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The efficient diastereoselective synthesis of 3-acetoxy/methoxy/phthalimido-B-lactams 2/2’, 3/3’ and 4/4'
respectively was performed using chiral imines 1 obtained from chiral amines. Factors (solvent, temper-
ature, substituent, steric bulk) influencing the stereoselectivity and the diastereomeric ratio were also
studied in detail. The diastereoselectivity of the two isomers was determined from the ratio of integral

values of doublets of C3-H and C4-H and from the integral values of H in —-CH(Me/Et)Ph/Np of the
two diastereomers. Representative pairs of cis-diastereomers were separated by efficient column

chromatography.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

With the discoveries of penicillin and cephalosporin a century
ago, antibiotics have emerged as a milestone in medicinal chem-
istry. The core structure of the majority of antibiotics such as pen-
ems, carbapenems, clavulanic acids and monobactams is mainly
the B-lactam nucleus. However, for the past 50-60 years, the rapid
emergence of bacterial strains resistant against these antibiotics'
renewed the interest of organic chemists in identifying new fami-
lies of antibiotics. Thus, there is a relentless demand for more effi-
cient novel B-lactam antibiotics, which are stable to B-lactamases
and possess high potency. Literature studies successfully demon-
strated that enantiopure B-lactams are versatile intermediates for
the asymmetric synthesis of a variety of protein and non-protein
amino acids, peptides, peptide turn mimetics, peptidomimetics,
taxoid antitumour agents, heterocycles and other types of com-
pounds of biological and medicinal interest.?

The Staudinger reaction, a convergent strategy, has endured as a
particularly attractive approach for generating this family of com-
pounds. In spite of the high level of achievement reached in the
Staudinger reaction,® the subject still continues to be an area of
active research. Over the past few years, this reaction has been
extensively studied using a combination of either chiral ketenes
and achiral imines” or achiral ketenes and chiral imines®~” and also
chiral ketenes with chiral imines® to achieve good diastereoselec-
tivity. Very recently, Zakaszewska et al.® have reported the stereos-
elective synthesis of 3-acyl-pB-lactams from acyl ketenes generated

* Corresponding author. Tel.: +91 172 253 4417; fax: +91 172 254 5074.
E-mail address: amanbhalla@pu.ac.in (A. Bhalla).

http://dx.doi.org/10.1016/j.tetasy.2016.12.007
0957-4166/© 2016 Elsevier Ltd. All rights reserved.

from Meldrum’s acid derivatives and chiral aldimines. Roje et al.'°
have carried out the synthesis of chiral 3-amino-p-lactams and B-
lactam guanidines via cyclocondensation of chiral ester enolate
with imines. Kommidi et al.'! described the one-pot efficient syn-
thesis of highly chiral and reactive carbapenem chalcone deriva-
tives. Chiral imines with a chiral auxiliary placed at the nitrogen
have been used in the enantioselective synthesis of versatile 2-iso-
cephem synthon'? A and 7-TES-baccatin I1I B, for the preparation of
taxotere, a promising anticancer drug (Fig. 1).

In our previous studies, we reported on novel B-lactam
precursors,'>*¢  3-thio/seleno-B-lactams and their Lewis acid
mediated  functionalization,’>®”  stereoselective cis- and
trans-alkoxy-p-lactams,'>*  spirocyclic-B-lactams,'>" "  o-keto-B-
lactams,'®° bicyclic-p-lactams,'*P novel 4-pyrazolyl-p-lactams,'>9
4-pyrazolylspirocyclic-p-lactams'>" and (E)- and (Z)-3-allylidene-
B-lactams.!?t

In continuation of the above and our interests in the synthesis
of novel functionalized B-lactams, we investigated the potential
of chiral imines in the synthesis of novel chiral p-lactams. We con-
sidered studying the diastereoselective synthesis of 3-acetoxy/
methoxy/phthalimido-B-lactams by employing chiral imines,
where the chiral auxiliary is placed at the nitrogen atom of the
imine. We decided to use chiral auxiliaries, which would facilitate
high stereocontrol in the Staudinger reaction and could be
removed in one step from the B-lactam nitrogen. Moreover,
N-unsubstituted (R? = H) p-lactams are also important chiral build-
ing blocks for the synthesis of p-lactam antibiotics.'* Various chiral
amines were employed for the diastereoselective synthesis of
3-acetoxy/methoxy/phthalimido-B-lactams 2/2’, 3/3’' and 4/4,
respectively.
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Figure 1.

2. Results and discussion

In the literature, that are various methods available for the syn-
thesis of chiral imines from chiral amines using aldehydes or alco-
hols under different reaction conditions.””'>=2° The yields of the
chiral imines using these reported methods decreased with pro-
longed reaction time. Therefore, we pursued the synthesis of the
required chiral Schiff's bases 1a-j from aldehydes and chiral ami-
nes using toluene in the presence of molecular sieves 4 A under
reflux conditions. The reaction was completed in less than 2 h
and afforded 1a-j in high yields. Compounds 1a-j were used as
such without further purification (Scheme 1, Table 1). The struc-
tures of these chiral Schiff’'s bases or imines were confirmed on
the basis of their spectral data (IR and 'H NMR).

The influence of solvent was investigated on the ketene-imine
cycloaddition reaction between acetoxyacetyl chloride and chiral
imines 1a and 1f in the presence of triethylamine (Scheme 2)
and the results are summarized in Table 2 (entries 1-4, 9-11).
The reaction resulted in the formation of two diastereomeric
cis-B-lactams 2a/2a [R*=-CH(Me)C¢Hs (S)] and 2f/2'f
[R? = -CH(Me)CgHs (R)] respectively. The chloroform solvent
among the other solvents provided the best diastereomeric ratio,
with good yield at 0 °C.

With these optimized reaction conditions in hand (chloroform,
0 °C), the scope of this reaction was studied further by using other
chiral Schiff’'s bases 1b-e,g-j and the results are reported in Table 2
(entries 5-8, 12-17).

Since, the ketene generated in situ from acetoxyacetyl chloride
and Et;N is a Bose-Evans ketene,! it has a preference to form
cis-p-lactams. The mixture of cis-diastereomers was purified by
column chromatography. Further, the pair of cis-diastereomers
2h/2'h were separated using efficient column chromatography.
Since, we were only interested in determining the diastereomeric
ratio of major and minor diastereomers 2/2’, no further attempts
were made to separate these diastereomers which are easily sepa-
rable by employing chromatographic techniques except 2h/2’h as
the representative ones. The structures of these B-lactams 22’
were established on the basis of spectral data (IR, 'H NMR and
13C NMR) and CHN analysis. IR spectra showed the absorption
bands in the range of 1735-1755 cm™! (C=0) and 'H NMR of the
B-lactams showed the coupling constant (J) between C3-H and
C4-H in the range of 4-6 Hz, thereby, confirming the cis-stereo-
chemistry of protons at C-3 and C-4 of these B-lactams.

Rl H
toluene,
R'CHO + R?NH, T E—— \W
reflux, N
Mol. Sieves (4 A
4 A) \R2
1a-
chiral imines

Scheme 1. Preparation of chiral Schiff's bases 1a-j.

Table 1
Synthesis of chiral Schiff's bases 1a-j
Entry R! R? Products Yield (%)
1 : \/© 1a 98
CHsy
2 : 1b 97
CHy
O O
3 : 1c 98
CHy
O
4 : 1d 99
CH,
SO
5 : 1e 92
CH,
6 \‘/© 1f 93
CH,
7 !l I 1g 98
CHs
—C=C
<O
8 1h 98
CHj3
9 : \/© 1i 97
62H5
O
HoH .
10 : 1j 99

CzHs

The effect of substituent R! i.e. the aldehyde component of the
Schiff's base on the diastereoselectivity of the cis-3-acetoxy-p-lac-
tams 2/2’' [R? = CH(Me)CgH5 (S)] was studied in chloroform at 0 °C
(Table 2, entries 5-8). The diastereomeric ratios were found to be
almost similar while the chemical yield significantly decreased
for R! = ~CgH4Cl (p) (Table 2, entry 6). However, both the diastere-
omeric ratio and chemical yields lowered for R! = -COCgH5 (Table 2,
entry 8).

In order to study the effect of the steric bulk of the alkyl and the
aryl groups on the Schiff’s base, [2+2] cycloaddition reactions were
carried out with chiral imines 1g-j in benzene and chloroform as
the solvent, thus forming cis-3-acetoxy-B-lactams 2g-j/2'g-j; the
results are summarized in Table 2 (entries 12-17). It was found
that the yield and diastereomeric ratio was observed to drop for
2f/2'f [R? = -CH(Me)CgHs (R)] in comparison to 2a/2'a [R?>=-CH
(Me)CgHs (S)] (Table 2, entry 1,9). The diastereoselectivity was
improved when we used a bulky group such as naphthyl (Table 2,
entries 12-14), however increasing the steric bulk of the alkyl
group at the stereogenic center of the imine had no influence on
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Scheme 2. Synthesis of chiral cis-3-acetoxy-B-lactams 2a-j/2'a-j.

