8 March 2006 1 N- SUBSTI TUTED 1, 2, 3, 4- TETRAHYDRO 3- YLQUI NOLI NECARBOXYLI C
ACI D OR N SUBSTI TUTED 2- | NDOLI NECARBOXYLI C ACI D HAVI NG AN ABSOLUTE R

CONFI GURATI ON FI ELD OF INVENTION 5 This invention relates to S t
2-substituted hydroxy-2- indolidinylbutyric ester compound a%SEE‘Bgéﬁgss
for the preparation thereof. Mre particularly, it relates to an S type
2-substituted hydroxy 2-indolidinyl- butyric ester conpound which is useful
as an internmediate for preparing canptotheclin derivatives having antitunor
activities and a process for preparing 10 said conpound in high yield and
in high stereoselectivity. PRIOR ART There is known a process for preparing

canpt ot heci n deg ' v atod 3 RS s edl

reaction (cf. mﬁrf 53,4 B f7 : ? %VLIC
EP- A- 418099) , R i fg SHEYING
preparing S type 4-hydroxypyr Lt ; the formula [VIII]

which are inportant as _an internediate: O [VIII] 20 Besides, it is
reported, for &tekpI@QE INWEREIAN 20601 that an S type 2-

[ (R -N-tosyl-prolyloxy]-2-indolidinyl butyric ester conpound of the fornula
5 This invention relates to an S type 2-substituted hydroxy-2-

indolidinylbutyric ester compound and a process for the preparation thereof.
More particularly, it relates to an S type 2-substituted hydroxy-2-indolidinyl-
butyric ester compound which is useful as an intermediate for preparing
camptothecin derivatives having antitumor activities and a process for preparing
10 said compound in high yield and in high stereoselectivity.
PRIOR ART
There is know1 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:

[ VIII]

S
“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
[XXT]:



[ XXI]T. 8 March 2006 2 0 CN COOCH2CH3 O 'CO-0 i~CH2CH3 [ ] 5 N --Ts may be
prepared by brom nating at 2-position of a 2-indolidinylacetic ester
conmpound of the formula [XX]: CN 10 COOCH2CH3 [ XX] and reactirll\g t he
resultant with an (R)-N-tosylproline and further ethylating 8§V2rchg®9bti on
of the reaction product, and further that a canptothecin derivative is
prepared from said conpound via an S type 4-hydroxypyranoi ndol i di ne 15
conmpound [VII1]. However, according to thi S,process, the desired S type
2-[(R)-N- tosyl prol yl oxy] -2-indolidinyl butyric ester conpound [ XXI] is
merely obtained in an amount of 2.6-4.6 tinmes |arger (44-64%d.e.) than
that of a diastereoner

[XXI]

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

compound of the formula [XX]:

CN

0 & ~ COOCH,CH,

and reacting the resultant with an (R)-N-tosylproline and further ethylating at 2-

[XX]

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



havi ng an absol ute configuration of "R' at 2-position which is

si mul taneously 20 prepared, and the S type conpound is isolated therefrom
ina further Iower yield, only 56% by a fractional recrystgll%é§¥£<%g [ cf.
Organic Synthetic Chemistry, vol. 49, No. 11, pp. 1013-10208 MagyZ00pgy £r
SUMVARY OF THE | NVENTI ON 8 March 2006 3 5 10 This invention provides an S
type 2-substituted hydroxy-2- indolidinylbutyric ester conpound useful as
an internediate for preparing canptothecinderivatives in a high yield and
in a high stereoselectivity. DETAILED DESCRI PTI ON OF THE | NVENTI ON
According to this invention, the desired S type 2-substituted

hydr oxy- 2-1i ndol i di nyl butyric ester conpound of the fornula [I1]: RlL ROO
_CH2CH3 can be prepar ed Thys mvaotiomgrevidesteal ©+¥pd Adobstiitey|hydesxye2-est er
conpound of the formula [I11]: 15 R1 wherein X is a halogen atom Rl and R2
are a | ower al kyihdglidiuplbugyrit dstérscoatpouad ueeful esadimeermiddidie dor fRepating

ni trogen-contai ning fused heterocyclic carboxylic acid conpound of the
formula [1V]: camptothecin derivatives in a high yield and in a high stereoselectivity.

DETAILED DESCRIPTION OF THE INVENTION
5 According to this invention, the desired S type 2-substituted

hydroxy-2-indolidinylbutyric ester compound of the formula [II]:

1
R \ﬁ/ Y [1I]
10 R0 CH,CH;

R2

can be prepared by reacting a 2-halo-2-indolidinylacetic ester compound of the

formula [II]:

[IM]

15 RI\L/

R2
wherein X is a halogen 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 RoOH V]
wherein R is a residue of a nitrogen-containing fused heterocyclic carboxylic

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



20 ROOH [IV] S COCE i 0 wherein RO is a residue of a nitrogen-containing
fused heterocyclic carboxylic acid having an absolute configuration of "R
whi ch is obtained by renmoving 8 March 2006 4 hydroxy group fromthe
carboxyl group of said carboxylic acid conpound (in which tR&ach28§en
atomcontained in the residue is protected) or a salt thereof to give a
2-substituted hydroxy-2-indolidinylacetic ester conpound of the fornula
[1]: 5 QRL CN[I] wherein the synbols are 4as defined above, and then
ethylating 2-position of the 10 resultant conpound [I]. The process of
this invention is characteristic in that the 2-substituted

hydr oxy-2-indol i di nyl acetic ester co und [1] is.S hcal ._the
acetal  noi ety BYRIORASIARIERM ‘&‘SIqaamgg'fﬁgpugd%ssﬁqs%aer%&}g%%cg%&%{g&gﬂﬁﬁ& n
optically active nitrogen-containing fused heterocyclic ring at, 2-position
t her eof and henwdidht the QItTOZDeAtAYY GANEHD %tﬂﬁilaﬁi%g%ﬁ ’élPaOt&ﬁtﬁdLP’g?\S%lf é}eg%o%l
selectivity at 2-position, and thereby the desired S tyge 2-S&Jb§ti tuted
hydr oxy- 2- i ndol icdiivgldisybstituted thydraxsmpirgdpiidinylacetic ester compound of the

formula [I]:

CN
| [1]

Rl \L/ ™ COOE
0 RO

R2
wherein the symbols are as defined above, and then ethylating 2-position of the
10 resultant compound [I].

The process of this invention is characteristic in that the 2-substituted
hydroxy-2-indolidinylacetic ester compound [I] is sterically bulky at the acetal
moiety and has a sterically bulky substituent containing an optically active
nitrogen-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 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-bipheny! 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.



[11] is obtained in a high selectivity such as 9 tinmes or nore higher (80%
d.e. or nore) than the diastereoner having an absol ute configuration of
"R' at 2- position. Particularly, when the group "Y' in the substituent RO
in the 20 conpound [I] is a 4-nitrophenyl sul fonyl group or a8M#ch7d89

sul fonyl group, the desired conpound is obtained in nuch higher
stereoselectivity of 20 tines (90%d.e.) or 15.2 tinmes (88%d.e.) higher,
respectively and in nuch higher isolation yield of 75% or 76%
respectively. 8 March 2006 5 The R type nitrogen-containing fused

het erocyclic carboxylic acid conmpound [IV] in this invention neans a
conpound having a carboxyl group bound to a nitrogen-containing fused
heterocyclic ring (the fhe Rogpe ratregan-ediaingdysechhegiasy elimpsbpiylicacid
protected), and the carbon atom bound with the 5 carboxyl group has an
absol ute confi guoaipoand GfV]'iR thisdndertiva médns egemmpawthaviigngcdtberd group

het erocyclic ring includes a benzene-fused nitrogen- containing

het erocyclic ringunfieh a8x@sRdeeorRaihig fubydhetesmgulin aing ghernitrggematoet r a-
hydroqui noline ring, a dihydroquinoline ring, or an indoline ring. Suitable

exanpl e of the NohiAARTHGAN Bbifthdithd i 3RctebEURIAANE! berbod AraRbbaNY iith el d
apnso

conpound havi ng an ute configuration of "R' is a conpound of the
insubsti (it et gttt B R s Rg P AR ol kT B RGTgee ©f
containing fused heterocyclic ring includes a benzene-fused nitrogen-
containing heterocyclic ring, for example, a tetrahydroisoquinoline ring, a tetra-
hydroquinoline ring, a dihydroquinoline ring, or an indoline ring.
Suitable example of the nitrogen-containing fused heterocyclic

10 carboxylic acid compound having an absolute configuration of “R” is a

compound of the formula [XIX]:

@COOH
R [XIX ]
JNY
(CH2)n
15 wherein nis 0 or 1, and Y is a substituted or unsubstituted arylsulfonyl group or

a lower alkylsulfonyl group.
The above compound [XIX] wherein n is 1 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, naphthylsulfony‘l 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



The above conpound [XI X] wherein n is 1 neans an N-substituted-
1,2,3,4-tetrahydro-3-yl qui noli necarboxylic acid, and the conpound [ Xl X]
wherein n is 0 neans an N-substituted 2-indolinecarboxylic acid. The 20
substituent "Y' on the nitrogen atom of the above conpound [&March?@Pbdes a
phenyl sul fonyl , napht hyl sul fonyl or bi phenylyl sul fonyl group (which may
optionally be substituted by a nenber selected froma nitro group, a |ower
al kyl group, a lower al koxy group, a cycloglkyl group, a halogen atom or
a thienyl 8 March 2006 6 group), or a |ower al kyl sul fonyl group, for
exanpl e, a phenyl sul fonyl group, a tosyl group, a
2,4,6-trimethyl phenyl sul f' onyl group, a 4-nitrophenyl sul fonyl roup, a

4- chl or opheny| sgtdgnybr glowep alkylshlfvayhgroyphion gk aupleonphenylwiiony heroup, a

cycl ohexyl phenyl sul fonyl group, a 4-(3-thienyl)phenylsul fonyl group, a 2 5
napht hyl sul f onykogl ?Hﬁ]p, a 24 bigihedylphenylsitiopy] groopym 4-aitrpbhyylsuliewAy |
group, and an ethylsulfonyl group. Anong the above, preferred conpounds

are a conpound %}%ng, a MEEsphehfiBu oA torbws rat 4-héthaxyphergylnilfonyy grovgt erfri s a
tosyl group, a Z-naphthyl- sulfonyl group, a 2,4,6-trinethyl phenyl sul f onyl

group, a 4-bi ph%@%ﬁ%@ghﬁﬁ@&l@%ygéﬂﬁ a AL (3athferyl)phophantongLkfcapy b 2gr oup

and nis 1, and wherein the substituent "Y' on the

ni trogen atomis 8%§%égog§?&?u%@4_%jﬂ&nﬁ}glsu'ﬁ%%%fi SHlupl 4 M%'egﬁiﬁfdnﬁﬂ group,

conmpounds” are a erern t subst Tt uent on the nitrogen
atomis a 4-b|phggylykﬁ;ﬂ&ﬁggglg%&%gp or a 4- nitrophenyl sul fonyl group and

nis 1. and anc
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 .

15 The R1 and R2 are a lower alkyl group, such as a methyl group, an
ethyl group, a propyl‘group, an isopropyl 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.



15 The R1 and R2 are a | 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 chlorine, brom ne, |od|ne The E

i ncludes any conventional ester residues, for exanple |ower aﬁnv %ﬁpéups
such as a nethyl group, an ethyl group, a propyl group, an isopropyl

group, an n-butyl 20 group, or an isobutyl group. Anong them preferable
groups are RL and R2 being a nethyl group,, X being a chlorine atomor a
brom ne atom and E being a nethyl group 6? an ethyl group. 8 March 2006 7
The reaction of the 2-hal o-2-indolidinylacetic ester conpound [IIl] and
the R type nitrogen-containing fused heterocyclic carboxylic acid conpound
[1V] or a salt thereof Tis gattidredf thet2-halod-suiotidinlytacsot esient conTprainddlH] of
the R -type nitrogen-containing fused heterocyclic 5 carboxylic acid

conpound [1V] ipghuder tzﬁe ﬁitf@eh JRtahingdhsed estgrocpeicasabonglivaicid  sodi um
salt), an alkaline earth netal salt (e.g. magnesiumsalt, calciumsalt).

The reaction of A ehd %ﬁykmﬁl&ltﬁﬁmﬁnmm [I11] and
the R type nltr8%@§ %%gﬁgﬁﬁgﬁé fuséd het er ocyclic carboxylic acid conpound

[1V1 ora salt thereof fg Belefahil aatbed Oitubind hRcaneagagener 10

absence of an acid scav ger U|ta e exa e acid scavenger are

b | k
Sodi bm Tyr deBORRCR T RD B PR g b B sl £ BRSO,

2:)“d:j5m ig?'bgnmat gon(]igr% saP)c,)tagSé fealine & am dn)etal Sl @el gk%lz{gnesmr%lsaﬁaéa?c?ﬁﬁtsglt)( €9

The reaction of the 2-halo-2-indolidinylacetic ester compound [II1]

and the R type nitrogen-containing fused heterocyclic carboxylic acid

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 a;1 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 alkalli 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[5.4.0Jundeca-7-ene.

The solvent used in t-he 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-



pot assi um carbonate), an al kali netal hydrogen carbonate (e.g. sodium 15
hydr ogen car bonate, potassium hydrogen carbonate), an alkali netal

hydr oxi de (e.g. sodi um hydroxi de, potassium hydroxide, lithium hydroxide),
and organi ¢ bases, such as an al kali netal al koxide (e.gqg. s8da 08xi de,
potassiumtert- butoxide), an alkali netal alkylam de (e.g. lithium
diisopropylamde), a trialkyl- amne (e.g. triethylam ne, trinmethylam ne),
an N, N-di al kylaniline (e.g. N, N 20 di net hyl gni li ne),

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

i ncl udes any conventional solvent which does not affect on the reaction,
and suitabl e exanples are an am de type  s@lvent .geﬂg. d'i met h%/l f or mam de,
di met hyl acet am 8zyrofurnedmesthyathemdiorany). Thedpactignnrals sawies Wy at 8f ur an,
di ret hyl ether, dioxane). The reaction is usually carried out at a
tenperature of feopera@ir¢ of 0020 pr EIBCaprsferbbnktd® Y0go7HCC. The subsequent
2-ethylation of the 2-substituted hydroxy-2- indolidinylacetic ester
conpound [1] is carri edThatubseqaesd-ethylationaifvba 2-ubstituted BydroxysEnce of an
acid scavenger. The ethylating agent is preferably an ethyl halide (e.g.
ethyl iodide, afdayididnasidester compomicileisadinieddinih aisaithide solMeat mahe
scavenger is the sane agents as nentioned above for the reaction of the

2-hal 0- 2-4 ndol | BAvhaCet ke aci@Stavergopound [111] and the R type
ni trogen-contai hing fused heterocyclic 10 carboxylic acid conpound [IV] or
a salt thereof, and partjCulhdldingRizehEs dpErabROSthiBha3ei(HB) BUYT iodRde,
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



The solvent used in the reaction includes any conventional solvent which
does not affect on the reaction, and suitable exanples are an am de type
solvent (e.g. dinethylformam de, dinethylacetamde), a sulfoxége iﬁg%%nt
(e.g. 15 di nmet hyl sul foxi de), an ether solvent (e.gqg. tetrahyd§ Vi P

di oxane, dinmethyl ether), an aromatic hydrocarbon solvent (e.g. tol uene,
xyl ene, benzene, chloro- benzene), or a nix%ure thereof, and particularly
preferable solvent is a mxture of dinethylacetam de and tol uene. The
reaction is usually carried out at a tenperature of from-10 to 50C,
particularly preferably at a roomtenperature. 20 The desired conpound
[I1] in a crude chatorgtdupsthetxodiané dhamsubgased to alkenqylatidn edgiyg an S type 2-
recrystallization to give a highly purified conpound [II]. The S type
2-substitut ed hygr@xyed-Hyddety-0i(ysubstityredaneinbaiethytimdaptidmng Dbbiyrict dxte
obtained is subjected to a catalytic reduction to reduce the 8 March 2006 9
cyano group thegg&%ogﬁyof@@qbﬁﬂghqued to al kanoylation to give an S type
2- substituted hydroxy-2-(6-substituted am nonethylindolidinyl)butyric
ester compound of the formula [VI: 0 5 [V] wherein R3 is a |ower al kanoyl
group, and other synbols are as defined above, and the resultant is
subjected.to nitrosation reaction_and| rearrangenent to give 10 an S type
2-substit%ted hydr oxy- 2- ( 6- substi t i{'e y ‘nethylindolidifyl)-

RI{/ s COOE [v
0 RO CH,CH,

R2

wherein R3is a lower alkanoyl group, and other symbols are as defined above,

and the resultant is subjected to nitrosation reaction and rearrangement to give
10 an S type 2-substituted hydroxy-2-(6-substituted hydroxymethylindolidinyl)-

butyric ester compound of the formula [VI]:

[ VI]

15 R?
wherein the symbols are as defined above. The compound [V]] 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]:



butyric ester conpound of the formula [VI]: RL OR3 15 Rl S, 000E O ROO ~CH
CH2 3 R2[VI] wherein the synbols are as defined above. The conpound [VI]
is then subjected to an intranol ecular cyclization reaction, and
thereafter or at the sane tinme as the cyclization reaction,gmcgég%l
group thereof is converted into a ketone group to give an S type
4-substituted hydroxypyranoi ndolidi ne 20 conpound of the formula [VII]: 8
March 2006 10 5 0 0 [VII] 10

[VII]
0)
wherein the symbol is as defined above.
5 The above compound [VII] is subjected to Friedlaender reaction

together with an o-acylaniline compound of the formula [XIV]:

R6 RS
R7
0
[XIV]
R NH,

RO
10
wherein the groups R3 - R9 are each a hydrogen atom or a substituent being

optionally protected, in a conventional manner to give a camptothecin

compound having a substituent on the 20-hydroxy group of the formula [XV]:

15
[XV]

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 - RY 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]:



O RO CH2CH3 wherein the synbol is as defined above. The above conpound
[VII] is subjected to Friedl aender reaction together with an o- acyl ani I i ne
conmpound of the formula [XIV]: [XIV] 10 15 wherein the groups R5-

each a hydrogen atomor a substituent being optionally prot8Magh 2i(’ﬁﬁa
conventional manner to give a canptothecin conpound having a substituent
on the 20-hydroxy group of the formula [XV]: [XV] 12 . R 13-N 1 S K-1~20
"1~0 CH2CH3 wherein the synbols are as defij ned above, and the conpound

[ XV] is subjected to renoval of RO group and further, when 20 the groups
R5 - R9 are protected, subjected to renoval of the protecting group,

R6l RS1
R
h [XVI]
RS N S/ 0
RY! HO ‘CH,CH,
5 wherein the groups R51 - R91 are each a hydrogen atom or an unprotected

substituent, or a salt thereof.

