10 May 2006 1 S TYPE 2- SUBSTI TUTED HYDROXY- 2- 1 NDCLI DI NYLBUTYRI C ESTER
COVPOUNDS AND PROCESS FOR PREPARATI ON THERECF FI ELD OF I NVENTION 5 This
invention relates to an S type 2-substituted hydroxy-2- indﬁgjgkg&bgytyric
ester conpound and a process for the preparation thereof. re
particularly, it relates to an S type 2-substituted hydroxy-.2-indolidinyl -
butyric ester conpound which is useful as &n internmediate for preparing
canpt ot heci n derivatives having antitunor activities and a process for
preparing 10 said conpound in high yield and in high stereoselectivity.

PRI OR ART There iSTmEmsaBsmmDMDMMQMOL@mﬁB% gég%i ves
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havi ng anti tunor act COMPESNDS ENERkeeRrdS FOrerREPRR AGGH '
EP-A- 296597, JP-A-6-87746, WD 90/ 03169, EP-A-418099). whererh It has been

15 investigated to find processes for preparing S type

4- hydr oxypyr anogpg el betirkeenegapounds of the formula [VIII] which are
inportant as an internediate: [VIII] 20 Besides, it is reported, for

[ez(%;n-):\l-ei ofgsSI E gr QI ifgggffh%@?%ﬁ%ﬁe%f%&% 3I/)rS| gpgs%—seurbsg%lﬁ%io@ﬁjdoﬁf"z’t he formul a
[1: 10 May 20.06indolidinylbutyric; 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 know 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 [VII] which are important as an intermediate:
S [VIOI]
o > O
HO "CH,CH,4
20

Besides, it is reported, for example, in EP-A-220601 that an S type 2-

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




2 JICN COOCH2CH3 -O-~CHCH3 [ XXI  CO 5 10 0 OOCH2CH3 [XX] and reacting
the resultant with an (R)-N-tosylproline and further ethylating at 2-
position of the reaction product, and further that a canptotnfﬁhn2006
derivative is prepared fromsaid conpound via an S type Y

4- hydr oxypyr anoi ndol i di ne 15 conpound [VII1]. However, according to this
process, the desired S type 2-[(R)-N tosyl prol yl oxy]-2-indolidinylbutyric
ester compound [XXI] is nerely obtained iA an anpunt of 2.6-4.6 tines

| arger (44-64%d.e.) than that of a diastereoner having an absolute
configuration of "R' at 2-position which is sinultaneously 20 prepared, and
the S type conpound is isolatedytherefromin a further lower yield, only
56% by a fractional recrystalljjzati,on [cf. O ganic Synthetic Chem stry,

vol. 49, No. 11, pp. 1013
®

[ XX1]

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

compound of the formula [XX]:
CN
10 i/ § 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
13 compound [VIII].

However, according to this process, the desired S type 2-[(R)-N-
tosylproly]oxy]-2-inciolidiny1butyric 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



BRI EF SUMVARY OF THE | NVENTI ON N-Ts may be prepared by brom nating at
2-position of a 2-indolidinylacetic ester conpound of the formula [ XX]: 10
May 2006 3 5 This invention provides an S type 2-substituted &gpr?@M-Z-

i ndol i di nyl butyric ester conpound useful as an internediate %o aﬁ pgring
canptot hecin derivatives in a high yield and in a high stereoselectivity.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON According to this invention, the
desired S type 2-substituted hydroxy-2-indblidinylbutyric ester conpound
of the formula [Il1]: . CN 10 R1 can be prepared by reacting a

2- hal 0- 2-indolidinylacetic ester conpound of the fornula [IIl]: I S COOE O

Rev ROO | CHZCH3 CN 15 RiThis invention provides an S type 2-substituted hydroxy-2-
indolidinylbutyric ester compound useful as an intermediate for preparing
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
g 2
10 0

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

formula [IIT]:

[II]

R2
wherein X is a halogen atom, R! and R2 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 ReOH vl
wherein RO is a residue of a nitrogen-containing fused heterocyclic carboxylic

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



20 1-O0 RZ X wherein X is a halogen atom Rl and R2 are a | ower al kyl

group, and Eis an ester residue, with an R type nitrogen-containing fused
het erocyclic carboxylic acid conmpound of the formula [IV]: [é }ﬂs
wherein Ro is a residue of a nitrogen-containing fused het erﬁi@gﬁyi é)
carboxylic acid having an absolute configuration of "R' which is obtained
by renoving COCE [ Il ] 10 May 2006 4 hydrpxy group fromthe carboxyl
group of said carboxylic acid conpound (in which the nitrogen atom
contained in the residue is protected) or a salt thereof to give a

2-substituted hydroxy-2--indolidin tic ester, conmpound of the fornula
[11: R [I] \/\herféidﬁoﬂ'n%mg?%m the gk Oéé{ a@f‘li’r? aalébféxngyla%amfiwemp@uhq/|0au ng
2-position of the 10 resultant conpound [|]. The process of this invention

i s characteri sti%hich hapifrogeratoms lethltnetBe TeH{FHe dx projecias or iagiahythereef i ¢

ester conpound [I] .is stericall % bul ky_ at_the acetal
to'give a 2-substituted hydroxy=- 2 -indolidinylacetic ester compound of the

formula [I]:

CN
| [1]

Rl \41/ 2 COQE
© R°O

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 heterocyciic 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
[I1] 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 [1] is a 4-nitrophenylsulfonyl group or a 4-bipheny! sulfonyl group,
the desired compound is obtained in ﬁuch 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.



noi ety and has a sterically bul ky 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 stereoigaictivity at
2-position, and thereby the desired S type 2-substituted ay 2006

hydr oxy- 2-i ndol i di nyl butyric ester conmpound [IIl] is obtained in a high
selectivity such as 9 tines or nore higher (80%d.e. or nore) than the

di astereonmer having an absol ute configuratifon of "R' at 2- position.
Particularly, when the group "Y" in the substituent ROin the 20 conpound
[1] is a 4-nitrophenyl sul fonyl group or a 4-biphenyl sulfonyl group, the
desired conpound is obt@hnBdypenifogén-homthiningsfusedhaetoesdlicvidiyo0fic2Qid i mes
(90% d.e.) or 15.2 tinmes (88%d.e.) higher, respectively and in nmuch higher
i sol ation yiel dcofnpsbfd V] 76%is inespént meadsya cafipdiay hadiRe ScafbeyRotompe

ni trogen-contai ning fused heterocyclic carboxylic acid conpound || in
this invention means t@a aprpenachthmindifisad batehexylic g9 e nhesd 4:oma

ni trogen-containing fused heterocyclic ring (the nitrogen atom contained

in said conpoundohtiret @t et edhpoantlistjietec@iRend @ OfABHIAI b Sdhd VEh Te
car boxyl group has an absol ute configuration of "R', and the nitrogen-

contai ni ng fusedaekr @6y hacar Alglitd cbrfi@sagoenzZreNenk e ditfidkroaen-
cont ai ning heterocyclic ring, for exanple, a tetrahydroisoquinoline ring, a

tetra- hydroqui Behthiénd fubg hlerdbIRIAQInRDIden 8 behRt@e-f¥edafrbadR! i ne ring.
Sui tabl e exanpl e of the nitrogen-containing fused heterocyclic 10
carboxyl i ¢ aci dceRupaigttidiassicRgriag, Rbsedmitle, £enbhEubasddRoltfe (ifY, akdrf
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]:

SCOOH
R [XIX]
N
(CHSn

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



conpound of the formula [XIX]: [XIX] 15 wherein nis Oor 1, end Yis a
substituted or unsubstituted arylsul fonyl group or a |ower alkyl sulfonyl
group. The above conpound [XI X] wherein n is 1 neans an N_Sﬁgihh%H%gﬁ-

1, 2, 3,4-tetrahydro-3-yl qui nol i necarboxylic acid, and the co X]
wherein n is 0 neans an N-substituted 2-indolinecarboxylic acid. The 20
substituent "Y' on the nitrogen atom of the above conmpound [ Xl X] includes a
phenyl sul f onyl , napht hyl sul fonyl or biphen@lylsulfonyl group (which may
optionally be substituted by a menber selected froma nitro group, a | ower
al kyl group, a | ower al koxy group, a cycloal kyl group, a hal ogen atom or
a thienyl 10 May:20060b Bet plkylsaiforylIgeme, fal deynpl, f hylylQIBHPL orhb, a
exanpl e, a phenyl sul fonyl group, a tosyl group, a

2,4,6-trinethyl Pg}'&l'fbl,fiQWé-trﬁﬁ@tﬂth@nﬂsmﬂfdn@lD@ﬁfb@Pyd sldpRYhylsdfQNp, a

4- chl or ophenyl sul fonyl group, a 4-nethoxyphenyl sul fbnyl group, a 4-

cycl ohexyl phenylosdilf <amy&hlgfo@ﬂ@aﬂ@llfbnyﬁgrbh%,emirﬂab@msh&wlg‘u%nyl ;&roQPPa 48 2 5
napht hyl sul fonyl" group, a 4-bi phenyl yl sul fonyl group, a nethyl sul fonyl

group, and an &H%&Hﬁvé]&ﬂyisugbﬂq%mﬂ@ﬂg(}ﬂ@e YenylRABhLEr &180p coMPOUNnds

are a conpound [ erein the substituent ' on the nitrogen atomis a
tosyl group, a EWEM)@@%H ORYLbiBK NPyl Bf Ry P gBub/ 4 Hi(aﬁh{yﬁ&ﬂf@ﬁﬁn%b%{' f onyl
group, a 4-biphe yl'sul fonyl 10 group, or a 4-nitrophenyl sul fonyl g¢roup

and n is 1, and,g; GRURRMAhA foup.

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-
nitrophenylsulfony! group and n is 1.

15 The R1 and R2 are a lower alkyl group, such as a methyl group, an
ethyl group, a propylhgroup, 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 R?
being a methyl group, X being a chlorine atom or a bromine atom, and E being a

methyl group or an ethyl group.



wherein the substituent "Y' on the nitrogen atomis a tosyl group and n is
0. Particularly preferred conpounds are a conpound [ XI X] wherein the

substituent "Y' on the nitrogen atomis a 4-biphenylylsulfonibggrga@ or a
4- nitrophenyl sul fonyl group and nis 1. 15 The Rl and R2 ar PP al kyl
group, such as a nethyl group, an ethyl group, a propyl group, an

i sopropyl group, an n-butyl group, an isobutyl group; X is a halogen atom
such as chlorine, brom ne, iodine. The E ifficl udes any conventional ester
resi dues, for exanple |ower alkyl groups such as a nethyl group, an ethyl
group, a propyl group, an isopropyl group, an n-butyl 20 group, or an

i sobutyl group. Among tHgmM..pE&! @QQE%M-QQ%@EIEJ&H@?%%O% bogllngﬁgﬁhnet hyl

group, X being a chlorine atomor a brom ne atom™ an yl

3 Rl o 2- [ ndol | AP ar P ea R LR R ARF- G0 bR e
Cal t thereof |5 CRappTEERR) PP SRR PR Bk G e R (ype”
'ncl udes an al kal | et a0 S0 B PRERhROtkIN T REARERTEIEY an
Feaction o1 t he OoRs I oy fpc TOPNREA A AOERHT eddsomit  ne
(YP D11 oSen conBLAR, LRSS RO PR o AL SO (1
The reaction of the 2-halo-2-indolidinylacetic ester compound [III]
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[5.4.0]undeca-7-ene.

The solvent used in tile 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-



10 absence of an acid scavenger. Suitable exanples of the acid scavenger
are inorganic bases, such as an alkali netal hydride (e.g. lithium

hydri de, sodium hydride, potassium hydride), an alkali netal ﬁpiiﬁ ée.g.
l'ithiumam de, sodium am de, potassium am de), an al kali met &My 2088 nat e
(e.g. sodium carbonate, potassium carbonate), an al kali metal hydrogen
carbonate (e.g. sodium 15 hydrogen carbonate, potassium hydrogen
carbonate), an alkali mnetal hydroxide (e.é. sodi um hydr oxi de, potassi um
hydr oxi de, |ithium hydroxide), and organic bases, such as an al kali netal
al koxi de (e.g. sodium ethoxide, potassiumtert- butoxide), an alkali netal
al kyl am de (e. ghydrofiiatidigeihybghapdicande)The aedetibmlskyshallyadirned b 4 a
triethylamne, trimethylamne), an N,N-dialkylaniline (e.g. N, N 20

di met hyl ani | i nejempkr&nf @Zadh ¢§ ¢ 004°E, Srdfrabigeean 30 engo°CThe sol vent used in
t he reaction includes any conventional solvent which does not affect on

the reaction, and suit aeesuBXyuphtes cditatian oﬁﬁhd@-shwmtw@?&@i&-ie- g.
di met hyl f or mar ni de, di met hyl acetam de), an ether solvent (e.g. tetra 10 My

2006 8 hydr of ur groelidinyRESYd es@érf&@ﬁmfpoﬁiﬁcpmlﬁ@arxie-ﬁ%t HEAGH 1B Jobveh® UdhkY
carried out at a tenperature of from20 to 100C, preferably from50 to

70C. The gubse Mncl-ofbRvkAt dcaver@br.t he 2-substituted hydroxy- 2-

i ndolidinyl acetic ester conpound [I] is carried out in a suitable solvent
in the 5 presence of afhe2giyihiHeAEMAS brefdhBly@hltyl Atk (‘é%@@ihfyﬁ sduef erably

an ethyl halide (e.g. ethyl iodide, ethyl brom de), nore preferably ethyl
i odide. The acighJGa¥RRES mbR fréterabB/®hyl 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 acici 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, dﬁethylacetanﬁde), 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 [IT] in a crude form thus obtained can easily
be purified by recrystallization to give a highly purifif:d compound [II].
The S type 2-substituted hydroxy-2-indolidinylbutyric ester

compound [1I] thus obtained is subjected to a catalytic reduction to reduce the



agents as nentioned above for the reaction of the

2- hal 0- 2-i ndol i di nyl acetic ester conpound [III] and the R type

ni trogen-containing fused heterocyclic 10 carboxylic acid conﬁound V] or
a salt thereof, and particularly preferablg9 agent is sodi um QHWi 5 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. dinethylfor nige, di met hyl acet am de), a sul f oxi de sol vent
(e.g. 15 di met hyatR BedPdasicohpneiieasubisrigd ie alkaneylatiet toagiydnofliypa 2-

di oxane, dinethyl ether), an aromatic hydrocarbon solvent (e.g. tol uene,
xyl ene, benzene,SUEW%‘FQ-hygé?%‘ie%éé‘,SUWF“L&C%?WWth}fimdebdinyahdtypiaretsﬂeeuI arly
preferable solvent is a m xture_ of dinethylacetam de and tol uene. The
reaction i s usu&Pmpoend ¢f e famulatVia tenperature of from-10 to 50C
particularly preferably at a roomtenperature. 20 The desired conpound
[Il1] in a crude formthus obtained can easily be purified by
recrystallization to give a highly pgrified conmpound [I1]. The S type
2-substituted hydroxy-2-indol i dirnyl Mypggi er conpound [I1] thus
obtained is subjected to a | ytic rgduction to reduce bqe 9 10 May 2006
cyano group thereof andglhen subjec X noyl ati on {o give an S type
2- substituted hydroxy-2-(o~suBstitut z y Rgpet hyl i ndol i di nyl) butyric
ester conpound of the forrRala [V]: 0 5 %@5 3

wherein R3 is a lower alkanoyl group, and other symbols are as defined above,

and the resultant is subjected to nitrosation reaction and rearrangement to give
o

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 [VI] is then
subjected to an intramolecular cyclization reaction, and thereafter or at the same
time as the cyclization reaction, the acetal group thereof is converted into a

ketone group to give an S type 4-substituted hydroxypyranoindolidine

20 compound of the formula [VII]:



NHR3 N H LJIJCOOE R~~C R2 ROt H2CH3 [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 anzg %ype
2-substituted hydroxy-2-(6-substituted hydroxynethylindolidi HyMa 2800 yri

ester conpound

yric
of the formula [MI]: O rN~ ~OR3 COCE 15 ~S~ | R ~b R2 ROO

~CH2CH3 [VI] wherein the synbols are as defg ned above. The conpound [VI] is
then subjected to an intranolecular 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
hydr oxypyr anoi ndol i di ne 20 conpgund of the forrmula [VII]:

10

[VII]

wherein the symbol is as defined above.

The above compound [VII] is subjected to Friedlaender reaction
together with an o-acylaniline compound of the formula [XIV]:

R® R?

