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Synthesis and Biopharmaceutical Properties of Ceftezole
Butyrolactone Ester, a Novel Prodrug of Ceftezole
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ABSTRACT-Butyrolactone ester of ceftezole (CFZ-BL) was synthesized by esterification of ceftezole (CFZ) with o-
bromo-y-butyrolactone. The synthesis was confirmed by spectroscopic analysis. CFZ-BL was more lipophilic than CFZ
when the lipophilicity was assessed by partition coefficients between n-octanol and water at various pH. CFZ-BL itself did
not show any microbiological activity in vitro, but serums taken after oral administration of CFZ-BL showed substaintial
microbiological activity indicating that CFZ-BL is converted to microbiologically active metabolite, probably CFZ, in the
body. The conversion was confirmed by in vitro incubation study, in which CFZ-BL was incubated in some body tissues
of rabbit. Liver homogenate showed fastest conversion of CFZ-BL among the tissues tested (blood and intestine). Thus,
CFZ-BL appeares to be rapidly metabolized in the liver to CFZ following oral administration. The metabolism process
appears to be hydrolysis of the ester to CFZ, the parent drug of CFZ-BL. In vivo metabolism of CFZ-BL to CFZ was con-
firmed by analying CFZ by HPLC. CFZ concentration in the serum samples taken after oral administration of CFZ-BL were
higher than those in the serum samples taken after oral administration of equivalent amount of CFZ. Oral bioavailability of
CFZ-BL, a prodrug of CFZ, was 1.45-fold higher than that of CFZ in rabbits possibly due to enhanced lipophility and
absorption of the prodrug.

Keywords—Ceftezole butyrolactone ester, Ceftezole, Prodrug, Partition coefficient, Hydrolysis, Microbacterial activ-
ity, Pharmacokinetics.
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derup 52V cephaloglycin®] Cg-acetoxymethyl & ethoxy-
carbonyloxyethyl ester® Adsle] AlgolA] A+ FA3-&
W BF5E7 cephaloglycing &% FARIS WiRO: &
A et B35, Wright? 2 Wheeler 7%
Al A7E Bt Sl lAE Chough §2%0) 3%
cephalexin phthalidyl ester®} Kim §29°] 443 cefope-
razone phthalidyl ester, =3+ Lee 5290] T3t cefazoline
phthalidyl esters2 =5 parent drugit} $IAHoA &
7t =R O™, Kang 5'90] piperacillindll, Choi 5270]
cefoperazonell, Ahnn 5] cefazolinedl| pivaloyloxy me-
thyl7]& €4 §A3 o]E ester 3}E2L] #8840 =A
FUENL, 7HE AT FAdt AS A o]8-Eo] F4F
ATt

o el Bie A7 HAAEENH MIELIYUA FEL
prodrugsl FO2A HATFA7L 7HsE FoE AR EHO
CFZ¢] butyrolactone ester(CFZ-BL)E A3t TLC, IR
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3l Hleot},
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CFZ-BLZ Ceftezole sodium(Sigma Chem. Co.)3} a-
Bromo-y-butyrolactone(Aldrich Co.)E AME3le UV, IR,
NMRE 73t SHEUSS FISUL, AR NN-
Dimethylformamide(DMF), diethylether, hexane, ammonium
acetate, dimethylsulfoxide(DMSO), acetone, n-octonol, so-
dium iodide, sodium bicarbonate, ethylacetate, trichloroa-
cetic acid(TCA), citric acid, sodium phosphate, potassium
bromide, potassium chloride’s A% SFEFS AMEEIR o,
71715 NMR(Varian, Unity plus 300 MHz, NMR Spec-
trometer), IR(Perkin-Elmer Model 783), HPLC A|2¥l&
Absorbance detector(SHIMADZU SPD-10A), Auto injector
(SHIMADZU SIL-10A), Liquied chromatography(SHIMA
DZU LC-10AD)°|R 3, 5557 H=(Sage Co. M210),
UV §3%357% 7](Shimadzu, Model UV-240), Homogenizer
(Janke & Kunkel Gmbh Co. T25-SL)E AH&-3Iith.