Table 2
Effect of solvent, substituent and steric bulk on the diastereoselective synthesis of chiral cis-3-acetoxy-p-lactams 2a-j/2’a-j at 0 °C

Entry R! R? Solvent Products Diastereomeric ratio (Major: Minor) Yield® (%)

1 -CgHs - CHCl3 2af2'a 74:26 95
CHs

2 -CgHs - CH,(Cl, 2af2'a 68:32 65
CH,

3 ~CgHs y CeHsCH; 2a2'a 72:28 89
CHs

4 -CeHs . CsHg 2af2'a 73:27 91
CH,

5 ~CgH4OCH; (p) ' CHCl; 2b/2'b 75:25 90
CH,

6 ~CgH4Cl (p) ' CHCl; 2¢/2'c 71:29 22
CH,

7 —-CH=CH-CgH5s . CHCl;5 2d/2'd 75:25 71
CH,

8 -COCgHs - CHCl; 2ef2'e 55:45 60
CHy

9 -CgHs \‘/© CHCl5 2f[2'f 70:30 88
CH3

10 ~CgHs \‘/© CH,Cl, 26/2'f 68:32 61
CHj

11 —-CgHs Y@ CeHe 26/2'F 70:30 76
CH3

12 ~CgHs !l I CHCl5 2g/2'g 79:21 90

CH3

(continued on next page)
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Table 2 (continued)

Entry R' R? Solvent Products Diastereomeric ratio (Major: Minor) Yield® (%)
13 -CgHs ' | CsHg 2g(2'g 73:27 76
CHs
14 —-CH=CH-CgHs ' || CHCl3 2h/2’'h 82:18 44
CHs
15 —CgHs \/© CHCl5 2i/2i 72:28 66
CoHs
16 —CeHs \/@ CeHs 2i/2'i 71:29 31
CoHs
17 —CH=CH-CgHs \/© CHCl5 2j/2'j 71:29 50

CoHs

@ The yields are reported after column chromatographic purification.

the diastereoselectivity, in addition to decreasing the yield (Table 2,
entries 15-17).

To the best of our knowledge, this is the highest diastereoselec-
tivity obtained in the case of cis-3-acetoxy-p-lactams. On the basis
of the above studies, we concluded that the diastereoselectivity in
the 3-acetoxy-p-lactams can be enhanced by performing the reac-
tion in chloroform at lower temperature using sterically hindered
Schiff’s base with steric bulk being present at the N-position.

To further strengthen these results, the diastereoselective syn-
thesis of chiral 3-methoxy-B-lactams was pursued by the [2+2]
cycloaddition reactions of chiral imines 1a-d,f-j with methoxy-
acetyl chloride in the presence of triethylamine (Scheme 3).

Initially, the solvent and temperature optimization was carried
out on the reaction of methoxyacetyl chloride with chiral Schiff’s
base 1a the results are summarized in Table 3 (entries 1-7). The
reaction yielded two diastereomeric cis-p-lactams 3a/3’a (major/
minor) respectively. The best diastereomeric ratio (68:32) was
obtained in N,N'-dimethylformamide but with moderate chemical
yield (41%) (Table 3, entry 5). However, the best yield (89%) and
a diastereoselectivity of 57:43 were obtained at room temperature
using chloroform as the solvent (Table 3, entry 2).

The scope of this reaction was also explored in chloroform at
room temperature using other chiral Schiff's bases 1b-d,f-j. The
reaction afforded novel cis-3-methoxy-p-lactams 3b-d,f-j/3'b-d,
f-j and the results are reported in Table 3 (entries 8-18). The mix-
ture of cis-3-methoxy-B-lactams was purified by column chro-
matography. In addition, the representative B-lactams 3g/3'g and
3h/3'h were separated by column chromatography as pure iso-
mers. The structures of these B-lactams were established on the

CH30 R1 H

H Rt
Y EtsN

H
CH3O/,,,'_—| «R" cHs0. b
;\+ ‘ /Y/:'L ' };’\‘(
N solvent, temp. ~
o7 ¢ g2 o] “R2 o R2

3a-d,f-j/3'a-d,f-j
pair of cis-diastereomers

1a-d,f-
chiral imine

Scheme 3. Synthesis of chiral cis-3-methoxy-B-lactams 3a-d,f-j/3'a-d,f-j.

basis of spectroscopic data (IR, 'H NMR and '*C NMR) and CHN
analysis.

The Rsubstituent i.e. the aldehyde component of the imine was
found to have a profound effect on the stereoselectivity of the Stau-
dinger reaction as shown in Table 3 (entries 8-13). The best
diastereoselectivity was achieved with R!'=-CgH4OCH; (p)
(72:28) and -CH=CH-CgHs (67:33) in chloroform at room temper-
ature (Table 3, entries 8,12) however replacing the phenyl group
with —-CgH,4Cl (p) led to a decrease in the yield of cis-3-methoxy-
B-lactams (Table 3, entries 10,11).

In order to investigate the trend in the diastereomeric ratios, imi-
nes with opposite absolute configuration 1f and sterically demand-
ing imines 1g-j were made to undergo [2+ 2] cycloaddition
reactions with methoxyacetyl chloride in chloroform at rt (Table 3,
entries 14-18). It was observed that both the yield and diastere-
omeric ratio slightly decreased when R? = ~-CH(Me)CgH5 (R) (Table 3,
entry 14) in comparison to R? = -CH(Me)CgHs (S) (Table 3, entry 2).
Replacing the aryl group from phenyl to naphthyl, keeping the alkyl
group as methyl, gave excellent diastereoselectivity (84:16)(Table 3,
entry 16). To the best of our knowledge, this is the highest diastere-
omeric ratio obtained for chiral cis-3-methoxy-B-lactams synthe-
sized by using chiral imines. Increasing the steric bulk of the alkyl
group i.e. replacing methyl group by ethyl led to a slightly improved
diastereomeric ratio (63:37) (Table 3, entry 18).

From these studies, we concluded that the best diastereomeric
ratio in case of 3-methoxy-azetidin-2-ones can be achieved at
room temperature using N,N’-dimethylformamide as the solvent
while chloroform gave the best yield. Similarly, the use of chiral
Schiffs base 1h bearing (R!=-CH=CH-CgHs and R?=-CH(Me)
CyoH7) provided excellent diastereoselectivity. In comparison to
3-acetoxy-p-lactams, the R! component has an impact on the
diastereoselectivity of 3-methoxy-B-lactams.

The asymmetric Staudinger reaction of chiral imines derived
from (R)-(+)-1-(phenyl)ethylamine with phthalimido ketene has
also been reported in the literature.'>?> However, the potential
of other chiral imines in the synthesis of chiral 3-phthalimido-
B-lactams still remains unexplored. Therefore, the use of various
chiral imines 1a-d was further investigated for the cycloaddition
reaction with phthalimidoacetyl chloride (Scheme 4).
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Effect of solvent, temperature, substituent, steric bulk on the diastereoselective synthesis of chiral cis-3-methoxy-B-lactams 3a-d,f-j/3'a-d,f-j
R? Solvent Temperature (°C) Products Diastereomeric ratio (Major: Minor) Yield® (%)
‘ X
y = CH,Cl, It 3a/3a 55:45 67
CH,
‘ X
y = CHCl3 It 3a/3a 57:43 89
CH,
‘ AN
= CeHsCH; It 3a/3a 52:48 80
CH,
‘ X
= CeHs It 3a/3a 52:48 62
CH,
‘ AN
= DMF It 3a/3a 68:32 41
CH,
‘ AN
y = CCly It 3a/3a 50:50 45
CH,
‘ AN
-CgHs - Z CHCl3 Reflux 3a/3'a 52:48 67
CH,
‘ AN
~CgH4OCH; (p) . = CHCl, It 3b/3'b 72:28 71
CH,
‘ AN
~CgH4OCH; (p) . = CHCl, Reflux 3b/3'b 50:50 58
CH,
‘ AN
~CH4Cl (p) . = CHCl, It 3¢/3'c 57:43 52
CH,
‘ AN
-CeH4Cl (p) = CHCl3 Reflux 3¢/3'c 51:49 39
CH,
‘ AN
-CH=CH-CgHs = CHCl3 rt 3d/3'd 67:33 54
CH,
‘ AN
-CH=CH-CgHs - = CHCl3 Reflux 3d/3'd 54:46 60
CH,
‘ AN
14 -CgHs = CHCl3 rt 3f/3'f 52:48 60
3g/3'g 56:44 63
(continued on next page)

CHCl; rt

-CgHs

OO
I
<
(@)
@

15
H
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Table 3 (continued)

Entry R! R? Solvent Temperature (°C) Products Diastereomeric ratio (Major: Minor) Yield® (%)
16 -CH=CH-CgHs ll II CHCl; rt 3h/3'h 84:16 56
CH3
17 -CeHs \/© CHCl5 it 3i/3'i 56:44 62
CoHs
18 -CH=CH-CgHs \/© CHCl3 rt 3j/3j 63:37 47
CoHs
¢ The yields are reported after column chromatographic purification.
O o] o]
O ;\+ Y EtsN 1 . );N(
(¢] (¢]
o N g2 solvent, temp. o “R2 [o] SR2
1a-d 4a-d/4'a-d
chiral imine pair of cis-diastereomers

Scheme 4. Synthesis of cis-3-phthalimido-B-lactams 4a-d/4'a-d.

Initial studies involved the synthesis of chiral 3-phthalimido-
B-lactams using chiral imine 1a [R!=-CgHs; R?=-CH(Me)CgHs
(S)] and phthalimidoacetyl chloride in presence of triethylamine
in chloroform at 0 °C (Scheme 4). This resulted in the formation
of a pair of cis-diastereomers 4a/4'a (Table 4, entry 2). Other
[2+2]cycloadditions involving chiral imines 1a-d and phthalimi-
doacetyl chloride were carried out under different reaction condi-
tions to afford cis-3-phthalimido-B-lactams 4a-d/4'a-d and the
results are summarized in Table 4.

With our earlier optimized conditions (chloroform, 0 °C), a good
diastereomeric ratio (77:23) and yield (72%) were obtained with
R! = -CH=CH-CgHs (Table 4, entry 8). However, the highest
diastereoselectivity was observed with R! = -CgHs (83:17) using
benzene as a solvent at 0 °C (Table 4, entry 3).

3. Conclusion

In conclusion, we have investigated the potential of chiral Schiff’s
bases 1 obtained from chiral amines in the diastereoselective
synthesis of cis-3-acetoxy/methoxy/phthalimido-B-lactams 2/2’,
3/3’ and 4/4'. All of the factors which influence the stereoselectivity
in the asymmetric Staudinger reaction, i.e. the solvent, temperature
and substituents, have been studied in detail. Moreover, the role
played by the steric effects, i.e. the steric bulk of the groups placed

at the stereogenic center of the chiral amines, in determining the
diastereomeric ratios of resulting chiral B-lactams has also been
explored. In addition, the reported pair of cis diastereomers were
separated with efficient column chromatography to afford the pure
isomers.

