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1 DESCRI PTI ON NOVEL WATER- SOLUBLE PRODRUGS 5
Technical Field The present invention relates to novel
wat er - sol ubl e prodrugs, or pharnmaceutically
acceptable salts, or hydrates or solvates thereof. The
present invention also relates to pharmaceutical
conpositions that conprise these substances, or liquid
formul ations that conprise these substances in
aqueous sol utions. 10 BRHSGIRIBHNIOWrt Canpt ot heci ns,
t axanes, anticancer nucl eotides and such are active
against a wwde variety of tunor cells, and thus are
expect ed to beNGBFHUWATR-ROLAFHK PROMRIANGS, such as
anti cancer agents (Patent Docunents 1 and 2). Many of
t hese conpounds are |ipophilic, and 15 because of
TechnicabField ow wat er solubility, their use in injections

(PR R SRl BTl Th B ol DAIBE, BB vee' b Ehacepically

accept@bladalé&d of hydeates ot shyatestthersof. ulbiheipresesinrentiop@fsioi relates to
s b B8y e e ) S

comprigg§izyse setEtancein fupemeseluboetuiment 2] W03/ 045952
[ Non- Patent Document 1] Shan et al., J. Pharm Sci.,
86(7), 765-767, 1997 D sclosure of the I nvention
BackgrnmdiAghs t o Be Sol ved by the Invention 25 Most
Wat ShpieflebiRb, 8aRhmed aHEGeEr 1ucRRRAL dndl sﬁ&?&‘é‘%@% ég,%{st a wide

agent’s are converted into their active form af

"Vane%%ﬁﬁlmog eellsr anghthusege grpeaigd f@rbpyﬁﬁ@l aiberspattic qgﬁp@, ~such as

anticari@p xge"rﬁsl @BteREDHEENG Band2). C NIk} 6¥ A&l BFhpBiinds 78 lipophilic, and
wi ng adm nistration and varies anong species and

fol |
becansie,pd tRE I Watergolubikity el uge BeRIFCHions BYERTL SRR HEIon) is

sometﬂﬁ:‘é%ﬁfbﬂ@ﬁteﬂtﬁ)&d’ﬂlﬁﬁsﬁtPIOdrUgS Therefore, there VVaS a

nd to devel op wat er-sol ubl e prodrugs t
c a\%’af%s i Rrodragsdiivp Rpahttudisg man affempt twl\#a%lzwch lipophilic

hanng@nﬁaél afEntS W aRE (NorCRAME R @R e Crdl Fans MRkhment 1).
ﬁt ers eﬁj@g&r %gl vidual differences. Furthernore,
[Patent o 4303l at e and efficiency in converting a

'[PatenDD@dfm@th wWos/esosge formin blood was insufficient,

Non-12is AR UeR ] SHBR et doREERY S SE of P AGAELL | cal

agents to incr ease More specifically, an objective of
Di 1the esent .invention is to provide water-soluble 35
—igl9§¥%8£ﬂ§§3$¥$@~can be admini stered parenterally, and
I&ohbm@msBeSohmd@gmmﬂHWBMﬂnihe_actlve form does not depend

O SIS RS HoM ST, LA E! P2 8500 Sk W Blerted into their
active form after administration, mainly by enzymes. However, this conversion occurs after a
certain period of time following administration 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-soluble 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
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2 rate and efficiency of conversion. Means to Sol ve

the Probl enms Upon extensive studies to solve the

above-nmenti oned objective, tae present inventors 5

di scovered that prodrug conmpdunds conpri sing

solubilizing side chains with particular structures

show excell ent water-solubility, and that their

i nterspecies or individual differences are snal
rMemﬂﬁgﬁﬁakﬁ%f&ﬁgag@ﬁld chem cal conversion to the active

form Thus, the present invention was conpleted. The
present invention is particularly useful for

Meansitdlath ProBlemyat er - i nsoI ubl e phar maceutical agents

such as ca t ot heci n, rise a secondar .

al YBPABEFE enqz, i tosg! Vé’r %qup entione %bjgctmec‘@lﬁérqsgnt inventors
discoveyslr mixtyﬂro&ﬁg ¢pmpbiXidy c%i}@?ﬂsﬁlkg@alubﬂxz%gfb&im&&gwh particular

i nven onpris <1> sol ubl e. prodr,u
structyrgy SIS RS Ue Ty GraplHOAY 0 T AP GIER T gl differences are
small BEQRY dltherapal &heml@e[[ canvetsloRtethe kothd foahe They, eef preﬁnt invention

was c\ I E g g%g t%‘fe é&g %;P%}%Jrlaé‘ rlésgg.ﬂ ?@reag)%ﬁ?é%l&n g Q?V% Finsoluble
pharrr@é@lﬂiﬁalcagﬁﬁlis isedhng canipesthéechn, ywldeh camgriewscosndant ﬁlomhdhc hydroxyl

r resi due of a conpound
gfoup%éﬁ?%@%‘ﬁ’tﬂl‘iﬂ’%?ﬁ EY%QPﬂ(ﬁ?% an al cohol i ¢ hydr oxyl
gr Biop specididaliy? thd presenairsential ¢dﬁﬂ11mspsf odr ug of claim1,

or har. ticall C abl r a h
<t> Gorfurereredre sl SRRl ob paftisRtieny Bedorate sa,
or a hydrprees evivatd theyedformul a (2): R4 R11IN X ~NO\Y Y Z 3 R

RO (2) [wherein, 25 Rl and Y are defined as in
R1\\formw a (1);0 X represents a C=O or Cl1-C3 al kyl ene

up; and each independently represents a
ydrogenijatom Cl1-C6 al kyl group, or amno acid side
chai n; apd R3 repres%nff a C1-C6 al kyl group]; 3

- (wherein,

R! represents a hydrogen atom or C1-C6 alky! 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 prodrug of claim 1, or a pharmaceutically acceptable salt, or a hydrate or
solvate thereof, wherein the water-soluble prodrug is represented by formula (2):
. R 4
- H
N X 0
~ ~ ~

YT
| R? R? 0 (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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<3> the water-sol uble prodrug of claim2, or a

phar maceutically acceptable salt, or a hydrate or

sol vate thereof, wherein R iLs a hydrogen atom nethyl
group, or ethyl group; 5 <4>"the water-sol uble prodrug
of claim2 or 3, or a pharmaceutically acceptable
salt, or a hydrate or solvate thereof, wherein RZ is
a hydrogen atom or nethyl group; <5> the water-sol uble
prodrug of any one of clains 2 to 4, or a

phar maceytical ly acceptapl e alt, o hydr at.e or
<3>3 VaEESUNGF @&%&xﬁé‘ﬁ%ﬂh +93 & hagmigevtiosly E}éngfptfgﬁ%ﬁ?&? or; g hydrate or
solvats GrerdofewN@ERIR 'S h Wbl oo ) ehetiyl gmu[ppmeetnﬁ gb@h;ms 2
e

to 5, or a pharnmaceutically acceptab salt, or a
hydrate or solvate thereof, wherein R4 is a hydrogen

<4> @kc wRkhydlulgle Pritirugsdfelaine2 WAaB air-aatthh@upic0gracgepdble salt, or a

s e e SIS S SEEERLRO S b © °

wat er - sol ubl e prodrug is represented by fornmula (3): H

NH2)n \§/.~/ 0 02 RS 0 (.s) . erein, .Ri_and.Y.are
<5> S VReEsaF Ao and ony of Shime ARE et gl Rocptable
salt, of & hydratetod s6lvawnher26f, REereapREsart 5Ca atisydcogen at om or
-COOR6 (wherein R6 represents a hydrogen atomor C -C6
al kyl group)]; <8> the water-sol uble prodrug of claim
<6> The witeasdisle peakug oCalyl onead chiima b te 5 s&la phaonaceutigallyacesptable

_salt, oﬁ%p%‘fygéeé?gﬁlg%t%%&g{fhyygr%r ei&g%s%dg’é&s%”% gl{e%’t(f gfoﬁli)g |mub| e

prodrug of claim?7 or 8, or a pharmaceutically

L
solvaté theezodi wheRSin thepreserltble prodrg tiepresanded oy fodnulad3xl ky |

group); 30 <10> the water-soluble prodrug of claim?7
Br 8, or a pharnaceutically acceptable salt, or a

Nydr at e(®H vat e reof .Owherei  n is an integer
R' frong? £o é?P;EBsﬁgpﬁs\a’ﬁ§dro

ato 4 <11> the
wat ef - sol ubl e prodrug of anyone|lof claims 1 to 10, or
a plpar maceutical ly acceptabl e alt, or a h)((cj{ te or
sol vate thereof, wherein the hydroxyl group g—l) of
Y-OH is a secondary or tertiary alcoholic hydroxyl

- [wherginoup; 5 <12> the water-sol ubl e prodrug of anyone of

R! m%?%é%{%e&%hfo%u?&ﬁ“ar maceutically acceptable salt,

rate or solvate thereof, wherein Y-OH is an
n 1eprésaBis lan prteges drae & el 6; and

R® represents a hydrogen atom or -COORS (wherein R® represents a hydrogen atom or C1-C6
alkyl group)];

<8> the water-soluble prodrug of claim 7, or a pharmaceutically acceptable salt, or a hydrate or
solvate thereof, wherein R is a hydrogen atom, methyl group, or ethyl group;

<9> the water-soluble prodrug of claim 7 or 8, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein n is 1, and R” is 2 hydrogen atom or -COOR® (wherein R®
represents a hydrogen atom or C1-C6 alkyl group);

<10>  the water-soluble prodrug of claim 7 or 8, or a pharmaceutically acceptable salt, or a

hydrate or solvate thereof, wherein n is an integer from 2 to 6, and R’ is a hydrogen atom;
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- <13> the water-soluble prodrug of anyone of clains 1
to 12, or a pharmaceutically acceptable salt, or a
hydrate or sol vate thereof, gherein Y-CH is a
canpt ot hecin, azole antifungal agent, 10 taxane, or

~anticancer nucl eotide; <14> the water-sol uble prodrug
of anyone of clains 1 to 13, or a pharmaceutically
acceptable salt, or a hydrate or sol vate thereof,

<1i> V‘ﬁ]@ rv?dt&-sgldb?e Fﬁr Qﬁ%bﬂ}‘a%? BhE §P&E§ﬁ’s phﬁ f(P oPy bﬁarﬁﬂa}:eutﬁéﬁy acceptable

‘;iI vvher%
salt, of thCk@tf:@s s@vaﬁe ieeRs yh@r@m thechy om &?@VP 08D of Y-@&l s a secondary or

95@031% gen atom hal ogen atom or O -C6
&xmﬂgﬁ'y gr R%ghfepresents a hydrogen atom hal ogen

atom d - C6 al kyl group, or hydroxyl group; 20 R13
<12> ' &Qrveai&@oﬁl@e Bﬁb@f@&%?bﬁéfbf AHInAO1 & PUYBr a Bhirh@citRty acceptable

di met hyl am no) met 4 represent
salt, oqﬁ,l@yc};g@@r QQIB@HB thereqdsw, ngrp&ﬂg{' gﬁ—gwanl]soiuﬁ compgunsd 2
(4- nethylplpera2|nyl)nethyl group, or

PR ECARL T EMENLE AR C NG VT —

salt, of @h}‘ﬂrﬁe ?r s6liate GheFBdTPRhEEIN Y-OH isvdhemgitothedie, doleamtifungal agent,
nbered ri ggpa conprise 1 to 2 heteroatons, and
€3

to 3 substituents sel ected from
Group A descri bed bel ow, wherein the substituents of

<14> s@eggqtgosrg? furt her ongaé%?) 5 to]e? %%Iép %’I}%Pafg\g’utgzally acceptable
salt, ofd hfdt&ke Dk lsMk/a@ rgaenf, ehemein gl Qr,oup’m;ﬂeﬁﬂlte%yéfbmwla #no
grﬁgp, gdi -Cl-C8 al kyl ami no group, Cl-C8 al koxy group,
aﬁkylthlo group, and group 5 represented by X=
rR2 ( meFEII represents an oxygen atomor sulfur atom;
5 B: | Koxy group, hydroxy group, halogen
nono- C - C6 al kyl am no group,
dj - S~C6_2 l/am no, group, C3-C7 cycl oal kyl group,
heter ocYl e, i i
substituents s&

the 5 group consisting of a

hydr oxy group, \o6 al k Broup, hal ogen atom am no
group, , nono~C - ZB~glk mam'no group, and di-C -C6
al kyl am no group)/]; <155"the water-sol uble prodrug of
claim 14, or a pharnaceutically acceptable salt, or a
hydr at e " (4)

~ [wherein,

* indicates a linkage site;

m is either O 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 hydroxyl group;

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

- R represents a hydrogen atom, C1-C6 alkyl group, (4-methylpiperazinyl)methyl group, or

(tert-butoxyimino)methyl group;

1B and R, and RY and R'2, may, respectively, 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

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
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or solvate thereof, wherein Y is a group represented
by formula (5): Z R12 O NRI1 N O O 10 (5)
{wherein, * indicates a |linkage site; R' and R12 are
defined as in claim14; and represents

-NH C(=X)-N(R21) - or -N=C(R22)-N(R2) 15 [wherein R21
represents a hydrogen atomor a C-d O al kyl group
that may conprise 1-3 substituents selected from

G QiReRntass XL agh é?&h%&ep@s@ﬂi@ aBoxfgdd atéh orkiOIatom);
group, h dro roup en atom roup
{uokp B0p Cér‘ﬁ@ i%%rogp rox) gre}lp,égp%ﬁw affino group,
gr iho-CBCEalieysha | dvilp, JEHCIUDG alht?laﬁﬁﬁkcgi@hp,, CROY o3tivhalkyl group,

ring (mhlch conp 1to bst
selgistesory %ﬁ%éﬂﬁt@ﬁz Sempith bfo LAWpiGRy Seletiegh from the
Q pedupdoaestin, %droi}aé@ﬁﬁ nC p OBl kox®igheury helgPen atom, amino group,

3?%&’9550 %M@é@%% S i D30 TR AR Ny o,

or -C6 alkyl group that may conprise 1 to 3

St élt #gﬂ&@ g@%ﬁt ?eﬂgf i Og,w&%gﬁ gcr I? %?%:%gibﬂe\/\é‘.alt?or a hydrate

or solﬁdﬂ@&ktéotﬂ,aﬁﬁeiemaf Batgouy repres@ited py ordrdcS)bed bel ow, a

R12

R11

_substituents se

Cl-C6 al kylthio group that nmay conprise 1 to 3
subst izt uents sel ected from Group C described below, a

m no group that may 6 conprlse 1
sel ected from G oup C descri bed

w . () - C6 al koxy group, hydroxy group,
halogen atom wminpd graup, C3-C7 cycloal kyl group,
het er ocycl e,
fromthe group consisting of
hydr oxy group, al koxy group, am no group
nmono- C - C6 al kyl gkino dPoup, and di-C-C6 al kyl am no
group); and - (s5)

| {'wherein,

* indicates a linkage site;

U and R'? are defined as in claim 14: and
Z represents -NH-C(=X)-N(R*")- or -N=C(R**)-N(R*")-

[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: a C1-C6 alkoxy group, hydroxy group, halogen atom, amino group,
mono-C1-C6 alkylamino group, di-C1-Cé6 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-C6 alkoxy group,
halogen atom, amino group, mono-C1-C6 alkylamino group, and di-C1-Cé
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 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 1 to 3 substituents selected from Group C
described below, a mono-C1-C6 alkylamino group that may comprise 1 to 3 substituents
selected from Group C described below, or a di-C1-C6 alkylamino group that may




X represents an oxygen atomor sul fur aton]}; <16> the
wat er - sol ubl e prodrug of claim 15, or a
pharmaceutically acceptable galt, or a hydrate 10 or
sol vate thereof, wherein Y isS a group represented by
formula (6): OR21 HAN R12 ~O N RI1 N O 9 O (6)
[wherein * indicates a |linkage site; and Rl1 R12, and
R21 are defined as in claim15]; 15 <17> the

wedciiprizel1ub i @uwtﬂ@d’r!ﬂﬂse@éctéﬁ' ﬁdﬂﬁWG]rﬁu Qrdegcribed below:
phar mac ydrate or

|y ept abl e sa 0
Dot vat o GHp b ClpB Ao ﬂ%pahﬁdrﬁa&grgp R gisn. amino group,
alt EHF E(EﬁicmyclbﬁlﬂlS’Egi@ﬁp Shefertyydie) glgﬂaﬁl ang (wmclhtn@yhg@nse 1t03
al kyl gro ri se a substituent selecte
from o GBS R TR ot ot S ok of By B8y By 1-Co
group, hykbxe>¢yoy, amino gi@hp,gﬁmcat:@r% dRylagrigy gopp, add di-C1-C6
nono- Cl1- al k Ian1g oup, -Cl-C3 allcyl am no
group, éﬁn%§ JaVk group, het er ocycl e, and aryl
r i Xigepredehshn Ry g@oatpml gaulfut #o@]gubst i t uent s sel ect ed
fromthe group consisting of a hydroxy group, Cl-C3

al koxy group, and hal ogen aton); <18> the
<16> witearataredoitbleppdngyofgiam I3, ai apifmaceuticallpaccaptable salt, or a hydrate

b hyd
10 orson iSRS UHERAL I BETRL ARkl Byl e” YOl

15

20

25

(Y- conprising at |east one alcoholic hydroxyl
groug, whe®ein the.conpound is selected fromthe group
c ' x{g of: a) 7

-9-et hyI 9- hydr oxy- 1H, 12H pyrano[ 3", 4": 6",
.6, 5] pyrido[4,3,2-de ]

R12
(3 H 9H 15 H)-trione; b)

R11

* (6)

[wherein * indicates a linkage site; and

R R and R? are defined as in claim 151;

<17> the water-soluble prodrug of claim 16, or a pharmaceutically acceptable salt, or a hydrate

or solvate thereof, wherein R and R'? are hydrogen atoms; and

R represents 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,
mono-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 atom);

<18> the water-soluble prodrug of claim 16 or 17, or a pharmaceutically acceptable salt, 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)
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c
(9S)-1-[ 3-(di net hyl am no) propyl ] -9-et hyl - 9- hydr oxy-1
H,12H-pyrano[3",4":6',7']indz|izino[1‘, 2' :6, 5
] pyrido [4,3,2-de] quinazoline-2,10, 13
(3H 9H, 15H)-triune; d) 10 ,
(98)-9-ethy|-9-hydroxy-|-phenethyl-lH,12H—pyrano[3",4"
:6',7']indolizino[1,2" :6,5]pyrido[4,3 ,2-de]
= liftho[1°,2°:6,5]pyrido[4,3,2-de
(98)IQH%?qxamkpghgd%&yhgggg??b%ﬁbgﬁge|glzqﬁﬁgl)et%yl] 1EW?2 [
qwn%Q%WW%h%Eﬁ%}hgﬂé H}mT@ﬁﬁoI|2|no[1 2':6, 5]pyrido
b) [4, 3, 2-de] qui nazol i ne-2, 10, 13(3 H, 9H 15kb-trione; 15

f . EL) (E] L] s -t ? b
98)- 9(%19;1-9911:&1*@9):'«1ﬂ%&ﬁ@@rph@mﬁwbﬂwHinflrmaw@an%fé-ﬂ, jindgfizino[1’.2":
i@ 2-
¢ 51pyﬂ§|0ﬂr14ja3;%g|k]ne Ei%ﬂ ei%l(()%%-l 9&1’;1'11"55 -t rr%é)ne g)e]
c) (98) 9- et hyl - 9- hydr oxy-1 - propyl -
(95)- 1t[3§ ﬁheﬂﬁﬁéﬁhﬁ{cﬁ rofiyl] ©-eti{y1}9-Rodbk ¢ |1H91[2H-p3’£ran@[33140y6’| iibdolizino[1°,

26t ol iy ﬁ%ﬂqﬂél'aﬁ ekl ﬁ@%lo%%f;?fliﬂwgn?z yD) et hyl |- 1h 12

H pyrano[ 3", 4": 6’ 7]|ndoI|2|no[1 2' .6,

(93) 9541&’1 gl,]%g*;gxy— )phelzigﬂy 129k @z‘?a.n%[é"ozrl%( HHirdBliziho[1°,2° 6, 5pyrido[4,3

,2- de]nﬁlﬂ@zoﬁné‘—ﬂmbll393£ﬂi,9ﬂrmﬂo-ﬁloﬁé1 phenyl propyl)-1H, 12H pyr an
:6',7']indolizino[1, 2" :6, 5] pyr

€) |do[4 3, 2- de]qw nazol i ne- 2, 10, 13 (3H,9H, 1 5H)-trione;

(959 BEYdrBrel ﬁ[ytr(gﬁﬁdiydj’-yld])qhﬂ}-(m—m F}{ﬂapﬂ;[ﬁﬁ)éll ’)é? 17’ Hndolizino[1,2°:6,
. rL.ano : i N r

Stpyrif i sl 7 O AT o1 Toiy o1 one:

) 30 k) (9S)-9-ethyl-1-hexyl -9- hydroxy- 1 .

o B3 R i BB 0 i a2

e]quméﬂﬁme%mlﬁ(BHQ}}hyﬁHbmonei pentyl - 1 H 12H pyrano [3
) ,4":6", 7" ]indolizino [ 1',2':6,5]pyrido [4,3,2-d 35
g e] qui nazol i ne-2, 10, 13 (3H, 9H 15H)-tr| one;

(98)- 9@&1)9 thj’tybxﬁl tproleydsd, I DylaboRNHRYP ﬂmdyhgjeo[ﬂy,ﬂ] :6,5]pyrido[4,3,2-

Y, ,' indolizino [V ,2" :6, 5
. de]qu%zo T 'al[oaﬁ?g%glé ﬁ_CIJ)w nazol i ne-2,10,13 (3 H 9H,
N

15H)-tri one;

_ (98)-9-ethy1—9-hydroxy—1—[2-(pyridin—3 -yl)ethyl}-1H,12H-pyrano[3”*,4°*:6°,7 Jindolizinof1°,2":6,
- 5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

i)

(98)-9-ethyl-9-hydroxy-1-(3-phenylpropyl)-1H,12H-pyrano[3”,4*:6’,7" Jindolizino[1°,2°:6,5 ]pyr

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

i)

(95)-9-ethyl-9-hydroxy-1-(2-methylpropyl)-1H,12H-pyrano[3",4"*:6’,7 ]indolizino[1°,2:6,5 ]pyr
ido[4,3,2-de]quinazoline-2,10,13(3H,9H, 15H)-trione; :

k) '

(9S)-9-ethyl-1-hexyl-9-hydroxy-1H,12H-pyrano{3”,4":6°,7° Jindolizinof1°,2":6,5]pyrido[4,3,2-d
e]quinaoline-2,10,13(3H,9H,15H)-trione;

I |

(95)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4°*:6°,7" Jindolizino[1°,2":6,5 ]pyrido{4.3,2-d
e] quinazbline—2,l 0,13(3H,9H,15H)-trione; :

m)
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n)

(9S) - 1- benzyl - 9- et hyl - 9- hydr oxy- 1H, 12H pyrano[ 3", 4": 6'

,7']indo|izino[1‘,2':6,5]pyr$Fo[4,3,2- 5

de] qui nazol i ne- 2,10, 13 (3H,9H, 15H)-trione; 0)

(9S) - 9- et hyl - 9- hydr oxy- |

-(3-nethy|butyl)-lH,12H—pyrano[3",4":6‘,7']indo|izino[

1',2':6, 5]pyri do [ 4, 3, 2-de] quinazoline , 10,13 (3

(9S)- o1 blhycﬂrﬁx (DIt PREhoxD heril}@)e 1H 12H-pyrano[3” 4” :6°,7 ]]mdolizino[l’

[

2716, Saldo A3 étgnf'zzfeﬁs? égp.laéfi% ‘i'éeti* S

n) nazoline- 2 10, 13( 3H, 9H, 15H) trlone q (99- 1 -

98- Loyl Sy Lk S b [ P [ haSlitinol -6 Sipyridof4.3,2-
de]quﬁaz@hﬁb&ym FHQBHQH pstaefiabénazol i ne 2,10, 13(3H, 9H, 15H) - t

rione;
0) (9S)-9- ethyI-I-[2 (4-fl uorophenyl)ethyl]-9-hydroxy-1
(9)-9RtHA 19 Rydraxw{ 33-meth A butg])} IHURH iR rae[ 3> 4 2!6°, 7 Tindolizino[1°,2°:6,5pyri
do[4, 3@%@1{@(@3&&%% %(Qﬁlg‘ﬁ‘ %z_%olnne 2,10, 13(3H 9H, 15H) - tr

(9S)-9-ethyl -9-hydroxy- I-(1 mat hyl et hyl ) - 1H, 12H- pyr ano

p)
| no V25 :
51ty Byl TR i Ems 3 26, Bag Hteleinaly 20 poimaidors s 2-dclaui
nazoligil, 10)13(J10.98) I5H){tdone;
3-di met hyl butyl ) -9-et hyl - 9- hydroxy- | H, 12H pyrano [3
9 46,7 | indolizino[ 1',2 :6, 5 ]

| (93)-1qyr(i4d>mo¢oﬁ1eaynam]qn9nwzyd+9 hﬁirﬁxsl—(DH]HH _pyrano[3”,4”:6”,7]indolizino[1*,2

R e E T R T AR D T el

1) a hydrate or solvate thereof wherein Y is a group

(93)-9%?@1%;?3@‘?&&&&%&‘&&1] 19?ﬂ3}dr§<ﬁ?111, 128N a3 Mo & 7 hBlizinof17 27

:6,5]pyrido[4,3.2-de]quinazoline-2,10,13(3H,9H,15H)-trione;

s)
(9S)-9-ethyl-9-hydroxy-1-(1-methylethyl)-1H,12H-pyrano[3*,4":6°,7"]indolizino[1°,2:6,5]pyri

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

t) _
(99)-1-(3,3-dimethylbutyl)-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,47*:6°,7" Jindolizinof1°,2°:6,5]
pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione;

<19> the water-soluble prodrug of claim 15, or a pharmaceutically acceptable salt, or a hydrate

or solvate thereof, wherein Y is a group represented by formula (7):
S

(7)
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15

g

25

[wherein, * indicates a |linkage site; and R', R12, and
R21 are defined as in claim15]; 5 <20> the
wat er - sol ubl e prodrug of cl a'gm 19, or a
pharmaceutically acceptable Salt, or a hydrate or
sol vate thereof, wherein R' and R12 are hydrogen
atons; and R21 is a hydrogen atom or a C-C8 al kyl
group that may conprise a substituent selected from
[wher gfloup D descri bed below. Goup D a Cl-C3 al koxy
grioup, hydroxy group, hal ogen atom -ami no group, 10
* indigsins - lwkagssits) aa,«% am no group, di-d-C3 al kylam no
RIR rmm(gl%eg&irﬁggg%mﬁ{lgroup, heterocycle, and aryl
R ring (which may conprise 1l to 3 substituents sel ected
fromthe group consisting of a hydroxy group, d-C3

<20> aJ[HéWeﬂsro‘PtHﬂe proaE: cﬂﬁﬁni Qabpﬁfbharﬁ%éalticﬁﬂy acceptable salt, or a hydrate
wat er - sol ub ﬁylo ru 2o ca|m19 or 20, or a

OISOI‘@F?aﬂ’Lﬁ@@ l}’t’heéedll adregenafomy; agd ' 15 hydrate or

is 8 Qb 4dkén hbRY 8P4 c1s@seaky1rgr8up thafmh§ SbiipRsed subseREROdRdied from
corrprl sing at |east 'one alcoholic hydroxyl

Groupé? éﬁﬁﬁﬂb%bﬁ" €¥n the conpound is seI ected fromthe group
C QR ID: Pt3 aﬂ&oxy group, hydroxy group, halo en atom, amino group,

b7 Al S5 ol DAY s ol s

dafefordeyie] Qﬂl&l byl ﬁﬁ@ twmeh HagHdbrdphi ls@ I]] @0 3 @uﬂsﬁtuents selected from the

fisem s ONC R i —

:6,5] pyrido [4,3

<21> ] ﬁygd t%useg\%;o' | g{el.}gfﬂ(fsgﬂylg}rqf 5 a%ﬁ" Ceu?tHzﬂl}g élc%gsfable salt, or a

hydrate € mlgdttc idrdoTHvinateianofs3 redidu®of a? cqrpeladi(XiO-) tomprisifg &t least one
1.dO
sleohol Rties P hesty haopmnered i slssis g i Rwp owiting of

a) the vvater soI ubl e prodrug of claim15, or a

B T T D

do[4,3{0deTyhinatdbine-2(3H)-RAhe R, 1 3(NHNSHMoN; R' N O 9

B

(98)-9-ethyl-9-hydroxy-1-phenethyl-1H,12H-pyrano{3™,4”:6°,7 Jindolizino[1°,2":6,5]pyrido[4,3
,2-de]quinazoline-2(3H)-thione-10,13(9H,15H)-dione; and

c)

(98)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4":6°,7° Jindolizino[1°,2":6,5]pyrido[4,3,2-d
e]quinazoline-2(3H)-thione-10,13(9H,15H)-dione;

<22>  the water-soluble prodrug of claim 15, or a pharmaceutically acceptable salt, or a hydrate

_ or solvate thereof, wherein Y is a group represented by formula (8):
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0 (8 [wherein, * indicates a |inkage site; and R',
R 2, RZ1, and R22 are defined as in claim15]; 5 <23>
t he wat er-sol ubl e prodrug of (?I aim?22, or a
pharmaceutically acceptable %alt or a hydrate or
sol vate thereof, wherein R' is a hydrogen atom R12 is
a hydrogen atom or d-C3 alkyl group; R2' is a
hydrogen atom or a C-C8 al kyl group that may
conpri®e 1 to 3 substituents selected 10 from Group D
descr) bed g#¢l ow;, and R22 is a hydrogen atom am no

¥ a Cl-C6 al kyl group that may conprise 1 to 3

| an¥no
eCte

3 subst I tuents
or a di-Cl-C8
to 3 substituen Qcted from Goup D described
bel ow. G oup D N al koxy group, hydroxy group,
hal ogen atom am no group, ng& -Cl -C3 al kyl am no
group, di-Cl-C3 al kylam no gr a C3- C7 cycl oal kyl

[whergihpup, 20 heterocycle, and aryl ring (which may

. .CONPri substituents selected fromthe group
*mdlﬁag??sar aﬁ S&Ff’aﬂdhydroxy group, O -C3 al koxy group, and
RY, RfaRAgend Rt’am} defiiddons ihelaisml 8] - sol ubl e prodrug of claim
22 or 23, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein Y is a resi due of

- <23> ateowgensulil pOdugeigiins2d gr aphiresseutivaly a@ptable salt, or a hydrate

orsolx%ter&llg eof%@gﬁg:ysaq{ggy en'Mgi.i n the conpound is

onsisting of. a)

2 is @gsglrogexbamm GISE]eCB)pllkyﬂ)gi'qu@; oxy-111,

s &%?%&»‘éﬁ&% qglr '%’ gzlgi% %He{l’fl%g%gt}éh&%% éls)mgnsésl ?(J %%ﬁﬂsﬁﬂleﬂts?éelected
from Gr@8p IDdaschbdd i®ldw,damdxy- 1- [ 2- (4- nor phol i no) et hyl ] - 1H, 12
s BRUgBE ke dnim T PO 28 o o] LR
substll(uglg; sdege ﬁpn@mp Chsigsctibest badyv,-21C1-C6 alkoxy group that may comprise 1
to 3 sv.? %1%&11;%1@&9& fom Grofp DIddseARld FIARIAlC1-E6 iy hRY Bl liat may
comprise 1 to 3 substituents selected from Group D described below, a mono-C1-Cé 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,
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);

<24> the water-soluble prodrug of claim 22 or 23, or a pharmaceutically acceptable salt, 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:

2)

- (95)-1 —buty1—9-ethy1—9-hydroxy—1H,12H—pyrano{3_”,4” :6°,7"Jindolizino[1°,2”:6,5]pyrido[4,3.2-de
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de] qui nazol i ne-10, 13(9H, 15H) - di one; d)

(9S) - 1- benzyl - 9- et hyl - 9- hydr oxy- 1H, 12H pyr ano[ 3", 4": 6'

, T]indolizino[1,2 :6,5]pyrigdo[4,3,2- 10

de] qui nazol i ne-10, 13(9H, 15H)-di one; e)

(9S) - 9- et hyl - 9- hydr oxy- 1- phenet hyl - 1H, 12H pyr ano[ 3", 4"

:6',T]indolizino[l,2 :6,5]pyrido[4,3 2-del

qui nazol i ne- 10, 13(9H, 15H) - di one; f) 15
Jquina BBl 0.3 Cetspylaigndyy Or Oxy- | -phenet hy!

12H—pyrano[ 6', Tlindolizino[1", 2 : 6, 5] pyri do

[4 3, 2-de] qU|nazoI|ne- 10, 13 (9H, 15FD dione; g) (9

(98)- 9Séthy% ﬁhi’d&bx;gif[mﬂ@%&phél oﬁré’chylﬂﬂlﬂnhd}ll %Mbl_l%" 4t 6,7 ]1ndohzmo{l 2

olizino

65]py]r1p319[43f’3 f H@Z@ln’&e %Lr’r(ﬂ!i‘oﬁlfﬂé{]w }13( 9H, 15H) d one ®20
c)
(99)- 9§e2tlic’3)rln9-hy oy i S| P ang s B b o fintioRiihol] 328 Sfdo4,3.2

de]quﬁbbkdﬁi&éi?l'OllB@HlS’E-D didn€SH 1 5H) dione; i) (9 9)
-2, 9-di ethyl - hydroxy 1 - (3 -nethyl butyl) 1H 1
4 on pyrano [3 ",4 ": 6',T]indolizino[l ,2":6,5] 25

- (9S)- 1%@09 [eﬂiyﬁs)&yd@kqu{ (e Qytmef3 10613 [indblizido[1°,2°:6,5]pyrido[4,3,2-

de]qug?@)‘m?qgelaK ﬁ?/@ gloﬂ?’droxy 1- (2- et hyl propyl) 1H 1

e) 2Hpyrano [3 ",4 ": 6',T]indolizino[1 ,2":6,5 ]pyrido
(9S)- 9%@31 & h)gd?rl)xﬁlll-p?lene%ylnl% 1215}"13}71'3]10%39}_'4” % ?J_Qndoﬂzmoﬁ ZKE ,5]pyrido[4,3

,2-de]q 88 zofnel 0y B OH, hefd)-gibon&- hydr oxy- 1H, 12H- pyrano[ 3", 4": 6'
, 7" ]indolizino[l 2': 6,5]pyrido[4,3,2-d
f) e] qui nazol i ne- 10, 13 (9H, 15H) - di one; 1)
(98)-2(DEpth1-6thydtox9- hplkmeshyl-1H, 12k pimphe[8 14, 1@ tF fipdaimino[1°,2°:6,5]pyrido

3., 4" N ',2" :6,5]pyrido[4,3,2- de]
[4’3’2"%181%611'1} nled hgggﬁls%gﬁ?&%’ H) -dione; 35 m
2) (995 -9-ethyl-9-hydroxy-I-(2-nethylpropyl)-1 H,

_Y_ ' ] i _I i 1’ ’2 1 4 E) ',

O3 9 EAB8 o oenlp Pre D ARSIy o i A mRindtt 2 S
ido[4, 1 99p]@drepliye-101 ;1 519)-pde;oxy- 1H, 12H pyrano[ 3", 4": 6',
h) 7']lindolizino[l",2 :6,5]pyrido[4,3,2-d
(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-de]quinazoline-10,13(9H, 15H)-dione;
i)
(98)-2,9-diethyl-9-hydroxy-1-(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;
i)
(98)-2,9-diethyl-9-hydroxy-1-(2-methylpropyl)- 1 H,12H-pyrano[3” 46 ,7”indolizino[1°,2°:6,5

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

k)
(98)-9-ethyl-1-heptyl-9-hydroxy-1H,12H-pyrano[3”,47:6°,7’ Jindolizino[1°2":6,5]pyrido[4,3,2-d
¢]quinazoline-10,13(9H,1 SH)-dione;

1

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

m)

(98)-9-cthyl-9-hydroxy-1-(2-methylpropyl)-1H,12H-pyrano{3**,4":6’,7’ ]indolizino{1’,2":6,5 |pyr
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e] qui nazoline-1 0, 1 3(9H, 15H)-dione; 5 0)
(

9S) - 9- et hyl - 9- hydr oxy- 1- pentyl - 1H, 12H pyr ano[ 3", 4": 6'
,7']indolizino[l,2:6,5]pyrifo[4,3,2-d
e] qui nazoline- 10, 1 3(9H, 1 -di one; p)
(9S)-1, 9-di et hyl - 9- hydr oxy-1
H, 12H pyrano[ 3",4":6"',7']indolizino[l,2" :6,5]pyrido[4
, 3, 2- de]qU| 10 nazol i ne-10, 13(9H, 15H) - di one; Q)
9

1do[43 i Mhe-%hy@b}pm{)ldzbﬁem nmet hoxyphenyl)ethyl]-1

I—i, H pyrano [3 ' 6' 7]|ndoI|Z|no[1
n) , 2 65]pyr|do[432de]qU|nazoI|ne- 10, 13 (9H, 1

(9S)- 95éﬂh 1di - ﬁsg( - Bydrdsey-1H, 12H—]§yrano[3” ,47:6°, 7' Jindolizino[1°,2":6,5]pyrido[4,3,2-d

ro henyl)et hyl ] -9- et hyl - 9- hydroxy 1H 1
e]qum%;p éﬁ lgﬂﬁéh %% 1indolizino[1',?2
. 6, 5] pyrido[ 4, 3, 2-de] qui nazol i ne- 10 13(9H, 15H) - di one;

(95) 9(%?‘3)1‘93}1%@%1"-1112@{19’-1"(1&1:%4%’8?@61%@@ Ay & hyipfolizmldrdd 2 pgridol4.3.2-d

e]qmn&%hﬂylr(}glaggﬁ;'l5m);d@dne7' ]indolizino[1', 2
D) 6 5% pyrido[ 4, 3, 2-de] qui nazol i ne-10, 13(9H, 15H) - di one;
20 t

98)- 1(995)8@1'&%0@‘11‘2,1Qlflgﬁﬂrmghh%ﬁy,ﬂgﬁfd@l&kﬁmﬂ" 129-6y5pyyiddf413,2-dequi
rano i ndol i
nazohg? Hﬁ{lieg%}ﬁg@%ﬁ?rl do[ 4, 3, 2- de] qui nazol i ne- 10, 13( 9H, 15

H) - di one;

oL P P DS B g

,2°:6,pyritio[4,3,23dqudndmlinerd0,0B{OfE1SHRdioAd (9H, 1 5H)- d| one;

\/
D (9S)-1-(3,3-di methyl butyl )-9-et hyl - 9- hydr oxy- 1H, 12H py
(95)- IF 2@ claraphedy )by Tl Seicthy zd-hudroky-2F, BF5pyrano[3”,4”:6", 7 lindolizino[1°,2

R RS R et R AR T R

8) - met hyl butyl) - 1H 12H pyrano [3 ",4":6",7']

(5 SRRGE Dohloroncny ey 10 bydroey 1H12Hpyranola” 6" ndolizino( 172

' :6,5]pyridc»if},3@9®)]qtz'mzo¢inet1ﬁyB(%{,Wd}—dbo;ae;l- (3-methyl butyl)-1

) H12H-pyrano[3 4":6',7"]indolizino[l,2 :6,5]
r|do432d]%l umazollne 10, 13( 9H, 15H) di one
(99)-Syahy 1Ry Uaftearnheng ek Sxyscromemgathsl- lr}éﬂqzlyl+py1an0[3” 3:6"7 lindoli

zmo[lHZ fk!ﬁ%él@[h%,ﬁ Re]qubhazofne-10,130tNdehigbne [ 17, 2°

u)

(9S)-9-ethyl-0-hydroxy-1-(1-methylethyl)-1H, 12H-pyrano[3” 476’7’ Jindolizino[1*,2’:6,5]pyri
do[4,3,2-deJquinazoline-10,13(9H,15H)-dione;

V)

(9S)-1-(3 3-dimethyTbuty1)-9-ethyl-9-hydroxy-1H, 12H-pyrano[3”,4” 6’7’ Jindolizino[ 1°,2’:6,5]

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

W)

(98)-9-ethyl-9-hydroxy-2-methoxy-1~(3-methylbutyl)-1H,12H-pyrano[3”,47*:6°,7" ]indolizinof 1°,
2’:6,5}pyrido[4,3,2-de]quinazoline-10,13(9H, 15H)-dione;

X)

~ (95)-2.9-diethyl-9-hydroxy-1-(3-methylbutyl)-1H,12H-pyrano[3” ,4”:6’, 7’ indolizinof1°,2:6,5] -

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

'(9RS)-9-ethyl-9-hydroxy-4-methyl-1-pentyl-1H,12H-pyrano[3”,4":6°,7’ Jindolizino[1°,2°:6,5]py
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rido [4, 3, 2-de] quinazo l|ine-10,13 (9H, 15 H) -di one;

z)
(9S) - 9- et hyl - 9- hydr oxy- 1- ( 2- f]_,ydroxyet hyl)-1H, 12H pyran
o[3",4": 6', 7 ]indolizino[1",2':86, 5] pyr
|do[4 3 2- de]qw nazol i ne- 10, 13(9H 15H) - di one; 5 aa)
(9S)-9-ethyl -9- hydroxy- 1- (2- hydroxyet hyl) - 2- et hyl -
12H pyrano[ 3", 4":6', 7' ]indolizino[1",
rido[423.2-8¢) hwdlﬁle{m@(ﬁ{dsmdimzol i ne- |
0, 13(9H, 15H) - di one; bb)
z) - (9S) - 9-et hyl - 9- hydr oxy- 2- net hyl - 1- pentyl - 1H, 12H pyr ano

(9S)-9LedhylD-hydroxy-1}(Rngatdxzehol) 4 H, 2 Hoybnpy3"1,4”:6Q7 ¢ddolizino[1°,2°:6,5]pyr

1do[4,£, é]%@%ﬂ%& ﬂ@i?@%ﬁ) ég‘?(iggleﬁ?;? ?Hoggl—l- 353 ano[ 3", 4

16,7 ]|ndoI|2|no[1 2':6,5]pyrido [4,3 ,2-de]

(9S) 9“%@5%@1?@3 ]rgzﬁgg;o&%;ﬁ%ggﬁg? 1-&&31?2316:9[%%0[3” 47:6°,7°Tindolizino[ 1",
2% 65]byﬁ&fb[4ma~de]qbﬁlazdlme W,13(yHnd8l)idiorep[ 1' , 2' : 6, 5] pyrid o
[4,3,2-de] quinazoline- 10, 13 (9H, 1 5H) di one; ee)

bb) (9S) 9- et hyl - 9- hydr oxy- 2- hydr oxynet hyl - 1- pentyl - 1H, 12H

(95)-9- thgrleﬁabirdiéxyﬂfz-mfﬁhyliﬂ] pemﬂ}d; 1()1—141?2[—%51}_1'&)1{3’5’;—046d@pﬁmdodz:igln?[l) ,27:6,5pyri
i one;

d°[43 %‘3%9 *@?ng%@%ég@ Qoﬁly’droxyrret hyl -1 - (2- et hyl prop

cc) yI) 1 H 12H pyrano[3",4":6',7']indol izino[ 1,2

(93)”2@6518{3%’1 b‘gﬂ ’ﬂoxy -pen%?llnrﬂ'i‘bﬁ %z?éﬂo‘ﬁ?‘,z;l%”,ﬁ%ld%ﬁﬂnoﬂi’,5".‘25,5]pyrido[4,3

2 de]c{tﬁxﬁt)zoﬁn@ﬂh,%(% i dinye; 2- hydr oxynet hyl - 1- (3- met hyl buty
dd) [)-1 H, 12H—pyrano[3 4" ,7'] indoliz 25
|no[1 2':6,5]pyri do[4 3, 2. de] qui nazol i ne- 10, 13(9H, 15H
(95)- 9)&1@{1{9ﬁbgdrh)ky)—1~pentyl 2—propy1—1H 12H-pyrano[37,47:6 7}111d01121n0[1 276 5]pyr1d
OB ot 9- hydr oxy- 1- ( 3- nethylbutyl
0[432)('8%h| %‘Q@%{%r ahoﬁ%)1 Iﬁﬁ) ﬁy}’%? ]Jindolizin of 1',2" :6, 5
ee) ]pyrido [4,3,2-de] quinazoline-10,13 (9H, 15 H) di one;
(98)-9. i d?;-ﬁigydm)ﬁr-iz-htyﬂroxy@ethlykI-peaty[]] 5{{%2@" yranol3 4 G, Exﬂglmmo[l 2

