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Abstract - The development of a practical method for the preparation of vinylamim 
-o -lactams from Dane salts and Schiff bases is described. Among the reagents known 
to produce 9-lactamr from imine and acetic rclds, only phenyl dichlehatc and 
I-methyl-2<hloropyridlnium iodide are suitable for the synthesis of vlnylrmin~ B-lac- 
tams. Reaction of acetic acids with ethanolimlne derivatives promoted by phenyl di- 
chlorophoephate affords oxarolidlnes instead e-lactams. Protection of the hydroxyl 
group as the trimcthylsilyl ether in the starting Schlff bases provides a convenient 
route to the corresponding g_lactams irutead oxazolidines. Some observations on the 
scope of the method are made. 

In recent years there has been renewed interat in thcde=lwment of efficient methods for the production of 

cis-j-amine 9-lactams because of the importance of these systems in penicillins, in cephalosporins and in related - 

antlbiotIcs.2 Several methods are avallable for the synthesis of 9-lactams.3 Among some conceptual 

approaches to accomplish highly stereaspecific azetidinone formation, the annelation of imino compounds with 

an activated Dane salt of aminoacetic acid has received much attention in recent yean.’ The key to this 

approach is the use of an cfflcient activating agent for the Dane salt. In the continous search for suitable 

reagents for actlavting the carboxyl group under mild conditions, Liu et al.5 have reported that phenyl dichloro- 

phcephate is a superior phosphorylating agent to diphenyl chlorophcsphate. The latter, along with the closely 

related compounds diphenylphrsphoryl azide and diethyl cyanophosphate, have succeufuUy been u9ed as activating 

reagents for the carboxyl function. 6 In this paper we describe the synthetic utility of this readily available 

reagent for the synthesis of 9-lactrms and oxazolidines. 

Phenyl dichlorophoaphate reagent has been reported7 to be quite suitable for the efficient synthesis of some 

a-amino- a-lsctame from Dane salts and imino compounds. Thus, treatment of a Dane salt of aminoacetic 

acid and an appropriate imine in equimolar amounts with phenyl dichlorophoaphate in the presence of triethyl- 

amine gave the corresponding vinylamino- 9 -lactam in excellent yield. HydroCis of the side chain with p- 

-toluenesuMonic acid monohydrate In acetontwater followed by acylatlon with an acyl chloride provided the 

ami* -lectams 1. (Scheme I) 

The results are complled In Table 1. The structure of these 9 -lactams were confirmed by their I.R. and 

‘N-N.Y.R. spectra. Thus, the configuration of the C-3 and C-4 protons in all of these monocyclic 9-lactams 

*M observed to be cis (J = S Hz). - These results assume added significance in view of the fact that the a-lactam 

Protons in active penicilliru. cephal~rlm, and other 9-lactam antlbiotia for cllmcal use are in a cis relation- - 
ship. The utility of this method can be exemplified by the synthab of c&-l-C).4dimethoxybenzylt3~:-methyl- 

- ~methoxycarbonylvinylaminol-4-phenyl-2-azetldinone 3a and cis-1~2,4dlmethoxybenxyl~3+a-methyl- d -me- - - 

thoxycarbonylvinylamino~4-phenyl-2-azetidinonc s as precursors of cis-3-phenoxyacetamido-&phenyl-2-azeti- - 

dinone 3 a compound reported to rhow anti-6 -lactamase activity.8 For aample. reaction of the potassium 

salt of (a-methyl- B-methoxycarbonyl)vlnylaminoacetic acid with phenyl dlchlorophoaphate reagent and 

the imine formed from benzaldehyde and 3,4-dimethoxybenrylaminc in the presence of triethylamine led 
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Table I . Preparation of 0-lactams p - 2 

Compound Yield a M.p. 
Found 

(Required) 
Spectral Data g 

(96) (QC) 

C H N 

3a 70 

3b 50 

3C 65 

36 55 

3e 50 

31 55 

IC 

If 

43~8) h 

57 

Sa 57 b 

5b 61 

5g 63 Ge 

5h 61 &e 

51 30 b 

156-157 f - - - 

118-119 66.9 6.1 6.7 
(67.3 6.4 6.8) 

177-178 - - - 

182-183 60.2 5.9 7.0 
(68.8 6.0 7.6) 

161-162 71.2 5.7 8.3 
(71.4 6.0 8.3) 

139-142 - - - 

125 72.7 6.4 10.0 
(72.3 6.4 9.9) 

143-144 76.7 5.9 10.6 
(77.2 6.1 10.6) 

129-131f - - - 

150-151 

141-143 66.9 5.9 8.5 
(66.6 5.6 8.2) 

208-210 65.3 5.6 8.3 
(65.7 5.2 8.5) 

135-1371 - - - 

IR : 1780,1655 (C=Ot ; IH-NMR : 8.5(lH.d,NtO, 
7.4-6.7(8H,m,arom.),5.2-4.6~4H,m,CH2,CH,CHt, 
4.25(lH,s,CH=). 3.8(3H,s.OCH3t, 3.7(3tf,s,OCH3). 
3.4(3H,s,OCHj), 1.7(3H,s,Cti3) 

