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Synthesis and Biopharmaceutical Studies of Cefazolin Butyrolactone Ester,
a Novel Prodrug of Cefazolin

Jin Hwan Lee, Haeng Nam Cho and Jun Shik Choi®
College of Pharmacy, Chosun University, Kwangju 501-759, Korea

Abstract — A butyrolactone ester of cefazolin (CFZ-BTL) was synthesized by the esterification of cefazolin (CFZ) with «-
bromo-y-butyrolactone. The synthesis was confirmed by the spectroscopic analysis. The CFZ-BTL was more lipophilic than
the CFZ when assessed by n-octanol/water partition coefficients at various pH. The CFZ-BTL itself did not show any anti-
microbial activity in vitro, but after oral administration of CFZ-BTL to rabbits, exerted significant anti-microbial activity in
serum samples when measured by the inhibion zone method in nutrient agar plates, due to conversion of CFZ-BTL to an
active metabolite, probably CFZ, in the body. The CFZ-BTL was also converted into CFZ as confirmed by i vitro incubation
study, with tissue homogenates (liver, blood and intestine) of rabbits. The liver showed the fastest conversion rate, probably
via the hydrolysis mechanism. [z vivo metabolism of CFZ-BTL to CFZ was also confirmed ¢z vivo serum samples by HPLC.
The oral bioavailability of CFZ-BTL in rabbits was 1.6-fold increased when compared to CFZ, resulting from followed by
enhanced lipophilicity increased passive absorption in the intestine.

Keywords [_] cefazolin butyrolactone ester, cefazolin, prodrug, partition coefficient, anti-bacterial activity, pharmacokinetic,

bioavailability
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Scheme 1 - Synthesis of cefazolin butyrolactone ester.

&3, Wright?? @ Wheeler 2% fA15 292 813819
t}. 2ol A & Chough 5?Y0] &4 &t cephalexin phthalidyl
ester ¢ Kim E25)0] 34438l cefoperazone phthalidyl ester, 5=
3 Lee $290] 3413} cefazolin phthalidyl esters2 55
parent drugh th 47&‘4"“"‘] F7) dEelen, Kang 51

o] piperacillinll, Choi $%7°] cefoperazone©l, Ahnn 5*¥0]
cefazolin®ll pivaloyloxy methyl7]2 &3 @43 o]& ester 3}
E 2l gAjol IA FERAN, FHE] AT Foidh AL A
Aolg-Eo] F7HEA

ool A7 ANEERE AREAXUA 2HET prodrugst
oA AFFAA7 7ted H2E ALEEHo CFZY buty-
rolactone ester(®}3} CFZ-BTLz} $HE &3t TLC, IR ¥
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& S F949 e ARE V)6l Hushs Hlelh

AEdHy

A&, Alof & 217]

CFZ-BTL& Cefazolin sodium(Sigma Chem. Co)% o-
Bromo-y-butyrolactone(Aldrich Co.)& AHE3ted UV, IR, NMR

S5 A EASS eIt Alek> N)N-Dimethyl-
formamide(DMF), diethylether, n-hexane, ammonium acetate,
dimethylsulfoxide(DMSO), acetone, n-octonol, sodium iodide,
sodium bicarbonate, ethylacetate, trichloroacetic acid(TCA),
citric acid, sodium phosphate, potassium bromide, potassium

chloride §-2 A% EF%HE AH33Th 71715 NMR(Varian,

Unity plus 300 MHz, NMR Spectrometer), IR(Perkin-Elmer
Model 783), HPLC system< Absorbance detector(SHIMADZU
SPD-10A) Auto injector(SHIMADZU SIL-10A) Liquid chro-
matograph(SHIMADZU LC-10AD)ye |1, 5559 A3 (Sage
Co. M210), UV &3 X Z%7)(Shimadzu, Model UV-240),
Homogenizer(Janke & Kunkel Gmbh Co. T25-SL)E AR89t}

