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Although A-cephalosporins are potent antibiotics, A2-cephalosporins possess little or no microbiological ac-

tivity.
configuration as the 3-carboxyl in penicillins.

The work herein described establishes that the 4-carboxyl in A2-cephalosporins has the same absolute
Consequently, the lack of antimicrobial activity is ascribed to

stability of the g-lactam ring in A2-cephalosporius rather than a disadvantageous configuration of the carboxyl

group.

Abraham and Newton! showed that cephalosporin
C (1), the cephalosporin produced naturally by Cephalo-
sporium acremoniwm, contained a dihydrothiazine ring
in which the double bond was in the A? position. Since
that tinie several groups of investigators have prepared
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cephalosporin derivatives in which the double bond
has been in the A? position.? Whereas many of the
analogous A’-cephalosporanic acids possessed good
antimicrobial activity, the isoneric A*-cephalosporins
were almost completely inactive. Although seemingly
trivial changes in molecular structure often do cause
dramatic changes in biological activity, such results
are only infrequently predictable. The inactivity of
A?-cephalosporins, because of their very close similarity
to Ad-cephalosporins, was unanticipated and surprising,
Onece known, however, this inactivity requires explana-
tion. Cooper? and Collins and Richmond* postulated
that @-lactaimn antibiotics inhibit cell wall synthesis
because they combine irreversibly with and thus in-
activate an enzyme crucial to the synthesis. The
covalent boud is formed by 8-lactam acylation of the
active site. Cocker and coworkers have observed that
A’-cephalosporins have a 8-lactam ring that is much
more stable toward basic hydrolysis than the g-lactam
ring in A3-cephalosporins. JMorin® has correlated g-
lactain stability with both antibiotic activity and
B-lactam absorption in the infrared: in g-lactam anti-
bioties the miore labile the g-lactam ring the lower the
wavelength of g-lactain absorption and in general the
greater the biological activity. A2-Cephalosporin
esters have g-lactam absorptions at high wavelength
compared to Ad-cephalosporin analogs. To conclude
that A%cephalosporin inactivity is attributable to an
unreactive g-lactam is therefore eminently reasonable.
There does exist, however, another possible factor that
must also be considered. Penicillins contain a b-
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valine residue as proved by X-ray crystallographic
analysis® and by degradation.” The niolecular con-
figuration of a penicillin is designated as shown in II
where the protons on the 8-lactam ring and the carboxyl
all lie below the plane of the penain ring system which
is concave with respect to the plane of the paper.
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X-Ray analyses of a penicillin® and a cephalosporin,®
as well as the conversion of a penicillin into a cephalo-
sporin through a process in which the g-lactan ring
remained intact,” proved that the g-lactam rings in
both antibiotics are stereochemically identical, Cocker
and coworkers* deduced from nmnr data that the car-
boxyl group in A%-cephalosporins was in an axial posi-
tion, but flexibility of the dihydrothiazine ring pernits
an axial configuration for either an «- or 8-carboxyl so
ninr analysis does not provide conclusive assigninent
of carboxyl configuration. Consequently, A-cephalo-
sporins may have an a-carboxyl as in III, opposite to
that in penicillin, or a 8-carboxyl as in IV, with the
same configuration as in penicillin 1T,
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If one were to assuine that proper carboxyl configura-
tion were crucial for antibiotic activity, then, alniost
certainly, the 8 configuration as in natural penicillins
would provide the active form. The inactivity of A%
cephalosporins niay possibly be due, then, to the con-
figuration of the carboxyl if it is in the o configuration.
If, however, A%-cephalosporins have a 8-carboxyl, then
their inactivity is probably not due to "'wrong’’ carboxyl
configuration because molecular models show that a
A?-cephalosporin with g-carboxyl is more nearly super-

(6) D. Crowfoot, C. W. Bunn, B, W. Rogers-Low, and A. Turner-Jones
in “The Chemlistry of Penicillin," H. T. Clarke, J. R. Johnson, and R.
Robinson, Ed.. Princeton Unlversity Press, Princeton, N. J., 1949, p 310.

(7) E. Kaczka and K. Folkers, ref 6, p 243,

(8) D. C. Hodgkin and E, N. Maslen, Biockem. J., 79, 303 11061).