Besides, it is assumed that in the above intramolecular cyclization
reaction of the S type 2-substituted hydroxy-2-(6-substituted hydroxymethyl-

indolidinyl)butyric ester compound [VI], there is produced a compound of the

10 following formula:

RI\L/ i 0
e R°0 'CH,CH,
15 wherein the symbols are as defined above.

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 R, or
20 (a-2) subjecting the S type 2-substituted hydroxy-2-(6-substituted
hydroxymethylindolidinyl)butyfic ester compound [VI] to an ester hydrolysis
to give an S type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid

compound of the formula [IX]:



and further optionally to conversion into a salt thereof to give a
canpt ot hecin conpound of the fornmula [XVI]: S March 2006 11 [ XVI] 5
wherein the groups R51 - R91 are each a hydrogen atom or an unprotected
substituent, or a salt thereof. Besides, it is assumed that BiVaEd 2096ve

i ntranol ecul ar cyclization reaction of the S type 2-substituted

hydr oxy- 2- (6-substi tuted hydroxynethyl.- indolidinyl)butyric ester conpound
[VI], there is produced a conmpound of the 120 following formula: Rl 15
wherein the synbols are as defined above. The canptot hecin conpound [ XVI]
or a salt thereof may al so be prepared by a process conprising the
follow 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- subst i fut ed hydr oxy- 2- (6- substi t uted

hydr oxynmet hyl i ndol i di nyl ) butyri c~este qund [VI] to an ester hydrolysis
to give an S type 2-hydroxy- 2y ( | i ndol i di nyl yric acid
conpound of the fornulafbl : CI%H{ £a3

R2

5 wherein the symbols are as defined above, subjecting the compound [IX] to an
intramolecular cyclization reaction and thereafter or simultaneously with the
cyclization reaction converting the acetal group thereof into a ketone group,
and further optionally converting the product into a salt thereof to give an S

type 4-hydroxypyranoindolidine compound of the formula [VII]:

10
[ VIII ]
g 2 o
HO "CH,CH,4
or a salt thereof,
(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]:
RS 5
R’
[ XVII]
S
R A 0]
20 R? HO "CH,CHj

wherein the symbols are as defiried above,

(c) subjecting the compound [XVII] to removal of the protecting

group of the groups R5 - R9, when these groups contain a protecting group, and



RLOr"~NOHS000H[IX HO-CHCH OS5 wherein the synbols are as defined

above, subjecting the conpound [IX] to an intranolecular cyclization

reaction and thereafter or sinultaneously with the cyclizati ?\2 rcgl ction
an§ Max 6

converting the acetal group thereof into a ketone group,

optionally converting the product into a salt thereof to give an S type

4- hydr oxypyr anoi ndol i di ne conpound of the forrmula [VIII]:

100 [ VII1°] or

a salt thereof, (b) subjecting the conpogsnd [VIII] to Friedl aender reaction
together 15 with an o-acylaniline compound [XIV] in a usual manner to give
a canptothecin conpound of the formula [XVII]: 20 [XVII] wherein the

synbol s are as defined above, (c) subjecting the conmpound [ XVII] to renoval
of the protectif@r group of the groups R5 - R9, when these groups contain a

protecting group, and 8 March 2006

(d) optionally converting the product into a salt thereof.

Alternatively, the camptothecin compound [XVT] or a salt thereof may

be prepared by a process comprising the following steps:

5 (i) subjecting the S type 7-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 [IX] or a salt thereof,

(if) subjecting the compound [IX] to an intramolecular cyclization

10 reaction and further optionally converting the product into a salt thereof to give

an S type 4-hydroxypyranoindolidine compound of the formula [X]:

[X]

R S/
5 0 HO' CH,CH;
1

R2
wherein the symbols are as defined above, or a salt thereof,

(1ii) reactiﬁg the compound [X] with a lower alkanoic acid of the

formula [XI]:
R40OH X1

20 wherein R4 is a lower alkanoyl group, or a reactive derivative thereof to give an

S type 4—alkanoyloxypyranoindélidine compound of the formula [X1I]:



13 further (d) optionally converting the product into a salt thereof"'.
Alternatively, the canptothecin conmpound [ XVI] or a salt thereof nay be
prepared by a process conprising the following steps: 5 (i) §%E£eﬁtiﬂg t he
S type 2-substituted hydr-oxy-2-(6-substituted rch 20

hydr - oxymet hyl i ndol i di nyl ) butyric ester conpound [VI] to an ester
hydrolysis to give an S type

2- hydr oxy- 2- (6- hydr oxynet hyl i ndol i di nyl ) butyyric acid conmpound [IX] or a
salt thereof, (ii) subjecting the conpound [IX] to an intranol ecul ar
cyclization 10 reaction and further optionally converting the product into
a salt thereof to give an S type 4-hydroxypyranoi ndolidine conpound of the
formula [X]: [X] RL 15 2 3 wherein the synbols are as defined above, or a
salt thereof, (iii) reacting the co und [X] with a | ower al kanoic acid of
the formula [XI]: R2 RACH [ XI] re,q R4 is a |l ower al kanoyl group, or

a reactive derivative thereoft type I
4- al kanoyl oxypyr anoi ndol i gi fs 2, formul a [[%H :
R %
0 R*O “CH,CHj
R2
5 wherein the symbols are as defined above,

(iv) converting the acetal group of said compound [XI]] into a ketone
group to give an S type 4-alkanoyloxypyranoindolidine compound of the

formula [XII]:

10 [ XIT]
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}:
RS 5
R7
[XVII]
R® S,/ 0
R? R*O' "CH,CH,4
20

wherein the symbols are as defiried above,

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

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



8 March 2006 14 R1L [XI1] O RAO~ ~CHCH 3 2 R2 5 wherein the synbols are
as defined above, (iv) converting the acetal group of said conpound [XII]
into a ketone group to give an S type 4-al kanoyl oxypyr anoi ndql i di
conpound of the formula [XI11]: 10 | S [XI 1] R40 CH2CH3 SRR L0
synbol s are as defined above, (v) subjecting the conmpound [XIII] to

Fri edl aender reaction together wth an o-acylaniline conmpound [XIV] in a
usual manner to give a canptothecin 15 conpound having a substituent on
t he 20- hydroxy group of the fornmula

groups contain a protecting group, and further

(vii) optionally converting the product into a salt thereof.
In the above compounds, the groups R3 - R? include any substituents
like in known camptothecin derivatives (cf. for example, EP-A-540099, EP-A-

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 R - R? 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 -Qq-Alkp-Rlo, 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: -Qg-Alkp-R10, and the remaining three groups of the R3-R9area

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



[m7: [ XVIII ] 20 wherein the synbols are as defined above, (vi) subjecting
the conmpound [XVIII] to renpval of the group R4 and further to renoval of
the protecting group of the groups R5 - R9, when these 8 March 2006 15
groups contain a protecting group, and further (vii) optionaBNaxsAI8pti ng
the product into a salt thereof. In the above conpounds, the groups R5 - RO
i nclude any substituents like in known canptothecin derivatives (cf. for
exanpl e, EP-A-540099, EP-A 5 296597, JP-A-6;£228141, WO 90/ 03169,

EP- A-418099) as well as in the canptotheC|n derivatives as disclosed in
Eur opean Patent Publication Nos. 757049 and 781781, for exanple, the
follow ng groups: (a) the adjacent two groups anong the R5 - RO conbine to
forma strai ghts @hbomatomshmanchmdy optomlbl kyintereengdop amayy gep @op 6
carbon atons, or 10 are both a hydrogen atom and one of the remaining

groups is -Qq Al kp-R O pangd ; gobRted #Rindfzrbl}® aRBRCRIANGWEF SUDFnANS g@oup,
hydr ogen atom a substituted or unsubstltute I'ower al kyl group, or

hal ogen atom (b e .adj acent two R9 conbi ne to form
a straight chaP‘ﬁ8gﬁﬂ§Q#3ﬁ@80§H§ﬂh g%%QQ%BUQS%gglﬁb 2 to 6 carbon
Sﬁgzg O%Stﬁgd any one cggggazggggﬁgd%th%r%%é 5%9? 8ro&p is substituted by a

5 The R51 - R91 are a group derived from R - R? by removing the
protecting group, specifically the groups as defined for R5 - R? wherein the
group R10 is a group obtained by removing the protecting group, that is, the
group R10 being an amino group, a lower alkylamino group, a piperazino group,
or a hydroxy group.

10 Preferred combinations of the groups R5! - R%1 are as follows:
(i) R7!is 3-aminopropyloxy, R3! is ethyl, and R61, R8! and R%! are
each hydrogen atom,

(ii) R3! is piperazinomethyl, R61 and R®! are each hydrogen atom,
and R71 and R8! combine to form ethylenedioxy,
15 (iii) R31 is aminomethyl, R71 and R8! cgmbine to form ethylenedioxy,
and R61 and R are each hydrogen atom,
(iv) R51is aminomethyl, R7! and R8! combine to form
methylenedioxy, and R6! and R91 are each hydrogen atom,
(v) R®!is amino, and R3], R71, R8! 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 R9! is hydrogen atom,



formula: -QA kp-R 0, and the remaining three groups of the R5 - RO are a
hydrogen atom a substituted or unsubstituted |ower alkyl group, or a

hal ogen atom in the above (a) and (b), one or two nethyl ene roups in the
al kyl ene 20 group may be replaced by -0-, -S or -NH, Qi s8 1\% 200QH+
Alk is a straight chain or branched chain al kyl ene group havi ng 1 to 8
March 2006 16 5 10 15 20 6 carbon atons, which nmay optionally be intervened
by an oxygen atom R10 is a protected am nojygroup, a protected | ower

al kyl am no group, a protected piperazino group, or a protected hydroxy
group, p and g are both 0 or 1, or when pis 1, qis 0. The R51 - RO1 are a -
group derived fromR5 - RO by renoving the protecting grou speC|f|caIIy
the groups as defined f ovii)RBL ariOR Sheomeine tdf@rmgrimﬁlyg@@ Ré g 3garoinppropyl-
obtai ned by renoving the protecting group, that is, the group RLO being an

am no group, a | owekg fial%ﬁlkalnciﬂg Taglﬁﬁg@m'ggng{' razi no group, or a hydroxy

group. Preferrecﬁ’xgb I'ons o gfoups R51 - RO1 are as follows:

(viii) R71is 3-aminopropyloxy, and R3!, R61, R81 and R9! are each

hydrogen atom.
5 The salt of the S type 4-hydroxypyranoindolidine compound [VIII], S
type 2—hydroxy—2-(6~hydroxymethylindolidinyl)butyric acid compound [IX] or
S type 4-hydroxypyranoindolidine compound [X] includes an alkali metal salt
(e.g. sodium salt, lithium salt), and the salt of the camptothecin compound [XVI]
includes a salt with an inorganic acid (e.g. hydrochloride, sulfate) or a salt with
10 an organic acid (e.g. oxalate, tosylate).

In the above p;'ocess for the preparation of a camptothecin
compound, the reduction and alkanoylation of the S type 2-substituted
hydroxy-2-indolidinylbutyric ester compound [II] are carried out in a suitable
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 low_er 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



(1) R71 is 3-am nopropyloxy, R51 is ethyl, and R61, R81 and R91 are each
hydrogen atom (ii) R51 is piperazinonethyl, R61 and RO1 are each hydrogen
atom and R71 and R81 conbine to form ethyl enedioxy, (iii) RSl is

ani nonet hyl , R71 and R81 conbine to form ethyl enedi oxy, andSR§arcdrd#0fo1
are each hydrogen atom (iv) R51 is am nonethyl, R71 and R81 conbine to
form nethyl enedi oxy, and R61 and RO1 are each hydrogen atom (v) R61l is
am no, and R51, R71, R81 and R91 are each hgdrogen atom (vi) R51 and R61
conbine to form am no-substituted trinmethylene, R71 is methyl, R81 is
fluorine atom and R91 is hydrogen atom 8 March 2006 17 (vii) R51 and R61
conbine to formtrinmethylene, R71 is 3-am nopropyl- oxy, R81 and ROl are
each hydrogen aswoha ¢adei the RAuction andathe pbpneplafiek van prFeRE 1N a RAEle §488. and
RO91 are each hydrogen atom 5 The salt of the S type

4- hydr oxypyr anoi ndol i di e sitropatiordagd/tdatangenentyg@n S type 2-substituted

2- hydr oxy- 2- (6- hydr oxynet hyl i ndol i di nyl )butyric acid conpound [IX] or S
type 4- hydr oxypyy@aei@-butistated apmonkthXindotidinydbstyaiv estdralompondl[Vial t
(e.g. sodiumsalt, lithiumsalt), and the salt of the canptothecin conpound
[ XVI] i ncl udes;g sakiriiiloht BY alshollganktodes that disglosélidr loubhtad ot Medicinlfl at e)

or a salt wwth 10 an organic acid (e.g. oxalate, tosylate).

5 Chemistry, vol. 23, pp. 554-560 (1980) in a suitable solvent. The nitrosation is
carried out under an acidic condition with a conventional nitrosating agent (e.g.
sodium nitrite, potassium nitrite) at 0°C. The solvent to be used in this reaction
includes a lower alkanoic 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 hydroxyrﬁethylindolidinyl)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 hydroxidé (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



In the above process for the preparation of a canptothecin conpound, the
reduction and al kanoyl ation of the S type 2-substituted

hydr oxy- 2-i ndol i di nyl butyric ester conmpound [II] are carried
suitable solvent. The reduction is usually carried out by ugﬁﬁ“‘é‘ %@tﬁal yst

(e.g. Raney 15 nickel) under hydrogen atnosphere at a roomtenperature to
60C. The alkanoylation is usually carried out by using a conventional

al kanoyl ating agent (e.g. a | ower al kanoi gggacid, a | ower al kanoi ¢ hal i de,
a |lower al kanoic acid anhydride) at a roomtenperature to 60C. The sol vent
to be used in these reactions includes a | ower al kanoic acid anhydride
(e.g. acetic anhydride), a 20 | ower al kanoic acid (e.g. acetic acid), or a
m xture of themcatbhaateapdtaysdum catbcmats) caraalkali ardtgldryiddegeneacartmmate @lgkanoi ¢
acid, or a mxture of themis used in the reduction reaction, they may be
used al so as an s@dlﬁﬁﬂ@dragéxfl@,tb@faﬂé), ompadid as8s, vacle hs ﬁOﬁ)l&all&laaldhkca(m:case
the reduction and the al kanoyl ati on can proceed in a single step. The

nitrosation andc gasrordﬁﬁﬁ%ﬂﬁmde%ocﬁﬁm%éth@ﬁdg) , S gl é@Ophenoxide (e.g.
hydr oxy- 2- ( 6- subs ituted am nonet hylindolidinyl)butyric ester conpound [V]

can be carried t hpd JRhatk a %{ugg o ifetiPlbiad, Of
Medicinal 5 Chgéntl}lg?r%/}énéhw QEnJH% @5%12@1560 (1 i n%; su?tt abl e sol vent.

