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The chemical transformation of penicillins is an important method of obtaining com-
pounds of the cephalosporin series, and has already found practical use in the production
of cephalosporin preparations such as cephalexin and cephradin [1, 2]. The method of trans-
formation which has received the most attention uses the trichloroethyl [1] and p-nitro-
benzyl [3] esters of benzyl and phenoxymethyl penicillin sulfoxides. One of the defects of
these methods is the difficulty of removing the ester-protecting groups from the carboxyl
group in the final product. Hence, it was of interest to investigate the use of other peni~
cillin esters for the transformation, esters which would either split more readily or
would give a preparation suitable for use as an ester. The acyloxymethyl esters of penicil~
lins [4] are compounds of this type. The possibility of using cephalosporin acyloxymethyl
esters is also indicated in the literature [5].

The present work examines the possibility of converting penicillin pivaloyloxymethyl
esters to the corresponding deacetoxycephalosporins, which are intermediates in the synthe-
sis of cephalosporin preparations such as cephalexin or its esters.

The conversion of penicillins to cephalosporins involves the expansion of the five-
membered thiazolidine ring to the six-membered thiazine ring, and takes place according to
the scheme
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The starting products for the transformation — benzylpenicillin and phencxymethylpen-
icillin pivaloyloxymethyl esters (III) and (IV) — are obtained by reacting the potassium
salt of benzyl or phenoxymethyl penicillin (I) or (II) with an equimolar quantity of piva-
loyloxymethyl chloride in the presence of anhydrous sodium iodide. The compounds (III) and
(IV) are characterized by IR, UV, and proton magnetic resonance spectra (see Tables 1 and
2). 1In the proton magnetic resonance spectrum of compound (III) there is a singlet in the
region of aromatic proton resonance corresponding to the protons of the phenyl ring at 7.36
ppm. The amide proton appears as a wide doublet (6.49 ppm). The protons in the 5 and 6
positions and also in the methylene group of the ester radical form multiplets at 5.48-

5.88 ppm, while the 5H and 6H protons of the multiplet give 2 doublets at 5.53 and 5.86 ppm -

All-Union Scientific~Research Institute of Antibiotics, Moscow. Translated from Knim-
iko~-Farmatsevticheskii Zhurnal, Vol. 10, No. 1, pp. 83~88, January, 1976. Original article
submitted November 14, 1974.

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 1 7th Street, New York, N.Y.
10011. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is
available from the publisher for $7.50.

75



TABLE 1. Penicillin Pivaloyloxymethyl Esters and Their
Transformation Products

Melding | [15 Found (in %) Calculated (in %)

Com- |point ~ | (c=1, | & ; Empirical
pound |(in deg)*| chloros c |H|N|s]| fomula ™ | c |[H|N|S

form)T

IIT | 120—3 | +101° {0,61158,7(6,1]6,2|7,4] CpHsN,0sS |59,0(6,316,3]72
1v | Oil +117° 10,67 157,2|6,1]6,2|6,7 | CeoHseN,0,S |57,0(6,1|6,0]6,9
V| 181—6 | 4162° {0,32]|56,8(6,2]6,0]8,7| Cy;HssN,0,S |57,0{6,1|6.0/69
VI | 109—11 | +168° |0,41|55,116,1|6,1|6,9] C3aH,sN,0gS |[55,05,9|5,8186,7
VII | 171—4 | +59° 10,56]59,5/6,0|6,216,9| CoHyeN,0,S 159,2|58|6,3]7.2
VIII | 98101 -L68° [0,62 57,5| 5,8 6,4 | 7,1 | C;3HpeN,0.,S | 57,2{5,7|6,1|6,9

%A1l substances melt with decomposition. Compound III was
crystallized from methanol and V from ethyl acetate.
+For III [a]B° + 236° (c = 1, methanol) [13].

with constant spin—spin splitting J = 5 Hz. The proton in the 3 position and the protons of
the CHz group of the benzyl radical appear in the spectra as singlets at 4.41 and 3.61 ppm
respectively. The methyl groups in the 2 position and the methyl groups of the tert-butyl
radical (ester group) appear as singlets at 1.46 and 1.20 ppm respectively. The 2-o~ and 2-
B-CH; groups might have been expected to give different chemical shifts; however, for (III)
they are equivalent. In the proton magnetic resonance spectrum of compound (IV) the protons
of the 2-o- and 2-B-CH; groups have different chemical shifts: 1.43 (a) and 1.59 (B) ppm.
The protons of the phenyl group appear as two multiplets at 6.78-6.97 and 7.11-7.35 .ppm.

The compound (IV), compared to the CH, group of the benzyl radical of compound (III), is dis~
placed towards the low-field region by 0.84 ppm; this agrees with the literature data [6,
7]}. The amide proton in compound (IV) appeared as a broad signal, so that it was difficult
to determine its chemical shift accurately.

