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BEAAIE L CHRIED L SARIEOEFRG R 2 NETE RN D 5, EHIT dUTPase ILERIOBRREEZ BICY 7 2 vk
HWIRD SAR HFFE %17 > 7=, dUTPase 3R HETE 2K E LTCN-ILR= AR ) DU ERIEN-AVE=1Een ) ¥
VSRR T LY T VAHEERE O 123- M) T Y UEEE R T 50 7 UV E R L, 0T, (L&Y 14c
IEFEF IZHRV B b dUTPase BRETEME (1G5 = 0.067 uM) o B3 MEiE 7 a7 7 A L& H L TEY | invitro I\ T
1% HeLa S3MIIRICKI L, 5-7 /A4 u-2-F 4% 07 U ¥ OB TEINHIIE (ECs = 0.07 uM) %, E£7= in vivo IZEB W
TiE MX-1 ikt L, 5-7 A v o oIV OfEE R 2 BIRICHER Lz, $F813MbE% 8a & & k dUTPase & d
oAl AEIEMRAT 21T\ FHl dUTPase FHEAID 7 7 U VB L RKIBR VB BENETNT T VIVRT v b EBUKMER 7 v
FEMAEEAL, HoAZ v 7 LEENT DI ET dUTPase ZHEL TCWH I LEHLNILE, ZhABDT—X
NE R LUIAEAY 14 iTBRICBNTH 5-7A4F 0T T AD L I RF IV — b v X —PRER OB 2 E
BN ET D 2 LS D,
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Development of Human Deoxyuridine Triphosphatase Inhibitors for
Combination Cancer Therapies with 5-FU

Hitoshi MIYAKOSH|2, b

Abstract: Deoxyuridine triphosphatase (dUTPase) has emerged as a potential target for drug development as part of a new strategy
of 5-fluorouracil-based combination chemotherapy. We have initiated a project to develop potent drug-like dUTPase inhibitors based
on structure-activity relationship (SAR) studies of uracil derivatives. N-carbonylpyrrolidine- or N-sulfonylpyrrolidine-containing
uracils and 1,2,3-triazole-containing uracils were found to be promising scaffolds that led us to human dUTPase inhibitors (14c)
having excellent potencies (ICsy = 0.067 pM) and an improved pharmacokinetic profile. The X-ray structure of a complex of 8a and
human dUTPase revealed a unique binding mode wherein its uracil ring and phenyl ring occupy a uracil recognition region and a
hydrophobic region, respectively, and are stacked on each other. Compound 14c¢ dramatically enhanced the growth inhibition activity
of 5-fluoro-2’-deoxyuridine against HeLa S3 cells in vitro (ECs = 0.07 uM) and the antitumor activity of 5-fluorouracil against
human breast cancer MX-1 xenograft model in mice significantly. These data indicate that 14c is a promising candidate for
combination cancer chemotherapies with TS inhibitors.

Key phrases: dUTPase, 5-fluorouracil, TS inhibitor
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1. #

Thymidylate synthase (TS) FL##I T3 % S-fluorouracil
(5-FU) RFOBMEITBE S 2B, BABRRO—Ri#
S{LFEMBEDORE REDO—D L LT, HLESLEL P
DIZELERINTWS, LHL2RMBS TS HEAIIXERER
BWTHIERNSR 2 RET 35— T, thicad 5
ZEAT WM HB TS 7= 0F Atk S RERN 2
BERDHB, ZORMETH L, TS MEAOKRMREE R
KIET D7Dz, LA W =X 2 DOWERES L ITbh
TW3, ZO—EDWHFEDO T Ladner 513 TS FEA DK
ERHRBEEETF L LT deoxyuridine triphosphatase
(dUTPase) ZRH LD,

TS FMAFAIIEMIEICRY A Eh, MONELHEETT S
Z L CiaN o thymidine triphosphate (dTTP) 7— %3k
HEEDLRARFICHMEAD deoxyuridine monophosphate

(dUMP) F—n % LR &¥3, EORE. MRATIX
dUMP R¥E iz Y v B{t & h = deoxyuridine triphosphate

(dUTP) F—1A D ERBEZ 3, DNA 2ART5 DNA
BY 2 F—BixAROER THS dTTP & dUTP 2T
RV A dUTP 7— A0 ERIZSREIZ dUTP D DNA
~DORY ABERL, EORRMDNA ¥ A —T% 5| &
BT (Fig. 1), ZDR b= A% TS HEERI WML
M R CRRE~BNT 3D ICBEETHS 39,
dUTPase i34 RM91C dUTP R°5-FU % TSHELEAI & L TAHW
7% A& 12 &£ U % 5-fluoro-2>-deoxyuridine triphosphate

