18 August 2005 SPECI FI CATI ON Met hod of synthesizing canptothecin-relating
conpounds 5 Technical Field The present invention relates to Qﬂ&ﬁﬁﬁ el
synt hesi zing canptothecin related conpound(s). More particulgyfy, e 2005
i nvention relates to a process for preparing internmediates related to the
synt hesi s of canptothecin anal ogs having an 10 anti-tunor activity and use
of said internediates, and relates to a total synthesis of canptothecin
anal ogs. Background Art Canptothecin (hereinafter described as CPT)

i sol ated f$PRCIFIQARIONrk, root, fruit, leaf and the |ike of Cam otheca
acum nata of Chinese origin is a pentacyclic alkaloid and is known to show
the anti-tunor activity by inhibition of a nucleic acid synthesis. In the
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Background Art
Camptothecin (hereinafter described as CPT) isolated from

15 thebark, root, fruit, leaf and the like of Camtotheca acuminata
of Chinese origin is a pentacyclic alkaloid and is known to show
theanti-tumor activityby inhibitionofanucleic acid synthesis.
In the meantime, as to a camptothecin derivative the induction
of diarrhea and the like as a side effect are reported (Gann

20  to Kagaku Ryohou 17, p115-120, 1990), leaving a problem to cause
disorder for the gastrointestinal tract, and therefore, various
kinds of derivatives have been examined to reduce the toxicity,
to increase the effect, and so on.

Thus, the inventors already reported 7-ethyl-10-{4-(1~-

25 piperidino)-l-piperidino] carboﬁyloxycamptothec in-hydrochlor
ide-trihydrate (hereinafter described as CPT-11), the water
soluble semisynthetic derivative of CPT, as a compound which
is reduce in toxicity compared to CPT, and it is at present widely
used as the anti-tumor agent (general name; irinotecan

30 hydrochloride).

Camptothecin analogs such as CPT-11 can be derived by a

chemical modification of CPT obtained from natural materials.



fromnatural materials such as Cantotheca acum nata which is the starting
material, it is anticipated that according to an increased de q%of .
CPT-11 which is a useful derivative and the 5 like, a sufficigﬁ? 1§,2Oq05
CPT becones difficult notw thstanding a nmeasure for the starting materi al
supply such as afforestation. Although the total synthesis is also
examned, it is the present situation that it has not yet been into
practical wuse. 10 As a process by total synthesis is known the nethod of
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10 As a process by total synthesis is known the mefhod of Shen,
W. etal. represented by thebelowreaction scheme via Friedlinder
reaction of the aminopropiophenone and the tricyclic ketone (J.
Org. Chem. 1993, 58, 611-617 "Concise Total Syntheses of
dl-Camptothecin and Related Anticancer Drugs.", though there

15 are problems that the steps are tedious, the yields are not

sufficient and only the racememate is synthesized.
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In the meantime, although Curran, D. P. et al. carried out
a total synthesis by the method using a cascade radical
20 cyclization of the aryl isonitrile and the iodopyridone
represented by the below reaction scheme (Chem. Eur. J. 1998,
4, 67-83 "AGeneral Synthetic Approach to the (ZOS)—Camp'tothecin
Family of Antitumor Agents by a Regiocontrolled Cascade Radical

Cyclization of Aryl Isonitriles."), problems are pointed out



2 18 August 2005 in which the yield of the cyclization reaction is not

sufficient and deprotection of the protective group is-necess: r%aft%rfo

cyclization. Leo Ke6Sn2 , & 47%Br ' i YYN NC 57% o L. A Et N
1>|2F 79C 1h GD I1l1--NW-40Cn-Bili 12 0 0 -CC 78C-CPC 3h 1h 49% JCdER

K Kp SR Bart D; CLraR D P. psn BE J.1996, 4, Nnl,67. this nethod is
hi ghloy dangerous due to the necessity to use t-BuLi easily flammable in a
| arge anount industrially, and the reaction at -78C as a reaction
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Further, owing to the
and deprotection of the protective group is necessary after

cyclization.
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5 Additionally, although the above Curran, D. P. et al.

synthesized 4-—iodo-2—methoxy-6—trimethylsilylpyridine-—B—
carbaldehyde, an intermediate in the synthesis of the tricyclic

ketone part of CPT analogs, according to the below scheme,
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this method is highly dangerous due to the necessity touse t-BulLi
eagily flammable in a large amount industrially, and the reaction
at -78°C as a reaction temperature is required, making it
impossible to enlarge the batch size. Further, owing to the
15 necessity of a complicated temperature control in the total
reaction system it was not an industrially practical reaction

system.



15 necessity of a conplicated tenperature control in the total reaction
systemit was not an industrially practical reaction system C(C 0 ---'
8 Avygqust 200
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benzene 0 seal edttbe HO Et hv, sot, ah 31% Additionally, although the
above Curran, D. P. et al. synthesized

4-i odo- 2- net hoxy-6-trimethyl silyl pyridine-3- carbal dehyde, an internedi ate
in the synthesis of the tricyclic ketone part of CPT anal ogs, according to
t he bel ow Bidel®sutdos dbrfMdust 2005 Disclosure of Invention It is an
object of the invention to provide efficiently CPT, which is a starting
material for ifFnd®ec@RArehiRFoH driialeinvant iy itouprovide eff fdatpnelleci n
derivativ angh LD - | ogs ch as.7 -ethyl- 10 )
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practical total synthesis. Particularly, it is an object of

the invention to synthesize an intermediate corresponding to
the AB-ring part of camptothecin skeleton and an intermediate
10 corresponding to the CDE-ring part respectively, and further

to synthesize camptothecin analogs using these intermediates.

Mode for Carrying Out the Invention

In view of these circumstances the inventors made an
15 extensive research, and consequently as to the AB-ring part,

made Compound (a) (5-hydroxy-2-nitrobenzaldehyde):
H CHO

(a)
NO,

a starting material, and found a means to provide CPT and its
derivatives stably by an efficient preparation of

20 2’-amino-5° ~hydroxypropiophenone corresponding to the AB-ring
part of CPT skeleton, and as to the CDE-ring part starting frem
Compound (k) (2-methoxy-6-trimethylsilylpyridine {MTP)):

- 7
l (k)
TS X

(whereinTMS represents a trimethylsilyl group, and Merepresents

25 a methyl group.)



Mode for Carrying Qut the Invention In view of these circunstances the
inventors nade an 15 extensive research, and consequently as Ahe 05
AB-ring part, nmade Conpound (a) (5-hydroxy-2-nitrobenzal dehyd ?: SE}%9
(a) NO2 a starting material, and found a neans to provide CPT and its
derivatives stably by an efficient preparation of 20

2' -am no-5' - hydr oxypr opi ophenone corresponding to the AB-ring part of CPT
skel eton, and as to the CDE-ring part starting from Conpound (k)

(2- et hoxyf6uhd i aidalss itbypByv i Gl it g( (wheraln (MBS represents
a trinmethylsilyl group, ang Azigigﬁzggﬁ?&hfoEgrﬁgFﬁéyggr%ﬁé&%gqiyiggAugust
2005 foundehl HehpRt (kY gpaAtdercRT antiricgclibci katove catratsponing to

efficient prenaymty tyd i etone correspondi.ng to the CDE-ring
part of CPT s@et%ﬁ&%ad&es({fab isﬁg(c?iﬁaeﬁod‘['alan ﬁﬁtﬁ@ﬁi@%ﬁﬁoée%tfiér CPT
anal ogs bys¥ntheppioproatss fabCPRtEIILoge by MesepPRapsi At d bembiknakngynat ur al
materigls, fi nishinﬁ the .invention. Nanmely, the invention relates to a
proces? f It $AESS PRGNS Mithout Gising Ragnsay prabesbakhofd ndstriagpohei ng t o
t he AB-ri nghveaft il skel eton according to the route; CHO NO2 (a) (d) 10 (b)
Namely, the invention relates to a process for preparing
2'—amino—5'-hydroxypropiophenonecorrespondingto1ﬂuaAB-ring

of CPT skeleton according to the route;

OH
H CHO R CHO R
RO IR ¢ G
NO, NO, NO,
(a) (b) (c)
0 O
R H
- NO, > NH,
(d) (e)

10

{wherein R represents a protective group.),
and relates to a total synthetic process of CPT analogs by the
appropriate combination of a process for the tricfclic ketone
corresponding to the CDE-ring part of CPT skeleton comprising
15 particularly synthesis of 3~formyl-4-iodo~2-methoxy-6-
trimethylsilylpyridine (Compound (1)) from 2-methoxy-6-
trimethylsilylpyridine (Compound (k)) or 3~hydroxymethyl-4-
iodo—2~methoxy—6—trimethylsilylpyridine (Compound (v}) by
improving and optimizing a process according to the synthetic

20 route;



(wherein R represents a protective group.), and relates to a total

synt hetic process of CPT analogs by the appropriate combi natip ?@
process for the tricyclic ketone corresponding to the CDE- rlng par o? %&%5
skel eton conprising 15 particularly synthesis of

3-fornyl -4-iodo-2-nethoxy-6 trinmethylsilylpyridine (Conpound (1)) from
2-met hoxy-6- trinmethylsilylpyridine (Conpound (k)) or 3-hydroxynethyl -

i odo- 2- net hoxy-6-trinethylsilylpyridine (Compound (v)) by inproving and
optim zing a process accordi g to the synthetic 20 route; 5 18 August 2005
00 (n) Et (wherein TNB IS a rlnethyIS|Iy group, Me is a nethyl group, Et

is an ethyl gr , is meopyl group, d Bu i e Q t- butyl 5 gROUD. ),
est abl i shed o e ba5|s o {7 Quetean rout Ko, D.
Curran, D. m_Eur. 98‘_1*67 andP aﬂna |a ij
route(herelﬂﬁfter deschB%d as! P&U r ¥t e;” Herf¥ye ASMf ord, S W ;
Baughman, T. A® Sih, J. C ;6 GQu,. R L. & Og. Chﬁﬂ] 97 62, 6@8% 6597 )

whi ch are synthetic 10 r out es currently known. Further, since Cbnpound (v)
is a byproduct arising in the process to synthesize 3-(2-

but enyl oxynet hyl ) -eMei odo- 2- net ho 6-trinet hyl seMeyl pyridine ( ound
(m), in the abo hetic roy npound ( S
downst ream 15 P arTy” thd ! tTom rel

descri bed |

3 oapr
prepari ng 2'-&#?noeg'cﬁﬁbroxy5?oph ple¢hone td syethe®i ze t otdic’ei n
anal ogs, wherein frpm Conpound (ag: HO. ~ -CHO (g 6 18 August 20§95
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(wherein TMS is a trimethylsilyl group, Me is a methyl group,
Et is an ethyl group, Pr is a propyl group, and *Bu is a t-butyl

5 group.), established on the basis of Curran route (Josien, H,;
Ko, §. B.; Bom, D.: Curran, D. P. Chem. Eur. J. 1998, 4 67-83)
and Pharmacia & Upjohn route (hereinafter described as P&U route;
Heneger, K. E.; Ashford, S, W.; Baughman, T. A.; Sih, J. C.;
Gu, R. L. J. Org. Chem. 1997, 62, 6588-6597.) which are synthetic

10 routes currently known. Further, since Compound- (v) is a
byproduct arising in the process to synthesize 3-(2-
butenyloxymethyl)-4-iodo-2-methoxy-6-trimethyls ilylpyridine
(Compound (m)}, in the above synthetic route Compound (1) is
described in the downstream.

15 Particularly, the invention relates to a process for
preparing 2’-amino-5'-hydroxypropiophenone to synthesize

camptothecin analogs, wherein from Compound (a):

H CHO
(a)
NO,



~ Conmpound (b): RO. ECHO (b) 02 5 is produced; and from Conpound (b)
Compound (c): OH is produced; and from Conpound (c) Conpound {gd). 0 (d

10 i s produced; and from Conpound (d) Conpound (e): O is produ%%d?u%&ﬁécgqps
Ris a protective group which can be 15 deprotected by a catalytic
reduction. Also, the invention relates to the above process, wherein the
protective group which can be deprotected by a catalytic reduction is a
benzyl group. Further, the invention relates to the above process, wherein
20 it contains one or nore steps selected fromthe group consisting of 7 18
August 2005 (1) a step to obtain Conpound (b) m xi ng Conpound (a), a
benzylatidﬁ)léﬁﬂﬁﬁtﬂkhﬁ a base, and stirring said mxture in solvent under
ref lux; (Roa step t ﬁbtain Compound (c) by dropping Gignard reagent 5
to Compound (b et inert gas atnosphere; (3) a step to obtain
Conmpound (d) Compoymd (c) and an oxidizing agent and stirring the
mxture; (4) agef ﬁ:obtain Conmpound (e) by a catal ytic reduction of
Compound (d). 10 Furt g? the invention relates to the above process
wherein in the step (1) the solvent is dinethylformam de.

5 is produced; and from Compound (b) Compound (c):
OH
R

(c)
NO,

is produced; and from Compound (c) Compound (d):
0O
R S

(d)
NO,

10

is produced; and from Compound (d) Compound (e):

O

(e)
NH,

is produced; wherein R is a protective group which can be
15 deprotected by a éatalytic reduction.

Also, the invention relates to the above process, wherein
the protective group which can be deprotected by a catalytic
reduction is a benzyl group.

Further,theinventionrelatestotheaboveprocess,wherein

20 it contains one or more steps selected from the group consisting
of



The invention also relates to the above process wherein in the step (2)

Tt i ghe [ i's vinyl magnesi umbrom de. Further, the jnyventio e
the Grignard reagent is y g 1%{%‘{‘%3‘: g’beonqs

relates to the above process wherein 15 in the step (3) the oxl a

i s Jones reagent, nmanganese dioxide or TEMPO (2, 2,6, _ _
6-tetranet hyl pi peridine-I-oxyl)- sodium hypochlorite. Al so, the invention
rel ates to conpound represented by fornula (c'): OH 20 (c') NO2 (wherein
Bn is a benzyl group.). Further, the invention relates to conmpound

D : : 8
represente W R : JRET N . enzyl. gr ?p.). 81
August ZOOg1 Klyaso‘c},( t‘ﬂg [ rﬁl%r?%linog:i a pro(g) s& %&?I%pra(e) g?luﬁ_a ?a? a
2' - ami no- Penaxkaidq asiagenénend tobaye} hersd zet nanpiQishad mixaaakogs,

“wherein frégﬂ g): HQ -CHO (a) 5 N2 Cbﬁpound £C'): HO OH (c") is
pr oduced: anﬁ%%r#} §fd %% ) compound (d,,): HO (d")
(2) a step to obtain Compound (c) by dropping Grignard reagent
5 to Compound (b) under an inert gas atmosphere;
(3) a step to obtain Compound (d) mixing Compound (c) and an
oxidizing agent and stirring the mixture;
(4) a step to obtain Compound (e) by a catalytic reduction of
Compound (d). |
10 Further, the invention relates to the above process wherein
in the step (1) the solvent is dimethylformamide.
The invention also relates to the above process wherein
in the step (2) the Grignard reagent is vinyl magnesium bromide.
Further,theinventionrelatestx:theaboveprocesswherein
15 in the step (3) the oxidizing agent is Jones reagent, manganese
dioxide or TEMPO-(Z,2,6,6—tetramethylpiperidine—l-oxyl)-
sodium hypochlorite.
Also, the invention relates to compound represented by
'formula (c’):
OH
Bn =
_ (c¢’)
20 NO,
(wherein Bn is a benzyl group.).
Further, the invention relates to compound represented by
formula (d’):

(o)

(d’)
NO,

25 (wherein Bn is a benzyl group.).



10 i s produced; and from Conpound (d") Conmpound (e): 0 15 is produced.
Further, thé invention relates to the above process, wherein {& £o &%05
one or nore steps selected fromthe group consisting of (1) a sStep
obt ain Compound (c") by dropping Gignard reagent 20 to Conpound (a) under
an inert gas atnosphere; (2) a step to obtain Conpound (d") m xing the
Compound (c") and an oxidi zing agent and stirring the mxture; and 9 18
August 2005 (3) a step to obtain Conpound (e) by a catal yti c reduction of
Conmpound (d") a1d8¢ th¥eihvORMt fdS$0;4 € t ocess wherein in
the step (1) the GI?I gnhard reagenlt§ }és é\lna%f?c%r%gnem 3;}0%) 5 Furt her,
the invent? ona%mcar%s-hxﬂxtwmmm tﬂl@lﬁltlhésriz@eamfpebtﬁéhlhhe
oxi di zi ng 3195"1"'6 ‘%s entC man es di oxi de or TEMPO sodi um
hypochlorite. e [ nven fon-al s 0" &1 ‘use of
2' - am no- 5HORy deexypCHPI ophenone, whi ch |s obtai ned by the 10 above
process, tot @ parati gn _of canptothecin anal ogs. Further, the invention
0CE

relates to a pk s for pfeparing canptothecin anal ogs, conprising
reaction of 2'=ani rM¥O5' - hydr oxypr opi ophenone obtai ned by the above process
and a tricyclic ketone. 15 The invention also is a process for preparing
the trPcyclic ketone to synthesize canptothecin anal ogs, wherein from

Conmpound ddﬁﬁz 1@8 ('EMS)ZO (wherein TM5 is a trlmathyIS|IyI group, and Me is
a nethyl gro

OH

HO o
(C“)
NO;

is produced; and from Compound (c’") Compound (d‘’):

0

(d"’)
NO,

is produced; and from Compound (d'’) Compound (e):

10

0O
H

(e)
NH,

15 is produced.

Further, the invention relates to the above process, wherein
it contains one or more steps selected from the group consisting
of
(1) a step to obtain Compound (¢'’) by dropping Grignard reagent

20 tq Compound (a) under an inert gas atmosphere;
(2) a step to obtain Compound (d’’) mixing the Compound

(¢'") and an oxidizing agent and stirring the mixture; and



or Conpound (v): TM5 OH (v) (wherein TMS is a trinethylsilyl group, and Me
Is a ggthyl éréup. ) 10 18 August 2005 Conpound (1): (t) TM 8 4 _éE‘z
is atrimethylsilyl group, and ne is a nmethyl group.) 5 is produced; an
from Conmpound (1) Conpound (m: (m (wherein TM5 is a trinmethylsilyl group,
and Me is a nethyl group.) is produced; and from conmpound (m Conpound
(n): (n) TM5 10 Et (wherein TMS is a trinethylsilyl group, Me is a nethyl
group, and Et is an ethyl group.) is produced; and from Conpound (n)

: : : . : . hvl
Compound, (631 Qe orbet et iy () 5. IVESLL 81 Gty I s 1ot
Conpound (eAmEabpduidl ‘Op): Me (p) (wherein TMS is a trinethylsilyl group,
Me is a methyl QL ofRyen®i S o o1t & tgkgg%gke process wherein
in the step (1) the Grignard reagent is vinyl magnesium bromide.
b Further, the inventicn relates to the above process wherein
in the step (2) the oxidizing agent is Jones reagent, manganese
dioxide or TEMPO-sodium hypochlorite.
The invention also relates to use of
2'-amino~5 '-hydroxypropiophehone, which is obtained by the
10 above process, to the preparation of camptothecin' analogs.
Further, the invention relates to a process for preparing
camptothecin analegs, comprising reaction of
2'-amino-5‘-hydroxypropiophenone obtained by the above process
and a tricyclic ketone.
15 The invention also is a process for preparing the tricyclic
ketoneto synthesize camptothecinanalogs, wherein from Compound
(k):

20 (whereinTMSisatrimethylsilyl group, andMe is amethyl group. ),

or Compound (v):
Me
7 [ oH (v)

(wherein TMS is a trimethylsilyl group, and Me is a methyl group.)

10



is produced; and from conpound (p) Conpound (q): M (q) (wherein ne is a
met hyl group, and Et is a ethyl group.) 10 is produced; and fron Conpowid..
(q) Compound (r): Me (wherein nme is a nethyl group, Et is an e{%%u%?n%)g%%s
and Pr is a propyl group.) 15 is produced; and from Conpound (r) Conpound
(s): 0 HO (wherein Et is an ethyl group, and Pr is a propyl group.) 12 18
August 2005 is produced; and from Conmpound (s) Conmpound (t): (t) (wherein
Et is an ethyl group, and tBu is a t-butyl group.) 5 is produced; and from
Conmpound (Comfampdugid) { h): (h) (wherein Et is an ethyl group.) is produced,
and wherein it contains one or nore steps selected 10 fromthe group
consisting of; (1) step to obtain Conmpound (1) m xi ng Conpound (k), a
lithiating agent, focnrg ation reagent and an iodination reagent; (2) a
step to obtain oyhd ( m xi ng Conpound (an crotyl al cohol,
triethylsilane cid, and reacting said ')xt.ure .15 wi thout use of
sol vent; (3TMBstep to bbtain Conpound (1) nixing Conpound (v) , a
byproduct in the step (2), with an oxidizing agent and a base; (4) a step
to obtain Conpound (n) mxing Conpound (m , a palladium catalyst, a base
and a phase-transfer catalyst, and refluxing 20 said mxture in solvent;
(5) a sted WMETEHETHS &8 Aobiirethyl 5413 Ingrosppenddie iy a methydngroap . )

5 is produced; and from Compound (1) Compound (m):

{m)

(wherein TMS is a trimethylsilyl group, and Me is amethyl group.)
is produced; and from Compound (m) Compound (n):

{n)

10
(wherein TMS is a trimethylsilyl group, Me is a methyl group,

and Et is an ethyl group.)

is produced; and from Compound (n) Compound (0):

(o)

15

(wherein TMS is a trimethylsilyl group, Me is a methyl group,
and Et is an ethyl group.)

11



catal yst, a co-oxidizing agent, a base and an asymmetric reagent; (6) a
step to obtain Conpound (p) m xing Conpound (0), a base and ipgine n
refluxing said mxture in an al cohol-water mx 25 |iquid; (7)P§<';]11Ls1 %us?ifgzoos
obtai n Conmpound (q) m xi ng Conpound (p) and a 13 18 August 2005
desilylation-iodination reagent; (8) a step to obtain conpound (r) m xi ng
Compound (q) , a palladium catalyst and a base, and reacting said m xture
in 1-propanol under a carbon nonoxi de gas atnosphere; 5 (9) a step to
obtai n_Conaousithidedy Xixid KU Luiifhoinh 38 8‘?’5 h % {ion reagent, and
reacting sai m xture at room tenperatu?e? ?? gﬁgtg ?fo obt ai n Conmpound
(t) reacting Conmpogmgh (s) under the presence of t-butyl acrylate and a
base. 10 Further, fjhe invention relates to the above process wherein in

the step (1) th allpghg agent is n-butyl lithium The invention also
relates to the prog¢ess wherein in the(ptlep (1) the reaction
t enper at ur e TS 0 tenperature of -30 to -40C. 15 Further, the

invention relates thHOt heEAbove process wherein in the step (3) the
oxi di zi ng agent is TEMPO sodi um hypochlorite. The invention also relates
to the above process wherein in the step (4) the base is potassium
carbonate or N, N-diisopropylethylamne. 20 Further, the invention rel ates
to the abdWderedpeS¥Swheraeitrinethyisidyepgtdip} hee S@) wenbth§l group,

t et rahydr ran, .Qr _a diisopropyl .ether-acetnitrile-water mx |liquid. The
invent?on%%ﬁsggré?a?gserY?hgrgﬁBvé process wherein in the step (5) the

osm um catial pgbdusepot asdi FFLASTBABOYRA - ( ﬁ5céﬁ§6$ﬁﬂ1(dﬁﬁ invention relates
to the above process wherein in step (6) ? e i odi ne agal nst Conpound (0) is
"in 4 equival enPMe

(q)
HO" “Et

(wherein Me is a methyl group, and Et is a ethyl group.)

10 is produced; and from Compound (q) Compound (r):

(r)

(wherein Me is a methyl group, Et is an ethyl group, and Pr is
a propyl group.)

15 is produced; and from Compound (r) Compound (s):

o
H.

P (s)
Ho” gt ©

o

(wherein Et is an ethyl group, and Pr is a propyl group.)

12



~ The invention also relates to the above process wherein in the step (7)
the desilylation-iodination reagent is iodine-silver trlfluorﬂg tatq%%hos
N- chl or osucci ni mi de-sodi um 30 iodide. Further, the invention Tel'ates

t he above process, wherein Conpound (q) is purlfled chem cally by
purification steps 14 18 August 2005 conprising a step to add the reaction
product obtained by the step to produce Conpound (qg) from Conpound (p) to
an aqueous al kaline solution and to stir; a step to add an organic sol vent
and to sti rollTce! h anic layer; and a 5 step to make
t he aqueodg Iéﬁ%§> acfd?%mgﬁﬁg)o ox OM : aﬁq aQWPOB}/‘gaﬁFS’solvent. The
invention also relatesagto the above process wherein the aqueous al kaline

solution is a aqueous}sodlun1hydrOX|de solution. 10 Further, the
invention rel's e process wherein the organic solvent is
chloroform ThE™TR j0o relates to the(gbove process, wherein
Conpound (#Bu@s pyfifired pufitelly by purificati'on steps conprising a step
to di ssol ve the H@act i dﬁoproﬁbct obt ai ned by 15 the step to produce
Compound (q) from Conpound (p) in a high polarity solvent, followed by

| am nati on of a IOM/poIarity solvent; and a step to filter a precipitate
which is foblomed concentration of the filtrate to dryness under
reduced PHESTELE. EﬁolﬁuﬁPhEFhY@hﬁrPﬁDen@n@ntB@Iaﬁe@ tebutiel ajpowmep PF 0cess
wher ei ® gge kodliceq:akhhy % o e,dnvention al so
relates to tﬁe aboeg p%g§e§§8§hg?%Pbén LQ ég%éﬁ%ﬁ?ttholvent i S n-hexane.
Further, the inygntion relates to the above process wherein 25 in step

(10) the base i pot assi um car bonat e.

(h)

(wherein Et is an ethyl group.)
is produced; and wherein it contains one or more steps selected
10 from the group consisting of;
(1)asteptoobtainCompound(l)mixingCompound{k),alithiating
agent, a formylation reagent and an iodination reagent;
(2) a step to obtain Compound (m) mixing Compound (1), crotyl
alcohol, triethylsilane and an acid, and reacting said mixture
.15 without use of solvent; '
(3)asteptoobtainCompound(1)mixingCompound(v),abyproduct
in the step (2), with an OXidizing agent and a base;
(4)asteptoobtainCompound(n)mixingCompound(m),apmlladium
catalyst, a base and a phase-transfer catalyst, and refluxing
20 said mixture in solvent;
(5) a step to obtain Compound (o) mixing Compound (n), an osmium
catalyst,aco—oxidizingagent,abaseandanasymmetricreagent;
(6) a step to obtain Compound (p) mixing Compound (o}, a base
and iodine, and refluxing said mixture in an alcohol-water mix
25 liquid;

(7) a step to obtain Compound (g) mixing Compound (p) and a

13



.The invention also relates to use of the tricyclic ketone obtained by the

above process to the preparation of canptothecin analogs. Furjpe th 2005
inventPon relates to Phepprocess for preparing 30 canptothepl%gaéggﬁﬁg _0
wherein the tricyclic ketone obtained by the above process is reacted wth
2' -am no-5" hydroxypropi ophenone. 15 a 18 August 2005 The invention al so
relates to the above process, wherein the 2'-am no-5'-hydroxypropi ophenone
is 2'-amno-5'-hydroxypropi ophenone obtai ned by the above process. 5

Further, tdesiIyweatiom-iclaas dp gitave process, wherein the tricyclic
ketone and 2'-ami no-5' - hydroxypropi ophenone are mXxed and said mxture is
react ed unbé} agt Pt PPhe B SeREOENdTHe) Rhyéng Comprakdy g )t, deaddaddupossi bl e

r epar e 21,zap nQ- 5’ - XVPIr.opj oph none .CoLT es onding to
10 Fhe AB o e Yo el ¥ bl ndnd  GHSE 0 PLER AR 48°oREPRRBRATS and
makes it pusidibla carhmut menootiale spust emosphkre¢PT i nto practical use.
Additignaléy, as .to the i%ternediate Compound (c') and Conpound (d') in
the process of® tHER fPefRGHD Crmpound (&) méxiBgoFemppunde(r)syndhesi s,

and t her efduntetiliydat ibn ded gentf,Ulandoyehc¢q! oggga:mngu%ﬁvggtkggmalso_nakes
It possible to carry out practically an asymmetric synthesis 0

Kk A s S ol Ao R
Ske) 1 on "BVl 1 BNl 0, EASYERY SARISG T bndd "5
Ayl bl et biget s iyt oy 1 SO
f2 ol ?E%M@ﬁgi - ? ) rrtoch%%rsf i 38"?%11955'{ w6, B Aeoahove processiherriy de

in the step (1) the lithiating agent is n-butyl lithium.

The invention also relates to the above process wherein
in the step (1) the reaction temperature is the constant
temperature of -30 to -40°C.

15 Further,theinventionrelates1x)theaboveprocesswherein
' inthestep(3)theoxidizingagentisTEMPO-sodiumhypochlorite.

The invention also relates to the above process wherein
in the step (4) the base is potassium carbonate or
N,N-diisopropylethylamine.

20 Further, the invention relates to the above process wherein
in the step (4) the solvent is tetrahydrofuran, or a diisopropyl
ether-acetnitrile-water mix liquid.

The invention also relates to the above process wherein
in the step (5) the osmium catalyst is potassium osmate(VI).

25 Further, the invention relates to the above process wherein
in step (6) the iodine against Compound (o) is in 4 equivalent.

The invention also relates to the above process wherein
in the step (7) the desilylation~iodination reagent is
iodine—silver'trifluoroacetatecn:N-chlorosuccinimide-sodium

30 iodide.

Further,theinventionrelatestotheaboveprocess,wherein

Compound (gq) is purified chemically by pufification steps

14




(b’ - -2-mitrc d (a)); (2)
25 (Compound (b*)) from 5-hydroxy-2-nitrobenzal dehyde (Conpoun
the(sth to synthesize 1-(5-benzyl oxy-2-nitrophenol) 'Z'prppefé|A&%ust 2005
(Conpound (c')) from Conpound (b'); (3) the step to synthesize
1- (5- benzyl oxy- 2-ni trophenol) 30 -2-prﬁpen-l-one (Compound (d")) from
Compound (c'); and (4) the step to synthesize .
2'?gnino-g'-%ydroxypropiophenone (Conpound (e)). from Conpound (d"). 16_18
August 2005 As a typical synthetic route, the follow ng synthetic route:

i | ' Y [ qup.whi.ch n be
apr ot et g by S Rocat et 1o PoPeORFACkeah o iel Rk fpel B e

U gt proch M tuem b¥oaagahglikbizs
case Ris & BPOF@CPIQ@U@e@mﬂml y (l?ﬁ] i dﬁﬁpﬂ?ﬁﬁ Sg)l) egaﬁpl eg are- benzyl

duction, sk . 0 articula A '
et her l?Bea% a%rif)‘ eﬁtc‘:‘%lﬁ&em SBSS{%L?&%%saaS%%M;ﬂ adgeAmergaarisy Bolvent
2, 6- di net hghdebayst br, 4601 IGRRENAY Ir HdHaS ofat&ﬂebSEéxhtiﬁCi‘éﬁ%?t gﬂtgyge
prot ectd ve groups such as a benzyl oxycarbonyl group, ough~a’b yI' group
i s expédi eftFH E%éﬁ?lﬁ%rtfh%lﬂ%qwls ilayerewcddia medgeat erbsactlfiChriaher, as

. : : : i zed by a
to Compou i the starting material, that synthesize
knomnnﬁetﬂgﬁéa%ﬁﬁ?ég e%?%élly converted froma simlar conpound, that

isol ated and pUhef muentm% m$@u&i§%@ﬂ:tﬁgglgétiﬁﬂwmgﬁgﬁ ?"%‘\?}ﬂ‘?@agf gr al
gggg;hglﬁé§ﬁgnéﬁﬁgéﬁg afkiline éé?ution is an aqueous sodiuglﬁﬂhoﬂde |
solution.
10 Farther, the invention relates to the above process wherein
the organic solvent is chloroform.
The invention also relates to the above process, wherein
Compound (gq) is purified optically by purification steps
comprising a step to dissolve the reaction product obtained by
15 the step to produce Compound (gq) from Compound (p) in a high
polarity solvent, followed by lamination of a low polarity
solvent; and a step to filter a precipitate which is followed
by concentration of the filtrate to dryness under reduced
pressure.
20 Further, the invention relates to the above process wherein
the high polarity solvent is chloroform.
The invention also relates to the above process wherein
the low polarity solvent is n~hexane. |
Further,theinventionrelates1x)theaboveprocesswherein
25 in step (10) the base is potassium carbonate.

' The invention also relates to use of the tricyclic ketone
obtained by the above process to the preparation of camptothecin
analogs.

Further, the invention relates to the process for preparing
30 camptothecin analogs wherein the tricyclic ketone obtained by
the above process is reacted with 2';amino—5'—

hydroxypropiophenone.

