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Sequencing Pericyclic Reactions: The Ester Dienolate [2,3]-Wittig/Oxy-Cope
Rearrangement/Carbonyl Ene Reaction, a New Access to Substituted
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The sequential ester dienolate [2,3]-Wittig/oxy-Cope re-
arrangement/carbonyl ene reaction has been investigated.
Acyclic α,β-unsaturated α-allyloxy-substituted esters 1a−j
were transformed into cyclopentane- or cyclohexanecarb-
oxylates 6a−f and 7a−7d. This study presents a domino ester
dienolate [2,3]-Wittig/oxy-Cope rearrangement or a domino
oxy-Cope rearrangement/carbonyl ene reaction, depending
on the substrate structure. The thermal intramolecular type-

Introduction

The development of general and efficient synthetic
methods for C2C bond formation remains a significant
challenge for organic chemists. A general strategy to im-
prove synthetic efficiency is to combine different C2C-con-
necting transformations in a domino reaction.[1] Given the
importance of carbocyclic ring systems in natural product
chemistry, we are interested in developing general proced-
ures for the synthesis of carbocycles, based on sequences of
catalyzed or uncatalyzed pericyclic domino reactions.[2] We
utilize sigmatropic rearrangements of easily accessible start-
ing materials to generate an appropriate substrate for a cy-
clizing pericyclic reaction (e.g. electrocyclic reaction or ene
reaction). In this context, we set out to study a sequence
of pericyclic reactions featuring the dienolate [2,3]-Wittig
rearrangement followed by an oxy-Cope rearrangement and
terminating in an intramolecular carbonyl ene reaction of
an α-oxo ester (Scheme 1). This approach offers a number
of interesting features with regard to synthetic efficiency
and variability. The substrate synthesis would be highly
convergent, allowing access to a broad spectrum of prod-
ucts. The pivotal C2C-connecting pericyclic reactions pro-
vide an inherent possibility of stereocontrol through well-
defined cyclic transition states.

The utility of the ester dienolate [2,3]-Wittig rearrange-
ment as an extension of the ester enolate [2,3]-Wittig re-
arrangement was recently demonstrated.[3] Furthermore, we
reported the first examples of a domino ester dienolate
[2,3]-Wittig/oxy-Cope rearrangement and of the thermal
oxy-Cope rearrangement of a 3-alkoxycarbonyl-3-hydroxy-
substituted 1,5-hexadiene.[4,5] Whereas Lewis acid pro-
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I carbonyl ene reaction as the terminating ring-closing reac-
tion proceeds with high simple diastereoselectivity, but low
induced diastereoselectivity. The corresponding type-II ene
reaction afforded the cyclohexanecarboxylates 7a−d in high
yield with complete simple and induced diastereoselectivity.
Unfortunately, an attempted auxiliary-controlled enantio-
selective sequence was inefficient.

Scheme 1. The sequential dienolate [2,3]-Wittig/oxy-Cope re-
arrangement/carbonyl ene reaction
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moted intramolecular carbonyl ene reactions of unsaturated
aldehydes have been thoroughly investigated,[6,7] apparently
no example exists of a Lewis acid mediated or a thermal
intramolecular carbonyl ene reaction of an α-oxo ester. A
number of synthetic studies have been reported in which
the synthetic potential of the oxy-Cope rearrangement was
combined with different types of, mostly anionic, trans-
formations to give domino reactions.[8] In particular, a re-
ported sequence of a ring-expanding oxy-Cope rearrange-
ment followed by a transannular carbonyl ene reaction is
related to our approach.[9]

Our initial objective was to control the ring size of the
desired carbocycles by inducing ene reactions of different
types. This task should be achievable by an appropriate
setup of the substrate structure; this is an inherent strength
of our convergent synthesis of the starting material. We pre-
ferred to utilize thermal reaction conditions in order to
avoid the employment of large amounts of Lewis acids for
the ene reaction, or of donor solvents for the oxy-Cope re-
arrangement.

Results and Discussion

The Sequential Ester Dienolate [2,3]-Wittig/Oxy-Cope
Rearrangement/Type-I Carbonyl Ene Reaction

The substrates 1a2i for the dienolate [2,3]-Wittig re-
arrangement were synthesized in multigram quantities us-
ing the previously reported aldol condensation strategy.[3,10]

The domino dienolate [2,3]-Wittig rearrangement/oxy-Cope
rearrangement was accomplished by treating the esters
1a2c with lithium diisopropylamide (LDA) in THF at 278
°C, followed by warming the reaction mixture to room tem-
perature. The oxy-Cope rearrangement proceeded at room
temperature and product formation could conveniently be
followed by TLC. After an aqueous workup procedure, the
crude α-oxo esters 5a2c were used for the thermal intramo-
lecular type-I carbonyl ene reaction to afford the corres-
ponding isopropyl cyclopentanecarboxylates 6a2c as mix-

Scheme 2. The sequential ester dienolate [2,3]-Wittig/oxy-Cope rearrangement/type-I ene reaction
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tures of diastereomers, along with the α-oxo esters 5a2c
(Scheme 2, Table 1).

The ratio of products for the transformation depicted in
Scheme 2 is apparently thermodynamically controlled.[11]

Table 1 indicates that the amount of remaining α-oxo ester
5a2c is independent of the reaction time and reaction tem-
perature. Furthermore, heating different diastereomeric
mixtures of the isopropyl cyclopentanecarboxylate 6c to
180 °C affords the same ratio of products as was obtained
from the ene reaction of the α-oxo ester 5c.

Finally, it should be emphasized that, up to this point,
the presence of a geminal dimethyl group in the 3-oxy-sub-
stituted 1,5-hexadiene (RE 5 RZ 5 methyl in 4-Li) is a pre-
requisite for the occurrence of a domino ester dienolate
[2,3]-Wittig rearrangement/oxy-Cope rearrangement.

The Sequential Ester Dienolate [2,3]-Wittig Rearrangement/
Domino Oxy-Cope Rearrangement/Type-I Ene Reaction

The ester dienolate [2,3]-Wittig rearrangement of the α-
hex-2-enyloxy-substituted α,β-unsaturated esters 1d2f af-
forded the 3-alkoxycarbonyl-3-hydroxy-substituted 1,5-
hexadienes 3d2f in high yields and with moderate to high
diastereoselectivities (Scheme 3, Table 2, Entries 123).