(FAUTP) 0z 2RI LIMAKDIMT S LT (F) dUMP
~EHRTIBRTHY P, BHRIZHEVTZOBROR
B ENNE5-FU IS LT R T & 5 icie s 919,
TOZLERMFIBENN OBEEL Y DI
dUTPase ¥ —% 'y b & LERAIC L - T, TS HEA %L
AU fbEREOZRZBNICHB CX 5 BIERD S
LEZOND, FRBETIIFHFNIT ot b dUTPase FH
FAOREFRICOVTHRT 2, LBARBICERS L
TWBLAWDOAREICB L TRBIAR W928E1C
LTHEHEEWY,

5-FU

» dUMP [75] |—— Fdump

dUTP: L1y [ dUTP.
ase ase
AN > M S

~ qute P RquTP -
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|
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Fig. 1. 5-FU OEHIRIT3H3 54/ & dUTPase.

2. E b+ dUTPase FEEEMZ#ET 2 FAHLR=JLERY
SUEREF FRILKRZLLEOY S URBKREEDISVIL
L &MDRSE

dUTPase FHEBAEPEDOHEIIBMONDIN—TH 3
HENTWS (Fig. 2) 05, i LRV EESRILETEH: 2

IR, BRBRIG I 2 5 2 MIRapEE B I IsiT 5
REEREIE L GHEGORBAIITFE L2V,

H NH
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Fig. 2. Structural formula of dUTPase inhibitors.

FH1X dUTPase FAEAZAIN S 3(H Y dUTPase D
9 VABIEIT T AV ERSEREICER L, £
TUIFVARERTIBRKRS A 77V —2ARL. ED
b b dUTPase FAEBEMEZRE L, TORER. HEEHE
XBWHOD, hit{bAMh L LT{LAM 5 % R L7z (Table
3), {LEBWS5 (ICs =97 pM) DT IVEBLL V5 VR
NOETIFEETTCOY U I —WMHEOERSD
structure-activity relationship (SAR) BF#E%1T5 << 6aw
AR L. €Dt b dUTPase BAETE#: % ¥4l L 7= (Table 3)
Table 1 IR 37 X FEERT BV T VLEHD SARBF
RORE, 1) VFINABRMPDLT I FE~DY U I—iF b
YRAFVVY U A—BRETHBZ L, (2) 7 IVUH|ALIC
BLTIEN-22-P7 ==V FNEL KT I FELHE
FOZ LRBMOAREEIILETHLZ LBALNIR
o, T0 2 KROMREH-ERFD 6s (IC5 =13 uM) R 6w

(ICsp=1.1pM) Xt b dUTPase i=xt L CREMBEAI L Y
LbHALIPICHRVEEIZ#Z R L H > lipophilicity
(clogP:1.83-2.17) bRIFTH o7,

RIZEENL 6s RAETIHBNTAXRAT I/ fAIgCE
WT dUTPase DOFEHEERAL & HEERAT 3O bu
—BREERTEZLRCENTERIEFEEORM L
BB TEBRLEBX N-INVE=AERY) P BEEET
397 VLM ERR - AL, EOE  dUTPase [
FHIEMEL G L 7= (Table2).

FRBEIEQ Y PORMOBAIZL > T, FFO rigidity
NE/wHOLNE NFILR=AYR Y U BREETEIVS
YLD b dUTPase FHEEIEI FICHR S his,
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Table 1. Human dUTPase inhibitory activity of
amide-containing uracil derivative 5, 6a-w and reference
compounds 1-4.

