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HYDROXY- 2- | NDOLI DI NYL COVPOUNDS AND PROCESS FOR PREPARATI ON
THERECF FI ELD OF | NVENTI ONi&isdhi s i nvention relates to an S type
2-substituted hydroxy-2 indolidinylbutyric ester conmpoun ind a process for
t he preparatlonthe rticularlﬁ relates t BRt
2-substituted hydro m mﬂ@m @@nyl butyri ester conpound which is useful
as an internediate f canpt ot heci n derivatives having antitunor
activities and a processG‘P"G’P preparing 10 said conpound in high yield and
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EP- A- 418099), wher ein it has been 15 investigated to find processes for
preparing S type 4-hydroxypyranoi ndol i di ne conpounds of the forrmula [VIII]
whi ch are i NPI@LROF REVBNTIONer nedi ate: [ VIII ] 20 Besides, it is
reported, for exanple, in EP-A-220601 that an S type 2

[ (R -J-tosyl - prol yl oppyk-idvémsion télhexlte%ys't eeelsabst&qfaaqwosw Ahe formla
[ xx1]: 3 D APR 2002 ,~ ,,,. H2CH3 nmay be prepared by
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conpound via an S type 4-hydroxypyranoi ndolidine 15 corrE) ound [VIITI1].
However, acchutyriagstes compoundowbiceh, is tusefud @siandategmediate Lorgreparing

t osyl prol yl oxy] - 2-i ndol i di nyl butyrl c ester conpound [XXI] is nerely

obt ai ned i n edmprthstin deritatves Katingaatiangeact{videSdhd d peogest fanptdpating! a
di ast ereoner having an absolute configuration of "R' at 2-position which is

s1 muljhaneousl iy 2BpicRRAIIAhi R Y5l NaTnBER sRAERRMAG. [ sol ated therefrom

in a urther ower ‘yield
PRIOR ART

There is known a process for preparing camptothecin derivatives
having antitumor activities by Friedlaender reaction (cf. EP-A-540099, EP-A-
296597, JP-A-6-87746, WO 90/03169, EP-A-418099), wherein it has been
15 investigated to find processes for preparing S type 4-hydroxypyranoindolidine

compounds of the formula [VIII] which are important as an intermediate:

[ VII]
2 0
HO "CH,CH,
20
Besides, it is reported, for example, in EP-A-220601 that an S type 2-

[(R)-N-tosyl-prolyloxy]-2-indolidinylbutyric ester compound of the formula
(XX1]:



only 56% by a fractional recrystallization [cf. Oganic Synthetic

Chem stry, vol. 49, No. 11, pp. 1013-1020, 1991]. BRI EF SUMVARY OF THE

| NVENTI ON v 33 ~ APR 2aliZ This invention provides an S ng)a APR 2002

2-substituted hydroxy-2 indolidinylbutyric ester conpound useful as an

internediate for preparing canptothecin derivatives in a high yield and in

a high stereosel ectivity. DETAI LED DESCRI BTI ON OF THE | NVENTI ON 5 Accordi ng

to this invention, the desired S type 2-substituted

hydr oxy- 2-i ndol i di nyl butyric ester conpound of the formula [I1]: 10 R 1 OE

[1l] R2 CH3 can be prepared by reacting a 2-hal o-2-indolidinylacetic ester

conmpound of the formula [IlI]JY [ Il ] 15 R R 20 wherein X is a hal ogen

atom Rl and R2 are a lo | BN oup, and E is an ester residue, with an

R type ni trogen-cont ghning het erocycl i c carboxylic acid conmpound of

the fornula [IV]: i pARAOCH,@Hresi due of a

ni trogen-containing fusgd heteroggglic carboxylic goigfpaving an absol ute
R

configuration of rch i §@bPaiGitf by renoving f 30 APR?tt~2 4
hydroxy group fromthe carloxyl group of said carboxylic acid conpound (in
whi ch the nitrogen atomco thed in the residue is protected) or a salt

thereef to give a 2-substituted hydroxy-2-indolidinylacetic ester conpound
of thé fornmula [I]: 5

may be prepared by brominating at 2-position of a 2-indolidinylacetic ester

compound of the formula [XX]:

10

and reacting the resultant with an (R)-N-tosylproline and further ethylating at 2-
position of the reaction product, and further that a camptothecin derivative is
prepared from said compound via an S type 4-hydroxypyranoindolidine

15 compound [VIII].

However, according to this process, the desired S type 2-[(R)-N-
tosylprolyloxy]-2-indolidinylbutyric ester compound [XXI] is merely obtained
in an amount of 2.6-4.6 times larger (44-64% d.e.) than that of a diastereomer
having an absolute configuration of “R” at 2-position which is simultaneously

20 prepared, and the S type compound is isolated therefrom in a further lower yield,
only 56%, by a fractional recrystallization [cf. Organic Synthetic Chemistry, vol.
49, No. 11, pp. 1013-1020, 1991].
BRIEF SUMMARY OF THE INVENTION



~OCE_R wherein the synbols are as defined above, and then ethylatlng
2-position of the 10 resultant conmpound [I]. The process of thi 3|m

is characteristic in that the 2-substituted hydroxy-2-indo|idinylacetlc
ester conpound [I] is sterically bulky at the acetal noiety and has a
sterically bul ky substituent containing an optically active

ni trogen-containing fused heterocyclic ring at 2-position thereof and hence
it is 15 ethylated with high yield and high stereoselectivity at
2-position, and thereby the desired S type 2-substituted

hydr oxy- 2-indol i di nyl butyric ester conpound [I|] is obtained in a high
sel ectivity such as This myentipn poeeides ghey t)([&'O%Sdb&tltUtﬁd hydroxytdran t he

di astereonmer having an absolute configuration of "R' at 2 position.

Par ti cul ar | yinddtielinglbatygicoekter' d6mpoundesefubag a ieviméeiatenfor peepddirgonpound
[1] is a 4-nitrophenyl sul fonyl group or a 4-biphenyl sulfonyl group, the

desired conp t ighaRsK sRes 20 tines
(90% d.e.) o?&%gukﬁ%?ﬁégk?%gygﬂHgH%ﬂ%|gggfan?ésgecglégﬁykﬁkﬁmyﬂ&nuch hi gher

i sol ation vyi ~3 0 APR 2002 s The R type
ni t rogen- con?&ﬂ%gﬁﬁiiS%%%:%gﬁigéﬁé%fﬁék Xy |c acid compound [IV] in
this invention nmeans a conpound havi ng,a car boxyl rou boynd to. a

ni troden- cont ai ni ng ﬁ§§eﬂhﬁéﬂ@ﬁ5@yBVW3“Wlﬁg e depigedh ﬂVBg@ﬁ“gﬁﬁﬁF@$ntalned in
sai d conpound is protected), and the carbon atom bound with the 5 carboxyl
group has anhadsndyuienabminmnglhuaym@nstof compound of theformuladdhl cont ai ni ng
fused heterocyclic ring includes a benzene-fused nitrogen containing

het erocyclic ring, for exanple, a tetrahydroisoquinoline ring, a tetra
hydroqui noline ring, a dihydroquingline ring, or an indoline ring. Suitable
exanpl e of the nitrogen-containing|fused heterocyclic 10 carboxylic acid
conpound havi ng an absol ute n of "R'" is a conpound of the
formula [ XI X]: , ~~~~COCH (CHZ)n 15 wherein nis 0 or 1,
and Y is a substitut g ]%ulfonyl group or a | ower

al kyl sul fonyl group. abgye conpougld [ XI X] wherein nlidkl 1 neans an
N-sub$tituted 1,2, 3,4-t rahydr o- 3- RPQU(HQKHﬂ@carboxyllc acid, and the
compound [ XI X] wherein nis O means an N-substituted 2- |ndoI|necarboxyI|c
aci d. The 20csunbstprepamt Byyteasting e2-hiata-8ejodohdimylasktic lesteaslsompovadpdithd

[ XIX] includes a phenyl sul fonyl, naphthyl sul fonyl or biphenylyl sulfonyl
group (whi ch fomyula [I1]:

CN
| COOE I
s RI\L X [10]
O
R? %
wherein X is a halogén atom, R1 and R? are a lower alkyl group, and E is an

ester residue, with an R type nitrogen-containing fused heterocyclic carboxylic

acid compound of the formula [IV]:
20 R°OH [1V]
wherein R is a residue of a nitrogen-containing fused heterocyclic carboxylic

acid having an absolute configuration of “R” which is obtained by removing



optignally be substituted by a nmenber selected froma nitro group, a | ower
al kyl group, a lower al koxy group, a cycloal kyl group, a halo APRM a
t hi enyl 3 0 APR 200Z 6 group), or a lower alkyl sul fonyl groggﬂ]for 267
exanpl e, a phenyl sul fonyl group, a tosyl group, a
2,4,6-trinmethyl phenyl sul fonyl group, a 4-nitrophenyl sul fonyl group, a
4- chl orophenyl sul fonyl group, a 4-nethoxyphenyl sul fonyl group, a
4cycl ohexyl phenyl sul f onyl group, a 4-(3-thienyl)phenyl sul fonyl group, a 2 5
napht hyl sul fonyl group, a 4-bi phenylyl sul fonyl group, a nethyl sul fonyl
group, and an ethylsul fonyl group. Among the above, preferred conpounds are
a conpound [XYdqpxytgspep ATQR g@@ﬂqqwagmlm of saifl caphoxyilicrasi@ eompornd dim
tosyl group, a 2-naphthyl sulfonyl group, a 2,4, 6-trinmethyl phenyl sul fonyl
group, a 4- bivhidngheyigogénnydmlddngaioegdin dre gesiluei i rpoqnlaeueylb suohafsattythegodup
and n is 1, and a conmpound [ XI X] wherein the substituent "Y' on the
ni trogen at og gﬁreaa Q%%lstlﬁft@dlBzdﬂﬁ(yn%lﬁd&adlﬂ?rafcbﬁél|e§trek YoRippualgfdheonpounds
are a conpound [ XI X] wherein the substituent "Y' on the nitrogen atomis a
4- bi phenyl yl fﬂpgﬁ group or a 4 nitrophenylsul fonyl group and nis 1. 15
The R1 and I ower al kyl group, such as a nethyl group, an ethyl
group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl
group? X is a halogen atom such as chl &ine, brom ne, iodine. The E
i ncl udes any conventional ester resi N exanpl e Iomer al kyl groups
such as a nethyl group, an ethyl 7 propyl group, L propyl group,
ra

an n-butyl 20 group, or an, i b TOOEt hem pref bl e groups
are Rl and R2 being a met Ry gr Ojp X pbei ng a chl orine atomor a brom ne
atom and E being a nethyl g or an etml®d group. 3 0 APR 200Z The

reaction of the 2-hal o-2-ind8idinylacetic ester conpound [IIl] and the R
type nitrogen-contai ning fused heterocyclic carboxylic acid conpound [1V]

or 2 salt theeeliniihe SOHGaRUS A0 SHdAPEA] VERYIAHIo) BOLticRTor e

R-type nitrogen-con tsed erocyclic car ound
[1V] ,includes a al kal i ﬂ salt (e.g. potassiumsalt, sodium sal t), an
al kall®ne ear f4u P'é‘FOIE‘BPEm‘% ly. magnesium salt, calciumsalt). The reaction
of the 2-hal o-2-indolidinylacetic ester corrpound [I11]. and the R type

ni trogen- cont ai ni ng Thsaroprssatdbiscinventien Bosharagersicinhapdimspbytugad a
salt thereof is preferably carried out in the presence or 10 absence of an
aci d scavengaydrdiiy-2-abd@idingaektis esfer chompaand [Eciasenpatly dndky avtigaavecal
bases, such as an alkali netal hydride (e.g. lithiumhydride, sodium

hydride, pot gaskiymdtyR4d ﬁi%)enc%ﬂyaéd‘{ﬁ* 'suﬁﬁitﬁéntadﬂlﬁﬁnﬁ% &h oblitdllyReayd de,
sodi um am de, pot'assium am de alkali metal carbonate (e.d. sodium

car bonat e, u i :

codi um 15 nydr s B ALReE Zﬁ@d %ETS%EH{% PO R AR epR AT RERCe s

H?([jfl ég; oxi ﬂ}ylé’tlegq?zﬁtli dl “ry"m'léi ﬁsteegcgs%fesclul{lrlrt]yhz}/t 82)%1910& Lullé Hllelf'gl])y
the desired S type 2-substituted hydroxy-2-indolidinylbutyric ester compound

[IT] is obtained in a high selectivity such as 9 times or more higher (80% d.e. or

more) than the diastereomer having an absolute configuration of “R” at 2-
position. Particularly, when the group “Y” in the substituent R° in the

20 compound [I] is a 4-nitrophenylsulfonyl group or a 4-biphenyl sulfonyl group,
the desired compound is obtained in much higher stereoselectivity of 20 times
(90% d.e.) or 15.2 times (88% d.e.) higher, respectively and in much higher

isolation yield of 75% or 76%, respectively.



bases, such as an alkali netal al koxide (e.g. sodium et hoxi de, Eg assium
tert butoxide), an alkali netal alkylamde (e.g. lithiumdiisop yﬁBRi 2607,
atrialkyl amne (e.g. triethylam ne, trinethylamne), an

N, N-di al kyl aniline (e.g. N,N 20 dinethyl aniline),

1, 8-di azabi cycl o[ 5. 4. O) undeca- 7-ene. The sol vent used in the reaction

i ncl udes any conventional solvent which ddes not affect on the reaction,
and suitable exanples are an am de type solvent (e.g. dinethylfornman de,

di et hyl acetam de), an ether solvent (e.g. tetra ~ 0 APR 2002 s
hydr of uran, di net hyl et dioxane). The.reaction is usually carried out
at a tenperature of FﬁSﬁ?é@et %1?%%,00813(31% Sjc/d%%eﬁ?%%tcoca‘f%@.‘y Thac!
subsequent 2-ethylatign of the 2-substituted hydroxy-2 indoljdinylacetic
est er conpougempppnd JI:hin thayinygntipn neansia eampourd favingiancarhexy gospence
of an acid scavenger. The ethylating agent is preferably an ethyl halide
(e.g. ethyl bodndeo astitrpgetconiagieing fusedheteedaychibl yng(thy InifrogémetonThe aci d
scavenger is the sane agents as nentioned above for the reaction of the

2- hal 0- 2- i ndgbhdinkd ACHlid eofPorhdG9 PP&B@@dI,l dnld thandrbdiealdnt ¥BEnd with the
ni trogen-contai ning fused heterocyclic 10 carboxylic acid conpound [IV] or

a salt. there { s : turd s i : | de. The
sol veﬁt usedg%;rr?ogﬁgg?dgl{aﬁcP?%hﬁiahg?@gﬁgé%@rggﬁg?gt i%ﬁa aggP\r/Helﬁ%sgé i ch does
not affect on the reacti and suitabl e,exanpl es are an, ami de type sol vent
Cor - o et ngpromingsed BeeBiioR cifomcuied TodheReindl Biddnc e, o 18
di met hyl sul foxi de), an ether_ solvent (e.g. tetrahydrofuran, dioxane,

di met hyl et hePptaining hetsraeydiaRRe.dor ERERD S etHRhYOOqRigOlian singy ¢ tete:,
benzene, chloro benzene), or a mxture thereof, and particularly preferable
sol vent is ahyidriquirolofe dhgea dinydoequandliee Ang, ednumdelingming: eaction is
usual ly carried out at a tenperature of from-10 to 50C, particularly

preferably at a roomSu@abRs @étdmisle ZQhd !ﬂﬁr@?i—é@daﬁ@ﬂ@md l{d_td:ﬂoc%réili@_ crude
formthus obtained can easily be purified by recrystallization to give a

hi ghlyyy puri fi 3 3 I = i “p

hydr ol?y- 2-1 n&gﬁ%&%%ﬂ?#’#’ ggtagﬁvgld%r%lgﬁkgdﬁﬁf%%gg%?é)lfngd 1|Ssa subj ect ed
to a catalytic redu tifon 0 r?dtﬁﬁﬁ}'he 3 0 APR 2002 9 cyano group thereof
and then sub{fE8EPSYEEH é]i“kéﬂm}ﬂ% MoMi'to give an S type 2substituted

hydr oxy- 2- (6-substituted am nomet hyl i ndol i di nyl ) butyric ester conpound of
the formula [V]: NNHR3 R L= | dolR2 O RIO / ~CH2CH3 wherein R3 is a
| ower al kanoyl group, and sdl s are as def[i)&s:(cﬁ above,

15 wherein n is 0 or 1, and Y is a substituted or unsubstituted arylsulfonyl group or
a lower alkylsulfonyl group.
The above compound [XIX] wherein n is | means an N-substituted-
1,2,3,4-tetrahydro-3-ylquinolinecarboxylic acid, and the compound [XIX]

wherein n is 0 means an N-substituted 2-indolinecarboxylic acid. The

20 substituent “Y” on the nitrogen atom of the above compound [XIX] includes a
phenylsulfonyl, naphthylsulfonyl or biphenylylsulfonyl group (which may
optionally be substituted by a member selected from a nitro group, a lower alkyl

group, a lower alkoxy group, a cycloalkyl group, a halogen atom, or a thienyl



and the resultant is subjected to nitrosation reaction and rea@rgnRPQEﬂmzto
give 10 an S type 2-substituted hydroxy-2-(6-substituted

hydr oxynet hyl i ndol i di nyl) butyric ester conpound of the formula [VI]: [ VI
] R15 3 wherein the synbols are as defined above. The conpound [VI] is

t hen subjected to an intranol ecul ar cyclization reaction, and thereafter or
at the sanme tinme as the cyclization reactgon, the acetal group thereof is
convened into a ketone group to give an S type 4-substituted

hydr oxypyr anoi ndol i di ne 20 conpound of the fornmula [VII]: "~ 0 APR Z002
to 5 (VII] zCH3 wherein the synbol is as defined above. The above conpound
[VII] is subgemtpadon mlqwreaikaﬁsnkf@ny} grupi far exagul e phanyisudionyl grgumni | i ne
conpound of the formula [XIV]: 6 ,~5 R~ (~| R~~~ NH2 n9 1~ 15 wherein

t he groups Rfsyl Bfoup, @ Zddhtrambyhyiploeryisd fomyb graups abbhittophehykealfogyl
optionally protected, in a conventional manner to give a canptothecin

conmpound havg%ﬁég%ﬁgrb%%ﬁ%@mém g%euﬂ?qumh@&ypﬁexgﬂsmﬂﬁlyﬁ %&2%5,83 gV

< < R-( 20 wherein the synbol 5 aré as défin above,

and the conp ' LECTH 0, repp urther, when
t he groups ng&gﬁg%gé%)ﬂg#géﬁgldgggt%bfég{%ﬁﬁ%@g?%@%\ygu%?l y ? Ego"{;?r‘& cting
group,_ and further optionally to, conversion.into a salt thereqof to give a
SRt & heci nBRRHBYECSH] EFRtR: o HDTEROPXDIIFULEomY] Br8up, Sapetnags anylrdppoet |
Rg O,CH3 5 wherein the groups R51 - R91 are each a hydrogen atom or an
unpr ot ect ed and an ethylsulfonyl group.
Among the above, preferred compounds are a compound [XIX]
wherein the substituent “Y” on the nitrogen atom is a tosyl group, a 2-naphthyl-
sulfonyl group, a 2,4,6-trimethylphenylsulfonyl group, a 4-biphenylylsulfonyl
10 group, or a 4-nitrophenylsulfonyl group and n is 1, and a compound [XIX]

wherein the substituent “Y” on the nitrogen atom is a tosyl group and n is 0.

Particularly preferred compounds are a compound [XIX] wherein the
substituent “Y” on the nitrogen atom is a 4-biphenylylsulfonyl group or a 4-

nitrophenylsulfonyl group and n is 1.

15 The R1 and R? are a lower alkyl group, such as a methyl group, an
ethyl group, a propyllgroup, an isopropy! group, an n-butyl group, an isobutyl
group; X is a halogen atom such as chlorine, bromine, iodine. The E includes
any conventional ester residues, for example lower alkyl groups such as a
methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl

20 group, or an isobutyl group. Among them, preferable groups are R! and R2

being a methyl group, X being a chlorine atom or a bromine atom, and E being a

methyl group or an ethyl group.



substituent, or a salt thereof. Besides, it is assuned that in the above

i nt ranol ecuI ar cyclization reaction of the S type 2-substitut ed

hydr oxy- 2- (6-substituted hydroxymet hylindolidinyl)butyric est Ucnpgom
[VMI]+ there is produced a conpound of the 10 followng formula: R 1

wherein the synbols are as defined above. The canptot hecin conpound [ XVI]
or a salt thereof may al so be prepared byya process conprising the

followi ng steps: (a-1) subjecting the S type 4-substituted

hydr oxypyr anoi ndol i di ne conpound [VII] to renoval of the group Ro or 20
(a-2) subjecting the S type 2-substituted droxy-2- (6-substituted

hydr oxymet hyl i ndol i dThg kgastiopréfcthesx baIOCZ}nﬁélllddnj[lwqthutmmpmndﬂHﬂoI ySi s
to give an S type 2-hydroxy-2-(6-hydroxynet hylindolidinyl)butyric acid
conpound of hﬁ@t}ﬁé)léflgb@ mifr8Een-contadnid gARR 2 AORrd& clib\odr RRlacid! S COOH [
IX] R2 OHO/~CH2 5 wherein the synbols are as defined above,

subj ecting t pg gsﬂp@gﬂgousﬂam f‘l@tcﬁﬂ{%?iléiﬁ‘ihaarsu‘ft%ie'iﬂ%xﬁ” reaction and

thereafter or s he C zation reaction converting the

acetal group thereof ro and furthe nal | y. converting
the product into a sa lﬁ@féﬁg?{]gy% °§ﬁn'§%8m§ %ﬁ&bﬁi}ﬁ%yﬁ’ﬁi ndoI i di ne
conpound of the forrrula [VIITT]: 10 or a salt thereof, ﬁ VI (b)
subj eéting t Barbegiie asid ‘{OVPFPCP‘]ndt BVEindpdesanialkali mgtel 5 (F(ﬁgBPF?éﬁlu%SW th an
o-acyl aniline conmpound [XIV] in a usual manner to give a canptothecin
conpound of tbdufrosatt)) an 41kaling earth meRl sk ¢.B. :Ragiesiug saliecaddinm sadt) synbol s
are as defined above, (c) subjecting the conpound [XVII] to renoval of the

protecting group of The redddigisoiRBe-2-Rilo-Miedolidigglacgioess: eanpaind HII
protecting group, and 3 0 APR 2002 13 further (d) optionally converting

E;'(\e/l frgfugt  aRlMARCA: ﬁﬁg‘éﬁgﬂfconﬂlﬁﬁﬂgnﬁtsédﬁEbéroé)}b?lcC&'?%ﬂlﬁeEélﬂ compound

compound [IV] or a salt thereof is preferably carried out in the presence or
10 absence of an acid scavenger. Suitable examples of the acid scavenger are

inorganic bases, such as an alkali metal hydride (e.g. lithium hydride, sodium
hydride, potassium hydride), an alkali metal amide (e.g. lithium amide, sodium
amide, potassium amide), an alkali metal carbonate (e.g. sodium carbonate,
potassium carbonate), an alkali metal hydrogen carbonate (e.g. sodium

15 hydrogen carbonate, potassium hydrogen carbonate), an alkali metal hydroxide
(e.g. sodium hydroxide, potassium hydroxide, lithium hydroxide), and organic
bases, such as an alkeli metal alkoxide (e.g. sodium ethoxide, potassium tert-
butoxide), an alkali metal alkylamide (e.g. lithium diisopropylamide), a trialkyl-
amine (e.g. triethylamine, trimethylamine), an N,N-dialkylaniline (e.g. N,N-

20 dimethylaniline), 1,8-diazabicyclo[5.4.0]Jundeca-7-ene.