15 ¢



20 al so be used.

nore specifically. In the step (1), Conpound (a) is dissol ved

17 18 August 2005 in solvent, followed by addition of a benzylgﬁiéﬁgﬁggggﬁFs
and a base and by heating under stirring to afford Conpound (b). As
sol vent N, N-di met hyl f or mam de( D\VF) , di met hyl sul f oxi de, chl orof orm
acetonitrile, ethanol, water and the |like can be 5 used, and DVF is

preferable particularly in view of solubility

In the follow ng the above steps (1) to (4) are explained

and reactivity. The used

amount of DVF TRy Devérduiem erlsebre1hieBstHasgd aszﬂret 'gs%bc%fss@aﬁeyaﬁl'n( a),
preferably |n the range of 3 to 20 tinmes. As a benzylation reagent

can expedidHt 1ﬁmiﬂﬂﬂ§fﬁ?YQIQHY9n§P@@@@GWDMQnaBIy used. Illustrativ
e i odi d
phenyldiazonetLane dlgenzyﬁ %%hggbg%dgﬁﬁgl anbyaﬁae aﬁgﬁﬁrticu

benzyl CNPﬂQQﬁS&EﬂIEXpedIent|y be used. The used anmount of a benzyl ation
reageng may a rlatgéé 8 ared according to the reagent,

in casé of us $or éHﬁFE 18 ﬁ%iaQﬁﬂEﬁFH@aHQV%E¥QEﬂﬁFﬂWWQI?bﬂ
equi val entthebﬁSQdy@mlé hattotfe SRAPOWH (1R 5 A r@fﬁrﬁ%'ﬁ%e#tl 8%' YA

specific

a base any oone can expediently be used if it

Iy used

|11 ust r at Mi&esk agdespifcmaXane ebs areactysi Msaumnarbom‘an@splsmjeu
curbonale. cemuastinnotonriod U8 Wikgibder aat s Up b giLoe s e

l'i ke, and in particular potassiumwcar

ona

any one
e of

e;

| ar

t hough
5
ent.

m

used anoueffgtientdye rmmzamﬁdpmymmiwplmpﬁb@pahede cmrx@stﬂidmm@ the

25 -pot assi um car bonat e, it

i s used |%ﬂ ugg ?3“%3@%6 |8ﬁf£B338 ﬁﬁéigg?no? CH#H&ﬂﬂH(QBes%wefer
to 4 equi vahstitubnts &ediidkes ¢ENSEHE LERe ith patid tbRa1r 8pRenesiSGb £ 0 100C,

reagefy ,

i5

20

25

30

CPT into practical use. Additionally, as to the intermediate
Compound (c’) and Compound (d’) in the process of the invention
there is yet no report of their synthesis, and therefore they
are useful novel compounds.
Theinventionalsomakesitpossibletocarryoutpractically
an asymmetric synthesis of compound(s) by adopting these
constituents, whereby compound(s) have the skeleton becoming
theCDE-ringpart (thetricyclic ketonepart) inthe CPT skeleton.
As to the synthesis of 2’'-amino-5'-hydroxypropiophenone
of the AB-ring in the CPT skeleton, a process for preparing
2'-amino-5'-hydroxypropiophenone comprises one or more steps
of the followings;
(1) the step to synthesize 5-benzyloxy-2-nitrobenzaldehyde

(Compound (b’)) from 5-hydroxy-2-nitrobenzaldehyde {Compound

(a));

(2) the step to synthesize 1-(5-benzyloxy-2-nitrophenol)
~2-propen-1-ol (Compound (c¢’)) from Compound (b’);

(3) the step to synthesize 1-(5~benzyloxy-2-nitrophenol)
~2-propen-l-one (Compound (d’)) from Compound (¢’); and

(4) the step to synthesize 2'-amino-5‘-hydroxypropiophenone
(Compound (e)) from Compound (d‘).

i6
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preferably 60 to 80C. Additionally, the reaction tine is in the range of
0.5to 30 24 hours, preferably 1 to 20 hours. In the step (2) 8 ound%005
(c) is obtained dropping Gighnard reagent to Compound (b) under

gas at nosphere. 18 18 August 2005 As an inert gas any one nay be used in
case it is a noble gas such as argon, helium neon, krypton, xenon, radon

or the like, or a gas of lowreactivity such as nitrogen, and argon and
nitrogen are preferable particularly in view of the cost. 5 As Grignard
reagent any onks aalypexpddwitiet erosed, ithel fol 1ot GRW rﬁ%% L¥absed.
II'lustrative of specific exanples are Vvinyl nagnesi‘um bro e, vinyl

magnesi um chl ori de, vinyl nagnesiumiodide and the |iKke, and Of partl cul ar
vi nyl magnegioum Dr oifke can exgdi ently used. 10 _The used @nount of
Gignard reage be prepared ag€oryrng to the radept g™ i n case
of , for exanpl nyl nagi®sium § de, it +$pused i 0 2 eqw val ent
based on that o nd (b), prePr DiNG,1 to 1.5 equi v I n case
Gignard reagen{ )s dropped to Corrpound (b) solution 15 or on ct"ne contrary
Conpound (b) sot &t on is dropped t ol byl gnard reagent, synt(hgedis of
Compound (c) is possible, though in order to reducg the production of the
reduced type byproduct (hereirfafter descri bed as spound (f)) OH (f) NO2
20 (wherein Ris a pre ' gr opp whi ch H Be Q[ oj.ected by a
catalytic reduction.), NIF ! ¥ ignard reagent to

Conmpound (b) seHmtion. A used armu-n;'of e, N in the reaction, for
exanpl e, tetrahydrofuran .nafter referred to‘%l'!z THF) may be in an

(d) (e)

(wherein R is a protective group which can be deprotected by
5 a catalytic reduction)
is shown.

In the invention, in case R is a protective group which
can be deprotected by a catalytic reduction, it is not
particularlylimited,buttypicalexamplesarebenzylethertype

10 protective groups such as a benzyl, methoxybenzyl,
2,6-dimethylbenzyl or 4-nitrobenzyl groups, and benzyl
carbonate type protective groups such as a benzyloxycarbonyl
group, though a benzyl group is expediently used particularly
in view of a reagent cost.

15 Further, as to Compound (a) which is the starting material,
that synthesized by a known method, that chemically converted
froma similar compound, that isolated and purified from various
kinds of natural materials, and natural materials containing
Compound (a) can be used. A commercially available reagent may

20 also be used.

In the following the above steps (1) to (4) are explained
more specifically.

In the step -(1), Compound (a) is dissolved or suspended

17




25 amount of 10 to 100 tinmes, and to reduce particularly production of the
al cohol an anount of 50 to 100 tines is preferable. Al so, the}§9%ﬁ$%$€y2005
tenperature is preferably not nore than 10C, and to reduce pal

production of the al cohol -78 to -40Cis preferable. 30 Additionally, the
reaction period is 0.1 to 3 hours, and 19 18 August 2005 in particular,
preferably, it is 0.5 to 1 hours. In the step (3), Conpound (d) can be
obt ai ned m xi ng Conpound (c) with an oxidizing agent and stirring the

m xture. Abnawiwendi,zifod1agedt bpryading iR ePeeh£Pt hYi e fé%g%nitf an it is
conventionally used. Illustrative of such oxidizing agents are, tor
exanpl e, nf dqjibyx hgatipgssodart sHirrbrg deb refrfiord) Goepouedgéb) .

Na2Cr 207/ H2S ods | v] | or.i triethyl am ( rn
f)xi dation), %gl\/éaﬁggm:unﬁ fpocﬁgl X(ri?%t%é%aaﬁng’gﬁh | e?l'&ﬁgl){:fﬂsﬂi??g'%ar, 10
manganese Alsdiaf@riDessavantitir iRer,i edhanoz, WJeves 4gagay 13%& cAEMBE sodi um
d. As to these oxidizing agents, one

hypochkori an prefer.apl e u 'S,
p?/gpar gd j'%)sg%é:'bgpgrlgblﬁs]ég p\#E?EFEF’g?ﬁVW&I%&Hl viewad gplubdlitkanyl e,
nmanganese alidxedetivang .prepared just before use from potassium

per manganate and 15 manganese sul fate can expediently be gsed. The used
anount of an obBSIiYSef atigamt ey DMFpmapr bet shyeeberpmeper timaschagedg t o

| , manganes Loxide, it is used
in 2 Lo s0n Fhag SERQiPOERe (A R s £ THRET BEAEES U Fina- 1 moe.
20 As sol vent Rsf @r benayphtionhteagént mnyreiny lane esplaiedely BEhyteqcet ate,
.be used, and in particular,

el or o or e wePRYeb Eobat Sy Ged Ly L et e nive ot mesaidts avient
sol vent i are ben3@lt cheerifeel BeabyY b2mife} 0peRz{1 "ESdide,
phenyldiazomethane, dibenzyl carbonate and the like, and in
particular benzyl chloride can expediently be used.
The used amount of a benzylation reagent may appropriately
15 be prepared according to the reagent, though in case of using,
for example, benzyl chloride, it is used in 1 to & eguivalent
based on that of Compound (a), preferably 1 to 2 equivalent.
As a base any one can expediently be used if it is
conventionally used. Illustrative of specific examples are
20 potassiumcarbonate,sodiumcarbonate,cesiumcarbonate,sodium
hydroxide, potassium hydroxide and the like, and in particular
potassium carbonate can expediently be used.
The used amount of a base may appropriately be prepared
according to the reagent, though in case of using, for example,
25 potassium carbonate, it is used in 1 to 10 equivalent based on
that of Compound (a), preferably 1 to 4 equivalent.
As a heating temperature it is in the range of 60 to 100°C,
preferably 60 to 80°C.
Additionally, the reaction time is in the range of 0.5 to
30 24 hours, preferably 1 to 20 hours.
In the step (2), Compound (c) is obtained dropping Grignard

reagent to Compound (b} under an inert gas atmosphere.
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Further, the reaction time is 1 to 48 hours and in particular, 1 to 18

hours are preferable. In the step (4), Conpound (e) can be obt nzlgd bg/ta2005
catalytic reduction of Conmpound (d). 30 As a catalyst for red

pal I adi um carbon, palladi um hydroxide-carbon, rhodi umalum na and the like
can expediently be used, and in particular, palladiumcarbon and pall adi um
20 18 August 2005 hydroxi de-carbon are preferable. The used anpunt of a
catalyst for reduction is 0.01 to 0.5 equival ent based on that of Conpound

d), preferabl xsOafSidert Gad 8AYI ¥Rk Gy be Ased0kHeBLsEMWr C%Bp
((axi)ed:oentl begused | f |tQJ| S cgnventloynally &se% % qﬁﬁfl ace?ate S
pr ef er abl eg"i‘% ﬁﬂ‘ﬂ\/\/asofirgﬁnubﬁlﬂ%‘;mr WMSMYanntxemosplrminn iox Bhto 50

I 0% nal ly,..the reaction tine is
E)I ge;s 0 gae%%ﬁé?g (yal'”nc?1 %atsoﬁﬁr %?cg?vgj ra‘fﬁ 2§ fijtrogeny andogrgon

Further, iamd ead:mfgewarheprefetga duqhﬂyalhhelgbwg thel @ggg%é) f ﬁ gm

Eig?rpormgm( EO ) &%&&{G‘(‘%Wag %“833; Crcrl;‘g StaéldﬁEEG 1Q%Hllisfrlg€;no‘3§uﬁ($gﬁnut(d")

Conpound (#9 coflvéfiti6hally used. Illustrative of specific examples are
vinyl magnesium bromide, vinyl magnesium chloride, vinyl
magnesium iodide and the like, and in particular vinyl magnesium
bromide can expediently be used.

10 TheusedamountofGrignardreagentmaybepreparedaccording
to the reagent, though in case of, for example, vinyl magnesium
bromide, it isusedinl to 2 equivalent based on that of Compound
(b), preferably 1 to 1.5 equivalent. | '

IncaseGrignardreagentisdroppadtoCompound(b)solution

15 or on the contrary Compound {b) solution is dropped to Grignard
reagent, synthesis of Compound (c) is possible, though in order
to reduce the production of the reduced type byproduct

(hereinafter described as Compound (£))

R
OH

(f)

20 (wherein R is a protective group which can be deprotected by
a catalytic reduction.), it is preferable to drop Grignard
reagent to Compound (b) solution.

As a used amount of solvent in the reaction, for example,
tetrahydrofuran (hereinafter referred to as THF) may be in an

25 amount of 10 to 100 times, and to reduce particularly production
of the alcohol an amount of 50 to 100 times is preferable.

Also, the reaction temperature is preferably not more than
10°C, and to reduce particularly production of the alcohol -78
to -40°C is preferable.

30 Additionally, the reaction period is 0.1 to 3 hours, and
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N H2 can be produced. In this synthetic route, Conpound (c") can

be
obt ai ned dropping Gignard reagent to Conpound (a) under an 211§8A@%9g§t2005
2005 inert atnosphere. Further, Conpound (d" )can be obtained mXin
Conmpound (c") and an oxidizing agent and stirring the mxture, and )
Conmpound (e) can be obtained by a catalytic reduction of Conpound (d") .
Here, Grignard reagent and the oxidizing agent 5 which can be used are the
sanme as those in the above steps (2) and (3). In this synthetic route,

since no pintpatthouHOUpreéferdety, e M .Resics 10hoyhg AB-ring part can
si mply bepcar!r%aited out . II%t)thher, canpt ot heci n anal ogs can.be prepared by
reacting 10 CHAPHGRFR(3 boCampeyndn( dhear bemkits)imed nheisytbmebundr out e

ke thi s, Cror o ah BAG Aot B i Bo 08 niktREer o synt hesi s
of the CDE-ri nke pan toxidie ing agehnitcakgt one cprdyperfidhia CBE skehejen,
brepar 8. ' ok OJ{S t @%C‘wycﬁl i};yk%%%* 'Iiaﬁfa%éggy%”é@\éﬁ%ﬁ Q&{%éfn%{'gi Lyl
synt het'i ¢ route. _ | o Pr i Ryl gr oup,
and Bu Te e oty g e RS esY abRERe ohek kR o The
abpve syntBfRAId insRee, JOtnﬁ*@t r@ﬁmﬂési(ﬂ@dcn%mbf?ab?vni@smm} gg?ég) (Josi en,
géécrﬁbegimg?gbﬁgﬂgpyP-Pﬁgﬁﬁ%ggﬁﬁggpﬁ§a§g§9e(Egar?r8ﬁ+§agiﬂ?Par conmpound
TEMPO-sodium hypochlorite and the like, and in particular,
10 manganese dioxide, Dess-Martin Periodinane, Jones reagent and
TEMPO-sodium hypochlorite can preferably be used.
~ As to these oxidizing agents, one prepared just before use
ispreferablyused,andincaseof,forexample,manganesedioxide,
one prepared just before use from potassium permanganate and
15 manganese sulfate can expediently be used.
The used amount of an oxidizing agent may appropriately
be prepared according to the reagent, though in case of, for
example, manganese dioxide, it is used in 2 to 50 times based
on that 6f Cdmpound (c), preferably 4 to 10 times.
20 As solvent, for example, chloroform, methylene chloride,
ethyl acetate, benzene, toluene and the like can expediently
be used, and in particular, chloroform and methylene chloride
are preferable,.
The used amount of solvent is 5 to 50 times, preferably
26 10 to 20 times.
Further, thereactiontimeis 1 to 48 hours and in particular,
1 to 18 hours are preferable.
In the step (4), Compound (e) can be obtained by a catalytic
reduction of Compound (d).
30 As a catalyst for reduction palladium-carbon, palladium
hydroxide-carbon, rhodium-alumina and the 1ike can expediently

be used, and in particular, palladium-carbon and palladium

20



10 that isolated and purified fromvarious kinds of natural nmaterials, or

a natural material itself, which contains Conpound (Kk), can USS 00
preferable synthetic process for synthesizing the tricyclic Eg%oneéif%@t%e >

above synthetic route contains one or 15 nore steps fromthe 12 steps
consisting of; (1) in the step to synthesize

4-i odo- 2- nmet hoxy-6-trinmethylsilyl -3-pyridinecarbal dehyde (hereinafter
referred to as Conmpound (1)) from 2-nmethoxy-6- trinethylsilylpyridine

( her ei naf tigydrdei®s IR Hon %&&@M}%t{l@. ), n-butyl lithiumis used as a
base 20 and the reaction is carried out at the constant tenperature of 23
18 August 2005TheWses ampunt (@ff a aathdystefor aesyottioni s B-01 to 0.5

(2- but enyl - 4-j.0d0- 2¢ oxy-_6-tringthylsilylpyridine

(her ei naf tﬁy%ﬂe}%ﬂr%gaégdagﬁ %gﬁpggégdé%ﬂwu?ci o‘ﬁ@o%‘ﬁ@é‘%’%ﬁ , 0a0peb®tion
sol vent i dsbtegusiadilemnt(3) in the step to synthesize Conmpound (1) from
3- hydr gxynet hy. - 4-10do- 2- met hoxy- 6-tri met hyl silyl pyridine (hereinafter
referrgd to a ﬁ&ﬁfﬁo"tﬁ‘& @any )O,HETE?%PO%WW}HO@EI vbedeifsitiséd as an
oxi di zi ng RgeRInt ichal1y d4ed St8B é&’tggﬁ ' i : XYz 6,10
trinethylsilyl-I I—ll—_pyr ago[ 3, 4-c] B??‘i di ef?ﬁéﬁé?lﬁa’% g%%fgre%;?g&‘y‘{be‘és
Conpound @f) Folubmldspound (), a mixed liquid of diisopropyl ether,

acetonitrile rol ed.a reactio sol.yept, and

N, N- di i sopropyl et ‘%}eglmahnéu#‘l;: gge oggeg%bége,g t'(:'S#Mi ﬂ”f"ﬁ%' sPEpTeEaRYAt hesi ze
(S) - 4- et hyll0- 304201 lhyjses-3, 4 15

di hydi Xy- 8- Egrglo i-6-trimethylsilyl -1 H pyrano[ 3,4-c] pyridine (hereinaf
ter re erredm?a d’é:{egﬁééﬁndta%)r‘ﬁa‘%%ﬁﬁ EoSodAdC - ¥ iiyo Zﬂoi{laygsm@simt e(Vl)
IS used apazmicaliakin paésbysbly, (8t 18 iNe€oSiefolfs Synthesize

(S)-4-ethyl -3 _4-di hydro- 4- o
hydr oxy- 8- net ROEFRETy rinfdiadd of Ispnthesising Gymponnd (4) ot i2@hpyabaliane

(herei naf seepsetejred £ 9) 9sfmgp@bm§loéﬂa)(;fpntonpound
H CHO
QU © (a)
NO,
15 Compound (c’’):

OH

HO e
(e'")
NO;,

is produced; and from Compound (c¢’‘) Compound (d’’):

0
HO =
(d'!)
NO;

is produced; and from Compound (d’") Compound (e):

O

(e)
20 NH,

can be produced. In this synthetic route, Compound (c’’) can

be obtained dropping Grignard reagent to Compound (a) under an.
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(0), the reaction mxture is refluxed using iodine (4 equivalent); (7) in
the step to synthesize (S)-4-ethyl-3,4-di hydro-4-
hydr oxy- 6-i odo- 8- net hoxy- 3- oxo-| H pyrano[ 3, 4-c] pyridine 25 (%Ber%?%ﬁ e2r005
referred to as Conpound (q)) from Conpound (p), N-chlorosuccinim de-sodi um
iodide is used in acetic acid; (8) in the step to purify Conpound (Q)
chemcally, the mxture is added with a basic solution such as aqueous
sodi um hydroxi de solution to make a sol ution al kaline, washed with an
organi ¢ 3G rttveRhospidres FRrehekoidn L en B’@é - r
acidification is extracted with an org ni%dégﬁvgkgﬁguc ﬁ%%iﬁ%ﬁﬁégéﬁgrnl 24
18 August CREERUIS) (¢h' } hadsarpxtid igdml §9Qunpodnstt { o) i mg ttiheah i ytufeppound
(gq) is di I ' i, g | ari.ty solyent such as. chl orqform and
| ani nat ed “W ( ﬁ\égl Ogv%dgépér?fﬁol%%l%%l ?ﬁé%yaé ﬁ-airr@ié{ﬁéct SegrGEiopretipitate
which is Cempoamhcoydfi) i raeiren, G yrdomedebyeht GHICERE IR i9g Afént
filtrate; ﬁlog in the ste;ﬂto s%nt hesi ze propyl (S)-4-ethyl -3,4?-d| hydr o- 4-
hydrox§/-8-W gana3be ised arer hhe[same @sphpeentn che aboweysaeps (2)
(herei naf efg reherred {10 £ fRTRAUR f pal.l adi um
acetate is uséd)as a paIIadiun1cata|ﬁgﬁ%iﬁo%?g%fcﬁﬁpgﬁgggég%n?oggé hesi ze
propyl (Spsqugedythe symtlgesisofatlyel A8-4ihgdraaxty edn simply be carried
8. - di oxo- L)Qttpyrano[ 3,4-c] pyridine-6- carboxylate (hereinafter referred to
as Conpound (s)) from Conpound (r), the reaction is carried out at room
tenperature; Fuk?herm taspsoepedin WHIRE eanlbd pHepRirRd By WéadtSngt- et hyl
15 - 3][@ 8C10-tet rahfgdro-4, 6-di hydr oxy- 3, 10-di oxo-|1 H'pyrano[ 3,4 -f]
i ndol 18 nS9MEYPBIx (Pt PERERSH Nkl (e Sdepr (49 o5 BRe Eymhebe (X9yte om
conpound @escribefgrexddus19hida tdicyed jeUletdid N i ate.
Furt her, §(13) in t_%ie st ep tg obt ain SN 38 fr%rgh%' EhR5ASS LSRR

etone like this, for example, Compound (h):

o]
(k)
ey O
Fe) HO" 'Et
can be used.
15 As to synthesis of the CDE-ring part (the tricyclic ketone

part) of the CPT skeleton, preparation of the tricyclic ketone

is carried out via the following synthetic route.
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20 (S)-4-ethyl-7,8-di hydro-4-hydroxy-1H pyrano[ 3, 4-f]indolidin
-3,6,10(4H)-trione (hereinafter referred to as Conpound (h)) 0

(e), SN-38 can be expediently be obtained carrying out the reacg%éﬂﬂykLHHbS
inert gas atnosphere to afford SN-38 expediently. 25 In the follow ng, the
above 13 steps are explained nore specifically. In the step of (1),
Compound (k) is dissolved in solvent, followed by addition of a litiation,
formylation and iodination reagents and stirring to afford Conpound (1).

30 As sol vent tetrahydrofuraE—6$HFrh—dre%ryl et her, hexane, heptane and
the Ii ke can be used, and THE is preferable partlcularly in view of
solubility and emactivity. 2 18 August 2{O5 As a g tiation reagegpt any one
can expedi entl e used |fN, cHos convenfli onal Iy Used. Illustratilve. of

speci fic exanple$ —ar® n-bit vl | i thi-em utWI# t—but yl |
l'ithium di propyl ani g¥s(t , Lt MsTmHie ( tomi yl

(LiHVDS) and the |ike, and mybutyllithiug can expegjently be useg,Et
particularly in view of handling and reactivity. The used anmount of a
litiation reagent may appropriately be prepared according to the reagent
t hough in case of asing, for exagel e, n-butyllgihium it is usesein 2 to

10 equival ent 10,8 on t hat arpound (k) L preferably 2 tq/
equi val ent—™ | | | ve—ofF spdgm i ¢ example \ f ormpl gt d on, reagent
are N-fornyl - N¥& T P

' NoBRedi am n fipe hyl f or main dfg ) and
the Iike, and N-f or |-N, N, N - t |nethylethylen$ﬂianine s e?ped%ently
used consi deri ng tf2" 15 subsequent i odi nation e used anount of a

formyl ation reagent, for exanple, in case of using
N-fornyl-N, N N'-tr|nethylethylenedlanlne is usedin lto 10 equi val ent

based on that of Cogpo nd (k), prefgrabl
: | “gt©

2
o HO' Et
(=)

(wherein TMS is a trimethylsilyl group, Me is a methyl group,
Et is an ethyl group, Pr is a propyl group, and *Bu is a t-butyl
5 group.)
As tothe starting Compound (k) in the above synthetic route,
that synthesized by the above Curran route (Josien, H,; Ko, S.
B.; Bom, D.: Curran, D. P. Chem. Eur. J. 1998, 4 67-83) described
previously, that chemically converted from a similar compoimd
10 that isolated and purified from various kinds of natural
materials, or anatural material itself, which contains Compound
(k), can be used.
A preferable synthetic process for synthesizing the
tricyclic ketone in the above synthetic route contains one or
15 more steps from the 12 steps consisting of;
(l)inthesteptosynthesize4—iodo—2—methoxy—G-trimethylsilyl
-3-pyridinecarbaldehyde (hereinafter referred to as Compound
(1)) from 2-methoxy-6- trimethylsilylpyridine (hereinafter
referred to as Compound (k)), n-butyl lithium is used as a base

20 and the reaction is carried out at the constant temperature of
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1 to 3 equivalent. 20 As an iodination reagent iodine, N-iodosuccinimde

NI'S) and the like can be used, and iodine is preferable part}j ar | .655
Siem)of the cost and reactivity. The used anobunt of an |od|nat*§ﬁ£?%%%%ﬁ%

is used in 1 to 10 equivalent based on that of Conpound (k), preferably 1
to 25 5 equivalent. The reaction tenperature is in the range of 0 to -78C,
preferably the constant tenperature of -30 to -40C. In the step of (2),
Compound (1) is added with crotyl alcohol, triethylsilane and an acid and
stirred withouto usicsol vent 30 to afford Conpound (m). As the used
amount of crotyl alcohol, it is used in 1 to 10 equival ent based on that

of Conpount?] Rp the etepar pyathesieels- (Nd@lsIelrg(]@ﬁty&loeetqmlwaMletlbfioﬁs -t geon
d u i et hyl.si bt ois_used i to equi val ent base

that of Coetoky( B b iheriiis a1 bir 1athe (hér Garter Betairad ve as

trifluoroatmpaumti(n)( HA)m Combbuniq 196 § readriibanesIyd i @i dsed;

hydr ochl or and the |i ke can be used, and TFA is preferable

partictl ar4:§) i?ﬁl RLEP tesynthes) zefrnprerd 4dd ufromA-Ardaokymetbyl

[ - ' I+ . d ] f _.Conpound
(D pr ef erabips 10 oAy et it el s03 e Rk Rh sEb TR )

can be obtkgiRIgasitaiasepmpagnd (oo UPEMPYsodily hypdahlorhtéhies aseq of

2), in sqgw o addi tion of an oxidizing agent and a base,
gné stirr?#b%ﬂiéné%bﬁéﬁﬁyéﬁexgﬂe can expediently be used if it is 15

convent i ond)l yirusgek siddpusior alyntheeflizeuehesalvesimatRox¢iebl or onet hane,
chloreform .actonitrile, .toluene, n-hexane and the |ike, and toluene and
n-hexgﬁe gﬁgnﬁﬁgygﬁﬁﬂpﬁ-lﬂ—pyrano[3,4—c] pyridine (hereinafter
referred to as Compound (n)) from Compound (m), a mixed liquid
of diisopropyl ether, acetonitrile andwater is used as a reaction
solvent, and N,N-diisopropylethylamine is used as a base;
(5) in the step to synthesize (S)-4~ethy1—3,4-dihydro—3,4—
15 dihydroxy—8-methoxy—6-trimethylsilyl—lH-pyrano[3,4—c]
pyridine(hereinafterreferradtoasCompound(o))fromCompound
(n), potassium osmate(VI) is used as an osmium catalyst;
(6) in the step to synthesize (S)-4-~ethyl-3,4-dihydro~4-
hydroxy~8—methoxy~6-trimethylsilyl-3—oxo—1H—pyrano[3,4—c}
20 pyridine(hereinafterreferradtoasCompound(p))fromCompound
(0), the reaction mixture is refluxed using iodine (4
equivalent);
(7) in the step to synthesize (S5)-4-ethyl-3,4-dihydro-4-
hydroxy—6—iodo—8-methoxy-B—oxo—lH—pyrano[3,4—c] pyridine
25 (hereinafter referred to as Compound (9)) from Compound (p),
N-chlorosuccinimide-godium iodide is used in acetic acid;
(8) in the step to purify Compound (q) chemically, the mixture
is added with a basic solution such as aqueous sodium hydroxide
solution to make a solution alkaline, washed with an organic
30 solvent such as chloroform, and then the water layer after
acidification is extracted with an organic solvent such as

chloroform;
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particularly in view of reactivity. Illustrative of oxidizing agents are
manganese di oxi de, 20 Dess-Marti nPeriodi nane, Jones reagent st 2005
(Na2Cr 207/ H2SsO4) , PCC, PDC, DMSO- oxalyl chloride- trlethylan1ne (%ﬂ%“

oxi dation), TEMPO- hypochlorite and the like, and in particular, TEMPO
hypochlorite is preferable, nore preferably TEMPO sodi um hypochlorite. As
the used anpunt of an oxidizing agent, for exanple, in 25 case of

TEMPO- sodi um hypochlorite, TEMPO is used in 0.001 to 0.1 equivalent based

on t hat Ofﬁ@lﬂhotlﬁé dtvep Ry ﬁﬁiﬁ?ld’on%cgggi (hﬁ %p@gcgﬂggé ?’l\?a t}lltnd 58 er abl y

Addi tional ]y, sodium hy och orite
1to 2 equ#ﬁlﬁllléﬁplvﬁg Janb‘waélégénpobﬁmt:}arsqiwmm snthyadehlsed fickm ands 30

I t ses e sodi um bicarbonate,
R L g A S ORI M S A
hydrOX|depnﬁﬂxpnnamwdﬂnxﬁdag tremetrayl By Fe12Fat8oAl0es 1808 Bypd the Iike,

wth s d|un1b|c rbonat e be| particularly preferable. As the Used- amunt
of a b§ &igea oty &1dtrag8ium bicarbonate, it is used in 1 to

10 equi val@mt t ) rably.2 4 .
eqU|3aIean'%HgﬁfgggggggﬂﬁiHgéﬁiﬁﬁé%?g) P‘Fﬁe4r§%§&§ ? h 61?%85%39
preferablWYﬁépxyr@-m@th98YpérpxouﬂHprrano$&pp#e$§yﬁldiﬂe-6;eact|on

d 5. 10 to_ 10 hours,
et er abi s 5Pe g L EnTheRBiPREERE LB b s “REoBmentn of ) b ol ved i n
sol vent, Cam@edmm¢qnappalhdﬂummb@ﬁaﬂaﬁﬁusédhﬁﬁépﬁlidﬁﬂﬂﬁ%%téii@§fer
rrefl uxed to afford Conpound (n) sol vent acetonitrile,

‘f:ﬁ?La d#@?ﬂréﬁ ¢ ﬁFfteEStﬂlFXBEP%ﬁﬁFeePﬁ%PY%IﬁE 4oyt 3 et Hher8- t ol uene,
vat er andttah@ahi/dka sanyheokged, saadoR6 el RS FAhSy 3 T | S Al e er are

carboxylate (hereinafter referred to as Compound (s}) from
Compound (r}, the reaction is carried out at room temperature;
(12) in the step to synthesize 1,1-dimethylethyl (S)-4-ethyl

15 -3,4,8,lOmtetrahydro—4,6-dihydroxy—3,10-dioxo—1H—pyrano[3,4
-f] indolidin-7-carboxylate (hereinafter referred to as
Compound (t)) from Compound (s), Michel addition is carried out
using potassium carbonate. '

Further, (13) in the step to obtain SN-38 from _

20 (S)~4-ethyl-7,8-dihydro-4-hydroxy-1H-pyrano[3,4~f]indolidin
~3,6,10(4H)-trione (hereinafter referred to as Compound (h))
and Compound (e), SN-38 can be expediently be obtained carrying
out the reaction in an inert gas atmosphere to afford SN-38
expediently.

25 In the following, the above 13 steps are explained more
specifically.

In the step of (1), Compound (k) is dissolved in solvent,
followed by addition of a litiation, formylation and iodination
reagents and stirring to afford Compound (1).