6,5]pysid ei![Z&ﬂe]qvu@zolme}l%thﬁ?HzlﬁHafdmnez 6,
£) 5] pyr| do[ 4, 3, 2- de] qui nazol i ne- 10, 13(9H 15H) - di one;

(98)- 9(0@501 -99]13611@?564 2y depaywgipyl-1westhylpropyDf 1L &7 Grsranpl3 240", 7 Jindol
1zmo[12|i’ B 4,34 de] @unéﬂohﬁ%%b'l? HH) §1one 6,5] pyrido

-de] qU|na ne- H)- di one;

| (9S)-9-ethyl-9—hydroxy-2-hydr0xymethy1—1 -(3-methylbutyl)-1H,12H-pyrano[3”,4**:6°,7"]indoliz

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

hh) _ _
(98)-2-chloromethyl-9-ethyl-9-hydroxy-1-(3-methylbutyl)-1H,12H-pyrano[37,4":6°,7" |indolizin
of1’,2’:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

1)

(98)-2-aminomethyl-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3™,4**:6°,7 ]indolizino[ 1°,2":6,

N 5}pyrido[4,3,2-de]quinazoline-10,13(9H, 15H)-dione;
in

(98)-9-ethyl-9-hydroxy-1-pentyl-2-trifluoromethyl-1H, 1 2H-pyrano[3” ,4":6°,7" ]indolizino[1°,2":
6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

kk)

(9S)-9-ethyl-9-hydroxy-1-(3-methylbutyl)-2-methylthio-1H, 1 2H-pyrano[3™*,4*:6°,7”]indolizino[
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- b)
| (3)-2-@AdiflubzaphespB-hethylrie  HH1)2, etniazhl dry0F 3 GeOLE-1y2.4-tmazel-1-yDpyrida

_ ) i perazi nyl ] phenyl]-2[(1 S,29)- 1
ZH13ﬁm%#@pﬁgx%y%roxypropyl] -3H 1,2,4-triazol-3 -one; 30

35 kk)
(9S) - 9-et hyl - 9- hydr oxy- 1- ( 3- net hyl but yl ) - 2- net hyl t hi o-
1H, 12H pyrano[ 3",4": 6',7'] i{}ﬁol i zino[ 14
1',2":6,5] pyrido[ 4,3, 2-de] qui hazol i ne-10, 13(9H, |
5H) - di one; 11)
(9S)-9-et hyl -2-et hyI t hi o- 9- hydr oxy- 1- ( 3-net hyl butyl)-1
H, 12H pyrano[ 3",4":6',7']indolizino[l’
s, i |
1°27:6 %fgﬁdgk%z a@glhglﬁgm%e%lwegmzspﬂ) disire!
) s)-2-(dinet hyI ani no) - 9- et hyI 9- hydr oxy- |
(9S)- 9&t13y1@&1!ﬂ)r(r tﬁb@%}&oﬂy H(é%kétﬂsﬂba@ - 1204y o[ 37,47 :6,0 bndohzmo[l’

[17ZIno rido e U|nazoI|ne 10, 13
2:6,5Tasstdol 4 gnngequgwohﬂ%' 1539kt P53y 9ehd
mm) (99) - 22|(+butyl am no) - 9- et hyl - 9- hydr oxy- | - ( 3- et hyl but yl
RYT

(O5)2imebiar gy P} By PP Et e a2 Haphol i 6" T ind

olizinélit 021’@6 ,STpd o U2 Welgalmaselined] (81 FOHUISEY-ddnet hed m 13, or

a pharmaceutically acceptable salt, or a hydrate or
nn) go|vate thereof, wherein the azole anti fangal agent is

(9S)-2(blafyl AR PY-cl15 1 gaﬁ?rdﬁy;sl (@habslbiel D;lrI?@mgopf’ £1:61, Mlindolizin
or. a ceutica e sa or a
ofl” ;%Jéh&'f’élo[@?% g0 s (i&?@f'ﬁﬁ{% ‘#13?‘?19 at | east one

triazole selected fromthe group consisting of: a)

25> Rilpyateroluble BoArigRfsAEnyY P s PhmERY et R arcRpieDls iy or a hydrate

or solvdtd theredf, twliedin thelazple)aptifipyghal agedt {s4-ttidzole;2, 3, 3
-tetrafl uoropropoxy) phenyl]-3
(2H,4H)-1,2,4-tri azol one; 20 b)

<26> ( ﬂ')&\ﬁatéﬁsodu‘tﬂe bfddﬂ[gxmmm 25, 8r aphinyacdutichlly acceptable salt, or a hydrate
or solv&ge fhg‘eﬂf %E)Iw%{fﬁ)llng)ab%:ﬁ%{ r?nﬁ (tréz?z(oil'e 3ei‘écgedAﬁc§nri ik 'l:)u;L AR }ﬂé

a) (2R -2-(2,4-difluorophenyl)-1-[3-[(E)-4-(2,2,3,3

2- [(1R3£r§) gﬁ'ﬁ%ﬁ’ﬂ OROARAYH L I?)gd}f%%/ydl el -(ﬁi' 320l i ol Y prdp3i]-4-[4-(2,

2,3 3-ﬁtraﬂtknreproﬁex%plmm‘l]ﬁ(Ziﬁr%ﬁh]ehﬂtmaﬁ}lm hyI sul fonyl-1-(1
H1,2,4-triazol - 1y|) but an-2-ol; e)
-)-4-[4-14-[4-[[5 (24d|fluorophenyl) 5-(1

(2R) i@ﬁogﬁﬁun% é&ﬁﬂﬁﬁ(@%ﬁm tz é‘ﬁﬁ’drf}ﬁr g!»hl) sgyr&g (4204 {rgazol L-yl)-

3-(1,23-tmipzdlyll-y3 s-elhi o-1-(1,2,4-triazol-1-yl)- 2(tr|flu
d) d1- BRI HRARO YRk AINS iRy Qv fonyl-1-(1H-1,2,4-triazol-1-y])-butan-2-ol;
e)

(-)-4-[4-[4-[4-[[5-(2,4-difluorophenyl)-5-(1H-1,2,4-triazol-1-ylmethyl)tetrahydrofuran-3-ylJmeth
oxy]phenyl]piperazinyl]phenyi]-2[(18,28)-1-ethyl-2-hydroxypropyl]-3H-1,2,4-triazol-3-one;

f)
(2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-y1]]-2~(2,4-difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-but
an-2-o0l; ' |

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

h)

* (2R,3R)-3-[4-(4-cyanophenyl)thiazol-2-y1]]-1-(1H-1,2,4-triazol-1-y1)-2-(2,4,5-trifluorophenyl)-b

utan-2-ol;
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27> (gl wgteggqigﬁ:lc grngpg,e

h) 35

(2R, 3R) - 3-[ 4- (4- cyanophenyl )t hi azol -2-yl]]-1-(1H1,2,4
-triazol-1-yl)-2-(2,4,5- trlfBJorophenyI) b utan-2-ol;
15

(2R 3R)-3-[4-(4-cyanophenyl ) thiazol -2-yl]]-2-(3-fluoro
phenyl)-1-(1 H 1,2,4-triazol- 1 -yl)-butan-2 -ol;
and j) 5

i) (2R 3R)-3-[4-(4-cyanophenyl )t hi azol - 2- yI]] 2- (2 5-difl

uor ophenyl )-1-(1H1,2,4-triazol

al ;
- (2K3R23i4t(ﬁ@ywhﬁn3éﬁln@mle? blﬂbaw(%éluempiwl}nlilﬂe]p? dteiiod-y)-butan-2

ol: afdy the formula (1), or a pharmaceutically acceptable
7 salt, or a hydrate or solvate thereof, conprising at
) least one 10 water-soluble prodrug selected fromthe
(2R,3F§ QL[@—(@!&?%&H:\E&Q tHifazol(Zﬁir t]]nfz-?@s = AnedByhenhil-(1H- 1 2, 4-triazol-1-yl)-but
2- met hyl am no-#e ) - am no] - acet oxy} - pentyl
aﬂ"2'011 H, 12H pyrano [ 3", 4'
26", 7" ]indolizino[ 1 ,2' 1 6,5] pyrido[ 4,3, 2-de] qui nazol i

1 O 13(9H, 15H) - di 15
(8  Biin B o e rry i et
phamfa@éﬁ%{caﬂy écoeﬁtabl% s]alt I’tg}(hl Hy@rd1© bt solvite thebdof, comprising at least one

e nazoline-10, 13 9H 15H) - di one;  (c)
water-(sglugel:go ?1 ‘l‘tﬁ H £ BEAUP-RBSIA no] - acet oxy }
-9-et hyl - -pentyl -1 H, 12H—pyrano [3 ",4":6", T

o byl %fw“@m 2 s L9832 delalingzol ife 3.0

:6°,7(28pLidnel hyl:6 S]ngqﬁmde}i:@lﬁmsmt@k&lB(QHQEH)ydm]hdﬂ 12H
pyrano[ 3", 4" , 7" ]indolizino[l" 5]
() pyrido[ 4, 3 2- de] qui nazol i ne- 10, 13(9H 15H) di one;

(e)
(98)-% &5)& 9(§1Fcldarotylon)Hiapanyi- TI@HQE@M? SAP 0TS fimboikindf17,2:6,5]p

- yrido 3r%dfﬂqHﬁ‘51z léerﬂgg)[ﬁﬁgglgglj’?]‘od%rl do[ 4, 3 2 de] qui nazol i ne

(c) - -10; 13( 9H, 15H) - di one; (f)

094 YRR BB AST ShE R | Beon L Aoaoly 4767

JindolizliZ# 1 Y2 a6 Slpettibefd 202 de Jahina el inent 041 3(PH, léﬂ)eiloneg g 30

d (9S)-9-{2-[(R-2-am no- 2- net hoxycar bonyl ) et hanesul f onyl

@ ] et hoxycar bonyl oxy}-9-ethyl -I - penty

(98)-9Leh $ 294 yccaplofaBlosslbxg)- | -pehtyhdbl 12H- pﬁ[ﬂllom 4766’5’ pydolgago[17,2°:6,5]
pyriddta3: 2agGhat 250 AP Qs AR GRide15H) - di - one;
(©
(98)-9-[2-(2-aminoethanesutfonyl)ethoxycarbonyloxy]-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4™:
6°,7’]indolizino[1°,2°:6,5|pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

(f) (aminoacetyl-methyl-amino)-acetic acid
(S)-4-ethyl-3,13~dioxo-3,4,12,13-tetrahydro-1H-2-oxa-6,12a-diaza-dibenzo[b,h]fluoren-4-yl
ester;

(8
(98)-9-{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-10,13(9H, 15H)-di

one;
()

(98)-9-{2-{(R-2-amino-2-ethoxycarbonyl)ethanesulfonyl]ethoxycarbonyloxy}-9-ethyl-1-pentyl-
1H,12H-pyrano[37,4:6°,7" ]indolizino[1°,2’ :6,5]pyrido[4,3,2—de]quinazoline—10,13(9H,1SH)-di

one;
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(h)
(99)-9-{2-[ (R 2-am no- 2- et hoxycar bonyl ) et hanesul f onyl ]
ethoxycarbonyloxy}-9-ethy|-hﬁpentyl 35
1H, 12H pyrano[ 3",4": 6", 7' ]indolizino[l"',2" :6,5]pyrido[
4, 3, 2-de] qui nazol i ne- 10, 13(9H, 15H)-di one; 16 (i)
(9S) - 9- et hyl - 9- (N- met hyl al anyl - N- et hyl al anyl oxy) -

_ ntyl-1 H,12H-pyrano[3",4" :6',7']indol

(i) zino[1l,2':6, 5]pyrido[4 3, 2-de] qui nazol i ne- 10, 13(9H, 15

-dlone and

(95) (@i %(Mﬂwﬁnﬂ@al@édt[—mﬂwlalwmm;ﬂt eyl BB Ry TaneRt i 26", indoli
Zmo[lH% 85‘]@%&1@ %[dﬁ %?e]qttlﬁ‘ﬂa?gtlztlsggh%nei%? 9H, 1511) - di 0
<28> a pharnaceutlcal conposition conprising the

(98)-9‘ét@1& f9- g} &Fe@lﬁrlézlgnﬂ&tqgnﬂﬁﬁﬁylofH QQHLﬂ'ﬁan 3t 977 ]ﬁ’fdohzmo{l’

) 1 acce salt, or a hydrate or
2 :6,5§tmnﬂ@{‘b3=t2r®ﬂ%lﬂqzo e-Ah 1 JOFLEYOnG i ngredi ent; <29> a
therapeutic agent for a cell prollferatlon dlsorder

rising, the water-solubl e prodrug g one
<28> p ahagnagautice! SOMPOSHIoR SORPrTIEdDe W&?«“rwlu led® %PE&HY one of claims
1 to 275 %t' b phﬂ‘ina%eﬂi&ﬂ?h@ce?fab&@al’taéﬁa hyd?@E @ holvas tidfeof, as an effective
fective ingredien 15 <30> the t herapeutic agent
ingre &‘é‘bordl ng to claim?29, wherein the cell proliferation
di sorder is a cancer; <31> the ther apeuti c agent
according to claim ere| cancer, a sol
<29> { gisFapeudpagesd Priafe tﬂﬁ%lvg ol fomgt e i gssotuble prodrug

of any©hd |oﬁb]f%ﬁn@[4 &124, vhe pﬁérﬁlabﬁmdéﬂ_ﬁ @afeptableasaﬁpcbﬁ leekr&k or solvate
ancer cancer, breast cancer, gastric cancer,

thereo @éﬁpﬁgbgﬁ’ pgE8ancer, and/or bl adder cancer; <33>
an antifungal agent conprising the wat er-sol ubl e

<30> DBt ST npt A &3 bR e Ry fpglfergion disonderis a

cancerSol vate thereof, as an effective ingredient; and <34>

a use of a conpound represented by fornmula (9) in the
production of a water-soluble prodrug represented by

<31> f thertdrapdulic agentpbevrding eol tlatm30ywheareythabireesalat solid tumor;

thereof, or a hydrate or 30 solvate thereof: R4 Rt~N
X~N'R7 1z 13 R0 (9)
<32> the therapeutic agent according to claim 30 or 31, 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 any one of claims 25 to 27,
or a pharmaceutically acceptable salt, or a hydrate or solvate thereof, as an effective ingredient;

and

<34> ause 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 or

solvate thereof:
R4

H
N X R’

-'1?1/’ \\T//' \\T

RZ R3 o) (9)
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17 [wherein, X represents a C=O or O -C3 al kyl ene

group; R represents a hydrogen atom or C-C6 al kyl

group; the nitrogen atombinging to Rl may be

protected by a protecting group; 5 Rz and R4 each

i ndependently represents a hydrogen atom -6 al kyl

group, or amno acid side chain; R3 represents a

Cl-C6 al kyl group; and R7 represents a hal ogen atom or
[wher@hOUP represented by OR8 (wherein R8 represents a

hydr og atomor Cl1-C6 al kyl group)] 10 R4 HRNNY
Xrepqegeqt%aéz (% g %W&f%‘fﬂa Y represents a residue of

Rt p@?seﬁtgamyafbl g&ﬁafogwﬂmot@mcyt@uuphl ;:(h cF:Q?rrer{zseSF:{Ban ;
al conol | r r , , an
the nifpgeg, P Bt o d T POMRIAC A b3 roles s GoRlt o of
R? andROEAB m@p@n@@lﬁp%ﬁﬁseﬁlﬁmlﬁ%@cﬁgeﬁ&t&ﬁ ¢ Doralltyd gtctip; or diinblacid side
Rt.~NXN-~ N --"Y O-Y Rz RB O(2) 20 (wherein, X

Cham=represents a C=0 or O-C3 alkylene group; R1
rept@eﬁtea@meﬁalmgf@g;eﬂadatom or A-C6 alkyl group; RZ

R repgRcRS e PR BPAITPISe S S LA™ e b, Seikias apdrosen

atomdrﬁ(bl—@éaﬂt}&gﬁ)uﬁl] 6 al Kyl group; Y represents a residue
of a conpound represented by Y-OH which conprises an

al coholic 18 hydroxyl group), wherein the nethod
conprises the step of :

A

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));

.<3 5> amethod of producing a compound represented by formula (2);

R4

H
N X O

R \[/ \I‘i.[ Y

R? R3 O (2)

(wherein,

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

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

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

~ chain; and

R3 represents a C1-C6 alkyl group;

-"Y represents a residue of a compound represented by Y-OH which comprises an alcoholic
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reacting a conpound represented by fornula (9) R4
RR~N XN R7 IL RZRO(9) 5 [wherein, X, R, R2, R3,
and R4 are defined as in forygla (2); R7 represents a
hal ogen atom or group represented by OR8 (wherein R8
represents a hydrogen atomor C-C6 al kyl group); and
the nitrogen atombinding to RL nay be protected by a
protecting group] with a conpound represented by Y-OH
hydroxyﬁigedupl) ehdarei@shamethod @bmiptisedtielsop yf: group to obtain
e 10 ¢ ound. r re by formula (2); <36> a
reacting oo SRTECHIEN (B0 Ol 2 (9)
phar maceut i cal Ig acceptable salt thereof, or a
hydrate or solR3te thereof: R4 F2tI~ N XINR7 12 13
R3 O(9) 1% [wherein, X represents a C=O or Cl1-C3
kyl enx groupk Rl rgRfesents a hydrogen atom or
R? or al@i ; e nitrogen atombinding to Rl may
' be prot ecte rotecting group; RZ and R4 each
i nd nden 3,/ represents a gégrogen atom Cl-6 al kyl
groE‘:gz9 d side chain; R3 represents a
d-Ce aI kyI group; and R7 represents a hal ogen at om or
group represented by OR8 (wherein R8 represents a
h 10 3 I o} As used
ﬁwehlg%%ﬂt)ﬁgitg?%{ %ilgﬁar%rdléﬁhqcp& # %llmlf]g?% nonoval ent
g rRynspresdrite halsgeimtomenr grdugp neplrmmergbsaogr GghereinRff myeesents a

BRI UIDORA G ocar bon str bct ur o
C dh@mt@gmg atoydpindiag taRd magrbsgmotattedrby apneicetingsgroun]
with a %gﬁgé‘uﬂ& 1@{31%@%1{?5{%{) gg‘)ﬁf% #E@E&ﬁ@ﬁl@&o@ﬂ rh?ﬁﬂ)ng"%rkaﬂﬁ to obtain the

rou
compoenrlaﬁrgwn@ﬂéwﬁomule@nched char n structure The term
"Cl- C3 al kyl group refers to an alkyl group with 1 to
3 carbon atons,

- <36> acompound represented by formula (9), a pharmaceutically acceptable salt thereof, or a

hydrate or solvate thereof:

R4
| y 7
y R1/NYX\N R
R2 RS 0O

15

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

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

R? and R* each independently represents 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 “alky! group” refers to a monovalent group, which is derived
by removing a single hydrogen atom from an aliphatic hydrocarbon, and has a partial assembly
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5 term"Cl-C6 al kyl group” refers to an al kyl group
wWth i to 6 carbon atons, theterm"Cl-CS al kyl
group” refers to an aIkyI 1%up with 1 to 8 carbon
atons, and the term "Cl-Cl10 kyl group"” refers to an
al kyl group with 1 to 10 carbon atoms. Specific
exanpl es of the al kyl group incI ude a net hyl group,
et hyl group, n-propyl group, i-propyl group, n-butyl
of hyd%c%ﬁ%d of Eﬁ@éﬂrﬁén dhRHRe c&m?ﬂhﬁé hﬁdlﬂg&l arldSeaBtbtnydto@ik, AP does not

conalye bty g o8 Shebe B hend i pEbol: " 13 bt vy

mayha&lm t&ﬁﬁﬁh}drb%ﬁhw-cm@bwct@éwp and octyl group.

use rein, thet al k rou fers.to
T e ot Bl o S arBitan 0 g efpms, the
term “@:tlom ﬁlksan%rb * @Fdeyto 4 Akl gd@ﬁp Wit 1abevarboantbrex alwplers “C1-C8

syl o e O SRR i S BPaBIEl A BRGE ‘7 C g9l

group’ai'elféflsﬁﬂﬁl Qkﬁlgiougﬁﬁ&ﬁllftbQOﬂﬂﬁma&ﬁme t he al kyl ene

pe& ncI udfealogg% Ilene %ﬁgllug%gnﬁﬂ%et hyl et'ﬂ?l rogrli )i-propyl
group, zqirb@ﬁ%fr@w bRty reooup, squﬁnylagreﬁmyﬂmé gooupy sobuatytigroup, pentyl

eroup. RO Bl 2 TR e BB GOADr 73 s el Brou,
11~d1mbﬂ1y1peguybgmuﬂﬁlﬁap@ﬂ@r<ak}pumi o&yhg‘rphpas of the "C 1-C6

OXQ’ dgxle eblg)wc ézrrgu‘daﬁ(yf gg%f;oo o) ei%és g dlv%%}t %&&%X&énved by
removmggmtt:omd/hﬁimm atdmarftontn tltemilyyl gmmﬁnpé abcmeyargi @mp}ples of the

e TR LR 08B R R SRS s 12
alkyleml gro8pR Smcdi;pe;xamplwsinf(thﬁ szy]Jese giomp izdlddd a pedylene group,

fined
Ll 10 B TRASS) B F st o’
pentarpethypyhe grioop,gmndiexarbethylethgougr oup, pentyl t hi o group,
h h ,
eég/ ugela&gre% qggﬁg:rng‘gl@ﬁ? E}’Aug) &&e}%ﬁ?{’gﬁoxy%%j Wﬁeﬂé e%{s is the
alkyl groupadlefh@d aboup Bxamplesed thefCi-66 allesyesoun” m@lud)@aamethoxy group,

oo ATy ARV B! O DG B0 P b

group, mmm aupy prmethylbntoxy graup, b2 2gloelby REeRPXY IS e s
| oy 8O t; ’
t o gﬁ%ﬁ%e%u? %te%@‘%ﬁﬁfetﬁig ﬁ%ﬁﬂg e Rk SCIQ Qﬂ)u ih Wh¥dh R is the

ut oxycar bonyl enz oxycar bonyl”." and

alkyl gu@mdqafmd o¥eng Epeowles of (e “Gl-ESwintthkangwip| WCIH@@ agnethylthio
group, R o Ichi Gid B%ngﬂrﬂﬁylﬂﬁm& l{)}l’c’? ib$rouy); ﬁérﬁ&l”ﬂﬁg Tgrtﬁﬁ) H&8khio group,

am no group ers to an
heptylthigieRup e pstyltfeg®a. R is the al kyl group defined

abﬂyﬁsledfh%féua ngd &ﬁﬁs‘h?dﬁoﬁga Fﬁfu?u PEFeRtOhe g@d%rw h

forny acetyl ert - but oxycar onyI )
behsysed hsesin, @@mahﬁ!@m atopn delstRdR adiuorve iRy Glsingatom,
bromﬁg@gma&emﬂﬁjelat&ﬁom in the art. Exanples of the
~-"nono- C1- C6 al kyl ami no group refera ﬁ i ncl ud .aﬁpqﬁ% .
N%FWIh&Fﬁ%éh@ D AMRNGIRYP 3 ff!fé O H\/ W’BPX?&;I‘% armino
groupThottRied it BRRMIR ¥bAYI, BityD i HButoxycarbonyl, benzyl, benzyloxycarbonyl, and-
such protecting groups that are well known in the art. Among the amino groups, NHp- is

preferred.

As used herein, the term “monoalkylamino group” refers to an -NH-R’ group, wherein
R’ is the alkyl group defined above, 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-C6 alkylamino group” preferably include an
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N- butyl am no group, N-(I|-nethyl propyl)am no group,
N- (2- met hyl propyl )am no group, and N pentylam no

. group, and nore preferably i%FI ude N-ethyl am no group,
N- propyl ami no group, and Nbutylam no group. 5 As
used herein, the term"dial kyl ami no group” refers to
an -NR R' group, wherein R and R' each independently
represents an al kyl group defi ned above. Exanpl es of

N-methfRmisd gfoud, Nethyddniinb 28 lﬁboN%r oe%rSﬁIﬁW “sopfoplylaéino group,

an N, N- rrethla m no gro m no_group,
N- butﬂalwrm gpaw ShrmsEyiprepyl) mﬁnmgﬁﬂqpsg(ﬁ whrR sroup, and
N- penNiI&hﬁ'lb kb, and HordprefpablNidERiday- eﬂ?ﬁ&ﬁiﬁb groupONYrepslamino group,
met h%/ -N- propyl am no group, 10 and nore
anng’F@l‘l%‘Pg’BI%? Whel ude an N, N-di et hyl ami no group and
Nt N5 tdse;atﬂtyéla nthe &rﬁr‘ﬂmqleﬁmmsg?uﬁ%ﬁrm atnhNH RI”@roupl, lwherem R’
“tert, rou rs to ich a
and R oty paentp Ao fonare et kit ot e o st the
“di-C AE 6 HE SarhiRib &irdup 't eﬁablyﬁhcl&dé ﬁ@MN—d@hﬁhpfamiﬁf gb&pt o a

'Nﬂ-d%ik?yﬁ%ﬂ%?%&fﬁ@ WY Tou HoN SO by

dﬂm@i’amﬁlotgiwp, MmaﬂQDNGéthylesmir&SiﬁEﬁp; chnB W-retBhll - NAsropglanhino group,
[ e rm" Qa rs.to a
and g gfesatlit bt dh AR e R S om AR E A S i .
heA e usstlemein thé mml‘itemaryﬁmrm pmmpdiefeisao 4 @yamipdalvdyth all of the
t ef er abl de a cycl opropyl group,
hydmg%?él E%F@f”"gg%%a‘%é?gﬁ%ﬁs&*t ér oug gzcl gheggl gr oup,
_ anAs oyedl }m:kmm,ttyé tegm Oy foravh graupi’ eciprsebd egabipyrepresdntictEba-SO,-.
| .
eas R Helin 07 P Ao FREC ORI oo g P i 8bmned by Y i he
alcohdl Gepresehedéy Y-ODh conpri sing one or nore heteroatons

S ehe Gl %qlerglﬁ rﬂn!:\lteng “@r@? %clg)%].ﬁ{d%éﬁg’l r@fg%?%r{élpaeﬁ 18%7-RkGBered ring

€ an ‘oxXxazo
that ddb,s ﬁoﬂcdmmsacana heie;datcgn uume ring5- Eixhypgles ofithe/ @yglbalgrkgrpup

'prefergblfg}'ﬂclu# qpp(%/ﬂy? ‘f% gé}{%gﬁu Ig;rﬁﬁy L¥&§%ﬁ%{l ;‘rilg}z/q Pf&&ﬁ’éxyl group,

and cygtcﬂnaptyl gtymp,zandyho:g mfg;abbymplnﬂ@i B ny¢10]g=.;m;yl [groupy yelphexyl group.

h I
8;8%" g?edg:?é #1%}9 %ﬁ%{% ﬂ%@%&gﬁi& d%eg?ljﬁ@& g 3y fo ﬁf Hféﬂ:bel?eﬁ ring comprising

one ortrmneénhsemamrm wle@doﬁnfpm Ned¥. phd O. nﬁreférrgtg pxan@wlpwﬂ sggh include an
oxazogfi gHﬁp, %Sméfo%ér e?e 'rocﬁ{égo I @hgﬂ ?'dﬁﬁfgﬁﬁhllﬁ%lyl group, furyl

I NC

group,glmml g1oypy tHighylgroup 1mtdﬂzpbfbgm94 tn@z‘zlmbgroandetrazolyl group, pyridyl
ol Gy ol o L) Gy, PRIEAL R b s

pyrrolighsd igfqupatatiphydrethiony! oup=asevsao % @EQUPs Morphyligy! group, piperidyl

| group,ﬁ.ﬁ%érhﬁhﬂrlygr&ﬁhp? TRy it Qnéﬂéﬂ?l peBBFhyEXARB! 871 hbfel tRrabBPinclude an
e

napht ét r ahydfonapht hé ri ngs
1m1da@héfgé¢tmapyn @i@np, arvaphedisht BPPradYTIOHARY

p r£§ ﬁie@*ﬂei/elﬁ’ hcﬁé‘bélnnr‘"aﬂ@ Bing?\Perftis @8lam ero%idﬁc cbfb%c{r&fc oup, or more
-C8 al kyl group" refers

t ch
speclf@aﬂéy @16 toy }{Jenﬁy@p@g@rp%w&ﬁr & pratieHY. axgmalik Wl'g &gfaﬁngles include
phenyB ﬂ@ﬁﬁhﬂ%ﬁﬁt@%ﬁﬂr@m@ﬁﬁ&h %V PHferalls pl}h%ﬁﬂ anB e %Iﬁhyltﬁl%s, and most

eterocycllc group” refers

| prefer@qlbgbeqy {g¥-ch 35 one of the hydrogen atoms of the

O ASBsealHeyin GhOWPMI“Ph&RTILCR BRG] Whoup” Pefh i@ @R ift 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 hydrogen atoms of the C1-C8 alkyl group is substituted with a heterocycle.
As used herein, the term “alkoxyphenyl C1-C8 alkyl group™ refers to a group in which
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As used herein, the term "al koxyphenyl d -C8 al kyl
group" refers to a group in which 21 one of the
hydrogen atonms of the C -C8 3 kyl group is substituted
wi th an al koxyphenyl group. he term "al koxyphenyl
group” refers to a group in which one of the hydrogen
atons of the phenyl group is substituted with an

al koxy group. As used herein, the term "hal ogen phenyl

one oﬂfhe d@'ﬁkﬂ htofis @ he (Eflt%][aﬂ(}tlh @raupdk @mmmﬂemtﬁ Bn aﬁtoﬁﬂﬁlenyl group.
of 1 of the -
Thet

é%}g{ﬁlgaﬂoﬁg }319 = Bb%ﬁl‘ogp AR hthJirO gen atoms of the
phenyl Qhﬁpﬁ@ﬁﬁiéﬁtu@@ﬂ\bﬁ’h maﬁ@iyﬂ@oa salt" r ef er s to a comon

15, 45 B0 GBS L RO Rl o i

one oihthe hodiogen @tbglamfmml cmiuga Rtcupds mﬁasnaﬂe@m@ aGaldigén Som.

o hE RS PR e o e e Bl s L8 BBl PEtheo

Water-tshlaquirbdMIg frd?pr&sl&n&d ibgt fomedla dB), Whivhds fletned @dthf danQiPpropriate nontoxic

org 580N 85T S5 in i OASERGE. bt P i e prodrs
bioio@mﬂléﬁiﬁaﬁyamimarantmxsnhorl c acid, and nitric acid; and

t hﬁ{ﬁf{}éer I ?8‘?} gc’?iﬁiiccgﬁ(?eic Sfeiéj Cl}rleg ’%'om inorganic acids such as

' hydrociﬂbﬂ]xaamé diyﬁmhmmmcaclﬂ hpdraiddic add.dplfaric a¢idj suifamidacid, phosphoric

o, G 6 AL S o A o B B e i

' sahcyhmmé, Idahanﬁsu{lfcﬁm@am@,anahs aeid) fuedinoxacity, citris eciidymelic acid, lactic acid,

and qu[}/ e, ammoni um hydroxi de, and quaternary ammoni um
FoX1de such as tetranet hyl ammoni um hydr oxi de. The
vvaEmpi@% ofthe sgit with a dpagef inclnde fhroes deri vedrfvoem po@ssimmynydroxide,

sodimﬁ???xéa@%fdé?%ﬂh%ﬁ% %&8{19? ‘r’%@lﬁg}t‘bate R %glr%gﬁﬁérﬁ%d%&& as

 tetramithyteamseniameiydiasddd. ncl uded in 20 this invention.

FUFNGEAR 5cﬁubﬂ: Egorﬂ’@%@f the ?%éé@ﬁt%@e{] 2dh lﬁ% Uhsd ‘?ncﬂ%tﬁrc‘ee Blisorb water,

' i nventi on certain es o
or form dryflestan ‘@hﬂnvwé@ﬁ togiahdsin ghe @tmoemeé@. aad euch lmiratm:a.rg@bd included in
ﬂn&mbﬂﬂkgls i nvention. Exanples of the "am no acid side

ain" as used herein include naturally occurring

- anfuithesopg. G gertertraluble pradruged thaprgsealt invenidenanay agsorb certain
other 19P_IYT s8Rkt 3 A CRH él %rgﬁsu'gﬁ ORLRS al%falstol'lﬁclu ?{ fﬁrtﬁi |1Mvent10n

occurring amno acl chain" are prefera

- cHaxamplesost thertamiap |a91décctmhanﬁ@s amdrher%l@ |llé‘r‘i“d§1@ﬁ1fa]é}’ accurrmg
amino 'Eﬁfdfb\(éle cgfaﬁié%nd nSRRLARNlY QLA a%nHEE&M gfa"e‘&ﬁxjhs gr ouIO

-nEt pr opy oup, benzyl group, net h
ngﬁ HV‘%!I b?‘é%‘lﬁwg @qﬂ@l@@m A qaq:ha HO e pxeffgp%luﬁlde chains

of natl.ﬁfﬁ‘l‘ljy &&%ﬂ?ﬁﬁi‘ﬁ@%&d@ 5@ s aAREkhYP u15’ r1§‘6p?61§3b? loYoupl Q-@neﬂalylpropyl
chai ns_of nhaturally _occurri n [i°¢C am no

group,dpmgthylprapsherenp, bezsligronp. i ‘?lh%rbfb? |gr@tma fmetfhthiq)ethyl group,
4-aminbbati® groudOardiSlamit p°y1 ¥owp! i mefeQtBrerdBXpdBt S5 oftB@urally

nonnturallyocur ng am no acid side chain" are
occurTgdiROPABIC\RIERO gopgs sug |=%§/P B8O yU PG RY RIAPHE B1RPP. benzyl group,

“and in@d1OUPEaetigREdUpt Ut ed or unsubstituted aryl nethyl

r.oups, . . iy .
g ]é)xaglples of the “non-naturally occurring amino acid side chain® are preferably C5-C12
alkyl groups, cycloalkylmethyl groups, substituted or unsubstituted arylmethyl groups,

~ (cycloalkylthio)methyl groups, and alkylthio—(CHp_),- in which r is an integer of 1 or 2.

Examples 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 aikyl

groups such as an n-octyl group, nonyl group, decyl group, undecyl group, and dodecyl group.
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 toniragp GRS MR P B AR e

(cycl oal kyl t hi o) net hyl groups, and al kylthio-(CH2)r in
which r is an integer of 1 or 2. Exanples of the

"C5-Cl2 al kyl group" are strgi ght-chain or

branched-chain al kyl 35 groups conprising 5 to 12

carbon atons; and nore preferably C8-Cl2

strai ght-chain al kyl groups such as an n-octyl group,
nonyl group, decyl group, undecyl group and dodecyl
grexHmplesof ¢ ‘Elk@'[fﬁio&(fﬁjmﬁr * gk eyl oups oﬁa]kyltbioethyl groups

comprgbq%zl} L hl %{qnpqugaﬁgﬁ & glﬁscigﬁ%htggé g?q( g@l cagﬂ oms such as an

ethyltidomtiyhiogp, &ﬁlﬁ}?thi&th}&ilghﬁjp ﬁ-ltp@d;]@r,lthﬁiﬁﬁd‘ﬂh)&%ﬂﬂrp n-butylthiomethyl group,
erhyi t hi onet r t t hi oet .qr oup, | :

repentgbes T RrRe-Ag TP Kt GFORY CHETRUYT gpBRyg: deoyithiometty

group,rhnﬁ&m-y)htyﬁthmmm lora@ypo apd mioreoprefrabiy amrethibithiogthpligroup,

' Ith| onet h n-.d | t hi onmet hyl 5 group,
”'pmpé’ ]:tllgfﬁ r?ﬁ%ﬂ%&yﬁ& WE? "Und nmore preferably an

etEadmmenﬁtﬂwfsubstctuqad on umubptythteldlwﬁaieﬁwll gopupllprefanbly include a

4-pheSl bt PR U gred et erou,

and (4dowér—ﬂhe;thbn5dﬁy¢thgrgnmm (thatehh Htevgeralkoeyhydiegtoaptraight or

' branch%ﬁ aﬁkar QH&%E Oixt%) I%?lf(ﬁ;y%tgﬁg Yk p?eif%fgc% exa.%{]pqes include a methoxy

WeT - a oxyp enyl group
group, eltlmwrgreuﬂg propoxy efcepsbutoxagmiip zngtisopoopokl gocula:r)c h&bie most preferred

_ embodﬁjngﬁt!s of "‘Euﬁ:sﬂﬂ{t&% 5}' ﬂgyﬂsalttlﬁe@ ?ﬁ%&{) g"i‘gl?ﬂ;ﬁ&:lﬁg?% ggp);lenylbenzyl

erre exa

- group, graph!bs> %ymaw gopupy i -mbthoryphegypmpthybgrdup.segr opoxy

nmbodi t f th
(- e A RO BB BT, " ar vl et hy! g oup’
i & wigd harem, ﬂittfetngm Biamelyble cgmpopnd’ivafine wOallzccymRmmﬁglinsoluble in
water, @& %)%n#g 1 oxy éﬁﬂﬁ@ %{'llﬁ)g A I ﬂlt}&'h%'ﬂﬂle@%tef és %{"gferablﬁ 1 mg/ml or

noxy met'hyl group
less, nmfr prieferablng. limg/ml cinhlgsﬁl (ths! selubaliy suaés the epasificationsef “Japanese

Phannﬁ&'#gglﬁﬂgﬁh V\ﬁg‘gé Lt’g%ei%ug@ Ful'@iﬁ’?] P %}?é@%a@ﬁ c&h ounds include
camptihedies; apie antifpgakagets, tar@égs, an@)ma,ﬂq@n@err@ﬂdbmde@ 1 g/ L

orAé 28 hblelie 1RAkHP *‘édlﬁﬁﬁhﬁﬁ?ﬁﬁle%ﬁﬁnﬁ REEsfd ng I"Eﬁatcﬁcmds to “Y”, or

*Japanese . Pharnacopoel di tion,

for exapmply In E@REkYN &9, lbfef%ra &R oh%wﬁ@é) Orcl ude

C il 'B@&hf‘ the 849 *‘fcu% bt NG s ﬁ‘ﬁ?&gn%pouhé)(m tha? E‘sdglven by
anti cancer nucl eotid 20 As used herein, the term

hydrolysipe{the waiqrwg%ieo@é% wpharppesusically arcgptabls salf dorisity pfs hydrate

orsolvg@ﬂl&e@f or for exarrpl e in equation (1), |t refers to
used herein, the te rgn "act j

f a}h@\te%f@@ef’anéh%m R epiorEyofers fytaxp F@(P%%wwhnol Pharm.
(2000)hy del3asi, &m@ftert: e M@t Ao PRineSEr ﬁz@oy}; 22BA-23/1A.4-5], IDN 5109

&%@ger l?ﬁeqrﬁgySd {supgl ), 3859,

Nov 19998 S21aIBNIB V&76 o1 Clfieil @n&@lokﬁ?@b@f@@ﬁ nahgan eghnol .

Ph 200 1, . 336-348
p%ﬁ%@eéééreme %di “oempiolh ylsiﬁaﬁofgamen @wr%%fg@apy and Blotherapy:
Princigl&ind Brattice, Zﬁ@&ﬁﬁbn Ilﬁﬁlﬁécﬁb-l{a#éiﬂne‘éﬂﬂ,]p 46BM34] 85 Mdchim. Biophys.

 Acta( lfggig q 48@&% dﬁap@e g&?ﬁ;@e Jz[isffg 2@* g?#ggqﬁpdﬁggmrggfglgagcamptothecm backbone,

such as2EfttathOcin, SN-8BYS Bﬁhﬁhldcamﬁﬁ)th&ﬁﬂ Ohéitre¢dmptbdihecih efod BN-80915

[Antl-'cgp ”E%P @%P}SIZ([I ag)léiancer Chenot her apy and

As used herein, the term “anticancer nucleosides” refers to cytidine derivatives [Cancer

.Chemotherapy and Biotherapy: Principle and Practice, 2nd edition, Lippincott-Ravenmeans,
- p.213-233] such as DFDC (gemcitabine), DMDC [Clin. Cancer Res. (2000), 6(6), 2288-2294],




10

15

20

25

30

30 Principle and Practice, 2nd edition,

- Li ppi ncott - Ravenneans, p.463-484, (b) Bi ochim
Bi ophys. Acta (1998), 1400(4s3), 107-119] refers to
any conpound conprising a canptotheC|n backbone, such
as canptot hecin, SN 38, 9-am nocanpt ot heci n,
9-ni trocanptot hecin, and BN-80915 [Anti-cancer Drugs
(2001), 12(1), 9-19]. As used herein, the term

FMDC: POtk O3 v s chegs (Fiﬂﬁmalh@ﬁ:ﬂ[tﬁ Y(QOGOY} §(d,1185-140], Ara-C, decitabine,

._ [mmgsrdzh@@&(émﬁféﬂéﬁw SRl 3SR B is-150m,

2°-cydnb{PpidecofdytiRan CONBXG), 3'-@h@hdeydiddie (TASHOGSJP P ancer Res. (2001),

oo BT A5 Sl a0 e e LR g 8 1697106,

and S4ERaSHEES88gtidite].or ade oS deﬂiﬁaﬂti‘v,es &ﬁ@ﬂlemd%ha:aﬁy and Biotherapy:
Pnncxglgﬁa?%cglgf: r%;r,l[i %’qo SL@OOO\)J Pﬁéf % %?5 é%%ssjubh as fludarabine, and

cladritlibg4- 1588] , cyano 2' - deoxycyti di ne (CNDAC),

T h%%éﬁ%ékl SR oty TG e fatorgaused by o

defect[@ﬂmn‘gaceﬂhﬁr s@laim'anmhtctmn s{<2A00)r,in e dG@Y tramk@d@tiorbmechanism of

eox cytidi sine derivatives
a certa[ntgrr?g a%eeﬁ%linﬁ u‘% téosgqg tﬁ ?Sgpggce? Principle and
Pr Aotong ¢he Iﬁndi'ugsjof ﬁhe preseatdpvantion repReseeteddyrfermula (1), examples of
1235- darabi ne, and cl adribine. As
prefer}%g%gmﬁégéds a%lﬁ% fg]?mMn "cell proliferation disorder”
r eAmosg the wateli-sdntde prodaugsedprosented tgefornelai(h), theecompounds
represhibd B Rt ot S} Bl hepmaduct L on system or in the

Fan I sm of 10 a certain

prbtthﬂ: eqmpmuide repigseaisd bm donmida ()08 eistpheferablius by drogneatom, methyl
group fggt? I %JHF%%E% %(#g i&re‘f rafal?'% Wd?o%%ﬂta]tdég \Sg?ﬁ:}hg?? group: aenéi particularly

prefer@iﬂr‘rpbm@gelaﬁ’f@m he foll ow ng. Am)ng t he wat er-sol ubl e

Ry LSRR SRR QBN By Blowg! SR 5B egﬂ’%‘ﬂr § carbonyl

groupt he corrpounds repr esent ed by for rrul a (2, R
pr Jpéqlg group or et hyl
grlgjig, %bﬁro p(?gg: s Igg}ng 3(5?888@ atom or net hyl
| gr%ulépfﬁfﬁ@bb(a?rh}id&gearﬂlt%m oppeflet W. a hydrogen atom X
| SR gyﬁe%@m % @1 @@r mgi Mls%o%}é}yﬂas% SEMYParoBp dr ethyl
i's o F erably a “carbon gr oup 'S
group,find partish aylyaarﬁwb Weﬁwb&m@p methyl group. R4 is

prgfaia c)f;fi‘ei@bfé’d @&ﬁﬁnaﬁam P, %& w ko RF Hidpeoﬂgﬁtdtéthe solublllzlng
pr ef er.abl group IS nore prefera

al kyl
side ctguqrﬁqrﬁyp oéﬂ'@@ﬁn@pu@% Wyrese@tp@)bb forgwéa (Fa axe hgraheow, but 13:{16 present

~ inventRngs 86BILE cAndMREAYS bahP Umitcp@iBbes of preferred

conbi nations of X, and”"Rl to R4 that constitute the

solubilizing % side chain portion of the conpound
represented by ;fornmula (2) are shown bel ow, but the
resent , invention is_not to be construed as being

R? R3 o) (2)

Table 1
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R4& HRINNOY 12 13 RR O (2)
R2 RBR4A X1 HHor
-CH3 -C2H5 H or
-CH3 C=0 4 -CH3 H or
-CZH5 H or
-C2H5 H or
-CH2- 8 HH or

-CH3 -CH3 H or
-CH3 C=0 7 HHor
-CH3 -CZH5 H or

- CH3

-CH3 -CH3 H or
-CH3 =0 3 +,CH3 H or
-C2H5 H or
-CH3 C0 6 -CZH5 H or

-CH3 -CH3
- CH3

H or -CH3
-9 -G8 H

Table 1 30 24 R1
-CH3 C0 2 HHor
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comprde sahilizingwideechairafincladddyin teference 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 pHS or higher, and particularly when at physiological conditions of pH7 to 3, 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

preferably a hydrogen atom.

group, or ethyl group; and more preferably a hydrogen atom or methyl group; and particularly

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

When nis 1, R’ is preferably a hydrogen atom or ~COOR® (R®is a C1-C3 alkyl group),
and more preferably a hydrogen atom, -COOCHS, 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 is not to be construed as being limited thereto.




