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An efficient and eco-friendly approach to N-unsubstituted S-lactams has been developed using mostly water as
the reaction medium. This methodology was applied to the synthesis of A-unsubstituted 3-hydroxy-4-phenyl-
2-azetidinone derivatives (including ’A*-labeled version) which are suitable precursors for the C-13 side chain

of taxol and its analogs.
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Introduction

Taxol (paclitaxel) and taxotere (docetaxel) are newly
introduced drugs that show great promise against ovarian
and breast cancer and against several other types of tumor.
Taxol and taxotere are manufactured by semi-synthesis. A
convenient intermediate! for the C-13 side chain of these
drugs 15 (3R, 45)-3-hydroxy-4-phenyl-2-azetidinone 1. Vari-
ants of this a-hydroxy-B-lactam derivative” are suitable for
the preparation of many tvpes of analog of taxol.

H H

In view of mcreasing emphasis on environmentally benign
organic svnthesis. we have sought eco-friendly reactions that
could lead to various SBlactam synthons including 1. We
wish to report here an adaptation of simple method (Scheme
1) developed by Wells and coworkers® in 1969 that led to N-
unsubstituted ¢is-3-azido-2-azetidinones 3 in low vield using
mostly water as the reaction medium.

The hyvdrobenzamide 2 used as an intermediate n this syn-
thesis is easily obtained from aromatic aldehvdes and strong
amnionia.

Results and Discussion
N-Unsubstituted 4-aryl-3-hydroxy-2-azetidinones. The

f-lactam formation method of Wells and coworkers®” was
modified: toluene was found to be better than methylene
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chlonde for conducting the condensation.

Acetoxvacetyl chloride 4 was allowed to react with a tolu-
ene solution of the hydrobenzamide 2 and triethylamine at 0
°C for several hours. Hydrolysis of this mixture by stirming
with silica gel led to the cis-Flactam 7. The vield based on
the acid chloride was 63-88%. We have also used benzyl-
oxvacetyl chlonde, methoxyacetyl chloride and varous
hydrobenzanudes to obtam several N-unsubstituted -
hydroxy-f-lactam derivatives (Table 1).

The 'H NMR spectrum of the reaction mixture of an acid
chlonde 4, hydrobenzamide and triethylamine showed the
mnitial formation of two diastereomeric ¢is-#-lactams 5 and
6. Obviously, only one of the imino groups in 2 was under-
going cycloaddition at low temperature.

Bis-f-lactams. The reaction of the mixture of 5 and 6 with
another equivalent of acid chloride at about 70 °C led to the
bis-f-lactams 8 and 9 (Scheme 2). These diastereomers.
which were formed in unequal amounts. could be separated
by column chromatography or a single crystallization from a
suitable solvent. The S-lactam 10 and 11 were obtained by
using two different acid chlondes in succession. Attempts to
hydrolyze these bis-f-lactams (Table 2) with silica gel or
dilute hydrochlonc acid have been unsuccessful.

Mild alkaline hydrolysis of the 3-acetoxy-4-phenyl-2-azeti-
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Table 1. Synthesis of N-unsubstituted -lactams 7
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Table 2. Synthesis of bis B-lactams 8&9 and mixed bis B-lactams
10&11

N f;t“;;:(;“' B o A R = . . Yield mp -

wa o Jj Jj/ - J;i\ Compound R Ar R oY (CY Ratio
L ' 8&9a  MeO Ph 66(41) 163-164 70:30
“ N 8&9b  BnO Ph 84(61) 103-104 75:235

2 5 6 7 8&9¢ Me() p-Methoxyphenyl 66(38) 119-120 70:30
W _ - — 8&9d  BnO p-Methoxyphenyl 7338) = 80:20
Compownd R’ Ar Yield (%) mp (*C) 8%&9% MeO m-Bromophenyl 74(28) 163164 70:30

7a AcO Ph 88 139-140 10&11 MO Ph BnO 31(17) 157-138 70:30

b BnO Ph 6‘? 192-193 TYield of two diastreamers (Yield of major diastreomer): “mp of major

Tc MeO Ph 63 7 diastreoner; ‘Determined tram a '"H NMR spectrum: “The diastreomers

7d AcO  p-Methoxyphenyl 81 99-100 could not be separated.

Te BnO  p-Methoxyphenyl @9 182-183

" MeO  p-Methoxyphenyl » 142-143 propy] alcohol 1s added to ensure a homogeneous solution in

7g AcO  m-Bromophenyl =% 130-131 the begimmng: the pH 1s 9 or higher. The hydrobenzamide

dinone (7. R'=0Ac) provides 1 in high vield. We have
descnibed earlier a convenient method for resolving o-
hydroxy-f-lactams via the Ferrier reaction nvolving iodine
catalvzed o-glvcosylation.” Extension of this method for the
resolution of M-unsubstituded S-lactam is in progress.
ISN_Labeled Blactams. Formation of hydrobenzamide 2
from an aromatic aldehvde and ammonum hydroxide has
been conducted under various conditions.® In the interest of
“atom economy” (reduction of waste chemical production).
we have developed a recvcling method: the aromatic alde-
hvde is allowed to react with an excess of NH,Cl. enough /-

that cryvstallized out on standing is separated; the mother
liquor can be recycled (at least twice) after the addition of
fresh NH,Cl and an aromatic aldehyde.