4. Experimental
4.1. General

'H NMR (400 MHz and 300 MHz), '>C NMR (100 MHz and
75 MHz) were recorded using BRUKER or JEOL 400 MHz and
300 MHz NMR spectrometers respectively. The chemical shifts
are 'H NMR (400 MHz and 300 MHz), '*C NMR (100 MHz and
75 MHz) were recorded using BRUKER or JEOL 400 MHz and
300 MHz NMR spectrometers respectively. The chemical shifts
are expressed in § values (ppm) using tetramethylsilane as an
internal standard. Infrared spectra were recorded using Perkin-
Elmer Model 1430 spectrophotometer with potassium bromide
(KBr) plates or Nujol with NaCl optic plates and are reported in
cm™'. The elemental analysis (C, H, N) was carried out using a PER-
KIN-ELMER 2400 elemental analyzer. Optical rotations were mea-
sured on Rudolph Autopol V polarimeter at room temperature in
chloroform. Column chromatography was performed using Merck

Table 4

Diastereomeric selectivity of cis-3-phthalimido-p-lactams 4a-d/4'a-d using (S)-(-)-1-(phenyl)ethylimines
Entry R! Solvent Temp. (°C) Products Diastereomeric ratio (Major: Minor) Yield® (%)
1 -CgHs CH,Cl, 0 4a/4a 65:35 60
2 -CgHs CHCl; 0 4ajd4'a 66:34 72
3 -CgHs CeHe 0 4a/4a 83:17 65
4 -CsH4OCHj5 (p) CH,Cl, 0 4b/4'b 63:37 88
5 -CsH4Cl (p) CH,Cl, 0 4cld'c 73:27 70
6 -CgHuCl (p) CH,Cl, rt 4cld'c 61:39 84
7 -CeH4Cl (p) CH,Cl, Reflux 4c/d'c 72:28 76
8 -CH=CH-CgHs CHCl; 0 4d/4'd 77:23 72

2 The yields are reported after column chromatographic purification.
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Silica Gel (60-120 mesh) and eluted with ethyl acetate: hexanes
mixtures. Thin-layer chromatography (TLC) was performed using
Merck Silica Gel G. For visualization, TLC plates were stained with
iodine vapours. All the melting points are uncorrected and are
expressed in degree centigrade (°C). Melting points were deter-
mined with a Thomas- Hoover capillary melting point apparatus.
The synthesis and reactions of B-lactams were carried out under
dry and deoxygenated nitrogen atmosphere. Phosphorus oxychlo-
ride (Merck), triethylamine (Qualigen), ethyl acetoacetate (Merck),
chiral amines (Sigma Aldrich), acetoxy/methoxy/phthalimidoace-
tyl chloride (Sigma Aldrich) and all other commercially available
compounds/reagents/solvents were of reagent grade quality and
used without any further purification. Dimethylformamide was
dried and distilled over anhydrous calcium chloride (CaCly).
Dichloromethane, chloroform and carbon tetrachloride were dried
and distilled over anhydrous phosphorus pentoxide (P,Os).
Toluene and benzene were distilled under N, from sodium-
benzophenone immediately before use.

4.2. General procedure for the preparation of chiral imines 1a-j

To a solution of chiral amine (10 mmol) in toluene (50 mL) was
added the appropriate aldehyde (10 mmol) and the reaction mix-
ture was allowed to reflux for 2 h using Dean-Stark apparatus.
The progress of the reaction was checked by TLC. After the comple-
tion of the reaction, the solvent was evaporated under vacuum to
yield imine 1. The spectroscopic data of imines 1a,f?* 1b-d}?
1e?* 1g,'® 1h® have been reported previously in the cited
references.

4.2.1. Benzylidene-[(S)-1-phenylpropyl]amine 1i

Yield 97%; thick oil; IR (ATR) Vmax 1702cm~'. 'H NMR
(300 MHz, CDCl5): § 8.19 (1H, s, HC=N), 7.06-7.75 (10H, m, ArH),
4.04 (1H, t, J=6.9 Hz, CHCH,), 1.79-1.89 (2H, m, CH,CH3), 0.80
(3H, t, J=7.2 Hz, CH,CHs); Anal. Calcd. for C;gH7N: C, 86.05; H,
7.67; N, 6.27. Found: C, 86.03; H, 7.65; N, 6.26.

4.2.2. (3'-Phenylallylidene)-[(S)-1'-phenylpropyl]amine 1j

Yield 99%; thick yellow oil; IR (ATR) Vinax 1680, 1634 cm™!; 'H
NMR (300 MHz, CDCl3): 6 7.91 (1H, d, J=8.1 Hz, HC=N), 6.73-
7.32 (12H, m, ArH, CH=CHPh and CH=CHPh), 3.89 (1H, t,
J=6.9Hz, CHCH;), 1.76-1.86 (2H, m, CH,CHs), 0.74 (3H, ¢,
J=7.2 Hz, CH,CH3); Anal. Calcd. for C;gHgN: C, 86.70; H, 7.68; N,
5.62. Found: C, 86.68; H, 7.67; N, 5.60.

4.3. General procedure for the preparation of chiral 3-acetoxy/
methoxy/phthalimidoazetidin-2-ones 2a-j/2'a-j, 3a-d,f-j/3'a-d,
f-j and 4a-d/4'a-d

To a solution of chiral imine 1a-j (1.20 mmol) and triethy-
lamine (5.98 mmol) in 20 mL dry solvent was added dropwise
under a nitrogen atmosphere, at 0 °C/rt/reflux, a solution of ace-
toxy/methoxy/phthalimidoacetyl chloride (1.19 mmol) in 5 mL of
dry solvent with constant stirring. The reactants were stirred over-
night at room temperature. The progress of the reaction was mon-
itored by TLC. After completion of the reaction, the reaction
mixture was washed successively with water (3 x 10 mL), 5%
NaHCO;3 (10 mL) and brine (10 mL). The organic layer was sepa-
rated and dried over anhydrous Na,SO,4. The solvent was removed
under vacuum and the crude product was purified by column chro-
matography using silica gel eluting with ethyl acetate: hexane.

4.3.1. (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-
4-phenyl-azetidin-2-one 2a/2'a

IR (ATR) Vmax 1752, 1603 cm™'; 'H NMR (300 MHz, CDCl5, Major
isomer) 6 7.05-7.27 (10H, m, ArH), 5.54 (1H, d, J=4.8 Hz, C3-H),

4.96 (1H, q, J = 7.2 Hz, CHCH3), 4.54 (1H, d, ] = 4.8 Hz, C4-H), 1.60
(3H, s, CH;C00), 1.34 (3H, d, J=7.2Hz, CHCH3); 'H NMR
(300 MHz, CDCl3, Minor isomer) § 7.05-7.27 (10H, m, ArH), 5.58
(1H, d, J = 4.8 Hz, C3-H), 4.58 (1H, d, J = 4.8 Hz, C4-H), 4.28 (1H, q,
J=6.9Hz, CHCH3), 1.80 (3H, d, J=7.2 Hz, CHCHs), 1.58 (3H, s,
CH5COO0); '3C NMR (75 MHz, CDCl;, Both isomers) § 169.1, 164.8,
139.1, 134.0, 128.8, 128.8, 128.4,128.2, 128.1, 127.2, 126.8, 76.4,
60.9, 54.8, 52.4, 19.9, 19.8, 19.1; Anal. Calcd. for C;gH;gNOs: C,
73.77; H, 6.19; N, 4.53. Found: C, 73.75; H, 6.18; N, 4.51.

4.3.2. (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-
4-(4'-methoxyphenyl)azetidin-2-one 2b/2'b

IR (ATR) Viax 1752, 1663, 1612 cm™!; 'H NMR (300 MHz, CDCls,
Major isomer) ¢ 6.72-7.29 (9H, m, ArH), 5.54 (1H, d, J = 4.5 Hz, C3-
H), 4.98 (1H, q, J=7.2 Hz, CHCH3), 4.53 (1H, d, J=4.5 Hz, C4-H),
3.74 (3H, s, OCH3), 1.64 (3H, s, CH3C00), 1.30 (3H, d, J=7.2 Hz,
CHCHs); 'H NMR (300 MHz, CDCls;, Minor isomer) 6 6.72-7.29
(9H, m, ArH), 5.60 (1H, d, J=4.5 Hz, C3-H), 4.57 (1H, d, J = 4.5 Hz,
C4-H), 431 (1H, q, J=7.2 Hz, CHCH3), 3.72 (3H, s, OCH3), 1.75
(3H, d, J=7.2Hz, CHCHs), 1.62 (3H, s, CH5CO0); '*C NMR
(75 MHz, CDCl3, Both isomers) ¢ 169.1, 169.0, 164.7, 159.8, 140.4,
139.1, 129.9, 129.7, 128.7, 128.7, 128.0, 127.8, 127.2, 126.7,
125.8, 124.5, 113.5, 113.4, 76.4, 60.4, 60.3, 55.2, 54.4, 52.3, 19.9,
19.6, 19.0; Anal. Calcd. for C;gH21NO4: C, 70.78; H, 6.24; N, 4.13.
Found: C, 70.75; H, 6.24; N, 4.11.