(9) R. B. Morin, B. G. Juckson, R, A, Mueller, 1. R. Lavagninn, W. Ii,
Seanlon, and 8. L. Aundrews, JJ. Am. Chem., Soc., 86, 1807 11063).
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luposable upon a penicillin model than is 1 A*-cephala-
sporin,

We considered it worthwhile to determine carboxyl
cobfiguration in a A*cephalogporin not anly because
it might help explain A%-cephalosporin inactivity but
also beciuse we considered that, should the configura-
tion be a, there still existed the possibility that inver-
sion to the 8 configuration 1wight provide biologicul
activity,

Our plan was to desulfurize phenoxyuethylpenicillin
V' and obtain, after esterification, phenoxymethyl-
desthiopenicillin methyl ester VI Shmilarly we huped
to hydrogenate 7-phenoxyucetamido-al-desacetoxy-
cephalasporanic acid to a tetrahydrothiazine and de-
sulfurize it to VII, which muy be either phenoxy-
methyvldesthiopenieillin or an isomer. If VII praved
tu be identical with desthiopenieillin VI, obtained fram
the penicilhn, we would have established that the
enrboxyls in penicilling and A*-cephalosporins possess
the sane absolute configurations.

Desulfurization of potassium phenoxyimethylpenicil-
i produced a erude desthiopenieillin that showed oue
nnjar and several comparatively minar spots in u thin
layer chiromatogrun (tle).  Diazoniethane converted
the acid mto o mixture ol compounds frou which the
major coluponent, desthiopenicillin methyl ester (VI),
was separated hy colnm ehivamatography.  None of
the abuve processes should Linve affected the aptienl
centers af the product.
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We then proceeded (i canvert 7-phenoxyacetamidn-
desacetoxycephalosporanice neid into a desthiopenicillin
proan isomer. . We chose to start with o desacetoxy-
cephalosporin mther than the natural 3-acetoxymethy]
analog i order to avoid possible acetoxyl containing
nupurities even though it is known that the acetoxyl is
removable by hydrogenolysis, W11 7-Aminodesacetoxy-
ceplialosporanie acid, prepared by the method of
Stedman, et al.,'' was aevlated with phenoxyacety!
chiloride and the acid VIIT 3o producced was converted
into its methyl ester (IX) (Scheme T). Saponificatinn
1 aquevus pyridine isotnerized the methyl ester to its
A% asaer which was preferentially sapouified to 7-
plienoxyacetamido-A%desacetoxyecephalosporanic  acid
(X). Only one isomer resulted from this treatment.
Hydrogenation reduced the A? double bond to vield a
niixture containing dihydrocephalosporins XIa and b.
Tle of the mixture revealed the presence of a major
and  two minor components,  Analysis of the mnr
spectrum of this mixture indicated that one of the mninor
eomponents was unreduced X and that the reduced
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products, Xla and XIb, retained the same configuration
at C-4, but were isomeric at C-3.

A Raney nickel desulfurization of the isomer mixture,
XIa and b, vielded o crude product which, when treated
with diazomethane, gave a methyl ester (VII). Tl
showed one very predomiinant spot accompanied with
faint spots of trace contaminants, substantiating the
conclusion that XTa and XIb differed only at. C-3 which
becomes a symnetrical isopropyl group in the de-
sulfurized product. The methyl ester VII was purified
by column chromatography.

The wmethyl phenoxymethyldesthiopenicillinates VI
and VII possess identical mur, i, and uv spectra,
Their X-ray powder diagrams coincide exactly. Al-
though VI melted at 110° and VIT at 112°) their mix-
ture wmelting point was not depressed.  Sawmples VI
uay have had trace contaminants, In order to be
certain that our assignment was correet, we subjected
VII to acid hydrolysis and isolated the valine so ob-
tained. Althougl its rotation was low compared to
pure p-valine, the rotation was strongly negative like
p-valine. The hydrolysis may have caused some
racemization.  Tle showed only one spot for valine.
Consequently, the assigimnent above must be correct.

We can only conclude, therefore, that it is not the
4-carboxy!l configuration but g-lactam stability that
explains A*-ceplialosporin biological inactivity.

