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ABSTRACT

1989 )

The synthesis of cis-N-[@ -carbobenzyloxy- B- (p-hydroxy -

phenyl)ethyl]‘-3-phthalimido—4-styryl—2-azetidinone is des -

cribed.We have found that the electron-rich Schiff bases can

afford the cis-f -lactam ring even in the presence of the free

‘hydroxyl functions.The mechanisms of cis and trans—- g -lactam

ring formation are discussed.The discussions are consistent

with the recent publications.

INTRODUCTION

Norcardicin A[1l],the first mono-
cyclic B -lactam antibiotic des-
cribed, is remarkably active against
Gram-negative organisms in vivo[g]‘
althoﬁgh it displays but little acti -
vity in vitro[3,4).1t differs from
all hitherto described f-lactam anti-
biotics,1770-1780 cm_l,in having a
relatively unstrained (1725 cm-l) B -
lactam ring,and therefore being quite
stable towards nucleophilic attack .
It occured to us that the in vivo acti-
vation may well be linked to an oxi-
dation of norcardicin A to the corres -

ponding quinonemethine ,in which the

25

B =lactam frequency should be consi-
derably augmented,thus leading to a
chemically and therefore perhaps bio-
logically reactive lactam.It should
be noted that the epoxidation of the
phenyl ring of the phenclic moiety

of norcardicin A might as well be an

in

alternative suggestion for the

vivo activation of the compound.

‘ooc
L
N —HC(H2C)2Q

Norcardicin a
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Because of the difficulties in
preparing quinonemethines[ 5], the
synthesis of the catechol derivatives
of norcardicin A,in which an in vivo
and/or in vitro oxidation to o-quin-
ones may be more easily achieved and
which may perhaps exist in part asthe
p—quinonemethine tautomer,was aleady
reported[6].This compound did not
show any antibacterial activity. The
synthesis of homocycloanalogues of
norcardicin A and its biological eva-
luation[ 7]was the second goal of our
research program in this area.
However,the latter compound exhibi -
ted no antimicrobial activity. Be -
cause of lack of in vivo antibacte —
rial activity of homocycloanalogues
of norcardicin A,it occured to us
that perhaps in these series of non-
classical f-lactamgunlike the classi~
cal 8 -lactams such as penicillinsor
cephalosporins, the monocyclics are
biologically active while the bi-
cyclics display no antibacterial acti-
vity.Therefore,it was decided <to
prepare B-carbonhomologous of nor -
cardicin A and study its biological
activity.

Since the norcardicin A side -
chain is relatively complex , the
preparation of B -~carbonhomologous
derivatives of norcardicin A carrying
a phthalimido side chain, as model
compounds,is the subject of this
paper.The experience gathered will be

applid to the synthesis of B-carbon-

homclogous of norcardicin A with

the proper side chain in the future.

EXPERIMENTAL

General:Reagent- grade solvents
were distilled first and then stored
over molecular sieves(type 4;Af5 . All
were purchased
from Fluka Chemical Company. Columm
Chromatography: Short columns of sili=
ca gel 60 Merck({230-400 mesh ) were

starting materials

packed in glass columns (92 or 3 cm)
using 20-35 g of silicagel per g of
zurde mixture.TIC:Merck silica gel
60 F 254 anal, sheets.M.P. Buchi 510:
uncorrected. IR Spectra:Beckman IR 8
spectrophotometer. lH-NNR spectra:mi-
tachi R-248 spectrometer.

