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Samarium(II) iodide (SmI2) has been employed in an intramolecular sequential ketyl-olefin
coupling/â-elimination reaction. The overall process results in the net addition of an alkenyl species
to a ketone carbonyl. This novel protocol for the intramolecular delivery of an alkenyl moiety avoids
the basic reaction conditions typical of nucleophilic additions that are mediated by alkenylmag-
nesium halides and alkenyllithium reagents. A high degree of stereocontrol is imparted in the
SmI2-mediated process as a result of the excellent facial selectivity conveyed in the initial ketyl-
olefin coupling reaction. The relative asymmetric induction engendered in these addition reactions
is complementary to more traditional nucleophilic addition reactions in that the alkenyl group is
directed to the carbonyl center by an attached tether.

Introduction

The nucleophilic addition of organometallics such as
alkenylmagnesium halides and alkenyllithium reagents
to carbonyl compounds represents a powerful tool in
synthetic organic chemistry.1 However, nucleophilic
addition reactions of these unsaturated organometallics
are at times problematic. For example, the preparation
of these organometallic species often requires special
reaction conditions.2 Additionally, the diastereoselectiv-
ity in the nucleophilic addition reaction is often low.
Furthermore, because of the ability of these organome-
tallic agents to function both as nucleophiles and as
bases, enolate formation often competes with the nucleo-
philic addition reaction.3 Some improvement in the yield
of carbonyl addition of these alkenylmetallics has been
realized by the use of Lewis acids such as CeCl33 or the
use of ultrasound techniques.4 Additional modifications
of these reagents involving the use of covalent chiral
reagents1 and organocuprates5 have been introduced to
provide increased stereocontrol and enhanced yield in the
carbonyl addition reactions.
Other organometallic reagents have also been devel-

oped that are quite successful.6 Thus, anhydrous chro-
mium(II) chloride, in the presence of catalytic Ni(II), is
able to reduce alkenyl halides and alkenyl triflates to
provide an alkenylchromium species that participates in
carbonyl additions. Initially described by Nozaki and co-
workers7 and later expanded upon by Kishi and co-
workers,8 the alkenylchromium reagents are particularly
useful for the addition of alkenyl units to carbonyl
compounds, especially aldehydes.

During the course of a previous investigation a novel
radical-based protocol was discovered that resulted in the
net addition of an alkenyl moiety to a carbonyl group.
As outlined in Scheme 1, the SmI2-promoted cyclization
of the keto enol ether was anticipated to afford the
oxabicyclo[3.3.0]octane. Instead, the reaction provided
2-(hydroxymethyl)-1-ethenylcyclopentan-1-ol in high yield
and high diastereoselectivity even in the presence of an
added proton source. The overall conversion thus in-
volved a ketyl-olefin coupling between the ketone and
the enol ether (Scheme 1). The organosamarium that
was generated after ketyl-olefin coupling and subse-
quent reduction suffered â-elimination (instead of un-
dergoing protonation) to generate the observed 2-(hy-
droxymethyl)-1-ethenylcyclopentan-1-ol. The observed
stereocontrol in these ring-forming reactions has been
extensively investigated previously and results from a
cis-fused stereochemistry generated at the ring junction
upon radical cyclization onto a preexisting five-, six-, or
seven-membered ring.9

Realizing that this novel protocol represented an
alternative method to perform a net carbonyl addition
reaction with an alkenyl unit, we sought to explore the
scope and limitations of this internal alkenyl delivery
process. There were several perceived advantages to
pursuing this line of research. For example, the system
developed would provide a novel pathway for the directed
addition of an alkenyl group to a carbonyl moiety (eq 1).
The SmI2-mediated procedure was anticipated to allow
excellent stereocontrol in the net delivery of the alkenyl
species because the stereochemistry of the product would
be established in a preliminary 5-exo or 6-exo ketyl-
olefin coupling reaction.9c Notably, the introduction of
the alkenyl species would be directed by a tether to the
reaction center. This stereochemical outcome would be
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complementary to alkenylmetallic carbonyl addition re-
actions.10 Additionally, the SmI2-mediated protocol would
not suffer the consequences of a strongly basic reaction
mixture and hence substrate enolization would not be
problematic as with magnesium- and lithium-based or-
ganometallics.