Experimental Section!”

Methyl 6-Phenoxymethyldesthiopenicilloate (VI).——The de-
sulfurization method deseribed for benzyl penicillin was applied
to phenoxymethylpenicillin.'*  Phenoxymethylpenicillin potas-
sinm salt (3 g, 7.74 munoles) was dissolved in HyO (250 ml) and
approximately 18 g of Raney Ni (stored under I1,0) was added.
The mixture was heated to reflux in an oil bath (165°) for 15
utin and then quickly cvoled. The reaction mixtire was care-

121 All pvaytoradiins employed & rotary evaporator at tess thlaa dO%,
Sl B Kaezka anil KL Fulkers, ref 6, p 256,
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NMR SPECTRA% ¢

ceHEOCHQCONHi—i— CHs
N>2< CH,
H COOCH;
NH,
No. Ce¢Hs~H OCH:-H 6-H 5-H 2-H 3-H 2-CHjs OCH;
VI 409-455 m 269 s 295 m 237t (5.5) 120-160 h« 255 d (7.3) 61d (6.5) 223 s
211 q (3.0) 39d (6.5)
VI 407-462 m 269 s 294 m 237t (5.5) 120-160 hs 255d (7.5) 62d (6.5) 233 &
212 q (3.0) 60 d (6.5)
ceﬂsoCHz,CONH-jj}/S ‘
%ia/lcm
COOR
R
(OCHs
No. NH CsHs—H OCHe 7-H 6-H 2-H 3-H 3-CHs 4-H or H)
IXe  457d (9.5) 406-450m 271.5s 349q (5.0) 297.5d (5.0) 200 q (18) 127 5 228 s
X 477d (9.0) 410-453 m 274s 339 q(4.0) 319.0d (4.0) 357 m 117d (1.0) 282 m
XIar  431d(9.5) 405-450m 27258 339 q(4.0) 322.5d(4.0) 295d (12) 137-160m 64 d (7.0) 272d (6.0)
XIbs h 405451 m 2758 338d (4.2) 314.5d (4.2) h h 76d (7.0) 261d(2.0)
¢ DCCl; was solvent. The instrument was a HA-60. ? The desthiopenicillin is numbered as if it were a penicillin. ¢ Chemical
shifts in cps; coupling constants in parentheses. ¢ Heptuplet, ¢ A3-Cephalosporin. / CDCl; 4 0.02 ml of DMSO-ds. ¢ CDCli-

DyO.

* The multiplets do not permit assignment.

fully filtered through a Biichner funnel coated with tale and the
catalyst was washed four times with 20-ml portions of H:O.
The catalyst was then suspended in 300 ml of 0.05 ¥ NaOH
solution and stirred for 0.5 hr and again filtered from the solu-
tion. The aqueous filtrates were layered with EtOAc¢ and
acidified to pH 2 with 1 N HCI, and the organic layers were
separated and dried (Na;8O,). Evaporation of the combined
EtOAc solutions in vacuo left a colorless oil that weighed 2.18 g,
an 889, yield of crude desthiopenicillin. The produect did not
crystallize readily but tle (silica; Et,0-AcOH-H,O, 18:3:1)
showed one major and one minor spot.

The oil, dissolved in EtOAc (50 ml), was chilled in an ice bath
and CH,;N; in CH,Cl: was added portionwise until the yellow
color persisted. After the solution had stirred in the cold for
15 min, glacial AcOH was added, dropwise, until the yellow
color of excess CH;N: disappeared. The oily residue obtained
after evaporation of the solvents in vacuo crystallized on stand-
ing. Tle (silica; EtOAc) separated the material into one major
spot and several very minor spots. The product was therefore
chromatographed over 70 g of silica. The eluting solvent pro-
gressed from CeHs to 30% EtOAc-Ce¢Hs. The residue after
evaporation of solvents, which showed only one spot in tle, was
recrystallized from benzene-petroleum ether (bp 60-65°), 250
mg, mp 108°. Anal. Caled for Ci:H»N:05: C, 61.06; H,
6.63; N, 8.38. Found: C, 60.79; H, 6.75; N, 8.24.