The solvent used in the reaction includes any conventional solvent

which does not affect on the reaction, and suitable examples are an amide type

solvent (e.g. dimethylformamide, dimethylacetamide), an ether solvent (e.g. tetra-



be pr.epared by a process conprising the followi ng steps: 5 (i) subj ecting
the S type 2-substituted hydroxy-2-(6-substituted ﬂn 9
hydr oxynet hyl i ndol i di nyl ) butyric ester conpound [VI] to an ester Nﬁm 9@ S

to gi-ve an S type 2-hydroxy-2-(6-hydroxynet hylindolidinyl)butyric acid
conmpound (I X] or a salt thereof, (ii) subjecting the conmpound [IX] to an

i ntranol ecul ar cyclization 10 reaction ang further optionally converting
the product into a salt thereof to give an S type 4-hydroxypyranoi ndol i di ne
conmpound of the formula [X]: R 15 R2 [ X] wherein the synbols are as
defined above, or a salt thereof, (iii) reacting the conpound (X] with a

| over al kanohydefirangtlimetdyt etheni diogaad): Theoragtion isasualpcaimredrautia za | ower
al kanoyl group, or a reactive derivative thereof to give an S type

4- al kanoy| oxygp@anirs @dlfiat 20 todG95An greférabhefroar f0ka 7DXCI | ~ 0 APR
2002 R 14 CH3 PE)XII] 5 wherein the synbols are as defined above, (iv)

converting the acet alygromgelort al g RRAUCH LibitihRPhiEbR)e 8T oup to

give an S type 4- alkanoyloxy yran0|n di ne conpoun rmul a

Subj et ng | HEUARUERGS e TR R I EEnEy B PR Foiselient el an

o-acyl ani |l i ne conpound [Xl in a usual nanner to give a canptothecin 15
conpound havpﬁéeac%95§Pﬁ¥ﬂkﬁﬁ“ﬁﬁg?%e 20- hydroxy group of the fornula
[ XVIT1): R R 20 wherein the synbols are as defined above, CH3 [ XVIII ]
(vi) subjecting the dbemsthyldtipxegent]istpoefieeabdy ah e(blﬁyltl‘rvéldgr(olgp efylaadideur t her
to renpoval of the protecting group of the groups RS - R9, when these

ethyl bromide), more preferably ethyl iodide. The acid scavenger is the same

agents as mentioned above for the reaction of the 2-halo-2-indolidinylacetic

ester compound [III] and the R type nitrogen-containing fused heterocyclic

10 carboxylic acid compound [IV] or a salt thereof, and particularly preferable
agent is sodium hydride.

The solvent used in the reaction includes any conventional solvent
which does not affect on the reaction, and suitable examples are an amide type
solvent (e.g. dimethylformamide, dimethylacetamide), a sulfoxide solvent (e.g.

15 dimethylsulfoxide), an ether solvent (e.g. tetrahydrofuran, dioxane, dimethyl
ether), an aromatic hydrocarbon solvent (e.g. toluene, xylene, benzene, chloro-
benzene), or a mixture thereof, and particularly preferable solvent is a mixture of
dimethylacetamide and toluene. The reaction is usually carried out at a
temperature of from -10 to 50°C, particularly preferably at a room temperature.

20 The desired compound [II] in a crude form thus obtained can easily
be purified by recrystallization to give a highly purified compound [II].

The S type 2-substituted hydroxy-2-indolidinylbutyric ester

compound [II] thus obtained is subjected to a catalytic reduction to reduce the



3 0 APR 2002 is groups contain a protecting group, and further (vii)
optionally converting the product into a salt thereof. In the aao e
conmpounds, the groups R5 - R9 include any substituents like in n%vﬁPR 2002
canpt-ot heci n derivatives (cf. for exanple, EP-A-s40099, EP-A s 296597,

JP- A~6- 228141, WD 90/ 03169, EP-A-418099) as well as in the canptothecin
derivatives as disclosed in European Pategt Publication Nos. 7s7049 and
781781, for exanple, the follow ng groups: (a) the adjacent two groups
anong the RS - R9 conmbine to forma straight chain or branched chain

al kyl ene group having 2 to 6 carbon atons, or 10 are both a hydrogen atom
and one of tdyanoegmiupithgrepf eandsthen sulyecrdcie- Rkanoylatontdeive aw SofypeH:
remai ni ng groups are a hydrogen atom a substituted or unsubstituted | ower

al kyl group, substitutedgdesx pRo(G-sxlititee aminaamtiylindol@ioupsutgrengtdrhe RS -
RO conbine to forma straight chain or branched chain al kyl ene group havi ng

2 to 6 carbo Qi ne carbon atomin the al kyl ene group is
substituted ﬁ?ﬁg groﬁ%ﬂ%#%?ﬂgﬁyg$ﬁula: -Q Al kp-R ~, and the remaining
three groups of the RS - RO are a hydrogen atom a substituted or
unsubstituted | ower al kyl group, ogxya halogen atom in the above (a) and
(b), one or two nethylene groups iff the al kylene 20 group nmay be repl aced
by -05 -S- or -NH, Qis -0 IN(HRS a straight chain or branched
chai n-al kyl ene group havi AP, 6&02 16 6 carlpen atoms, which
may optionally be intgtvened]by amn 2 m R ois a protected am no
group, a protected | onweryal @Ianinogg QH?(ﬁaprotected pi perazi no group, or
a protected hydroxy group? p and q are both 03or 1, or when pis 1, qis O.
5 The R51 - RO1 are a group derived fromR5 - RO by renoving the protecting
group, specifical.l he .aroups, .as fined for - wher ein. th roup R10
is a group o gfeﬁgéptb@ arlgm#iaﬂbantop{ggﬁqu&, g@ ioﬁlbeagsryﬂfgﬁs £ha?s ﬁlegm Cﬁ%l%d/%up
R10 bei ng an am no group, a |lower alkylam no group, a piperazi no group, or

a hydroxy grgupthelRshTtahtelssaibjcctdtd afttRatoR reddindiriRanzagemeOlb e as
follows: (i) R71 is 3-am nopropyl oxy, R51 is ethyl, and R61, R81 and R91l

are ggch hydér?%e@p%t?-%bstituted hydroxy-2-(6-substituted hydroxymethylindolidinyl)-

butyric ester compound of the formula [VI]:

[VI]

15 R?
wherein the symbols are as defined above. The compound [VI] is then
subjected to an intramolecular cyclization reaction, and thereafter or at the same
time as the cyclization reaction, the acetal group thereof is converted into a

ketone group to give an S type 4-substituted hydroxypyranoindolidine

20 compound of the formula [VII]:



(11) .R51 is piperazinonethyl, R61 and R91 are each hydrogen atom and R71
and R81 conbine to formethylenedioxy, 15 (iii) R51 is aninonetﬁym,Aﬁgl d
R81 conbi ne to form et hyl enedi oxy, and R61 and R91 are each hydrogen t@@?
(iv)~R51 is am nonmethyl, R71 and R81 conbine to form nethyl enedi oxy, and
R61 and RO1 are each hydrogen atom (v) R61 is am no, and R51, R71 R81 and
RO91 are each hydrogen atom 20 (vi) R51 gy R61 conbine to form

am no-substituted trinethylene, R71 is nmethyl, R81 is fluorine atom and
R91 is hydrogen atom I3 0 APR 2002 m(vii) R51 and R61 conbine to form
trimethylene, R71 1 is 3-am nopropyl oxy, R81 and R91 are each hydrogen
atom (viii) R71 is 3-am nopr @pyl oxy, and R51, R61, R81 and R91 are each
hydrogen atom 5 The salt_of type 4-hydroxypyranoi ndol i di ne conpound
[MIIT], S type 2-hydroxy~ met hyl i ndol i di nyl ) butyric acid
conpound [IX] or S type noi ndol i di ne conﬁgﬂﬁd [ X] includes an
al kali nmetal salt (e. sodi urrsa Othiumsalt), a he salt of the

canpt ot heci n conpound [ XVI] ing é’@H galt with an inorganic acid (e.g.
hydr ochl ori de ul f.at alh t. 'tg an organic acid (e.g. oxal ate,
tosyl ate). Ithﬁené@%\%mg%%e%séé%&q é%lgfepar ation of a canptothecin
conmpound, the reductjpon and al kanoyl.atj.on of K the S type, 2-substituted

hydr oXy- 2- i ndol i di nylrl'BWgPV% C@&P@Pﬁéiyﬂﬁdﬁ&umepjedaﬁpéy r%éjrl?‘?@ﬁr ERACUOR a

sui tabl e solvent. The reduction is usually carried out b{{ usi ng a catal yst
(e.g. Raney tgethiesieith anedasylayidinggompaundsytibe fomnula [Xd¥h t enperature to
60C. The al kanoyl ation is usually carried out by using a conventi onal

al kanoyl ating agent (e.g. a |lower,al kanoic acid, a |ower al kanoic halide, a
| ower al kanoi ¢ acid anhydride) af a roomtenperature to 60C. The solvent to

be used in these reactirlas ifcludes a | ower al kanoic acid anhydride (e.g.
acetic anhydride), a 20 | ok | kaBoi c acid (e. égggeti c acid), or a
g ride,

m xture of them Wen a | ower 'al kanoic acid anh a | ower al kanoic
acid, or a mixture of thém g us¥Hzin the reduction reaction, they may be
used al so as an al kanoyl ati rgf agent, and in 3 0 APR 200Z is such a case,
the riduction and the al kanoyl ati on can proceed in a single step. The
nitrosati on and rearrangenent of an S type 2-substituted

hydr oxy- 2- ( 6wéigbsihithetgedupnRAGRY bsd ¢avticd hyldmogkn At rora adisdtuenopimgnd [ V]
can be carried out by a simlar nethod to that disclosed in Journal of

Nedi ci nal 5 GHeah Sty YroiOla, 73a BBve i 0uinct Qe £ Brditihaghe sol vent.

The nitrosatron Is carrie under an aci di ¢ cofiditi on
ti | it i . g. di itrit t i | trd t
0C The sof veRmPRaTRdayttRRoeT el A PErb e B SR OE PRl G Y P o

anhydri de (e.g. acetic anhydride), a | ower

RS 5
15 R’
[XV]
R 70 O
R’ RO “CH,CH,
wherein the symbols are as defined above,
and the compound [XV] is subjected to removal of R° group and further, when
20 the groups R3 - R9 are protected, subjected to removal of the protecting group,

and further optionally to conversion into a salt thereof to give a camptothecin

compound of the formula [XVI]:



al kapoic acid (e.g. acetic acid), or a mxture of them 10 The subsequent
rearrangenent reaction can be carried out by heating the product ylﬂt ?BRGZUUZ
by the above nitrosation at a tenperature of 60 to 70C. The sol vent b
used-in the rearrangenent reaction includes a hal ogenated hydrocarbon (e.g.
carbon tetrachl oride, chloroform nethylene chloride), an ester sol vent
(e.g. ethyl acetate), a non-aromatic hydgpcarbon solvent (e.g. n-hexane),
15 an aromati c hydrocarbon solvent (e.g. toluene). The ester hydrol ysis of
the S type 2-substituted hydroxy-2-(6 substituted

hydr oxynmet hyl i ndol i di nyl ) butyric ester conpound [VI] can be carried out by
a conventional nethod for the ester hydrolysis in a suitable solvent in the
presence of a base. 20 TheRBAs®*t o be ed in the ester hydrol ysis includes
i norgani c bases, sucklyms an al Kal i _pet hydr oxi de (lithium hydroxide,

sodi um hydr oxi de, potasst ydRok d al@al i ne earéﬁqqetal hydr oxi de
(e.g. calcium hydroxide) i ide, an alﬁ I"“metal carbonate
(e.g. sodium 1 19 RHrboyat éNpotass ate), an alkali neta

hydr ogen carbonate (e.g. sgdium hydrogen ), organic bases, such as
an al kali netal al koxide (e.g. sodium ethoxi de, sodi um net hoxi de), an

al kali nmetal phenoxide (e.g. sodium phenoxide), a nono-, di- or tri-|ower

al kyl & ne (whgreimthégtaups RS! SR drgl each rehydrogen atom or an unprotected

N, N- di et hyl - 1, 3- propanedi am ne, trimethylamne, triethylamne). The

sol vent i ncl ygRanantadcLhal tepdorent (e.g. nethanol, ethanol, propanol,

i sopropanol ,” butanol), a sulfoxide solvent (e.g. dinethylsulfoxide), a

hal ogenat ed hydr ocarfon ;sol.vent (e, net hyl ene chl ori de an et her sol vent
Cor 0 Tat rahydrof ur Aoidgy it Msdfed sl i S5 srRb gt ne heliraien o
When the 10 base is a liquid,.it nmay he used al s a saolvent. The
reaction is Jsaenen ofithe @a?YPFQdS‘éQﬁtlt‘a’tegamcé%lé&aaﬁF@’%ﬁ“@dt}&’dsgwmﬁﬁr}’é-
preferably at a roomtenperature. Wen the intranol ecul ar cyclization
reaction of imdoBdinyibuzysubser compduind iV Hx theze (6pmdused tutoatpound of the

hydr oxynet hyl i ndol ydi nyl ) butyric ester conmpound [VI] or an S type
2-hy@@oxy-Z-ﬁﬁkhmd%@mmmﬁhhylindolidinyl)butyric 15 acid conmpound [IX] or a
salt thereof and the conversion of the acetal group into a ketone group are
carried out sinultaneously, they can Re carried out in a single step by
treating the conpound with a suitabl efacid. The acid includes an inorganic
acid (e.g. hydrochloric acid, s f , an organic acid (e.g.
trifluoroacetic acid), and a @ with water. The acid may be
used 20 also as a sol verjL Atyowhen the intranol ecul ar
cyclization reaction of an %éﬁ; hydr oxy- 2- (6- substi t uted
hydr oxymet hyl i ndol ydi nyl) 2 tyric ester conpound [VI)
or an S type 2-hydroxy-2-(é3hydroxynethyIindolidinyl)butyric aci d conpound
[I1X] or a salt thereof is first carried out and thereafter the conversion

of thg acet alwhgreitiphé Bymbalsket apeledihed@boge.carri ed out, the reactions can
be carried out by treating the conmpound with an acid (e.g.

The camptothecin compound [XVI] or a salt thereof may also be

prepared by a process comprising the following steps:
(a-1) subjecting the S type 4-substituted hydroxypyranoindolidine
compound [VII] to removal of the group RO, or
20 (a-2) subjecting the S type 2-substituted hydroxy-2-(6-substituted
hydroxymethylindolidinyl)butyric ester compound [VI] to an ester hydrolysis
to give an S type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid

compound of the formula [IX]:



5 acetic acid, citric acid) weaker than the acid used in the abgve single
step reaction and then treating the resultant wwth the sane stranﬁeAchumz
as used in the above single step reaction. For exanple, when the S type

2- hydr oxy-2- (6 hydroxynet hyl i ndol i di nyl)butyric acid conpound [IX] or a
salt thereof is treated wth a weaker acid, there is obtained an S type

4- hydr oxypyrano 10 i ndol i di ne conpound [4], which is converted into an S
type 4-hydroxypyrano indolidi ne conpound I11] by treating it with a
stronger acid. The reaction of an S type 4-hydroxypyranoi ndol i di ne conpound
[X] or a salt thereof with a | ower alkanoic acid [XI] or a reactive
derivative thereof can be carried out in the presence of a base. 15 The

| ower al kanoic acid [XI] includes, gor exanple, acetic acid, and the
reactive derivative thereof includ an_acid anhydride (e.g. acetic
anhydride), an acid halide ( tC tDHoride), an activated ester (e.g.
p-nitro phenyl ester). T g@Fﬂikali nmet al [A¥dride (e.qg.

sodi um hydri de, pot asr# ~anygl kal'i nmetal carbonate (e.g. sodium
carbonate, potassium 20 ate), gm)&th@th metal hydrogen carbonate
(e.g. sodium hydrogen carbonat e, potassiun1hyarogen carbonate), pyridine,
and 4- N, N-di nmet hyl am no Eyridine. The reaction is usually carried out at a
t enpefat ur e whegin th&e@nbplsedrerasislefingd akoreotubjentingr the wompound([HX} taBR 2Q02
21 The subsequent conversion of the acetal group of an S type 4 substituted
hydr oxypyr angitrsedledilae cgclimmiondrendidd and tieereafkeat @ngmatabipowsiy with drrri ed
out by treating the conpound with a suitable acid. The acid may be the sane

aci d as used.yA; i Qut i i i 5
ot on of SICHZARRE Rl LHh AR L At e Dyl

i ndol i dinyl)butyric acid c ound [ VI, or an e [ -2-(6- hydr oxy
et byl 1 naol | g rB R e Bt ins bl iy A, BERGT et i e
conversion of the acetal group.into a keton %rou&) ina §) Eﬁl e step. The
reaction of aipe§1lys@wp§amqlp@9}ﬂ®aewymm9§ﬁ dhefeaenladVi8I10 conpound
[MII], an S type 4-hydroxypyranoi ndolidine conmpound [VIII] or a salt
therdof, or an S type 4-subst X uted hydroxypyranoi ndol i di ne conpound [XII1]
with an o-acylaniline co [ XLV] can be carried out by the known

Fri edl aender reaction [ actions, vol. 28, pp. 37-202, John
Wley & Sons, Inc., Ne 15 The 4-sUN3dit ut ed

hydr oxypyr anoi ndol i di M I'JO and 4 al kanoyl oxypyr anoi ndol i di ne
conpound [XI 1] are nore stabl eHOh@HATHS type 4- hydroxypyranoi ndol i di ne
conmpound [ VI II% o tlie gg‘%t t hereof and further are |less affect on

deconposi ti oft 848 4 yrani |l i ne conmpound [XIV] during the

(b) subjecting the compound [VIII] to Friedlaender reaction together
15 with an o-acylaniline compound [XIV] in a usual manner to give a camptothecin

compound of the formula [XVII]:

[ XVII]

S
o

20 R’ HO 'CH,CH;

wherein the symbols are as defined above,
(c) subjecting the compound [XVII] to removal of the protecting

group of the groups R5 - R, when these groups contain a protecting group, and



Fri edl aender reaction and thereby can reduce the undesirabl e by-production
of 20 contam nating inpurities, and hence, those conpounds are f dbmmﬂ)mmz
used in the reaction with | ess amount of the o-acylaniline compound [ X V],
wi t h-si npl e post-reaction treatnent such as purification and can give the
desired canptot hecin conpounds [XVI] or a salt thereof in a higher yield.
~3 0 APR 2002 22 Mbreover, the 4-al kanoyli®ypyranoi ndol i di ne conpound

[ XI11] has a nol ecul ar weight much smaller than that of the 4-substituted
hydr oxypyrano i ndol i dine conpound [VII], and hence, it can be used in the
Fri edl aender reaction in a smaller amount with a smaller reaction vessel. 5
The renoval hefe protecting groups contained in the groups RS - R9 can be
carried out by a conventional nethod suitable to the protecting groups

cont ai ned therein. Fgbh aptiomally, convertinghtheapriodocipinte echitrthergobup is a

benzyl oxycar bonyl group, it can be renoved by catalytic reduction in the
presence of pall adi upiteaidiely,nhe camiptetbbéinsomptind((X\d] or atsaihiieeof wan,
10 et hanol ), and when the am no protecting group is a tert-butoxycarbonyl

group, it Caﬁ‘egg@gﬁiﬂé\ﬁ?‘iﬂgbcéise@érhgﬁsiinglt}%tf&l@s@ix%%t@p&e-9- hydrochl ori c

acid, trifluor acid) 1n a suitable solvent” (e.g. tetrahydrofuran,

nmet hanol , di oxane, rd . \; h sidue ;,Ro from
an S t'ype 4-substi tmig%{h@g%ggh% rcazn'g nségﬁl[égi lﬁledrgié%%‘é ﬁ%]"ﬁfs\t}lq?]edor from
a canpt ot hecj n_conpound. hayj 0 supstituted hydr group [ XV], can, be

carried out BYdRX¥BEIR Wgﬂ%ﬁﬂgéP%ﬁyWﬁF%IW@‘lnﬁ mtwwém@yémlxsusé@e in

a suitable solvent. The base and solvent are the sane as those used in the
ester hydr ol gbiesaro$ tape S-hyroxg-2(6dryidroxydethytndsldinyDbutyriesadidut ed
hydr oxynet hyl i ndol i di nyl ) butyric ester conmpound 20 [VI]. The reaction may

be carried opdmpoged [IG00dd Halt Heréoft oom t enperature, or with heating.
Besi des, the renoval of the group R4 fromthe canptothecin 3 0 APR ~0~~

23 conpound havi ng 2@ "Lﬁ?ﬁa : : i ed out
in thremsarre rnannegJ a@l)iagn emég{?%%o%[ rlgﬁﬁzglxg%loﬁngﬁéﬁéﬂ;ggﬂgcgﬁbﬁoﬁlw ed
hydr - 2-(6-substituted hydr. t hyl i ndol i di_nyl ri ter Qund
P S ret Gt ToBher RRBEKITY R R S aRI B 4 SuE ol RERRY
hydr ox rano 5 indo||dine conpoun VII] or frqma c t qt i n conpound
hgvi ngy% suBBt W@pé{:hmwpy%% 1%‘3(0]3].COmP@uégélf)fh%%gq?’P‘ﬁéqgjhpoungp[XI V]
to be used in the above condensation reactions can be prepared by a process
as shown in the foll ow ng

X
RI\L >0 o
15 O HO CH,CH,

R2

wherein the symbols are as defined above, or a salt thereof,
(iii) reactiﬁg the compound [X] with a lower alkanoic acid of the

formula [XT]:
R40OH [XI]
20 wherein R4 is a lower alkanoyl group, or a reactive derivative thereof to give an

S type 4-alkanoyloxypyranoindolidine compound of the formula [XII]:



reaction schene-1: 10 ~ fl APR ZOOZ 24 5 Reaction Schene-1 6 RS R7 OCH
Rg \ NO2 9 [XXII] Oxidizing agent R6 Rs 10 15 20 Catalytic reduction RR 6
N5 R ~~CR~NOZ 9 [XXIlI] wC ~NH2 9 [ wherein the synbols are as3cﬂefﬁpﬂequgz
above. That is, a hydroxyl conmpound [XXI1] is treated with an oxidi zi ng
agent (e.g. activated manganese di oxi de, pyridiniumdichromate) to give a
ket one conpound [XXI11], followed by subjl@cting it to a catal ytic reduction
in the presence of a suitable catalyst (e.g. palladiumcarbon) in a

sui tabl e solvent to give the desired o-acylaniline conpound [XIV].

