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Decomposition of p-Nitrobenzyl 7-[D-(-)-a-Amino-
phenylacetamido]-3-chloro-3-cephem-4-carboxylate (If).6 A 
C^H6 solution (3 L) of If (2.6 g, 5.1 mmol) was stirred under reflux 
for 100 h. The C6H6 solution was allowed to cool and the CeH6 
removed in vacuo. The mixture was chromatographed over silica 
gel for dry-column chromatography. Amorphous piperazine-
2,5-dione 3 was eluted with 1:1 ethyl acetate-cyclohexane: 0.6 
g (38%); mp 176 °C dec; field desorption M+ at 466; \max 265, 
371 nm (t 17900,16600); IR (KBr) 1721 (ester), 1663 (C=C), 1640 
(amide), 1340,1510 cm"1 (-N02); [a]25

D +139.7° (Me2SO); proton 
double-resonance data for 3a, 6.12 ppm (d oft) [collapse of 3.58 
ppm, (d) to a s, sharpening of 11.69 ppm (br s)], 3.58 ppm (d) 
[collapse of 6.12 ppm (d of t) to br s], 8.85 ppm (d) [collapse of 
4.98 ppm (d) to s]. Protons at 9.25 (s), 8.58 (d), and 11.69 ppm 
(br s) exchanged upon D20 wash; an unsatisfactory analysis was 
obtained for C, H, and N, but 3 contained no CI. 

Reaction of p-Nitrobenzyl 7-Amino-3-chloro-3-cephem-
4-carboxylate (le)6 with Isobutyl Alcohol. Chauvette and 
Pennington prepared le by the PC15 treatment of p-nitrobenzyl 
7-(thiophene-2-acetamido)-3-chloro-3-cephem-4-carboxylate, 
followed by cleavage of the imino chloride with isobutyl alcohol, 
which precipitates the crystalline HC1 salt of le.6 If the filtrate 
from this procedure is allowed to stand, 4 crystallizes as the 
hydrochloride in yields up to 25%. 

Dissolution of the HC1 salt 4 in pyridine followed by pre
cipitation with H20 gave 4 as yellow-orange crystals. Recrys-
tallization from ethanol gave 4: mp 114 °C dec; field desorption 
M+ 407; \max 263, 365 nm («11000, 8000); IR (KBr) 1721 (ester), 
1669 (C=C), 1350, 1521 cm"1 (-N02); proton double-resonance 
data for 4a, 6.0 ppm (d of t) [collapse of 3.5 ppm (d) to s, 
sharpening of 10.5 ppm (br s)], 3.5 ppm (d) [collapse of 6.0 ppm 
(d) to s], 2.0 ppm (m) [collapse of 0.9 ppm (d) to s, collapse of 
4.0 ppm (d) to s]. Protons at 10.5 (br s) and 2.8 ppm (v br) 
exchange upon D20 wash. Anal. Calcd for CigH2iN306S: C, 53.07; 
H, 5.16; N, 10.32; S, 7.86. Found: C, 52.75; H, 4.94; N, 10.16; S, 
7.56. 
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Cephalosporin Degradations1 

Alan Dinner 

The chemical reactivity of /3-lactam-containing anti
biotics is linked to antimicrobial activity and bacterial 
resistance.2 This has evoked considerable interest in the 
chemical degradation of cephalosporin antibiotics.3,4 Three 
reports have recently appeared which detail the alkaline 
hydrolysis of the clinically useful antibiotics, cephalexin 
[7-(D-2-amino-2-phenylacetamido)-3-methyl-3-cephem-
4-carboxylic acid; cephalexin monohydrate, KEFLEX, 
Lilly] (la) and cephradine (2). In 1973, Cohen5 reported 
that the degradation of 2 in Na2C03 at 5 °C affords the 
diketopiperazine 3a; in 1974, Yamana6 speculated that 
diketopiperazine 4 forms from the hydrolysis of cephalexin 
at pH 8, and in 1976, Bundgaard7 actually isolated such 
a compound from the alkaline hydrolysis of cephalexin.8 

Since cephalexin possesses oral antibiotic activity, an 
acidic rather than a basic degradation study should better 
mimic any chemical reaction that might occur in the 
stomach. Hence, we wish to report the identification of 
two major products from the acidic degradation of la and 
to propose a route to their formation. We also report 

for samples of cephalosporins, Dr. D. Dorman for sug
gestions in interpreting the 13C NMR spectra, and Dr. L. 
D. Hatfield for bringing to our attention that le de
composes in isobutyl alcohol. 
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herein preliminary toxicological data on the cephalexin 
degradation products. 

