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The four stereoisomers of 1-cyclohexyl-1,2-epoxy-1-phenyl-3-piperidylpropane
which are putative muscarinic antagonists, have been synthesised employing
(S)- and (R)-l-cyclohexyl-1-phenyl-1,3-propanediol as chiral synthons. The
relative configuration of the second chiral centre of the four isomers was
deduced from NOE results and by finding identical 'H NMR spectra for one of the
optically active intermediates and its corresponding racemate of known relative

stereochemistry.

At least four subtypes of muscarinic receptors (M, M,,
M;, and M,) can now be discriminated on the basis of
radioligand binding experiments' and pharmacological
studies employing a number of selective antagonists.**
Data obtained during recent years suggest that the
muscarinic receptor subtypes can also be differentiated on
the basis of their stereoselectivity.>'2

As part of an on-going programme on structure—
activity relationships of muscarinic antagonists, we have
prepared a new series of optically active epoxides which
are unable to form the hydrogen bond required for the
interaction with one of the four subsites of the muscarinic
M,, M,, M; and M, receptor model advanced by
Waelbroeck et al.®'3

Results and discussion

Synthesis. Initially, the synthesis of the optically active
epoxides 10 were attempted by subjecting the readily
available allylic alcohol (Z)-1'* to the Sharpless asym-
metric epoxidation'” furnishing the epoxy alcohol 8 which

CH,OH CH,0H
E—— —
o %
@1 (25,3R)-8 (60% ee)

Scheme 1. Sharpless epoxidation of (Z)-1. ( + )-Diisopropyl
tartrate, Ti(O'Pr),,’BuOOH, CH,Cl,, molecular sieves,
—20°C.

* Part 2 of this series: P. Sjo, P. Groth and A. J. Aasen Acta
Chem. Scand. 44 (1990) 957.
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was assumed to be an appropriate precursor for the amine
10 (Scheme 1). However, the optical purity of the epoxy
alcohol 8 was unacceptable; furthermore, recrystallization
did not effect enantiomeric enrichment. The moderate
enantiomeric excess is attributed to the steric hindrance
exerted by the cyclohexyl and phenyl substituents. We
then turned to a more arduous route in which the
isomeric epoxides 7 were isomerised to the epoxides 8
employing the Payne rearrangement.'® The chirality was
introduced through the known optically active diols 4!7
(Scheme 2).

The epoxides 7 were synthesised in seven steps as
outlined in Scheme 2. Optically pure (R)-(—)- and
(S)-(+)-1-cyclohexyl-1-phenyl-1,3-propanediols 4 were
prepared essentially as previously described by
Schjelderup et al.'” The action of an ultrasonic bath
during the Reformatsky reaction'® provided (4 )-ethyl
3-cyclohexyl-3-hydroxy-3-phenylpropanoate devoid of
by-products. Hydrolysis of the racemic ester followed by
enantiomeric resolution of the resulting acids and subse-
quent borane reduction gave the diols (R)-(—)-4 and
(8)-(+)-4 of high optical purity (>97 % ee), as judged
from 'F NMR spectroscopy of their (R)-MPTA esters.®

The diols 4 were converted into the allylic alcohols 6
in fair overall yields employing the elegant selenoxide

Fig. 1. Observed nuclear Overhauser effects on irradiation of
the cyclohexyl protons at 1.6 ppm.
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Scheme 2. Synthesis of (1R,2S)-10 and (1R,2R)-10. (1S,2R)-10 and (1S,2S)-10 were prepared accordingly from (S)-4: a,
BrCH,COOEt, Zn, dioxane; b, KOH (aq.), r.t.; ¢, (R)-(+)-phenylethylamine; d, NaBH,, BF;-Et,0, THF, reflux; e, NsCl,
DMAP, triethylamine, CH,Cl,, 0°C; f, i,2-nitrophenyl selenocyanate, NaBH,, EtOH, 0°C to r.t. ii,H,0,, THF, 0°C; g, m-CPBA,
NaHCO,, CH,Cl,, r.t., chromatographic separation of the diastereomers; h, KO‘Bu, DMF, r.t.; i, piperidine, DMF, r.t.

route for transforming primary and secondary alcohols
into the corresponding alkenes.?® The diols 4 were mono-
nosylated (4-nitrobenzenesulfonate esters) providing an
excellent leaving group for the subsequent nucleophilic
attack of sodium 2-nitrophenyl selenide.?' Less reactive
sulfonates such as the mesylate or the tosylate did
not react satisfactorily. The selenides were oxidized
with aqueous hydrogen peroxide to the corresponding
selenoxides which readily fragmented to the alkenols 6.