15 When nis 1, R5 is preferably a hydrogen atom or
-COOR6 (R6 is a C1-C3 al kyl group), and nore
preferably a hydrogen atom -égxx}ﬁ, or -COOC2H5. When
nisinthe range of 2 to 6,”R5 is preferably a
hydrogen atom Exanples of preferred conbi nati ons of

n, RL, and R5 that constitute the solubilizing side
chain portion of such a conmpound represented by
formula (3) are shown below, but the present 20
iFhvention is not to be construed as belng limted

et 0-(CH,), RlW 02 R5 0(3)
“Tab¥ 2 26 H\ H 2 &) H 1
-Co2p, H5 4 CHZQZH 5-CH 1 - CH3 -CHzl
COFE5H57CH51H8CZHS - 3Cszl
-CR2C,H5 10 H2 H 11 H2 -coL 12H2 éo,csz
13 -CHz 2 H 14 -CHz 2 -CRCH, 15 -CHz 2 -CO.C, H6 16
-C2H5 2 H 17 -CH5 2 -CO2CH3 18 -C,H, 2 -C2C,H5 19

H3H Table 2




20 H3 -COCH 21 H3 COCH5 22 -CH 3 H 23 -CHz 3
-COCH3 , 24 -CH3 3 -COCH5 25 -CH5 3 H 26 -C H5
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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
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Canpt ot hecins 25 Herein, exanples of groups derived
from canpt ot heci ns include the groups represented by
Y shown bel ow. The aforerrent%.pned Y is a group
represented by fornula (4) 8 RIS R4 RI2\ \ O N
R N\/ OO (CHR (4) wherein, * indicates a
linkage site; inis either O or 1; 5 Rl1 represents a
hydrogen atom hal ogen atom or O -C6 al kyl group; R12

refereh@RNESRAL B 33aAY4r ogen atom hal ogen atom d-C6 al kyI
g: oﬁﬁéw%blg\pgg %Jde %{1{?1%25 gqeg%}g ervg 1fe S? %ﬁ 1Ss a% mhglo?ubqg compound, it
can be(&'in'if@ﬂtem&hﬂfﬁ &ﬁﬂﬁﬂﬁlﬁﬂwm rg@a@ walk4oluBIiE'S &MY $x@nple, the

drogen at o

water—@qlua]g g ﬁ%}‘ %g%trﬂoﬂ% ﬁ)}q}ggﬁgﬁﬁ of tifpg ig,a solution at pH4 or lower; but
when étt;ﬁ-lﬁ ot bR Yardi p&ﬁldﬁﬁrﬁy\bvh@[ a&lﬁhys@ c&lébna{tﬁ)n%ﬂ HAnel 8, the active

form o RO S e B S S

quantlﬁitﬁelf%ﬂeﬁblﬂﬂyﬂﬁﬂﬁﬂ}i sBepedicEof t11hé) 2 het er 861; ons, Grand
rise stit ntss ed from G ou
& Preb SR, IRPER N hEE SIBRETS e rPERgtad epppanted by
Y—OH@I@(&pha‘é aneycohuli¢ betrogdmpeuse 1 to 3 subst ituents
> i’i‘%cltp@%g{y{l %Frgugogr}so%ﬁegérapgd@ps%g?ﬁ% R oé:’ieoﬁoc‘)hc%ydroxyl
group.al ydha¥HOM @y &e pn itkioldBle édinpdung] Buticren ity pnsoh‘xbld;& will show good

water St HoB Rag e phAe e Bby By o uh o ey sotubl

prodrugrcaﬁ ekististalaly Gop 4 ot perpodBof @mEin L£olatidatypHr amlpwer but when at pH5

e
o i B R PSSR SRR RGP i et om0
denved;faﬁmﬂiela&dohgh@hyﬂroxﬂcgrdmi cmndmyh*seclaadmuamt;thtwalm gnd rapidly within a
short od offltn%y corrprl se 1 to 3 substituents selected from

€ group” consi sting of a hydroxy group, Cl-C6 al koxy
gr B idvhided émthataforemantienedformula 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 hydroxy! 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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group, nono-Cl-C6 al kyl am no group, and di-Cl-C6
al kyl am no group). In the group represented by fornul a
(4), the stereochem stry of gmacarbon, to which the
oxygen atom derived fromtheal coholic hydroxyl group
bi nds, preferably has S configuration. 25 Herein, a
preferred enbodi nent of the conpounds represented by
formula (4) includes conmpounds in which R' is
preferably a hydrogen atom Rl12 is preferably a
frbge’atom or  hydroxyl group, R13 represents a
m or (di nmet hyl am no) net hyl group, and Rl1l4
s, a hydryrogen atom or ethyl group

: i ndoIQ zi no[ 1, 2- b] qui nol i ne- 3, 14(4H
, 12H)-di one(canp | t ot heciza=p 5 9- ami nocanpt ot heci n;
9- ni tr ocanpt ot he X
5(R) - et hyl -9, 10- di/f | Bttt 4,5, 13-tetr ahydr o- 5- hydr oxy
- 3H, 15H oxepi no[ 4" : 6, 7] i ndoli zi no[ | ,

2-b] qui nol i ne- 3, A5-di one (BN 80915); and

7- et hyl - 10- hydr 8xycanpt ot heci n ({S\)38). 10 Anot her
preferred enbodi nent of the conpounds represented by

f oxastia, (4) includes conpounds in which the

(il RS (O o O (5- wherel n. * indi oates

a rhiigwidge Osirtle; 15 R11 and R12 have the sane neaning
AR S Ty G CRST LA

- R ERREsentN@RR ) irogen e ajogRR atans E le€6 nily] grdupdonigeinoxyl group;
atlelmrg};{resaentcsj a'hc):z%lgo gae|nka¥c!m,garn(1)1.ﬁg g'}orﬁ%E ni%ygr&?ﬂ,r%{' kcﬁﬁlethylmnino)methyl

group;

R represents a hydrogen atom, C1-C6 alkyl group, (4-methylpiperazinyl)methyl group,
or (fert-butoxyimino)methyl 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 ! 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-C6 alkylamino group, di-C1-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, C1-C6 alkoxy group, halogen atom, an amino

group, mono-C1-Cé 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 formula (4) includes

" compounds in which R™ is preferably a hydrogen atom, R is preferably a hydrogen atom or

hydroxyl group, R represents a hydrogen atom or (dimethylamino)methyl group, and R"
¥ ] P
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20 1-3 substituents selected from G oup B descri bed
below. Group B: a O -C6 al koxy group, hydroxy group,
hal ogen atom ami no group, no-C - C6 al kyl am no
group, di-d-C6 al kyl am no ﬁup, C3- C7 cycl oal kyl
group, heterocycle and an aryl ring (which may
conprise 1 to 3 substituents selected fromthe group
consi sting of a 25 hydroxy group, O -C6 al koxy group,

@ oup, nono-C-C6 al kyI am no
repres&?%) 8%?&1‘0@5195(}3]1?& egy Y k

| am n gro resents
a Exanniercrf W%%S@ﬁ% (@ 13881% a}”%}kgpcompounds
- “hydBok ngf@s 3t 4t.g 7 naabﬁﬁd) epfggineehes e 1 PH)-dione(cam
45 eEH%ELp C dgg Cri L 1 ow, gﬁa 30 1- Oghal koxy grgﬂrup tﬂt?at (camp
tothecifigyy conprise 1 to 3 substituents selected from G oup
gamﬂgcgﬁl%ﬁ{ﬂll&ﬁ-ﬂ below, a C-C6 alkylthio group that nay
conprise, 1 to 3 substituents selected from Goup C
9-nitroga@piathssibel ow, a nono-d -C6 al kyl ami no group t hat

5(R) eﬂﬂﬂ PSR- 114t50133teﬁ'éﬁ5$1rd)15 @cySEH,QSHe@cebﬁﬁfB’,@r’sﬁt,l?ﬁizﬁolizino[l,
esc gd bz ﬁ% ?g %il - al kyl am no group that
2- b]q‘-\%‘ﬁﬂm@tﬁ’rﬁ 0ae 09k apdt tuent s selected from G oup
7eﬂ1ypld-@x§'@fdx?6ﬁn1ﬁﬁﬂ1@m($ﬂ8&) C. a O-C6 al koxy group,

5 PO S o G 0o

compdf@is irCWhiRh tifeaforetrenBormadE ts reprepdrsedsiey garieeid férmmita (Ne
group consisting of a 10 hydroxy group, C -C6 al koxy
groyps, am no group, nono-Cl-C6 al kyl am no group, and
i al kyl ami no group); and, X represents an
’ sul foir atom Furthernore, preferred
qp ids in which Y is represented by
pnpounds that conprise Y represented
qr (8). 15 The aforenentioned Y
is a vvater sol\ubl & proygrug represented by - fornula
(6) below. OR21 g;—H\I)Q\l/ RI2 O NR' NO ~ 0O 9

(5)

wherein,
* indicates a linkage site;
R and R* have the same meaning as R’ and R defined in formula (4), respectively;
and
Z represents -NH-C(=X)-NR*")- or -N=CR™)-NR*)-.
Herein,
_ 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: a C1-C6 alkoxy group, hydroxy group, halogen atom, amino
- group, mono-C1-C6 alkylamino group, di-C1-C6 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
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
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- 12H pyrano[ 3",4": 6", 7' ]indoli

(6) R', R12, and R2' are defined as in formnmul ae (4)
and (5). In formula (6), R' and Rl12 are preferably
hydrogen atoms. R2' is prefeggbly a hydrogen atom or
a Cl-C8 al kyl group that nay conprise a 20
substituent selected from G oup D shown bel ow. G oup
D: a d-C3 al koxy group, hydroxy group, hal ogen atom
am no group, nono-Q-C3 al kyl am no group, di-Cl-C3

al kyl am nacgCe ldlﬂqox%r&ﬁ) tﬁﬂﬁﬂ”@ﬁb&ﬁbm@ﬂoﬂém substltuents selected from

Subst |t verfbient b ebehea el icl-C AT RRe B g Roigprise 1103

hydr oxy grsabgitudsts @eceeldlm Goop 0, deambehaalen@ea ngdrerg1-Co

25 R2' is re efer a G- y.
eyl - O -8 TR - GHEOTE ™ GRS 1o RS plgited from Group
group, aI KO dysptiba/belév, 28 EHIRWCoGilIolaminorgrdal theenat esinprise 1 to 3

phenyl - nor e
pref er abI St’r’f’é‘?ﬁ%‘fel% Omg:flrﬂ'g}&gqﬁfﬁfﬁ’e\‘@elpﬁ’% pyl
group, 1-net hyGeupyl: adib0p alkoxlygryp, tydrory group, halogen atom, amino

L 1t )ty S0P S M B S SRt g (i oy

3-net hyl butyl a@morige 12e &-shbstiphergs selgeied from the group consisting of a

g S B 3 A il 868 1.

2- (di met hyl am alkyplanhyl grgumapd dbC2-Clalkplapired gnoop  ting,|
%5?35}. 37{ %@ﬁ%@%ﬂﬁfﬁ'ﬁy@%}r%ﬁj k‘ﬁ{"g%?‘indl n-3-yl)ethyl

gr B!luﬂ;lenﬁol\‘% pr@rtﬂd)@tpm@ lof eoinpburglsau prhich Y is represented by formula

) agidtpioh G %ee’{% es%tgﬁgy B B B Oy

gr Supalommenpbesgl Biis ewewr-e@lnb mrd@uge@rmwdé:d -ormula (6) below.

formga (6) include those in which Y represents a

res e ofgza conpound (Y-OH) conprising at |east one

al cgﬂtl\ I?wdroxyl group 10 (for exanple at position
N” wheNei n" t he conpound is selected fromthe group

copsi stifng of: a)

(9S)-1-[ 3-(di methyT am (r?o) pr opg%] 9- et hyl - 9- hydr oxy- 1H,
20 [ 1
, 2RV 6RB MRH@Mde’ﬁnadqgh%hﬁ%@I@mrd%s)
10 13(3 H) trihone;
( 9g)formgls rﬁ@l oRIp-RE efgrﬁéw%bmrpgm@m pyrano[ 3", 4"
6R2 is plengsnly éllﬂj}'@fdgem étonf) 0P hIWI-CHalkyl group that may comprise a

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 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 C1-C8 alkyl group, phenyl-C1-C8 alkyl group,

heterocyclic-C1-C8 alkyl group, alkoxyphenyl C1-C8 alkyl group, or halogenated phenyl C1-C8
alkyl group.



10

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

-trione; e) 25

(9S) - 9-et hyl - 9- hydr oxy-1-[ 2- §pyr|d|n 2- yI)ethyI] 1H, 12

H pyrano[3",4":6',7']indolizino [1° 6, 5] pyri do

[4, 3, 2- de]qU|nazoI|ne 2,10, 13 (3H, 9H, 15FD trlone f)
(98)-9-ethy|-I-heptyl-9-hydroxy-1H,12H—pyrano[3",4":€

, 7" ]indolizino[l",2":6, 5] pyrido

[ 4R3, g vika] Mbie f@i‘a’b[}ﬁ& rhety: 1 491 ddup %ﬁ"é‘r@@'ﬂf prbpEneoup3 @-methylethyl

.gmupwﬁ@fgmn@ﬂﬁma Y%&{Yg g%ﬂﬁd%ﬂ?@ﬁ)ﬂ@[@yl groug 253-gipstipgpropyl group,

-pen §ﬁ> el bﬁ}? 22n—11@xy31 duph i3 gbﬂlﬂzﬁﬂﬂy'lﬁdtw%i@up, hz}hegtyl group,
9 h 3
~0°ty‘£f§wa Sea) s Pheneby g %ﬁn yhininoerhst gt
2-(4- nﬁdrphtﬂmo@etﬁj]'l@‘élhpﬂ Qﬁ(ﬂnﬁetﬁyldﬁhﬂﬂpﬂﬁﬁﬂérbﬁlﬁ ﬂp%ﬁdﬂaﬂ—?l‘jeﬁbl group,
2y g ekl o, hydresoarhenin) eprapd-<Hrpben gy erow.
2-(4- fﬁlbﬁ)phényl)eﬁhyl grdupnens-pEémydbrbpyl2ro@p.5]  pyrido[ 4, 3, 2- de]

%?az I I n u%@ % %93? 3 ?épgfﬁf%% ff”ﬁ?@ﬁ )W))lhcilude those in which Y

represbhti ﬂlrbsixyt[eaif@[cfbmpéun@ (Y-OH)i dﬂ)ﬁqﬂrisﬂ'lgmv kehi'st, ghe:abcohblic hydroxyl group

(fore rpllc%J g Qﬂ,ﬁgimzll?? . l%%l Ocl‘é(ilﬂgqunf 15 @%&”@hﬁg’}'@%wm cg}}siﬁl_fing of:

2H pyrano[3 ", 4": 6 7 ]indolizino[l', 2" :6,5]pyrido
2) [4, 3, 2-de] qui naol i ne- 2,10,13 (3 H,9H, 15H) -trione; 1)
10

- (9S)- 1ela$y1-9eéatyh9+hyﬂrdxyenrmmﬂ+pymm(yr 4148, T Jndpliziacid} 36 8ps6ido

15 -

20

25

30

35

[4.3, 2(ﬁiu (’Lazo ﬁf’éﬁ 28[ &%ﬁ%@ﬁ%@%%m [ t4r ?oﬁede]n)

b))  (9S)-9-ethyl-9-hydroxy-1-[2-(4-net hoxyphenyl)ethyl]-1H

(05)- R EPHLARRH 1o 4 Sub i AIOR I Dt ovragolas 4756, Thligglljzino

[1’,2’:5]5)]p5trid0®41é,2-dc1®mf)z0(196¥ 1 0; 1363 Y1 S Btthiphe; 9- hydr oxy-1

o) H, 12H- pyr ano[ 3", 4" ,7"]lindolizino[1l,2" :6,5]pyrido

[4, 3,2-de] qui nazollne 2,10,13 (3 H, 9H 15H) trione;
(9S)-1elB3- (dnnethylarmno)propyi] 9-ethyl- 9- hyd:oxy-lH 12H—pyran0[3” 4”:6°,7 ]mdohzmo

(2R SR 2 P SR B b T T2 pyrene
d) I R

(95)-9-ethyi-9-hydroxy-1-phenethyl-1H,12H-pyrano[3”,4:6°,7 |indolizino[1°,2":6,5]pyrido
[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

e)

(98)-9-ethyl-9-hydroxy-1-[2-(pyridin-2-yl)ethyl]-1H,12H-pyrano[3”,4”:6°,7 ]indolizino
[1°,2°:6,5]pyridof4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

f)

(9S)-9-ethyl-1-heptyl-9-hydroxy-1H,12H-pyrano[3”,4”:6°,7’ |indolizino[1°,2":6,5]pyrido
[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;

g)
(9S)-9-ethyl-9-hydroxy-1-propyl-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;

h)
(98)-9-ethyl-9-hydroxy-1-[2-(pyridin-3-yl)ethyl]-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; :

i)
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20 pyrido [4,3,2-de] quinazoline-2,10,13 (3H,9H, 1
5H)-trione; p)

(9S) -1, 9-di et hyl - 9- hydr oxy- 12H pyrano[3",4":6',7']i
ndolizino[ 1,2 :6,5]pyrido[4,73, 2-de]

qui nazol i ne-2, 10,13 (3H, 9H, 15H)-tri one; q) 25
(99)-1-[2-(4- chlorophenyl)ethyl] 9- et hyl - 9- hydr oxy- 1H,
12H pyrano[3",4":6',7' lindolizino [1" ,2

(9S)- 9~§1¢?ﬁ191}4§dr€§§4 -3 p%eﬁﬁbﬂiﬁynﬂ@hzﬂ%ﬂan%%”l@ :6°,7°]indolizino[1°,2°:6,5]

pyridel -t apdpol e BADLATHIBH LRERPRSit ny1 ] -o- hycr oxy- 1
i) H, 12H pyrano[ 3", 4":6',7']indoli zi no

(95)-Sretifo-by rg%q@r(ég%ﬁylggéyﬂgﬁgﬁﬁ%?“ o IRRlno 276.5]

_ pyr1d0‘[4 éan@é}mhﬁonﬁé -2;1b, 13(3H 9H,15H)-trione;

12H pyr ano[ 3", 4" ]|ndoI|Z|no[1 2':6,5]
k) pyr| do[4 3, 2- de]qw nazol i ne-2, 10, 13(3H 9H

(98)- It-hé)%'l‘-@r ﬁ@ﬁﬁ(yﬂH 12H-pyrano[3”,4°:6°,7°]indolizino[1°,2°:6,5 ]pyrido
9- eth | - 9- hydr oxy- 1H 12H py
[4,3 2rd£ jrgol ”2@ 130 }Eﬁ%@% t%1‘8’[“‘1 2':6,5] 35

pyri do[ 4,3, 2- de] qui nazol i ne- 2, 10 13(3H 9H,

Y
(95)-9h sk bRt S pa TR ok B o (%% 8 7 RSP Spyrido

[4,3,2 (8 Ruirkzbliey?, 101 BGEYYHI SHydieney - 1H, 12H pyr ano[ 3", 4": 6",
7']lindolizino[l',2 :6,5]pyrido[4,3,2-de

M) qui nazol i ne-2, 10, 13 (3H, 9H, 15H)-trione; 5 b)

(9S)- GK)1-Bhpirbyy-1 92 y-dnaakosybhahdyeetyhly | HJi PH iRt B 4A0[63,7; Bidolizino

w SoNEhlT SR 2 g ap YRS P e o)

- (9S)-9-ethyl -9- hydroxy 1- (2 met hyl propyl ) - 1H, 12H pyr an

ndoI [ .0 42 [ PYF ,
0o (iedest e By SR AR ot S inaaligng 1 216 lpyrido
[4,3,24dlglquinazoline-2,10,13(3H, 9H 15H)—tr10ne
(9S)-9-et hyI 1- hexyl - 9- hydr oxy- 1H, 12H pyrano[ 3", 4": 6",
o) 7']indolizino[l,2":6,5]pyrido[4,3,2-d
(9S)- 9&§th§d+9%hyzchbimé-(2 nddhylButy BH FAH H Sislranof 3'o#é:0’,@)]indobzino[1°,2°:6,5]

e e e e A VAP

p) e]quinazoline-2,10,13 (3H, 9H, 15H) -trione; f)
(98)-1,9-diethyl-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,15H)-trione;
q) .
(95)-1-[2-(4-chlorophenyl)ethyl]-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,4™:6°,7" ]indolizino
[1°,2°:6,5]pyridof4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione;
1)
(98)-9-ethyl-1-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1H,12H-pyranof3”,47:6°,7’ lindolizino
[17,2°:6,5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione;
5)

© (95)-9-ethyl-9-hydroxy-1-(1-methylethyl)-1H,12H-pyrano[3™,4":6°,7" ]indolizino[1°,2’:6,5]

pyrido[4,3,2-de]quinazoline-2,10,13(3H,5H, 1 5H)-trione; and

)

(99)-1-(3,3-dimethylbutyl)-9-ethyl-9-hydroxy-11,12H-pyrano[3”,4"*:6°,7° lindolizinef1°,2°:6,5]
pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione.
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(9S) - 9-et hyl -9- hydr oxy-1-(3-net hyl butyl)-1H, 12H pyr ano
[3",4":6",7"]indolizino[l,2 :6,5]pyri
do[ 4, 3, 2-de] qui nazol i ne-2, 145 13(3H, 9H, 15H) -trione; 20

9)
(9S)-1-[2-(4-chl orophenyl)ethyl]-9-ethyl-9-hydroxy-1H,
12H pyrano[ 3",4":6"',7"' ]indolizino[l",2 ' :6, 5]pyrido
[4, 3, 2-de] quinazoline-2,10,13 (3 H, 9H, 15H)-tri one;
h) Among them, the following compounds are more preferred:
(9S)-9-ethyl -1-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1H,
2) 12H pyrano[ 3",4":6"',7"']indolizino[l,2" 25
(98)-1: Bt} PyihiyHoydRie- 18] 2itipysan]3°he?8), TQinHal A2 16 )pstidof4,3,2-de

}q“‘na(zglngie’?rﬂ?’éhes”}hglﬁé?ﬁ%%%‘% y1)-9- et hyl -9-hydroxy- 1

H, 12H pyrano[ 3",4":6"',7']indolizino[l1,2":6,5] pyrido

o PR S A ot

,2- de]cﬁmnamlhae-@lﬁ 1363 10,0H, BA)-tHohiy N RR1 ~ R12 O N R' N O

) 9 O(7) R', R12, and R2' are defined as in fornul ae
(4) and (5). In formula (7), R 1, and R12 are
(95)- 9patb3fléf hiﬁryxy}yc(ﬁﬂgﬁhylampwﬁ 1}R22H+psframO{=3’ #°a%f,¥’ Jindolizino[1°,2°:6,5]pyr

1d0[4§1§%{§ﬂgﬁ%zgﬁgﬂ% 1§ ]tgfqgglpﬁ%negr oup that nmay conprise

tituent’ s romGoup D listed bel ow
d Goup D0 a Cl- CS aI koxy group,  hydroxy group, hal ogen

©8)- 93%9@1 I%Qyﬁ‘? I am no or O%WC J,cyc @@ﬁg‘g’gu@? i, Ipyrido[4,3,2-d

elquinpestioe gl ] ¥3HARH1 S)yrioneng (whi ch may conprise 1 to 3

e) substltuents selected fromthe group consisting of a

droxl;ll ag_r ? Cl-C3 al koxy group, and hal ogen ato
(99)-9thyD-hydgoxol wepp bl s 12bl-pyranglAe rﬂyﬂﬁg%bn@olzﬁncﬁ 2,5 pyrido[4,3,2-d

e]qumgi(}ﬁylg zgf(meHayyplﬁyﬁﬁlmggre preferably a phenyl group,
3- et hyl but'yl “group, or n-pentyl group.

' (95)-9-ethyl-9-hydroxy-1-(3-methylbutyl)- 15, 12H-pyrano[3”,4”:6°,7 Jindolizino[ 1°,2:6,5]pyri

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

8

(95)-1-[2-(4-chlorophenyl)ethyl]-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,4":6°,7 |lindolizino[1°,2
*:6,5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,1 5H)-trione;

h)

(95)-9-ethyl-1-[2-(4-fluoropheny)ethyl]-9-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; and

i)

(98)-1-(3,3-dimethylbutyl)-9-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,15H)-trione.

The aforementioned Y is a compound represented by formula (7) below.
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Exanpl es of such conmpounds represented by formula (7)
i nclude those in which Y represents a residue of a
compound (Y-OH) conpri sing a§4 | east one al coholic
hydroxyl group (for exanple at position 9), in which
t he compound is selected fromthe group consisting of:
15 a) (9S5)-9-ethyl-9-hydroxy-|

-(3-met hyl butyl)-1H, 12H pyrano[ 3",4": 6", 7' ]indol i zi no[
1',2's 6, 5] pyri ' :

do[ ﬂﬁ;z_zodﬂ qui nazol i ne- 2(3H) - t hi one- 10, 13( 9H, 15H) - di o

P) - 9- €t hyl - 9:- hydr oxy- | - phenet hyl - 1H, 12H pyr ano[ 3", 4"
,2':6,5]pyrido[4,3
{31)-thione-10, 13( 9H, 15H) - di one;

® Q- e
, 7 1ind¥izin
qui nazol i ne-2
The conpounds®

y-1-pentyl -1H, 12H pyrano[ 3", 4": 6'

6, 5] pyrido[ 4, 3,2-d €]

(gne- 10,13 (9H, 15 H)-di one. 25
is represented by formula (8)

are as descri bed 35 RR2 R2Z1 R12 0 NR N9 O

0(8) R', R12, R22 have the sane neani ngs as

R', Rl12 R, R2l,/ar R22, eﬁpectively, of fornul ae

(4) and (5). In fornula (8§,7 5 (i) R is preferably a

hyRPpr¥namd Rihard défineRaid formult é4)abldy5p hydr ogen at om

[ referably a

g;@%ﬁ?g@ﬂ%?ﬁ kl(); %n‘ﬁg?%? p%?%ﬁfbl?’ hgﬁ{qegf‘? BYS: 5 preferably
- a RS ds pasmably amydmgen atoh: 66 GI4GH alkylawpurt that mapyomprise a
s GRRP g G PRER ,) °2L ) [om Sroup D
hy@rompyD:gr O1463 diledxygrous hednoxg group, baloggn atom, amino group,
mono-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 atom).
| R is more preferably a pheny! group or C1-C6 alkyl group, and even more preferably a
pheny! group, 3-methylbutyl group, or n-pentyl group.
Examples of such compounds represented by formula (7) include those in which Y
represents a residue ofa 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’ ]indolizino[1°,2":6,5]pyri
doj4,3,2-de]quinazoline-2(3H)-thione-10,13(9H,15H)-dione;

b)

(98)-9-ethyl-9-hydroxy-1-phenethyl-1H,12H-pyrano[3”,4:6°,7" lindolizino{1°,2*:6,5]pyrido{4,3
2-de]quinazoline-2(3H)-thione-10,13(9H, 15H)-dione; and

9
-(98)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3,4°":6°,7 ]indolizino[1°,2°:6,5Jpyrido[4,3,2-d

e]quinazoline-2(3H)-thione-10,13(9H,15H)-dione.
' The compounds in which Y is represented by formula (8) are as described below.
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| n~pent(/ﬁ YD, 3—111@thé(}¥d1tx1\gif9up= 2inrhexyl gsoup(?’ 3ydim
n-octyl £boup(benkyl dérbﬁﬁ fpg”ml \gkau E{éﬁiﬂéﬂ%ﬂmﬁfn ﬂg@&[ﬁmunds

nono- C - C3 al kyl am no group, di-d-C3 al kyl am no
group, C3-C7 cycl oal kyl group, heterocycle, and aryl
ring (which may conprise 1 t{a 3 substituents sel ected
fromthe group consisting of a hydroxy group, Cl-C3
al koxy group, and hal ogen atom). (iv) R21 is nore
preferably a nethyl group, ethyl group, n-propyl
group, 1-nethylethyl 15 group, n-butyl group,
1, 1- ®*ret hyl et hyl group, 2-nmethyl propyl group,
2, 2- dlnethyhpropyl group, n-pentyl group,
bﬁtyl group, 2-n-hexyl group,
et hyl butyl group, n-heptyl group, n-octyl
group, phenethyl group,
3 no)ec%y group, 2-(4-norpholino)ethyl
olneN‘vénnno)propyl gr oup,

Iz I)et yl group, 2-(pyridin-3-yl)ethyl
manyl ) et hyl group,

2-(4- chlorophe y 'ethy. group, 20

2-(4-fl uorophs )

group. (v) R22 Ys/preyerably a hydrogen atom am no

group, Cl1-C6 alk grogp, Cl1-C6 al koxy group, a d-C6

al kyl t hi.o group#t hat may conpgéée 1 to 3 substituents

selected from Goup D descri be|OMI nono- Cl - C6

al RS}J Rifi RY, epdoRT Habathe saye cnmapirigs es Rt B 23R%1u st REPumspestively, of
fnmu%ﬁ gftgﬂ? fron1C?oup D described below, or a di-d-C6

%o group that may conprise 1 to 3 25
sulnsbirhulef$)s sel ected from G oup D descri bed bel ow.

C}@yQMQ%F%ﬁghﬂggh@&%%§¥mg%§up, hydr oxy group, hal ogen

al kyl am no group,

di QPR ‘o8 pa¢fk1yﬂbhm ]ﬂbﬂlf%mu?@m@BaCﬂ -Cy elkWhEﬁWP, @domploreﬁreferably a
aryl ring (which my conprise 1 to 3
hyhogﬁﬁﬁ%ﬁtugﬁggrgﬂﬁghted fromthe group consisting of a
hy(@ii)oxy igprofapablra hpdrogek v, gr &G ;C 8 akyhgoup rat sy epmprise 1 to 3

'subsm(lxﬁt)_,- 55&%3% P%&ugrﬁ&&mﬁ%&/bao@ydr ogen atom met hyl

é rou prop group hydr oxynet hy|
gr@wp Rir @b taﬂwxy@r@m yuony isyduRrhalogenstep aginggHoup,

t r | uor o@rrelblﬁ&)a'mt g;lloéﬂ allégqﬁlﬁ’ihe %dlﬂ SSQE’PJF’jg:JlIJoalkyl group,
nghelﬁemsyycéer @g@aryérlngﬁxy gyap( comw ftqa, @u ts selected from the

t
e g}x I%‘g; ISQB%HPa h@ggy ﬁﬁgnemraoamox b h, 2Rl Ml ORER o).

ardlng t he above menti oned
(|(}V)tPe es\/xmre H§¢féf kst e@e@%smuﬁeﬂ ¥ EauD, BPrepyHerony 1-methylethyl

group,\M-Eﬁ‘rypéI%ﬁﬁ et i gﬁnet@q@ﬂﬁ?i ﬁ% upf2 Iﬂ%ﬁlyﬁﬁﬁﬁlté'% 2, 2 dImethyl ropyl group,
mbl nations_are (1), (T1), and 3
5"5%! by gf%’d n-heptyl group,

represente

24 m@mﬁ%@)ﬁ@léﬂf@s?ﬂﬁ@%ﬁ(] ?&samﬂ?&r%ypﬁse mféi%}'&?% group,

|
o A e AL T
2-{(4-flpprop &9 b gequey QT tyPRAmy prq &)rmtpg

S)(V}R%?t&ts ;sfef&-as@fMyd% AYebne mﬁo cih% graup, (A-C6 alkoxy

g ndo izl no ﬁ{?ﬁg Sp}/ g%ro[m
sroup.’s C1-6 ks i, Piosp Gk sy 70 @htqéﬁybsaa ected from Group D
descrlbed below, a mono-C1-Cé 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 cycloalky! group,
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b) ,
(9S) - 9-et hyl -9- hydr oxy-1-[ 2-(4-norpholino)ethyl]-1H, 12

H pyrano[ 3", 4":6', 7' ]indolizigpo[l"',2': 20

6, 5] pyri do[ 4, 3, 2-de] qui nazol 1 ne-10, 13(9H, 15H) - di one
hydr ochl ori de; c)

(9S) - 9-et hyl - 9- hydr oxy- | - propyl - 1H, 12H pyrano[ 3", 4": 6’

, 7" ]lindolizino[l", 2" :6,5]pyrido[4,3,2-

_ d el]meriomﬁﬂmlahdl aryl Bing Wﬁidhlﬁd-j}) cothip@ize;l tdB suBdituents selected from the

t 12H— "4" 6
7 }1% 8%?535@41% 8?F%y§1¥)xg ggcr%)y Fﬂ?g{ %Iﬁg}qégm ’ra%ﬁ%l?'og'en atoin).
d ViR Tl dzmbienmefbfibliB4 BirbEéd) atdino mefhyd kroup, ethyl group, propyl group,

hycrot SRR R e ) . gmetpolapinobmetiy) gy (dipptymino)methyl

group Sobigrpwethgd Erbus, trifl2onbej ety acuy, phenyl robp( Dby dH)erolim meethoxy

exoup K g st sy Xy greug PRUYIsRiRq g100R, b0 eroup

or duneﬂxylalﬁhp*gTQupndol izino[1',2":6,5] pyrido

SR Ao Psaihnen i

with dcs[crg:‘tion Exampl}w b petnmiep Cmemei;l@]spzyfp (1), %8), (iii), and (v) (1) (it), (iii),

and (v )d@§ ‘bé)?g%p]%?hg%gg&’éwﬁ} ’t%%ﬁ%@]lgﬂ? y:jl) oﬁ 12?+ S;r ano

[ FExapiplesso sv.lc cqmmqngls mﬁrqgemgd bg fofnpiia (8) include those in which Y

repre mméﬂ %1&63)?1&%%&@ \éﬁtL(y r@%—[}(}%o%a%% gﬂﬁé@ @Lftg{l}g 'ﬂ]ﬁ)ohéil}_? liyéd'{E)l%yl group

(for &'poaitios 9), 711 Wh@dhe gomppund ip sel@ctgq frog thy ercado con31st1ng of:
[ 4, 3, 2-de] qui nazol i ne- 10, 13 (9H, 1 5H)-dione; J)
(9S) -2, 9-di et hyl - 9- hydr oxy- 1- ( 2- net hyI propyl) 1
8) H, 12H pyrano[3",4": 6, T] indolizino[l" :6,5
(99)- 1lm§1191%§11 @h?dx%%}qw I‘ﬁ;%Bzfa&‘l%[ﬁ04’1§(,%l]inh§1@1n&['1OQ% 5]g%tido[4,3,2-de

- quma(@g)e &@(WLUF‘DWWI - 9- hydr oxy- 1H, 12H pyr ano[ 3", 4" : 6'

,7"]lindolizino[1 2': 6,5]pyrido[4,3,2-d

(9S) 9(@%}%;{ [931?)@321'9?;5? e@%%@%}?cgé&m%? ﬂb?ﬁl%‘[—l—pyrano[?’ 4°°:6°,7’Jindolizino[1°,2’:

[ 6,5 ridof[ 4
FRah i S R Gt

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

- de]quinazoline-10,13(9H,15H)-dione;

d)
(9S)-1-benzyl-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,4°*:6°,7 Jindolizino[1°,2°:6,5|pyrido[4,3,2-

‘de]quinazoline-10,13(9H,15H)-dione;

c)

(95)-9-ethyl-9-hydroxy-1-phenethyl-1H,1 2H-pyrano{3”,47:6°,7’ ]indolizino[1°,2’:6,5]pyrido{4,3
,2~de]quinazoline-10,13(9H,15H)-dione;

H

(95)-2,9-diethyl-9-hydroxy-1-phenethyl-1H,12H-pyrano[3,4”*:6°,7’ Jindolizino{1°,2”:6,5]pyrido
[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

.'g)_

(98)-9-ethyl-9-hydroxy-1-(3-phenylpropyl)-1H,12H-pyrano[3” ,4":6°,7° ]mdohzmo[l ,27:6,5]pyr

- 1do[4,3,2-de]quinacline-10,13(9H,15H)-dione;

h)
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15 m
(9S) - 9-et hyl - 9- hydr oxy- 1- ( 2- net hyl propyl ) - 1H, 12H pyr an
o[3",4":6",7" ]indolizino[1, 27:6,5]pyr
|do[4 3, 2- de]qw nazol i ne- 10 13 (9H, 1 5H)-di one; n)
(9S)-9-ethyl -
- hexyl - 9- hydr oxy- 1H, 12H pyrano[ 3", 4":6"', 7' ]i ndol i zi no[
1',2":6,5]pyrido[4,3,2-d 20

(9S)- Sﬂéﬂigﬂ M?@Jolx?-ﬁl =(30mdiB{ By 1o HE 1d 1 ofeand)} ” .47:6°,7 ]mdohzmo[l 2’ 6,51pyri

ol 33t e e @{%"lﬁ%ﬁéﬂ}%ﬁ%ai'*sl%%pyfa”"[3 v
i) e]qU| nazol i ne- 10, 13 3(9H, 1 5H)-dione p) 25
98)- %g%)rg?eﬂ})ﬂ-%al?)}iﬁ SHaR 'ﬂ%ﬂ?@{)i%@ﬁ{a&gﬁo{ﬁ’:6‘}7 18a01lzihd[1°,2:6,5]

pyriddj&3¢3-te]guitzoliné-qb, 1BEH)1 Sip-diiney)
. (9S) - 9-et hyl - 9- hydr oxy-1-[ 2- (4- net hoxyphenyl ) et hyl ] -1H

D 12H pyrano[3",4": 6, 7' ]indol i zi no[ 1’
- (98)-2, 2dicthyB Ry abof t(B nRtséiropyrd Fhl AHeythno[3”,47:6", 7" Jindolizino[1,27:6,5

]pynd()g'géf}_liq%?% lgl?’ﬁ gf%%‘ﬁg%ﬁ}?e‘?ﬁ%] 9- et hyl - 9- hydr oxy- 1H,

12H—pyrano[3 4":6', 7 ]indolizino[l,?2
(98)-9313tﬁy15i RYS F&ﬁl dr%xY-ﬂfl L DR%Q 3. 10y AR6AT D4 ﬁB;‘?ndo[z; 3.2-d

e]qxﬁr(a@rﬂ)ne%(lel%?H,—llSHD-Zlﬂ(n%f | uor ophenyl ) et hyI ] -9- hydroxy-1
H12H-pyrano[3 4":6', 7" ]indolizino[l", 2" 35

. D : 6, 5] pyrido[ 4, 3, 2- de] qui.nazol i ne- 10, 13 (9H, 1

(95)- 95¢ﬂ)1y1e9 hyxh‘pxy)l rﬁ@:hyl 1H,12H-pyrano[3”°,4”*:6°,7’}indolizino[1°,2°:6,5]pyrido[4,3,2-

t fI uorophenyl )ethyl ]-9-hydroxy-2-m
de]quﬂx?%)lpg lﬁ 1|ii@ﬁl-wi{?ano , 7" ]indoli

m) z|no[1 2' 65]pyr|do[432de]qU|nazoI|neI

( 2 7 : 2 L

o9 T E%*Eﬁ g pen SRR S I Hpef” o

1d0[4§,3 ledeuigazo qilM )[tilon@ 6, 5] pyr i 5 do

n) [4 3, 2-de] qui nazol i ne- 10, 13 (9H, 1 5H)-di one; v)
(9S5)-1-(3,3-di net hyl butyl)-9- ethI- 9- hydroxy-1H, 1

(9S)-Sreshdf Bhexyl-9-lerdramyr 11d 8 mrmg{[aj’ 16’ 3 Jsndolizino[ 1’ 2 65]pyndo[43 2-d

e]qum%&lhﬁol[offl’ﬁ!)ﬁ,‘l@ﬁ])%Br!%?ZO' i ne-10, 13(9H, 15H) -di one; w)

0)  (9S)-9-ethyl -9-hydroxy- 2- met hoxy- 1- ( 3- net hyl butyl ) - 1H,
(9S)- 91&%159&5?&8&331 sfenty 1-QH ﬁﬂﬁgﬂhb@’m{é 7 ]m8011z1§o[5 iwshﬁﬁdom 2-d

3] ﬁw nazol i ne-
e]qumazohne-IOl (9 ISH dlone

P

- (98)-1,9-diethyl-9-hydroxy-1H,12H-pyrano[3”,4”:6°,7° ]indolizino[ 1°,2°:6,5]pyridof4,3,2-dejqui

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

Q

(98)-9-ethyl-9-hydroxy-1-[2-(4-methoxyphenyl)ethyl]-1H,12H-pyrano[3”,4”:6,7 Jindolizino[ 1’
,27:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 15H)-dione;

1)

(98)-1-[2~(4-chlorophenyl)ethyl]-9-ethyl-9-hydroxy-1H, 12H~pyrano[3” 4”:6°,7’]indolizino[1°,2
>:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

s) _
(98)-9-ethyl-1-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1H,12H-pyrano[3”,4"*:6°,7 ]indolizino[1°,2°
:6,5pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; ‘ :

t)
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X)

(99) -2, 9-di et hyl - 9- hydroxy-| - (3-nethyl butyl)-1H, 12H py
rano[ 3",4":6',7" ]indolizino[d ,2":6,5]

pyri do[ 4, 3, 2- de] qui nazol i ne-10, 13(9H, 15H) - di one; 15

y)
(9RS) - 9- et hyl - 9- hydr oxy- 4- et hyI -1-pentyl - 1H, 12H pyran
o[3",4": 6',7']indolizino[1 ,2 :6,5]py rido

(9S)-9Leth ﬁ[zi@ﬂ-ﬂampﬂéﬁi)em?}] 91@ydr&n3y Q%&thjzl B 2HimAgio[¥),47:6°,7 lindoli

zmo[lo,gg 5 y:ndgﬂ %%]$¥Fg%¢ngl%§ 19@9{%%{ )2C1)H| éil—l— pyr an

1) [4 3,2-de] qui nazollne 10, 13 (9H, | 5H)-di one; aa)

(99 SRR oGt b P S H&g%%‘fi ke o Mot 6,5 1pyri

do[4322d@q)5ﬂnaxd1hﬂ01[o4m9ﬂ 18H)ditnepzol i ne- 10, 13( 9H, 15H) - di one

v) (9S) - 9- et hyl - 9- hydr oxy- 2-net hyl -1 - pentyl -1 H, 12H pyr ano
(99)-1F3;3-diniefhyl Futy 1 sdethylz9-hodoky-2H, mlﬁbpmhb[?’dﬁ’:ﬁ’éfl *Bin@elilho[1°,2°:6,5]

pyndo%%)ria% Teiing i-lﬁe"ljlaégﬁgfb}wlloglﬁgﬂtew 1H, 12H pyrano[ 3", 4

16,7 ]|ndoI|2|no[1 2':6,5]pyrido[4,3 2-de]

9 dl e " 2L ?
o5 SRS 00RO IS B0 20y Slprepel g, pgeticnotr
2:6,5]p3tidd[4;3,5-deTehimdalinez1 0 H(AH, 13H)@liddepyri d o
[ 4, 3, 2-de] qui nazol i ne-10, 13 (9H, 15H) - di one; ee)
X) (9S) - 9- et hyl - 9- hydr oxy- 2- hydr oxynet hyl - 1- pentyl - 1H, 12H
(95)-2;%¢iethybpdyddsxy- B{3-tefhyltrityl)-2 HodlH py@ino[3738°:6, B |ingglizintg 1°,2°:6,5]

pyridogfg?,,%’—c%]&{ﬁllaz%ﬁhg-%ﬁl.‘»@f—ﬁISI%)Qdioglg; (9H, 15 H)-dione; ff)
y)  (9S)-9-ethyl -9-hydroxy- 2-hydr oxynet hyl -1 - (2- met hyl prop