IR : 1790.1650 (C=O): lti-NMR : 8.3(lH,d,NtO. 
7.3-6.1(8H,m,arom.t, &I-4.3(4H,m,Cti~,CH,CH). 
4.2(lH.s,Cti=), 3.7(3tl,s.OCH3t. 3.3(3H;s.OCHjt, 
3.1(3tI,a,OCH3). 1.6(3H,s.CH3) 

IR : 1790.1650 (C=O); t H-NMR : 8.5-&l(lH.sb, 
NH), 7.3-6.6(8H.m,arom.). S.l(lH,d.J= 5 Hz,CH). 
4.8(lti.d,J= 5 Hr.CtO. 4.3(lH,s.CH=). 3.7(3H,s, 
OCti3), 3.4(3tl.s,OCH3). 2.2(3H.s,CH3).1.8(3ti,s. 
CH3t 

IR : 1790,1650(C=Ot; lti-NMR : 8.4(lH,d.NH). 
7.3-6.6(9H.m,arom.). S.l(ltt,d.J= 5 Hz,CH). 4.9 
(lH.d.J= 5 Hx,CtO. 4.3(lH.s,Ctl=), 3.6(3H,s,OCt13t 
3.3(3H,s.OCHj), 1.8(3H,s,CH3t 

IR : 1790.165O(C=0); ‘H-NMR : 8.3(lH,d.NtO, 
7.15(lOH,sb,arom.t, S.l(lH,d,J= 5 Hz,CH),4.9(lH, 
d.J= 5 Hz&H), 4.3(lti.s.CH=), 3.3(3H,s,OCH3). 
1.8(3H?s,CH3) 

IR : 1790.1650 (C=O): lti-NMR : 8.9(lH.d.NH). 
7.4-6.7(10~l.m,a~om&3.7(1H,d,J= 16 Hz,ktl=t,6.b 
(lH,dd.J= 9 Hz. J’= 16 Hz.CH=).4.9(lH.dd.J= 4.5 
Ht.J’= 9 Hz.CtO, 4.7(lH,dd.J= 4.5 Hx,J’= 9 Hz,CH). 
4.5(lti.s,Ctl=),3.4(3ti,s,Octl3), 1.8(3H,S.CH3) 

IR : 1780 (C=O); lH-NMR : 7.4-6.2(8H,m.arom.), 
S.Wltl.d,J= 5 Hr,CH). 4.3(lH,d.J= 5 tit&H), 3.7 
(JH,s,OCHj). 2.2(3H,s.Cti3).1.3(2H,sblNH2) 

IH : 178O(C=O); tH-NMR : 7.4-6.7(lOH.m.arom.). 
6.5(ltt,dd,J= 9 Hz.J’= 16 Hz,CH=t, 6.2(lH,dd,J= 9 
Hx.J’= 16 Hz,CH=). 4.7(lH,~.CH),4.3(lH.d.J= 5 Hz, 
Ctt), 1.7(2tt,Sb,Ntt2) 

IR : 1770,1690(C=Ok lti-NMH : 7.6-6.7(14H.m, 
arom.),5.7(lH,q,CH), S.Z(lH,d,J= 5 Hz,CH), 4.9 
(2H.s.CH2). 4.3(2H,q.Ctt2), 3.9(3H,s.OCtl3). 3.8 
(3H,s,OCH3) 

see experimental 

IR : 1780,170O (C=O); *II-NMR : 7.l(lOH,m,arom.) 
5.3(lH,dd.J= 5 Hz,J’= 16 Hz,CH), 4.9(lH,d,J= 5 Hz, 
CH), 3.5(4H,m,Cti2t, 3.1(2tt,S.CH2) 

IR : 1800,1700(C=0f: ltt-NMR : 7.2(lOH.m.arom.) 
5.5(111.1,CH), S.l(lH,d,J= 5 Hr.CH),3.3(4H.m.CH2) 

IR : 1765,1680(C=0): ttt-NMR : 7.4d.5(12H.m, 
arom.,NH.NH), 5.6(lH,q,CH), S.O(lH,d.J= 4 Hz,CH), 
4.2(2H,dd,J= 15 He,CH2), 

a) Yield of Isolated pure product by crystalllzatlon from E1OH. A single spot was detected by T1.C analysis. 
b) R= C6tt@Cti2 . C) tt= C6tt5CH 

.‘f’ 
dt R= C6115. et overall yield . I) 111. data ref. 19b (compound. 

m.p.oCt : (3a. 155-1569C) (Sa.l30*C (51, 134-136OC). g) The I.R. and lti-N.M.R. spectra were measured in 
CHC13 and CD<:13 respectively. h) Reaction condillons : Jc (5 mmol). HCl cont. (10 ml), H20 (10 ml). 
CH2Cl2(20 ml). room temp. overnight. 
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LOCK+ N,R3 

! 2 

E= ,p’ 
t 

ct4p ‘0’ 
.H 

a tt2 = m 
b R2=Ph 

C R2 = tiH20C& 

d R2 = 4ctt+,+t4 

e R2 = m 

f R2 = C&Ctt=C)t 

(I ~2 = m 

h R2=m 

1 R2 = m 

i : 

ii : 
iii : 

