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 dganﬁ?q%of 2005
CPT-11 which is a useful derivative and the 5 like, a sufficie 1i/zoq
CPT becones difficult notw thstanding a neasure for the starting material
supply such as af forestation. Al though 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



lization of Aryl Isonitriles."), problenms are pointed out 2 18 August
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5 Additionally, although the above Curran, D. P. et al.

synthesized 4-iodo*2—methoxy-6—trimethylsilylpyridinemB—
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.
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reaction tenperature is required, making it inpossible to enlarge the
batch size. Further, owing to the 15 necessity of a conplicated tenperature
control in the total reaction systemit was not an industrially practi cal
reaction system 3 18 August 2005 Disclosure of Invention It is an object

of the invw%ﬁ%f&piently CPT, which is a starting materi al

for irinotecan_hydrochloride ‘and various kinds of canptothecin

derivatives, ahll t&npRothiReth & arhe dgwentdlorato provide efficiently

7-ethyl -1 dr gxyganpt LE j,ch i key .internediate of the
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Parti cul arand vag ipgsdimiy ef tanptotheciAviitiveit vesSyimdeanptotfiecin

i nterrrgdi agea}?gorresggndi gg tg the AB-ring part of canptothecin skeleton

and an®i nt€t ocﬁsaﬁg_ PR 4rrE H&ﬁ&lPHBY@SO%‘HEaM@Fhﬁ@lﬁhaﬂhm@siﬁ(ﬁ kegly, and

further tintsmidiesitee dﬁ@boibfﬁbﬂeégﬁl?ﬁ?ﬂé@ﬁi&f&?%&dt@ltegigedé% s. Mode
[

for Carrying Qut the Invention In view of” these CiTtcunstances t'h ventors
made an = PFaSLIGH| Hetadssanthesind doasteimelatly asitt dst ha ABjecngopart,
made Conmpquqd ; hydroxy- 2= ni benzal.deh )., Ho' -'e..' CHO (a) N2 a
starting mat erll(ngl)e,n(tair? fq %uﬁnéhérlr%%%g T lﬁ’rto‘:‘iﬁ"égﬁéﬁ? SRETPEEONEAPEVER| ves
stably by the 8Bfrdngrnpapt efacampeotabci ke Bota®-and BWdL RXK¥PHORE gPBENONE

corregpondj to the AB-ri art_of CPT skeleton, and as to the CDE-ring
part Zﬁar?;:o%efslpgﬁﬁlng to Eﬁe (PDE—rJ.ng 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)):

Me
|

...__, (k)
TMS

(whereinTMS represents a trimethylsilyl group, and Merepresents
25 a methyl group.)



Conpound (k) (2-nethoxy-6-trinethylsilylpyridine (MIP)): (k) TH' S (wherein
TMS represents a trinethylsilyl group, andMe represents 25 a thyl

group.) 4 18 August 2005 found a nmeans to provide CPT and its gg é‘]‘g/%ﬁ?/e%oos
stably by an efficient preparation of a tricyclic ketone corresponding to
the CDE-ring part of CPT skeleton, and established a total synthetic
process for CPT anal ogs by an appropriate conbi nation of these neans

wi t hout using natural materials, finishing the invention. Nanely, the

i nvention fehad es Meand REOSLSSiAO CHF MR 111G 4@ %
-hydroxyprogjlsophenone cor(rjgspondl ng to th(;T AB_rlrrlva{I!i_?Q slfg‘eW &Yoﬁm

according % %W@%&@P%m offan (:u;cgoum)k@mm ejor fespemdEIRNts a
rocess of CPT anal ogs

protectiv Qi ) t.ot.al_ synt etlc
by the ag?ol?%prl atrel | nat ion %‘? }eﬂ‘retcoé's's r‘ﬁ?ﬁ@l ActRERdne
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particyl ar] t hesi s of

“trinet ﬁyl sﬁlﬁ & {S‘Fﬁas(%mdls(lfﬁ) natgraz- lﬂ@ti yls, flnlShlng the
trimet hyl sinwdri®idifli ne (Conpound (k)) or 3- hydroxyrret hyl -

| odo- 2- met hoxy-6-trinmethyl silyl pyridine (Conmpound (v)) by | mprovi ng and
optim zing a plateks fdeolavegtiont helayashetix pritasautter preparing

2'~amino-5‘-hydroxypropiophenone corresponding to the AB-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;



18 August 2005 TMS (k) (0) (t) MR (Q (h) (n) Et (r) (mhereln TMS is a

trimethylsilyl group ‘Me is a nethyl group, Et is an ethyl-
propyl group, and "Bu is a t-butyl 5 group.) , established on %qa%gg?%%% >
Curran route (Josien, H; Ko, S. 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; Q,

R L. J. Og. Chem 1997, 62, 6588-6597.) which are synthetic 10 routes

currently known. Further, si?ce conﬁﬁﬁﬁﬁ_}v) is a byproduct arising in the
process to synthesize 3-(2-

but enyl oxynet hyd¥e- 4-i odo- 2- s hoxy- 6-tri omé hyl si | ypyri di ne ( Cogpeund
(m), in the gpoye synthetj @ﬂte Conpg#nd % escribed ip

downst r eam 1 ar £ ctil ar | he Tinvent relatgsto a'prdtess
prepari ng 2™%n no- 5' hﬂU?oxyp*oplopﬂﬁﬁo e 'k o ™y nthesi caf¥t ot'h Cin
anal ogs, whereith from Conpound (a): HO. ®CHO (a) N&R 6 8 August @085

Conmpound (b): RO. ECHO
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HO Et HO Ei
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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)
andPharmacia&l&ﬁohnroute(hereinafterdescribedasP&Uroute;
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-trimethylsilylpyridine
(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,



(b) NO2 5 is produced; and from Conmpound (b) Conpound (c): OCHis
produced; and from Conmpound (c) Conpound (d): 0 (d) 10 is proguced: -and
from Conmpound (d) Conpound (e): 0 is produced; wherein Ris a %#gfw%gzoos
group which can be 15 deprotected by a catalytic reduction. Al so, 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 IS August 2005 (1) a
step to obtain Conpound (b) m xing Conpound (a), a benzylation reagent and
a base, artP®RGUM P )sfaid nixture in solvent under reflux; (2) a step to
obt ai n ConpspA C) q¥ Sropping Gignard reagent 5 to Conpound (b) under
an inert gas S %; (3) a step to obtain Conmpound (d) m xi ng Conpound
(c) and an ox ng agefibland stirring the mxture; (4) a step to obtain
Conmpound (e) byxg-Ca tic reduction of Conpound (d). 10 Further, the
invention relates to above process wherein in the step (1) the sol vent
i s dinmethylformam de. The invention also relates to the above process
wherein in the step (2) the Gignard reagent is vinyl nagnesium broni de.
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



Further, the invention relates to the above process wherein 15 in the step
- (3) the oxidizing agent is Jones reagent, manganese d'OX1de’O{8'Auggﬁt 2005 -
TEMPO- (2, 2,6, 6-tetranethyl pi peridine-I-oxyl)- sodlun1hypochlor|te. s,

the invention relates to conpound represented by formula (C): OH 20 (c')
N2 (wherein Bn is a benzyl group.). Further, the invention relates to
compound represented by formula (d'): 0 25 (wherein Bn is a benzyl
group.). 8 18 August 2005 Also, the invention is a process for preparing

aher i n T ron Cormena S R o e SR E RS T e O i
wherein from Conpound (a): NO . a ou ) _
produced; keRE¥FIMameagent( enl Gobpsendarfd gt Oy shitOmistaredyged; and
from Compund, Ll ), Y %%EQu&%): 0
(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 e

_ (e¢’)

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.).



15 is produced. Further, the invention relates to the above process,
“wherein it contains one or nore steps selected fromthe grou i sid

of (1) a step to obtain Conpound (c ") by dropping Gignard r%%g%?é—é%%r?boos
Compound (a) under an inert gas atnosphere; (2) a step to obtain Conpound
(d") mxing the Conpound (c") and an oxidizing agent and stirring the

m xture; and 9 18 August 2005 (3) a step to obtain Conpound (e) by a

catal ytic reduction of Conpound (d"). The invention also relates to the
above process mhgsei Phel P; | nt_is vinyl

magnesi um brom de. s 5 Fu?rtl‘rr’lé;l??f(%lﬁelé nl%/e%%%é?%g)sfﬁ%gﬁﬁ?@ above process
wher ei n i n? { h@nERepS (Ayydraxypdat ikdpheragenttd syhtihes izeagambtorhaganese

di oxi de or sqQgh ; hlorite. The invention also relates to use of
21- ani no- 5"*"?%%)%&3%?%%%% r%g{"'%ﬂ i‘@)Gbt ai ned by the 10 above
process, tHG R ep@Hat i on of canpt ot heci n, anal ogs. Further, the invention
relates to a gbs for Er paring canptothecin anal ogs, conprising
reaction.of L no-5' - h§dr oxypr opi ophenone obt ai ned by the above process
and a tricyclicKetd@; 15 The invention also is a process for preparing
the tricyclic Kketone to synthesize canptothecin anal ogs, wherein from
CompouRd (k): TMS 20 (wherein TMS is a trinmethylsilyl group, and Me is a

met hyl gr%hp)oun&)r(cCormound (v): TMB OH (V)

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

(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



(wherein TMS is a trimethylsilyl group, and Me is a nmethyl group. 10 18
August 2005 Conpound (1): (1) TMs (wherein TMS is a trinet hyl:?é L&gg@% 5
and Me is a nethyl group. ) 5 is produced; and from Conpound (1) npoun
(M: (M (wherein TMS is a trimethylsilyl group; and Me is amethyl group. )
i s produced; and from Conpound (nm) Conpound (n): Me (n) TMS 10 Et (wherein
TMS is a trinmethylsilyl group, Me is a methyl group, and Et is an ethyl
group.) is produced; and from Conpound (n) Corrpound (o) (o) 15 (wherein

. . . vl
TMB is a ty3yef Ryley) bl oBEQUR C dith t l%ﬁlsan ty
group.) 11( 1gQiAugtj“?t 20?)5 IS pro ar% B&rom Qrd (p):
NO (p) (wHeemponmd/Bed 'Y )a tri met hyI SI I yI group, Me is a rret hyl group, 5 and
produce and fraq Corrpound (p) Compound :

(o) Cwner oi n” i Hdaridn R arFec ¥he allge progpsp vheroin
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):
Me

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



10 i s produced; and from Conpound (q) Conpound (r): Me (wherein ne is a
met hyl group, Et is an ethyl group, and Pr is a propyl group.)ol15 is . one
produced; and from Conpound (r) Conpound (s): 0 HO (wherein Eti??%%use? hzyq05
group, and Pr is a propyl group.) 12 18 August 2005 is produced; and from
Compound (s) Compound (t): (t) (wherein Et is an ethyl group, and tBu is a
t-butyl group.) 5 is produced; and from Conpound (t) Conpound (h): (h)
(wherein Et is an ethyl group.) is produced; and wherein it contains one or
nmor e st epsCampamicd(1)l0 fromthe group consisting of; (1) a step to obtain
Compound (1) m xing Conpound (k), a lithiating agent, a fornylation
reagent and an i odiQrMis on reagent; (2) a step to obtain Conpound (n) m xing
Compound (1), crot apggol . triethylsilane and an acid, and reacting
said mxture . out use of solvent; (3) ? step to obtain Conpound (1)
m xi ng Conpound byproduct in the ste{o ()2)., wi th an oxidi zi ng agent
and a base;TM a Step 1o obtain Conpound (n) m xing Conpound (m) , a

pal | adium catal yst, a base and a phase-transfer catalyst, and refl uxing

20 said mxture in solvent; (5) a step to obtain Conpound (0) m Xxing
conpound (n), an osm um catalyst, a co-oxidizing agent, a base and an
asymet ri d G TMS g2 Briethitls iditlag roepmpodite {9k mebliyiggongoypnd (o)

)57 D288 | ¥ froeticad; aMd k2hn' UEhBOuRE' {11 SbkESahd Ay B conol -water mx

{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



(7) a step to obtain Conpound (q) m xi ng Conpound (p) and a 13 18 August
2005 desilylation-iodination reagent; (8) a step to obtain Com d (r

m xi ng Conpound (q) , a palladium catalyst and a base, and rggﬁggﬁﬁ#%%ﬂ%Pos
m xture in 1l-propanol under a carbon nonoxi de gas atnosphere; 5 (9) a step
to obtain Conpound (s) m xing Conpound (r) and a denethylation reagent,
and reacting said mxture at room tenperature; (10) a step to obtain
Compound (t) reacting Conmpound (s) under the presence of t-butyl acrylate
and a baseis dJadd®es .add ey j el.ate ye process wherein
in the step ?%3 t he |ﬁthia??§§y§§§??%P§ A?BU?QPBP??ﬁiE ° The invention

al so relates to thgpadove process wherein in the step (1) the reaction
tenperature is thejconstant tenperature of -30 to -40C. 15 Further, the
invention rel at gg#t® 2ppbove process wherein in the step (3) the
oxi di zi ng agent O]sodi um hypochl oritép} The invention also rel ates
to the abovepgoCta -‘j‘* in the step (4) the base is potassium
carbonate or N, N-diH@oprEpyl et hyl amine. 20 Further, the invention rel ates
to the above process wherein in the step (4) the solvent is
tetrahydrofuran, or a diisopropyl ether-acetnitrile-water mx |liquid. The
invention also relates to the above process wherein in the step (5) the
osm um cat(ahpreinsTHEt s si uminerthydeVilyl gPSubliddrs at Rethpyeftd s, rel at es
to the5ab% BLOGESS mh%bghn in step (6) the iodine against conpound (0) is
in 4 equival ent. “oTRE Fhvnt 96RYBréo rel ates to the above process wherein
in the stds pFpdubeddeanllyrabimnotompundt (HN EERISENA | &) 4 0di ne-sil ver
~trifluoroacetate or N-chlorosuccinim de-sodi um™ 30 i odide.

MP
Vi

(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



Further, the invention relates to the above process, wherein Conpound (q)
is purified chemcally by purification steps 14 18 August 200 risi

step to add the reaction product obtained by the step to pro%%%rﬁ%&%ﬁ
(g) from Conpound -(p) to an aqueous alkaline solution and to stir; a step
to add an organic solvent and to stir, followed by renoval of the organic

| ayer; and a 5 step to nmake the aqueous |layer acidic and to extract with
an organic solvent. The invention also relates to the above process

wherein the Al i ion J n _agqueous sodi um hydroxi de
sol uti on. 10£Furtﬁerf e fﬁ%@ﬁgkgﬁorgﬁaﬁgg FB%PRBngbégg’process wher ei n
t he organi c solvent i'sgchloroform The invention also relates to the above

process, whergin is purified optically by purification steps
conprising a the reaction product obtained by 15 the step

to produce CorgoOUR iro -Cbnpound (p) in &thigh polarity solvent,
fol | owed bYW ngtT o-Of J& 1 dg pol arity solvent; and a step to filter a
precipitate whi #Qi s f d¥Pownekit 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

al so relates to.the ahove process wherein the low polarity solvent is

n- hexane. (I‘—%relrﬁéfl, Ethdsi aleRtNBh gEPEPesand the Ldovetphocebsgmhgrain 2.5
in step (38) pibaubags Lsgp Si o] e [avention also relates to
use of the t?icycl??'kgﬁgngkagbggﬁgggﬁgypﬁﬁec% %%h%r@% §s to the
preparation of ¢gnptothecin analogs. Further, the invention relates to the

process for preghrin

(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



30 canptothecin anal ogs wherein the tricyclic ketone obtained by the above
procegg Is reacted with 21-am no-51 hydroxypropi ophenone. ,.1518 %§g€g9u5605
2005 The invention also relates to the above process, wherein h

21-am no-51- hydr oxypr opi ophenone is 21-am no-51-hydroxypropi ophenone
obt ai ned by the above process. 5 Further, the invention relates to the
above process, wherein the tricyclic ketone and 2 1 -amno- 5

' - hydr oxypr opi ophenone are mixed and said mxture is reacted under an

i nert at nodediel ¥l at die- idviaiit ih MRkeRferit!; becom ng possible to prepare
efficiently 2' -amno-5 | -hydroxypropi ophenone corresponding to .10 t he
AB-ri ng paelq) Sﬁwwgkaﬁému@yl @) Bpxing Compeunddarist a paddndiamd nakes

it possi bl t yn Sj . CPT inta racthaI_use. _

Add!ot i onalﬁ%ﬂaﬁ (ﬁ%% IB%'.P%I' n‘églgaif%agg%o (‘8’%‘1%&%&@68&8%& 1) in

t he procedsnddr theanhommoonxidecgas atyeispheregport of “their synthesis,
novel conpqunds. The invention al so nakes

th f th 5 are useful ] .
??dp05§{3| f&ié§¥¥y 5bPh%P&@tﬁegppyndaﬁséswﬁﬁépgi€°§9ﬁﬂﬁés(§£oﬂni a .

ound( sjentst lderiiond reheeat ,Cand! redBRiSy BASHERY xEAPROLP % have the
gﬁgPeton(zﬁionin Qﬂ?—rclggCDE-ring part (the t?icycﬁlc ﬁeﬁone par? Tin the CPT_
skel et on. YAPPRE Y e synt hesis of 21-ani no-51- hydr oxypr opi ophenone of

- T ' s_for, preparin 1 -amno- 51 -
hyar oxypr 00 Podarereh Sh€ath Ko Bie 3 st &L A einathnd 4 oipdge. 1)
the step tdiesypwelsesicee of- bebryydxpe2yhateohsazal ﬂ@@as(dg) Eﬁe(gggoggd (bl))

Synthidi vo. 1 FUEEHER) Ok oY RRELERHGIOES 9 tHe0puAYe RRocRsmpbRRRLt c! ) )
from Conpdmndhebstep (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




3) the step to synthesize 1-(5-benzyl oxy-2-nitrophenol) 30
fZzpropen-IPone (%bnpound (dl')) from Conmpound (cl); and (4) thfsségﬁ%;g %POS
synt hesi ze 21-ami no-51- hydr oxypr opi ophenone (Conpound (e)) from oun
(d"). 16 18 August 2005 As a typical synthetic route, the follow ng
synthetic route: (a) CHO NO2 (d) (b)- OH (wherein Ris a protective group
which can be deprotected by 5 a catalytic reduction) is shown. In the
invention, in case Ris a protective_grzupkmthh};can Eetdfpr?teftedag%lgs

talytic it higi o | .
g?e bgnzyl bgfh grlbtgsgeal%ﬁ% c??tegtdia\a/l{éhggu%é %ﬂct#%sﬁgc%é)%l%{a%ﬁ?’ﬂog%enzyl ,