Heating the 1,5-hexadienes 3d2f in decane afforded the
isopropyl cyclopentanecarboxylates 6d2f as mixtures of di-
astereomers and double-bond isomers (Scheme 3, Table 3).
In contrast to the type-I ene reaction of the α-oxo esters
5a2c with trisubstituted double bonds, it was possible to
transform the α-oxo esters 5d2f, with disubstituted double
bonds, completely into the type-I ene reaction products
6d2f. As expected, the reaction temperatures and the reac-
tion times were pivotal for the complete consumption of
the intermediate α-oxo esters 5d2f (Table 3). The necessary
reaction times for completion of the ene reactions in turn
depended on the substituent pattern on the α-oxo esters
5d2f (Table 3). The relative configurations of the cyclic
products were determined by NOESY experiments. Unfor-
tunately, we were unable to assign the double-bond config-
urations because of overlapping 1H NMR signals. In order
to simplify the NMR spectra and to prove the existence of
double-bond isomers unequivocally, the double bonds of
the ene reaction products 6d2f were hydrogenated to afford
the corresponding saturated isopropyl cyclopentanecarb-
oxylates 8d2f (Table 3). We briefly investigated the thermal
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Table 1. Conditions and products for the dienolate [2,3]-Wittig/oxy-Cope rearrangement/type-I ene reaction

[a] Reactions performed in decane using a pressure tube with a threaded plug. 2 [b] Racemic products, relative configuration assigned on
the basis of NOESY experiments. 2 [c] Isolated yield after column chromatography, α-oxo ester 5 can be separated.

Scheme 3. The sequential ester dienolate [2,3]-Wittig/oxy-Cope rearrangement/type-I ene reaction

Table 2. The dienolate [2,3]-Wittig rearrangement

Substrate Substrate R1 R2 Product Yield[a] dr[b]Entry
(Z)/(E) [%] syn/anti

1 1d 61:39 H H 3d 87 91:9
2 1e 2[c] H CH3 3e 88 98:2
3 1f 97:3 Ph H 3f 91 79[d]:21[d]

4 1g 59:41 H H 3g 82 2
5 1h 2[c] H CH3 3h 72 2
6 1i 95:5 Ph H 3i 89 2

[a] Isolated yield after chromatographic purification. 2 [b] Deter-
mined from 1H NMR spectra. 2 [c] Substrate used as a 3:1 mixture
of the β,γ- and α,β-unsaturated esters. 2 [d] Exclusively (E)-config-
ured.

epimerization of the isopropyl cyclopentanecarboxylates
(1R*,2R*,5R*)- and (1R*,2R*,5S*)-6e. The (1R*,2R*,5R*)-
6e diastereomer did not isomerize or decompose when
heated to 180 °C in decane for 4 d. On the other hand,
heating the (1R*,2R*,5S*)-6e diastereomer to 180 °C re-
sulted in a slow epimerization at the C-5 carbon atom.
These results, along with the observed ene reaction diaster-
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eoselectivities, indicate that the (1R*,2R*,5R*)-6e diastereo-
mer is the kinetically and thermodynamically favored
product.

The type-I ene reactions of the α-oxo esters 5a2f proceed
with very high simple diastereoselectivities, but low induced
diastereoselectivities. The most significant stereochemical
feature is the complete simple diastereoselectivity for the
formation of the 2,3-cis-substituted products. This result is
in agreement with the general stereochemical trend for ther-
mal and Lewis acid mediated intramolecular ene reactions
of 1,6-hexadienes and 5,6-unsaturated aldehydes to form
cis-configured products.[6,7h,7l] On the basis of the results of
a theoretical study of the transition structures of ene reac-
tions by Houk,[12] we propose the depicted transition struc-
tures lk-(2.6)-9 and ul-(2.6)-9 to explain the simple diaster-
eoselectivity (Scheme 4).

Following Houk’s argument, we believe that the three-
carbon-atom tether between C-2 and C-6 destabilizes the
ul-(2.6)-9 transition structure, because of the distortion that
results from the formal trans annulation of the cyclopentane
and the ‘‘stretched cyclopentane’’ in the bicyclo[3.3.0]oct-
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Table 3. Conditions and products for the dienolate [2,3]-Wittig/oxy-Cope rearrangement/type-I ene reaction and the subsequent hydro-
genation

[a] Reactions performed in decane using a pressure tube with a threaded plug. 2 [b] Racemic products, relative configuration assigned on
the basis of NOESY experiments. 2 [c] Ratio determined from 1H NMR spectra. Isolated yield after column chromatography. 2 [d] 7:3
mixture of double-bond isomers. 2 [e] 3:1 mixture of double-bond isomers. 2 [f] 2:1 mixture of double-bond isomers. 2 [g] The diastereom-
eric ene reaction products were separated by column chromatography but only the (1R*,2R*,5R*) diastereomer was hydrogenated.

Scheme 4. Proposed transition structures for the type-I ene reaction
of the α-oxo ester 5e

ane-type transition structure ul-(2.6)-9 (Scheme 4). The
transition structure lk-(2.6)-9 resembles a less strained cis-
annulated bicyclo[3.3.0]octane and, consequently, leads to
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the exclusive formation of the 1,2-cis-configured product of
the thermal ene reaction.

The Sequential Ester Dienolate [2,3]-Wittig Rearrangement/
Domino Oxy-Cope Rearrangement/Type-II Ene Reaction

The 3-alkoxycarbonyl-3-hydroxy-5-methyl-substituted
1,5-hexadienes 3g2i are accessible on a gram scale by me-
ans of the dienolate [2,3]-Wittig rearrangement of the esters
1g2i (Scheme 5, Table 2, Entries 426).

The domino oxy-Cope rearrangement/ene reactions were
performed by heating the 1,5-hexadienes 3g2i in toluene,
and afforded the substituted cyclohexanecarboxylates 7a2c
as single diastereomers (Table 4). No further attempts were
made to optimize the procedure by changing the solvent or
the reaction temperature.

The high induced diastereoselectivities can be explained
by a bicyclic transition state structure 10, in which R1 and
R2 are in equatorial positions (Scheme 6).

Nakai has shown that with (2)-8-phenylmenthol as a
chiral auxiliary, the ester enolate [2,3]-Wittig rearrangement
proceeds with high simple and auxiliary-induced diastereo-
selectivities.[13] It is also well known that the Lewis acid me-
diated intermolecular ene reaction of pyruvates and glyoxyl-
ates can be performed diastereoselectively if covalently bon-
ded, cyclohexyl-based chiral auxiliaries are employed.[6]

Therefore, we attempted to perform an asymmetric ester
dienolate [2,3]-Wittig/oxy-Cope rearrangement/type-II ene
reaction by using (2)-8-phenylmenthol as a chiral auxiliary.
Unfortunately, and somewhat surprisingly, neither the dien-
olate [2,3]-Wittig rearrangement nor the thermal type-II ene
reaction proceeded with any significant auxiliary-induced
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Scheme 5. The sequential ester dienolate [2,3]-Wittig/oxy-Cope rearrangement/type-II ene reaction

Table 4. Conditions and products for the dienolate [2,3]-Wittig/oxy-
Cope rearrangement/type-II ene reaction

[a] Reaction performed in toluene using a pressure tube with thre-
aded plug. Temperature refers to oil bath temperature. 2 [b] Ra-
cemic products, relative configuration assigned based on NOESY
experiments. 2 [c] Non-optimized, isolated yield after column chro-
matography.

