
Synthetic Applications of 1-Aminoalkyl Chloromethyl Ketones.
Synthesis of Enantiopure 3-Azetidinols and Aminoalkyl Epoxides
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Addition of several organocerium compounds to chiral 1-aminoalkyl chloromethyl ketones 1 affords,
after deprotection, enantiomerically pure 3-azetidinols 5. The synthesis of enantiopure amino
epoxides 8 is also described by successive treatment of chiral R-amino ketones 1 with organocerium
compounds and methyllithium.

Introduction

Azetidines are of widespread interest because of their
reactivity1 and biological activity.2 However, the chiral
azetidine skeleton has been one of the most difficult
amines to synthesize because of its ring strain,1a,3 and
development of effective general methods for the synthe-
sis of enantiomerically pure azetidines is of significant
value.4 Thus, chiral 3-azetidinols can be obtained from
the reduction of â-lactams,5 cyclization of 3-amino-1,2-
diols,6 and nitrogen nucleophilic substitution of L-threi-
tol.7 Despite these methods, a simpler and more direct
entry to enantiomerically pure 3-azetidinols8 by cycliza-
tion of chiral 3-amino-1-chloroalkan-2-ols would be desir-
able.
Recently, we have reported the direct preparation of

chiral 1-aminoalkyl chloromethyl ketones9 and their
reduction to threo R-aminoalkyl epoxides with high
diastereoselectivity (94-98%).10 These results prompted
us to investigate the previously unreported reaction of
chiral R-amino ketones with organometallic compounds.
This reaction would afford the suitable chiral γ-chloro
amines that could be easily transformed into chiral

azetidinols, since their cyclization would be favored by
the presence of the hydroxyl and alkyl groups at C2 and
by the bulky groups on the nitrogen.11 Thus, in this
paper, we report the preparation of enantiomerically pure
3-azetidinols in an efficient synthesis starting from
1-aminoalkyl chloromethyl ketones. We also report the
generalization of the synthesis of R-amino epoxides,
because of their synthetic usefulness,12 through the
addition of organometallic compounds to 1-aminoalkyl
chloromethyl ketones. In both cases, the addition of the
organometallic compounds to the ketones takes place
with high diastereoselectivity and full retention of the
stereochemistry at the R-carbon of the starting R-amino
ketone.

Results and Discussion

The reaction of 1-aminoalkyl chloromethyl ketones 1
with different organocerium compounds at -60 °C gave,
after hydrolysis, the corresponding chlorohydrins 3 in
high yield. Compounds 3 were stable in tetrahydrofuran
solution.13 When the solvents were completely evapo-
rated to dryness at room temperature, heterocyclization
of compound 3 gave the corresponding azetidinium salt
4 with high diastereoselectivity (see Experimental Sec-
tion and Scheme 1).
Organocerium reagents were prepared by treatment

of anhydrous cerium trichloride with organolithium14 or
organomagnesium15 compounds in THF at -60 °C.
Compounds 1 were synthesized in enantiomerically pure
form starting from R-amino acids.9 Dibenzylated ketones
1 were used as starting compounds instead of other
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N-protected ketones due to their stability and high
diastereoselectivity showed in their reduction reaction.10

The diastereoisomeric excess (de) of azetidinium salts
4 (ranging between 90% and >95%) was determinated
by 300 MHz 1H NMR analysis. The degree of stereose-
lectivity was only moderately affected by the size of R2

in the organometallic compound and R1 at the stereogenic
center in the R-amino ketone (see Table 1). Configura-
tional assignments of product 4 were made by NOE
experiments of compound 4a. Saturation of the methyl
hydrogens at C-3 produced positive NOE in H-2 proton,
confirming the cis relationship of these protons and the
trans relative stereochemistry for both methyl groups.
The addition of organocerium reagent to ketone 1 takes

place under nonchelation control, in agreement with the
previously reported addition of organometallic com-
pounds to dibenzylated amino aldehydes16 or reduction
of amino ketones.10,17

We have studied the deprotection of azetidinium salts
4. When compounds 4b and 4d were treated with
HCO2H in the presence of palladium in refluxing metha-
nol for 12 h,18 the expected 3-azetidinols 5b and 5d were
isolated respectively (90% yield). N-Benzylazetidinol can
be also obtained; 6a was prepared by reaction of 4a with
HCO2H/Pd in methanol at room temperature for 2 h (95%
yield) (see Scheme 2).