2,6-dineth?FBEnE?IPﬁ@dﬂﬂﬁiQQMQQHR?IUanhgnnc?qu?gﬁﬁxbghgggﬁggaggﬁggﬁegrOup
[ on :
< exped: otk Tilea S iortiaf 6 Shis oy tib 4o ddein orssiciobueaher, o

I s expedien ( _ | _ o e
t o ConpoundndafowditLh, i follttred Ay irddBiICGakhe b?ﬁ%n%ni Wga!r- ga %ad
known thod, that chemically converted "froma sinrlar col oufd; t

i sol at & aRbeBub? riake frhemagdisonss 1ayierd acidicanndatomakeraetswishdamat ur al

: L , T abl e
terials [ &pepound (a) can be used. A conmercially avai
?gagent naﬁﬁgggiglggl%e used. In the follow ng the above steps (1) to (4)

are expl ai ned Ther éngpetién caliy. réTatde 56 ephé lAbod® PROESk S AhdSein
di ssol ved gy Séﬁt?&?tﬁjsedalkaline solution is an aqueous sodium hydroxide

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 ¢



17 18 August 2005 in solvent, followed by addition of a benzyl ation reagent
and a base and by heating under stirring to afford Conmpound (f].,. st 2005
sol vent N, N-di net hyl formanm de (DWF), dinmethyl sulfoxide, chlorofor
acetonitrile, ethanol, water and the |ike can be 5 used, and DWF is
preferable particularly in view of solubility and reactivity. The used
anount of, DMF may be three or nore tinmes based on that of Conpound (a),
preferably in the range of- 3 to 20- tines. As a benzylation reagent any
one can expediTné | nvumtizar al@ol belhtbs eoWROLINA pirodesd, Lhbysiaalive
of specific exanples are benzyl chloride, benzyl brom de, benzyl 1 odide,
pheny! di aZdiethartingx rhndroxymsepiephsmonee iki ke, and in particul ar
benzyl chl-prj \E £ | T sed .ajou of, a _benzyl ati on
r eagent malz();’r a%%rg%ﬁ at §I yoq@r%gqug%ggg EIS g%%ﬂ?ﬂgg?o%ﬁea}?%‘é ent, though
I n case ofpmsxsiary. for exanple, benzyl chloride, it is used inl1lto5

equi vakent based .on that ,of oun a), preferably 1 to 2 equivalent.
As a bése anyal’(s)lf%lb% gﬁ%é&?’@ﬁ?ﬁgnﬁ% 1F‘$tf1? abovERRRGRSDrEheyeiRed.

|11 ustratitte efis @néimet@mhaszareﬁn'x?&wlg%ﬁad%% 3 Oft&M
carbonate,,cesiun?carbonate, sodi um H§droxid , po ss?&n@%&ngéi égand t he

li ke, and™i¥SghpfdcERrafd mpEtass| isnxeadfathmdean aoxpeditnatyodphesed. The
used amount clu S RANART 3 BT EBBLSHLcEEOLALRgeLo the

reagent, though in case of using, for examp

i s used i efficdend lydli-ealigwm-Hadyd roxyprioptiopheGorp@uid dspondimefes ably 1

o Rl e 55 Pg OEE RRGFPROREF| SKeEREOR it 74RPLiBk TR the range
of 0.5 tocofi8titukattsandeiRisabtypdsd oo terpht-a tBthesFheRes & of0MPOUNd
(c) is Ob%%&nfgtgrégggég£é%'h%g?rquditionally, 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
15 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.
20 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
25 ‘(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)
30 ~2-propen-l-one (Compound (d’)) from Compound (c¢’); and
(4) the step to synthesize 2'-amino-5‘-hydroxypropiophenone
(Compound (e)) from Compound (d‘).

i6



reagent to Conmpound (b) under an inert gas atnosphere. 18 As an inert gas
any one may be used in case it is a noble gas such as argon, f@i %5
krypton, xenon, radon or the |like, or a gas of |ow reactivity suc

nitrogen, and argon and nitrogen are preferable particularly in vi ew of
the cost. 5 As Gignard reagent any one can expediently be used if it is
conventionally used. Illustrative of specific exanples are vinyl magnesi um
brom de, vinyl magnesium chloride, vinyl nagnesium i odide and the i ke,

and in particubsia tyipitalnBgEdtin ron e8] 48 ol RNPEH ?ﬁﬁﬁe@fc i:'ﬂ ;10 The
used amount of Giignard reagent may be prepared accor to the reagent

t hough in case of, for exanple, vinyl magnesium bromde, it igqused in 1
to 2 equivajeQt basegyw that ofeco oung:Hd b), preferably 1 t 1.5

equi valent. In : Grlgnard reagew® "y 0r opped to CHPaus g#1 uti on
15 or on the cagtrdry Conpd®nd (b) t|on i s—g» opped t gnard

reagent, synt hest¢ oOf Cgonpound (c¢) pOND,bl e, though iTerog to reduce
t he producti oncﬁfa )t he reduced type bﬁproduct (hereinafter descro‘oed as
Compound (f)) “f ) NO2 20 (wher(e RRis a protective gr(agp which can be
deprotected by a catalytic reduction.), it is prefegrable to drop Gignard
reagent to Conpound (b) soluti®n. As a used anount .

bf solvent in the

reaction, for exanpl po. telrabydrafuran ( i ferred to as THF)
may be in an 25 anount Yo #1100 tines, 0 reduce particularly
production of w4 al cohd} armunt efp50 to QROAI mes is preferable.

Al so, the reaction tenpers NO,s preferably no K than 10C, and to
reduce partl cularly prodl(Jctl on of the al cohol -78, to -40C is preferable.

(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




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 sep %3 005
Cowpoundp(d) can be obtained m xing Conpound (c) with an OX|d#§|% g%%%ﬁ%

and stirring the mxture. As an oxidizing agent any one can expediently be
used if 5 it is conventionally used. Illustrative of such oxidizing

agents are, for exanple, nanganese dioxide, Dess-Martin Periodinane, Jones
reagent (Na2Cr2o,/H2SO4) 1 PCC, PDC, DMsSQO oxalyl chloride/triethylam ne

(Swern oxi imtscdivent ,Tlfwgposz@ai?éami%%iﬂ 8 BOAz 1ec] ok Ge it Ang
e,

articular, 10 manganese di oxi Dess- Martin Periodi nane, nes reagent
gnd TEVMPG RAIQIATY pac hesting uadesr et brabhy m_aﬁfem:df A@nlpglumkiwbé T
xi di zi ng age heRA ' S S pref. er useq,

gase of,gfo? 2%2ﬁgggengéﬁgﬁﬁ@%ﬁh%§@§¥§ﬁgwiﬁ%fﬁﬂ¢kmﬁbﬂefE%fSBiFBFé Gise from
pot assi umQerarmimat @ceidnit’ itengetkanod yl fater cam erediiget bipbgeused.

The used t _of - ox] di zi_n ent nmay appropriately be prepared
accor d?ngq{%elé{]'hggfie@ggﬂts, PFﬁS‘u’gﬂggﬁ Rf“a%te%/‘{ﬂl,aqld# Incyaeplof spanhahate
di oxi de, idnd seiaddivity2 to 50 tines based on that of Conpound (c),

preferably 4 to 10 times. 20 As sol vent, for exanple, chlotofornl_nethylene
chloride, et hiie ASQhE@ousndn oEnOMFt Blayehe &hdeehor| mheechimexphasedt|y be

sed, andg i |, gn Of Lene chl ori re.preferable.
The iset ot of oot @) g iRANh IR B i By ¢ B0 F1BES0 "1 | moc.
Further, the P¢aeét benzylatips feagerB dmprcheantn Rxpaticaularbe dsé@ 18

Do A0 6 B enb e ) T BRI S S oo
pal | adi umazer benzypakhadiride, benzyl bromide, benzyl iodide,
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.

18



hydr oxi de- carbon, rhodiumalum na and the like can expediently be used,

and in particular, palladiumcarbon and pal |l adium 20 18 August1$0 é@ust 2005
hydr oxi de- carbon are preferable. The used anmount of a catalyst ™ To

reduction is 0.01 to 0.5 equivalent based on that of Conmpound (d),
preferably 0.05 to 0.2 equivalent. 5 As solvent any one can expediently be
used if it is conventionally used, though ethyl acetate is preferable in
view of solubility. The used amount of solvent is 5 to 50 tines,

referably 10ascarOiddrgyaslndddhs iR Hey ugbleine85LE Oy tidT i 1§p9pl tO 24
Eours andyin articular,%gfefe?ébly, It isuf tolé ﬁours. Fut { er, ‘rnstead
of synt hes93% PPbRAFoakdaone) hel tumharesiovrypteps édohp rabon forothEonpound

e I e RO
vt ety A il
gﬁgagzgéggg drﬁ%”ﬂf%%nafégreagent gny one can expediently be used if it
is conventionally used. Illustrative of specific examples are
vinyl magnesium bromide, vinyl magnesium chloride, vinyl
magnesiumiodideandthelike,andin;mrticularvinylnmgnesium
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

19



I nert atnosphere. Further, Conpound (d") can be obtained m xing Conpound

c + 1) and an oxidizing agent and stirring the m xture, and npQ ”Qt(fao
E:an be) obtained by a catalytic reduction of Conmpound (d") . I—é?e, %‘}l gnard5
reagent and the oxidizing agent 5 which can be used are the same as those
in the above steps (2) and (3). In this synthetic route, since no
protecting group is used, the synthesis of the AB-ring part can sinply be
carried out. Further, canptothecin anal ogs can be prepared by reacting 10

Conpound (i Blaerhr N pRer&tam 41104 e sSHf hehlogizout e descri bed
prgei ousl §/Egng®; tricycl isf: ketone,ﬁt hough as tricyclic .keto_ne like this,
for exanple, COREHERISE(3) ¢ Fpmpannde disean bedbim iredyik heg Compbuhtie

-ri [ 10 ket r{)..af t.he T skeleton, preparation
(C):PEt Llen?rpg‘f/il‘i‘%ﬂﬁeét%lndgyﬁ%ﬁc i to%%c%/isécﬁrﬁénﬂo! 8\Mmr’r§_t§§ﬁt'het!c rout e.
PRy S PR AR o i e S

j t , IS an.e [ , ,
and B8 T8 o intend Sy pisac’s ot hustrativa bomrek ks ing the
above syntadpdrites rad e .forl Rdangit, Nasingag Ry h%xéag\/eggggtﬁgrggﬂte (Josien,
H:; Ko, S.. B.;. Bom D.: Curran, D. P.” Chem FEur. J. , -83)
descri bed P§HiQAiRae,, Jomes seagend |(WagdndelH.60,] F opea, sPhE) ar conpound 10

R i e s L I
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



(k), can be used. A preferable synthetic process for synthesizing the
tricyclic ketone in the above synthetic route contains one or

steps fromthe 12 steps consisting of; (1) in the step to synt%%gyggﬁgt 2005
4-io0do- 2-nmet hoxy-6-trinmethylsilyl -3-pyridinecarbal dehyde (hereinafter
referred to as Conpound (1)) from 2-nethoxy-6- trinethylsilylpyridine
(hereinafter referred to as conpound (k) ), n-butyl lithiumis used as a
base 20 and the reaction is carried out at the constant tenperature of 23

18 August RAfox AltIriiCareoridtdribiy.ep Lo synt hesize
3-(2- but enyl oxynet hyl )-4_i odo-2- nethoxy- 6-trinethylsilylpyridine
(hereinafter rete agount apepoahdlyaf)fér aoedGomionnds (A)01 ta 0eRcti on

sol vent i : ) LN ep . to synthesize nd (1) from

3- hydr oxy%e%‘?mﬁgc- P§3%§29%Fh§§y5%-¢?T%?‘K@| (Qqe)l fy|P§3?%e¢r}qDag>iY( ﬂep)éi Raft er
referred t aeqonmadent.(v)), TEMPO sodi um hypochlorite is used as an
oxidizhng ageq{‘}é in the step to synthesize 4-ethyl-8-nethoxy-6 10
trimet Byl silyld9 g G1Y P0G G iERfieneAyi hef used isf ékréd to as
Conpound  (GonventdBnGQ RO 'ﬂ?h' Lie ; L | et her,
acetonitrile and water is uséghggagm%e ct%ggghggéTvgg%¥ég%%P8¥11Vlew
N,N—diisoﬁﬁbﬁﬂl&h%}ﬂ&ﬁhne is used as a base; (5) in the step to synthesize

(S)-4-ethyl-34-di r Q- 1 . .
dihydroxy-8-ng#ﬁ%§§¥%-?Fﬁ%@%héFsFP&V?Pﬁ-6§rgnB?B?Q-E}meﬁerﬁ?%%rﬁkaeinaf
ter referdddtoo2dst@mepound (o) ) from Conpound (n), potassium osnmate(Vl-)

IS us as an um catal yst ; 6) In the step to synthesize
(S)-4ﬁ@thyl-3ﬁ'- tH?&Fg&X!ytﬁe réagtlon time 1sp0.1 t3/24 hours and in

hydr oxy- 8paethonyab;t praeebybsy ) Vit 319X0- L& pynGnat 3. 4-c] 20 pyridine
(hereinafter referred to as Conpound (p)) from Conpound (o), the reaction
mxture is reftBETusings9astphethasdizing @enpound (e) via the above

steps (1) to (4), from Compound (a):
H CHO
 (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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(7) in the step to synthesize (S)-4-ethyl-3, 4-di hydro-4-

hydr oxy- 6-1 odo- 8- net hoxy- 3- oxo-| H pyrano[ 3, 4-c] pyridine 25 (heregl

referred to as Conpound (q)) from Conpound (p), N-chlorosucci nﬁi%ﬁ%%%on%
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 hydroxide solution to nmake a sol ution al kaline, washed with an
organi ¢ 30 solvent such as chloroform and then the water |ayer after

aci di fi catiirferti stdpraeted walgnar, j N . rm 24
18 August 12005 (9 ié\ the step thggpgl yuéodsn@ouﬁ%%(%g%%??%% (ﬂ“,ﬁ%‘g‘pound
(q) is diGomp (€’ a) inghapoxddiryngoagent aswicht Asr ting arhef ni gtand,

| am nat ed .\ I pol ar | ol vent. su as n-hexane to give, precipitate
wich i o Al oA RES’ oh8 BTGB b3 Ealainers: Perustipheot
filtrate; Cohound {de’ 5i efelresyor gt e rBageNt @R ¢heldxhldi3 idigth sl 0- 4-
hydr oxy- 8- et hoxy- 3- oxo- | H-pyrano[ 3, 4-c] pyri di ne-6- carboxyl at'e

( her ei %af P“én‘rel%f’ rRe 1aphareckpsuiamg @S thesm Lodisoabevegstepal (2di um
acetate i gpndésed,yas ' . + ol 0 G ' o nt hesi ze
propyl (S)‘-n4- gt r%yl gn%i%@%ﬂg%l?d@h}%ygéééé EB i’PgtééEPné gEguP‘

8. - di oxo- LB pwyedndh® siyrihesis difrche ABearingxyd et eapheimp hableetarefeired to
as Compoupgdi(s)) from Conpound (r), the reaction is carried out at room
tenperature; = (12) in the step to synthesize 1, 1-di nethylethyl (S)-4-ethyl
15 --3,4,8, loﬂmdcmét@tﬂé@ﬂﬂrm@sleaﬁiEﬁ@ﬂéﬁa}ﬁéﬁaﬁﬂﬁeé’ctiﬁ#

i ndol jdin-7-carbqoxyl ate (hereinafter referred toas Conpound (t)) Trom
Conpoju d £8 P?ﬂﬁﬁcﬁsP ARt irerh I the step 40 otisthy smbhetien xattonat e.
Further, @&8}rhiBelirevtidmst e 4 f i i
(S)-4-ethyl -7, 8-di %dr 0- 4o %Qdér}giél-t F‘hﬁ?”y"?ﬁﬁo'f%@ﬁ] Hheagh gs tricyclic

"3, 6, 10( 4fé$1if>flpoﬂaékeh‘éhé$ na%@érex'%lﬁblﬁ? edCempasndCofipound (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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IR

and Conpound (e), SN 38 can be expediently be obtained carrying out the
reaction in an inert gas atnosphere to afford SN-38 expedi entié/ AL@S In%d’t%
foll owi ng, the above 13 steps are explained nore specifically. I'n

of (1), Compound (k) is dissolved in solvent, followed by addition of a
litiation,fornylation and iodination reagents and stirring to afford
Compound (1). 30 As solvent tetrahydrofuran (THF), diethyl ether, hexane,
hept ane and the |ike can be used, and THE is preferable particularly in
view of solubility and reactIvrty—~25—i8—fugust 2005 As a litiation reagent
any one can expediently be used if i slconventionally used. Illustrative
of specific exa es are nogtyllithi um -butyl I b Nium  t-butyldy t hi um
lithium diis pylam'de‘I Moo | it hiu #' IsinI)am'd

(Li HVDS) and tjelll ike> and nIbutyH—r-thl et y—be u
particul arl Y8 n"vi ew of ™M&nYl "hg and TMEA |v|ny ed anmowst
litiation reagemt nay appropyiately be gyepared a(.;,por ng to theg Bagent,
t hough in case of using, for exanple, n-butyllithium it is used in 2 to
10 equivalent 10 based on that of Compound (k), preferably 2 to 5
equivalent. ||l usdmeati ve of spe ic examples gf a fornylation m@agent
are N-fornyl-N N N ~1rinethyl enedi am ne
and the |ike™ an «
used consi deriW™§ tfhe” ah e, used AMDUNT 67, ©
formyl ation reagent for exanple,@in case of wuslng o
N-formyl-N, N, N -t r‘? nmet hyl et hyl enedi am ne is us&®in 1 to 10 equﬁ'val ent
based on that of Conpound (k), preferably 1 to 3 equivalent. 20 As an

i odi nati on reagent iodgne, N—|odOSUCC|n|n1de (NI'S)

b I
P N AN
) l %E‘
Q

(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;