Scheme 6. Proposed transition structures for the type-II ene reaction

Scheme 7. The attempted auxiliary-controlled domino oxy-Cope rearrangement/type-II ene reaction proved to be inefficient
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diastereoselectivity (Scheme 7). This result clearly indicates
that alternative approaches toward an asymmetric reaction
sequence have to be pursued.

Further work aimed at extending the method to the syn-
thesis of bicyclic carbocycles and instituting an asymmetric
reaction sequence is currently underway.

Experimental Section

General: All reactions were performed in septum-sealed, flame-
dried flasks under argon. Solvents, reagents, and substrates were
transferred by means of syringes. All solvents were dried by stand-
ard methods. Reagents were used as purchased unless otherwise
noted. Commercial decane (991%) was used as purchased without
further purification. Commercial nBuLi solutions in hexanes were
titrated following Kofron’s procedure.[14] Crude products were puri-
fied by column chromatography using silica gel (0.04020.063 mm)
and mixtures of ethyl acetate and heptane. 2 1H and 13C NMR
spectra were recorded with a Bruker AC 300 or a DRX 500 in
CDCl3. The terms Hmajor and Hminor are used to indicate separated
proton resonance for major or minor diastereomers. The assign-
ment of NMR resonance is based on COSY, HSQC, and NOESY
experiments. 2 IR spectra were recorded with a Nicolet 205 FT-
IR spectrometer. 2 Elemental analyses were obtained with a Carlo
Erba CHN-S analyzer.

General Procedure I for the Domino Dienolate [2,3]-Wittig/Oxy-
Cope Rearrangement: Lithium diisopropylamide was prepared by
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the addition of n-butyllithium (1.1 equiv.) to a solution of diisopro-
pylamine (1.2 equiv.) in THF (2 mL/mmol of ester) at 278 °C.
After stirring for 30 min at 278 °C, a cooled (278 °C) solution of
the ester 1a2c (1 equiv.) in THF (2 mL/mmol of ester) was added.
After stirring for 30 min at 278 °C, the cooling bath was removed
and the reaction mixture was allowed to warm to room temper-
ature. The reaction mixture was then stirred at ambient temper-
ature until TLC indicated the completion of product formation
(224 h). The reaction was quenched by the addition of saturated
aqueous NH4Cl solution and then diluted with water and CH2Cl2.
The layers were separated and the aqueous phase was extracted
with CH2Cl2 (2 3). The combined organic layers were dried
(MgSO4) and concentrated in vacuum. The crude product oil was
purified by column chromatography (ethyl acetate/heptane) or used
without further purification.

General Procedure II for the Thermal Ene Reaction and for the Ther-
mal Domino Oxy-Cope Rearrangement/Carbonyl Ene Reaction: The
crude or purified α-oxo esters or 1,5-hexadienes were dissolved in
toluene or decane (0.5 ) in a pressure tube with a threaded plug,
equipped with a magnetic stirring bar. The sealed pressure tube
was heated in an oil bath to the desired temperature for the appro-
priate time. The solvent was then removed in vacuum and the crude
product oil was purified by column chromatography (ethyl acet-
ate/heptane).

General Procedure III for the Dienolate [2,3]-Wittig Rearrangement:
Lithium diisopropylamide was prepared by the addition of n-butyl-
lithium (1.1 equiv.) to a solution of diisopropylamine (1.2 equiv.)
in THF (2 mL/mmol of ester) at 278 °C. After stirring for 30 min
at 278 °C, a cooled (278 °C) solution of the ester 1d2j (1 equiv.)
in THF (2 mL/mmol of ester) was added. The reaction mixture was
slowly warmed to ambient temperature overnight. Alternatively,
the dry ice cooling bath was removed after 30 min and the reaction
mixture was allowed to warm to ambient temperature. The reaction
was then quenched by the addition of saturated aqueous NH4Cl
and then diluted with water and CH2Cl2. The phases were separ-
ated and the aqueous layer was extracted with CH2Cl2 (2 3). The
organic phase was dried (MgSO4) and concentrated. The crude
product could be purified by column chromatography (ethyl acet-
ate/heptane).

(1R*,2R*)-Isopropyl 1-Hydroxy-2-isopropenylcyclopentanecarbox-
ylate (6a): Following general procedure I, the ester 1a (455 mg,
2.14 mmol) was treated with LDA [prepared in situ from diisoprop-
ylamine (2.57 mmol) and nBuLi (2.35 mmol)] to afford the crude
isopropyl 7-methyl-2-oxooct-6-enecarboxylate 5a. Following gen-
eral procedure II, the crude α-oxo ester 5a was dissolved in decane
under argon, filtered into the reaction tube under argon and heated
to 180 °C for 7 d to afford, after chromatographic purification, the
cyclopentanecarboxylate (6a) (212 mg, 47%) as a 91:9 mixture with
the (1R*,2S*) diastereomer and isopropyl 7-methyl-2-oxooct-6-ene-
carboxylate (5a) (101 mg, 22%) as slightly yellow oils. 2 1H NMR
(500 MHz, CDCl3): δ 5 1.26 (d, J 5 6.3 Hz, 3 H, OiPr-CH3), 1.27
(d, J 5 6.3 Hz, 3 H, OiPr-CH3), 1.69 [s, 3 H, C(CH3)5CH2],
1.8021.95 (m, 5 H) and 2.1822.26 (m, 1 H, 3-, 4-, 5-CH2), 2.80
(dd, J1 5 11.4, J2 5 6.9 Hz, 1 H, 2-CH), 2.88 (s, 1 H, OH), 4.79
[s, 1 H, C(CH3)5CH2], 4.91 [s, 1 H, C(CH3)5CH2], 5.06 (qq, J1 5

J2 5 6.3 Hz, 1 H, OiPr-CH). 2 13C NMR (125 MHz, CDCl3): δ 5

21.7 (OiPr-CH3), 23.0 [C(CH3)5CH2], 22.3, 28.7, 39.2 (3-, 4-, 5-
CH2), 69.3 (OiPr2CH), 81.7 (C-1), 113.1 [C(CH3)5CH2], 142.8
[C(CH3)5CH2], 176.2 (C5O). 2 C12H20O3 (212.3): calcd. C 67.81,
H 9.50; found C 67.86, H 9.92.

