kA 8}3) ](1992), #2278 A3=
J. Kor. Pharm. Sci, Vol. 22, No. 3, 185-196(1992)

5-Fluorouracil®| Prodrugoil CHgt oF&d U Mx0|Z20i e AF®D).

1-Glycyloxymethyl-5-fluorouracil HC12| M=, 22|38 MEA,

oFHM W BRAFT

=

XSd' - oA - s
Seiism ofgiyst oteiy

(19923 9¥ 10 HS

-
(L.

Stability and Bioavailability on Prodrug of 5-Flurouracil (I).
Synthesis, Physicochemical Properties, Stabilities and Antitumor
Activities of 1-Glycyloxymethyl-S-fluorouracil Hydrochloride

Ung Kil Jee, Gye Won Lee and Mork Soon Park
College of Pharmacy, Chungnam National University, Dagjon 305-764, Korea
(Received September 10, 1992)

To assess its suitability as a prodrug of 5-fluorouracil (5-FU), 1-glycyloxymethyl-5-FU HC1 (GFU),
a 5-fluorouracil derivative having a glycyloxymethyl group at the N-1 position was synthetized.
Its physicochemical properties and hydrolysis Kinetics, in aqueous solution of pH 1~10 and in
the presence of human plasma or rat liver homogenate were studied. Its acute toxicity and antitumor
activity against sarcoma 180 were also examined. GFU showed higher lipid/water partition coefficient
than 5-FU. The calculated pK, values of 5-FU and GFU were 802 and 7.20, respectively. The
decomposition rates of GFU in aqueous solution showed a pH-dependence over the pH range used,
which could be ascribed to solvent catalysed hydrolysis reaction at pH lower than 4.16 and to
specific hydroxide ion hydrolysis reaction at pH higher than 4.16. The half-life of GFU was 6.9 min
in 80% human plasma solution and less than 3 min in rat liver homogenate at 37C. The LDsp
value of 5-FU was 240 mg/kg while that of GFU was 440.6 mg/kg (226 mg as 5-FU). Both of 5-
FU and GFU showed a strong antitumor activity. Therapeutic ratios of 5-FU and GFU were 3.07
and 3.55, respectively.

Keywords — 5-Fluorouracil, 1-Glycyloxymethyl-5-FU HCI, pK,, LDs, Hydrolysis, Antitumor activity,
Therapeutic ratio

5-Fluorouracil (¢]3} 5-FU=Z ¢F3h), 5-fluoro-2,4(1
H, 3H)-pyrimidinedione-& 19503 t) 34 Duschin-
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2%, 3%, 1, 4%, 938 5 989 AUy 1y
Pl FaoF AEARA FEZF 9] AHEHO &
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OCOR’), N-alkylcarbamoyl (-CH;NHR’), N-alkylca-
rbonyl (-COR'), N-alkyloxyalkyl (-CH;OR’), N-alk-
ylthiocarbonyl (-CH,SCOR’) %+ site ‘specific pro-
drug® 24 glycosidic products 5 48 A
Eol FHo o5 GEAY 2 HA gt
Bzt glom, 3eAl daunorubicind] olw)x4t
& =YY% peptideE ©o]FA prodrugS Al sk
ool tfgt Hejrtx] Bk Itk o]F F 1-(2-tet-
rahydrofuryl)-5-fluorouracil -(FT) -3 1-hexylcarba-
rnoyl-5-ﬂuorouracil (HCFU) prodruge = 73k
of 2%, A%, A 5o At gl AsAZ
o145 T YA A3 o] kEEL hot sensa-
tiono|v} W=F@e RZL-& vehfar gieh?

ole] ¥ AMzAE oo o] Ay AFdAE
o g 3o g3me} ReRulAlsE WAk
ES S54E AAA delX AP BALRES
MAstax; 5-FUE sita oz S5ty sfadd
3, 2 9%9 acyloxycarbonyl3 el ¢l T-alyeyloxy-
methyl-5-flucrouracil hydrochloride(#}8} GEUZ
e ol o] EAE FRIslL olo pKy A5
Bl AL, i vitroo]l A AV @, #lES] 3 %
EAYo|E EA A} pHY| Wstell mE kRS
A, FEAEAANE, NESZNY, i viveA e
kg AEE PsAch
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Alef & 717