Treatment of intermediate 2 with methyllithium at
-60 °C, gave the corresponding lithium alcoholate 7.
When the reaction mixture was allowed to warm to room
temperature, the epoxide 8 was isolated, as shown in
Scheme 3.19 Yields and diastereoisomeric excess are
summarized in Table 2.
The racemization of N-protected carbonyl compounds

derived from phenylalanine has been carefully documen-
tated.20 Under the described reaction conditions the
addition of organocerium reagents to the ketone 1 derived
from phenylalanine took place with no detectable race-
mization. The enantiomeric purity of product 8e and 8f
was determinated by chiral HPLC (Chiracel OD-H)
analysis, showing an enantiomeric excess (ee) >99% in
both cases; racemic mixtures of 8e and 8f were prepared
to exclude the possibility of comigration of both enanti-
omers in HPLC.
In conclusion, we have demonstrated the synthetic

utility of the reaction of chiral 1-aminoalkyl chloromethyl
ketones with organometallic compounds affording enan-
tiomerically pure 3-azetidinols and R-amino epoxides
with high yield and diastereoselectivity. This method is
general and simple, and the starting materials are easily
available.

Experimental Section

General. Analytical TLC was conducted in precoated silica
gel 60 F-254 on aluminum sheets; compounds were visualized
with UV light or iodine. 1H NMR spectra were recorded at
300 or 200 MHz. 13C NMR spectra were recorded at 75 or 50
MHz. Chemical shifts are reported in ppm relative to TMS
in CDCl3. Only the molecular ions and/or base peaks in MS
are given. The enantiomeric purity was determined by chiral
HPLC analysis using a Chiracel OD-H (0.46 × 25 cm, Diacel)
column.
Methyllithium, butyllithium, lithium bromide, formic acid,

allylmagnesium bromide, cerium chloride, and palladium black
were purchased from Aldrich and were used without further
purification. All the reactions were conducted in oven-dried
glasswere under dry nitrogen. All solvents were purified before
use. THF was distilled from sodium benzophenone ketyl;
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Scheme 1

Table 1. Synthesis of Azetidinium Salts 4

product R1 R2 M yield (%)a deb

4a Me Me Li 84 94
4b Me Bu Li 84 >95
4c Me allyl Mg 80 >95
4d i-Bu Me Li 76 90
4e Bn Me Li 75 90
4f Bn Bu Li 74 90

a Isolated yield based on the starting ketone 1. b Diastereoiso-
meric excess determined by 300 MHz 1H NMR analysis of the
crude products 4.

Scheme 2

Scheme 3

Table 2. Synthesis of Amino Epoxides 8

product R1 R2 yield (%)a deb

8a Me Me 75 94
8b Me Bu 84 >95
8c Me allyl 70 >95
8d i-Bu Me 75 90
8e Bn Me 70 90c
8f Bn Bu 60 90d
8g Me Ph 80 >95

a Isolated yield based on the starting ketone 1. b Diastereoiso-
meric excess determined by 300 MHz 1H NMR analysis of
the crude products 8. c ee > 99% HPLC (Chiracel OD-H; UV
detector: 8e, 220 nm; 0.8 mL/min; 50:1 hexane/2-propanol; tR: 8e,
13.58 min). d ee > 99% HPLC (Chiracel OD-H; UV detector: 8f,
210 nm; 0.8 mL/min; 30:1 hexane/2-propanol; tR: 8f, 20.25 min).
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Azetidinium Salts 4. A suspension of anhydrous CeCl3
(1.97 g; 8 mmol) in THF (30 mL) was stirred overnight at room
temperature. Organolithium or allylmagnesium bromide (8
mmol) was added to this suspension at -60 °C, and the
mixture was stirred at this temperature for 1 h . Ketone 1 (4
mmol) was added, and after stirring for 2 h at -60 °C the
reaction was quenched with a saturated aqueous solution of
NH4Cl (10 mL) and extracted with diethyl ether (3 × 10 mL).
The combined organic layers were dried (Na2SO4), filtered, and
concentrated in vacuo. The crude product was recrystallized
from CH2Cl2-EtOAc to give 4 as white crystalline powder.
(2S,3S)-1,1-Dibenzyl-3-hydroxy-2,3-dimethylazetidin-

