4 May 2006 1 S TYPE 2- SUBSTI TUTED HYDROXY- 2- | NDOLI 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- indolidinylbutyric
ester conpound and a process for the preparation thereof. Mt¥ay2006
particularly, it relates to an S type 2-substituted hydroxy-2-indolidinyl-
butyric ester conpound which is useful as an internediate 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 is known a process for preparing canptothecin derivatives
havi ng antitunor &ckYVE&: %@Hﬂmfﬁﬁﬁ@ﬁYr%&é@DbmmﬁBﬁﬁ’W@ﬂS@ﬁ%,
EP-A-' 296597, JP- A-GOBFABNDACANDYRRIGESS EPRARARORATIONEIERBOFt has
been 15 investigated to find processes for preparing S type
4- hydr oxypyr anoi ndol i di ne conpounds of the forrmula [VIII] which are
i nportant as an RBLPrOBONEENTION] VIII ] 20 Besides, it is reported, for
exanple, in EP-A-220601 that an S type 2-
[ (R) - N-tosyl - prol yl oxy] TRisiindaitiodi ralatdsub yiniSctygs besubs@aRauidof,-3.he formul a
[ XXI]:

indolidinylbutyric ester compound and a process for the preparation thereof.

More particularly, it relates to an S type 2-substituted hydroxy-2-indolidinyl-
butyric ester compound which is useful as an intermediate for preparing
camptothecin derivatives having antitumor activities and a process for preparing
10 said compound in high yield and in high stereoselectivity.
PRIOR ART
There is known a process for preparing camptothecin derivatives
having antitumor activities by Friedlaender reaction (cf. EP-A-540099, EP-A-

296597, JP-A-6-87746, WO 90/03169, EP-A-418099), wherein it has been

15 investigated to find processes for preparing S type 4-hydroxypyranoindolidine
compounds of the formula [VIII] which are important as an intermediate:
S [ VII]
O )
HO "CH,CH,
20

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

[(R)-N-tosyl-prolyloxy]-2-—indolidiny1butyric ester compound of the formula
[XXT]:



4 May 2006 2 0 CN COOCH2CH3 H[ '"ICU ~~OCOONCHC] 5 10 NNTs may be
prepared by brom nating at 2-position of a 2-indolidinylacetic ester
conmpound of the formula [XX]: CN COOCH2CH3 [ XX] and reacting the resultant
with an (R -N-tosylproline and further ethylating at 2 positi®oMagR0dhe
reaction product, and further that a canptothecin derivative is prepared
fromsaid conpound via an S type 4- hydroxypgranoi ndol i di ne 15 conpound
[VIT1]. However, according to this process, “the desired S type 2-[(R-N

CN
COOCH,CH,

i/o co-d H,cH, [XX1]
.

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

&

%
7

compound of the formula [XX]:

10

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

13 compound [VII].

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

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



t osyl prol yl oxy] - 2-i ndol i di nyl butyric ester conpound [ XXI] is nerely
obtained in an anount of 2.6-4.6 tines larger (44-64%d.e.) than that of a
di astereonmer having an absolute configuration of "R' at 2-position which
is sinmultaneously 20 prepared, and the S type conpound is i sclMagd006
therefromin a further lower yield, only 56% by a fractional
recrystallization [cf. Organic Synthetic Chem stry, vol. 49, No. 11, pp.
1013-1020, 1991]. BRI EF SUMVARY OF THE | NVENTI ON 4 May 2006 3 This
invention provides an S type 2-substituted hydroxy-2- indolidinylbutyric
ester conpound useful as an internediate for preparing canptothecin
derivatives in a high yi @hid ianehtion ;aohiidgharssepwg%hsﬁitﬁt\éhth%jrdrox BTAl LED
DESCRI PTI ON OF THE | NVENTI ON According to this invention, fhe desired S

type 2-substi tut egdoltiehibatyri2 cted b dabituy bé n 884 dCATRAYIL,0F 1 he
formula [I11]: CN RL. 10 can be prepared by reacting a °

2- hal 0- 2-i ndol i dicayipagkidit destaives aMPRUAIAE ahlien a byl Rodddctiliy ON 15 RL

coos [ 111 ] N '
DETAILED DESCRIPTION OF THE INVENTION

3 According to this invention, the desired S type 2-substituted

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

S
R1 :
10 \ﬁ/ P L]

R2 R%°0 "CH,CH,
can be prepared by reacting a 2-halo-2-indoiidinylacetic ester compound of the

formula [IO]:

[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 (IV]
wherein RO is a residue of a nitrogen-containing fused heterocyclic carboxylic

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



,OR2 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 forrmula [IV]: 20 R[i}igl\ﬂ
wherein RO is a residue of a nitrogen-containing fused het er dcylelyi280
carboxylic acid having an absolute configuration of "R' which is obtained
by renoving 4 May 2006 4 hydroxy group fromgthe carboxyl group of said
carboxylic acid conmpound (in which the nitrogen atom contained in the
residue is protected) or a salt thereof to give a 2-substituted

hydr oxy- 2-i ndol i inylacetic.esngr %%ppound of thg formula [I1]: R CN r-
COCE O RoO R Z PVroiheeimiTOmene ¢RvSrE! &Prep Q& st crew! cogpguRchen

ethyl ati ng 2-positiaon of the . .
which the nitrogen atom contained in the residue is protected) or a salt thereof

to give a 2-substituted hydroxy-2-indolidinylacetic ester compound of the

formula [I]:

CN
| [1]

Rl\,; N COOE
© RO

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

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

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

isolation yield of 75% or 76%, respectively.



10 resul tant conmpound [I]. The process of this invention is characteristic
in that the 2-substituted hydroxy-2-indolidinylacetic ester conpound [I]
is sterically bulky at the acetal npiety and has a sterically bul ky
substituent containing an optically active nitrogen-contai nifiylduded
heterocyclic ring at 2-position thereof and hence it is 15 ethylated with
hi gh yield and high stereoselectivity at 2-position, and thereby the
desired S type 2-substituted hydroxy-2-indoli di nyl butyric ester conpound
[1l] is obtained in a high selectivity such as 9 tinmes or nore higher (80%
d.e. or nore) than the diastereoner having an absolute configuration of
"R' at 2- position. PartTuRdypeynitigencotteingrinsed Meteionytihecsbhstictadent RO
in the 20 conpound [I] is a 4-nitrophenyl sul fonyl group or a 4-biphenyl

sul fonyl group, comgouskilVédn tompoenidbn meaistacaepbund havioly diaghesy] group
stereosel ectivity of 20 tinmes (90%d.e.) or 15.2 tines (88%d.e.) higher,
respectivel y andbbnndricchnhioghecontamoh@afused hytesdcegclod ridd Uhemitfddén atom
respectively. 4 May 2006 5 The R type nitrogen-containing fused

het erocycl i ¢ car boxtyined imeiid compopalischrpievfed), rant hihescarbare AlbrOBoUH—IARSh &he
conpound havi ng a carboxyl group bound to a nitrogen-containing fused

het erocycljc ri ngatbbhg groty bgem altsomte confi@irageh bh“Ryiaddanerpptpdni s
protected), and the carbon atom bound with the 5 carboxyl group has an
absol ut e confi gutaithiaingofuséRieterangklichéngiinchoge a-besamt dhidngirbused
heterocyclic ring includes a benzene-fused nitrogen- containing

het erocyclic ri ngonthiningeheampdyelic singefor akyple] s @eahydrbisS@uindlng:, rim, h@dtrA-

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 [XIXT]:

~COOH
R [ XIX]
NEY
(CH2)n

wherein nis O 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, naphthylsulfom;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



hydroqui noline ring, a dihydroquinoline ring, or an indoline ring. Suitable
exanpl e of the nitrogen-containing fused heterocyclic 10 carboxylic acid
conpound havi ng an absol ute configuration of "R' is a conpound of the
formula [ XIX]: [XIX] N-Y (CH2)n 15 wherein nis 0 or 1, and &YMag 2806
substituted or unsubstituted aryl sul fonyl group or a |ower alkyl sulfonyl
group. The above conpound [ XI X] wherein n is 1 neans an N -substituted-
1,2, 3,4-tetrahydro-3-yl qui nol i necarboxylic acid, and the conpound [ Xl X]
wherein n is 0 neans an N-substituted 2-indolinecarboxylic acid. The 20
substituent "Y" on the nitrogen atom of the above conpound [ Xl X] includes a
phenyl sul fonyl , gapb),oyladowtoaiiylselfonyil grrapyfoy lesuhplony phegy bulfof yiterclp, may
optionally be substituted by a nmenber selected froma nitro group, a | ower
al kyl group, a ieyegroapkoy, Grouphylaheydiubiahkldrogp.cuppitmphel ydgéfonat om or
a thienyl 4 May 2006 6 group), or a |lower alkylsulfonyl group for exanple,
a phenyl sul f onyl ggupup 4-chlorbplssrlylgptionpl, grauR, ad-grcthdxyphdnylspHenyll grahp,cryA
group, a 4-nitrophenyl sul fonyl group, a 4-chlorophenyl sul fonyl group, a
4- met hoxypheny! seitdl atierly lpgeoyipylfenyd graups k dh(Gethydnghemsdysulfboylydrog,cud, a
4- (3-thi enyl ) phenyl sul fonyl group, a 2 5 naphthyl sul fonyl group, a
4- bi phenylsyl sul f gapikhydsudfmyl growps o sphehghydulipnplugroup, a methylsulfonyl group,

and an ethylsulfonyl group.

Among the above, preferred compounds are a compound [XIX]
wherein the substituent “Y” on the nitrogen atom is a tosyl group, a 2-naphthyl-
sulfonyl group, a 2,4,6-trimethylphenylsulfonyl group, a 4-biphenylylsulfonyl

10 group, or a 4-nitrophenylsulfonyl group and n is 1, and a compound [XIX]
wherein the substituent “Y” on the nitrogen atom is a tosyl group and n is 0.
Particularly preferred compounds are a compound [XIX] wherein the
substituent “Y” on the nitrogen atom is a 4-biphenylylsulfonyl group or a 4-
nitrophenylsulfonyl group and n is 1.

15 The R1 and R2 are a lower alkyl group, such as a methyl group, an
ethyl group, a propyl‘group, an isopropyl group, an n-butyl group, an isobutyl
group; X is a halogen atom such as chlorine, bromine, iodine. The E includes
any conventional ester residues, for example lower alkyl groups such as a
methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl

20 group, or an isobutyl group. Among them, preferable groups are R1 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.



and an et hyl sul fonyl group. Anong the above, preferred conpounds are a
conpound [XI X] wherein the substituent "Y' on the nitrogen atomis a tosyl
group, a 2-naphthyl- sulfonyl group, a 2,4, 6-trinmethyl phenyl sul fonyl group,
a 4-bi phenyl yl sul fonyl 10 group, or a 4-nitrophenyl sul fonyl gfrMaypoafid n is
1, and a conpound [XI X] wherein the substituent "Y' on the nitrogen atom
is atosyl group and nis 0. Particularly preferred conpounds are a
compound [XI X] wherein the substituent "Y' 7on the nitrogen atomis a

4- bi phenyl yl sul fonyl group or a 4- nitrophenyl sulfonyl group and n is 1. 15
The R1 and R2 are a |ower al kyl group, such as a nmethyl group, an ethyl

group, a propyl group, amd'&@m&mﬂth@qu;b-z@mwdbgﬂaéktigw&poon%uhéglmtyl
group; X is a halogen atom such as chlorine, brom ne, iodine. The

includes any copy@mld RNpbe BitlogEnCBEI RS fust@heeXaBEecdrovBicalky! groups
such as a nethyl group, an etﬁyl group, a propyl group, an isopropyl

group, an n-butyLa205HOUR] oPE s@NtHeSRP Ut dabridll QP 2 ARG {desRt. preferable
groups are Rl and being a nmethyl group, X being a chlorine atomor a

brom ne atom and E bei ngheaa1eBtdly R-GhO Wirdden 2Bn@intyd ABEQHRerdkyRY 2006 7
The reaction of the 2-hal o-2-indolidinylacetic ester conpound FIII] and

the R types ni trogeps£antAididgpdmagt/ NatieaQeHcEg HakPAYL kCoRkklm ampound
[I'V] or a salt thereof is carried out in a suitable sol vent.” The salt ’ of
the R-type nitrogensGeatalNhRdiddsed Melifhe@/E n&nesium salt, calcium salt).

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 hydn'de (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 alka'li metal alkoxide (e.g. sodium ethoxide, potassium tert-
butoxide), an alkali metal alkylamide (e.g. lithium diisopropylamide), a trialkyl-
amine (e.g. triethylamine, trimethylamine), an N,N-dialkylaniline (e.g. N,N-

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

The solvent used in ti)e 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-




:5 carboxylic acid conmpound [IV] includes an alkali netal salt (e.g.
potassiumsalt, sodiumsalt), an alkaline earth netal salt (e, g. nagnesi um
salt, calciumsalt). The reaction of the 2-hal o-2-indolidinylacetic ester
compound [I11] and the R type nitrogen-containing fused het er Prych0é
carboxylic acid conpound [IV] or a salt thereof is preferably carried out
in the presence or 10 absence of an acid scavenger. Suitable exanpl es of
the acid scavenger are inorganic bases, such as an alkali netal hydride
(e.g. lithium hydride, sodium hydride, potassiumhydride), an alkali netal
amde |ithiumam de, sodium am de, potassium am de), an al kali netal
carbonate (e.g. bpdbfitucalinethat eher, gokassi Uil ceachomat w)allarardbdalid at et al
hydr ogen carbonate (e.g. sodium 15 hydrogen carbonate, potassi um hydrogen
carbonate), an ajealerathiit frdiy A0 oxil 06 C, peeferablyditimF0hy d0UXi de, pot assi um

hydr oxi de, |ithium hydroxide), and organic bases, such as an al kali netal
al koxi de (e.g. sodi um etTexudesqupnt Zstiylatioherftthe Dunbxitde) hydroxglkal i net al
al kylam de (e.g. lithiumdiisopropylamde), a trialkyl- amne (e.g.

triethylanine, tfidBRERYl@sidO@)er campduid (i & daytiahidtime sfieable st Z0the

di nret hyl aniline), 1,8-diazabicyclo[5.4.0]undeca-7-ene. The solvent used in
the reaction incé&ggﬁeaﬁﬁnggﬂygﬁt&@@al solvent which does not affect on
the reaction, and suitable exanples are an am de type solvent (e.g.

di met hyl f or mami de, di metinglcageitans Heht is prefefabBrarsohpentidd @.9 ety idddd My
2006 8 hydrofuran, dinmethyl ether, dioxane). The reaction is usually
carried out at acthilEsrBei@)UWnbredrefltaNy 20yliadii@0CThe prietevabter if hoRnEO to

e 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, dhﬁethylacetamide), 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 purifi_ed compound [II].
The S type 2-substituted hydroxy-2-indolidinylbutyric ester

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




The subsequent 2-ethylation of the 2-substituted hydroxy-2-

i ndol i di nyl acetic ester conpound [I] is carried out in a suitable solvent
in the 5 presence of an acid scavenger. The ethylating agent is preferably
an ethyl halide (e.g. ethyl iodide, ethyl brom de), nore prefemabbys et hyl

i odi de. The acid scavenger is the sane agets as nentioned above for the
reaction of the 2-hal o-2-indolidinylacetic ester conpound [IIl] and the R
type nitrogen-containing fused heterocyclic 10 carboxylic acid conpound
[IV] or a salt t b i [MRVE t .S sqdi um
hydride. The solegﬁgpﬁgggq?ﬁggﬂgkfgggfkgﬁg%ﬁgfE%%éggﬁ%gggﬁ#ggﬁPgﬂgpegélvent
whi ch does not a ] A : | : ] are an am de
type solvent (eggﬁﬁgfggﬁ gﬁ?gsﬁgiégg?nggﬂgﬁﬁ¥%§%ﬁtgﬁlgg@&ggmgUFF8§fde

sol vent (e.g. 15.di,pEtybsHt f@xhdepyv).an ether solvent (e.g.

t etrahydrof uran, dioxane, dinethyl 20 ether), an aromatic hydrocarbon

sol vent (e.g. toluene, xylene, benzene, chloro- benzene), or a mxture
thereof, and particularly preferable golvent is a m xture of

di met hyl acet ami de and tol uene. The reaction is3usua||y carried out at a
tenperature of from-10 to 50 ,arI?H%referably at a room
tenmperature. The desired ,c i . coogude formthWd obtained can
easily be purified by réc sta? L0 give a highly purified conpound
[11]. The S type 2-substitu§$ ydr oxyR2 iGdgIHdi nyl butyric ester conpound
[11] thus obtained is subjeCted to a catalytic reduction to reduce the 9

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

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

butyric ester compound of the formula [VI]: -

[VI]

R2
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]:



4 May 2006 cyano group thereof and then subjected to al kanoyl ation to give
an S type 2- substituted hydroxy-2-(6-substituted

am nonet hyl i ndol i di nyl )butyric ester conpound of the formula [V]: 0 5 N
NHR3 RL SCOOE CR2 ORHO '"CH2CH3 [V] wherein R3 is a Iov&ﬂ,{a@zlé@goyl
group, and other synbols are as defined above, and the resultant-is
subjected to nitrosation reaction and rearrangenent to give 10 an S type
2-substituted hydroxy-2-(6-substituted hydridkynet hylindolidinyl)- butyric
ester conpound of the fornmula [VI]: 15 RL R 0 R CHCH3 [VI] wherein the
synbol s are as defined above. The conpound [VI] is then subjected to an

i ntranol ecul ar cyclization reacthon, and thereafter or at the sane tine as
the cyclization reaction, the acgtal group thereof is converted into a

0 [VII]

h

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

R® RS

R7
0
[XIV]

R NH,

9
10 R

wherein the groups R5 - 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
20 the groups R3 - R9 are protected, subjected to removal of the protecting group,

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

compound of the formula [XVI]:




ket one group to give an S type 4-substituted hydroxypyranoi ndolidi ne 20
conpound of the formula [VII]: 4 May 2006 10 5 10 15 17 [XV] O |1 s ROOD
"CH2CH3 0 wherein the synbol is as defined above. [VII] The above conpound
[VII] is subjected to Friedl aender reaction together with am da@pbaniline
conpound of the formula [XIV]: wherein the groups R5 - RO are each a
hydrogen atomor a substituent being optiopally protected, in a
conventional manner to give a canptothecin "conpound having a substituent
on the 20-hydroxy group of the fornmula [XV]: wherein the synbols are as
defined above, 1 14

R61 RSI

[ XVI]

wherein the groups R51 - R91 are each a hydrogen atom or an unprotected

n

substituent, or a salt thereof.

