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A series of 3-methylthio-3-cephem-4-carboxylic acids were prepared to test their antibac-
terial activities, and 7-[jR-2-amino-2-(3-chloro-4-hydroxyphenyl)acetamido]-3-methylthio-3-

cephem-4-carboxylic acid was found to be a new orally active antibiotic.

The need still exists for development of new semisynthetic cephalosporins which exhibit potent,
broad-spectrum, antibiotic activity, especially when they are administered orally. In the course of
studies on orally active cephalosporins, we found that 7-[i?-2-amino-2-(3-chloro-4-hydroxyphenyl)-

acetamido]-3-methylthio-3-cephem-4-carboxylic acid showed excellent oral activity. The ED50 values
of this compound against Gram-positive and Gram-negative bacteria were superior to those of
cefroxadine2) (CXD, 7a). Herein reported is synthesis and biological activity of 7-[i?-2-amino-2-(3-
chloro-4-hydroxyphenyl)acetamido]-3-methylthio-3-cephem-4-carboxylic acid and related 3-methylthio-
3-cephem-4-carboxylic acid derivatives.

Chemistry

Although 3-methylthio-3-cephem-4-caboxylate have been prepared from 3-hydroxy-3-cephem-4-
carboxylate (1) by treatment with i?-toluenesulfonyl chloride followed by methylmercaptan3'4), the
products obtained were usually contaminated by considerable amounts of the J2-isomers, Wefound
that the pure 2 could be obtained by using diphenyl chlorophosphate instead of /7-toluenesulfonyl
chloride. In this way ^-nitrobenzyl 7-phenylacetamido-3-hydroxy-3-cephem-4-carboxylate (1) was
converted in an one-pot procedure into 2 without contamination of the J2-isomer in 83 % yield. The
/?-nitrobenzyl ester 2 was then transformed into benzhydryl ester 4 by zinc reduction followed by treat-
ment of 3 with diphenyldiazomethane. Deacylation of the 7-substituent via imino ether and sub-
sequent acylation with JV-ter/-butoxycarbonyl amino acids gave the protected cephalosporins. Re-
moval of the protective groups afforded new cephalsoporins 6a~ 6e (Scheme 1).

t Seerefl.

n Present address: Faculty of Pharmaceutical Sciences, Tokushima-Bunri University, Yamashiro, Toku-
shima 770, Japan.
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Scheme 1.

Biological Activity
The minimum inhibitory concentrations (MICs) of the new cephalosporins were tested against a

series of Gram-positive and Gram-negative organisms using the 2-fold agar dilution method. The
bacteria were cultivated in Muller-Hinton agar (BBL) and grown overnight at 37°C. One loopful
(5 ^1) of the 10"2 dilution (ca. 106 cfu/ml) of the suspension was inoculated with a microplanter (Sakuma
Seisakusho, Tokyo, Japan) into 15 ml of the same agar containing serial 2-fold dilution of the test
antibiotics. The MICsof the new cephalosporins are shown in Table 1. The activity of the 3-
methylthio-3-cephem-4-carboxylic acids (6a ~ 6e), except 6c, can be characterized as comparable to or
better than that of the 3-methoxy-3-cephem-4-carboxylic acids (7a and 7b).

The in vivo antibacterial activities of these compoundswere also tested using mice infected with
Gram-positive and Gram-negative organisms. Male mice (dtfY-SLC strain, 4-weeks-old-age, weight-
ing 19 to 20 g, 10 per a group) were used for the examinations. The mice were challenged intraperi-
toneally with 105 to 108 cfu/mouse of the bacteria which were suspended in 0.5 ml of saline containing
2.5% gastric mucin (Difco). The animals were treated orally and/or subcutaneously with the new
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Table 1. In vitro MICs te/ml).