The allylic alcohols 6 were epoxidized with 3-chloro-
perbenzoic acid in the presence of sodium hydrogen
carbonate. The diastereomeric epoxy alcohols 7 were
readily separated by flash chromatography on silica gel.
Base-induced Payne rearrangement of the epoxides 7
afforded the isomeric epoxides 8. The corresponding
nosylates 9 of the epoxy alcohols 8 reacted with piperidine
furnishing the four target compounds 10.

The optical purities of the epoxy alcohols 8 were
measured to be, as expected, better than 97 % ee as judged
from gas chromatographic analysis of their (R)-MPTA
esters.'>?2

Absolute configuration. Configurational assignment of
all stereoisomers of 10 follows from (a) the known!’
absolute configurations of the diols 4, and (b) the signifi-
cant nuclear Overhauser effects due to interaction,
probably, between the C-1 axial proton and/or one of

the C-2/6 equatorial protons of the cyclohexyl moiety
with the methine proton of the oxirane ring of the
nosylate (25,3R)-9 observed on irradiation of the cyclo-
hexyl protons at ca. 1.6 ppm (Fig. 1). Corresponding
connectivity through space was not observed for the
diastereomer (2R,3R)-9. The results from the Overhauser
experiments were confirmed by finding identical '"H NMR
spectra for the epoxide (25,3 R)-9 and the racemic product
obtained by epoxidation of the Z-isomer of the alkenol 1
with 3-chloroperbenzoic acid.

The potency of the individual isomers of the amino
alcohol 10 at muscarinic receptor subtypes will be
reported elsewhere.

Experimental

General methods. Optical rotations were recorded with
a Perkin-Elmer 241 polarimeter. Measurements were
carried out in chloroform, concentration 1.0 g/100 ml,
unless otherwise stated. Melting points were determined
on a Biichi melting point apparatus and are uncorrected.
'"H and "*CNMR spectra were recorded on Varian
Gemini-200 or XIL-300 instruments. All NMR measure-
ments were carried out in CDCl; solutions. The solvent
peak of chloroform (J 7.26 ppm) and the central solvent
peak of chloroform-d (4 77.00 ppm) were used as internal
references. All couplings are given in Hz. Approximate
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values for shifts and couplings of ABC- and ABX-spin
systems were obtained using the LAOCOON spin-
simulation program included in the software of the Varian
Gemini 200 instrument.

Dioxane and THF distilled from sodium-benzo-
phenone, DMF distilled from calcium hydride and
dichloromethane dried over 4A molecular sieves were
used when anhydrous conditions were required. The
reagents were used as received. All reactions were run in
a nitrogen atmosphere.

( & )-3-Cyclohexyl-3-hydroxy-3-phenylpropanoic acid (3).
Cyclohexyl phenyl ketone (5.00g, 26.6 mmol), ethyl
bromoacetate (5.32 g, 319 mmol), zinc dust (3.12g,
47.8 mmol) and iodine (0.67 g, 2.66 mmol) were added
to dry dioxane (50 ml) in a round-bottomed flask. The
reaction mixture was cooled on ice in the sonication vessel
and the sonication started. After an induction period of
0.25h the slurry turned green, indicating the start of
the reaction. Sonication was continued for 3 h at room
temperature. Water (50 ml) and diethyl ether (50 ml)
were added and the resulting suspension was filtered. The
phases were separated and the aqueous phase extracted
with diethyl ether (3 x25ml). The combined organic
phases were dried over Na,SO, and evaporated to
dryness and the residue was recrystallised from heptane—
ethyl acetate. Yield: 6.18 g (85%) of the ethyl ester of 3.