R7
© [XIV]

R NH,
R9

wherein the groups RS - R? 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]:

[XV]

wherein the symbols are as defined above,

and the compound [XV] is subjected to removal of R° group and further, when

the groups R3 - RI 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]:



10 May 2006 10 O 11 -0 RO7 ' CH2CH3 wherein the synbol is as defined above.
[VIIT 5 The above conpound [VII] is subjected to Friedl aender reaction
together with an o-acylaniline conpound of the formula [XI V]; é? %rein
the groups R5 - RO are each a hydrogen atomor a substituentl$ fﬁg% 6
optionally protected, in a conventional manner to give a canptothecin
conpound having a substituent on the 20-hyidroxy group of the formula [ XV]:
15 [ XV] wherein the synbols are as defined 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, and further
optionally to conversion intgsa galt theseof to give a canptothecin
conpound of the fornula_[XVI]:

R91 are each a hydrogenRabten

[XVI]
RO HO CH,CH,
5 wherein the groups R3! - 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{/ S, 0
RO CH,CH,

R2

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
hydroxyrnethylindolidinyl)butyr-ic ester compound [VI] to an ester hydrolysis
to give an S type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid

compound of the formula [IX]:



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

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

hydr oxy- 2- (6-substituted hydroxymnethyl - indolidinyl)butyric ester conpound
[VI], there is produced a conpound of the 10 foliowing fornif ¥ayRPORO
~CH2CH3 R 2 15 wherein the synbols are as defined above. The canptothecin
conpound [XVI] or a salt thereof may also pe 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-substituted hydroxy-2-(6-substituted
hydroxynethylindolidinyl)butyric ester conpound [VI] to an ester hydrolysis
to give an S type 2-hydroxy-2-(6- hyoroxynethyllndolldlnyl)butyrlc aci d
conpound of the formula [IX]: y~2006-J@ R1 HO CH2CH3 R2 5 wherein the
synbol s are as defined abovep_4

; CC%glorrpound [1¥xio an
R} p
\LO - HO TH,cH,

RZ

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
S [ VII]
o] 5, O
HO CH,CHj;
or a salt thereof,
(b) subjecting the compound [VII] to Friedlaender reaction together
15 with an o-acylaniline compound [XIV] in a usual manner to give a camptothecin
compound of the formula [XVI]:
RS RS 0
R’
[XVII]
R 2o
20 R® HO "CH,CH;3

wherein the symbols are as defined above,

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

group of the groups R3 - R?, when these groups contain a protecting group, and



i ntramol ecul ar cyclization reaction and thereafter or sinultaneously 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-hydroxypyranoi ndol i di ne conpound of thel@ Maxm2086
[MIT1]: 10 [MI1} or a salt thereof, (b) subjecting the conmpound [VIII] to
Fri edl aender reaction together 1.5 witH3an o-acylaniline conmpound [XIV] in
a usual manner to give a canptothecin conpound of the fornmula [XVII]:

[ XVI1T] 0 20 k9 HO CH2CH3 wherein the synbols are as defined above, (c)

subj ecting the conmpound [XVII] to renobval of the protecting group of the
groups R5 - R&urthfien these groups contain a protecting group, and O Ni fl COH

> [ 1x] 010 May(d%%gt?on]é yfcgrrléer}gﬁg the product into a salt thereof.

Alternatively, the camptothecin compound [XVI] or a salt thereof may
be prepared by a process comprising the following steps:

(i) subjecting the S type 2-substituted hydroxy-2-(6-substituted

(W)}

hydroxymethylindolidinyl)butyric ester compound [VI] to an ester hydrolysis to

oive an S type 2-hydroxy-2—(6-hydroxymcthylindolidinyl)butyric acid
compound [IX] or a salt thereof,
(ii) 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 Xl

[X]

R! S/ 0
15 0 HO 'CH,CH;
b

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

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

formula [XI}:
R40OH x1j

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

S type 4-alkanoyloxypyranoindoiidine compound of the formula [X1I]:



(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 follow ng steps: 5 (i) subjecting the S type
2-substituted hydroxy-2-(6-substituted hydroxynethylindolidi®yayBePgric
ester conpound [VI] to an ester hydrolysis to give an S type

2- hydr oxy- 2- (6- hydr oxyi net hyl i ndol i di nyl ) bysyiic acid conpound [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 ndolidi ne conpound of the
formula [X]: O [X] 15 RL R2 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 fornmula [XI]: HOB NCH CH 2 20 wherein R4 is a | ower

al kanoyl group, or a reactiv ke thereof to gi %%I?n S type

4- al kanoyl oxypyr anoi ndol ;di ? ]:

5 wherein the symbols are as defined above,
(iv) converting the acetal group of said compound [XII] into a ketone

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

formula [XIIT]:

10
[XIII]
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
[XV1I]:
RS 5
R’
[XVII]
R® S 0
R® R*0 "CH,CH,
20 '

wherein the symbols are as definied above,

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

further to removal of the protecting group of the groups R3 - R9, when these



10 May 2006 14 RL [XI1] 5 wherein the synbols are as defined above, (ivV)
converting the acetal group of said conpound [XIl] into a ketone group to
give an S type 4-al kanoyl oxypyr anoi ndol i di ne conpound of the fornula [XM:
10 N1S 0 140 !'CH2OCH3 wherein the synbols are as defi nedl@ieye00p X |

] (v) subjecting the conmpound [,CH] to Friedl aender reaction together wth
an o-acyl aniline conmpound [XIV] in a usuali3manner to give a canptothecin

15 conpound having a substituent on the 20-hydroxy group of the formula |
XVIIlI ] 20 0 S R40 ' CH2CH3 wherein the synbols are as defined above,

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 R5 - 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~R10, 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 RS - R? combine to form a
straight chain or branched chain alkylene group having 2 to 6 carbon atoms,
15 and any one carbon atom in the alkylene group is substituted by a group of the

formula: -Qq-Alk,-R10, and the remaining three groups of the R - RY are a
hydrogen atom, a substituted or unsubstituted lower alkyl group, or a halogen

atorn,
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



(vi) subjecting the conmpound [XVIII] to renoval of the group R4 and
further to renoval of the protecting group of the groups R5 - R9, when
these 10 May 2006 15 groups contain a protecting group, and further %vii)
optionally converting the product into a salt thereof'. In theMbAk
conpounds, the groups R5 - R9 include any substituents |I|ike in known
canpt ot hecin derivatives (cf. for exanple, 10EP— A- 540099, EP-A 5 296597,
JP- A-6-228141, WO 90/03169, EP-A-418099) as well as in the canptothecin
derivatives as disclosed in European Patent Publication Nos. 757049 and
781781, for exanple, the follow ng groups: (a) the adjacent two groups
anong the R5 - Rachmbitamst whichmayoptionaldy ghintervanas b aibexrgshetbrahai n

al kyl ene group having 2 to 6 carbon atons, or 10 are both a hydrogen atom
and one of the remaini NRGE agpstedted aQipro’driopp, Rl oteated lowehalkyhitnodrotiflex
remai ni ng groups are a hydrogen atom a substituted or unsubstituted | ower

al kyl group, Org?otéﬁé@ggﬂr@tmmﬁp)ortdﬂgroaéﬂt@pwﬁroiy@mgp,oups anong the RS -

RO conmbine to forma straight chain or branched chai n al kyl ene group

having 2 to 6 carbon atlpggaq;cm@ng@iOap,yormncfpg@t;p@j@@_om in the al kyl ene
group is substituted by a group of the fornmula: -Q-A kp-RI O and the

e g e 5 oune B e 8 e M och eI o ol {1t o
protecting group, specifically the groups as defined for R3 - 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 R51 - R91 are as follows:
(i) R7!is 3-aminopropyloxy, R5! is ethyl, and R6!, R81 and R9! are
each hydrogen atom,
(ii) RS! is piperazinomethyl, R61 and R?1 are each hydrogen atom,
and R7! and R8! combine to form ethylenedioxy,
15 (iii) RS1 is aminomethyl, R7! and R8! cpmbine to form ethylenedioxy,
and R6! and R9! are each hydrogen atom,
(iv) R5!is aminomethyl, R7! and R8! combine to form
methylenedioxy, and R6! and R®! are each hydrogen atom,
(v) R6!is amino, and R51, R71, R8! and R®! are each hydrogen atom,

20 (vi) R5! and R6! combine to form amino-substituted trimethylene, R7!

is methyl, R8! is fluorine atom, and R91 is hydrogen atom,



in the above (a) and (b), one or two nethyl ene groups in the al kyl ene
group may be replaced by -0-, -S or -NH, Qis -0- or -NH, Ak is a

straight chain or branched chain al kyl ene group having 1 to 10 May 2006 16
5 10 15 20 6 carbon atons, which may optionally be intervenetOMaya®06xygen
atom R10 is a protected am no group,
protected piperazino group, or a protected;fydroxy group, p and q are both
Oor 1, or when pis 1, gis 0. The R51 - h9

RO by renmoving the protecting group, specifically the groups as defined
for R5 - RO wherein the group RLO is a group obtained by renoving the
protecting group, that &) R%end §fbegmipine thformdriamthaiinak YrioBamisopromer

al kyl am no group, a piperazino group, or a hydroxy group. Preferred
conbi nati ons Ofc&QeR@Q&M@$IB§Jamh Urakg agn fol lows: (i) R7l is

3-ami nopr opyl oxy, P51 is ethyl, an R61, R81 and R91 are each hydrogen
atom (1) RS i's piperazhngiiet Bl snBApR0g, 300 181 300 Jdbegen af om

(W1}

10

hydrogen atom.

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 [XVT]
includes a salt with an inorganic acid (e.g. hydrochloride, sulfate) or a salt with
an organic acid (e.g. oxalate, tosylate).

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

a protected | ower al kyl am no group,

a

1 are a group derived fromR5 -



and R71 and R81 conbine to form ethyl enedioxy, (iii) R51 is am nonethyl,
R71 and R81 conbine to form et hyl enedi oxy, and R61 and RO1 are each
hydrogen atom (iv) R51 is am nonmethyl, R71 and R81 combine to form

met hyl enedi oxy, and R61 and R91 are each hydrogen atom (v) ReMay208fi no,
and- R51, R71, R81 and R91 are each hydrogen atom (vi) R51 and R61
conbine to formam no-substituted trinethylgne, R7/1 is nethyl, R81 is
fluorine atom and R91 is hydrogen atom 10 May 2006 17 (vii) R51 and R61
conbine to formtrinethylene, R71 is 3-am nopropyl- oxy, R81 and R91 are
each hydrogen ato viil) R71 . is 3-am r Qpyl ox and R51, R61, R81 and
RO1 are each hﬁa%agﬁsea gnﬂeg‘ém?ﬁémga etﬁggnqyﬁ%m\% Ct\‘/‘gﬁéoceegzmasmgle step.

4- hydr oxypyr anoi ndol i di pe c.&g%gund VI

2- hydr oxy- 2- ( 6- hydr oxymet hy Oty 4@ ﬁ%rfaﬁf%f’%%%gi%tYBBr?'p%‘G’ﬁ‘éi‘_u[eld)q or S
o, R it et
or asalt with Ci‘bg“éﬁa‘BF@aﬁﬁ y %mfa?&e&%od&szM%é?l%ﬁ%ﬁ%ﬂay@)al of Metisinahbove
Bl Kanoyl cti on of PeRBTS, 15/pds 3 SHERRY LRBID o 65 ot PR momBan 1 ¢

ester conpound [II] .are ca’;\rri ed. out in. a s%tabl e . ) )
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 1;1 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),
an aromatic hydrocarbon solvent (e.g. toluene).

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

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

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



solvent. The reduction is usually carried out by using a catalyst (e.g
Raney 15 nickel) under hydrogen atnosphere at a roomtenperature to 60C
The al kanoyl ation is usually carried out by using a conventional

al kanoyl ating agent (e.g. a lower al kanoic acid, a |ower al kaNBiy@2Ohal i de,
a lower al kanoic acid anhydride) at a roomtenperature to 60C. The sol vent
to be used in these reactions includes a I®wer al kanoic acid anhydride
(e.g. acetic anhydride), a 20 |lower al kanoic acid (e.g. acetic acid), or a
m xture of them Wen a |ower al kanoic acid anhydride, a | ower al kanoic

act @, of a MXtUGodhic! BEMsh i U2B0AD), o %%]aﬁﬁg&ggfy@g%%%ﬁ'o%ggh@hey may be

used also as an a anoy ating agent, & case, the

reduction and the al kangyl ati.an Q) o‘%&&ﬁ@%g 3 36 “Q'ta%aftee‘%al e

nitrosation and rearr géﬁent of t pe “subeti f

hydr oxy- 2- ( 6- S“gég'%ﬁtﬁgeﬁgk Qqﬁﬁﬂ%ﬁhﬁggkh#ﬂg¥hﬁﬁﬂt estef83onpound [ V]

can be carried S|m I'S¢c os tRal of

Medicinal 5 Che enaﬁﬁgufébng d1§§%1%9&xa HF? htable sol vent .

The nitrosation |s c rle undér an acidic

conventional nitrosatin gent (e sodlun1n|tr|te potassiumnitrite) at
0C. The sdl vent ethyl aﬁgn%g\%{ -direthpl-§ rféaﬁ%qegﬁm?%&flﬂﬂﬁé% agincopisthylakiasei ¢ aci d
anhydride (e.g. acetic anhydride), a lower alkanoic acid (e.g. acetic
acid), or a m xflhueeoletnttihdndeskd dldvhoksiiseyent metanclantendniropaadt i on can
be carried out by heating the product obtained by the above nitrosatio' n
at a tenper at ur sopfopfivlf outziHD), a sitiexidokolentt (bg. beatis@chlforidehen r ear r angenent
reaction includes a hal ogenat ed

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
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)-



hydrocarbon (e.g. carbon tetrachloride, chloroform nethylene chloride), an
ester solvent (e.g. ethyl acetate), a non-aronmatic hydrocarbon sol vent
(e.g. n-hexane), 15 an aromatic hydrocarbon solvent (e.g. toluene). The
ester hydrolysis of the S type 2-substituted hydroxy-2-(6- substayt2006€d

hydr oxynmet hyl i ndol i di nyl ) butyric ester conpound [VI] can be «carried out by
a conventional nethod for the ester hydrol3®sis in a suitable solvent in
the presence of a base. 20 The base to be used in the ester hydrolysis

i ncl udes inorgani c bases, such as an alkali nmetal hydroxide (lithium

hydr oxi de, sodi ym hydr oxi d ' i | kal | th netal
yar oxi de (o 0. R T otaralf 5203 AT SIS By AR Pl Bl | et

carbonate (e.g. .sodium.10 My 2006 19 8@onate ot assj.um car honate), an
al kali metal hyd?gog%é?ﬁ‘%é%‘/&%%%g ‘COéT.‘PgO.‘mng iU A T %‘%ﬁs %’éﬁ‘ bR&E &yt 2t gani ¢
bases, such as an .a?[g<al | metal .al §§°t§i de al(cg,bgp ’S’ZOdi um et hoxi.de, s%di um
met hoxi de), an APKEAer iRt SPRVGHAMLYG e (il O B AKFIoRE SEUPHS Farmied 3o -
di- or tri-lower alkylamne (e.qg. nehg | ami.ne, 5 ethyl am.ne, .
N O et byl © 1 s otbuie he gafied Tk BY AR the ottt R Pidhn a6 e-5-mhe
sol vent includes an al cohol so vegﬁ gf'qﬁ neihangl, et anoL,lgro anol ,
i sopropandl , bufsss Icid£1EG1CEN Fakes Jrarathe 28 U5ed | heehoYstnsle%icBe) . a
hal ogenat ed hydr ocar bon sol vent, ée.g: thylene chloride), an ether solvent
(e.g. tetrahydr &tagiianpnd Hiendrqain Wéeﬁg'?a?ﬁéltg%?ﬁnbe LHFENTCIGAL HSSRkiler .
Wien the 10 base is a liquid, it may Pe used. al so s @ solveq}. The
reaction is prethadigve single step reaction. For example, when the S type 2-hydroxy-2-(6-
hydroxymethylindolidinyl)butyriq 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 [VIII] by treating it with a stronger acid.
The reaction of an S type 4-hydroxypyranoindolidine compound [X]
or a salt thereof with a lower alkanoic acid [XI] or a reactive derivative thereof
can be carried out in the presence of a base.
15 The lower alkanoic acid [XI] includes, for example, acetic acid, and
the reactive derivative thereof includes an acid anhydride (e.g. acetic
anhydride), an acid halide (e.g. acetic chloride), an activated ester (e.g. p-nitro-
phenyl ester). The base includes an alkali metal hydride (e.g. sodium hydride,
potassium hydride), an alkali metal carbonate (e.g. sodium carbonate, potassium
20 carbonate), an alkali metal hydrogen carbonate (e.g. sodium hydrogen
carbonate, potassium hydrogen carbonate), pyridine, and 4-N,N-dimethylamino-

pyridine. The reaction is usually carried out at a temperature of 0 to 50°C,

preferably at a room temperature.



carried out at a tenperature of 0 to 50C, nore preferably at a room
tenperature. Wen the intranol ecular cyclization reaction of an S type 2
substituted hydroxy-2-(6-substituted hydroxymnet hylindol ydi nyl)butyric ester
compound [VI] or an S type 2-hydroxy-2-(6-hydroxymnet hyl i ndol idM#yl20Bat yri c
15 acid conmpound [IX] or a salt thereof and the conversion of the acetal
group into a ketone group are carried outZ2kinultaneously, they can be
carried out in a single step by treating the conpound with a suitable acid.
The acid includes an inorganic acid (e.g. hydrochloric acid, sulfuric

acid), an organic acid f& Gibseduehf LaREARTESS Be a6dtH)gro@N6r & mtfé‘p;eui-e of them
with water. The acid may be used 20 also as a solvent. On the other hand,

when t he intrannl.ec i i i - i tuted
yar oxy- 2. (6. cuBUETHHEd HFHEk AL AREIRARS, O Alnd YK ISn Y P Re SRS UBRb Gl PT

ester conpound [VI] or. an, S type 2-hydroxys2-{6-hydr.oxy. | - .

i ndol i di nyl ) but §f FET4Ei%4t B%Hﬁ%%ﬁ’dg’ﬁcé]"‘PSPX%Wé‘ |at5“¥ﬁéF8§${_@%ﬁcfds‘Em}é§Fri ed
out and thereafter the conversion of the acetal group into a_ketone group
is carried out, thetsamerasicas usad i gas 198 CREYIPE OBt B ilmpAlscaiaricyglizatien conpound
with an acid (e.g. 5 acetic acid, citric acid) weaker than the acid used in
t he aboves si ngl astiepof prdcyPor-ahetitpdmhyidregt3-fysusttuedhydranymeihyh t he
same stronger acid as used in the above single step reaction. For exanple,
when the S typeindohgidybRytydc @eid dppmirours idihflanmdoPe dilydrgut(o-hrdwsyd
conpound [IX] or a salt thereof is treated with a weaker acid, there is
obtai ned an S tmpthylindylittioy)pyyranecid 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 hydrdxypyranoindolidine 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—hydroxypyranoindohlidine 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, énd 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.



