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ABSTRACT

Alkylation of cefotaxime sodium with 1-iodoethyl 2-N(Boc)-D-phenylglycine (3a and 3b)
led to double esters 4a, 4b where the carboxyl group of D-phenylglycine was linked to the 4-
carboxyl group of cefotaxime via an ethyledine moiety, and their A2 isomeric analogues 5a and
5b. The A3>—A? isomeric transformation from 4a and 4b to 5a and 5b during the synthesis was
successfully eliminated by the addition of TBA+HSOy to the reaction media. Hydrolysis of the
mixture of 4a and 4b followed by medium pressure liquid chromatographic separation afford-
ed the D-phenylglycine-containing double ester prodrugs of cefotaxime (1a and 1b).
Compounds 1a and 1b were stable in acidic phosphate buffer solution, but were degraded fair-
ly rapidly in a pH 7. 39 phosphate buffer solution. The t;;, of 1a and 1b in a mucosal suspen-
sion prepared from rat intestine were 11 minutes and 1 minute respectively. These two com-
pounds failed to demonstrate satisfactory stability for formulation as oral prodrugs of cefo-

taxime.
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INTRODUCTION

Cefotaxime is one of the third generation
cephalosporins with a potent broad spectrum of
activity against important pathogens(!-3 such as
Streptococcus pneumoniae meningitis‘®?. It is
considered one of the first choice antibiotics in the
therapy of spontaneous bacterial peritonitis in cir-
rhosis®9. The drug is administered mainly by
injection due to its poor degree of oral absorption.
In consequence of its small volume of distribu-
tion, low degree of protein binding and high
hydrophilicity, this drug is characterized as a drug

of fast renal elimination with short biological half
life (1.0 hour)(9),

Studies revealed that a certain dipeptide trans-
port system (DTS) exists in the intestine. The
transporter showed broad specificity with less
structural requirement for substrates('!"'?). Several
amino-B-lactams, structurally as tripeptides, are
absorbed via the system(!3-19)_ Interestingly, most
of the orally absorbed amino-B-lactams have D-
phenylglycine or D-p-hydroxyphenylglycine as
common moieties in the molecules. Our previous
studies indicated that D-phenylglycine is a useful
tool for delivering hydrophilic drugs via this
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transport system('-!8, We thus used D-phenyl-
glycine for the preparation of compounds 1a and
1b as oral prodrugs of cefotaxime. This report
describes the synthesis of the double ester com-
pounds la and 1b. A method for the prevention of
isomerization during the alkylation of cefotaxime
is also reported. As oral administration of the pro-
drugs was desired, the stability of the compounds
in phosphate buffer solutions and toward intestinal
enzymatic degradation was investigated(!?).

MATERIALS AND METHODS

1. Materials and Instruments

Cefotaxime sodium was kindly supplied by
Gentle Pharmaceutical Cooporation Ltd.. Solvents
and reagents were commercial products from E.
Merck, Aldrich, Wako or Kasai Companies.
HPLC grade acetonitrile (CH3;CN) was purchased
from Alpus Chemical Company. The MPLC sys-
tem consisted of a Buchi 681 pump, a Borosilicate
3.3 column, and a UAS Absorbance/ Fluorescence
detector. Melting points were determined on a
Buchi 510 capillary melting point apparatus and
were uncorrected. Spectral data were obtained
from a Perkin-Elmer 1760 FT-IR spectrophotome-
ter, Jeol JNS-D300 EI or CI mass spectrometer,
Brucker 200 MHz or 400 MHz NMR spectropho-
tometer. Male Wistar rats weighing 200 - 350 g
were used to prepare the intestinal mucosal sus-
pension.