o
.-'J.I"\--\.‘.I
o Lk
gy

n R7 clogP* 1C2; Ll
ia 4. M.T. (K, = 0.3 uMF
b 6.52 15414 (K, = § MY
2 446 RLT. 1K, = 18 M)
3 456 2300 [, = 1T phgE
4 316 NT.[ICg = 3.3 M
5 I -NHGIGH,, 0.7 arsi i
fia 1 MHC{CH, ) .CHCICH, ) 083 =3
ab 1 MHCIGHCH ], 0EF 240 53
B 1 -NHECH,, 0.53 =%
i 1 -NCHPh), 165 =)
6o 1 -MHCHFh, 134 #3
ar 1 -MHCH,CHPh, 181 »3]
fig 1 -MHCHCHC P, 154 =3
8h | —N:}——F" 162 =3
i 1 -MHC{CH, L CIOHPR, 1.75 731032
& Z MHPH 049 =3
&k 2 -NHCGHLCH GG, ), 105 010,60
2] ¥ -NHCH.Ph -0.15 =3
&im % -MHC{CH,.CH.Ph 053 3
an 7 -MHC{CH, PR 055 =3
fio 7 -MHCICHJCH, ), nga =51
fip 2 -MHCHFPh, 160 =3]
i 7 -MHCH,CHPh, 183 160,39
&r 7 -MHCICH LC{OHP, 1.68 25£0.071
s 2 -MICHICH.CHPh, 247 1,360,088
it z _:!ﬁﬂ" 216 =)
Gz -MHCICH,CH, PR 1.3 Z1.7E
e ¥ -MHZ{CH,L.CH.OH -182 =X
B I -MICHCH CIOH PR, 187 11200138

“Calculated by ACD/LogP algorithm. *Except compounds 1a-b,
2-3 and 5, enzyme inhibition assay are tested at 30 uM or below.
ICs, values are shown as the mean +SE (n = 3). “Reference data.
N.T. = not tested

Flz. T b OFERITRAFZ lipophilicity 24/ L Tz

(Table 2), Table 2127”9~ SAR B2 Tl 7a(ICsp = 0.29 pM)
IZRE SN D S A eutomer (eudismic ratio =34) TH Y |
FEFITHROBAETEEEZ A LT\ D Z & Thienyl & H9
BAEEM Tj (ICs = 0.23 pM) 1BV T b FEF IR LE
EHEEET DI ENH LN ST,

WIZ N-HVR=renm ) 5RO bioisostere TdHh 5
N-ZLR=er U O FRBIZOWTHRE L7z (Table
3), BRIENZ LI N-DAR= A0 Y DUFER e
#7210 8a (IC5=0.32 pM) (ZfRFE X415 R KA eutomer
THY N-DVR= v Y DB E R LEWIREEC
FEEITHOE M dUTPase FLETEMEZA L TWD 2 L 3H
LTI o T,

Table 2. Human dUTPase inhibitory activity of
N-carbonylpyrrolidine-containing uracil derivatives 7a-1 and 6s
0
S
e [ 1
0 "N
e
n  SorR R? R? clogP? ICxg (pM)?

6s 2.7 1.340.068
7a 2 S Ph OH 1.82 0.2920.015
b 2 R Ph OH 1.82 10+0.30
Tc 2 S 3-F-Ph OH 1.92 0.35£0.017
7d 2 5 4-F-Ph CH 1.92 0.60£0.014
Te 2 S 3-CIPh OH 3.01 0.58+£0.027
7f 2 5 4-CI-Ph OH 3.01 =1.0¢%
79 2 S 2-MeCQ-Ph  OH 165 =1.0°
7h 2 5 3-MeO-Ph OH 1.65 =1.0%
Ti 2 5 4-MeO-Ph OH 1.65 =1.0¢
7j 2 ) 3-Thienyl OH 1.7 0.23£0.0033
Tk 2 S Ph H 2.81 0.15+0.0094
7l S Fh OH 1.60 =1.0%

3Calculated by ACD/LogP algorithm. °ICs, values are shown as
the mean +SE (n =3) °Except 7b, enzyme inhibition assay are
tested at 1.0 uM or below.

Table 3. Human dUTPase inhibitory activity of
N-sulfonylpyrrolidine-containing uracil derivatives 8a-f and 6s
0
| “MH
//HK‘T ‘N"L\QO
5
, N
ROy
R2 tl;_)H o0
SorR R? clogP? |Gy (uM)®
6s 217 1.3+0.068
8a R Ph 1.92 0.32:0.018
8b s Ph 1.2 9.4+0.085
8e R 3-F-Ph 202 0.2820.0026
8d R 4-F-Ph 2.02 0.3120.0071
ge R 2-MeQ-Ph 1.75 =1.0°
8f R 3-MeOQ-Ph 1,75 =1,0°

3Calculated by ACD/LogP algorithm. °ICs, values are shown as
the mean +SE (n = 3) “Except 8b, enzyme inhibition assay are
tested at 1.0 uM or below.