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

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

10 following formula:
RI\L S/ 0
R0 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 RO, or
20 (a-2) subjecting the S type 2-substituted hydroxy-2-(6-substituted
hydroxyrnethylindolidinyl)butyric ester compound [VI] to an ester hydrolysis
to give an S type 2—hydroxy-2—(6-hydroxymethylindolidinyl)butyric acid

compound of the formula [IX]:



RRod R 13-N 2 3 12 and the conpound [XV] is subjected to renoval of RO
group and further, when 20 the groups R5 - RO are protected, subjected to
renoval of the protecting group, and further optionally to conversion into
a salt thereof to give a canptothecin conpound of the fornuhgwk§§bb6 4 May
2006 11 [XVI] 5 wherein the groups R51 - R91 are each a hydrogen-atom or an
unprotected substituent, or a salt thereof. Besides, it is assuned that in
t he above intranol ecul ar cyclization reactlZon of the S type 2-substituted
hydr oxy- 2- (6-substituted hydroxymethyl - indolidinyl)butyiic ester conpound
[VMI], there is produced a conpound of the 10 following formula: 0 15
wherein the synbols are as defined above. The canptothecin conmpound [ XVI]
or a salt thereof may al so be prepargd by a process conprising the
followi ng steps: (a-1) subjecting thg] S type 4-substituted

hydr oxypyr anoi ndol i di ne conpou t oQ¥noval of the group RO, or

R! \L/ s COOH [IX]
O ud H,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 [VIII]:

10
~
S [VOI]
o] 5, O
HO CH,CH,
or a salt thereof,
(b) subjecting the compound [VIII] to Friedlaender reaction together
15 with an o-acylaniline compound [XIV] in a usual manner to give a camptothecin
compound of the formula [XVI]:
R® R3 0
R’
[XVII]
S
R ., O
20 R HO CH,CH;

wherein the symbols are as defined above,

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

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




20 (a-2) subjecting the S type 2-substituted hydroxy-2-(6-substituted
hydr oxynmet hyl i ndol i di nyl ) butyric ester conpound [VI] to an ester hydrolysis
to give an S type 2-hydroxy-2-(6-hydroxynet hyl i ndol i di nyl )butKri c acid

conpound of the for
'CHCHR2 wherein
conmpound [IX] to an
simul taneously with
thereof into a keto
into a salt thereof

of the fornul aﬁlr%ﬂlel-

mula [I1X: 4 May 2006 12 0 RL. 5 OH S yE%04 0
the synbols are as defined above, subjecting the

i ntranol ecul ar cycli,zation reaction and thereafter or
the cyclization reaé ion converting the acetal group
ne group, and further optionally converting the product

to give an S type 4-hydroxypyranoi ndoli di ne conpound
[1: 10 O rN-"" Y-1 11 -

(d) optionally converting 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

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

give an S ty

pe 2—hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid

compound [IX] or a salt thereof,

10 reaction and further optionally convert

an Sty

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

ing the product into a salt thereof to give

pe 4-hydroxypyranoindolidine compound of the formula [X]:

[X1

R S/ 0
0 1O CH,CH;

R2

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

(11i) reactiﬁg the compound [X] with a lower alkanoic acid of the

formula [X1]:

20 wherein R4 is a lower alkanoyl group,

S type 4-alkanoyloxypyranoindolidine compo

R4OH X1l

or a reactive derivative thereof to give an

und of the formula [X1I]:



k j ' ~CH2ZCH3 HO- [ VIII ] or a salt thereof, (b) subjecting the conpound
[VIII] to Friedlaender reaction together 1.5 with an o-acylaniline
conmpound [XIV] in a usual manner to give a canptothecin conpound of the
formula [ XVII]: [ XVII 1] N "O 20 HO - CH2CH3 wherein t he synbalsagreo@s
defined above, (c) subjecting the conpound [ XVII] to renoval of the
protecting group of the groups R5 - R9, when these groups contain a
protecting group, and 4 May 2006 further 13th) optionally converting the
product into a salt thereof. Alternatively, the canptothecin conpound

[ XVI] or a salt thereof nmay be prepared by a process conprising the
followng steps: 5 (i) subjecting the S type 2-substituted hydroxy-2- (6-
substituted

[ XII]

RZ

wherein the symbols are as defined above,

(9]

(iv) converting the acetal group of said compound [XII] into a ketone

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

formula [XIII]:

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

[XVHI]:

[ XVII]

20

wherein the symbols are as defiried above,

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

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



hydr oxynmet hyl i ndol i di nyl ) butyric ester conmpound [VI] to an ester

to give an S type 2-hydroxy-2-(6-hydroxynet hylindolidinyl)butyric acid
conmpound [IX] or a salt thereof, (ii) subjecting the conmpound [IX] to a
i ntranol ecul ar cyclization 10 reaction and further optionally §ag2ep6i ng
the product into a salt thereof to give an S type

4- hydr oxypyr anoi ndol i di ne conpound of the farnmula [X]: 0 15 S [X R
O HO ~CH2CH3 R2 wherein the synbols are as "defined above, or a salt

t hereof, (iii)
formula [ XI]:

reacting the conmpound [X] with a | ower al kanoic acid of

RAOH [xi 7 20 wherein R4 is a | ower al kanoyl group, or a

hydr ol ysi s

n

v \O

t he

reactive deri vat Z%aps lseriabr 2 PEPIRFlNg SIAUES apg partlera| kanoyl oxypyr anoi ndol i di ne
conmpound of the formula [XI1]: 4 May 2006 14 R1 [ Xl 1]

10

15

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

In the above compounds, the groups R> - R? include any substituents
like in known camptothecin derivatives (cf. for example, EP-A-540099, EP-A-
206597, 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

are both a hydrogen atom, and one of the remaining groups is -Qq-Alkp—Rlo, and

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

(b) the adjacent two groups among the R5 - R? combine to form a
straight chain or branched chain alkylene group having 2 to 6 carbon atoms,
and any one carbon atom in the alkylene group is substituted by a group of the

formula: -Qq-Alky-R19, and the remaining three groups of the R3-RYare a

hydrogen atom, a substituted or unsubstituted lower alkyl group, or a halogen
atom,

in the above (a) and (b), one or two methylene groups in the alkylene
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



5 wherein the synbols are as defined above, (iv) converting the acetal
group of said conpound [XII] into a ketone group to give an S type
4- al kanoyl oxypyr anoi ndol i di ne conpound of the fornmula [XIII]: 10 S O,0
RAO ~CH2CH3 wherein the synbols are as defined above, [XII]1]4¥ay 2006
subj ecting the conpound [XII1] to Friedl aender reaction together wth an
o-acyl aniline conpound [XIV] in a usual nmanner to give a canptothecin 15
compound having a substituent on the 20-hydioxy group of the fornula [XvVn:
[XVITI] 20\ S N -0 R4O CH2CH3 wherein the synbols are as defined above,
(vi) subjecting the conmpound [XVIII] to renoval of the group R4 and
6 carbon atoms, which may optionally be intervened by an oxygen atom,
R10 is a protected amino group, a protected lower alkylamino group, a
protected piperazino group, or a protected hydroxy group,
p and g are both O or 1, or whenpis 1, q is 0.
5 The R51 - R91 are a group derived from R5 - R? by removing the
protecting group, specifically the groups as defined for R5 - R? wherein the
group R10 is a group obtained by removing the protecting group, that is, the
group R10 being an amino group, a lower alkylamino group, a piperazino group,
or a hydroxy group.
10 Preferred combinations of the groups R3! - R?1 are as follows:
(i) R7!is 3-aminopropyloxy, R5! is ethyl, and R%1, R81 and R%! are
each hydrogen atom,
(i) R3! is piperazinomethyl, R6! and R91 are each hydrogen atom,
and R71 and R8! combine to form ethylenedioxy,
15 (iii) RS5!is aminomethyl, R7! and R8! combine to form ethylenedioxy,
and R6! and R9! are each hydrogen atom,
(iv) R5!is aminomethyl, R71 and R&! combine to form
methylenedioxy, and R61 and R9! are each hydrogen atom,
(v) RS6!is amino, and R51, R71, R81 and R9! are each hydrogen atom,

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

is methyl, R81 is fluorine atom, and R9! is hydrogen atom,



further to renoval of the protecting group of the groups R5 - R9, when
these 4 May 2006 15 groups contain a protecting group, and further (vii)
optionally converting the product into a salt thereof. In the above
conmpounds, the groups R5 - R9 include any substituents |ike 4Nak200f
canptot hecin derivatives (cf. for exanple, EP- A— 540099, EP-A .5 296597,
JP- A-6-228141, WO 90/03169, EP-A-418099) as, Aé,e 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 - RO conbine to forma straight chain or branched chain

al kyl ene group having 2 (i) ®5¢tandBA! etrobiss toformifimathyldnet k71ds Byadringeopyt om
and one of the remaining groups is -Qy-Al kp-RLO, and other two of the

remai ni ng groups & e e\ GregUhshituted or unsubstituted | ower
al kyl group, or é”a(‘%ﬁog%}r% at %%16 g%ﬂeeadj acent two groups among the R5 -

RO conbine to forma strai ai n. or branche K

having 2 to 6 carbon at diED g&@ lég 9pr8m§105§r338,$%af%ﬂ1 g%’ll %‘ﬂgibgla%ﬁaé e
group is substituted by a group of the fornula: -Q-A kp-R O and the
remai ni ng t hree gyduwgsn efom-he R5 - R9 are a hydrogen atom a substituted

or unsubstituted | ower al kyl group, a halogen atom 20 in the above (a)
and (b), ofe or two net HiHeesal Oérﬂéﬂ,@éyn@rﬁ hyéoaywyiedolidine compound [VIII], S

type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid compound [IX] or

S type 4-hydroxypyranoindolidine compound [X] includes an alkali metal salt

(e.g. sodium salt, lithium salt), and the salt of the camptothecin compound [XVI]

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

In the above p;ocess for the preparation of a camptothecin
compound, the reduction and alkanoylation of the S type 2-substituted
hydroxy-2-indolidinylbutyric ester compound [II] are carried out in a suitable
solvent. The reduction is usually carried out by using a catalyst (e.g. Raney

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

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

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



group may be replaced by -0-, -3- or -NH, Qis -0- or -NH, Ak is a

strai ght chain or branched chain al kyl ene group having 1 to 4 May 2006 16 6
carbon atons, which may optionally be intervened by an oxygen atom R10 is
a protected am no group, a protected |ower alkylam no group, 4aMaprooect ed
pi perazi no group, or a protected hydroxy group, pandgareboth Oor1, orwhen
pis 1,9gis0. 5 The R51 - RO1 are a group derived fromR5 - R9 by renoving
the protecting group, specifically the grod@s as defined for R5 - RO
wherein the group RLO is a group obtained by renoving the protecting
group, that is, the group RLO being an am no group, a | ower alkylam no

group, a piperazin® LEQEPhe réducBoR el Gyl By Riol QalPpRicesd Bth GaFRIsRAL i ons
of the groups R51 - RO1 are as follows: (i) R71 is 3-aninopropyToxy, R51 is

ethyl, and R61, R81 and 1RL;igb&tioR8AGN réiyHhoaethif ams fybé 2-sBbdithd
pi perazi nonethyl, R61 and R91 are each hydrogen atom ~and R71 and R31

combine to form ﬁicﬂ-}ﬁ%fﬁe{g;%mtu% a&xhh&ﬁetﬁ?ﬂndoﬁidﬁml)@@%%%der cﬁﬁﬂoﬁf&j&ml
etny

conbine to form enedi oxy, and R61 and R91 are each hydrogen atom

(iv) R51 is ami “&[ﬁeiék‘f/]z!née&&{ BsiRBihr £RMIUNG tHa dfsOlbBed HEbIhESEdE @Xhal aNd
y

R61 and R91 are eac rogen "at om
5 Chemistry, vol. 23, pp. 554-560 (1980) in a suitable solvent. The nitrosation is

3
carried out under an acidic condition with a conventional nitrosating agent (e.g.
sodium nitrite, potassium nitrite) at 0°C. The solvent to be used in this reaction
includes a lower alkanoic acid anhydride (e.g. acetic anhydride), a lower
alkanoic acid (e.g. acetic acid), or a mixture of them.

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

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

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

20 The base to be used in the ester hydrolysis includes inorganic bases,
such as an alkali metal 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



(v) R61 is amno, and R51, R71, R81 and R91 are each hydrogen atom 20
(vi) R51 and R61 conbine to formam no-substituted trinmethylene, R71 is
methyl, R81 is fluorine atom and R91 is hydrogen atom 4 May 2006 17 (vii)
R51 and R61 conmbine to formtrinethylene, R71 is 3--am nopropgy¥ay 2636 R81
and R91 are each hydrogen atom (viii) R71 is 3-am nopropyl oxy, and R51,
R61, R81 and R91 are each hydrogen atom 5 The salt of the S type

4- hydr oxypyr anoi ndol i di ne conpound [VIII], 13 type

2- hydr oxy- 2- ( 6- hydr oxymnet hyl i ndol i di nyl )butyric acid conmpound [IX] or S
type 4-hydroxypyranoi ndol i di ne conpound [X] includes an alkali netal salt
(e. g. sodium sal tarbbhdidiporassiaht Jarba@ratk)! freakkali tmevd]l Hyldeogearptbohixecé.n. conpound
[ XVI] includes a salt with an inorganic acid (e.g. hydrochloride, sulfate)
or a salt with J&iianQdgashcadone) ergniokakbgtsech d0syilalenetdl alkok@leabove
process for the preparation of a canptothecin conpound, the reduction and
al kanoyl ation of (& heo@utydikoRds ubditiint mewdxiday, dnakystizndtaldsHenohtity (duit yri c
ester conpound [II] are carried out in a suitable solvent. The reduction

i s usual ly carri edi@hbhénoxitz),gnénd adiabysi-loper glkyRatisy (e1d nitgkehieunder
hydr ogen atnosphere at a roomtenperature to 60C. The al kanoylation is
usual ly carried U KA N3 G nyent i : a ! eng. a

| ower al kanhoi c a%}{%l?&gn ’@I\’/\Ig%ug?t&gln%?% ?%Pléé&%ﬂ dg’ %@lﬁghﬁa@%&gég@

anhydride) at a £oom SR LE alBn8PB1veh .80 YE Mol! Gnfib1 4585kl L Nese

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

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

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

10 base is a liquid, it may betused also as a solvent. The reaction is preferably
carried out at a temperature of 0 to 50°C, more preferably at a room temperature.
When the intramolecular cyclization reaction of an S type 2-
substituted hydroxy-2-(6-substituted hydroxymethylindolydinyl)butyric ester
compound [VI] or an S type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric
15 acid compound [IX] or"a salt thereof and the conversion of the acetal group into
a ketone group are carried out simultaneously, they can be carried out in a
single step by treating the compound with a suitable acid. The acid includes an
inorganic acid (e.g. hydrochloric acid, sulfuric acid), an organic acid (e.g.
trifluoroacetic acid), and a mixture of them with water. The acid may be used
20 also as a solvent.
On the other hand, when the intramolecular cyclization reaction of an

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



reactions includes a | ower al kanoic acid anhydride (e.g. acetic anhydride),
a 20 |l ower al kanoic acid (e.g. acetic acid), or a mxture of them Wen a

| ower al kanoi c acid anhydride, a |ower al kanoic acid, or a mxture of them
is used in the reduction reaction, they may be used al so as 4May 2006

al kanoyl ati ng agent, and in 4 May 2006 18 such a case, the reduction and

t he al kanoyl ati on can proceed in a single step. The nitrosation and
rearrangenent of an S type 2-substituted hjﬁ}oxy-z-(G-substituted

am nonet hyl i ndol i di nyl )butyric ester conpound [V] can be carried out by a
simlar nethod to that disclosed in Journal of Medicinal 5 Chem stry, vol
23, pp. 554-560 b6i8BR)ested campoitd Vg oseh Seppe 2-hiydraniytd-@shgdroxymsthgrr ri ed
out under an acidic condition with a conventional nitrosating agent (e.qg.
sodiumnitrite, pRloASEyUBuRiricracidongloufCIXThe asalt venof tofikecatsied oiitarddi S
reaction includes a | ower al kanoic acid anhydride (e.g. acetic anhydride),
a | ower al kanoi geagir@r (ie @nvasein o thehat)ial gosupain® x ketoge gfouphe ikl olhe
subsequent rearrangenment reaction can be carried out by heating the

product obt ai nediRyrehdityalean ®eRhirfedsat by treatingatht @Bpebaidivahah £ eqs.70C.
The solvent to be used in the rearrangenent reaction includes a hal ogenated

hydrocarbofl (e. gaccgiaraRed) citt haidhheblked ehanahé asiafuesdin B tbMeaMR:16blepr | de), an
ester solvent (e.g. ethyl acetate), a non-aromatic hydrocarbon sol vent

(e.g. n-hexane), rhotidaRd HEBItGL Y HeQeRultBONWER kein o Brofiged R dI8NEId ifhe

ester hydrolysis of the S type 2-substituted hydroxy-2-(%- substituted

hydr oxynet hyl i ndglei b0y kBl dp fea@iSdn IFo GRRAPRIwhM the@HpBe-hydroxy-2-(6-
hydroxymethylindolidinyl)butyric acid compound [IX] or a salt thereof is
treated with a weaker acid, there is obtained an S type 4-hydroxypyrano-

10 indolidine compound [X], which is converted into an S type 4-hydroxypyrano-
indolidine compound [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 alkanoip 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 ¢arbonate), 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 by a conventional nethod for the ester hydrolysis in a suitable
solvent in the presence of a base. 20 The base to be used in the ester
hydrol ysi s includes inorganic bases, such as an alkali netal hydroxide
(I'i thium hydroxi de, sodi um hydroxi de, potassi um hydroxide), 4bazl2kabi ne
earth netal hydroxide (e.g. calcium hydroxide), an amoni um hydroxi de, an
al kali nmetal carbonate (e.g. sodium 4 My 6 19 carbonate, potassium
carbonate), an alkali metal hydrogen carbonate (e.g. sodium hydrogen
carbonate), organic bases, such as an alkali netal alkoxide (e.g. sodium
et hoxi de, sodi um net hoxi de), an al kali netal phenoxide (e.g. sodium
phenoxi de), a nmono-, di -ThersubpequeBneqnvarskay %frfgﬁécqt@"@oupm& #yb arpere, 5

et hyl am ne, N, N-di net hyl -1, 3-pi opanedi am ne, trinethyl am ne,

triethylam ne). sﬂhéusﬁihEﬁDXYMﬁBm@éédahngF@Dﬁ@md§5ﬂéénk>4éﬁgnegembamnl

et hanol , propanol, isopropanol, butanol), a sulfoxide solvent (e.g.

di met hyl sul f oxi dg) carfied bat bgesadgdihsydrpoandaithachuiteslt atid, Themeidwmbene
chloride), an ether solvent (e.g. tetrahydrofuran), or a m xture of the

organi ¢ sol vent w.th. Wakeras JBeH NS ot Rabine oiltsﬂl@iﬂd:'aﬂwlébulajrtc?ﬂ%tigﬁ used

al so as a solvent. The reaction is preferably carried out at a tenperature

of 010 50C moLe.RLebErABlypab. AntapmIBARE, AL i el Ehor meiny1

i ntranol ecul ar cyclization réaction of an’S type 2- stitu

o0 2 (S S DAL IOO G A B S P
compound [1X]or & Sah ot i ik ANekik REmEAMETR] OFa Ofic hB8oAGRIAL group into
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 hydrbxypyranoindolidine compound
[XIII] with an o-acylaniline compound [XIV] can be carried out by the known
Friedlaender reaction [cf. Organic Reactions, vol. 28, pp. 37-202, John Wiley &
Sons, Inc., New York (1982)].

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

20 contaminating impurities, and hence, those compounds are favorably used in the
reaction with less amount of the b—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.



a ketone group are carried out simultaneously, they can be carried out in a
single step by treating the conpound with a suitable acid. The acid

i ncludes an inorganic acid (e.,g. hydrochloric acid, sulfuric acid), an
organic acid (e.g. trifluoroacetic acid), and a mxture of th¥ay’Pdh
water. The acid may be used 20 also as a solvent. On the other hand, when
the intranol ecular cyclization reaction of an S type 2-substituted

hydr oxy- 2- (6-substituted hydroxynet hylindol3&inyl) 4 May 2006 20 butyric
ester conpound [VI] or an S type 2-hydroxy-2-(6-hydroxynethyl -

i ndol i dinyl)butyric acid conpound [IX] or a salt thereof is first carried

out and thereafter the oRRVRES iﬂ%u-%fkahgﬁo)i?‘%pg&'ﬁ]ohgfo@i‘dﬂaei %o@nhﬁ%{ﬂgghg oup

is carried out, the reactions can be carr out by treating t npound

with an acid (e.g. WEighChden ShblidrGhALIHg) eubb Ak dt g ysed in
t he above singl egsr?(ggaﬁ%tea%t’i on gnd thén treat?%@?%b%@%dtﬁéﬁ{%pgﬁanfhe

sane stronger aci : I i ep ; I exanpl e,
B e i i A S e R

conpound [ or LSt it r acid, there is
obt Bi ned an]s tyf)%cﬁz-%%d%%ﬁ%%%rghgml‘%ﬁ?%%g?lﬁé?%gag%ﬁ%ogglhd [X]. which is

converted into an S type.4-hydrgx rano- .indolidine conpound [ VII
freating i1 with a sttonderoterd o HePrERipE air s caneGapds srbips kb - RY
4- hydr oxypyr anoi ndol i di ne , conpound [§& or a salt thereof with a | ower
al kanoi ¢ aci d [ X¢3n b caripdqet bx 8 carysrnfigpalvacthprbsiiple ©he peotegding g@uput i n
the presence of a base, . . . )
contained therein. For example, when the amino protecting group is a
benzyloxycarbonyl group, it can be removed by catalytic reduction in the
presence of palladium-carbon in a suitable solvent (e.g. tetrahydrofuran,

10 methanol), and when the amino protecting group is a tert-butoxycarbonyl
group, it can be removed by treating it with an acid (e.g. hydrochloric acid,
trifluoroacetic acid) in a suitable solvent (e.g. tetrahydrofuran, methanol,
dioxane, methylene chloride).