Isopropyl (1R*,2R*,5R*)- and (1R*,2R*,5S*)-1-Hydroxy-2-isoprop-
enyl-5-methylcyclopentanecarboxylate (6b): Following general pro-
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cedure I, the ester 1b (453 mg, 2 mmol) was treated with LDA
[prepared in situ from diisopropylamine (2.4 mmol) and nBuLi
(2.2 mmol)] to afford the crude isopropyl 3,7-dimethyl-2-oxooct-6-
enecarboxylate (5b). Following general procedure II, the crude α-
oxo ester 5b was dissolved in decane under argon, filtered into the
reaction tube under argon and heated to 180 °C for 40 h to afford,
after chromatographic purification, the (1R*,2R*,5R*)-cyclopent-
anecarboxylate 6b (355 mg, 78%) as a 74:13:13 mixture with the
(1R*,2R*,5S*) diastereomer and isopropyl 7-methyl-2-oxooct-6-en-
ecarboxylate (5b) as slightly yellow oils. The products were separ-
ated by column chromatography (ethyl acetate/heptane, 10:1) to af-
ford 33 mg of the α-oxo ester 5b, 213 mg of the (1R*,2R*,5R*)
diastereomer and 39 mg of the (1R*,2R*,5S*) diastereomer. 2

(1R*,2R*,5R*) Diastereomer: 1H NMR (300 MHz, CDCl3): δ 5

0.89 (d, J 5 6.8 Hz, 3 H, 5-CH3), 1.27 (d, J 5 6.2 Hz, 3 H, OiPr-
CH3), 1.29 (d, J 5 6.2 Hz, 3 H, OiPr-CH3), 1.4121.59 (m, 1 H, 4-
CH2), 1.72 [s, 3 H, C(CH3)5CH2], 1.8222.03 (m, 3 H, 4-CH2 and
3-CH2), 2.3422.48 (m, 1 H, 5-CH), 2.88 (s, 1 H, OH), 3.02 (dd,
J1 5 J2 5 9.1 Hz, 1 H, 2-CH), 4.80 [s, 1 H, C(CH3)5CH2], 4.89
[s, 1 H, C(CH3)5CH2], 5.09 (qq, J1 5 J2 5 6.2 Hz, 1 H, OiPr-
CH). 2 13C NMR (125 MHz, CDCl3): δ 5 12.7 (5-CH3), 21.7
(OiPr-CH3), 22.7 [C(CH3)5CH2], 26.7 (3-CH2), 29.9 (4-CH2), 43.7
(5-CH), 54.7 (2-CH), 69.2 (OiPr-CH), 83.7 (C-1), 112.6 [C(CH3)5
CH2], 143.4 [C(CH3)5CH2], 175.7 O). 2 IR: ν̃ 5 3520,
309022875, 1720 cm21. 2 C13H22O3 (226.3): calcd. C 68.99, H
9.80; found C 69.07, H 10.12. 2 (1R*,2R*,5S*) Diastereomer: 1H
NMR (500 MHz, CDCl3): δ 5 0.96 (d, J 5 6.9 Hz, 3 H, 5-CH3),
1.29 (d, J 5 6.3 Hz, 6 H, OiPr-CH3), 1.69 [s, 3 H, C(CH3)5CH2],
1.2221.32 (m, partially covered, 1 H) and 1.9221.99 (m, 1 H, 4-
CH2), 1.7721.89 (m, 2 H, 3-CH2), 2.14 (m, 1 H, 5-CH), 2.96 (dd,
J1 5 11.4, J2 5 6.9 Hz, 1 H, 2-CH), 3.07 (s, 1 H), 4.75 [s, 1 H,
C(CH3)5CH2], 4.87 [s, 1 H, C(CH3)5CH2], 5.11 (qq, J1 5 J2 5

6.3 Hz, 1 H, OiPr-CH). 2 13C NMR (125 MHz, CDCl3): δ 5 16.2
(5-CH3), 21.9 (OiPr-CH3), 22.8 [C(CH3)5CH2], 28.5 (3-CH2), 32.7
(4-CH2), 48.1 (5-CH), 54.3 (2-CH), 69.5 (OiPr-CH), 84.2 (C-1),
112.5 [C(CH3)5CH2], 144.0 [C(CH3)5CH2], 175.7 (C5O).

Isopropyl (1R*,2R*,4R*)- and (1R*,2R*,4S*)-1-Hydroxy-2-isoprop-
enyl-4-phenylcyclopentanecarboxylate (6c): Following general pro-
cedure I, the ester 1c (577 mg, 2 mmol) was treated with LDA [pre-
pared in situ from diisopropylamine (2.4 mmol) and nBuLi
(2.2 mmol)] to afford the crude isopropyl 7-methyl-2-oxo-4-
phenyloct-6-enecarboxylate (5c). Following general procedure II,
the crude α-oxo ester 5b was dissolved in decane under argon, fil-
tered into the reaction tube under argon and heated to 180 °C for
40 h to afford, after chromatographic purification, the cyclopent-
anecarboxylate 6c (412 mg, 71%) and the α-oxo ester 5c (68 mg,
12%) as slightly yellow oils. Spectral data reported for a mixture of
diastereomers (1R*,2R*,4R*)-6c/(1R*,2R*,4S*)-6c 5 60:40. 2

(1R*,2R*,4R*) Diastereomer: 1H NMR (300 MHz, CDCl3): δ 5

1.30 (d, J 5 6.2 Hz, 3 H, OiPr-CH3), 1.32 (d, J 5 6.2 Hz, 3 H,
OiPr-CH3), 1.74 [s, 3 H, C(CH3)5CH2], 2.01 (dd, J1 5 14.3, J2 5

8.4 Hz, 1 H, 5-CH2), 2.1122.21 (m, 2 H, 3-CH2), 2.77 (dd, J1 5

14.3, J2 5 10.1 Hz, 1 H, 5-CH2), 3.00 (dd, J1 5 10.9, J2 5 8.0 Hz,
1 H, 2-CH), 3.10 (s, 1 H, OH), 3.28 (m, 1 H, 4-CH), 4.83 [s, 1 H,
C(CH3)5CH2], 4.97 [s, 1 H, C(CH3)5CH2], 5.11 (qq, J1 5 J2 5

6.3, 1 H, OiPr-CH), 7.1527.38 (m, 5 H, aryl-H). 2 13C NMR
(125 MHz, CDCl3): δ 5 21.6 (OiPr-CH3), 22.8 [C(CH3)5CH2],
38.7 (3-CH2), 42.8 (4-CH), 47.7 (5-CH2), 55.9 (2-CH), 69.6 (OiPr-
CH), 81.3 (1-C), 113.4 [C(CH3)5CH2], 126.0, 127.2, 128.3, 142.2,
144.9 [aryl-C and C(CH3)5CH2), 176.1 (C5O). 2 (1R*,2R*,4S*)
Diastereomer: 1H NMR (300 MHz, CDCl3): δ 5 1.28 (d, J 5