Organic peracids are the most effective reagents for the oxidation of penicillin esters
to sulfoxides. Thus, benzylpenicillin sulfoxide tert-butyloxycarbonyloxymethyl ester is ob-
tained by the action of perbenzoic acid on the corresponding benzylpenicillin ester [8].

The reaction takes place at 0° in chloroform and is complete after 24 h.

We obtained benzyl and phenoxymethyl penicillin sulfoxide pivaloyloxymethyl esters (V)
and (VI) by the action of a solution of monoperphthalic acid in ether on compounds (III)
and (IV) respectively. The reaction takes place in chloroform at temperatures below 10°
and is complete after 1-1.5 h; the process of oxidation is accompanied by the precipitation
of phthalic acid. The use of excess monoperphthalic acid leads to the formation of the peni-
cillin sulfone, although in the literature it is reported that penicillin sulfones are
formed under more drastic conditions, for example the oxidation of penicillins with potas-
sium permanganate in dioxane [9]. The disappearance of a spot of the original penicillin on
a chromatogram indicates that the oxidation is complete.

Compounds (V) and (VI) were characterized by IR, UV, and proton magnetic resonance
spectra (see Table 2). The proton magnetic resonance spectrum of compound (V) differs from
that of the starting compound (IITI) in the shift in the strong-field region by 0.53 ppm for
the 5H proton and by 0.15 ppm for the 6H proton. The methyl groups in 2 position also
have different chemical shifts: The a-CH; appears at 1.23 ppm (magnetoequivalent of the
methyl group of the tert-butyl radical), and the B-CH; group has a chemical shift of 1.65
ppm, i.e., the a-CH; group under the influence of the sulfoxide group is displaced in the
strong-field region by 0.23 ppm, and the B-CHs group in the weak-field region by 0.19 ppm,
which agrees with the literature data {1, 6]. In the proton magnetic resonance spectrum for
compound VI the same shift is observed for the 5H and 6H protons in the strong-field re-
gion and for the 2-a- and 2-B-methyl groups. The position of the amide proton in the spec-
trum of V is not sharply defined.

The method commonly described in the literature for the transformation of penicillin
sulfoxide esters involves boiling the ester in neutral solvent (benzene, toluene, dioxane)
in the presence of an acid catalyst. The yield of deacetoxycephalosporinic ester and the
amount of secondary products formed depend on the catalyst, temperature, and duration of
the reaction. When benzylpenicillin sulfoxide methyl ester is boiled in benzene in the
presence of acetic anhydride for 21 h, in addition to 7-phenylacetamido~3~methylcephem—3-
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carboxylic acid methyl ester, six secondary
products are also formed [9]. The best pro-
cedure for this conversion uses organic de-
rivatives of phosphonic acid as catalyst and
absolute dioxane as solvent; this method

Spectral Characteristics of Penicillin Pivaloyloxymethyl Esters and Their Transformation