The nitrosation is_carri an ac dic condl i.on.w
conventi ohal ni Fﬁhﬁle?é‘%lpﬁd& gb&metlgygqé—pr@ga? A e ylﬁ?i‘f%?s&?eﬁlmlmﬁ ‘te) at
OC. The solvent to be used in this reaction includes a | ower al kanoic acid
anhydri de (e.g. Theesdlvenainhindes areilcoboll soemt (@f kastbiarolacthdngleprppandet i ¢
acid), or a mxture of them

isopropanol, butanol), a sulfoxide solvent (e.g. dimethylsulfoxide), a

halogenated hydrocarbon solvent (e.g. methylene chloride), an ether solvent

(e.g. tetrahydrofuran), or a mixture of the organic solvent with water. When the

10 base is a liquid, it may be used also as a solvent. The reaction is preferably

carried out at a temperature of 0 to 50°C, more preferably at a room temperature.
When the intramolecular cyclization reaction of an S type 2-
substituted 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)-



10 The subsequent rearrangenent reaction can be carried out by heating the
product obtained by the above nitrosation at a tenperature of 60 to 70C
The solvent to be used in the rearrangenent reaction include hal nat ed
hydr ocarbon (e.g. carbon tetrachloride, chloroform nethylenéI@ﬂTéiﬁﬁﬁ), an
ester solvent (e.g. ethyl acetate), a non-aromatic hydrocarbon sol vent
(e.g. n-hexane), 15 an aromatic hydrocarbon solvent (e.g. toluene). The
ester hydrolysis of the S type 2-substitut%% hydr oxy- 2- (6- substituted

hydr oxynet 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 The base to be used in the ester hydrolysis

i ncl udes i nor gamjugyriassts, conspouhdd¥Thor @l &aype Pbydioxlyy2 @k deoxfimetiyilum

hydr oxi de, sodi um hydroxi de, potassium hydroxide), an al kaline earth netal
hydroxi de (e.g. ic@dIRiimMbubysld 8% dempoan HXIToR G At ydeatds fiest camrial daland et al
carbonate (e.g. sodium 8 rch 2006 19 carbonate, potassium carbonate), an

al kali netal hygrag lqﬁé BORAL§ ok Bf the actdigddipines @kefneairban &l @sie®bEENI C
i

T ? . 7
bases, such as an al ka net al al koxide (e.g. sodium ethoxide, sodium

Tethoxi de), an gk Ia%ﬁigg%t%é %ggﬂgﬂéé}rgﬁl&ftrgaﬁnegsﬁgidém NBAKIIR acid (BRNO-

di- or tri-Ilowe am ne, 5 ethyl am ne,

N4 et S B ORRRSHL AR PO e 1 SR A e

' sopropanol , bUtrgaQ:?ilo ’ang tl%éjnl {rgzi(tindgethg %les\lll tgltlt x(vﬁh e ge{mncegt?grlgsélrj la{:i%xeisdues%d if
the above single step reaction. For example, when the S type 2-hydroxy-2-(6-
hydroxymethylindolidinyl)butyric acid compound [IX] or a salt thereof is
treated with a weaker acid, there is obtained an S type 4-hydroxypyrano-

10 indolidine compound [X], which is converted into an S type 4-hydroxypyrano-
indolidine compound [VIIT] 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.



hal ogenat ed hydrocarbon solvent (e.g. nethylene chloride), an ether sol vent
(e.g. tetrahydrofuran), or a mxture of the organic solvent with water.
When the 10 base is a liquid, it my be used also as a sol ventza6 The
reaction is preferably carried out at a tenperature of O to® Edeﬁﬂﬂé
preferably at a roomtenperature. Wen the intranolecular cyclization
reaction of an S type 2 substituted hydroxy-2-(6-substituted

hydr oxynet hyl i ndol ydi nyl ) butyric ester corpgound [VI] or an S type

2- hydr oxy- 2- ( 6- hydr oxynet hyl i ndol i di nyl )butyric 15 acid conpound [IX] or a
salt thereof and the conversion of the acetal group into a ketone group
are carried out sinultaneously, they can be %ﬁrri gq out iﬂ asl ngl4e step by
treating the conpound wBhSEPssgierasPRYerseR of Heaceial BIPIR PLERS BRC 4 nor gani ¢
acid (e.g. hydrochloric acid, sulfuric acid), an organic acid (e.qg.
trifluoroaceti csahstitted aydraxypysanginsodifinencampaund [Rdilemto frﬁfétoéléigdo%ﬁlbe
used 20 also as a solvent. On the other hand, when the intranol ecul ar

cyclization reagti-gficafordh tﬁa&mEehec@up@aﬂd witkd sujtdblexyid- Tife suibstdyt bet ed
hydr oxynet hyl i ndol ydi nyl ) g March 2006 20 butyric ester conpound [VI] or an

or A sal 1 1 nor ob s R aE B E of S bR OB QBRIRRETC of
(e acetl 00U LI 8 oL RIS SRR TOUISE B oo B0 REBEPL A" O
and 1 hen t 1 bat | MSoUHE BUURCAARO GPPRORHLLHHE By g erh Rt aqodueiorty
methylindolidinyl)butyric acid compound [IX] or a salt thereof and the
conversion of the acetal group into a ketone group in a single step.
The reaction of an S type 4-substituted hydroxypyranoindolidine

10 compound [VII], an S type 4-hydroxypyranoindolidine compound [VIII] or a
salt thereof, or an S type 4-substituted hydroxypyranoindolidine compound
[XII] 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-hydroxypyranoindc;lidine 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.



t he above single step reaction. For exanple, when the S type

2- hydr oxy-2-(6- hydroxynet hylindolidinyl)butyric acid conmpound [IX] or a
salt thereof is treated with a weaker acid, there is obtained an S type

4- hydr oxypyrano 10 i ndolidine compound [X], which is convertéaﬂWWP&dﬁﬁ S
type 4-hydroxypyrano- indolidine conpound [VIII] 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 al kanobg 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, for exanple, acetic acid, and the
reactive derivative thereof includes an acid anhydride (e.g. acetic
anhydride), an aci d hal Meeequer.ghe 4cdkanoylanypyrageindofidingqompauad [&didhage. g.
p-nitro- phenyl ester). The base includes an al kali netal hydride (e.g.

sodi um hydri de, a npdtadsi waighy dnictemallgnthankhit of e 4tsubstityendahyslroeynyramoedi um
carbonate, potassium 20 carbonate), an alkali netal hydrogen carbonate
(e.g. sodi um hygdotidine caipoand{¥]I] potddesicet tandreogred it thee Baedeender pyri di ne,
and 4- N, N-di net hyl am no- pyridine. The reaction is usually carried out at a

tenperature of RtQoPHG smill@faaicht withta @ndllepreactopeesatiure. 8 March 2006 21
The subsequent conversion of the acetal group of an S type 4- substituted

hydr OXY Py anoi ndol i di nengeowt ﬂ£ %ﬂe?"‘)‘ieg@‘ﬁ%gﬁé‘?g ?Bﬁtaﬂfeﬁ‘iﬁ éﬁﬁglfugg Rg?LKed ed

out by treating the conpoun urt The ac

sane acid as used jn case of _carrying.out the jnt. ecul ar, cycli zation
can be carrieg out by a conve tlonatl method su1[a%ig)lo the protecting groups

contained therein. For example, when the amino protecting group is a
benzyloxycarbonyl group, it can be removed by catalytic reduction in the
presence of palladium-carbon in 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



5 reaction of an S type 2-substituted hydroxy-2-(6-substituted

hydr oxynmet hyl - i ndolidinyl)butyric acid conpound [VI] or an S type 2

hydr oxy- 2- (6- hydroxy- nethylindolidinyl)butyiic acid conpoundé% %% or a
salt thereof and the conversion of the acetal group into a 8 ﬁuﬁup in
a single step. The reaction of an S type 4-substituted

hydr oxypyr anoi ndol i dine 10 conpound [VII], an S type

4- hydr oxypyr anoi ndol i di ne conpound [VII1] @8 a salt thereof, or an S type
4-substituted hydroxypyranoi ndolidi ne conpound [XIII] with an

o-acyl aniline conpound [XIV] can be carried out by the known Friedl aender

ti f. O ,
hee: ! Rew Vor k r889§yd i"éﬁérﬁasaik%% 13#"2‘%8 {‘R(‘HQX%? O i oS
d [VII d 4- alk
L S A
conmpound [ XI V] adﬁTSHBStitH@d%rdF@ﬁ’iné ﬂ&dq(f’géfby{]ﬁ’bl Ihcn%fst?rhcé)wnéikﬁn%rd@ce t he

undesi rabl e by-production of 20 contam nating inpurities, and hence, those
conpounds are feeqtalolvyl ofstad residucnBC frosaen iSolypedt substéweednistierty Rytanche
o-acyl aniline conpound [XIV], wth sinple post-reaction treatnent such as

purificatd on angd6RAinGi e hed o fron€ 8 FRptdIesin coappomditsidg®] or a
sal t the#tof in a |b é} ;Fe dqegmhhrch 2006922 Mor eover, the

4- aIkanoyloxypy&?ﬁalﬂgﬁhygbgg6§8ﬂ¥ggv@ [XIT1] has a nDIecuIar wei ght much

smal ler than th uted hydroxypyrano-
The o-acylaniline compound [XIV] to be used in the above

condensation reactions can be prepared by a process as shown in the following
reaction scheme-1:

10



i ndol i di ne conpound [VII], and hence, it can be used in the Friedl aender
reaction in a smaller anount with a smaller reaction vessel. 5 The renoval
of the protecting groups contained in the groups R5 - R9 can be carried
out by a conventional nmethod suitable to the protecting grou§§“a¥$ﬁ¥5pned
therein. For exanple, when the am no protecting group is a

benzyl oxycar bonyl group, it can be renoved by catalytic reduction in the
presence of palladiumcarbon in a suitablesgolvent (e.g. tetrahydrofuran,

10 net hanol ), and when the am no protecting group is a tert-butoxycarbonyl
group, it can be renoved by treating it with an acid (e.g. hydrochloric
acid, trifluoroacetic acid) in a suitable solvent (e.g. tetrahydrofuran,
met hanol ,  di oxReactiome$dheiment chloride). The renoval of the residue RO from
an S type 4-substituted hydroxy- 15 pyranoi ndolidi ne conpound [VII] or from
a canptot hecin conpouno,@av%Fg 20- substituted hydroxy g(pupﬁ%XV] can be
carried out by a conventiongl ester hydrolysis in the ptesence of a base
in a suitable sol Re pase _and sol vent are thg sank_as fhose used in

nt . e
the ester hydrolysis S t9¥e 2-substituted hydrop XQbst it ut ed
hydr oxynet hyl i ndol i di but yri c ester—conmpound 20 [ V1] _

e reaction may
be carried out un®#éf copliniOat a [OQMyheIRST at ur ®*or ating.

Besi des, 5the renoval of| the group R4 from the canptothec n 8 March 2006 23
conmpound “havi ng 20- al kan

oyl at ed hydroxy group [XVIII] calk’be carried out in

[XX1I] [XXI]

10 Catalytic reduction

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 [XXIIT], 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 R3 - 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]. Besidés, an o-acylaniline compound [XIV] wherein RS
is a lower alkyl group may also be prepared by treating a hydroxyl compound

[XXII] wherein R5 is a lower alkenyl group with an oxidizing agent, followed



the sane manner as in the ester hydrolysis of an S type 2-substituted

hydr oxy-- 2- (6- substituted hydroxynethylindolidinyl)butyric ester
conmpound [VI] or in the renoval of the residue RO froman S g\ry‘rge
4-substituted hydroxypyrano 5 indolidine conpound [VII] or f B OffpLeh 2006
canpt ot heci n conpound havi ng 20- substituted hydroxy group [XV]. The
o-acyl aniline conpound [XIV] to be used in the above condensation
reactions can be prepared by a process as ggown in the followi ng reaction
schene-1: 10 8 March 2006 24 Reaction Scheme-1 Oxidizing agent 5 [XXII1] 10
Catal ytic reduction [ X] wherein the synbols are as defined above. That is,
a hydroxyl conpound [XXIIl] is treated with an oxidizing 15 agent (e.g.
acti vat ed nangabhesetalytoxiafectipy.ri di ni um di chromate) to give a ketone
conmpound [ XXI'l11], followed by subjecting it to a catalytic reduction in
the presence- of a suit abhghézaload, Yisd hydrogyl qeatpaadd UKPAar wheeid thegrsups R e
sol vent

R have a protected amino group, a protected lower alkylamino group, a
protected piperazino group, or a protected hydroxy group may also be prepared
5 by introducing a protecting group to the corresponding compound having
unprotected group(s) by a conventional method.
The 2-halo-2-indolidinylacetic ester compound [III] used in the
present invention is novel and can be prepared by a process as shown in the

following reaction scheme-2.



to give the desired o-acylaniline conmpound [ XIV]. Mreover, when the
protecting group(s) in R5 - RO is/are renoved by a catal ytic reduction, the
20 product may be again introduced with a protecting group to ve an
o-acyl aniline conmpound [XIV]. Besides, an o-acylaniline co B%H' Pﬂp@]
wherein R5 is a |lower al kyl group may also be prepared by treating a

hydr oxyl conmpound [ XXIl] wherein R5 is a | ower al kenyl group with an
oxi di zing agent, followed 8 March 2006 25 by catal ytic reduction.
Furthernore, the hydroxyl conmpound [ XXI1] wherein the groups R5- RO have a
protected am no group, a protected | ower al kylam no group, a protected

pi perazino group, or a protected hydroxy group may al so be prepared 5 by

i ntroduci ng a pRegeten fghefpendp to the correspondi ng conmpound havi ng
unprotected group(s) by a conventional method. The

2- hal 0-2-indolidinylacetic ester conmpound [I11] used in th pr esent
in the

invention is novel and can be prepared by a process as sho
foll owi ng reaction schene-2.08 NhrchR~ H6 Reaction N5 CN
CH
O 3
5 [XXV] R2
[XXIV] [XXVI]
CO(OE), [XXVII] N | CN Halogenation
Base |
Rl\L/ X COOE
)
10 R2
[ XXVII]
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 [XXV]], 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-



R r-OHJ', R(ONRR | v -CH3 CH3 [ XXV ] R2 [XXn'] 0 10 CO(OE)2 [ XXVII ]
Base RLN Y CNO ][ XXVIIl ] 15 RL XXVl ] Hal ogenati on COOE wherein the
synbol s are as defined above. That is, an indolidine conpoundebXXI s
reacted with a 1,3-propane- diol conpound [XXV] in the preseh®tarsh 2906 5¢i d
(e.g. p-toluenesulfonic acid) or 20 a Lewis acid (e.g. trinmethylsilyl
chloride) to give an indolidinyl nethane conpound [ XXVI], and the conpound
[ XXVI] is treated with a carboxylic di est%»][XXVII] in the presence of a
base (e.g. sodium hydride, potassiumt. -

indolidinylacetic ester compound [XXVIII], which is further halogenated by a
conventional method to give the desired 2-halo-2-indolidinylacetic ester
compound [III].
Among the R type nitrogen-containing fused heterocyclic carboxylic
5 acid compounds [IV] or a salt thereof, the nitrogen-containing fused hetero-
cyclic carboxylic acid compound [XIX] or a salt thereof is novel and can be
prepared by reacting an N-unsubstituted nitrogen-containing fused heterocyclic

carboxylic acid compound of the formula [XXIX]:

WCOOH
R [ XXIX ]

NH
(CH,J,

10

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-



butoxide) in a suitable solvent (e.g. toluene, tetrahydrofuran) to give a 2
8 March 2006 27 indolidinylacetic ester conpound [XXVII1I], which is further
hal ogenated by a conventional nethod to give the desired