CFZ-BTL &

Cefazolin sodium 4.76 g(0.01 mole)S N,N-Dimethylforma-
mide (DMF) 20 mll €8)A713 a-bromo-y-butyrolactone 1.65
mi(0.01 mole)= 7}k 25°CollA 5A1ZE mutale] WheAlZl &
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36°C2] & A4 50rpm 2 FWAIZ)IHA 10, 20, 30, 60,
90, 1205 % 6A1 7ol A octanolZ 0.5 miA & FHake] oo
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nmoA 22t UV-spectrophotometer® 355 &7gsle] vig
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Hahdch HFHe bk 24 7+ 25 g0 1.15% KCl/0.01 M <QiAt
eI (pH 7.6) 10 miE dol W4 3lollA homogenizers o]g-
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74z} 02mie) ANE Fal HPLCR CFZ 555 S48l Ak
813 - cldf HPLC Z3719- vha3t @ttt A9 u-Bondapak
Cig(4s mm X 25 cm, 5pm particle size)E, ©]F 4 Acetate
Buffer(pH 5.0)(Sodium Acetate 1.6, Acetic Acid 1.2, 2N
Soditan Hydroxide 7.0, H,O 2000) : Hghe- 23t (80 : 20, v/v)
& 4~ 0H, A5 1.0 mi/min® 2 785 FES- 272 nm
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disti led water 1075 AME5E ™, Bacillus subtiliss: 9 $t
ol 2 of] HiE muksl & Oﬂ paper disk(8 mm 17, Toyo Co.)oll
AE oS BAM &9 1, 370 1°CellM 2447 uljokst 3
£ 48k '—171;‘ 76kt
A= HH in vitroold CFZ-BTLO| &S #48k/] 9
3loi, CFZ-BTL 1.0 mg& DMSO 0.5 mie]| %EH kia L]r CFZ-
BTL &47) 50 meg/mi7}t X545 A 2d42 343k vhs- g
#2218 & &9dvk in vivoollA] CFZ-BTLY weqa- ORLLIZ ]
g <] 3} go) CFZ-BTL 170 mg/Kg(CFZ 150 mg/Kgell &y
SR grx 7HEC] Aol 305, 1, 2, 3, 4, 8 2 128174
e siFske] flollA At st aAE ook VEe] &
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, 4 é—l b 4mi®] 25% - elﬂ GolE ek Fatsie] miAAl
FCLguiel 3gstel 95 thElg el Feloll H vt (22gage)
Aiete] dols Atk 1elal A ol visle] A
2235 S Y YL el w3 ol

AESF0{ % BUF - CFZ-BTLY] oFaiselels] 545 CFZ
o} =)l HYREE 817 98] ¥7) AEY CFZi= 150 mgkgs

Vol. 47, No. 5, 2003

71#]al CFZ-BTLS 170 mg/kg(CFZ 150 mg/kg alidsh= #)&
oF 10mie] F5goll # Al F Fhelelit Bal Aot st
Ak, A rEest £ 0.25, 05, 1, 1.5, 2, 3, 4, 8 & 12A4] 7 ollA
1miel d-g 2351 12,000 pmell A 108471 941 Ha)slod
84 & Felst 3 HLPCE 7498 w7hA] wgsiel] Byksiich
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galo] NS A& F, o] & THA] 045 pm WIH QI E
o}stod, 1 of el 25 piik HPLCe! F=%13k3int.
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drtk. ojm) MULTI programs ©]88}0d, Simplex method: %]
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x]of] i3t 214 7 7L- unpaired Student's t-testi2 &40
1, p<0.058] A9 fre)Ado] iz Ao Sl
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ZFRE4:2: 1, vimE RS U ARRlAd S Zaleled 8
RISk A}, 42 Rigk 0.5501%1th.

IR-Spectrum — IR (KBr, cm’)) : IR-spectrum®] 1784 cm’!

o|A B-lactam®] carbonyl”17}, 1732 cmol|4] ester®] carbonyl

717}, 1703 cm el butyrolactone®] carbonyl”|7} Z12)31 1624
cmollA] -NHCO-7]7}F vrelsket,

H.NMR spectrum—Hl-NMR(DMSO-ds, 300 MHz) & :
2.35(1H, m, lactone-H), 2.67(4H, s, -CH,, lactone-H), 3.66
and 3.72(2H, brs, -5-CH,~), 3.83(1H, d, /=18 Hz, H-2), 3.89
(1H, d, /=18 Hz, H-2), 4.22~4.30(2H, m, lactone-H), 4.42~
4.53(1H, d, /=13.5 Hz, lactone-H), 5.18~5.19(1H, d, /=5 Hz,
H-6), 5.30(2H, brs, -N-CH,-), 5.71~5.79(1H, m, H-7), 9.51
(1H, d, J=8.4 Hz, -CONH-), 9.54(1H, s, tetrazole-H).
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Fig. 1 — Apparent partition coefficients of cefazolin and cefazolin
butyrolactone ester as a function of PH. key -@-; 25°C
CFZ-BTL, -O-; 36°C CFZ-BTL, -a-; 25°C CFZ, -A-;
36°C CFZ buffer solutions to n-octanol at each tem-
perature.