4.3.3. (1'S,3R4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-
4-(4'-chlorophenyl)azetidin-2-one 2¢/2'c

IR (ATR) Vimax 1754, 1598 cm~'; '"H NMR (400 MHz, CDCls, Major
isomer) § 7.04-7.33 (9H, m, ArH), 5.64 (1H, d, ] = 4.7 Hz, C3-H), 5.05
(1H, q,J = 7.2 Hz, CHCH3), 4.62 (1H, d, ] = 4.7 Hz, C4-H), 1.72 (3H, s,
CH5C00), 1.40 (3H, d, ] = 7.2 Hz, CHCH3); 'H NMR (400 MHz, CDCls,
Minor isomer) § 7.04-7.33 (9H, m, ArH), 5.69 (1H, d, J=4.7 Hz,
C3-H), 4.68 (1H, d, J = 4.7 Hz, C4-H), 4.45 (1H, q, ] = 6.8 Hz, CHCH3),
1.81 (3H, d, J = 7.2 Hz, CHCH5), 1.70 (3H, s, CH;COO0); '*C NMR (100
MHZ, CDCls;, Both isomers) § 169.1, 169.0, 164.5, 164.5, 138.9,
134.6, 1344, 132.7, 1314, 130.0, 129.7, 128.8, 128.8, 128.3,
128.2, 128.0, 127.1, 126.8, 76.4, 76.2, 60.3, 60.1, 54.4, 52.6, 20.5,
19.9, 19.4, 19.0; Anal. Calcd. for C;9HgNOsCl: C, 66.38; H, 5.28;
N, 4.07. Found: C, 66.34; H, 5.25; N, 4.05.

4.34. (1'S,3R4S)- and (1'S,35,4R)-1-(1'-Phenylethyl)-3-acetoxy-
4-styrylazetidin-2-one 2d/2'd

IR (ATR) Vinax 1748, 1653, 1601, 1522 cm™!; 'H NMR (300 MHz,
CDCl;, Major isomer) § 7.10-7.28 (10H, m, ArH), 6.40 (1H, d,
CH=CHPh), 5.91 (1H, dd, J = 15.9, 8.7 Hz, CH=CHPh), 5.57 (1H, d,
C3-H), 4.88 (1H, q, J = 6.9 Hz, CHCH3), 4.17 (1H, dd, J = 9.0, 4.8 Hz,
C4-H), 1.957 (3H, s, CH3C00), 1.57 (3H, d, J = 7.2 Hz, CHCH3); 'H
NMR (300 MHz, CDCl3, Minor isomer) 6 7.10-7.28 (10H, m, ArH),
6.35 (1H, d, CH=CHPh), 5.72 (1H, dd, J = 15.9, 8.7 Hz, CH=CHPh),
5.59 (1H, d, C3-H), 4.55 (1H, q, J = 7.2 Hz, CHCH3), 4.23 (1H, dd,
J=8.7, 48Hz, C4-H), 1.951 (3H, s, CH5CO0), 1.70 (3H, d,
J=7.2Hz, CHCH3); '3C NMR (75 MHz, CDCls, Both isomers) &
169.7, 169.6, 164.5, 164.3, 140.8, 139.7, 137.0, 136.6, 136.1,
136.0, 129.1, 129.1, 129.0, 128.9, 128.7, 128.7, 128.3, 128.2,
127.5, 127.3, 126.9, 123.7, 122.5, 76.5, 76.5, 60.1, 59.6, 53.5, 52.6,
20.6, 19.7, 19.1; Anal. Calcd. for C;;H»;NO5: C, 75.20; H, 6.31; N,
4.18. Found: C, 75.15; H, 6.26; N, 4.14.

4.3.5. (1'S,3RA4R)- and (1'5,35,4S)-1-(1'-Phenylethyl)-3-acetoxy-
4-benzoylazetidin-2-one 2e/2'e

IR (ATR) Vmax 1760, 1694, 1658, 1598 cm™~!; 'H NMR (400 MHz,
CDCl;, Major isomer) § 7.26-7.77 (10H, m, ArH), 6.13 (1H, d,
J=5.3Hz, C3-H), 5.00 (1H, d, J=5.3Hz, C4-H), 472 (1H, q,
J=7.3Hz, CHCH3), 1.72 (3H, d, J=7.0Hz, CHCHs), 1.64 (3H, s,
CH5CO0); '"H NMR (400 MHz, CDCls, Minor isomer) § 7.26-7.77
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(10H, m, ArH), 6.21 (1H, d, J = 5.3 Hz, C3-H), 5.18 (1H, q, ] = 7.4 Hz,
CHCHs), 4.97 (1H, d, J=5.3Hz, C4-H), 1.95 (3H, d, J=7.1Hz,
CHCH3), 1.65 (3H, s, CH3C00); *C NMR (75 MHz, CDCls, Both iso-
mers) 6 169.7, 169.6, 164.5, 164.3, 140.8, 139.7, 137.0, 136.6, 136.1,
136.0, 129.1, 129.1, 129.0, 128.9, 128.7, 128.7, 128.3, 128.2, 127.5,
127.3, 126.9, 123.7, 122.5, 76.5, 76.5, 60.1, 59.6, 53.5, 52.6, 20.6,
19.7, 19.1; Anal. Calcd. for C;oH9NOg4: C, 71.20; H, 5.68; N, 4.15.
Found: C, 71.15; H, 5.64; N, 4.11.

4.3.6. (1'R,3R,4S)- and (1'R,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-
4-phenylazetidin-2-one 2f/2'f

IR (ATR) Vimax 1753, 1602 cm~! 'H NMR (400 MHz, CDCls, Major
isomer) 6 7.15-7.34 (10H, m, ArH), 5.65 (1H, d, J = 4.7 Hz, C3-H),
5.07 (1H, q, J= 7.1 Hz, CHCH3), 4.66 (1H, d, J=4.7 Hz, C4-H), 1.66
(3H, s, CH;CO00), 1.38 (3H, d, J=7.2Hz, CHCHs;); 'H NMR
(400 MHz, CDCls, Minor isomer) § 7.15-7.34 (10H, m, ArH), 5.70
(1H, d, J=4.6 Hz, C3-H), 4.70 (1H, d, ] = 4.7 Hz, C4-H), 4.41 (1H, q,
J=7.3Hz, CHCH3), 1.84 (3H, d, J=7.2 Hz, CHCHs3), 1.64 (3H, s,
CH5C00), '*C NMR (100 MHz, CDCl;, Both isomers) & 169.1,
169.0, 164.7, 140.3, 139.1, 134.0, 132.7, 128.8, 128.7, 128.6,
128.5, 128.4, 128.1, 128.0, 127.9, 127.1, 126.7, 76.5, 76.3, 60.9,
60.7, 54.6, 52.4, 19.8, 19.7, 19.0; Anal. Calcd. for C;9H9NOs: C,
73.77; H, 6.19; N, 4.53. Found: C, 73.70; H, 6.20; N, 4.55.

4.3.7. (1'R, 3R, 4S)- and (1'R, 3S, 4R)-1-(1’-Naphthylethyl)-3-
acetoxy-4-phenylazetidin-2-one 2g/2'g

White solid; IR (ATR) vmax 1748, 1711, 1599 cm™!; 'H NMR
(300 MHz, CDCl3, Major isomer) é 6.86-8.01 (12H, m, ArH), 5.87
(1H, q, J = 6.9 Hz, CHCH;), 5.42 (1H, d, ] = 4.8 Hz, C3-H), 4.01 (1H,
d, J=4.8 Hz, C4-H), 1.58 (3H, s, CH3C0OO0), 1.48 (3H, d, J=7.2 Hz,
CHCH3); 'H NMR (300 MHz, CDCls;, Minor isomer) & 6.85-8.01
(12H, m, ArH), 5.66 (1H, d, J=4.5Hz, C3-H), 529 (1H, q,
J=6.9Hz, CHCHs), 466 (1H, d, J=4.8 Hz, C4-H), 1.90 (3H, d,
J=7.2 Hz, CHCH3), 1.54 (3H, s, CH3COO); '3C NMR (75 MHz, CDCl5,
Both isomers) 6 169.5, 169.3, 165.4, 165.1, 135.5, 134.5, 134.2,
133.6, 132.8, 1314, 1294, 129.4, 129.3, 129.1, 129.0, 128.9,
128.7, 128.6, 128.3, 128.3, 128.2, 127.6, 127.6, 126.9, 126.5,
126.4, 126.1, 125.6, 125.3, 125.2, 124.6, 124.6, 124.3, 122.9, 76.5,
76.5, 61.0, 60.9, 50.2, 47.5, 28.5, 20.2, 20.2, 19.3, 19.3; Anal. Calcd.
for C,3H,1NOs: C, 76.86; H, 5.89; N, 3.90. Found: C, 76.84; H, 5.84,
N, 3.91.

4.3.8. (1'R, 3R, 4S)- and (1'R, 3S, 4R)-1-(1'-Naphthylethyl)-3-
acetoxy-4-styrylazetidin-2-one 2h/2'h

IR (ATR) Vmax 1750, 1652, 1599, 1512 cm~'; "H NMR (400 MHz,
CDCls, Major isomer, Pure) § 7.18-7.52 (12H, m, ArH), 6.16 (1H, d,
J=15.8 Hz, CH = CHPh), 5.98 (1H, dd, J = 15.8, 9.0 Hz, CH = CHPh),
5.79 (1H, q, J = 6.9 Hz, CHCH3), 5.49 (1H, d, J = 4.8 Hz, C3-H), 3.68
(1H, dd, J=9.0, 4.8 Hz, C4-H), 1.95 (3H, s, CH3CO0), 1.71 (3H, d,
J=7.0 Hz, CHCHs); '"H NMR (300 MHz, CDCl3, Minor isomer, Pure)
6 6.73-8.11 (12H, m, ArH), 6.05 (1H, d, J=15.9 Hz, CH = CHPh),
5.60 (1H, d, J = 4.8 Hz, C3-H), 5.40 (1H, q, J = 6.9 Hz, CHCH3), 5.27
(1H, dd, J=15.9, 8.7 Hz, CH = CHPh), 4.22 (1H, dd, J=8.7, 4.5 Hz,
C4-H), 1.87 (3H, s, CH5C00), 1.80 (3H, d, J=7.2 Hz, CHCHs); 13C
NMR (100 MHz, CDCls, Major isomer) § 169.3, 164.0, 136.5,
135.8, 133.9, 133.2, 131.1, 129.2, 129.1, 128.8, 128.5, 127.3,
126.6, 126.1, 124.9, 124.4, 123.1, 122.6, 76.1, 59.3, 47.0, 204,
19.1; 3C NMR (100 MHz, CDCls, Both isomers) 6 169.2, 164.2,
163.9, 136.3, 136.1, 135.7, 135.5, 134.6, 133.8, 133.1, 131.0,
129.0, 129.0, 128.9, 128.8, 128.6, 128.4, 128.2, 128.0, 127.1,
126.7, 126.5, 126.3, 126.0, 125.8, 125.1, 124.8, 124.3, 124.1,
123.0, 122.7, 122.5, 121.7, 77.1, 76.1, 76.0, 59.2, 59.0, 48.3, 46.9,
20.2, 19.0, 18.3; Anal. Calcd. for C;5H»3NO3: C, 77.90; H, 6.01; N,
3.63. Found: C, 77.84; H, 5.99; N, 3.60.

