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canpt ot heci n-rel ati ng conpounds 5 Technical Field The pres mw mwmﬂ“mr
relates to a process for synthesizing canptothecin related
More particularly, the invention relates to a process for prepaoiong
i nternmedi ates related to the synthesis of canptothecin anal ogs having an 10
anti-tunor activity and use of said internediates, and relates to a total
synt hesi s SECHERPCAMTAN n anal ogs. Background Art Canpt ot after
described as CPT) isolated from15 the bark, root, fruit, @W@lw@aﬂ ME i ke
of Cant ot 6eca acum nata of Chinese originis a pent acyclic dis
knoun 10 §BRHolNE£BYht hHBRE 586 ExhbYobies DAL DL A6M, campychag' "aci d
synthesis. In ntinme, as canpt ot heci n derfvati e induction
of diarrhea and the like as a side effect are reported (Gann 20 to Kagaku

RyOhOL!S 17E EélS 1%0' 128 , leaving a problemto cause disorder for the
gastro in and therefore, various kinds of derivatives have
been exam nedThe prsbisie: i RGeheXbfirtalatied t6& pﬁé@eébef_cﬁf spfthesigding on.

Thus, the inventors alreadé reported 7-ethyl-10-[4-(
pi peri di nERMPLALREELRi F8]a P@oﬁ?‘!‘ﬁ‘k‘}%‘éhﬁi ot M%W‘-’d@rﬂ]&rl%be the hydrat e

(herei naf § gefleschi Pedladss Bd- 4 1hrobls B4 £  pPObUPLfq SE SHiLALIL &

derivative CPT, as a conmpound isre Toxi ci ty conpared to
CPT, and krelatedt tprEBensymt:UeBysueédcamptdz’ehamm ammbmgsxgmmg;emmal

nanme; .4 ri ngfecan - c 1 .
'10 "' ARt §S80mor activity and use of said intermediates, and relates

to a total synthesis of camptothecin analogs.

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 activity by inhibitionof anucleic 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]carbonyloxycamptothecin-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.



30 hydrochl oride). Canptothecin anal ogs such as CPT-11 can be derived by a
chem cal nodification of CPT obtained fromnatural materials. 1 T
However, owing to an extrenely | ow amount of CPT obtai ned from natural

mat eri al s such as Cantot heca acum nata which is the starting material, it
IS anticipated that according to an increased demand of CPT-11 which is a
useful derivative and the 5 |like, a sufficient supply of CPT becones
difficult notwi thstanding a nmeasure for the starting material supply such
asaf f or est at i Howeerhooghng heo tagt ektsrenehgslowsamdwt e@fagPieobtained t he
present situatiop that it has not yet been. into practical use .10 As a
brocess birPB BRtural materfals CRBERuSsR fuminracuniFh 18

repr esent eebytd Pei ke ¥ reaatl, af $5 eeivipatéd Qdiétﬂd@borra%gl €8 & the
am nopr opi ophenone and the tricyclic ketone ( J. Og. Chem 1993, 58,

611- 617 " taaErasedsienany af &Rl bwhdchCham Bﬁﬁ@éiﬁ? Fleg aadspRe cancer
Drugs.x', tk h,t K e e t e di ous, the
yieldésarggﬁg? gu?ﬁ?gfég?ﬂgn%8%§?£ ?Eeé?gcgégﬁ%éé ?gfgéﬁ% gsized. p- TsOH

| ~eO ~deOnétwlithstandinguwemeasitize £ovbthe€ siart)i nidfina teoia il Smpp)l yOuclcu C12

DMF, 8h 839b D Ln the ti al.t hough rran, .D. .P. et al. carried
oot a Lo 3F ALTRrpesat 1pb s ATRRoRER the ual Ao Re i ARTs a5 ate Staltnedon | on
of the aryt iisSHd pfebeneBd tuld® ibadanit i €88 nePyespebAd nts precOetaW
reacti on schene em FEur. ,T. 1998, 4, 67-83 "A Ceneral nt hetic

Approach B8€the ( 20S ) -Canptothecin Fam |y of Antitunor Agents by a

Pr obl ‘s are B hPEdCqp B total st eTeUndinl kb3 Add bTendn. ot on
reacti on Wsematl sxépresentedby tiereltectreant bdn skbbemeotieck r ived Limder | s
necessar yrg}:\ct: fon 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.

N p-TsOH Me0 o
o uene N
NH; 0 79%
Me0:C Et Me02C 0
Et 0

1) HBr, 140°C

15h HO o
———————T N
2) 0, CuCly N
DMF, 8h o
83% Ko
Et ©

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 "A General Synthetic Approach to the (20S)-Camptothecin
Family of Antitumor Agents by a Regiocontrolled Cascade Radical

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



cycljzation. 6(e0 ~ ~N |~ee Sn ~ benzene Et ~, hv, ~o'c Bt ~%!''~ 61e8
Sfi' Hv ~rr ~--~sNssB-il ~J LL....// Y~+ Et t,r~~ benaene seal ed
tt~e ~ Et hv, ao~c, oh 31% 47 %iBr ---~ sN-38 110'G 90 % 5 Additionally,
al .t hough the above Curran, D. P. et al. synthesized

4-11 odo- 2- met hoxy-6-trinmethyl silyl pyridi ne-3carbal dehyde, an internediate in
the synthesis of the tricyclic ketone part of CPT anal ogs, according to the
bel ow schene, t-aii i hf ~rra,ti ~ 7~C ~pC ~(' PC 7~0-CPC 1h 3i 1h 4A%
Josi at H;LnKm-icSuenel?prerl‘HQf the aycl RaPidhmeact idbnlds 4aptl\hmﬂf.1<617enﬁ0 this
met hod is_hig a % gerous ue to the necessmé/ t o, use t-Buli %@%

f | ammabl e@Pf 5?3@ 54808n? |FBESPF?5‘F‘F§71V%nﬂF R 12 NecepsaRY & s a
reaction ggg}p%gg%ﬁ is required, making it inpossible to enlarge the batch
size. Furt owing to the necessity of a conplicated tenperature control
in the total 15 reaction systemit was not an ingdstrially practical

reaction syst em 3 Di s®@ osure of Invgggi i s an object of the

i nvent i on Me® ovi de ef ficl CHESnWm ch aTStpLe? ngamitBer i al for
irinotecan h chl,ory&*g d farfi od3 RS o t heci mgerrvatidfes, and
canpt ot heci n al OBfs s A9 et .(‘;LO hydr oxycaifot eé&&ﬁ which is a
key Et

0  gsaled tube
hv, 80°C, oh
1%

5 Additionally, although the above Curran, D. P. et al.
synthesized 4-iodo-2-methoxy-6-trimethylsilylpyridine-3-
carbaldehyde, an intermediate in the synthesis of the tricyclic

ketone part of CPT analogs, according to the below scheme,
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Josien, H; Ko, S-B; Bom D; Quran, D. P. Ghern Ar. J. 1988, 4,Na 1, 67.
10

this method is highly dangerous due to the necessity touse t-BulLi
easily flammable ina 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.



‘internmedi.ate of the irinotecan hydrochloride synthesis, by a practical

total synthesis. Particularly, it is an object of the invention to

synt hesi ze an internedi ate corresponding to the AB-ring part of
canpt ot heci n skel eton and an internediate 10 corresponding to the CDE-ring
part respectively, and further to synthesize canptothecin anal ogs using
these internedi ates. Mbde for Carrying Qut the Invention In view of these
ci rcunstances the inventors made an 15 extensive research, and consequently

aschg t heDABcloayreaef, Invdnt fonpound (a) (5-hydroxy- 2- nltrobenzaldehyde)d
H - T
ts dervaii vas 4abhyOByear Brr FhEcipORRs 8E afo hEGFIG, SrPLYeRELYTT 7

2' -am no- 5?Th>&dfmwﬁsowlsﬁaxej1m@emaeéreamm riglhattehanﬁlBydfdﬂ@hchﬂd@f CPT
skel eton, and as to the CDE-ring part starting from Conpound (k

(2- ot hox 08 VAT A1 B8 PF SATRHHNGAPARE LKBL LVEE k ANAFANPLOLRRGHRI nTNG
t 5 4
P e AR LARE B 8 F et - I M BRI VR R b  BEpUP-)

ef fici ent iptepmediabe of thernngnﬂtechequeocbﬂp@apendynghee18hebiDE rlng
part of CPT_s ele d_est.ablisheq a,t.ot nt heti.c roc

el ogs bBraRtipnt obotal e ERPHAT b et toPutnsly et i8R rEE Tt g T
natural rgherigvéntioni sdisightiiesiize ant iaterhadihye tberespending tel ates
to a process for preparing 2'-amno-5'- hydro(%%;oplophenone correspondi ng

to the ABtheRPoFiRPPaficPE GAMBERBREFHY thrkdton sRdeangnternes kg0 R
~NOz 1P BEFrédpohdingClo Qe ROB-dirdg PartNFéspdbti6L1$? 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 from
Compound (k) (2-methoxy-6-trimethylsilylpyridine (MTP)):

(k)

TMS

(whereinTMS represents atrimethylsilyl group, and Merepresents

25 a methyl group.)



(wherein .R represents a protective group.), and relates to a total
synthetic process of CPT anal ogs by the appropriate conbination of a
process for the tricyclic ketone corresponding to the CDE-ring part of CPT
skel eton conprising 15 particularly synthesis of

3-fornyl -4-iodo- 2- met hoxy-6tri net hyl silyl pyridine (Conmpound (1)) from

2- met hoxy-6trinmet hyl silyl pyridi ne (Conpound (k)) or

3- hydr oxymet hyl - 4i odo- 2- met hoxy-6-tri met hyl silyl pyridi ne (Conpound (v)) by
i mpr ovi ngfenddoaptmerns iy prpviddescPacand dity) dex ivat isyed Isehbdy2Byrant e; 5

., found _a.neans to provjde CPT and .its .derivatives atabl an
articlont SEPNSERE, BreBroat fop AL 4 Srisusias. SFEonpoRar KeePEnalaS R (i ng
part of CPReskBker®fg pRftestabbrshreé1atbAl ahndYBstEbl £sREQCESEoEPL CPT

anal ogs by an agproprlate conmbi nation 5 of these nmeans wi thout using
nat ural n8YBEhEr3C pravess AQriORL analteds &y anNaRdrppuriate aophinahior| at es

to a 0CgeS$S ) I ‘Lanlhne- 5 - i_qrhe re ndi ng
to thd ABor: Hehs MeHHEL Watnbyt Gk iRy ha i MR AR EINL BAEERE
~NCz NOp Moweptdjohb) (¢) OORH I | N~ NH2 (d) (e) 10 (wherein R
represents a protective group.), and relates to a total _synthetic, process
of BT anal oodaBs L et ot S tief KalA TER fh SoPLaCRRBcESY PEFPERLRS
tricyclicakepfdfols’ LRGALHRYPHop Pop ReEn&hECOrTespRind iply €6 thekes et Phy
conprising 15 particularly synthesis of

3-fornyl -2fi 6B8- skatehonyaceerdingytai theprentehe (Conpound (1)) from

2- met hoxy-6trinmet hyl silyl pyridi ne (Conpound (k)) or
3- hydr oxymet hyl - 4i odo- 2- met hoxy- 6-trinmethyl silyl pyridine (Co -? nd (v)) by

i mprovi ng 0N _NJ.GHOg a pr od 25C0LCHOg to the Ry . goute; 5
Conpound (?ﬁkﬁ(b) |~ 5is ced; ang from Cqf p) Conpound
c HR d; diaf Co d (d): OR

EK%Q x (c) NB;O uCe an ﬁ%gpoun (c) éog (

(a) (b) (¢)

o (o
—> w NH,
(d) (o)

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 tricyclic 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;



i s. produced; and from Conpound (d) Conpound (e): O H~ ~~~"~"""~1vy [I[ (e)
~NH2 is produced; wherein Ris a protective group which can be 15
deprotected by a catalytic reduction. Also, the invention relates to the
ahove process, wherein the protective group which can be deprotected by a
catalytic reduction is a benzyl group. Further, the invention relates to

t he above process, wherein 20 it contains one or nore steps selected from
the group consisting of 7 (1) a step to obtain Conmpound (b) m xing
Compound (a), a benzyl ation Jreagent and base, and stirring said m xture
in solvent under reflux; ( ) a step to obtain Conpound ( c ) by dr oppi ng
Gignard reage 5to Cbnp d (b) under9¥n i nert PM¥pas at mosphere M9 3) a
step to obtai np_gpd ( i°® ng_Co dHC) oxidizin t and
stirringthrs ure; Step tg n ) a ) byg lytic
reduction of Conpound (83 10 Further the'invention rklates to th rabove
process whereif® in the step® 1) the sol vnt is dlﬁ@thyl or mani de. ®The
invention also relates to the above process wherein in the step ( 2 ) the
Gignard reagent is vinyl magnesium brom de. Further, the inventjon relates

to the above proc ¥e wherein 15 iMethe step ( t he oxi di zi ng Jag i's
Jones reagen se_di oxi dg? 7 N~
TEMPO- (2, 2 Qy! pi 1 OXy I ocﬁl t he

i nventi on relates ED e npounﬁﬁreﬁﬁesé ted by f oHOTUTER (c ): ~HoBn"{cH 20
(wherein Bn is a begnzyl group.). ®urther, the inwention relates t® conpound
represented by fornmula (d'): d ) 25 (mherein Bn is a benzyl group.). 8

o
" I
P X AN
" HO Et
0

HO” Et HO Et

(wherein TMS is a trimethylsilyl group, Me is a methyl group,
Et is an ethyl group, Pr is a propyl group, and *Bu is a t-butyl
5 group.), established on the basis of 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.;
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,