CFZ-BL &Y
Ceftezole sodium 4.62 g(0.01 mole)2 N,N-Dimethylfor-
mamide (DMF) 20 mlell §3X]7]2 o-bromo-y-butyrolac-
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tone 249 ml (0.01 mole)yS 718k 25°ColA] 5A17F wyhet
o HEEA|Z] & wkgolS W<(500 moll wHkEPHA HA s}
o AL HEAZ o] AYE AL Azt ARA
% ethylacetate 200 mtE 713t ©] &9E 3% sodium
bicarbonate -S4 02 33] AT £FHT ethylacetate
Zd] B4 sodium sulfate® A 7lsle] ERAIRL & o3t
dlo] qAS 79t BE 3k olw AAEE EFE ethy-
lacetateol] 831A17) - hexane(500 ml)oll HFSIAA HAA]
A AA=EE v 2HFE AT $5& 32%2] CFZ-
BLE 4t

257 74 2 AE
Frre Ba) Ao 8ulE S0 2E pH 1.2, 20 €5
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citric acid €43} 02 M Na,HPO, €02 ZA|sle AF
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=9l & 1]g] n-octanol® ¥3MA7) pH &5 48 mIE 7}
s 283 wuksle] 7k oFF FE7F 1X10°Mo] HES
alaitt. 283 o]RAS rotating cell(12X 13 cm)ell 7Hl2 &
71l 448 ¥3A7] n-octanol 50 miE 71¥-g w} 1St
% ©] rotating cell& 25°C$} 36°CH & “dolX 50 pm
o7 ok 6A|17F IAAIFIHEA 10, 20, 30, 60, 90, 1208 &
6*17HA n-octanolE-g ZHZF 0.5 miE F3ld methanol 2
2 718 & CFZe 272amo)A, 183 CFZ-BL= 267
nmelA Z}2F UV-spectrophotometer® F3EE 27931 1]
2 2T AFAA 3 FEFEE F7gst] FHiA
FE A2s9it). ol HeYol] =3 A7H 128274 2+
N7 =g 43 2 6rlkelWolA] S53] B3l
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(HEE-S wet A ErE ARAA €
A F 74 FHIHT T oS AR T A
gagsz AR dHSE 7 &% 250 1.15%
KC/0.01M it SZA(pH 7.6) 10miE ZHt Yol Wy
3lolA] homogenizers ©]-§-3l] #Z33 The, 4°CollA
12,000 pm=z 2087+ 94 Eelet] A E dlen ¥
Az ke 27o= A4 Reste] W BaAsith. CFZ-
BL 1.0mg& DMSO 0.5 mlo] &332l 9] dH 5ml
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& 78 & 37°Co)A incubationd}A T 7+ 5, 10, 30,
604, gl 1 Aze 10, 30, 60, 120, 180 Z+

Z+ 02mle] ANE s CFZ 555 HPLCE =233 &,
CFZ-BL A&=WE-S = 100 - CFZ 7Rl &(%)E AH&3d}
ATk

ojWf HPLC =72 o3} ZSith HHEL p-Bondapak
Cis(4.6 mmX25cm, Sum particle size)E, °]F4< 0.03
M NaH,PO4(pH 4.8) : W&hg &3 (83:17, vivyS ARE3}
Fow, $4L 12m/minE IHYT HEL 272 nmellA
pit=g

gy A

CFZ-BLY 39S Hrlsl] 98t 45 Alsdd 3
FAo] & ZAog AR 23 SAATFS Bacillus subtilis
ATCC 66332 s=38P7led B4 34 2300 2%
ol ALESIATE AldwTe] Al 2 A4 plae® o= 3
% SHulA](Nutrient agar : peptone 5 g, beef extract 3 g,
distilled water 1 LYS AR2-S9Th. Bacillus subtilisS S%
SRl HFE =St Fol paper disk(8 mm A7, Toyo
Co)oll A& 40pMS AN 28] ¥x, 37+ 1°CoA 244]
7 wigst & gdsoA g 2718 238

