1 DESCRIPTION [Title of the Invention] Method for Producing

Canpt ot hecin Derivatives 5 [Technical Field] [0001] Thi s
invention relates to a nethod for selectively hydrogenating

canpt ot heci n or canptothecin derivatives to produce correspondi ng
1,2,6, 7-tetrahydro conpounds. The IhRSE:RIpetoahydro 10 conpounds can
be utilized as, for exanple, precursors for synthesizing

10- hydr oxy- 20- (S) - canpt ot hecin. [Background Art] [0002]

10- Hydr oxy- 20n:(S) - i n1is known to have a 15 pharnacol ogi cal
activity its 1%@%?&@?%&%@3% | e, Non-patent Docunment 1) and also is

servi ceabl e as a sMathbddorddialing dbamptbtiesiini Dgrivatives

7- et hyl - 10- hydr oxy- 20=( §),n canpt ot heci n which is an i nportant

i nt er medi®at eﬁ?er?%ﬁﬁ%azlsgﬁﬁﬁﬁém s of irinotecan. In the Non-patent
Docurment 1, [dpgnjdroxy-20-(S)-canptothecin is prepared by a 20
two-step procedure via photoreaction of canptothecin-1-oxjde. The

previ ously proposebhif srextionrepri@sdioan meethsd 1o- sslaebxglno- (S) -

canpt ot heci m,§ 0%i i 7] o : .
17570, 7t otraby e ot (e ek B herin op copmperhepim dopiatiyon g produce
sel ect ed fromirhepgndiupe doh§i sttetiphgfddoeadnpetindacelBhe 1, LAN tetrihymro

25 i i trat . F 's..salt t i it di f t
(Rs03) o8} CRBAFEXs iR BF 7ot AT Joar ERTGHE: BESTrO S fBt acel um
per manganat esyh gHdsi£inghl 0fheterand 20 ddosekepesiecthh acet at e (Pat ent

Docunents 1 d 2). Paégnt Docunent 1 di scl oses that
1,2,6,7-tetr oo )Tﬂcarrptot hecin which is the starting materi al

[oo02]
10-Hydroxy-20-(S)-camptothecin is known to have a
15 pharmacological activity itself (cf., for example, Non-patent Document
1) and also is serviceable as a starting material for synthesizing
7-ethyl-10-hydroxy-20-(S)-camptothecin which is an important
intermediate in the synthesis of irinotecan. In the Non-patent
Document 1, 10-hydroxy-20-(S)-camptothecin is prepared by a
20 two-step procedure via photoreaction of camptothecin-1-oxide. The
previously proposed process for preparation of 10-hydroxy-20-(S)-
camptothecin involved oxidizing
1,2,6,7-tetrahydro-20-(S)-camptothecin, using an oxidizing agent
selected from the group consisting of lead tetraacetate, CAN (cerium
25 ammonium nitrate), Fremy’s salt (potassium nitroso disulfonate
(KS03)2NO), chromic acid or anhydride, dichromate salts, potassium
permanganate, ferric chloride and iodosobenzene diacetate (Patent
Documents 1 and 2). Patent Document 1 discloses that
1,2,6,7-tetrahydro-20-(S)-camptothecin which is the starting material
30 can be obtained by hydrogenation of 20-(8)-camptothecin in acetic
acid or dioxane-acetic acid in the presence of a platinum catalyst at
ambient pressure and temperature.
[0003]
On the other hand, Patent Document 2 refers to the process of

35 said Patent Document 1 and indicates the following: “Such a method



‘30 can be obtai ned by hydrogenation of 20-(S)-canptothecin in acetic
acid or dioxane-acetic acid in the presence of a platinumcatalyst at
anbi ent pressure and tenperature. [0003] 2 is not fully

satisfactory, however, due to the fact tBat the hydrogenated product

is reactive.g Wr@g@pg&gig&&gﬁ ?L&ng&oratd&ﬂ@f?hgﬂ %\@ﬁq@r epar ati on

of the desired tetrahydrocanptdthecin pro resul ti in the
formati on ofhyElogenatedpaidowt ps odactise. Adtiydiogealatygn whicteforhe use

of a supra-atmspheric _hydrogen pressure | t hough not disclosed in
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contacting 7-éthyl - - canptothecin with hydrogen and nobl e netal

catal yst i n aves isdewsimgepsedackydr Ydinthe viewtta iprovibradgiect in the
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Docunment 2). Thjs cunment suggests necessity of concurrent use of a
sul fur corrpcﬁﬁlﬁaixsé.lél. ¢o QQaHQS)WHil TEPRCEH GRIFHY %u&%fl&ﬁoéat al yst

and ni ckel (‘Iﬁgg; *519rsuflﬁ'd%ﬂtd.a‘i®o _hydrogenating the heterocyclic
“ring (pyridine ring) only of quinolines, in conformty with the

sel ective hy@PBdénation of canptothecins as described in Patent
Documentzﬁ 235 ancit :;’s also known that 7-ethyl-1,2,6,7-tetrahydro-20-(8)-
camptothecin can be obtained by contacting 7-ethyl-20-(S)-
camptothecin with hydrogen and noble metal catalyst in the presence
of a hydrogenation catalyst moderator selected from hydrogenation
catalyst poisons such as dimethylsulfoxide (cf. Patent Document 3).
25 [0005]
Results of studying the use of a large variety of heterogeneous
catalysts in hydrogenation of quinolines, which can be regarded as a
model reaction for selective hydrogenation of camptothecins having
quinoline skeletal structure, have been reported (Non-patent
30 Document 2). This document suggests necessity of concurrent use of
a sulfur compound (e.g., CSa, Hz2S) or CO with a noble metal catalyst
and nickel catalyst for selectively hydrogenating the heterocyclic ring
(pyridine ring) only of quinolines, in conformity with the selective
hydrogenation of camptothecins as described in Patent Documents 2
35 and 3.