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

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

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

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



15 The | ower al kanoic acid [XI] includes, for exanple, acetic acid, and

the reactive derivative thereof includes an acid anhydride (e.g. acetic
anhydride), an acid halide (e.g. acetic chloride), an activated ester (e.g.
p-ni tro- phenyl ester). The base includes an alkali netal hydtMasZ20eo g.

sodi um hydri de, potassium hydride), an alkali netal carbonate (e.g. sodium
carbonate, potassium 20 carbonate), an al kzra#h net al hydrogen carbonate
(e.g. sodium hydrogen carbonate, potassiu ydrogen carbonate), pyridine,
and 4- N, N-di net hyl am no- pyridine. The reaction is usually carried out at a
tenperature of 0 to 50C, preferably at a roomtenperature. 4 May 2006 21
The subsequent c g?g{,ggﬁd)ﬂav@rﬁg phalkaceylateddrydeqxycgrowm DSV N heande qind Pitited
hydr oxypyr anoi ndol'1 di ne conpound [XIl] into a ketone group can _be carried
out by treating the compasd avid theassuhydiolisef ah S Te Zatibatited yerothe
sane acid as used In case of carrying out the intranolecular cyclization 5
reaction of an S2_t_@Cgps%bgt-itﬁwasiyamyemmﬂmmgﬁngmpxﬁysgbm erpAnAy o Fosdyifet hyl -
i ndol i di nyl)butyric acid conpound [VI] or an S type 2-hydroxy-2-(6-hydroxy-
met hyl i ndol i di nyl) but yri ¢ aGLd.GamRuAGn] 4G tase @ssiatitutedbydokypmanot he
conversion of th&%cetal group Into a ketone group in a single step. The

reaction of an S type.4-substit BRLRdRH @uAe havifls 20mpound
[VII], an $§ type 1&g%@&%%9?3%i?§38??§?ﬁé¥%%pounld [leﬁl] or a salt

thereof, or an S type 4-substituted r oxypyr anoi ndol i di ne conpound
[XII1] with an oﬁagii}t‘éﬁpliﬁya@xgwﬁ%‘c??uk}gvﬁm V] can be carried out by the known
The o-acylaniline compound [XIV] to be used in the above

condensation reactions can be prepared by a process as shown in the following

reaction scheme-1:

10



Fri edl aender reaction [cf. Organic Reactions, vol. 28, pp. 37-202, John

Wley & Sons,

hydroxypyran0|ndolld|ne conmpound [VII] and 4- al kanoyl oxypyr anoi ndol i di ne
conmpound [XII1] are nore stable than an S type

Inc., New York (1982)]. 15 The 4-substituted

conpound [VII1] or a salt thereof and further are |ess affect on

deconposition of o.-acrylaniline conpound [XIV] during the

reaction and thereby can reduce the undesi Zdbl e by-production of 20

contam nating inpurities, and hence, those conpounds are favorably used in
the reaction with |less amount of the o-acylaniline conmpound [XI V],

sinpl e post-reaﬁecrﬁ_%_ﬁghgﬂpt such as purification and can give the
desired canptot bagion s ounds [XVI] or a salt thereof in a higher yie

4 May 2006 22 Moreover, the 4 al kanoyl oxypyr anoi ndol i di ne conpound [ XI'|

has a nol ecul ar meight C

hydr oxypyrano- indghidi pe cofpound [VII], and henc%g |t an hhe used in the
Fri edl aender reaction ar smaPHer anpbunt with a snalhe sctioon vessel .
The renoval of the prg ng groups—eentained-in the ps R5 - RO can
be carried out by asconventimoal net suLtapl e t g8 protgef i ng groups
contai ned therein. For -xgnple mhenagﬁ% ant no protecting groE% is a

benzyl oxycar bonyl group,

10 net hanol),

presence of palladiumca in a suitable solvent (e.g *g ahydr of ur an
and when the am no protecting group is a té ut oxycar bonyl
R® R’
R7
0
Catalytic reduction R NH,
9
[(X1v]

hRsmal | er than that of the 4-BubsRPtuted

It can be renoved by catal ytic

wherein the symbols are as defined above.

That is, a hydroxyl compéund [XXII] is treated with an oxidizing
agent (e.g. activated manganese dioxide, pyridinium dichromate) to give a
ketone compound [XXIIT], followed by subjecting it to a catalytic reduction in
the presence of a suitable catalyst (e.g. palladium-carbon) in a suitable solvent
to give the desired o-acylaniline compound [XIV]. Moreover, when the
protecting group(s) in RS - R? is/are removed by a catalytic reduction, the
product may be again introduced with a protecting group to give an o-acyl-
aniline compound [XIV]. Besides, an o-acylaniline compound [XIV] wherein R3
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

4- hydr oxypyr aniiasidefé di ne

Fri edl aender

W th

el d.
']

Reduction in the

5



group, it can be renoved by treating it with an acid (e.g. hydrochloric
acid, trifluoroacetic acid) in a suitable solvent (e.g. tetrahydrofuran,
nmet hanol , di oxane, nethylene chloride). The renoval of the residue RO from
an S type 4-substituted hydroxy- 15 pyranoi ndol i di ne conpoundt MayR2PO0&r from
a canptot heci n conmpound havi ng 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 sol vent5 are the same as those used in
the ester hydrolysis of an S type 2-substituted hydroxy-2-(6-substituted
hydr oxynmet hyl i ndol i di nyl ) butyric ester conmpound 20 [VI]. The reaction may

be carried out ﬁgﬁg%mg@@Hg@gmogt a roomtenperature, or wth heating.
Besides, the re al of the group R4 fromthe canptothecin 4 May 2006 23 5

compound having 20--al kanaylaled B oy @ty Btk Vi) e REnEalobbeRsout

in the sanme manner as in e ester hydrolysi's of an type 2-substituted

hydr oxy-- 2-(6-substituted hydroxynethylindolidinyl tyric ester conpound
[VI] or in the Réhavat Pﬁﬁeqt%m?lé‘é’i%%‘ézﬁW'Ptﬁmegﬁo‘ée%%%@&m@lﬂfg??’t%t ed

hydr oxypyrano- indolidine conpound [VII] or froma canptothecin conpound
havi ng 20- - subsprotacteepihgrrioR 2o @ 2[DXVECted he denxy dEFpeh ey pésodsryepirad
[XIV] to be used in the above condensation reactions can be prepared by a
process ass showby inttdiecingld pwkasging 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.



reaction schene-l: 10 4 May 2006 24 5 Reaction Schene-1 po U 10 Catalytic
reduction [V] [XXIII] wherein the synbols are as defined above. That is, a
hydr oxyl conpound [XXII] is treated with an oxidizing 15 agent (e.
activated manganese di oxi de, pyridiniumdichromate) to give éVNMéQBaQ
conmpound [ XXI'l11], followed by subjecting it to a catalytic reduction in
the presence of a suitable catalyst (e.g. | adi um carbon) in a suitable
solvent to give the desired o-acyl aniline “conpound [ XIV]. Moreover, when
the protecting group(s) in RS - RO is/are renoved by a catal ytic reduction,
the 20 product may be again introduced with a protecting group to give an
o-acyl aniline cBapoigndS¢h¥m2 Besi des, an o-acyl aniline conpound [ Xl V]
wherein R5 is a lower alkyl group may also be prepared by treating a
hydroxyl conmpound [XXII] wherein R5 is a |ower alkenyl grQup with an
oxi di zi ng agent, followed 4 May 2006 1

X o
5 [XXV] R2
[ XXIV ] [ XXVI]

CO(CE), [XXVII] O\E\N | CN Halogenation
Base -
RI\L/ \ —COOE

10 R2

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

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

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



25 by catalytic reduction. Furthernore, the hydroxyl conmpound [XXI1]
wherein the groups R5- RO have a protected am no group, a protected | ower

al kyl am no group, a protected piperazino group, or a protected hydroxy
group nay al so be prepared 5 by introducing a protecting groupMag 20be
correspondi ng conpound having unprotected group(s) by a conventi onal

nmet hod. The 2-hal o-2-indolidinylacetic ester conpound [I1I] used in the
present invention is novel and can be prepa??@d by a process as shown in the
foll owi ng reaction scheme-2. 4 May 2006 26 Reaction Scheme 5 [ XKIV ] [xxv]
RIN\I "~~'"-CH3 R2 [XXVI] 0 10 COOE)2 [ XXVII ] N1 CN Hal ogenati on Base

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

prepared by reacting an N-unsubstituted nitrogen-containing fused heterocyclic

carboxylic acid compound of the formula [XXIX]:

WCOOH
R [XXIX ]

NH
(CH,J,

10

wherein the symbols are as defined above, or a salt thereof with a sulfonic acid
of the formula [XXXJ:
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-




R-CODE R2 [ XXVIII ] Q15 R1L CN X wherein the synbols are as defined
above. That is, an indolidine conpound [XXIV] is reacted with a

1, 3- propane- diol conpound [XXV] in the presence of an acid (e.g.

p-tol uenesul fonic acid) or 20 a Lewis acid (e.g. trinethylsidMay@hbori de)
to give an indolidinyl methane compound [ XXVI], and the conpound [ XXVI] is
treated with a carboxylic diester [XXVII] 4gn the presence of a base (e.g.
sodi um hydri de, potassiumt- butoxide) in a suitable solvent (e.. toluene,
tetrahydrofuran) to give a 2- 0 4 May 2006 27 indolidinylacetic ester
conpound [ XXVI II%, which is further {]&éﬂ%gen ﬁ)ed by a conventignal nethod
to give the desi feautBtiggedhpdoryseihyil ERtIPRYEEISEIRT CugRphldY I PT R Anong
the R type nitrogen-containing fused heterocgcl i.c carboxylic 5 acid

conmpounds [1V] ohyérossi2 (G hekrasrmethpindetitinghBuyee At seryurd dbd diet @ito-

thereof, or the absolute configuration at 4-position of a 4-substituted hydroxy-
pyranoindolidine compound [VII], a 4-hydroxypyranoindolidine compound

5 [VII] or a salt thereof, a 4-hydroxypyranoindolidine compound [X] or a salt
thereof, a 4-alkanoyloxypyranoindolidine compound [XII], or a 4-alkanoyloxy-
pyranoindolidine compound [XIII]; and the absolute configuration “at 2-position
of a 2-[(R)-N—tosylprolyloxy]-2-ipdolidiny1butyn’c 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 to 7 carbon atomg, 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-ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (22.21 g),



cyclic carboxylic acid conpound [XIX] or a salt thereof is novel and can be
prepared by reacting an N-unsubstituted nitrogen-containing fused
het erocyclic carboxylic acid conpound of the formula [XXI X]: 10 XX X ]
wherein the synbols are as defined above, or a salt thereof wiMaya08ulfonic
acid of the formula [ XXX] YOH [ XXX] 15 wherein the synbol is as defined
above, or a reactive derivative or salt th%9eof by a conventi onal
sul fonam de form ng reaction, for exanple, by reacting a
ni t rogen-contai ning fused heterocyclic carboxylic acid conpound [ XXl X] and
a halide (e.g. chloride) of a sg{l fogi o ?ci d %h ] ,i.n the presence of a
base (e.g. al kal3R)mMt&birirayisisulferyDJe ¢ A-teldhygr &S dauHediarsasaxakc 4y
clainms, the term"S type" nmeans that the absolute configuration at.
2-position of a @4sitdrand pogsiBpdrearaE Oilda it BIRNBiRTRrTidd@Le mitsnpound
[I11], a 2-substituted hydroxy-2-(6-substituted . ) .
ami nonmet hyl i ndol $tarq®4t)%£ ¥o1 10 BEWESS. COWFBRAYR MY turg IsexEapsd ivith &hyl
hydroxy-2 4 May 2006 28 (6-substituted hydroxynethylindolidinyl)butyric
ester conpound [Adefaterang the expast dxyashedavify g seR WeP%ﬁlméisﬁg}“WB@P?ri c
acid conpound [IX] or a salt thereof', or the_absolute configuration at
4-positi o of a dusLoxersedivaculfp@r dXiyer disihnd P des ?Oé‘ferﬁ‘éu&fé?ﬁﬁ%fgﬁéd[ VII], a
4- hydr oxypyr anoi ndol i di ne conpound .

pressure, the residue is purified with a silica gel column chromatography (eluent;

chloroform : ethyl acetate = 10 : 1 — 6 : 1) to give ethyl 2-[[(3R)-N-(4-biphenyl-
ylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl}carbonyloxy]-2-[6-cyano-1,1~(2,2-
dimethyltrimethylenedioxy)-5-0x0-1,2,3,5-tetrahydro-7-indolidinyl]acetate

10 (35.41 g) as colorless powders.

Yield: 92%

g COOC,H;
0

Nsor{ )~/

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

CH;
15 CHj

e
IIo

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),
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



5 [VIII] or a salt thereof', a 4-hydroxypyranoi ndolidi ne conmpound [X] or a
salt thereof, a 4-al kanoyl oxypyranoi ndol i di ne conpound [XII], or a

4- al kanoyl oxy- pyranoi ndolidine conpound [XI11]; and the absol ute
configuration at 2-position of a 4 May 2006

2-[ (R -N-tosyl prol yl oxy]-2-indolidinylbutyric ester conmpound [ XXlI] are al
in"S" configuration. 10 Throughout the pregent description and clains, the
term"lower alkyl" nmeans a straight chain or branched chai n al kyl group
having 1 to 6 carbon atons, the term "l ower al kanoyl group” and "I ower

al kanoic acid" nean a straight chain _or br e hai_n_al kanoy oup and
al kanoi c acid V\,ﬁiééiﬁlfﬁaﬁ)d%gﬁoﬁ]t‘lom? 7c§ﬁ26ﬁ?§¥6‘5593?g2®é3ﬁ Vlglp)y‘?‘zq%ﬁg term
"al kyl ene group"” 15 means a strai ght chain or branched chain al kyl ene group
having 1 to 10 c&thon.7880P8.CEXAMPLES This invention is illustrated in
nore specifically by the follown exanpl es and reference exanpl es but

shoul d not be construed ®oEsy!Rri3RedV-(20ipbaptl s gionsahpPé-tetratydioA- ni xt ur e
of et hyl 2-bronD-2-[6-cyano-I,1-(2,2-dineth¥l- trimet hyl enedi oxy) - 5- oxo-
1, 2, 3, 5- t et r ahydisoquinphytetrbanylpkyl-adeerane-1.>42.3 digpthy kiimgihypediosy-5-
(3R) - N- (4-bi phenyl yl sul fonyl )-1, 2, 3, 4-t et rahydr o- 3-i soqui nol i necar boxyl i c
acid (24.70 g) anglpct ssstabndar-bestedidmyllacerate §33.0harisrbwsAyre 8t dani de” (220
m) is
) dimethylacetamide-toluene (1 : 1) (330 ml), and thereto is added a 60% oily
dispersion of sodium hydride (2.21 g) (1.2 equivalent), and the mixture is stirred
at room temperature for 75 minutes. To the mixture is added ethyl iodide (36.5

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

is washed with an 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 &: 6.71 and 6.46 in NMR spectrum] is dissolved in acetone (60 ml),

and the mixture is stirred at room temperature, and thereto added portionwise
hexane (76 ml) and also added a seed crystal of the desired diastereomer. The
precipitated crystals are collected by filtration, washed with acetone-hexane (60
20 : 76) (about 100 ml) to give ethyl (28)—2-[[(3R)—N—(4-»biphenylylsulfony1)—1,2,3,4-
tetrahydro-3-isoquinolyl] carbonill oxy]-2-[6-cyano-1,1 -(2,2-dimethyl-
trimeﬂlylenedioxy)-S—oxo-1,2,3,5-tetrahydro~7-indolidinyl]butyrate (26.64 g) as

colorless crystals.



stirred at 60C for 70 mnutes. The reaction mxture is extracted with ethyl
acetate, and the extract is washed with a saturated aqueous saline solution

and 5 dried over sodiumsulfate. After distilling off the solvent under
reduced pressure, the residue is purified with a silica gel £Mayg2006
chromat ography (eluent; chloroform: ethyl acetate =10 : 1 -~ 6 : 1) to

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

yl sul fonyl)-1, 2,3, 4-t et rahydr o- 3-i soqui nol yi] car bonyl oxy] - 2-[ 6-cyano- 1, 1- (2
, 2- di met hyl tri net hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro- 7-i ndol i di nyl ]
acetate 10 (35.41 g) as colorless powders. Yield: 92% 15 IR (Nujol, cm1):
2220, 1750, 1665, 1615 M (nfz): 738 (M+) NWMR (300MHz, CDC13, S): 0.89
and 0.90 (3H, s)/ield1®%nd 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, nm, 3.95-4.22 (4H,

n, 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 5 . and 6.04 (1H, s), 6.58 and 4 May
2006 30 6.65 (1H, s), 7.02-7.0( ( 7.37-7.51 (3H, m, 7..54-7.60 (2H
m, 7.62-7.68 (2H n), #3185 7. M8t hyl

2-[[(3R) - N (4- bi phenyl yI'§ut )-1,2 21_g(etrahydro 3-

i soqui nol yl ] car bonyl oxy] - 2- KBLﬁyand1Q01:¢ 2-di met hyl tri met hyl enedi oxy) - 5-

5 oxo-1, 2,353, 5-tetrahydro-7--i inyl]acetate (33.63 g) is dissolved in
e L)

m.p.: >82°C (gradually decomposed)

(o] p26: -43.3° (c=1.02, chloroform)
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 (3H, t,
=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, 4, J=16Hz), 5.37 (1H, dd, J=3 and 6.5Hz), 6.71
15 (1H, s), 7.02-7.10 (1H, m), 7.10-7.20 (3H, m), 7.36-7.50 (3H, m), 7.54-7.59 (2H, m),
7.63-7.68 (2H, m), 7.89-7.96 (2H, m) |
(3) Ethyl (25)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-
3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1 -(2,2-dimethyltrimethylenedioxy)-5-
oxo-1,2,3,5-tetrahydro-7-indolidinyl]butyrate (23.71 g) and Raney nickel (W-4)
20 (49 g) are dissolved in acetic anhydride-acetic acid (460 ml - 190 ml), and the
mixture is stirred under hydrogen atmosphere at 50 - 60°C. After completion of

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



di net hyl acetam de-toluene (1 : 1) (330 m), and thereto is added a 60%oily
di spersion of sodiumhydride (2.21 g) (1.2 equivalent), and the mxture is
stirred at roomtenperature for 75 mnutes. To the m xture is added et hyl
iodide (36.5 m) (10 equivalents), and the m xture is furthefMayi200€d 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 solution, dried over sodium sul fate-nagnesi um
sulfate, and then treated with active carbgon (5 g). After distilling off

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

di astereosel ectivity of 2S conpound and 2R conpound = 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 6rBctdpibiRirspedihankidus ishwssetweth 4 silisx etlenbin{ibehrotiato- and
the mxture is stirred at roomtenperature, and thereto added portionw se
hexane (76 nm) apgpalsauasifedomisaedmethysdlal 16 : t he7lesis 60 : d) asgiee emiyer .
The precipitatea crystals are collected by filtration, washed with

acet one- hexane ( 6%)20[[(3R)ON-(¢akonthn 16hy1) 1@, Y v@rLlyBy-3-isoquinolyl]-
(29)-2-[[(3R) - N ?%-)-%l[[;()sh%)gyl(yl sul fglr]?slﬁ) - 19% 3,4- tet tryahydr 093-i ys]

oqui nol ylI'] carbopy -216-[@c mbthy B, 21 42 MRfi¥thyltrimethylenedioxy)-

tri met hyl enedi oxg%“’%‘?%i%ﬂﬁ? g@gﬁ%’%ﬁlﬁ’%ﬁghr yB-BrLL Rt e S )
g) as Coljfr | ess5 QLY St kS5 tefhahio 20080 Bdinyl Gl tfrate/ 6%019 gNaP pale3BAGwA gr adual |y

deconpose

powders.