CFZ= pH 1.2~2.0 H¥jeol uliAlr7t $3keH, CFZ-BTL

+ pH 2.0~3.0014 FulAIF7T 718 w3kt CFZ-BTLY] w4l

A7} 25 2L 36°CollA] CFZell vlal] 5~5080 o) A LElh
T}H(Fig. 1).

7 sl

7Y 32-Eo)A 5%\ CFZ-BTLo| 5%l 43.8%, 10%-°]
A 65.5%, 30X 86.2%, 60%olA 98.0% 7I-Eal=Iict. €
Az} AgtolaE ZzE A7kl A 39.9, 20.8%, 2417tolA] 64.6,
23.8%, 3AZM 755, 31.5% 71RaElol EN W Ao &
Zof JEiME g EalEs & 5 ANk

Az Aol wet ZiEslEla B CFZ-BTLS A&
23 Fs) Azl wel plotal 2 A, 7leRainde 2
8] 12 Baj|#gel wigkon] 7 Rel&EAre 3t 3258
AE 00587 min (817271 =11.8 min)E 71 W o, Hal 1
2R ZH2} 0.0076803F7] =90.2 min), 0.00158 min (5
771 =438 minP1{ch. ZHlA 2] EaiETrt E 9 Aol
vlsf 24z} 7.6, 37280 wWH-E-& & = QASATh o|AdolA CFZ-
BTLx A el gA 7-2siistn 53] Ttelx 7158 whg
< ¢ F U (Fig. 2).

CFZ-BLe| &Y

CFZ-BTL &85 in vitrooW Bacillus subtilis ATCC 6633

o455 o] 8slo] SR gAF 0T =793 A3}, prodrugr}HA|
= o) giglont, CFZ-BTLE 5493 B719) g3 o+t
=& YERNTHEFIE. 3). 0124 Fo{d CFZ-BTL7} AluiollA
7islEe] CFZE felste, ojRo] s Yehds &
At
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Fig. 2 - Apparant first-order degradation of cefazolin butyrolactone
ester in rabbit's homogenates, liver (4 ), blood (@), and
intestine (M), Mean+S.D (n=5).
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Inhibition zone (mm)

Time (hr)

Fig. 3 — Comparison of inhibition zone diameter for in vivo serum
samples at various time intervals following oral admini-
stration of cefazolin ([]) (150 mg/kg) and cefazolin buty-
rolactone ester (M) (150 mg/kg as cefazolin) to rabbits.
Mean+S.D (n=5).

Plasma concentration (mcg/ml)

Time (hr)

Fig. 4 — Serum concentration (mcg/ml) of cefazolin after oral ad-
ministration of cefazolin (@) (150 mg/kg) and cefazolin
butyrolactone ester ((O) (150 mg/kg as cefazolin) to rab-
bits. Mean+S.D (n=5).

SfREENE! BN

7} 4159 CFZ 150 mg/kgell #i338l= CFZ @ CFZ-BTL
& —01 o ¥ Y =R S YERITHEFg. 4). ©]
ER5E 8 HEpE|ehe defuels Table Ioff YERIGICH
CFZ 4 CFZ BTLE A5 H18H 55 (Cmax), H1HH
FE 23N Tmax) ¥ 35 E3AsHAUCK: 47
10.91 2.4 ¥ 13.6+3.3 meg/mi(p<0.05), 1.4+0.3 % 3.8+09

hr, 218]7 90.1%£19.3 W 1404*525hr - meg/mlE VERGTH
CFz 1 CFZ-BTLY #5545 Ka)gt 285 E AT Kens
7}2) 214%0.054 2 0.362%0.082 hr, 0.137+0.021 2 0.861

