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1 DESCRIPTION NOVEL WATER-SOLUBLE PRODRUGS 5 Technical
Field The present invention relates to 1ovel water-soluble prodrugs, or
pharmaceutically acceptable salts, or hydrates or solvates thereof. The
present invention also relates to pharmaceutical compositions that
comprise these substances, or liquid formulations that comprise these
substances in aqueous solutions. 10 Background Art Camptothecins,
taxanes, anticancer nucleotide S 5f-SHEH ctive against a wide
variety of tumor cells, and thus are expected to be useful as therapeutic

agents, such as ant Pat nd 2). Many of

these compounds ﬁ@%ﬁﬁ%@?gﬁﬁfﬁ%@#& water

solubility, their use in injections (parenteral administration) is sometimes
TechnidRlitegidPatent Document 1). Water-soluble prodrugs have been studied in

an.attempt to solubilize such lipophilic pharmaceutical agents in water .

(NGB B R GPHE T S AFR S AR, AL EIHOLS RGeS BEHE el
agcepwbta@almsssydmmwﬂvmﬁmnﬁz_] Vo p3z8e 5 db0efition-Hateantates to
pharm PRGNS b Hr3 bR A Bh Jmﬁggg%ége s@Ehc£85% A4ufER - RISGIRUAG:

of tglaslnve tion Problems to Solved by the Invention 25 Most
COm P S RS 6D GRS SOMOBharmaceutical agents are converted
into their active form after administration, mainly by enzymes. However,

Baskgﬁ(@gomersion occurs after a certain period of time following

administration and varies among species and individuals, and thus has

beeRPARIIBEEiRIe HS AR FOHIRRHACRI PSS HIOARGYSTT ReTNfORERIRG & Wide
varietywsshantog beitke maahthin sleveipgrivater inotubieiprotingsdied saenhe such as

: inj [ no e on enzymatic .. -

atica e O SRR e pophilic, and
because piitbeindpw, WrsssRiublEs el Heteln it aTtiorsppiPRéTRl admmigigation) is
sometiprosligitediP astv©detmelt biood was insufficient, and therefore, there

w nee shorten the time taken.for,the blood concentration of . . o

R o0 B o SRR S povtitic
pharmpeaytienlingeriscn eater ihivideairatatossmpns 35t Satentsiinatmantte.
[Patenfthodisiered prsrarsdly; and whose conversion into the active form does

“[Patent Document 2] WO03/045952

[Non-Patent Document 1] Shan er al., J. Pharm. Sci., 86(7), 765-767, 1997

Disclosure of the Invention

Problems to Be Solved bv the Invention

Most water-soluble prodrugs of lipophilic pharmaceutical agents are converted into their
active form after administration, mainly by enzymes. However, this conversion occurs afier a
certain period of time following adminisiration and varies among species and individuals, and
thus has been an obstacle to the development of these prodrugs.  Therefore, there was a high
demand to develop water-solubie prodrugs that can be administered parenterally, which do not
depend on enzymatic conversion and show small interspecies or individual differences.

Furthermore, in some cases, the rate and efficiency in converting a prodrug to its active
form in blood was insufficient, and therefore, there was a need to shorten the time taken for the
blood concentration of pharmaceutical agents to increase.

More specifically, an objective of the present invention is to provide water-soluble
prodrugs that can be administered parenterally, and whose conversion into the active form does

not depend on enzymes or show small interspecies or individual differences, and has an excellent



not depend on enzymes or show small interspecies or individual
differences, and has an excellent 2 rate and efficiency of conversion.
Means to Solve the Problems Upon extensive studies to solve the
above-mentioned objective, the present inventors discovered that prodrug
compounds comprising solubilizing side chains with particular structures
rateshocg/ve , lcggrllc%n(t),C%%er-ss,gt)lgbility, and that their interspecies or individual
iferences are small becduse of the rapid chemical conversion to the
active form. Thus, the present invention was completed. The present
Me visthak useful for application to water-insoluble
phatrpacetiticatiagentsissiclo a®bamptotiiesisymerhicheconipeisera the present
inveReendans Aleehalic bysrexyLarpaisatariaiaicondliahydrauyl cBipKPwith
parh/lc%EerSgtggé%:l%ls!ysiti%%bpégg %?&gggll?t%a r ISE fl’ila% %‘é’i@tqﬁ"@&'ﬁj@%s or

Sﬂeﬁaﬁi
represented by tormula a

. prodru 1),0 naceutically acceptab .

ol UFeeRs B SOALCTROR FUN OV NPT 5425° (WRBRRICrTS 2ctve

forepraysnts GIFB BT tSH BACICTB AR ghBEpranr T PredE g 1§ anvEfMY

usedibipr comiprising @ tedianranhint:groumersulfahylognoupu¥hrepresentstizecin,

whigsigugRfsa sompaund rpesesentediny vi-dldupavingan alcaholic iy draxyky:
oup); <2> the water-soluble prodrug of <1>, or a pharmaceutically

gmgéb table sagé a é;ld;/drate 0 .sqlvate thereof, wherein the water-soluble
orodtg eSS By torhilia eﬁ?f:fﬁcﬂmls?ﬁq" Y Y R2R3 (2
<1 W@@ﬁg@ﬂ@ﬁ@?@d&p@ Hofiprsaes Gfﬁﬁ%(@) or a pharmaceutically acceptable

salt, or a hydrate or sotvate thereof,

R |
S i 4
N Y\Y
" |
0

{wherein,

(1)

R’ represents a hydrogen atom or C1-C6 alkyl group:;

W represents a divalent group comprising a tertiary amino group or sulfonyl group;

Y represents a residue of a compound represented by Y-OH having an alcoholic hydroxyl
group);

<2> the water-soluble prodreg of <1>, or a pharmaceutically acceptable salt, or a hydrate
or soivate thereof, wherein the water-soluble prodrug is represented by formula (2):

[wherein,

R and Y are defined as in formula (1);

X represents a C=0 or C1-C3 alkylene group:

R” and R each independently represents a hydrogen atom, C1-C6 alkyl group. or amino
acid side chain; and

R’ represents a C1-C6 alkyl group]:
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X represents a C=0 or C 1-C3 alkylene group; R3 and R4 each
independently represents a hydrogen atom, CI-C6 alkyl group, or amino
acid side chain; and R3 represents a@1-C6 alkyl group]; 3 <3> the
water-soluble prodrug of <2>, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein R is a hydrogen atom, methyl group,
or ethyl group; 5 <4> the water-soluble prodrug of <2> or <3>, or a
pharmaceutically acceptable salt, or a hydrate or solvate thereof, wherein
2is a hg& en atom or methyl group; <5> the water-soluble prodrug of

3> DRI RIEUS BF 5230 AR ARDATEIR) kel Seasieianik, sstaor a nydrate
or solvﬂydﬁai&ﬁrﬁﬂbtai@w%%y&thgéﬁl B3 gt Erd @k $AYPErd Q5> the

water-soluble prodrug of any one of <2> to <5>, or a pharmaceutically
acceptable salt, or a hydrate or solvate thereof, wherein RT is a hydrogen

<4> gy w%ﬂﬁﬁ%@ppmawgtﬁéﬁat@r ShtuBleproartgesutiesliyorepeptable salt, or a
bydrateRbadRaceHigaly, saresiakiesalhyarsdydiaie 4P AEsValshereof,

wherein the water-soluble prodrug is represented by formula (3) HRs
-N ICH g n~S/~/a0eClY S2R éS) [wherein, Rl and Y are defined
<s> e WASAIUOE P RPRUR S BRYORR RitSgRIH ST 1 Q03P i peeRi-ally

acosptaBIPERREBIS: Ao gr R MNam QerLP ARG AheEln RE18Rr
hyd%%?en atom or C1-C6 alkyl group)] <8> the water-solublé pér]éad%g of

<7>, or a pharmaceutically acceptable salt, or a hydrate or solvate

%> thrnIEsRNRnIRdEE Ril/amY GO afo@aﬁ@mwg@oamw@mugmw 25
acceptabisHle WalRGRAMRIE RO QL5 3 BERRS 78114 i %% group;

acceptable salt, or a hydrate or solvate thereof, w ereln
a hydrogen atom or -COORG6 (wherein R6 represents a hydrogen atom or
<7> . {@dweeaioiligmop)iBQ «lotthe waterselmibqattydrucppfabesatt <8 bydrate

or miv@%@%ﬁ%%%gmlgoﬁﬁagmdmg is represented by formula (3):
" _

R e
Rq/ Y{VHZ)H \S /\/D \“/0 \Y
‘{}2

RS D (3)

[wherein,

R' end Y are defined as in formula (1);

n represents an integer from ! to §; and

R® represents a hydrogen atom or -COOR® {wherein R® represents & hydrogen atom or Ci1-C6
alkyl group)};

<B> the waier-soiuble prodrug of <7>, or a pharmacsutically acceptable salt, or a hydrais

or solvate thereof, wherein R’ is & hydrogen atom, methyl group, or ethyl group;

<g> . the water-soluble prodrug of <7> or <8>, or a pharmaceutically acceptabie salf, or a

hydrate or solvate thereof, whereinnis I, and R is a hydrogen atom or ~COOR® (wherein R®
represents a hydrogen atom or C1-C6 alkyl group);

<iQ> the water-soluble prodrug of <7> or <B8>, or a pharmaceutically acceptabie sali, or

a hydrate or solvate thereof, wherein n is an integer from 2 to €, and R’ is 2 hydrogen atom;
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a hydrate or solvate thereof wherein n is an integer from 2 to 6, and R5 is
a hydrogen atom; 4 <|1> the water-soluble prodrug of any one of <1> to
<10>, or a pharmaceutically acceptabie salt, or a hydrate or solvate
thereof, wherein the hydroxyl group (-OH) of Y-01-1 is a secondary or
tertiary alcoholic hydroxyl group; 5 <12> the water-soluble prod rug of any
one of <1>to <I I>, or a pharmaceutically acceptable salt, or a hydrate or

<11> RVRIRINEsRWRSIRIR of ds-A8: inpolidble, @,%P%‘B%%m%b%ﬁ%%ig“y

water-soluble prodrug of any one of <1> to <12>, or a pharmacg

acceptabiesape BaArase aniplvate Brsof anherer B Wit eraop (4D of Y-OH is 2
-second:EQmPiathec aiatBcaniitngtlsbimgent, taxane, or anticancer

nucleotide; <14> the water-soluble prodrug of any one of <1> to <13>, or
harmaceutically acceptable salt, or a hydrate or solvate thereof,

<12> - VSIS R P BRI TEp R S BD%S otmiRas(d)T R13 ReeaREsUsCalR 1
acceptablt dafChi ahidraiddvdaerein thindiFaipaadiniags sitein RdsigBRas Prbing:

RL1 represents a hydrogen atom, halogen atom, or CI-C6 alkyl group;

R12 represents a hydrogen atom, halogen atom, CI-C6 alkyl group, or
<13 AR GROUPE RS RFRLEHRSL RJarBgoH 2iGhe RRRROTIEb oo
acceptaBFON: @ WO AINRMRANEBrOUR BB R PIERe LS 3. Ayl tifung

» CI-C6 allégl;%c’?ﬂu , (4-meth Ipiperagnyl)methyl group, or e el

agens, %al%?bﬁfoxyl | gﬁ%&%ﬂp; RL3 and R14, and R" and R12, may,

respectively, be linked to each other to form a 5- or 6-membered ring,
<i4> wReiekaitheibbiekoarambrind shgomay-cempdse die gragteioaiasasy and

ay 25 comprise 1 to 3 substituents selegted from Group A described
scocpaf S Gl o NG QLR SR CTN Sy RBERER EGEIIRA f formmle (4

sEbstitudpls selected from Group B described below: Group A: a CI-CIO
- alkyl group, amino group, mono-C1-C8 alkylamino group,
o

(4)
[wherein,

* indicates a linkage site;

m is either 6 or 1;

R" represents a hydrogen atom, halogen atom, or C1-C6 alkyl group;

R? represents a hydrogen atom, halogen atom, C1-C6 alkyl group, or hydroxy! group;

R Tepresents a hydrogen atom, amino group, nitro group, or (dimethylamino)methyl groug;

RM represents a hydrogen atom, C1-C6 alkyl group, (4-methyipiperazinyl)methyl group, or

(tert-butoxyimino)methyl group;

R® and RM, and R" and Rlz, may, respectively, be linked o each other to form a 5- or

6-membered ring, wherein the 5- or 6-membered ring may comprise 1 to 2 heteroatorns, and may

comprise | to 3 substituents selected from Group A dascribed below, wherein the substituents of

Group A may further comprise 1 to 3 substituents sejected from Group B described below:
Group A: & C1-C10 alkyl group, amino group, mono-C1-C8 alkylamino sroup,
d-C1-C8 alkylamino group, C1-C8 alkoxy group, C1-C8 alkylthio group, and group




di-CI-CB alkylamino group, CI-C8 alkoxy group, CI-C8 alkylthio group, and
group 5 represented by X= (wherein X represents an oxygen atom or
sulfur atom); Group B: a C1-C6 alkoxy group, hydroxy group, halogen
atom, amino group, mono-C1-C6 alkylamino group, di-CI-C6 alkylamino
group, C3-C7 cycloalkyl group, heterocycle, and aryl ring (which may
comprise | to 3 substituents selected from the 5 group consisting of a

T CER B OO B P R S A8
wetepep Rible(réifr abkoky grbupobpiphzyraamen thatipacaeptahisisalgros
hygigie-erisoly gl iiareef WG 15 %&ﬁ?ﬁﬁe@%{eﬁ@dﬁ@%@g@ group,

(5): Z R82 R" N 10 (6). wherein, * indicates a linkage site;’ R™ and
de%ﬁs?gxcﬁ @fa‘lffaifang (BPIeLaE qqm@@%!ﬂ%@ﬂwﬁm selected from the
-Nz=OUR )eREiNglof nieteinyfpzbupp Ebéldsbkbydmgen, disdopes SéaGino group,

a'%ﬁ&é@-@@%mg%ﬁ%%%%@%&w@ﬁﬁ%g g%%roup B

described below: Group BT a 6 alkoxy group; Xy g , halogen
atom, amino group, mono-CI-C6 alkylamino group, di-C1-C6 alkylamino

<i5> gtiozipaC3-ilbicmaliyly of sUg>heter ptycteaasctiasil ravge(vrath sakyor 2

i £ BRI 8

mono-£1-C6 alkylamino group, and di-C1-C6 alkylamino group); R2"
ser{s a hydrogen atom, amino group, or a CI-C6 alkyl group that
“compgise 110 3 subgtituents selected from Group C described

selected from Groyp C descri hed below, or a di-CI-C6 aikylamino group

that may 6

: (5
- {wherein,
* indicates a linkage site;
R and R are defined as in <14>; and
Z represents -NH-C(=X}-N(R?"}- or N=CRZ}-NER>})-
[wherein R* represents a hydrogen atom or a C1-C10 alkyl group that may comprise
1-3 substituents selected from Group B described below:
Group B: 2 C1-C6 alkoxy group, hydroxy group, halogen atom, zmino group,
mono-C1-Cé alkylamino group, di-C1-Cé6 alkylamino group, C3-C7 cycloalkyl
group, heterocycle, and aryl ring (which may comprise 1 1o 3 substituents
selected from the group consisting of a hydroxy group, C1-C6 alkexy group,
halogen atom, amino group, mono-C1-Cé6 alkylamino group, and di-C1-C6
alkylamino group};
R* represents 2 hydrogen atom, amino group, or a C1-Cé alkyl group that may
comprise | to 3 substituents selected from Group C described below, a C1-C6 alkoxy
group that may compriss | to 3 substituents selected from Group C described below, a
C1-C6 alkyltaio group that may comprise 1 10 3 substituents sejected from Group C
described below, a mono-C1-Cé alkylamino group that may comprise 1 to 3 substituents
selected from Group C described below, or a di-C1-C6 alkylamino group that may
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comprise 1 to 3 substituents selected from Getup C described below:
Group C: a CI-C6 alkoxy group, hydroxy group, halogen atom, ' o group,
C3-C7 cycloalkyl group, heterocycle, énd aryl ring (which may comprise |
to 3 substituents selected from the group consisting of hydroxy group,
CI-C6 5 alkoxy group, amino group, mono-C1-C6 aiky o group, and
di-C1-C6 alkylamino group); and X represents an oxygen atom or sulfur

ANl risd §347 7 Fe‘%adﬁ%?nctfgrﬂ %?@ cﬁg@g@% tically
accep%%le salt, ora_10h érgate or solvate thereo %v erein ‘%a group

representSEOHY formib &6 2Roxy \greuN PEGEP XY -StpuR. Relegqreatpny, amino group,
[wherein ﬂhﬂﬁﬁa@d@aﬂ@i@&@il{ﬁeﬁiﬁ@&i@;&&@yﬁﬁiﬂﬁﬁ@ﬂm%‘éﬁ&bﬁs& 103
<15>1;1 A ESE%OHQ e prodr <lg§§ or rmaceutic
acceptable sa tﬁlgfﬁ%\%% rate or sé%éa%o %ﬁe%go , W rgl%r{P a’%%ﬂlﬁpaagé%l@6
hydrogenZ¥SPHS SERVP R STeve nBaRtridl dge alindamise £ONE Sudkgi-C1-C6
group thahingxahippHsed aubstituent selected from Group D described
below: Gr D:aCl1-C alkox¥ gﬁou hydroxy group, halogen atom,
a%?n rg%%%%g%o c(:%gf%gra yar#%%{?r’oup, di-CI-C3 alkylamino
group, C3-C7 cycloalkyl group, heterocycle, and aryl ring (which may

<16> compate-bdulsphaiiests selecies dremhes gy §00sising 6k or 2

hydroxy group, CI-C3 alkayy group, and halogen atqﬁ)é;' > the
hymw%fé?%%%%%?%&%ﬁ%?%é&o?g%g‘,’por?%eg’?é!rﬁya‘ Rigl@écceptable
- salt, 25 ora h%/drate or solvate thereof, wherein Y is a residue of a
comp und/(,‘R—bH) comprising at least one alcoholic hydroxyl group,
rein“the compound is selected from the group consisting of: a) 7

$)-1-butyl-9-ethyl-9-hydroxy-IH,I2H-pyrano[3",4" :6',7'lindolizino[1".2'

S O C

o (6}
[wherein * indicates a linkage site; and
R" R™ and RY are defined as in <152,

<17> the waier-soiuble prodrug of <16>, or a pharmaceutically acceptable salt, or a

hydrate or solvate thereof, wherein R and R* are bydrogen atoms; and

R* represents a hydrogen atom, or 2 C}-C8 alkyl group that may comprise a substituent selected

from Group D described bejow:
Grqup D a C1-C3 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C3 alkylamino group, di-C1-C3 alkylamino group, C3-C7 cyeloalkyl group,
heterocycle, and aryl ring (which may comprise 1 to 3 substituents selected from the
group consisting of a hydroxy group, C1-C3 alkoxy group, and halogen atom);

<18> the water-soiubie prodrug of <18> or <17>, or a pharmaceutically acceptabie salt,

or a hydrate or solvate thereof, wherein Y is & residue of a compound (Y-OFH) comprising at least
one alcoholic hydroxy! group, wherein the compound is selected from the group consisting of:
a)
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] quinazoline-2,10,13 (3 H, 9H,15 H)-trione; b) (9S)-9-ethyl-9-hydroxy-I
-[2-(4-morpholino)ethyl]-IH, 12H-pyraro[3 ",4":6',7lindolizino[l',2" : 5
6,5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,1SH)-trione; c)
(9S)-1-[3-(dimethylamino)propyi]-9-ethyl-9-hydroxy-1

H,12H- pyrano[3 4".6',7"indolizino[l',

26 5]pyrid delayinaze .
(9S-I Pl g AP R e]q_ltii':%a veasos ’1’%%92@@@@%@ ﬁ’&é?}ym{lo 4,3, 2-de

]qumazbkﬁné]@i/ﬁl,d@[éi&QH Hﬁﬂmmmmzollne -2,10,13 (3 H, 9H,I5H}-trione; e)
b) (98) -9-ethyl-9-hydroxy-I-[2-(pyridin-2-yl)ethyl]-1H,12H- pyrano[3 4"
6',7)indolizinoll',2":6, 5]pyrido[4,3,2- de]cillédazollne -2,10,13 (3

(9S)-S-ptipj-Srviesors A (G romompolnnpIg- B%PWQHW ﬁofélmdoimo{l 27

6,5]pyridb 632 Metinlizmnofids 2, 16,3 S HOOH F Phdrijmtinazoline-2,10,13 (3 H,

) 9H,15 H)-trione; g) (9S)-9-ethyl-9-hydroxy-I| -propyl-IH,12H-pyrano[3",4"
:6',7'lindolizino[1',2":6,5]pyrido[4,3,2- 20 S i

(95)-1-fi{qimetbBiwene T ora(d3, Sl 9o h5L(GE)-DreRg [y o Jindolizino[1°,

27:6,5]1phAity4idin= &y@ﬂﬁéﬁ'ﬂﬂé@,&lﬁp}w@m@i‘lSE@rﬁiﬂmllzmo[l 2' 6,
d) 5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione; 1) 25

(9S)-9-ethyl-9-hydroxy-I-(3-phenylpropyl)-1H,12H-pyrano[3"
(98)-9-4thg 1 Pmdonzind fpem:Blpli Hoof B, yzﬁmﬁhurﬂa 7§lineJmdolizino{1°,2°:6,5 Jpyridof4,5

,2-de} %&%@H@@ BHIGRE] gH)-trione;
(9S) -9- ethyl -O- hy roxy-I-(2-methylpropyl)-IH,12H-pyrano[3"
e 4 ,7'lindolizino[1',2":6,5]pyr
(9S)- 94&@54-3-2@}@%dze@mamwmmsmﬂmmw 6°,7"jindolizino[1’,2":6,

1S 1:Q-hydaxysil g2 spyyanefR:,4":6', 7'lindolizino[1',2"
D]pyn&g[% pyrldo 4, 3 2-d e] qﬁao}ﬁne 2 1051%/{3H 9H, 1 5H)-trione; 1)

(9S)-9-ethyl-9-hydroxy-I -pentyl-1 H,12H-pyrano [3",4":6',7' ]Jindolizino[ I',2'
(95)-9:&15]pyrichpid 3 Bdiroxy- 15,12H~pyrano[3 ”47 :6’,7’]mdoﬁzino[l ’,27:6,5pyridof4,3,2-d

elguinazoline-2,10,13(3H,9H, 1 5H)-trione;

g

(95)-S-ethyl-9-hydroxy-1-propyl-1H,12H-pyrano[3”,4™:6°,7" Jindolizino[ 17,2’ :6,5]pyrido{4,3,2-

delguinazoline-2,10,13(3H,9H, 1 5H)-trione;

h)

(QS)-Q-Gthyl-9-hydmxy—1 -[2-{pyridin-3-yDethyl]-1H,12H-pyrano{3”,4":6°,7 indolizino{1’,2":6,
5ipyridoi4,3,2-de]quinazoline-2,10,13(3H,9H,1 5H)-trione;

Y

(95)-9-ethyl-9-hydroxy-1-(3-phenylpropyl)-1H,12H-pyrano{3" 47 :6°,7 Jindolizino{1",2":6,5 ]pyr
ido[4,3,2-dejquinazoline-2,10,13(3H,9H, 1 5H)-trione;

k)

(98)-G-ethyl-G-hydroxy-1-(2-methylpropyl}-1H,12H-pyrano[3”,4” 6", 7 Jindolizino[1°,2":6,5 Ipyr
ido[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

k)

(98)-6-ethyl-1-hexyl-9-hydroxy-1H,12H-pyrano[3” 4°":6°,7 jindolizino[ 1°,2":6,5]pyrido[4,3,2-d
e]quinaoline-2,10,13(3H,9H, 1 5H)-trione;

Y

(9S)-%-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4:6°,7 }indolizino[1°,2°:6,5]pyrido{4,3.2-d
e]quinazoline-2,10,13(3H,%H, 1 5H)-trione;

m)
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35 e]quinazoiine-2,10,1.3(3H,9H,I5H)-trione; .. m) 8
(9S)-9-ethyl-9-hydroxy-I-[2-(4- methoxyphenyl)ethyl} 1H,12H- pyrano[3
4":6',7'lindolizino[1' ,2":6,5]pyrido[4,38-de}
line-2,10,13(3H,9H,15H)-trione;. n)
(9S)-1-benzyl-9-ethyl-9-hydroxy-I1H,12H-pyrano[3"

4".6' 7}indo|izino[l 2"6,5]py ido[4,3,2- 5

939@%% 2.44) g e s

®5- ) 9- e h 9 hy r&%ﬁ%ﬂ? %/ &@&f pyr ,53 47167, 7 Jindolizino[1
P1 10,13(3H,9H.1 H}-trzon.., ' ‘

n) do[4 3,2- de)qumazollne -2, 10 13(3H 9H,15H)-trione; P) 10

(OS)-1- % ?‘%ﬁ%ﬁﬁ’%"’g g?"[?’ :6",7"Jindolizino[1°,2°:6,5]pyrido[4,3 2-
de]qmwéﬁﬁ&é%%%@i%ﬂﬁi@mmne Q)
o} (9S)-I-[2-(4-chlomphenyl)ethyl}-9-ethyl-9-hydroxy-1H,12Hpyrano[3" ,4"

(93}%%17 }51%00 0[3 ggefae%bg%%@%gﬁm{ P ifovielingelizino[1°,2:6,SJpyri

049 , 111{?-% fuiSrepLEmisethticmtiydroxy-1H,12H-pyrano[3",4":6',7
"lindolizinol[l',2" :6,5]pyrido[4.3.2-de)quinazoline-2, |1 0,13(3H,9H,

(98}-1 ?ﬁé&cﬁgﬁﬁfg %%ﬁs ﬁe'f '?«%%Q?‘%J'Q'@P} ST AR At s 5 dequi
mzahna@d@@@éicﬁ}ﬁahiﬁbmmo 13(3H,91-LI 5H)-trione; and t) (9S)- | -(3
,3-dimethylbutyl)-9-ethyl-9-hydroxy- | H,12H-pyrano[3 ",4":6' .7' }indolizino

o0 4 S T I

] 51?%@&%%&@@&13&30%&1&0@&{%93&%&{@@ group represented by

) formula (7): S/Rz HN N R12 N

(98)-9-ethyl-1-[2-(4-finorophenylethyl}-9-hydroxy-1 H, 12H-pyrano[3” 476’ .7 jindolizine{1°.2’
:0,5]pyridof4,3,2-dejguinazoline-2,10,1 3(3H, 98, 1 SH)-trione;

5) .
(98)-9-ethyl-9-hydroxy-1-(1 -methylethyl}-1H.12E-pyrano{3”,4":6",7 Jindolizino[1°,2":6,5]pyri
dof4,3,2-delquinazoline-2,10,13(3H,9H, 1 5H)-trione; and

- (95)-1-3,3~dimethylbutyl}-8-ethyl-9-hydroxy-1H, 1 2H-pyrano[3” 4716’ .7 Jindolizino[1°.2%:6,5]

pyrido{4,3,2-dejguinazoline-2,10,13(3H,5H, 1 5H)-trione;

<i9> the water-solubie prodrug of <15>, or a pharmaceutically acceptable salt, or 2

hydrate or solvate thereof, wherein Y is a group represented by formuia (7);

(7}
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20

RIt N/ (7) 9 [wherein, * indicates a linkage site; and R", R'2 and R21 are
defined as in <15>); 5 <20> the water-soluble prodrug of <19>, or a
pharmaceutically acceptable salt, or a8 hydrate or solvate thereof, wherein
R" and RY2 are hydrogen atoms; and R2' is a hydrogen atom, or a CI-C8
alkyl group that may comprise a substituent selected from Group D
described below: Group D: a CI-C3 alkoxy group, hydroxy group, halogen
[whereﬁ{gm 0 group, 10 mono-CI-C3 alky o group, di-CI-C3 alkyl amino group,
C3-C7 cycloalkyl group, heterocycle, and aryl ring (which may comprise 1
* indicgges & i sifbcted from the group consisting'of a hydroxy group, -
R" R'€htRRIkaneydgionap, :anid Hafeden atom); <21> the water-soluble prodrug
of <19> or <20>, or a pharmaceutically acceptable salt, 15 or a hydrate or
solvate thereof, wherein Y. is a residue of a com ound (Y-OH) comprising

20> é‘i‘?e‘éie‘f%ﬁ%“%ﬂtﬁ‘owaﬁé%%ﬁroiﬁfg%Lﬁppﬂﬁﬁa}%ﬁ?&‘ 620 3 g 8Blb&ed
hydmﬁrmdh%ﬁr@épesg Reistisg B ahd Rm are h d‘:‘ogm atoms; and

Rﬂ %i’ gge%ipy?l h :[%Oé){z-%g%% u %hloné’%[ff&ﬁg@%{]dq e
gisydbeltiy-9-hydroxy-1 phenethyl IH;12H-pyrano[3"

th M'Q@in %{%@W%@W%g& #3H) amino group,
(91§n%_ %#y }%%9&13 B andﬁ}tp)f:h%?’p%%agum group, C3-C7 cycloalky! group,

4 mmzmd[ar}ﬂ M]W[Wm% 1 to 3 substituents selected from the
©)gtynaealeRRB D 1R Al LA Rl o 1SRRI BRI RIS,

prodrug of <15>, or a pharmaceutlcally acceptab e salt, or a hydrate or
solvate thereof, wherein Y is a group represented by formula (8): 10 R22
<Z21> Riz¢ Rdt2rsoluble prodrug of <18> or <20>, or a pharmaceutically acceptabie salt,

or a hydrate or solvate thereof, wherein Y is a residue of & compound (Y-OH) comprising at least -
one alcoholic hydroxyl group, wherein the compound is selected from the group consisting of:

a) |
(95)-8-ethyl-S-hydroxy-1-(3~-methylbwtyl}- 1 H,12H-pyrano[3”,4”:6°,7 jindolizino[1".2":6,5 Jpyri
dof4,3,2-dejquinazoline-2(3H)-thione-10,1 3(9H, 1 5H)}-cdione;

b)

(95)-8-ethyl- Q—hydroxy 1-phenethyl-1H,12H-pyrano{3™,47:6°,7" jindolizino[1°,2° :6,5 pyridol4,3
L2-delguinazoline-2(3H thione-10,13(SH, 1 5H)-dione; and

¢

(9S)-9-ethyl-9-hydroxy-1-pentyl-1H, 1 2H-pyrano{3”,4”:6’, 7 Jindolizino{1*.2":6,5}pyride[4,3.2-¢
elguinazoline-2(3H)-thione-10,13(9H, 1 SH-dione;

<> the water-soluble prodrug of <15>, or & pharmaceutically acceptable salt, or 2

bydrate or solvate therecf, wherein Y is a group represented by formuls (8):
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N R11 N [wherein, * indicates a links site; and R", R12, R21 and R22 are
defined as in <15>]; 43> the water-soluble prodrug of <22>, or a
pharmaceutically acceptable salt, ori® hydrate or solvate thereof, wherein
R" is a hydrogen atom; R12 is a hydrogen atom or CI-C3 alkyl group; R2'
is a hydrogen atom, or a C1 -C8 alkyl group that may comprise 1 to 3
substituents selected 10 from Group D described below, and R22 is a
hyd@%en atom, amino group, or a C i-C6 alkyl group that may comprise
Ito 3] substittients selected from Group D described below, a CI-C6 alkoxy
g.;May comprise 1 to 3 substituents selected from Group D

d below, a C1-C6 aikylthio group that may comprise 1 to 3
elected frgm Group D descrlbed below a mono-CI-C6

mpns@ Ito 3 sy{bstityen
xy group, hydroxy group, halogen atom, amino

Group D: a CI-C3

substituents select d from the group consisting of a hydroxy group, CI-C3

alkoxy group, and Kalogen atom); <24the water-soluble prodrug of

<22>or <23>, or a pharmaceutically acceptable salt, or a hydrate or
[whereiny, |\ ate thereof, wherein Y is a residue of a compound (Y-OH) comprising
* indicakts|edstic®fs eite atcoholic hydroxyl group, wherein the compound is

112 ie 23] n g of: a)
RER ?§S) tﬁkc)gfj:%yl %}ér%%%%ar%g%ﬁ ,12H-pyrano[3"

4".6',7'Jindolizino[1',2":6,5)pyrido[4,3.2-de I1 ] quinazoline-10,13 (9H,15
<I3> ﬁ;m@%qg)ubie prodrug of <22> ora pharmaoeutica!iy acceptabie salt, or a

e S TR U

isag y drogen atom or C1- alkyl group;

!is a 198)cRerthyd:f; bydroxseﬁmw@ﬂﬂﬂﬁﬁapﬁaﬁ e g eliniplbng §:Roted
from &M'BO& sgri?bed below; and
R* is a hydrogen atom, amino group, or & C1-C6 alkyl group that may comprise 1 to 3
substituents selected from Group D described below, a C1-Cé alkoxy group that may comprise 1
to 3 substituents seiected from Group D described below, 2 C1-C6 alkyithio group that may
comprise 1 to 3 substituents selected from Group D described below, 2 mono-C1-C6 alkylamino

‘group that may comprise 1 to 3 substituents seiected from Group D described below, or 2

di-C1-Cé6 alkyl amino group that may comprise 1 to 3 substituents selected from Group D
described below:
Group Dt a2 C1-C3 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C3 alkylamino group, di-C1-C3 alkylamino group, C3-C7 cycicalkyl group,
beterocycle, and ary] sing (Which may comprise 1 to 3 substituents selected from the
group consisting of a hydroxy group, C1-C3 alkoxy group, and halogen atom);

24> the water-solubie prodrug of <22> or <Z3>, or a pharmaceutically acceptable sal,
or a hydrate or solvate thereof, wherein Y is a residue of a compound (Y-OH) comprising at least
one alcoholic hydroxyl group, wherein the compound is selected from the group consisting of;
a)
(95)-1-butyl-9-ethyl-S-nydroxy-1 H,12H-pyrano[3”,4™:6°,7 Jindolizino{1°,2":6,5]pyrido[4,3 2 -de
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de]quinazoline- 10,13(9H,15H)-dione; d) (9S)-I
-benzyl-9-ethyl-9-hydroxy-I1H,12H-pyrano[3",4":6',7'lindolizino[1',2":6,5] pyri
do[4,3,2- 10 de]quinazoline-10,13(9H}15H)-dione; e) (9
S)-9-ethyl-9-hydroxy-I-phenethyl-1 H,12H-pyrano [3 ",4" :6',7' ] indolizino [
1',2':6,5)jpyrido [4,3 ,2-de]quinazoline-10, 13(9H,15H)-dione; 0 15
(9S)-2,9-diethyl-9-hydroxy-I-phenethyl-1H,12H-pyrano[3",4":6',7']lindolizino
Jquinadbithé Kpgrsta, 1[318,didedguinazoline-10,13(9H. I5H)-dione; S)
b) (9S)-9-ethyl-9-hydroxy-I-(3-phenylpropyl)-I
H,12H-pyrano[3",4":6',T]indolizino[ 1',2":6,5]pyr ido[4,3,2-de]quinaocline-1
(98)-S-gth8iSrhydraxytibhe-(2auerpholinojethyl]-1H, 12H-pyrano{3”,47":6°, 7" Jindolizino{1°.2":

6,5 pyis eladshiudiamet (3 sy, 1 2H-pyranol3", 4"
:6',7"lindolizino[1',2" :6,5]pyri

¢) do[4,3,2-de]quinazoline-10,13(9H,1SH)-dione; i)

(98)-9-EBylL hptiatky-DprpndxdH1L 23 rmstapibliy3- 146 10 BndotaimiBl, 278, Tijsd do[4,3,2-

delquidiZiNAkLig 18@H25 RyEod,3,2-de]quinazoline-1 0,13(9H,15H)-dione; j) (9
S)-2,9-diethyl-9-hydroxy-1-(2-methylpropyl)-1 H,12H-pyrano [3 ",4":6', 7' ]

d) indolizino [ 1',2":6.5 ]pyrido[4,3,2-de]quinazoline-10,13(9H,I5H)-dione; k)

(95)-1-3@nzyl-9-ethyl-9-hydroxy-1H, 1 2H-pyrano[3”,47:6’,7 Jindolizinof 1*,2°:6,5}pyrido[4,3.2-

de]qmﬁggr&éQEthIgggw}g;layﬁaxy-lH,12H-pyrano[3",4":6',7']indo|izino[I'2':6,5]

pyrido[4,3,2-d e] quinazoline- 10, 13 (9H,15H)-dione; 1)
&  (9S)-9-ethyl-9-hydroxy-I-methyl-IH,12H-pyrano[3", 4"
(98)-9-6thyHfdnliznol il dhbiphytidblA Z R petedraiia20bie7 Inlia {80 1°,2":6,5 [pyrido(4,3
,2-de]q%§gﬁ%%r§%%% 2 tﬁ&%ﬁ]g[gﬁr‘?g'}]indolizino[l‘,2':6,51pyr 12
f) ido[4,3,2-de)quinazoline-10,13 (9H,15H)-dione; n)
(95)-2,9-diethy!-S-hydroxy-1 -phenethyl-1H, 1 2H-pyrano{3™,4”:6°,7" Jindolizino{1°,2":6,5]pyrido
[4,3,2~de}quinazoline~10,13(9H, 1 5H)-dione;
g
(95)-9-ethyl-9-hydroxy-1-(3-phenylpropyl}-1H,12H-pyrano{3” 4>:6",7 lindolizino[1°,2":6,5 Ipyr
idof4,3,2-de]quinaoline-10,13(9H, 1 5H)-dione;
n)
(98}-9-ethyl-9-hydroxy-1~(3-methylbutyl)-1H,12H-pyrano{3”,4”:6,7" Jindolizino[1°,2":6,5 pyri
do[4,3,2-delquinazoline-10,13(9H, 15H)-dione;
i) ‘
(98)-2,9-diethyl-9-hydroxy-1-(3-methylbutyl)-1H,12H-pyrano{3”,47:6°,7 Jindolizino[1",2":6,5]
pyrido{4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;
i)
(95)-2,9-diethyl-S-hydroxy-1-(2-methylpropyl)-1H, 1 2H-pyrano[3” ,4":6°, 7 Jindolizino[1°,27:6,5
lpyridoi4,3,2-de}quinazoline-10,13(9H, 1 5H)}-dione;
k)
(985)-9-efhryl-1-heptyi-9-hydroxy-1H,12H-pyrano[3”,4™:6°,7 Jindolizino[1°2":6,5]pyrido[4,3,2-d
e]quinazoline-10,13(9H, 1 5H)-dione;
1)
(95)-9-ethyl-9-hydroxy-1-methyl-1H,12H-pyrano[3”,4":6",7 Jindolizino[1°,2":6,5]pyrido{4,3,.2-
delquinazoline-10,13(9H, 15H)-dione;
™)
(98)-5-ethyl-9-hydroxy-1-2-methylpropyl}-1H, 1 2H-pyrano[3”,47:6°,7 Jindolizino{1",2":6,5]pyr
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(9S)-9-ethyl-1-hexyl-9-hydroxy-1H,12H-pyrano[3",4":6",7"]indolizino[1',2'

:6,5]pyrido[4,3,2-d e] quinazo line-10,13 (9H,15 H)-dione; 5 0)

(9S)-9-ethyl-9-hydroxy-| 12

-pentyl-IH,12H-pyrano[3",4":6',7'lindolizino[1',2":6,5]pyrido[4.3,2-d

e]quinazoline-10,13(9H, I5H)-dione; p)

(9S5)-1,9-diethyl-9-hydroxy-1H,12H-pyrano[3",4":6',7'lindolizino[I',2":6,5]pyri
ido[4,3¢ioft Rpdtie)diie 10 na@HNeHPda6H, 15H)-dione; q)

1) (9S)-9-ethyl-9-hydroxy-I-[2-(4-methoxyphenyl)ethyl]-1H,12H-pyrano[3",4":

6',7'lindolizino[ 1' ,2' :6,5]pyrido[4,3,2- de;l qumazollne 10,13(9H,
(98})- 9-;@51 a-,bﬁ@flrj?-hggdroxy- 12H—pyrano[3 47607 ]mdoilzmo[l 2":6,5]pyrido[4,3,2-d

e}quindhPhd-12;(4cmorsphamyhethyl]-9-ethyl-9-hydroxy-IH,12H-pyrano[3",4":6",
7'lindohzino[l',2 ':6,5]pyrido[4,3,2-de)quinazoline-10,13(9H, I5H)-dione; s)

o) (9S);9-ethyl-1-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1H,12H-pyrano[3",4":

(95)-S-stiwiifdoiidast spemsyd] biridéjApsangdp .47 :6°,7 Jindolizino{ 1°,2°:6,5]pyrido[4,3,2-d

e quindiinazolines Al B(ahl diskh-dione; 20 1) (98) -9-ethyl
-1-[2-(4- fluoropheny)ethyl] -9-hydroxy-2-methyl-IH,12H-pyrano[3",4" :6',7'1

p) indoli zino[ 1',2' :6,5]pyrido[4,3,2-del quinazoline-10,13 (9H,15H)-dione; u)
(95)- 1,008 puatvh ety 2b-mymatiythgfj:6 17 Tindoliminaid’ [2 6491pyrido[4,3,2-de]qui
nazolirfs fdlli]gi}?ﬁl@gﬁ:) gmﬁeB]pyrl 25 do [4,3,2-del quinazoline- 10. 13

)- dione’ V)
(9S) 1-(3,3- dlmethylbutyl) -9-ethyl-9-hydroxy-IH,12H-pyrano[3", 4"
(95)-9-&hT)ifcolikionyi! 22 645hghodafisdPdtiyl ] - 1H ,12H-pyrano[3”,47:6°, 7 Jindolizino[ !’
26 s%lyé{g&&fﬁ'@eﬂé% ﬁﬁ%@é)zﬂ'%@ﬁ’iﬁ% dione

9-ethyi-9 ydroxy 2-methoxy-I-(3- methylbutyl) 1H,12H-pyrano[3",4":6
) ", 7"lindolizino[1', 2':6,5]pyrido[4,3,2-del quinazoline-10,13(9H,I5H)-dione;

(9S)-1{2~(8-EjiBrSpitbaiydth9 iHyatoxys-LiytRome iy bRipytddo [P Hk Pysaft dslizino 17,2

51 s AR T e, 5

(98);9—ethyl— 1-[2-(4~fluorophenyl)ethyll-9-hydroxy-1H,12H-pyrano[37,4”:6,7" Jindolizino{1",2’
:6.5pyrido[4.3,2-de}quinazoline-10,13(8H, 1 5H)-dione;

t)

(95)-9-ethyl-1-[2-(4-fluorophenylethyl]-9-hvdroxy-2-methyi-1H,12H-pyrano[3”,47:6°,7 Jindoli
zino[1’,2":6,5]pyrido[4,3.2~dejguinazoline-10,13(9H,15H )-dione;

u)

(98)-9-ethyl-9-hydroxy-1-(1-methylethyi)-1 H,12H-pyrano{3”,4™:6",7 Jindolizino[1°,2°:6,5]pyri

do[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

v)

(98)-1-(3,3-dimethylbutyl)-9-ethyl-9-hydroxy-1H,1 2H-pyrano{3”,4™:6°,7" Jindolizino[ 1 ",2":6,5]

pvrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;

w) '

(98)-9-ethyl-9-hydroxy-2-methoxy-1-(3-methylbutyl)-1H,1 2H-pyrano{3”,4”:6°,7 Jindolizino[ 1,
2%:6,5}pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;

X)

(95)-2,9-diethyl-9-hydroxy-1-(3-methylbutyl}-1 H,12H-pyrano[3”,4™:6°,7" jindolizino{1°,2°:6,5]

pyrido[4.3,2-de]quinazoline-10,13(9H, 1 5H)~dione; |
¥)

(SR S)-S-ethyl-8-hydroxy-4-methyl-1-pentyl-1H, 1 2H-pyrano{3”,4":6’,7 Jindolizino[1°,2":6,5]py
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(9RS)-9-ethyl-9-hydroxy-4-methyl-I-pentyl-l H, 12H-pyrano [3 " ,4 "
6',T]lindolizino[1',2":6,5]py 13 :
rido[4,3,2-de]quinazo|ine-10,13(9H,I5ﬁ)-dione; z) (9S)-9-ethyl-9-hydroxy-I
-(2-hydroxyethyl)-1H,12H-pyrano[3",4":6',7'lindolizino[1',2":6,5]pyr
ido[4,3,2-de]quinazoline-I 0,13(9H,15H)-dione; 5 aa)
(9S)-9-ethyl-9-hydroxy- 1 -(2-hydroxyethyl)-2-methyl- | H, 12H-pyrano[3
rido[4,3,2-&&|didirdolinko(, 13(5210 Fpydidopt, 3,2-de]quinazoline-|
2) 0,13(9H,15H)-dione; bb) (9S)-9-ethyl-9-hydroxy-2-methyl-I -pentyl-1
H,12H-pyrano[3",4":6',7']indo|izinogl',2':6 Slpyri 10~ . o ;e e
(98}-9-@@{&%@%%&}5@:@@&@@}1 fgﬁg%@ﬁéaqg{)? ,47:6°,7" indolizino[1°,27:6,5Ipyr
ido[4,3(9 e Ry Arshes i Ot DGOy I pERtbtE, 12H-pyrano[3",4"
) :6',7"lindolizino[1',2":6,5]pyrido[4,3 ,2-de] quinazoline- 10, 13
(9H,15H)-dione; dd) 15 ) .
(98)-5-ghylRdwaooshy dedydrpareirdptopgtid, 1 2h! gkarnepee i 64 7 hdolinfolizino[ 1,
26,5914 b8, S 1pyigy ekt Arde quinarelimni0qisdl 1, I5H)-dione; ee)
bb) (9S)-9-ethyl-9-hydroxy-2-hydroxymethyl-I -pentyl-1 H, 12H-pyrano[3
",4":6',7'lindolizino[ 1',2": 6,5]pyrido[4,3,2-de]quinazoline-10, 13(9H,
(98)-S18hyy! chomneirogyH osh g-dtmphtrhyHrd Xy seymanendynfetiyLd Jindolizino[1°,2’:6,5 Jpyri
do[4,3 2B1etmvpsoRy b a1 PmenRE3s4":6', 7jindol izino[ 1,2
[ ':6,5?%yrido[4,3,2-dd)e]q$inazoline-10,13(9H,15H)-dione; g9)
%) (9S)-9-ethyl-9-hydroxy-2-hydroxymethyl-|
(95)-2 43ttt yfourgibons;1 2pentytdFb[2EpEARNTALNE” 28,7 lindolizino[1°,2":6,5|pyrido[4,3
2-de]dBRlAzATRelmy T ,Bs2rflglgpinazoline-1 0,13(9H,15H)-dione; hh)
9S)-2-chlorome hyi—9-ethyl-9-hydroxy-I-(3-methylbutyl)-|H,12H-pyrano[3",
dd) 4.6 7%indolizin |
(95)-Safthy2-Bibiiymige] 4p8r2yie|guinetdlifd 20 g8t CBHA “dibiginidpBeino[ 1°,27:6,5]pyrid
0[4’3’2(’%%5&-’?%9@3@){%?9%% ;gy&{&xy-l-pentyl-lH,I2H-pyrano[3",4“:6‘,7']in
e) dolizino