4.3.9. (1'S, 3R, 4S)- and (1'S, 38, 4R)-1-(1'-Phenylpropyl)-3-
acetoxy-4-phenylazetidin-2-one 2i/2'i

IR (ATR) Vmax 1751, 1602, 1527 cm™'; '"H NMR (300 MHz, CDCls,
Major isomer) 6 7.06-7.27 (10H, m, ArH), 5.56 (1H, d, J=4.5 Hz,
C3-H), 4.56-4.58 (1H, m, CHCH,), 4.52 (1H, d, J=4.8 Hz, C4-H),
1.78-1.88 (1H, m, CHCH,), 1.62-1.69 (1H, m, CHCH,), 1.59 (3H, s,
CH5C00), 0.78 (3H, t, J=7.2 Hz, CH,CHs); '"H NMR (300 MHz,
CDCl;, Minor isomer) 6 7.06-7.27 (m, 10H, ArH), 5.61 (1H, d,
J=4.5Hz, C3-H), 4.56-4.58 (1H, m, C4-H), 3.97 (1H, t, J=8.1 Hz,
CHCH,), 2.42-2.47 (1H, m, CHCH,), 2.00-2.04 (1H, m, CHCH,),
1.57 (3H, s, CH3C00), 0.92 (3H, t, J=7.2 Hz, CH,CHs), 3C NMR
(75 MHz, CDCls, Both isomers) § 169.1, 169.0, 164.8, 164.6, 139.2,
137.7, 1339, 133.7, 132.7, 128.7, 128.6, 128.5, 1284, 128.1,
128.0, 127.9, 127.9, 127.8, 127.2, 76.4, 76.2, 61.6, 61.6, 60.4, 60.1,
26.7, 26.3, 19.8, 19.8, 11.7, 11.1; Anal. Calcd. for CyoH»;NOs: C,
74.28; H, 6.55; N, 4.33. Found: C, 74.22; H, 6.50; N, 4.29.

4.3.10. (1'S,3R,4S)- and (1'S,35,4R)-1-(1'-Phenylpropyl)-3-
acetoxy-4-styrylazetidin-2-one 2j/2’j

White needles; m.p.: 132-133 °C; IR (ATR) vmax 1752, 1650,
1601 cm™!; 'H NMR (300 MHz, CDCl;, Major isomer, Pure) &
7.18-7.30 (10H, m, ArH), 6.45 (1H, d, J = 15.9 Hz, CH=CHPh), 5.91
(1H, dd, J = 15.6, 9.0 Hz, CH=CHPh), 5.59 (1H, d, J = 4.8 Hz, C3-H),
4,51 (1H, t, J= 7.5 Hz, CHCH,), 4.17 (1H, dd, J = 8.7, 4.8 Hz, C4-H),
1.98-2.10 (1H, m, CH,CHs), 1.96 (3H, s, CH3C0O0), 1.83-1.93 (1H,
m, CH,CH3), 0.91 (3H, t, J=7.2 Hz, CH,CHs); 'H NMR (300 MHz,
CDCl3, Minor isomer) 6 7.15-7.48 (10H, m, ArH), 6.40 (1H, d,
J=16.2 Hz, CH=CHPh), 5.73 (1H, dd, J = 16.2, 8.4 Hz, CH=CHPh),
5.58 (1H, d, J = 4.8 Hz, C3-H), 4.12-4.17 (1H, t, J = 8.1 Hz, CHCH,),
412-4.17 (1H, dd, J=8.7, 4.8 Hz, C4-H), 1.98-2.08 (1H, m, CH,-
CH3), 1.90-1.92 (1H, m, CH,CHs), 1.95 (3H, s, CH5C0O0), 0.82 (3H,
t, J=6.9 Hz, CH,CHs3); Anal. Calcd. for Cy3Ho3NOs: C, 75.62; H,
6.63; N, 4.01. Found: C, 75.60; H, 6.59; N, 3.99.

4.3.11. (1'S,3R,4S)- and (1'S,35,4R)-1-(1'-Phenylethyl)-3-
methoxy-4-phenyl-azetidin-2-one 3a/3'a

IR (ATR) Vinax 1746, 1648, 1521 cm™'; "H NMR (300 MHz, CDCls,
Major isomer) 6 7.05-7.29 (10H, m, ArH), 4.43 (1H, d, ] = 4.5 Hz, C3-
H), 4.33 (1H, d, J=4.5 Hz, C4-H), 4.13 (1H, q, J=7.2 Hz, CHCH3),
2.99 (3H, s, OCH;), 1.73 (3H, d, J=7.2Hz, CHCHs); 'H NMR
(300 MHz, CDCls, Minor isomer) § 7.05-7.29 (10H, m, ArH), 4.92
(1H, q, J=7.5 Hz, CHCH3s), 4.37 (1H, d, J=4.5 Hz, C3-H), 4.28 (1H,
d, J=4.5Hz, C4-H), 3.03 (3H, s, OCHs), 1.24 (3H, d, J=7.2Hz,
CHCHs); *C NMR (75 MHz, CDCls, Both isomers) 6 166.8, 140.9,
1394, 135.1, 133.8, 128.8, 128.7, 128.6, 128.6, 128.5, 1284,
128.2, 128.1, 127.9, 127.7, 127.3, 126.8, 84.8, 61.1, 61.0, 58.1,
58.0, 54.3, 51.8, 19.9, 19.1; Anal. Calcd. for C;gH;9NO,: C, 76.84;
H, 6.81; N, 4.98. Found: C, 76.80; H, 6.80; N, 4.95.

4.3.12. (1'S,3R,4S)- and (1'S,35,4R)-1-(1'-Phenylethyl)-3-
methoxy-4-(4'-methoxyphenyl)azetidin-2-one 3b/3'b

Yellow oil; IR (ATR) Vmax 1750, 1615 cm™'; "H NMR (300 MHz,
CDCl;, Major isomer) 6 6.69-7.25 (9H, m, ArH), 4.40 (1H, d,
J=4.5Hz, C3-H), 429 (1H, d, J=4.5Hz, C4-H), 4.14 (1H, q,
J=7.2Hz, CHCHs), 3.72 (3H, s, OCHs), 3.04 (3H, s, OCH3), 1.72
(1H, d, ] = 7.2 Hz, CHCHs); 'H NMR (300 MHz, CDCls, Minor isomer)
8 6.69-7.25 (9H, m, ArH), 4.94 (1H, q, ] = 7.2 Hz, CHCHs), 4.34 (1H,
d,J =4.5 Hz, C3-H), 4.24 (1H, d, ] = 4.5 Hz, C4-H), 3.73 (3H, s, OCH3),
3.00 (3H, s, OCHs3), 1.24 (1H, d, J=7.2Hz, CHCH;); 3C NMR
(100 MHz, CDCl;, Both isomers) § 166.9, 166.8, 159.8, 159.7,
141.0, 139.5, 130.0, 129.8, 128.7, 128.6, 127.9, 127.7, 127.3,
126.9, 126.8, 125.6, 113.7, 113.5, 84.8, 60.5, 60.4, 58.1, 58.0, 55.2,
54.1, 51.6, 19.9, 19.1; Anal. Calcd. for C;9H,;NO5: C, 73.29; H,
6.80; N, 4.50. Found: C, 73.25; H, 6.78; N, 4.52.
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4.3.13. (1'S,3R,4S)- and (1'S5,3S,4R)-1-(1'-Phenylethyl)-3-
methoxy-4-(4'-chlorophenyl)azetidin-2-one 3c/3'c

Yellowish solid; IR (ATR) Vmax 1750, 1615cm™; 'H NMR
(300 MHz, CDCl;, Major isomer) ¢ 7.03-7.27 (9H, m, ArH), 4.45
(1H, d, J=4.8 Hz, C3-H), 4.36 (1H, d, J=4.5Hz, C4-H), 4.22 (1H,
q, J=7.1 Hz, CHCH3), 3.05 (3H, s, OCHs), 1.71 (3H, d, J=6.9 Hz,
CHCH3); "TH NMR (300 MHz, CDCls, Minor isomer) & 7.03-7.27
(9H, m, ArH), 495 (1H, q, J=7.1Hz, CHCHs3), 440 (1H, d,
J=4.5Hz, C3-H), 4.28 (1H, d, J=4.5Hz, C4-H), 2.99 (3H, s,
OCHs), 1.26 (3H, d, J=7.2 Hz, CHCH3); '*C NMR (75 MHz, CDCls,
Both isomers) ¢ 166.7, 140.5, 139.2, 134.5, 134.3, 133.8, 132.5,
130.1, 129.9, 128.8, 128.7, 128.5, 128.4, 128.0, 127.9, 127.3,
126.9, 84.8, 60.3, 60.3, 58.2, 58.2, 54.1, 51.9, 19.6, 19.1; Anal
Calcd. for C;gHigNO,Cl: C, 68.46; H, 5.75; N, 4.44. Found: C,
68.40; H, 5.69; N, 4.41.