Benzyl D,L-phenylalaninate(2a)
and benzyl D,L-tyrozinate (2b). Both
compounds were prepared in an iden -
tical manner The following is a repre -
sentative procedure.Compound la(0.01
mol)was suspended in benzyl alcohol
(120 ml) .Thionyl chloride (0.02 mol)
was added dropwise while stirring
at -5°C withinr 1 h.The reaction mix-
ture was refluxed for 5 h.The solu-
tion was then cooled and poured into
ether (500 ml)to afford 2a.HC1 as pre-
cipitate.Filtration gave D,L-phenyl-
alaninate hydrochloride(95%). Com =
pound 2a.HC1l was suspended in.ether
and ammonia was bubbled into solution
until saturation.After 15 min the

+ - :
Cl was filtered and

4
the filtrate was evaporated to give

resulting NH

26
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aminoester 2a(90%)as an cil.IR(neat):
3300—3450(NH2) 1745 (ester}

(CDCl3 2,osaxchanged
with D2O) ,3.45(t,J=6Hz,CH2) ,4.39(br.,
1 H,CH),7.10,7.22(2s,10 H,2 Ph),4.89

. H-NMR

):2.79(m, 2H,NH

(br.s,2 H,CH,0) .
2b:0i1.IR(neat):3000-3500 (NH,,
OH) ,1740 (ester) .lH—NMR similar to
that of 2a except for variation due

to substitution.
4,4'-bis(t-pytyldimethylsilyl-
oxyphenyl)l1,1'-methyl glycindiamide
(3).Amincester 2b (0.01 mol)was dis-
solved in DMF (70 ml).Imidazole( 0.02
mol)was added. t-Butyldimethylsilyl
chloride (0.015 mol)was added and the
reaction mixture was stirred at 25°c
for 38 h.The solution was partitioned
between ether (150 ml)and water .( 150
ml) .The organic layer was washed with
water (5x100 ml),dried( Na2504)and eva-
porated to afford a residue.Chromato -
graphy on silica gel and elution with
chloroform gave 3(85%),m.p.172-173 .
IR(CH2C12) :1680 (amide) ,1110(ether) .
H-NM‘R(CDC13) :0.10(s,12H,4 CH3), 0.95
(2,18 H,2t-Bu),2.992{d,7=6 Hz,4 H, 2CH2 Y
4.91(br.,2H4,2NH) ,4.81(m, 2H,2CH ) ,
6.71{q,J

=7 Hz,J.=14 H=z,8H,2Ph).

Ci.ls—N—( a :?-carbobenzyloxy -B-
phenylethyl )-3-phthalimido-4-styryl~
2-azeti dinone(4a),ci .s-H-[p. -carboben-
zyloxy- B - (p-hydroxyphenyl Jethyl | -3
phthalimido-4~-styryl - 2 —azetidinone
(4b)cis~-N-(phenyl '-3-phthalimido- 4 -
phenyl-2-azetidinones 7a-d,trans -

[ N-(0-hydroxypyridyl )-3-phthal imido-

4-—(0—hydroxypheny1)] -2~ azetidinone
(7e), trans-N-(0-hydroxypyridyl) -3 -
phthalimido-4-styryl- 2 - azetidinone
(7T ), 0-substituted pyridyl amina—N~{0-
substituted)benzylidenes 8a-c,and 0O-
phthalimidoacetyloxypyridylaming -N-
cinnamyl idene (8d).All B-lactams 4a-b,
7a=d,and 7e~f were prepared in an iden-
tical manner and obtained in approxima-~
tely 20-80% yield. Their spectra were
similar except for variations due to
substitutionsThe following isa rep -
resentative procedure:To a solution of
2a(0.01 mol)in 200ml dry methylene
chloride was added cinnamaldehyde
(0.01 mol}.The solution was brought
to reflux and the methylene chloride
distilled off slowly with the cons -
tant addition' of dry methylene chlo-
ride so as to maintain the same vo -
lume of liquid in the reaction ves -
sel.After the water of reaction was
all removed(n"5 h),the solution was
cooled and MgSO4 was added.After 1 h,
it was filtered and evaporated. to
yield (100%)Schiff base 3a as an oil,
which was used without purification
for the next step.