Experimental Section 
General Procedures. Melting points were determined with 

a Mel-Temp apparatus and are uncorrected. Infrared spectra were 
determined on a Beckman IR-12 spectrometer, NMR spectra were 
recorded on a Varian T-60 spectrometer, and mass spectra were 
recorded on a Hitachi RMU-6D spectrometer at 70 eV. Elemental 
analyses obtained are within ±0.3% of the theoretical values. 

Cephalexin Degradation. A solution of 1.0 g of cephalexin 
in 100 mL of deionized water (resulting pH 3.3) was warmed to 
75 °C. Periodic examination of the solution by TLC [5:2:1:1, 
EtOAc-CH3COCH3-HOAc-H20; Rf (cephalexin) = 0.14] revealed 
that most of the starting material had degraded within 90 min 
and two major degradation products (Rf = 0.78, 0.91) were formed. 
The aqueous solution was then cooled and extracted with CHC13. 
The less polar product (Rf = 0.91) was isolated from the CHC13 
extract (200 mg), purified via sublimation (100 °C, 100 n), and 
identified on the basis of its spectral data as the known9 3-
hydroxy-4-methyl-2(5H)-thiophenone (6): IR (KBr) 3400-3200 
(OH), 1690 (C=0), 1640 cm"1 (C=C); !H NMR (CDC13) 5 2.1 (3 
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The acidic aqueous degradation of the 7a-aminophenylglycinamido-containing cephalosporin cephalexin (la) has 
been examined. Two major degradation products have been isolated and characterized: 3-formyl-3,6-dihydro-
6-phenyl-2,5(lH,4H)-pyrazinedione (5) and 3-hydroxy-4-methyl-2(5W)-thiophenone (6). By carrying out the reaction 
in 180-enriched H20, the intramolecular nature of the cephalexin degradation has been demonstrated. 



964 Journal of Medicinal Chemistry, 1977, Vol. 20, No. 7 Notes 

Scheme I 
„ Path A 

1 a COi_Na \ 
Path B V 

M 

H CO iH 

3b 

;ON-,—r" s> 

V ° r HSV, 

6 , GH 

L d 

C0,H J 

~" " ' " " ' s ^ N - ^ n 0 - ^ N ^ O 
H 

5b 
C0;H 

b 

H 

5a 

H, t, J = 1 Hz), 3.8 (2 H, q, J = 1 Hz), 6.0 (1 H, br s, exchangeable); 
mass spectrum M+ at m/e 130.0090, calcd for C5H602S, m/e 
130.0088; mp 127-128 °C. 

la, R= C 6H 5 ;R ' = H ; X = CH3 
b, R = C 6HS ;R' = Na; X = CI 
c, R = C6H5; R' = Na; X = CH2OAc 

2, R • / 

f 
R1 = Na;X 

I 1 H 
H C O ? N Q C02Na 

3a, R: 

b, R= C6H5 

The more polar product was isolated from the aqueous solution 
by lyophilization (425 mg) and purified by silica gel column 
chromatography (elution solvent 5% MeOH in CHC13), subli
mation (175 °C, 50 n), and finally recrystallization (1:1, 
Me0H-CH2Cl2) to give white crystals, mp 205-206 °C. The 
spectral data are consistent with structure 5, 3-formyl-3,6-di-
hydro-6-phenyl-2,5(lff,4ff)-pyrazinedione (5):10UV (EtOH) 
214 (5250), 257 nm (3050); IR (KBr) 3300-2800 (OH, NH, CH), 
1710-1630 cm'1 (aldehyde, amide, C=C); *H NMR (Me2SO-d6) 
5 4.0 (m, CtfCHO), 5.0 (m, PhCH and -C=CHOH), 7.4 (s, 
aromatic protons), 8.0-9.4 (m, NH, exchangeable), 10.0 (m, CHO), 
12.2 (v br s, OH, exchangeable); mass spectrum M+ at m/e 
218.0691, calcd for CuH10N2O3 218.0696. Anal. (CnH10N2O3) C, 
H, N. 