NExE A in vinoolX CFZ-BLY 8L 24317
{3k, CFZ-BL 1.0mgS DMSO 0.5 mlol &35 CFZ
-BL7} 50 meg/ml7t =5 A ANE stele] grEA
B 3990 ™, in viveoll CFZ-BLS) &73e AFE5Elst
A3} 7o) CFZ-BLE 7IEd ZA75FS % 05, 1, 2, 5,
9 & 12A]7kellM B AF S oA At sk A
QJORE 7)o Faled disk W wet e A
A3
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ofSSENEr MH

A5 B & HA - A 28IA ARESE AlF 2.0
kg A%l 4 7IEE B2 AFEo] FFIHA 24 AT
AN F AFF 4mle) 25% g S48 s FA}
sto] vHAIZ § A 1] 9F tEFHe Ee
A FAA(22gagerS AUt Qg AHIAT. 2L A
gt SN NFe] AYHETE 55 Y HEE B B
Z8 FArt.

SfE=0] A FoUE — CFZ-BLY FE25Eisd EAS
CFzs} ¥l B7Fs 317] &l 7HEd] A+ Foaiidnt. £
e E7] AFF CFZS 150 mgkg 18] CFZ-BL=
171 mg/kg(CFZ 150 mgkg E3le HS &+ 10mie] F
Fooll 2 dezl & JHEE B FYsich

ol AHe ATEAS T 05, 1,2, 3, 5, 7, 10, 14,
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SEEH A duelrE Feth old 42 MULIL
programe ©]-3}4, Simplex methodZ fittingd} AIC7}
7P B we] 7he EEIATE T BT SAX A o
3k f-olA AAL unpaired Student's -testZ 3101, p<
0.05¢] A5 Felido] e A= it
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CFZ-BL2| &2l

TLC - CFZZ4® CFZBL® 4 33 5 CFZBL A
AS ggosly] Ydl wHeES BAFES AR silica gel
60F,5,9 spotd+ ¥, benzene : tetrahydrofuran : methanol &
Feul4:2: 1, vivnE A7k A T AR &
g Az, EFS] R 0.55°11t.

IR-Spectrum — IR-spectrum®] 1782 cm™ ol A B-lactam )
carbonyl”1 7}, 1731 e’ o A ester®] carbonyl 7] 7}, 1701
cm'ellA] butyrolactone®] carbonyl”]7} Z1E]Z 1626 cmell
A -NHCO-717} vtebie,

NMR Spectrum — Butyrolactone ester®] lactone”]2] pro-
ton®©] 223239, 2.64-272, 429-445, 454-4.58 ppmolA
74zt Yebton | -CH,S-2] protond 3.409} 3.50 ppmeilA,
-CONH®] proton> 9.52 ppm, tetrazole-H®] proton 9.55
ppmellAl YRttt wbA 52 B4l CFZ-BL7t 935
A< Y + AT

E2/58ts A
2| /2~ ol Mg - SRS FE B o]
GBS ot 2e g AYow eoke 4 Al
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CFZ= pH 1220 H¥jolA EullAlF7t E%oH, CFZ-
BL= pH 2.0-3.0904 EwiAl7E 7P #$4th. CFZ-BLY]
Al 25°C 2 36°ColA] CFzol| Bl&) 5-30) o)A =
Al YeRtHFigure 1).
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b FEEA 5EA CFZ-BLE IEF0| 56202
43.8% 71FRAEPCH, 10804 65.5%, 305914 86.2%,
60%NA 98.0% 7IrEA=ERTE A Aol 22t 1