Al so, the invention is a process for preparing

2'--am no-5' - hydr oxypropi ophenone to synt hesi ze canpt ot heci n anal ogs,
wherein from Conpound (a): H CHO (a) ~NOz 5 Conpound ( ¢ " ) OHHO Il (c..)
NQZ i s produced; and from Conpound (c ") Compound (d "): 0 HO (a") NO2 10
i s produced; and from Conmpound (d ") Conpound (e): 0 H(e) ~NH 15 is
produced. Further, the invention relates to the above process, wherein it
contains one or nore steps selected fromthe group consisting of ( 1) a
step to obtain Conmpound (c" ) by dropping Gignard reagent 20 to Conpound

(a) under an |nert g S atnDsphere (2) a step to obtain Conpound (d ")
mi xi ng t h&° @BﬁBB né ? ") and an oxidi zing agent and stirring the m xture;
and 9 (R St epHep obtain Conpound ( a ) by a catalytic reduction of

he 1 nvention also relates to the above process wherein
in the step ( he Gignadrd reagent is vinyl magnesi um bromni de. 5
Further, the iR relates to the above process wherein in the step (2)
t he oxi di zi ng agent 1s” Tones reagent, nmanganese di oxi de or TEMPO sodi um
hypochlorite. The i nvention also relates to use of

2' -am no-5' - hydr oxypropi ophenone, which is obtained by the 10 above
procesd, i8 PRRIBFefar aRdohreR CompRRteth h CompoRRd (c):

OH

Compound ( d

R

(¢)
NO;

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

0
R
(d)
NQ;

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

0
H
(e)
NH;

is produced; wherein R is a protective group which can be

10

15 deprotected by a catalytic reduction.

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

Further, the invention relates to the above process, wherein

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



Further, the invention relates to a process for preparing canptothecin

anal ogs, conprising reaction of 2'-am no-5'-hydroxypropi ophenone obt ai ned
by the above process and a tricyclic ketone. 15 The invention also is a
prrocess for preparing the tricyclic ketone to synthesize canptothecin

anal ogs, wherein from Conpound (k): M- W.~ ~ C~) TMS 20 ( wherein TM5 is a
trimethyls ilyl group, and Me is a nethyl group . ) , or Conpound (v): OH
(") (wherein TMS is a trinethylsilyl group, and Me is a nethyl group. ) 10
Conpound (1)'al\bﬁtepld:@l¢bt&lln8€d>mpmnde(h) TivExisg sCompommidiy{a) | yd group,

d Me duced:; Co d
(T (heaErletioiretveds g £ e Angl B L RboRRLa i hitte DO pot ny!
grOUp ) b&1venrtluaaderapdriagm Compound (m Conpound (n): Me (n) TMS '~

~' Et 10 (wherein TM5 is a trlnethyIS|IyI group, Me is a nethyl group, and

Et is an é2hyd spepupo)obkain mwn%ha)fbbﬁrmmnareapamm% 0): (o)
;;Qﬁp?f"88*?5mé§uﬁd2?ﬁ;eﬁ§?%%fﬁ? i@eff'&?ﬁrg%ﬁoéﬁﬂgrg{OUp Me is a methyl
’ (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, the invention relates to the above process wherein
15 in the step (3) the oxidizing agent is Jones reagent, manganese
dioxide or TEMPO-(2,2,6,6-tetramethylpiperidine~l-oxyl)-
sodium hypochlorite.
Also, the invention relates to compound represented by
formula (c’):

OH
Bn

(¢’)
20 ch

(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.).



n is, produced; and from Conpound (o) Conmpound (p): ML I (p) TMa H ~~Et
(wherein TMB is a trinethylsilyl group, Me is a nethyl group, 5 and Et is
an ethyl group.) is produced; and from Conpound (p) Conpound (q): ~1i (Q
11 O~~~ Et ~ (wherein Me is a nethyl group, and Et is a ethyl group.) 10
i s produced; and from Conmpound (q) Compound (r): AAL i p ~ O (r) HO~"~" Et
(wherein Me is a nethyl group, Et is an ethyl group, and Pr is a propyl
group.) 15 is produced; and from Conpound (r) Conpound (s): p _, ( s) HO-
Et O O (whereplsbi theatneehyliogr @spa ppdc@ssi for prepariggoup.) 12 is

duced; _and f Co d ({) 8~
Cuherei n &f-FRiBA-3{ nYVOEPBURT OBFRPREIONE 16 {2 PREYeE LpbLpasbtothetibauced:
and from QﬁHPQ!;'Qd GherEPAPEESH ¢Ehpodhd {afh) p HQ ~'"Et ~ (wherein Et is

an et hyl roup i s produced; and wherein It contains one or nore steps

sel ected "Qoup consisting of; ( 1) a step to obtain Conpound (
1) mxing Cohp kK ) alithiating agent, a fornylation reagent and
an i odi nati onlgeadent (255 a step to obtain Conpound (n) m xi ng Conpound

(1), crotyl Icoh'(% triethylsilane and an acid, and reacting said
m'xturse 15 wi t hout use of solvent;

Compound (c’’):

OH
HO _

(c"")
NO;

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

o

HO >
(d"")
NG,

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

10

0O

(o)
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 (c’’) by dropping Grignard reagent

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

(c’’) and an oxidizing agent and stirring the mixture; and



( 3) astep to obtain Conpound ( 1 ) m xing Conpound ( v ) , a byproduct
inthe step (2), with an oxidizing agent and a base; ( 4 ) a step to obtain
Compound ( n ) mxing Conmpound ( m) , a palladiumcatalyst, a base and a
phase-transfer catalyst, and refluxing 20 said m xture in solvent; ( 5) a
step to obtain Conpound ( o) mxing Conpound ( n ) , an osmum catal yst, a
co-oxi di zing agent, a base and an asymmetric reagent; ( 6 ) a step to
obtain Conmpound ( p ) mxing Conmpound ( o) , a base and iodine, and

refl uxi ng(3ai @ stiep thoe obtadin @bmpbuhdwae prbyriax cakaliyduiicdre@irtaostep to

obt ai n Conpound &q) m xi ng Conpound (p) and a 13 desilyl ation-iodination
reagent ; 58§p?u5 sﬂgp {b obtain Conmpound ( r ) mxing Conmpound ( g ) , a
pal | adi um cat ghgstingeditaoRagaesoandl1aeast tBgthai 8bsvEt precess lwhépeanol

under a carbon nonoxi de gas atnosphere; 5 (9) a step to obtain Conpound (s)
m xi ng CoApdithrIStep (aln)dtge&ié-’ri*ﬁ"rﬁllda?ﬁéﬁeﬁ‘éd@eﬁ%{whrﬁ@mq“hgrgﬂidem' xture
at ro t enpe v ( . : { ]

Compocnd (& Fiaacr (i ihuBnf1Eh s A ALLD CRIBRYD] erdoced FREELDY
Further, thethenetepi () rtdleavoridiningageidy éspfanes s eagendti, nmangaheset ep (1)

the lithiagting,agent, | -butyl ljithium The invention also relates to the
above pro§é8§9aﬁe?5iﬂhﬁﬁgfﬁgégF%ph¥3?cﬁ%3r?€3Ction tenperature is the
constant tenpehat iheeationOaligo- #8Tatéb Eurtiberofthe invention relates to
t he above process wherein in the step ( 3 ) the oxidizing agent is

TEMPO- sod? UnPB¥Bechl oRYHECXYREOPAQRRENGRE o] WBick| 48 c’btaine@d BBoWRe process

wher eir i . .
NN Y soaPBas) BERSras) E9°HHE roRa bRt IO! HET EARPESARE, B analogs: above
process wher eFnrtherhetke einvent jon relatlesehd a prioctesshfdropreparing a

di i soprop - tpitrile- romx Liguid . The pnvention also rel ates
to the ab%é@séggéggggmﬂgéé?%gfﬁgéﬁ%rﬁ?éﬁg(ggég%%o%s um catal yst is

pot assi unz osamirdVs ) -hgdréxyphepiophenony ebtiadnedd vt Ré dbovidhprobeys
process wherein_ in Stﬁf (,6 % t he i odi ne against Conpound ( o) isin 4
equi val en®d FhEriGVehtF oketPRY- rel ates to the above process wherein in the
step 157) the @gaiinait Mk h28bNA hPrd et Fbr ﬁr%[%jtﬂ?g heV€Ficyclic
trifluoroacetate or N-chlorosuccinim de-sodium 30 iodide. Further, the

i nvent i onketpPRe £o syn thes igemanpheichesin apnategs, ebegeind yom Compeund f i ed
chem’callgk y purification steps 14 conprising a step to add the reaction
product obtalned by the step to produce Conpound (q) from Conpound (p) to
an aqueous al kaline_solution and to stir; a step to add an organi ¢ sol vent
and to stir, removal of the organic layer; and a

(k)

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

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

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

10



5 step to nake the aqueous layer acidic and to extract with an organic
solvent. The invention also relates to the above process wherein the
aqueous al kaline solution is an aqueous sodi um hydoxi de sol ution. 10
Fyurther, the invention relates to the above process wherein the organic
solvent is chloroform The invention also relates to the above process,
wherein Conpound (q) is purified optically by purification steps conprising
a step to dissolve the reaction product obtained by 15 the step to produce
Conpound €qupeuad Cdxpound (p) in a high polarity solvent, followed by

| am nation of a low polarity solvent; and a step to filter a precipitate
which is foll owed ®oncentration of the filtrate to dryness under reduced
pressure. 20 Furt 0O nvention relates to the above process wherein

t he high polari so|fjvent is chloroform The ipyention also relates to the
above proc éﬁ he | ow polarity solveét I's n-hexane. Further, the

i nventi on MdMBres to tHe above process wherein 25 in step (10) the base i's
pot assi um carbonate. The invention also relates to use of the tricyclic

ket one obtained by the above process to the preparation of canptothecin

anal ogs. [ Dy n._r o.th eparin

canpt ot he h&g p'ﬁ@ {7\?18 S"nlh'etq-‘ﬁg lt%ﬁi&gcqﬁtouffdeggﬁgp &“ﬁeé‘yﬁy‘lf% a ove
process Iisrpﬁoﬁﬁdew;thnét £ 8o NCotfpolnydlr 0Ky [Campewienane: 15  The
invention also relates to the above process, wherein the

2' -am no-5' - hydr br opi ophenone is 2'-am no-5' - hydr oxypr opi ophenone
obt ai ned by the gbove process. 5 Further, the invention relates to the
above process, pjhr he tricyclic ket one and

2' -am no-5' - hyg profji ophenone are nixed arfdndai d mixture is reacted
under an i?:u' MNAO8phene. The invention nmakes it becomi ng possible to
prepare ef |ciently2'-an|no 5' - hydr oxypr opi ophenone corresponding to 10 the
AB-ring part of the CPT skel eton by adopting these constituents and makes
it possible to put a total synthesis of CPT into practical use.
Additionally, as to the internedi ate Conpound (c' ) and Conpound (d ) in
t he proce \/ I Y, ts F and
t her ef Ore?\?ﬂgﬁe%ﬂ%grsgifgtetfr‘iﬁettﬂgﬁ.?1'1§r1mg%or}§§- 5‘?‘&2‘%%%%%‘%?2‘?“ ?Sés/o el es it
possi bl e i® predyced; andcirom|Compoundyimet¢impaynd hgsis of conpounds) by
adopting these copstituents, whereby conpounds) have the skel eton becom ng
the CDE-ring part¥ ?he trlcycllc ketone part ) in the CPT skeleton. 20 As
to the synthesi i no-5' - hydr oxypr opi ophenone of the AB-ring in the
CPT skel et on, for preparing 2'-am{ap}5' - hydr oxypr opi ophenone
conpri ses f‘ki ps of the follow ngs;

(S

Et
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.)
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(1) the step to synthesize 5-benzyl oxy-2-nitrobenzal dehyde 25 (Conpound
(b")) from 5-hydroxy-2-nitrobenzal dehyde (Conmpound (a)): (2) the step to
synt hesi ze 1-(5-benzyl oxy-2-nitrophenol) -2-propen-1-of (Conmpound (c'))
fr.om Conmpound (b'); (3) the step to synthesize

1-(5- benzyl oxy-2-ni trophenol) 30 -2-propen-1-one (Conpound (d')) from
Compound (c'); and (4) the step to synthesize

