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Abstract

The syntheses of the cephalosporin analogs cis~N-2'-
carboxyphenyl-3-N-phenylacetamido-4-methoxymethyl-2~-azetidi-~
none and 7-B-phenylacetamido-3'-carboxybenzo[3,4]-0-2-iso-
cephem are described. Both compounds possessed no significant
antimicrobial activity toward a variety of bacteria.

The reaction of dimethylacryloyl chloride and crotonyl
chloride with various Schiff bases afforded cis-f-lactams
containing novel and potentially versatile side chains. Cis-
N-2',4'-dimethoxybenzyl-3-ethyl-4-carboxymethyl-2~azetidinone,
a key intermediate for the synthesis of cephalosporin and
penicillin analogs containing an ethyl (PS-5) side chain, was
synthesized.

A synthetic scheme for the synthesis of thienamycin
analogs is described. Although the synthesis was not completed,

the problems which remain to be solved are clearly described.
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Résumé

La synthése des analogues de céphalosporines, la cis-N-
2'-carboxyphényle-3~-N-phénylacétamido~4-méthoxyméthyle~2-
azétidinone et le 7-B-phénylacétamido-3'~carboxylbenzo[3,4]-
0-2-isocéphem, est décrite. Ces deux produits n'ont démontré
aucune activité& antimicrobienne contre diverses bactéries.

Les réactions des chlorures diméthylacryloyliques et
crotonyliques avec diverses bases de Schiff fournissent des
cis-B-lactames possédant des nouveaux groupements fonction-
nels ayant un trés grand potentiel. La cis-N-2'-4'-dimé&thoxy-
benzyle-3-&thyle-4-~-carboxyméthyle-2-azétidinone, un intermé-
diaire-clé d la synthése de composé&s analogues aux céphalo-
sporines et pénicillines ayant un groupement &thylique (PS-5),
a &t& synthétisée.

On décrit &galement une séquence synthé&tique menant a des
analogues a la thiénamycine. Les problémes qui ont empé&ché
le parachévement de cette synthése ont &té& clairement iden-

tifiés et décrits.
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Introduction



Preface

B-Lactams are 4-membered heterocyclic compounds of type 1.
They were first synthesized by Staudinger in 19071. Penicil-
lin 2, the first of the modern antibiotics, discovered in the

late 1920'52,was found to contain this ring. In 1955, Abraham
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and Newton at Oxford University3 isolated from a cephalosporium
species of fungi a new B-lactam antibiotic substance Cephal-

osporin C(3). The structure was determined by the same workers
in 19614 and confirmed by Hodgkin and Maslen5 by means of

single crystal X-ray diffraction studies.

Since their discovery, the penicillins and the cephalospo-
rins have been the drugs of choice for treating bacterial infec-
tions in man6. They have very low toxicity and the penicillins

are easily obtained using fermentation techniques. Because of



their importance, there has been an enormous amount of resear

on the biological and chemical properties of cephalosporins

ch

and penicillins. This effort has recently produced 3 new types

of B-lactam antibiotics: Norcardicin A and B7-lo; Thienamyci

12

and related compounds PS-5"", MM4550(MC696-SY2-A), MM13902

13,

11
n

14

and Clavulanic15 Acid. Norcardicin has interesting antimicro-

bial activity in vivo. Clavulanic Acid is a potent irrevers

ble inhibitor of various B-lactamases. The thienamycins are

not. only effective against both Gram positive and Gram nega-
tive bacteria at low levels, but show also RB-lactamase inhib-

itory activity.
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‘Mode of action of the B-lactam antibioticsls'u’18

The low toxicity of the B-lactam antibiotics suggests
that the drugs inhibit some bacterial structure which has no
counterpart in higher animals. The B~lactam antibiotics are
thought to inhibit bacterial cell wall synthesis. The bac-
terial cell wall, a characteristic bacterial structure en-
tirely lacking in mammals, is a giant macromolecule which en-
velops the organism, supporting the bacterial cell membrane
against lysis caused by the difference in osmolarity between
the cell cytoplasm and the culture medium which is relatively
hypotonic. A peptidoglycan is an important constituent of the
cell wall. 1Its integrity is required for the maintenance of
cell shape in bacteria. The backbone of the peptidoglycan con-
sists of alternating residues of N-acetyl glucosamine and N-
acetyl muramic acid. The N-acetyl muramic acid residues are
substituted by peptide chains which are cross-linked to give a
mesh like character to the peptidoglycan (Fig. 1, page 4). The
synthesis of the peptidoglycan can be divided into three stages.
The first two steps are the synthesis of the backbone and the
attachment of the side chains. 1In the final stage, the side
chains are cross-linked in a reaction catalyzed by a trans-
peptidase.

In 1965 Tipper and Strominger concluded, on the basis of
different studies of the effects of penicillin on peptidoglycan
synthesis on S.aureus that penicillin blocked the last cross-
linking step in the peptidoglycan synthesis. They proposed

that the transpeptidase reacted with the peptide bond between



Fig. 1
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Structure of the peptidoglycan of the cell wall of
Staphylococcus aureuslg. In this representation, X
(acetylglucosamine) and Y (acetylmuramic acid) are
the two sugars in the peptidoglycan. Open circles
represent the four amino acids of tetrapeptide,
L-alanyl-D-isoglutaminyl-L-lysyl-D-~alanine. Closed
circles are pentaglycine bridges which interconnect
peptidoglycan strands. The nascent peptidoglycan
units bearing open pentaglycine chains are shown

at the left of each strand. TA-P is the teichoic
acid antigen of the organism which is attached to
the polysaccharide through a phosphodiester linkage.



the terminal D-alanines in the pentapeptide chain of uncross-
linked peptidoglycan (Fig. 2). An acyl enzyme intermediate
would be formed and the D-alanine released. The amino group .
from the prospective cross-bridge would next displace the en-
zyme from the acyl-enzyme intermediate regenerating the free
enzyme and form a peptide cross-bridge. Penicillin was hypo-
thesized to be an analogue of the terminal D-alanyl-D-alanine
in the pentapeptide chain. The CO-N bond in the highly strain-
ed B-lactam ring would correspond to the peptide bond cleaved
during transpeptida£ion, and penicillin might, in fact be an
analogue of the transition state in peptide bond cleavage. The

transpeptidase would react with the penicillin to open the

B-lactam ring and form a penicil]oy! enzyme intermediate.
A //CONH-D-AIa-(':-NH-D-:}Ia R-CONH s
0 _ COOH "X -
;—N—\E \
B //NHCO-GIy-Nﬂz : o7 COOH
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{Enz)
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B /4mcr>c|y-nuz
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Y
TRANSPEPTIDATION PENICILLIN
REACTION ACTION

Fig. 2: Mechanism of action of penicillin proposed by Tipper
and Strominger in 196516. A represents the end of the
main peptide chain of the glycan strand. B represents

the end of the pentaglycine substituent from an adjacent

—r . .2
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However, since the penicilloyl enzyme intermediate is stable,

the transpeptidase would be inactivated, preventing any further
incorporation of cross-linked peptidoglycan into the cell wall.
Continuing growth of bacteria in the absence of the synthesis
of rigid cross-linked peptidoglycan would then result in the
rupture of the wall at the region of active cell wall growth
and the release of the cell contents.

Recent studies have shown that the interaction of the

. 20,21
B-lactam antibiotics with bacterial cells is very complex '~ .

Bacteria do not contain a single penicillin sensitive transpep-

tidase which is the target for the B-lactam antibiotics but

rather a large number of enzymes (transpeptidases, carboxy-
peptidases, endopeptidases) which are inhibited by the B-lactam
antibiotics. The affinity of these enzymes to the B-~lactam
antibiotics varies. All of these enzymes are thought to have
distinct functions in the biosynthesis of the peptidoglycan.
Inactivation of these enzymes results in the characteristic
effects that the antibiotics produce on the shape and dimension
of bacteria. For example, all the morphological effects of
B-lactams on E.coli can be explained by the inhibition of three
penicillin binding proteins. Inhibition of any of these three
penicillin binding proteins, which are most probably enzymes,
will result in cell death. The way in which a particular
B-lactam antibiotic kills bacteria depends on the affinity of
each of the target enzymes for the antibiotic and the function
of these enzymes in peptidoglycan synthesis. For example, in

the presence of Mellicinam, which binds exclusively to protein



Table 1. Effects of g-lactam antibiotics on growth of E. coli predicted by their relative affinities for penicillin binding proteinsz1

Morphological effects produced by three arbitrary
concentrations of a g-lactam antibiotic

Relative affinities of
binding proteins 1B,
2 and 3 fora - Low High p-lactam showing this
lactam antibiotic* concentration Medium concentration concentration behaviour
1IB>2o0r3 Lysis Lysis Lysis Cephalosporidine -
2>1B>3 Spherical cells Lysis Lysis 6-Aminopenicillanic acid
2>3>1B Sperical cells Filaments with bulges Lysis None known
2»1Bor3 Spherical cells Spherical cells Spherical cells Mecillinam
3I>1B>2 Filaments Lysis Lysis Benzylpenicillin
3>2>1B Filaments Filaments with bulges Lysis Ampicillin

* 1B = cell elongation; 2 = cell shape; 3 = cell division.

2 (Table 1), E.coli bacteria grow into larger and larger
spherical cells whiéh finally lyse, while in the presence

of Cephalexin, which binds preferentially to protein 3, E.coli
cells cease dividing, and ultimately die. The pathways by
which inhibition of these enzymes leads to cell death are
unknown. Inhibition might trigger autolytic enzymes which

destroy the celllg.



Bacterial resistance to penicillins and ceplgalosporins23

The general trend over the years has been an increase of
penicillin and cephalosporin resistant strains of some path-
ogens, though not all. Resistant strains of bacteria arise
because no species of bacteria is homogeneous. During the
treatment of an infection, the few mutants which are less sen-
sitive to the particular R-lactam antibiotic used can survive.
These mutants multiply and create a more resistant strain. The
resistance of a species of bacteria can be due to the pro-
duction of B-lactamases, a slight change of the target enzyme
which lowers the affinity of a given B-lactam antibiotic or to
decreased permeability of the cell. The greater resistance of
Gram negative bacteria is largely due to the decreased permea-
bility of their cell walls to the B-lactam antibiotics. Their
cell walls are much more complex than those of the Gram posi-
tive bacteria.

B-Lactamases are large proteins produced by bacteria to
destroy B-~lactam antibioticszz. They hydrolyze the antibiotic
before it reaches the target enzyme. Gram positive bacteria
produce large amounts of B-lactamases in response to the pres-
ence of penicillins or cephalosporins and these B-lactamases
are predominantly extra cellular. Gram negative bacteria pro-
duce much smaller amounts of B-lactamases and these are cell
bound. The B-lactamases of Gram negative bacteria are very
effective since they hydrolyze only the antibiotic that pene-
trates the cell wall. The structure of some R-lactamases has

24,25,26

been deduced and mechanisms for their mode of action
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have been described (Fig. 3).
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Fig. 3: Proposed mechanism for the mode of action of

R-lactamase from E.coli26

Structure activity relationships

Since the discovery of penicillin and cephalosporin C,
thousands of derivatives and analogues.have been synthesized27.
This has become necessary because of the increasing number of
bacteria which are becoming resistant to the known f-lactam
antibiotics. The structural features necessary for optimal
activity were thought to be until recently6’45:

(a) a cis fused B-lactam ring
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(b) an acylamino side chain which can be considerably
varied or an -N-C=N-= side chain (amidino penicillins)

H
(c) an acidic function, the nature of which does not seem

critical since it can be replaced by a tetrazole
(d) a 5 membered or 6 membered ring containing a double
bond conjugated with the B-lactam ring nitrogen,
conferring enough ring strain so as to raise the
B-lactam i.r. frequency to > 1765 em™ L.
Two recently isolated B-lactam antibiotics do not have
all the above structural features. Thienamycin, although it
has a trans-fused ring and a novel side chain, posseses high
potency toward a large number of Gram positive and Gram neg-
ative bacteria. For some bacteria, Thienamycin is 10 to 100
times more potent than the traditional B~lactam antibiotics.
It has been proposedll based on molecular models, that, although
the side chain is trans, the hydroxyl group can occupy the
same binding site as the nitrogen atom in the acyl amino side
chain. This argument cannot be used for the deoxy derivative
of Thienamycin, PS-5,which also has good antimicrobial activity.

l)’

Norcardicin A is active in vivo against a large number of very

Although it has a very low B-lactam frequency (1720 cm

resistant bacteria. The discovery of these two types of
B-lactam antibiotics indicates that the criteria listed above
are too rigid. Compounds that do not fulfil all the criteria

might still have significant antimicrobial activity.
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Synthesis of B-lactam antibiotics

(a) Fermentation and semi-synthetic6

All of the cephalosporins and penicillins used for the
treatment of bacterial infections are presently obtained ei-
ther from fermentation of the appropriate fungi or through
a semi-synthetic procedure. Pen G, Pen V and approximately
one hundred others are obtained by adding the appropriate
substituted acetic acid to the fermentation broth. All the
others are obtained through acylation of 6-aminopenicillanic

acid (6~APA). The cephalosporins are obtained either through

CoOR 1) pel, GoOR Leoct COOR .
AT - XM > X%
ST 2 ST T ]
> > NHCOR = INNH, : Z“NHCOR
A A AR A A
2) ROH/H,0 o
6-APA

Fig. 4a Semi~synthetic procedure for the synthesis of
penicillins

fermentation, from penicillins using the pen-cephem rearrange-
ment29, or through a semi-synthetic procedure similar to that

<:; used for penicillins.
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coox coox £00X
< 0 - (o]
XL > X - I
S<= -“NHCOR S~ - “NHCOR $7: INHCOR
AR 2 AW H H
29,33

Fig. 4b Pen-cephem rearrangement

(b) Total synthesis34l35,33

In the search for better B-lactam antibiotics, there has
been considerable activity in the total synthesis of B-lactam
antibiotics. Total synthesis allows the formation of many
attractive structures not available by fermentation or semi-

synthetic procedures.

(i) Early developments

The first, synthesis of a penicillin was reported by
Sheehan30. The key step was the cyclization of 5 to 6 using
dicyclohexylcarbodiimide (DCC). A few years later in 1965,

Woodward31 announced in his Nobel Prize lecture the first

CoOR COOR .
~—NH COOH ><\N -

- i S N NHCR
S 5 I NHCR, A i ’
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successful stereospecific synthesis of Cephalosporin C 1l and
Cephalothin 12. By a series of ingenious and stereospecific
transformations, L-cysteine 7 was converted to a key interme-
diate, the fused thiazolidine 8. Reaction of 8 with dialde-
hyde 9, followed by acid treatment, afforded 10. Subsequent
manipulations gave 1l and 12. Using intermediate 8, Woodward

and his co-workers have also synthesized nuclear analogues of

cephalosporin34'32. Subsequently several other approaches to
CHO
' \ C0,CH,CCI
o CC|3CH20C CHO OHC 2 o ’
COOH SH HN— g ° B Z
A o _
Hv . } L i —> $7: INNH,

7 8 10

o COOH ICOO'
Il )
CH’CO/\%\NJJ? 11 R= (CH,);,CH—NH;
S” Z < “NHCOR
H H

the synthesis of cephalosporins and penicillins have been
reported28’34’35. The most useful and versatile have been
those using the reaction of imines with acid chlorides or

the reaction of olefins with chlorosulphonyl isocyanate to

form the B-lactam ring.
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(ii) Acid chloride-imine approach

This route to bicyclic B-lactams is based on the well
known cycloaddition of ketene precursors with iminesl. It has

been developed by Bose36

and co-workers in a total synthesis

of *+ methyl epipenicillin. Bose found that treatment of imines
with azidoacetyl chloride in the presence of triethylamine af-
forded azido B-lactams 13 which were easily transformed to the

desired acylamino B-lactam 1l4. Reaction of 5 or 6 membered

cyclic imines with azidoacetyl chloride afforded directly the
bicyclic nucleus of penicillins and cephalosporins respectively.
Unfortunately this direct approach gives the trans B-lactam
which must be isomerized to the desired, but less stable, cis
isomer. Although a procedure for this isomerization has been

described in detail by Christensen37, it has been little used

by othersBS. A more successful approach has been to first
form the B-lactam ring and then build the remaining ring.
Both these approaches have been used by the Merck group to
synthesize a large number of Cephalosporin C derivatives with
structure A and also some nuclear analogues with structures

B, C, and p39-44 rheir approach is illustrated by the
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COOH
o
S/ 2 “NHCOR
H H
a B
o
1]
COOH -o~P~ocHn,
X o
g T
0”= I NHCOR $ 72 :NHCOR
H H A H
c D

synthesis of 15. The antibacterial activity of compounds A,
B and C was about the same. The phosphono derivative D was

found to be less active than the corresponding cephalosporanic

acid. A g

o i o]
i NH, ° 1 N—CH/\)COA
(c,u,o)z—P_< = c

- MCO,R

]
—> (Cszo);'P

MgS0 CO,R

4

372
2) gt

3) CH3COC1/PY

il) N,CH_COC1

1) NaH, glyme

<«
2) 10% Pd/C/H2

3) thienyl
_— acetyl chloride

NaHC03

Recently chemists at Bristol Laboratories45 and later at
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Smith, Kline and French Laboratories52 reported new approaches
toward nuclear analogues of penicillins and cephalosporins.

Their key intermediates E and F are similar. An important

a) Bristol Approach

CO.CH,Ph

RO\ X 1) cinnamaldehyde

ro” N
CO,CH,Ph

2) N3CH2COC1/Et3N

/ 1) 03/CH3S'CH3

CO.CH,Ph 2) NaBH 4/EtOH
Ro)(‘\
0
RO NI :r
x
- N
AR
OH
E

b) S.K.F. Approach

1) CHOCOOCH

3
— AL
CH,0

OCH, CH,0C”: :"N,
2) N3CH2COOH/ (CF3CO) 20 g HH
3) 1<2s208/1<1{2?o4
NaBH 4/EtOH
(o}
HN—Z
S N,
¥ 3
OH



17

feature of both approaches is the exclusive formation in high
yvield of cis R-lactams. Each group was able to transform their
key intermediate into a large number of nuclear analogs of
penicillin and cephalosporins45_51’52—55. For example, 16 was

synthesized from E and 17 from F.

: 1) NaH/DMSO
1) MsCl/Et3N CO,CH,Ph COOH
NaOH/DMSO N
E \/l:,:
= 3) PhoCH,cOCl O~ MNHCOCH,0PH
R=Et H H
4
=H ) Pd(OH) ,/H,
16
1) TsCl/Py
2) 2Zn/AcCH
Br” ¢~ COLH(C,H), Ho.  COMR
3) thienyl acetic o i o
acid  HN—Z ° N—7
F > > S
- 4) NaI/acetone = = NHCOR - ITNHCO
H H H R
5) ¢ CsH ~ SH
6) AgNO

3

/ 1) socl,

2) CF 3C02H
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(iii) Chlorosulphonyl isocyanate-olefin route?’

This approach is based on the known formation of B-lactams

by cycloaddition of chlorosulphonyl isocyanate and olefinsSG.

This reaction has been used to form the B-lactam ring in re-
cent syntheses of thienamycin and clavulanic acid. The ap-

proach is illustrated by the Merck synthesis of thienamycin .

OAc 1) Et20 HN 29 1) Hz/Pd/C HN éo

===/===/' —> —>
2) NaOMe

2) H20/KH2PO

4

AcO o
CISO;N=C=0 Na_SO . Meon M
S
OCH,
BF
3
Xocu, i
1) AcOH/H,O 1) LDA, CH.CHO
a A

H was transformed in 13 steps to thienamycin. Intermediates

G and H are very versatile and should allow the synthesis of

many derivatives of thienamycin.
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Biosynthesis of penicillins and cephalosporinsss’59

Only a few organisms synthesize g-lactam antibiotics.
These compounds are secondary metabolites and their role is
unknown. Various studies have shown that the formation of
penicillins and cephalosporins by Penicillium chrysogenum,
Cephalosporium acremonium and Streptomyces spp. is dependent
on the presence of 3 amino acids, L-valine, L-cysteine and
L-aminoadipic acid. Abraham58 has proposed a pathway, con-
sistent with recent studies on cell free systems, in which

these amino acids are transformed to the penicillins and

cephalosporins.

L-valine, L-cysteine, + L-a-aminoadipic acid

'

§ (L-a—-aminoadipoyl)~L-cysteine + L-valine

;

§ (L-a=-aminoadipoyl)-L-cysteinyl-D-valine

P.chrysogenum C.acremonium
Isopenicillin N + Streptomyces
Penicillin N

'

Deacetoxycephalosporin C

Y
<_...----..-......

N
or other solvent Cephalosporin C 7-methoxy ~
soluble penicillins cephalosporins

Benzyl penicillin J
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The process by which the tripeptide is transformed into
isopenicillin N 18 and penicillin N 19 is unknown. No inter-
mediates between the tripeptide and the fully formed rings

have ever been isolated.

Brief description of project

During the last few years we have been involved in the
synthesis of penicillin and cephalosporin analogues with gen-
eral structures I and J. These analogues have a cis fused
B~lactam ring and an acylamino side chain like the cephalo-
sporins but differ in that the acidic function is attached to
an aromatic ring and that the strain of the Bg-lactam ring is
generated by electron withdrawing groups attached to the
benzene ring, and/or by fusing the aromatic and g-lactam
rings by an additional ring as indicated. Compounds of gen-

60 and some

eral structure K have been synthesized by Bose
possess weak antimicrobial activity. We hoped that attachment
of an acidic function and other modifications to increase the

B-lactam frequency would increase their antimicrobial activity

to useful levels.
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COOH
CL

'«
*ee

NHCOR
H

NHCOCH,Ph

The first two chap-

ters describe the successful synthesis of 20 and 21. While

this work was in progress Doyle published the synthesis of

22. The last chapter describes synthetic studies toward

thienamycins.

OOH

°\/j_‘f
“SNHCOCH,Ph

N—
i h

21

HO

o]
N
o\):f
i i NHCOCH,0Ph

A

22



Chapter 1

Synthesis of cis-N-2'-carboxyphenyl-3-N-

phenylacetamido-4-methoxymethyl-2-azetidinone
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For the synthesis of compounds with the general struc-
ture J we decided to use the imine acid chloride approach.
This approach allows the use of commercially available substi-

tuted anthranilic acids as starting materials (Fig. 5).