(9RS)>§' Qtfﬁ%l %}%ﬁgﬁﬁ&ﬂ&? g?wgngﬁ&hi @q %ﬁ”ne 7"Jindolizino[1°,2”:6,5Ipy
r1do[413 %éﬂgwnhﬁilﬁnedhﬂoﬁﬁﬂg gi)-dione;
2) (9S) - 9-et hyl - 9- hydroxy 2 hydroxyrret hyI 1 (3-net hyl buty
) 1H 12H pyr ano[ 3", 4" i ndol i ] .
(95)- 9ra’ukm[1£ hyirogy- 5}(@Wﬂmy¢hsi)zllﬂ %Hrmymb?l”,ﬁ &6%,0 JirgdpB#inad H2°:6,5 ] pyr

1d0[4,%%§) f@‘ %%eo}r%tl%g?ﬁ IQSHe)tcH?/]I.1 -9- hydr oxy- | - (3- net hyl but yl

H12H—pyrano[3 4": 6',7']indolizin

'. (95) 9%1@21157&0:?} ﬁ?y(ﬁ't@@io&y&h%nﬁéeﬂn%'yn@ﬁ%wsm%{%@[%%&% Ththdolizino[1°,
276 ,5]pyrido]4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;
bb)

(95)-9-ethyl-9-hydroxy-2-methyl-1-pentyl-1H,12H-pyrano{3”,4°":6°,7’ Jindolizino[1,2’:6,5|pyri

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

cc)

(95)-2,9-diethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3,4”:6°,7 lindolizino[1°,2":6,5]pyrido[4,3
2-de]quinazoline-10,13(9H,15H)-dione; |
dd) |

(95)-9-ethyl-9-hydroxy-1 -pentyl—Q-proﬁylulH, 12H-pyrano[3”,4”:6°,7]indolizino[1°,2°:6,5]pyrid

0[4,3,2-de]quinazoline-10,13(5H,15H)-dione;

ee)

(95)-9-ethyl-9-hydroxy-2-hydroxymethyl-1-pentyl-1H, 12H-pyranof3”,4"*:6°,7’ ]indolizino[1°,2:
6,5]pyrido{4,3,2-de]quinazoline-10,13(%H,15H)-dione;

) _
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ii) 10
(9S) - 2- am nonet hyl - 9- et hyl - 9- hydroxy 1-pentyl -1H, 12Hp
yrano[ 3",4": 6',7']indol | zZi n%l 51pyrido
[ 4, 3, 2-de] qui nazol i ne- (9H 151 1)-dione; ]1])
(9S) - 9- et hyl - 9- hydr oxy- 1 pent yl-2-trifluoromethyl-1H, 1
2H pyrano[3",4": 6',7']indolizino[l",K6 2":
6, 5] pyri do[ 4, 3, 2-de] qui nazol i ne- 10, 13(9H, 15H) - di one;
JK9-hydroxy-2-hydroxymethyl-1-(2-methylpropyl IH, 12H-pyranal3” ,47:6”,7"]indol
98)-9bl ) ydroxy- 2 ydroxymethy-1, éﬁp?gy) 121 rr%%rhw[th.o- ]
izino[ # 1@ﬂpw¢%[ﬁé[%de]ﬂmna@1m?*l]q kYT HE &EO €', 2': 6, 5]
ag) pyrl do [4, 3, 2-de] quinazoline- 10, 13 (9H, 15
one; 11 v
(98)- 9c€tj§/l ~Ghgdney )Z?Yélrwmqim loCrpatb oyt -1 5. L2E mypaRip 44 6,7 indoliz

’ AT g[23d aflind-1D] 3¢S j1 sHRalobe; 20
;I;[I d 16Zi(ghjgﬁpcf/[rl Ejo[(ﬂé}um dlg] qU| nggzllcl)l |Ir?2-q{ 0613(911 15H)-di o
ne;

(9S)- 2(&@mameﬂgﬂw thyll R di6y-9- (etrﬁethylaumodmxympy&&um hyiep7*Jindolizin
r.ano
of1’ 2981 ilg’ﬁtﬂoih }?ﬁ 1111%? 13(%}5?%% %ﬁ}”ﬁazol i ne- 10, 13( 9H

iy ,15H)-dione hydrochl oride; and nn) 25

(95)- 2)—51'&%1] w&gy ? %ﬁa}ggx}d&oxy(; %ﬂ??&%ﬁfg pﬁran%[fig FisS 6 h% btlilol}/zmo[l 2°:6

© S]pyrido[Ad3,2- Qe pjuarolitel Y0, B(ZHASHWinez ol i ne- 10, 13( 9H, 15H) - di

. one hydrochl ori de. Anpong the canptothecins indicated
i) above, particularly preferred exanpl es are the
(9S)-%ﬁh&l@why@‘ogpdﬂmnt}dsz:—triﬂuoromethyl- 1H,12H-pyrano[3”,4”:6°,7" Jindolizino[1°,2":

B (A T e S

kk) 5(R)-et hyI 9, 10- di fluoro-1, 4,5, 13-tetrahydro-5-hydroxy

oo iSOl RSy R o B oy lndoloc

1°,2%: fi’,S)]@),rnﬂa[eﬁ;};&-ldeEfuhmﬂmlmeyI-(],l3(9H,1SH)-dione;
I1) -pentyl -1H, 12H pyrano[ 3",4":6"',7']indolizino[1,2':6,5
] pyrido[4,3,2-d 35 e]qui nazol | ne- 10, 13(9H, 15H) -d| one;

(9S)- Oty 142> ethiy - Dhpdrhyy-1 43 fycthploytyd)- Hail HHI-p}Irarpéh’f §1:61,7 Jindolizino[ 1

2o SRSt RIS | Lo 5ol 28

mm) (9S)-9-ethyl -9-hydroxy- 2- hydr oxynet hyl -| - pent yl -

(93}2%%%@&?%%&?@@@3?1 9-? dl%xg i %’eﬁxirgﬂt[)]%y) 24 12H5pyrano[3” 47:6,7°]ind

UI n
olizino[1’,2°:6,5]pyrido{4,3,2-de]quinazoline-10,13(9H, 15H)- dlone hy ochlonde and

(98)-2-(butylamino)-9-ethyl-9-hydroxy- 1-(3-methylbutyl)-1H,12H-pyrano[37,4°":6 ,7°]indolizin
o[1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-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 SH-oxepino[3’,4°:6,7]indo

lizino[1,2-b]quinoline-3,15-dione (BN-80915);

0)
(9S)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4>:6°,7° ]indolizino[ 1*,27:6,5]pyrido[4,3,2-d
e]quinazoline-10,13(SH,15H)-dione; - :
bb)
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(98)-9-ethyl-9-{[methyl-(2-methylamino-ethyl)-amino]-acetoxy}-1-pentyl-1H,12H-pyrano[37,4°

Azol e antifungal agents Wen Y is a residue derived
fromazol e antifungal agents, exanples of the azole
anti fungal agents include trjazoles. 10 Exanpl es of
such azol e antifungal agents 1nclude at |east one
conpound sel ected from the group consisting of:

(2R, 3R) - 3-{4- (4- cyanophenyl )t hi azol -2-yl }-2-(2,5-diflu
orophenyl)-I -(1H 1, 2,4-triazol- 1-yl)-butan-2-ol;

(95)- 92611[1 B.h droxy -2- methyl 1-pentyl-1H,12H-pyrano[3”,47:6’,7° ]1ndohzmo[1 ,27:6,5]pyri
nyl) - % hydroxy 1- met hyl -3 -(1

-~ do[4.3)3 ée]gm&a%q%msﬂgf @9%%1%’1%?3% an

4-ep-(2,2,3,3-tetrafl uoropropoxy) phenyl ]-3(2H,4H) -1, 2

(95)-9: q@g{g)&,ﬁfd‘%&fﬁ&ﬁ&@%@@ﬁ:p‘fg@‘fiﬁi pie he”%é'") e < Tindglizinol 1’2"
65]pyﬁd0§11324da]1;[@inaz¢1me M, ) 9H| 1d&pidio. yI t hi 0) but an 2-0l;
2-(2,4 dlfluorophenyl) 1-[3-[(E) - 4 (2 2,3, 3- tetra

fl uoropropoxy)-styryl]-(1,2,4-triaz 1-yl)-3

A_ZMtliﬁga&_-ag@_tﬁzol | -yl)]propan-2-ol; 20
hr 1? PF ?}P}lgd%l:‘l{’%ﬁj ?(r)l%%ggﬁyag)ug}ng %g_eséé esx[%lﬂlp(fesyof e S7ble
antifm{gﬁiﬁgbnts[ﬁel(l@eﬂrradoléb uorophenyl) 5-(1 H1,2,4-triazol - |
netmh%%z’.t i r%la?/ 2 urgﬂ Fg%}iltﬁ ]ﬁlﬁlélﬁ‘f/ Fﬁ least t)jeelcompound selected from
2,

thegroﬁpZ:Shsﬂn@tdfyl hydroxypropyl] 3H1,2,4-triazol -

(SERSB)-35{4--pypngphens Dibiss P v 256 dflyprophensd-)- (éH Jsgy#-triazol-
1-yD)-tatzophehyl )-1- (1 H1,2,4-tri azol - 1 25
QR G B e 2 SRS T S B il eropy
-4-[4-(2,—293,3—tc§t@1ﬂ,uoﬁJpR)PO§iy}PhP¥’rylﬂ"3(ﬁ§'éHﬁ"ﬂMﬂ)mmeﬁZ_0 I 2-yl ]
;]é(ﬁr;-%(%ﬁqigﬁgrépfé{li;yngaﬁ@{eﬂyﬂl'-énﬁl,(2,24wtn‘£zol51 h3-{d-H9H.9R 4-triazol-1-
yDpyridagn3Rylitige)butapfL-elyanophenyl )th| azol -2-yl]1-2-(3-fluorop
L R e e e A
ol- l-yh)-ﬁv(d:ﬁ,4m20bi(ﬂ/ﬂﬂﬂ)1brepam2 Oé,orrpounds t hat -are derived
g@%%@@%qf &gﬁ?fb%hé&q YYRethiendBhi oW 1181 X Adriazol-1-y1)-butan-2-ol;
_ [ r{eHer [‘t—@zﬁét@;ﬂr@ﬂumpb@wﬂl] -3-(Hi e -taazet-bxjpethy btatrahy drofuran-3
-yl]meﬂ%gﬁ@éﬂfylﬁ%%@@ﬁﬁﬁ%nﬂ; %%%13 sg -etgyl 2. hgdrox%perola}lfjll] -3H-1.24-triazol-3-
one; ne 10 13(9H, 15H) - di one; (b) 41
[ ek Mg %aﬁ%ﬁéﬁyi)ﬂﬁﬁbﬁg 9)(2/)1 dlﬂﬁﬁalsﬁ@nyibbl -435h PY4-triazol-1

ran ndol'i zi no[

¥D- butap-2:0%- de] qui nazol i ne- 10, 13( 9H, 15H) d| one (e)

3-methyl-3-methylthio-1-(1,2,4-triazol-1-y1)-2-(trifluoromethylphenyl}-butan-2-ol,

(2R,3R)-3-[4-(4-cyanopheny!)thiazol-2-yl}-1-(1H-1,2 4-triazol-1-y1)-2-(2,4,5-trifluorop
henyl)-butan-2-ol; and

(2R,3R)-3-[4-(4- cyanophenyl)thJazol -2-y1]-2-(3-fluorophenyl)-1-(1H-1,2,4-triazol-1-yl)
-butan-2-ol.

Among the water-soluble prodrugs of the present invention, examples of compounds
that are derived from camptothecins include the following:

’:6°,7’]indolizino[1°,2°:6,5]pyrido{4,3,2-de]quinazoline-10,13(9H,15H)-dione;

®
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~ one;

(9S)-9-{

[ (2-am no-et hyl)-net hyl -am no] acet oxy}-9-et hyl -1 -pent
yl-1 H, 12H—pyrano[3 4" 6' 5

]Jindolizino[l", 2" :6, 5] pyr i doﬁ4 3, 2-de] qui nazol i ne- 10, 1

3(9H, 15H) - di one (d)
(9S)-9-ethyl -9-(sarcosyl -sarcosyl oxy) 1-pentyl - 1H, 12H
pyrano[ 3",4":6',7"']indolizino[1,2 :6,5] pyrido

(9S) 9l %; i?yl %bé@l&iy?ﬂ%aela%ﬂfl?l[ | )pngaﬁ!ﬂb F, ﬂng 7’(]|ﬁ1}ioh7]31§o[1 ,2:6,5]p
anmn on e oxycar non oX - 9-
yrido[hg wrlqmgﬁ%ﬁaﬁ}éwafey i, | oyearbonyl oxy

¢y 6,7 ]|ndoI|Z|no[1 2' 5]pyr|do[4 3, 2-de] qui nazol i ne

919 A A S S by rd s L 2 el 47:6.7
]mdohfzﬁ)oﬂcr-zetarsgpyrmom@ @¥1GuiBarhlihe. 103315811 Sydione H 2- oxa- 6

, 12a- di aza- di benzo[ b, h] fl uoren-4-yl ~ ester; 15 (9g)
(@ (98)-9 {2-[ (R-2-am no- 2- net hoxycar bonyl ) et hanesulfonyl

(9S)-9l ettty IO EaR0H0RYcOI dx )= IBpdtyl~ ldH lﬂBHtpylra[u:To[B”2,4”:6f’,’57]’]indo_liéintj[1’,2’:6,5]
ran .naol 1 zi1 no "6, ri ao
Pﬂldoﬂl‘rléﬁy Jf@ Pﬁié%‘i’ %ﬁ@?&bi{}s {8PE15H) -di one; (h) Yoo

& (99-9-{2-[ (R 2-am no-2-ethoxycarbonyl ) et hanesul f onyl ]

99T S RS o DS 4y VL ppntod Mol

6,7 ]xﬂdoal.zmocﬂe’lzqm Flapidd[48; ZLﬂe]ﬂiﬁlélﬁithlﬂlEH)), 1G(OHA 6H)-d{dn:;

0 S ALY T T ) o)

(S)-4- ezhyie’{,w dﬁxw,@mymﬂmﬁmﬁdﬁ Hidet}xahﬂ t2ezdibzardibe0zaBhMlyoten-4-yi -
ester: H) - di one; and 0)

(9S)-9-et hyl -9- (sarcosyl N- et hyl al anyl oxy) 1- pentyl -

H 12H pyrano [3",4":6',7"]indolizino[I"

: (QS) 9-{3,4%%%_&&1%80%@6&1?%% ?rg)rﬂ gﬁ.ﬁg%;lfaﬁ%}eglaé%carbogy]ﬂ%} -9-ethyl-1-pentyl

-1H,125F-pypreno| 37 i edit T tindelizingi t 52 ¢, lpyside[H8 . 2-dejguinaaelinst 10, H(OH, 1 SH)-di

30 (d), (e), and (h), and nore preferably conmpounds of
(b) and (e). Brief Description of the Drawings Fig. 1
(h) is a graph show ng percent changes in the conversion

one;

) (93)-99{5-@%9 -2f2éhb£5}c lﬁ;‘ﬂﬁgﬁ 3 ésﬁl‘f&g{/‘]‘éﬂ‘fo&?&rﬁ&gﬁm 9-cthyl-1-pentyl-

orm7n erum
H 1zrgfmmo¥3ﬁ’ 416t T idoBrino g ST 2clsiinasobhe-a, 3OFL, 1SH)-di
compound 2A into the 42 |actone formand the
) carboxylate formin nouse serumover tine. Fig. 3 is a
(iy graph showi ng percent change in the conversion of

(95)-9LRTROUAImE Ay M 1- WIrethylalanyloxy)- 1-pentyl-1H,12H-pyrano[3”,47:6°,7 Jindoli
zino{1°,2”:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; and
G
(9S)-9-ethyl-9-(sarcosyl-N-methylalanyloxy)-1-pentyl-1H,12H-pyrano[3”,4”:6°,7° Jindolizino{ 1’
,27:6,5]pyrido]4,3,2-de|quinazoline-10,13(9H,15H)-dione.

The water-soluble prodrugs of the present invention are preferably the compounds of (b),

(d), (¢), 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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| actone formand the carboxylate formin nonkey serum

over tinme. Fig. 4 is a graph showi ng percent changes

in the conversion of conpoungh2A into the 5 |actone

formand the carboxylate formin dog serum over tine.

Fig. 5 is a graph show ng the remnai ning percentage (%

of conpound 2A at each pH (pH stability) after

periods of tinme. Fig. 6 is a graph showi ng percent
lactoretfermg esd the cbj’tmxybmdbrm immoofe seefrmpeactme.onpound 2

| n%gqs,e al n%ia\%fe{(? IPgrc ngc ée ﬁ%ﬁ?gc)%\fe?stlgnf coitqnéz)ound 2A into the
lactonedome and theaadesylate foite mmmukaf)sseumcwﬁ/elrmher ence

COPEPA 6 g e AL SR v o

lacton@fom hd thicerborplatel form e dgg ssemtoventmat i on, t he

P%"B' S o grabll fsﬁﬁ?‘lsigl%% E&a%rﬁ%%‘gér@%&%g ¢ (BYof? ‘8@%&9{5& 9t each pH

(pH S@b@%@@ﬂngptmswmnds of this invention are not to
beng(r)@zgo % g%gh 'S‘ﬁowg%F @grscgfét;Ehtal ?estzﬂ ﬁ{eeéo(ﬁveﬂo'hrb%‘&gﬁ FD@compound 2

I nvention are

into thedeatbnaiomponddes carbasylate foren pusrosetinbgvandine. known
- ch
ol B 3y R ﬂ‘i‘mosé% R Gh Bl S B Blon W FTefeBl compound 2

 into thedactprafoss ang thezwrquy i fomml in oausg SeruBeNet Higwe- met hods,

Rl, R2, R3, R4, X, Y, R5 n, R7, and R8 have the sane
rreanl ng as, Rl, R2, R3, R4, X Y R5, n, R7, and RS,
,,,,, ayging Owdhelbwention i n formulas (2), (3), and

(9?11 thg ﬂaré's@rﬁﬁﬁ@éﬁ%ﬁ A0 c AP AR e Pr&hiel g/%ﬂh'tﬁa( H2may be produced
represents a_ resi due from a car bonyl a

using Bwéolll&wngémtb@% byt the mathege fPTd’F‘?ﬁﬁC(-ﬂg fae cmapél%%g r%ﬁés invention are

not todk QHﬁsﬁQ&e% ﬁ%_H%nélhi?dﬂezrl@’ie,rctb0dA!l"l‘.ﬁoﬁ‘%2 Wagé sBﬁﬁﬂé f)l%ﬂru S of this
Process 1-
inventggnae fll npKelRpmMReURYsRheRSaRke Hodpgpdzla’ *s’sll-lmpm Cb&rmcal methods

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

necessary.
In the following production methods, RLR%A R RY X, Y, R®, n, R”, and R® have the
same meaning as R}, Rz, R3 , R4, XY, Rs, n, R, and Rs, respectively, as defined in formulas (2),

(3), and (9). P! represents an amino protecting group, P represents a residue from a

carbonylating reagent, and Hal represents a halogen atom (i.e., a chlorine atom, bromine atom, or

iodine atom).

Reaction Process 1-1
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Ct"NTX N~y OY R2 R3 0 4a Reaction Process 1-2 N N
ry.~NWO O O~Np NMyN p 5 <Reaction Process 1>
Reaction Process 1 shows an ‘%xarrpl e of the production
of a water-soluble prodrug Cconprising a tertiary
amno group in its solubilizing side chain. The
wat er - sol ubl e prodrug represented by fornmula (2) can

"~ be obtained easily by, for exanple, acylation of a
secondany or tertiary hydroxyl group present in Y-CH.
10 Pr eEar ati orRf conpound 3a AsPi ndi cat in Reaction

- Procesg _1-¥, ester7(3a) can be ogjt ai acting a
Y-OHse'CmﬂaW/ oN tgfti ary—alﬁﬁ’o wrt abl e
: conmpoundg? 2a3i @ an appropri a so entl t he
1a presence of a coupling agent. Ie$of conmpound 2a

i ncl ude a éarboxylic acid (R7= O , a‘jla5 car boxyl ate
(R7=0ORB), and a aryl halide c ound ( R7=hal ogen
atom chl orine atom or such) wi th carboxylic acid

being the preferrgg one. Y-OH can be obtai ned
comerci al Iy or byl known 4 hods (WD03/ 045952,
W03/ 043631, etc )N N oupd (2a) is a dipeptide
(X--CO car boxle1 cid, jor gptl de derivative 20
(X=CH2), the amino Réid IH%HQ/atlve used to prepare
such a conpound (2a) I3 commercially available, or it
can be prepared by knoWh nethods described in the
Reacul' eratU{ (for exanple, J. Am Chem Soc. 2000, 122,
3. Og. Chem 1998, 5240; Tetrahedron
_ Asymmetry, 1995, 44 1AL, trahedron Asymmetry,}
M998 4249) . The carb i
. r a acyl palide

ar boxyl ate ester
mnd (R7=hal ogen aton) nown net hods.
rfvative can be pr epar ede

hermore, the dj p@ptldqa
o well known to bﬂeéle"
Skl||ed in the art se e,o "The Practice of Peptid

y a dard peptljzlle
Synt hesi s" by M Bodansky 5 and A. Bodansky, 2nd
edition, 1994 (Springer-Verlag)].

<Reaction Process 1>

ux

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 compound 3a
| As indicated in Reaction Process 1-1, 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’=OR®), 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 (W003/045952,
WO003/043631, etc.).

When compound (2a) is a dipeptide (X=CO) carboxylic acid, or a peptide derivative
(X=CH,), 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, 1995,
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Exanpl es of solvents used in the above coupling
reaction include nethylene chloride, ethyl acetate,
tetrahydrofuran, acetonitrilg chloroform dioxane,
and di net hyl f ormam de. Exanpl es of the coupling
agents incl ude
1- et hyl - 3-(3-di net hyl am nopr opyl ) - car bodi i m de
hydr ochl ori de, di cycl ohexyl carbodiim de, BOP, 10
1741; Aigraled fdTASynRy&ryo PIN, 424BOP MHe caibbiylictaidandrd-ari@Bted into a

carbo@%% ;est%g@{; gﬁn&aat a%& @Arhdgo ro@xltxc([a ?Rﬂﬁé\%ﬁq}%&%@z Qy known methods.
C oﬂlmthengoreeﬂlgeimwpde d@ieapiae an bfnpmpamd; bpeuan@tard pevtidd hemistry

4 £
well kﬂ&%ﬂ% ﬂl&)?}é&%ﬂédg%?%@ r&ge affng%&ﬁh §of"f’%ﬁgr E Syhe d19 b¥ BB Bodansky
and Ad&@@@xlw 2od edition,(195% (Wmtge&\fprlm)lact ed ami no group i s
us r%l tffesfof&feﬁﬁqlsed e Q(Wél doﬂ i néidad & {hgrgﬁn)g chloride,
re

r ot ec I ng rom COﬂ'pOUﬂ

- ethyl mtateg tejpeahydrefunar, @ﬁetgmtrdb,l céﬂ‘prp glopc@m end dimsthyformamide.

Qséﬂﬁécokﬁ[ﬁ obtAl pefguat er - sol ubI e prodrug
Fi'sing an am no protectin depr ot ect ed,
g@rgﬂm ndg,oh

1-cthyi- a?@mm@mlwmmrbmm hesistibagiimide, BOP
HETU 38640, Q0 A0S 2 BB Tt | SSTOTLRBERY EC LSRG Rlovi

Processes - can pertorned sult

Chemiglgy E@t%\ﬁﬁ nia?% a@ve@e@hem Tfﬁ’é cwmar@ml@lbf Ppilgdpcpupling reagents]

Synt hesi s" by M Bodansky and A Bodansky, 2nd
edition, 1994 (Spri nger - Verlag); "Protective G oups
Prepapioncplgompound Ad hesi s” by Theodora G eene, 1999

( WiinelY plophtise b?étﬁﬁﬁ&undﬁé bfRis oﬁfth@@gé‘ @f@l@@bﬁeﬁﬁoﬁﬁmg carboxylic

gr oups |ncludet e fgllovvln amates (in

[P Seihcapietssipd aging group is usually preferred.
The co?tphhgl RIaeiH 1@%1%6@1 @hﬁ@ﬁwf tHE Prélocting group from compound (3a), to

2-su orenyl nmet hyl oxycar baonyl_~gr oup,
glvethg aierﬁf’inbgg TERye d?g@f %(onyl group,’

4- Ttﬁtdb@aiﬂmmaﬁwlﬁawpﬂ:r Ndmﬂ*iéi’ﬁg)an Shing| RHrERIDOBYD is
trichl,oroet %/ﬂ)%ycar bonyl group,

deprotgiig Ripshippls oy TovRERy group, 30

phﬁﬁ%hﬂhr@(&@@hﬂ@ﬁﬁke]@émf the ammo protecting group P! in Processes 1-1

and 13 e bR S SO Ry At dp [ SR PFOE &F Bepide

Synthegis® bp Mmodadﬂ@t dndlAQ Btﬁaﬁﬂ@nmhd ecﬁﬁ@lj 1994 (Springer-Verlag); “Protective

Groupiingo dich l&%{g&et h,y{& ;%% ée&?,g]f%’g '(Wiley-Interscience)).

2 B{.&ﬁrplléslo@hirﬂt@@bﬁﬂt@gtb&pbﬁﬁhide@h@ﬂﬂow&ng:

ribro t ycar bonyl group,
Carb ats fb ﬁ et hyl oxycar bonyl group,

methilokychrlmiyhgiouﬁ %ﬂunmy]mydtbydymaﬁmnyl groupup, 35

o-C-sitolt B 5 Sebol BTy S B it Rapmigny carbonyt

- group, &- mmﬁphbna(céldxwmbmwl whgut, bthlytmxy carbdgyih grougr oup,

e

_ phene@l@ﬂ?oaﬂmnybgab)@tlhgll-adayrmt)b)}mWetgylenhploxycarbonyl group,

2-ch101é?{l)1§l€!)\!'y?%rg%r§)§/ %gﬁ@yi %g%nﬁg%ﬁgl]ogﬁaarbotngy gr% Sn%yloxycarbonyl

tar

group, 22adielntarcegtyboxycanbmylydrogy, au?pdlbmmgdthplyx)a:aihmnyl gronpup,

- 2,2, 2-trichloroethyloxycarbonyl group, 2,2,2-tribromoethyloxycarbonyl group,

1,1-dimethyl-2-chloroethyloxycarbonyl group, 1,1-dimethyl-2-bromoethyloxycarbonyl group,
1,1-dimethyl-2,2-dibromoethyloxycarbonyl group, 1,1-dimethyl-2,2,2-trichloroethyloxycarbonyl
group, l-methyl-1-(4-biphenylyl)ethyloxycarbonyl group, 1-(3,5-di
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1,1- dsz:ﬂm MNA’ d@@@@ﬂh@%ﬁ%@@ﬁ%ﬁ%

al Il yl oxycar bonyl group, 1-isopropylallyloxycarbonyl
group, cinnanyl oxycarbonyl group, 5

4-ni troci nnanyl oxycar bonyl gsoup

8- qui nol yl oxycar bonyl group, plperldlnyloxycarbonyl
group, benzyl oxycarbonyl group,

p- met hoxybenzyl oxycar bonyl group,

p- ni t robenzyl oxycar bonyl group,

-butyl h&{yl}-}f—%ﬁ%ﬂ%‘tﬁﬂ&(@&m&y bro@ip QU -pyridyl)ethyloxycarbonyl group,
- bronmobenZyl oxycar bo

2-(4 Ryr@y@g@m@ﬁz%rwé quyg%(]\f%» @gclohexylcarboxamde) ethyloxycarbonyl
bﬁﬁ.‘vﬂan@ﬂ&tyl@arbonyl group, wnyloxycarbonyl group,

dlchloro%enzy r bon roup, 4- net h su l.ben
allylowﬁfbwﬂeﬁf% rl@%&@’ g O@CS%PﬁY Bﬂé& W‘é%{%’ 91¥ Tgroup,
-mtr(ﬁ[xﬁﬂdﬂﬁ' Gwl1 ed by B@%ﬁﬂflbﬁwkbcﬂybgmup, p1pend1nyloxycarbonyl group,
yl

benzyl%x g&g@%ﬁr bo%aﬁ{; }Elgaq}w p-nitrobenzyloxycarbonyl group,
p- chlo?olfeﬁz;ll@i el dr |)Iﬁbﬁ1¥)b®ﬂ§z}y¢cﬂdybﬂboﬂyl @raLp,

proyarlybg Yf«#}%@ﬁ%ﬂ oge)}’t@g syt o85>

2,4- duihldi-oﬁé Idiyd:d;rb(b@ﬂ) @ﬁmpl mlaylhﬂﬁuﬂ/lb@mhﬂycarbonyl group,

5- anth@y[&xp&gﬁ)gp{ E‘ﬂ‘@'ﬁ b %58@@6@?&%3%%%‘%%‘“& ?oup, 15

-meﬂﬂyilthzdéﬂfmdﬂwhxbanﬂ)@mqg memmammwlowaathmnyhgl@hppr 0

SN T e T S ——————
—metl@‘hﬂzﬁjphb@dmzﬁbﬁhwegrbyﬂ) @4 damdsbyltiophenylpxycarbony! group,

'Phosé’P%l?ﬁ l)J(?ﬁr:a?r %rbﬂhéﬁ%ﬂpo%% 'Egg%xpgﬁ%to% s%é%%?f[o&?@éﬂ"bonyl group,

1,1 dllﬁeﬁyﬁﬁwﬁl’(wﬂwhﬁmgﬁbomﬂcgmm nythlgnoepquetylbenzyloxycarbonyl group,

Pt BRI B0 SRR Bty e

- 2- (mfhlymthgrlpﬁﬂhrombnyymmym;lwb@wb greup, -mtrophenyloxycarbonyl group,

3,5- dltglﬁ%lﬁw%ee ﬂg)t{)in oca?g%rgaﬁg ajrg%’ gﬁﬂéth%p%ﬂhtrcﬁ%ggloxycarbonyl group, and

phenyl(eartydp&mmihnézthyipky@rbmm gﬂ@@pzyl t hi ocar bonyl group,

cycl obut yl oxycar bonyl group, cycl opentyl oxycarbonyl
group, cycl ohexyl oxycarbonyl group,

"Ureatgggsl opr opyl net hyl oxycar bonyl group,

a p1pe§dﬂgﬁwb8§k§§e&ﬁ% e}’f’%ﬁ‘%@%@gg F&!r%bg%bonyl group, and

phmwﬁmﬁn wwﬂ@ymubnyIV|nyloxycarbonylgroup, 30
o- (N, N-di net hyl car boxam de) benzyl oxycar bonyl gr oup,
1-di met hyl - 3- (N, N- di net hyl car boxani de) pr opyl oxycar bo
Othersyl group, 1, 1-di met hyl propynyl oxycar bonyl group,

a t—amglo%gceﬁ’%ﬂ[yﬁé éﬁéﬁrﬂﬁ%&ﬁ'ﬁm Yloud Sidbobutyloxycarbonyl grou ,

oxycarbonﬁ1 group, ‘I sobonyl oxycar

cyclo;gnwmycmb@migmwyﬂgpm xyg&r@g&y group, cy opropylme Toxycarbonyl
&yﬁ%&bf&yﬁi&?@ﬁ% @fdpropylmethyloxycarbonyl group,

gDuPd§§@ 0X enylaz%%ﬁgﬁzylgkfghrboﬁylygrougi 35

2,2-di XNcasbpusk BOWR  gr oup,

o-(N - diﬁ‘?étl%%é%ﬁ&;la%ﬁ&%lﬁb@%ﬁ@&ﬁﬁﬁﬂ 1 gSEUPP,
opropylnethyloxycawg '%%% rog
ony

1,1-dife@YRropynyloxycarbonyl group, di(2-pyridyl)methyloxycarbonyl group,
2-furanylmethyloxycarbonyl group, isobornyloxycarbonyl group, isobutyloxycarbonyl group,
isonicotinyloxycarbonyl group, p-(p’-methoxyphenylazo)benzyloxycarbonyl group,
1-methyleyclobutyloxycarbonyl group, 1-methylcyclohexyloxycarbonyl group,
l-methyl-1-cyclopropylmethyloxycarbonyl group,
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1- net hyl -1 - (p- phenyl azophenyl ) et hyl oxycar bonyl gr oup, 1-

nmet hyl - | - phenyl et hyl oxycar bonyl group,

1-met hyl -1 - (4-pyridyl) et hyl oxycar bonyl

group, p- (phenyl azo) benzyl oxytar bonyl group,

2,4,6-tri-t-butyl phenyl oxycarbonyl group,

4- (tri et hyl ammoni um benzyl oxycar bonyl group, and 5

2,4,6-trinmethyl benzyl oxycarbonyl group; and Am des (in
1-methﬂfe1 -fﬂS—&ﬁé&&ﬁ%@B@l)eﬁﬂ&beoﬂﬁ%ﬁ@up,aC etyl group,

chi or oacetyl droup,’ trichloroacetyl” group,
1-methyli -(mpheny p&pen@f@t@ﬁoxyﬁ@wi gouby ] -rrgqﬂggﬂ’-phenylethyloxycarbonyl
group ?’I—Bﬁﬁﬁﬂh%%‘rfﬂ?lﬁ'eth@‘fo&?@arb&i}@ gfdu@PﬂJ(plﬂﬁh?léﬁo)bQW&Wcarbonyl group,

roup,”. p- phenylhenzpo 10 °gro o- ni .t r gphenyl acet yl
2,4=6-@kbhw%ylpgwﬁxqw%ﬁﬁmask%ra%wﬁﬁgﬂ@%ﬁkfn%@wg@ézﬁxm%ﬂ group, and
2,4,6-tMhIh$1BEORRAGYArBaME At hdaM no) acetyl group,
- 3-(p-'hydr oxyphenyl’) pr opi onyl group,
3-(0o-nitrophenyl) propi onyl
Amidé¥ (@iHhe Zoe bNRIRZRE()0- ni t r ophenoxy) pr opi onyl group,

R A ——

phenylicetyt gl@ﬁj:,mipﬁﬁwllprg?i@ﬂﬁ, gréup]ipldotiney1 ey, Gemeg] gig, A-bhenylbenzoyl
o- (benzoyl ox rireth )benéﬁquc;,rou ) Rermvatl of 1t he

£roup PP AT aREIS $EP By BRI rOREF R YRS B TR F BAEY GO

(N-dithiebgesfoxytmtomdylamiteldtens gieb) 3-knhydrokphehogropionyl gdup,

i fl.uor.oacetic

' i h t,. h t t hat t
3-(o-nisfpena i iy 2RI (R pHE P R RS o

2-meth1€-(ephenglazofheatx HpRpiaydaonp adrdhidtbbutyryl group,

tet.rabut vl agmoni um £l uoride for the renoval ,of
3-mettyh ARV BT SRR Pttt Beb oAy Bloup, and
o-(berizoylorgrhythghbadzevlharbu@mnd tert - but yl di met hyl sil yl

groups, and catal ytic hydrogenation for the renoval

of a Cbz group. Reaction Process 2-1 47 Pl

Rr R&fA63HR pfi the amifbiprdRStiNg gRilp after ¥ co@ing refbticn e2n Bb performed by

n=5Y__ l.by2b. 2.0 4 I 2 .

methoggwléﬁ%gg\@ex 5% 08¢ slglrl%c{g %15!%&9 ir_t,zsuﬁz %\1}1\6 od¢ &%&%Xoro%e(% acid for
the removal of a Boc group, piperidine for the removal of an Fmoc group, and

tetrabutylammonium fluoride for the removal of 2-(trimethylsilyl)ethoxycarbonyl (Teoc),

-~ trimethylsilylethyl and fer-butyldimethylsilyl groups, and catalytic hydrogenation for the
- removal of a Cbz group.

Reaction Process 2-1




0-XI -0 UWY~SS"OHN~N~~ 0 R5 6A0 OI\R-OOY's~ O
RS gp ONNM 0O OHNS -, R5 6~p 5 <Reaction
Process 2> Reaction Process shows an exanple of the
nmet hod for produci ng water-sol uble prodrugs whose
sol ubi l'i zing side chain conprises a sulfonyl group
Preparation of conmpound 2b 10 First, alcohol (Ib) is
carbonyl ated to produce conmpound (2b). Carbonyl ation
of the hydroxyl group is acconplished by reacting
al cohol (I'b) with pn appropriate carbonyl ating agent
in an appropriat@HEEkW§mh\.48\/Eﬁanples of a sol vent
that may be used inglude neghylenepthlorlde et hyl
acet ate, temrapydrofuram acetonityile, chloroform
Y-0H dioxane! -0akd B methyTTonnam ds. R aﬁﬁ¢%Qny/ﬁ1/0\Tﬂ~y
1b car bonyl at ipjpg agent that may be used? _ 0
i ncl udep-nitrophenyl chl orof or mate, 4b
car bonyl di i m dazol e, and phosgengs. 5 Usually, the
reacti on can be perforned at approximtely -10C to
25C, for approximately 1 to,Z24 hours. Preparation of
conmpound 3b Conpound 3b comprising a solubilizing side
chain can be prepared by a known nmethod 10
(Tetrahedron (1999% 55: 6623-6634). Protection of the
am no group in aIc hoI b) can erfornmed suitably
. using known met HodsT( (sg ﬂﬁ\vﬁpaﬁﬁwce of .Pepti de
Synthesis, M Bodansky, and®A Bodansky/2nd editi on,
1994 (Springer-Verlag)). 15 Preparati on of conpound 4b
Next, al cohol (3b) coinFsing a correspondi ng

Rﬁmmgﬁg(ﬁggqg am no group can be reacted wth
“*——Carkonf¥a% d conpound (2b) in the presence of an

agp( Qpri ate solve to give an

Z’ IH S/\go N' NW
= o RS(S‘“ = v}
N ) N4 /

by 0
Ty TEWh
¥

Y

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

prodrugs whose solubilizing side chain comprises a sulfonyl group.

Preparation of compound 2b

10 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..




10

15

20

25

30

am no- group-protected carbonate (4b). Exanples of a
sol vent that may be used include nethyl ene chloride,
ethyl acetate, 20 tetrahydrg§uran, acetonitrile,

chl orof orm di oxane, and di net hyl f ormam de. Usual |y,
the reaction can be perforned at approximtely 15C to
25C, for approximately 2 to 48 hours. Preparation of
compound 5b 25 By renoving the am no protecting group

of Eganpienaf £ sdlddax ﬂbiy niasrmsadaiﬂahﬂs metleydeneobiatideS&thycamntate,
b t ai ned the amn can b
R e L e T S
1 Ekxapiet efa calbdmmmgr@enﬂhanhaﬁ bé fided dnchedees-hitrophérdg]
r_the r ou pi peridine for the
chlor 8%%}%“5]?0 n&"r‘r%a@%er%rﬂafgp%ogﬁ%n etrabutyl ammoni um
f | Usnaljetheaeactibe carcbopaforofed at approximately -10°C to 25°C, for
yl ) et hoxycar bonyl (Teoc),
appmi".f‘?“ﬁi%?ﬁ%’? @F‘lét hyl and 30 tert-butyl di methyl silyl
groups, and catalytic hydrogenation for the renoval of
. eaction 2-2 shows a specific exanple of
PrepafhtioR of gt 3%3149 Y-OH Ic pll RL-Y(CH2)n'sH RS
pi Cofrpo@El 3b c@nprizing d setulilizing sideychainidag pa prepared by a lg®wn method
) )nl-1"_0 YOVY R -~y(CH1nS -,,,0
(etralede (o9 Ris; 6B5-4B2) 0L D action 3.5.0  Non -/

H2RroRectian ofthe amninRgroupiin alcgholf8hotande merfotrosksudpblyrising known

 method¥ g%gl ﬁeofﬁr\%ﬁgég%?@é‘)ﬁ%r %}Qﬁ%ﬁc M gSe W@%ﬁ(ﬁrn Sl tﬁ-d?:lansky/ 2nd edition,

e SO i zing’si conprises

1994 mgepryVer@g MIp.

Preparation of compound 4b
Next, alcohol (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-group-protected carbonate (4b).

Examples of a solvent that may be used include methylene chloride, ethyl acetate,
tetrahydrofuran, acetonitrile, chloroform, dioxane, and dimethylformamide.

Usually, the reaction can be performed at approximately 15°C to 25°C, for
approximately 2 to 48 hours.

Preparation of compound 5b
By removing the amino protecting group of carbonate (4b) by known methods,

. -compound (5b) can be obtained. Removal of the aminoe group can be performed using known
 methods, as shown in Reaction 1. Examples include the use of trifluoroacetic acid for the

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

fluoride for the removal of 2-(trimethylsilyl)ethoxycarbonyl (Teoc), trimethylsilylethyl and
tert-butyldimethylsilyl groups, and catalytic hydrogenation for the removal of a Cbz group.
Reaction 2-2 shows a specific example of such. l

Reaction 3-1
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Preparati on of conpound 2c 10 First, a 2-hal ogenated
et hyl carbonate (2c) is prepared froman al cohol (1
c). Conversion of the hydroxyl group of alcohol (1 c)
into a 2-hal ogenated ethyl carbonate (2) can be
.perfornmed by reaction with a cormmercially avail abl e
chloroformate in an appropriate 50 solvent. Exanples
of a solvent that nmay be used include nethyl ene
ycbhorjde, ethyl acefate, tetrahydrofhran,
cetonitrile, chlorpform dioxane, and
di met hyl f or mam de, 4 Hy,_the reaction can be
rformed at approxipgately Sc to 25C, for 5
approximately 1 to 24 hours. Preﬁﬁratlon of conpound
3§arh|ol coppound 3c coﬂbr|3|ng SO I|2|ng S|de
y.0-epaigrcantiBe prepared—froma dof Pi~yg -avatd afﬁ Y
product, or it may be prepared by khomn nmet hods '
(Tétrahedron, 1999, 55, 10 6623-6634; apgd J. Og.
Chem 1995, 60, 8105-8109). Protection of the am no
group in thiol conpound (3 c) can be perforned
~suitably using known nethods (see, The [Practice of
Pepti de Synthesis, M Bodansky, and A. Bodansky/2nd
edition, 1994 (Springer-Verlag)). 15 Preparation of
conpound 4c Next, anino-group-protected carbonate (4c)

y can be obtained by reacting t correspondi ng
J am no- gr oup- protected thiol npound (3c) with
(Rdkbggnat.ed -ethy) garbonjate)o Ach,)i.n a0 _appr@priate
wlvent@ under he presenc base SExaanE% bf a
sol vent that be used |ncluae nmet h q%ne chl ori de,
et hyl etate, 20 t et rahydrof aran, acetonitrile,

chl orotorm di oxane, dinethylformamd ¢ met hanol, and
ReactishRanol . Exanpl es of a base that nmay be used include
riethyl am ne, diisopropyl ethylam ne, potassium
carbonate, and sodium carbonate. Usually, the~geastion
”ﬁw\éﬁ:be performed at .ooroxbnately 15C to 10
o9 . 25 Preparation 4
fopound 5¢ can be obtal
b known met hods by r...?lng conpound 4c mnt
ng;X|d|Z|ng reag Eﬁ&ﬂﬁfes of a peroxchgi s~
reagent that may i ncl ude oxone gende
peroxi de, 30 and n}chloroperben20|c acid. Usually,
the reaction can-he_performed at approximtely -10C to

-100C, for o
)
—_——
H#;Q’s\\;\:go

<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 (1¢) into a 2-halogenated ethyl carbonate

(2) can be performed by reaction with a commercially available chloroformate in an appropriate
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approximately 1 to 24 hours. Preparation of conpound
6¢c 35 Conpound (6c¢) can be obtained by renoving the
am no protecting group of coggpound 5c using known
met hods. Renoval of the ami no protecting group can be
performed using 51 known nethods, as in Reaction 1.
Exanpl es include the use of trifluoroacetic acid for
the renoval of a Boc group, piperidine for the
sdvaﬁenpval of an Fnoc group, and tetrabutyl ammoni um

g&ﬁﬂé %19;{ sol{?e‘?ilt ;.l%?%\égy ggrp%dolrl%g ud? Jfaee(t)hér)lene chloride, ethyl acetate,

| tetrahrdrofmnycmm;rﬂe,tdim}mom diosarte, bud ginithpfomphsidey |

tabytd 650
P ety P e RO Y b ferfhnfld st B O S 1
aPPIOX‘JmE@IDCh to Fhboutsove il lustrates an exanple of the

nmet hods for produci ng the water-soluble prodrugs of
the present invention. The isolation and purification

' Prepazraﬂomhﬁcar@immdrids of interest indi cated in Reactions 1

t OTRof & nﬁb%n@ 8tk 8@@1%&%11@ ¥ sBRBll i3 ARAL lferlﬁ%]a(}@d froma

operatlo such as-extracti , concentr ati
commg@ra@léwaﬂ%mducteewmmhempamrl byf kriownametbads (Tetrahedron, 1999, 55,

6623- 66%@,%%1?'6 EZ@ﬁélﬁ’nl 93Ngh, 8Y8% '8@ chromat ogr aphi es. The

wat ér - sol u prodrugs ‘of the present invention
r eiyptestion akitheymien gigup dn higl compergd (3chern be performed suitably using

knowrpﬁeﬂlea@@eé Imlﬁryctﬁe %FPEﬁMeESyiﬁleEﬁ MDBdaRRS, anmd Bodapsky/2nd

vat es_t'her eof i ncl ude al st ereol soners

- ed1t101w§984 (yings- ‘eferéqeahr ugs nenti oned above (for exarrpl e,

enantioners, and diastereonmers including cis and trans

_ eomstzrr C |sgmsrs), racemates of the isoners, and
Prepar, € The water-soluble prodrugs of the

prze@@ NdminBMRH- mtdcmr@ﬁ%b@ctzr&ycaﬁ% rasréta@«fed(by) reaamg%e
i ncl. ude . Stereolsoners,,in particular, \Water-sol uble

correspanding AingrerewRsPotestd hiol foBReyms3F)epite ddwicgansigd ethyl carbonate
(2c) 1nf@1fdiﬁpf®$1a(e]sbl\feﬁt ﬁlﬁﬂer tAd freseiile RRabRRC Ut | C al ly

drates, .aor solvate eof
??F |afSP rﬂ@h@a RAY BrBreddnclpds methy ﬁ%dﬂréﬂﬁ@@%rate

: tetrahy@faﬁlfaﬁphcefcﬁﬁﬂifﬁe cﬁl’dﬁlofbﬁﬁ digkdie, GintkieNRbhAeide0¥han6l, adbethanol.

i St ai m xt res of

S g Bl b, dlisopzapy piymine,
potassﬂminédﬁbonateauh@wﬁﬁmméﬂﬁﬁﬂﬂenat es. The pr esent invention
aII taut o e conp d LAt hi s o
| O S tenrioh RS e hacd AR G LA C, for
approﬁmuﬁc@nfbfoszzﬁlmﬂsascrl bed. 25 Furt her rmre, t he present
i nvention includes atropisoners of this invention.