1. Synthesis

() 1-(t-Butyloxycarbamoyl-D-phenylacetyloxy)-
1-ethyl [6R-[60,,7B(Z)]]-3-[(acetoxy)methyl]-7-
[[(2-amino-4-thiazolyl) (methoxyimino) acetyl]
amino |-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylate (4a and 4b)

A mixture of 1-chloroethyl-N(Boc)-D-phenyl-
glycine (2a and 2b, 3.76 g, 12 mmol)?? and Nal
(18.00 g, 0.12 mol) in CH5CN (150 ml) was
stirred at room temperature for 48 h. CH;CN was
removed in vacuo. The residue was extracted with
CH,Cl, (50 ml) and filtered. The filtrate was con-
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centrated to dryness. NMR spectrum indicated
that 55% of the starting material was converted to
the iodo intermediates 3a and 3b. The mixture was
dissolved in DMF (150 ml) and allowed to react
with cefotaxime sodium (2.86 g, 6.00 mmol) in
the presence of TBA+HSO, (2.04 g, 6.00 mmol)
at 0°C for 25 min. DMF was removed in vacuo.
The residue was partitioned between EtOAc (150
ml) and water (150 ml). The organic layer was
separated, washed first with aqueous 0.1N HCI
solution (150 ml) and then with saturated brine.
The solution was dried over MgSO, and concen-
trated in vacuo. The oily residue was chro-
matographed with MPLC (silica gel, 15-40 pum,
100 g) using EtOAc : n-hexane =3 : 1 (v/v) as the
eluent to give 1.01 g (24 %) of the diastereomeric
products 4a and 4b, identified as a mixture in a
ratio of 1 to 1; mp 120-123°C, IR (KBr) 2980,
1780, 1740, 1720, 1620, 1530, 1380, 1360, 1220,
1160, 1070 cm™!, 'H NMR (400 MHz, CDCl3): §
1.42, 1.52 (3H, dx2, J =54 Hz, -CHCH,), 2.05
(3H, s, -CH,O0COCHjy), 3.42, 3.50 (2H, ABgx2, J
=18.7 Hz, 2-H), 4.03, 4.05 ( 3H, sx2, -NOCH5;),
4.72 (1H, s, D-phenylglycine-a-H), 4.80, 5.12
(2H, ABq, J =13.6 Hz,-CH,0COCHs;), 4.96, 5.07
(1H, dx2,J = 4.5 Hz, 6-H), 529,595 (2H, sx2, -
NH,), 5.42,5.73 (1H, mx2, -NH(Boc)), 597, 6.12
(1H, mx2, 7-H), 6.70, 6.78 (1H, sx2, thiazole-H),
6.97, 7.09 (1H, mx2, -CHCH,), 7.33 (5H, m,
ArH), 7.81, 8.29 (1H, mx2, -CONH-) ppm., MS
(FAB) m/z 733 (M+1)* (100 ) 677 (40) 456 (37)
396 (79) 307 (22) 282 (57) 216 (41).

(I1) 1-(D-Aminophenylacetyloxy)-1-ethyl [6R-
[60,7B(Z)]]-3-[(acetoxy)methyl]-7-[[(2-amino-4-
thiazolyl) (methoxyimino)acetylJamino J-8-0x0-5-
thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate
(la and 1b)

A mixture of compounds 4a and 4b (97.00
mg, 0.13 mmol ) was dissolved in CH,Cl, (9 ml)
and cooled at 0°C. Trifluroacetic acid (3 ml) was
added and stirred for 1 h. CH,Cl, and excess tri-
fluroacetic acid were removed in vacuo. The oily
residue was chromatographed with reversed phase
MPLC (Lobar pre-packed size B column, 310 mm
x25 mm, Lichroprep RP-18 40-63 pum) using 0.5
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% TFA (34:CH3CN = 4:1 (v/v) as the eluent to give
34.00 mg of product la (41%) and 28.00 mg
(33%) of 1b.