Mor eover, when the protecting groups) in RS - RO is/are renoved by a

catal ytic reduction, the product may be again introduced with a protecting
group to give an o-acylaniline co und [ XI'V]. Besides, an o-acylaniline
conmpound [ XIV] wherein RS is alo | group may al so be prepared by
treating a hydroxyl conpou XX n RSis a lower alkenyl group

wi th an oxidizi ng agent, S R 2D02 25 HyXEadtal ytic

reducti on. Furtherm)réi,l\gE;/ droxyt” cgapou@d (XXl 1] wherein the groups R5
RO have a protected amn p, a pR‘&DeClI—QdIprer al kyl am no group, a

prot ected piperazino gro&%, or a protected hydroxy group may al so be

prepared 5 by.introducin rot ect. n roup to the correspondi ng conpound
havi ng unpro%@@feéﬁ Wg?gbﬁeésé%mgﬁlag%%ﬂ met hod. The

2- hal 0- 2-indolidinylacetic ester_ conmpound [I1]] .used in the Pr,esent
i nvention i s novel afit) eanvesingthpacelal stpup ofr wéd sempound dwdlliintq p&etone
follow ng reacti on schene-2.

group to give an S type 4-alkanoyloxypyranoindolidine compound of the

formula [XIII}:

10
[ XII ]

wherein the symbols are as defined above,
(v) subjecting the compound [XIII] to Friedlaender reaction together
with an o-acylaniline compound [XIV] in a usual manner to give a camptothecin

15 compound having a substituent on the 20-hydroxy group of the formula

[ XVI]

)

S
RY R*0' CH,CH,
20

wherein the symbols are as defined above,

(vi) subjecting the compound [XVIII] to removal of the group R4 and

further to removal of the protecting group of the groups R3 - R, when these



15 10 15 3 0 APR 2002 Reaction Scheme-2 26 RR OHCN R2 OH O\ Y hﬂi
XXIV] CQOE)2 [ XXVI Base RR COCE [ Il ] 20 wherein the sy AvBRez
defi ned above. R Hal ogenation COOE 3 That is, an indolidine conpound [ XXl V]
is reacted with a 1, 3-propanedi ol conpound [XXV] in the presence of an acid
(e.g. p-toluenesulfonic acid) or a Lewis acid (e.g. trinethylsilyl

chloride) to give an indolidinyl nethane ddrpound [ XXVI], and the conpound

[ XXVI] is treated with a carboxylic diester [ XXVII] in the presence of a
base (e.g. sodium hydride, potassiumtbutoxide) in a sui tabl e soI vent (e.qg.
tol uene, tetrahydrofuran) to |vea2 %)OISV XXVI 1 1 1'3 0 APR
2002 27 mdoﬂ%‘@ﬁ;ﬂoé}&%{l@cp@é% ME SN AR WTII] whi ch is further

hal ogenated by a conventional method to give the _de5| red
2- hal o- 2-i ndol i di nyl Gibtopticesilgrconyrpmgnthe]prodict infmasglt there®.t ype
ni trogen-containing fused heterocyclic carboxylic 5 acid conmpounds [IV] or

a salt thereof, the IHtﬂ@me%iﬁﬁéﬁmgtﬁ@g%pquﬂwquaha@ aﬁ9rs|98§twubﬁtsac' d
compound [XI X] or a salt thereof Is nove can be prepared reacting

an N—unsubst ute ni t rogen- cont ai nl iy het erog c. acid
conpound of %“f P%P&ﬂﬁ%@&ﬁcm ~~~ ?‘%gf or §3amp %&%lﬁ é—'lg%myﬂeé Wt he
synbol s are as defi ned above salt thereof with a suI fonic acid
5 296597, JP-A-6-228141, WO 90/03169 EP-A-418099) as well as in the
camptothecin derivatives as disclosed in European Patent Publication Nos.
757049 and 781781, for example, the following groups:
(a) the adjacent two groups among the R5 - R9 combine to form a

straight chain or branched chain alkylene group having 2 to 6 carbon atoms, or

10 are both a hydrogen atom, and one of the remaining groups is -Qg-Alk,-R19, and

other two of the remaining groups are a hydrogen atom, a substituted or
unsubstituted lower alkyl group, or a halogen atom,

(b) the adjacent two groups among the R3 - R combine to form a
straight chain or branched chain alkylene group having 2 to 6 carbon atoms,

15 and any one carbon atom in the alkylene group is substituted by a group of the

formula: -Qq-Alk,-R19, and the remaining three groups of the R3 - R? are a

hydrogen atom, a substituted or unsubstituted lower alkyl group, or a halogen
atom,
in the above (a) and (b), one or two methylene groups in the alkylene
20 group may be replaced by -O-, -S- or -NH-,
Qis -O- or -NH-,

AlK is a straight chain or branched chain alkylene group having 1 to



of the forrmula [ XXX]: YOH [ XXX] 15 wherein the synmbol is as defingd above,
or a reactive derivative or salt thereof by a conventional sul fo[ﬁrﬂ APR 2002
form ng reaction, for exanple, by reacting a nitrogen-containing fused

het er ocycl i ¢ carboxylic acid conpound [ XXI X] and a halide (e.g. chloride)

of a sulfonic acid [XXX] in the presence of a base (e.g. alkali netal
hydroxide). 20 In the present descriptiodband clainms, the term"S type"
nmeans that the absolute configuration at 2-position of a 2-substituted

hydr oxy-2 indolidinyl butyric ester conpound [Il], a 2-substituted

hydr oxy- 2- (6- substi t d_am t i 1 'Q%% ri Qnpound [V],
22" cubst ¢ 0f SHORVO. #AT S RitorIfg bet e LY f GRYER oF A
hydroxynethylindoIiQ&Q¥])butyric ester conpound [VGL or a2 ]

hydr oxy- 2- ( 6- hydr oxyREt isyd prade¢tediaming greups, adratectedclomss abky1amiqo group, sal t
thereof, or the absolute configuration at 4-position of a 4-substituted
hydroxy pyr aneidided pihereziaergaeupdol Yiprdtecddn/irdx Pxydys,anoi ndol i di ne
conmpound 5 ﬁ%ﬁll] opﬁ% salt he?eof,pa 4-hyd9§¥yﬁ§?§ﬂ§{ndolidine conmpound

[ X] or a salt thereo - al X i:ndolii:diyne compound [XI 1], or a
4- al kanoyl oxy pyranoéﬁﬂ%ﬁﬁggﬁéﬁggﬁggﬂﬁgxﬁgﬁﬁb??’Qﬁgbthe absol ute
configuration at 2-posit%gn of a . .

2-[(R3- N-t osyl prol yl Bg R - Brd sre aigagumderyyackirasy B? - Reyogmevinathe are a11
in"S" configuration. 10 Throughout the present description and clains, the
term "l over Aty 2B &ifidhIg theCdrduPs 8§ dBfiRTERARTNRP Rwivdrki thgr oup
having 1 to]%k%%rgln atghg? #ﬁe ?an1 Ioger al kanoyl group" and "I ower

al kanoi c aci d" mean a straight chain or branched chain al kanoyl group and
al kanoi ¢ aci grompi R s graamcobtained by war®peng daoriptestingpgioupy 81a) is, the term
"al kyl ene group” 15 nmeans a straight chain or branched chain al kyl ene group

having 1 to at g&g@dg LS 4 ] 18 lalds LR nore
speci fical | y‘g’-%y%f%ﬂ%ﬁ?%m r% e n%ﬁgasﬂ;\#’ﬂ %lygﬁgg rde éﬁﬁ#lgiga%ﬁ%oe%ﬁg& d
not be construed to be limted 20 thereto. Exanple 1 (1) A m xture of ethyl
2- br ono- 2- [ 60§ ANEIraxy &AUR- di net hy!

tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-i ndol i di nyl ]acetate (22.21
g), 10 3 0 ~~R Zooz Pf:ferred combinations of the groups R>1 - R91 are as follows:

(3R) - N- (4- bi phenyl yl sul fonyl )-1, 2, 3, 4-t et rahydr o- 3-i soqui nol i necar boxylic

acid (24.70 g) and p i.um car bonat 5.44 .9) i R di methyled or ihde (220
M) is stirred at 60%5f f‘h??'ﬂ‘iﬂmpégl?ﬁ?%%a éedgﬁh@ﬁ’ ?ﬂ‘ﬁ?uf? i éngg{@r 8t ed
with ethyl acetate, and the extract is washed with a saturated aqueous
sal i ne sol ut each hypdrogen atom,

(ii) RS5! is piperazinomethyl, R6! and R31 are each hydrogen atom,
and R7! and R8! combine to form ethylenedioxy,
15 (iii) RS1 is aminomethyl, R71 and R8! combine to form ethylenedioxy,
and R6! and R91 are each hydrogen atom,
(iv) R5!is aminomethyl, R71 and R81 combine to form
methylenedioxy, and R6! and R9! are each hydrogen atom,
(v) RSl is amino, and R51, R71, R81 and R! are each hydrogen atom,
20 (vi) R5! and R6! combine to form amino-substituted trimethylene, R71

is methyl, R8! is fluorine atom, and R®1 is hydrogen atom,



5 dried over sodiumsulfate. After distilling off the sol vent uuged) reduced
t

pressure, the residue is purified with a silica gel colum chro QQP&JI?BGZ

(eluent; chloroform: ethyl acetate = 10 : 1 --~ 6 : 1) to give ethyl

2-[[{3R) - N- (4- bi phenyl

yl sul fonyl)-1, 2,3, 4-tetrahydro- 3-i soqui nol yl ] car bonyl oxy] - 2-[ 6-cyano-I,1-(2
2 17

di met hyl tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-t et rahydro-7-i ndol i di nyl ] acetate
10 (35.41 g) as colorless powders. Yield: 92% CH 15 IR (Nujol, cm1): 2220,
1750, 1665, 1615 MS (rﬂzi{: 738 (MH) ~C2H5 \ / \ / NMR (300MHz, CDCl 3, 8):
0.89 and 0.90 (3H, slvi)1REband&®1 combisHo formxzsimethylenre R7138 3aardinbpaspyl13H,
s), 2.45-2.60 (2H, m, 3.25-3.40 (2H, m, 3.61-3.76 (4H, m, 3 .95-4.22

(4H, m), 4.5 8_ang; 4. 680of = 4.72 and 4.7 5 ( 1 H, d,
J=16Hz), 5. 2Q§§h§ 5?‘%‘@(1&# %cfhg??/dﬂ?,g%%"."é and 5Hz), 6.01 and 6.04 (1H,
s), 6.58 and 3 0 APR 2002 30 6.65 (1H, s), 7.02-7.20 (4H, , 7.37-7.51
(3H, n), 7.54-7.60 (pwii)nR7! is.3e@mihcpsopdpikygnd RIGRSY, RY a(rng?nare(eayh

Et hyl 2-[[ (3R) - N- (4- bi phenyl yl sul fonyl )-1, 2, 3, 4-tetrahydro-3

isoquinolyl]%gg | 8%¥1.- 2- [ 6-cyano- 1, 1- (2, 2-di met hyl tri net hyl enedi oxy)-5 5
oxo-1,2,3,5-tetranhydro-7/-indolidinyl]acetate (33.63 g) is dissolved in dry

di met hyl acet am de-t oluyene, (L. 1). (3 n heret.o i s added %01 |y
i spertion of sod umtarli the Sybgi i xgRiiob R CorRpREt IS
stirred at roomtenperature for 75 mnutes. Jo the mxture is added ethyl

i odi de (36. 59 2(Mr@w%@-mr§¥ywltm@ww5myn§ acid ep@poynd (kXHont
roomtenperature 10 overnight. The reaction mxture is extracted with ethyl
acetate, and $ typeekhydroxypyranastdodidie bompound 3l snalidesi an alkiall metalisalon and
an aqueous saturated saline solution, dried over sodi um sul fate-nmagnesi um
sul fate, and (thesodineadaddllihitin @] Ml tersabf (e gamptlicdin dosipolhd P¥Vaf f

t he sol vent under reduced pressure, the residue (35.69 g) [the

di aster cosel gatibd ¥ o vA &OMRALAMCARH R IRPOLIriTe, itk or'a dalBO%

d.e.) which is calculat ase n the rat I ntegra e peak
of 8:_ 6.71 and 6.46. in. spegtru i s dissolved in acetone (60 nm), and
t he r’rwéture jad %‘SFW@&“E@-@H%@@&V@ re, and thereto added portionw se
hexane (76 m) and al so added a seed _crystal of the _desired diastereoner.
The precipitated cry3spdheaRpye praess fEhe Preparatian of & CafRAEECHH t h
acet one- hexane (60 20 : 76) (about 100 m) to give ethyl
(2S) - 2- [ [ ( SR)cotshfotnidi treeradugtisnlandrmatkindylatidn 41 the S type 2-substituted
t et r ahydr o- 3-i1 soqui nol yl ] car bonyl oxy] - 2-[ 6- cyano- 1, 1- ( 2, 2- di et hyl
tri met hyl enedijyayiy-3-iad6tdindiButhrit @teabpehpoundi[lidakd Shrmeld] dugtiy aadugrabR6. 64
g) as colorless crystals.

solvent. The reduction is usually carried out by using a catalyst (e.g. Raney

15 nickel) under hydrogen atmosphere at a room temperature to 60°C. The
alkanoylation is usually carried out by using a conventional alkanoylating
agent (e.g. a lower alkanoic acid, a lower alkanoic halide, a lower alkanoic acid
anhydride) at a room temperature to 60°C. The solvent to be used in these
reactions includes a lower alkanoic acid anhydride (e.g. acetic anhydride), a

20 lower alkanoic acid (e.g. acetic acid), or a mixture of them. When a lower
alkanoic acid anhydride, a lower alkanoic acid, or a mixture of them is used in

the reduction reaction, they may be used also as an alkanoylating agent, and in



3 0 APP 2002 Yield: 76% CH 31 OCZHS ~5 C~1 ~s 2\ / \ /| mp.: >82C
(gradual Iy deconposed) [a] D26: 43.3 (c=1.02, chloroform | R (lﬂuﬂoAPR 20[]2
cm1): 2220, 1755, 1660, 1615 10 M5 (mz): 766 (NMH+) NVR ( 300MHz,

b): ©.70 (3H, t, J=7.SHz), 0.85 (3H, brs), 1.02 (3H, t, J=7Hz), 1.21 (3H
brs), 2.16-2.55 (4H, m, 3.35 (lH dd, J=6. 5 and | 6Hz), 3.50 ( 1 H dd, J=3
and 16Hz), 3.55-3.70 (4H m, 3.70-3.90 ( 3.93-4.16 (2H, n), 4.68 (
1 H d, J=16Hz), 4.76 ( 1 H, d J=16Hz), "1 H dd, J=3 and 6.5 Hz),
6.71 15 (1H, s), 7.02-7.10 (1H m), 7.10-7. 20 (3H, n, 7.36-7.50 (3H, m,
7.54-7.59 (2H, m), 7.63-7.68 (2H, n), 7.89-7.96 (2H, m (3) Ethyl

(2S) - 2-[[ (3Ryd 4 #ad¥, persdugtist| dndnyik Jallandyfatfont @i ploveéPin a single step
3-isoqui nol yl ] car bonyI oxy] - 2-[ 6- cyano- |, 8, -di net hyl tri net h% enedl oxy)-5

oxo-1,2, 3, 5- te”ahyd’frﬂe?ut:ré‘& 'ohdelx{Me]aB%é&ﬁElgtréfQ% §'t éz%sgﬁl(%%o”' Cke'

(W4) 20 (49 g) are disso I'n acetic I de ac I C acl

AL er conpl VSR {BRuPuible q%J”qu%éetBéfg&@gﬁn?@%%sﬁefcbﬁé’o%%he

filtrate is concentrated under 3 0 APR 2002 32 reduced pressure, and the
resi due i s pean be émdtwtabysa rineidargapthed)tathatchsdesaddndeapiaf of Mediginal
chloroform: nmethanol =100 : 1 --~70: 1 -~60: 1) to give ethyl

(29)-3-[[( SREhmﬁm)bivp)ﬂ]ei‘&lm. San5ay(1980) I 8 suitabde salivgnit: oFl3e hitoayationlis/| |
car bonyl oxy] -2-[6-[ (acetyl am no) net hyl ]-1, 1-(2, 2-di met hyl tri net hyl enedi oxy)

5 5-o0xo0- 1, 2, arbretiedutalnddr an acidid Ponditiny \]vithta’é@iv%nﬁaﬂalhﬁu@)samg O@g&:ﬁ ¢8| ow
powder s. Yield: 87 %~N | ~NHOOCH3 10 CH3~ ~ , OOOC2H5

~00~." ~C2hs %@Mlt@%@pom%ﬁuﬁl hftfite) At 0o e GNdRt 1 Be (]%ﬂ fH thi€ PBattion 3405,

3295, 1750,

includes a lower alkanoié acid anhydride (e.g. acetic anhydride), a lower
alkanoic acid (e.g. acetic acid), or a mixture of them.

10 The subsequent rearrangement reaction can be carried out by heating
the product obtained by the above nitrosation at a temperature of 60 to 70°C.
The solvent to be used in the rearrangement reaction includes a halogenated
hydrocarbon (e.g. carbon tetrachloride, chloroform, methylene chloride), an ester
solvent (e.g. ethyl acetate), a non-aromatic hydrocarbon solvent (e.g. n-hexane),

15 an aromatic hydrocarbon solvent (e.g. toluene).

The ester hydrolysis of the S type 2-substituted hydroxy-2-(6-
substituted hydroxyrriethylindolidinyl)butyric ester compound [VI] can be
carried out by a conventional method for the ester hydrolysis in a suitable
solvent in the presence of a base.

20 The base to be used in the ester hydrolysis includes inorganic bases,
such as an alkali metal hydroxide (lithium hydroxide, sodium hydroxide,
potassium hydroxide), an alkaline earth metal hydroxide (e.g. calcium

hydroxide), an ammonium hydroxide, an alkali metal carbonate (e.g. sodium



15 M5 (mz): 812 (M#+) NWMR (300MHz, CDC13, 8): 0.69 (3H, t, J=7.5Hz), O0.88
(3H, s), 1.02 (3H, t, J=7Hz), 1.24 (3H, s), 1.96 (3H, s), 2.|2-2§%3%§,
M. 3.31 (1H dd, J=6.5 and 16Hz), 3 .41 ( 1 H dd. J=3 and 16mz ¥ GAPE, 1002
(2H,~s), 3 .63 (2H, s), 3. 84 ( 1 H dg, J=11 and 7Hz), 3.94-4.14 (3H m,
4.54 (1H, dd, J=14 and 5.5Hz), 4.58-4.68 (1H, m), 20 4.63 (1H, d, J=I SHz),
4.71 (1H, d, J=I5Hz), 5.25 (1H, dd, J=3 g?d 6.5Hz), 6.74 ( 1 H, s),
7.00-7.19 (5H, m), 7.37-7.50 (3H, n), 7.54-7.64 (4H, m), 7.83-7.89 (2H, m
(4) Ethyl (2S)-2-[[(3R)-N(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro 3 0
APP 2002 33

3-i soqui nol ytdrbanienybdtazsiinPeirbohfias,cnyalkaii mgtakhydriogen cdrbohate- @.gret hyl trim
et hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro- 7-i ndol i di nyl ] butyrate (30.16 g) is
di ssol ved i nsgfigil oy @byl chthmats! biganld tsias(:él,&ﬂcmasanéaiﬁalm&e_fcamﬁoiiher eto Is

added sodiumnitrit'e (13.18 g) under ice cooling, and the m xture iIs

stirred on ap | Rat ] i ] re j s poured
onto chl or of Qer%]%?’fﬁgwlg} eXrI??’ %ﬁgﬂén ?tggg{d\%’da-ﬁgﬁ%él?gr%;g?hg%%ﬁél(fg’tgr'ed of f.
The filtrate i s evaporat to dryngss unfier red cedqé{essurﬁ, and the
residue is niSEENRIGHORdN 2 DODPEIAL- PBLIqWsr alloyiamini(erg. methilanung: 1 red at
60C for 13 hours. The reaction mxture is diluted with ethyl acetate (700
m ), and theethyldmine, NNwhsibey1i,3-propanediaanne, tAmediylarineotristhglamies), ed
over sodiumsulfate and then treated with active carbon. After distilling

of 1 e SOl VRL AMEL i AHACH PLERSTverhE o RRUAMRL AnSiofShAlagEd 7o

et hyl acet at 0 Qi

(2S)-2-[[(3R) - N-(4-bjphenyl yl sulfonyl)1, 2,3, 4-tetrahydro-3-isoquinolyl]carb
onyl oxy] - 2-[ épaﬁf&taesei,ﬁsé%&ﬂila, sul ,%%%@?Wt& idHE‘FMSéW?@&F%?yQ- 5-oxo- 1, 2, 3,
5-tetrahydro-7-indolidinyl]butyrate 15 (16.77 g) as colorless prisns.

Yi el d: 55% ~halogengabbydratarbon solvent Gogpomegthitigne-chlorige), npgther solvent 1~S z
\' / \''/ mp.: 145-148C [a] D2~: -9.6 (c=1.0, chloroform 3 0 APR 2002 34

coct3. 8)! oUsh PRy erg MgMg of fhe organt s higin Wist TG s

(3H, s), 2.09 (3H, s), 2.24 (2H, q like, J=7.6Hz), 2.47 (2H t, 5 J=7THz),
3.27 102H, ) bas: 8% l{qitd, itymayBbosetl dlFo ad ,sohjent.4 The réadtionds plefefatbylz) , 4.7
2 (1H d J=15.6Hz), 5 .13 ( 1 H dd, J=5.3 and 3 Hz), 5.25 (2H, s), 6.65

( 1H s), 7.01-% H 3 5 7 65

(2H, d I ke, C%@Z‘é&f?%‘}?@@?ﬁﬁ{e 4t SQ@EQF’%}%SJG@@Y@F%%"gme“@era&“é

(2S)-2-[[(3R) - N-(4-biphenyl yl sul fonyl)-1,2,3,.4-tetrahydro 10

S kot hoi yi ] cat bong Bty fueinfigmalehds mucdingtion rASRAHsh %80 21 1 ety ene

di oxy) - 5-oxo-1, 2, 3, 5-tetrahydro-7-i ndol i di nyl ] butﬁ/r ate (1.457 g) is

di ssol ved i nsubstituted hydroxy-2-(6-substituted hydroxymethylindolydinyl)butyric ester
compound [VI] or an S type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric

15 acid compound [IX] or a salt thereof and the conversion of the acetal group into

a ketone group are carried out simultaneously, they can be carried out in a
single step by treating the compound with a suitable acid. The acid includes an
inorganic acid (e.g. hydrochloric acid, sulfuric acid), an organic acid (e.g.
trifluoroacetic acid), and a mixture of them with water. The acid may be used

20 also as a solvent.
On the other hand, when the intramolecular cyclization reaction of an

S type 2-substituted hydroxy-2-(6-substituted hydroxymethylindolydinyl)-



a 80% aqueous trifluoroacetic acid solution (15 m) under ice 000@1 %?
the mxture is stirred at roomtenperature for 2 days. The reacti'®n nAP

is concentrated under reduced pressure, and the residue is extracted with
15 chloroform and the extract is washed with water, and dried over
magnesi um sul fate. The extract is distilled to renove the sol vent under
reduced pressure to give 20

(4S)-7, 8-di hydro-4-ethyl -4-[[(3R)- N (4-bi phenylyl sul fonyl)-1,2,3,4-tetra
hydr o- 3- isoquinolyl]carbonyloxy] 1

H pyrano[ 3, 4 i ndol i di ne-3 10(4H)-trione_(1.145 as colorless foam 20
vi el d- 100% bu t]:m@ AfaL ezmzow 85) QR 40 § Lyps 2- hyd/foxy-%-Q@xdmwmeﬂa&r 1) :

| 746, 1661 Ms (m(z): 639 (M+H) NWR (300MHz, CDCl13, b): 0.82 (3H, t,

J=7.5Hz), 1.imdloRdasyl{bityricpcidobdpcur@IK2dr arsplt tBer2®f {fitst datriddequt nd. 6Hz) |
4.07-4.27 (2H, m), 4.53 ( 1 H d, J=15.4Hz), 10 4.69 ( 1 H, d, J=15.6Hz),

5,01 ( 1 H, he LonPerdidn( oflthid, acdtal ke Hz
> o8 ElH 2 therdifkerd 1§or(14|_rI n(c,) t7 3a8 t7a féé%?ﬁmm Sné Eilmgﬁ 1sdcan3iccﬂ)u9 )

), 7.01-
J=8. 6Hz
(4S)-7 ) b hé%rr(saﬁnoﬁishé%nkﬁe f%r(r%g)&%_ }éﬁgatl %h;:lc mﬁ?‘f%ng‘Sh an amd (eg
1,2, 3, 4 tetrah dr o- g oqw LyL] cah boqgl oxyé] 1H-. R){Bangg 1 rldol i dine 15
3.6 16( 4 t??%lﬁlea ,1c1 IjC,4Cl gﬁker than the acid used ih’thé above smge
1-[5 - EBH)(t but ochcar bonyl g?ﬂ nopr opyl oxy) - am nophenyl ] pr opan 1- one (867

ng) are di sstiagtanianddben treadpg 4hg mu}fayﬂ W&hdh@rsémmtmwoér Reidsasi yseddnat  60C
for 47 hours. The reaction mxture is concentrated under reduced pressure,

and the resuthe atgpversinge ptaraactios. foriekamgleywiremnthei $ itygze @{hlydcmhum(&
chromat ography (eluent; chloroform: ethyl acetate =2 : 1 -~1: 1) 20

?28 S; hgn { ﬁc{ly&ﬁo%?'iﬂeiﬁﬂlﬁd&fﬂlﬁ}ﬂb'b’dtyﬁ@%Tcﬂi EoBEENE 150 & & €alt thereof is
et hy

5 R R AT gy
col or IOess d%l%nﬁepgor%%ggng ?Xf, %ﬁ 1% co\rglvgrted 11%(7)%1) %&e -hy rmgypyr;no-
indolidine compound [VIII] by treating it with a stronger acid.

The reaction of an S type 4-hydroxypyranoindolidine compound [X]
or a salt thereof with a lower alkanoic acid [XI] or a reactive derivative thereof
can be carried out in the presence of a base.

15 The lower alkanoic acid [XI] includes, for example, acetic acid, and
the reactive derivative thereof includes an acid anhydride (e.g. acetic
anhydride), an acid halide (e.g. acetic chloride), an activated ester (e.g. p-nitro-
phenyl ester). The base includes an alkali metal hydride (e.g. sodium hydride,
potassium hydride), an alkali metal carbonate (e.g. sodium carbonate, potassium

20 carbonate), an alkali metal hydrogen carbonate (e.g. sodium hydrogen
carbonate, potassium hydrogen carbonate), pyridine, and 4-N,N-dimethylamino-
pyridine. The reaction is usually carried out at a temperature of 0 to 50°C,

preferably at a room temperature.