AZElA 39,9, 20.8%, 2A7HIA 64.6, 23.8%, 3AI7FNIA
755, 31.5% 7R =] o 2 ] G4 oAz
A7 EHES ¢ & AU,

AlZke] Aol wiet 7 s Y& CFZ-BLY A&
FE 2azke Hal Al wE plosi £ A3, 7R
HFHE& ZR7] 12 BlFA ) wEkon 1 Badeis
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Figure 1-Apparant partition coefficients of ceftezole and ceftezole
butyrolactone ester from each pH kye : -[1-; 25°C CFZ-BL, -B-
; 36°C CFZ BL, -O-; 25°C CFZ, -@-; 36°C CFZ buffer solution
to n-octanol at each temperature.
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Figure 2—-Apparant first-order degradation or ceftezole butyrolac-
tone ester in rabbit's liver(A ), blood(@®) and intestine(ll ) ho-
mogenates. MeantS.D.(n=5).

438 min)°| A}, TellA 2] 7}

FEIEE7 o 2 23 ) 42 7.6, 37.240 W
55 ¢ & A3k o) delA CFZ-BLe AA Wollx 47
TrERE S B3] A JPF WEL ¢ F AT
(Figure 2).

mm) 0.00158 min*'(¥F47) =

CFZ-BLe| &%

CFZ-BL &8 in vitrod|X Bacillus subtilis ATCC
6633¢5-8 o83t LSAAY 22 SHT 24, pro-
drugdAles gaEe] ey, CFZ-BLE F43 E7)9) ¥
e g8 JeERAtkFigure 3). 124 FA9€ CFzZ-
BL7} AWM 7IEsSlo] CFZE f2I31aL, oA 0] &+t
gg veple & 4 AN
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Figure 3—Comparison of inhibition zone diameter of the serum tak-
en after oral administration of ceftezole(L]) (150 mg/kg) and ceft-

ezole butyrolactone ester(ll) (150 mg/kg as ceftezole) in rabbits.
Mean £ S.D.(n = 5).

S SENE 2N

JtENA AF5ZF CFZ 150 mg/kedll Fee CFZ 2
CFZ-BLE 754 3 & Y52 A740S et
(Figure 4). °|E27F 73 FEFE8Y sfuele Table
[ JeEpRQIY:. CFZ 2 CFZ-BLE AT7F9A 183
E(Cmax), HIBHTT TEAHTmax) £ EHFT ST
ASHAAUC)S 27 10910 2 140+4.3 meg/ml
(p<0.05), 40+04 2 65+0.7hr, 28] 1882+123 &
273.3£42.5 hr * meg/mlZ UERITH F44 545 (Ka)eh &
AEE 4 (Keye 2t 05180069 2 0312 £0.042 hrl,
0.0974 0010 2 0061 +0.035 o]t} CFZ-BLS] Atdh
2 A o] 8-E2 CFZ oF 1459 Z7H=I)e)

o #

Cephalosporine penicillin2.C} oPg4do] £o1} A1 &
gigo] w2 5498 7N Ut} Cephalosporin®] 7
FrEs C3 $1x9] Wl Avkgt G e, AT
-8 cephalosporin A7 Ad 354 X712 methyl,

20 1

15

10 : /jﬁ/

Plasma concentration of ceftezole (mcg/ml)

Time (hr)

Figure 4—Serum concentration(mcg/mi) of ceftezole after oral ad-
ministration of ceftezole(@) (150 mg/kg) and ceftezole butyro-
lactone ester(O) (150 mg/kg as ceftezole). Mean+S.D.(n = 5).

methoxy, chloro, vinyl”] 5 9|23 22 Xg71Eg 7H
o 284 AEE 23 e, C3 9X9 methyl &
57320 chloro”|t methoxyl’ 12 X|EAI71H 574
FAHRA FoEe FriEe] UEgdd A
cephalosporin®] 724 572 o#H S 2 cephaloglycin®]
C-3 $1X]9)) acetoxymethyl”] & 7}XZ QAT A2 C-
3 91Xl leaving group®] fith= Holt}.