Yield: 87%

10

[0 p26: -14.9° (c=1.01, chloroform)

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

15 MS (m/z): 812 (MH*)
NMR (300MHz, CDCls, 8): 0.69 (3H, t, J=7.5Hz), 0.88 (3H, s), 1.02 (3H, ¢,

J=THz), 1.24 (3H, s), 1.96 (3H, 5), 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 (25)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-




[a] D26: -43"3 (c=1.02, chloroform) IR (Nujol, cm1): 2220, 175.5, 1660,
1615 10 Ms (mz): 766 (M+) NWR (300MHz, CDC13, S): 0.70 (3H, t, J=7.5Hz),
0.85 (3H, brs), 1.02 (3H t, J=7Hz), 1.21 (3H, brs), 2.16-2.55 (4H, m,
3.35 (1H, dd, J=6.5 and 16Hz), 3.50 (1H, dd, J=3 and 16Hz), 8Ma528040 (4H,
m, 3.70-3.90 (2H, m, 3.93-4.16 (2H, m, 4.68 (1H d, J=16Hz), 4.76 (1H,
d, J=16Hz), 5.37 (1H, dd, J=3 and 6.5Hz), 6.71 15 (1H, s), 7.02-7.10 (1H,
m, 7.10-7.20 (3H, m, 7.36-7.50 (3H, m, 73?4-7.59 (2H, m, 7.63-7..68
(2H, m, 7.89-7.96 (2H, m (3) Ethyl '

(2S)-2-[[(3R) - N-(4-bi phenylyl sul fonyl)-1, 2,3, 4-tetrahydro-

3-isoqui nol yl ] car bonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di net hyl t ri net hyl enedi oxy) -5
- 0x0-1, 2, 3, 5-t et3righyidfidlytdarbardldbsiydi2ni- [(dmetyamine)ria2BylT-1,1-(2, BagndRayiey ni ckel
(W4) 20 (49 ~) are dissolved in acetic anhydride-acetic acid (460 ml - 190
m), and the m xtuEyldhe8ioky)-8xurgEs, shydioden7dhdmiephebatatte$80.16696G
After conpletion of the reaction, the catalyst is filtered off, and t he

filtrate is concapks@b@sh svreeankydvii- 20062832 (4500HCeIb LB ST Bercdi ddh&d
residue is purified with a silica gel colum chronmato- graphy (el uent;

chl oroform: metbaneh muk0013.18 %)'ﬁldzpic'e cdoling, 08Y the hlixtu@e Bisviere8LAM ice-
(2S)-2-[[(3R) -N-(4-bi phenylyl sulfonyl)-1, 2,3, 4-tetrahydro- 3-isoqui nol yl ]
car bonyl oxy] - . 2- [Btdr(agetoy UaiBurO) TRBYdHon Inikire isZpddkdmeddy Lhiokdrethy| gnedi oxy

)- 5 5-0x0-1, 2, 3,5-,tetrahydro-7-indolidinyl]butyrate (22.10 g) as pale
yel low powders. jjter), and undissolved substances are filtered off. The filtrate is evaporated to

dryness under reduced pressure, and the residue is mixed with ethyl acetate

(900 ml), and the mixture is stirred at 60°C for 13 hours. The reaction mixture is

diluted with ethyl acetate (700 ml), and the mixture is washed with water and

10 saline solution, dried over sodium sulfate and then treated with active carbon.

After distilling off the solvent under reduced pressure, the residue is crystallized
from ethyl acetate-hexane to give ethyl (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

[o] p27: -9.6° (c=1.0, chloroform)



Yield: 87% 10 [a] D26: -14.9 (c=1.01, chloroform IR (Nujol, cm1): 3405,
3295, 1750, 1660 15 Ms (mfz): 812 (MH) NWR (300MHz, CDC13, 6): 0.69 (3H,
t, J=7.5Hz), 0.88 (3H, s), 1.02 (3H, t, J=7Hz), 1.24 (3H, s), 1.96 (3H,
s), 2.12-2.55 (44, m, 3.31 (1H, dd, J=6.5 and 16Hz), 3.41 (4Mdy28d6 J=3
and 16Hz), 3.59 (2H, s), 3.63 (2H, s), 3.84 (111, dg, J=11 and 7Hz),
3.94-4.14 (3H, m, 4.54 (1H, dd, J=14 and 5.5Hz), 4.58-4.68 (1H, m, 20
4.63 (1H, d, J=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-bi phenyl yl sul fonyl )-1, 238, 4-tetrahydro 4 May 2006 33
3-isoqui nol yl ] car bonyl oxy] - 2-[ 6- [(acetylanlno)nethyl] 1, 1- (2, 2-di net hyl -
tri nmet hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-i ndol i di nyl ] butyrate (30.16

g) iIs diSSO|V6dIhQB%‘§;1n,f %pﬁ% 3??g§tic acid (450 nl - 150 nl), and

thereto i s added U g) under ice cooling, and the

m xture is stirred on an ice wat er bath for 4 hours. The reaction m xture
i s poured onto cHMSK@¢@r$ﬁX@ﬂ@V liter), and undissol ved substances are
filtered off. The filtrate is evaporated to ness under reduced
pressure, and theNMesBooeHzsCRiCked):\WiHH3BLt byF7. éﬁ@t 888 (3 a00.08 (3H, and t he

m xture is stirred at 60C for 13 hours. The reaction mxture is diluted

with ethyl acetatie; (700 Mo @Hand2 bb e siauechs qwashed ouzs h svabar, and
5 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=8.6Hz)
(5) Ethyl (25)-2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-
10 3-isoquinolyl]carbonyloky]-Z-[6—acetoxymethyl-1 1-(2,2-dimethyltrimethylene-
dioxy)-5-0x0-1,2,3,5- tetrahydro—7 -indolidinyl]butyrate (1.457 g) is dissolved in
a 80% aqueous trifluoroacetic acid solution (15 ml) under ice cooling, and the
mixture is stirred at room temperature for 2 days. The reaction mixture is
concentrated under reduced pressure, and the residue is extracted with
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-flindolidine-3,6,10(4H)-trione
(1.145 g) as colorless foam.

20 Yield: 100%



10 saline solution, dried over sodiumsulfafe and then treated with active
carbon. After distilling off the solvent under reduced pressure, the
residue is crystallized fromethyl acetate-hexane to give ethyl
(29)-2-[[(3R) - N-(4-bi phenylyl sul f'onyl)- 1, 2,3, 4-tetrahydro-4Magdqdé nol yl ]
car bonyl oxy] - 2-[ 6- acet oxynet hyl -1, 1- (2, 2-.

di met hyl tii net hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-indol idinyl]butyrate
15 (16.77 g) as colorless prisnms. Yield: 55% 20 mp.: 145-148C [a] D27:
-9.6 (c=1.0, chloroform 4 May 2006 34 IR (Nujol, cm1): 1755, 1659, 1614
M5 (nmfz): 813 (M) NWR (300MHz, CDCl13, 6):,0.54 (3H, t, J=7.4Hz), 0.88
(3H, s), 1.08 (3H, t, J=7.1Hz), 1.30 (3H, % 2.09 (3H, s), 2.24 (2H, ¢

l'i ke, J=7.6Hz), 2.47 (2H, t, 5 J=7Hz), 3.27 (2H, m, 3.65 (4H, m,
3.91-4.17 (4H, m, 4.64 (1H, d, J=15.6Hz), 4.72 (1H, d, J=15.6Hz), 5.13
(1H, dd, J=5.3 and 3Hz), 5.25 (2H, s),06.65 (1H, s), 7.01-7.20 (4H, m,
7.37-7.50 (3H, m, 7.55-7.59 (2H, 2H, d like, J=8.6Hz), 7.90
(2H, d l'ike, J=8.6Hz) (5) Ethyl
(25)-2-[[(3R) - N- (4- bi phenyl yl sul §6ny A-tetrahydro- 10

3-isoqui nol yl ] car bonyl oxy] - 2- [ 6- acet oxy -1 1- (2, 2-di net hyl tri net hyl ene
- di oxy)-5-0x0-1, 2, 3, 5-t et rahydr o- 7- |@@&| 2n;fl]butyrate (1.457 g) is

di ssol ved in
bsor OO

5

IR (Nujol, cm1): 1746, 1661

MS (m/z): 639 (MH™)

NMR (300MHz, CDCl, 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, I=15.6Hz), 5.01 (1H, t, J=5.2Hz), 5.23 (1H, 4, J=18Hz), 5.49 (1H, d,
J=17.9Hz), 6.58 (1H, s), 7.01-7.18 (4H, m), 7.38-7.56 (5H, m), 7.62 (2H, dlike,
J=8.6Hz), 7.89 (2H, d like, 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-flindolidine-

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

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

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



a 80% aqueous trifluoroacetic acid solution (15 ml) under ice cooling, and
the mxture is stirred at roomtenperature for 2 days. The reaction

m xture is concentrated under reduced pressure, and the residue is
extracted with 15 chloroform and the extract is washed w t h 4%te200@nd
dried over magnesium sulfate. The extract is distilled to renove the

sol vent under reduced pressure to give (4S)-7,

8-di hydro-4-ethyl-4-[[ (3R)- N (4-bi phenyl yIsquonyI) 1,2,3,4- tetra-

hydr o- 3-i soqui nol yl ] car bonyl oxy] -1 H pyrano [3,4-f]i ndoI i di ne

-3,6,10(4H) -trione (1.,145 g) as colorless foam 20 Yield: 100% 4 May 2006
35 5 1R (Nujol, cm1): 1746 1661 Ms (m z)36639 (M) NWVR (300MHz, CDCL3,
b): 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 (IH, d, J=15.4Hz), 10 4.69 (1H,
d, J=15.6Hz), 5?%}, (ajré"’ t, J=5.2Hz), 5.23 (1H, d, J=18Hz), 5.49 (1H, d,
J=17.9Hz), 6,58 I—S| ' 7.01-7.18 (4H, m, 7.38-7.56 (5H, m, 7.62 (2H,

dli ke, J=8. 6Hz),Yg %%ZH d Iike, J=8.6Hz) (6)

(4S) -7, 8-Di hydr o- 4 4-[[ (3R) - N- (4- bi phenyl yl sul fonyl) -

1, 2,3, 4-1 et r ahydr o--3 i soqui nol yl ] carbonyl oxy] -1 H pyrano[ 3, 4-f]indolidine
15 3, 6, 10(4H)-trione (1.145 g) and

1-[5 -(3"-(t-butoxycar lOX R - am p enyl ] propan-1 - one
(867 ny) are dissol veéegﬂ)yg?gq}?@gc}?%? '
5 O

m.p.: 213-216°C
TR (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, J=6Hz), 4.57 (1H, d, ]=15.4Hz), 4.73-4.81 (1H, br), 4.81
(1H, d, J=15.4Hz), 4.90 (1H, d, J=18.7Hz), 5.09 (1H, d, J=18.7Hz), 5.21 (1H, d,
15 J=4.8Hz), 5.26 (1H, d, I=17.2Hz), 5.51 (1H, d, J=17.2Hz), 6.99 (1H, s), 7.01-7.18
(4H, m), 7.22-7.29 (2H, m), 7.30-7.42 (6H, m), 7.49 (1H, dd, J=9.3 and 2.7Hz),
7.89 (2H, d like, J=8.6Hz), 8.20 (1H, d, J=9.2Hz)
(7) (20S)-7-Ethyl-10-[3-(tert-butoxycarbonylamino)propyloxy]-20-
O-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyl}-
20 camptothecin (991 mg) is dissolved in water-methanol (6 ml - 30 ml), and thereto
is added lithium hydroxide mon;)hydrate (180 mg) under ice cooling, and the

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




the m xture is stirred at 60C for 47 hours. The reaction m xture is
concentrated under reduced pressure, and the resulting crude product is
purified with a silica gel colum chromatography (eluent; chloroform:
ethyl acetate =2 : 1 -4 1 : 1) 20 and then recrystallized friomaebyé
acet at e- hexane to give (20S)-7-ethyl-10-[ 3-
(tert-butoxycarbonyl am no) propyl oxy] - 20-0-[[ (3R) - N- (4- bi phenyl yl sul fonyl ) -
1,2, 3, 4-tetrahydro- 3-i soqui nol yl ] carbonyl ] canptot hecin (1.11 g) as
colorless 4 May 2006 36 crystals. Yield: 67% (CH3) 3COCONH(CH2) 30 5 m p.:
213-216C IR (Nujol, cm1): 3407, 1763, 1753, 1709, 1669, 1614 10 M5 (nfz):
925 (MHT) NMR (300MHz, CDC13, S): 0.86 (3H, t, J=7.5Hz), 1.35 (3H, t,
J=7.6Hz), 1.46 (4 hs)s. Th8BaRtidiBmixdbte imFon@nOded nn@f rédided PessiBe hd( 2H,
d, J=4.8Hz), 3.42 (2H, q like, J=6..4Hz), 4.22 (2H, t, J=6Hz), 4.57 (1H,
d, J=15.4Hz), 433cfi®ire(zbded biilprofdmB 120 lhnd deetidatl. (4hizl), and 19Om{tine 16,
J=18. 7Hz), 5.09 (1H, d, J=18.7Hz), 5,21 (1H, d, 15 J=4,.8Hz), 5.26 (1H, d,
J=172Hz), 5.51 (difredtht rdch ferdpbtrturédio® A9 bdids. The reacdn mixkkBre i dilite@uith
7.22-7.29 (2H, m, 7.30-7.42 (6H, m, 7.49 (IH dd, J=9.3 and 2.7Hz), 7.89
(2H, d like, J=8:HibFormBardwhitH, and,thd efofzrn la¥dr is washed with water and an
(20S)-7-Ethyl -10-[3-(tert-butoxycar bonyl am no) propyl oxy] - 20-

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

distilled off under reduced pressure to give (20S5)-7-ethyl-10-[3-(tert-butoxy-

carbonylamino)propyloxy]camptothecin.

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

10 A
. | HO C,H;

(8) The obtained (20S)-7-ethyl-10-[3-(tert-butoxycarbonylamino)-
propyloxy]camptothecin is dissolved in water-ethanol (5 ml - 15 ml) and thereto

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

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

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




O-[[(’

R) - - (4- bi phenyl yl sul fonyl).-1, 2, 3, 4-tetrahydro-3-isoqui nol yl ] carbonyl ]- 20
canptothecin (991 ng) is dissolved in water-nmethanol (6 mM - 30 m), and
thereto is added |ithium hydroxide nmonohydrate (180 ng) under4 Mag260®! i ng,
and the mxture is stirred at roomtenperature for 22 hours and further
stirred at 50C 4 May 2006 37 for 4 hours. The reaction mxture is
concentrat ed under reduced pressure, and é@ereto are added chl oroform (20
m ) and acetic acid (4 m), and the mxture®i s stirred at roomtenperature
for 19 hours. The reaction mxture is diluted with chloroformand water,
and the chloroformlayer is washed with water and an 5 aqueous saturated
saline solution, dried over sodiun1su|fate.2ﬁhe sQlvent is distilled off

under reduced pressure to iveré£§§?- .-(tert-butoxy- car bonyl
am no) pr opyl oxy] canpt ot i'n.N ¥3C 16 @ 'C2H5 (8) The
obt ai ned (20S)-7-ethyl-,10-[3-(tert-but A-HOR i D)

propyl oxy] canpt ot hecin i s dissolved in water-ethanpk %{%%ﬂ - 15 nm) and
thereto is added 6..6N hydrochloric acid-ethanol mf)> and the mxture
is stirred at rogﬂb;;gmpengggqukan 23 hours. The reaction mxture is
evaporated to dryness under 15 reduced pressure and the residue is

di ssol ved in ethyl, agetake and waker. The ethyl acetate layer is further
extracted W th mé%%?,'%%g %he éque?us | ayers are conbi ned and evapor at ed

to dryness under reduced pressure. The residue is
MS (m/z): 450 (M-CI¥)
IR (Nujol, cm-1): 3450, 3370, 1745, 1660
NMR (300MHz, DMSO-dg, 8): 0.88 (3H, t, J=7Hz), 1.32 (3H, t, J=8Hz), 1.78-1.95
(2H, m), 2.08-2.19 (2H, m), 3.0-3.1 (2H, m), 3.13-3.25 (2H, m), 4.32 (2H, t, J=6Hz),
10 5.32 (2H, s), 5.43 (2H, 5), 7.28 (1H, s), 7.50-7.56 (2H, m), 7.99 (3H, brs), 8.11 (1H,
d, J=10Hz)
Example 2
(1) The (4S)—7,8-dihydro-4—ethyl—4-[[(3R)-N—(4-biphenylylsulfony1)-

1.2

=3

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

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

%,

S

C,Hs
(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



crystallized fromisopropanol -water to give

(20S) - 7-et hyl -. 10- (3-am nopr opyl - oxy) canpt ot heci n hydrochl ori de (240 ny)
as pale yellow needles. 20 Yield: 4490 overall in the above (7) and (8)
May 2006 38 HC1 NH2(CH2)30O inp..: >218C (deconposed) 5 [a]482$2000. 8
(c=1.0, water) M5 (nmz): 450 (MCO+) IR (Nujol, cm1): 3450, 3370, 1745,
1660 NVR (300MHz, DWVsO-d6, 8): 0.88 (3H, t, J=7Hz), 1.32 (3H, t, J=8Hz),
1.78-1.95 (2H, m, 2.08-2.19 (2H, m, 3.0-3.1 (2H, m, 3.13-3.25 (2H, m,
4.32 (2H, t, J=6Hz), 10 5.32 (2H, s), 5.4B42H, s), 7.28 (1H s),
7.50-7.56 (2H, m, 7.99 (3H, brs), 8.11 (1H d, J=10Hz) Exanple 2 (1) The
(4S)-7, 8-dihydro-4-ethyl-4-[[(3R)-N-(4-biphenylylsul fonyl)-

1,2, 3,4-tetrahydro- 3-] i_ngl dol i di 1
53, 6, 10(4H) 171 éa%@mgkfﬁf%ﬁg-@Q%ﬁ%ﬁ%@"%‘%’*ﬂbﬁ’ B hom sane manner
as described in Exanple 1-(7) ﬁ%y%ﬁé}/ f@(lg di hydr o- 4- et hyl -

4- hydr oxy- | H- pyrCaIiﬁtDtO[ﬂB?CZP-11L15jcifiai€f8P]i1 H-trione. 20 (2) The
(4S)-7, 8-dihydro-4-ethyl-4-hydroxy-|H pyrano[ 3, 4-

HCI - NH,(CH,);Q

N

Example 3
(1) Ethyl 2-bromo-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
oxo-l,2,3,5-tetrahydro-7-indolidiﬁyl]acetate (1.28 g), (3R)-N-(4-nitrophenyl-
sulfbnyl)-l,2,3,4-—tetrahydro—3-isoquinolinecarboxylic acid (1.63 g) and
10 potassium carbonate (357 mg) are mixed in dirnethylformamide (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-dimethyltn'methylenedioxy)-S-oxo—1,2,3,5-tetrahydro—7-indolidinyl] acetate
15 (2.10 g) as colorless powders.

