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Hi ghly Enanti osel ective Regi odi vergent and
Catalytic Parallel Kinetic Resolution

Fabi o Bertozzi, Paolo Crotti, Franco Macchia, Mauro
Pi neschi * Ben L. Feringa*

General nethods. Al reactions were conducted in
flame dried glassware with magnetic stirring under an
at nosphere of argon. Toluene and diethyl ether were
distilled from sodi um benzophenone ketyl and stored under
argon. EtzZn (1.1 Msolution in toluene) and MepZn (2.0 M
solution in toluene) were purchased from Aldrich.
Anal ytical TLC were perfornmed on Alugram SIL G Uv254
silica gel sheets (Macherey-Nagel) with detection by 0.5%
phosphonol ybdi ¢ acid solution in 95% EtOH. Silica gel 60
(Macher ey- Nagel 230-400 nesh) was used for flash
chr omat ogr aphy. Sol vent s for extraction and
chr omat ogr aphy were HPLC gr ade.

Optical rotation were neasured on a Perkin-El nmer 241
digital polarimeter with a 1 dmcell. 1H NVR spectra were
recorded on a Bruker AC-200 spectroneter on CDO 3
solution. Chemcal shifts are reported in ppm downfield
fromtetramethylsilane with the solvent resonance as the
internal standard (deuterochloroform d 7.26). 13C NMWR
spectra were recorded on a Bruker AC 200 (50 Miz)
spectroneter with conplete proton decoupling. Chem cal

shifts are reported in ppm downfi el d from
tetramethylsilane with the solvent resonance as the
i nternal standard (deuterochl oroform d 77.7). Gas

chromat ography was perfornmed on a Perkin-El ner 8420
apparatus (FlI detector) using a Chronmopak fused silica 50
m X 0.25 mm colum, coated with CP-Cycl odextrin-B-236-M
19). In all cases, the injector and detector tenperature
was 250°C and a 0.9 nL / mn heliumflow was enpl oyed.



General procedure for the regiodivergent parallel
kinetic resolution. A solution of Cu(Olf), (10.83 ng,
0.030 mml) and (RRR-1 ( 32.3 ng, 0.06 mml) in
anhydrous toluene (4.0 nL) was stirred at r.t. for 40
mn. The colorless solution was cooled to -78 °C, and
subsequently additioned wth a solution of racemc
vi nyl epoxide (2.0 mml) in toluene (1.0 nL) and with 3.0
mol of RpZn (solution in toluene). The resulting |ight
yel Il ow sol uti on was quenched with saturated aqueous NH;Cl
(5.0 nL) once the reaction reached conpletion (CC
anal ysis). Extraction with Et20 and evaporation of the
dried (MySQ4) organi c phase gave the crude product, which
was subjected to flash chromat ography.

R- (+)-3-Propyl - 2-cycl ohexen-1-ol (3a):1

The general procedure was followed enploying 220 ng of
racemic vinyloxirane 22 (2.0 mmol), Cu(OTf)2 (10.8 nmy,
0.03 mmol), chiral ligand (RR R-1 (32.3 ng, 0.06 mmol)
and EtozZn (2.72 ni, 3.0 nmmmol). The usual work-up afforded
a crude reaction mxture which was subjected to flash
chromat ography (Si Q) with 10% Et OAc: hexanes to give 129
ng of pure 3a (46%, as a liquid. TLC (15% Et OAc/ hexanes)
Rf=0. 14. [a] p=+43 (c=1.0, CHd 3).
The enantionmeric excess of 3a (80% was determ ned by
chiral GC (CP-cycl odex-b-colum), isothermal 110°C, S-(-)
(mnor) tr30.78 mn, R(+) (major) tr 31.72 mn.