The ethyl ester was hydrolysed in refluxing 15%
aqueous KOH (50 ml) for 2.5 h. Acidification, extraction
and recrystallisation from heptane—ethyl acetate yielded
5.28 g (80 % from cyclohexyl phenyl ketone) of the acid 3.
M.p. 174°C. '"H NMR (200 MHz): § 0.85-1.30 (5 H, m),
1.48-1.85 (6 H, m), 290 (1 H, d, J 16.2),3.07 (1 H,d, J
16.1), 7.20-745 (5 H, m). Anal. C,s;H,,05: C, H.

(R)-(+ )- and (S)-( — )-3-Cyclohexyl-3-hydroxy-3-phenyl-
propanoic acid [(R)-( + )- and (S)-( —)-3]."7 Racemic 3
(18.00 g, 72.49 mmol) was dissolved in hot ethanol (200 ml).
(R)-(+ )-1-Phenylethylamine (8.61 g, 71.04 mmol) was
added. The (R)-(+)-1-phenylethylammonium salt of
(R)-(+)-3 crystallised immediately. Recrystallisation
from ethanol and acidic work-up yielded 7.69 g (43 %) of
(R)-(+)-3, m.p. 170°C, lit.'” 170-172°C; [a]® +27.3°
(c 1.8, EtOH), lit.'” [a]%+26.2° (¢ 1.6, EtOH). Anal.
CsH,05: C, H. (S)-(—)-3 was obtained from the
mother liquor following the same procedure above,
but using (S)-(— )-1-phenylethylamine as the resolving
agent. Yield: 7.62g (42%). M.p. 170°C, [a]¥® —27.9°
(c 1.6, EtOH), lit."” [a]¥ —25.6° (¢ 1.92, EtOH). Anal.
C,sH»,0;:C, H.

(S)-(+)-1-Cyclohexyl-1-phenyl-1,3-propanediol [ (S)-(+)-4].
The diol was synthesised from (S)-(— )-3 as described by
Schjelderup et al.'” (S)-(+ )-4 was obtained as a white
solid. M.p. 99°C, lit.'7 100-102°C; [a]® +22.9° (¢ 2.7,
EtOH), lit."” [«]3 +22.5° (¢ 3.6, EtOAc). '"H NMR
(200 MHz): 6 0.90-1.40 (5 H, m), 1.50-2.05 (7 H, m),
225242 (1 H, m), 340-3.55 (1 H, m), 3.60-3.80
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(1 H, m), 7.20-7.45 (5 H, m). Anal. C,sH,,0,: C, H.
The optical purity was determined to be >97% ee
using '°F NMR (300 MHz, CDCl,) analysis of the corre-
sponding (R)-a-methoxy-a-trifluoromethylphenylacetate
[(R)-MPTA] whose trifluoromethyl group resonated
71.95 ppm upfield from CFCl,.

(R)-(—)-1-Cyclohexyl-1-phenyl-1,3-propanediol [(R)-(—)-4].
The diol was prepared from (R)-(+ )-3 in a similar way as
described by Schjelderup et al'’ M.p. 100°C, [«]® -
21.8° (¢ 1.5, EtOAc). Anal. C,sH,,0,: C, H. The optical
purity was determined to be >97% ee using '’F NMR
(300 MHz, CDCl;) analysis of the corresponding (R)-a-
methoxy-a-trifluoromethylphenylacetate [(R)-MPTA]
whose trifluoromethy! group resonated 72.03 ppm upfield
from CFCl,.