Since “"NH.CI is readily available at a reasonable price.
we have used it for introducing an "N label in B-lactam. For
this purpose. we have modified the preparation of hydrobenz-
amides. Thus, benzaldehyde was treated with an aqueous
solution (pH=9) of “"NH,CIl. NaOH and a small amount of
NH.OH. “*N-labeled hydrobenzamide 12 was collected by
filtration. The (+/-)-""N cis-3-acetoxy ~4-phenyl-2-azetidinone
13 7was characterized by 'H NMR and mass spectra (Scheme
3).

The expected *N-H coupling of 90 Hz was observed and

H H H H H H H H
R'J Ar A | ®r R T T ara | &
RCH,COC
NE1;. PhClly N
—— N N—
N
700 / \C \O o/ \C/ \O
5 o / o, / v,
Ar “H A o
8
and
H
6 H H H H : : H ’ N
R'CH:COC] R'\‘ Ar A P R I T oaa |
NE1, PaCH,
e E— -
u°C N N N
/ \ \O O/ \C,/ o
O / / / //l////
//// Ar
"
Scheme 2
H H
1. AcOCH,COCl AcOy, “ APh
N=CHPh NEt, toluene
15 s
PhCHO + 'SNH,CI NHOH(aq) —> ArH< ) .
PN=CHPR 5 gilica Gel EAS
VRN
O H

Scheme 3



BN Labled Synthons for Taxol and Its dnalogs

the level of "*N enrichment was deduced to be 80-86% from
'"H NMR and mass spectral data. This “N-labeled f-lactams
would be very useful for the preparation of stable isotope
labeled taxol. taxotere and analogs for metabolic studies.
The “N-labeled fS-lactams and compounds derived from
them could also serve as internal standards for quantitation
by mass spectral methods.

In summary, a simple, eco-friendly reaction has been
devised for the preparation of N-unsubstituted &-hydroxy-f-
lactam derivatives which are synthons for a vanety of physio-
logically active compounds including taxol and analogs.
*N-labeled intermediates for taxol should be useful for pre-
paring internal standards for mass spectral quantitation and
for metabolic studies. The chemical reactions. which are
environmentally more benign than many of the alternative
processes, are convenient for the large scale preparation of
intermediates for taxol and taxotere.

Experimental Section

Unless otherwise noted. all starting materials were obtam-
ed from commercial suppliers and used without further puri-
fication. Melting points were determined on a Mel-Temp
(50/60 cvcles, 110-120 volts, 250 watts) apparatus and are
uncorrected. Toluene was distilled from sodium benzophe-
none ketyl inmediately prior to use. Methylene chlonde was
distilled from calcium hydnde immediately prior to use.
Reactions involving air or moisture sensitive reagents or
intermediates were performed under an inert atmosphere of
Argon 1n glassware that had been oven and/or flame dried.
Infrared spectra were recorded on a Perkin-Elmer 1420
Ratio Recording Infrared spectrophotometer. The 'H NMR
and *C NMR spectra were recorded on a Bruker 500- or
200-MHz FTNMR spectrometer. Mass spectra were obtain-
ed on a Scientific Research Instruments Biospect mass spec-
trometer. Flash column chromatography was performed on
silica gel 60 (230-400 mesh. Merck) using an ethy] acetate-
hexane nuxture as the eluent unless specified otherwise. All
chromatographic separations were monitored by TLC analy-
ses, performed using glass plates precoated with 0.25-mum
230-400-mesh silica gel impregnated with a fluorescent
indicator (254 nm). Solvent removal was accomplished at
aspirator pressure using a rotary evaporator.

General procedure for the preparation of imines 2. To
an approximately 10-fold excess of an aqueous solution of
NH; (29-30%), a solution of aldehyvde (30 mmol) in ethanol
or 1sopropyl alcohol (20 mL) was added dropwise with stir-
ring. The mixture was then stured for 12 h. The precipitated
product was filtered and dried in a desiceator by connecting
it to vaccum. Recrvstallization from ethanol or 1sopropyl
alcohol gave 2.

2a. Benzaldehvde (3.18 g. 30 mmol) in isopropy] alcohol
(20 mL) was added to an aqueous solution of NH; (200 mL).
Recrystallization from 1sopropyl alcohol gave 2.53 g (85%)
of the title compound as a white solid: mp 92°C (Iit.® 102
°C). IR (KBr) v 1645 and 1638 (C=N) cm™; 'H NMR
(CDCls) 6598 (s. LH. PhCH), 7.20-7.90 (m. L3H. Ar), 8.59
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(s. 2H. N=CH): "*C NMR (CDCla) & 93.3 (PhCH). 127.3.
127.7, 1284, 1285. 128.6. 1287, 1309. 131.0. 136.2,
141.9, 160.6 (C=N). CIMS (CHy) 299 [M+1]*. 194 (base
peak). 106, 91.