@Ecow RCHO 00H XCH, COC1 COOH
= X
NH, ‘ L —> ; N—°
R T -~ l i NHCOR

N

Fig. 5: General approach to the synthesis of compounds with

general structure J

Although the reaction of Schiff bases of substituted ani-

lines with several acid chlorides has been investigated by

60,61,62 and others63, ortho substituted anilines have been

little studiedlZB. As a model compound, the known benzylidene

64

Bose

anthranilic™ ~ acid 23 was condensed with phthalimidoacetyl

chloridess. Instead of the expected B-lactam 25, a crystalline
compound, the spectral data of which was consistent with 24,

was obtained. P.m.r. of 24 showed an AB quartet for the

o v
L. e

23 24
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@AXP ” %1"

v

26 24

CH2 group with J = 16 Hz. The two protons were not equivalent
because of the asymmetric centre at Cye Compound 24 was prob-
ably formed by trapping of the postulated intermediate 26 in
the cycloaddition70 by the carboxyl function as indicated.
Bose61 had also discovered that free carboxyl and hydroxyl
functions interfered in the cycloaddition but he was unable to
isolate any of the products. He61 found that siiylation of
all interfering hydroxyl and carboxyl functions in the Schiff
base followed by treatment with the appropriate acid chloride
afforded good yields of B-lactams. When Schiff base 23 was
silylated in situ before the addition of phthalimido acetyl
chloride, the trans B-lactam 25 was obtained in 70% yield. Its

structure followed from its spectral and analytical data and

the stereochemistry of the ring junction from the fact that

: :coouv
T i
- Ph"l o E \ypnt
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J = 2 Hz. In the p.m.r. spectra of cis B-lactams,

3,4 J3,4
varies from 4 to 6 Hz, while in trans B-lactams, it varies from
1.5 to 2.8Iu66'124. The acid was characterized as its p-methoxy-

1

benzyl ester 27, v (Nujol) 1780, 1720 cm —, obtained by

c=o0
reacting 25 with p-methoxybenzyl alcohol and 1.2 equivalent of
di-neopentyl formamide acetal in acetonitrile67. The benzyl
ester was converted to the free amine 28 by means of hydrazine
in methylene chloride. In order to isomerize the trans B-lactam
28 to the desired cis isomer 30, we decided to use the Christen-
sen37 isomerization technique for amino B-lactams (page 25),
which involves treatment of their p-nitrobenzaldehyde Schiff

bases with phenyl lithium, followed by protonation under kinet-

ically controlled conditions. Treatment of amine 28 with

: :coocu,©ocn, COOCH, @ocn,

.

Ph- Pht Ph’
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Fig. 6: Christensen's isomerization technique for amino
R-lactams

p~-nitrobenzaldehyde

irjsiuz — Kw@m

H H H H

‘(/ PhLi

p

H

l ACOH/THF/HZO

Ko . Yo

+ H

predominates

1 equivalent of p-nitrobenzaldehyde in refluxing benzene af-
forded imine 20a i.r. (CHCl,) y__ 1775, 1730, 1620 cm ', in
quantitative yield. The p.m.r. spectrum of 29%a showed a char-
acteristic singlet at 8.4 p.p.m. for the imine proton. Un-
fortunately, deprotonation of 292 with phenyl lithium at -78°
followed by quenching with acetic acid/tetrahydrofuran/H20 af-

forded a low yield of 29a, and no cis isomer 29b could be

isolated

GKCTC;QOCH, @E:—:C;;QOCH;




26

Nakao68 et al have recently described a novel route to

7o-methoxy cephalosporins. They found that oxidation of imine
31 with lead dioxide afforded gquinoidal compound 32. Quenching
of 32 with methanol gave imine 33. Hydrolysis of 33 with Girard
reagent T afforded 7o~methoxy amine 34 which was easily trans-

formed to the desired 7a-methoxy cephalosporins. We reasoned

AcO COOR AcO COOR

LR Rheie
S7Z SN=C H s/l'] O — —
B NN —CH= =0
31 32
AcO  COOR AcO  COOR
/"i:ffp ‘ <z N:Tﬁo
S$72 SN= H $7: -“NH
H OMe H OMe
33 34

that treatment of 35 with PbO, followed by quenching with

ZnBH, should give the desired cis B-lactam 36. Reaction of 28

@u,@cn, @Eccj;cm

P 8 H\zcu H Pn/i_ H\N=c H

35 36

with 1 equivalent of 3,5-di-t-butyl-p-hydroxybenzaldehyde in

refluxing benzene afforded 35 in quantitative yield. We were



27

not able to achieve the transformation of 35 to 36.

We suspected that the difficulties in obtaining cis
B-lactams may have been due to the relatively bulky phenyl
group, and therefore performed a similar series of reactions
using the imino ether 37. Heating a solution of methyl anthra-

69

nilate and 2.2 equivalents of trimethyl orthoformate under

carefully controlled conditions afforded a 43% yield of 37,
i.r. (neat) 1730, 1660 cm . P.m.r. of 37 showed singlets at

3.7 and 3.8 p.p.m. for the two methyl groups. Addition of

COOCH;

c
H” NocH,

phthalimidoacetyl chloride to imino ether 37 afforded a 35%
yield of trans B-lactam, m.p. 175-176.5°, when the reaction was
allowed to proceed for 24 hrs. In the p.m.r. spectrum of 38 each
of the B-lactam protons appeared as a doublet with J = 2 Hz. When
the reaction was stopped after 2 hrs, a 1l:1 mixture of B-lactam
38 and methyl N-phthalimidoacetyl anthranilate 39 was obtained

in 30% overall yield.

COOCH, COOCH, ©
:/\( 20 : :NHCOCH,N/ ]@

Ne

: 0

)

CH,0°"

(g1 ]
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This suggested that the reaction did not proceed through a
2+2 addition of phthalimido ketene and imine 37, but in two
4
stages, the first intermediate having structure 40 > which is

trapped presumably as the chloride 41. Quenching of 41 with

COOCH, @ECOOCH 3
N’—Ko N—C
CH.O) NPht CHso/kCI Pht

40 41

water during work-up would give methyl N-phthalimidoacetyl
anthranilate 39, whereas a prolonged reaction time may lead

to further formation of f-lactam 38. No B-lactam was obtained
when imine 37 was treated with azidoacetyl chloride. Removal
of the phthalimido protecting group with hydrazine in CH2012

afforded amine 42 in low yield. Isomerization of trans

B-lactam 42 via Schiff base 43 was also unsuccessful.

@coocu,
N—
cu,o—"Hl i i:R,

42 R, B
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Not having been able to prepare a cis fused B-lactam us-
ing the approaches described, we investigated the method re-

45, which consisted in reacting

cently described by Doyle et al
azidoacetyl chloride with cinnamylidene Schiff bases, and which
has been reported to give exclusively cis B-lactams. Treatment

of anthranilic acid with redistilled cinnamaldehyde in refluxing

benzene afforded a highly unstable Schiff base 44. Reaction of

N
A
Y Jhi
Ph pn”
44 R= 46 R=H
45 R=(CH,),Si 47 R=CH,

the silylated cinnamylidene Schiff base 45, prepared in situ
from 44, with azidoacetyl chloride gave a low yield of trans
B-lactam 46, which was characterized as its methyl ester 47.
P.m.r. of the crude product only showed the presence of trans
B-lactam. This was very surprising since the reaction of stable
Schiff base 48 with azidoacetyl chloride afforded exclusively

80

crystalline cis B-lactam 49" in good yield. Since the key dif-

|
ot ol
C S

!\
ﬁH“’

Ph Ph
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ference between 45 and 48 was that 48 contained an electron do-
nating group on the aniline ring while 45 contained an electron
withdrawing group, it was decided to repeat the sequence using
the readily available o-aminobenzyl alcohol 50 as starting
material and to oxidize the alcohol to the carboxylic acid at

a later stage.

l
CH,0R cu,oT-l-
@E X

NH,

Ph
50 =H

51 R= -+-+- 52

Silylation of 50 with tert-butyl dimethyl silyl chloride/
imidazole76 in dimethyl formamide afforded silyl ether 51 in
quantitative yield. Amine ether 51 was converted to Schiff base
52 with 1 equivalent of cinnamaldehyde in refluxing benzene.
Treatment of 52 with 1.2 equivalents of triethylamine followed
by 1.15 equivalents of azidoacetyl chloride afforded B-lactam 53,

m.p. 91-92, v __(KBr) 1745 cm ', in excellent yield. In the

o=
p.m.r. spectrum of 53 (page 31), the B-lactam protons appeared as

a multiplet at 5 p.p.m. Addition of Eu(’fod)3 did not separate

ot

H H
Ph
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Fig. 7: The 60 MHz p.m.r. spectrum of azide 53
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Fig. 8: The 60 MHz p.m.r. spectrum of amide 54
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the signals for the two protons. In general, the stereochemis-
try of the cinnamyl azido B-lactams of type K could not be de-
termined by p.m.r. at this stage because the f-lactam protons
appeared as a multiplet which could not be separated. The ster-
eochemistry could, however, be determined at later stages of the
synthesis. The mass spectrum of 53 showed a molecular ion (M+)
at m/e 434, peaks for the loss of nitrogen and a t-butyl group
from the molecular ion at m/e 406 and 377 respectively.
Reduction of 53 with hydrogen sulphide/triethylamine:‘l5 fol-
lowed by acylation with phenylacetyl chloridelafforded amide

1

54, m.p. 108.5-109, v___ 1750, 1680 cm ©, in 60% yield based

on 53. 1In the p.m.r. spectrum of 54 (page 31),H3 appeared as

a quartet (J 5 Hz, J = 7 Hz), characteristic of cis

3,4 © 3,5

acylamino B-lactams, at 5.6 p.p.m. H, also appeared as a

4
qguartet (J3’4 = 5 Hz, J4,6 = 7 Hz).
CH,0R c,,zogi'i 1
o @
N N—-fp
X N H
VI 6 Y & H\leicocu,Ph
Ph P 4 3
K 54

By changing the ortho substituent in 45 from an electron
withdrawing ester to an electron donating ether group, the
stereochemistry of the cycloaddition changed from trans to cis

and the yield of the reaction went from 10-20% to 77%. We de-
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cided to investigate this effect further and the sequence was
repeated with other substituted anilines. -The results are sum-
marized in Table 2 (page 34). Substituted anilines with pKa's 2
2.4 seemed consistently to afford exclusively cis B-lactams. Ani-
lines with pKa's less than 2.4 afforded either mixtures'of cis
and trans B-lactams or pure trans B-lactams. These results sug-
gested that there were two distinct pathways for the reaction of
cinnamylidene anilines with azidoacetyl chloride. In pathway 1
(page 35), the imine reacted with azidoacetyl chloride to give
intermediate W. Deprotonation of W by triethylamine gave zwit-
terion Z. Electrostatic attraction between the negative charge
density of the azido group and the positive charge density on
the cinnamyl component stabilized the transition state leading

to cis B-lactam70

and therefore ring closure of Z afforded only
cis R-lactam. In pathway 2, the imine reacted probably with
azido ketene, formed from azidoacetyl chloride and triethyl-
amine, and afforded trans B—lactam77. Imines derived from
amines (a-h) with pKa's >2.4 reacted with azidoacetyl chloride ex-
clusively by pathway 1 and afforded cis f-lactams. In amines
with pKa's less than 2.4 (i,j,m,n), electron withdrawing sub-
stituents and ortho substituents on the aniline ring, which
destabilize W, decreased the rate of pathway 1 sufficiently
that pathway 2 became important and trans B-lactams were also
formed. Imines derived from amines k and 1 reacted so slowly

with azidoacetyl chloride that pathway 2 became the exclusive

reaction pathway and only trans B-lactams were formed.
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Table 2:

of substituted anilines with azidoacetyl chloride

34

The stereochemistry of the reaction of cinnamylidene Schiff bases

R R o R o
N \\N' Y
R—NH, —> I —> T —.
FH A b m) he oo
p A

R= v pKa yield cis .yield trans
isolated (NMR) isolated (NMR)
a d
(a) X=Y=H 4.6 50% (90%)
a d
(b) X=p-Cl, ¥Y=H 4.0 40% (90%)
(c) X=o-CH,OTBDMS, Y=H > 3¢ 708 (95%)
a e
(d) X=0-OTBDMS, Y=H >3 60% (90%)
(e) X=0-CH,OTBDMS, Y=o'-OTBDMS > 3¢ 81% (90%)
(£) X=Y=0-OTBDMS > 3¢ 408 (70%)
(g) ¥=m-NO,, y=H> 2.46 80%
a f
(h) X=0-OME, Y=p-COOMe 2.4 85%
(i) X=p-Cl, Y=o-c1? 2.05 (60%) (15%)
(j) X=o-COOH, Y=o'-OMe 2.0° (15%) (15%)
(k) X=0-COOH, Y=H 2.2° (30%), (30%,THF)°
(1) X=0-OTBDMS, Y=p—N02a <1.5% (2%), 50% (70%,THF)
a d
(m) X=p-NO,, Y=H 1 (50%) (25%)
(n) X=p-NO,, Y=o-CH3a A& (5%) (50%)
a = results obtained by A. Ugolini in our laboratories
b = cycloaddition performed in THF
¢ = measured on corresponding methyl esters73
d = from literature72
e = estimated
£f = measured
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Fig. 9: Mechanism for the cycloaddition of azidoacetyl
chloride to cinnamylidene anilines
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N
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H,OS:i+ COOH
Va @EN._¢°

H\m-lcocu .Ph CH,OCH{” H! H\Nncocn,Ph

54 60
To transform 54 to the desired carboxylic acid 60 the
cinnamylidene group had to be ozonolyzed and the silyl ether
had to be oxidized to a carboxylic acid. Ozonolysis of 54 in
ethanol, methanol, or methylene chloride gave a poorly de-
fined mixture of oxidation products. Since we thought that
the amide group interfered with the ozonolysis, the ozonolysis
of the azide 53 was investigated. Ozonolysis of 53 in methanol,
followed by sodium borohydride reduction45, afforded an insep-
arable mixture of alcohol 55 and varying amounts of some other
unidentified products. However, ozonolysis of azide 53 in
redistilled isopropanol, followed by sodium borohydride re-
duction, gave, after work-up with pH 4.5 buffer, a reasonable

yield of alcohol 55. Work-up with 1% HCl45

instead of pH 4.5
buffer lead to hydrolysis of the silyl ether. Later we found
that by using methylene chloride/ethanol 1:5 as solvent instead

of isopropanol and purging with N274

, crystalline alcohol 55,
m.p. 95-96°, could be obtained in 76% yield by simple crystal-

lization of the crude product.

@Ecu ,os:i +

HOCHT} [ N,

55
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ac T

CHOCHST N
3 b ow R

56 Rew,

57 R=NHCOCH,Ph

In order to differentiate the two alcohol functions, 55
was converted to its methyl ether 56 by means of excess diazo-

methane-boron trifluoride etherate75

in 76% yield after chroma-
tography. Reduction and acylation of the azide function gave
amide 57, Vc=o 1750, 1655 cm-l. Removal of the silyl pro-
tecting group by treatment with aqueous trifluoroacetic acid

in tetrahydrofuran gave alcohol 58 in good yield. Oxidation

of 58 with pyridinium chlorochromate78 afforded aldehyde 59

in 70% yield. Because of its mildness and selectivity we

9 for the

decided to first try Corey's method (NaCN/Ag202)7
conversion of aldehyde 59 to the desired carboxylic acid 60.
Unfortunately, oxidation of 59 with silver oxide/sodium cyanide

opened the B-lactam ring. The aldehyde in 59 activated the

CL_-

CH,OCH? i H\Nucocn,Pn

58 R=CH,OH

59 R=CHO



38

B-lactam ring towards ring opening by nucleophiles like CN .
Attempts to oxidize either 58 or 59 with potassium permanga-

nateal or with sodium periodate/ruthenium tetroxide83

in aque-
ous acetone were also unsuccessful. In all these attempts the
oxidation stopped at the aldehyde stage. Carboxylic acid 60,

1

Voo (CHCLly) 1755, 1710, 1670 cm —, could be obtained in low

yield from 58 using chromium trioxide in acetic acid/water82.
T.l.c. shoﬁed that in the oxidation of alcohol 58, the conver-
sion to aldehyde 59 was very rapid, whereas the oxidation of
aldehyde 59 to carboxylic acid 60 was slow. P.m.r. of 60

(page 39) showed a quartet at 5.8 p.p.m. for H3 (J3'4 = 5 Hz,
J3’5 = 7 Hz) and a broad doublet for H4 along with all other
appropriate signals. Treatment of 60 with ethereal diazo-
methane afforded the corresponding methyl ether 6l. The mass
spectrum of 61 showed a molecular ion, a peak at M'-31 which
is consistent with a me;hyl ester and peaks at m/e 205 and 177
for the fragmentation shown on §l71. Carboxylic acid 60 showed
no activity toward a variety of bacteria. This is not unex-
pected if we consider that Ve=o of 60 is only 1755 cm—l, while

known active cephalosporins have Veso of at least 1765 cm_l.

CH,0CHY T IN\N
3 HOh I;COCI-l,Ph
4 3
59 Re=CHO
60 R=COOH
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CH,OCHY} ! N\NHCOCH,Ph 1
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Fig. 10: The 90 MHz p.m.r. spectrum of carboxylic acid 60



Chapter 2

Synthesis of 7B-phenylacetamido-3'-carboxy-

benzo[3,4]~0-2-isocephem
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In the previous chapter we described the synthesis of bicy-
clic anthranyl azetidinone 60, in which the B-lactam frequency was
1755 cm-'1 and which, not surprisingly, showed no signifiéant anti-
microbial activity. It was decided to prepare the tricyclic an-
thranyl azetidinone 120 which we expected to absorb at considerably
higher frequency and which should therefore be similar to clas-

sical B-lactams except for the position of the carboxylic acid.

@Ecoou COOH
ug e
CH,0CH H H\Nﬂcocu,ph ' 'S NHCOCH,Ph

HRH

60 120

Our basic plan for the synthesis of 120 is illustrated
below. We decided to start with a protected hydroxyl anthra-
nilic acid L, form the B-lactam M as before, transform the styryl

group to a mesylate N, deprotect the phenol, and cyclize the

COOR

—>
NH,
Rl
L
COOR COOR
40 . 20
120 <— <« T
HO : :
MsO MsO

o N
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resulting compound O by treatment with base. Because of the
electron-donating nature of the methoxy group, it was anticipated
that some cis-fused compound may form.

The commercially available 3-methoxy-2-nitrobenzoic acid
62 was reduced to amine 63 with platinum oxide in ethanol and
the resulting aminobenzoic acid 63 transformed to its methyl

ester 64 with diazomethane.

COOH COOR COOR

NO: NH: N

CH, CH, CH /!

63 R= 65 R=CH

62 64 R=CH 66 R=

Attempts to convert 64 to its cinnamylidene Schiff base
65 failed. The free amino acid 63 was therefore directly con-
verted to highly unstable Schiff base 66 by reaction with
cinnamaldehyde in refluxing benzene using a Dean Stark appara-
tus. Reaction of crude 66 with trimethyl silyl chloride-tri-
ethylamine in methylene chloride followed by azidoacetyl chlo-
ride gave, after work-up, a mixture of B-iactams 67 and 69,
amino acid 63 and some other unidentified products, presumably
azidoacetyl chloride self-condensation products. Column chro-
matography afforded only partial separation. Methylation of
the partially purified products and re-chromatography finally
afforded an inseparable mixture of cis and trans f-lactams 68

and 70 in approximately 25% yield.
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OOR OOR
/d
H : CH 3 J

67 =H 69 R=H

R=CH 3

[o)]
o0}
it
Q
o+
ls I8

The p.m.r. spectrum in benzene d6’ after addition of
Eu(fod)3, clearly showed the presence of the cis isomer, J3’4 =
5 Hz, and of the trans isomer, J3,4==2 Hz. Since we could not
separate the desired cis isomer from the trans isomer, it was
decided to reduce the electron withdrawing carboxyl function,
which was responsible for thé low yield of the cycloaddition
and the formation of the trans isomer, to an alcohol before
carrying out the cycloaddition, and to eventually reoxidize
the benzyl alcohol to the corresponding benzoic acid.
3-Methoxy-2-nitrobenzoic acid was reduced to the correspond-
ing benzyl alcohol 71 with excess borane in tetrahydrofuran84 in
65% yield. Treatment of 71 with excess methylal/phosphorus pent-
oxide afforded ether 72 in good yield. Catalytic hydrogenation

(Pt02) of the nitro group afforded amine 73 in excellent yield.

R CH,OR
NO, NH,

CH, CH,0

71 R=CH,OH

72 R=CH,OCH,OCH 73 R=CH_OCH

2 2 3 - 2 3
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74 R=CH,OCH 75 R=CH

2 3

Aniline 73 was transformed to its cinnamylidene Schiff base

74 which, as expected, gave cis B-lactam 75 in godd yield upon
reaction with azidoacetyl chloride and triethylamine at -20°.
The stereochemistry of the f-lactam in 75 could not be
determined by p.m.r. The B-lactam protons showed up as a
multiplet. Ozonolysis of 75 in isopropanol/methylene chloride
followed by sodium borohydride reduction, afforded alcohol 76,

i.r. (CHCl,) 3300, 2100, 1760 —

; in 56% yield. Treatment
of 76 with methanesulfonyl chloride (MsCl)/triethylamine af-
forded mesylate 77. 1In the p.m.r. spectrum of 77, Hg clearly
appeared as a doublet with J = 5 Hz at 5.0 p.p.m. Therefore,
77, 76 and 75 were cis B-lactams. We had now reached the

key steps in our synthesis, the removal of the protecting

~groups and the cyclization of the resulting diol mesylate 78.

CH,OCH,OCH, CH,0H
— 0
HO ,
MsOH H M
76 R=H
77 R=SO_CH 78
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Unfortunately, treatment of either 77 or 75 with boron tri-
bromide85 or boron trichloride86 led to destruction of the
B-lactam ring. We therefore had to change the protecting
groups on aniline 73.

Recently Corey reported a new alcohol protecting group,
the B-methoxyethoxymethyl (MEM) group87. It was easily
introduced and selectively removed in the presence of other
alcohol protecting groups under mild conditions with zinc
bromide or titanium tetrachloride. This group seemed ideal
for our purposes. The required aniline was easily synthe-~
sized from 3-methoxy-2-nitrobenzaldehyde 79. Aldehyde 79
was quantitatively demethylated with excess boron tribromide
in methylene chloride to phenol 80. Treatment of 80 with MEM

chloride87

8l and diisopropylethylamine in methylene chlo-
ride afforded aldehyde 82. Reduction of 82 with sodium boro-
hydride in ethanol afforded alcohol 83 in 90% yield. Pro-
tection of the alcohol with MEM chloride/diisopropylethyl-

amine afforded the MEM ether 84 in 60% yield after column

chromatography.
CHO R
/\
Cl
NO, CH,0 OCH, NO,
RO MEMO
82 R=CHO

79 =CH3 83 R=CH,,OH

80 ReH 81 84 R=CH_OMEM

- = 2



g

45

Catalytic hydrogenation of 84 afforded the desired amine
85. Treatment of the crude Schiff base, obtained by heating
amine 85 for 8 hrs with cinnamaldehyde in refluxing benzene,
with azidoacetyl chloride/triethylamine afforded the cis
B-lactam 86 in good yield. Ozonolysis of 86 in isopropanol/
methylene chloride, followed by reduction with sodium boro-
hydride, afforded alcohol 87. Alcohol 87 was further charac-

terized as the mesylate 88. To our surprise the MEM ether

CH,OMEM CH,OMEM O CH,OMEM

NH,
MEM

87 R=H

85 86 88 R=SO,CH,

groups in either 88 or 86 could not be removed using the condi-
tions described by Corey. When these compounds were added to
a slurry of zinc bromide in methylene chloride, the zinc bro-
mide clumped together and the reaction stopped. We later found

88 with

out that nitrogen in the compounds probably interfered
the formation of the complex 89, which is thought to be respon-

sible for the cleavage of MEM ethers with Lewis acids like zinc

ROCH,0_  OCH,

,Zna
Br’ \Br
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bromide. The MEM ethers in 86 and 88 were also very resistant
to acid hydrolysis. They could not be removed without destruc-
tion of the B-~lactam ring.

The sequence was repeated with amine 94 in which the al-
cohol functions were protected as benzyl and silyl ethers.
Both these groups could be removed in the presence of the
B-lactam ring. Amine 94 was synthesized iﬁ the following way
from 3-hydroxy-2-nitrobenzaldehyde 80. Treatment of 80 with
benzyl bromide/potassium carbonate in dimethyl sulfoxide af-
forded benzyl ether 90, m.p. 77-79°, in 50% yield. Sodium

borohydride reduction gave alcohol 91 in quantitative yield.