1327

Organisms 6a 6b 6c 6d 6e 7a 7b CEX

Staphylo co ccus
aureus Smith

S. aureus 209P
Bacillus subtilis

ATCC 6633

Escherichia coli
NIHJ JC-2

E. coli K-12
E. coli ML 1629
E. coli RGN 823*
E. coli RGN 238*

Klebsiella pneumoniae
PCI 602

K. pneumoniaeGN69**

Proteus vulgaris
OX 19

0.39 0.78 0.39 0.78 0.39 1.56 1.56 3.13

0.20 0.39 0.20 0.39 0.20 0.78 1.56 1.56

0.10 0.05 0.20 0.20 0.10 0.39 0.78 0.78

3.13 3.13 12.5

3.13 3.13 50

6.25 6.25 100

3.13 6.25 >100

25 12.5 >100

3.13 3.13 >100

12.5 3.13 50

0.78 1.56 1.56

3.13 3.13

6.25 3.13

6.25 6.25

6.25 3.13

50 25

3.13 3.13

6.25 12.5

1.56 0.78

6.25
6.25

12.5

6.25 6.25

12.5 12.5

6.25 6.25

12.5 50

6.25 6.25

12.5

12.5

12.5

12.5

12.5

6.25

6.25
6.25

6.25
6.25

25

P. rettgeri GN624** > 1QO > 100 >100 >100 >100 >100 >100 >100
Salmonella 1.56 1.56 12.5 3.13 1.56 6.25 12.5 12.5

paratyphi-A
S.paratyphiB 1.56 1.56 3.13 3.13 1.56 6.25 6.25 6.25

Shigellaflexneri 1.56 0.78 12.5 1.56 1.56 3. 13 6.25 6.25

10-2a

* Penicillinase producing strain.
** Cephalosporinase producing strain.

CEX: Cephalexin.

Table 2. Therapeutic effect of 6a, 6b, 6d and cephalexin (CEX) against experimental infections with
Escherichia coli No. 29 in mice.

r^á",,á" nA Challenge dose MIC
Compound (cfu/mouse) (/.g/ml)

ED50 (mg/kg)

po sc

6a 8.3xlO5

CEX 8.3X105

6b 8.3X105

CEX 8.3X 105
6d 7.0X105
CEX 7.0X 105

1.56

3.13

1.56

3.13

1.56

3.13

1.85 (0.65-5.5)a

17.70 (14.75-21.24)

9.25 (7.28-ll.74)

17.70 (14.75-21.24)

14.0 (8.0-25.0)

34.5 (19.0-62.0)

3.65 (1.3-10.5)a

23.85 (13.18-43.17)

13.75 (7.5-26.0)

23.85 (13.18-43.17)

NT
NT

a In parentheses: 95% confidence limit.
NT: Not tested.

cephalosporins immediately after infection. The number of surviving mice were recorded 1 week
after infection. The median effective dose (ED50) was calculated by the method of Litchfield-
Wilcoxon. The data of the ED50values of the new cephalosporins against Escherichia coli No. 29
are shown in Table 2 and compared with that of cephalexin (CEX) in separate tests. All of the com-
pounds 6a, 6b and 6d are superior to CEX. Particularly, the compound 6a bearing chloro sub-