wehr] MZL Z§ cephalosporin FEAS] 7NEE 3
71E9] A7E FqAANM &3] AEE C-7 $1A1€] phenyl-
glycyl”Iu} hydroxyphenylglycyl”’] thal &2 2 Algol
)3 AEHo] 73E aminothiazole?} P-lactamase®y T3
A &H4do] %718 methoxyimino”| 2 XBEHHA C-3 9R)e=
tjekslAl WalElo] bulky$t groupl @ X|FH 1, C-3 93]
9] A& esterst AAFH Heol FejEth BXR QF3}E|of
Aol o3 & walHA] or AFETEE STME F 3
= AHLE 7Hte g C4 YA E esterZ prodrugdt & BT
4 cephalosporind A 7 7 FolBE Z R et
spectrums} v+ 2 B-lactamased] EF A& YA
A=

Table I-Pharmacokinetic Parameters of Ceftezole and Ceftezole Butyrolactone Ester in Rabbit

Pharmacokinetic parameters

Sample 3 =

Cmax (mcg/ml) Tmax (hr) AUC (hr.mcg/ml) Ka(hr™) Kel(hr™) F(%)
CFZ 109 £ 1.0 40 £ 04 188.2 £ 123 0.518 £ 0.069 0.097 = 0.010 100
CFZ-BL 14.0 £ 4.3** 6.5 + 0.7%* 273.3 £ 42.5++ 0.312 £+ 0.042 0.061 £ 0.035 145

Mean + SE.(n=5). Significantly different from the CFZ (**p<0.01)
F : Relatine bioavailability to oral CFZ

J. Kor. Pharm. Sci., Vol. 31, No. 3(2001)
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AgEo] Y € 2AN 2 FEE VERIYR B3}
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drug©. 2= ethylisopropylcarbamate ester(bacampicillin),”
phthalidyl ester(talampicillin),® (3-phthalidylidene) ethyl
ester’®9} (S-substituted 2-oxo-1,3-dioxolentyl) methyl ester
(KBT-1585)*"%= ampicillin®] 73+ S52ct B4 57150
elRgtiy B v3ch 28]3 Clayton 539 carbenicillin®)
o-carboxy esters-2 A X3l 7R 2 ATETFESE
AP EHE ZHA 77t AT 85 EEE A o
ERtS-g BN, Tsuji 529 carfecillin?} carindacillin
o g g 2 Fx wWE F5EE SN
parent drug2th FUHET7F BR F7HEILH, in situ AFE
MM rate] oA carindacillin®] carfecillinE o} §5-&0]
7o) Uepgtial Bk

Cephalosporin®l] 21014¢] prodrug FEN= Chauvette 50
] cephalothin®] C-4 91X]9] carboxyl”|el HTHo=z
activedt A& YHEZA} amidations} esterification 3}
o, Binderup 52V cephaloglycin®] acetoxymethyl,
butyrolactone esterS mousell 73754 S vl prodrugs
©] parent drug®th 41&3] FFHo| cephaloglycint T}
Cmax’} 3-68 Z7FEUSS B3935, Wheeler 52
cephalexin®ll acetoxymethyl, butyrolactones?} phthalidyl ester
B2 st Foll AFFANAE o, FToA FEo]
EFEle =7t parent drugth 3-48)7) H3, @5EEE
prodruge] 45¥ FXE UElEE 2 F pivaloyloxy-
methyl ester®] prodruge] 7P & €FF=E ety
=Rk 55 =

o]# 3 A4S YutH O F parent drug®| phthalidyl,
butyrolactone ¥ pivaloyloxymethyl ester8Fg 224 X]-&A4
o] FUE L, G Axule] Z FHjEORE olF sijHEe]
AFR F7t S7HER7] MRS E RuHy QB

e oHE2 AslThiE oHEo] F4H7] HsiMe

J. Kor. Pharm. Sci., Vol. 31, No. 3(2001)

- H24 - A

wA AslghfiolA gaj=ojor &, galE el
91¢] pHoA BlEjElg oz EAlsls vl F45 F5F
7] 4o}, F5ESoA visiglE o EAlske Bl 1 &
F7-9)9] pHS} pKa® AR ETh EFF pKarl 22 =9
oFE 9] Aol e F4EY Xole SlE dEe
A8l A &3 AgAe] & FEUTE ST
4ok o] X849 NEZ AT} ol 8H L Slt