TABLE 2.
Products

gg g g guarantees a high yield (up to 807) [1, 7].
- I S o Monopyridine salt of dichloromethylphos-—
E : a1 ool o phonic acid (IX) was used as a catalyst for
- = o the conversion in the present work. The
pivaloyloxymethyl esters of 7-phenylacetamido-
N - R (VIT) and 7-phenoxyacetamido-3-methylcephem~
z 3? ¢ == ;E 3-carboxylic-4 acids (VIII) were obtained by
ot <l <l boiling (V) and (VI) in absoclute dioxane in
= - o 2 =2 @ w = the presence of (IX). Completion of the re-
i 5 S - ] R action was determined by the disappearance
a i A A A on a chromatogram of a spot of the original
e L =B =B ?E ?E E g penicillin sulfoxide ester. The compounds
E § f f s e 23 (VII) and (VIII) were characterized by IR,
§ ] = 2 3 2 9 UV, and proton magnetic resonance spectra
A - (see Table 2). The proton magnetic resonance
3 o Dol P spectra of compounds (VII) and (VIII) differ
g ~ o from those of the corresponding sulfoxides
§ s T o o ool 3 by the appearance at 3.27-3.31 ppm of a
& x ® =~ ~ o Swin oy quartet corresponding to the 2-CH, group and
- e e e ;
% R I ) = the disappearance of the signal correspond-
g T T T Z ing to the methyl groups in the 2 position
g B~ T g B [ of the penicillin molecule.
g ° O S TS g
g ;
g - EXPERIMENTAL METHOD
@0 w u P P
T S S 8 = I § The IR spectra were measured in mineral
- r T = © oil for (IV) and as potassium bromide pel-
N N
g Gt & lets on a VR-10 apparatus. The UV spectra
o ™~
< ool =377 | were recorded on an SF-4A apparatus. The
i e o proton magnetic resonance spectra (I11), (V),
2 2 2 & N and (VII) were taken on a Varian XL-100 ap-
e T el E paratus using tetramethylsilane as internal
¢ w 2w ., R £ standard. The proton magnetic resonance
8 | = = s = o spectra (IV), (VI), and (VIII) were taken on
I —— © a '"Varian XA-100" apparat int 1 stan-
— — . pparatus, internal stan
CHO)D | & = & a2 < E dard — hexamethyldisiloxane. The angles of
R . rotation were measured on a '"Roussel Jouan"
¥ | oprmmue g & s 2 2 2 o apparatus. Thin layer chromatography was
B - - - = == e carried out with "Silufol" plates, the sol-
5’ g e 8 vent system was benzene—ethyl acetate (2:1).
O = B9 v = % ? @ Column separation was performed using silica
Bl % | % 5 % o I gel "L 100/250 u," elution was carried out
# sy ® with a benzene—ethyl acetate (4:1) system.
3 =
§~ weil g 3 & 2 . Benzylpenicillin Pivaloyloxymethyl Es~
H -OEI-Q ~ ~ ™~ @© n oo -
- - g2 ter (I1I). A solution of I (7.45 g), anhy-
g a8 SSRSNIBRNTIEITEIES .moE drous sodium iodide (0.75 g), and pivaloyloxy-
% O 6 OV 2303 03 CN O EN 6 ¢ €3 ) 0 €% O €% € S'S - methyl chloride (3.01 g) [lO] in absolute
> (ﬂgﬁx §§§§§§égg;g§&§g;gﬁ © 5%  dimethylformamide (100 ml) is stirred for
=) AN ANAN AN ERE 36 h at 20°. It is poured into ethyl ace-
punodwon| £ & > 5 B B 59 = tate (500 ml), washed in turn with cooled
> X £ o4 water (500 ml), sodium carbonate solution

(200 ml, 3%) and water (2 x 150 ml). The
ethyl acetate solution is separated, dried,
and concentrated to dryness. The residue is
washed on the filter with cooled ether, and
dried. Yield 6.42 g III (73%).
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Phenoxymethylpenicillin Pivaloyloxymethyl Ester (IV). This is obtained in 55% yield
in the same way as (III) from 7.5 g of (II). After concentration of the ethyl acetate so-
lution IV is obtained as a yellow o0il which is dissolved in an equal volume of benzene, ap-
plied to a silica gel column, and then eluted. The eluate is concentrated and (IV) is ob-
tained as a colorless oil.

Benzylpenicillin Sulfoxide Pivaloyloxymethyl Ester (V). To a solution of (III) (4.5 g)
in dry chloroform (75 ml) at a temperature below 10° are added portions of a freshly pre-
pared solution of monoperphthalic acid [11]. Completion of the reaction is determined
chromatographically. The precipitate is separated, the solution treated with cooled 3%
solution of sodium bicarbonate (2 x 40 ml), and water (2 x 40 ml). The organic layer is
separated, dried and concentrated. The resulting oil is triturated with ether, the residue
separated, washed with ether and dried. Yield 4.27 g (V) (92%). '

Phenoxymethylpenicillin Sulfoxide Pivaloyloxymethyl Ester (VI). This is obtained in
the same way as (V) as an oil in 677 yield. The oil as a 30% solution in benzene is applied
to a silica gel column, eluted, and the eluate concentrated. The remaining oil is dissolved
in a minimum quantity of dry ether. On standing, crystals of (VI) separate from the ether
solution, they are removed and dried.

7-Phenylacetamido-3-methylcephem-3-carboxyl-4 Acid Pivaloylmethyl Ester (VII). A
solution of (V) (4.65 g), (IX) (0.1 g) [12], dry pyridine (0.033 ml) in absolute dioxane
(25 ml) is boiled for 12 h, completion of the reaction is determined chromatographically.
The resulting dark brown solution is concentrated, the amorphous precipitate recyrstallized
from ethanol. Yield 2.99 g (VII) (67%) as a white crystalline substance.

7-Phenoxyacetomido-3-methylcephem—~3-carboxylic—4 Acid Pivaloyloxymethyl Ester (VIII).
A solution of (VI) (1.94 g), (IX) (0.04 g) and dry pyridine (0.013 ml) in absolute dioxane
(20 ml) is boiled for 11 h. Completion of the reaction is determined chromatographically.
The resulting dark brown solution is concentrated, the remaining oil applied as 40% benzene
solution to a silical gel column and eluted. The eluate is concentrated, and the colorless
0il dissolved in a minimum quantity of dry ether. On standing, crystals form in the ether
solution and are separated and dried. Yield 0.87 g (VIII) (47%).
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