6.2 Hz, 3 H, OiPr-CH3), 1.31 (d, J 5 6.2 Hz, 3 H, OiPr-CH3), 1.76
[s, 3 H, C(CH3)5CH2], 1.9422.06 (m, 1 H, 3-CH2), 2.2822.37 (m,
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2 H, 5-CH2), 2.50 (ddd, J1 5 13.2, J2 5 J3 5 10.5 Hz, 1 H, 3-
CH2), 3.08 (s, 1 H, OH), 3.28 (m, 1 H, 2-CH), 3.60 (m, 1 H, 4-
CH), 4.87 [s, 1 H, C(CH3)5CH2], 4.97 [s, 1 H, C(CH3)5CH2], 5.17
(qq, J1 5 J2 5 6.3 Hz, 1 H, OiPr-CH), 7.1527.38 (m, 5 H, aryl-
H). 2 13C NMR (125 MHz, CDCl3) δ 5 21.4 (OiPr-CH3), 22.9
[C(CH3)5CH2], 36.4 (3-CH2), 41.6 (4-CH), 47.4 (5-CH2), 54.2 (2-
CH), 69.6 (OiPr-CH), 82.8 (1-C), 113.3 [C(CH3)5CH2], 126.0,
126.9, 128.4, 142.7, 146.1 [aryl-C and C(CH3)5CH2), 175.3 (C5

O). 2 IR ν̃ 5 3485, 308522875, 1720 cm21. 2 C18H24O3 (288.4):
calcd. C 74.97, H 8.39; found C 75.14, H 8.77.

Isopropyl (1R*,2R*)-2-[(E/Z)-But-1-enyl]-1-hydroxycyclopentane-
carboxylate (6d): Following general procedure III, the ester 1d (453
mg, 2 mmol) was treated with LDA [prepared in situ from diisopro-
pylamine (2.4 mmol) and nBuLi (2.2 mmol)] to afford isopropyl 2-
hydroxy-3-propyl-2-vinylpent-4-enecarboxylate (3d) (395 mg, 87%)
as a colorless oil after chromatographic purification [diastereomeric
ratio (2R*,3S*)/(2R*,3R*) 5 91:9]. Following general procedure II,
the 1,5-hexadiene 3d (395 mg, 1.75 mmol) was dissolved in decane
and heated for 7 d at 180 °C (oil bath temperature). The solvent
was then evaporated under reduced pressure and the crude product
was purified by chromatography to afford isopropyl 2-[(E/Z)-but-
1-enyl]-1-hydroxycyclopentanecarboxylate (6d) (313 mg, 79%) as a
colorless oil. NMR-spectroscopic data determined from a 69:31
mixture of double-bond isomers. 2 1H NMR (500 MHz, CDCl3):
δ 5 0.92 (t, J 5 7.6 Hz, 3 Hminor, 49-CH3), 0.94 (t, J 5 7.6 Hz, 3
Hmajor, 49-CH3), 1.246 (d, J 5 6.3 Hz, 6 Hmajor, OiPr-CH3), 1.253
(d, J 5 6.3 Hz, 6 Hminor, OiPr-CH3), 1.6322.07 (m, 7 H, 3-, 4-, 5-
, 39-CH2), 2.1422.26 (m, 1 H, 4-CH2), 2.68 (ddd, J1 5 10.6 Hz,
J2 5 J3 5 8.4 Hz, 1 Hmajor, 2-CH), 2.92 (s, 1 Hmajor, OH),
3.0123.08 (m, partially covered, 1 Hminor, 2-CH), 3.03 (s, 1 Hminor,
OH), 5.0025.09 (m, 1 H, OiPr-CH), 5.2925.37 (m, 1 H, 29-CH),
5.4325.52 (m, 1 H, 39-CH). 2 13C NMR (125 MHz, CDCl3, major
isomer) δ 5 13.9 (49-CH3), 21.9 (OiPr-CH3), 22.6 (5-CH2), 25.7
(39-CH2), 30.2 (3-CH2), 37.9 (4-CH2), 53.0 (2-CH), 69.2 (OiPr-CH),
83.4 (C-1), 126.0 and 135.3 (19-, 29-CH), 175.9 (C5O). 2 13C NMR
(125 MHz, CDCl3, minor isomer) δ 5 14.6 (49-CH3), 21.2 (39-
CH2), 21.8 (OiPr-CH3), 23.0 (5-CH2), 31.5 (3-CH2), 38.6 (4-CH2),
47.3 (2-CH), 69.5 (OiPr-CH), 83.4 (C-1), 126.2 and 134.2 (19-, 29-
CH), 176.1 (C5O). 2 IR: ν̃ 5 3530, 298022875, 1725 cm21. 2

C13H22O3 (226.3): calcd. C 68.99, H 9.80; found C 69.14, H 10.19.

Isopropyl (1R*,2R*)-2-Butyl-1-hydroxycyclopentanecarboxylate
(8d): Isopropyl (1R*,2R*)-2-[(E/Z)-but-1-enyl]-1-hydroxycyclopen-
tanecarboxylate (6d) (257 mg, 1.14 mmol) was dissolved in 2-pro-
panol (6 mL). 10% Pd/C (60.4 mg, 0.057 mmol Pd) was added and
the reaction mixture was stirred under H2 (balloon) for 2 d at ambi-
ent temperature. The solvent was then removed and the crude prod-
uct was purified by column chromatography (ethyl acetate/heptane,
5:1) to afford the ester 8d as a colorless oil (221 mg, 86%). 2 1H
NMR (300 MHz, CDCl3): δ 5 0.86 (t, J 5 6.2 Hz, 3 H), 1.1321.52
(m, partially covered, 5 H), 1.268 (d, J 5 6.2 Hz, 3 H), 1.273 (d,
J 5 6.2 Hz, 3 H), 1.6321.98 (m, 5 H), 2.0422.21 (m, 2 H), 3.11
(s, 1 H), 5.08 (qq, J1 5 J2 5 6.3 Hz, 1 H). 2 13C NMR (75 MHz,
CDCl3): δ 5 13.8, 21.6, 22.4, 22.8, 28.0, 30.4, 39.3, 48.9, 69.1, 82.3,
176.9. 2 IR: ν̃ 5 3525, 296022860, 1720 cm21. 2 C13H24O3

(228.3): calcd. C 68.38, H 10.59; found C 68.18, H 10.86.