The physicochemical properties of la are mp
133°C decp.; IR (KBr) 1770, 1740, 1680, 1525,
1381, 1200, 1140, 1070, 1040 cm!; 'H NMR (400
MHz, D,O, TFA-d ) 8 1.37 (3H, d, J =5.3 Hz, -
CHCHs;), 1.88 (3H, s, -CH,OCOCHs3), 3.38 (2H,
ABgq, J =18.7 Hz, 2-H), 3.86 (3H, s, -NOCH.,),
442 (2H, ABgq, J =13.6 Hz, -CH,OCOCH3), 4.93
(1H, d, J =4.5 Hz, 6-H), 5.10 (1H, s, D-phenyl-
glycine-a-H), 5.53 (1H, d, J =4.5 Hz, 7-H), 6.89
(1H, ¢, J =5.3 Hz, -CHCH,;), 6.91 (lH, s,
aminothiazolyl 5-H), 7.28 (5H, m, ArH) ppm.;
DEPT-135 (100 MHz, D,O+TFA-d): & 27.65 (-
SCH»,"), 64.46 (-CH,OCOCH;3) ppm., HRMS

(FAB*) m/z for Cpg HyoNeOoS, ([M+1]*) Calcd. -

633.1437, found 633.1461.

The physicochemical properties of 1b are mp
138°C, decp.; IR (KBr) 1790. 1720, 1670, 1530,
1390, 1200, 1140, 1068, 1050, cm™!', '"H NMR
(400 MHz, D,0O, TFA-d ): § 1.28 (3H,d,J =54
Hz, -CHCH,), 1.89 (3H, s, -CH,O0COCHs;), 347
(2H, ABgq, J =18.6 Hz, 2-H), 3.87 ( 3H, s, -
NOCH;3), 4.74 (2H, ABq, J =134 Hz, -
CH,OCOCH3), 4.99 (1H, d, J =4.6 Hz, 6-H ),
5.12 (1H, s, D-phenylglycine-o-H ), 5.59 (1H, d, J
=4.6 Hz, 7-H), 6.92 (1H, s, aminothiazolyl 5-H ),
6.95 (1H, ¢, J =54 Hz, -CHCHzy), 7.31 (5H, m,
ArH) ppm., DEPT-135 (100 MHz, D,O, TFA-d ):
0 27.97 (-SCH,-), 64.58 (-CH,O0COCHj3) ppm.;
HRMS (FAB*) m/z for Cys HygNgOoS, ([M+1]%)
Calcd. 633.1437, found 633.1440.

IIl. Degradation of Compounds la and 1b in
Phosphate Buffer Solutions

The test compound, la or 1b (10 mg), and
benzoic acid (40 mg) as internal standard were
dissolved in 10 ml of methanol as the stock solu-
tion. The stock solution (200 pg) was dissolved in
9.8 ml of a pH 2.09, 5.47 or 7.39 phosphate buffer
solution. The solution was incubated in a water
bath at 37°C and 1 ml of the solution was with-
drawn at time intervals from zero to 120 minutes
of incubation. The sampled solution (10 pl) was
injected into an HPLC column for quantification.
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IV. Degradation of Compounds la and 1b in
Intestinal Mucosal Suspension

Mucosal suspension was prepared from the
intestine of male Wistar rats according to the
method of Hu et al('. After abdominal incision
the intestinal segment between the beginning of
the jejunum and the end of the ileum was isolated
and everted to let expose the interior. The mucosal
layer was washed with normal saline and then
scraped with glass microscope slides. The scrap-
ing was collected, diluted to the ratio of 1:9 (v/v)
with ice cold isotonic sucrose solution, and ultra-
sonicated for 200 seconds. The suspension was
centrifuged at 2500 rpm for 5 minutes and the
supernatant suspension was stored in an ice bath
before use. Degradation studies were conducted
immediately after the mucosal suspension was
prepared. A methanolic solution (100 pl) of the
test compound (1 mg/ml) was diluted with an iso-
tonic mannitol buffer solution (pH 6.5, 2.4 ml) as
the stock solution. This stock solution (100 pl)
was mixed with the mucosal suspension (100 pui).
Each of the mixtures was incubated in a water
bath at 37°C for a suitable time period from zero
to 60 min. The reaction was stopped by adding 0.8
ml of MeOH and the mixture was centrifuged at
14000 rpm for 5 minutes. The supernatant (20 -
100 pl) was subjected to HPLC assay.