10 i ndolidine conmpound [X], which is converted into an S type

4- hydr oxypyrano- indolidine conmpound [VIII] by treating it with a stronger
acid. The reaction of an S type 4-hydroxypyranoi ndolidine conpound [ X] or
a salt thereof with a lower alkanoic acid [XI] or a reactivel@day2Qbve
thereof' can be carried out in the presence of a base. 15 The | ower

al kanoic acid [XI] includes, for exanple, smgetic 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_al kali netal hydride (e.g. sodium
hydride, potassi um hydMogoyen & %\13RC&PPYIH§¥%W'3W%§W§{C§%@Cgl.ndd?fdﬂﬂjhiis

car bonate, potassium 20 carbonate), an alkali petal hydrogen carbonate '
(e.g. sodi um hydrogesrlacupiBbhated sSpaladianhahgidihe devwbsirisudsyxypyyaniodi ne,
and 4-N, N-di met hyl ami no- pyridine. The reaction is usually carried out at a
t enperature of @ndobidggcompeped EYAbryd Bencs, it GemPbe espgdn shaufecdlaamdpny 2006 21
The subsequent conversion of the acetal group of an S type 4- substituted
hydr oxypyr anoi ndwiciien ivea gosss amauptiyit] a prRelleracdetppHessgl oup can be carri ed
out by treating the compound with a suitable acid. The acid nmay be the
same acidsas used in cdde refoearafyhaprotasting lgeoupn toamibled du kisr groypd RZaRioon 5
reaction of an S type 2-substituted hydroxy-2-(6-substituted hydroxynethyl -
i ndol i di nyl) but & e a#tidd enpPHREntMtibnarmahoSstivape: D Y o8t &Bu %dr oXy-

met hyl i ndol i di nyl ) butyric acid conpound [IX] or a salt thereof and e
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 sqlvent (e.g. tetrahydrofuran, methanol,
dioxane, methylene chloride).

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

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 R4 from the camptothecin



conversion of the acetal group into a ketone group in a single step. The
reaction of an S type 4-substituted hydroxypyranoi ndolidine 10 conpound
[VIIT], an S type 4-hydroxypyranoi ndolidi ne conpound [VIII] or a salt

t hereof, or an S type 4-substituted hydroxypyranoi ndolidi ne tONWIA6

[ XIT1] with an o-acyl aniline conpound [XIV] can be carried out by the known
Fri edl aender reaction [cf. Organic Reactidrds, vol. 28, pp. 37-202, John
Wley & Sons, Inc., New York (1982)]. 15 The 4-substituted

hydr oxypyr anoi ndol i di ne conpound [VI1] and 4- al kanoyl oxypyr anoi ndol i di ne

compound [XII1] are nore stahle,th A= j; iidi ne
comhound [V 11] compauahheihay ahraanalR BB grots IYYIURRADAaHou

deconposi tion of o-acrylaniline.conpo : [ . ifatdaagdldgender
reaction and t héheneBANREdS &S eﬁﬁgg?l{li%%/%fe%wsgo%ﬂ%ts?on g?'u 20

contam nating inpurities, and hence, .t : DS AL EndRNAN @w.-ﬁsed in
the reaction vvi2t-¢6-$®§§m§rﬁi§l}%f°x(¥fn% m@%ﬁ@l&l&@ﬁ@?#ne Sorrpo nd [[';I r,l Wi th
sinple post-reaction treatnent such_as pugification and, can di t he
desired canpt otthe einmoweb npdanedyoRf frogy g‘bg§§ﬁ’et‘?‘f‘ﬁlgtnéug?c_g%&gxﬁy\é%& yi el d.
10 May 2006 22 Moreover, the 4-al kanoyl oxypyranoi ndol i di n(g conggynd [ XI11]
has a molkecul an,ywidy comiund THIT er fromam CARBOthGFIN (O RPUE BREPE at'ed
hydr oxypyrano- indolidine conpound [VII], and hence, it can be used in the
Fri edl aender reaghi@ftedmydrosyarowy Dabunt with a smaller reaction vessel. 5
The renoval of the protecting groups contained in the dg,r oups R5 - R9

The o-acylaniline compound [XIV] to be used in the above
condensation reactions can be prcpared by a process as shown in the following

reaction scheme-1:

10



can be carried out by a conventional nmethod suitable to the protecting
groups contained therein. For exanple, when the amno protecting group is
a benzyl oxycarbonyl group, it can be renoved by catalytic reduction in the
presence of palladiumcarbon in a suitable solvent (e. g. tefgglaydoouran,
10 net hanol ), and when the ami no protecting group is a tert-butoxycarbonyl
group, it can be renoved by treating it wst4sh an acid (e.g. hydrochloric
acid, trifluoroacetic acid) in a suitable solvent (e.g. tetrahydrofuran,

met hanol , di oxane, nethylene chloride). The renoval of the residue RO from
an S type 4-substituted hydroxy 15 pyranoi ndol i di ne conpound [VII] or from
a canpt ot heci n Beagiimmritthpmeilng 20- substituted hydroxy group [XV] can be
carried out by a conventional ester hydrolysis in the presence of a base
in a suitable solvent. gfhe pase and solvent are the samnge sthose used in
t he ester hydroly5|s o] (6- substituted
hydroxynethyllndoRl » ester conpound 2RV el eaction may
be carried out under ng, a roomt enperature, i t hSheat i ng.

Besi des, the renoval o Broup R4 fromthe canptotls 10 May 2006 23
conpound havi ng 28-al kg % ed hydoodigingegrap [ XVIR'T] can b¥Cearried out in
the sanme smmnner as in tkhe ester hydrolysis of an S typel,2-substituted

hydr oxy-- 2-(6-substituted hydroxymethylindolidinyl)butyric ester conpound
[VI] or in the renoval 26fllt he residue R froman S type[¥xsnbstituted

hydr oxypyr ano ,

Catalytic reduction R NH,

wherein the symbols are as defined above.
That is, a hydroxyl compeund [XX11] is treated with an oxidizing

15 agent (e.g. activated manganese dioxide, pyridinium dichromate) to give a
ketone compound [XXIII], followed by subjecting it to a catalytic reduction in
the presence of a suitable catalyst (e.g. palladium-carbon) in a suitable solvent
to give the desired o-acylaniline compound [XIV]. Moreover, when the
protecting group(s) in R5 - R is/are removed by a catalytic reduction, the

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

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



5 indolidine compound [VII] or froma canptothecin conmpound having 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 shown
in the following reaction schene-1: 10 10 May 2006 24 Reacti®na$ebeee- 1
Oxidizing agent 5 10 ['| wherein the synbols are as defined above. That is,
a hydroxyl conpound [XXII] is treated withsan oxidizing 15 agent (e.g.
acti vat ed manganese di oxi de, pyridiniumdichromate) to give a 20 ketone
conmpound [XXI'l11], followed by subjecting it to a catalytic reduction in
the presence of a suitable catalyst (e.g. palladiumcarbon) in a suitable
sol vent to gi vey chielydiesededioB- acyl ani | i ne conpound [XIV]. Moreover, when
the protecting group(s) in R5 - RO is/are renoved by a catal ytic reduction,
the product may be agdiunhemaredbe bpdraiky hccanpirodd &XIHgvkprednphe erogpy & an
o-acyl aniline conmpound [XIV]. Besides, an o-acyl aniline conmpound [ Xl V]
wherein RS 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.



is a lower alkyl group may al so be prepared by treating a hydroxyl conpound
[ XXI'l] wherein R5 is a | ower al kenyl group with an oxidizing agent,

foll owed 10 May 2006 25 by catal ytic reduction. Furthernore, the hydroxyl
conpound [ XXI1] wherein the groups R5- RO have a protected andNay@006p, a
protected | ower al kylam no group, a protected piperazino group, or a
protected hydroxy group may al so be prepar®d 5 by introducing a protecting
group to the correspondi ng conpound having unprotected group(s) by a
conventional nethod. The 2-hal o-2-indolidinylacetic ester conpound [I11]
used in the prgignélgg&%gﬁégn is novel and can be prepared by a process as

shown in the f ion schene-2. 10 May 2006 26 5 10 Reacti on
Schene-2 CN R[ XXV ] RL CN

R! —OH N CN
o XC S
[ R? —OH RI\L/ CH,
™ —_ o)
o CH, [XXV]

5 R?
[ XXIV ] [XXVI]
CO(OE), [XXVII] N ! CN Halogenation
. - .
= RI\‘i/ X COOE
O
10 2
; R
[ 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 [XXVI], and the compound [XXVTI] 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-



NCH3 O\ CHB3 O R [ XXIV] [ XXVI ] COOE)2 [ XXVII ] N CN Hal ogenati on
Base RL O- COOS R2 [XXVIII] CN 15 20 R1 COCS wherein the synbols are as
defined above. That is, an indolidine compound [XXIV] is reacted with a

1, 3-propane- diol conmpound [ XXV] in the presence of an aci did ®t€-2006
p-tol uenesulfonic acid) or a Lewis acid (e.g. trinmethylsilyl chloride) to
give an indolidinyl methane conpound [XXVI}~ and the conpound [XXVI] is
treated with a carboxylic diester [XXVII] In the presence of a base (e.qg.
sodi um hydri de, potassiumt- butoxide) in a suitable solvent (e.g. toluene,

tetrahydrof ur an)inéo?idgr;y\faecegc %ster compound [XXVIII], which is further halogenated by a
conventional method to give the desired 2-halo-2-indolidinylacetic ester
compound [IIT].

Among the R type nitrogen-containing fused heterocyclic carboxylic

] acid compounds [IV] or a salt thereof, the nitro gen-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-



10 May 2006 27 indolidinylacetic ester conmpound [ XXVII1], which is further
hal ogenated by a conventional nethod to give the desired

2- hal o- 2-indolidinylacetic ester conpound [II1]. Anong the R type

ni trogen-containing fused heterocyclic carboxylic 5 acid compaudsok! V] or
a salt thereof, the nitrogen-containing fused hetero- cyclic carboxylic
acid conpound [XIX] or a salt thereof is nd¥el and can be prepared by
reacting an N-unsubstituted nitrogen-containing fused heterocyclic
carboxylic acid conmpound of the fornmula [XXIX]: 10 [ X ] wherein the synbols

are as defined ghayBstitofeddy8ikimehetieadlidmilibugyrisiorbmpathd vRforthe
formula [ XXX]. YOH [ X X] 1g wherein the synbol is as defined above, or a

reactive deri vatjyue,Qto %@-h&drbi@ﬁh@lﬁ?hn&Yld%ﬂﬁﬂ%@tabmﬂ@mﬁéﬂnﬁqmﬁbrd§sglpr m ng

reaction, for exanplé, by reacting a nitrogen-containing fused

het er ocycl i c canRoxyt e 1RCAHo RN Rk SXlaXh-pasigoR of Ral- kt%n{lﬁecghycﬁ'@hp ride)
of a sulfonic acid [ XXX] in the presence of a base (e.g. alkali” netal

hydr oxi de) . : hebg A3 diBRR Honeasd [V, any- ﬁ?&oﬁ}}p’%‘rﬂﬁmn&dﬁhﬂeeé yoanfY Pe”

means t hat bsol ute configuration at 2-position of a 2-substituted

hydroxy-2; | ndopy il Diisthli€ofea Uty ogHRBintiblidine SorRpSRid o e
ydr oxy- 2 (6-substituted
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—ipdolidinylbutyxic ester compound [XXI] are all
in “S” configuration.
10 Throughout the present description and claims, the term “lower
alkyl” means a straight chain or branched chain alkyl group having 1 to 6
carbon atoms, the term “lower alkanoyl group” and “lower alkanoic acid”
mean a straight chain or branched chain alkanoyl group and alkanoic acid

which have each 1 t6 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),



am nonet hyl i ndol i di nyl )butyric ester conpound [V], a 2-substituted

hydr oxy-2 10 May 2006 28 (6-substituted hydroxynethylindolidinyl)butyric
ester conpound [VI] or a 2- hydroxy-2-(6-hydroxynethylindolidinyl)butyric
acid conpound [IX] or a salt thereof', or the absol ute confi@magtioop at
4-position of a 4-substituted hydroxy- pyranoindolidine conmpound [VII], a
4- hydr oxypyr anoi ndol i di ne conpound 5 [\/III2]9 or a salt thereof, a

4- hydr oxypyr anoi ndol i di ne conpound [X] or a salt thereof, a

4- al kanoyl oxypyr anoi ndol i di ne conpound [XI1], or a 4-al kanoyl oxy-

pyr anoi ndol i di ng3ryoNT@LbAshenlylsul fongnd 2, B@-ahseided-8-i emfdotidb bRy 1Rtacid
2-position of a 2-[(R)-N-tosyl prol yl oxy]-2-indolidinylbutyric ester

conpound [ XXI'] are7(4) andipdtasSumaariongter (3111 in dneTiyiRabnide ©he nij gsent
description and clains, the term”lower alkyl" neans a straight chain or

branched chai n ghked ar@0OORo VBB, TheGeadtivhBRiRtAE BBkiratie W] &hyl ower
al kanoyl group" and "l ower al kanoic acid® mnean a straight chain or

branched chai n alkanoyh 8¢ extpacitwadHeanMitic a 8&ithredMyueBudaViBe @8% MR 4hQ 7
carbon atons, respectively. The term "al kyl ene group” 15 neans a strai ght

chai n or jor anchgg. £hak QodlyduEne. R RANA NG thd D1vER: Gy 8L 0TS,
EXAMPLES This invention is illustrated in nore specifically by the

fol lowing exanples antk feHeE BHEiRA NN £81iBME1 SR AR aRer£a)FLLUGd tO
be limted 20 thereto.
chloroform : ethyl acetate = 10 : 1 — 6 : 1) to give ethyl 2-[[(3R)-N-(4-biphenyl-
ylsulfonyl)-1 ,2,3,4—tetrahydro-3-igoquinolyl]carbonyloxy]-2-[6—cy ano-1,1-(2,2-
dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate
10 (35.41 g) as colorless powders.

Yield: 92%

CH.
15 CH;

s { )0

IR (Nujol, cm-1): 2226, 1750, 1665, 1615

MS (m/z): 738 (MH*)

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

20 1.33 and 1.35 (3H, s), 2.45-2.60 (2H, m), 3.25-3.40 (2H, m), 3.61-3.76 (4H, m),
3.95-4.22 (4H, m), 4.58 and 4.68 (1H, d, J=16Hz), 4.72 and 4.75 (1H, d, J=16Hz),

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



Example I (1) A mxture of ethyl 2-brono-2-[6-cyano-1,1-(2,2--dinethyl-
tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-indolidinyl] acetate (22.21
g), 10 May 2006 29

(3R) - N- (4--bi phenyl yl sul fonyl)-1, 2,3, 4-tetrahydro- 3-i soqui nolj RRG3HBEXY! i C
acid (24.70 g) and potassium carbonate (5.11 g) in dinethylformmde (220
m) is stirred at 60C for 70 minutes. TheéGeaction 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

solvent under r%%%ﬂ‘(gﬁ, ?PF.@@-@%OG(M—I%H@,’K?ﬁ?.@ﬂ@fﬁ,&n}?ﬂf%ﬁ.@ﬂ@ﬂ,Erb,‘ﬁ6§i7!16803 gel
y (e . - .

‘col um chr omat ogi ap uent; chloroform: ethyl acetate = 10 ,

1) to give et hyl(zﬁil])[ﬁ%@fd\i' flr’gbphenyl -

yl sul fonyl)-1, 2, etrahydr o- 3-i soqui nol yl ] car bonyl oxy] - 2-[ 6-cy

ano-1, 1-(2, 2- 2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-
di met hyl tri nmet hyl enedi og%g/)}a-t%}iloxgg'l,)z, Cg, 5_9[ etBF%hydroy-)%i ndol i di%yl ] acetate

2920 1750 1666000 RIS Py L R R oIS
75,50 T S BRebS il Y 18 B 8 L)
M. 4.58 and 4. 68 (15, SimidciSifie 1% 15 B A tadPib b isdadelr 6% 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 femperature

10 overnight. The reaction mixture is extracted with ethyl acetate, and the extract

is washed with an aqueous 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 fo the solvent under reduced pressure, the
residue (35.69 g) [the diastereoselectivity of 2S compound and 2R compound =
15 15.2: 1.0 (88% d.e.) which is calculated based on the ratio of integral value at
the peak of 8: 6.71 and 6.46 in NMR spectrum] is dissolved in acetone (60 ml),
and the mixture is sti;'r'ed 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-bipheny1ylsu1fonyl)-1,2,3,4-
tetrahydro-B-isoquinolyl]carbon-yloxy]—Z-[6-cyano-1,1—(2,2-dimethyl—
trimcthylenedioxy)-S—oxo—l,2,3,5-tetrahydro-7-indolidinyl]butyrate (26.64 g) as

colorless crystals.



and 5Hz), 6.01 and 6.04 (1H, s), 6.58
.02-7.20 (4H, m), 7.37-7.51 (3H, m,

m, 7.,85-7.93 (2H, n) (2) Ethyl

2.