30 - As solvent tetrahydrofuran (THF), diethyl ether, hexane,
heptane and the 1like can be used, and THF is preferable

particularly in view of solubility and reactivity.
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preferable particularly in view of reactivity, nore preferably THE or an
acetonitrile-1PE-water mx liquid. As a palladium catalyst paligq&ggast 2005
acetate, tetrakis- 20 (triphenyl phosphine)palladi um dichlorobrs-

(triphenyl phosphine) palladium palladiumchloride and the like can _
expediently be used, and palladiumacetate is preferable particularly in
view of reactivity. The used anmpbunt of a palladiumcatalyst is in 0.01 to 1
25 equi val ent based on that of Conpound (m, preferably 0.05 to 0.2

equi val ent . : 4H§g' t b d (f. 1t i . _
cgnvent I onal ﬁ?sagggi%ll %g?[ﬁ??@%‘%f u%ﬁgbgérésgxaéj%?l?%ly é’)?a?’rﬁfeg, lEOdI um
car bonat e,itpdsasenventiobahly eisechl cIlhusdrativenst epecdsiicmeganpDast e,

[ ' . dii t hyl am Dl PEA), . sodi um hydr oxi de,
ot asel Lo aEh 1 e BB S B EraN LT hhhate. SR bor ng
28 18 Augusili seppydainiae! qux_)prgﬁggaahebig berﬂﬁsehgfyy 1g&?ﬂdé’ase, for

exampl g, in case of DIPEA is in 1 20 equival ent based of at of
Conpougd (HLEMBSIt apdpthe bike, andduibulyddiithdums canphapediennty dre

cat al yst I ent e.cu PE gt terpary ammoni um
salt or c?%%gpg?ﬁgggag?ggg g?eb%gﬁvgﬁtﬁgﬁ%} ?gu%%§,9%§¥ 1Y£€¥abutylannnn|um
broni de bei ng Theamseduhmotyt po £f2rlalt iat ibhne reagdngnmaupt appreppiwsery r ansf er

talyst, . f e 10,.in case of tetrabutyl ammoniumbronide is in 0.1
tC f;‘ 2 gaui 6"5?@5%55‘%%@%%’&4% %Bft%ﬁ&&aﬁ&t@n}ﬁ?ughe*ré@meyoé.@xrzﬂ'l. 5

equi val entforFexahple, thautaact it ver iedikusaseiPh ol 1§ diEdSdit the
range, of 1 to 20 hours, preferably 4 to 10 hours. In case f using an
acet oHi t r PRESAPRD WBREE QéigquﬂH i()i,s preferablingeto 1% equiwaslent .10

hour s, preferQﬁhﬁs%rh@i@ehﬂpﬁﬁecifh:examplesofeaformylationreagent
are N-formyl-N,N’,N’~trimethylethylenediamine,
dimethylformamide (DMF) and the like, and N-formyl-N,N’,N’-
trimethylethylenediamine is expediently used considering the
156 subsequent iodination.
| The used amount of a formylation reagent, for example, in
case of using N-formyl-N,N’,N’~trimethylethylenediamine is
usedinlto10equivalentbasedonthatofCompound(k),preferably
1 to 3 equivalent.
20 As an iodination reagent iodine, N-iodosuccinimide (NIS)
| and the like can be used, and iodine is preferable particularly
in view of the cost and reactivity.
The used amount of an iodination reagent is used in 1 to
10 equivalent based on that of Compound (k), preferably 1 to
256 5 equivalent.
The reaction temperature is in the range of 0 to -78°C,
-preferably the constant temperature of -30 to ~40°C.
Inthestepof (2), Compound (1) is added with crotyl alcohol,
triethylsilane and an acid and stirred without using solvent
30 to afford Compound (m).
As the used amount of crotyl alcohol, it is used in 1 to

10 equivalent based on that of Compound (k), preferably 2 to
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In the step of (5), Conpound (n) is dissolved in an alcohol-water m x _
liquid, added with an osm um catalyst, a co-oxidizing agent, gé]czgl?s%ungr@gidd:s
catal yst, a.base and nethanesul fonam de, and stirred to affor oun

(0). 20 Illustrative of alcohols are nethanol, ethanol, 1-propanol,

i sopropanol (IPA), 1-butanol, 2-butanol, t-butyl alcohol and the Iike, and
t-butyl alcohol is preferable particularly in view of reactivity. As an
osm um catal yst osmi umtetraoxide, potassium 25 osmate(Vl) and the like can
expedi ent |5y difa iugA@Gntand potassium osmate(Vl) is preferable particularly
in view of handling. The used anmobunt of an osmumcatalyst is in 0.001 to
0.1 equi val entAHdde] ugedt papunt cbnpoieithybyilanef dratilsy u8ed02nt b td. 01

[ ) - 0xl.dizj t t assi um hexacyanoferrate(lll),
et pymorshar Ay atent: B Phaty “aReE e et tad, (B ookt ehergbLbel (sed.  and
pot assi umdhexgdyadehner.rate(l11) is preferable 29 18 August 2005

articuylarly in view of the reactivity. The used anpunt of a co-oxidizing
ggent ,gf or Zxaﬁ?‘plaél, aopd txddiyerreacediruarndx 4EFANeof sui gusic] agidis used in

L0 A Seehanany cBAtedm il CATRONDES L el E{RL BBh R P O

equivalent. Illustrative of asymetric catalysts are , ;

( DHQD) 2PHARd TBRQDF2pERfanadblacparkicubadly Dl.-ﬁh D) PEY Ry B ma&iteif\&tﬂya .
articularly i Vi 0 optical vield,. The used anpunt of an asymmetric

Eat al yst, fgr Iglfa#%}gg, Lm%BSFnQ%agg 8¥1§DHEE>52WP Qs SR ISP G’.%d@'@lo 0.1

- equi val entisbhsed15 erguihaileit Baspauns thak, oPrefcilildy (9) O piord: ARy

equi v di um car bonat e, potassium carbonate, cal cium

ent. ,As base s (
car boﬁdat e,E’ E8s#§n?83%}56ﬁ‘a%; ~sodi um hydroxi de, potassium hydroxide and the
li ke can be U&sth@é‘@eﬁ’@f%%%',%r&ﬁdﬂﬁf@l?c‘a%beobtainedbydissolving

Compound (v), a byproduct in the step of (2), insolvent, followed
by addition of an oxidizing agent and a base, and stirring.
As solvent any one can expediently be used if it is
15 conventionally used. Illustrative of such solvent are
dichloromethane, chloroforin, actonitrile, toluene, n-hexane
and the like, and toluene and n-hexane are preferable
particularly in view of reactivity.
Illustrative of oxidizing agents are manganese dioxide,
20 Dess-MartinPeriodinane, Jones reagent (Na,Cr,0,/H,50,), PCC, PDC,
DMSO-~oxalyl chloride-triethylamine (Swern oxidation), TEMPO-
hypochloriteandthelike, and inparticular, TEMPO- hypochlorite
is preferable, more preferably TEMPO-sodium hypochlorite.
As the used amount of an oxidizing agent, for example, in
25 case of TEMPO-sodium hypochlorite, TEMPO i's used in 0.001 to
0.1 equivalent based on that of Compound (v), preferably 0.005
to 0.02 equivalent. Additionally, sodium hypochlorite is used
in 1 to 5 equivalent, preferably 1 to 2 equivalent.
As a base any one can expediently be used if it is
30 conventionally used. Illustrative of such bases are sodium
bicarbonate, sodium cafbonate, potassium carbonate, calcium

carbonate, sodium hydroxide, calcium hydroxide, triethylamine
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15 preferable particularly in view of the reactivity. The used anmount of a

base, for exanple, in case of potassium carbonate, is in 1l to QKu 2005
equi val ent based on that of Conpound (n), preferably 4 to 10 %§U|V%H%§n.
The used anount of nethanesul fonamde is in 0.1 to 5 20 equivalent based
on that of Conpound (n), preferably 0.5 to 2 equivalent. The reaction
tenperature is in the range of -10 to 30C, preferably -10 to 10C. In the
step of (6), conmpound (0) is dissolved in solvent, 25 added with a base

and iodin fixed, t 1 e]s Pl LLI atiye of solvent
are nethaﬁgr?ngighg#§ %?ﬁgbgﬁﬁgfg‘E?%%%?@%&%%|k?ﬁbﬂbﬁg%é%éPiaﬁ “the like,
with a netpegfstralgteer nmix |iquid being particularly preferable in view of

ivity. b ediently be used if it is,
MR TR R e e S IER O MU
pot assi umisiardratate CakCi SRt hanates 19eehuva0els ﬂ@%}tﬁw t tgj‘éﬁétcé‘f bonat e,

sodi um,hydr oxi de, potassi um hydroxi de and the I|ike, clium car bonat e
bei ng Par (SWRHAENY, (Fref drggesabinye 2used4apguivadbeént. base, for exanple, in

f | ci IS ol 0: 10; | val_ent “based.op t of
Compound” 5 (e pearRASkP ehbek Brdriio oY TBb 38°Sh00Re 3¢ 0ai ne i s
in 1 to l1Pusfereblannotasd@ tonlofat paktfonpavdyd €o)supseéss aplyideto 5

: o . ; r e 20
equi val en éqgltlonally, the reaction period is in the range of 0.5 to
hour s, prg¥%ﬁa ?-1 to 5 hours. 10 In the step of (7), Conpound (p) is

di ssol ved in geldianiionaldyq tBactesctneer éﬁfﬂd’%‘s’sﬁhv%ﬁetféﬁ!l;&%df’a@% ate
(here'&af er  referred to _as |2-CF3CO0Ag) or N-chlorosuccl nim de-sodi um
iodid£ (%Bréon BEF r BFEERPERPLY 85 NES- Nalbgux®- af f ord Conmpound (q) .

In the step of (4), Compound (m) is dissolved in solvent,
added with a palladium catalyst, a base and a phase-transfer
catalyst, and refluxed to afford Compound (n).

As solvent acetonitrile, tertrahydrofuran (THF),

15 diisopropyl ether (IPE), diethyl ether, toluene, water and the
like can be used, and acetonitrile, THF, IPE and water are
preferable particularly in view of reactivity, more preferably
THF or an acetonitrile-IPE-water mix liquid.

As a palladium catalyst palladium acetate, tetrakis-

20 (triphenylphosphine)palladium, dichlorobis-
(triphenylphosphine)palladium, palladiumchloride and the like
can expediently be used, and palladium acetate is preferable
particularly in view of reactivity. '

The used amount of a palladium catalyst is in 0.0l to 1

25 equivalent based on that of Compound (m), preferably 0.05 to
0.2 equivalent.

As a base any one can expediently be used if it is
conventionally used. Illustrative of such bases are, for
example, sodium carbonate, potassium carbonate, calcium

30 carbonate, cesium carbonate, triethylamine (TEA),
N,N-diisopropylethylamine(DIPEA),sodiumhydroxide,potassium

hydroxideandthelike,withpotassiumcarbonateandDIPEAbeing
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As to solvent, in case of 12-CF3COOAg dichl oromethane, carbon 15
tetrachloride, chloroformand the Iike are expedient, and in l\gérﬁﬁﬁé@rzoos
di chl oronethane is preferable. Additionally, in case of NCS-Nal ‘acetic
acid, acetonitrile and the |like can be wused, and acetic acid is preferable
particularly in view of reactivity. 20 As to the used anount of
12-CF3CO0Ag, 12 is used in 1 to 10 equivalent based on that of Conpound
(p), preferably 2 to 4 equivalent. Additionally, CF3COOAg is used in Ito

10 equi val ticyr£f ferdii 4 equivalent. As to the used anount of
NCS—ﬂlaI, N%agi:; usedﬁr?ﬁl to 20 25 equival ent based on that of Conpound

(p), preferabl e yged anayuity gifent bapddi foonexanpléalin sassedfi DIPEAO 20

equi val ent it Of d (% ref er abl to 8 ui val ent.
The. 1 eact i S ihanbe 28 ey e ORRELR D lat BERHEBRIRY () peeFarably
preferabl yd 2 tlD 4fuivalrdnter, in case of using 30 NCS-Nal it is 20Cto a

ref lux tenperature, preferably 50 to_80C. Additionally, the reaction
peri odéi s .”ﬁ t afa‘?f%%"ftri?qsf/eéflCfé"aAlY@?s1302’0@5'94Gaﬁo§¥§?dpﬁéf‘-é]iabey 15 to

24 hours. dsied g stops of dilleertaryouiiohth’ a2605e idyh BeRRS! Gnhvert:

for exanpl e, such as aqueous 0.2N"sodi um hydr oxi T ed :
t he | act orfe-s FRBVEPERPRYL LY sedndvidp tptuatuty) prmodudbricnide baing HO

"Et (whergj ' | p, and Et is an ethyl group. ), which is
sol u(bl e i?tﬂé{%g&%el% S asieggég Gtion. Wien washing the solution with an

organi ¢ sol verithe ased dn@intbesi £ phabst-aneasFevesati Dys), FodosksnpByer. The
or gani& | ) ?(r:aisg osteggg:%gggtyigilmlngr\{\fgm bromide is in 0.1 to 3 equivalent
based on that of Compound (m), preferably 0.5 to 1.5 equivalent.

Further, the reaction period in case of using THF is in
the range of 1 to 20 hours, preferably 4 to 10 houré. In case
of using an acetonitrile-IPE-water mix liquid it is in the range

15 of 0.5 to 10 hours, preferably 1 to 5 hours.

In the step of (5), Compound (n) is dissolved in an
alcohol-~water mix liquid, added with an osmium catalyst, a
co-oxidizing agent, an asymmetric catalyst, a base and
methanesulfonamide, and stirred to afford Compound (o).

20 Illustrativeofalcoholsaremethanol,ethanol,l—propanol,
isopropanol (IPA), l-butanol, 2-butanol, t-butyl alcohol and
the like, and t-butyl alcohol is preferable particularly inview
of reactivity.

As an osmium catalyst osmium tetraoxide, potassium

25 osmate(VI) and the like can expediently be used, and potassium
osmate(VI) is preferable particularly in view of handling.

The used amount of an osmium catalyst is in 0.001 to 0.1
equivalent based on that of Compound (n), preferably 0.002 to
0.01 equivalent.

30 As a co-oxidizing agent potassium hexacyanoferrate(III),
N-methymorpholine N-oxide (NMO) and the like can expediently

be used, and potassium hexacyanoferrate(III) is preferable
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10 by acidification of the water |layer with an acid and extraction wth an

organi c solvent to recover Conpound (q) in good purity. The basig soly
is in the range of 0.01 to 5N, preferably 0.1 to 1N, nore pref%f%&ﬁ%ﬁff%pos
to 0.5N. Illustrative of used bases are potassi um hydroxide, calcium 15
hydr oxi de, sodi um hydr oxi de, potassium carbonate, sodium carbonate and the
li ke, with sodi um hydroxi de being particularly preferable. As an organic
sol vent any one can expediently be used if it is conventionally used.

I'11ustratipyerofcelei $oi v aPfed o tHe ditanaigi.hane, chloroform ethyl
acetate, toluene, diethyl ether, diisopropyl ether and the like, and in

particul ar, wiThe uBehlanumd kdne epdoshdor bhgragdret nd qraetianpler| yn
et bl € bl B 0 A oo E ey B i

acid, nitric acid,” acetic aci

and the |idgmiwalkenthysiiexehlar ithaaciod kempoupd t(ingy! pre¥erabg{epabbes In the
step o% (9), Conmpound (qg) is dissolved in a high polarity solvent, and

| am nafed ST §Hw polarity solvent to precipitate crystals which are

filtered. The §ildd@idive 35 byt 2 Nt at educed

pressure to dryness. The obtai ned cr;étgggxg'e %a%g%iggHgggE%F%bre

opti cal | y (RRIX).BHAGe (PHRRJ AW and £ hefitikiaveand ¢ DEOD ¢ s MRubs pAefarabhé _

polarity f or i ¢hl oronet hane, .5.ethyl acetate, nethanol,

et hanol , Sggﬁgﬁ%ngﬁ%r?ﬁévﬁ%?go aﬁgﬁeOP &88? Xﬁ&lﬁn particul ar, chloroform

i s preferabl e TlEhaisusk imnoiino fohna abiyghepeliar bh&‘.a&?bt?nforf@kaﬁféoﬁgw e, in
nmp

hi f is 1 to 10ni, ferably 3 to 6m, against d
(180 10 FRE8TE, (rbiobasPrBu uPps, T ws tare. hemidadens. heptdne,

- diethyl ebrethatdofheokpsend W4, HASEMHIRLIND P! bChbabiYivalent.
As a base sodium carbonate, potassium carbonate, calcium
carbonate, cesium carbonate, sodium hydroxide, potassium
hydroxide and the like can be used, and potassium carbonate is
15 preferable particularly in view of the reactivity.
The used amount of a base, for example, in case of potassium
carbonate, is in 1 to 20 equivalent based on that of Compound
(n), preferably 4 to 10 equivalent.
The used amount of methanesulfonamide is in 0.1 to 5
20 equivalent based on that of Compound (n), preferably 0.5 to 2
equivalent.
- The reaction temperature is in the range of -10 to 30°C,
preferably -10 to 10°C.
In the step of (6), Compound (o) is dissolved in solvent,
25 added with a base and iodine, and refluxed to afford Compound
(p)- |
Illustrative of solvent are methanol, ethanol, l-propanol,
isopropanol (IPA)}, water and the like, with a methanol-water
mix liquid being particularly preferable in view of reactivity.
30 As a base any one can expediently be used if it is
conventionally used. Illustrative of such bases are sodium

carbonate, potassium carbonate, calcium carbonate, cesium
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preferable. The ratio of a high polarity solvent: a |low polarity sol vent

is, for exanple, in case of chloroformn-hexane, is in the range mﬁ%g{ 2005
10:1 to 1:20, preferably 2:1 to 1:2. The tenperature in the crystaliization
procedure is not nore than roomtenperature, preferably not nore than 5C
In the step of (10), Conpound (q) is dissolved in 1-propanol, added with a
pal | adi um cat al yst and a base, and reacted under 20 a carbon nonoxi de gas

atmosphere to afford Conpound (r). As to a palladiumcatalyst, palladium
acetate, Garhendts (spdpnmryydimsiptd npppakhadinipd:aopalite 1ike,

I ph I i.ne). pal |l adi u al.l adi um chl ori de andthelike_can _
(S(E)lagi SE?I@%D%S]E%%““&?@ 1 E’rﬁ%@elpétrélicéllﬁlréﬁfePéﬁBIférﬁblpart icularly in
view of the reped ey amFBRtUSES BEBEN £ e%a?gl'ee}diii”&&?%@fyg&&i?%“ 0. 805
to 0.5 equival ent based on that of Conpoun , preferably 0. 0.
equi val entCaTRONAURsdSahD brieo dénegrprdilent| babed usedlidt off Cempdnd

convengi o I I trat izv f, ¢ch,bases are, for exanple, sodium
car bongt et.@p)o'%/ SsSi ur]r:IaéJéL b?ngt?)e,s %gﬁ&ivu;]engar bonat e, cesium carbonate,
triethyl an ne THREAEedBambanAuglisiod0Re N Nerlil 3ePNePRLAL H%h aRt NsasLY PEA)
sodi um hydroxide, potassium, hydroxide and the |ike, wth potassium

car bonat e Beithg |5’§r CEReYRdy, (\ér)ef ergbpEabIye3 ytads anauhvabent. base, for

le, indddasenall 1pgt 6R6i tBCOIHRAPRIIBES s ! £ ithel rhAg@0 £PuisvaLesy based
g)r(lagﬁat of, OorrpoSnd Iy?qg pr efcer ablit/) 4 to ]iSO quI:I \‘/aaf'.en?. c'Iﬁe reactton
t enper at ufQUrs | Rreferabhyeloto2bChevra.ref |ux tenperature, preferably

gghpgﬁﬂrl]g E :‘;inilgoglhég%?e\/%?fl lrﬁ)sjdl @gﬁpSﬁﬂ&“(ﬁ; 2 41365153 £R s?c;léér}g,’
‘ and reacted under iodine-silver trifluoroacetate (hereinafter
referredtoas Iz-CF3COOAg) or N-chlorosuccinimide-sodium iodide
(hereinafter referred to as NCS-NaI) to afford Compound (q).

As tosolvent, in caseof I,~CF,COOAg dichloromethane, carbon

15 tetrachloride, chloroform and the like are expedient, and in
particular, dichloromethane is preferable. Additionally, in
case of NCS-Nal acetic acid, acetonitrile and the like can be
used, and acetic acid is preferable particularly in view of
reactivity.

20 As to the used amount of I,-CF,CQ0Ag, I, is used in 1 to 10
equivalent based on that of Compound (p), preferably 2 to 4
equivalent. Additionally, CF,COOAgisusedinl to 10 equivalent,
preferably 2 to 4 equivalent. '

As to the used amount of NCS-NaI, NCS is used in 1 to 20

25 equivalent based on that of Compound (p), preferably 5 to 8
equivalent. Additionally, NaI is used in 1 to 20 equivalent
based on that of Compound (p}, preferably 5 to 8 equivalent.

The reaction temperature in case of using I,-CF,COOAg is
10 to 60°C, preferably 20 to 40°C. Further, in case of using

30 NCS-NaI it is 20°C to a reflux temperature, preferably 50 to

80°C.

Additionally, the reaction period is in the range of 5 to
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added with a demethyl ation reagent, and reacted at room tenperature to
af ford Conpound (s)?/ As solvent acetonitrile, chloroform dich rﬁ&%‘@%os
toluene and the like can be used, and in particular, acetonitrile 1S
preferable. Illustrative of demethylation reagents are o _
chl orotrinmethyl silane-sodi umiodide, iodotrinethylsilane, hydriodic acid,
hydrobrom c acid and the like, with chlorotrinethylsilane-sodium i odide
being particularly 20 preferable. The used amount of a demethylation
reagent, f48 lexarsl @refieratdye 16f tohlkar dbuirget hyl sil ane-sodi um i odi de, is
in1lto 10 e iVﬁH ent b ,eg on that of Compound (r), preferably 2 to 5
equi val ent. 251 ‘?ﬁé‘re&f@( }e feppourd feairtiaddgd wé thiadeas icxsolvest) \t;enft -
added vi t "Eax bRafp1anbud AEQMURARS 0 8RR HLndRTaPLIPIRNG G o1 THE QDU I ne
mxture is dropped wth t-butyl acrylate, an stirre uh ert gas
at mospher &% G dhe deeponsd riny. opAping sompenhd (Compdyhd suh f pxi de
(DVsO), 30 N, | hyl f or mam de(DMF) and the |ike can expediently be used,
and DVBSO i s p%eh?éé?%[)l e particularly in view of reactivity. As a base
pot assi um ¢ e, sodi um carbonate, sodium 34 18 August 2005 hydr oxi de,
pot assi um hydr oXi deo nd the {jke can be used, and in particular, potassium
car bonat e I The used anmount of a base, for exanple, in case of
' t qe'ga* i val ent based on that of Conpound 5
potassgum carg at's In1to 20 equivalen _ (
(s), preferably 2 to 5 equivalent. As an inert gas any one may be used in

case it i $whenshndle dasa sethydsgrogon andekt umhaﬁm_%lkgygﬁpn,) ,mmd i gonr aggg

or the liLke g | ow receptivity such as nitrogen, an

ni trogen %%esggng?agﬁeg%gr??‘&ﬁ?‘é‘?’ | Da5 1§t okoR he Whss washing the
solutionwithanorganic solvent, aneutral-basic substancemoves

to an organic layer. The organic layer is separated, followed
10 by acidification of the water layer with an acid and extraction
with an organic solvent to recover Compound (g) in good purity.
The basic solvent is in the range of 0.01 to 5N, preferably
0.1 to 1IN, more preferably 0.2 to 0.5N.
Illustrative of used bases are potassium hydroxide, calcium
15 hydroxide, sodium hydroxide, potassium carbonate, sodium
carbonate and the like, with sodium hydroxide beingparticularly
preferable.
As an organic solvent any one can expediently be used if
it is conventionally used. Illustrative of such solvent are
20 dichloromethane, chloroform, ethyl acetate, toluene, diethyl
ether, diisopropyl ether and the like, and in particular, with
dichloromethane and chloroform being particularly preferable.
Illustrative of used acids are hydrochloric acid, sulfuric
acid, nitricacid, aceticacid, phosphoricacid, trifiuoroacetic.
256 acid and the like, with hydrochloric acid being particularly
preferable.
In the step of (9), Compound (q) is dissolved in a high
polarity solvent, and laminated with a low polarity solvent to

precipitate crystals which are filtered. The filtrate is
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10 The used anpbunt of t-butyl acrylate is in 1 to 20 equivalent based on

that of Conmpound (s), preferably 8 to 12 equivalent. The reac} £ 2005
tenperature is in the range of 20 to 80C, preferably 40 to GO}C?qg’Lﬁlfsher,

the reaction period is in the range of 5 to 48 15 hours, and in _
particular, it is preferably not nore than 24 hours in order to av0|d
particul arly deconposition of Compound (t) produced. In the step of (13),
Compound (h) and Conpound (e) are dissolved in solvent, added with an

aci d, and deateytnatdel vader2Pediced wassHrOEBNEFEnasy, SifHy gﬂﬂa.tlﬁe&f ford
SN-38. As sol vent tol uene, acetic acid and the |ike can expediently be
used, and TWHAYS AFCaracsnisy yaRd-adwre andiigalily pugiifdedi €oppetrdabl e.

As an iner S YBE e i case it is a noble 25 gas such as
ar gon, heI(ltqb)gryéhssneon,aQLEl(réf/arorta)gnEgl ;eé%glgl,ueradon or the like, or a gas of |ow

reactivity suchf & high pgdaridyd salgent &hdgmbtflbmendgfa?wg@ﬁgfggh@,

I cyl ' | ft COSt . an_acid tol uenesul foni c acid,
Dar 15l Aty EPLLS! A1 G0N SRRy oo (O G e g
30 tol uenemed,orind dai ﬂaktiﬁtﬂ&@ﬁabh@o?éfbtﬁuiérbi‘ef@ré(lbgéé" of ‘reactivity.

The used anount of an acid, for exanple, in case of 35 1 August 2005
.t ol uenesul f oniT*&EFEd pROYUNE O F 0B dyL b Ped agii tyh b luenConponnekangide 1,

r ef er abl WMo B M4 e tn Of d.(e),is in1lto 3
gqui val en%inléb)%i%g%on that 0 'ogﬁgiggﬁg"(‘ﬁ)', lg\%%‘%&é]o’?? o t%ﬂlll.@ae]cﬂﬁﬁlal ent .
5 The reafemprundmbadaldre is in the range of 50C to a reflux tenperature,

Wi R s caReleREye bt LGIRGI Y i) Vent Bra e andun thRp AR | on
i s not |idietlyloether and the like, with n-hexane being particularly
preferable.

The ratio of a high polarity solvent: a low polarity solvent
is, for example, in case of chloroform:n-hexane, is in the range

15 of 10:1 to 1:20, preferably 2:1 to 1:2.

The temperature in the crystallization procedure is not
more than room temperature, preferably not more than 5°C.

Inthestepof(10),Compound(q)isdissolvedinl—propanol,
added with a palladium catalyst and a base, and reacted under

20 a carbon monoxide gas atmosphere to afford Compound (r).

As to a palladium catalyst, palladium acetate,
tetrakis-(triphenylphosphine)palladium, dichlorobis-
(triphenylphosphine)palladium, palladium chloride and the like
can expediently be used, and palladium acetate is preferable

25 particularly in view of the reactivity.

The used amount of a palladium catalyst is in 0.005 to 0.5
equivalent based on that of Compound (q), preferably 0.01 to
0.1 equivalent.

' As a base any one can expediently be used if it is
30 conventionally used. Tllustrative of such bases are, for
example, sodium carbonate, potassium carbonate, calcium

carbonate, cesium carbonate, triethylamine (TEA),
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10 these. [Exanple 1] Synthesis of conpound (b') HO a _CHO CHO benzyl ation

reagent BnO base NO2 in DMF"- ~NO2 (a) wherein Bn is a benzyl_.gsoup.
Cow%ound (a) (38.5 g, 0.230 nol) was dissolved in 116 nL of E*& %?QBStlébos
acetone. Potassium carbonate (33.4 g, 0.242 nol, 2.1 eq.) and 27.8 nL
(0.242 nol, 1.05 eq.) or 59.95 nL (0.461 nol, 2 eq.) of benzyl chloride
were added to the stirred solution of Conpound (a) at roomtenperature
under argon atnosphere. After 20 the addition, the m xture was heated at

C and vi 51 by X i i &5 hodi-62kashes cont ent
o Compouna (8] e oo R OB g e A dtl O e
was fil te?’éﬁd%@x%‘iﬁ:t"}%.thﬁ]é%ri ¥ikh @dtassiag waghedatiet beting sane

sol vent u : l.qn. The filtrate and the washi ng were
ik Lo T deasiid

conbi ned, nt” was evaporated under reduced pressure. And water

(300 nmL) was dbuedsed aﬂmntestfohlbasjéhefds%égcampéu@sirsbhgézﬁ gaqasgﬁglgryi g
| prt at es .were fil,tered, by suction an ried in air. er air-dr ,
Ito LECHD tgrcgaormagﬁ’allsv@g ]di%/%(?l Equilyaiepi basedon thed afeCampound; s

sol ution gsiest drabl yl 40k haxareguiivial edle.r i ng.  The precipitated solid
mat eri al mgi)?iltered bgLsuction,@ﬁkshed 36 18 August 2005 with 300 nL of a

m xture of et e aeesﬁ@@nmg@?wq is ﬁg}lthﬂdfam!lei zﬂs(ﬂ?iﬁfrer}w rffggﬁﬁg}; e
D e ST (ebchttngs MR RS Eh Bl e
as the redcmperatgiresnt . :
10 In the step of (11), Compound (r) is dissolved in solvent,
added with a demethylation reagent, and reacted at room
temperature to afford Compound (s).

As solvent acetonitrile, chloroform, dichloromethane,

tolueneandthelikecanbeused,amiinparticular,acetonitrile
15 is preferable.

Illustrative of demethylation reagents are
chlorotrimethylsilane-sodium iodide, iodotrimethylsilane,
hydriodic acid, hydrobromic acid and the like, with
chlorotrimethylsilane-sodium icdide being particularly

20 preferable.

The used amount of a demethylation reagent, for example,
in case of chlorotrimethylsilane~sodium iodide, is in 1 to 10
equivalent based on that of Compound (r), preferably 2 to 5
equivalent,

25 In the step of (12), Compound (s) is dissolved in solvent,
added with a base, and stirred under an inert gas atmosphere,
The obtained mixture is dropped with t-butyl acrylate, and
stirred under an inert gas atmosphere to afford Compound (t).

As to solvent, dimethyl sulfoxide (DMSO),

30 N,N-dimethylformamide(DMF)andthelikecanexpedientlybeused,
and DMSO is preferable particularly in view of reactivity.

As a base potassium carbonate, sodium carbonate, sodium
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Tabl e 1] Reaction Anpunt of benzyl Reaction Isolated
golventcLIorldetlneyleld Exp. 1DWVF1l. 05eq. 20 hour s94% Exp. 2DM qge ﬁﬁ?oos
hour 94% Exp. 3acet one2.00eq. 18 hours- -: less than limt of de ectl
shown in Table 1, 20 hours were required forth conpletion of the reactlon
with the yield of 94%when 1.05 eq. of benzyl chloride was used (Exp. 1)
When 2. 00 eq. of the benzyl chloride was used (Exp. 2), the reaction was
finished in 1 hour and the vyield was 94 % . Three -fold amounts of DMF was

mni mal r ehmqirezmm Ifotaoys itune hyelrotdide, agtthehw 5eké NearS e e, "asd

di st ur bed tating the solid material durlngthereactlon When
al:etone \/va:ggtg%a i %%(&%W%cﬂwﬂna%ew ®xrefiegabded not  proceed

d f r ou pe | 20
1 o U A S LA 3G e

rhopatantis drpbrie @t eqblamalmc bibbill en piteste o fvgbRpound
Termer ature? " /mn 25 Detect: 220 nm [ Exanpl e

acetonktri m FIo .
2] Syntshesdlﬁ npoun(ygz) t) (51) * 2005 OH Bno. ECHO Grignard
reagent a"o_ ﬁA$ an dmleritngas ihﬁjoﬂélmdﬁ b@Huséﬁﬁih/casé«i% is a noble

gas such as argon, helium, neon, krypton, xenon, radon or the
like, or a gas of low receptivity such as nitrogen, and argon
and nitrogen are preferable particularly in view of the cost.
10 The used amount of t-butyl acrylate is in 1 to 20 equivalent
based on that of Compound (s), preferably 8 to 12 equivalent.
The reaction temperature is in the range of 20 to 80°C,
preferably 40 to 60°C.
Further, the reaction period is in the range of 5 to 48
15 hours, and in particular, it is preferably not more than 24 hours
in order to avoid particularly decomposition of Compound (t)
produced.
In the step of (13), Compound (h) and Compound (e) are
dissolved in solvent, added with an acid, and heated under an
20 inert gas atmosphere and stirring to afford SN-38. |
Assolventtoluene,aceticacidandthelikecanexpediently
be used, and in particular, a toluene-acetic acid mix liquid
is preferable.
As an inert gas any one may be used in case it is a noble
25 gas such as argon, helium, neon, krypton, xenon, radon or the
like, or a gas of low reactivity such as nitrogen, and argon
and nitrogen are preferable particularly in view of the cost.
As an acid toluenesulfonic acid, methanesulfonic acid,
trifluoroacetic acid and the like can be used, and
30 toluenesulfonic acid is preferable particularly in view of
reactivity.