'3 [Prior Art] [0006] [Patent Docunent 1] [Patent Docunent 2] 5

[ Patent Docunent 3] JP 59(1984)-5188A JP 2,848,958, in particular,
col. 23, L. 1 - 28 JP 2007-501275T [ Non-patent Docunent 1] Sawada et
al., Chem Pharma Bull. 39(12) 3183 - 3188 (1991) [ Non- patent
Docunent 2] at¢pl ., J. Heterocyclic Chem, 24, 1477 - 1483
(1987) 10 [Summary of the Invention] [Problemto be Solved by the

| nvention] [0006]

[Patent Document 1] JP 59(1984)-5188A
[Patent Document 2] JP 2,848,958, in particular, col. 23, L. 1 — 28
[Patent Document 3] JP 2007-501275T
[Non-patent Document 1] Sawada et al., Chem. Pharma Bull. 39(12)
3183 — 3188 (1991)
[Non-patent Document 2] Shaw et al., J. Heterocyclic Chem., 24,
1477 — 1483 (1987)
10 [Summary of the Invention]
[Problem to be Solved by the Invention]
[0007]

Conventional hydrogenation of camptothecin invariably uses

costly noble metal catalyst such as of platinum. Moreover, the

15 method described in, for example, Patent Document 1 discloses the
hydrogenation can be performed at ambient pressure and
temperature, but it is subject to a problem that the reduction
continues even after formation of object tetrahydrocamptothecin to
form over-reduction products.

20 [0008]

Patent Documents 2 and 3 proposed, as a means to improve
the above method, to carry out the hydrogenation reaction in the
concurrent presence of a hydrogenation catalyst moderator such as
dimethylsulfoxide, for example, to suppress or curtail the formation of

25  over-reduction products. These processes, however, have a problem
that they require use of a much larger amount (about 50 wt% to the
substrate) than the usual of a noble metal catalyst. Furthermore,
our reproduction of these reduction reactions has now confirmed that
the reaction control is difficult also in the cases wherein a

30 hydrogenation catalyst moderator is concurrently present, as the
over-reaction is still apt to take place depending on agitation efficiency,
reaction pressure or reaction temperature.

[0009]
Hence, a method for synthesis of 1,2,6,7-tetrahydro-20-(S)-

35 camptothecin derivatives, which can be used on commercial scale, at



10007] Conventi onal hydrogenati on of canptothecin invariably
uses costly noble netal catalyst such as of platinum Moreover, the
15 nethod described in, for exanple, Patent Docunent 1 discloses the
hydr ogenati on can be perforned at anbi ent4 pressure and tenperature,
but it is supj -pr, e I Qnt.i en
after for rnattulllauc‘)n’re\EEEﬁ’LI %%jaégte%t%gt&a%%m%a It’t %?#&%Fﬁﬂp 81%1[1 %r@néﬁ%rﬂ/’
over-reducti[&ﬂe@n@d&nselviﬁ@[ﬂm)ﬁi‘olﬁandnt Docunments 2 and 3 proposed,
as a neans t@ol @zrove t he above nethod, to carry out the

hydr ogenati o r1 ction in the concurrent presence of a hydrogenation

cat al yst noder at orWstle bhas/idiviigt soikve uwhleoxthses phobleex awpl leavé o
suppress or curtail the formati 03 of 25 gver-reduction products.

These pr Gces¥BCeTiBREvely agxpacad prEbiardiepaio FHEE R EquPresng«lgroery
much | ar ger ﬁfa%un,tzré,azb%t afl d%co/ﬁﬁlgtBﬂ?ec"iHQﬁtI,@E@)?_-Eéﬁ%}h&tﬂﬁousum of

a nobl e netal catalyst. Furthernor our reproduction hese
reduction rezgnpbeidiarag deowvatines caade haepated metltiigh effivienty pdien

difficult al i e.: e [.n,: : ti t

mder ator | BREHEHER G RE RGP HE LRI R o
to take pl aceydiepsidimghemegehat bda eickiet icatslysty eathdwncpiensene or
reaction tenperature.. [ 0009] nce, a nethod ilor. synt hesi s.. of, .
1,2, 6, 7-Wet roHEsaRGe 3.5CSP- 238U L pHIBPRBGIh OB LRF iRG 08 E3RINER akhe

used on commgs&ial scale, at 4 low cost and is easy of controlling

the reaction is hn demand. [ Means for solving the problenj [0010]
Wth the viefd0ld)sol ve the above probl em we have

The invention, therefore, is completed based on the above
discovery and provides a method comprising reduction of a compound
15 represented by the following formula (I), more specifically
camptothecin or a camptothecin derivative, to produce the
corresponding 1,2,6,7-tetrahydro compound represented by the
following formula (I}, more specifically 1,2,6,7-tetrahydro-
camptothecin or a 1,2,6,7-tetrahydrocamptothecin derivative, which
20 method comprising a step of contacting a compound of the formula (I)
with hydrogen in an inert solvent, in the presence of a nickel catalyst

as a hydrogenation catalyst:

[0012]
R R
6 H
10 ~ N O N
- w
N2\ ' N "\ /
H 0
HO © Ho ©
(1) (11)
25
[0013]

in the formulae, R stands for an atom or an atomic group
selected from the group consisting of hydrogen atom and C1-Cg alkyl

groups.



