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Abstract - The development of a practical method for the preparation of vinylamino-
-8 -lactams from Dane salts and Schiff bases is described. Among the reagents known
to produce g-lactams from imines and acetic acids, only phenyl dichlorophosphate and
1-methyl-2-chloropyridinium iodide are suitable for the synthesis of vinylamino- 8 -lac-
tams. Reaction of acetic acids with ethanolimine derivatives promoted by pheny! di-
chlorophosphate affords oxazolidines instead g-lactams. Protection of the hydroxyl
group as the trimethylsilyl ether in the starting Schiff bases provides a convenient
route to the corresponding s-lactams instead oxazolidines. Some observations on the
scope of the method are made.

In recent years there has been renewed interest in the development of efficient methods for the production of
cis-3-amino- 3-lactams because of the importance of these systems in penicilling, in cephalosporins and in related
antibiotics.2  Several methods are available for the synthesis of 8-lactams.3 Among some conceptual
approaches to accomplish highly stereospecific azetidinone formation, the annelation of imino compounds with
an activated Dane salt of aminoacetic acid has received much attention in recent years.4 The key to this
approach is the use of an efficient activating agent for the Dane salt. In the continous search for suitable
reagents for actiavting the carboxyl group under mild conditions, Liu et_al.s have reported that phenyl dichloro-
phosphate is a superior phosphorylating agent to diphenyl chlorophosphate. The latter, along with the closely
related compounds diphenylphosphory! azide and diethyl cyanophosphate, have successfully been used as activating
reagents for the carboxyl function.5 In this paper we describe the synthetic utility of this readily available
reagent for the synthesis of 8-lactams and oxazolidines.

Phenyl dichlorophosphate reagent has been reported’ to be quite suitable for the efficient synthesis of some

a-amino~ 8-lactams from Dane salts and imino compounds. Thus, treatment of a Dane salt of aminoacetic
acid and an appropriate imine in equimolar amounts with phenyl dichlorophosphate in the presence of triethyl-
amine gave the corresponding vinylamino-6 -lactam in excellent yield. Hydrohsis of the side chain with p-
-toluenesulfonic acid monohydrate in acetone-water followed by acylation with an acyl chloride provided the
amido-8 -lactams § . (Scheme 1)

The results are compiled in Table I. The structure of these 8 -lactams were confirmed by their I.R. and
LH-N.M.R. spectra. Thus, the configuration of the C-3 and C-4 protons in all of these monocyclic 6 -lactams
was observed to be cis (J =5 Hz). These results assume added significance in view of the fact that the s-lactam
protons in active penicillins, cephalosporins, and other B8-lactam antibiotics for clinical use are in a cis relation-
ship. The utility of this method can be exemplified by the synthesis of cis-1-(3,4-dimethoxybenzyl)-3~a-methyl-
- 8-methoxycarbonylvinylamino)}-4-phenyl-2-azetidinone 3a and cis-1<(2,4-dimethoxybenzyl}>-3-a -methyl- 3 -me-
thoxycarbonylvinylamino)-4-phenyl-2-azetidinone 3b as precursors of Cis-3-phenoxyacetamido-4-phenyl-2-azeti-
dinone 5i, a compound reported to show anti-6 -lactamase aclivity.8 For example, reaction of the potassium
salt of (a-methyl- 8 -methoxycarbonyl)vinylaminoacetic acid with phenyl dichlorophosphate reagent and
the imine formed from benzaldehyde and 3,4-dimethoxybenzylamine in the presence of triethylamine led
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IR :1780,1655 (C=0); !H-NMR : 8.5(14,d,NH),
7.4-6.7(8H,m,arom.),5.2-4.6(4H,m,CHa,CH,CH),
4.25(1H,s,CH=), 3.8(3H,s,0CH3), 3.7(3H,s,0CH3),
3.4(3H,5,0CH3), 1.7(3H,8,CH3)

IR :1790,1650 (C=0); 1H-NMR : 8.3(1H,d,NH),
7.3-6.1(8H,m,arom.), 5.1-4.3(4H,m,CH,CH,CH),
4.2(1H,8,CH=), 3.7(3H,5,0CH3y), 3.3(3H,5,0CH3),
3.1(3H,3,0CH3), 1.6(3H,s,CH3)

IR :1790,1650 (C=0); JH-NMR : 8.5-8.1(1H,sp,
NH), 7.3-6.6(8H,m,arom.), 5.1(1H,d,J= 5 Hz,CH),
4.8(1H,d,J= 5 Hz,CH), 4.3(1H,s,CH=), 3.7(3H,s,
OCHy), 3.4(3H,5,0CH3), 2.2(3H,5,CH3),1.8(3H,s,
CHj3y)

IR :1790,1650(C=0); JH-NMR : 8.4(1H,d,NH),
7.3-6.6(9H,m,arom.), 5.1(1H,d,J= 5 Hz,CH), 4.9
(1H,d,d= 5 Hz,CH), 4.3(1H,s,CH=), 3.6(3H,s,0CH3)
3.3(3H,s,0CHj), 1.8(3H,s,CH3)