V. Chromatography

The HPLC system consisted of a Waters 600E
pump, a Waters 484 UV/VIS detector set at 254
nm and a Waters 745 Chromatocorder. A solvent
system consisting of CHCl; : CH;CN : MeOH (18
:5:1v/v,2.5 ml/min flow rate) was used for the
separation of isomeric intermediates 4a, 4b, Sa
and 5b in a Nucleosil 5 silica (Vercopack No
4443, 4.6 mm X 250 mm) column. The retention
times were 10.3 min and 11.3 min for 4a and 4b
respectively and 12.5 min for 5a and 5b. A
Lichrospher 100 RP-18 (5 um, E. Merck) column
was used for assaying la and 1b. The retention
times were 6.4 and 7.5 min for 1a and 1b respec-
tively when eluted with a solvent system consist-
ing of 0.5% TFA(,q) : CH3CN (3 : 1 v/v) at a flow
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rate of 1.5 ml/min. Dipeptide L-Gly-L-Phe was
assayed in Nova-Pak C-18 (4 pm, 150 mm x 3.9
mm, Waters) using a mixture of 0.1 M phosphate
buffer (containing 0.05% dodecyl sulfate sodium,
pH 3.4) : CH;CN (3 : 1 v/v) as the eluent at a flow
rate of 0.8 ml/min.

RESULTS AND DISCUSSION

The preparation of la and 1b is depicted in
Scheme 1. Direct alkylation of cefotaxime sodium
with 1-chloroethyl 2-N(Boc)-phenylglycine (2a
and 2b as diastereomers)@9 failed to give the
desired intermediates 4a and 4b. Compounds 2a
and 2b were allowed to convert to the iodo ana-
logues 3a and 3b before condensation to cefo-
taxime sodium. In order to decrease the hardness
of the sodium salt of cefotaxime, a variety of
phase transfer catalysts, such as 15-crown-3, tetra-
butylammonium hydroxide (TBA*OH") and tetra-
butylammonium iodide (TBA*I"), were added to
the reaction mixture. Most of the alkylation reac-
tions, with or with out the addition of phase trans-
fer catalysts, led to four products, as monitored
with HPLC. Products 4a and 4b, which appeared
in HPLC as peaks A and B respectively (Fig. 1a),
were identified as the desired A3 diastereomeric
compounds. Products Sa and 5b, appearing as
peak C in HPLC, were difficult to separate. These
compounds were identified as the undesired A?
isomers of 4a and 4b from an NMR spectrum in

/

NHBoc i. Nal/CH;CN

ii. Cefotaxime Na

KO\(Ci TAB*I "504 /DMF
| — »%

o CHy
2a 2b

OCH,
/ a
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OCH,
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4a,4b

74%

which the chemical shifts of 6.64 ppm and 5.02
ppm were interpreted respectively as the C-2 vinyl
and the C-4 allylic protons of the cepham ring.
Since cefotaxime sodium was fairly stable in the
reaction medium in the absence of the alkylating
agents 3a and 3b, it is believed that compounds Sa
and 5b were generated from 4a and 4b via a
A3—A? isomerization of the cepham ring 1:22),
That the A3—AZ? conversion might be facilitat-
ed under basic condition®? was demonstrated in
this study by the addition of triethylamine (TEA)
to the reaction media. As depicted in Fig. 1b, the
ratio of peak area C to that of the sum of peak
areas A and B increased when TEA was added.
The ratio was even higher when TEA was added
for a prolonged reaction period (Fig. 1c). In order
to prevent the reaction media from being basic,
we thus used TBA*HSOy", a quaternary ammoni-
um ion with an acidic counter ion, as the phase
transfer catalyst. In comparison to the reaction in
the absence of a catalyst (Fig. 1a), this reaction
led to a majority of the desired A3 isomers 4a and
4b (Fig. 1d). We thus successfully eliminated the
A3—A? isomerization commonly reported for the
cephalosporin ester antibiotics. Diastereomers 4a
and 4b were separated from the side products 5a
and 5b by medium pressure liquid chromatogra-
phy (MPLC). Treatment of the mixture of 4a and
4b with trifluoroacetic acid in methylene chloride
afforded the desired products la and 1b, which
were separated by reverse phase MPLC chro-

NI J
PH /\ /\ /\(

NHBoc
Sa, 5b

NHBOC

TFA/CH,CI,

w— ] ( ];‘/ A

O

B

la, 1b

Scheme 1
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matography.

