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OXIDATION STUDIES ON BETA-LACTAM ANTIBIOTICS

SYNTHESIS OF PENAM AND CEPHEM SULFOXIDES AND SULFONES
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Abstract - Penicillin and cephalesporin sulfoxides are
conveniently prepared by oxidation of the respective penicillin or
cephalosporin in methylene chloride using hydrogen peroxide and
acetic acid. Replacement of the acetic acid by formic acid
produces the respective penicillin and cephalosporin sulfones in

high yields.

Considerable attention has been devoted, in recent years, to a study of the conversion of

penicillins, 1, and cephalosporins, 2, to the corresponding sulfoxides, 3 and 4, and sulfones, 5 and

6.
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The pioneering research of Morin and co-workers in converting penicillin sulfoxides, 3, to the

desacetoxycephalosporins, 2 (R2aH), by chemical meansl, generated considerable interest in the
penicillin sulfoxides. The use of the desacetoxycephalosporin sulfoxides, 4 (R2=H) as intermediates
for the functionalisation (R2=halogen) of these compounds?,3 and, the recent discovery that
cephalosporin=1 g-gul foxides*, and even certain cephalogporin-1 ﬁ-sulfoxidess, and
cephalosporin-i-sulfones, 5,5 are biocactive, has sparked interest in these classes of compounds.
Penicillin-1-sulfones, 5, long known®, have only recemtly‘ hecome of great importance, with the
discovery that p-lactamase inhibitory activity is associated with this class of compounti?—m.

A number of methods exist for the synthesis of the sulfoxide; of penicillins, 3, and cephalosporins,
4; and reagents such as sodiumm periodata“, ozonel2, peracetic acid (40%)13, m-chloroperbenzeic
acidl¥, and iodcbenzene dichleridel®, have been utilised as the oxidant, The sulfones of
penicillins, 5, and cephalosporins, 6, can be obtained by using m-chloroperbenzoic acidls, and in
the former case alsc by the use of potassium permanganates. This reagent, potassium permanganate,
may not be useful for the preparation of cephem sulfones, 6, dve to possible concomitant oxidation
of the double bond in the thiazine ring.

Hydrogen peroxide along with organic acids has been used for the oxidation of penicilling and
cephalosporina, The organic acid can function as reactant and scolventl?; or can be employed in
large excesslB; or preferably in a four molar excess in dichloromethane as solventld, for the
preparation of the sulfoxides of penicillins, 3, or cephalosporins, 4., It is alsc reported that the
uge of large amcunts of the organlc acid rasult in low ylelds of the sulfexides, due to cleavage of
the sensitive pubstrates (penicilling or cephalesporins)®’ 8719,  Mangia from his study of this
reaction suggested that formic acid was generally preferred to acetic acid, and that three to four
equivalents of the acid was desirable for the preparation of the sulfoxides of penieillins and
cephalosporinal?,

In our stwlies on p-lactam antibiotics, we have had occasion to study this reaction in scme detail,
In an initial experiment, we found that oxidation of benzyl &6-phenoxyacetamidopenicillanate (the
benzyl ester of penicillin ¥) with hydrogen peroxide in methylene chloride with a four molar excess
of formic acid gave a difficultly separable mixture of the sulfoxide, 2, (R=40CH, R]=CH¢Z,‘80&) and
the sulfone, 5. Further studies revealed that this method 1is in fact an excellent method for
preparing the sulfoxides, 3 and 4, or the sulfones, 5 and 6. Thus, oxidation with hydrogen peroxide
in methylene chloride with acetic acid stopped at the sulfoxide, 3 and 4, stage - the presence of
the sulfone was not detected, With formic acid, and, an extended reaction time, high yields of the
gulfones, 5 and &, resulted. Table % summarises the data obtained in these studies, the yield

percentages being determined from the rmmr gpectra of the crude products.
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When the penicillin, Ja (R=¢OCH3, R1=CH2¢) was treated in methylene chloride with a mixture of
hydrogen peroxide and formic acid {1,2:4) compared to the substrate la for 24 h, the product
conslsted of B0% of the sulfoxide, 3, and 20% of the sulfone, 5. When this ratic was raised to
2.4:8, the product contained 60% sulfoxide, 3, and 40% sulfone, 5. Changing the ratie to 1:12:40
{substrate:Hz0; :HCOOH) afforded 35% sulfoxide, 3, and 65% sulfone, 5. Doubling the reaction time
from 24 h to 48 h gave 16% sulfoxide, 3, and B4% sulfone, 5; and after 72 h gave »95% of the
sulfone, 4.