Atropi soners refer to water-sol uble prodrugs

m tur s f botﬁjﬁ torre

' Preparatﬂnrcd‘smntpedndw_forrrul as (1) to (8) that can be

| SO Eonk, Lol R b e bl MRS b e

| éompotrhde#c mhhfafl:er@ndlemgrraagephysr cochem cal pr operties. For

AR 55 AP TG L rogenposic,

and m_—pﬁsmpﬂtb_enmrcmtlﬂods such as optical resolution by
d%sﬂﬁ'}}, Y%A 3fon can be performed at approximately -10°C to 100°C, for

approximately 1 to 24 hours.

Preparation of compound 6¢

Compound (6c) can be obtained by removing the amino protecting group of compound

- 5cusing known methods. Removal of the amino protecting group can be performed using
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Reactlaeée?p%@w@ PaFifig ex

to diastereoneric salts using an optically active acid
such as tartaric acid. D astereoneric m xtures can be
resol ved by using fractional.,crystallization, and

vari ous chromat ographic teéﬂhrques (for exanple, thin
| ayer chromat ography, colum chromat ography, and gas
chromat ogr aphy). 35 When the water-sol ubl e prodrugs of
the present invention can be obtained in the free

knowrf ﬂ&ﬂiﬁbdé he¥n RB#::BE 1f O rzsz&ﬂpzeg 'i&hﬁﬁ' thé usesT tARYBhdeEd atid for the
drateés or sol vat es_t her eof standard 52 _net

removal ol Ren EXBPADIDGHHERE ok Ql%&ﬁlﬁaﬂrﬂf@@@qwom Gad fRab ey Tammoniuum

fluoride THEMe ir@Ro M1 SF Qk[&ﬁ‘hétﬁﬁlsgﬁ)&%iy@arboﬂyl(tﬂ‘@écﬂ,strmwthyls11ylethy1 and
sol vat es, .t hese c@_girooun can_be conyer

tert-bytylgingthyleilyheraynsnans gmesel il ¢Lbz grawp 3@3@%086113“0“

prodrugs of the present i nvention represented by

formulas (1) t. nd . their pharnaceutically
%f?H]Fé’?é‘éCh and sol vates show good

wertigd ab%Qg eRistriafey ﬁn eRdifpls bﬂ?ﬂ métﬁyds&bﬁpfodﬂ1:1dg yhe water-soluble

conyerted into the agtive. form cal. conver si .
prodriga O LS REEIeBITG I o L oA OR AP MO AIOT f eCTRApIOLB g of inrest
mdlcaﬁzaﬁﬁ Readtiyns 1188 ch 86 paforiniedeit applymg stwedayd ciseafiiud] ophetions, such

as exh@gtﬁpgb gg%éegﬂ.latgc?rg gﬁgrplﬁgerﬁ9gqlg%§ etéﬁ&]z ?g‘]rear%ﬁpelfegxfygﬁli/zanon and

-variou$ eEAtAstagties. 10 tertiary al coholic hydroxyl gr oup.

For exanpl e, the water-soluble prodrugs of the present
invention can easily solubilize preventive or
t HElicowetet-kelublg @rddsudsoof theplesent ilviehBomteprasented by densilas (1) to (3),

such a t ot ot e ' .
e ARG A B0 RO PRl 1 geroiomens
of the &ratarfsumbbd pradmgs meaﬂmtedaahova@fof exaanile, fenagidmers et diastereomers

erefo phar tic [
ncod e L ARG S L SRS RSBS00 s, The
Water—Eﬁqu:E)prmirughef the psserit lmmtlmu rapresented bméommd@,(tm tm(ISI) }nclude
tabl |ts, hydrates, or solvates derived from

Stereo{sﬂlelg %ﬁ ‘ﬁ@?re corr%ounds as active ingredients are

s u%’&brseluhMprﬁdmgabf thg present 1mvenppem@sen@d@y formulas (1) to (8), and

mm%ﬁe%ii%ﬁﬁgédc‘é%@&[% % (ﬁrafe@,lnr%r soRfagel eﬁ‘%@ft hﬁP gfs?’i?lr(ﬁﬁ&ént tautomeric

hea remehti one eration

- forms,daush) relthe kieto aralranet forg.cand|theinaihe ag@em@e formscpraganixtures of both.

Tautoﬁglls %5(%? E?Itnu&&rég 6F a 1At RARERT soldohaS [n SSHACHBIm, Shaslly bﬂe of the

ne cervica cancer, [ adder cancer and
tautormmpmedmmmarﬁ@r nmBhe presens ipveatien inciusigs all tawomers f the qogipounds of this

imen SN AL: S BE B T Qi SRk,
pr%gﬁxwmpmmprmn@mwtml ingludestagropispmetsol t@éh‘i}iepg?%g

[ ter-solubl e prodrugs represente
resolvg@yxt@fsoﬁ@r&mthgeswe ®tati®n. or a pharmaceutically
acPRAL AnfrS & be IEMerea‘bﬁ ’stangﬁrdstﬂétﬁ@ds%aﬁé't%@@xfeir differences in

patlents I n need SucC preventlon or tre n‘gig)i . .
physicpkereicalrapescsr &or gxappleirgymiy cogwelnd StogP Dt yefignto sterically

pure 1&)@1&'1‘5 9{( Obh A28 3PN rélbRfioH hethd JACeH 28 SpEadl éRbRitidAGy derivatization
unor s,
to dlastereomerlc 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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such as col orectal cancer, lung cancer, breast cancer,
gastric cancer, uterine cervical cancer, and bl adder
cancer. 30 Wen using a phargaceuti cal conp03|t|on of
the present invention as a therapeutic agent or
preventive agent for a cell proliferation disorder, or
as an antifungal agent, the nethod of adm nistration
preferably includes parenteral (intravenous,
nmﬂmaﬁtranuscular or subcutaneous) administration, |ocal

( adm ni st n, and.inhalatio r
oL A RS R0 R0 R RO P
hydrat@s” ef gﬂaé:tbsg thd@,@ berdpsunds 0dn B edtivetted aOtieD tie G6rad by standard methods.

oo PARBIE o ik resean Pl zreet B0 RatD o ®),

and thé1ﬁphzﬁﬂﬁbéﬂtﬁblﬂ}a£dc6ptabll sal?t@ a@dratds, amﬁdolvaﬁdmhmv%ood water solubility,
of, adm ni.st ra

and sing 3 50 APy SPRSEET 855 CHRATIAL BN OLETHEQ epATqrgfe. inerspecies or
md1v1dual:di1%rdmgesidlesmajlnvol ve controll ed rel ease of
r mul at

i leRae pReE R B LR bn o Ve P B oAl e

: pharmadeuﬁml lagentathet gorefriseahlajcohebc hpdroxpquengy or pietirally a secondary or

.1 Mire specifically, the aqueous |iquid
temar)f%?%ﬂl Hygﬁogy%?mflﬂl s 5 invention conprise the
wdtoe ex&npla,bﬂhe watergolnhl preduues efithe prizgntfioventioasai &3silysolubilize

e B ARERIH S A06E B s g oo

and antiseder mm[iemideq; oo sshlable donfrfoends thht/at obaldscatifimghl agents such as

S
azole a%ﬁﬂmgu\éf‘ﬁ%egﬁ q%lgx%fogé gwfhﬁﬁrfér agﬁ&h %Bﬁl?gﬁitel%%s rr{gbﬂsﬁlfg FdtE-soluble
prodrugts spegsahieyd b f@mul@s(é) tog8lof ﬂJ@ pessent invensiopr exfplanbiogutieally

an t

acceptgllﬁ@ ailu ggfdrfﬁfg%r?oé tgtglr\]r%tg 5 Ve oﬁ;% ;flgesg F‘lfﬁ)fu%% é(@gt;p%ﬁnéso Lyblife
mgredlenmarce pliablesanéifitigelddeyts aorgprative os terapeutis/egeatsdor celhd

n exist stably in solution for |ong periods
prohfe?a? OK%S%%@ t he ot her hand, preferably at pH5 or

hidyhetampde ofiibe efqreraentionsd yeléprqélﬁgrgilm orelen is camagr-t | Brpgnples of
cancer ?Iflcéﬁ’ cﬁoreaﬁf da¥Berd thgﬁarg:%f Y&t cdn é’sltﬁ@%lcérc uterine cervical
groups can SSOCIate rdly

cancerghlaéderpmqeu@w s§qh- a short period of 15 t | me

T%Eﬁfeﬁﬁ(ﬁe the Ere%érﬁ MRleBtioNhaRe@fd FOURRVE of tHBHIpEutic methods for cell
formul ation t Is particularly effective vvhen used

prohferaﬁmntdgsordﬂr%e& fpgd dﬂﬁ?ﬁﬁ?ﬁ s Theipsesfrd teveaton plsg rglpiey fn athods
compr@ gRﬁ@ £iep @pﬁdinﬂns@é'nﬂgeagrlﬁeraﬁa&ﬁ:allﬁ Eﬁé&fv@ kﬂhﬁbuﬁt (SIr a WaSAsoluble

even nore pre era h B’%J
prodrugg repiRscRisd By 8ahob@mlas {bepA8bar mbara}ayevtwa%lh éccmp I salt, hydrate,

or solv%@ tﬁa%oiawlg&iéﬁtsaﬁ hyéd &bl pfwlaﬁﬁdrp& tfeitrﬁérﬂ dUTRéke ByetBods are
known net hod addléll vVes

pmﬁcuéqrhbweﬁ% dordreating o} &?eé@té‘?ﬂ sorger gl &P@Ce%ﬁﬁP’é‘é tumors,
such adéolsleati tdneer, ﬁm'g'%ﬁhéé@ rt SAEYH SARAE Barel, dteRiBk @ESical 6dhcer, and

as net hyl paraben and propyl paraben; al cohol s such
bladdegeanct. or obut anol , benzyl al cohol, and phenyl et hyl

~ alwp&Plsing Qﬁhﬁﬁa&&ﬂiebﬂmoﬁ’(ﬂo@ftioﬂ%f ﬂﬁﬁ'hﬁeéﬂnﬁ nﬁz@ﬁt&brﬁ& a therapeutlc

henol .and cresol; thineraqsal hydr oacet agi d
agent oe preventive agent ? or a cell proh era%on dlsord%r yor as an ant&f‘fmgaﬁ agent tli]le 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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25 sorbic acid. Exanples of flavoring agents include

the comonly used sweeteni ng agents, sour agents, and

flavors. Furthernore, exanplgs of solvents that can be

used to produce liquid agents include ethanol,

phenol, chlorocresol, purified water, and distilled

wat er. 30 Exanpl es of surfactants or emulsifiers

i ncl ude pol ysorbate 80, polyoxyl 40 stearate, and
methoH 9 LREETSESn, indhelindihoRdindoRBabimsidireleale cfdomadatidrsnsuch as

of theﬁﬁr sent invention as a therapeutic agent or
subcutgpeays f; ﬁPZa"é Wt for a cell proliferation disorder, or

asT k&rpmﬁhacfeuﬁ@ﬂ lcomgesiﬁonst dfehapresdit snvepfior fre preferably used as

ey Ui PP P AV SEET LB e s iogP Tl pls dftnis

mventfb)ﬁdfo 5@&&: therwaal sohitds ptodaigsaemresened, byvfohhulds N eo (8), and

t.h i ent bod
phacmggty fero ey B e PRES BRsEhce of ot her
admmaoat aﬂ&uﬂorﬁgm&my Hedusedniichatd phbspheiid biffet, rpdtysiolngicah ehaline, and
the active ingredient

EFor. ex
Varmuf\?(@te%?lf%%?% 0|51|Sodrug) may be delivered to a patient
(v(Hterp}b bﬁmdaqums mlkltlommqﬂefead‘dly4 o feas ymoraprederably 3 or less, and

even an,rgpgqu ﬁl}' %'f I'fl.l&ﬂ?&;_(&'%%rgj agd a@iu%ﬁ &-Iy t&%&eﬁ{omble Hrodrue%s

: represMechbpfceﬁm[aakﬁlMo 18), and ﬂﬁﬁ piglipmeuk@llﬁ abcﬂj)jlabl\ES@m hydrafes, and

solvatg; acr?P ﬁng st?lgla % Qoeiﬁt‘le(g{aﬁ)ﬁ ‘?A '3[‘15 ofT thI'mS,f ' én%ﬁ@ 5tﬁ81 Rand, preferably at

once everal "porti
pHS5 ot highergtwombretgivefecily u@gmlqgg:abmndm@wpﬁpﬂar& acuwefoems derived

o a0 5 B3 LA SABEERIAT B By i of

time. (8) or their pharmaceutically acceptable salts,

Bl f&rexgrﬂhl\éa{;vﬁén %12 cLJé‘Sus BGHE (H‘ﬁfllﬁﬁidﬁtth&ris péﬁ‘ﬁbﬁl@rly effective

. d ers dependi ng’ on t xtent *an type
when ied dmiieinjéstable Hrmgsadministercd 2ba pHpabifecf pasf Wg‘bolblﬁss more
S

)1 At 8 AT o
dissociatadanpighst mrthe bleed.pr esent i nvention is specifically

il

o O*Hé?igﬁ%{é&%gl#&)? Engr?ﬁﬁétﬁﬁﬁg g}&iugé‘@ﬂﬂgg %télhlécrné\tﬁrgt?ﬁ’éthd)d udiSg additives
such ag plabilizers. favorips peatnand dﬁu?rgs JEOL JNM EX270 (270 MHz),

J &%f@ﬂa@ﬁme%&lud@ arﬁWbéﬁQﬁc ﬁé@@%l%)sucﬁ\lﬁﬁn@ﬂl&ﬁparaben and
were reported In w@ar ts

propylmerabens Hetholssuch et BRbteBRiAaa Dol Sieqhell dnsk hergetgh pioghol

benzalﬁ&luﬁﬁﬂ,thlon e S5 BB GS piddnofidd Berdf)l ehhdrasaretbhyigloBeetic acid; and

-DXS or JMVB-SX/ SX102A. 20 Data from mass
SOTblCéﬁéetroneters equipped with a high perfornmance Iiquid

¢ QI QU FERNYriA O S it TR Blud¥ e oflHh i1 8sbdUsieREning agents, sour
m cr omass (M cromass, ZMD) equi pped with a Waters

agentsoaysl IBYOLS: gr adi ent  hi gh performance |iquid
¢ iRtk A pl d3 I TsbIvents thd cai b€ 1 ¥ARS $roduce 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 salts, 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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~ “Greene and Wuts, Protective Group in Organic Synthesis /2nd edition, John Wiley & Sons,

(Fi nni gan, Navigator) equipped with an Agilent 1100
gradi ent high performance liquid chronatography

i nstrument (Agilent Technol o % es). 25 For synthetic
organi c reactions, comrercially avail abl e reagents
were used without further purification. In the
Exanpl es, roomtenperature refers to a tenperature in
the range of approximately 20 to 25C. Al water-free

-methoﬂ%ggamgﬁﬁramﬁemﬂ%hﬁprned under nitrogen at m)sphere

Co]gérge%tﬁfél% gﬁg{l’(ﬂ%%gﬁzl%{?\é f ﬁterasqq@%igpgpﬁggé %q.yel? X e?lvered to a patient
(warni-ﬂilb@@@l HirBhle ebpebiahe huings), alangitustics d«wer for ﬁkﬁﬁplbﬁai daily dose of

et A e e 8 e S PSR i marer

body WEIgHP & the E:@sercﬁ‘ m@a&!ﬁtﬁﬁlt@énﬂ; hée hiy @E&Mlﬁﬂ admmmterecﬁ once daily or in

onpl.et ed.., Sel ecti an of the
Sewmﬁ)?%‘?‘@&f BUB %g ngp@%r?ﬁéh SYRC$8  det achnent
Malhdael bﬁtﬂodﬁﬁltalbﬁme opélid @moetiratibaof ¢heamqibesolatde prodirugy represented

NP CRUEY (R RE N C D R T ———
aqueodduiutitin, ehick diiers depdndinOhlthe ekicgtmxole@@oﬁhn dlseasequtds usually in

chr rrato one of the follow ng two
apfef?ﬁerﬁﬁla%eo ?%WTBQ@/@\%Mnce |'i qui d chr omat ogr aphy

coAtliptionsrt tefBrefiodswitad h@eirbire BRSS! herepmhyy wfgemmn

I.D. x 50 mm Wako Pure Chemi cals), COSMOSIL (ODS, 5

m 4.6 nml.D. x 50 nm Nakal ai Tesque), or Inertsil
C18 (ODS, 5 m 4.6 nm|.DExmpE8 nmm GL Sci ence)

%@{eﬁlaﬁhlaﬁl% prés%gjﬁ 1 ggﬁtédlf]ﬁ) dis F’ﬁcaﬁ? nlg?s'tr@reﬁgmﬁl gl“t%érilcg to Examples,

UGT 6aceth & ach Y acetonitri
but it isowot @i e qogstued Fobeimigfli emwtd.c acid. 10 El ution

”%}@gm@ﬁ?%ée%rﬁ{r@g&% g?% oh 'Wm < e(;éf?GMIg*z)ihQMGSMOO (400

 MHZ)(@ BUVASAOES)OHER): r NER daf:0vere Frorelan ppigi{pars per million) and

réfere 8 ﬂ‘%%ﬁfé&%ﬁl%&ﬂ s@ﬂa%gﬂﬁ@mq@g/o]{}&ﬁdl ti on 2 CoI urm

Ch"élm ma$sssp¢ct®©sm6|ze ol;@m@@sng JEQH JMS'@W?’L ODT M§ SE?QSXIOZA
%Fﬁ%}iﬂ ﬁia%sTﬁa%gﬁ‘%eite eqhﬁ@&? alq'liligh ﬁ%naﬁc@h id4. 6

cie hase: Sol vent
chromayogyaphss instromeat prgab@l@qb)esmg mm@m@?éd IF@H%%@MQB] gquipped with a
Water§ % Fu B ﬁhlenﬁfhﬁﬁ g@ff&ﬁﬁa{n%e ﬁ@ﬁf(ﬁ:’hfﬁxﬂé}o Qm?ﬂy/ i’nstrument or micromass

acetlca [ution neth

(meg«maai avigatas) equipned; withsen 4aient gl O%@%ileat @sb/&etfoanance liquid

chrom3lo3HpRS knstriniéht QA AR 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
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20 (3.3 mnute), 98%to 30% (1 mnute), and 30%B (0.5
m nutes) Flow rate: 4.0 nL/mnute [Exanple 1]
(9S)-9-Ethyl -9-{[ nmet hyl - ( 2- hyl am no- et hyl
-am no] - acet oxy}-1-pentyl -1 H 12H pyrano[3",4 25
6',7']indolizino[1,2 :6,51prido[4, 3, 2-de] qui nazol i ne-
10, 13(9H, 15H) - di onehydrochl ori de (conpound 1A) O i i
NO HJd OO N-~N,,-~-O H Process 1-A 30

1991”{[2 (tert-But oxycar bonyl - net hyl - am' no) et hyl]-nmet hyl -a

O g@l Q?Féft(llj}%%c% CF Selug%latoegrsatpﬁy em loyed Oﬂe of J[ﬂ~ %ol(l%mng gvo

conditimishy| - (2- met hyl - ami no- et hyl ) -carbami c acid tert-butyl
sub tatfce (J. Med. Chem,
{Setved+n net hyl ene chlorlde

Q AU i
Colun(uﬁ @Zdilfhl:)l ODSI CDDEQﬁ p.he HZSthmZ Ibr )Oﬁ@ﬁﬁmt\ﬁkl& Piire Chetnicals) 3BOSMOSIL

oDy B, 4B R 50 ot Mol TRie), PEpmeRR 3 RQHISS b yis 1.6 mm L. x

50 mrhdGik Scieéd)er coerI etion of the reaction, the reaction
Mobilg Pl AT A5 SRGSFALAEGS 0.81%) élﬁso%ségtg%%igf a4 Aok )
acetor(itnﬁe(eméain'mgml"/ﬁﬁdtmrmue)adldio 3:1) to give 534.3 ny

0 1] a 0,
Blutm%x%ge@c%dp s%ep ste (%r(adé%r}tg%urgvp in S?hf t%r%% 0 9 %o )g?]S mm{.lﬁ: 95 % 10 10%
(1 mimte)odndaldt (@5 mepitds)benzyl ester as a coI orl ess vi scous

.FIOW%it 6WW(27OW CDC13) S(ppm: 1.42 (9H, s),

65 (2H, t, J=71Hz) 2.82 (3H, s),
High mmmwlmmmatw 5.13 (2H, s),

18 RS pfioh 6L IYS: PSP I, WPaltPARE CBeicdR, cOSMOSIL
(ODS{fg gy f’rérmmg@os(%md‘fﬂ}qalan&myc), ardnq:d)ul 61 RYODSeb iy l4.Gmm LD. x
50 mn@”'(?l?hm@ﬁ@et)' c acid OIll N
Mobile phase: (Solvent A) water containing 0.01% trifluoroacetic acid, and (Solvent B)
acetonitrile containing 0.01% trifluoroacetic 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-{[methyl-(2-methylamino-ethv])-amino]-acetoxy}-1-pentyl-1H, 1 2H-pyrano[3”.4

Process 1-A
{[2 -(tert-Butoxycarbonyl- methyl—anuno)-ethyl] methyl—armno} -acetic acid benzyl ester
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sty AR oo b BB g

- ESI (LﬁyMSdaqﬂtavieura@ée)aﬁa3§7z@VI+H@ (1.83 mol) of

Y O1 0534.3 ng (1.59 nmol) of
{[2-(tert-butoxycarbonyl - nmet hyl -am no) - et hyl ] - net hyl -
m no}-acetic acid benzyl estg prepared in Process
1- A was di ssolved in nethanol (20 nL), and then 51 ny
of 5% pal | adi um carbon was 20 added, and this was
stirred for 1 hour under hydrogen at rmsphere at room
tenperature. Insol uble substances were renoved by
filtration, and the filtrate was concentrated to give

39L 1 ny (100%
[ N (tert~Quimxysarbonyl - met hyl - am no) - et hyl | - met hyl -
X no}-ad}‘eti acid as a colorless viscous oil. 1H NWR
(970MHz, " CB¥13) 5(ppnm): 1.43 (9H, s), 2.72 (3H s),
2.87 (3H, s), 2.95-3.10 (2H, m, 25 3.45 (2H, s),
3. &%-18g 68 5¢ 2Hholipl EShyl-ConkBybemind-shyharddpmid aci@ &7¢-butyl ester,

| Whichfg/g' ](E% WJF l%%%%? g 9{) 9@?}63113%??0(? 4371%%%90 eztt%dlfsjolved in methylene

chloriden@0 ), and ﬁmn}benzy&, étbma;@aa@tm tly® mll, 6-39eninol)3tas added to this

ﬁerwonmlq:uon@f(ghe Beationg thereggiomsolufionfwas concentrated, and the residue

o oY 0O SR o AR 51 5

give 5343 g;g @abé))ofdf2- Q‘ert-butoxycarbonyl -methyl-amino)- ethyl]-methyi amino }-acetic
ac1d bé ﬁ%*&%x&g@@ig&ﬁé ofl- pentyl - 1H, 12H el ano[ 3", 4": 6'

i ZI NO rido[4,3

NM)?\ TQMIZI@ Chels é(PP@I()QMZS%ﬂ/ i %ﬁ‘é(:’(%rsé,p%ﬁe@fhéscb'r dilngz), 2.82 (3H,

odii m de

73)32@@3@@ Pk, 2340l W03084 295247 S5y (2, 74, o)

opropyl )-car

4-di met hyl am nopyri di ne were di ssolved in nethyl ene
chloride (15 nmL), and then stirred at room
Proce erature for four hours. 10 The reaction sol ution

{[2- (zemsum%&%ﬂwhtb 1 henihh AdAR MR AaRREY-dckie asigl d.

dried over “anhydrous SOdI um sulfate, "and then the
sollvent was distilled off under reduced pressure. By
>r° i Hresul ting residue using silica gel
| um dhr tography (nethylene chloride: nethanol =
30:0 to 10:1), 136.4 nmg (33% of (9S)-9({

[ ZS%@GQ&Q(DSQ ﬁiﬁs{(ﬂybbonyl met hyI ani no) - et hyl ] - net hyl -
{[2- (tert%&tm?y%%b%ﬁ l)-methyI at¥un05 eﬁnyﬁ 1¥1ethy1 ~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-(zert-butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino}-acetic acid as a
colorless viscous oil.
'H-NMR (270MHz, CDCl3) 8(ppm): 1.43 (9H, s), 2.72 (3H, s), 2.87 3H, §), 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-(tert-Butoxycarbonyl-methyl-amino)-ethyl]-methyl-amino } -acetoxy)-9-ethyl-1-pent
yi-1H,12H-pyrano[3”,4:6°,7’Jindolizino[1°,2*:6,5]pyrido[4,3,2-de]quinazoline-10,13 -

(9H,15H)-dione
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- chloride:methawol |5

15 -1H, 12H pyrano[ 3", 4":

6',7" ]indolizino[1,2":6,5]pyrido[4,3,2-de] qui nazoline
-10, 13(9H, 15H) -di  one was opf ained as a yel | ow

anor phous substance. 1H NVR (270MHz, CDC13) 8(ppm:
0.85-0.95 (6H, m, 1.27-1.50 (4H, m, 1.40 (9H, s),
1.70-1.84 (2H, m, 2.03-2.30 (2H, m, 2.39 (3H, s),
2.58-2.70 (2H, m, 2.80 (3H, s), 3.18-3.36 (2H, m,
3. 48\ (2H,.s)+ 3.81 (2H, t, J = 7.3 Hz), 5.21 (2H, s),
5M37N1H d, J = 17.3 Hz), 5.64 (1H, 20 d, J = 17.3

4 07 , s), 7.14 (1H, dd, J = 1.3, 7.3 Hz),

, 7.53-7.70 (2H, m ESI (LC MsS positive
(MtH) . Process 1-D (9S)-9-Ethyl-9-{

Yyl am no- et hyl ) - am no] - acet oxy}- 1- pentyl
3",4 25

7
-

[ et hyl - (2- e

-1H, 12H pyY's ,

ﬁ\" jﬁ , 7' 1ilnd ino[1',2':6,5]pyrido[4,3,2-de]quinazoli
ge~4074308kHt5H) - di one hydrochloride 58 N. Nomi O ~N
\ Ol HO 0 0 H 136.4 ng (0.20 mml) of (9S)-9-({

= {,t - but bonyl - net hyl - am -et hyl ] - met hyl -
R R oY Cpenty ) e merhvam
{[2-(tekt-hdp pdadrimny b mefldl-atiina)ethyl] -detigblainmia}edcttic a¢id Grépapedrin Process

_ 4,3, -de| ui.nazol i ne- 10, 13(9H, 15H) -di 5 one
1-B, zggb&@‘e‘% gro cess 1-C was dissolved in 1 N

(9S)-Shathiylethydroiyp 1 arenigl-4 HelT b pymno 38 @6 7§ indoBzimb]1’,2° :&yédpyrido[4,3,2-d

5040 100,81 B0 BB S A b Yoo

525 mglf2i4 stmol) efll wthyl-ddhdimethybndnoprepylprarbodiimidgthydrochledide, and 224

" mg (1 .%3%&%%&-@%@91%&3%&%‘&&8 18910% fi thith§ehOPn1oABI(15 mL), and

then sti9&) atGoem igthp@atifarior Fouir horrsnet hyl ami no-et hyl ) - ani no] - a

orB P SN RIR o ety d ovr
anhydrepus GodigoM|fas emthe yglienictodistd ledeifunder W%PQWGWRJG- By

o SO ’
ﬁf?fﬁ*s@s%*%g%%?ﬁ‘%%&ﬂnéﬁféﬂ“%ﬁ%ﬁ%%@%w

0:0 fo Ub1n 1864 mad3%mof 1.88-2.02 (2H, m,
(93)-9%{-[%-g{egr-@%tozyic%boﬂ%lém%l&ﬁzﬂlg{g)- gﬁHy-l]-%e&gl-%ngﬁé(aﬁ%’oxﬁ%ethyi-l-pentyl
-1H, 12H-pyranol33. 40 1847 igdoliamgiL g @éﬁp&ﬁ-@[‘wQ-@]@énwﬁpéép,,B@H,lSH)—di

one was o':_bgmﬁéld'hs egyel}g)w:*an;lg Boddlibstan®? (1H, d, J = 17.2 Hz),

iy it Do) bt St e ol o, Pt

1.70-1.84 (2H, m), 2.03-2.30 (2H, m), 2.39 (3H, s), 2.58-2.70 (2H, m), 2.80 (3H, s), 3.18-3.36
(2H, m), 3.48 (2H, 5), 3.81 (2H, t, = 7.3 Hz), 5.21 (2H, s), 5.37 (1H, d, T = 17.3 Hz), 5.64 (1H,
d,J=17.3 Hz), 7.07 (1, 5), 7.14 (1H, dd, T = 1.3, 7.3 Hz), 7.38 (1H, 5), 7.53-7.70 (2H, m)
ESI (LC-MS positive mode) m/z 687 (V+E). |

Process 1-D |
(98)-9-Ethyl-9-{ [methyl-(2-methylamino-ethyl)-amino]-acetoxy}-1-pentyl-1H,12H-pyrano[3”,4
»:6°,7’]indolizino[1°,2”:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 SH)-dione hydrochloride
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[ Exanpl e 2] 20

(9S)-9-Ethyl -9-(gl ycol -sarcosyl oxyl-pentyl-1H, 12H pyra

no[ 3",4":6", 7' 1indolizinoll';82":6,51py

rido[ 4, 3, 2-del qui nazol i ne- 10, 13 (9H, 15H) - di one

hydrochl ori de (compound 2A) N'N-/~ N ~N\ 0 HC

On". OO H2N(NO O Process 2-A 59 (99-9- {

[ N-(tert-Butoxycarbonyl)-glycyl] -sarcosyl oxy }

O-athyl~1 -pentyl -1 H, | 2H pyrano [ 3", 4":

6 7 ]Jindolizino[l", 2" :6,5]pyrido[4,3,2-de] quinazoline
M, 15H) - dione O NOOO ~OJ~HN-O O 1.4 g

-I) of

Y, (2.84 mmol ) of

- 9- hydr oXy- | - pentyl - 1H, 12H pyrano[ 3", 4": 6’

SN Miozino[1', 2': 6, 5] pyrido[4,3,2-d

Fe] qui nazol i ne- 10, 13(9H 15H) -dione, 2.2 g (11.34 mol)

of met hyl am nopr opyl ) - car bodi i m de
lgroclﬁ%g??%gmﬁ%gfl 4 é (11. 32 m%lg of

(98)- 94{ B (Gert-hyloxyeanensyi mathd-amine)-ethy b aoist anringleaceiaxaind-cthyl- 1-penty

-1, 121*1 rpg&élﬁfs A plg’ "?L}mdcﬂ&ﬂmgt@ éi]g &»‘%{4@2 -40 ﬁiﬁ@iﬁlme-m ,13(9H, 1 5H)-di

erature re

ction OUtIOI’]V\ﬁ

one prmﬁiela Ripaeps bczwms digspderdsnthN hydwrlerie agidiagetigrid solution (3 mL),

and thé?gtweata%on@&ﬁfp%mqgf UFHBYAr ogen carbonate sol uti on,
then dried over anhydrous sodium sulfate, and then

t Aahg@cstatsiwagadded trthe reagtion solutinne this was then shred atypam

- tempm%ﬁﬁé fdr%tduﬁﬁtegfanafﬂﬁe fe@&lﬁh% kA1 WeSEAeBted WRHIRATIOEAE 02,7 mg

oy USi NG silica gel colum cRromatography (nethylene
(74%) gkl ori de: met hanol =100:1 to 15 30:1), and as a

(99)- 9feﬁ§lw9t{[rrﬂaﬂ§z{|=t %P{ G OXBCeth gé-ﬁmﬁo] acetoxy} l-pe?tyl 1H 12H-pyranof3”,4”
:6°,7° ]@d@m 2’ ﬁ}}:ypdgﬁ Y ﬁg}}tﬁiﬁ%lﬂ@ﬂhﬁ(é 15?8 dc one hydra/ oric acid
(compound J]A)r\dﬁsldb:azﬂaiésay?euo&lﬁ]]ﬂ@wsbl@lp[ 4, 3, 2- de] qui nazol i ne-

I NME (Z7OMEL, 01 Sty By r}edsgsﬁﬁ 1.09 (3H, t, J = 7.4 Hz), 1.40-1.62
(4H, m), 1.88-2.02 (2H, m), 2.15-2.31 (2H, m), 2.75 (3H, ), 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, s), 5.54 (1H,d, T =
17.2 Hz), 5.67 (1H, d, J = 17.2 Hz), 7.55 (1H, d, J = 7.3 Hz), 7.96-8.17 (3H, m), 8.33 (1H, s)

ESI (LC-MS positive mode) m/z 587 (M+H).

[Example 2]
(98)-9-Ethv]-9-(glycyl-sarcosyloxy)-1-pentyl-1H. 1 2H-pyrano[3”.47:6°.7 lindolizinof1°.2”:6.5]py

rido[4.3.2-de]quinazoline-10.13 (9H.15H)-dione hydrochloride (compound 2A)
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yel | ow sh red anor phous substance. 1H NVR (270MHz,
CDC13) S(ppm: 20 Rotaner A* 0.86-1.04 (6H n,
1.24-1.53 (4H, m, 1.38 (9Hsg), 1.70-1.90 (2H, m,
2.03-2.36 (2H, m, 304(3|—F 383(2H t, J =7.1
Hz), 3.96-4.05 (2H m, 4.12(1H d, J = 17.7 Hz),

4 57 (1H, d, J = 17.7 Hz), 5.21 (21-1, s), 5.38 (1H,
d, J =17.3 Hz), 5.46-5.56 (1H, m, 5.66 (1H, d, J =

(9S)-9l (tbFif-?Butgxyﬂaﬁrb-én }gﬁ -d@cosylodP; -0-kthyl9)pentyl 0L, T2H pyrano[3,47:
et Mp g B o, 1

(3H, s), 3.83 (2H, t, J =7.1 Hz),
96(2H m, 4.12 (1H, d, J = 17.7 Hz), 4.57
),5.24(2H,s), 5. 38(1H d, J=17. 3Hz), 5. 46- 5.
68(1H,d,J= 17.3 Hz), 710721(2H n,
7.60-7.75 (2H, m. *The ratio of the
and B, was approxinmately 5:1. ESI
node) mz 687 (MrH). 30 60 Process

tV\D rota

' (:gl\/s pos "t
>|\ 8- (gl ycyl - sar cosyl oxy) 1-pentyl -1 H 12H py

ran[304 6 7]|ndoI|2|no[1 2'.6,5]py

e T eE ET——

subst@cé qHéMemm!iIh)mDia 4@5)1991,{74 197), 1.3 g (2.84 mmol) of

©8)4 ’%élﬁﬂ}%d but SRR b@ﬂ}c’%% p%f}ﬁ%?”h SR ARSI 1% % A¥lridof4,3,2-d

e]qumazahdd-mjh}(DHL]IﬁDlrdlolﬁ 22, H{1pypeirampb o, 2- de] qui nazol i ne-

iRl 0 Ml 5, B FRRAE, L PEREE S o o
4-dimethiy hordodpytidine Wward dmml,veémnﬁhehne Shlprld© (b 0anL), gohthen stirred at
room {egrgg%?a{ﬂile%xel 3218“‘% hours and 45 minutes. 10 Et hyl

was a to the reaction solution, which was
t h&he sactiomeshletionrwaywashedrpéthd UNgqpepusdydrachlorisseid and saturated

. aqueoﬁ? %%%b/gﬁgd%%leﬁ o985t E QIhEGE BLniHiehiovES by 8fbus 30&urh stffate, and

then t]@eg@)lv@t wiah glistxgec( ol yiogerreduced HYISHRY) - - Bungiegatipn of theropyligng residue
was péﬂ'ﬂ‘ﬂ{ gugﬁf g aloe] E(ﬁgﬁb chtd¥iderashy Qfléﬂéﬁé’ne chloride:methanol = 100:1 to

|na i ne- 10, di one
30:1),lapd ro & I suiti b%@l(@ﬁ%ﬁ@fmound 2A) was obt ained as a

(95)-9. EiN-@¥-IRkdsGcarbonyl)-glycyl]-sarcosyloxy}-9-ethyl-1-pentyl-1H,12H-pyrano[ 37,46
* 7°]indolizino[1°,2°:6,5pyrido[4,3,2-de]quinazoline-10,13(9H, 15H)-dione was obtained as a
yellowish red amorphous substance.

TH-NMR (270MHz, CDCl3) 8(ppm):

Rotamer A* 0.86-1.04 (6H, m), 1.24-1.53 (4H, m), 1.38 (9H, s), 1.70-1.90 (2H, m), 2.03-2.36

(2H, m), 3.04 3H, 5), 3.83 (2H, t, T = 7.1 Hz), 3.96-4.05 (2H, m), 4.12 (1H, d, ] = 17.7 Hz), 4.57

(1H, d, J = 17.7 Hz), 5.21 (2H, 5), 5.38 (1H, d, J = 17.3 Hz), 5.46-5.56 (1H, m), 5.66 (1H, d, J =
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 (65, m), 1.24-1.53 (4H, m), 1.38 (9H, s), 1.70-1.90 (2H, m), 2.03-2.36
(2H, m), 3.02 (3H, 5), 3.83 (2H, t, ] = 7.1 Hz), 3.90-3.96 (2H, m), 4.12 (1H, d, } = 17.7 Hz), 4.57

(1H, d, J=17.7 Hz), 5.24 (2H, 5), 5.38 (1H, d, ] = 17.3 Hz), 5.46-5.56 (1H, m), 5.68 (1H, d, T =

17.3 Hz), 7.10-7.21 (2H, m), 7.40 (1H, s), 7.60-7.75 (2H, 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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15 "H NWR (270MHz, CD3OD) S(ppm: Rotaner A* 0.99 (3H,
t, J =7.1 Hz), 1.03 (3H, t, J =7.6 Hz), 1.34-1.58
(4H, m, 1.90-2.00 (2H, % 14 2. 30 (2H, m, 3.11
(3H, s), 3.99 (2H, s), 425? H, J = 7.3 Hz), 4.56
(1H, d, J = 17.9 Hz), 4.57 (1H, d J =17.9 Hz), 5.51
(1H, d, J 17.4 Hz), 5.52 (2H, s), 5.61 (1H, d, J =
174Hz) 7.52-7.57 (IH, m, 789(1H s), 780(1H,

' (98)-9?]%‘{11312-%@ yey %cos&lowglzpélqu(ﬁuﬁ[rpyr@%é’t%’) é@ ]ﬁ.ﬁpl ZW[’I’,Z’:G,S]py

4,02 (1H d, J = 16.5 Hz), 4.25 (2H t. J = 7.3
™4 67 (1H, d. J = 18.8 Hz). 4.76 (1H, d, J = 18.8
: .520(2H, s), 5.53 (1H, d.

(5. 65(1H. d, J=16. 9Hz) , 7. 52- 7. 57( 1H, m), 8. 03( 1H,
),8.10(IH,t,J ='8.2 Hz), 8.19 (IH, s),

»

rido{iﬁ;ﬂ-&c]ﬁuﬁﬁzdlﬂidrl(]ﬂ%)ﬁ ,188)(ixdte ISHrocBlde( 1H, d, J = 16.5

. 25 *The ratio of the two rotaners, A and
Hcl B, was™approxi mately 3:2. ESI (LG Ms positive node)
rriz 587 OWel) . [Exanmple 3] (95)-9-{j(2-Anm no-ethyl
u noI acet oxy}-9-ethyl -1 -pentyl - 1H, 12H pyr ano
Hpfi g Il4 30
i nd&) |2|no[1 2':6,51pyrrido[4,3,2-del qui nazol i ne-10, 1
3(RBB g5H94mmmi¢oﬁydrochl oride 61 (conpound 3A) NN N

99)-9 M%rgﬁltogx%agbo@r g&%l gegrni?ﬁ o%g{? QA?T]ﬁyl Lpgy L L 2E pyranol3”4”:6
>, 7’ lindaliznold °,2c6,]pyedafd,3 bdehmnaa(bhne-m 139K Léﬂqlaedmne ®hichQvas prepared
in Proge%?Zr 5 t%ﬁ cﬁgsomgl 1 ?\f %fcﬂfw%@@ﬁ@gm% gg%%l acid Toslutmnf(i 5 mL), and then

uenesul T ona
stlrredmttacentclmnwdarbbm}d‘sandﬁ@)‘nlatlﬂas'l bromi de, and 0. 25

bt TR oo 18l SO %Ieﬁglaruﬁgqm?ﬂ 085 YBh Sjimed at room
temperafire rf@oB Oamlrmmsnﬁhm @emlhmg@phd (¥¥ag cp ¢ct@qolpjsr 5&1&#911,@1191 1t2% 2 6100%) of
t » () 9.
©5) _92%%{ Ylji g&%s&ggﬁh&m qg&&z(ﬂ%%ﬁﬁ ufeh%bﬁ i neiZﬁ{v?\)lé1 27:6.51py
rido [4§@«-d¢]qgm1am}m§fl|0|, B9l SI-ngzgmmhydrochlonc ac1d (compound 2A) was obtained
as a yellow solid. '

H-NMR (270MHz, CD;0D) §(ppm):
Rotamer A* 0.99 (3H, t, F = 7.1 Hz), 1.03 GH, 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, 5), 3.99 (2H, s), 4.25 (2H, t, I =7.3 Hz), 4.56 (1H, d, ] = 17.9

Hz), 4.57 (1H, d, T = 17.9 Hz), 5.51 (14, d, T = 17.4 Hz), 5.52 (2H, s), 5.61 (1H, d, T = 17.4 Hz),
7.52-7.57 (1H, m), 7.89 (1H, s), 7.80 (1, d, J = 8.2 Hz), 8.10 (1H, t, T = 8.2 Hz), 8.38 (1H, s);
Rotamer B* 0.99 (3H, 1, ] = 7.1 Hz), 1.08 (3H, t, ] = 7.3 Hz), 1.34-1.58 (4H, m), 1.90-2.00 (2H,
m), 2.14-2.30 (2H, m), 3.08 (3H, s), 3.90 (14, d, Y= 16.5 Hz), 4.02 (1H, d, J = 16.5 Hz), 4.25
(2, t, =7.3 Hz), 4.62 (1H, d, ] = 18.8 Hz), 4.76 (1H, d, J = 18.8 Hz), 5.52 (2H, 5), 5.53 (1H, d,

- 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,J

= 8.2 Hz), 8.19 (1H, s), 8.34 (1H, s).
*The ratio of the two rotamers, A and B, was approximately 3:2.
ESI (I.C-MS positive mode) m/z 587 (M+H).