ium Chloride (4a) (84% yield): [R]25D +26.6 (c 0.36, CHCl3);
1H NMR δ 1.20 (s, 3 H), 1.60 (d, J ) 6.9 Hz, 3 H), 3.94 (d, J )
11.2 Hz, 1 H), 4.30 (d, J ) 13.1 Hz, 1 H), 4.57 (d, J ) 11.2 Hz,
1 H), 4.70 (q, J ) 6.9 Hz, 1 H), 4.80 (d, J ) 12.5 Hz, 1 H), 5.06
(d, J ) 13.1 Hz, 1 H), 5.28 (d, J ) 12.5 Hz, 1 H), 6.88 (s, 1 H),
7.31-7.53 (m, 8 H), 7.79-7.81 (m, 2 H); 13C NMR δ 8.1, 24.4,
58.9, 61.1, 66.4, 69.8, 77.4, 127.7, 128.1, 129.1, 130.0, 130.3,
132.6, 133.0; MS (FAB) m/z (rel intensity) 317 (M+, >1), 282
(M+ - Cl, 100). Anal. Calcd for C19H24ClNO: C, 71.80; H,
7.61; N, 4.41. Found: C, 71.52; H, 7.58; N, 4.39.
(2S,3S)-1,1-Dibenzyl-3-butyl-3-hydroxy-2-methylazeti-

dinium Chloride (4b) (84% yield): [R]25D +7.3 (c 0.95,
CHCl3); 1H NMR δ 0.56-0.60 (m, 3 H), 0.81-0.96 (m, 4H),
1.16-1.21 (m, 2H), 1.67 (d, J ) 6.9 Hz, 3 H), 3.74 (d, J ) 11.6
Hz, 1 H), 3.93 (d, J ) 12.9 Hz, 1 H), 4.51-4.63 (m, 2 H), 4.85
(d, J ) 12.5 Hz, 1 H), 5.17 (d, J ) 12.9 Hz, 1 H), 5.33 (d, J )
12.5 Hz, 1 H), 6.77 (s, 1 H), 7.24-7.40 (m, 8 H), 7.81-7.84 (m,
2 H); 13C NMR δ 8.7, 13.5, 22.1, 25.0, 37.3, 59.9, 60.9, 64.0,
71.5, 75.5, 127.7, 128.1, 128.9, 129.8, 130.2, 132.8, 133.1; MS
(FAB)m/z (rel intensity) 358 (M+, >1), 324 (100). Anal. Calcd
for C22H29ClNO: C, 73.62; H, 8.14; N, 3.90. Found: C, 73.70;
H, 8.02; N, 3.81.
(2S,3S)-3-Allyl-1,1-dibenzyl-3-hydroxy-2-methylazeti-

dinium Chloride (4c) (80% yield): [R]25D +14.8 (c 0.52,
CHCl3); 1H NMR δ 1.69 (d, J ) 7.0 Hz, 3 H), 2.08-2.23 (m, 2
H), 3.86 (d, J ) 11.7 Hz, 1 H), 4.05 (d, J ) 13.2 Hz, 1 H), 4.59
(d, J ) 11.7 Hz, 1 H), 4.65 (q, J ) 7.0 Hz, 1 H), 4.73-4.78 (m,
2 H), 4.88 (d, J ) 12.4 Hz, 1 H), 5.13 (d, J ) 13.2 Hz, 1 H),
5.24-5.35 (m, 2 H), 6.30 (s, 1 H), 7.40-7.51 (m, 8 H), 7.82-
7.85 (m, 2 H); 13C NMR δ 8.9, 42.3, 60.3, 61.2, 63.6, 71.7, 74.8,
119.4, 127.7, 128.0, 129.2, 129.3, 130.3, 130.6, 131.1, 133.1,
133.3; MS (FAB) m/z (rel intensity) 344 (M+ + 1, 2), 308 (M+