(S)-( + )-3-Cyclohexyl-3-hydroxy-3-phenylpropyl 4-nitro-
benzenesulfonate [(S)-(+)-5]. 4-Nitrobenzenesulfonyl
chloride (NsCl) (4.18 g, 18.86 mmol) was dissolved in dry
dichloromethane (25 ml) and cooled to 0°C. Triethyl-
amine (2.60 g, 25.71 mmol) and 4-dimethylaminopyridine
(DMAP) (0.11 g, 0.86 mmol) were added. A solution of
(S)-(+)4 (400g, 17.14 mmol) in dichloromethane
(50 ml) was added slowly. The reaction was complete
within 4 h. Saturated NaHCO; (aq.) (50 ml) and diethyl
ether (150 ml) were added. The organic phase was washed
with brine (2 x 25 ml) and dried over Na,SO,. Evapora-
tion followed by filtration through a short silica gel
column gave (S)-(+ )-5 as a white solid. Recrystallisation
from heptane—ethyl acetate yielded 591 g (82%). M.p.
79°C (decomp.). [a]® +25.9°. '"H NMR (200 MHz): §
0.80-1.36 (5 H, m), 1.45-1.95 (6 H, m), 2.15-2.47 (2 H,
m), 3.83-395 (1 H, m), 404-4.13 (1 H, m), 7.19-7.37
(5H,m),794 (2H, m,J2.1,9.1),832 (2H, m, J 2.1, 9.0).
3C NMR (50 MHz): § 26.8, 27.0, 27.1, 27.4, 38.7, 49.2,
69.4, 77.8, 123.7, 124.7, 126.1, 127.5, 128.5, 140.8, 142.6,
149.7. Anal. C,, H,sNOS: C, H.

(R)-(— )-3-Cyclohexyl-3-hydroxy-3-phenylpropyl 4-nitro-
benzenesulfonate [(R)-(—)-5]. (R)-(—)-5 was prepared
from (R)-(— )-4 as described above. M.p. 76°C (decomp.).
[«]% —25.7°. Anal. C,, H,sNO,S: C, H.

(S)-(+)-1-Cyclohexyl-1-phenyl-2-propen-1-ol [ (S)-(+)-6].
NaBH, (0.65 g, 17.2 mmol) was added to an ice-cooled
solution of 2-nitrophenyl selenocyanate®*" (3.25g,
14.3 mmol) in absolute ethanol (100 ml). Gas evolved and
the solution assumed a deep red colour. When the gas
production had ceased the temperature was allowed
to rise to room temperature and (S)-(+)-5 (5.00¢g,
11.92 mmol) was added. The reaction was complete
within 5 h (TLC). THF (175 ml) was added and the solu-
tion cooled on ice whereupon 30 % aqueous H,O, (27 ml)
was added dropwise. The temperature was allowed to rise
to ambient temperature and the reaction mixture was



stirred for 18 h. Water (175 ml) was added and the
mixture extracted with heptane (175 ml+ 3 x 50 ml).
The combined organic phases were washed with brine
(2x50ml), dried over Na,SO, and evaporated. The
crude product was flash chromatographed on silica gel to
furnish 1.92 g of (S)-(+)-6 (75%) as a pale yellow oil.
[¢]% +42.2°. '"H NMR (200 MHz): § 0.95-1.35 (5 H, m),
1.40-1.85 (6 H, m), 5.18 (1 H, B part of an ABX system,
Jap 1.3, Jgx 10.7), 531 (1 H, A part of an ABX system,
Jax 17.2), 6.31 (1 H, X part of an ABX system), 7.23-7.46
(5 H, m). '3C NMR (50 MHz): § 27.1, 27.2 27.3, 274,
278, 48.1, 79.1, 112.1, 1249, 125.9, 127.4, 142.5, 144.8.
Anal. C;sH,,O: C, H.

(R)-(—)-1-Cyclohexyl-1-phenyl-2-propen-1-ol [ (R)-(—)-6].
(R)-(—)-6 was prepared from (R)-(—)-5 as described
above. [a]® —42.3° Anal. C,sH,,0: C, H.