R CH,OR

NO, R
R'O BnO

90 R=CHO, R;=CH2Ph
1 1
91 R=CH,OH, R =CH,Ph 93 R=H, R =NH,

. 1
92 R=CH,OH, Rl=H 94 R;(CH3)281BU + R =NH

el 2 — 2

Catalytic hydrogenation of 91 in ethanol using platinum oxide
as catalyst afforded amine 93 contaminated with approximately
10% of phenol 92. Washing with 5% sodium hydroxide removed the
phenol and afforded pure 93. The success of the catalytic
hydrogenation depended entirely on the activity of the platinum
oxide used. Adams catalyst obtained from Matheson Coleman and
Bell and from Anachemia (Montreal) gave excellent results while

platinum oxide obtained from Ventron gave overreduction. The
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platinum oxide from Ventron was too active and therefore not
selective. It reduced the nitro group and cleaved the benzyl
ether at about the same rate. Silylation with t-butyldimethyl-
silyl chloride afforded the desired amine 94 in 40% overall
yield from 80. Treatment of amine 94 with cinnamaldehyde in
refluxing benzene afforded Schiff base 95, approximately 85-90%
pure by p.m.r. Reaction of the crude Schiff base 95 with azido-
acetyl chloride/triethylamine at -20° afforded fairly pure

cis B-lactam 96 after column chromatography. Ozonolysis of 96
in ethanol/methylene chloride at -78° followed by sodium boro-
hydride reductiqn, afforded analytically pure alcohol 97, i.r.

1

(£film) 3400 (OH), 2100 (NB), 1760 cm — (B-lactam), after column

| |
CH,0 I—|— cn,osri—‘—
c‘ (L

wd | A Pu

Ph

chromatography. The ozonolysis was much cleaner (little polar
by-products by t.l.c.) when N, was passed into the ozonolysis
vessel at the same time as ozone in oxygen was bubbled through.
In the p.m.r. spectrum of 97, H3 appeared as a doublet,

J = 5 Hz; 95, 96 and 97 were therefore cis B-lactams. Alcohol

97 was easily transformed to mesylate 98. Treatment of 98

with aqueous trifluorocacetic acid in tetrahydrofuran afforded
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benzyl alcohol 99 in good yield. Oxidation of 99 with chromium
trioxide in acetic acid/water gave carboxylic acid 100, m.p.
153-155°, in 42% yield. The i.r. spectrum of 100 in KBr was
misleading and lead us to believe that the B-~lactam had been
hydrolyzed during the oxidation. It had only a broad band at
1740 cm—'l in the carbonyl region. However in solution there
were two bands, one at 1720 cm"'l for the carboxylic acid and

one at 1755 cm - for the B-lactam. In the solid state there
must have been an intermolecular hydrogen bond which lowered
the B-lactam frequency. Reaction of acid 100 with a slight
excess of diphenyl diazomethane in acetonitrile afforded ester
101, v, (CHCl;) 1780, 1730 cm™ 1. Reduction with hydrogen

sulphide/triethylamine and acylation with phenylacetyl chlo-

ride afforded amide 102, v - (KBr) 1770, 1720, 1660 cm_l.
CH,OR' COOR
i —A° N—-/p
BnU Bn
~.p'
H H N H R
R MsO
1
100 R=H, R =N3
98 R'=(CH,) SiBu", R=SO.CH 101 R=CH(Ph)., R'=N
— 3°2 ! 273 -_ 2 3
99 R1=H, R.=so2CH3 102 R=CH(Ph)2, R1=NHCOCH2Ph
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Attempts to remove the benzyl groups by catalytic hydrogenation
and to cyclize the resulting phenol mesylate with DBU50 or
triethylamine in acetonitrile failed, as evidenced by p.m.r.
which showed the presence of the mesylate group. The cycliza-

tion was not investigated further because we were successful

in synthesizing the desired carboxylic acid by another route.

COOH
N—°
HO
b [ NHCOCH, P
MsO
103

Since we had indications, based on model studiesgo, that

the desired cyclization proceeded well, when it was effected
on a silyl mesylate of type 109, the sequence was repeated
with a t-butyldimethylsilyl ether instead of a benzyl ether.
Reduction of 80 with sodium borohydride in ethanol afforded
alcohol 104. Catalytic hydrogenation of 104 afforded, after

silylation With t-butyldimethylsilyl chloride, amine 105 in

]
R CH ,osii +
NO,

| N
HO .*-To

80 R=CHO

H,

104 R=CH_OH 105
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68% yield from 80. Aniline 105 was transformed to its cin-
namylidene Schiff base 106, which upon~treatment with azido-
acetyl chloride/triethylamine afforded, after chromatography,
fairly pure cis B-lactam 107 in 80% yield. Ozonolysis of
107 in ethanol/methylene chloride, followed by reduction
with sodium borohydride afforded, after chromatography, pure

alcohol 108, m.p. 112-112.5°, v 1770 cm—l, in 53% yield.

c=0
It was transformed into its mesylate 109 in excellent yield.
The p.m.r. spectrum of 109 showed a characteristic doublet
at 5.0 p.p.m., J = 5 Hz, for H3 and a three proton singlet
at 2.75 p.p.m. for the mesylate, in addition to all other

appropriate signals (page 51).

cu,os;,_|_

108 =H

109 R=SO_CH
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109 R=CH,0Si (CH,) 2But 111 R=H

110 R=H ‘ 112 R=CHZOSi(CH3)2But

A. Ugolini in our laboratories found that treatment of 110
with 1 equivalent of tetra-n-butyl ammonium fluoride in tetra-
hydrofuran afforded tricyclic B-lactam 1lll in good yield. We
decided to try these conditions on our mesylate 109. Cycli-
zation of 109 with 1 equivalent of tetra-n-butyl ammonium
fiupride afforded 112 in good yield. Unfortunately, the yield
was not very reproducible. The yield depended on the quality
of the tetra-n-butyl ammonium fluoride used89. We therefore
decided to investigate other fluoride salts. Treatment of 109
with excess caesium fluoride in tetrahydrofuran or acetonitrile
did not give any cyclized product but treatment of 109 with 2
equivalents of potassium fluoride and .3 equivalents of 18~
crown-6 in acetonitrile afforded consistently 112 in yields of
greater than 90%. Unlike the cyclization with tetra-n-butyl
ammonium fluoride, the amount of potassium fluoride used was not
critical as long as 2 equivalents or more were used. Potassium
fluoride/18-crown-6 only removed the phenolic silyl eéher. The
t.l.c. of the reaction mixture only showed the presence of 112

and the mesylate 109. The 60 MHz p.m.r. of 112 in benzene d6
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(page 54) clearly showed the presence of only one t-butyl-
dimethylsilyl ether and no mesylate. Due to hindered rota-

tion about the aryl-CH, bond, the hydrogens of the benzyl CH

2 2

were not equivalent and appeared as an AB quartet (J = 15 Hz)
at 5.2 p.p.m. Analysis of the 100 MHz p.m.r. (page 54) allowed
us to determine all the coupling constants between protons H3,

H4, H5 and H6‘ H3 was only coupled to H4 (J = 5 Hz). H4 was

coupled to H3 (J =5 Hz), to H5 (J=4 Hz) and to H, (J=10 Hz).

6

H. was coupled to H4 (J = 4 Hz) and to H, (J = 10 Hz). H6 was

5 6
coupled to H4 (J=10 Hz) and to H5 (=10 Hz). Since J3,4 was
5 Hz after the céclization, the stereochemistry of the ring
junction had been preserved and was still cis. The cyclization
of 109 to 112, as expected, increased the Bf-lactam i.r. ab-

1 t0 1780 cm 1. Cyclization

sorbtion frequency from 1770 cm
of 109, by decreasing the planarity of the B-lactam nitrogen,
decreased the amide resonance in the B-lactam amide bond. This
decrease in amide resonance reduced the double bond character
of the B-lactam bond and therefore increased the i.r. absorb-
tion frequency of the B—lactamgo'
There were two possible routes from 112 to our desired

carboxylic acid 120: the silyl ether could be first transformed
to the carboxylic acid, and then the azido group reduced and
acylated, or the sequence could be reversed. We chose to re-
duce and acylate the azido group first. This route eliminated
the need to protect the carboxylic acid during acylation. Re-

duction (hydrogen sulphide/triethylamine) and acylation with

phenylacetyl chloride of 112 afforded amide 113 in good yield.
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Fig. 13:

The 100 MHz p.m.r. spectrum of B-lactam 112
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Hydrolysis of the silyl ether with trifluoroacetic acid

afforded alcohol 1ll4a, m.p.183-185°,vc O(KBr) 1775, 1660 cm-l,

in good yield. Attempts to oxidize alcohol 1l4a with chromium
trioxide in acetic acid/water, potassium permanganate in pyri-
dine8l, or sodium periodate/ruthenium tetroxide gave the
corresponding aldehyde 114b (by t.l.c.) and no acid. Since the
oxidation did not give the desired product we investigated the

other route to carboxylic acid 120. Hydrolysis of 112 with

H,0R CHO
0
N—f N
S
i I NNHCOCH,Ph T
b { NHCOCH, ik NHCOCH,Ph

ey t
113  R=Si(CH,) Bu

ll4a R=H 114b

trifluoroacetic acid afforded benzyl alcohol 115, m.p. 128-129°,
m.s. m/e 246 (M+), in 75% yield. After many unsuccessful at-
tempts it was found that 115 could be oxidized to carboxylic
acid 117 using chromium trioxide in acetic acetic/water. The
oxidation took two days and afforded a mixture of the desired

acid and aldehyde 116 in approximately 60% yield. Increasing

R
Qug

ALY
115 R=CH,OH
116 R=CHO

117 R=COOH
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the reaction time did not improve the yield of acid ll7. Car-
boxylic acid 117 was not purified at this step. The crude
reaction mixture was treated with a slight excess of diphenyl-
diazomethane in acetonitrile. Purification by preparative
thick layer chromatography afforded 39% of ester 118, i.r.

1 and 10% of aldehyde 116. In the 90

(CHC1,) 1795, 1730 cm_
MHz p.m.r. spectrum of 118 (page 57), the peaks and coupling
constants for protons H3 to H6 were very similar to those for
the same protons in 112. Therefore, in oxidizing 112 to 117,
the tricyclic cis-fused ring structure of iig had not been
altered. The mass spectrum of 118 showed a molecular ion, and

peaks for the fragmentation shown on structure 118.

In summary, we were able to oxidize 115 to 117 but not

ll4a to 120. The amide group, presumably because of steric
hindrance, interfered with the oxidation of aldehyde 11l4b to
carboxylic acid 120. The rate of oxidation of alcohols to
aldehydes with chromium trioxide and other oxidizing agents

is known to be accelerated by steric hindrance, while the rate
of oxidation of aldehydes to carboxylic acids is slowed down

by steric hindrancegl. Reduction (st/Et3N) and acylation

118



Fig. 14: The 90 MHz p.m.

COOCHPh,

g
HE NI;ICOCH,Ph

H H
56 H Y

119

——

r.

UV

4 <)

spectrum of 118

/

H,
Hs H,

Fig. 15: The 90 MHz p.m

H3
TR TS

.r.

spectrum of 119

57



58

with phenylacetyl chloride of azide 118 afforded amide 119 in
72% yield. 1In the p.m.r. spectrﬁm.of 119 (page 57), H3 appeared

as a quartet (J3 4 = 4.8 Hz, Jy 7 = 7 Hz), characteristic of
[ ’

cis-fused acylamino B-lactams, at 5.4 p.p.m. We had almost
reached our goal and only the ester protecting group had to
be removed. Attempts to remove the benzhydryl ester with tri-
fluoroacetic acid/anisole failed and resulted in the decom-

position of the B-lactam ester 119. However, catalytic hydro-

92

genation, using palladium on charcoal in ethanol”™ ™, gave the

desired acid 120, v (KBr) 1780, 1685, 1650 cm ¥, fully

C=0

119 R.'—‘CH(Ph)2
120 R=H

121 R.=CH3

characterized as its methYl ester 121. In the p.m.r. spectrum
of 121 (page 59), the peaks for H3 to H, were identical to those
for the same protons in 119. The mass spectrum of 121 showed
a molecular ion, a peak at M+-3l which is consistent with a

methyl ester and peaks at 175 and 192 typical of the fragmen-
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tation of B-lactams71 as indicated in structure 121.

COOH OH

/
7 \

b f YNHCOCH,Ph £ f “NHCOCH.Ph

120 122

To our surprise carboxylic acid 120 showed no activity
toward a variety of bacteria, while phenol ;ggso, although it
had a lower B-lactam i.r. absorption frequency (1760 cm-l),
displayed weak activity toward two bacteria. Phenol 122 has
a hydroxyl group in the same place as the natural cephalo-
sporins 123, while in carboxylic acid 120 the hydroxyl group
is displaced by one carbon. It therefore seems probable that

the position of the carboxyl function in cephalosporins is

critical for antimicrobial activity.

-
s/!'_;‘ “\NHCOR

123



Chapter 3

Synthetic studies toward thienamycin analogues
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Bose found that the reaction of crotonyl chloride 124 with

@ — benzylidene aniline afforded trans B-lactam 125 in 45% yield™~.

124

293

©\N_ Z°
- 1

CH,

125

Since the double bond in 125 would allow the synthesis of many

interesting analogues of thienamycin 126a, 126b and 126c, we de-

cided to investigate this reaction further. We were especially

~\N-_-éﬁ'o O3
).-j'l
A H
. CH,

126a

SNN—Z

7] “CHo

X
e

"‘N——"Q

.
‘,

a

I
I

CH,OH

126b

NH,Cl SN P
& ] CH,NH
NaCNBH3 I:l H FAMLAT

‘l' RCOC1

\\O

Y

7 ]'”cu,uﬂcoa

H H

126c¢

interested in the reaction of 124 with cinnamylidene Schiff

bases. The B-lactams that would be formed could be transformed

Q into useful intermediates for the synthesis of cephalosporin

and thienamycin analogues

45
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To our surprise, the reaction of cinnamylidene aniline 127,
easily obtained by refluxing 1 equivalent of cinnamaldehyde and
1 equivalent of aniline in benzene, with crotonyl chloride/tri-
ethylamine afforded approximately a 5:1 mixture of cis B-lactam
128 and trans B-lactam 129 in 30% yield by p.m.r. Purification of

94

the reaction mixture by flash chromatography afforded a low

yield of pure cis B-lactam 128. In the p.m.r. spectrum of 128

(page 63), Hy appeared as a quartet (J3 4= 6 Hz, = 7 Hz) at
14

4,5
4.8 p.p.m., while H3 appeared as a triplet (J3 4= 6 Hz, J3 7 = 6 Hz)
14 r

N
I
|-|c\I
“Ph
127 128
)
©\M-:-¢
A A
CH,
P .
129

at 4.2 p.p.m. Since the p.m.r. spectrum of the crude reaction
mixtﬁre showed that not all of the Schiff base had reacted at
room temperature, the reaction was repeated at reflux. To our
surprise an approximately 1:5 mixture of cis B-lactam 128 and
trans B-lactam 129 was obtained in 40-45% yield (by p.m.r.).

Purification by flash chromatography94 afforded a small amount

of pure trans B-lactam 129. In the p.m.r. spectrum of 129,
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(page 63), H, appeared as a quartet (J3 4 = 2.5 Hz, J = 7 Hz)
r

4 4,5

at 4.4 p.p.m. and H3 appeared as a broad doublet at 3.6 p.p.m.

The i.r. spectrum of the two isomeric B-lactams 128 and 129
were identical while their mass spectra were similar. Both mass
spectra showed strong molecular ions at m/e 275 and peaks at
m/e 156 and 119. The two mass spectra only differed in the
intensity of the peaks at m/e 206-208. The mass spectrum of the
trans B-lactam showed intense peaks at m/e 207 (57.1%) and 208
(21.72%), while the mass spectrum of the cis B-lactam 128 had
intense peaks at m/e 206 (100%) and m/e 207 (38.04%). The peaks
at m/é 156 and 119 in both mass spectra were due to the frag-
mentation shown in 128 and 129 as a solid line. The peak at
m/e 207 in the mass spectrum of 129 was probably due to the
fragmentation shown in structure 129 as a dotted line. The
origin of the intense peak at m/e 206 (M+—69) in the mass
spectrum of 128 is unknown.

These results made us doubt the result obtained by Bose for
the cycloaddition of crotonyl chloride on benzylidene aniline.
However, when we repeated the reaction in refluxing methylene
chloride we also obtained exclusively trans f-lactam 125, m.p.
100-102°, in 40% yield after recrystallization. In the p.m.r.

spectrum of 125, H4 appeared as a doublet (J = 2.5 Hz) at 4.9 p.p.m.
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Since, like cinnamylidene R-lactams, furfurylidene B-lac-
tams48 can also be transformed into useful intermediates for
the synthesis of cephalosporin derivatives, the cycloaddition
was repeated with furfurylidene aniline 1§g. The Schiff base
130 was easily obtained in gquantitative yield by refluxing for
4 hrs a solution of aniline in benzene with 1 equivalent of
furfuraldehyde and removing the water formed with a Dean Stark
trap. Treatment of 130 with crotonyl chloride/triethylamine
in refluxing methylene chloride afforded a good yield of

trans f-lactam 131. In the p.m.r. spectrum of 131, H4 appeared

as a doublet (J = 2.5 Hz) at 4.8 p.p.m.

oL O o«

N
c( Ncoc

130 131 132

Since we were also interested in the synthesis of Thien-
amycin itself, we investigated the reaction of dimethylacryloyl
chloride 132 with imines. Ozonolysis of the resulting B—lactaﬁ
133 followed by sodium borohydride reduction would afford

1) o

3
. 2) NaBH,/EtOH
H~~ /CHJ = ‘e,
H H || _ H H
CH, OH

133 _ 134
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—
Xy
X

B-lactam 134 having the thienamycin side chain.

Treatment of 130 with acid chloride 132 and triethylamine
afforded trans B-lactam 135, m.p. 84-86°, vc=o 1750 cm_l. The
mass spectra for 131 and 135 were very simple and showed peaks
for the molecular ion and for the fragmentation shown in 135
as a dotted line.

To test the generality of these results, the reaction of

crotonyl chloride 124 or dimethylacryloyl chloride 132 was inves-

tigated on a number of Schiff bases. Schiff bases 136, 138,

141 and 143 derived from amino esters and Schiff base 145 de-
rived from an amino phosphonate were chosen because similar
Schiff bases have been used in the synthesis of cephalosporin
analogues (Bristol approach, p. 16, and Merck approach, p. 14),
while Schiff base 147 derived from 2,4-dimethoxybenzylamine

has been used to synthesize a key intermediate used for the syn-
thesis of many cephalosporin and penicillin analogues (S.K.F.
approach, p.16). If dimethylacryloyl chloride and crotonyl
chloride were to react with these Schiff bases, then these acid
chlorides could be used instead of azidoacetyl chloride in
preparing classical B-lactams with a thienamycin or PS-5 (ethyl)

side chain.
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COOCH, COOCH,
'r ~
|\Ph Ph" oy CHs
H H
CH,
136 137

Reaction of 136 with dimethylacryloyl chloride/triethyl-
amine afforded very little B-lactam 137 (by p.m.r. and i.r.) even
when the cycloaddition was performed in refluxing dichloroethane.

The synthesis of Schiff base 138 proved to be difficult.
Addition of 1 equivalent of cinnamaldehyde to ethyl glycinate in
methylene chloride gave approximately a 1l:1 mixture of the de-
sired Schiff base 138 and some other unidentified products,
presumably derived from 1,4 additon of ethyl glycinate. Aftef
much experimentation, we found that slow addition of 1 egquiva-

lent of cinnamaldehyde to ethyl glycinate122

in methylene chlo-
ride containing magnesium sulphate at 0° afforded Schiff base
138 in approximately 85-90% yield (by p.m.r.). The reaction

time was somewhat critical. Stirring for more than 2 hrs gave
less Schiff base. Treatment of 138 with dimethylacryloyl chlo-
ride 132 and triethylamine afforded a good yield of cis B-lactam

139. In the p.m.r. spectrum of 139, H4 appeared as a quartet

COOC,H; COOC,H,

|
N\
o

—
C
]
»o
L]

X

[X 3= XY}

[}

I\
(o]
X

T aTie

Ph

138 139
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( = 5 Hz, = 7 Hz) at 4.5 p.p.m. The mass spectrum showed a

73,4 4,5
molecular ion at m/e 299 and peaks at m/e 82, 129, 170, 217 and
218 for the fragmentation shown in structure 139.

Treatment of Schiff base lﬁlgs, easily obtained from amine
140 and 1 equivalent of cinnamaldehyde, with dimethylacryloyl
chloride also gave a good yield of B-lactam 142. Like for the
cycloaddition with azidoacetyl chloridegs, only one diastereomer

was formed, as shown by p.m.r.

COOCH, | COOCH,

—I—s:ioJ\ NH, o —hio\/l\n

140 141

Reaction of amine 140 with 1 equivalent of furfuraldehyde
in refluxing methylene chloride gave an excellent yield of
Schiff base 143. To our surprise, reaction of Schiff bage 143
with dimethylacryloyl chloride 132 in refluxing methylene chlo-
ride gave a low yield of cis B-lactam 144. There was no trace
of the corresponding trans B-lactam, as shown by p.m.r. of the

crude reaction mixture. In the p.m.r. spectrum of 144 (page 69),

H4 appeared as a doublet at 5.1 p.p.m. The chemical shift of the

——
= 2T
Xy
0
&F
(2]
L
é

142 143
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| COOCH, ' PO(OC,H,),
SIiO 20 NH,
’ S CH;
A H
4 3 CH,
144 , 163

methyl group in the side chain was also consistent with the
presence of a cis fused ring in 144. The methyl group in 144
(underlined) appeared at 1.5 p.p.m. which was .6 p.p.m. lower
than it appeared in the p.m.r. of trans B-lactam 135. The
shielding of the methyl group in 144 was probably due to the

furan ring which was cis to the methyl group.

t(oc,n,.)2 | LO(OCszL
0
N L)
I N —CHs
(3 4
~~Ph | [l CH,
145 146

Unlike 138, Schiff base 145 was easily synthesized in
quantitative yield by the addition of 1 equivalent of cinnamal-

39 in methylene chloride con-

dehyde to amino phosphonate 163
taining magnesium sulphate. Addition of dimethylacryloyl chlo-
ride 132 to Schiff base 145 afforded cis B=-lactam lié in good
yield. The p.m.r. spectrum of 146 was complicated by phospho-
rus coupling but could be interpreted by comparing it to that
of 139. H4 appeared as a doublet of quartets (J4,P =1 Hz,

= 5 Hz, J4 5 = 7 Hz). Like the B-lactams derived from
14

J3,4

amino esters, the mass spectrum of 146 showed a very strong

molecular ion at m/e 363 (99%) and peaks at 282 (100%), 170

(43%), and 82 (15%) for the usual B-lactam fragmentation.
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147

Treatment of Schiff base 14752’96

with crotonyl chloride
and triethylamine in refluxing methylene chloride afforded ex-
clusively cis B-lactam 148, m.p. 68-69°, in 40% yield. In the
p.m.r. spectrum of 148 (page 72), H, appeared as a doublet
(J = 5 Hz) at 4.0 p.p.m. while H3 appeared as a broad doublet
(J = 5 Hz) at 3.7 p.p.m. Repeating the cycloaddition with dimethyl~
acryloyl chloride also afforded cis B-lactam 149, m.p. 72-72.5°
in fair yield. The p.m.r. spectrum of 149 was identical to thafc
of 148 except for the signals due to the different side chains.
The mass spectrum of each B-lactam showed a molecular ion and a
peak at m/e 193 for the fragmentation shown in 148 and 149.
Catalytic hydrogenation (Ptoz) of 148 in ethanol at 30 psi
afforded 150 in good yield. The p.m.r. spectrum of 150 (page 72)
clearly showed a doublet (J = 5 Hz) for H4 at 3.9 p.p.m. along with
all other appropriate signals. B-Lactam 150 is perhaps the most

useful of all the B-lactams synthesized up until now in this

CH,0 OCH, CH,0 OCH,

(o] 0
N—i? 2
- - CH3 /— -
CH,00¢”: Ny CH,00C”: :
100C i & I 3 R A C,H,
. CH, 4 3

149 150
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CH,0 OCH,
N—Z0
CH,00¢”7= I W,
A
151

chapter. Use of 150 instead of the corresponding azido B-lac-

tam 151 in the Smith, Kline and French approach to cephalo-

sporin and penicillin nuclear analogs (see p. 16) should allow

the synthesis of analogs containing the ethyl (PS-5) side chain.
To summarize: unlike Schiff bases derived from anilines

which gave either cis or trans R-lactams, Schiff bases derived

from amino esters 138, 141, 143, amino phosphonate 145 and

benzyl amine 147 afforded only cis B-lactams, when reacted with
dimethylacryloyl chloride or crotonyl chloride which therefore
behave like azidoacetyl chloride. The similarity of dimethyl-
acryloyl chloride and crotonyl chloride to azidoacetyl chloride
might be due to their ability to staﬁilizé the transition state
leading to cis B-lactams (see p. 74). While cinnamylidene
Schiff bases react with azidoacetyl chloride at -20° or lower,
the cycloaddition of these Schiff bases with dimethylacryloyl
chloride or crotonyl chloride gave best results in refluxing
methylene chloride. The higher reaction temperature necessary
for completion of the cycloaddition was probably due to the
decreased acylating ability of dimethylacryloyl chloride and
¢érotonyl chloride or to a decreased acidity of the proton, which

has to be abstracted for B-lactam formation.