Yield: 99%

CN

CH. g COOC,H;

COO
20
N"S 2 OZ

IR (Nujol, cm-1): 2225, 1750, 1665, 1615



f]indolidine-3,6,10(4H) -trione is treated in the same manner as descri bed
in 4 May 2006 39 5 Exanple 1-(6) and -(8) to give (20S)-7-ethyl-
10-[ 3- am nopr opyl oxy) - canptot heci n hydrochl ori de as yell ow powder. Exanpl e
3 (1) Ethyl 2-bronp-2-[6-cyano-1, 1-(2,2-dinethyltrinethyl enedi bay)2066
0x0-1, 2, 3,5-tetrahydro-7-indolidinyl]acetate (1..28 g),
(3R)-N-(4-nitrophenyl -
sul fonyl)-1, 2, 3, 4-tetrahydr o- 3-i soqui nol i necarboxylic acid (1.63 g) and 10
pot assi um carbonate (357 ng) are mxed in dinethylformamde (1.5 m), and
the mixture is stirred at 70C for 20 ninute4? The reaction nixture is
treated in the sanme manner as described in Exanple 1-(1) to jive ethyl
2-[[(3R)-N-(4-nitro-
phenyl sul fonyl ) - 1, 2. 3, /4 r o- 3-i soqui nol yl ] car bonyl oxy] - 2-[ 6- cyano- |,
1- (2, 2-dinethyl tlrvﬁ%n‘g’t’%y?gm}??%gy) -5-0x0-1, 2, 3,5-tetrahydro-7-indolidinyl]
'S

acetate 15 (2. 10f)s 8% SALOURSS HOUESER 0.3b Pty I4BamaPho &, F9FH, 20 2

5 coo
1.33 and'1.36 (3H, s), 2.54-2.63 (2H, m), 3.30-3.42 (2H, m), 3.60-3.75 (4H, m),

4.00-4.22 (4H, m), 4.50 and 4.57 (1H, d, J=15Hz), 4.78 and 4.83 (1H, d, J=15H2),

5.22 and 5.32 (1H, dd, J=3 and 6Hz), 5.90 and 5.95 (1H, s), 6.48 and 6.54 (1H, s),

w

7.00-7.23 (4H, m), 8.01 and 8.05 (2H, d, I=9Hz), 8.29 and 8.31 (2H, d, J=9Hz)
(2) Ethyl 2-[[(3R)-N-(4-nitrophenylsulfonyl)-1,2,3,4-tetrahydro-3-

isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-
oxo-l,2,3,5—tetrahydr'o-7-indolidiﬁyl]acetate (25.09 g) is dissolved in dry

10 dimethylacetamide-toluene (1 : 1) (240 ml), and the mixture is reacted in the
same manner as described in Example 1-(2) by using a 60% oily dispersion of
sodium hydride (1680 mg) (1.2 equivalent) and ethyl iodide (54.58 g) (10
equivalents), and the extract is washed with an aqueous citric acid solution and
an aqueous saturated saline solution, dried over magnesium sulfate. After

15 distilling off the solvent under reduced pressure, the residue is powdered from
ethyl acetate - diethyl ether to give ethyl 2-[[(3R)-N-(4-nitrophenylsulfonyl)-
1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-dimethyl-
trimethylenedioxy)-5-o0x0-1,2,3,5-tetrahydro-7-indolidinyl]butyrate
(diastereomer mixture) (22.04 g) as colorless powders. The diastereoselectivity

20 of 25 compound and 2R compound = 20.0 : 1.0 (90% d.e.) which is calculated
based on the ratio of integral vafue at the peak of &: 6.85 and 6.41 in NMR

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



CH3 N2 IR (Nujol, cm1): 2225, 1750, 1665, 1615 4 May 2006 40 M5 (m z):
707 (MHO- ) NWMR (300MHz, CDC13, S): 0.89 and 0.90 (3H, s), 1.10 and 1.20
(3H, t, J=7Hz), 1.33 and 1.36 (3H, s), 2.54-2.63 (2H, m, 3.30-3.42 (2H,
M, 3.60-3.75 (4H, n), 4.00-4.22 (4H, n), 4.50 and 4.57 (1H4MayF006&y,)
4.78 and 4.83 (1H, d, J=15Hz), 5 5.22 and .5.32 (1H dd, J=3 and 6Hz), 5.90
and 5.95 (1H, s), 6.48 and 6.54 (1H, s), 7.00-7.23 (4H, m, 8.01 and 8.0.5
(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, 441 et rahydro-3

i soqui nol yl ] carbonyl oxy] - 2-[ 6-cyano-1, 1- (2, 2-di net hyl t ri net hyl enedi oxy) - 5-
oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (25.09 g) is dissolved in dry
10 di et hyl acet am de-t ql 1., and the m xture is reacted
in the sane mnﬁEFc%fggﬂ%gQ?'?gé&asl @@%ﬁ%{%‘%ﬁ'(z) by using a 60% oily

di spersion of sqdi n7hydride (1680 ng) (1.2 equivalent) and ethyl i odide
(54.58 g) (10 egﬁﬂéa %ﬁts), and the extract is washed with an aqueous
citric acid solution and an aqueous saturated saline solution, dried over
magnesi um sul fate. After 15 distilling of§ the sol vent under reduced
pressure, the residue is powdered fro =lhy§Nacetate - diethyl ether to
give ethyl 2-[[(3R)-N-(4-nitrophenyl guli -

1,2,3,4-tetrahydro-3-isoquino&gl] ar
' trimethyl enedi oxy) - 5- oxo- 1,23°3,5-
CH, COO0 “2Hs

2JGHgyano- 1, 1- ( 2, 2- di met hyl -

m.p.: 181-182°C

[a] p26: -128.39° (c=0.5, chloroform)

10 IR (Nujol, cr-1): 2217, 1755, 1665, 1615
MS (m/z): 735 (MH*)
NMR (300MHz, CDCls, 8): 0.77 (3H, t, J=7.5Hz), 0.85 (3H, s), 0.89 3H, t,
J=7Hz), 1.20 (3H, s), 2.13 (1H, dq, J=7.3 and 15Hz), 2.27 (1H, dqg, 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, dg, J=7.3 and 13Hz), 4.52 (1H, d, J=15Hz), 4.87 (1H,
d, J=15Hz), 5.48 (1H, dd, J=3 and 6Hz), 6.85 (1H, s), 7.00-7.10 (1H, m), 7.12-7.23
(3H, m), 8.05 (2H, d, J=9Hz), 8.24 (2H, d, J=9Hz)

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

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

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




(di astereonmer m xture) (22.04 g) as colorless powders. The
di astereosel ectivity 20 of 2S conpound and 2R conpound = 20.0: 1.0 (90%
d.e.) which is calculated based on the ratio of integral value at the peak
of 8 6.85 and 6.41 in NVR spectrum The colorless powders dMay 2006
recrystallized fromisopropanol to give a 4 May 2006 41 pure product (19.32
g) as colorless crystals. Yield: 75%5 mp.: 181-182C [a] D26: -128.39
(c=0.,5, chlorofornm) 10 IR (Nujol, cm1): 2217, 1755, 1665, 1615 Ms (m z):
735 (M) NMR (300MHz, CDC13, b): 0.77 (3H42, J=7.5Hz), 0.85 (3H, s),
0,:89 (3H, t, J=7Hz), 1.2.0 (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, nm), 3.45-3.66 (7H, m, 3.80-3.90
(1H, m, 4.16 (1H, dqgq, 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)| dd, J=3 and 6Hz),
6.85 (1H, s), 7.00-7.10 (HA! nmVH(CH2:G 23 AP5 (2H, d, J=9Hz),
N Lnlg aklhove (2) is treated

8.24 (2H, d, J=9Hz) (3) The conpound oh
in the sane manner as described in Exanp -
1-(3)-(5), (7), (6) and (8) 20 to give C,Hs
(20S)-7-ethyl -10-(3-am Wgﬁoxy) canpt ot heci n hydrochl oride. 4 May 2006

5 (1) Ethyl 2-bromo-2-[6-cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-
oxo-1,2,3,5-tetrahydro-7-indolidinyl]acetate (363 mg), (3R)-N-(4-biphenylyl-
sulfony1)-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—tetrahy'dro~3-isoquinolyl]carbonyloxy]-?.-[6-cyano—1 J1-(2,2-
diethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (579

mg) as colorless powders.

Yield=94%
15
CN
|
C,H, X COOC,H;
0O
C,H; %O
IR (Nujol, cm*l): 2225, 1750, 1665, 1615
20 MS (m/z): 766 (MH™)

NMR (300MHz, CDCls, §): 0.84 (3, t, J=7.5Hz), 0.94 (3H, t, ]=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-




42 Exanple 4 5 (1) Ethyl

2- brono- 2-[ 6-cyano-1, 1- (2, 2-di et hyl tri nmet hyl enedi oxy) - 5-

oxo0-1, 2, 3,5-tetrahydro-7-indolidinyl]acetate (363 ng), (3

R) - N- (4- bi phenyl yl - sul f' onyl)-1, 2, 3, 4-t et r ahydr o- 3-i soqui nol4 Me¥ZP¥oxyl i c
acid (472 ng) and potassium carbonate (95 ng) are mxed in

dinmethylformam de (4 m), and the mxture is stirred at 70C for 40

m nutes. The reaction mxture is treated in the 10 same nanner as descri bed
in Exanple I-(1) to give ethyl 2-[[(3R)-N (4 bi phenyl - ylsul fonyl)-
1,2,1,2,3 ,4-tetrahydro-3-isoqui nolyl] carbonyl oxy]-2-[6-cyano-1, 1-(2, 2-

di et hyl tri nmet hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-indolidinyl] acetate

1065, 1615 50 NS (MR 7RBPRIGNTR ( S00NLE - B 300 e 3
(rm ) 1771, des B Ty 5538 b 0=t b 0d g B0Gken: S5%0 (o
2 a0 (2 m. 5 swbim 4 i el 08t B git Mon R 3, 1)

6..57 and 6.63 (1%@, 7,00-7.20 (4H, n), 7.40-7.70 (7H, m), 7.88 and
7.90 (2H, d, J=8FeHz

3 (2) Ethyl 2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-
isoquinolyl]carbonyloxy]-2-[6-cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-
1.2,3,5-tetrahydro-7-indolidinyl]acetate (564 mg) is dissolved in dry dimethyl-
formamide (5 ml), and the mixturc is reacted in the same manner as described in
Example 1-(2) by using a 60% oily dispersion of sodium hydride (35 mg) (1.2

10 equivalent) and ethyl iodide (1150 mg) (10 equivalents) to give ethyl 2-[[(3R)-
N-(4—bfphenylylsu1f0nyl)—'1,2,3,4-tetrahydro-3—isoquinolyl]carbonyloxy]—2-—[6-
cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-7-
indolidinyl]butyrate (diastereomer mixture) (522 mg) as colorless powders. The
diastereoselectivity of 2S compound and 2R compound = 10.8 : 1.0 (83% d.e.)

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

and 6.43 in NMR spectrum.

IR (Nujol, em-1): 2220, 1750, 1660, 1615

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



5 (2) Ethyl 2-[[(3R)-N(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro- 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- 0xo0-

1.2.3,5-tet rahydro-7-indol i di nyl Jacetate (564 ng) is di ssol vetMiay 24p9

dinmethyl - formamde (5 ml), and the mxture is reacted in the same nmanner

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

hydride (35 ma) (1..2 10 equivalent) and ethyl iodide (1150 ng) (10

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

N- (4- bi phenyl yl sul fonyl ) =1, 2, 3, 4-tetrahydro- 3-1i so%ui nol yl ]J ; ‘

car bonyl oxy] - 2- [MRc§B00MHz, CDCl3, 8): 0.69 ( , t.J=7.5Hz), 0.81 (3H, t, J=7.5Hz), 0.87 (3H,

ano-1, 1- (2, 2-di et hyl tri net hyl enedi oxy) - 5- oxo-1, 2, 3, . 5-tetrahydro-7-

i ndol i di nyl ] but yr atesifdi agt enieqnerHR) X2 @H, §522.501), 1a9 (2H| grkessizpowder s.

The diastereoselectivity of 2S conpound and 2R conpound = 10.8 : 1.0 (83%

d.e.) 15 which is,galsyhat of, hesedt o, I4ees sat i60iz0f3.4938 6§ (Hl, MpBYE-RBs t he

peak of 6: 6.67 and 6.43 in NMR spectrum 20 IR (Nujol, cm1l): 2220, 1750,

1660, 1615 M5 (fféﬁ)' ), 9434 H.4n)Vays7400d,441 5312),00. PVIRH( 30EMizz), SRECUZ, 8) !

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=z7Hz), ‘1]3 223 (24 5fl7), $78. b 67 AHE D, . B047. 0, (4Bi-th) 5H20-7 5023H2@3,2. 45

(4H, m, 3.34 (1H, "dd, J=6.5 and 16Hz), 3.48-3.58 (3H, m, 3.70-3.85 (4H,

Eﬂ)lH 3..98-4.10 (2% (oM, d, $=87) (166 (2, d) F53h) 7.9 d( H9H, J=15Hz), 5. 36
(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)
to give (208)-7-ethyl-10-(3-aminopropyloxy)camptothecin hydrochloride.

10

HCl - NH,(CH,);0

Example 5
(1) Ethyl (2S)—2-[[(3R)-N;(4-bipheny1ylsulfonyl)-1,2,3,4—tetrahydro—
15 3-isoquinolyl]carbonyloxy]-2-[6-acetoxymethyl-1, 1-(2,2-dimethyltrimethylene-
dioxy)—S-oxo-l,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)-5-0xo-1 ,2,3,5-tetrahydro-7-

indolidinyl]butyrate.



dd, J=3 and 6,.5Hz), 6,43 and 6.67 (1H, s), 7.00-7.20 (4H m, 7.40-7..50
(3H, m, 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 [ as
described in Exanple 1-(3)-(8) or in Exanmple 1-(3)-(5), (7), i%@ggﬁﬁ (8)

to give (20S)-7-ethyl-10-(3-am nopropyl oxy) canpt ot heci n hydrochl ori de.
Exanple 5 (1) Ethyl 45

(2S)-2-[[(3R) - N (4-bi phenylyl sul fonyl)-1, 2,3, 4-tetrahydro- 15

3-isoqui nol yl ] car bonyl oxy] - 2-[ 6- acet oxynet hyl -1, 1- (2, . 2-di net hyl tri net hyl en
e- dioxy)-5-o0xo0- 1,2, 3,5-tetrahydro-7-indolidinyl]butyrate obtained in
Example 1- (4) (1.00 g) is dissolved in watgr-nmethanol -tetrahydrofuran (5
m +20mM + 5 mM), and thereto is ad i hydr oxi de nonohydr at e
(265 ng), and the mxture is stirr t efpsrature for one hour to
give lithium (2S)-2-hydroxy-2-[€ n,
hydr oxynmet hyl -1, 1- (2, 2-di met hyl tri erne&? x§¥35-0x0-1,2,3,5-tetrahydro-

/- indolidinyl]butyrat e'(2)4L'i\{g}{lmz?&g-gﬁjydrcl);};-i—[é—gycﬂ"ogfﬁléth%i-(2,2gdjmle%aryl-O

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

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

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

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

10 and distilled under reduced pressure. The residue is purified by silica gel column
chromatography (eluent, chloroform) and recrystallized from ethyl acetate to
give (4S)—7,8-dihydro-4-ethyl—6,6-(2,2—dimethylt1imethylenedioxy)—4-hydroxy-
1H-p&/rano[3,4'-f]indolidine—3,10-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, em1): 3340, 2924, 1744

MS (m/z): 350 (MHT)



25 CH3 (2) Lithium (2S)-2-hydroxy-2-[6-hydroxynethyl-1,1-(2.2-dinmethyl 5
tri met hyl enedi oxy) - 5- oxo-1, 2, 3, 5-tetrahydro-7-i ndol i di nyl ] butyrrate
obtained above is dissolved in chloroform (20 m) and acetic acid é4 m),
and the mixture is stirred at roomtenperature for 16 hours,* @y 2080t he
reaction mxture is added water, and the m xture is extracted with
chloroformthree tinmes. The extract is waghed with an aqueous saturated
saline solution, dried over sodiumsulfate, 10 and distilled under reduced
pressure. The residue is purified by silica gel colum chronmatography

(el uent, chl orofor and recrystallized fro thyl acetate to ive

(4S) - 7, 8- di hydr oNMFeROMIE, é:f%jé:}»%)'tﬁ-%f%lsiﬂgﬁéﬁﬁyq’ He%fﬁ@xﬁy?%i}%fﬂrld@-

1H pyrano[ 3, 4-f]indol i di ne-3,10-dione (276 ng) as col orl ess needl es. Yield:
64% over all in tbeCaheve2 64 2RnA=(DHAS EH3.6M(41.m), 208 R1QG L0t Q] dD27:
+88..2 (¢=0.99, chloroform) IR (Nujol, cm1): 3340, 2924, 1744 N5 (mz):
350 (MH{) 4 May 2G06.dG WA, §.3DONHA, J€IHA37), HHO (H,8BI{IHLHS) 6.8D(19D s 3H, t,
J=7.3Hz), 1,29 (3H, s), 1.70- 1.92 (2H, m, 2.54 (2H, t, J=7.0OHz),
3.65-3.69 (4H m, 3, 71 A)11He (45)-7,Adihgdfo2Hethgit-6,6-(2,2-dimethyltrimethylene-

5 dioxy)__d,_hydroxy-lH-pyrano[3,4—f]indolidine-3,10—dione is treated in the same

manner as described in Example 1-(5) to give (45)-7,8-dihydro-4-ethyl-4-

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

10 ud "””CZI%
(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
O
C,Hs
Example 6
(1) Lithium (28)-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.



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

di oxy) - 4- hydr oxy- IH—pyrano[3 4-f]indolidine-3,10-dione is treated in the
same nanner as descrlbed in Exanple 1-.(5) to give 4 May 2006
(4S) -7, 8-di hydro- 4-et hyl -
hydroxy-lFprrano[3,4-f]indolidine-3,6,10(ﬁﬁ)-trione. 10 HO "'C2H5 1.5 20
(4) The (4S)-7,8-di hydro-4-ethyl-4-hydroxy-1H pyrano[ 3, 4-f] -

i ndol i dine-3,6,10(4H)-trione is treated in the sane manner as described in
Exanple 1-(6) and (8) to give (20S)-7-ethyl-10-[3-(am nopropyl oxy) -
canpt ot heci n hydrochl oride. Exanple 6 (1)pLithium

(2S) - 2- hydr oxy- 2-[ 6- hydroxynet hyl -1, 1- (2, 2-dinet hyl - trim et hyl

enedloxy) 5-oxo-1, 2, 3, 5-tetrahydro-7 |n¢oll iyl ]butyrate obtained in
Exanple 5-(1) is treated in the sa ) scribed in Exanple 1-(5)
to give (4S)-7,8 -dihy dro-4- ethyﬂ34 hydre#ye,d; H pyrano[ 3, 4-f] ind ol

di ne- 3,6, 10(4 trione. 4 Ma 6 47 O
( H) (2) The >(/48) 7,8-dihydro-4-ethyl-4-hydroxy-1H-pyrano(3,4-

5 flindolidine-3,6,10(4H)-trione is treated in the same manner as described in
Example 1-(6) and (8) to give (20S)-7-ethyl-10-[3-(aminopropyloxy)-
camptothecin hydrochloride.
2Hs
HCl - NH,(CH,);Q N
/

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-3,1O-dione obtained in Example
15 5-(2) (50 mg) is dissolved in acetic anhydride (1 ml), and thereto are added
pyridine (1 ml) and 4-N,N-dimethylaminopyridine (4 mg) under ice cooling, and
the mixture is stirred lat room temperature for 23 hours. The reaction mixture is
diluted with chloroform, and the mixture is washed with an aqueous citric acid
solution, water and an aqueous saturated saline solution, and dried over sodium
20 sulfate. After distilling off the solvent under reduced pressure, the residue is
purified by silica gel column chromatography (eluent, chloroform : methanol =
40 : 1) to give (4S)-7,8-dihydro—4-ethyl-6,6-(2,2—dimethyltn'methylenedioxy)—4—

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




0 ~HM"C 2H5 (2) The (4S)-7, 8-di hydro-4-ethyl-4-hydroxy-1 Hpyrano [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-(aninoprﬁpyloxg)-
canpt ot heci n hydrochloride. 10 Exanple 7 (1) The 4 May 200
(4S)-7, 8-di hydro-4-ethyl -6, 6-(2, 2-di nethyl tri nmet hyl ene-
dioxy)-4-hydroxy-lkkpyrano[3,4-f]indolidin§-3,10-dione obt ai ned i n Exanpl e
1.5 5-(2) (50 ng) is dissolved in acetic a ﬁydride (1 mM), 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 m xtureyiesd: 98fd uted with chloroform and the m xture is washed
wi th an aqueous citric acid solution, water and an aqueous saturated
saline solution, and dried over sodium 2sulfate. After distilling off the
sol vent under reduced pressure, the residue is purified by silica gel
col umm chr omat ogr aphy (el uent, chl : hanol = 40 : 1) to give
(4S)-7,8-dihydro-4-ethy|-6,6-é§L2- [ imephyl enedi oxy) - 4-
acet oxy- 1H pyrano[ 3, 4-f] i ndol I'df he< 30 10xgiodec(’s6 ny) as col orl ess
crystals. 4 May 2006 48 Yield: 99%; CH3J

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, d, }=17.1Hz), 5.52 (1H, d, J=17Hz), 6.31 (1H, s)
(2) The (‘48)—7,8—dihydro-4—ethy1-é,6-(2,2-dimethy1trimethylene-
dioxy)-4-acetoxy-1H-pyrano[3,4-flindolidine-3,10-dione is treated in the same
manner as described in Example 1-(5) to give (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, CDCls, 8): 0.92 (3H, t, ]=7.5Hz), 1.94-2.25 (2H, m), 2.16 (3H, 5),

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



O CH3000 IIC2H5 CH3 5 mp.:18.5-188C IR (Nujol, cm1): 2922, 2852, 1743,
1671, 1613 M5 (mz): 392 (MH) NWR (300MHz, CDCl13, S): 0.87 (3H, s), 0.91
(3H, t, J=7,5Hz), 1.28 (3H, s), 1.95- 2.10 (IH n), 215 (3H, %% §M%§ 2. 28
(1H, m), 2.40-2.61 (2H, ), 3..55-3,33 (4H, m), 10 4.12 (2H*May 8Hz
5.27 (1H, d, J=17.1Hz), 5.52 (1H, d, J=17Hz), 6.31 (1H, s) (2) The

(4S)-7, 8- dlhydro 4-ethyl -6, 6-(2, 2- dlnethyltrlnethylene-

di oxy) - 4-acet oxy- | H-pyrano[ 3, 4- f]|ndoI|d|né 3,10-dione is treated in the
same nmanner as described in Exanple 1-(5) to give

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

acet oxy- | H pyr anglsd;4 - 4d ngpkidi-ne1306 04376 (1H,ene as_col orl ess

crystals. 15 20 mp.: 197-203C IR (Nujol, em1): 1742, 1732, 1661, 1610
ESI -V (0. 02M anmon um qEptakATEY, Banioy dro-Al ety BRA G4y VR 6 3ROMHz,
CDC13, b): 0.92 (3H, J=7..5Hz), 1.94-2.25 (2H, m, 2.16 (3H s), 2.95

(2H t, J=6. 9Hz)md%h§1%e(32$'|10(t49{) tﬁm@@tr@ﬁl@dﬁ}t&HZémeEnaﬁﬁq(a]sHesdﬂaedJn—lS 1 and
4 May 2006 49 5 0. 5Hz). B.60 (1H dd, J=18,.1 and 0.4Hz), 6.76 (1H s)

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

amino)propyloxy]camptothecin as colorless powders.

h

(CH;3);COCONH(CH;)4

m.p.: 173-176°C

10 IR (Nujol, cm-1): 3370, 1765, 1749, 1696, 1657

ESI-MS (w/z): 592 (MH*)

NMR (300MHz, CDCl,, 8): 0.97 (3H, t, J=7.5Hz), 1.39 (3H, t, J=7.7Hz), 1.45 (%H,

s), 2.05-2.32 (4H, m), 2.21 (3H, 5), 3.14 (2H, g, J=7.7Hz), 3.41 (2H, q like,

J=6.3Hz), 4.21 (2H, t, J=6.1Hz), 4.77 (1H, br), 5.23 (2H, d, J=1.1Hz), 5.40 (1H, 4,
15 J=17.2Hz), 5.68 (1H, d, J=17.2Hz), 7.15 (1H, s), 7.33 (1H, d, J=2.6Hz), 7.47 (1H,

dd, J=9.2 and 2.7Hz), 8.12 (1H, d, J=9.3Hz)

(4) The (ZOS)-20-O-acetyl-7-ethyl-10-[3-(tert—butoxycarbonylamino)-
propyloxy]camptothecin is treated in the same manner as described in Example
1-(7) and (8) to give (208)-7-ethyl-10-(3-aminopropyloxy)camptothecin

20 hydrochloride.