5 concentratively advanced our studies, to nmake a surprising

di scovery that 1,2,6, 7-tetrahydrocanptothecin or
1,2,6,7-tetrahydrocanptot hecin derivatives can be prepared with high
ef fici ency when canpt othecin or canptotheécin derivatives are

contacted w fQé’tdéf)ﬂ?éﬁ'Ix%a{?eﬁﬂﬁnir esence of a nickel catalyst, wthout
concurrent 10" presence of Suc sul fur compound or the |ike as

descri bed i n[0Metlabove. [0011] The invention, therefore, is
conpl et ed based on,the ;above di scovery an rovi des et ho )

conpri sing reduct i%ﬁcodfilﬁgé&ﬁ’&fﬁﬁ' eﬂﬁ?%p g eggﬁb%%[’ﬂge?]oaﬁ?%%ong
formula (1), cdmpeusPecidireathyed dyihet 86t & foim al€ &M teathes iproduced
derivative, to p[ﬂodk;m(f_t_he corr_esponch]E 1,2,6,7-tetyrahydraq conpqund
repr esentied Byth high sffieisney veepaie g@qamﬁy%tg%@e ap aaprkedly cheaper
1,2,6,7-tetr i 2, Puiln t
der i vat i ve, G SRC0. e A %%aﬁf%@%%@%%%%??ﬁ%@ﬁ%n
conpound of tdrectroentilae(dd)a hiydiroggdatiganca talast esterasot vaok asi s sular

presence of a nickel; catal yst as _a_hydrogenation catal yst: [0012]
HO OHO ( | )?OIPpPuPd[%ﬁ]%TXﬂ{e 18 unpﬁg?%séﬂ%%r mul ae, R stands for an

atom or an atfmibedgmesns el aVbekidy the Theegtioud consisting of
hydrogenloat owcﬁr}ﬂ C -C6 al kyl groups.

The starting camptothecin represented by the formula (I) may
be an extract of natural source, semi-synthetic or totally synthetic
material. Also its 7-alkyl derivatives can be those prepared from
camptothecin by a method known per se. Ci1-Cg alkyl in the alkyl

15 derivatives may be either of straight chain or branched, and include
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, t-butyl, n-pentyl,
n-hexyl and so on.

[0016]

Any nickel catalyst such as metallic powder, alloy with other

20 metal(s), oxide, hydroxide, inorganic salt, organic salt or Raney
catalyst of nickel metal or those supported on carriers can be used in
the present invention, so long as they conform to the purpose of the
invention and can efficiently catalyze the hydrogenation reaction.
Although not given in limitative sense, as the carriers for the

25 supported type catalyst, diatomaceous earth, silica, alumina (Al2Os)
complex oxide, zeolite and the like can be named. Supported type
catalyst is preferred as it enables the use of lesser amount of the
metal, and also from the standpoint of activation or stable use.
[0017]

30 Examples of such catalyst include nickel catalysts known in
the pertinent technical field, such as metal nickel, reduced nickel,
stabilized nickel, nickel-diatomaceous earth, Raney nickel, modified
Raney nickel, nickel formate, Urushibara nickel, nickel borate, nickel
oxide, nickel complex, nickel-copper-diatomaceous earth, nickel-

35 zirconia-diatomaceous earth, nickel-alumina, nickel-silica-alumina,



‘5 [Effect of the Invention] [0014] According to the invention, the
object 1,2,6,7-tetrahydro conpounds represented by the above formul a
(I'l') can be produced 5 with high efficiency, using a nickel catalyst
which is markedly cheaper than noble netdl catalyst and in a sinple

reacti on syshemCIRBHEIN HARELELEHLUSBAR! nicIIhRACRAILOR 6]t Ak,

noder ator such as a s r COITp or t € 1S _unnecessary
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Its 7-al kyl Emnra]atrves can be those prepared from canpt ot hecin by a
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either of? strai ghtsg ﬁ]a??re o‘rtabﬁﬁﬁ%‘im k%rﬁﬁtiaiﬁ !FWIace%Fﬁ§Ia¥th as

n-propyl, 'Sﬂ% @Mlel Ry, ade?ﬁ.ta&@tdétah}tl@‘éJ{:YlVlW‘IIP%HEWeacﬂpﬁe%ﬂ&l
and so on. [0016] Any nickel catalyst such as netallic powder, all oy

with ot her 2theneferq & prefeirded. hydroxi de, inorganic salt, organic

salt or Rane?b(ﬁ?ﬂal yst of nickel nmetal or those supported on carriers
can be used 1n e present invention, so long as they conformto the
purpose of the invétabibimedndickahcetdliyst eafelry todhal grrewtitieh is prepared by

hydr ogenat i on reactr t hough not, gi vel I t at

the carriter Sonis comp ISt S isgeittaa Topkel vt pad R Betike 3S0e nare

silica, alumdBuAlRRRelcRITheX Whbdshy é@@te&m@mﬁet@wce&m&am keth

naned. Supported type_catal yst preferre S it 1abl es t.he cﬁf
n1

| esser anmpunth %thcﬁéeﬁﬁtﬁfac%ﬁé%l sBifermntindremaprsisegy gduce
activation Oéaﬂlﬁg,eﬁhl&@ 1is little risk of its oxidation or heat generation when it

is exposed to air and, furthermore, it is so prepared as to exhibit

15 sufficient hydrogenation activity when it is used in hydrogenation
reactions as it is. One in which a minor amount of cocatalyst 1s
concurrently present for enhancing resistance to organosulfur
compound which acts as a fatal catalyst poison to nickel catalyst
(sulfur-resistant stabilized nickel) is also included in the scope of

20 stabilized nickel catalyst.
[0020]

Examples of preferred stabilized nickel catalyst include those

supported on diatomaceous earth, each one of which contains 5 — 80
wt% of nickel in terms of nickel or nickel oxide, optionally containing

25  in addition thereto 0.1 — 10 wt% of one or more substances suitably
selected from copper, chromium, manganese, iron, cobalt, zinc,
aluminium, molybdenum, tungsten or oxides thereof as the cocatalyst.
In particular, such a catalyst which contains 40 — 60 wt% of nickel in
terms of nickel or nickel oxide and optionally further contains 1 -5

30  wt% of one or more substances suitably selected from copper,
chromium, manganese, iron, cobalt, zinc, aluminium, molybdenum,
tungsten or their oxides as the cocatalyst, is advantageous.
Specifically, commercialized stabilized nickel catalysts, N111, N112,
N113, N113B, N103, N103B and N103K (NIKKI CHEMICAL CO.