(1) inthesteptosynthesize 4-iodo-2-methoxy-6-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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and the |like can be used, and iodine is preferable particularly in view of
the cost and reactivity. The used anount of an iodination reag$ t.is u@g%)
in 1 to 10 equival ent based on that of Conpound (k), preferab € Rugys 9
equi val ent. 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 without using solvent 30 to afford Conpound (n). As the used

anmount of c3@tyd adgodpl, it is used in 1 to 10 equivalent based on that

of Conpound_(Kk), preferably 2 to 26 18 August 2005 5 equivalent. As the
used armount2 b lttheshepsie syathesike AisEhutenytloxyh@tégli)vd-dndobased on

t hat of C%%%Hﬂﬁyi l. to. .4 equivalent. 5 As_an acid
trifluoroacefic ac!g)at(rg'&%ft?&gg#gipgr dige HAHLAYG BREErEed Lo as
hydr ochl or¢am@mintl ¢mg ) tieon Chmpeandig JuseteactidnTsdL ¢énth 8 fI1lkeq;
partic Iar¢¥ I.n viewof reactivity. The used anount of an acid, for
exanpl § i (7 L 28G SHER to SynthesizeLompenrd  1)akeem drhyHapxphetbybound
(1), pref erphlogo b Redi I i Sl ound (1)
can be obtai ned by di ssolx\]}iﬂr%%éo“?ptg@%gl&&)ﬂpﬁéﬁ ;?}%r ghﬁé%}iflﬁg?%g step of
(2), in sdisf@ured bplagedmpoyndddi))i, CREMPOesodium hypoghagehteadrdusedase,

convent | ofat 3P GRS, BBRGUE F stch sol vent are i chl or omet hane,
chl or of or 4 )adtrortiter isitep ttol wgmehes-ikexanethgndsthechbkp~eand tol uene and
n- hexape are preferahl particularly in view. of reactivity. Illustrative
of ox iziﬁ&n§§§Hﬁ§Jgﬁg'ﬁﬁﬁﬁﬂﬁégﬁ[QVGXFdePYridine (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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20 Dess-MartinPeri odi nane, Jones reagent (Na2Cr207/H2SO4) , PCC, PDC,

DVBO oxal yl chloride-triethylam ne (Swern oxidation), TEMPO hypoghlorjt
and the like, and in particular, TEMPO hypochlorite is pref e%/gb)lg%?u?r%r%oos
pref erably TEMPO sodi um hypochlorite. As the used anobunt of an oxidi zing
agent, for exanple, in 25 case of TEMPO sodi um hypochlorite, TEMPO i s used
in 0.001 to 0.1 equivalent based on that of Conpound (v) , preferably
0.005 to 0.02 equivalent. Additionally, sodium hypochlorite is used in 1

to 5 equivgd el tRe SRRy pir ﬁ%ﬁ@rﬁu@nzﬁﬁfﬁgi@aﬁfﬁ% qui ?Q? éuch

expediently be used if it i's 30 ton ed. ative
bases are Sodil§srlyedaibohdtigh poliknity adioratte supht @s sshlvrofickenahe,

calcium ¢ [ roxid cal ci um hydroxide, triethylam ne 27
18 August gggg arﬁ%l F%gﬂl#k@e&%oﬁﬁ%ggi%ﬁ‘ﬁ PR SEGHafE WRHAALC SV ar |y
pref er abl eretsipitates ahiapust reliovedapg, Fi0Eraxadnl efollDofdgeppf sodium
bi carbpnate, it is used in 1 tao .10 equival ent based on that of °5 Conpound

(v), pPef SABSIFaFoR ofuithe dAdtrafeireaction tenperature is in the range
of -10 to (& ,in@n@fs%gmdfsmhéslﬁéﬁrag% géﬁ%hgﬁkpfqhx3tg_eg§§a§3§4a si de

reaction. Additionally, the reaction pe € Tang “10 to
10 hour s, Wyidaoy§—pefhoxye 35okond §-pynanbe3step]piridineSpapound () is

di | ved J , L th | | .agi I , b d
phase {1 aser e YARE: (RBSRTRateY, BeRErrALETAa CoMiomnd (R)) SEomol vent

acet oni t r Componedt tghydadl adaom @Bdthtelfs dbact 8pd118diRm ¢4E€Rysdi et hyl
i ke can be used, and acetonitrile, HF, | PE

Aetherl t ol,yene,. er and the | can

and wa?er(gﬁé lB?%&ErﬁBPB bar BYRERGELFS| RropBly 6%) Téarthyd 13,4 ibnte-

pref erabl yettahyakoan-agareryLs| beal ko Vi EEy PANo 3 WL pyridine-6-
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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As a palladium catalyst palladiumacetate, tetrakis- 20 _
(triphenyl phosphi ne) pal I adi um di chl or obi s- (trlphenylphosphln #allahéﬂas
pal I adium chloride and the like can expediently be used, and

acetate is preferable particularly in view of reactivity. The used anount
of a palladiumcatalyst is in 0.01 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, forag %Xiﬁgggtiéﬁdfé@%?#ﬁq{;ﬁbﬁe %%Aa?iﬁé'ﬂecr?{ﬂp%%t Gse§dl £1Um 30

car bonat e, cesium carbonate
N, N- di i sopitopgl @@h\]emhimmnﬂﬁk)echodEmmuhyrlaf)xvdeaf ppleadFiienexmpIexi de and

the lik th pota car bonat d. DL PEA bej ng 28, 18, August 2005
pa?tltuﬁafﬁ%a6¥2¥%@é§1§%E?Wé 5338%Xi€&ﬁE&BP'atbﬁggyl¥théR%nplbth+?mcase of
DIPEA s dnislo;ix@p&(laﬁﬁubvqmnt) basedign BE@EtPhﬂ@Qﬂ?Pé‘ﬂﬂ]&i midé& ef erably
5 to 1 eqU|vaIent a hase transfer catal yst a can expediently

be d it EAMDSy anéuﬁh@rhhk?rdﬁﬁbﬁ?ﬁmﬁydﬂutbﬂumrgan exhediahtth bare
S?Q?i?éh?g‘@e’dﬁé’%ﬁ?@ aferhy Th 028k b HTRE M ERg £5e 8 PPy Pl e 10
in case of tetihebusplaamountinof br dnitd@tiion re@gehtt Mad LEpiroEtentelpased on
oact | on BB PEASRHEY AndtsHl i By tr'gfﬁr%?tﬁeﬂi‘t"t PuSHahoth GRSE P8 SHiADur o

i SL.G%(:H X"T’f P e g S Per Ao T Ak ol 5.

bpgpdopn (that phfamreund)(k)s greferabldyi A o 5 stqohalemter ni x
I quid, addedrwhbBt+28t998d¥spaE2 Y Slexdhples of a formylation reagent

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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co-oxi di zi ng agent, an asymetric catalyst, a base and methanesulfonan de,
and stirred to afford Conmpound (o). 20 Illustrative of al coholf%a%lg st 2005
met hanol, ethanol, 1 -propanol, isopropanol (IPA), 1-butanol,™2- 5ol :
t-butyl alcohol and the like, and t-butyl alcohol is preferable
particularly in view of reactivity. As an osm um catalyst osm um
tetraoxide, potassium 25 osmate(Vl) and the |ike can expediently be used,
and potassium osmate(Vl) is preferable particularly in view of handling.
The used amuHivafleyt 0sm umcatalyst is in 0.001 to 0.1 equival ent based
on that of Compound (n), preferably 0.002 to 0.01 equivalent. 30 As a

co- oxi di zi ng dferithepysgdspununtxatytnéthytsilard, 1)t isNusedhynol ptol i ne

N- oxi de ( t | i an expedi ent be. used, and_potassium _
hexacyanoﬁé@%@g%ﬁlllaﬁti is)lég?éf%? a%lﬁ%t Zcépfl?ﬁﬂ?él?gt (_%SGSPBQiEEFEBiLﬁr]rth n view
of the redctaquitvalehlte used anount of a co-oxidizing agent, for exanple, in

case 0 otassj um hexacyanqg.ferrate(ll1), is used in 1 to 10 equivalent
based npt hat A5 a@or?ﬁ’dt‘#&r&ﬁ)l}mﬁf’éF@F&EI pcadt ¢TEA) 5 subfvaienacid,

Il ustrat ip Vi j Blac jeat : . .
( DHQD) 2 PHAF%? 2 %&g i e@qﬁ&%ﬁl‘% %&E@%ﬁﬁ\@% ke ‘éf"e‘rbé':_'b‘i‘ ged |
particul aigl THAyiswpseiehabbet beatigubadly The whed eforwdctofvity.asymretric

' ' ' : 0.1
caur var ent badl¥ WBe; anddok o738, fifn) Fob SfuRlfy ¥ (e @ g
- equi val entis Ndoalbaspiscdiant baskanai @hapod AIUmPHueRY ?th;ﬁm@&}yﬂ
at e, sodi um hydroxi de, potassium hydroxidé and the

car bojjat e %eségm car bog . i ) .
li ke thn BeQséf, ®GRAVBLERESsi um carbonate is 15 preferabl e parti cularly in
vi ew of the reaciHe/step oFNS)YSESBSRHN| 19Tad BOSFralREd BYUR 1 d AL ase Of

pot assi um ) .
_ 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, chloroform, 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,S0,), 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 is 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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carbonate, is in 1 to 20 equival ent based on that of Conpound (n),
preferably 4 to 10 equival ent. The used anount of nethanesulfo q&de |€ déPS
0.1 to 5 20 equival ent based on that of Conpound (n), preferably o]
equi val ent. The reaction tenperature is in the range of -10 to 300C,
preferably -10 to 100C. In the step of (6), Conmpound (0) is dissolved in
solvent, 25 added with a base and iodine, and refluxed to afford Conpound

(p). Illustrative of solvent are nethanol, ethanol, 1-propanol,

i sopropanqind |#H#Y .1 M&ad err.\arf’dT'1d ol uld %ﬁc#%%ﬂagtgrg%gﬁ QS%(?Q:LBELX liquid

being particularly prefera e in view of rea %any one
can expedimrefgraldeased if it is conventionally used [l1lustrative of such

bases are sodi ar bonat e carbonat e, cal cium carbonate, cesium
30 18 August %&h%a?%% hngo%fan]?‘ﬁﬁ‘a ToeXampl e 4 GRFS AloRkPALUANG t he

like, wi mm}mme:,aﬁ_bon@méwmglp@d tllmel;a&wl@ﬁéfﬁésaéﬁ on tHgtUSEd

anount _of a base, for exanple, in case of calcium carbonate, 1sinl to 10

equi vaPent® qg%’éﬂ‘dor("‘t)hatpr@ﬁe@@%bfuﬁdt%‘i(@)}IUl}ﬁﬂbeetabl y 2 to 5 equi val ent.

h d f 1 th
-Cr:orGrplcj)ﬁﬁd ?g;)unﬁbhré;freéraggﬂl%%t%lgbgréa{d?\?a en t\i%d%%g na Iy, t h@ ?@a(gt I on

period i spreferablyngetot10. Sot 8020 phnuﬂ.eularbj‘ret@bd;wplbré@s%l'@iué 10 In
the step (:Z:),O Compound (p) is dissolved in solvent, and reacted under
i odi ne- si I'Ver ©11f| uor oacet at e (hereinafter referred to as, 2-CF, COOAg) or

N- chl or osucci mdmdﬁtﬁﬁd.lllym thei geacthen e{bé@id(f?rﬁsr ‘ihe{:ﬁédréﬂ%ésof"c§ al) to

car bof? 155 d0r Oy | BECTERRBLEY B Fn ACS (hets ke are expedient, and in

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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particul ar, dichloronethane is preferable. Additionally, in case of

NCS- Nal acetic acid, acetonitrile and the Iike can be used, gl ;,E 2005
acid is preferable particularly in view of reactivity. 20 Asa?o %%g'susedo

anount of 12-CF, COOAg, 12 is used in | to 10 equivalent based on that of

Compound (p), preferably 2 to 4 equivalent. Additionally, CF3COOAg is used
in 1to 10 equivalent, preferably 2 to 4 equivalent. As to the used anount
of NCS-Nal, NCSis used in | to 20 25 equival ent based on that of Conpound

. ek . . 50
), pref ep@bt yobl 4018 pregrdradi@nt . Additionally, Nal is used in 1 to
ggui val entqs based on j!fhpat of Conpound (p), preferably 5 to 8 equival ent.

The reaction tEhpategdranquitc gfeaobaasi ngoz-efammgodn $a§abf)opf?nﬁgﬂgboc t
r ef er abl y; t10 4 M 1) ase, .of, usi - it Cto
g refl ux tle&'?_rrglelrlgtt;(&rgg,%(.‘BJr::";{’1Eatel?5 g‘rﬁ ?/A%B&Pg t%ﬁ??ﬁ&%@cﬂ%ﬁ%ﬂ QFetfﬁEaEégct i on
period is 3rcd N rengieradfer.t o 31 18 August 2005 48 hours, preferably 15 to
Conpound ((Q] Is added with a basic sol vent,

. In the step of (8), :
fzgr hg; rsrpl e,n eI’PS %ﬁ%‘é&%@eﬂ\l%&eﬂm Wok’ﬂ’@e?aanéxﬁﬁﬂwéﬁlmlbegi ve
the | act onfsdd NF 9RENE N [RTRRWAGy( Qﬂﬁgﬁgﬂ% 4% or g\%wg_'etﬁe hic ;[ ON

a* (u) (wherein ne is a nethyl group, an I's an et yl group. ), "\ ch
.i s sol ubldq fopvienbyerally bssde withutetmabwegdanashing Hrivmidobaingn with

an organi (baﬁﬁ{li\é‘:ﬁﬂt&rl@ g’%tf%?é-HE%Si c substance-nobves to an organic |ayer.

The organic |l ayer 1s“separa followed 10 by acidification of the water
layer with an The dseddamexintaofidphase-transfer catalyst, for example,

10  in case of tetrabutylammonium 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 houfs. 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 Illustrativeof alcohols aremethanol, 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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wi th an organic solvent to recover Conpound (qg) in good purity. The basic
solvent is in the range of 0.01 to 5N, preferably 0.1 to 1N, DT L qust . 2005
preferably 0.2 to 0.5N. Illustrative of used bases are potassiun1hfﬂ?oxi e,
cal cium 15 hydroxi de, sodi um hydroxi de, potassium carbonate, sodi um
carbonate and the |ike, with sodi um hydroxi de being particularly

preferable. As an organic sol vent any one can expediently be used if it is
conventionally used. Illustrative of such solvent are 20 dichl oromnethane,
chl or of or paet fk1 868} ale . vidQl W nedir@idntiaiRer, diisopropyl ether and
the like, and in particular, with dichloronethane and chl orof orm bei ng
particul arly pFeearsed amountl eft pacbvexbflizieg agents, dica kexdmpdlel, oinc aci d,

sul furic ' ol i tji.c agi d h ric acid, trifluyoroacetic
25 aci d and The} el SRRt g Ssafertutar 1 O 08

pr ef er abl eequivatentstisseaf oib)tha@owFowahpound  ndi,spek¥redabnyazhighs
polari#y solvent, and lamnated with a low polarity solvent to precipitate
crysta s FHEYVAR Yy | tered. The filtrate is 32 18 August 2005 concentrated
under reduced PrASLIF NESSom ' Cryst I cem c, and
a nore optically puri%ie‘élé CCljfoi?/rpound e-g(ig)(p?lsaaégg aitr?e as?gﬁggggpd’tfﬁf As a high
pol arity SABRENLPHALoSHEDHAQN ehi thensitkenand (BHADWHYRbepaeEerablbanol ,

et hanol , t:he J.i ke n., be sed, and.i,n particular, chloroform
is prefergﬁﬁgaggﬁg&ﬁ'edﬂhﬁéﬁﬁﬁOﬁ?tggthﬁlﬁgpayFF§d50lvent, for example, in
case of chi or dfisr msdds amduntl @fi anpaeyemablric3cheabyht , agai Nnekamoapound
(q) 1 1Q Illustrative of | owpolarity, salvent are n-hexane, n-heptane,

di et hg? eﬂﬂe?aﬁﬁff@ﬂ@&e?‘fw 1% HEReAh& -99°onophrt icaiyplentpbased abl e.

on that of Compound (n), preferably 0.01 to 0.05 equivalent.