51',2':6, 5]pyridof4,3,2-de]quinazoline-10,13(9H, 15H)-dione;

(98)-G-ethyl-9-hydroxy-2-hydroxymethyi-1-pentyi-1H,12H-pyrano[3”,47:6°,7 Jindolizino[1",2":
6,5]pyrido{4,3,2-dejquinazoline-10,13(5H, 1 5H}-dione;
ff)

- (98)-9-ethyl-9-hydroxy-2-hydroxymethyl-1-(2-methylpropyl}-1 H,12H-pyrano[3”,47:6°,7 ]indol

izinof1°,27:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;

gg)

(95)-9-ethyl-9-hydroxy-2-hydroxymethyl-1-(3-methylbutyl)}- 1 H,1 2H-pyrano[3”,4™:6°,7 Jindoliz
ino[1°,27:6,5]pyridoi4,3,2-de]quinazoline-10,1 3(9H, 1 SH)-dione;

hi) |
{98)-2-chioromethyl-9-ethyl-9-hydroxy-1-(3-methylbutyl}- 1 H,1 2H-pyrano[37,47:6",7 lindolizin
of1’,2":6,5]pyrido[4.3,2-de]quinazoline- 10,13(9H, 1 5H)-dione;

if)

(98)-2-aminomethyl-9-ethyl-9-hydroxy- ! -pentyl-1H,12H-pyrano{3” 47 :6°,7" Jindolizino{1’,2":6,
Sipyrido[4,3,2-de]quinazoline-10,13(9H. 1 5H)-dione;

i)

(98)-9-ethyl-S-hydroxy-1-pentyl-2-triflucromethyl-1H,1 2H-pyranof3”,4":6°,7" Jindolizinof 1°,2":
6,5]pyridol4,3,2-dejquinazoline-10,13(9H, 1 5H)-dione;

kic)

(98)-S-ethyl-9-hydroxy-1-(3-methylbutyl}-2-methylthio-1H,1 2H-pyrano{3*,4:6°,7" Jindolizino{
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ii)
(9S)-9-ethyl-9-hydroxy-I-pentyl-2-trifluoromethyi-IH,12H-pyrano[3",4":6',7'i
ndolizino[1',2' : 6,5]pyrido[4,3,2-de]g@dinazoline-10,13(9H,15H)-dione; 35
kk
(98)-9-ethy|-9-hydroxy-l-(3-methy|butyl)-2-methylthio-1H,12H-pyrano[3",4
":6',7'lindoiizino[ 14

s z Sm drone; 11)

2 65%%31@0 ?q{gg%n&%ﬁg %rig g(?%?géh%%% %utyl) 1H,12H-pyrano[3"
4".6',7'lindolizinolI

(98}9»ﬁﬁy§ﬁh@kﬂﬁﬁ%%@ﬁﬁ:@uinaz-aﬂétﬁyl&ﬁﬁﬁgﬂ;ﬂ,ﬂﬁﬁm[ﬁ’ a7 findolizinol 1
2 6,5]93%%’6 4%1 ﬁﬁ#@ﬂg&gﬁ%&%%%@ﬁxg@%&%h methylpropyl)-IH,12H-pyran
mm} o[1',2:6,S)pyrido[4,3,2-de)quinazoline-10,13(9H,15H)-dione; and nn)
(98}2{%&@#&@%@}&9&&3&@%@%L@ﬁ&ﬁwﬁwﬁ&)}hﬁmﬁw@@ﬂ@@”:6’,7’}‘md
el (2 B 4 S RS PSSR > the

water- soluble prodrug of <13>. or a pharmaceutically acceptable salt, or a
(98}-2- e I@ﬁffgbwhﬂr@%ms%ﬁ@mg%m@p@wt Il’mtﬂ@quqmaam
.. > solu r or.a Pharmaceutically
off’.2 éﬁ@ﬁgﬁ?ggg gﬂq gr@%%@a%ﬁ%%dmpnsmg at least one
triazole selected from the group consisting of: a)

25> #i(iRRidatedpritnasaphanyl) @%@%b@%ﬁt&aﬁ %&éébtjat%e“sbrt or @

hydrate %ﬁ&' %@{’%ﬁa ocin & %g(?traft@f %OpO%5E ke Fnethyl (1

H-1,2,4-triazol- | -yl)- 3 (6 (1 H-1,2,4-triazol-l -yl)pyrida

<> BB-walhibuian3elich (%)*%(%‘bﬁéﬂ#@é&lﬁi%@@ab&ép{éﬁbﬁﬁfc?n%

3-tetrafluoropropoxy)-styryl)- 1 2,4-triazql-1- }/
gr@?%ﬁ%quﬁ? SHRRBSEE q:ag one Tazo seicct..d from the group consisting of:

a) di-threo-2-(2,4-difluorophenyl)-3-methyl-sulfonyl-1-(IH-1,2,4-triazol-1-yl)-bu
O Rl G e SRR

23 3"“@?3!69 %ﬁﬁﬁﬁ‘ga )2 [(1 S,25)- |

b) -ethyl-2- hydroxypropyl] 3 H-1,2,4- trlazol 3-one;
{(+}-2-(2,4-difluorophenyl)-3-methyi-1-(1H-1,2 4-triazol-1-y1)-3-(6-(1H-1,2 4-riazol-1-yDpyrida

zin-3-yitmoYbutan-2-ol;

c)

(2R)-2-(2 4-difluorophenyl)-1-[3-[(E}-4~(2,2.3 3 -terafluoropropoxy -styryl}-( 1,2, 4-triazol- 1 -vi}-
3~(1,2,4-triazol-1-yD)lpropan-2-ol;

d) di-threo-2-{2,4-difluorophenyl)-3-methyl-sulfonyl-1 -(1H-1,2 4-friazol-1-y])-butan-2-ol;

e)

(~}bbefdnf 4 4-[[5(2,4-difinorophenyl)-5-(1H-1,2 4-miazol-1 -yimethytetrahvdrofuran-3-vijmeth
oxyiphenyl|piperazinyiiphenyil-2[{18,28)-1-ethyi-2-hyvdroxypropyl }-38-1,2,4-triazol-3-one;

9

(2R.3R)-3-[4-(4-cyanophenylthiazol-2-yi]}-2-(2,4-difluorophenyl}-1 < 1 B-1.2 4-triazol-1 ~yii-but
an-2-ol:

g} 3-methyl-3-methyithic-1-(1,2 4-triazol-1-v}-2-(rifluoromethylphenyl)-butan-2-ol;

b)

(2R, 3R)-3-[4-(4-cyanophenyl)thiazol-2-y1}}-1-(1H-1,2 4-triazoi-1-v1)}-2-(2,4, 5-trifluorophenyl}-b
utan-2-ol;
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30 f)
(2R,3R)-3-[4-(4-cyanophenylthiazol-2-yl)]-2-(2,4-difluorophenyi)-I-(1H-1,2,
4-triazol-l-y1)-but an-2-ol; g) 3-methyk-3-methylthio-I-(1,2,4-t
iazol-1-yl)-2-(trifluoromethylphenyl)-butan-2-oi; h) 35
(2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-yl))-1-(1H-I,2,4-triazol-I-y1)-2-(2,4 5
-trifluorophenyl)-b utan-2-ol; 15 1)
) (2R,3R)-3-[4-(4-cyanophenylthiazol-2-yl]]-2-(3- quorophenyI) 1-(1H-1,2,4-t
i riazol-l-yl)- butan 2 -oI andj) 5
(ZR3R¥2REBRyFophayriihprenyl)iblaze(R Hihrap(@BytlifiuOf BpharpkebH11y2)-butan-2
ok ana4-iriazol-1- yI) but an-2-ol; C7> the water-soluble prodrug of <1>
) represented by the formula (1), or a pharmaceutically acceptable salt, or
D a hydrate or solvate thereof, comprising at least one 10 water-soluble
(2R, 3R pledrit-opiectbafydith e yRovi] ebi(B]Stitifwirdakenyl -1 -(1H-1,2 4-iriazol-1-yl)-but
an-2-oL: (98) -9-ethyl-9- {[methyl (2- methylamlno ethyl)-amino}-acetoxy}-1-pentyl-IH
" 12H-pyrano[3" 4' ' :6',7' Jindolizinoli',2
:6,5]pyrido[4,3.2-de)g'nna_zoline-10,13(9H,15H)-dione; (b) 15

27> ’(s%\)fﬁatbyﬂugwgtycyh@m&ylmxybetspet&@lb&l—ﬂh&ﬁbrmyiamblsﬁr a

| f%ﬁf%)g]%%é&g %[1{923 Ino- etﬁsﬁi meu’%%%% ﬁ]%]égniﬁé%@xm one

FroAnTthe ETPRP pRIHETERES fe' 7'
(a) 1|ndoI|Z|no[1 26 51pyr|do[4 32-de)quina?.reline-10 13(9H 15H)-dione;

(98}-9-@%8%‘% ﬁ]%)et% %ﬁf&%ﬁ&ﬁ% » S%CB‘S'Xrl:%)l(x@}'laBeto%'}l M%ﬁ?ﬂﬁwpymm[? 4

67 7’]!&%&@1@&1 2208 imaitstiel - dei@inaspingidAd; 3 (@, 1 SH)-dione;
(95)-9-[2-(2-aminoethanesulfonyl)ethoxycarbonyloxy}-9-ethyl-l-pentyl-1

A G e SO N Rt D AN

yrido[4 {1 XdelmuazetipméhiAE@Hin o xdioreacid

©

{95)-9-{[(2-amino-ethyl)-methyi-amino}-acetoxy } -9-ethyi-1 -pentyl- 15, 1 2H-pyrano[3 7 47:6°, 7"
Jindolizino[1°,.2°:6,5]pyrido{4.3,2-de]guinazoline-10,1 3(9H, 1 SH)-dione;

@

(985)-8-ethyl-9-(sarcosyl-sarcosyloxy)-1-pentyl-1H, 1 2H-pyrano{3”,4™:6°, 7 Jindolizino{1°,2":6,5]
pyridof4.3,2-dejguinazoline-10,13(9H, 1 SH)-dione;

(e)

(98)-9-[2~(2-aminosthanesulfonyljethoxycarbonyloxyl-9-ethyi-1-pentyl-1H, 1 2H-pyrano[3” 4°

6,7 Jindolizino[1°,2’:6,5]pyrido[4,3,2-de]quinazoline-10,1 3(9H, ] 5H)-dione;

{f) (aminoacetyl-methyl-amino)-acetic acid

(Sy4-ethyl-3,13-dioxo-3,4,12,1 3»@tetrébyd:o-1H~2~oxa—-6, 12a-diaza-dibenzolb,h}fivoren-4-vi
ester, ‘

&)

(98)-8-{2-{(R-2-aminc-2 -methoxycarbonyl)ethanesulfonyljethoxycarbonyloxy } -G-ethyl-1-pentyl
-1H,12B-pyrano[3”.4":6", 7" indolizino[1’,2":6,5}pyrido{4,3,2-de]jquinazoline-10,1 3(9H, 1 SH)-di
one;

(b
(95)-8-{2-[(R-2-amino-2-ethoxycarbonyl)ethanesulfonyljethoxycarbonyloxy} -8-ethyl-1-pentyi-
1H.12H-pyrano{3™,4”:6",7 Jindolizino[1",2":6,5}pyrido{4,3,2-de])quinazoline-10,13(9H, 1 SH)-di
one;
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(S)-4-ethyl-3,13-diox0-3,4,12,13-tetrahydro-IH-2-0xa-6,12a-diaza-dibenzo[
b,h]fluoren-4-yl ester; (g) 30
(9S)-9-(2-[(R-2-amino-2-methoxycart®nyl)ethanesulfonyl)ethoxycarrbonyl
oxy}-9-ethyl-I-pentyl
-11,12H-pyrano[3",4":6",7"lindolizino[I',2":6,5]pyrido[4,3,2-de]quinazoline-1
0,13(9H,15H)-di one; (h)
@ (9S)-9-{2-[(R-2-amino-2-ethoxycarbonyl)ethaneSl_J_Ifonyl)gthoxyoarbonylox
y}-9-ethyl-I-pentyl- 3 5 1H,12H-pyrano[3",4" :6',7'jindolizino[1',2' _ )
(98}94@&8;&4%@{@@@6@%@%&1@1&@&@@%Mr%é@ﬁ@}t@wﬁ” A7:67,7"Jindoli
zino[ 1° 198 )53peHUIF9,X L -matudalasiitd\i 0) el afpipyddependyl- 1F3,12H-pyran
o[3" 4":6',7']indoli zinc[l',2":6,5]pyrido[4,3.2-de quip
® zoline-10,13(9H,I15H)-di.one; and 0) 5

- {9S)-9-eto gD (eunsrsyl (Aaresibyiatenvienyln By Hiehtybmanet i fyrdh of 3ingielizinof °

2*:6, 5ol Zinolnin: S By Tl oiss12 gBjrainagoline-10,13(91,15H)-dione;
CS> a pharmaceutical composition comprising the water-soluble prodrug
of any one of <1> to <27>, or a pharmaceutically acceptable salt, or a

L& AyeRsancsbrRROMRIEIHR ReraIPTISiRE IR WiiPedRIHP I« pdaig e ape ane of

<1> to AGENJOE caiRrifecalipaisomsios campsishayReWICESOHB IR SIS UG an
frocti of any one of <14> to <24>, or a pharmaceutically acceptable salt, or a
effective Dar&tPEF solvate thereof, as an effective ingredient; 15 <30> the

therapeutic agent according to <29>, wherein the cell proliferation disorder
29>  BifeSRBERE agéﬂffaa% taer FaRGRHIAGCRERE R SRR ThWIBIG RIS e prodrug
of any G SELIE AU LMoL 20 5322 e eranelic agent aceardne o a0
Y OPIATSWherdin the gdncer 18a color ctal; ‘cancer, lting caﬁcer, Feas
thereof, eanoerfigetd dngaadntuterine cervical cancer, and/or bladder cancer;
<33> an antifungal agent comprising the water-soluble prodrug of <25> to

ar TERaG Gaaceusal ascertable 32l oL 8 NIRIE RL9YEGer c o

cancer;
<31> the therapeutic agent according to <30>, wherein the cancer is 2 soli¢ fumor,

<37 the therapeutic agent according to <30> or <41>, wherein the cancer is a colorectal;

cancer, lung cancer, breast cancer, gastric cancer, uterine cervical cancer, and/or bladder cancer;

<33> an antifungal agent comprising the water-soluble prodrug of <25> to <27>, or a

pharmaceutically acceptable salt, or a hydrate or solvate thersof, as an effective

ingredient; and

<34> ause of a compound represented by formula (9) in the production of 2 water-soluble
prodrug represented by formule (2), a pharmaceutically acceptable salt thereof, or a hydrate or

‘solvate thereof:

Rli
ﬁ X RT
RT/ \]/ \T
R R3 O (e)
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<34> a use of a compound represented by formula (9) in the production of

a water-soluble prodrug represented by formula (2), a pharmaceutically

acceptable salt thereof, or a hydrate ot 30 solvate thereof: R4 RleN XIN

__IYR7( RR3(r) Cs} 17 [wherein, X represents a C=0 or C1-C3

alkylene group; R' represents a hydrogen atom, or CI-C6 alkyl group; the

nitrogen atom binding to R1 may be protected by a protecting group; 5 R2
[whereamd R4 each independently represents a hydrogen atom. CI-6 alkyl group,
X repr@éeﬁ@ig@ﬁﬁ%ﬁ@ﬁ@hﬁi&;ﬁé r&g;&sents a C1-C6 alkyl group; and R7

, _ represents a halogen atom or%%roup’ represented by OR8 (wherein R8
R reprefsiis @rte H9%78r8ig8h “Alomio? eeeZMf:group)] 10 R4 RI-A X~ N Iy
the nitfbgerYaRZnRMAR(Rhereirbereprerdris a pesietim@ieoopmpound

2 repr - i ' ' xvl group;.and ca
R and e L A R T S RIS B g i s
Chfﬂn;producing a compound represented by formula (2); R4 HR2 R3 0 (2) 20
R® repfeseareinCX-(rpaBsentewCaf@ or CI-C3 alkylene group; R1 represents a
R’ reppé{s%{l E%ﬁ&%@ﬂ g Bg%rcg?o%gﬂegggggﬁted by OR? (wherein R® represents a hydrogen

atom or C1-C6 alkyl group)]

Rtl
No X o
R1/ Y \T \Y
R RS 0 (2

(wherein,

)

Y represents a residue of a compound represented by Y-OH which comprises an alcoholic
hydroxyl group; and
X, R, R% R?, and R* are defined as in formula (9));

<35> amethod of producing a compound represented by formula (2);

R4
ﬁ X O
R1/ Y \T \Y
R2 R3 O (2

(wherein,
X represents a C=0 or C1-C3 alkylene group;
R' represents a hydrogen atom, or C1-C6 alky! group;

)

R? and R* each independently represents a hydrogen atom, C1-6 alkyl group, or amino acid side
chain; and
R® represents a C1-C6 alkyl group;

Y represents a residue of a compound represented by Y-OH which comprises an alccholic
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R2 and R4 each independently represents a hydrogen atom, C 1-6 alkyl
group, or amino acid side chain; and 25 R3 represents a CI-C6 alkyl
group; Y represents a residue of a compound represented by Y-OH which
comprises an alcoholic 18 hydroxyl group), wherein the method
comprises the step of: reacting a compound represented by formula (9)
R4 Rt/NX\1R7'2R30(9)5 [whereln X, Rl, R2, R3, and R4 are
hydroxgbgrap hsvireTornthrmeibedrcnsppaises i %S‘i@ﬂb@%n atom or group

 reactinfePEBERYRH RYRARG (Whey gt dqpresents a hydrogen atom or CI-C6

alkyl group); and the nitrogen atom binding to Rl may be protected by a
protecting group] ygith a compound represented by Y-OH which includes
n alcoholic hydroxyl group to obtain the 10 compound represented by

ﬁ)rmula (g() <36> compoqu represented by formula (9), a

R1/ pha?af:eu‘m e salt thereof, or a hydrate or solvate thereof:
R4 H i RVNyXII-l hb "~y R7 R2 R3 (9) 15 [wherein, X represents a C=0
or Cite3 allcylexie grouft; Rl represe tsl)?1 hydrogen atom, or CI-C6 alkyl
group; the nitfogen atom binding to ay be protected by a protecting

group; R2 and R4 each independently represents a hydrogen atom, C1-6
alkyl group, or amino acid side 20 chain; R3 represents a CI-C6 alkyl

griwiperaing R Riepresentmd Ralngelr Atethaorigissmuépfegented by ORS
(vg&g? I RELepr &%aéwpgmp 9 ¢ Qén%a%wﬁd Ul %3 & resents 2

ereln the ter aIkyI group to a monovalent group, whic
%Wi‘@ﬁ%@&l 4 SiRtE ByePBe dtom from an aliphatic

hyﬁm&r@m Ao basimpastial assebiolyotected by a protecting group]
with a compound represented by Y-OH which includes an alcoholic hydroxyl group to obtain the

compound represented by formula (2);

<36> acompound represented by formula (9), a pharmaceutically acceptabie salt thereof, or a
hydrate or solvate thereof:

4
| R
K{i X R7
R-;/’ \{/ \g\f
= R3 O

[wherein,

X represents 2 C=0 or C1-C3 alkvlene group;

R! represents a hydrogen atom, or C1-C6 alky! group;

the nitrogen atom binding to R! may be protected by a protecting group;

R* and R* each independently répresents a hydrogen atom, C1-6 alkyl group, or amino acid side
chain;

R® represents a C1-C6 alkyl group; and

R’ represents a halogen atom or group represented by OR® (wherein R® represents a hydrogen
atom or C1-C6 alkyl group)].

As used herein, the term “alkyl group™ refers to 2 monovalent group, which is derived
by removing a single hydrogen atom from an aliphatic hydrocarbon, and has a partial assembly



19 of hydrocarbyl or hydrocarbon structure comprising hydrogen and
carbon atoms, and does not contain a heteroatom or an unsaturated
carbon-carbon bond in its backbone. The alkyl group may have a
straight-chain or branched-chain structure. In one aspect, there is
provided a water-soluble prodrug repyesented by formula (2) or (3), or a
pharmaceutically acceptable salt, or a hydrate or solvate thereof,

R ~ Y R RyXR2r, 0(2). HV(GH2)~~ RY ~ 020 (3
o (IRETEIRH EbrRI ) R PERTACE AR RN SHSP B BB o0
dosg st FOXA e Bres T AICE @ onEEg Wl eproae-growp; IRphindiRazekgne. The
alkingependentiyvepresegis auahycrogeniaidnh £1-«G6qalikyl group, or amino
acid;side.chain: and R3 reptesents g, fel-Gh, Ak gaaNP (MPREGIBd Dy formula

Formula (3), R' is defined as in formula (2); n represents an intege from |

)5 B AR ARSI RGEFBRIT Sfomt bF TEOBRE (NFEraTRE
represents a hydrogen atom or CI-C6 alkyl group), wherein in Formula (2)

r ‘and (3_),% is a groyp represented by formula (5): 19a z R12\\O R11 N O

rein, * mdicates a-linkage site; R" represents a hydrogen atom,
halogen atomjjor CI-C6 alkyl group;

0 (1)
R.’i
NP
o Y \g\/\[/ ~y
o
R R* 0 (2)
H
NN \S/\/O\”/o\v
0, |
R* 0 (3)

wherein in Formula (2), R' represents a hydrogen atom or C1-C6 alkyl group: X
represents a C=0 or C1-C3 alkyiene group; R* and R" each independentiv represents a
hydrogen atom, Ci-C6 alkyl group, or amino acid side chain: and R® represents a C1-C6
alky! group, wherein in Formula (3). R' is defined as in formuia {2);

n represents an integer from 1 to 6; and R represents a hydrogen atom or -COOR®
{wherein R° represents a hvdrogen atom or C1-C6 alky! group), wherein m Formula {2)

and (3),Y s a group represented by formula {3}



R" represents a hydrogen atom, halogen atom, CI-C6 alkyl group, or
hydroxyl group; and Z represents -NH-C(=X)-N(R21)- or
-N=C(R'~)-N(R"~)- [wherein R21 represents a hydrogen atom or a CI-CIO
alkyl group that may comprise 1-3 substituents selected from Group B
described below: Group B: a CI-C6 @Hcoxy group, hydroxy group. halogen
atom, amjno group, mono-CI-C6 alkylamlno group, di-CI-C6 alkylamino
-C7 cycIoaIkyI group. heterocycle, and aryl ring (which may
RIEO ) soselected from the group consisting of a

G group, halogen atom. amlno group,

rirepresénts adiydrogen ato .
may comprlse 1 to 3\subgtituents selected from Group C descrlbed

selected from Group egcribed below, a CI-C6 alkylthio group that may
comprise | to 3 substituayts selted from Group C described below, a
mono-CI-C6 alkylamino‘group that may¢comprise | to 3 substituents
Whmelected from Group C described below, or a di-CI-C6 alkylamino group
that may comprise | to 3 substituents selected from Group C described
* sBtals GHOLRSEsHECI-C6 alkoxy group, hydroxy group, halogen atom,
R anpinecgtoupy G367 ayelobkydgroup;. eteiotyckék dngoaryl ring (which

- Imég%&%mp @%h!@lg%égmt%%%ﬁeﬁﬁ;@dﬁrm the-grown gqgssﬁrﬁagxqr @roup:
rox roup ou o\l a amino
o S SRt SR I T LSRR,
hV(B&ﬁWcﬁ*@nlﬂWéﬁérﬂl@ﬁ%é%@ﬁé&a&ﬁ&bqgrﬁ%\?ﬁjéﬁ alﬁsﬁtaﬁlrﬁ%%ééuk%éﬂc from
Gre@mpositiarbeorapiisingstoep waterssolublelpsadrugras. defined aboue, brlagen

amﬂb%';mﬁ&%%'&ﬁ"%&Q&%Ht%é%&@lan%é Hydrate en solvate thereof @8 237
effective mgreglent In one a therﬁ%] é l{ﬁrowded a thera;?eutlc aqent

CY§or Ye ApHBifar AT Gl&order ‘"‘W rHBH Tiater-SBilbie pradrig as e
seldesfifdtbabtve gonia phamﬁmegﬂ@anyc@@@emr@ 190 Csattkora ﬁwﬁatbaé@gen
aton@lvatentheregd, asan-effactivedingradientodhedterni"Cl«CG3 alkyhgiougioup):

z t " k
R :fe%%%ﬁé 19 gers go 3%53%%)%:3;?9&%%?% @t@més@a%ﬁse&ﬁ%%&%ak xb;ngnse

carb
! tﬁnay?‘a?%ﬁb@r}féférg@mrﬁram b \ﬁﬁ?ﬁl‘?&%?t%\%ﬁ &tomd, ﬂﬁﬁ%‘h@?&%ﬁh&
mdiCte@ttsalkytgrouphyéfens toelncakyfigroupwith Ctola0dabdsiatbnms C1-Co

alléﬁﬁ@f&&?@mal%ofct&a;ﬁw gf@qumtudm reethdoreup @ty gradpsribed
bcl%vxp ro%r% %[LlpC6peﬁ%Q¥3lngmoou9r x%%%qb-u cgnoﬂﬁsﬁttﬁléyé selected

group p, pentyl ro P |sopentﬁ group, 2,3-dime
fYO@]}&FﬁUH lze bow, of a C6 alkylamine group that may compnsm to 3

substituents seiected from Group C described below: Group C: a CI1-Co alkoxy group.
hydroxy group, halogen atom, amino group. C3-C7 cycloalkyl group, heterocycle, and
aryl ring (which may comprise | to 3 substituents selected from the group consisting of a
hydroxy group, C1-Cé alkoxy group, amine group, mono-C1-C6 alkylamino group. and
di-C1-C6 alkylamino group); and X represents an oxygen atom or sulfur atom].

in one aspect, there is provided a pharmaceutical composition comprising the
water-soluble prodrug as defined above, or a pharmaceutically acceptable salf, or a
hydrate or solvate thereof, as an effective ingredient.

in one aspect, there is provided a therapeutic agent for a cell proliferation disorder

comprising the water-soluble prodrug as defined above, or a pharmaceutically acceptable



dimethylhexyl group, 1,1-dimethylpentyl group, heptyl group, and octyl
group. As used herein, the term "alkylene group" refers to a divalent group
derived by removing a second hydrogen atom from the alkyl group
defined above, and examples of the alkylene group preferably include a
CJ-C3 allcylene group, and more pygferably include a CI-C2 alkylene
group. Specific examples of the allcylene group include a methylene

saltopp by dratehyRiNE G TR 2 %‘fﬁ?f &7 5f88F 48 propylene group,

tetrdinethyielelgidup k pemtamethitenie groupy hpdtrexamedthylene yroamms.
the ASHSed kergiRy thedarmeRRCX-HRYP LGRS i@ anc@-Rigivupnwhekeitrm

c;,ch d%ﬁ alkyl gfoyupsqef'aneﬁ VPX%«VO%DE@%W{% O ihe,GhGE alkaxy grouee; .

a“methoxy group rou? ropoxy group, ISOpropoxy
t

Clypbi gﬁﬂf@x%ﬁ%ﬁ}ﬁ a’i‘s%ﬁld‘t&@}lafﬁﬁb gl Blﬁ% YRS pentoxy group,
3-methyibutexayngriesmfaid 2(RvIdgnethyhotopoxy geoug. dswsedhversiup, -
orofi§ E@Hﬁ}a a@ﬁb{@ g?@{gp ﬁe[t%ﬂ tgx a{ﬂp SeR-EFRMPo AW hiGh 3! |5r(ﬁ’1'§ alkyhity]
de ined above qmples 07t e 'Cl- FSl allc th|o roulEJ qclu & 21
mﬁ‘? ym’ﬁo gioihs, BARERG Grots, propyitht L]"|c)x6 btﬁ% io group, P
H;i‘é’r‘ﬁmﬁ?iﬂ gioip, | el %maﬁ Fiewty By B a?ﬁé Bf:&wtﬁ@@roup
As usedsbereirsithehte tenihadicoky g roops reéé&sstm andH@egroupimAstised by
1ewﬁwa%%&ﬁamvmme&%%n{%%r§ @MI@%&@%@&O@H@@;@%@ of
&ne at%m Or% %gatomﬁf« <n égg tergrg a«';'lpl mgr & eferabiy
the BIHERS AFONRBFEUN ARGHEN s GBS BRotdEted Wit T
incfodmyl G/l akkmnfeﬁnwox%a@%hwaﬁaﬁ2%0ih@ﬁz%%yearwﬁﬂ iBplgde &
meSHHLPrORANG groupsthat arewell knownyisrihe aduAmopg:thelamingroup.

zen%%ﬁ% eWo gv pxggzg%rﬁ?e%\ﬁ‘é'x9%?&9%%%49%@{@&3% QHW'aminO
gro group , wherein R' is thé alle ﬁgroup defined

refers t
aboe% i h?eﬁme@afﬁmb @Pé sPPotectBEWith oyt &C8H, ‘%’r‘&wm Riis
theterkputoxyoadebnyt, benryl. BermeyiosycartionyiCard salbiexpratestingnelude a
meBHOUPSHaab arael kH@Wﬁ inthgoart. Eczsampt%p@&;;he\ 'mengrChefty croup,

| o
150@% amlp{g)ugroug b%‘E erably, i né)l ude an a0, N-raethyl [gua&gr E‘JRJB and 2.2

amlno group, pr?)py no grodp, N-isopropylamino grou
dlnﬁ*%ﬁ‘@l%?ﬁ’}i‘o;@%ﬁp, N-(I-methylpropyl)amino group,
N-(24methyliropyl Yamiaongrdiplfiandriupertgarnino grefipgang morsich R is
th@éﬁi?f@hﬁtﬂ@mﬁe&\' Bihylaminargseyp: NRroRYIanNgLGIaup, cAE” include a
me%\mﬁ%ag]og;? U gv hio group, propylthio group, butylthio group, pentylthio group.
hexylthio group, heptylthio group, and octylthio group.

As used herein, the term “hydroxy group” refers to an HO- group.

As used herein. the term “halogen atom” refers to a fluorine atom, chlorine atom,
bromine atom, or iodine atom.

As used herein, the term “amino group” refers to an NHz- group, and includes
amino groups protected with formyl, acetyl, trityl, tert-butoxycarbonyl, benzyl.
benzyloxycarbenyl, and such protecting groups that are well known in the art. Among
the amine groups, NHa- is preferred.

As used herein, the term “monocalkylamino group”™ refers to an -NH-R™ group,
wherein R’ is the aliky! group defined sbove, and includes amino groups protected with
formyl, acetyl. trityl, tert-butoxycarbonyl. benzyl, benzyloxycarbonyl, and such
protecting groups that are well known in the art. Examples of the “mono-C1-Co6
alkytamino group” preferabiy include an
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5 As used herein, the term "dialkylamino group” refers to an -NR'R" group,

wherein R' and R" each independen% represents an alkyl group defined

above. Examples of the "di-C1-C6 al 9Iamino group" preferably include

an N,N-dimethylamino group, N,N-diethylamino group, N,N-dipropylamino

group, N,N' diisopropylamino group, N,N-dibutylamino group,

N-methyl-N-ethylamino group, and N-methyl-N-propylamino group, 10 and
N-mcthytamim@mmly)fmﬁiymW@pﬂwﬁhmigoogxp@qd\ﬂimpropylamino group,

N.butyi}!}mﬁ& 'mﬂ*&g{w&@xgthe Retfifn the teHmLHTasY ATINa.9 '8 By, and

efers t roup in which a hydr ens of apn amino’grQup ar
pren%@sym%aumﬂémpéﬁieﬁméﬂw BRI AOTRO R 1 ée@ﬁ’ef}ammo group,
and N-bepresentegrbyxSO2-. As used herein, the term "alcoholic residue” refers

to th%@e H&%ﬁ? %%GW%O%%@#G%%{?g%em%ygow wherein R’

AS use erein, the term roup refersto a 3
and R7epgb iASERSAGHIY VFRRTERSa5 dBr Al ;aagepaﬁ%ﬁ%?éav&m FIAERIG of the
“di- Cl@(ﬁ&bﬂe&ﬁhwgoﬁ)&d%MW&GIQ@%&WMLMMM@@E?Wl group,

CyC utyl grou ro clO

NN-di % P and I%ﬁl’ﬁf gﬁ?ﬁ( %lecrilg ygl’opgty %ﬁ}% %P&[g
N.N- dagummﬁg%dvmﬁéhﬁi%@w}ﬁmmm@ EéOPY ammo group,
and mc% %féaﬁd ; B?ﬂifiﬂ&&@mmm&”tﬁf ﬂéﬁﬁlﬁbegbgéﬁl $ r@@éqmﬁ&eé@@w |

an re err Ol sUucn InCiu e,,an oup, thiazo

DO DT R RSP Ao s BB E R ARh A of the

hydrogaymﬁla@r@mmlﬁemn grosighsatitiecolyl group, triazolyl group, tetrazolyl

@l R By A 19 RIR e RY "aFITY YT QBu: Wlﬁ&%%'aﬁ%@é@i@' IMEROMP. SO, -
oxadiazo, Fgé’ﬁ rg% th?adl e P BRSO,

o BRErFTERy AR EE B o PSP A IR RSBy ¥ in e
ﬂimh‘?‘bfﬂ#ﬁsmﬁlﬂ%}’lﬁ?[}jﬁoup and 1-methylpiperazinyl group, and more

PreferRblHRCH08,a % imdaz. ot gro1iRuRY ? h%’%%@@'tﬁﬁ%@ﬂﬁered ring
and pyrrolidinyl group As used herein, the

erm aryl refers
that dogsALHRTBRISH AR &mﬁ&%ﬁ%@wec.ﬁé&m&éo . ﬁé{éﬁﬁsﬁgw’ﬂ&mp
prefersdigriaficdéngoycpartidl yr@rpnegtioting] gnolugxapepieshitdlgas3@yclohexyi group,

and cvgﬁ?x%ﬁ%; %@y&aﬁﬁt@%@%%ﬁw fw%eieﬁ%ﬁm%ﬂp%ﬁ&' %@ohexyl group.

and most’ prefera phenyl rings, As'used herein
o SRR G ) PEEP AT o 1o GRecEH e comrising
one or hﬁdf@ﬁéﬁx&ﬁ@ﬁﬂﬁsdﬂbﬁ@]ﬁ%&ﬂ@ﬁg&ﬁd@ls SBiﬁﬂfm&émmtpkphémtth include an

rou e t t I
T e
group, ek @"@%tﬁl&%ét%@c@ﬁ%@@ @W@%.ﬁl@ﬁ@f&%@m@% ﬁmup, pyridyl
group, S fa8iali)otoupyFRieEsHe BreteypiR-wRicRaidn, oxadiazolyl group, thiadiazolyl group,
pyrrolidinyl group, tetrahydrothieny! group, tetratiydrofuryl group, morpholinyl group, piperidyl

- group, piperazinyl group, and 1-methylpiperazinyl group, and more preferably include an

imidazolyl group, pyridyl group, morpholinyl group, and pyrrolidinyl group.

As used herein, the term “aryl ring” refers to an aromatic carbocyclic group, or more
specifically a 6- to 10-membered aromatic ring or a partially aromatic ring, and examples include
phenyl, naphthyl, and tetraliydronaphthyl rings, preferably pheny! and naphthy! rings, and most
preferably phenyl rings.

As used herein, the term “phenyl-C1-C8 alkyl group” refers to a group in which one of
the hydrogen atoms of the C1-C8 alkyl group is substituted with a phenyl group.

As used herein, the term “heterocyclic-C1-C8 alkyl group™ refers to a group in which
one of the hyvdrogen atoms of the C1-C8 alkyl group is substituted with a heterocycle.

As used herein, the term “alkoxyphenyl C1-C8 alky! group” refers to a group in which
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one of the hydrogen atoms of the CI-C8 alkyl group is substituted with an

alkoxyphenyl group. The term "alkoxyphenyl group” refers to a group in

which one of the hydrogen atoms of the phenyl group is substituted with

an aikoxy group. As used herein, the term "halogen phenyl CI-C8 alkyl

group” refers to a group in which 5 one of the hydrogen atoms of the

C1-C8 alkyl group is substituted with a halogen atom. The term
one of @Eﬁﬂmﬂ%&ﬁ&ﬁa@b@&aﬂkﬂ@mﬁdﬁmmSﬁiﬂoﬁhﬂkoxyphenvi group.
The o8 GRRURIR RN HRIERSH e LIROIHAE bt e GHBEE MHLAL ¢ e

approprl SiC organlc or Irforganic acid, or an organfc orinorganic
phenybﬁr@paﬁ@wbﬁ%Waﬂ%ms PrEIPUFs biological efficacy and

Chﬁ@@@ﬁlﬁﬁﬁéoﬂ@@m@%ﬁg@ﬁp&@ﬁwlm aamﬁyng&udp’w@s@s deeveBup in which
one of&g eﬁ(l:ig azﬁs&gclb?s Q hlo%r% iasg I#lbs Qro%c Je é)%etnlatom.

aric aC|d Su osp orlc aC|d
aciﬂmmhwbewwmﬂmcgmbia@m seEn @—?@M%ﬁfoﬂa@:id

water.§aimucpﬁ9dﬂxg&@§9@§aﬁ§&fygﬂ ipAsda 3 '@i@@ﬂ a§ﬁﬁﬁfé\& Raie aﬁlar;s%@@ﬁm nontoxic

.mali¢c acid, Jactic,acid, and finmaric acid. 0f the.salt wi

organig T AARIREIS BRIk &N OERFRS T JBPAEERIR %r%?( d‘é’ Sodidm é’éomg 5

~ biologimminefintany lydkdeidetesistiquaternary ammonium hydroxide such as

tet@&@ﬁx@gmee%ﬂgdi@éﬁs Jaﬁa@%%éawt%@ﬁqﬂw Hagc acids such as
hydmpreserllﬁilgven 10 maya S Z;HOIS re, agdsor erb‘r? ra e;?;hcsphonc

acid, ancinited dnid? @rtth &mvei&mmdﬁwﬂmmgmm abﬂimmﬂrm}hdtdhxmeﬁﬂfgmﬁ acid,
salicy fAE e SERELIDVRNIOR: Ay 2RSATR Gefain, Qe gx&?%ﬁﬁé%leﬁnﬁa@cfgém lactic acid,

solvatés, and such solvates are also included in this invention. Examples
and fughaRg 2&i%hino acid side chain” as used herein include naturally occurring
anﬂlmapldssjﬂ&xehmmi&md bave- iafuilthose deihgafiino peiskside hydroxide,

SOdJUIB-pé eraé %%H(;llﬁalns O%ggl%éﬁ;%gc rr#%%%uno aCr%.&ﬂéUﬁ ggﬁa&%u%fle

tetramﬁéﬁﬁwgwupmi supresidcgroup, 2-methylpropyl group, 1-methylpropy!
grorhd W@%@M@W&ﬂ@ﬁﬂpﬁu@mﬂaﬁ%@wm&m@ adsorb water,

or formhﬁmdp VM?U roURy ai‘?go pop%éo and %rec{rata %%? Q%0 included in

ral y occurrlng flie amino a01 SStch as a meth
this inyesBeI2-methylpropyl group, benzyl group, 30 and indol- 3 -ylmethyl

gratRHexanB] €80k Hig - AP AN OSTHHE Ry g:@éﬁtﬁﬁv%@ﬂﬂoﬂ GeaOhRifbr certain
other %’&%E?%f ?}"t?%@sd A %ﬁegt%%ag rrgua|c§))lsa l‘yilco??g lt?ﬁ? |t c%y g r§ uups anicﬁej(‘]lmmmn

alkiphthiopleHd thin whicle aesdamidaepén’ omtmedg herein mclude naturally occurring
amino acid side chains and non-naturally occwrring amino acid side chains.

Examples of the “naturally occurring amino acid side chain” are prefbrabiy side chains
of naturally occurring amino acids such as a methyi group, isopropyl group, 2-methylpropy!
group, 1-methylpropyl group, benzyl group, indol-3-yimethyl group, 2-(methylthio)ethyl group,
4-amincbutyl group, and 3-aminopropyl group, and more preferably side chains of naturally
occurring lipophilic amino acids such as a methyl group, 2-methylpropyl group, benzyl group,
and indol-3-yimethyl group.

Examples of the “non-naturally occurring amino acid side chain” are preferably C5-C12
alkyl groups, cycloalkylmethyl groups, substituted or unsubstitited arylmethyl groups,
(cycloalkylthio)methyl groups, and alicylthio-(CHs)~ in which r is an integer of I or 2.

Exampies of the “C5-C12 alkyl group” are straight-chain or branched-chain alkyl
groups comprising 5 to 12 carbon atoms; and more preferably C8-C12 straight-chain alkyl
groups such as an n-octyl group, nonyl group, decyl group, undecyl group, and dodecy! group.
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Examples of the "C5-C12 alkyl group" are straight-chain or
branched-chain alkyl 35 groups comprising 5 to 12 carbon atoms; and
more preferably C8-CI2 straight-chainZalkyl groups such as an n-octyl
group, nonyl group, decyl group, undecyl group, and dodecyl group. 22
Examples of "alkylthio-(CH2) " are alkylthiomethyl groups or alkylthioethyl
groups comprising a straight or branched alkyl chain containing 2 to 10

carhem Iem?“ tﬁ?of{@fﬁﬁy‘tﬁ‘é)ﬁlﬁyl‘ﬁ‘hgf&é’cﬁ 2 bﬂI s BMARRMy] groups

comprbsr@ﬁé) %]'[r%{&@ ﬁ%%%?)é]ﬁgﬁﬁéﬁg H&%ﬁ%methygl”%é%ﬁ) &'% %lrlltg‘éggse t?uclh as an
ethylthicgeesiyh Wﬁ@o@byhg@t@rtﬁaNyﬁWﬁmﬂhﬁﬂrmmwdhﬁgt&nomethyl group,
n-pentIEIRAAPINARS Wﬂfhgﬁ%{ﬂ NP4 YH*BBHMMHQ&BH n-decylthiomethyl

n-butylthjo xamples of the 'substituted or unsubstifuted
gmpaaarg%ﬂy § @5@83& deoze RptEAbiB eR ATy TBipeth 31 group,
uprop)mhmmwgneﬂpybgmgb,uﬁé}m;dm@wmxy)phenyl]methyl group,

an X f

R L e o
*Phﬂb)f%’%% P pRESRRIGIAERSEERYL ghbuf PRjpaRyimethyl group,
and (4gkou- ﬂh&y@@mﬂ%&ﬂ@l@p@ﬁ%t@mﬂﬂbﬁh&tﬁw’pfefeﬁed a straight or

brmch%@lg%%}maﬁa g%bﬁuﬁgqst%uétgggén ﬁpssz%%fﬁ %}/_!,ghe&xkgp%é Riclude a methoxy

Inc group, napht group
grou?(ﬂ@ﬁéﬁh%@“@hé?ﬂﬂﬂ%ﬁ%ﬁ&%o BhEroup, and 1sopropoxy group) The most preferred

cmbociﬁr(ér@wﬂiéyghe m&ah@nwmma@m{ﬂ@@@ woeg hprgindhe ighvhylbenzyl

ble, compound" refe Ico luble in water, and
group, Ha %&1 52 (r?ec}%og Oﬁas hoses gg) [} ﬁéd" V\%ter\e“{s preferably 1

[4-(4- bﬁé!ﬁ?ﬂbbﬂ@%)@héﬁ@ﬁim@ﬁlﬂ?}%zl mg/mL or Iess (the solubility meets
th@ﬂ@,n@@ttl gationsiof t&wam@mﬁéﬂa@m@m@@%@é&@ edilgReaRNSHSoluble in

water, arz])fie Examples s c{:é W%g)méj {'p Clug 6%@3«“@3@'%}@%& v | mg/mb or

|unga agents, a anes and an |cance nuc
less, niyereeiucigrelttarihl” gagt’mizfm@esﬁc(él@ﬁainbﬁetﬁema@at@wpmﬁ@abmﬁ‘manese

?hanrﬁ@o&c%aiml%dﬁigﬂ U@%@He@& Aulefersyto %ﬁﬁe%ﬁ@c@cotﬁﬁo‘éﬁﬁg include
in, the eiform refers to a compound (Y- O t is given by
camptﬂ%

Pdf?s%ZS ﬁlé 7 S6itfe Brate A ‘r?ﬁﬁ%?fuﬁf& eptable
samshaeebiﬁmna tiyd&exte ‘erhviilttiagrdechds Thistetms' mapehati bithis to “Y™, or

for ex &ﬁuﬁqrﬁfﬁ%&w@wm LBiptgchnel. Pharm. (2000), 1,
348] axatere [J. Med Aron%t Plant Sci. (2001), 22/4A-23/1A 4-5],

ID Rsi5e EIBOGIC S BIET 4751 SEU ) AE5ORPPEBYS Y fe sl Egiven by
hydrol@sincetiRese@rcinlBb{supptiyn 88o8haioacda9& | p ndcB®1 8447 kieof, or a hydrate
or Sol‘%@@{g@;eg@cologyw 2493-2503, 1 May 2001]. As used herein, the term

“camptothecins” [(a) Cancer Chemotherapy and Blotherag
The term “taxanes™ in the present invention refers to taxol [Front. Biotechnol. Pharm.