&u(CttjO)tC,+jCtt2 
2,4(Ctt20)tCgH2CH2 

gH2C6H4 

m 

m 

m 

(CH2)2Cl 

VZH2)tCl 

tt 

t’MWCl2 / Net2 / Ct2Cti2 

TaOti I Yc2CO / NaOtt 

RCOCt / NRt2 / CI2Ctt2 

tt = c6tiSctt2 
R- m 

R = C6H#Ctt2 

- Scheme I - 

to the formation of a single stereoisomer of the o-vinylamino- -1actem 3a _. The vInylamino group of Js was 

cleaved under rnlld conditions to produce the free amino compound 4a which was acylated “in situ” to Se . The - - 

tj-benzyl group in 2 was removed by persulfate oxidation following the method of Gffmann and coworkers9 

to give the a-lactam 5i. - In a similar manner the imine formed from benzaldehyde and 2,4-dimethoxybencyl- 

nmine yielded the a-lactam 5b. - In general, the vmylamino cleavage was achieved by the method of Base and 

coworkersla bv using ptoluenesulfomc acid in acetone-water. However, for insoluble s-lactamr. such as 

& it was found more convenient to carry out the cleavage in dichloromethnne-water. In this way the 43% 

yield of c obtelned by the former method increased to 78% by the latter one. 

The phenyl dichlorophosphate method has special importance because only three activating agentr of the 

carboxyl group, haloformate esten4a , cyanuric chloride4b and phosphorus oxychloride4c , have been reported 

to be suitable for the synthesis of a-vinylamino-@ -1actams. he and coworkers4a have shown that trifluoro- 

acetic ncid nnhydride and chloroacetonitrlle are ineffective for this conversion. Similarly dicthyl chlorophwte 

and diphenyl chlorophosphate give very low yields of the expected 3-lactams. and diphcnylphosphoryl atide. 

diethyl cyanophc8phate and diphenyl phosphitc pyridinc do not lead to the formation of 8 -lactams.l” On the 

other hand, we have investigated the behaviour of other known carboxyl group activating agents. Examination 

of Tnblc II reveals that only I-methyl-2-chloropyridmium iodide11 seemn to he moderately efficient for this 

approach, giving c-vinylaminw R-lactams In 30-506 isolated yields. Dicthyl bromophosphatc. which is an 

effective coupling agent for peptide bond formationt2a and N.N-bis(2~x~3-oxazolidiny1~hosphorodiami~ic 

chloride (HOPI)(:) recently used in s-lactam synthexisl2b showed low efficiency for Dane salt activation. 

Phosphorus trichloride. a reagent also used in peptlde synthesis12C , tosyl chloridel2d , saccharyl chloride12c. 

and phenyl N-phenylphosphoramidochloridate~2f~3h - did not lead to the formation of = -vinylamino- A-lactams 

from the Ilane salt and irnlno compounds. Recently we have describcd12g the use of the thionyl chloride- 

-dimethylformamide complex for the synthesis of 8-lactams. We have found however that this reagent is not 

cfficlent for activating Dane salts. In the case of phaphofua trlchloride , which has not previously been 

applied to blactam synthesis, we have found that reaction between imina and substituted acetic acih other 

than the Dane salt. gave the corresponding s-lactams, although in poor yields. For example. treatment of 

phthalimidoacetic acid and 4-methoxybentalaniline with phosphorus trichloridc in the presence of triethylrmine 

gave the corresponding e-lactams in 35% and 11% yield respectively. 

To explore the general applicability 01 phenyl dichlorophoaphate reagent, several ~-substituted acetic acids. 

phthalimidoacctic acid, methoxyacetic acid, benryloxyacetic acid and acctoxyacetic acid were succ~fully 



used to give the corresponding o-substitute& 8 -1actams. (Scheme II) 

The yields of Mactam products 1 from phenyl dtchlorophosphate annelation of the corresponding acetic 

scids 6 and tmines 2 are given in Table III. The stercochemlstry of these monocycllc J-lactams shown in 

Table 111 was also derived from them lH-N.M.R. spectra. The coupling constant of 2 Hz was considered to 

indicate trans disposition of the C-3 and C-4 protons. 

blactams 7sg 

7 Rt R* it3 

8 mo m m 
b PhO 4CH30C6H4 4<1{3C61~4 

C Phth 441430C6H4 4-CHaC6ti4 

d PhO 4-CH3oCdH4 PhCH* 

e CHJO Ph Ph 

I PhCH20 4-CH6oCdH4 4CH JC6fi4 

6 CHJCOO 4ctI2oC6tt4 =H3C6H6 

R2 
RkH2COOtl l I/ 

! 

crSr(CH~)s / NEta 11116 

2) H*O 

s 0 
R4 

- 

6-lactams 7h-I - 

1 fit R* R4 

l_k mg. 175-176sC 

- Scheme U - 

As shown in Scheme II when the method was applied to imlnes derived from aldehydes and ethanolamine 

derivatives prior protectlon of the hydroxyl group as the trlnethylsilyl ether was required. A solution of 

triethylamine and the imine derived from an aldehyde and 2-amin~l-phenyl-ethanol was treated with 

trimethylchloroailane in dichloromethane as solvent until the complete formation of the intermedtate trimethyl- 

silyl ether 6 as monitored by tic analysis tsillca gel plates, eluent AcOEt /hexane l/l). Formation of the 

corresponding s-lactams 7h-m was carried out by consecutively addlng at OQC the acetic acid. triethylamlne 

and the reagent. The raulting mixture was subsequently allowed to react at room temperature for 24 h. 