2' -am no-5' - hydr oxypr opi ophenone (Conpound (e)) from Conpound (d'). 16 As
a typical isyprbducedsoand, frbm Compoundg(synCbmpogndo(pe: OH N CHO R CHO R
~NO~ NOp Np2 (a) (b) (c) OORH-I I N-I NH (d) (e) (wherein Ris a
protective group oh can be deprotected by 5 a catalytic reduction) is
shown. In the inv i in case Ris a protective group which can be
deprot ected by yt@c reduction, it is,nqt particularly limted, but
typi cal exanpl e | ether type 10 pFB ective groups such as a
benzyl, nmetTi8/ be di met hyl benzyl or 4-nitrobenzyl groups, and
benzyl carbonate t pr%‘ective groups such as a benzyl oxycarbonyl group,
t hough a benzyl group is expediently used particularly in view of a reagent
cost. 15 Further, as to Conmpound ( a ) which is the starting material, that
synt hesi zed, by known, net hod, that chemcally converted froma simlar

Q ) :
conpound, (WRSECRBOTYE ebf M GrplRethyes ity dndbarP ode Kish@sMBER At IF QYD
mat er i gl sgpnan@tNakupgl R gr%§5§ ¢ent ai ni ng Conpound (a) can be used. A
commerci ally avail abl e reagent n%y 20 al so be used. In the follow ng the
above steps prodypced;(and)frem esppbaundd(pbreompeundicalty. In the step
(1), Conpound i s dissolved or suspended 17 in solvent, followed by
addition of a ¥ yl ation reagent and a base and by heating under stirring
to afford . Assol vent
N, N- di net hyl DI\/F),dinEthyIsquoxidQq hl orof orm acetonitrile,
et hanol , o ) féi ke can be 5 used, and DMF is preferable
particularly inqg”ewpggf” solubility and reactivity. The used anpunt of DMF
may be three or nore tines based on that of Conpound ( a ) , preferably in
the range of 3 to 20 tines . As a benzylation reagent any one can
expediently be used 10 if it is conventionally used. Illustrative of
speci fi c ¢whepeis Meeibeazméthyl ogrotep, bamd yEt biona dethyknggdup odi de,
pheny] di azonet hane, .di benzyl carbonate.and the |ike nd in particular
benzy*FchfﬁrPﬁ%gﬂﬁﬁdéxﬁgﬁigﬁ?myé?ﬂpﬁg@%.a%he‘ﬂggﬂngﬁnaﬁl’of a benzyl ati on
reagent may appropaegd €l y 15 be prepared according to the reagent, though
in case of using, {or exanple, benzyl chloride, it is used in 1to 5
equi val ent based argof Conpound (a), preferably 1 to 2 equivalent. As
a base any, e cqn eYfpedjently be used if it §g)conventionally used.
IIIustratie S i @anpl es are 20 potassium car bonat e, sodi um
car bonat e, cesi gm cd?@onakt sodi um hydroxi de, potassi um hydroxi de and the
i ke, and in particul ar potassium carbonate can expedi ently be used. The
used anmount of a base nay appropriately be prepared according to the
reagent, though in case of using, for exanple, 25 potassium carbonate, it
is used itwhereinMedw aanebhybageahmn Bthas af eddnypogrdupa) angrf eksably 1

to 4 eq”igaﬁfﬁ$y1 group.)

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

H.
P (s)

o

(wherein Et is an ethyl group, and Pr is a propyl group.)
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As a, heat,ing tenperature it is in the range of 60 to 100C, preferably 60 to
80C. Additionally, the reaction tine is in the range of 0.5 to 30 24 hours,
preferably 1 to 20 hours. In the step ( 2 ) , Conmpound ( ¢ ) is obtained
dropping Grignard 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, helium neon, krypton, xenon, radon or the |like, or a gas of |ow
reactivity such as nitrogen, and argon and nitrogen are preferable

parti cul aisyproduced; odnd heremstompodsd § s presips@egept ) any one can
expediently be used |f it is conventionally used. Illustrative of specific
exanpl es are vinyl nagpesi um brom de, vinyl magnesium chloride, vinyl
magnesi um i oy de and tlhe Like, and in particular vinyl nagnesium bromni de
can expedi en Fhe used anount oé gilgnard reagent my be
prepared accoldi My tla. tJe raggent, though in thde for exanple, vinyl
magnesi um M6hi de it Y 0r11.to 2 equi val ent based on that of
Compound (b), pl"@erabrflol to 1.5 equivalent. In case Grignard reagent is
dropped to Conpound (b) solution 15 or on the contrary Conpound (b)
solution is dropped to Gignard reagent, synthesis of Conpound (c) is

possi bl e, i £ O t e i fid t

bypr oduct (‘%ﬁgirj%ﬁla {gdgesc%%’ggu? %mﬁﬁﬁ)gﬁ'tﬁg}?m )yvvherel n
R is & prbseprodeced puandhf oom ceombeundpt o) ebomubunyd a( kept al ytic
reduction.), it is preferable to drop Gignard reagent to Conpound (b)
solution. As a ed anobunt of solvent in the reaction, for exanple,

t et rahydr of ur an einafter referred to as THF ) nmay be in an 25 anount
of 10 to 1 to reduce partic?Aﬁ |y production of the al cohol an
anount of s is preferable 2 the reaction tenperature is
preferably " 10C, and to reduce particularly production of the
al cohol -7@ to - is preferable. 30 Additionally, the reaction period is
0.1 to 3 hours, and 19 in particular, preferably, it is 0.5 to 1 hours.
In the step ( 3 ) , Conmpound ( d ) can be obtained m xi ng Conpound (c) with
an oxi di z} tp@ngy S4A T t x{ure. As an oxidi zi ng agent any one
can exped#‘g%tafgﬁge %sg% él? éﬁ iés.iem(‘%v)tentl onally used. Illustrative of
such oxi dla|prg>daxg:@qt,saadeqhefmlreiarmretamg’a@e@e minsxsdeps skedtted i n
Perl nes reage 2Crz0./112S04 ) , PCC, PDC, Dwvs(Q oxal yl

chl or de/ff?%t%}?aﬁ%‘gg %é@‘l(thsN% %a‘ﬁ’on) TEMPO- sodi um hypochl orite and the
li ke, andﬂmm@bm&ﬁtalﬂﬁompagﬁaqaa ndixoei Peombesed VR § ianl Behiadimgpne,
Jones reagent and TENPC)sodlu ochlorlte can preferably be used. As to
these oxid¥8hhy &gkosmyl %‘h’é”brre‘?%‘? d PR ENALYL 1RAGeN G0 v used,

and in cage) of stepPtoCsBERLR, CWS(%)deX{hﬂg c@ﬂFoahep@I £ d Jlbef ore
use from potassi um per nanganate and 15 manganese sulfate can expedi ently be

used. Th@%%%@hn&;ﬁ{et@ﬁfléﬁléﬁﬁdﬁﬁﬁirﬂj‘ agédr NG IHFSIHS atédyBE W par ed
accon g‘”gwi@h$$@ IS9Pt g0T h in case of, for exanple, manganese

di oxi Is used in 2to times based on that of Compound (c),
pr ef er abl ¢3 patstep0te phts inZomwwsl (Ehmixfiog Qmmcpmd (eht @rh}fmroduqnat hyl ene

chl ori de,, ceta henzene. tol uen nd t expedlently be
used, and”? n%%r%%léﬁ' ¥ ikt ‘?L:’o“r%'fl #OI’I a{re preferable.

(4)asteptoobtalnCompound(n)m1x1ngCompound(m) a palladium

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-oxidizing agent, abase and an asymmetric reagent;

(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 (q) mixing Compound (p) and a

13



The used anmount of solvent is 5 to 50 tinmes, preferably 25 10 to 20 ti nes.
Further, the reaction tine is 1 to 48 hours and in particular, 1 to 18
hours are preferable. In the step ( 4 ) , Conpound (e) can be obtained by a
catal ytic reduction of Conpound (d). 30 As a catalyst for reduction

pal | adi um car bon, pall adi um hydroxi de-car bon, rhodi umalum na and the |ike
can expediently be used, and in particular, palladiumcarbon and pall adi um
20 a hydroxi de-carbon are preferable. The used anobunt of a catalyst for
reductiondesﬂlw&atﬁODGibddqatiaheMEabased on that of Conpound (d),

preferably 05.to alent. .5 As solvent an e can_e Lently be
used if it aﬁBﬁBéﬁ?t‘%%%%’r éoﬂggﬂndt(ﬁddﬁ?‘ﬂ% P“‘aeé{‘ﬁqéﬂl igéaém“e in

vi ew of s&lattbllhﬂsttyanahe basd, aamd ntefdt SR R S xR ure 39 11'-5?5 albef erably
10 to 20 tines. 10 Addltlonally, the reaction tine is 0.1 to 24 hours and

in particUngder gr REPRBI fonprife gagoatmasphsreFurther, instead of

synt hﬁﬁ 024'(5@9 90%%5 o( %Ltz b;ﬁgsm&e)@w%m &gmg@%fzqggn &pgpgund

ound produced;
and fron1Gampmhydataoh)r@agpn&nda@d teac@ihi 6difl mixtusepavduwoen;, and from
Conpound Eb) C%ngound (e): OH (e) 20 can be produced. In this synthetic
rout e, THa ) can be obtained dropping Gignard reagent to Conpound

(a) UndQ'lOf;na?étep iteeobtai Atsdigdhd (fyr H8get ikgravsmpthdd ¢ s) nngag be
obtai ned nhélggesence of t-butyl acrylate and a base.

10 Further, the invention relates to the above process wherein
in the step (1) the lithiating agent is n-butyl lithium.

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

15 Further, the invention relates to the above process wherein
inthestep (3) theoxidizing agent is TEMPO-sodium hypochlorite.

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 trifluoroacetate or N-chlorosuccinimide-sodium

30 iodide.

Further, the inventionrelates to the above process, wherein

Compound (q) is purified chemically by purification steps

14



Compound (c" ) and an oxidi zing agent and stirring the m xture, and
Cenmpound (e) can be obtained by a catalytic reduction of Conpound (d" ) .
Here, Grignard reagent and the oxidizing agent 5 which can be used are the
sane as those in the above steps ( 2 ) and (3). In this synthetic route,
si'nce 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 (e) obtained in the step (4) or the synthetic route
descri bed compriisiagyaasttem tta iaddcthe keaobnion tpmdyctaohtaingd by kbéeone

i ke this, for _exanple ound. (h). ~ 1, th) o ‘' ~E can_be used. 15
hs Lo nynERED £oaprbEce oRroa () Mem Combbund pd, 5ReSRaraSFORE f ne
CPT skel eta@kallhepss Bht Pon @ndt b6 éﬁuc-yals@e a:tooaadlesn @:&f alnq@ Q@lvt‘ha t he
follow ng synthetic route. 22 as | i T™M ~

TM\ | TVRAd teNEELE, | EaMEmwed KY (nng(Vlal(@f (f-h)e Etrgnfalg &ayer,~apd a ~| --

t, \a - Et O
(o) (B (REEPHE BREE' Ehe ol s goidit s epfeaBe P o7y g
"Et0 O (srgah1¢wbeﬂeentTNB is atrinmethylsilyl group, Me is a nethyl
roup, Et is eth r,0 Pr is.a, _propyl _gro and _tBu is 5
groﬂg ) Aslto Pg upéﬁﬁﬁotﬁaafgﬁ)g%ntﬁﬁeugggﬁePEQHEﬁétW@eFSﬁ?ey t hat
synt hesi ZQﬂeb}ﬂgﬁhauébalﬁa@s!héago!lﬁtli@n(13_ O§hequébus K6didm BydoBode D.:
Curr an, em Eur . 1998, 4 67-83) described previously, that

chenlcall§°é§ﬁ#8ﬂted froma simlar conpound 10 that isolated and purlfled

i chiZont a1 nd GamsaUri T SRERChe Tl ko P AOR, PRI e R ST Lo

for synth&hezpmganhe spilegoti iskehborofarmhe above synthetic route contains
one or 15 nor eps fromth Stl of . _(1)in thest
tosyntheS|ze4ﬁP566R§e %ﬁBx@f% t¥$%§$ﬁ§l§?§§\ B?rPE.ﬁééSfb%ﬁ%ﬁﬁgﬁe
(herei naf t:efnpbaharr(qqi i pﬁr&maauaﬁti&anyrbw @uﬁﬁfb@ayiﬁn steps

trimet hyl si pyr.idine (hereinafter referred t

lé qfoung %_k) ).,
n-butyl | FPR Eﬁ?%gu%éd'—%ta pirgo e the Fﬁ%cF%%tR’iﬂﬁi & OREAEBEIDY at the

const gyt Eﬁﬁpﬁﬁébufé oditce Céﬂbddhd“%&? ﬂE%h mebBQnat?B t onsynhbgRi ze
3-(2-but enyl oxynet hyl’) - 4-i odo- 2rmet hoxy- rimethyl sil yIpyrldlne

(here|nafP@ﬂarétﬁrﬁ@&ventasz%hﬁﬁﬁﬂdeniamln@bh¢nbm§o%nhow polari®yreaction
ey BRI SHha 5 sy il Mees! Sl IS A RO ) O
referred by asn€enpoandof nf)tme,fiIiEﬁteodbudrﬁyemshﬁmdereredu@eéd
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, the invention relates to the above process wherein

26 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.
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as an oxidizing agent; (4) in the step to synthesize 4-ethyl-8-nethoxy-6 10
trimethylsilyl-1H pyrano[ 3,4-c] pyridine (hereinafter referred to as
Compound (n) ) from Conpound (m, a mxed liquid of diisopropyl ether,
acetonitrile and water is used as a reaction solvent, and