- Cl, 33), 133 (100). Anal. Calcd for C21H26ClNO: C, 73.35;
H, 7.62; N, 4.07. Found: C, 73.31; H, 7.71; N, 3.99.
(2S,3S)-1,1-Dibenzyl-3-hydroxy-3-methyl-2-(2-methyl-

propyl)azetidiniumChloride (4d) (76% yield): [R]25D +33.4
(c 0.53, CHCl3); 1H NMR δ 0.79 (d, J ) 5.6 Hz, 3 H), 0.84 (d,
J ) 5.6 Hz, 3 H), 1.18 (s, 3 H), 1.54-1.57 (m, 2 H), 2.21-2.31
(m, 1 H), 3.80 (d, J ) 11.1 Hz, 1 H), 4.17 (d, J ) 13.0 Hz, 1 H),
4.43-4.57 (m, 2 H), 4.71 (d, J ) 12.5 Hz, 1 H), 4.99 (d, J )
13.0 Hz, 1 H), 5.22 (d, J ) 12.5 Hz, 1 H), 6.92 (s, 1 H), 7.27-
7.44 (m, 8 H), 7.75-7.80 (m, 2 H); 13C NMR δ 20.9, 23.8, 24.3,
25.9, 30.8, 59.5, 61.2, 65.8, 69.8, 78.6, 127.7, 128.1, 129.0, 129.9,
130.4, 132.7, 133.2; MS (FAB)m/z (rel intensity) 358 (M+ - 1,
<1), 324 (100). Anal. Calcd for C22H30ClNO: C, 73.41; H, 8.40;
N, 3.89. Found: C, 73.19; H, 8.27; N, 3.87.
(2S,3S)-1,1,2-Tribenzyl-3-hydroxy-3-methylazetidin-

ium Chloride (4e) (75% yield): [R]25D +35.0 (c 0.70, CHCl3);
1H NMR δ 0.84 (s, 3 H), 2.06 (s, 1 H), 3.52-3.63 (m, 2 H), 3.75
(d, J ) 11.6 Hz, 1 H), 4.08 (d, J ) 13.3 Hz, 1 H), 4.39 (dd, J )
4.3, 10.3 Hz, 1 H), 4.72 (d, J ) 11.6 Hz, 1 H), 5.07 (d, J ) 12.5
Hz, 1 H), 5.20 (d, J ) 13.3 Hz, 1 H), 5.55 (d, J ) 12.5 Hz, 1 H),
7.14-7.48 (m, 13 H), 7.86-7.88 (m, 2 H); 13C NMR δ 25.7, 28.7,
60.5, 61.1, 65.2, 69.8, 79.5 126.8, 127.7, 128.2, 128.4, 129.07,
129.14, 129.4, 129.6, 130.1, 130.5, 132.8, 133.2, 133.3, 133.5,
134.5; MS (FAB) m/z (rel intensity) 393 (M+, 1), 358 (M+ -
Cl, 100). Anal. Calcd for C25H28ClNO: C, 76.22; H, 7.16; N,
3.56. Found: C, 76.01; H, 7.27; N, 3.48.
(2S,3S)-1,1,2-Tribenzyl-3-butyl-3-hydroxyazetidin-

ium Chloride (4f) (74% yield): [R]25D +32.9 (c 1.36, CHCl3);
1H NMR δ 0.01-0.44 (m, 5 H), 0.71-0.78 (m, 3 H), 1.04-1.13
(m, 1 H), 2.56 (br s, 1 H), 3.56-3.71 (m, 2 H), 3.87 (d, J ) 13.1
Hz, 1 H), 3.98 (d, J ) 11.6 Hz, 1 H), 4.48 (d, J ) 11.6 Hz, 1 H),
4.74 (d, J ) 11.2 Hz, 1 H), 5.19 (d, J ) 12.0 Hz, 1 H), 5.47 (d,

J ) 13.1 Hz, 1 H), 5.63 (d, J ) 12.0 Hz, 1 H), 7.11-7.48 (m,
13 H), 8.01-7.99 (m, 2 H); 13C NMR δ 12.9, 21.5, 24.7, 28.4,
37.5, 60.8, 60.9, 61.8, 71.9, 76.8, 126.4, 127.6, 128.0, 128.6,
128.7, 129.4, 129.6, 130.1, 132.8, 133.2, 134.6; MS (FAB) m/z
(rel intensity) 400 (M+ - Cl, 100). Anal. Calcd for C28H34-
ClNO: C, 77.13; H, 7.86; N, 3.21. Found: C, 76.89; H, 7.69;
N, 3.12.
3-Azetidinols 5. A solution of the azetidinium salt 4 (0.3

g) in 5% formic acid-methanol (30 mL) containing palladium
black catalyst (0.3 g) was stirred at reflux temperature
overnight. Then, the reaction mixture is filtrated through
Celite and evaporated to dryness. The residue was extracted
into CH2Cl2 (10mL) and washed with saturated K2CO3. The
organic layer was dried (Na2SO4), and the solvents were
removed in vacuo to provide 3-azetinols 5.
(2S,3S)-3-Butyl-2-methyl-3-azetidinol (5b) (90% yield):