+0.036 hr'o]lch. CFZe) AUCE 10022 < o CFZ-BTL
o AtA Aol g0l 1.568 Z7HEAc)
) &

Cephalosporin®] A7TEF5= C-3 X2 X|7)e) vjet Q&
& wk=t}, JA|Z Cephalosporine penicillin Bt} 342 £
Su AFFAA EAo] wlg HWohs @d JHA3 Yo
Cephalosporin®] A7&FE C-3 91X 87 we} 5k
Hh=t} A8 07 7 ukg cephalosporin 52 C-3 9]¢
acetoxymethyl, methyl, methoxy, chloro, vinyl”] & 8|23
22 FAFe] 849 AE7EE 7HA . C-3 X9
acetoxymethyP’]E 342 chloro’|1} methoxy? |2 X|&A17]H
ATEFA FAHEM FFYe Frhdgn §0.32
cephalosporin®] 732 57 cephaloglycin®] C-3 %0l
acetoxymethyl”] & 7} 3 Q192D qa| g oz C-3 $]x]o)
heterocyleZ ]850} 3tk TAl= C-7 $12]°l phenylglycyt
711t hydroxyphenylglycyV 18 =18t ATE544E S7HA17]

= A Boxch HZelE olE 7] giAl derE © AlFel
i3t A¥2o| 7J3}¥ aminothiazole == B-lactamasec] Tk
AgAdo] 718 methoxyimino’| 2 X|$A71, C-3 HX|& o
k3t heterocyle® 213H8}1, C-4 229 carboxyl”) S esterd}
AlH E02AM carboxyl’|E 7F cephalosporinkth 178 5}s] ]
BATESTE Z7M1IZIT. esterZ prodrugdl¥lt cephalosporin &
AAE 319 dhae L B-lactamased] thdt A EAHS FRFA]
7t} C-4 91219] carboxyl’| & W3} AlAH = prodrug TR
7 22 Z0E F3AA ok A, AR F 95wl
A FrE 24, @54 2l parent drug ® gk
of 3}, 38 penicillind] 482 prodrugell et ATE F
gato] 7138 B 1970\ d 9= Daehne $°%°] ampicillin®]
C-3 Yo acyloxymethyl ester5< S¢siged 2 =
pivaloyloxymethyl ester 635]]01 plvamplcllhno] ampicillin® Tk
2 ATESFEY 90, 5 5 wi=A) 719=2siElo] parent
drug® A3 d 9l 2N £ FE& Vet &
&t ampicillin®] C-3 $ X9 ethylisopropylcarbamate ester
(bacampicillin),” phthalidyl ester(talampicillin),® (3-phthalidyli-
dene) ethyl ester’®<} (5-substituted 2-oxo-1,3-dioxolentyl) methyl

Table I - Pharmacokinetic parameters of cefazolin and cefazolin butyrolactone ester in rabbits

Pharmacokinetic parameters

Sample Cmax (mcg/mi) Tmax (hr) AUC (hr-mcg/mi) Ka (hr'h) Kel (hr') F (%)
(12 10.9+2.4 1.420.3 90.1+19.3 2.14+0.054 0.137+0.021 100
CIZ-BTL 13.6£3.3** 3.8+0.9%* 140.452.5%** 0.3620.082** 0.186+0.0036 156

Mean:=S.D (n=>5), Significantly different from the CFZ (**p<0.01).

F; Reiative bioavailability to oral CFZ.
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Cephalosporin®] th3t prodrugZ = Chauvette 5470] ce-
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S DHENA} esterificatione 3+ .29, Binderup SV
cephaloglycin®] acetoxymethyl, butyrolactone esters 4151
mouse®]] 750 S o] o]Eo] parent drugd! cephaloglycin
B} Cmax7h 3~68) 57189088 Budl9al, Wheeler 5%
2 cephalexin®] acetoxymethyl, butyrolactone¥} phthalidyl
esters-S d/dste] FHeoll AEFAENS wl, T oFEo]
E+5= A7) parent drughth 3~4¥)7F H1, 55 5%
prodrug] 458 & YERET 11 F pivaloyloxymethyl
ester? prodruge] 71g £& Ferd et Buskg]
o} ojg)dt HARS UnFE O F parent drug®| phthalidyl,
butyrolactone ¥ pivaloyloxymethyl esterd}& 0.2 A 2]-2-4]0]
SuUlE D, =5t MEuke] & FHEo o)F jhEe] A
FE7t Z7HE%7) Mo g BarEm QoY gt opn
& AR oFEo] F5E7] AsliMe WA Asliuield &
sis]olok str, galE oFEo] 5912 pHellM blsiel 3 &
)07 EAsh= Hlgo] F55 SE7] drh F5-2lelA
vlalg)d o g sk ulee 1 E59)e] pHe pKaZ 2%
"ok T3 pKa@ll2l eyt 22 J59) okEe] Afdlle= obs
7re) F82) Aloli= FaliE oFEe X8l A &Sk A
o] & U E Y] At o] AEA Y KR
Fulj A7} o]-g) 3 it