4.3.14. (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-
methoxy-4-styrylazetidin-2-one 3d/3'd

IR (ATR) Vmax 1744, 1521 cm™'; 'TH NMR (300 MHz, CDCl5, Major
isomer) 6 7.07-7.27 (10H, m, ArH), 6.40 (1H, d, J=15.9 Hz,
CH = CHPh), 6.16 (1H, dd, J = 15.9, 9.3 Hz, CH = CHPh), 4.92 (1H, q,
J=7.2Hz, CHCHs), 441 (1H, d, J=4.5Hz, C3-H), 4.03 (1H, dd,
J=9.3, 45 Hz, C4-H), 3.332 (3H, s, OCH3), 1.64 (3H, d, J= 7.2 Hz,
CHCH3); "™H NMR (300 MHz, CDCls, Minor isomer) & 7.07-7.27
(10H, m, ArH), 6.43 (1H, d, J = 15.9 Hz, CH=CHPh), 5.96 (1H, dd,
J=15.9, 9.3 Hz, CH=CHPh), 4.55 (1H, q, J= 7.2 Hz, CHCH3), 4.45
(1H, d, J=4.2 Hz, C3-H), 4.11 (1H, dd, J = 9.6, 4.8 Hz, C4-H), 3.337
(3H, s, OCHs), 1.51 (3H, d, J = 6.9 Hz, CHCH5); '*C NMR (75 MHz,
CDCls, Both isomers) § 166.1, 165.9, 140.9, 139.5, 136.0, 136.0,
135.8, 135.1, 128.6, 128.6, 128.5, 128.1, 128.1, 127.7, 127.6,
127.2, 127.1, 126.9, 126.6, 125.2, 123.8, 84.8, 84.6, 60.1, 59.7,
58.5, 52.8, 51.5, 19.3, 18.9; Anal. Calcd. for C3oH21NO3: C, 78.15;
H, 6.89; N, 4.56. Found: C, 78.13; H, 6.87; N, 4.55.

4.3.15. (1'R,3R,4S)- and (1'R,3S5,4R)-1-(1’-Phenylethyl)-3-
methoxy-4-phenylazetidin-2-one 3f/3'f

IR (ATR) Viax 1746, 1519cm™'; '"H NMR (300 MHz, CDCls,
Major isomer) 6 7.06-7.21 (10H, m, ArH), 4.41 (1H, d, J=4.5 Hz,
C3-H), 4.31 (1H, d,J = 4.5 Hz, C4-H), 4.21 (1H, q, ] = 7.2 Hz, CHCH3),
2.98 (3H, s, OCH;), 1.75 (3H, d, J=6.9Hz, CHCHs); 'H NMR
(300 MHz, CDCls, Minor isomer) § 7.06-7.21 (10H, m, ArH), 4.99
(1H, q, J=6.9 Hz, CHCH3), 447 (1H, d, J=4.5Hz, C3-H),), 437
(1H, d, J=4.5Hz, C4-H), 3.03 (3H, s, OCHs3), 1.25 (3H, d,
J=7.2Hz, CHCHs); *C NMR (100 MHz, CDCl;, Both isomers) &
166.9, 166.8, 140.9, 139.5, 135.1, 133.9, 128.8, 128.7, 128.7,
128.6, 128.6, 128.5, 128.3, 128.2, 127.9, 127.7, 127.3, 126.9, 84.9,
76.7, 61.1, 61.0, 58.1, 58.1, 54.3, 51.8, 19.9, 19.1; Anal. Calcd. for
CigH19NO;: C, 76.84; H, 6.81; N, 4.98. Found: C, 76.83; H, 6.78,
N, 4.95.

4.3.16. (1'R,3R,4S)- and (1'R,3S5,4R)-1-(1'-Naphthylethyl)-3-
methoxy-4-phenylazetidin-2-one 3g/3'g

IR (ATR) Vinax 1740 cm™!; 'H NMR (300 MHz, CDCls, Major iso-
mer, Pure) 6 6.94-8.03 (12H, m, ArH), 5.14 (1H, q, J=7.2 Hz,
CHCH3), 4.49 (1H, d, J = 4.8 Hz, C3-H), 4.39 (1H, d, J = 4.5 Hz, C4-
H), 3.02 (3H, s, OCHs), 1.88 (3H, d, J=7.2 Hz, CHCHs); 'H NMR
(300 MHz, CDCls, Minor isomer, Pure) § 7.09-8.02 (12H, m, ArH),
5.84 (1H, q, J= 7.5 Hz, CHCH3), 4.29 (1H, d, J=4.5 Hz, C3-H), 3.77
(1H, d, J=4.5 Hz, C4-H), 2.93 (3H, s, OCHs), 1.42 (3H, d, J=7.0 Hz,
CHCH3); 3C NMR (75 MHz, CDCl;, Major isomer) § 166.7, 135.1,
133.8, 133.6, 131.3, 129.1, 128.9, 128.5, 128.0, 127.1, 126.0,
125.0, 124.3, 122.8, 84.6, 60.5, 58.0, 46.5, 19.0; '*C NMR
(75 MHz, CDCl;, Minor isomer) § 166.7, 135.1, 133.8, 133.7,
131.2, 129.0, 128.9, 128.6, 128.0, 127.1, 126.1, 125.0, 1244,
122.8, 84.7, 60.6, 58.0, 46.5, 19.0; Anal. Calcd. for C;5H;1NO5: C,
79.73; H, 6.39; N, 4.23. Found: C, 79.70; H, 6.28; N, 4.30.

4.3.17. (1'R,3RA4S)- and (1'R,35,4S)-1-(1'-Naphthylethyl)-3-
methoxy-4-styrylazetidin-2-one 3h/3’'h

IR (ATR) Vinax 1741, 1646 cm™!; '"H NMR (400 MHz, CDCls, Major
isomer, Pure) ¢ 7.25-8.07 (12H, m, ArH), 6.19-6.27 (2H, m,
CH=CHPh and CH=CHPh), 5.85 (1H, q, J=7.3 Hz, CHCHs), 4.35
(1H, d, J=4.5 Hz, C3-H), 3.59 (1H, dd, J = 8.4, 4.5 Hz, C4-H), 3.36
(3H, s, OCH3), 1.75 (3H, d, J = 6.9 Hz, CHCHs); '"H NMR (300 MHz,
CDCl3, Minor isomer, Pure) 6 6.91-8.18 (12H, m, ArH), 6.19 (1H,
d, J=15.9Hz, CH=CHPh), 564 (1H, dd, J=159Hz, 9.3 Hz,
CH=CHPh), 5.53 (1H, q, J = 6.6 Hz, CHCH3), 4.54 (1H, d, J=4.5 Hz,
C3-H), 4.16 (1H, dd, J = 9.3, 4.5 Hz, C4-H), 3.37 (3H, s, OCH3), 1.86
(3H, d, J=6.9 Hz, CHCHs); 3C NMR (100 MHz, CDCls, Major iso-
mer) § 165.9, 136.2, 135.4, 1339, 133.6, 131.3, 129.0, 128.7,
128.3, 127.1, 126.7, 126.0, 124.9, 124.5, 122.9, 84.8, 59.8, 58.6,
46.4, 19.2; 3C NMR (100 MHz, CDCls;, Minor isomer) & 165.8,
136.1, 135.3, 133.8, 133.5, 131.1, 129.0, 128.8, 128.4, 127.2,
126.6, 126.0, 124.9, 124.4, 122.9, 84.8, 59.8, 58.6, 46.5, 19.4; Anal.
Calcd. for Co4H,3NO5: C, 80.64; H, 6.49; N, 3.92. Found: C, 80.40; H,
6.46; N, 3.90.

4.3.18. (1'S,3R,4S)- and (1'S5,35,4R)-1-(1'-Phenylpropyl)-3-
methoxy-4-phenylazetidin-2-one 3i/3'i

0Oil; IR (ATR) Vmax 1741 cm~"' '"H NMR (300 MHz, CDCls, Major
isomer) ¢ 7.04-7.26 (10H, m, ArH), 4.47 (1H, d, J = 4.5 Hz, C3-H),
4.35 (1H, d, J=4.5 Hz, C4-H), 3.85 (1H, t, J= 7.5 Hz, CHCH,), 3.00
(3H, s, OCH3), 1.93-2.02 (1H, m, CH,CHs3), 1.66-1.80 (1H, m,
CH,CH3), 0.89 (3H, t,] = 7.2 Hz, CH,CH5); 'H NMR (300 MHz, CDCl5,
Minor isomer) § 7.04-7.26 (10H, m, ArH), 4.57 (1H, t, J=8.1 Hz,
CHCH,), 442 (1H, d, J=4.2Hz, C3-H), 4.27 (1H, d, J=4.5Hz,
C4-H), 2.96 (3H, s, OCH3), 2.38-2.47 (1H, m, CH,CH3), 1.52-1.61
(1H, m, CH,CHs), 0.76 (3H, t, J=7.2Hz, CH,CH3); 'C NMR
(75 MHz, CDCls, Both isomers) § 166.6, 139.9, 138.1, 135.0, 133.8,
128.8, 128.6, 128.6, 128.5, 128.4, 128.2, 128.0, 128.0, 127.9, 127.7,
127.3, 126.5, 84.8, 72.0, 84.8, 61.5, 61.4, 60.7, 59.3, 59.0, 58.0,
57.9, 54.1, 26.8, 26.2, 11.8, 11.2, 10.7; Anal. Calcd. for C;gH;;NO;:
C,77.26; H,7.17; N, 4.74. Found: C, 77.24; H, 7.14; N, 4.72.