5s, _\V/ \'/ mp.: 213-216C IR (Nujol, cm1): 3407, 1763, 1753, 1709,
1669, 1614 10 M5 (n12) 925 (MH+) NWR (300|\/Hz, CDC13, 8): 0.86n¥33|a, b
J=7.5Hz), 1.35 (3H, t, J=7.6Hz), 1.46 (9H, s), 1.88-2.18 (4H, F oA R 20020
(2H,~m, 3.34 (2H, d, J=4.8Hz), 3.42 (2H, q like, J=6.4Hz), 4.22 (2H t,
J=6Hz), 4.57 (1H, d, J=15.4Hz), 4.73-4.81 (1H, br), 4.81 (1H, d, J=15.4Hz),
4.90 (1H, d, J=18.7Hz), 5.09 (1H, d, J=18&17Hz), 5.21 (1H, d, 15 J=4.8Hz),
5.26 (1H, d, J=17.2Hz), 5.51 (1H, d, J=17.2Hz), 6.99 (1H, s), 7.01-7.18
(4H, m, 7.22-7.29 (2H, m, 7.30-7.42 (6H, m, 7.49 (1H, dd, J=9.3 and
2.7Hz), 7.89 (2H, d liKke, J86Hz)820(1HdJ92Hz)(7)

(20S) - 7- Et hyl - 10-[ 3- Ih@rsubmﬁll@ny@@mmwmﬁth@)apet@bgrm;mf 20S type 4-

O [[(3R)-N-(4-biphenylylsulfonyl)-1, 2,3, 4-tetrahydro-3-i soqui nol yl]carbonyl

] 20 canpt ot hﬂﬁitlrnut(ee%dﬂ@)yp)&adbﬁmummt tompated {XH] hawod kendl grougam ) ,
and thereto is added |ithium hydroxi de nonohydrate (180 ng) under 1Ice

Furthor sti rpeacaiecpl 8 e taBbot? b ABRDEREan Py CaciBRT ey o

is concentrated under reduced pressure, and thereto are added chl oroform
(20 M) and theetante aaddssediin castaf careyingoutthe ingragalequdar eytclizetion
tenperature for 19 hours. The reaction mxture is diluted with chloroform

and water, afghctibg offunoSakpe B-butyeituted hasbeg-2Wie-dubsttired aydranyhetdgeous
saturated saline sol uti on dried over sodium sul fate. The solvent is

(h08) - 7e ot py Ay RAEE ol ESHibERd DY) ¥an S type 2 -hox( rpxy-2-(6-hydraxy-
(509 22 %th ]yf"Cl%‘zlt%dl"?‘tdé‘FXleWBW&lﬁj B%prgﬁé ﬁ%ﬁf%?ao%? ISt amd Beneci n i s

di ssol ved in water-ethanol - 15 and thereto is_added 6.6N

hydr ochl or i ccoRYesinibe a(:gta,lng)rou HHOt A& IAUP insa single ¥aPat room
tenperature for 23 hours. The reaction m xture is evaporated to dryness
under 15 reduced pre$bamreactich bhanregipud-sibsttiteddiydedxypyrenbinidotidateat e and
water. The ethyl acetate layer is further extracted with water, and the

aqueqs | ayegsSmpband OWPIINgs Saiyfe eMBpdioayperahoindoidRrcomsiamd [e\ﬂmgaﬂ a

pressure. The residue is crystallized fromisopropanol-water to give

(209 oo SRR PSRN SRR SRS S dopieflars) s
[XIII] with an o-acylaniline compound [XIV] can be carried out by the known
Friedlaender reaction [cf. Organic Reactions, vol. 28, pp. 37-202, John Wiley &
Sons, Inc., New York (1982)].

15 The 4-substituted hydroxypyranoindolidine compound [VII] and 4-
alkanoyloxypyranoindolidine compound [XIII] are more stable than an S type
4-hydroxypyranoindollidine compound [VIII] or a salt thereof and further are
less affect on decomposition of o-acrylaniline compound [XIV] during the
Friedlaender reaction and thereby can reduce the undesirable by-production of

20 contaminating impurities, and hence, those compounds are favorably used in the
reaction with less amount of the o-acylaniline compound [XIV], with simple
post-reaction treatment such as purification and can give the desired

camptothecin compounds [XVI] or a salt thereof in a higher yield.



f~ ~ Aft Z~J2 38 ZHs HC1 ~ NH2(CH2) s N~ 1 .. OH CHs mp.: >218§
(deconposed) 5 [OC] D25: +9.8 (c=1.0, water) M5 (mz): 450 (Md +) IQQAPR 2002
(Nujol, cm1}: 3450, 3370, |745, 1660 NWVR (300MHz, DMSO d6, 8): 0.88 (3H,

t, J=7Hz), 1.32 (3H, t, J=8Hz), 1.78-1.95 (2H, m, 2.08-2.19 (2H, m,
3.0-3.1 (2H, m, 3.13-3.25 (2H, m, 4.32 (2H, t, J=6Hz), 10 5.3 2 (2H, s),
5.43 (2H, s), 7.28 ( 1 H, s), 7.50-7.56 @H, m, 7.99 (3 H brs), 811 ( 1
H d, J=I0OHz) Exanmple 2 (1) The

(4S)-7,8-di hydro-4-ethyl-4-[[ (3R)-N-(4-bi phenyl yl sul fonyl)

1, 2, 3, 4-tetrahydro- 3-i soqui nol yl ] car bonyl oxy] - LH pyrano[ 3, 4-f]i ndol i di ne 15
3,6, 10(4H) -tri one obMgraeyes ﬁlﬁ%@)’io’(myrﬁ%mpﬁl@%@@é Gompiadsiaxilngasner
as described in Exanple 1-(7) to give (4S)-7, 8-di hydro- 4-ethyl -4-hydroxy-1H
pyr anol[ 3, 4- f himoletuldr meeightomnoll 4tdaller tlemethatl bf B¢ GshbstitCRidshyRpx Fpgrano-

(4S) -7, 8-di hydr o- 4- et hyl - 4- hydr oxy- 1H pyrano[ 3, 4

f]1indol i di neinfdBidif élch'hpbmh@FEIIU,Saﬂdl@aic%diticﬁntH&QJsédfmtﬂwﬁﬂ@dlaéﬁd&esCri bed
in 39 Exanple 1-(6) and -(8) to give (20S)-7-ethyl-10-[ 3-am nopropyl oxy)
canpt ot heci nr%@ﬁ?‘iﬁ'ﬂfﬂﬂﬁr%ﬁ@ﬁﬁkmﬁﬂ@%ﬂﬁérreﬁﬁ%d’@ssa. NH2(CH2) 30 / ~O 5 H
.. CzHs Exanple

Et hyl 2- br onp- 2-[ 6-cyano- 1, 1- (2, 2-di net hyl tri met hyl enedi oxy) -5
ox0-132,3,5-tetr ahydFfawem@aalzpﬁrwxpéﬁ@ém&&roms oenigyned in the groups R3 - R?
(3R)-N-(4-nitrophenyl sulfonyl)-1, 2,3, 4-tetrahydro-3-isoqui nolinecarboxylic
acid (1.63 grambe cherigdoasby wecpehtoailemednd swabis ® thexadtddling groups
dinmethylformam de ( 15 m), and the mxture is stirred at 70C for 20

T oS o] (SSORRFIERCIL, K hERRIENRE b2 AbROTARAREISDy SR o bed i
T e AR Gy L Sl LRI it 8 my 1) e
ate 15 (2. 10p?e)se%ge %? lpglrlaltcﬁﬁrsn-&?r%gg rirsl a suitable solvent (e.g. tetrahydrofuran,
10 methanol), and when the amino protecting group is a tert-butoxycarbonyl
group, it can be removed by treating it with an acid (e.g. hydrochloric acid,
trifluoroacetic acid) in a suitable solvent (e.g. tetrahydrofuran, methanol,
dioxane, methylene chloride).

The removal of the residue R from an S type 4-substituted hydroxy-

15 pyranoindolidine compound [VII] or from a camptothecin compound having 20-
substituted hydroxy group [XV] can be carried out by a conventional ester
hydrolysis in the presence of a base in a suitable solvent. The base and solvent
are the same as those used in the ester hydrolysis of an S type 2-substituted
hydroxy-2-(6-substituted hydroxymethylindolidinyl)butyric ester compound

20 [VI]. The reaction may be carried out under cooling, at a room temperature, or

with heating.

Besides, the removal of the group R# from the camptothecin



Yield: 99% C OOC2H5 20 ~/ hF-S 2 ~ ~ Np2 IR (Nujol, cm1): 2225, 1750,
1665, |615 ~~ a A~ ~c~2 40 M5 (m z): 707 (MH) NWVR (300MHz, CD0133 ﬁ
0.89 and 0.90 (3H, s), 1.10 and 1.20 (3H, t, J=7Hz), 1.33 and 1.369( S+HAPR)2002
2.54=2.63 (2H, m), 3.30-3.42 (2H, n), 3.60-3.75 (4H, n), 4.00-4.22 (4H, m,
4.50 and 4.57 (1H, d, J=ISHz), 4.78 and 4.83 (1H, d, J=ISHz), 5 5.22 and
5.32 ( 1 H dd, J=3 and 6Hz), 5.90 and 529 ( 1 H, s), 6.48 and 6.54 ( 1 H,
s), 7.00-7.23 (4H, m), 8.01 and 8.05 (2H, d, J=9Hz), 8.29 and 8.31 (2H d,
J=9Hz) (2) Ethyl 2- [[(3R) N- (4-ni trophenyl sul fonyl)-1, 2, 3,4-tetrahydro-3

i soqui nol yl ] car bony| 6-cyan 2, 2-di met byl 1 ri met hyl enedi oxy) -5
oxo-1, 2, 3, 5- @@mpamﬁavmg. %dfélk@?ﬁijﬁ%é&é&xé %@!?Pdge%m|%and‘i’es§%ﬂ1\¢écpqtﬁndry
10 di nmet hyl acet am de-tol uene (1 : (240 m and the m xture is reacted
in the sane thenseene msindesay ithdnt esmerﬂxoalrpl}eslslgt%a) Sype i ulpsttus@dhpdioxy--

di spersion of sodium hydride (1680 ng) (1.2 equivalent) and ethyl i odide

(54.58 g) (10-(Baiibeaiueed Bydroxythdthglieddlidiayl)bstywesdvesdt ovnipoudid RAYRRYS
citric acid soluti on and an aqueous saturat ed saI ine solution, dried over

magnesi um sul,f at e. | i nder reduced
pressure, th er‘?%‘?%vl.? o BL) $1t5? hggtu{edélp%cﬁﬁwpg[aﬂgr to
give ethyl 2-[[(3R-N-(4-nitro enylsulfonyl)

1,2,354-tet rmt{zéhdm@cm;;qwmdmw 110z draye mydamgtptircirecemanend havipg 280-di net hyl
tri nmet hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-tetrahydro-7-i ndol i di nyl Jbutyrate

(di aster eorresmm@'tixﬁmddv)yc(réﬂy @40@;) [H¥]col orl ess powders. The

di astereosel ectivity 20 of 2S conpound and 2R conpound = 20.0 : 1.0 (90%

d.e.) which is calcu t fiolHALlREA t the peak
of 8 6.85 and 6.41 Fﬁ%%%%‘??ﬁ?&%“%ﬂ%%ﬁgys pom’ér‘*‘é@%‘?%ea

(15 %2 ) ascontRAled BIGRRRen  Befirdiy s rubpfihustet RHGEAREPHRE
reaction scheme-1:

10



mp.. 181-182C ~a~ D25; -128.39 (c=0.5, chloroform) 10 IR (Nujol, cm1):
2217, 1755, 1665, 1615 M5 (m'z): 735 (M) NMR (300MHz, CDO 3, b)3 o ﬁg
(3H, t, J=7.SHz), 0.85 (3H, s), 0.89 (3H, t, J=7Hz), 1.20 (3H, s), ZAl %003_
H, dg, J=7.3 and 1 SHz), 2.27 ( 1 H, dq, J=7.3 and | SHz), 2.52-2.57 (2H
m, 3.45-3.66 (7H, m, 3.80-3.90 (1H, m, 4.16 (1H dg, 15 J=7.3 and 13
Hz), 4.3 6 ( 1 H dgq, J=7.3 and 13Hz), 452 ( 1 H d, J=1 SHz), 4. 87 ( 1
H d, J=1 SHz), 5.48 ( 1 H ~dd, J=3 and 6Hz), 6.85 ( 1 H, s), 7.00-7.10 (
1H m, 7.12-7.23 (3H, m, 8.05 (2H, d, J=9Hz), 8.24 (2H, d, J=9Hz) (3)
The conpound obtained in the above (2) is treated in the same manner as

descri bed i nREaetign Schemell: (8) or in Exanple 1-(3)-(5), (7), (6) and (8) 20
to give (20S)-7-ethyl-10-(3-am nopropyl oxy) canpt ot heci n hydrochl ori de.

.~ ~ APR, lu~~l 42 2Hs H%5~ NH2(CH2)3O ~ ~ 1 OOH'~C2Hs Exanple 4 5 (1)

Et hyl 2- br onp- 2- [ 6- cy&no- || 1- (2, 2-di et hyl tri met hyl enedi oRY) - R®

oxo-1, 2, 3, 5-t eRlahydiQ- 7-4kpdol i di nyl J acetate (363,87), (4- bi phenyl yl

sul fonyl)-1, 2, 3, 4- ANy dr ©I8- i soqui nol i necar boxg/{i [ G ' ngy) and

pot assi um car bonat g bl g) are m-xed-in dinsthyl forne g (4 nmM), and the

mxture is stiRse St bgr 40 nminytes. The reai{' r@is treated
escri bed?PAZIERREPe 1- (D) to §i ve BVRyl

2-[[ (2R) - N- (4- bi phenyR

in the 10 sane manne 9as d

yl sul fonyl)-1, 2, 3, 4-t et rahydro- 3-i soqui nol yl ] car bonyl oxy] - 2-[ 6-cyano-1, 1- (2
.2 diethyl trinethyl enlgdfBky) - 5- oxo- 1, 2, 3, 5-t et rahydr o- 7-[xndul i di nyl ] acet at e
(579 ng) as colorless powders. Yield=94%15 C2HHs GJi NS 2 ~/ IR
(Nujol, cm1): 2225, 1750, 1665, 1615 20 M5 (mz): 766 (M+) NWR (300MHz,
CDC13, 8): 0.84 (3H, t, J=7.SHz), 0.94 (3H, t, Jz?.SEiz), 4.11 and 1.16 (3H,
t, J=7Hz), 1.20-1.30 (2H, m, 1.77-1.86 (2H, m, 2.#%#5-2.%0 (2H, m, 3.27

R7

10 Catalytic reduction R

wherein the symbols are as defined above.
That is, a hydroxyl compound [XXII] is treated with an oxidizing
15 agent (e.g. activated manganese dioxide, pyridinium dichromate) to give a
ketone compound [XXIII], followed by subjecting it to a catalytic reduction in
the presence of a suitable catalyst (e.g. palladium-carbon) in a suitable solvent

to give the desired o-acylaniline compound [XIV]. Moreover, when the
protecting group(s) in R - R is/are removed by a catalytic reduction, the

20 product may be again introduced with a protecting group to give an o-acyl-
aniline compound [XIV]. Besides, an o-acylaniline compound [XIV] wherein R
is a lower alkyl group may also be prepared by treating a hydroxyl compound

[XXII] wherein RS is a lower alkenyl group with an oxidizing agent, followed



0 ~. 43 3.40 (2H, m, 3.60-3.65 (2H, nm), 3.75-3.90 (2H, nm), 4.00-4.20
(4H, m, 4.55 and 4.80 (2H, m, 5 .21 and 5 .28 ( 1 H, dd, J=3 and 6Hz),
6.02 and 6.06 ( 1 H s), 6.57 and 6.63 ( 1 H s), 7.00-7.20 (4H3 @)APR 2002
7.40-7.70 (7H, m, 7.88 and 7.90 (2H, d, J=8Hz) 5 (2)

Et hyl 2-[[ (3R) - N- (4- bi phenyl yl sul fonyl )-1, 2, 3, 4-tetrahydro-3

i soqui nol yl ] car bonyl oxy] - 2-[ 6- cyano- 1, 1- 03, 2- di et hyl t ri net hyl enedi oxy) - 5- ox
01,2, 3,5-tetrahydro-7-indolidinyl]acetate (564 ng) is dissolved in dry
dimethyl formamide (5 m), and the mxture is reacted in the sane manner as
described in Exanple 1}£§2'by using a 60% oily dispersion of sodium hydride
(35 ng) (1.2bnea VEBWIPNand et hyl iodide (1150 ng) (10 equival ents) to
give ethyl 2-[[(3R)

N- (4- bi phenyl yl sul f opwﬁhcﬂn&esthfbﬁﬁirbﬁwwr@p&mdqunnmwhelr&iﬁachegw‘h,%gxm.- 2-16
cyano-1, 1- (2, 2-di et hyl tri net hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-tetrahydro-7i ndol i di
nyl ] butyrate é i ast ereoner nixturﬁ%](SZZ n% S colﬁ&]ess powders. The

di ast er eosel BERYF @yPratectasl R aHiPaAProR @ﬁa&&ﬁa larging gropppa 83 9
d.e.) 15 which is calcul ated based on the ratio of integral value at the

peak of b: 6pftecad pipetazino divRpspeatpromected iy dBOOCRHIPGRIHS -alsd B2\rSHAR0

,~~C2Hs w20 ~, NS 2 IR (Nujol, cm1): 2220, 1750, 1660, 1615 Ms (m z):
794 . 3 : S , / st
194 )y IS T o gl iy s

and 160, oSSR medRisp o fia. D 200t Ly (5 T 67
and 667 (113}, 7. 80 oot hyaieste ontpotip (AT sg e+ © %

J=8Hz), 7.65 (2H, d, J=9Hz), 7.92 (2H, d, J=9Hz) (3) The conpound obt ai ned
in the abovepies¥nt mvenean éginprekans eambe prapaesd BY adusesss wedhownEnathgl e
1-(3)-(8) or in Example 1-(3)-(5), (7), (6) and (8) to give

(20S) - 7- et hyfolldving-reattimpschemey) canpt ot heci n hydrochl oride. 10 2H5 HC1 ~
NH2(CH2)30 ~i N~ ~,. OHO CH Exanple 5 (1) Ethyl

(2S9)-2-[[(3R) -N-(4-bi phenyl yl sul fonyl)-1, 2, 3,4-tetrahydro 15

3-isoqui nol yl ] car bonyl oxy] - 2-[ 6- acet oxynet hyl -1, 1- (2, 2-di et hyl tri met hyl ene
di oxy) - 5-o0xo0-1, 2, 3, 5-tetrahydro-7-indolidinyl]butyrate obtained in Exanple
1(4) (1.00 g) is dissolved in water-nethanol-tetralrydrofuran (5 m + 20 ni
+ 5nm), and thereto is added |ithium hydroxi de nonohydrate (26S ng), and
the m xture is stirred at roomtenperature for one hour to give lithium
(2S) - 2- hydroxy-2-[6 20

hydr oxynet hyl -1, 1- (2, 2-di net hyl tri nmet hyl enedi oxy) - 5- oxo0-1, 2, 3, 5-t et rahydr o-
7 indolidinyl]butyrate.



f~ ~45 (2) Lithium (2S)-2-hydroxy-2-[6-hydroxynethyl-1,1-(2,2-dinmethyl 5
tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-i ndol i di nyl ] butyrate O$hﬁiﬁﬁf
above is dissolved in chloroform (20 m) and acetic acid (4 n1),3dh&x d

m xtture is stirred at roomtenperature for 16 hours, and to the reaction

m xture is added water, and the mxture is extracted wth chloroformthree
times. The extract is washed with an aquegus saturated saline solution,
dried over sodiumsulfate, 10 and distilled under reduced pressure. The
residue is purified by silica gel columm chronat ography (el uent,
chloroform and recrystallized fromethyl acetate to give

(4S) - 7, 8- di hRdaetion Selgme? 6- (2, 2- di net hyl t ri et hyl enedi oxy) - 4- hydr oxy

1H pyrano[ 3, 4-f]indol i di ne-3,10-di one (276 ng) as col orl ess needl es. Yield:
64% over all in the above (1) and (2) 15 CH mp.: 208-210C 20 [a] D2~:
+88.2 (¢=0.99, chloroform IR (Nujol, cm1): 3340, 2924, 44 O Hs M5

(mz): 350 (NMH+) ~~ oQa~R ~~~zRH ( 300MHz, 3. 18): w88 (3H s),
0.99 (3H, t, J=7.3Hz) Ro (§N7 s)><' 1.70 1.92 (24, (m,N2. 5% (2H, t,
J=7.0Hz), 3.65-3.69 S71 , =3. 7 and

s), 4.
7.0Hz), 5 .17 ( 1 6. 2Hz) Ko, 6561{1 1 R

JE16. 2 6H81 ( 1 H

s) (3) The (4S)-7 di hy d¥0- 2 hyl - V(]Z, 2-di ltrimethylene 5

di oxyP- 4- hydr oxy- IH p ranoES, 4- f3] i ndol i di'ne- 3, 1R di onebb?\/f reated in the
sanme nmanner as descri IYd Exanple 1-(5) to give ]

(4S)-7,8-di hydro-4-ethyl -4

hydr oxy- 1H pyrano[ 3, 4-f]i ndol i di ne-3, 6, 10(4H)-trione. 10 ,., OO . HO C2Hs

(4) The (4S)-7, 8-di hydro-4-ethyl-4-hydroxy-1H pyrano[ 3, 4-f]
i ndol i dine-3,6,10(4H)-trione is treated i npthe sane manner as described in

Exanple 1-(6) and (8) to give (20S)-7-ethylj-10-] 3-(am nopropyl oxy)
canpt ot heci n hydro &= :dg.XXVI(I] Cks Halogenation

Base R. COOE
0
10

15
wherein the symbols are as defined above.
That is, an indolidine compound [XXIV] is reacted with a 1,3-propane-
diol compound [XXV] in the presence of an acid (e.g. p-toluenesulfonic acid) or
20 a Lewis acid (e.g. trimethylsilyl chloride) to give an indolidinylmethane

compound [XXVI], and the compound [XXVI] is treated with a carboxylic
diester [XXVII] in the presence of a base (e.g. sodium hydride, potassium t-

butoxide) in a suitable solvent (e.g. toluene, tetrahydrofuran) to give a 2-



15 2H5 HO ~ NH2(CH2)3O ~ i N ~H .~C2Hs Exanple 6 ( 1) Lithium

(2S) - 2- hydr oxy- 2-[ 6- hydroxynet hyl -1, 1- (2, 2-di met hyl 20

tri met hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-tetrahydro- 7-i ndol i di nyl ] but yfﬂaOeApRt 2002ed
in Exanple 5-(1) is treated in the sane manner as described in Exanple
1-(5) to give (4S)-7,8-dihydro-4-ethyl-4-hydroxy-1H pyrano[ 3, 4-f]indolidi ne
3,6,10(4H)-tri one. ~3 Q,~~ 47 OO HO 271C2Hs (2) The

(4S) -7, 8-di hydr o- 4- et hyl - 4- hydr oxy- 1H pyrano[ 3, 4

f]lindolidine-3,6,10(4H) -trione is treated in the same manner as descri bed

in Exanple 1-(6). an 8) to give (205)-7-ethyl-10-13-(.am nopropyl oxy)
canpt ot heci nlwwﬂ?éﬁdco"éterﬂ%nmn bﬂ& ]éltﬂlz‘)’l@lcg lgg“‘%hef h@?ogqna}:edlqym C2H5
Exanple 7 (1) The (4S)-7, 8-di hydro-4-ethyl-6,6-(2,2-di nethyltrimethyl ene
di oxy) - 4- hy dconyentiengl metdd ot ghe thdalasited &-1lb Q- tidotidimBacitiveestem  Exanpl e
15 5-(2) (50 ng) is dissolved in acetic anhydride ( 1 ml), and thereto are
added pyri di gempdund JITEN 4- N, N-di et hyl ami nopyri dine (4 ng) under ice
cooling, and the mxture is stirred at roomtenperature for 23 hours. The

reaction mxture is dihoi@thaR! GpeHiRbelRtshafifly RIMAENTCLE ¢ with

s c
an aqueous citric acid sofution; water and an aqueous saturated sallne

ol vert undercii et L8E o T AR bR fie RS fortaring Felnestsde

col um chr omat ogr aphy (gl uent, chlor - methanol = 40 : 1) to give
(4S) - 7, 8- di hyX¢ls: adrgprylic eﬁqwmwd?@’f | 9%rd ??é%&‘ﬂ"é’rféﬂiﬂ@)@l)a can be

acet oxy- 1H pyrano[ 3, 4-f] i ndol i di ne- 3, 10-di one (56 ng) as col orl ess
crystals. prepaniRby peacti®e ¥ N-tinsobdtsuEH rHtnogen-cosBinisgCusk GeeroGRHE | R
(Nujol, cm1): 2922, 2852, |743, 1671, 1613 M5 (mz): 392 (MH) NWR
(300MHz, CDCigrboftylic Acillcdmdpburd of heFbrheh [XXIX)=7. 5Hz), 1.28 (3H, s), 1.95

WCOOH
10 R [ XXIX ]

(CHzrnNH
wherein the symbols are as defined above, or a salt thereof with a sulfonic acid
of the formula [XXX]:
YOH [XXX]

15 wherein the symbol is as defined above, or a reactive derivative or salt thereof
by a conventional sulfonamide forming reaction, for example, by reacting a
nitrogen-containing fused heterocyclic carboxylic acid compound [XXIX] and a
halide (e.g. chloride) of a sulfonic acid [XXX] in the presence of a base (e.g.
alkali metal hydroxide).