2b. p-Anisaldehyde (4.08 g. 30 mmol) in 1sopropyl alco-
hol (20 mL) was added to an aqueous solution of NHa (200
mL). Recrystallization from 1sopropyl alcohol gave 341 g
(88%) of the title compound as a white solid: mp 124-1235 °C
(lit® 125 °C): IR (KBr) v 1638 and 1610 cm™ (C=N); 'H
NMR (CDCls) 6 3.79 (s. 3H. OCH3), 3.84 (s. 6H. OCH3),
5.84 (s, IH, PMPCH). 6.90 (d. /=87 Hz. 2H. Ar), 6.93 (d.J
=8.7Hz 4H, Ar). 743 (d.J= 8.7 Hz, 2H, Ar). 780 (d. J =
8.7 Hz. 4H, Ar), 8.48 (s. ZH. N=CH).

2¢. 3-Bromobenzaldehyde (5.55 g. 30 mmol) in isopropyl
alcohol (20 mL) was added to an aqueous solution of NH;
(200 mL). The precipitated gununy product was extracted
with methylene chlonde and dned over anhydrous sodium
sulfate. Removal of solvent by using a rotary evaporator
gave 4.82 g (90%) of the title compound as an oil: IR (KBr)
v 1642 (C=N) em™. 'H NMR (CDCls) § 5.88 (s, 1H,
N=CH), 7.03-8.00 (m. 12H. Ar). 8 .44 (s, 2H, N=CH).

Modified preparation of hydrobenzamide 2a.

Method A: Benzaldehyvde (3.18 g, 30 mmiol) in isopropyl
alcohol (10 mL) was added to a solution (pH=9) of water (15
mL), sodium hydroxide (600 mg). conc. ammonium hydro-
xide (4 mL, approx. 60 mmol) and NHCl (3 g. 56 mmol).
The precipitated product was filtered and dried in a desicca-
tor by connecting it to vaccum. Recrystallization from 1so-
propyl alcohol gave 2.6 g (87%) of the title compound as a
white solid: mp 92 °C (it." 102 °C); IR (KBr) v 1645 and
1638 (C=N) em™": "H NMR (CDCls) §5.98 (s, 1H, PhCH),
7.20-7.90 (m. 15H. Ar), 8.59 (s. 2H. N=CH); "°C NMR
(CDCl3) 6 93.3 (PhCH), 127.3, 127.7, 1284, 128.5, 128.6.
128.7, 1309. 131.0. 136.2. 1419. 160.6 (C=N). CIMS
(CH,) m.2 299 [M+1]7, 194 (base peak). 106, 91.

Method B: Benzaldehvde (3.18 g. 30 mmeol) in isopropyl
alcohol (10 mL) was added to a solution (pH=9) of water (15
mL), sodium hydroxide (600 mg) and NH.Cl (3 ¢g. 56
mmol). The precipitated product was filtered and dried in a
desiccator by commecting it to vaccum. Recrystallization
from isopropyl alcohol gave 1.5 g (50%) of the title com-
pound as a white solid: mp 92 °C (1it.* 102 °C); IR (KBr) v
1645 and 1638 (C=N) cm™: '"H NMR (CDCl:) §5.98 (s. |H.
PhCH), 7.20-7.90 (m, 15H, Ar), 8.59 (s. 2H. N=CH); "“C
NMR (CDCla) & 93.3 (PhCH), 127.3. 127.7, 128.4. 128.5,
128.6, 128.7. 130.9. 131.0. 136.2, 141.9, 160.6 (C=N);
CIMS (CHy) m-z 299 [M+1]". 194 (base peak), 106, 91.

General procedure for the preparation of N-unsusti-
tuted Blactams 7. A solution of acid chloride 4 (1.1 mmol)
mm anhydrous toluene (10 mL) was added to a solution of
mune 2 (1 mmol) and triethylamine (2 mmeol) in anhydrous
toluene (10 mL) at 0-5 °C under Argon. After the addition
the reaction mixture was allowed to warm gradually to room
temperature and stirred overnight. The reaction mixture was
nium salt (tnethylammonium chloride). Silica gel (1 g) was
added to the filtrate. The mixture was concentrated and left
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overnight. Column chromatography on silica gel (hexane-
ethyl acetate) gave the N-unsustituted S-lactams 7. Before
treating silica gel with the mixture mono-Blactams 5 & 6
were also isolated to show expected '"H NMR and IR spec-
fra.

cis-3-Acetoxy-4-phenylazetidin-2-one (7a). The imine
2a (298 mg, | mmol) on treatment with acetoxvacetvl chlo-
ride (150 mg. 1.1 mmol) in the presence of triethylamine
(200 mg, 2 mmol) gave 180 mg (88%) of the title compound
as a white solid: mp 139-140 °C (EtOAc-Hexane): IR (KBr)
v 3200, 1750, 1720 cm™ (NC=0): '"H NMR (CDCl;) & 1.67
(s. 3H. CH;CO), 5.04 (d.J=4.6 Hz. |H. C3 H). 5.88 (dd,J
=26 & 4.6 Hz. IH. C4 H). 6.58 (s, LH. NH). 7.20-7.40 (m,
5H. An); "C NMR (CDCls) §19.7. 57.9. 78.3, 127.5. 127.7.
1282, 128.5, 134.7. 165.6 (f-lactam CO). 169.0 (acetoxy
CO); Anal. Caled for C,;\H;(NOs: C. 64.37, H, 5.40; N, 6.83.
Found: C. 64.36; H. 5.27: N. 6.79.