4.3.19. (1'S,3R,4S)- and (1'S,35,4R)-1-(1'-Phenylpropyl)-3-
methoxy-4-styrylazetidin-2-one 3j/3'j

IR (ATR) Vmax 1740, 1520 cm™~'; '"H NMR (300 MHz, CDCls, Major
isomer) & 6.98-7.33 (10H, m, ArH), 6.43 (1H, d, J=15.9Hz,
CH=CHPh), 6.11 (1H, dd, J=15.9, 9.3 Hz, CH=CHPh), 4.51 (1H, t,
J=7.5Hz, CHCH;), 4.33 (1H, d, J=4.5Hz, C3-H), 3.94 (1H, dd,
J=9.6, 4.8 Hz, C4-H), 3.35 (3H, s, OCH3), 1.92-2.01 (1H, m,
CH,CH5), 1.81-1.88 (1H, m, CH-CHs3), 0.90 (3H, t, J=7.2Hz,
CH,CHs); 'H NMR (300 MHz, CDCls, Minor isomer) § 6.98-7.33
(10H, m, ArH), 6.39 (1H, d, J=15.9 Hz, CH = CHPh), 5.96 (1H, dd,
J=159, 9.0Hz, CH=CHPh), 438 (1H, d, J=4.8Hz, C3-H),
3.97-4.06 (2H, m, CHCH, and C4-H), 3.37 (3H, s, OCHj3),
2.28-2.31 (1H, m, CH,CHj3), 1.61-2.75 (1H, m, CH,CH3s), 0.90 (3H,
t, J=7.2 Hz, CH,CH3); Anal. Calcd. for C;;H3NO,: C, 78.47; H,
7.21; N, 4.36. Found: C, 78.45; H, 7.12; N, 4.31.

4.3.20. (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-
phthalimido-4-phenylazetidin-2-one 4a/4'a

IR (ATR) Viax 1781, 1756, 1720 cm™'; 'H NMR (400 MHz, CDCl3,
Major isomer) § 7.10-7.67 (14H, m, ArH), 5.33 (1H, d,J = 5.4 Hz, C3-
H),5.24 (1H, q,] = 7.2 Hz, CHCH3), 4.76 (1H, d, ] = 5.4 Hz, C4-H), 1.59
(3H,d,J = 7.2 Hz, CHCHs); 'H NMR (400 MHz, CDCl5, Minor isomer)
§7.10-7.67 (14H, m, ArH), 5.41 (1H, d, ] = 5.3 Hz, C3-H), 4.85 (1H, d,
J=5.3Hz, C4-H), 4.60 (1H, q, J=7.2 Hz, CHCH3), 2.00 (3H, d,
J=7.2Hz, CHCHs); ¥C NMR (100 MHz, CDCls, Both isomers) &
166.8, 164.0, 163.7, 141.0, 139.5, 134.1, 134.0, 133.0, 131.2, 128.8,
128.4,128.3, 128,2, 128.0, 127.9, 127.7, 127.4, 127.3, 126.8, 123.3,
60.9, 60.4, 59.2, 55.3, 53.1, 19.9, 19.3; Anal. Calcd. for C35H,oN,03:
C, 75.74; H, 5.08; N, 7.07. Found: C, 75.71; H, 5.10; N, 7.00.
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4.3.21. (1'S,3R,4S)- and (1'S5,3S,4R)-1-(1'-Phenylethyl)-3-
phthalimido-4-(4'-methoxyphenyl)azetidin-2-one 4b/4'b

White solid; IR (ATR) Vmax 1779, 1754, 1721 cm™!; 'H NMR
(400 MHz, CDCl3, Major isomer) é 6.66-7.68 (13H, m, ArH), 5.29
(1H, d, J=5.2 Hz, C3-H), 5.20 (1H, q, J= 7.2 Hz, CHCH3), 4.73 (1H,
d, J=5.3Hz, C4-H), 3.64 (3H, s, OCH3), 1.56 (3H, t, J=7.2 Hz,
CHCH3); 'H NMR (400 MHz, CDCls, Minor isomer) & 6.66-7.68
(13H, m, ArH), 537 (1H, d, J=5.2Hz, C3-H), 4.81 (1H, d,
J=5.2Hz, C4-H), 4.58 (1H, q, J=7.2 Hz, CHCHs), 3.63 (3H, s,
OCH3), 1.97 (3H, d, J = 7.2 Hz, CHCHs); *C NMR (100 MHz, CDCls,
Both isomers) ¢ 163.9, 163.7, 159.4, 159.3, 140.9, 139.4, 134.6,
134.4, 134.1, 131.1, 128.9, 128.4, 128.3, 128.0, 127.8, 127.7,
127.5, 127.2, 126.7, 126.1, 125.6, 124.5, 123.9, 123.7, 1235,
123.3, 114.2, 113.6, 113.5, 60.5, 60.1, 59.2, 59.1, 55.2, 55.0, 54.8,
53.4, 52.9, 19.7, 19.28; Anal. Calcd. for Cy6H»,N,04: C, 73.23; H,
5.20; N, 6.57. Found: C, 73.17; H, 5.11; N, 6.54.

4.3.22. (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-
phthalimido-4-(4'-chlorophenyl)azetidin-2-one 4c/4'c

White solid; IR (ATR) vmax 1781, 1756, 1720 cm™!; 'H NMR
(300 MHz, CDCl3, Major isomer) é 6.97-7.80 (13H, m, ArH), 5.23
(1H, d, J=5.4 Hz, C3-H), 5.12 (1H, q, J= 7.2 Hz, CHCH3), 4.63 (1H,
d, J=5.1Hz, C4-H), 1.51 (3H, d, J=7.2 Hz, CHCH3); TH NMR
(300 MHz, CDCl3, Minor isomer) § 6.97-7.80 (13H, m, ArH), 5.31
(1H, d, J=5.4 Hz, C3-H), 4.72 (1H, d, ] = 5.1 Hz, C4-H), 4.51 (1H, q,
J=7.2Hz, CHCHs3), 1.90 (3H, d, J=7.2Hz, CHCH;); '>C NMR
(75 MHz, CDCl5, Both isomers) é 166.7, 163.6, 139.4, 134.3, 134.2,
132.8, 131.7, 131.2, 129.2, 129.1, 128.9, 128.6, 128.5, 128.1,
128.0, 127.8, 127.2, 126.8, 123.7, 123.5, 60.4, 59.9, 59.2, 55.1,
53.2, 19.6, 19.3; Anal. Calcd. for Cy5H19N,05Cl: C, 69.69; H, 4.44;
N, 6.50. Found: C, 69.63; H, 4.38, N, 6.48.

4.3.23. (1'S,3R,4S)- and (1'S,35,4R)-1-(1'-Phenylethyl)-3-
phthalimido-4-styrylazetidin-2-one 4d/4'd

Yellow oil; IR (ATR) Vmax 1752, 1726 cm~!; 'H NMR (300 MHz,
CDCl;, Major isomer) § 6.99-7.79 (14H, m, ArH), 6.35 (1H, d,
J=15.6 Hz, CH = CHPh), 6.14 (1H, dd, J=15.9, 9.0 Hz, CH=CHPh),
5.37 (1H, d, = 5.4 Hz, C3-H), 5.06 (1H, q, J = 7.2 Hz, CHCH3), 4.32
(1H, dd, J=9.3, 5.1 Hz, C4-H), 1.65 (3H, d, J= 7.2 Hz, CHCHs); 'H
NMR (300 MHz, CDCls, Minor isomer) 6 6.99-7.79 (14H, m, ArH),
6.40 (1H, d, J=15.9 Hz, CH=CHPh), 5.90 (1H, dd, J=15.6, 9.0 Hz,
CH=CHPh), 5.42 (1H, d, J=5.4Hz, C3-H), 4.76 (1H, q, J=7.2 Hz,
CHCHs), 4.43 (1H, dd, J = 9.3, 5.1 Hz, C4-H), 1.75 (3H, d, = 7.2 Hz,
CHCHs); '3C NMR (75 MHz, CDCl;, Both isomers) 5 167.3, 163.3,
140.6, 139.4, 136.4, 1355, 134.3, 131.5, 131.4, 128.7, 128.6,
128.5, 128.4, 128.2, 127.8, 127.7, 127.2, 126.9, 126.5, 124.4,
123.6, 60.2, 56.7, 52.8, 52.0, 51.5, 19.2, 19.2; Anal. Calcd. for
C,7H,,N,05: C, 76.76; H, 5.25; N, 6.63. Found: C, 76.71; H, 5.22;
N, 6.60.

Acknowledgements

A.B. gratefully acknowledges the financial support for this work
from Department of Science and Technology (DST), New Delhi,
Government of India, Project No. SR/FT/CS-037/2010 dated 28-
10-2010, FIST-II/PURSE-II (DST), and UGC-CAS, Panjab University,
Chandigarh. G.M., AK,, D.N. and S.B. acknowledges the financial

support from Council of Scientific and Industrial Research (CSIR)
and University Grant Commission (UGC), New Delhi vides Award
No-F.N0.09/135/(0437)2002-EMR-I, F.N0.09/135/(0679)/2012-
EMR-I, F.25.1/2013-14(BSR)/5-91/2007(BSR) and 201112-RGNF-
ST-HIM-9284 respectively.

A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetasy.2016.12.
007.

References

1. Wilmouth, R. C.; Li, Y.-H.; Wright, P. A.; Claridge, T. D. W.; Alpin, R. T.; Schofield,
C. ]. Tetrahedron 2000, 56, 5729.

2. Kingston, D. I. Chem. Commun. 2001, 867. and reference cited therein.

3. (a) Alcaide, B.; Almendros, P. Chem. Soc. Rev. 2001, 30, 226; (b) Palomo, C.;
Aizpurua, J.; Mielgo, A.; Linden, A. J. Org. Chem. 1996, 26, 61.

4. Abbiati, G.; Rossi, E. Tetrahedron 2001, 57, 7205.

5. (a)Van der Steen, F. H.; Van Koten, G. Tetrahedron 1991, 47, 5703; (b) Cooper, R.
D. G.; Daugherty, B. W.; Boyd, D. B. Pure Appl. Chem. 1987, 59, 485.

6. Georg, G. I.; Wu, Z. Tetrahedron Lett. 1994, 35, 381.

7. Zi, G.; Zhang, Z.; bai, X.; Liu, R. Inorg. Chim. Acta. 2009, 362, 1687.

8. Jrrahpour, A.; Ebrahimi, E.; Sinou, V.; Latour, C.; Brunel, J. M. Eur. J. Med. Chem.
2014, 87, 364.

9. Zakaszewska, A.; Najda, E.; Makowiec, S. New J. Chem. 2016, 40, 6546.

10. Roje, M.; Drazi¢, T.; Jurin, M.; Pescitelli, G. Eur. J. Org. Chem. 2016, 2016, 4189.

11. Kommidi, D. R.; Pagadala, R.; Rana, S.; Singh, P.; shintre, S. A.; Koorbanally, N.
A.; Jonnalagadda, S. B.; Moodley, B. Org. Biomol. Chem 2015, 13, 4344.