[R]25D -3.8 (c 1.43, CH2Cl2); 1H NMR δ 0.83-0.90 (m, 3 H),
1.18 (d, J ) 6.7 Hz, 3 H), 1.26-1.34 (m, 4 H), 1.56-1.61 (m, 2
H), 3.26 (d, J ) 8.8 Hz, 1 H), 3.49 (d, J ) 8.8 Hz, 1 H), 3.59 (br
s, 2H), 3.72 (q, J ) 6.7 Hz, 1 H); 13C NMR δ 13.9, 16.0, 22.9,
25.3, 39.0, 57.1, 63.4, 76.0; MS (EI)m/z (rel intensity) 144 (M+

+ 1, 5), 58 (100). Anal. Calcd for C8H17NO: C, 67.09; H, 11.96;
N, 9.78. Found: C, 66.82; H, 11.83; N, 9.64.
(2S,3S)-3-Methyl-2-(2-methylpropyl)-3-azetidinol (5d)

(90% yield): [R]25D +2.5 (c 0.47, CHCl3); 1H NMR δ 0.88-0.94
(m, 6 H), 1.37 (s, 3 H), 1.49-1.68 (m, 3 H), 3.37 (d, J ) 8.8 Hz,
1 H), 3.60 (d, J ) 8.8 Hz, 1 H), 3.76-3.80 (m, 1H), 4.18 (br s,
2 H); 13C NMR δ 22.6, 22.9, 24.7, 25.8, 38.6, 57.8, 67.5, 74.0,
77.1; MS (EI)m/z (rel intensity) 128 (M+ - CH3, <1), 100 (M+

- C3H7, 7), 86 (M+ - C4H9, 100). Anal. Calcd for C8H17NO:
C, 67.09; H, 11.96; N, 9.78. Found: C, 67.22; H, 11.91; N, 9.69.
(2S,3S)-1-Benzyl-2,3-dimethyl-3-azetidinol (6a). A solu-

tion of the azetidinium salt 4a (0.3 g) in 5% formic acid-
methanol (30 mL) containing palladium black catalyst (0.3 g)
was stirred at room temperature for 2 h. Then, the reaction
mixture is filtered through Celite and evaporated to dryness.
The residue was extracted with CH2Cl2 (10mL) and washed
with saturated K2CO3. The organic layer was dried (Na2SO4),
and the solvents were removed in vacuo to provide 1-benzyl-
3-azetinol 6a (90% yield): [R]25D +55.8 (c 0.45, CHCl3); 1H
NMR δ 1.03 (d, J ) 6.4 Hz, 3 H), 1.25 (s, 3 H), 2.84 (d, J ) 8.6
Hz, 1 H), 3.07-3.14 (m, 2 H), 3.48 (d, J ) 12.2 Hz, 1 H), 3.70
(d, J ) 12.2 Hz, 1 H), 4.32 (br s, 1 H), 7.27-7.32 (m, 5 H); 13C
NMR δ 12.7, 24.8, 61.5, 65.1, 71.1, 71.2, 127.0, 127.9, 129.3,
137.0; MS (EI) m/z (rel intensity) 191 (M+, 2), 91 (100).
Amino Epoxides 8. A suspension of anhydrous CeCl3 (1.97

g; 8 mmol) in THF (30 mL) was stirred overnight at room
temperature. Organolithium or allylmagnesium bromide (8
mmol) was added to this suspension at -60 °C, and the
mixture was stirred at this temperature for 1 h. Ketone 1 (4
mmol) was added, and after stirring for 2 h at -60 °C,
methyllithium (3.2 mL of 1.5 M solution in diethyl ether; 4.8
mmol) was added and the mixture was allowed to warm to
room temperature. Stirring was continued for 1 h, and the
reaction was hydrolyzed with aqueous NH4Cl (10 mL) and
extracted with diethyl ether (3 × 10 mL). The combined
organic layers were dried (Na2SO4), and the solvents were
removed in vacuo. The epoxides 6 were examined by 1H NMR
to give the diasteromeric excess reported in Table 2. Column
flash chromatography over silica gel (15/1 n-hexane/ethyl
acetate) provided pure amino epoxides 6.
(2R,1′S)-2-[1′-(Dibenzylamino)ethyl]-2-methylox-