Stmilar studies were also run on esters of penicillin Vv uging acetic acid. With a ratio of
substrate:H;05:CH3CO0H (1:1.2:4) and after 24 h, 67% of the sulfoxide, 3, with starting penicillin,
1, resulted. On lncreasing the ratio to 1:2.4:8, 87% of the sulfoxide, 3, resulted after 24 h and
essentially quantitative yields after 48 h, No evidence of sulfone formation was evident in the rmr
spectra of the crude products from these reactions, nor was there evidence of much decomposition in
any of these reactions with foermic acid or acetic acid.

Corresponding results were obtained with the cephalosporins, 2, as is evident from the data in Table

1.
TABLE 1
OAIDATION OF PENICILLINS AND CHEPRALOSPORINS BY H,0,/CRGANIC ACIDS
Molar Ratia of ab
2 crganic Subatrate:H;0; Reacticn % Yield of Product '
Compotnd R n1 R Acid tOrganic Acid Time (h) Bulfoxide  Sulfone mnp*c Refarance
™ docH, cH,b - HCOOH 1et.2:4 24 80 20
¢ocn2 ca=¢ - HCOOH 1:2.4:8 24 60 _ 40
docH,  cm,b -« HBCOOH 1:12:40 24 as 65
mcta2 cH b - HCOOH 1212140 48 16 1]
a
$ock, cry ¢ - HCOOH 1112140 72 - 90 124*d8c "
@OCHZ LR - CR,CCOR 1:2.4:8 48 9% - 122-124 Lit 124-125
4
1b $OCH, CH_CCL - HCOGH 1:12:40 72 - T8 168-169*
2 2 dec
a 14
chmz (7!“!2(:(:13 - cnjcoon 1:2.418 48 a9 - 146-147 Lt 1451486
d
1o doca, cud, - cA.CooM 112, 4:8 48 91 - 91-92
2a docd  cm,ecl, R HCOOH 132,418 24 - 12 :1:415
L]
4
$0cR  CR,CCL, B CH,C0CH 11,24 24 [:] - 171174
E @s cn? OCOCH,  CH,COCH 147,24 24 20t - 182 dec
57 Hy 2 : !
CoHy
4
20 CH,CHé, OCOCH,  CH, C00R 111,2:4 24 a8 - 165 dec

a, Eatinated frow the nay spectrym of the product.

b. Tha alsaental analyaila of all nevw compounda are within acceptablae limits.
©. Mixturs of R- and S-isomers.

d, Isclated ylald of pure product after column chromatography,
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The reason for this difference in the oxidation products using acetic acid and formic acid is not

clear, but could@ be a result of the difference in acidity., However, a single experiment in which
the benzyl ester of penicillin V was oxidized with hydrogen peroxide in presence of triflucrcacetic
acid produced the sulfoxide with considerable amounts of decomposition product, There was no
evidence of sulfone formation. Further studies in this area are underway and will be reported in

later publicaticns.

GENERAL PROCEDURE FOR SYNTHESIS OF SULFOXIDE OR SULFONE OF PENICILLINS AND CEPHALOSPORINS

A suitable mixture of hydrogen peroxide (30% w/w) and the organic acid (acetic acid for the
sulfoxide, formi¢ acid for the sulfone) in the ratio indicated in Table 1 is added slowly to a
stirred solution of 2.5 mmole of the substrate {penicillin or cephalosporin) in 35 ml of methylene
chloride, kept at room temperature, After the appropriate time (see table), the reaction mixture is
washed successively with water, agueous sodium bicarbonate, ant brine, and the organic phase dried
(Nays04}, filtered and concentrated to a white foam or solid, pure erough for further reactions. If
necessary, further purification c¢an be achieved by recrystallisation or column chromatography on

silica.
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