CFZ-BLY 7% AE7] f/7 Bl A¥AM CFzoll Hl3)
AgAe] Z7HIS-E & & AUYET, o1FL butyrolactone
710l 2J3 A2 CFZ-BLY §5& F7MA CFZ T
Al B} 8% CFZ =& S7RIHAT

A7Hog Rog B FHHE B o= 5
o] Zof ZA3k= nonspecific esterase® EE3H B2
Fa) o3 tAE A FHH, 7 FE dRIEATE EX
SEE we FRe| EEAE AEE] g F e oF
EoiAle] Fe290)7] wje] 71235 HE ) tiAE T
A fr}y. Wb CFZ-BLY tigh AAUZ F5¢ F9 7}
SR thal LolR )l 1t CFZ-BL §4A] HPLC
2 B3 43 Aol CFZ-BLE ZAEE 4 fid=dl
o] CFZBL7l 91733 2 7h& F73HA non-specific
esteraseol] 2|3} parent drug?l CFZZ 71EdlES Vel
FE 2o AFEFHJTEH? w3 3t APME CFZ-
BLE in vino’dollA 8 VEpA] &2 W, ol A
T 53 YoM FFES JeEpIAET, o AH=
CFZ-BL7} AellA 7leial=lo] CFZE #Elsta o] R0
78S YehlE -2 RoEr)

Pharmacokineticss= AJA| Wlo] FoE &9 &, ¥,
AL HA 5 AR WollA] oFEe] Wgke] SRS Yol
B7] Q3 A=, oFEe] E¥ 38 A B Foyol
oFE-9) 5EE ol FFE MAA HH, BA)EES
oFEs}e] A EE gt wEA HATH R Fo3lal P
Y5559} pharmacokinetic parameters-2 o] A& H]a
HAE3] CFZ-BLS AF|o]-8-&0] 1454 F718Htt.

ool A7=L & wl CFZ-BLE CFZel H|s] A84o]
F7 =0l 71 S7HEAT

4 £

AN F57F D ceftezole(CEZ)] prodrug 71
wal B2 07 ceftezole butyrolactone ester(CFZ-BL)E &
A&t in vitro R in vivo AES 3 A vhe 2 F
B 4t

1. Sodium ceftezole®} a-bromo-y-butyrolactoneE 25°C
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oflA] WES-AIA ceftezole butyrolactone ester®] WA Rk
do] TLC, IR, NMRE #43l AU RIS

2. pH 12-5.69 29 9 n-octanole ©]-§3F AR]
Fe B8] A¥ o= CFZ-BL7F CEZol 1) A84do] St
AASS & & Ak

3. ANl A CFZ-BLe 7FriEslaigd2 ZAE7] 13 #
AR wstonw o BEEYTE F FEEANA
0.0587 min'(¥F27] =11.8 min)E 7P ko, i ol
A YlMe 22 0.00768¢H717] =90.2 min), 0.00158
min (371 = 438 min)o] o},

4, FFEAFCZ CFZ-BL A= aEHS JERIA &
£ i A7RGE de AL IduEe Yepls oz
Hol, CFZBLe AA WA parent drugd! CFZE 71
238 F da8e vehle CFz9 produgds & &
AATt.

5. 7Y% BA75o] A3o)A CFzo) ¥is) CFZ-BLe) FH3L
5T (Cmax)y= 109+ 1.0014 14.0 £4.3 meg/mlZE =}
23, ATEEFE SYAIZHTmax)yS 4.0+0494 65+
0.7 2 AAHAUT} BAFFTETAEHFHAUCKS 1882+
123014 2733 +42.5hr - meg/mleE 724 Al (p<0.01)
Z7Fske] AdufE Aol 8-Eol 1458 S8

6. CFZ-BL& CFZ9] 913% &8 M8 & de 4
T8 prodrugdS 13151t
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