Fig. 23: Possible mechanism for the formation of cis B-lactams
in the cycloaddition of acryloyl chlorides with cin-
namylidene Schiff bases.

Having been successful in synthesizing B-lactams by reacting
imines with acryloyl chlorides, we decided to use this reaction
in the synthesis of thienamycin analogs. Our initial plan is
shown on page 75. We planned to start from phosphonate 152
and form Schiff base 154 by reaction with aldehyde 153. Treat-
ment of Schiff base 154 with dimethylacryloyl chloride should
afford cis B-lactam 155. We felt that the transformation should
occur because Christensen found that the reaction of a similar
Schiff base l§§44 with azidoacetyl chloride afforded the cor-
responding f-lactam in fair yield. Ozonolysis of 155, sodium
borohydride reduction, protection of the resulting alcohol,
followed by hydrolysis of the acetal should afford aldehyde 157.
Cyclization of the aldehyde with sodium hydride should afford

protected thienamycin analog 158. Deprotection would afford

~ thienamycin analog 159.
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We first turned our attention to the synthesis of l§339.
Treatment of triazine 160 with diethyl phosphite, followed by
work-up with ethereal hydrogen chloride gave hydrochloride 161.
Catalytic hydrogenation (P4/C) of 161 gave hydrochloride 162.
Neutralization of the hydrochloride with ammonia in chloroform
gave amino phosphonate 163 in excellent yield. The p.m.r. and i.r.
spectra of 163 were identical to those reported by Christensen.
Stirring a solution of amine 163 and 1 equivalent of benzalde-
hyde in methylene chloride with magnesium sulphate afforded
Schiff base 164 in excellent yield. Christensen reported39
that treatment of 164 with 1 equivalent of phenyl lithium fol-
lowed by addition of 1 equivalent of benzyl chloroformate gave
a mixture of 164 and 165 which could be separated by chromatog-

raphy on silica gel. Hydrolysis of 165 would then afford

amino phosphonate 152. After much experimentation we found

Ph cl
r RNHz”NPO(OC,H,);

161 R=CH,Ph

160 - 162 =H

po(OC,H,). /LO(OCsz)z

NH, R” SN==CH,
"o
164 R=H
163 ’ 165 R=CO,CH,Ph
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that, although treatment of 164 with phenyl lithium and guench-

ing of the anion with benzyl chloroformate afforded a mixture

of 164 and 165, chromatography on silica gel, even at 5°, af-
forded only a 5% yield of fairly pure 165. Most of the Schiff
base probably hydrolyzed on the silica column.

Unable to synthesize 152 in a reasonable yield, we decided
to synthesize a similar phosphonate 170. If we used 170 instead
of 152 in our scheme (page 75), we would obtain g-lactam 166 in-
stead of 155. Ozonolysis of 166 at room temperature, protec-
tion of the result}ng carboxylic acid and sodium borohydride
reduction of the methyl ketone would then afford 167. Protec-
tion of the alcohol, hydrolysis of the ketal and cyclization

with sodium hydride would again give 158.

~ po(oc.Hy),
4r—§v’[\unz
o

170 166 167

The traditional method for the synthesis of amino phospho-
nates with general structure M involves the treatment of the ap-

propriate aldehyde with diethyl phosphite and ethanolic ammonia

/LO(OCsz)z
R” NNH; €

M

X
R= @ , alkyl
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in a pressure bottle at approximately 100°97. We found that

under these conditions furfuraldehyde did not afford any amino

98,99 have de-

phosphonate. Recently Rachon and Wasielewski
scribed a novel route to amino phosphonates 169 a and b. They
found that heating a solution of the appropriate aromatic azine
168 a and b in neat diethyl phosphite containing .l equivalent

of sodium for 8 hrs and work—u§ with etheral hydrogen chloride

gave amino phosphonates 169a, b. Using their conditions fur-
furaldehyde azine 168c100 afforded the amino phosphonate hydro-
N==CHR
RCH=N"

R/Lo(oczﬂs)z
NH; CI

w0 = <) Y,
b) R= _@—ocm b) R= —@—ocm

o r  {d)H o0 r { \>

o o

chloride 169c in fair yield. Neutralization of 169c with am-
monia afforded the desired amino phosphonate 170. We next
turned our attention to the synthesis of aldehyde 153. Self

condensation of ethyl vinyl ether under the conditions described

(—>/E)(OCIHS)Z C.H;0
/o\ NH, C2H5°>x—

Ll 171
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in a Japanese patent101

102

, afforded acetal 171 in 55% yield. Ozo-
nolysis of 171 in ethyl acetate followed by hydrogenation of
the ozonide in situ with palladium on calcium carbonate as cat-
alyst afforded the desired aldehyde 153 in 45% yield. Conden-
sation of 153 with amino phosphonate 170 afforded Schiff base
172a in quantitative yield. The p.m.r. spectrum of 1l72a showed
a characteristic multiplet at 7.9 p.p.m. for the Schiff base pro-
ton. To our surprise treatment of 172a with dimethylacryloyl
chloride or even with azidoacetyl chloride in refluxing methyl-
ene chloride, afforded very little B-lactam. The i.r. spectrum
of the reaction mixture showed only weak absorption at 1770 cm_l
where we expected the B-lactam to absorb. Repeating the reac-
tion in boiling dichloroethane with 2 or 3 equivalents of the.
acid chloride did not significantly increase the amount of
B-lactam formed. The lack of reactivity of 172a could have been
due to the phosphorane or due to the aldehyde component. When
we repeated the cycloaddition on the corresponding cinnamylidene
Schiff base 172b, a good yield of B-lactam 173 was obtained.

The lack of reactivity of Schiff base l172a was therefore prob-

ably due to the aldehyde component.

(OC,H,)z
MN =CH OC,H,
\<0C2Hs M(OCZHSL
172a o] |

o(oc,u,)2
WN=CH, o ‘
Ph ==

172b
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Since the key difference between the two aldehyde compo-
nents was that Schiff base 172b was derived from an unsaturated
aldehyde while 172a was not, it seemed likely that this double
bond was necessary for the success of the cycloaddition. In
our synthetic scheme the aldehyde component, therefore, had to
have general structure N. Treatment of the corresponding Schiff
base with dimethylacryloyl chloride would then afford B-lactam
174. We were therefore faced with the problem of finding an
a,B-unsaturated aldehyde N such that 174, which is derived from

it, could be transformed to 175.

‘\CHO

|2

174 175

Since the aldehyde N in the synthesis had to have a double
bond we were also faced with the problem of differentiating the
two double bonds in 174. Our plan was to attack the two prob-
lems separately. We, therefore, decided to work out the trans-
formation first with azidoacetyl chloride. The use of azido-
acetyl chloride allowed us to concentrate on the problem of the
transformation. Its use also simplified the p.m.r. spectra of the
B-lactams formed. After solving the transformation problem we
would return to the problem of differentiating the two double

bonds in 174.
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A solution might be to start with aldehyde 176103. How-
ever, even if we could synthesize the corresponding Schiff base

177, and from it the desired B-lactam 178, the conditions re-

quired to hydrolyze the vinyl ether in 178 to an aldehyde

would almost certainly destroy B-lactam 178.

cu,o\_ (_yLo(oc,HS), M,
" \cro | { o\ N=cH \_. ' o
OCH,

CH,0

176 177 178

Another simple solution would be to start with acrolein and
form Schiff base 179. Reaction with azidoacetyl chloride should
afford B-lactam 180. Hydroboration of 180 followed by oxidation
of the resulting alcohol would afford the desired aldehyde
B~lactam 181. The synthesis of Schiff base 179 proved to be
difficult. Addition of 1 equivalent of acrolein to a solution
of amino phosphonate 170 in methylene chloride containing mag-
nesium sulphate afforded only a 40% yield of Schiff base 179
contaminated with some other unidentified, presumably 1,4 addi-
tion, products. After many other unsuccessful attempts we

found that addition of a large excess (greater than 10 equiva-

0(0C.H), PO(OC.H;), | PO(OC,H;),

N N

T = . T NN

o o AR
CHO

179 180 181
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lents) of acrolein to amino phosphonate EZE in methylene chlo-
ride containing sodium sulphate afforded a good yield (greater
than 90% by p.m.r.) of Schiff base 179. Treatment of 179 with
azidoacetyl chloride/triethylamine at room temperature afforded

a 40% yield of g-lactam 180, v___ 1770 cm . Because of the

complexity of the p.m.r. spectrum of 180, the stereochemistry of
the ring junction could not be determined but was most probably
cis. The mass spectrum showed a very weak molecular ion and
peaks at m/e 327 for the loss of the vinyl group from the molec-
ular ion and at m/e 327 for the loss of nitrogen from the molec-
ular ion. Unfortunately treatment of 180 with 3 equivalents of
borane/tetrahydrofuran complex in tetrahydrofuran followed by

104

oxidation with trimethyl amine N-oxide in refluxing tetra-

hydrofuran afforded a complex mixture of products. The i.r.
spectrum showed a weak absorption at 1770 cm-l. The B-lactam
had not survived the hydroboration conditions. The apéroach
was abandoned. We had to try another substituent X in o,B-
unsaturated aldehyde N.

OCH treatment of the result-

105

We thought that if X were CH, 3

ing B~lactam 185 with palladium on charcoal should isomerize
the double bond to the corresponding vinyl ether 186. Ozonoly-

sis of 186 would then afford the desired aldehyde 18l. In order

PO(OC;H,), PO(OC,Hs),

CH;0

8 186
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to synthesize B-lactam 185 we had to first synthesize the a,B-
unsaturated aldehyde 183, which would be our starting material.
Aldehyde 183 was synthesized from 2-butene-1,4 diol. Methyla-

tion with dimethyl sulphate/sodium hydroxide afforded the mono-

106

methyl ether 182 in low yield. Alcohol 182 has been oxidized

to 183 using a modified Oppenhauer oxidation with cinnamaldehyde/

Al({-OPr)3106. We were unable to oxidize 182 to 183 using these

conditions but we found that alcohol 182 could be oxidized to
aldehyde 183 using pyridinium chlorochromate78. Condensation of
183 with amine 170 afforded Schiff base 184 in approximately 90%
Yield by p.m.r. Treatment of Schiff base 184 with azidoacetyl

chloride/triethylamine at room temperature afforded B-lactam

185, v 1770 cm-l, in 42% yield after column chromatography.

—— CcC=0
CH :0CH§
HOCH, CH,OCH, CHO
182 183

O/Lo(%,ns), ' po(ocH),
/O\ N==c<&- 1(-j>’$\
— |

CH,OCH,

184 185

The p.m.r. spectrum of 185 was very complicated and the stereo-
chemistry of the ring junction could not be determined by p.m.r.
Since all the B-~lactams formed from imines derived from o,B~un-

saturated aldehydes and azidoacetyl chloride up until now were
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cis, we could safely assign the cis stereochemistry to 185.
The presence of two peaks for the methyl ether in the p.m.r.
spectrum of 185 was, therefore, probably due to the presence of
two diastereomers.

Unfortunately, treatment of 185 in refluxing ethanol with

105

palladium on charcoal or with tris-triphenylphosphine rhodium

07 did not af-

chloride using the conditions described by Coreyl
ford any of the expected rearranged product 186. Only starting
material 185 was recovered. Steric hindrance in 185 probably

prevented the isomerization. The isomerization of allyl ethers

to vinyl ethers has been found to be sensitive to steric hin-

drancelos.
PO(OC,H;),
[ A—e® R\——\ !
0 H . i —
T DN,
HH S
CHO 186 187

O, ' RCH,CHO
R/ NG e

188 189

We next investigated the possibility of transforming the
double bond to an aldehyde using the known transformation of
vinyl silanes 187 to aldehydes 189. Stork found109 that epoxi-
dation of 187 to 188 with m-chloroperbenzoic acid, followed by

treatment with acid, afforded good yields of aldehydes 189. He
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11q

also found that the transformation of 190 to 191 occurred

during epoxidation when an appropriate neighbouring group was
present and that there was no need for the strong acid treat-
ment for the rearrangement of the epoxy silane to the aldehyde.
To explain these results Stork postulated that the carbonyl
group participated in the rearrangement as shown. This ob-

servation made the use of this transformation even more at-

! v

0

CH, v CH, I H

S - o > ’
§O (‘H’ §°) §O .

tractive. The phosphonate in the expected B~lactam 192 should
also participate in the rearrangement of 192 to the desired

aldehyde as shown.

22 193
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The required o,B-unsaturated aldehyde 196 was easily syn-
thesized from propargyl alcohol. Treatment of propargyl alcohol
with 2 equivalents of n-butyl lithium followed by quenching with
2 equivalents of trimethylsilyl chloride gave, after work-up

111,112

with aqueous acid, silyl alcohol 194 Reduction of 194

with 2 equivalents of lithium aluminum hydride in refluxing
tetrahydrofuran afforded fairly pure alcohol 195113. Oxidation
of alcohol 195 with pyridinium chlorochromate78 afforded trans

aldehyde 196114

in 45% yield based on 194. Condensation of
aldehyde 196 with amino phosphonate 170 afforded Schiff base
197. 1In the p.m.r. spectrum of 197, the Schiff base proton ap-
peared as a multiplet at 7.9 p.p.m. Treatment of 197 with azido-
acetyl chloride afforded B-lactam 198, Veso 1770 cm‘l, in 70%
yield. The stereochemistry of the B-lactam could not be deter-

mined by p.m.r., but was most probably cis. We were unable to

| _ :-—Ji | -&
TS e A

CHO

194 195 196

(oc.H ) PO(OC,H;),

27 198
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epoxidize 198 with m-chloroperbenzoic acid at room temperature109

or in refluxing dichloroethanellS’llG.

Attempts to epoxidize
198 with peracetic acid were equally unsuccessful. Steric
hindrance in 198 probably prevented the epoxidation of the
double bond.

Another way to achieve the desired transformation would be
to start with aldehyde 201, and form B-lactam 203. Oxidation of
203 would give sulphone 204. Treatment of 204 with mild base
should afford the o,B-unsaturated sulphone 205. Ozonolysis of

205 would give the desired aldehyde 18l. Aldehyde 201 was syn-

thesized from 2-butene-1,4 diol. Treatment of 2-butene-~l,4 diol

‘with thionyl chloride/pyridine afforded the monochloro deriva-

tive 199717, Heating 199 with thiophenol and sodium hydroxide

118
afforded alcohol 200 in 50% yield. Oxidation of 200 with pyri-
dinium chlorochromate78 gave fairly pure trans aldehyde 201.
Attempts to purify aldehyde 201 by distillation lead to its de-

composition while chromatography only afforded aldehyde 201 in

PhSCHvCHzOH PhSCH
HOCH,  ¢H,C! “CHO
199 200 201
PO(OC,H;),

PhSO,

204 =2 205
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about 90% purity. Treatment of impure aldehyde 201 with amino
phosphonate 170 gave Schiff base 202. Reaction of 202 with
azidoacetyl chloride/triethylamine at room temperature gave a
small amount of B~lactam (by p.m.r. and i.r.). Separation by col-
umn chromatography failed to give pure f-lactam. The failure of
the reaction to give a reasonable yield of B-lactam was very
surprizing. This might have been due to the reaction of the
sulphur with the acid chloride.

An interesting way to achieve the desired transformation
would be to start with aldehyde 206 and form the B-lactam 207.
Treatment of 207 with p-toluenesulphonic acid would give the

isomerized BR-lactam 208119.

Ozonolysis or treatment with
osmium tetroxide/sodium periodate should then afford the de-
sired aldehyde 181. Aldehyde 206 has not been described in the

literature. We envisioned two possible routes to aldehyde 206.

\ —
/o vmcn -

N CHO
CH,SPh
202 206
PO(OC 2 H 5)2 Pdoc 2 H 5]2

o /R N?°
:iN HO\—_\Ji-— %!‘ :\N
AL i ﬁ Ao

207 209 208
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They are illustrated in Figure 24. The first route uses the
new approach for the synthesis of substituted acroleins

recently described by G. Tadema et al.120

which involves reac-
tion of propiolaldehyde diethyl acetal with Grignard reagents
followed by acid hydrolysis of the resulting allene. The
second is based on the route used for the synthesis of the new
carboxylic acid protecting group 292}21. Due to lack of time,
these routes could, unfortunately, not be explored experimen-
tally. This approach to achieve the desired transformation

will be explored by A. Ugolini in Dr. Just's laboratory.

|
1) —ISicu,Mgcl + Hc=ccH({oC,H,), —> —-S'iCH,CH =C=CH(0C,Hy)
+
<
206
/=/coocu,
COOCH,
2) ZnBrCHg —> | =

1) LiAlH4/MeOH

4

2) Pyridinium chloro-
206
— chromate

Fig. 24: Possible routes to aldehyde 206
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Contributions to Knowledge

(1)

(2)

(3)

(4)

The stereochemistry of the B-lactams formed by reacting
azidoacetyl chloride with cinnamylidene Schiff bases
derived from substituted anilines, was found to depend
on the substituent. Schiff bases derived from electron
rich anilines with pKa > 2.4 afforded exclusively cis

B-lactams.

Cephalosporin analogs 60 and 120 were synthesized. The
key step in the synthesis of 120 involved the novel
cyclization of t-butyldimethylsilyl ether mesylate 109

with potassium fluoride/l8-crown-6.

The reaction of dimethylacryloyl chloride and crotonyl
chloride with various Schiff bases afforded cis B-lactams

in fair to good yields.

B-Lactam 150, a key intermediate, for the synthesis of
cephalosporin and penicillin analogs containing the PS-5

side chain was synthesized.
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General Experimental

Melting points were determined on a Gallenkamp block and
are uncorrected. Mass spectra (m.s.) were obtained on an
AE1-MS-902 mass spectrometer or on an LKB-900 mass spectro-
meter at 70 eV using a direct insertion probe. Infrared (i.r.)
spectra were obtained on Unicam SP1000, Perkin Elmer 257 and
297 spectrophotometers. Proton magnetic resonance (p.m.r.)
spectra were recorded on Varian T-60, T-60A, HA-100 and on
Brucker FT 90 spectrometers using tetramethylsilane (TMS) as
an internal standard. Chemical shifts are given in the § scale
in parts per million. Doublets ('d'), triplets ('t') and
quartets ('q') were recorded at the center of the peaks, and
multiplets ('m') as their range of absorption; other abbrevia-
tions used: singlet ('s') and broad ('b').

Analytical thin layer chromatography (t.l.c.) was per-=
formed on silica gel-coated plateé (Machery Nagel Polygram G
or Merck Silical Gel 60) and on a preparative scale on silica
gel (Merck HF 254) coated glass plates (20 cm x 20 cm x 1 mm).
Merck silica gel 60, Woelm alumina (neutral) and Camag alumina
(supplied by Ventron) were used for normal chromatography.
Silica Woelm 32-63 was used for flash chromatography.

Solvents were reagent grade unless otherwise specified.
All evaporations were done under reduced pressure (water as-
pirator) with a bath temperature of 25-40° unless otherwise
specified.

Elemental analyses were performed by Heterocyclic Chemi-
cal Corporation, Missouri and Midwest Microlab Ltd., Indiana-

polis, Indiana.



Experimental

Chapter 1
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Lactone 24

To a solution of benzylidene anthranilic acid 23
(900 mg) in dry benzene (25 ml) containing triethylamine
(.8 g) was added dropwise a solution of phthalimidoacetyl
chloride (.9 g) in dry benzene (6 ml) over a period of
20 min. The reaction mixture was stirred for one more
hour and the salt filtered off. The filtrate was washed
with 1% HCl (2 x 10 ml), dried and evaporated. Chromatography
of the filtrate on thick layer plates using CHC13/ether 3:1
as eluent afforded ~ 100 mg of lactone gi, m.p. 185° (dec.):
p.m.r. (DCCl3): § 4.9 (g, 2H, CH2),.7.O-8.0 p.p.m. (m, 14H,

1

aromatic + OCHPh); i.r. (HCCl3): Ymax 1780 (weak), 1740 cm P

m.s.: m/e 412 (M+).
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Phthalimido f~lactam 25

To Schiff base 23 (1.7 g, 7.6 mM) and triethylamine

(1.8 g, 18 mM) in dry CH Cl2 (50 ml) was added quickly tri-

2

methylchlorosilane (1.75 g, 16 mM) in CH,Cl, (5 ml). The

2772
mixture was stirred for 5-10 min and then triethylamine

(.8 g, 8 mM) was added. To the solution was added over
1% hours a solution of phthalimidoacetyl chloride (1.7 g,

7.6 mM) in dry CH2C12 (100 ml). After the addition was

complete the mixture was stirred for two more hours. After
the addition of methanol (3 ml), the solution was washed with

H,O (50 ml), saturated NaCl solution (50 ml), dried (MgSO4)

2

and evaporated. The resulting solid was chromatographed on

60 g silica gel act III. Elution with CH C12, and then ethyl

2
ether-chloroform (1l:1) afforded, after crystallization with

CHC1 -CC14, 1.7 g (55%) of B-lactam 25, m.p. 214-215°;

3
p.m.r. (DCC13): § 5.3 (d, 1H, CH, J = 2.5 Hz), 5.6 (4, 1H,

CH, J = 2.5 Hz), 6.9-8.0 (m, 13H, C6H4 + C6H5),

(bs, 1H, COOH); i.r. {(Nujol): Ymax 2300-3500 (COOR), 1770
1

(B-lactam), 1720 (phthalimide), 1690 cm

11.2 p.p.m.

(COOH); m.s.: m/e

+
412 (M), 249, 225, 187, 163. Anal. Calcd for C24H16N205.