(2000}, 1, 336-348], taxotere [J. Med. Aromat. Plant Sci. (2001), 22/4A-23/1A 4-5], IDN 5109
[Chirality, (2000), 12(5/6), 431-441], BMS 188797 [Clinica! Cancer Research. 5 (suppl.), 3859,
Nov 1999], and BMS184476 [J. Clinical Oncologyl9: 2493-2503, 1 May 20011

As used herein, the term “camptothecins™ [(a) Cancer Chemotherapy and Biotherapy:
Principle and Practice, 2nd edition, Lippincott-Ravenmeans, p.463-484, (b) Biochim. Biophys.
Acta (1998), 1400(1-3), 107-119] refers to any compound comprising a camptothecin backbone,
such as camptothecin, SN-38, 9-aminocamptothecin, 3-nitrocamptothecin, and BN-80915
[Anti-cancer Drugs (2001), 12(1), 9-19].

As used herein, the term “anticancer nucleosides” refers to cytidine derivatives [Cancer
Chemotherapy and Biotherapy: Principle and Practice, 2nd edition, Lippincott-Ravenmeans,
p.213-253] such as DFDC (gemecitabine), DMDC [Clin. Cancer Res. (2000}, 6(6), 2288-2294],
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30 Principle and Practice, 2nd edition, Lippincott-Ravenmeans, p.463-484,
(b) Biochim. Biophys. Acta (1998), 1400(1-3), 107-119] refers to any
compound comprising a camptotheciréBackbone, such as camptothecin,
SN-38, 9-aminocamptothecin, 9-nitrocamptothecin, and BN-80915
[Anti-cancer Drugs (2001), 12(1), 9-19]. As used herein, the term
"anticancer nucleosides" refers to cytidine derivatives [Cancer 35

Fm@[@mowgﬁ@nmaﬂ B@WP@@@@W@@M@ﬁ@gﬁwtﬂnm-c decitabine,

g R PR 2S00, ey ARSI 25 R AL - 1= 1588

’-cyméﬁdW@MrfﬁMé@ﬁHaﬂ(imﬁﬁ)ﬁﬂmﬁ (L@SS]MJ@]} [dpa-C., Cancer Res. (2001},
92(3),daglabi es ﬁEHH% (4090) g;'lﬁ-r%)a fpeertoRald loxag!iakine (fﬁim) NQRF7-1706],

Res 1574 1588 ano 2'-degxycytidipe (CNDA
and 5 §ﬂeﬂ1§2§? d(*Pﬁzé’iééﬁBﬁ‘f?e Bé’?fh@ﬂ%g% nepspeyaRy angkRotherapy:
Prmmﬁleflamui&ﬁied&eex&n@twdm&eﬂ%ppglmdi@hamemm 236092 Bsuch as fludarabine, and

cladridif97-1706], 5 and 5-vinyl-5'-deoxycytidine, or adenosine derivatives
[Cancer Chemotherapy and Blotherap Principle and Practice, 2nd

edi%%HSﬁa}ﬁm&#ﬁ&%n%&ﬁ@B 108 1597067 LB dPa Ma0talsg caused by
defectdlachihimeadtvise d fredeinntdedeom s'celmr otifarabio ni ghad reteridiefiéos taehanism of

< cereFRIGRT CBEA A Irfochindis acalllat sgnal rensducton

tem, or_In the signal transduction mechanism of 10 a certain protein,
anéle@&ré}eméma%qﬁ%vfﬁ%éﬂgwrﬁsﬁeﬁ § biconautagy ofxamples of
prefertbé @repenhthventie fslreagnted by formula (1), examples of preferred

h
f&??é%”é#%q% e D B R M b ommgyngs
fepfesegif%é%f (AT XhE e BrAFSLRSHS represented by formula (2), Rl is
pVMM&M@Q%QMBMW@PV@Wb%ﬁﬂ@a@%ﬁlﬁ@m atom, methyl

pre ydrogen atom or, meth roup artlc refer bl
s e R B A S RS R R Rioeny
preferpblyigrbygrerampiyma. carbonyl group. 20 R2 is preferably a hydrogen atom

or N%'%‘E%ﬁ%&r Farsopieiamb b AYEFIEsR NN, AL MBI 8reWRerRS 1S carbonyl
prefer ly a CI-C3 alkyl group, and is more preferably a methyl group or

ethyl group, and particularly preferably a methyl group. Examples of

prétéiiseer dsmblnationkaox atomd RIneekaltgrrgonstitute the solubilizing

25side qu%@%g%ﬁpgyﬁgw@ﬁ%ﬂed by formula (2) are
Sh?i ?s%?fle gzvrag i\ ﬂbei p(Eg ?Eyi group, and is more preferably a methyl group or ethyl
group, and particularly preferably a methyl group.
Examples of preferred combinations of X, and R! to R? that constitute the solubilizing
side chain portion of the compound represented by formula (2) are shown below, but the present

invention is not to be construed as being limited thereto.

R4
H
|
R? R3 O

2)

Table |
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invention is not to be construed as being limited thereto. R4 NI R1. YX~I 6
0~Y 2R3 (r) (2) Table1l 3024 R1R2R3 R4 X 1HH or-CH3-CH3 H or
-CH3 C=0 2 H H or -CH3 -C2H5 H or4H3 C=0 3 -CH3 H or -CH3 -CH3
H or -CH3 C=0 4 -CH3 H or -CH3 -C2H5 H or -CH3 C=0 5-C2H5 H or
-CH3 -CH3 H or -CH3 C=0 6 -C2H5 H or -CH3 -C2H5 H or -CH3 C=0 7
HHor -CH3 -CH3 H or -CH3 -CH2- 8 H H or -CH3 -C2H5 H or -CH3

CH2- 9 iGH3 H or - CH\BR@HS H or -CH%3:CH2- 10 -CHg*H or -CH3 Cﬁ-IS

Hor -u-L?:I CHZ-IT-C2H5 Hur-CH3 Té Hor-CH3 Fju—u- C E_lb
or -CH3.-62H5 H.or.-CH3 %€ Nithin Tabld 1_examp b pounds.

of formuld¥(2) are preferabhy tidse that; €orhiprise solublﬁzang@ﬁe chaifsO

included iq:ggference mv@l@,@r@i{g 3, ar&fl and morer(gpfgfgbly thpgey

that A~ alribiliz 1
aract CoTl plloc SOtHBiZ ?éoluc L,llallla | lbluucu ||| ICICI nce IIuIIIUCID
il

and 2. 5|I1fHeh a solubiliZifl§iHe chainfs2ptesent, eveH BY{3H is an C=O

insoluble qoyApound, it |qaRheERnvertedIAo a compotng-hating good=0

water soigEiigy. For _exag{ig,_&ﬁ:n a we__ageli:foiubie prolg{rug LEBGXIS'[ =0

nat —
pH5 or higher, and partjddlerkCilen at physiological doditioRElof pH7-Ho-

8, the actﬁe form derl\ﬁeg g’pr@me Sec QQQ@I}/ or tertlary{@jpc@ggc -CH,-

Inasel
||yU|U)\y| ytoup tait UU UIDDUbIaLCU LU LUGIILILQLIVUIy [ IG.IJIUI VVIlIIIII

short per T 6F time. In ﬂé%‘rﬁfm’gund re&ré'{éented by PRAir (..R.i -CHy-

wlelw|lalvw|niw|]|—

fa—y
<

preferably-@Hydrogen atBror gyl grodp oy ethyl groHpsraitdmore | -CHa-

preteranly @ ﬁydrogen atpm | rdﬁgthyl grouR; and particpiatly preferapiyg, -

—t
—

h\/drnno
T o ;S H or -CHs -CyHs H or -CHs -CH,-

—
[ oV

Within Table 1, examples of compounds of formula (2) are preferably those that
comprise solubilizing side chains included in reference numbers 1, 2, 3, and 4, and more
preferably those that comprise solubilizing side chains included in reference numbers 1 and 2.

if such a solubilizing side chain is present, even if Y-OH is an insoluble compound, it
can be converted into a compound having good water solubility. For example, such a
water-soluble prodrug can exist stably for a long period of time in a solution at pH4 or lower; but
when at pHS5 or higher, and particularly when at physiological conditions of pH7 to 8, the active
form derived from the secondary or tertiary alcoholic hydroxyl group can be dissociated
quantitatively and rapidly within a short period of time.

In the compound represented by formula (3), R is preferably a hydrogen atom, methyl
group, or ethyl group; and more preferably a hydrogen atom or methyl group; and particularly
preferably a hydrogen atom.

In equation (3), n is preferably in the range of 1 to 3, and is more preferably 1.

Whennis1, R’ is preferably a hydrogen atom or -COOR® (Ré is a C1-C3 alkyl group),
and more preferably a hydrogen atom, -COOCH;, or -COOC,Hs,

When n is in the range of 2 to 6, R” is preferably a hydrogen atom.

Examples of preferred combinations of n, R', and R’ that constitute the solubilizing side
chain portion of such a compound represented by formula (3) are shown below, but the present

invention 1s not to be construed as being limited thereto,



In equation (3), n is preferably in the range of 1 to 3, and is more
preferably 1. 15 When n is 1, R5 is preferably a hydrogen atom or
-COORS6 (R6 is a CI-C3 alkyl group), 2nd more preferably a hydrogen
atom, -COOCH3, or -COOC2H5. When n is in the range of 2 to 6, RS is
preferably a hydrogen atom. Examples of preferred combinations of n, R1,
and R5 that constitute the solubilizing side chain portion of such a
compound represented by formula (3) are shown below, but the present
|nvent|on |s not to be construed as bemg limited thereto. 25 Ht 02 R5

R‘f/ ok, \:LH 1-C 3 3H-CO,C,H5 4]
-CH31H5 -CH3 1 - CH 6CH31C CH 78H51H 8-CH, 1
-CO,CH, 9-CH11- CZH50H2H1 H2-CO,CH, 12H2
-CO,C,H5 13-CH,2H 14 -CH3 2 -CO,CH} 15 -CH, 2 -C®,L2H, 16
-CH52H 17-C,H52-CO,CH, 18-CH,2-CO,CH, 19H3H 20H3
-CO,CH,

Table 2



21 H3-CO,CH, 22-CH33H 23-CH33-CO,CH, 24-CH, 3-CO,C,H,
25-C,H,3H 26 -C,H53-CO,CH, 27 -C3H, 3-CO,C,H, Within Table 2,
examples of compounds of formula (3)that comprise a solubilizing side
chain are preferably those of reference numbers 1, 2, 3, 4, 5, and 6, and
more preferably those of 27 reference numbers 1, 3, and 4. If such a
solubilizing side chain is present, even if Y-OH is an insoluble compound,

it can be conyverted-into_gecompotnd harl;\/ing good water, sotubitjty. For
example, the MWWMEHM of
time in a solutidn|at pH4'br lower; but 5 When at|pH5 orthigher, and
particularly wheniat physiological conditions of pH7 toc% é,tle active form
derived from qh&geggmda#mjxliar}/ alcoholic 1\/rlrnyvl group can be
dissociated quantitatively and rapidly within a short penmé—aof tmne In the
present inven ion Yin formula (1) is a residue of a compound represented
by Y-OH which Has an alcbholic hvdroxvl group, 10 Thé hydro yl group of
Y-OH is preferably a secgsdary or tertiagy alcohplic hysls@xyl group. Such
Y-OH may beran-insotuble-compound;but-even-ifitis-insotubte; it will
show good wafer solubiftye upon attachrhent of an afdr&iiEntioned group.
Furthermore, the water-saluble prodrug,can exist stably, for a Iopg period
of time in a solution-at nI—I/I or-lov ek but-when-a nH5 or h:gher and

particularly wheh fat phyéifbioglca condltlbns of pH7 toB: fire active form

(Y-O-) 15 deri ved from the alcoholic hydroxyT group c%%tg; diss bciated
L —oH .

quantitatively and rapidlytwithin a_short nenod fluded in

the aforementioned formula of the preseat invention thatmay be attached
with a solubilizinggroupis ot particutarty fimited-astongas-itis a
compound cdmbrising af alcohdlic hydroxyl group, preferibly a
secondary or tegtiary alcgholic hydroxyl 20 group, andgpgyg preferably a
tertiary alcoholie-hydrexy-group-Examples-of-such-eompounds-are
preferably camptathecing;*azole antifungal agents, taxdhes, and
anticancer nuglgotides. _g@;;nptothecms s —co,ch,

15 —-CH, 2 —C0,0,H,

16 —CyH, 2 M

17 —C,H, 2 —CO,CH,

18 —C,H, 2 e G0, G

19. H 3 M

20 H 3 —~C0,CH,

21 H 3 —C0,C,H;

22 —CH, 3 M

23 —CH, 3 —C0O,CH,

24 - G, 3 = GGL,CoHs

25 —,H; 2 H

26 —C,Hs 3 —CG,CH,

27 —CyH, a8 —CO,C,H,

Within Table 2, examples of compounds of formulia (3) that comprise a solubilizing side

chain are preferably those of reference numbers 1, 2, 3, 4, 5, and 6, and more preferably those of
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15

20

25 Herein, examples of groups derived from camptothecins include the
groups represented by Y shown below. The aforementioned Y is a group
represented by formula (4): 28 R13 R¥4 R12 Q N (CH/ (4) wherein, *
indicates a linkage site; inis either O or 1; 5 R" represents a hydrogen
atom, halogen atom, or CI-C6 alkyl group; R12 represents a hydrogen
atom, halogen atom, CI-C6 alkyl group, or hydroxyl group; R13

refered @PHOEERIS @ rxy@EQg&n atom, amino group, nitro group, or
(el TNRIMEIN, 8100, R (o0leSonts P SORe 8O Gl Shpounc, i
alky F group me plperazmylﬁl%etsn 00

can be(@@ﬁvaﬁﬁéxlm mém@m@h@wm@@aémdsmmlﬁm Ror granRiie, the
W&t&:t—§§§%§ &M@@ﬁ&&ﬁﬂk@%ﬁ@@@%ﬁ%&ﬁ@é@f@ﬁéu@ﬁ KIMRM eI or lower; but

rein the 5- or 6- ed rn com rise
when {13 RBtahe e CUIERCheh & S hdeR s gy the active
form M@dé&@@dﬁ@gwmemmm@sﬂhﬁméﬁr@wﬂ Booppa hragiferthated

ORI ?BMEH from,Group B described below: 15

qummGro 8dr ? 10 alk?%ﬁr%%&qggm gro%p ono-C | -C8 alkylamino
gr&ﬁge(ﬂrégf"(‘i%{ﬁ% b“ggJPdHB‘P%: 1%%3‘331&%%% Q6B CE KSREfEeRted b

Y-OH grimah hasdigrtnaholephedertgtgoyul= (wherein X represents an oxygen
at%?fy@%%lm SerReR B @r@eggglg%}f&@é@ &%gfﬂééérgﬂgk!ﬂohc hydroxyl

halogen atom amino group, .mono-Cl kylamino_group, di-CI-C

group. alk%}fa Hi6 GBS, e et BRls RS RIS % FERBSCy dnspibley ! show good

water {mibi:nhtmaymnpﬂsaelnt@&mﬂﬁstmmmse&bgtedﬁro rAuttkegnontp, the water-soluble

prodrfORSISUng &Eﬁi{r‘“ﬁ‘g{%}% %Eﬁ@n?é‘i&'{)%’ s%ﬁﬁ’dgn '%"Eé@%%%ﬂ%rﬁm it when at pHS

mino_ group, mono-Cl- amino gro
or highghHaps Hﬁﬁﬁ&@f&ﬁb@%@éé@ﬁ%@lw%ﬁﬂag 11é REETdo Sndiniatireitrm (Y-O-)

deriveddrbonhioaldblesiihRy xyge @ﬁ@ﬁﬂﬁ%dﬁii&ﬁﬁtﬁd&q&kﬁﬁh@ﬂﬁdﬂy@@(wpxdiy within a
short p%@élcpgl%jﬂ%% preferably has S configuration.

Y-OH ncluded in the aforementioned formula of the present invention that may be
attached with a solubilizing group is not particularly limited as long as it is a compound
comprising an alcoholic hydroxy! group, preferably a secondary or tertiary alcoholic hydroxyl
group, and more preferably a tertiary alcoholic hydroxyl group.

Examples of such compounds are preferably camptothecins, azole antifungal agents,
taxanes, and anticancer nucleotides,

Camptothecins

Herein, examples of groups derived from camptothecins include the groups represented
by Y shown below.

The aforementioned Y is a group represented by formula (4):
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20

25 Herein, a preferred embodiment of the compounds represented by
formula (4) includes compounds in which R" is preferably a hydrogen
atom, R12 is preferably a hydrogen at®¥n or hydroxyl group, R13
represents a hydrogen atom or (dimethylamino)methyl group, and R14 29
represents a hydrogen atom or ethyl group. Examples of compounds
represented by formula (4) include the following compounds:

4(S) ethyl 4 hydroxy 1 H- pyrano [3',4" 6, 7] |ndoI|Z|no [ 1,2-b]

38 xethe pref red
by formula"{4) inclugles ¢gmpourfds in which the aforementioned Y is
represented by generic-formula (5 12\\O N R19/N/O 90 (5}
wherein, * indicates a-Hn} age site/15 R11 and R12 have the same
fetdm formula (4), respectively; and Z
represents -NH-C(=X)*}N{R21)- or -N,=C(R22)-N(R21) Herein, R21
represents a hydroge atom or a C1-ClO0 alkyl group that may comprise
20 1-3 substituents sélected from Group B dekeribed below: Group B: a

CI-C6 alkoxy group, hydroxy group, halogen atom, amino
wherein,

* indicates a linkage site;

m is either O or 1;

RY represents a hydrogen atom, halogen atom, or C1-C6 alkyl group;

R represents a hydrogen atom, halogen atom, C1-C6 alkyl group, or hydroxy! group;

R represents a hydrogen atom, amino group, nitro group, or {(dimethylaminoc)methyl
group;

R represents a hydrogen atom, C1-C6 alkyl group, {4-methylpiperazinylymethyl group,
or (tert-butoxyiminoymethyl group; and

R® and R*, and R and R, respectively, may be linked to each other to form a 5- or
6-membered ring, wherein the 5- or 6-membered ring may comprise 1 to 2 heteroatoms, and may
comprise 1 to 3 substituents selected from Group A described below, wherein the substituents of
said Group A may further comprise 1 to 3 substituents selected from Group B described below:

Group A: a C1-C10 alkyl group, amino group, mono-C1-C8 alkylamino group,

di-C1-C8 alkylamino group, C1-C8 alkoxy group, C1-C8 alkylthio group, and group

represented by X= {wherein X represents an oxygen atom or sulfur atom);

Group B: a C1-C6 alkoxy group, hydroxy group, halogen atom, amino group,

mono-C1-Cé alkylamino group, di-C1-C6 alkylamino group, C3-C7 cycloalky! group,

heterocycle, and aryl ring (which may comprise 1 to 3 substituents selected from the

group consisting of a hydroxy group, C1-Cé alkoxy group, halogen atom, an amino

group, mono-C1-C6 alkylamino group, and di-C1-C6 alkylamino group).

In the group represented by formula (4), the stereochemistry of the carbon, to which the
oxygen atom derived from the alcoholic hydroxyl group binds, preferably has S configuration.

Herein, a preferred embodiment of the compounds represented by formuia (4) includes
compounds in which RY s preferably a hydrogen atom, R™ is preferably a hydrogen atom or
hydroxyl group, R} represents a hydrogen atom or (dimethylamino)methyl group, and R™



group, mono-CI-C6 alkylamino group, di-CI-C6 alkylamino group, C3-C7
cycloalkyl group, heterocycle and an aryl ring (which may comprise 1 to 3
substituents selected from the group céhsisting of a 25 hydroxy group,
CI-C6 alkoxy group, halogen atom, an amino group, mono-CI-C6
alkylamino group, and di-CI-C6 allylamino group); R22 represents a
hydrogen atom, amino group, or a C1-C6 alkyl group that may comprise 1

represt@i3 subaldeentscislscteshirersgroup C described below, a 30 C1-C6

alkoxy group that may comprise | to, 3 substituents selected fr Group C _

oS SR PR B FRSE B SFBE I ) COPB IBLp iRk Sompounds:
4(8)-ethii stithedns:sel Ectatdno M "Grold I delsorbétl bélowinalmericl@{4Es! 2H)-dione(camp
tothecfllfylamino group that may comprise 1 to 3 substituents selected from

,Group 5 C described below, or a di-CI-C6 alkylamino group that may
9-aminaeARRLEREEY s substituents selected from Group C described below:
9-nitrd8aoypctheai@]-C6 alkoxy group, hydroxy group, halogen atom, amino
S(R)-AHOHR, (B3 GYcioalkyl- ooy NEIRORYAIR, A0Sk 2RAEingG (WRIGR-M&Y 71indolizino[1,

comprise | to 3 substituents selected from thé grolip consisting of a 10
2-blanpakesy gt oufore % 80 deflip, amino group, mono-C1-Cé
7-ethydlkylayminexgeampiahecth-GINCB8alkylamino group); and, X represents an

OXY, If r I .

10 A%%%h%&'oéﬁlin%vr%ﬂ é{ﬁ%ﬁﬂl‘g@t’ %%Q]%E%Brﬁ% ﬁgsgém%%%%nﬁ&gat rgér& includes

compounds Ich'Y is represented by are co
compgp s d NGk e skenchiiesrd NdS ey el gserRe Bsreiidftoned
Yisa \Qater-soluble prodrug represented by - formula (6) below. O R21
NN M R12N R"O (6) R", R12, and R2' are defined as in formulae (4)
and(5). Ipformula (6), R"@nd R12 are preferably hydrogen atoms. R21 is

Iy ahy drogn atgim, or a CI-C8 alkyl group that may comprise a

/4

wherein,
* indicates a linkage site;
15 R and R™ have the same meaning as R and R' defined in formula (4), respectively;
and
Z represents -NH-C(=X)-N(R*")- or -N=C(R¥)-N(R*)-.
Herein,
R* represents a hydrogen atom or a C1-C10 alkyl group thaf may comprise
20 1-3 substituents selected from Group B described below:
Group B: a C1-C6 alkoxy group, hydroxy group, halogen atom, amino
group, mone-C1-C6 alkylamino group, di-C1-Cé6 alkylamino group,
C3-C7 cycloalkyl group, heterocycle and an aryl ring (which may
comprise 1 to 3 substituents selected from the group consisting of a
25 hydroxy group, C1-C6 alkoxy group, halogen atom, an amino group,
mono-C1-C6 alkylamino group, and di~C1-C6 alkylamino group);
R” represents a hydrogen atom, amino group, or a C1-C6 alkyl group that

may comprise 1 to 3 substituents selected from Group C described below, a



20 substituent selected from Group D shown below: Group D: a CI-C3
alkoxy group, hydroxy group, halogen atom, amino group, mono-CI-C3
alkylamino group, di-C1-C3 alkylamind§roup, C3-C7 cycloalkyl group,
heterocycle, and aryl ring (which may comprise 1 to 3 substituents
selected from the group consisting of a hydroxy group, CI-C3 alkoxy
group, and halogen atom). 25 R21 is more preferably a CI-C8 alkyl group,

phenyl-CI-C&alkyd gresip; dreter Q?@W&%Y'@Q%ﬁbﬁﬁ'ﬁ@%@@%ed from
C1-C8 alkyl gfrrorgb% haIO% %tei oe X %{Hﬁm}/ b 1maRy23'01?1pmse lto3

even more pre ame yI group e

I-methyletyl gmpmmmiw@d&qm@m@lw@b@@@e@m@mm@@l -C6
group, 2.2-digme} f@pgﬂoa :ﬁa‘?ﬁéﬁﬁhﬁﬁ@é‘%@ mwimgﬂ!swaeaed from Group

2-n-hexyl 3,3:di Ibut -0
5 benzyl or o%?#@ﬁé%}fﬁ% R “ga(g &gfﬁééﬁﬁ%gﬁﬁ ittt tay Somprise 1 40 3
2-(4- morphoﬁnb?@th@dl@rwp;tsd(ﬁmﬁetﬁwmﬁ@mmdcgbgm

g Ezyrldltr;] 2 yl)ﬁthw}'%th @ g@y@g@t@@l h OX group, halogen atom, amino
methoxyphenyl)e oro eny roup
2-(4-fluorophenyl) rla%;&pf%c B?f gF %frﬁgﬁiegrglflgﬁeﬁw}uch may

compounds represambgdd igy ifoem Lﬂabmmohscﬁeldutmbﬁnmﬁwrgibup consisting of a
i0 represents a res'd%?c%ﬁycgf&&?@ij LEG QEQ)S%‘P&E '@&ﬂ%&%‘?’é&ﬁ%om—@i -C6

alcoholic hydroxyl group "10 (for example, at osmon 9), wherein th
compound is selecttd FBHR T FBupEdtists @Mﬁ‘mmo gmuP) aﬂd
(9S)-1-but-S=ptindn®s hydroxyei Hid2H-bpyuine 346", 7'lindolizino[ I',2'
:6, tH
5 %%%%y%%%?%%ﬁ - %?p%fo%%ﬁﬁé%“ﬁ?Wéh.%‘;f%%g]fés%‘% by formua
(5) arg pompeund g sRIBRTISE ' TBPSTEGRIGE PF) %%%ﬂﬁ?}agéh%@lo 13 (3

15 H, IHelabtethiantie)l ©O8)aWaddivietiylarothalprepeatedvd-9 fondioxy el below.
H,12H~ypyrano[3",4" :6',7'lindolizino 20
[1',2".6/5]pyrige{4,3,2-de}quinazoline-2,10,13(3H,9H,15H)-trione; d)
(9S)-9-athy9-hydroxy-I -phenethyl-1 H,12H-pyrano[3",4":6',7']indolizino[
' ido [4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione; e) 25

* (8)
R, R™, and R* are defined as in formulae (4) and (3).
In formula (6), R and R"* are preferably hydrogen atoms.
. R%¥is preferably a hydrogen atom, or a C1-C8 alkyl group that may comprise a
20 substituent selected from Group D shown below:
Group D: a C1-C3 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C3 alkylamino group, di-C1-C3 alkylamino group, C3-C7 cycloalkyl group,
heterocycle, and ary! ring (which may comprise 1 to 3 substituents selected from the
group consisting of a hydroxy group, C1-C3 alkoxy group, and halogen atom).
25 R*! is more preferably a C1-C8 alkyl group, phenyl-C1-C8 alky! group,
heterocyclic-C1-C8 alkyl group, alkoxyphenyl C1-C8 alkyl group, or halogenated phenyl C1-C8
alkyl group.
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[1',2' :6,5]pyrido[4,3,2-de] quinazoline-2,10,13 (3 H,9H,15H)-trione; fI
(9S)-9-ethyl- | -heptyl-9-hydroxy-1 H,12H-pyrano [3",4" :6",7' }indolizino [
1',2' :6,5]pyrido [4,3,2-de]quinazoline-2110,13(3H,9H, 15H)-trione; 30 g)
(9S)-9-ethyl-9-hydroxy-I-propyl-1H,12H-pyrano[3",4":6',7'lindolizino[1',2":6,
5]pyrido [4,3 ,2-de] quinazoline-2,10,13 (3 H,9H,15H)-trione; h)
(9S)-9-ethyl-9-hydroxy-I -[2-(pyridin-3-yl)ethyl]-1 H,12H-pyrano
[3"RP:6s, &lindalizingre®Rably a methyl group, ethyl group, n-propyl groun, 1-
[1, @ngridoé !,i;%-d }: a oIinye-%rlol,)lgl}ggz,_9glz|, gH)-%ri(ipy;gT.)r?aZp tmethylethyl
o G R T L RO 0 SPER PR ey propy] o,
n-pentg! gindohizinsfiyine 8 |ropmiddta; Bexdedrpinaz Slider@ b9 b8(BHySIHp) n-heptyl group,
n-octy@oEONRRRyI( - =t 2. (4% y
T A
2“(4‘“5???&8?&?%,5- 1GURHBZOTHIERS, ?i%‘(é?gﬁ’é?%ﬁﬁ‘ﬂﬁo%‘e(?ﬁ?dm“?‘ﬂ)ew group,
2-(pyrtd8)-D- ettt mzayb R Hdmpthok ypHattipilan gisud, B(# Jiidalifinnfl)@hy! group,
(A ' %{jﬁ]}g inaaline- ( ,15H)-trione; 1) 10
> ﬂ(%og é%ﬁﬁ[aﬁ%/ roxjﬁggﬁ%ﬁ%ﬁp%%ww:6' 7"indalizino[1',2":6,
5]&#&5’8%%@,%%@}@%&28{}%!9?{@?%@%@ Hormidadfiaclvdg @gose in which Y
repres8i)t9 cetbniifemith exyrpoufid (Ar0éihoxypirtyiyp ettiylst bk, dRidhayrahed®xy] group
6 7| - o ; ] : o 3(3 . .
o e ey R A e Sigine o
[3",4":6',7' ]indolizino [ 1',2' :6,5]pyrido [4,3 ,2-de] quinazoline-2,10,13
a)  (3H,9H,15H)-trione; 0) (9S)-9-ethyl-9-hydroxy-| -(3-methylbutyl)-1

T R
[4,3,2-ae]quinazeline-2,10,13(3H,8H, 1 5H)-trione;

b)

(95)-9-ethyl-S-hydroxy-1-[2-(4-morpholino)ethyl}-1 H, 12H-pyrano[3*,4°*:6°,7 Jindolizino
[1°,2":6,5pyrido[4,3,2-de]quinazoline-2,10,13(3H.9H, 1 5H)-trione;

c)

(98)-1-{3-(dimethylamino)propyl]-9-ethyl-9-hydroxy-1H,12H-pyrano[3” 4”:6°,7 Jindolizino
11°,27:6,5]pyrido[4,3,2-delquinazoline-2,10,13(3H,9H, 1 3H)-trione;

d)

(98)-9-ethyl-9-hydroxy-1-phenethyl-1H,12H-pyranc{3”,47:6°,7" Jindolizino[1°,2°:6,5pyrido
[4,3,2-delquinazoline-2,10,13(3H,9H, 1 SH)-trione;

e)

(95)-9-ethyl-9-hydroxy-1-[2-(pyridin-2-yDethy!]-1H,12H-pyrano{3”,4>:6°,7 Jindolizino
{1°,2°:6,5]pyridol4,3.2-de]quinazoline-2,10,1 3(3H,9H, 1 5H)-trione;

f)

(95)-9-ethyl-1-heptyl-S-hydroxy-1H,12H-pyrano{3”,4":6°,7 Jindolizino[ 1°,2°:6,5 Jpyrido
[4.3,2-de]gquinazoline-2,10,13(3H,9H, 1 5H)-trione;

g

(95)-8-ethyi-8-hydroxy-1-propyl-1H,12H-pyrano{3”,4”:6°,7* Jindolizino[1°,2":6,5 Jpyrido
[4.3,2-dejquinazoline-2,10,13(3H,9H, 1 5H)-trione;

h)

(95)-9-ethyl-9-hydroxy-1-{2-(pyridin-3-yl)ethyll-1H, 12H-pyrano[3>,4”:6’,7" Jindolizino
[1°.27:6,5]pyrido[4,3,2-delquinazoline~-2,10,13(3H,9H, 1 5H)-trione;

Y
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(9S5)-1,9-diethyl-9-hydroxy-1 H,12H-pyrano[3",4" :6',7'lindolizino[I',2'
:6,5]pyrido[4,3,2-de] quinazoline-2,10,13(3H,9H, 15H)-trione; q) 25
(9S)-1-[2-(4-chlorophenyl)ethyl]-9-ethy3-d-hydroxy-1H,12H-pyrano[3",4":6',
7'lindolizino [1',2' :6,5]pyrido[4,3,2-de]quinazoline-2,
10,13(3H,9H,15H)-trione; r) (9S)-9-ethyl-I
-[2-(4-cuorophenyl)ethyl]-9-hydroxy-1 H,12H-pyrano[3",4" :6',7']indolizino

(9S)- thﬁyl@ﬁlpﬁf&@[m# rilelguiRee: 1@%0% 1oHy oGS[ 1°,27:6,5]

T
i) pyrido[4,3,2- de]qumazollne -2,10, 13(3H 9H, 15H)-trione; and t)

(95)- s(%%)fm%ﬁaﬁmaﬁlh @%&ﬁp@gﬁx’rﬁmquyp}%&?j"*ﬁyf%ﬂ*?[%néoi%&{1 2°16,5]

ynd{i%j Sdg[g Zﬁ%ghﬁ?a%éﬁn?@}f@gi%éﬁ{bﬁnﬁﬁ) trione. 33 Among them,

the following compounds are more preferred: a) (9S)-|

1 3 . .
(98) 9% %%@35119;%3@5‘33% %}k‘i%%@i‘éﬁeqio ;_‘3( 351 17 311 15?1%[11 26 Slgyrido

"6,5]p inazoline-2 H)-trione; 5
[4.3 2(@ 5”%%@%’ }Br%ﬁ;}%&ﬁg%mﬂnsz -pyrano[3",4":6' ,7'lindolizino |

Iy 1',26,5]pyrido[4,3 ,2-de]quinazoline-2,10,13 (3 H,9H,15H)-trione; c)

98)- i%ﬁ%ﬂ@@&%:gﬁ?rﬁéﬁgh ﬁ%}@ﬁi‘?ﬁ!&?@%’%” 6’ 7" Jindolizino{1’,2:6,5]pyrido

pyfano ndolizin
3 AR A0 ET FO BFE o rione: o

m) (9S)-9-ethyl-I-hexyl-9-hydroxy-1 H,12H-pyrano[3",4" :6',7'lindolizino[1',2'

e
[17.2° ]Wr B % SRigaz g2 ﬂ@;ié(é 8H, 1 5H)-riorss; f)

n)  (9S5)-9- ethyl -9-hydroxy-I-(3-methyl butyl) 1

(95)- kALY A0 AR LINIPIZNGN 2PN, 60 7indolizino[ 1°,2°:6,5]pyrido
[4.3,2-delquinazoline-2,10,13(3H,9H, 1 SH)-trione;

0)

(95)-9-ethyl-9-hydroxy-1-(3-methylbuiyl)-1H,12H-pyrano{3™,4":6°,7 jindolizino[1°,2°:6,5]
pyridof4,3,2-deiguinazoline-2,10,13(3H,9H, 15H)-trione;

12)

{95)-1,9-diethyl-9-hydroxy-iH,1 2H-pyrano[3”,4”:6’, 7" Jindolizino{ 1",2":6,5]pyrido[4,3,2-de]
quinazoline-2,10,13(3H,9H,15H)-trione;

q)

(9S})-1-[2-(4~chlorophenyl)ethyl]-9-ethyl-9-hydroxy-1H, 12H-pyrano{3”,4>:6°,7 Jindolizino
[1°,27:6,5]pyrido{4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

1)

(95)-9-ethyl-1-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1H,12H-pyrano[3”,4”:6°, 7 Jindolizino
[1°,2%:6,5)pyrido{4.3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

5)

(95)-8-ethyl-9-hydroxy-1-(1-methylethyl}- 1 H, 12H-pyranof3”,4”:6°,7 Jindolizino{ 1°,2°:6,5]
pyrido{4,3,2-dejquinazoline-2,10,13(3H,9H, 1 5H)-trione; and

t)

(95)-1-(3,3~dimethylbutyl}-9-ethyl-3-hydroxy-1H,1 2H-pyrano[3”,4™:6°,7 Jindolizino]1’,2°:6,5]
pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)}-irione.
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do[4,3,2-de]quinazoline-2, 10,13(3H,9H,15H)-trione; 20 g) (9S)-1
-[2-(4-chlorophenyl)ethyl]-9-ethyl-9-hydroxy-1 H,12H-pyrano[3",4" :6" ,7'
Jindolizino [ 1',2 ' :6,5]pyrido [4,3,2-defgquinazoline-2,10,13 :
(3H,9H,15H)-trione; h) (9S)-9-ethyl-I
-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1
H,12H-pyrano[3",4":6',7'lindolizino[l',2" 25
:6, 3lpyigaies Aideloninaze e MdSRHAN SR tHigne; and i)

2) (9S)-1-(3,3-dimethylbutyl)-9-ethyl-9-hydroxy- |
H,12H-pyrano[3",4":6',7'lindolizino][l',2".6,5]

(98)-phrtdid- ez bietpivazntiie -1 opyseap{ YH4 156 Ailoninlizhe| 1°,2":6,5]pyrido[4,3,2-de

Jquina{SaEENHoNR ALY 9sia sapRMed represented by formula (7) below. 34 S
R21 KHNNR12N R"NO 90 (7) R11, R12, and R2' are defined as in

) formulae (4) and (5). In formula (7), R'1, and R12 are preferably hydrogen
(93)-Sattimys- SRR/ Lisxprd Fertedpistiay by & 0 g Ehatomnd A €1:€ 8 Alad ditnp(Hat i pyridol4.3
52_de}%gfﬁgjﬁglgﬁgy@gggﬁ”§gtg:_§ﬁgl{gom Group D listed below: Group D: a
c)

1-C3 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C3 alkylamino group, di-CI-C3 alkylamino group, C3-C7

(98)-Lytivalyiygmoouy; | Heterotydteopyid-aFY)12RG {wdaiel] 3tiay conTplisgdiigimd(1°,2*:6,5 pyr

ido[4,§@a@ﬁgs&}&aﬂ%&%ﬁd@q@fﬂﬁﬂwﬁ%ﬁmsﬂn_g of a hydroxy group, Cl
a) €3 alkoxy group, and halogén atom). 10 R21 is more preferably a phenyl

group or CI-C6 alkyl group, and even more preferably a phenyl group,
(95)-Betheth oty -Grouproady A HETRY-greats [BXamples ilitireonpousdsipyrido[4,3,2-d
el quidSRIERED PG, Py i Byl ) ipgiyde those in which Y

e} |

(95)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,47:6",7 Jindolizino[1°,2°:6,5 ]pyrido[4,3,2-d
ejquinazoline-2,10,13(3H,9H,15H)-irione;

B

(95)-9-ethyl-9-hydroxy-1-(3-methylbutyl)-1H,12H-pyrano[3,4":6",7* Jindolizino[ 1*,2°:6,5pyri
dol4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trions; :

g

(95)-1-{2-(4-chlorophenylethyl]-9-ethyl-9-hydroxy-1H,12H-pyrano[3> 47 :6°,7 Jindolizino[1° .2
*:6,5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 53H)-trione;

h)

(95)-9-ethyl-1-{2-(4-flucrophenylethyl]-5-hydroxy-1H,12H-pyrano[3”,4”:6°,7" Jindolizino[1°,2°
:6,5]pyrido{4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione; and

i)

(95)-1-(3,3-dimethylbutyl)-9-ethyl-9-hydroxy-1H,12H-pyrano{3”,4”":6", 7" lindolizino[1°,2":6,5]
pyrido[4.3,2-delquinazoline-2,10,13(3H,9H, 1 5H)-trione.

The aforementioned Y is a compound represented by formula (7) below.
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represents a residue of a compound (Y-OH) comprising at least one
alcoholic hydroxyl group (for example at position 9), in which the
compound is selected from the group ggnsisting of: 15 a)
(9S)-9-ethyl-9-hydroxy-I-(3-methylbutyl)-1
H,12H-pyrano[3",4":6',7'lindolizino[ I',2' :6,5]pyri do [4, 3,2-de]
quinazoline-2(3 H)-thione-10,13 (914,15H)-dione; b) 20
(9S)-9¢ethyl-9-hydroxy-I-phenethyl-1H,12H-pyrano[3",4":6",7']lindolizino[1',2'
:6,5]pyrido[4,821,2-de]quinazoline-2(3H)-thione-10,13(9H,I5H)-dione; and
-r?fhyI-Q-hydroxy- | -pentyl-1 H,12H-pyrano [3 ",4":6",7" jindolizino[
2 :6,5]pyrido [4,3,2-d €] quinazoline-2(3H)-thione-1 0,13

' -djone. 25 The cgmpounds in which Y is represented by formula
gCribed belgw. 35 R22 Rat R12\O N Rtt/N/ O 9 O (8)

group. (iii) R2' is preferabty-aghydrogen atom, or a CI-C8 alkyl group that
may comprise 1 to 3 spbsti
below: 10 Group D: g«
amino group,

RY, RY, and R* are defined as in formulae (4) and (5).

In formula (7), R", and R'* are preferably hydrogen atoms.

=C3 alkoxy ?r7g)51p, hydroxy group, halogen atom,

R* is preferably a hydrogen atom or a C1-C8 alkyl group that may comprise a
substituent selected from Group D listed below:
Group D: a C1-C3 alkoxy group, hydroxy group, halogen atom, amino group,

mono-C1-C3 alliylamino group, di-C1-C3 alkylamino group, C3-C7 cycloalkyl group,
heterocycle, and aryl ring (which may comprise 1 to 3 substituents selected from the

- group consisting of a hydroxy group, C1-C3 alkoxy group, and halogen atom).

R* is more preferably a phenyl group or C1-C6 alkyl group, and even more preferably a

phenyl group, 3-methylbutyl group, or n-pentyl group.

Examples of such compounds represented by formula (7) include those in which Y

represents a residue of a compound (Y-OH) comprising at least one alcoholic hydroxyl group

(for example at position 9), in which the compound is selected from the group consisting of:

a)

(98)-9-ethyl-9-hydroxy-1-(3-methylbutyl)-1H,12H-pyrano{3",4":6”,7" Jindolizino[1*,2”:6,5 Tpyri
do[4,3,2-de]quinazoline-2(3H)-thione-10,13(9H, 1 5H)-dione;

b)

(95)-9-ethyl-9-hydroxy-1-phenethyl-1H,12H-pyrano[3™,4":6°,7 Jindolizino[1°,2’:6,5 Jpvrido{ 4,3
.2~dejquinazoline-2(3H)}-thione-10,13(9H,1 5H)-dione; and

c)

{95)-9-ethyl-S-hydroxy-1-pentyl-1H,12H-pyranc{3” ,4:6°,7 jindolizino[1°,27:6,5]pyrido[4,3,2-d
e]quinazoline-2(3H}-thione-10,13(%H,15H)-dione.