35 LTD.); SN-110, SN-150, SN-250, SN-300 and SN-750 (Sakai Chemical



'10017] 30Exanpl es of such catal yst include nickel catalysts known in
the pertinent technical field, such as netal nickel, reduced nickel,
stabilized nickel, nickel-diatonmaceous earth, Raney nickel, nodified
Raney nickel, nickel formate, Urushibara "nickel, nickel borate,

ni kel oxi degy g1 Gkg): éi?&Wﬁ?SmQPCKHl% PRe %'2%@%99%4?6&11%266

ni ckel 35 zirconi a*di at onacéous eart
ni ckel - si | | N BARAHaNL- 36 3L keld- Mo F6E lﬁNcEeO}wpp@t) gopbpreferred. Of
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ni ckel catalys on | a eous .eart as t carri X t
adequat e b catcﬁqrmqrc(l Loxie §%i g rP&%E&méEﬁ%ﬁ’éflé‘Pé/ég%rslé‘plpé’%ted on
preferred. [8Q18], aRis léazi%ﬂ %%MNI@@KPOHEMP@A{[?G@ Ul"@ PBg NioHa

is prepared by 10 once conpletely red um@g}rmc el oxide and

thereafter oxigburengl mtécal&&&éemdmqule&l oxide, 3%hesebippeeddrn ng
(Re' oo SKEL L1 ey o) St e 1S6EnF 1 B TOTEDE e SR

ordinary r e ni Caral yst,
oxi dati on or(me]aél genécladli G0 ovide 55% sammeddtm élatomdceous earth)

furtherm)re re to exhibit 15 sufficient
hydrogen@tl gﬁ?g}ﬁﬁlﬂgﬁn&‘ﬂsﬁﬁused i n hydrogenation reactions as
it is. One |[|@0\Q+1|]ch a mnor anount of cocatalyst is concurrently

present for enhanC|ng resi stance to organosulfur conpound whi ¢ch acts
as a fatal catal ysthpsisearterifiugber nigkal gata yghpaurher aalestethto

stabilized nigkel)e tfe #b80tibAGHIERAN LY Mfe 55808 O nvention. For

instance, when the stabilized nickel catalyst N113 is used as the

15 hydrogenation catalyst, the catalytic amount is about 5 — 100 wt%, in
particular, 10 — 40 wt%, to camptothecin or a camptothecin derivative
which is the substrate.
[0022]

The inert solvent as referred to in the present invention covers

20 any solvents which do not directly react with the reactants and the
catalyst and do not adversely affect the hydrogenation reaction of the
invention, and which furthermore are capable of dissolving the
product. The solvent may be a mixture of two or more of such
solvents at a suitable ratio or ratios. Although not givenin a

25 limitative sense, Ci-Cs organic acids such as formic acid, acetic acid
and propionic acid; or C1-Cz alcohols such as methanol, ethanol; or
dioxane; or their mixtures are preferred. Acetic acid is particularly
preferred because of its high solubility of camptothecin or
camptothecin derivatives and no adverse effect on the reaction

30 system.
[0023]

Suitable amount of such a solvent is a volume capable of

favorably dispersing or diffusing therein the camptothecin or
camptothecin derivative which is the substrate, and the catalyst. A

35 preferred amount of the solvent is about 10 — 50 volumes per volume



'20 stabilized nickel catalyst. [0020] Exanpl es of preferred
stabilized nickel catalyst include those supported on di atomaceous
earth, each one of which contains 5 - 80 w% of nickel in terns of
ni ckel or nickel oxide, optionally contai&ing 25 in addition thereto
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catalytl is about 5 - 100 w% in particular, 10 - 40 wt% to
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[0022] The inert solvent as referred to in the present I nvention

covers vary depending on the reaction pressure, temperature and so on.
Generally preferred time is 0.5 — 24 hours, in particular, 1 — 10 hours.
[0027]

20 The order of contacting the reaction solvent, substrate and
nickel catalyst can be selected according to the necessity in individual
occasion.

[0028]
When the starting material is hydrogenated and the product is

25 1,2,6,7-tetrahydrocamptothecin, four kinds of stereocisomers, which
differ in respect of the relative positions of the hydrogen atoms bound
to the bridgehead carbon atoms shared by the B and C rings, can be
formed. Also when Ci-Cg alkyl is bound to 7-position of
1,2,6,7-tetrahydrocamptothecin, eight kinds of stereoisomers can be

30 formed. All of these stereoisomers are included in the scope of the
compound represented by the formula (II). Any of these
stereoisomers can be used as a starting material for synthesis of, for
example, corresponding 10-hydroxy-20-(S)-camptothecin.

[0029]
35 Isolation of 1,2,6,7-tetrahydro compound represented by the



20 any solvents which do not directly react with the reactants and
the catal yst and do not adversely affect the hydrogenation reaction
of the invention, and which furthernore are capable of dissolving the
product. The solvent may be a m xture of 2wo or nDre of such solvents
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br of er'r ed belaBeceRt HeeRpgh 5ot ey PoF Sl dthee ffe BEactioH

canpt ot heci nyethmatd ¥emoaRd onadked(@@abfdtatierefirdnheahdant $@eddthe

system [0023] Swta&g apount of such a solﬁent is.a volune
gt

capabl e of flaﬁﬁ@déBIS]lC@%?ié?ﬁ £ TN eSchen: fenephcemeetanddoeheci n
or canpt ot hef,(??Gd?efét‘fQ \ﬂ?ﬂ ?Iotﬁe&ﬁeté%@g cﬁ%%yc%ﬁ%@ﬁe%ﬁ{ Wivsdut