2-hal 0- 2-i ndol i di nyl acetic ester conpound [I11] . Anmong the3Klargpa006

ni trogen-contai ning fused heterocyclic carboxylic 5 acid conpounds [IV] or
a salt thereof, the nitrogen-containing fused hetero- cyclic carboxylic
acid conmpound [XI X] or a salt thereof is noswel and can be prepared by
reacting an N-unsubstituted nitrogen-containing fused heterocyclic

car boxylic acid conpound of the formula [ XXIX]: 10 [ XXIX ] wherein the
synbol s are as defined above, a salt thereof with a sulfonic acid_ of

the fornula [ XXX@*SUVMU{GMI@QW@Y@ idpy DbyRBE et cogngspd A¥H edbie, or

a reactive derivative or salt thereof by a conventional sulfonam de
form ng reacti ohydfaxy-2X&mydsmxymetindmdplidigydbubiricrasifbecropoura AXhgr fsskd
het erocyclic carboxylic acid conmpound [ XXIX] and a halide (e.g. chloride)
of a sul fonic agheed8K]thd absohee porguratombt d-poaision (of .agl-sulzdtinebd hyetoaxly-
hydroxide). 20 In the present description and clains, the term"S type"
ggpz X; hgt t he pghsRintctidaandmpeaid (Wt 2hpdekypyaanahdolidide sopbiddit ed
5 [VIII] or a salt thereof, a 4-hydroxypyranoindolidine compound [X] or a salt
thereof, a 4-alkanoyloxypyranoindolidine compound [XII], or a 4-alkanoyloxy-
pyranoindolidine compound [XIII]; and the absolute configuration at 2-position
of a 2-{(R)-N-tosylprolyloxy]-2—-igdolidinylbutyric ester compound [XXI] are all
in “S” configuration.
10 Throughout the present description and claims, the term “lower
alky]l” 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),



i ndol i di nyl butyric ester conpound [I]], a 2-substituted

hydr oxy- 2- (6-substituted am nonethylindolidinyl)butyric ester conpound
[V], a 2-substituted hydroxy-2 8 March 2006 28 (6-substituted

hydr oxymet hyl i ndol i di nyl )butyric ester conpound [VI] or a 2-8March2006

hydr oxy- 2- (6- hydr oxynet hyl i ndol i di nyl ) butyric acid conpound [IX] or a salt
thereof, or the absolute configuration at 4-position of a 4-substituted
hydr oxy- pyranoi ndol i di ne conmpound [VII], @o4-hydroxypyranoi ndol i di ne
compound 5 [VI1I] or a salt thereof, a 4-hydroxypyranoi ndolidi ne conpound

[ X] or a salt thereof, a 4-al kanoyl oxypyranoi ndol i di ne conpound [XI 1], or
Cont Lgur at o a(3BY Bogk bipbemy e am UL 5 biranyaks- 335 5quindlinecarboyiic acid

2-[ (R -N-tosyl prol yl oxy] -2--indolidinyl butyric ester conpound [ XXI] are al
in"s" configuré@¢%®g)4miﬁwﬁﬁughé@¢opW@(éﬂgééh@dﬁ@ﬁbYﬁ@@F@Wdé Gmdliifs, the
term"lower alkyl" neans a straight chain or branched chai n al kyl group
having 1 to 6 su@rrbdat 60°6hior 70 meintites mIhie gematioal izt lis egxteagted wirill ethydbwer

al kanoic acid" nean a straight chain or branched chai n al kanoyl group and
al kanoi c acid whdteds, hay eheemxthactlistwashed avitioa saoated aqeeope ctlincesotutidihend er m
"al kyl ene group” 15 neans a straight chain or branched chain al kyl ene group
having 140 10 gaededer RIdams sulEAAMAES distillisg off\entdloentiumder fedstddat ed in
nore specifically by the followi ng exanples and reference exanpl es but

shoul d not be cgpglibeflet&idR isipititied 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-oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate
10 (35.41 g) as colorless powders.

Yield: 92%

CN
|

X COOC,H;
00

wsor{ )~ )

IR (Nujol, cm-1): 2220, 1750, 1665, 1615

CH,
5 CH,

..:ul”n

MS (m/z): 738 (MH*)
NMR (300MHz, CDCl;, 8): 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



20 thereto. Exanple 1 (1) A m xture of ethyl

2- brono- 2-[ 6-cyano-1, 1- (2, 2-di net hyl -

tri met hyl enedi oxy) - 5-oxo-1, 2, 3, 5-tetrahydro-7-indolidinyl]acetate (22.21
g), 8 March 2006 29 8 March 2006
(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 potassium carbonate (5.11 g) in dinethylformamde (220
m) is stirred at 60C for 70 m nutes. The qgaction mxture is extracted
with ethyl acetate, and the extract is washed with a saturated agueous
saline solution and 5 dried over sodiumsulfate. After distilling off the
sol vent under reduced pressure, the residue is purified wwth a silica gel

col utm chr omat odgr&GpHY., 6BI7ERT.20 (¢ o).t Di-rd1 (Bhw), Tatde? -89 &2H, mp 7.62t7.68 6

1) to give ethyl 2-[[(3R)-N(4-biphenyl -

yl sul fonyl) - 1, 2,(3H4m),eL8RMYAI(DH 3n) soqui nol yl]

car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2- dinethyltrinethyl enedi oxy) -5-oxo-1, 2,

3, 5 -tetrahydro-7- |ndot2)dEﬁ]gzh]2 [AGRY-N-¢4-bibhedplyhilfgnylad , XU aetrasgirpowder s.
Yield: 92% 15 IR (Nu; ol , cm1): 2220, 1750, 1665, 1615 M5 (m z): 738 (M)

NMVR (300MHz, CDC 5.
J:7H§), 20 1. 33 and 1yl %r(sﬁ %]02 g@%ﬁ?%g)@%&%m%%%ﬁ leg%ﬁ?}é ) Srr),
4

3. 61-3. 765 (4H -ifBolidthyPRcand (4368 & IHisthivelFibdis) . 4. 72

and 4. 75 %lH d@(a 13%§§€eu%ﬁyéré‘ﬁ 1 i yﬁ%c ( g§ is8olv 6(!1'1'%
dimethylacetamide-toluene (1 : 1) (330 ml), and thereto is added a 60% oily
dispersion of sodium hydride (2.21 g) (1.2 equivalent), and the mixture is stirred

at room temperature for 75 minutes. To the mixture is added ethyl iodide (36.5

ml) (10 equivalents), and the mixture is further stirred at room temperature
10 overnight. The reaction mixture is extracted with ethyl acetate, and the extract

is washed with an aqueods citric acid solution and an aqueous saturated saline |
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 2S5 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: 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] carbon_yloxy] -2-[6-cyano-1,1-(2,2-dimethyl-
trimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (26.64 g) as

colorless crystals.



5.22 and 5.29 (1H, dd and t, J=3.6 and 5Hz), 6.01 and 6.04 (1H, s), 6.58
and 8 March 2006 30 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) Ethyl

2-[[ (3R) - N (4- bi phenyl yl sul fonyl)-1, 2, 3, 4-t et rahydr o- 3-- i so§MashA0006

car bonyl oxy] -2-[6-cyano-1, 1-(2, 2-di net hyl tri net hyl enedi oxy)-5- 5
oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (33.63 g) is dissolved in dry
di met hyl acet am de-toluene (1 : 1) (330 nml)31and thereto is added a 60% oily
di spersion of sodiumhydride (2.21 g) (1.2 equivalent), and the m xture is
stirred at roomtenperature for 75 mnutes. To the m xture is added et hyl
iodide (36.5 mnl) (10 equivalents), and the m xture is further stirred at
roon1tenperatur¥ﬁ@.'%ﬁ@rnight. The reaction mxture is extracted with ethyl
acetate, and the extract is washed with an aqueous citric acid solution
and an aqueous saturated saline sohution, dried over sodium

sul f at e- magnesi um sul fate, and then|tr ed with active carbon (5 g).
After distilling off the sol yer reduced pressure, the residue

(35.69 g) [the diastereosel gCt 3 SO&diplgund and 2R compound = 15
15.2: 1.0 (88%d.e.) wHrdhi s gal cul a E¢g based on the ratio of integra
value at the peak of S 6.

EOAD i @,HNVR spectrun] is dissolved in
acetone (60 m), and the m x

re ifs stirred at roomtenperature, and
t heret o added portionw se 76 m d o added a seed crystal of

the desired diastereoner. T ‘ %’za: cr\swal s are coll ected by
filtration, washed wth acetone-hexane (60 20 : 76) (about 100 m) to give

ethyl (29)-2-[[ (3R s A RiRARP¥bspbieany! ) - 1, 2, 3, 4-

[o] p26: -43.3° (c=1.02, chloroform)

IR (Nujol, cm1): 2220, 1755, 1660, 1615

10 MS (m/z): 766 (MH™)
NMR (300MHz, CDCls, 8): 0.70 (3H, t, J=7.5Hz), 0.85 (3H, brs), 1.02 3H, t,
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 (28)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-
3-isoquinolyl]carbonyloxy]—.’z-[6—cyano—1,1-(2,2—dimethyltrimethylenedioxy)‘-5—
ox0-1,2,3,5-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



t et rahydr o- 3-i soqui nol yl ] car bonyl oxy] - - 2-[ 6-cyano- 1|, 1- (2, 2- di net hyl -

tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-i ndolidinyl]butyrate (26.64
g) as colorless crystals. 8 March 2006 31 Yield: 76% COOC2H5 5 CH3 cO(T
C2H5 NS mp.: >82C (gradual |y deconposed) [a] D26: -43.3 (8Magh?2006
chloroform IR (Nujol, cm1): 2220, 1755, 1660, 1615 10 MsS (mz): 766
(M+#) NWR (300MHz, CDC13, S): 0.70 (3H, t, J=7.5Hz), 0.85 (3H, brs), 1.02
(3H, t, J=7Hz), 1.21 (3H, brs), 2.16-2.554p4H ), 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, n), 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, nm, 7.10-7.20 (3H m,
7.36-7.50 (3H, mducgd bresyurggariHe regidue ip pggfipd gt 2Hlicargel cphggn zhasngteH, m
(3) Ethyl (2S)-2-[[(3R)-N(4-biphenylylsulfonyl)-1,2, 3,4-tetrahydro-
3-isoqui nolyl] geaphgr{yluenty thdr¢formy amshdnol =(1002-1di-n#d hy H 60mel) hy geweedhyixy)

(2S)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]-
carbonyloxy]-2-[6-[(acetylamino)methyl]-1,1-(2,2-dimethyltrimethylenedioxy)-

5 5-0x0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (22.10 g) as pale yellow
powders.

Yield: 87%

10

[o] p26: -14.9° (c=1.01, chloroform)

IR (Nujol, cm-1): 3405, 3295, 1750, 1660

15 MS (n/z): 812 (MHY)
NMR (300MHz, CDCls, 6): 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-



oxo- 1,2,3,5-tetrahydro-7-indolidinyl]butyrate (23.71 g) and Raney ni ckel
(W4) 20 (49 g) are dissolved in acetic anhydride-acetic acid (460 m - 190
m), and the mxture is stirred under hydrogen atnosphere at 50 - 60C.
After conpletion of the reaction, the catalyst is filtered Sf¥larch{{f6; he
filtrate is concentrated under 8 March 2006 32 reduced pressure, and the
residue is purified with a silica gel colum® chromato- graphy (el uent;
chloroform: nethanol = 100: 1 --> 70 : 1 - 60 : 1) to give ethyl
(2S)-2-[[(3R) - N-(4-bi phenyl yl sul fonyl)-1, 2, 3, 4-tetrahydro- 3-i soqui nol yl ]

578 0w 1, 2, 3 S e PRt et yr%f?%tf??igy&%i%;mrtgé‘é‘%ﬁ”e‘j' o)
1008 (€23 1 e Ol P 0 SR it S ool s s

n 812 ( M+ 00 ). 0,6 J=7.5Hz), 0.88 (3H,
g) Z%L_ 02 (3|(_| t)dlssolve((l?n aclz\élazc an% 1(136 acetlc acid 815811&1 150 ml), and th)ereto is add(ed

sodium nitrite (13.18 g) under ice cooling, and the mixture is stirred on an ice-

5 water bath for 4 hours. The reaction mixture is poured onto chloroform (1.5
liter), and undissolved substances are filtered off. The filtrate is evaporated to
dryness under reduced pressure, and the residue is mixed with ethyl acetate
(900 ml), and the mixture is stirred at 60°C for 13 hours. The reaction mixture is
diluted with ethyl acetate (700 ml), and the mixture is washed with water and

10 saline solution, dried over sodium sulfate and then treated with active carbon.
After distilling off the solvent under reduced pressure, the residue is crystallized
from ethyl acetate-hexane‘ to give ethyl (2S)-2-[[(3R)-N-(4-biphenylylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxyl-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

[o] p?7: -9.6° (c=1.0, chloroform)




J=7Hz), 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, nm), 20 4.63 (1H, d, J=15Hz), 4.71 (1H, d, J=18M3rchx200§ (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-bi phenyl yl sul fonyl)-1,233,4-tetrahydro 8 March 2006 33
3-isoqui nol yl] carbonyl oxy]-2-[6-[(acetyl am no)nethyl]-1,1-(2,2-di nethyl -
trimet hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-indolidinyl]butyr,ate (30.16
g) is dissolved in acetic anhydri de-acetic acid (450 mM - 150 m ), and
thereto i s addetR ™ol em hi 173% ¢63%36148 g) under ice cooling, and the

m xture is stirred on an ice .5 water bath for 4 hours. The reaction

m xture i s pour @ﬂxz ) qhl horm (1.5 liter), and undi ssol ved substances
are filtered of?i.ig e?filt@g?g is evaporated to dryness under reduced

mxture | s ot r RO G0BY R GPCL GOk T BT B AL R B 85

with ethyl acetate (700 m), and the m xture is washed with water and 10
sal i ne sol uti onJ=dtHex 130¢BHs 203 9.a2.24 648 g likenJx1-edtled Mi(ZH. tact i ve
carbon. After distilling off the solvent under reduced pressure, the
residue iss cryst=aiHd)zag7 (IH,am), 815y HHamet 39 le4Ag X4 om), .G (LEL, di Jn}b.6Hz),
(2S5)-2-[[(3R) - N-(4-biphenylyl sul fonyl)-
1, 2,3, 4-tetrahygyo(BHl §9au588lzy, 5] 321 PR Y] 126)] aridt JHz)af. 25 @dy,mptthed ¢1H, 1),( 2, 2-
di met hyl tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-i ndol i di nyl ] butyrate
15 (16.77 g) asyg@loid @38 Ry, 37850 (3H, m), 7.55-7.59 (2H, m), 7.65 (2H, d like,
J=8.6Hz), 7.90 (2H, d like, J=8.6Hz)
(5) Ethyl (25)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-
10 3-isoquinolyl]carbonyloxy]-2-[6-acetoxymethyl-1,1-(2,2-dimethyltrimethylene-
dioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (1.457 g) is dissolved in
a 80% aqueous trifluoroacetic acid solution (15 ml) under ice cooling, and the
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]carbonyloxyl-1H-pyrano[3,4-f]indolidine-3,6,10(4H)-trione
(1.145 g) as colorless foam.

20 Yield: 100%



Yield: 55% 20 mp.: 145-148C [a] D27: -9.6 (c=1.0, chlorofornm 8 March 2006
34 IR (Nujol, cm1): 1755, 1659, 1614 M5 (mz): 813 (MH+) NWR (300MHz,
CDC13, 8): 0.54 (3H, t, J=7.4Hz), 0.88 (3H, s), 1.08 (3H, t, J=7.1Hz),
1.30 (3H, s), 2.09 (3H, s), 2.24 (2H, q like, J=7.6Hz), 2.478M#chi2005
J=7Hz), 3.27 (2H, m, 3.65 (4H, m, 3.91-4.17 (4H m, 4.64 (1H d,
J=15.6Hz), 4.72 (1H, d, J=15.6Hz), 5.13 (1H, dd, J=5.3 and 3Hz), 5.25 (2H,
s), 6.65 (1H, s), 7.01-7.20 (4H, m, 7.37356.50 (3H, m, 7.55-7.59 (2H, m,
7.65 (2H, d like, J=8.6Hz), 7.90 (2H, d like, J=8.6Hz) (5) Ethyl
(2S5)-2-[[(3R) - N-(4-bi phenylyl sul fonyl)-1, 2,3, 4-tetrahydro- 10

3-isoqui nol yl ] car bonyl oxy] - 2-[ 6- acet oxynet hyl -1, 1- (2, 2-di net hyl tri met hyl ene
- dioxy)-5-oxo0- 1,2,3,5-tetrahydro-7- i dolidinyl]butyrate (1.457 g) is

di ssolved in a 80% aqueous trifluongasetieg acid solution (15 nml) under ice
cooling, and the mxture is stirre\ m tenperature for 2 days. The
reaction mxture is concentrated”under’rgduc@d pressure, and the residue is
extracted with 15 chloroform and thjgcs racf. i s washed with water, and
dried over magnesium sulfate. The exgract fsSdistilled to renove the

sol vent under reduced pressure ghve
(4S) -7, 8-di hydro-4-ethyl -4-[[( N—N48fony| )-1,2,3,4-tetra-

5

IR (Nujol, cm-1): 1746, 1661

MS (m/z): 639 (MH?)