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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The ratio of a high polarity solvent: a low polarity solvent is, for

exanpl e, in case of chloroformn-hexane, is in the range 15 o{? ]?QurF;I“Et’@ 2005
1: 20, preferably 2:1 to 1:2. The tenperature in the crystallizatio
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, Garhondts (spdpnmryydimsiptd npppakkadinipd:aopalite 1ike,

[ ' | 1 adi |l adium chloride and the like can _
g;LLQPSM‘g{%‘Zpﬁﬁu“ﬁ%& |qu E’ra?ﬂé‘@elpétrélicéllﬁlréﬁfePéﬁiérﬁblpart icularly in
view of the reped nsicdy amdiigt Used BRBLNt £ rﬁaﬁgl"ee}diﬂ”&&?%@fyg%éi?%“ 8: 805

to 0.5 equivalent based on that of Conpou preferably
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]f;aé:!él b?né:t?)e,s %gﬁ&ivu;]engar bonate, cesium carbonate,
triethyl am ne THEEA)sed3amb@ntugisiodd06 N M d itics 10PegRYYa8EhY! bﬁéhré&'e

DI PEA) , di hydroxi de, potassium _hydroxide and the like, w
E)ot assi)um% It@?ﬁa%% %Fﬁ’&hﬁﬁrt{f’éml Brf¥eprBLEr dbke. STRauivetentount of a

base, for acddnibaalilly, CeRe adOids peTbddi S HPURY Bankd dF ol 5t 620,
equi val ent based gn ?hat of C?orrpoung’ (q),lpre er %bl@yné to fd eqal val ent .
The react PO BenpErEELABLlYs 1| ot Aehpange of 20C to a ref lux tenperature,

1] 1AL o gD S Skl o] RISl dl p 70
reagent, and reeted uaderobodine-silver trifluoroacetate (hereinafter
referred to as I,~CF,COOAg) 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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tenperature to afford Conpound (s). As solvent acetonitrile, chloroform

di chl oronet hane, toluene and the Iike can be used, and in parijcll@lst 2005
acetonitrile 15 is preferable. Illustrative of demethylation reagehts are
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 ampbunt of a demethylation
reagent, for exanple, in case of chlorotrimethylsilane-sodiumiodide, is
in1lto 1018 duyninsl gnteflarsdd yor1 5t hat 2af heawsound (r), preferably 2 to 5
equi valent. 25 Ip the step of &lzé, Conpound és) i s dissolved in solvent,
added with a DHAENSSRERGR £§ LaCaRBRRTE A% rid 2 @g@wai:hgskmmcesolvmto?t ai rs1ed
m xture i | t t abR, | nder, an.ine ga
2t DSpher & Lo arrELe ot BY UGl R s ciiin RYAEOR Rl PR P eFe
(DVSO), 30N giNediths: Hypctoneexiing ePRR)ngndompeuhdk eCompoengedu pni |y be
used, and Dlvg(alé'abl_i)referabl e particularly in view of reactivity. As a
base pot assi um carjponat e, sodi um carbonate, sodium 34 18 August 2005

hydr oxi de, rurmm hydroxi de and the |i ke can be used, and in
p)altrticular,R carbongje is preferable. The used amount of a base,
for exanple; S%H ptassium carbonate, is in 1 to 20 equivalent
based gn khat Ab 5 (s), preferably 2 to 5 equivalent. As an inert

gas any one nay be used in case it is a noble gas such as argon, helium
neon, kryfWoeretain isratethyl gheup) iang, Eorisaagastinfl gewupegepftiadd Y such

it , nd_nitrogen_are preferable particularly in view of
?ﬁemco;t?gg%osgggb%ggﬁaﬁ%ﬁn?q?)?o?gb]ﬁ?%c qIAGAQN swplhﬁnlwla‘éhzﬂgeﬁl}?val ent

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.
Illustrativeofusedbasesarepotassiumhydroxide,calcium
15 hydroxide, sodium hydroxide, potassium carbonate, sodium
carbonateandthelike,withsodiumhydroxidebeingparticularly
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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based on that of Conpound (s), preferably 8 to 12 equivalent. The reaction
tenperature is in the range of 20 to 80C, preferably 40 to 60£‘8 f&&ﬁggrzoos
the reaction period is in the range of 5 to 48 15 hours, and Tn _
particular, it is preferably not nore than 24 hours in order to avoid
particul arly deconposition of Conmpound (t) produced. In the step of (13),
Compound (h) and Conpound (e) are dissolved in solvent, added w th an
acid, and heated under an 20 inert gas atnosphere and stirring to afford

. As culceEriratedienderaceiiGedGrbait-d 8 difSesan PR 8beRih¥g be
. a tol uene-g;::etic acid m'i; ?IC]UI IS preferable.

d, d in particular, d li d
x:ean ?Eercfrsb%sa]efh?r@néaﬁﬁﬁlﬁe a8 @ iRe xR A tiicald ya pushifded28ogpsusdch as

' [ f low
argon, hel i NYtai pt.@n, radon or the like, or a gas o
regctivi ty@s')trjnclh as réliiltii{éggtea%, aan grlaggn and nitrogen are preferable

rti iA5 \i dvigdf polerdisyt soAvenmt ahildrbsbumpedtthosiemachsne
particularty | ic acid and the |i ke can be usea, and

th I j1C | trifl uoroac . ! ;o
gg tg{]§2ﬁéécs1ﬁ{yfloﬁ?§£§5|eﬂ nethang Ty, 5%?’8“{3 r tREWANLY and Yhevkidie cpadesivity.
The used arsedht amid dm pa'rdicﬁmhrexam%@ofbﬂmc%e?Péfé apPe August 2005
tol uenesul foni¢c acid, is 1 to 100ng based on that of nmpound (h) 1g,

.preferably 10 11§ 36f4. amAentsell advigh peflacddyosndves},i for nedampl &,

cau val entn SasedanLdibecln COOUA ) pRCPLEIBN X do gL 2 £ val ent

5 The reaction tenperature is in'the rande _ : rature,
pr ef er abl FoB@Cung 4ddelbux tenperature. In the following, the invention

Wl b st 0BG 1 PhEL A DYy B8Y v 8he XA ane  n et ane T O
diethyl ether 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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(Exanpl e 1] Synthesis of Conpound (b") HO ,,~ CHO benzylation reagent BnO

, CHO base NO2 in DVF -k"- ~MD2 (a) Werein Bn is a benzyl gro 'Aé$&5%52005
Compound (a) (38.5 g, 0.230 nol) was dissolved in 116 nL of 0

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 not, 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 evapor at ed under reduced pressure. And water

(300 nL) was dttedsed ammunte sifdubasehef ou égcampéu@sm_baaézﬁ @adasbaalél ' ng
reci petates were fil.tered, by suction and dried in air. er air-dryi ,

the 11 Pt or G HRINE S altdd bitRd) EqUilyaiPpi based oy thag: @e‘fe_ﬂam@oumg. S i
sol ution qsiest drabl yl 40fchaxareguiivia edle.T T Nng.  The precipitated so

mat eri al mgi)?iltered bgLsuction,@ﬁgsheq 36 18 August 2005 with 300 nL of a
m xture of et hire geachienipnpasaing g is 1i0) thadangs efl 20fdeto raedat tax

o s ST (eebchttngs, WA R Bl e
as the redcmparadgiresnt. [Table 1] Reaction ‘
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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Anmount of benzyl Reaction Isolated sol ventchl oridetimeyield Exp.

1DMF1. 05eq. 20 hours94% Exp. 2DMF2. 00eq. 1 hour94%)Exp. 3acetone%8qg%$d&§ 2005
hours- less than |imt of detection 1fl As shown in Table 1, 20" houis” Were
required forth conpletion of the reaction with the yield of 94% when 1.05
eq. of benzyl chloride was used (Exp. 1) . \Wen 2.00 eq. of the benzyl
chloride was used (Exp. 2), the reaction was finished in 1 hour and the
yield was94% Three -fold anmounts of DMF was mnimal requirement 15 for the

reacti on, byficonide, tpretas inmi ydwas idieshuabedebyik®r@ai Md dseay hihg solid
eacti on. \Wen acetone was used as the reaction

ggfﬁ;h?' d#élﬁggéhe aﬁ1cP?ﬁﬁssﬁﬂq) WA dfddreferalleconditi on for 18

hours. HPLC opehetised 5ae&ht b@ns ha®eCokoxaiet Si4 o +8
| Dx250 mm (G_pg5 sci ence- nade) Terrf)aer atureéﬁn onét ant ggerrpe u% gg’out 40C

Mobi | e phdsREbQRAESR, lsaé-étbntft A0 equiivadeatlbaséd &h duhataiof: Cbmbbtma

Detectp 22 m fgfggg ] S of npound (c') (1) 18 August 2005
BnO CHO 2 Gr&gﬂarEL reageﬁt]? It:riE 1O - BnO

As an inert gas any one may be used in case it 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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(b7 Werein Bn is a benzyl group. (d) (I Conmpound (b') (1.0 g, 3.89 nmol)
was dissolved in 20 nL of THE. Vinyl magnesium bromde (1.0 M I@EAéoléJéiéad’bs
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 sodlenusedfatceuntie WMRUNIGE )eUBPINALEHURAGE,E

pressure t,0 ve Reaction product A.d/\%\ %H\é%sg'lnﬁtli gﬁ ?2§&ﬁ%)9gg§ﬁgorrpound

15 qi
(b') pr epat?ae%e‘g?% HBAE i Oh SomReyvd (Bl auRiEratdw seo tlo Sarqilieatent ed
solutign of ViKyhERaR8SHUWR ] ol Ut LQn,. », 84 nL) . under
argon atnosphere over 15 mn ée}rsgg%é %ﬁg‘%géa%(fgﬁe‘i %t%t ﬁ:gt%@ F‘ﬁ%%’r"ﬁal
t enper at urtEMREY Aayne wintefierably 80CC &bt ar relfieux sbinperagufél 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{gRahb2® §a8)hOReLIOWE teolbod iFPESE) VeI V-
HO cHo Denzylation reagent
base BnO CHO
- ->
NO, in DMF NO,
(@) , (b
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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38 18 August 2005 [Table 2] Yield of Conpound (c')Yield of Conpound (f)
(peak area %9 Exp. 484.093.5% Exp. 526.8% 1. 3% As shown in TabJ(% %u V\’hi?rboos
the Grignard reagent was added 5 to the solution of Conpound Tihe
yield of the product increased by 57% and formati on of Conpound (f), a
byproduct, was suppressed. HPLC operation conditions; refer to the Exanple
1. 10 [Exanple 3] Synthesis of Conpound (c¢') (2) - Conpound (b') (1.0 g,
3.89 mml) was dissolved in 10 to 100 M. of THF. Vinyl nagnesi um bronide
(1.0 Minwith 360 8L oif, a rhi:Bdmeolf, ethpl et aRs anddesksMo W38 )t gnghe
stlrred s lLuti.on .of Co % b') under argon atnosphere over 15 m nutes.
Aft er fkaes ipdegy gﬁcf h&GESSURE *r eaction sol ution was added to a

saturated aqueOESPQthbh@n(EipamﬂlﬂﬁﬁuﬂzﬁﬂﬁHWwﬁid%ZQeﬁb)dﬁh&?1m§ﬁéféan9 and
then to t ethyl acetate and 4 nlL of hexane were added,

Iutlon 20 L
and the opé'aﬁ € qugmt \ﬁ%tggpﬁ?%% chlRriges wed varhedoand isf Expeed, and a
sat ur &5 edageuenuswas! uskeA@nNadOthk sedbuibANLELERLSUCCessively, and dried
over 3g of sodium sulfate. The sol vent was evaporated under reduced
pressure. The residue was purified by the same manner described in Exanple
2 (Exp. 4;@3315)1 jEXp. 6 represents the results of the reaction at 20 C
usi ng 20-ta amoynt of the solvent. Exp. 7 to 9 represent 25 :
t her esul | sof t her eq®8asitigmBC ushmounvwitdenzyiD{ Rehdtidfo] febllatadoun} of
the sol vent, respefOlwEnt The| gborideof the [bamei ons |wmieldunmarifed in

Tabl e 3.|BBP39% 1§ DMFgust 2005| 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 pnu 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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[ Tabl e 3] ReactionAmount of Yield ofYield of tenperaturesol vent Conpound
(c'")Compound (f) (peak area% (peak area% 3C20-fol d84.093. 5% E§§8A4 £,2005
20C20-f ol d68. 7%4. 8% Exp. -6, 3Cl0-fol d81. 1%. 7% Exp. 7 3C40-f ol .W_ . 5%
Exp. 8 3Cl00-fol d90. 29%2. 8% Ex 9 As shown in Table 3, when the reaction was
carried out at 10 Cor lower, nore preferred 5 C or lower, the formation 5
of Conpound (f) was suppressed and the yield of Conpound (C ) increased by
15% or nore. Wen 100-fold amount of the solvent was used (Exp. 9) , :[he
formati on of Conpound (f) was suppressed and bRe yield of Conpound (c')

i ncreased o 6% _H off¥rigagidopageandi gions,. reger to Exgpgle 1. 10 [Elxarrpl e
41 Synt hesi SWUH@TUF) (1) OH Bn I zi ng rean0|(|e )15 o

Wherein Bn is zyl group. O (D) ™Prep on of nmanganesk oxi de:
aqueous sol ution of"q\{?anganese sul fate pentd-hyMPate (122 g/ TS50 No;
0.506nol ) and #8)7 m. of 40% sodi um hydroxi gg were added to @n aqueous

solution G i ' TPy B4 To2 ©
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,
9 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
10 mL)withstirring, 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
15 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
20 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
256 20mLofwater and a saturated aqueous solution of sodium chloride
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
30 Exp. 4 from Reaction product A and Exp. 5 from Reaction product

B, respectively.
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g/ 600 nmL, 0.607n0l) at roomtenperature with st.i rring. After stirring

for 18 hours, the solid material was filtered by suction 20 a ggshedtvgéég
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 Compound (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 %FnF - PEOFYY5 m) and
sodi um hy ¥R aad Binati’é agdebosmatddut o HrCdmbduny i (€ )60 arbyplirodater,)- wer e
added to agad %ﬁi%ééeds.“ rred, ice-cooled mxture of 7. 0 g (3. 5 mmvol) of
Conpound (c') , ‘toluene (70 nL) , ethyl acetate (70 nL) , water (10 ni)
and 38. 3 React i §¥lSorperaRdent conddfdonsdYrelfdr 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 onet hane3 hours-79% Exp. 12et hyl acetate24 hours8% 0 18 Au st
2005 ng (1 mol % of TEMPO under ice cooling (at 2 to 6 C, 55 yPuguss ¢

5 mnutes, 0.4 % (HPLC, peak area) of the starting material was detected.

The m xture was placed still and the separated organic |ayer taken and was
washed with a mxture of potassium5 iodide and potassium hydrogen sul fate
(yell ow -~- red-brown), a saturated aqueous sol ution of sodiumthiosulfate

and t hen vﬁl’a#le %hcces& ver The sol vent was evaporated under reduced
pressure to—g-v canmaaund (4 ) (\ll Q’IO/n pu |f\/ 02 6% hv HPLC)

whi ch wad purifip gt?"%g ot A9 “th\‘%n d @fxture b¥ieddnefhanol| and
water (29 : 1) tp GFHEF3 'éé ﬁO&&'ﬁnﬁa ed BBHHd (9’) [(Sempennd {£bm 3.0
g; purifiled-Conppynd—d), rprn\/n(pea}?7%e§%ﬁlt (peak2axeat HALC) .
HPLC operlat i on cpndfti ons: refzé’r'ftoé-dExarro% 9% 15 [ExanpBe58] 0 Synthesis
of Conpot . 4 nafal\/QT for reduction NO? in' Et v -6 v -NO2 (d) |(e)
(g) Wendein Bn 49aChenzyl §ROafol¥o an| $8e7to00l ed stik4e8%sol uti on jof
1.84g (6|5*Bmfl) of Conpouhd (d') in 3F7nl of ethyl acetate, 0.69 g|(0.65
mol, 20 10 nol|{ 34 Cof 10 % paPFZeldm caf®bnlhas added |[dEE ar gon
at mosphe{ #XPFhd Ini xt ure was Vigorously stirred at 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.
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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] Reaction £fmPYFess 3f05
CompoundYi el d of (e)Conpound (g) (peak area) 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
operation(ggg%%??gﬁgi% %glgﬁ%ﬁéﬁﬁgrggi ODS-2, 5m 4.6 nm I Dx250 mm (G
sci ence- made) Jenpennd urd:) cdidsany, terfifematlur gaabdis sdDGAbbi Ré mhase:
water @ acetonhir] 1 X : owrate.; 1 ni/mn tect: 254nm 10
[ Exanpl e %F gﬁ%%ébg?ﬁ@%e??éﬁéégggééh%géZOFa%#%%%Sage%%g%OX%E#%%ﬁ%%%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%gsoﬁggd&%%égqh% %fn%iﬁﬁgg%¥§§qE%ﬁ*%%%ﬁ&ﬁagge(g}é9£8?56§g%r 1, 2.1
eq.) and sO0lZRioh (BC2BpoMoH, (d” PRteqs °C aohdbenzydorchlcabisgacwer. e Egded to
the stirr lLution of co und.(a ropm-tenper re uynder 20, argon
atnDspherggx§§¥§ﬁmf%%3%ﬁﬁﬁ$$§%?gﬁ%§£ﬁﬁ%Fh?ghﬁ&fsheag%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
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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 washedwith 3 nL of DVF. The filtrate 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

Cbnpound e yellow solid. The p S|ca roperties of Conpound

i ncAfdistg® mu§séct0r -4k (I&?Tecaﬁe\ablqrcﬁﬁs%) oE tingmagprial 73c. 43

18 A’ 40 1H,
o ggugt gﬁigagiﬁtz:)ﬁ{é@(? BgMéZ 1%:13)?%3 %Jl%c%h é%ﬂésandatﬁ% %ﬁzgagécig 23

(1H, s, CAPaniR {REPY: tqkzesoans_lsvses tvlag&zﬂned m a Teigitugig of EOEiﬂSWBerﬂ z 257

M d 1- I
glslolved i e%ba §Ft$§£38§h§%@ﬁ?%%ﬂ %$f€$ﬂ? %ﬁéﬁﬂ {ﬁ% ﬁgﬁ % mf?n
THE 10 selzdtwratdd 84usbdus BoBdtiBRloE %&ﬁﬂth&&\@ﬁlf&'@'@én@@% wetever 15
m nutes to the icge-cooled stirred solution of Cbnpoun ‘ ") under afgon

at mospher 8UCEESEAYelNe aHRf £PbRent Hasiavaporatedundas dpESKBWES W t hi n
3 to 10 CroAfiws 6l.hey sl gt d b Qa1 bbe, | SE4 By

ﬁ{} RS added
to a stirred saturated 15 aqueous sol utlon ammD |un1 hl or i de: en’ 20mL of
ethyl aceWRiED ¥A§ Euﬁﬁféﬁdhhxaﬁécméﬁ’éabéléléatl‘éﬁdfk”m DI ECe For 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
B“ﬁ\/ catalyst for reduction Hctrk/ H\GﬁK/
>
} +
‘ NO, in AcOEt NH, NO,
(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') (yleldu84%% 2805
orange solid. The physical properties of Conmpound (c'), |ncIu&|n@ ANR
spectrum are as follows. Conmpound (c'); nmp 60-63C. 25 1H NVR (400MHz,

CDC13) 8: 5.15 (2H, s, PhCH20O, 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, 15.6 FE) 6.94 (1H, dd,

J =29, 9.0Hz), 7.34 (1H d, J = 2.9 Hz), 7.35-7.44 (5H, , 8.04 (1H, d
J =90 Hz). 30&&! EhéKBFJ)n T3BP8 5, 1@114,1:&%%%@1#9@@%&%&.9&%09 Egg El -
mz 285 ( %) he5|s of Conmpound (d') 44 18 August % dund
(c') (2. Ox%a n 13h I') theipld G, Eemprupd (ﬁg_ mcmnsﬂcgm rlfgl\,anganese
di d dYMh I - no S .

Vi Gor ousl y SLL1 S0 SO Ut on o Cmaund e at 938 EeinaerbEphd

at nospher e. Pﬁ'i% W%?%F@W@WWFOUSW stirred for 15 hoursf iAIterdt Be
tart cted anynore mxture was filtered by
zug[l l)ﬁg rr;a% 4t ne iog)%nét'ef’flﬁf qwggm%gﬁgg 0 i ¢FInBC HENGe-132)} 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 WAReL cepgetonifaidge mixture (30y 4o give 1.88 g of

Conmpound ( d*low \areck QSQQL/&\:ﬁ_m\/r'IIte solid. The physical properties of
Oo%ound E |L& ing NVR spectrumare as follows. Conpound (d'); np
84- 85C. 15%1‘%1%3& %de%w CDC13) 6: 5.17 (2H, s, PhCHZO), 5.83 (1H, d, J
:17.170Hz)601(1HdJ:106Hz)662(1Hdd J = 10.6, 17.7 Hz),

= 2. 7.10 (1H, .dd, J= 2.7, 9.0Hz 7.37-7.43 (5H, m,
g' ?% Eiﬂ [gka‘]ﬂlpl_-%g_;@%?le synthetic process of 2'—a1211no 5

" 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 cm1l. 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%

ol %9 of 10% pal I adi um carbon was added under argon atnosphere. The m xture
was vigorously stirred at 25C under hydrogen atnosphere. After stirring
for 13 hours, the catalyst was renoved by filtration fromreaction

m xture. The filtrate was evaporated under reduced pressure to gl ve 0. 87 g

(yield 819 Smunohms91cats by $BLOL poutie, Shdeofr ofust e, O ;g: i d.