Results and Discussion

Initially, a series of keto-enol ether substrates was
prepared to investigate the potential of this novel alkenyl
addition protocol. Substrates 3a-c (entries 1 and 2,
Table 1) were prepared in two steps from commercially
available starting materials by alkylation of the ap-
propriate â-keto ester 1 with 2-chloroethyl vinyl ether
and catalytic NaI in DMF solvent.11 Subsequent decar-
boxylation of the â-keto ester 2 with LiI afforded the
desired vinyl ether 3 in good yield (Scheme 2).12
The keto enol ether 6 (entry 3, Table 1) was prepared

by acid-catalyzed conjugate addition of allyl alcohol to
methyl vinyl ketone to afford allyl ether 5. Isomerization
of 5 to the enol ether 6 was accomplished with Wilkin-
son’s catalyst, ClRh(PPh3)3 (Scheme 3).13 The isomer-
ization with Wilkinson’s catalyst generally afforded a
1-2:1 mixture of E and Z olefins, respectively.
Attempts to prepare the remainder of the desired

substrates (entries 4-6, Table 1) via this short protocol
were thwarted because the acid-catalyzed conjugate
addition reaction of allyl alcohol would proceed only with
monosubstituted enones. The requisite substrates 10a-c
in entry 4, Table 1, were thus prepared from the readily
available keto esters 1a-c as outlined in Scheme 4. In
each instance the keto ester 1 was protected as the
ethylene glycol acetal14 and subsequently ester 7 was
reduced with LiAlH4 in THF.15 The alcohol 8 was
O-alkylated with allyl bromide under standard reaction
conditions16 and then subjected to an acidic aqueous

workup which afforded allyl ether 9 directly. The result-
ant allyl ether 9 was isomerized to the enol ether 10 with
Wilkinson’s catalyst, as above, to afford the desired
substrates 10a-c, entry 4.
Substrates 14 in entry 5 were prepared similarly from

the allyl ether generated in two steps from the cycloal-
kane-1,3-diol as outlined in Scheme 5. The cycloalkane-
1,3-diol was monoalkylated with allyl bromide, and the
resultant alcohol 12was subjected to a Swern oxidation,17
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Scheme 1 Table 1. Sequential Ketyl-Olefin Coupling/â-Elimination
Reactions Mediated by SmI2

a The reaction was performed on a 1-2:1 mixture of diastere-
omeric olefin isomers. b The ratios refer to olefin diastereoselec-
tivity. c A >20:1 mixture of diastereomeric olefins (1H NMR) was
obtained. d The ratios refer to diastereoselectivity at the newly
created stereogenic center. e The reaction was performed at rt.
f The reaction was performed at 60 °C.

Scheme 2
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affording the requisite allyl ether 13. The latter isomer-
ized readily upon treatment with Wilkinson’s catalyst to
provide the requisite enol ethers 14a,b, entry 5.
Finally, substrate 19 in entry 6 was prepared in several

steps beginning with the Diels-Alder adduct 16 derived
from the reaction of 2,3-dimethyl-1,3-butadiene and
methyl 4-oxo-2(E)-pentenoate and catalytic AlCl3 (Scheme
6).18 The resultant ketone 16 was protected as the
ethylene glycol acetal, and the ester 17 was reduced to
the alcohol with LiAlH4. The alcohol was O-alkylated
with allyl bromide, and the resultant allyl ether 18 was

isomerized to the requisite enol ether 19, entry 6, upon
treatment with Wilkinson’s catalyst.
Thus prepared, these substrates were employed to

examine the intramolecular alkenyl transfer reactions
promoted by SmI2. The results of this study are pre-
sented in Table 1. Optimized reaction conditions for this
cyclization-elimination protocol were determined to
involve the dropwise addition of the enol ether substrate
(0.03-0.05 M in THF) to a solution of SmI2 (5 equiv, 0.12
M in THF) containing 5 equiv of HMPA. In substrates
where the alkenyl group did not contain a substituent
at the terminal position, performing the reaction at
ambient temperature met with success. However, for
substrates in which the alkenyl group was terminally
substituted, optimum yields of the alkenyl transfer
product could be obtained only if the substrate was added
to a solution of SmI2-HMPA in THF heated at 60 °C.
Performing transfer reactions with more highly substi-
tuted alkenyl units at ambient temperatures resulted in
the isolation of products resulting from â-hydride elimi-
nation instead of elimination of the primary alcohol. In
either case, the transfer reactions were found to be
complete immediately upon addition of the starting enol
ether substrates to the SmI2 solution.
Substrates 3a,b (entry 1) were converted in fair yield