NMR (300MHz, CDCl3, 8): 0.82 (3H, t, J=7.5Hz), 1.78-2.09 (4H, m), 2.66-2.90

(2H, m), 3.23 (2H, d like, 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 (SH, m), 7.62 (2H, dlike,
J=8.6Hz), 7.89 (2H, d like, J=8.6Hz)

(6) (4S)-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



hydr o- 3-i soqui nol yl ] carbonyl oxy] -1 H pyrano
[3,4-f]indolidine-3,6,10(4H)-trione (1.145 g) as colorless foam 20 Yield:
100% 8 March 2006 35 5 IR (Nujol, cm1): 1746, 1661 M5 (rﬂl_% 639

NVR (300MHz, CDC13, 8): 0.82 (3H, t, J=7.5Hz), 1.78-2.09 (4

Mgrch2 6 2 90

(2H, m, 3.23 (2H, d like, J=4.6Hz), 4.07-4.27 (2H, m), 4.53 (1H, d,

J=15. 4Hz) ,

J=18Hz) ,
(5H, m,

10 4.69 (1H, d, J=15.6Hz), 5.01 (1H, t, J=5.2Hz), 5.23 (1H d,
5.49 (1H, d, J=17.9Hz), 6.58 (1H,36), 7.01-7.18 (4H n), 7.38-7.56
7.62 (2H, dlike, J=8.6Hz), 7.89 (2H, d like, J=8.6Hz) (6) (4S)-7

8-Di hydro-4-ethyl-4-[[(3R) -N(4-bi phenylylsulfonyl)- 1, 2, 3,4-tetrahydro-3
-i s oquinol yl] carbonyloxy] -1 Hpyrano [ 3,4-f] indolidine 1.5
3,6,10(4H) - trldﬁ¥sé¥ 145 g) and 1-[5'-(3"-(t-butoxycarbonyl an nopropyl oxy) -

2' - am nophenyl ]
and the m xtur
concentrated
purified with a silica gel colum chronatoorgg
=2 1-->1: 1) 20 and then rys
acet at e- hexane to gi (@)208CONRITHA)GAQ
(tent - but oxycar bonyl am no) pr opyl oxy] - 2@
1, 2, 3, 4-set rahydr o- 3-i soqui nol yl ] car bon

et hyl acetate

col orl ess

10

15

20

.gro an-1-one (867 ng) are dissolved in acetic acid (15 nl),
&fhrred at 60C for 47 hours. The reaction nmixture is

under reduced pressure, and the resulting crude product is

eluent; chloroform:
al l'i zed from et hyl

m.p.: 213-216°C
IR (Nujol, cm1): 3407, 1763, 1753, 1709, 1669, 1614

MS (m/z): 925 (MH*)

NMR (300MHz, CDC(l;, 8): 0.86 (3H, t, J=7.5Hz), 1.35 (3H, t, J=7.6Hz), 1.46 (9H,

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, ]=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,
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]-
camptothecin (991 mg) is dissolved in water-methanol (6 ml - 30 ml), and thereto
is added lithium hydroxide mon;)hydrate (180 mg) under ice cooling, and the

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



8 March 2006 36 crystals. Yield: 67% mp.: 213-216C IR (Nujol, cm1): 3407,
1763, 1753, 1709, 1669, 1614 10 M5 (nf z) 925 (M) NMR (300MHz, CDC13,
8): 0.86 (3H, t, J=7.5Hz), 1.35 (3H, t, J=7.6Hz), 1.46 (9H, s), 1.88-2.18
(4H, m), 2.94-3.20 (2H, ), 3.34 (2H, d, J=4.8Hz), 3.42 (2H 8&1prqhei006
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=1372Hz), 5.51 (1H d, J=17.2Hz),
6.99 (1H, s), 7.01-7.18 (4H, n), 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 2 r 20-
0- [ [(?3 (R))NE(P- )4b| plﬁen?lh %Qachowg&i%éﬁ%éﬁgﬁ?de)ﬁ{% %ro%@g%égg%% yI]
carbonyl] - 20 tot e

30 m )y Lnd t he arfgfﬁg&&‘g fr?r%rﬁzg)%}? gﬁrgrgﬁllgh%\é%% gndﬁ‘ééﬁngy under
i ce cooling, andthe m xture i s stl ed at omte turecg qz ours
and further sti¥iHES arogHcEeBPRI YR f hogss.¢ hhe rpaghion MuXtpre s g‘& Wi

m xture i s concentrated under reduced_ pressure,. and Ii o are added
chl or of or m (20 ¢hHlyrojpian gedmageraandithesh Eﬁr? oAy e Vi ‘?‘ﬁ jvgater and an

5 aqueous saturated saline solution, dried over sodium sulfate. The solvent is

distilled off under reduced pressure to give (20S)-7-ethyl-10-[3-(tert-butoxy-

carbonylamino)propyloxy]camptothecin.

(CH3);COCONH(CH,),

10 ¢
f ud C,H;
(8) The obtained (20S)-7-ethyl-10-[3-(tert-butoxycarbonylamino)-
propyloxy]camptothecin is 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)



stirred at roomtenperature for 19 hours. The reaction mxture is diluted
with chloroformand water, and the chloroformlayer is washed with water
and an 5 aqueous saturated saline solution, dried over sodiumsulfate. The
solvent is distilled off under reduced pressure to give 8 March 2006
(20S)-7-ethyl -10-[3-(tert-butoxy- carbonyl am no) propyl oxy] canptot hecin.
(CH3) 3COCONH(CH2) 3 10 (8) The obtai ned
(20S)-7-ethyl -10-[3-(tert-but oxycarbonyl ard$o) - propyl oxy]canptothecin is
di ssolved in water-ethanol (5 mM - 15 m) and thereto is added 6. 6N
hydrochl oric acid-ethanol (5 m), and the m xture is stirred at room
tenperature for 23 hours. The reaction mxture i s evaporated to dryness
under 15 reduced pressure and the residue Cgdi sspblved in ethyl acetate and
water. The et hyl acetatfgll.ay\qlizébﬁz)%@r ith water, and the
aqueous | ayers are conbi ned an evap under reduced
pressure. The residue is crystallized o T Soprepapotpwat er to give
(20S) - 7- et hyl - 10- (3- ami nopropyl - oxy) canpt ot heci ngrfdecgehl ori de (240 ng) as
pal e yell ow needl es. 20 Yield: 44%overall in the above (7) and (8) 8 March
2006 38 mp.: >2PICAIRCHdposgwped)s [a] D25: +9.8 (c=1.0, water) M (mz):
450 (MdA+) IR (Nujol, cm1): 3450, 3370, 174.5, 1660

5 [a] p25: +9.8° (c=1.0, water)

MS (m/z): 450 (M-CI+)
IR (Nujol, cm1): 3450, 3370, 1745, 1660
NMR (300MHz, DMSO-dg, 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 5.32 (2H, s), 5.43 (2H, 5), 7.28 (1H, s), 7.50-7.56 (2H, m), 7.99 (3H, brs), 8.11 (1H,
d, J=10Hz)
Example 2
(1) The (4S)-7,8-dihydro-4-ethyl-4-[[(3R)-N-(4-biphenylylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-1H-pyrano[3,4-flindolidine-
15 3,6,10(4H)-tn'6ne obtained in Example 1-(5) is treated in the same manner as
described in Example 1-(7) to give (4S)-7,8-dihydro-4-ethyl-4-hydroxy-1H-

pyrano[3,4-flindolidine-3,6,10(4H)-trione.

o) %, O
CoHs

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



NVR (300MHz, DVMSO-d6, b): 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 (1 %)
7.50-7.56 (2H, m), 7.99 (3H, brs), 8.11 (1H, d, J=I OHz) Exaﬁ%i‘ B 2000 The
(4S)-7,8-di hydro-4-ethyl-4-[[ (3R)-N-(4-bi phenylyl sulfonyl)- 1,2,

3, 4-tetrahydro-3-isoquinolyl] carbonyl oxy]-1 H pyrano[3,4-f]indolidine 15
3,6,10(4H)-trione obtained in Exanple 1-(539is treated in the sane manner
as described in Exanple 1-(7) to give

(4S)-7,8-di hydro-4-et hyl - 4- hydr oxy-| H

pyrano[3 4-f]indolidine 0,( The. 4_S {

8- di hydr o- 4- et hxamplg @ﬁ?dl&ﬁﬁt‘bﬁ’r"ér{g&?}%’] eihyl 1%))[ pxo)pyioxy)-
f]lindolidine-3,6,10(4H) -trione is treated in the same manner as descri bed
in 8 March 2006cagptbatroi kydtodBpridnds y¢BYwtpowyiev.e

(20S) -7-ethyl -10-[3-am nopropyl oxy) canptothecin hydrochl oride as yell ow
powder. 5 2H5 Exanple 3 (1) Ethyl
2- br ono- 2-[ 6- cyano- 1, 1- (2 2-di net hyl tri nmet hyl g#
0Xo0- 1235tetrahydro Hiﬂillldﬂﬂ;(lc]fh 6t a ‘
(3R)-N-(4-nitrophenyl -
sul fonyl)-1, 2, 3,4.-tetrahydro-3-isoqui nol i

5

N S
caci @ (1.63 and
HO C,H 5( g)

Example 3
(1) Ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
oxo-l,2,3,5-tetrahydro-7-indolidiﬁyl}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-ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate
15 (2.10 g) as colorless powders.

Yield: 99%

N COOC,H;
0

CH;

.uu,”n
(@)

CHj,

20
N—SOZ—@’Noz

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



10 potassium carbonate (357 ng) are mxed in dinmethylformamde (15 m), and
the mxture is stirred at 70C for 20 mnutes. The reaction mxture is
treated in the same nmanner as described in Exanple 1-(1) to_qgive eth%l
2-[[(3R)-N-(4-nitro- phenylsulfonyl) -1, 2, 3,4-tetrahydro-38-%ilar§h200
oqui nolyl ] carbonyl oxy] -2- [6-cyano-1, 1-

(2, 2-di met hyl tri net hyl enedi oxy) - 5- oxo-1, 2, 3,05-t etrahydro-7-i ndol i di nyl ]
acetate 15 (2.10 g) as colorless powders. Yield: 99% 20 IR (Nujol, cm1l):
2225, 1750, 1665, 1615 8 March 2006 40 M5 (mz): 707 (M+) NVR (300MHz,
CDC13, S): 0.89 and 0.90 (3H, s), 1.10 and 1.20 (3H, t, J=7Hz), 1.33 and
1.36 (3H, s), 2M3@/A37q2®HM), 3.30-3.42 (2H, m), 3.60-3.75 (4H, m,
4.00-4.22 (4H, m, 4.50 and 4.57 (1H, d, J=15Hz), 4.78 and 4.83 (1H, d,

J=15Hz),  5.22 aMRY3BEMERHCTN, 5Bsaasd 6KR)3HE:)90.18ndd 3. WE3H] HI=5}7),6. 48
and 6.54 (1H, s), 7.00-7.23 (4B m), 8.01 and 8.05 (2H, d, J=9rz), 8.29

and 8.31 (2H, d, J=9Hz)

2-[[(3R) - N (4- niltéﬁﬁﬁ‘énﬁ &6 %4)'2-?? 28 1), B30 LS FH g5 3:69-3: 43 (o 1

car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-d] trin I di 9Xy).- 5= .

oxo- 1. 3. 3 51 ot PSR A b SERA T Lt S TH08 T8yt 28) QB HPar y
10 di nmet hyl acet am de-tol uene (1 : 1)43&240 m), .and i he 571 ure is reacted
' the  Shme meAmSrands 4bGdTidsed=? MeEaps 0ERID ST el ap dembosai Tl o)

di spersion of sodium hydride (1680 qg)}&l.Z gﬂuivalent) and eth¥l i odi de
(54.58 g) (10 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-
isoquinolyljcarbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
o0x0-1,2,3,5-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 - diethyl 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



equi val ents), and the extract is washed with an aqueous citric acid
solution and an aqueous saturated saline solution, dried over nmagnesi um
sulfate. After 15 distilling off the solvent under reduced pressure, the
residue is powdered from ethyl acetate - diethyl ether to g'ﬁ\}‘@a@ﬂ‘h%ﬂ%
2-[[(3R)-N-(4-ni trophenyl sul fonyl)- 1,2, 3, 4-tetrahydro-3-isoquinol yl]

car bonyl oxy] - 2-[ 6-cyano- 1, 1- (2, 2- di net hyl -

tri met hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-tetrahydro-7-indol i dinyl]butyrate

(di astereonmer m xture) (22.04 g) as colorless powders. The

di ast er eosel eCtﬂuYéEYodugp(l@fBQ@ sormendd caytéal2R conpound = 20.0: 1.0 (90%
d.e.) which is calculated based on the ratio of integral value at the peak
of 8: 6.85 and B .fHl7kh, NVR spectrum The col orl ess powders are
recrystallized fromisopropanol to give a 8 March 2006 41 pure product
(19.32 g) as colorless crystals. Yield: 75%5 mp.: 181-182C I ( Xl D26:
-128.39 (c=0.5, chloroform 10 IR (Nujolg cmi): 2217, 1755, 1665, 1615 M5
(mz): 735 (M#) NWR (300MHz, CDC13, 8): K (3H, t, J=7.5Hz), 0.85 (3H,
s), 0.89 (3H, t, J=7Hz), 1.20 (3 (1H, dg, J=7.3 and 15Hz), 2.27
(1H, dq, J=7.3 and 15Hz), 2- ) CROEFHB3. 66 (7H, m), 3.80-3.90
(1H, m,%4.16 (1H dq, 15 J=7" 4% 36 (1H dq, J=7.3 and 13Hz),
4.52 (1H, d, J=15Hz), 4.87 (IH, CH, coO = CoHs

m.p.: 181-182°C

[o] p26: -128.39° (¢=0.5, chloroform)

10 IR (Nujol, cm-1): 2217, 1755, 1665, 1615
MS (m/z): 735 (MH*)
NMR (300MHz, CDCls, §): 0.77 (3H, t, J=7.5Hz), 0.85 (3H, ), 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.



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, n), 8.05 (2H, d, J=9Hz), 8.24 (2H, d, J=9Hz) (3) The
conmpound obtained in the above (2) is treated in the sanme manner as
described in Exanple 1-(3)-(8) or in Exanple 1-(3)-(5), (7), 8M&yrchrd0ps)

20 to give (20S)-7-et hyI 10- (3- am nopr opyl gxy) canpt ot heci n hydrochl ori de. 8
March 2006 42 Exanple 4 5 (1) Ethyl

ydr

2- brono- 2-[ 6-cyano-1, 1- (2, 2-di et hyl tri net hyl enedi oxy) -
ox0-1, 2, 3,5-tetrahydro-7-indolidinyl]acetate (363 ng),
(3R) - N- (4-bi phenylyl - sulfonyl)-1,2,3,4-te A, 3-isoqui nol i necar boxylic
acid (472 ng) and potassium car t 95
di et hyl f or mani de (4 )sﬁ&l;ndﬁﬁﬁgﬁ?ﬁ?&
m nutes. The reaction mxture is treatl - S Qe nner as descri bed
in Exanple 1-(1) to give ethyl 2-[[(3R) -N-(4- b|ph A % i]gmulfonyl) 1, 2,3,4
-t etrahydro-3-isoqui nolyl] carbonyl oxy] -2- [6- cyano (2 2-
di et hyl trinet hyl enedi og¥mpteako-1, 2, 3, 5-t et r ahydr 0- 7- i ndol i di nyl ] acet ate
(579 ng) as colorless powders. Yield=94% 1.5 IR (Nujol, cm1): 2225, 1750,
1665, 1615 20 M5 (n 2)1) E@R1 oMo NVRS-CpaRMz 7(2mtﬁyltﬁhled@1&4:d(o3dy|) st
J75Hz)%094 3H, tz‘? &g’ , 1.11 and 1.16 (3H, t, J=7Hz), 1.20-1.30
(2H m, 1.77- joxg-Gl,é,%!?l-te@ahygrog’ﬁm?doﬁgm(yﬁé'cet% (3§3 £8), (3R)-N-(4-biphenylyl-
sulfonyl)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (472 mg) and
potassium carbonate (95 mg) are mixed in dimethylformamide (4 ml), and the
mixture is stirred at 70°C for 40 minutes. The reaction mixture is treated in the
10 same manner as described in Example 1-(1) to give ethyl 2-[[(3R)-N-(4-biphenyl-
ylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]earbonyloxy]-2- [6-cyano-1,1-(2,2-
diethyltrimethylenedioxy)-5-0x0-1,2,3,5-tetrahydro-7-indolidinylJacetate (579

mg) as colorless powders.