(3) The (4S)-.7,8 -dihydro- 4- ethyl- 4- acetoxy- | Hpyrano [3,4-f]-
indoli dine- 3,6,10(4H) -trione is treated in the sanme manner as descri bed
in Exanple 1-(6) to give (20S)-20-0 acetyl-7-ethyl-

10-[ 3- (tert-but oxycar bonyl - ami no) propyl oxy] canpt ot heci n as c¢oMayi2898
powders. 2H5 (CH3)30000ONH(CH2)3 1e m.p.: 173-176C 10 IR (Nujol, cm1):
3370, 1765, 1749, 1696, 1657 ESI-M5 (mz). 592 (M#) NWR (300MHz, CDC13,
d: 0.97 (3H, t, J=7,5Hz), 1.39 (3H, t, J:5Q7Ft), 145 (9H, s), 2.05-2.32
(4H, m, 2.21 (3H, s), 3.14 (2H, g, J=7.7Hz), 3.41 (2H, g Like, J=6.3Hz),
4.21 (2H, t, J=6.1Hz), 4.77 (1H, br), 5.23 (2H, d, J=1.1Hz), 5.40 (1H, d,
15 J=17.2Hz), 5.68 (1H, d, J=17.2Hz), 7.15 7.33 (1H, d, J=2.6Hz),

7.47 (1H, dd, J=9.2 and 2, 7Hz (4) The
(20S) - 20- O- acet yl - 7- et hyl 2¢b: [%He&e# .e.'@ ino) -
propyl oxy] canptothecin is treated in the_s gs Sescribed in

Exanple 1-(7) and (8) to give . ud c.H- .
(20S) - 7- et hyl - 10- ( 3- ami nopr opy!l oxy) canpt ot heci n 20 hydrochl ori de. 4 My
2006 50 5 Exanples 8 - £2amples 8- 12

5 (1) The corresponding starting compounds are treated in the same

manner as described in Example 1-(1) and (2), there are prepared the compounds

as shown in the following Table 1.



(1) The corresponding starting conpounds are treated in the sane nmanner as
described in Exanple 1-(1) and (2), there are prepared the conpounds as
shown in the following Table 1. 4 May 2006 51 Table 1 N A COOC2H5 CH3' 0
s 3 'C2Hs Ex. No.cilCL - Diastereoselectivety 2S:2R 8 (1)-C 9 Bay200g
(1)-CH39.0:1..0 10(1)-0OCH39.0: 1.0 11(1)--09.5: 1.0

51
Table 1
Ex. No.
Diastereoselectivety
X 2S:2R
8 (1) —Cl1 95:10
9 (1) —CHj3 9.0:1.0
10 (1) ~OCHj3 . 9.0:1.0
11(1) —<:> 95:1.0
12.(1) [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.

L

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.



12(1)10.1:1.0 (2) The conpounds obtained in the above (1) are treated in
the same manner as described in Exanple 1-(3)-(8) or Exanple 1-(3)-(5),
(7), (6) and (8) to give (20S)-7-ethyl-10-(3-am nopropyl oxy)canpt ot hecin
hydrochl ori de. Exanples 13 - 16 (1) The correspondi ng starti nigMag2poands
are treated in the same manner as described in Exanple 1-(1) and (2),
there are prepared the conmpounds as shown in the follow ng Table 2. 4 My
2006 52 Table 2 C COCCH, T CH3 Ex. N oO G4 RO C2H5 Ro 13 (1)1 r; Ts

: CO

Table 2
Ex. No.
RO
£o—
\\\CO—
s Do
HsC
£Oo—
so | OCerers
\\\CO'—
o @LEN——TS

Ts: Tosyl group
(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), (D), (6) and (8) to

|71

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




H/ NR14l) (CH3 SO H3C \CO 150-13-S02 ,CO 16(1)R ) I~Ts 5 Ts: Tosyl
group (2) The conpounds obtained in the above (1) are treated in the sane
manner as described in Exanple 1-(3)-(8) or Exanple 1-(3)-(5), (7), (6) and
(8) to give (20S)-7-ethyl-10-(3-am nopropyl oxy) canpt ot heci n 4yldy 3066 ori de.
4 May 2006 53 Exanples 17 - 23 The corresponding starting conpounds are
treated in the sane manner as described in Exanples 1, 2, 5 or 7, there
are prepared the conpounds as shown in tBe follow ng Table 3.

Examples 17 - 23
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.

W
5
>
ot
(¢}
\O8]

Ex. No.

RS1 R61 R71 RS1 RO1
17 —CH-N w~H| H ~0O(CH,),0- -H
18 —CH,NH, -H -O(CHy),0- -H
19 _CH,NH, H  _OCH,0O- H
20 -H -NH, -H -H -H
21 7% 9* —CH, -F -H

~CH(NH,)CH,CH,~

22 —(CHy)s— —O(CH,);NH, -H -H
23 -H -H —O(CHp)sNH, -H -H

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

nucleus.



.5 Table 3 R61 R51 R71 | Ex. No.s OR81 / \ 91 HO H2CH3 R51R61R71l1 R81R91
17- CH2- N~NH_. H- Q( CH2) 20- - H 18- CH2NH2- H- O( CH2) 20- - H 19- CH2NH2- H- OCH20O- - H

20- H- NH2- H- H H 217* 9*-CH3-F-H - CH( NH2) CH2CH2- 22- (CH2) 3- - Q( CH2) 3NH2- H- H
23-HH 1 -Q(CH2) 3NH2- HF -H *: The nunber means the substitutierMpe2D06 on
(7-position/9-position) at the canptothecin nucleus. 4 May 2006 54 Exanpl e
24 (1) A mxture of ethyl 2-chloro-2-[6-cyano-1, 1-(22-di net hyl -

tri nmet hyl enedi oxy) - 5-oxo0-1, 2, . 3, 5-tetrahyd4- 7-i ndol i di nyl ] acetate (34.11

9),
Example 24
(1) A mixture of ethyl 2-chloro-2-[6-cyano-1,1-(2,2-dimethyl-
trimethylenedioxy)-5-o0xo0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (34.11 g),
(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid

(42.33 g) and potassium carbonate (8.67 g) in dimethylformamide (350 ml) is

(W]}

stirred at 60°C for 45 minutes. The reaction mixture is ice-cooled, diluted with
ethyl acetate (200 ml), and thereto is added an aqueous saturated sodium
hydrogen carbonate solution (300 ml) and is further adder water (500 ml). The
mixture is extracted with ethyl acetate, and the extract is washed, dried, treated

10 with active carbon and filtered. The solvent is distilled off to give ethyl 2-
[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-isoquinolyl]carbonyloxy]-
2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7-
indolidinyl]acetate (66.20 g) as pale yellow foam.
IR (Nujol, cm-1): 2220, 1750, 1665, 1615

15 MS (mv/z): 738 (MH+)
NMR (300MHz, CDCls, 8): 0.89 and 0.90 (3H, s), 1.10 and 1.15 (3H, t, J=7Hz2),
1.33 and 1.35 (3H, s),‘2.45-2.60 (2H, m), 3.25-3.40 (2H, m), 3.61-3.76 (4H, m),
3.95-4.22 (4H, m), 4.58 and 4.68 (1H, d, J=16Hz), 4.72 and 4.75 (1H, d, J=16Hz),
5.22 and 5.29 (1H, dd and t, J=3.6 and 5Hz), 6.01 and 6.04 (1H, s), 6.58 and

20 6.65 (1H, s), 7.02-7.20 (4H, m), 7.37-7.51 (3H, m), 7.54-7.60 (2H, m), 7.62-7.68
(2H, m), 7.85-7.93 (2H, m)

(2) The ethyl 2-[[(3R)-N-(4-biphenylylsulfonyl)-1,2,3,4-tetrahydro-3-

isoquinolyl]carbonyloxy]-2-[6-cyano-1,1 -(2,2—dimethyltrimemylenedioxy)-S-




(3R) - N- (4- bi phenyl yl sul fonyl )-1, 2, 3, 4-t et rahydr o- 3-i soqui nol i necar boxylic
acid 5 (42.33 g) and potassium carbonate (8.67 g) in dinethylfornmamde (350
m) is stirred at 60C for 45 mnutes. The reaction mxture is ice-cool ed,
diluted with ethyl acetate (200 m), and thereto is added artMguaoifs
saturated sodi um hydrogen carbonate solution (300 m) and is further adder
water (500 m). The mxture is extracted with ethyl acetate, and the
extract is washed, dried, treated 10 with gative carbon and filtered. The
solvent is distilled off to give ethyl 2 [ .

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

bony! D 2. [B- 1,1 (2.2 i L.enedi _5- 0x0- 1,
5758 Y et r ahydr GF 2B K] BeEP I PR o S ORC IV D Foset 1 =
DS 6y 0 B9 ARt wreoTaR sepestibRy Ryt Tkin (PB4 G PR CRPINEE.
135 (3H, s), 2.45-2.60 (2 3.25-3.40 (2H ), 3,61-3.76 (4H, m),
195-51, . 22824H, rfyp ;A DERY QIP?HDX%‘%@P(%%?CIB?‘Y?@%Q%@& 4.72 and 4. (75 (13 d,
J=16Hz), 5.22 and 5.29 g}H dgiand t1 J=3.6 and 5Hz), 6.01 and 6.04 (1H,
s)., 6.58 and 20 6.65 (1RCIZ§RCCFXEBPE Lo (4H ny, 7.37-7.51 (3H, m),

LB O L T S BB [T B AL
carbonyl 1 2 LS rangad 1ol R UL AT LA SO R Al 206, °
treated mixed in dichloroethane (235 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 chiomatography (eluent; chloroform :
methanol = 50 : 1) and recrystallized from methanol to give 6-cyano-7-methyl-
1,1—(2,2—dimethyltrimethylenedioxy)QS-oxo-1,2,3,5-—tetrahydroindolidine (1.059)
15 as colorless needles. ”
Yield: 72%
m.p.: 225-226°C
IR (Nujol, cm-1): 2222, 1645, 1610
MS (m/z): 275 (MH*) |
20 NMR (300MHz, CDCls, 5): 0.87 (3H, s), 1.30 (3H, 5)2.49 (3H, 5), 2.53 (2H, t,

J=THz), 3.62 (2H, d, J=11Hz), 3.69 (2H, d, J=11Hz), 4.15 (2H, t, J=THz), 6.42 (1H,

s)



in the sane manner as described in Exanple 1-(2)-(8) to give
(20S)-7-ethyl -10- (3-am nopropyl oxy) canpt ot heci n hydrochl ori de. Reference
Exanple 1 5 (1) 6-Cyano-7-nethyl-1,5-dioxo-1, 2,3, 5-tetrahydroi ndoli di ne
(1.0 g), 2,2-dinethyl-1,3-propanediol (6.64 g) and p-tol uenasubk{emd& acid
(15 mM) are mxed in dichloroethane (25 m ), and the m xture is heated
under reflux for 17 hours with a reflux apparatus provided w th Dean-Stark
dehydrating device,. The reaction mxture56s washed with an aqueous
saturated sodi um hydrogen 10 carbonate sol ution and an aqueous saturated
saline solution, and dried over nmagnesiumsulfate. After distilling off

gel. ool umm. chr omat ogr Apk ?ﬁ?e e i e L
S e o T 0 B SN R BN TR W gy ot GOl ot
cm 1) : 22220, 1048 NBTGURS PAf dﬁ%f%kiﬁmﬁzsé’%%ﬁd?%@@nﬁ Cis 5.
Itk a6y (A rﬁzt?v? nﬁ%?ge Bt 07 55 o s0s e s TGk 2606
o6 3 reaction mixture are added diethyl carbonate (24.85 g, 4 equivalents) and
ethanol (0.97 g, 0.4 equivalent), and the mixture is reacted at 80°C for 3 hours.
While cooling the reaction mixture on an ice bath, a 50% acetic acid (80 ml) is
added thereto. The mixture is extracted with chloroform, and the extract is
washed with an aqueous saturated saline solution, and dried over magnesium
10 sulfate. After distilling off the solvent under reduced pressure, the residue is
purified with a silica gel column chromatography (eluent; chloroform : ethyl
acetate = 4 : 1) and recrystallized from ethyl écetate-ether to give ethyl 2-[6-
cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-ox0-1,2,3,5-tetrahydro-7--
indolidinyl]acetate (14.63 g) as colorless needles.
15 Yield: 80% |
m.p.: 150-151°C
IR_Gﬁukﬂ,cnxi):2220,1725,1650,1610
MS (m/z): 347 (MH*)
NMR (300MHz, CDCls, 8): 0.87 (3H, s), 1.28 (3H, 5), 1.29 (3H, t, J=7.5Hz), 2.54
20 (2H, t, J=7Hz), 3.62 (2H, d, J=11Hz), 3.68 (2H, 4, J=11Hz), 3.79 (2H, s), 4.16 (2H,
t, J=7THz), 4.22 (2H, g, J=7Hz), 6.54 (1H, s)
(3) The ethyl 2-[6-cyano-1,1-(2,2-dimethyltrimethylenedioxy)—S—oxo-




(2) The 6-cyano-7-nethyl- I,1-(2,2-dinethyltrinethyl enedi oxy)-5-
oxo-1,2,3,5-tetrahydroindolidine (14.43 g) is mxed in dry toluene (300 m)
and thereto is added a 60% oily dispersion of sodiumhydride (9.26 g, 4,4
equi val ents), and the mxture is stirred on a bath of 80C for4 RMak@006&. To
the 5 reaction m xture are added diethyl carbonate (24.85 g, 4 equival ents)
and ethanol (0.97 g, 0.4 equivalent), and the m xture is reacted at 80C
for 3 hours. Wiile cooling the reaction ndXture on an ice bath, a 50%
acetic acid (80 m) is added thereto. The m xture is extracted with
chloroform and the extract is washed with an aqueous saturated saline

solution, and dried OVel,njRgrRsidRuAYSkdiate.c0AiehdeHdshia §u's;5‘EglsR;n oftahe
sol vent under rediced pressure, the residue is purlfled with a silica gel

col um chromat oggwwtyhy% JER L o SRLREPh R @Ryl 2 %@ﬁta%n? m cﬂ-y%auﬁ%o-

recrystallized frome acetate-ether to give eth

ano-1,1-(2, 2-di ng ?h? Eﬂ‘gtalﬂbf lﬂ?e'}ﬁg('uﬁéyg StirrdQX fsokn %mp’gra‘i—’urte@@)f ?‘H&QJ’SOTZ 1he

indolidinyl] acet as colorless needles. 15 Yield: 80% mp.

150-151 C IR (N e . 0, va : e NVR
(S00mz, “cbots, “ﬂggéuog XHSHQ%S%)deiJ%g (34989, 1 163008 (it néﬁZSe(sz/;*)z VR

5? (2R ! ’(52]1', "Fekirpd 230(& Hzmzﬁiratrlre!fof mgﬁazrg&h%agf c(a%ea-gu%)r 3029 (2 ?l
2-[6-cyano- 1, 1- (g; 254 et ek dd | MR LKL 5EBRE) SMhe SxePishyMBY¥d 4386in aqueous
sodium thiosulfate solution and an aqueous saturated saline solution, and dried
over magnesium sulfate. After distilling off the solvent under reduced pressure,
the residue is purified with a silica gel column chromatography (eluent; chloro-
10 form : ethyl acetate = 4 : 1) and recrystallized from ethyl acetate-ether to give
ethyl 2-bromo-2-[6-cyano-1,1 -(2,2-dimethyltrimethylenedioxy)-5-oxo0-1,2,3,5-
tetrahydro-7-indolidinyl]acetate (15.66 g) as ”'colorless needles.
Yield: 87%
m.p.: 117-119°C
15 IR (Nujol, cm1): 2217, 1725, 1650, 1610
MS (m/z): 427 (MH*)
NNR(KWMHLCD¢56XOS9GHJLIZSGHAL1326HJJ£H&L254
(2H, t, J=THz), 3.65 (2H, d, J=12Hz), 3.67 (2H, d, J=12Hz), 4.09-4.22 (2H, m),
4.24-4.35 (2H, m), 5.61 (1H, s), 6.90 (1H, 5)
20 Reference Example 2
(1) 6-Cyano-7-methyl-1,5-dioxo-1,2,3,5-tetrahydroindolidine (5.93

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




57 1,2,3,5-tetrahydro-7-indolidinyl]acetate (14.60 g) is added to a
suspension of a 60%o0ily dispersion of sodiumhydride (2.02 g, 1.2

equi valent) in dry tetrahydro- furan (240 m ), and the mxture is stirred
at roomtenperature for 3 hours.. To the reaction nmixture isi®ddedobdroni ne
(8.76 g, 1.3 equivalent), and the mxture is 5 stirred at roomtenperature
for 2 hours, and thereto is added ice water. The mxture is extracted with
chloroform and the extract is washed w th38n aqueous sodiumthiosulfate
sol ution and an aqueous saturated saline solution, and dried over

magnesi um sul fate. After distilling off the solvent under reduced pressure
the residue is %Meﬁhﬁémmo&&t@a&l(hb'wﬂl ahdeelmrmr@mmequrdeeru&%wt
chloro 10 form: ethyl acetate = 1) and recrystallized from et hyl

acetate-ether t %o%'rsl@lth%trgﬁhx apparatus provided with Dean-Stark dehydrating device.
2- br onp- 2-[ 6- cyano- 1, 1- (2, 2-di net hyl tri net hyl enedi oxy) - 5-oxo0-1,2, 3, 5-

tetr’ahydro-7- 'nldrgeléegétf&‘rldu§ﬁ§5?§§ea(técﬁm6t§e BB ad Q hessbe@ﬁrikeezen&e' d:
87% mp. 117-11 15 TR (Nuj ol cm 1) 2217, 1725, 1650, 1610 mz):