N,'N-di i sopropyl ethyl am ne is used as a base; (5) in the step to synthesize
(S)-4-ethyl-3,4-di hydro-3,4 15

di hydr oxy- 8- net hoxy-6-trinet hyl silyl-1H pyrano[ 3, 4-c] pyridine (

herei nafter r&her indenbias Losparskaties to thier aboCenprores$ n)wheuoessi um
osmat e(vI% iszl,lsed.as gn ﬁs(? um. cat al%/s%' 46& in the step to synthesize
(S)-4-eth P§3, 4= Ar 3- 2Ry AF SXYEROREYR ?&-%-tﬁ met hyl si | yl - 3- oxo- 1H- pyr ano
[3,4-c] 20 pumifbns’ thi@rekpptbpiopRérshe dobba tteCaPOLis {bgxve ) from
Conpound (0), the reaction mxture is refluxed using iodine (4 equivalent);
(7) in thBIS€EBSto0 synt hesi ze

(S)-4-ethyl -3g4-dihydrg-4 =6 8- =3 - Y REWRd £y 4- ¢l
pyri diaﬁe 25 (Eéfgpﬁéft@re% el?ef(%lo F%igge&%ﬂﬁéﬁ?gfgﬁﬁﬁs&%oun (p),

N- chl or ostiheitr inyte isp#ebonecahdl @ 'i-amised 5i’ rhgdebxypaopdpphefoheiare he st ep
to purify_ Conpoun ). chem cal | the m xture is,added with a basic

ol bt 1 on BERRE RS i SHi R Feaatad LORHF oh HEChERtsdReR S on

al kaline, wasirpé WhvBnefofir §aRes 30 BetyRDhgSpPessablehtorpiepareand then
the water |layer after acidification is extracted with an organjc sol vent

such as cAfbIGi8RkLY 24 -aming- ' -RyARE*yPERPLSPRARPRY COSHSERIRIing O

opti oy | yenORBOHIH (plrd bF theSebycliilefollh AV idy SRsent such as
chl orof orm and | am %a?ed wth a low polarity sol vent” such as n-hexane to
gi ve prectpnstituentsand makesyvit poegible &0 put & dottededyhyhésis of

concentr n, of the fi.ltrate; ( pn i t osynt (4 .

propyl (S) éﬁ?eltrﬁfﬁ P{%%Cﬁg}dPg%@]@%&&}‘%‘?ﬁf}ﬁbﬁ_ o ogﬁé 1*—6%?/?‘5%%’[%’3‘34- c]pyri
di ne- 6car bonpdand (dror ahdaddngpouref ¢Ar ¢din ahesprfosessind the)idverm Leanpound (
g ) , palladiumacetate is used as a palladium.catal yst; 10 éll) in the
step to s?lﬁ?ﬁ%s}%é’eﬁr aﬁyreport of their synthesis, and therefore 'they

(S) - 4Bet hyte 3udefuBt RbvaDYEsRpduhysll OXy- 3, 8- di oxo- 1H pyrano| 3, 4- c]
pyri di ne-6carboxyl ate (hereinafter referred to as Conpound (s)) from
Compound ( r Thelimpyentdemalse nakesdtinas sditl a0 FaERY cavIradtk@alivio) in

the st j ' . :
e ap N FHIRRERLEC dyrdeRudiEs Wt dlipond (& Wy addbting, these

i ndol i di ne@dagtaitosyts) evldmely waitpeoundgfsgr havet bha_ssmlqzm;md:_m(ccnm)ng from
Commeun {ndpbpr st MSlolohe LE0ey oo SN0 Bhp B L enB RS R 6 Pomt
(S) - 20et hyl - 7a8- €6 hyHe Osyntlyés Dx Yo fl H pyaried 35 4-Hyd sl prbpgiophenone

-3,6,10(4H) -trione é{:erei nafter referred to as Conpound (h)) and Conpound (
a) , SN2B the MR-elRRdtRnths TRT ISR c ft BANEHULTHhPTREEIh in an

inert gasp el sRERbes e—ﬁ#ﬁ:?é)ﬁ%h%ﬂbﬁ?eﬁ@dj&@ﬂﬂées%nbnofhﬁ‘o:fé"sl ihg, the
above 13 steps are explained nore spec if ical |y . In the step of ( 1) ,
Conpound Qf kK§he sfefl kawings); i n sol vent, followed by addition of a litiation,

formyl ati at?lﬂsi i i R t 1). 30
As sr,ncl)l ven { etr ah%%%é g%rzﬁi%ei}}%i%rkﬂ%/rfé}}e]ﬁ*é}r]%-ﬁgx%cjebfg%gpt an and( t )he
| i ke26an eompeuhd gk )THErom Hrbydrakye2 paitrchénzaldenyde eanipamidibility

and reactjvity. 25 As a litiation reagent any one can expediently be used
if it is cdhlentional l y used. Illustrative of specific exanples are

n-butyl i3y ubhe Sshep Wd i dities izduty( 5iBéHMOﬂ§i-t2mrm’ﬂxfﬂﬂr§§}W19py| am de
(LDA), lithiumbis(trinethylsilyl)amde 5 (LiHVDS) and the |ike, and
n- but yl | i t3iRFARRAT kvl di @ampsumd (&' param Gampraupd {b/idéw of handl i ng and

reactivit e USES i 4d t1.atd gﬁg;_jﬁh\ﬁ Jiately be
pr epar ed ér?'c)co{r!% ng toﬁﬂ%%%%%ét _gﬁggﬂ?l{nﬁ?as of usi ng,h%?%rlqexarrpl e,
n- buBl | it2vpimgpen-Ii-onsedompauind G equina dompominshged )gn andat  of

Co d : f ly 2. tq 5 ivalent. IJ)ustrati f. i fi
Corpound (49 £ EHANY el YA o 8 | UYL oF R

N-fornyl - Medpdind r*l@ﬁ het i rodngsatidngdre, . di net hyl f ormami de (DMF) and the
like, and N-fornyl-N, N ,N trinmethyl et hyl enediam ne is expediently used
considering the
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15 subsequent iodination. The used anpunt of a fornylation reagent, for
exanple, in case of using NNfornmyl-N,N ,N -trimethyl ethyl enediam ne is used
in 1l to 10 equival ent based on that of Conmpound ( k) , preferably 1 to 3
equi val ent. 20 As an iodination reagent iodine, Niodosuccinimde (NIS) and
the like can be used, and iodine is preferable particularly in view of the
cost and reactivity. The used anpunt of an iodination reagent is used in 1
to 10 equi val ent based on that of Conmpound (k), preferably 1 to 25 5

equi val ent. Ths a tppicabsyathetituranties tine fbdlowigg syinthetoc 7@ e:
preferably the constant tenperature of -30 to -40C. In the step of ( 2 ) ,
Compound ( 1 ) is added with crotyl alcohol, triethylsilane

stirred w tHgout gHeol vent . e Us
I0 equi valent basy@ ol C of
gui val ent” As the |gsed _anount of

of crotyl al coff it is used in

Compound (k) , RgefArably Lo 26 2 |

triethylsilane, '80psed in 1 to TV eqM¥Pgal ent based on™halN@f Conpound
(k), preferabl% 1.to 4 equivalent.dpbﬁs an acid trifluoroacetgc acid (TFA),
sul furic acid, ﬁ%?hanesulfonic aci d, ¥HMydrochl oric acid and {®d |ike can be
used, and TFA is preferable particularly in view ofgreactivity. The used
anmount of an acid, for exanpl in case of TFA is to 15 equi val ent based
on that of Compound R ably 10F% R0 al ent. I n the step
of ( 3 ) , Conmpound ( 1 obt ai ned by ol ving Conmpound ( v ) , a
byproduct in t+dstep o , in srvent, wglPoved by addition of an
oxi di zing agent and a bas¥, amM®stirring. As sol vent “any one can
expediently be used if iLﬁLf 15 conventionally qgﬁd. Il'lustrative of such
solvent are dichloroneth , chloroform acton#tr'le t ol uene, n-hexane and
the Ii ke, and toluene and n-hexane are preferable particularly in view of
reactivity. Illustrative of oxidizing agents are manganese di oxi de, 20
Dess-Martin Periodi nane, Jones reagent ( NazCrzO,/H2S04 ) , PCC, PDC,

DVSO- oxal ywhehebni Reis ra girfptesntiine @@ouapnwhictiacaonbe déppohepoediloyite and
t he IQge, and ig gartiéala TEMPO- hypochlorite is preferable, nore

prefer bI9 T8 38 & H@ﬁ%%ﬂ orite. As the used anobunt of an oxidi zi ng
agent, foigespaswhe, in 25 case of TEMPO sodi um hypochlorite, TEMPO i s used
in 0.001 to 0.1 eqguival ent based on that of Conpound (v) , preferably O.
005 to 0.02 eaBi$§?ehPVeEBHPPioh%I???es%d}%n?hgg%Eﬁ?E%Y IFQRERAGR 1 to 5
equi val enkanppef &égi%veété@_ By €Ut 484 Bt i c ASedudBidn ANt O e expedi ently
be used if it is 30 conventionally used. Illustrative of such bases are
sodi um bi parbbaul arlyddmikedarysnbypicpbezanpdesarobaneel etdies ype

carb te i y Lde | ci u i i 1 ne 27 and the
Iike%t régg#ﬁgrﬁ’%l g%?%%a?%g eigéngyplg%(r?{l%‘l g‘?ﬁﬁ%’l@%ﬁ e. As the used
anmount of 2 p6bdseethplbenayhl er 4+nthsebaizygbdironms camdrizenzyit is used in
1 to 10 equival ept based on that of 5 Conpound_(v),, preferably 2 to 4

equ val enPAERABEFS RS P, A uPY RobRear ahREhfY Faifedripiit

pref er abl yroap, -tbuidh k0benayli grows |6 ekpediphtly Gseddsareicilorly
Additionally, .the reaction period is in the range of 0.5 10 to 10 hours,

pr ef er abl ¥ 0VEe¥ 05 fotpgerh ¢PRtstep of ( 4 ) , Conpound (m) is dissol ved
in solgvent, aggegndht hatBdmptiutil ¢ah alnidh 18 HRsetard inghheer 14 Bpst er
catal yst, and refluxed to afford Conpound (n). As solvent "acetonitrile,

t ertrahydebatiraynmsdzed 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
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15 djisopropyl ether ( IPE) , diethyl ether, toluene, water and the |ike
can be used, and acetonitrile, THF, |PE and water are preferable
particularly in view of reactivity, nore preferably THF or an
agetonitrile-1PE-water mx liquid. As a palladium catal yst pall adi um
acetate, tetrakis20 (triphenyl phosphi ne)pal | adi um

di chl orobi s(tri phenyl phosphi ne) pal | adi um pal | adi um chl ori de and the |ike
can expediently be used, and pall adium acetate is preferable particularly
in view oinrmmémt.twol'[[}wanbby ad@utiomfoﬁ aoblehagm.artmoat neggentsandr 0. 01

to 1 25 equalent on that of Co referabl 0.05 to 0.2
equi val enft. P2ge 2 i}ﬁf‘ Oy endey sEdi éﬁ't“ﬂy agggad (FOWP pad (b).

conventional | xs%m%edﬂﬁtﬁidﬁﬁémeypfoﬁﬁmm?sﬁw & infethy@XawPESx idedi um

car bonat e, EO'[ assi um car bonat e, calcium 30 carbonate, ceSium carbonate,

triethyl agh erofenn, wﬂ-mx%mwt&mhmwé@m PEA) thgdiike can be
hydr ox4 de a hy and
Dl PEA Dbei ?188 Sﬁdj%}“ﬁ g%%ﬁd"f/e 1N Vi ggrlt:?fﬁ%a% '??’E/l%t%f/w%(g%é)edﬂ unt of
a Cco- oxi daudngeagem;tYOr exarrpl e, in case of potassium

hexacyanof errg b (rel | val ent based, on

u
Conpound (n), Pﬁﬁébﬁwc"éng °5 %M%q‘ﬁ?xéf’%n? Ief| QK tPAES Vellgs ag tr| c
cat al yst SoaRatFERLABYRNd( (PHPre£EPHBLy in DHERan 3206l 20heihéke, and (
DHQD ) zPYR is preferable partl cularly in view of thhe optical yield., The
used anount oRfSap heyzydakien cmadent anyoenexaapl @xpﬁélﬁﬂtb&s'éedils%d DHQD )
ZPYR, ¢ S qui DOsE d (n),
preferdabl ;fgq#cf‘gn%e‘gg?%ﬁ%}g%rléea fﬂ@%&ée so%?umpcar onate ot assi um
car bonat eareabenzyi cahbonide, hmzyxlnlmmmrdm,t eherszyll umct:ydh.om de pot assi um
hydr oxi de_and ke can be,used ot asgsi um ¢ feis .
preferabl%ﬁf)QYi?lbﬁ?%’P??/h?ﬂem 2¥f11 '3%\ ti/‘:r‘t‘y1 Lr}gle]&e’a t*f a
base, forpgxei®hBari Pef2PE h1POidé Stann SpdDidi€ly itse ivsddio 20 equi val ent
based on that of Conpound preferably 4 to 10 equival ent. The used

armunt of net FRRSWR éﬁ‘ﬁﬁf‘g@# & bangylation raagent Pay ARPERREA LY hat of

d t Vo T; LaaC erature
| S i (r?%?helg?rabn eepaxFHcffgﬁﬁgthg tpr el#ée)rrga%gﬂkioﬂ'?(gﬁqh 1h?cg§§h2fg¥bir?§()'? ( 6)