(IS,2R)-(+ )- and (IS,2S)-( + )-1-Cyclohexyl-2,3-epoxy-
1-phenyl-1-propanol [(1S,2S)-(+ )- and (1S,2S)-(+ )-7].
3-Chloroperbenzoic acid (1.80 g, 10.40 mmol) was added
to a solution of (S)-(+)-6 (1.50g, 6.93 mmol) and
NaHCO,; (291g, 34.67mmol) in dichloromethane
(35 ml). The reaction was terminated after 36 h by the
addition of water (25 ml) and diethyl ether (50 ml). The
organic phase was extracted with sat. ag. NaHCO,
(25 ml) followed by brine (2 x 25 ml), dried over Na,SO,
and evaporated to furnish a solid product. The diastereo-
meric mixture was flash chromatographed on silica gel
whereupon (1S,2R)-(+)-7 and (1S5,25)-(+)-7 were
obtained as white crystals. Yields: 0.53 g (33%) and
082g (51%) of (1S,2R)-(+)-7 and (1S5,2S8)-(+)-7,
respectively.

(1S,2R)-(+)-7: m.p. 123°C. [«]®+ 13.6°. '"H NMR
(200 MHz): 6 0.95-1.35 (5 H, m), 1.45-1.90 (6 H, m), 2.53
(1 H, B part of an ABX system, J,g 5.0, Jpx 3.9), 2.55
(1 H, A part of an ABX system, J,x 3.2), 3.56 (1 H,
X part of an ABX system), 7.20-7.55 (5 H, m). *C NMR
(50 MHz): § 27.0, 27.2, 27.2, 27.5, 43.2, 48.9, 57.1, 74.1,
124.2, 126.2, 127.5, 142.4. Found: C 76.96; H 8.44. Calc.
for C;sH,,0,: C 77.55; H 8.68.

(18,28)-(+)-7: m.p. 129°C. [«]®+1.0°. 'H NMR
(200 MHz): 6 1.00-1.50 (5 H, m), 1.55-2.10 (6 H, m), 2.88
(1 H, B part of an ABX system, J,5 5.1, Jgx 4.0), 3.01
(1 H, A part of an ABX system, J,x 2.8), 3.56 (1 H,
X part of an ABX system), 7.15-7.55 (5 H, m). >*C NMR
(50 MHz): 6 27.0, 27.2, 27.5, 28.1, 45.6, 46.9, 56.4, 75.2,
125.1, 126.4, 127.5, 143.8. Anal. C,sH,,0,: C, H.

(IR,2S)-(—)- and (1R,2R)-( — )-1-Cyclohexyl-2,3-epoxy-
I-phenyl-1-propanol [(IR,2S)-( — )- and (IR,2R)-(— )-T].
(1R,1R)-(—)- and (1R,2S)-(—)-7 were prepared from
(R)-(— )-6 as described above.

(1R,2S)-(—)-7: m.p. 124°C. [a]% —15.5°. Found: C
76.80; H 8.55. Calc. for C,sH,,0,: C 77.55; H 8.68.

(1R2R)-(—)-7: mp. 129°C. [«]E —0.9° Anal
C,sH,,0,:C, H.
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(2S,3S)-(+)-3-Cyclohexyl-2,3-epoxy-3-phenyl- I-propanol
[(2S,3S)-(+)-8]. (1S,2R)-(+)-7 (0.40g, 1.72 mmol)
and KO’Bu (0.21 g, 1.89 mmol) were dissolved in dry
DMF (20ml). After 1h at room temperature, the
mixture was cooled on ice. Water (20 ml) and heptane
(20 ml) were added, the phases were separated and the
aqueous phase extracted with diethyl ether (3 x 20 ml).
The combined organic phases were washed sequentially
with water (3 x 20 ml), brine (1 x 20 ml) and dried over
Na,SO, followed by evaporation. Yield 0.34 g (85%)
of (25,3S)-(+)-8 as white crystals. M.p. 147°C.
[«]% +42.0°. '"H NMR (200 MHz): § 0.85-1.40 (5 H, m),
1.55-1.90 (6 H, m), 3.17 (1 H, B part of an ABC system,
Jap 11.8, Jgc 6.4), 3.33 (1 H, C part of an ABC system,
Jac 3.84), 3.46 (1 H, A part of an ABC system), 7.20-7.45
(5 H, m). ®C NMR (50 MHz): § 26.5, 26.7, 26.9, 28.4,
29.5, 45.3, 60.0, 62.4, 69.1, 126.8, 126.9, 127.2, 136.3. Anal.
C,sH,,0,:C, H.