to afford the desired alkenyl transfer products 4a,b with
excellent diastereoselectivity when the radical cyclization
event took place upon the preexisting five-membered
cyclopentanone 3a. Cyclization onto the preexisting
seven-membered ring 3b afforded only a 4:1 mixture of
diastereomeric products. The stereochemistry in these
transformations was assigned on the basis of previous
cyclizations employing the all-carbon cyclization ana-
logues.9 The major diastereomers observed in the 5-exo
and 6-exo ketyl-olefin cyclization reactions were those
with the developing radical center trans to the alkoxy
group. The formation of this isomer avoids unfavorable
stereoelectronic interactions in the radical cyclization.19
The anticipated relative asymmetric induction was

further confirmed by independent synthesis of the dias-
tereomer of 4a, (1R*,2R*)-1-ethenyl-2-(2-hydroxyethyl)-
cyclopentan-1-ol, by addition of vinylmagnesium bro-
mide10 to the requisite ketone and subsequent deprotection
as outlined in eq 2.

Cyclization of substrate 3c in entry 2 likewise pro-
ceeded in good yield to afford the alkenyl transfer product
4c, albeit with fairly low diastereoselectivity. The ster-
eochemistry of the major diastereomer in this cyclization/
elimination event was not proven rigorously, but was
assigned on the basis of comparison with the all-carbon
cyclization analogue. It was anticipated that a moderate
level of asymmetric induction would be evident in the
alkenyl group transfer as the previously investigated all-
carbon substrate had afforded a 6:1 mixture of diaster-
eomeric products.9b
In general, the yields and diastereoselectivities of these

alkenyl transfer reactions were higher in instances where
the ketyl-olefin reaction transpired via a 5-exo-trig
process. This is clearly evident in entries 3-5, where
the desired alkenyl transfer products (7, 11a-c, 15a)
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Scheme 3

Scheme 4

Scheme 5

Scheme 6
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were obtained with excellent diastereoselectivity and in
high yield. The diastereomers in entry 3, performed at
ambient temperature, were a mixture of cis and trans
olefin isomers resulting from incomplete stereocontrol in
the â-elimination step. Entries 4 and 5 depict substrates
exhibiting excellent stereocontrol created by the initial
ketyl-olefin coupling sequence (>100:1 diastereoselec-
tivity at the newly created stereogenic center as deter-
mined by fused silica capillary GC). The diastereoselec-
tivity in the â-elimination step for terminally substituted
olefins in this sequential process was determined to be
temperature dependent. For example, the alkenyl trans-
fer reactions for entries 4 and 5, performed at 60 °C,
showed enhanced diastereoselectivity in the â-elimination
step (>20:1 by 1H NMR) as compared to diastereomeric
ratios of 5-6:1 for the trans olefin isomer in reactions
performed at ambient temperature. The cyclization
product resulting from the cyclohexanone derivative 14a
in entry 5 afforded excellent 1,3-asymmetric induction
in the alkenyl delivery. Such diastereoselectivities can-
not be readily achieved through traditional carbonyl
addition methods. The sequential cyclization event failed
for the cyclopentanone 14b in entry 5. In this example,
the 5-exo ketyl-olefin cyclization did not proceed and,
instead, the reaction provided an intractable mixture of
products. The major diastereomeric product depicted in
each entry assumes that the ketyl-olefin coupling reac-
tions proceed through transition structures similar to
those previously reported.9

Finally, the level of asymmetric induction for substrate
19 (entry 6) was investigated. The keto-enol ether 19
in this example cyclized in excellent yield but only fair
diastereoselectivity to afford a 5:1:1:1 mixture of diaster-
eomers inseparable by flash column chromatography. The
derived products in this cyclization-elimination sequence
appear to result from incomplete stereocontrol in both
the 6-exo ketyl-olefin coupling reaction and the â-elim-
ination reaction. By comparison with the previously
investigated all-carbon analogue,9c the major diastere-
omer 20 is expected to be that depicted in Table 1, entry
6. The asymmetric induction anticipated in the sequen-
tial cyclization-elimination process in entry 6 is likely to
proceed as outlined in Scheme 7.9b