427 NVR . /89 bAHhneiBn .m 3H, t,
b 7H§;VH})2 e1 (%&Mﬁ?e J—((:gglﬁ% eé%/staﬁl g@f 61%!'1'11 t%alzolgo 48c 6%?@@)7 éth?’lzl g.ZHZ)

4.09-4.22_(2H, . 6090; o
Ref er ence (Exarrplrp) 12~ dl?m%ﬂm‘})eg@le(n%tﬁox@ -B- o‘ioﬁ ,_,é THet ﬁ*)yd &80 &1&44(6 §? )295

6- Cyano- 7- nethyl o dhiRs1, 2, 3, 5-tetrahydroindolidine (5.93 g),
2,2-diethyl-1, 3- propane i ol (49 97 g) and p-toluenesul fonic acid (180 m)

are Yield: 70%
m.p.: 197-198°C
IR (Nujol, cm-1): 2219, 1655, 1610
10 MS (m/z): 303 (MH")
NMR (300MHz, CDCl3, §): 0.83 (3H, t, J=7.5Hz), 0.92 (3H, t, ]=7.5Hz), 1.22 (2H,

q, I=7.5Hz), 1.78 (2H, q, J=7.5Hz), 2.49 (3H, sj, 2.52 (2H,t, J=7THz), 3.64 (2H, 4,
J=11Hz), 3.78 (2H, d, J=11Hz), 4.14 (2H, t, J=7THz), 6.39 (1H, s)
(2) The procedure of Reference Example 1-(2) is repeated by using
15 6-cyano-7-methyl-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-1,2,3,5-tetrahydro-
indolidine (4.75 g), dry toluene (80 ml), a 60% oily dispersion of sodium
hydride (2.76 g, 4.4 equivalents), diethyl carbonate (7.42 g, 4 equivalents) and
ethanol (0.37 ml, 0.4 equivalent), and the product is recrystallized from ethyl
acetate-ether to give ethyl 2-[6-cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-
20 0x0-1,2,3,5-tetrahydro-7-indolidinyl]acetate (3.71 g) as colorless needles.
Yield: 63%

m.p.: 127-129°C



4 May 2006 58 m xed in dichloroethane (150 ml), and- the mxture is heated
under reflux for 22 hours with a reflux apparatus provided wi th Dean-Stark
dehydrating device. The reaction mxture is treated in the sane manner as
described in Reference Exanple 1-(1) and recrystallized fromwpet2a0el to
gi ve 6-cyano-7-nethyl-1,1 5

(2, 2-diethyltrinmethyl enedi oxy)-5-0xo0-1, 2, 3,.5-tetrahydroindolidine (6.67 Q)
as colorless needles. Yield: 70% mp.: 199-198C IR (Nujol, cm1): 2219,
16. 55, 1610 10 M5 (mz): 303 (MHT) NTMR (BOONPE CDC13, 6): 0.83 (3H, t,
J=7.5Hz), 0.92 (3H, t, J= 7 5Hz), 1..22 (2H, q, J=7..5Hz), 1.78 (2H, q,

J=7.5Hz), 2.49 ( 3.64 (2H d, J=11 Hz), 3.78
(2H, d, J=11 Hz)ﬁih\hﬂ%l1 flﬁ 5’272%"_&7&12 H?9’( s) (2) The procedure of
Ref er ence Example 1-(2) is repeated by usi ng 15

6- cyano- 7- nethyLM@(mV@23ﬁlﬂﬂE$hyltr|nethylenedloxy) 5- oxo- 1, 2, 3, 5-t et rahydr
o- indolidine (4.75 g), dry toluene (80 m), a 60%oily dlsperS|on of

sodi um hydri de I(JMWGO@MHE, LT uiNd) 8h38), ¢ a7 etiay 0.4 dBBon &t B5K2), 423¢2HA
equi val ents) and ethanol (0.37 ml, 0.4 equivalent), and the product is

recrystallized fc%qmz stiby h .20acet atre7 st 75Q28] q/e_xesny)l 2.53 (2H, t, J=7THz),
2-[6-cyano-1,1-(2,2-diethyltrinmethyl enedioxy)-5 20

gfgl é 263%5 t et ragy 9«7 7 o) | WinyH, aceiiate), 63913HY), 455 o, @r=gss) needl es.
(2H, q, J=7Hz), 6.50 (1H, s)
(3) The ethyl 2-[6-cyano-1,1-(2,2-diethyltrimethylenedioxy)-5-oxo-
1,2,3,5-tetrahydro-7-indolidinyl]acetate (3.52 g) is added to a suspension of a
60% oily dispersion of sodium hydride (451 mg, 1.2 equivalent) in dry tetra-

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

15 (2,2-diethyltrimethylenedioxy)-3-ox0-1,2,3,5-tetrahydro-7-indolidinyl]acetate
(2.45 g) as colorless needles.

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,

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



p.,: 127-129C 4 May 2006 59 IR (Nujol, cm1): 2220, 1745, 1660, 1605 Ms
(mz): 375 (MHO-) NWR (300MHz, CDC13, 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), 1.75 (2H, q,
J=7.5Hz), 2.53 (2H, t, J=7Hz), 5 3.62 (2H, d, J=12Hz), 3.77 (2May@006
J=12Hz), 3.79 (2H, s), 4.15 (2H, t, J=7Hz), 4,22 (2H, q, J=7Hz), 6.50 (1H,
s) (3) The ethyl 2-[6-cyano-1, 1-(2,2-diethyltrinethylenedi oxy)-.5-o0xo-
1.2,3,5-tetrahydro-7-indolidinyl]acetate (§.052 g) is added to a suspension
of a 60%oily dispersion of sodiumhydride (451 ng, 1.2 equivalent) in dry
tetra 10 hydrofuran (60 nil), and the mxture is treated at room
tenperature for @H)dw=s2HER 3491 Hed ksl 2Hz)nB ¥ (e ddsT-edkheid 2b1znr8i 801611485 0,
1.3 equivalent), and the m xture is stirred at roomtenperature for 3
hours, and the reachidnHm),xtlér@H s), 42482 QH, m)t 6l sae), measner, @ descri bed
in Reference Exanple 1-(3) and recrystallized fromethyl acetate-ether: to
give ethyl 2-brono-2-[6ReyaetelExanidde 82, 2-diethyl trini
et hyl enedi oxy) - 5- oxo0-1, 2, 3, . 5-tetrahydro-7-indolidinyl]acetate (2.45 g) as
col orl ess needl es. Yi el dodia8lhydivgide (IB0Be)0BGEsoIRd Ny &ks (300MAl), and3RGeinl 735,

1660, 1610 20 M5 (m z): 455 (MH{)
3 is suspended (3R)-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (30.0 g) and

5
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

[o] D29: +8.02° (c=1.08, dimethylformamide)
IR (Nujol, cm-1): 3300, 2924, 1743, 1456

20 MS (m/z): 394 (MH+)

NMR (300MHz, CDCls, 8): 3.10-3.15 (2H, m), 4.48 (1H, 4, 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),




NVR (300MHz, CDC13, S): 0.83 (3H, t, J=7.5Hz), 0.92 (3H, t, J=7.5Hz), 1.26
(2H, q, J=7.5Hz), 1.32 (3H, t, J=7Hz), 1.73 (2H, q, J=7.5Hz), 2.52 (2H, t,
J=7Hz), 3.61 4 May 2006 60 (1 H, d, J=12Hz), 3.62 (1 H d, J=12Hz)"3.77 (1
H dd, J=2 and 12Hz), 3.80 (1 H dd, J=2 and 12Hz), 4.16 (2H My 2006
4.25-4.35 (2H, m, 5.61 (1H, s), 6.85 (1H, s) Reference Exanple 3 Sodi um
hydroxide (13.6 g) is dissolved in water (300 mM), and therein 5 is
suspended (3R)-1, 2, 3, 4-t et rahydro-3-i soqui rfdl i necar boxylic acid (30,0 g)
and thereto is added tetrahydrofuran (120 m). To the resulting sol ution

i s added 4- biphenylylsulfonyl chloride (42.9 g), and the m xture is
stirred at roomy f¢@3qng(bgum) The reaction mxture is acidified
wi th 10% hydr o- ch orlc aC| under ice cooling., and is diluted with water,
and then extracted 10 tpurge,wi R, giiByl acetate. The extract is washed with
wat er and an aqueous saturated sali'ne solution, dried over sodiumsulfate

and then treated with ag%k%lﬁzgz@ﬁlg%hydg@.@@@@kﬁ@ﬂe%ﬁ fyqlglaglda(rbeg,ofc;)latngred

off fromthe extract, e solvent"is distilled off under

pressure. The regj stealy r gi ve
(3R) - N- (4- bi phen&{dﬂfﬁ? rohes )&214og$>34ré %g'%efirtghmyr%%gb_fé of AL RIR-MRIRAS Lier

ool e bens (35 ol s psl o s oM ST
3300, 2924, 1743 ulf])ﬁ?’lGChlonde (6.62 g) in methylene chloride (100 ml) under ice cooling over
a period of 30 minutes. The mixture is stirred under ice cooling for 3 hours, and
thereto are further added sodium hydroxide (1.20 g) and a solution of 4-nitro-
phenylsulfonyl chloride (3.32 g) in methylene chloride (60 ml) in this order. The
10 mixture is stirred under ice cooling for 2 hours, and further stirred at room
temperature for 17 hours, and the reaction mixture is diluted with chloroform
and 10% hydrochloric acid. The chloroform iayer is collected and washed with
water and then with an aqueous saturated saline solution, dried over sodium
sulfate and then treated with active carbon. Undissolved materials are filtered
15 off from the chloroform layer, and 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, cm-1): 3316, 1743, 1531, 1169



20 M5 (nfz): 394 (M+H) NMR (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 OR m, 4 May 2006 61 7.56-7.69 (414, m,
7.83-7.88 (2H, m Reference Exanple 4 4 May 2006

(3R) -1, 2, 3, 4- Tetrahydr o- 3-i soqui nol i necarboxylic acid (.5.32 CO and sodi um
hydr oxi de (2.40 g) are added to a m xture gé net hyl ene chl ori de-water 5
(200 M - 200 M), and thereto is added dropw se a sol ution of

4-ni trophenyl - sulfonyl chloride (6.62 g) in nmethylene chloride (100 m)
under ice cooling over a period of 30 mnutes. The m xture is stirred
under ice coollngﬁj@mﬁﬁ3bpgns¥jand thereto are further added sodi um
hydroxide (1.20 g) and a solution of 4-nitro- phenylsulfonyl chloride (3.32
g) in methylene Rﬂ/h? 30@@4}626@1)@12 5i:1. 1t5i33 $0 @2}{!%),41@31}1% ARSI 7?@4 igrred

under' ice coollng hours,  and further stirre room tenperature

hydr ochl or ¢ acl f’%ﬁé”{ﬂc@%@o?‘% SR B Bl RGN (R vat er

and then with a r |ne solution, dried over sodium

sul fate and thengﬂgﬁﬁe%Z@ﬁ#ﬁdai carbon Undi ssol ved materials are
filtered 15 off fron1th hIor ayer and the solvent is distilled off
under reddced pressure %m? ?s purified with a S|I|ca gel colum

gg;?gﬁéoggiggg tgelgiu\elgt ?g%?sh%regglgrrlg}et%yp%[g z}{lsotlai (i,%.eGQm]:atrh?/ nme yllene—

N (4-nitrophenyl sulf oyl ) 1,2, 8 et el 2 i 200k JSRAARMLC 201 d

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 Watctr (1 liter) at 0°C, and the mixture is

15 extracted with ethyl acetate. The extract is washed, dried, treated with active
carbon, filtered and then distilled to remove the solvent. The residue is
recrystallized from et'hyl acetate-isopropyl ether to give ethyl 2-chloro-2-[6-
cyano-1,1-(2,2-dimethyltrimethylenedioxy)-5-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, cm-1): 2227, 1749, 1662, 1615, 1541, 1311, 1241, 1202, 1179, 1161,



(4.01 g) as colorless crystals. 20 Yield: 37% mp.: 140C [a] D25: +27.2
(c c=0. 5, ethanol) IR (Nujol, cm1): 3316, 1743, 1531,1169 4 May 2006 62 MS
(mz): 361 (MH) NTMR (300MHz, CDCI 3, S): 3.15-3.30 (2H, m, 4,40 (1 H, d,
J=I5Hz), 4.73 (1 H, d, J=15Hz), 5.01 (1H, dd, J=3.7 and 5. 7HgMay2004- 7. 20
(4H, m, 7.99 (2H, d, J=9.0Hz), 8.20 (2H, d, J=9.0Hz) Reference Exanple 5
To a suspension of ethyl 2-[6-cyano-1, 1-(2,2-dinethyltrinethylene-

di oxy-5-o0xo0-. 1,2,3,5-tetrahydro-7-indoli di(ﬁyl ] acetate (43.41 g) in
tetrahydro- furan (600 m) is added triethylam ne (13.94 g) under argon
atnosphere at -4C and thereto is further added dropw se trinethylsilyl
chloride (14.41 gl43at1064, 367,838 73€ over a period of 5 mnutes. The m xture
is stirred at the sane tenperature for 55.mnutes and thereto is added

dropwi se a suspensicRiPimM qlgll%g—gggqgwl rmide (17.00 g) in tetrahydrofuran
(400 M) at -4 to 4C over a period o m nutes. The reaction mxture is

added vater (1| ﬁ%ﬁ)@ﬁmﬁé"é e @f%gﬁ%f 23 ’.82@%55 Rl B BT et b ©

acetate. The extract is treated with active _carbon,
filtered and t heA>8i(3dim) éeﬁ%‘w %\?8 Afh%df@él@én@ 4PR Y2 me, 3-63 (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), via, 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,



recrystallized fromethyl acetate-isopropyl ether to give ethyl

2-chl oro-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 (40.28 g) as colorless needles. 20
Yield: 84% m.p.: 153-155C IR (Nujol, cml): 2227, 1749, 1662Ma¥@066 1541,
1311, 1241, 1202, 1179, 1161, 4 May 2006 63 1143, 1065, 967, 835, 715 _
APCIMS (m z): 381 and 383 (MH+) NWR (300MHz, CDCl13, S): 0.88 (3H, s), 1.28
(.3H, s), 1.31 (3H, t, J=7.1Hz), 2.52- 2.58§K2H, m, 3.60-3.70 (4H, m,
4..13-4..21 (2H, m, 4.22-437 (2H, m, 5.63 (1H,s), 5 6.77 (1H, s)

Ref erence Exanple 6 (1) 3-Am nopropanol (6.0 g) is dissolved in nethylene

chloride (50 mi),and dikeaeh@udoss addededitinyksiatioh, direBut ¥ scdizachenat e
(18.3 g) with stirring wunder ice cooling..The mxture is stirred at room

tenperature for 2 h@uk gisiiBAokGhd fBvdreaThe eRidlieXs pirdiddsyiaPN§ans bated,and
then purified wwth a silica gel colum chronatography to give

3- t - but oxycar bonyl 8. RRPIARAE Yived i&b%&)?);m@snymﬁw k@5% t@iylate Miedds) 89. 9%
IR (Neat), vmax cm 1: 3380, 1790 15 M5 (m z): 176 (MHFF)
pale yellow oil.
5 Yield: 82%

TR (Neat), vy con-li 3400, 3340, 1700, 1600

MS (m/z): 352 (M+Na™)
NMR (300MHz, CDCls, §): 1.42 (9H, s), 1.78-1.90 (2H, m), 2.45 (3H, s), 3.11-3.22
(2H, m), 4.09 (2H, t, ]=6Hz), 4.5-4.65 (1H, m), 7.36 (2H, d, JI=8Hz), 7.77-7.83 (2H,
10 m)
(3) 5—Hydroxy-Z-nitrobenzaldehjﬁe (6.0 g) is dissolved in dry
tetrahyrofuran (90 ml) and thereto is added dl“'opwise vinylmagnesium bromide
(2.3 equivalents) with stirring at -78°C. The temperature of the reaction mixture
is raised gradually. After completionvvof the reaction, 1N HCI 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), vpax cm1: 3440, 1600



NVR (300MHz, CDC13, S): 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-Butoxycarbonyl am nopropanol (10.0 g) is dissolved in

met hyl ene chloride (100 ml) and thereto are added tri et hyl am4®ay8066 Q)
and 20 tosyl chloride (16.3 g) with stirring under ice cooling. The
mxture is stirred at roomtenperature over(?gng The reaction mxture is
concentrated and the residue is dissolved wat er - et hyl acetate, and the
organic layer is separated, 4 May 2006 64 washed with an aqueous saturated
saline solution, dried over sodiumsulfate, and then distilled off the

sol vent. The resq\qg@myzs purMHed with a silica gel colum chronatography
to give 3-t-butoxycarbonyl am nopropyl tosylate (15.37 g) as pale yellow

I | d
e eSS N G A i e

Egﬂ; 3%385%)1 3fn%7dd7ﬁéﬁq dl“nf%zné St B oH d@ﬁnfie?a%&rééﬂ?a@?%dge: %
Gr opwi e vi ny! magrEsicm Groi de e 35 Betl 7% b & Rart Lh iRt B
The t enperature f tﬂ@ reactlon mxture is raised gradually. After

conpl eti on of th§-9pé t}PIB)n IN HO is added to the

(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-(37-t-butoxy-
carbonylaminopropyloxy)-2’-nitrophenyl]-2-propen-1-ol (3.53 g) as pale brown
caramel. |

15 Yield: 98%

IR (Neat), v, cm1: 3400, 1690, 1680

MS (m/z): 375 (M+Na+)
NMR (300MHz, CDCls, 8): 1.44 (9H, s), 1.96-2.06 (2H, m), 2.80 (1H, brs), 3.33
(2H, q, J=6.5Hz), 4.11 (2H, t, J=6Hz), 4.8 (1H, brs), 5.24 (1H, dd, J=10.5Hz and
20 1.5Hz), 5.42 (1H, dd, J=17Hz and 1.5Hz), 5.92 (1H, d, J=5Hz), 6.08 (1H, ddd,
J=17Hz, 10.5Hz and 5Hz), 6.86 (1H, dd, J=9Hz and 3Hz), 7.25 (1H, d, J=3Hz),

8.04 (1H, d, J=9Hz)




15 reaction mxture, and the mxture is extracted with ethyl acetate, and
the organic |ayer is separated, washed wth an agueous saturated saline
solution, dried over sodiumsulfate, and then distilled off the solvent.
The residue is purified with a silica gel colum chronat ogr apkayt260gi ve
1- (5" - hydroxy-2'-nitrophenyl)-2- propen-1-ol (5.09 g) as yellow sh brown
powders. 20 Yield: 73% mp.: 126-130C IR (fyjol), vmax cm 1: 3440, 1600 4
May 2006 65 M5 (mz): 195 (M+) N MR (300 2 CDC13, 3): 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..9Y (1H-(3d;t-blrStrhrbobyQmdfbprdpyloby)s) -fidbphenyl)-2-

1- (5" - Hydroxy-2'-nitrophenyl)-2-propen-I-ol (2..0 g) is dissolved in dry
di met hyl f or mani dgropdQ-4i (p.c8ng i¢ tiescdtal iarcaladded (3ethrandadede i€ hdded
equi val ent) and potassi um carbonate and 3-t-but oxycar bonyl am nopi r opyl
tosylate (1..5 eggiivialdant)sandfeaiiotidt (7.2 g),andtihe meduatis hOGed anthGehour s, and
thereto 10 is added ethyl acetate. The m xture is washed with an aqueous
sat urat ed sal i neafisptamhplenon of theekoner, isadiniomattibRtaes finéle bt bdikd ng of f
the solvent, the residue is purified with a silica gel colum

chromat ography t @i €illrate5s cddentratbéit @ythereto is added ethyl acetate. The organic

car bonyl am nopr opyl oxy) -2' -nitrophenyl ]-2-propen-l-ol (3 ).53 g) as pale
br own 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’-(37-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, cm-l: 3350, 1700