The stability of compounds 1a and 1b in phos-
phate buffer solutions at pH 2.09, 5.37 and 7.39
was determined. Samples were assayed for resid-
ual compounds with HPLC. The stability profile
of compounds 1a (Fig. 2a) and 1b (Fig. 2b) were
very similar in pH 2.09, and pH 5.47 buffer solu-
tions. More than 50% of the compounds remained
intact after 80 minutes of incubation in both con-
ditions. However, degradation was fairly rapid in
pH 7.39 phosphate buffer solution for both com-

(@) (b)

c
c
B
A
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= o
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pounds. Only 50% of compound la was recovered
after 8 minutes of incubation and 50% of com-
pound 1b was recovered after 13 minutes of incu-
bation. The degradation products were not identi-
fied. However, since Miyauchi has reported that
the hydrolysis of A3 cephalosporin esters in alka-
line conditions generally proceeds via their A? iso-
mers??), we suspected that the instability of com-
pounds la and 1b in pH 7.39 phosphate buffer
solution was possibly due to their degradation to
the A? isomers via the process of isomerization

(c) (d)

c A
B
B
b
C
L_
— : = =
— [}
= 7 = Q

Figure 1. The HPLC chromatographic profile of (a) a reaction of cefotaxime sodium with a mixture of 3a and
. 3b for 30 minutes of reaction time; (b) similar reaction with TEA added; (c) similar reaction with TEA added
for 1 hour of reaction time; and (d) the reaction catalyzed by TBA*HSO, . Peaks A and B were identified

respecgtively as compounds 4a and 4b while peak C was identified as a mixture of compounds 5a and 5b.

- s
5 =.. \ =...
g 08% o, 2 08+ o,
g 5. 2 .
o v T . e 1 v 0 Tl
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= 4 . S, | | N
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Figure 2. Stability of (a) compound la and (b) compound 1b in pH 2.09, 547 and 7.39 phosphate buffer
solutions at 37 °C . Each point represents the mean = S.D. of 3 experiments.
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Figure 3. Proposed degradation pathway of compounds la and 1b in pH 7.39 phosphate buffer solution.

Remaining ratio

é 1l0 1I2 1I4 1I5 1I3 2I0 2.2 2I4 2I6 218 3l0
Time

Figure 4. Degradation of compounds 1a and 1b in

rat intestinal mucosal suspension. Each point rep-

resents the mean = S.D. of 3 experiments.

(Fig. 3)®.

Intestinal stability of the prodrugs toward
enzymatic degradation was evaluated using a
mucosal suspension prepared from rat intestine.
The compounds were incubated with the mucosal
suspension for a time period from zero to 60 min-
utes in an isotonic buffer solution at pH 6.5. The
enzymatic activity of the mucosal preparation was
ensured, as dipeptide L-Gly-L-Phe was degraded
rapidly with only 19% of recovery after 2 min of
incubation. Both 1a and 1b degraded fairly rapidly
with half life of 11 minutes and 1 minute respec-
tively (Fig. 4).

In conclusion, D-phenylglycine was attached
at the 4-COOH position of cefotaxime via an eth-
ylidene linkage to form double ester derivatives
la and 1b. The A3—A? isomerization commonly
reported for the synthesis of cephalosporin esters
was successfully eliminated by the addition of
TBA*HSO, as a phase transfer catalyst in this
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study. Although the prodrugs la and 1b were sta-
ble in acidic phosphate buffer solutions, they were
degraded fairly rapidly in pH 7.39 phosphate
buffer solution. Insufficient stability in rat intesti-
nal mucosal suspension suggested that compounds
la and 1b are not suitable for formulation as oral
prodrugs of cefotaxime.
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