,  Conpounfox @qmp@dubgmy\leshilnrsdrevent 1?51%@@ Wi tA 2 sy % odi ne,
and ref| “Ei&geéo R 090’86%3) P)(B,I&I)’I B?EF@EEB? i 881y eéﬁuﬂf]héﬁé hanol,

et hanol , opano i SOprop er “and the |

met hanol - wat eAs maxbhsquadybenegcqmrexpadaelhylprhé eusdd eif nivibsv of
reacti vi t és Pfse any on ca pedl e be fused if it
conventi © %’I‘Y?/n R HY 1 H8%F at i & e§ e §8d|eﬁfﬁf“é’&leﬁoﬁ5fee

pOta&ﬂl“@é%ﬁé%&ﬁﬁ@arBahétéms@@ﬂ%m&ﬁﬁboﬂéﬁépﬁbQQumcarbonate sodium
hydroxide, potassium hydroxide and the like, and in particular
potassium carbonate can expediently be used.
The used amount of a base may appropriately be prepared
according to the reagent, though in case of using, for example,
25 potassium carbonate, it is used in 1 to 10 equivalent based on
that of Compound (a), preferably 1 to 4 equivalent.
As a heating temperature it is in the range of 60 to 100°C,
preferably 60 to 80°C.
Additionally, the reaction time is in the range of 0.5 to
30 24 hours, preferably 1 to 20 hours.
In the step (2), Compound (c) is obtained dropping Grignard

reagent to Compound (b) under an inert gas atmosphere.
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carbpnate, sodi um hydroxi de, potassium hydroxide and the |ike, with calcium
carbonate being particularly preferable. The used anount of a base, for
exanple, in case of calciumcarbonate, is in 1 to 10 equi val ent based on
that of Conpound 5 (0), preferably 2 to 5 equivalent. The used anount of
iodine is in 1 to 10 equival ent based on that of Conpound (0), preferably 3
to 5 equivalent. Additionally, the reaction period is in the range of 0.5
to 20 hours, preferably 1 to 5 hours. 10 In the step of ( 7 ) , Conpound (
p ) is dissol wsdanninekrtvegas amyd anesaaiagdbendsedi imlicesesiitvdrs a noble
trifluoroacetate (hereinaft?%ﬂ$eferred to, as

i

2- CF, COOAg or
N- chl or 0s @8 AP ARS AFHMm T8 (REPBY nkFYREOR oSNy r‘%?dé’él RESHREI) to
afford Coqpgendordl. g4 ¢ Bk Yot ivitsAscH alsZnGie3egeny dhahkegenet hane,
carbon 15 tetrachloride, chloroformand'the |ike are expedient, and in
parti cul apnddnékregenaaeuprafenabdicepaitacupayilyi thavigw afh theseost - NCS- Nal
aceticgacid, e iteile j C b J id.is
pr ef er%bl e pa?{sl E%?g?’%;hl Il"lggl %évgadl}r lesa(?llg"t ?\glnt %xﬂg(gg%gé?g k?%gltéues%]eg(ifargn%unt of
| z- CFj COOAg, converst Lisealliynubedo 101 basityvat bné dfaspdc bfiit leatamyflesoapeund

, preferably 2 to 4 equival.ent. Additionall Ck AQ is used in 1t
18 wait veiRp L pAghas 1o BEonias. sy iYL BRORCRLtRChieraden Shoth of
NCS- Nal , hegnles iufeibd fielah@ t#e 2PkéEf tahuai@plhrbiéadaervim m@gnEMaAUNd

(p), preferably 5 to 8 equivalent. Additionally, Nal is used in 1 to 20
equi val enbremdde eant RxpedietbhpoRAdUEBH: preferably 5 to 8 equival ent. The

react{@n tenp f i US] = i cef erably
20 1 0\50C. - Furiers ) aofREB 2 plda fEaoer Irbibd Prematel 20Cor BifLT
t enper at ute, tipe efeaganty though 80Ccasddfi doal éxyamphe, vdagtli magpesiod is in
the range,of 5 to 31. 48 hours refera 15 to .24 hours. . Ln the gtep of
('8 3 O CkRemA s dedihageal fadlaleve BabRonh MRAL D L LnpPEndL 0, s
aqueous 0. BN,spdeterapdiyoxi €8, 1apdeghiva®dnto give the | actone-ring opening
conmpound (Conpound (u)): O OHi N~ O (u) \. + 5 ~ HO ~~~"Et ONa (wherein
Me is a nethhyInGRQCragnard eagantei f@roppedsto fompeundn(h ssQbPLBPR in t he
aqueoys basi on S8leboffralROMBHNAIb) Mo iRlidd 98 dbdfpad 1o §RRyfasal vent,
a neutral -basic substance noves to an organic |ayer. e organi C layer is
separ at edrehgenswesiynithegd saoif fampeundfcof is pesgdbde | byenghiirhosdesci d and
extractio 1 api t ko C d LD good purity
The basce EERuEE, BhE PLoaRatian oF CchE°RiRhoSRIEALE bipfodutt §°70 PN
nore pref ¢habkin@fPerod@sbiibéd| ast campuendf (fisgd basesare potassi um
hydr oxi de,_cal ci um 15 hydr oxi de, sodi um hydr oxi de, potassi um carbonate,
sodi um carm -é5éke, wi th sodi um hydroxi de being particularly
preferable. As gani ol vent any one can expediently be used if it is
conventional |y Il lustrqtfiye of such solvent are 20 di chl oronet hane,
chl oroform eth , toluene, diethyl ether, diisopropyl ether and

: ! ‘RO .
the like, and in particulfar, with

20 (wherein R is a protective group which can be deprotected by

a catalytic reduction.), it is preferable to drop Grignard
reagent to Compound (b) solution.

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

25 amount of 10 to 100 times, and to reduce particularly production

of the alcohol an amount of 50 to 100 times is preferable.

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

30 Additionally, the reaction period is 0.1 to 3 hours, and
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di chl or onet hane and chl orof orm being particularly preferable. Illustrative
of used acids are hydrochloric acid, sulfuric acid, nitric acid, acetic
aci d, phosphoric acid, trifluoroacetic 25 acid and the like, with

hydrochl oric acid being particularly preferable. In the step of (9),
Compound (q) is dissolved in a high polarity solvent, and lam nated with a
| ow polarity solvent to precipitate crystals which are filtered. The
filtrate is 32 concentrated under reduced pressure to dryness. The
obt ai ned dmnygpaatdicaler,apeeiferabiy,aitoie Opbi tal Lyhpuréfi ed Conpound (q)

is obtained a residue., As_a hi gh larity solvent .chl orof Qr

di chl or omet harfd tRE BERBI( HoctatROuR { Ad fin Be pREAIRed R B OMRAUMe | i ke
can be usge,) @Agh BnPakiuguliag ageher ahar stisrpngf enabhextdhe. used anmount
of a high polarity solvent, for exanple, in case of chloroform is 1 to

10m, preferadisy a3 pEigdiginggagnrt AMANMEAYLXPdieotiy) be rEeAveLof | ow
Pol ar i §ysakvegt cBheeRtliBHATeyMaBER! AnEy 1 gtV S IeTa il diifadddify i th

n- hexane being particularly gre erable. The ratio of a high polaritly

sol vent : ageawspalrari fprsekamplei smafnganesanpiexide, chgseselartin

chl orof orgg n-hexane, is in the_range, 15 of 10-1 to 120, ferably 2:1 to
12 The PERSGRAPARE - NopRe EPPUERP (DRl H50elurtcTs B more than room
t enper at uppisopbgheyabkbn16etdepeeibbRplafinkn(Sherst 6Ri®4t{odf,) , Conmpound
( g) is dissolved in 1l-propanol, added with a palladiumcatal yst and a

base, andTEMBROrsQ@dinmechypochlesibenandnbhedéikas andoipherEtigibd¥ord

Conpoypd %n'é}l.gaﬁ%sﬁod )?ft#? Y8 §h A S ber PAG L AGhE M R LRagent and
tetrakl s- (trrphenyl phosphi ne)pal I'adi um
di chl or obrEMPO-ghdayinphypphhhe)phkl adhuprpferadivinbehigedde and the |ike

can expedi entl se nd.pal |l adi C te i f

particul arly f%’ g:getweo © P%&grlggggi V ‘%@Q’rﬁ%‘%u gggg%gnﬁ{%lbgfégﬁ B&Fum
cat al yst is prefer®l wsdéd parquinwdszd £ pésedxampllesimarigiorgodiox {de,
pr ef er abl .01 to 0.1, equivalent. As a base an¥éone can exgedientl be

0
used if i%nPsp§GP€Bﬁ9eh?? REIYr e Ue THom POLAFFIEMOPELRAIRRREE 3R for

exanpj®. padyHTeser BaNghee eahaéﬁgaaleﬁfpynséeusealciunlcarbonate, cesium
carbonate, triethylamne (TEA), 3

N, N- di i sopr opiphet HgledniameuptPef) asogkifiAjag okyeBt pBavnsaPPEPRYHABR]YIe and
the |ike, . W Si i ti rhysnr apbke. e used
anount ofbgléggggiggré%ﬁ%%%{ggqﬁ%qggge ogﬁ%%?agﬁkﬁﬁbSlgagégéaggf F%Pin lto
20 equi vakzampheasectanganése dioxdadepourtd ifqisedr i e diol p04timesObagedval ent .

The reactign tenperagure is.in the rapge 2 to ef | ux tenperature,
preferabl?nngbagng %ﬁﬁﬁogﬁg 685a Pﬁ?fgﬁaﬁiﬁpgfg?u}g.éﬁ%e h the step of (
11 ) 20 Conpound éollvents £iossotangsd e N chdloreformgdnedhwl eheackboreidy) ati on
reagent, and reacted at roomtenperature to aLfoid Cbngound éié. Aiysolvent
acet oni t r BEBY1cAFSERESr neRZ /MR ottt &nd e hdkgnBaR nEXPEEEERGNY he
used, andpefy®éd} 4 an paeeieaLar! | éhilord fof %fn%rﬁéhﬁyléhgpﬁlglélﬂd@ of

denet hyl ati on reagents are chlorotrinethyl sil ane-sodi um i odi
i odot ri neéhgl prefasabhegdri odi c acid, hydrobronic acid and the like, with

chiorotri met Nitha! 208 andLHE bRdLde DRLNGsPAr LY Coh atiNED BEEESERDIP- The
used anmount of "a deret hylation reagent, Tor exanple, 1n caSe o
chl orZzi ri et hyl 201 ammesodi umiodide, is in 1 to 10 equi val ent based on that

f Co d f bly 2t . i t.. 25 In_the step.of 12 ,
Compound (s Furthar Sedadricn PiBAds TrEde nivre AnpdtstEidar o
under an 1neest 1gaRoats0apEEpLefdPgLDEL ai ned mi xture is dropped with t-butyl

acrylate, and stirred under an inert Pas at nosphere to of ford Conpound ( t
) . As to sol ¥8rthe gtept (4) . Sempeunde(¢ DFBR)be obtained by a catalytic

reduction of Compound (d).
30 As a catalyst for reduction palladium-carbon, palladium
hydroxide-carbon, rhodium-alumina and the like can expediently

be used, and in particular, palladium-carbon and palladium
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30 N, N-di met hyl f or mam de(DVF) and t hel i ke can expediently be used, and DMSO
is preferable particularly in view of reactivity. As a base potassium
carbonat e, sodi um carbonate, sodium 34 hydr oxi de, potassi um hydroxi de and
the |like can be used, and in particular, potassiumcarbonate is preferable.
The used anpbunt of a base, for exanple, in case of potassium carbonate, is
in 1l to 20 equival ent based on that of Conpound 5 (s), preferably 2 to 5
equi valent. As an inert gas any one nay be used in case it is a noble gas
such as ahydwoxhderaarbanoarekpypfenabXenon, radon or the like, or a gas of
| ow recepti vi such.as nitrogen, and ar and .nitrogen are preferable
particul arly HS/PEGASMYNE O s‘?.c%ﬁdl’ﬂh%g&g’gdrﬁ%ﬁ o8 1§ 600& It°a§r€| ate is
in1to 28qadvhYahenbabadesh ahdthadr onpgoaRng ) priferfbeyedabbytd to 12
equi val ent. The reaction tenperature is in the range of 20 to 80C,

pref er abl §-40egyigadenturther, the reaction period is in the range of 5 to
48 15 hours, ddl tLGUl [ : V1. Q0 reet han; 24 hours in
or der ?o avoi%gpgr?yggﬁa?ﬁg gégogggs?fp%ﬁggbeggngguﬁﬁg§t?fp?gdﬁ%ed. In the
step of (&8hyvedbipnahlly(UsednthGoghaiiy 1 afetatedissspéfiedabbe sl viewr, added
wi th an acids igg.gegted under an 20 inert gas atnosphere and stirring to
afford Sh9§8.° &6fvEnt tol uene, acetic acid and the |ike can expedi ently
be used, and iThepasklCHmBGntaotO5UERENBCESI § B6i S0 ”t%mééﬂugﬂeférélﬁ?i erabl e.
As an inert gas _any_ one may be used in case it is a noble 25 gas such as

ar gon, heﬂpugP ﬁgog}mﬁﬁypton, xenon, radon or the like, or a gas of |ow
reactjity SugRqatiBhhi 29enend Kb AGMh Fithelih' PO S1A REGLSE! aRbein
particularly In view o he cost. As an aci d tol uenésulfonic acid,

met hanesupévhicudard, prefétrablipackti tsati toahdhohes! i ke can be used, and 30

t ol uenesul f oni.c idis preferable particularly in yiew of reactivity. The
used anount o*’ uﬁﬁﬁggi’ d-" o%acgggﬁﬁ’lné:%qsr‘?‘zéélsgeé?ﬁ{p%%ng (&1 YEA &5 3RS " aci d,
is 1 to 180epsbasgdton(a hat £obm Cosaeoumd ()¢9, preferably 10 to 30ng. The
used anouni,. of Cbnpgggf (e) isin 1 to 3 equivalent based on that of

Conmpound y 1 to 1.5 equivalent. 5 The reaction tenperature is
in the range Cto aggflux temperature, preferably 80C to a refl ux
t enper at ur e. |l owing, the invention will be illustrated in nore

detail by way of exg | es, but the invention is not limted to 10 these.