3. £ F dUTPase lHE#I & £ + dUTPase D 455
DXFBERITLEE

EEXRH LAFHREERITY 7 AREFLTVS
bDD, XFNRIT =2V RFAERY PVT R FER
BAVE=AT I FREEZA LTV IR TRRERTH
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5 dUTP LT AR 2BEZALTND, LLRRL
IS DILEWITIEFE TV e b dUTPase BRETE M2 A
L\%mmmﬁm%%ﬁﬁékaM%’;off%%
B dUTP LIZIERSICRREN S B2 b D (BEEE
7y EAIZRBNT AUTP ORI 0.1 pM), & - THHFE
FHID dUTPase 1Zxf 3 2 1EM A 1 = X A IR I BB
W, FEFFMEERAA D =X LEZR LT D720, Fill
m%ﬂktFmH%%k@i%%@Xﬁ%%%ﬁ%ﬁ#

o BOMDILEWNT OV TG L7 fER, F& TRV
i%ﬁ%ﬁ?é%kﬁhdﬂ%w@ L EuG & £ o X
MRS RRAT IC T L. @arfighe (L7A) o364 %
/5 ZEenTEZ (Fig 3),

Val6s

Ala90
Gly110

<~4\\1{11:
o
Tyrl0s A (“H )
& =9 ;’/GI}’F"
" | Alaos
Glyoo ,

\ =

v
(a) (B)

Fig. 3. Binding of 8a (blue stick) in the catalytic site of human
dUTPase. (A) Polar interactions. Distances [A] are indicated.
Waters are shown as small spheres. Red line depicted
o,B-imino dUTP 1b in the human dUTPase: o,B-imino dUTP
1b structure (PDB code: 2HQU) superimposed on the 8a:
human dUTPase (PDB code: 3ARA). (B) Comparison of 8a
(blue stick) with a,B-imino dUTP 1b (red stick)

Fig. 3 (A) 12t k dUTPase & 8a O ILftsbfkiE % R,
F 72 Fig. 3 (B) IZik bk dUTPase & a,B-imino dUTP (1b)
D EfEGLREE (PDB code: 2HQU) 1 dd o, B-imino dUTP

(1b) ofEEEFEQE LY, ik Lz, BBRENZ L0k
B TH 2 dUTP Z 45k L 7= dUTP mimic 1b & 8ali*+h <
nNowZ oD dUTPase DRI LY 7 LRy v MR
WMShD0HT, Wi o dUTPase TEMFBALN T O
FHOMEMBEIZTRE S BloTWe, 2F V., 8a DAL
KT 2 RENRY 7 ==/ A X ) — )VELIE dUTPase
DRYY UBEE IR RBEALICMAIE L TE 5T, 8a
DRI T = = FD—>H Val6s, Ala90, Ala98 & T Val112
DT D2BUKER 7y MIfIEL, BoBHDOD 7 2 LER
AR X7 TH T ETRENL, dUTPase #[H5E L T
W5 ZENRH BT 5T, Vales, Ala90, Ala98 K& T*
Vall12 NIRRT 2 BUKAR S~ M dUTPase 73R HERE
FEAET HERC C RN — T IAFAET D Phels8 D7 = =)L
DA 2= TH Y, 8a IXT DZEME 5 £
HEEMT 22 THRVDHFERBEZREHBEL VWD EE 2D,

4. £k dUTPase HEE®%2HT S 1,2,3-FU TV —
ILEREFOVIVILESMORR

7 I FEEETIYFIAMEAHD SAR BFEIZBWT
3T I FEAFKO6s (ICx=13puM) R2%T I FE%
# 6q (ICx = 16 pM) IZH~K 12 {5 b0 E b
dUTPase FEEM 20 2 L RHA L MTR -7 (Table 1),
%7 6s D NMR ER» 5. dg-DMSO H 25 °C {28\ Tk
ZOonREKOREAYTHHIZ LRHBAL (Fig 4,
cis :trans = 2:3) . 80°C IS\ CIRERRIBIZERL, —oD
P—27 iR L,

i O *
o oOr 0oL ooy
~FF " NS0 G rH H N o) e \1 NS0
e ,,LV,NK o~ s ,T N — “\J;-, N V,J
7 O LT T
trans tran is
7 NOE

6q (ICgy= 16 uM) ! 65 (ICop = 1.3 M)

Fig. 4. Conformational preference of amide compounds 6q
(trans) and 6s (trans and cis)

##iX 6s DV L b dUTPase FAEFFEIEILE D cis Bt
HORETERLTWS L TFRL, 6s D7 I FEZ cishd
BIrEETZZ L TERSDE b dUTPase PRSI RIA
DITRERDHD LB, EZTCF=NEEFTEH
ML 7 FEEZATHIHREILERICARTES
1.23- b Y 7/ VR ERH L (Fig.5),