The used amount of an acid, for example, in case of
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(b") \Wherein Bn is a benzyl group. (0 Conpound (b'") (1.0 g, 3.89 nmol) was
dissolved in 20 nL of THF. Vinyl magnesi um brom de (1.0 M THF fé)lﬁ&i O 2005
5.84 nm., 5.84 nmmol, 5 1.5 eq.) was added dropwi se to the ice-cool e
stirred solution of Conpound (b') under argon atnosphere over 15 m nutes.
During the addition, the internal tenperature was kept within 3 to 10 C.
After the stirring for 1 hour, the reaction solution was added to a
saturated aqueous sol ution of amoniumchloride (20 10 nL) with stirring,
and then t¥Ctpeneslionic 2eid, 65 bttyllcdes desedaon thad oFf chRpanagwer e

added, and bt.aj i£.ayer was washed with 20 nL of water and
an aqueous(lgg'?lu ht@éﬁ%ﬁﬂgg&o )ség)(’ﬂ%m chl ori de successively, and dried
over 3g of sodlenusedfatceuntle UMRUNIGE )eUBPINALEHURAGE,E

pressure t,0 ve Reaction product A.d/\%\ 'IlHF sol uti oﬁ ?2§&ﬁ%)9gg§ﬁgorrpound

15 qi
(b') pr epat?ae%e‘g?% HBAE i Oh SomReyvd (k. auRiEratdyw seo tlo Sarqgilieatent ed
solutign of ViKyhERaR8SHUWR ] F.sol utkqn,. o, 84 nlL).under
argon atnosphere over 15 mn ée}rsgg%é %ﬁg‘%géar(fgﬁe‘i %t%t ﬁ:gt%@ F‘ﬁ%%’r"ﬁal
t enper at urtEMREY Aayne wintefierabily 80CC &bt ar reffieuxstenpepgefipe. 1 hour, the
reaction solution was added to a saturated aqueous sol ution of ammonium

chloride (20 mL) with stirring and then to the solution 20 nL of ethyl

acetate and 4 In thé fueiwwing)etRe ddRRMt iddti NP b 98NSt V&S 1WaRoSEPar at ed
and vvashecfil&w%}g gS 20 ni._ of water and a saturated aqueous sol ution of

sodi um chi®§t ¥PY At 6x8URLeS, PW theuiowentientis nptelinlivedttoas
evapol@t edhegieder reduced pressure to give Reaction product B. Reaction
product A and B were purified through silica gel colum chromatography
(ethyl acetate : hexane = 1 : 20) to give 30 Exp. 4 from Reaction product

A and Exp{rRahp?@ R§asyheRePLOWE colbod REPESE) Vel Y- 38

HO cHo Denzylation reagent
baso BnO CHO

- ->
NO, in DMF NO,

(a) | ()
Wherein Bn is a benzyl group.
15 Compound (a) (38.5 g, 0.230 mol) was dissolved in 116
mL of DMF or acetone. Potassium carbonate (33.4 g, 0.242 mol,
2.1 eq.) and 27.8 mL (0.242 mol, 1.05 eg.) or 59.95 mI, (0.461
mol, 2 eq.) of benzyl chloride were added to the stirred solution

of Compound (a) at room temperature under argon atmosphere. After

20 the addition, the mixture was heated at 60 °C and vigorously
stirred for 20 hours with periodical checks the content of

Compound (a). After Compound (a) was not detected anymore, the

mixture was filtered by suction.

The solid material was washed with the same solvent used

25  for the reaction. The filtrate and the washing were combined,

and the solvent was evaporated under reduced pressure. Andwater

(300 mL) was added to the residue. The mixture was stirred and

theprecipitateswerefilteredbysuctionanddriedinair. After
air-drying, the filteredmaterial was dissolved in 170ml of ethyl

30 acetate. This solution was added to 1 L of hexane with stirring.

The precipitated solid material was filtered by suction, washed
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18 August 2005 [Table 2] Yield of Conpound (c')Yield of Conpound (f) (peak
area % Exp. 484.0%3.5% Exp. 526.8%1. 3% As shown in Table 2, ﬂ@%ﬁth§:2 05
Gignard reagent was added 5 to the solution of Conpound (b')’ Y elé)
of the product increased by 57% and formati on of Compound (f), a byproduct,
was suppressed. HPLC operation conditions; refer to the Exanple 1. 10

[ Exanpl e 3] Synthesis of Conpound (c') (2) Conpound (b') (1.0 g, 3.89 mmol)
was dissolved in 10 to 100 nL of THF. Vinyl magnesi um bromde (1.0 Min
THF, 5.84witth 360 8 mfoh milkthuws off eely hostest aireaWdSRe£nd Na :30i) 484

sol ution d&heﬁongﬁund %%f) nder argon at nosphere over 15 mnutes. After 15
the stirrngSFoM S hodPOUCRE PESEENER sol uti on was added to a saturated
agqueous soIutionxpériﬁﬁnni0Ekphb01iéhﬂ(i¥)ﬂﬂQMﬂMc%hwe%EiHEEBEiﬁSﬁaEQ@“ to
the solution go m_ of ethyl acetate and 4 nL of hexane were added, and the
organi ¢ | Byt DG AUt of gHe beReyh Hekphde was waréedvrndrinaBapa dat ur at ed
aqueous sabetbas #EsOhseadaymeabl peheeisHCE8EgbUeLY, and dried over 3g of
sodium sul fate. The sol vent was evaporated under reduced pressure. The
residue was purified by the sane manner described in Exanple 2 (Exp. 4 and
5). Exp. praBpeeggnts the results of the reaction at 20 C using 20-fold
anount of the solyvent. Exp. 7 {0 9 represent 25 the results of the reaction
at 3 Cus|ng 10-follReagiian d, 1pBmewhy ofdmeneyl pReahtionl YEablatedpectivel y.
The results of theSodaenitons peklevihdari zed i ptimbl e 3. [ 80leB@ % 18 August

2005 [ TapE¥p3s]1 DMF 1.05eq. 20 hours {94%
Exp. 2 DMF 2.00eq. 1 hour 94%
Exp. 3 acetone 2.00eq. 18 hours |-

-: less than limit of detection

10 As showninTablel, 20 hours were required for thcompletion
of the reaction with the yield of 94% when 1.05 eq. of benzyl
chloride was used (Exp. 1). When 2.00 eq. of the benzyl chloride
was used (Exp. 2), the reaction was finished in 1 hour and the
yieldwas 94%. Three-foldamountsofDMFwasminimal requirement

15 for the reaction, otherwise the stirring was disturbed by
precipitating the solid material during the reaction. When
acetone was used as the reaction solvent, the reaction did not
proceed even under reflux condition for 18 hours.

HPLC operation conditions '
20 Column: Inertsil ODS-2, 5 ym, 4.6 mm IDx250 mm (GL
science-made)
Temperature: constant temperature about 40 °C
Mobile phase: water : acetonitriie mixture(l : 1)
Flow rate: 1mL/min
25 Detect: 220 nm

[Example 2] Synthesis of Compound (¢’) (1)
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Reacti onAnount of Yield of Yield of tenperaturesol vent Conpound (c') Conpound

f eak area) (peak area) 3C20-fol d84. 093. 5% Exp. 4 ZOCZO-foIPgBA
(Exgj (g 3C10-fol d81. 19%. 7% Exp. 7 3C40-fol d88. 693. 5% Exp. 8 "

0
70/(41.1:8/2

gus

3C100-fol d90.2%2. 8% EX R 9 As shown in Table 3, when the reaction was

carried out _
of Conpound (f) was suppressed and the yield of Conpound (C)

nore. Wien 100-fold anmount of the solvent was used (Exp. 9),

15% or

t he

formati on of Conpound (f) was suppressed and bRe yield of Conpound (c')

i ncreased o 6%\ H off¥igheidoeageandi gi@ns;
4] BnO Synt he f Conpoliid (d') (1) oxm | o0 Yo
Bn is a benzyl (d) (1) Preparati dg ol manganese di ob . 15 An

aqueous sol ution ofhp%nganese sul fate penta
0.506nmol ) and 387 nmL of 40% sodi um hydroxi gg were

[hg eagent

-hy¥Pate (122 g/ ND;

solution G i ' TPy B4 To2 ©

10

15

20

25

30

Compound (b’) (1.0 g, 3.89 mmol) was dissolved in 20 mL of THF.
Vinylmagnesium bromide (1,0 M THF solution, 5.84 mL, 5.84 mmol,
1.5 eq.) was added dropwise to the ice~cooled, stirred solution
of Compound (b’ ) under argon atmosphere over 15 minutes. During
the addition, the internal temperature was kept within 3 to 10
°C. After the stirring for 1 hour, the reaction solution was
added to a saturated aqueous solution of ammonium chloride (20
mL) with stirring, and then to the solution 20 mL of ethyl acetate
and 4 mL of hexane were added, and the obtained organic layer
was washed with 20 mL of water and an aqueous saturated solution
of sodium chloride successively, and dried over 3g of sodium
sulfate. The solvent was evaporated under reduced pressure to
give Reaction product A. :
A THF solution (20 mL) of Compound (b’) prepared as

mentioned above was added dropwise to an ice-cooled solution

‘of vinylmagnesium bromide (1.0 M THF solution, 5.84 mL) under

argon atmosphere over 15 minutes. During the addition, the
internal temperature was kept within 3 to 10 °C. After the.
stirring for1hour, thereactionsolutionwas added toasaturated
aqueous solution of ammonium chloride (20 mL) with stirring and
then to the solution 20 mL of ethyl acetate and 4 mL of hexane
were added, and the organic layer was separated and washed with
20 mL of water and a saturated aqueous solution of sodiumchloride
and dried over 3 g of sodium sulfate. The solvent was evaporated
under reduced pressure to give Reaction product B.

Reaction product A and B were purified through silica gel
column chromatography (ethyl acetate : hexane = 1 : 20) to give
Exp. 4 from Reaction product A and Exp. 5 from Reaction product

B, respectively.

38

added to @n aqueous

005

at 10C or lower, nore preferred 5C or lower, the formation 5
I ncreased by

reger _to EX%BBIe 1. 10 [Exanple
n oHWerein



g/ 600 m., 0.607nmpl) at roomtenperature with s.irring. After stirring for
18 hours, the solid material was filtered by suction 20 and maiggg mﬁt@ 2005
wat er. The obtained solid naterial was dried in air to give 91. %F%ﬁ
manganese di oxi de. 40 18 August 2005 (2) Synthesis of Conpound (d')
Compound (c¢' ) (2.00 g, 7.02mvol) was dissolved in 20 nL of chloroform

di chl oronet hane or ethyl acetate. Manganese dioxide 8.00 g (4-fold anount,
92.0 nmol, 13 eq.) prepared by 5 the above nentioned net hod was added to
the vigorous stirred solution of Conmpound (c') at 25 C under argon

at mospher e; pJhige 44 Xture was vigorously stirred for 15 hours. After the
starting teriral”was not detected anynore, the mxture was filtered by
suction. [The obtai ned| ¥déld ofteompbunas (sayned WaTH ¥ Morfoudd (£)
chlioroform The filtrate and the washing were coffidfilechr&tf he solver
was evaporexed 4inder ;educed prasS®@re. EXp. 10 T0 12 werg, ggtained—{ tabl e

4] 15 -: W in Table 4. Wwhen chl oroflorm
or dichlor thhne was used a<®-8& reaction sd vent,_Cohb_oBJ%ld (d") wa

synt hesi zed 1Tn good yielrds. Im particutar;—thereaction—t+re—was—shoertened
20 to one third when dichloronethane was used as the reaction solvent. On
the ot her hand, ¥ fBSWRILE Fablag ,rehel nde Grégnattiere@dehbwass added et hy!l
acet at § waso ugad. Uﬂﬁ&ﬂﬁsl «Qf (d'p .62) 25 .An._aqueous
sol ution of sodiJﬁ?ﬁﬁgggﬁﬁgfk%e (avalﬁgbﬁé g@%ﬁ&ﬁ%ﬁg %Fnﬁ%g?g%?dﬂftnL) and
sodi um hy ¥R aad Binati’é agdebosmatddut o HrCdmbduny i (€ )60 arbypirodater,)- wer e
added to @%w@@%eds_tirred, i ce-cooled mxture of 7. 0 g (3. 5 mol) of
Conpound (c') , ~‘toluene (70 nL), ethyl acetate (70 nL), water (10 nL) and
38. 3 Reaction séiBkénPtrRexationRepndisdvns;drefer to the Example 1.

—+

10  [Example 3] Synthesis of Compound (c’) (2)

: Compound (b’} (1.0 g, 3.89 mmol) was dissolved in 10 to
100 mL of THF. Vinylmagnesium bromide (1.0 M in THF, 5.84 mL,
5.84 mmol, 1.5 eq.) was added dropwise to the stirred solution
of Compound (b’ ) under argon atmoSphere over 15 minutes. After

15 the stirring for 1 hour, the reaction solution was added to a
saturated aqueous solution of ammonium chloride (20 mL) with
stirring and then to the solution 20 mL of ethyl acetate and
4 mL of hexane were added, and the organic layer was separated
a_xnd washed with 20 mL of water and a saturated agqueous solution

20 of sodium chloride successively, and dried over 3g of sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was purified by the same manner described in Example
2 (Exp. 4 and 5). Exp. 6 represents the results of the reaction
at 20°C using 20-fold amount of the solvent. Exp. 7 to 9 represent

25 theresultsofthereactionat3°Cusing10~fold,40-fold,100-fold
amount of the solvent, respectively. The results of the reactions
are summarized in Table 3.

30
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timestarting material (peak area% Exp. 10chl orof or ml5 hour s- 91% Exp

11di chl or omet hane3 hours-79% Exp. 12ethyl acetate24 hours8% 18 August
2005 ng (1 MD1% of TEMPO under ice cooling (at 2 to 6C, 55 m u%*’t %Lh')o
m nutes, 0.4% (HPLC, peak area) of the starting material was det ected. The
m xture was placed still and the separated organic |ayer taken and was
washed with a m xture of potassiumb5 iodide and potassi um hydrogen sul fate
(yellow --)- red-brown), a saturated aqueous sol ution of sodium

t hi osul fat[él‘aablbbtm]en vvat er, successively. The sol vent was evaporat ed under
,,,,, g-of _GConpewnd-{d) (yield 91% purity 92. 6%

reduced esstre ;

by HPLO) | whi ch g&% g fiec‘\g Afst REERId: 080 fron] Eimddi afe of 110

met hanol {and wat prefRBratyye ] FOovan 3g GPIBRARRE| €8’ CoppeuRgundd(¥)

(starti ng—+oem-3 %Pe; purified (‘nrmnllnd ﬂpeakyage@%) r etpgakyaready)
C .

purity: d 2%@/ HPLC| d9at8didon chBdiPEons; refef3tb%Exanple 1. 15
[ Exanpl e {8 Ry thesis of conpound (e) catalyst for feduction N2 |III r
1ZI. © "M-6\/_ |A02C(d') (e) 209oldhere| HBEASi s a benzld.8Eoup. To an
i ce- cool ¢d*®-i Bried solution §f 1.84g (6.50 nmol) of Conpound (d') in 37nL
06 Ydpal | adi um|car bon

of ethyl |acetate,38C69 g (0. 630mkeld 20/ 0.1l % of 1
was addeﬁ%&ar_gon at nosphere. The m xture was vigorjously stirredlat 25C
under hydrogen {3°C 40-fold 88.6% 3.5%

EXp. 8

3°C 100~fold 90.2% 2.8%

Exp. 9

As shown in Table 3, when the reaction was carried out
at 10 °C or lower, more preferred 5 °C or lower, the formation
5 of Compound (f) was suppressed and the yield of Compound (C*)
increased by 15% or more. When 100-fold amount of the solvent
was used (Exp. 9), the formation of Compound (f) was suppressed
and the yield of Compound (c’) increased by 6%.
HPLC operation conditions; refer to Example 1.

10
[Example 4] Synthesis of Compound (d’) (1)
OH ' o]
BnO L oxidizing reagent BnO o
> ,
NO, NO.
) @)
Wherein Bn is a benzyl group.
(1) Preparation' of manganese dioxide:
15 An aqueous solution of manganese sulfate penta-hydrate

(122 g/150 mL, 0.506mol) and 117 mL of 40% sodium hydroxide were
added to an agqueous solution of potassium permanganate (96.0
g/600 mL, 0.607m01) at room temperature with stirring. After
stirring for 18 hours, the solid material was filtered by suction'

20 and washed with water. The obtained solid material was dried
in air to give 91.2 g of manganese dioxide.

40 °©




at nosphere and a part of the m xture was taken as a sanple for HPLC,
periodically. The reaction mxture was filtered and the filtrate was
evaporated. Exp. 13 to 14 were obtained. 25 [Table 5] Reactionlfi fBgrard2e95
CompoundYi el d of (e)Conpound (g) (peak area%d Exp. 130.1 hour 71%44% Exp.
1413 hours81%9% 42 18 August 2005 As shown in Table 5, the reaction was
conducted for longer than 13 hours, the yield of Conmpound (e) increased by
10% and f, i t = ct . Conpound (g), was suppressed. HPLC
operati on(ggg%%ftl?gﬁgi% %Igﬁﬂﬁéﬁﬁgrggi ODS-2, 5m 4.6 mm I Dx250 mm (GL

sci ence- made) Jenpennd urd:) cddsany, terfifematlur gaabdis sdDGAbbi Ré mhase:
water @ acetonhir] 1 X : owrate.; 1 ni/mn tect: 254nm 10
[ Exanpl e %F g\ﬁ%%{ébg?ﬁ@he{j%ﬁ%}g%%ééh%géZOFa(ﬁl%%%%Sage%%%n?bxl\?errl%april%%%enone
The whol edsgntidets cOprooddsEodid Ancanitno9s. 6 rmyalr 0Xy3Ppropi)ophepanedilsy as

fol | ows. ( IS O ound (b mpound (a 1.00 5.98 mmol)
was d@so#ggd&%%‘%q{% %fnﬁt(/lglf:equgqé;sw Sur%%%%&ﬁagge(%f’"é?gﬁﬁ’:ls@g%r 1, 2.1
eq.) and sO0lZRioh (BCR2BpomH, (47 DEteqs5) °coftinbenzygahbencdeheere ariged to
the stirr lLution of Co und.(a ropm-tenper re uynder 20, argon
at nospherlggxiﬁ%%&gatsh‘él%%mﬁ]g% Sgtl(ﬁ§£ﬁ1aé85?g }\%Sheag%ger v a9
vi gor ous| yasériaedidono20dbdoacse M dhymperd 0dheahixture was filtered by
suction. The obtained solid material was washed with 20 mL of
10 chloroform. The filtrate and the washing were combined, and the
solvent was evaporated under reduced pressure. Exp. 10 to 12

were obtained.

[Table 4]
Reaction solvent | Reaction | Remained Yield
time starting
material
(peak area%)
Exp. 10| chloroform 15 hours | - 91%
Exp. 1l }dichloromethane |3 hours - 79%
Exp. 12| ethyl acetate 24 hours | 8% -
15 ~: less than limit of detection

As shown in Table 4, when chloroform or dichloromethane
was used as the reaction solvent, Compound (d') was synthesized
in good yields. In particular, the reaction time was shortened

20  toonethirdwhendichloromethane was usedas the reaction solvent.
On the other hand, Compound (c’) was remained even after 24 hours

when ethyl acetate was used.

[Example 5] Synthesis of Compound (d’) (2)

2b An aqueous solution of sodium hypochlorite (available
chlorinemin. 5.0%; 42 mL) and sodium hydrogen carbonate agqueous
solution (7.1 g in 60 mL of water) were added to a vigorously
stirred, ice-cooledmixture of 7.0 g (3.5mmol) of Compound (c’),

toluene (70 mL), ethyl acetate (70 mL), water (10 mL) and 38.3

41 o



checks confirmation of the content of Conpound (a) by HPLC. After Conpound
(a) was not detected anynore, the mxture was filtered by suctlon
solidmaterial was washed with 3 nL of DMF. Thefiltrate and thé® mﬁEﬁPﬁE 0605
wer e conbi ned, and the solvent was evaporated under reduced pressure.

After the evaporation, the residue was added to 100 nL of water. After the
m xture was stirred for a while, the insoluble nmaterial was filtered by
suction and dried 30 in air. After the air-drying, the material was dried

under reqhg:qd mbm%?tb’ﬂ AEMEOTHadedt 188 @:oii’n l v b 48 g°cyi s6dnPrf oOf

Conmpound %&ﬁ e yellow solid. The p S|ca roperties of Conpound
(b'), incPddStg® mu§6éct0r &rﬁ(laETeCaE)Eﬁ&q%) oE tingmagprial 73c. 43
18 August wi08etEcbVR( 40&Mdzm i £D628) wa@ pl:la%led( SEi1%, afd‘%@e drdteq1t. dd,
J =28 93 H), 7. 35-7.44 (6H, M. d, SR T8 48 (1H,
s, CHO. OR9arEC) layergakeygandiwag, walsgaaﬁ wmgwa GIth‘JrGSOE pWSﬁitzmzm

(M) 2) ; e n nd_( ) was

dlssoléed i %bﬁ ggtgggE&ﬁ é %%ﬂ %ﬁf%h%ﬁl %ﬁéﬁﬂ {ﬁ% ﬁgﬁ 0 Min
THE 10 salsatmt&iﬁéuér&us%&ﬂtmlof%&ﬁﬁlth&@ﬁl@&'@'@én@@%ﬁ@t@fef 15

m nutes to the ige-cooled stirred solution of Conpound ‘ i@gunder argon

at mospher 8UCBESEAY Sl e atiff BP VSNt HasiavapoFat edundRn e egBPpEe Wi t hi n
3 to 10 CroAbiws 6t.aeg sl ddnigtadd ?eﬁq S | s added
to a stlrrgﬁésatura?%d 15 éﬁﬁ%ougds% g?%gﬁiggﬁn um hIor?%eEr@ﬂ%n 20mL of
ethyl acelWRi€h ¥A§ Euﬁﬁféﬁdhhxaﬁécméﬁ’éabéléléatl‘éﬁdfk”m drgrtere ger was

separ 70 ednefidribashad wAidk 325 f ¥BLErvaN Ry $a1 HiAt PHLASANGLRE! ULi o

of sodlun1chlor| e and dri ed over un1su| at e ent was
evapor at ed uﬁdé?tﬁééaeedf59@s%u?eg:Tm@riﬁse@u%ompound (d’), 2.3 g,

recovery: 77%, purity: 95.2% by HPLC).

HPLC operation conditions; refer to Example 1.

15 [Example 6] Synthesis of Compound (e)
O 0 0
Bﬂ%d\/ catalyst for reduction Hftrk/ H\GfK/
»
. +
‘ NO, in AcOEt NH, Noz
{d) (e) (@

Wherein Bn is a benzyl group.
To an ice-cocled stirred solution of 1.84g (6.50 mmol)

of Compound (d’) in 37mL of ethyl acetate, 0.69 g (0.65 mmol,
20 10mol%)of10%palladiumcarbonwasaddedunderargonatmosphere;

The mixture was vigorously stirred at 25 °C under hydrogen

atmosphere and a part of the mixture was taken as a sample for

HPLC, periodically. The reaction mixture was filtered and the

filtrate was evaporated. Exp. 13 to 14 were obtained.

25
[Table 5]
Reaction time Yield of Compound | Yield of
(e) Compound (g)
{(peak area%)
Exp. 13 0.1 hour 71% 14%
Exp. 14 13 hours 81% 0%
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20 (1.19 g) was purified through silica gel columm chronatography (ethyl
acetate : hexane = 1 : 20) to give 0.93 g of Conpound (c') (yiel d11840/()t 2(8)05
orange solid. The physical properties of Conmpound (c'), incl ud® nGUENR
spectrum are as follows. Conmpound (c'); nmp 60-63C. 25 'H NVR (400MHz,

CDC13) S: 5.15 (2H, s, PhCH O, 5.22-5.26 (1H, m, 5.39-5.44 (1H mM, 5.90
(1H, d, J =5.1 Hz), 6.06 (1H, ddd, J = 5.1, 10.5, 156Hz) 6.94 (1H, dd,
J =29, 9.0Hz), 7.34 (1H d, J = 2.9 Hz), 7.35-7.44 (5H, ,804(1Hd
J =90 H). 30&9 RléKBFJ)n T3BPS 5, 1@11&&%%%@1#9@@%&%&&%&52%%

mz 285 (% %) he5|s of Conmpound (d') 44 18 August ound

(c') (2.0 %a n 13pb I') thesr ki Aty Eempaund () bacrensedior A0tMandanese

di oxi de ( SESXatddoldt aRUBy- ctMleon %u & ) gY8Sw st 9e§£'§
%) ad)ss B

vigorously stirred sol ution o npoun arg
at ?mspher)é Pﬁ'i% W%?%F@W@WWFOUSW Stl rred for 15 hours After the

cted anynore mxture was filtered by
zbg[fl)ﬁg rr;a% af ne iog)%nét'ef’flﬁf qwg‘ém%gﬁgg 0 i ¢FloBC RENGe-B&AR} of or m
The fil trat'mrmmtaﬁlﬂ:d\ﬁsibrmg:amf G eppErattde AWduLhgos@ vent was evaporated

under redu es ure The resi due was purified 10 through silica gel
col umm chr@ﬁ&%‘tﬁ WARe CePRedoHdrdde mixturetd) :td)give 1.88 g of

Conpound (& el ek QSQQL/&\:ﬁ_m\/r'IIte solid. The physical properties of

Oo%ound Eq]])m(wlgln NVR spectrumare as follows. Conpound (d'); np
84-85C. 15 91)1%[\]‘4} %de%w CDC13) S 5.17 (2H, s, PhCH2O), 5.83 (1H d, J
= 17. W0 Hz) , 601(1H d, J = 10.6 HZ), 6.62 (1H, dd, J = 10.6, 17.7 Hz),

= 2. 7.10 (1H .dd, J=2.7, 9.0Hz), 7.37-7.43 (5H, m,
091 (311 (heagordi g Bbpnd HnbbttsdudiZed of 21 ntnd-

" hydroxypropiophenone

The whole synthetic process of 2’-amino-5’-
hydroxypropiophenone is as follows.

15 (1) Synthesis of Compound (b‘)

Compound (a) (1.00 g, 5.98 mmol) was dissolved in 3 mL
of DMF. Potassium carbonate (0.87 g, 6.28 mmol, 2.1 edq.) and
0.72 mL (6.28 mmol, 1.05 eq.) of benzyl chloride were added to
the stirred solution of Compound (a) at room temperature under

20 argon atmosphere. After the addition, the mixture was heated
at 60 °C and vigorously stirred for 20 hours with periodical
checks confirmation of the content of Compound (a) by HPLC. After
‘Compound (a) was not detected anymore, the mixture was filtered
by suction.

25 Thesolidmaterialwaswashedwith3mLofDMF. Thefiltrate
and the washing were combined, and the solvent was evaporated
under reduced pressure. After the evaporation, the residue was
added to 100 mL of water. After the mixture was stirred for
awhile, the insolublematerial was filtered by suction and dried

30 in air. After the air-drying, the material was dried under
reduced pressure (1 mmHg, at 20 °C) to give 1.45 g (yield 95%)
of Compound (b’) as pale yellow solid. The physical properties
of Compound (b’), including NMR spectrum, are as follows.
Compound (b’); mp 71-73 °C. '
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IR (KBr): 1686, 1578, 1506, 1342, 1244 cm. 20 EI-M5: mz 283 (M). (4)

Synt hesi s of Conpound (e) To an ice-cooled stirred solution of_1.84 46. 0
erDI) of Conmpound (d') in 37nL of ethyl acetate, 0.69 g (O. 65% ’1“3?” "252501%

nmol % of 10 % pal | adi um carbon was added under argon at nosphere. The

m xture was vigorously stirred at 25C under hydrogen atnosphere. After
stirring for 13 hours, the catalyst was renoved by filtration from
reaction mxture. The filtrate was evaporated under reduced pressure to

[ 0. 87 I bty 9341 by, HR, t odct as
glr\altﬁge sol?ﬂd ggomof atﬁﬁgygbt%snéé ?ge/%étsl or#hp% GQEJ(: ?ezg @S'F édgthrough

silica gel"‘oZJ.I&J,rn?.c&]r}mnB,t agBaphy ddet byl Jgtmps mXQ%S&:E;gHPLﬂé)Q)aS : 4)

to give 4 o] d (e) (yield 84 purity 95

yel Igow solzjf]%r%rh{e“g’gg opertles of 45 18 August 2005 Oorrpounld (e)

i ncl udi ng Mmﬁ rlmwelqulsllqwswa@om%@ad e),; np 131-140C ' H NWR
(400 5: 7é3H : = 7.2 Hz), 2. 2H, q, J = 7.2 Hz), 6.59
(1HdJ %’I‘V)l Hdd J:29 588Hz),7.23(1H,d,J:-
2.9 Hz). IR (KBr): 3379, 3296 1670, 1447, 1194 cm'. E-Ms: mz 165 (M

)
Exanpl e8], _Synt heti c net hod of Conpound (e) W t hout protective 10 group R
El) gﬁm h]e@g Smtdswisund Componpgm(csipound (a) HO - CHO BrMy_~~ HO NO2

THE OH () (c) ceppeaned (b2) (PP d193.39%mBT dadaf SUa’SY bh 4™

of THF. A solution of vinylmagnesium bromide (1.0 M in THF

10 solution, 5.84 mL, 5.84 mmol, 1.5 eq.) was added dropwise over
15 minutes to the ice-cooled stirred solution of Compound (b’)
under argon atmosphere. During the addition, the internal
temperature was kept within 3 to 10 °C. After the stirring for
1 hour, the reaction solution was added to a stirred saturated

15 aqueous solution ammoniumchloride. Then 20 mL of ethyl acetate
and 4 mL of hexane were added, and the organic layer was separated
and washed with 20 mL of water and a saturated agueous solution
of sodium chloride and dried over 3 g of sodium sulfate. The
solvent was evaporated under reduced pressure. The residue

20 (1.19 g) was purified through silica gel column chromatography
(ethyl acetate : hexane = 1 : 20) to give 0.93 g of Compound
(¢") (yield 84%) as orange solid. The physical properties of
Compound (c’), including NMR spectrum, are as follows.

- Compound (c’); mp 60-63 °C.
25 'H-NMR (400MHz, CDC13) & 5.15 (2H, s, PhCH,0), 5.22-5.26 (1H,

m), 5.39-5.44 (14, m), 5.90 (1H, d, J = 5.1 Hz), 6.06 (1H, ddd,
J=25.1, 10.5, 15.6 Hz), 6.94 (1H, dd, J = 2.9, 9.0Hz), 7.34
(14, d, J = 2.9 Hz), 7.35-7.44 (5H, m), 8.04 (lH, d, J = 9.0
Hz).

30 IR (KBr): 3298, 1614, 1582, 1506, 1292, 1229 em’.
EI-MS: m/z 285 (M').

(3) Synthesis of Compound (d’)
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of THF. To the ice-cooled stirred solution of Conpound (a), 15

vi nyl magnesi um bromde (1.0 Min THF, 7.5 m., 7.5 nmmol, 2.5 eq}? pugd St 2005
added dropwi se over about 5 mi nutes under argon atnosphere. € %
stirring for 1 hour, the reaction m xture was added to ice-cooled 1 nol/L
hydrochloric acid (30 nL). Then 30 nL of ethyl acetate and 5 nL of hexane
were added, and. the organic 20 layer was separated and washed with 50 ni

of water and a saturated aqueous solution of sodiumchloride and dried

over 3 g of sodigsmpald ice.y The. §@|%e”f U‘@ Icaqega%{ o d¥d&e ghﬁﬂuﬁ

pressure. _The re5|duewas ur| ied t rough col um romaﬁography
(et hyl acdlapt chlpzeipem= 1Mang_@nese g!loxgglet(@ -§i0ge H4fohanduni259Zodpound

cocta) 5 05 B He I R 2R0RR ] e ORI, (e ol YRR S

(1H, ddd, SPmpapnd ( EO)@'C 12§ T apileraHOn (aicmosmifrﬁ Phe Xugc’dih;cﬂd;‘)é%% 7.19
1H, dg J ugus

(1 95 2 gidorul 0810800 4b: 18069, Tabiorrin 4G A8 Ml
di ssol ved wWap BO#Ld%tQ—ﬁt%d:@tna'mreTotheenmdBmmwhedebtelredJrbyoﬁuéiammund

" J o) stirring
Mt tnats PEEAERLg 81 aint e (BP\ms il i W0 PR SE thidsdtorh, od
aqueous sd@hst f@htmtg@dldmhhmsigmg wah:éafcm:t(fne%) gmrﬂi%@?@egfo?&e@ae o

h aceta an

;3325' Ogn?t e Ia;?-ér %&gggsg%ggé §¥Sﬁﬁ“ﬁﬁghgﬂe ﬁf?ﬁ 88 WS pubitied and a
sat ur 49 ed thgoughss Kolas geh coﬂusmohhmmaﬂﬂgxram selt:l@ﬁls ateehyeantegined over

glgvgf Osggg_up sng‘Sd)attg g]_'gg 1588 vge%tf %ﬁpgt\{ggoma; ed y1e eJ gsi(guggdw lressure to

solid. The physical propertles of Compound (d‘) including NMR
spectrum are as follows.
Compound (d’); mp 84-85 °C.