To the freshly prepared Schiff
base(4.15g,0.‘ol mol)in 200 ml dry
CH.Cl, was added at -10°C triethyl -

2772
amine (2.02 g,0.02 mol) .A solution of

phthalimidoacetyl chloride(l.2 g,0.01

27

mel)in 20 ml dry CH2C12 was added
dropwise over 1 h.The sclution was
stirred for 2 h and thenwashed with

water.The organic layer <was dried
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(Nazsoq),filtered,and evaporated to
afford the curde product .Chromato -
graphy on silica gel and elution with
CHCl3 gave diastereciscmeric mixture
v 70%)as a foam.IR(CH2C12)

1765( B-lactam) ,1745 (ester) ,1710-

of 4al(

. 1
1720 (phthalimido) . H-NMR(CDCl.) :3.39

3

(d4,J_.=6.5 Hz,J_=7 Hz,2 H,CHZ),4.3O—

4.80(i,2 H,CH,aid H-C(4)),5.20 (s, 24,
CH,0),5.41(d,J=5 Hz,H-C(3)),6.10~
6.80(m,2 H,CH=CH),7.10-7.81(m,14 H, 3
Ph) .

7a:m.p.194-195°C. IR(CH,C1)):
1765{( B -lactam) ,1710 (phthalimido ) .
lH-NMR(cnc13):5.35(d,J=5 Hz, H-C (4))
5.60(d,J=5 Hz,H-C(3)),7.11-7.95(m, 14
H,3 Ph).

7£:m.p.205-206"C. IR{CHCL,):
3300-3350(0H) ,1780( B~lactam), 1705
) +5.40 (4,

1
(phthalimido}. H—NMR(CDCl3

Jl=2 Hz,J2=3 Hz H-C(4)),5.63 (4,J=2

Hz ,H-C(3)},6.75(m, 2 =CH), 7.10-
8.35(m,13 H,2 Ph an: py.CH).
§E;Oil.IR(CH2C12):164O(CH=N),

1750(esterL1710mmide)}H—NMR(CDC13h
4.30(s,2 H,CH2),7.OO—8.2O(m,13 H,Fh,
PhOH, py.and CH=N).
trans-N-{pyrimidyl j-3-phthali -
mido-4-styryl-2-azetidinone(l13a) and
trans-N-{pyrimidyl )-3-phthalimido 4-
carbomethoxy-2-azetidinone(l13b). Com-
pounds l3a-b were prepared (v 30%) in
the same manner which was described
for the preparation of 4a except that
amine 10 was refluxed first with HMDS
and the resulting silylated product

12 was converted to the corresponding

28

Schiff bases(by refluxing in benzene
and subsequently treated according to
conditions described} for 4a). Their
spectra were similar which will bhe
described for 13a only.

13a:Foam.IR(CHE CI2): 1780¢( B -

2
lactam),1710({phthalimido) ,

lH—NMR
(DMS0-4d&) :4.70(br.4,J=2 Hz ,H-C{4) ),
5.61{(4,J3=2 Hz,H-C{(3)),7.20{(m,2 H,CH=
CH),7.90-9.10(m,12 H,2 Ph and pyrim.).

Dibenzyl-2- {[cis- 2-0Xo -3-
phthalimido-4-(0-hydroxyphenyl) -1 -
azetidinyl] ymalonate({l5). Rminoester
14(1 mmol)and aldehyde &b(l.lmmol}was

mixed together.After 10 min., CH Cl2

{50 ml)and MgSO4(lO g)were addej and
filtered.To the filtrate were added
NEt3(2.2 mmol)and phthalimidoacetyl
chloride{l.l mmeol}.After 1 h,the so-
lution was evaporated and the residue
was purified on

silica gel using

CHCl3 as eluent.Compound 15( 50%} was

obtained as a foam.IR(CH2

(CH) ,1770( R ~lactam), 1745(ester),1710

Clz): 3300

(phthalimido)tlH—NMR(CDclB):4.45(d,
J=5 1H,H-C({4)),4.81(s,4 H,2CH2L5.11
{(s,1 H,CH),5.26(4,3=5 Hz,H-C(3)),7.10-

8.01(m,15 H,2 Ph and Ph OH).