Degradation of 3b. A mixture of 100 mg of 3b7 in 10 mL of 
deionized water was warmed to 75 °C (solution pH =^3.0). After 
90 min the solution was worked up as above to afford 5 and 6 as 
shown by IR and TLC comparison with previously obtained 
material. 

Hydrolysis in H2
180. For either la or 3b, 60 mg of sample 

was placed in 3 mL of 10 atom % oxygen-18 enriched water 
(Bio-Rad Laboratories) and the mixture was allowed to react as 
above. The amount of 180 incorporation in resulting 5 was 
determined by measuring the P + 2/P intensity ratio in the mass 
spectrum and subtracting from it the P + 2/P ratio in unenriched 
5. Similarly, the amount of 180 incorporation in 5 not contained 
in the 3-formyl portion of the molecule was obtained by measuring 
the 192/190 intensity ratio and subtracting from it the 192/190 
intensity ratio in unenriched 5. 

Resul t s and Discuss ion 
The *H NMR assignments of 5 indicate that this ma

terial exists in Me2SO-d6 as an equilibrium mixture of 50% 

5a and 50% 5b. Consistent with this is the observation 
that 5 gives a positive FeCl3 test, analogous to 2-
formylcyclohexanone,11 whereas model compound 7 does 
not give a positive response. The chemical shifts of the 
benzal proton (5 4.9) and aromatic protons (5 7.4) in 3-
phenyl-2,5-piperazinedione (7)12 are also in accord with the 
observed 5 values in 5 (vide supra). The mass spectrum 
of 5, after an initial loss of m/e 28, exhibits the same major 
fragments as those observed in 7 (m/e 147, 118, 104). 

A possible route which accounts for the formation of 5 
and 6 is shown in Scheme I. Intramolecular attack of the 
phenylglycineamino function in la on the lactam carbonyl 
affords diketopiperazine 3b. At the pH (3.3) of the re
action medium, the thioaminal carbon of 3b undergoes 
hydrolysis which results in the formation of 5 and imine 
b. This imine intermediate rapidly hydrolyzes to ketone 
c (reminiscent of the structure proposed by Abraham13 to 
account for the cephalosporin c degradation products), 
which is then transformed into thiolactone 6 from enol 
form d. 

The intact diketopiperazine 3b is not isolated during this 
reaction process. However, if prepared by an alternative 
synthesis7 and then hydrolyzed at pH 3.3, it rapidly de
grades to 5 and 6. 

H 
N 

Ph-

The intramolecular nature of the cephalexin degradation 
is further demonstrated by carrying out the reaction in 
180-enriched H20. If the reaction follows path A of 
Scheme I, then the piperazinedione 5 should have labeled 
180 only in the 3-formyl oxygen. Alternatively, if the 
/3-lactam in cephalexin is hydrolytically cleaved via path 
B in Scheme I to give a cephalosporate such as a (which 
could subsequently be transformed to 5 and 6), then not 
only would the formyl oxygen in 5 be labeled but also the 
oxygen at C-4 would be enriched in 180. We have observed 
that 5 formed from cephalexin contains no more 180 than 
5 prepared from independently synthesized7 3b under 
identical conditions. Furthermore, analyses of the mass 
spectra of these piperazines reveal that after an initial loss 
of m/e 28 (side chain C = 0 ) , as expected, neither re
maining piperazine fragment (m/e 190) contains any 
unnatural 180. 

The acute oral toxicity of a mixture of 5 and 6 has been 
obtained in mice. Groups of ten fasted female cox ICR 
mice, weighing 16-18 g, were given a single oral dose 
(1000-5000 mg/kg) of sample prepared as an aqueous 
suspension containing 15% sample and 10% acacia. The 
LD0 for the mixture of 5 and 6 is greater than 5000 mg/kg. 
These results are similar to the toxicity found for ceph
alexin (LD0 > 5000 mg/kg). 