IR :1790,1650(C=0); 1H-NMR : 8.3(1H,d,NH),
7.15(10H,sp,arom.), 5.1(1H,d,J= § Hz,CH),4.9(1H,
d.J= 5 Hz,CH), 4.3(1H,s,CH=), 3.3(3H,s,0CH3),
1.8(3H,s,CH3)

IR :1790,1650 (C=0)% !H-NMR : 8.9(1H,d,NH),
7.4-6.7(10H,m,arom.),6.7(1H,d,J= 16 Hz,CH=),6.0
(1H,0d,J= 9 Hz, J'= 16 Hz,CH=),4.9(1H,dd,J= 4.5
Hz,J'= 9 Hz,CH), 4.7(1H,dd,J= 4.5 Hz,J'= 9 Hz,CH),
4.5(1H,5,CH=),3.4(3H,5,0CH3), 1.8(3H,s,CH3)

IR :1780 (C=0); 1H-NMR : 7.4-6.2(8H,m,arom.),
5.0(1H,d,J= S Hz,CH), 4.3(1H,d,J= § Hz,CH), 3.7
(3H,5,0CH3), 2.2(3H,3,CH3),1.3(2H,8,NH3)

IR : 1780(C=0); JH-NMR : 7.4-6.7(10H,m,arom.),
6.5(1H,dd,J= 9 Hz,J'= 16 Hz,CH=), 6.2(1H,dd,J= 9
Hz,J'= 18 Hz,CH=), 4.7(1H,t,CH),4.3(1H,d,J= § Hz,
CH), 1.7(2H,3p,NH3)

IR :1770,1690(C=0); 1H-NMR : 7.6-6.7(14H,m,
arom.),$.7(1H,q,CH), 5.2(1H,d,J= S Hz,CH), 4.9
(2H,5,CHg), 4.3(2H,q,CHy), 3.9(3H,s,0CH3), 3.8
(3H,s,0CH3)

see experimenta)

IR :1780,1700 (C=0); lH-NMR : 7.1(10H,m,arom.)
5.3(1H,dd,J= 5 Hz,J'= 18 Hz,CH), 4.9(1H,d,J= § Hz,
CH), 3.5(4H,m,CHy), 3.1(2H,s,CHj)

IR :1800,1700(C=0); 'H-NMR : 7.2(10H,m,arom.)
5.5(1H,t,CH), 5.1(1H,d,J= 5 Hz,CH),3.3(4H,m,CHy)
IR :1765,1680(C=0); JH-NMR : 7.4-6.5(12H,m,
arom.,NH,NH), 5.6(1H,q,CH), 5.0(1H,d,J= 4 Hz,CH),
4.2(2H,dd,J= 15 Hz,CHg),

a) Yield of isolated pure product by crystallization from EtOH. A single spot was detected by T1L.C analysis.

b) R= CgHgOCH, .

¢) R= CgligCHg .

d) R= CgHs .

e) overall yield. 1) lit, data ref. 19b (compound,

m.p.°C) : (3a, 155-156°C) (58,1309C) (5i, 134-136°C) . g) The L.R. and I H-N.M.R. spectra were measured in
h) Reaction conditions : 3¢ (5 mmol), HCI conc. (10 ml), H,0 (10 ml),

CHCIl3 and CDCl3 respectively.
CH9Cl2(20 ml), room temp. overnight.
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E= = h‘l/ i : PROPCly / NEty / ClaCHy

S il : TosOH / MezCO / NaOH

CHO =0 iii : RCOC1 / NEty / Cl3CH,
a RZ:=Ph R3 = 3,4(CH30)CgH3CH3
b RZ=Pn R3 = 2,4(CH30)9CgH3CH3
¢ RZ:=4CH3OCgHy R3 = 4-CH3CgHy
d R2=4-CH30CgH4 R3= P
e RZ:=ph R3= Pn
f RZ=CgHsCH=CH R3:= ph
g€ RZ=pPn RY = (CHg)yC) R = CgHsCHy
h RZ=Ph R3 = (CH3),Cl R= Ph
i RZ=Ph R3= W R = CgHgOCHy

-Scheme | -

to the formation of a single stereoisomer of the ao-vinylamino-8 -lactam 3a. The vinylamino group of 3a was
cleaved under mild conditions to produce the free amino compound 4a which was acylated "in situ” to 5a . The
N-benzyl group in Sa v.as removed by persulfate oxidation following the method of Huf{mann and coworkersd
to give the s-lactam 5i. In a similar manner the imine formed from benzaldehyde and 2,4-dimethoxybenzyl-
amine yiclded the 8-lactam 5b. In general, the vinylamino cleavage was achieved by the method of Bose and
coworkers?® by using p-toluenesulfonic acid in acetone-water. However, for insoluble 3-lactams, such as

3¢ it was found more convenient to carry out the cleavage in dichloromethane-water. in this way the 43%
yield of 4c obtained by the former method increased to 78% by the latter one.