[Example 3]

indolizino[1°.2°:6.5 idol4.3.2-de]quinazoline-10,13(9H.15H)-dione hydrochloride
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chromat ogr aphy (ethyl acetate) to yield 175 ng (38%

of
{[ 2- (tent - but oxycar bonyl am ng) - et hyl ] - net hyl - am no} - ac
etic acid benzyl ester as a colorless viscous oil. 15

"H NVR (270MHz, CDC13) S(ppm): 1.44 (9H, s), 2.37 (3H,
s), 2.63 (2H, t, J = 6.0 HzZ), 3.20 (2H, br.qg), 3.33
(2H, s), 5.15 (1H, br.s), 5.16 (2H, s), 7.32-7.39 (5H,
ME@U_DESA)( LC- M5 positive node) mz 323 (MtH). Process

B 20
N’[QLNWM oxycar bonyl ani no) - et hyl ] - net hyl - ani no} - ace
s.agid oH >TOUNOH 110" | O 162 ng (0.5 mml) of

K- but oxycar bonyl ani i no) - et hyl ] - net hyl - am nol
¢ RS d benzyl ester prepared in Process 3-A was
d| ssolVved iy nethanol (5 nL), and then 5%
HCl paIIadNub- gar bon was added to it, and this was stirred
under a doogen at nosphere at room 25 tenperature for
Nur s After filtering off the insoluble material,
HZP‘he filtraPe was concentrated to yield 116 ng (100%

of
{[2-(tert-Dbutoxycarbonyl am no) - et hyl ] - met hyI -am no} - ac
Proce@li-@ acid as 62 a colorless viscous oil. "H NWR

(270MHz, QD) . S :1.45 (9H, 2.91(3H
{[2-(f%hf@2tq>qper%e?gylﬁm0§%§%z1}w thyl- aézmo@ zqsh)emt acigb be 19ssw)arz),

3 63 (2H, s) ESI C- M5 positive node) mz 233 (MtH).
_ ocess 3- (9 - ({
' >r onyl am no) - et hyl ] - met hyl - am no} - ace

toxy) 9 teth;yl -] -pentyl 1H, 12

B e A S A e
of 2-(f2rfBhhbxyic 1a1lﬂuﬂcQ-eﬂ;y2 bftinide;, #hd 0PIl (2f13 mmol of
N (AT e R (T O
tempefﬂmﬂe)foﬂépp('&ﬂﬁihteg* Md&)ﬂay@ h&ﬁé@bynplétlmﬂﬁﬂlhé’ feaction, the reaction
solutlc]rb‘ﬁts' rraragec%anéi the resxdue ob ame%dvsellslpzuln ed [by sﬂlcg gel c?oh?mn
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 (9H, s), 2.37 (3H, s), 2.63 (2H, t, ] = 6.0 Hz), 3.20 (2H,
br.q), 3.33 (2H, s), 5.15 (1H, br.s), 5.16 (2H, s), 7.32-7.39 (5H, m)

ESI (LC-MS positive mode) m/z 323 (M+H).

Process 3-B
{[2-(tert-Butoxycarbonylamino)-ethyl]-methyl-amino }-acetic acid

H
O._N._~ OH
YN

o

162 mg (0.5 mmol) of {[2-(tert-butoxycarbonylamine)-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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e] qui nazol i ne- 10, 13(9H, 151 ) -di one, 197 ng (1.03 mmuol)
of 1-ethyl-3-(3-dinethylam nopropyl)-carbodiimde
hydrochl ori de, and 83 ng (0.8 nmol) of 15
4-di met hyl am nopyri di ne were di ssolved in nethyl ene
chloride (10 nL), and then stirred at room
tenperature for three hours. The reaction solution was
washed with 0.3 N aqueous hydrochloric acid sol ution,

a cologessedscogyeil. anhydr ous sodi um sul fate, and then the

1 NﬁR' ?@{ﬂwa@ f
H purifying tﬁ%ﬁgt g]pﬁgdf’ﬁgéﬂg%g %gﬁgyﬁ:%{jg@ge ﬁg%ﬁu G%HZ)’?’M
(2H, tchT 690y &3 Det hyl ene 20 chI ori de: met hanol =
9_
ESI (L@ tg?s?&%e{}tggé(y%gg%Wm)no) et hyl ] - met hyl - am no} - ace
toxy) 9-ethyl -1 pentyl 1 H 12 H pyrano[3", 4":
Proce®' 3,_@ ] i ndoI izino[1',2':6,5] pyrido[4,3,2-de]qui nazoline
3(9H, 15H) - di one was obtained as a yel | ow vi scous

(9S)-9cfif2- (rmﬂmcs(czrmmzm@@m Jetegpipminesetoxgh 9 esh]- Inpentyl-1H, 12
H—pyr&nog? 4. @’37 slﬂh'bhiﬂo[l 2 4@5#}2?‘1'@10@%3 Z-aéfgsﬁu%éolﬁle% fﬁb’ﬁ lrgfh) -dione

wa?n H br.q), 3.46 (2H, s), 3.82 (2H t,

5.24 (1H, br.s), 5.22 (2H, s), 5.40 (1H d J
HN-¢5.67 (IH d J=17.2 HZ), 7.10 (1H. s),
En( TH d), 7.40 (1H, br.s), 7.58-7.70 (2H m
ESI (LC— S /6os(bt|ve node) mz 673 (MrH). 30 Process
3-D 63 Q9@ {

2- -hyj) met hyl - am no] - acet oxy}-9-et hyl - | - pent
\j\l HINZH- rano[3 4":6',7"]

I|2|no 10 2' : 6, 5] pyrldo[4 3, 2-de] qui nazol i ne- 10, 13
(9H 15H) di one hydrochlorlde NN ~~ O \ \N~ O HC
\ @ ﬁaﬁldmof( Z-Qﬁﬁt m9caﬂfon§1annno) ethy 1}—meth l-ammo} acetic

acid P‘S?P??S? n};\éé’fL’ E&%&:ar bO@Y% ?rl—rll gg) et hyl ] - net hyl -

(98)-9HdtipptecalnairSLy- H—peﬁtyl TH]IIZFBIipjmaﬁtb[BO,[ﬂ 6;,2'TidoBiay[1 dobA]Priio[4,3,2-d

clauinpg ToEdbIFRLIAD fregolens LA emglietini o1 i ¢

1-ethyB&i(3-damehylemanipgopsd)-carbadtiingide [’fizdroclﬁﬁﬂde tah@183 sﬁg (0. 68médol) of

-dime BN BEPRHES Mok Piok S RS i Bl e B ed o

roomtahperanmfrﬁtltre@hmt ure f or 30 minutes, and the

gﬁ%&écﬁgn %&h{lg}.’l Was w%s ed Wi eg 3%aqueo{15r ﬁydroaﬂor?cp gci g(l)'ll%tion, 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), 61 mg (27%) of

© (95)-9-({[2-(fert-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, CDCls) 8(ppm): 0.88-1.00 (6H, m), 1.32-1.53 (4H, m), 1.42 (9H, s),
1.73-1.86 (2H, i_n), 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), 5. 21.(11—1 br.s), 5.22 (2H, s), 5.40 (1H, d, Y =17.2 Hz), 5.67 (1H,
d, J=17.2 Hz), 7.10 (1H, s), 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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(93% of (95)-9- {

[ (2-ami no- et hyl) - met hyl - am no] - acet oxy} -9-ethyl- | -p
entyll H, 12H pyr ano [3",4":65y 7' ] i
ndol i zino[ |’ . 6, 5]pyr|do[4 3, 2- de] qui nazol i ne- 10, 13(

9H, 15H) - di one hydr ochl oride (compound 3A) was

obtai ned as a yellow solid. 15 'H NWR (270MHz, CD3Q0D)

6(ppm: 0.99 (3H, t, J =6.9 H), 1.09 (3H, t, J =7.3
(95)-9H712-AlniB@-cthyb2meth#Famino]-adet68y 129-8thy (-2 Hpenty) - IHZIZIBp?raBGB” 47:6°,7°]

mdoh%.P }_hl E) :6 S?pyrldofﬁlg é_IZ dse?qumazolme 1@}3@%“ SI-W dlone l%rdr(gc%ﬂdrlde

N7 Naq’_l(,:I(H,\d/J =17.5Hz),5. 05(1H, d, J=17. 5Hz), 5. 52( 2H, s),
. 553(1HdJ=175Hz)567 (1H, d, J = 17.5 Hz),
. 1HObr.d), 7.98-8.16 (3H, m, 8.32 (1H, s) ESI
positive node) nfz 573 (M+H). 20 [ Exanpl e4]
| -9- (sarcosyl -sarcosyl oxy) -1 -pentyl-1H, 12H
pyranQ[ &', 49:6',7' lindolizino[l'.2 :6,51
pyridgT“Zl‘
hydrobhl

HCI 2- del qui nazol i ne- 10, 13(9H, 15H) - di one
i%Ye (compound 4A) NNM N HCl O ~N N OH
ss 4-A (995)-9-{

’[N-tert - But oxycar bonyl ) - sarcosyl | - sarcosyl oxy}-9- et hyl

- rano [ 3", 4"
ég]ggla(?g%%ﬁn?’ %gﬁpyZ . 6, [5] pyrido[ 4, 3, 2-de] qui nazol i n
(95)-9¢(4 @(ta@-bp@mesbpnsdm) Sthl’lﬂanﬁh}’lf@nm}mnﬁbw)e? -ethyl-1-pentyl-1H,12

H—pyrié'mﬁ Iﬁ{érﬁﬂ%@%ﬁmm% 3 {1@3% mﬁgnﬁﬂflhﬁelo mgﬁHﬂ—ﬁ dione

 prepargds) Process Ay @ Hisdolysd)in 1 sndprhlore acitagsticansd solution @ mL), and

thenstl ecﬂdt'&‘&%%&h Lté: 11% gcﬁzr%l) rido[4,3,2-d

qtﬁl nazol 1 ne-1 H, 15H) - di one, 125 ng (0. 65 mmol)
ofE vl asetalp was 3dded tcn@f-‘ msAcHAR Felphepythick wah then iskisretbat room

tempel%}'lgé esoqhindfes, Aadhe R siRing goﬂcf'wgggt%licc%fd br]%'OEItra ion, and thus, 54 mg

di met hyl am nopyri di ne were di ene
(93%)@hl oride (6 nL), and then stirred at room tenperature

(9S)- 9&952 -AnRoPMA R meﬁﬁﬁaﬁﬁﬁﬂtdc%wa%ﬂn ﬁ@ﬁyl\i\ﬁsﬁﬁﬁpwaﬁm” 47:6°, 7T
UEQUS h)&eéoc "'oric aci d gueous _sodi u

ndolizigpbly G TEkbh At dannzobie | GPE.67ar dnh fudiogslonde (compound
3A) Wmtﬁﬁécﬁ&ggfﬁgﬁ,wm t hen the ﬁol vgnt vvgs di stdl Il ed

r reauce ressur The obtained residue
NN (RSN P05 Citb b S o083 By = 75 H2), 1.39-1.62
(4H, n{)mesmloar(gﬂc hhyoz.16le;300RaR0! 3.67 BH,%), 3.3423 6144 068%94.2 (2H, br.t),
4,62 (1H, d, J = 17.5 Hz), 5.05 (1H, d, J = 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 (1H, s)
ESI (LC-MS positive mode) m/z 573 (M-+H).

[Exampled]

(98)-9-Ethyl-9-(sarcosyl-sarcosyloxy)-1-pentyl-1H,12H-pyrano[3”,4”:6°,7’ lindolizino{1°.27:6.5]

pyrido[4.3.2-de]quinazoline-10.13(9H,15H)-dione hydrochloride (compound 4A)
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(9S5)-9-{[N-tert-butoxycarbonyl)-sar cosyl ] - sarcosyl oxy}
-9-ethyl -1 -pentyl -1 H 12H pyrano[ 3", 4"
6', 7" ]indolizino[l",2":6,5]pyji do[4 3 2- de] qui nazol i ne
10 13(9H, 15H) - di one was obtained as a yellow
anor phous substance. | H NVR (400MHz, CDC13) S(ppm: 20
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, n), 4.58-4.71 (1H, m,
PmceS. éé 5.70 (4H, m, 7.04-7.19 (2H, m, 7.39 (1H, m,
—>5-7.68 (2H, m ESI (LC-MS positive node) mz 701
(9S)-9- \INert-Batoxirobend)-<brddsyl]-sarcosyloxy } -9-ethyl-1-pentyl-1H,12H-pyrano[3”,4™

:6’,7’]ﬁ)l?;foiifﬁ%{ogf’%!6}%@%[%2%%%16]@%&%% %l -géyl)g (%f E’?ﬁ MIOH% H 12H

py113dop40.34 2ardel) gfi [Iﬁ-@tzﬂ#bu’nmyjbﬁrbbﬁYB&tbﬁﬁ)l]—shrmme which is a known

__substaﬁ,ﬁ%ll%%go@oﬁemboﬁ)& NO HO O 'IHiNO O98 ng (0. 14
O8% @Eyi'%YW?dFﬂe’nbdﬂmﬁiﬂpbmv[@ o IOl izl EGS A, Sryfdol,3.2-

| e]qulnéigolﬁl il %lj(;PI Zi %[ﬁ&ﬂzgﬁé&%@?g%ﬁfi § 2- de] qui nazol i ne

1- ethyl—ﬁeﬁitﬁ(l@ﬁhﬂ@hi)mmopﬂé-cmbeémnw lydrdehlnrigle sand/53mpd@ 44 mmol) of

-dmgﬂhﬁﬁﬂ%ﬁg?lélﬂlejw%}le Ia}/s 619%{1 n%%ﬁpﬁﬁé gﬁl@ﬁﬁé {)&mﬂ? | Bd then st1rred at room

en’'s red at'ro nper at ur

- tempefapyretfon3.hdonss, Et hyI acetate was added to the reactl on

Ofﬂéa%ﬁ&hon"\é%'hﬁ{bn‘% kaﬁﬁ&i FhthorBoNahy %093 %&ﬁﬁpﬁ é@?éﬁa aqueous

m nut es e resultin S CO
sodmmjnyfhrqum gq.rb@mate solutierh deied gvermghy gs/god@.ﬁn sulfate, and then the solvent

was d{gﬁ@d e ﬁhﬁl%flrfcﬂw(aé ﬁfegﬁﬁé! I - d'ue Jwas ﬁBﬁHﬁ&h by dilica gel

pyrano[ 3 1|n 0 |2|no

columpyehragediagraphy @eqmwﬁmmdfenq@aq@ 11)5 |L§)3 mgc(ﬁ %) of
(9S)- 9'1%[?{ %‘FN)&B& 1?’& Nﬁgﬁ%ca%%)x%glga&ﬂ . 8.@1’3%1?11 ]%I??i—lowr.ano[fi”,&l”:
6°,7 lipdelizipg[1’.3’: Qé}pynég[%%de}wma;o]gm g), glﬁ’H)rf}lc’me was obtained as a

yellowzarﬁérp%oﬁ?’sl tned?) . 2.71 (3H, s), 3.10 (3H m,
4.24 (2H, br.t), 4.55-4.70 (2H, m,

' NMRAGO S, ‘%Eﬁls)léiﬁpnw 52 (1H, n), 7.81-8.15 (3H, N,
0.88-18023%6L )M .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 701 (M+H).

Process 4-B

" (98)-9-Ethyl-9-(sarcosyl-sarcosyloxy)- 1 -pentyl-1H,12H-pyrano{3”,4”:6°,7’ |indolizinof1°,2":6,5]
pyridof4,3,2-dejquinazoline-10,13(9H,15H)-dione hydrochloride

98 mg (0.14 mmol) of
(95)-9-{[N-fert-butoxycarbonyl)-sarcosyl]- sarcosyloxy} -9-ethyl-1-pentyl-1H,12H-pyrano[37,4™:
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‘ESI (LC-MS positive node) nmlz 601 (M+H). 15 [ Exanple
51 (Am noacetyl -net hyl -am no-acetic acid
(S)-4-ethyl -3, 13-di oxo- 3, 4, 125 13-t et rahydr o-| H 2- oxa- 6
, 12a-di aza- di benzo[ b, hl fl uoren-4-yl ester
hydr ochl ori de (compound 5A) N O O HC ~ OO H2N NLO
20 O Process 5-A
(tert-Butoxycarbonyl am noacetyl - met hyl - anmi no) - acetic
6°,7 Jiadplazino[1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 15H)-dione prepared in Process

AN RGN beld L GV g t o
tempepaturg fpgwe loukk.yN~O F 441 ng (1.93 nmol ) of

- éfygf Lcee#(% Ay ?cﬁireﬁ Q8 {Mig)tr gjt%ﬁ%h%l&gﬁ‘ r&ﬁ?ﬁﬁgﬁﬂ%ﬁ% g@d ]gt room
tempenat@tte Hot 3Bmdrtes, anst ﬂhy resttingmobid yay ce 3 fftrdgolmd thus, 67 mg

719pfdrochl oride, and 87 ng (0.77 nmol) of
( /®4 di met hyl am nopyri di ne were di ssol ved in nethyl ene

'_(9S) -Sctthir9-(rarqosgesarAopylonyidl -perethil- bili12Heplyrano [ 6é7i0’, 7’ |indolizino[1°,2°:6,5]
U S o

as a yg} car bonate, and drled over anhydrous sodlum

1 I sol vent mas distilled 5 off
H-NMR ﬁ%xﬁﬂza@§3®b§?8(p Hﬁ distiiled 50

0961 e i oy &l ATIgaD, b8 (H élliafb%;ﬂéd@H( Hachg] GFb 9, 3.10
. (3H, nghh Q5iMes (vet, B@Wbt&ﬂﬁ%ﬂ) 4. 5451@7 f/és &t5.70 (41, m), 7.52 (1H, m),

fert-butoxycar onylan1noacety net yl'- am no) - acet
1

(1H, m)
ESI(L(@A%@&MIm&e;gﬂ%wﬁwfrﬂ 12, 13-t etrahydro- 1H 2- oxa- 6
uo

12a-'di aza- di benzo[ b, ren-4-yl ester was
obt ai ned as a ye||OMISO|Id 10 "H NWR (270MHz, CDC13)

[Exam$(edfm) :

-(Aminocacetyl-methyl-amino-acetic acid

{ S)—4—ethsf1—3, 13-diox0-3.4.12.13-tetrahydro-1H-2-0xa-6,12a-diaza-dibenzo{b.h]fluoren-4-vi
ester hydrochloride (compound 5A)

Process 5-A
(tert-Butoxycarbonylaminoacetyl-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-yl

ester

N :\ / Y
S ©
ﬁ\oiu/YN\io

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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1.00 (3H, t, J = 7.6Hz), 1.35(9H, s), 2.08-2.34 (2H,
m, 3.05 (3H, s), 3.90-4.24 (3H, m), 4.61 (1H ),
5.28 (2H, br.s), 5.40 (L1H, dgcJ = 17.2 Hz), 5.47 (IH,
br.s), 5.69 (1H, d, J = 17.26Hz), 7.30 (1H, s), 7.68
(1H br.t), 7.84 (1H br.t), 7.93 (1H br.d), 8.29
(1H, br.d), 8.40 (1H, s) FAB-Ms (positive node) nifz
577 (M+tH). 15 Process 5-B
hydro{tAdtid agé BY ng@tMihmalyiofid)digetylgnidcpytidine were dissolved in methylene

cniorite S tn o PRGOS f 3R O

hyThorhtton ohrndvdd wdshed with\0.0N aljGbous hi:drochlokz MeidNMnA sodium

hydrogin RO REL R A ?fwmsﬂ'p)ﬁ%%%éf@‘%@ﬁﬁ g fhepplyepg ves disilled

off underi rdduced pressure By purifying the obtained residue by silica gel column

ki R a2 0

(rert-batw@eaboxﬁclmlmacemylaﬁethybaimnn)-acd‘sicraynﬂr ochloric

L TR N N O o

'esterwmg)baaini@ihstaoyeﬂlbwsohdctl on solution, this was then

1y Nﬁf{'(ﬁ?@ﬁkﬁtcf)@% 8@&3 erature for 30 m nutes, and_the

resul t'1rng’ sol col | ect ed byflltratlonto yield

1.00 (38, )= 7 &28) 1 .35(9Fam), AdHeB 84 (2Hpnh pl05dFHh6) 340et.24 (FEin), 4.61 (1H,

oSSR i B R e 0,

), 7.6RytH.dtt). Gr84dd H brdgsbdl s Ay.das.29 (181, bod), 8i0i(4H, 90

FAB- 1‘4%&2@“‘@%&?”?@@ 506 5 08 (3H m. 3,90

(2H, m, 4.40-4.78 (2H, n), 5.30 (2H, br.s),

Proce 54@ 60(2H m, 7.18-7.27 (111, m, 7.75 (1H

r.t), 7.89 (1H br.t), 8.12-8.28 67 (2H, m,
(Amlr@acztgxltmetbyl arginppageticaci) ESI (LC-MS positive node) niz
(S)-4- é‘tﬁ 1 ¢! W'ﬁ‘)oxo-iﬁz@f@ﬁ'@'t %dll‘:b 1H-2-0xa-6,12a-diaza-dibenzo[b h%]ﬂuoren— -yl

met hoxycar’bonyl ) et hanesul f onyl
eSterh]Yéﬂ@bW@éPﬁonyl oxyl-9-ethyl -1 -penty

39 mg (0.068 mmol) of (fert-butoxycarbonylaminoacetyl-methyl-amino)-acetic acid
(5)-4-ethyl-3,13-dioxo-3,4,12,13-tetrahydro-1H-2-0xa-6,12a-diaza-dibenzo[b,h]{luoren-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. |

Ethy] 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 (aminoacetyl-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-yl
ester hydrochloride (compound SA) as a yellow solid.
'H-NMR (270MHz, DMSO-dg) 6(ppm):

0.92 (3H, t, ] = 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 (11, m), 7.75 (1H, br.t), 7.89 (1H, brt), 8.12-8.28
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12H pyrano[ 3",4":6"',7']indolizino[l",2":6,5]pyrido[4,3

, 2-del qui nazol i ne-10, 13(9H, 15H) -di  one

trifluoroacetic acid salt (conmpound 6A) N'N----"-"-"

O NO OO dk~ SnAlg\ CF3COOH NHz o o 10 Process

6- A

(9S) - 9- (2- Bronp- et hoxycar bonyl oxy) -9-et hyl -1 -pentyl -1 H
(2H, m) 3250yrsarfo]3(1F4'5) 6' , 7' ] i ndol i zi no[ |*

ESLECNE R /OB 28T TEH 1270 625 ng (1135 ol of

[Exan{lﬁé 9- et hyl - 9- hydroxy | - pentyl -1H, 12H pyrano[ 3", 4": 6’
, ndoI|Z|no[I 2' 6, 5]pyr|do[4 3, 2-d
Rad " othoRy@rhohs Hpthd AlePmxytarbonyioxyindethyl-1-penty
a8 3 Ftef i Qo IRRY .1 51 15H)-di
( ol ) O
i satifaombelindeSAder e di ssol ved in met hyl ene
clgllfq,[fl\d-e\,ezo rrL) and then stirred at room
tdoperatuge for approximately 24 hours. 20 The
n<sol uti on was washed with 0.3 N aqueous
¢ acid, dried over anhydrous sodium

gssure. By purifying the obtained residue
by/m,l\l caocgel colum chromat ography (ethyl acetate),
m\(83% of
CF"’COC(HQS) ﬂ:g {2- br ono- et hoxycar bonyl oxy) - 9- et hyl - | - pent yI -
12H— pyrano[ 3",4":6', 7" ]indolizino[1l 25
: 6, 5] pyri do[4 3, 2-de] qui nazol i ne-10, 13(9H, 15H) - di on
ws obtai ned as a yellow solid. . 'H NVR (270Mz,

(9S)- QQ@CE{%)noSétH@fS)carﬂén%x ethtyl 1 enty_l'-@l fﬁfl yﬂm@ (431 7t]mdohzmo[1’
28

(21-1

| 2’65&@Yf1d?[‘bé> zgﬁ@l%ﬁﬁﬂlm‘?f)wl%@%b I‘i)rﬁw%le J = 6. 2Hz) 3.83

f R8s I = 7.3H),

Br/\’o

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
e]quinazoline-10,13(9H,15H)-dione, 0.29 mL (2.70 mmol) of 2-bromoethyl chioroformate, 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
anhyd_rous sodium sulfate, and then the solvent was distilled off under reduced pressure. By
purifying the obtained residue by silica gel column chromatography (ethy! acetate), 681 mg
(83%) of :
(98)-9-(2-bromo-ethoxycarbonyloxy)-9-ethyl-1-pentyl-1H,12H-pyrano[3”,47:6°,7 ’]indblizino[l ’

,27:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione was obtained as a yellow solid.

'"H-NMR (270MHz, CDCls) 8(ppm): 0.93 (3H, t, J = 7.3 Hz), 1.00 (3H, t, = 7.6 Hz), 1.31-1.54
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4.41 (2H, t, J = 6.2Hz), 5.23 (21-1, s), 5.37 (1H, d,
J =17.0 Hz), 5.68 (1H, d, J = 17.0 Hz), 7.16 (1H,
br.d), 7.22 (1H, s), 7.40 (13g1, s), 7.59-7.71 (21-1,
m ESI (LC-MS positive node) mz 609, 611 (MtH). 5
Process 6-B
(99)-9-{2-[ (R 2-tert-Butoxycarbonyl am no- 2- net hoxycar b
onyl ) et hanesul f anyl ] et hoxycar bonyl o
(4H, my 1-2~e86AH, lmp 2 8y2.3 362 H, 24}, Py0aRH] 6 =46.218%), 3.8Bi(RHpl, U2z 7.3Hz),

441 @B 151 28 bmesioth 9547 (0% &9 & ERERL SR 6 24 0 716

(1H, Hd) 0B22 (1E) 9), DAO (191, s), 7.59-7.71 (2H, m)

39 (2-br onps &t h y)-9-ethyl- | -pentyl-1
ESI (IZ,E ﬁ%—é %%}ﬁxéenxgofeg m&ﬂg’géﬁgtﬂ'ﬂiﬁj‘(ndol izino [ 1
,2':6,5] pyrido[ 4,3, 2-de] qui nazol i ne-10, 13(9H, 15H) - di on
opepared in Process 6-A, 58 ng (0.25 nmmol) of
m%%e(ﬂi- but oxycar bonyl - cystei ne nethyl ester, and 34

(98)-9(-02-E(R-my—l)aumyfmmmimazmmpmbmy@eﬂmmfanﬁethaxycarbonylo
o BR R ATl L RSB M Selauinasotc

e-10,1364¢1 dprdivngt ure, the solution was washed with 0.3 N
naguesus hydrochl oric acid, dried over anhydrous sodi um
S and then the solvent was distilled off under
d pressure. By purifying the obtained residue by
ga tgel col umm chr omat ography (net hyl ene
%F:nethanol = 50:1), 51 ng (82% of 20
- 2(99) -9 2-[ (R 2-tert-but oxycar bonyl am no- 2- net hoxycarb
\o)kphyf7€&hanesulfanyl]ethoxycarbonylo
H"x\ﬁ.}a\ﬁ-ethyl-I-pentyl-IH,12H-pyrano[3",4":6',7']indo|iz
iao[l', 2':6,5] pyrido[4, 3, 2-de] qui nazolin
e-ﬂpﬁéﬁé@ghﬁﬁﬁgug&one was obtained as a yell ow solid.
1H NWR (270MHz, © CDA 3) %&p m: 0,93 (3H, t, J =7.0_. .
(9S)-9p2ybromogghqayrarbpnylgxy-9re Yﬁ&')??ntﬂ'éﬁ,l Hpyrapo{3”.47:6ny Jindolizino[ 17

2SS AU i g i a0

, .8Hz), 2. . 21-1, , 3,71
toxycgbopy}cysteing mefhyl eptes japg ,344@@-?(52@319,1) qf potpsgium

carborftS¥eéne stifred & AckiomitrildmlD); #3obremperature for six hours.
5.67(11-1,d,J=17_0

57I§ oifpl(w;lg @Je:aé;lmgr%% P}%ﬁ_hé‘r_yieré:;:h%o e 4p) theprgacfiongyixture, the so 21tion was
washed w88r 003 Faduédusthydidchiolc delddMed BO& dhhy@oti®siliukélf#6%nd then the

* solven} b HRtHSR aff DG P PISOT B Bt Wo ehisinesary iyschy siica gel

columh aRRmstd @ty hiRex e dBMdeGnethanol = 50:1), 51 mg (82%) of
(98)-9-{2-[(R-2-tert-butoxycarbonylamino-2-methoxycarbonyl)ethanesulfanyl Jethoxycarbonylo
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. :

'H-NMR (270MHz, CDCls) 8(ppm): 0.93 (3H, t, J = 7.0 Hz), 0.98 (3H, t, J = 7.6 Hz), 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
(2H, m), 3.71 (3H, 5), 3.82 H, t, ] = 7.3Hz), 4.23 (2H, t, J = 6.8Hz), 4.46 (1H, m), 5.23 (2H, s),

5.37(1H,d,Y=17.0 Hz), 542 (1H, m), 5.67 (1H,d, J=17.0 Hz), 7.17 (1H, br.d) , 7.22 (1H, s),
7.40 (11, s), 7.60-7.70 (2H, m)
ESI (LC-MS positive mode) m/z 764 (M+H).

Process 6-C

'(98)-9- {2- [(R—2-tert—Butoxyca_rbonyIa.mjno-2-methoxycarbohy1) ethanesulfonyllethoxycarbonylo




69
xy}-9-ethyl -1-pentyl -1H, 12H pyrano[ 3",4":6',7']indoli z
ino[1l,2":6,5]pyrido[4,3,2-dghqui nazolin e-10,13
(9H, 15H)-dione O N O'rO OyNHOO >10 98 ng (0.13
mmol) of 5
(99)-9-{2-[ (R 2-tert-butoxycarbonyl am no- 2- net hoxycarb
| ) et hanesul f anyl ] et hoxycar bonyl o
Xy}- 9xqﬂi{¥19L Pyl lfﬁ,lglérmmmm,ﬂ}z/ﬂwndcﬂuﬁ@[mf 165 pyiideldd.2-de]quinazolin
e-10 IWHIS?IZ—dﬁné] pyrido[ 4, 3, 2- de] qui nazol i n
9H, 15H) - di one produced in Process 6-B, and 158
RO 0+26 ™Mol ) of OxoneTM were -stirred in nethanol (5
§ atg room tenperature for 2.5 hours. Methyl ene
de was added to the reaction mxture, the
ewywas washed with 10 water and dried over
anhyghrefils sodi um sul fate, and the sol vent was
Jistiblgd of f under reduced pressure. By purifying
N ,lLU:Je ,o\tggal ned residue by silica gel colum
réimat ography (nmethyl ene chloride: nethanol = 40:1),
Ny (92% of
>r°( 9S5)-9-{2-[ (R 2-tert-but oxycarbonyl am no- 2- net hoxycar b
onyl ) et hanesul f onyl ] et hoxycar bonyl o  xy}-9-et hyl -
tyl-1H, 12H- pyrano[ 3",4":6',7']indolizino[l ,2 :6,5
. é?igﬁmﬁ}h@%qui nazolin 15 e-10,13(9H, 15H) - di one
5  (98)- %@5[ -@érﬂBﬁ’toﬂﬁca@)dt@ldnﬁﬂb&%btﬁoxﬁ\?ﬂboﬁ&ﬁeﬁ@d@ﬁﬁéﬂy‘l}é&oxycarbonyio

w15 A b R aiopel S okl et arplvinazot

e-10 IBQHMJXH)Z&iohé) pydarst mPre¢dly b-B, an@ebs g @@6]11111101 of Oxone™ were
i zi o

s % BEERHT BT Bevodm bt s Ehodh 5L b 25H o
onelethylchk ¢hlopide etag haddy' tbl%e‘rea%dn thix@ire Qhe Riurdwhs Washed with
10 water ancfj dne%':o?{f%loo Hozuos sgdl%u?ﬁ sr{Hfa{e and the soiv)ent 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
(95)-9-{2-[(R-2-tert-butoxycarbonylamino-2-methoxycarbonyl)ethanesulfonyl]ethoxycarbonylo
xy}-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4”:6°,7’ |indolizino{ 1°,2°:6,5|pyrido[4,3,2-de]quinazolin

15 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
20  1-1H,12H-pyrano[3”,4”:6°,7" Jindolizino[1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-di
one trifluoroacetate

93 mg (0.12 mmol) of
(95)-9-~ {2 [(R-2 -tert-butoxycarbonylamino- 2-methoxycarbonyl)ethanesulfonyl]ethoxycarbonylo
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(99)-9-{2-[(R-2-tert-butoxycarbonyl am no- 2- met hoxycarb
onyl ) et hanesul f onyl ] et hoxycar bonyl o 70

Xy}-9-ethyl -I-pentyl -1 H 12H pyrano[ 3",4":6"', 7' ]indoliz
ino[1l,2":6,5]pyrido[4,3,2-de]quinazolin

e- 10, 13(9H, 15H) - di one was di ssolved in trifluoroacetic
acid (3 nL), and then stirred at room tenperature for
one hour. Diethyl ether was added to the reaction

Xy } -9yt -yl SUHL 1 SMipyied [ 3141 @ oM ihduiRéioft l,II &% 5]@5@1&[4 3®-de]quinazolin
e-10, ]ﬂ(iﬂ—tf,ﬁ g?lp gi-’lﬁ-)l?’f% aarraseyﬁiﬁ tafvg% Smfi(l@gg%zgt Ca%lic{ & ESj anx then stirred at room

tempe(ra&&)e—farérib}ﬂdulR 2- ami no- 2- net hoxycar bonyl ) et hanesul f onyl

] e@f&% ﬁgﬁ%ﬁ%agﬁﬁ} tg%h e h%w&&of@lo;}b'ﬂd sjﬁfred élt gz]o&‘ﬁﬁpjé)gfaguc for 10

minutes3, ZFhgabsultinasodidi wes-cdlectS] Byfilkiatpn db yiekh®8 mg (94%) of

(9S)—§ {é-w%% %%ou g%ﬁ%@esgfcglgl]%@b%{)?%’gr@ogﬂy ox.y} g -ethyl-1-pentyl

-1H, 1 B5)pyranolB’, 47361 7’]1nd0112m0'[1’32 tﬂZS]pyﬂddﬂ 312-B6 quib@zdlibier 1 0pA3(9H, 1 SH)-di

one tr#;uorc?c% e((gwp%‘gpd 64% 782 zP’egEW f%ﬁﬁl 3.69-4.05 (6H,
- -NMR (3702 CBL0B) S, 493 €18, 8Fe)7, SHBR (1A GFY sT6: BBE2), 1.37-1.56

(m, oy YR EbP (e, 81855 24 B, 3,60:4.05 (681 ). 390G 9, 448482 GHL,

m), 5.pDEH.i )65 4dey, dod Iﬁ%HzMHﬂ (IH;L@, J[ﬂ@.mi{zé 713 (lH br.d), 7.28 (1H,
2 24
) 75%%§P %Hﬁa%ggﬁpf aykﬂgﬁﬁ kycaﬁbdn}loxy} 9-ethyl-1-penty

ESI (ILC—MS—Iposﬁwe mode) m/z 696 (M+H). _
| 2H pyrano[3",4":6',7"']indolizino[l"',2" :6,5]pyrido[4,3
, 2-de] qui nazoline-10, 13(9H, 15H)-di o ne hydrochl ori de
[Examdefbound 7A) N~.N*~~/ "', o N/A\ HCA NH O 20

0S8 9D Sf fl- -gthox: carbonyl)ethanesulfonyl]ethoxvcagbonyloxy}-9-ethyl-1-pentyl-
5 - BUT OXycar bonyf'am no- 2- et floxycar bo

1H. 12Hpyrapd] aé :f »', mdplizined %2 cbb byridb k3,2 -delguinazoline-10.13(9H.15H)-dio

-

ne h}z&rgaﬂ&qa‘@/ﬂ’m{gFgﬁm ryj_q 1H, 12H pyrano[ 3", 4":6', 7' ]indoli zin
pyridof 4, 3, 2-de] qui nazol i ne-

NI I3¢OH, 15H) - di one 100 HN Yo-~ 25 0 71 270 ny (0. 44

Process 7-A

(95)-9-{2- [(R-2-tert—Butoxycarbonylamino-2-ethoxycarbohyl)ethanesulfanyl] ethoxycarbonyloxy
}-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4”:6",7Jindolizino[1°,2":6,5 Ipyrido[4,3,2-de]quinazoline-
10,13(9H,15H)-dione
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(9S) - 9- (2- brono- et hoxycar bonyl oxy) -9-et hyl -1 -pentyl - 1H
, 12H pyrano[ 3",4":6"',7']indolizino[l

,2'16,5] pyrido[ 4,3, 2-de] qui na %ollne-10,13(9H,15I)-dion
e, 333 ng (1.33 nmmol) of tert-butoxycarbonyl-cysteine
ethyl ester, and 184 ng (1.33 mml) of potassium
carbonate were 5 stirred in acetonitrile (10 nL) at
roomtenperature for 20 hours. Followi ng the addition
ofznrﬁgxbamemgbb@flde to the reaction mxture, the

08 o S P ey S S e D R YR gFR Te: T indotizinof 1

276 ﬁpjmidiﬂtl 3ym5e]qumazdﬂned OIf3{91iN SH)-dicady 333npi( BSS wireol) BY

SRC I AT TR T S—

stirredlin@cagniidedd O el ) B room temperature for 20 hours.

g PR SR ORI %G SRR 6 v
washedpaltﬁ 98N adrhcbabhydroetiori 8id Alried qver antlydiond de1mnrmlf[ate and the

sotver e g1 fed B Btk el 8 SRR, LGy resdue by slia ge
coluthhNMﬁatQ grapiemetipensihl Shdmmythadol535G: BE159 meX46%j o8

554082 apfod HBbpolg by Ty fatonion

}-9-ethyl;1-perogh- RIS piemafy 4267 ldbizioo 132 d_,s]pyneom%de]quinazoﬁne-

e R R

'H-NMR (270MHz, 5]34333)(5me 93E[3H7t 013 diz),lo 97 BH,2, 1z ¥,3 Hz), 1.25 (35, 1,

J= 7%}%% 1£/3127H{) zgﬂq) ﬁé@]@ﬁ@ %/gs %ﬁ? é?s'z?é (H, 1), 2.79 (2H, 1, J

= 6.9Ha-HP8-3.0002B%; 00e$ 83 2R, J =7.3 z),409-428(4H m) 4.43 (1H, m), 5.23 (2H,
2 yi.a [#19]0]
s), 5. 363@;‘? Jg n(ljs gl'?;zg @{ grfﬁ%xéf?ggﬁgp 1 2% BATA; B P PHY GRID! 7.21.(1H,
), 740Y1H. ¥t Ry~ Mq;@ - 1
ndoli zino[l',2':6, 5]pyr|do
ESL (Lkd:m E@%%%F’g?zngﬂzﬁg(ﬂf%bls(% 15H)-dione O N O'rO
C%r NH O 00 > 0 25 159 ng (0.20 nmol) of
ProcedsdOB- 9-{ 2- [ (R-2-tert - but oxycar bonyl am no- 2- et hoxycar bo
nz anesul fanyl] ethoxycarbonyl oxy
(95)-% 29E(Br%pqrr-ﬁuﬁéfﬁs@rbomﬂmw%ythaﬁm@onﬂ)efd;&neﬁuqf@mékmozcwﬁrbonylox
Phyl-1- PYHiARIA[ B2~ H 4,3,2- e uinazoli
y)-3- (# 3;}3@15% di‘one, L and ggjzﬁ ﬁﬁ%ﬁ&il@GS]fyndo[ 3onceI @I oline
-10, 13\@?4 10i9ned i n et hanol (8 nL) at roomtenperature
for_twg hours. 72 Follow ng the addition of nethylene
loride to the reaction mxture, the m xture was
adPwi th water and dried over anhydrous sodi um
2. and the solvent was distilled off

159 mg (0.20 mmol) of
(95)-9-{2-[(R-2-tert-butoxycarbonylamino-2-ethoxycarbonyl)ethanesul fanyl]ethoxycarbonyloxy

' }-9-ethyl-1-pentyl-1H,12H-pyrano[3”,4:6°,7" Jindolizino[ 1°,2":6,5Jpyrido[4,3,2-de]quinazoline-
10,13(9H,15H)-dione, and 252 mg (0. 41 mmol) of Oxone™ were stlrred in methanol (8 mL) at

room femperature for two hours.
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under reduced pressure. By purifying the obtained
residue by silica gel colum chromat ography

(et hyl ene chl ori de: met hanol 7+ 40:1), 141 ng (88% of
5

(99)-9-{2-[(R-2-tert-butoxycarbonyl am no- 2- et hoxycar bo

nyl ) et hanesul f onyl ] et hoxycar bonyl oxy

}-9-ethyl-I-pentyl-1H 12H pyrano[ 3", 4":6', 7" ]indolizin

o[ Ebl@wing 1l aaiti chalf4nedhRentediiorideanahd fe@etion mixture, the mixture was

W&Shﬁ%&yﬁ/&g{éﬁ %gd %%g%%ﬁ%&ﬁ;iﬁ%g;@%t% #ﬁ? Jd‘{e?s\(l)\ij%ngtl i@gs'gdistﬂled off

under kzduced p@9sufSH, By purdfyingthé obtajned tes2@ue(tBHilida, gel dolamn. 3

oy by Sl B B bl 2

(95)-91 2-[(B.-B4er(-BttoxycarlorylamiBet?) ethdky28rboRlethpnesdul fong Bbthbx ycarbonyloxy

<y o iz el £ B dud 45 g S g

10,1301 SH)-dione=Ra9obihined 7s 4 gel{disolbt. . d), 7.19 (1H, s),

IHN%f](g;éx%rfﬁzz @B&H% ’@ﬁ%n-?) 5.%3 ((%fr—’f’btc glzsé%éb%d‘@}ﬂ?ﬂ 15¥81,), 129 GHL 1,

J=7.3Hg), .1@2{%5@ R 1)yl H6-(2Het)h 077 €la8 DY In))e 2032322 my), $.25-3.52
- - 1y
L, o) PUIIOAA QXK 5L D8k BRI o 1= 7 38y, 4.5 (3, br), 471 (1,

m), 5-358(22{@2]5@3 A&k dl I 1147 £0F2)36 99, (18H),Jdt bA2 He), 5.76 (1H, d, T =7.9Hz),
7.18 (AR5 0i8, &) 740 (1, §, ¥61-77293m, Ayt 0 HO 20 140

ESI( S positive[medle) /e §10 BBy car bony! ami no- 2- et hoxycar bo

nyl ) et hanesul f onyl ] et hoxycar bonyl oxy

}-9-ethyl-1-pentyl-1
Process| 71GH pyrano[ 3",4":6", 7" ]indolizino[1",6 2" :6,5]pyrido[4
(93)-9i-n&%\-IQﬁzhgﬂio@Fﬁbk%bowl)éﬁ&%éuﬂf&mgﬁgog{pﬁr}é@?t%@%ﬁé&%ﬁ%1-pem-y1-1

ydrochl oric-aci d-acetic_ aci [ ] , i
H,12Hypigranq[e 61,7 dindelizivold 03 16.H inypide 112 wlelawinagplinen 1 3(9pK1 SH)-dion
e hydr&diylidacet ate was added to the reaction solution, and
stirred at roomtenperature for 30 mnutes. The
N’r"s\uft\l/ng solid was collected by filtration to yield

0P 94% of
§S -[ R- 2- am no- 2- et hoxycar bonyl ) et hanesul fonyl ] e
BDonyl oxy}-9-ethyl -1 -pentyl -1 _

H, 12H @y ano[ 3", 4": 6", 7' ]indolizino[1',62":6,5]pyrido[4
/\O)JOQ,/Z-/dFquu! nazol i ne- 10, 13(9H, 15H) -dion e -

hyﬁgr:i\c | oride (conmpound 7A) as a yellow solid. 30
Hol ' FFNVR (400MHz, CD3OD) 6(ppn): 0.99 (3H, t, J = 7.6

:ﬁ)o 1.&@ 3H, t,.J = 7.2 Hz), 1.36 (3H, t, J = 7.2

POme Uhl Mg oty m, 1.92-2.00 (2H m, 2.10-2.25

(9S)-94{2H(R $D-ter but Sy a®OnIdiind R ~etfbx Fearbonylethanesulfonyl |ethoxycarbonyloxy

 }-9-ethyl-1-pentyl-1H,12H-pyrano [37,47:6°,7" ]indolizino[1°,27:6,5]pyrido[4,3,2-de]quinazoline-

.25

30

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
(98)-9-{2-[R-2-amino-2-ethoxycarbonyl)ethanesulfonyl]ethoxycarbonyloxy} -9-ethyl-1-pentyl-1

'H,12H-pyrano[3”,4”.6°,7’]indolizino[1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dion

e hydrochloride (compound 7A) as a yellow solid.
'H-NMR (400MHz, CDs0D) 8(ppm): 0.99 3H, t, T = 7.6 Hz), 1.04 (3H, t, ] = 7.2 Hz), 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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73 (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 = 5.2Hz),
4.77 (IH m, 5.52 (1H, d, Jy¥ 16.8 Hz), 5.54 (2H, s),
5.65 (1H, d, J =16.8 Hz), 7.54 (1H, d, J =
7.6Hz),7.83(1H,s),7.91(1H,d, J=8.0Hz),8.09(1H brt), 8.38
(1H,s) ESI (LG Ms positive node) mz 710 (M+tH). 5
Exangl e 81
(1H, ddo&y192{ £0[i2), ABS(8H: hd e 0lE) AyI6) @Hhaodye A6Hoh . GXE2H, 8-J = 5.2Hz),

- 171 3% _
4.77 (?H ?] ds' Q@i Hg Fﬂg%%gkp?fsaqgg §5§ﬁ;§»e J 5 168 Ha. 754 (H . =
76HZ.D3(7£$|31 (iéﬁa;% i rﬁéHh@'dr-oﬁlQl )l,Sd@ (IHebripobad (8A)s)N O O

ESI (LWMS‘?&dl@éﬁode;BQrv'Zﬁﬁﬂgﬁar}gr ocess 8-A (9

2-tert-Butox onyl am noet hanesul f onyl ) et ho
xycar bonyl oxy] -9-ethyl - -pentyl -1 H,

[Exglﬁﬁzfé;ﬁpyrano[ 3",4":6",7"]i ndoI izino[1',2" :6,5]pyrido[4,3
e qU| nazol [ ne 110 13(9H 15H) di ont(i:1 | N'N -~" OO

6.7 1&@&1@&{?@% sﬁyﬂa %/dé Bﬁﬁ Minello,l3(9H315Hg-dlﬁne hydrochloride
om 0 E f)yrano[s ol'rzino , O] pY 0

e] qui nazol i ne- 10, 13(9H 15H)-di one, 543 ny (2.7
stJ’j\/ofp ni trophenyl chloroformate, 0.47 nlL (2.7
ol ) oof dii sopropyl -ethylamne, and 220 ng (1.8 nmol)

e chloride (16 nL) on ice, and then stirred at
erature for three hours. Next, 1.6 g (6.3

roo
mol’) _
HM2 .2t @rt - but oxycar bonyl am noet hanesul f onyl ) et hanol
( Tefly ahedron, 55 (1999), 6623-6634) was added to this
solution, and this was stirred at room tenperature
for approximately 24 hours. The reaction sol ution was

p shed with 0.3 N aqueous hydrochloric acid, dried
——-—mmces 25 anhydrous sodiumsulfate, and then the

HC!