Conclusion

The ketyl-olefin cyclization/â-elimination reaction de-
scribed herein provides a novel method for the introduc-
tion of an alkenyl moiety to a carbonyl species in high
yield while maintaining an excellent degree of stereo-
control. The method is complementary in many ways to

the more familiar methods of nucleophilic alkenyl addi-
tion to carbonyl compounds. For example, stereochemical
complementarity is observed because of the directed
addition of the alkenyl group to the carbonyl through a
tethered unit. Higher diastereoselectivities often result.
Additionally, more traditional methods often suffer from
enolization of the substrate carbonyl species. The SmI2-
mediated net alkenyl addition protocol developed herein
avoids the strongly basic, nucleophilic reaction conditions
typical of the traditional organometallic alkenyl addition
reactions. Finally, this protocol permits the introduction
of trans-substituted alkenyl groups to carbonyl species
by use of substituted enol ethers in the initial ketyl-
olefin coupling reaction.
We are currently investigating this novel method for

the construction of more elaborate ring systems in
another SmI2-mediated sequential process.

Experimental Section

Reagents. Tetrahydrofuran (THF) was distilled immedi-
ately prior to use from benzophenone ketyl under Ar. Sa-
mariummetal was purchased from Cerac Inc., Milwaukee, WI,
and was stored under an inert atmosphere. CH2I2 was
purchased from Aldrich Chemicals and was distilled prior to
use and stored over copper turnings under an inert atmo-
sphere. Standard benchtop techniques were employed for
handling air-sensitive reagents,20 and all reactions were car-
ried out under argon.
1-Ethenyl-2-(2-hydroxyethyl)cycloheptan-1-ol (4b).

General Procedure for the Alkenyl Transfer Reactions.
Samarium metal (0.15 g, 1.00 mmol) and CH2I2 (0.24 g, 0.90
mmol) in 15 mL of dry THF were stirred together vigorously
for 2 h. HMPA (1.34 g, 7.50 mmol) was added to the deep
blue-green SmI2 solution to afford a deep violet reaction
mixture. 3b (0.116 g, 0.64 mmol) was added dropwise via
cannula over 1.0 h as a 0.03 M solution in THF to the SmI2-
HMPA-THF solution. TLC analysis of the reaction mixture
after the substrate addition was finished revealed the complete
consumption of the starting keto olefin and formation of a
major, lower Rf product. The reaction mixture was quenched
with saturated aqueous NaHCO3 and subjected to an aqueous
workup. The desired diols 4b (39.2 mg, 0.21 mmol, a 4:1
mixture of diastereomers) were isolated in 71% combined yield
after flash column chromatography with 50% EtOAc/hex-
anes: (low Rf, minor) 1H NMR (500 MHz, CDCl3) δ 5.95 (dd,
J ) 10.9, 17.2 Hz, 1H), 5.25 (dd, J ) 0.4, 17.2 Hz, 1H), 5.09
(dd, J ) 1.29, 10.9 Hz, 1H), 3.73 (m, 1H), 3.58 (m, 1H), 2.02
(bs, 2H), 1.81 (m, 2H), 1.70 (m, 1H), 1.69-1.57 (m, 4H), 1.56
(m, 1H), 1.43-1.22 (m, 5H); 13C NMR (125 MHz, CDCl3) δ
142.44, 112.19, 78.21, 61.64, 45.84, 43.40, 36.35, 30.70, 29.95,
29.83, 21.62; IR (neat) 3353.4, 1681.7 cm-1; HRMS calcd for
C11H20O2 184.1463, found 184.1471; LRMS (EI+)m/z 184 (10),
167 (53), 149 (100), 137 (62), 123 (22), 109 (41), 97 (40), 83
(98), 70 (62), 55 (83); (high Rf, major) 1H NMR (500 MHz,
CDCl3) δ 5.92 (dd, J ) 17.4, 10.8 Hz, 1H), 5.21 (dd, J ) 17.37,
1.19 Hz, 1H), 5.04 (dd, J ) 10.8, 1.19 Hz, 1H), 3.71 (m, 1H),
3.59 (m, 1H), 1.85 (m, 2H), 1.78 (m, 2H), 1.71-1.62 (m, 5H),
1.57 (m, 1H), 1.48-1.42 (m, 3H), 1.34 (m, 2H); 13C NMR (125
MHz, CDCl3) δ 146.45, 110.89, 77.13, 60.74, 44.49, 41.82, 34.08,
28.83, 28.33, 26.89, 21.35; IR (neat) 3389.9, 1651.7 cm-1;
HRMS calcd for C11H20O2 184.1463, found 184.1466; LRMS
(EI+) m/z 184 (13), 167 (49), 149 (72), 139 (100), 109 (42), 97
(30), 83 (98), 70 (61), 55 (72).
(1R*,2S*)-1-Ethenyl-2-(2-hydroxyethyl)cyclopentan-