[ Exangy e &mgg@ﬁge§és, )ogf Compound (b")

OH

HO =
(c"’)
NO,

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

o)

HO >
(d'’)
NO;

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

0O

(o)
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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HO CHO benzyl ati on reagent gn0O ~ CHO base ~ NO2 in DM F NO2 (a) (b')
Waerein Bn is a benzyl group. 15 Conpound (a) (38.5 g, 0.230 nol) was

di ssolved in 116 nL of DWF or acetone. Potassium carbonate (33.4 g, 0.242
ml, 2 .1eq. ) and 27 . 8 nL ( 0.242 nol, 1. 05 eq. ) or 59. 95 nL ( O.461
nmol, 2 eq. ) of benzyl chloride were added to the stirred sol ution of
Compound ( a ) at room tenperature under argon atnosphere . After 20 the
addition, the m xture was heated at 60C and vigorously stirred for 20 hours
w th peri adegtlatmoapheriehe Euntket, abmpoapdydd ' § canbe obid nedioipbngd ( a )
was not detected anynore, the m xture was filtgred,b , suction, The solid
materi al GABPRHBAL i)t ALY RN SXIALERgAReR s BRASEE R LR ENERLETRFE s The
filtrate gnd E6RpYRAA! [§) VE4F w@rgytraqdaedaag hheatalyent requeyaeR' 6t ed
under reduced prgssure . And water (300 nL) was added to the residue. The
m xt ure wéempounded ‘dnd t Herer & iigmarsk reagent and the exdd igjinguagentn and

dried dn ajr After air-dryin the filt i al | I in
Trom. i Aphgh &b Se Bebe o he of¥ine %' RGPS ApUFR P ERBE NS i
stirring. anbe(Byecim tuliad syeithdvirt eoutle ,Waintel her pobgcsingi gnoupashed
36 wth 300 nL of a mxture of ethyl acetate and hexane 1:10 l nd
dried undéf YaRfcEheEVRATLS BE IS AnELDE.RATE TARRIBDLY PeRERLSEr o
di scri m ngjed by the anmount of the benzyl chloride was varied and in Exp.
3, 5 acetone was used as the reaction solvent. [Table 1] Reaction,

sol vent Anmount FertbeizytamptotheeReandlags cadl ke puaRpsadbyEkgacting

1DMF1, 5e r 9 . qﬁﬁg. oyr,949 3 (gﬁﬁk 8
hoursyp-:e?éggnﬁﬁaﬁgfzggga%%gggﬁéc |oﬁ&f%)x§%s omghﬁnéggﬁﬁggﬁ? %ours
wer e requdesdribedprevimusdty and aft tiloyaldacketoney thotibh as et ilcpél Hd% when
1.05 eq. ¢of, benzyl ch|oride_was used (Exp. 1 en 2.00 eq. of the
benzyl chﬁﬁFPBE iégeugﬁaS(E§B¥ QXTmPl%hegb@%%%?%n § finished in 1 hour
and the yiel dwas94% Three-fold anmounts of DMFwasm ni mal requi renent 15 for
t he reaction, erwi se the stirring was disturbed by precipitating the

i he reaction. Wen acetone was used as the reaction
sol vent, tie Phacq on Wi d not proceed evgrhynder reflux condition for 18
hours. HPL ' ditions 20 Colum: Inertsil ODS-2, 5 m 4.6 mm
CtEtide) Tenperature: constant tenperature about 40C
Mobi | e phase: water : acetonitrile mxture(l : 1) Flowrate: 1nL/mn 25
Detect: 220,ngul Exagel e 2] Synthesis of Conpound (c') (1) 37 OH Bno I CHO

nr!9HFrd reagent gnp / | Bno / | pH N0O2 ~ NO2 NO2 (b~) (~~) (~ Wherein Bn
is aX¥enzyl ghsupe 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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Compound (b" ) (1.0 g, 3.89 mvol) was dissolved in 20 nL of THF.

Vi-nyl magnesi um bromde ( 1. O M THF solution, 5. 84 nL, 5. 84 mmwl, 5 1.5
eq. ) was added dropwi se to the ice-cooled, stirred solution of Conpound (
b'. ) under argon atnosphere over 15 mnutes . 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
anmoni um chl oride (20 10 nL) with stirring, and then to the solution 20 niL
of ethyl acetate and 4 nL oW‘ﬁexane mere'added, and t he obtained organic

| ayer was washed with 20 ni Yof water and'an aqueous saturated sol ution of

sodiumchlorid uccessivelgMe and dri ed er 3g o odi um sul f at &Me The

sol vent was ey#zpor ated un Wiuced pr, Gt j ve React i duct
A. A THF sol ufi dn 720 niL) lof L Conpoufid prepakell ak menti e was
added dropv€e to an i c®®ool dd sol uMon of! vi®I magnebi um bromi de £1.0 M
THF sol ution, ®.84 nl) unde® argon at nosPhere over™15 ninutes. Dufing the
addition, the 20 internal tenperature was kept within 3 to 10C. After the
stirring for 1 hour, the reaction solutionwas added to a saturated agueous
sol ution of anmont chl oride ( enl ) with st9™ering and then tl0t he
solution 20 nmlL of | acetate m. of h@
organi c | ayer ted an Wi th ~o
saturat ed aqueodus sﬁ'ufﬁon of "sodialrechl ori de anel &1 ed over g gHdf BSodi um
sul fate. The sol veg} was evaporat@d under reducee pressure to give Reaction
product B. Reaction product A and B were purified through silica gel colum
chromat ography (ethyl acetate : hexane = 1 : 20) to give 30 Exp. 4 from
Reaction product A and,Exp. 5 from Reactigpn product B, resgectively. 38

[Table 2] Yield of gonpound (c')Yiedd of JCorpound (f) ( a % Exp.
484. 093. 5%EXp.826. 8 3% As—shown M 1 2, Whemr t gnard reagent
was added 5 to the } of Cof#gdund e he yi el d/of HoffegPr oduct

i ncreased by 57% an® fofmation of Cbﬁﬁbunﬂ (f), a bypro%uctggmas
suppressed. HPLC operation conditions; refer to the Exanple 1. 10 [ Exanple
3] Synthesis of Conmpound (c¢') (2) Conmpound ( b ) ( 1. 0 g, 3. 89 muol )
was di ssowbhdremnnITMS d.sl@OtmimethTHEilVl ngtromgndés vm brvetbel (guoWwpM in
THF, 5. 84 nm., 5. 84 |...1 .5 eq. was.added dropwse .to_the stiyred
ol tti on BF CoABoahar] Groge  RacFe s BERP AL Beptr STt 18 AR Ler T Ar er
15 thes stggoupg)for 1 hour, the reaction solution was added to a saturated

aqueous sol ution of anmmoni ym chl ori de g%o_nt) with stirring and then to the
sol ution 20 nPsdP ehegraztapgompapnsd pk) 4 %ahﬁvﬁéﬂ@%géﬁ, QL+ he

organi ¢ | gxgt spscaPaiad 89 8Rd asheeuirhh 20uft Fosiader ugndka, s@f urat ed
aqueous solution 20 of sodiumchloride successively, an ried over 3g of

dd
sodi um suPf atBom, TRe: SHrFam, Bad -Sher Bugd UnddP8n i @ded3prdascr ¥edhe
resi due L Lied n i i,N 4 and
5y Exp. Brputasiff sHar BReRAFRITHERyEPEER (i olls SEEIRE Scmict®y 1y
anount0 of that $sdlabhed &xg.puribHiéed rEporsemidis thindssf tratafrahe reacti on

at 3 Cusing 10-fold, 40-fold, 100-fold. .a t of the _saol.ve

bsnect | VBREeTALS: Bra Patdret patRriA Rt B chaprI A M dmmound, 50 30
[ Tabl e 3] (Rppcéapnpeouséd of Yi el d of Yi el d of t enper at ur esol vent Conpound

(c') Conmpound Xf)( eak area% ( eak, area% 3C20-f ol d84. 093, 5%Exp.

420C20- f ol d6sA7DEeEoFablessynbbebigRraossS FoiRr  SyREhes i 51t 93, soExp.

ggﬁl?gdf gtit??@y@i/@c Réone 1 Ehe WEVe byt B 1o EBRtAEASIHRE J¥S
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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5 at,10 C or lower, nore preferred 5 C or lower, the formation of Conpound
(-f ) was suppressed and the yield of Conpound ( C ) increased by 15% or
nore. Wien 100-fold anount of the solvent was used ( Exp. 9 ) , the
formati on of Conpound ( f ) was suppressed and the yield of Conpound (c')

I ncreased by 6% HPLC operation conditions; refer to Exanple 1. 10 15 20

[ Exanple 4] OH BnO / / NO2 Synthesis of Conpound (d') (1) oxidizing reagent
(c') Werein Bn is a benzyl group. OBnO NO2 (d') (1) Preparation of
manganese-@0oxbde40AQ;aqueous sol ution of nanganese sul fate penta-hydrate (
122 g/ 150 nL 0.506mpl ) and 117 L 40% sodi droxj de were added to
an aqueou$ éo’rthPSns"tﬁP EBt%ﬁtlﬁﬁlﬁfr %&@HBF@D{?BX%@FB& )nf'lﬁg%Ongl) at

room tenpﬁé%hfalsc Vg1 %ﬁé‘iﬁﬂ@llﬁﬁﬁlﬁdé éhege&ﬁaféérwérré&l%osaél d

mat eri al was tered by suction and washe wat er. The obtained solid
mat eri al ﬂampdnndd(m)n) SromtGompound (12, @ veaghhgasedyeditoks dot uged; .  (2)

i ssol bed (P 20 ThE Brer fchrepEPay i Gimested hEn ook drnfradeiably "

I\/anganese-dI-dede28meehgx946f-ekdmaﬂnym*s1192p9rimine18heﬁe1n@feear ed by 5

t he above nentloned met hod was.  added to the vjgorous stirred solutiogn of
Conpound teferrgd o ag Gompapd 4V on THMRSRS m Eoﬁ?i(?ﬁpéevk?su?/? orously
stirred fgg AR BRHH&ZanfhﬁénEhe starting material was not detected
anynore, the mxture wasS fril tefed by suction. The obtained solid materi al
was washed4wi ih tbenstep o slnthesadeem 4Fathylt+B8rmethexyi-6he washi ng were

comi {ipd, ¢34t lig182hYENnYBYrEHBPS! BLEY PPPERshEdphEre BhEBELES. EXP. 10 tO

referred to as Compound (n)) from Compound (m), a mixed liquid
of diisopropyl ether, acetonitrileandwater is used as a reaction
solvent, and N,N-diisopropylethylamine is used as a base;
(5) in the step to synthesize (S)-4-ethyl-3,4-dihydro-3,4-
15 dihydroxy-8-methoxy-6-trimethylsilyl-1H-pyrano(3,4-c]
pyridine (hereinafter referred to as Compound (o)) from Compound
(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 (hereinafter referred to as Compound (p)) from Compound
(o), the reaction mixture is refluxed using iodine (4
equivalent);
(7) in the step to synthesize (S)-4-ethyl-3,4-dihydro-4-
hydroxy-6-iodo-8-methoxy-3-oxo-1H-pyrano[3,4-c] pyridine
25 (hereinafter referred to as Compound (q)) from Compound (p),
N-chlorosuccinimide-sodium iodide is used in acetic acid;
(8) in the step to purify Compound (g) 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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wer e obtai ned. [Table 4] Reaction
sol vent React i onRenai nedYi el dti nestartingmaterial (peak area% Ex
10chl or of or ml5 hours-91%x 11di chl or onet hane3 hour s- 79%xp. 12et hyl

acetate24 hours8% 15 -: less than limt of detection As shown in Table 4 ,
wHen chl orof orm or di chl oronet hane was used as the reacti on sol vent,
Compound (¢ ~ ) was synthesized in good yields . In particular, the

reaction tine was shortened 20 to one third when di chl or onet hane was used

as the regeéi in 9 wdep to@uit iy compounan(q) Gptpiceaidl ¥  'Compoandr ¢qii ned
even after, 24, hours when eth acet ate was used. ampl e 5] Synthegis of
Compound (6 18571388 AT 2ohUbSEA koAU SabS W (A GCIPEOEM A0 | abl e
chlorine TafinatedO¥ith4 Tow) pdDar sdisoNvart gaen 438 Bitha¢eqive
solution (7 .1 g in 60 nL of water ) were added to a V|gorously stirred,

i ce- cool e®recApitater whichoig gepoved hipfijtsat@enpofindlewed-by  tol uene
70 0 t 10 nL d 38 . 341
(o 3 poiliseRighrte tndOthebapett' ST { 20CS) o "