3 & 6a. mp oil (two diastereomers). IR (CHCls) v 1775
(C=0), 1755 (C=0). 1645 (C=N) em™’; '"H NMR (CDCls) &
1.61 s. total 3H. CH3CO). 4.68 and 5.23 (d,.J = 4.9 Hz, total
1H, C4 H). 5.69 and 5.75 (d. / = 4.9 Hz. total 1H, C3 H).
6.17 and 6.21 (s, total |H. PhCH). 6.90-7.80 (m, |5 H, Ar),
8.39 and 8.41 (s. total 1H. N=CH); *C NMR (CDCly) &
609, 61.3, 779, 78.1, 127.5. 1276, 127.7. 1282, 1285,
128.7, 1288, 1291, 131.4. 1316, 134.2. 1357, 1375,
1379, 163.2 (C=N), 163.8 (C=N), 164.2 (f-lactam CO),
165.0 (B-lactam CO). 168.7 (acetoxy CO).

cis-3-Benzyloxy-4-phenylazetidin-2-one (7b). The imine
(298 mg. 1 mmol) 2a on treatment with benzyloxvacetyl
chloride (203 mg, 1.1 mmol) in the presence of triethyl-
amme (200 mg, 2 mmol) gave 160 mg (63%) of the title
compound as a white solid: mp 192-193 °C (EtOAc-Hex-
ane): IR (KBr) v 3180 (NH) and 1760 cm™ (NC=0); 'H
NMR (CDCls) 64.26 (q..J = 4.4 Hz, 2H, PhCH-). 4.84 (d,J
=44 HZ, |H. C3H), 491 (dd, /=24 & 4.4 Hz. IH, C4 H).
6.84-7.50 (m, LOH. Arm). 7.74 (s. LlH. NH): “C NMR
(CDCly) 6 57.4 (CH-0), 71.5 (C4). 84.4 (C3), 127.2, 127.3.
1274, 127.5, 127.6, 1277, 136.5, 136.6, 167.5 (f-lactam
COy.

3 & 6b. major diastereomer; IR (CHCl3) v 17535 (C=0).
1645 (C=N) cm™'; '"H NMR (CDCl;) §4.15 (d. / = 11 Hz.
1H, benzyloxy). 4.29 (d..J= 11 Hz, |H. benzyloxy), 4.85 (d.
J=45Hz, 1H, C4 H), 495 (d, /= 4.5 Hz. 1H, C3 H). 6.27
(s. 1H, benzylic). 6.90-7.95 (m. 20H. Ar. 843 (s, IH.
N=CH).

cis-3-Methoxy-4-phenylazetidin-2-one (7c¢). The imine
(298 mg, 1 mmol) 2a on treatment with methoxvacetyl chlo-
ride (119 mg, 1.1 mmol) in the presence of triethvlamine
(200 mg. 2 mmol) gave 115 mg (63%) of the title compound
as a white solid: mp 74 °C (EtOAc-Hexane); IR (KBr) v
3150 (NH) and 1745 em™ (NC=0). '"H NMR (CDCly) &
3.15(s. 3H, OCH;), 4.74 (dd, J = 2.7 & 4.6 Hz, |H. C4 H).
4.85 (d, /= 4.6 Hz. 1H, C3 H). 6.66 (s. I1H, NH). 7.36 (s. 5
H. Ar): *C NMR (CDCl;) & 58.02, 58.06, 86.63, 127.65.
12829, 13582. 16797 (B-lactam CO); Anal. Caled for
CiHuNO-: C, 67.78; H, 6.23: N, 7.91. Found: C. 68.12: H.
6.05. N. 8.06.
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3 & 6¢. two diastereomers: IR (KBr) v 1758 (C=0), 1640
(C=N) em™: 'H NMR (CDClz) §3.04 and 3.07 (s. total 3H.
CH20), 4.55 and 4.68 (d. J = 4.7 Hz, total 1H, C4 H). 4.63
and 5.10 (d. J = 4.7 Hz, total 1H, C3 H). 6.21 and 6.26 (s,
total 1H, PhCH). 7.00-7.85 (m. 15H, Ar), 832 and 8.45 (s,
total 1H, N=CH); '*C NMR (CDCls) & 58.1. 61.2. 61.4.
85.2.85.4, 1275, 1276. 127.7. 128.0, 128.1, 1284, 128 5,
128.6, 1287, 1288. 129.1. 131.2, 1314. 1351. 1357,
137.7, 137.8, 162.9 (C=N). 163.4 (C=N), 166.8 (f-lactam
CO), 167.1 (B-lactam CO). Anal. Caled for CoyH2N-Oa: C,
77.81. H. 5.98. N, 7.55. Found: C, 75.87, H. 6.03: N, 7.43.