1-ol (4a) was prepared from 3a according to the general
procedure outlined for the preparation of 4b to afford the
desired diol as a single diastereomeric product (TLC and 1H

(19) Molander, G. A.; Kenny, C. J. Am. Chem. Soc. 1989, 111, 8236.
(20) Brown, H. C. Organic Syntheses via Boranes; Wiley: New York,

1975.
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NMR) in 50% yield after flash column chromatography with
50% EtOAc/hexanes: 1H NMR (500 MHz, CDCl3) δ 5.98 (dd,
J ) 10.9, 17.3 Hz, 1H), 5.26 (dd, J ) 1.49, 17.3 Hz, 1H), 5.14
(dd, J ) 1.39, 10.92 Hz, 1H), 3.77 (m, 1H), 3.59 (ddd, J ) 10.7,
9.23, 4.37 Hz, 1H), 2.24 (bs, 2H), 1.99 (m, 1H), 1.91 (m, 1H),
1.87-1.75 (m, 3H), 1.62 (m, 2H), 1.44 (m, 1H), 1.35 (m, 1H);
13C NMR (125 MHz, CDCl3) δ 140.39, 112.50, 82.03, 62.76,
49.31, 39.61, 32.76, 30.33, 20.38; IR (neat) 3389.8, 1643.6 cm-1;
HRMS calcd for C9H16O2 156.1150, found 156.1128; LRMS
(EI+)m/z 156 (10), 138 (100), 111 (42), 83 (43), 70 (49), 55 (98),
41 (39), 27 (61), 18 (71).
(3R*,4R*)/(3R*,4S*)-3,4-Dimethyl-5-hexene-1,4-diol (4c)

(major/minor)was prepared from 3c according to the general
procedure outlined for the preparation of 4b to afford the
desired 1,4-diol as a 2.7:1 mixture of diastereomers inseparable
by chromatography in 77% combined yield after an aqueous
workup and flash column chromatography with 45%
EtOAc/hexanes: (major diastereomer) 1H NMR (500 MHz,
CDCl3) δ 5.91 (dd, J ) 10.8, 17.3 Hz, 1H), 5.22 (d, J ) 17.3
Hz, 1H), 5.10 (dd, J ) 10.8, 1.29 Hz, 1H), 3.75 (m, 1H), 3.60
(m, 1H), 2.03 (bs, 2H), 1.79 (m, 1H), 1.70 (m, 1H), 1.37 (m,
1H), 1.28 (s, 3H), 0.91 (d, J ) 6.95 Hz, 3H); 13C NMR (125
MHz, CDCl3) δ 142.38, 112.95, 75.38, 61.30, 40.74, 34.57, 26.49,
15.65; HRMS calcd for C7H13O2 [M - CH3]+ 129.0916, found
129.0900; LRMS (EI+)m/z 129 (10), 111 (100), 71 (95), 55 (32),
43 (98); (minor diastereomer) 1H NMR (500 MHz, CDCl3) δ
5.91 (dd, J ) 10.8, 17.4 Hz, 1H), 5.22 (d, J ) 17.4 Hz, 1H),
5.08 (dd, J ) 10.8, 1.29 Hz, 1H), 3.75 (m, 1H), 3.60 (m, 1H),
2.03 (bs, 2H), 1.79 (m, 1H), 1.70 (m, 1H), 1.42 (m, 1H), 1.23 (s,
3H), 0.91 (d, J ) 6.95 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ
145.05, 112.31, 75.28, 61.10, 34.95, 34.54, 23.78, 14.78; IR
(neat) 3353.9, 1643.8 cm-1.
(E)-3-Methyl-4-hexene-1,3-diol (7) was prepared from 6