P \"N\l/ o — ~Z [N
[‘\CJ (o (':ﬂ
ans tois

6s 1,2 3-Triazole derivatives

Fig. 5. Triazole-replacement strategy of compound 6s and
molecular modification for the SAR study

EFEENT I MLAWTHHLAWes D I/TI K
EZ 123-VVTY—NE~ERL cis BRIZEELEE
A % R EDOHBME L AR L. €D dUTPase FAEIEE
L Pl L7 (Fig.5. Tabled),

FHEY 123- VT —ABRETHSLAY %

(IC=13puM) iX3#&7 I F{LA#HTH S 6s (ICxH=13
uM) L RS0V E b dUTPase BAEEMLZH LT\,
(T RIFAFLVY U I—2FT 5 9 (IC5=0.74 uM)
LRVEEBAFEEEZEL TWA I ERALNTRoTE,

RHL~E123-FYVT7Y—NEEZETS %D (1) &
B TRERRENILE (2) ZERVCHERESRRE
HBTHBRZ LML —FEEHLLTRHEVSESDL
2w, iz, Bk 8a 2 dUTPase DItikTiREN O
BTHLVT7 2= VEBRLT L HHEEBEEICHA TR
rni#Ezbhiz, ¥EX 9a-b OMELEIZ, TOXE
RVBVBRO—DOEBRWEE /) 722V FNVEZERT
ZHMUELRE L, £DO  dUTPase FEEFIH:2FPEAE L
7= (Table 5), {L&#%y 9a DRV EVRO—2EER\
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{b&¥ 1la ©t b dUTPase BHETEMEIZAE <JEF L7z

(ICx=>10puM), LD LM I EE YT Y —
NEET NI AF L) U —CHEE LA TH D
11b 1E, TEMEIEES L= b OO F ORLETEMEIT H 2 FL i
Frah7e (ICs =35 uM), (T 1lb ORIHNE VBT
DEHIENREZTED <L 1leg A - FHMIiLI-E Z A,
mEW 7T R E LA R UEERENCEBUVRO 2
AR OR3ACITE AN L7 dF8 gk (11f-g) (X3Rv e & dUTPase
FHEEEZ A T2 2 LN LN (11f: 1Cs = 0.39
uM, 11g : ICso =0.21 pM),

Table 4. Human dUTPase inhibitory activity of
triazole-containing uracil derivative 9a-b, 10a-b and tert-amide
containing uracil compound 6s.

[ C l” Q. Q
- N
ﬂ 1
2 N -\ 'y ,]' M
N-— N-—J
9a:n=1 10a:n=1
9b:n=2 10b:n=2
I1Csg (uM)?
Gs 1.3+0.068
9a 1.3+£0.052
9b 0.74£0.011
10a =10
10b 1.6+0.019

®Enzyme inhibition assay are tested at 10 uM or below. 1Csy
values are shown as the mean +SE (n = 3)

Table 5. Human dUTPase inhibitory activity of
triazole-containing uracil derivatives 11a-g and 9a-b.
i
R® l/“rm
aUNE
N
N
1Ma-g
n R® ICsp (WM)?
9a 1.340.052
9b 0.74£0.0M1
11a 1 H =10
11b 2 H 3.520.023
11c 2 2-MeO 5.7+0.030
11d 2 3-MeQ 4.120.065
11e 2 4-MeQ =10
11f 2 2-(Cyclopropyl)MeQ 0.39+£0.0044
11g 2 3-(Cyclopropyl)MeC 0.21£0.0026

®Enzyme inhibition assay are tested at 10 uM or below. 1Cs
values are shown as the mean +SE (n = 3)

WICEF AW 1lg D & b dUTPase (25445 BLEE M

F\ZEIRT 2720, 11g DRV PN T VL L %8
A L7ZBEO BRI RIZ OV TG L7 (Table 6), EAK
BIZIE 11g ORPNALIZ A F AR E I F Lz E
ALTex I ubE® (12a-d) ZERCL. € OFMEIT >
72e TOFRERRIKTH D 12a (ICs = 0.058 uM) O 12¢