Yield=94%
15
CN
|
CZHS\L/ \ COOC2H5
(@)
C,H, GO
o OO
IR (Nujol, cm-l): 2225, 1750, 1665, 1615
20 MS (m/z): 766 (MH*)

NMR (300MHz, CDCls, 8): 0.84 (3H, t, J=7.5Hz), 0.94 (3H, t, J=7.5Hz), 1.11 and

1.16 (3H, t, J=7Hz), 1.20-1.30 (2H, m), 1.77-1.86 (2H, m), 2.45-2.60 (2H, m), 3.27-



8 March 2006 43 3.40 (2H, m, 3.60-3.65 (2H, m, 3.75-3.90 (2H, m,
4.00-4.20 (4H, m, 4.55 and 4.80 (2H, m, 5.21 and 5.28 (1H, dd, J=3 and
6Hz), 6.02 and 6.06 (1H, s), 6.57 and 6.63 (1H, s), 7.00-7.20 (4 |§
7.40-7.70 (7H, m), 7.88 and 7.90 (2H, d, J=8Hz) 5 (2) Ethyl 8March 2006
2-[[(3R) - N-(4-bi phenyl yl sul fonyl)-1, 2,3, 4-g¢trahydro-3 i soquinolyl]

car bonyl oxy] -2- [6-cyano-1, 1-(2, 2-diethyltrinmethyl enedi oxy)-5-o0xo-
1,2,3,5-tetrahydro-7-indolidinyl]acetate (564 ng) is dissolved in dry
dlnethyl formamde (5 m), and the mxture is reacted in the sane manner

as described i rs. 4@%@)63@0(3265 G, w), AG 523 F00bimy 4 @0l é‘ﬁ)ﬁnbf‘ 5§o’@idum
hydride (35 ng) (1.2 10 equivalent) and ethyl iodide (1150 nq

equi val ents) t o1& (H,ehh§1212nf[5(ZBR)1H, dd, J=3 and 6Hz), 6.02 and 6.06 (1H, s) 6 57

N- (4- bi phenyl yl sul fonyl)-1, 2,3, 4-tetrahydro- 3-i soqui nol yl ]

car bonyl oxy] - - 2nf®:63 (1H, s), 7.00-7.20 (4H, m), 7.40-7.70 (7H, m), 7.88 and 7.90 (2H, d,

cyano- 1, 1- (2, 2-di et hyl t ri net hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-t et rahydr o- 7-

i ndol i di nyl ] butJ;grgp{tZ?‘: (di astereomer m xture) (522 ng) as col orl ess powders.
The diastereosel ec |vity of 28 conpound and 2R conpound = 10.8: 1.0 (83%

d.e.) 15.which is calcy 4-BRheadlyRuBbnyInt €03 altetyalydeo-at t he
peak of % 6. 67 and 6 ﬁl21}E)-afl\ggg)gqét(ruir? ?5’ R nu?o%cnfl) yl(1‘12220 1750,

1660, 1615 M5 gsoqu)mol;ﬁcargmgxﬁ i\/% E?an%opef 4%- diethyltrimethylenedioxy)-5-oxo-
1,2,3,5-tetrahydro-7-indolidinyl]acetate (564 mg) is dissolved in dry dimethyl-
formamide (5 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 (35mg) (1.2

10 equivalent) and ethyl iodide (1150 mg) (10 equivalents) to give ethyl 2-[[(3R)-
N- (4-bi'phenylylsulfonyl)— 1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-
cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-
indolidinyl]butyrate (diastereomer mixture) (522 mg) as colorless powders. The
diastereoselectivity of 2S compound and 2R compound = 10.8 : 1.0 (83% d.e.)

15 which is calculated based on the ratio of integral value at the peak of 6: 6.67

and 6.43 in NMR spectrum.

20

IR (Nujol, cm-l): 2220, 1750, 1660, 1615

MS (m/z): 794 (MH*)



NVR (300MHz, CDC13, b): 0.69 (3H, t,_J=7.5Hz), 0.81 (3H, t, J=7.5Hz), O0.87
(3H, t, J=7.5Hz), 1.03 (3H, t, J=7Hz), 1.22 (2H, g, J=7.5Hz), 1 67 (2H, q,
J=7.5Hz), 2.20-2.45 (4H, m, 3.34 (1H, dd, J=6.5 and 16Hz), 32?3({)3 (3H,
m, 3.70-3.85 (4H, n), 3.98-4.10 (2H, m), 4.67 (1H, d, J=15 arch (1H,
d, J=15Hz), 5.36 (1H, 5 dd, J=3 and 6. 5Hz) 6.43 and 6.67 (1H, s),
7.00-7.20 (4H, m, 7.40-7.50 (3H, m, %(ZH, d, J=8Hz), 7.65 (2H, d,
J=9Hz), 7.92 (2H, d, J=9Hz) (3) The corrpound obtained in the above (2) is
treated in the sane nanner as described in Exa gb) (8) i n_Exanpl e
1- (3)-(5), (7),NMR (00K8)CDED, 9 069(BHsy. I=7.5 "frg,,aus LI §5Hz) 0.87 (3H,
-am nopr opyl oxy) canptothecin hydrochl oride. 10 Exanple 5 (1) Et hyl
(28)-2-[[ (3R) - N .47 bigpy @?@Hwtfimi/)lizi(%, , V@Hz?@(?f@}} qLBE7B5H),

y

-i soqui nol yl ] carbony ()% 6- acet oxynet hyl

2.-dinmethyltri I 0-3.85
di oxy) - 5- oxo- 1%5@)é &n@tl{r’gﬁy% (]7Hi ndgl ?glarrllf/il 6t})quP y3r%8t25§b(?§| Ir?gd3 |7n 3EE§<arrpI e

T SE ) et o 308 V@"(&H”glﬁ?’ T R e B, S
P e 8o 5 gié,;ga 61578 Jhed AT LT TS, 814166178 4745750 Bt S,
72 ol Tl ny1 b6 farkee -8Ry (ot rSFeRd THPH A fff = > o tetranvare
(28)-2-hydroxy-2-6- hydr O)Sly gectoglplo;l%& %bt(alzne% 1glt1r1r§£1}?oyve (2) is treated in the same
manner as described in Example 1-(3)-(8) or in Example 1-(3)-(5), (7), (6) and (8)
to give (208)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.

10

HCl - NH,(CH,);Q

Z 0
HO C,Hs
Example 5
(1) Ethyl (28)-2—[[(3R)—NL(4-biphenylylsulf0nyl)-1,2,3,4-tetrahydro--
15 3-isoquinolyl]carbonyloxy]-2-[6-acetoxymethyl-1,1 -(2,2-dimethyltrimethylene-
dioxy)-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]butyrate obtained in Example 1-
(4) (1.00 g) is dissolvéd 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 (25)-2-hydroxy-2- [6-
20 hydroxymethyl-1,1-(2,2-dimethyltrimethylenedioxy)-5-0x0-1,2,3,5 -tetrahydro-7-

indolidinyl]butyrate.



5 trinmet hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-indolidinyl]butyrate
obt ai ned above is dissolved in chloroform (20 mM) and acetic acid (4 m),
and the mxture 1is stirred at roomtenperature for 16 hours, and to the
reaction mixture is added water, and the mixture is extract8March2006
chloroformthree tines. The extract is %ged W th an aqueous saturated
saline solution, dried over sodiumsulfate,””10 and distilled under reduced
pressure. The residue is purified by silica gel colum chronatography
(eluent, chloroforn) and redrystallized fromethyl acetate to give (4S)-7,
8- di hydr o-4-et hyl -6, 6- (2, 2-di met hyl t ri met hyd) enedi oxy) - 4- hydr oxy-

1H pyrano[ 3, 4-f]indolidi ne-3, 10-di one (276 ) .as colorless needles. Yield:
64% over all in the above (1) and (2 - 2P3-210C 20 [a] D27: +88.2
(c=0.99, chlorofornm) IR (Nujol.,C Li1744 M5 (mz): 350
(MH) 8 March 2006 46 NWR (300§H§, C§ g.(3H s), 0.99 (3H t,
J=7.3Hz), 1.29 (3H s), 1.70- 1.92(2H, n), .54 (iH t, J=7.0Hz),

3.65-3.69 (4H m), 3. 71(2% Fhthiy )(25)4%-%% LZ%hyc(lrlv F?mé ?g lzfl_z’ﬁfi@mctiyllj

(1H, d, J162Hz) 5. 60 6.81

i oxy) - ESﬂ'ySﬁL@ﬁq‘i‘i@%fy%%ﬂé%%f%% o -‘@%%@%@bmg =%, e

?2%;3 7m§ngleLygf%d3]Se§§r h&??eﬁﬁ‘?d] 1nEc>i1611(r)¥<))form (2%5311) and AL4TT 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 (45)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylenedioxy)-4-hydroxy-
1H-p&lrano[3,4—ﬂindolidine—3,IO-dione (276 mg) as colorless needles.

Yield: 64% over all in the above (1) énd (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*)



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

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

i ndol i dine-3,6,10(4H)-trione is treated in the sane manner as described in
Exanpl e 1-(6) and (8) to give (20S)-7-ethyl-10-[3-(am nopr opyMaxch-2006
canpt ot hecin hydrochloride. 15 Exanple 6 (4} Lithium

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

trimet hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-tetrahydro-7-indol i di nyl ] butyrate obtai ned
in Exanple 5-(1) is treated in the same manner as described in Exanple
1-(5) to give N¥MIB @00MHz, CDCls, §): 0.88 (3H, s), 0.99 (3H, t, J=7.3Hz), 1.29 (3H, s), 1.70-

8- di hydr o- 4- et hyl - 4- hydr oxy-| H pyrano[ 3, 4-f]indolidine- 3,6,10(4H)-tri one.
8 March 2006 47 ; / £ -

(49)- 7. 5-di hydre A2 R Zg G G P i S s b g 371 (UHL ). 414 CH.
f]indolidine-3

" o 1. EBF i 1O S4B HE AN R TR R R, o

canptothecin hydrochl ofydg, - 49)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]lindolidine-3,6,10(4H)-trione.

10 HO @”CZI?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
‘ X,
C,Hs
Example 6
(1) Lithium (2S)-2-hydroxy-2-[6-hydroxymethyl-1,1-(2,2-dimethyl-
20 trimethylenedioxy)-5-oxo-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]lindolidine-

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



10 Exanmple 7 (1) The

(4S)-7, 8-, di hydro-4-ethyl -6, 6-(2,2-di nethyltrinethyl ene-

di oxy) - 4- hydr oxy- | H pyrano[ 3, 4-f] i ndol i di ne- 3, 10-di one obtai ned in Exanpl e
15 5-(2) (50 ng) is dissolved in acetic anhydride (1 m), an8 Maehei®@6ar e
added pyridine (1 m) and 4-N, N-di net hyl am nopyri dine (4 ng) under ice
cooling, and the mixture is stirred at ro6r tenperature for 23 hours. The
reaction mxture is diluted with chloroform and the m xture is washed

wi th an aqueous citric acid solution, water and an aqueous saturated
saline solution, and dried over sodium 20 sulfate. After distilling off the
sol vent under reduced pressure, the residdie is purified by silica gel

col um chr omat ogr aphy (el uent, chlorg Ao_Aethanol = 40 : 1) to give
(4S) -7, 8-di hydro-4-et hyl -6, 6-(2, 2-di t hyl enedi oxy) - 4-

acet oxy- 1H-pyrano[ 3, 4-f]i ndol i di neg -THOneg o6 ny) as col orless
crystals. 8 March 2006 48 Yield: 99% CHHOpC,B350 CH3000 C2H5 CH3 5

mp.:185-188C IR (Nuj O|(2) CIKRGJ()AI-S)~%?82—gﬂ1y§r805-3-’eth]yzé1§hyd]fg)2yjl1H:l'gylrgno[fi,él-

5 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.

HCl - NH,(CH,);Q

10

Example 7
(1) The (4S)-7,8-dihydro-4-ethyl-6,6-(2,2-dimethyltrimethylene-
dioxy)-4-hydroxy-1H-pyrano [3,4-ﬂiﬁdolidine-3,IO-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 :at 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 (4S)-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.



M5 (mz): 392 (M#) NWMR (300MHz, CDC13, 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, J=6.8Hz), 5.27
(1H, d, J=17.1Hz), 5.52 (1H, d, J=17Hz), 6.31 (1H, s) (2) Th&March2006
(45) -7, 8-di hydro-4-ethyl -6, 6-(2, 2-di methyl ggi met hyl ene-

di oxy) - 4- acet oxy-| H-pyrano[ 3, 4-f]i ndol i di ne-3,10-dione is treated in the
same manner as described in Exanple 1-(5) to give
(4S)-7,8-dihydro-4-et2y|-4-

acet oxy- | H pyr ab]3,98% ] i ndol i di ne-3, 6, 10(4H)-trione as col orl ess crystals.
15 mp.: 197-203C IR (Nujol, cm1): 1742, 1732, 1661, 1610 20 ESI-M5 (0.02M
anmoni um acet at e/ et hanol, niz): 323 (MN¥4+) NMR (300MHz, CDC13, 8): 0.92
(3H, t, J=7.5Hz), 1.94-2.25 (2H, m, (3H, s), 2.95 (2H, t, J=6.9Hz),

4.32 (2H, td, J=6.9 and 0.8Hz), 5. (I, Yd, YJ=18.1 and 8 March 2006 49
0.5Hz), 5.60 (1H, dd, J:18.1F§fd : X B~ H s) (3) The (4S)-7,

8- di hydr o- 4- et hyl - 4- acet oxy- I"'H53 m@bﬁgf "fczi}pdol i dine-3,6,10(4H)-trione
is treated in the sanme manner asCHgscribed in é&anple 1-(6) to give

(209) - 2050 acet |- 7rg@t R c10- [ 3- (t est - but oxycar bonyl 5
am no) pr opyl oxyti(garrpt othecin as colorless powders. (CH3)3COCONH(CH2)3 mp.:

173-176C IR (Nujol, cm-): 2922, 2852, 1743, 1671, 1613

MS (m/z): 392 (MH*)
NMR (300MHz, CDCl,, 8): 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, J=6.8Hz), 5.27 (1H, d, J=17.1Hz), 5.52 (1H, d, J=17Hz), 6.31 (1H, s)
(2) The (4S)-7,8‘-dihydro—4-ethyl-J6,6-(2,2—dimethyltrimethylene-
dioxy)-4-acetoxy-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-

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

15
‘,,// (@]
CH3CO C2H5
m.p.: 197-203°C
IR (Nujol, cm1): 1742, 1732, 1661, 1610
20 ESI-MS (0.02M ammonium acetate/methanol, m/z): 323 (MNH41)

NMR (300MHz, CDCls, 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), 4.32 (2H, td, J=6.9 and 0.8Hz), 5.33 (1H, dd, J=18.1 and



10 IR (Nujol, cm1): 3370, 1765, 1749, 1696, 1657 ESI-M5 (m z): 592 (MH)
NVR (300MHz, CDC13, 8): 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=7.7Hz), 3.41 (2H,
q like, J=6.3Hz), 4.21 (2H, t, J=6.1Hz), 4.77 (1H, br), 5.28 YorghZp06
J=1.1Hz), 5.40 (1H, d, 15 J=17.2Hz), 5.68 {dH, 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-but oxycar bonyl am no) -
pr opy! oxy] canpt@fsHe)iSr60i @ H; déak=a —1ia1i1dt0m‘§{§agr§6&hlﬁn@r as described in
Exanple 1-(7) and (8) to give (20S)-7 -ethyl- 10-(3 -am nopropyl oxy)
canpt ot heci n 20 hydr ocli3ofhd€4S 87 Butibhd2ebethsB4 scBcappl Rpysno[34-f1-1) The
correspondi ng starting conpounds are treated in the sane nanner as
descri bed in Exagwlidnd-3(61)0@H0-tfid)e isttieated intle prepmastertdiclesnipedimds  as
shown in the followng Table 1. 8 March 2006 51 Table 1

Example 1-(6) to give (208)-20-0O-acetyl-7-ethyl-10-[3-(tert-butoxycarbonyl-

5 amino)propyloxy]camptothecin as colorless powders.

(CH3); 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, 8): 0.97 (3H, t, J=7.5Hz), 1.39 (3H, t, J=7.7Hz), 1.45 (%H,
s), 2.05-2.32 (4H, m), 2.21 (3H, s), 3.14 (2H, q, J=7.7Hz), 3.41 (2H, q like,
J=6.3Hz), 4.21 (2H, t, 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, }=2.6Hz), 7.47 (1H,
dd, J=9.2 and 2.7Hz), 8.12 (1H, 4, J=9.3Hz)
(4) The (208)-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.



NACHCOOC2HS 3 0 3 ,~C2H5 Ex. No.: R N S02 3-X Diastereosel ectivety F
X2S 2R 8 (1)-A19.5:1.0 9 (1)-CH39.0:1.0 10 (1)-0OCH39.0:1.0 11(1)--~9.5:1.0
12 (1)10.1:1.0 (2) The conpounds obtained in the above (1) are treated in
the same manner as described in Exanple 1-(3)-(8) or Exanpl 8 Maycin2Q0g)
(7), (6) and (8) to 5 give (20S)-7-ethyl-40-(3-am nopropyl oxy) canpt ot hecin
hydr ochl ori de. Exanples 13 - 16 (1) The correspondi ng starting conpounds
are treated in the sane nanner as described in Exanple 1-(1) and (2),
there are prepared the conmpounds as shown in the follow ng Table 2.