500 ng of the obtained reaction pro
col um chr%rﬁa-ta),gr%mﬁy{z()et lTy35agetat e6H, hexpne. F6 1 1H, Jep J =l9., 34 zt)O give

421 of leld 84% puri ty 95. 59% by H LC) as yell ow solid.
The gﬁyy c]g(?r%é) GﬂT (%’f s 18 August 2005 Oorrpound (e) including NWVR

SDectrum A’ @B Ilcwo 1@3113011@14(,3)1,58@3 i%%vléa? H NWVR (400Miz, CDCL3)
5120 J = 7. t q, 6.59 (1H, d, J = 8.8

Iﬁlﬂlﬂs-dd“/z\] 2572()94 )-5 8 8 H’z) 7 23 (1H, d, J = 2.9 Hz). IR (KBr):
3379 3296 1670, 1447, 1194 cnfl. EI-MS: mz 165 (M+). [Exanpl e8]

Synt hetic net hod of Corrpound (e) without protective 10 group R (1) )
Sgnthems(ozf SRihesd s ©f Compeusdmpsdnd (a) OH HO,, ,..,~ CHO BrMy "~ HO

(a) N THF (C'kompound (b‘) (1.0 g, 3.89 mmol) was dissolved in 20 mL
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 mLL 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
(c’) (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 (18, ddd,
J=5.1, 10.5, 15.6 Hz), 6.94 (1H, dd, J = 2.9, 9.0Hz), 7.34
(1H, 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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Compound (a) (500 ng, 2.99 mmol) was dissolved in 15nL. of THF. To the

| ce-cool ed stirred solution of Conpound (a), 15 vinyl magnesiu rom de, (
kf?nC$HF, 7.5 nm, 7.5 mol, 2.5 egP) was added dropw se overnggo%?g%ﬁt 2005
m nutes under argon atnosphere. After the stirring for 1 hour, the
reaction m xture was added to ice-cooled 1 nol/L hydrochloric acid (30

m.). Then 30 nL of ethyl acetate and 5 nL of hexane were added, and. the
organi c 20 | ayer was separated and washed with 50 nL of water and a

saturated aque@nprtind i(Q,-n )of (§deu§q chl@gi ppq‘,&%r idi%s%‘i%reiiﬁiﬁ %_ sodi um
sul fate. The solvent was evaporated Under reduced pressure. € residue
waspuri fi i PhEOdgEOLPER: o MangaresediokidadBo§0apH- folat aydunicedat @ :

—_ . _ . H n . H d 930
Mavite awj’%‘?%'&ﬁ%‘ﬁ%f.' | W%%%%ﬁﬁﬁ' ?‘g"ﬁé'%‘tgfé’o%ﬁ;u@%&% 5.226@
(1H, m, SR (c1M a5 *Gungdes. Brgqr Atmyspheres midkturd was. 2,

- = 9. , H._ d =.2.7 Hz),

500 (bri Vigonodelisipkeattin dsduds. Satssh) hpstdrtindnateridl’ HG
(2) synlt hé&&ssngt @%‘?@fﬁmﬂn anymp rer, oth €omiptuno: I g;%)firtséﬁd\?& ﬁugtﬁﬂ.o?cetone
el | PRSP le b Al MO LSt o o
m., 5 molThelfilbyate gasl tbdethstiinyg werer¢ompin¥d ean stsdlvieng %&¢ O.

' ' ted eous, sol uti on of, sodi um
233?3’?;*‘%3’?#’%‘{%%%2* SpgteteraflcRaBEUERMRE. AHRPER 1300 b L of
et hyl 18cetdreughd 1l ina g6l cb lnemarteromerts grdgdny, ( @rldyl heekayer: Négane

separatel ¥ angd yAsRgdgive 1.88 g of Compound (d’) (yield 95%) as white
| solid. The physical properties 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 (14, d, J = 10.6 Hz), 6.62 (1H, dd, J = 10.6,
17.7Hz), 6.91 (18, d, J=2.7Hz), 7.10 (1H, dd, I=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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with 50 nL of water and a saturated aqueous sol ution of sodium chloride

successively and dried over 5g of sodiumsulfate. The solvent e st 2005
evapor at ed ﬁnder reduced pressure to give 0.82g of 15 20 (d") J(e) 1‘t'i}lrrpouné)
(d") (100 ng, 0.513 nmmol) was dissolved in 1 nL of ethyl acetate. To the
i ce-cool ed solution 55 nmg (0.0513 mmol, 25 10 nol % of 10% pal | adi um car bon
was added under argon atnosphere wth stirring. The m xture was stirred at
room tenperature under hydrogen atnosphere for 18 hours. The catal yst was

filtrated Gempoundiz)e) Amduding dMR Spkciizhm &ré3abliloldowd,= 9.1 Hz),
. H d (d" iel d, 83% . Conpound (d"); 6.11(1H, 'H NMR
ﬁioéﬁ}é,’ﬁf‘?g&@ﬁ%ﬂ?g%& (113'(16’-130 fB: 17.6 Hz), d, }]1 = 1o.f7 Hz) 6.30(()1H,
= 10HZNMR7 . , ) o 12 (: ynthgsi.s,o e
??bmJOorrpogngM%d'(SZOb%ﬁzo' Eco%é’%%gﬁ 'J_P4%<¢'-|~( jI?IﬁZ t’i)oddeE]C%k}_%iB %\%EEWQOOS and
the filtra&aedwas! e Hp)r,ab esl9 urider dr,e.ni:g:gdanEf)s,smlr,@%i@lgSLVﬁ.é?ﬁ;ngf of
Co d Iel 9 s yell.ow goli d. anpl e ~Syn
7gfﬁ§?| -'#y%‘ﬁ)%ygaégt c‘tlﬁéc?éﬁ I5=( Sn?3HF ) p- TsOH H20 i n” AcOH tol uene
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 -
—_—_—
\Q:Nog THFE | NO,

(@) )

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

(1#, dd, J = 2.7, 9.0 Hz), 7.19 (18, d, J = 2.7 Hz), 8.00 (lH,
30 d, J = 9.0 Hz).
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0 100C118h (e) (h) HO SN-38 Fnk Conpound (e) (0.36 g, 2.14 mmol) obtained
in Exanple 7 and conpound (h) (0.50 g, 1.82 nmol) mere suspegﬂ? 1N & 2005
m xture of acetic acid and tol uene (AcOHtol uene; -1, 10

p- Tol uenesul f oni ¢ aci dnonohydrate (p- TsOHH2O, 10 ng) was added to t he
suspensi on at roomtenperature, 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 m xture was condensed under
reduced pressure again. Acetone (9 15 nL) was added to the residue and the
m xture was stirred at room tenperature 2 hours, the insoluble material

was filtered &vnthessite®fniCompavadorid”(2 farom CoinpepndThe”§i | tered materi al

was dried under rgduced pressure to give Sht 38 (0.63 g, purity 97.7% by
ration conditions Col um:

HPLC, vyi el d 89% ag bI ack sql id. 20 HPLC opg

| nertsil " 4, € RhTE B‘?@%d" ST énce- made) Tenper at ur e:
constant teng jure abogge g ow r 1 mL/mn 25 Mobil e phase:

nmet hanol - i ioile - 10 mM pot assrasnt g ydrogenphosphate (1: 1: 3
Detect: 254 nm SN 38; 1H NMWR (400M—Iz CDC13)8:0.98 (3H, t, J =7 Hz, CH3),
1.38 (3H, 48 1(8")August 2005 t, = 7 Hz,@¢H3), 1. 90 (2H, g, J =7 Hz, CH2),

3.08 (2H q, Comgolilﬁd %‘2) (15 (}]07g(2t5| 1§ CH?) was dZJ.ss(oJlI;'reddJ.nJB_m]:.16 He),

5 of acetone. To the ice-cooled solution of Compound (c¢”), 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
wj.th 50 mL of water and a saturated aqueous solution of sodium
chloride 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 (lH,
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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5.54 (1H, d, J = 16 Hz) , 6.83 (IlHELOdf4J(; 9 Hz)_,di7.ng;1-z.39 (3H, m. 5

Exanpl e 10] Synthesis of 7-ethyl-10-[4-(1-piperi -1- a & 20
E)i pemodi noj ]car %onyl oxycanpt ot heci n (SN-38B-11) HO CN-OCf SN- 38%2 AERF+ 230G
SN-38B-11 (1.22 g, 2.08 mml, yield 89% enantiopurity 10 99.8%e) \Aﬁs
obtai ned from SN-38 (0.91 g, 2.32 nmol) synthesized in E?<arrple 9 by t e
reported procedure (Sawada, S.; Ckajim, S.; Aiyans, _R., Nokat a, K. Ch
Furuta, T. ; Yokokura, T.; Sugino, E ; Yamaguchi, K ; Myasaka, T. em
Phar m Bul#0d tde fidbrate ue pvapbrahedainddt Gedpeeat poss $9A6litd gageCol um:

§

oal L oH P EE° oS e e IOt /B2 6 Akodnb soidgr 1or 20

eldgr10L 20

: te: 1nl/mn Mbile
Tenperature: constant tenperature about 40C Fl ow.ra bl
hase: di ' ; ng.. ethano X] re(l . 250 : 250) ect:
F2)54nm 25 [%x’?{%fr‘{&ﬁ? ?ij] §€ﬁ§ﬁ%§%§ 8# ?-%%WH-%L@TIPY@(‘{K)HFWﬁQﬁmlM-
pi peri @i nd]SBatidy| oxycanpt ot heci n (CPT-11) 49 18 August 2005 SN-38B-11
(1.00 g, 1.7 mol ) obtained in Exanple 10 was suspended in 1/10 N

hydrochl oric acid (20 nL, 2.4 mmol), B-"rQOHH;S suspensi on S heated at
about 80C Lsskl I n. in ACOH- toluene

'

100°C, 18h
NH, o HO” Mgt @ C

(e) th)

HO™;
S0
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-Toluenesulfonicacid 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, purity 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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5 Acetonitrile (100 nL) was added to the solution, and the m xture was
stirred at roomtenperature for overnight. The precipitates é§$fllter 5
dried, and hum dified under 75% RH afforded CPT-11 (0.95 ng, wg ?6
as pale yellow crystalline powder. 10 [Exanple 12] Synthesis of Conpound

(1) (1) Conmpound (1) was obtained by fornylation of Cbnpound (k) at around
-30 Cor -20 Cwith n-butyl Iithium and

N-fornmyl-N, N, N'-trlnethylethylenedlanlne follomnng i odi nation at around

-30 Cor ﬁOﬁMﬁmf 3 an 5_ (5.0 g;
0.028 not) was dlssolvgg%Yn gn% ous‘fli Hé ( éggﬁt ﬁg igﬁrtQOQen gas
at nospher & =THe B xtCik &, E\/ab'fcbZilledsatCIbglOc)un& 230(03Hord 20 € 16-Bayyl
lithium (X% 64mhil ginyhe 34, no ded

dr opwi se to ZSQRﬁé so?ﬁtlgﬁqﬁﬁh' §3W%1Fﬂr§ &% étq£}®a gﬁdgmggobgﬂng Then
N-fornyl-MIN ,N -trimethyl ethyl enedianmine(4.4 g, 0.0034 nol, 1.2 eq.) was
added go the reaction m xture as the fornylation reagent and the m xture

was at stirred under cooling. n-Butyl lithium (1.6 nol/L in hexane; 35 niL,
0.05 nol, [ExXamplz d4.])) Syathaddsdodr Gpethgit.0othe-pixpuperfdihsfirLed at the

t t Then (o n. anhydrous THE (19
nfypﬁég ;@@ % groﬁﬁﬂg %BgnyggngPWPtﬂghﬁﬁﬁé éSNﬁggﬁlh%busysolﬂtlon of(
sodi um hydrogen sulfite (12 g in 200 nL)lg?Eﬁadded to the mxture. After

stirring, the recovered 50 18 August 2Q05 ni.c | ayer (hexane) was
anal yzed Eg HPLC|] The results re h in e 6. HPLQ operation
condi tions ~Bapcel | Pack ¢i0, 4.8 4 LB 23

ogenphnsphaLg__agg;onltr|Ieom ¥ ~ "—{1) Detect

SN-28 i SN-38B-11 \
s o A 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,
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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Flow rate :about 1 nL/mn Tenperature :roomterrperagu:{e Ilg Tabl e 6][_

Fol nyl a-t Reaction |odi na- Reaction Conpound Conpoun I e Xpykon Uil 5005
tion time (k)" (1) 31 (%4) (C 1) (hour) (CO1) (hour) NTSSG?.%%% t0
-303.0-70 to -650.36 15-32 to -29around -75. Exp.-35 to -281.0-30 to
-200.55.967 71 89 1l6around -35-35 to -25.. Exp.-20 to -152 0 .-10 to

-50. 56. 270. 566

-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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7 17-20 to -15-10 to -5. Exp.-10 to -53 10 O .-
-5-10 to 0. 1) The upper
t he additi on.

The | ower
15 2) Exp. 15:

during the stirring.

reported

(HPLC, peak area)

in 6 @6 |eI
I|th|at|on%$ (gﬁﬁﬁﬁe
pr oceed atslmnﬁtlaﬂtTaﬂlwr ature at

was obtal

hing wwth diluted
709 . [Exa Ie 13 Purjfication of Conpound (1) (was

e t , 0.028 mol) was dissolved in

hydr ochl ori rsurRrrddtiono g ) solved in

anhydr ous 5¢olﬁﬁnAugusba

out as_described in

The n-Mhexanlob F&?e?héﬁﬁa

%g@&ﬂgﬁ

| i nes show t he act ual
| i nes show t he act ual

ck(@Bgu

at cons

nore when n-butyl

i nt er nal
i nt er nal

beteorchys, RREpETE

i ned56roM poeaseaumlamhpaxbgeﬁpm negded with

t emper

t emper-at ur

the results of an experinegtbunder_zhe
It rea % 4) The yields were correcte y purity

CondltlOnz)ﬁ%Peﬁgtatested éo 25yAs shown in Table 6, Conpound (1)

lithiumwas used as the

) e nafy zech dyr BRECH ofheaseprhe drere

-40C to -30C in good yield (nore than

0.53.477.663 to 07 18-10 to

£ it s

Bfound -3 5 C.

| ayer Af t er
diluted hydrochbgtbhigthdel hiiGAgER gTpugt \Of the organic layer).
t he mashlng, the organi c [ayer was df r soaiu
Detect $220 nm
Flow rate :about 1 mL/min
Temperature troom temperature
10
[Table 6]
Folmyla-t | Reaction | Todina- Reaction | Compound |Compound | Yield
ion tine tion time {(k)* (1)¥ (%)Y
{°¢c) v {hour) cceyy { hour)
Exp. | -48 to -30[ 3.0 =70 to -65 | 0.3 NT™ 67.8 70.6
15 -32 to =29 ( . around -75
{Bxp. [~35to-28[1.0 ~-30 to =20 0.5 5.9 67.8 71.9
16 around -35 =35 to -25
Exp. |-20to -15[2.0 -10 to -5 | 0.5 6.2 70.5 66.7
17 ~20 to =15 ~10 to -5
Exp. |~-10 to -5 | 3.0 -10 to 0 0.5 3.4 77.6 63.7
ig =10 to -5 =10 to 0O

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 €, 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]
diluted hydrochloric acid)

Purification of Compound (1) (washing with
Compound (k) (5.0g, 0.028 mol) was dissolved in anhydrous
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sulfate, filtered and a part of the filtrate was analyzed by HPLC under

the condition given in Exanple 12. The results were shown in Té";lee 7 32(605
[Table 71 The analytical results of each the hexane |ayer after

with diluted hydrochloric acid 1) The hexane |ayer obtained fromt_he
reaction mxture was divided into 5 parts (25 nL for the intact mxture
and 4 parts of 50 nL for washing) . Each the 50 nL part was washed with
diluted 15 HO listed in Table 7 and the recovered hexane | ayers were

2 ot howy- B (e oueh P o) £ o ohe PeathTen, vas eamied 08P dBEREIPSD as

2- met hox
shown i ny‘deﬁiéa“FE’l b@ms(captmmmwerammmmys 5%stheg-hexdné he

d hydy: \lg}ﬁp and nor.e ce
ﬁ;/ld%ghl O?ﬂié am’gféf\g%éﬁgggm F%%QFNasJﬁm r&oWoUﬁﬁﬁfa) ]%ébgb]ne)'f%‘?%ed in
good puri thydrachdioirdxy a6 iz (tthlerrsatwl ambyhpyof dthe Brgianb?gmﬁéﬁb( N{I'EIC)S
f I d oun ar.
mothod? hexane ACTeRolra ek THTorHntt L A e ot AF A OoFr e i e () (K
) 21IMTPC ( Bpdfese,( fi)tesed. SﬁdOdeéftldE the0 £12+26t614ad58nd1PFed by
501. 02. 6111%%.% Qgc}eg]tqp %%ndl%lg% é‘%@er?% ﬁxggple 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)? (1)% (%)

(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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503. 52. 60. 212. 764. 2100 52 18 August 2005 [ Exanpl e 14] Purification of

Co .ound 1 stepwi se washings with diluted hydrochloric aC|9 05
(k;p(S.O é,)OFOZ 8 nol) was dissolved in anhydrous THE (about %égﬁﬁy !#$

ion was carried out as described in Exanple 12 at constant _
{gﬁ;érgture at around -35C. The n-hexane |ayer obtained fromthe reaction
m xture was washed in turn (top to bottom) with the diluted hydrochloric
acid listed in Table 8 (the same amount of the organic layer). 10 After
t he washi ng, the aqueous acidic |ayer was separated, neutralized with

sodi um car ate and then extracted with n-hexane. The organic | ayer was
dried over%ﬂ?@s E'rﬁlsm fat EUrifiratien afdCanpanedofl) hestépwise e was

anal yzed diidgsindiah dine @ Hyldrdeh 198N akid anple 12. The results are
sunngrlzeg%115 in Table 8. [Tablgﬂ!] The anaFy results on the hexane

extracts from fW@B%&ﬂ#%ﬁliédOéhugeggngkwwamﬁushOQNsdabtanhgdrbysmashlng
the orbgi rEir hexene bEYRN) W “ﬂhedh:leHE%goFlﬁﬂé% #}J&Ei&d Ad a's”g%gghed ?Zgg

t.o to botto 1 Each the washing Wwa
&f{Loggdf aﬁ& Fﬁ@sﬁﬁﬁﬁut@mmasaéureaatedrmunﬂ A3béganerhelhe

c | gd ob 8 r.ate was _evaporated under
g s Syt 1 1 A

(mol / L) Reémﬁeeﬁmmmum@bmd(m@q hyar(:a:m)){:l}: addishi Nge i} NT-
with wat erin0rh@14084.(248- £amB IRoQANTHE- t&eogrgéchof%yg_)

