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SYNTHETIC STUDIES ON B-LACTAM ANTIBIOTICS. PART 5.

A SYNTHESIS OF 7p-ACYLAMINO-3-METHYL-1-OXADETHIA-
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Chloroazetidinone 10, prepared from 6~APA, was
etherified with propargyl alcohol and zinc chloride
to a 2:1 mixture of ¢is- and trans-ethers 18, The
separated cis-ether 18 was converted into a keto
ylide 21d, which was cyeclized by intramolecular
Wittig reaction to 3-methyl l-oxacephalosporin 22.
From this compound, four optically active 3-methyl
oxacephalosporins 25a-4 were prépared. Interest-
ingly ali of them except 254, l-oxacephalexin,
exhibited antibacterial activity as four to eight
times high as that of the corresponding cephalo-

sporins.
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The reports that (+)-l-oxacephalothin ila,c)

1b,c}

and (+)-
carbacephalothin 2 possessed half a potency in anti-
bacterial activity as that of cephalothin have evoked our
interest in connection with the question of the extent of the
activity of optically active l-oxacephalosporins with dif-
ferent subsfituents and the structure-activity relationship
among them. In this communication, we describe a synthesis of
optically active 3-methyl l-oxacephalosporin nucieus and its
7-acylamino derivatives.

In‘order to construct the l-oxacephalosporin nucleus, we
first adopted the route shown in Scheme 1 consisting of
etherification of an azetidinone 3 with a hydroxyacetone
deriﬁative 4, and conversion of the resulting 5 into a ylide
6 and following Wittig cyclization of 6 to the desired
nucleus 7.

Etherification of N-substituted azetidinones 8a (X = Cl)

)

with an alcohol using Lewis acid,2 silver tetrafluocro-

lalC) )

borate, or sgtannic chloride3 is known (Scheme 2). While

most phthalimido derivatives 8a (r? = phthalimido) gave trans-

ethers 22,2'3)

1

as major products, an azidoazetidinone 8a

(R™ = N3) vielded a 1:1 mixture of cig- and trans-isomers

.la,c) Acid alcoholysis of 8a, where Rl and X forms an

4)

oxazoline ring, gave a trans-ether 9a

9a
exclusively, Reac-—
tion of W-unsubstituted azetidinones 8b proceeded more

easily., Methanolysis of a chloro derivative 8b (X = Cl) to

trans 9%b (R1 = phthalimido)S) and a reaction of a compound 8b

(X = N3 or S0,Et, Rl = H} giving 9b (R1 = H)G) were reported,
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Concerning preparation of the ylide 6, we planned to

7)

follow the method developed in this laboratory. Different

from previously reported preparations of ylides used in

8,9) this method effectively converts the

Wittig cyclization,
o-isopropylideneacetate moiety into the o-ylidoacetate moiety.
Compound 11, prepared from 6-APA (6-aminopenicillanic

acia) ,10r11)

was deprotected to the amine tosylate 12, which
was chlorinated to give a 4 to 1 mixture of cis- and trans-10.
The free base 10 was unstable and stored as its tosvlate.

First, an intramolecular etherification of an azomethine
13 giving a cis-ether 14 solely was planned. However, several
attempts to prepare 13 by condensation of the amino chloride
10 with hydroxyacetones 4 failed ($cheme 4}. Then, methoxyla-
tion of chloride 10, a model experiment, was carried out.
Treatment of 10 with silver tetrafluoroborate and methanol in
tetrahydrofuran afforded a 1:1 mixture of cis- and’ggggg—
ethers 15. Thus, etherification of the amine 10 with hydroxy-
acetones 4 (R3 = OH or CAc) in the presence of silver tetra-
fluoroborate was attempted, Unfortunately, decomposition of
the p-lactam ring resulted.

Next, etherification of 10 with propargyl alcohol was ex-
amined. WNayler et al. utilized a propargyl group as a synthon
for an acetonyl group exemplified by a successful conversion
of a propargyl ether 16 intc a ketone 17 (Scheme 5).9'12)
The amine 10 was treated with silver tetrafluoroborate in

propargyl alcohol to give a 1:1 mixture of cis- and trans-

ethers 18 (Scheme 6). By using less expensive anhydrous zinc
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chloride as the condensing agent, the cls-trans ratio was
improved to 2:1. The reactiﬁn in the presence of stannic
chloride was sluggish and the yield was less satisfactory.
The resulting cis~ and trans-ethers were separated by silica
gel chromatography. The pure cis-18 was acylated to give
amide 19. Mercuric sulfate catalyzed hydration of the
propargyl group of 192 proceeded well as expected to yield a
ketone 20. Smooth conversion of the isopropylideneacetate
20 into ylide 21d via 2la, 2lb, and 2lc, was performed by

following the method developed in this 1aboratory.7)

Wittig
cyclization of 21d proceeded slowly but cleanly in refluxing
dioxane to give the cyclized product 22 in good yield. The
structure of 22 was confirmed by similarity of its spectra to
those of the corresponding cephalosporin 23 (Table 1}, A
higher reactivity of the f-lactam ring in 22 was suggested
from its slightly higher carbonyl stretching frequency and
lower electron densities on the carbon atoms at 6 and 7
positions were indicated from a smaller coupling constant
J6,7‘ Side chain cleavage of 22 withlphOSphofous penta=-
chloride proceeded satisfactorily to produce amine 24
{Scheme 7).

The usual methods used in modifigation of the C7-side
chain and deprotection of the ester group of cephalosporins
were applied to the oxa-series without any difficulties and
four l-oxa-cephalosporins 25a-d were obtained. The compound

13}

25a-c showed antibacterial activity against Gram-positive

and -negative bacteria as four to eight times high as that of
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cephalosporin analogs, whereas the cephalexin analog 25d was
almost inactive. Although 254 as its trifluoroacetate was
. stable, the free base was proved to be unstable. The ultra-
violet absorption maximum of 25d (255 nm, ¢ 7,080} in a
slightly alkaline solution disappeared with a half life time
of about 3 hr. This contrasted with the stability of
cephalexin under the same conditions where the absorptidn
maximum remained unchanged. Accordingly, we concluded that
254 was decomposed by intramolecular aminolysis of the re-
active p-lactam ring during the in vitre assay.

Christensen et al.14) further reported a synthesis of
(+}-1l-oxacefamandol, which showed doubled activity of that of

13) reported a synthesis

cefamandol. Recently, Nayler et al.
of several optically active amides 25 by a method similar to
that described in this re?ort. In this case, the etherifica-
tion was carried out by refluxing 8b (Rl = tritylamino, X =
80,CH; or Rl = phenoxyacetamido, X = CAc) in propargyl alcochol

and toluene in the presence of zinc acetate.
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