The compounds in which Y is represented by formula (8) are as described below.
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mono-CI-C3 alkylamino group, di-C1-C3 alkylamino group, C3-C7
cycloalkyl group, heterocycle, and aryl ring (which may comprise 1 to 3
substituents selected from the group3€onsisting of a hydroxy group,
C1-C3 alkoxy group, and halogen atom). (iv) R21 is more preferably a
methyl group, ethyl group, n-propyl group, 1-methylethyl 15 group, n-butyl
group, 1,1-dimethylethyl group, 2-methylpropyl group, 2,2-dimethylpropyl
grou®®n-pentyl group, 3-methylbutyl group, 2-n-hexyl group,
3,3-dimethykkiityl group, n-heptyl group, n-octyl group, benzyl group,

p roup, 2-(dimethylamino)ethyl group, 2-(4-morpholino)ethyl
grpup, 3 dimethylamino)propy! group, 2-(pyridin-2-yl)ethyl group,
R yl groug 2-(4- methoxyphenyl)ethyl group,

) R22 is preferably a hydrogen atom, amino
&k C6 alkoxy group, a CI-C6 alkylthio group
@' 3 substituents selected from Group D described

that may comprls
Ig/la aho group that may comprise 1 to 3

below, a mono-C -6

Group D descrlbed Iow Grup D: a ((? gS alkoxy group, hydroxy group,

aming group, mono-C1-C3 alkylaming,group, di-CJ5C
alﬁylaﬁmc?gro%ﬂﬁi B3 Ry hacams iR ese tterbeytle 470 B rﬁﬁaectwem of

formulfwMotamday comprise | to 3 substituents selected from the group

%%Sféﬂﬂglg %hydroxy group, CI-C3 alkoxy group, and halogen atom). (Vi)
is, more p eferably a hydrogen atom, methyl group, ethyl group,

probH gid B tHRFD R SRS RRIB; aminomethyl group,
(ﬁ@ﬁﬂﬁdéﬁ@Iﬁ@)ﬂ&i&ﬂlylag:ﬁ?&lﬂ;g@ﬁmth)dammb)ﬁﬁemwl Sretypndhlorameiylerably a
Y dm trlfluor ?érxl roup, phenyl group, 2-pyridyl group, methoxy
4 roup, oxy P, ethylthlo group, ethylthio group, methylamino
graubRbuty W@@wo@byd@@gﬂmmmméb@&aﬂﬁggmm ghmay comprise 1 to 3
substita@RvedReRHones GrivytVh d@é@fﬁiéada@lmdoodlments can be combined with

retio es.of the dcomblnatl are ||) ||| and
AL g L
pe:l f =| s
W@&erxcﬁaer%am@pﬁﬁglwm RSO (lYt@j‘QtﬁﬁEIH%ﬁ!Q GefddRdStom the

R I R 8 L) R
bt REeihph@dyrifoxgbly Hmethlsyrapofattyl group, n-propyl group, 1-methylethyl
group, rOINERIZINO [l A1 RIRYEEOIbrdug; Bemethylpropy! group, 2,2-dimethylpropyl group,
n-pentyl group, 3-methylbutyl group, 2-n-hexyl group, 3,3-dimethylbutyl group, »-heptyl group,
n-octyl group, benzy! group, phenethyl group, 2-(dimethylamino)ethyl group,
2-(4-morpholino)ethyl group, 3-(dimethylamino)propyl group, 2-(pyridin-2-yl)ethyl group,
2-(pyridin-3-yDethyl group, 2-(4-methoxyphenyl)ethy! group, 2-(4-chlorophenyl)ethyl group,
2-(4-fluorophenylethyl group, or 3-phenylipropyl group.
(v) R* is preferably a hydrogen atom, amino group, C1-C6 alkyl group, C1-C6 alkoxy
group, a C1-C6 alkylthio group that may comprise 1 to 3 substituents selected from Group D
described below, a mone-C1-C6 alkylamino group that may comprise 1 to 3 substituents selected
from Group D described below, or a di-C1-C6 alkyl amino group that may comprise 1 to 3
substituents selected from Group D described below:
Group D: a C1-C3 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C3 alkylamino group, di-C1-C3 alkylamino group, C3-C7 cycloalkyl group,
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Jquinazoline-10,13(9H,15H)-dione; b) (9S)-9-ethyl-9-hydroxy-I

-[2-(4-morpholino)ethyl]-1H,12H-pyrano[3",4" :6',7' Jindolizino[l',2": 20

6,5]pyrido[4,3,2-de]quinazoline-10,133H,15H)-dione hydrochloride; c)

(9S)-9-ethyl-9-hydroxy-I -propyl-IH,12H-pyrano[3",4":6',7'lindolizino[l',2'

:6,5]pyrido[4,3,2- de]quinazoline- 10,13(9H,15H)-dione; d) 25

(9S)-I-benzyl-9-ethyl-9-hydroxy-1H,|

i;}r%ﬁalasﬂif Aniark]ifeel i(éimgﬂ; B4 SImptae4. &3 Hﬁﬂ-ﬂsﬁﬁislﬁt%ﬁ&&té@ﬁom the

ione;.e ethyl-9- enet

L T SR R R S A S g Oeen tom).

qu(ﬁézlb"nrienlcaem(@ﬁera@mmmegs@ aoresyeibvliev-ghyliaryx, propyl group,
hydrozPRRASHN ¥, hatinBHSRH IrdupS(hingedzinel ﬁn&h@l %}Bﬁ daidbBaminc)methyl

o Eg{@ ﬁ%me 10 9H 1 d| one; %0157? % zgnB%ri‘ drox 1 ox

ErOUP- 3 PRENYABr P L TP PSR BrBfy oy
group,dthpkg Saiw] mﬁa@hegi@pleﬁ@lﬂﬂ@ﬁ)}dmmthylaﬂnno group, butylamino group,
or di Igﬁgmy- 5 droxy 1-(3-methylbutyl)-IH,12H- pyrano[3 4".6',7"lindolizin

o[1,2 ]pyr| [4 3,2-de]qui 0I| 0, 13 9H ione;
OSSP RE eI ﬁﬁﬁ@e ffﬂ‘f )gﬁgﬁgfgits4ma§ b combined
with dfisefigino[ Exag|8] & therigiofsi8e2: dejobinetolingsd ()] SOHEEH)doNE), (i), (i),
and (Vg? é?%h)? 8] %EQ}’ Z Q}{Qr(‘?j()(i )(%‘ eg@gl@{,(?pyl) -1 H,12H-pyrano[3",4":
ndofi 2 2 de

zmo[l uinazoline- 10, 13 (9H, 15 H)
_diB& eg pt such compounds represented by ormula (8) include those m which Y

repres&&&)a&*@tki)&b Ielﬁ&piyd@dtydi_@%@ﬁ)kﬂdwm@&le@siﬁaﬂe] melstiziirofi & o] group
(for e%gg[ét%&iﬂog]ﬁyfﬂ%ﬂé}pﬁ{el&n}[%@d’ig'gehgftg%? At ihe group consisting of:

a)

(9S)-1-butyl-9-ethyl-9-hydroxy-1H,12H-pyrano{3”,4™:6°,7 Jindolizino[1°,27:6,5]pyrido{4,3.2-de
lquinazoline-10,13(9H, 15H)-dione;

b)

(95)-9-ethyl-9-hydroxy-1-[2~{4-morpholino)ethyl}-1H, 12H-pyrano{3”,47:6’,7 Jindolizino{1°,2":
6,5]pyridof4,3,2-de]quinazoline-10,13(9H,15H)-dione hydrochioride;

c)

(98)-9-ethyl-O-hydroxy-1-propyl-1H,12H-pyrano[3”,4:6°,7 lindolizino[1°,2":6,5]pyrido[4,3,2-

delquinazoline-10,13(9H, 15H)-dione;

d) |

(98)-1-benzyl-9-cthyl-9-hvdroxy-1H,1 2H-pyrano[37,4”:6°,7" Jindolizino[ 1°,2°:6,5 pyrido[4,3,2-

delquinazoline-10,13(9H,15H)-dione;

&)

{95)-9-ethyl-9-hydroxy-1-phenethyl-1H, 12H-pyrano[3”,4":6°,7" Jindolizino[1°,2":6,5]pyrido[4,3
,2-dejouinazoline-10,13(9H,15H)-dione;

f)

(9S)-2,9-diethyl-9-hydroxy-1-phenethyl-1H,12H-pyranof3”,4"":6",7 Jindolizino[1°,2":6,5]pyrido
[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

g)

(95)-9-ethyl-9-hydroxy-1-(3-phenylpropyl)-1H,12H-pyrano[3”,47:6°,7 lindolizino[1°,2°:6,5]pyr
ido{4,3,2-de]quinaoline-10,13(9H,15H)-dione; '

h)
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(9S)-9-ethyl-9-hydroxy-1-methyl-1H, I2H-pyrano[3",4": €', 7'lindolizino][l',2'
:6,5]pyri do[4,3,2- dejquinazoline-10,13(9H,15H)-dione; 15 m) (9 S) -9
-ethyl -9 -hydroxy- 1 -(2 -methylpropyl}-/| H,12H-pyrano [3 ",4" :6',7" j
indolizino [ 1',2": 6,5 ] pyr ido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;
n) (9S)-9-ethyl-I-hexyi-9-hydroxy-1H,12H-pyrano[3",4":6",7"]indolizino[1 ',
2" 6,5]pyrido[4,3,2-d 20 e]quinazoline-10,13(9H,15H)-dione; 0)

(99)-9(S8Y 199%%}&?@(92&- -pﬁ:%,dr)ltrtvil%btp % 1456.67 Hémﬁ%gﬁ 2’:6,5]pyri
s Gl o e 0 S O o ) 20

i) 6,5]pyrido[4,3,2-de]qui nazollne 10,13(9H,15H)-dione; q)
(93)-2(8 P GHEYahyglrox "IL% XyRheny 15’;}1}%%%"* J2Eks Py Be@m%o@ 2°:6,5]
|ndoI|zmo[I Q] de]quma oline-10,13(9H, 15 ) -dione;
Yﬂd%g Yegeiipezo ”&?ﬂl) oléﬁg y 1@nﬁfchyl -9-hydroxy- |
i) H,12H-pyrano[3",4": 6' 7]|ndoI|Z|no[ 1 ,2 ".6,5]pyrido[4,3,2-de]quinazoline-
enyl)et ..
59 ZEHE ﬁ?ﬁrg*&?ﬁlﬂiﬁgfg Y A 3 a8 A pigheol 2765
Ipyridpj3p2 d&ya‘ﬁ#?&?&“%é 04 g5Pf-dione; t) 38
k) (98) -9-ethyl-I-[2-(4- quorophenyI)ethyI] -9-hydroxy-2-methyl-Iil,

r 2 . IS TR .
(9S)- 98 pyran g 05 -ﬁh okﬂi@%ﬁ?ﬁ‘%}%ﬁ (&7 8 47 lindolizinol 1'2°56,S)pyridol4,3,2-d
elquingrg I@é ﬁ@%ﬁybﬁ yeiapesmethylethyl)-1H,12H-pyrano[3" ,4"

) :6',7"lindolizinol[l',2" :6 5]pyr| 5do [4,3,2- de]qumazollne 10, 1 3(9H, 1

99)- %%‘L%r}ggd‘f&i 9?3}1%6 f’ |z|ny|b @@'@'EE{‘V YOk o1° 2726, 5{pyridof4,3,2-

dejquipgridiang; gozlaé%aulﬁé})oﬂm 0,13(9H,I5H)-dione;

m)

(9S)-G-ethyi-9-hydroxy-1~(2-methylpropyl)-1H,12H-pyrano{3”,4™:6°,7" jindolizino{1°,2":6,5 ]pyr
ido[4,3,2-delquinazoline-10,13(SH, 1 5H)-dione;

n)

(9S)-9-ethyl-1-hexyi-9-hydroxy-1H,1 ZH-pyrano[3”,47:6°,7 Jindolizino[1°,2":6,5]pyrido[4,3,2-d

ejguinazoline-10,13(9H,15H)-dione;

0)

(985)-9-ethyi-5-hydroxy-1-pentyl-1H,12H-pyrano[3”,47:6,7" Jindolizino[ 1°,2":6,5]pyrido[4,3,2-d
elquinazoline-10,13(9H,15H)-dione;

p)

(98)-1,9-diethyl-9-hydroxy-1H,12H-pyrano[3”,47:6°,7 lindolizino[1’,2:6,5Jpyridof4,3,2-de}qui
nazoline-10,13(9H,15H)}-dione;

Q)

(98)-9-ethyl-9-hydroxy-1-[2-(4-methoxyphenyl)ethyi}-1H,12H-pyrano{3”,4":6°,7 }indolizino{ 1"
,27:6,5pyrido[4,3,2-de]quinazoline-10,13(SH, 1 5H)-dione;

r)

(98)-1-[2~(4~chlorophenyl)ethyl]-S-ethyl-9-hydroxy-1H,1 2H-pyrano[3",4”:6°,7" Jindoiizino[1°,2

*:6,5]pyridof4,3,2-delquinazoline-10,13(9H,15H)-dione;

8)

(95)-S-ethyl-1-[2-(4-fluoropheny!)ethyi}-9-hydroxy-1H,12H-pyrano[3”,47:6’,7 Jindolizinc[ 1,2
:6,5]pyridol4,3,2-de]quinazoline-10,13(9H,15H)-dione;

t)
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w) 10
(9S)-9-ethyl-9-hydroxy-2-methoxy-I-(3-methylbutyl)-1H,12H-pyrano[3",4":6'
,7'lindolizino[1', 2':6,5]pyrido [4,3,2-d&jquinazoline-10, I3(9H, 15H)-dione;
X) (9S)-2,9-diethyl-9-hydroxy-I-(3-methylbutyl)-1H,12H-pyrano[3",4":6',7'
Jindolizino[1',2":6,5] pyrido[4,3,2-de]quinazoline-10,13 (9H,15H)-dione; 15
y) (9RS)-9-ethyl -9-hydroxy-4-methyl-1-pentyl-1 H,12H-pyrano[3",4":

(9S)- 9%&1 Dﬂ‘f“ﬂi&‘%ﬂor% Lg%tﬂﬁ?%?d%x?ei GHRRA0; iRy 10,13 {9H »LEHY 7 jindoli

|9ne Z) (99)-9 e yI (2 hydroxyethyl)- 1 'H, T ZH-pyrano’[3 ",
zinof 14375 }ﬂym%ﬁ%% F‘F @%ﬁ%@ (08,1 SHy-dione

u)  ido[4,3,2-de]quinazoline-10,13(911, 15H)-d|one aa) (9

(9S)- 9%&%&%{:&% ﬁn@ﬁzq ‘if??ﬂ%%ﬁ%ﬁl g%oﬁ%?%%ﬁﬂiio[l 2:6,51pyri
do[4.3 {hdeiquinamolinstithes (95 158)-dione;
v) (98) -9- -ethyl-9- hydroxy 2- methyl -l- pentyl 1H,12H-pyrano[3",4":

indolizi zoline-10,13(9H,1.5H)-dione ..
(98)-15 @y @@%@ Ql?r t‘?ﬁﬂgk’f pyr(gno% §H7 RENCO0S 1 216,51
pyridofe, ¥ ﬁﬂiﬁé{@hzreé @wﬂﬁ@xa —chone
w) ,2-de]quinazoline-10,13(9H, 15H) -dione; 30 dd)

9 I 9- h Irox pyrano "
8 BT ApL 2 A 23 S AEI o 20 E30oH ) e ltiino( 1,
26 5@7@9@)—’9@%9%%}@%;/19 hyidsdisthigugsentyl-1H, 12H-pyrano[3",4":
X) 6',7'lindolizino [1',2": 35 6,5 ] pyri do [4,3,2-de] quinazoline- 10, 13 (9H, 15

08 2 S Sk PRl 7 indolizinol 1" 26,5
pyndotfﬂﬁ%éi@tqanxz{@weé (793{a0l, LizHpfieie;
:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; gg)

(9118)%? 2 ?zéeé, Y é%d-%oé)é S e U B Yol -6 Sipy
ridol4,3,2-dejquinazoline-10,13(9H,1 5H)-dione;

z)

(98)-9-ethyl-9-hydroxy-1-(2-hydroxyethyl)-1H,12H-pyrano[3”,47:6° 7" Jindolizino[1°,2°:6,5]pyr
ido[4,3,2-de]quinazoline-10,13(9H, | 5H)-dione;

az)

(95)-9-ethyl-9-hydroxy-1-(2-hydroxyethyl)-2-methyl-1H,12H-pyrano{3”,4”:6°,7 Jindolizino{ 1°,
27:6,5]pyrido[4,3,2-dejquinazoline-10,13(9H, 1 5H)-dione;

bb)

(95)-9-ethyl-9-hydroxy-2-methyl-1-pentyi-1H,12H-pyrano{3,4":6’,7 jindolizino{ 1°,2":6,5 ]pyri
do[4,3.2-de]quinazoline-10,13(9H, 15H)-dione;

ce)

(95)-2,9-diethyl-9-hydroxy-1-pentyl-1H,12H-pyrano{3",47:6°,7 Jindolizino{1’,2":6,5 |pyridof4,3
,2~dejquinazoline-10,13(9H,15H)-dione;

dd)

(95)-9-ethyl-9-hydroxy-1 -pentyl-?,-pmpyl- 1H,12H-pyrano[3”,4”:6°,7]indolizino[17,2":6,5pyrid
o[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

ee)

(95)-9-ethyl-9-hydroxy-2-hydroxymethyl-1-pentyl-1H, 12H-pyrano{3”,4°":6’,7" Jindolizino[17,2":
6,5 pyrido{4,3,2-delquinazoline-10,13(9H, 1 5H)-dione;

ff)
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5ino[1',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; hh)
(9S)-2-chloromethyl-9-ethyl-9-hydroxy-I -(3-methylbutyl)-1
H,12H-pyrano[3",4":6',7"]indolizin 39
o[1',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; ii) 10
(9S)-2-aminomethyl-9-ethyl-9-hydroxy-I-pentyl-1H,12H-pyrano[3",4":6",7']i
ndolizino[l' ,2':6, 5 ]pyrido [4,3,2-de] quinazoline-10,13 (9H,15 H)-dione;

©S)- &g@ﬁn agad %ﬁ@%&ﬁ%ﬂ%@ﬂf&%&%&%ﬂﬁ&%ﬁsgy{%%%@"';ﬁ*:6’,7°]md01

izino{ 5 gip§rdnpaidoztaeiotriaranseline; 18(bMOBS AT Hiotienet 5 kk)
gg) (9S)-9-ethyl-9- hydroxy [-(3-methylbutyl)-2-methylthio-1

(98}-9%%%@ [#%gl}j i ayx%“% 2] 1‘})&% Z?F?’éﬂ}t%‘“one _pyrano[3” 476", 7" Jindoliz
inof 1’(@3@@1@@@%@%@1@1@@%@@19 (3P thyBLdineH, 12H-pyrano[3",4"
:6' 7]|ndoI|Z|no[I 20

e azoll e » g0
(93) 2’@;%?{’) l)p(g rﬁ'g %Rgléq@r drox )X dnox ﬁiﬁ\%@{%l%ﬁ progﬂ%qo[?’ ,4":6”, 7’ lindolizin
ofl’ ZH@ﬂﬁypgdgﬁﬁbo@-dq]qxanzzzpm 10 13(9H 15H)-dione;
i) olizino[1',2":6 5]pyr|do[4 3 2-de]quinazoline-10,13(9H,15H)-dione

drochlor . .. .
(95 BRSO Oy RS GRS 454y ieinoll 276,
Slpyridt B, 2 indkiimimanfling'16, S hoyrdbial 3-datelquinazoline-1
0,13(9H,15H)-dione hydrochloride. Among the camptothecins indicated

m

above partculaly prefered | fol
(0SS G AT P T TS ey i cpyrane SRR Findotizinof 1" 2’
6 Sjpﬁnﬂeﬁmmﬁ{duﬂqammﬁhhhﬂmﬁmﬁ BfHhedtamaptothecin);

k) 5(R) ethyl-9,10-difluoro-1,4,5,13-tetrahydro-5-hydroxy-3H, 15H -oxepino[3’,
ilndo lizino[1,2-b]quingline-3,15-dione (BN- 80915)

(95 a5 bR TR 2 PR T3 oB-Po AR ] 2 Tindolizinol
1°,2" . 605%heyiddo4 3,3 2ol eldiiad DoliBGH], 3B(PH dHeH)-dione; bb) 40
1]
(98)-9-ethyl-2-ethylthio-9-hydroxy-1-(3-methylbutyl)-1H,12H-pyrano[3”,47:6°,7" Jindolizino[1”
,27:6,5]pyrido[4,3,2-de}quinazoline-10,13(9H, 1 5H)-dione;
mim)
(95)-2-(dimethylamino}-9-ethyl-9-hydroxy-1-(Z-methylpropyl}-1H,12H-pyrano[37,4:6°,7  jind
olizino[1,2°:6,5]pyrido{4,3,2-de]quinazoline-10,13(9H,15H)-dione hydrochloride; and
)
{95}-2-(butylamino)-9-ethyl-9-hydroxy-1-(3-methylbutyl}-1H, 1 2H-pyrano{3”,4":6°,7" |indolizin
o[1°,2°:6,5]pyrido[4,3,2-de]quinazoline~10,13(5H, 1 5H)-dione hydrochloride.

Among the camptothecins indicated above, particularly preferred examples are the
following compounds:

4(8)-ethyl-4-hydroxy-1H-pyrano{3°,4’:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dio
ne{camptothecin);

5(R)-ethyl-9,10-difluoro-1,4,5,13-tetrahydro-5-hydroxy-3H,1 5H-oxepino{3’,4":6,7]indo
lizino{1,2-bjquinoline-3,15-dione (BN-80915);

0)
(9S)-9-ethyl-9-hydroxy-1-pentyl-1H,1 2H-pyrano[3”,47:6°, 7’ lindolizino{17,2":6,5pyrido[4,3,2-d
e]quinazoline-10,13(5H,15H)-dione;

bb)



10

20

25

30

35

(9S)-9-ethyl-9-hydroxy-2-methyl-l -pentyl-1H, | 2H-pyrano[3 ",4 ":6',7'
Jindolizino[l',2":6,5]pyri do[4,3,2-de]quinazoline-10,13(9H,15H)-dione;and
ee) (9S)-9-ethyl-9-hydroxy-2-hydroxydigthyl-l -pentyl-1
H,12H-pyrano[3",4" :6',7'lindolizino[l',2": 5
6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione. Azole antifungal
a2ents When Y is a residue derived from azole antifungal agents,

I i L i i A 0f.z < :
(9g)-9§§§ﬁ02%?§f§n 7008, ANURGAL PUCTINIBGIUAe iagoles. LB ARIRIRS o6 S]pyri

Z ifungal agents include at least one compound selected from
dol43 drdejretiprealiussig SRR aRene: and
4-(4egyanophenyl)thiazol-2-yl}-2-(2,5-difluorophenyl)-1-(1H-1,2,4-triazol-

3 =Ql, % "__1,,'. I )-2- 50)(15'.! ’1! - 3 oy,
(9S)~9~f<.:nr1¥ek){1h-t§l‘-§§f@3{é}é%&%ﬁl)eiazol_l %5? f)ﬁ&lﬂ't%s?%]_?%( %5139@' ¥l6* 7" Jindolizino[17,2":
65]1’%%{&‘?)&18? PiOHBssEReE &,gﬁidﬂzﬁ-triazolone;

(+)-2-(2,4-difluorophenyl)-3-methyl-1 -(1

Azole H- -t¥i (}-é—yl)-B-(6-(1H-1,2,4-triazo|-|- yl)pyridazin-3-ylthio)butan-2-ol;
B A ittorophenyl)- 1 - [3 - [(E)-4-(2,2,3,3
-t aanordproiseRAR SR (@ Pmarls apfifungal agents, examples of the azole

antifumyAl-Bchid, thdtiaiedidaybjgsopan-2-ol; 20
i%%%%_ééﬁ%% “ll}u%&bg: 2%)5%‘%?5“ aethX%éSLlﬂg - teast one compound selected from
the grqup.sqasisipg f6-(2,4-difluorophenyl)-5-(1H-1,2,4-triazol-1-ylmethyl)tetrahy
drp;!w,@!&)?s:ﬁ/ﬂmmﬁm}ﬂ{aﬁpmmwzhﬂy}}ah@m&ﬁmmphenyl)-1-(1H~1,2,4~mazoiw
1-y1)- S 28_)2-_16lethy -2-hydroxypropyl]-3H-1,2,4-triazol-3- one; (2R,3 R)-3 -
Y b['ilt-a(ﬂ-cyahophenyl)thiazol-2-y|}-2-(2,4-dif|uorophenyl)-l-(l H-1i
2 2lirl&z8R)- 226 Afjifyemohastyl)-2-hydroxy-1-methyl-3-(1H-1,2,4-triazol-1-yhpropyl]
4-[4-(%;@%@}151!&@5%}&%‘%6' y§§h’e1flyﬂi§|€?ﬁlzm %—QFELJ@?mﬁéylphenyl)-butan-
-ol, ,3R)-3-[4-(4-cyanqphe iazol-2-yl}-1- :
RGN -
yl)pyﬂ@ﬁiﬁ%h&%ﬁhmmﬂe@henyl)thiazol-2-yl}-2-(3-fluorophenyI)-l-(lH-1,2,4-tr
'a%?k%:z’lkzﬁ()di@lﬁf&%ﬁéﬁrﬁm?@qéﬁﬁmﬁiez §@'HQ&&M8%H%§Q£§@%W1]-(1,2,4-11‘1&:;

resent invention, examples g compouncfs’tﬁat are derived from
ol-1 ”yﬁﬁf@&ﬁé&?@%k1ﬁ§@fﬂﬁ%ﬁ6Wing: (@) (9S)-9-ethyl-9-1
[meéitttipre(@v(Et HydafinioostbyyHasrinethabetdioyl-pE kA L iidzpy iy [Btan-2-ol;
A (-4-[4-[4-[4-[[5-(2,4-difluorophenyl)-5-(1H-1,2,4-triazol-1-yImethyltetrahydrofuran-3
-ylimethoxyiphenyl]piperazinyliphenyl}-2{(15,25)-1-ethyl-2-hydroxypropyll-3H-1,2 4-triazol-3-
one;

(2R 3R)}-3-[4-(4-cyanophenyl)thiazol-2-y1}-2-(2 4-difluorophenyl}-1 -(1H-1,2 4-triazol-1
-yl)-butan-2-ol;

3-methyl-3-methylthio-1-(1,2,4-triazol-1-yl}-2-(trifluoromethylphenyl)-butan-2-ol,

(2R,3R)}-3-[4-(4-cyanophenyl)thiazol-2-y1}-1-(1H-1,2 4-inazol-1-y})-2-(2,4,5-triftluorop
henyl)-butan-2-ol; and

(2R,3R}-3-[4-(4-cyanophenyl)thiazol-2-y1]-2-(3-fluorophenyl}-1-(1H-1,2 4-triazol-1-vI)

. -butan-2-ol.

Among the water-soluble prodrugs of the present invention, examples of compounds
that are derived from camptothecins include the following:
(a)
(95)-9-ethyl-9-{ [methyl-(2-methylamino-ethyl }-amino]-acetoxy} -1 -pentyl-1H,12H-pyrano[3”,4’
:6’,7 lindolizinol1’,2":6,5lpyrido[4,3,2-de]quinazoline- 10,1 3(9H, 1 5H)~dione;
(b
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"6',7'lindolizino[l',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;
(b) 41 (9S)-9-ethyl-9-(glycyl-sarcosylaty)-1-pentyl-IH,12H-pyrano[3",4"
:6',7"lindolizinol[l',2":6,5]p yrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;
(c) (99)-9+ [(2-amino-ethyl)-methyl-amino] -acetoxy}-9-ethyl-l-pentyl-I
H,12H-pyrano[3",4" :6',7' 5

(99)- i@lﬂﬁf'é”ﬁ% rf;cﬁ gzg@g }‘? P-4 aﬁ lox%é?f%&rkﬂqﬁ(% Takdiang, i 206,51
yrido] 312214@%@“1@"1@5@%&@% igner: 6,5] pyrido [4,3,2 -de]
{c) quinazoline- 10 13 (9H, 15 H)-dione; (e) 10 (9S)-9-[2-(2-amino

e nesulfo tho on 9-ethyl-I- ent I-1 H | v gos. g rrs
O8)-% gﬂ%m 0 zm %g?pafl?ﬁy F;L%Lé 5@? %ln% Ilillw ﬁ(%%éy&%" g, 47607
JindoliginglkiRo4cuigmideltyl-ariniayiaessiéngcid. 13 (9H,15H)-dione;

@ (54 ethyl 3 13-dioxo-3,4,12,13-tetrahydro-IH-2-oxa-6,12a-diaza-dibenzo[

(98-S B e Tt A v i Mgl 12716,

pyndok@}%@-aiﬂﬂummiwe 14,126y embome:6', 7'lindolizino
(e) [1',2":6,5]pyrido[4,3,2- de]qumazollne -10, 13(9H I5H) -di one; (h) 20

(98)- 9%5@?}? J;é;g ﬁéni ?‘i‘éﬁg tl?” y%?th %%%@Nﬁf‘zsﬂ%%ﬁop” 4
67,7’ ]nﬁlaﬁrzmdé[éﬂmﬂpmdw{dzmﬁéemm@@iﬁmm bﬁ(%id 5)-dione;
() (an{gl%;m%ﬁm%glﬂ\lamﬁ{gylgggpylag{gnethylalanyloxy) 1-pentyl-1H,12H-pyran

4"6', 7'lindg
(5)-4- %[?98[% %Z Qﬁﬂ/ﬁd’b 2 A a0 R dsra-dfermaihd iuoren-4-yl
ester; (9S)-9-ethyl-9-(sarcosyl-N-methylalanyloxy)-1-pentyl-1H,12H-pyrano[3",4":
(g) 6 7]indo|izino[ 1' ,2"6,5]pyrido
2-de]quinazoline-l0,13(9H,15H)-dione. The water-soluble prodru%s of

95514 R SEATIMEATBR RS YSrE ROy e o pBYHEG ST By Damviayy(ef g~ 1-penty]
-1H, 1ZH)parehaidredprétergid compdUnosab [predef46).2-de]quinazoline-10,13(9H, 1 SH)-di
one;
(h)
(9S)-9-{2-[(R-2-amino-2-ethoxycarbonyl)ethanesulfonyljethoxyearbonyloxy} -9-ethyl-1-pentyl-
1H,12H-pyrano{3™,47:6°, 7" Jindolizino[1°,2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-di
one;
@
(98)-9-ethyl-9-(N-methylalanyl-N-methylalanyloxy)- 1 -pentyi-1H,12H-pyrano[3”,4>:6°,7 Jindoli
zino[1’,2":6,5]pyrido[4,3,2-dejquinazoline-10,13(9H, 1 5H)-dione; and
@
(95)-9-ethyl-9-(sarcosyl-N-methylalanyloxy)-1-pentyl-1H,12H-pyrano[3”,4”:6’,7" Jindolizino[ 1
,2°:6,5]pyridof4.3,2-de}quinazoline-10,13(9H, 1 5H)-dione,

The water-soluble prodrugs of the present invention are preferably the compounds of (b),
(d), (e), and (h), and more preferably compounds of (b} and {e).

Brief Description of the Drawings

Fig. 1 is a graph showing percent changes in the conversion of compound 2A into the
lactone form and the carboxylate form in human serum over time,

Fig. 2 is a graph showing percent changes in the conversion of compound 2A into the
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Brief Description of the Drawings Fig. | is a graph showing percent

changes in the conversion of compound 2A into the 35 lactone form and

the carboxylate form in human serum®¥er time. Fig. 2 is a graph showing

percent changes in the conversion of compound 2A into the 42 lactone

form and the carboxylate form in mouse serum over time. Fig. 3 is a graph

showing percent change in the conversion of compound 2A into the
lactonéaﬁﬁeﬂ@ﬁﬁ&ﬁﬁm&@ﬁ%@@ﬁ:]ﬁieﬂ@mé E%}fﬁﬁﬂiiﬁ%%ﬂém over time. OIFig 4

is ph showing percent chan n the conversion of ¢ oun

g S AT e N AR o g ot I BOaPe g ot the
lactonffgr rnd @@%@W@fm@ re ek pereertagetvs). of compound 2A

atpRcl pH dRistabIM) JRREEIRASE! 1iNBe Rith @15 Gl ABMHANINIA into the
oot %)Erce &‘fg}% %ﬁ‘%’m tl]cg nvers n of reference compound 2 into the
acton 8’5&”5} ?grﬁ?Wl?%eér‘f 8% um over time. 10 Fig.

7 iBig. §risphgshplvihgpag tet iehemges inetisedogy €Ysianf of mafersd g at each pH
(pH stEMRe YR dntihg iagtone form and the carboxylate form in mouse

serym over time. Best Mode for Car the Inventloﬂi e present

invaRtiRs HEARMTPOTRE PRSP %f%@%% ST SHREy é%%%}f&ec@mpmd 2
into theSagsing fherfaldvtheganethpds; futithe methodsfenprosuting the

coppopils ALINSINRRYR-ALE: DbIQRSPARSIHRRAR RANGIIIE] compound 2

, theréto. Although the water-soluble prodrugs of this invention are all novel
into theJAGHRTIETHEY EdnCBE pFE L S By B RD WFAHER SRFE A fiethods

using commercially available raw materials, or those synthesized by
BEStIzgﬁgg%£$%§éggg@lﬁ%gﬁ%§’%g 20 In the following production methods
and R8 have the same meaning as R
RIDIES PSRl INREITIRIC SAPRBIES HatRTenc b Emudan %WIB% produced
using &3, fdﬁovaﬁg BB dsr durehie nistBoda Min @Hodieciint @ touh Fiddepfesaritsiention are
not to %é%%'d fEP% i %rﬁ%@%é&‘%&ét%ag%ﬁh%ﬂ%ﬁi' r%’i@??&;ﬁ%@ Ee%%gs of this

.e., a chloring atom, bromine atom, or IO Ine atom eacti
mvenﬂm;g,gggglh_ﬂgwg op@pwmf, ey can be produoed by well-known chemical methods

using commercially available raw materials, or those synthesized by standard methods, as
necessary.

In the following production methods, R, R%, R*, R*, X, Y, R®, n, R', and R® have the
same meaning as R}, R% R?, RY, X, Y, R®, n, R, and R®, respectively, as defined in formulas (2),
(3), and (9). P! represents an amino protecting group, P* represents a residue from a
carbonyiating reagent, and Hal represents a halogen atom (i.e., a chlorine atom, bromine atom, or

iodine atom).

Reaction Process i-1
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R4 Y-OH+RI-~-t~Ra9~-NYX\WN O.Y ~lyR2R30RR2R3 1la2a3a H
R4 R2 R3 0 4a Reaction Process1-2NN OO 0 y.0IN*"/N~OO 5
<Reaction Process 1> Reaction Procd8s 1 shows an example of the
production of a water-soluble prodrug comprising a tertiary amino group
in its solubilizing side chain. The water-soluble prodrug represented by
formula (2) can be obtained easily by, for example, acylation of a
secondary or tertiary hydroxyl group present in Y-OH. 10 Preparation of
compouﬁ’(yi 3a As iggdicated in Reaction Prodess 1-1, estey (3a) can be

obtaine/c“by rgacting a sgcondary or tertiar%&ol (1 @) with a suitable

Y“OHcoTnBéuncT(Za) #ﬁ an fppropriate solvent, 1 pre aycoupling

agent. Exaiiplegéf c@mpound 2a include a catpoxylic-acid (R'=0OH), a 15
ta carboxylate (FiZ:ORS), and a acyl halide compound (R7=halogen

atom:chlorine atom or such), with carboxylic acid %ing the preferred one.
Y-OH can be obtained commercially ory known methods (W003/045952,
W003/043631, etc.). When compound (2a) is a dipeptide (X=CO)
carboxylic acid, or a peptide derivagge 20 (X=CH2), the amino acid
derivative used to prepame s a compound (2a) is commercially
available, or it can b&prephred By kndwn fethods described in the
literature (for example, J. A. crémBoc. 2000, 122, 762-766; J. Org.
Chem, 1998, 5240; Tetrahedrgg Asymmetry, 1995, 44

Reaction Process 1-2

N%N"\/\/ N%TW
N%NW B O R O
N o} # W
e N \ 4 o —_— ! 4
\
4 | ° |
1) .
>L0JLN/\H/N\/QO ~N N\/gm
]

<Reaction Process [>

Reaction Process 1 shows an example of the production of a water-soluble prodrug
comprising a tertiary amino group in its solubilizing side chain,
The water-soluble prodrug represented by formula (2) can be obtained easily by, for

example, acylation of a secondary or tertiary hydroxyl group present in Y-OH.

Preparation of compoung 3a

As indicated in Reaction Process -1, ester (3a) can be obtained by reacting a secondary
or tertiary alcohol (1a) with a suitable compound (2a) in an appropriate solvent, in the presence
of a coupling agent. Examples of compound 2a include a carboxylic acid (R’=0H), a
carboxylate (R’=0OR®), and a acyl halide compound (R'=halogen atom:chlorine atom or such),
with carboxylic acid being the preferred one.

Y-OH can be obtained commercially or by known methods (W0O03/045952,
WO003/043631, ete.).

When compound (2a) is a dipeptide (X=CO) carboxylic acid, or a peptide derivative
(X=CHs,), the amino acid derivative used to prepare such a compound (2a) is commercially
available, or it can be prepared by known methods described in the literature (for example, J. Am.
Chem. Soc. 2000, 122, 762-766; J. Org. Chem, 1998, 5240; Tetrahedron Asymmetry, 1993,
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1741; Tetrahedron Asymmetry, 1998, 4249). The carboxylic acid can be
converted into a carboxylate ester (R7=ORB) or a acyl halide compound
(R7=halogen atom) by known methodg4Furthermore, the dipeptide
derivative can be prepared by standard peptide chemistry well known to
those skilled in the art [see, "The Practice of Peptide Synthesis" by M.
Bodansky 5 and A. Bodansky, 2nd edition, 1994 (Springer-Verlag)].

1741; %@@Q&%@I@?{ﬁﬁw&m@dan@@ bO‘f%&Qé&@H&%@%i@@ah!i‘@élg&wemd into a

g, ethyl tetrahydr furan, acetonitrile,
carbory Ao s SRR A G GRS, (L R BR GHeF BB g methods.
ag@mﬁmﬁmm thetiyt8i3-dimeshiyianmin cbprpmplaredﬂhmshmddﬂi peptide chemistry

Wi - [ pd 2 ” o /
ell WQH'@{A@@SE%@RH% Tgf%ggnd%ﬁ%g}%g%%a#%%ug%%mg rlal ) Bodansks

BroPTM, PTM, TB
and AC%% e %L.ﬁ qf‘eﬂ) WNS%Hﬁ&E@% for commercially available
co Man@ieagﬁtﬁb]en@&ﬂﬂ?aﬂdﬁembo&m@mmdléae‘#ﬁdﬁ D[eilnabaﬁ!@ths)fene chloride,

ethyl Qégﬁl@@ li@ﬁ’aﬂ?cﬁ@ﬁ?ﬁg 548&31% ch %}% S %&%”8?&%39 ! %gcfdﬂﬁ% nnaxmde

acid, a corresponding carboxylic aci with a protecte aming group is

us@ﬁW@?é’r L cPRRliBg RS BSdEeH is followed by removal of the
1 -ethyprbiEsihgaiolymirapropyiipoabd dB3ayidohgivedhiendietisptlbheRiedbtiiimide, BOP,
HBTUCRIGPENSHRyFempasngt4algiie %@?géepmtgfggjﬁﬁob'%mé hiatorial

comprising an amlno rotectlng rodp is rexamp e, as
Chemigigifratalpgotelss 123 é&cﬁﬁble Jorsensresvialsersilehiskaupling reagents],
amino protecting group P1 in Processes 1-1 and 1-2 can be performed

Pre %lﬂisb!é giﬁ?% kn&)\ﬁ/n methods (see, "The Practice of Peptide Synthesis"
A. Bodansky, 2nd edition, 1994 (Springer-Verlag);
et veerareinn of conpets &imtrmsrrisyiThe trts 8 (Shemoespaading carboxylic

acid, d\éﬂi@&bﬂﬁ%%@ﬂ@iyﬁdéﬁl@@%})&ﬂ@w Qféﬁﬂé{iﬁ&ﬁmﬁﬂglﬁgﬁi referred.
RRZNX a methyloxycarbony

win Car, mat in the form
The coug mg é%ﬁﬁ 101 rlﬁ/ grjn oW )ﬁ A fr%8n§¥ 8F0 %protect g group rorm compound (3a)}, to
give t@ @%ﬁf@fw@ﬁym@mmxmmmgmmd (4a).
9- (?%G%%@W&@E%YHM%@V&% RAPNLi HEOPar: F)rotectmg group is

enacylo carbo | group thyloxycarbony group,
dep rmfg%; %&r%g?'gﬁ% “trimethylsilylethyloxycarbonyl
grots; @Olpik@mmnyna}bdﬁytlgm@ths amino protecting group P* in Processes -1
and 1-2-Chiadamaniyl=4 éﬁﬁﬁ@)%%@ﬁﬂ PRI Ree, The Prac’nce of Peptide

roup, 2-bromoeth onycar onyl group

2-chlor loxycar bon
Synth%*%adﬁfé% Csiichi o R Prolg A SRy EGToL ag): “Protective
Group, B}@bgammgﬂw}mxy@db‘bﬁmd@mﬁ[ﬁré’eﬂez-ﬁﬁ%Iﬁmmpwmeyﬁ&mQBMl

91 QD2 Te HFIED H&Oﬁmgg%ﬁ}/gc%fg%aﬁ/ %rgﬁﬁg the following:

1,1- C|methyl -2-ch org loxycarbonyl group,
Carbamates; a heiforg 8hibErEXycarbonyi group,

a methyioxycarbonyl group, 9-flucrenylmethyloxycarbonyl group,

9-(2-sulio)fluorenylmethyloxycarbonyl group, 9-(2,7-dibromo)fluorenyimethyloxycarbonyl
group, 4-methoxyphenacyloxycarbonyl group, ethyloxycarbonyl group,
2,2,2-trichioroethyloxycarbenyl group, 2-trimethylsilylethyloxycarbonyl group,
phenethyloxycarbonyl group, 1-(1-adamantyl}-1-methylethyloxycarbonyl group,
2-chloroethyloxycarbonyl group, 2-bromoethyloxycarbony! group, 2-iodoethyloxycarbonyl
group, 2,2-dichloroethyloxycarbonyl group, 2,2-dibromoethyloxycarbonyl group,
2,2,2-trichloroethyloxycarbonyl group, 2,2,2-tribromoethyloxycarbonyl group,
1,1-dimethyl-2-chioroethyloxycarbonyl group, 1,1-dimethyl-2-bromoethyloxycarbonyl group,
1,1-dimethyl-2,2-dibromoethyloxycarbony! group, 1,1-dimethyl-2,2,2-tri chloroethyloxycarbonyl
group, 1-methyl-1-(4-biphenylylethyloxycarbonyl group, 1-(3,5-di
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35 1,1-dimethyl-2,2-dibromoethyloxycarbonyl group,
1,1-dimethyl-2,2,2-trichloroethyloxycarbonyl group,
1-methyl-I-(4-biphenylyl)ethyloxycarbdfiyl group, 1-(3,5-di 45
t-butylphenyl)-1-methylethyloxycarbonyl group,
2-(2'-pyridyl)ethyloxycarbonyl group, 2-(4'-pyridyl)ethyloxycarbonyl group,
2-(N,.N-dicyclohexylcarboxamide) ethyloxycarbonyl group,

t-butyl ﬁé'ﬁ?‘lfﬂﬁ B AEWRarAHA WI%WWIWﬁ%xycarbonyl group,
24 In ycar yl groug aIIonx arbony roup,

%?ﬁ%?ﬁﬁla}g%etgyioxycaxbonyl
group, Mfutﬁ@@ﬂﬂ’ﬁﬁﬂhﬁk)’fh@'m@aﬂbo m%@mamﬂmmbdnyygwbpnyhgdouwarbonyi group,

allyloxgc%?b'dﬁw}%x% 1%8 1‘39 Eﬂ%}{?f‘ 8 loxycarbonyi group,
thox Zyloxy ar p-nitroben yloxycar onyl group
4—muogwmﬂséwmlaw|%mﬂﬁ ovatRsBaRY Ry PamBRY IRy carbony] group,

benzyl?x??ﬂﬁﬂ?ﬂ%%Qﬁy%ﬂmﬂ%kgbﬁﬂ@ﬂﬁﬂyﬂmbeﬂﬁy@?@)&p@@ﬁﬂpﬂ)?ﬁﬁﬂjﬂpgycarlbonyl group,
ichlorobenz carbon zyloxycarbony

P cmoré)r%eup,% % ré xyca )?Q%E%lg ?!lg hyloxycarbonyl

p- cyazlngl@tméthM@woweg HBGRID ony group,

2,4- &&ﬂ%ﬂ%@dﬁ@%ﬂﬁ@wmﬂﬁl‘gﬂﬂﬂfmylbenzyloxycarbonyi group,

8- anthfﬁﬁ% @ﬁ%g}?u&]’ﬂﬁ e%%g;)%{g%ro Opreg{ Q{ycarbonyl group,

2- meﬂ@mmwmsmw@ﬂmm@w&@fwﬁﬁémmf@M|mrbonw
2—(p~tcgﬁgﬂ&ul¥oﬁp 5@?’!’(‘: H%‘{B??%q Rﬂ@}"[gfguﬁdﬂlanyi)]methyioxycarbonyl group,

R ——
2- phﬂwmmm@wmmmm ﬂotrmhpncdmmybom}ﬁemmxym;gmup,
1,1-di@ ﬁﬂiﬂ% &’A%%E{M' rW@M&@H&cetylbenzyloxycarbonyi group,

2- (trlfluorome yl)-6-Chromony met on ou
PSR TEAHAETROPEY &bou@» ﬁ%@%ﬁ%@&%ﬁ%@ﬁk}?%%%
2-(tnf&éﬁdﬁ&ﬁlﬁﬁ%yeﬁmﬂobﬂmgﬂw&mdwhgﬂaﬂrmpamdmtrophenyloxycarbonyl group,

3,5-difd ﬂ'@%@ Q{@ﬁ { CRRANYLH MR 6208 RS Barbony] group, and
eridin roup pto uenesuIfonylamlnocarbonyl group, and
PheﬂYE 91%‘?% oS! BEPBRhers a t-amyloxycarbony! group,

benzylthlocarbonyl group, cyclobutyloxycarbonyl group,

Urea 9 %Iopentyloxycarbonyl group, cyclohexyloxycarbonyl group,
'—%CFopropylmethyloxycarbonyl roup, p-decyloxybenzyloxycarbonyl
apipegﬁbuﬁcmwmywwmﬁw carbonyl group, and

phenyZaraisnatharyaarbemylyinyloxycarbonyl group, 30
o-(NN-dimethylcarboxamide)benzyloxycarbonyl group,

1,1-dimethyl-3-(N,N-dimethylcarboxamide)propyloxycarbonyl group,
Others

a f-amyloxycarbonyl group, benzylthiocarbonyl group, cyclobutyloxycarbonyl group,
cyclopentyloxycarbonyl group, cyclohexyloxycarbonyl group, cyclopropylmethyloxycarbonyl
group, p-decyloxybenzyloxycarbonyl group, diisopropylmethyloxycarbonyl group,
2,2-dimethoxycarbonylvinyloxycarbonyl group,
o-(N,N-dimethylcarboxamide)benzyloxycarbonyl group,
1,1-dimethyl-3-(V,N-dimethylcarboxamide)propyloxycarbonyl group,
1,1-dimethylpropynyloxycarbonyl group, di(2-pyridyl)methyloxycarbonyl group,
2-furanylmethyloxycarbonyl group, isobormyloxycarbonyl group, isobutyloxycarbonyl group,
isonicotinyloxycarbonyl group, p-(p’ -methoxyphenylazo)benzyloxycarbonyl group,
1-methylcyclobutyloxycarbonyl group, 1-methylcyclohexyloxycarbonyl group,
1-methyl-1-cyclopropyimethyloxycarbonyl group,
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1,1-dimethylpropynyloxycarbonyl group, di(2-pyridyl)methyloxycarbonyl
group, 2-furanylmethyloxycarbonyl group, isobomyloxycarbonyl group,
isobutyloxycarbonyl group, isonicotinygxycarbonyl group,
p-(p'-methoxyphenylazo)benzyloxycarbonyl group, 35
1-methylcyclobutyloxycarbonyl group, 1-methylcyclohexyloxycarbonyl
group, 1-methyl- | -cyclopropyimethyloxycarbonyl group, 46

imetho arbo | group,
mﬂ%ﬂ?@@}ﬁﬁ&ﬁﬁ&@%@&.ﬁ%@f% RS Paroup
—methyhbﬂpyphgﬁémgdgﬂgﬂp}}y&aﬂbgmy&r@mybgmup, 1-methyl-1-phenylethyloxycarbonyl
group 1I%MI—1(Q£¥9HMQSQ@H &?ﬂml%ﬁ%ﬂg 6pt(phenylazo)benzyloxycarbonyl group,

246 8’} 8pt%(_e‘n JP(%zo)genzy ygﬂ[lé%n]g% r%zzm 9%2% r-t butylﬁ%%gykéygaa;b&?% eroup, and

2,4,6-2im6thsithethyloepeyiooyvlagbmnylagibup; and Amldes (in the form of
R'R2NX) a formyl group, acetyl group, chloroacetyl group, trichloroacetyl
) gro_up trlfluoroacelt Eroup, phenylacetyl group,3-phenylpropionyl group,
SEBEERRIGIBER. thdn2e¥d group, p-phenylbenzoyl 10 group,
a fom@*hmmmﬁatgmh@mmmnmﬂ@enpxmmmmﬂ groatoadedgeRep;] group,

z loxy .
pueoyil] %X% ;?fél%?‘{%%%“ ?*’Qéﬁg%u%fmy (B REoH Ry phensioenzos
groupgq;dyﬁ‘og ,@*@ﬁp acetoacetyl group,

(M- dnﬁzmtﬁwﬁx@@bwmﬁmmyv@mm@mm@ﬁia@%tﬁwbgr%mp,

oS BNIAR BAg SaaBA RRBIRERE

bxyme nzoy oup

2-me Y&%ﬁﬂr@l@ﬁ@kﬂ@%@pa%mm@%m chRtBerpRHYF eI, methods
3-metglRkprwBi iDs ekillediifotignarha i ghcap neetiesse iRk Useoup, and

o- (bmﬁc'ﬂ uoroace c&gld for the removal of a Boc group, piperidine for the
emoval’oran Fmoc r(%p and 20 tetrabutylammonium fluoride for the
removal of 2-(trimethylsilyl)ethoxycarbonyl (Teoc), trimethylsilylethyl and

terR@HIWHI%%’%é' Sty RS RN %@g@ﬁ%ﬁ%‘gﬁgﬁﬁ@%@ﬁﬁ%@@g@émed by
methoéfy oup aCtva ‘%Sff-,?gﬁiﬂcn’ﬁ% g)%% 8’16t use tnﬂuoroacetm acid for

the removal of a Boc group, piperidine for the remowval of an Fmoc group, and

tetrabutylammonium fluoride for the removal of 2-(frimethylsilyhethoxycarbonyl (Teoc),
trimethylsilylethyl and fers-butyldimethylsilyl groups, and catalytic hydrogenation for the
removal of a Cbz group.