A 35 preferred anount o l'vent i's about” 10- nmes per

vol ume 8 ofthdesddatisns alse:le@mba&m?m:ent\ﬂmmanétz c acid is used,
it is partlcg@ y preferred to use about 10 - 20 tines that of the
substrate The hydrogenation reaction according to the present

inv](canti gn 5 cgn beH@@éfﬂbﬁgelﬁ/ghe qamdsén’aimmabhasrem@gea;d pekssingeto
prefera u er out a .at east ticular,. . w.thi

the rang ¢ Bxamglepmit b?’é@gpd?h%t Bilin WTATGARGR el Pyrihe
is perfor rredfoq BE AR pMdiBidh R, SUint al ExangRd @J@t@&lbﬂt (ﬂuantltatlon
consi deration other conditions such as. the kind of the catalyst used

pressuri zi ngokpnetluetervane pesfarmedawete the prikpemaall khganplysis om
room tenpera&éﬁ(ﬁtio%szooc in particular, 90- 140C. Heating can

accel erate progress of the reaction, rat her than carrying it out at
room tenperature. d&iu@926] CAPCELL PAK C18 MG II (Shiseido) (4.6 mm I.D. x

15 250 mm, 5 pm)
mobile phase: A/B = 1/1 (A: sodium acetate buffer (pH4.04),
B: 5mM methanol solution of sodium heptasulfonate)
flow rate: 1.0 mL/min,
column temp.: 40°C
20 detection: UV254 nm
[0031]
Example 1: Preparation of 1,2,6,7-tetrahydrocamptothecin
In a 350 mL high pressure autoclave, 8 g (17.2 mmol) of
camptothecin was suspended in 60 mL of acetic acid, and into which
25 2.4 g of stabilized nickel catalyst (N113) was added. After
substituting the atmosphere in the autoclave with hydrogen, the
suspension was heated at 110°C under 2.0 MPa for 3 hours with
stirring, whereat the starting material disappeared. The reaction
liquid was cooled off to room temperature, filtered on 3 g of Celite and
30 washed with 30 mL of acetic acid. The filtrate was washed with
heptane (once with 80 mL and twice with 60 mL each), extracted with
60 mL of chloroform, and the organic layer was washed successively
with 30 mL of water and 30 mL of saturated saline. The organic
layer was dried over 2 g of magnesium sulfate, filtered and

35 concentrated. To the resulting orange colored oil, 10 mL of



‘The reaction tine cannot be limted, as the optinum conditions vary
depending on the reaction pressure, tenperature and so on. Cenerally
preferred time is 0.5 - 24 hours, in particular, 1 - 10 hours. [0027]
20The order of contacting the reaction sdédvent, substrate and nickel

tal vst 1 . . prare a
cccas on. [ oU28r SHRER ViR ALRSH U HeRu I RRFE R Bt WS A e,
product is Z@Im\%\iﬁ;ﬁh7gpfw$dh§ﬁ1gntheu;ﬁtot]l{bmln,ofﬁmqutapjendspma_‘cipitate vs;as

t if.fer in respec t t t :
The. hydr ogertokrims bBiLERe the BT doentar 45 bEt e ReBShliL ARl tine
B and C ringghe saidbe, 68 gest 1,4 60-wheah@lirédmbkythd@nboysdbteined as

7-position of 1,2,6,7-tetrahydrocanptothecin, .ei ght kinds of
st er eoi s@neran @EANEE codoyesk rew den yigid: @ﬁe%oé’,éﬂé’i’gg%ﬁ}sﬂﬁ%rs are

i ncluded in &fé}%téféﬁqgoxﬂfeeraﬁBWé@Q%f’%f esented by the formul a
ft

(I'1). Any o ese stereoi soners can be used as a starting nateri al
for synthesis of, Note)éxabphetereorsoaspiindiatip means the ratio of RRT 0.62

10- hydr oxy- 20- t ot heci n,. 02 3 0l at | f .

T2 o7t o D e A Sirallabes RURHEE BR D merning pich s,
]E he react : om~étiax1wr@t@ﬁmﬁbﬁti@xa% wééle@keo%he b@ftegft?goz@ envendfi @nab toridedds,
or exanpl e, ow ng the petho escri bed.in pPatent Docunent 1.
It is alkb p@ﬁﬂp%aﬁ%uqutmﬁﬁrﬂe F EheraroRe ABRLIN S d Bbve ( he

ni ckel catal ygjgdjherefrom and to subject the 5 residue successively
to the next reaction step of converting the

1,2, 6, 7- t et r Ayt Totetmphydneddth PhcamuiptheoxpcRRTO Heki n wi t hout the
S0l a1 on. s Ses NGO 7 CATEED, Biguset e (e
6.69(1H,t),6.61(1H,s),6.60(1H,d),5.57(1H,d),5.16(1H,d),

15 4.89(1H,1),4.31(1H,d),4.21(1H,dd),4.08(1H,dd),3.63(1H,s),
2.88(1H,dd),2.84(1H,m),2.45(1H,dd),1.79(2H,m),0.98(3H,t)

[0033]
1,2,6,7-tetrahydro-20-(S)-camptothecin (RRT0.90)
1H-NMR(500MHz,CDCl3)8(ppm):7.07(1H,t),7.03(1H,d),

20 6.72(1H,1),6.64(1H,d),6.60(1H,s),5.59(1H,d),5.13(1H,d),
4.89(1H,1),4.36(1H,d),4.19(1H,dd),4.13(1H,dd),3.65(1H,s),
2.88(1H,dd),2.83(1H,m),2.45(1H,dd),1.77(2H,m),0.94(3H,t)

[0034]
9,10,11,12-tetrahydro-20-(S)-camptothecin (RRT1.24)