according to the general procedure outlined for the preparation
of 4b to afford the desired 1,3-diol as a 6:1 mixture of E and
Z olefin isomers (E isomer major) in 85% combined yield after
an aqueous workup and flash column chromatography with
45% EtOAc/hexanes: (major diastereomer, lower Rf) 1H NMR
(500 MHz, CDCl3) δ 5.69 (dq, J ) 15.5, 6.45 Hz, 1H), 5.52 (m,
1H), 3.81 (m, 2H), 2.40 (bs, 2H), 1.82 (m, 2H), 1.70 (d, J )
6.45 Hz, 3H), 1.29 (s, 3H); 13C NMR (125 MHz, CDCl3) δ
137.26, 123.18, 73.94, 60.11, 42.48, 28.99, 17.63; IR (neat)
3344.1 cm-1; HRMS calcd for C7H13O2 (M - H)+ 129.0916,
found 129.0905; LRMS (EI+) m/z 129 (100), 113 (21), 95 (65),
85 (71), 69 (82), 55 (42), 43 (92), 18 (98).
(1′E,1R*,2S*)-2-(Hydroxymethyl)-1-(1′-propenyl)cyclo-

pentan-1-ol (11a) was prepared from 10a according to the
general procedure outlined for the preparation of 4b, except
the SmI2-HMPA solution in THF was heated to 60 °C for the
dropwise substrate addition, to afford the desired 1,3-diol, as
a >20:1 mixture of E and Z olefin isomers (E isomer major)
and >100:1 at the newly created stereogenic center, in 92%
combined yield after an aqueous workup and flash column
chromatography with 45% EtOAc/hexanes: 1H NMR (400
MHz, CDCl3) δ 5.78 (dq, J ) 15.5, 6.16, 1H), 5.65 (m, 1H),
3.56 (d, J ) 7.23 Hz, 2H), 2.11 (m, 1H), 1.90 (m, 1H), 1.87-
1.73 (m, 7H), 1.64 (m, 2H), 1.25 (m, 1H); 13C NMR (100 MHz,
CDCl3) δ 132.93, 124.21, 82.55, 64.15, 51.88, 39.67, 25.78,
20.88, 17.96; IR (neat) 3353.8, 1671.8 cm-1; HRMS calcd for
C9H14O (M - H2O)+ 138.1045, found 138.1095; LRMS (EI+)
m/z 156 (10), 138 (95), 123 (100), 84 (43), 69 (98), 41 (48).
(1′E,1R*,2S*)-2-(Hydroxymethyl)-1-(1′-propenyl)cyclo-

hexan-1-ol (11c) was prepared from 10c according to the
general procedure outlined for the preparation of 11a to afford
the desired 1,3-diol as a >20:1 mixture of E and Z olefin
isomers (E isomer major) and >100:1 at the newly created
stereogenic center, in 93% combined yield after an aqueous
workup and flash column chromatography with 45%
EtOAc/hexanes: 1H NMR (500 MHz, CDCl3) δ 5.89 (dq, J )
15.5, 5.89 Hz, 1H), 5.83 (m, 1H), 3.63 (t, J ) 10.4 Hz, 1H),
3.46 (dd, J ) 10.7, 3.97 Hz, 1H), 2.64 (bs, 2H), 1.78 (m, 1H),
1.75 (d, J ) 5.16 Hz, 3H), 1.73 (m, 1H), 1.71 (m, 1H), 1.66 (m,
1H), 1.51 (dt, J ) 3.97, 13.0 Hz, 1H), 1.44 (m, 1H), 1.38 (dt, J
) 3.57, 13.0 Hz, 1H), 1.34-1.23 (m, 1H), 0.97 (dq, J ) 16.9,
3.87 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 131.11, 125.28,

75.83, 66.20, 48.32, 41.29, 25.76, 25.37, 23.07, 18.17; IR (neat)
3354.8, 1681.8 cm-1; HRMS calcd for C10H18O2 170.1307, found
170.1293; LRMS (EI+)m/z 170 (20), 152 (59), 137 (92), 97 (30),
84 (41), 69 (100), 41 (82), 27 (49).
(1′E,1R*,2S*)-2-(Hydroxymethyl)-1-(1′-propenyl)cyclo-