The pheny! dichlorophosphate method has special importance because only three activating agents of the
carboxyl group, haloformate esters4® , cyanuric chlorided® and phosphorus oxychloride4< , have been reported
to be suitable for the synthesis of a-vinylamino-& -lactams. Bose and coworkers?8 have shown that trifluoro-
acetic acid anhydride and chloroacetonitrile are ineffective for this conversion. Similarly diethyl chlorophosphate
and diphenyl chlorophosphate give very low yields of the expected 3-lactams, and diphenylphosphory! azide,
diethyl cyanophosphate and diphenyl phosphite pyridine do not lead to the formation of 8-lactams.1® On the
other hand, we have investigated the behaviour of other known carboxyl group activating agents. Examination
of Table 1l reveals that only 1-methyl-2—chloropyridinium iodidel! seems to be moderately efficient for this
approach, giving o-vinylamino- 8 -lactams in 30-50% 1solated yields. Diethyl bromophosphate, which is an
effective coupling agent for peptide bond formation!28 and N,N-bis(2-oxo-3-oxazolidinyllphosphorodiamidic
chioride (BOPDC) recently used in  8-lactam synthesis! 2D showed low efficiency for Dane salt activation.
Phosphorus trichloride, a reagent also used in peptide synthesis! 2¢ | tosyl chloride129 | saccharyl chloridel 2¢,
and phenyl r_d-phenylphosphoramidochloridalcl2fv3h did not lead to the formation of a-vinylamino- 8-lactams
from the Dane salt and imino compounds. Recently we have described! 28 the use of the thionyl chloride-
~dimethylformamide complex for the synthesis of 8-lactams. We have found however that this reagent is not
efficient for activating Dane salts. In the case of phosphorus trichloride , which has not previously been
applied to g-lactam synthesis, we have found that reaction between imines and substituted acetic acids other
than the Dane salt, gave the corresponding s-lactams, although in poor yields. For example, treatment of
phthalimidoacetic acid and 4-methoxybenzalaniline with phosphorus trichloride in the presence of triethylamine
gave the corresponding e-lactams in 35% and 11% yield respectively.

To explore the general applicability of phenyl dichlorophosphate reagent, several a-substituted acetic acids,
phthalimidoacetic acid, methoxyacetic acid, benzyloxyacetic acid and acctoxyacetic acid were successfully
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used to give the corresponding a-substituted- g -lactams. (Scheme i1)

The yields of 8-lactam products 7 from phenyl dichlorophosphate annelation of the corresponding acetic
acids 6 and 1mines 2 are given in Table Hll. The stercochemistry of these monocyclic 3-lactams shown in
Table 11l was also derived from their |H-N.M.R. spectra. The coupling constant of 2 Hz was considered to
indicate trans disposition of the C-3 and (C-4 protons.

o-lactams 7ag

7 R! R2 R3 2 R’ H t' R2
R ) T 7

s PNO Ph . RICHyCOOH + L —! .

b CH Ng3 N
PhRO  4-CH3OCgH, 4-CH3CgH, . , R 0//1 g3

c Phth  4-CH3OCgHy 4-CH3CgH, s 2

d PhO  4-CH3OCgH, PhCHa

e CH30 Ph Ph

f PhRCHz0 4-CH3OCgH; 4-CH3Cgliy
g CH3COO 4-CH3OCgHy 4-CH3CgH,

,(Rz OH ( (Rz OSHCH,)
QSi(CHy)y / NBty 33 Nise

N\/k 4 L\)\ 4 2) H20
R R

s-lactams 7h-l

1 &l R? R4 PhO_H H Ph PhO

1 OH CrOy/18-crown-$ 0
h  PNO  4CH3OCgH,  Ph ref 18 /45% l

N

i Phth 4-CH3OCgli4 Ph 0/ \)\Ph 0/ \/‘\Ph
j PMO  4-CH3OCgH, H
Jomo o » & m.p. 175-1769C
1 PhO 4-NOaCgH,y Ph

i + PhOPCly / NBty

-Scheme II -

As shown in Scheme Il when the method was applied to imines derived from aldehydes and ethanolamine
derivatives prior protection of the hydroxyl group as the trimethylsilyl ether vias required. A solution of
triethylamine and the imine derived from an aldehyde and 2-amino-1-phenyl-ethanol was treated with
trimethylchlorosilane in dichloromethane as solvent until the complete formation of the intermediate trimethyl-
silyl ether 8 as monitored by tic analysis (silica gel plates, eluent ACOEt /hexane 1/1). Formation of the
corresponding 6-lactams 7h-m was carried out by consccutively adding at 09C the acetic acid, triethylamine
and the reagent. The resuiting mixture was subsequently allowed to react at room temperature for 24 h.

After work-up the unsilylated s-lactams Th-m were odbtained in high yield. It is interesting to note that
s-lactams derived from phthalimidoacetic acid and ethanolimine derivatives have cis-stereochemistry whereas
s-lactams having the phthalimido group often have trans-stereochemistry. On the basis of available data, the

steric course of annelation using the phenyl dichlorophosphate reagent does not appear to be predictable. In

all the reactions, however, only & single isomer was obtained. In the case of 7k because of its insolubility in
common deuterated solvents, its configuration at C-3 and C-4 was determined from the 1 H-N.M.R. spectra of
the oxidized product (Scheme 11). A further observation is that these new g-lactams 7Th-m appear to be
interesting compounds for synthesis of N-unsubstituted 8-lactams.13

When the reaction was carried out without previous protection of hydroxyl group in the starting ethanol-
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. imines, formation of the azetidinone ring did not
Table 1I. Summary of reagents tested for the synthesis

of a-vinylamino- s-lactams 3 take place and the product was an oxazolidine 10.
Thus the reaction between acetic acids and etha-
Reagent 8 3c 3d e nolimines can be directed to the formation of
oxazolidines and/or B -lactams according to the
Clyp 0 0 — desired synthetic purposes.
In 1981 Hadr et al. !4 have described that
C13PO 45 22 16 fusion of aromatic aldehydes with a-aminoacid
cthyl esters containing a hydroxyl group in the
phogNth 0 0 . s-position afforded N-unsubstituted oxazolidines,
(~| which can be acylated by means of the correspon-
ding acyl halide. Our procedure gives the N-acyl-
({_\N ﬁ N,_-\ 30 30 — oxazolidines directly under mild conditions.