15 'H-NMR (400MHz, CbCl.) d: 5.17 (2H, s, PhCH,0), 5.83 (1H, d, J
= 17.7 Hz), 6.01 (1H, d, J = 10.6 Hz), 6.62 (1H, dd, J = 10.6,
17.7 Hz), 6.91 (18, d, J=2.7 Hz), 7.10 (1H, dd, 3= 2.7, 9.0Hz),
7.37-7.43 (5H, m), 8.17 (1H, d, J = 9.0 Hz).
IR (KBr): 1686, 1578, 1506, 1342, 1244 cm.

20 EI-MS: m/z 283 (M').

(4) Synthesis of Compound (e)
To an ice-cooled stirred solution of 1.84g (6.50 mmol )
of Compound (d’) in 37mL of ethyl acetate, 0.69 g (0.65 mmol,
25 10mol%) of 10% palladiumcarbonwas added under argon atmosphere.
The mixture was vigorously stirred at 25 °C under hydrogen
atmosphere. After stirring for 13 hours, the catalyst was
rémoved by filtration from reaction mixture. The filtrate was
evaporated under reduced pressure to give 0.87 g (yield 81%,
30 purity 91.14% by HPLC) of the crude product as orange solid.
500 mg of the obtained reaction product was purified through

silica gel column chromatography (ethyl acetate : hexane =1 :
10 > 1 : 4) to give 421 mg of Compound (e) (yield 84%, purity
95.59% by HPLC) as yellow solid. The physical properties of
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20 10% Pd-C (d' e Conmpound (d") (100 nmg, 0.513 nmol) was dissolved in 1
nm. of ethyl gce% a'ge? To the ice-cool ed solution 55 ng (0.0513 mlﬁuszt_? Z]OQJS
nol 99 of 10% pal | adi um carbon was added under argon atnosphere Wi

stirring. The mxture was stirred at roomtenperature under hydrogen

at nosphere for 18 hours. The catalyst was filtrated HOB/ Jones' Reagent HO
(2) Synthesis of Conpound (d") from Conpound (c") OHO0 d, 2.7 Hz), 7.93
(1H, dd, 9.1 Hz), 8.13 (1H, d, J = 9.1 Hz), 11.41(1H, s). Compound (d")
(yiel d 83%ompatyithaieid ' DudinbHNMR speetzum Hk, ab. ¥diibwslH NVR (400MHz,

DVBO- d6) 6 (& = 015 MRy & 60 (1H, dd, J = 10.7,17.7 Hz), 6.75(1H
HOB /\')Hé%cfz%%éjéf t'hé‘%ll 313&1"_"21&9 ound (e) from Conpound (d") O O 47 18
August 200H-RRH {heofmt| réder %?Y?‘f’@rﬁﬁ,d t”,n%?'i_- ﬁegﬂﬁﬁﬂr%e??%ﬁ%o gi vef
64 ng of Conpound (e) (yield 9% as yellow Solid. [Examle“9 _ esis o
7 -ethyl -90J-hybro¥g¢anptH® hea nd,57 (S8- 88z £)6.@8 (BuTs@ RO §ng AcOH
tolueng Hg.g nz), 7.23 (18, d, 7 = 2.9 nz).

IR (KBr): 3379, 3296, 1670, 1447, 1194 cm™.

EI-MS: m/z 165 (M').

[Example 8] Syntheticmethod of Compound (e) without protective

10 group R
(1) Synthesis of Compound (c”) from Compound (a)
OH
HO CHO BMg”™ >  Ho -
T, =
THF
N02 ) Noz
@ @

Compound (a) (500 mg, 2.99 mmol) was dissolved in 15mL
of THF. To the ice-cooled stirred solution of Compound (a),
15 vinylmagnesium bromide (1.0 M in THF, 7.5 mL, 7.5 mmol, 2.5 eq.)
was added dropwise over about 5 minutes under argon atmosphere.
After the stirring for 1 hour, the reaction mixture was added
to ice-cooled 1 mol/L hydrochloric acid (30 mL). Then 30 mL
of ethyl acetate and 5 mL of hexane were added, and. the organic
20 layerwas separated and washed with 50 mL of water and a saturated
aqueous solution of sodium chloride and dried over 3 g of sodium
sulfate. The solvent was evaporated under reduced pressure.
Theresiduewas purified throughsilicagel column chromatography
(ethyl acetate : hexane =1 : 10 —» 1 : 3) to give 541 mg of
25 Compound (c”) (yield 93%) as yellow-brown solid.
Compound (c*);
"H-NMR (400MHz, CDC13) 8:5.22-5.26 (1H, m), 5.35-5.40 (1H, m),
5.90-5.92 (1H, m), 6.06 (1H, ddd, J =5.2, 10.5, 15.6 Hz), 6.83
(14, dd, J=2.7, 9.0 Hz), 7.19 (14, d, T = 2.7 Hz), 8.00 (1H,
30 d, J = 9.0 Hz).
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Conmpound (e) (0.36 g, 2.14 mmol) obtained in Exanple 7 and Conpound (h)
(0.50g, 1.82 mmol) were suspended in a mxture of acetic aCIdlgr}gugtuosltu%%S
(AcOHtoluene; 1 : 1, 10 nlL). 10 p-Tol uenesul fonic acid

nonohydr at e( p- TsOHH20; 10ng) was added to the suspension at room
tenperature, and the m xture was stirred at 100 C for 18 hours. The
reaction m xture was condensed under reduced pressure, toluene (10 nL) was
added to the residue, and mxture was condensed under reduced pressure
again. Acetone (9 15 nlL) was added to the residue and the m xture was
stirred at room tenperature 2 hours, the insoluble material was filtered
and  washe® WiSyntdestisne f( Lompounv ¢dy) Twemf Cobmpoeddmaceyi al was  dri ed
under reduced presgure to give SN-38 (0.63 % purity 97.7% by HPLC, yield
89% as black solig. 20 HPLC operation condltlons Col um: Inertsil ODS-2, 5
m 4.6 nm T “erehe Céhper atdf e: constant tenperature
about 40C Fl ate: 1 pdofan 25’|\/bb|hase met hanol - acetonitrile -
10 mM pot assi U™ dnbydr ogenphosphat e (ITx+"1pp,3) Detect: 254 nm SN-38;

"H NWVR (400MHz, CDC13)5:0.98 (3H, t, J =7 Hz, CHs), 1.38 (3H, 48 18 August
2005 t, J =7 ¢, CH3), 1.90 (2H, q, J 74y Hz, CHs) 3.08 (2H, q, J=7

5.17 = 16

G0, 9,17 Cololng TR0 g .15 oy Vi Riarig e e

of 7-e¥hylofl ac¢tond. pl‘IpetheiIm:@)-cboled solution of Compound (¢”), Jones :
reagent (3.0mL, 5mmol, 1.5 eq.) was added with stirring. After

‘the stirring for 0.5 hours, three pieces of ice and a saturated
aqueous solution of sodium hydrogen sulfate (5 mL) were added
to the reaction mixture. Then 50 mL of ethyl acetate and 5 mL

10 of hexane were added, and the layer was separately and washed
with 50 mL of water and a saturated aqueous solution of sodium
chioride successively and dried over 5g of sodium sulfate. The
solvent was evaporated under reduced pressure to give 0.82g of
Compound (d“) (yield 83%).

15 Compound (d”);
'H-NMR (400MHz, DMSO-d,) &: 5.84 (1H, d, 3 = 17.6 Hz), 6.11 (1H,
d, J = 10.7 Hz), 6.60 (1H, dd, J = 10.7, 17.7 Hz), 6.75 (1H,
d, 2.7 Hz), 7.03 (1H, dd, 9.1 Hz), 8.13 (1H, d, J = 9.1 Hz),
11.41(1H, s).

20
(3) Synthesis of Compound (e) from Compound (d”)
0 0
HO = Ha HO
10% Pd-C
_—
NO AcOEt NH,

") (©)
Compound (d”) (100 mg, 0.513 mmol) was dissolved in 1 mL
of ethyl acetate. Tothe ice-cooledsolution55mg (0.0513 mmol,
25 10mol%)of 10% palladiumcarbonwas added under argon atmosphere
withstirring. Themixturewasstirredat roomtemperatureunder
hydrogen atmosphere for 18 hours. The catalyst was filtrated
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I di [ : - HOPI O
i peri di no] car bonyl oxycanpt ot heci n (SN-38B-11) SN-38 HO: % SN-38B- 11
ENPSSB- 11 ](1. 22 g?/ 2.08 nmol, yield 89% enantiopurity 10 99. ggﬁ@?‘f@? 2005
obtai ned from SN-38(0.91 g, 2.32 mmol) synthesized in Exf';mpl e b
reported procedure (Sawada, S.; Ckajima, S.; A!yarraz R ; Nokat a, Ch
Furuta, T.; Yokokura, T.; Sugino, E.; Yamaguchi, K ; Myasaka, T. elm -
Pharm Bull. 1991, 39, 1446.). 15 Chiral HPLC operation conditions Col um:
DAl CEL CH RALCEL OD-H, 0.46cm Dx25cm (#O0DHOCE- AKO31) Guard cartri dge:
DAl CEL cm@@d;%? 6bl Frate masd Bxhporatefecidan redudel: PP dlte 3B 1ve|
Tenper at urgy ﬂ %t)ur(gﬂ%ggi 6% C_Flo gat eolIlgL/ m n bi | e254
phase: di nethy am ne Eexa xf"ﬁré{ ¥580:1950) Det ect : nm
25 [ Exanpl e 11] Synt hesis of 7-et hyl - 10-[ 4- ( 1- pi peri di no)-1- pi peri di noj

2005 HCI . 3H20 SN38B-11 HO
E?PP&EIL:OR)-F)/ teh%lf ”é%ﬁe%ﬂ 4% }8e€l%’$ffio ~hydroxycamptothecin
5 (SN-38)
0 p-TSOH-H,0
H in AcOH- toluene HO
+ -
g NH, 100°C, 18h
() ) SN-38 HO™}

G o
Compound (e) (0.36 g, 2.14 mmol) obtained in Example 7

and Compound (h) (0.50qg, 1.82 mmol) were suspended in a mixture
of acetic acid and toluene (AcOH-toluene; 1 : 1, 10 mL) .

10 p-Toluenesulfonic acid monochydrate (p-TsOH-H,0; 10 mg) was added
tothesuspensionat roomtemperature, and themixture was stirred
at 100°C for 18 hours. The reactionmixture was condensed under
reduced pressure, toluene (10 mL) was added to the residue, and
mixture was condensed under reduced pressure again. Acetone (9

15 mL) was added to the residue and the mixture was stirred at room
temperature 2 hours, the insoluble material was filtered and
washed with acetone (2 mL, twice). The filtered material was
dried under reduced pressure to give SN-38 (0.63 g, purlty 97.7%
by HPLC, yield 89%) as black solid.

20 HPLC operation conditions

Column: Inertsil ODS-2, 5 pm, 4.6 mm IDx250 mm { GL
science-made) |
Temperature: constant temperature about 40 °C
Flow rate: 1 mL/min
25 Mobile phase: methanol - acetonitrile - 10 mM potassium
dihydrogenphosphate (1 : 1 : 3)

Detect: 254 nm

SN-38;

'H-NMR (400MHz, CDC13)5:0.98 (3H, t, J = 7 Hz, CH;), 1.38 (3H,
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SN-38B-11 (1.00 g, 1.7 mmol) obtained in Exanple 10 was suspended in 1/10
N hydrochloric acid (20 nL, 2.0 mmol ), and the suspension was $ tedt?%oos
about 80C to dissolve in. 5 Acetonitrile (100 nL) was added to'{ H&IgUS
solution, and the m xture was stirred at roomtenperature for overnight.
The precipitates were filtered, dried, and hum dified under 75% RH
afforded CPT-11 (0.95 ny, yield 89.8% as pale yellow crystalline powder.
10 [ Exanpl e 12] Synthesis of Conpound (1) (1) Cbnpound (1) was obt ai ned by

fornyl atian n n l'i thium
and N-forrryIijN N N'-trltretﬁa‘% L?I#'en%ﬂlamgfeq 3 Ogd %gflgﬁ at
around - 3¢C=r? H2CGHd h b- bhty2H}|$h|®mmand5153|Qdﬂmed Chnpomadﬂﬁy) (5.0
g; 0.028 I djzsseplv anhyadr HE, (apqut. 6 ni trogen
gas atnnsgﬁé%éwqﬁﬁéahfgtuig ﬁ%ﬁsquglggﬁétJEEBunQQHﬁb g g? 723 Cﬂ3%lButyI
lithium (M6 nol/L in hexane; 21.2 ni, 0.034 nol, 1.2 eq.) was added
dropwi ge to 20 the solution and the nlxture was stlrred under cooling. Then
N-fornmyl-N, N ,N -trinethylethylenedianmine (4.4 g, 0.0034 nol, 1.2 eq.) was
added to tlfxamngdet 161 Synthesiasofthe-tehgghadipn- élepﬂgﬁild&ﬁb fbe_m xture

L . ling. n- I hi h
0 05 o , B4 0E okl gndneblpbhettng (Re PRl bl ¢ and Stirred at the

tenperature shown in Table 6. Then iodlne .4 g) i n anhydrous THE (19
m.) was added drgopwi se to the stirred aqueous sol ution of
sodlun1hygrogen gulfite (12 g(tBUUéfﬁﬁg%) mas d to the[ mxture. After
stirring,. ‘ -reo050 18 A 00® orga eBrox Bxale) yas
anal yzed by 7 kesul ts were —shown,in Tabl eg6. @f K i on
condi tions Col unt : Gapfe L Pack ODS UG120, 4.6 nmml Dx150 \ 4

(o

SN-28 SN-38B-11  HO

0 ;o
SN-38B-11 (1.22 g, 2.08 mmol, yield 89%, enantiopurity
10 99.8%ee)wasobtainedfromSN-SB(0.91g,2.32mmol)synthesized

in Example 9 by the reported procedure (Sawada, S.; Okajima,

\W3

S.; Aiyama, R.; Nokata, K.; Furuta, T.; Yokokura, T.; Sugino,
E.; Yamaguchi, K.; Miyasaka, T. Chem. Pharm. Bull. 1991, 39,
1446.).
15
Chiral HPLC operation conditions
Column: DAICEL CHIRALCEL OD-H, 0.46cmIDx25cm ( #ODHOCE-AK031)
Guard cartridge: DAICEL CHIRALCEL OD-H, 0.4cmIDxlcm
Injection amount:10ug/10uL
20 Temperature: constant temperature about 40 °C
Flow rate: ImL/min
Mobile phase: dimethylamine : hexane : ethanol mixture(1l :
250 : 250)
Detect: 254nm
25
[Example 11] Synthesis of 7-ethyl-10-[4-(1-piperidino)~1-
‘piperidino]cabonyloxycamptothecin (CPT-11)
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S Mobile phase :50 mM pot assi um di hydrogenphosphate acetonitrile mxture
(9 : 11) Detect :220 nmFlow rate :about 1 niL/mn Terrperaturelér ngxst 2005

tenperature 10 [ Tabl e 6] _ _ _
Fol nyl a-t React i onl odi na- React i onOorrpoyndOorrpounle eld ion
timetiontime(k)'"(1)(%', ( (hour)C) )(hour) C Exp.-48 to -303.0-70
t 0- 650. 3ANT67.870 6 15-32 to -29around-75. Exp.-35 to -281.0-30

t 0- 200. 55. 967. 871 9 16around-35-35 to-25. Exp.-20 to -152.0-10

t 0- 50. 56. 566 7 17-20 to -15-10 to-5. Exblo to -53.010 to

00. 53. 477.166 \618-10 to -5-10 to0. 1) The u iN er |h pp
N 0.
hd
0

SN-38B-11 HO

o -HCI-3H,0

CPT-11

SN-38B-11 (1.00 g, 1.7 mmol) obtained in Example 10 was
suspended in 1/10 N hydrochloric acid (20 mL, 2.0 mmol), and
the suspension was heated at about 80 °C to dissolve in.

5 Acetonitrile (100 mL) was added to the solution, and the mixture
was stirredat room temperature for overnight. The precipitates
were filtered, dried, and humidified under 75% RH afforded CPT-11

(0.95 mg, yield 89.8%) as pale yellow crystalline powder.

10 [Example 12] Synthesis of Compound (1) (1)

Compound (1) was obtained by formylation of Compound (k)
at around -30°C or -20°C with n-butyl lithium and
N-formyl-N,N’,N’'-trimethylethylenediamine following
iodination at around ~30 °C or -20 °C with n-butyl lithium and

15 iodine.

Compound (k) (5.0 g'; 0.028 mol) was dissolved in anhydrous
THF (about 66 mL) under nitrogen gas atmosphere. The mixture
was cooled at around ~30°C or -20°C. n-Butyl lithium (1.6 mol/L

in hexane; 21.2 mL, 0.034 mol, 1.2 eq.) was added dropwise to
20 the solution and the mixture was stirred under cooling. Then
N-formyl-N,N’,N’-trimethylethylenediamine (4.4 g, 0.0034 mol,
1.2 eq.) was added to the reaction mixture as the formylation
reagent and the mixture was at stirred under cooling.
n-Butyl lithium (1.6 mol/L in hexane; 35 mL, 0.05 mol,
25 1.2 eq.) was added dropwise to the mixture and stirred at the
temperature shown in Table 6. Then iodine (18.4 g} in anhydrous
THF (19 ml) was added dropwise to the stirred mixture.

An aqueous solution of sodium hydrogen sulfite (12 g in

200 mL) was added to the mixture. After stirring, the recovered
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nes s ow the actual internal tenperature during the addition. The | ower

| i nes show the actual internal tenperature range during the siirfin

2) Exp. 15: the results of an experinment under the reported co%%r%??#%§:g%°5
3) Peak area % 4) The yields were corrected by purity (HPLC, peak area)

5)NT: Not tested 20 25 As shown in Table 6, Conpound (1) was obtained in
60% yield or nore when n-butyl lithiumwas used as the lithiation reagent.

As shown k§:E§p. é% th? reaction was proved to proceed at constant
t enper at urd RILG dAYES (BEEANR) Jées AnadikzqdrbyeHPhER The)redianplerel 3]

Purifi catighovaf iGompmied ¢.1) (washing with diluted hydrochloric acid)
Compound (k 5.0 g, 0,028 nol) was dissolved in anhydrous 51 18 August
2005 THE ( Qﬂé?ﬂS%hoﬁpﬁQ%ﬁiqnﬁlwas carried out as described in
Exanpl e 12 @blgRaAst ant, cheppgha a - 35C. Thenp- hexane | ayer

obtai ned fromthe reacti gn m&x?%:g é/gg \E/\Jggzgd an?hmﬁﬁﬁﬁliga MHydrochl ori c
acid (The sHABLAROBRRSS! (he50rydnpotasgiun. dBhyerogbrpHesPhage §he organic
| ayer was dried;gueph I e, ofLltered and a part of the filtrate
was anal yzed bya HPLEiggggg‘p%gkgg%dg?iOnigﬁven in Exanpl e 12. The results
were showPekeqtbl e 72200nmTabl e 7] The anal ytical results of each the

hexane | ayep] &t LLee W 4t I luted hydrochloric acid 1) The -hexane
| ayer obt ai ned fron?thgg‘rgg%c ixg&h?i'ﬁi'g(ture was divided into 5 parts (25 nL
for the intEeApPerature and #Argamtisemperdithrd f or washi ng) Each the 50 nL

_part mps washed with diluted

[Table 6]
Folmyla-t Re_aaction Icdina- Reaction | Compound |Compound | Yield
ion tine tion time (k) (1)¥ ()"
- {4C) ! {hour) cceyy { hour)
xp. | -48 to ~-30[3.0 =70 to -65 | 0.3 NT™
15 -32 to =29 around =75 °7-8 10
1Exp. | ~35 to-28([1.0 -30 to -20( 0.5 5.9
16 around -35 =35 to -25 °7-8 -
Exp. | -20 €o —15 2.0 ~10 to -5 | 0.5 6.2
17 -20 to ~15 ~10 to -5 703 o6
Exp. |-10 to -5 3.0 -0 to 0 0.5 ‘
18 =10 to -5 =10 to 0 ? 7 037

1)The upper lines show the actual internal temperature during
the addition. The lower lines show the actual internal
temperature range during the stirring.

15 2)Exp. 15: the results of an experiment under the reported

conditions

3)Peak area %

4)The yields were corrected by purity (HPLC; peak area%)

5)NT: Not. tested

20
As shown in Table 6 ¢ Compound (1) was obtained in 60% yield
or more when n-butyl lithium was used as the lithiation reagent.
AsshowninExp.16,thereactionwasprovedtoproceedatconstant
temperature at ~-40°C to -30 °C in good yield (more than 70%).
25 |

{Example 13] Purification of Compound (1) (washing with
diluted hydrochloric acid)
Compound (k) (5.0g, 0.028 mol) was dissolved in anhydrous

51°
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15 HO listed in Table 7 and the recovered hexaﬂeI I alyelrs w_e(rje anal yzed by
HPLC. 2 eak area% 3) MIPC, 2-nethoxy-6-trinethylsilylpyridi 05
3-car bal) dghyde 4) not washed 20 As shown in Table 7, _Corrpo_ungF? kl}u%Sst 20
al most renoved by washing with the diluted hydrochloric acid. Wen 1.0

mol /L and nore concentrated hydrochloric acid was used for the washing,
Compound (1) was obtained in good purity. 2-nmethoxy-6 25 . .
trinmethylsilylpyridine 3-carbal dehyde (MIPC), the fornylated internediate

of Compounghg KaboW@Se Yy goyed.lyohh ?ws ane HCl Resi du
conmpound Cnﬁoh 5unc(i) Rec?)\a/lggil Iayerx) qfrm?b&%% dl%ﬁ‘écf‘%‘iﬁ%ﬁﬁ%
25-1. 56. OP@%SQNPYR S@@t[@n@&%]&%rﬁmﬁteﬁﬂﬂammvm&.Oﬂiegﬂ)ingéx%r;(e I
502. 52. 60. d +2100 52 18 st. . npl e
T2 pur 1R o o tat A e e FdR st s fat i Brkred
hydr ochl omiydrashdprdenpeund (the €8me gmoGn628fmbhe wgagi‘ssﬁygﬂ)dggcri e
anhydrgus 5 TH e reaction_was carried. ou [
in >Iéxargrpl e 12 agf(%%%?%ﬁaeng%gkn%gf}tl?lt?r%r%?ma? gﬁﬁﬁr-wr"fﬁ@ over sodium
sulfate, filtered and a part of the filtrate was analyzed by
HPLC under the condition given in Example 12. The results were

shown in Table 7.

10 [Table 7] The analytical results of each the hexane layer after
washed with diluted hydrochloric acid

hexane | HC1 Residu | Compound [ MTPC**' [ Compound | Recovery
layer? | (mol/L) |[e (g) (k)2 (12 (%)

(mL)

25 =4 1.-5: 6.0 11.8 54,7 -

50 0.1 2.9 6.6 12.4 58.7 100

50 1.0 2.6 1.8 13.0 61.2 100

50 2.5 7.6 0.4 12.6 |62.4 100

50 3.5 2.6 0.2 12.7 64.2 100

1) The hexane layerobtained fromthe reactionmixture was divided
into 5 parts (25 mL for the intact mixture and 4 parts of
SOmL forwashing). Eachthe 50 mLpart was washedwithdiluted
15 HC1 listed in Table 7 and the recovered hexane layers were
analyzed by HPLC.
2) peak areat
3) MTPC; 2-methoxy-6-~trimethylsilylpyridine 3-carbaldehyde
4) not washed
20
As shown in Table 7, Compound (k) was almost removed by
washing with the diluted hydrochloric acid. When 1.0 mol/mL
andmore concentrated hydrochloric acid was used for the washing,
Compound (1) was obtained in good purity. 2-methoxy~6-
25 trimethylsilylpyridine 3-carbaldehyde (MTPC), the formylated
intermediate of Compound (k), was hardly removed by this method.
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n- hexane | ayer obtained fromthe reaction m xture was washed in turn (top

otto with the diluted hydrochloric acid listed in Table thetsaerPO5
:[afmgnt opthe organic layer). 10 After the washing, the aqueoujsga%‘f%f%
| ayer was separated, neutralized with sodium carbonate and then extracted
wi th n-hexane. The organic |ayer was dried over magnesi um sul fate,
filtered and a part of the filtrate was analyzed by HPLC under the
conditions given in Exanple 12. The results are sumrmarized 15 in Table 8.
[ Tabl e 8] The anal yti cal resultﬁ on thgthexagebextrgﬁ}ﬁgfrfﬂg EPngnal

[ ueou ayer, whi ¢ch was obtaine y wa

Eg;;;gl : 25&’?%3% csi]itih%/ed hFHF&@HFBFilena@ifdcplnpmiﬂ@r(120(a’§epwi$®y\5 (top to
bottom . Wadlaintyd heith |diteft ddChyaaSRING S r4as agg_Hér alized with sodium
carbonate and the m xture was exfracted w th n-hexane. The organic |ayer
was dried, filt&CB@PoRRd ¢k (Pi-Pigaf e03BMOlgvea® dissd Lyedein aptipdeduspr essur e

Recovary Vo g (0) (kL (DS oy Car by S nIBRP U 25 JBSur ey

i " (k)2 (1)2
§?§8Y82§T3$5%5%%! %%i?gfé.¢%@£$én28¥@m93rature at around -35°C. The

n-hexane layer obtained from the reaction mixture was washed
in turn (top tobottom) with the diluted hydrochloric acid listed
in Table 8 (the same amount of the organic layer).

10 After the washing, the aqueous acidic layer was separated,
.neutralized with sodium carbonate and then extracted with
n-hexane. The organic layer was dried over magnesium sulfate,
filtered and a part of the filtrate was analyzed by HPLC under
the conditions given in Example 12. The results are summarized

15 in Table 8.

[Table 8] The analytical results on the hexane extracts from

the neutralized aqueous layer, which was obtained by washing

theoriginal hexane layerwithdiluted hydrochloric acid in order
20 as follows (top to bottom).

HCl (mol/L) | Residue Compound Compound Recovery
(g)" (k)* (1)* (%)

Washing - NT® NT -

with water

0.1 0.40 24.9 10.7 -

0.1 0.04 NT NT -

1.0 0.21 67.0 13.7 -

2-5 0.28 71.0 3.0 -

5.0 0.54 13.0 4.0 -

Residue® 7.27 ND>’ 77.9 98.3

1) Each the diluted HCl washing was neutralized with sodium
carbonate and the mixture was extracted with n-hexane. The
organic layer was dried, filtered and the filtrate was
evaporated under reduced pressure to dryness.

25 2) HPLC (peak area %)
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5.00.5413.04. 0 Residue7.27ND77.998.3 53 18 August 2005 3) Not tested 4) The

resi due of the hexane |ayer after the stepw se washings. 5) et ect ed:
less than imt of detec?ion S As shown in Table 8, the hexangyé | WaL V05
conveniently purified by multi step washings w th hydrochloric acid of
different concentrations to give Conpound (1) with high purity. [Exanple
15] Purification of Conpound (1) (Purification 10 by distillation)

Conmpound (k) (5.0 g, 0.028 nol) was dissolved in anhydrous THE (about 66
nL). The reagbioRedpagcarried out as described in Exanple 12 at constant
tenperature at around -35C. The obtained reaction m xture (n-hexane |ayer)
was recovetke@hanesidie Pifethd hexangll aped R fEemdhe staguaiak paeasHge. (around

A ; ) ) L h <
pur 1100 ThigboRetPFEELt EobgCenaf L IFEE 0B AShAT MR b - noxane. and t hen
a mxture of n-hexane and et hyl acep?ye (ﬁgt;rséltae?;v:ngrszegugyflagLC
Cnder The- canarerEnet BEPES rhe PeaneClayer Shsie iV iR A BRELB1etpLC
operaticn1hxﬂnﬁhﬁﬂnateﬁggagriﬁggrmegroBgﬂ§36§%g§F%ZQgégigﬁr?}?¥%§%?§?hr25(1
Pbggl3&52%%gﬁﬁgﬁFggéggﬁnioFﬁéﬁﬁrgg@POEBBuﬂgﬂnﬁ%ﬁhnthBnB%Féfﬁre: room -
tenperature 30 54 .
[Example 15] Purification of Compound (1) (Purification
10 by distillation)
Compound(k)(5.0g,0.028mol)wasdissdlvaﬂinanhydrous
THF (about 66 mL). The reaction was carried out as described
inExample12atconstant temperatureataround-35°C. Theobtained
Vreactionlnixture (n-hexane layer) was recovered and distilled
15 at 81 to 99 °C under reduced pressure (around 0.35 mmHg). After
distillation,theresidueinthedistillationvesselwaspurified
throughsilicagelcolumnchromatographywithn—hexane,andthen
a mixture of n-hexane and ethyl acetate (50 : 1) to give the
purified product. _
20 The residue and the purified material were analyzed by
HPLC under the conditions below. The results are shown in the
table 9.
HPLC operation conditions
Column: Capcell Pack ODS UG120, 4.6 mmIDx150 mm
25 Mobile phase: 50 mM potassium dihydrogenphosphate :
acetonitrile mixture (1 : 1)
Wave length: 220 nm
Flow rate: about 1mL/min
Temperature: room temperature
30
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18 August 2005 5 1) peak area % 2) Not detected: less than detection |imt
3) The final residue was purified through silica gel colum cﬂé o}(rat 0%29;&/5
10 As shown in Table 9, MIPC was al nbst renoved by distillatioh, “Flit
purification by silica gel colum chronmatography afforded Conpound (1)
with excellent purity. It is not preferred that the distillation at higher
tenperature than that in Table 9 because the coloration and deconposition
of Conpound (1) were 15 observed. [Exanple 16] Purification of Conpound
(1) (recovery as hydrochloric acid salt) Conpound (k) (5.0 g, 0.028 nol)
was di ssol ved in anhydrous 20 THE (about 66 nL). The reaction was carried
out as des[:'?#lbla%l-c’]i%ﬁaﬁvbybigalatescﬂrtﬁantt}teefmmh daiax:]sfaoarmmdgﬁg(a% ;I;E;a
reaction ' i I i.n.10 N hydrochloric acid

and sti rre({i&: g‘%&% gz)ér#a(t%eérgrp)@lea at u%@é?ﬁﬁ\eﬁ%&a&d\ﬁ%r ecipitates were filtered and
washed with a small amount of 10 N hydrochloric 25 acid and the materi al

was di ssgtved—mwater—(about—30-rt The—pH.-gf the agueogus solution was
adj usted |t o about & (‘t-%) agg‘?& Olﬁ%bl eMg'P]c The anal%}“lﬁ%ndr esUf IO tlhe
fracti onggfthe+esraue the he yer by {didstillatijgh (%) |
(g)CorrpmﬂE@r ‘rrpaundﬁe%t;@er (k)) i?? (% i nt|ddt—3. 613. §7.. 5- mi ture
Fracti on@- J_/Hl__uug_ _'68 wi 1 Fractionl 168 953 748 8 -2 Trdpl, 1770. 3ND~ND
Resi dues.| T30\ Pad Vo34, ot 7-3 36.1 §.7 -
' Fraction [1.16 | 8.9 53.7 28.8 -

-2

Trap 1.17 70,3 ND* ND -

Residue 5.13 (0.3 3.1 89.9 75.9

Purified |- - 3.9 95

product?®

5 1) peak area %
2) Not detected: less than detection limit
3) The final residue was purified through silica gel column
chromatography

10 As shown inTable 9, MTPC was almost removed by distillation.
Further purification by silica gel column chromatography
afforded Compound (1) withexcellent purity. Itisnotpreferred
that the distillation at higher temperature than that in Table
9 because the coloration and decomposition of Compound (1) were

15 observed.

[Example 16] Purification of Compound (1) {recovery as
hydrochloric acid salt)

Compound (k) (5.0 g, 0.028 mol) was dissolved in anhydrous

20 THF (about 66 mL). The reaction was carried out as described

inExample 12 at constant temperature around -35°C. The reaction

mixture (10 g) was dissolved in 10 N hydrochloric acid (10 mL)

and stirred at room temperature. The yellow precipitates were

filtered and washed with a small amount of 10 N hydreochloric

25 acid and the material was dissolved in water (about 10 mL). The

pH of the agqueous solution was adjusted to about 8 by adding
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Purified--3.995 product’'s 55 18 August 2005 sodi um hydrogen carbonate, and
the m xture was gxtracted with hexane and the organic |ayer mféﬁg%%p i?dﬂ%
under reduced pressure to dryness. The residue was anal yzed by un

the conditions given 5 in Exanple 15. The results are shown in Table 10.