stituent at the meta-position of the phenyl group showed the best oral activity among these cepha-
losporins. The effectiveness of 6a was further represented by comparison of the ED50values against
several Gram-positive and Gram-negative bacteria with those of CXD(7a) (Table 3). The serum
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Table 3. Therapeutic effect of 6a and 7a (cefroxadine ((CXD)) against experimental infections in mice (po).
O rffaniwm Challenge dose Samnje MIC ED50Organisms (cfu/mouse) Sample <>g/mi) (mg/kg)

~~~ Staphylococcus aureus 209P JC-1 5.0 x l08 6a 0^20 2. 75 (1.05- 7.2)a
CXD 1.56 12.5 (5.95-26.25)

Escherichia coliNo. 29 2.4xlO6 6a 1.56 3.7 (2.0-6.5)
CXD 6.25 12.0 (6.5-23.0)

E. coliA-0022 1.7xlO6 6a 1.56 17.5 (ll.0-28.0)

CXD 3.13 48.5 (16.0-145.5)

Klebsiellapneumoniae PCI 602 1.6x l05 6a 1.56 35.0 (23.5-52.5)
CXD 3.13 65.0 (47.5-89.0)

K.pneumoniae GN69 8.0x l07 6a 3.13 85.0 (36.0-200.5)
CXD 3. 13 1,000

Salmonella enteritidis No. il 1.2x lO5 6a 1.56 275.0 (112.0-674.0)
CXD 3.13 380.0 (181.0-798.0)

a In parentheses: 95%confidence limit.

Table 4. Acute toxicity of 6a and cephalexin (CEX)
in mice.

Cnm nnv Adminis-

pCo°u"d (?/°kg) <J*» Mortality
6a ~5 po 0/5

CEX 2 po 1 /5

concentration-time curve of 6a in male beagle
dogs after oral administration is illustrated in
Fig. 1. The serum concentrations were deter-
mined by the paper-disc agar diffusion method
using Micrococcus luteus 9341 as the test organ-
ism. The serum levels of 6a within 3 hours after
administration was higher than that of CEX.
Whenthe acute toxicity of 6a in male mice (Jcl-
ICR strain, 4-weeks-old-age, weighting 20 ±0.5 g)
was compared with that of CEX, the compound

Fig. 1. Serum levels in dogs after oral administra-
tion (beagle dog, 20 mg/kg, n=4).

O 6a, à" cephalexin.

6a was better tolerated after oral administration (Table 4).
These data indicate that 7-[i?-2-amino-2-(3-chloro-4-hydroxyphenyl)acetamido]-3-methylthio-3-

cephem-4-carboxylic acid (6a) is a new orally active cephalosporin.

Exp erim enta l
Melting points were uncorrected. IR spectra were recorded on a Jasco-IR-1 spectrometer.

NMRspectra were determined with tetramethylsilane as an internal standard on either a Hitachi R-600
or R-900 spectrometer, chemical shifts being given in ppm unit.

/7-Nitrobenzyl 7-Phenylacetamido-3-methylthio-3-cephem-4-carboxylate (2)

To a solution of /7-nitrobenzyl 7-phenylacetamido-3-hydroxy-3-cephem-4-carboxylate (1, 5.6 g)
in dry acetonitrile (40 ml) containing diisopropylethylamine (2.4 ml), diphenyl chlorophosphate (2.6
ml) was added dropwise at -20°C. After stirring for 30 minutes at -20 to 10°C, the mixture was
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cooled at -30°C, treated with diisopropylethylamine (2.4 ml) and methylmercaptan (3 g) and then
stirred for 2 hours at -30 to -20°C. The solid was collected by filtration and dried in vacuo to yield
2 (4.95 g, 83%): MP 231°C (dec); IR (Nujol) cm"1 3230, 1775, 1705, 1650; TO NMR (DMSO-</6-