The optical purity was found to be greater than
97% ee on capillary GC? of the (R)-MPTA ester'® of
(2S5,35)-(+)-8.

(2R,3S)-(+)-3-Cyclohexyl-2,3-epoxy-3-phenyl-1-propanol
[(2R,3S)-(+)-8]. (2R,3S)-(+)-8 was prepared as
above in 81% yield from (15,25)-(+)-7. M.p. 94°C.
[a]¥ + 64.4°. "H NMR (200 MHz): 6 0.90-1.40 (5 H, m),
1.45-1.95 (6 H, m), 3.17 (1 H, X part of an ABX system,
Jax 6.8, Jpx 4.7), 3.90 (1 H, B part of an ABX system, J,p
12.0), 4.03 (1 H, A part of an ABX system), 7.20-7.40
(5 H, m). ®C NMR (50 MHz): § 26.5, 26.6, 26.9, 29.2,
30.5, 42.3, 60.8, 64.4, 69.3, 126.8, 126.9, 127.3, 138.1. Anal.
C,sH,;,0,: C, H. Optical purity: >97% ee.

(2R,3R)-(—)-3-Cyclohexyl-2,3-epoxy-3-phenyl-1-propanol
[(2R,3R)-(— )-8]. (2R,3R)-(— )-8 was prepared from
(1R,2S)-(—)-7 as described above. M.p. 148°C.
[«]®—43.2°. Anal. C;sH,,0,: C, H. Optical purity:
>97% ee.

(2S,3R)-(—)-3-Cyclohexyl-2,3-epoxy-3-phenyl-1-propanol
[(2S,3R)-(—)-8]. (2S,3R)-(—)-8 was prepared from
(1R2R)-(—)-7 as described above. M.p. 94°C.
[2]% —63.4° Anal. C,sH,,0,: C, H. Optical purity:
>97% ee.

(2S,3S)-(+ )-3-Cyclohexyl-2,3-epoxy-3-phenylpropyl
4-nitrobenzenesulfonate [(2S,3S)-(+ )-9]. A solution of
(25,3S5)-(+ )-8 (0.25g, 1.07 mmol) in dichloromethane
(1 ml) was added to a cooled (0°C) solution of NsCl
(0.26 g, 1.17 mmol), triethylamine (0.17 ml, 1.25 mmol)
and a catalytic amount of DMAP in dry dichloromethane
(5ml). Work-up after 2 h as described for (S)-(+)-5
yielded 040g (90%) of (2S5,3S5)-(+)9. M.p. 70°C
(decomp.). [¢]®¥+6.8°. 'H NMR (200 MHz): ¢
0.85-1.40 (5 H, m), 1.50-1.90 (6 H, m), 3.19 (1 H, X part
of an ABX system, J,x 4.9, Jgx 6.6), 441 (1 H, B part of
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an ABX system, J,5 11.2), 4.57 (1 H, A part of an ABX
system), 7.15-7.45 (5 H, m), 8.18 (2 H, d, J 9.1), 8.44
(2 H, d, J9.0). °C NMR (50 MHz): § 26.3, 26.3, 26.6,
28.9, 304, 423, 60.2, 69.1 (2xC), 124.0, 127.0, 127.1,
127.2, 127.2, 128.7, 136.6, 140.7, 149.9. Found: C 61.70;
H 5.84. Calc. for C,, H,;NO(S: C 60.41; H 5.55.%*

(2R,38)-(+)-3-Cyclohexyl-2,3-epoxy-3-phenylpropyl
4-nitrobenzenesulfonate [(2R,3S)-(+)-9]. (2R3S)-(+)-9
was prepared as above from (2R,35)-(+)-8; yield 90 %.
M.p. 70°C (decomp.). [« ]3 + 76.6°. "H NMR (200 MHz):
00.75-1.35 (5 H, m), 1.50-1.85 (6 H, m), 3.40 (1 H, C part
of an ABC system, J,c 4.4, Jpc 6.6), 3.64 (1 H, B part of
an ABC system, J,5 11.0), 3.90 (1 H, A part of an ABC
system), 7.05-7.35 (5 H, m), 798 (2 H, d, J 9.1), 8.34
(2 H,d, J9.1). 3C NMR (50 MHz): 6 264, 26.5, 26.8,
28.2,29.3,446,579,69.1, 70.6, 123.8, 126.7, 1274, 127.5,
128.6, 135.0, 140.6, 143.6. Found: C 61.09; H 5.79. Calc.
for C,, H,;NOS: C 60.41; H 5.55.24