Isopropyl (1R*,2R*,5R*)- and (1R*,2R*,5S*)-2-[(E/Z)-But-1-enyl]-
1-hydroxy-5-methylcyclopentanecarboxylate (6e): Following general
procedure III, the ester 1e (2.23 g, 9.3 mmol) was treated with LDA
[prepared in situ from diisopropylamine (11.1 mmol) and nBuLi
(10.2 mmol)] to afford isopropyl 2-hydroxy-2-isopropenyl-3-pro-
pylpent-4-enecarboxylate (3e) (1.96 g, 88%) as a colorless oil after
chromatographic purification [diastereomeric ratio (2S*,3S*)/(2S*
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,3R*) 5 98:2]. Following general procedure II, the 1,5-hexadiene
3e (481 mg, 2 mmol) was dissolved in decane and heated for 7 d at
180 °C (oil bath temperature). The solvent was then evaporated
under reduced pressure and the crude product was purified by chro-
matography to afford isopropyl (1R*,2R*,5R*)-2-[(E/Z)-but-1-
enyl]-1-hydroxy-5-methylcyclopentanecarboxylate (6e) (314 mg,
65%, 3:1 mixture of double-bond isomers) and the (1R*,2R*,5S*)
diastereomer (117 mg, 24%, 2:1 mixture of double-bond isomers)
as colorless oils. NMR-spectroscopic data determined from a mix-
ture of double bond isomers. 2 (1R*,2R*,5R*) Diastereomer: 1H
NMR (500 MHz, CDCl3): δ 5 0.87 (d, J 5 6.9 Hz, 3 H, 5-CH3),
0.92 (t, J 5 7.6 Hz, 3 H, 49-CH3), 1.239 (d, J 5 6.3 Hz, 6 Hmajor,
OiPr-CH3) 1.241 (d, J 5 6.3 Hz, 6 Hminor, OiPr-CH3), 1.4221.50
(m, 1 H, 4-CH2), 1.6521.74 (m, 1 H, 3-CH2), 1.8222.07 (m, 4 H,
3-, 4-, 39-CH2), 2.3222.43 (m, 1 H, 5-CH), 2.84 (td, J1 5 9.3, J2 5

9.0 Hz, 2-CH), 2.89 (s, 1 Hmajor, OH), 2.97 (s, 1 Hminor, OH), 3.21
(td, J1 5 9.8, J2 5 9.7 Hz, 1 Hminor, 2-CH), 5.04 (qq, J1 5 J2 5

6.2 Hz, 1 Hminor, OiPr-CH), 5.08 (qq, J1 5 J2 5 6.3 Hz, 1 Hmajor,
OiPr-CH), 5.3425.48 (m, 2 H, 29-, 39-CH). 2 IR: ν̃ 5 3530,
296022875, 1720 cm21. 2 C14H24O3 (240.3): calcd. C 69.96, H
10.06; found C 69.64, H 10.36. 2 (1R*,2R*,5S*) Diastereomer: 1H
NMR (300 MHz, CDCl3): δ 5 0.9121.01 (series of d and t, 6 H,
5-CH3 and 49CH3), 1.2621.32 (series of d, 6 H, OiPr-CH3),
1.5721.73 (m, 1 H, 3-CH2), 1.7921.92 (m, 1 H, 3-CH2), 1.9522.10
(m, 4 H, 39-, 4-CH2), 2.10 22.22 (m, 1 H, 5-CH), 2.89 (ddd, J1 5

11, J2 5 J3 5 7.5 Hz, 1 Hmajor, 2-CH), 2.98 (br s, 1 H, OH), 3.23
(ddd, J1 5 10.7, J2 5 9.1, J3 5 7.5 Hz, 1Hminor, 2-CH), 5.10 (qq,
J1 5 J2 5 6.4 Hz, 1 H, OiPr-CH), 5.3325.55 (m, 2 H, 29-, 39CH).
2 13C NMR (125 MHz, CDCl3, major isomer): δ 5 13.8 and 17.2
(49-CH3 and 5-CH3), 21.8 (OiPr-CH3), 25.7 (39-CH2), 30.1 (3-CH2),
32.5 (4-CH2), 46.7 (5-CH), 50.3 (2-CH), 69.2 (OiPr-CH), 85.5 (C-
1), 127.0 (19-CH), 134.4 (29-CH), 175.1 (C5O). 2 13C NMR
(125 MHz, CDCl3, minor isomer): δ 5 14.6 and 16.5 (49-CH3 and
5-CH3), 21.0 (39-CH2), 21.8 (OiPr-CH3), 31.5 (3-CH2), 32.9 (4-
CH2), 45.0 (2-CH), 47.4 (5-CH), 69.5 (OiPr-CH), 127.3 (19-CH),
133.3 (29-CH), 175.4 (C5O).

Isopropyl (1R*,2R*,5R*)-2-Butyl-1-hydroxy-5-methylcyclopent-
anecarboxylate (8e): Isopropyl (1R*,2R*5R*)-2-[(E/Z)-but-1-enyl]-
1-hydroxy-5-methylcyclopentanecarboxylate (6e) (300 mg,
1.25 mmol) was dissolved in 2-propanol (7.5 mL). 10% Pd/C (66.5
mg, 0.063 mmol Pd) was added and the reaction mixture was
stirred under H2 (balloon) for 3 d at ambient temperature. The
solvent was then removed and the crude product was purified by
column chromatography (ethyl acetate/heptane, 10:1) to afford the
ester 8e as a colorless oil (264 mg, 88%). 2 1H NMR (300 MHz,
CDCl3): δ 5 0.855 (t, J 5 7.0 Hz, 3 H), 0.864 (d, J 5 6.8 Hz, 3
H), 1.1121.48 (m, partially covered, 6 H), 1.26 (d, J 5 6.3 Hz, 3
H), 1.27 (d, J 5 6.3 Hz, 3 H), 1.7921.99 (m, 2 H), 2.2322.37 (m,
2 H), 2.96 (s, 1 H), 5.10 (qq, J1 5 J2 5 6.3 Hz, 1 H). 2 13C NMR
(75 MHz, CDCl3): δ 5 12.5, 13.9, 21.6, 21.7, 22.8, 28.9, 29.0, 30.1,
30.3, 43.8, 48.4, 69.2, 83.8, 176.5. 2 IR: ν̃ 5 3530, 296022870,
1720 cm21. 2 C14H26O3 (242.4) calcd. C 69.38, H 10.81; found C
69.35, H 11.13.