[ Tabl e 10 ] The anal ytical results on the extracts by neutralizing the ]
hydrochloric acid salt obtained in 10 nol/L hydrochloric acid. 10 1) the
wei ght of the residue 2) peak area % 3) Not tested As shown in Table 10,

the crude $@@t¥ndiydiicasuccanhenats, cand &dteedtlmutbewﬁly@ﬂﬂﬁﬁcﬁfé&tﬁ%ﬁi&gssau

li zat
oSt 1 omxdlie AREME WL AP s sPariatsn sPder: Aedredo0
|sz CDCL' )PERSSWE (LY glynesys 4. 05 (3H,s), 7.67 (1n, 20 s) 10.19(111, s),

f Co d CH3 " v/ “OH |
CH' Ngugszai%SEf %ﬁ%ﬁ%‘?’“ F']“ﬂﬂ’még fl}'?‘ﬁoﬁ/ni ﬁ%ﬁ%ﬂ%ﬁt{ws gavenery ($)

in Example 15. The results are shown in Table 10.

[TablelO]Theanalyticalresultsontheextractsbyneutralizing
the hydrochloric acid salt obtained in 10 mol/L hydrochloric

acid.

(g)"’ [MTP? MTPC” | Compound (1)? Recovery (%)
Pre- 10 - 16.9 61.8 -
purified
Post- 6 - 3.3 90.0 87.4
purified

10 1) the weight of the residue
2) peak area %
3) Not tested

As shown in Table 10, the crude reaction product was

15 collectedasthehydrochlorlcac1dsaltandthesa1twasrecovered

as Compound (1) by neutralization, MTPC was almost removed by

this method. ‘

Compound (l}: yellow oil.

1H-NMR (499 MHz,CDC1')3 : 0.30 (9H, s) 4.05 (3H,8), 7.67 (1H,
20 s), 10.19(1H, s), |

EI:MS:m/z 335 (M').

[Example 17) Synthesis of Compound (m)

CH, o e OH CH,
CHO ESH N7 ow
(CH,).Si | (CH,),Si CHa)aSI XN
l v

25 To a mixture of Compound (1) (20.0 g, 56.0 mmol, content:
93.9% by HPLC), triethylsilane, (17.9 mL., 112.0 mmol, 2 eq.)
and crotyl alcohol (15.7 mL, 184.8 mmol, 3.3 eq.),
trifluoroacetic acid (28.5 mL, 375.3 mmol, 6.7 eq.) was added
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Pre-10-16.961.8 purified Post-6-3.390.087.4 purified (CHa3SK TFA (CH3) 3SI

V1 (GB)3SI-~\1 ~ 11 in W 25 To a m xture of Conpound (1) ( SOA 62(605
mol , content: 93.9% by HPLC), triethylsilane, (17.9 niL, 1122g m%%f“ﬁ'z
eq.) and crotyl alcohol (15.7 niL, 184.8 nmmol, 3.3 eq.), trifluoroacetic

acid (28.5 nm, 375.3 mml, 6.7 eq.) was added 56 18 August 2005 dropw se at
0 to 5 Cunder nitrogen gas atnosphere with stirring. After stirring at
the tenperature for 30 min, the mxture was stirred at anbient tenperature

277 nL of
I/vg{ er2§) 2;131 d%ﬁdexane gﬁi‘ﬁgl’%yﬁ\%&n&t [N 0

odi_ um. car bonat e
e S S R L
| ayer was Afd@pasatiediagdat hﬂleammtpmaltau:@ fms3 extincted wikbupehpxane (56

m.). Th ' nic.layers re e ed under reduced. pressure to
dri/nesse %?ﬁr%??a re Jse'btili f“rpgﬁ HF6 hEﬁ e papgPYarsolution

chr onat oglerplsy:;dmml cazbgrht€£8020¢, 8 Fyjin 31W&ilﬂoiow8§@=@05hd%1ﬁb}?aﬁ@ xture

h t the elyent. The results of this
Exampl 2§ 456, M Hesd 340 50 b RIxsue Gnd The eRoams laer Srasis t he

r esul ts O‘Ese@alrta&eel m@@hlen@@]ieoum(iaﬁlekhﬁaé %&Q&h@@e@%ﬁ hQﬂﬁzaﬁesé’W H

Ko, On?rh QJ Chem Eur. J.
Curran DmL)P ?(801@1“8 °r%‘§éf F.aYﬁrS Wﬁ{g‘ewam?éﬁtedﬁpdelgore@@d 1995,

34, 2683- 2p@ésstirdetot ﬂ@mrtqﬂew@g&aﬁmﬁas il QAN fEAen desidised as
t he reactlﬁg vent e _equal level of the (yroduct (m_ was obtained in

the qual i gﬁﬁl‘aﬁ'B VAR Gh\KP{“ﬂBBEr?BhHr chibioAeg®hne80 g9, Fuji Silysia
10

PSQ100B) with a mixture of n-hexane - ethyl acetate (73: 3} as
the eluent.

The results of this Example is summarized Table 11 (Exp.
20). Exp. 19 in the table shows the results of a trace experiment
under the reported conditions; Josein, H. S. B. ;

; Kof BOm,

15 D. ; Curran, D. P., Chem. Eur. J. 1998, 4, 67-83. Curran, D.
P. ; Ko, 8. B. ; Josein, H., Angew. Chem. Int. Ed. Engl. 1995,
34, 2683 -2684. Under thereportedconditions, dichloromethane
was used as the reaction solvent. The equal level of the product
(m) was obtained in the guality and yield without
20 dichloromethane.
[Table 11]
HPLC (% peak area)
Solvent |Time (h) | (1) (m) (v) others
Exp. 19| CH,C1, 17 1.19 [68.08 [16.94 ]13.79
Exp. 20 |neat 20 0.40 |64.38 [24.40 |10.82
HPLC Operating Conditions
Column: GL Science Inertsil ODS-2, 0.46 cm ID x25 cm
25 Temperature: Constant temperature at around 40 °C
Flow rate: 1 mL/min
Mobile phase: acetonitrile - 10 mM potassium
dihydrogenphosphate (5:1)
Detect: 254 nm
30
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[ Tabl e 11]

HPLC Operating Conditions Colum: GL Science |Inertsil

oDs- 2,

0.46 cm I D x25 cm 25 Tenperature: Constant tenperature at arowdhéé)qut Féo%\g

rate: 1 nmL/m n Mobile phase:
di hydr ogenphosphate (5:1) Detect:

acetonitrile -

10 mM pot assi um _
254 nm 30 HPLC (% peak area) Sol ventTi ne

(h)(1)(m(v)others Exp. 19CH2C12171.1968. 0816.9413. 79 Exp.

20neat 200. 4064. 3824. 4010. 82 57 18 August 2005 [ Exanple 18] Synthesis o]‘
3 TEMPO N COCI -

Compound (1) (2) 9CH

a/ _run Ui NQNGO3 (CH3)3sl' ~

I n tol uener 3S1 V. ), ¢t und,(v) (1.00 g,
content; 8[83% qle(zqgal)rrrml ), S#%}\:/ilg%s %n%fng&ﬁB‘g%‘i‘gD%| , q6.)005 eq.) and 7%
(wv) 5 sodi um hydrogen caememat e (7.0 ni) Q¢ tol uene (8. 7_ nm), an .
aqueous solutio ghumslg ochlorite (auail ambe chlorine; mninmal 5%,
4.5 g, 3.0 mol eq.) “added at 0

i in toluene-water (CH;!)SSI

To a mixture of Compound (v) (1.00 g, content; 98.43%,
2.9 mmol), TEMPO (2.3 mg, 0.015 mmol, 0.005 ed.) and 7% (w/v)
5 sodium hydrogen carbonate (7.0 mL) in toluene (8.7 mL), an

aqueous solution of sodium hypochlorite (available chlorine;
minimal 5% , 4.5 g, 3.0 mmol, 1.05 eg.) was added at 0 to 5 °C

and then the mixture was sitirred at 0 to 5 °C for 2 hrs.

10%

sodium sulfite (3.7 mL, 2.9 mmol) was added to the mixture and

10 the resulting mixture was stirred at 0 to 5 °C for 30 min.

The

insoluble material in the mixture was removed by filtration and

the material on the filter paper was washed with toluene (1 mL

X 3).

The organic layer of the filtrate was separated and washed

with water (10 mL), dried over sodium sulfate (2 g}, filtered
15 and the desiccant was washed with toluene. The filtrate and the

washing were combined and then evaporated under reduced pressure
todryness. Compound (1) : yellowoil, 0.93¢g (87%yield), content:
90.60% by HPLC (see Example 17).

20 [Example 19]

OCH,

NZ o Pd(OAc),
!

(CH,),Si

m

K.CO, Bu,NBr
———
t Hl\inTHF (CHYSI

Synthesis of Compound (n) (1)
OCH,

+
(CH,),Si

CH,

n (endo)

(exo)

Compound (m) {(1.60 g) was dissolved in the solvents listed in

Table 12, tetrabutylammonium bromide (0.83g), potassium
carbonate(0.71 g) and palladium acatate (57 mg) were added to

25  the solution.

Each the reaction was conducted under the

conditions directed in Table 12.

The reaction mixture was poured into ice-cooled n-hexane

(18 mL) with stirring.

The insoluble material was filtered by
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and then the m xture was sitirred at 0 to 5C for 2 hrs. 10% sodiumsulfite

(3.7 n, 2.9 mol) was added to the mxture and 10 the resul ti q%é*{ezoos
was stirred at 0 to 5 Cfor 30 min. The insoluble material in the ure

was renoved by filtration and the material on the filter paper was washed
with toluene (1 mL x3). The organic layer of the filtrate was separated
and washed with water (10 nL), dried over sodiumsulfate (2 g), filtered
15 and the desiccant was washed with toluene. The filtrate and the washing

were conbimesk o drienhevaResat &Y m%sgrféd#%figgg{lgﬁté%ﬁgofﬁgﬁ BSPPLC (see

K | 87%
EQZﬁSI% 17:5]}{9 fé-yl?E?g%@ e “Siﬁﬂ'tlﬁ’e?e?@%/‘léfcomékm@dn@mq washe) wmae&B OCH3

(CH3) 3Si  m gy, x2 )( eeidd &@Qhﬁﬁgd%é%o@i a(trQargCiLir;ﬁ%P %#Iaggr?g éSO| ved

in the solvents listed in tetra ty anmoni u 39),
pot assi umurtdﬁ%d?%‘(“é’e(cbP‘Ffsg)lrénﬁop@ryadsﬁlm dieet ates idme wgs paréfadded to

25 t he5SO|ﬂHﬁdH!_1h E@LQHctahgeFL:gg%llfugﬂ %ﬁ%&) ourg: ﬁﬂgfo;g?%tﬁygd

directed in _
n- hexane 3CEFaR® (Bx:P )staisr tiheyg elMieati.nsol ubl e material was filtered by

K2CGOB,; 9 ' I 1 ust .2005 suctjon and the
Eg'g eorofélz was wash 3 \IIE\F{ ﬁhnTégggg?j?ggg tﬁé gsa&:‘ﬁ% ?FI?Pa?’éP%H“?‘H% washi ng
ver e conbidsddlugtedwmrden thiet hepatted cond:l.tlons Josien, H.; Ko, S. B.;

Bom, D.; Curran, D. P., Chem. Eur.J. 1998, 4, 67-83. Curran,
10 D. P.; Ko, S. B.; Josien, H., Angew. Chem. Int. Ed. Engl. 1995,
34, 2683-2684.

The ratio of the endo and exo forms of each the purified
product was measured by HPLC. As shown in Table 12, satisfactory
selectivity (endo - exo ratio) and isolated yield were obtained

15 when THF was used as the reaction solvent under refluxed
conditions (Exp. 25 -~ 27). The isolated yields of (Exp. 25 -
27) were highr than that of the reported conditions (Exp. 21)
by 10% or more.

20 [Table 12]

Solvent |Tempera- |Time (h) Ratio |Yield

ture (%)
Exp. 21 DMF 85 °C 1.5 2.3 | 69

Exp. 22 CHCl, |Reflux 5.0 3.1 -

Exp. 23 Tol 85 °C 96.0 3.7 -

Exp. 24| MeCN |85 °C 2.0 4.3 -
Exp. 25 THF Reflux 4.0 6.6 79
Exp. 26 THF Reflux 5.0 7.0 ‘84
Exp. 27 THF Reflux 4.0 7.1 82

DMF: N,N-dimethylformamide, Tol: toluene, MeCN:
acetonitrile, THF: tetrahydrofuran, Ratio: peak
area of endo form/peak area of exo form (HPLC),
Yield: isolated yield, -: not determined, HPLC

25 operating conditions; see Example 17.
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(9L x 2), dried over anhydrous sodiumsulf. ate and then evaporated under
reduced pressure to dryness. The residue was purified 5 througﬂ3 SA]*‘%chact gz%l05
col utm chromat ography wi th n-hexane-ethyl acetate (95:5) as the elUent.
Exp. 21 in Table 12 was the results of an experinent conducted under the
reported conditions; Josien, H; Ko, S. B.; Bom D.; Cprran, D. P., Chem
Eur.J. 1998, 4, 67-83. Curran, 10 D. P.; Ko, S. B.; Josien, H , Angew.
Chem Int. Ed. Engl. 1995, 34, 2683-2684. The ratio of the endo and exo
forms of each the purified product was nmeasured by HPLC. As shown in Table
12, satisfactory selectivity (endo - exo ratio) and isolated yield were
obt ai ned 1EEXHEHerde has us8iinhkbeshs Oéa@@ltlmulstzb:c (/?ht (nger r(23f7‘Il'uxed I
condi tions (Exp. 5 +onl B¢ o ated vie : - re highr
t han t hat 01g tﬁgorzgpsgr]i%?dwcnoﬁgi(%l ns %ll) éz%cﬁﬁy %ﬁ}or%“roirfo?gr.l ’5%@{ Tabl e
12] DVF: N&NTH nmbnhy mistiaes e ditsopropylesttheVeGiettori tri.le i watdHF:

{10y : form pe ea qQf exo form
Ly e e, B, e oo SR L AERE U B8, I R P
condi ti ond, el iBoproipy 1e2hyl8olineny Jedpemn, T00e fundpRat 8 odd el dasdir e(g) Exp
DVF85CL. 52,369 45 ma EPut 25 TG 3RS 4 i1 §icke aadiR ang 820803 Jag.

mixture was heated under reflux for 30 min. After cooling the

inner temperature to 20 °C or below, the insoluble material in
10 the mixture was filtered by suction and the filtered material
was washed with n-hexane (2.6 mL x 3). To the combined filtrate
and the washing, n-hexane (10 mL) and 10% sodium sulfite (16
mL, 13.0mmol, 5 eq.) wereadded. Theorganic layer was separated
and washed with 1 N hydrochloric acid (16.4 mL) and then water
15 (10mL x 2), continuously. The organic solution was evaporated
under -reduced pressure to dryness. Compound (n); tanned oil,
0.83 g (91% yield), content: 73.3% by HPLC (see Example 17),
endo-exo ratio: 10.6.
Thus, the selectivity was markedly improved as compared
20 with that of Exp. 21 in Table 12. The isolated yield was also
improved by 20% of that of Exp. 21 in Table 12.

[Example 21] Synthesis of Compound (o)
OCH, KaOs0:2H,0 OCH,
/ KsFe(CN)e )
N 0 Kgo, o
% I Z (DHQD)-PYR x |
- (CHy),S} MeSONH (CH,),Si > VOH
; 2 C.H" “oH
C.H; in aq. t-BuOH
n Q
25 Toasolutionof potassium fericyanide (195.7g, 0.59mol),

potassium carbonate, (82.1 g, 0.59 mol) and methanesulfonamide
(37.7 g, 0.40 mol) in water (990 mL), (DHQD),PYR (4.36 g, 4.95
mmol) and potassium osmate (VI) dihydrate (1.0 mmol) were added
and the mixture was stirred at aroud 5 °C for 1 hr. To the stirred
30 mixture, Compound (n) (77.8 g, 0.18 mol, content: 61.5%) was
added and the resulting mixture was stirred at the temperature
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.2 3 Exp. 24NeCN85C2. 04. 3- Exp. 25THERefl ux4.06.679 Exp.

26 THERef | ux5. 07. 084 Exp. 27THERef | ux4.07.182 59 18 August 2005 é%ggr{pl ebz%cgs
Synt hesis of Conpound (n) (2) To a solution of Conmpound (m (1.

mmol, content; 78.7% in a mxture of diisopropyl ether - acetonitrile -
water 5 (4:3: 1, 20 n), tetrabutylanmonium bromide (0.82 g, 2.6 mmvl),

N, N-di i sopropyl ethyl am ne (3.48 nL, 20.8 mml, 8 eq.) and palladium
acetate (57 ng, 0.26 mmol) were added and the resulting mxture was heated

under ref £t he i ner t erature to 20 C or
bel ow, théfl i nsocff%ﬁ%ﬂ ?%rh?al ej'go"g %@%ﬁwww (e7r20 %P e¥352ddRd i on and
the filtetedtheaméxitare afml;th/ayted:mngmas twrmmu(ea @t %hgxi 5 (feifad?tdm fite
d fd t apd the hi n n-he ane (10 an sodi um su
(C(igbl x f'grtﬁé o gﬂg 195%@1?%1%%@&33 lBré‘?ﬁu xltéh}‘"grwﬁﬁsflsm ed and
washed wi oh dCulhyér;mmbndltileamadeﬁsiﬁl%m’theqmii ghgﬂvééﬁie‘i‘i w%@hg%&&ﬂéséurzé
t ou r.gani ¢_sol.u n Was evapor at e under_ reduc
o dr yhos 2oCEatAT AR e bR - BieRruaR BaseyPERaehiate 73, 356
by HPLC (wee &pamiteed And tmdn;@tmsr th@r wdk Gurthds eicbfaé@é&%t‘ﬂ ty was
mar kedly | ved a ggpﬁlred 20 W|th that of Exp. 21 in
i sol at ed y,gg?g %t%% MitlovedBycotvingd erganse 15&'[521'52@91-“% dramde 12
[ Exanpl e @tpr kit soldibma( $i) Ba by DiteRie-<f, SRAPOFASL L) edinlierQ K2CO
(GH3) 33 reduced pressure to dryness. The residue was purified through
10 silica gel column chromatography with a mixture of
dichloromethane - ethyl acetate (4 :1) as the eluent; silica gel
(280 g, Fuji Silysia PSQ100B). Compound (0); umber solid.
As shown in Table 13, using potassium osmate as the oxidant
effected the equal level of the isolated yield and enantio excess
15 in place of highly volatile osmium (VIII) oxide.

[Table 13]
Oxidant Yield (%) tee
Exp. 28 0s0, 82 to 95 95.6 to 96.2
Exp. 29 K,0s0, * 2H,0 94 95.9

Exp. 28: conducted under the reported conditions; Josein,
20 H. ; Ko, S.B. ; Bom, D. ; Curran, D.P., Chem. Eur. J. 1998, 4,
67-83. Curran, D.P. ; Ko, S.B. ; Josein, H., Angew. Chem. Int.
Ed. Engl. 1995, 34, 2683-2684.
$ee: Compound (o) obtained here was converted into Compound
(p) by themethod described in Example 22 and its enantioexcess
25 was measured by chiral HPLC method (see; Example 22)

[Example 22] Synthesis of Compound (p)
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n CZH3 (DHQE2PYR MSO NH2 in ag. t-BuCH (CH3)3SiK "CClis'"OHH z 0 25 To
a solution of potassiumfericyanide (195.7 g, 0.59 nol) , pot |
carbonate, (82.1 g, 0.59 nol) and net hanesul fonam de (37.7 gﬁ;%ﬁ@% )20i0r£]3
water (990 ni), (DHQD)2PYR (4.36 g, 4.95 mmol) and potassi umosmate (VI)
di hydrate (1.0 mmol) were added and the m xture was stirred at aroud 5 C
for 1 hr. To the stirred 30 m xture, conpound (n) (77.8 g, 0.18 nol,
content: 61.5% was added and the resulting m xture was stirred at the
tenperature 60 1&cAyugust 2005 for additigepal 20 hrs. Powdered sodi um
sulfite (74.9 g) added kg the mxtuUre and the stirring was continued
at the tenperathire r 3 ) The i material in the mxture was
filtered ( . &fﬂinaﬁl(ﬂnebh&% _ he pad was washed with ethyl
5 acet ate%’ti megi” total 770m) . e ocgahredl ayer of the filtrate was
separated and the aqueous |ayer was further extracted with ethyl acetate
(770 m.). The conbined organic |ayers were 'dried over anhydrous sodi um
sul fate, filter&82smkheigipef Soapounddr) (2dgdda pnésture ofanettharess. The

i d LE] O Sj ki I QK ar wth a
m Xt ur e 3?;?%;%? ggrle‘? ﬂ%ﬁngb Lih,foaihd a?@l‘z i%?:%ﬁgﬁfﬁif HE a el
. (280 g, Fdfi) ad pevdersixede) unCanomnadt . nehicemt | n
grab| eg513~i:la.lI bBQa% Faspiinse ;ﬂ‘.ﬁ asrﬁgl%e(?id%gt gﬁ;e { &4 tﬁg.eg%ill A
the isol at @% yi elg aﬁﬁi enan?ﬁ 0 excess f% T oplAce %lfpe We§ht i oraaY e
osm um (\VELVERokemperatabe eaid|period in Table 14.

One litter of 10% sodium sulfite and chloroform (1.0 L)

were added to the mixture and the resulting mixture was stirred
at ambient temperature for 30 min. The insoluble material was

10 removed by filtration and the organic layer of the filtrate was
separated. The agueous layer was extracted with chloroform (500
mL X 2} . The extracts were combined, dried over anhydrous sodium
sulfate, filtered and then evaporated under reduced pressure
to dryness.

15 Using 4 equivalent of iodine under reflux conditions, this
reaction was completed in 5 hrs, about one tenth of that of the

reported conditions with comparable yields.

[Table 14]
Todine | Temperature |Time Yield
(eq.) (hr) (%)
Exp. 30 9 Ambient 48 86
Exp. 31 4 Ambient 72 86
Exp. 32 4 40 °C 48 88
Exp. 33 4 60 °C 20 88
Exp. 34 4 Reflux 5 84

20 Exp. 30: conducted under the reported conditions;
Josien, H.; Ko, S. B.; Bom, D.; Curran, D. P., Chem. Eur.J .
1998, 4, 67-83,
Curran, D. P.; Ko, S. B.; Josien, H., Angew. Chem .Int.
Ed. Engl., 1995, 34, 2683-2684.
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Oxidant Yi el d (% %e Exp. 280s O482 to 9595.6 to 96.2 Exp. 29 K20504
211209495.9 E. Exp. 28: conducted under the reported conditiongg 35§¥%§}2°°5
20 H ; Ko, S.B. ; Bom D. ; Curran, D.P., Chem Eur. J. 1998, 4, &7-83.
Curran, D.P. ; Ko, S.B. ; Josein, H, Angew. Chem Int. Ed. Engl. 1995,

34, 2683-2684. %e: Conpound (o) obtained here was converted into Conpound
(p) by the nmethod described in Exanple 22 and its enantioexcess 25 was
measured by chiral HPLC nethod (see; Exanple 22) [Exanple 22] Synthesis of
conpound (Yelsl (18 :Augusdiat2@0yiedds) 3SI OCH3 OCH3 12, CaC8 10 Hin aq.
MOH (CH ) SI~, , 2Fk' 2H5,, C SOH O P To a solution of Conpound (o)
(70g) in a mxture of nmethanol and water (10:1, 1.0 L), iodine (the anount
i's given iHPLlaltperating@udnagdwdened cal ci um carbonate (47.1 g) were added
at anbient 5 tenperature with stirring. The reaction m xture was stirred at
gi ven t enper at ure@ BN &L S iencraliinert4il 0bDS-2, 0.46 cm IDX25 cm

5 Temperature: constant temperature at around 40°C

Flow rate: 1 mL/min
Mobile phase: 10 mM potassium dihydrogenphosphate -
acetonitorile (4:3)
Detect: 254 nm
10 Chiral HPLC Operating Conditions
Column: DAICEL CHIRALCEL OD-H, #ODHOCE-RAK031, 0.46 cm

IDX25 cm

Guard cartridge: DAICEL CHIRALCEL OD-H, 0.4 cm IDX1 cm
Temperature: constant temperature at around 25°C

15 Flow rate: 0.5 mL/min
Mobile phase: a mixture of n-hexane - ethanol (200:1)
Detect: 254 nm

[Example 23] Synthesis of Compound (q)
OCH,
—_—
20 p q

To a solution of Compound (p) (50.2 g) in the solvent

(about 400 mL; given in Table 15), the reagents in the table
were added and the resulting mixture was stirred at the given
temperature for the hours. To the reaction mixture 20% sodium

25 carbonate (1.7 L), 10% sodium sulfite (1.0 L) and chloroform
(550mL)wereaddedwithstirring.Theorganiclayerwasseparated

and the agueous layer was extracted with chloroform {550 mL x

2). The extracts were combined, dried over anhydrous sodium
sulfate, filtered and then evaporated under reduced pressure

30 to dryness. The content of Compound (q) in the residue was
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One litter of 10% sodiumsulfite and chloroform (1.0 L) were added to t he
m xture and the resulting nmxture was stirred at anbient terrpl? d %05
30 min. The insoluble material was 10 renoved by filtration an organic
layer of the filtrate was separated. The aqueous |ayer was extracted with
chloroform (500 nL x 2). The extracts were conbined, dried over anhydrous
sodium sulfate, filtered and then evaporated under reduced pressure to
dryness. 15 Using 4 equival ent of iodine under ref lux conditions, this
reacti on wpfaranmled @ HPIT.hide %Egultsnarbeahﬁmghkéét 19“T£1§f {£por t ed
conditions with conparable yields. [Table 14] Exp . conduct ed under
the report edTR&HIFPRBRES LOB s satis fagtogily, pegémrmgd bmusang weS p.
Chem Eur..J naz 319.955 ¢ 187288t i CHI AR, (g@g I:'39 ngerl Angew.
ChemInt. Ed. Engl., 1995, 34, 2683-2 |ne erat urelime i el d
(eq.) (hr) @RF ERE C%M%twm@pmpenslymmemm@@m;shesgdemds:@ss Exp.

| d
HPLC Crer ot TRe B RUAISEY o by AE\ E RidhEr el uletobiflie ) § s

cm 5 Tend@Prir d Conpagaiivet Experamant ht(@omunﬂ)]lomr Hovor atered nl/nin

[Table 15] °
Solvent |Reagent Eq. | Temperature | Time | Yield

(hr) | (%)

Com. 1 |*) ICI 4 RT to 40 °C |48 45

Exp. 35 { AcOH NIS 12 |65°C 45 63

Exp. 36 | CH,C1, I, - 2 Ambient 17 97

CF,CO,Ag

Exp. 37 | AcOH NCS - NaI |6 65 °C 16 95

Exp. 38 | AcOH NCS - NaI |6 65 °C 16 93

Exp. 39 | AcOH NCS - NaI |6 65 °C 15 94

*) amixture of dichloromethane and chloroform (3:2), AcOH:
10 acetic acid, ICl: iodine monochloride, NIS:
N-iodosuccinimide, NCS: N-chlorosuccinimide, Eq.: molar

ratio of the reagent(s) employed, Yield: isolated yields.

[Example 24] Purification of Compound (q) (1)

15 Compound (q) (63 g, Purity 89.2% by HPLC) obtained in
Example 23 was suspended in methanol (150 mL), to the suspension
was added dropwise0.2 N sodium hydroxide with vigorous stirring
and the stirring was continued for 2 hrs. The alkaline solution
was washed with chloroform (400 mL x 3) and the pH of the agueous

20 layer was adjusted with 6 N hydrochloric acid to 1 - 2 and the
acidified solution was extracted with chloroform (400 mL x 3).
The chloroform layer was dried over anhydrous sodium sulfate,
filtered and then evaporated under reduced pressure to dryness.
Compound (q) (Exp.40);purity97.7% (%peakarea; HPLC operating

25 conditions: see Example 25)
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Mobi | e phase: 10 nmM pot assi um di hydr ogenphosphate - acetonitorile (4:3)

Detect: 254 nm 10 Chiral HPLC Qperating Conditions Colum: DAI{E LGHls
OD-H, #ODHOCE- AKO31, 0.46 cm |DX25 cm Guard cartridge: DAI CEL Iﬁﬁ%gﬁgé

OD-H 0.4 cmID X 1 cm Tenperature: constant tenperature at around 25C 15
Flow rate: 0.5 nL/mn Mbile phase: a m xture of n-hexane - ethanol (200:1)
Detect: 254 nm [ Exanple 23] Synthesis of conpound (gq) OCH3 OCH3 C2A5' OH
C2H5' OH 20 P q To a solution of Compound (p) (50.2 g) in the sol vent
(about 400 ni; given in Table 15), the reagents in the table were added
and the resulting m xture was stirred at the given tenperature for the
hours. To [E¥ampd&ci25dn ni xt Brsifboatben urf 2Compowwhate) (127 L), 10% sodi um

organi o | ayer vSonbobRiol 4} (D P RlrTelelThY AiE el gBbLE L i
chl or of or ﬁx@meﬂ@‘lxwaa)diﬂ'ﬁ@l@m r e tah hogtod conmigi2d@dmLgr apd wviesxsardydr ous
dryness. - HACUEE) rpd HER ISR o PRE A adt o e Thu B Rogti 2005
quanti fi edllbiyuHEL@asThefte’sul sisamd eaismmjem:edempefabhmlﬁor Mises. _
o o SRl LACLEE TyRSLOIRE RS N LB SRGAD, et
shortenedtaadfihErqtehdﬁ;@Naporated under reduced pressure to dryness
(Exp. 41).
‘10 - Compound (q) (Exp. 40) obtained in Example 24 (93 - 96%
enantioexcess) was optically purified by this method. Compound
(d) (Exp. 41) obtained here exhibited 99.7 - 99.9% enantioexcess
by the chiral HPLC-given below. |
HPLC operating conditions
15 Column: GL Science Inertsil ODS-2, 0.46 cm ID x 25 cm
Temperature: constant temperature at around 40 °C
Flow rate: 1 mL/min
Mobile phase: a mixture of acetonitrile - 10 mM potassium
dihydrogenphophate (5:3)
20 Detect: 254 nm

Chiral HPLC operating conditions
Column: DAICEL CHIRALPAK AD-H, # ADHOCE-BC037, 0.46 cm
ID x 25 cm
25 Guard cartridge: DAICEL CHIRALPAK AD-H, 0.4 cm ID x 1 cm
Temperature: constant temperature at around 25 °C
Flow rate: 1 mL/min
Mobile phase: a mixture of n-hexane - 2-propanol (25:1)
Detect: 254 nm
30
[Example 26] Synthesis of Compound (r)
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S Conpound (q) under the conditions were higher than that of the report

[ Conparative Experiment 1 (Com 1)] by 50%or nore. [Table 15] 5%1%1.@8‘ o
of dichl oromethane and chloroform (3:2), AcOH 10 acetic acid, I'CL 1 odine
nmonochl oride, NI'S: N-iodosuccinimde, NCS: N-chlorosuccinimde, Eq.: nolar
ratio of the reagent(s) enployed, Yield: isolated yields. [Exanple 24]
Purification of Conpound (qg) (1) 15 Conmpound (q) (63 g, Purity 89.2% by
HPLC) obtained in Exanple 23 was suspended in nmethanol (150 nL), to the
suspensi on 8 addedPJHAgpwi se 0. 2oék,s0di um hydroxi de w th vigorous

stirring and the stiggdng was cophinued for 2 hrs. The al kaline sol ution
was washed /tl | or a' 400 3 and the pH of the aqueous 20 | ayer
was adj ust ) Tr def ' 01 2 and the acidified solution

was ext ract edH@fi tGHchl or of or m (£400 HYL € ). The chloroformlayer was dried
over anhydrouws sodiumsulfate, filtered and then evaporated under reduced

pressure to dr yYRess1ut fOAMPA ddmdh 4%8- 'r' Yo Z‘:/oé% eq:kz ar ea,
HPLC operatin 25 cltl)ndl_t i ons: "@eenéfgﬁf)l e{ %u 0. Yo 1%0 on <.an
Sol vent Re&defttiq. Pakpadiutr adehetdi el d34hg) (8)0 Gumol )1 *ndl pddadsni w0 C4845

S7Ac LS. ERT65E Tabob n- e REINEE Er i (0ot e e Res -
Nal 665 Cl394acyeast ey uss 9805 THex amslse 12FhsPdeghssalli by aictuowamid (q)
(2) released with nitrogen gas, and degassed again by suction and
then replaced with carbon monoxide. The mixture was stirred
at 60 °C under carbon monoxide atmosphere for 18 hrs. The
insoluble material was filtered on a Celite pad and the material
10 was washed with ethyl acetate (300 mL). To the filtrate, 1 N
hydrochloric acid (150 mL) and brine (300 mL) were added and |
the mixture was shaken vigorously. The organic layer was
separated and the aqueous layer was extracted with ethyl acetate
(300mL). The combined organic layers were dried over anhydrous
15 sodium sulfate, filtered and then evaporated under reduced
pressure to dryness. The residue was purified through silica
gel column chromatography; silica gel (100 g, Fuji Silysia
PSQ100B) with a mixture of chloroform and methanol (99:1) as
theeluent.Compound(r):umberoil,30.39(70%yield),content:
20 73.4% quantified by HPLC.
HPLC operating conditions
Column: GL Science Inertsil ODS-2, 0.46 cm ID x 25 cm
Temperature: constant temperature at around 40 °C
Flow rate: 1 mL/min
25 Mobile phase: 10 mM potassium dihydrogenphosphate -
acetonitrile (4:3)
Detect: 254 nm