5.22 and 5.29 (1H, dd and t, J=3.
and 10 May 2006 30 6.65 (1H, s),
7"54-7.60 (2H, m, 7.62-7.68 (2.H, :
2-[[ (3R) - N-(4-bi phenyl yl sul fonyl)-1, 2., 3, 4. tetrahydro- 3- i soguvaghbybd

car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di net hyl tri met hyl enedi oxy)-5- 5 oxo-

1,2, 3,5-tetrahydro- 7--|ndoI|d|nyI] acetate (33 63 g) is dissolved in dry
dlnethylacetanlde toluene (1 : 1) (330 n1) and 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 my;lfsgquivalents), and the m xture is further, stirred at
roomtenperature 10 overnight. The reaction mxture is extracted with ethyl
acetate, and the extract is washed with an aqueous citric acid solution
and an aqueous saturated saline safution, dried over sodium

sul f at e- magnesi um sul fate, and edted with active carbon (5 g).
After distilling off the so restyeqd pressure, the residue
(3.5.69 g) [the diast er€H: 3 2S conpound and 2R compound = 15
15.2: 1.0 (88%d.e.) which @:g;sed on the ratio of integral

val ue at _the peak of S: 6.713and B.46 ih RVR spectrun] is dissolved in
acet one (%0 m), and the HH;;BZETFS st| gd 2 oom tenperature, and
thereto added portionw se N i ; 50 added a seed crystal of
the desired diastereoner. The precipitated crystals are collected by

filtrati hed 60 20 : 76 bout 100 ml) t [
cthyl (28 2" T (kg SR e e ) 1 2 5 ) toove

[0] p26: -43.3° (c=1.02, chloroform)

6
7
H
d

IR (Nujol, cm-1): 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 GH, 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, =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 (ZH, 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]-2-[6-cyano-1,1 -(2,2-dimethyltrimethylenedioxy)-5-
oxo-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (23.71 ¢) 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 rahydro-. 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. 10 May 2006 31 Yield: 76% m p.: >82C (gradually
deconposed) [a] D26: -43.3 (c=1.02, chloroform IR (Nujol, crgiday 23@@0
1755, 1660, 1615 10 M5 (mz): 766 (M+H) NVR (300MHz, CDC13 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, M2 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, m, 7.10-7. 20 (3H, m, 7.36-7.50 (3H, m, 7.54-7.59
(2H, m, 7.63-7.68

N= |
(29) - 2-[ [ (3R) - N°QHCH B’Fr‘éﬂg%ﬁlgﬁlfef Cr%ld}‘ﬁ ISW@H)FE“% % S g0ty <BEmaRs1 yi ]
car bonyl ox 2- [6-cy nol 2d| t hyl t i < 5- .
0X0-, 1y2 3y]5 teg{[@HV(ﬁ?Heﬁitz?}}]‘m‘((?ﬁI myf B?f%i {qm%%@ 5% 8gyé) RaHEG St kel
(W4) 20 (49 g) are dissolved.in acetlc q tic . acid (460 m - 190
m), and the ni3OR-HGR- @t(ﬂrmlé&nﬁhéﬁél?‘foﬁﬁg‘ éﬁ-ﬁ%&%@ SIeduRoEl-- 60C,
After conpletion of the reaction, the cataIIy is fil tered of f, and the
filtrate i s concehondped-ftHacetdammp)medgll-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%

[o] p26: -14.9° (c=1.01, chloroform)

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

15 MS (m/z): 812 (MH)
NMR (300MHz, CDGl,;, 8): 0.69 (3H, t, I=7.5Hz), 0.88 (3H, 5), 1.02 (3H, t,

J=THz), 1.24 (34, 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-




32 reduced pressure, and the residue is purified with a silica gel colum
chromat o- graphy (eluent; chloroform: nethanol = 100: 1 -> 70 : 1 -> 60 :
1) to give ethyl

(2S)-2-[[(3R) -. N (4-bi phenylyl sul fonyl)-1, 2, 3, 4-tetrahydr o- 310 Myuioeel yl ]
car bonyl oxy] -2-[6-[ (acetyl am no) net hyl ]-1, 1-. (2, 2-di net hyl tri nmet hyl enedi oxy
)- 5 5-0x0-.1,2,3,5-tetrahydro-.7-indolidinyl]butyrate (22.10 g) as pale
yell ow powders. Yield: 87% 10 [a] D26: -1339 (c=1.01, chloroform IR
(Nujol, cm1): 3405, 3295, 1750, 1660 15 M5 (mliz): 812 (M+H) NWR (300MHz,
CDC13, S): 0.69 (3H, t, J=7.5Hz), 0.88 (3H, s), 1.02 (3H, t, J=7Hz), 1.24

3H, s), 1.96 12.2. 55 d 16Hz

g 41 ?)1H dd, S 15891‘%)“1‘116 grbor ﬁ%’@ﬁ% @Sﬁtﬁé‘n‘é’@ ’{‘%‘Pwﬁg) (]232 §Hn€?tgl4 dq, ?] =11
d 7Hz). 3.94-4.14 J=1 68 (1H,

ﬁ)n, 20 4 ) .63 (1thalethfyfﬂf§ﬂ&>ﬂ)' ‘0?‘9‘1@%2“8“%%}42&‘?‘1‘3555 Izgfb%lmatedao 1§£31%1I(’1d

6. 5Hz 6. 74 1 H s),.7.00-7.19 ( 7.54-7.64 (4H,
n, 7) 83-7. 89((21’450}:6% in gsctlEtaﬁgydnde aCCtEQ aCIZ (3,570 ml - 150 ml) annc?thereto is added (

_(29)-2-[[(3R)-N-(4- blg;@ Isulfon 1)-1,2,3, 4-tetrahydro 10 May 2006 33
3-i soqui nol yl ] c&f BWP %sltpxda&’éwpglmma%@@wwpuqlqsnpzd@n@mm—hy|

tri met hyl enedi oxy) - 5- oxo- 1 2,3,. 5-tetrahydro-7- |ndoI|d|nyI]butyrate
(30.16 g)3is 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 mi), 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 (25)-2-[[(3R)-N-(4-biphenylylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-acetoxymethyl-1,1-(2,2-
dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate
(16.77 g) as colorless prisms.

Yield: 55%

20

m.p.: 145-148°C

[ p27: -9.6° (c=1.0, chloroform)



di ssolved in acetic anhydride-acetic acid (450 ml - 150 ml), and thereto is
added sodiumnitrite (13.18 g) under ice cooling, and the mxture is
stirred on an ice 5 water bath for 4 hours. The reaction m xture i s poured
onto chloroform (1.5 Iliter), and undissol ved substances arelf Maye0ed off.
The filtrate is evaporated to dryness under reduced pressure, and the
residue is mxed wth ethyl acetate (900 ml), and the mxture is stirred
at 60C for 13 hours. The reaction mxture is diluted with ethyl acetate
(700 M), and the mxture is washed with water and 10 saline sol ution,
dried over sodiumsulfafe and then treatedsyith active carbon. After
distilling off the solvent under reduced pressure, the residue is
crystallized fromethyl acetate-hexane to give ethyl
(28)-2-[[(3R)-.N—(4-biphenylylsulfonybL

1, 2, 3, 4-t et r ahy dRoNBjdl somptiy: oISy 1§l obhyl oxy] - 2- .

[ 6-acetoxymet hyl -1, 1- (2, 2- di met hyl trimet hyl enedi oxy)-5-o0x o-1, 2,

3,5-tetrahydro S%ﬂ@ gisnyigbutyrate 15 (16.77 g) as colorless prisns.
Yield: 55% 20 nﬁd 35 12%&C§ [a] D27: -9.6 (c=1.0, chlorofornm 10 May 2006

S8 O ot A oot 0 g
1.30 (3 ). 2 19?1 2), 1 3%)(3H 9, 2. 05 GH, s, 234 (2H qfﬂie i 6Hz)2 2% (S ’

3 J=7Hz), 3.27 (2H, m), 3.65 (4H, m), 3.91-4.17 (4H, m), 4.64 (1H, d, J=15.6Hz),
472 (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), 7.37-7.50 (3H, m), 7.55-7.59 (2H, m), 7.65 (2H, d like,
J=8.6Hz), 7.90 (2H, d like, J=8.6ﬁz)

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

10 3-isoquinolyl] carbonylox”y]-z- [6-acetoxymethyl-1,1-(2,2-dimethyltrimethylene-
dioxy)—S—oxo-l,2,3,5-tetr;hydro—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 (45)-7,8-dihydro-4-ethyl-4-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetra-
hydro-3-isoquinolyl]carbonyloxy]-1H-pyrano[3,4-f]indolidine-3,6,10(4H)-trione

(1.145 g) as colorless foam.

20 Yield: 100%




.5 J=7Hz), 3.27 (2H, m, 3.65 (4H, m, 3.91-4.17 (4H, m, 4.64 (IH d,
J=15.6Hz), 4.72 (1H, d, J=15.6Hz), 5.13 (IH, dd, J=5.3 and 3Hz), 5.2.5
(2H, s), 6.65 (IH, s), 7.01-7.20 (4H, m, 7.37-7.50 (3H, m, 7.55-7.59
(2H, m, 7.65 (2H, d like, J=8.6Hz), 7.90 (2H, d like, J=8.BHuhy6)6 Et hyl
(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 met hyl tri met hyl en
e- dioxy)-5-0xo0-1,2,3,.5-tetrahydro-7-indolidinyl]butyrate (1.457 g) is

di ssolved in a 80% aqueous trifluoroacetic acid solution (15 m) under ice
cooling, and the mxture is stirred at ro®fn tenperature for 2 days. The
reaction mxture 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 renove the

sol vent under reduced pressure to i

(4S)-7,8-di hydro-4-ethyl-.4-[[(3
hydro-3 -is oquinol yl]carbonyl oxy]-
i ndol i di ne-3,6,10(4H)-tri one @1.145 g
10 May 2006 35 5 IR (Nujol, cn}l) 1 M5 (mz): 639 (MH}) NWR
(300MHz, CDC13, S): 0.82 (3H 1 78 2 09 (4H m, 2.66-2.90

(2H, ), 3.23 (2H, d Iike, —4 o7- ., 4.53 (IH d,
J=15. 4Hz) |
s

IR (Nujol, cm1): 1746, 1661

henyl yl sul fonyl )-1, 2, 3,4-tetra-
no [3,4-f]
Cbolorless foam 20 Yield: 100%

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

NMR (300MHz, CDCls, 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, JI=15.6Hz), 5.@1 (1H, t, J=5.2Hz), 5.23 (1H, d, ]=18Hz), 5.49 (1H, d,
J=17.9Hz), 6.58 (1H, s), 7.01-7.18 (4H, m), 7.38-7.56 (5H, m), 7.62 (2H, dlike,
J=8.6Hz), 7.89 (2H, d like, 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]lindolidine-

13 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 etl';:yl acetate-hexane to give (20S)-7-ethyl-10-[3-
(tert-butoxycarbonylamino)propyloxyl-20-O-[[(3R)-N-(4-biphenylylsulfonyl)-

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



10 4.69 (IH, d, J=15.6Hz), 5.01 (1H, t, J=52Hz), 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, duke, J=8.6Hz), 7.89 (2H, d like, J=8.6Hz) (6)

(4S)-7, 8-Di hydro-4-ethyl-4-[[ (3R -N-(4-bi phenyl yl sul fonyl)- 10May 2006

1,2, 3,4-tetrahydro-3-isoquinolyl] carbonyloxy] -1 H.pyrano [3,4-f]

i ndolidine 15 3,6, 10(4H)-tiione (1.145 g) and

1-[5 -(3"-(t-butoxycarbonyl am nopropyl oxy)- 2'-am nophenyl ] propan-|-one
(867 ny) are dissolved in acetic acid (15 m), and the mxture is stirred
at 60C for 47 hours. The reaction m xture kg concentrated under reduced
pressure, and the resulting crude product I1s purified wwth a silica gel

col um chr omat ogr aphy (eluent; chloroform: ethyl acetate =2 : 1 ->1: 1)
20 and then recrystallized fromethyl acetate-hexane to give

(20S) - 7- et hyl - | Qerfy8als.

(tert-butoxycarbonyl am no) propyl oxy] - 20-0-[[ (3R) - N- (4- bi phenyl yl sul fonyl ) -
1, 2, 3, 4-t et r ahyd¥@idB6/%oqui nol yl ] car bonyl J canptothecin (1.1 | g) as
colorless 10 May 2006 36 crystals. Yield: 67% (CH3)3COCONH(CH 5 m p.:
213-216C IR (Nujol, cm1): 3407, 1763, 1753, 1709, 1669, 1614 10 M5
(rnlz): 925 (IMHT) NWR (300MHz, CDC13, S): O. §5(3 t, J=7.5Hz), 1.35 (3H,
t, J=7,.6Hz), 1.46 (94H;);COCONH(CHy);

5

m.p.: 213-216°C

IR (Nujol, cm-1): 3407, 1763, 1753, 1709, 1669, 1614

10 MS (m/z): 925 (MH™)
NMR (300MHz, CDCls, §): 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, I=6Hz), 4.57 (1H, d, J=15.4Hz), 4.73-4.81 (1H, br), 4.81
(1H, d, J=15.4Hz), 4.90 (1H, 4, J=18.7Hz), 5.09 (1H, d, J=18.7Hz), 5.21 (1H, d,

15 J=4.8Hz), 5.26 (1H, 4, J=17.2Hz), 5.51 (1H, d, J=17.2Hz), 6.99 (1H, 5), 7.01-7.18
(4H, m), 7.22-7.29 (2H, m), 7.30-7.42 (6H, m), 7.49 (1H, dd, J=9.3 and 2.7Hz),
7.89 (2H, d like, J=8.6Hz), 8.20 (1H, d, J=9.2Hz)

(7) (20S)-7-Ethyl-10-{3-(tert-butoxycarbonylamino)propyloxy]-20-

O-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyl]-

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

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



s), 1.88-2.18 (4H, m, 2.94-3.20 (2H, m, 3.34 (2H, d, J=4.8Hz), 3.42 (2H,
g like, J=6.4Hz), 4.22 (2H, t, J=6Hz), 4.57 (1H, d, J=15.4Hz), 4.73-4.81
(1H, br), 4.81 (I H d. J=15.4Hz), 4.90 (1H d, J=18.7Hz), 5.09 (1H, d,
J=18.7Hz), 5.21 (1H, d, 15 J=-4.8Hz), 5.26 (1H, d, J=17. 2Hz)GM§1 5hot 1H, d,
J=17.2Hz), 6.99 (IH s), 7.01-7.18 (4H ), 7.22-7.29 (2H, 7730-7.42
(6H, m, 7.49 (1H, dd, J=9.3 and 2.7Hz), 7.89 (2H, d li ke, J 86Hz), 8.20
(1H, d, J=9.2Hz) (7) 37

(20S)-7-Et hyl -10-[3-(tert-butoxycarbonyl am no) pr opyl oxy] - 20-

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

1]1- 20 heci 991 m - 30 m),
a]nd the(r:grgt |O; gclfpka‘g‘frf‘t hi u)lr}?aﬁﬁﬁrgOX| levfrgrgﬁ{(]) @’Q&?Bn{% apcejj ?%aléfF’? )

cooling, and th m xtur ti e 22 hours and
further stirred 4 %6@ {}O%% gzﬁ?gragﬁg]ﬁtéﬁrgldr@ ulr)’raé]g t{‘? Bt ure is
concentrated under yeduced pres thereto.are.added raf orm (20
m) and acetic étéxirﬁ{%t&omn)te gﬁaf%{%go’rl u13 t:lt‘la’le reac on ule1 S;ngﬁB erat ure

ure (S
for 19 hours. actlon xt ur ute vvlth r formadwater,
and the chl orof gﬁﬁﬁq Fnﬁig’%%’sfwggh k'tﬂﬁmv\% Fayer na "an é HgéNcﬁﬂ%raél £r at ed
saline solution, dri ed over sodi um sul f ate. The solvent is distilled off
under reduced prassus eaturgtes sphng siwjany dgedgyer sodipm yulise. - Bag spbyent is

carrbonyl am no) propyl oxy] canptothecin,. (CH3)3COCONH(CH2)3 10 "
distilled off under reduced pressure to give (205)-7-ethyl-10-[3-(tert-butoxy-

carbonylamino)propyloxy]camptothecin.