Isopropyl (1R*,2R*,4R*)- and (1R*,2R*,4S*)-2-[(E/Z)-But-1-enyl]-
1-hydroxy-4-phenylcyclopentanecarboxylate (6f): Following general
procedure III, the ester 1f (605 mg, 2 mmol) was treated with LDA
[prepared in situ from diisopropylamine (2.4 mmol) and nBuLi
(2.2 mmol)] to afford isopropyl 2-hydroxy-2-[(E)-styryl]-3-vinyl-
hexanoate 3f (571 mg, 94%) as a colorless oil after chromatographic
purification [diastereomeric ratio (2S*,3S*)/(2S*,3R*) 5 79:21].
Following general procedure II, the 1,5-hexadiene 3f (571 mg,
1.89 mmol) was dissolved in decane and heated for 40 h at 180
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°C (oil bath temperature). The solvent was then evaporated under
reduced pressure and the crude product was purified by chromato-
graphy to afford the pure (1R*,2R*,4R*) diastereomer (269 mg,
47%, 3:1 mixture of double-bond isomers) and a mixture of diaster-
eomers [237 mg, 42%, (1R*,2R*,4S*)/(1R*,2R*,4R*) 5 3:2] as col-
orless oils. The (1R*,2R*,4S*) diastereomer was isolated as a 2:1
mixture of double-bond isomers. NMR spectroscopic data deter-
mined from a mixture of double bond isomers. 2 (1R*,2R*,5R*)
Diastereomer: 1H NMR (300 MHz, CDCl3): δ 5 0.94 (t, J 5

7.5 Hz, 3 Hminor, 49-CH3), 0.96 (t, J 5 7.5 Hz, 3 Hmajor, 49-CH3),
1.28 (d, J 5 6.2 Hz, 6 H, OiPr-CH3), 1.9222.22 (m, 5 H, 3-, 5-,
39-CH2), 2.7522.90 (m, 2 H, 5-CH2, 2-CH), 3.1023.20 (m, 2 H, 4-
CH, OH), 5.08 (qq, J1 5 J2 5 6.3 Hz, 1 Hminor, OiPr-CH), 5.09
(qq, J1 5 J2 5 6.3 Hz, 1 Hmajor, OiPr-CH), 5.3725.60 (m, 2 H, 19-,
29-CH), 7.1327.21 and 7.2427.38 (m, 5 H, aryl-H). ). 2 13C NMR
(75 MHz, CDCl3, major, minor double-bond isomer): δ 5 13.7,
14.5 (49-CH3), 21.7, 21.8 (OiPr-CH3), 25.7, 21.2 (39-CH2), 40.5,
41.6 (3-CH2), 43.4, 43.8 (4-CH), 46.4, 47.0 (5-CH2), 53.7, 48.1 (2-
CH), 69.3, 69.5 (OiPr-CH), 82.74, 82.96 (C-1), 125.2, 125.4 (19-
CH), 126.0, 127.3, 128.3, 135.6, 134.5 (aryl-CH), 145.4, 145.2 (29-
CH), 175.5, 175.8 (C5O).

Isopropyl (1R*,2R*,4R*)- and (1R*,2R*,4S*)-2-Butyl-1-hydroxy-4-
phenylcyclopentanecarboxylate (8f): Isopropyl 2-[(E/Z)-but-1-enyl]-
1-hydroxy-4-phenylcyclopentanecarboxylate (6f) (526 mg,
1.74 mmol) was dissolved in 2-propanol (9 mL). 10% Pd/C (185
mg, 0.174 mmol Pd) was added and the reaction mixture was
stirred under H2 (balloon) for 3 d at ambient temperature. The
solvent was then removed and the crude product was purified by
column chromatography (ethyl acetate/heptane, 5:1) to afford the
ester 8f (483 mg, 92%) as a (4R*)/(4S*) 5 3:1 mixture of diastereo-
mers. The diastereomers could be separated by column chromato-
graphy. 2 (1R*,2R*,4R*) Diastereomer: 1H NMR (500 MHz,
CDCl3): δ 5 0.87 (t, J 5 7.0 Hz, 3 H, 49-CH3), 1.1821.47 (m,
partially covered, 6 H, 19-, 29-, 39-CH2), 1.29 (d, J 5 6.2 Hz, 6 H,
OiPr-CH3), 1.68 (ddd, J1 5 J2 5 14.0, J3 5 11.4 Hz, 1 H, 3-CH2),
1.93 (dd, J1 5 14.0, J2 5 8.0 Hz, 1 H, 5-CH2), 2.1822.31 (m, 2 H,
3-CH2 and 2-CH), 2.74 (dd, J1 5 14.0, J2 5 10.0 Hz, 1 H, 5-CH2),
3.1723.32 (m, partially covered, 1 H, 4-CH), 3.29 (s, 1 H, OH),
5.11 (qq, J1 5 J2 5 6.3 Hz, 1 H, OiPr-CH), 7.1327.20 and
7.2427.35 (m, 5 H, aryl-H). 2 13C NMR (125 MHz, CDCl3): δ 5

13.9 (49-CH3), 21.6 and 21.7 (OiPr-CH3), 22.8 (39-CH2), 27.6 and
30.3 (19-, 29-CH2), 39.3 (3-CH2), 43.4 (4-CH), 47.9 (5-CH2), 49.9
(5-CH), 69.5 (OiPr-CH), 81.8 (C-1), 125.9, 127.3, 128.3 and 145.7
(aryl-C), 176.8 (C5O). 2 IR: ν̃ 5 3495, 298522860, 1710 cm21.
2 C19H28O3 (304.4) calcd. C 74.96, H 9.27; found C 74.72, H 9.43.
White solid. 2 (1R*,2R*,4S*) Diastereomer: 1H NMR (500 MHz,
CDCl3): δ 5 0.89 (t, J 5 7.3 Hz, 3 H, 49-CH3), 1.30 (d, J 5 6.3 Hz,
3 H, OiPr-CH3), 1.31 (d, J 5 6.3 Hz, 3 H, OiPr-CH3), 1.2821.48
(m, partially covered, 6 H, 19-, 29-, 39-CH2), 1.9822.10 (m, 1 H, 2-
CH2), 2.1922.31 (m, 2 H, 5-CH2), 2.55 (dddd, J1 5 J2 5 J3 5 9.1,
J4 5 5.7 Hz, 1 H, 2-CH), 3.28 (s, 1 H, OH), 3.56 (m, 1 H, 4-CH),
5.13 (qq, J1 5 J2 5 6.2 Hz, OiPr-CH), 7.1727.22 and 7.2727.36
(m, 5 H, aryl-CH). 2 13C NMR (125 MHz, CDCl3): δ 5 13.9 (49-
CH3), 21.6 (OiPr-CH3), 22.8 (29-CH2), 28.7 and 30.3 (19-, 39-CH2),
38.6 (3-CH2), 41.9 (4-CH), 47.8 (5-CH2), 47.9 (5-CH), 69.5 (OiPr-
CH), 82.9(C-1), 125.9, 126.9, 128.4 and 146.5 (aryl-CH), 176.1
(C5O).