RESULTS AND DISCUSSION

Phenylalanine{la) and tyrosine
(lb)were transformed to their res-
pective benzyl esters 2a-b {~ 90%)
Silylation of the hydroxyl function
in 2b with  tertbutyldimethylsilyl
chloride in the presence of imidazole

in DMF did not afford the correspon-
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ding silyl derivative 2c but instead
gave the cyclic amide 3(w85%).There-
fore,it was decided to examine the
ability of our methods in selective
preparation of the R-lactam ring in
the presence of the free hydroxyl
functions.

Benzyl D,L-phenylalaninate (2a)
and Benzyl D,L~tyrosinate (2b) were
converted to their c¢innamylidine

Schiff bases 3a~-b. Reactions with

phthalimidoacetyl chloridé[7—10]using
the methods described by Dovle et al.
[11]and by ourselves{12,13],gave the
corresponding f-lactams 4a-b as a mix-.
ture of epimers at the carboxy bear-
ing carbon{Scheme 1).a1l1 the B ~lac-
tams obtained by this method were
cis-fused[1l4],as could be determined
by lH—NMR(J-S Hz)of all derivatives
in which the relevant protons did not

overlap with other signals.

1
CH2CH (NH2)COOR

o
=

la R=H ;R =H

b R=0H - ,R1=H
2a R=H ,]E{l=CH2 Ph
2b R=0H ,Rl=CH2 Ph
2c R=Me38i0 ,Rl=CH2Ph

Q
NH
— g3 -
(t Bu)Me2 J.O-@ (E‘H2 CH2
NH
(0]

6]
R
CIZHCH2
COOCHzph
da R=H
4k R=0H
L Scheme 1

COOCH,, Ph
&
CH,
N
R |

Ph
3a R=H

3b R=0H

OSiMe2 {t-Bu)

29
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Since we established a simple
method for the synthesis of B-crabon-
homologous intermediate of norcardi-
cin A,involving the use of the acyl
chloride and triethylamine in the pre-
sence of the phenolic hydroxyl group ,
it was decided to examine the gene -
rality and mildness of the method in
the selective preparation of the B -
lactam ring using substrates posses-
sing free hydroxyl functions.
Compounds 5a-c were reacted to
the respective aldehydes 6a-c to afford
the corresponding Schiff bases,which
upon separate reactions withphthali-
midocacetyl chloride and triethylamine
in methylene chloride at-5°c gave B-
lactams 7a-d((n 70-80%),scheme 2). It
thus seems that relatively electron-—
rich anilihes(as measured by their
PKa(%'4.634[15] Ygive high yields of
cis-— Bﬁ;gctams 7a-d even when the
corres?saging Schiff bases possess

freé,h&érbk?l functions.However, at
o o

PK_ ranges below 2.4(i.e.5c) one ob-

tains either a mixture of R -lactam

1@—_f(m5%)and esters Ba-d (75%)or
only ester 8d.It is of interest to
note that the amines with no fres
hydroxyl group at PKa ranges of 2.4-
4.6 give consistently cis- B -lactams
[ 16,17]while those with the PKa
ranges below 2.4 affordeither a mix-
ture of cis/trans 1somers or only
trans isomer[16].Therefore we became
interested to examine the g -lactam
formation with amines having PKéul B
Since the preparation of B-lactams
possessing a pyrimidine ring is not
vet described and this type of com -
pounds might as well have interesting
biclogical activity and toxicity ,2-
aminopyrimidine {10} was chosen as the
starting material.Compound 10 was
prepared from 2-chloropyrimidine(9).
Nucleophilic replacement of the chlo -
rine atom in 9 with ammonia,using the
standard literature procedure[18},
gave,only,40% of the desired compound
10.However, the above reaction in NH40H
at 25° afforded 10 innearly guanti-

tative yield({table 1).

. ‘Table 1- Aminolysis of 2-Chloropyrimidine after 72 L .

éompound Conditions Product(yield) Compound({yi=1d)
9 MeOH/NH4 (100°) 10(40%) 11(40%)
! Pressure bottle

11 % — 11(100%)

9 t-BuOF (dry, 100°) 10{50%) 9(50%)
Pressure bottle

9 t~BuQH (wet,100°%) 10(70%) 9(30%)
Pressure bottle

9 NH4OH(25°) 10 {100%) —

30
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This clearly indicates that the
nucleophilic displacement of the chlo-
rine function in pyrimidines is fastier
in a more polar solvent.