After work-up the unsilylated blactams Ih-m were obtained in high yield. It is interesting to note that 

klactams derived from phthalimidoacetic acid and ethanolimine derivatives have cis-stereochemistry whereas - 

blactams having the phthalimido group often have tram+ereochemistry. On the basis of avatlable data, the 

rteric course of annelation using the phenyl dlchlorophosphate reagent does not appear to be predictable. In 

all the reactions, however, only a single isomer was obtained. In the case of 71( because of its insolubility in 

common deuterated solvents, Its conf&uration at C-3 and C-4 was determined from the t H-N.M.H. spectra of 

the oxidized product (Scheme II). A further observation is that these new a-lactams 7h-m appear to be 

Interesting compounds for synthab of N-UNUbstitUted 13-taCtams.~~ 

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

of o-vinylamine o-lactams 3 take place and the product was an oxazolidine Jj. 

Thus the reaction between acetic acids and etha- 

Reagent a 3c 3d 3e nolimina can be directed to the formation of 
- 

- oxarolldines and/or A -lactams according to the 

Cl3P 0 0 - desired synthetic purposes. 

In 1961 Hadr et al. t4 have descrtbed that 

CIJPO 45 22 16 fusion of aromatic aldehyda with o-aminoecid 

H 
ethyl esters containing a hydroxyl group in the 

PhOPNHPh 0 0 - Cpceitlon afforded N-unsubutituted oxazolidines. 

Cl which can be acylated by meaN of the correspon- 

30 - 

- 

30 35 gent in the presence of base, gave the corNqxm- 

ding tj-acyloxazolidine in excellent yield. The 

structure of these oxatolidines were also confir- 

0 - md by I.R., tH-N.Y.H. spectroscopy and micro 

analysis. The I.R. spectra of these compounds 

ding acyl halide. Our procedure gives the N-acyl- 

oxaxolidina directly under mild conditions. 

Thus. treatment 01 a Schiff base formed from an 

aromatic aldehyde and 2-aminol-phenylethanol, 

with phenoxyacetic acid or phthalimidoacetic 

acid by meaN of phenyl dichlorophcuphatc rea- 

fEt0)2PHr 25 

bt, 

:’ 

0; 
0;” O 

Cl 

CH3- 

u 
0 sop.3 0 

SOC12-l)MF 0 

R Cl 
PhOP’ 65 

‘Cl 

0 

0 

55 

showed an absorption band at 1660-1700 cm-l 

due to the amide group but no NH+retching 

vibration band and no a-lactam carbonyl ab 

sorption. 

In an attempt to introduce the amido chain 

directly into the 6-lactam product using ?j-acyl- 

amino acids as the starting acetic acids, we have 

a) Reaction ConditioN : Reagent (10 mmol), Imine (10 
mmol), triethylamine (25 mmol). at room temperature 
for 20-24 h. 

found that the scope of the method is limited by 

reaction of these compounds to produce oxato 

lone% For example, under the COnditiON used 

in the synthesis of 6-lactams, hlppuric acid J_l 

failed to provide a substituted a-lactam when treated with Schiff bases. Mukerjee et al. 15 have reported a 

similar result when 5-oxazolonea were treated with Imines in the presence of base, although in some cases 

low yield have been obtalned in the expected products. Manhas et al. l l have reported that under similar 

conditioru, reactions of hippuric acid with imines promoted by 2-chloro-1-methylpyridinlum iodide afforded 

S-oxazolones and not the comrpondlrrg 4-alkylideneoxazolones. We have found that under the conditions em- 

ployed for the rynthesis of s-lactams the reaction between imlna and hippuric acid induced by phenyl dichlw 

rophcqhate afforded the corresponding 4-alkylldene-2-phenyl-5~4Hl-oxazolones 13 , in some cases in higher 

yield than those reported by earlier workers. (Scheme IV) 

We next examined the use of fj-aryldithiocarbonlmhlates fi as the starting imines. lor synthesis of I-umubs- 

tituted klactams 15. - We found that acylamino dithiocarbamic esters g were formed instead of the expected 

R’ R2 R4 

- Scheme 111 - 
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Compound a 

Table III. S-lactams 1 

Formula Y r&l sl.p.f*Cf lit M.p.WX 
(%I 

a 75 192-193 191-193 t2e 

b 65 182-163 

c 79 189-190 

d C2lH2lNO3 84 125-I 26 

e 30 139-140 

I 79 159-169 

62-183 19 

74-175 3*e 

41-142 ‘2e 

56-159 12e 

50 128-131 126130 t*e 

91 175-177 - 

60 230-236 - 

70 146-148 - 

86 185-190 - 

80 175-178 - 

a) All Products have cis-stcrtochemrstry (Jr 5 Hz) except for the entry c which 
has trans-stereochcmistry (J I 2 Hz). 

8 Gactams. The same result was obtained when phenoxyacetic acid was treated with N-aryldithmcarbamates 

17 in the presence of phenyl dichlorophosphate. (Scheme V! 

Dane salts of aminoacetic acid can be activated under mild conditions by means of the readily availabte and 

economical reagent phenyl dichlorophoSphate. Other known activating agents failed to provide such activation. 