10 Afterthewashlng,theaqueousac1d1c1ayerwasseparated
neutrallzed 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

theoriginalhexanelayerwithdilutedhydrochloricacidinorder
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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3) Not tested 4) The residue of the hexane layer after the ste e
m%shings. 5) h%t detected: less than linit of detection 5 As g%%%ﬁﬁ??F_2005
Table 8, the hexane |ayer was conveniently purified by nulti step washings
with hydrochloric acid of different concentrations to give Conpound (1)
with high purity. [Exanple 15] Purification of Conpound (1) (Purification
10 by distillation) Conpound (k) (5.0 g, 0.028 nol) was dissolved in _
anhydrous 3\'HEt(8RQ¥L366 nL). The reaction was carried out as described in
Exanpl e 12 at constant tenperature at around -3 5 "C. The obtained

reaction rkIfheerghidusafcthapexpneatayer aftradtheckhmiidd edshings.81 to

: 35 L After distillation, the
es i due 1% RS GPERERPAY] EebBLONE LumPe T Hestet inugh si i ca gel col um
‘chromat ogr aphy with n-hexane, and then a nixtureoo;hn-hexage anddetﬂgl

: } i fi e an
puri 11 8d e FREPRUPREL D ohiiealis s GRS GhBaBLF 898 The
resul ts arhy givdwi istepherashihlge @ithHPh@depenabi e ﬁﬁgggéfggiﬁséggﬁ; s um

g?ﬁ;SLLggg%ﬁ%%%ﬁgggaggsaggfgggﬂr|%ggﬁggbﬁ?é??giéﬁlﬁlVBvBuFéﬁﬁth:.220 nm
Flow rate: about 1nli/mn Tenperature: roomtenperature
[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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30 54 18 August 2005 5 1) peak area % 2) Not detected: |ess than detection
limt 3) The final residue was purified through silica gel col ugust 2005
chromat ography 10 As shown in Table 9, MIPC was al nost reane

distillation. Further purification by silica gel colum chromatography
afforded Conmpound (1) with excellent purity. It is not preferred that the
distillation at higher tenperature than that in Table 9 because the

col oration and deconposition of Conpound (1) were 15 observed. [Exanple

16] Purification of Conpound (1) (recovery as hydrochloric acid salt)
Compound ( , 0.0.28 nmol) was dissolved in anhydrous 20 THE (about
66 n). E—:fz‘ﬁﬂéh%?l] d?h%aabﬁtweb rapulds dedde beactionEsdngie réd idue

const ant t Léﬁ% Ca } ctlon mxture (10 g) was

di ssolved in 10 N ogh ori c%§'aC| Q?Lfd' M and stirred at room

terrperature The yeI I ow preC| p| tates wer e f| | tered and washed with a snmall
and fho material-—was.dissolved.in water

t of For \.. 25—aei 8
?gggﬂt 10 ;t) N. ”ﬁ'ewd T BR2WX ueogg‘ ol ut i on anﬁﬂqﬂstecﬁ%@%u 8 by
addi ng [-{""‘I H—Fhe-ahn cal—resiil.ts on the fr(s;lr L.ons of Xh&}ESl due of
the hexana 1&a by ~di isti1&tion ( (g é@nﬁoundNﬂ'PCﬂénﬁoundRecover (k)
1)(1)1'y ?’P};ﬂaﬁ j.:{act 3 g1l3 1:731 5- mxture FractianQ 1947.334.18.7- -1
Fr action].fjfg’&tgl@él. 79518 147%- 36.1 8.7 -
' 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

55



Trapl. 1770. 3ND~) ND- Resi dueb5. 130. 33. 189.975.9 Purified--3.995 product3 55

ust 2005 sodi um hydrogen carbonate, and the m xture was tL §¥12005
&ftﬁughexane and the oréanig | ayer was evapor at ed under reducedé 1ﬁ'g%sure
to dryness. The residue was analyzed by HPLC under the conditions given 5
in Exanple 15. The results are shown in Table 10. [Table 10] The anal yti cal
results on the extracts by neutralizing the hydrochloric acid salt
obtained in 10 nmol/L hydrochloric acid. Pre- purified Post- purified (g 10
6 MIPC 16.3cdiumfiydrogemecasbghatef amd tiesmineurd) vasaxtarRadq R thot

own in Table 10, the

tested Conpopige (dn dcﬁlttge %%g%rﬁ%cﬁvaﬁ;é/r s %Zra%)oratsé under reduced

crude reaction product was
pressure to dryness.

TheresiduewasanalyzedbyHPLCundertheconditionsgiven

5 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)

CHy, ™oy CH,
CHO ESH N7 ow
(CH,).Si | ™A (CH,),Si HfCHa)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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15 collected as the hydrochloric acid salt and the salt was recovered as

Compound (1) by neutralization, MIPC was al nost renoved by thj)g thsq;d.2005
Co%ound (1): yellowoil. 1H NVR(499 MHz,CDCl 3)5 : 0.30 (9H, s Afﬂ%gl
(3H,s), 7.67 (111, 20 s), 10.19(111, s), El:Ms:mz 335 (M+). [Exanple 17]
Et,SSH-9 N' O4 ---~ CHO MIP Synthesis of Conpound (nm CH3 e"k’ OOH 1 CH3
CH3 i 1~ CHTFA ( )3sj 1 (CH3)3S -1 (CH) S1 33 | mv 25 To a mxture
of Conpound (1) (2 0.0 g, 56.0 mmol, content: 93.9% by HPLC),

A Syl o e M oo B Y LR 05 7
was added 26818 sAigring2805c it dEnipeerattur@® for53 € minterhei i RE6He 0dSs
at mospher %t\’:ﬂrtljédsgjtrérhﬂ]&nt temperature for 20 hrs. An aqueous solution
of sodium carbonate (20.8 g in 277 mL of water) and n-hexane
5 (56 mL) were added to the mixture and the organic layer was
separated and the aqueous layer was extracted with n-hexane (56
mL). The combined organic layers were evaporated under reduced
pressure to dryness. The residue was purified through silica
gel column chromatography; silica gel (80 g, 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. ; Ko, S. B. ; 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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After stirring at the tenperature for 30 mn, the mxture was stirred at
anbi ent tenperature for 20 hrs. An aqueous solution of sodi urqsgazg‘%%lnsag %005
(20.8 g in 277 nL of water) and n-hexane 5 (56 nlL) were added

m xture and the organic |layer was separated and the aqueous |ayer was
extracted with n-hexane (56 M.). The conbined organic |ayers were
evaporated under reduced pressure to dryness. The residue was purified
through silica gel colum chromatography; silica ge![ (ZOBQ’B) ngsl tSlhIeyS| a

10 PSQL00 ' Xt ure Ng¢- o e ;

elouentQ.1 TE)eExrﬂgsﬂt}i?slmo};( t hi sgg‘xlgﬁ%%% §fs%r&;ﬁln€érﬁil”zl%dﬁrgblé 1 (Exp. 20). Exp.
19 in the table sfdlts the mewrdts of a trac@Clxperi nent under the reported
condi tions; JosgA ~on K F‘O% B. ; Bom 15 Dcwp Curran, D. P., Chem Eur.
J. 1998, 4, 67- Curran, WCsp ; Ko, S , Josein, H, Angew. Chem
Int. Ed. kewsi” 1995~ 34, 2680604 Llolg =~eported conditions,

di chl oronet hane was used as the reaction solvent. The equal |evel of the
product (m was ‘Obtai ned in the quality and yield without 20 _

di chl or onmet haneTo[ Fabliwtut¢ ¢PlCOMQEanat i(v) CaAndiot gongokebnsR: 9634 $gj ence

[ - t . Const ant. t enperature at
o ound 408 2ot 4 TEMRO 1200wl 0oP1S RS Gedin, i ABa. TEohwAD
pot ass? umsodilhydr bydnpders phationdte ) (Dt emt) iAb4Ad1HeH: HELG wib)pealy area)
SO Ve L TBReBLE eI L YARIIPTS St nyBoERTSZ1EE (vailante 943,10 Bxp.
20 t 200. . 3824 . ;
e minimal 5% , 4.5 g, 3.0 mmol, 1.05 eq.) 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). Theorganic 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] Synthesis of Compound (n) (1)
OCH, OCH,
Pd(OAc) _
N"UT ©  kco, Buner . o
(CH,),Si X i | inTHF (CHJ),Si _ {CH,),SI
C.H;
m 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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18 August 2005 [ Exanpl e 18] Synthesis of Conmpound (1) (2) CH3 TEMPO (?CH N

OCl a .run UH NaHCO3 (CH3)3Sr a 1 in toluene-water (CH3)3SlI V 2005
m xture of Conpound (\(/) (1.00 g, content; 98.43% 2.9 nmmol), TJEFI{/I%?T%% ny,
0.015 mml, 0.005 eq.) and 7% (wv) 5 sodium hydrogen carbonate (7.0 ni)
in toluene (8.7 nL), an aqueous sol ution of sodium hypochlorite (avail able
chlorine; mnimal 5%, 4.5 g, 3.0 mol, 1.05 eq.) was added at 0 to 5 C
and then the mxture was sitirred at 0 to 5 Cfor 2 hrs. 10% sodium

sulfite (BSﬂcmion and el havesiaddess tadey 'EB‘l’f:hUhehé B%O(é L e§"f' ting
m xture stirred at to 5 Cfor 30 mn. The |nso efial “in the
m xt ure gﬁ'ﬁﬁéﬂtﬁya’?dr Fheaa B nhdere kombdned and maShIed Vhtﬂt watpaper was

washed wi t(’Bﬁ@k%ﬂ%ﬁﬂedﬂwefﬁhhlya?SuQ%Sarihgl #%teoatncw éé%%gf:g (2 q),

eparated and washed wt over so
;‘5 i Ftered Endgr rﬁﬁ’é“%?é’s@é@éﬁﬂlrﬁa*s}omﬁgh@@SWtITH&)Inmeiueleasf phristiedand the

vvaﬂgfcg@}p h ed pressure
}tNggrlngss mmouEEQQﬁn9e3e§€%%€ﬁﬁ{%ﬁ%cW%é ngﬁflgn?thybo 60%
by HPLC (%‘@WI% 7)) astheEedmeing.19] Synt hesi s of Oorrpound (n) (1)

OCH3 10CH3 OCHS g8 )3 Sk nmpBRe @G h2wa 528 rBYGEL 5F an experiment

conducted under the reported conditions; 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

16 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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in THE (CH3)3Si Conpound (nm) (1.60 g) was dissolved in the solvents |isted

in Table 12, tetrabutyl amoni um brom de (0.83g), potassium
(0.71 g) and pall adium acatate (57 ng) were added to 25 the s%?ﬁgﬁs%azgﬁs

t he reaction was conducted under the conditions directed in Table 12. The
reaction m xture was poured into ice-cooled n-hexane (18 nL) with
stirring. The insoluble material was filtered by 58 18 August 2005 suction
and the material was washed with n-hexane (6 nL x 3). The filtrate and the
washi ng were conbi ned and washed with water (9 nL x 2), dried over
anhydrous sodium sul fate and then evaporated wunder reduced pressure to
dryness. THe¥R& 20 has puPynthesist of oGompeind can gel (2ol umm

' Tanl 0 12 whs cha e aeoF Do BEEL A 2 B AT L MM SRR P Do t e
condi ti ons?8J0si éR,a Rixtuge & ddisopBopylitheaurracetdnirilchenaténr . J.
1998, 8 S, oy, 100y Bop ron il g o 2 B0 0T
each the plii-fdidgopnopylet hydeminas (Bed8byLHPLE. 8 AAmebove éd. Yabhe 12, |
obt ai nod PeeBiigddtd¥e (87 o FPPBEL) Mireiinqd el roat  Hiag
condi ti ongiguze @6s-h@Wed Tindersneflex frreBdsmbi. ( @%teﬁ&ooliﬁ@;zﬂbﬁé $aB: ghr
o= R shBRPAL RS 0BE (518, o uBkol R ATERE o POl
t et r ab§ dr cher mixtRaeiwas fddk eradeby o uetiion faardcpeals iateaeafmexer f0r m
(HPLC) ﬂa%' vgésﬁéc? k&tt?l%-yﬂe%l{éjﬁe _(é . rél%L'ge?’t)e-r mI‘ge&ﬁe lt_:"glﬁt%ined 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, K:050,2H:0 OCH,

_ 2 I e (DHQD)PYA x |

(CH,),S! MeSONH, (CH ), S o oo

C.H; in 2q. +BuoH
n o

25 Toasolutionof pota'ssium fericyanide (195.79g, 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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25 operating conditions; see Exanple 17. Solvent Tenpera- Time (h)RatioYield
ture(% Exp. 21 DMF85CL. 52. 369 - Exp CHCl3Refl ux5.03.1- .2 2 %é)i_&u st 2005
23Tol 85C96. 03. 7- Exp. 24NeCN35C2. 04. 3- Exp. 25THERef | ux4. 06. 6 pgu

26 THERef | ux5. 07. 0" 84 Exp. 27THERef| ux4.07.182 59 18 August 2005 [ Exanple

20] Synthesis of Conpound (n) (2) To a solution of Conpound (m (1.27 g,
2.6 mol, content; 78.7% in a mxture of diisopropyl ether - acetonitrile
- water 5 (4:3.- 1, 20 nL) , tetrabutylammoni um brom de (0.82 g, 2.6 mMmmuol)

N, N-di i sQr ) 20.8 mml .. .8 eq ) and palladjum
acet at eI I(57 n%{)a, 10@1{2%}’5[”1?%‘) ;Pl \féf%&g%eg%%d Sﬂalilﬂgu};%%?t&n‘?qg % ¥e§radded nheat ed
under ref toukhe srixBu@emny thétsrimniold wes tdomt inlearat eRRCE @hpatre20 C or

i xture was filtered by suction and

bel ow, the.,i I e teri%i 10 .t he |
Che 11t orgd Todh aie fad ‘é‘ﬁj_;% MRS 1hdRae axgure wag)fifterae
conbi ned Pnla Cafldtegrat thd Wmhamgriaihﬁiﬁ@n@ ;(aékﬂwahl)wa%}aedl{}%‘{tﬁ%iﬂirygﬂt Zg' f ;}3
16 , . l.,. .5 eq. r dded. The orgapic | ayer was_ sepa
\(/vas he(rjg_ W % %e%aﬁgﬁﬂ(ﬁ)&erﬁ ’otl)‘cf%ﬁa??@m%iﬁ. MhE 9IRS havehafdherbiltmte x 2),
cont i nuouwhy. sdpErargihand e WUEbWAI aQuePed Atraet neRdekt F LSS RESSUr e
. tanned oil . 83 (91% yreld), content: 73.3%
to drynesg C%%%n ( %70 ml ) The combined gr anicyla ers were dried.
by HPLC (S&8Y e 6y . g %
over anhydrous godium sulfate, filtered, and evaporated under
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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endo-exo ratio: 10.6. Thus, the selectivity was markedly inproved as
conpared 20 with that of Exp. 21 in Table 12. The isol ated ylg‘edq,h al_,_ Q5
i mproved by 20% of that of Exp. 21 in Table 12. [Exanple 21] nthesi's
Compound (0) ocHa PQ5042H20 OCH3 K PN)4 (CH 3S!' N ('o K3CO9 n C2H5
(DHQ2PYF1 Sol . PH MSYNH2 k% nalaai CAl Bo in ag.t u H 25 To a solution of
potassium fericyanide (195.7 g, 0.59 nol) , potassium carbonate, (82.1 g,
0.59 nol) and net hanesul fonamde (37.7 g, 0.40 nol) in water (990 ni),
(DHQD) 2PYR (4. 36 ogH, 4. 95 mmol ) and pot ggfi um osmate (V1) dihydrate (1.0
ol ) were added \ apd the mxture was stirred at aroud 5 C for 1 hr. To the
stirred 30 m xt rrpound_(.n) (77.8ﬂg,|0. 8 nol, content: 61.5% was
added and %Qesl g ,[rinm&.lwreeH the tenperature 60 18 August
2005 for é 'tiopak™ 20HNrs. Powd sodjmtm sl fite (74.9 g) was added to
the mxture and the stirring was contlnuedpat the tenperature for 30 mn.
The insoluble material in the mxture was filtered on a Celite pad and the
mat erial on theTBW%%ﬁﬁﬂowpphndt(WI (B0 g¢ émat ml(cﬂuremfsmetthl 770m)
The org C r he f,i ra | ayer
was furthggae")g!ti?%gt d V\%t% 0 L ig?:]é at(eaféi)%'ﬁ)hﬁq: ﬁ g%’r‘rbaﬂgg%‘%} gam C
| ayers wel8)@ndpovwdgred Gﬁhydummﬁmm 6411 { hige wefrid added atambismmpor at ed

under 5 r edumBdrREGPEW et QLY IRGS TG a8 i dlen et Py Wal £ LPEQUgh
given temperature and 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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10 silica gel colum chromatography with a mxture of dichloronethane -
ethyl acetate (4:1) as the eluent; silica gel .(280 g, Fuji Sié¥£%§§5t 2005
PSQLOOB) . Compound (0); umber solid. As shown in Table 13, using assi um
osmate as the oxidant effected the equal level of the isolated yield and
enantio excess 15 in place of highly volatile osmum (VIIl) oxide. [Table
13] OxidantYield (% %e Exp. 280s0482 to 9595.6 to 96.2 Exp. 29K20s04
2HZ09495. 9 Exp. 28: conducted under the reported conditions; Josein, 20 H
; Ko, S.B.YielBbni%)D. iscQatreahyiB®lBs, Chem Eur. J. 1998, 4, 67-83. Curran
D.P. ; Ko, S.B. ; Josein, H, Angew. Chem Int. Ed. Engl: 1995, 34,
2683-2684. fee: Conpound (0) obtained here was converted i nto Conpound (p)

by the metHRIC dgsarathed; icondiaiphe 22 and its enantioexcess 25 was
néasured by chiral HPLC nethod (see; Exanple 22) [Exanple 22] Synthesis of
Conpound (p) 61 ABlympudil Z0EnceHINSSitsid, 008S23 B.46 am MORP5 oo . HOH