cis-3-Acetoxy-4-(p-anisyl)azetidin-2-one  (7d). The
mune (388 mg, | mmol) 2b on treatment with acetoxvacetyl
chlonde (150 mg. 1.1 mmol) in the presence of triethyl-
amine (200 mg. 2 mmol) gave 190 mg (81%) of the atle
compound as a white solid: mp 99-100 °C (EtOAc-Hexane);
IR (KBr) v 3420 (NH), 1780 (CO) and 1755 (CO) em™; 'H
NMR (CDCl3) 6 1.71 (s. 3H. COCHa). 3.81 (s, 3H, OCH3),
498(d,J=45Hz, |H.C3H), 58l (dd,/=26& 4.5Hz, 1
H, C4 H), 6.62 (s, 1H, NH). 6.88 (d. J = 8.7 Hz, 2H, Ar),
7.23 (d.J=8.7Hz. 2H. Ar): *C NMR (CDCls) §19.2. 55.3,
574.78.2. 1138, 126.6. 1289. 160.0, 165.7 (-lactam CQO).
169.0 (acetoxy CQ); Anal. Caled for Ci-Hy3sNQy: C, 61.27;
H, 5.57, N. 53.96. Found: C. 61.65. H, 5.55; N.5.79,

cis-3-Benzyloxy-4-(p-anisyl)azetidin-2-one (7e). The
mune (388 mg, 1 mmol) 2b on treatment with benzyvloxy-
acetyl chloride (203 mg. 1.1 mmol) mn the presence of tri-
ethylamine (200 mg. 2 mmol) gave 195 mg (69%) of the
title compound as a white solid: mp 182-183 °C (CH-Cl--
Hexane); IR (KBr) v 3175 (NH). 1760 (CO) and 1715 cm™";
'H NMR (CDCls) & 3.84 (s, 3H, OCH3), .26 (d. J = 11.4
Hz. benzylic), 4.35 (d. J = 11.4 Hz, 1H, benzylic), 4.80 (d. J
=45Hz, |H.C3H). 489(dd,J=2.6& 45Hz. C4H),6.15
(s, 1H, NH). 6.88-7.10 (m, 3.6H. Ar), 7.20-7.36 (m. 54H.
Ar). C NMR (CDCls) § 55.4 (p-MeO). 57.9 (C4). 722
(PhCH-QO). 114.0. 127.8, 128.0, 128.3. 129.2. 137.0, 159.9.
167.7 (B-lactam CO); Anal. Caled for C7H,7:NOx: C, 72.06;
H, 6.05; N. 494 Found: C. 71.72: H, 5.83; N. 5.00.

35 & 6e. major diastereomer. mp 105-106 °C (EtOAc and
hexane): IR (KBr) v 1735 (C=0), 1645 (C=N) cm™ 'H
NMR (CDCls) 6 3.80 (s, 3H, OCH3). 3.84 (s, 3H, OCH;).
4.15 (d. J = 12 Hz. 1H, PhCH-). 422 (d, J = 12 Hz. 1H,
PhCH-), 4.89 (d, /=4.6 Hz, 1H,C4 H), 4.76 (d. /= 4.6 Hz.
LH. C3 H), 6.15 (s. |H. PMPCH). 6.80-7.60 (m. 17H. Ar),
8.33 (s. IH, N=CH).

cis-3-Methoxy-4-(p-anisyl)azetidin-2-one  (7f). The
mune (388 mg, 1 mmol) 2b on treatment with methoxy-
acetyl chloride (119 mg. 1.1 mmol) in the presence of tri-
ethylanune (200 mg. 2 mmol) gave 150 mg (72%) of the
title compound as a wlute sohid: mp 142-144 °C (EtOAc-
Hexane); IR (KBr) v 3200 (NH) and 1770 (CO) em™; 'H
NMR (CDCla) 6 3.18 (s, 3H. €3 OMe). 3.82 (s, 3H, p-
MeO), 471 (dd, J=2.6 & 45 Hz, IH, C4 H). 480 (d, J =
4.5Hz, IH.C3 H), 6.26 (s. IH,NH), 692 (d,./ =86 Hz. 2H,
Ar), 7.31 (d.J = 8.6 Hz. 2H, Ar). ¥C NMR (CDCla) § 55.3
(p-MeQ), 537.6 (MeO), 38.1 (C4), 86.8 (C3). 1139, 127.7,
129.0, 1599. 1679 (f-lactam CQ); Anal. Caled for
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CuHisNOs: C, 6375, H, 6.32: N, 6.76. Found: C. 63.67: H.
6.15:N. 7.03.

3 & 6f. two diastereomers. IR (KBr) v 1735 (C=0), 1643
(C=N) em™; '"H NMR (CDCls) 63.07 and 3.08 (s, total 3H.
CH10). 3.78-3.85 (in. total 9H. p-MeO); 4.49 and 4.63 (d. J
=4.7 Hz, total 1H, C4 H). 4.57 and 5.00 (d. J = 4.7 Hz. total
1H, C3 H), 6.10 and 6.14 (s, total 1H, benzylic), 6.80-7.30
(m. 12 H, Ar), 8.33 and 8.34 (s, total |H. N=CH).

cis-3-Acetoxy-4-(m-bromophenyl)azetidin-2-one  (7g).
The imine (335 mg, | mmol) 2¢ on treatment with acetoxy-
acetvl chlonde (150 mg, 1.1 mmol) in the presence of tri-
ethvlamine (200 mg, 2 mmol) gave 222 mg (78%) of the
title compound as a white solid: mp 130.5-131.5 °C (EtOAc-
Hexane): IR (KBr) v 3200 (NH). 1775 (acetoxy CO) and
1760 (B-lactam CO) em™: '"H NMR (CDCls) & 1.69 (s. 3H.
Ac(0), 494 (d,J=4.7Hz. IHLC3H). 585 (dd,J=28& 4.7
Hz. |H. C4 H). 6.18 (s. 1H. NH). 7.15-7.44 (m. 4H. Ar): '°C
NMR (CDCly) §19.8. 574, 78 4, 122.5, 126.3. 129.9, 130.6.
131.4, 131.8. 164.9, 169.0 (f-lactam CO), Anal. Caled for
CuH1pNO;Br: C. 46.50: H, 3.55; N, 4.93. Found: C. 47.11:
H.3.83:N,5.28