(ICs=0.029 uM) (FFEF TRV E |k dUTPase FELE TG4
RUT2,—F SIETH % 12b(ICs = 0.87 pM) KT 12d (1Cs
=0.72 uM) 1 119 12 b~ Z OBRLEVEME LSS L 72 (eudismic
ratio = 15 ~ 25) , R {&% eutomer T& 2 B 1T 5Tl 7
WA, S R & Bl L C dUTPase & Z03RA 72 Bi/K MR B AE A
ETAHILENTELEDEEZEZLND,

Table 6. Human dUTPase inhibitory activity of
triazole-containing uracil derivatives 12a-d and 11g.
R? I
N0 /}\ ﬂ) NH
A
) N““,,//\v/“\f’
12a-d
R ICsy (uM)?
11g 0.21+£0.0026
12a Me (R} 0.058+0.0019
12b Me (S) 0.87+0.015
12¢ Et(R) 0.029+0.00047
12d Et(5) 0.72+0.022

?|Cs, values are shown as the mean + SE (n = 3)

[ 3R AR OB AR Tl BRI DR DO BEBR D H )3
BEE T EYWEE T 0 7 7 A VOt b BE A
Ty T D—DTh D, I E ;M dUTPase FLEEME
EHTDZENHLMNTAR -T2 12¢ (ICs = 0.029 uM) (2
DT, v T ATORYEERFHRZ(T-7= (Fig6), TD
WEEALAY 12¢ DT ~OWRIUT BT TH-7-b D0, %
LIRS TW D Z EBHL MR- T2,

20 -

15 -

Plasma conc. { pM f pM eq. )

Time (hr)

Fig. 6. The pharmacokinetic profile of 12c after oral
administration dose at 50 mg/kg in Balb/cA mice (n=2, ).
Compound 12c was administered as a solution (2.5% DMA,
2.5% Tween80, 10% Cremophor EL). Pharmacokinetic
parameters of 12c are shown in Table 5. M-1~4 represent
metabolites of 12c.



U B FEFA 242 \ol. 62, 48-56 (2013) 53

12c ORFHPORIEIZIZE S RT3, FHHIT 12¢ O
KRR EMEITFOR DA ORBITER LTS L
HEWI L 7=, Z 2T 12¢ DR D LITSEABIR T KB 5L
ZHAL7-7EHE 13a (Table 7) AR L7-, {bA&W 12¢
Rk LAY 13a 125\ T H~ U A TORYERERAER 21T
ol & T A F L LRI R ORI EHEL M ELTnd
TERHBIL, £ AUC 1AW 12¢ o AUC IZHE~ 15
fERER LT D2 ENHLMMNTAR -7 (Fig. 7, Table 8),
F72. EWIZHILEY 18a Db - dUTPase (253 2500
PRLETEVEIHERE S 7= (IC5 =0.15 uM, Table 8),

Table 7. Human dUTPase inhibitory activity of
triazole-containing uracil derivatives 13a-h.
0
HO, /L‘NH
RO, A fi
oy LA
o NN b
N P~
13a-h
R0 ICsp (uM)®
13a vl 0.15:0.0030
13b " 0.2120.0018
13c Et =1.0
13d o 0.6320.023
13e - 0.56:0.026
131 S 0 360 0083
13g QC)_ =1.0
13h o 0.15:0.0027

®Enzyme inhibition assay are tested at 1.0 uM or below. 1Cs,
values are shown as the mean + SE (n = 3).

70

Flasma conc. { uM / pVl eq. )

Time (hr)

Fig. 7. The pharmacokinetic profile of 13a after oral
administration dose at 50mg/kg in Balb/cA mice (n=2, ).

13a was administered as a solution (2.5% DMA, 2.5%
Tween80, 10% Cremophor EL). Pharmacokinetic parameters of
13a are shown in Table 5. M-1~3 represent metabolites of 13a.

Table 8. Pharmacokinetics parameters of 12c and 13a after oral
administration dose at 50mg/kg in Balb/cA mice (n=2, ).

AUC, (uM-hr) Ty {0} Toae (A1) Conay (UM)
12¢ 456 0.5~1 0.5 869
13a 67.37 1-2 0.5 B2.06

Each compounds was administered as a solution (2.5% DMA,
2.5% Tween80, 10% Cremophor EL).