C, 69.90; H, 3.91; N, 6.79. Found: C, 70.29; H, 4.09; N, 7.03.
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Ester EZ

To acid 25 (2.47 g, 6 mM) in dry acetonitrile (60 ml) was
added p-methoxybenzyl alcohol (.91 g, 6.6 mM) and dineopentyl
N,N-dimethyl formamide acetal (2.04 g, 8.7 mM). After sealing
the flask under nitrogen, the solution Was stirred at room
temperature 24 hrs. Concentration down to 20 ml and filtration
afforded 2.1 g (66%) of pure ester 27, m.p. 189-190°; p.m.r.
(DcCl,;): § 3.7 (s, 3H, OCH,), 5.0 (4, 1H, CH, J = 2.5 Hz),

5.6 (4, 1H, CH, J = 2.5 Hz), 5.1 (bs, 2H, CH2), 6.4~-7.8 p.p.m.

1

(m, 17H, aromatic); i.r. (Nujol): vy 1780 (B-lactam), 1720 cm

max
(ester and phthalimido).

Amine 28
To ester 27 (1.59 g, 3 mM) in CH,Cl, (75 ml) was added
hydrazine (120 uyl, 3.8 mM). The solution was stirred 48 hrs

at room temperature and the solid that formed was filtered off.
Evaporation of the solvent afforded an oil which was chromatog-

raphed on silica gel act III using first CHC13/CH2C1 1:1 as

2
eluent. Elution with chloroform-ether (3:1) afforded .66 g

(50%) of amine 28 as an oil. P.m.r. (DCCl3): § 1.9 (bs, 2H,

NH,), 3.9 (d, 1H, CHNH,, J = 2.5 Hz), 4.8 (d, 1H, CHPh,

2[
J= 2.5 Hz), 5.2 (s, 2H, CHz), 6.6-7.7 p.p.m. {(m, 13H, aromatic);

i.r. (CHCl3): Y

1120 em 1.

max 3400 (NHZ)' 1770 (B-lactam), 1730 {(ester),



95

Schiff base 29a

A solution of amine 28 (2i0 mg, .52 mM) and p-nitro-
benzaldehyde (78 mg, .52 mM) in benzene (50 ml) was refluxed
13 hrs using a Dean Stark trap. Removal of benzene afforded
Schiff base 29a in quantitative yield; p.m.r. (DCC13):

§ 3.8 (s, 3H, OCHB), 4.7 (m, 1H, CH-N=C), 5.3 (bs, 2H,

CH2), 5.5 (s, 1H, CHPh, J = 2.5 Hz), 6.7-7.5 (m, 13H, C_.H

64
and C6H5), 8.0 (g, 4H, N02C6H4), 8.4 p.p.m. (s, 1lH, HC=N);
i.r. (CHC13): Ymax 1775 (B~lactam), 1730 (ester and phthalimido),
1620 em™ 1 (c=N).

Schiff base 35

A solution of amine 28 (210 mg, .52 mM) and 3,5-di-tert-
butyl-4-hydroxybenzaldehyde (128 mg, .55 mM) in benzene (50 ml)
was refluxed 1% hrs using a Dean Stark trap. Removal of
benzene afforded Schiff base 35 in quantitative yield; p.m.r.
(cpcly): 6 1.4 (s, 18H, Bu"), 3.6 (s, 3H, OCH,), 4.35 (bs,
1H, CH-N=C), 5.0-5.2 (m, 3H, CH,, CHPh), 5.2-5.5 (m, 1H, OH),
6.6-7.6 (m, 15H, aromatic), 8.05 p.p.m. (s, 1lH, CH=N); i.r.

1

(film): v

nax 3650 (OH), 1770 (R-lactam), 1730 (ester), 1630 cm

(C=N).



96

Formimidate 37

Into methyl anthranilate (10 g, 66 mM) and trimethyl
orthoformate (15 g, 141 mM) was bubbled HCl gas for a few
seconds. The mixture was heated at 110° and the methanol
formed distilled off. Near the end of the distillation a
few crystals of TsOH were added. When 4 g of methanol was
collected, the distillation was stopped and 2 g of anhydrous
K2CO3 was added. Excess orthoformate was then distilled
off at ~ 60° (60 mm). Fractional distillation of the
‘residue gave 5.5 g (43%) of almost colourless formimidate
37; p.m.r. (DCC13): § 3.7 (s, 3H, OCHB), 3.8 (s, 3H, OCH3),

6.4-7.8 m (5H, C6H4 and HC=N); i.r. (film): Ymax 3000,

1

1730 (C=0), 1660 cm * (C=N); m.s.: m/e 193 (M1).
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B-Lactam ester §§

To formimidate 37 (9 g, 46 mM) in CH C12 (150 ml) and

2

triethylamine (5.0 g, 50 mM) under N, was added dropwise

2
over 2 hrs phthalimidoacetyl chloride (12.25 g, 54 mM) in

CH2C12

O (2 x 100 ml), dried (MgSO4) and evaporated. Crystal-

(100 ml). After 16 hrs, the solution was washed with

Hy

lization from CHCl3/hexane, afforded 6 g (33%) of B-lactam
38, m.p. 175-176.5°; p.m.r. (CDCl3): § 3.3 (s, 3H, OCH3),
3.81 (s, 3H, COOCH3), 5.4 (d, 1H, CH, J = 2 Hz), 5.9 (4, 1H,
CH, §J = 2 Hz), 7.0-7.8 p.p.m. (m, 8H, C6H4); i.r. (CHC13):

1

1775 (B~lactam), 1730 (ester), 1400 cm —~; m.s.: m/e 380

Ymax

7).
When the reaction was stopped after 2 hrs, a crystalline_

side product, methyl N-phthalimidoacetyl anthranilate 39,

could be isolated by repeated chromatography on SiO2 act III

and recrystallization from CHCl3—hexane, m.p. 188-190°;

p.m.r. (DCC13): § 3.8 (s, 3H, OCH3), 4.7 (s, 2H, CHZ)’ 7.0-9.0

(m, 8H, C6H4), 11.5 p.p.m. (s, 1H, NH); i.r. (CHCl3): Y

max
3300 (NH), 1780, 1725 (phthalimido, ester), 1690 cm_l (amide) .
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Amine B-~lactam gg

To B-lactam 38 (2.7 g, 7.1 mM) in CH CL, (50 ml) was

2
added hydrazine (.246 ml, 7.6 mM). After stirring at room
temperature for 3 days, the orange solid was filtered off

and washed with CH2C12. The filtrate was extracted with
ice-cold 1% HCl (2 x 100 ml). After neutralization with

1N NaOH, the aqueous phaée was extracted with chloroform

(2 x 200 ml). Drying (MgSO4), and evaporation afforded

500 mg (28%) of amine 42 as an orange gum. P.m.r. (DCC13):

§ 1.8 (s, 2H, NHZ)' 3.4 (s, 3H, OCH3), 3.8 (s, 3H, COOCHB),

4.1 (bs, 1lH, QENHZ), 5.2 (bs, 1H, CHOMe), 7.0-7.8 (m, 4H,

1

C6H4); i.r. (CHC13): Ymax 3400 (NH), 1770 (B-lactam), 1730 cm

(COOCH,); m.s.: m/e 250 oy, 192.

Schiff base 43

A solution of amine R-~lactam 42 (125 mg, .5 mM) and
p-nitrobenzaldehyde (76 mg, .5 mM) in benzene (30 ml) was
heated at reflux for 2 hrs using a Dean Stark trap. Evap-
oration of benzene afforded Schiff base 43; p.m.r. (DCC13):

§ 3.3 (s, 3H, OCH3), 3.7 (s, 3H, CO CH3), 4.8 (t, 1H, CHN=C),

2
5.5 (d, lH, QEOCH3), 7.0—8.1 (m' 8H, C6H4)' 8-3 p.P.m- (bs,

1H, N=CH); i.r. (neat): Ymax 1775 (B-lactam), 1730 (ester),
1

1620 cm — (C=N).
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B-Lactams iﬁ and iz

Anthranilic acid (2.7 g, 20 mM) and cinnamaldehyde
(2.64 g, 20 mM) was heated for 4 hrs using a Dean Stark
trap, and the solvent evaporated. To the resulting Schiff
base 44 was added triethylamine (6 g, 60 mM) in dry CH2C12
(200 ml) and then dropwise trimethylsilyl chloride (4 g,

37 mM) in CH2C12 (10 ml) at -5°. After stirring for 10 minutes
a solution of azidoacetyl chloride (2.4 g, 20 mM) in CH,Cl,
(50 ml) was added at -5°. After stirring 30 more minutes

at room temperature, methanol (5 ml) was added. The solution
was washed with HZO (2 x 100 ml), dried, and evaporated.
Chromatography on SiO2 (200 g) act III using first CH2C12

and then ether afforded 1 g of impure acid 46. An ethereal
solution of 46 was treated with CH2N2. Chromatography on

SiO2 act III (20 g) using CHCl3 as eluent gave 250 mg of

ester 47 és a red oil. P.m.r. (CDC13): § 3.8 (s, 3H, OCH3),

4.5 (d, 1H, CHN J =2 Hz), 4.7 (q, 1H, CHCH=CHPh, J, = 2 Hz,

3 1
J2 = 7 Hz), 6.0 (g, 1lH, Jl = 7 Hz, J2 = 18 Hz, CHCH=CHPh),
6.7 (4, 1H, HC=CHPh, J = 18 Hz), 6.9-7.5 p.p.m. (m, 9H, C6H5

. -1
and C6H4), i.r. (CHCl3). Ymax 1760 (B-lactam), 1725 cm

(ester); m.s.: m/e 320 (M+).
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Silylether amine 51

To o-aminobenzyl alcohol 50 (1.23 g, 10 mM) in dry
DMF (15 ml) was added imidazole (1.75 g, 25 mM) and tert-
butyldimethylsilyl chloride (1.65 g, 11 mM). The solu-
tion was stirred at room temperature and partitioned between

H,O0 (50 ml) and ether (100 ml). The ether layer was washed

2
with water (4 x 50 ml), dried and evaporated. A guantitative
yield of silylether amine 51 was obtained. P.m.r. (DCC13):

§ 0.05 (s, 6H, Si(CH;),), 0.9 (s, 9H, SiBu®), 4.0 (bs, 2H,
NH2), 4.6 (s, 2H, ggzo ), 6.9-7.0 p.p.m. (m, 4H, C6H4);

i.r (film): Ymax 3460, 3370, 2910, 1630, 1420, 1050 cm_l.

Schiff base 52

A solution of amine 51 (4.72 g, 20 mM) and cinnamaldehyde
(2.7 g, 20 mM) in benzene (50 ml) was heated at reflux for
8 hrs using a Dean Stark trap. Evaporation of benzene af-
forded a quantitative yield of Schiff base 52 as a yellow
oil. P.m.r. (DCC13): § 0.05 (s, 6H, SiMez), 0.9 (s, 9H,
siBu®), 4.9 (s, 2H, -CH,0-), 6.8-7.4 (m, 9H, aromatic),
7.9 p.p.m. (t, 1H, HC=NPh); i.r. (film): vy___ 2910, 1640
(C=N) cm .
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-B—Lactam azide 53

To a solution of Schiff base 52 (7.0 g) and triethyl-
amine (2.4 g, 1.2 eq) in CH2C12 (200 ml) at -20° under
nitrogen was added dropwise over 1 hr azidoacetyl chloride

(2.8 g, 1.15 eq) in CH Cl2 (100 ml1). The solution was

2

stirred for 1 hr at room temperature, washed with H20

(2 x 100 ml), dried (MgSO4) and evaporated. Treatment of
the red oil with charcoal in ether gave, after crystalliza-
tion from pentane, 6.0 g (74%) of B-lactam 53 as a white
solid, m.p. 91-92°; p.m.r. (DCCl3): § 0.1 (s, 6H, SiMez),
0.95 (s, 9H, SiBu"), 4.8 (s, 2H, CH,0), 4.8-5.2 (m, 2H,
CH—CHNB), 6;0—6.9 (m, 2H, PhCH=CH-), 7.2-7.€ p.p.m. (m, 9H,

1

aromatic); i.r. (KBr): vy 2900, 2100 (N3), 1745 cm

max
(C=0); m.s.: m/e 434 (MT), 406 (M+—N2), 377 (Mt-57). Anal.

Calcd for C24H30N4025i: C, 66.40; H, 6.97; N, 12.92. Found:

C, 66.31; H, 6.85; N, 12.91.
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B~Lactam amide 54

Hydrogen sulphide was bubbled into a solution of azide
53 (450 mg, 1.1 mM) and triethylamine (150 mg, 1.5 mM) in
CH2C12
with Nz, washed with H

(20 m1l) at 0°. After 1 hr, the solution was purged

2O (2 x 20 ml), dried and evaporated.

To the crude product in CH2C12 (20 ml) and triethylamine
(150 mg, 1.5 mM) was added dropwise phenylacetyl chloride

(.237 g, 1.5 mM) in CH.,Cl, (1L ml). After stirring for

2772
30 more minutes, the solution was washed with pH 4.5 buffer
{20 ml), water (20 ml), dried (MgSO4) and evaporated. The
crude product was chromatographed on SiO2 (20 g) act III
using first CH2012 as eluent. Elution with CHC13/ether
1:1 afforded after crystallization from pentane-chloroform
300 mg (60%) of amide 54 as a white solid, m.p. 108.5-109°;
p.m.r. (DCCly): 6 0.1 (s, 6H, SiMe,), 0.95 (s, SH, si-BuY),
3.4 (s, 2H, CHzPh), 4.8 (s, 2H, CH,~OTBDMS), 4.9 (g, 1H,

2

CHCH=CHPh, J, = 7 Hz, J, = 5 Hz), 5.6 (g, 1H, CHNH, J;

J2 = 7 Hz), 6.2 (q, l1H, CH=CHPh, Jl = 7 Hz, J2 = 16 Hz),

6.5 (4, CH=CHPh, 1H, J = 16 Hz), 7.0-7.5 p.p.m. (m, 10H,

= 5 Hz,

C6H5' C6H4 and NH}; i.r. (HCC13): Y 3450 (NH), 2900 (N3),
1

1750 (B-~lactam), 1680 (amide), 1080 cm ~; m.s.: m/e 524 (M+),

max

467 (MT-57).
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Alcohol 55

Ozone was passed for 13 hrs through a solution of azide

33 (4 g) in CH,Cl, (80 ml) and ethanol (160 ml) at -78°. After

2
purging with N2, NaBH4 (.8 g) was added and the solution al-
lowed to warm up to room temperature (2 hrs). The reaction

was quenched with pH 4.5 buffer (150 ml), evaporated and par-
titioned between CHCl3 (200 ml) and H,
tion and drying (MgSO4) afforded, after crystallization from

O (100 ml). Evapora-

hexane-CC1l 2.5 g of alcohol 55 (76%), m.p. 95-96°; mer.(DCCl3):

4'
§ 0.15 (s, 6H, SiMe,), 0.9 (s, 9H, siBu%), 2.6 (bs, 1H, OH), 3.8

(bs, 2H, CH,OH), 4.3 (q, 1H, CHCH,), 4.7 (s, 2H, CH,OTBDMS), 4.8

i.r. (HCC13) :
1

(d, 1H, CHN J=5 Hz), 7.0-7.4 p.p.m. (m, 4H, CGH

37 4)7

Y 3350 (OH), 2900, 2100 (Nj), 1755 (C=0), 1050 cm

max

Methyl ether 56

To a solution of alcohol 55 (450 mg) in dry CH2C1 (50 ml)

2
at 0° was added 5 drops of a solution containing 0.5ml BF .Et20
in ether (25 ml). To this pink solution was added excess (v 10 eg)
of CH2N2 in ether over 30 min. After stirring for an additional
hour, the suspension was filtered, washed with HZO (25 ml), dried
(MgSO4) and evaporated. Chromatography of the residue on Sio2
act III (20 g) using chloroform as eluent afforded 340 mg (74%)
of methyl ether 56 as a clear colourless syrup. P.m.r. (DCCl3):

§ 0.1 (s, 6H, SiMe,), .95 (s, 9H, Si-Bu®), 3.2 (s, 3H, OCH,), 3.3-3.7
(m, 2H, C__HZOCH3), 4.3 (q, 1H, C_HCHZOCH3) , 4.5 (q, 2H, C_H20TBDMS),

4.6 (d, 1H, CHN J =75 Hz), 6.9-7.4 p.p.m. (m, 4H, C

3!
2900, 2100 (N;), 1760 (C=0) —

6H4; i.r. (neat):

Ymax
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Methoxy amide 57

Into a solution of methoxy azide 56 (340 mg, .9 mM) in

CH Cl2 (20 ml) and Et,N (.25 ml, 2.5 mM) at 0°C was bubbled

2 3
hydrogen sulfide for 5 min. The ice bath was removed and

the solution let stand 1 hr, washed with H,O0 (2 x 25 ml),

2
dried (Na2804) and evaporated. To the crude product in
CH2C12 (10 ml) was added pyridine (.5 ml, 6 mM) and then
phenylacetyl chloride (.2 ml, 1.5mM). After stirring at
room temperature for 20 min, the solution was washed with

pH 4.5 buffer (25 ml), dried (MgSO4) and evaporated. The

crude product after chromatography on SiO, act III using

2
chloroform as eluent afforded 280 mg (65%) of amide 57 as a

yellow syrup. P.m.r. (DCC13): § 0.15 (eH, 4, SiMez), 0.9

(s, 9H, SiBu%), 2.9 (s, 3H, OMe), 3.2-3.6 (m, 2H, CH,OCH,) ,
4.2-4.4 (m, 1H, CHCH,OMe), 4.8 (q, 2H, CH,OTBDMS), 5.7 (q, 1H,
CHNH, Jl = 5 Hz, J2==7 Hz), 7.0-7.5 p.p.m. (m, 10H, C6H5’

C6H4 + CHNH); i.r. (HCC13): Ymax 3350, 2900, 1750 (B-lactam),
1

1665 (amide), 1100 cm
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Benzyl alcohol 58

To a solution of amide 57 (280 mg) in THF (10 ml)/HZO (2ml)
was added dropwise trifluoroacetic acid (2ml). After stirring
10 minutes at room temperature the solution was poured onto 5%
NaHCO3 (50 ml) and extracted with ethyl acetate (2 x50 ml). Drying
(MgSO4) , evaporation and chromatography on thick layer plates
(Sioz, 20 x 20 cm) using ether/ethyl acetate (2:1) as eluent af-
forded 110 mg (52%) of alcohol 58 as a colourless syrup. P.m.r.

(DCCl,): 8 2.95 (s, 3H, OCH,), 3.2-3.6 (m, 2H, CH,OCH,), 3.7 (s, 2H,

CHzPh), 3.8-4.2 (m, 1lH, CHz(E), 4.3-4.5 {m, 1H, C_HCH20CH3), 4.6
(s, 2H,"CH,OH), 5.7 (g, 1H, CHNH, J, = 5 Hz, J, = 7 Hz), 6.7-7.6
p.p.m. (m, 10H, NH, aromatic); i.r. (CHC13): Ymax 3350 (NH),

1745 (C=0), 1670 cm ¥ (amide C=0).

Aldehyde 59

To a slurry of pyridinium chlorochromate (100 mg, .46 mM) and

NaOAc (24 mg, .3 mM) in CH2C12 (2ml) was added a solution of al-

cohol 58 (100 mg, .3mM) in CH,Cl, (1ml). After stirring for 1lhr,

2772

the reaction mixture was poured into ether (50ml). The solution

was filtered (celite), washed with H,O (2 x50ml) and dried

2
(Na2804). Evaporation of ether gave 70mg (70%) of aldehyde 59,

m.p. 137-138°; p.m.r. (CDC13): 2.9 (s, 3H, OCH3), 3.4 (m, 24, C_HZOMe),

3.7 (s, 24, CH,Ph), 4.4-4.7 (m, 1H, CHCH,OMe), 5.8 (q, 1H, CHNH, J, =

2 1

5 Hz, J, =7 Hz), 6.7 (bd, 1H, NH, J=7 Hz), 7.0-8.0 (m, 9H,
aromatic), 10 p.p.m. (s, 1lH, CHO); i.r. (KBr): Ymax 3300, 2880,
1755 (B-lactam), 1680 cm-'l (amide and aldehyde); m.s.: m/e 352

mty, 351 (mt-1), 205, 146.
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Carboxylic acid 60 and methyl ester 61

To a solution of alcohol 58 (85 mg) in acetic acid (4 ml)

was added 1 ml of a solution of CrO, (800 mg) in AcOH (9 ml)

3
and H20 (1 ml). The solution was stirred overnight at room
temperature, poured into HZO (50 ml) and extracted with HCCl3

(3 x 50 ml). The organic phase was washed with water

(2 x 20 ml), and then extracted with NaHCO3 (2 ¥ 50 ml).
Neutralization of the NaHCO3 extracts with dilute HCl to pH 1
and extraction with chloroform (2 x 100 ml) afforded after
drying (MgSO4) and evaporation 25 mg of acid 60; p.m.r. (DCCl3):

8 2.85 (s, 3H, OCH;), 3.4 (bd, 2H, CH ocH3), 3.7 (s, 2H, CH,Ph),

2
4.6 (bd, 1H, CHCH,OCH,), 5.8 (g, 1H, CHNH, J; = 5 Hz, J, = 7 Hz),
6.8 (4, 1H, NH, J = 7 Hz), 6.8-7.8 (m, 9H, aromatic), 9.5 p.p.m.
(bs, 1H, COOH); i.r.(HCCl3):"GE% 2500-3500 (NH, OH), 1755 (B-lactam),
1710 (COOH), 1670 cm™ ' (amide C=0). Treatment with diazo-

methane in ether gave methyl ester 6l; m.s.: m/e 382 (M+),

351 (MT-31), 205 (base peak), 177.



Experimental

Chapter 2
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gB-Lactams 68 and 70

3-Methoxy anthranilic acid 63 (.8 g, 5 mM) and cinnamalde-
hyde (.66 g, 5 mM) in 50 ml benzene were heated at reflux for
24 hrs using a Dean Stark trap. After evaporation of the ben-
zene, Me,SiCl (.65 ml, 5.1 mM) in 10 mlCHfH.

3
to a solution of 66 in 50 ml CH

, was added dropwise

Cl, containing Et3N (1.4 g, 15 mM).

2772
The mixture was then cooled to -20° and azidoacetyl chloride

(.6 g, 5 mM) in CH2C12(10 ml) was added dropwise over 15 min.
The reaction mixture was stirred for an additional 30 minutes

and after the usual work-up, the crude product was chromatog-

.

raphed on SiO, act III (40 g). Elution with CH Clz, and then

2 2

with CHCl_ -ether (l:1) afforded crude acid 67 and 69 as a mixture.

3
An ethereal solution of the acid was methylated with CH2N2,

washed with 5% HC1l (4 x 50 ml) to remove anthranilic acid, and
purified by thick layer plates (20 x 20 x 1 mm, SiOz) using CHC13/
ether (5:1). Yield 300 mg of 68 and 70; p.m.r. (CHC13): § 3.8

(d, 6H, OCH3), 4.2-5.0 (m, 2H, CH and CHN3), 6.0-6.6 (m, 2H,

PhCH=CH) , 6.8-7.5 p.p.m. (m, 8H, C.H, and C/Hg); i.r. (CHC1,):

Ymax 1750, 1730 cm_l;addition of Eu(fod)3 separated the doublet

ma
at 3.8 into 4 singlets and multiplets at 4.2-5.0 to a doublet

(1H) for CHN3 of cis (J = 5 Hz) and doublet (lH) for CHN., of

3,4 3

trans (J3,4 = 2 Hz).
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3-Methoxy-2-nitrobenzyl alcohol 71

Borane (1 Molar) in tetrahydrofuran (28 ml) was added drop-
wise to a solution of 3-methoxy-2-nitrobenzoic acid (4 g, 22 mM)
in tetrahydrofuran (75 ml). The solution was stirred overnight
and methanol was added to destroy the borane. After several
co-evaporations with methanol, the residue was dissolved in

ethyl acetate (100 ml), washed with 10% NaHCO, (2x100 ml) and

3
dried (MgSO,). Evaporation afforded 2.49 (65%) of 3-methoxy-~2-
nitrobenzyl alcohol; p.m.r. (acetone d6: § 3.8 (s, 3H, OCH3),
4-5 (bS, lH, CHzoE)' 4-7 (S, 2H’ C_I-lon), 7-0-7-4 p-p-m. (m' 3H’

C6H3).