Isopropyl 1-Hydroxy-3-methylenecyclohexanecarboxylate (7a): Fol-
lowing general procedure III, the ester 1g (397 mg, 2 mmol) was
treated with LDA [prepared in situ from diisopropylamine
(2.4 mmol) and nBuLi (2.2 mmol)] to afford isopropyl 2-hydroxy-
4-methyl-2-vinylpent-4-enecarboxylate (3g) (324 mg, 82%) as a col-
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orless oil after chromatographic purification. Following general
procedure II, the 1,5-hexadiene 3g (310 mg, 1.56 mmol) was dis-
solved in toluene and heated for 14 h at 200 °C (oil bath temper-
ature). The solvent was then evaporated under reduced pressure
and the crude product was purified by chromatography to afford
7a (242 mg, 78%) as a colorless oil. 2 1H NMR (300 MHz,
CDCl3): δ 5 1.28 (d, J 5 6.5 Hz, 6 H), 1.6621.95 (m, 4 H),
2.0122.14 (m, 1 H), 2.23 (d, J 5 13.6 Hz, 1 H), 2.2722.38 (m,
partially covered, 1 H), 2.57 (d, J 5 13.6 Hz, 1 H), 2.95 (s, 1 H),
4.73 (d, J 5 2 Hz, 1 H), 4.82 (d, J 5 1.6 Hz, 1 H), 5.09 (qq, J1 5

J2 5 6.3 Hz, 1 H). 2 13C NMR (75 MHz, CDCl3): δ 5 21.7, 22.4,
33.9, 34.2, 43.6, 69.5, 110.8, 144.2, 175.7. 2 IR: ν̃ 5 3500, 1725
cm21. 2 C11H18O3 (198.3): calcd. C 66.64, H 9.15; found C 66.90,
H 9.36.

Isopropyl (1S*,2R*)-1-Hydroxy-2-methyl-5-methylenecyclohex-
anecarboxylate (7b): Following general procedure III, the ester 1h
(1 g, 4.71 mmol) was treated with LDA [prepared in situ from diiso-
propylamine (5.65 mmol) and nBuLi (5.18 mmol)] to afford isopro-
pyl 2-hydroxy-4-methyl-2-isopropenylpent-4-enecarboxylate (3h)
(721 mg, 72%) as a colorless oil after chromatographic purification.
Following general procedure II, the 1,5-hexadiene 3h (350 mg,
1.65 mmol) was dissolved in toluene and heated for 2 d at 200 °C
(oil bath temperature). The solvent was then evaporated under re-
duced pressure and the crude product was purified by chromato-
graphy to afford 7b (249 mg, 71%) as a colorless oil. 2 1H NMR
(300 MHz, CDCl3) δ 5 0.79 (d, J 5 6.8 Hz, 3 H, 2-CH3), 1.29 (d,
J 5 6.2 Hz, 6 H, OiPr-CH3), 1.47 (ddd, J1 5 26, J2 5 13, J3 5

4 Hz, 1 H, 3-H), 1.5521.65 (m, 1 H, 3-H), 1.9522.07 (m, 1 H, 2-
H), 2.0722.20 (m, 1 H, 4-H), 2.27 (dd, J1 5 13.3, J2 5 2 Hz, 1 H,
6-H), 2.35 (m, 1 H, 4-H), 2.54 (dd, J1 5 13.3, J2 5 2 Hz, 1 H, 6-
H), 3.00 (s, 1 H, OH), 4.72 (dd, J1 5 3, J2 5 1 Hz, 1 H, C5CH2),
4.81 (dd, J1 5 4, J2 5 2 Hz, 1 H, C5CH2), 5.09 (qq, J1 5 J2 5

6.3 Hz, 1 H, OiPrCH). 2 13C NMR (75 MHz, CDCl3): δ 5 15.1
(2-CH3), 21.6 and 21.8 (OiPr-CH3), 30.4 (3-CH2), 34.1 (4-CH2),
36.9 (2-CH), 44.3 (6-CH2), 69.6 (OiPr-CH), 110.6 (C5CH2) 143.6
(5-C), 175.7 (C5O). 2 IR: ν̃ 5 3525, 290022835, 1720 cm21. 2

C11H18O3 (212.3): calcd. C 67.89, H 9.50; found C 68.55, H 10.08.

Isopropyl (1R*,3S*)-1-Hydroxy-5-methylene-3-phenylcyclohex-
anecarboxylate (7c): Following general procedure III, the ester 1i
(549 mg, 2 mmol) was treated with LDA [prepared in situ from
diisopropylamine (2.4 mmol) and nBuLi (2.2 mmol)] to afford iso-
propyl 2-hydroxy-4-methyl-2-[(E)-styryl]pent-4-enecarboxylate (3i)
(490 mg, 89%) as a colorless oil after chromatographic purification.
Following general procedure II, the 1,5-hexadiene 3i (330 mg,
1.2 mmol) was dissolved in toluene and heated for 19 h at 200 °C
(oil bath temperature). The solvent was then evaporated under re-
duced pressure and the crude product was purified by chromato-
graphy to afford the diastereomerically pure 7c (279 mg, 85%) as a
colorless oil. 2 1H NMR (300 MHz, CDCl3): δ 5 1.28 (d, J 5

6.2 Hz, 3 H, OiPrCH3), 1.29 (d, J 5 6.2 Hz, 3 H, OiPr-CH3), 1.91
(m, 1 H, 2-H), 2.05 (dd, J1 5 J2 5 12.8 Hz, 1 H, 2-H), 2.29 (dd,
J1 5 J2 5 12.5 Hz, 1 H, 4-H), 2.35 (td, J1 5 13.2, J2 5 1.5 Hz, 1
H, 6-H), 2.57 (m, 1 H, 4-H), 2.65 (dd, J1 5 13.3, J2 5 1.3 Hz, 1
H, 6-H), 3.13 (dddd, J1 5 J2 5 12.7, J3 5 J4 5 3.7 Hz, 1 H, 3-H),
4.89 (dd, J1 5 2.9, J2 5 1.3 Hz, 1 H, C5CH2), 4.92 (dd, J1 5 3.4,
J2 5 1.8 Hz, 1 H, C5CH2), 5.09 (qq, J1 5 J2 5 6.3 Hz, 1 H, OiPr-
CH3), 7.1927.36 (m, 5 H, aryl-H). 2 13C NMR (75 MHz, CDCl3):
δ 5 21.7 (OiPr-CH3), 39.9 (3-CH), 41.5, 41.7 (2-CH2, 4-CH2), 42.9
(6-CH2), 69.9 (OiPr-CH), 74.5 (1-C), 111.7 (C5CH2), 126.5, 126.9,
128.5 (aryl-CH), 143.5, 145.2 (aryl-C, 5-C), 175.6 (C5O). 2 IR:
ν̃ 5 3510, 307022835, 1725 cm21. 2 C17H22O3 (274.4): calcd. C
74.42, H 8.08; found C 74.19, H 8.45.
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