FIZEFH LAY 13a DR B VR IMOT L a ¥
VR R#EET 5 BT, (LAY 13b-h ZRREROERL .
Z®t b dUTPase BHETEMEZ R L 7= (Table 7)., #F4fi L
TAbEHON, v aXrFax v EEFT 5 13b (ICs =
021 uM) R Ov 7 a7 F A hXTEEAT S 13h (ICs
=0.15 uM) [EFRVBRETEE 2 iR L TV 72y, L& 13a
LV HLNCRG LA R SR o7,

WIZEH LAY 13a Dt b dUTPase FHETENE & 3y
e v 7 7 A NV ERE(ET D7D, ED Y B —EL,
R DNVALD ST R OKSGS B B O B AR
B L7-F8E R (14a-d) ZE%E - AL, TOMEENE
FHfi L 7= (Table 9), ZOH TRIEGRE B 4NIZT v
FIRTEEA LIZ(LEW 14c (ICs = 0.067 uM) 1 ZFEF I
e b dUTPase FRETGMEZ R L7z, $£72, l4c i 13aldA]
v U AICBWTCREREYBRET a7y A VER LT

(Table 10), —J7. {b&% 14c (eutomer) Dx=F L F 4=
— T2 14d (distomer) (FMbA 14c L0 b FHEISMHEN
JiF5 L7~ (ICs =0.35uM., eudismic ratio =5.2),

Table 9. Human dUTPase inhibition activity of
triazole-containing uracil derivatives 14a-d and 13a.

o]
P M.

HO
.

A

z_\‘/o\ o U NH

T LA
e NN N™ 0
YOy J
Ny
1da-d
Ror 8 X Y ICsq (M)

13a s CH» H 0.15+0.0030
14a R CH; H =10
14b 3 [0} H 0.17+£0.0074
14c 3 CH F 0.067+0.0017
14d R CH F 0.35+0.0049

®Enzyme inhibition assay are tested at 1.0 uM or below. ICs
values are shown as the mean = SE (n = 3).

Table 10. Pharmacokinetics parameters of 14c after oral
administration dose at 50mg/kg in Balb/cA mice (n=2, ).

AUCq (sM-hr) Tuz () Toax (1) Cone (M)

14c 57.28 1-2 1 49.80

14c was administered as a solution (2.5% DMA, 2.5% Tween80,
10% Cremophor EL).
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5. ¥ dUTPase FEE#I< &k % FdUrd O in vitro
SRR B8 TE I 35h R o) #5584

Xt P FEHEME HeLaS3 2 AV, RHL=H e
k dUTPase BEL##1% 5-fluoro-2’-deoxyuridine (FdUrd) & §f
R &¥ 5 Z L TEOMEHMEII MR 0N L R
L7, HelLa S3 (24 hr) =333 1 uM FdUrd DHIEIHEM
WHIDHRE 2 %1275 DITHERFTI dUTPase BLEA D
ME%L ECy & L TR L. MEMAMIDBIMIRIER OERL
LTHWE (Table 11),

FhH L= 8 > DL A DAV 2T HeLa S3iz3 LT
B gy IR R 2R L (ECxp=>22 M),
L L2Rs 8 {bAWIEN LY bED TERERT
HeLa S3 {23435 FdUrd (DR IEARIMAIZER 2 BRI 5
L7 (ECg=0.05-3.0 uM), ¥, ZOHMPIFIILEH
Dk b dUTPase FHEFEME L ERICRMEELE, ZDZ
L b 8L TN T HeLa S3 N dUTPase ZfLE
35 Z & T FdUrd OMIEREABIZREZEBMLTNEZ
LR TIREND,

Table 11. The enhancing effect of dUTPase inhibitors for
growth inhibition activity of FdUrd against HeLa S3 cells in
vitro.

Cytotoxicity ECsq (uM) dUTPase

ECsp (uh)* with 1 uM FdUrd® IC g (LM)E
6r =100 3.0£0.10 2.5+0.071
6s =100 1.2+0.037 1.3+0.068
7a =100 0.27:0.0041 0.2940.015
8a =100 0.30£0.0050 0.32+0.018
9a >100 1.140.022 1.3#0.052
11g 8442 1 0.26+0.0046 0.21+0.0026
12¢ 2240.13 0.05£0.00049 0.029+0.00047
14c 41£0.25 0.07£0.0013 0.067+0.0017

“Cytotoxity of dUTPase inhibitors against HeLa S3 cells (72 hr)
bECs, value shows the concentration of each dUTPase inhibitor
that is essential to reduce T/C% (70-80%) value of FdUrd (1
pM) against HeLa S3 cells (24 hr) to the half in vitro. ECg
values are shown as the mean + SE (n=3). °ICg, value shows
dUTPase inhibitory activity as the mean £ SE (n = 3).