5-Fluorouracil(Cosmos Co., Germany), glycine
ethyl ester HCl, N,N'-dicyclohexylcarbodiimide, N,
N-dimethylaminopyridine, trifluoroacetic -acid(Ald-
rich Chemical Co., Germany), di-fert -butyl” dicar-
bonate(Janssen Chemical Co., Belgium), Sephadex
LH-20(Pharmacia LKB, Sweden), HPLC& w|&gS,
TLC Plate GFyy(Merk Co., Germany), horse se-
rum, Fisher's media powder (Gibco Co., U.S.A),
HYAA10% Units/l), 2EHAEnro]A(0.1g/l), &
EMHPIEE, 94KSigma Chemical Co., USA), A}
HERO type, S L), 71} Aok 2 Sl UF
e 5Fg AR

71712¢ ¥F45Z37(Pye Unicam, Model PU
8800), 2 e1E%33 <A (Perkin-Elmer, Model 783),
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Scheme 1—Synthesis plan of 1-glycyloxymethyl-5-fluo-
rouracil HCL
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Spectronic 3000 array spectrophotometer(Milton
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fic Instruments) 58 AM-3}9ch
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tilo

A
Rf=006(Z22XE | W&k&=9: 1, UV 254 nm)
N-tert-BOC-glycine (IINH2] H='-17

o gde

4

WA ethyl-ferf-butoxycarbonylglyci-
nate(°]3} ethyl-BOC-glycinate= °FEhHE whZolA
olg Hslsle don 1 WHe oo

Ethyl-BOC-glycinate2] M|Z— di-fert-butyldicar-
bonate(¢]3} BOCo. 2 <¢F3h 33.12 mi(144 mmol)E
W ek 50 m/o] &3)A]F) 2, ©]E glycine ethyl es-
ter HCI 16.75g(120 mmol)34} triethylamine 14.75 m/
(144 mmo)E v Ehe 75 mio] &3AIZ] ‘A ice
bathAel X 254 A7iste wikslsdch. ¥ &,
HEsS SRt AAANZ oy FAE E3
H 2o AEA7)a, o) E &, £IAISFE A=
FA8t] triethylammonium HCIES $hA3] A A
P oS FeFEFeR g4 1 ool
methylene chloride& Z#3F 549 ethyl-BOC-
glycinateE dith

Rf=049(F22XE I W&g=9 1, J3]=¢ A
oh, TH-NMR(CDCly) & 1.3(t, J=7Hz, 3H, CHa),
1.5(s, 9H, C(CHs)a), 3.75(d, 2H, N-CH,), 4.3(q, J=7
Hz, 2H, COOCHy,), 5.0(br., s, 1H, NH)
Ethyl-BOC-glycinate2| Z{3}_ QtolA] & 49
ethyl-BOC-glycinate® 134} 30 m/ol| &-8)A1# 15
% FYBRIEF 30 mlE B 247 B9 A4
ket ek vk 3 A% Aare s 2Hgskate ol
d2 W A &3 o FLIMYEFSR
g5 U, ode Ay TF AANA Al
%)= N-tert-BOC-glycine s A4tk thA o) B2 &
ice bath’dolj A} Agolelz AR 317 N-tert-BOC-
glycine 15.15g(72%)S A)ch.