3 & 6g. mip o1l (one diastereomer). IR (CHCly) v 1775
(acetoxy CO) and 1755 (B-lactam CO) em™; 'H NMR
(CDCl3) §1.71 (s. 3H, AcO), 4.70(d. /= 4.8 Hz. |H. C4 H).
5.78 (d. /= 4.8 Hz. 1H, C3 H). 6.24 (s, 1H, benzvlic), 7. 10-
7.80 (m. 12H. Ar), 8.39 (s, LH. N=CH): '*C NMR (CDCl3) §
19.7 (acetoxy methyl). 60.7 (C4). 76.6. 77.1, 122.0. 122.9.
123.0, 126.0. 1274, 1278, 1293, 130.1. 1303, 130.5,
131.1, 131.6, 132.0, 132.1. 134.6, 136.4, 136.9. 138.8. 162.6
(N=C), 163.9 (f-lactam CO), 168.6 (acetoxy CO).

General procedure for the preparation of bis-S3-lac-
tams 8 & 9a-8 & 9e¢, 10 & 11. A solution of acety] chloride
(2.2 mmol) 4 1n anhvdrous toluene (10 mL) was added to a
solution of inune (1 mmol) 2 and triethylamine (4 mmol) in
anhvdrous toluene (10 mL) at 0-5 °C under Argon. After
addition the reaction mixture was allowed to warm gradually
to room temperature and stirred for | h. The reaction mixture
was then heated to 70 °C and kept overmight. After cooling it
to room temperature. it was filtered through Florisil® in
order to remove the ammonium salt (triethylammonium
chloride). The filtrate was concentrated by using a rotary
evaporator. Recrystallization or column chromatography on
silica gel (hexane-ethy] acetate) gave the two diastereomeric
bis-f-lactams 8 & 9, 10 & 11 in good vield. Mono-f-lac-
tams 3 & 6 were also isolated to show expected 'H NMR
and IR spectra prior to heating to 70 °C.

8 & 9a. The inune (298 mg, | mmol) 2a on treatment
with methoxvacetyl chloride (238 mg. 2.2 mmol) n the
presence of triethyvlamine (400 mg, 4 mmol) gave 18] mg
(41%) of the title compound as a white solid: mp (major
diastereomer) 163-164 °C (EtOAc-Hexane). IR (KBr) v
1760 (CO) and 1755 (CO) cm™: '"H NMR (CDCl3) $3.03 (s.
3H, OCH3), 3.13 (5, 3H. OCH3). 4.63 (d,J=4.6 Hz, |IH. C 4
H). 4.80(merg. 2 ds, /=46 & 48 Hz, 2H, C3 H & C4 H).
5.15 (. J = 4.8 Hz. 1H, C3 H). 5.68 (s, 1H, NCHN): '*C
NMR (CDCls) & 58.2, 63.2. 64.1, 66.4, 84.6. 85.2. 127.7.
127.9, 128.3. 128.4, 128.6, 128.8. 33.0. 134.0, 134.5, 167.0
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(b-lactam CQ), 168.0 (flactam CO); Anal. Caled for: C.
7328 H. 5392 N, 6.33. Found: C, 72.21; H. 5.89. N, 6.21.

8 & 9b. The unine (298 mg, | mmol) 2a on treatment with
benzyloxyacetyl chloride (406 mg. 2.2 mmol) i the pres-
ence of triethylamine (400 mg. 4 mmol) gave 363 mg (61%)
of the title compound as a white solid: mp (major diasterco-
mer) 103-104 °C (EtOAc-hexane); IR (KBr) v 1761 (CO)
and 1750 (CO) em™; '"H NMR (CDCls) § 4.0-4.35 (m, 4H,
PhCH-0), 4.80 (merg. 2 ds, J = 4.6 & 4.7 Hz. 2H. C4 H),
496 (d. /=46 Hz IH,C3 H). 5.12(d,J=4.7Hz, |H. C3
H). 5.70 (s. 1H. NCHN), 6.30-7.40 (m. 25H. Ar); *C NMR
(CDCls) 6 634. 643, 66.3. 72.3, 72.4, 82.5. 83.1, 127.7.
127.8, 1279, 128.0. 1282. 1283, 1284. 128.7. 129.0,
133.1, 134.1. 1343, 136.4. 136.5, 166.6 (f-lactam CO),
167.4 (B-lactam CQ); Anal. Caled for: C, 78.76; H, 5.76. N,
4.71. Found: C. 78.55; H. 5.93. N, 4.59.