25 TH-NMR(500MHz,CDCls)6(ppm):7.64(1H,s),7.43(1H,s),
5.72(1H,d),5.27(1H,d),5.05(2H,s),3.64(1H,s),3.05(2H, 1),
2.90(2H,t),1.88(6H,m),1.01(3H,t)

[0035]
Example 2: Preparation of 1,2,6,7-tetrahydrocamptothecin

30 In a 350 mL high pressure autoclave, 6 g (17.2 mmol) of

camptothecin was suspended in 60 mL of acetic acid, and into which
1.2 g of stabilized nickel catalyst (N113) was added. After hydrogen
substitution of the inside atmosphere, the suspension was heated at
110°C under 2.0 MPa for 6 hours with stirring, whereat the starting
35 material disappeared. The reaction liquid was cooled off to room



10 Exanples, it being understood that the invention is not limted by
the foll ow ng enbodi nents. In the Exanpl es, detection or quantitation
of products were perforned under the foll ow ng HPLC anal ysi s

condi tions: colum: CAPCELL PAK C18 MG Il (Shiseido) (4.6

. D. 15 i = ; |
1 % TR pRSTRE R da e

hept asul f onaredtit laswd r aﬂel_. H;E’bcrmﬁaiwi%of this selmpion goafizowst tloat this
D26, 71 etr SRATOLARpES Ra ROF AL bCEe e tvdpnepruiathecinpbaraveld 6f

g (17.2 mol p7ef (Thepliattmebisommsrisusiténsed 28:780. nL of acetic acid,
and into whi %@Q@ 2.4 g of stabilized nickel catalyst (N113) was
added. After ituting the atnosphere in the autoclave with

hydrogen, thg;suspRsS an] was DERheHaphtitd Wxangess 2.0 10Pa for 3 hours
with stirring, whereat the starting material disappeared. The

reaction |i qbrapasstienotel 268 tedrabpedreesrmptatheen filtered on 3 g

of Celite and 30 Wi, t.h.:30: f ] id. 1L :
vashed wi th hept ang Eoatr FRTME i€ hBSE i BAG, kb rebRhFedWPhile
extract ed wi vhrghgtheteabliondieonperstnde; henoughof thé ayeslywhsrewsed

suscess yol Y L0, 20,11 10815, 800,30, 0L B0 Eal 01 BLS S0 TS o1
35 concentratBghinkel. the resulting orange colored oil, 10 nL of
[0037]
Comparative Examples 1 -~ 8 are reproduction tests of known
methods. In the method of Comparative Example 1 wherein PtOs
15 was used as the hydrogenation catalyst in the concurrent presence of
dimethylsulfoxide as a hydrogenation catalyst moderator,
over-reduction could be suppressed and the object
1,2,6,7-tetrahydrocamptothecin could be quantitatively obtained.
Whereas, by the method of Comparative Example 2 where no
20 hydrogenation catalyst moderator was used, the starting
camptothecin disappeared, the yield of the object product was only 1%
due to over-reduction.
[0038]
The reaction was carried out in Comparative Examples 3 - 8
25 by similar method using as the hydrogenation catalyst 10% Pt/C, 5%
Pt/C or 5% Pd/C, under concurrent presence or absence of a
hydrogenation catalyst moderator. Where the hydrogenation
catalyst moderator was used concurrently, in certain cases the
starting camptothecin remained and the reaction failed to complete as
30 in Comparative Example 3, or the over-reduction progressed although
the starting material remained unreacted as in Comparative Example
7. On the other hand, in all of the Comparative Examples 4, 6 and 8
not using a hydrogenation catalyst moderator, the over-reduction
progressed and the yield of object 1,2,6,7-tetrahydrocamptothecin was

35 decreased. These results suggest that the reaction control is



10 chl orof orm was added and heated at 35C to form a honbgeneous
solution. Upon adding thereto 10 nL of heptane, a precipitate was
formed. Distilling the solvent off under reduced pressure and drying
the residue, 5.8 g of 1,2,6,7-tetrahydrodénptothecin was obtai ned as
5 an orange ol-af&daRWHERCAMIi8! Do HRBYIsIIIWLGR tepast. _
di ast ereoi soperi ¢ ratio* was 21: 76e). Not e) * Di ast er eol Is?om::rl c ratio
means the raGQi%ﬁf RRT 0.62 to RRT 0.9, the nunerical val ues

foll owi ng RRT neang e . [.ve r I i e he.
retention tinme of gggl %%ﬁle%$%b%§£?g§r§_l gﬁ %gébpm%é trgg B}éﬂl&eﬁlgﬁs%%ut
appl i es her etli¢ eeacti®NIRing,cdher tatelywabydfar2@s ¢5)koanntmebkesd® and

( RRTO. 62) 1|—|-ii\51PI\/Rl§_ﬁ500M—|z, CDClS%Gggﬁg)ﬁOi 04é 1H,t), 6.99(1H, d),

6. 69( 1H, O 6. BECTHEIPE, BCHEE 2ALGRST) YY), 5. 16( 1H, d)

154. 89( 1H, O, fhBf(]1H, d) , 4. 21( 1H, dd) , 4. 08( 1H, dd) , 3. 63(1H, $),

2.88(1H,dd), 2. 84(1H, m, 2. 45(1H, dd%, 1.79(2H, m,0.98(3H,t) [0033] ,
1,2, 6, 7- t et r ahydr ofzenymps chnptbshew the rsrdtyof the reduction using nickel

T e o
amount of each nickel catalyst was 20 — 40% to the substrate, the
10 reaction pressure was 1 — 2 MPa, the reaction temperature was 100 —
120°C and the reaction time was 2 — 10 hours. The over-reduction
was almost completely avoided and 1,2,6,7-tetrahydrocamptothecin

was produced at high yields.