12. Aszodi, ].; Bonnet, A.; Teutsch, G. Tetrahedron 1990, 46, 1579.

13. (a)Bhalla, A.; Sharma, S.; Bhasin, K. K.; Bari, S. S. Synth. Commun. 2007, 37, 783;
(b) Bhalla, A.; Nagpal, Y.; Kumar, R.; Mehta, S. K.; Bhasin, K. K.; Bari, S. S. J.
Organomet. Chem. 2009, 694, 179; (c) Bhalla, A.; Bari, S. S.; Bhalla, J. Can. Chem.
Trans. 2015, 3, 72; (d) Bhalla, A.; Madan, S.; Venugopalan, P.; Bari, S. S.
Tetrahedron 2006, 62, 5054; (e) Bhalla, A.; Rathee, S.; Madan, S.; Venugopalan,
P.; Bari, S. S. Tetrahedron Lett. 2006, 47, 5255; (f) Bari, S. S.; Reshma; Bhalla, A.;
Hundal, G. Tetrahedron 2009, 65, 10060; (g) Bari, S. S.; Bhalla, A.; Nagpal, Y.;
Mehta, S. K.; Bhasin, K. K. J. Organomet. Chem. 1979, 2010, 695; (h) Bhalla, A.;
Bari, S. S.; Vats, S.; Sharma, M. L. Res. J. Chem. Sci. 2012, 2, 59; (i) Bari, S. S.;
Bhalla, A.; Venugopalan, P.; Hundal, Q. Res. J. Chem. Sci. 2013, 3, 45; (j) Bari, S.
S.; Venugopalan, P.; Arora, R. Tetrahedron Lett. 2003, 44, 895; (k) Bhalla, A.;
Venugopalan, P.; Bari, S. S. Tetrahedron 2006, 62, 8291; (1) Bhalla, A;
Venugopalan, P.; Bhasin, K. K.; Bari, S. S. Tetrahedron 2007, 63, 3195; (m)
Bhalla, A.; Venugopalan, P.; Bari, S. S. Eur. J. Org. Chem. 2006, 2006, 4943; (n)
Bari, S. S. Bhalla A. In Topic in Heterocyclic Chemistry; Banik, B., Ed.; Springer:
Berlin, Germany, 2010; pp 49-99; (o) Bari, S. S.; Magtoof, M. S.; Bhalla, A.
Montash. Chem. 2010, 141, 987; (p) Bari, S. S.; Bhalla, A.; Reshma; Hundal, G.
Tetrahedron Lett. 2013, 54, 483; (q) Bhalla, A.; Bari, S. S.; Berry, S.; Vats, S.;
Bhalla, J.; Mandal, S.; Khullar, S. Arkivoc 2015, 10; (r) Bhalla, A.; Bari, S. S.;
Bhalla, J.; Khullar, S.; Mandal, S. Tetrahedron Lett. 2016, 57, 2822; (s) Bari, S. S.;
Arora, R.; Bhalla, A.; Venugopalan, P. Tetrahedron Lett. 2010, 51, 1719; (t) Bhalla,
A.; Bari, S. S.; Vats, S.; Bhalla, ].; Sharma, K.; Narula, D. Tetrahedron Lett. 2016,
57, 4763.

14. Jarrahpour, A. Tetrahedron Lett. 2010, 51, 5791. and references cited therein.

15. Ai, L.; Xiao, J.; Wang, G.; Shen, X.; Zhang, C. Synth. Comm. 2006, 36, 2859.

16. Shinde, G. B.; Niphade, N. C.; Deshmukh, S. P.; Toche, R. B.; Mathad, V. T. Org.
Process Res. Dev. 2011, 15, 455.

17. Boyer, N.; Gloanec, P.; De Nanteuil, G.; Jabault, P.; Quiron, ]. C. Tetrahedron
2007, 63, 12352.

18. Troisi, L.; caccamese, S.; Pilati, T.; Videtta, V.; Rosata, F. Synthesis 2010, 18,
3211.

19. WilcoX, C. S.; Bosanac, T. J. Am. Chem. Soc. 2002, 124, 4194.

20. Ramesh, R.; Sindhiya, E. Tetrahedron Lett. 2014, 55, 5504.

21. Georg, G. I. The Organic Chemistry of p-Lactams; Verlag Chemie: New York,
1993.

22. Bonnet, A.; Teutsch, G.; Bonnet, A. Tetrahedron Lett. 1984, 25, 1561.

23. Lee, T.; Ahn, Y. Bull. Korean Chem. Soc. 2002, 23, 1490.

24. Mloston, G.; Obijalska, E.; Tafelska-Kaczmarek, A.; Zaidlewicz, M. ]. Flourine.
Chem. 2010, 131, 1289.

Please cite this article in press as: Bhalla, A.; et al. Tetrahedron: Asymmetry (2017), http://dx.doi.org/10.1016/j.tetasy.2016.12.007



http://dx.doi.org/10.1016/j.tetasy.2016.12.007
http://dx.doi.org/10.1016/j.tetasy.2016.12.007
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0005
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0005
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0010
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0015
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0020
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0020
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0025
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0030
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0035
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0035
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0040
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0045
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0050
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0050
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0055
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0060
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0065
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0065
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0070
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0075
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0080
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0080
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0085
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0085
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0090
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0090
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0095
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0095
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0100
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0100
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0105
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0105
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0110
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0110
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0115
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0115
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0120
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0120
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0125
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0125
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0130
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0130
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0135
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0135
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0140
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0140
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0140
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0145
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0145
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0150
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0150
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0155
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0155
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0160
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0160
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0165
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0165
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0170
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0170
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0170
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0175
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0180
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0185
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0185
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0190
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0190
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0195
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0195
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0200
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0205
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0210
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0210
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0215
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0220
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0225
http://refhub.elsevier.com/S0957-4166(16)30405-0/h0225
http://dx.doi.org/10.1016/j.tetasy.2016.12.007

	An investigation towards the diastereoselective synthesis �of 3-acetoxy/methoxy/phthalimido-β-lactams using chiral imines
	1 Introduction
	2 Results and discussion
	3 Conclusion
	4 Experimental
	4.1 General
	4.2 General procedure for the preparation of chiral imines 1a–j
	4.2.1 Benzylidene-[(S)-1'-phenylpropyl]amine 1i
	4.2.2 (3'-Phenylallylidene)-[(S)-1'-phenylpropyl]amine 1j

	4.3 General procedure for the preparation of chiral 3-acetoxy/methoxy/phthalimidoazetidin-2-ones 2a–j/2'a–j, 3a–d,f–j/3'a–d,f–j and 4a–d/4'a–d
	4.3.1 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-4-phenyl-azetidin-2-one 2a/2'a
	4.3.2 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-4-(4'-methoxyphenyl)azetidin-2-one 2b/2'b
	4.3.3 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-4-(4'-chlorophenyl)azetidin-2-one 2c/2'c
	4.3.4 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-4-styrylazetidin-2-one 2d/2'd
	4.3.5 (1'S,3R,4R)- and (1'S,3S,4S)-1-(1'-Phenylethyl)-3-acetoxy-4-benzoylazetidin-2-one 2e/2'e
	4.3.6 (1'R,3R,4S)- and (1'R,3S,4R)-1-(1'-Phenylethyl)-3-acetoxy-4-phenylazetidin-2-one 2f/2'f
	4.3.7 (1'R, 3R, 4S)- and (1'R, 3S, 4R)-1-(1'-Naphthylethyl)-3-acetoxy-4-phenylazetidin-2-one 2g/2'g
	4.3.8 (1'R, 3R, 4S)- and (1'R, 3S, 4R)-1-(1'-Naphthylethyl)-3-acetoxy-4-styrylazetidin-2-one 2h/2'h
	4.3.9 (1'S, 3R, 4S)- and (1'S, 3S, 4R)-1-(1'-Phenylpropyl)-3-acetoxy-4-phenylazetidin-2-one 2i/2'i
	4.3.10 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylpropyl)-3-acetoxy-4-styrylazetidin-2-one 2j/2'j
	4.3.11 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-methoxy-4-phenyl-azetidin-2-one 3a/3'a
	4.3.12 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-methoxy-4-(4'-methoxyphenyl)azetidin-2-one 3b/3'b
	4.3.13 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-methoxy-4-(4'-chlorophenyl)azetidin-2-one 3c/3'c
	4.3.14 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-methoxy-4-styrylazetidin-2-one 3d/3'd
	4.3.15 (1'R,3R,4S)- and (1'R,3S,4R)-1-(1'-Phenylethyl)-3-methoxy-4-phenylazetidin-2-one 3f/3'f
	4.3.16 (1'R,3R,4S)- and (1'R,3S,4R)-1-(1'-Naphthylethyl)-3-methoxy-4-phenylazetidin-2-one 3g/3'g
	4.3.17 (1'R,3R,4S)- and (1'R,3S,4S)-1-(1'-Naphthylethyl)-3-methoxy-4-styrylazetidin-2-one 3h/3'h
	4.3.18 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylpropyl)-3-methoxy-4-phenylazetidin-2-one 3i/3'i
	4.3.19 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylpropyl)-3-methoxy-4-styrylazetidin-2-one 3j/3'j
	4.3.20 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-phthalimido-4-phenylazetidin-2-one 4a/4'a
	4.3.21 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-phthalimido-4-(4'-methoxyphenyl)azetidin-2-one 4b/4'b
	4.3.22 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-phthalimido-4-(4'-chlorophenyl)azetidin-2-one 4c/4'c
	4.3.23 (1'S,3R,4S)- and (1'S,3S,4R)-1-(1'-Phenylethyl)-3-phthalimido-4-styrylazetidin-2-one 4d/4'd


	Acknowledgements
	A Supplementary data
	References