8 & 9¢. The imine (388 mg, | mmol) 2b on treatment with
methoxyacetyl chlonde (238 mg. 2.2 mmol) in the presence
of triethylamine (400 mg, 4 mmol) gave 202 mg (38%) of
the title compound as a white solid: mp (major diastereo-
mer): 119-120°C (CH-Cl»: Hexane): IR (KBr) v 1775 (CO)
and 1755 (CO) em™; '"H NMR (CDCls) § 3.05 (s. 3H. C3
CH20), 3.13 (s, 3H, C3 CH10), 3.72 (s, 3H. CH:0). 3.73 (s.
3H. p-CH;0). 3.76 (s, 3H, p-CH10). 4.60 (d. J = 4.6 Hz, |
H, C4 H), 4.73 (merg, 2 ds. /= 4.6 Hz, 2H, C3 H & C4 H),
507 (d, /=46 Hz IH, C3 H), 5.60 (s. LH. NCHN), 6.50-
7.20 (m, 12H, Ar); *C NMR (CDCls) & 55.1. 55.2. 58.0,
58.1. 623, 63.3. 65.6, 843, 85.0,113.3, 113.6, 113.7, 125.5,
125.8, 1259, 129.5. 129.6. 129.7, 1594, 1598, 166.6 (-
lactam CO), 167.3 (B-lactam CO). Anal. Caled for: C, 67.65;
H, 6.06; N. 5.26. Found: C. 67.70. H, 6.01; N. 5.28.

8 & 9d. The imine (388 mg, | nunol) 2b on treatment with
benzyloxvacetyl chloride (406 mg, 2.2 mmol) in the pre-
sence of triethvlamine (400 mg, 4 mmol) gave 363 mg
(61%) of the title compound (a mixture of 2 diastercomers
(80 : 20)) as a whte solid: IR (KBr) v 1738 (CO) and 1750
(CO) em™; 'H NMR (CDCl3) §3.60-3.90 (m. 9H, OCH3),
4.05-4.35 (m, 4H, PhCH-0). 462 (d. J=46 Hz. C4 Hin
minor product): 4.75 (m, C4 H m major product & C3 H. C4
H in munor product). 5.58 (s. NCHN in major product). 5.67
(s. benzylic in minor product). 6.50-7.35 (m. 2 H, Ar). “C
NMR (CDCls) 6 55.2 (OCHa); 62.0 (C4). 62.6 (C4). 63.6
(C4), 63.9 (C4). 63.6 (N-C-N), 72.3 (PhCH-0), 82.3 (C3),
82.4 (C3), 82.9 (C3), 83.0 (C3), 113.3, 113.6. 1138, 113.9.
1256, 126.0, 126.1. 1262. 1278, 1279. 1280. 1282,
129.0, 129.6, 129.7. 129.9. 130.2, 138.1. 1382. 1383,
159.3, 159.5. 1539.9. 160.2, 176.4 (B-lactam CQ). 176.5 (8-
lactam CQ), 1773 (B-lactam CO), 1774 (f-lactam CQ);
Anal. Caled for: C. 73.66. H. 5.89; N, 4.09. Found: C, 73.85;
H, 5.72;N. 4.10.

8 & 9e. The mmine (335 mg, | mmol) 2¢ on treatment with
methoxyacetyl chlonide (238 mg. 2.2 mmol) in the presence
of triethylamme (400 mg, 4 mmol) gave 190 mg (28%) of
the title compound as a white solid: mp (a diastereomer)
163-164 °C (EtOAc-Hexane). IR (KBr) v 1768 (CO) and
1754 e~ (CO). '"H NMR (CDCls) § 3.09 (5. 3H, CH:0),
3.18 (s, 3H, CH:0). 471 (d.J=4.7Hz. I1H). 480 (d. /=4.7
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Hz, 1H), 4.92 (d..J=4.7 Hz. 1H). 5.03 (s. IH, NCHN), 6.94-
7.39 (m. 12H, Ar); '°C NMR (CDCl;) & 58.4 (OCHa), 58.5
(OCHs). 62.9 (C4), 63.5 (C4), 65.6 (Benzylic), 84.9 (C3).
85.1 (C3). 121.1. 1227, 122.8, 126.7. 127.0, 127.1, 129.3.
129.8, 130.0, 1314, 131.5. 1317, 131.8. 1323, 1348,
136.2, 136.3, 166.7 (ff-lactam CO). 167.1 (B-lactam CO);
Anal. Caled for: C, 4774, H,3.41: N, 4.13. Found: C, 47.73:
H. 3.47:N, 4.09.