'4.89(1H, 0, 4. 36(1H,d), 4. 19(1H, dd), 4. 13(1H, dd), 3. 65(1H, $),
2.88(1H,dd), 2.83(1H, m, 2.45(111,dd), 1. 77(2H, m, 0. 94(3H,t) [0034]
9,10, 11, 12-tetrahydro-20-(S) - canpt ot heci n (RRT1. 24)

251H NVR(500MHz, CDC13) 8( ppm) : 7. 64( 1H, $)137. 43(1H, $),

5.72(1H,d), 5. 27(1H d), 5. 05(2H $),3.64(1H %), 3. 05(2H t)

2.90(2H t), 1. 88(6H._MT L 0L 3Ht 1035 _Exami g - Freparation of
: &
1,2,6,7-tetrahy r(ﬁmptm heqgi n 3(5:}r 350/ hi"gh pressufje autjocl ave,
6 g (17.2 mmuol) ofE, npt ot hgci n| wag suspe1dec inf 60 |nL of acetjic
acid, and into i 1.2\ g qf stabiilized nickel catalyst (N113) was
added. After hydro substiftut|on of [the|ingide| atnosphere, the
suspensi on was hezé¢ at.l.110C. .uhdern..2.10..MPa. flor hourst.wii.h
stirring, whereat the Star®iing B mat'er Pal %i|sapp&aned.| The Legacti on
liquid was cool ed Dff| tojrogm {11 tenperaturg, fjlXered én|0"5 g of
Celite and washed WEh 10 ni of acetic| acltd. [An HPLC anal ysi s |of this
solution confir at thi nplie cloul d prioduce
1,2,6,7-tetrahy F)C@gpgm hecig ato amyli ? j%)f 7L The | © | ©
di astereoi sonerijc| rgklii 0 was (2 743. cg 0036] HExanples 3 | 14 and
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‘Qoefations simlar to those in Exanple 2 were repeated while varying
the reaction tenperature,

pressure and so
obt ai ned. [0037]

on.

anount of the catalyst,

reac

tion 10

The results as shown in the followi ng Table were
Conparative Exaaples 1 - 8 are reproduction
tests of known nethods. In the method of Conparative Exanple 1

wherein Pt02 15 was ysed gs_ thertydrpgengtion_gatalyst)in the
concurrent presencaEﬁfgdi ne‘tﬁry sﬁﬁlyf%xidec\atéyD awhy“arogenation cat al yst
noder at or, over-red@dtiion (coul d| ba suppressed and|the pbject
1, 2, 6, 7-tetrahyclro:%pﬁgot hieciln coul d be quanti tatj vel y| obt ai ned.
Wher eas, by the et K d~of |Conpar at|li ve Bxamplie 2 wherle ho 20
hydr ogenati on catalyst moderator vas_ uged] thelstartling canptothecin
di sappeared, the y|elldopf} fre Dbfact| pricduct| ®as—om|y=1% due to
over-reduction. |[0D88]=The| reacliagn was carried out |i n| Conparative
Exanples 3 - 8 25:py|siim |jar |mef had usiing|as| the hydrogenation
catal yst 10% Pt /G| 5% Pt/ Q on 5% RA/C, lunder concurrient presence or
absence of a hydrogenati on gatal yqtompdenator 2| \#epe the
hydrogenati on catal ystenoder ator vwas|used|concurrently| in certain
cases the startiing| égngt ot hegi nj remaj ngd and the fegction failed to
conplete as 30 ijn Cenparatj ve Exanple 3, or fthe oyerl-reduction
progressed al t hqugh|he | st art]icab oTed Ekd |ak | eaii nedcijnreact ed as in
Conpar ati ve Exanpl exd. 30T t Rle 0t Agr™ hahd; |i°h all1*'pf " |tHe Conparati ve
Exanpl es 4, 6 and 8<no&|usj ng a| hydrogenati on d¢atal yst | moderator, the
over-reduction progressed and the lyield of object g g
1,2,6,7-tetrahydrocanpt ot hecijn was 35 decreased. [These result'%‘; 8
suggest that the re@acti on contrpl jis 12 occasionally difficulgt HEn
t he met hods known igwst he past. | o o = o o % %
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‘[ 0039] Conparative Exanples 9 - 12 show the results of
carrying out the reaction using other catalysts referring to known
nmet hods and 5 al so using acetic acid as the solvent. [0040] Exanpl es
3 - 14 show the results of the reductionissing nickel catalysts in
accordance w:ﬂge present invention, in which the anbunt of each
ni ckel cat al S 20 - 40%to the substrate, the 10 reaction

pressure wasN103:2 Mataltﬁ@e wle@cetm@mzamuee af wriek el L) MickdP(D) anifle
the reaction tine

conpl etely avoi ded\g’gn/ﬁi 9’9 urs lf;“e OV %&rgmgm%a%%éﬂ at

high yields. éﬁp%@@f@i oﬂlcﬁ%toﬁlw&%babwrmhm%l(NI@{I@I@HM@CAL
ni ckel 18% ni ckel ﬁ oxide 39% copper (I1) oxide 2% and chrom um
(I'11) oxidde 2% i s p on di atomaceous earth 26% (NI KKI CHEM CAL