2 A7eld &4 CFZ-BTLZF Hr7] #/4 Eal AdiolA
CFZell vl 21 84de] Wi T7H83S & & AE, o3&
butyrolactone”]ol| <J$t 2029 olof] ol CFZ-BTLS] 173
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BTLx= CFZel| vjal #1-8730] S7F%1em, 5 F 415:3] parent
drug?! CFZZ 7123l vlE2lgt prodrugelelar Fa=E St

a4 =

Ao A F7F AR cefazolin(CFZ)] prodrugs 7t
g 2407 C4 AlAE| 29l cefazolin butyrolactone ester
(CFZ-BTL)E 33811 in vitro X in vivo B 3 A9} b
e AEE Aok

1. Sodium cefazolin®} o-bromo-y-butyrolactoneE 25°Cei| A
HF-2-A] A cefazolin butyrolactone ester®] A RS Ao
TLC, IR, NMRE #43lo] AHASS I35

2. pH 1.2~5.69] 259 4 n-octanol ©]&3 AKW7| H/4
wujl A8 o7 CFZ-BTL7} CFZel v)s) A84d0) vF F7lst
os 4 g AT
3. AAellA CFZ-BTLS] 7=l o4& 2R7] 12F 23
1ol uwpston 1 BT 7 FEEANAS 0.0587
min (377 =118 min)2 71g wgron], ol gl gak ol A
2+2} 0.00768(+771=90.2 min), 0.00158 min’'(¥17}7] =438
min)o|$th,

4. g AH o T CFZ-BTL A= o8& JehliA] g
e AtFe] & A2 83 IS Vel A0 F Mol
CFZ-BTL¥= A WiollA parent drugql CFZZ 7}Eaidl &
e s Yehf: CFZ9 prodrugds & -+ U

5. 7V A75o] Ad8oA CFZe] uls] CFZ-BTLS] Huyg
FEC(Cmax)y= 10.9+2.4004 13.6+ 3.3 meg/mi= ok, &
TEFEE T ZHTmax)S 14703004 3.8£0.9hr2 X
F)9i}. AR 2 (AUC) 2 90.1119.30014] 1404+
52.5 hr - meg/mlC. &2 32419 A (p<0.01) F7Fs1o] Az ABA
o|-g-go| 164 F7FF3ict.

6. CFZ-BTLZ CFZ8| 914+t 575 WA & sl 2448
prodrug® &4 7fR7bsAdo] Qg ZAOE Aksidct

;O

el

Ao
e

1) Neu, H. C. : Clinical uses of cephalosporins. Lancet. 2, 252

J. Pharm. Soc. Korea



Cefazolin Butyrolactone Ester o] 34 @ AbE<Hsry A+ 337

1482).

2) Cerzone, B, Lyon, J. and Yu, V. L. : Third generation and
i restigational cephalosporins. Drug Intell. Clin. Pharm. 2, 448
(1383).

3) “caumacher, G. E. :
¢valuation of dosage regimens for newer cephalosporins and
penicillin. Clin. Pharm. 2, 448 (1983).

4) Inidley, M. N. and Nightingale, C. H. : Effect of protein binding
«r the pharmacology of cephalosporin, Philadelphia. Francis
Clarke Wood Institude for the History of Medicine 227 (1982).

5) N:ghtingale, C. H., Greene, D. S. and Quintiliani, R. :
Iharmacokinetics and clinical uses of cephalosporin anti-
listics. J. Pharm. Sci. 64, 1899 (1975).

6) Iogard, J. M., Comete, E and Pinget, M. : Pharmacokinetics
«f cephalosporin  antibiotics. Antibiot, Chemother. 25, 123
(1378).

7) iyton, J. B, Cole, M., Elson, S. W, and Ferres, H. : BRL.8988
Talampicillin), well absorbed oral form of ampicillin.
A stimicrob. Agents Chemother. 5, 670 (1974).