Reaction Process 2-1
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4b H Rt.~ (CH2)n~0Y D R 5b Reaction Process 2-2 :~ O Ott R56A0 O
D N,~~StiO O R5 8AIO N N'zN 1i~S*.O R5 6Ap 5 <Reaction Process 2>
Reaction Process 2 shows an exampléf the method for producing
water-soluble prodrugs whose solubilizing side chain comprises a sulfonyl
group. Preparation of compound 2b 10 First, alcohol (Ib) is carbonylated to
produce compound (2b). Carbonylation of the hydroxyl group is
accomplished by reactln :alcohol (1b) with an appropriate carbonylating
agent in an approprlateiolvent 48 Examples of a solvent that may be
used include methyleme’chiottde, etytaceidte, tetrahydrofuran,
acetonitrile, chdoroform, dleiaggb and zdlmethylﬁt*mamlde Examples of a

n u Carbopyl ing dge { that may b& used include p-nitr nyl

ror chIorofor%a%écar%onyldum|dazole and pho%ge Rﬂh f\fﬁoeﬁro Y

1b reaction can bétperformed at approximately - 1OCRto 25C for 0
approximately | to 24 hours. Preparation of compound 3b é:ompound 3b
comprising a solubilizing side chain can beprepared by a known method
10 (Tetrahedron (1999), 55: 6623-6634)Protection of the amino group in
alcohol (3b) can be performed suitably’'using known methods (see, The
Practice of Peptide Synthesis, M. Bodansky, and A. Bodansky/2nd edition,

i
H

N AT H 2o X
Ri \Rrﬁ Z %2/\/0?)(@“,

5b

Reaction Process 2-2

NFNTTT o_ N oH NN~
=y O X I \]F:S‘g’s\;, R [
N / . N4 /

s o N
‘Q = >r s} RS&"\G

rs &

<Reaction Process 2>

Reaction Process 2 shows an example of the method for producing water-soluble

prodrugs whose solubilizing side chain comprises a sulfonyi group.

Preparation of compound 2b

First, alcohol (1b) is carbonylated to produce compound (2b). Carbonylation of the
hydroxyl group is accomplished by reacting alcohol (1b) with an appropriate carbonylating agent
in an appropriate solvent.
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1994 (Springer-Verlag)). 15 Preparation of compound 4b Next, alcohol
(3b) comprising a corresponding protected amino group can be reacted
with carbonyaatnd compound (2b) in %1e presence of an appropriate
solvent to give an amino-group-prot‘% ted carbonate (4b). Examples of a
solvent that may be used include methylene chloride, ethyl acetate, 20
tetrahydrofuran, acetonitrile, chloroform, dioxane, and dimethylformamide.
Usually, the reaction can be performed at approximately 15C to 25C, for
dpproiened|y oiensthaursyepadiorwiccodibpisng SeBig etevhavtase.
teirahydtoSuainine Retasiinarasese:ef camanated R Rvkogwmmaiiods,

mpoynd (5b) can be abtained. Removal of the aming protecting group |
P RP IS o R GRS A 08 D R OB B FOR
chlorofEgatepheshorildiimitazrde. ehtifluengrmsstic acid for the removal of a Boc
OrRUBH P RS ing;for dheye EPRRCQIBNANE=C to 25°C, for
,tetr%gﬁiyla 4non|um fluoride for the removal of
approxIBy tmng; 1938 roxycarbonyl (Teoc), 30 trimethylsilylethyl and
tert-butyldimethylsilyl groups, and catalytic hydrogenation for the removal
Prenara@b8 %9 gRgaction 2-2 shows a specific example of such. 35
Reaction 3-T.. OH tc P+ RY(CH2)SH RS P9 QI 3¢ Y-0-C-ORi R
(EPBPYR PP compeising ol & Bii6 POACRAL PEaTPRRe by Ragprgmethod
(Tetrahdd®NP1099), 55: 6623-6634),
Protection of the amino group in alcohol (3b) can be performed suitably using known
methods (see, The Practice of Peptide Synthesis, M. Bodansky, and A. Bodansky/2nd edition,
1994 (Springer-Verlag)).

Preparation of compound 4b

Next, alcobol (3b) comprising a corresponding protected amino group can be reacted
with carbonylated compound (2b} in the presence of an appropriate solvent to give an
amino—grozip—pmtec‘tad carbonate (4b).

Examples of a solvent that may be vsed include methylene chlonide, ethyi acetate,
tetrahydrofuran, acetonitrile, chioroform, dioxane, and dimethylformamide,

| Usually, the reaction can be performed at approximately 15°C 10 25°C, for

approximately 2 to 48 howrs.

Preparation of corpound 5b

By removing the amino protecting group of carbonate (4b) by known methods,
compound (5b) can be obtained. Removal of the amino protecting group can be performed
using known methoeds, as shown in Reaction 1. Examples include the use of trifluorcacetic acid
for the removal of a Boc group, piperidine for the removal of an Fmoc group, and
tetrabutylammonium flucride for the removal of 2-(trimethylsilyl)ethoxycarbonyl (Teoc),
trimethylsilylethyl and fert-butyldimethylsilyl groups, and catalytic hydrogenation for the
removal of a Cbz group.

Reaction 2-2 shows a specific example of such.

Reaction 3-1
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6¢ 5c Reaction 3-2 Y~ SnO b NcN ~~ O H,N.~.S...~ R5 6n0 5 <Reaction
3> Reaction 3 shows another example of methods for producing
water-soluble prodrugs whose solubili#lng side chain comprises a sulfonyl
group. Preparation of compound 2c¢ 10 First, a 2-halogenated ethyl
carbonate (2c) is prepared from an alcohol (Ic). Conversion of the
hydroxyl group of alcohol (I c) into a 2-halogenated ethyl carbonate (2)
Can be1 erformed by reactipn with a commercially available chloroformate
in'an appropriate 50 solvent. Examples of a solvent that may be used
include methylene chloyide, ety acetate, tetrahydrofuran, acetonitrile,
loroform, dioxane, and dimethylfornidmide. Usually, the reaction can be
p&rformed at approximately -10C to 25C, forrg‘é approximately 1 to 24
hpurs. Preparation of compound 3c Thiol compou comprisipng a
Y-0 "Sgrublldrb’gl{éé chain can be prepared frcﬁWfaQﬁ){randﬁm2 Yeially ailérwg Ty

progcuct, or it may be prepared by known methdds (Tetrahedron, 1999, 55,
10 6623-6634; and J. Org. Chem. 1995, 60, 8105-8109}.tProtection of the
amino group in thiol compound (3c) can be performed suitably using
known methods (see, The Practice of Peptide Synthesis, M. Bodansky,
and A. Bodansky/2nd edition, 1994 (Springer-Verlag)). 15 Preparation of
compound 4c Next, amino-group-protected carbonate (4c) can be
obtained by reacting the corresponding amino-group-protected thiol

H compound (3c) with 2-halogenated eth?carbonate (26) in an appropriate

solyent, under the presence of a base. Examples of a solvent that may be
R st inetugie methylede ghiaride, ethyl Acetetel 20.teahydsaturan
Rtetonitrilé,.chlorofgfm, dioxane, dimethyfermamide Zrnetha(r?\faaﬁd
ethanol. Examples of a base that may be used include triethytamine,
diisopropylethylamine, 5¢

Reaction 3-2

N;..N/W N%NW

o \! o]
O % 7 [V 1 ! 4
=0
o N —~0
oyt TYLHE
N’r"*&"‘\/\/
O
HA sf\.ro
rs b

<Reaction 3>
Reaction 3 shows another example of methods for producing water-soluble prodrugs

whose solubilizing side chain comprises a sulfonyl group.

Preparation of compound 2¢

First, a 2-halogenated ethyl carbonate (2c) is prepared from an alcohol (1¢).
Conversion of the hydroxyl group of alcohol (Ic¢) into a 2-halogenated ethyl carbonate

(2) can be performed by reaction with a commercially available chloroformate in an appropriate
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potassium carbonate, and sodium carbonate. Usually, the reaction can be

performed at approximately 15C to 100C, for approximately 1 to 24

hours. 25 Preparation of compound 5¢ &urthermore compound 5c can be

obtained using known methods by reacting compound 4c with a

peroxidizing reagent. Examples of a peroxidizing reagent that may be

used include axone, hydrogen peroxide, 30 and m-chloroperbenzoic acid.
solventJsually, the reaction can be performed at approximately -10C to 100C, for

apﬁmnmb@;%% @%@M&{ﬁ@%@%ﬁ%ﬁ R EOMBANAGE %gme%?li Keetate,

6¢) can be obtained by remo e amino pr nfg grou
8

tetrahyBp{Brmmacsenisiie kRteons: @l%@@eﬁ@@v‘éll’@? maBisotecting

grmpaign the pedosmeshusingAdmedwnppethads:as iIndReastiond, for
)Eé\%{@ qsté)nﬂtugqflhe use of trifluoroacetic acid for the removal of a Boc
group, plperldlne or the removal of an Fmoc group, and
tetrabutylammonium fluoride for the removal of

Prepardtiiimetayisiyhiethexycarbonyl (Teoc), trimethylsilylethyl and

terisbu yldlmet lyl groy s, andr val of a.Cbz group py catalyti

hydrogené?l%nu%éﬁgac s%%ve\‘}% léb"&'cﬁ%é‘*?féﬁ géﬁﬁ‘l‘? from a
commgtswbnw@lmmm@xam:pmmxm retiroed orknosncirghiis (Tetrahedron, 1999, 55,
6623- @@t?raﬁalsutdﬁgptmgmst;@ag%smﬂogyrétion ghe isolation and 3

ification € compounds of | est indic in Reactions | to 3 can .

bglg pe%r o‘i‘%ﬂftt% ?5819??15@% é’m‘é %éﬁilﬁ?&, S RERIqpIgd suitably using

Imowremﬁwisr(swmmW séepti deFBpvtk isy taBratiask fjltiadion Bodansky/2nd

editiodepsyatatizal %35: rlous chromatographies. The water-soluble
prodrugs or the present invention represented by formulas (1) to (8), and
pharmaceutlcally acceptable salts, hydrates, and solvates thereof, include
3 oosgmers 45 of the water-soluble prodrugs mentioned above (for
exmlmaargfeﬁfﬁo@%@' FATES DGRB8 g
geometric isomers), racemates oft e isomers, an er mixtures. T

correspondIng e BTOHRIO RS Biek W.&?}m&h@@g@y@m& carbonate
(2¢) in(3) tpfB)pnetadel steranidemieprisgadicnlabaydater-soluble prodrugs of

th%}?ﬁﬁﬁﬁgg Hf\éeggi%hﬁﬂﬁ?ﬁ?ﬂ%g Réle]&) irrgc],flligé I(I%‘e}tﬁ%i@ ¢ g’ﬂlccj)ride, ethyl acetate,

tetrahydrofuran, acetonitrile, chloroform, dioxane, dimethylformamide, methanol, and ethanol.

appro

Examples of a base that may be used include triethylamine, diisopropylethylamine,
potassium carbonate, and sodium carbonate.

Usually, the reaction can be performed at approximately 15°C to 100°C, for
approximately 1 to 24 hours.

Preparation of compound S¢
Furthermore, compound 5S¢ can be obtained using known methods by reacting

compound 4¢ with a peroxidizing reagent.

Examples of a peroxidizing reagent that may be used include oxone, hydrogen peroxide,
and m-chloroperbenzoic acid. ‘

Usually, the reaction can be performed at approximately -10°C to 100°C, for

approximately 1 to 24 hours.

Prevaration of compound 6¢

Compound (6¢) can be obtained by removing the amino protecting group of compound
5S¢ using known methods. Removal of the amino protecting group can be performed using
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20 pharmaceutically acceptable salts, hydrates, or solvates thereof, may

exist in different tautomeric forms, such as the keto and enol forms, and

the imine and enamine forms, or as méxtures of both. Tautomers exist as

mixtures of a tautomeric set in solution. In solid form, usually one of the

tautomers predominates. The present invention includes all tautomers of

the compounds of this invention, including cases where only one of the
knove EAMmErS s dascrbed: 25 Euthemmare, ihe present inveniondnlides e e

atropisorers of this invention. Atropisomers refer to water-soluble

removprodl BeTEpreBepiREIBfolen tigs ¢moia @) tiak tas e v sadcgstsitylammonium

fluoridSFHER: Ytk hictediaiationiThrRaisARsSANTRE IS AtMeY RN silylethy] and
b Sti darg]é;rfeg)fds based ??n the‘lir |fﬁ%1ces in @gglﬁcher%g:% enation
ter b e Y SAREIET AT Lo R e BT A e B genation
sterically 30 pure isomers by standard optical resolution methods, such
Reactif 9RNcRlFRSPItem Py derivatizadien to diastereomeric salts using an
optically active acid such as tartari¢ acid. Diastereomeyic , mixtures can he
reddbaDy ﬁ&?ﬁ%ﬁ%ﬁﬁ%ﬁﬁiﬁﬁ%ﬁ, 9 ‘&W&ﬁﬁa&%ﬁﬁwie
prodrugehhifeescffar exeenfite;. thiflaysy atiwormadogra fibsgticolontne compounds of interest
indicafddl MQ&%BQX'@@%Q&%&MW lﬁg%ﬁ@a@%ﬁ@fﬁéﬂ%%%he ions, such

prodrugs of the present invéntion can be obtained in the free form, they.
as extiagH e SORTRAT A s SRY O EDROEHe RIS RY HaHER- dHEBR R EofRer G ZBfjon: and
variouStelndatdibgrapiethods. Alternatively, when the compounds of the present
invention are obtained as salts, hydrates, or solvates, these compounds
can be converted to their free form by standard methods. The

water SHBrEobBl DERBIER e iIhssRRE T dRTRI FsreNssREIF HY YdRTHEs (1) to (8),
and pHaiad@yisannddbeitphasadaciyiieally, asteplablessabidiytieiat: dbetereoisomers
of the .%92!. & t-ggiﬁgl%w }%%%9 \Slvgltﬁz{tf‘o%g IB'» A Bgrsé%égqg yegggt%gllgxlg %8(?\/ glg%greomers

into the- active forni %y chemical conversion, intérspecies or individua

includiffersfeesitans Saamelncysemeenss racerpriasont e someer s sy hsergixtures.  The

water-W616P1 8 pRYGE 0 dTIRMRIecRharteateHtcpIaAGRRIS BRALENIRLISE) Ak (8) include

tore Ialcorgglicl h dr% | group, or preferably a secondary or 10 tertiary

SICTCOLYYS oﬁicrhé roxyl group. For example, the water-soluble prodrugs of the
pré¥eteripvahtiopreangasiiyhsadsitiveinyraiamparesentadpsdocrgentd) to (8), and

pharnd@lcGelbare |§&f@{&ﬁﬁ_l@ SOrd Rl BUGN ASERAMRIINGESHIS niay¥RRES irBdidferent tautomeric
f antlﬁ%anchr uc eotldes(;j og insoluble cogﬁéﬁogndg that arg;sedsagr as mixtures of both
ormS, S A8 A0 SR T PO B S R Ao S of both.
Tautopiesy pricERticakcusspdsitiBromenpsisiiysehaterrsoliblecls frodrugsally one of the

tautorFRRY SEENURAHAYFOrMas kiR () hbeiREES S ANVERIARLRQTOS the compounds of this

harmaceuticall ) .
inventon, g]laud?ng cages where only one of the tautomers is described.

Furthermore, the present invention includes atropisomers of this invention.
Atropisomers refer to water-soluble prodrugs represented by formulas (1) to (8) that can be
resolved into isomers with restricted rotation. |

These isomers can be isolated by standard methods based on their differences in
physicochemical properties. For example, racemic compounds can be resolved into sterically
pure isomers by standard optical resolution methods, such as optical resolution by derivatization
to diastereomeric salts using an optically active acid such as tartaric acid. Diastereomeric
mixtures can be resolved by using fractional crystallization, and various chromatographic
techniques (for example, thin layer chromatography, column chromatography, and gas
chromatography).

When the water-soluble prodrugs of the present invention can be obtained in the free

form, they can be formed into salts, or converted to hydrates or solvates thereof, by standard
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acceptable salts, hydrates, or solvates derived from these insoluble

compounds, as active ingredients are suitable antifungal agents, or

preventive or therapeutic agents for c&ll proliferation disorders. An

example of the aforementioned cell proliferation disorder is cancer.

Examples of 20 cancer include colorectal cancer, lung cancer, breast

cancer, gastric cancer, uterine cervical cancer, bladder cancer, and such.
methodgurthermore, the present invention relates to preventive or therapeutic

methods for cell proliferation disorders or fungal diseases. The present

inVeARBRLTRLS rEhse e SRR sl R I dnrapion smahtaiashas salts,
hydrat¢bpsapeivticallyheffectivgaumadr olnba watenca ubikab feedougshy standard methods.

re%%%%ﬁ%%g?ﬁ%%c{%&%?%%%e : {895 e%tﬁ’gﬁgh%é?e%i&&ﬁ% Formuls (1) to (8)

accepta rate, "or so ereof, to patients in nee

and theirRpsmoRcyr el Arasp e sel thdiiisticarenganlzatar shose Anad rpduthodbility,

and sireelkiproliferatianidisardetsdnstoditgaeaneersrang shbichibahobsvasldh ASterspecies or
NP é:OIP&%tal cancer, lung cancer, breast cancer, gastric cancer, uterine
individia FENnces arc §1

SITLEL . .
cervical cancer, and bladder cancer. 30 When using a pharmaceutical

compasitaliothh SISAEsE HRVERN6h vasyulssrh plsteanded: toriprelditive
pharm29LMci0haca6lRioLipring shsAdRbIRy RsipskaNEfURg b PERAABR 2 secondary or

dli g[}g ministration preferably includes parenteral (intravenous,

. _meth
tertiary s rcaorg(ﬁscu r,%{ry %%lﬂffaneous) administration, local (drip infusion)

adramiseanénh e aratatidne praforasaddhepreppnt invemiintecsh easily solubilize
prevenRRI et BERiRIARIYINEIINSS, 1 FRE- SXAMRIS AV EKS 95l SRIMUORS NS, taxanes,

and suspensions, 35 and %renteral sol tla%s loaded into aniﬁﬁ%gpnate b
and g R S RO AT L ARG " e B S A ARRBLAESRS such as
azole @@@h@ﬁ@g@n‘me_ @b@%ﬁgmmﬁmmmmmgsaﬁ&rwsoluble
prodm%fxr%}jg%ﬁfeﬁdd?'m%ﬁfﬁmlml@j@ these-tipivg coniipliedrelease Alcally

tions, such as subcutaneoys_ transplantation, The pharmaceutical
accepty P U T 1IYBHE INTERED A 2 TBrsfemioN lsei B R dactive
ingrediiguichfornidationst fozel sgesificatlprehendquen ibdigpid o rmpetati dnscolt
proiife‘itq@or? dnveatian comprise the water-soluble prodrugs represented by

tormulas (1) &%S%and pharmaceutically acceptable salts, hydrates, and
sofvASSHdrR I ieBTREORhsh ar ks Hicu ik B BHssphEgmples of

cancertiufierphyisietogicahsalinen anshamriouawthecinfysion solubensitdie petvical

o{’%}f Ueaus so j ‘is preferably 4 or less, more preferably 3 or less, _
e an %%qeven more preferably in the range of 2 to 3, and at such pH, the

WAEFRBSHIBE- RS S T preRemaa B TS rmEms I Yt o ) ceangremethods for cell
prolifepitesin@icetitcally Acgepidibiasalts, Thapadesm@ndention also relates to methods

comprising the step of administering a therapeutically effective amount of a water-soluble
prodrugs represented by any of formulas (1) to (8), or a pharmaceutically acceptable salt, hydrate,
or solvate therecf, to patients in need of such prevention or treatiment. These methods are
particularly useful for treating cell proliferation disorders including cancers and solid tumors,
such as colorectal cancer, lung cancer, breast cancer, gastric cancer, uterine cervical cancer, and
bladder cancer.

When using a pharmaceutical composition of the present invention as a therapeutic
agent or preventive agent for a cell proliferation disorder, or as an antifungal agent, the method
of administration preferably includes parenteral (intravenous, intramuscular, or subcutaneous)
administration, local (drip infusion) administration, and inhalation (oral or nasal spray). The
mode of administration preferably includes, for example, aqueous oral solutions and suspensions,
and parenteral solutions loaded into an appropriate container that is suitable for administration in

doses of small amounts. Furthermore, the mode of administration can be adjusted to various
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solvates can exist stably in solution for long periods of time. On the other
hand, preferably at pH5 or higher, or more preferably at physiological
conditions of pH7-8, active forms deri§8d from alcoholic hydroxyl groups
can be dissociated rapidly and quantitatively in a short period of 15 time.
Therefore, for example, when an aqueous liquid formulation that is
particularly effective when used in its injectable form is administered at a

metho®d bYalEi Al REEG oI da JeRSs MRS Y GIGIAbNE 3 R d8SSo PRAEUERIons, such as

more preferably in the range of 2 to 3, its active form can be dissociated
subcutaRsRits FHIRRIBIBBIT20 The aqueous solution formulation is produced by a
welhknshanmetitoc usingaddiives! suchrasstabilizeis, Heavproferagentsed as

i le ilizers: ic.aci ,
aqueo A SR RIIE ™R D B RS R0l R R s
inventiy SRIBDEEA SReBHEY1SAlESHOPraf D Bh e Rsg P e BB OB AdISriGimand
pharmebiatidsl phenplaiucaias phienrkanticesalsthinesresal, dehydroacetic
acid; and 25.sprbic.acid. Examples .of flavorin nts.inclu h . .
oo RN el e BRI BOL IR REMAR Rllogical saline, and
various gthes iOROTEXAHIBIBS of solvents that can be used to produce liquid
ag@;ﬂ&pﬁﬁ@!ﬂ&% ﬁh@mlf s@ifiﬁ@@' é§bf@f@ﬁt§l§% @qeéie,ldﬁu@t@sl»ewM' 'Itgdess, and
water. am S OT Sur tants or emulsifiers include po rpate
even sk Bl S IES S CE0 A0S B S T e L B e
represenivibbsiftomulathd pie (&hend giriophasreatsaiisbivirccaptabl s Provsitates, and
solvat@0eH dQlsa salpinliaratianiiserdepeAbas FHITuEARAGAE hehd, preferably at

amounts of the water-spluble prodrugs represented ulas (1).to (8), .
PHES o AR R APHACEE ANy 25 BRI AN R ibs b S b g derived
from aechudmdyydivifferaimpeadihg dnstvapediopts sgndproamsitageslpday short period of
time. Weight, relative state of health, presence of other administered agents, 54

" method of administratjon, and such. For example, the active ingredient )
(WA SR TR B RN 1 iR EbiogaBip arly effective
when asddhal iespecialieHomais) aém'ﬁniﬂmdtmme*afoc eXamfisgdydhily Besenore
prefergﬁglj? Qeg?'i@@yagltf‘é@eﬁ%&@ﬁ&@fa@yqﬁqxe“ﬁ@gO?QQC?X?HS'E&E@S form can be

" preferably 10 to 800 mg per kg 5 body weight, in the case of a parenteral
dissoca%}@%fam%@ i dishbGdministered once daily or in several portions
throhghoutdhe dhytidefendiigton thesytmadins a et darenmbthitdtichsg additives
such RHAFIEANCHVANRR ofhe WRleERRIHRIe prodrugs represented

Examples of stabilizers include paraoxybenzoic acid esters such as methyl paraben, and
propyl paraben; alcohols such as chlorobutanol, benzyl alcohol, and phenylethyl alcohol;
benzalkonium chloride; phenols such as phenol and cresol; thimeresal; dehydroacetic acid; and
sorbic acid. '

Examples of flavoring agents include the commonly used sweetening agents, sour
agents, and flavors.

Furthermore, examples of solvents that can be used to produce liquid agents include
ethanol, phenol, chlorocresol, purified water, and distilled water.

Examples of surfactants or emulsifiers include polysorbate 80, polyoxyl 40 stearate, and
lauromacrogol.

When using a pharmaceutical composition of the present invention as a therapeutic
agent or preventive agent for a cell proliferation disorder, or as an antifungal agent, the amounts
of the water-soluble prodrugs represented by formulas (1) to (8), or their pharmaceutically
acceptable saits, hydrates, or solvates that are used, will differ depending on the patient's
symptoms, age, body weight, relative state of health, presence of other administered agents,
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by formulas (1) to (8), or their pharmaceutically acceptable salts, hydrates,

or solvates in the aqueous solution, which differs depending on the extent

and type of the disease, but is usually $4 10 a preferred range of (1) M to

(500) M. All prior art references cited herein are.incorporated herein by

reference. Examples Hereinafter, the present invention is specifically

iIIustrated with reference to Examples, 15 but it is not to be construed as
methdREsrg dimited. ta, NMR analysis was performed using JEOL

JNM EX270 }(ﬂ?O ’I\/IHz) JNMGSX400 (400 MHz), or INM-A500

éﬁl%g@&%@ﬁtﬁp}ﬂ tﬁé?tléfﬁ%%ﬂ ) b delivered to a patient

(wamreifer@dimbdrﬁmﬁleed@wﬁﬂy uhack)signal eﬂ‘ﬂwmﬂmlﬁ* golegamdlacandals dose of

et RS SRS MR R0
body Wpigdt crrEin&Rsy Wﬁ@fﬁ@ﬁhéﬁ%%e@e&am%mgﬁ%%om daily or in

severa(%@fﬂﬂﬁ@&ﬁr&i@@hﬁﬂi@ﬂﬁ?d&@ﬁh{ﬁng\é&t@hﬁ SORHORE. gradlent high
performance | liquid.c romat a instrum QL mr (Frn
Na\% atozri)r eq ucrlpp Wl%ﬁ an en)é 1%Ir“a{gtrent Wrg %S Tgpmsemed

by forshidan éiég@dshwrﬁbﬁ@mmmweﬁﬁ%eﬁmé@&ya@s remrretwivates in the

a ueersQ@Hﬁiﬁﬁ%lﬂ@ﬁ&ﬂ&@%ﬁ&ﬁﬂﬁl@@'ﬁﬂ%}f@ﬂ%ﬁ@%@ﬂ&@ﬁw&&&ybm is usually in
ingqr:ﬁ P§§f|ﬂ bﬁr][ Iﬁj( les, room temperature refers to a

apre & il %K%J roximately 20 to 25C. All water-free
reaeﬂﬂomamer’erp%m@mdderm@génm@ﬁm@her@mhﬁeﬁfm@mﬁor
30 solvent removal under reduced pressure was performed using a rotary
evaporator, unless stated otherwisE. ComI %ounds were prepared while
having their functional groups prot protecting groups, as
nedéssamgftandihprpsotettivegigroup sneeifecedin dhiesirated whth pedteateel to Examples,

but it R of Eé%&ﬁ%ﬁ%ﬁ'ﬁ%lﬁxéﬁ%@@@!ﬁ%ﬂ) Selection of the protecting

for SR AT L RS A IE LB o Cralh e iRRAC 400 (400

MHz R rat&stiieAS 66up (0 Mganic 1SyRhizses v2nd reditivr], oprmWiteytstpSomsllion) and
refere%%e&%’ fhe Hé%'fbﬁﬁﬁﬁ%a@ ﬁé %F%E*H RRhy employed one of the

fol n%v#rﬁng two condjtions. High performance Irqtr)ud chromatograp %vi
contiGgRaps spectral data were obtamed using JEOL JMS-DX303, or TMS-SX/SX102A. .

Data from mass spectrometers equipped with a high performance liquid
chromatography instrument were obtained using micromass (Micromass, ZMD) equipped with a
Waters 996-600F gradient high performance liquid chromatography instrument, or micromass
(Finnigan, Navigator) equipped with an Agilent 1100 gradient high performance liquid
chromatography instrument (Agilent Technologies).

For synthetic organic reactions, commercially available reagents were used without
further purification.

In the Examples, room temperature refers to a temperature in the range of
approximately 20 to 25°C.,

All water-free reactions were performed under nitrogen atmosphere. Concentration or
solvent removal under reduced pressure was performed using a rotary evaporator, unless stated
otherwise.

Compounds were prepared while having their functional groups protected with
protecting groups, as necessary, and the protecting groups were removed after the protected form

of a target molecule was completed. Selection of the protecting group, and attachment and

. detachment manipulations were performed, for example, according to the methods described in

“Greene and Wuts, Protective Group in Organic Synthesis /2nd edition, John Wiley & Sons,
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5 Column: Combi ODS (ODS, 5 m, 4.6 mm I.D. x 50 mm, Wako Pure
Chemicals), COSMOSIL (ODS, 5m, 4.6 mm I.D. x 50 mm, Nakalai
Tesque), or Inertsil C18 (ODS, 5 m, 4.65mm I.D. x 50 mm, GL Science)
Mobile phase: (Solvent A) water containing 0.01% trifluoroacetic acid, and
(Solvent B) acetonitrile containing 0.01% trifluoroacetic acid. 10 Elution
method: stepwise gradient elution in Solvent B: 10% to 95% (3.5 minutes),
1991>95%:t0 10% (1 minute), and 10% (0.5 minutes) Flow rate: 4.0 mL/minute
High performance liquid chromatography condition 2 Column: Combi ODS
© TorBaheh hEd SuamHOWaRB IR eYRhiRa ) feddineng ts
condi(x@ﬁs, 5m, 4.6 nun I.B. x 50 mm, Nakalai Tesque), or Inertsil CI8 (ODS, 5
High 52480 1R 2% 0RM j a}% hile phase: (Solvent A) water

containing o TriffTUOTOACETIC aC| olvent B) acetonitrile

Coim%n%rmhg%@%éow@aéeﬁm@%mtﬁ&]%tw%?m@@gmaléhmsmsm

(ODSGEULL@ﬂ meSeard B: S0%rt0 9bRa1M Pepieias) 1200410 98Y0I20, B18n, 4.6 mm LD. x
50 mult E}Lt@clg 376, t0 30% (1 minute), and 30% B (0.5 minutes) Flow rate: 4.0

L/minute f‘—}xam le 1]
Mobﬂ@si)ageaﬁy Wrﬁbﬂﬁ%ﬂe@%@ﬁﬁ%@ﬂr@ééﬁwu@mﬁﬁﬁpa@étéxm€§éh{§¢113)
acetoﬁ@%mw@@b A195ifudrlingatizingtl’.2:6,5]pyrido [4.3.2-del '
Eiuno%“'“ﬁ {I‘e 10.43( 924(@%2’?) ﬁk?é‘glh CoHdeH6eomPINg L0 F1eH 04 10 10%
(1 mn{fﬂ%e@@lﬁ&’k@érmweﬁ)ethyl -amino)-ethyl]-methyl-amino}-acetic acid

Flow mgwl(ﬁﬁmrn'éﬁum 0 854 mg (4.54 mmol) of

thyl)-carbamic ac'd tert-butyl ester, which is a
SR e 2258855 3093), was dissolved in

ColurmetﬁymheODS (ODS 5 um, 4.6 mm I.D. 50 mm, Wako Pure Chemicals), COSMOSIL
(ODS, 5 pm, 4.6 mm LD. x 50 mm, Nakalai Tesque}, or Inertsil C18 (ODS, 5 um, 4.6 mm 1L.D. x
50 mm, GL Science)

Mobile phase: (Solvent A) water containing 0.01% trifluoroacetic acid, and (Sclvent B)

acetonitrile containing 0.01% trifluorcacetic acid.

Elution method: stepwise gradient elution in Solvent B: 30% to 35% (0.2 minutes), 35% to 98%
(3.3 minute), 98% to 30% (1 minute), and 30% B (0.5 minutes)

Flow rate: 4.0 mL/minute

[Example 1]
98)-9-Ethyl-9- {Imethvl-(2-methylamino-ethvl)-amino

6”7 jindolizino[1°.27:6.5]pvrido{4.3.2-dejquinazoline-10.13(9H. 1 3H)-dione hvdrochloride
{compound 1A}

Process 1-4A

{{2-(terr-Butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino} -acetic acid benzyl ester
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chloride (50 mL), and then benzyl 2-bromoacetate (1.0 mL, 6.35 mmol)
was added to this 5 solution, and the mixture was stirred at room
temperature for approximately 24 houik After completion of the reaction,
the reaction solution was concentrated, and the residue obtained was
purified by silica gel column chromatography (hexane:ethyl acetate = 5:1
to 3:1) to give 534.3 mg (35%) of
{[2-(tert-butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino}-acetic acid
ben yI ester as a colo viscous oil 10 'H-NMR (270MHz, CDC13)
gS( %)/'(3H S), 2.65 (2H,t,J = 7.1 Hz), 2.82 (3H, s),
3 0338 H 34 (2H, s), 5.13 (2H, s), 7.24-7.38 (5H, m) ESI
(IEC MS posmvg mode) m/z 337 (M+H). Process 1-B 15
tert-Butox carbonyl methyl-amino)-ethyl]-methyl-amino}-acetic acid 1
W h}@@g}'{q »ﬁ;ﬁ»}gp} gihyl)-carbamic acid rert-butyl ester,

wmch{{ea(tembummmb@oylmfmx@:mimﬂeew melrjyylvem@om@llﬁl@ﬁ% vlene
1IN.Ar S Vi n methano
Chimgee S& gnZ% Ia %g;ﬁl%%%'%g% \Qas %ad%egngﬂ ?ﬁag #é%gqt this
Solu‘fl%ltr the Wl}ﬁ%?eﬂit %mm@méwef%@memmaé hours.

Inmlmmmmestnef@@mp\tae Ry AN @S HHABMAS!, and the residue
entrat d |vem?é91

obtain {p butes oxyc rbonyEmeth m|h8§lx§t{9§ﬁaﬁ¥§ﬁw}éﬁﬂﬁﬁt}h&%ﬁ?&aﬁ%ﬂ F o3:Nto
give 534 édl%glé%%@k@%@éﬁ%ﬁ%@b%m@@@@ﬂa@h&)ﬂ%@mﬂ)e} -acetic
acid b@nﬁ?l(é’dt‘br%)s 2 BTokdds $)s&)9§0§1 10 (2H, m), 25 3.45 (2H, s), 3.31-3. 63

o T S PR S, TS ORI 20

- 8), 3.20-3cEdRy3- metAyi4 @EQS)BEB (2H s), 7.24-7.38 (5H, m)

ESI (wm%f@yéqgg@ﬁ,ﬁégﬁigqmgjno[l',2':6,5]pyrido[4.3,2-de]quinazo|ine-
10,13 (9H,15H)-dione 57 N 0 0 0 391 mg (1.59 mmol) of
{[2-(tent-butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino}-acetic acid

Procegsréfired in Process

{[2-(rert-Butoxycarbonyl-methyl-amino)}-ethyl}-methyi-amino }-acetic acid

: l
0. N OH
TYTNY
534.3 mg (1.5% mmol) of
{[2-(tert-butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino }-acetic acid benzyl ester prepared
in Process 1-A was dissolved in methanol (20 mL), and then 51 mg of 5% palladium-carbon was
added, and this was stirred for 1 hour under hydrogen atmosphere at room temperature.
Insoluble substances were removed by filtration, and the filtrate was concentrated to give 391.1
mg (100%) of {[2-(fert-butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino} -acetic acid as a
colorless viscous oil.
‘H-NMR (270MHz, CDCly) 8(ppm): 1.43 (9H, s), 2.72 (3H, s), 2.87 (3H, 5), 2.95-3.10 (2H, m),
3.45(2H, s), 3.31-3.63 (2H, m)
ESI (LC-MS positive mode) m/z 247 (M+H)

Process 1-C

(95)-9-({[2-(rert-Butoxycarbonyl-methyl-amino)-ethyl-methyl-amino } -acetoxy)-9-ethyl-1 -pent
yl-1H,12H-pyrano[3”,4":6°,7" lindolizino{1°,2:6,5]pyrido[4,3,2-de]quinazoline-10,13
{9H,15H)-dione
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I -B, 279 mg (0.61 mmol) of 5
(9S)-9-ethyl-9-hydroxy-I-pentyl-IH,I2H-pyrano[3",4":6',7"]indolizino[I',2":6,5]
pyrido[4,3,2-d e]quinazoline-10,13(9H/15H)-dione (prepared according to
Example 2.15 of W003/045952), 525 mg (2.74 mmol) of
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride, and 224
mg (1.83 mmol) of 4-dimethylaminopyridine were dissolved in methylene
chigngetl5-mbl)-and then stirred at room temperature for four hours. 10
tion solution was washed with 0.15 N aqueous hydrochloric acid,
st yphydrous sodium sulfate, and then the solvent was distilled

&
10:1), 136.4ng{38%) of (9S)-9({
>L [29teat-butpxyearbonyl-methyl-amino)-ethyl]-methyl-amino}-acetoxy)-9-et

tyN
-1H,iZH-pyrano[3Q,4":6'.7']indo|izino[|',2':6,5]pyrido[4.3,2-de]quinazo|ine-1
0,13(9H,15H)-di onge was obtained as a yellow amorphous substance.
'Hﬁ&ﬂﬁ%@%ﬁﬁ?}%:&) 3(ppm): 0.85-0.95 (6H, m), 1.27-1.50 (4H, m),
{[2-(tertdor@tycalbotyionkBgi(aminm)cthO G- B Memin)) 2:80t{Bktid pi215Bed. #0Process
1-B, 218kh b.@l%'d'éi)’ 3.18-3.36 (2H, m), 3.48 (2H, s), 3.81 (2H,t,J=7.3

Hz), 521 (2H, s), 5.37 (b, d, 3= 17.3 Hz), 5”.64§I,H,, 20d,J =173 Hz), |
(OSY9 p 7 BT i, L DEPTna, 7B (1L el 76 @RimiRjols 324
elquinEBlieC-O/IS (S5itiVH pudte) (mizp6Ra (dod:)iny orBsarhele (A5)-OFBMOVD45952),
525 m. @FWH&{&I}%'FX'%@%g%%@ﬁﬂﬂ@ﬂ?@kﬁﬁ%?&%:gﬁ%ﬂihde hydrochloride, and 224

12H-pyrano[3 o . . .
mg ﬂ-%“}’f‘-"ﬂﬁﬂg&fﬁ' hgaRrRIBiA R T fliab e reraiere ghyridskéS mL), and
then sthyedenibariole=htperi® fotNonr dukCl Ol O N~iN 0 H 136.4 mg (0.20

n ) - . , . . .

o o DR bion s e i 015 N agesps ydgpeori e, rid over
anhydtoge spsiyp iR, Ak the solvantyas dirsisd #fonrdmaedisadpressure. By
purifyifeTlRyrieeidng, 2-cidlauinarolinealla{Aithh D)oth b SRS PFERRBI BRe

chlori CF%%%%SH iCwasg gés%),ly)eq 4n }rlylgh(%%grggric acid-acetic acid solution (3
G : :1), 136.
(95 )-9({[2~(fert-butoxycarbonyl-methyl-amine)-ethyi}-methyl-amino} -acetoxy)-9-ethyl- 1 -pentyl

~-1H,12H-pyrano{3”,4”:6°,7" Jindolizino[1’,2°:6,5}pyrido{4,3,2-de}quinazoline-10,13(9H, 1 5H)-di
one was obtained as a yellow amorphous substance.

‘H-NMR (270MHz, CDCl;) 8(ppm): 0.85-0.95 (6H, m), 1.27-1.50 (4H, m), 1.40 (SH, s},
1.76-1.84 (2H, m), 2.03-2.30 (2H, m}, 2.39 (3H, s), 2.58-2.70 (2H, m), 2.80 (3H, 5), 3.18-3.36
(2H, m), 3.48 (2H, s, 3.81 (2H, 1,7 = 7.3 Hz), 5.21 (ZF, 8), 5.37 (1H, d, T = 17.3 Hz), 5.64 (1H,
d, J=17.3 Hz), 7.07 (1H, 5), 7.14 (1K, dd, T = 1.3, 7.3 Hz}, 7.38 (1H, s}, 7.53-7.70 (2H, m)

ESI (LC-MS positive mode) m/z 687 (M+H).

Process 1-D
(95)-5-Efhyl-9-{[methyl-(2-methylamino-ethyl)-amino]-acetoxy}-1 -pentyl-1H, 12H-pyrano[3” 4
7:6°,7" Jindolizino[1°,2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione hydrochloride
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and then stirred at room temperature for 2.5 hours. Ethyl acetate was
added to the reaction solution, this was then stirred at room temperature
for 30 minutes, and the resulting solid®®as collected by filtration, and
102.7 mg (74%) of 10
(9S)-9-ethyl-9-{[methyl-(2-methylamino-ethyl)-amino]-acetoxy}-1-pentyl-1
H,12H-pyrano[3",4" :6',7'lindolizino[

N%Q,S}pypdom 3,2-de]quinazoline-10,13(9H,15H)-dione hydrochloric acid
(ompound IA) was obtained as a yeIIOW|sh red solid. 1H NMR (270MH2

hey 444 g_..- m) 487503 (1H m), 5.53 (2H s), '5.54 (1H d,J=17.2
Hz), 567 @H,, J=17.2 Hz), 7.55 (1H, d, J = 7.3 Hz), 7.96-8.17 (3H, m),
833 ( Ii/sli\ ESI (LC-MS positive mode) m/z 587 (M+H). [Example 2] 20
E(QS) 9- Ethyl% (glyc I-sarcosvloxy)-1-pentyl-1H 12H-pyrano[3" 4"6" 7'
ﬁé% @(@ rido[4,3,2-delquinazoline-10.13 (9H.15H -dione
c}%ﬁﬁ} At 2A) N \~N\\/0 HCI..O 0 HZN(N~O O
(95)-9p{dLdssPbaiGe carbonyl-methyl-amino)-ethyl}-methyl-amino } -acetoxy)-9-ethyl-1-penty

L1H 1@@59%[;1@0%«342@& e %}%&ﬂﬁycg @iaw@&pd%x!}a%]aﬁmi&ﬁﬁ%ol | Hedu,15m)-di
one 1) s S e SO . S SRR i i et Blgion G L),

and thetOuiNeNdt r@rOtdmber{hife7fonné hotirs.

[NE@%H['%@E@/ %@ﬁ@@é’%ﬁxll&@{ﬁﬂ?%ﬁﬁ@%ﬂ§ \??alénnﬁypstirmd at room
temperature for 30 minutes, and the resulting solid was collected by filtration, and 102.7 mg
(74%) of
(98)-9-ethyl-G-{[methyl-(2-methylamino-ethyl)-amino]-acetoxy}-1-pentyl-1H,12H-pyrano[3”,4”
:6°,7’Jindolizino[1°,2":6,5]pyridof4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione hydrochloric acid
(compound 1A) was obtained as a yellowish red solid.