20 In the present description and claims, the term “S type” means that
the absolute configuration at 2-position of a 2-substituted hydroxy-2-
indolidinylbutyric ester compound [II], a 2-substituted hydroxy-2-(6-substituted

aminomethylindolidinyl)butyric ester compound [V], a 2-substituted hydroxy-2-



2.166( 1 H mM, 2.15 (3 H s), 2.15-2.28 ( 1 H m, 2.40-2.61 (2H, H&
3.55-3.73 (4H, m, 10 4.12 (2H, t, J=6.8Hz), 5.27 ( 1 H d, J=1701A ) 2002
5,52 ( 1 H d, J=I7Hz), 6.31 ( 1 H s) (2) The

(4S)=7, 8-di hydro-4-et hyl -6, 6-(2, 2-di net hyl tri net hyl ene

di oxy) - 4- acet oxy- 1H pyrano[ 3, 4-f]i ndol i di ne-3,10-dione is treated in the
sane manner as described in Exanple 1-(5pg&o0 give

(4S)-7, 8-di hydro-4-ethyl -4 acetoxy-1 H pyrano [ 3, 4-f]

i ndol i di ne-3,6,10(4H)-trione as colorless crystals. 15 ., | , , C CH3CO
.~~CZHg mp.: 197-203C IR (Nujol, cm1): 1742, 1732, 1661, 1610 20 ESI- M5
(0. 02M anmoniGraubg suteddrdsexynethylindelidinyDutyvig-astsr eovrpownd W], orcD213, 8)
0.92 (3H, t, J=7.5Hz), 1.94-2.25 (2H, m, 2.16 (3H, s), 2.95 (2H t,
J=6.9Hz), 4. B?dx(o&lyl,-z-t(ﬁ-,hyﬂl;@c}@na]hgiliﬁdﬂll'r&ihyl)ﬁuﬁaic(ac:idIdoﬂqﬁlund%m] branglt 49
O SHz), 5.60 (1H, dd, J=18.1 and 0.4Hz), 6.76 (1H, s) (3) The

(49)-7,8-di hwreoflnetdhwhbécla@eécmguﬂfkh&yaﬁmqi&mm of a 4- substltuted hydroxy-
i ndol i di ne- 3,6,10(4H)-trione is treated in the same nmanner as deScribed in
ol

Exanpl e 1- (6 7 bonyl
5 ggpng) prgp V}a?xo?r\d’ 1413%? ﬁﬁugﬁﬁ )tl)lra I4er1 &Bé&nbﬁqﬁ’sﬁr%ﬁ-&%&%{% (C):Ir-ll)zl)S
173- 176C N 3370, 1749, 1696,
1657 éS| -IVB zﬁgf Pasal Elmrﬁ‘?fGr’%iﬁllﬂ%(%f@ég’/Pi} %?)COIBP@!P Olias t7. SHz) .
1.39 (3H t, 77H24L 45 (9H, s), 2.05-2.32 4H£{)H,221(3Hs)314
(2H, q, J=7. Wheryof, 3 4alkeppylogypyranciniadidiee pompopnd (XH], or a d=glkanoylpxy4. 77

( 1 H br), 5.23 (2H, d, J=1.1 Hz), 5.40 ( 1 H d, 15 J=17. 2Hz), 5.68 ( 1

H d, J=17. Zblglbanandcﬂidiné.cbtnpS)deXSH];(an'ki the zcbsollpcécﬁhﬁguraﬁoMat(Z-ﬁ\oshltiodd,
J=9.2 and 2. 7Hz), 8.12 (1H, d, J=9.3Hz) (4) The

(209) - 20- O agehyi. Hk)ﬁﬁh&éyl%&i&l%x&]-Q%dsyamympﬁ@ BYte2BbARbund [XXI] are all

propyl oxy] canptot hecin is treated he same manner as described in

Exanpl e 1-(7).. aRd e
(20S)-7-et hy% 8 (é@grﬁtﬂ% tg(:‘}%pyl oxy)carrpt ot hecin 20 hydrochl ori de. f3 ~

aP~ ~~a 50 aHs HC 2( CH2 O.H C2Hs Exanples 8 - 12
10 Tj?llr é (g_'u)t the present descrlptlon and clall':ii(ns 1e term “lower

alkyl” means a straight chain or branched chain alkyl group having 1 to 6
carbon atoms, the term “lower alkanoyl group” and “lower alkanoic acid”
mean a straight chain or branched chain alkanoyl group and alkanoic acid
which have each 1 to 7 carbon atoms, respectively. The term “alkylene group”
15 means a straight chain or branched chain alkylene group having 1 to 10 carbon
atoms.
EXAMPLES
This invention is illustrated in more specifically by the following
examples and reference examples but should not be construed to be limited
20 thereto.
Example 1
(1) A mixture of ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyl-

trimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (22.21 g),



(1) Jhe corresponding starting conpounds are treated in the sane manner as
described in Exanple 1-(1) and (2), there are prepared the co n
QO AR AN

shown in the follow ng Table 1. ~ Q aPR zo~z 51 Table 1

COOG2H5 3 cH co-o0~., ~c2H5 Ex. No. . w-sot ~ ~ x Diastereosel ectivety 2S :
2R8 (1) - 1 9.5: 1.09 (1) -CH3 9.0 : 1.0 10 (1) -CCH3 I 9.0 : 1.0 11
(1) -~-09.5: 1.0 12 (1) 10.1 : 1.0 (2)29%he conpounds obtained in the

above (1) are treated in the same nanner as described in Exanple 1-(3)-(8)
or Example 1-(3)-(5), (7), (6) and (8) to 5 give

(20S)-7-et hy Ox no droch ride 13
1716 (1) The %%W@tpﬁ”&eagfyi?% LAARARE ﬁa§y<§P it e ppe) BaRe
manner as described in Exanple 1-(1) and _.(2), re prepared t he
conpounds as(Zhohe) aﬁdpﬁ@swm eatPRpatedp) 1d g)m mﬁtl'IZ‘(1 mide) o2 Hpmikisi e 2 CN
-NCH~ | ( COOCZHs Ex. No. s OCH3 RIO CZHs Ro ~CO R 13 (1) ~ ~ |1~Ts
"~CO( ) / R stimed a46Q°CGfor 7@ﬁu@@@sc%e\reactmomxwms&mm)cted w1th»e&75?1/ /
,~CO 16 (1) / R N-Ts Ts: Tosyl group (2) The conpounds obtained in the

above ( 1) ac@atel ead etk bxrtradrels seashed wiglhaeataatedespreobedalime fxatipheand
1-(3)-(8) or Exarrple 1-(3)-(5), (7), (6) and (8) to give

20S) <7-eth ~ APR
(2 2 02) e Etxa?/r%fl gg %Bégﬂpmpaxé ORRGARIALP AT the VWA HnBES BBuced ~

pressure, the residue is purified with a silica gel column chromatography (eluent;
chloroform : ethyl acetate = 10 : 1 — 6 : 1) to give ethyl 2-[[(3R)-N-(4-biphenyl-
ylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-
dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate

10 (35.41 g) as colorless powders.

Yield: 92%

CN
|

CH3\L/ N COOC2H5
COO
15 CH,
F-sor{ )—~)

IR (Nujol, cm1): 2220, 1750, 1665, 1615

ey

MS (m/z): 738 (MH*)
NMR (300MHz, CDCls, §): 0.89 and 0.90 (3H, s), 1.10 and 1.15 (3H, t, J=7Hz),
20 1.33 and 1.35 (3H, s), 2.45-2.60 (2H, m), 3.25-3.40 (2H, m), 3.61-3.76 (4H, m),

3.95-4.22 (4H, m), 4.58 and 4.68 (1H, d, J=16Hz), 4.72 and 4.75 (1H, d, J=16Hz),

5.22 and 5.29 (1H, dd and t, J=3.6 and 5Hz), 6.01 and 6.04 (1H, s), 6.58 and



The corresponding starting conpounds are treated in the sane manner as
described in Exanples 1, 2, 5 or 7, there are prepared the conpounds as
shown in the foll ow ng Table 3. 5 Table 3 R61 R51R~ 1 NEx NoRs QWA\PRSZU@
., R91 HO ~CHZCH3R51R61R71 ~R81 ~R9117- CH2- N

NH H Q( CH2) 20- - H1g- CH2NH2_H Q( CH2) 20- - H19- CH2NH2 ~- H- 0CH20- ~- H20- H
(-NH2- H H H21~ * ~ 9 *-CH3-F- H CH( NH2) CHAgH2- 22~ - (CHZ) 3- - O( CH2) 3NH2~

-H H23-H H~ -Q(CH2) 3NH2-H-H *: The nunber means the substitution position
(7-position/9-position) at the canptothecin nucl eus. ~ 0 APR 20Q2 54

Ex | 24 (1) A f hi 6- -1 2-d |
o byt encBles L 8. @230 G e 7 i T as S5t PGB 60 Lt 60Tk 11

9),
(3R) - N- (4- bi (itignm),yA.85:+7193(2H) nd), 2, 3, 4-t et r ahydr o- 3-i soqui nol i necar boxyl i c
acid S (42.33 g) and potassium carbonate (8.67 g) in dinmethylformam de (350

m) is stirred at GOQfErthylSz 8@(@&}-@4&(4-15 eh?PﬂEdl%hyn thﬁtbﬁalhﬁﬁocﬁm ed,
diluted with ethyl acetate théreto is ad an aqueous

st o SOt U G APORLE A T R oL 200
extract is wash

solvert is dP§Pe]1d?’e°’g{ BCft’FaIkYEsi;& S,e(agf' ay}yl]tz’lceta e §/3e6§ o aNded i Eheyr ed. The

[ ((3R) - N (4-bi phenyl yl sul fonyl) - -t et rahydro- 3-i soqui nol yl ] car bonyl ox
y] dimethylacetamide-toluene (1 1) (330 ml), and thereto is added a 60% oily
2-[6-cyano-1, 1- (2, 2-di net hyl tri net hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7

i ndol i di nyl | dispeatien p66odi0myhydrdpal.21 g1 .Bwequbatent), RndNbe olixturenid3tirr@P 20,
1750, 1665, 1615 15 Ms (nfz): 738 (MH+) NWR (300MHz, CDC13, b): 0.89 and

0.90 (3H, s) at ﬂo&ﬁ’ tékﬂ efati® f63|7‘|5 rﬁmu-t]es”‘lzdthejmﬁauﬁdﬂﬂ alid@@ e( iodiMle (36.5
2.45-2.60 (2H, , 5-3.40 H nm, 3.61-3.76 (4H, , 5-4.22 (4H, m,

(1h, . 1 @mvﬂ%*’%%nd@ bt éf%*ih%'lﬂ“é%at*@%?@nﬁa%%agg (in
s), 7.02-7.20 (4H, m), 7.37-7.51 (3H, m), 7.54-7.60 (2H, n), 7.62-7.68 (2H,
71(85- 7. 9®vemHghiy) Tbgyea[qﬁy@nemwymre is extracted with ethyl acetate, and the extract

2- i[(SR) N- (4- bi phenyl yl sul fonyl)-1, 2, 3, 4-t et rahydro-3

gsgqg\'P goggglzwmeﬂa/d @il arf a&l@ecﬁ}éad]ﬁuclaéid(s%l@tl&ﬂ AR By bRt Sl RRKAiAme) - 5

solution, dried over sodium sulfate-magnesium sulfate, and then treated with

active carbon (5 g). After distilling off the solvent under reduced pressure, the
residue (35.69 g) [the diastereoselectivity of 2S compound and 2R compound =
15 15.2:1.0 (88% d.e.) which is calculated based on the ratio of integral value at
the peak of &: 6.71 and 6.46 in NMR spectrum] is dissolved in acetone (60 ml),
and the mixture is stirred at room temperature, and thereto added portionwise
hexane (76 ml) and also added a seed crystal of the desired diastereomer. The
precipitated crystals are collected by filtration, washed with acetone-hexane (60
20 : 76) (about 100 ml) to give ethyl (2S)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-
tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyl-
trimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (26.64 g) as

colorless crystals.



0x0-1, 2, 3, s-tetrahydro-7-indolidinyl]acetate obtained in the above (1) is
treated in the same manner as described in Exanple 1-(2)-(8) t§ @iARR 2002
(20S)-7-et hyl -10 (3-am nopropyl oxy) canpt ot heci n hydrochl ori de. Reference
Example 1 s ( 1 ) 6-Cyano-7-nethyl-1,s-dioxo-1, 2, 3,s-tetrahydroi ndolidine (
1.0 g), 2,2-dinethyl-1, 3-propanediol (6.64 g) and p-tol uenesul fonic acid
(s M) are mxed in dichloroethane (2s 61), and the m xture is heated
under reflux for 17 hours with a reflux apparatus provided with Dean-Stark
dehydrating device. The reaction mxture is washed with an aqueous

sat ur at ed sodjun12%grogen 10 carbonate solution and an agueous sat urated
saline sol utY6h: 78e dried over magnesi um sul fate. After distilling off the
sol vent under reduced pressure, the residue is purified with a silica gel
col um chr omat ogr aphy (el uent; chlhoroformmethanol = s0 : 1) and
recrystallized fromnmethanol to gjve ?écyano-7-nethyl

1, 1- (2, 2-di et hyl t ri net hyl enedt £ xo0-1, 2, 3, s-tetrahydroi ndol i di ne
(1.0s g) 1 s as col orl ess-Ge ebthodde mp. 1 22s-226C IR (Nuj ol ,
cm1): 2222, 164s, 16GH FM%‘?Z 20 NMR (300MHz, CDC13, 8): O.87
(3H, s), 1.30 (3H, s)2.4 % f2H t, J=7 Hz), 3.62 (2H, d, J=11
Hz), 3.69 (2H d, J=11 $,°J=7THz), 6.42 ( 1 H, s) 56 (2)

The 62cyano-7-methyl -1, 1- t hyl t et hylenedi oxy) -5
oxo0-1, 2, 3, 5-t et rahydr oi ndi nen{ 44 i xed in dry toluene (300 m)
A\ di um hydride (9.26 g, 4.4
equi valents), and the mxture is stirred on a bath of 80C for 2 hours, To
the 5 react immp.nk82°@ radealiyldecondpesddyl carbonate (24.85 g, 4 equival ents)
and ethanol (0.97 g, 0.4 equivalent), and the m xture is reacted at 80C for
3 hours. Wi 6.0/t he e i hxture on an ice bath, a 50% acetic
acid (80 m )[Ioﬁé) a'détg?tdﬁe?é{zbe T g%n@(ture is extracted with chloroform
and the extract is washed with an agueous saturated saline solution, and

dried over m@e@bgmg;QQQ(),aI’ﬁss,Aisge,rlglissti I1ing off the sol vent under
reduced pressure, the residue is purified with a silica gel colum

chr omat ogr aph el u ; | oroform: ethyl acetate =4 : 1 ) and
recr}@t alliz éﬁ/é?nwﬁ&et ate-ether to give ethyl 2-[6
cyano-1, 1- (2, 2-di net hyl tri nmet hyl enedi oxy) - 5- oxo-1, 2, 3, 5-t et rahydr o- 7-

i ndol i di nyl |IMR @36ONIHE, €D ), &) 0ck) GH, esk=7ren)| 685 (3H, bisy) HOBQ3HmM, p. :
150- 151 C

i

J=7Hz), 1.21 (3H, brs), 2.16-2.55 (4H, m), 3.35 (1H, dd, J=6.5 and 16Hz), 3.50
(1H, dd, J=3 and 16Hz), 3.55-3.70 (4H, m), 3.70-3.90 (2H, m), 3.93-4.16 (2H, m),
4.68 (1H, d, J=16Hz), 4.76 (1H, d, J=16Hz), 5.37 (1H, dd, J=3 and 6.5Hz), 6.71

15 (1H, s), 7.02-7.10 (1H, m), 7.10-7.20 (3H, m), 7.36-7.50 (3H, m), 7.54-7.59 (2H, m),
7.63-7.68 (2H, m), 7.89-7.96 (2H, m)

(3) Ethyl (25)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-
3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
oxo-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (23.71 g) and Raney nickel (W-4)

20 (49 g) are dissolved in acetic anhydride-acetic acid (460 ml - 190 ml), and the
mixture is stirred under hydrogen atmosphere at 50 - 60°C. After completion of

the reaction, the catalyst is filtered off, and the filtrate is concentrated under



IR (Nujol, cm1): 2220, 1725, 1650, 1610 Ms (m z): 347 (M+) NWVR (300MHz,
CDC13, b): 0.87 (3H, s), 1.28 (3H, s), 1.29 (3H, t, J=7.SHz), 235{}1@(@@
t, J=7Hz), 3.62 (2H, d, J=lIlHz), 3.68 (2H, d, J=I1Hz), 3.79 (2H, s), 4.
(2H- t, J=7Hz), 4.22 (2H, q, J=7Hz), 6.54 (1H, s) (3) The ethyl

2-[ 6-cyano-1, 1- (2, 2-di met hyl tri met hyl enedi oxy) - 5- oxo 3 0 APR 2002 s7
1,2,3,5-tetrahydro-7-indolidinyl] acetatg2( 14.60 g) is added to a

suspensi on of a 60% oily dispersion of sodiumhydride (2.02 g, 1.2
equivalent) in dry tetrahydro furan (240 m), and the m xture is stirred at
roomtenperature for 3 hours. To the reaction mxture is added brom ne
(8.76 g, 1.3edyced/prassury, anthiheingsidyets priafipd vgthsa silica geheoluponchiompaseat ur e
for 2 hours, and thereto is added ice water. The mixture is extracted with
chl orof orm gmghy lieluent; chittrofsmambtrinel £H08n agu@bud s060 uh) thgoewihyl e
solution and an aqueous saturated saline solution, and dried over magnesium

sul fate. Aft y_$irhhl I %Hﬁ ;. the
residue is pﬁsl)g‘,? g[:g”v{\} H}l@lanS;ﬁchI;d%gfo b’lr%npﬁgﬁ?% togﬁka%hgﬁ%épﬂgnt ; chloro
;gez g{ g‘_ ot ﬁ;cp T 8&@5%2](-%[ﬁ;ﬁac’et};l)am%qgrﬁeefﬁ)r/ﬂ-slt,fl-l(&,lf(%gngtlg)(l)l%%te‘%llenedioxy)-
2-brono-2-[ 6-cyano-1, 1- (2, 2-di et hyl trinethyl enedi oxyi- 5-o0x0-1, 2, 3,5

t et r abydr o- 73i%@ol 2l Syt avsrat/cindelday  Putamte 200 8 8s palsdyadlow vi el d:  87%
mp.: 117-119C 15 IR (Nujol, cnrl): 2217, 1725, 1650, 1610 MS (nlz): 427
(MH) NVR ( 3p@WHErs. CDC13, 8): 0.89 (3H, s), 1.28 (3H, s), 1.32 (3H, t,
J=7Hz), 2.54 (2H, t, J=7Hz), 3.65 (2H, d, J=I2Hz), 3.67 (2H d, J=I2Hz),
4.09-4.22 (2Wje1g¥87%. 24-4.35 (2H, m, 5.6 ( 1 H s), 6.90 ( 1 H s) 20

Ref erence Exanple 2 (1)

6- Cyano- 7- net hyl -1, 5-di oxo- 1, 2, 3, 5-tetrahydroi ndol i dine (5.93 g),

2,2-diethyl -1, 3-propanedi ol (49.97 g) a p-tol uenesul fonic acid (180 nl)
are ~ 0 aPR ~00z s8 m xed in dichlorogthane (1SO nml), and the m xture is
heat ed under reflux for 22 hours wth I NHE@PQE;at us provided with
Dean- St ar k dehydrati ng devi ce. i I0OULH,is treated in the same
mannéP as described in Ref anple 17t 1 ) and recrystallized from
nmet hanol to give 6-cyano-7-net -1,1 5:20 ’CZHS
(2, 2-di et hyl trinmet hyl enedi oxy) -s-0x0-1,% % s-tetrahydroi ndolidine (6.67 Q)

as col orl ess needl es.
N-s0r4_ )~ )

[o] p26: -14.9° (c=1.01, chloroform)

IR (Nujol, cm-1): 3405, 3295, 1750, 1660
15 MS (m/z): 812 (MH?)
NMR (300MHz, CDCls, 8): 0.69 (3H, t, J=7.5Hz), 0.88 (3H, s), 1.02 (3H, t,

J=THz), 1.24 (3H, s), 1.96 (3H, s), 2.12-2.55 (4H, m), 3.31 (1H, dd, J=6.5 and
16Hz), 3.41 (1H, dd, J=3 and 16Hz), 3.59 (2H, s), 3.63 (2H, s), 3.84 (1H, dq, J=11
and 7Hz), 3.94-4.14 (3H, m), 4.54 (1H, dd, J=14 and 5.5Hz), 4.58-4.68 (1H, m),

20 4.63 (1H, d, J=15Hz), 4.71 (1H, d, J=15Hz), 5.25 (1H, dd, J=3 and 6.5Hz), 6.74
(1H, s), 7.00-7.19 (5H, m), 7.37-7.50 (3H, m), 7.54-7.64 (4H, m), 7.83-7.89 (2H, m)

(4) Ethyl (2S)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-



Yield: 70% mp.: 197-198C IR (Nujol, cm1): 2219, |6ss, 1610 10 M5 (m z):
303 (MH+) NWR (300MHz, CDC13, b): 0.83 (3H, t, J=7.sHz), 0.92 (3H3 % Apg 2002
J=7.SHz), |.22 (2H, q, J=7.sHz), 1.78 (2H, q, J=7.sHz), 2.49 (3H,

(2H,~t, J=7Hz), 3.64 (2H, d, J=lI1Hz), 3.78 (2H d, J=IlHz), 4.14 (2H t,
J=7Hz), 6.39 (1H, s) (2) The procedure of Reference Exanple 1-(2) is
repeated by using 1 s 33

6- cyano-7-nmet hyl -1, 1- (2, 2-di et hyl t ri net hyl enedi oxy) - s- oxo-1, 2, 3, s-t etrahydr
o indolidine (4.7S g), dry toluene (80 m), a 60%oily dispersion of sodium
hydride (2.76.9 qui val ents), djethy] carbonat 7.42 g, 4

equi val ent s) -amugtﬁ&ﬁefprbeay@%y'jﬂ [Qg[(&C%M@WEPHﬂ?tﬁyﬁaﬁlé‘@ﬁeglﬁﬁ%l!ﬂct is
recrystallized fromethyl acetate-ether to give ethyl

2- [ 6- cyano- ltrim¢thyengdistxiyy+3-ok ot hj| e tetrhhydso-7sndolidinyl]butyrate (30.16 g) is
0x0-1, 2, 3,s-tetrahydro-7-indolidinyl]acetate (3.71 g) as col orl ess needl es.