Compeound 10 could not be dis -
solved in solvents,such as benzene
or methylene cholride,which are sui-

table for the schiff base formation.

its silyl derivative l2.Reaction of
2-aminopyrimidine(l0with hexamethyl-
disilazane (HMDS}in the presence of
ammonium sulfate afforded 12 (100%;.
Compound }g'was transformed to its
Schiff bases,which upon reactiocns, in
situe,with phthalimidocacetyl chloride

and triethylamine in methylene chlo-

Therefore it was decided tc prepare ride gave the corresponding trans B-
R Rl
Ft
O y
% NH K Rl
<
o?” X
© O
R
- 1 1
5a R=H ,X=CH 6a R =H 7a R=H R =H ,X=CH
1 1
b R=0H,X=CH b R =0OH b R=CH,R =H ,X=CH
1
¢ R=0H, X=N c=cinnamaldehyde ¢ R=H ,R =0OH,X=CH
1
4 R=0H,R =0H, {=CE
1

Ph (E;EJ:LR

f l
£t Rl ﬁ

Bb R=0CH

2

Ft= N

31

1
HO Ba R=OCOCH2Ft,R =0H
.Rl=OOOCH2Ft 8d

1
7% 8c R-OCOCH,Ft,R =OCOCH,Ft

Scheme 2

e R=0H,R =0H, X%=N

‘OCOCHth
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lactams 13a-b(v30%,5cheme 3). It seems

to us that the change of stereoche -

mistry refl~cts a change in the mecha-
nism of cyclcocaddition,where electron-
rich Schiff bases give cis-f -lactam
by the mechonism proposed by Doyle
et al{9]and supported by Sullivan et
al[19].They proposed that formation
of an immonium ion,followed by cycli-
zation, in which the c¢is- stereo -
chemistry is ensured by electrostatic
interaction of the carbanion adja -
cent to the phthalimido groupr and
charged cinnamylidene group.With a
lowering of the nucleophilicity of
the Schiff base nitrogen one could
expect the rate of this reaction to
slow down.h competing reaction path,
involving perhaps phthalimidoketene,
may then give trans f-lactam.Luck and
Kagan[20,21]have shown that with a
pure aldoketene,only trans- 8 -lac-
tamas are formed.

The selective B-lactam ring
formation in the presence of the

Phenolic hydroxyl group can also be

due to the nucleophilicity of the

©O1.

N

9 R=Cl
10 R=NH2
11 R=0OMe

12 R=NHSiMe3

32

Schiff bases.Electron xrich Schiff
bases give the B-~lactamring in a much
faster rate than the ester formation
of the phenolic hydroxyl functin. With
lowering of the nucleophilicity cf the
Schiff base nitrogen,the rate of the
f-lactam ring formation has to be much
of the

slower than the rate ester

formation.

These facts made us possible to
prepare a B-carbonhomologous inter -
mediate of norcardicin A.It has to be
mentioned that the preparation of 8-
lactam rings in the presence of a free
alcoholic hydroxyl function,even with
electron rich Schiff bases,failed and
resulted in the formation of an ester
function.

It should be noted that the
reaction of 14 with 6b and the subs-

equent treatment of the resulting

Schiff base with phthalimidoacetyl
chloride and triethylamine gave 15
in good yield.

Attempts for the conversion of
15 ——» 16 is in progress.The results

will be reported in future.

13a R=Styryl
b R=COOMe
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Ft
PhH,CO,.C CO,CH,Ph  1)6p & on.
Y 2)FtCH2COC]7A’ o /}-— N
NEt
NH, ’ PhH_CO_C ‘:>\‘ CO_.CH_Ph
22 272
(14) (15)
Ft
N
o7 N :><fo
PhH_CO_C CO_.CH_Ph
(16) 2772 2772
Scheme 3
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