Sullivan has demonstrated14 in mice and rats that 
following the oral administration of a single dose of ceph
alexin-14^ 99% of the radioactivity is recovered from 24-h 
urine and feces samples. His examination of these samples 
by TLC revealed that the only radioactive entity present 
had an Rf value corresponding to unchanged la. The R< 
values for 515 in the three systems utilized by Sullivan 
do not correspond to those of la. Hence, the products of 
the acidic degradation of cephalexin do not appear to be 
produced in the mouse or rat. 
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3-Hydroxyisoxazole-5-hydroxamic Acid 
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The synthesis of the title compound, 3-hydroxyisoxazole-5-hydroxamic acid (4b), by two procedures is described. 
The first, involving the treatment of dimethyl acetylenedicarboxylate with hydroxylamine, had previously been reported 
to give the 3-hydroxyisoxazole-5-carboxylic acid (4a). In the second, treatment of chlorofumaroyl dichloride with 
hydroxylamine also gave the intermediate chlorofumarodihydroxamic acid (6). Compound 6 was found to have some 
activity against P388 lymphocytic leukemia. 

Since hydroxamic acids 1 have many different kinds of 
biological activities1 we were interested in combining this 
functionality with that of the 3-hydroxyisoxazole moiety2 

in order to investigate the antibacterial and anticancer 
activity of this structure. 

Hydroxamic acids are well known as strong chelating 
agents of Cu(II) and Fe(III) ions. Various aromatic and 
heterocyclic hydroxamic acids show powerful activity 
against mycobacteria and fungi.3,4 Alkylated hydroxamic 
acids 2 also show antibacterial and antifungal activities.5 

Hydroxamic acid derivatives of isoxazole 3 are also known6 

0 O R 
II II I 

RCNH0H RC-N0R 

1 2 

R' C0NH0H 

N R 

to show in vitro bacteriostatic activity. Of great interest 
also is the antileukemic activity of N-hydroxyurea7 and 
the antimicrobial, fungicidal, and herbicidal activities of 
its derivatives.8 Finally, simple aliphatic and aromatic 
hydroxamic acids are known to be potent inhibitors of 
ureas.9 

In 1968, Nakamura10 reported the synthesis of the acid 
4a and its methyl ester 4c by the low-yield conversion of 
dimethyl acetylenedicarboxylate into 4a with hydroxyl
amine in strongly basic solution. In our hands, this re
action yielded a very crude hydroxamic acid 4b which 
could be converted into the crystalline methyl ester 4c in 
acceptable yield. Saponification of 4c gave the same acid 
(4a) reported by Nakamura in about 20% overall yield. 

Several methods, including the treatment of /?-keto 
esters with hydroxylamine11 and the hydrolysis of 3-
haloisoxazoles,12 are available for the synthesis of 3-

RC CI 

OH 

CI COCi 

CIOC H 
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HOHNOC H 

4a, R = OH 5 6 
b, R = NHOH 
c, R = OCH, 

hydroxyisoxazoles, but none of these was appropriate to 
the synthesis of the desired hydroxamic acid, 4b. An 
alternative procedure which yielded not only 4b but also 
the intermediate dihydroxamic acid 6 proceeded through 
the diacid chloride 5.13 This compound was readily 
prepared from monopotassium acetylenedicarboxylate by 
treatment with HC1 followed by thionyl chloride. When 
5 was treated with 2 equiv of hydroxylamine at room 
temperature under basic conditions, only a red oil giving 
a positive FeCl3 test for the hydroxamic acid function was 
obtained. However, when the reaction was carried out 
carefully at 0 CC under a nitrogen atmosphere, the solid 
dihydroxamic acid 6 was obtained in 67% yield. The ring 
closure of 6 to the isoxazole 4b was carried out at room 
temperature in sodium hydroxide solution under a nitrogen 
atmosphere in 45% yield. This product (4b) had an in
frared spectrum consistent14 with the 3-hydroxyisoxazole 
structure. Methanolysis of the pure 4b followed by sa
ponification of the resulting ester gave the acid 4a in 
approximately 60% yield. The infrared and NMR spectra 
of 4a were consistent with the structure, while its melting 
point, 238 °C sublimes, differed appreciably from those 
given in the literature. lb,n 

To our knowledge the mechanism of this kind of ring 
closure (6 -» 4b) has not been investigated. It seems 