5C0 LTD)  N113: 2 catalyst wherein a mixture of nickel 27% and nickel (I)

oxide 33% is supported on diatomaceous earth 30% (NIKKI
CHEMICAL CO. LTD.)
SN250: a catalyst wherein nickel or nickel (ID) oxide 55% is
10 supported on diatomaceous earth (Sakai Chemical Industry)
[0044]
Example 15 Preparation of 7-ethyl-1,2,6,7-tetrahydrocamptothecin
In a high pressure autoclave 0.5 g (0.13 mmol) of 7-ethyl-
camptothecin was suspended in 0.5 mL of acetic acid, and into which
15 20 mg of nickel catalyst N113 was added. After hydrogen
substitution of the inside atmosphere, the suspension was heated at
110°C under 2.0 MPa for 6 hours with stirring, whereat the starting
material disappeared. The reaction solution was cooled off to room
temperature, filtered through a PTFE filter (ADVANTEC MFS, INC.
20  DISMIC 13JP020AN) and washed with 0.5 mL of acetic acid. The
HPLC analysis confirmed that 7-ethyl-1,2,6,7-tetrahydro-
camptothecin could be obtained from this solution at a yield of 96%.
[0045]
7-Ethyl-1,2,6,7-tetrahydro-20-(S)-camptothecin
25 1H-NMR(500MHz,DMS0-d6)8(ppm):7.0-6.8(2H, m),
6.6-6.5(2H,m),6.30(1H,s),5.21(1H,s),4.91(1H,m),4.06(1H,m),
3.91(1H,m),3.17(1H,m),3.01(1H,m),1.90(3H,m),1.72(2H,m),
1.02(3H,t),0.78(3H, t)



'‘N113: a catal yst wherein a m xture of nickel 27% and nickel (I1)

oxi de 33%is supported on diatomaceous earth 30% (N KKI CHEM CAL CO.
LTD.) SN250: a catal yst wherein nickel or nickel (1l1) oxide 55%is
10supported on di atomaceous earth (Sakai 1€hem cal I ndustry) [0044]
" Exanpl e 15: Preparation of 7-ethyl- @EAYM&[‘etrahydr ocanpt ot heci n

In a high pressure autoclave 0.5 g (0 ) of 7-ethyl canptothecin
was suspendelCliam01b mL of acetic acid, and into which 15 20 ng of

ni ckel catal yst N113 dded. .After rogep substitution of t
ey e e e SN SR HR el 260 by
for 6 hours yid folidwirg Agmwie(Bajo phrledeatid BeridRbenidahg di sappear ed.
The reaction_ solution cool ed of toroomte@ﬂ&g f fllte@hﬁ
through a PTEE §if |‘Eeetﬁag§ VAP N reRieeserted) kit ee fellpringilpraada (1D,
washed with ' i t
vashed, w1y ipFiflk ARy 6 S6hhoule o B raIAl ERT LTPED L
sol ution at ]ay gregdah of a%%elitmﬁqnt 111 the presence ofa nickel catalyst as a
7- Et hyl - 6 tetr S) - canpt ot heci n
25H- NVR( 500@5’&%’6% 8 %5%3’ -6.8(2H, M,
6665(2Hn) 630(1H$) 21(1H$) 4.91(1H, m, 4. 06(1H m,
3.91(1H, M, 3. 17(1H m, 3. (1Hrr) 1.90(3H,m, 1. 72( 2H,

1.02(3H, 0, 0. 78(3H 0 16 GGAAMS [O aim 1]
reduction of a corrpo Ry SpFeseniCed by the fol |l ow FOoxAl a,0l) to
produce the correspok ' | re {
the followi ng fornula '|ngastep of cont &kt i Ny
compound of the fornula (I) wi tf\ hy@rogen in an inert I'Eol ven

(1) (11)

in the formulae, R stands for an atom or an atomic group
selected from the group consisting of hydrogen atom and C-Cs alkyl

groups.

[Claim 2]
A production method according to Claim 1, in which R is

hydrogen atom.

[Claim 3]

A production method according to Claim 1 or 2, which is
characterized in that the nickel catalyst is at least one member
selected from the group consisting of metal nickel, reduced nickel,
stabilized nickel, nickel-diatomaceous earth, Raney nickel, modified
Raney nickel, nickel formate, Urushibara nickel, nickel borate, nickel
oxide, nickel complex, nickel-copper-diatomaceous earth, nickel-
zirconia-diatomaceous earth, nickel-alumina, nickel-silica-alumina,
nickel-cobalt, nickel-copper-cobalt, nickel-iron, nickel-iron-cobalt,
nickel-iron-phosphorus, nickel oxide-silica, nickel oxide-magnesium

oxide-alumina and nickel oxide-molybdenum trioxide-alumina.



in the fornmulae, R stands for an atomor an atom c group sel ected
fromthe group consisting of hydrogen atom and Cl1-C6 al kyl groups.
[ aim 2] A production method according to aim1l, in which R
is hydrogen atom [C aim 31 A prodd&tl on net hod according to
Claim1 or 2, which is characterized in that the nickel catalyst is
at | east one_ngenber.selected fromthe group consisting of netal

ni ckel , redu[,@éil ]( stabilized nickel, nickel-diatonmaceous earth,
Rane nickel, nodi I

ni ckgl ni ckel or%ﬁﬁf&dﬁg Hioe;tlﬁ aérgog'éﬁ};g 8@‘]%&1% 1%5@%?1%}?18

ni ckel - coppemhahraacltemdamstlemﬂ' tlhe nmloddeiaztlaﬂmimsaﬁdnayamkehuaodaﬁledh

ni ckel - al um ni ckel i ckel -cobal t,

ni ckel - copper= PSB’&EHC%E |%1k§ffc"ﬁ? ﬁ IHF%EE _i ron- cobal t ,

ni ckel -iron-phosphorus, nickel oxi de-si | | ca, nickel oxide-magnesium
oxi de-al umn and nj ckel oxi de- ol ybdenum tri oxi de-al um na. 17

[C aim 4] laig 91 oducti on nethod according to Caim1 or 2, which

is characterized 'Ré}ﬂ& At cthe é%!ﬁ%'d é:&IO%Eylﬁé t% gl@?ﬁei]o‘}i?k\%hwh is

nodi fi ed Raney nick or sta 1l1zed nic
product i on n@n&mctacxmddum@naibtl@ aiichel ertadystutsi eabikzedariakekri zed
in that the nickel catalyst is stabilized nickel.