1 nol%) O i'ce coolTi at 2to 6 C, 55 nn) . After 5

m nut es, Ql4%imHh€stppalo syredlégiad prdpyF(8)tirgthylesdi, d-dnhgddetést ed

The m xture was placed still and ige separa eg organL ,Iayﬁr taken and was
a

washed wi PHIZOXYzBaMEtBPXE5P308PutisPYEaNAE3 ahaC hBYLISLRGT Ry dr ogen sul fate

(yel l ow ~chedoRy24¥Rl. (RetdiHh2ted REEEPHEASELUALOBofposAd! UR) | hipsew! fate
and then water, “successively. Thesol vent wasevaporat ed under reduced

pressure femgpuadad gpallEdipmasetade 3s pgedias o Pallndium cababysby HPLC),
wat or 1 724110 AnC Ry sLERD YS! BrhthaLa oD ey s b eyt AFT 180t rom
3.0 g; putetiratly@uopduhgdEdxy-3283dgoxoetBvpyyandl%; 4paii pyridin@ss by
L0, o e BRGTALRT FRNShR B FEkRLrA FACHR! Fobbod L BEFTRREOR) 0 21,
0 H NO2 (gpmpound (r), the reaction is carried out at room temperature;
(12) in the step to synthesize 1,1-dimethylethyl (S)-4-ethyl
15 -3,4,8,10-tetrahydro-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 1itiation, formylation and iodination
reagents and stirring to afford Compound (1l).
30 As solvent tetrahydrofuran (THF), diethyl ether, hexane,
heptane and the like can be used, and THF is preferable

particularly in view of solubility and reactivity.
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(d") /Werein Bn is a benzyl group. To an ice-cooled stirred solution of
1.84g (6.50 nml) of Conmpound (d'" ) in 37nL of ethyl acetate, 0.69 g (0.65
nmol, 20 10 nol %) of 10 % pal | adi um carbon was added under argon
atrmosphere . The m xture was vigorously stirred at 25C under hydrogen
athosphere 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 tineYield of

Conpound (e) Yipgl d Pit{ReDOM¥eddBnt a®gonecddiPedpiéllettaly PE/ALUEXif 1413

hour s81%9% 42 As shown in Table 5, the reaction was conducted for |onger
than 13 hdd&ris QW%@@@lmmndﬂb‘}SFm’Fé‘é@@f specddignaxaBpasi on of

the b . 5
Col urm: 1 A86; o-pHEERISEHIbR e “RLPLEREREAR < ity SEELALLAY FERRLA NS
Tenper at ud¢isoprspgdamidep¢LBAY, el abhmt1m46£s l\/bbmhetpphsalymamxde

tonitril 1 Fl Det ect I
7T “vndt e $HREED caBfiokhe o e o andns by S 53R BRERENENTRE Bl o
synt heti cueéacgaitsi&uzar§?1 RA- 5lbwd69xuaﬁepmeheﬂen9ea§t@elwlI ows. 15 (1)
Synt hesi s of Conpound ound (a) (1.00 g, 5.98 mml) was dissol ved

in 3 nL of Dlvﬂ’hePélE&ésﬂ!]‘P(\l@'ér r?atlelt(l@tamgreegzatmy appyopgiatehy 0. 72
m. ( 6 . e; Addad, tirred
solution O g%ou d%%&%dl)'}goﬁ:ggﬁn?% gignt ur gﬁﬁﬁﬁh 1130 ar g%(r% g?%r% bhere.
After t hefaddekanplet he-bnbgth‘rﬂ:mannhaai éd asedOQih ehdovil§oequivglentrred
for ho chec nfirmati 0 he content of , Conpound
( a )PQ) E ?ﬁ?{: #rp cg()kc’\ma§’rﬁ’ g’{ié(c% OanyFBREVALRRE pi xt ur e
was filtered li)].l%%@:&'la‘ﬁﬂve?&f Eb@ciqllbdeimﬁﬂésabﬂ@&dmh%&\mdnhﬁak@éw The
filtrate and the washing were conbi ned, and_ the _sol vent was evaporat ed

under reda&edNpfesByleN, Kft@r'Fﬁémévhb§?5BYbﬁne@hém%%§rdue was added to 100
m. of vat inefhlrothamibg! (hfirYang! LhECHi kOl AndNil fophPe-kigo) whl e
mat eri al was tere ‘By suctio dr|e 0|n air. ]1;

After the air- drying,
t he mater tahmaahydiethﬁlandémamemcwqulsmnst usedHgonaideeiag)the give

L 22 B (RSBl SRR (0, ) o5, 2ole Yol Low sl " me pysica
Conpound (b’ ):[‘hEpuEéd?aﬂﬁburﬂB of AHEOIMRY 14000z eddaiit3, )for 8xample( 2hl, B,
g?cﬁzg)g’gzﬁg)o 1és&gb(ﬁgﬁogm§kéﬂfﬁ'?N'—trlmethgfethyle£e§ka£1ﬁe 116 (1H
usedinltol0equivalent basedonthat of Compound (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
25 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 addedwith 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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IR (KHr):. 1250, 1333, 1514, 1589, 1697 cm . 5 EI-Ms: mz 257 (M+). (2)

Synt hesi s of Conmpound (c¢') Conpound (b') (1.0 g, 3.89 mmol) was dissol ved
in 20 nL of THF. A solution of vinylnmgnesiumbromde (1.0 Min THF 10
sQlution, 5.84 nL, 5.84 mol, 1.5 eq. ) was added dropw se over 15 m nutes
to the ice-cooled stirred solution of Conpound (b' ) under argon

at nosphere. 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 stirredssaguiaaddntS aqueous sol ution anmmoni um chloride. Then 20 niL of
ethyl acetate _and 4 nL of hexane were, added, and the qrganic Iayer was

separat ed andAfaSheduirdnabouRt of tikefhwliilaney l}rtatléduéﬁéeéﬁs sbPuti on
of sodi uml@hla,gﬁwslaﬁé BisE8 &Y Hhat GOSN 39& fabeefzbsbi lyepd was
evapor at ed under reduced pressure. The residue 2 8 was purified

t hrough s#l 'eqalgellenbl.urm chr omat ogr aphy (ethyl acet ate : hexane =1 . 20)
to give 0.93 0 d 84~ ran solid, The physi cal
properties ofgéol%‘oaﬁ&g( Erf‘&iPﬁ%Péﬁfﬁécl\lﬁ/ﬁlgpé@?PE giguﬁécfﬁﬁ' Ws.
Conpound fethan&8Bub@ofizd€aciad, HydWeH1 AiBViEid Eﬂajtﬁlélbkeﬁai\%e(ué’éﬂ S,
PhCH20) , 5.22-5.26 ( 1H, 5.39-5. 44 ( 1H m .90(1HdJ
5.1 H )andGTFAOGS(P{PFfeHﬂ 1era,r'51<1u13915 1‘15"{59"llz?f Be@glt-'(‘l-H'—Ydd J =
2.9, 9.0M2), p34u6lH afloudt=of SnHERid7 852 eﬁéméfé‘ c8s8%f Wp d, J
9.0 Hz). 30 IR (KBr): 329‘8] 1614, 1582, 1506, 129 1279 cnf. El-M5S: niz
285 (M) . 1§3) tsyhﬁrﬁgnsraifer@ohpaadobr( &h)amqf ccmmqmuhdl()a préfepably 7.02
nmol ) S d SQhv of chl orof orm Manganese di oxi de(8. OOy, 4-fol d
am)un d\SZ 0&-'r8m?b %&ﬂ%%&%‘; added to the vigorously stirred solution of
Conpound ( c' Ihtateé’ﬁelﬁlotﬂr(de)r Comeournd (1§ faar Ise obthd netbiiyud bs sebv Ing

vi gor ousl stlrr for rs. After the starting materi al no
Heroct o Lamnphad (o #PRPEPtuaE LTt BEEE o Bl iR L vARS roEd LA sol | d
naterial g auasBean ot NaRoRtagtifgl K4AEN dhd WbAdd! I ot figy washi ng

wer e conbi ned, and the solvent was evaporated under reduced pressure. The
resi due was pé\sl Spdyent anyoQgh sani éapgdﬂ-enelunh%hf‘-‘@da!-ﬁgl’éph? ( ethyl

acet s BRYARELand1iyAada! O Bl cke ¥l O SRIPYNG I ded viel d 55%)

as white S0 si cal properties of i 5C1 udl ng NWVR
spectrum dn.ehhercbmétba\ne Ootrb@mﬂotml, )acthen Bur BbE, bl deheVRr XNy,

CDC13) b: 5 2 0 83 (1H,,d, J - 17 . 7.Hz 6. 01
T 5 alagtnbiliyd, AhETESLuere dhd Hindrary pdd prdedfadig, O - Gt (o)
( 1H d, ﬂarticuli’rl:? in vfewl@f(rédd:tﬂﬂlty] =2.7(9. OH ), 7.37-7.43

(5H, m, 8.17 |R (KBr): 1686, 1578, 1506, 1342, 1244
cm . 20 EI-MsI H‘%tféﬁlt’%?f ?H}d‘o‘?hi‘ﬂeég%nﬁﬁ %ﬁﬁ%ﬂa'&%ﬁeﬁ%ﬂ-q%e cool ed
stirrgy Sﬁéb'gj-ﬁar@in %’e%‘lgd(l.ﬁaﬁg rHHHéS Péa@@ﬁ@%“ﬁ%f@ /N 96‘) i"@e ofpcet hyl

acetate, 0.69 g ( O nmol % pa adi uii carbon was added
under ar gBMS@tmséinbr@ldmeienwm‘félmnmagdﬁUG§My0§!-dateGnat TENPQmder

hydr ogen tad [l I enoved
bg fi ?traﬁ%ﬁéﬁir)g%ﬁ%é%?%‘ﬁsln%ﬂ u%gd S.iihg]ri Ptg 'ria? é ‘Was va&%@%e n(%:ler
reduced piespneﬁetmbbevan@r@?pgetqra%ljy SHMPCB-EBcpIimum yhEdodhBoitePLC) of
the crude pr oguct as_or e s Iig 500 of the alfned reac i on, product
was purifiod FRroRGMES] PHGUIE OF AR I  PE A ANRLEE AT

hexar®s = dadé of ﬁEMpoq-aodmglmoemmt@‘ @mpoumd (lséd)ll(t mmi & %,
purity 95.59% by HPLC) as yellow solid. The phci/m cal properties of 45
W

Conpound ¢ e} q%uwer!& RiRed R tthah af Compawd die.r PEREBEABLY - 0¢H

E?’% '140C té"‘d\lw éégggg%eriﬁmﬁdﬁ:ﬂor&gl(yg%oaluﬂ hy;?o 1'%1)|_:i.te2dég%s(gd'| a, ‘]

5 8.8 Hz);n?lZ@o(ﬂ_I-Equ.vallenQ, Ppreferalily KBroo zsaamlmtae?o 1447, 1194

cm . El-Ms: g %GEaggMAny one can expediently be used if it is

30 conventionally used. Illustrative of such bases are sodium
bicarbonate, sodium carbonate, potassium carbonate, calcium

carbonate, sodium hydroxide, calcium hydroxide, triethylamine
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[ Exanpl e8] Synthetic nmethod of Conpound(e)w thout protective 10 group R (1)
Synt hesi s of Conmpound (c") from Conpound (a) OH HO/ CHO Br My~ HO NO2 THF ~
NO2 (a) (c") Conpound (a) (500 ng, 2.99 mml) was dissolved in | 5m of THF.
To the ice-cooled stirred solution of Conpound (a), 15 vinyl magnesi um
bromde ( 1. O Min THF, 7 . 5, 7 .5 mol, 2 .5 eq. ) was added dropw se
over about 5 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.). Thenadd theoflikkhywithekaltumndibafbonatbekéngg waet beiibarlywnd t he
organic 20 | ayer was separated and washed with 50 nL of water and a
sat ur at edP&§&EEAR 180! uti on of sodium chloride and dried over 3 g of sodium

sul fate. The I I e qg&&ﬁg r h i due
was purified ?%r%ﬁgtﬁs\ﬁ?ﬁ‘??‘geﬁ g%oalLHt;éjrang"ﬁr omat og%)'agﬁf/é%% P?}/EI g%%gﬁt:nét e :

hexane = bicarbonate,:iB)is usgdvién sl tordOoeqrivabepbhased on thatldf93~) as

191 0% O RuBoSEh SOTBRUBe by 7 do B0V, 00D b
( 1H, ddd, J #h® redctidn. témpébatubetis )in the §angelbf ddo do=3@°c,7, 9 .
OHz) , 7 .19 1H d, J. =2 . 7. H ,8 . 00 (1H, 30 d, J =9,0 Hz). 46
(2) Synt hegﬁgesgbéxnﬁetnuledty 1Potn e%ﬁ%b’a\ahaw)tm@mwaﬂﬁ%-