Reaction of activated Dane salts with imines gave after hydrolysis of the side cham, o-amino- S-tactams 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. Thw, when the hydroxyl group of the starting imines was 

protected a5 trimethy~iIy1 ether, the product obtained was the corresponding a -1actam. In the presence of a 

g-a f ~-CH~~C~H~CH=N-P~ 

12b : PWH=N-Ph - 

12c : - 

ffr R : *Cft30t&H( 85% me. 15SlS7y= (lit. luI*C) 26 

Isb R : Ph - 60% m.p. 165_166*~t. l6VC) 29 

13c - 70% m.p. lJtl4O*CQIt. 136aC) 23 

- Schams IV - 
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-If 
SR 

+A2 

;_ 

li 

R’ yR 

Y 0’15 
N 
‘R2 

14 

Rktl*Cootl 
.- 

s S v SR 
i 

“NNlR2 
* Rl&pR 

It rr 

i : PhOPOCl2 / NRt2 / Ctt2CI2 / t&24 h / r.t. 

R’ = mo l& R = CH2 It2 = Ph 

Gil R = C2H5 it2 = 4-cH2Ph - 

- Scheme V - 

pM)POCI2 / NIB) 
RtCH2COOH w pt20-!!CH2R1 

s 
ix li 

- Scheme VI - 
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free hydroxyl group the reaction product wmmoxazohdme. Reaction and cyclizations promoted by phenyl 

dichlorophosphatc take place under rnlld conditions In good to excellent yields. 

These results may have significance in view of a mechanism for the formation of e-lactems proposed by 

Manhas e 10.11. They suggest the mvolvement of the active mixed carboxylic-phosphoric acid anhydride 3 

as an Intermediate which then reacts with an imino compound and triethylamine to produce the four membered 

hcterocycle 7 (Scheme VI). In the case of oxazolidine E 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 trimethylsllyl ether, the reaction procee& to 

formatIon of the expected &lactams 7h-I. - 

EXPERIMENTAL 

Melting points were taken on a Huchi SMP-20 melting point apparatus and are uncorrected. Proton N.M.R. 
spectra were measured on a Varian EM-360 A spectrometer,arc 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 were either commercially available in gcncrally 
98% or higher purity and used without further purification or prepared by standard literature procedures. 
I)ichloromethane was purufied by the usual meth& and stored over moleculsr sieves. The potassium salt of 
( o-methyl- O-methoxvcarbonylvinyl)aminoacetic acid (Dane salt) was prepared according to the method dcs- 
cribed by Hose et al. 4a Phenyl dichlorophcephate can be convcnlently prepared by the method of Rser.17 
TrimethylchloroJilenc was obtained from Wacker-Chemie tihlL)H (Munchen, Germany). and methyl acetoacetste 
was obtained from Lonza A.G. (Switzerland). 

. 
Gamrlpcoccdr+forthepmpamuoIldScNfrbaDw(j) 

All the Schiff bases were prepnred in a similar manner nnd used without purification. The following arc 
represent at ivc of general procedures. 

Method A. The liquid aldehyde (10 mmol) was added to the finely powdered 2-amino-1-phenylethanolamine 
(I.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 disolvcd in dichloromethane and dried with magnesium sulfntc. 
Filtration and evaporation of the solvent gave the imine in sufficient purity for use in the next step. 

Method R. A mixture of the aldehydc (10 mmol). 2-amino-l-phenylethanolamine (10 mmol) and magnesium 
m dichloromethane (30 ml) was stirred at room temperature for 2 h. The work-up as described in 
method A gave the corresponding Schiff base. 

i-PhmyCW~4~mctho~yU~b~~mine (t R2 = 4<ltjOC6H4, R4 = Ph) 

by method A : From anisaldehyde (1.25 ml, IO mmol) ; yield 97% , m.p. 114-116QC : N.M.R. (CIKl3) : 8.00(1 H,s. 
CH=). 7.50(2H,d. J= 8 Ht. arom.), 7.20 (SH.sb,arom.). 6.70(2H.d,J= 8 Hz, arom.), 4.80(1H,dd, J= 8 Hz, J’= 4 Hr. 
CH). 3.9-3.5(2H.m,CH2), 3.7(3H,s,OCH3), 3.30(1 H.s.OH); l.R.(CHCl3) : 3570 cm-l (OH), 1640 cm-l (C=N); 
(Cl6Hl:NO2 Requires C, 75.3 ; II. 6.7 ; N. 5.5. Found C,75.0 : H, 6.5 ; N, 5.7 %I 

!-Phemyl-~+enzylldthnnohmine Cg lt2 = H4 = Ph) 

by method A : From benzaldchyde (1.1 ml. 10 mmol) ; yield 86% m.p. 112-I 14*C ; N.Y.R. (CDCl ) : 8.1Ofl II& 
CH=). 7.7-7.0(10H.m,arom.). 4.8(1 H,dd, J= 8 Hz. J’= 4 He, CH). 3.8-3.5 (2H,m,CH2), 3.10 (lH,s.OH 3 ; I.R.(CIlC13): 
3580 cm-l (OH), I640 cm-l (C=N); (C15H15NO Requires CB&O ; H, 6.7 ; N, 6.2 . Pound C, 79.9 ; H. 6.7 ; 
N, 6.4 8) 

r+henyCrj~4+i~ylldanckthnoLmlne (t R2 = 4-N02, R4 = Ph) 