'H-NMR (270MHz, CD30D) 8(ppm): 0.99 (3H, t, I = 6.9 Hz), 1.09 (3H, 1, J = 7.4 Hz), 1.406-1.62
(4H, m), 1.88-2.02 (ZH, m), 2.15-2.31 (2H, m), 2.75 (3H, s), 2.96-3.06 (3H, m), 3.39-3.62 (4H,
m), 4.25 (2H,t, ] = 7.9 Hz), 4.44-4.60 (1H, m), 4.87-5.03 (1H, m), 5.53 (2H, 5}, 5.54 (1H, 4, I =
17.2 Hz), 5.67 (1H, d, =172 Hz), 7.55 (1H, d, J = 7.3 Hz), 7.96-8.17 (3H, m), 8.33 (14, 5)

ESI {(LC-MS positive mode) m/z 587 (M+E).

[Example 2]
(98)-9-Ethvl-9-(glvevl-sarcosvloxy)-1-pentyl-1H. 1 2H-pyrano{37.47:6".7 Jindolizino[ 1°.2°:6 51py
rido{4.3.2-de]quinazoline-10.13 (9H.15H)-dione hydrochloride (compound 2A)

Process 2-A
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5 substance (Helvetica Chimica Acta, 1991, 74, 197), 1.3 g (2.84 mmol) of
(9S)-9-ethyl-9-hydroxy-1-pentyl-IH,12H-pyrano[3",4":6',7']indolizino[1',2".6,
5]pyrido[4,3,2-d e]quinazoline-10,13(%4,15H)-dione, 2.2 g (11.34 mmol)
of I-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride, and 1.4
g (11.34 mmol) of 4-dimethylaminopyridine were dissolved in methylene
chloride (50 mL), and then stirred at 10 room temperature for 1.5 hours.

(98)-%qugg%ﬁ%‘&tﬁ%&‘i’ﬂo\é(ﬁ%%?J'éngﬂn@sw@&%x%’?@L‘é‘ﬁ%ﬂ@l%%g%ﬁ%%ﬁgﬁé%mm[3”,4”:

s o saturated agueous o ydrogén carbonate so
6.7 Iorelizin i rd s -SSRt Etifated el AR OkRRe] Sold e HIERRSd off
ungergetucethpréessure. Purification of the resulting residue was

0l = 100:1 to 15 30:1), and as a result, 1.34 g (69%) of

pxycarbonyl)-glycyl]-sarcosyloxy}-9-ethyl-I-pentyl-1H,12
H-pyrano[3"4“6 0
',7']indo|izin6[~k'u,'. 5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione

w?gobtainqd a®a Yellowish red amorphous substance. 1H-NMR
ﬁ\@ Mﬂgmﬂcj@b\%(ppm): 20 Rotamer A* 0.86-1.04 (6H, m), 1.24-1.53

(4H, ), 138 (9H, s), 1.70-1.90 (2H, m), 2.03-2.36 (2H, m), 3.04 (3H, s),

3.83 (2H,t,.J = 7.1 Hz), 3.96-4.05 (2H, m), 4.12 (IH,d, J = 17.7 Hz),.4.57

(i1 S D) O N o s ) S g s oo 3 penovin
substange $I&8 vatida himica AR A911047 P 12H3 Y2 B4 onmel) 9 7.60-7.75
(93)-4%@#8%%6{5%2*?&1{%@ @[%-’%4“465,?7’%&&0'1%{5%8,{29!6;ﬁ%:yridom,s,z-d

.1.7Q:1.90 ( . 2,03-2.36 ,3.02(3H,’s), 3.83 (2H,1,J=7.1
e]qmrra%ﬁ%é)@sfé@@)ﬁ, djpgs, é%,%ﬁ%@ﬁﬁgﬂ-?z‘j%s? (1H, d, J = 17.7
1-ethy:(5-2un@hy;  shniB@s il etadbodiBde dyy drdéBBée( Hed rh) 5.68 (iHnthol) of
4-dimehy bR didOfetd d2Ebi0aY it 40:Mihetl Hf0i4e/B é%&ié%g}ﬁ%ﬁ@ﬂ Aifed at

of the two rotamers, A and B, was approximately 5:1. ES

room SURRIAtHIS &%) A8EF- (M+H). 30 60 Process 2-B

(9S)He- Eethoyle@- fglvtipinsarcosythry ) whith €ty Haikabk pychonoli3oric acid and saturated
s A L e bl ied v o oo e, and
then the@pdyent was distilled off under reduced pressure. ~Purification of the Tesulting residue
was performed using silica gel column chromatography (methylene chloride:methanol = 100:1 to
30:1), and as a result, 1.34 g (69%) of
(98)-9-{[N-(tert-butoxycarbonyl}-glycyl}-sarcosyloxy} -8-ethyl-1-pentyl-1H,12H-pyrano{3”,47:6
’, 7" lindolizino{1",2°:6,5]pyrido[4,3,2-de]quinazoline-10,1 3(9H, 1 5H)-dione was obtained as a
vellowish red amorphous substance.
'H-NMR (270MHz, CDCl3) 8(ppm):
Rotamer A* 0.86-1.04 (6H, m), 1.24-1.53 (4H, m), 1.38 (9H, 5), 1.70-1.90 (2H, m), 2.03-2.36
(2H, m), 3.04 (3H, s), 3.83 (2H, t, J = 7.1 Hz), 3.96-4.05 (2H, m), 4.12 (1H, d, = 17.7 Hz), 4.57
(1H, d,J=17.7Hz),5.21 (2H, s), 5.38 (1H, d,J =17.3 Hz), 5.46-5.56 (1H, m), 5.66 (1H,d, I =
17.3 Hz), 7.10-7.21 (2H, m), 7.40 (1H, s}, 7.60~7.75 (2H, m);
Rotamer B* 0.86-1.04 (6H, m), 1.24-1.53 (4H, m), 1.38 (9H, 5), 1.70-1.90 {2H, m), 2.03-2.36
(2H, m), 3.02 (3H, s), 3.83 (2H, t, J = 7.1 Hz), 3.90-3.96 2H, m), 4.12 (1H, d, ] = 17.7 Hz), 4.57
(1H,d, I=17.7Hz), 5.24 (2H, s), 5.38 (1H, d, J=17.3 Hz), 5.46-5.56 (1H, m), 5.68 (1H,d, J =
17.3 Hz), 7.10-7.21 2H, m), 7.40 (1H, s}, 7.60-7.75 (21, m).

*The ratio of the two rotamers, A and B, was approximately 5:1.

ESI (LC-MS positive mode) m/z 687 (M~+H).
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HCI O O H2N(N--_~_-O 051.33 g (1.94 mmol) of
(9S)-9-{[N-(tert-butoxycarbonyl)-glycyl]-sarcosyloxy}-9-ethyl-I-pentyl-1H,12
H-pyrano[3",4":6 60

", 7'lindolizino[l',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione,
which was prepared in Process 2-A, was dissolved in 1 N hydrochloric
acid-acetic acid solution (15 niL), and then stirred at room temperature for

Proced 2%”5 and 45 minutes. 10 Ethyl acetate was added to the reaction
solttion, which was then stirred at room temperature for 30 minutes, the

(9S)-SrEdhiiriy(ehieinerscasiensd by smiibH; WAt aypmel 8otk f lindolizino[ 1°.2°:6,5]py

rido[4(93)detiukLolabayl BNTOMERYd dripanytc ot -pyrano [3",4":6',7' ]
Judolizing] 152" :6,5]py rido[4,3,2-de]quinazoline-10,13 (9H,15H)-dione

MMHz, CD30D) S(ppm): RotamerA* 0.99 (3H, t, J = 7 1 Hz),

= 7.6 Hz), 1.34-1.58 (4H, m), 1.90-2.00 (2H, m), 2.14-2.30
3H, ), 3.99 (2H, s), 4.25 (2H, t, J = 7.3 HZ), 4.56 (IH, d, J =

e 17.9 H2) HdJ 17.9 Hz), 5.51 (IH, d, J = 17.4 Hz), 5.52 (2H, s),
561(1I|—| dgJ »17.4 Hz), 7.52-7.57 (IH, m), 7.89 (IH, s), 7.80 (IH, d, J =
8.2 Hz §}QIHtJ 8.2Hz),8.38(1H,s); 20 Rotamer B* 0.99 (3H, t, J =
HA 1 HZ), 7708 B3H, t, J = 7.3 HZ), 1.34-1.58 (4H, m), 1.90-2.00 (2H, m),
214‘%30(2H m), 3.08 (3H, s), 3.90 (1H, d, J = 16.5 Hz), 4.02 (IH, d, J =
16 532 (4.9bm2el) o0 = 7.3 Hz), 4.62 (1H, d, J = 18.8 Hz), 4.76 (1H, d, J

(9S)- 9‘ tﬁ@bé@%& i{?c ﬁsagcosyloxig' -9-ethyl-1- entyi 1H,12H-pyrano[3”,4™:6

i %%é}??dgﬁé 752757

8. 03
10 B L) B i ey prepered
in Protirest@arotasndisspoWeaioh B, Wapdapgroximatalya8e2ic St (oG0S OGsitily, and then

stirred ARSI R fatliE 1 BEAMPIE B §942:3:dl(2-Amino-ether

-methyl-aminol-acetoxy}-9-ethyl= 1§ent yl-1H,12H-pyrano[3",4":6' 7'] 30

.nd%maﬁtaze eveaa%&fbra %ﬁ%ra%q OhseBHeE- ohich aras ey %Wéi at room
tempelydredbidd deaitdcampesnitiIAIdlid\ws tiillected by filtration, and 1.28 g (100%) of

(95)-8-ethyl-9-(glycyl-sarcosyioxy)-1-pentyl-1H,12H-pyrano[3™,4™:6°,7" Jindolizino[1°,2:6,5 ]py
rido{4,3,2-de}quinazoline-10,13 (9H,15H)-dione hydrochloric acid {(compound 2A) was obtained
as a yellow solid.
'H-NMR (270MHz, CD;0D) 8(ppm):
Rotamer A* 0.99 (3H, t, T = 7.1 Hz), 1.03 (3H, t, T = 7.6 Hz), 1.34-1.58 (4H, m), 1.90-2.00 (2H,
m), 2.14-2.30 (2H, m), 3.11 (3H., s), 3.99 (ZH, 5), 4.25 CH,t, J =73 Hz), 4.56 (1H. 4. J=17.9
Hz), 437 (1H,d,1=179Hz), 5.51 (1H,d,i =174 Hz), 5.52 (2H, 5), 5.61 (1H,d, T = 174 Hz),
7.52-7.57 (1H, m), 7.89 (1H, s), 7.80 (1H, d, = 8.2 Hz), 8.10 (1H, t, ] = 8.2 Hz), 8.38 (1H, s);
Rotamer B* 0.99 (3H, t,J =7.1 Hz), 1.08 (3H, t, ] = 7.3 Hz), 1.34-1.58 (4H, m), 1.90-2.00 (2H,
my), 2.14-2.30 (2H, m), 3.08 (3H. s), 3.90 (1H, d, J = 16.5 Hz), 4.02 (1H, d, J = 16.5 Hz), 4.25
(2H,t,J=73Hz), 462 (1, d, T=18.8 Hz),4.76 (1H, d, ] = 18.8 Hz), 5.52 (2H, s), 5.53 (1H, 4,
J=16.9Hz), 5.65(1H, d, J=16.9 Hz), 7.52-7.57 (1H, m), 8.03 (1H, d, = 8.2 Hz), 8.10 (1H, t, ]
= 8.2 Hz), 8.15 (1H, 5), 8.34 (1H, s).

*The ratio of the two rotamers, A and B, was approximately 3:2.
ESI (LC-MS positive mode) m/z 587 (M+H).

[Example 3]
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O HCI,,..10 H2N~N O Process 3-A 5
{[2-(tent-Butoxycarbonylamino)-ethyl]-methyl-amino}-acetic acid benzyl
ester OO NVAN OO 500 mg (1.42 mmel) of sarcosine benzyl ester
p-toluenesulfonate, 478 mg (2.13 mmol) of
2-(tert-butoxycarbonylamino)-ethyl bromide, and 0.25 mL (2.13 mmol) of
diisopropyl-ethylamine were dissolved in methylene chloride (10 mL), and

(com %{a?t!%ﬁed at room 10 temperature for approximately three days. After
completion of the reaction, the reaction solution was concentrated and

N~ the- Tesidire-obtained was purified by silica gel column chromatography
I acetatg) to yield 175 mg (38%) of
lentpbugoxycarbonylamino)-ethyl]-methyl-amino}-acetic acid benzyl

: J, 2.87 (3H, s), 2.63 (2H, t, J = 6.0 Hz), 3.20 (2H, br.q), 333
HCl P5t4H, br.s), 5.16 (2H, s), 7.32-7.39 (5H, m) ESI (LC-MS
positiveé mdde)dn/z 323 (M+H). Process 3-B 20
H ,{[2361;9%1 carbonylamino)-ethyl]-methyl-amino}-acetic acid

?OUN~~N(OH O O 162 mg (0.5 mmol) of
{[2-(tert-butoxycarbonylamino)-ethyl]-methyl-arriinol -acetic acid benzyl
Procees ef prepared in Process 3-A was dissolved in methanol (5 mL), and then
—-‘?@%—‘%alladium-carbon was added to it, and this was stirred under a
{[2-(rydioery crhosplharear- ¢t -25 teyhpeoritoestotionei denziitestéittering
off the insoluble materiagh.the filtrate was concentrated to yield 116 mg
0(10 %) of {[2-(ter6—but rbonylamino)-ethyl]-methyl-amino}-acetic acid
a chcfﬂéﬁ’s iscous oil. 'H-NMR (270MHz, CD30D) S(ppm): 1.45
(8H, s), 2.911(35, s), 3.22 (2H, t, J = 6.3 Hz), 3.41 (2H, t, 3 =6.3 Hz), 3.63

(2HoB)ke 1 (L& MR B R SIRAD I 1 238 M i erpesul fonate, 478 mg (2.13 mmol)
of 2-(fert-butoxycarbonylamino)-ethyl bromide, and 0.25 mi (2.13 mmol) of
diisopropyi-ethylamine were dissolved in methylene chioride (10 mL), and then stirred at room
temperature for approximately three days. After completion of the reaction, the reaction
solution was concentrated and the residue obtained was purified by silica gel column
chromatography (ethyl acetate) to yield 175 mg (38%) of
{2-(tert-butoxycarbonylamino}-ethyl}-methyl-amino } -acetic acid benzyl ester as a colorless
viscous oil.

"H-NMR (270MHz, CDCl;) 8(ppm): 1.44 (94, 5), 2.37 (3H, s), 2.63 (2H,t,J=6.0 Hz), 3.20 (2H
br.q), 3.33 (2H, s), 5.15 (1H, br.s), 5.16 (2H, 5), 7.32-7.39 (5H, m)
ESI (LC-MS positive mode) m/z 323 (M+E).

)

Process 3-B
{{2-(tert-Butoxycarbonylamino)-ethyl]-methyl-amino} -acetic acid

H
O.__-N OH
TATNY

162 mg (0.5 mmol) of {{2-(ferr-butoxycarbonylamino)-ethyl]-methyl-amino}-acetic
acid benzyl ester prepared in Process 3-A was dissolved in methanol (5 mL), and then 5%
palladium-carbon was added to it, and this was stirred under a hydrogen atmosphere at room
temperature for one hour.  After filtering off the insoluble material, the filtrate was concentrated

to yield 116 mg (100%) of {[2-(tert-butoxycarbonylamino)-ethyl]-methyl-amino }-acetic acid as
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Process 3-C (9S)-9-({ [2-(tert-Butoxycarbonylamino)-ethyl]-methyl-amino
}-acetoxy)-9-ethyl-i-pentyl-IH,12
H-pyrano[3",4":6',7'lindolizinol[l',2":6,5]@¢rido[4,3,2-de]quinazoline-10,13(9
H,15H)-dione NO_NN o0 ~-~00 NtiN H 10 11.2 mg (0.48 mmol) of
[2-(tert-butoxycarbonylan-iino)-ethyl]-methyl-amino -acetic acid prepared
in Process 3-B, 157 mg (0.34 mmol) of (9S)-9-ethyl-9-hydroxy-|

a colofREMYsH L 2k-pyrano[3 *,4":6',7"lindolizino[l',2":6,5]pyrido[4,3,2-d
g qumazollne 10 13(9H,15H)-dione, 197 m 1 03 m

R TR, UGy oSSR, k6 g, 241

{(2H, t,((D 6&131&&@)) b1 Hdnethylaminopyridine were dissolved in. methylene

ESI (L@'Rﬁ@ é&%@kﬁoﬁ%ﬁ/@%?@ﬁ% room temperature for three hours.

The re tion solution was wa ith 0.3 N aqueous hydrochloric acid
solution, dried over anhydrous sodium sulfate, and then the solvent was
Proceqdigtitled off under reduced pressure. By purifying the obtained residue by

(95)- 95{}?% ngf’%'&m” Eh‘oo gé%&g:? hé‘cﬁ”l?-tnﬁé%@iazz%%@',nge‘%ox{?)”éaet%ﬂ1 -pentyl-1H,12

%h@oiyb&dﬁ%ﬁmfmr%)feﬁ]wnﬁ@Eﬁ@ -arinieliaeeabing)i9-¢8{gH. 1 SH)-dione
“ReAA AR
H pyrno[3 4".6',7'lindolizino[l',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9
@ s obtained as a yeIIow viscous oil. 'H-NMR (270MHz
& CH

H-pyr

Hz) 3 20 (PN .3.46 (2H, S), 3.82 (2H, t, J = 7.1 HZ), 5.21 (1H, br.s),
5(22 m @H, d, 3=17.2 Hz), 5.67 (1H, d,J=17.2 Hz), 7.10
r.d), 7.40 (1H, br.s), 7.58-7.70 (2H, m) ESI (LC-MS

posmlve mode) m/z 673 (M+H) 30 Process 3-D 63 (9S)-9-

[(2-Amino [)-me cetoxy} 9-ethyl-I-pentyl-1

H ]t_éz%é}h%% gl ]? E%g g‘ioiﬁyfargcg}ﬁm@o) ethyl}-methyl-amino}-acetic
acid pf&ﬁ&%eidhmzaﬁn& 167]1&&5{91&%%@@“ hydrochloride i i O
(95)-9-ethyl-S-hydroxy-1-pentyl-1H,1 2H-pyrano[3”,4™:6",7 Jindolizino{1°,2":6,5]pyrido[4,3,2-d
ejquinazoline-10,13(9H,15H)-dione, 197 mg (1.03 mmol) of
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride, and 83 mg (0.68 mmol) of
4-dimethylaminopyridine were dissolved in methylene chloride (10 mL), and then stirred at
room temperature for three hours.

The reaction solution was washed with 0.3 N agueous hydrochloric acid solution, dried
over anhydrous sodium sulfate, and then the solvent was distilied off under reduced pressure.
By purifying the obtained residue by silica gel column chromatography (methylene
chioride:methanol = 50:1), 61 mg (27%) of
(98)-9-({[2-(tert-butoxycarbonylamino)-ethyl]-methyl-amino} -acetoxy)-9-ethyl-1-pentyl-1H,12
H-pyrano[3”,47:6°,7" Jindolizino[1’,2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione
was obtained as a yellow viscous oil.

'H-NMR (270MHz, CDCl3) 8(ppm): 0.88-1.00 (6H, m), 1.32-1.53 (4H, m), 1.42 (9H, g),
1.73-1.86 (2ZH. m), 2.08-2.36 (2H, m)}, 2.39 (3H, s), 2.63 (2H, t, ] =5.9 Hz), 3.20 (2H, br.q), 3.46
(2H, s), 3.82 (2H,t, J=7.1 Hz), 521 (IH, brs), 5.22 (2H, 5), 540 (1H, d, I =17.2 Hz), 5.67 (1H
d, J=172Hz), 7.10 (1H, 5), 7.14 (1H, br.d), 7.40 (1H, br.s), 7.58-7.70 (2H, m)

ESI (LC-MS positive mode) m/z 673 (M+H).

&

Process 3-D
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N _iClI \\N/O HCI 00 H2N 58 mg (0.086 mmol) of 5
(9S)-9-({[2-(tert-butoxycarbonylamin.o)-ethyl]-methyl-amino}-acetoxy)-9-et
hyl-I-pentyl-1H,12 H-pyrano[3",4":6',763
Jindolizino[1',2".6,5]pyrido[4,3,2-de]quinazoline-10,13 (9H,15H)-dione
prepared in Process 3-C was dissolved in IN hydrochloric acid-acetic acid
solution (2 mL), and then stirred at room temperature for four hours. Ethyl

(98)- %{R@Mﬁ&@@@%ﬁ@tﬂ%é&ﬁﬁﬂ%&%ﬁﬂ%%ﬂiﬁ %E}ﬁmtlil@?ﬂ 598'[@” 476,71
11“1(ic>1zrf',1ﬁ1r Iogeﬁg 05 fg 640 ;2 ﬁ ﬁ;g}lji%%ltge E%lkg 8%? \é\{%%g gy%g'[)% onde
N/Kg{-amnmethyl) methyl-amino]-acetoxy}-9-ethyl-I-pentyll
12H -pyrano[3",4":6',7']i
, ," ,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione
Weroekloride (compound 3A) was obtained as a yellow solid. 15 'H-NMR
(270MHZz-¢D3BD) 8(ppm): 0.99 (3H,t,J=6.9 Hz), 1.09 (3H,t,J=7.3
not Hz), 1.38:462( (4H, m), 1.88-2.02 (2H, m), 2.16-2.30 (2H, m), 3.07 (3H,
s), 3.3%-3.62 (4H, m), 4.25 (2H, br.t), 4.62 (1H, d, J = 17.5 Hz), 5.05 (1H,
b 3 E ,5.52 (2H, s), 5.53 (1H, d, J = 17.5 Hz), 5.67 (1H,d, J =
217 5Hz), 7.5 (1H br d), 7.98-8.16 (3H, m), 8.32 (IH, s) ESI (LC-MS
poggl r@n@g@ (M+H) 20 [Example4]
vI-9-(sar cos -sarcosvloxy)-I-pentyl-IH 12H-pyrano[3" 4"6'
(98-S BP0 i DSBS 1001 SGHPISP R -pentyl-1EL12
H-pyrayslioCHI06Q% [eaisiponsid 424)6 Nip¥idods B A-deld@inazoline-10,13(9H, 1 5H)-dione

prepared in Process 3-C was dissolved in IN hydrochloric acid-acetic acid solution (2 mL), and

then stirred at room temperature for four hours.

Ethyl acetate was added to the reaction solution, which was then stirred at room
temperature for 30 minutes, and the resulting solid was collected by filtration, and thus, 54 mg
{93%) of
(95)-9-{[(2-amino~ethyl)-methyl-amino]-acetoxy}-9-ethyl-1-pentyl1H,12H-pyrano{3”,4™:6°,7 1
ndolizino[1°,2":6,5]pyrido{4,3,2-de]quinazoline-10,13(9H, 15H)-dione hydrochioride (compound
3A) was obtained as a yellow solid.

'H-NMR (270MHz, CDs0D) 8(ppm): 0.99 (3H, t, ] = 6.9 Hz), 1.09 (3H,t,J =7.3 Hz), 1.35-1.62
{(4H, m), 1.88-2.02 2H, m), 2.16-2.30 (2H, m), 3.07 (3H, s), 3.37-3.61 (4H, m), 4.25 (2, brt),
4.62 (1H,d, 7= 17.5Hz), 5.05 (1M, d, T = 17.5 Hz), 5.52 (2H, s}, 5.53 (1H, d, = 17.5 Hz), 5.67
(1H,d, J=17.5 Hz), 7.55 (1H, br.d), 7.98-8.16 (3H, m), 8.32 (14, s)

ESI (LC-MS positive mode) m/z 573 (M+H).

[Example4]
(95)-9-Ethyl-9-(sarcosvl-sarcosvioxy)-1-pentvi-1H.12H-pyrano[37.4":6°,7 Jindolizino{ 1 °.27:6.5]
pyrido[4.3.2-delquinazoline-10.13(9H.15H)-dione hvdrochloride (compound 4A)
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0 IIH.YN 0 0 64 Process 4-A
(9S)-9-{[N-tert-Butoxycarbonyl)-sarcosyl]-sarcosyloxy}-9-ethyl-i-pentyl-1H,
12H-pyrano[3",4" 64
:6',7"indolizinol[l',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione
5 113 mg (0.44 mmol) of [N-(tert-butoxycarbonyl)-sarcosyl]-sarcosine,
which is a known substance, 100 mg (0.22 mmol) of
(9S)-9-ethyl-9-hydroxy-I

P tyl-1H,12H-pyrano[3",4":6',7'lindolizino[I',2".6,5]pyrido[4,3,2-d
M%azohne 10,13(9H,15H)-dione, 125 mg (0.65 mmol) of

(95)-94{ B¥hid-8 RBtdimettdamiraprossil)-cacbegimideShgdidchipeive] -aHd1 38 mgranof3”,4”

6,7 1R I)?fé% iensthylami agmﬁlxvﬁoe@@‘i@lys*@"m?éhylene
chIorlde( and th tirred. at room temperature for 3.5 hours. The
re&é@i&ﬂgs@% e\%ﬁé‘afmﬂt@@@m&&%oﬁfgm%awmemﬁ% is a known

substanacp)d@0sngddidPiydiogén carbonate solution, dried over anhydrous

(95)-95adi4rg ﬁg&li?&? E}t” RHS[‘ i?ﬁ%@ivﬁﬁ%ﬂ%?? distyee A 4ndald; @dﬁe%dS]pyndo[4 3.2-d

pressure, residue was aﬁlfled by silica gel 15
cTouinBRE iAot Ay LSty e LGRALe e PE0:1), 103 ma (68%) of

1-ethy{S5)394{:Ntheithidoxycpy Doryheasiraddy Haatahiytide/ jafdeibhk-(feadyininol) of

eI e ety Sl g e L et o
tempegRE Gt edHE R yellow amorphous substance. 'H-NMR (400MHz,
COG&d 33B(Rprephaha %h@%@ﬂﬁi@% h@l&(&@d‘h}lﬂ%m& &Ad(2hH agueous

condf AR AR A S A0 G858 G e e e
was dlmyllqizg"f(&weﬁi)edp%mw&ﬂ rﬁﬁEsb@eeM@%@tWésmwéym yiipa gel
cozmﬂ\&m}nﬁg&;ﬂge@@&gﬂ&g)ﬁ%ﬁﬁmﬁ&(ﬁ@ﬁ@psymMasla%g/xélg%qraif/l I

O S e S A0 S TN s oRe Rl
6°,7" lindplizino[1°,2°:6 S}pyndo[4 3,2-de]quinazoline-10,13(9H,15H)- dzone was obtained as a
yellow amorphous substance.

‘H-NMR (400MHz, CDCl3) 8(ppm):

0.88-1.02 (6H, m), 1.25-1.51(13H, m), 1.73-1.82 (2H, m), 2.11-2.32 (2H, m), 2.84 (3H, m), 3.02
(3H, m), 3.80 (2H, br.t), 3.92-4.29 (3H, m), 4.58-4.71 (1H, m), 5.12-5.70 (4H, m), 7.04-7.19 (2H,
m), 7.39 (1H, m), 7.55-7.68 (2H, m)

ESI (LC-MS positive mode) m/z 761 (M+H).

Process 4-B
(9S)-9-Ethyl-9-(sarcosyl-sarcosyloxy)-1 -pentyl-1H,1 2H-pyrano{3”,4™:6°,7’ Jindolizino[1°,2":6,5]
pyrido[4,3.2-de]quinazoline-10,13(9H,15H)-dione hydrochloride

98 mg (0.14 mmol) of
(95)-9-{[IN-tert-butoxycarbonyl)-sarcosyli}-sarcosyloxy}-9-ethyi-1-pentyl-1H,1 2H-pyrano[3”,4™
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0 Hci0 0 O 98 mg (0.14 mmol) of 30

(9S)-9-{[N-tert-butoxycarbonyl)- sarcosyl] sarcosyloxy}-9-ethyl-lI-pentyl-1H,
12H-pyrano[3",4": 65

6',7'lindolizino[l',2":6 5]pyr|d0[4,3,2-de]qumazollne-10,13(9H,15H)-d|one
prepared in Process 4-A was dissolved in 1 N hydrochloric acid-acetic
acid solution (3 mL), and then stirred at room temperature for two hours.

6.7 ]ﬁﬁmi@ﬁsga@\A@S]@Siﬂas[m_v,tbed&?@ﬁ%@ﬂ&ﬁiglm1xzbmmﬁanﬁﬁ Béb%&ﬂe lin Process
4-A “%aoso so%tvégpe ?%ggdgé)%%?gl?%@?an%tgéé 1|1tt|1no% ?ghd Was S ggtsegrred at room

Ntraton, and
tempeé@@)‘@f@nﬁwagl(mscosyl -sarcosyloxy)-1-pentyl-1H,12H-pyrano[3",4":6',7'lin

@H}Q [lie%ta@ ShaPYHIO40312: I8l auiRAgalinR L Qb R Ao fH: ! e at 100m

dro e(compoun 4A) was obtained as a yellow sglid. 10 'H-N
tempe(g

HIT- 656 135P VAR ol i f4faiap, and s, 67 me
(71%)1087-2. 01 (2H m), 2 15-2. 31 (2H m), 2.71 (3H, s), 3.10 (3H, m),

(95)- é&@f‘é%&?&‘y )sﬁc%% )Qezﬁiﬁﬁi%? X (Lgs“@“”’smf E@gi dingl12:6.5]

pyridgldodel m’pszoi%e?élszmﬁ@ R oA obtained

as a y¢8p«t-ethiyfl-3.13-dioxo-3,4,12.13-tetrahydro- 1

1. NW@W@@:;@@?&W@I[bh]fluoren-4-y1 ester hydrochloride

comé) 2 0 H=FdN O 20 Process 5-A
0.96-1.11 (6H, m), 1.40-1.62 (4H, m), 1.87-2.01 2H, m), 2.15-2.31 (2H, m), 2.71 (3H, s), 3.10

(3H, m), 4.05-4.15 (2H, m), 4.24 (2H, br.t), 4.55-4.70 (2H, m), 5.46-5.70 (4H, m), 7.52 (1H, m),
7.81-8.15 (3H, m), 8.34 (1H, m)
ESI (LC-MS positive mode) m/z 601 (M+H).

[Example 5]

{Aminoacetvl-methyl-arnino-acefic acid
(S)-4-ethyl-3.13-dioxo-3.4.12,13-tetrahvdro-1H-2-0xa-6.12a-diaza-dibenzo{b.h1fluoren-4-vi
ester hvdrochioride (compound 5A)

Process 5-A

(tert-Butoxycarbonylaminoacetyl-methyl-amino)-acetic acid
(5)-4-ethyl-3,13-diox0-3,4,12,13-tetrahydro-1H-2-0xa-6,1 2a-diaza-dibenzol[b,h]fluoren-4-yl
ester

441 mg (1.93 mmol) of N-(fert-butoxycarbonyl)-glycyl]-sarcosine, 250 mg (0.77 mmol}
of camptothecin, 343 mg (1.93 mmol) of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
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(tert-Butoxycarbonylaminoacetyl-methyl-amino)-acetic acid
(S)-4-ethyl-3,13-dioxo0-3,4,12,13-tetrahydro-IH-2-oxa-6,12a-diaza-dibenzo[
b,h]fluoren-4-yl 25 estero 1~ o0 pp ¥8Xq~N~o0 441 mg (1.93 mmol) of
N-(tert-butoxycarbonyl)-glycyl]-sarcosine, 250 mg (0.77 mmol) of
camptothecin, 343 mg (1.93 mmol) of

1- ethyl 3 -(3-dimethylaminopropyl)- carbodiimide 66 hydrochloride, and 87

) of eth [ Were dis olved in eth
myrod B T P o s it i s methleme
Chionﬁéébﬁﬁﬂ%dlmh@a§m@fdwm ©GrBINrague dos Kybeuohloric acid and
SOUH M AW RHHP IS RPN RREE R D QVQrA BQM%Q?@@QME&:%@%CI sodiom

hydro%?f?gﬁgq? § ;gg%‘ §, o dlgxéh!xlg Q?ﬁog pder e pﬁ?(rent was distilled
off m@mﬁ@@émhﬁu@_@@mxfym@@ﬁ)g%ﬂ}ﬁ@@@%} bﬂ sﬂica gel column

chromgi%r LhLke ayéadma&a&%&mwm 1 963ty of
4 eth -3,13-dioxo-3,4,12 1f tetrah dro- Bﬁ%gxa 12a diaza-dibenzo[

0‘”"@‘8]??&&3%“&*91%%@8% FARIES &vaﬂ lid. 10 1H-NMR
(S)-4-¢BR0NH 2 dBC T34, SIsri oS H HE 2 ox 7-6H2)- diB5 (8 e s)p b fhiBren-4-y]

ester@yoﬁ%%@g@%}@ﬁggﬁ 24 (3H, m), 4.61 (1H, m), 5.28 (2H, br.s),
17.2 Hz), 5.47 (1H, br.s), 5.69 (IH, d, J = 17.2 Hz), 7.30

'H NM%@PW@&%IP%X? (PPE(1H, br.t), 7.93 (1H, br.d), 8.29 (1H, br.d), 8.40

100 (Yl <) FABEMS (RSN 0cS)- hia BT, Bt H)0S ISR opasatbama (3H, m), 4.61 (1H,
1y _

) 5? e (b B9 S0 ] =172 Hg. 730 (11

51 7.68, ubFn A1 SlePFalh{Hs BRI S9N K b, 540 OF.

FAB-MS (positive mode) m/z 577 (M+H).

Process 5-B

(Aminoacetyl-methyl-amino)-acetic acid

(8)-4-ethyl-3,13-dioxo-3,4,12,1 3-tetrahydro-1H-2-0xa-6,12a-diaza-dibenzo[b h}fluoren-4-yl
ester hydrochioric acid

39 mg (0.068 mmol) of (rerr-butoxycarbonylaminoacetyl-methyl-amino}-acetic acid
(S)-4-ethyl-3,13-~dioxo-3,4,12,13-tetrahydro-1H-2-oxa-6,12a-diaza-dibenzo{b,h]flucren-4-yl
ester prepared in Process 5-A was dissolved in I N hydrochloric acid-ethyl acetate solution (2
mL), and then stirred at room temperature for four hours. |

Ethyl acetate was added to the reaction solution, this was then stirred at room
temperature for 30 minutes, and the resulting solid was collected by filtration to yield 28 mg
(82%) of (aminocacetyl-methyl-amino}-acetic acid
(S)-4-ethyl-3,13-dioxo-3,4,12,13-tetrahydro-1H-2-0xa-6,12a-diaza-dibenzo[b,h]fluoren-4-y1
ester hydrochloride (compound 5A) as a yellow solid.

'H-NMR (270MHz, DMSO-ds) 8(ppm):
0.92 (3H, t, I = 7.3Hz), 2.11-2.24 (2H, m), 2.92-2.98 (3H, m), 3.90 (2H, m), 4.40-4.78 2H, m),
5.30 (2H, br.s), 5.40-5.60 (2H, m), 7.18-7.27 (1H, m), 7.75 (1H, br.t), 7.89 (1H, br.t), 8.12-8.28
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HCI\11106 H,NO 20 c 39 mg (0.068 mmol) of
(tert-butoxycarbonylaminoacetyl-methyl-amino)-acetic acid
(S)-4-ethyl-3,13-dioxo-3,4,12,13-tetrahgdro-1H-2-oxa-6,12a-diaza-dibenzo[
b,h]fluoren-4-yl ester prepared in Process 5-A was dissolved in 1 N
hydrochloric acid-ethyl acetate solution (2 mL), and then stirred at room
temperature for four hours. 25 Ethyl acetate was added to the reaction

(OH, §8Ilg|§51(btp§§ was E@gp S'atlrred at room temperature for 30 minutes, and

he resulting solid was collected by filtration to yield 28 mg (82%) of
ESI (%Méas@t MrTBRAAL AR ) e icid
(S)-4-ethyl-3,13-dioxo-3,4,12,13-tetrahydro-1H-2-oxa-6,12a-diaza-dibenzo

[Exa !?!ﬁ]q@%oren -4-yl ester hydrochloride (compound 5A) as a yellow solid. 30
v R (270MHz DMSO d6) S(pm 0. 92 (3H t J=7. 3Hz) 2 11-2.24

-1H, ms)pﬁréﬁbsz‘sa (3H7mhd611§n6127 ﬁI*Hs maw?ﬂaﬂmmetpmm%ﬁﬁs b@tﬁamﬂ ESH)—dl

one 19L%8,28,67, (2H, m)., 8.25(br <), 8.72 (1H, s) ESI (LC-MS positive mode)

(98O T2[(R-2-Amino-2-methoxycarbonyl)ethanesulfon llethoxycarbon

fg $ @' 1-penty [-11-1.1 2H-pvrano[3" 4":6" 7'lindolizino[1' 2'6
e]guinazoline-lO 13(9H 15H)-di one trifluoroacetic acid

salt (compaing 6A) N*N'_./-/ NOO 0 0Ir0os~o IA\ CF3COOH NH20

0 10 Proce @,A (9S)-9-(2-Bromo-ethoxycarbonyloxy)-9-ethyl-|

pedIM/JJ;lAZI-I -pyrano[3",4":6",7' Jindolizino[]."

CF3CO0H NH:O o

Process 6-A
(95)-9-(2-Bromo-ethoxycarbonyloxy)-9-ethyl-1-pentyl-1H,1 2H-pyrano[3”,47:6°,7 Jindolizino[ 1’
,2°:6,5pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione

620 mg (1.35 mmol) of
(95)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4:6°,7 Jindolizino[1°,2":6,5]pyrido[4,3,2-d
ejquinazoline-10,13(9H,15H)-dione, 0.29 mL (2.70 mmol) of 2-bromoethy! chloroformate, 0.47
mL (2.70 mmol) of diisopropyl-ethylamine, and 165 mg (1.35 mmol) of
4-dimethylaminopyridine were dissolved in methylene chloride (20 mL), and then stirred at
room temperature for approximately 24 hours.

The reaction solution was washed with 0.3 N aqueous hydrochloric acid, dried over
anhydrous sodium sulfate, and then the solvent was distilled off under reduced pressure. By
purifying the obtained residue by silica gel column chromatography (ethyl acetate), 681 mg
(83%) of
(95)-9-(2-bromo-ethoxycarbonyloxy)-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4™:6°,7' Jindolizino{ 1’
,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione was obtained as a yellow solid.
*H-NMR (270MHz, CDCl3) §(ppm): 0.93 (3H,t, I = 7.3 Hz), 1.00 (38, t, J = 7.6 Hz), 1.31-1.54
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,2":6,5]pyrido[4,3,2-de]quinazoiine-10,13(9H, 15H)-dione N*"N N Ha .ro
Br 0 620 mg (1.35 mmol) of 15
(9S)-9-ethyl-9-hydroxy-I-pentyl-IH,12Hspyrano[3",4":6',7']indolizino[1',2":6,5
]pyrido[4,3,2-d e]quinazoline-10,13(9H,15H)-dione, 0.29 mL (2.70 mmol)
of 2-bromoethyl chloroformate, 0.47 mL (2.70 mmol) of
diisopropyl-ethylamine, and 165 mg (1.35 mmol) of

(4H, x{})rdln?QIMQf@HOBW'Q'OS-W%B(QI%S@J)/@S@@ch}’!&ﬂ% e cheg@@zmu) I=73Hz),

41 GHL G AL b ob b B aq%“éﬁfé'%fy‘%%ﬂféﬁ@ai Ao 716

(1H, tover, Gahyiibus Soliitssiiate) R d th@hlte)solvent was distilled off
ESI (I4NAgK resliefInsassHis: &, Butifiagrhe obtained residue by silica gel
( column chromatog?gphy (ethyl acfgt)gtglj1 681 mg (83%) of
(9S)-9-(2-bromo-ethoxycarbonyloxy)-9-ethyl-|
Procespébyl-1H,12H- pyrano[3 4".6',7"lindolizino[l" 25
rignle3
(9S)- 9%26 ! 1‘99 7%%'\5}#?21% é%éﬁ%@}%%%%%ﬁ@ﬁﬁﬂﬁ%ycmbonﬂo

ow solid. H MR (2 .CDCI3) S(ppm): t,.Jd=
Xy}- 97%3«’111058(%14 W12 E-Boipele 341654 dBdotiana)! 12723 29819 42 delquinazolin
e-10,120812.859)(2kdnen), 3.50 (2H, t, J = 6.2Hz), 3.83 (2H t,J=7.3Hz), 4.41
n~e2HAtd = 6.2Hz), 5.23 (2H, s), 5.37 (1H,d, J = 17.0 Hz), 5.68 (1H, d, J =

p). 7.16 (1H, br.d), 7.22 (1H, s), 7.40 (1H, s), 7.59-7.71 (2H, m)
| S positive mode) m/z 609, 611 (M+H). 5 Process 6-B (9S)-9-{
2rt-Butoxycarbonylamino-2-methoxycarbonyl)ethanesulfanyl]
ethoxygagbonylo xy}-9-ethyl-I
\o)k,p@nIBLIH 12H-pyrano[3",4":6',7"lindolizino[1',2":6,5]pyrido[4,3,2-de]quinaz
lelrb%lo ,13 (9H,15H)-dione NN p O ~ro

O

50 mg (0.082 mmol) of
(95)-9-(2-bromo-ethoxycarbonyloxy)-9-ethyl-1-pentyl-1H,12H-pyrano[3”,47:6°,7" Jindolizino[ 1’
,27:6,5]pyridoi4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione prepared in Process 6-A, 58 mg (0.25
mmol) of fer-butoxycarbonyl-cysteine methyl ester, and 34 mg (0.25 mmol) of potassium

carbonate were stirred in acetonifrile (Z2mL), at room temperature for six hours.

Following the addition of methyiene chloride to the reaction mixture, the solution was
washed with 0.3 N aqueous hydrochloric acid, dried over anhydrous sodium sulfate, and then the
solvent was distilled off under reduced pressure. By purifying the obtained residue by silica gel
column chromatography (methylene chloride:methanol = 50:1), 51 mg (82%) of
(95)-9- {2-[(R-2-tert-butcxycarbonylamino-2-methoxycarbonyl)ethanesulfanyl]ethoxycarbonylo
xy}-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4™:6°,7" lindolizino[1",27:6,5 pyridof4.3,2-de]quinazolin
e-10,13(9H,15H)-dione was obtained as a yellow solid.

'H.-NMR (270MHz, CDCl3) 8(ppm): 0.93 (3H, t, T = 7.0 Hz), 0.98 (3H, t, J = 7.6 Hz), 1.30-1.54
(4H, m), 1.41 (OH, s}, 1.68-1.86 (2H, m), 2.05-2.34 (2H, m), 2.78 (2H, t, ] = 6.8Hz), 2.89-3.05
(2H, m), 3.71 (3H, 8), 3.82 2H, t, I = 7.3Hz), 4.23 (2H, t, ] = 6.8Hz), 4.46 (1H, m), 5.23 (2H, s),
537(1H,d,J=17.0Hz), 542 (1H, m), 5.67 (14, d, J = 17.0 Hz), 7.17 (1H, br.d) , 7.22 (1H, s5),
7.40 (1H, s), 7.60-7.70 (2H, m)

ESI (LC-MS positive mode) m/z 764 (W+H).

Process 6-C

(95)-9-{2-[(R-2-tert-Butoxycarbonylamino-2-methoxycarbonyl)ethanesulfonyl jethoxycarbonylo
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HN 10 50 mg (0.082 mmol) of
(9S)-9-(2-bromo-ethoxycarbonyloxy)-9-ethyl-l-pentyl-IH,12H-pyrano[3",4":
6',7'lindolizino[l' ,2':6,5]pyrido[4,3,2-dé&uinazoline-10,13(9H,15H)-dione
prepared in Process 6-A, 58 mg (0.25 mmol) of
tert-butoxycarbonyl-cysteine methyl ester, and 34 mg (0.25 mmol) of
potassium 15 carbonate were stirred in acetonitrile (2mL), at room

xy}-S+etmygletatemeyfol 13jx idpreafalliowing the] additioinsif riets)ignaidaleritle - quinazolin

emzo,z‘f@ﬂ? ' _raﬁiéture, the solution was washed with 0.3 N aqueous
hydrochloric acid, dried over anhydrous sodium sulfate, and then the

N gOlvEntas distilled off under reduced pressure. By purifying the obtained

restduedy silica gel column chromatography (methylene

R-2-tert-butoxycarbonylamino-2-methoxycarbonyl)ethanesulfa
nylleth@xycarbonylo xy}-9-ethyl-l-pentyl-1H,12H-pyrano
9[3",4":6",7indolizino[ 1',2":6,5]pyrido[4,3,2-de]quinazolin
o &1 T3(9H,15H)-dione was obtained as a yellow solid. 1H-NMR
°5(Z70MHz, CDCI3) S(ppm): 0.93 (3H, t, J = 7.0 Hz), 0.98 (3H, t, 1 = 7.6
>(0Hz), 1.30-1.54 (4H, m), 1.41 (9H, s), 1.68-1.86 (2H, m), 2.05-2.34 (2H,
m), 2.78 (2H, t, J = 6.8Hz), 2.89-3.05 25 (2H, m), 3.71 (3H, s), 3.82 (2H, t,

J=.7.3Hz), 4,23 (2H, t, J = 6.8HZ), 4.46 (1H, m), 5.23 (2H, s),

s.f‘g(fﬁ%ﬁ':lf?“ﬁ’i(ﬁ@,gf42(|H,m),5.67(1H,d,J:17.0Hz),7.17(1H,br.-d),7.22(|
(98)-9H( ) (=201 Hhut) x Fe8 bany But b -ArnES @S pd st esoled yijaik64 carbonylo

_9_@41 L _ - LI B R L s N, . _ . :

TR e e
e-10.1 8%18%@6 RIS R LRSS B, B RO e el eere
stirred i e Shmplidd 4)3) 2tdejguinagetnteeldR {HdndsH)-dione N o N O 'ro

oS MANEOG13HO8 RASRAI ML ion mixture, the mixture was washed with

water and dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced

~

pressure. By purifying the obtained residue by silica gel column chromatography (methylene
chloride:methanol = 40:1), 93 mg (92%) of
(98)-9-{2-[(R-2-tert-butoxycarbonylamino-2-methoxycarbonyl)ethanesulfonyllethoxycarbonylo
xy}-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4”:6’,7 Jindolizino[ 1°,2’:6,5 |pyrido[4,3,2-de]quinazolin
e-10,13(9H,15H)-dione was obtained as a yellow solid.