[Example 27] Synthesis of Compound (s)
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Conmpound 50 g) purified by the nmethod described in Exanple 24 was
diggolved(?% ghloroforn1(240 m.) and n-hexane 5 (400 nL) was éﬁ&%%%QQQEQS
on the surface of the solution. The mxture was left to stand at I en
tenperature for 15 hrs. The precipitates of the m xture were renoved by
filtration and the filtrate was evaporated under reduced pressure to
dryness (Exp. 41). 10 Conpound (q) (Exp. 40) obtained in Exanple 24 (93 -
96% enantioexcess) was optically purified by this nmethod. Conpound (Qq)
(Exp. 41) obtainegubere exhi bited 99. 75-99. 9%nant i oexcess by the chiral

HPLC gi ven bel owl HRLC op®Fdting condifions 15 Colum: GL Science Inertsil
2 er at Ut tant tenperature at around 40C

ODS-2, 0.46.cm 23 C : er at

Fl ow rat e©s%° : j |ieMghasBH egf acetonitrile - 10 nM _
pot assi um di kydr B§enMophat e (5: 3) 520 H¥t €ets: 254 nm Chiral HPLC operating
conditions Col umhi: DAI CEL CHI RALPAK ADsH, # ADHOCE- BOP%Z % 46 cm |ID x 25
cm 25 Guard cartpiflgeirbPAg I PR gl gC ol .
Tenper at ure: constagﬁt lfenp?gtuu@_riﬁ% ar gt??g‘ﬂ%@r)‘l':ﬁ?w ra%('e.: I@mm'n Mobi | e
phase: a RPREGRE:of3 iledBdsadinmiedidel(272%: ) 0.D8trel) insabsoid @

[ Exanpl e 3ektSyatheses (01 GRIPOUBHLEEIt HPndEnPHIHEIn200P; PAGRAC), 9GH O

I nPr Y v X
mmol) was added dropwise at ambient temperature under nitrogen

gas atmosphere. Themixturewas stirred at ambient temperature
for 3 hrs. To the mixture, 1 N hydrochloric acid (8 mL) and 10%
sodium sulfite (232 mL) were added and the resulting mixture
was stirred for 30 min. The mixture was extracted with ethyl
10 acetate and the organic layer was separated and evaporated under
reduced pressure to dryness. Compound {s): 22.3 g (95% yield),
content: 85.6% quantified by HPLC (as follows).
HPLC operating conditions |
Column: GL Science Inertsil ODS-2, 0.46 cm ID X 25 cm
15 Temperature: constant temperature at around 40 °C
Flow rate: 1 mL/min
Mobile phase: 10 mM potassium dihydrogen phosphate -
acetonitrile (5:2). ‘
Detect: 254 nm
20
[Example 28] Synthesis of Compound (t)

o) CHp=CHCO,Bu-f
K:COq (CH,),CO
—_—

in DMSO

A +)
HO C,Hs
s t

A solution of Compound (s) (0.50g) in dimethylsulfoxide

(DMSO, 7 mL) in the presence of an inorganic base (potassium

25 or cesium carbonate, 0.4 g) was stirred at 50 °C under argon
atmosphere for 20min. To the stirredmixture tert-butyl acrylate

(1.8 g) was added dropwise and the resulting mixture was stirred

at 50 °C under argon atmosphere for 24 hrs. Water (10 mL) and
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K2CO0 CO atm C 3H7/0 HO' 'C2H5 HO C2H5 q r A solution of Conpound (Qq)
(42.8 g, 0.10 nol, content: 84.5%, palladiumacetate (1.34 %3 %W'z)oos
and potassium carbonate (24.7 g, 0.18 nol) in propanol (490 ) S
charged 5 in a reaction vessel. The vessel was degassed by suction and

rel eased with nitrogen gas, and degassed again by suction and then
replaced with carbon nmonoxide. The m xture was stirred at 60C under carbon
nonoxi de at nosphere for 18 hrs. The insoluble material was filtered on a
Cel i te padenfrrntratad dniddochlowds wedked Iwinlh) wbbyl aagefate £880 nL). To

d. (,150 nL) and brine (300 m.) were added
;23 f!tlhfar ﬁ%% u‘%oe&m%i]}ﬁggeﬁpé%\ﬂdcgﬁm ’&ur‘ﬁw‘é’a red%ﬁﬁa&tleé&‘é%tﬂ/é'sml%i‘ébé? at ed
and t he aquedislyenerandstéytlr ac:’eedtwl ta:athyl macet aje #ROUHRLinkRe

nbi d were dried.over anhydrous 15 sodium sulfate,
19 |O| t Iepgd ar?gg{]alm‘%n4 ‘gég‘ég’r‘dtega"‘ﬁ%éPhk’Qa”BeéoFOCblr%%lEa%r driltered ame

(7000, P Sl ESOLOoB w b Gy ALAERTRERR 2S£l onal ™

100 g, .S).a  PSQLOO0

299 1? asl’ﬂhten eéﬁylﬁié’r‘ﬁ 863{8 (PY EPLRpéASofellawsB. g (70% yiel d) ,
content: 20 73.4% quantlfled by HPLC. HPLC operating conditions Colum: G
Sci ence | nertsi 0.46 cm I D x 25 cm Tenperature: constant

tenperature at oﬁ 8'*’;310{51 TG (1o Compomngy §t25waABbPbLa bhedein 1R M

pot assi unwd!eﬂyidmmal@@&giﬂaiétbcﬁﬁﬂié)ﬁétﬂﬂé Babé' Bxeh85! o pe W dpxamPl €
27] SY(S“ h%%'na,oinecigp r?suinve Sk:assz.um carbonate was used as the base, the

yield was equal level with the Exp. 42.

[Table 16]
Base Yield (%)
Exp. 42 Cs,CO, 72
Exp. 43 K,COo, 77

15 HPLC operating conditions
Column: GL Science Inertsil ODS-2 , 0.46 cm ID x 25 cm
Temperature: constant temperature at around 40 °C
Flow rate: 1 mL/min
Mobile phase: 10 mM potassium dihydrogenphosphate -
20 acetonitrile (5:2)
Detect: 254 nm

[Example 29] Synthesis of SN-38
A mixture of Compound (h) (0.50 g, 1.82 mmol, content: 96.6%)
25 and Compound (e) (0.36 g, 2.18 mmol) in a mixture of toluene
- acetic acid (1:1, 10 mL) in the presence of p-TsSOH * H,0 (10
mg) was heated at 90°Cwith stirring under nitrogen gas atmosphere
for 7hrs. Aftercooling, themixturewas evaporated under reduced
pressure to dryness. After 2 times of azeotoropic removal of
30 acetic acid with toluene (10 mL), acetone (9 mlL) was added to
the residue and the suspension was stirred under nitrogen
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18 August 2005 CCH3 NV O CAO-p OHO, Cz~s r TMSCI Nal in McCN C3H70 S

To a stirred solution of Conmpound (r) (28.7 g, 68.2 mml, porgéa%g‘jf% 405
and sodiumiodide (27.6 g, 0.18 nol) in absolute acetonitrile { rﬁ._ ,
chlorotrinmethylsilane (23.3 nL, 0.18 5 mmvl) was added dropw se at anbi ent
tenperature under nitrogen gas atnosphere. The mXxture was stirred at
anbient tenperature for 3 hrs. To the mxture, 1 N hydrochloric acid (8
m.) and 10% sodiumsulfite (232 nL) were added and the resulting m xture

was stirreftfodphidrdlifor TDaniH Xahee sWRSdoWhE a@&f&ﬁé&?gt PXiE}Qtf&ﬁt ate and

the organic layer, was separated and evaporated un duce pres_shre to
dr ynesg. (‘J&?ﬁtﬁﬁu‘ﬂ”{%&‘?ew}%( ML) Qnéltg}e,n driestunmter 5Bk dpoessited .bly
HPLC (as foilawg HPLLS 0 ' htigo dgmie Ol e rtsi
ODS—Z,( 0. fg&cm I EXE Z%Qcmg%?%k$grg?p§é€£%? eo?%?oﬁg{ ant %gr]r'ﬁg?&t’ﬂﬁlgﬂéﬁar ound
40C  Fl ow %%t by MELG f seebEremphas®) .10 mM pot assi um di hydr ogen phosphat e
- acetgnitrile (5:2). Detect: 254 nm 20 [ Exanpl e 28] Synthesis of Conpound

(t) C3H7/O CH2=CHCO2Bu-t K2CO3 (CH3) 3C0
. Exp. 44 in Table 17 shows the results of an experiment

under the reported conditions; Henegar, K. E.; Ashford, S. W.;
Baughman, T. A.; 8ih, J. C.; Gu, R. L., J. Org. Chem. 1997, 62,

6588-6597,
10
Under nitrogen gas atmosphere, the purity and yield of
SN~38 are improved as shown in Table 17.
[Table 17]
Purity (%) [Yield (%)
Exp. 44 Open vessel 97.6 75
Exp. 45 N, atm. 99.6 89
15 [Example 30] Synthesis of Tricyclic Ketone

Whole synthetic processes of tricyclic ketone (h) starting
from Compound (1) are given below;
(1) Synthesis of Compound (m)
To a stirred mixture of Compound (1) (20.0 g, 56.0 mmol,
20 2 eq., content: 93.9%), triethylsilane (17.9 mL, 112 mmol,
2 eq.) and crotyl alcohol (15.7 mL, 184.8 mmol, 3.3 eq.),
trifluoroacetic acid (28.5 mL, 375.2 mmol, 6.7 eq.) was added
dropwise at 0 -~ 5 °C under nitrogen atmosphere and the mixture
was stirred at the temperature for 30 min. The mixture was
25 stirred at ambient temperature for 20 hrs and then an aqueous
solution of sodium carbonate (20.8 g in 277 mL of water) and
n-hexane (56 mL) were added to the mixture. The organic layer
was separated and the agqueous layer was extracted with n-hexane
(57 mL). The combined organic layers were evaporated under
30 reduced pressure to dryness. The residue was purified through

silicagel columnchromatography; silicagel (80g, Fuji Silysia
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in DMSO 0 Ho- -CH s 0 HOt A solution of Conmpound (s) (0.50 g) in

di net hyl sul foxide (DVBO, 7 nlL) in the presence of an morgam&%gﬁl 2005
(pot assi um 25 or cesium carbonate, 0.4 g) was stirred at 50C under argon
atmosphere for 20 min. To the stirred mxture tert-butyl acrylate (1.8 g)
was added dropwi se and the resulting m xture was stirred -at 50C under
argon atnosphere for 24 hrs. VWater (10 nL) and 67 18 August 2005 .
concentrat ed hydrochl ori c acid (1 M) were added to the ice-cooled mxture

' of toluene and ethyl acetate
?2?1Th$ 2{*&#@56@@?6 g-Wb&?r%cF;X§§¥g ATt aﬁﬁgﬂ ﬁé O¥Bdi um
sul f at e, f|bypraﬂhaﬂuiCbmﬁbwm@rqbed mnd@r eﬁngﬁn@kﬁssgﬁglgg ggy@§§s ( Exp.
42 - 43). ue_was assayed gas foll ovvs)' shown i h Tabl e
16, Oorrpour%lle( ‘;3%&3 -obPEp ‘é'&g (ﬁ“)72° 73ﬁéllél A& vitekdsi @mn@&nﬁen%@eo%\s t he
b Ex PIan (dwe ab:fip1k0 1yand, i nexpensive potassi um carbonate was
ugzg gis ?he%f)g{se t(Le yi el (?V\B.S gqual |l evel with the Exp. 42. [Table 16]

BaseYi 2l d (%) Bdb—milll&clsm-@,EﬂpClg%l@;C@m Iﬁyggccﬁﬁs%gtlgngg?g) tions
Colum: G ) saie o1 L T 0348, bR, g emockempe 41
(3H, s, CH,0), 4.55 (2H, s, OCH,), 5.55-5,83 (2H, m, CH=CH),
7.4 7(1H, s).
Compound (v); 5.0 g (26% yield), content: 98.4% (HPLC).
10 '"H-NMR(400 MHz, CDC1,) d: 0.27 (9H, s, TMS), 2.45 (1H, t, J=6.8
Hz, OH), 3.99 (3H, s, CH,0), 4.79 (2H, d, J=6.8 Hz, CH,OH),
7.49 (1H, s).

(2) Synthesis of Compound (n)

15 A mixture of Compound (m) (1.27 g, 2.56 mmol, content:
78.73%), tetrabutylammonium bromide (0.82 g, 2.56 mmol) and
palladiumacetate(S?mg,0.26mmol)inanﬁxtureofdiisopropyl
ether - acetonitrile - water (4:3:1, 20 mL)} was heated under
reflux for 30 min. After cooling the inner temperature to 20°C

20 or below, the insoluble material of the mixture was removed
by filtration and the material was washed with n—hekane (10
mL). The filtrate and the washing were combined and to the
solution, n~hexane (10 mL) and 10% sodium sulfite (16 mL,.113
mmol, 5 eq.) were added. The organic layer of the mixture was

25 separated and washed with 1 N hydrochloric acid (16.4 mL) and

' water (10 mL x 2), successively. The organic layer was
evaporated under reduced pressure to dryness. Compound (n):
brown oil, 0.83 g (91% yield), content: 73.34% by HPLC, endo
- exo ratio: 10.6 by HPLC (see Example 17).

30 H-NMR (400 MHz, CDCl;) &: 0.26 (9H, s, TMS), 1.12 (3H,
t, J=7.3Hz, CH,CH;), 2.31 (2H, dq, J=1.0, 7.3Hz, CH,CH,), 3.94
(3#, s, OCH,), 5.00 (2H, s, OCH,), 6.51 (1H, t, J=1.0Hz, OCH=),
6.83 (1H, s, aromatic-H).
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Mobi | e phase: .10 mM pot assi um di hydr ogenphosphate - 20 acetoni trile (5:2)

Detect: 254 nm [ Exanple 29] Synthesis of SN-38 A m xture of 2005
(0.50 g, 1.82 mmol, content: 96.6% 25 and Conpound (e) (O. 36 % |
mmol) in a mxture of toluene - acetic acid (1:1, 10 M) |nthe presence

of p-TsOHHZO (10 ng) was heated at 90 C with stirring under nitrogen gas
at nosphere for 7 hrs. After cooling, the m xture was evaporated under
reduced pressure to dryness. After 2 times of azeotoropic renoval of 30
acetic acid(®it Fxdihesies (o) Gruppowackt(@le (9 nL) was added to the residue

h jLhed <u nitrogen 68 18, Aug 2005 at nosphere
?(r)urj goemsﬁsp‘(la'ﬂzlt@;l :A%%vjx”gg: co ﬂgcggggﬁllﬂnl??roﬁ'?‘%)ﬁanl%s%?rﬂ:adb—t-r’(r?ne (2
m. x 2) andwehpn phtass v erarizohuos (mzas;stg,e 0.3\ ( By 45): ocherous

2a | Tapy dndefdieddt ¥fliiac UG éfydraﬁag&%A.WEEEEQ%éifqu%ETE&Sa%@dS =P
coni BpnSi o PERAORIIE 6, T, BoARROLT Gncbpothig s HRISERRE. (v {dislidtare ©

at nospher e, (342 pmoilt)ywene gdéed afd tAN RBxateel WRE Vel ASd WWOE%ﬁTabI e

I § Yi,eld (B en vessel 97. 675 Ex -
zlitYm ggaggg slgd f"Egri h%e( 307 Ir‘aﬁn‘[‘%’é%‘ﬂgebfzo‘ﬁpo (B) Ket e M el & Pailhet i c
processes forttendycél c5kpraseaddyd ahdrihic'ges &1 0T EARARS s s%&?:raaven
beI ow,

at around 5 °C for 20 hrs and then powdered sodium sulfite (74.9
10  g) was added. The suspension was stirred at around 5 °C for
' 30 min and the insoluble material was filtered on a Celite
pad. The material on the pad was washed with ethyl acetate
(4 times, total 770 mL). The organic layer of the filtrate
_ was separated and the agueous layer was further extracted with
15 ethy acetate (770 mL). The combined organic layers were dried
over anhydrous sodium sulfate and evaporated under reduced.
pressure to dryness The residue was purified through silica
gel column chromatography, silica gel (700 g, Fuji Silysia
PSQi100B), eluent: dichloromethane - ethyl acetate (4:1).
20 Compound (0) : umber solid.

(4) Synthesis of Compound (p) ,

A mixture of Compound (o) (70.2 g), iodine (183.7 g, 0.72

mol) and calcium carbonate (36.23 g, 0.36 mol) in methanol

25 - water (10:1, 1.0 L) was heated under reflux for 5 hrs. After

cooling, 10% sodium sulfite (1.0 L) and chloroform (1.0 L)

wer‘e added to the mixture and the resulting mixture was stirred

at ambient temperature for 15 min. The insoluble material was

filtered by suction and the material was washed with chloroforim

30 (0 5L). The combined organic layers of the filtrate and the
washing were separated and the aqueous layer was further

extracted with chloroform (0.5 L). The combined organic layers

were dried over anhydrous sodium sulfate, filtered and
evaporated under reduced pressure to dryness. Compound (p):
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(1) Synthesis of Conmpound (nm) To a stirred m xture of Conpound (1) (20.0 g,

56.0 mml, 20 2 eq., content: 93.9%, triethylsilane (17.9 2 m"g)l 005
2 eq.) and crotyl alcohol (15.7 nL, 184.8 nmol, 3.3 eq.), tm‘ﬁi ﬁioll}%lfcetzic

acid (28.5 nL, 375.2 nmmol, 6.7 eq.) was added dropwise at 0 - 5 C under
nitrogen atnosphere and the m xture was stirred at the tenperature for 30
mn. The m xture was 25 stirred at anbient tenperature for 20 hrs and then
an aqueous solution of sodiumcarbonate (20.8 g in 277 nL of water) and

h f ' e
Ceparated iﬁﬁﬁzﬁﬁ’gﬁéﬁﬁ§q@§te§ra1%§sl@eﬁx‘%%€zf£§“%°t RORBHTY eontBits 1

conbi ned orirftt hYayBLE (EpE %’&%{b@l%tw wrfder? 1@ b@dgheuaprﬁewresw

dryness. Thexdmsigduygwas purified through silica gel colum
chr omat ogr aphyﬁﬂy i c)a gel (80 g, Fuji Silysia 69 18 August 2005 PSQLO00B),

el uent; n-hexand~NMR mdommnzat enCI3 It 0. rzemwg bypmgylpto @npsqpnd (v)
(4 95 , % rity 98, 43% eI d 26% n]:{) und (m 17.8 g (64%
yield)®* contt'eﬁ't LW@‘ tﬁﬁll)-lPLbz@e(ez ﬁTpFIEHﬁIZrSC H‘-ﬂ\IWR 346D M, CDClS)
S: 0.24 (9H, SH)TI\IE)QB J(3€19 éSITbCH §idl, 532%1£QH 6a 1 JéZ15. %8@-{3 05 (2H,
m OCHZCH:) s, }{ 4.55 ( 5-5. . m
d4’ 77(‘11%‘6&” rdmBdukdte v By sremgt{-%ﬂ/ayl eI d) ‘content: 98.4%
(HPLC) 10 H-NI\/R(400 MHz, CDC13)  6: o 27 (9H, s, TMB), 2.45 (1H, t, J=6.8
4.79 (2H, d, J=6.8 Hz, CH OH), 7.49 (1H s).

Hz,
(2) g;)nt hesqg) ofY @Bﬁs‘rﬁ%ﬁﬁd"%ﬁ‘)@?}ow% 6dlure of Conpound (m) (1.27 g, 2.56

ol , i@ont ent :  ARSxEa% o fi Wk d’tﬁf”(@ﬂ' 919,06 011 f61{ St elie s APALITON) and
paIIadlum cetate(57 0. Zémpl )" 1 n a mxt di'i sopr opy er -
acetoni tri P& 2¥g&)erN -(Qin%ylpswwam%(h%t 26l qJnGeBU mol) and sodium

iodide (120.52 g, 0.80 mol) in acetic acid (411 ml,) was warmed
at about 65 °C with stirring for 16 hrs. After cooling, 20%
sodium carbonate (1.7 L), 10% sodium sulfite (1.0 L) and
15 chloroform (0.6 L) were added, successively, to the mixture.
The organic layer of the mixture was separated and the agueous
layer was extracted'with.chloroform.(O 6 L x 2). The combined
organic layers were dried over anhydrous sodium sulfate,
filtered, andthenevaporatedunderreducedpressuretodryness
20 (crude q).
(6) Purification of Compound (q) (1)
A suspension of crude Compound (q) (the residue of the
previous step, purity: 89.2% by HPLC) in methanol (150 mL)
was added dropwise to 0.2 N sodium hydroxide (0.40 mol) with
25 stirring. The mixture was stirred at ambient temperature for
2 hrs. The alkaline mixture was washed with chloroform (400
mL x 3) and the agueous layer was separated and adjusted the
PH to 1 - 2 with 6 N hydrochloric acid. The acidic solution
was extracted with chloroform (400 mL x 3). The organic layer
30 was separated and dried over anhydrous sodiumsulfate, filtered
and then evaporated under reduced pressure to dryness.
Semi-purified (q), purity: 97.7% by HPLC (see Example 25).

(7) Purification of Compound (g) (2)
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reflux for 30 mn. After cooling the inner tenperature to 20C 20 or bel ow,

the insoluble material of the mxture was removed by filtrati %&@%005
material was washed with n-hexane (10 nl). The filtrate and the washing
were conbined and to the solution, n-hexane (10 nL) and 10% sodi umsulfite
(16 n,.113 mol, 5 eq.) were added. The organic layer of the mxture was
25 separated and washed with 1 N hydrochloric acid (16.4 nL) and water (10
mL x 2), successively. The organic |layer was evaporated under reduced .
pressure to dryrfesd~pCaifdedd (gn) was bd bysoDidd i &&l@rﬁ%&%ﬂk@bd)m ontent:

PLC Exanpl e 17 H NVR
(7?1684;//15?/ %&‘?‘%%892%&?‘8@ t‘l”g"rr\?gde%l%z%%ﬁu Sft%geﬁgr{pélﬁgsot%QM) 2 31
(2H, dq, J-arnd Ghe7 resn] tCHgGRXtudeWas (Bcad amieﬁtoeexﬁ%&A 2Eure 2005

s, aromatic
?3)518%{_' het5| % 81}’ %%‘pérﬁ’: %Sfl?&gﬁt%o‘ﬁﬁ iFSRoyedpby kil trattian pagathele
(195. 759, OCEBXrats waspeivapdiradderildest ecliBled gregsé?e@é)dlgﬂge% (4.36

t hanesul f namd 0. 40pol )_in water (
3? 4a95 Mot ™ %gﬁZ\SSElgH?Gs%%e %Kﬁ% Hi(Bpd ratléldo@ oontemt) §rk added

and the miyAPLEASsSS BRI 285 0L 75l pb0sn drdl 1ple [ BEe B Ximif
Conpound ()ﬁw(77 g, O. 1g®m)l Ij2ontent & was ag:dgg nd. t e
resul ting %)SQ'ure was stirred at around 5 C for 20 hrs and then powdered

[ fit s stirred at around
Z(C):d:‘ lcj);n Sgo Irn ﬁ g?ng‘]%éql nsM#@bl & e et :ﬂe 93@3@?‘ er% U#I"’a' &kFHe ¢ pad.
The i eri &l 79n (2He pad=VasSHagsCHICRY),h3e5BY{ 1L, abg (% ?g teg(;bgl I ;;gr
L Th ni r t il tr ar at ed_an e a
vva?s furtehgrbggi ?aéc'fyefg (\Mq-{'h drI]Sertlﬁy‘iggzt'a%’aiZ?ggﬂnLé T & gd5c§‘r gani ¢
| ayers wer ¢ 1dr,i gd a@uﬁat@ahuqirogglsee)dé um sy f(qg e, qﬁ@aqva%rﬁt Fd under
reduced

‘ (|

(8) Synthesis of Compound (r)

15 A solution of Compound (q) (42.8 g, 0.10 mol, content:
84.5%), palladium acetate(l.34 g, 5.95 mmol) and potassium
carbonate (24.67g, 0.179mol) in propanol (490 mL ) was degassed
by suction and replaced with argon gas and degassed by suction
and then charged with carbon monoxide. The mixture was stirred

20 at 60 °C for 4 hrs. After cooling, the insoluble material was
removed on a Celite pad and the material on the pad was washed
with ethyl acetate (300 mL). The filtrate was washed with 1
N hydrochloric acid (150 mL) and brine (300 mL) and the aqgueous
layer was separated and extracted with ethyl acetate (300 mL).

25 The combined organic layers were dried over anhydrous sodium
sulfate, filtered and then evaporated under reduced pressure
todryness. The residuewas purifiedthroughsilica gel column
chromatography; silica gel (200 g), eluent: chloroform -
methanol (99:1). Compound (r): brown oil, 30.3 g (70% yield),

30 content: 73.4% by HPLC (see Example 26).

'H-NMR (400 MHz, CDC1,) &: 0.88 (3H, t, J=7.3Hz, CH,), 1.04
(3H, t, J=7.3Hz, CH,), 1.82 (4H, m, CH,x2), 3.69 (1H, s, OH),
4.09 (3H, s, OCH;), 4.34 (2H, t, J=6.8Hz, CH,), 5.31(1H, d,
J=16.3Hz), 5.61 (1H, d, J=16.3Hz), 7.94 (1H, s, aromatic-H)

73




pressure to dryness. The residue was purified through silica gel col um
chromat ography; silica gel (700 g, Fuji Silysia PSQLO00B), elughty. .o 005
di chl oronet hane - ethyl acetate (4:1). 20 Conmpound (0) : unber S(ﬁ B t(Z?)
Synt hesi s of Compound (p) A m xture of Conpound (0) (70.2 g), iodine (183.7
g, 0.72 nol) and cal cium carbonate (36.23 g, 0.36 nol) in nmethanol 25
-water (10:1, 1.0 L) was heated under ref lux for 5 hrs. After cooling, 10%
sodiumsulfite (1.0 L) and chloroform (1.0 L) were added to the m xture
and the resulting mxture was stirred at anbient tenperature for 15 mn.
The insol ubl e mater was _filtered by suction and the material was washed
Wi th chlorofg?nﬁﬁﬁtbﬁsésL?f FREPPYRBI A8 organic layers of the filtrate and

the washing wene §%‘16].rr%‘é@ds@ﬂ§lt18§ cﬁqesﬁgéuﬁ@y(eﬂ) g@ﬁ f:;t;et B8, 2 Mntbi acted

wi th chl orof orm (0. The conbi ned organic r e Cafi o b er
anhydr ous §Wﬂ§ﬁﬂ§nﬂ¥aﬁ )aﬂﬁﬁﬂﬂ#ﬁﬂ%@@ﬂd%%aﬁeﬁahe@ lthael ) rigdaibbsol pressur e

t 0 dr ypess. sl puig 1 A oV 81%
yleldy?ronéznpoun ]&pxlggngéﬁt Hﬁgg&2§9%étﬂg?§;%ggg E§§ §ﬁ%ﬁ22§ f%G 2%e
by chiral mqé)(yéé reDwiye atiampRtidenpbra t CDCIRes: n DL OBgdIOH, s,

361 (1H Segpiens. g T W iTs® or g3e, b ambtedE s difer il

d,” J=15. 6HACr 2 dzs(apd themrawenchedby (15)1 Bydrbemlsrmf: Soido(Madny)Y)) 10
AT xt ur eof [ComeUNdba) S ) o0 4% 1 96 2vee
N—chlorosuékln|n1de ? 8 %%fﬁlt% Q£P > esﬁgtlé% @%ﬁ%qﬁ% g, 0.80
nmol ) 1t ac@ttlléfr&ﬁ at( mlmy MBpmtmde mr éilﬁbuunGSC['netrlusmrelm for 16
hrs. After £Q4 Eﬁgﬁ t ) un1su|f e (1.0
L) and 15 chI or of or r%%%%(?% H%EQE%%‘&%&S%%% Slﬁ%%%gé% gl %eé)%%&‘ﬁ

and evaporated under reduced pressure to dryness. Compound

{(s): 22.3 g (95% yield), content: 85.6% by HPLC (see Example

27).

15 "H-NMR (400 MHz, CDC1;) §: 1.00 (3H, t, J=7.3Hz, CH,), 1.02

(3H, t, J=7.3Hz, CH;), 1.83 (4H, m, CH2x2), 3.75 (1H, s, OH),

4.35 (2H, t, J=6.8Hz, CH,), 5.21 (lH, d, J=17.1Hz), 5.61 (1H,

d, J=17.1Hz), 7.28 (1H, s, aromatic-H), 9.59 (1H, brs, OH).

20 (10) Synthesis of Compound (t)

Asolutionof Compound (s) (0.509g, 1.46 mmol, content: 86.6%)
and potassium carbonate (0.40 g, 2.92 mmol) in
dimethylsulfoxide (7 mL) was stirred at 50 °C under argon
atmosphere for 20 min. To the stirred mixture, tert-butyl

25 acrylate (2.1 mL, 14.6 mmol) was added dropwise under argon
atmosphere and the stirring was continued for 20 hrs. Water
(10 mL) and concentrated hydrochloric acid (1 mL) were added
dropwise to the stirred mixture in an ice-cooled bath. The
mixture was extracted with toluene - ethyl acetate (4:1, 7
30 mL x 4). The combined extracts were washed with water (5 mL
x 3), dried over anhydrous sodium sulfate, filtered and then
evaporated under reduced pressure to dryness. Compound (t) s
0.55 g (77% yield), content: 75.0% by HPLC (see Example 28).

'H-NMR (400 MHz, CDCl,) &: 0.99 (3H, t, J=7.4Hz, CH,CH,),
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The organic |ayer of the m xture was separated and the aqueous |ayer was
extracted with chloroform (0.6 L x 2) . The conbined organic {@¥l5MER05
dri ed over anhydrous sodiumsulfate, filtered, and then evaporated under
reduced pressure to dryness 20 (crude qgq). (6) Purification of Conpound (Q)
(1) A suspension of crude Conmpound (q) (the residue of the previous step,
purity: 89.2% by HPLC) in nethanol (150 nL) was added dropwise to 0.2 N
sodi um hydroxide (0.40 nol) with 25 stirring. The m xture was stirred at
anbi ent tenpesat o, feor t-Bul)r,s1.8be (ahkami nem bl yr@.g@s(gwfsqge,ddy sp
chloroforn1§4£9 ]&* ﬁ 3&ﬁfnd t he agueous fayer was separated and &d] usted
the pH to 14> A Ar6IRE hy8FEBENIIES (A8irdd THel AcBHR b Jol0lt (dH, Pas
extracted vatdm#tdorof orm (400 nL x 3). The organic layer 30 was separat ed
and dried over anhydrous sodiumsulfate, filtered and then evaporated
under reduced pressure to dryness. Sem-purified (q), purity: 97.7% by
HPLC (5ee E(ﬁﬂpbgn%ﬁbsig?bfpgbmﬁbﬁﬁgl?H)Of conpound (q) (2) 72 18 August
2005 Sem -purifiéd (q) was dissolved in"chloroform (280 nm.) and n-hexane
(400 nL) was add@f splekiongfiGampaingd he) sdlutd2on, 1lasd muvd resotéenng

m xture wasse) Len r r NI S 3T recipitate was
renoved by fiH?fgsfgﬁoggghghélgq??fﬁ?%ﬁg%ﬁgéggﬁﬁﬁggggég EEGZrﬁﬁidﬂ %d
pressure t adi8thaddh stirpbuadurdgr argan ainosphers.gThecMiytetrd)yasont ent :

", ol LR i b RS S 5, L, )
J=7. 318, cgpolng.3the mimtuse @F, egaperaBell sndeOCHSIycEd lfrdddire,
212 ) S AR ond SO eSS S O Gabtnaba] (o = 1.2
mL) and the insoluble material was filtered on a Celite pad.
The filtrate was washed with water (10 mL) and the organic
layer was separated and the aqueous layer was extracted with
15 dichloromethane (20 mL x3). The combined extracts were dried
over anhydrous sodium sulfate, filtered and evaporated under
reduces pressure to dryness. Compound (h);
(S)-4-ethyl-7,8-dihydro-4- hydroxy-1H-pyrano- [3,4-f]
indolidine-3,6,10(4H)-trione; 0.46 g (77% yield), content:
20 80.7% by HPLC (as follows).
'H-NMR (400 MHz, CDC1,) &: 0.98 (3H, t, J=7.3Hz, CH,CH,),
1.81 (2H, m, CH,CH,), 2.97 (2H, t, J=6.3Hz, CH,.CH,), 3.64 (1H,
s, OH), 4.34 (24, m, CH,CH,), 5.25 (1H, d, J=17.1Hz), 5.68 (1H,
d, J=17.1Hz), 7.22 (1H, s, aromatic-H).