Rf=0.14(F22 X5 Weg&=911, J3=d 4
<), mp. 80~82C, IR(KBr, cm™}) 3350, 3000, 1740,
1650, 1400, 1150

TH-NMR(CDCl3) 81.42(s, 9H, C(CHs)s), 3.95(d, 2
H, CH,), 5.15(br., s, 1H, COONH), 9.1(br., s, 1H,
COOH)

GFU (VIIDQ H|="1®

groll A A& 1,3-bis(hydroxymethyl)-5-FUZS o}A|
EUEH 150 m/ol| &31A)712, «37]A4 N-teri-BOC-
glycine 10.5g(60 mmol), N,N-dicyclocarbadiimide
12.35g(60 mmol), Fvi%2] N,N-dimethylaminopy-

L 2
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Figure 1—IR spectrum of 1-glycyloxymethyl-5-fluorou-

racil HCL ’

Aoorl A7 sl YTh vhE &
W2 E83E-S of#3lal, IA-S methylene chlo-
ride® A|&3te  AAE  dicyclohexylurea(mp.
223~224C)E AAJh thgol RAE FF AA
3le] dojd g AEazviE 2 IE HAsH
A3l N-tert-BOC-glycyloxymethyl-5-fluoroura-
cilthg Feltck olwf AR 20L tEd 2
t}.

Z#7# &4 . Sephadex LH-20
NG o=

Rf=022(F22 X & . We-&=9 .1, UV 254 nm,
vl Ajep), 'H-NMR(CDCly) § 1.4(s, 9H, C(CH
22, 3.9(d, 2H, COOCH,), 5.22(s, 1H, NH), 5.68(s,
2H, NOCH,CO), 7.6(s, ]=5.8Hz, 1H, C¢-H)

tert-Butoxycarbonyl?1& A Ast7] 913t 2
o) gele) 228 A3t A 20 mio) §3AA
k9] trifluoroacetic acidZ ice bath’}oir] 23X
A3 308 A= ek g F S ERES
Zaslm, ale] 24913 20miE stz 30N

ALS jce bathdolx ZFA FHtahy @walel
AEde IUt. 4 B2 oAl ELE AW
Zste] £53F GFU 30gS A (58 23.67%).
Rf=0(F=22¥E  {&&=9:1 UV 254nm,
d3)=a AleH, mp. 172~174C, IR(KBr) 3020,
2850, 1740, 1220, 1590 (Fig. 2).

H-NMR(DMSO-ds) & 3.8(s, 2H, COOCHy), 5.7(s,
2H, NOCH,CO), 8.18(d, J=7 Hz, 1H, C¢-H), 8.5(br.,
s, 2H, NHy), 12.0(br., s, 1H, ring®] NH) (Fig. 2).
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Figure 2—The 'H-NMR spectrum of 1-glycyloxymethyl-
5-fluorouracil HCl in DMSOds.
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A7) jste] HE 2447 A 36~37C 2 e
Hiokale Yo 250m uirll 2 oE™Hulole] F
2230 L1210AZE 718 2~3X10° cells/ml <]
FER 2AstE CO, wF7IolA w3t
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1-Glycyloxymethyl-5-fluorouracil HC1] &

Table 1—Ljpid/Water Partition Coefficients, pK, and Mel-
ting Points of 5-Fluorouracil and 1-Glycyloxymethyl-5-
fluorouracil Hydrochloride

Compound
Parameter
5-FU 1-Glycyloxymethyl-
5-FU HCI
PC* chloroform pH 4.0 **0.03% 0.05** 0.20+ 0.04
pH74 001+045 0.12£0.24
octanol pH4.0 0.13+0.05 0.44+ 041
pH74 0.10+0.12 0.17+ 0.50
pK, 802+ 0.56 7.20% 048
melting point 282~284C 172~174C

*P.C: partition coefficient
**Values are Meant SD. of five experiments

Ate]l NH, & -COOH7IE BE35k] w3438
T F& 718 WS ol &3t F opnle
Ake] -NH,7|%e Melxo 2 H3 3 butoxycar-
bonyl7| & opw|i=itel] =3t -COOH7[gto] HE
23+ = 9l FEjQl N-tert-BOC-glycine-S $HAl8hd
T 9hgol AMR3FETh

ol A F 71 BFE 7ML Ozaki 57
9] Hio] w2} N,N-dicyclocarbadiimide, N,N-di-
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Figure 3 — First-order plots for the hydrolysis of 1-glycy-
loxymethyl-5-fluorouracit HC! in 0.05M acetate buffer
(pH 4.16), and 0.05 M phosphate buffer (pH 2.27, 5.61,7.71)
at 37C.