by method H : From I-nitrobenzaldchyde (1.51 g, 10 mmol) ; yield 92% m.p. 141-142QC ; N.M.R. (CI)(:l3) : 8.20 
(2H.d, J = 4 Hz. arom.), 8.0 (1 H,s,CH=). 7.70 (2H,d, J= 4 Hz, arom.). 7.20 (5H,sb arom.). 4.90(1 Ii&. J = 8 Hz, 
J’ = 4 Hz. CH). 3.9-3.4 (2H,m,CH2) and 2.8 (1 H,s,OH); I.H. (CHCl3) : 3580 cm-\fOH) and 1640 cm-l(C=N) 
(Cl5Hl4N203 Requires C, 66.6 ; H. 5.2 : N, 10.4 . Found C, 66.4 ; H, 5.1; N. 10.7 9, ) 

GaK!rd metJlod la the aynthda of )-h_llm (* 
Potassium N-( a-methyl- B-mcthoxycarbonylvinyl)aminoacetate (2.12 g, 10 mmol) was suspended in anhydrous 
CH2(:12 (25 ml) to which was added Et3N (4.2 ml. 30 mmol) and the imine (10 mmol). The reaction mixture was 
cooled at OQC 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% NaHCO3aq (20 ml) and dried (Na2SO4). Evaporation of the 
solvent gave the crude blactsm (3) which was crystnlliscd from EtOH. 

ckl~2,CWmcthoxytnmzyl~3~~methyC amethoxy~ylvlnylrmInoHphsnyl-t~tl~ f*) 

Amixture of benzaldehyde (1.06 ml. 10 mmol), 2.4-dlmethoxybenzylamIne hydrochloride (2.03 g, 10 mmol). 
triethylamine (1.4 ml, 10 mmol) and MgSO4 in CH2CI2 (20 ml) was heated to reflux for 1.5 h. The mixture was 
filtered and potessium !_(a-methy- O-mcthoxycarbonylvinyl~aminoacetate (2.12 g. 10 mmol),Et3N (4.2 ml, 30 
mmol) and phcnyl dichlorophcaphate (1.5 ml, 10 mmol) were succesively added. Following the general procedure. 
the B-lactam (3&j was obtained in 50% yield (Table I). 

~1~2,~-Mmc~~l~t~y~~t~m~4phenyl-2uetldlnaK (*I 
A solutton of vinylaminw 8-lactam (3&) (2 g, 5 mmol) in EtOH (10 ml) and 2N HCI (10 ml) was stirred for 15 min. 
at room temp. The solution was diluted with water and extracted with Clt2CI2 (20 ml). The remaining aqwous 
solution was made alkaline with 40% NaOH-aq (3 ml) and extracted with CHpCl2 (2 x 20 ml). The Organic layer 

was separated and dried (Na2SO4). Removal of the solvent provided B-lactam (4b) as an oil (0.63 g. 40%) which - 
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was used for the next step without further purification. 
A solution of phcnylacetyl chloride (0.29 ml, 2.2 mmol) in CH2C12 (2 ml) was added dropwise to a solution of the 
e-lactam (4&I (0.63 g, 2 mmol) and Et3N (0.51 ml, 3.6 mmol) in the same solvent (5 ml). 7he reaction mixture 

was stirred at room temp. for 3 h and then washed with water (IO ml) and 1N HCl (10 ml), followed by saturated 
NaHCO3-aq (10 ml). TBe organic layer was separated and dried (Na2SO4). Evaporation of the solvent gave a 
waxy residue which was triturated with EtOH-H20. The solid product was filtered off to yield 0.55 g (61%) of 
the B-lactam (S&I ; IR (CHCI3) : 1760.1700 (C=O): NMR (CDCl3) : 7.2-6.2 (14H,m,arom.), 5.7(IH.m,CH), 5.2 
(lH.d,J= 4.6 Hx,CH). 4.5(2H.dd.J= 9 Hz, J’= 4 Hz.CH2). 3.7(31i,s,OCIlj), 3.4(3H,s,OCH3) and 3.1(2H.s.CH2). 

ce#K!A method fa the aynthe& of B-lactam (-1 

A mixture of an imine (10 mmol), a subatitutd acetIc acid (10 mmol) and Et3N 0.2 ml, 30 mmol) in CH2CI2 
(25 ml) wm stirred at room temp. and phenyl dlchlorophosphate (1.5 ml. 10 mmol) was added dropwise. The 
resulting mixture WM stirred at room temp. for 24 h ; washed with 1120 (25 ml) and dried (Na2SO4). Hc- 
moval of the solvent followed by recrystallization from EtOH-H20 gives the pure 6-lactam (‘lag). 