(CH;3);COCONH(CHy);

10 e}
HO C7H5
(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)



HO C, HS (8) The obtained (20S)-.7-ethyl-10-[3-(tert-butoxycarbonyl am no)
propyl oxy] canptot hecin is dissolved in water-ethanol (5 mM - 15 nl) and
thereto is added 6.6N hydrochloric acid-ethanol (5 nm), and the m xture is
stirred at room tenperature for 23 hours. The reaction nlxtyjphygoo6
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 | ayegs are conbi ned and evapor at ed
to dryness under reduced pressure. The residue is crystallized from

i sopropanol -water to give (20S)-7-ethyl-10-(3-am nopropyl - oxy)canpt ot hecin
hydr ochl ori de (240 ng) as pale yellom/needles. 20 Yield: 44%overall in the
above (7) and (8) 10 May 2006 38 m. p. 1, pconposed) 5 [a] D25: +9.8
(c=1.0, water) M5 (n1z)Hcﬂ5qu%t§¢g® pal . 3450, 3370, 1745,
1660 NVR (300MHz, DWVSO-d6, 6): .32 (3H, t, J=8Hz),
1,.78-1.95 (2H, m, 2.08-2.19 (2H, <o 3.13-3.25 (2H, m,
4. 32 (2H, t, J=6Hz), 10 5.32 (2H, s), '5.43 (2H 507, CgH28 (1 H, s),

7.50-7.56 (2H, m, 7.99 (3H brs 8.11 (1H, d, J= 10Ft) Exanple 2 (1) The
(4S)-7, 8-di hydr@nn-é@ﬂa%ﬁ@eﬁﬂe DN- (4- - bi phenyl yl sul fonyl ) -

5 [a] p25: +9.8° (c=1.0, water)

MS (m/z): 450 M-CI*)
IR (Nujol, cm-1): 3450, 3370, 1745, 1660
NMR (300MHz, DMSO-dg, 8): 0.88 (3H, t, I=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, ), 5.43 (2H, 5), 7.28 (1H, ), 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-t‘etrahydro-3-isoquinolyl]carbonyloxy]—IH-pyrano[3,4—ﬂindolidine-

15 3,6,10(4H)-trione obtained in Example 1-(5) is treated in the same manner as
described in Example 1-(7) to give (48)-7,8-dihydro-4-ethyl-4-hydroxy-1H-

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

<0
C,H;
(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



1,2,3, 4-tetrahydro-3-isoquinolyl] carbonyloxy]-1 Hpyrano [3,4-f]indolidine
1.5 3,6,10(4H)-trione obtained in Exanple 1-(5) is treated in the sane
manner as described in Exanple 1-(7) to give

(4S) -7, 8-di hydro- 4- et hyl - 4- hydroxy-I H pyrano 10 May 2006
[3,4-f]indolidine-3,6,10(4H)-trione. 20 (2) The (4S5)-7,

8- di hydr o- 4- et hyl - 4- hydroxy-1 Hpyrano [3,4- f]indolidine-3,6,10(4H)-trione
is treated in the sanme manner as describeddn 10 May 2006 39 Exanple 1-(6)
and -(8) to give (20S)-7-ethyl-.10-[3-am nopropyl oxy)- canptothecin
hydrochl ori de as yell ow powder. 5 Exanple 3 (1) Ethyl

2- br ono- 2- [6 cyano-1, 1- (2, 2-di nethyl tri met hyl enedi oxy

ox0-1, 2, 3, 5- t et Exapaiol-1)iardol) @ Al A6 heBYH0- ﬁ%&@}HOPIOPYIOXY)

(3R)-N—-(4 ni trophenyl - sul fonyl) -

1,2,3,4- tetrahydﬁ@@anMﬁquﬁho&ﬂnﬁ@aabpdthpowﬁ@d (1.63 g) and 10 potassium
carbonate (357 ng) are mxed in dinmethylformamde (15 n), and the mxture
is stirred at 70C for 20 m nutes. The reactiag xture is treated in the
same manner as described in Exa e 1-(1) tofv

2-[[(3R)-N-(4-nitro- phenyd %@Hﬁa N TE
car bonyl oxy] - 2-. [ 6-cyano- 1, 1-
(2, 2-di net hyl tri net hyl enedi oxy) - 5-ox0-1, 2,73, % tetraég £
acetate 45 (2.10 g) as colorless powders. Yield: 9 5 2

i soqui nol yl ]

g?lndolldlnyl]

Example 3

(1) Ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
oxo-1,2,3,5—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-oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate

15 (2.10 g) as colorless powders.
Yield: 99%
CN
| O
CH; (.?;O

20
N—SOZ—©>N02

IR (Nujol, cmr1): 2225, 1750, 1665, 1615




| COOC2H, CH4 q00 CH3 20 IR (Nujol, cm1): 2225 1750, 1665, 1615 10
2006 40 MS (m z): 707 (MH+) NMR (300MHz, CDC13, 6): 0.89 and 0.90 (3H,
1.10 and 1.20 (3H, t, J=7Hz), 1.33 and 1.36 (3H, s), 2.54-2.63 (2H m
3.30-3.42 (2H, m), 3.60-3.75 (4H, n), 4.00-4,.22 (4H m), 4150004 57

(1H, d, J=15Hz),
5.90 and 5.95 (1H, s), 6.48 and 6.54 (1H, s), 7.00-7.23

J=3 and 6Hz),

May
s),

4.78 and 4.83 (1H, d, J=15Hz), 5 5.22 and 5.32 (1H, dd,

(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-nitrophenyl sul fonyl)-1, 2,3, 44petrahydro-3 isoqui nol yl ]
car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di net hyl tri nmet hyl enedi oxy) - 5-
oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (25.09 g) is dissolved in

10 di net hyl acet am de-t ol uene

1: 1) (
in the sane nan?v{bqr(ﬂdéﬁ&@'é@‘m%bd in Exanple 1-(2) by using a 60%oily

di spersi on of
(54.58 g) (10

sodi um hydri de (1680 ng) (1.2 equivalent) and ethyl iodi
eNMR ¢100M13), CArigl D He8exd Aed (3t swadhedd wi20n3al) t, dgUH)Y S

dry

240 m), and the mxture is reacted

de

citric acid solution and an aqueous saturated saline solution, dried over

magnesi um sul f at 33 Ald ek M

5&'@5}%@55\@}2%), 8 B350l (YR Ith), Unstes 75 e Gad

pressure, the residue is powdere rom

wn

10

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 and 5.32 (1H, dd, J=3 and 6Hz), 5.90 and 5.95 (1H, s), 6.48 and 6.54 (1H, s3),
7.00-7.23 (4H, m), 8.01 and 8.05 (2H, d, J=9Hz), 8.29 and 8.31 (2H, d, J=9Hz)
(2) Ethyl 2-[[(3R)-N-(4-nitrophenylsulfonyl)-1,2,3,4-tetrahydro-3-
isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-3-
oxo-l,2,3,5—tetrahydro-7-indolidi1;yl]acetate (25.09 g) is dissolved in dry
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
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-isoqﬁinoly1] 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
of 28 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 8: 6.85 and 6.41 in NMR

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



20 ethyl acetate - diethyl ether to give ethyl

2-. [[(3R) -N-(4-nitrophenyl sul fonyl)- 1, 2,3, 4-tetrahydro-3-isoqui nol yl]

car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di met hyl -, tri nmet hyl enedi oxy) - 5- ox
0-1,2,3,.5-tetrahydro-7-indolidinyl]butyrate (diastereoner m&xMayep0622. 04
g) as colorless powders. The diastereoselectivity of 2S conpound and 2R
conpound = 20.0: 1.0 (90%d.,e.) which is cal cul ated based on the ratio of
integral value at the peak of 6: 6.85 and ? 41 in NMR spectrum The

colorl ess powders are recrystallized from |Isopropanol to give a 10 May 2006
41 pure product (19.32 g) as colorless crystals. Yield: 75%5 m.p.:
181-182C CN COOC2H5 COO C?H, [a] D26: -128.39 (c¢=0.5, chloroform 10 IR
(Nujol, cm1): 221 profdb5(19BBES as dBddess WB/s(ald.z) : 735 (MH+) NVR (300MHz,
CDC13, 6): 0.77 (3H, t, J=7.5Hz), 0.85 (3H, s), 0.89 (3H, t, J=7Hz), 1.20
(3H, s), 2.13 (MHeldq5%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,

W

m.p.: 181-182°C

[o] p26: ~128.39° (c=0.5, chloroform)
10 IR (Nujol, cm1): 2217, 1755, 1665, 1615

MS (m/z): 735 (MH*)
NMR (300MHz, CDCls, §): 0.77 (3H, t, J=7.5Hz), 0.85 (3H, s), 0.89 (3H, 1,
J=THz), 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=0Hz)

(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.



15 J=7.3 and 13Hz), 4.36 (IH 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

(l1H, m, 7.12-7.23 (3H, m, 8.05 (2H, d, J=9Hz), 8.24 (2H”4bhﬁ§%ﬁ§% (3)

The conpound obtained in the above (2) is treated in the sa as

described in Exanple 1-(3)-(8) or in Exanmple 1-(3)-(5), (7), (6) and (8)

20 to give (20S)-7-ethyl-10-.(3-am nopropyl oxy) canpt ot heci n hydrochl ori de.

10 May 2006 42 5 Exanple 4 (1) Ethyl 9

2-bronn-2-[6-cyano-1,1-.(2,2-diethy|trinef%ylenedioxy)-S-

oxo-.1,2,3,5-tetrahydro-7-indolidinyl] acetate (363 npg),

(3R) -N-, (4-bi phenyl yI -

sulfonyl) 1,2, 3,4-tetrahydro- 3- |squ|noI|n-'g¥bo,I|c acid (472 ng) and

potaSS|un1carbonate (95 in dilffe hyH ornanlde (4 nl), and the

m xture is stirred at 70 % N%%&%?§QD TRE r¥acti o mixture is treated

in the 10 sane nmanner as described i ] glve et hyl

2-[[ (3R) - N- (4- bi phenyl ’C

yIsquonyI) 1, 2, 3, 4-t et rahydro- 3- |squ|nonI]carbononxy] 2-[6-cyano-1,1-(2
Example 4

dlethyltrlnethylenedloxy) 5-o0x0-1, 2, 3,5-tetrahydro-7-i ndolidinyl]acetate

(579 ng)sas col orl ess (ppEdeyl - -bryinet 2EHapsnos, D, P Ricthdifiocthydenetoxy 2325,

1750, 1665, 1615
oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (363 mg), (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-tetrahyvdro-3-isoquinolyl]carbonyloxy] -2-[6-cyano-1,1-(2,2-
diethyltrimethylenedioxy)-5-oxo0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (579

mg) as colorless powders.

Yield=94%
135
CN
|
C,H, x COOC,H;
0
C,H, °
IR (Nujol, cm'l): 2225, 1750, 1665, 1615
20 MS (m/z): 766 (MH*)

NMR (300MHz, CDCL, 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-



M5 (nmlz): 766 (MH) NWR (300MHz, CDCl3, 6): 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 10 May 2006 43 3.4 15%25'0 gr)

3.60-3.65 (2H, nm), 3.75-3.90 (2H, n), 4.00-4.20 (4H, m, 4.5 d 9 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 (44, m, 7.40-7.70 (7H, m, 7.88 and 7.90 (2H,

d, J=8Hz) 5 (2) Ethyl

2-[[(3R) - N- (4- bi phenyl yl sul fonyl)-1, 2, 3, -1t rahydro- 3- i soqui nol yl ]

car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di et hyl t ri net hyl enedi oxy) - 5- oxo-

1.2,3,5-tetrahydro-7-indolidinyl]acetate (564 ng) is dissolved in dry

di met hyl - for man 4@ 2t5 ol 3.60-860 (RHem)ri3xt53.80 (3, moad Ded 1(4then)sas® am@nner

as described in Exanple 1-(2) by using a 60%oily dispersion of sodium

hydride (35 my) A do (221,10, 8Quiandb 281 )H, adul I3 imd 6HOMH. 02 afd .56 (1g)s)(4.67

equi valents) to give ethyl 2-[[(3R)-

N-2 ( 4i téi phenyl yl subifesmyd1}d), 2.08.740t(¢H ahyi07.30 (Baaqn), AE8ynH 7o eny] oxy]

cyano-1, 1- (2. 2- digtyl t ri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro- 7-

i ndol i di nyl Jbutyrate (di astereoner m xture) (522 ngy) as col orl ess powders.

The diastereosel ecti vi Fy Ehyl2S [ GrRPoundishetly ZRESPU®B & tckBhBdro-3L.- 0 (83%

d.e.) 15 which is calculated based on the ratio of integral value at the

F])_gg(l; 02.6?:5 6. . 67snthddyiidbday R -sneel srimt, 120, 2L RethMitfiflethyteelioxy 28 200- 1750,
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% oil}} dispersion of sodium hydride (35 mg) (1.2
10 equivalent) and ethyl iodide (1150 mg) (10 equivalents) to give ethyl 2-[[(3R)-
N —(4-bi'pheny1ylsulfonyl)-'1,2,3,4-tetrahydro-3—isoquinolyl]carbonyloxy] -2-[6-
cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-
indolidinyl]butyrate (diastereomer mixture) (522 mg) as colorless powders. The
diastereoselectivity of 2S compoundwand 2R compound = 10.8 : 1.0 (83% d.e.)

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

and 6.43 in NMR spectrum.

IR (Nujol, cmrl): 2220, 1750, 1660, 1615

MS (m/z): 794 (MH™)



M5 (nmlz): 794 (M) 10 May 2006 44 NVR (300MHz, CDC13, b): 0.69 (3H,
t}.J=7..5Hz), 0.81 (3H, t, J=7.5Hz), 0.87 (3H, t, J=7.5Hz), 1.03 (3H, t,
J=7Hz), 1.22 (2H, q, J=7.5Hz), 1.67 (2H, g, J=7.5Hz), 2.20-? ﬁ&}( F% m,
3.34 (1H, dd, J=6.5 and 16Hz), 3.48-3.58 (3H, m, 3.70-3.85 Q ;Yﬁ%P,
3.98-4.10 (2H, m, 4.67 (1H, d, J=15Hz), 4.76 (1H, d, J=15Hz), 5.36 (1H, 5
dd, J=3 and 6.5Hz), 6.43 and 6..67 (1H, sHd4 7.00-7.20 (4H, m, 7.40-.7,50
(3H, m, 7.56 (2H, d, J=8Hz), 7.65 (2H, d, J=9Hz), 7.92 (2H, d, J=9Hz) (3)
The conpound obtained in the above (2) is treated in the sane nanner as
described in Ex = - . &< (B)y + 1Y = d+(8)

to give (ZQS)-7ﬁﬂ§%ﬁ¥%@iﬁ%fﬁ%§}?2hgﬁgE%?ggtﬁéﬁa %gﬁﬁﬁgfhg Zfﬁgﬁbéﬁqu’

(39) "2 [ [(3R) - e (4L SR BGAYI LT F 52 @ 01755 Ao I 5H),

3-i i nol yl bony| -2-16- t thyl-1,1-(2,2-dinmethyltrimethyl
o) b SaBS G ak R B i ST A LA o
Exanmple 1- (4) (1.00 gé is dissolved in water-nethanol -tetrahydrofuran (5
M + 20 M + 5 @) m) 3B, tS744ded) TP UM Gy Er dxXFdeinondnhydiat e
(265 ng), and the mxture is stirred at roomtenperature for one hour to
give |ith um (28323 hydiedRp: 8-436nd®.67 (1H, 5), 7.00-7.20 (4H, m), 7.40-7.50 (3H, m),

hydroxynethyl-1,1-(2,2-dinetR%I;rinethylenediox -5-0x0-1, 2, 3, 5-tetrahydro-
7- indol i di nyl bt {AFatde J=8Hr)NGGS Gidel. J=9Hz2), 7.92 (ZH, d, I=0Hz)

(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)-(3), (7), (6) and (8)
to give (20S)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.

10

HCl - NH,(CH,);Q

Example 5
(1) Ethyl (25)—2-[[(3R)-N;(4—-biphenylylsu1fony1)-1,2,3,4—tetrahydro-
15 3-isoquinolyl]carbonyloxy]-2-[6-acetoxymethyl-1,1 -(2,2-dimethyltrimethylene-
dioxy)-5-0x0-1,2,3,5-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 (2S)-2-hydroxy-2-[6-
20 hydroxymethyl-1,1-(2,2-dimethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-

indolidinyl]butyrate.



45 CH CH3 (2) Lithium (2S)-2-hydroxy-2-[6-hydroxynethyl-1,1-(2,2-di nmethyl 5
tri met hyl enedi oxy) - 5- oxo- 1, 2, 3, 5-t et rahydro- 7-i ndol i di nyl ] butyrat e obt ai ned
above is dissolved in chloroform (20 m) and acetic acid (4 M{@ %@g t he
m xture is stirred at roomtenperature for 16 hours, and to y gtion
m xture is added water, and the m xture is_extracted with chloroformthree
tinmes. The extract is washed with an aquebus saturated saline solution,
dried over sodiumsulfate, 10 and distilled under reduced pressure. The
residue is purified by silica gel colum chromatography (el uent,
chloroform and recrystallized fromethyl -gcetate to give
(4S)-7, 8-di hydro-4-ethyl -6, 6-(2, 2--di nethyliti inet hyl enedi oxy) - 4- hydr oxy-
| H pyrano[ 3, 4-f]indolidine-3,10-dio ;{% ) @8 col orl ess needl es. Yield:
64% over all in the above (1) and (2) ~,208L210C 20 [a] D27: +88.2
(c=0.99, chloroform) IR (Nujol, *C 55 3349 2924, 1744 M5 (mz): 350
(MHK) 10 May 2006 46 NWVR (300MHz, CB¢13, S): 0.88 (3H, s), 0.99 (3H t,
J=7..3Hz), 1.29 (3H, s)©) Litm 1292-h@HoxyP:[6-2yBlbxfRisihyl-1, 1E202-Qifddthyl-
3.65-3.69 (4H, m, 3.71 (1H, s), 4.14 (2H, dt,

5 trimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate obtained

bl

above is dissolved in chloroform (20 ml) and acetic acid (4 ml), and the mixture

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

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

10 and distilled under reduced pressure. The residue is purified by silica gel column
chromatography (eluent, chloroform) and recrystallized from ethyl acetate to
give (4S)-7,8-dihydro-4—efhyl-6,6—(2,2-rdimethy1tn'methylenedioxy)—4-hydroxy—
lH—p;Irano[B,4~ﬂindolidine—3,1O-dione (276 mg) as colorless needles.