(G3)38 CO Alttlé]mpe%aq:uzr?:l cg;'ls(%ant 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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P To a solution of Conpound (0) (70 g) in a mxture of nethanol and water
(10:1, 1.0 L), iodine (the amobunt is given in Table 14) and %@ﬁ{?%t 2005
cal cium carbonate (47.1 g) were added at ambient 5 tenperature w _
stirring. The reaction m xture was stirred at given tenperature and period
in Table 14. One litter of 10% sodiumsulfite and chloroform (1.0 L) were
added to the mxture and the resulting mxture was stirred at anbient
temperature for 30 min. The insoluble material was 10 renoved by filtration
and the Or@fﬂﬁtCiﬂi@éB'bfyOfHPtIh‘e. bkt &é&ﬁlwsaréeaaﬁﬁhfﬁzearhfnaﬁ&'ﬁngé'%?yer. was
extracted with chloroform (500 nL x 2). The extracts were conbined, dried
over anhydr ofB18oEPRFELSiPR Has sahisdastoriid n bex fovmedr by eds indeNCS educed
ressure r' wRegg.ool paraF Y t .Qfy 1 Odj

Eondi tions (Ntagi ?ﬂ rggagt ?Sn%(::/\ggléorrp et@d&iﬂ'n 3% )h°r s?hgg%u P&(;&ﬁelrﬁunjf%g%f t hat
of the ré;%rﬁé& CORR] €1 PR vwiis Brperpatdp| ehyreened drihithe ¥4814@8 &Xkp. 30:

d d h j | ; e, H.: B D.;
Gurran: DO B R) ARMASCHEOGINA1 O one W Righer, thap Bpat pr HR
Josi en, HIepR¥FewCompamative ERgerbnght, 11006m. 31) ] 268350684 mack ne

TenperatureTime Yield (eq.)(hr)(% Exp. 309Ambi ent 4886 Exp. 314Anbi ent 7286
Exp. 32440 C4888 Exp. 33460 C2088 Exp. 344Refl ux584 OCH3

[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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62 18 August 2005 Yield (%: isolated yields HPLC Operating Conditions
Colum: GL Science Inertsil ODS-2, 0.46 cmID X25 cm 5 Tenperfglﬂé?ust 6005
constant tenperature at around 40C Flowrate: 1 nL/m n Mbile phase: 10 nV
pot assi um di hydr ogenphosphate - acetonitorile (4:3) Detect: 254 nm 10

Chiral HPLC Operating Conditions Colum: DAl CEL CH RALCEL OD-H

#ODHOCE- AK031, 0.46 cm [IDX25 cm Guard cartridge: DAICEL CH RALCEL OD-H

0.4 cmID X 1 cm Tenperature: constant tenperature at around 25C 15 Fl ow
rate: 0.5 nL/mn Mbile phase: a mxture of n-hexane - ethanol (200:1)
Detect: 254 nm [ Exanpl e 23] Synthesis of Conpound (q) OCH3 OCH3 (CH3) 3Si
20 n q To [Exa8 @3 lof ConBuuhfii¢ayiemeP ¢ompoundie(gpl @nt (about 400

m.; given in Ta n I @ r dded.and 1 he
r esulgti ng m xt uregﬁl\llz\)ég}lsdt F&?e@?ﬁt. gré?&%ﬁ%%gﬁlpegg“a\@Pg aSFCFﬁﬁe‘ﬁo’nﬂ s. To
t he react Example: ddewaswl §98d LvedSin arlidenatfo il (2 410) ML) 08h4& onh el fi t e

1.0 a h f r dded. wi t h irring.. The ani c
I(ayer I_gvvas qgg(ga}rn'g? g“égé argnodf @%e%g(?e)dgo)é@ %‘gesfu%%ceeﬁf%bfaeﬁogﬂzﬁo%hl of orm
(550 nL xmixrurehwaexiefitt sovwetrand atbiambdendr tespevatuaahfdr ols madi um

i et BB BB PYRRY B U LENEEH Y BT e
the filtrate was evaporated 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
(q)(Exp.41)obtainedhereexhibited99.7-99.9%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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18 August 2005 quantified by HPLC. The results are summari zed in Tabl e 15.
This conversion was satisfactorily perfornmed by using NCS - |
acetic acid (Exp. 39). The period required for the conpletlon %héﬁg% 2605
apparently shortened and the yields of 5 Conmpound (q) under the condltlons
were higher than that of the report [Conparative Experinent 1 (Com 1)] by
50% or nore. [Table 15] ' *) a m xture of dichloronethane and chl orof orm
(3:2), AcOH 10 acetic acid, ICl: iodine nonochloride, N S:

N-i odosucci napde N N—chl orosueew,ni mde, Eq.: nolar. ratio of the

r eagent (s) edpl ¢ &§fd |elds [Exa | e 24] Purification of

Corrpound om ) ‘ 5 64 99 Purity 89.2% by HPLC) obtained in
Exanpl e 23 Wes st genﬁgngrF m.), to the suspension was added

dr opwi se0. 2 N0 dim ydr oxi de amtlﬁovlé ous stirring and the stirring was

continued ford 2 hrs. The al kaline sol ution was washed with chI oroform (400

nL x 3) and theapkhokeidie Srleeainaad (ayer #as ol yshedud G Npe.

hydrochloric acid to - 1‘ut’i'on Was’ ex
chl or of or B4(-£80 rnﬁaﬁkleﬁlumTﬁ@eChter 01 034n § ayer 0 viarso Ly i aetd qstelramhmdr ous

dryness.  Coanenatd by T ER Yady B8AT D WP daag BPU SR RIET ot g
25 corfdli t iBna: rg@@t&mmsss%.) T wemsaeagaat &qga'ssperhy ugedt 1o Yl d
T
then replaced W1th carbon monox1de. 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
(300 mL). Thecombinedorganiclayersweredriedoveranhydrous
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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Exp. 38AcCHNCS - Nal 665 C1693 Exp. 39ACOHNCS - Nal 665 C1594 64 18 August
2005 [Exanple 25] Purification of Conpound (q) (2) Conpound (fgd ;ﬁ% 2005
purified by the nethod described in Exanple 24 was dissolved in c rof orm
(240 nL) and n-hexane 5 (400 nL) was softly added on the surface of the
solution. The mxture was left to stand at anbient 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 .
Conmpound (q) (Exmcu40) obtained in Exagple 24 (93 - 96% enantioexcess) was
optically purifi t hi et hod. Confiound (q) (Exp. 41) obtained here

exhi bited 99.7 ¥ op. 9% enghtisexcesdMoy Jf he chiral HPLC given bel ow. HPLC
oper at i ng “dbfty < 15, CoMaghm: G0 .
cm Tenperat urge: BBnstdnt tenperatuge a0 a

ertsil ODS-2, 0.46 cmID x 25
nd 40C Flowrate: 1 nL/mn
Mobi | e phase: a M xture of acetonitrile - 10 _m\/lpot%slaséium _ it
di hydr ogenphophabey £§8idred &dRiItSSn 0 £2% g C70PElRL | gpenditions
Col ﬁrm: gDA|IOCEL CHI RALI%AKeAD H # KD(I)—IOCE @CDS?,(Oi. 42 cm ‘1913 X fgg%m'ZS Guar d
cartri dgeCOBKPBEE G4 PRR SaSim odiden (23 6 9, OmlBTeodkdatabanlwumst an]E
t enper at upeekbnateund 2561 f1LOW ERISroly Théth @6[0% ‘mi3, Y algire o
n- gx e - 2-pPopanoI 525: 1) S)f)et ect::cozlé4 nmgjo %%pﬂ?%]m%ynt Hesi s of
Conpogd pppl) 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- 2
CH,0 in DMSO K N A

ol HO” “C A
HO 02H5 HO Fal ]
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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65 18 August 2005 Pd(QOAc)z K2COa -t COatm C H O in PrOHqg r A solution
of Conpound (q) (42.8 g, 0.10 nol, content: 84.5%, palladiu

(1.34 g, 6.0 mol ) and potassium carbonate (24.7 g, 0.18 nol ;Héi%ﬂ o%ar?(g’los
(490 nL) was charged 5 in a reaction vessel. The vessel was degassed by
suction and released wth nitrogen gas, and degassed again by suction and
then replaced with carbon nonoxi de. 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 teonenarated ayvtoohlalrit0 acdsl yashed werk gibgh asetpée (300 ni).
To the fil 1t : loric aci,d (150 nml) and brine (300 nL) were
added and fét%e&n?liet%égﬁégéﬂiéﬁéheﬂ%ﬁ ¥§s Steshvith fyBixiase

separ at ed ahdalveny ol ethyleaceratextuag,ed wit B £y Dy THRe idis ndg800nL) .
The conbi @%ﬁ&@% I?’(rerg wer e dEIi gd over anhydrous 15 sodi um sul f ate,
filtered an en evapordteLFuaPydere Fodhtsni tate, drijtered ame

resi dué wasrqpmja‘timﬂuhﬂmugédﬁééﬂcﬁreﬁﬁr@%dlm s%ﬁqhszgr.aﬂﬁy;. ﬂt i ca gel
(100 g, Fl,ﬂi Siel AT PSQlOOB%{ \c/i/it a_m xture of chloroformand methanol
(09: 1) as T F Siglut wagsassakad by HPLnérsofellawmla g (7 0 %.yield)
content: 20 73.4% quantified by HPLC. HPLC operating conditions Colum: G

Sci ence | nertsi éFCD -2, 0.46 cm I D x 25 cm Tenperature: constant
tenperature at AFotiRGvAot! Takke Lfie Compeung §t25wasbebeapned ein 172 %M

pot assi umydiell vidi oted plees ahad &-borRat a8idyd sté“(E%?p. 42), on the other
10 hand, inexpensive potassium 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,CO, 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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Detect: 254 nm [ Exanpl e 27] Synthesis of Conmpound (s) 66 18 August 2005
C3M/0 s To a stirred solution of Conmpound (r) (28.7 g, 68.2 mHJé’Auq%QJ]:t %3)?:5
73.4% and sodiumiodide (27.6 g, 0.18 nol) in absolute acetonitriie {

m), chlorotrimethylsilane (23.3 nL, 0.18 5 nmmol) was added dropw se at

anbi ent tenperature under nitrogen gas atnpsphere. The m xture was stirred
at anbient tenmperature 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 stirregtfodpiddnitbr TOanih X e sWRSqS¥LE Qf&ﬂiedé‘ﬂ gt byy }Qtf&ﬁt ate and

the organic | ayer, was separated and evaporated un duced presslire to
drynesg dﬂﬁflﬁﬁﬂ?@?cet‘zw QZQL(J@%P/@SNi@BGPdH@@mI&ﬂrr@BJ@ﬁgmsﬁute:ad Iby
HPLC (as fgid HPAS 0 ti rtsi
ODS—Z( 0. %cﬁwkkp 4-g:)cmra@h%tr'bl'rtelrg?p"'gé(rggtf'ltareoo%% {ant gﬁr‘ﬁ?@e\t’ﬂé Jéﬂg?‘around
40C Fl ow%%té® by HELG f skebExamphegs8) .10 nM pot assi um di hydr ogen phosphat e
- acetgnitrile (5:2). Detect: 254 nm 20 TM5CI Nal 10 in MeCN C3H70O
[Exarrpl e 28] Synt hesi s of Conpound (t) C3H7O CH2=CH C02 Bu-t K2CGO8 (CH3)3CO
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

Wholesyntheticprocessesoftricyclicketone(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 agueous
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 or v ><0 HO HO C2H5 s t A solution of Conpound (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. Water (10 nL) and 67 18 August 2005 .
concentrat ed hydrochl ori c acid (1 nL) 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 nl) |nthe presence

of p-TsOHH20 (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

t en 68 18, Aug 2005 at nosphere
o S0 e T A SR Mok BaER s O bk PEL P RN o v oo (5
m. x 2) andn@hkn mtmblmrmmarmmee:l @EsBU £.0.53N P { Ry 45) © ocherous

Evn 4100 S ndenditedtiddiatiae (BULyid of??g?a%ai’:p%p“«%%ﬁﬁFsesfm%?%%q%époi o
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 W%o?%lc\gabl e

zlitYm ggaggg Sgd f"Egri h%e( ;%Y"g?ﬁlf‘%’g‘)s%eo@ﬂ?o ae Y’gssKgflt—"?ﬂ?reB(S\;\ﬁcﬂEx &yaidnetic

processes afontrenycél cSkpraseadddd ahdriieges il oTh FAIRANIE a9 s%’i@rgldven

bel 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):

.71 e




(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

n- hexane (5@midyoef 83 a6 qq%vte%atlﬁ% 1 ¥i& @ £rdii @ o ?Qﬁﬂhc( Ida?ay,eé I%i\f/@’;il{ 5. The

separated and the agueous ayer was extracted wt

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 PSQL00B),

el uent; n- hexanéH-Nrﬁ{ hyd0Caessitzat €DCIJ; 83) t0Q 2BENOUS sby'pmgglpclb 9f£opppund (V)
(4.95 g, ﬁrnim% pé@ 98, 43% ield 26% . Conpound (m) ; 17.8 g (64%
yi el d)* contt'e i G0 C@)HPLC 7¢s E)Qagﬁr:‘% f‘iﬁ: gﬁﬂiNWCghO@H\Hz

3) S e r 2- r
S 5 AR a hy Suddh 198y
5.55-5. 83 %@H m—r’ 3? 41 fil(rmr ayomabigotihe (v) 5 o g (26%vyield),
content: 98.4% (HPLC). 10 'H NVR(400 MHz, CDC13) 6: 0.27 (9H, s, TMVB),
2.45 (1H, t, J=6.8  H, O—% 3.99 (3H, s, CH3O, 4.79 (2H d, J=6.8 Hz, CH
oH), 7.49 (OH, SEpthesis @b Gempeund (Bhpound (n) 15 A nixture of Conpound
(rr) (1027 g, 2. RGhiFMEke FUVRBind f&, Z?;ngtedrﬁi%x' %)%m@hlematb’ 7y de (0.82

g, 2.56 mr%I) and pall adi um-aceta n a mxtur'e of
di i sopropylP¢-&3K& - N?fc‘é]tct}‘rﬂﬁ‘tqqqlélmw@c €107 438g1, 0280 mol )narnd seatiadh under

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 drled over anhydrous sodium sulfate,
filtered, and then evaporated under reduced pressure to dryness
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 m, . 113 mol, 5 eq.) were added. The organic |ayer of the mxture

was 25 separated and washed with 1 N hydrochloric acid (16.4 nlL) and water
(10 mL x 2), successively. The organic |ayer was evaporated under reduced.
pressure to dryrfesd~pCaifdedd (gn) was bd bysoDidd i &&l@rﬁ%&%ﬂk@bd)m ontent:

% 10, 6. by HPLC Exanpl e 17) 1H NMVR
(7?1684|\//H2y %&‘?‘%%892%&?‘8@ t"'fg%véfded1°§zt'71%ﬁu Sft%geﬁﬁr{pélﬁzsotlﬂ&@is) 2.31

OCH2)
o 51 1 1oL O e (e B Sbtbn: Bt “200b

S,
(3) Synthesr® ofl) &%%968§1?&g8§§0 3f rsmoyedoby ki tintiien pagathele
(195. 759, OCEBXrats waspeivapdiradderildest ecliBled gregsé?e nPé)drgﬁg:.?gﬁ? (4. 36

t hanesul f namd 0. 40pol )_in water (
3? 4a95 Mot ™ %gﬁZ\SSElgH?Gs%%e %Kﬁ% Hi(Bpd ratléldo@ ggnhmt; §er® 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 :ﬂe 93@3@?‘ er% U#I"’a' &kFHe ¢ pad.
The i eri &l 79n (2He pad=VasSHagsCHICRY),h3e5BY{ 1L, abg (% ?g utefbgl I ;;gr
mL Th nj r t i, tr ated_an e a
vva?s furtehgrbggi ?aéc'fyefg (\Mq-{'h drI]Sertlﬁy @éfa\t&aihg%)é g’ -®9gani c
| 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)
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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 Conmpound (p) A m xture of Conpound (o) (70.2 g), iodine
(183..7 g, 0.72 nol) and cal cium carbonate (36.23 g, 0.36 nol) in nethanol
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 m xture was stirred at anbient tenperature
for 15 mn. J&g I NS ble material was filtered by suction and the

material wa ﬂﬁ ehl 6PBPBRARA30S)0.5 L). The conbined organic |ayers

of the fi Itratem@nsl Sthe roWeshi vei 98 o é@ﬁ%b@ﬁ@ckangngl ? & q¢@0YSh@Y er Was

further extracted with chloroform( The c organi c Tayers
were dried %e%ﬂw%r%ﬁb@@(ﬁ%%wﬁ@e (?ﬂ-ﬁéhe%l hfhmOle\ﬂap@bambdt@nder
reducesl prefsatchita idley nmp S 0 i

53. 69 (overall 81@6;ie quﬁoﬁ?@on%ggﬁgg?%erﬁgéﬁlgﬁ?Q % 93”@ fPE% (see
Exanpl e 22)Mdgg) vagaddeddropi isept qsientrienperateye undeviRi m_@em

50 ¢ o, ORI g gL o eesold
J=15. 6Hz, ) EOF; §4h(r§Hanadthe&1cslml)¢d mea @Ilhlyds*pchllonmt:laci:ﬂ (¢ BL)

Synt hesi s Q{ndoqmogeq o) s&%_ffﬁ% #%f%,@ﬁ&, gségyég.lgg Bu%ﬁvjangl_]d

content: 80.4%  96. ZAEe osucci’ni m
sodi Ul i ocﬁtdéfr(eﬂzetSnglentSt)emml)atwacmr cSOammh (4The nixtese warsted  at

Y B e el e IR, A AEIRERAEOLS
successi velapd pgapﬁgahedtum@er reduced pressure to dryness. Compound
{8): 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 Igyel 8005
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 aqueous fayer was separated and Adj 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 2} n2hksit’brPebhbbaaki eRyof Conpound (q) (2) 72 18 August
2005 Seni-EEr?PFga (q) was diss%lveg ?n)chloroforn1(280 m.) and n- hexane

(400 ni) was added BAlvkEon gfiCampayma hie) solutl2om, 1lakd muve r esutenng
m xture Vﬁ%@.'@ﬁinakoiﬂgh@nélf q@)‘e’r LA udrWackt iVagi TE? Hrﬁﬁzp' gt e vas
5111t p g Fédice

renoved by filtration and th rate was evaporated ondeér d
pressure t adi8thaddh stirpbuadurdgr argan ainosphers.gThecMiytetrd)yasont ent :