}( (l,l Thus, treatment of a Schiff base formed from an
° aromatic aldehyde and 2-amino-1-phenylethanol,
(Et0)PHr 25 — — ' S o )

with phenoxyacetic acid or phthalimidoacetic
~ ' _ acid by means of phenyl dichlorophosphate rea-
\ ,]l S0 35 30 gent in the presence of base, gave the correspon-
(,M3 ding N-acyloxazolidine in excellent yield. The
structure of these oxazolidines were also confir-
@:( 0 0 — med by I.R., | H-N.M.R. spectroscopy and micro-
analysis. The I.R. spectra of these compounds
showed an absorption band at 1660-1700 cm~!
CH3'@'50201 0 0 - due to the amide group but no NH-stretching
vibration band and no g-lactam carbonyl ab-
SOCl-IMF 0 — sorption.
R cl In an attempt to introduce the amido chain
phop] 65 53 50 directly into the g-lactam product using N-acyl-
c amino acids as the starting acetic acids, we have
a) Reaction Conditions : Reagent (10 mmol), imine (10 found that the scope of the method is limited by
;r;l:\g:))_.zt‘n:'thylamme (25 mmol), at room temperature reaction of these compounds to produce oxazo-

lones. For example, under the conditions used
in the synthesis of 8-lactams, hippuric acid 11
failed to provide a substituted 8-lactam when treated with Schiff bases. Mukerjee et al. 15 have reported a
similar result when 5-oxazolones were treated with imines in the presence of base, although in some cases
low yields have been obtained in the expected products. Manhas et al. 11 have reported that under similar
conditions, reactions of hippuric acid with imines promoted by 2-chloro-1-methylpyridinium iodide afforded
S-oxazolones and not the corresponding 4-alkylideneoxazolones. We have found thet under the conditions em-
ployed for the synthesis of 8-lactams the reaction between imines and hippuric acid induced by phenyl dichlo-
rophosphate afforded the cocresponding 4-alkylidene-2-phenyl-5(4H)-oxazolones 13 , in some cases in higher
yield than those reported by earlier workers. (Scheme 1V)
We next examined the use of N-aryldithiocarbonimidates 14 as the starting imines, for synthesis of 4-unsubs-
tituted B-lactams 15. We found that acylamino dithiocarbamic esters 16 were formed instead of the expected

Rr! R? R4
e PhO  4-CH30CgH, Ph R
b Pnth 4CH H i 4
3OCgH,y Ph « + 8 | R
¢ PhO Ph Ph = = 1 N
d PhO  &NOyCgH,4 Ph Oa-e

i : PNOPOICly / NEty / CHsClg / 24 h / Pt

~8cheme lll -
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Table lIl.  8-lactams 7

Compound & Formula Yield M.p{2C) It M.p.(?C)
(%)

a 75 192-193 191-193 12e
b 5 182-183 182-183 19
¢ 70 189-190 174-175 12e
4 Cq1HgyNO; 84 125-126 _
e 30 139-140 141-142 12¢
f 70 159-160 158-159 12¢
g 50 128-131 128-130 12¢
h Ca4lig3NOy4 91 175-177 _—
i CagHyaN20s 60 230-236 _
j C1gH gNOy 70 146-148 —_
K Cp3ligNO3 86 185-190 —_
1 Cq3HygN40s 20 175-178 _

a) All Products have cis-stereochemistry (J= 5 Hz) except for the entry ¢ which
has trans-stereochemistry (J = 2 Hz).

¢ -lactams. The same result was obtasined when phenoxyacetic acid was treated with N-aryldithiocarbamates
17 in the presence of phenyl dichiorophosphate. (Scheme V)

h POy SRS WV SR

€ Teadily avaiuaoi€ ang
economical reagent pheny!l dxchlorophosphate Other knovin activating agents failed to provide such activation.
Reaction of activated Dane salts with imines gave after hydrolysis of the side chain, o-amino- 8-lactams in
good to excellent yields. From acetic acids and ethanolimines the nature of the product is highly dependent on
the reaction conditions used for the cycloaddition. Thus, when the hydroxyl group of the starting imines was

protected as trimethylsilyl ether, the product obtained was the corresponding &-lactam. In the presence of a
Q- Oy-o0.
1274 O\ IO Ph
PhCONHCH3COOH — /)—Ph /Y
H N N
1
n 13a-b 13¢
i : PhOPOCIy / NEty / CHgCly / 24 h / r.t. ~
128 1 4$-CHyOCgHCH=N-Fh 132 R : 4-CHyOCgH, 85% mp. 155-157%C (Lit. 156°C) 28
12b : PhCH=N-Ph 135 R : Ph 80% m.p. 165-168*Clit. 167+C) 20
12¢ 0 deNepn 13¢ 7e%  m.p. 138-148:C0UL 1382} 1