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

m.p.: 208-210°C
20 [a] p27: +88.2° (¢=0.99, chloroform)
IR (Nujol, cm-1): 3340, 2624, 1744

MS (m/z): 350 (MH*)



J=3.7 and 7.0Hz), 5.17 (1H, d, J=16.2Hz), 5.60 (IH, d, J=162Hz), 6.81 (1H,
s) (3) The (4S)-7,8-di hydro-4-ethyl-6,6-(2,2-dinmethyltrinmethylene 5

di oxy) - 4- hydr oxy- 1H pyrano[ 3, 4-f]i ndol i di ne-3, 10-di one is tr%;\Med ziOB6t he
same manner as described in Exanple 1-.(5) to give ay

(4S)-7, 8-di hydro-4-ethyl -4- hydroxy- 1 H %Sr ano [ 3,
4-f]indolidine-3,6,10(4H)-tri one. 10 15 (4) The

(4S) -7, 8-di hydr o- 4- et hyl - 4- hydr oxy-| 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) anrghk@ooinersi veCh29Sh 83 (8t hy 0.90:H3, (anikpeprioryhaxy) 1.70-
canpt ot heci n hydrochl oride. Exanple 6 (1) .Lithium

L1 et hy! ened oxy P Butha S ans! STU RGP TR T Ak Dot glh et
obraned 10, EXIP) €27 bk, 53712 314 318 DU, JI0E5HES 6 RTTEL §O0 11

Exanple 1-(5) t
(4S) -7, 8-di hydr o- 4- et hy| - -hé%{ -1 H raai%[l JA-f]indal idine-
3,6,10(4H -trione. 10 Tog A PR I A ety iy tene-
5 dioxy)-4-hydroxy-1H-pyrano[3,4-f]lindolidine-3,10-dione is treated in the same
manner as described in Example 1-(5) to give (4S)-7,8-dihydro-4-ethyl-4-

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

10 HO %Czl({)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.

N HCI - NH,(CH,);Q
.0
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 (48)-7,8-dihydro-4-ethyl-4-hydroxy-1H-pyrano{3,4-flindolidine-

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



(2) The (4S)-7, 8-di hydro-4-ethyl-4-hydroxy-IH pyrano[3,4 5
flindolidine-3,6,10(4H)-trione is treated in the sanme manner as descri bed
in Exanple 1-(6) and (8) to give (208)-7-ethy|-10-.[3-(aninﬁﬂQp§¥b&§y)-
canpt ot heci n hydrochloride. 10 Exanple 7 (1) The (4S)-7, =
8- di hydr o-4-ethyl -6, 6- (2, 2-di net hyl tri nmet hyl ene-
di oxy) - 4- hydr oxy- | H pyrano[ 3, 4-f]i ndol i di Aé- 3, 10- di one obtai ned i n Exanpl e
15 5-(2) (50 ng) is dissolved in acetic anhydride (1 m), and thereto are
added pyridine (1 m) and 4-N, N-di net hyl am nopyri dine (4 ng) under ice
cooling, and the mxture is stirred at roomtenperature for 23 hours. The
reaction mxture is diluted with chloragform and the m xture is washed
wi th an aqueous citric acid soluti nd an aqueous saturated
saline solution, and dried over sod} umZ20 lsullfate. After distilling off the
sol vent under reduced pressure, t ug~. SO purified by silica ge
col um chr omat ogr aphy (el uent, chl orof or ¢ fhanol = 40 : 1) to give
(4S)-7, 8-di hydro-4- et h}/i)_- @h@FﬁfS%ﬂ?S—@ih@BﬁdMJeﬂfyﬂﬂ?{ngydx‘?Dﬁ@p?i‘a\ﬁb{ﬂ!‘r—

ng

acet oxy- | H pyrano[ 3, 4-t]i ndol i di ne- 3, 10-di one ) as colorless

crystals.; 10 May;,2006,48 oY cehid)-trR9%0Céddeed e shnfe F£A#3RPEs 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—f]i1;dolidine-3,10-di_one obtained in Example
15 5-(2) (50 mg) is dissolved in acetic anhydride (1 ml), and thereto are added
pyridine (1 ml) and 4-N,N-dimethylaminopyridine (4 mg) under ice cooling, and
the mixture is stirred ét room temperature for 23 hours. The reaction mixture is

diluted with chloroform, and the mixture is washed with an aqueous citric acid
solution, water and an aqueous saturated saline solution, and dried over sodium
20 sulfate. After distilling off the solvent under reduced pressure, the residue is
purified by silica gel column chromatography (eluent, chloroform : methanol =
40 :1) to give (48)-7,8-dihydro-;1—ethyl—6,6-(2,2-dimethy1trimethy1enedioxy)-4—

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




CH3 5 mp.:185-188C IR (Nujol, cm1): 2922, 2852, 1743, 1671, 1613 M5
(mz): 392 (M#) NWR (300MHz, CDC13, S): 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),uémé5-5058 (1H,
m, 2.40-2,.61 (2H, m, 155-3.73 (4H, m, 10 4.12 (2H, t, J=6. Yz 7V 5. 27
(IH, d, J=17.1Hz), 5..52 (IH d, J=17Hz), 6.31 (1H, s) (2) The

(4S)-7, 8-di hydro-4-ethyl -6, 6-(2, 2-di met hykgri net 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 nmanner as described in Exanple 1-(5) to give

(4S)-7,8-dihydrﬁgﬁieﬁa¥l-4- )

acet oxy-| H pyra %, “t]indolidine-3,6,10(4H) -tiione as colorless crystals.
15 CH3CQ(J'" 'C@2H5 20 mp.: 197-203 CIR (Nujol, cm1): 1742, 1732, 1661,
1610 ESI- M5 (0.02M anmoni um acet at e/ et mz): 323 (MNH4+) NWR
(300MHz, CDC13, b): 0.92 -(3H, t, J=~ 94-2.25 (2H, m, 2.16 (3H,

.9 and 0.8Hz), 5.33 (1H, dd,

s), 2.95 (2H t, J=6.9Hz), 4.32.Q2H. td
J=18.1 and 10 May 2006 49 O. , 33 - dd, J=18.1 and 0.4Hz), 6.76
(1H, s) (3) The (4S)-7,8.-di hydro=4- &HpflQQ-Gd&t oxy- | H pyrano[ 3, 4-] -

3

5 m.p.: 185-188°C

IR (Nujol, cm-1): 2922, 2852, 1743, 1671, 1613

MS (m/z): 392 (MH™)
NMR (300MHz, CDCls, 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, 5), 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, 4, J=17.1Hz), 5.52 (1H, d, J=17Hz), 6.31 (1H, s)
(2) The (4S)-7,8-dihydro-4—cthy1—é,6—(2,2—dimethyltn'methylene-
dioxy)-4-acetoxy-1H-pyrano[3,4-f]indolidine-3,10-dione is treated in the same
manner as described in Example 1—(5) to give (4S)-7,8-dihydro-4-ethyl-4-

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

15
m.p.: 197-203°C
IR (Nujol, cm-1): 1742, 1732, 1661, 1610
20 ESI-MS (0.02M ammonium acetate/methanol, m/z): 323 (MNH4*)

NMR (300MHz, CDCl,, 8): 0.92(3H, t, J=7.5Hz), 1.94-2.25 (2H, m), 2.16 3H, ),

2.95 (2H, t, J=6.9Hz), 4.32 (2H, td, ]=6.9 and 0.8Hz), 5.33 (1H, dd, J=18.1 and




i ndol i dine-3,6,10(4H)-trione is treated in the sane manner as\, described in
Exanple 1-(6) to jive (20S)-20-0 acetyl-7-ethyl-10-[3-(tert-butoxycarbonyl
5 am no) pr opyl oxy] canpt ot hecin as col orl ess powders. (CH3)3 H&g@?)s
mp.: 173-176C 10 IR (Nujol, cm1): 3370, 1765, 1749, 1696, 1&YHRY - M5
(mz): 592 (MH+) NMWR (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 (4Hyom, 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.lHz), 5.40 (IH, d, 15 J=17.2Hz), 5.68 (1H, d,
J=17.2Hz), 7.15 (1H, s), 7.33 . d, J=2.6 7.47 (1H, dd, J=9.2 and
2.7Hz), 8. 12 (1PASHE. DJ@)OMSL Ciglﬁﬁéo-*”f&)’ R an

(20S) - 20- O acetyl -7-ethyl -10-[ 3-(tert-butoxycarbonyl am no) -

pr opyl oxy] canpt ot heci n ®% TheddetSidibstdaetciivd-frasiaw - bl -raeweld bl in
Example 1-(7) and.gB) to 8ive L. ) A o

(20S) - 7- et hy| - 10090 dingi 3% pYGHY1B58F) 18 HRPEDIHEE SO maRyerasdsraiteddn 10 May
2006 50 Exanples 8 - 12 (1) The_caorrespondin startin? conmpounds are
treated in the Eawsplen é?g§§(a%%h%Q6£ﬁxﬂﬁ'E?Hanéﬁ&tEﬁﬁ“%ﬁﬂ“P?PPY&here

are prepared the conpounds _as shown in the followng Table 1. 10 May 2006
5 amino)propyloxy]camptothecin as colorless powders.

2Hs

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

m.p.: 173-176°C
10 IR (Nujol, cm-1): 3370, 1765, 1749, 1696, 1657
ESI-MS (w/z): 592 (MH*)
NMR (300MHz, CD(Cls, 55: 0.97 3H, t, J=7.5Hz), 1.39 (3H, t, J=7.7Hz), 1.45 (OH,
$), 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), 421 (2H, t, J=6.1Hz), 4.77 (1H, br), 5.23 (2H, d, ]=1.1Hz), 5.40 (1H, 4,
15 J=17.2Hz), 5.68 (1H, d, I=17.2Hz), 7.15 (1H, 5), 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 (208)-20-0O-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.



51 Table 1 N A COOC2H, CH3 0 5 3 ,C7/HS Ex. No. cCL -

D astereosel ectivety 2S5:2R 8 (1)-C19.5:1.0 g (I)- CHSQOl .0
10(i)-OCH39.0:1.0 11(1)--09.5:1.0 12 (1)n, 1011 0 (2) The conpounds
obtained in the above (1) are treated in the sane ay 200 06

50

HCI - NH,(CH,);Q

Examples 8-12
3 (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.




manner as described in Exanple 1-(3)-(8) or Exanmple 1-(3)-(5), (7), (6) and
(8 to 5 give (20S)-7-ethyl-10-(3-am nopropyl oxy) canpt ot hecin

hydrochl ori de. Exanples 13 - 16 (1) The corresponding starti 0 nds
are treated in the same nmanner as described in Exanple 1-(11) HEB%J
there are prepared the conmpounds as shown in the followi ng Table 2. 10 My
2006 52 Table 2 N A COCC, Hs Ex. No.CH3RQP3CZHs Ro ,C0- -13(I)R ,0O0 H
14(1)I RL '

Table 1
Ex. No.
Diastereoselectivety
X 25:2R
8 (1) —C1 95:1.0
9D —CHj3 90.0:1.0
10 (1) -OCH; 9.0:1.0
11 (D) ’<:> 95:1.0
12 (1) [I ]l 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

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

w

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.



C~-N- SOS CH3 H3C 15 (1)cINSO2 -Co "Co- 16(I)R ~ N Ts 5 Ts: Tosyl group

(2) The conpounds obtained in the above (1) are treated in the sanme manner
as described in Exanple 1-(3)-(8) or Exanple 1-(3)-(5), (7), (ﬁ)ﬁ 268 (8) to
gi ve (20S)-7-ethyl-10-(3-am nopropyl oxy) canpt ot heci n hydr ocht&Maye008 g May
2006 53 Exanples 17 - 23 The correspondi ng starting conpounds are treated
in the sanme nmanner as described in Exanples 1, 2, 5 or 7, there are
prepared t he conmpounds as shown in the foF | ow ng Table 3. 5 Table 3 R61
R51 Ex. No.R71

Table 2
Ex. No.
RO
Lo—
N
£o—
14 (1) @@\*—502@&@
HsC
| 15 (1) I_SOZ
‘ \\\CO——
16 (1 Rl
® @i\ll?—'[’s

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

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




R81 1 \ I s OR91 HCH2CH3 R51R61R71R81 RO1 | 17-CH2-N NH H Q(CH2) 20--H

18- CH2NH2- H- O( CH2) 20- - H 19- CH2NH2- H- OCH2O- - H 20- H- NH2-H- H-H 217* . 9*

CCHB- F- - H - CH{ NH2) CH2CH2-  22- (CHR) 3- - O( CH2) 3NH2- H- H 23- H- H- O( GHR) 3NH2- H- H
*: The number means the substitution position (7-position/9-Bb¥ayiZ8R§ at

t he canptothecin nucleus. 10 May 2006 54 Exanple 24 (1) A m xture of ethyl

2-chloro-.2-[6-cyano-1, 1- (2. 2-di et hyl - 5
trinethylenedioxy)-5-oxo-1,2,3,5-tetrahy3ro-7-indoIidinyI] acetate (34.11

Q,
(3R)-N—(4-biphenylyliglfogghé-i 2,3, 4-tetrahydro- 3-isoqui nol i necar boxylic
acid 5 (42.33 and po P a Bonate (8.67 g) in dinethylformm de (350
m) is . .

) The corresponding starting compounds are treated in the same

manner as described in Examples 1, 2, 5 or 7, there are prepared the compounds

as shown in the following Table 3.

5 Table 3
Ex. No.

R51 R61 R7! R81 RO1
17 —CH,- / \NH -H —-0O(CH,),0- ~-H
18 —CH,NH, ~H -O(CH,),0- -H
1 9 "CHzN H2 -H . —OCHzo*' ___H
20 -H ~NH, -H -H _H
21 7% 9* ~CH;, -F -H

-CH(NH,)CH,CH,—

22 —(CHy)s— —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.




stirred at 60C for 45 mnutes. The reaction mxture is ice-cooled, diluted
wth ethyl acetate (200 m), and thereto is added an aqueous saturated

sodi um hydrogen carbonate solution (300 m) and is further ftﬂg/f:rgwéer
(500 mM). The mixture is extracted with ethyl acetate, and X ct 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-?/‘& rahydr o- 3-i soqui nol yl ]
car bonyl oxy] - 2-
[ 6-cyano-1, 1- (2, 2-di net hyl tri net hyl enedi oxy) - 5--. oxo-1, 2, 3, 5-tetrahydro--7-
indolidinyl] acetate (&8a2ple@t as pale yellow foam IR (Nujol, cml): 2220,
1750, 1665, 1615 15 Ms (mz): 738 (M#) NWR (300MHz, CDC13, S): 0.89 and
0.90 (3H, s), 1.10 and(l). ABnig@K oftethy) 27Hkdro-2-[6-3@nad - L35 d{n3dthyls) ,
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.t6&eftl#tnediox§=16kz)l,2,A52&ra@nydrod7-fidoliihtyl deetdre B2 ) o), 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- 13RPN-é+bipiynylylsBony)H12,8 3Hetral)ydrd-35deqhitiding24dboxlic abib2- 7. 68
(2H, m, 7.85-7.93 (2H, m (2) The ethyl
2-[[ (3R) 5N (4- HtpBR2gYy hyd pathdsomy¢drbdnae @, 60- ¢)en dahsthylferdramide (350 ml) is
i soqui nol yl ] carbonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di net hyl t ri met hyl enedi oxy) -5
10 May 2006 55 soxed atlG@CIob41 mtimmtsy drhe-reattion dukiude isyitd-canled, atit«biah ned in
the above (1) is treated in the sanme manner as described in Exanple
1-(2)-(8) to gicty! 6208 (70kinhy kndlBere{@isaatidad pn ogydoox yitaangai aidheai n
hydr ochl ori de.

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-isoquinolyljcarbonyloxy]-
2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-
indolidinyl]acetate (66.20 g) as pale yellow foam.
IR (Nujol, cm-1): 2220, 1750, 1663, 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),
' 522 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-



Ref erence Exanple 1 5 (1) 6-Cyano-7-nethyl -1, 5-di oxo
1,2,3,5-tetrahydroindolidine (1.,0 g), 2,2-dinethyl-1, 3-propanediol (6.64
g) and p-toluenesulfonic acid (15 mM) are mxed in dichlorOﬁ}QﬁngoégS m),
and the mxture is heated under reflux for 17 hours with a U
apparatus provided with Dean-Stark dehydrating device. The reaction

m xture is washed with an aqueous saturateg sodi um hydrogen 10 carbonate
solution and an aqueous saturated saline sdlution, and dried over
magnesi um sul fate. After distilling off the solvent under reduced pressure,
the residue is purified with a silica gel columm chromat ography (el uent;
chloroform: netdand,s-etilydrol)-immotdingtinysitalobianed iif therabaee hBNSkreb@d gl Ve

6- cyano- 7- et hyl -

1,1-(2, 2-di net hwtﬁégmﬂyﬁmedummcsrmm@lamb@veifla&rmsom&ﬁ#m ne
(1 05 g) 15 as colorless needles. Yield: 72% mp.: 225-226C IR (Nujol,

cm1): 2222, 16<é%u1;6&£bpyhﬁy1daﬁ@)cstheczﬁ HyNichl e NVR ( 300M+z, CDC13, §):
0.87 (3H, S) 1.30 (3 $)2.49 (3H, s), 2.53 (2H, t, J=7Hz), 3.62 (2H, d,
J=11Hz), 3.69 (2H, d, Zefeldie} Exdmple (2H, t, J=7Hz), 6.42 (1H, s) 10 May
2006 56 (2) The 6-cyano-7-nethy|-1,1-(2,2-dinethyltrinethylenedioxy)-S-
?ﬂX;J- i,ij, 3, 5- - t et r ahydr giynelalyish-mendtiyl- 4 3-digxd-52,8j5xechhiyAradfidolidadela reg)( 300

2,2-dimethyl-1,3-propanediol (6.64 g) and p-toluenesulfonic acid (15 ml) are

mixed in dichloroethane (25 ml), and the mixture is heated under reflux for 17

hours with a reflux apparatus provided with Dean-Stark dehydrating device.