Methoxymethyl ether 72

Alcohol 71 (2.4 g), phosphorus pentoxide (7 g) and methylal
(10 ml) in methylene chloride (30 ml) were shaken 1 hr at room
temperature. The solution was decanted from the.solid residue.
The solid residue was washed with methylene chloride (100 ml).
The combined methylene chloride fractions were washed with 5%

NaHCO, (100 ml), dried (MgSO4) and evaporated. Chromatography

3

of the residue on Alzo act III using methylene chloride as

3
eluent afforded 2.25 g (76%) of methoxymethyl ether 72; p.m.r.

(cpCly): & 3.2 (s, 3H, CH,OCH.), 3.7 (s, 3H, OCH,), 4.5 (d, 4H,

2
5 2OCH3), 6.8-~7.4 p.p.m. (m, 3H, C6H3); i.r. (film): vy
2940, 1610, 1530, 1140 cm I.

CH,OCH

max
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Amine 73

Alcohol 72 (2 g) in ethanol (50 ml) containing 50 mg of
PtO2 was hydrdgenated at 40 psi in a Parr hydrogenator for
1 hr. Filtration and evaporation.afforded a quantitative

yield of amine 737 p.m.r. (CDC13): § 3.4 (s, 3H, CHZOEEB)'

3.7 (s, 3H, OCH,), 4.4 (bs, 2H, NH,), 4.6 (d, 4H, CH,OCH,OCH;),

2 2
6.6 (t, 3H, C6H5); i.r. (film): vy 3440, 3360 (NH2), 1620,

1

max
1490, 1040 cm

B-Lactam 75

Amine 73 (3.8 g, 20mM), éinnamaldehyde (2.64 g, 20 mM)
and a crystal of p-toluene sulphonic acid in benzene (100 ml)
were heated at reflux using a Dean Stark trap for 5 hrs. Evap-
oration of the benzene afforded Schiff base 74. To the Schiff
base in methylene chloride (200 ml) and triethylamine (3 ml,
20 mM) at -20° was added dropwise over 1 hr a solution of
azidoacetyl chloride (2.4 g) in methylene chloride (100 ml).
After stirring for an additional 45 min the solution was
washed with H,0 (2 x 100 ml), dried (Mgso4) and evaporated.
0

Chromatography of the residue on Al act III eluting with

273
methylene chloride afforded 5.6 g (70%) of R-lactam 75;

p.m.r. (CDC13): § 3.2 (s, 3H, CH209g3), 3.7 (s, 3H, OCH3),

6.0-7.5 p.p.m. (m, 1l0H, CeHys CgHp, CH=CH-Ph); i.r. (film):

1

Y 2915, 2100 (N3), 1760 (C=0), 1100 cm

max
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B-Lactam alcohol 76

Azide 75 (1.2 g) was dissolved in methylene chloride (30 ml)
and isopropanol (150 ml). The sclution was cooled to -65° and
ozone was bubbled through for 1 hr and 15 min. After purging
excess ozone with nitrogen, sodium borohydride (150 mg) was added
and the solution was allowed to warm up to room temperature.
After the addition of pH 4.5 buffer (40 ml) the solution was
evaporated. The residue was partitioned between CHCl3 (100 ml)
and water (50 ml). The organic phase was dried (MgSO4) and
evaporated. Chromatography of the residue on thick layer Qlates
using CHCl3/ether 3:1 afforded 550 mg (56%) of alcohol 76; p.m.r.
(CDC13): § 3.4 (s, 3H, CHZOSEB)’ 3.8 (bs, 1H, CH,OH), 4.0 (d, 2H,
EEZOH)’ 4.0 (s, 3H, OCH3), 4.5-4.7 (m, 1lH, CHCH,OH) , 4.8 (g, 2H,

3!
p.p.m. (m, 3H, CcHj); i.r. (CHCL;) 3300, 2100 (N;), 1760 cm = (C=0).

Mesylate 77

Mesyl chloride (114 mg, 1 mM) in methylene chloride (5 ml)
was added dropwise to a solution of alcohol 76 (330 mg, 1 mM)
and triethylamine (100 mg, 1 mM) in methylene chloride (20 ml)
at -78°. The solution was allowed to warm up to room temper-

ature (1 hr) and washed with H20 (2 x 20 ml). Drying (Mgso4)

and evaporation afforded mesylate 77 in quantitative yield.

P.m.r. (CDC13): § 2.8 (s, 3H, SOZCH3), 3.4 (s, 3H, CH 0923), 3.8

2
(s, 3H, OCH3), 4.2-4.4 (m, 1H, SECHZO), 4.6 (g, 2H, Arg§20),

4.7 (s, 2H, CH,0CH,OCH,), 5.0 (4, 1H, CHN, J=5 Hz), 6.6-7.4 p.p.m.

3

(m, 3H, C6H3).
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3~Hydroxy-2-nitrobenzaldehyde 80

To a suspension of 3-methoxy-2-nitrobenzaldehyde (12 g,

66 mM) in CH Cl2 (300 ml) at -78° was added dropwise over

2

1/2 hour a solution of BBr3 (20 ml1, 210 mM) in CH,Cl, (200 ml).

2772
After the addition was complete, the dry ice acetone bath was
removed and the red solution allowed to warm up to 20° (3 hrs).
The red solution was poured into crushed ice (500 g) and ex-
tracted with ethyl acetate (1 £). Drying (MgSO4) and evapora-
tion in vacuo afforded 11 g (94%) of crude 3-hydroxy-2-nitro-
benzaldehyde 80, m.p. 140° (decomp); p.m.r.'(DMSO d6): § 7.4-7.8

(m, 3H, CSH 10.4 (s, 1H, CHO), 11.4 p.p.m. (s, C_H,OH):;

3) s 6328
1

i.r. (CH2C12): Ymax 3300 (OH), 3000, 1710 (C=0), 1610 cm
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Aldehyde 82

Diisopropylethylamine (2.1 g, 18 mM) and MEMC1l (2.1 g,
18 mM) was added to a suspension of phenol 80 (2.1 g, 13 mM)

in CH2C12 (50 ml). After stirring at room temperature for

3 hrs, the solution was washed with water (50 ml), dried
(MgSO4) and evaporated. Chromatography of the residue with

CHCl3 on A1203 act III afforded 1.6 g (53%) of aldehyde 82;

p.m.r. (CDC13): § 3.4 (s, 3H, OCH3), 3.4-4.0 (m, 4H, -OCH CHZO—),

2
5.5 (s, 2H, OCHZO), 7.7 (m, 3H, C6H 10.3 p.p.m. (s, 1H, CHO);

1

3

i.r. (KBr): vy __ 2900, 1710 cm — (CHO)

Alcohol 83

NaBH4 (280 mg, 7.6 mM) was added to (1.6 g, 6.8 mM) of

aldehyde 82 in EtOH (75 ml). After stirring 30 minutes at room
temperature, 40 ml pH 4.5 buffer was added and the ethanol

was removed on a rotary evaporator. The residue was extracted
with ethyl acetate (2 x 50 ml). Drying (MgSO4) and evapo-
ration under vacuo afforded 1.4 g (88%) of alcohol 83; p.m.r.
(DCC1,): 6 3.4 (s, 3H, OCH,) 3.4-4.0 (m, 5H, OCH,CH,O, OH),

4.6 (bs, 2H, CH,0H), 5.3 (2H, -OCH,0) 7.0-7.5 p.p.m. (m, 3H,

1

CeHg): i.r. (film): y 3100-3600 (OH), 2900, 1560 cm -.

max
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MEM Ether 84

2CL,

added MEMC1 (1 g, 8.3 mM) and diisopropylethylamine (1 g,

To 1.4 g (6.0 mM) of alcohol 83 in CH (40 ml) was

8.3 (mM). The reaction mixture was stirred 3 hrs, washed

with H,0 (2 x 50 ml), dried (NaSO4) and evaporated. Chro-
matography of the residue on A1203 act IIT using ether/CH2C12
1:10 afforded 1.15 g (60%) of the MEM ether 84; p.m.r. (DCCl;),

§ 3.4 (4, 6H, OCH3), 3.4-4.0 (m, 8H, OCH CHZO), 4.7 (s, 2H,

2
Arggzo), 4.9 (s, 2H, OCHZO), 5.4 (s, 2H, ArOQﬁZO), 7.2=-7.6

p.p.m. (m, 3H, CGH3)°

Amine 85

Nitro MEM ether 84 (1l g) was hydrogenated 1% hrs at
35 psi with 200 mg PtO2 in a Parr hydrogenator. The reaction
mixture was filtered through celite. Evaporation of the filt-
rate afforded 900 mg (100%) of amine 85; p.m.r. (DCC13):

§ 3.4 (s, 6H, OCH3), 3.4-4.0 (m, 8H, OCH CH20), 4.0-4.5 (bm,

2
2H, NH,), 4.6 (s, 2H, ArCH,0), 4.8 (s, 2H, OCH,0), 5.3 (s, 2H,

ArOCHzO), 6.4-7.2 p.p.m. (3H, C6H3); i.r. (film): Ymax 3440,
1

3340 (NH,), 2900, 1050 cm .
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‘B—Lactam §§

Amine 85 (2.95 g, 10 mM) was heated for 8 hrs with 1.32 g
(L0 mM) of cinnamaldehyde and a few crystals of p-toluene-
sulfonic acid in 50 ml of benzene using a Dean Stark trap.
Evaporation of the benzene afforded crude Schiff base. To

the crude Schiff base in 50 ml of dry CH,Cl, and 1.0 g (10 mM)

2772

of Et3N at -20° was added dropwise over 45 min 1.2 g (10 mM)

of azidoacetyl chloride in 25 ml of CH2C12. After stirring

for an additional hour at -20°, the reaction mixture was

washed with H,0 (2 x 50 ml), dried (MgSO4) and evaporated.

2
Chromatography of the residue on A1203 act I using 10% Et20
in CH2C12 afforded 3.0 g (60%) of B-lactam 86; p.m.r. (CDC13):

6 3-4 (d, 6H' OCH3)’ 3-4—400 (m' 8H’ OCH CHZO) 7 4.7 (S, 2H,

2

ArCH,0), 4.8 (s, 2H, OCH,0), 5.0 (m, 2H, CHN,, CHCH=CHPh),

3’
5.4 (s, 2H, ArOEEZO), 6.4-7.7 (m, 2H, CH=CHPh), 7.0-7.6 p.p.m.

(m, 8H, C6H3, C6H5); i.r. (£ilm): v
1

max 2900, 2100 (N3)

1770 ecm — (C=0).



O

C

115

Alcohol 87

03 (8 mM/hr) was bubbled into a solution of B-lactam 86
(500 mg, 1 mM) in CH2C12 (10 ml) and isopropanol (100 ml)
cooled to -65° for 17 min. After purging excess ozone with
nitrogen, NaBH, (40 mg) was added, and the solution allowed to
warm up to room temperature (2 hrs). Buffer (pH 4.5) was added
and the solution was almost evaporated to dryness. The residue

was partitioned between water (20 ml) and CHCl, (50 ml). The

3
CHCl3 layer was dried (MgSO4) and evaporated. Chromatography
of the residue on thick layer plates using U.S.P. ether af-

forded 200 mg (50%) of alcohol 87; p.m.r. (CDC13): § 3.4 (4,

6H, OCH;), 3.4-4.0 (m, 11H, OCH,CH,0, CH,OH), 4.4-4.6 (m, lH,

CHCH,OH), 4.6-5.1 (5H, CH,0CH,O,CHN;), 5.4 (s, 2H, ArOCH,)

7.0-7.5 p.p.m. (m, 3H, C.Hj); i.r. (CH,Cl,): v, . . 3400 (OH),
1

2100 (N;), 1760 cm & (C=0).

Mesylate 88

To alcohol 87 (100 mg, .23 mM) at -78° and 70 ul (.5 mM)

of Et3N in 10 ml of CH2C12

of MsCl in CH

was added dropwise 35 ul (.4 mM)

2Cl2 (2 ml). After 15 min, the cold bath was

removed, the reaction mixture was allowed to warm up to room

temperature (1 1/2 hrs) and washed with H20 (2 x 10 ml). The
CH2C12 layer was dried (Na2804) and evaporated. Yield 110 mg
(95%) of mesylate 88; p.m.r. (CDCl;): & 2.8 (s, 3H, SO,CH,),

3.4 (s, 6H, OCH3), 3.4-4.0 (m, 8H, OCH CH20), 4.4~-4.8 (m, 5H,

2

5.4 (s, 2H, Aroggzo), 7.0-7.4 p.p.m. (s, 3H, C6H3).
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3-Benzyloxy-2-nitrobenzaldehyde 90

To 3-hydroxy-2-nitrobenzaldehyde (5 g, 29 mM) in DMSO
(17 ml) was added benzyl bromide (5 g, 29 mM) and K2CO3 (5 g,
36 mM). The suspension was stirred overnight at room temper-
ature. The reaction mixture was poured into water (500 ml)
and extracted with ether (2 x 300 ml). The ether layer was
washed with water (4 x 100 ml). Drying (MgSO4) and evapora-
tion afforded, 7 g of crude benzyl ether. Crystallization
from chloroform-ether afforded 3.6 g (50%) of 90, m.p. 77-79°;
p.m.r. (CDC13): § 5.2 (s, 2H, CHZO), 7.0-7.5 (m, 8H, C6H5 and
C6H3), 9.8 p.p.m. (s, 1H, CHO); i.r. (KBr): vy 3000, 2900,

max
1

1705 cm — (CHO).
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3-Benzyloxy-2-nitrobenzyl alcohol 91

To aldehyde 90 (8 g, 48 mM) suspended in EtOH (300 ml) and

MeOH (50 ml) at 0° was added NaBH4 (.4 g, 41 mM) in portions.

After stirring for 1 hr, excess NaBH, was destroyed with acetic

4
acid (2 ml). The residue, after evaporation of the solvent, was
partitioned between 1% HCl (200 ml) and ethyl acetate (300 ml).
Drying (MgSO4) and evaporation afforded in quantitative yield
alcohol 91; p.m.r. (acetone d.): & 2.8 (bs, 1H, CH,OH), 4.4 (s, 2H,
QI_ZOH), 5.1 (s, 2H, Phgzo), 6.4-7.2 (m, 3H, C6H3), 7.3 p.p. (s, 5H,

. , =1
C6H5), i.r. (£film) = Ymax 3550, 3350 (OH), 2900 cm .

Amine 93 and amine 94

A solution of alcohol 91 (5.2 g) and PtO2 (400 mg) in etha-
nol (100 ml) was hydrogenated at 40 psi, using a Parr hydrogen-
ator, for 2 hrs. The residue, after filtration of catalyst
through celite and evaporation, was dissolved in ethyl acetate
(200 ml) and washed with 5% NaOH (2 x100 ml). Drying (MgSO4) and
evaporation of the ethYl acetate afforded 3.7g (16 mM) of almost
colourless aminé 93 as a semi solid. The amine in DMF (75 ml)
was immediately treated with tert-butyldimethylsilyl chloride
(3.0 g, 20 mM) , and imidazole (3.3 g, 48 mM). After stirring over-
night at room temperature, the solution was partitioned between
ether (200 ml) and water (500 ml). The ether layer was washed with
water (4 x 100 ml), and dried (MqSO4)- Evaporation afforded a quan-
titative yield of silyl amine 94: p.m.r. (CDC13): § 0.05 (s, 6H,
siMe,), 0.90 (s, 9H, Si-Bu%), 4.4 (bs, 2H, NH,), 4.7 (s, 2H,
C_IijTBDMS),S.O (s, 24, Phgi 0), 6.66.8 (m, 3H, C6H3) , 7.4 p.p.m. (s,

1

S5H, CGHS); i.r. (film): vy < 3370, 3460 (NHZ)' 2960, 2940 cm .

ma
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Azide B-lactam 96

A solution of cinnamaldehyde (3.3 g, 25 mM), amine 94
(8.3 g, 24 mM) and a few crystals of TsOH in benzene (200 ml)
was heated at reflux overnight using a Dean Stark trap. Evap-
oration of the solvent afforded Schiff base 95 as a light

yellow oily solid. To the Schiff base dissolved in CH2C12

(200 ml) and triethylamine (3.3 g, 33 mM) at -20° under N2 was
added dropwise over 1 hr azidoacetyl chloride (3.6 g, 30 mM)

in CH2Cl2 (100 ml). The red brown solution was stirred at

~-20° for one more hour. Washing with water (2 x 100 ml), drying
(MgSO4) and evaporation afforded after treatment with charcoal

and filtration through A120 (300 g) using CH2C12 as eluent,

3
11 g (84%) of fairly pure azido B-lactam 96, as an orange oil;

i.r. (film): v 2900, 2100 (N;), 1770 em 1 (c=0).

max
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‘Alcohol 97

Ozone (8 mM/hr) was bubbled through a solution of crude
B-lactam 96 (1.7 g) in EtOH (100 ml) and methylene chloride
(20 ml) at -78° for 35 minutes. Excess ozone was removed
with N, and NaBH4 (850 mg) was added. After warming to room
temperature (2 hrs), 100 ml of pH 4.5 buffer was added.
Removal of solvent on a rotary evaporator and extraction with
CH2C12 (2 x 300 ml) afforded, after drving (MgSO4) and evap-
oration, crude alcohol (1.6 g). Careful column chromatography
on 8102 act IIT (30 g) using chloroform as eluent afforded

850 mg (58%) of pure alcohol 97; p.m.r. (DCCl, + DZO): § 0.1

3
(s, 6H, s, SiMe,), 0.95 (s, 9H, Si-Bu"), 3.7 (d, 2H, CH,OH),

4-2-4-5 (m, lH, Q_ILI_CHZOH) r 4-6 (d, lH, CHN3’ J = 5 HZ) 7 4-71

(a¢, 28, CH,OTBDMS), 5.0 (s, 2H, PhQEQ)' 6.8-7.3 (m, 3H, C6H

3)'
3400 (OH), 2900,

2

7.4 p.p.m. (s, B5H, C6H5); i.r. (£film): Ymax
1

2100 (N3), 1760 (C=0), 1240, 1100 cm ~; m.s.: m/e: 411 (M+—57).

Anal. Caled for C.,H

24H32N40,451: C,

Found: C, 61.41; H, 7.12; N, 12.17.

61.54; H, 6.84; N, 11.95.

Mesylate 98

To alcohol 37 (130 mg) in CH,Cl, (10 ml) and triethylamine
(80 pl) at -78° was added methane sulphonyl chloride (35 ul). After
warming to 20°, usual work-up afforded a quantitative yield of
mesylate 98; p.m.r. (DCCl3): § 0.15 (s, 6H, SiMez) . 1.0 (s, 9H, SiBut),

2.6 (s, 3H, SOZCH3) 4.5 (d, 2H, CH 0802CH3), 4.8 (g, 1H, g_-ICHZ) , 4.8

2
(s, 2H, CH,OTBDMS), 4.9 (d, 1H, CHN,, J = 5 Hz), 5.1 (s, 2H,

OQEQPh), 6.9-7.3 (m, 3H, C6H3), 7.4 p.p.m. (s, 5H, CGHS); i.r.

(CHC13): ¥, 2900, 2100 (N,), 1770 em™ 1 (c=0).

max
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Benzyl alcohol 99

To mesylate 98 (850 mg) in THF (25 ml) and H,O0 (10 ml) was

2
added dropwise trifluoroacetic acid (3 ml). The homogeneous
solution was stirred at room temperature 20 min and poured into
5% NaHCO3 (200 ml). Extraction with ethyl acetate (2 x200 ml),
drying (MgSO4) and evaporationlafforded crude mesylate benzyl
alcohol 99. The crude benzyl alcohol was chromatographed on
Si02, act III using first CHClB—ether (1:1) as eluent. Elution
with ether afforded 470 mg (72%) of alcohol 99 as a colourless
syrup; p.m.r. (DCC13): § 2.7 (s, 3H, CH3) , 3.2 (bs, 1lH, CHzgg) , 4.4
(d, 2H, QZOMS) , 4.6 (s, 2H, C_}_I_ZOH) , 4.7 (g, 1H, _(;I_{_—-CHZ) , 4.9 (4, 1H,

CHN3, J =5 Hz), 5.1 (s, 2H, CﬁzPh), 6.8-7.4 (m, 3H, C6H 7.4

3) s

p.p.m. (s, 5H, CGHS); i.r. (£film): Ymax 3450 (OH), 2900, 2100_
(N,), 1770 (c=0), 1350, 1180, 1100 em L.

Carboxylic acid 100

Alcohol 99 (440 mg, 1 mM) was dissolved in acetic acid and

4.4 ml (2.6 mM) of a CrO, solution (600 mg CrO, in 9 ml AcOH ml

3 3
HZO) was added. After stirring overnight at room temperature, .
most of the acetic acid was evaporated. The residue was poured
into pH 1.8 buffer (30 ml) and extracted with CHCl3 (3 x 100 ml).
Drying (MgSO4), evaporation of CHCl3 and trituration with ether,
afforded 190 mg (42%) of acid 100 as a nearly white solid, m.p.
153-155°; p.m.r. (DCC13) §: 2.7 (s, 3H, 802CH3), 4.3-4.7 (m, 3H,
CHCHz), 4.9 (bd, 1H, CHN3), 5.1 (s, 2H, Phggzo), 7-7.4 (m, 8H,
C6H3 and CGHS)’ 10.8 p.p.m. (s, 1lH, COZH); i.r. (CHC13): Ynax

2700-3200 (COZH),'2080 (N3), 1775 (B-lactam), 1720 cm--l (acid) ;

i.r. (KBr): y___ 1740 cm t

nax (b, C=0).
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Ester 101
Acid 100 (400 mg, .9 mM) was suspended in CH3CN (20 ml)
and treated with a 1 M solution of PhZCHN2 in CH3CN (1 ml).

After stirring 1 hr at room temperature a few drops of acetic
acid was added. Chromatography of the crude product on thick
layer plates (20 x 20 cm) using CHC13—ether (5:1) as eluent af-
forded 420 mg (77%) of ester 10l as a white foam; p.m.r. (CDC13):

§ 2.6 (s, 3H, 802CH3), 4.2-4.6 (m, 4H, CHCH, and CHN3), 5.1

2
(s, 2H, OggzPh), 7.2-7.6 p.p.m. (m, 19H, CHPh2 + aromatic); i.r.