8) tZayton, J. P, Code, M., Elson, S. W, Ferres, H., Hanson, J. C.
.1d Sutherland, R. : Preparation, hydrolysis,and oral absorp-
‘ihn of lactonyl esters of penicillins. /. Med. Chem. 19, 1385
1975).

9) Rizencweigh, M., Staquet, M. and Klastersky, J. : Antibacterial
w tivity and pharmacokinetics of bacampicillin. Clin. Pharmacol.
I'er. 19, 592 (1975).

10) Daehne, W. E.,, Frederiksen, E., Gundersen, E, Morch, H. ]J.
and Godtfredson, W. O. : Acyloxymethyl esters of ampicillin. /.
Ved. Chem. 13, 607 (1970).

11) ‘ensen, G. N. and Russell, T. J. : Some novel penicillin
{erivatives. J. Chem. Soc. 21, 132 (1965).

12) .y, J. C. K, FPoltz, E., Wallick, H. and Kwan, K. C. :
2 aarmacokinetics of pivapicillin and ampicillin in man. Clin.
Fharmacol. Ther. 16, 35 (1974).

13) Alhader, A. A., Selassie, C. D., Chua, S. O. and Lien, E. J. :
\leasurements of isoniazation constants and partition coef-
1ents of guanazole prodrugs. J. Pharm. Sci. 71, 89 (1982).

14) couston, J. B., Upshall, D. G. and Bridges, J. W : Futher
s udies using carbamate ester as model compounds to in-

Pharmacokinetic and microbiologic

vastigate the role of lipophilisity in the gastointestinal
1ysorption of foreign compounds. J. Pharmacol. Exp. Ther. 195,
57 (1975).
15) Fansch, C. and Clayton, J. N. : Lipophilic character and
tiological activity of drugs. J. Pharm. Sci. 62, 1 (1973).
F ouston, J. B, Upshall, D. G. and Bridges, J. W. : A revaluation
cf the importance of partition coefficients in the gastroin-
testinal absorption of anutrients. J. Pharmacol. Exp. Ther. 189,
244 (1974).
17) Tswi, A., Miyamoto, E., Terasaki, T and Yamana, T :

16

il

Vol. 47, No. 5, 2003

Carbenicillin prodrugs. J. Pharm. Sci. 71, 4 (1982).

18) Tsuji, A., Miyamoto, E., Kagami, L., Sakaguch, H. and Yamana,
T : G. L absorption of B-lactam antibiotics : Kinetic
assessment of competing absorption and degradation in G. 1.
tract. J. Pharm. Sci. 67, 1701 (1987).

19) Kang, S. A. : Studies on oral absorption of piperacillin
pivaloyloxymethyl ester. J. Kor. Pharm. Sci. 18, 49 (1988).

20) Saikawa, 1., Takano, S., Momonoi, K., Takakura, 1. and Yoshida,
C. : Studies on B-lactam antibiotics for medicinal purpose.
Yakugaku Zassi. 99, 929 (1979).

21) Binderup, E., Godtfredsen, W. O. and Roholt, K. : Orally active
cephalolycin esters. J. Antibiotics. 24, 767 (1971).

22) Wright, W. E., Wheeler, W. J., Frogge, V. D. and Finley, D. R. :
Orally active esters of cephalosporin antibiotics. synthesis and
biological properties of the acetoxymethyl ester of cefamandole.
J. Antibiotics. 32, 1155 (1979).

23) Wheeler, W, J., Preston, D. A., Wright, W. E., Huffman, G. W.
and Howard, D. P : Orally active esters of cephalosporin
antibiotics. synthesis and biological properties of aminoacyl-
oxymethy esters of 7-[D-(-)mandel-amino}-3-[(1-ethyl-1H-
tetrazo-5-yDthiomethyl]-3-cephem-4-carboxylic acid. J. Med.
Chem. 22, 657 (1979).

24) Chough, Y. S., Choo, Y. S. and Yang, J. L. : Availability of
cephalexin phthalidyl ester as a cephalexin prodrug. Yakhak
Hoeji. 24, 11 (1980).

25) Kim, J. K., Choi, S. H., Park, G. B. and Choi, ¥. W :
Pharmaceutical studies of cefoperazone phthalidyl ester, a
novel prodrug of cefoperazone. J. Kox. Pharm. Sci. 17, 183
(1987).

26) Lee, J. H. and Kim, G. N. : Synthesis and biopharmaceutical
studies of cefazolin phthalidyl ester prodrug. J. Kox Pharm.
Sci. 23, 61 (1993).