Yield: 63 %dﬁlsﬁblvedﬁade&%nhydrﬁeﬁﬁﬂtmmﬂi 5@50!@(&450%1) ﬁiﬂtla):ret@?s?@ddelﬂ%
1660, 1605 MS (miz): 375 (MH¥) NWR (300MHz, CDCL3,

7S 3 S dSiaed e b 4 %gme gs;sugrgd@gn %e_
§:|§ ?—I,z)?’ 77 (bfpﬂ f%l‘) b%ﬂrzszrh {1011 mi%ture pour{:czi dntd entbrdtE n)n (1.5 22 (2K,

[ 6- cyanol 1(22d|ethItrlrrethylenedloxy ) )

2, 3, 5-t et riieyphiagd dandissaly Vedi sWpstankes ar@efll&@se%@?@)Th%ﬁamj@ds eYApPeralgd fensi on
of a 60%oily dispersion of sodiumhydride (451 ng, 1.2 equivalent) in dry
tetra 10 hyddomesannd@orediyed prassuiee and tharesidus ismeizeddvish ethydmcetatper at ur e
for 3 hours. To the reaction m xture is added bromne ( 1.95 g, 1.3
equi val ent) , (900dmb)hendribe wieursissdtirfadedt 6°CroenB theupe I Bhdif@ction mixhedis,
and the reaction mxture is treated in the sanme manner as described in

Ref erence EX&méPH F & ﬁ%)ha@%‘éifa%g (A0 A1), 1208 dnd TAREE Y Wwal&d i FAREIngO 91 Ve

et hyl 2-brono

(2,2-diethylt lnethlenelo x-l h i ndol i di,nyl ] aceta
Lo (30 o) sl St s o sy by i S h AL bR i
cml): 2220, %735 . 660, f;I.?’GO 0O M5 (mMz): 4(%5 (MH) NI\/R SOOM-IZ CDC13
8): 0.83 (3I—|A er d&“ﬂh%@f t Vf(f{ﬁ,ﬂnd?r regluge PERSSUTE, r@@lﬁueqs cxyst;alkg%
1.32 (3H, t, J=THz), 1.73 (2H, q, J=7.5Hz), 2.52 (2H, t, J=7Hz), 3.61
from ethyl acetate-hexane to give ethyl (ZS) 2-[[(3R)- N- (4- blphenylylsulfonyl)
1,2,3,4-tetrahydro-3-isoquinolyljcarbonyloxy]-2-[6-acetoxymethyl-1,1-(2,2-
dimethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]butyrate
15 (16.77 g) as colorless prisms.

Yield: 55%

20

m.p.: 145-148°C

[0] p27: -9.6° (c=1.0, chloroform)



3 0.APR 7002 60 ( 1 H, d, J=12Hz), 3.62 ( 1 H, d, J=12Hz), 3.77 ( 1 H, dd,
J=2 and 12Hz), 3.80 ( 1 H, dd, J=2 and 12Hz), 4.16 (2H, m, 4.25.4 3&&2}3
m, 5.6l ( 1 H s), 6.85 ( 1 H s) Reference Exanple 3 Sodi um hy@rgx 02
(13:6 g) is dissolved in water (300 m), and therein 5 is suspended

(3R)-1, 2, 3, 4-tetrahydro- 3-i soqui nol i necarboxylic acid (30.0 g) and thereto
is added tetrahydrofuran (120 m). To th84resulting solution is added 4

bi phenyl yl sul fonyl chloride (42.9 g), and the mxture is stirred at room
tenperature for one hour. The reaction mixture is acidified with 10% hydro
chloric acid_under ice coolin and_is diluted with water, and then
extracted 10R (Neelywmh): ét7§§sl %% 18l%e. The extract is washed with water and
an aqueous saturated saline solution, dried over sodiumsulfate and then
treated V\ntglvp_;ﬁgh]i @@ +) Undi ssol ved materials are filtered off from the
extract, olvent 1s distilled off under reduced pressure. The

S e o SRS E Y S R 8. Ve o

i soqui nol i necarboxylic acid (36.5 g) as colorless crystals. Yield: 55%

mp.: 195- 2029 [gk) @231)(21=85922096140@,2Q4@thllﬂ<@rm1€l@)2l4ﬂ((2ﬂuto' cml):
3300, 2924, 1743, 1456 20 M8 (niz): 394 (NHH) NVR (300Mz, CDC13,” 8)

(ir, da. sca g ERS 274 st gt E“z")ry it T
(3%)- 1.2/, SRS G’iﬁsﬂéﬂzi 5033@95%%?;%? AAL Yoot um

hydr oxi de (2. % are ad ene chloride-water 5
(200 < 56800730 23, mrer 47 3 Hicuil b paPdetumIor. 68 (e, dike,

4-ni trophenyl sul fonyl chloride (6.62 g) in nmethylene chloride (100 ml)
under ice cob8.6HzhvEY0 21ed likd, B£8.@GHz)ri nutes. The mixture is stirred under
ice cooling for 3 hours, and thereto are further added sodi um hydroxi de

(1.20 g) and a sol ut %%nEﬂfyI‘{ZS)-QE[QMIQDNL(ﬂUlb iphewy1yIhlfony iy 13 Bauahydr-

met hyl ene chloride ( in this order e 10 mxture is stlrred under

hﬁgrﬁ%:%'n?t ol ?f:ﬁﬁa ?/&fé’l?%%ﬁﬁ%%?&%%ﬁﬂ-f232‘% %ﬁ‘é’%’%“‘%ﬁ%&bﬁw

T i S,
ondl thon i ¢ At dar trangi e finabt P b REkEE (0T S bl ™ ©
sulfate and then treated with active_ carbon. ij)ndl ssol.ved mat er| als are
filtered 15 af0% pansawsdriéhospasesicracidylrtionddd nHe uaderispacoplingand theed of f

under reduced . _ .
mixture is stirred at room temperature for 2 days. The reaction mixture is

concentrated under reduced pressure, and the residue is extracted with

15 chloroform, and the extract is washed with water, and dried over magnesium
sulfate. The extract is distilled to remove the solvent under reduced pressure to
give (4S)-7,8-dihydro-4-ethyl-4-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetra-
hydro-3-isoquinolyl]carbonyloxy]-1H-pyrano[3,4-f]indolidine-3,6,10(4H)-trione
(1.145 g) as colorless foam.

20 Yield: 100%



pressure. The residue is purified with a silica gel colum chromatography
(eluent, chloroform and recrystallized from et hyl acetate-hexgeﬁ to give
(3R) N-(4-nitrophenylsul fonyl)-1,2,3,4-tetrahydro-3-isoquinoli ahRR KMU?C
acid-(4.01 g) as colorless crystals. 20 Yield:37% mp.: 140C ~a~ D2s; +27.2
(c=0.5, ethanol) IR (Nujol, cm1): 3316, 1743, 1531, 1169 30 A~ ~00~ 62
M5 (mz): 361 (M H+) NWR (SOONPE CDA 3, 38): 3.15-3.30 (2H, m), 4.40 (1H

d, J=ISHz), 4.73 (1H, d, J=I SHz), 5.01 (1H, dd, J=3.7 and 5.7Hz), 7.04-7.20
(4H, m, 7.99 (2H, d, J=9.CHz), 8.20 (2H, d, J=9.0Hz) 5 Reference Exanple 5
To a suspension of ethyl 2-[6-cyano 1,1-(2,2-di nethyltrinmethyl ene

di oxy-5-0x0-1, 2, 3,5-tetrahydro-7-in oIrdrnyI]acetate (43.41 g) in
tetrahydro furan (600 m) is a | am ne (13.94 g) under argon

at nosphere at -4C and thereto ygrtfrer added dropwi se trimnethylsilyl
chloride (14.41 g) at -4 to 0 3C®vepra Period of 5 mnutes. The mxture
is stirred at the sane tenperature fo nutes and thereto i s added
dropwi se a suspension of N-chloro §§H€|n|ﬁlée (17.00 g) in tetrahydrofuran
(400 M) at -4 to 4C over apaxpONof 7 nyt es,_The reaction mxture is
further stirred at a tenpera ' ‘ N5 hours, and thereto
addedwater (1 liter) at OC e mXxthuré | extracted w th ethyl
acetafe. The extract is washed, dried, treated with active carbon, filtered
and then distilled to remy sol vent. The residue is recrystallized
from et hyl a@%ﬂgﬁeﬂ1§6p}g§§g Q%ﬁer to give ethyl 2-chloro-2-[6

cyano-1, 1- (2, 2-di met hyl tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7

i ndol i di nyl | BeSt@IA: 63@)&1@&%) as colorless needles. 20 Yield:84% m p.:
153- 155C IR (Nuj ol , 227, 1749, 1662, 1615, 1541, 1311, 1241, 1202,

1179, 1161, 5 :9 | I . 381
and 383 (WW?’A@W@&%W& Eﬁg%?%ﬁzﬁ)s’y 8'%@8@%@%%6,%{'?991 (3H,
t, J=7.1Hz), 2.52 2.58 (2H, m), 3.60-3.70 (4H, n), 4.13-4.21 (2H, m),
4.22-4.37 (2hyndy, P2PoY |diR, J=4.6Hz), 4.07-4.27 (2H, m), 4.53 (1H, d, J=15.4Hz),

10 4.69 (1H, d, J=15.6Hz), 5.01 (1H, t, J=5.2Hz), 5.23 (1H, d, J=18Hz), 5.49 (1H, d,
J=17.9Hz), 6.58 (1H, s), 7.01-7.18 (4H, m), 7.38-7.56 (5H, m), 7.62 (2H, dlike,
J=8.6Hz), 7.89 (2H, d like, ]=8.6Hz)

(6) (45)-7,8-Dihydro-4-ethyl-4-[[(3R)-N-(4-biphenylylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-1H-pyrano[3,4-f]indolidine-

15 3,6,10(4H)-trione (1.145 g) and 1-[5’-(3”-(t-butoxycarbonylaminopropyloxy)-
2’ -aminophenyl]propan-1-one (867 mg) are dissolved in acetic acid (15 ml), and
the mixture is stirred at 60°C for 47 hours. The reaction mixture is concentrated
under reduced pressure, and the resulting crude product is purified with a silica
gel column chromatography (eluent; chloroform : ethyl acetate=2:1—>1:1)

20 and then recrystallized from ethyl acetate-hexane to give (20S)-7-ethyl-10-[3-
(tert-butoxycarbonylamino)propyloxy]-20-O-[[(3R)-N-(4-biphenylylsulfonyl)-

1,2,3,4-tetrahydro-3-isoquinolyl]carbonyl]camptothecin (1.11 g) as colorless



5 6..77 (1H, s) Reference Exanple 6 (1) 3-Am nopropanol (6.0 g) is dissolved
in methylene chloride (50 mM) and thereto is added dropw se di_tﬁﬁﬁ’
di carbonate (18.3 g) with stirring under ice cooling. The m xture¥i R 2002
stirred at roomtenperature for 2 hours, and 10 the reaction m xture is
concentrated and then purified with a silica gel colum chromat ography to
gi ve 3-t-but oxycarbonyl am nopropanol ( 13698 g) as colorless oil. Yield:
99.9% IR (Neat), vm cm1: 3380, 1790 15 M5 (mz): 176 (MrH+) NWVR (300MHz,
CDC13, s): 1.45 (9H, s), 1.62-1.72 (2H, m, 3.0 (1H brs.), 3.29 (2H, dd,
J=I 2Hz and 6Hz%;, 3.66 (2H, dd, J=I2Hz and 6Hz), 4.80 (1H, brs) (2)
3-t - But oxyc&BIAWt ami nopropanol (10.0 g) is dissolved in nethylene chloride
(100 M) and thereto are added triethylam ne (8.66 g) and 20 tosyl chloride
( 16.3 g) wiYkl&t674%i ng under ice cooling. The mixture is stirred at room
tenperature overnight. The reaction m xture is concentrated and the residue
is dissolved in water-ethyl acetate, and the organic |ayer is separated,
~ 0 APR 2002 64 washed with an aqueous sa[—@t ed(sal i ne sol ution, dried
over sodi um sul f aten g@@@d}gm{(dﬂaya | ed_oflf the sloly nt. The residue is
pur|f|ed with a silica gel colum ch ‘
élt oxycar bonyl am nopropyl tosyl ate 479 yellowoil. 5
Y| eId 82% IR (Neat), v~,~ cm1l: 3400, 3340 #09) N5 (mz): 352
(M+Na+) NMR (300MHz, CDC13, 8): 1.42 (9H, s) 1@@@1 QQH(52H m, 2.45 (3H,
s), 3.11-3.22 (2H, m, 4.09 (2H t, J:6Hz -2.65 (1H, m, 7.36 (2H d,

J=8Hz), 7.77-7.83 (2H, 10 m) (3) 5-Hydrox mtrobenz 0 6.0 g) is
di ssolved in dry tetrahyrofuran (90 nl) an ) i
vi nyl magnesi um brom de (2.3 equival ents) W|th st| rring a :
t enper at ur e wafp.t DE3NEUCi on mixture is raised gradually. After conpletion
of the reaction, 1IN HO is added to the 15 reaction mxture, and the

m xture is h rgani c | ayer is

separ at ed, %ﬁﬁg‘@ flﬁh Jr:ség%ft])e{ us satur a(ggag%gg’l Il%nl% solution, dried over
sodium sul fate, and then distilled off the solvent. The residue is purified
withila sili cMSg(en/mcﬂilﬁnﬁMHr'r) omat ogr aphy to give

1- (5" - hydroxy-2'-nitrophenyl)-2 propen-1-of (5.09 g) as yell ow sh brown

powders. 20 Nivek ¢300MH2 CDCl,, 5): 0.86 (3H, t, J=7.5Hz), 1.35 (3H, t, J=7.6Hz), 1.46 (SH,

s), 1.88-2.18 (4H, m), 2.94-3.20 (2H, m), 3.34 (2H, d, J=4.8Hz), 3.42 (2H, q like,
J=6.4Hz), 4.22 (2H, t, J=6Hz), 4.57 (1H, d, J=15.4Hz), 4.73-4.81 (1H, br), 4.81
(1H, d, J=15.4Hz), 4.90 (1H, d, J=18.7Hz), 5.09 (1H, d, J=18.7Hz), 5.21 (1H, d,
15 J=4.8Hz), 5.26 (1H, d, J=17.2Hz), 5.51 (1H, d, J=17.2Hz), 6.99 (1H, s), 7.01-7.18
(4H, m), 7.22-7.29 (2H, m), 7.30-7.42 (6H, m), 7.49 (1H, dd, J=9.3 and 2.7Hz),
7.89 (2H, d like, J=8.6Hz), 8.20 (1H, d, J=9.2Hz)
(7) (20S)-7-Ethyl-10-[3-(tert-butoxycarbonylamino)propyloxy}-20-
O-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyl]-
20 camptothecin (991 mg) is dissolved in water-methanol (6 ml - 30 ml), and thereto
is added lithium hydroxide monohydrate (180 mg) under ice cooling, and the

mixture is stirred at room temperature for 22 hours and further stirred at 50°C



mp.. 126-130C IR (Nujol), vm cm1: 3440, 1600 3 0 APR 2002 65 M5 (m z):
195 (M+) NWVR (300MHz, CDC13, 8): 2.4 (1H, br), 5.19 (1H dd, J=1@ @HAPanBZ
| . SHz), 5.38 (1H, dd, J=I7Hz and |.SHz), 5.89 (1H, m, 6.08 (1H, ddd,

J=| 74z, 10.5Hz and 5Hz), 6.80 (1H dd, J=9Hz and 3Hz), 7.22 (1H d, J=3Hz),
7.97 (1H, d, J=9Hz), 5 9.90 (1H, brs) (4)

1- (5" - Hydroxy-2'-nitrophenyl)-2-propen-13gf (2.0 g) is dissolved in dry

di met hyl f ormam de (100 nml) and thereto are added sodi umiodide (1

equi val ent) and potassi um carbonate and 3-t - but oxycar bonyl am nopr opyl

tosyl ate (1. 5 equi valent). The m xture is stirred at 50C for 6 hours, and
thereto 10 ifer éﬂms eilhgireagiiammixturp s cancenwatedgingss Fﬂéhloﬁﬁtpﬁe%nr%@mdous
saturated saline solution, dried over sodiumsulfate. After distilling off
t he sol vent thé¢teeo arsadiied dfﬂomﬁom‘l i(20 mi) aind acetid doidh (4 all), aaduh® mixture is
chromat ography to give 1-[5" -(3"-t-butoxy

car bonyl am nepfRPM! r8¥M tedpethtuk® PReIYhdursd:- MheresttibnGhixtdredid dlut@bwitdl e
brown caramel. 15 Yield:98% IR (Neat), vm cm~ : 3400, 1690, 1680 M5

nf 375 , 2H,
S50 (111 b%@@a@”fﬁa%ﬁgp”%dgﬁgﬁilfom%*az%ﬁw(%ﬁ%ﬁéwﬁ Wifegalan it -
brs), 5.24 ( 1 H dd, J=10.5Hz and 20 I . 5.42 (1H, dd. J=l 7Hz and

| . SHzj, 5. 92aqurs|us satuuafmyhn@S@gtlemmn@waverJSﬂdwm Sull.f@te‘sl-Ehaﬁ@lVSszS 6. 86
(1H, dd, J=9Hz and 3Hz), 7.25 (1H, d, J=3Hz), 8.04 (1H d, J=9Hz) 3 Q APR
2Q02 66 (5) cﬁsﬁﬁed ()fa‘fuﬁdelil%@esa/&ﬁsﬁeewbw m%o(zwméwlio [@L(tté@m&%&w.) 2

pr open- 1- of I's dissolved in chl oroform 300°m ) and thereto is
added acti vat a and the m xture is heated with
reflux. After ?g%@ﬁgl ﬁ@f&’e%%ﬁﬁé’??%f%@%b& inorganic materials are filtered
off wwth celite, 5 and the filtrate is concentrated, and thereto is added
ethyl acetate. The organic layer is separated, washed with an aqueous
saturated saline solution, dried over sodium 1H ) After distilling off

the sol vent, the resi@)iGOLANH{EH,)YD a_S e, .g8l_eol.um
chromat ography to give 1-[5 -(3"-t-but ox

N coxyy crystal. 10
mp.: 65-71 C HO "C,H;

oXy) 48' - ni trophenyl ] - 2-propen-1-one (6.0
(8) The obtained (20S)-7-ethyl-10-[3-(tert-butoxycarbonylamino)-

propyloxy]camptothecin 1is dissolved in water-ethanol (5 ml - 15 ml) and thereto

is added 6.6N hydrochloric acid-ethanol (5 ml), and the mixture is stirred at room
temperature for 23 hours. The reaction mixture is evaporated to dryness under

15 reduced pressure and the residue is dissolved in ethyl acetate and water. The
ethyl acetate layer is further extracted with water, and the aqueous layers are
combined and evaporated to dryness under reduced pressure. The residue is
crystallized from isopropanol-water to give (20S)-7-ethyl-10-(3-aminopropyl-
oxy)camptothecin hydrochloride (240 mg) as pale yellow needles.

20 Yield: 44% overall in the above (7) and (8)



Yield: 63 %IR (Neat), vmax cm 1: 3350, 1700 M5 (m z): 351 (MrH+) NWR
(300MHz, CDA 3, 8): 1.44 (9H, s), 1.98-2.18 (2H, m, 3 28- 3. 37, Jig“ﬁﬂﬁm&f
J=6.5Hz), 4.08-4.16 (2H, m, 4.67 ( 1 H brs), 5.85 1 H d, E

6.02 ( 1 H d, , J=10.5 Hz), 6.62 ( 1 H, dd, J=17.5 Ft and 10.5Hz), 6.82
1H d, J=3 Hz), 7.03 ( 1 H dd, J=9Hz and SFE) 8.17 (1H, d, J=9Hz) (6)
1-[5'-(3"-t-butoxycarbony|aninopropyloxyBSZ'-nitrophenyl)-2 pr open- 1-one
(325 ny) is dissolved in ethanol (15 m) and thereto is added 10% 20

pal | adi um carbon (40 ng), and the m xture is stirred under hydrogen
atmosphere for 1.5 hour. After renoving the catalyst by filtration, the
filtrate is concentrated and purlfled W ca gel colum

chromat ography to gi vgqi: [ %.

carbonylanlnopropyloxyg noﬁ I
powders. mp.: 112-115C Y|eId: 83% % (N : , ,
3340, 1700, 1650 M5 (m z): 323 (MrH+)  NWR , 8): 1.21 (3H, t,
J=7Hz), 1.45 (9H, s), 1.90-2.01 (2H, nm), 2.95 (2K~ q,723%7.5Hz), 3.33 (2H,

q, J=6.5Hz), n3, 920 Bt ecogrgj@sgajz) 4.48 (1H, brs), 5.96 (2H, brs), 6.62
(1H, d, J=9Hz)" 695 3 J=9Hz and 3Hz), 7.24 (1H, 10 d, J=3Hz) ~f

68 WHAT |5 APR 22 1. A process for preparing an S type
2-substitute A]nly bé iCTﬁgo}VlaEﬁr yl butyric ester conpound of the fornula

[Il]: 5R R )OE CH3 [II] wherein Ris a residue obtained by renoving a
hydr oxy grouw Flﬁ?)t%&\?—ﬁag boxyl group of an R type nitrogen-containing

fused hetero

IR (Nujol, cm1): 3450, 3370, 1745, 1660
NMR (300MHz, DMSO-dg, d): 0.88 (3H, t, J=7Hz), 1.32 (3H, t, J=8Hz), 1.78-1.95

(2H, m), 2.08-2.19 (2H, m), 3.0-3.1 (2H, m), 3.13-3.25 (2H, m), 4.32 (2H, t, J=6Hz),
10 5.32 (2H, s), 5.43 (2H, s), 7.28 (1H, s), 7.50-7.56 (2H, m), 7.99 (3H, brs), 8.11 (1H,
d, J=10Hz)
Example 2
(1) The (45)-7,8-dihydro-4-ethyl-4-[[(3R)-N-(4-biphenylylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-1H-pyrano[3,4-f]indolidine-
15 3,6,10(4H)-trione obtained in Example 1-(5) is treated in the same manner as
described in Example 1-(7) to give (45)-7,8-dihydro-4-ethyl-4-hydroxy-1H-

pyrano|3,4-f]indolidine-3,6,10(4H)-trione.