TH KR (400 oo CRa A b By (Frpdt Rl o Lipd R 3BT L0
J=7. 318, cerolpg, Fhegnixkurs, wak) evaposated, usdeOHIyced Irédsyrel,
113 (C £ SheEne e Tip O nad, Siepdidia gn QLBMTbLSakknahe (59 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 nmmol) and potassium carbonate ( %675’% 2005
0.179 nmol) in propanol (490 nm.) was degassed by suction and repI 2Ced Wit
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 nL). The filtrate was washed with 1 N

hydr ochl ori ¢ aci d (15D-em)yhmb-mym;(ympﬁdtrmqnt henagggous |ayer was

separated and ext ract ed with ethyl acetate (300 . 25 The conbi ned

organi c | ayers #é dried over anhydrous sodi um filtered and then
evapor at e ed uresttoaHgbry'ﬁ S 1 was purified

t hrough sili el ¢ f.0graphy; ) ), eluent:

chl orof orm - net Nnhol /(9 H;{).opﬁorrpgﬁqqo(r) ; oi Ic, HﬂB g (70%yield),

30 content: 73 4% by ci—|PLC (shee Exarrpl e 26). iI—l-NW4OO WHz, CDCZ3) 8: 0.88
(311, t, J=7.3 0 1.82 (4H m CH2x2),

3.69 (1H s, S“%P %‘H C‘g d (fi')3(4§ %‘h%tl %’—Gm‘@mz CeRLsNts 31(| H,
d, J= 16 )3 )5. 61‘htéiirbdda.s aeéerzbza,lﬂmm{plu 36, (1 orrahaCccha dnd 8

A t 5 th T t t f Co d
(1) (2718 4B F¥riaer 2- T G ”p"“zc‘i'wrsﬁ%nésiptLé?%@fﬁ%:‘xkéz?{‘@f’xgl,coT?S“”

mol) in ahsaﬁ@enoﬁydﬁ&t@mlt(r kg (Adketide aehlor atdidny |(3i:hango (ddy 3 N,
anbi ent tenperature under ni trogen

0.18 mmol Jhas adde %?w% (5
at mospher §2STRELHT &Y & sCsERdeR P ifrogan gaf apphens £orf b8 Irsws and
t hen quen(rhedmbxtﬁ.rél vl ré@&bb@htéda@hdlef &eticed pitel8traogdhdRsMididd € (232
The kﬁiultlng% d)é at \%AES 10,stirred at anbient tenperature for 30
m n The IR otk gefidne andl Fher evarerahed updesipinaed ayer
was sHpar predsusedtevbpaiedad whderes BaE 8FhD SUSPENR01 A ¥EESSne G@TPOUN
mL) and the 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,) &: 0.98 (3H, t, J=7 Hz, CH,), 1.38
(3H, t, J=7 Hz, CH;), 1.90 (2H, g, 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
(lH’ d’ J=16 HZ), 7-34_7.39 (3H' Ill), 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)

Oy
0 o

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

"H- NWR (400 MHz, CDC13) 8: 1 .00 (3H, t, J=7.3Hz, CH3) , 1.02

J=7.3Hz, CH3), 1.83 (4H, m CH2x2), 3.75 (1H, s, " 4.35 (zﬁﬁgi St 2005
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 mol, content: 86.6% and potassium
carbonate (0.40.g, 2.92 mvol) in dinethylsulfoxide (7 nL) was stirred at
50C under ﬁmxampleagmqspheresygfhg91§1@f To the stirred m xture, tert-butyl
25 acrylate (2.1 nL, 14. was added dropw se under argon atnosphere
and the stirring was cﬂﬁﬁhﬂinéﬁ'ﬂér(QOPHP§IIﬂ&ﬂ@ﬂ -1¢pdperjdindlcankent r at ed

hydrochl ori c acid (1 éhﬁ%yyyg 1 xture in an
“ice-cool ed bath. The nlxture was e§??ac ﬁ%%%??ﬁr Eu2%3h§8g?ﬁé acetate
(4 1, 7 30 nmL x 4). iniﬂ& ned extracts were washed wth water (5 nL x

osul fate, filtered and then evaporated
ds._-Conpound (t) : 0.55 g (77%yi el d),

;i i 8L_,1H-NNR (400 MHz, CDC13) 8: 0.99
. t-Bu), 1.83 (2H

5.69 (1H, d,

pound (h) To a

drled er hydrous
under redfice
content: 0% PL
3

(3H, t, J=7.4Hz,

m CH2CH3), 4. 68 (2H, S

J=17.8Hz), 7.01 (1H, s, aronati

sol ution of Conpound (t) (1.02 g, 1D J‘Q@Hd;hgoluene

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

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

o dryness.  The NetPBitl uEb U e adanmaLay copbshed e iped 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
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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,
oH), 4.34 (2H m CHCH ), 5.25 (1H, d, J=17 . IHz) , 5.68 (1H d,

J=17.1 Hz), 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 AlustimdamnoCrmpompd [(@)-<hydr oxycanpt ot heci n (SN-38) 100C in
AcCH Tol eyf p- TsOH ¢jgg H SN- 38

(a)
NO,

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

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

O
HO. .
(e)
NH,

10

15
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A suspension of Conmpound (h) (0.50 g, 1.82 nmol, content: 96.6%, obtained
as described in Exanple 30 (11), and Conpound 5 (e) (0.36 g, 2. nmol,) .l

t he presence of p-toluenesul fonic acid nonohydrate (10 ng) irzilaégﬁqucs a(?iag5
- toluene (1:1, 10 nm.) was stirred at 100 C under nitrogen gas atnosphere
for 18 hrs. The m xture was evaporated under reduced pressure and tol uene
(10 nL) was added to the residue and then evaporated under reduced 10
pressure to dryness. The residue was suspended in acetone (9 nlL) and the
suspensi oh®wasCdeFededvatramdi Bnis t 2npepat ok &ve 08 ro@ hsich Teen skepensi on

was filtesedrbyesticli o andathey €0t ecigdr 159! i d was washed with acetone (2
mL. x 2) and then dried under reduced pressure. SN-38: brown solid, 0.63 g

(89%vyield), 15 content: 97.7% by HPLC (see Exanple 9). 1H NWVR (400 MHz,
CDC13) 6: 0.98 (3, dycelz’ e 2‘1§n3’ =7 0 (2H,
q. J=7 Hz, CH2), 3°08 (2H a%‘?"f?i@%ﬂfz?l‘%% 1t|5.“$1“76f(Jez“1% léé? gg%‘??tljs‘?% (1H,
d, J=P6 HE¥oup.waicli 1¢8n dhe Hepgradecter 34 7 88ta3ktin) re6u8Bi¢iHisda J=9
Hz). 20 [ e Synt hesi s of

7- et hyl - 1%51?‘%%( 19|%$J6%fi di no) - - 1- pi peri di no] carbo nyl oxycanpt ot hecin
(SN-38B-11) + OH C OH C2Hs SN-38 SN-8B-11 25 SN-38 (0.91 g, 2.32 nmol),
obt ai ned as descr, i : s, caonverted into SN-38B-11 (1.22 g,
89% vi el d, 99.§8tyezléB%%CF%SE%‘%I%%%%«&E&M%%%%r?s;W B B At &4t by t he
reported ae¢hod m¢S: Sawmsasebécudd, fGhenmh&haroup BubhsistdHod,oB89, 1446).

et myl - T8 48 (05 oo B Fg T 1B BRriTal of cBHpbrg Compound (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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nyl oxycanpt ot heci n hydrochloride trihydrate (CPT-11) 2Hs SN-38 B-11 O
C2HS -OH CPT 11 SN-38B-11 (1.00 g, 1.7 mmol ), obtained as desgg'gﬁd im 0
Exanpl e 32, was dissolved in 0.1 N hydrochloric acid (20 nl) %/ TS n& QP
around 80 'C. Acetonitrile (100 nL) was added to 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 hum dified. CPT-11: pale yellow crystalline powder, 0.95 ng (89.9%
yield). Industrial Applgﬂability 15 By use of the synthetic process of the
invention highly pured& -am no-5'-hydroxypropi ophenone and tricyclic

ket one canBn@r, syhesjked kn a short tinme with a high recovery yield, and
by use of theseYas I; di ates a total synthesis of CPT anal ogs can
efficiently be ed out. C? 18 August 2005 CLAIMS I. A process for
preparing 2'-am Rg.5 Jﬂéggox pr opi ophenone to synt hesi ze canpt ot hecin

anal ogs, 5 wherein fr npound (a): (a) Conpound (b): ROB ECHO (b) N2

(wherein Bn is a benzyl group.).

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
QU (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

80%




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) Compound (e): 0 7800 18 August 2005 is produced; wherein ﬁ@sﬁ 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, nmnanganese di oxi de or TENPO sodi um
hypochl orite. 30 7. Conpound represented by formula (c'): A*J%éft ZOtOFéo(agl
(c'") N2 (wherein Bn is a benzyl group.). 8. Conpound represen

formula (d'): O (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) Conpound (c") OH (c") is produced; and
from Conmpound (c") Conpound (d"): HO (d") 15 is produced; and from Conpound
(d") Conpaist g\)ﬁk& 2 u A _pr.o S
according to crlff?lrﬁ%% F@?&%E?LP égl%?gu?é 'wg onggorggglﬁréog?%ﬂgdsgfgtt ed
fromthe group consi &ng of (1) a step to obtain Conpound (c") by dropping
Gignard reagent t Mpound (a) under an inert gas atnosphere; (2) a step
to obtain Conpound ") mxing Conpound (c") and an oxidi zi ng agent and
stirring the m'xtN-é'

TMS

(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):
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10 (3) a step to obtain Conpound (e) by a catalytic reduction of Conpound
(d"). 11. A process according to claim 10, wherein in the ste ( t he
Gignard reagent is vinyl magnesium brom de. 15 12. A processgg%éﬁ%ﬂrﬂb%ﬂ95
claim11l, wherein in the step (2) the oxidizing agent is Jones reagent,
manganese di oxi de or TEMPO sodi um hypochiorite. 20 13. Use of

2' --am no-5' - hydr oxypr opi ophenone, which is obtained by the process
according to any one of claims 1-6 and 9-12, to the preparation of
canpt ot heci n anal q9gtg 14. A process for preparing canptothecin anal ogs, 25
conprising reactiopn of 2'-am no--5'-hydroxypropi ophenone, obtained by the
process accordi t ne of clains 1-6 and 9-12, and a tricyclic

ket one. 15. A proced preparing the trichDic ketone to 81 0 18 August
2005 synthsg's eci n anal ogs, wherein from Conpound (k): {k) TM5
(wherein TMo'1s a trinethylsilyl group, and Me is a nethyl group.), or
Compound (v): 5 OH ( vﬁt(mherein TMS is a trinmethylsilyl group, and Me is a
met hyl group.) , Conpound (1): (1) TMs (wherein TMS is a trinethylsilyl
group, andwhereinaTHst hyla grdmethyl8 ily1pgeeussdie ard af REBhER P,

and Et is an ethyl group.)

is produced; and from Compound (n) Compound (o0):

(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):

(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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1) Conpound TAAS (m): (wherein TMS is a trinethylsilyl group, and Me
§s)a ng?hyl gﬁglp.) i s produced; and from Conpound (m) CbnpouPﬁé&Qgit§%dg%
August 2005 (n) TMS Et (wherein TMS is a trinmethylsilyl group, T
methyl group, and Et is an ethyl group.) is produced; and from Conpound
(n) Compound (0): (0) 5 (wherein TMS is a trimethylsilyl group, Me is a
methyl group, and Et is an ethyl group.) is produced; and from Conpound
(o) Compound (p): (p) 10 (wherein TM5 is a trinethylsilyl group, Me is a
met hyl group, and dyjgel s an ethyl group.) is produced; and from Conpound
(p) Conpound (Qq): g) (wherein ne is a nmethyl group, and Et is an ethyl
group.) 15 is pry ¢l ~@nd from Conpound (q) Conpound (r): 83 18 August
2005 (r) (w s af nethyl group, Et |s(§m ethyl group, and Pr is a

opyl .group. S
propyl -g p HO KEI

o

(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)

Buo HO Ho” “Er©

(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
Conpound (t): (t) (wherein Et is an ethyl group, and tBu is egiéiﬁﬁﬁﬂgk 20b
group.) 10 is produced; and from Conpound (t) Conpound (h): (h) (wherein
Et is an ethyl group.) is produced, wherein it contains one or nore steps
sel ected from the group consisting of; 15 (1) a step to obtain Conpound
(1) mxing Compound (k), a lithiating agent, a fornylation reagent and an

i odi nat i orwitdagentusd 2f asclivwmi;o obtain Conpound (m m xi ng Conmpound (1),
crotyl alcohol, triethylsilane and an acid, and reacting said m xture 84
18 August (ﬁﬁ03Wﬂ&?bE§én§P“§’6’[ﬂ@Qn&1ﬂ’{183‘169539@@0@@(10{[5{)& abgprpdust (1)

m xi ng Co by Ry I A %%%k, i ot xi di zi ng agent
and a. barsﬂe}?% (ég)esﬂ(?d '%/gho t%nn d&%%%&#?% M X r?ggoggg%dnd (m , a

pal | adi um(4% 2atepysn obhabasompednd hpméxtngrsfgrouwnat ahysa paanddiefl uxi ng

sai d mext i olvent:. (5),a step to obtain Co und (0). m xi ng, conpound
(). an odatithyata A baee ‘TG BhABes Pranafen Cath BUte: Gl ARLASHATAL i c
reagent; sa@)d aiktenrd dmokicaivenggnpound (p) nixing Conpound (0), a base 10
and iodine, and ref luxing said mxture in an al cohol-water mx |iquid;

(7) a step o R o ORRSIEEORBPURE KGR EsAPE K PINc(T) @ an osmium
Corpolnd EATR £t krafeths ogfhes g8 ol ALinEREBRY el 1
m xture ifel-prepemdio 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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under a carbon nonoxi de gas at nosphere; (9) a step to obtain Conpound (s)

m xi ng Conpound (r) and a denethylation reagent, and reacting said m xture
at room tenperature; 20 (10) a step to obtain Conpound (t) reacting
Compound (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 claim 15 or 16,
wherein in the step (1) the reaction tenperature is the constant
tenperature ol2.3(0R tprockdE a@®olsling poockasimarEprliene i il &h@ dbep

wherein in St (3) the oxidizing agent is TEMPO sodi um hypochiorite.
85 19. A p?%{;g: £ g«%g&r ﬂ% RPY SR rﬁalg’,o Qand?-hS?BEOEYéBtthﬁlm%hé-base
i s potassium carbonate or di isopropylethylam ne. 20. A process according

to claim15 or_19, wherein in the 5 step (4) the solvent is
t et rahydr of ur a0« oA Braicesspaepordéntcto cladmilsr o el hatwdrerdin lingthe. 21.

A I .M, i i th t ..(5) th ]
car el yor i Ay e BaTahE (P re hEhEhPo RIEan? oF 8 R ssimad o bR m 15,
wher ei n i racetapi i)l edweetendiive Bppaikl Conpound (o) is in 4 equival ent.

23. A process according to claim 15, wherein in the step 15. (7) the
desilylation-iodination reagent is iodine-silver trifluoroacetate. or

N- chl or osucci m 1 de- pedbemls 8LERA1RE- té LGRS AGHRLHEiRg i horfbalm 5 or
23, wherein Corrpoundﬁ_ (g.) is puri_i}i d ct#elm calsll%y’ %;)‘1‘;1%5%#% f‘éa‘fﬁ%ﬁé{s%éps

consi sti nd %of thr asmium ential vedd disheateestivon qemechetvVbpt ai ned by the step
to pggduce Conpound (qg) from Conpound (p) to an aqueous al kaline solution

and to stir; ‘
22. A process according to claim 15, wherein 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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- a step to add an organic solvent and to stir, followed by renoval of the
organic layer; and 25 - a step to nake the aqueous | ayer acidi dtog
extract with an organic solvent. 25. A process according to cf%ﬁ%h%ﬁﬁt 2005
wherein the aqueous al kaline solution is an aqueous sodi um hydr oxi de
solution. 30 26. A process according to claim 24, wherein the organic
solvent is chloroform 860 18 August 2005 27. A process according to claim
15 or 23, wherein Conpound (q) is purified optically by purification steps

consisting of; - a step to dissolve the reaction product obtained by the
step 5 to produce Conpound (q) from Conmpound (p) in a high polarity
sol vent, foll o"é/]\id @ypn?%?ﬁiﬁ%ﬁpgﬁréﬂng ﬁfbwlﬁémdﬁp@l;' 230| wherxein gempoandt ep to

filter a iR bt £F W PN t ' of the filtrate
to dr ynesrs)(r(ﬁ)ﬁc]i'erﬁr edu%%%% &é?g&?é’l BWfl pr{ﬁg)gleégggggcoorﬁﬁgtjt%g c?lfai m 27,
wherei n t heahfgep polddsisoy veothenteast bdn qraiduct oBfaiApdosesheaaseepdi ng to

claim_g27, rein.the |ow polarity_ 15 solvent is n-hexane. 30. A _process
accordlgng }[/\A(i)]_ %‘?%111&1]%,80 éfué}cﬁ(ﬂ Fram Sompoynchy P pén i M ghs PR AEE SV UM
carbonate. 2613ént{seoDiowé@ By | Tatkdn£t 1 Y¥e LN PQQaQXt§h§0@5@ﬁESS
according to any one of clainms 15-30 to the preparation of - canptothecin

anal ogs. 32angd process for preparing canptothecin anal ogs, wherein 25 the

tricyclic _kesod8toWhngle, i L e L pr cording .to _any one of
clai o 1580 R P ARt ST TR O LR P A B bR e 26
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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33. A process according to claim32, wherein the 30

2' -am no-5' - hydr oxypr opi ophenone is 21--am no-5"- hydroxyproplqﬁygpone ?Qﬂ?

obtai ned by the process according to any one of clains 6 an

August 2005 34. A process according to any one of clains 14, 32 and 33,
wherein the tricyclic ketone and 21 -am no-5' - hydroxypr opi ophenone are
m xed, and said mxture 5 is reacted under an inert gas atnosphere.

34. B process according to any one of claims 14, 32 and
33, wherein the tricyclic ketone and
2'-~amino-5'-hydroxypropiophenone are mixed, and said mixture

5 1is reacted under an inert gas atmosphere.
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