ESI(LC-MS positive mode) m/z 796 (M+H).

Process 6-D

(95)-9-{2-[(R-2-Amino-2-methoxycarbonyl)ethanesulfonylJethoxycarbonyloxy } -9-ethyl-1 -penty
1-1H,12H-pyrano[37,4":6°,7 lindolizino[ 1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 15H)-di
one trifluoroacetate

N%NW

0 =l
™o /U\/\ g ~0
E
CF3COO0H NH, 0 O

93 mg (0.12 mmol) of ‘
(98)-9-{2-[(R-2-tert-butoxycarbonylamino-2-methoxycarbonyl)ethanesulfonyljethoxycarbonylo
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(9S)-9-{2-[(R-2-tert-butoxycarbonylamino-2-methoxycarbonyl)ethanesulfa
nyllethoxycarbonylo xy}-9-ethyl-lI-pentyi-1
H,12H-pyrano[3",4":6',7'lindolizino][l',2".6,5]pyrido[4,3,2-de]quinazolin
e-10,13(9H,15H)-dione produced in Process 6-B, and 158 mg (0.26 mmol)
of OxoneTM were stirred in methanol (5 mL) at room temperature for 2.5

Meth ride W d40.the reacti i r
%Y} 9 e%? f‘f%f) d’ drlegd’?(t)(\jler}c%)rfl y rous soéélgl J}?Xn u(I"lfa:{t]’gd:%I 8]qumazoim
e-10 1%83&5&%%%”@@5%%@%%@%%@3@@ Bl o avdyihepthiérred at room
temp egﬁ{g@gﬁ resigdarby silica gel column chromatography (methylene

anol 9 2% 98) -9-
2 PRSI e i o e e o A s ORL AR, sl ahseemdgpperature for 10
minut%ﬁho@mmm solid was collected by ﬁltratlon 1o vield 88 mg (94%) of
(98)- %KY IRV RN Bldth d2 a@u@%@h&sféuffhﬁmeﬁmseﬂo&b@@mﬁom&m- -pentyl

B 45 G e e e P o

one uﬁ@ygmﬁ@mm%émcn(yc&mm%man esulfonyl]ethoxycarbonylo '
Iy Bl by §P§>E3:r,4t 7637ﬁ%)d‘19'0'§ 9f—I J=73Hz), 1.37-1.56

(4, fﬂ}d @ r| iﬁ%}é de qumaé%lé % i ; é—| (é%dl one Iuo:)tg)r)a%e %t% 82 (38,
m), 5.08S2H; {Q}[G‘%&{tﬁﬂ, Buioxy 6t biw)yatdridkR- d;efthob@ﬁefﬁlz@,ﬁ&lbétﬁa‘h@dh 7.28 (1H,

s), 75@11%“%!03@9%?17 9 a1 (1H,m) . 7.80

-9-ethyl-I-pentyl-1H,12 rano 416 7 |ndoI|Z|no[I 2':6,5]pyrido[4,3,
EST (ILqM§mReSbIRmEsed B4 MI‘OHG was dissolved in trifluoroacetic
acid (3 mL), and then stlrred at room temperature for one hour. Diethyl

Ex peeg as added to the reaction solution, and stirred at room temperature

5 minutes. The resulting solid was collected by filtration to yield 88
98)- ino-2-ethoxycarbonylethanesulfonvl]ethoxycarbonyloxy}-9-ethyl-1-pentyl-

1H. 1209 9)vxhdiliR42- amnm&mﬁwxygam@nwimbmewtf@mm@x sarbARYIBL. 15H)-dio

- -eth I-- entyl | H-pyrano[3",4":6',7"lindolizino][i",2
neh é‘ =~ g zoline-10,13(9H,I5H)-di

N7 NW

Ny R O

Process 7-A
(98)-9-{2-[(R-2-tfert-Butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfanyl]ethoxycarbonyloxy
+-9-ethyl-1-pentyi-1H,12H-pyrano{3”,4™:6",7" Jindolizinol1°,2":6,5]pyndo{4,3,2-de]quinazoline-
10,13(9H,15H)-dione

NP N~
| |
= o
Oz
N
\_/
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one trifluoroacetate (compound 6A) as a yellow solid. 'H-NMR (270MHz,
CD30D) 6(ppm): 0.95 (3H, t, J =7.3 Hz), 1.03 (3H, t, J = 7.3 Hz),
1.37-1.56 10 (4H, m), 1.76-1.92 (2H, @), 2.10-2.28 (2H, m), 3.69-4.05
(6H, m), 3.90 (3H, s), 4.48-4.82 (3H, m), 5.35 (2H, s), 5.48 (1H, d, J =
16.8 Hz), 5.64 (1H, d, J = 16.8 Hz), 7.13 (1H, br.d), 7.28 (1H,
s),7.56(IH,d,J=8.3Hz),7.71(IH,m),7.80(1H,s) ESI (LC-MS positive mode)

m/§7@1@1 W@)m&giﬁ@mple 71 (9S)-9-

‘jq mino-2-ethoxycarbonyl)ethanesulfonyllethoxycarbonylo 6}
(95)-S3{ - BEpROL IO B e PR BB A S PR RSBl é%%man@ P97 indotizinol 1
,2°:6, Tiptos 31 2,3 2idelnainalinkaid IB (S ES HHdime: Ny2B s OrsE feaoipeiind
rert- b]gtp&g%%ert- xycar%Iall ﬁ%ﬁn%(g g%%%?(? g%ﬁé%‘&%{ gs[[ﬁ]s carbonate were
stirredgithaxsieaiboA >{|53(§}1L) at room temperature for 20 hours

- %@ll&lvh@eﬁ%/kddﬂnbaﬂfﬂﬁ@m&e%hﬁ)ﬂdmm @@i&hon mixture, the mixture was

washe ARICOL S SIS AOA3 R APHICIONE No Mifee, and e
solvewsgi(glﬂﬁdrﬁﬁ Bﬂd@&mi%hmw}rg-etﬁwm@mgﬁhPM9m{ém by silica gel
columﬁol@o?ﬂﬁf@?@ﬁ@ﬂmethyiene ch%ondcomethanoi = 50:1), 159§§g (46%) of

rnao uingzoline e
08 o R A Grar ST el S A LIS vearbonyiosy
1-9-ethyinbiperitpbidddisth maohdic werd HisdabainedéSiohitdhydo B )2age Jquinazoline-
10,13 mnﬂﬂﬁmﬁ%@w&f%ta&é&)a% 0llawing the addition of methylene

S S S e P RN 03N
}J=7.3Hz), 1.32-1.53 (4, m), 1.41 (9H, s), 1.73- ISS(ZH m), 2.05-2.35 (2H, m), 2.75 (2H, t, ]
= 6.9Hz), 2.88-3.05 (2H, m), 3.83 (2H, t, ] = 7.3Hz), 4.09-4.28 (4H, m), 4.43 (1H, m), 5.23 (2H,
§),5.37(1H,d. I =172 Hz), 543 (1H, m), 5.67 (1H, d, T = 17.2 Hz), 7.17 (15, br.d) , 7.21 (1H,
s), 7.40 (1H, s), 7.60-7.70 (2H, m)

ESI (LC-MS positive mode) m/z 778 (M+H).

Process 7-B
{98)-9-{2-[{R-2-ter-Butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfonyljethoxycarbonylox
v}-G-ethyl-1-pentyl-1H,12H-pyrano[37,47:6°,7" lindolizino[1°,2":6,5 pyrido[4,3,2-de]quinazoline
-10,13(9H,15H}-dione

N»}'\N/\/\/

>

S
Iy

~LO
00

>

159 mg (0.20 mmol) of
(98)-9-{2-[(R-2-tert-butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfanyljethoxycarbonyloxy
}-8-ethyl-1-pentyl-1H,12H-pyrano[3”,4”:6°,7" Jindolizino[1°,2":6,5pyrido{4,3,2-dejquinazoline-
10,13(9H,15H)-dione, and 252 mg (0.41 mmol) of Oxone™ were stirred in methanol (8 mL) at

room temperature for two hours.
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solvent was distilled off under reduced pressure. By purifying the obtained
residue by silica gel column chromatography (methylene
chloride:methanol = 50:1), 159 mg (4694) of 10
(9S)-9-{2-[(R-2-tert-butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfanyl
]Jethoxycarbonyloxy }-9-ethyl- I-pentyl-I H,12H-pyrano[3",4":6',7"
Jindolizino[1',2":6 5]pyrido[4 3,2- de]quinazoline 10,13(9H,15H)-dione was

btaiped il. CDCl 0. 93
SRISHAS LRS! S ST R AARRTERR Bl e
washe(hwthnwaiemr(@ Erieg, avasanke e sq@umaadza&s {@ifhmoRvest (@i didilled off
under }acB5Edsd88- g?ﬁ%ﬂqﬁ@tlﬁ‘: 8Bidded rbsihime b3 Aies D ARBHAH,

chromglrtahy (5 1o SERraS PR )5 (1 g0 m“é r

(95)- 9?{M{Rﬂ}@Hbmmm&msﬂw@mdebbmﬂﬂﬁmdﬂﬂﬁmggethoxycarbonyloxy
}e 9-3@3@3@@?{;\% 1B H, 12H- gurano[fi” 476 7 Jindolizino[1°,2”:6,5] [4.3,2- d%ﬁumazohne»

10 13 (R- 2-tert- toxycarbon amlno 2 ethoxycarbor?yl)ethanesu

BBR B Ot ﬁﬂﬁ g yellow solid
"H-NMR(&7O ML 260N g 6,98 {AHDlzIne 6.5 Hz), 0.99 (3H, t, T = 7.6 Hz), 1.29 (3, 1,
T=7. §E%)6z5ieyf'§9[€a§{%rﬁe]ﬂ&-‘§‘§%§)ig§1*%9 118?’7 zls?)? M% 5N, 3.25-3.52

Y-0" 0-r-sotatond 00 25 0.20 @z&
(2H, R332 3t Btk cafishyiarhma-2tth %é%rﬁtlfeﬂ% 1Ay brt), 4.71 (1H,
m), S.2fAcarBa ey, d, I =172 Hz), 5.69 (1H, d, I =17.2 Hz), 5.76 (1H, d, ] =7.9Hz),

7.18 (8P '??@M&%‘é)&é Ho% %[Iiynéél gn%q]gg%ghz o[I",2":6,5]pyrido[4,3,2-

elquinazoline- 10,1 (Ré 'md (0.41 mmol) of
ESI (Ixdhe raaiiis ensdeboa %Qt ﬁ&)(8 mL) at room temperature for two
hours. 72 Following the addition of methylene chloride to the reaction
Proce@l?(t@re the mixture was washed with water and dried over anhydrous
m sulfate, and the solvent was distilled off under reduced pressure.

(98)-Bi2piiRrifgne-dtstimerrdmanbasbasined fgayBetbany cerbonyaestiapeghyl-1 -pentyl-1

H,12Hpetmbesrechipridaimethangh = 2% 1nl4kong (88%) @finazoline-10,13(9H, 1 SH)-dion

e hydrochloride
NPT
RS o

o

\__# o

o O
/\o/l‘k/\ —~0
H\\
NH,G O
HG ’

140 mg (0.17 mmol) of
(98)-9-{2-[(R-2~tert-butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfonylJethoxycarbonyloxy
}-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4™:6°,7" lindolizinof1°,2":6,5pyrido[4,3,2-de]quinazoline-
10,13(9H,15H)-dione was dissolved in 1N hydrochloric acid-acetic acid solution (5 mL), and
then stirred at room temperature for one hour.

Ethyl acetate was added to the reaction solution, and stirred at room temperature for 30
minutes.  The resulting solid was collected by filtration to yield 127 mg (94%) of
(95)~8-{2-[R-2-amino-2-ethoxycarbonyl)ethanesulfonyljethoxycarbonyloxy}-9-ethyl-1-pentyl-1
H,12H-pyrano{3”,4”:6",7" Jindolizino[1",2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dion
e hydrochloride (compound 7A) as a yeliow solid.

'H-NMR (400MHz, CD;0D) 8(ppm): 0.99 (3H, t, T = 7.6 Hz), 1.04 (3H,t,J=72Hz), 1.36 (3H,
t, J= 7.2 Hz), 1.40-1.60 (4H, m), 1.92-2.00 (2H, m), 2.10-2.25 (2H, m), 3.70-3.86 (3H, m), 4.10
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(9S)-9-{2-[(R-2-tert-butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfonyl
lethoxycarbonyloxy }-9-ethyl-l -pentyl-B
H,12H-pyrano[3",4":6',7'lindolizino[ 1',2":6,5]pyrido[4,3,2-de]quinazoline-
10,13(9H,15H)-dione was obtained as a yellow solid. 1H-NMR (270MHz,
CDC13) 5(ppm): 0.93 (3H, t, J =6.9 Hz), 0.99 (3H, t, J = 7.6 Hz), 1.29

(1H, d@hi7:11:,32—470§152)4 3331 5,51(4@ 01k) 1443%7 2 |_§|2 r&f? é‘fég @Eb SEH t, = 52Hz),
71 B T Yo e i St S s b . .0 -

7.6 H.37.83 K1 1, 9,797, ZIII-Ez)dSI@%(QEﬂ;zQi 8.891(1 5, HrY) 5 F88iHH] s) =7.9Hz),
ESI( L?j]igié%sﬂfv@m%}}%% SN ﬁprg)H s), 7.61-7.72 (2H, m) ESI (LC-MS

positive mode) m/z 810 (M+ ) 15 Process 7-C
(9S)-9-{2-[R-2-Amino-2-ethoxycarbonyl)ethanesulfonyilethoxycarbonyloxy

[ExanipB:&thyl-1- pentyl 1
[ -Ion e yr "‘: 1 _--‘ - '
Y Salyadol4.3,2-de umazoime 10 13 OH.15

{co p@@& ﬁg [(R -2-tert-butoxycarbonylamino-2-ethoxycarbonyl)ethanesulfonyl
2 arbonyloxy }-9-ethyl-I-pentyl-1
i, 12H-pyrano[3",4":6',7'lindolizino[1',2" :6,5]pyrido[4,3,2-de]quinazoline-

temperatdre for 30 minutes. The resulting solid Was collected by filtration
"o Jigfe-£27 mg (94%) of
HCI (9S§l9 {2-[R-2-amino-2-ethoxycarbonyl)ethanesulfonyllethoxycarbonyloxy}
-9-ethyl-1-pentyl-1
H,12H-pyrano[3",4":6',7'lindolizino[1',2":6,5]pyrido[4,3,2-de]quinazoline-I0,
ProcessH9H,15H)-dion e hydrochloride (compound 7A) as a yellow solid. 30

(98)-9L=-NMER(AQQN &B%Qﬁhl%ga&més&f%% Etnbsd Safb Bl iy J1 B e pentyl- 11,
iZH—pgriB% é‘)ﬂa %5@31 %%g ,(2‘,’2,_1:‘:_' %}}gﬁ%@i%% (cdlrf}},qumai%me%% 1%(5?{ }g;{) dione

N7 e

>y 5

825 mg (1.8 mmol) of
(95)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4”:6°,7 Jindolizino[1°,2°:6,5 [pyrido[4,3,2-d
eJquinazoline-10,13(9H,15H)-dione, 543 mg (2.7 mmol) of p-nitrophenyl chloroformate, 0.47
mL (2.7 mmol) of diisopropyl-ethylamine, and 220 mg (1.8 mmol) of 4-dimethylaminopyridine
were dissolved in methylene chloride (16 mL}) on ice, and then stirred at room temperature for

three hours. Next, 1.6 g (6.3 mmol) of 2-(2-tert-butoxycarbonylaminoethanesulfonyl)ethanol

{Tetrahedromn, 55 (1999), 6623-6634) was added to this solution, and this was stirred at room
temperature for approximately 24 hours.

The reaction solution was washed with 0.3 N aqueous hydrochloric acid, dried over
anhydrous sodium sulfate, and then the solvent was distilled off under reduced pressure. By
purifying the obtained residue by silica gel column chromatography (methylene chloride
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(1H, dd, J =15.2, 4.0Hz), 4.25 (2H, t, J = 8.0Hz), 4.36 (2H, q, J = 7.6Hz),
4.60 (2H, t, J = 5.2H2z),
4.77(1H,m),5.52(1H,d,J=16.9Hz),5.54{2H,s),5.65(1H,d, J=
16.8Hz),7.54(1H,d,J=
7.6Hz),7.83(IH,s),7.91(1H,d,J=8.0Hz),8.09(IH,br.t),8.38(1H,s) ESI
(LC-MS positive mode) m/z 710 (M+H). 5 [Example 81
memaﬁgﬁ;:gdaizsgm@g Qﬁulfonyl)ethoxycarbonylox 1-9- ethyl l-pentyl-1H

dolizin idof4 3 2- del line-10
(089 e AN AT SE SR RS PO oo -pentyl- 1
12H-pprane38140:007 jm&t@zg@[ﬁr&d@@ﬁldo[ii 3,2-de]quinazoline-10,13(9H, 15H)-dione
was of2e-42 2{%rgg5t“5§gg§ycarbonylam|noethanesuIfonyl)ethoxycarbonyloxy]

N DG SR oo 6 LG 10 R b1 16512, 153-1.5

(4H, nOA041 §9B25)mig T3 B #AIEXH, af ) 3S) 72 hyRItydr 6:36-5.49 (4H, m), 3.70 (2H, m),

tyl=1 ) inshalizing[ Ipy¥idol4,3;
>89 (ngt?lr}:‘azg:me galg??(%m Sbﬁ?%)(%o%le@% e k.—? ﬁrffmeol Ogi)‘}n?tr 5 45 (1H, m), 5.69
S

(1H, 4 #Iorgf'o?rrﬁéke 7(12( 'f%r:r’néi 6%%1@}3 rééy? &th A&, and 220 mg

ESI (LT -84% pofiiot 4ndibapthid si38ndyyEidine 20 were dissolved in methylene
chloride (16 mL) on ice, and then stirred at room temperature for three
hours. Next, 1.6 g (6.3 mmol) of

Er—QC—E’@—%}B@rt-butoxycarbonylaminoethanesuIfonyl)ethanol (Tetrahedron, 55

(9S)- 9(@%9%&&2&6@36&%;&9&1&6@3@1@@1@1&%9%3@ ISyvas SUIEhaL-pyrano[3”,4™:
6,7 15%%&%9%@&15%%&?@ r’aoiua}%&u%azo 1Rer f0,13(9H,15H)-dione hydrochloride
NZ NW

2 o]

N’\/

0
O
HZN\../\ & /\VO
in
HC! co

530 mg (0.72 mmol) of
(95)-9-[2-(2-tert-butoxycarbonylaminoethanesutfonyl yethoxycarbonyloxy]-9-ethyl-1-pentyl-1H,
12H-pyrano[37,47:6°,7" Jindolizino[1°,2°:6,5]pyrido{4,3,2-de]quinazoline-10,13(9H,15H)-dione
prepared in Process 8-A was dissolved in 1 N hydrochloric acid-acetic acid solution (10 mL),
and then stirred at room temperature for one hour,

Ethyl acetate was added to the reaction solution, which was then stirred at room
temperature for 30 minutes, and the resulting solid was collected by filtration to yield 480 mg
(94%) of
(85)-9{2-(2-aminoethanesuifonyl)ethoxycarbonyloxy]-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4”:6°
7’ Jindolizino[1°,2":6,5]pyrido{4,3,2-de]quinazoline-10,13(9H, 1 SH)-dione hydrochloride
(compound 8A} as a yellow solid.

'H-NMR (270MHz, CD;0D) 8(ppm): 0.94-1.05 (6H, m),. 1.40-161 (4H, m), 1.90-2.04 (2H, m),
2.07-2.28 (2H, m), 3.48-3.8] (6H, m)}, 4.25 (2H, br.t), 4.55 (2H, m), 5.51 (1H, 4, ] = 17.2 Hz),
5.53 (2H,s),5.65(1H, 4, 1= 172 Hz), 7.52 (1H, d, T = 7.6 Hz) , 7.90 (1H,s5), 7.93 (1H, 4, T =
8.6 Hz) , 8.08 (1H, brt), 8.35 (1H, )

ESI (L.C-MS positive mode) m/z 638 (M+H).

3
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The reaction solution was washed with 0.3 N aqueous hydrochloric acid,

dried over 25 anhydrous sodium sulfate, and then the solvent was

distilled off under reduced pressure. Byspurifying the obtained residue by

silica gel column chromatography (methylene chloride 74 methanol =

30:1), 550 mg (42%) of (9S)-9-

[2-(2-tert-butoxycarbonylaminoethanesulfonyl)ethoxycarbonyloxy] -9-ethyl-

[Test %}Pent% H, 12H-pyrano[3",4":6',7'jindolizino[

rido[4,3,2-de]quinazoline-10,13(9H,15H)-dione was obtained

as Bheatireesligs Bfmmmgmﬂﬂb@&pphﬁ bedug(Benyvgrded into an

activated #d%h $h Q043 hbirdans! &E@)méﬁ%ﬁ %ﬁd(ﬂbks@eﬂz 434958l.  The activated
173186(2H ), 2.07-2.31 (2H, m), 3.7

3.20-3. 49 AH, 2
form ig 58541 29w g%ﬁﬁ) FEFPHC %" f% fhg ‘f’f‘f‘i‘i %‘ l}‘m‘f?‘ﬁm"h were
quantifiz}} fmfra(tm, m), 5.69 (1M, d, J = 17.2 Hz), 7.15-7.20 (2H, m), 7.41 (H,

S), éO%ZUZﬁ 2 R Rb Ak M S ROSIHVE BIRAE T 8n 3’185@\’111\'1% Q2 of humans,

Process 8

mice, [esksYs. ?ﬁ%‘?ﬂﬁ%oeﬁ‘?&ﬁ@%ﬂ%ﬁtﬁ)%ﬁw&é%@ﬁﬁlSmf’gtl&%ﬁ;ﬁpi 3@rf2f)-120, and 360

nunutbk)lﬁhkipyeamﬂ[ﬁlaé Wwere analyzed by HPLC after deproteinization treatments.

?mc%ﬁ%or, %P%@W'Qﬁi“ﬁga‘?@]&%&w ne-10,13(9H,15H)-dione

g"N c]i--t ~ O HzN'ns.. o IAk HCI 00 15 530 mg

(98)-9-[2 (Emmwmmmwmeeﬂmes&aﬁmw)ﬁthmcarbonyloxy]-

9-ethyl-I
L2H pyrans i{%@ oFmperaure: oustant jemperaure t prpraximately 285G o
9H,15H)-dikeilsisrad ifpiddadd sbaspkaieigsméati?- 1N hydrochloric

acid-acetic acid solution (18 rakatoangithen stirred at room temperature for

one hour. 20 Ethyl acetate d r | lut
then stirred at room tempe&?ﬁre%o?%é@ﬁfut?@yag@ %e r@s?J m{% so%
was collected by filtration t8%/iEMASPRIGO(DEN6) of

Flow rate: 1.0 mL/min

Detection: photodiode array detector, detection wavelength 350 nm
Amount injected: 30 pLL
The results are shown in Table 3, and Figures 1 to 4. The results show that the
water-soluble prodrug of this invention (compound 2A) is quickly converted to the lactone form
in human, mouse, monkey, and dog sera, confirming the absence of species differences. At 360
minutes of incubation, the lactone-carboxylate equilibrium had shifted toward the carboxylate
form. The percentage of the carboxylate form was found to be the highest in human sera,
approximately the same in mouse and monkey sera, and slightly lower in dog sera compared to
mouse and monkey sera,
Generally, camptothecins in solution are in a rapid equilibrium between a structure in
which the carbonyl at position 3 forms a 6-membered cyclic ester with the oxygen at position 2,
and its open-ring structure. The lactone form refers to the former condition and the carboxylate

form refers to the latter condition.

Table 3

{(measured values, %)

Incubation time (minutes) 0 30 60 120 360

human .compound 2A 0 0 0 0 0




(9 S)-9 [2-(2-aminoethanesulfonyl)ethoxycarbonyloxy] -9-ethyl- | -pentyl- |
H,12H-pyrano [3",4":6" ,
7'lindolizino[l'.2":6,5]pyrido[4,3,2-de]quigazoline-10,13(9H,15H)-dione
hydrochloride 25 (compound 8A) as a yellow solid. 'H-NMR (270MHz,
CD30D) 5(ppm): 0.94-1.05 (6H, m),. 1.40-161 (4H, m), 1.90-2.04 (2H, m),
2.07-2.28 (2H, m), 3.48-3.81 (6H, m), 4.25 (2H, br.t), 4.55 (2H, m), 5.51

{411 b | 47 D1 L)
(I, o, 9 =172 rz);

5.53(2H BFORERY 3+172A7),7.52(8H d,0=7.6HH:7.90(1H, s-8 8.8

7.93(1Ehhd=vi8iSHz8.08(d.E,br;t),8.35(1H,s) |30 EBLELC-MS pésifive 91.2
mcugéode) rg%@%%/%g{l) S [Jestiexample 1] The pefcentages of 0 0

compound 2A produced in Example 2 being cpnverted into an activated

form|in sE¥A0BFHpFRans, mick® monke§d:%and dogs Wee determitfefl. The 245

activategtbtoryinis foramrapicdbequilibriurs2oetween thedgctone forngsaad the  75.5
monicayooxylate form ytgncn Were 5 quantifjed Separately. CompoungZAwas

cubated a{)%‘%ia a concentration of 50 M in sera 6f humans, mice,

monkeys2eiaicdege. Inqub3tidn was téfrinated at a8gbven time @#-30, 60, 20.7
120, apgrB366,1adneies) | angl the samples were anagyzed by HPLG after 79.3

p deproteinization é:rs trments, Corditions forthe HPLCamalysisare as 0
“Bollows: “PHHBE nd tiong Column: Develosil C30-UG-3| 3 m, 30x 4.6
mm ILD GaitemniFTemperatBfe? canstadd @&mperaturgSat approxin¥@tély 25C  33.9

Mobi e&%&lﬁé 0N phosphate byigfer (pH4.7) B; acetanitrilgdls /B 66.1

(min):-96/16(0)—90A0(0-4)=X40/60(6)=>2/98(8)—96/16(9)=*906/10(15)Ftov
rate: 1.0 mL/min Detection: photodiode array detector, detection
[Test Bearatdndlh 350 nm Amount injected: 30 L 20 The results are shown in

gaqldﬁe%téﬁ%i R Eﬁzé QRB& (%ﬂilﬁs)ﬁﬁ—f’%i B 1hes WABHRRD Crie present

rodrug o n (compound 2A)’1s quickly converted to the
compRie NERFaHIFeth IR (IMEFTSIRDYREOHIGHkE §! ARar¥SHIsEIan eorfirtlifig thdler incubation
5 at25 %m@Sm@eﬁmﬂiﬁggmnﬁﬁm anihyted b iHRUIEtion, the
himspbenlas B uh sl he ot fom
human serat2.0: 56 mM HCI-KCI buffer :
pH3.0: 50 mM citrate buffer
pH4.0: 50 mM citrate buffer
10 pHS5.0: 50 mM succinate buifer
pH6.5: 50 mM phosphate buffer
pH7.4: 50 mM phosphate buffer
Conditions for HPLC analysis are as follows:
HPLC conditions |
15 Colummn: Develosil C30-UG-3, 3 pm, 50x 4.6 mm LD
Column Temperature:; constant temperature at approximately 25°C
Mobile phase:  A: 10 mM phosphate buffer (pH4.7)
B: acetonitrile
(min): 50/10(0)—90/10(0.4)—40/60{6)—2/98(8)—90/10(9)
20 —90/10(15)

Flow rate: 1.0 mL/min

<

Detection: photodiode array detector, detection wavelength 350 nm

Amount injected: 30 pl
The results are shown in Table 4 and Fig. 5. The results show that the compound of
25  the present invention represented by compound 2A was stable up to pH3, and its stability slightly
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25 approximately the same in mouse and monkey sera, and slightly lower
in dog sera compared to mouse and monkey sera. Generally,
camptothecins in solution are in a rapi@Zquilibrium between a structure in
which the carbonyl at position 3 forms a 6-membered cyclic ester with the
oxygen at position 2, and its open-ring structure. The lactone form refers
to the former condition and the carboxylate 30 form refers to the latter

decreé%@ﬁ%‘foﬁ’ﬁzﬂg@'?"/% m%ﬁgvalues %) Incubation time (minutes) 0 30
360 human com ound 2A00000 76 lactone form 93.4 43.5

20508 BHISS AMERY]

(B & Brderiscnderopshed 0% fha el domapuAGincubation.

FurthéAér€) thiy otaptaind fosst OIS bLBdndi 241D earbandaie dermdehe form and
boAnt 6; y ound 2A00000 lactone form 93.3
o O’g@ e?%“ 3‘%%3&%@%“ 6.7 42.5 61.2 75.3 70.3 dog
compound 2A 000 0 0 lactone form 93.9 73.2 55.7 39.5 33.9 carboxylate
form 6.1 26.8 44.3 60.5 66.1 [Test Bxample 2] The stability of compound

2A at various pH values was determined. The present compound wa

—placed-in-buffers-of various pHs-at-a-concentration.of.25. M. Aft ercem remaining,

%)

incubation 5 at 25C for 0, 3, and 6 hours, the dongpduhd was analyzed by

HPLC The buffers used at@ach pH are shown bepw pH2 O 50 mM 6

'0: 50 mM succmat]eOBuffer pH6 5: 50 ml\}‘l%ﬁosphate buffer 1011
pHHA:.(60 mM phosphate bifer 100.3 101.1
pH4.0 100 98.2 9.1
pHS.0 100 76.6 58.7
pHE.5 100 0 o
pH7.4 100 0 0
[Test Example 3]

The solubility of the water-soluble prodrugs obtained in the Examples (compounds 1A

to 8A) in distilled water was compared to the solubility of
(98)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano{3”,4":6°,7

“Jindolizino[1°,2°:6,5 pyrido[4,3,2-d

elquinazoline-16,13(9H,15H)-dione (representative compound in Patent document 2: reference

compound 1).

The results are shown in Table 5. The solubility of the water-soluble prodrugs of this

invention was found to be greatly improved compared to reference compound 1.

Table 5
Solubility in distilled water

Compound No.
1A
2A
3A
4A
SA
6A
TA
8A

Reference compound 1

>10 mg/mL
>10 mg/mL
>10 mg/mL
>10 mg/mL.
>10 mg/mL
>10 mg/mL
>10 mg/mL
>10 mg/mL
<0.01 mg/mL
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Conditions for HPLC analysis are as follows: HPLC conditions 15
Column: Develosil C30-UG-3, 3 m, 50x 4.6 mm LD Column Temperature:
constant temperature at approximately5C Mobile phase: A: 10 mM
phosphate buffer (pH4.7) B: acetonitrile (min): 90/10(0)-
>90/10(0.4)>40/60(6)->2/98(8)-->90/10(9) 20 ->90/10(15) Flow rate: 1.0
mL/min Detection: photodiode array detector, detection wavelength 350
nm Amount injected: 30 L The results are shown in Table 4 and Fig. 5.
he res Jts show that the compound of 25 the present invention
{TeStli:‘r d by compound 2A was stable up to pH3, and its stability
sliflatisn®z alebrenisedtatrpif4hO 6 i%-abiable h@uﬁﬁbﬁéﬁn/pfu&ﬁxgk BdpBeBented by the

aforendfl BhEG-Apadalr déﬁ 9'1‘1?:‘3 4R %rme &g ([l}o W3 ]:3 IC?\QE} gong activity

Furthermore, this comp nd was confl emlca y convert

of canfis EHRVIRIBINERAP ER AT ESAT F.‘-P@%H dbyaribert piaAmEs ge useful as

antitunhablgdn(R ereantxemalnofahdantime dhpc0310 ipkhdanl 80 h01.6 101.1
pH3.0 100 100.3 101.1 pH4.0 100 98.2 96.1 pH5.0 100 76.6 58.7 pH6.5
10000 pH7.41000Q [Test Example 3] The solubility of the

[Deterpnatiop piratisaru §5ehthined in the Examples (compounds | A 10 to

8%1@&16&@6&@%&@%@1@%%&@6@&}@%% W¥ 8famples of the group of
compo(iérsz,g%s 38 31 L i h ri?l)'\(r nt entylrb'?ﬂ%r%ge%@gnr%@; é&lrlege é {Pqut“ }lsu cutaneous
transplantatlon of uman colon cancer cell line HCT116 obtained from American Type Culture
Collection (Virginia, USA) into the right flank of BALB/c nude mice purchased from Charles
River Japan, and used for determination of antitumor effects.

After a one-week quarantine pericd, the purchased nude mice were subjected to
subcutaneous transplantation of 5 x 10® HCT116 cells at their right flank. Mice with a tumor
size reaching 200 mm® or so were subjected to the experiment.

The compounds were dissolved in 1 mM citric bufferes saline, pH 4, and administered
intravenously. The administration was carried out once per week for three weeks, for a total of
three administrations. The antitumor effect was determined as tumor growth inhibition (TGI)
using the following equation.

Tumor growth inhibition (TGI) (%) = {(1- mean tumor volume change in the
drug-treated group /mean tumor volume change in the control group) x 100}

The resuits are shown in Table 6.

Table 6

Compound Dose (mg/kg) TGI (%) on Day 21
Compound 2A

0.9 45

1.9 52

3.75 72

7.5 74

15 85

30 97

60 110

Compound 8A
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e]quinazoline-10,13(9H,15H)-dione (representative compound in Patent
document 2: reference compound 1). The results are shown in Table 5.
The solubility of the water-soluble prodi#igs of this 15 invention was found
to be greatly improved compared to reference compound 1. Table 5
Compound No. Solubility in distilled water IA >IO mg/mL 20 2A >10
mg/mL 3A >10 mg/mL 4A >10 mg/mL 5A >10 mg/mL 6A >|0 mg/mL 25

7A >10 mg/mL 8A >10 mggmL Reference compound 1,40.01 mg/mL 78
[Test Example 4] Parenteral administration of the water-soluble
camptothecin prodrugs relp?esented by the aforementiofred formulas (2)
and (3) into mouse models75f colon cancer showed strof§ activity 5 of
cancer growth inhibition ever a wide range of doses. Th $, these prodrugs
are useful as antitumor agents. An example of the antitumor activity is
shown below. [Determlna]t n of antitumor effects] Antitufor effects were
determined for representaﬂve examples of the group of 4§ compounds of

obtained from Amerlcan Type Culture CoIIectlon (Virginia, USA) |nto the
[Test Bgithfiankjof BALB/c nude mice purchased from Charles River Japan,

an used for deter ination of itum refec . Afte ne-week
it et el BB CRBRGORy ered into an

activaﬁﬁo&;ranea*a@t@éhgmammm BfiGexOBkeGT 41idb Mlsmrméfﬂmghn%n kThe
activaMiCEWH s 3 WREH IR ITBRE RN B AREL RS IaE SRR SHRIGEIS 10 ate form,

e corrr%)gunds were dissolved in | mM citric bufferes saline,

which ‘ﬁFerlment ﬁa
i %uadlé% BIRSCH yintravenously. The administration was carried out
oné‘@m@mr&bkﬁomh reculvatelt sit 51°8 totalooh thneedsinun Eirakb s sdthef humans,

mice, RRIRBAKEflechwas determingdias Jhgrauihy inhitition, (TG0, 30, 60, 120, and
360 minutes), and the samples were analyzed by HPLC after deproteinization treatments.
Conditions for the HPLC analysis are as follows:
HPLC conditions
Column: Develosil C30-UG-3, 3 ym, 35x 4.6 mm LD
Column Temperature: constant temperature at approximately 25°C
Mobile phase:  A: 10 mM phosphate buffer (pH4.7)
B: acetonitrile
/B (min): 90/10(0)—90/10¢0.4)—40/60(6)—2/98(8)—
90/10(9)—90/10{15)
Flow rate: 1.0 mL/min
Detection: photodiode array detector, detection wavelength 350 nm
Amount injected: 30 uL
The results are shown in Table 7. The results show that the water-soluble prodrug of
this invention (compound 2A) is quickly converted to the lactone form in human, mouse, rat,
monkey, and dog sera, confirming the absence of species differences. At 360 minutes of
mcubation, the lactone-carboxylate equilibrium had shifted toward the carboxylate form. The
percentage of the carboxylate form was found to be the highest in buman sera, approximately the
same in mouse and monkey sera, and slightly lower in dog sera compared to mouse and monkey
sera.
Generally, camptothecins in solution are in a rapid equilibrium between a structure in

which the carbonyl at position 3 forms a 6-membered cyclic ester with the oxygen at position 2,
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15

20 using the following equation. Tumor growth inhibition (TGI) (%) = {(I-
mean tumor volume change in the drug-treated group /mean tumor
volume change in the control group) xgh00} The results are shown in
Table 6. 25 Table 6 Compound Dose (mg/kg) TGI (%) on Day 21
Compound 2A 0.945 1.952 3.7572 7.574 1585 3097 60 110
Compound 8A 79 0.941 1953 3.7555 7.561 1578 3096 60 106
ana it FEShEXAMAIE AL The Ae6e0iages,of compolind 2ROt BXABRIC oy tate
eing converted into an activated form in sera of humans, rats, mice,
form rgfarildeysicdntea 6g8diE® determined. The 5 activated form is in a rapid
equilibrium between the lactone form and the carboxylate form, which
were quantified separately. Compoupa%é% was incubated at 37C at a
concentration of 50 M in sera of humans, "'mice, rats, monkeys, and dogs.
Incubation was terminated at a given time (0, 30, 60, 120, and 3@@easured values, %)

InciBiIs SimaiehiRg:sgmples were analyzeqoy HPLC after deproteipization  34(
treatments—10-Conditionsfor the HPLCanalysisareas fottows—HPLE
humag | fiof@mpound 2A 0 0 k) 0
lactone form 100 69.9 41.8 19.1 10.5
carboxylate form 0 30.1 58.2 80.9 89.5
mouse -compound 2A 0 0 0 0 0
lactone form 94.8 82.0 64.9 49.5 35.8
carboxylate form 5.2 18.0 351 50.5 60.2
rat compound 2A 0 0 0 0 0
lactone form 88.9 61.0 437 32.0 30.4
carboxylate form 11.1 39.0 56.3 68.0 69.6
monkey compound 2A 0 0 0 0 0
lactone form 98.5 78.4 55.1 35.5 25.9
- carboxyiate form 1.5 21.6 44.9 64.5 74.1
dog compound 2A 0 0 0 0 0
lactone form 98.3 50.1 80.4 66.5 55.4
carboxylate form 1.7 9.9 19.6 33.5 44.6

{Comparative Test Example 1]

Similar to Examination 1, the percent changes of
(95)-9-ethyl-9-(tryptophyl-y-glutamyloxy)-1-pentyl-1H,12H-pyrano{3”,4”:6’,7" Jindolizino[1°,2":
6,5pyrido[4,3,2-de}quinazoiine-10,13(9H, 1 5H)-dione [representative compound (Q) in Patent
document 1: reference compound 2] being converted in the lactone form and the carboxylate
form over time in human and mouse sera were determined.

The results from human sera are shown in Fig. 6, and the results from mouse sera are
shown in Fig. 7. In both cases, the conversion rate and efficiency were low, and interspecies

differences were observed.