HCl© NH,(CH,);Q

20
C,Hs
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.



8 March 2006 52 Table 2 N A COOC2H5 Ex. No.CH3 3 3 C2H5 ROO RO, Co- 13
(1) QCN-Ts Co- () R 141/ HL CH N So2 3 H3C Co- 15(1) N so2

8 March 2006
51
Table 1
Ex. No.
% Diastereoselectivety
2S:2R
8 (1) —Cl 9.5:1.0
9 (1) —~CH; 9.0:1.0
10 (1) —OCH; ’ 9.0:1.0
11 (D) 4<:> 95:1.0
12 (1) [l ]I 10.1:1.0

(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 (208)-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.



-co ,Co- 16(I)R N---Ts Ts: Tosyl group (2) The conpounds obtained in the
above (1) are treated in the sane 5 manner as described in Exanple
1-(3)-(8) or Exanmple 1-(3)-(5), (7), (6) and (8) to give

(20S) - 7- et hyl - 10- ( 3- ani nopr opyl oxy) canpt ot heci n hydr ochl ori d& M& M09 2006
53 Exanples 17 - 23 The correspondi ng starga2ng conpounds are treated in the
sane nmanner as described in Exanples 1, 2, 5 or 7, there are prepared the
conpounds as shown in the following Table 3. 5 Table 3 R R51 R71 * EX.

No. R81 SO RHO H2CH3 R51R61R71R81R91 17CH% H— I}-O(CHZ) 20--H

18- CH2NH2- H- Q( CH2) 20- - H ~able <

Ex. No.
RO
\\\CO—
13(1) mN‘—TS
\§CO—'
N “\\\ Hs
14 (1) N—502@7CH3
H3C
\§CO—"
\\\CO—“
N
16 N—Ts

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 (208)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.



19- CH2NH2- H- OCH2O- - H 20- H- NH2- H- H-H 217* 9*- CH3- F- H - CH( NH2) CH2CH2-

22- (CH2) 3--Q(CH2) 3NH2-H- H 23-H H Q(CH2) 3NH2- H H *: The nunber neans the
substitution position (7-position/9-position) at the canptothecin nucl eus.
8 March 2006 54 Exanple 24 _ (1) A mixture of ethyl 8 March 2006
2-chl oro-2-[ 6-cyano-1,1-(2, 2-di methyl - 53

t ri met hyl enedi oxy) - 5-oxo-1, 2, 3, 5-tetrahydro-7-indolidinyl]acetate (34.11
)

(3R) - N- (4- bi phenyl yl EUI f@ngh%% 2,3, 4-tetrahydro- 3-isoqui nol i necar boxylic
acid 5 (42.33 g) andopUPREST (im?car bonate (8.67 g) in dimet hyl for mani de (350
m) is stirred at 60C for 45 mnutes. The reaction m xture is ice-cool ed,
diluted with ethyl E}a%?%ff‘%we%‘@grﬂ“)f}maﬁamtpﬁa?i% %eitrseagéd%&h%ﬁ%ﬁueous
saturated sodi um hydrogen carbonate_ solution (300 m) and is further adder
wat er (500 mmannhe desEibashie Femples éc%éoorva?tthlﬁr%@wyme%%@ Heecomprynthe
extract is washed, dried, treated 10 with active carbon and filtered. The
sol vent is diesshdweth deffolowiigvbatde Byl 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

--(2, 2 di net hyl tri met hyl enedi oxy) - 5- oxbable3, 3, 5-t et rahydro-7- indolidinyl]
acetate (66.20 g) as pale yell ow foam

R61 R51
Ex. No.

R5 1 R61 R71 R81 RO1
/N -H —O(CH,),0- _H

17| —CHyN NH
18 —CHzNHz -H —O(CHz)zO— -H
19 —CHzNHz -H _ —OCHzo— ~H
20 -H -NH, -H -H _H
21 7* 9* —CH; -F -H

—~CH(NH,)CH,CH,~

22 —(CHy)3— ~-0O(CH,);NH, -H -H
23 -H -H —O(CH,);NH, -H -H

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

nucleus.



IR (Nujol, cm1): 2220, 1750, 1665, 1615 15 Ms (nfz): 738 (MH) NWR
(300MHz, CDC13, S): 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 &Maxrxh29061H,

d, J=I6Hz), 5.22 and 5.29 (1H, dd and t, %—3.6 and 5Hz), 6.01 and 6.04
(1H, s), 6.58 and 20 6.65 (1H, s), 7.02-7. 6 (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-bi phenyl yl sul fonyl)-1, 2, 3, 4-tetrahydro-3- isoquinolyl]

car bonyl oxy] -2-[6-cyarkExaiyile €2, 2- di et hyl.tri met hyl enedi oxy)-5 8 March 2006
55 oxo-1, 2, 3,5-tetrahydro-7-indolidinyl]acetate obtained in the above (1)

is treated in the sanglyenagftufSofdesdn-dectoln[Expamplg1-120imeRylt 0 gi ve
(20S)-7-ethyl -10- (3-am nopropyl oxy) canpt ot heci n hydrochlorideg%%@ference

Exanple 1 5 (1) RadMpRRediofPtivkot, B3 gl ,r&731n§oﬁcﬁh¥ﬁ&5é@a&9kmpi Lili ne
(1.0 g), 2,2-dinmethyl-1,3-propanediol (6.64 g) and p-tol uenesul fofi’c acid

I e T L
Sehyr o1 510 Sevion TR RSP RAVIES] IO RER I I IRIORER o
sal i ne S0l Ut oA b @G 0Nl n RINR! IR ke 161k Slocild bbb he?"
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-oxo-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-



residue is purified with a silica gel columm chromatography (el uent;
chloroform: nethanol = 50 : 1) and recrystallized from nethanol to give
6- cyano- 7- et hyl -

1, 1- (2, 2-di met hyl tri met hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-t et r ahydr oBidardhcR09e
(1.05 g) 15 as colorless needles. Yield: %2% mp.: 225-226C IR (Nujol,
cml): 2222, 1645, 1610 WMs (mz): 275 (M#) 20 NWMR (300MHz, CDC13, S):
0.87 (3H, s), 1.30 (3H, s)2.49 (3H, s), 2.53 (2H, t, J=7Hz), 3.62 (2H, d,
J=11Hz), 3.69 (2H, d, J=1lHz), 4.15 §‘2_H, t, J=7Hz), 6.42 (1H, s) 8 March
2006 56 (2) Theoge-dyhadd-tEirakidiptZ-indolidimyDacktatetobidined imghbpbevnedl)ox ypatsd
oxo-1,2,3,5-tetrahydroindolidine (14.43 g) is mxed in dry toluene (300 m)
and thereto isimtidedma nbMeohd gesdiibpdmsixammpie 1s@H&)ro ey (208)(7%tRE-1- 4. 4
equi val ents), and the mxture is stirred on a bath of 80C for 2 hours. To

the 5 reaction (B-xmicprepdorgddesiptiteédiy hydaodbtvradlee (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. Wile coqtdB@ntéBxa@pkii on m xture on an ice bath, a 50%
acetic acid (80 m) is added thereto. The m xture is extracted with

ol Ut fon hnd dri 6d Vel Reghas LA i AP eR a E Rl e
sol vent under rﬁé%ﬁl@ﬂﬂﬂﬂ?ﬁﬂf&mné&l& (6‘9@4 Q)Uﬁldi prtoluenesulfonic 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-oxo-1,2,3,5-tetrahydroindolidine (1.05 g)
15 as colorless needles.
Yield: 72%
m.p.: 225-226°C
IR (Nujol, ca1): 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=THz), 3.62 (2H, d, J=11Hz), 3.69 (2H, d, J=11Hz), 4.15 (2H, t, J=7Hz), 6.42 (1H,

s)



purified with a silica gel colum chromat ography (eluent; chloroform:

ethyl acetate =4 : 1) and recrystallized fromethyl acetate-ether to give
ethyl 2-[6- cyano-1,1- (2, 2-dinethyltrinethylenedi oxy)-.5-o0x0-1, 2, 3,
5-tetrahydro-7 -- indolidinyl] acetate (14.63 g) as col orl es8§ Maxsh| 2096 15
Yield: 80% mp.: 150-151 CIR (Nujol, cm 1) 2220, 1725, 1650, 1610 MS
(mz): 347 (M#) NWR (300MHz, CDC13, 8): O. (3H, s), 1.28 (3H, s), 1.29
(3H, t, J=7.5Hz), 2.54 20 (2H, t, J=7Hz), 3.62 (2H, d, J=l I Hz), 3.68 (2H,
d, J=llHz), 3.79 (2H, s), 4.16 (2H, t, J=7Hz), 4.22 (2H, q, J=7Hz), 6.54
(1H, s) (3) The ethyl 2¢I)6Thy6éngado-I-fh&h Uil rRiNgintethyRirhathgrRagdioxy)5-5- 0xo
8 March 2006 57 1,2, 3,5-tetrahydro-7-indolidinyl]acetate (14.60 g) is added

to a suspension OQB-16}2,3,@Jf’étr@hﬂfdfoﬂidéﬁéfn%i@m.él@;% SO A6 R Y tAiSerdc2308 n8l) add 2
equivalent) in dry tetrahydro- fur'an (240 ), and the mxture is stirred

at room termera&h@r@tlofi%déedwgo%hoiﬂgpd& sioh&AGhiRM M didd @I afded bromi ne

(8.76 g, 1.3 equivalent), and the ' mxture is 5 stirred at roomtenperature

Lo oZopouns” ccntobTLEhe o BEARGuES uekarn They et hoftrathed
coluLon #09, A0 RYR AL A RSP TRV 02 9% S B, coour e,
the residue Ts BULLY! §%7"%. 0% 2qiivaleRf, S md mitilte SHTREAI 5B Yol ShOSR!
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-oxo-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, CDCl3, 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, s), 4.16 (2H,
t, J=7THz), 4.22 (2H, q, J=7THz), 6.54 (1H, s)

(3) The ethyl 2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-oxo-



10 form: ethyl acetate = 4 : 1) and recrystallized from et hyl
acetate-ether to give ethyl 2-br'ono-2- [6-cyano-1, 1-(2,

2-di met hyl tri met hyl enedi oxy) - 5-oxo-1, 2, 3, 5- tet rahydro 7-i ndol i dinyl]
acetate (15.66 g) as colorless needles. Yield: 87% mp.: 118-Maoh 206 R
(Nujol, cm1): 2217, 1725, 1650, 1610 M5 (gd z): 427 (N+H) NNR (300MHz,
CDC13, 8): 0.89 (3H, s), 1.28 (3H, s), 1.32 (3H, t, J=7THz), 2.54 (2H t,
J=7Hz), 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 (1 H s), 90(1H s) 20 Reference Exanple 2 (1)
6- Cyano- 7- met hy 1213, S-tdturd)wkq7zlneolsdmeﬂamdn(tﬁ hd @) iscidded (&2 98spegyion of a
2,2-diethyl -1, 3-propanedi ol (49.97 g) and p-tol uenesul fonic acid (180 nl)
are 8 March 20060%8oiiy dirpersiondif shimnohydradee(AASH, ht pquizakat)ie day wttahedios
heat ed under reflux for 22 hours with a' reflux apparatus provided with

Dean- St ar k dehy dlirah (74D @By hitkthe riiveure eagirtahat fboth UgBpdratuld fRat3agburs Thensane
manner as described in Reference Exanple 1-(1) and recrystallized from

(5, 220 et hy! 11 Bt hy! aned ony) o oxa 1 5. 30 G- CerT ayaror nao B e"(b. 67 o
as col ord ess nggdl L5 rodmabfiped@¥e 87 P houkddnd @8feto 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-oxo-1,2,3,5-
tetrahydro-7-indolidinyl]acetate (15.66 g) as colorless needles.
Yield: 87%
m.p.: 117-119°C
15 IR (Nujol, cm1): 2217, 1725, 1650, 1610
MS (m/z): 427 (MH*)
NMR (300MHz, CDCls, 8): 0.89 (3H, s), 1.28 (3H, 5), 1.32 (3H, t, J=7Hz), 2.54

(2H, t, I=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

g), 2,2-diethyl-1,3-propanediol (49.97 g) and p—toluenesulfonic acid (180 ml) are



IR (Nujol, cm1): 2219, 1655, 1610 10 M5 (mz): 303 (MH) NWR (300MHz,
CDC13, S): 0.83 (3H, t, J=7.5Hz), 0.92 (3H, t, 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=lI IHz), 3.78 (2H, d, J=1lHz), 4.14 (2H, t, J=7Hz) 8 Madh 0Dk, S)
(2) The procedure of Reference Exanple 1-(23 is repeated by using 1.5
6-cyano-7-nethyl -1, 1- (2, 2-di et hyl tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-t etrahydr
o- indolidine (4.75 g), dry toluene (80 nm), a 60%oily dispersion of
sodium hydride (2.76 g, 4.4 equivalents), diethyl carbonate (7.42 g,

equi val ents) arixedtindrblorpethare (iS50 ml)4a@h@ﬁW€ﬁ§ Js hegind umder pfbaor 225
recrystallized fromethyl acetate-ether to give ethyl

2- [ 6- cyano- 1, 1-Hoyr@withet teflukrdppetadoyd proediedxyith Bead-Stark dehydrating device.

oxo0-1, 2,3,5-tetrahydro-7-indolidinyl] acetate (3.71 g) as colorless

needl es. Yi el drheb@%etinmixtdi2 ds 1r29ed 8n My eime2fiBtned @s H&criNud i Refredde: 2220,
1745, 1660, 1605 Ms (m(z): 375 (M+) NWR (300MHz, CDCl1l3, S): 0.83 (3H, t,

J=7.5Hz), 0.91 K3Hhp1t 1- (\ifgn(ﬂééﬂystalhz?e@ freihlmetBanol ®/ gi9i8)cyado-29medivil-111-

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 2
(2H q? 32 ((gg %1% ﬂn%}le%é)&lgrﬁfg(%bkoﬁ 12,3 4-td@alydibindolidind (B 57 ¥ a8

2- [ 6- cyano- 1 1 c%?or?esg'hééd"éfs'.t ri met hyl enedi oxy) - . 5- oxo-

Yield: 70%
m.p.: 197-198°C
IR (Nujol, em-1): 2219, 1655, 1610

10 MS (m/z): 303 (MH+)

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

q, J=7.5Hz), 1.78 (2H, g, J=7.5Hz), 2.49 (3H, s), 2.52 (2H, t, J=7THz), 3.64 (2H, d,
J=11Hz), 3.78 (2H, d, J=11Hz), 4.14 (2H, t, J=7Hz), 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)-5-0x0-1,2,3 ,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 0x0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (3.71 g) as colorless needles.
Yield: 63%

m.p.: 127-129°C



1,2,3,5-tetrahydro-7-indolidinyl]acetate (3.52 g) is added to a suspension
of '"a 60%oily dispersion of sodiumhydride (451 ng, 1.2 equivalent) in
dry tetra 10 hydrofuran (60 m), and the m xture is treated at room
tenperature for 3 hours. To the reaction mxture is added br §Mash(20085 g,
1.3 equivalent), and the mxture is stirreggat roomtenperature for 3
hours, and the reaction mxture is treated in the sane manner as descri bed
in Reference Exanple 1-(3) and recrystallized fromethyl acetate-ether to
gi ve ethyl 2-bronp-2-[6-cyano-1,1 15

(2, 2-di et hyl t ri iR(Nyjobradi)02930,37d50t6502]&)55- t et r ahydr o- 7-i ndol i di nyl ] acet a
te (2.45 g) as colorless needles. Yield: 58% mp.: 106-108C IR (Nujol,

1): 2220, 17 L 20 MB (mz): 455 (MH+) NMR (300MHz, CDC13,
g;n )0.83 (3H, t@@ég%]f%ﬁﬁgz (3H, E \Z]):7.5Hz),( 1.)26 (2H,( q, J=7.5Hz),

1.32 (3H, t, J=¢ , 73 ( CNCTA R L :Eﬁ 3.6
Mar ch 2006 60 (ME (@Mﬁiz‘iﬁﬂz’ §?-%32373(@%?" Jd?-ﬁ@%@) (,3&*3.@%?; Zh,l-%%nggzz
and 12Hz), 3.80 (1 H, dd, J=2 and 12Hz), 4.16 (2H, m, 4.25-4.35 (2H, m,
5.61 (1H, s), 6q857(5H, 1.8 GIRef Brefide), EXarpieq, 3I=B0Hzu . 33y@HoxiJe@HEL 3. 6 Q)
is dissolved in water (300 m), and therein 55 is suspended
(3R) -1, 2,53, 4- t es vy &)-121 2N 8i7TqbHNeclan BHExY Bi7o (@Hi ¢, 436.(QHg) JeTHk), 4her et o
i s added tetrahydrofuran (120 m). To the resulting solution is added 4-

(2H, q, J=7THz), 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 needles.