Mixed bis-B-lactam 10 & 11. To a solution of imine (298
mg, 1 mmol) 2a and triethvlanune (400 mg. 4 mmol) in
anhvdrous toluene (10 mL), a solution of methoxvacetyl
chloride (119 mg, 1.1 mmol) in anhvdrous toluene (10 mL)
and a solution of benzyvloxvacetyl chloride (203 mg. 1.1
mmniol) in anhvdrous toluene (10 mL) were added at 0-3 °C
under Argon for 20 nun. After addition the reaction mixture
was allowed to wamm gradually to room temperature and
stirred for 1 h. The reaction mixture was then heated to 70 °C
and kept overmight. After cooling it to room temperature. it
was filtered through Florisil® in order to remove the ammo-
nium salt (tnethvlammomum chlonde). The filtrate was con-
centrated by using a rotary evaporator. Crystallization from
ethy] acetate and hexane gave 160 mg (31%) of the two dia-
stereomeric bis-f-lactams as a white solid. Recrystallization
from ethy] acetate and hexane gave 100 mg of the title com-
pound as a white solid: mp (major diastereomer) 137-138 °C
(EtOAc-Hexane); IR (KBr) v 1755 (CO) and 17530 (CO)
em™'; 'H NMR (CDCly) §3.01 (s. 3H. OCH;). 4.12 (d. J =
11.1 Hz, 1H. PhCH-0O). 4.29 (s. /= 11.1 Hz. 1H, PhCH-O).
4.63 (d.J=4.63 Hz, 1H, C4 H), 4.86 (d. /= 4.5 Hz, |H,C4
H). 498 (. J=45Hz, IH. C3H). 517(./J=45Hz |H.
C3 H). 5.71 (s. |H. NCHPh): 6.80-7.30 (m, 20H. Ar); °C
NMR (CDCls) 6 582 (OCH3). 63.1 and 64.3 (C4), 66.3
(NCHPh). 72.4 (PhCH-0). 83.1 and 84.5 (C3), 127.7. 127.9.
128.0, 128.2. 1283, 1285, 128.6, 128.7. 1325, 133.0,
134.0, 134.5, 166.8 (f-lactam CO), 168.0 (F-lactam CO).

ISN.Labeled hydrobenzamide 12.

Method A; Benzaldehyvde (637 mg, 6 mmol) in isopropyl
alcohol (10 mL) was added to a solution (pH=9) of water
(7.5 mL). sodium hydroxide (300 mg), conc. ammonium
hydroxide (0.6 mL, approx. 9 mmol) and "NH,CI (500 mg.
9 mmol). The precipitated product was filtered and dried in a
desiccator by comnecting it to vaccum. Recrystallization
from isopropyl alcohol gave 480 mg (80%) of 12a as a white
solid: mp 92 °C; IR (KBr) v 1645 and 1638 (C=N) cm™'; 'H
NMR (CDCls) & 598 (s, 1H, PhCH). 7.20-7.90 (m, 15H.
Ar). 8.59 (s, 1H, N=CH): '°C NMR (CDCls) §92.3 (PhCH).
1273, 127.7. 1284, 1285, 128.6, 128.7. 1288, 1309,
131.0, 136.2. 141.9. 160.6; CIMS (CH) m:z 301 [M+1]".
299. 196, 195 (base peak). 194, 193. 108, 107, 106. 105, 91.

Method B; Benzaldehvde (637 mg, 6 mmol) in isopropyl
alcohol (10 mL) was added to a solution (pH=9) of water
(7.5 mL). sodium hvdroxide (300 mg), conc. amnonium
hyvdroxide (0.1 mL. approx. 1.5 mmol) and "NH,Cl (500
mg, 9 mmol). The precipitated product was filtered and
dried n a desiccator by connecting it to vaccumn. Recrystalli-
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zation from 1sopropyl alcohol gave 366 mg (61%) of 12b as
a white solid: mp 92 °C: IR (KBr) v 1645 and 1638 (C=N)
em™: "H NMR(CDCl:) §5.98 (s. LH. PhCH). 7.20-7.90 (m,
15 H. Ar). 8.59 (s. I[H. N=CH). '*C NMR (CDCl») § 92.3
(PhCH), 127.3. 127.7. 1284, 1285, 128.6. 128.7, 1288,
1309, 131.0, 136.2, 141.9, 160.6. CIMS (CH,) m:z 301
[M+1]7, 299, 196. 195 (base peak), 194. 193, 108, 107. 106.
105.91.

“N.Labeled S-lactam 13.

Run 1. The mmine 12a (300 mg, 1 mmol) on treatment
with acetoxyacetyl chloride (150 mg. 1.1 mmol) in the pre-
sence of triethvlamine (200 mg, 2 mmol) gave 169 mg
(82%) of 13a as a white solid: mp 139-140 °C (EtOAc-Hex-
ane). IR (KBr) v 3200 (NH). 1750, 1720 (C=0) em™; 'H
NMR (CDCl;) § 1.68 (s, 3H, CH;CO), 5.05 (d.J = 4.7 Hz,
IH. C3 H), 5.88 (dd,J = 2.1 & 4.7 Hz, 1H, C4 H), 6.41 (dd,
J =27 & 924 Hz, 1H, NH). 7.25-7.36 (m, 5H. Ar). CIMS
(CHy) mz 207 [M+1]%. 206. 179. 165. 164. 163. 108. 107
(base peak). 106, 91, 89.

Run 2. The imine 12b (300 mg. | mmol) on treatment
with acetoxyacetyl chloride (150 mg. 1.1 mmol) in the pre-
sence of triethvlamine (200 mg, 2 mmol) gave 173 mg
(84%) of 13b as a white solid: mp 139-140°C (EtOAc-Hex-
ane). IR (KBr) v 3200 (NH). 1750, 1720 (C=0) em™; 'H
NMR (CDCl;) § 1.68 (s, 3H, CH;CO), 5.05 (d.J = 4.7 Hz,
IH. C3 H), 5.88 (dd,J = 2.1 & 4.7 Hz, 1H, C4 H), 6.41 (dd,
J =27 & 924 Hz, 1H, NH). 7.25-7.36 (m, 5H. Ar). CIMS
(CHy) mz 207 [M+1]%. 206. 179. 165. 164. 163. 108. 107
(base peak). 106, 91, 89.
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