CDC13) 8 1.99 (3H, s), 3.61 (2H, s), 3.68 (2H, s), 5.03 (1H, d, /=4.6Hz), 5.73 (2H, s), 5.64 (1H, dd,

/=4.6 and 7.8Hz), 7.29 (5H, s), 7.63 (2H, d, /=8.2Hz), 8.20 (2H, d, /=8.2Hz), 8.83 (1H, d, /=
7.8Hz).

Anal Calcd for C23H21N3O6S2: C 55.30, H4.23, N 8.41, S 12.84.
Found: C 55.60, H 4.24, N 8.28, S 12.83.

7-Phenylacetamido-3 -methylthio-3 -cephem-4-carboxylic Acid (3)
To a solution of 2 (2.0 g) and DL-mandelic acid (6.0 g) in DMF(15 ml), zinc powder (1.54 g) was

added at once at room temp. After stirring at 50°C for 3 hours, the mixture was cooled and the in-
soluble material was removed by filtration. The filtrate was evaporated in vacuo, and the residue was
taken into EtOAc (50 ml). The EtOAc solution was washed with 5% HC1 and then brine, and ex-
tracted with aq sodium bicarbonate solution. The extract was washed with EtOAcand then acidified
with 5% HC1. The precipitate was collected by filtration and dried in vacuo to yield 3 (1.0 g, 70%):
MP 197- 198°C (dec); IR (Nujol) cm"1 3500, 3280, 1770, 1640; TO NMR (DMSO-</6) 8 2.33 (3H, s),
3.57 (2H, s), 3.67 (2H, s), 5.01 (1H, d, /=4.7Hz), 5.56 (1H, d, /=4.7 and 8.2Hz), 7.25 (5H, s), 9.01
(1H, d, /=8.2 Hz).

Benzhydryl 7-Phenylacetamido-3-methylthio-3 -cephem-4-carboxylate (4)
To a solution of 3 (1.82 g) in Me2CO (20 ml), a solution of diphenyldiazomethane (1.45 g) in

hexane was added, and the mixture was stirred for 5 hours at room temp and evaporated in vacuo.
The residue was washed with hexane - isopropyl ether, and recrystallized from Me2CO- MeOHto
give crystals (2.4 g): MP 162- 163°C (dec); IR (Nujol) cm"1 3230, 1780, 1700, 1650; TO NMR (CDC18)
8 1.99 (3H, s), 2.91 (1H, d, /=16.8 Hz), 3.38 (1H, d, /=16.8 Hz), 3.64 (2H, s), 4.95 (1H, d, /=4.3 Hz),
5.62 (1H, dd, /=4.3 and 8.6 Hz), 6.86 (1H, s), 7.2-7.33 (16H, m); field desorption mass spectrometry
(FD-MS) m/z 530 (M+H).

Benzhydryl 7-Amino-3 -methylthio-3 -cephem-4-carboxylate (5)
To a solution of 4 (2.65 g) in dichloromethane (50 ml), pyridine (4 ml) and phosphorus penta-

chloride (3.2 g) was added at -30°C and the mixture was stirred for 3 hours at 0- 5°C. The mixture
was cooled at -30°C and treated with MeOH(15 ml). After stirring for 1 hour at 0- 5°C, the mixture
was poured into brine (40 ml), adjusted to pH 1.5- 2.0 with diluted ammonia solution and stirred for
1 hour at 0- 5°C. The precipitate was collected by filtration, washed with water and then EtOAc,
and dried in vacuo to yield 5 as the hydrochloride (2.25 g): MP 203-205°C (dec); IR (Nujol) cm"1
1780, 1760, 1700; TO NMR (CDC13) 8 2.44 (3H, s), 3.73 (1H, d, /=16Hz), 4.13 (1H, d, /=16Hz),
5.08 (1H, d, /=4.3 Hz), 5.28 (1H, d, /=4.3 Hz), 6.90 (1H, s), 7.20-7.88 (llH, m).

7-[i^-2-Amino-2-(3 -chloro-4-hydroxyphenyl)acetamido]-3-methylthio-3 -cephem-4-carboxylic Acid
(6a)

To an ice-cooled solution of 5 (290 mg), i?-2-^r/-butoxycarbonylamino-2-(3-chloro-4-hydroxy-
phenyl)acetic acid5) (221 mg) and 1-hydroxybenzotriazole (108 mg) in dichloromethane (10 ml), di-
cyclohexylcarbodiimide (165 mg) was added and the mixture was stirred for 3 hours at 0°C. The