(ieneml method far the qnunsb of simtam OM) 
To B solution of an imme (?) (IO mmol) md Et3N G ml, 10 mmol) in dry CH2Cl2 (25 ml) cooled at O*C was 
added trimethylchlorosilane (1.2 ml. 10 mmol). The resulting mixture was stirred at room temp. for 60 min. 
A substituted acetic acid (IO mmol). Et3N (4.2 ml, 30 mmol) and phenyl dichlorophosphate (1.5 ml. 10 mmol) 
were consecutively added at O*C. The resulting mixture was stirred for 24 h at room temp. 1120 (20 ml) was 
added and stirring was continued for a further IS min. This washing was repeated and finally the organic 
layer was separated and dried (NaSO4). Evaporation of the solvent gave a waxy restdue which was treated 
with EtOH-H20 to give the o-lactam (7h-1). - 

~(4~Me~rypcrmyl~~~-l~:tCphcnyCFhydrorye~yl~U~2~ (fib 

&om phenoxyacetic acid (I.52 g, 10 mmol) and 2-phenyl-Nd4’-mcthoxybenzilidcnekthanolammc (2.55 g. 10 
mmol); yield 91% m.p. 175-177QC : IH (CHCl3) : 1760 (c=O) ; NMR (Cl)CI3) :7.2-6.5(14H,m,arom.). 5.1 
(I H.d.J- 5 Hr.,CH), 4.9-4.6(1H,m.(:H). 4.3(1H.d.J= 5 Hx,(:H) and 3.7 (6)l,Sb,OC1t3,Cti2,0H) (C24H23NO4 
Requires C, 74.0 ; H 6.0 ; N. 3.6 . Pound C,74.4 ; H, 6.2 ; N. 3.4 ‘4) . 
~~4~Yethoryphanyl)_l~F_phenyC2~h~ryethyl~~~mI~t~2~ (2) 

From phthalimidoacetic acid (2.05 g, 10 mmol) and 2-phenyl-N-(4’-methoxybenxylidenckthanolaminc (2.55 g, 
IO mmol) ; yield 60% m.p. 230-236QC ; IR(Ktlr) : 1760,176S and 1730 (C=O) ; NMR (L)btSOd6) : 7.7(4H,s, 
arom.), 7.3(SH.s.arom.I, 7.1-6.5(4H.m,arom.), 5.6(1H.d.J= 5 Hx,CH). 5.3(1H.m.CH). 4.6(3H,m,CIi,CH2). 3.55 
:,:l,S~t~)g8~:.3(3)i,,.oc1(3) (C261i22N205 Requires t:. 70.6 ; H, 5.0 : N, 6.3 . Found C. 70.1 ; H, 
. ; * . 

ciP1~tcHy&oxyethyl~4QDeWxyp#Kn - yl~3+aDoxyuctldi~2-one (a, 

Anisaldehyde (1.2 ml, 10 mmol) was added to ethanolamine (0.6 ml. 10 mmol) at room temp. and the mixture 
wm mechanically stirred until a viscous 011 was formed. CH2(:12 (25 ml) was added and the solution was 

dried CMgSO4) for 20-30 min. 
Following the general procedure described above, the title compound was obtalned in 70% yield m.p.l46- 
148W ; IH (KIWI : 1750 (C=O) ; NMR (CDC13) : 7.2-6.5(9H,m.arom.), 5.3(1H,d.J= 5 Hz,CH), 4.6(lH,d.J= 
5 Hx.CH), 3.6(3H,s,OCH3), 3.6-3.5(2H,m.CH2) and 3.3-2.9(3H,m.CH2,OH) (Ct6HlgNO4 Requires C.64.0 
H. 6.1 ; N, 4.5. Found C. 63.2 ; H, 6.0 : N. 4.4 96). 

C&-S-PtNWKl xy+phenyl-l~.tcghcnyC2%y&oxyethylbxetidln-2+wbe (77) 

Grn phenoxyacetic acid (1.52 g, 10 mmol) and 2-phenyl-N+entylidenethanolamine (2.25 g. 10 mmol) ; yield 
66% m.p. 165-19OQC ; IR (CHCI3) : 1750 (C=O) ; NYR (fiXI (oxidized product 1 : 7.7-6.4 (lSH,m.arom.). 
5.5(1 H,d.J= 5 IIz.CH), 5.2(1 H.d.J: 5 Hz.CIO. S.O(lH.d.J= -16 Hz.CH) and 4.0(lH.d,J= -16 Hz,CH) (C23H21N03 
Requires C.76.9 ; H, 5.9 ; N. 3.9 . Found C. 76.6 ; H, 6.2 ; N, 4.0 ‘4). 

~4~4cNi~yl~~ry-1~~yCF~r~l~~~2~ (II) 

From phenoxyacetic acid (I.52 g, 10 mmol) and 2-phcnyl-N-(4’-mtrobenzyl,denekthanolamine (2.70 g. 10 mmol); 
yield 60% m.p. 175-179QC : IR (CHCI3) : 1760 (C=O) ; NMR ICDCI3I DMSO-dg) : 8.1-6.3 (I4H,m,arom.). 5.3 
(lH.d,J= 5 Hx,CH). 5.1-4.5(3H.m,CH,CH2) and 3.4 (2H,m,CH,OH) (C23H2ON205 Requires C, 66.3 ; H. 5.0 
N, 6.9. Found C, 66.7 ; Il. 4.7 ; N. 5.9 96). 

General method far the ayntheb d oxazolidlncs (tj) 

To a solullon or a carboxylic acid (10 mmol) and Et3N (4.2 ml, 30 mmol) in dry CH2C12 (30 ml) cooled at 
0-SQC was added the imine (10 mmol) and phenyl dichloropho@ate (1.S ml, 10 mmol). ‘he resulting mixture 
was stirred nt room temp. for 20-24 h and washed with H20 (2 x 20 ml). The organic layer was separated and 
dried (Na2SO4). Evaporation of the solvent gives a waxy residue which was treated with EtOH-N2O to give 
the oxaxolidine (lo). 