(95)-94Dl(veat-Buasydirdbhylhathosftbnesnifony lj@iiic e bBAASSHL® ethBl 1 -pentyl-1H,

12H-pyrano[3”,47:6°,7’Jindolizino[1°,2”:6,5pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione

N,;\N/W

Oy R

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
e]quinazoline-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

(Tetrahedron, 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 agueous 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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purifying the obtained residue by silica gel columm
chromat ogr aphy (nethyl ene chloride 74 nethanol =
30:1), 550 ng (42% of (9 74
S)-9-[2-(2-tert-butoxycarbonyl am noet hanesul f onyl ) et ho
xycarbonyloxy] -9-ethy|-|-penty|-1 H
12H pyrano[ 3",4":6"',7']indolizino[l",2":6,5]pyrido[4,3
2- de&qU|nazoI|ne 10 13(9H, 15H) - dione was obtained as
methagoleB é}y5§a|mm(42%)qﬁ NVR (270MHz, CDC13) 6(ppn): 0.94

(9S)- 9@- 2 n‘-bélto g%])amiri'o&gzg?é%ﬂon l)e oxyg%fﬁggé%gﬁ-e -1-pentyl-1H,
12H-pzra@1¢£32 816° )gmdqhzmcﬁl "20:60 Ingridof 3. dnclqaingaeoling 10, 13(GH, 1 5H)-dione

73HZ 4.57 (2H, br.t 5.25 (2H,
was og’taﬁﬁédﬁgﬁly?ﬂowg%hd > 1)7 ) )’(5 uE ElH) m. . gg

HR7QMHg, GD%)@(HHZI}) 0:P318H7, 26 12H2),MQ0 GH 1. J(=1 A3 By),. 1.33-1.55
(4H m): @113?9171398(?% 176 (’éﬁ n{)Lﬁo*}@ OB hYie3.58.3%9 (MEZ nfi3B70 (2H, m),

3.84 (3K I 5.7:3Hp 4. mm&fﬁhﬁﬁdﬂ%%ﬁﬁgﬂhﬂx@:&m boAHZxEFS 6LH, m), 5.69
(1H, del l&y.lth '7t1$17;10 JPHL%E)L mé{m &)37 64.7.73 (21
|Z|no do[4 3,2 efQU|nazoI|ne
ESI(LCIMSJBf(SgwefB aﬂéﬁégﬂ%}ﬁchl oride NN'Il-"~1 NO N
/| O O ~ro HzN,~~ s~O FAQ HC O O 15 530 ng (0. 72
1) of (9 S)-9-

- Process$:-B5_tert - but oxycar bonyl ani noet hanesul f onyl ) et hoxycar

(98)-940 lmmeﬂlan&hnméyz eﬂmﬁa%aﬂboﬁylbky] 9- eth§1 1é)en 11H 12H—pyrano[3” 47

R} i.ndol i'zj o[ 4
718 éa e Syridel 4 A SeIannasseci oo 3F By hans tydrochloride
ﬁ’m@egs 8-A was dissolved in 1 N hydrochloric
Acid- gcetic acid solution (10 nL), and then stirred
oom tenperature for one hour. 20 Ethyl acetate was
/'ty the reaction solution, which was then stirred
{1 tenperature for 30 mnutes, and the resulting
sol i ws collected by filtration to yield 480 ng
HNLHM I of (9 5)-9
[ 24&2- am noet hanesul f onyl ) et hoxycar bonyl oxy] -9-ethyl -
I -pentyl -1 H, 12H—pyrano [3 ",4":6",
7' B0map(0. 72 mn{dlj of2' : 6, 5] pyrido[ 4, 3, 2- de] qui nazol i ne-10
(9S)~9-’[%—%£-?e|;!r- gto ycar onylaer%E)g I'c;].llm(g{zllfonyl)etho}wiycarbonyloxy] 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

prepared in Process 8-A was dissolved in 1 N hydrochloric acid-acetic acid solution (10 mL),

HCI

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
(95)-9{2-(2-aminoethanesulfonyl)ethoxycarbonyloxy]-9-ethyl-1-pentyl-1H 12H-pyrano[3” 47:6°,
7’ lindolizinof1’,2”:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)~dione hydrochloride
(compound 8A) as a yellow solid.

'H-NMR (270MHz, CD;0D) §(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 (1H, d, T = 17.2 Hz),

5.53 2H, 5), 5.65 (1H, d, ] = 17.2 Hz), 7.52 (1H, d, T = 7.6 Hz) , 7.90 (1H, s),793(1H d,J=

8.6 Hz), 8.08 (1H, br.t) , 8.35 (1H, s)

ESI (LC-MS positive mode) m/z 638 (M+H).
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25 (conmpound 8A) as a yellow solid. 1H NWR (270VHz,
CD30D) S(ppm: 0.94-1.05 (6H, m,. 1.40-161 (4H, m,
1.90-2.04 (2H, m, 2.07-2.2% (2H, n), 3.48-3.81 (6H,
m, 4.25 (2H, br.t), 4.55 (2H, m, 5.51 (1H, d, J =
17.2 Hz),
5.53(2H,s),5.65(1H,d,J=17. 2Hz), 7. 52(1H, d, J=7. 6Hz), 7. 90
(1H, s), 7.93(I1Hd,J= 8.6Hz),8.08(1H br.t), 8.35(1H, s)
[TestE;Ebnﬁﬁ‘:élI LC—I\/S p05|t|ve node) mz 638 (MrH). 75 [ Test

Ie 1 ercent S ound roduced in
S Ca o e AR ERBP I A BhE P led fhto an
activaid Ifamﬁfn iﬁﬂfﬁf&mms CrticeMmoKiesys, arﬁlrtﬂ) gd o@se h&@érenined. The activated

form 1% %{ﬁ? }[airlglgp l%gmgt%\}e\é%a qu%t{ng%g q}é ﬁcﬁ(ér?ate form, which were

quantifiad bepaydtelye form which were 5 quantified separately.

Conpound was. i ncybat ed at . 37C at_ a.con toration
SOCRRPAGEA VB ncRRE 7P ot & R Butr O G 82 of humans,
mice, moakkya] éunidows Irenbativatves taﬂmiaaﬁgd utemgivimﬁn(eqo BN 606120, and 360

i nut
minutg, 2t P06 spiles TR AiSten SLEtP L R TR R R
f oCondiortdAhCbha Ay amalyaieara 85 fcdldvmrs. 10 HPLC
condi ti IHd'rp Devel osil C30-UG 3, 3 m 50x 4.6 mm
LD Col urm Térnper a?ure constant tenperature at
appr oxi résleiy: RE@lodil3 )-Bhhaspm, A0x 46 mi Ighosphat e

Sl(J); flgr 0(@%)%%8 %ﬁﬁé Oc!;,ln Loh étg?i)grgﬁ.g o ﬂ)proxunately 25°C

90/ 10( 9)M9melpi(a$6) AFllﬁ\mMaﬂ@Spllat@b grripH4 et ect i on:

phot odi ode array de tection wavel ength 350 nm
Amount i nj ected: BO%ﬁ%é%snﬂﬁggr esults are shown in

Tabl e 3, and Fi gur e4B {mim: 20/16G10—9050(Q.4) SR 2/IHE)

wat er - sol ubl e prodr nti on (conpound 2A)
is quickly converteg@l@&p q? Tg)ﬁe form inhunman,

mouse, rdewagte: hﬂ@ﬂd@gnsera confirmng the absence of
speci es e e

t he Iactlgéﬁgét%gr@%§?late guﬁtﬁé}rjﬂﬁaﬁg%ngﬂ&& élltovvard
t he car b‘bﬁ@wﬂmlélectﬁ r3uThe percent age of the
carRaxyliatee SRR aanfeal agd FRubg 1tRe. hitheshuds @héw PR the

sera, 25 approximately the same in nouse and nonkey

- water-selpble pegshug pf @kﬁmyfenb@wé?ompmé&@éﬁ guigkhyrapesteddo B lactone form

in hunRUS8uRNEhIMREK 8¥d 86¢ &ra %%ﬁﬁﬁﬁlilngyhe @@,ai%ecgﬂaﬁedl&schﬁeremes At 360
soiutlon arelnaraldew ri um bet ween

 minutegiof dqubatéon, ghe lactone- carboxyla e 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
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whi ¢

h the carbonyl

at position 3 fornms a 6-nenbered

cyclic ester with the oxygen at position 2,
ne formrefers to the

open-ring structure.

I act
former condition and the carboxyl ate

The

30 fo

and its

rmrefers

to the latter condition. Table 3 (neasured val ues, %
I ncubation time (mnutes) 0 30 60 120 360 hunman
conpound 2A 0 0 0 0 0 76 lactone form93.4 43.5 20.2

9.88. aacggfek}gﬂﬂlzai Sg%gr m 6. ﬁ3|56 5/79.8.90. 509(15.928 5 8.8
mouse conpound 2A act pne f.orm 90. :
50. 6 CRPORYIAE g’ bd@&xl cte §6|5m 9la 39§ a9.4 8@:56 91.2
moué®- B doanpoung 2A 0 0g0 O O | axtong form 93. 8 0
57.% 3 24.7 20 r oxyI e erm
75.3 ga ne B@ncorpgﬁra é ?Olgactone g‘%f”m 24.5
93. 9 hdbokyhde for@9| S BB. 9 cap@.qggyl _afe 4%1m §. 1 8668 75.5
OU. O 00, IUb dliTpi Z] e SLdurtirty 1
monl@gm,omp@mgéA\,a i odls pH vaFues yas deterni neql.8 The 0
pr esenfactdrRrp@nnd| was,3pl ace97lf5n befeJSES of var pggs gjé 20.7
at a conce t|o o) ter|incybatidn t 2b
f or | FArkp xygﬁed lﬁfs? tlhe éé und v@ an Iyzgasby 79.3
doé—PL( oyd bar s usgd at eagh pH ar e shown bel gw. 0
0:.5 HCI - KC1_ hufif er H3.p: 5 gitr
buffer 13;9@1‘”3001"%0 Ti\/f}%:strat e7%§ffe' 105%p{—rlg/l. Q: 53531\/] 33.9
SUCQ'd&ﬂitﬁytﬁ%foﬁh pkoL 5:| 50268 phpsphat®e byf f eso.5 66.1
pH7- 450 M phosphate buffer—CondirtTonsfor—HPEC

anal ysis are as follows: HPLC conditions 15 Col umm:

-_[Testmy@l@g]l C30-UG-3, 3 m 50x 4.6 nm LD Col um

Teﬁg) sta 1 1ty of cor%gglgl?J] iA atv l%rugtpH \(feah?ets v?eg %’e?e)r(llm%%ael %hg gsn%sent

“compound was placed in buffers of various pHs at a concentration of 25 uM.  After incubation

at 25°C for 0, 3, and 6 hours, the compound was analyzed by HPLC.
The buffers used at each pH are shown below.
pH2.0: 50 mM HCI-KCI buffer
pH3.0: 50 mM citrate buffer
pH4.0: 50 mM citrate buffer
pHS5.0: 50 mM succinate buffer
pH6.5: 50 mM phosphate buffer
pH7.4: 50 mM phosphate buifer
Conditions for HPLC analysis are as follows:
HPLC conditions 7
Column: Develosil C30-UG-3, 3 pm, 50x 4.6 mm [.D
Column Temperature: constant temperature at approximately 25°C
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)
->80/10(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

- the present invention r.epresented by compound 2A was stable up to pH3, and its stability slightly
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Mobi | e phase: A: 10 nM phosphate buffer (pH4.7) B:

acetonitrile (mn): 90/10(0)X90/10(0. 4)-+40/60(6)

2/98(8)--*90/10(9) 20 X90/19£15) Flow rate: 1.0

nm./ m n Detection: photodi ode array detector, detection

wavel ength 350 nm Anmount injected: 30 L The results

are shown in Table 4 and Fig. 5. The results show t hat

the conpound of 25 the present invention represented
decredsyd stairb(H6d %2 Aftevashatrgbl e up to pH3, and its stability

sl r 0

Th*gﬁéﬁz{l%eessaz gﬁ% %f_%ﬁgﬁ-ﬁdﬁ} B&c}_@r}_%d& %%ftc}]i?d/ 0% d:itt %r&‘élg ghl'ij soc?; incubation.
Furtheaimo®e, &nsl ccﬁnpmmdsvasfeonﬁm:&;hlblhmhemmﬂy heln'\mmeé to theilsctone form and

HHF- be chem cally converted to
caxbo)fﬂ (I?ac 8\;@%]1%8 ndgwaéglr%ﬁoxyl ate formin a
pH dependent manner. 5 Table 4 (Percent renaining, %

time (br) 0 3 6 pH2. 0 100 $8%46 101.1 pH3. 0 100
100.3 101.1 pH4.0 100 98. 2°85*1 pH5.0 100 76.6 58.7

pH6.5 100 0 O pH7.4 100 0 O [Test Exanpl e 31P&ent remaining, %)
solubility of the water- soI ubl e pradr obtal ned In

't he Exanpl e 0

vvater was conpared tb t he soI ubi I|ty30f (9 6
thyl - 9- hydrox pentyl 1 H 1 yrano

[ ) 4(f: 6', 7 | ndyqellm no ﬁﬁ@] pyrido [4, 101.1

3PP €] qui nazol i NE010, 13(9H 15H) Hilohe 101.1

(rLeRresentative co nd in Patent geument 2: 6.1

reference conpound . The results afe shown in Table

5pHPHE sol ubility of00t he wat er-sol uBb& prodrugs of 38.7
t% 515 invention ygs found to be gpeatly inproved

gJared to reference conpound 1. Table 5
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
(9S)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3*,4”:6°,7° Jindolizino[1°,2”:6,5}pyrido[4,3,2-d
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 prodrugs of this

invention was found to be greatly improved compared to reference compound 1.

Table 5
Compound No. Solubility in distilled water
1A >10 mg/mL
2A >10 mg/mL
3A >10 mg/mL
4A >10 mg/mL
5A >10 mg/mL
6A >10 mg/mL
T7A >10 mg/mL
8A - >10 mg/mL

Reference compound 1 <0.01 mg/mL
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Compound No. Solubility in distilled water 1A >10

ng/ L 20 2A >10 ng/nL  3A >10 ng/nL 4A >10 ng/nL 5A

>10 mg/ mL  6A >10 ng/nL 25 7& >10 ng/m  8A >10 ng/ nL

Ref erence conmpound 1 <0.01 ng/nL 78 [ Test Exanple 4]

Parenteral adm nistration of the water-soluble

canpt ot heci n prodrugs represented by the

af orenenti oned fornulas (2) and (3) into nouse nodels

of col on cancer showed strong activity 5 of cancer

y nhi bition over a wi de range of doses. Thus,

[TeSt?{]aggge@grodru.g,s are useful as antitunor agents. An

exBapiterabidministration efithe watessplublecamptathesim prodregs represented by the
aforen{elaﬁhﬁééf?oﬁﬁﬁth gla %%d ‘?ﬁihfo%@&se%gcﬁﬁto?]col%ﬂtciaéggfgkoxt?%&e 83 activity

were determn or ‘representative exagE
of canggr gupvibfinhibition wyeumwidegrngeef dosess e dthup.rthesetrredrugs are useful as
tituoh Y EeniR € AA KRG bRGMES SntBEASE ALSHy DsnsRddianeous
an tranggl antation of human col on ca cesr cell Ti1ne HCTI 16
obt ai ned from American Type Culture Collection

[Deterfnyhatdh B Batict0? eff8itq the right flank of BALB/c nude
m ce, purchased fromCharles River Japan, and used for

- detditpnaneiicsts weredsterminegg forrpieseniativarexamples o thegseyp of

compoHdd G¥thé PRs@R ivbtioh. NeTREECRARRE iR T %éﬁeﬁﬁ%ﬂ%y subcutaneous
subJ[iect dto 1? subcut aneous _transpl antati on of 75 x
transp W:frfﬂ%m@eqq Qn gancenpsldinei T 116 ebiainedvirers Agnenicag Type Culture

- CollectibfiPVirgifiaZES AG 836 0 g DahtBf BALSA: NRlcSnite bR bhed ﬁn%ln Charles

) he experinent. The conmpounds were dissolved in 1
River {apgn,iag E}Eﬁdfr%l: é%te’%‘élpﬁt#él, Ofﬁﬂtlﬂ?noér?@%ﬁtém ni st ered
i mm\aemeuﬁdek-qhuﬂmti@ap@'rm@ﬂieqﬁﬁ&ﬁsemﬁld@aﬁibé QdreditbicRREq0

: | er week for thr far total .0 three ., .
subcufiroud e LRTAGRS O el LG TURGE e H BoF TRk 14 oionaih a tumor
 size re@hirig (X00r m@¢ ovkdwerthiubjetie@mo hE@xperidéntusi ng t he

fall owi ng equatiqn. .Tuppr wth jnhibition ( {(21-. .
s RGO SSoFDE | AN it btk sauBeatH gy dptiministered

intravehosdy) tTHeGidmiskttakorcka N @eri¢d ot acepstwerk faF OudR) weekd, 00} a total of

he.results .gre shown in Table 6. .25 Tagble 6 Co nd
three a&]%stfa&hjﬁ g)'ﬁ}ﬁén% or&ft%ﬁa aﬁetenmned as or growtﬁr?tﬁllfbmon (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 results 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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Conpound 2A 0.9 45 1.952 3.75 72 7.574 15 85 30
97 60 110 Conmpound 8A 79 0.9 41 1.9 53 3.75 55
7.5 61 15 78 30 96 60 10679 [ Test Exanple 5] The

per cent ages of compound 2A produced in Exanple 2 being
converted into an activated formin sera of humans,
rats, mce, nonkeys, and dogs were determ ned. The 5
| actone formand tKB® carboxylate form viich were
quantified separat %y. Compound 2A was i ngubat ed at
37C at a concentrati‘on of 50 Min sera-of "humans,

m ce, rats, nonkey$8,75and dogs. | ncubati odb5was

term nated at a giy%n time (0, 30, 60, 1%9, and 360

m nutes), and the sanples were anal yzed by HPLC after
deproteini zation tidgatnments. 10 Conditi o8 for the
HPLC anal ysis are a8 follows: HPLC condb i ons Col unm:
Devel osil C30-UG 3, " 3 m 35x 4.6 mm LD Col'umm
Tenperature: const &t tenperature at appré&i mately 25C

Mobi I e phase: A: 10 nM phosphate buffer (pH4.7) 15 B:
acetonitrile /B (mn):
[Test Bautripde §) - ' 90/ 10( 0. 4) 40/ 60( 6) - 2/ 98( 8)

gofﬂe%e%énfa%gé P &i’n@onﬁh 9% ﬂre&&::ed :]n %xépnfﬂ%" 2nbeing converted into an
activated form in sera of humans, rats, mice, monkeys, and dogs were determined. The
activated form is in a rapid equilibrium between the lactone form and the carboxylate form,
which were quantified separately.

Compound 2A was incubated at 37°C at a concentration of 50 pM in sera of humans,
mice, rats, monkeys, and dogs. Incubation was terminated at a given time (0, 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 um, 35x 4.6 mm I.D

Column Temperaturef 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(%)—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 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

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,
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Det ect i on:
wavel ength 350 nm 20 Anpunt

phot odi ode array detector,
injected: 30 L The

det ect

i on

results are shown in Table 780The results show t hat

t he wat er-sol ubl e prodrug of

2A)

nouse,

and 1t$

human sera,

this invention (conpound

is quickly converted to the | actone formin human,

rat,

nonkey,
absence of species differences.
osadadid afucnirbe Teclowge Gafmbefys &t the dgtriek bhrdition digldhe carboxylate

and dog sera,
At 360 m nutes of

confirmn

g the

he carboxylate form The 25 percentage

owar d
fom%?erﬂ(’?egﬁi‘artﬁﬁﬁwcgfﬂ@formvvas found to be the highest in

approxi mately the

nonkey sera, and slightly

to mouse and nonkey
solution are in a rapid equilibriumbetween a {measured values, %)

se

ra.

&R,

ally,

same in nouse and
in dog sera conpared
canptot hecins in

TTUCTUTE _I.N i¢h the cafbo at] position 3 s [a
Inc 9@“8\‘1‘:8%3{1 est& with t#& oxyge Ot dosi L:rgjl’n 3 360
hmn&@ andmnpﬁmapgn ringostructure. The Iactone fordn 0
- refers. t f or mer ndi t t he rbcxyl
formr é?cg‘?récrksﬂnt he a@ﬁ cong?“?l on|. g? lagtle 10.5
( medseareskylae e, @a OlncubatBOH tijme Q&Enutes)&EBBO 89.5
60120 360 ggggn conpound ZA "0 00 U Tactone form 0
mougg)g | 6 9CBRPH 1 109  chrbofyl atle fofm 0(30. 1% 58. 2
80. 9 8Wchonerforise conmgdignd RA 820 0 [0 064.8ct gne 4505 m 39.8
94.8 82.0 .9 4915 39,8 car yl m§.
35 Qﬁ%b%y%e g)rmr Nt Cf}%‘pﬂll Eg)éﬂ a %?5) | dct nSﬁanr m 60.2
ra88. 9 G&nﬁbo%ﬁdZABZ 0 30.4 crarboxylate form 31.1 B89.0 0
56. 3 npnk corrpou Q | agtone
form g“%ﬁ$§?2n55 gég gi]|<(,)arboxy1éa)ii7e forﬁﬁﬁ.S 304
21. 6 ebdb&kybde ford) 1 1dldg con'péﬂﬂd 2/A 05830 Q O 48%&tone 69.6
form 98. 3 90, 4766.5 5 car boxylrate florm [.7
monlgyg 19‘?%“1?93’“%&@4 6 [ rrparatl\()e Telst Exanplle I]OL 0
Si mi|l alactenelsam nat i 68.51, | he7pdrcent Shanggs dis.5 259
carboxylate form 1.5 21.6 449 64.5 74.1
dog compound 2A 0 0 0 0 0
lactone form 98.3 90.1 80.4 66.5 55.4
carboxylate form 1.7 9.9 19.6 335 44.6

[Comparative Test Example 1]

Similar to Examination 1, the percent changes of

(98)-9-ethyl-9-(tryptophyl-y-glutamyloxy)-1-pentyl-1H,12H-pyrano[3”,4™:6°,7 ]indolizino[1°,2°:

6,5]pyrido[4,3,2-de]quinazoline-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.

‘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

In both cases, the conversion rate and efficiency were low, and interspecies




(98)-9-ethy|-9-(tryptophy| y- glutanyloxy) 1- pentyl -
12H pyrano[ 3",4":6"',7"']indolizino[l, 2 10

6, 5] pyrido[ 4, 3, 2- deJqU|nazolsne 10, 13(9H 15H) - di one
[representative conpound (Q in Patent docunent 1:
reference conpound 2] being converted in the | actone
formand the carboxylate formover tine in human and

mouse sera were determ ned. The results from human
respoRgablg foftheis ﬁﬁﬁﬂelﬂfﬁvﬂiﬁ?@d@ﬂﬂém dIn edslitiass thetwatérsomuhio prodrugs of the

preseft8hvenBbR areSARMY éoﬁvgﬂt&l to fthe A&iva%hiin Bfléﬁémcg.lg:%nversmn and this

conversion rate_and efficliency were

reducesipierpseies esindividug] ﬂlﬁéf@ﬁ@%s Tpeeeicelss dhe/present irvgntion isivery useful

when Appliddaa Bisoldbie ﬂﬂ?&ﬁné{@hﬁéal Eﬁ%?ls%clﬁ)ﬁso SthOdin, i E(bﬁompnse an

sent invention, rnaceutlc y accepta

abomﬁ&ﬁﬁ?“”ﬁ’&?%@es or solvates t hereof, have an ester
chain of a partlcular structure which is 81
responsi ble for their excellent water solubility. In
addi tion, the water-soluble prodrugs of the -present
invention are rapidly converted to the active form by
chem-cal conversion, and this reduces interspecies or
i ndi vidual differences. In particular, the present
invention is very useful when applied to insoluble
phar maceuti cal agents, such as canptothecin, that
conprise an 5 al coholic hydroxyl group. 82 CLAI M 1.
A wat er -sol ubl e prodrug represented by formula (1), or
a pharmaceutically acceptable salt, or a hydrate or
sol vate thereof, RNWO HY 5 0 (7) (wherein, RL
represents a hydrogen atomor Cl-C6 al kyl group; W
represents a divalent group conprising a tertiary
am no group or sulfonyl group; Y represents a residue
of a conpound represented by Y-OH having an al coholic
hydroxyl group). 10 2. The water-sol ubl e prodrug of
claim1, or a pharnmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein the water-soluble
prodrug is represented by formula (2): R4 HRI1 "N X

- 1~1 NO\Y I1Z 13
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RRO (2) 15 [wherein, R and Y are defined as.in
formula (1); X represents a C=0 or Cl-C3 al kyl ene
group; R2 and R4 each i ndepepglently represents a
hydrogen atom Cl1-C6 al kyl group, or amino acid side
chain; and 20 R3 represents a Cl1-C6 al kyl group]. 3.
The wat er-sol uble prodrug of claim2, or a
pharmaceutically acceptable salt, or a hydrate or
sol vate thereof, wherein FGLABM8 hydrogen atom net hyl
group, or ethyl group. 25 4. The water-sol ubl e prodrug
of claim?2 or 3, or a pharmaceutically acceptable
1. Aswter-sabuble prodyes repeesented by foxmala {arcs gfphanpasesticallRaceeptable salt,
orah?&ﬁ%ﬁﬁ%@ﬁ?mQB896Pr met hyl group. 5. The water-sol uble
prodrug of any one of clains 2 to 4, or a
R phar ceuth?lly acceptable salt, or a hydrate or
olve eok,, wherein R3 is a Cl-C3 al kyl group. 83
. Thee;aigf soNubIe prodrug of any one of clains 2 to
, Oor a armaceutically acceptable salt, or a
hydrate Or solvate tHerkof, wherein R4 is a hydrogen
or nethyl group. 5 7. The wat er - sol ubl e prodrug of

'(W'm%malnll or a pharmaceutically acceptable salt, or a

yeh Ry 8 lonPbeCt Ty SRf1.zr¥fier ei n the water - sol ubl e
reﬁro dru yRfogel o ylaior(ynﬁl}fa (3): H RLIiNY(CH2)n

represented b
w reprﬂﬁﬁnté al%l‘@f t grouRgoelpflsl)ng A tEHaFHRN0 ErouRRF syligpy group;

Y reprégdnity\eftsidsie bia t&h Iéﬂa)ssentéd)of'Y KAP LSRR S aRBhAIN BYRSxy] group).

from1l to 6; and R5 represents 'a hydrogen atom or
-COOR6 (wherein R6 represents a hydrogen atomor C -C6
aI kyl group)]. 8. The water-sol uble prodrug of claim

t t abl hydr a
2 oSl R BE R 1, SR AR T T e e o

solvatérdeladlf, wWiiepein thowart-Byluble fp@(btﬁug & reprasenea 9 for@ulRe
prodrug of claim7 or 8, or a pharmaceutically

accept abl e sal or a hydrate or solvate thereof,
Wherein nis 1, and R5 is a hydrogen atom or - COOR6
_Awgerej A JSG resepfs_a hydrogen atomor Cl1-C6 al kyl
R'" gro . 20N10. Thyrwat er¥sol ubl e prodrug of claim7 or
-8, of a phafnmaceut|f{cally acceptable salt, or a
hydrmgat e or | vat & t her eof, innis an integer
from2to(§ and R5 is a hydrogeh atom
[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].

3. The water-soluble prodrug of claim 2, or a pharmaceutically acceptable salt, or a hydrate or
solvate thereof, wherein R' is a hydrogen atom, methyl group, or ethyl group.

4. The water-soluble prodrug of claim 2 or 3, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein R* is a hydrogen atom or methyl group.

5. The water-soluble prodrug of any one of claims 2 to 4, or a pharmaceutically acceptable salt,

or a hydrate or solvate thereof, wherein R? is a C1-C3 alkyl group.
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R1 hy

11. The water-sol ubl e prodrug of anyone of clainms 1 to
10, or a pharmaceutically acceptable 25 salt, or a
hydrate or solvate thereof, gherein the hydroxyl group
(-OH) of Y-OH is a secondary or tertiary alcoholic
hydr oxyl group. 12. The water-sol ubl e prodrug of
anyone of clains 1 to 11, or a pharmaceutically
acceptable salt, or a hydrate or sol vate thereof,
wherein Y-OH is an insol uble conmpound. 30 13. The

6 TH@%Q(er%&hHl@' ?0&':1? éaigl (g’%?'an‘ﬁgg t? 5 & ﬁﬁﬁ%%céfztu‘ﬁcéigf adlptable salt,

a_ phar maceu
or a hydsatg or solyaie thaseof, Wh@fle@i wadmdrcgeaotmfrﬂwégrmln azol e

antifungal agent, 84 taxane, or anticancer

nucl eoti de. 14. The water-sol uble prodrug of anyone of

7. The wigssoluble prasirugpf elaigh by erdaharmacsitisalyaseqntattle ealt, or a hydrate or
solvat® Bleteof, Okheeil YR RhRr-S61uBIR |pY % fsr}@ﬁt%g’ggted’gefo%lgl EBj B

group represented by foriula
W\ / O (CHj(, 5 (4) [vvhereln * indicates a

NI nkage/ st mis _gither or 1; \R'" represents a
&G; gm m@\ﬁfk ﬁl kyl group; 10
oge

e
R12 represents a%hydrogen at om |[|hal atom Cl1-C6
al kyls group, droxyl group; lIR13 represents a
hydt‘ogen aton1 am no group, nit@o group, or(3)

(di met hyl am no) met hyl group; Rl4 represents a

[wherdiy,dr ogen atom C -C6 al kyl group,

R and{ Bl FribmPhtlhy | oroup: Ri3 and R4, and RL

nrepraa@tsaimtegmﬁ,omescp@qnavel y, be linked to each other to
gWher ei n

- or - rin he 5- or
R repisSislh b by g fﬂamrfﬁ flas rprd‘j’@@ Y RS FoprireRa A e sigrpior C1-C6
alkyl gasyp)].conprise 1 to 3 substituents selected from G oup
: A descri bed bel ow, wherein the substituents of G oup
A may further conprise 1 to 3 substituents sel ected

8. THervoaterGobulyhe Frodepost dieich ‘h@% ?\phaﬁawmoﬁﬂy acéIptdBldsaitl kiyd hydrate or
nmono-

solvategliﬁeréﬁf rggqqxg 519 1! &ge&fﬁomdne‘r& Lam ngpgr Ol{f;))G cs
al kylthio group, and group 20 repr esent ed by X=
9. THe Wy éoﬂl’tﬁ% pr%err'u%s()%tlalmaﬁorog(y a phgﬁlgargetgtgcaﬁ? lafccl:Jerpta%‘ieos'gt;, ora

hydrate or solvate thereof, wherein n is 1, and R’ is a hydrogen atom or -COOR® (wherein R

represents a hydrogen atom or C1-C6 alkyl group).

~ 10.  The water-soluble prodrug of claim 7 or 8, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein n is an integer from 2 to 6, and R* is a hydrogen atom.

11.  The water-soluble prodrug of any one of claims 1 to 10, or a pharmaceutically acceptable
salt, or a hydrate or solvate thereof, wherein the hydroxyl group (-OH) of Y-OH is a secondary or
tertiary alcoholic hydroxyl group.

12.  The water-soluble prodrug of any one of claims 1 to 11, or a pharmaceutically acceptable
salt, or a hydrate or solvate thereof, wherein Y-OH is an insoluble compound.

13.  The water-soluble prodrag of any one of claims 1 to 12, or a pharmaceutically acceptable
salt, or a hydrate or solvate thereof, wherein Y-OH is a camptothecin, azole antifungal agent,
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Goup B: a d-C6 al koxy group, hydroxy group, hal ogen
atom amino group, nono-C-C6 al kyl am no group,
di - C1-C6 al kyl am no group, (@ C7 cycloal kyl group,
heterocycle, and aryl ring (which may conprise 1 to 3
substituents selected fromthe group consisting of a
hydr oxy group, Cl-C6 al koxy group, hal ogen atom am no
group, 25 nono-Cl-C6 al kyl anmi no group, and di-d -C6
taxaneabkatitizahoed ngelootide] . 15. The wat er - sol ubl e prodrug of
claim 14, or a pharmaceutically acceptable salt, or a
hydrate or solvate thereof, wherein Y is a group
14. Teprasestesle byodrag ofidny ond)of cBins ZtcR13?, dda ;ﬂianﬂachhtickall@acceptable

di d

s o ol kbl oML OO0 b
NRPC( =RI* N(R21) - or -N=C(R22)- N(Rz) [V\hereln R21
presernts a hydrogen atomor a O -CLl0 al kyl group

| am ke grgup, di-C-C6 al kylamno

cl oAl kyl \10 group, heterocycle, and

©® 1 to 3 substituents

onsi sting of a hydroxy group,
C - C6 al koxy group en atom am no group,

nono- C1- C6 al kyl & no group, and di-d-C6 al kyl am no
group); R22 reprgesents a hydrogen atom am no group,
or a C1-C6 al kyF group that may () conprise 1 to 3

-[wherea"ibSt ituents selected from G oup C described bel ow, a

C6 al koxy group that may conprise 1 to 3
* indicatasstlinkaghsite:sel ected from Group C described bel ow, a

e gl.kyl thio group that may conprise 1 to 3
mise ekr)sg?}ltuents sel ected from G oup C described bel ow, a

RY remmtscalhmogﬁm@wlanw@ge@rawp arf A-Chadksd g se 1 to 3
re%‘égéﬁé Jh?d}&%él ﬁ&heﬁél%nfart&ﬂ‘ & @G’a]l%l%@&ﬁf bPRAIrBSYIMbup;

di -C1 al kyl'anf no group that g
13 represents a hydrogen atom, amino group, nitro group, or (dimethylamino)methyl group;

- R' represents a hydrogen atom, C1-C6 alkyl group, (4-methylpiperazinyl)methyl group, or

(fert-butoxyimino)methyl group;
R and R™ and R* and R'?, may, respectively, 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 ! to 3 substituents selected from Group A described below, wherein the substituents of
Group A may further comprise 1 to 3 substituents selected from Group B described below:
Group A: a C1-C10 alky!l 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-C6 alkylamino group, di-C1-Cé6 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-C6 alkoxy group, halogen atom, amino group,
mono-C1-Cé6 alkylamino group, and di-C1-C6 alkylamino group)].

15. The water-soluble prodrug of claim 14, or a pharmaceutically acceptable salt, or a hydrate
- or solvate thereof, wherein Y is a group represented by formula (5):
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R12

R11

20 conprise 1 to 3 substituents selected from Goup C
descri bed below. Goup C. a d-C6 al koxy group,

hydr oxy group, hal ogen atomgsam no group, C3-C7

cycl oal kyl group, heterocycle, and aryl ring (which
may conprise 1 to 3 substituents selected fromthe
group consisting of a hydroxy group, C-C6 al koxy
group, am no group, nono-C -C6 al kyl am no group, and
di-d »C6 25 al kyl amino group); and X represents an
yen\atom or sul fur aton]}. 16. The water-sol ubl e
prodrugdf claim15, or a pharnmaceutically acceptable
; 8 or solvate thereof, wherein Y

, or
repr efited by fornmula (6): O R21 HNXN
R1L2 O~ RLF O wherein * indicates a |linkage site;

and Ru 2an\ arezdefined as in claim15]. 5 17.
The wat er - sol ub rodriyg of claim 16, or a

phar maceuti cal\y aggepyable salt, or a hydrate or

sol vat e t her eof f n R 1 and R12 are hydrogen
atons; and R2' rsgpreseigsis a hydrogen atom or a
a-C8 al kyl group that may cgggri se a substituent

sel ected from G oup D describéed below. 10 Goup D a

{Whergn;cs al koxy group, hydroxy group, hal ogen atom am no

nmono- C1- C3 al kyl am no group, di-Cl-C3

- .. .. group,
* indicgfasyy lHdRE® SR oup, C3- C7 cycl oal kyl group,

R and @PLAQ@EH&] as3A R lAhNY; A9 (Which may conprise 1 to 3

Z TCPIeSGHts o}&{u

substituents selgcted fromthe roup consisting of a
é??@bN(%l )'@'Hffgﬂiy)'ﬁl 2ulg and hal ogen atom.

15whBreid RE' 10BieSimtSOhytbEerPitOMId¢ & (Of-CEH AN $Rubthat nayUomprise
a pharmceut| c*%lciy acceptable salt, or a” hydrate of

s di-9 AeRstifuraissstectefiifenm Group B desoribed blo®: of a conpound

(Y-OH) coxip Bshd-@6 alkerp grde@,ehyc&bﬁo?@hb,cnélwgéh%xﬁ, amino group,
Joup. }“xﬁcg{ogé ?-c%‘a‘?kﬁ%gfn%“gr}guﬁfai-%ﬁlﬁg i laming sron, 05 Leyeloalicyl
(9S) - 1- hubug, h_SteﬁicPMls,_- Ay prriney(whithlabl BYHAA% | to 3 substituents
[3",4":6 i.ndoli zino[l 62

7 2.6, do[ 4, 3, 2-de .20
Lot e aelefih Hogtine Srag coptistnecp A Bydmutronp. C1-C alloxy group,

halogen atom, amino group, mono-C1-C6 alkylamino group, and di-C1-C6
alkylamino group);
| _R22 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 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 1 to 3 substituents selected from Group C
described below, a mono-C1-C6 alkylamino group that may comprise 1 to 3 substituents
selected from Group C described below, or a di-C1-C6 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 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, amino group, mono-C1-C6 alkylamino group, and di-C1-C6
alkylamino group); and '

X represents an oxygen atom or sulfur atom]}.

16. The water-soluble prodrug of claim 15, or a pharmaceutically acceptable salt, or a hydrate
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b)
(99S)-9- ethyl 9- hydroxy-1-[ 2- (4- nnrphollno)ethyl]-IH 12
H pyrano[ 3", 4":6", 7' ]indolizggpo[l", 2":
6, 5]pyr|do[4 3, 2- de]qU|nazoI|ne 2, 10 13
(3H,9H, 15H)-trione; c) 25
(98)-1-[3-(dinethylanino)propyl]-9-ethy|-9-hydroxy-1H
12H pyrano[3",4":6',7"']indolizino[l’ 2' :6,5]pyrido
or soh[a‘ﬂe &.e&oﬁ,e;]&mmnaz@ lai gn@&p&:eﬂl&sérﬁed Bj?'lfcﬁhi,lﬂﬂﬂ) trione; d)
87 (99)-9- ethyl 9- hydr oxy- 1- phenethyl
H, 12 pyraqg[S 4":6',7']indolizino[l’ 2 : 6, 5] pyrido[4
, 3 e %U|nazollne 2,10, 13(31, 9H, 15FD trlone e)
(BB - 9-"ef hyl - 9- hydr oxy- 1-[ 2- (pyrldln 2-yl)ethyl]-1 H
no [3 ",4": 6',7']indolizino[l,2":6, 5
, gui nazol i ne-2,10,13 (3H,9H, 1

- 9- hydr oxy- 1H, 12H pyr ano[ 3", 4": 6
R 6, 5] pyrido[ 4, 3,2-d e] quinazol

_|ne21013( \ H)trione g) 10

(9S)-9-et hyl -9- hyroxy-q propyl -

2 ]|ndoI|2|no[1 2':6,5]pyrido[4

, 3, 2- de] quinazg in S 10,13 (3 H, 9H 15 H)-trione;

(9S) - 9- et hyl - 9- hydroxy | -[2- ($&] di n- 3- yI)ethyI] 1H, 12

R ki ndol i zi no[ 1", 2" : 6,
[Vflher%] %&Eﬁ%gagﬂ%gag%w nazol i ne- 2, 10, 13(3H 9H,
R 5H)dRr|a©¢1@eﬁHPQaB)n<€1@3) 1%l et hyl - 9- hydroxy- 1 -(3

' -phenyl propyl)- 1 H, 2H pyrano [3

4": 6", 7" ]|ndoI|2|no 1',2':6,5]pyr .ido [4,3,2-de]
17. e weigosalvide profmeof qlaim- 6 whgmacpmﬂy ayceptable salt, or a hydrate
or solxﬂa?esﬂxe%o?tvmékeﬁiihyﬁ{d%l?aﬂel(ﬂtr&%efnrb)(éﬂ§ QRY! ) - 1H, 12H pyran

]indolizino

R*! reprgespisisa hydregci Atorazen 4 G&-C8 qlbyljgs{nah!m{man SIRPEiS BpFpbstituent

selectéﬁ)frorﬁQﬁ))u D‘ﬂe@éﬁbea below:
exy Qaeﬁ{drox 1H, 12H pyrano[ 3", 4":6"', 7' ]indol i zi no[
gnoup, ydroxy group, halogen atom, amino group,

e]IﬁHﬁd'l@QLG?‘ﬁk aﬂ'l%olé{)gtﬁ' Al ll@BDai ARG ;grcp, C§5C7 cycloalkyl group,
(9S)-9-ethyl - Xy-|-penty H 12H— ranog 6,
ﬁ}qtergg@[ & p%fryl r1Qg ?\8%115 B c‘épglp,g;lsg 130 § substituents selected irom the

q UrBay7 81siing o & hidroky gfdupdt1 138 dikody £1008; and halogen atom).