mixture was diluted with EtOAcand filtered. The filtrate was washed in turn with 2.5% HC1, aq
sodium bicarbonate solution and brine, and then evaporated in vacuo. The remaining residue was
chromatographed on silica gel with EtOAc - benzene (1 : 5) to give the acylated compound (200 mg):
MP 145-146°C (dec); IR (Nujol) cm"1 3390, 3300, 1790; TO NMR (CDC13) 8 1.41 (9H, s), 2.05 (3H,
s), 3.23 (2H, d, /=2.8 Hz), 4.95 (1H, d, /=4.3 Hz), 5.27 (1H, d, /=6.7 Hz), 5.55-5.91 (2H, m), 6.89-
7.50 (14H, m).

The product was treated with anisole (0.5 ml) and TFA (3 ml) at 0°C for 30 minutes. The mix-
ture was evaporated in vacuo and the residue was triturated in isopropyl ether to give a white
powder. The solid was dissolved in 95% EtOH (0.5 ml) and the solution was treated at 0°C with tri-
ethylamine (10 mg). After the mixture was stirred for 1 hour at 0°C, the precipitate was collected by
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filtration, washed with 95% EtOH and dried in vacuo to give white crystals (35 mg): MP 147- 150°C
(dec); IR (Nujol) cm"1 1760, 1690; XH NMR (D2O -HC1) 8 2.35 (3H, s), 3.35 (1H, d, 7=17.6Hz),
3.71 (1H, d, 7=17.6Hz), 5.15 (1H, d, 7=4.3 Hz), 5.23 (1H, s), 6.02 (1H, d, 7=4.3 Hz), 7.05-7.59
(3H,m).

7-(i^-2-Amino-2-phenylacetamido)-3 -methylthio-3 -cephem-4-carboxylic Acid (6b)3)
By the use of the procedure described above for 6a, this compound was prepared from 5 and

D-A^-^r^-butoxycarbonylphenylglycine. IR (Nujol) cm"1 1760, 1690; XH NMR (D2O - HC1) 8 2.32
(3H, s), 3.42 (1H, d, 7=17.5Hz), 3.58 (1H, d, 7=17.5Hz), 5.10 (1H, d, 7=4.3 Hz), 5.20 (1H, s), 5.70
(1H, d, 7=4.3 Hz), 7.38-7.70 (5H, m).

7-[i^"2-Amino-2-(3-chloro-4-methoxyphenyl)acetamido]-3-methylthio-3-cephem-4-carboxylic Acid
.(6c)

By the use of the procedure described above for 6a, this compoundswas prepared from 5 and
i?-2-^r?-butoxycarbonylamino-2-(3-chloro-4-methoxyphenyl)acetic acid. IR (Nujol) cm" 1 1760,
1685; XH NMR (D2O-HC1) 8 2.35 (3H, s), 3.22 (1H, s, 7=18Hz), 3.68 (1H, d, 7=18Hz), 3.69 (3H,
s), 5.22 (1H, d, 7=4.3 Hz), 5.30 (1H, s), 5.56 (1H, d, 7=4.3 Hz), 7.10-7.75 (3H, m).

7-[i?-2-Amino-2-(4-hydroxyphenyl)acetamido]-3 -methylthiO"3-cephem-4-carboxylic Acid (6d)
By the use of the procedure described above for 6a, this compound was prepared from 5 and

i?-2-^r^-butoxycarbonylamino-2-(4-hydroxyphenyl)acetic acid. IR (Nujol) cm"1 1760, 1690; XH

NMR (D2O-HC1) 8 2.36 (3H, s), 3.36 (1H, d, 7=18Hz), 3.66 (1H, d, 7=18Hz), 5.13 (1H, d, 7=
4.3 Hz), 5.26 (1H, s), 5.58 (1H, d, 7=4.3 Hz), 7.00 (2H, d, 7=8.6 Hz), 7.45 (2H, d, 7=8.6Hz).

7-[i?-2-Amino-2-(l ,4-hexadiene- l -yl)acetamido]-3-methylthio-3"Cephem-4-carboxylic Acid (6e)
By the use of the procedure described above for 6a, this compound was prepared from 5 and

JR-2-^rf-butoxycarbonylamino-2-(l,4-hexadiene-l-yl)acetic acid. IR (Nujol) cm"1 1780, 1700; XH

NMR (D2O-HC1) 8 2.36 (3H, s), 2.38 (4H, brs), 3.08 (1H, d, 7=16.2Hz), 3.35 (1H, d, 7=16.2Hz),
4.30 (1H, s), 4.80 (1H, d, 7=4.3 Hz), 5.05 (1H, d, 7=4.3 Hz), 5.34 (2H, brs), 5.76 (1H, brs).
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