The reaction mixture is washed with an aqueous saturated sodium hydrogen

10 carbonate solution and an aqueous saturated saline solution, and dried over
magnesium sulfate. After distilling off the solvent under reduced pressure, the
residue is purified with a silica gel column chfomatography (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)
as colorless needles. "
Yield: 72%
m.p.: 225-226°C
IR (Nujol, crar1): 2222, 1645, 1610
MS (m/z): 275 (MH*)
20 NMR (300MHz, CDCls, 8): 0.87 (3H, s), 1.30 (3H, 5)249 (3H, s), 2.53 (2H, 1,
=7Hz), 3.62 (2H, d, J=11Hz), 3.69 (2H, d, J=11Hz), 4.15 (2H, t, J=7THz), 6.42 (1H,

s)




thereto is added a 60% oily dispersion of sodiumhydride (9"26 a, 4,.4

equi valents), and the mxture is stirred on a bath of 80C for 2 hours. To
the 5 reaction m xture are added di ethyl carbonate (24,.85 g,.4

equi val ents) and ethanol (0.97 g, 0.4 equivalent), and the H%WWQO?S
reacted at 80C for 3 hours. Wiile cooling the reaction m xture on an ice
bath, a 50% acetic acid (80 mM) is added_thereto. The m xture is extracted
with chloroform and the extract is wash wi th an aqueous saturated
saline solution, and dried over magnesium 10 sulfate. After distilling off

t he sol vent under reduced pressure, the residue is purified with a silica
gel col um chr omat ogr aghy The bugatg-7-aidtiorl df b(22-dietthylrimatelakdioxyds- 1) and
recrystallized fromethyl acetate-ether to give ethyl 2-[6- cy ano- 1
,1-(2, 2 -di met byd-t 2 3retdnehyémadiobdiy} { BE4k )it miRed By drjtbdletnalB0dmdd dnd

Rt 4

indolidinyl] acetate (14.63 g) as colorless needles. 15 Yield: 80% mp.:
150-151 C IR ( NiHegto iscdatddd a 6822811y difpbsiod 656&hdiu b di 8. pd 2)4.4347 (MHO-)
NVR (300MHz, CDCI3, S): 0.87 (3H, s), 1.28 (3H, s), 1.29 (3H, t, J=7.5Hz),
2.54 20 (2H, tequlvaléizy), adl B2 ofiRfdre @ stided dhia)battBoBR) °CAdr 2thoud=IidHz):, 3. 79
(2H, s), 4.16 (2qH, t, J=7Hz), 4.22 (2H, q, J=7Hz), 6.54 (1H, s) (3) The

et hyl 2- [$- cyangadiich fitdedirdreddeyldidthyTeiathoneradi 850, 4eqaxaldds)May 2006 57
1,2,3,5-tetrahydro-7-indolidinyl]acetate (14.60 g) is added to a suspensi on
of a ethanol (0.97 g, 0.4 equivalent), and the mixture is reacted at 80°C for 3 hours. :
While cooling the reaction mixture on an ice bath, a 50% acetic acid (80 ml) is
added thereto. The mixture is extracted with chloroform, and the extract is
washed with an aqueous saturated saline solution, and dried over magnesium
10 sulfate. After distilling off the solvent under reduced pressure, the residue is
purified with a silica gel column chromatography (eluent; chloroform : ethyl
acetate = 4 : 1) and recrystallized from ethyl écetate-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, cmrl): 2220, 1725, 1650, 1610
MS (m/z): 347 (MH™)
NMR (300MHz, CDCls, 8): 0.87 (3H, s), 1.28 (3H, s), 1.29 (3H, t, J=7.5Hz), 2.54
20 (2H, t, J=7THz), 3.62 (2H, d, ]=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, 5)

(3) The ethyl 2~[6—cyano—1,1—(2,2-dimethylt1imethylenedioxy)—S—oxo—




60% oi |y di spersion of sodiumhydride (2..02 g, 1.2 equivalent) in dry
tetrahydro- furan (240 m), and the mxture is stirred at roomtenperature

for 3 hours.. To the reaction mxture is added brom ne (8.7@19%1 % g
equivalent), and the m xture is 5 stirred at room tenperatur ¥ 9 %ours,
and thereto is added ice water. The mxture is extracted with chloroform
and the extract is washed with an aqueouss;sodi um thiosul fate sol ution and
an aqueous saturated saline solution, and dried over nagnesium sulfate.
After distilling off the solvent under reduced pressure, the residue is
purified with a silica gel colum_chromatography (eluent; chloro-, 10 form
et hyl acet at el 2.38-tetrEy Ry -Indeldiay baqefaie #q%&%lé?qlﬂﬁd laGeuspasisnitér t o

ine et hyl o . . - . .
2- br omo- 2- [ 6- cy@efe-oily Higpersiongpfredy bydrifst(BYE enédi caxipplantlonalirt 1Qraysro-
tetrahydro-7 indolidinyl% acetate (15.66 g) as colorless needles. Yield:
87170 m.p.: 17am@4Cmil apRtheNpixsire IcTHTEy 2t mpartempzragire feEDhowrs 1 0o thed
(mz): 427 (M) NWR (300MHz, CDC13, S): 0.89 (3H, s), 1.28 (3H s), 1.32
(3H, t, J=7Hz),reactBwp mixpyse igxaddgdbrqmyine B.§5g(Diequivalgat) 2imd Yhe @i6Tre(i2H, d,
J=12Hz), 4.09-4.22 (2H, m, 4.24-4.35 (2H, rg 5.61 (1H, s), 6.90 (1H, s)
20 Ref er énce ExdimsHat poom jemperature for 2 hours, and thereto is added ice water. The
6- Cyano- 7- et hyl - 1, 5-di oxo- 1, 2, 3, 5-tetrahydr oi ndol i dine (5.93 g),
2, 2-di et hyl - | , 3nptwpanetiasicd(with grogforahang heotxanels wasbed witheindige@s n )
are 10 May 2006 58
sodium thiosulfate solution and an aqueous saturated saline solution, and dried
over magnesium sulfate. After distilling off the solvent under reduced pressure,
the residue is purified with a silica gel column chromatography (eluent; chloro-
10 form : ethyl acetate = 4 : 1) and recrystallized from ethyl acetate-ether to give
ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-
tetrahydro-7-indolidinyljacetate (15.66 g) as colorless needles.
Yield: 87%
m.p.: 117-119°C
15 IR (Nujol, cml): 2217, 1725, 1650, 1610
MS (m/z): 427 (MH*)
NMR (300MHz, CDCls, 5): 0.89 (3H, s), 1.28 (3H, s), 1.32 (3H, t, ]=7Hz), 2.54
(2H, t, J=7THz), 3.65 (2H, d, J=12Hz), 3.67 (2H, d, J=12Hz), 4.09-4.22 (2H, m),
4.24-4.35 (2H, m), 5.61 (1H, s), 6.90 (1H, s)
20 Reference Example 2

(1) 6-Cyano-7-methyl-1,5-dioxo-1,2,3,5-tetrahydroindolidine (5.93

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




m xed in dichloroethane (150 m ), and-the m xture is heated under reflux
for 22 hours with a reflux apparatus provided with Dean-Stark dehydrating

device. The reaction mxture is treated in the sane manner ?Osgll\/@ei%%bed in
Ref erence Exanple 1-(1) and recrystallized from nethanol to gi
6-cyano-7-nmethyl-1,1 5

(2.2-di ethyltrinethyl enedi oxy)-.5-0xo0-1, 258, .5-tetrahydroi ndolidine (6.67
g) as <colorless needles. Yield: 70% mp.: 197-198C IR (Nujol, cm1):

2219, 16.55, 1610 10 Ms (mz): 303 (M—IO) NTMR (300MHz, CDCl13, S): 0.83°
(3H, t, J=7.5Hz), O. : 1.78 (2H,
q, J=7.5Hz), 2. mqeé%ﬁwg})omezh@?( %‘Hﬂlk an‘?}gﬁ?ll&lytur%wém(eéﬂndar reﬂ)ylequ% 3.78
(2H, d, J=11Hz), 4.14 (2H_ t, J=7Hz), 6.39 1H S). (2). The procedure of

Ref er ence ExamﬂOel,\lfg.LY*’(ﬂQ)a rpluy apRAsRES PERYIRS Wigh Desn-Stark dehydrating device.
6-cyano-7-nmet hyl -1, 1- (2, 2-di et hyl tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydr
o- indolidine (Vhemsagipn mixyare 5| tipsird ipdle FAme Mmanngnes eescyibe] spRefsicone of

sodi um hydride (2.76 4.4 equivalents), diethyl carbonate (7.42 g, 4
equi val ent s) arﬁkané)ﬂmhgﬁlané@e%ﬁtﬁillefbﬁméﬁ’tﬁ]ilaﬁal @rﬁlye 6-areha-Frenghddubt is
recrystallized fromethyl acetate-ether to give ethyl

2-[ 6- cyafo- 1, 1{22-dielylsmgihyleppdiory Tosetil o lgra@adromdohdme (6.67 g) as

ox0-1, 2, 3,5-tetrahydro-7-indolidinyl]acetate (3.71 g) as col orl ess needl es.
Yield: 63% m pCOlOIé?&@@@Q]@S 10 May 2006

Yield: 70%
m.p.: 197-198°C
IR (Nujol, cmrl): 2219, 1655, 1610
10 MS (m/z): 303 (MH*)
NMR (300MHz, CDCl;, 8): 0.83 (3H, t, JI=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, sﬁ, 2.52 (2H, t, I=THz), 3.64 (2H, d,
J=11Hz), 3.78 (2H, d, J=11Hz), 4.14 (2H, t, ]=THz), 6.39 (1H, s)
(2) The procedure of Refe;rence Example 1-(2) is repeated by using
15 6-cyano-7-methyl-1,1-(2,2-diethyltrimethylenedioxy)-5-ox0-1,2,3,5-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




59 IR (Nujol, cm1): 2220, 1745, 1660, 1605 M (mfz): 375 (MH+) N MR
(300MHz, CDCI3, S): 0.83 (3H, t, J=7.5Hz), 0.91 (3H, t, J=7.5Hz), 1..23
(2H, q, J=7.5Hz), 1.29 (3H, t, J=7.5Hz), 1.7.5 (2H, q, J=7. ),28 (353 (2H,
t, J=7Hz), 5 3.62 (2H, d, J=12Hz), 3.77 (2H, d, J=12Hz), 3.7 #20¢ 15
(2H, t, J=7THz), 4.22 (2H, q, J=7THz), 6.50 (1H, s) (3) The ethyl
2-[6-cyano-1, 1- (2, 2-di et hyl tri met hyl enedi ggy) -. 5- oxo-
1,2,3,5-tetrahydro-7-indolidinyl]acetate (152 g) is added to a suspensi on
of a 60%oily dispersion of sodi um hydri de (451 ny, 1.2 equivalent) in dry
tetra 10 hydrofuran (60 ml) mxture is treated at roomtenperature
for 3 hours. TOR G&j9leamt): 8@2%5@%]&698169%% bromine (1.95 g, 1.3

equi valent), and the m xture is stirred at roomtenperature for 3 hours,

and the reacti ausSninxh)us® (NsH+Xreated in the same manner as described in
Ref erence Exanple 1-(3) and recrystallized fromethyl acetate-ether to

gi ve ethyl 2-bnepmx @od0reyene:.lsi %3 (3H, t, J=7.5Hz), 0.91 (3H, , J=
(2.2-diethyltrimet hyI eng}(;zlyoxy) 5)loxo-(1 2.3, 5 %)etra ydrto DHZ Illd nyl]acet

am 1) ¢ 2220, 170 Teg0 216080 o W LS 3?%%1{@[51’ %@M( s
R xcht i it EEe e B e o)
(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.@5 g, 1.3 equivalent), and the
mixture is stirred at room temperature for 3 hoﬁrs, and the reaction mixture is
treated in the same manner as descrﬂ?ed 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 peedles.
Yield: 58%
m.p.: 106-108°C
IR (Nujol, cm-1): 2220, 1733, 1660, 1610
20 MS (m/z): 455 (MH*)

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

g, J=7.5Hz), 1.32 (3H, t, J=7Hz), 1.73 (2H, q, J=7.5Hz), 2.52 (2H, t, J=7Hz), 3.61




10 May 2006 60 (1H, d, J=12Hz), 3.62 (1H, d, J=12Hz), 3.77 (1H, dd, J=2 and
12Hz), 3.80 (1H, dd, J=2 and 12Hz), 4.16 (2H, nm), 4.25-4.35 (2H, m, 5.61
(1H, s), 6.85 (1H, s) Reference Exanple 3 Sodi um hydroxi de &%%76 86 is

di ssolved in water (300 m), and therein 5 is suspended ay 2006
(3R)-1, 2, 3, 4-tetrahydro- 3-i soqui nol i necarboxylic acid (30.0 a) and thereto
i s added tetrahydrofuran (120 m ). To theépesulting solution is added 4-

bi phenyl yl sul fonyl chloride (42.9 g), and the mxture is stirred at room
tenperature for one hour. The reaction mxture is acidified with 10% hydro-

xiracted 10 TWEE i CE ét3hé%‘“’<“£§9a VI i dﬁaeﬁﬁﬁdmté‘%f‘%ter

extracted 10 twice Wt

and an aqueous saturat, | i 0 ulfate and
then treated w % tlgg)ﬁgg# éﬁ?%%z eHSg%$%&?% %g iPtered off
distilled off under reduced pressure.

fromthe extract, and g?g sol s
The residue is recryst TG F%W]é%hyl acet at e- hexane to give
3R) - N- (4- bi phenyl yl sulf anyl ro-.3
e ey A %“%yﬁéd’%de lgét g‘é?ﬁq‘é%dsm&%}%&@f)@ ml), gpd tepreig5os

|squ|noI|necarboxyI|c
(r:nnf 1) : 12%6(2)02§§ allsp ,(E%Ag g,%élt(a?ﬂ%%odk gg{agwrcn%oxyﬁg agl% (I3(|$ O(Gl;luzgnm
thereto is added tetrahydrofuran (120 ml). To the resulting solution is added 4-
biphenylylsulfonyl chloride (42.9 g), and the mixture is stirred at room
temperature for one hour. The reaction mixture is acidified with 10% hydro-
chloric acid under ice cooling, and is diluted with water, and then extracted
10 twice with ethyl acetate. The extract is washed with water and an aqueous
saturated saline solution, dried over sodium sulfate and then treated with active
carbon. Undissolved materials are filtered off from the extract, and the solvent is
distilled off under reduced pressure. The residue is recrystallized from ethyl
acetate-hexane to give (3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-
15 isoquinolinecarboxylic acid (36.5 g) as colorless crystals.
Yield: 55%
m.p.: 195-202°C
[c] D2: +8.02° (c=1.08, dimethylformamide)
IR (Nujol, cm1): 3300, 2924, 1743, 1456
20 MS (m/z): 394 (MH4)
NMR (300MHz, CDCl;, §): 3.10-3.15 (2H, m), 4.48 (1H, d, J=15.6Hz), 4.67 (1H, d,

J=15.6Hz), 4.93 (1H, dd, J=4.0 and 5.3Hz); 6.95-7.20 (4H, m), 7.40-7.53 (3H, m),




1IN MR (300MHz, CDCI3, S): 3.10-3.15 (2H, m), 4.48 (1H, d, J=15.6Hz), 4.67
(1H, d, J=15.6Hz), 4.93 (1H, dd, J=4.0 and 5.3Hz), 6.95-7.20 (4H, m),

7.40-7.53 (3H, m, 10 May 2006 61 7.56-7.69 (4H, m, 7'83_7'§$%%§?P g)
Ref erence Exanple 4 (3R)-1.2,3,4-Tetiahydro-3-isoquinolinec PR acid
(532 g) and sodi um hydroxide (2.40 g) are added to a m xture of nethyl ene
chloride-water 5 (200 Ml - 200 m), and tdiereto is added dropw se a
solution of 4-nitrophenyl- sulfonyl chloride (6.62 g) in nethylene chloride
(100 m) wunder ice cooling over a period of 30 minutes. The m xture is

stirred under ice | j f.o urs, and thereto are further added
sodi um hydr oxi dé-bé%.-ébo@gl}qr%?n '82'7';% é?{r of 4-nitro- phenyl sul fonyl

chloride (3.32 g) in nethylene_chlqride (60 m) in this order. The 10
mxture is stirred undé?g@égu%%%ﬁ?ﬁ64for 2 hours, and further stirred at

room tenperature for 17 hours nd the_reaction mxture is diluted with
chl oroform and 10% hyé?%Ifﬂa42&%-3%5'%3/&{30%&0%%&16%?%11a;a@rd P$2Dladct ed
and washed with water and theQ%mjth &ggaqueous satf urated saline solution,

dried over sodi tAfUm Gyimrede st Here p99edited Wikt acpebaleaschipridetyiessol ved

materials are filtered 15 off fromthe ;%%groforn1la_er, and the solvent is
distilled of f uR@8mlrS9Qdel, 2k beetn is adqgqdipRuisg gsoiubion of frieaphinyh a
silica gel colum chronmatograph el uent, ch] orof or and  recrystallized
from et ﬁy| acet %@@nwetg@% gy,)én %@ﬁ)y_?ene ch om]de (100 mlr?under ice cooling over