The product was recrystallized three times from benzene—
petroleum ether and the melting point was raised to 109-110°.
The cheniical shift values for the protons in the nmr spectrum of
VI are in Table I.

7-Phenoxyacetamido-3-methyl-3-cephem-4-carboxylic Acid
(VIII).—A solution of 21.4 g (0.1 mole) of 7-aminodesacetoxy-
cephalosporanic acid!! in a mixture of 800 ml of H;O and 600 ml
of acetone containing 28 g (0.332 mole) of NaHCOj; was cooled in
an ice—alcohol bath and treated by dropwise addition with 17 g
(0.1 mule) of phenoxyacetyl chloride in 200 ml of acetone. After
3 hr in the cold, the solution was evaporated in tacuo to remove
acetone, layered with EtOAc, and acidified to pH 2.7 with
concentrated HCl. The EtOAc layer was washed (H,0), dried
(MgS0,), and evaporated in vacuo. The crystalline residue was
recrystallized from Me,CO-Et:0-C¢Hs, yield 25 g (749), mp
187-188° dec. Another sample made similarly had the same
melting point. Anal. Caled for C¢H1sN:0:8: C, 55.17; H,
4.63; N, 8.04. Found: C, 55.16; H, 4.77: N, 8.01.

Methyl 7-Phenoxyacetamido-3-methyl-3-cephem-4-carboxyl-
ate (IX).—7-Phenoxyacetamido-3-methyl-3-cephem-4-carboxylic
acid (12 g, 0.035 mole) suspended in 300 ml of EtOA¢ and cooled
in an ice bath was treated with CH,N, in CH,;Cl; by dropwise
addition until the acid dissolved and the solution became yellow.

After 1 hr in the cold the reactibn mixture was allowed to warm
to room temperature., Excess CH;N; was decomposed by careful
addition of glacial AcOH. The residue that remained after
vacuum evaporation of solvents was dissolved in C¢Hs, washed
(5% NaHCO; solution, H,0), and after drying (MgSO,), re-
covered by evaporation, The product crystallized in an 8.85 g
yield (719), mp 137-139°. The signals for an nmr spectrum are
reported in Table I. Anal, Caled for Ci7HisN:0sS: C, 56.35;
H, 5.01; N, 7.73. Found: C, 56.39; H, 5.09; N, 7.68.
7-Phenoxyacetamido-3-methyl-2-cephem-4-carboxylic Acid
(X).*—Methyl 7-phenoxyacetamido-3-methyl-3-cephem-4-car-
boxylate (2 g, 5.53 mmoles) in 50 ml of H,O and 50 ml of pyridine
was chilled in an ice bath and 5.53 ml of 1 N NaOH was added.
After 5 hr in the cold the solution was diluted (H,0), layered
with EtOAc¢, and while still cold acidified to pH 3 with con-
centrated HCl. The ethyl acetate layer over water was adjusted
to pH 8.0 and the water layer was separated, again acidified to
pH 2.5, and extracted with ethyl acetate. The organic layer after
being washed (H:0) and dried (MgSO,) was evaporated in vacuo
to give the A2-acid which crystallized from chloroform-hexane,
1.45 g (759), mp 167-169°. Its chromatogram on silica (Et,0-
AcOH-H,0, 15:3:1) showed one spot. The nmr chemical
shift values for X are in Table I. Anal. Caled for CgHi1sN:OsS:
C, 55.17; H, 4.63; N, 8.04. Found: C,55.28; H, 4.81; N, 8.08.

7-Phenoxyacetamido-3-methylcepham-4-carboxylic Acid (XI).
—A solution of 7 g (0.02 mole) of 7-phenoxyacetamido-3-methyl-
2-cephem-4-carboxylic acid in 700 ml of EtOH containing 14 g
of 5% Pd-C was heated and shaken at 60° for 7 hr under 3
atm of He. After filtration to remove the catalyst, the product
was isolated by evaporation of the solvent. Tle (silica; Et,O-
AcOH-H,0, 15:3:1) showed one ma’ior spot and two more
mobile, minor spots. Of the two minor spots, the slower had the
same R; value as starting material. The material corresponding
to that in the forerunning minor spot crystallized from a warm
CH;CN solution of the product mixture, mp 187-189°, 50 mg
(XIa). An nmr spectrum showed this material to be one of the
expected tetrahydrothiazine products, isomeric to the main
product at C-3, (See Table I.) Anal. Caled for CisHisNoOsS:
C, 54.85; H, 5.18; N, 8.00. Found: C, 54.66; H, 5.21; N,
7.96.