Industrial Applicability

The water-soluble prodrugs of the present invention, and pharmaceutically acceptable

salts, hydrates, or solvates thereof, have an ester chain of a particular structure which is




Column: Develosil C30-UG-3, 3 m, 35x 4.6 mm LD Column Temperature:

constant temperature at approximatelr)éi 25C Mobile phase: A: 10 mM

phosphate buffer (pH4.7) 15 B: aceto trile /B (min):

90/10(0)->90/10(0.4)-*40/60(6)-- 2/98(8)-> 90/10(9)-*90/I0(15) Flow rate:

1.0 mL/min Detection: photodiode array detector, detection wavelength

350 nm 20 Amount injected: 30 gL The results are shown in Table 7. The
responsbldtostuiv thatilratvatersollilétprodrugidftithistimeationdhditpaedegs of the
presenfAhviShABIC KR CONURriadiebe ‘J&%%%tﬁ%@d%gg?{éﬁ%iﬁn%%ion, d this

monkey, and dag sera, confirming the absence ot species differences. At
reduces dBteRRBHSS OF ML FHitERS ne R 2BHRYIaTe Be RIS FRITHERoRi A Rery useful
when spplid tihénsahiidx yhienfareutEhieagbrperesiageahihetcaboiatefopise an

aicoho‘i‘f@%mgaf%}g%éhe highest in human sera, approximately the same in
mouse and monkey sera, and slightly lower in dog sera compared to

mouse and monkey sera. Generally, camptothecins in solution are in a
rapid equilibrium between a structure in which the carbonyl at position 3
forms a 6-membered cyclic ester with the oxygen at position 2, 80 and its
open-ring structure. The lactone form refers to the former condition and
the carboxylate form refers to the latter condition. Table 7 5 (measured
values, %) Incubation time (minutes) 0 30 60 120 360 human compound
2A 0000 0 lactone form 100 69.9 41.8 19.1 10.5 carboxylate form O
30.1 58.2 80.9 89.5 mouse compound 2A 0 0 0 0 O lactone form 94.8
82.0 64.9 49.5 39.8 carboxylate form 5.2 18.0 35.1 50.5 60.2 rat
compound 2A 0 0 0 0 O lactone form 88.9 61.0 43.7 32.0 30.4 carboxylate
form 11.1 39.0 56.3 68.0 69.6



monkey compound 2A 0 0 0 0 O lactone form 98.5 78.4 55.1 35.5 25.9
carboxylate form 1.5 21.6 44.9 64.5 74.1 dog compound 2A00000
lactone form 98.3 90.1 80.4 66.5 55.4 carboxylate form 1.7 9.9 19.6 33.5
44.6 [Comparative Test Example 1]gimilar to Examination 1, the percent
changes of
(9S)-9-ethyl-9-(tryptophyl-y-glutarmayl@axyjsl-pentyl-1H,12H-pyrano[3",4":6'
7'lindolizino[l',2" : 10 6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione
[representative compound (Q) in Patent document 1: reference compound
L Adjiseirnglebinenedtiinenedsmteddfoierand (Reocdm oy pdaforaeaisetiynesceptable
5 salt, or MYRARNRRGFARUSREEFa Were determined. The results from human sera
are shown in Fig. 6, and the results from mouse sera are shown in Fig. 7.
R ! In bogh cases, @he conversion rate and efficiency were low, and
ynterspe 15 rences were observed. Industrial Applicability The
Hwvater-solufple prodrugs of the present invention, and pharmaceutically
acceptablg salts, hydrates; grsolvates thereof, have an ester chain of a
particular structure which is 81 responsible for their excellent water
solubility. In addition, the water-soluble prodrugs of the present invention
are rapidly convert%d.‘.to the active form by chemical conversion, and this
reduces interspecies or individual differences. In particular, the present
ifvention 'f very usegful whe applled to insoluble pharmaceutlcal agents,

- t
{ “'Eﬁ
R CLAINMS 1. A water- solu le prodrug represented by formula (2) or (3) ora
pharrgaceutically acceptable 5 salt, oragy(%rate or solvate thereof, RN
IN~p\Y HO (~) R
\
R1/ (CHQJP\S/\/O O\‘Y
0,
5
R 0 (3)
10 wherein in Formula (2},

R! represents a hydrogen atom or C1-C6 alkyl group;

X represents a C=0 or C1-C3 alkylene group;

R? and R* each independently represents a hydrogen atom, C1-C6 alkyl group, or amino acid

side chain; and
15 R’ represents a C1-C6 alky! group,
wherein in Formula (3},

R’ is defined as in formula (2);

n represents an integer from 1 to 6; and

R’ represents a hydrogen atom or -COOR® (wherein R® represents a hydrogen atom or C1-C6
20 alkyl group),
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RIN~X\WNYIlyR2R30(2) H02 RS 0 (3) 10 wherein in Formula (2), R’
represents a hydrogen atom or CI-C6 alkyl group; X represents a C=0 or
CI-C3 alkylene g oup; R2 and R4 eacﬁ%dependently represents a
hydrogen atom, CI-C6 alkyl group, or amino acid side chain; and 15 R3
represents a CI-C6 alkyl group, wherein in Formula (3), R' is defined as in
whereidarislan(2); (@ repdeSentssanginieg espfresentdd 6y forehR5 (Bpresents a
hydrogen. atom or -COORG6 (wherein R6 represents a hydrogen atom or
& 20 alkyl group), 82a wherein in Formula (2) and (3), Y is a group

represents a hydrogen atom, halogen atom,
droxyl group; and Z represents

* (5)
wherein,

* indicates a linkage site;

R represents a hydrogen aﬁom,'haiogen atom, or C1-C6 alky! group;

R¥ represents a hydrogen atom, halogen atom, C1-Cé alkyl group, or hydfoxyl group; and
Z represents -NH-C(=X)-N(R?"}- or -N=C(R*}-N(R*")-

[wherein RY represents a hydrogen atom or a C1-C1¢ alky! group that may comprise

1-3 substituents selected from Group B described below:
Group B: a C1-Cé6 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C6 alkylamine group, di-C1-Cé alkylamine group, C3-C7 cycloalkyl
group, heterocycle, and aryl ring (which may comprise 1 to 3 substituents
selected from the group consisting of a hydroxy group, C1-C6 alkoxy group.
halogen atom, amino group, mono-C1-C6 alkylamino group, and di-C1-C6
alkylamino group);

R* represents a hydrogen atom, amino group, or a C1-C6 alkyl gronp that may comprise

1 t0 3 substituents selected from Group C described below, a C1-C6 alkoxy group that

may comprise 1 to 3 substituents selected from Group C described below, a C1-C6

alkylthio group that may comprise | to 3 substituents selected from Group C described

below, a mono-C1-C6 alkvlamino group that may comprise 1 to 3 substituents selected

from Group C described below, or a di~-C1-Cé6 alkylamino group that may comprise 1 to

3 substituents selected from Group C described below:
Group C: a C1-C6 alkoxy group, hydroxy group, halogen atom, amino group,
C3-C7 cycloalky! group, heterocycle, and aryl ring (which may comprise 1 t0 3
substituents selected from the group consisting of a hydroxy group, C1-Cé
alkoxy group, amino group, mono-C1-C6 alkylamino group, and di-C1-C6
alkylamino group): and

X represents an oxygen atom or sulfur atom].
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mono-C1-C6 alkylamino group, di-CI-C6 alkylamino group, C3-C7
cycloalkyl group, heterocycle, and aryl ring (which may comprise 1 to 3
substituents selected from the group consisting of a hydroxy group, CI-C6
alkoxy group, 15 halogen atom, amino géaup, mono-CI-C6 alkylamino
group, and di-CI-C6 alkylamino group); R 22 represents a hydrogen atom,
amino group, or a CI-C6 alkyl group that may comprise 1to 3 :
substltuent selected fr Group C described bel W a C 1-C6 alkox
> TR W EATHpLE M <O &IRIS GEHBERLH AP P o o ydrat o
solvatedbsmifiedtizetonk aiCi- D6 2@ aliathiogetugd gratimay e:ibm Erigerl to 3
substituents selected from Group C described below, a mono-CI -C6
. alkylami oup that may comprise Ito 3 substituents selected from
3. Thg V&%}Bféog% TREF R v Bl - B ARG RRARRU RO RaP ARl Sel. or a hycirate
or solveenipnise] vdlesesmﬁéumhyéwmdrﬂom&tbﬂpgﬁ)mscribed below:
Group C: a CI-C6 alkoxy group, hydroxy group, halogen atom, amino
25 C3-C7 cycloalkyl group, heterocycle, and aryl ring (which may
& Th&o‘i’ﬁg‘? SO PratiBeth eRsCosI8E AT the diotpEEmaRTHIiF i acoepiable salt,
or 2 hylydeaxysghoatp 1iGteCHwakkeiy it dsp GiviBoaticoligonono-Cl-C6
alkylamino group, and di-C1-C6 alkylamino group); and X represents an
oxygen atom or sulfur atom]. 83 2. The water-soluble prodrug of claim 1,
or a pharmaceutically acceptable salt, or a hydrate or solvate thereof,
wherein R' is a hydrogen atom, methyl group, or ethyl group. 3. Th
water-soluble prodrug of claim 1 or 2, or a pharmaceutically acceptable
salt, or a hydrate or solvate thereof, wherein R2 is a hydrogen atom or
methyl group. 4. The water-soluble prodrug of any one of claims 1 to 3, or
a pharmaceutically acceptable salt, 10 or a hydrate or solvate thereof,
wherein R3 is a C1-C3 alkyl group. 84 5. The water-soluble prodrug of
any one of claims | to 4, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein R4 is a hydrogen or methyl group. 5 6.
The water-soluble prodrug of claim 1, or a pharmaceutically acceptable
salt, or a hydrate or solvate thereof, wherein R' is a hydrogen atom,
methyl group, or ethyl group. 7. The water-soluble prodrug of claim 1 or 6,
or a pharmaceutically acceptable salt, or a hydrate 10 or solvate thereof,
wherein nis 1, and R5 is a hydrogen atom or -OOORG6 (wherein R6
represents a
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hydrogen atom or C1-C6 alkyl group). 8. The water-soluble prodrug of
claim 1 or 6, or a pharmaceutically acceptable salt, or a hydrate or
solvate thereof, wherein n is an integer from 2 to 6, and R5 is a hydrogen
atom. 15 85 9. The water-soluble prodrug of claim 1, or a
pharmaceutically acceptable salt, or ad#ydrate 86 or solvate thereof,
wherein Y is a group represented by formula (6): 0 R21 HN N Rig N R71
N (6) [wherein * indicates a linkage site; and 5 R", Rig, and R2' are

5. Thesfreusalibicndrg. @Whﬁlw&%éﬁ%mE)|@ﬁ%@ﬁ@%ﬁ?ﬁﬁl@%k@weptabk salt,

or a hyPheseaesviiealiyaeteptakim $itisar avhysirateoo insbiviagecthereof, wherein
R" and R12 are hydrogen atoms; and R21 represents a hydrogen atom, or
a CI-C8 ailcyl group that may comprise a substituent selected 10 from

6. ThersiprpDolddensedr tefiwlarobpDs Rlemesaliesly greeRiapliditiyor a hydrate or
solvateGrRuR halpgen #OmM » ARIRLSFQHPm MeABYCErSplkHamine@igup,

di-CI-C3 alkylamino group, C3-C7 cycloalkyl group, heterocycle. and aryl

ring (which may comprise | to 3 substituents selected from the group
7. Theorsietiprjefiamypdraxp e, CIGs alkpbagregpried natsgrisdtorl. o52 hydrate
or solvas-thBewalgleagible prasiue’ of alaiar8en Hhilod MBORAGRHMIEANYR® represents a
hvd Jaccept table géora h draﬁe or solvate thereof, wherein Y is a residue of

YATOEsRS oﬁn dpf% smg at least one alcoholic hydroxyl group,
wherein the compound is selected from the group consisting of:a) 20

8. Th@@)ﬂep-h'@fﬁ'@ FB&I%M% Jrdespy BechtiQuly HRANANMOk 2 6r a hydrate
yrld umazollne 2,10,13 g)H 9 lSHgL ﬁrlgr
or solvat’e areol, w erom n an mteger from 2 to 1S ogen atom



(9S)-9-ethyl-9-hydroxy-I
-[2-(4-morpholino)ethyl--1H,12H-pyrano[3",4":6',7"]indolizino[l',2":
6.5]pyrido[4,3,2-de]quinazoline-2,10,1 3(3H,9H,15H)-triune; 25 c)
(9S)-1-[3-(dimethylamino)propyl]-9-ethyl-9-hydroxy-1H.12H-pyrano[3",4":6'
.7'lindolizino[l', 2':6.5]pyrido[4,3 2-dejquinazoline-2,10,13
(3H,9H,15H)-trione; d) 87 (9S)-9-ethyl-9-hydroxy- | -phenethyl-1
H,12H-pyrano[3 ",4":6',7" Jindolizino[ I',2' :6,5]pyrido[4,3,

9. The wairsgOiRblEdmeene 16 dlaysH.om a rssEtgslirorsrenibly selh o Ry drate
-[2-(pyridin-2-yl)ethyl]-IH,12H-pyrano[3",4" :6',7"]indolizino[ 1',2":6, 5
5]pyrido[4,3,2-de)quinazoline-2, 10,13(3H,9H,15H)-trione; f) (9S)-9-ethyl-
| -heptyl-9-hydroxy- | H,12H-pyrano [3 ",4":6" .7" Jindolizino[1"',2":6, 5
]pyrido [4,3.2-d e}quinazoline-2. 10,13(3H,9H, 15H)-trione; g) 10
(9S)-9-ethyl-9-hydroxy-I-propyl-IH,12H-pyrano[3",4":6',7"lindolizino[1',2":6.
5]pyrido[4,3,2-d e]quinazoline-2,10,13 (3H,9H,15H)-trione; h)
(9S)-9-ethyl-9-hydroxy-I-[2-(pyridin-3-yl)ethyl]-1H,I
2H-pyrano[3",4":6',7']indolizino[1',2" :6,
5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,I5H)-trione; 15 i)
(9S)-9-ethyl-9-hydroxy-1-(3-phenylpropyl)-1H,12H-pyrano[3"
4".6',7'lindolizino[1',2":6,5]pyri do [4,3,2-de]quinazoline-2,10,13(3H,9H,
15H)-trione; J)
(9S)-9-ethyl-9-hydroxy-I-(2-methylpropyl)-1H,12H-pyrano[3"
4".6',7'lindolizino[1',2":6,5]pyr 20 ido[4,3,2-de]quinazoline-2,
10,13(3H,9H,15H)-trione; k)
(9S)-9-ethyl-I-hexyl-9-hydroxy-1H,12H-pyrano[3",4":6",7']lindolizino[1".2".6.5
]pyrido[4,3,2-de ]quinaoline-2, 10,13(3H,9H,15H)-trione; 1) 25
(9S)-9-ethyl-9-hydroxy-I-pentyl-1H,12H-pyrano[3",4":6',7"]indolizino[I',2":6.5
]pyrido[4,3.2-d e]quinazoline-2,10,13(3H,9H, 15H)-trione;
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m) (9S)-9-ethyl-9-hydroxy-1-[2-(4-methoxyphenyl)ethyl]-1
H,12H-pyrano[3",4":6',7'}indolizino[ I' ,2":6,5]pyrido[4,3,2-de]quinazoline
,10,13(3H,9H 15H)-trione; 30 n) (9S)-I
-benzyl-9-ethyl-9-hydroxy-1H,12H-pyranéf3 ",4":6',7']indolizino[1',2'
:6,5]pyrido[4,3,2-d e]quinazoline-2,10,13(3H,9H, I5H)-trione; 0)
or solvASESRIhRRydexy -d3methylauiba W ARy r@o[3",4":6', 7']indolizin
o[l'.2é:)6,5]pyr|d 35 0[4,§2- e]quinazoline-2,10,13(3H,9H,15H)-trione; p)
88

phenyl)ethyl]-9-ethyl-9-hydroxy-1 H,12I-I-pyrano
‘5

3,2-deguifiazoline-2,10,13(3H,9H,15H)-trione; r)

A-fluor phenyl)ethyl]-9-hydroxy-1H,12H-pyrano[3"
:6,5]pyrido[4,',2-de]quiRazolines2,10.13(3H,9H,15H)-trione; s) 10
(9S)-9-ethy! 5
-9-hydroxy-I-(1-methylegthyl)-Nd,I2H-pyrano[3",4":6',7'lindolizino[1',2":6,5]py
rid o[4,3,2-de]quinazgfi e-2,1@,13(3H,9H, 5H)-trione; and t)
(95)-1-(3,3-dimethylbutyl)-9-ethyl-9-hydr&d/-1H,12H-pyrano[3",4":6', 7]ind

IwhercOlizingfil2:6:Olpkypeefd;ride]quinazoline-2,10,13(3H,9H,15H)-trione.

R, R&?ﬁ%g.gzh%r\év_%%%rﬁg I%Sb}!ﬁ ag%gr&}g of claim 1, or a pharmace_utically
atceptable salt, or a hydrate or “solvate thereof, wherein Y is a group
represented by formula (7): SR21 HN N R12 N

10.  The water-soluble prodrug of claim 9, or a pharmaceutically acceptable salt, or a hydrate or
solvate thereof, wherein R and R! are hydrogen atoms; and
R*! represents 2 hydrogen atom, or a C1-C8 alky! group that may comprise a substituent selected
from Group D described below: |
Group D: a C1-C3 alkoxy group, hydroxy group, halogen atom. amino group,
mone-C1-C3 alkylamino group, di-C1-C3 alkylamino group, C3-C7 cycloalkyl group,
heterocycle. and aryl ring {(which may comprise 1 to 3 substituents selected from the

group consisting of a hydroxy group, C1-C3 alkoxy group, and halogen atomj.

11. The water-solubie prodrug of claim 9 or 10, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein Y is a residue of & compound (¥Y-OH) comprising at least one
alcoholic hydroxy! group. wherein the compound is selected from the group consisting of:

a)

(98)-1-butyl-S-ethyi-S-hvdroxy-1H,12H-pyrano{37.4°:6°. 7" Jindolizino[ 1 *.27:6,5|pyrido[4.5.2-de
lquinazoline-2,10,1 3(3H.9H. 1 5H)-trione;

b}

(98}-9-ethyl-9-hydroxy-1-[2-(4-morpholinojethyl]- 11, 12H-pyranof{37 ,47:6°,7 Jindolizino[ 1.2
6.5 pyridof4.3.2-dejquinazoline-2,10,13(3H.9H, 1 SH)-trione;

)

(98)-1-[3-(dimethylaminopropyl}-9-ethyl-9-hydroxy-1H.1 2H-pyrano{3”.47:6. 7 Jindohzino[ 1",
2%:6.5]pyridol4,3.2-delquinazoline-2.10,1 3(3HL9H, 1 5H)}-tr1one;

d)
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R/IN9a (7) [wherein, 20 * indicates a linkage site; and R", R12, and
R21 are defined as in claim 1]. 13. The water-soluble prodrug of claim 12,
or a pharmaceutically acceptable salt,%r a hydrate or solvate thereof,
wherein Ri' and R12 are hydrogen atoms; and 25 R21 is a hydrogen atom, .
<9S>-9-ﬁh@é-&%%m}r@}%%ﬁ&ﬂa%ﬁ%ﬁk@aﬁﬁﬂg@ a-SUBRHIUBRL SARRAET frofr IPyTidof4.3,
2-dejquiskonfida-da<ciib@dissloiiHpaopd): a C1-C3 alkoxy group, hydroxy
e') group, halogen atom, amino group. 89 mono-CI-C3 alkylamino group,
di-C1-C3 alkylamino group, C3-C7 cycloalkyl group, heterocycle, and aryl =
(95)-9-gthy! (Wrhiediamsy denpriadin dorDeshnSnldb i sBIa&rot g the’ dsighizinol1°.2:6,
Sipyridebnsistid) fgabydiiexy res@HCYHD sikpxyagrgup, and halogen atom). 5
f 1.4. The water-soluble prodrug of claim 12 or 13, or a pharmaceutically
acceptable salt, or a hydrate or solvate thereof, wherein Y is a residue of
(95)-9-etlesg m pesisd-Cr oty EoHpridiHgPataaakt ofie ‘aldolielirierbiyt groupyridold,3.2-d
e]quinavdlerein the sompIMNgs-seleeted from the group consisting of: a)
(9S)-9-ethyl-9-hydroxy-I -(3-metby]butyl)-iH,12H-pyrano[3",4"
& & 7indoiizino[1",2' :6.5]pyrid 10
(95)-S-eifa B P hesligerivd zotnrelo B HripFend 1 3(0F0 1 S Hindidivane))l ".2":6.5jpyrido[4,3.2-d
elquinat@Br@Etyl- S ammysirphenethyl-1H,12'_H-pyrano[3
) ",4":6",7'lindolizino[I',2".6.5]pyrido[4,3.
2-de]quinazolnie-2(3H)-thione-10,13(9H,15H)-dione; and ¢) 15
(95)-9-¢98)-9-Eitiy8vhidrotsitipenty) el 2H Py Fd b g ranob? THndoeliZidwei2xeol 1°.27:6,
S]pyridé{]ﬂ}gjgﬁé'}@u%ﬁhcﬁﬂﬂ@ﬁ%Qlﬁ@fg@mﬁm%ﬁ@;13(91'1115H)'di0ne- 15.
. The water-soluble prodrug of claim 1, or a pharmaceutically acceptable
D salt, or a hydrate or solvate thereof, wherein Y is a group represented by
(9S)-9-fdhyichah@iraR 22 4 Retenyipropyl)-1H,1 2H-pyrano[3™,47:6°, 7" Jindolizino[ 1°,27:6,5]pyri
do[4.3,2-de]quinazoline-2,10,13(3H,%F, 1 SH)-trione;
h);
(95)-9-ethvl-9-hvdroxy-1-(2-methyipropy)-1H,12H-pyrano[3™,4":6°,7 indohizino[ 17,2”:6, 5 pyr
1dof4.3,2-delquinazoline-2,10,13(3H,9H, 1 5H}-trione;
kj
(9S)-9-ethyl-1-hexyl-9-hydroxy-1H, 1 2H-pyrano{37,4:6°,7" Jindolizino{ 1°.27:6,5|pyrido[4,3,2-de
Jquinaoline-2,10,13(3H,9H.1 5H)~trione;

=

(98}-9-ethyl-9-hydroxy-1-pentyi-1H,12H-pyrano{37,47":6°,7" indolizino{1°,2":6,5}pyrido[4,3,2-d
ejquinazoliine-2,10,13(3H,9H,15H -trione;

m)

(9S5)-9-ethyl-S-hvdroxy-1-[2-(4-methoxyphenyl)ethyl}-1H.1 2H-pyrano[37.4°":6",7 jindolizino[ 1"
216,55 pyrido[4.3,2-de|quinazoline-2,10,13(3H,9H, 1 5SH)-trione;

n)

(9S)-1-benzyi-9-ethyl-9-hydroxy-1H,12H-pyrano[3”.4"":6°,7 jindolizino{ 1 *,2":6.5]pyndo([4,3,2-d
e)quinazoline-2,10,13(3H,9H, 1 SH)-trione;

0}

(95)-9-ethyl-9-hydroxy-1-(3-methylbutyl -1 H,12H-pyrano{3”,47:6’,7 Jindolizino[1".27:6,5 jpynd
0[4.3,2-dejquinazoline-2,10,13(3H,9H, 1 SH)-trione;

p)
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R~N/ R12a N 90 20 (8) [wherein. * indicates a linkage site; and R",
R12. R21 and R22 are defined as in claim 1]. 25 16. The water-soluble
prodrug of claim 15, or a pharmaceuticall§ acceptable salt. or a hydrate or
solvate thereof, wherein R" is a hydrogen atom; Rig is a hydrogen atom or
(98)-1, Cldetalkidhyroupy 901 R21-iyshyidragér atbmdr aiGd-Ca atkyl mnodg 4.3 .2-de]qui
nazohrygat ma}g@@wng Q3 gubstituents selected from Group D described
below; and R22’is a hydrogen atom, amino group, or a C1-C6 alkyl group
q) that may comprise Ito 3 substituents selected from Group D described
(9S)-1 Hplowchal b pieakexyyiiouplthbd hayreopnprisk B -pytam SlibdtitGefitsndolizmof1 7,2
ed,fr r alkylthio group that may
6. ﬂp}é%g%‘rlgé ﬁ &égg@ﬁ%gﬁi@s}gﬁe%i%ﬁ%ﬁ gr%%%D described below, a
mono-Cl-C6 alkylamino group that may comprise 1 to 3 substituents
(98) 9%&1@@6@%{(@@@@@[&@@&5’@%@%%% -At-A ! AHG a6 JIKyE amio]grédeiprino] 17,2
3-suhsti select m Group D described
.21y %5%' %%Q 1%%}_)1& o C;jj?? Zﬁgé%%{o%%gﬁh%%rggy group, halogen atom,
s} amino group, mono-CI-C3 alkylamino group, di-C1-C3 alkylamino group,
(9S)- qgﬁn@bw@@ﬂwﬂxgmﬁ%w@temyﬁg Jang-aading. Wit majotamgrise 16,5 ipyrid
A substituent I nsisting of a hydroxy group,
o[4.3 7t 3]85 a?ﬁoll:(y g?o%%%ce;%{ oge atom% %%17. The water-soluble
t) prodrug of claim 15 or 16, or a pharmaceutically acceptable salt, or a
(9S)- 1@@@%@@%@&%@%%@@&1& a?i&es}'@mqf;]a’ @Omr?’uﬁdc&)\f@lﬂgl 27165
Qmp a least.one .3 roxyl group, wherein the compoun
3'Hdo{éi:s sr?eflrj ugq‘aom e rPr%up C%Q%Igtl%%o? Adnd
(9S)-1-butyl-9-ethyl-9-hydroxy-IH,12H- pyrano[3" 4"

12.  Tho (hndolizingll s 8:5inyrideld 3. 2r08 pR8maceutically acceptable salt, or a hydrate or

Solvatéqﬂl?go l\'ﬁ&f'?er]é% gsg IaTI g]fgllj r%l}?rggénied by formula (7).

I
HN N/

=2

T

(73
[ wherein,
* indicaies a linkage site; and

R, R", and R* are defined as in claim 1],

13.  The water-soluble prodrug of claim 12, or a pharmaceutically acceptable salt, or a hydrate
or solvate thereof, wherein R and R' are hydrogen atoms; and

R*' is a hydrogen atom, or a C1-C8 alkyl group that may comprise a substituent selected from
Group D described below:

Group D: a C1-C3 alkoxy group, hydroxy group, halogen atom, amino group,
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b) (9S)-9-ethyl-9-hydroxy-I-[2-(4-morpholino)ethyl}-1H,12H-pyrano[3"
4".6',7'lindolizino[l',2": 6,5]pyrido[4,3,2de]quinazoline-I
0,13(9H,15H)-dione; c) 25 &9
(9S)-9-ethyl-9-hydroxy-I-propyl-IH,12H-pyrano[3",4":6",7']lindolizino[1',2":6,
5lmynidel4,3;2-dkelquinazoting: ;T3(@H, AB)adionegehup, C3-C7 cycloalkyl group,
(ORdrbansyl- e hvl-Sr Al Il 2R%EanolR) 4 o8 (HRFQUIZNOHE R the
]pyrido[4,3,2-d e]quinaZzoline-10,1 9H,1ﬂ5H1—d|one; 30e)
(9B PRI AF G ISNE It H 2SR PasE 19 Aedar friBiRgHo
[1',2":6,5]pyrido[4,3. 2-de]quinazoline-10,13(9H,15H)-dione; f)
-2,.9-di 1-9- == (S PR
14. Tﬁ%%é{% )%Aaﬁ%% 3;%&&@%9%0% %aoﬁgﬁfq%?)tﬁ%éo’% ]aplfl%earg[la%%umaﬂ} accept,'ai‘)!.e salt, ora
hydratgas SOl RREIHHAIAS I (O LIBEI B He: EIOROY0S ) -QHhy Ry least one
alcohot{Sphiemypropyh)- i katpycangf@ind 't 6 sl lioddl fzino [h2 v6obipyshsisting of:
8) do[4,3,2-de]quinaoline-1 0,13(9H,15H)-dione; h)

_ (9S5)-9-eth I-9-hydroxy-l-(3-methy|bu'g}/l%-l H,12H-pyrano[3"4"
(98)—97@2};}»&18&5@;%[@’—QB:@};}EV}HH@)miHﬁl_} -pyrano{37.47:6°,7 Jindolizino[17,27:6.5 jpynid
o[4.3. Dl Budrdelduinazaingnhlsh 3@ H 15H ) -Hibnépie;

| (9S)-2,9-diethyl-9-hydroxy-I-(3-methylbutyl)-1H,12H-pyrano[3",4" :6',7"
Jindolizino[1',2":6,5]p yrido[4,3,2-de]quinazoline-10,1 3(9H,15H)-dione; J)
(95)-9phyi-9-hydroxy-1-phenethyl-1H, 1 2H-pyranof3”.47:6°. 7 Jindolizino{17,27:6.5 |pyrido{4.3,

2-de]q(R) 30 diRthy|-B-dydrogy-HBimetnytprepybri, 12H-pyrano[3",4":6',7'lind
olizino[1',2":6,5] pyrido[4,3,2-de]quinazoline- 10, 1 3(9H, | 5H)-dione; k)

) (9S)-9-ethyl-I-heptyl-9-hydroxy-1H, I2H-pyrano[3",4"

(9S)-9-gtim|ifidutizipa|1t 20@15]pyHdblal Poeape (S ™ 4767, 7 Jindolizino[17.,27:6,5 pyrido[4.3.2-d

elquinl@inazolmes1d3(9LL 154 -teneiidh:1)
(9S)-9-ethyl-9-hydroxy-I-methyl-1H,12H-pyrano[3",4":6',7"]indolizino[1',2":6
,5]pyrido[4,3,2-

15, The water-soluble prodrug of claim 1, or a pharmaceutically acceptable salt, or a hvdrate or

solvate thereof, wherein Y is a group represented by formuia (8}

(8)

[ wherein,

* indicates a linkage site; and

R, R R*. and R™ are defined as in claim 1].

16.  The water-soluble prodrug of claim 13, or a pharmaceutically acceptable salt, or a hydrate
or solvate thereof, wherein R' is a hydrogen atom;

R is a hydrogen atom or C1-C3 alkyl group;
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de)quinazoline-10,13(9H,I5H)-dione; m) (9S)-9-ethyl
-9-hydroxy-1-(2-methylpropyl)-1H, I12H-pyrano[3",4": 6', T]
indolizino[1',2":6,5]pyr 20 ido[4,3,2-delguinazoline-10,13(9H,15H)-dione;
n) (9 S)-9 -ethyl - 1 -hexyl - 9 -hydroxy - IH, 12H-pyrano[3
R%is 4T a6 gelinaettz inod 1C 2- B8 wiidepdBiBadmay comprise 1 to 3 substituents selected
from G} %ngzggggﬁgeg%gﬁ;{ tJﬂ)dione; 0) 25 (9S)-9-ethyl

- ydroxy-I-pentyl IHrfl H-pyran o[3",4"; _ .
R™ is aghydResiiz Ao, 20818 NEofd 8 Sl e pikih &7enpdbebmay s sedidhe
substitBntk9B)ed & dieth)yrOup Y etribed Hateyrano{3Cs alkoxy group that may comprise 1
4":6' 7'lindolizinol16.5]lpyridal4 3, 2-de)gui, nazoline ~10,13(9H, 15H)-dione.
o 3 s A R R e e e Rl
compripg 1 2p osebrdBnE seerRfdamitapur D elsipyhed below, a mono-C1-C6 alkylamine
group #He{ 43 2ceR)spazelNenbOithOkl skidiedifde: Group D described below., or a
a1 B e ophen M8 PGt 2 BUIPHER iy
describ@iB¥pgrdo[4,3,2-de]quinazoline-10,13(9H,15H)-dione; s) 92
(Siione ot onopnunt gtk ta7
indolizi L2'..:8, ridof4.3,2- nazoline-10, -dione;, . t
(G L AT GO ety T O SR SHelRy 2 o gl v
[3hetzrecydindolil &yl ring (which may comprise 1 to 3 substituents selected from the

Zigajds %o%élaﬁg%@[él 31*9}%/%' | lﬁ;,@ﬂ-@ﬂ-gikgfc% rhob) 2P ASIEEn atom).
(9%%9?ethyl-9-hydroxy@ | -(1-methyletyl)-1 H,lZH%yraﬁ’o [3",4":%%‘ ] :
indolizino[ 1',2' :6,5 Jpyrid 0[4,3,2-de]quinazoline-10,13(9H,I5H)-dione, V)

17. The water-soluble prodrug of claim 15 or 16, or a pharmaceutically acceptable salt, or a

hydratd ¥ kot @ Sttty -9-_thyk9ahvdroxyatihddid pyrans| 3.4 nsihlindieast one
olizino[l',2":6,5]p yr|d0[4,3,2-de]qumaqulne-10,13§9H,15H)-d|one; w) i
alcoholic hydroxyl group, wherein the compound 1s selected from the group consiSting of:

a)

(9S)-1-butyl-9-ethyi-9-hydroxy-1H.12H-pyrano[3™,4":6°,7 Jindolizino[1",2°:6,5}pyridol4,3,.2-de
jquinazoline-10,13(9H.15H)-dione;

b)

{95)-9-ethyl-9-bydroxy-1-[2-{4-morpholino)ethyl}-1H. 12H-pyrano{3”.4°":6°, 7 lindolizino{1".2":
6,5]pyridoi4.3,2~dejquinazoline-10,13(9H, 1 SH)-dione:

&)

(98)-9-ethyl-9-hydroxv-1-propyl-1H,1 2H-pyrano{3”,47:6°, 7 Jindolizino{ 1 ,27:6,5lpyridol4,3.2-d
elquinazoline-10,13(9H, 1 5H)-dione;

d)

(9S)-1-benzyl-9-ethyl-S-hvdroxy-1H.12H-pyrano[37.47:6",7 Jindolizino[ 1°,27:6,5 |pyrido[4.3.2-d
ejquinazoline-10,13(9H,1 5H)-dione;

S

(95)-9-ethyi-9-hydroxy-1-phenethyl-1H,12H-pyrano{3”,47:6",7" Jindolizino[1",27:6.5]pyrido[4,3,
2-dejquinazohne-10,13(9H,15H)-dione;

f)

{95)-2,9-diethyi-9-hvdroxy-1 -phenethyl-1H,12H-pyrano[37,4°":6",7 indolizino{ | ',2":6,5]pyrido{
4,3,2-de}quinazoline-10,13(9H,15H -dione;

g)
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(9S)-9-ethyl-9-hydroxy-2-methoxy-I-(3-methylbutyl)-1H.12H-pyrano[3",4":6
", 7'lindolizino[1', 2":6,5]pyrido[4,3 2-de]quinazoline-10,13(9H,15H)-dione;
15 x) (9S)-2,9-diethyl-9-hydroxy-| 1
-(3-methylbutyl)-1H,12H-pyrano[3",4":6',7" ]Jindolizino[ 1',2":6,5]p
(9S)- 9~)éﬁ£§9l49§y%1@§10Wﬁéﬁ&ﬂﬁﬁ@ﬁﬁﬂ'ﬁ@ﬁ)ﬁ%l 1 4 1{23:24” 6, 7’][51d21%m$[1 2°:6,5]pyri
et penty pyrano
do[4.3 ](%n%ei ﬁlllﬁlgﬁ @é%%ﬁ/ébﬁé CS['AE}/ %2- -de]quinazoline-10,13(9H.15H)-dione;
h)
(95)-9-88): T el 2y ek (Zsiverormethy)- RGBT R AHEMZE SJpyrid
é) p‘él—}é’j%@;{f ?;L inazoline-10 ,13(9H.I5H)- dlone aa) 2
o[4,3.2 5“%%?% droxy-1* Bﬁyethyl) 2-methyl-IH,12H-pyrano[3",4":6'
i) ,7'lindolizino[1', 2':6,5]pyrido[4,3.2-de]quinazoline-10,13(9H,15H)-dione;
(98)2'9@1&%511@11%1&96& VAR IR Y i PEAsano 3 4 67,7 Jindolizino[ 1 2':6.5]p

yrano[3",4":6', 7'lindolizino[ 1',2".6,5]pyri
yndo[%[grgcﬁ HB%&%E’&%HQ@F =dione; 30 cc)

i) (9S)-2,9-diethyl-9- hydroxy I-pentyl-1 H,12H-pyrano[3 ",4":6",7'

(98)25” H@@Hay%mg‘; yFide f’apz%&ﬁ qPH‘?.%P! Grafhi3(9H, %5'7‘)]?{{?611%10 6,51

-9-ethyl drox entyl-2-propyl- H 12H-pyrano|3
pyrldow 2 HB}%% 3}62%/ %1 -y 1ong pyF s
k) o[4, 3 2-de]quinazoline-10, 13(9H 15H)-dione; ee)

(9‘%2 2 kl-pengyl
539 g?glng%f?z&}é%&%@é]p%n? 9[?%39} g%gg[ qu%r?ag)’lﬁlgnlo 1??(\6 Ifll 15H) (?n Zo
]quma;slgle 10,13(5H,15H) dione

)] (98) -9-ethyl-9-hydroxy-2-hydroxymethyl-1-(2-methylpropyl)-1H,12H-pyran

indoli
©S)- 9Z|n [im\) déf rnldngfi%y& 1cﬁ]qum oNine: 10 13?9H %oglzgﬁo ,1 aa ) (gn}pyndo[é% 3:2-

de]quikszg Vaird 35 2dipgioxymethyl-1-(3 -methylbutyl)-1 H, 12H-pyrano
m) [3"4":6',7']indoliz

(95)-5- 68}[3:!'1?9 % ch}Q Id?»[é~metgeﬂpq‘%gj?1§(¥ﬁ%4ﬁ yl(ano’{gs'i) déot}e]'mdohzmo 27:6,5pyr
idof4,3,2~-dejquinazoline~10,13(9H,15H)~dione;

n)

{95)-8-ethyl-1-hexyl-8-hydroxy-1H,12H-pyrano{3”,47":6°,7 indolizino[1",2":6,5 Jpyndo{4,3,2-de
Jquinazoliine-10,13(9H,15H)-dione;

o)

(9S)-9-ethyl-9-hydroxy-1-pentyl-1H,1 2H-pyrano[3” 476’7 Jindolizino[ 1°,27:6,5 pyrido[4.3,2-d
ejquinazoline-10,13(9H,15H)-dione;

D) :
(9S)-1,9-diethyl-9-hydroxy-1H,1 2H-pyrano{3™,4"":6",7 indolizino[ 1°.2:6,5 ]pyrido[4,3,2-dejgui
nazoline-10,13(9H,15H)-dione;

q)

(95)-9-ethyl-9-hydroxy-1-[2-(4~methoxyphenylethyl{-1H,1 2H-pyrano{37,4™:6",7" }indolizino[1°
26,5 pyvrido[4,3.2-de]quinazoline-10,13(9H, 1 SH}-dione;

1)

(95)-1-[2-(4-chlorophenyliethyl]-9-ethyi-9-hydroxy-1H, 1 2H-pyrano{3™.47:6°.7 Jindolizino{1°,2’
:6,5pyrido{4,3.2-dejquinazoline-10,13(9H, 1 5H)-dione:

s)
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10 hh)
(9S)-2-chloromethyl-9-ethyl-9-hydroxy-1-(3-methylbutyl)-IH,12H-pyrano[3"
,4":6',7"indolizin 97
o[l',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; ii)

(98)-9-89)r2 x@vacm%s;B SretRyind by gy pentxllaydpl ?gﬂog%mﬁ )ﬁ@a&ﬂmm

inazoline- ione;

:6, a}pym%(z %?% %?ﬁ%}f‘ %’Jgﬁdﬁg@ﬁjgﬂ%’ 5’Fomethyl 1 H,12H-pyrano[3 "4 "

t) :6',7"lindolizino[ 1',2": 6 5]pyr|do[4 3,2-de]quinazoline-

o o ety L 2 el G Tindol

-2;ethyi-3- yiou yitni y
zino{ 1’ § ‘%]%48‘6‘119&?8 3y§’§ %‘%‘Wﬁ&&ﬁ, ,é%)@ Gty SHARE10,13(9H, I5H)-dione:
u} 11) (9S)-9-ethyl-2-ethylthio-9-hydroxy-I

t -1 [ b -
O5)-5- éélﬁ?;g]gp%%}&%gzhd%nazohng I%?)121%1( ﬁ%%%%zgﬁné 72 1 r%(r)rlll)mm{1 epynd

o[4.3, 2 §&JAB AR DTS S8y droxy-I-(2-methylpropyl)-|

V) H,12H-pyrano[3",4":6',7'lindo
iRoft gl §(g'|t—§j 15H)-dion s
S lg CE F%aﬁtlglﬁlam?ﬁ) 9- e?ﬁ gl%lgr(lElll yi?q(g]fr%é Lgtyl) 1&12H pyré%%%> Vsl
yrido[4,3, %) eya}](a%ﬁ% Mingg!t 0, 13 }-dione;
w)  0[1,2"6 5]pyr|do[4 3.2- de]qumazollne 10.13(9H,15H)-dione. 94 18. The
r I f clai a-(1); OF 8. s >
(98} g‘é’ﬁé% m%%gﬁlc Iy qé%%é%?a ?gn %]té%(g)))ﬁ?ﬁaérg%?r sol g;;{t%éi' erjé)of% 7 Jindolizino[1”

216 518&%}5}%% ﬂ@ﬂ@&ﬁ%ﬁ@%&t@r@ﬁﬁﬁb@@d@ﬂﬁ 5 selected from the group

X) consisting of: (a)

met I - [)-amin .a ntyl-|
8 D e ey w50
Wzdo[ﬂ(;Bl g]%}@ﬁéﬂ(b;(%_fé 15H)}-dione;
V) (9S)-9-ethyl-9- (egcyI sarcosyloxy)-1-pentyl-1H,12H-pyrano[3

(9RS>-%-H51? ya/dind Hdé)'éyz'”oi' w0yl PY, (4,3 5 delquinazolingsI0. I3, 1 ino(1° 27:6.51pyr
idof4, 34')-de]qu1nazohne 10,13({9H,15H)-dione;

z)

(95)-%-ethyl-9-hydroxy-1-(2-hydroxyethyl}-1H, 1 2H-pyrano[37,47:6°.7 Jindolizino{17.2":6,5 pyri

do[4.3,2-dejquinazoline-10,13(9H, 155 )-dione;

aa)

(95)-%-ethyl-9-hydroxy-1-(2-hydroxyethyl}-2-methyl-1H, 1 2H-pyrano[37,4™:6°,7 Jindolizino[ 1°,
27:6,5pyrido[4,3,2-dejquinazoline-10,13(9H, 1 5H)-dione:

bb)

(95}-9-ethyi-9-hyvdroxy-2-methyl-1-pentyi-1H, 1 2H-pyrano[37.47:6°.7 Jindolizino{ 1 *,2":6.5 |pyri
dol4,3.2-de]quinazoline-10.13(SH,15H)~dione;

ce)

(98)-2.9-diethyl-9-hydroxy-1-pentyl-1H, 1 2H-pyrano{3™,47:6°,7 Jindolizino[1°,2":6,5 |pyrido[4.3,
2-de}quinazoline-10,13(9H, 1 5H)-dione;

dd)

(95})-9-ethyl-9-hydroxy-[-pentyl-2-propyl-1H,1 2H-pyrano[3” .47:6°, 7]indolizino[ 1°,27:6,5Ipyrid
014.3.2-dejquinazoline-10,13(9H,15H}-dione;

ee)

(9S5)-9-ethyl-9-hydroxy-2-hydroxymethyl-1-pentyi-1H. 1 2H-pyrano{3".4™:6’,7 Jindolizino{1°,2":
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(9S)-9- f [(2-amino-ethyl)-methyl-amino]-acetoxy} -9-ethyl- |
-pentyl-1H,12H-pyrano [3 ",4":6',7' ] indolizinol[l',2'
:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; (d)
(9S)-9-ethyl-9-(sarcosyl-sarcosyloxy)-1-pentyl-1
H,12H-pyrano[3",4":6',7]indolizino[1'@46,5] 5
pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; (e)
(9S)-9-[2-(2-aminoethanesulfonyl)ethoxycarbonyloxy]-9-ethyl-I-pentyl-1H,1

6,5]py12cﬁd>{ﬁy3éhd)@ijudﬂz&oline-l 0,13(9H,15H)-dione;

) ', 7'lindolizino[1',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;
(f). (aminoacetyl- methyl amino)-acetic acid 10

(O5)-5-08) by Airg 3 2 O3 Ve s edtr ARG vg RFe R s #hiaraitapaldibénof 7 Jindoti

zino| 1 IZhBladrendd iyl 3esterdgnazoline-10,13(9H, 1 5H)-dione;

o0) (9S)-9-{2-[(R-2-amino-2-methoxycarbonyl)ethanesulfonyllethoxycarbonylo

7= xy'}-9-ethyl-I- pent¥l "

(9S)-9-g1 Sngdrarss ydermstsiizincrmsty Bpyihiubie 3 B-astaamaz ding ¢ Jindoliz

mo[l R Eﬁ%ﬁ&b‘ﬂé di2 X e Lt 94(9H, 1 5H)-dione;
2-[(R-2-amino-2-ethoxycarbonyl)ethanesulfonyl] ethoxycarbonyloxy}
-9-ethyl-I-pentyl-1 H,12H- pyrano 3"4"

<9S) 2-ghip FindribyeShysiens)4 5 > melaiblinELi8H axornebti)Adidh. lindolizin

o[ 1", 2" 20 (A% 2By Py (iNrnethylaimnytasmathyiataryloxy)-I

i) -pentyl-1H,12H-pyrano[3",4" :6',7"lindoli
zinof1',2":6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; and G)

(9S)- 7@WW@I@'@&E@&WM&WMHMP%@WM":L?Hfi?pg?rémﬂ@'imo

Sipyrid[4 irdalizineldzolZ®-10,13(9H,15H)-dione;

. 2".6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione. 19. A

1) pharmaceutical composition comprising the water-soluble prodrug of any

(95)- 9@&@@&&%%&@@%@@@%%3@@@%%@&%@ a0 & Hymttatigino[1°.2

6,5]pyRusalvatedheeel-asam efiective; dpgragignt. 30 20. A therapeutic agent

Ko for a cell prollferatlon disorder comprising the water-soluble prodrug of

~any one of claims | to 18, or a pharmaceutically acceptable salt, or a
(9S)-S1efitr e ordsotyate frorebf Tagyan2e ffettvihing FEHIGH- 35 @[ Thé 6", 7" indolizino|

1°,2":61RErAReLiC:208R] AGRLFEING 1A Q18205 bgr&in; the cell proliferation

0 disorder is a

{98)-9-ethyl-2-ethylthio-9-hydroxy-1-(3-methylburyl}-1H,1 2H-pyrano[37,47:6",7 Jindolizino[ 1",
27:6.5])pyridof4.3.2-dejquinazoline~10,13(9H,1 5SH)-dione;

mm)

(9S)-2~(dimethylamino)-9-ethyi-9-hvdroxy-1-(2-methylpropyi)-1H, 1 2H-pyrano{3”,47:6’,7 Jindo
lizinof1°,27:6,5 pyrido{4,3,2-dejquinazoline-10,1 3{GH. 1 5H)-dione; and

nn)

(9S)-2-(butylamino}-9-ethyl-S-hydroxy-1-(3-methyibutyl)-1 H.1 2H-pyrano[3”.47:6°, 7" Jindolizin
0f17.27:6,5}pyrido[4,3.2-de]quinazoline-10,13(9H, 1 5H)-dione.
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cancer. 96 22. The therapeutic agent according to claim 21, wherein the
cancer is a solid tumor. 23. The therapeutic agent according to claim 21 or
22, wherein the cancer is a colorectal cancer, lung cancer, breast cancer,
gastric cancer, uterine cervical cancer, and/or bladder cancer. 5

94

18. The water-soluble prodrug of claim 1 represented by the formula (1), or a pharmaceutically
acceptable salt, or a hydrate or solvate thereof, comprising at least one water-soluble prodrug
selected from the group consisting of:

()

(9S)-9-ethyl-9- { [methyl-(2-methylamino-ethyl }-amino}-acetoxy } -1 -pentyl-1H,12H-pyrano{3™ 4"
16", 7" lindolizino{1°,27:6,5]pyrido{4,3,2-de]quinazoline-10,13(9H, 1 SH)-dione;

(b)

(98)-9-ethyl-9-(glycyl-sarcosyloxy)-1-pentyl-1H, 1 2H-pyrano[3”,47:6°,7 Jindolizino{1°,2":6,5]py
rido[4,3,2-dejquinazoline-10,13(9H,15H )-dione;

(c)



L
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(9S5)-9-{{(2-amino-ethyl)-methyl-amino}-acetoxy}-9-ethyl-1-pentyl-1H, 1 2H-pyranc[37 47:6°,7’]
indolizino{1°,2°:6,5ipyridol4.3,2-de}quinazoline-10,13(9H, 1 5H)-dione;

(d) '

(9S)-S-ethyl-9-(sarcesyi-sarcosyloxy)-1-pentyi-1 H, 12H-pyrano[3™.47:6",7" Jindolizino[1°,27:6,3]
pyridoi4,3.2-dejquinazoline-10,13(9H,15H)-dione;

(e

(9S)-9-[2-(2-aminoethanesulfonylethoxyearbonyloxyj-9-ethyi-1-pentyl-1H,1 2ZH-pyrano[3” ,47:6
*, 7’ findolizino[ 1°,2°:6,5]pyrido[4,3,.2-dejquinazoline~10,13(9H, 1 SH)-dione;

(f) (aminoacetyl-methyl-amino}-acetic acid
(S)-4-ethyl-3,13-dioxo-3.4,12,13tetrahydro-1H-2-0xa-6,1 2a-diaza-dibenzo[b.h]fluoren-4-yl
ester; '

&

(98)-6-{2-[(R-2-amino-2-methoxycarbonyl)ethanesulfonyl]ethoxycarbonyloxy} -9-ethyl-1-pentyl
-1H,12H-pyrano[3~,4™:6°,7 Jindolizino[1°,2":6,5]pyrido[4,3,2-de]quinazoline-1 0, 13(9H, 1 5H)-d1
one;

(h)

(95)-9-{2-[(R-2-amino-2-ethoxycarbonyl jethanesulfonyllethoxyearbonyloxy}-9-ethyl-1-pentyl-1
H,12H-pyrano{37.47:6",7" Jindolizino[1°,27:6,5]pyrido]4,3,2-de]quinazoline- 10, 1 3(9H, 1 5H)-dion
e

Q)

(95)-9-ethyi-9-( N-methvialanyl-N-methylalanyloxy)-1-pentyl-1H, 1 2H-pyrano[37,47:6",7 lindoli
zino{1",2":6.5]pyridof4,3.2-de]quinazoline~10,13(9H, 1 5H)-dione; and

()

(98)-S-ethyl-9-(sarcosyl-N-methylalanyloxy)-1-pentyl-1H,1 2H-pyrano{3,47:6°,7 jindolizino[1°,
27:6.5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione.

19. A pharmaceutical composition comprising the water-soloble prodrug of any one of claims 1
to 18, or a pharmaceutically acceptable salt, or a hydrate or solvate thereof, as an effective
ingredient.

20. A therapeutic agent for a cell proliferation disorder comprising the water-soluble prodrug of
any one of claims 1 to 18, or 2 pharmaceutically acceptable salt, or a hydrate or solvate thereof,

as an effective ingredient.

21.  The therapeutic agent according to claim 20, wherein the cell proliferation disorder is a

cancer.
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22.  The therapeutic agent according to claim 21, wherein the cancer is a solid tumor.

23. The therapeutic agent according to claim 21 or 22, wherein the cancer is a colorectal cancer,

hung cancer, breast cancer, gastric cancer, uterine cervical cancer, and/or biadder cancer.