2~4LMethoryphsnyl~~S+enyloxaAkIne (1.n) 

From phenoxyacetic acid (1.52 g, 10 mmol) and N-(4’-methoxybenrylidene~2-phenylethanolamine (2.55 g.10 
mmolh yield 90% m.p. 99-IOOOC ; IA (CHC13) : 1660 (GO); NMR (ClICl3) : 7.5-6.5(14H.m.arom.), 5.1 
(1H.t.J: 6 Hz,CH), 4.5(2H,s.CH2), 4.3(lII,s.CH). 4.0(2H,d.J= 6 Hz.CH2) and 3.7(3H.a.OCH3) : M’ : 389 
(C24H23NO4 Requires C,74.0 ; )I. 6.0 ; N. 3.6 . Found C, 73.7 ; H, 6.0 : N. 3.6 %I. 

2~4LWethoxyphcmyl~3-phthaUmidacetyl-5-phat~ (E) 

From phthahmldoacctic acid (2.0s g, 10 mmol) and N-(4’-methoxybenzylidenc~2-phenylethanolamine (2.55 g, 
10 mmol) ; yield 70% m.p. 179-1900<: ; IH (CHC13) : 1700 (C=O) ; NMR (CDCI3) : 6.7-6.6(13H,m.arom.). 
5.0(1 H.m,CH). 4.3(2H,s.CH2), 4.1(1 H,s,CH), 4.0(2H.d.J= 6 Hr.CH2) and 3.7 (3H,s,OCH3) ( C26H22N205 
Requires C. 70.6 ; H. 5.0 ; N. 6.3. Found C, 70.2 ; H. 5.0 ; N, 6.4 %I. 

3-Phcmoxy~cety~f~y~~dine (l&b 

rrom phenoxyacetic acid (I.52 g. 10 mmol) and N-benxylident2-phenylethanolaminc (2.25 g, 10 mmol) ; yield 
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55% m-p. 106-1079C ; IH (CHCI31 : lb60 fC=Ol ; NStR : ?.3-&4(lSH,m,arom.), S.O(lIi,t,J= 6 Hz,CH), 4.4 
(ZH,s,CH2I and 3.9 (2fi,d,J= 6 Hz,CH2) (C23ft2l NO3 Requires C.76.8 ; 11, 5.9 ; N, 3.9 . Found C.76.8 
lt,B.O ; N. 3.9 % 1. 

2-(4~Nitmphattyl)_3+anox)-5+~~1ylo~dlne (m) 
From phenoxyacetic acid (1.52 g, 10 mmoll and N~4’-nItt~nzyli~ne~2~pheny~ethanolamine (2.70 g, 10 mmolf; 
yield 40% m.p. 129-1349C ; IH &XCl3f : 16807C=O) ; NWR fCIXl3) : 7.912H,d,J= 8 Ha, arom.), 7.5-6.Sfl211, 
m,arom.), S.l(lH,s,C11), S,O(lH.m,CH). 4.5(21i,s,CH2) and 4.0 (2H,d,J= 6 Ht,CH2) 
C, 68.3 ; H, 5.0 ; N, 7.0. Found C, 68.4; H, 5.1 ; N. 6.8 ‘4 ). 

(C23H20N205 Requires 

Ganerrl aetlmd fat the synthrab of ~UQlrcr2+nnyI-~4H)o~ @) 
To a solution of hippuric acid (11) (1.79 g, 10 mmolf and the Schiff base (12) (10 mmolf in cX2C12 (25 mt) 
containing Et3N (4.2 ml. 30 mmot) was added phenyi dichlorophosphate (1.5 ml, 10 mmolf at OPC. The mixture 
was stirred overnight at room temp. I washed with H 0 (2 x 20 ml). 5% NaliCO3-aq (20 ml) and dricd(Na2SO4). 
Evaporation of the solvent gave the crude compound uf which was crystallized from EtOH. (2 

ReactfoIl of &-erywthioc&d mkhta @f with w2tivated @enoxywctic aeM 
The same procedure as for the synthesis of a-iactams was followed. 

Jf-P?benyt?+phenoxyactykMhiocuimmlc methyl ate~ (&I 
From phenoxyacetic acid (1.33 g, 6.75 mmol) and dimethyl ~-phenyldithfocarbonimidate 0.02 g, 6.75 mmol); 
yield 84% m.p. 125-126’C ; NMR (CDCI3) : ?.2~lOH,m,a~m.~, 4.46f2H.s.CH2f and 2.4(3H,r.CH31; M’: 317. 

~+-BIethYI#UXly0-~~CUtYIdi~ mie ethyl eater (=I 
From phenoxyaretic acid (0.97 g, 6.4 mmol) and diethyl N-(4-methylphenylMithiocarbonimidale (1.46 g, 6.4 
mmol) ; yield 60% ; m.p. ll9-121*C ; NStR (CDCl3l 
(3H,s,CH3) and 1.3 13H,t,CH3) I hf* : 345 . 

: 7.0(9H,m,arom.f, 4.6(2H,s,CH2), 3.if2H,q,Cit2), 2.4 
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