The nmr spectrum of the residue after MeCN had been evapo-
rated (4 g, 589) showed the presence of a small amount of
starting material X, based on vinyl proton and 4-proton and
3-methyl proton integrals. The residue also contained isomer
X1Ia above as shown by its 3-methyl and 4- and 6-proton signals,

(14) We are indebted to Dr. R, B. Morin and Dr. B. G. Jackson for the
directions for this experiment.
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atnd enlenlations based ou the integral showed that Xla camposed
approximately vue-third of the mixtime. Most of the mnr signals
fir XIb cauld be assignied fruun the spectrum and are in Table 1.
Beeiuse the desulfarization prodaet would be ideutieal from
both isomers XIa and XIb, nv attemnpt wus made to purify the
prodaet, further.

Desulfurization of 7-Phenoxyacetamido-3-methylcepham-4-
carboxylic Acid to Methyl Phenoxymethyldesthiopenicillinate
(VII).--The same pracedure nsetl to desnlfurize the penicillin wnx
nsed for the dihydrodesacetvxyeephalvsporin.  Crude 7-pthenoxy-
acetamida-i-methyvl-3-cepham-4-varboxyhe  neid 11 g, 2.86
runivles) was dissolved in 80 mit of H,0 by adjnsting the solation
to pIT 7 with 1.V NaOMH. Then 6 g uf Ranev Ni was alded:
the mixtare was heated for 15 min inan oil bath at 165° and then
wivkly vhilled.  After the catulvst wag fittered and washod
(11:00), the cooled filtrates were neidified t pH 2.5 below a laver
af I'tOAr. The LtOAe solution was washed (11O), iried (Mg-
ROy, and evaporated to give nn oil which i the (silica: LD
AcOH-1T.0, 15:3: 1) showed three sputs.

The vatalyst above wis extracted with eold 0.05 N Nat)l
1500 ml) from which an additional siall amoant of oily prodavt
votthl be recovered by acidificntion and extraction as abvve.
In tle this fraction showesd the saine spots us the first fraction.

The two fractious were combiued in 15 ml of EtOAe and cuded
11 ah iee bath while excess CHuNu o CHLCE wag wdded.  After
t5 win the yellow colar of CHy Ny was disvharged with a few tlrops
of AvOH awd the solvent wuas removinl by evaporation in revio.
The residue wag redigsalved in ITtOAe, washed 1507 NallCt),
FRO), ml dvied MgS0y).  After the sodvent was evaporated,
the vily residue erystallized after stunding avernight iu the vold.
A the (R10,: EtOAr) of this produet vompared with the methyl
ester of the penivillin desulfurizarion showed 1 major spot moving
as dith that producet, and in addition twa tuite minor, less mobile
spots.  The produet (400 mg) wus chromatographed over u
coltnnn of 810, (16 g), eluting with CgHa eputaining inereasing
amounts of KtOAr. The reenvered prixduct (8) mg) correspond-
lug to the major tle spot was reervstullized fram CyHy-petrolenu
ether and showed only one spot in the: mp 12°0 Anal. Calud
for CeHaNoOg: C, 61.06; 1, 6.65: N, 838, Foaud: €, 61.06,
H, 6.36: N, 8.28,

The above prudiet melted at 1127, that froin the penicitlin at
10U-110°, aml the mixture of the two at 109-112°, all abserved
at the sae time ina Mel-Tewp welting point apparatus.

Vil

The  two t=phenvxymethyldesthiopenieithn weethiyb esters
possessed identieal v and nmr spectrn, and Neray ditfretion
powder dingrmms.  The Neray pattern of the eosier froae e
eephalosporin appeared to be sharper, imlicating a1 more highly
eryeialline materinl. This is alsa supported by the glightly highun
melting point of the vephalosporin-derived ester.