irane (8a) (75% yield): Rf 0.35 (10/1 n-hexane/ethyl acetate);
[R]25D +18.9 (c 0.75, CHCl3); 1H NMR δ 0.92 (d, J ) 6.9 Hz, 3
H), 1.40 (s, 3 H), 2.51 (d, J ) 4.7 Hz, 1 H), 2.85 (d, J ) 4.7 Hz,
1 H), 2.99 (q, J ) 6.9 Hz, 1 H), 3.44 (d, J ) 13.8 Hz, 2 H), 3.78
(d, J ) 13.8 Hz, 2 H), 7.19-7.39 (m, 10 H); 13C NMR δ 6.3,
20.5, 50.3, 54.2, 56.3, 58.3, 126.7, 128.1, 128.5, 139.7; MS (EI)
m/z (rel intensity) 281 (M+, <1), 224 (M+ - C3H5O, 98), 91
(100). HRMS calcd for C19H23NO 281.1780, found 281.1779.
(2R,1′S)-2-[1′-(Dibenzylamino)ethyl]-2-butyloxirane (8b)

(84% yield): Rf 0.42 (10/1 n-hexane/ethyl acetate); [R]25D +6.5
(c 0.37, CHCl3); 1H NMR δ 0.79 (t, J ) 7.1 Hz, 3 H), 0.86-
1.10 (m ,5 H), 1.25-1.13 (m, 2 H), 1.34-1.44 (m, 1 H), 2.08-
1.98 (m, 1 H), 2.52 (d, J ) 4.7 Hz, 1 H), 2.89 (d, J ) 4.7 Hz, 1
H), 3.16 (q, J ) 6.7 Hz, 1 H), 3.36 (d, J ) 13.3 Hz, 2 H), 3.78
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(d, J ) 13.3 Hz, 2 H), 7.20-7.37 (m, 10 H); 13C NMR δ 5.0,
13.9, 22.9, 25.7, 32.6, 49.6, 52.9, 54.2, 60.5, 126.8, 128.1, 128.8,
139.8; MS (EI) m/z (rel intensity) 323 (M+, <1), 224 (M+ -
C6H11O, 100). HRMS calcd for C22H29NO 323.2249, found
323.2239.
(2R,1′S)-2-[1′-(Dibenzylamino)ethyl]-2-allyloxirane (8c)

(70% yield): Rf 0.20 (20/1 n-hexane/ethyl acetate); [R]25D +5.5
(c 0.60, CHCl3); 1H NMR δ 0.86 (d, J ) 6.9 Hz, 3 H), 2.39 (dd,
J ) 7.7, 14.6 Hz, 1 H), 2.49 (d, J ) 4.7 Hz, 1 H), 2.57 (dd, J )
6.4, 14.6 Hz, 1 H), 2.78 (d, J ) 4.7 Hz, 1 H), 3.07 (q, J ) 6.9
Hz, 1 H), 3.33 (d, J ) 13.8 Hz, 2 H), 3.72 (d, J ) 13.8 Hz, 2 H),
4.84-4.90 (m, 2 H), 5.38-5.51 (m, 1 H), 7.14-7.31 (m, 10 H);
13C NMR 5.4, 36.8, 48.2, 54.3, 54.5, 60.0, 117.9, 126.9, 128.2,
128.7, 132.9, 139.7; MS (EI) m/z (rel intensity) 307 (M+, 6),
225 (M+ + 1 - C5H7O, 100), 224 (M+-C5H7O, 96). HRMS calcd
for C21H25NO 307.1936, found 307.1931.
(2R,1′S)-2-[1′-(Dibenzylamino)-3′-methylbutyl]-2-me-