(CHC1,): 2100 (N,), 1780 (B-lactam), 1730 em™ 1 (ester).

max

Amide 102

HZS was bubbled into a solution of 101 (390 mg, .6 mM) in

20 ml CH2Cl2 and Et3N (.1 ml, .7 mM) at 0° for 5 min. After
stirring 1 hr at 20°, the solution was purged with nitrogen

(5 min). The reaction mixture was washed with H20 (20 x 20 nl),
dried and evaporated. To the crude product in CH2C12 (10 ml)
and Et3N (.1 ml, .7 mM) was added dropwise a solution of phenyl-
acetyl chloride (108 mg, .7 mM) in CH2Cl2 (2 ml). After stir-

ring for 1 hr at 0°, the solution was washed with H,O (2x20 ml),

2
dried and evaporated. Chromatography of the residue on Sioz,

act III (20 g) afforded after elution with ether, 275 mg (64%)

of amide 102, m.p. 128-129° (dec.), n.m.r. (CDCl3

§ 2.90 (s, 3H, CHy), 3.75 (s, 2H, COCH,Ph), 4.7 (m, 3H, CHCH,),

—DMSO—dG):

5.4 (s, 2H, oggzph), 5.4 (m, 1H, QENH), 7.25 (s, 1H, QEth),

7.25-8.0 p.p.m. (m, 19H, aromatic + NH); i.r. (KBr): Ymax

3300 (NH), 1770 (8-lactam), 1720 (ester), 1660 cm™ ! (amide).
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3-Hydroxy-2-nitrobenzyl alcohol 104

Crude phenol 80 (11 g, 65 mM) was dissolved in absolute
ethanol (500 ml) and cooled to 0°. NaBH4 (5g, 131 mM) was added in
portions. The ice bath was removed and the red slurry stirred
for 2 hrs at 20°. Acetic acid (5 ml) was added and the ethanol
was removed on a rotary evaporator. The residue was dissolved
in water (200 ml) and acidified with HCl to pH< 1l. Extraction
with ethyl acetate (2x 300 ml), drying (MgSO4) and evaporation
afforded 10 g (90%) of 3-hydroxy-2-nitrobenzyl alcohol 104,
m.p. 104-110° (dec.); p.m.r. (acetone—d6): § 4.6 (s, 2H,§§20H),

4.5 (bs, 1H, CH2(J_H), 6.8-7.5 (m, 3H, C6H3), 10.4 p.p.m. (bs, 1H, C'6H3QE).

Amine 105

Alcohol 104 (10 g, 57 mM) was dissolved in ethanol (200 ﬁl)
and PtO2 (.7 g) was added. The mixture was hydrogenated for 2 hrs
in a Parr hydrogenator at 40 psi and filtered through celite.
Evaporation of the filtrate afforded 8 g of the amine as a brown
semi~-crystalline solid. The amine was added to a solution of
tert-butyldimethylsilyl chloride (21 g, 136 mM) and imidazole
(23.5 g, 350 mM) in dry DMF (75 ml). The solution was stirred
overnight at room temperature and partitioned between ether
(300 ml) and water (750 ml). The ether layer was washed with
water (4 x 200 ml), dried (MgSO4) and evaporated. The crude

product was chromatographed at SiO, act III (300 g). Elution

2
with methylene chloride afforded 16 g (77%) of amine 105; p.m.r.

(CDC13): § .05 (s, 6H, Si(CH3)2), .25 (s, 6H, Si(CH .9 (s,

3)o)

9H, Si-Bu%), 1.0 (s, 9H, Si-BuY), 4.2 (bs, 2H, NH,), 4.6 (s, 2H, CH.O),

2
3500, 3400 (NHZ)'

2
6.3-6.8 p.p.m. (m, 3H, C6H3); i.r. (film): vy
1

max
3000, 1630 cm
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Azide B~lactam 107

Amine 105 (4.4.g, 11 mM) and cinnamaldehyde (1.6 g, 12 mM)
and a few crystals of TsOH dissolved in dry benzene (150 ml)
were refluxed overnight using a Dean Stark trap to remove the
water formed. The crude product, after evaporation of benzene,

was dissolved in CH Cl, (100 ml) and Et,N (1.8 ml, 13 mM). To

2 3
the solution under N, at -20° was added dropwise azidoacetyl

chloride (1.5 g, 13 mM) in CH Cl2 ({80 ml) over 1 hr. The

2
reaction mixture was stirred for 1 more hour and washed with

H,0 (2 x 50 ml). Drying (MgSO4) and evaporation afforded the

crude product. Filtration through 100 g of Al 03, act iII,

2
using CH2C12 as eluent afforded 5.5 g (81%) of B-lactam azide

107, suitable for the next reaction; i.r. (film): ¥y 2900,

1

max

2100 (Nj), 1770 cm - (C=0).
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Alcohol 108

Into a solution of crude azide 107 (2.8 g) in ethanol

(150 ml) and CH,C1l, (30 ml) at -78° was passed ozone (8 mM/hr)

2772
for 45 minutes. After removing excess ozone with nitrogen

(15 min), NaBH, (400 mg) was added. The solution was allowed
to warm up to room temperature over a period of 2 hrs. To the
slight yellow solution was added pH 4.5 buffer (150 ml). The
ethanol was removed on a rotary evaporator and the residue

extracted with CHCl3 (2 x 100 ml). Drying (MgSO4) and evap-

oration afforded 2.5 g of crude alcohol. Chromatography of the

crude alcohol on Si02, act III (45 g), using CHCl, as eluent,

3
afforded, after crystallization from pentane, 1.3 g (53%) of

pure alcohol 108, m.p. 112-112.5°; p.m.r. (CDC13): § 0.05
(4, 6H, SiMe,), 0.25 (d, 6H, SiMe,), 0.90 (s, 9H, Si-Bu'),
1.0 (s, 9H, Si-Bu"), 3.1 (bs, 1H, OH), 3.7 (bd, 2H, CH,OH),

4.2-4.4 (m, 1H, CHCH,OH), 4.7 (g, 2H, CH,OTBDMS), 4.7 (4, 1lH,

2
CHN3, J =5 Hz), 6.6-7.2 p.p.m. (m, 3H, CGH i.r. (KBr):

1

3);

3450 (OH), 2900, 2150 (N3), 1770 (C=0), 1600 cm — (C=C);

m.s.: m/e 435 (MT-57), 407 (M'-57-28); Anal. Calcd for
C24H40N404Si: c, 56.06; H, 8.18; N, 11.36. Found: C, 55.95;
H, 8.03; N, 11.38.
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Mesylate 109

To alcohol 108 (2 g, 4.1 mM) in CH Cl2 (50 ml) and Et.,N

2 3
(.8 ml, 5.6 mM) at -78° was added dropwise MsCl (.35 ml, 4.5 mM)
in CH2C12 (5 ml). The solution was stirred for 30 minutes at
-78° and allowed to warm up to room temperature (1 hr). The
reaction mixture, after washing with water 2 x 50 ml), drying
(MgSO4) and evaporation under vacuo, afforded 2.2 g (95%) of
mesylate 109 as an oily solid; p.m.r. (CDCl3): § 0.15 (d, 6H,

SiMe .25 (d, 6H, SiMe,), .9 (s, 9H, si-But), 1.0 (s, 9H,

,)

si-Bu"), 2.75 (s, 3H, CH,), 4.4 (m, 2H, CH,O0S0,

OTBDMS), 5.0 (d, 1H, CHN

CH3), 4.7 (m,

1H, CH,CH), 4.7 (s, 2H, CH J =5 Hz),

2 37

6.7-7.4 p.p.m. (m, 3H, C6H3).

Azido B-lactam 112

To mesylate 109 (1 g, 1.7 mM) in CH,CN (20 ml) was added KF

3
(116 mg, 2 mM) and 18-crown-6 (75 mg, .3 mM). After stirring

5 hrs at room temperature, more KF (50 mg) and 18-crown-6 (75 mg)
was added. After 4 more hours at room temperature, the reaction
mixture was poured into water (200 ml) and extracted with CH2C12
(2 x 200 ml). Drying (MgS0,) and evaporation afforded crude
product contaminated with 18-crown-6. Chromatography on SiOZ,

act III (20 g), using CH,Cl, as eluent, afforded 580 mg (92%)

2772
of cyclized B-lactam 112 as a colourless oil; p.m.r. (benzene d6):

§ 0.2 (s, 6H, SiMe,), 1.1 (s, 9H, si-Bu%), 2.8-4.0 (m, 3H, OCH,,CH) ,

4.0 (4, 1H, CHN3, J =5 Hz), 5.2 (q, 2H, CH,OTBDMS, J = 16 Hz);

2

6.6-7.6 (m, 3H, C6H i.r. (CHC13): Y 2900, 2100 (N3),

3);
1780 (C=0), 1600 em + (C=C).

max
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Amide 113

Into azide 112 (500 mg, 1.4 mM) dissolved in CH2C12 (20 ml)

and Et3N (.2 ml, 1.4 mM) at 0° was bubbled H?_S for 5 min. After
stirring for 1 hr at room temperature, the solution was washed
with H,0 (2x20 ml) dried (MgSO4) and evaporated. To the crude

product at 0° in CH2C12 (20 ml) and Et3N (.2 ml, 1.3 »mM) was

added dropwise phenylacetyl chloride (.23 g, 1.5 mM) in CH2Cl2

(2 ml) over a period of 5 min. After stirring for 1 hr at room
temperature, the solution was washed with pH 4.5 buffer (30 ml)

and HZO (30 ml), dried (MgSO4) and evaporated. Chromatography

of the residue on Sio2 act II (20 g) using CH,Cl,up to CH2C12/

2772

ether (1l:1) afforded 530 mg (80%) of amide 113 as a colourless
foam; p.m.x. (DCC13) : § 0.05 (s, 6H, Si—(CH3) Yy, .90 (s, 9H, SJ.-Bu ),

4.3 (s, 2H, gg Ph), 3.6-4.6 (3H, m, CHZCH), 4.8 (g, 2H, CHZO), 6.6-7.2

{m, 3H, C H ), 7.3 p.p-m, (bs, 6H, C6H5 and NH); i.r. (CHC13): Ymax

-3400 (NH), 2900, 1765 (B-lactam C=0), 1680 cm—l (amide C=0).

Alcohol amide 114a

To amide 113 (180 mg) in THF (5 ml) and H,O (2 ml) was

2
added dropwise trifluoroacetic acid (.8 ml). After stirring at room
temperature 15 min, the solution was poured onto 10% NaHCO3 and
extracted with chloroform (2 x 50 ml). Drying (MgSO4) , evapo-
ration and trituration with ether afforded 80 mg (60%) of alcohol
amide 1ll4a as white solid, m.p. 183-185°; p.m.r. (acetone de): 8 3.6
(s, 28, CH)Ph), 4.0-4.6 (m, 3H, CH,CH), 4.8 (bs, 3H, CH,OH), 5.6

(g, 1H, CHNH, J; = 4.5, Jy = 7 Hz), 6.6-7.2 (m, 3H, C H3) ; 7.2 p.p.m.

(s, 5H, Ce 5), i.r. (KBr): Y nax 3400 (OH), 3350 (NH), 1775 (B-lactam)

C=0), 1660 cm ' (amide C=0), m.s.: m/e 338 (M7).
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Benzyl alcohol 115

To azide 112 (580 mg) in THF (20 ml) and H,O (6 ml) was

2

added dropwise trifluoroacetic acid (3 ml). After stirring
for 20 minutes at room temperature the reaction mixture was

poured into 5% NaHCO, (200 ml) and extracted with CH,C1l

3 2772

(2 x 100 ml). The combined organic phases were dried (MgSO4)
and evaporated. Trituration of the o0ily residue with ether
afforded 300 mg (75%) of alcohol 115, m.p. 128-129°; p.m.r.
(CDC13-DMSOd6,
4.8 (q, 2H, CH

few drops D20): § 3.8-4.4 (m, 3H, CHZCH),

OH, J = 17 Hz), 5.6 (4, 1H, CHN J = 5 Hz),

2 3f

7.0 p.p.m. (m, 3H, C6H3); i.r. (KBr): 6max 3380 (OH), 2900,
1

2100 (Nj), 1775 em™ = (C=0); m.s.: m/e 246 mty, 218 *-28),

Anal. Calcd for CllHlON403: C, 53.66; H, 4.09; N, 22.76.

Found: C, 53.57; H, 4.32; N, 22.44.
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Ester 118

To alcohol llz (420 mg, 1.7 mM) in AcOH (5 ml) was added
4.5 ml of CrO3 solution (1 g CrO3 in 1 ml HZO and 9 ml AcOH).
After stirring at 20° for 24 hrs, more CrO3 solution (2.5 ml)
was added. After a total time of 48 hrs the acetic acid was
evaporated at 20°. The residue was partitioned between pH 1.8
buffer (20 ml) and chloroform (100 ml). The agueous phase

was extracted again with CHCl, (2 x 50 ml). The combined CHC1l

3
extracts were washed with pH 1.8 buffer (2 x 20 ml), dried

3

(MgSO4), and evaporated. To the crude acid 117 (260 mg) dis-

solved in CH3CN (20 ml) was added 9 ml (1.8 mM) of a solution

of diphenyl diazomethane in CH,CN (2 g Ph,CN

3 2772

The red reaction mixture was stirred 1 hr at room temperature

in 100 ml CH3CN).

and quenched with acetic acid (3 drops). The crude product
after evaporation of the solvent was chromatographed on thick
layer plates (Si02) using CHC13/ether (9:1) as eluent. Ex-
traction of band with r.f. = .7 afforded 280 mg (39%) of

ester 118 as a colourless foam; p.m.r. (C6D 90 MHz): 6 3.0-3.4

6
1 = J2 = 10 Hz), 3.8 (g,
1 = 3 Hz, J2 = 10 Hz), 4.1 (4, 1H, CHN3,

6.4-7.6 p.p.m. (m, 14H, aromatic + CHth); i.r. (CHCl3): Y

(m, 1H, CHZEE), 3.3 (t, 1H, CHHCH, J

1H, CHHCH, J J = 5 Hz),

max
2100 (N;), 1795 (B-lactam), 1730 (ester); m.s.: m/e 426 mty,

397 (MT-28), 343 (MT-N,CHCO), 215 (MT-co CHPh,). Extraction of

3 2
the band with r.f. = .5 afforded 40 mg (10%) of aldehyde 116;
p.m.r. (CDC13): 6 3.8—4.7 (m, 3H, CHZCH)’ 5-2—5.4 (m' lH, CHNB) ?

7.0-7.6 (m, 3H, C6H3), 10.2 p.p.m. (s, 1H, CHO).
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Amide 119

Hydrogen sulphide was bubbled into a solution of ester

o
2Cl2 at 0

for 5 min. The ice bath was removed and the orange solution

118 (250 mg, .6 mM) and Et3N (.1 ml, .7 mM) in CH

stirred at room temperature. After 1 hr, excess HZS was purged

with nitrogen. The yellow solution was washed with HZO

(2 x 25 ml), dried (MgSO4) and evaporated. To the resulting

yellow gum dissolved in CH2C12 (20 ml) and Et,N (.1 ml, .7 mM)

3
was added at 0° phenylacetyl chloride (90 ul, .68 mM). After

stirring for 1 hr at 0°, the solution was washed with pH 4.5
buffer (2 x 25 ml). Drying (MgSO4), evaporation and chromatog-

raphy on thick layer plates using CHCl_,-ether (10:1) afforded

3
235 mg (77%) of amide 119 as a slight yellow foam; p.m.r.

(CDCl3, 90 MHz): ¢§ 3.5 (s, 2H, §§2Ph), 3.6 (t, 1H, CHHCH,
Jl = J2 = 10 Hz), 4.0-4.3 (m, 1H, CH2C§), 4.5 (g, 1H, CHH,

J1 = 3.5 Hz, J2 = 10 Hz), 5.3 (g, 1H, CHNH, Jl = 4.5 Hz, J2 =

7 Hz), 6.8 (d, 1H, NH, J = 7 Hz), 7.0-7.6 p.p.m. (m, 19H,

aromatic and C§Ph2); i.r. (CHC13): Ymax 3400 (NH), 2900, 1785

(B-lactam), 1730 (ester), 1690 cm * (amide).
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Carboxylic acid 120 and ester 121

Ester 119 (250 mg) in EtOH (50 ml) containing 10% P4/C
(250 mg) was hydrogenated for 1 hr at 40 psi using a Parr
hydrogenator. Filtration through celite and evaporation of
the ethanol gave the crude acid. Trituration of the residue
with ether afforded (65%) of acid 120 as a pale yellow solid,
m.p. Vv 140° (dec.); i.r. (KBr): vy

max
1780 (B-lactam), 1685 (acid), 1650 (amide), 1380 cm

3350 (NH), 2500-3600 (OH),

1
Treatment with ethereal CH2N2 and chromatography on .

thick layer plates using CHC13/ether (l:l) afforded after

crystallization with benzene (70%) of ester 121 as a solid,

m.p. 148-150°; p.m.r. (CDCl 90 MHz): § 3.6 (s, 2H, ggzPh),

3'
3.7 (t, 1H, CHHCH, J = 10 Hz), 3.9 (s, 3H, OCH3), 4.0~-4.3

1 = 3.5 Hz, J2 = 10 Hz),

5.5 (q, 1H, CHNH, J; = 4.8 Hz, J, = 7 Hz), 6.8 (bd, 1lH, NH,

J =7 Hz), 7.0-7.6 p.p.m. (m, 8H, C6H3 and C6H5); i.r. (CHC13):

3300, 1780 (B-lactam), 1730 (ester), 1680 cm"l (amide) ;

(m, 1H, CH,CH), 4.5 (g, lH, CHHCH, J

Ymax

m.s.: m/e 366 (M'), 355 (M'T-31), 192, 175, 160. Anal. Calcd

for C20H18N205: C, 65.56; H, 4.95; N, 7.65. Found: C, 65.59;

H. 5.45; N. 7.09.



Experimental

Chapter 3
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‘Schiff base 127, 130

The aldehyde (20 mM) and aniline (1.86 g, 20 mM), in
benzene (50 ml) were refluxed for 4 hrs using a Dean Stark
trap to remove the water formed. Evaporation of the benzene

afforded the Schiff base in quantitative yield.

Schiff base 127

P.m.r. (CDC13): § 7-7.6 (m, 12H, C6H5'+ CH=CH), 8.3
p.p.m. (t, 1H, CH=N); i.r. (CDCl): y___ 1630 —

max (C=N) .

Schiff base 130

.

P.m.r. (CDC13): 8§ 6.1 (m, 1H, furan), 6.6 (m, 1H,

furan), 6.8-7.2 (m, 5H, C6H 7.3 (m, 1H, furan),

5) .

7.9 p.p.m. (s, 1H, CH=N); i.r. (CDCl3): Ymax 1630 cm’

1

(C=N).

Schiff base 138

Cinnamaldehyde (2.64 g, 20 mM) in CH2C12 (5 ml) was ad-

ded dropwise to a solution of ethyl glycinate (1.8 g, 20 mM)

in CH Cl2 (40 ml) at 0° containing Mgso, (v 1-2 g). After

2

stirring for 2 hrs at 0°, the solution was filtered through
celite. Evaporation of the methylene chloride afforded Schiff
base 138, approximately 85-90% pure by p.m.r; p.m.r. (CC14):6]n2

(t, 3H, CH3), 4.0-4.5 (m, 4H, OCH,CH CH2), 7.0 (d, 2H,

2-H3
CH=CH-Ph), 7.2-7.6 (m, 5H, C/H;), 7.8-8.0 p.p.m. (m, 1H, CH=N).
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Schiff base 143

A solution of furfuraldehyde (.96 g, 10 mM) and amine 140

(2.33 g, 10 mM) in CH2C12 (50 ml) was refluxed overnight using

a Dean Stark trap filled with 4A molecular sieves. Evaporation
afforded Schiff base 143 in approximately 90% yield by p.m.r;

p.m.r. (CCl,): § 0.05 (s, 6H, Si(CH 0.90 (s, 9H, SiBu%),

3)2)!
3.7 (s, 3H, OCH3), 3.7-4.2 (m, 3H, CHCHZO), 6.4 (s, 1H, furan),

6.8 (4, 1H, furan), 7.5 (m, 1lH, furan), 8.0 p.p.m. (s, 1H, CH=N);

i.r. (£ilm): vy 1

max (C=N).

2950, 1740 (ester), 1640 cm

B-Lactam 128

Crotonyl chloride (1.0 g, 10 mM) in methylene chloride
(20 ml) was added dropwise over 30 min to a solution of Schiff
base 127 (2 g, 10 mM) in methylene chloride at room temperature.
After stirring for 1 more hour, the dark solution was washed
with water (2 x 25 ml), dried (MgSO4), and evaporéted. P.m.r.

showed that the product contained approximately 30% 128. Flash
chromatography of the residue afforded 500 mg (15%) of pure cis

B-lactam 128; PpP.m.r. (C6D6): ¢ 4.2 (t, 1H, CHCH=CH J = 6 Hz),

2’
3.4 = 6 Hz, J4'5 = 7 Hz), 5.2-6.0 (m,

3H, -CH=CH2), 6.2 (g, 1H, CH=CHPh, J4’5 = 7 Hz, J5,6

6.8 (d, lH, CH=CHPh, J = 16 Hz), 7.0-7.7 p.p.m. (m, 10H, C Hc);
1

4.8 (g, 1H, CHCH=CHPh, J

= 16 HzZ),

i.r. (film): v 2950, 1750 (C=0), 1600 cm ~ (C=C); m.s.: m/e

max
275 (13.70%), 207 (38%), 206 (100%), 156 (92.9%).
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Preparation of Schiff bases 145, 164, 172a, 172b, 184, 197 and 202

The aldehyde (10 mM) was added to a solution of the amino
phosphonate (10 mM) in methylene chloride (25-30 ml) at room
temperature, containing magnesium sulphate. The mixture was
stirred at room temperature for 2 to 5 hrs, until the i.r.
spectrum of the reaction mixture did not change. The solution
was filtered. Evaporation of the filtrate afforded the Schiff
base in 85-95% yield by p.m.r. All Schiff bases were used
without further purification for the cycloaddition. The p.m.r.
spectrum showed a multiplet at approximately 7.8 p.p.m. for
the Schiff base proton, along with all other appropriate
signals. The i.r. spectrum of the Schiff bases showed absorp-

tion at approximately 1650 cm-l for the C=N bond.

Schiff base 179

Acrolein (2 ml) was added to a solution of amino phos-
phonate 170 (1.2 g, 5 mM) in methylene chloride at room temper-
ature containing sodium sulphate (1 g). After stirring for
2 hrs the solution was filtered. Evaporation of the filtrate
afforded Schiff base 179 in approximately 90% yield by p.m.r.

P.m.r. (CDCl3): § 1.2 (d of t, 6H, OCH §§3), 3.6-4.2 (m, 4H,

2
OCH,CH;), 4.8 (4, 1H, CHPO(OEt),, J = 20 Hz), 5.4-6.4 (m, 5H,

furan, CH=CH2), 7.3 (m, 1H, furan), 7.7 p.p.m. (g, 1H, CH=N);

i.r. (Film): y___ 1620, 1650 (C=N) cm r.

max
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Preparation of B-lactams 125, 129, 131, 135,v139, 142, 144,

146, 148, 149 and 173

To the appropriate Schiff base (10 mM) and triethylamine
(1.0 g, 10 mM) in methylene chloride (50 ml) at reflux under
nitrogen was added dropwise over 45 minutes a solution of the
acid chloride (10 mM) in methylene chloride (25 ml). The
reaction mixture was refluxed for 1 more hour and then washed
with H,0 (2 x 50 ml). The methylene chloride layer was dried

(MgSO4) and evaporated. Recrystallization or chromatography

of the residue afforded the B-lactam in the indicated yield.

«

B-Lactam 125

yield 40%, m.p. 100-102°; p.m.r. (CHC13): 4.2 (bd, 1H,
CH-CH=CH,), 4.9 (d, 1H, CH-Ph, J = 2.5 Hz), 5.2-6.5 )

(m, 3H, CH=CH2), 7.2-7.5 p.p.m. (m, 1lO0H, CGHS); i.r.

