (1H, m), 3.67 (3H, s), 5.70
(1H, m), and 7.35 (5H, m); IR (neat) 1720 (vs), 1650 (s), 1440
(s), 1226 (vs), 1150 (vs), 748 (s), and 694 cm™1 (s); MS (70 eV)
m/z (rel intensity) 250 (M+, 10), 219 (2), 141 (38), and 137
(100).

Methyl 4-Methyl-5-phenylthio-2-hexenoate (9): A dia-
stereomeric mixture; a colorless oil; tHNMR (CCly) 6=
1.12 (3H, m), 1.16 (3H, m), 2.25 (1H, m), 3.23 (1H, m), 3.62
(3H, s), 5.70 (1H, d, J=16 Hz), 6.82 (1H, m), and 7.18 (5H, m);
IR (neat) 2972 (m), 1724 (vs), 1656 (s), 1440 (s), 1276 (s), 1196
(s), 1178 (s), 748 (m), and 694 cm~1 (m); MS (70 eV) m/z (rel
intensity) 250 (M+, 7), 219 (2), 141 (3), and 137 (100).

Methyl 5-Hydroxy-2,6-dimethyl-2-heptenoate (10): A
colorless oil; tH NMR (CDCls) 6=0.95 (6H, m), 1.80 (1H, m),
1.95 (1H, broad), 2.20 (3H, m), 2.30 (2H, m), 3.60 (1H, m), 3.69
(3H, s), and 5.80 (LH, m); IR (neat) 3468 (broad m), 2964 (s),
1720 (vs), 1648 (m), 1440 (m), 1230 (s), 1154 cm™! (s); MS
(20 ¢V) m/z (rel intensity) 154 (M+—MeOH, 3), 126 (5), 111
(100), and 82 (31).

Methyl 5-Hydroxy-4,6-dimethyl-2-heptenoate (11): A
diastereomeric mixture; a colorless oil; TH NMR (CDCls)
6=0.90 (6H, d, J=6 Hz), 1.08 (3H, d, /=7 Hz), 1.65 (1H, m),
2.45 (1H, broad s), 2.48 (1H, m), 3.16 (1H, m), 3.62 (3H, s), 5.72
(1H, d, J=16 Hz), and 6.80 (1H, m); IR (neat) 3476 (broad s),
2964 (s), 1724 (vs), 1658 (in), 1440 (m), 1282 (s), 1198 (m), 1178
(m), 1156 (m), and 994 cim~1! (m); MS (70 eV) m/z (rel intensity)
186 (M+, 0.2), 155 (1), 114 (100), and 82 (41).

Dimethyl 5-Hydroxy-2,5-dimethyl-2-hexenedioate (12):
A colorless oil; TH NMR (CDCls) 6=1.36 (3H, s), 1.76 (3H,
s), 2.46 (2H, d, J=7 Hz), 3.30 (1H, broad), 3.61 (3H, s),
3.68 (3H,s),and 6.47 (1H, t, J=7 Hz); IR (neat) 3500 (broad m),
2956 (m), 1722 (vs), 1648 (s), 1440 (s), 1224 (vs), 1154 (vs), and
1120 cm~1 (s); MS (20 V) m/z (rel intensity) 216 (M+,0.2), 185
(7). 184 (3), 157 (5), 125 (42), and 114 (100).

Methyl 4-(3-Acetyl-4-hydroxy-5-methoxy-1-oxo-1,2-dihy-
dro-2-naphthyl)-2-methyl-2-butenoate (15): 'H NMR (CDCls)
6=2.20 (3H, broad s), 2.23 (3H, s), 2.50 (2H, m), 3.55 (1H,
m), 3.65 (3H, s), 3.98 (3H, s), 6.90 (1H, m), 7.4 (3H, m), and
17.05 (1H, s).

Methyl 4-(1,4-Acetoxy-3-acetyl-5-methoxy-2-naphthyl)-2-
methyl-2-butenoate (15a): Colorless crystals (CH2Clz/
cther); mp 149—151°C; 'HNMR (CDCIls) 6=2.15 (3H,
broad s), 2.31 (3H, s), 2.39 (3H, s), 2.47 (3H, s), 3.49 (2H, m),
3.62 (3H, s), 3.87 (3H, s), 5.50 (I1H, m), 6.85 (1H, m), and
7.35 (2H, m); IR (KBr) 1764 (vs), 1714 (vs), 1652 (m), 1574 (s),
1440 (s), 1366 (s), 1270(s), 1212 (vs), 1186 (vs), 1144 (s), and 1070
cm~! (m); MS (70 ¢V) m/z (rel intensity) 429 (M++1, 2), 428
(M+, 8), 344 (52), 326 (20), and 270 (100). Found: C, 64.21; H,
5.70%. Calcd for CazH24Os: C, 64.48; H, 5.64%.

Methyl 4-(3-Acetyl-4-hydroxy-5-methoxy-1-oxo-1,2-dihy-
dro-2-naphthyl)-2-pentenoate (16): A diastereomeric mixture;
IH NMR (CDCl3) 6=0.75 (3H of one diastereomer, d, J=
7 Hz), 1.15 (3H of another, d, J=7Hz),2.2(3H,m),2.5(1H, m),
3.1 (4H, m), 3.98 (3H, m), 5.5 (1H, d, J=16 Hz), 6.5 (1H, m),
7.4 (3H, m), 17.15 (IH of one diastereomer, s), and 17.24
(1H of another, s).