-8Scheme 1V -
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1 SR
~p? R SR
14
£t >
\p2
0/15 R
14
RICH,COOH =
¢ Sx__ SR
y i : 9 j
N ————= RI-CHaC-N-C-SR
17 18
i : PhROPOCly / NEty / CHaCly / 20-24h / r.t.
R! = PhO 16a R=CHy R2=pPn
166 R =CaHs R2=4CHgPh
-Scheme V -
PhOPOCIy / NEtg QT 9
R1-CH2COOH — m:r—o—c-cu,al
6 Ct 18
a2 R' A2 R' A2
1~ o 9
18 - “«— PhOPO -
R3 AN N '
2 o *\R 19 o \ﬂ3 Cl
' J
OSI(CH,), 3 OH
\L’ ‘ﬂ’
Tag R2

-Scheme VI -
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free hydroxyl group the reaction product wasanoxazolidine. Reaction and cyclizations promoted by phenyl
dichlorophosphate take place under mild conditions 1n good to excellent yields.

These results may have significance in view of a mechanism for the formation of s-lactams proposed by
Manhas et al. 10,11, They suggest the involvement of the active mixed carboxylic-phosphoeic acid anhydride 18
as an intermediate which then reacts with an imino compound and triethylamine to produce the four membered
heterocycle 7 (Scheme VI). In the case of oxazolidine 10 formation, the reaction may take place through prior
acylation of the imine nitrogen on the Schiff base followed by attack of the hydroxyl group on the intermediate
carbonium ion 19. When the hydroxyl group is protected as the trimethylsily! ether, the reaction proceeds to
formation of the expected 8-lactams 7h-l.

EXPERIMENTAL

Melting points were taken on a Buchi SMP-20 melting point apparatus and are uncorrected. Proton N.M.R.
spectra were measured on a Varian EM-360 A spectrometer,are reported in parts per million downfield from
internal tetramethylsilane. Mass spectra were obtained using a Hewlett-Packard 5930 A mass spectrometer
operated at 70 eV. All the starting materials used in this work werec either commercially available in generally
98% or higher purity and used without further purification or prepared by standard literature procedures.
Dichloromethane was purufied by the usual methods and stored over molecular sieves. The potassium salt of
( a-methyl- 8-methoxvcarbonylvinyl)aminoacetic acid (Dane salt) was prepared according to the method des-
cribed by Bose et al. 42 phenyl dichlorophosphate can be conveniently prepared by the method of Baer.17
Trimethylchlorosilane was obtained from Wacker-Chemie GMBH (Munchen, Germany), and methy! acetoacetate
was obtained from Lonza A.G. (Sviitzeriand).

General procedure for the preparation of Schiff bases (8)

All the Schiff bases were prepared in a similar manner and used without purification. The following are
representative of general procedures.

Method A. The liquid aldehyde (10 mmol) was added to the finely powdered 2-amino-1-phenylethanolamine
(1.4 g, 10 mmol) and the mixture was heated until total solution was obtained and then was allowed to stand at
room temperature. The precipitate product was disolved in dichloromethane and dried with magnesium sulfate.
Filtration and evaporation of the solvent gave the imine in sufficient purity for use in the next step.

Method B. A mixture of the aldehyde (10 mmol), 2-amino-1-phenylethanolamine (16 mmol) and magnesium
sulfate in dichloromethane (30 mi) was stirred at room temperature for 2 h. The work-up as described in
method A gave the corresponding Schiff base.

2-Phenyl-N~(4-methoxybenzylidene)ethanolamine (8 R? = 4-CH30CgH,, R4 = Ph)

by method A : From anisaldehyde (1.25 ml, 10 mmol) ; yield 97% , m.p. 114-1162C ; N.M.R. (CDCl3) : 8.00(1H,s,
CH=), 7.50(2H,d, J= 8 Hz, arom.), 7.20 (5H,sp,arom.), 6.70(2H,d,J= 8 Hz, arom.), 4.80(1H,dd, J= 8 Hz, J'= 4 Hz,
CH), 3.9-3.5(2H,m,CHyg), 3.7(3H,s,0CH3), 3.30(1H,s5,0H); I.R.(CHCl3) : 3570 cm-1 (OH), 1640 em~ 1 (C=N);
(C1gH17NO2 Requires C, 75.3; H, 6.7 ; N, 5.5. Found C,75.0 ; H, 6.5; N, 5.7 %)
2-Phenyl-N-benzylidenethanolamine (8 RZ = R4 = Ph)

by method A : From benzaldehyde (1.1 ml, 10 mmol) ; yield 86% m.p. 112-1149C ; N.M.R. (CDCl3) : 8.10(1H,s,
CH=), 7.7-7.0(10H,m,arom.), 4.8(1H,dd, J= 8 Hz, J'= 4 Hz, CH), 3.8-3.5 (2H,m,CHy), 3.10 (1H,s,0H); L.R.(CHCIl3):
3580 cm~1 (OH), 1640 cm™1 (C=N); (C15H gNO Requires C,80.0; H,6.7;N,6.2. Found C,79.9; H,6.7;
N, 6.4 %)