18. The water-soluble prodrug of claim 16 or 17, or a pharmaceutically acceptable salt, 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)
- (98)-1-butyl-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,4”:6°,7 ]indolizino[1°,2”:6,5Ipyrido[4,3,2-de

Jquinazoline-2,10,13(3H,9H,15H)-trione;

b)

(95)-9-ethyl-9-hydroxy-1-[2-(4-morpholino)ethyl]-1H,12H-pyrano[3”*,4°*:6°,7° ]mdohzmo[l 2’
6,5]pyrido[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{ I’,
'2_’ :6,5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H, 1 5H)-trione;
d) o




10

15

20

25

30

- 35

9S) - 9- et hyl - 9- hydr oxy- 1-[ 2- (4- met hoxyphenyl )ethyl ] -1
H, 12H— pyrano[ 3",4":6', 7' ]indgiizino[l
, 5] pyri do[ 4, 3, 2- de] qui nazol i ne-2, 10, 13( 3H, 9H, 15H)
ne; 30 n)
- 1- benzyl - 9- et hyl - 9- hydr oxy- 1H, 12H- pyr ano
[3",4":6",7 ' ]indolizino[l,2:6,5]pyrido[4,3,2-
(95)- 9elﬂljlyie9 -hpdroky-heh2nebyl13, GB]HJ-W 47167 ,@tjedotiyinof1°,2’:6,5]pyrido[4,3

2-aclgRlghn e B B o 0 T D 5 Y 6 oy

e) 35 do[4, 3, 2 de] qui nazol i ne-2, 10, 13(3H, 9H, 15H) trione;

- (99)- 9%@%-11 H? (ﬁhﬁ{%ﬂ yl? d%gﬁﬁ’%nl sgangf37,47:6, 7 Jindolizino[1°,2’:6

S]pynao[gppg»de]qumz@r,ne-ﬂdhl W(BH, 31 5H)-tiong; 10, 13
f) (3H,9H, 15H)-tri one; Q)
(9S)-1-[2-(4-chl orophenyl)ethyl]-9-ethyl-9- hydroxy- 1H,
(9S)- -4l pyheptd Bhydtox 61 H7 ZH-peahd 87 w147, 7" ind@izino[1°,2”:6 STpyrido[4,3,2-d

_ e]qummhp%%wg{{éfg%@ﬁ&gj nazol i ne- 2, 10, 13

g  (99)-9-ethyl-I-[2-(4-fluorophenyl)ethyl]-9-hydroxy-1H,

o5 U S T LS 2 Sl 2.2

de]qwamlmeﬁdr@eﬁ( B9 (5 H)-trione;
h) (98) 9 et hyI 9- hydr oxy-1- (1- et hyl et hyl ) - 1H, 12H pyr ano
ndol i zi no[ 1

- (98)- 9&@‘1!521 93h)21I@Pé:] Lﬁ?ﬁm&dlmﬁeﬁdk@d 1H(I§,]Hpmma11dﬁ{) A1’ onBndadigénof1°,2°:6

5 49[4,3,2-d line-2,10,13(3H.9H, 1 5H)-tri
]pyn(JS) 3 1-e(]gl,lma%)| lrl%gtﬁ i bu(tyf )= 9- e)t t%?ln 9- hydr oxy- | H, 12H py

) rano[3",4":6 7]|ndoI|Z|no[1 2':6,5]
(9S)- 9@&{#1%%&%@%9&@@%5%}3!1@{ &H@yﬂaﬁo[r 47:6°.7° ]1ndohzmo[1 2°:6,5]pyr

-tr wat er - sol ubl’e” prodru

~ido[4, 331"3 dé]%‘i%z‘llﬁ'ie 10, é%éﬁa?]ﬁﬂégﬁrtm%‘w |y acceptable salt, or

) a hydrate or solvate thereof, wherein Y is a group

represented by for SR2| HNN R12
(95)-9- etl?yl 9-hydroxy-1- %2 methmfpropylg 1H, [2H-pyrano[3”,47:6°,7° ]mdohé\luc'g)o[l 2°:6,5Tpyr

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

k)

(95)-9-ethyl-1-hexyl-9-hydroxy-1H,1 2H-pyrano[3,4":6°,7’ Jindolizino[1°,2°:6,5 |pyrido[4,3,2-d
e]quinaoline-2,10,13(3H,9H,15H)-trione;

By
© (98)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4”:6,7*Jindolizino{ 1’,2°:6,5]pyrido[4,3,2-d

e]quinazoline-2,10,13(3H,9H,1 5H)-trione;

m)

(95)-9-ethyl-9-hydroxy-1-[2-(4-methoxyphenyl)ethyl]-1H,12H-pyrano[3”,4”:6°,7" Jindolizino[ 1°
,2°:6,5]pyrido[4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione;

n)

" (9S)-1-benzyl-9-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,15H)-trione;
0) - '

: (98)-9-éthy1-9-hydroxy-1-(3 -methylbutyl)-1H,12H-pyrano[3*,4”:6°,7"]indolizino{1’,2":6,5]pyri

do[4,3,2-de]quinazoline-2,10,13(3H,9H,15H)-trione;
o T
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- dol4, 3e?otﬂ¢iqlan@10&@f@m%
1) O 13(9H 15H) - di one;

9\ (7) O [wherein, 20 * indicates a |linkage site;
and R11, R12, and R21 are defined as in claim15]. 20.
The wat er-sol ubl e prodrug ofggcl aim 19, or a
pharmaceutically acceptable salt, or a hydrate or
sol vate thereof, wherein R1 and R12 are hydrogen
atons; and 25 R21 is a hydrogen atom or a C-C8 al kyl
group that may conprise a substituent selected from
(95)-1G-diathyD9 dedumiybidd, 1 BEHywano{3 0413:607" |ndliziG8[ 14)2k 6,6)pyrido[4,3,2-de]qui
K X r hal ogen atom am no group, 89
JMEOh%%gg@eft%gbgﬂﬁEﬁgﬁ?ﬁd group, di-Cl-C3 al kyl am no
g group, C3-C7 cycloalkyl group, het erocycl e, and aryl

S: 58
(98)—1]c ﬁZr%&#}bﬁﬁngﬁgthgglr%%tisl y&r?xg’ Iﬁlu'%ﬂ ?&%&[‘g £ é’eﬁgﬁggohzmo[l 2
":6,5]raikobdy3, Mlq@lnaaﬂmidﬁ&ﬂ@;@;é@%%ﬂﬁmm@n The
r) wat er - sol ubl e prodrug of claim19 or 20, or a
pharmaceutically acceptable salt, or a hy drate or

(98)- 9sftﬂll)ddt~@ thém@ophemdieﬂlél]ﬁ hﬁ’dr@XYalHéQiﬂnﬁamB A& ofipdlimdblizinof 17,2
C tiql fol i ¢ hydroxyl
’6’5]1’%“;&6’?;?’2%#%0%333%% nd i's Hs)atinggt ‘ed fromthe group

8)  consisting of: a)

(9S)-9 e%ﬁ)l'ﬁhﬁrw 131 'Pﬂé%ﬁﬁéﬁﬂyi[) 1@?11@@9&’#%} y&): 6’1*7*]1}1%51*13}16[6}“9’ 6,5]pyri
FDswipneangne- |

- 9-et hyl - 9- hydr oxy- 1- phenet hyl - 1H, 12H-,p3/rano
(95)-1- (gs dprﬂeﬂwgmtyl}&rfé][;}ﬂs l¥y }E}lrzr%hﬁff@‘?ﬁ” 47:6°,7']in ohzmo[l ,27:6,5]
pyndo[@%gﬁ%emﬂiﬁsﬁéﬁbé Q,Qﬂﬁ@@ﬁ,?Hh‘S@I)&n&&.BWH 15H) - di one;
and c¢
(9S)-9-ethyl -9-hydroxy-| -pentyl -1H 12H pyrano[ 3", 4": 6’
19. Thé' vhdtaic@hibld %@Eﬂ'ug oF clmOlDYF 4 gﬂffrﬂmagelﬁrcglly s&ceptable salt, or a hydrate
azol i ne- ~t hi one- 10, 1 IH) di one. 22. The
or SO“%&&E?I@% mljlslfeén Xrl%ang%ldePf&F%%bﬂ orrgplay
phar ffaceutically acceptable salt, or a hydrate or
soI vite tR&reof, wherein Y is a group represented by
(8): RR2 1 Rzz N-\N' RI2 N

(7)
[wherein,

* indicates a linkage site; and

R, R, and R¥ are defined as in claim 15].

20. The water-soluble prodrug of claim 19, 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 2 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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R" NO 9 O 20 (8) [wherein, * indicates a |inkage

site; and R11 R12'R2 I, and R22 are defined as in

claim15]. 25 23. The water-gpl ubl e prodrug of claim

22, or a pharmaceutically acceptable salt, or a

hydrate or solvate thereof, wherein R' is a hydrogen

atom R12 is a hydrogen atom or Cl1-C3 al kyl group;
............ 90 R21 is a hydrogen atom or a Cl1-C8

al mppo-§ dup alkhieminmgrosprfirC 6€3 _’a%()@axﬁu@@@tp 03elT sycloalkyl group,
S f I

ellldé GbEftle, 2hE H}y%ﬁggwg cﬂ%ﬁs&rdoﬁﬁgmg@ t@é’ su?ifﬂllleﬁts! s%le%ted from the

n atom ‘am roup,
t rgpumgnses@ﬁg of 8 dydroxy geups (h4t3 alkiexit group) Béldth@h)gﬁn aiom).
G oup D described below, a Cl-C6 al koxy group that may
conprise 1 5 to 3 substituents selected from Goup D

21, HeeseiiPhidutie peWrugoiciaimsl He1a. phe phymegerticBy agasptable salt, or a

hydratg QPRSI RE tHerd dF, Fhist isté&%E‘iHﬁe 8€) @&hg&hﬁdfmﬁij Q&H{mﬁsmg at least one

descri bed below, a nono-Cl - m no rou
alcoholig hydeopst group1whesein tmpquaém %el@&de‘@@@ahef gr@m) epusiging of:
a) descri bed below, or a di-Cl-C6 al kyl am no group that

0915 ARl e BT S S R st

“do[4, 3@@&]@&@@1@@@1&)&{1@&%@@ §9Hi1gm)nﬂo&r oup, nmono-d-C3
’ a

['am no group, di-Cl- | cylami no group, C3-C7
b) cycl oal kyl group, heterocycle, and aryl ring (which

(98)- 9%@1@%!@3@%&1%&@&131@&3{%%@3’S¢’I BC vq&dﬁﬁﬂﬁb[qh ©°:6,5|pyridof4,3

, d
2 de]‘g\t‘l&o?%Bh 2@@&#‘@%@4043%%&3‘%@%0&%%6 vat e?ssgl ubl e

c) - prodrug of claim22 or 23, or a pharrraceutl cally

O SGHERE RS Taeha L B TR o i TR bt Sprdol#.3.2-

e]qumaiohhea@:prmﬁmea!O;IMQHJlst)sd@Hr@xyI gr oup, wherein the
compound i s selected fromthe group consisting of: a)

(9S) - 1- butyl - 9- et hyl - 9- hydr oxy- 1H, 12H pyr ano[ 3
22. Th£4vatéi-somb]lé ﬁﬁ)ﬂi’dgﬁﬁﬂtﬁé’ﬂg’ 1,5% ot ﬁpﬁdgﬂm&lﬂﬁbﬂy dccdpble sal, or a hydrate
nazol i ne- i
or SO“%%%&W@O w{e@ﬁaa BE) eppsel. %ﬁ i (%b) ethyl]-1H, 12

H pyRE no[3 4":6',7']indolizino[1',

PN

(8)

- [wherein,

* indicates a linkage site; and
RY, R'2, R*, and R are defined as in claim 15].

23 The water-soluble prodrug of claim 22, or a pharmaceutically acceptable salt, or a hydrate
_ or solvate thereof, wherein R is a hydrogen atom;

RPisa .hydrogen atom or C1-C3 alkyl group;
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- group Fl‘t%P‘@)’?‘rOB‘-P@é? hito ?namsnh@n@ sglegtzelg“ﬂ
- di-C1H @%%)Hﬁc‘i afkifY brogp M hﬁ&%oi‘xﬁphée s Bk ttlYénis s%lecgg]d from Gr%up D

6, 5] pyrido [4, 3, 2-de] quinazoline-10,13 (9H, 15

H)-dione; c¢) 25 (9S)-9-ethyl-9-hydroxy-1-propyl -

H, 12H pyrano[ 3",4":6"', 7' ]indgizino[1l ,2 :6,5]pyrido[4
, 3,2- de] quinazoline-10,13 (9H, 15H) -di one; d)

(9S) - 1- benzyl - 9- et hyI - 9- hydr oxy- 1H, 12H pyr ano[ 3", 4": 6

7 ]indolizino[l 2':6,5]pyrido[4,3,2- de]
4":6',7"]indoli (9H 15H) - di one; 30 e)
is @gnsylroge@awm 09a R\l el dalcy] group that may comprise 1 to 3 substltuents selected

b AP ABg 4 £1e 5

is @ hydrogen a®bp, aoiigngroup,)or a C1-C6 alkyl group that may comprise 1 to 3

substlﬁlg@é‘ s@eded B ougﬂbﬁ%%ﬂ %’dn %ﬂ?&e{‘éﬁ Ityd a]]%oxngrglr%that may comprise 1

yrano 'zt no[ 1

to 3 S®§tﬂ[unn13 Sle@t Efgm{amp |D1desmr;b¢talee9m15@|; -(ifi dlindthigygrogp that may
compr(s%st)to%'s%'b ¥ﬂfler%s EB{éjc‘ié?f(ﬁfomJG’ro 2| %l‘?ﬁ;nfewla)én o t'l C6 alkylamino

yrano
updp dﬂ@nbhtj elow ora

d
descrﬂé?é‘[ %V)?frgg]ogﬁl nazol i ne- 1|Onlg(|9|2—|I 25H) di one: i)
§I9 a%ﬁh@é'.lko?{}r@‘&ﬁpohydr%x §rd’[$t Haab%ﬁtax&ﬁl &hﬁ%é‘f&ﬁy

rano[ i ndol'i zi no pyrid

| RetCIes i e, G Lfé GBI 8- Chgyclopiky] group,
( IRlerdoyiel afid Eﬁﬂ 1ifl WE&H iﬁéy'cofr%ri@@tl hyh Bﬁ%&tsls’éle&%ﬁ"ﬂ%m the

yrano[ 3", 4" g i'ndol | 21 no é
[zgrguw% jstige R REBIONP, 14533( @kp@muwa élalongyn atom).
(9S)-9-ethyl - -heptyl 9- hydr oxy- 1H, 12H pyrano[ 3", 4" : 6'

24 1&1‘?4@5&%‘ égl%éllu 1%f cgagl;q 202yr | dooga ghém%ggl%ﬂﬂly acceptable salt, or a

hydraté 853019ate tHeydof SwheteihOX i3l reﬂ&ﬁé’Wf a dompound Y—O compnsmg at least one

: | alcohog %yd@@?)ggfpwgmqr%%ﬂflg{ggﬂi séglq?ecgﬁ:hof%n t}}ﬁgroup conmsﬂmg of:

(9S)- 1-butyl-9-ethyl-9-hydroxy-1H,12H-pyrano[3**,4°*:6°,7° ]indolizino{1°,2°:6,5]pyrido[4,3,2-de
]quinazoline-10,13(9H,15H)-dione;

b) _
(95)-9-ethyl-9-hydroxy-1-[2-(4-morpholino)ethyl]-1H,1 2H-pyrano[3”,4”:6’,7’ }indolizino[1°,2":
6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;

c) :
(95)-9-ethyl-9-hydroxy-1-propyl-1H,12H-pyrano[3*,4":6’,7 ]indolizino[ 1°,2°:6,5]pyrido[4,3,2-

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

d)

(95)-1-benzyl-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,4”:6*,7’Jindolizino[ 1°,2*:6,5]pyrido[4,3,2-
de]quinazoline-10,13(9H,15H)-dione; |

€)

(9S)-9-ethyl-9-hydroxy-1-phenethyl-1H,12H-pyrano[3”,47:6°,7’ Jindolizino[1°,2°:6,5]pyrido[4,3
,2-de]quinazoline-10,13(9H,15H)-dione;

f)

(95)-2,9-diethyl-9-hydroxy-1-phenethyl-1H,12H-pyranof3”,4”:6’,7’ ]indolizino[1°,2":6,5]pyrido
[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;

g
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k)

o de]qugxglggqazo

(98) 9- ethyl 9- hydr oxy- 1- ( 2- nethylpropyl) 1H, 12H pyr an
o[3",4": 6',T]indolizino[l,6 2 :6,5]pyr 20,
|do[4 3 2- de]qU|nazoI|ne 10, @3(9H 15H) - di one; n)
(9S) - 9-et hyl - 1- hexyl - 9- hydr oxy- 1H, 12H pyr ano[ 3", 4": 6",
7']lindolizino[l,2": 6,5]pyrido[4,3,2-d
e] qui nazol i ne-10, 13(9H, 15FD di one; 0) 25
(9S) - 9- et hyl - 9- hydr oxy-
(98)- 5]’19@0’1 9+hﬂmwﬂ$wm?@®ylﬁif{62mjiygaﬁg? igﬁf rlﬁgfbﬂmddbhznﬁ[lc? :27:6,5]pyr
i ne- i one;
1do[4€)@ﬁé{]g%)nﬁth% %I 1311-(3@-) hydroxy- 1 '
h) H, 12H pyrano[ 3", 4 :6',7']indolizino[l', 2 :6,5]pyrido[4

(98)-9- éﬂ&bé‘ﬂlyﬁkqu-l ﬁsz-%%ﬂlgﬁm )%ﬁ 1&%&%&%%%&0 énﬁ.%lcﬁ{zhr‘q? 2°:6,5]pyti

do[4,3, Zﬂeﬂqtmmmbwwx&@ﬁ %HD dwme, i ndol i zi no

i) ,2':d6 5 ]pygldo [4, 3, 2-de] qui nazollne- 10, 13 (9H 1
-dione; r

(98)- 2{Qﬁ}ethylf%hxdrowllrﬁmﬂﬁ@dwy@tlﬁyﬂ?Hglyem@{/Sl” 20} dilodplizipp[1°,2°:6,5]

ndol i zi no 1',2 35"
pyﬂd‘%ﬁ%’? H%//] ?‘g’gz‘{ﬁe 10413891]&3{} nﬁgoéigh ne- 10, &3 (9H, 15
I H-dione; s) 92

(9S)- %9@.611%!13} ﬁﬁ[YdroJ(y E%Z-Qrfeﬂfx F&g% henydprs %9%'0 394Ny 0 QiMoo 17,27:6,5

OIZII’]O

]pyrldo{s%]zpf?ﬂqtaw&h@e toélé@ 15 @pnsie- 10, 13( 9H, 15H) - di one;

TS) ethI-I [ 2-(4-f] uor ophenyl eth 1.- 9-.hy é/ ]
(98)-%ethyl- lilppti Prhygroxpdth 2l -pygnof3’ 'ﬂ rnéol i mdsh-21n0[1’2’ 5]pyr1do[4,_3,2-d
e]quu%tblzﬂl@?&elio 1’23(9)&1551_9;5%&0[4 3, 2-de] qui nazol i ne-10, 13(9H, 15

-di on
) (9S) - 9-et hyl - 9- hydr oxy- 1- (1- net hyl et hyl ) - 1H, 12H- pyr ano
(95)-9-&hyHd 'Ef;oxﬂll-xﬁ@hﬁyl-mngm;ayrano[§” ap m'rW]mchz[rfé{ﬁ 2-608byrido[4,3,2-

]13%&)1%}10% H, 1 5H)-dione; V)
utyl)-9-ethyl -9- hydroxy | H 12H py
m) rano[3",4": 6',7']indolizino[l1l",2":6,5] pyrido

©9)- J%téyl-frh@]ﬂﬁw SRy Mﬁgﬁﬁ'&q@ i Biptphnort” 26 51pyr.
ido[4, B2ty na-aN0¢- 30,14(9}@1517) diofgol i zi no[ 1’ 2':
6, 5] pyri do[ 4, 3, 2-de] qui nazol i ne- 10, 13(9H 15H) - di one;

N 15 x)

~ (95)-9-ethyl-1-hexyl-9-hydroxy-1H,12H-pyrano[3*,4”:6°,7’ ]indolizino[1°,2°:6,5|pyrido{4,3,2-d

e]quinazoline-10,13(9H,15H)-dione;

0) :
(98)-9-ethyl-9-hydroxy-1-pentyl-1H,12H-pyrano[3”,4°":6°,7" Jindolizino[ 1°,2°:6,5]pyrido[4,3,2-d

- ¢]quinazoline-10,13(9H,15H)-dione;

p)
(98)-1,9-diethyl-9-hydroxy-1H,12H-pyrano[3”,4”*:6°,7° Jindolizino[1°,2°:6,5]pyrido[4,3,2-de]qui

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

Y

(98)-9-ethyl-9-hydroxy-1-[2-(4-methoxyphenyl)ethyl]-1H, 12H-pyrano[3”,47:6°,7° ]indolizino[1°

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

1)
(9S)-1-[2-(4-chlorophenyDethyl]-9-ethyl-9-hydroxy-1H,12H-pyrano[3”,4”:6’,7 Jindolizino[1°,2
*:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 SH)-dione; -

s)
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. bb)
(95)-9-ethyl-9-hydroxy-2-methyl-1-pentyl-1H,12H-pyrano[3”,4°":6°,7 lindolizinof1°,2°:6,5]pyri

30

35

(9S)-2,9-diethyl-9-hydroxy-1 -(3-nethylbutyl)-1

H, 12H pyrano[ 3",4": 6',T]indolizino[l',2":6,5] pyrido

[4, 3, 2-de] quinazoline- 10, ¢B8 (9H, 15 H)-dione; Y)

(9RS) - 9- et hyl - 9- hydr oxy- 4- et hyl - | - pent yl -

H, 12H pyrano [3",4":6',7']indolizino[l',2" :6,5]py 20

rido[ 4, 3, 2-de] qui nazol i ne- 10, 13(9H, 15H) - di one Z)

(9S) - 9-et hyl -9- hydroxy-1 -(2-hydroxyethyl)-1 H,
(99)-91cthyIply tatfoll parophanytethgl]; SFhydray-iL i ¥b]-prapdf3”,46':6 .7 pydolizino[1°,2°

6 SRl aehay ﬁ@é@&@{%@ﬂﬁfoﬁ%&imsrﬁ a@) 25

t)  -2-nethyl- 1 H 12Hpyrano [3 ", 4

(o) el 1001 P‘ééf@ﬁ%w?e%g 0yt 2 oty L Ayl 4 ol
zmo[1 2’ éﬁipmsﬁzh selinaoliyetl G132, HeDhgipna
W - pentyl dllH 12H Fyl/rago[g 54 _ ‘

ndol i zi no[ 1" ' ri
©98)- 9@@34 %hzdrw-wmbﬁpmin%f i@{@mnpmfraﬁawamdgbzia@m°,2=:6,5]pyri
dof4, 3529@}q§m8zcﬂinﬁlﬂa}’1|3(ﬁ1hzrﬁ-%ﬁ |-pentyl-1H 12H pyrano[ 3", 4

ndol i zi no[ I’ ] pyrido[4,3 ,2-del

v)  qui nazol i ne- 10, 13(9H 15H) di one; dd)
(9S)- 1(@3)(118‘[&3%}‘1‘% 199%1@%@0@@11%&3 6[@3"4"16 H ilggllohzéno[l ,2°:6,5]

)]nl ndol i zi no[ 1
pyrldOé‘B38 %MLBII@D %‘}‘1%3@&%&1#[ diongio, 13 (9H, 15 H) - di one;
w) e€e) 93

(95)-9 i oy o3 Teghons | irens b b Lot I pirabols 4+ & b lidolizinof 1,
2% 65]8%5&1(5%8! zlaé]ﬁuﬁazomﬁhmsr@ﬁqlsm%&l& 1 3(9H, |

i one;
X) (9S)-9-et hyI 9 hydr oxy- 2- hydr oxymet hyl -1 - (2- met hyl pr op
(9S)-29-dicthil- %&Hmyan?[ -ethd bubyl)-TH] 12808¥randi 31 200®, P ]nlc'ioli%mo[l ,27:6,5]

yndogpﬁ(gy i do 19(99}—1 PSLﬂ[)nc?ioo i ne- 10, 13 (9H
y) (995 -9-et hyl 9- hydr oxy- 2- hydroxyrreltl hyl - -
(ORS) |9 nglpw gycﬁ% )?Sf @?yﬁfﬁggﬁyf@@?k}%@p@ g” (ﬁl)?lzmo[l ,2°:6,5]py

rido[4,8,218] Qkindzotihe-d 0.ABEIH, hSH)-dible;
(9S) - 2- chl or onet hyI 9 et hyl - 9- hydr oxy- 1- (3- met hyl but yl
2) )-1H, 12H pyrano[ 3",4": 6',7']indolizin

(95)- 9@ﬂ$f1-93iydﬁoﬁd-bfl-h¢drbﬁyéhﬂ)~déﬂ,m pazab3riet 16, 7 Hie8liZadf) %26 5]Pyr
ido[4,%4. 30 ninabdiine-10,13(9H, 15H)-dione;

aa)

(95)-9-ethyl-9-hydroxy-1-(2-hydroxyethyl)-2-methyl-1H,12H-pyrano]3” ,4*:6°,7’ lindolizino[ 1,
27:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H, 1 5H)-dione;

do[4.3,2-de]quinazoline-10,13(9H,15H)-dione;

cc)

(95)-2,9-diethyl-9-hydroxy-1-pentyl-1H, 12H—pyrano[3” 4:6°,7’lindolizino[1°,2°:6,5]pyrido[4,3
,2~de]quinazoline-10,13(9H,15H)-dione;

dd)

(95)-9-ethyl-9-hydroxy-1-pentyl-2-propyl-1H 12H-pyrano[3” 47:6°,7}indolizino[1°,2”:6,5]pyrid
0[4,3,2- de]qulnazolme-lo 13(9H 15H)-dione;

ee)
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(9S) - 2- am nonet hyl - 9- et hyl - 9- hydr oxy-1| - pentyl - 1H, 12H p
yrano[ 3",4":6',7']indolizino[l", 2" :6,
5] pyri do[ 4, 3, 2-de] qui nazol i ngz | 0, 13(9H, 15H) - di one; 15
JJ) (9S)-9-ethyl-9-hydroxy-1
-pentyl-2-trifl uororrethyl -
H12H—pyrano[3 4":6',7']indolizino[l, 2 6, 5] pyri do
3,2-de] qui nazol i ne- 10, 13 (9H, 1 5H) di one; Kkk)
(85)- %@Syb%hedrnyyadaydy@qmm 1-pentyl-1H,12H-pyrano[3”,4”:6°, 7" Jindolizino[1°,2:

65]pyﬁ5ﬁb%lcﬂﬂ%%‘l lﬂ%]gﬁ’@% Hi%I)oqh%m no[ 20
1',2":6,5] pyrido[ 4, 3, 2-de] qui nazol i ne- 10, 13(9H, 15H) - di
(93) 90&%/1 éﬁ}droxy( - Zhydr%x))rimehthyl 1- (i;g‘%%lgl)?mpfd) EH 251;%%@[3“ 47:6°,7"Jindol

lzmo[&;Izﬁyﬁ]pynd\q{é{3@~dalqumezolmeih HABHofdione; , 2
gg) 6 5] pyrldo [4, 3 2-de] quinazoline-10,13 (9H, 15

98y 9(«5@;L9zhrch'pme@ramdmymyh>@»le&3ny¢m91bnw} BRIyl 281 yramafB Bight" 7,7 Jindoliz

2
15H) n(czl)l[one and nn) (9 S)-2-(butyl am no)
—Z- - i 3 A3r.g0
(95)-2 &ﬂ&%ﬁ%ghygglyﬁio 19- K;Vdmiy 1g§ méﬁ;}ﬁiﬁhmr l.liH:!pzrrano[S’ A47:6°,7"Jindolizin
o[17,2¢ M]pyzd%‘* %?ﬁ{?}qv@aﬁ[zqh@ 2. 44PHA SRR PR e- 10, 13( 9H, 15H) -
iy dione. ] 30 25. TheI }Nater sol UB: e prodrug of cl a| m 13
t t
(95)-25miaa R Lo CRER ORIl BFHYL e 2P o Eeaelar el Teddieinoll 2"

S]pyn&gmztaé]qmbﬁamﬁﬁmmlom% HeKichel ubl e prodrug of claim
or a pharmaceutically acceptable salt, or a

in | on
hh0[1 %@)6 ﬂpﬁﬂo@ﬁ'ﬂpﬂ@?ﬂﬁhﬁl@ﬂgq%@ de qﬂﬁ nazol i ne-10, 13(9H

1) hydrate 35 or solvate thereof, conprising at |east

(9S)- 9%@119-1113&11@% %e ﬂ:ﬁiﬂﬁél@ﬁieﬂﬁ&’-lgl PZI-P-P;?QEEESM ng: wf]mda)mon 2’

6 Slpynﬁ%&‘lﬁai Sgiasinpapine- AR SIS ) b oyl - 4 o (2,

2, 3,3 -tetrafl uoropropoxy) phenyl] 3

(9S) 9(6%5’1%}1%)?} a%gh sT%-mgthﬁg}(uﬁy}H iZ]{IlpyranoB” 46,7’ Jindolizino[

1°,2°: 6L-5]11yr2d0{4 B @ﬂqdundzo)ﬁhh-la 166H, 151{?-;1%;14— triazol-1-yl)pyri

1l da 5 zin-3-ylthio)butan-2-ol
) (2R)-2-(2,4-difluorophenyl)-1-[3-[(E)-4-(2,2,3,3-tetra
(9S)-9ethyd2egthyd fooP) @tk gnyy1 -1 3- (nbﬂ%nllﬁ:tjrlb-llBZIHHprisdnbf3 H>:6°,7 Jindolizino[1°

27:6, SRR b e {%é’%fzaﬁl‘ﬁ ﬁiﬁ%@ﬁiﬁ?ﬁ;f@%t hyl -sul fonyl -1 - (1

mm) H 1,2, 4-triazol-l-yl)-butan-2-0l; 10 e)
(95)-2-(dimethylamino)-9-ethyl-9-hydroxy-1-(2-methylpropyl)-1H,12H-pyrano[3*,47:6°,7’]ind
olizino[1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione; and

nn)

(95)-2-(butylamino)-9-ethyl-9-hydroxy- 1 ~(3-methylbutyl}-1H,12H-pyrano[3”,4”":6°,7’ ]indolizin
o[1°,2*:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione.

25. The water-soluble prodrug of claim 13, or a pharmaceutically acceptable salt, or a hydrate
or solvate thereof, wherein the azole antifungal agent is a triazole.

. 26. The water-soluble prodrug of ¢laim 25, or a pharmaceutically acceptable salt, or a hydrate

or solvate thereof, comprising at least one triazole selected from the group consisting of:

a)
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(-)-4-[4-[4-[4-[[5-(2,4-difluorophenyl)-5-(i

H 1, 2,4-triazol-1 -ylnethyl)tetrahydrofuran-3-yl]neth

oxy] phenyl ] pi perazi nyl ] phenyd4 -2 [(1

S, 2S)-1-et hyl - 2- hydroxypropyl]-3 H 1,2,4-triazol-3

-one; f)

(2R, 3R) - 3-[ 4- (4- cyanophenyl ) t hi azoI 2-yl]1-2-(2,4-diflu

orophenyl)-1-(1 H 1,2,4-triazol - %/f buta 15 n-2-ol;
2-[(1Rg3R)-2-(2,4-diflucrophenyl)- 2-hyd:roxy 1-methyl-3-(1H-1,2,4-iriazol- l-yl)propyl] -4-[4-(2,

255 PRy S anas! )2 (11T

(2R, 3R) - 3-[ 4- (4- cyanophenyl )t hi azol -2-yl]-1-(1
(- 2-{2 tﬂndﬁhﬁ)rc.t:ﬂﬁeﬁfﬁ’b “hethYL 114, 24P ol -1 LR Qpl eI 2, aBazol-1-y1)pyrida

zin-3- YlﬁROE)RSaﬂfsz [314 (4 cyanophenyl )t hi azol - 2-yl ]-2-(3-fl uorop
c) henyl)-| -(1 H1,2,4-triazol-1-yl)- butan 2 ol; and j)

&h (4-cyanophenyl )t hi azol - 2-y (2,5-diflu
(2R)- 20 rorhenyl)-1phs 4 (B)-4(2, ﬁéz@ltraﬂu@mym@em-smilr{léﬂotnazol—byl)-

. 3. (122,71;{13{5191 YB}Répa201-gpl e prodrug of claim1 represented

BVRRLL Sk e MENP A N i I TR R

e) | east one water-sol uble prodrug sel ect ed fromthe

n 9S) - 9- et hyl
-4 RS e iheD St B5 hia  bneitateeby ofirgn- s slmet
oxy]pheh ekap: 1-4(18.2 2- -1,2,4-
yiphehgp kit AR H(15.29) - ety 2-hydroxypropy I 3T 124 triazol-3-one;
B ne-10, 13(9H 15H) - d| one: (b)
(2R,3K)95]4 94 eydamgh&ryq)@hwiz- HApDqQ scydhﬂwaopmer@@)m gi HAt A 2hAY 1-yl)-buta
ranof i ndolizino[l'
r1201’yrl do[4 3, 2- de] qui nazol i ne- 10, 13(9H 1511) di one; (c)

g) 3-mBthyl-G YmthPithip-1-(1,2,4-triazol-1-y1)-2-(trifluoromethylphenyl)-butan-2-ol;

h [ (2-am no-ethyl) - met hyl - am no] - acet oxy}-9-ethyl -1 - pent
) yl-1 H 12H pyrano[3 ",4":6"',7'
(CR,3R)- R (4- Zymbﬂenyaﬂu&oﬁpgy} M(OH41 D A2rigedlquyinazol4 reifhidrdphenyl)-bu
tan-0- %(QH 15H) - di one; (d)
98) 9- et hyI 9- (sarcosyl - sarcosyl oxy) 1-pentyl - 1H, 12H
i) pyrano[ 3",4":6",7' ]indolizino[l 2':6,5] 5

| (2&31«*(3%%-'[49?4 cyanophenyl) hj-5%3 Jﬂuoi'op]ﬁe 251 - P @L O y1)-butan-2-

ol; and( 9S) - 9- [ 2- ( 2- ami noet hanesul fonyl ) et hoxycar bonyl oxy] - 9-

N et hyl - 1-pentyl -1 H, 12H pyrano[ 3", 4

J 6',7']indolizino[1,2 :6,5]pyrido[4,3,2-de] qui nazoline
(2R,3R)23- -3¢ B pliddy Detiiamok-2-y11-2-(2,5-difluorophenyl)-1-(1H-1,2 4-triazol-1-yi)-buta

n-2-ol.

27. 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:

- {a)

(95)-9-ethyl-9-{[methyl-(2-methylamino-ethyl)-amino]-acetoxy}-1-pentyl-1H,12H-pyrano[ 3”4
*:6°,7’}indolizino[1°,2°:6,5]pyrido[4,3,2-de]quinazoline-10,13(9H,15H)-dione;

()
(98)-9-ethyl-9-(glycyl-sarcosyloxy)-1-pentyl-1H,12H-pyrano[3”,4":6°,7° ]indolizino[1°,2":6,5]p

‘yrido[4,3,2-delquinazoline-10,13(9H,15H)-dione;

©
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(f) (am noacetyl -nethyl -am no)-acetic acid 10
(S)-4-ethyl -3,13-di oxo-3,4, 12, 13-tetrahydro-|1 H 2- oxa- 6
, 12a-di aza- di benzo[ b, h] fl uoren-4-yl ester; (Q)
(9S)-9-{2-[(R-2-am no- 2- met hoxycar bonyl ) et hanesul f onyl
] ethoxycar bonyl oxy}- 9-ethyl-1-pentyl 1
H12H—pyrano[3 4" ,7"]indolizino[l,2 :6,5]pyrido[4
2- de] qui nazol i ne- 10 13(9H, 15H) - di 15 one; (h)
(9S)% ﬁ@ aBHl{CEetMlRi@ﬂayhan}rmemz}t9a¢tbr)lnw>§1m’]hhﬁié§ Bxoayd[p 47677

]mdd%ﬁ/? %g%i g&[ﬁ’ ’2-%]%&%&01 ol Zi ]fl’f%H%_dmél e5] pyri do[ 4

, 3, 2- de]qU| nazol i ne- 10, 13(9H, 15H)-di one; 20 (i)

(95) 9(-&@%1-@(5%}&% S%I&Q%lﬂ%:y géﬂngmd{ H'iﬁ'@;&?ﬁ(é[@*’ anyd> P dokiz[1°,2°:6,5]

yndOiilé qie]q@na@hg]:-d?rlﬁ k5B)-diowe] qui nazol i ne- 10, 13( 9H, 15
(e) H) d| one; and O)

- 9- etg% %sar cosyl - N- net hyl al anyl oxy) - | - pe I_lyl -1
(98)- 9F[21 Hppeinategulionylsthoryqarpeipilosilfofthyl-1-pentyl-1H,12H-pyrano{3~ 4™

67 lindolind]l pm SpbAaciaz.slabinsgld NI OHI3EkidRE) - di on

har naceut | ¢al conp05|t|on conpri $ing t he
® (a%?fé&et}@ﬂ%]bﬂémﬁ? e a¢idanyone of clains 1 to 27, or

(8)-4- é’th?lh@'lmﬁﬁdéu 4abhy-taeasaiaPhe-s2l-5,1 ZQ-Hm%aJaYdéhﬁ%[ﬁ h;ﬂuoren- -yl
vate thereof, as an effective 1ingredient

ester; ¢ her apeutic agent for a cell proliferation disorder

(g) conprising the water-soluble prodrug of any one of

cl.aj 14 to_24, or aph r maceut accept apl e

©8)-95 t(ﬁs%ﬁmawn%rmcww awilidagesy @Vb@%oxw Hyloxy}-9-ethyl-1-pentyl

-1H, 1mfp9femb[/39= 4'ngr, Blingslizins]2’,206, 5 TlyeidbEY, 2P0 WuirtizelieN 1 0,13(9H, 1 5H)-di
according to claim29, wherein the cell proliferation

On®. disorder is a cancer. 96 31. The therapeutic agent
according to claim 30, wherein the cancer i s a solid

(h)
o e

1H, 12Hungacdpie 41 ;6° It ipabkliz@a]ic or .6, Ypiido] <, 3@9&5}@Imaz¢meung 3(9H,15H)-di
cervi cal cancer, and/or bl adder cancer. 33.

ON€ antifungal agent comprising the water-sol ubl e prodr ug
(i) of any one of clainms 25 to 27 or a pharmaceutically

5553 PL B B35 BT SR o
zino[ 11,216, 5xwidef, H9-dt puinazalifed] 0,1 JOELES B dichs bhdn of a

G) wat er - sol ubl e prodrug represented by fornula (2), a
pharmaceutically acceptable salt thereof, or a hydrate

(98)-9athyl-9-(sarcosyl-N-methylalanyloxy)-1-pentyl-1H,12H-pyrano[3,47:6,7" ]indolizino[1*

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

28. A pharmaceutical composition comprising the water-soluble prodrug of any one of claims 1

to 27, or a pharmaceutically acceptable salt, or a hydrate or solvate thereof, as an effective

ingredient.

29. A therapeutic agent for a cell proliferation disorder comprising the water-soluble prodrug
of any one of claims 14 to 24, or a pharmaceutically acceptable salt, or a hydrate or solvate

thereof, as an effective ingredient.

30. The therapeutic agent according to claim 29, wherein the cell proliferation disorder is a

cancer,
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solvate thereof: R4 RlI-~N X~-N R7 12 1 R3 O (s)
[wherein, 15 X represents a C=0 or Cl-C3 al kyl ene
group; R represents a hydrogen atom or C-C6 al kyl
group; the nitrogen atombinding to RL may be
protected by a protecting group; R2 and R4 each

i ndependently represents a hydrogen atom C -6 al kyl
group, or amno acid side chain; 20 R3 represents a
G -C6 al kyl group; and R7 represents a hal ogen at om or

31. 'gﬁé;frﬁglé ?@1& i& H{a%go%&ggR%é%yﬁ g&rhgﬂeb S‘jhreggﬁc%a%% %l@ _FanOI.

oY | RZ R3 O (2) 25 (wherein, Y represents a

32. "[g%é%?l glgcfca eﬁilo ﬁldp% %Wrﬁ% P%Sr:ébnaﬂe\@gﬁ%? %glorcctal cancer,
lung cracer,RgeasheriicRy castiEc ehakern a@nas ccmlcfabwmeraat(cﬂc)t)bla@&r cdacer.
met hod of produci ng a conmpound represented by formul a
2); RAH RNXNOY 12 35 R0 (2) (wherein, X

33. priémgal @gentCemposing thawaist-kylhbla@ragirugipf arione of claims 25 to 27, or

a pharhﬁ@&ﬁ%%ﬁcc@glﬁmys epen3{ Qrdte BF sdtbatSefdotYds o8 (ﬁ*éemvelﬂgrcdlent

RZ an ea y represents ‘a hydroge
atom Cl-6 al kyl group, or amino acid side chain; and

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 or

solvate thereof

R4
H 7
R2 R3 o)

[wherein,
X represents a C=0 or C1-C3 alkylene group;

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

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

R? and R? each independently represents a hydro gen atom, C1-6 alkyl group, or amino acid side
chain; _

R3 represents a C1-C6 alkyl group; and

R’ represents a halogen atom or group represented by OR?® (wherein R® represents a hydrogen

| ‘atom or Ci-CG alkyl group)]

| R4
Ne_ X
R"/ Y \T O
- R? R3 O

_ (wherein,

2)

Y represents a residue of a compound represented by Y-OH which comprises an alcoholic
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R3 represents a Cl-C6 al kyl group; Y represents a
resi due of a conpound represented by Y-OH which
conpri ses an al coholic hydrgxyl group), wherein the
met hod conprises the step of: 15 reacting a conpound
represented by formula (9) R4 R'-~ NXN~- NR7 12 1
R3 O (s) [wherein, X R, R2, R3, and R4 are defined
as in formula (2); R7 represents a hal ogen atom or
hydrogylupum epd esent ed by OR8 (wherein R8 represents a 20
1 ) t - oup); and the nitrogen
X’R’%%%@%?ﬁg&%{nﬁgaﬁaﬁ}gf@gﬁ%@%ct ed by a protecting
group] with a conpound represented by Y-OH which

b RGHUIE L j r ain the
3 %g&népounﬁfg g%@é@g%?dé%ﬁ %@Mg %%ng&(%ﬂng@ag@ﬁ A conpound
represented by formula (9), a pharmaceutically
acceptabl e salfs thereof, or a hydrate or solvate
thereof: 98 R4 R,-INXNNR7 12 L RR O (9)
' esent®.a C=0 or Cl1-C3 al kyl ene group;
oge}“\atom or Cl1-C6 al kyl group; 5
inding to RL may be protected by a
ting oup; and R4 ea(c )i ndependent | y
‘represents hydr 0gen atom Cd*%‘al kyl group, or am no
acid side chain; R3 represents a C-C6 al kyl group;
and R7 represents a hal ogen atom or group represented
(wherd, ORB (wherein R8 represents a hydrogen 10 atom or
Cl1-C6 al kyl gr

itrogepn atom

: I Qu p? ]. .
X represents a C=0’or C1-C3 alKylene group;

R! represents a hydrogen atom, or C1-C6 alkyl 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 alcoholic

hydroxyl group), wherein the method comprises the step of:
reacting a compound represented by formula (9)

R4
H
N X R”

R Y \T

R R* O - (9)

[wherein, X, R', R% R?, and R* are defined as in formula (2);
R’ represents a halogen atom or group represented by OR® (wherein R® represents a
hydrogen atom or C1-C6 alkyl group); and
the nitrogen atom binding to R' may be protected 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. A compound represented by formula (9), a pharmaceutically acceptable salt thereof, ora

hydrate or solvate thereof:
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98

H
N X R’

T

R2 R3 0 (9)

[wherein,

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

R! represents a hydrogen atom, or C1-C6 alkyl group;
the nitrogen atom binding to R! may be protected by a protecting group;
R? and R* each independently represents 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-Cé6 alkyl group)].