(1S, 2S)-(-)-3-Methylidene-2-ethyl-1-cycl ohexanol (4a):
The first eluting fractions of the above described

flash chromat ography afforded 104 ng of pure 4a (37% as
a liquid. TLC (15% EtOAc/hexanes) Rf=0.20. [a]p=-8.9

(c=1.12, CHO 3).

IH NVR d 4.84 (bs, 1H, nmethylidene H), 4.73 (bs, 1H,
net hylidene H), 3.65-3.72 (m 1H, CHOH), 1.95-2.21 (m
3H, allylic-H), 1.38-1.85 (m 6H -CHp-), 0.87 (t, 3H -
CHs, J=7.3 Hz).

13C NWR d 178.53, 111.60, 73.08, 54.16, 32.53, 30.39,
23.46, 23.32, 12.66.



Anal . Calcd. for CgHigO C, 77.08; H, 11.51. Found : C,
77.24; H, 11.38.

The enantioneric excess of 3a (99% was determ ned by
chiral GC (CP-cycl odex-b-colum), isothermal 110 °C, (1R,
2R)-(+) (mmnor) tr23.44 mn, (1S, 2S5)-(-) (mpor) tR
23.87 mn.

(R) - (+)-3-Ethyl-2-cycl ohexen-1-ol (3b):3

The general procedure was followed enploying 110 ng of
racemc vinyloxirane 2 (1.0 mml), CQ((OTf)2 (5.4 ny,
0.015 mml ), chiral ligand (R R R-1 (16.2 ng, 0.03 mmol)
and MeoZn (0.75 i, 1.5 mmol). The usual work-up afforded
a crude reaction mxture which was subjected to flash
chromat ography (Si®) wth 10% Et OAc: hexanes to give 51
nmg of pure 3b (40%, as a liquid. TLC (20% Et OAc/ hexanes)
Rf =0. 21.
The enantiomeric excess of 3b (96% was determ ned by
chiral GC (CP-cycl odex-b-colum), i sothermal 115 °C,
(S)-(-) (mnor) tr35.21 mn, (R-(+) (major) tr 35.67
mn.

(1S, 2S)-(+)-3-Methylidene-2-nethyl-1-cycl ohexanol (4b):
The first eluting fractions of the above described

flash chromat ography afforded 47 ng of pure 4b (37% as a
['iquid. TLC (20% Et CAc/ hexanes) Rf =0. 29. [ a] p=+27

(c=0.53, CHA3). 1IH NVR d 4.78 (bs, 1H, nethylidene-H),
4.69 (bs, 1H, nethylidene-H), 3.23 (dt, 1H, -CHOH, J=3.9
and 8.8 Hz), 2.19-2.35 (m 1H, -CHCHz), 1.86-2.14 (m
3H), 1.68-1.83 (m 1H), 1.31-1.53 (m 2H), 1.16 (d, 3H,
CHz, J=6.8 Hz.

13C NWMR d 151.30, 108.45, 76.59, 46.30, 35.41, 34.57,
25.22, 15.17.

Anal. Calcd. for CgHi4sO C, 76.14; H, 11.18. Found : C,
76.29; H, 11.35.

The enantionmeric excess of 4b (929 was determ ned by
chiral GC (CP-cycl odex-b-colum), isothermal 105 °C, (1R,
2R)-(-) (mnor) tgr27.72 mn, (1S, 2S)-(+) (mjor) tR
28. 14 mn.



(1R, 4R)-(+)-4-Ethyl-2-cycl ohexen-1-o0l (6a):

The general procedure was followed enploying 96 ng of
racemic vinyloxirane 54 (1.0 mmol), Cu(OTf)2 (5.40 ny,
0.015 mml ), chiral ligand (R R R-1 (16.2 ng, 0.03 mmol)
and EtozZn (1.36 ni, 1.5 mmol). The usual work-up afforded
a crude reaction mxture which was subjected to flash
chromat ography (SiO®) with 20% Et OAc: hexanes to give 78
ng of pure 6a (62% as a |iquid.