2-Phenyl-N-(4-nitrobezylidene)ethanolamine (8 RZ = 4-NO,, R4 = Ph)

by method B : From 4-nitrobenzaldehyde (1.51 g, 10 mmo!l) ; yield 92% m.p. 141-142°C ; N.M.R. (CDCl3) : 8.20
(2H,d, J = 4 Hz, arom.), 8.0 (1H,8,CH=), 7.70 (2H,d, J= 4 Hz, arom.), 7.20 (Sll,sb\arom.). 4.90(1H,dd, J = 8 Hz,

J' = 4 Hz, CH), 3.9-3.4 (2H,m,CHy) end 2.8 (1H,5,0H); L.R. (CHCIl3) : 3580 cm~ (OH) and 1640 cm~1(C=N)
(CygH 4MN203 Requires C,66.6; H,5.2;:N,10.4 . Found C, 66.4;H,5.1; N,10.7%)

General method for the synthesis of g-lactams (3a-f)

Potassium N-( a-methyl- 8-methoxycarbonylvinyl)aminoacetate (2.12 g, 10 mmol) was suspended in anhydrous
CHa(’15 (25 ml) to which was added Et3N (4.2 ml, 30 mmol) and the imine (10 mmol). The reaction mixture was
cooled at 0¢C and phenyl dichlorophosphate (1.5 ml, 10 mmol) was added. The mixture was stirred overnight at
room temp., washed with water (2 x 20 ml), 5% NaHCO3-aq (20 ml) and dried (Na3SO4). Evaporation of the
solvent gave the crude B8-lactam (3) which was crystallized from EtOH.

cis-1<(2,4-Dimethoxybenzyl)-3-(o-methyl- 8-methoxycarbonylvinylamino)-4-phenyl-2-asetidinone (3b)

A mixture of benzaldehyde (1.06 ml, 10 mmol), 2,4-dimethoxybenzylamine hydrochloride (2.03 g, 10 mmol),
triethylamine (1.4 ml, 10 mmol) and MgSOy4 in CH2Cly (20 ml) was heated to reflux for 1.5 h. The mixture was
filtered and potassium N-{a-methy- 8 -methoxycarbonylvinyl)aminoacetate (2.12 g, 10 mmol),Et3N (4.2 ml, 30
mmol) and phenyl dichlorophosphate (1.5 ml, 10 mmol) were succesively added. Following the general procedure,
the 8-lactam (3b) was obtained in 50% yield (Table 1).

cis-1-(1,4-Dimethoxybenzyl)-3-phenylacetamido- 4-phenyl-2-azetidinone (50)

A solution of vinylamino~- 8 -lactam (3b) (2 g, 5 mmol) in EtOH (10 ml) and 2N HC1 (10 ml) was stirred for 15 min.
at room temp. The solution was diluted with water and extracted with CH2Clg (20 ml). The remaining aqueous
solution was made alkaline with 40% NaOH-aq (3 ml) and extracted with CH2Cly (2 x 20 ml). The organic layer
was separated and dried (Na3S0O4). Removal of the solvent provided 8-lactam (4b) as an oil (0.63 g, 40%) which



Synthess of s-lactams 171

was used for the next step without further purification.

A solution of phenylacetyl chloride (0.29 ml, 2.2 mmol) in CH2Clg (2 ml) was added dropwise to a solution of the
8-lactam (4b) (0.63 g, 2 mmol) and Et3N (0.51 ml, 3.6 mmol) in the same solvent (5 mi). The reaction mixture
was stirred at room temp. for 3 h and then washed with water (10 ml) and 1N HCI1 (10 ml), followed by saturated
NaHCO3-aq (10 ml). The organic layer was separated and dried (Na7SO4). Evaporation of the solvent gave a
waxy residue which was triturated with FtOH-H0. The solid product was filtered off to yield 0.55 g (61%) of
the 8-lactam (5b) ; IR (CHCl3) :1780,1700 (C=0); NMR (CDCl3) : 7.2-6.2 (14H,m,arom.), 5.7(1H,m,CH), 5.2
(1H,d,J= 4.8 Hz,CH), 4.5(2H,dd,J= 9 Hz, J'= 4 Hz,CHy), 3.7(3H,s,0CH3), 3.4(3H,s,0CH3) and 3.1(2H,5,CH3).

General Method for the synthesis of s-actams (7ag)

A mixture of an imine (10 mmol), a substituted acetic acid (10 mmol) and Et3N (4.2 ml, 30 mmol) in CHCly
(25 ml) was stirred at room temp. and phenyl dichlorophosphate (1.5 ml, 10 mmol) was added dropwise. The
resulting mixture was stirred at room temp. for 24 h ; washed with HoO (25 ml) and dried (Na3SO4) . Re-
moval of the solvent followed by recrystallization from EtOH-H90 gives the pure 8-lactam (7axg).