1

(CHC13)F Ymax 2950, 1750 (C=0), 1600 cm (C=C).

B-Lactam 129

40% vyield by p.m.r., isolated yield 20%; p.m.r.

(CgDg): 8 3.6 (bg, 1H, CHCH=CH,), 4.3 (g, 1H, CHCH=
CHPh, J; , = 2.5 Hz, J, . =7 Hz), 5.0-6.0 (m, 3H,
CH=CH,), 6.2 (g, lH, CH=CHPh, J; . = 16 Hz, J, o =

7 Hz), 6.6 (d, 1H, CH=CHPh, J = 16 Hz), 6.8-7.4 p.p.m.

(m, 10H, C6H5); i.r. (£film): vy
1

nax 2950, 1750 (C=0),

1600 cm ~ (C=C); m.s.: m/e 275 (12.2%), 208 (21.7%),

207 (57.11%), 156 (100%).
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B-Lactam

135

131

B-Lactam

50% yield, m.p. 98-99°; p.m.r. (CDC13): § 4.05 (bg, 1H,

CHCH=CH., 4.8 (d, 1H, J = 2.5 Hz, CH-furyl), 5.7-6.2

2I
(m, 3H, CH=CH2), 6.3-6.5 (m, 2H, furan), 7.0-7.5 p.p.m.

1750 (C=0),

(m, 6H, C_H furan);rl.r. (CH2C12): Ymax

65’
1

1600 em™* (C=C), m.s.: m/e 239 (M7), 120, 119.

135

8-Lactam

30% yield recrystallized, greater than 70% by p.m.r.,

m.p. 84-86°; p.m.r. (CDC13): §1.85 (s, 3H, CH -C=CH2),

3
4.1 (bd, 1H, CH-C(CH;)=CH,), 4.9 (4, lH, CH-furyl,

J = 2.5 Hz), 4.9-5.1 (m, 2H, C(CH3)=QE2), 6.2-6.4

(m, 2H, furan), 6.8-7.4 p.p.m. (m, 6H, C.H; and furan) ;

1

i.r. (CH)Cl,): 1750 (C=0), 1600 cm — (C=C);

max
m.s.: m/e 253 (M), 171, 134, 119.

139

——

yield 50%; p.m.r. (CDC13): § 1.3 (t, 3H, OCH2g§3), 1.7
(s, 3H, CH2=C-9§3), 4.2 (AB quartet, 2H, J = 18 Hz,

CH,CO,Et), 4.0-4.4 (m, 3H, OCH,CH, and CHC(CH;)=CH,), 4.5

2
(g, 1H, CHCH=CHPh, J

2773

l=5 Hz, J2=7 Hz), 5.1 (bd, 2H, C(CH3)=

CH,), 6.1 (g, 1H, CH=CHPh, J, =7 Hz, J,=16 Hz, 6.7 (d, 1K,

1
CH=CHPh, J = 16 Hz), 7.2-7.5 p.p.m. (m, 5H, C6H5); i.r.

1

(Film): v 3000, 1755 cm © (C=0), m.s.: m/e 299 (M1),

max
282, 170, 82.
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142

B-Lactam

70% yield: p.m.r. (CDCl,): § 0.05 (d, 6H, Butsi(gg3)

.95 (s, 94, Bu‘sSi (CH

S

3)2), 1.8 (s, 3H, CHC(in3)=CH2), 3.5

(s, 3H, OCHB), 3.8-4.0 (m, 3H, CH,O, _Q_{I_C(CH3)=CH2), 4.3 (t,

2

1H, CHCH,0) , 4.4 (g, 1H, CHCH=CHPh, J, , =5 Hz, J, =7 Hz),

3,4
4.8 (bd, 2H, CHC(CH3)=EI_12), 5.8 (g, 1H, CH=CHPh, J

4,5=7 Hz,

J =16 Hz), 6.4 (d, 1H, CH=CHPh, J=16 Hz), 6.8-7.0

5,6

p.p.m. (m, 5H, C6H5); i.x. (film): vy 2900, 1760

max
(B~lactam), 1740 cm_l (ester).

144

R-Lactam

30% yield by p.m.r., 10% recrystallized, m.p. 79-80°;

p.m.r. (CDCl,): 8 -0.1 (4, 6H, Butsi (cH .80 (s,

3)5)
9H, Bu'Si(CH,),), 1.3 (bs, 3H, C(CH)=CH,), 3.7 (s, 3
OCH3) , 3.8 (t, 24, CHZO), 4.2 (b4, 1H, CHC (CH3)=CH2), 4.4
(t, 1H, CHCH,0), 4.9 (bd, 2H, C=CH,), 5.1 (&, 1H,
CH-furyl, 3=2.5 Hz), 6.2 (m, 2H, furyl), 7.2 p.p.m.
(m, 1H, furyl); i.r. (CHC13) Ymax 2900, 1760 (B~lactam)

1740 cm t (ester); m.s.: m/e 336 (M1-41).

146

yield 60%; p.m.r. (DCCly): § 1.4 (d of t, 6H, OCH,CH,),

2

1.7 (s, 3H, CH =CC_I-13), 3.4 (d of AB guartet, 2H, J, =18 Hz,

2
J2=10 Hz, gﬂzPO(OEt)2), 4.2 (m, 5H, OCH

1

CH,, QI;IC(CH3)=CH

2
=7 Hz),

2773

=1 Hz, J,=5 Hz, J

4.5 (d of q, 1H, CHCH=CHPh, J 5

1
6.0 (g, 1H, J

3

5.1 (bd, 2H, CH,=CCH =7 Hz, J2=16 Hz,

2=CCH3) 1
CH=CHPh), 6.8 (d, lH, CH=CHPh, J = 16 Hz), 7.3 p.p.m.

(m, 5H, C6H5); i.r. (film): y 3000, 1760 (C=0),

max
1000 cm Y; m.s.: m/e 305 (MT), 193, 151.
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148

B-Lactam

yield 40%, m.p. 68-69°; p.m.r. (C6D6): § 3.4 (s, 6H,
OCH3), 3.5 (s, 3H, OCH3), 3.7 (b4, 1H, ggCH=CH2), 4.0 (4,

1H, J = 5 Hz, CHCO CH3), 4.5 (2H, AB guartet, CH2),

2
4.9-6.0 (m, 3H, CH=CH2), 6.2-7.2 p.p.m. (m, 3H, C6H

i.r. (KBr): y___ 2950, 1750 (C=0), 1610 om™ s m.s.:

m/e 305 (MT), 193, 151.

3);

149

B-Lactam

yield 30%, m.p. 72-72.5°; mer.(C6D ): 6 1.6 (s, 3H,

CH,=CCH;), 3.3 (s, 6H, OCHj), 3.4 (s, 3H, OCHy), 3.6

2

(bd, 1H, CHC(CH,)=CH,), 3.9 (d, 1H, J = 5 Hz, CHCO,CH,),

2
4.5 (AB quartet, 2H, CH,), 5.0 (bd, 2H, E§2=CCH3),

6.0-7.0 p.p.m. (m, 3H, CGHB);j“r‘ (KBr) : Y max 2950,

1

1750 (C=0), 1610 cm *; m.s.: m/e 319 (M'), 193, 151.

173

vield 60%; p.m.r. (CDC13): § 1.2-1.6 (m, 6H, OCH EEB)’

2

1.6 (bs, 3H, C(E§3)=CH2), 4.0-4.8 (m, 5H, OCHE,CH

27737

EEC(CH3)=CH2),4.9 (d of g, 1H, CHCH=CHPh, Jl = 2 Hz,

J, = 58Hz, J; =7 Hz), 5.2 (bd, 2H, CH,=CCH,), 5.3

2 3 2
(4, EEPO(OEt)Z of one diasteriomer, J = 20 Hz),

5.5 {4, QE_PO(OEt)2 of other diasteriomer, J = 20 Hz),

5.4-7.6 p.p.m. (m, 10H, CH=CHPh, furan); i.r. (CHC13):

Y0y 1760 em™ T (c=0).
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R-Lactam 150

A solution of 148 (200 mg) in ethanol (20 ml) was hydro-
genated at 30 psi in a Parr hydrogenator using PtO2 (20 mg) for
1 hr. The catalyst was filtered and the filtrate was evaporated.
Flash chromatography of the residue afforded 140 mg (70%) of

150 as a colourless o0il; p.m.r. (C6D § .8-1.2 (m, 3H, CH29§3),

6)*

1.3-1.8 (m, 2H, CH,CH;), 2.6-3.2 (m, 1E, CHCH,CH,), 3.35 (s, 3H,

2
OCH3), 3.4 (s, 3H, OCH3), 3.5 (s, 3H, OCH3), 3.95 (4, 1H,

CHCO CH3, J =5 Hz), 4.5 (AB gquartet, 2H, 9§2C6H3)’ 6.2-7.2 p.p.m.

)7 i.r. (film): 2950, 1750 (C=0), 1610 cm 1; m.s.:

2
(m, 3H, C6H

m/e 307 (MT), 193, 151.

Amino phosphonate hydrochloride 161

A solution of diethylphosphite (8.28 g, 60 mM) and triazine
7.14 g, 20 mM) was heated for 5 hrs at 100°. The reaction mix-
ture was dissolved in ether (500 ml) and ether saturated with
HC1l gas (300 ml) was added. The ether was decanted from the
0il and the o0il was dissolved in methylene chloride. Evapora-
tion of the methylene chloride afforded an oily solid. Tri-
turation with ether and filtration afforded 13 g (75%) of 161
as a white solid; p.m.r. (DZO): § 1.2 (t, 6H, OCHzg§3), 3.3

(d, 1H, CHPO(OEt),, J = 15 Hz), 4.0 (d of g, 4H, OCH,CH

27737

= 8 Hz, J, = 2 Hz), 4.2 (s, 2H,'§§2Ph), 7.4 p.p.m. (s, 5H,
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Amino phosphonate 163

Amino phosphonate hydrochloride 161 (5 g) in ethanol and
5% palladium on charcoal (1.7 g) was hydrogenated at 40 psi in
a Parr hydrogenator overnight. The mixture was filtered through
celite and evaporated. The residue was dissolved in chloroform
(100 ml) and dry ammonia was bubbled in for 10-15 min. The re-
sulting milky suspension was evaporated. Trituration with ether
and filtration of the ammonium chloride afforded 2.6 g (90%) of
amine 163 as a mobile oil; p.m.r. (CDC13): § 1.3 (t, 6H, OCH29§3),
2.2 (bs, 2H, NH2), 3.0 (bd, 2H, J = 12 Hg, ggzNHz), 4.1 p.p.m.

(d of q, 4H, Jl = 8§ Hz, J2 = 1 Hz, PO(O§§2CH3)2).

Amino phosphonate hydrochloride 169c

Azine 168c (9.4 g) was added very slowly to a solution of

sodium (400 mg) in redistilled diethyl phosphite (25 ml) under N,.

The reaction was instantaneous and very exothermic. The red-
brown solution was heated 5 hrs at 85-90°. The solution was dis-
solved in ether (500 ml) and the resulting solid filtered.
Ethereal HCl (300 ml) was then added to the filtrate at 0°. The
ether was decanted from the red-brown oil and the oil was dis-

solved in CH2C12 (200 ml). Evaporation of the CH2C1 afforded

2

a red-brown oil. Trituration with methylene chloride/ether af-
forded 11.8 g (44%) of the hydrochloride salt 1l69¢ as a tan to
light orange solid; p.m.r. (DCC13): § 1.2-1.6 (m, 6H, OCH29§3),
3.9-4.5 (m, 4H, 0952CH3), 5.2 (4, 1H, QEPO(OEt)Z, J = 18 Hz),

6.3-6.5 (m, 1H, furan), 6.8-7.0 (m, 1H, furan), 7.4-7.6 (m, 1H,

furan), 8.5-9.5 p.p.m. (bs, 3H, NH3+).
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Amino phosphonate 170

Ammonia was bubbled through a cloudy solution of hydro-
chloride 169c in chloroform (150 ml) for 20-30 minutes. The
resulting milky solution was evaporated, ether (200 ml) was
added and the precipitate filtered off. Evaporation of the
filtrate afforded 2 g (77%) of the amine as a light yellow
0oil; p.m.r. (DCCl3): § 1.2 (d of t, 6H, OCH29§3), 2.3 (bs, 2H,

NH,), 3.8-4.2 (m, 4H, OCH,CH,), 4.2 (d, 1H, -CHPO(OEt),,

2
J = 18 Hz), 6.3-6.5 (m, 2H, furan), 7.3-7.5 p.p.m. (m, 1lH,

furan); i.r. (film): Ymax 3400, 3300 (NHZ)’ 3000, 1600, 1250,

1050 cm L.

Olefin acetal 171

To a mixture of acetone (29 g), HgO (1 g) and .2 to .3 ml
BF3.Et20 at 0° was added dropwise under nitrogen ethyl vinyl
ether (108 g) keeping the temperature between 4-6° (6 hrs).

The mixture was stirred 3 more hrs at 6-10°. Na CO3 (1 g)

2
was added, the mixture was stirred 20 min and filtered. Distil-

lation of the residue afforded 6.0 g (55%) of 4,4-diethoxy-2-
butene 171, b.p. 70°/50 mm, lit. b.p. 71.5°/60 mm. P.m.r.

(DCC13): § 1.0 (t, 6H, OCH 923), 2.2 (t, 2H, CH CH=CH2),

2 2
3.0-3.6 (m, 4H, OEEZCH3), 4.3 (t, 1H, CH), 4.8-5.1 (m, 2H,

CH,=CH), 5.3-6.0 p.p.m. (m, 1H, CgéCHZ).

2
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3,3-Diethoxy propionaldehyde 153

Ozone was passed for 2 hrs into a solution of 171 (6.2 g)
in ethyl acetate (100 ml). Excess ozone was removed by purging
with nitrogen. After warming to room temperature, ethanol

(100 ml) and P4d/CaCO, (1.5 g) was added. The mixture was hydro-

3
genated at 40 psi in a Parr hydrogenator. The catalyst was
removed by filtration.through celite. Distillation of the fil-
trate afforded 2.8 g (45%) 3,3-diethoxy propionaldehyde 153,
b.p. 70-72°/15 mm, 1lit. b.p. 74.5°/19 mm; p.m.r. (CDCl3):
2CHO), 3.2-3.8 (m, 4H,
CHO), 9.2 (m, 1H, CHO).

§ 1.2 (t, 6H, OCH,CHj)), 2.5 (m, 2H, CH

OCH,CH,), 4.8 (t, 1H, J = 5 Hz, CHCH,
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Alcohol 182

Butenediol (40 g) was dissolved in an aqueous solution
of sodium hydroxide (24 g in 100 cc of HZO)’ Dimethylsulphate
(31 g) was added dropwise with stirring at a temperature less
than 70°. After stirring at 80° for a further 2 hrs, the
reaction mixture was extracted continuously with ether for
24 hrs. The ether was dried (MgSO4) and evaporated. Distil-
lation of the residue afforded 13 g (29%) of alcohol 182;

p.m.r. (CDCl, + few drops of DZO): § 3.3 (s, 3H, OCH3),

3
3.9-4.3 (m, 4H, CH,), 5.4-6.0 p.p.m. (m, 2H, CH=CH).

o, B-Unsaturated aldehyde 18

————

w

4-Methoxy-2-butenol 182 (8 g) in methylene chloride (20 ml)
was added to a slurry of pyridinium chlorochromate (24 g) in
methylene chloride (200 ml). After stirring for 2 hrs, ether
(200 ml) was added. The mixture was filtered through celite
and Florisil. Distillation of the filtrate afforded 3.0 g (37%)
of 4-methoxy-2-butenal 183, b.p. 50-52°/12 mM, 1lit. b.p. 72-75°/
26 mM; p.m.r. (CDCl3): § 3.4 (s, 3H, OCH3), 4.1-4.3 (m, 2H,
CH,OCH,), 6-6.4 (m, 1H, CH=CH-CHO), 6.6-7.0 (m, 1H, CH=CH-CHO),
9.4 p.p.m. (4, 1H, CHO, J = 7 Hz); i.r. (film): y__ 1690 cm
(C=0).
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Silyl alcohol 194

n-Butyl lithium (150 ml of 1.6 M sol) was slowly added to
tetrahydrofuran (150 ml) at -78°. To the stirred yellow solu-
tion was added dropwise a solution of propargyl alcohol (7 ml,
120 mM) in tetrahydrofuran (50 ml). Near the end of the ad-
dition, the stirring stopped (the solution formed a gel). The
mixture was shaken manually for 10-15 min. After 1 hr at -78°
trimethylsilyl chloride (30 ml, 240 mM) in tetrahydrofuran
(30 ml) was added slowly over 45 minutes. The solution was al-
lowed to warm up to room temperature (2 hrs) and 2% HC1l (50 ml)
was added slowly. After stirring for 15-20 min, the tetrahydro-
furan layer was separated and the aqueous phase was reextracted
with ether (100 ml). The combined organic phases were dried
(MgSO4). Vacuum distillation afforded 10.2 g (67%) of alcohol

194, b.p. 68-70°/7 mm, lit. 65°/10 mm; p.m.r. (DCCl, and few

3
drops DZO): § (s, 9H, Si(CH3)3), 4.0 p.p.m. (s, 2H, QEZOH).
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o, B-Unsaturated aldehyde 196

To a refluking suspension of lithium aluminum hydride
(.6 g) in tetrahydrofuran (100 ml) was added dropwise over
10 minutes a solution of the alcohol 194 (3.7 g) in tetrahydro-
furan (25 ml). After refluxing for 21 hrs saturated sodium
chloride (10 ml) was added. The solution was decanted from
the white sticky residue. The residue was thoroughly washed
with tetrahydrofuran (3 x 50 ml). The combined tetrahydrofuran
fractions were washed with satd. NaCl (20 ml), dried (MgSO4) and
evaporated. The residue was dissolved in methylene chloride
and added to a slurry of pyridinium chlorochromate (6.5 g) and
celite (6 g) in methylene chloride (100 ml). After stirring
for 13 hrs, ether (100 ml) was added. The mixture was filtered
through a pad of Florisil and evaporated on a rotary evaporator
(temperature < 20° ). Vacuum distillation of the residue af-
forded 1.6 g (43%) of o,B-unsaturated aldehyde 196, b.p. 40-42°/

8 mm; p.m.r. (DCCl,): § 0.1 (s, 9H, (CH;),Si), 6.4 (g, 1H,

Jl = 7 Hz, J2 = 18 Hz, ggéCH—Si(CH3)2), 7,0 (d, 14, J = 18 Hz,
CH=CH-Si(CH,;),), 9.4 p.p.m. (d, 1H, J = 7 Hz, CHO); i.r. (film):
v 2950, 1690 — (C=0) .

max
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Alcohol 200

Sodium hydroxide (4.2 g, 105 mM) was added slowly to a
vigorously stirred mixture of chloride 199 (12.5 g, 90 mM)
and thiophenol (10 ml, 100 mM) in water (40 ml) at 100°. The
mixture was stirred for 5 hrs at 100°, extracted with ether
(2 x 200 ml), dried (MgSO4) and evaporated. Distillation of
the residue afforded 12.5 g (50%) of alcohol 200, b.p. 115-120°/
.2 mm, as a mixture of isomers (approximately 9:1 cis/trans);

p.m.r. (CDCl, + few drops DZO): § 3.4-3.7 (m, 2H, EEZOH),

3
3.8-4.2 (m, 2H, Phsggz), 5.0-6.0 (m, 2H, CH=CH), 7.0-7.5 p.p.m.
(m, 5H, CGHSX.

o,B-Unsaturated aldehyde 201

Alcohol 200 (3.6 g) in methylene chloride (10 ml) was
added to a slurry of pyridinium chlorochromate (5.5 g, 1.4 eq)
and 5 g of celite in methylene chloride (200 ml). After stir-
ring 2 hrs at room temperature, ether (200 ml) was added. The
mixture was filtered through a pad of celite and Florisil.
Column chromatography of the residue on SiO2 act II using
methylene chloride afforded 2.2 g (60%) of fairly pure aldehyde;

p.m.r. (CDCl3): § 3.6 (d, 2H, CH,-CH=CH, J = 7 Hz), 6.0 (g, 1lH,

2
CH=§§CHO, Jl = 16 Hz, J2 = 7 Hz), 6.9 (d of t, 1H, QE=CHCHO,
Jl = 16 Hz, J, = 7 Hz), 7.0-7.6 (m, 5H, C6H5), 9.8 p.p.m.

2

(d, 1H, CH=CH-CHO, J = 7 Hz); i.r. (£ilm): y___ 1690 cm ™

(C=0).
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Synthesis of B-lactams 180, 185, and 198

Azidoacetyl chloride (1.2 g, 10 mM) in methylene chlo-
ride (25 ml) was added dropwise over 30 minutes to a solution
of the Schiff base (10 mM) and triethylamine (1 g, 10 mM) in
methylene chloride (50 ml). The brown to black solution

was stirred 1 hr, washed with H,O (2 x 50 ml), dried (MgSO4)

2
and evaporated. Chromatography of the residue on 80 g of
SiO2 act II using CHC13/1-2% MeOH as eluent afforded the

B-lactam in the indicated yield as a mixture of diasteriomers.

B-Lactam 180

40% yield; p.m.r. (CDC13): § 1.3 (bg, 6H, OCH g§3),

2
4.0-4.5 (m, 4H, OCH,CHj), 4.5-5.6 (m, 6H, CHPO(OEt),,

CHNé,

p.p.m. (m, 1H, furan); i.r. (film): Yma
1

CHCH=CH2), 6.3-6.6 (m, 2H, furan), 7.4-7.5

3000,
X

2100 (Nj), 1770 cm = (C=0); m.s.: m/e 354 mhy,

327 (MT-27), 326 (MT-28), 271.
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B~Lactam 185

43% yield; p.m.r. (CDC13): § 1.3 (bg, 6H, OCH29§3)

3.3 (4, 3H, OCH3), 3.8 (bd, 2H, QEQOCH3), 4.0-4.5

(m, 4H, OCH CH3), 4.8-6.0 (m, 5H, QgPO(OEt)z, CHN3,

2
CHCH=CHPh), 6.3-6.6 (m, 2H, furan), 7.3-7.4 p.p.m.

{({m, 1H, furan); i.r. (DCClB): Y
1

nax 2900, 2100 (N3),

1770 em ' (C=0); m.s.: m/e 370 (M'-28), 316, 315.

B-Lactam 198

yield 70%; p.m.r. (CDC13): § -.1 (s, Si(CH3)3, of
one diasteriomer); 0.0 (s, Si(CH3)3, of the other

diasteriomer), 1.0-1.4 (m, 6H, OCHzgg 3.8-4.3

3
(m, 4H, OCH,CH,), 4.4-4.75 (m, 2H, CHNj,

CHCH=CH-S1 (CH,) 5.0(d, CHPO(OEt), of one

3),
diasteriomer, J = 20 Hz), 5.3 (4, _Qg_PO(OEt)2 of

the other diasteriomer, J = 20 Hz), 5.5 (g, 1lH,

CH=CH-S1i (CH J, =7 Hz, J, = 16 Hz), 5.8 (4,

CH 3)3r Jp
1H, CH=CH-Si (CH

2
3)3, J =16 Hz), 6.0-6.5 (m, 2H,
furan), 7.2-7.4 (m, 1H, furan); i.r. (film): Ymax

2950, 2100 (N;), 1770 cem™ ! (broad, C=0); m.s.: m/e

m/e 411 (M'-15), 398 (MT-28), 343.
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