(25,3R)-(—)-3-Cyclohexyl-2,3-epoxy-3-phenylpropyl
4-nitrobenzenesulfonate [(2S,3R)-(—)-97]. (2S,3R)-(—)-9
was prepared as above from (25, 3R)-(—)-8. M.p. 70°C
(decomp.). [¢]Z —74.9°. Found: C 62.78; H 5.79. Calc.
for C,, H,;NOS: C 60.41; H 5.55.%¢

(2R,3R)-(—)-3-Cyclohexyl-2,3-epoxy-3-phenylpropyl
4-nitrobenzenesulfonate [(2R,3R)-(— )-9]. Prepared as
above from (2R,3R)-(—)-8. M.p. 70°C (decomp.).
[«]X—78° Found: C 61.78; H 6.12. Calc. for
C,,H,3NO4S: C 60.41; H 5.55.%

(18,28)-( +)-1-Cyclohexyl-1,2-epoxy- 1-phenyl-3-piperidyl-
propane [(IS,2S)-(+)-10]. (2S,3S)-(+)-9 (030g,
0.72 mmol) was dissolved in dry DMF (10 ml). Piperidine
(0.37 ml, 3.74 mmol) was added and the reaction was
stirred for 15h at room temperature before addition of
diethyl ether (30 ml) and water (30 ml). The aqueous
phase was extracted with diethyl ether (2 x 10 ml) and the
combined organic phases were washed with water
(3x20 ml) and dried over Na,SO,. The crude product
was filtered through a short silica gel column. Yield 0.20 g
(91%). (18,25)-( + )-10 was obtained as a colourless oil
which solidified on standing. [«]¥+31.2°. 'H NMR
(200 MHz): 6 1.85-2.10 (17 H, m), 245-2.75 (5 H, m),
305-3.20 (2 H, m), 720-740 (5 H, m). 3C NMR
(50 MHz): ¢ 248, 26.6, 26.7, 269, 29.1, 304, 424, 55.2,
579, 633, 672, 126.6, 1268, 1274, 1386. Anal.
C,0H,,NO: C, H, N.

(18,2R)-(+)-1-Cyclohexyl-1,2-epoxy- 1-phenyl-3-piperidyl-
propane [(1S,2R)-(+)-10]. (1S,2R)-(+)-10 was
prepared as described for (15,25)-(+)-10 from
(2R385)-(+)-9 in 93% yield. [«]¥+549°. '"H NMR
(200 MHz): 6 0.8-1.95 (17 H, m), 2.15-2.60 (6 H, m), 3.34
(1 H, dd, J 26, 7.1), 7.20-7.40 (5 H, m). '3*C NMR (50
MHz): § 24.7, 26.6, 26.7, 270, 28.4, 29.5, 45.2, 55.1, 59.5,
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612,676, 126.5,127.0, 127.3, 136.9. Anal. C,,H,,NO: C,
H, N.

(IR,2R)-(—)-1-Cyclohexyl-1,2-epoxy- 1-phenyl-3-piperidyl-
propane [(IR,2R)-(—)-10]. (1R,2R)-(—)-10 was
prepared as described for (1S,25)-(+)-10 from
(2R3R)-(—)-9. [@]p —33.1°. Anal. C,,H,,NO: C, H, N.

(I1R,28)-(—)-1-Cyclohexyl-1,2-epoxy-1-phenyl-3-piperidyi-
propane [(IR,2S)-(—)-10]. (1R,25)-(—)-10 was
prepared as described for (1S,25)-(+)-10 from
(25,3R)~-(—)-9. [2]¥ —53.1°. Anal. C,,H.,,NO: C, H, N.
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