20

(2) The (4S)-7,8-dihydro-4-ethyl-4-hydroxy-1H-pyrano(3,4-

flindolidine-3,6,10(4H)-trione is treated in the same manner as described in



carboxylic acid of the formula [XIX]: (" ~COOH[ XIX] (CH)n 1 Iy
is a substituted or unsubstituted aryl sul fonyl group or an al kyﬁém]mam
group, and nis O or I, R and R2 are a | ower al kyl group, and E is an
ester residue, which conprises ethylating a 2-substituted

hydr oxy- 2-i ndol i di nyl acetic ester conpound of the fornmula [I]: O20 _ CN N
[I] O\ ~ COOE R1L O Ra0 R2 1 at 2-posB®ion thereof. 69 3 Q APB 2~~2 2. A
process for preparing an S type 2-substituted hydroxy 2-indolidinyl butyric
ester conpound of the fornmula (11]: 5 RL >CE CH3 [Il]j wherein Ris a

resi due obt ai ned ,by, nov, hydr rou t he car bpx group of an
R type nit r%‘@H?Q:ISrh'{aq%rﬁnﬁlg'reghg)e%fx'ﬁé?gg)dgifg]i]ﬁéfdfﬁp@ﬂ}'lBWQW @)x&é-l d of the
formula [ XIXJ: (~~~COOH [ xIx j ~N-y (CH2)n wherein Y is a substituted or
unsubst i t ut edngtytheai hpgtochtavige ag yeltowpoadderl sul fonyl group, and nis 0
or 1, R and R2 are a |lower alkyl group, and E is an ester residue, which
conprises reacting a 2-hal o-2-indolidinylacetic ester conpound of the
formula [I111]: O_ CN20 0 RlL O X R2 coos [ ¢H fherein X is a hal ogen
atom and Rl, R2 and E aH€l as Ni¢f(ChBi,abayenw )

ni trogen-contai ning fused heterocyclic

Example 3
(1) Ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
0x0-1,2,3.5-tetrahydro-7-indolidinyl]acetate (1.28 g), (3R)-N-(4-nitrophenyl-
sulfonyl)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (1.63 g) and
10 potassium carbonate (357 mg) are mixed in dimethylformamide (15 ml), and the
mixture is stirred at 70°C for 20 minutes. The reaction mixture is treated in the
same manner as described in Example 1-(1) to give ethyl 2-[[(3R)-N-(4-nitro-
phenylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-
(2,2-dimethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate
15 (2.10 g) as colorless powders.
Yield: 99%

CN

CH, \L x COOC,H;
CoO

CH,

20
N—SOZ—Q—NOZ

IR (Nujol, cm1): 2225, 1750, 1665, 1615



~0 conmpound of the formula [IV]: ROH[IV] ~ ~ !~~"~ ~Lb~~ wherein Ris as
defi ned above, or a salt thereof to give a 2-substituted

hydr oxy- 2-i ndol i di nyl acetic ester conpound of the fornula [1J: gg Mm iiiYe s
R wherein the synbols are as defined above, and then ethylating 2 10
position of the resultant conmpound [I]. 3. The process according to claim1
or 2, wherein the substituent "Y' is a méfber selected fromthe group

consi sting of a phenyl sul fonyl, naphthyl sul fonyl or biphenylylsulfonyl
group (which nay optionally be substituted by a menber selected froma
vitro group, a |l ower al kyl group, a |ower al koxy group, a cycl oal kyl
group, a haﬂﬂ@thE16WW(bﬂHé thi enyl group), or a lower alkylsulfonyl group,
and Eis a |lower alkyl group. 4. The process according to claim3, wherein

Y is a 4 bi phpy(3eMHTDC r&)ule 8905n@oé%331t1r gpmq@ydnauﬂ i@@yﬂi Qﬁﬂvnz)“ IS

1, R 20 and R2 are each a th group, I's ‘an acetyl group, X

chI orine atom or br om ne atom a nethyl or eth roup

2- subst | t ut ctishya bl GH Rt 2] Qebum 3 S Ly BInHOBE ?Mﬁamm A
[1J: 71 ~CNNTJI) O\ COCE R1 O ROR2 5 wherein Ris a residue

obt ai ned by 4.80:h2(HE, my,dt. SQynQAcﬁTp(IH,@i;rﬂ#hﬁ-Iz)a#W@)qdd 483 (pHod, Bl SRA)y pe

ni trogen-contai ning fused heterocyclic carboxylic acid of the formula

(XI'X]5 ~~~C3>pP and 5.32 (1H, dd, J=3 and 6Hz), 5.90 and 5.95 (1H, s), 6.48 and 6.54 (1H, s),
7.00-7.23 (4H, m), 8.01 and 8.05 (2H, d, J=9Hz), 8.29 and 8.31 (2H, d, J=9Hz)

(2) Ethyl 2-[[(3R)-N-(4-nitrophenylsulfonyl)-1,2,3,4-tetrahydro-3-
isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (25.09 g) is dissolved in dry
10 dimethylacetamide-toluene (1 : 1) (240 ml), and the mixture is reacted in the

same manner as described in Example 1-(2) by using a 60% oily dispersion of
sodium hydride (1680 mg) (1.2 equivalent) and ethyl iodide (54.58 g) (10
equivalents), and the extract is washed with an aqueous citric acid solution and

an aqueous saturated saline solution, dried over magnesium sulfate. After

15 distilling off the solvent under reduced pressure, the residue is powdered from
ethyl acetate - diethy.I ether to give ethyl 2-[[(3R)-N-(4-nitrophenylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyl-
trimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate
(diastereomer mixture) (22.04 g) as colorless powders. The diastereoselectivity

20 of 2S compound and 2R compound = 20.0 : 1.0 (90% d.e.) which is calculated

based on the ratio of integral value at the peak of &: 6.85 and 6.41 in NMR

spectrum. The colorless powders are recrystallized from isopropanol to give a



. I .xLx ) ~N-y 10 ~CH2)n wherein Y is a substituted or unsubstituted
aryl sul fonyl group or an al kyl sul fonyl group, and nis O or 1, n

are a lower alkyl group, and E is an ester residue. 6. An S typgiaﬁ ﬂpﬁzm’l
2-substituted hydroxy-2-indolidinylbutyric ester 15 conpound of the fornula
[I1]: RR [Il) )OE CH3 20 wherein Ris a residue obtained by renoving a
hydr oxy group fromthe carboxyl group of 44an R type nitrogen-containing
fused heterocyclic carboxylic acid of the formula-[ Xl X]: .c QJ4~, 2~D~
(~~~~COOH / . - I xIx ) (CH2)n wherein Y is a substituted or unsubstituted
aryl sul fonyl group or an 5 al kylsulfonyl group, and nis 0 or 1, R and R2
are a | ower RURPIOGREUHS.32rg) as Gdodesselydalsy esi due. 7. The conpound
according to claim5 or 6, wherein the substituent "Y' is a nenber sel ected
fromthe gro¥Yijeld:oifshsti ng of a phenyl sul fonyl, naphthyl sul fonyl or

bi phenyl yl sul fonyl group (which 10 may optionally be substituted by a
menber selected froma nitro group, a |l ower al kyl group, a | ower al koxy
group, a cycloal kyl group, a hal ogen aQom or a thienyl group), or a | ower
al kyl sul fonyl group, and Eis alo | kydNngroup. 8. The conpound
according to claim?7, wherein Yui q 15 phenyl yl sul fonyl group, or a
4-ni trophenyl sul fonyl gro I ST G@0@sls each a nethyl group, and
Eis a net hyl or et hyl gr(k)l‘ﬁ'fi @ 2-hal gf&no-2-indolidinylacetic ester
conmpound of theforrrula[lll)'c}i'32 O 2¢00 1]

O corvo

m.p.: 181-182°C

[o] p26: -128.39° (c=0.5, chloroform)

10 IR (Nujol, em-1): 2217, 1755, 1665, 1615
MS (m/z): 735 (MH*)
NMR (300MHz, CDCl;, 8): 0.77 (3H, t, J=7.5Hz), 0.85 (3H, s), 0.89 (3H, t,
J=7Hz), 1.20 (3H, s), 2.13 (1H, dq, J=7.3 and 15Hz), 2.27 (1H, dq, J=7.3 and
15Hz), 2.52-2.57 (2H, m), 3.45-3.66 (7H, m), 3.80-3.90 (1H, m), 4.16 (1H, dq,

15 J=7.3 and 13Hz), 4.36 (1H, dq, J=7.3 and 13Hz), 4.52 (1H, d, J=15Hz), 4.87 (1H,
d, J=15Hz), 5.48 (1H,-dd, J=3 and 6Hz), 6.85 (1H, s), 7.00-7.10 (1H, m), 7.12-7.23
(3H, m), 8.05 (2H, d, J=9Hz), 8.24 (2H, d, J=9Hz)

(3) The compound obtained in the above (2) is treated in the same

manner as described in Example 1-(3)-(8) or in Example 1-(3)-(5), (7), (6) and (8)

20 to give (20S)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.



wherein X is a halogen atom Rl and R2 are a | ower alkyl group, and E is an
ester residue. .A .A3l.A ,.AY. AY. A Al 5r. Al,. AFNr. AY?. A {, L. AY; .AY UL

. AFU. AY2. AFU. AR AY; 9 0 APR: 2045
CA{ AL A Ay. ARE. A% ANS. AL A A Ae. Au&r . A3. AFa. AFU. A3. AY. A3{f. A3{. AF. A

3. A3BNS. AFf . AFS. AFS. AFFR. Al . . A3; . AY, . AF. AF. AS;

f * AS2. A.f_.A .A3. Al . A3@ Al Se. AYf. Al . AS22Ah. A;
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15 3-isoquinolyl]carbonyloxy]-2-[6-acetoxymethyl-1,1-(2,2-dimethyltrimethylene-

0]
%)y 3 10< 10<
&%L%@/& ()- f 10%& ()-

dioxy)-5-0x0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate obtained in Example 1-
4) (1.00 g) 1s dissolvcd in water-methanol-tetrahydrofuran (5 ml + 20 ml + 5 ml),
and thereto is added lithium hydroxide monohydrate (265 mg), and the mixture
is stirred at room temperature for one hour to give lithium (2S)-2-hydroxy-2-[6-
20 hydroxymethyl-1,1-(2,2-dimethyltrimethylenedioxy)-5-oxo0-1,2,3,5-tetrahydro-7-

indolidinyl]butyrate.
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CH,
(2) Lithium (2S)-2-hydroxy-2-[6-hydroxymethyl-1,1-(2,2-dimethyl-

5 trimethylenedioxy)-5-0x0-1,2,3,5-tetrahydro-7-indolidinyl}butyrate obtained
above is dissolved in chloroform (20 ml) and acetic acid (4 ml), and the mixture

is stirred at room temperature for 16 hours, and to the reaction mixture is added
water, and the mixture is extracted with chloroform three times. The extract is

washed with an aqueous saturated saline solution, dried over sodium sulfate,

10 and distilled under reduced pressure. The residue is purified by silica gel column
chromatography (eluent, chloroform) and recrystallized from ethyl acetate to
give (4S)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylenedioxy)-4-hydroxy-
1H-pyrano[3,4-f]indolidine-3,10-dione (276 mg) as colorless needles.

Yield: 64% over all in the above (1) and (2)

15

m.p.: 208-210°C
20 o] p27: +88.2° (¢=0.99, chloroform)
IR (Nujol, cm-1): 3340, 2924, 1744

MS (m/z): 350 (MH*)
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109& () - &L0Y& ()-$109& ()-Z 10 K(dE:/ 10 L$109%& ()- "109%& ()- 109%& ()-
@109 ()-3& 109& ()- !'109%& ()- (N ydE:/ 10 2109 ()- / 109 ()- - 109%& ()-

+S 109 () - (f1R i EDX47%5) 0 8e384, S0 XEH Y 1S (0o 3B, ), 1.70-
1.92 (2H, m), 2.54 (2H, t, J=7.0Hz), 3.65-3.69 (4H, m), 3.71 (1H, s), 4.14 (2H, dt,
J=3.7 and 7.0Hz), 5.17 (1H, d, J=16.2Hz), 5.60 (1H, d, J=16.2Hz), 6.81 (1H, s)
(3) The (45)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylene-
5 dioxy)-4-hydroxy-1H-pyrano[3,4-flindolidine-3,10-dione is treated in the same
manner as described in Example 1-(5) to give (45)-7,8-dihydro-4-ethyl-4-

hydroxy-1H-pyrano[3,4-f]indolidine-3,6,10(4H)-trione.

10 HO %Czl‘cl)s
(4) The (4S)-7,8-dihydro-4-ethyl-4-hydroxy-1H-pyrano[3,4-f]-
indolidine-3,6,10(4H)-trione is treated in the same manner as described in
Example 1-(6) and (8) to give (20S)-7-ethyl-10-[3-(aminopropyloxy)-

camptothecin hydrochloride.

e HCl - NH,(CH,);Q
Z 0
HO C,H;
Example 6
(1) Lithium (2S)-2-hydroxy-2-[6-hydroxymethyl-1,1-(2,2-dimethyl-
20 trimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate obtained in

Example 5-(1) is treated in the same manner as described in Example 1-(5) to
give (4S)-7,8-dihydro-4-ethyl-4-hydroxy-1H-pyrano[3,4-f]indolidine-

3,6,10(4H)-trione.



10 10L9Z 109%& ()-6! 109 ()- 4#10% ()-3 b DI dEbC 10 109 ()- $10%& () -
YZ109%&' ()- ,' 10%&' ()- 10%&' ()-s10%& ()- DI!!"h"##dEbC 10( Yd0O%& ([?-

109& () -1 @109 ()-L109& ()- ,109& ()- t109& ()-#4$$$#% 99EELC o APR 209
5109& ()-310%& ()- 110%& ()-S/ 10%& ()- & Z10%& ()-* 10%& ()-
VOBECEDEESRET&EHC 1010%&' () - 9s10%&' ()- % 10%&' ()-Z 10 10 10F::!10%& ()- 8
109&' ()-&8' m ' ' "(dEbC 10109 ()- 10%& (W7109%& ()- | 109& ()- , YL10%& ()-
109 ()-"(o(( )#)f))dEbC 10$ 109%& ()-3 !109%& ()- 10%& ()-

| y#109& () - LYLO9%& ()-109& ()- )*U*** A++dEbC 101f

109& ()-.f109%& ()-, 9! 109& ()- * 109& ()- Y(#L109%& ()- & 109%& ()-

] xmbC 10FYd0%&' ()-G 10 10

70
HO C,H;
(2) The (45)-7,8-dihydro-4-ethyl-4-hydroxy-1H-pyrano[3,4-

5 flindolidine-3,6,10(4H)-trione is treated in the same manner as described in
Example 1-(6) and (8) to give (20S)-7-ethyl-10-[3-(aminopropyloxy)-

camptothecin hydrochloride.

HCI - NH2(CH2)3

10

Example 7
(1) The (4S)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylene-
dioxy)-4-hydroxy-1H-pyrano[3,4-flindolidine-3,10-dione obtained in Example
15 5-(2) (50 mg) is dissolved in acetic anhydride (1 ml), and thereto are added
pyridine (1 ml) and 4-N,N-dimethylaminopyridine (4 mg) under ice cooling, and
the mixture is stirred ét room temperature for 23 hours. The reaction mixture is

diluted with chloroform, and the mixture is washed with an aqueous citric acid
solution, water and an aqueous saturated saline solution, and dried over sodium
20 sulfate. After distilling off the solvent under reduced pressure, the residue is
purified by silica gel column chromatography (eluent, chloroform : methanol =
40 : 1) to give (45)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylenedioxy)-4-

acetoxy-1H-pyrano[3,4-flindolidine-3,10-dione (56 mg) as colorless crystals.
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CH,

5 m.p.: 185-188°C
IR (Nujol, cm1): 2922, 2852, 1743, 1671, 1613
MS (m/z): 392 (MH*)
NMR (300MHz, CDCl;, 6): 0.87 (3H, s), 0.91 (3H, t, J=7.5Hz), 1.28 (3H, s), 1.95-
2.10 (1H, m), 2.15 (3H, s), 2.15-2.28 (1H, m), 2.40-2.61 (2H, m), 3.55-3.73 (4H, m),
10 4.12 (2H, t, ]=6.8Hz), 5.27 (1H, d, J=17.1Hz), 5.52 (1H, d, J=17Hz), 6.31 (1H, s)
(2) The (45)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylene-
dioxy)-4-acetoxy-1H-pyrano[3,4-f]indolidine-3,10-dione is treated in the same
manner as described in Example 1-(5) to give (45)-7,8-dihydro-4-ethyl-4-

acetoxy-1H-pyrano[3,4-f]indolidine-3,6,10(4H)-trione as colorless crystals.

15
m.p.: 197-203°C
IR (Nujol, cm-1): 1742, 1732, 1661, 1610
20 ESI-MS (0.02M ammonium acetate/methanol, m/z): 323 (MNH,4%)

NMR (300MHz, CDCls, §): 0.92 (3H, t, J=7.5Hz), 1.94-2.25 (2H, m), 2.16 (3H, s),

2.95 (2H, t, J=6.9Hz), 4.32 (2H, td, J=6.9 and 0.8Hz), 5.33 (1H, dd, J=18.1 and
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109$109%& ()- Y10%&' ()-y:109& ()-!6$10%& ()-Z ! UOSL0%HL ()-Z !$10% c

& ()-Z 888\9 9b9i 9aBuV7 100109%& ()-/109%& ()-1-109%& ()-M | S&MPAOY& () -V
109&' ()-!2109%& ()-i9k9n9r99+:-:aBuVv7 10 1d%*& ()-!

551 10%*& ()-5s!10%&' ()-s3310%& ()- Y3109%&' () -

@10%&' ()--:/:0:21:2:?2:B:J::yZ;, 10-10%& ()- ylO0%& ()-109%& ()-9%d0%& ()-Z 10**

10** 10%* F. £ 1098 *& ()= Wi o0dEYZ; o8 ()-~10%& ()- yy:!10%& ()-

L" 109%& () -y éé%(%é ib@&d‘i) rl?glé&(égg}%’?ﬁé’éﬁﬂw& ()-

39%40%& ()-!" Y&ZlO%&'/&) -sYGLOY&' - Y, rr?/d.O‘V&'/}i(&A)l- 109 () -= =n=x==>>>>dH=2 1

10 10"-109%&' () - 5S10%8)( Yher§45nd Godihyyiro-g-ethykgd-@petoxg fgnad3,4-f]-
indolidine-3,6,10(4H)-trione is treated in the same manner as described in

Example 1-(6) to give (20S)-20-0O-acetyl-7-ethyl-10-[3-(tert-butoxycarbonyl-

5 amino)propyloxy]camptothecin as colorless powders.

(CH;3);COCONH(CH,);

m.p.: 173-176°C
10 IR (Nujol, cm-1): 3370, 1765, 1749, 1696, 1657
ESI-MS (m/z): 592 (MH+)
NMR (300MHz, CDCls, 9): 0.97 (3H, t, J=7.5Hz), 1.39 (3H, t, J=7.7Hz), 1.45 (9H,
s), 2.05-2.32 (4H, m), 2.21 (3H, s), 3.14 (2H, q, J=7.7THz), 3.41 (2H, q like,
J=6.3Hz), 4.21 (2H, ¢, J=6.1Hz), 4.77 (1H, br), 5.23 (2H, d, J=1.1Hz), 5.40 (1H, 4,
15 J=17.2Hz), 5.68 (1H, d, J=17.2Hz), 7.15 (1H, s), 7.33 (1H, d, J=2.6Hz), 7.47 (1H,
dd, J=9.2 and 2.7Hz), 8.12 (1H, d, J=9.3Hz)
(4) The (20S)-20-O-acetyl-7-ethyl-10-[3-(tert-butoxycarbonylamino)-
propyloxy]camptothecin is treated in the same manner as described in Example
1-(7) and (8) to give (20S)-7-ethyl-10-(3-aminopropyloxy)camptothecin

20 hydrochloride.
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y109%& ()-M 10%& ()- CC! DaDDEKEdEbW. 1 10! |
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109%& () - KEEEEFY%j FkFI Fd€t / NH,10H,%,

Examples 8 - 12
5 (1) The corresponding starting compounds are treated in the same
manner as described in Example 1-(1) and (2), there are prepared the compounds

as shown in the following Table 1.
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#1098 ()- & MLOY&' ()- ,JaJJI$K K KaKbKdYNC 10 10 10 109f 109%&' () -
YY79%0% ()- 3 4 109%& ()-f2L10%& ()- 3 / 540%& ()- bKcKgKsKKK' LAEYNC 10
“109%& ()- LS10%& ()-  10%& ()-
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MLO%& ()- L10%& ()- 109%& ()- Y$10%& ()- @O0%& () - gNNOLOPPQUEYNC 10
96109M& ()- 4"10%& ()- Y+z 10%& ()-) Tdfle@& ()- &GLOYE ()-

$10%¢& () - QLQPQUQ QRQQAARLC

COOC,H
CH, 2 285
CH, £0-0 “C,H;
Ex. No. RS
N—302—®-x
X Diastereoselectivety
2S:2R
8 (1) —Cl 9.5:1.0
9() —CH; 9.0:1.0
10(1) —OCH; 9.0:1.0

12 (1) 10.1:1.0

11(1) —<:> 95:1.0
M

(2) The compounds obtained in the above (1) are treated in the same
manner as described in Example 1-(3)-(8) or Example 1-(3)-(5), (7), (6) and (8) to
5 give (20S)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.
Examples 13 - 16
(1) The corresponding starting compounds are treated in the same
manner as described in Example 1-(1) and (2), there are prepared the compounds

as shown in the following Table 2.
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Ex. No.
RO
13 RN—Ts
Lo—
N S H;
14(1) N'SOR:%CHS
H5C
\§CO—
£o—
16 (1) RI;I—T
S

Ts: Tosyl group
(2) The compounds obtained in the above (1) are treated in the same
5 manner as described in Example 1-(3)-(8) or Example 1-(3)-(5), (7), (6) and (8) to

give (20S)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.
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YS$10%& () - & 10%& ()-: 10%& () - <bj bbbQcccdEnbC 100 10%& () - . 10%p& ‘¢t 2002
.S T0%é& ()-L*10%& ()- Y3(' $10%& () - &10%é& () - c6ddddddddxmbC

10MLOY%O& ()-: 10b 10b 10b9 10%& ()-17109k& ()- @ 10%& ()- Y3 ! 109%& () -
deeEeee+f dEMDC 10y10%08' ()- yf 10908 ()- 3 10%08' ()- 10%0& () -
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as shown in the following Table 3.

5 Table 3
Ex. No.

RS51 R61 R71 R81 RI1
/ N\ -H -0O(CH,),0- -H

17 — CHZ‘N NH 2
18 ~CH,NH, -H ~O(CH,),0- -H
19 —CH,NH, -H _ —-OCH,0O- —-H
20 -H -NH, -H -H -H
21 7* 9* —CH3 -F ~H

—CH(NH,)CH,CH,-

22 —(CH2)3— -0 (CH2)3NH2 -H -H
23 -H -H —O(CH,)3NH, -H -H

*: The number means the substitution position (7-position/9-position) at the camptothecin

nucleus.