General method for the synthesis of s-lactams (7h-l)

To a solution of an imine (2} (10 mmol) and Et3N (1.4 ml, 10 mmol) in dry CH2Clg (25 ml) cooled at 0°C was
added trimethylchlorosilane (1.2 ml, 10 mmol). The resulting mixture was stirred at room temp. for 60 min.
A substituted acetic acid (10 mmol), Et3N (4.2 ml, 30 mmol) and phenyl dichlorophosphate (1.5 ml, 10 mmol)
were consecutively added at 0°C.  The resulting mixture was stirred for 24 h at room temp. Ho0 (20 ml) was
added and stirring was continued for & further 15 min. This washing was repeated and finally the organic
layer was scparated and dried (NaSO4). Eveporation of the solvent gave a waxy residue which was treated
with EtOH-H20 to give the s-lactam (7h-1).

cis—4-(4-Methoxyphenyl)-3-phenoxy- 1 {2-phenyl-2-hydroxyethylJazetidin-2-one  (7h)

From phenoxyacetic acid (1.52 g, 10 mmol) and 2-phenyl-N-(4'-methoxybenzilidene)ethanolamine (2.55 g, 10
mmol); yield 91% m.p. 175-177¢C ; IR (CHCIl3) : 1760 (C=0) ; NMR (CDCl3) :7.2-6.5(14H,m,arom.), 5.1
(1H,d,J='S Hz,CH), 4.9-4.6(1H,m,CH), $.3(1H,d,J= 5 Hz,CH) and 3.7 (6H,5p,0CH3,CHy,0H) (CoqH3NO,
Requires C,74.0; H 6.0 ; N, 3.6 . Found C,74.4; H, 6.2 ; N, 3.4 %) .

cis-4-(4'-Methoxyphenyl)-1-(2-pheny}-2*-hydroxyethyi)-3-phthalimidoilazetidin-2-one (7i)

From phthalimidoacetic acid (2.05 g, 10 mmol) and 2-phenyl-N-(4'-methoxybenzylidene)ethanolamine (2.55 g,
10 mmol) ; yield 60% m.p. 230-236°C ; IR(KBr) : 1780,1765 and 1730 (C=0) ; NMR (DMSO-dg) : 7.7(4H,s,
arom.), 7.3(5H,s,arom.), 7.1-6.5(4H,m,arom.), 5.6(11,d,J= 5 Hz,CH)}, 5.30 H,m,CH), 4.8(3H,m,CH,CHy), 3.55
(1H,s,0H) and 3.3(3H,5,0CH3j) (C9gHgoN205 Requires €, 70.6;H,5.0;N,6.3 . Found C.70.1;H,
5.4;N,6.0 %)

cis-1{2*-Hydroxyethyl)-4-(4*-methoxyphenyl)-3-phenoxyazetidin-2-one  (7j)

Anisaldehyde (1.2 ml, 10 mmol) was added to ethanolamine (0.6 mi, 10 mmol) at room temp. and the mixture
was mechanically stirred until a viscous oil was formed. CHaCly (25 ml) was added and the solution was
dried (MgSOy4) for 20-30 min.

Following the general procedure described above, the title compound was obtained in 70% yield m.p.146-
1489C ; IR (KBr) : 1750 (C=0) ; NMR (CDCl3) :7.2-6.5(8H,m,arom.), 5.3(1H,d,J= 5 Hz,CH), 4.8(1H,d,J=

5 Hz,CH), 3.6(3H,3,0CH3), 3.8-3.5(2H,m,CHy) and 3.3-2.9(3H,m,CH,,0H) (CygH)gNO4 Requires C,64.0
H, 6.1 ; N, 4.5. Found C, 63.2; H, 6.0 ; N, 4.4 %).

cis- 3-Phenoxy-4-phenyl-1(2-phenyl- 2-hydroxyethylazetidin-2-one (7k)

From phenoxyacetic acid (1.52 g, 10 mmol) and 2-phenyl-N-benzylidenethanolamine (2.25 g, 10 mmol) ; yield
86% m.p. 185-190°C ; IR (CHCl3) : 1750 (C=0) ; NMR (CDCl3) (oxidized product ) : 7.7-6.4 (15H,m,arom.),
5.5(1H,d,J= S Hz,CH), 5.2(1H,d,J- 5 Hz,CH), S.0{1H,d,J= ~18 Hz,CH) and 4.0(1H,d,J= -18 Hz,CH) (Co3H2NO3
Requires C,76.9; H,5.9; N, 3.9 . Found C, 76.6; H,6.2; N, 4.0 %)

cis-4-(4'-Nitrophenyl)-3-phenoxy-1-{2-pheny}-2-hydroxyethylasetidin-2-one (71)

From phenoxyacetic acid (1.52 g, 10 mmol) and 2-phenyl-N-(4'-nitrobenzylidene)ethanolamine (2.70 g, 10 mmol);
yield 80% m.p. 175-1789C ; IR (CHCl3) : 1780 (C=0) ; NMR (CDCl3/ DMSO-dg) :8.1-6.3 (14H,m,arom.), 5.3
{1H.d,J= 5 Hz,CH), 5.1-4.5(3H,m,CH,CH2) and 3.4 (2H,m,CH,OH) (Cg3HygN205 Requires C, 68.3; H, 5.0
N, 6.9 . Found C, 68.7;: H, 4.7; N,59 %).