IH NVR d 5.58-5.72 (m 2H, olefinic-H), 4.32-4.36 (m 1H,
-CHOH), 1.75-2.13 (m 3H), 1.08-1.47 (m 4H, -CHp-), 0.88
(t, 3H, -CHCHz, J=7.3 Hz).

13c NWR d 135.01, 130.97, 67.75, 37.61, 32.64,
29. 26, 27.10, 11.93.

Anal. Calcd. for CgHi4sO C, 76.14; H, 11.18. Found : C,
76.35; H, 11.24.

The enantionmeric excess of 6a (34% was determ ned by
chiral GC (CP-cycl odex-b-colum), isothermal 115 °C, (1S,
4S)-(-) (mnor) tr25.98 mn, (1R 4R -(+)-(mjor) tR
26.78 nin.

(1S, 2S)-(+)-2-Ethyl-3-cycl ohexen-1-ol (7a):

The first eluting fractions of the above described
flash chromat ography afforded 18 ng of pure 7a (14% as a
liquid. [a]p=t97.4 (c=1.5, CHO 3).

IH NMR d 5.59-5.71 (m 1H, olefinic-H), 5.47-5.56 (m 1H
olefinic-H, 3.53-3.67 (m 1H, -CHOH), 1.77-2.16 (m 4H),
1.24-1.74 (m 3H), 0.94 (t, 3H, -CHCHg, J=7.3 Hz).

13C NWR d 129.29, 127.12, 71.39, 45.92, 30.61, 26.14,
24.43, 11.55.

Anal. Calcd. for CgHi4sO C, 76.14; H, 11.18. Found : C,
76.30; H, 11.32.

The enantioneric excess of 7a (>98% was determ ned by
chiral GC (CP-cycl odex-b-colum), isothermal 110 °C, (1S,
2S)-(+) (mpjor) tr24.06 mn, (1R 2R)-(-) (mnor) tr 24.56
mn.



(1R, 4R)-(+)-4-Methyl -2-cycl ohexen-1-0l (6b):°

The general procedure was followed enploying 192 ng of
racemc vinyloxirane 5 (2.0 nmol), Cu(Orf), (10.8 ng,
0.03 mmol), chiral ligand (RR R-1 (32.3 ng, 0.06 mmol)
and EtozZn (2.72 nmi, 3.0 nmmmol). The usual work-up afforded
a crude reaction mixture which was repeatedl y6 subjected
to flash chromat ography (SiQ;) with 10% Et OAc: hexanes to
give 85 ng of pure 6b (38% as a |liquid.
The enantiomeric excess of 6b (64% was determ ned by
chiral GC (CP-cyclodex-b-colum), isothermal 104 °C,
(1S,4S)-(-) (mnor) trl19.94 mn, (1R 4R -(+) (mjor) tRr
20.72 min.

(1S, 2S)-(+)-2-Methyl-3-cycl ohexen-1-ol (7b):.7

The first eluting fractions of the above described
flash chromat ography afforded a total anount of 45 ng of
pure 7b (20% as a |iquid.
The enantioneric excess of 7b (>97% was determ ned by
chiral GC (CP-cycl odex-b-colum), isothermal 104 °C, (1S,
2S)-(+) (major) tgrl9.73 mn, (1R 2R -(-) (mnor) tR
20. 46 nin.

Det erm nati on of Absolute Configurations of 7b:

To a 60:40 mxture of 6b and 7b (80 ng) in absolute
EtOH (7 nm) was added a catalytic amount of Pd on
charcoal. The resulting mxture was vigorously stirred
overni ght under a Hp atnosphere at rt. Filtration through
a pad of CeliteR and evaporation of the organic solvent
afforded a crude reaction mxture which was subjected to
flash chromatography (Si®) wth 13% EtQAc: hexanes to

give 5 ng of pure (1S, 2S)-(+)-2-methylcycl ohexanol .8
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