Yield: 58%

m.p.: 106-108°C

IR (Nujol, cm1): 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=7Hz), 1.73 (2H, q, J=7.5Hz), 2.52 (2H, t, J=7THz), 3.61



bi phenyl yl sul fonyl chloride (42.9 g), and the mxture is stirred at room
tenperature for one hour. The reaction mxture 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 Matdh 20@6er
and an aqueous saturated saline solution, ¢p ed over sodium sulfate and
then treated with active carbon. Undi ssolved materials are filtered off
fromthe extract, and the solvent is distilled off under reduced pressure.

The residue is recrystall.i dfr m et hyl t at e- ne_t
(3R) - N- (4- bi pheﬁ&lﬂﬁ/%ﬁ% )521}13,%3&13%%%;-&?&?}3»@%5 dl?H% 580 (1H, dd,
i soqw nol i necar boxylic acid é 6.5 g) as colorless crystals. Yield: 55%
mp.: 195-202C [=} ambb2Hz)g4.d0 (3m), 685-4BhedHhynk 6:04dmld®) OBR(IMWPol , cmi):
3300, 2924, 1743, 1456 20 M5 (mlz): 394 (MH) NWR (300MHz, CDC13, b):
3.10-3.15 (2H, m, 4.48R¢ferdncd Exampk $Hz), 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, 8 March
2006 61 7.56-7.69 (4H, S9dium.lB33draki&B(132rE) in)dissBivkdienacrE@imilE add therein
(3R) -1, 2, 3, 4- Tetrahydr o- 3-i soqui nol i necar boxyli,c acid (5.32 g) and sodi um
hydr oxi de& ( 2. 40isguspéRiedddRY 11203,a-t8fratydi® 3aboquhdliHee adoghlio atidg3 M@t Hrand5S
(200 i - 200 nl), and thereto is added dropw se a solution of
4-ni trophenyl - thereto is added tetrahydrofuran (120 ml). To the resulting solution is added 4-
biphenylylsulfonyl chloride (42.9 g), and the mixture 1s 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

[o] D29: +8.02° (c=1.08, dimethylformamide)
IR (Nujol, cm-1): 3300, 2924, 1743, 1456
20 MS (m/z): 394 (MH*)
NMR (300MHz, CDClg, §): 3.10-3.15 (2H, m), 4.48 (1H, d, J=15.6Hz), 4.67 (1H, 4,

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),




sul fonyl chloride (6.62 g) in nethylene chloride (100 m) under ice cooling
over a period of 30 mnutes. The mxture is stirred under ice cooling for
3 hours, and thereto are further added sodi um hydroxide (1.20 g) and a
solution of 4-nitro- phenylsulfonyl chloride (3.32 g) in netgWerd 30okori de
(60 M) in this order. The 10 m xture is stj;,rred under ice cooling for 2
hours, and further stirred at room tenperature for 17 hours, and the
reaction mxture is diluted with chloroform and 10% hydrochloric acid. The
chloroformlayer is collected and washed with water and then with an
agueous sat ur at 8b6sab? (i sm), it §BR.88d2Hem) over sodi um sul fate and then
treated with active carbon. Undissolved materials are filtered 15 off from

the chloroformlayer, aRefetdiveFaplé 4is distilled off under reduced
pressure. The residue is purified with a silica gel colum chromatography

(el uent, chloroform a chsmwr tb-BLigsRueid e cAB8% AL EAEXRBE o lve
(3R) - N-(4 ni trophenyl gﬁF?ony é113@4 ttal'tg{qahydrg% i s%iquéli noiél necg?%%xyl iC

acid (4.01 g I tal I °
1572 (c=0. 5, exhanalD Féﬁﬁﬁﬁfﬁwﬁ R Fegidd Y e end AT e

2006 02 1 (gl A1, R W K18y
5.7Hz), 7.04-7. 29fo l_'chln}ﬁe 16%8 g§ m fneﬂiy]enc 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] p25: +27.2° (c=0.5, ethanol)

IR (Nujol, cm1): 3316, 1743, 1531, 1169




J=9.0Hz), 8.20 (2H, d, J=9.0Hz) 5 Reference Exanple 5 To a suspension of
ethyl 2-[6-cyano-1, 1-(2,2-dinmethyltrinmethylene- dioxy-5 -oxo- 1,
2,3,5-tetrahydro-7-indolidinyl] acetate (43.41 g) in tetrahydro- furan (600
m) is added triethylam ne (13.94 g) under argon atnosphere gtMaks 20m6d
thereto is further added dropw se trinethylgsilyl chloride (14.41 g) at -4
to 10 3C over a period of 5 mnutes. The mxture is stirred at the sane
tenperature for 55 mnutes and thereto is added dropw sd a suspensi on of
N-chloro- succinimde (17.00 g) in tetrahydrofuran (400 m) at -4 to 4C
over a period oMY (mm)Bfiled-HFfhe reaction mxture is further stirred at a
tenperature of 0C to 4C for 4.5 hours, and thereto added water (1 liter)

at 0C, and the mMRYSENIFIZIEDEX] s)a9t1%d3 mtm%ﬁxuoqmt atie1sfibpaentaach, is
washed, dried, treated with active carbon, 'tered and then di stlll’ed to

renove the sol vent dpe i om. e

acet at e- isoprop?ﬁlsﬁz;gefo Zﬁg’ J'éfﬂﬁﬁ%%%b @A’Zfzﬁ&f{ ’}Eé((zH d,

cyano- 1, 1- (2, 2-di met hyl t ri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-t et rahydro-7-

i ndol i di nyl ] ac&%@ng§@02(§}lg)i 59 @3bri ess needles. 20 Yield: 84% m p.:
153-155C IR (Nujol, cm1): 2227, 1749, 1662, 1615, 1541, 1311, 1241, 1202,
1179, 1161, 8 March 200%fe@ntakgampbek, 967, 835, 715  APCINMS (mz): 381

and 383 (M)
To a suspension of ethyl 2-[6-cyano-1,1-(2,2-dimethyltrimethylene-

dioxy-5-ox0-1,2,3,5-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 dropwisé 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 watér (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 ethyl acetate-isopropyl ether to give ethyl 2-chloro-2-[6-
cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-
indolidinyljacetate (40.28 g) as colorless needles.

20 Yield: 84%
m.p.: 153-155°C

IR (Nujol, emr-1): 2227, 1749, 1662, 1615, 1541, 1311, 1241, 1202, 1179, 1161,



NVR (300MHz, CDC13, 8): 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 Exanple 6 (1) 3-Am nopropanol
(6.0 g) is dissolved in nethylene chloride (50 m) and ther&Maich 286ded
dropwi se di-t-butyl dicarbonate (18.3 g) wggh stirring under ice cooling.
The m xture is 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 give t - but oxycar bonyl am nopropanol (13.98 g) as

col orless oil. ‘é?gd05§99€§79/c835?7( INeat), vmax cm1: 3380, 1790 15 M (nfz):
176 (MrH+) NWR (300N+E CDC13, 6):1.45 (9H, s), 1.62-1.72 (2H, m, 3.0 (1H,
brs.), 3.29 (2HWpCIMS @=k2381amd BBZMHS. 66 (2H, dd, J=12Hz and 6Hz), 4.80
(1H, brs) (2) 3-t-Butoxycarbonyl am nopropanol (10.0 g) is dissolved in

met hyl ene chl O:: %g%@?m)cmg Bﬁ@rggt(%ag)% agdnd Hrief el am—ﬁqmﬁ- $620)

and 20 tosyl 16. 3 h stirring undef ice cooling

m xture is stirred at roaom tenperature qv xture is
concentrated an#>® k&l mbéiQih%ngé‘ﬂa‘,irgé6113e‘§5ﬁ¥9£&>e;@§r41ﬁ&§ )ag]@ (géﬁ)’t he
organic | ayer is se{)ar ated, 8 March 2006 64 washed with an aqueous

saturat ed sal i ne7é6ldt9)on, dried over sodium sul fate,

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), v, cm-1: 3380, 1790

15 MS (m/z): 176 (M+H*)
NMR (300MHz, CDCls, 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,



and then distilled off the solvent. The residue is purified with a silica
gel colum chromat ography to give 3-t-butoxycarbonyl am nopropyl tosylate
(15.37 g) as pale yellowoil. 5 Yield: 82% IR (Neat), vmax cm 1: 3400,
3340, 1700, 1600 M5 (m z): 352 (M+Na-E-) NWVR (300MHz, CDC13, 8arch 2006( 9H,
s), 1.78-1.90 (2H, m, 2.45 (3H, s), 3.11-F22 (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- Hydr oxy- 2- ni t robenzal dehyde (6.0 g) is dissolved in dry tetrahyrofuran
(90 M) and thereto i s added dropw se vjny|l magnesi umbromde (2.3

equi val ents) wi tashed prfhnap agueopgsaturatgbsaliagyeluaions &k ovaisodiva sulénie,
mxture 1is raised gradually. After conpletion of the reaction, 1IN HO is
added to the 15 anéaudn distilhidxoffitle, schvantt Rbe mésxdugrie pibfied withct slicagdl lvobtny |
acetate, and the organic |layer is separated, washed with an aqueous
saturat ed sal i nehsohatbgphy do igedt dv-dutoxyodibonykuliharepylatodylateefl SH7sg) 49 ed
off the solvent. The residue is purified with a silica gel colum
chronat ogr aphy balegie¥lewloi(.5' - hydr oxy-2' - ni trophenyl ) -2- propen-1-ol (5.09
g) as yellow sh brown powders. 20 Yield: 73% mp.: 126-130C IR (Nujol),
vmex cm 13 3440yidig092%5 8 March 2006

IR (Neat), vy, cml: 3400, 3340, 1700, 1600

MS (m/z): 352 (M+Nat)
NMR (300MHz, CDCls, §): 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-Z—mtr'obenzaldeh);de (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, 1N 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-ol (5.09 g) as yellowish brown powders.
20 Yield: 73%
m.p.: 126-130°C

IR (Nujol), V. cm-1: 3440, 1600



M5 (mz): 195 (M+) NMR (300MHz, CDC13, S): 2.4 (1H, br), 5.19 (1H, dd,
J=10.5Hz and 1.5Hz), 5.38 (1H, dd, J=17Hz and 1.5Hz), 5.89 (IH m, 6.08
(1H, ddd, J=17Hz, 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) 8 March 2006
1-(5' - Hydroxy-2'-nitrophenyl)-2-propen-1-olg$2.0 g) is dissolved in dry

di met hyl fbrmam de (100 m) and thereto are added sodiumiodide (1

equi val ent) and pot assi um carbonate and 3-t-but oxycarbonyl am nopr opyl
tosylate (1.5 equivalent). The m xture is stirred at 50C for 6 hours, and

thereto 10 i s add8dménhid5 @detate. The mixture is washed with an aqueous
saturated saline solution, dried over sodiumsulfate. After distilling off

the solvent, theV@si3d0RHZ COTIL,i%HI 24 (VHHY),S. B LI @dgRi1 05U AR 1.5Hz), 5.38
chromat ography to give 1-[5 -(3"-t-butoxy-

EEL&E”VLZT;ESFT??@ kit il | RRORR g BOCRBR it P du o dhe e
: 375 (MrNat , - 1. .96-2.06_(2H, m,
S50 (10 b oy bt ol A Eprbdion ad e Tl PR u, be o)
5.24 (1H, dd, J=10.5Hz and 20 1.5Hz), 5.42 (1H, dd, J=17Hz and 1.5Hz),
5.92 (1H,5d, J=81¥)(1Hsbs8 (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) 8 March 2006
(4) 1-(5’-Hydroxy-2’-nitrophenyl)-2-propen-1-ol (2.0 g) is dissolved

in dry dimethylformamide (100 ml) and thereto are added sodium iodide (1
equivalent) and potassium carbonate and 3-t-butoxycarbonylaminopropyl
tosylate (1.5 equivalent). The mixture is stirred at 50°C for 6 hours, and thereto

10 is added ethyl acetate. The mixture is washed with an aqueous saturated saline
solution, dried over sodium sulfate. After distilling off the solvent, the residue is
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), vy, cml: 3400, 1690, 1680

MS (m/z): 375 (M+Na*)

NMR (300MHz, CDCls, 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)




66 (5) 1-(5'-(3"-t-butoxycarbonyl am nopropyl oxy)-2'-nitrophenyl)-2-
propen-1-ol (9.66 g) is dissolved in chloroform (300 mM) and thereto is
added activated manganese dioxide (7.2 g), and the m xture is heated with
reflux. After conpletion of the reaction, inorganic materialBMarch Z(06t er ed
off with celite, 5 and the filtrate is conggntrated, and thereto is added
ethyl acetate. The organic |ayer is separated, washed with an aqueous
saturated saline solution, dried over sodiumsulfate. After di stilling off
the solvent, the residue is purified with a silica gel col

chr omat ogr aphy to give ®[&G(£¥ “E‘bBWQV@QFﬂéWm%PMQKEp% mUOPhen}’l) -2-
oxy) 2' -nitrophenyl]-2-propen-1-one (6.01 g) as yellow color crystal. 10
mp.: 65-71 C piagled:1- %%Gﬁ%xmsplvedmzhbmfmmﬁ@bml)lémﬁh&@tq wiadied 351
(NHH+) NVR (300MHz, CDC13, S): 1.44 (9H, s), 1.98-2.18 (2H, m, 3.28-3.37
(2H, gq, 15 J=6a&hmyed maﬁ&msdéio@me, (79 g)An&?he(mixtuﬂaris)matﬁd &Bth(fbﬂuxd,
J=17.5Hz), 6.02 (1H, d, J=10.5Hz), 6.62 (1H, dd, J=17.5Hz and 10.5Hz),
6.82 (1H, d, J=3ke} compRBoh bthe dactiohsBidzgaicimatdzinls a8e filtededdff WithdsRidz) ( 6)
1-[5 -(3"-t-butoxycarbonyl am nopropyl oxy)-2' -ni trophenyl)-2- propen-|-one
(325 ) 5 s di sged uRilkMAtetstanedntfald, Bhd taietotibai@idethyl adted TAYwr2Bic

pal | adi um carbon (40 ng), and the mxture is stirred under hydr ogen
at nosphere for {, érﬁ%garaéht QlasheNPMh R atqn@o&astaaira(@a saynefgdmﬁ&ﬁ laPiRd olvBe

filtrate is conc ntrat and purified with a silica gel colum
chromat ogr aphy §0Qlu§h\§ﬁlf;te.[ ‘l}-l\fteg'%lstltlhxlfg‘%ﬂ)ﬁile solvent, the residue is purified with a silica
gel column chromatography to give 1-[5°-(3”-t-butoxycarbonylaminopropy!-
oxy)-2’-nitrophenyl}-2-propen-1-one (6.01 g) as yellow color crystal.
10 m.p.: 65-71°C
Yield: 63%

IR (Neat), v,,x cm-1: 3350, 1700

MS (m/z): 351 (M+H*)
NMR (300MHz, CDCl3, &): 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, d,
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=0Hz)
(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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ng) as yellow powders. mp.: 112-115C Yield: 83%5 IR (Nujol), vn ax
cm1: 3450, 3400, 3340, 1700, 1650 M5 (mlz): 323 (MtH+) NWR (300MHz, CDC13,
S): 1.21 (3H, t, J=7Hz), 1.45 (9H, s), 1.90-2.01 (2H, m, 28%¥akchi200q,
J=7.5Hz), 3.33 (2H, q, J=6.5Hz), 3.97 (2H, ¢, J=6.5Hz), 4.48 (114, 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) 8 March 2006 68 WHAT IS CLAIMED IS 1. A

ni trogen-containing fused heteroc clic.carboxylic acid having an absolute
configuration ofcarbwny&ﬁmmﬁerquimfgd’{amus@phqay Iprapapdcbhe(2d8nwngy es mellows a
substituted or unsubstituted aryl sul fonyl group or an al kyl sul fonyl group,
and n is 0 or 1lpowdess.salt thereof.

m.p.: 112-115°C
Yield: 83%

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

MS (m/z): 323 (M+H+)

NMR (300MHz, CDCls, 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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WHAT IS CLAIMED IS:

1. A nitrogen-containing fused heterocyclic carboxylic acid having

an absolute configuration of “R” of the formula [XIX]:
é\\\COOH
R| [ XIX]
_N—Y
(CHQ)n

wherein Y is a substituted or unsubstituted arylsulfonyl group or an alkyl-

sulfonyl group, and n is 0 or 1, or a salt thereof.