®—®: in 000 M phosphate buffer (pH 2.27)

O—0O: in 0.05M acetate buffer (pH 4.16)

&—¢: in 0.05M phosphate buffer (pH 5.61)

SO—O1 in 005 M phosphate buffer (pH 7.71)
§AoR ST F A4S BT Ao YHE FEA
tgo] SFURT f44EuAsTt FHEe B
Agemz | ASHYE ¢ & AUt = K
wAe} FEAA BE vel o] N-3 protono] 3f
215)0] pH7} ol Aoz dl sl o8 A4
sues F4oE sl pKghs ANE A 72
24 & dXge B 5 Uy

% oFEo] $3& vas] BH 5-FU= 282~284
T W FEAE 172~174C 2A 1] 23S £
2 gith. Z Bundgaard 529 4@ Aol Ao} 2ol
uracil #Hd= 8 22} NH-protons# th& £}
carbonyl 7] Atelol] Bzt FAAFe] PR
o] Ze ARAA AUAE NAA Hol A=
g0 wolA AT FEAH G o] acyloxyme-
thyl group®.® uracil®) N-1 proton& XIEA1A
Z9 FAA%S AAANAY FIAATIER B
Aoz gxo] wolAA =HE Roltth

Jiead sS4

R APe o2irtR] pHY fF oA 37+

J. Kor. Pharm. Sci, Vol. 22, No. 3(1992)



192 A4 - olAY -

30 [

24

18

1.2

Log % remaining

06|

0'00 70 140 210 280 350
Time (hr)

Figure 4— First-order plots for the hydrolysis of 1-glycy-
loxymethyl-5-fluorouracil HCl in 0.05 M carbonate buffer
(pH 9.70) at 37TC.
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Table I1—Apparent First-order Rate Constants for the
Hydrolysis of 1-Glycyloxymethyl-5-fluorouraci! Hydroch-
loride in Various Buffer Solutions at 37°C

Kees* tie
Buffer (min~!, X109 (min)
phosphate buffer (pH72.27) 0.041£002 1690.2
acetate buffer (pH 4.16) 0045+ 0.03 1540.0
phosphate buffer (pH 5.61) 0.18+ 0.02 378.7
phosphate buffer (pH 7.71) 2.02+ 0.09 343
carbonate buffer (pH 9.70) 37.88+0.08 1.8

*Meant S.E. of three experiments
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Figure 5—The pH-rate profile for the hydrolysis of 1-
. glycyloxymethyl-5-fluorouracit HCl in aqueous solution

(u=05) at 37C.
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Table I1l—-Rate Constants for the Hydrolysis of 1-Glycy-
loxymethyl-5-fluroruraci! Hydrochloride in 0.05 M Phos-
phate Buffer (pH 7.4} and in 80% Human Plasma at
37°C

Medium Kys (min™')  ty» (min)
buffer (pH 7.4) 1.9%107? 36.5
80% human plasma 1.01X107! 6.9
Kass{plasma)/K,s (buffer) 5.2

Fig 69 Jell& @ pHel wslo] @ sl
ol Ao} 2o Agko] 1ARAAES Vel AL
E F Ak =3 7keEa)2) A3t parent drug?!
5FUZF Aoz AHEE 21S 39k
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£ ke AL oYt
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5-FUS EDsgt2 0.01 pg/m! ©]3fe]gla GFUE
0.031 pg/mi &4 parent druge] W8] <7t 74"
NEEQ AEE Bo) ok & F 24 25 v
E42 Me-CCNU® Hl&)A] ml¢ o NEEAS
Ho] 2t ole ARo] FAH %E AA=R

oX B Mr
4 o

ir o

Table IV—Acute Toxicities (LDsg) of 1-Glycyloxymethyl-
5-fluorouracil Hydrochloride and b-Fluorouracil after Int-
raperitoneal Injection in the Mice