N- (4-ni trophenyl sul fonyl)-1, 2,3, 4-tetrahydro- 3-isoqui nol i necarboxylic acid
(4.01 g) as col @pqr@ggjfé@yg{nweg._ 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 iayer 1s 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

13 off from the chloroform layer, and thé 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, em-1): 3316, 1743, 1531, 1169



20 Yield: 37% mp.: 140C [a] D25: +27.2 (c=0.5, ethanol) IR (Nujol,
cm1):3316, 1743, 1531, 1169 10 May 2006 62 M5 (mz): 361 (MH+) NIMR (300MHz,

CDCl 3, 6): 3..15-330 (2H, m, 4.40 (1H, d, J=15Hz), 4.73 (1::10@, 280615HZ)
5.01 (114, dd, J=3.7 and 5.7Hz), 7.04-7.20 (4H, n), 7.99 (2

J=9..0Hz), 8.20 (2H, d, J=9.0Hz) 5 Reference Exanple 5 To a suspensi on of
ethyl 2-[6--cyano-1,1-(2,2-dinmethyltrinmetkgl ene-

di oxy-5-o0xo0-1, 2, 3,5-tetrahydro-7-i ndolidinyl]acetate (43.41 g) in
tetrahydro- furan (600 m) is added triethylam ne (13.94 g) under argon

at nosphere at -4 ( n)%éﬁ@%ﬁ% is further added dropw se trinethylsilyl
chloride (14.41 f 0 3C over a period of 5 mnutes. The m xture

is stirred at the sane.t m.nutes and thereto is added
dropwi se a suspBE 60 M}?&E@ﬁﬁ‘bu)o% 1§ é(? E??”m”& f‘(“i(ﬂﬁl)@i &713H0).1%et3 dhlydr of ur an
(400 M) at -4 to 4C over a period of 7 mnutes. The reaction mxture is
further stirred=dtHa), béxiféHaddide3.0fndC7He), 404-1.20 (4,5nh0199g2Hadd t heret o

added water (1 liter) at 0C, and the mxture is 15 extracted with ethyl
acetate. The exi9ddiz))&208hdd]=9%0H=ad, treated with active carbon,

filtered and then distilled to renove the solvent. The residue is
recrystalsl i zed from et RyferemceEasmplesopr opyl ether to give ethyl
2-chl oro-2-[ 6-

To a suspension of ethyl 2-[6-cyano-1,1-(2,2-dimethyltrimethylene-
dioxy-5-oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (43.41 g) in tetrahydro-
furan (600 ml) is added triethylamine (13.94 g) under argon atmosphere at -4°C
and thereto is further added dropwise trimethylsilyl chloride (14.41 g) at -4 to -

10 3°C over a period of 5 minutes. The mixture is stirred at the same temperature
for 55 minutes and thereto is added 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 watetr (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-oxo-1,2,3,5-tetrahydro-7-
indolidinyl]acetate (40.28 g) as colorless needles.

20 Yield: 84%
m.p.: 153-155°C

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




cyano-1,1-(2, 2-dinmethyltrimethylenedi oxy)-5-o0xo0-1,2,3,5-tetrahydro-7-

i ndolidinyl] acetate (40.28 g) as colorless needles. 20 Yield: 84% mp.:
153-155C IR (Nujol, cm1): 2227, 1749, 1662, 1615, 1541, 131]0, 12 &O 1202,
1179, 1161, 10 May 2006 63 1143, 1065, 967, 835, 715 APCI M8 (W&SA". %81 and
383 (MH) NWR (300MHz, CDCI3, S): 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 (44 m, 4.13-4.21 (2H, m,
4,22-437 (2H, m, 5.63 (1 H,s), 5 6.77(1H,s) Reference Exanple 6 (1)

3- Ami nopropanol (6.0 g) is dissolved in nmethylene chloride (50 m) and

thereto i s adde Lse . di:1-butyl dicarbonate (18.3 g) wth stirring
under ice cooli gbﬂ%ﬁgg’rﬁe@zt %}967'% stirred at roomtenperature for 2 hours,
and 10 the reaction mxture is concentrated and then purified with a silica

gel colum chr O6R&INET Gpy 386 28d ¥& @1HDput oxycar bonyl anmi nopr opanol (13. 98
g) as colorless oil. Yield: 99.917c IR (Neat), vmax cm1l: 3380, 1790 15 M5

(mz): 176 ( MrH¥MRIROMIGONEDCL;,GDO.ES, 3B) 5), 1.28 BH,SM,1.6)(3HLt, 627.1H22 2A2H, M),
3.0 (1H, brs.), 3.29
2.58 (2H, m), 3.60-3.70 (4H, m), 4.13-4.21 (2H, m), 4.22-4.37 (2H, m), 5.63 (1H,s),

5 6.77 (1H, s)

Reference Example 6

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

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

chromatography to give 3-t-butoxycarbonylaminopropanol (13.98 g) as
colorless oil.

Yield: 99.9%

IR (Neat), v, cm-l: 3380, 1790

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




(2H, dd, J=12Hz and 6Hz), 3.66 (2H, dd, J=12Hz and 6Hz), 4.80 (1H, brs) (2)
3-t-But oxycar bonyl am nopropanol (10.0 g) is dissolved in nethylene
chloride (100 m) and thereto are added triethylam ne (8. 66 and 20
tosyl chloride (16.3 g) with stirring under ice cooling. The Y 4PRo | s
stirred at roomtenperature overnight. The reaction mxture is concentrated
and the residue is dissolved in water-et acetate, and the organic |ayer
is separated, 10 May 2006 64 washed with an aqueous saturated saline
solution, dried over sodiumsulfate, and then distilled off the solvent.
The residue is purified wwth a silica gel colum chromatography to give
3- t - but oxycar boi#askadi Wi ro pgucorp sl RiBgyolyliongiriedaver spdiumwnigatk, 5
Yield: 82% IR (Neat), vmax cm1: 3400, .3340, 1700, 1600 M5 (mz): 352
(M:Naf) NVR (30@nhen divgligd offyhe splvepp. Theresiine igpurdiet vath 4 dhica p3l,coluidd  ( 3H,
s), 3.11-322 (2H, m, 4.09 (2H t, J=6Hz), 4.5-4.65 (1H, m), 7.36 (2H, d,
J=8Hz), 7.77-7.¢i88memidraphygo gve 3y-beiqgyarogyylamiicprapye msglateypd¥y ¢62a0 g) i s
dissolved in dry tetrahyrofuran (90 nl) and thereto is added dropw se
vi nyl magnesi um prlopsltbay o2, 3 equi val ents) with stirring at -78C. The
tenperature of the reaction mxture is raised gradually. After conpletion
of the reactionYicldi8B@ is added to the 15 reaction mixture, and the
m xture is extracted with ethyl acetate, and the organic

IR (Neat), vy, cm1: 3400, 3340, 1700, 1600

MS (m/z): 352 (M+Na¥)
NMR (300MHz, CDCl3, 8): 1.42 (9H, s), 1.78-1.90 (2H, m), 2.45 (3H, s), 3.11-3.22
(2H, m), 4.09 (2H, t, J=6Hz), 4.5-4.65 (1H, m), 7.36 (2H, d, J=8Hz), 7.77-7.83 (2H,
10 m)
3) S—Hydroxy—?,-m'trobenzaldehj;:lc (6.0 g) is dissolved in dry
tetrahyrofuran (90 ml) and thereto is added dgopwise 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), vy, cm1: 3440, 1600




| ayer i s separated, washed wth an aqueous saturated saline solution, dried
over sodiumsulfate, and then distilled off the solvent. The residue is

purified with a silica gel colum chromatography to give
1- (5' - hydr oxy-2' - ni trophenyl ) - 2- propen-1-ol (5.09 g) as yel {b¥ie¥AB¢ own
powders. 20 Yield: 73% m.p.: 126-130C IR (Nujol), vmax cm 1l: 3440, 1600
10 May 2006 65 M5 (m z)- 195 (M+) NMR (300841iz, CDCI 3, 6): 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
(1H, 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)

1- (5' - - Hydr oxy- 2SAYD oM ) - 2- propen-1-0l (2.0g) is dissolved in dry
di mret hyl forman-tide (100 nl) and thereto are added sodi umi odide (1
equi val ent) and NHRaSEIMAzcEAPEENE & 4dhd, 18,15 L hHody, =il 0.6 Hlylaaril o) opyd
tosylate (1.5 equivalent). The m xture is stirred at 50C for 6 hours, and

thereto 10 is adegdietbyiHAEEUHE), STHRIM, Xi)U6.63 (131, \waghed 7ui.t {p am, agueous
saturated saline solution, dried over sodiumsulfate. After distilling off

the sol vent, they,e% gueH &d, TROME EAETIM 1.02 a1Bid 1-CR1.98) 9 Rl 1-0Hy),
chromat ography to give 1-[5'-(3"-t-butoxy-
carbonylaginopr@gmugﬁyﬁﬁ)Z'-nitrophenyl]-2-propen-|-oI (3.53 g) as pale
brown caranel.
(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), v, corl: 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, I=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=SHz)




15 Yiel d: 98% IR (Neat), vmcm1: 3400, 1690, 1680 20 MBS (mz): 375 (M-Na+)
NVR (300MHz, CDC13, S): 1.44 (9H, s), 1.96-2.06 (2H, m, 2.80 (1H, brs)

3.33 (2H, ¢, J=6.5Hz), 4.11 (2H, t, J=6Hz), 4.8 (1H, brs), ﬁf é%@g
J=10.5Hz and 1.5Hz), 5.42 (1H, dd, J=17Hz and 1.5Hz), 5.92 ({¥ay =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 (1 H, d, J=9Hz) 10 Mpy 2006 66 (5)

1- (5" -(.3"-t-but oxycarbonyl am nopropyl oxy)-. 2" -ni trophenyl)-2- propen-1-ol
(9.66 g) is dissolved in chl oroform(300 rr1) and thereto is added

activated manganese dio v r m.xture is heated with reflux.
Aft er corrpl etion of theeql)ezés QZ gc% 5ca y%?’ajflg?f?ra?%loéi‘)e FrePEy ot with

acetate. . The oPgPe-0f B OiSTSaRR LT %?dfa% a0kl Pafirbustent ur at ed

acet at e.
ol vont > e ?Qgg ﬁ{?éeeqd@%fﬁheﬁ Sl R a7 tﬁ@fnﬁﬁéaeqéﬁééf%'wé‘ ‘i ogr aphy
Liy?' 2 1 ophafyT FOBb BB EHDF FAFROaSOETh) "HEpr e of witystan. 10
mp. 65- 71 c X de lh% fll?rgtoé)lls lgonclélgtafgtec’l an?tﬁereto 1s adg %Se%lyl acetate The organic
layer is separated, 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 éive 1-[5°-(3”-t-butoxycarbonylaminopropyl-
oxy)-2’-nitrophenyl]-2-propen-1-one (6.01 g) as yellow color crystal.
10 m.p.: 65-71°C
Yield: 63%

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

MS (m/z): 351 (M+H™)
NMR (300MHz, CDCl;, 6): 1.44 (SH, s), 1.98-2.18 (2H, m), 3.28-3.37 (2H, q,
15 J=6.5Hz), 4.08-4.16 (2H, m), 4.67 (1H, brs), 5.85 (1H, d, J=17.5Hz), 6.02 (1H, 4,
J=10.5Hz), 6.62 (1H, dd, J=17.5Hz and 10.5Hz), 6.82 (1H, d, J=3Hz), 7.03 (1H,
dd, J=9Hz and 3Hz), 8.17 (1H, d, J=9Hz)
(6) 1-[5’-(3”-t-butoxycarbonylaminopropyloxy)-2’-nitrophenyl)-2-
propen-1-one (325 mg) is dissolved in ethanol (15 ml) and thereto is added 10%
20 palladium-carbon (40 mg), and the mixture is stirred under hydrogen atmosphere
for 1.5 hour. After removing the catalyst by filtration, the filtrate is concentrated

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




M5 (nmfz): 351 (M+HT) NMR (300MHz, CDCI3, S): 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 (IH brs), 5.85
(1H, d, J=17.5Hz), 6.02 (1H, d, J=103Hz), 6.62 (IH, dd, J= 17 {i&
10.5Hz), 6.82 (1H d, J=3Hz), 7.03 (1H, dd, J=9Hz and 3Hz),! ﬂ}?ﬂ? d,
J=9Hz) (6) 1-[5'-(3"-t-butoxycarbonyl am nopropyl oxy)-2'-ni trophenyl )-2-
propen-|-one (325 ng) is dissolved in ethagl (15 m) and thereto is added
10% 20 pall adiumcarbon (40 ng), and the m xture is stirred under hydrogen
atmosphere for 1.5 hour. After renoving the catalyst by filtration, the
filtrate is con NER |I a e

chr omat ogr aphy '?%r%?g]taﬁqu@ggy(@%)t; b‘%ﬁg%ﬁe% % 9‘6(%4§m“ as yellow

car bonyl am nopr gxggéy) 2' - am nophenyl ] pr opan- 1 one (248 ny) as yell ow
powders. mp.,: 15°C Yield: 83%5 IR (Nujol), vmax cm 1. 3450, 3400,
3340, 1700, 165&&/531(;1111@ 323 (MtH ) NTMR (300MHz, CDC13, S): 1.21 (3H, t,
J=THz), 1.45(9 80201(2H m, 2.95 (2H, q, 1J=7.5Hz), 3.3 (2H,

g, J=6.5Hz), %ﬁlé?ﬁ' J=6.5Hz), 4.48 (1 H, brs), 5.96 (2H, brs), 6.62
(1H, d, J=9Hz), (TH dd, J=9Hz and 3Hz), 7.24 (IH 10 d, J=3 Hz) 10

May 2006 IR (Nujol), Vpay crn-l: 3450, 3400, 3340, 1700, 1650
MS (m/z): 323 (M+H#)
NMR (300MHz, CDCl3, 8): 1.21 (3H, t, J=7Hz), 1.45 (9H, 5, 1.90-2.01 (2H. m),
2.95 (2H, q,J=7.5Hz), 3.33 (2H, g, 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 (14,

10 d, J=3Hz)




68 WHAT IS CLAIMED I S: 1. A canptothecin conpound having a substituent on
the 20-hydroxy group of the formula [XV]: R6 RS [XV ] 5 wherein Ris a
resi due obtained by renoving a hydroxy group fromthe carboxyl b/?roup of an

R type nitrogen-containing fused heterocyclic carboxylic acid

ayt2q@

formula [ XIX] : ',~ 000H [XI X] 10 wherein Y is a substituted or
unsubstituted aryl sul fonyl group or an akRyl- sulfonyl group, and nis 0 or
1, and the groups R5 to RO are (a) the adjacent two groups anong the R5 -
RO conmbine to forma straight chain or branched chai n al kyl ene group
having 2 to 6 carbon atons, or 15 are both a hydrogen atom and one of the
remai ni ng groups is_- other two of the renmaining groups
are a hydrogen atonyniﬂgﬁ%%énggggsgg unsubstituted | ower al kyl group, or a
hal ogen atom (b) the adjacent two groups anong the R5 - RO conbine to form
a straight chain or branched chain al kyl ene group having 2 to 6 carbon

atons, 20 and any one carbon atomin the al kyl ene group is substituted by
a group of the 1. A camptothecin compound having a substituent on the 20-hydroxy
group of the formula [XV]:
R® RS o)

[XV]

5 R’ ROO CH,CH,
wherein R” is a residue obtained by removing a hydroxy group from the

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

acid of the formula [XIX]:
COOH

N-Y
(CH2)n

10  wherein Y is a substituted or unsubstituted arylsulfonyl group or an alkyl-
sulfonyl group, andnis O or 1,
and the groups R’ to R’ are
(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
15 are both a hydrogen atom, and one of the remaining groups is -Qq-Alkp-RIO, 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 R” - R’ combine to form a
straight chain or branched chain alkylene group having 2 to 6 carbon atoms,

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




10 May 2006 69 fornula: -Q-Al kp R10, and the remai ning three groups of the
R5 - RO are a hydrogen atom a substituted or unsubstituted |ower alkyl
group, or a halogen atom in the above (a) and (b), one or two nethyl ene
groups in the alkylene 5 group nay be replaced by -0-, -S BMagd006qQ js
-0- or -NH, A1 Kk is a straight chain or branched chain al kyl ene group
having 1 to 6 carbon atons, which nay ogyionally be intervened by an
oxygen atom R10 is a protected am no group, a protected |ower al kylam no
group, a 10 protected piperazino group, or a protected hydroxy group,
pandgareboth O or 1,orwhen pis 1,g is O.

formula: -Qq-Alkp-Rlo, and the remaining three groups of the R’-R’area
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

5  group may be replaced by -O-, -S- or -NH-,

Q is -O- or -NH-,

Alk is a straight chain or branched chain alkylene group having 1 to 6
carbon atoms, which may optionally be intervened by an oxygen atom,

R'® is a protected amino group, a protected lower alkylamino group, a

10  protected piperazino group, or a protected hydroxy group,

pand q are both 0 or I, or whenpis 1, qis 0.