27) Choi, Y. W, Park, G. B, Choi, S. H. and Kim, J. K. : Oral
absortion of cefoperazone pivaloyloxymethyl ester. J. Koz
Pharm. Sci. 18, 197 (1988).

28) Ahnn, S. Y, Lee, J. H,, Choi, J. H. and Burm, J. P. : Synthesis
and biopharmaceutical studies of cefazolin pivaloyloxymethyl
ester. . Kor Pharm. Sci. 22, 39 (1992).

29) Martin, C. F, Takahashi, L. T, Worsley, J. L., Hagemeier, C. ].
and Hall, L. K. : Analysis of sodium cefazolin in ophthatmic
oitment by high performance liquid chromatography. J.
Chromato. 402, 376 (1987).

30) Schumacher, G. E. and Nagwekar, J. B. : Kinetic and
thermodynamic aspects of in vifro interface transfer of
sulfonamides II. ibid. 63, 245 (1974).

31) Tsuji, A., Kubo, O. and Yamana, T. : Physicochemical properties
of beta-lactam antibiotics: oil water distribution. ibid. 66, 1675
(1977).

32) Chauvette, R. R. and Pennington, B A. : Chemistry of



338 oigt -

Zd - 27

cephalosporin antibiotics. 3-methoxy-and 3-halo-3-cephems. J.
Med. Chem. 18, 403 (1975).

33) Ryan, C. W, Simon, R. L. and Heyningen, E. M. : Chemistry
of cephalosporin antibiotics. X1II. Desacetoxycephalosporins.
The synthesis of cephalexin and some analogs. /. Med. Chem.
12, 310 (1969).

34) Chauvette, R. R., Pennington, P. A., Ryan, C. W, Cooper, R. D.
G., Lose, E L., Wright, I. G., Van Heyningen, E. M. and
Huffman, G. W. : Chemistry of cephalosporin antibiotics. XXI.
conversion of penicillins to cephalexin. J. Org. Chem. 36, 1259
1971).

35) Daehne, W. V, Frederiksen, E., Gundersen, E., Lund, F and
Petersen, H. J. : Acyloxymethyl esters of ampicillin. /. Med.
Chem. 13, 607 (1970).

36) Sakamoto, E, Ikeda, S. and Tsukamoto, G. : Studies on
Prodrugs. 1. Preparation and characterization of acyloxyallyl
esters of ampicillin. Chem. Pharm. Bull. 31, 2698 (1984).

37) Sakamoto, E, Tkeda, S. and Tsukamoto, G. : Studies on
Prodrugs. II. Preparation and characterization of (5-sub-
stituted-2-xo0-1,3-dioxolen-4-yl) methy! esters of ampicillin.
Chem. Pharm. Bull. 32, 2241 (1984).

38) Clayton, J. P, Cole, M., Elson, S. W,, Hardy, K. D., Mizen, L. W.
and Suther], R. : Preparation, hydrolysis and oral absorption of
a-carboxy esters of carbenicillin. /. Med. Chem. 18, 172 (1975).

39) Tsuji, A., Miyamoto, E., Terasaki, T. and Yamana, T. :
Carbenicillin prodrugs :stability kinetics of a-phenyl and o-
indanyl esters in aqueous solution. J. Pharm. Sci. 68, 1259
(1979).

40) Chauvette, R. R. and Flynn, E. H. : Chemistry of cephalosporin
antibiotics. V. Amides and esters of cephalothin. /. Med. Chem.
9, 741 (1966).

41) Shiobara, Y., Tachibana, A., Watanabe, H. and Sado, T :
Phthalidy! D-a-aminobezyl penicillinate hydrochloride, A new
orally ampicllin ester. J. Antibiotics. 27, 665 (1974).

42) Tachibana, A., Komiya, M., Shiobara, C., Yano, K. and Maeno,
H. : Absorption, distribution, metabolism and excretion of
talampicillin hydro-chloride. J. Infectious Dis. 49, 709 (1975).

43) Lee, ]. H., Choi, J. S., Burm, J. B, Ko, O. H., Choi, H. K., Park,
J. Y. and Kim, E. C. : Synthesis and biopharmaceutical studies
of ceftezole phthalimidyl ester. Intrn. J. Chosun Univ. 1(3), 531
(1998) 531.

J. Pharm. Soc. Korea