25
HPLC operating conditions
Column: Inertsil ODS-2, 0.46 cm ID x 25 cm
Temperature: constant temperature at around 40 °C
Flow rate: 1 mL/min
30 Mobile phase: 10 mM potassium dihydrogenphosphate -

methanol (4:1)
Detect: 254 nm

[Example 31] Synthesis of
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15 A solution of Compound (q) (42.8 g, 0.10 nol, content: 84.5%,
pal | adi um acetate(1.34 g, 5.95 mmol) and potassium carbonate ,(24.67 q,
0.179 nmol) in propanol (490 nm.) was degassed by suction and rle%#\élgél(fq;vmztoﬁs
argon gas and degassed by suction and then charged wi th carbon nonoxi de.
The m xture was stirred 20 at 60 C for 4 hrs. After cooling, the insoluble
material was renoved on a Celite pad and the material on the pad was
washed wth ethyl acetate (300 M.). The filtrate was washed with 1 N
hydrochloric acid (15D-ethy ki Arydiex@Gmpiotimrd nt henagegous | ayer was
separated and ext ract ed with ethyl acetate (300 ). 25 The conbi ned
organi c | ayers Fé dried over anhydrous sdi um sul fafe, filtered and then
evapor at e eg ur ep-ToaHgr yNness Y T8¢ *owas purified
t hrough sili el omaf ography; 34 : \g), eluent:
chl orof orm - net A8hol 7 ( 982550 nﬁgﬁq%(r) : oi |c2Hg3'oagg (70% yi el d) ,
30 content: 73.4% by ci—|PLC (gee Exanple 26). 'H NWRas{ 400 MHz, CDC13) S: 0.88
(3H, t, J=7.3Hz,, CH3 1.04 _(3H t =7.3Hz, CH3)., 1.82 (4H m CH2x2),
3.69 (1H, s, OHSY .%’éﬁ’(%‘ﬁ,"fsc?"’@fﬂésf)d,] (E')sag(%ﬂrti,-%%em@&z,cwl}t=
§é3ig111:96#G%nga?g?ﬁﬁed5ﬁﬁaeé&k?béd<ﬂfiﬁﬁﬁl ),%Ewﬂﬁ)ﬁiﬁndzeo 6ﬁﬁﬁi0-?0

ugyst Y esi S 0 nmpoun S Q0 a stirred solution o
Conpou‘ﬁd KF)) @359 g geﬂz L), “bgg‘FeRF?S?QF’& of Rntoluenesdlirnie (27.6
g, 0.18 maklidi monbhplnate Gl EaGH 0N dddEid kbidl) ol Quriet Pyl | ane
(23.3 nm, _0.18 ,Trml% \@i 8%Eed ropwi se at anbi ent tenperature under
nitrogen YAPnBEhRESE atrhd0nfnder L ragen gas Atnpanhsne foxpbbdiige for 3
hrs and t rhe girtehedrddy evaMohdleachh@ét rafickd $rakkurangnd Q% 5adidm
sulfite (ﬁa%rlb) T?}ﬁ rgsulting m xture was 10 stirred at anbi ent
t enper at u WS gfedfothe refidugand then greparated vadeyi reduged e and
the oljanprebayee vasiPARMAL edheands XA etispedgied eHULELPIESEHIre to
dryness. &srpouc?q: . ) )

an he suspension was stirred at ambient temperature for

2 hrs. The suspensionwas filtered by suction and the collected

solid was washed with acetone (2 mL x 2) and then dried under

reduced pressure. SN-38: brown solid, 0.63 g (89% yield),
15 content: 97.7% by HPLC (see Example 9).

'H-NMR (400 MHz, CDCl,) d: 0.98 (3H, t, J=7 Hz, CH,), 1.38

(3H, t, J=7 Hz, CH;), 1.90 (2H, q, J=7 Hz, CH,), 3.08 (2H, q,

J=7 Hz, CH,), 5.17 (2H, s, CH,0), 5.23 (1H, d, J=16 Hz), 5.54

(1H, d, J=16 Hz), 7.34-7.39 (3H, m), 6.83 (1H, d, J=9 Hz).
20

[Example 32] Synthesis of

7-ethyl~10-[4~-(1-piperidino)-1-piperidino]carbo
nyloxycamptothecin (SN-38B-11)

SN-38 SN-38B-11
25 SN-38 (0.91 g, 2.32 mmol), obtained as described in Example 31,

was converted into SN-38B-11 (1.22 g, 89% yield, 99.8%ee by the
chiral HPLC conditions; see Example 10) by the reported method
(S. Sawada, et al., Chem. Pharm. Bull., 1991, 39, 1446).
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(7))

(s) : 22.3 g (95% yield), content: 85.6% by HPLC (see Exanmple 27). 15

"H- NWVR (400 MHz, CDC13) S: 1.00 (3H, t, J=7.3Hz, CH3), 1.02 ( ,&gust 2005
J=7.3Hz, CH3), 1.83 (4H, m CH2x2), 3.75 (1H, s, OH), 4.35 ( pf
J=6.8Hz, CH2), 5.21 (1H, d, J=17.1Hz), 5.61 (1H, d, J=17.1Hz), 7.28 (1H,

s, aromatic-H), 9.59 (1H, brs, OH). 20 (10) Synthesis of Conmpound (t) A

sol ution of Conpound (s) (0.50g, 1.46 mmol, content: 86.6% and potassium
carbonate (0.40 g, 2.92 mmol) in dinethylsulfoxide (7 nL) was stirred at
50C under [ang@ipleat3zgspher ESiyﬁ{-_hg,ngﬂélf To the stirred m xture, tert-butyl
25 acrylate (2.1 n, 14. was added dropw se under argon atnosphere
and the stirring was cﬁﬁhﬁr@cﬁiﬁ[ér(%mwrlﬂAﬂ@r) -1¢pdperjdindlcankent r at ed

hydrochl ori c acid (1 &Eﬁq,({%g 1 xture in an
“ice-cool ed bath. The m xture was eftlr ac %%h?%r Eug’%gf&gfejf‘% acetate
(41 7 30 mL x 4). ']?:drﬂn\lned extracts were washed with water (5 nmL x

dried er hydr ous sf osul fate, filtered and then evaporated
under red@—@s{u - ds._-Conpound (t) : 0.55 g (77%yi el d),
cont ent 0% c@ ; 8) _.' HNMVR (400 Mz, CDC13) 6: 0. 99
(3H, t, J=7.4Hz, 1 | ¢ 2005 1.58 (9H, s, t-Bu), 1.83 (2H,
m CH2CH3), 4. 68 (2H, S, Glpa B 2§“(1H d, J=17.8Hz),, 5. 69 (1H d,
J=17.8Hz), 7.01 (1H, s, aronati df Conpound (h) To a

sol uti on of Compound (t) (1.02 g, I‘Q@Hd;hgoluene

(17 nmL), trifluoroaceticacid (1.7 nL) was © adtted a0 under argon

atnospghere. The m xture was stirred at 110C unq%; argGﬁ%atﬂbsphere for 100
ed under reduced pressure

mn. After 10 c ture was evapor at

to dryness. The&ﬁeégg %i\Ag]sr@ﬁﬁjer]rdgdmlnﬁldvcﬂpﬁﬂb%@h%ﬁléif(%l}‘lbe in
Example 32, was dissolved in 0.1 N hydrochloric acid (20 mL)
by heating at around 80 °C. Acetonitrile (100 mL) was added to

the solution and the mixture was gently stirred at ambient

10 temperature for 15 hrs. The precipitateswere filtered by suction
and dried under reduced pressure and then humidified. CPT-11:
pale yellow crystalline powder, 0.95 mg (89.9% yield).

Industrial Applicability
15 By use of the synthetic proces$ of the invention highly

pure 2’-amino-5'-hydroxypropiophenone and tricyclic ketone can
be synthesized in a short time with a high recovery yield, and
by use of these as intermediates a total synthesis of CPT analogs
can efficiently be carried out.

20

17



m.) and the insoluble material was filtered on a Celite pad. The filtrate
was washed with water (10 nL) and the organic |ayer was separ d an
aqueous | ayer was extracted with 15 di chl oromet hane (20 niL x:%)f8t %’r’é’“& 2885
conbi ned extracts were dried over anhydrous sodiumsulfate, filtered and
evapor at ed under reduces pressure to dryness. Conpound (h);
(S)-4-ethyl-7,8-di hydro-4- hydroxy-|H pyrano- [3,4-f]

i ndol i di ne-3,6,10(411)-trione; 0.46 g (77%yield), content: 20 80.7% by
HPLC (as fELADMS) . 'H NVR (400 MHz, CDC13) 6: 0.98 (3H, t, J=7.3Hz,
CH2CH3), 1.81 (2H, m CH2CH3) , 2.97 (2H, t, J=6.3Hz, CH2CH2) , 3.64 (1H,
S, ™H) , 4.34 (2H m CH2CH), 5.25 (1H, d, J=17.1Hz), 5.68 (1H, d,

J=17. 1Hz), 7.%@ (%H s, aromatic-H) . 25 HPLC operating conditions Colum:
Inertsil ODS 2L* 0P4@TOREED L0385 PERPaTdRFelAraldnocshst ant t enperature at
around 40Gydd riSoph dHe/NE [ . Nolo) '
dihydrggené%oéﬁ%g{egghéghanor ?ﬁ?% D@F%?ﬁ?h%%%pﬁkgpgg%ﬁp%ggié¥EEWnthesis
of 75 28 Alustim gy Comppundo{la)dr oxycanpt ot heci n (SN-38) p- TsOH H20
100C i n AcGh Tol. SN A suspensi on of Conmpound (h) (0.50 g, 1.82 mmol,
content: 96.4# alned as described in Exanple 30 (11), and Conpound 5
(e) (0.36 g, ¢ mol ) i taPhe presence of p-toluenesulfonic acid
nmonohydrate (18 “@2 acetic acid - toluene (1:1, 10 nL)

"Compound (b):
R CHO
(b)
| NO.
10
is produced; and from Compound (b) Compound (c¢):
OH
R
(¢}
NO,
is produced; and from Compound (c) Compound (d):
O
R ' P
(d)
15 NO, "
is produced; and from Compound (d) Compound (e):

O
HO. .
(e)

NH,

78%0



was stirred at 100 C under nitrogen gas atnosphere for 18 hrs. The m xture
was evapor at ed under reduced pressure and toluene (10 nl) mazgfqged %92%%%
resi due and then evaporated under reduced 10 pressure to dryn

resi due was suspended in acetone (9 nL) and the suspension was stirred at
anbi ent tenperature for 2 hrs. The suspension was filtered by suction and
the collected solid was washed with acetone (2 nL x 2) and then dried
under reduced pressure. SN-38: brown solid, 0.63 g (89%yield), 15
content: 9. Qﬁﬁ%ychmbgé@lEx%rﬁpfﬁea9Lyrot¢pwwg@umh1mg) I 0.98

(3H t, J&gpfgteé%ga b%}?Scéggh Elc rgdﬁgtl , 1.90 (2H, q, J=7 Hz, CB2),
3.08 (2H, q, = % S, ), 5.23 (1H d, J=16 FE), 5. 54
(1H, d, J=16 Ft) 7 34-7. 39 (3H, n) '6.83 (1H d, J=9 Hz). 20 [Exanple 32]

nt he of »7- Id i
ﬁzloxyzgiptot%ecﬁ%E%gﬁ#%g%gi%érghg%jgg 2%%{%1pé@fﬁ%ﬁpggh%qégggegﬁfg% (0.91
gZﬁémm%wmwm@@%@mﬁ%&ﬂ&mﬁ@MUWmmmmmmaMO
SN- 38B- 11, %&%gg ﬁ @6yie|d, 99. 8% e by the chiral HPLC conditions; see

e

Exanple 1 ported met hod (S. Sawada, et al., Chem Pharm Bull.
1991, 39, 1446). 76 18 August 2005 [ Exanple 33] Synthesis of

s oo b2 G2 PSR Rlede L g L ke bp o hNIERTR! aLfeSLe,

ocne or more steps selected from the group consisting of

10 (1) a step to obtain Compound {b) mixing Compound (a), a
benzylation reagent and a base, and stirring said mixture in
solvent under reflux;
(2) a step to obtain Compound {c) by dropping Grignard reagent
to Compound (b) under an inert gas atmosphere:;

15 (3) a step to obtain Compound (d) mixing Compound (c) and an
oxidizing agent and stirring the mixture; and

(4) a step to obtain Compound {(e) by a catalytic reduction of

Compound (d) .

20 4. A process according to claim 3, wherein in the step (1)

the solvent is dimethylformamide.

5. A process according to c¢laim 3, wherein in the step (2)

the Grignard reagent is vinyl magnesium bromide.

25
6. A process according to claim 3, wherein in the step (3)
the oxidizing agent is Jones reagent, manganese dioxide or
TEMPO-sodium hypochlorite,
30 7. Compound represented by formula (c’):
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HCl.$HO O,..-, CHs OH, 5 CPT-" SN38B-11 (1.00 g, 1.7 nmol),

obt ai ned as described in Exanple 32, was dissolved in 0.1 N r,ochl qri
acid (20 nmL) by heating at around 80 C. Acetonitrile (100 ntymﬁééﬁgﬁﬁé&%Pé
the solution and the m xture was gently stirred at anbient 10 tenperature
for 15 hrs. The precipitates were filtered by suction and dried under
reduced pressure and then humdified. CPT-11: pale yellow crystalline
powder, 0.95 ng (89.9%yield). Industrial Applicability 15 By use of the
synt het'i c process of’thHinvention highly pure

2' -am no-5' - hydr oxypr opg ophenone and tricyclic ketone can be synthesized
in a shortBnGe wAh aA ghetecovery yield, and by use of these as

i nternedi ates a Whesis of CPT analogs can efficiently be carried
out. 20 77 18 A CLQ}NB 1. A process for preparing 2'-am no-5"-
hydr oxypr opi opheEngue nthe%'%e canpt ot heci n anal ogs, 5 wherein from
conpound (a): HO. -CHO Compound (b): RO. ~ ECHO (b) N2

(wherein Bn is a benzyl group.).

2005

8. Compound represented by formula (d"):

O
B P
' - (d7)
NO
5 2

(wherein Bn is a benzyl group.}.

9. A process for preparing 2‘-amino-5‘-
hydroxypropiophenone to synthesize camptothecin analogs,

10 wherein from Compound (a):
H CHO
O\I::::[: (a)
NO,
Compound (c’‘):

OH
HO =
' (c"")
" NO,

is produced; and from Compound (c‘‘) Compound (d""):

O
HO =
(d’")
NO;

is produced; and from Compound (d’’) Compound (e):

15
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10 i s produced; and from Conpound (b) Conpound (c): OH is produced; and
from Conmpound (c) Conpound (d): O (d) 15 is produced; and frgm Co oun%
(d) Comnpound (e): 0 780 18 August 2005 is produced; wherein R#g;5¥ st 2005
protective group which can be deprotected by a catalytic reduction. 2. A
process according to claim1l1, wherein the protective 5 group which can be
deprotected by a catalytic reduction is a benzyl group. 3. A process
according to claiml or 2, wherein it contains one or nore steps selected
fromthe group consisting of 10 (1) a step to obtain Conpound (b) m xing
Conpound (a), a ben%¥ylation reagent and a base, and stirring said mxture
in sol veyoundg re|qu; (2) a step to obtain Conmpound (c) by dropping
Gignard reaQg? 0 Qorfpound (b) under an inert gas atnosphere; 15 (3) a
step to obtai pound (d) i xi ng Conpound (c) and an oxidi zing agent and
stirring the ‘ngnd (4) a step to obtain Conpound (e) by a catalytic
reduction of Conpound<(d). 20 4. A process according to claim3, wherein
in the step pAdduddg. sol vent is dinethylformam de. 5. A process according
to claim3, wherein in the step (2) the Gignard reagent is vinyl
magnesi um bromi de. 25 6. A process according to claim3, wherein in the

step (3) 10. A process according to claim 9, wherein it contains

5 one or more steps selected from the group consisting of
(1) a step to obtain Compound (c”) by dropping Grignard reagent
to Compound (a) under an inert gas atmosphere;
(2) a step to obtain Compound (d”) mixing Compound {(c”) and an
oxidizing agent and stirring the mixture; and

10 {3) a step to obtain Compound {(e) by a catalytic reduction of
Compound (d”).

11. A process according to claim 10, wherein in the step

(1) the Grignard reagent is vinyl magnesium bromide.

15
12. A process according to claim 11, wherein in the step
(2) the oxidizing agent is Jones reagent, manganese dioxide or
TEMPO-sodium hypochlorite.
20 13. Use of 2’-amino-5’-hydroxypropiophenone, which is

obtained by the process according to any one of claims 1-6 and

9-12, to the preparation of camptothecin analogs.

14. A process for preparing camptothecin analogs,
25 comprising reaction of 2’-amino-5’-hydroxypropiophenone,
obtained by the process according to any one of claims 1-6 and

9-12, and a tricyclic ketone.

15. A process for preparing the tricyclic ketone to




t he oxi di zing agent is Jones reagent, manganese di oxi de or TEMPO sodi um
hypochl orite. 30 7. Conpound represented by fornmula (c'): 18 t 200
(c') NO2 (wherein Bn is a benzyl group.). 8. Conmpound represeﬁ*@éfwsot 2003
formula (d'): 0 5 (wherein Bn is a benzyl group.). 9. A process for
preparing 2'-am no-5'- hydroxypropi ophenone to synthesize canptothecin

anal ogs, 10 wherein from Conpound (a): (a) NO2 Conpound (c"): OHIis
produced; and from Conpound (c") Compound (d"): HO (d") 15 is produced; and
from ConpayiaftHek's ecgg&@;{ . 9 Au 0 ) ~NH2 is.produced.
10. A process rfatﬁcc:iscozr di ng t%q{'éllegl)'lr% g?léo\%ﬁgwjgrséi g’ﬂ?" eggn?ﬁ(’lﬁs%’gpgﬁﬁdopgﬁbre
steps selected from ﬁ group consisting of (1) a step to obtain Conpound
(c") by dropping Gi Md reagent to Conpound (a) under an inert gas

at nosphere;

(k)

(whereinTMS is atrimethylsilyl group, andMe is amethyl group.),

or Compound (v):
Me
oH ()
TMS I

(wherein TMS isatrimethylsilyl group, andMe is amethyl group.),
Compound (1):

Me
A_-CHO

! _ : (1)
™S !

(wherein TMS is a trimethylsilyl group, and Me is a methyl group.)

10 is produced; and from Compound (1) Compound (m):

(m)

(wherein TMS is a trimethylsilyl group, and Me is a methyl group.)

is produced; and from Compound (m) Compound (n):

82




(2) a step to obtain Conmpound (d") m xing Conpound (c") and an oxi di zi ng

agent and stirring the mxture; and 10 (3) a step to obtain Co 9¥nd %e%#%%

a catalytic reduction of Compound (d"). 11. A process accordi i

10, wherein in the step (1) the Gignard reagent is vinyl magnesium

brom de. 15 12. A process according to claim1l, wherein in the step (2)

t he oxi di zing agent is Jones reagent, manganese di oxi de or TEMPO sodi um

hypochlorite. 20 13. Use of 2'-am no-5'-hydroxypropi ophenone, which is

obtai ned by the pr@ggigss according to any one of clains 1-6 and 9-12, to

t he preparation of] canpt ot hecin anal ogs. 14. A process for preparing
4;;srgg2 conprising reaction of

phenone, obt ai ned anﬂhe process according to any

one of cl ai =12, and a tricyclic ketone. 15. A process for

preparing the tricyclig ketone to 81 0 18 August 2005 5 synt hesi ze

canpt ot heci n anal ogs, Bherein fromconmpound (k): TMS (k) (wherein TMS is a

trimethylsilyl group, and Me is amethyl group.) , or Conpound (v): TMS Vv

~l OH (V) (@whiegrednTHSELE 2 A rtimienbyplidiylly hreap) e ard aMRethy RBESYD,

group- ), AHAMRRUNY G echid IMEp.)

is produced; and from Compound (n) Compound (o0):

canpt ot hecin an
2' -am no-5' - hyd

roxyd opi

(o)

(wherein TMS is a trimethylsilyl group, Me is a methyl group,
and Et is an ethyl group.)

is produced; and from Compound (o) Compound (p):

(p)

HO Et

10 (wherein TMS is a trimethylsilyl group, Me is a methyl group,
and Et is an ethyl group.) -

is produced; and from Compound (p) Compound (q):
Me |

(q)

Ho” Q.

(wherein Me is a methyl group, and Et is an ethyl group.)

15 is produced; and from Compound (q) Compound (r):
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(wherein TMS is a trimethylsilyl group, and Me is a nmethyl group.) 10 is
produced; and from Conpound (1) Compound (m) (m: (wherein TMS
trimethylsilyl group, and ne is a nethyl group.) is produced; éﬂﬁquﬁﬁnzoos
Compound (m Conpound (n): 82 18 August 2005 (n) TMS Et (wherein TMS is a
trimethylsilyl group, nme is a nethyl group, and Et is an ethyl group.) is
produced; and from Conpound (n) Conpound (0): (0) 5 (wherein TMS is a
trimethylsilyl group, Me is a nethyl group, and Et is an ethyl group.) is
produced; and fromgggoound (o) Conpound (p): (p) 10 (wherein TM5S is a
trinmethylsilyl group, Me is a nethyl group, and Et is an ethyl group.) is
produced; and fr qyg ppoygd (p) Conpound (q): (4) (wherein ne is a nethyl
group, and ghle | _ group.) 15 is prodxégp and from conpound (Qq)
Conmpound ()~ 8f I3 AuMST @005 (r) (wherein Is a nmethyl group, Et is an
et hyl group, ally Pr HQ &tor opyl group.)

(wherein Me is a methyl group, Et is an ethyl group, and Pr is

a propyl group.)
is produced; and from Compound (r) Compound (s):

o
H.

P o (s)
HO" “Et
5 0
(wherein Et is an ethyl group, and Pr is a propyl group.)

is produced; and from Compound (s) Compound (t):

Q

(t)

'Bu0 .
o  Ho” mt°

(wherein Et is an ethyl group, and tBu is a t-butyl group.)
10 is produced; and from Compound (t) Compound (h):

(h)

o HO” “Et

(wherein Et is an ethyl group.)
is produced, wherein it contains one or more steps selected from -
the group consisting of;

15 (1)asteptoobtainCompound(1)mixingCompound(k),alithiating
agent, a formylation reagent and an iodination reagent;
(2) a step to obtain Compound (m) mixing Compound (1), crotyl

alcohol, triethylsilane and an acid, and reacting said mixture
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i s produced; and from Conmpound (r) Conmpound (s): (s) 5 (wherein Et is an

ethyl group, and Pr is a propyl group.) is produced; and fro ound
Compound (t): ( t ) (wherein Et is an ethyl group, and tBU isr%§%HQ§ﬂ%% fﬁ%&
group.) 10 is produced; and from Conpound (t) Conpound (h): 0 ( h)
(wherein Et is an ethyl group.) is produced, wherein it contains one or
nore steps selected from the group consisting of; 15 (1) a step to obtain
Compound (1) m xing Conpound (k), ailithiating agent, a fornylation
reagent anvlithoutodismtaorsdgleagant; (2) a step to obtain Conpound (m m xing
Compound (1), crotyl alcohol, triethylsilane and an acid, and reacting

sai d ni xt urd) BFLER WQ.gHER1DGOTPRUINGUE) Bi¥1ng Copbeand, (Y)3) a Rypreducs obt ai n
Conpound () tHXid1% Oe‘qu: ;Qn ok iR O tgen'tnetéﬁeasrbgg}e@’ with an

oxi di zi ng ‘agent and a bdse;” (4) a step to -obtain mpoun ) m xing
Conpound ((#)) & s&epaid abit-ain Compatuaidy & ) maxthageanpbumd bas ea paaddatieum

cat al yst, r.ef.] uxi said mxture,_in saolvent; (5) a step to ohtain
Conpouﬁd (:%'{%r%y%tﬁgaé%%%lﬁm?(an?’ aﬁﬁ'BgﬁPﬁﬁ?rc%@%?é%%F' é“@og@;ﬂ-ﬂf‘ﬂ‘ﬁg
agent, a kase aniktareadywmEiineat;eagent; (6) a step to obtain Conpound (p)
m xi ng Conpound (0), a base 10 and iodine, and ref luxing said mxture in

an al coholvat &R %o abt@iiniCorpgund fiadpmisipetCampayithénhe JngPsmining
Comoind (ARAE3 8 82k ha Ay bR It OR, ERGAINsykile i Eabe P11
(6) a step to obtain Compound (p) mixing Compound (o), a base
10 and iodine, and refluxing said mixture in an alcohol-water mix
liquid;
(7) a step to obtain Compound (q) mixing Compound (p) and a
desilylation~iodination reagent;
(8)asteptoobtainCompound(r)mixingCompound(q),apalladium
15 catalyst and a base, and reacting said mixture in l-propanol
under a carbon monoxide gas atmosphere;
(?) a step to obtain Compound (s) mixing Compound (r) and a
demethylation reagent, and reacting said mixture at room
temperature;
20 (10) a step to obtain Compound (t) reacting Compound (s) under
the presence of t-butyl acrylate and a base.

16. A process according to claim 15, wherein in the step

(1) the lithiating agent is n~butyl lithium.

25
17. A process according to claim 15 or 16, wherein in the
step (1) the reaction temperature is the constant temperature
of -30 to -40°C.
30 18. A process according to claim 15, wherein in the step

(3) the oxidizing agent is TEMPO-sodium hypochlorite.
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15 catal yst and a base, and reacting said mxture in 1-propanol wunder a
carbon nonoxi de gas atnosphere; (9) a step to obtain Conmpound (s) m xing
Compound (r) and a denethylation reagent, and reacting said m xture at
room tenperature; 20 (10) a step to obtain Conmpound (t) reacting Conpound
(s) under the presence of t-butyl acrylate and a base. 16. A process
according to claim15, wherein in the step (1) the lithiating agent is

n-butyl lithium 25 17. A process according to claim15 or 16, wherein in
the step (1) 1lBe rRegocasss @m@mnmrgetoscmmcmstmréﬁmer gher etepf - 30
to -40C. 3

[Qcess cordln%i claim15, wherein in the step (3)

t he OX|d|zﬁ%éq§5% e o %ﬁ?%QllQBPIQPYAFBhBéé@éne-

according to claim 15, wherein in the step (4) the base is potassium
carbonate or dllsopropylethylanlne 20. A process according to claim15 or
19, wherein in2@heA Pré’fl@ﬁs( aycordingl vemlain 15t onhldy otherarin dn the

claim 35, Gt CER CRFERLVERL % PREEbnPudabhiith o prd i R RRAL SRR~ ™ 1

osmat e( VI )acéiﬂlﬂati]k-mmsnﬂccm@m to claim15, wherein in step (6)
t he i odi ne agai nst Conpound (0) is in 4 equivalent. 23. A process according
to claim15, wherein in the step 15 (7) the desilylation-iodination

reagent i s iodine- ol hygeeb AOFARAS! 80 L 0lidY WHATUIG Bhnde- 20 aéjé(q) is

i odide. 24. A process according to cfaim1l erein Apoun
purified dﬁémﬁﬂﬂI%FM%FqnﬂﬁﬁalXﬁﬁ(ﬂﬁ:QQQﬁsamnanamampKVI)zo - a step to add
the regction product obtained by the step to produce Conpound (qg) from

Conpound (p) to an aqueous al kaline
22. A process according to c¢laim 15, whereln in step (6)

the iodine against Compound (o) is in 4 equivalent.

23. A process according to claim 15, wherein in the step
15 (7) the desilylation-iodination reagent is iodine-silver

trifluorcacetate or N-chlorosuccinimide-sodium iodide.

24. A process according to claim 15 or 23, wherein Compound
(g) is purified chemically by purification steps consisting of;
20 ~ a step to add the reaction product obtained by the step to
produce Compound (q) from Compound (p) to an agueous alkaline
solution and to stir;

-asteptoaddanorganic solvent and to stir, followed by removal

of the organic layer; and
25 - a step to make the agueous layer acidic and to extract with

an organic solvent.

25. A process according to claim 24, wherein the aqueous
alkaline solution is an aqueous sodium hydroxide solution.
30
26. A process according to claim 24, wherein the organic

solvent is chloroform.
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solution and to stir; - a step to add an organic solvent and to stir,

foll owed by renpval of the organic |layer; and 25 - a step to e th
aqueous | ayer acidic and to extract with an organic sol vent. g@b“ﬁ?ﬁﬁb@%@?

according to claim24, wherein the aqueous al kaline solution is an aqueous
sodi um hydroxi de solution. 30 26. A process according to claim 24, wherein
the organic solvent is chloroform 86 0 18 August 2005 27. A process
according to claim15 or 23, wherein Conpound (q) is purified optically by
purification steps consisting of; - a step to dissolve the reaction
product obtai nézl béthe step 5 to produce Conpound (q) from Conpound (p) in
a high pol arit¥y’ - s& REMNEST aFrewddngyte ahpintliSonr @8 avhere polCempopndol vent ;
and -a st i I3 Pyt G 4.8, fal | o y..concentration . of
the filtra e)t ? % %élsinfeg%cp&?&elrgarl gx%%@%iefsichrtgmﬁ%@ggg %rbsflosgte]s%g 85¢or di ng
to claim272 ahepeim dilssolivghthpateadt yors gireehicti sbehlinedfloy rehe28tePpr ocess

accordikng tgo _cl ai 7.~ wWherein the_|l ow polarit 15, sol vent is_n-hexane.
30. A %rocegg é%%%q?gl ncdmlp(?uﬁﬁi(ﬁ])lglfo _ CHH}‘% (PhelBiBpigmplekdtiase is
pot assi um caoheeate. £201Sded Use Ddmideridd Q!4 QO%ebgﬂﬁrQQ?abBTQeH¥;the
process according to any one of clains 15-30 to the preparation o

canpt ot heci fndnal 0ogs. 32. A process for preparing canptothecin anal ogs,

wherein 25 $06p EbIESY ¢l : LEN LR [ he process
accor di ng tobg%y one %?%cﬁ%%ﬁ%%ﬂfgﬁ}gi@ég’%%Eogcgngra ion
. of the filtrate to dryness under reduced pressure.

10
28. A process according to claim 27, wherein the high

polarity solvent is chloroform.

29. Aprocessaccordingtoclaim27, whereinthelowpolarity

15 solvent is n-hexane.

30. A process according to claim 15, wherein in the step

(10) the base is potassium carbonate.

- 20 31. Use of the tricyclic ketone obtained by the process
according to any one of claims 15-30 to the preparation of

camptothecin analogs.

32. Aprocess for preparing camptothecin analogs, wherein
25 thetricyclic ketone, which is obtained by the process according
to any one of claims 15-30, is reacted with

2'-amino-5'~hydroxypropiophenone.

33. A process according to claim 32, wherein the
30 2'-amino-5'-hydroxypropiophenone is
2'~amino-5’-hydroxypropiophenone obtained by the process

according to any one of claims 1-6 and 9-12.
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2' -am no-5' - hydr oxypr opi ophenone. 33. A process according to claim 32,
wherein the 30 2'-am no-5'-hydroxypropi ophenone is

2' -am no-5' - hydr oxypr opi ophenone obt ai ned by the process acco&%ﬁﬁﬂ?ﬁ%¥zﬁ%?5
one of clainms 1-6 and 9-12. 87 18 August 2005 34. A process according to
any one of clains 14, 32 and 33, wherein the tricyclic ketone and

2' -am no-5' - hydr oxypropi ophenone are m xed, and said mxture 5 is reacted
under an inert gas atnosphere. 88 ABSTRACT The present invention is to
prepare efficiently 2'-am no-5'-hydroxypropi ophenone corresponding to the
AB-ring part of canptothecin (CPT) skeleton and a tricyclic ketone
correspondi ng 3%+ t RePEREEFF nACPREL NG &o cany tanepodvicde imef flitgi 82t &yd CPT by
t he total n 1S, i.ch_i. aktl t.erial for irinotecan
hydrochlof?%b an (%%}ﬁ@ﬁng?%gglg% k%%%g?ogﬁgcin derivatives, and to
provi de stZblami@RFdrdyidrexygeopiapheasne are mixed, and said mixture

5 1is reacted under an inert gas atmosphere.

- 88
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18 August 2005

ABSTRACT

The présent invention is to prepare efficiently
2'-amino-5’-hydroxypropiophenone éorresponding to the AB-ring
part of camptothecin (CPT) skeleton and a tricyclic ketone
corresponding to the CDE~ring part in order to provide
efficiently CPT by the total synthesis, which is a starting
material for irinotecan hydrochloride and various kinds of
camptothecin derivatives, and to provide stably CPT and its

derivatives.
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