heptan-1-ol (11b) was prepared from 10b according to the
general procedure outlined for the preparation of 11a to afford
the desired 1,3-diol as a >20:1 mixture of E and Z olefin
isomers (diastereomeric olefins, E isomer major) and >100:1
at the newly created stereogenic center, in 74% combined yield
after an aqueous workup and flash column chromatography
with 45% EtOAc/hexanes: 1H NMR (400 MHz, CDCl3) δ 5.78
(dq, J ) 6.43, 15.3 Hz, 1H), 5.61 (m, 1H), 3.61 (dd, J ) 10.57,
10.71 Hz, 1H), 3.47 (dd, J ) 10.44, 4.81 Hz, 1H), 2.79 (bs, 1H),
2.41 (bs, 1H), 1.96 (m, 1H), 1.81 (m, 3H), 1.72 (dd, J ) 1.34,
6.43 Hz, 3H), 1.64 (m, 2H), 1.56 (m, 2H), 1.39 (m, 1H), 1.25
(m, 1H), 1.12 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 134.45,
123.50, 78.46, 66.34, 49.98, 43.66, 30.18, 29.59, 26.10, 21.81,
17.86; IR (neat) 3356.0, 1684.0, 1455.5 cm-1; HRMS calcd for
C11H18O (M - H2O)+ 166.1358, found 166.1346; LRMS (EI+)
m/z 166 (72), 137 (100), 128 (30), 109 (54), 91 (33), 79 (48), 67
(40), 55 (98), 41 (81), 27 (60).
(1R*,3R*)-1-(1-Propenyl)cyclohexane-1,3-diol (15a)was

prepared from 14a according to the general procedure outlined
for the preparation of 11a to afford the desired 1,3-diol as a
>20:1 mixture of E and Z olefin isomers (diastereomeric
olefins, E isomer major) and >100:1 at the newly created
stereogenic center, in 74% combined yield after an aqueous
workup and flash column chromatography with 45%
EtOAc/hexanes: 1H NMR (500 MHz, CDCl3) δ 5.65 (dq, J )
15.5, 6.16 Hz, 1H), 5.56 (m, 1H), 3.95 (tt, J ) 10.9, 4.37 Hz,
1H), 1.97 (m, 1H), 1.92 (m, 1H), 1.70 (m, 1H), 1.68 (d, J )
6.15 Hz, 3H), 1.64 (m, 1H), 1.52 (m, 1H), 1.41-1.22 (m, 4H),
1.14 (dq, J ) 12.31, 4.47 Hz, 1H); 13C NMR (125 MHz, CDCl3)
δ 139.12, 122.45, 73.10, 67.50, 46.26, 36.76, 35.04, 19.82, 17.68;
IR (neat) 3389.9, 1651.5 cm-1; LRMS (EI+) m/z 156 (31), 138
(23), 84 (18), 69 (42), 39 (100), 27 (62). Anal. Calcd for
C9H16O2: C, 69.19; H, 10.32. Found: C, 69.00; H, 10.57.
(2′R*,4R*,5R*)-1,2-Dimethyl-4-(hydroxymethyl)-5-(2′-

hydroxy-3′-pentenyl)cyclohexene (20) was prepared from
19 according to the general procedure outlined for the prepa-
ration of 11a to afford the desired 1,4-diol as a 5:1:1:1 mixture
of diastereomers (at C2′ and C5, each diastereomer a mixture
of cis and trans olefin isomers, trans olefin major) in 74%
combined yield after an aqueous workup and flash column
chromatography with 25% EtOAc/hexanes: 1H NMR (500
MHz, CDCl3) δ 5.68 (m, 0.20H), 5.63 (dq, J ) 15.6, 6.25 Hz,
1H), 5.76-5.54 (m, 0.80H), 3.94 (dd, J ) 11.4, 3.47 Hz, 0.20H),
3.90 (dd, J ) 11.3, 2.68 Hz, 0.80H), 3.42 (dd, J ) 11.4, 3.77
Hz, 0.80H), 3.37 (m, 0.20H), 2.38 (bs, 2H), 2.09 (m, 1H), 1.80
(m, 2H), 1.70 (d, J ) 4.96 Hz, 3H), 1.67-1.59 (m, 3H), 1.57 (s,
3H), 1.55 (s, 3H), 1.29 (s, 3H); (major diastereomer) 13C NMR
(125 MHz, CDCl3) δ 139.24, 125.17, 124.40, 123.19, 75.67,
65.80, 45.95, 38.64, 36.87, 35.41, 21.19, 18.66, 18.48, 17.75;
IR (neat) 3331.6, 1665.7, 1442.8 cm-1; HRMS calcd for
C14H22O2 (M - H2O)+: 206.1671, found 206.1672; LRMS (EI+)
m/z 206 (8), 175 (12), 121 (19), 107 (59), 85 (100), 69 (38), 43
(37).
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