Compounds LDy (mg/kg)
5-FU 240 (172.3~308.2)*
1-glycyloxymethyl-5-FU HCl  440.6 (328.1~586.6)**

*(F.L. Probability 95%)
**Amount as 5-fluorouracil is 226 mg/kg (168.3~300.8

mg/kg)
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Figure 6— First-order plots for the hydrolysis of 1-glycy-
loxymethyl-5-fluorouracil HCI in 0.05 M phosphate buf-
fer (pH 7.40) and in 80% human plasma solution at 37C.
O—0O; in 80% human plasma
®—@®; in phosphate buffer (pH 7.40)
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Table V—Antitumor Activities of 1-Glycyloxymethyl-5-fluorouracil Hydrochloride and 5-Fluororuracil Against Sarcoma

180 after Intraperitoneal Injection

CupEg

Dose* Mean survival ILS*** Antitumor
Compounds .
(mg/kg/day) days™** (%) activity™***
1-glycyloxymethyl- 200 (102.6) 8.60+ 0.55 —67.95 Toxic
5-FU HCI 100 (51.3) 16.33+ 9.89 —-39.14 Toxic
70 (35.9) 55.40% 7.67 106.49 +++
50 (25.6) 46.00*+ 12.13 145 +++
30 (154) 4220+ 10.31 57.29 +++
5-FU 30 5150+ 8.71 91.95 +++
15 40.67+ 15.21 51.58 ++ +
7 4133+ 11.91 54.04 ++ +

*ICR mice were intraperitoneally implantated with 1X 108 cells of sarcoma 180 and were administered intraperitoneally
once daily for 7 days, starting 24 hr after transplantation. ( ) are the dose as 5-FU
**The mice were observed until 60 days after the tumor implantation. Values are meant S.D.

***increase in life span over controls

¥R Antitumor activity was graded as —: 0~9, +: 10~19, ++: 20~29, ++ +: 30 or more of ILS %.
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g 5FUS A9 15~30 mg/kgol L, GFUS oF
7t 718 70 mg/kg(FUEA 359mg)°]ii]-_'ﬂ AlE
Ach

gutaoz olmxArS AFAZ] prodrugEol
54740 AAlo] 489 S YehdidE Ba
Hoj St olide] AHdM GFUZ AL 71w
uho} o] gl EulASEIE A=A
=L AY FaEA ¢ H|s=sHA Vet o
A o] B AAANL T WA ]EE
Hele 49¢ /At 4 Roz AzHch

2 £

GFUE A%, 39ldli 5-FUE YRFEZ o
of k&9l in pitrooAe AISHEY AEI} i
vivodll Mol FAEAAET FUY AEs I 2
I e e FAES AN

1. #FEuASE GFUZE 5-FURY =2 ke
veliglon 5FU 2 GFUY pK.ake 42 8.02
9 7.20019t}

2. GFUY] 7}eR&utg-2 pH4.16 o|stdlAe=
solvent catalysed reaction®l] 2|8 dojyt vk pH
4.16 o)A} specific hydroxide ion catalysed
reaction®| 9]?‘5]1 Ao}y, AH}ZA parent drug?l
5-FU7F AFHoz AT = GFU= HEY]
4y EEZ]H]"]E«Y EAA 3% ojUldl BF sk
AT 80% At 4 SAA e vt



1-Glycyloxymethyl-5-fluorouracil HCl8] A=, E8]3ea A3, AAA

6.9%-ol At
3. A=A A9 5FU9 LDs& 240 mg/
kg, GFU+= 440.6 mg/kg (5-FUZAM 226 mg/kg) 01910k
4. Sarcoma 180 cell& ©]§F vl-g-20) 4 &gt
HAYZH 5 oEe BF #d ddadE g
W2 5-FU 2 GFUS xgv¥le 47 3.07 2 3.55
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