Valine from (ephalosporin-Derived Methyl Phenoxymeihy!-
desthiopenicillinate (VII), ~An initial experiment @ desigued b
produee valine methyl ester from the desthiopenietthn ester VI
{500 mg) gave nstend ag o g-disminopropioatie acid devivitive
£205 mg) hue o siiphe g-lietam apening qs s watee-<eluble
hydroehboride: s amn specirmn possessed the requisite sigiuls,
A portion (150 wgh of ihis aeitl was hythrolvzed o 205 b ot 200
FECE i ceflax for 12 Lo After being coaded and exteacted with
ether oo rempwve voartaphoteries aeithe: nuteriads, the naetion
nixtare was eviporated o deviess i recoas The vesidue o
23 mlof BN HCEH was placed tna Dowex 50W-No4 netd foenn
column (0,0 % 30 ey arel the muine acids eloted with 1N
HOEL  Fraetiong -2 wb variched a0 valiue were combiaed
awd evaporated oo give 78 g of praduct. The prodaer wae
pavifiel by chroamaography® over Sephadex (=25 725 ¢ by oa
2.5 X 25 em evdimnny asing #-BnOH-AcOH-HO 162 Fa:2h.
Vidiie wag vleaaly sepurated. Nocatiempt was made tooeevstal-
Hze the produet.  Hs specifie roration in 0.0F N HCH was come-
paretl with that of prve v-valine at 250 e v-Vahe siandied
showed 1 specifie rotativng, {a] —563°%, wherens the isabated prod-
et hael o spectfie rotation of 24570 Therefore, less thae S50,
of the nuterinl raceutizel ta the process if wo arconnt = taken of
degree of solvatiun and experimental crvoes. The prodact
predomitaiutly of the b eanfigrention.
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Acetyl Migration in Rifampicin'
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Mild alkative treatntent of rifunipivin affords 25-desacet vivifampicin and two other rifamyeins, identified as

Di-desucet v-23-acetyl and 25-desavetyl-21-wcetyl derivatives.

From rhe antibucterial activity data of the two

componuds, the presenive vf the C-21 :uud C-23 hydroxyls i rifamycins seems tu be un essential prerequisite for

their antibacterial activity.

Rifampicin (1) i= a new =cmisynthetic rifamyein®*
sclected fram many derivatives uf 3-formyhifamyein
SVH fur its high antibacterial netivity Je vitro and o
rloo % Clinieal experiments on this antibiatic are
presently underway and the data available indicate its
effcetiveness in the systemic diseases induced by gran-
positive bacterin and in tubercular infections. Like

11) Rifamyecins LIX [part LVI1l: €. R. Pasqualuceci, A. Vigevani, P.
Rulartti, and N. Maggi, Fuomaco, Ed. Prat., submitted for publication].

{2) N. AMavgi, R. Pattanza, and I’. Sensi, Anlimicrobial Agents Chemo-
therapy, T (1065).

3 N, Maggi, (1 R, Pasguataeei, R, Batlooa, and P, Rensi, Chepwtheropia,
11, 285 11066).

o1y NU Mueei, G, G, Gutto, and 1Y Sensi, Farnoceo, Ed. Sci., 22, 316 (1867).

(5N Paeeszs Voo Nrioli, awl R Pattanza, cbdonierahial Agents Cheom-
Hhevapy, TTO 1631

i Vo Aeint, R Ptz S0 Varesa ot GO Uen0d clvoneoaidfel- 400
17, 321G

uther rifumyeins, rifampicin undergaes desacetylatiom
by alkaline treatment. affarding the correspanding des-
acetvl derivative (IT) withaut substuntial lass of wti-
buecterinl uctivity.”  Under milder alkaline conditions
1 yields two additional products whose identification
and antibacterial activity evaluation was considered of
interest for the knuwledge of activity-structure relu-
tionships in rifamycins. To these two rifamycins
structures ITI and IV were assigned on the basis of
physical and chemicnl data.

By treating I i pH 8.2 buffered aqueous solution at
90-95° for 5 hr, II- IV were detected by tle as reactinu
products besides minor by-products and a fair amount
of starting I, The reaction mixture was separated by

DN Mump Vo Vieevion amd R Callanon, Kogeeiend (o, 24, 2000 1D6R