Methyl 4-(1,4-Diacetoxy-3-acetyl-5-methoxy-2-naphthyl)-
2-pentenoate (16a): Colorless crystals (CH2Clz/ether); mp
146—148° C;; 'H NMR (CDCls) 6=1.45 (3H, d, J=7 Hz), 2.25
(3H, s), 2.33(3H,5), 2.49 (3H,s), 3.63 (1H, m), 3.66 (3H, s), 3.80
(3H, s), 5.88 (1H, d, J=16 Hz), 6.80 (1H, m), and 7.2 (3H, m);
IR (KBr) 1764 (vs), 1722 (vs), 1704 (vs), 1650 (m), 1574 (s), 1368
(vs), 1270 (vs), 1198 (vs), and 1064 cm~1(s); MS (70 eV) m/z (rel
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intensity) 429 (M++1, 9), 428 (M*, 32), 386 (80), 344 (97), 326
(78), 312 (52), 270 (100), and 267 (99). Found: C, 64.34; H,
5.75%. Calcd for CasH240s: C, 64.48; H, 5.64%.

Methyl 2,6-Dimethyl-5-0x0-2-heptenoate (17): A color-
less oil; 'H NMR (CDCls) 6=1.12 (6H, d, J=7 Hz), 1.86 (3H,
s), 2.65 (1H, m), 3.44 (2H, d, J=7 Hz), 3.73 (3H, s), and
6.97 (1H, t, J=7 Hz); IR (neat) 2968 (m), 1712 (vs), 1652
(m), 1440 (s), 1256 (vs), 1122 (s), 1092 (vs), and 1038 cm™! (s);
MS (20 eV) m/z (rel intensity) 184 (M*, 3), 153 (10), 152 (5),
141 (35), 114 (41), 113 (52), 109 (24), 82 (44), and 71 (100).

Methyl 4,6-Dimethyl-5-0x0-2-heptenoate (18): 'H NMR
(CDCl3) 6=1.2 (9H, m), 2.70 (1H, m), 3.55 (1H, m), 3.75 (3H,
s), 5.95 (1H, d, J=15 Hz), and 6.95 (1H, dd, J=15, 8 Hz).

Methyl 4,6-Dimethyl-5-0x0-3-heptenoate (19): (19/
18=5.8/1); 'H NMR (CDCls) 6=1.10 (6H, d, J=7 Hz), 1.70
(3H, s), 3.30 (2H, d, J=7 Hz), 3.4 (1H, m), 3.75 (3H, s), and
6.80 (1H, t, J=7 Hz); IR (neat) 2972 (m), 1742 (vs), 1672 (vs),
1440 (m), 1236 (m), 1200 (s), 1172 (s), and 1046 cm™! (m);
MS (20 eV) m/z (rel intensity) 184 (M+, 1.4), 153 (3), 152 (3),
141 (100), and 113 (42).

Methyl 5-Hydroxy-2-methyl-5-(4-nitrophenyl)-2-pente-
noate (20): A pale yellow oil; TH NMR (CDCls) 6=1.80 (3H,
s), 2.65 (3H, m), 3.74 (3H, s), 5.00 (1H, t, J=6 Hz), 6.80
(1H, t, J=7 Hz), 7.57 (2H, d, J=9 Hz), and 8.23 (2H, d, J=9
Hz); IR (neat) 3464 (broad m), 2950 (m), 1710 (vs), 1650 (m),
1604 (m), 1522 (vs), 1440 (s), 1348 (vs), 1282 (vs), 1064 (s), 856
(s), 734 (s), and 702 cm~1 (m); MS (20 eV) m/z (rel intensity)
234 (M+-MeO, 22), 217 (45), 158 (51), 152 (88), 122 (85), 115
(81), and 114 (100).

Methyl 5-Hydroxy-4-methyl-5-(4-nitrophenyl)-2-pente-
noate (21): A diastereomeric mixture (73/27); a pale yel-
low oil; tH NMR (CDCl3) 6=1.01 (3H of major isomer, d,
J=6.6 Hz), 1.04 (3H of minor isomer, d, J=7.0 Hz), 2.66 (1H,
m), 2.75 (1H, m), 3.70 (3H of minor isomer, s), 3.71 (3H of
major isomer, s), 4.70 (1H of major isomer, d, J=6.6 Hz), 4.85
(1H of minor isomer, d, J=5.1 Hz), 5.79 (1H of minor isomer,
dd, J=15.7, 1.1 Hz), 5.81 (1H of major isomer, dd, J=15.7, 1.1
Hz), 6.96 (1H, dd, J=15.7, 8.0 Hz), 7.49 (2H, d, J=9 Hz), and
8.18(2H, d, J=9 Hz); IR (neat) 3460 (broad m), 2976 (m), 1722
(vs), 1658 (m), 1606 (m), 1522 (vs), 1440 (m), 1348 (vs), 1282 (s),
1200 (m), 1178 (m), 1034 (m), and 862 cm~1(m); MS (20 eV) m/z
(rel intensity) 234 (M+—MeO, 11) 217 (14), 188 (17), 158 (26), 152
(100).
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