10+. 10908 () - (90%D& ()- 3 y&mO%O&' () - 9$&10%E () -! 1098 () - 10%D& () -
0>ppp’ q5qpaqar qdE: / 100 100F , 810%0& ()- 5z10%& () -1 3t $10%0& ()3 ThAPRE2007>
S/3109%% ()- & 10%% ()- rqsqtqqqq rlrxY:/ 10010%& ()- 109%0& () -
F1096& ()- 109%0& ()-'ylovo& () - GVLOY%O& () -L 100 rrrsVsssdE: /
100s109%6& ()-3 10%0& ()- MO%O& ()- 10%0& ()- "10%08& ()- Y4109 ()-
$ssssssssbhC 10Gs10%& () -9 10%& () -%409%&' () - 10%& ()- 100 100
100 10%0& ()-sssstttz[ <bC 100n" 10%& () - YL0%& ()-!yQ 10%88& ()-5! THyQ
10%bnb& ()-5! TyQ 10%m8n8& ()-5~10%& () -ttt t4t6t 8t dELC
100, 10%& ()-910%& (gég%‘ ()-1310%& ()-1Y(10%& ()-Y10%& ()-8t=tDtUtb
tdttzX9bC 1006! 10%& §¥dm 6+ +& () -!- @0%Db& ()-!S
fyl0%b& ()-m QFylOo%kk& ()-nmL! 10%& () -t ywzw{ w w} wwwwiV7
10~ 10%08' () - s910%0K1) ) A Fadxh0®@d; ethyl mtlder2([H-dyanoblhl -(RBkdimethyl-
10bb! $! 10%Hb& () - ww x{ xxx2ydEuV7 10f "y10%0& ()- yL10%&' () -
trimethylenedioxy)-5-oxo0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (34.11 g),
(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid
5 (42.33 g) and potassium carbonate (8.67 g) in dimethylformamide (350 ml) is
stirred at 60°C for 45 minutes. The reaction mixture is ice-cooled, diluted with
ethyl acetate (200 ml), and thereto is added an aqueous saturated sodium
hydrogen carbonate solution (300 ml) and is further adder water (500 ml). The
mixture is extracted with ethyl acetate, and the extract is washed, dried, treated
10 with active carbon and filtered. The solvent is distilled off to give ethyl 2-
[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-
2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-0x0-1,2,3,5-tetrahydro-7-
indolidinyl]acetate (66.20 g) as pale yellow foam.
IR (Nujol, cm-1): 2220, 1750, 1665, 1615
15 MS (m/z): 738 (MH+)

NMR (300MHz, CDCls, 8): 0.89 and 0.90 (3H, s), 1.10 and 1.15 (3H, t, J=7Hz),

1.33 and 1.35 (3H, s),.2.45-2.60 (2H, m), 3.25-3.40 (2H, m), 3.61-3.76 (4H, m),
3.95-4.22 (4H, m), 4.58 and 4.68 (1H, d, J=16Hz), 4.72 and 4.75 (1H, d, J=16Hz),
5.22 and 5.29 (1H, dd and t, J=3.6 and 5Hz), 6.01 and 6.04 (1H, s), 6.58 and
20 6.65 (1H, s), 7.02-7.20 (4H, m), 7.37-7.51 (3H, m), 7.54-7.60 (2H, m), 7.62-7.68
(2H, m), 7.85-7.93 (2H, m)
(2) The ethyl 2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-

isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
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101 L310%&' () -f) 10908 () - @RLOY& () - & &10%0& () -! 10900 ()-9! T1I0NH g & ()-9
z&zl z[ z] z| | *?bC 10&Z 55

109008 ()-!qg. M 10%00& () - % MLOYEO&' () -! 10%++& () -f10%0& () -, 109 () -

| $| & 1| 3| 4| 5] 6] 8| }0oaS4 10" 10% u& ()-M 10 10 10"3 109%& ()-)'F 10%&' ()-&F

10% ug (- LSRRt Fooar T R Rier e O0EER s phovs ) fo szomied 10,
#1056 g’ () - 1 the saemamiends deserbod irbrgmplel bia )t 2ive (208) 7-ethyl-10-
(t$10% u& ()-9%vL0% u& ()-#10% u& ()-!'y 10% u& ()-O0wj~_dE:/ 10-u
10- u9! 10% u&(3amindpopFlexicainptothecin hydrochloride.
Reference Example 1
5 (1) 6-Cyano-7-methyl-1,5-dioxo-1,2,3,5-tetrahydroindolidine (1.0 g),
2,2-dimethyl-1,3-propanediol (6.64 g) and p-toluenesulfonic acid (15 ml) are
mixed in dichloroethane (25 ml), and the mixture is heated under reflux for 17
hours with a reflux apparatus provided with Dean-Stark dehydrating device.
The reaction mixture is washed with an aqueous saturated sodium hydrogen
10 carbonate solution and an aqueous saturated saline solution, and dried over
magnesium sulfate. After distilling off the solvent under reduced pressure, the
residue is purified with a silica gel column chromatography (eluent; chloroform :
methanol = 50 : 1) and recrystallized from methanol to give 6-cyano-7-methyl-
1,1-(2,2-dimethyltrimethylenedioxy)-5-oxo0-1,2,3,5-tetrahydroindolidine (1.05 g)
15 as colorless needles.
Yield: 72%
m.p.: 225-226°C
IR (Nujol, cm-1): 2222, 1645, 1610
MS (m/z): 275 (MH*)
20 NMR (300MHz, CDCls, 8): 0.87 (3H, s), 1.30 (3H, 5)2.49 (3H, s), 2.53 (2H, t,

J=7Hz), 3.62 (2H, d, J=11Hz), 3.69 (2H, d, J=11Hz), 4.15 (2H, t, J=7Hz), 6.42 (1H,
s)
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L0%¢& () - 18GLO%E () 96! 10%)&5)1 3#109%& ( 3
oxo-1,2,3,5-tetrahydroindolidine (14.43 g) is mixed in dry toluene (300 ml) and

thereto is added a 60% oily dispersion of sodium hydride (9.26 g, 4.4
equivalents), and the mixture is stirred on a bath of 80°C for 2 hours. To the
5 reaction mixture are added diethyl carbonate (24.85 g, 4 equivalents) and
ethanol (0.97 g, 0.4 equivalent), and the mixture is reacted at 80°C for 3 hours.
While cooling the reaction mixture on an ice bath, a 50% acetic acid (80 ml) is
added thereto. The mixture is extracted with chloroform, and the extract is
washed with an aqueous saturated saline solution, and dried over magnesium
10 sulfate. After distilling off the solvent under reduced pressure, the residue is
purified with a silica gel column chromatography (eluent; chloroform : ethyl
acetate = 4 : 1) and recrystallized from ethyl acetate-ether to give ethyl 2-[6-
cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-o0xo-1,2,3,5-tetrahydro-7--
indolidinyl]acetate (14.63 g) as colorless needles.
15 Yield: 80%
m.p.: 150-151°C
IR (Nujol, cm-1): 2220, 1725, 1650, 1610
MS (m/z): 347 (MH+)

NMR (300MHz, CDCls, 8): 0.87 (3H, s), 1.28 (3H, s), 1.29 (3H, t, J=7.5Hz), 2.54

20 (2H, t, J=THz), 3.62 (2H, d, J=11Hz), 3.68 (2H, d, J=11Hz), 3.79 (2H, 5), 4.16 (2H,
t, J=7Hz), 4.22 (2H, q, J=7Hz), 6.54 (1H, s)

(3) The ethyl 2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-oxo-
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10 ()& 128/% (gl y gz%gﬁ/goé of soc-inclin;\ g;gdel (()2 ggfg%?%&equl;alleggllg?ry tetrahydro-
furan (240 ml), and the mixture is stirred at room temperature for 3 hours. To the
reaction mixture is added bromine (8.76 g, 1.3 equivalent), and the mixture is
5 stirred at room temperature for 2 hours, and thereto is added ice water. The
mixture is extracted with chloroform, and the extract is washed with an aqueous
sodium thiosulfate solution and an aqueous saturated saline solution, and dried
over magnesium sulfate. After distilling off the solvent under reduced pressure,
the residue is purified with a silica gel column chromatography (eluent; chloro-
10 form : ethyl acetate = 4 : 1) and recrystallized from ethyl acetate-ether to give
ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-
tetrahydro-7-indolidinyl}acetate (15.66 g) as colorless needles.
Yield: 87%
m.p.: 117-119°C
15 IR (Nujol, cm-1): 2217, 1725, 1650, 1610
MS (m/z): 427 (MH*)
NMR (300MHz, CDCls, 8): 0.89 (3H, s), 1.28 (3H, s), 1.32 (3H, t, J=7Hz), 2.54

(2H, t, J=THz), 3.65 (2H, d, J=12Hz), 3.67 (2H, d, J=12Hz), 4.09-4.22 (2H, m),
4.24-4.35 (2H, m), 5.61 (1H, s), 6.90 (1H, s)
20 Reference Example 2
(1) 6-Cyano-7-methyl-1,5-dioxo-1,2,3,5-tetrahydroindolidine (5.93

), 2,2-diethyl-1,3-propanediol (49.97 g) and p-toluenesulfonic acid (180 ml) are
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The reaction mixture is treated in the same manner as described in Reference
Example 1-(1) and recrystallized from methanol to give 6-cyano-7-methyl-1,1-
5 (2,2-diethyltrimethylenedioxy)-5-0x0-1,2,3,5-tetrahydroindolidine (6.67 g) as
colorless needles.
Yield: 70%
m.p.: 197-198°C
IR (Nuyjol, cm1): 2219, 1655, 1610
10 MS (m/z): 303 (MH*)

NMR (300MHz, CDCls, 8): 0.83 (3H, t, J=7.5Hz), 0.92 (3H, ¢, J=7.5Hz), 1.22 (2H,

q, J=7.5Hz), 1.78 (2H, q, J=7.5Hz), 2.49 (3H, s), 2.52 (2H, t, J=7Hz), 3.64 (2H, d,
J=11Hz), 3.78 (2H, d, J=11Hz), 4.14 (2H, t, J=7THz), 6.39 (1H, s)
(2) The procedure of Reference Example 1-(2) is repeated by using
15 6-cyano-7-methyl-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-
indolidine (4.75 g), dry toluene (80 ml), a 60% oily dispersion of sodium
hydride (2.76 g, 4.4 equivalents), diethyl carbonate (7.42 g, 4 equivalents) and
ethanol (0.37 ml, 0.4 equivalent), and the product is recrystallized from ethyl
acetate-ether to give ethyl 2-[6-cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-
20 oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (3.71 g) as colorless needles.
Yield: 63%

m.p.: 127-129°C
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3  $10UPPE ()- 1 CH3: AU ()2 S@ 10%: () - SL0%: () - C5dEpeF 10- uy/
10%: () - ys- 100500 ELOB) 5): 0.83 (3H, 1, J=7.5Hz), 0.91 (3H, J=7.5Hz), 1.23 (2H,

q, J=7.5Hz), 1.29 (3H, t, J=7.5Hz), 1.75 (2H, q, J=7.5Hz), 2.53 (2H, t, J=7Hz),
5 3.62 (2H, d, J=12Hz), 3.77 (2H, d, J=12Hz), 3.79 (2H, s), 4.15 (2H, t, J=THz), 4.22
(2H, q, J=7Hz), 6.50 (1H, s)
(3) The ethyl 2-[6-cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-
1,2,3,5-tetrahydro-7-indolidinyl]acetate (3.52 g) is added to a suspension of a
60% oily dispersion of sodium hydride (451 mg, 1.2 equivalent) in dry tetra-

10 hydrofuran (60 ml), and the mixture is treated at room temperature for 3 hours.
To the reaction mixture is added bromine (1.95 g, 1.3 equivalent), and the
mixture is stirred at room temperature for 3 hours, and the reaction mixture is
treated in the same manner as described in Reference Example 1-(3) and
recrystallized from ethyl acetate-ether to give ethyl 2-bromo-2-[6-cyano-1,1-

15 (2,2-diethyltrimethylenedioxy)-5-oxo0-1,2,3,5-tetrahydro-7-indolidinyl]acetate
(2.45 g) as colorless I}eedles.

Yield: 58%

m.p.: 106-108°C

IR (Nujol, cm-1): 2220, 1735, 1660, 1610
20 MS (m/z): 455 (MH*)

NMR (300MHz, CDCl,, 8): 0.83 (3H, t, J=7.5Hz), 0.92 (3H, t, J=7.5Hz), 1.26 (2H,

q, J=7.5Hz), 1.32 (3H, t, J=THz), 1.73 (2H, q, J=7.5Hz), 2.52 (2H, t, J=7THz), 3.61
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Reference Example 3
Sodium hydroxide (13.6 g) is dissolved in water (300 ml), and therein
5 is suspended (3R)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (30.0 g) and
thereto is added tetrahydrofuran (120 ml). To the resulting solution is added 4-
biphenylylsulfonyl chloride (42.9 g), and the mixture is stirred at room
temperature for one hour. The reaction mixture is acidified with 10% hydro-
chloric acid under ice cooling, and is diluted with water, and then extracted
10 twice with ethyl acetate. The extract is washed with water and an aqueous
saturated saline solution, dried over sodium sulfate and then treated with active
carbon. Undissolved materials are filtered off from the extract, and the solvent is
distilled off under reduced pressure. The residue is recrystallized from ethyl
acetate-hexane to give (3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-
15 isoquinolinecarboxylic acid (36.5 g) as colorless crystals.
Yield: 55%
m.p.: 195-202°C
[a] D29; +8.02° (c=1.08, dimethylformamide)
IR (Nujol, cm1): 3300, 2924, 1743, 1456
20 MS (m/z): 394 (MH+)

NMR (300MHz, CDCls, 8): 3.10-3.15 (2H, m), 4.48 (1H, d, J=15.6Hz), 4.67 (1H, d,

J=15.6Hz), 4.93 (1H, dd, J=4.0 and 5.3Hz), 6.95-7.20 (4H, m), 7.40-7.53 (3H, m),
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Reference Example 4
(3R)-1,2,3,4-Tetrahydro-3-isoquinolinecarboxylic acid (5.32 g) and
sodium hydroxide (2.40 g) are added to a mixture of methylene chloride-water
5 (200 ml - 200 ml), and thereto is added dropwise a solution of 4-nitrophenyl-
sulfonyl chloride (6.62 g) in methylene chloride (100 ml) under ice cooling over
a period of 30 minutes. The mixture is stirred under ice cooling for 3 hours, and
thereto are further added sodium hydroxide (1.20 g) and a solution of 4-nitro-
phenylsulfonyl chloride (3.32 g) in methylene chloride (60 ml) in this order. The
10 mixture is stirred under ice cooling for 2 hours, and further stirred at room
temperature for 17 hours, and the reaction mixture is diluted with chloroform
and 10% hydrochloric acid. The chloroform layer is collected and washed with
water and then with an aqueous saturated saline solution, dried over sodium
sulfate and then treated with active carbon. Undissolved materials are filtered
15 off from the chloroform layer, and the solvent is distilled off under reduced
pressure. The residue is purified with a silica gel column chromatography
(eluent, chloroform) and recrystallized from ethyl acetate-hexane to give (3R)-
N-(4-nitrophenylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid
(4.01 g) as colorless crystals.
20 Yield: 37%
m.p.: 140°C

[a] p23: +27.2° (¢=0.5, ethanol)

IR (Nujol, cm1): 3316, 1743, 1531, 1169
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J=9.0Hz), 8.20 (2H, d, J=9.0Hz)
5 Reference Example 5
To a suspension of ethyl 2-[6-cyano-1,1-(2,2-dimethyltrimethylene-
dioxy-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (43.41 g) in tetrahydro-
furan (600 ml) is added triethylamine (13.94 g) under argon atmosphere at -4°C
and thereto is further added dropwise trimethylsilyl chloride (14.41 g) at -4 to -
10 3°C over a period of 5 minutes. The mixture is stirred at the same temperature
for 55 minutes and thereto is added dropwise a suspension of N-chloro-
succinimide (17.00 g) in tetrahydrofuran (400 ml) at -4 to 4°C over a period of 7
minutes. The reaction mixture is further stirred at a temperature of 0°C to 4°C
for 4.5 hours, and thereto added water (1 liter) at 0°C, and the mixture is
15 extracted with ethyl acetate. The extract is washed, dried, treated with active
carbon, filtered and then distilled to remove the solvent. The residue is
recrystallized from et'hyl acetate-isopropyl ether to give ethyl 2-chloro-2-[6-
cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-oxo0-1,2,3,5-tetrahydro-7-
indolidinyl]acetate (40.28 g) as colorless needles.
20 Yield: 84%
m.p.: 153-155°C

IR (Nujol, cm-1): 2227, 1749, 1662, 1615, 1541, 1311, 1241, 1202, 1179, 1161,
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APCIMS (m/z): 381 and 383 (MH*)
NMR (300MHz, CDCl;, §): 0.88 (3H, s), 1.28 (3H, s), 1.31 (3H, t, J=7.1Hz), 2.52-
2.58 (2H, m), 3.60-3.70 (4H, m), 4.13-4.21 (2H, m), 4.22-4.37 (2H, m), 5.63 (1H,s),
5 6.77 (1H, s)

Reference Example 6

(1) 3-Aminopropanol (6.0 g) is dissolved in methylene chloride (50
ml) and thereto is added dropwise di-t-butyl dicarbonate (18.3 g) with stirring
under ice cooling. The mixture is stirred at room temperature for 2 hours, and

10 the reaction mixture is concentrated and then purified with a silica gel column

chromatography to give 3-t-butoxycarbonylaminopropanol (13.98 g) as
colorless oil.
Yield: 99.9%

IR (Neat), vyya, cm-1: 3380, 1790

15 MS (m/z): 176 (M+H*)
NMR (300MHz, CDCl3, 8): 1.45 (9H, s), 1.62-1.72 (2H, m), 3.0 (1H, brs.), 3.29

(2H, dd, J=12Hz and 6Hz), 3.66 (2H, dd, J=12Hz and 6Hz), 4.80 (1H, brs)
(2) 3-t-Butoxycarbonylaminopropanol (10.0 g) is dissolved in
methylene chloride (100 ml) and thereto are added triethylamine (8.66 g) and
20 tosyl chloride (16.3 g) with stirring under ice cooling. The mixture is stirred at
room temperature overnight. The reaction mixture is concentrated and the

residue is dissolved in water-ethyl acetate, and the organic layer is separated,
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pale yellow oil.

5 Yield: 82%

IR (Neat), v« cm-1: 3400, 3340, 1700, 1600

MS (m/z): 352 (M+Nat)
NMR (300MHz, CDCl,, 8): 1.42 (9H, s), 1.78-1.90 (2H, m), 2.45 (3H, s), 3.11-3.22
(2H, m), 4.09 (2H, t, J=6Hz), 4.5-4.65 (1H, m), 7.36 (2H, d, J=8Hz), 7.77-7.83 (2H,
10 m)
(3) 5-Hydroxy-2-nitrobenzaldehyde (6.0 g) is dissolved in dry
tetrahyrofuran (90 ml) and thereto is added dropwise vinylmagnesium bromide
(2.3 equivalents) with stirring at -78°C. The temperature of the reaction mixture
is raised gradually. After completion of the reaction, IN HCl is added to the
15 reaction mixture, and the mixture is extracted with ethyl acetate, and the organic
layer is separated, washed with an aqueous saturated saline solution, dried over
sodium sulfate, and then distilled off the solvent. The residue is purified with a
silica gel column chromatography to give 1-(5’-hydroxy-2’-nitrophenyl)-2-
propen-1-0l (5.09 g) as yellowish brown powders.
20 Yield: 73%
m.p.: 126-130°C

IR (Nujol), vy cm-l: 3440, 1600
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purified with a silica gel column chromatography to give 1-[5°-(3”-t-butoxy-
carbonylaminopropyloxy)-2’-nitrophenyl]-2-propen-1-ol (3.53 g) as pale brown
caramel.

15 Yield: 98%

IR (Neat), v,,x cm-1: 3400, 1690, 1680

MS (m/z): 375 (M+Nat)

NMR (300MHz, CDCl3, 8): 1.44 (9H, s), 1.96-2.06 (2H, m), 2.80 (1H, brs), 3.33

(2H, q, J=6.5Hz), 4.11 (2H, t, J=6Hz), 4.8 (1H, brs), 5.24 (1H, dd, J=10.5Hz and
20 1.5Hz), 5.42 (1H, dd, J=17Hz and 1.5Hz), 5.92 (1H, d, J=5Hz), 6.08 (1H, ddd,

J=17Hz, 10.5Hz and 5Hz), 6.86 (1H, dd, J=9Hz and 3Hz), 7.25 (1H, d, J=3Hz),

8.04 (1H, d, J=9Hz)
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y 110%7(s& () - (<TUVV\[’[NA4 110s”(s10s™(s10s”(s , 81096 (s& () -

6T109%8"N(s& () - 333°/d. I (3 ,
y. 10%;/\§S & 8 Vg %‘0(% 1%%&?%'\%?@1@&&1 /p)éloxy -2 mtrophenyl) -2-

008 o Sl o SRTR g a1

f"lO%O/ & 10% % : & 110 *10% %

3(10% % : & ( Ctlvﬂ)ifgé?o‘l%ga&gﬁﬂj dg&%i@%'b/? E-J&[ %‘3%116116%%@ 1§ fed ‘Q@G%l% & ()-
| Kb| [:-410:%: S8'10% %:& ()- F &10% %:& ()-. 1310% %: & ()-

1y10% 9% : & ( Afterrapmoplegor.of fhe reacios dqpomapic mytssialarugiltersd offomuii metite) -
yy1090B( M8 ()- y9 109%B(M& ()- 10%vB( M&' () -

% 10%¢8( M&' ( anBXRe T trd@: i¥ico@Enthekd; Ad thERAHNB alBAd thy] A09MR( NBhd drganic
Y10%vB( M&' () - , 410%vB(M&' ()- #109vB( M ()- 109vB( M ()- Ha|[: A410: % :

1&'( $é%/?%&( der i3 S%QME W&sﬁéd w1§119r%&ép\§afgs)atur:§tegis%?ﬁ@@mtfo)n dried over

| 3 1098/B( M&sgzhum E&?&Q"Wé\fgﬁl&&nmg off the solvent, the residue is purified with a silica

gel column chromatography to give 1-[5’-(3”-t-butoxycarbonylaminopropyl-
oxy)-2’-nitrophenyl]-2-propen-1-one (6.01 g) as yellow color crystal.

10 m.p.: 65-71°C
Yield: 63%

IR (Neat), vpay cm-l: 3350, 1700

MS (m/z): 351 (M+H)
NMR (300MHz, CDCl,, 8): 1.44 (9H, s), 1.98-2.18 (2H, m), 3.28-3.37 (2H, q,

15 J=6.5Hz), 4.08-4.16 (2H, m), 4.67 (1H, brs), 5.85 (1H, d, J=17.5Hz), 6.02 (1H, 4,
J=10.5Hz), 6.62 (1H, dd, J=17.5Hz and 10.5Hz), 6.82 (1H, d, J=3Hz), 7.03 (1H,
dd, J=9Hz and 3Hz), 8.17 (1H, d, J=9Hz)
(6) 1-[5°-(3”-t-butoxycarbonylaminopropyloxy)-2’-nitrophenyl)-2-
propen-1-one (325 mg) is dissolved in ethanol (15 ml) and thereto is added 10%
20 palladium-carbon (40 mg), and the mixture is stirred under hydrogen atmosphere
for 1.5 hour. After removing the catalyst by filtration, the filtrate is concentrated

and purified with a silica gel column chromatography to give 1-[5’-(3”-t-butoxy-
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y 10% & ()-

Yield: 83%

5 IR (Nujol), Vax cm1: 3450, 3400, 3340, 1700, 1650

MS (mv/z): 323 (M+H*)

NMR (300MHz, CDCl3, 8): 1.21 (3H, t, J=7Hz), 1.45 (9H, s), 1.90-2.01 (2H, m),
2.95 (2H, q,.J=7.5Hz), 3.33 (2H, q, J=6.5Hz), 3.97 (2H, t, J=6.5Hz), 4.48 (1H,
brs), 5.96 (2H, brs), 6.62 (1H, d, J=9Hz), 6.95 (1H, dd, J=9Hz and 3Hz), 7.24 (1H,

10 d, J=3Hz)
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wherein R° is a residue obtained by removing a hydroxy group from the

10 carboxyl group of an R type nitrogen-containing fused heterocyclic

carboxylic acid of the formula [XIX]:

‘\\\\COOH
R [ XIX ]
_N—Y
(CHQ)n
15 wherein Y is a substituted or unsubstituted arylsulfonyl group or an

alkylsulfonyl group, and n is 0 or 1, R! and R? are a lower alkyl group,
and E is an ester residue,
which comprises ethylating a 2-substituted hydroxy-2-indolidinyl-

acetic ester compound of the formula (1]

20
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R| [XIX ]
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wherein Y is a substituted or unsubstituted arylsulfonyl group or an
15 alkylsulfonyl group, and n is 0 or 1, R! and R? are a lower alkyl group,

and E is an ester residue,

which comprises reacting a 2-halo-2-indolidinylacetic ester compound

of the formula [III]:

20

wherein X is a halogen atom, and R!, R? and E are as defined above,

with an R type nitrogen-containing fused heterocyclic carboxylic acid
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[1]

wherein the symbols are as defined above, and then ethylating 2-
10 position of the resultant compound [I].
3. The process according to claim 1 or 2, wherein the
substituent “Y” is a member selected from the group consisting of a
phenylsulfonyl, naphthylsulfonyl or biphenylylsulfonyl group (which
may optionally be substituted by a member selected from a nitro group,
15 a lower alkyl group, a lower alkoxy group, a cycloalkyl group, a halogen
atom, or a thienyl group), or a lower alkylsulfonyl group, and E is a
lower alkyl group.
4. The process according to claim 3, wherein Y is a 4-
biphenylylsulfonyl group, or a 4-nitrophenylsulfonyl group, n is 1, R!
20 and R? are each a methyl group, R® is an acetyl group, X is a chlorine
atom or a bromine atom, and E is a methyl or ethyl group.
5. A 2-substituted hydroxy-2-indolidinylacetic ester

compound of the formula [I]:



& ()- 10% + & ()- 10% + & ()-F+G>GyGGH=H| [ A8110 )10% + & ()- '10% + & ()-

&I

- =HLHOHQHTHVH] H| [ : A8110 0z10% + & () -

S%#%Jr & ()- # 10% + & ()- s! @0% + & ()- YY10% +

&LT10% + & ()- 10% + & ()- +10% + & ()-[HaHHHH| [: A8110 0z10% + & () -
+ & ()- f-F 10%+ & ()- y810% + & ()- L6 10% +

10

20

71

wherein R° is a residue obtained by removing a hydroxy group from
the carboxyl group of an R type nitrogen-containing fused heterocyclic

carboxylic acid of the formula [XIX]:
~\\\COOH
R [ XIX ]

_N—Y
(CHQ)n

wherein Y is a substituted or unsubstituted arylsulfonyl group or an
alkylsulfonyl group, and n is 0 or 1, R! and R? are a lower alkyl group,
and E is an ester residue.

6. An S type 2-substituted hydroxy-2-indolidinylbutyric ester

compound of the formula [II]:

[I]

wherein R° is a residue obtained by removing a hydroxy group from
the carboxyl group of an R type nitrogen-containing fused heterocyclic

carboxylic acid of the formula [XIX]:

110% + & ()- LO 10% + RO(APR 7

110%
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atom, or a thienyl group), or a lower alkylsulfonyl group, and E is a
lower alkyl group.
8. The compound according to claim 7, wherein Y is a 4-bi-
15 phenylylsulfonyl group, or a 4-nitrophenylsulfonyl group, nis 1, R!
and R? are each a methyl group, and E is a methyl or ethyl group.

9. A 2-halogeno-2-indolidinylacetic ester compound of the

formula [I1I]:

20

wherein X is a halogen atom, R! and R? are a lower alkyl group, and E

is an ester residue,