6. HHE + dUTPase BEHITHZLEM 14c I
& % 5-FU O invivo HiEB SR D # &/ A

EHIIERITHVE b dUTPase FREFIEH: & BRIF2 KW
BB 07 7 A NEHT LAY 14c IZO T in vivo iZ
BT B ILEHMNEEE MX-1 xenograft < 7 AR THIEET NV
TD, 5FU OHBFHREBIERAEZRN L. TOKR
# Fig. 8 21 Table 12 {Z7~7",

®»

s 16 r - Control
——5-FU

—-— l4c

- 5-FU/l4c

p=1

Relalive t

(B)
30
20 —O~ Control
—o—5-FU

—— 1ldc
@ 5-FU/l4c

Body weight change (%,
o

Days

Fig. 8. (A) Efficacy of 14c for antitumor activity of 5-FU
against breast cancer xenograft MX-1 in mice. Relative tumor
volume (RTV) is expressed as meantSD of at least three
independent experiments. (B) Body weight change (%) is
expressed as meaniSD.

in vivo IZBWTLE® 14c iIEENDV O LRERLIC
5-FU OFIBIZRZBIFICINRT 5 Z L BRI LR
7eo =77, invitro I8V TIEAH 14c IXBV2A 5 bl
MAEMMWIZIRE R LA (Table 11, EC5 = 22 pyM), =D
in vivo RRICEB W TIIBEM THIREHRE R E R0 T,

Table 12. in vivo enhancing efficacy of 14c¢ for antitumor
activity of 5-FU against breast cancer xenograft MX-1 in mice.

dose T RTW?

= treatment N IR" (%)
(mg/kg/day) (mm®, mean+S0} (meantSD)

control 2047 62:693.70 11.41+3.74

5-FU 15 ci. 1644.48:322.60 9.13:1.35 20,0

14c 300 p.0. 2474.951534.68 14.0613.35 -23.2

5-FUi4c 15/300 cifp.o. 30068110320  1.72:0.55"% 849

*Tumor volume (TV) on Day 15 was calculated according to
the following formula: TV (mm3) = (width)?x(length)/2
bRelative tumor volume (RTV) on Day 15 was calculated as the
ratio of TV on Day 15 to that on Day 0 according to the
following formula: RTV = (TV on Day 15)/(TV on Day 0)
°Inhibition rate (IR) of tumor growth on Day 15 on the basis of
RTV was calculated according to the following formula:

IR (%) = [1-(mean RTV of the treated group)/(mean RTV of the
control group)]x100

**. p <0.01 Dunnet test as compared with the control group.
#i#: p <0.01 Student’s t-test as compared with the 5-FU group.
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1. W

TS fEHITH % 5-FU RLF DOFFEMRIT, 23 ATERO—3
ZHILFEREDORE RIED—> & LT, MLamoLm
EHRLZBRELBRBIREHIN TS, & b dUTPase
FLEANIERRIC IS D TS FLFEAI O ) % Bl g E T
DAREMEN D D T2 FEHITE DRI AT o1,

vy MEBWITHD YT LB HEEIRS (ICs = 97
uM) & E o TIT, AFETIE T I FEIEELIT 1,2,3-
N T Y —AHEEGT DU 7 UL EM O SAR FFEIC
X v, Bk dUTPase BREH 23K 1500 {58 S Ho~
URZEBTDEMBE T 0 T 7 A VBN BRIFREEY 14c
ERHTZEICgPI Lz, RS- #i#fle b dUTPase
FLEEANL in vitro (23T TS BREAITH 5 FdUrd OHiA
AR S A . F 72 invivo 1238\ T 5-FU OHTEEZ)
ZEIMICHERT 5 Z E BN LMo T2,

FcEHITLA 8a & & b dUTPase & 4L 015
L ZOMTICETI L, & b dUTPase DFLERZ 5 )
L7z,

AWFFE TR LIAbAY 4c IZERICB LT TS BIE
FOPEZBILETIRT vy L2 +RICA LT
W5 EEZ DI, AFIE TSHER & OPFHIZEL Y FHii-7s
LB OIRFERREBRCEDLAREERH D EFELT
W5,

11, B

AR L CHEix OEBERESE 2B £ L7z
57 BB R PRI L P ARG IR LA 2R = - KIS
FEEZ A QN KBS AL T3k N4t - 4@ ) s+
WCIRERDHEZR LET, £, AFREEKIZH
720 2R D8 TEE F U2 RIB3E S T3S
o TR v F —FHALITE AL L B E
R
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