MS (m/z): 351 (M+H)
NMR (300MHz, CDCl;, 8): 1.44 (9H, s), 1.98-2.18 (2H, m), 3.28-3.37 (2H, q,
15 J=6.5Hz), 4.08-4.16 (2H, m), 4.67 (1H, brs), 5.85 (1H, 4, 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-



caranel . 15 Yield: 98% IR (Neat), vim cm1l: 3400, 1690, 1680 20 M5
(mz):375 (M:rNa+) NWVR (300MHz, CDC13, 5): 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 1..514z), 5.42 (1H, dd, J=17Hz andiMhy2bR2§, 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 H, d, J=9Hz) 4 May 2006 66
(5) 1-(5 -(3"-t-butoxycarbonyl am nopropyl oxé%- 2' -ni trophenyl) - 2-
propen-1-ol (9.66 g) is dissolved in chloroform (300 m) and thereto is
added activated manganese dioxide (7..2 a), and the m xture is heated with
reflux. After conoeylaaringfropyiexyedieshimophinytipgmahd ot @4Rahs) & g1fdd t er ed
off with celite, 5 and the filtrate is concentrated, and thereto 1s added
ethyl acetate. Thewdeganic |ayer is separated, washed wth an aqueous
saturated saline solution, dried over sodiumsulfate. After distilling off
t he solvent, thentesitseli’€ purified with a silica gel colum
chromat ography to give 1-[5'-(3"-t-butoxycarbonyl am nopropyl -
oxy)-.2_'-nitropleqayl §32- propen-1-one (6.01 g) as yellow color crystal. 10
mp.:65-71'C Yield: 63%

5 IR (Nujol), v, cm-1: 3450, 3400, 3340, 1700, 1630

MS (m/z): 323 (M+H™*)

NMR (300MHz, CDCls, 6): 1.21 (3H, t, J=7Hz), 1.45 (9H, s), 1.90-2.01 (2H, m),
2.95 (2H, q,J=7.5Hz), 3.33 (2H, q, J=6.5Hz), 3.97 (2H, t, J=6.5Hz), 4.48 (1H,
brs), 5.96 (2H, brs), 6.62 (1H, d, J=9Hz), 6.95 (1H, dd, J=9Hz and 3Hz), 7.24 (1H,

10 d, J=3Hz)



IR (Neat), vmax cm1: 3350, 1700 M5 (mfz): 351 (MHT) N-. MR (300MHz, CDC13,
S): 1.44 (9H, s), 1.98-2.18 (2H, m, 3.28-337 (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=10.5Hz), 6.62 (1H, dd, J=17.5Hz and 10.5Hz), 6.82 (1H, d, MSHx)20086.03
(1H, dd, J=9Hz and 3Hz), 8.17 (1H, d, J=9Hz) (6)

1-[5' -(3"-t-but oxycar bonyl armi nopropyl oxy)6®' -ni trophenyl )-2- propen-I-one
(325 ny) is dissolved in ethanol (15 m) and thereto is added 10% 20

pal | adi um carbon (40 ng), and the m xture is stirred under hydrogen
atnosphere for 1.5 hour. After renoving the catalyst by filtration, the
filtrate is concentrated and purified with a silica gel colum

chromat ogr aphy to giwWeIAT[IS' CILAIMEIRIS:oxy 4 May 2006 67

car bonyl am nopr opyl oxy) - 2' - am nophenyl ) propan-1-one (248 m g) as yell ow
powders. mp. 112-115"C Yield: 83%5 IR (Nujol), vmax cml: 3450, 3400,
3340, 1700, 1650 M5 (mz): 323 (MrHy) NTMR (300MHz, CDC13, S): 1.21 (3H t,

J=7Hz), 1.4:5 (9H, , s - . ) 33 (2H
R e
(1H d. J :gHZ?n’do?l'd?nSe éolrrll_lpogndd’ ofjtﬁg%rn?lﬂ% [%/Iﬂz]) » 7.24 (1K 10 d, J=3hz)

5 0]

[VIL]

S
2
>
=
=
-

R0 CH,CH3

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

acid of the formula [XIX]:
SCOCE{

R| [ XIX |

_N—Y
(CHa)n

15  wherein Y is a substituted or unsubstituted arylsulfonyl group or an

alkylsulfonyl group, andnis O or 1,

which comprises subjecting the S type 2-substituted hydxoxy-2-indolidinyl-

butyric ester compound of the formula [II]:

II
20 [I]

wherein R is as defined above, and R! and R* are a 1ower alkyl group, and E is




4 May 2006 68 WHAT IS CLAIMED ISt 1. A process for preparing an S type
4-substituted hydroxypyrano- indolidine conpound of the fornula [VII]: 5 O
N[VII] 1 [ Rop CH2CH3 wherein Ris a residue obtained by renoving a
hydroxy group fromthe 10 carboxyl group of an R type nitrogenMzgr0asni ng
fused heterocyclic carboxylic acid of the fornula [XIX: [XIX] 15 wherein Y
is a substituted or unsubstituted aryl sul6®nyl group or an al kyl sul f onyl
group, and n is 0 or 1, which conprises subjecting the S type 2-substituted
hydxoxy- 2-indol i di nyl - butyric ester conpound of the formula [Il1]: 0 20
wherein Ris as defined above, and R1 and R2 are a 1 ower al kyl group, and
Eis 4 May 2006

an ester residue to a catalytic reduction to reduce the cyano group thereof and
then subjecting to alkanoylation to give an S type 2-substituted hydroxy-2-(6-

substituted aminomethylindolidinyl)butyric ester compound of the formula [V]:

wherein R is a lower alkanoyl group, and other symbols are as defined above,
subjecting the compound [V] to nitrosation reaction and rearrangement to give
10  an S type 2-substituted hydroxy-2-(6-substituted hydroxymethylindolidinyl)-

butyric ester compound of the formula [VI]:

[VI]

15
wherein the symbols are as defined above,
subjecting the compound [VI] to an intramolecular cyclization reaction, and
thereafter or at the same time as the cyclization reaction converting the acetal
group thereof into a ketone group.

20 2. A process for preparing an S type 4-hydroxypyranoindolidine

compound of the formula [VIII]:




69 5 10 an ester residue to a catalytic reduction to reduce the cyano group
t hereof and then subjecting to alkanoylation to give an S type
2-substituted hydroxy-2-(6- substituted am nonethylindolidinyl)butyric
ester conpound of the fornmula [V]: O NNHR3 IV] L -- C 11 whenriyoB8 is a
| ower al kanoyl group, and other synbols are as defined above, subjecting
the conpound [V] to nitrosation reaction @&nd rearrangenent to give an S
type 2-substituted hydroxy-2-(6-substituted hydroxymnethylindolidinyl)-
butyric ester conpound of the formula [VI]: [VI] 15 wherein the synbols are
as defined above, subjecting the conmpound [VI] to an intranol ecul ar
cyclization reaction, and thereafter or at the sane tine as the
cyclization reaction convertingOthe acetal group thereof into a ketone
group. 20 2. A process for prepagi an S type 4-hydroxypyranoi ndol i di ne
conmpound of the formula [ : May02006 70 [vr |

5  or asalt thereof,
which comprises subjecting the S type 4-substituted hydroxypyranoindolidine

compound of the formula [VII]:

[VIL]

S
10 O >

R°0 CH,CHj

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]:
» SCooH
R [ XIX |
_N—Y
(CHg)n
wherein Y is a substituted or unsubstituted arylsulfonyl group or an
alkylsulfonyl group, and n is 0 or 1, obtained in claim 1 to removal of the group
20 R’

3. A process for preparing an S type 4-hydroxypyranoindolidine

compound of the formula [VIII]:



O rNSOOOHOCH2CH3 [ VIII ] 5 or a salt thereof, which conprises
subjecting the S type 4-substituted hydroxypyranoi ndolidine conpound of
the formula [VII]: [VII] 10 ROO CH2CH3 wherein R is a residue obtained by
removi ng a hydroxy group fromthe carboxyl group of an R typéMay 2006

ni trogen-contai ning fused heterocyclic carboxylic acid of the fornula
[XIX]: 15 [ XiX ] wherein Y is a substitu?ed or unsubstituted aryl sul fonyl
group or an al kylsulfonyl group, and nis O or 1, obtained in claiml to
removal of the group 20 R 3. A process for preparing an S type

4- hydr oxypyr anoi ndol i di ne conpound of the formula [VIII]: 4 May 2006 71

[ VII |

5  or a salt thereof,
which comprises subjecting the S type 2-substituted hydroxy-2-

indolidinylbutyric ester compound of the formula [II]:

[1]
10
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]:
s sCooH
R [ XIX ]
_N—Y
(CHa)n

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

sulfonyl group, andnis O or 1, R! and R? are a lower alkyl group, and E is an
20 ester residue, to a catalytic reduction to reduce the cyano group thereof and then

subjecting to alkanoylation to give an S type 2-substituted hydroxy-2-(6-

substituted aminomethylindolidinyl)butyric ester compound of the formula [V]:



[ VII1 ] 5 or a salt thereof, which conprises subjecting the S type
2-substituted hydroxy-2- indolidinylbutyric ester conpound of the formula
[11]: O 10 wherein Ris a residue obtained by renoving a hydroxy group from
the carboxyl group of an R type nitrogen-containing fused heg®f00bi C
carboxylic acid of the fornmula [XIX]: 15 [ XIX ] wherein Yis a
substituted or unsubstituted aryl sul fonyl7group or an al kyl- sul fonyl
group, and nis 0 or 1, RlL and R2 are a | ower alkyl group, and E is an 20
ester residue, to a catalytic reduction to reduce the cyano group thereof
and then subjecting to al kanoylation to give an S type 2-substituted

hydr oxy-2- (6- substituted am nonet hypi ndolidi nyl)butyric ester conpound of
the formula [V]: 4 May 2006 72 [V] wherein R3 is a | ower al kanoyl group,
and ot her synbols are as defin y@ﬂé%tingbbqe conmpound [V] to

nitrosation reaction and reap &O\ﬁ% an t'ype 2-substituted
hydr oxy- 2- (6- substi t ut ed_ hydr oxy I yl)- butyric ester conpound
of the formula [VI]: Rléd\/o z
R°0 CH,CHj3
R2

5  wherein R? is a lower alkanoyl group, and other symbols are as defined above,
subjecting the compound [V] to nitrosation reaction and rearrangement to give
an S type 2-substituted hydroxy-2-(6-substituted hydroxymethylindolidinyl)-

butyric ester compound of the formula [VI]:

10

wherein the symbols are as defined above,
subjecting the compound [VI] to an ester hydrolysis to give an S type 2-
15  hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid compound of the formula

[IX]:

20

wherein the symbols are as defined above,
or a salt thereof, and subjecting the compound [IX] to an intramolecular

cyclization reaction, and thereafter or at the same time as the cyclization




0 10 [VI] R2 wherein the synbols are as defined above, subjecting the
conpound [VI] to an ester hydrolysis to give an S type 2 15

hydr oxy- 2- (6- hydr oxynet hyl i ndol i di nyl ) butyric acid conpound of the fornula
[I1X]: [IX] 20 wherein the synbols are as defined above, or a g®iay 20ber eof,
and subjecting the conpound [I1X] to an intranolecular cyclization
reaction, and thereafter or at the sane t7he as the cyclization 4 May 2006
73 5 RAp CH2CH3 [XI 1] wherein R4 is a |ower alkanoyl group, 10 which
conprises subjecting the S type 2-substituted hydroxy-2-indolidinyl-
butyric ester conpound of the formula [I1]: 15 20

reaction converting the acetal group thereof into a ketone group, and optionally
converting the resultant product into a salt thereof.
4. A process for preparing an S type 4-alkanoyloxypyranoindolidine

compound of the formula [XIII]:

[ X1 ]

-

-
-
-

R*O CH,CHy

wherein R? is a lower alkanoyl group,
10 which comprises subjecting the S type 2-substituted hydroxy-2-indolidinyl-

butyric ester compound of the formula [II]:

[1I]

15

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]:

§QOC&I
R| [ XIX |
20 _N—Y
(CHg)n

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

sulfonyl group, andnis O or 1, R! and R? are a lower alkyl group, and E is an




reaction converting the acetal group thereof into a ketone group, and
optionally converting the resultant product into a salt thereof. 4. A
process for preparing an S type 4-al kanoyl oxypyr anoi ndol i di ne conpound of
the formula [XII1]: O k2 wherein Ris a residue obtained by 4®mpwo0g a
hydroxy group fromthe carboxyl group of an R type nitrogen-containing
fused heterocyclic carboxylic acid of thefornmula [XIX: [XIX whereinY
is a substituted or unsubstituted aryl sul fonyl group or an al kyl - sul fonyl
group, and nis O or 1, R and R2 are a | ower alkyl group, and Eis an 4
May 2006 74 ester residue, to a catalytic reduction to reduce the cyano
group thereof and then subjecting to al kanoylation to give an S type

2- subst i t ut edediydiceie 2to( Beatslybistredudtien tantdoueethhylyama gtdauhi thytedfanyrthen
ester conpound of the fornmula [V]: 0 5 [V] wherein R3 is a | ower al kanoyl
group, and ot {ay; M{[gqgl fdi gn@ﬁ?}é@Q-suiﬂdﬂhﬁ@dh oxfe2-¢empound [ V]
to nitrosatioﬂﬁﬁggc |oﬁﬁ§%gﬁ?§§¥ﬂ§ﬁggﬁent 0 give 10 an %giyge

2- subst i t ut edg Ry 0XY 2 87 SinsHhRh b HESTHBY R 0sE B Joudal dfdhe Yrnula [V]:

wherein R® is a lower alkanoyl group, and other symbols are as defined above,
subjecting the compound [V] to nitrosation reaction and rearrangement to give
10  an S type 2-substituted hydroxy-2-(6-substituted hydroxymethylindolidinyl)-

butyric ester compound of the formula [VI]:

15
wherein the symbols are as defined above,
subjecting the compound [VI] to an ester hydrolysis to give an S type 2-
hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid compound of the formula
[1X]:

20

[IX]




butyric ester conpound of the formula [VI]: 0 15 [VI] RZ wherein the
synbol s are as defined above, subjecting the conpound [VI] to an ester
hydrol ysis to give an S type 2-

hydr oxy- 2- ( 6- hydr oxymet hyl i ndol i di nyl ) butyric acid conpound of Makeober nul a
[IX] : 0 20 ~~ rT OH COON 4 May 2006 75 wherein the synbols are as defined
above, or a salt thereof, subjecting the ‘tonpound [I1X] to an intranol ecul ar
cyclization reaction, and optionally converting the product into a salt
thereof to give an S type 4-hydroxypyranoi ndolidi ne conpound of the
formula [X]: 5 0 [ X] wherein the synbols are as defined above,

wherein the symbols are as defined above,
or a salt thereof, subjecting the compound [IX] to an intramolecular cyclization
reaction, and optionally converting the product into a salt thereof to give an S

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

S
R! 0 B
HO CHQCH3

wherein the symbols are as defined above,

[X]

10  or a salt thereof, and reacting the compound [X] or a salt thereof with a lower
alkanoic acid of the formula [XI]:
R'OH [XI]
wherein R? is as defined above,
or a reactive derivative thereof to give an S type 4-alkanoyloxypyrano-

15  indolidine compound of the formula [XII]:

S
. -~ 0
R O z
R*0 CH,CHj

20  wherein the symbols are as defined above,

[ X1 ]

and subjecting the compound [XII] to conversion of the acetal group thereof

into a ketone group.

5. An S type 2-substituted hydroxy-2-(6-substituted aminomethyl-




10 or a salt thereof, and reacting the conmpound [X] or a salt thereof with
a lower alkanoic acid of the fornmula [XI]: RAOH [ XI] wherein R4 is as
defined above, or a reactive derivative thereof to give an S type

4- al kanoyl oxypyrano- 15 indolidine conpound of the formula [X May2006Xl 1]
k2 20 wherein the synbols are as defined above, and subjecting the
conpound [XII] to conversion of the acetal6b group thereof into a ketone
group. 5. An S type 2-substituted hydroxy-2-(6-substituted am nomethyl 4
May 2006 76 5 10 [ XIX ] wherein Y is a substituted or unsubstituted
aryl sul fonyl group or an al kyl- sulfonyl group, and nis O or 1, RI and R2
are a lower alkyl group, Eis an ester residue, and R3 is a | ower al kanoyl
group. 15 6. RdoBdinyPPuyricdsdd domimdimdyst thx fo2nfle{¥lbst i tuted hydroxy-

met hyl i ndol i di nyl )butyric ester corrp8und of the fornula [VI]:

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

acid of the formula [XIX]:
\\\COOH

R [ XIX |

10 Ny
(CH2)n

wherein Y is a substituted or unsubstituted arylsulfonyl group or an alkyl-
sulfonyl group, andnis O or 1, R! and R? are a lower alkyl group, E is an ester
residue, and R’ is a lower alkanoyl group.

15 6. An S type 2-substituted hydroxy-2-(6-substituted hydroxy-

methylindolidinyl)butyric ester compound of the formula [VI]:

20
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]:




0 20 [VI] wherein Ris a residue obtained by renoving a hydroxy group from
the carboxyl group of an R type nitrogen-containing fused heterocyclic
carboxylic acid of the fornmula [XIX]: indolidinyl)butyric ester conpound
of the formula [V]: 0 [V] RR wherein Ris a residue obtai nedMyy 20ep0Vi ng
a hydroxy group fromthe carboxyl group of an R type nitrogen-containing
fused heterocyclic carboxylic acid of thé&/fornmula [XIX]: 4 May 2006 77
wherein Y is a substituted or unsubstituted arylsul fonyl group or an 5

al kyl sul fonyl group, and nis 0 or 1, Rl and R2 are a | ower al kyl group, E
is an ester residue, and R3 is a |lower al kanoyl group. 7. An S type
4-substituted hydroxypyranoindolidinqgsﬁ ound of the formula [VII]: Rp

t H2CH3 wherein R is a residue obtai e gprenoving a hydroxy group fromthe
car boxyl group of an R trogfn-containinpxﬁyfed het er ocyclic
carboxylic

wherein Y is a substituted or unsubstituted arylsulfonyl group or an
5 alkylsulfonyl group, andnis 0 or 1, R! and R? are a lower alkyl group, E is an
ester residue, and R? is a lower alkanoyl group.
7. An S type 4-substituted hydroxypyranoindolidine compound of the
formula [VII]:

10 [VII]

R°0 CH,CHj

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

15 acid of the formula [XIX]:
SCOC&{

R [ XIX ]

_N—Y
(CHQ)n

wherein Y is a substituted or unsubstituted arylsulfonyl group or an
20  alkylsulfonyl group, and nis O or 1.

8. A compound of the formula:




15 acid of the forrmula [XIX]: wherein Y is a substituted or unsubstituted
aryl sul fonyl group or an 20 al kyl sulfonyl group, and nis O or 6A
conmpound of the formula: 4 May 2006 78 k2 5 wherein Ris a rés (QOO
obt ai ned by renoving a hydroxy group fromthe carboxyl group of an R type
ni trogen-contai ning fused heterocyclic cggboxylic acid of the fornula

[ XIX]: 10 wherein Y is a substituted or unsubstituted aryl sul fonyl group or
an al kyl sul fonyl group, and nis 0 or 1, and RL and R2 are a | ower al kyl
group. 9. An S type 2-hydroxy-2-(6-hydroxynet hylindolidinyl)butyric acid
conpound of the formula [IX]: 15 O [IXI wherein R and R2 are a | ower al kyl
group, or a salt thereof. 20 10. An (5 type 4-hydroxypyranoi ndol i di ne
conpound of the formula [X]:

R! B ©
RO CH,CHj3

5  wherein R is a residue obtained by removing a hydroxy group from the

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

acid of the formula [XIX]:
COOH

&
R [ XIX |

CH

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

9. An S type 2-hydroxy-2-(6-hydroxymethylindolidinyl)butyric acid
compound of the formula [IX]:

15

wherein R! and R? are a lower alkyl group, or a salt thereof.

20 10. An S type 4-hydroxypyranoindolidine compound of the formula

[X]:



O5 [X] wherein RL and R2 are a |lower al kyl group, or a salt thereof. 11.
An S type 4-al kanoyl oxypyr anoi ndol i di ne conpound of the forrrulﬁé&élo]: 10
[ XIl ] wherein RL and R2 are a | ower alkyl group, and R4 is & 006

al kanoyl group. 12. An S type 4-al kanoyl oxypyr anoi ndol i di ne conpound of

the 15 formula [XI11]: [ X1l ] 20 wherei7@ R4 is a | ower al kanoyl group.

[X]

5
wherein R! and R? are a lower alkyl group, or a salt thereof.
11. An S type 4-alkanoyloxypyranoindolidine compound of the
formula [XII]:
@)
[XII]
10 (0) S
1 5 0]
R O z
% R4 CH,CHs

wherein R' and R? are a lower alkyl group, and R* is a lower alkanoyl group.

12. An S type 4-alkanoyloxypyranoindolidine compound of the

15 formula [XIII]:

[ XIII |

-
=
-

R*0 CH,CHj

20 wherein R* is a lower alkanoyl group.