General method for the synthesis of oxazolidines (10)

To & solution of a carboxylic acid (10 mmol) and Et3N (4.2 ml, 30 mmol) in dry CH2Cl3 (30 ml) cooled at

0-5°C was added the imine (10 mmol) and phenyl dichlorophosphate (1.5 ml, 10 mmol). The resulting mixture
was stirred at room temp. for 20-24 h and washed with 1i70 (2 x 20 ml). The organic layer was separated and
dried (NagSOy4). Evaporation of the solvent gives a waxy residue which was treated with EtOH-H70 to give
the oxazolidine (10).

2-(4-Methoxyphenyl)-3-phenoxy-5-phenyloxazolidine (18a)

From phenoxyacetic acid (1.52 g, 10 mmo)) and N<4'-methoxybenzylidene}-2-phenylethanolamine (2.55 g,10
mmol)k; yield 90% m.p. 99-100°C ; IR (CHCIl3) : 1660 (C=0); NMR (CDCl3) :7.5-6.5(14H,m.arom.), 5.1
(1H,t,J= 6 Hz,CH), 4.5(2H,8,CH3), 4.3(1H,5,CH), 4.0(2H,d,J= 6 1{z,CH7) and 3.7(3H,s,0CH3) : M~ : 389
(CoqH23NO4  Requires C,74.0 ; H,6.0;N,3.6. Found C,73.7; H,6.0;:N,3.6 %)

2-(4-Methoxyphenyl)-3-phthalimidoacety}-5-phenylozazolidine (100)

From phthalimidoacetic acid (2.05 g, 10 mmol) and N<{4'-methoxybenzylidenc)-2-phenylethanolamine (2.55 g,
10 mmol) ; yield 70% m.p. 178-180°C ; IR (CHCl3) : 1700 (C=0); NMR (CDCl3) :8.7-6.6(13H,m,arom.),
5.0(1H,m,CH), 4.3(2H,s,CHy), 4.1{1H,5,CH), 4.0(2H,0,J= 8 Hz,CHj) and 3.7 (3H,5,0CH3) ( Ca6Hp2N90s5
Requires C,70.6 ; H,5.0; N,6.3. Found C,70.2; H,5.0; N, 8.4 %).
3-Phenoxyacetyl-2,5-diphenyloxazolidine (10¢)

From phenoxyacetic acid (1.52 g, 10 mmol) and N-benzylidene-2-phenylethanolamine (2.25 g, 10 mmol) ; yield
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55% m.p. 106-1079C ; IR{(CHCl3) :1660(C=0); NMR :7.3-6.4(15H,m,arom.), S.0¢1H,t.J= 6 Hz,CH), 4.4
(2H,3,CHy) and 3.9 (2H,d,d= 6 Hz,CHp} (Cg3HgiNO3  Requires C,76.8;H,5.9; N, 3.9 . Found C,76.8
HB8.0; N, 3.9 %)

2-{4-Nitrophenyl)-3-phenoxy-5-phenylozazolidine  (10d)

From phenoxyacetic acid (1.52 g, 10 mmol) eand N~4'-nitrobenzylidene)-2-phenylethanoclamine {(2.7¢ g, 10 mmol);
yield 40% m.p. 129-134%C ; IR (CHCly) 16807C=0); NMR {CDClg) :7.8(2H,0,J= 8 Hz, arom.), 7.5-6.5{12H,
m,arom.), 5.1{1H,8,CH), 5,0(1H,m,CH), 4.5(2H,s,CH3) and 4.0 (21,d,J= 8 Hz,CHj) (Cp3Hs9N20s  Requires
C.68.3;H,50;N,7.0. Found C,68.4;H,51;N,68 %).

General method for the synthesis of 4-sikylidene-2-phenyt-5{(¢H)-oxazolones (13)

To a solution of hippuric acid (11) (1.78 g, 10 mmol) and the Schiff dase (12} (10 mmob) in CH32Cly (25 mD)
containing EtsN (4.2 ml. 30 mmol) was added phenyl dichlorophosphate (1.5 ml, 10 mmol) at 02C. The mixture

was stirred overnight at room temp. , washed with H20 (2 x 20 ml), 5% NaHCOj3-aq (20 ml) and driedNa,SO4).
Evaporation of the solvent gave the crude compound {13} which was crystallized from EtOH.

Reaction of N-aryldithiocarbonimidates (14) with activated phenoxyscetic scid

The same procedure as for the synthesis of g§-lactams was followed.
N-Phenyl-N-phenoxyacetyldithiocarbamic methy! ester (16a)

From phenoxyacetic acid (1.33 g, 8.75 mmol) and dimethyl N-phenyldithiocarbonimidate (1 78 mo
yield 84% m.p. 125-128°2C ; NMR (CDCl3} :7.2(10H,m,arom.}, 4.46(2H,3,CHo) and 2.4(3H,s,CH3); M
N-(¢-Methylphenyi)-N-phenoxyacetyidithiocarbamic ethyl ester (16b)
From phenoxyacetic acid {(0.97 g, 6.4 mmol) and diethyl N-{4-methylnhenylld
mmol) ; yield 60% ; m.p. 119-121°C ; NMR (CDCl3) : 7.0(9H,m,arom.), 4.8{
(3H,s5,CH3) and 1.3 (3H,t,CH3) ; M 345,
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