thyloxirane (8d) (75% yield): Rf 0.45 (10/1 n-hexane/ethyl
acetate); [R]25D +0.6 (c 0.64, CH2Cl2); 1H NMR δ 0.67 (d, J )
6.4 Hz, 3 H), 084 (d, J ) 6.4 Hz, 3 H), 0.90-1.10 (m, 1 H),
1.42 (s, 3 H), 1.52-1.45 (m, 1 H), 1.68-1.79 (m, 1 H), 2.46 (d,
J ) 4.7 Hz, 1 H, AB system), 2.65 (d, J ) 4.7 Hz, 1 H, AB
system), 2.70-2.74 (m, 1 H), 3.69 (d, J ) 13.7 Hz, 2 H, AB
system), 3.83 (d, J ) 13.7 Hz, 1 H, AB system), 7.21-7.37 (m,
10 H); 13C NMR δ 21.2, 22.4, 23.1, 25.2, 35.5, 51.2, 54.5, 58.6,
58.7, 126.7, 128.0, 128.8, 140.2; MS (EI)m/z (rel intensity) 323
(M+, >1), 266 (M+ - C3H5O, 100). HRMS calcd for C22H29NO
323.2249, found 323.2240.
(2R,1′S)-2-[1′-(Dibenzylamino)-2′-phenylethyl]-2-meth-

yloxirane (8e) (75% yield): Rf 0.52 (10/1 n-hexane/ethyl
acetate); [R]25D -7.9 (c 1.22, CHCl3); 1H NMR δ 1.42 (s, 3 H),
2.41 (d, J ) 4.4 Hz, 1 H), 2.57 (d, J ) 4.4 Hz, 1 H), 2.62 (dd,
J ) 6.1, 14.0 Hz, 1 H), 2.93 (dd, J ) 7.3, 14.0, 1 H), 3.06-3.13
(m, 1 H), 3.66 (d, J ) 13.9 Hz, 2 H), 3.84 (d, J ) 13.9 Hz, 2 H),
7.10-7.29 (m, 15 H); 13C NMR δ 20.7, 32.2, 51.2, 54.6, 58.1,
63.5, 125.8, 126.7, 128.0, 128.2, 128.7, 129.2, 139.7, 140.5; MS,
m/z 357 (M+, <1), 266 (M+ - C7H7, 66), 91 (100). HRMS calcd
for C18H20NO 266.1545, found 266.1545.

(2R,1′S)-2-[1′-(Dibenzylamino)-2′-phenylethyl]-2-bu-
tyloxirane (8f) (60% yield): Rf 0.32 (20/1 n-hexane/ethyl
acetate); [R]25D -12.9 (c 0.59, CHCl3); 1H NMR δ 0.73-1.19
(m, 7 H), 1.40-1.55 (m, 1 H), 1.80-1.95 (m, 1 H), 2.56 (d, J )
6.2 Hz, 1 H), 2.68 (dd, J ) 5.5, 14.3 Hz, 1 H), 2.85-2.95 (m, 2
H), 3.33-3.39 (m, 1 H), 3.53 (d, J ) 13.7 Hz, 2 H), 3.81 (d, J
) 13.7 Hz, 2 H), 7.17-7.33 (m, 15 H); 13C NMR δ 13.9, 22.8,
25.9, 30.3, 33.0, 49.6, 54.6, 60.4, 60.6, 125.7, 126.7, 128.0, 128.2,
128.8, 129.3, 139.7, 141.3; MS, m/z 399 (M+, <1), 308 (M+ -
C7H7, 98), 91 (100). HRMS calcd for C28H33NO 399.2562, found
399.2555.
(2R,1′S)-2-[1′-(Dibenzylamino)ethyl]-2-phenylox-

irane (8g) (80% yield): Rf 0.46 (10/1 n-hexane/ethyl acetate);
[R]25D +32.0 (c 0.50, CHCl3); 1H NMR δ 1.07 (d, J ) 7.0 Hz, 3
H), 2.79 (d, J ) 5.5 Hz, 1 H), 3.38-3.55 (m, 4 H), 3.89 (d, J )
14.0 Hz, 2 H), 7.16-7.30 (m, 15 H); 13C NMR δ 7.4, 51.3, 54.4,
54.5, 63.9, 126.7, 127.0, 127.4, 127.9, 128.1, 128.4, 139.8, 140.2;
MS (EI)m/z (rel intensity) 343 (M+, 5), 224 (M+ - C8H7O, 28),
91 (100). HRMS calcd for C24H25NO 343.1936, found 343.1937.
Anal. Calcd for C24H25NO: C, 83.93; H, 7.34; N, 4.08.
Found: C, 83.81; H, 7.36; N, 4.06.
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