Reagent rigpetone NO2 NO2 (c~~) (d..) Conmpound ( ¢c" ) ( 1. 00 g, 5 .13
nmol ) mggbgfgéoﬁved in 8 nL 5 of acetone . To the ice-cool ed sol ution of
Conpound ( c" Additiomed lyeagbatréagtion pexid rigplin thesrapge)ofiad. added
wth irein t Leringafer, 0. , three pieces of ice and a
satura edquggoﬁéhgérupﬁgﬁg%égggdpﬁﬁ1Egdgoggﬁféhlfate (5 nmL) were added to
t he reacti on mnxtheestdierf %@ )plcompetuhy! (mc cisaidd sand vedninlfobielexane

wer e added,, .and the | aye S separately and washed with 50 niL of water and
2 sat ur at 8495GUEHHE 2 FAIAFGN CHRAIA N FoPPEE SNHCRBRAERYLHERT ed over
5g of SOdeﬁhi%gi:f;lt gnd Thef$ak¥&nto VaEfE¥APCoHMbSEndINGEY . r educed pressure to
gi ve 0.82g of npound (d") (yield 83@%. 15 nmpound (d"); 1H NVR ( 400MHz,

DVSO-d6 ) 8: Bs sgdventnacgtopitrike, bepprahydpofuyap (THFYH, J = 10.7 Hz),

6. 60 {#1H, = 10. : : neds , , , 9.1
oy, B 1ot ropgteyt depar’ (hpkS) abseiyd Binet, folptla) ared B U G
B e T e g eI
hobt ater HEEEREaPLE Har i sy sk FE 1oaf Py o RFE brlsdrding ) Sor”
10% pal | aggpMo g aahoaceesn tdelle vIPELwat €O Mk NDEQbd e With stirring. The

m xture was stirred at roomtenperature_under hydrogen atnosphere for 18
hours. The caPﬁI9sPa%é§dFPWtFﬁggayﬂ? paliadipm ¥??Y$E?e 9%3r85h$brated

gg??(rjza edyepsipRERFSPhEshRiBE YBaPladBuR] &PdRrorsh{s) (yield 76% as yellow
(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 0.01 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, for
example, sodium carbonate, potassium carbonate, calcium

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

hydroxide and the 1ike, with potassium carbonate and DIPEA being
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5.10,15 20 [Exanple 9] Synthesis of 7-ethyl-10-hydroxycanptothecin (SN-38)
H- NFB (e) NOHO ~~EtO (h) p-TsOH ~ H20 in AcOH toluene 100C, 18h D
Conmpound (e) (0.36 g, 2.14 nmol) obtained in Exanple 7 and Conpound ( h ) (
0.. 50 g, 1. 82 mml ) were suspended in a mxture of acetic acid and
toluene (AcOHtoluene; 1 . 1, 10 nL). p-Toluenesul fonic acid nonohydrate (
p-TsOH Hzo; 10 ng ) was added to the suspension at roomtenperature, and
the m xture was stirred at 100 C for 18 hours . The reaction m xture was
condensedpﬁ@@@buuggmyegrefegablg, toluene (10 nmL) was added to the residue,
and m xture was condensed under reduced pressure again. Acetone & m.) was
added to the The ygedaanount af x@ JP%SQ\asfp %3P 14/ rlé’oﬁlaﬁénﬁéra BEB 2

hour s, thggl {159ld) & oBl Gl Bhe Widd bh ¥ SPEOHR %ﬁggﬁ feeLp pas: 2 m

tw ce). tered eria rle under uce Bire to
SN-38 ( 05680g}10peqguiya®ént?% by HPLC, vyield 899@ as black solid. HPLC
operatjion condition

O o o) Kot o BhagR st APns AL, CRKALY P En ALY SPUFcL AR, SrPABESRE LY, PRy o 1

m/mn Maska phage:igTel gaaeernaggchmubhiuhesalf brMdroinagthed which
di hydr ogenphosphate (1 :. 1 . 3) Detect: 254 nm SN-38; 1H NWR (400MHz,

CDC13) 5: 0288 qayentional by PEedCI-WJ)th }eggapgf_ylggmonlgm bIomlﬁQ-Eeltlﬂ-lS)
25 L el gt (0 50 7 00 2 G
d, J 9 Hz ) The7us&d-amound9of a3plhas)a-t5apﬁfanrp¢@tal)j815y fioreekample,
Zsﬁﬁg y[élaée O PELLILIR) 1 ARhESL bl IOk 28 %Y AR 50LG8 S B ent
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 hours. 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, l1-propanol,
isopropanol (IPA), l-butanol, 2-butanol, t-butyl alcohol and
the like, and t-butyl alcohol is preferable particularly in view
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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CN ~CI ~N O SN-38B-11 (1.22 g, 2.08 mmol, yield 89% enantiopurity 10 99.
8%e) was obtained fromSN-38 ( 0. 91 g, 2 .32 nmmol ) synthesized in
Exanple 9 by the reported procedure (Sawada, S.; Ckajima, S. ; Alyama, R
Nokata, K. ; Furuta, T. ; Yokokura, T. ; Sugino, E ; Yamaguchi, K
M'yasaka, T. Chem Pharm Bull. 1991, 39, 1446.). 15 Chiral HPLC operation
condi tions Columm: DAICEL CH RALCEL OD-H, 0.46cm Dx25cm (#0ODHOCE- AKO31)
Guard cartridge: DAICEL CHIR ALCEL OD-H, 0.4cm Dxlcm I njection

anmount : | Opagitli@ullardq Imrrpei.lemt mfetheomehemuvueyper ature about 40C Fl ow
rate: inmL/mn Mobile phase: amn hexane : et hanol m_ xture(1l 250

250) Det ect T%Jﬂﬁﬁn S‘mPE%frrﬁ al ? }%ing agent, for example, in

7-ethyl - %%'sq.hﬂphe%ﬁ'c%hb(ibﬁﬂﬁéfé@@i%oxlﬁa{méat Eﬁc'lntBC'fJ 11) 49
CN ~N O O N N O SN-38&11 00 1.
mol ) obtesiwige LientEkasede on0 thas Qlisﬁém?@éndn(!!/)10PNeﬁ§§ﬁbéMI arte Sci d (20
m., 2 ng%éh a%%%tthe suspensi on was heated at about 80C to dissolve in. 5
Acetonitr F was added to the solution, and the m xture was

stirred at r oammmﬁmtalw off wsywryttm@hbat“éhgsmseatrpl t(@HOD )yeYR, fil tered,
dried, and hunldlfled under 75% RH afforded CPT- .95 ny, yield 89.8%
as pal e ydPHSR)PHAL o PFQB)MéFd ti‘@ 1[15{%(@‘?%(Eﬁ?Dgfrﬁqﬂx‘a%PEe%PréBﬂrﬁound

(1) (1) Cgﬁmti%@l@ri iWesw ekt alfn%ﬁebnsﬁt%ail gikeq,of Conpound ( k ) at

around -30 C or -20 mnth n- but yl i um and
N-fornyl - N, N The usiade ampuaith pife aadiagymmetrdr| eatadyssdi fari ewampler ound

0" oM i 5oL By v, 08 HORAC U qotBh PR e habed, | ol

gas at nospmethat dheCompouned (ay, qméfeerahl}armtmd to30 .C50equ2balent- But yl
l'ithium ( 1. n_hex 2.m, 0.034.mol, 1.2 eq. ) s.added

it oput 6 o 208 RePEBP RS SR et FsAREL R FATBGERGe) CROGIRRY Then
N-for nyl - Nalfbolatl!,i eeshvmethybenadieansbaif- Ay8roRiQ834pBehssiugd €q. ) was
added to the reactlon m xture as the fornylation reagent and the m xture

was at stPVF‘é'&x&H&e?n@dH}q Adkencanile usiedni and (EotRsfolym carbesesseis3s ni,
0.05 {®» 1 L d sti d at th
FRfbrabie: p%r‘é?@uggg?cghQEOQ §eok?t§§e_rgaéfa£§,§;¢go stirred at the

tenperatuPe shown in en i odine anhydr ous THF
(19 nL) was aadl@dusiedmmosmuoftahbase»rfroa:demampllee indpasqudopetassiumon of

sodi um hy d008Ratdl LE{ 112 0950"eFR0vEHnt %080 Bh Rl LR Ena o1
(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,
26 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

30



4_organic |ayer ( hexane ) was analyzed by HPLC . The results were shown in
Tabl e 6. HPLC operation conditions Colum : Capcell Pack ODS UGL20, 4.6

nm Dx150 nm 5 Mobil e phase : 50 nM pot assi um di hydr ogenphosphat e
acetonitrile mxture (9 : 11) Defect :220 nmFlow rate :about 1 nL/mn
Tenperature :roomtenperature 10 [ Tabl e 6]

Fol nyl a-t React i onl odi na- React i onConpoundConpoundYi el di onti nmetiontinme( k)''(
1) ~( @6)'~g C % 1'( hour )( C)'. ~( hour )Exg.-48 to -303.0-70.to0

- 650. 3NTsCarbgnate: aghium hydyaxddad-rofags ium hydroxgdenand thg like,
-200.55.9 7 o] z . =25 3 - =

- 50. 56. 278’%@6.‘1’?%?% tegg??é??g %’gl’-‘éE%?H%‘Q%%P}%%E%?%}%%ig'

00. 53. 477. 663 TheBud&d tamountl 0 ft @ ade, fbrcexppplel i esamwwit balaiumal
internal tenperature,during,the addition. The |ower |ines shQw the actual
nternal CERBGPALRr it aifd d6r tAeaRivalent haped on,rhat” ot cCompaupdc ' s
of an Bxpgbiyepredadaplyhe tepsr&gdi¢Qneht| ons 3) Peak area % 4) The yiel ds
were corrected by purity (HPLC_  peak area% 5)NT: Not tested 20 As shown in
Table 6, ConpBh§duged FMQEBt oBf a1oRine risdd i &0d18r eapivahpeh Pasedy|

l'i thium LRI akion (o] P 16, the
reactionmggsﬂgggvgg Fgﬁgégégegagf ggﬁg€§%%l¥Q%pgga?ﬂ?%@%fg?%%tC to -30 Cin
good vyi el dd@ibienahdy, Ale reac2idnEpembd i8]irPdhef rangeont & . 5Coapddnd (1)

hi ith diluted h h ' id) Co d Kk 5. 0g, 0. 028
ggfs)lags“%P§§0:QEBg?ﬁaéﬂkS r ﬁ;égagﬁf%%F (ngggﬂt é6 %L() . Thegreaction

was cgyried ogh eRedesss idreq 7)) Esmpehuad 1@ pliscdiskalivedeinessl veért at
around -3 5 C . The n-hexane_ | ayer obtained fromthe reaction m xture was
washed wi BRAdreaftd Hpdesciedine-skl ey trd fdaproarstateof herelnd fher c

| ayer). 5ré§fé§£eg'%§néff,mdﬂcoéﬂ6% Qécﬂf—{EtPldr%ﬁfcé’ﬁﬁﬂd&%dﬁfﬁ{m $O41 &

sulfate, filtere a part of "th ltrate was anal yzed by HPLC under the
condi ti on(hevenanaftexaneferned tthas dES-Nalyete sfifandi Gomponed7(q)lo [ Tabl e

] TnE ol ks O A SIBERE d i A th HENER

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,COOAg, I, is used in 1 to 10
equivalent based on that of Compound (p), preferably 2 to 4
equivalent. Additionally, CF,COOAg isusedinl tol1l0equivalent,
preferably 2 to 4 equivalent.

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

26 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

g80°cC.

Additionally, the reaction period is in the range of 5 to

31



(rol /L) Resi du a (g) Conpound (k)Z~MIPC ~'"' Conpound (1) 2~Recovery

(99 25-"1.56.011. 854. 7-500. 12. 96. 612. 458. 7100501. 02. 61. 813. 061. 2100502. 52. 60
.412.662.4100503. 52. 60. 212. 764. 2100 1 ) The hexane | ayer obtained fromthe
react ion mxture was divided into 5 parts (25 nL for the intact m xture
and 4 parts of 50 nL for washing ) . Each the 50 nL part was washed with
diluted 15 HC1L listed in Table 7 and the recovered hexane | ayers were

anal yzed by HPLC. 2) peak area% 3) MIPC, 2-nethoxy-6-trinethylsilylpyridine
3- car bal déByHeu#s , nprefiasabily 205 Asoshédbwnouns Tabl e 7 , Conpound ( k ) was

al nost renoved by washin ith the diluted hydrochloric acid. Wwen 1.0

mol nt. and_ not@ Ehsatek P hamouith it taadi et Sh abaric stV eBtni ng,
Conpound €4} vasingId 206 dd) agReSuBUs | 1Y sodi R RpaoRidd, and stirred
trimethyl silylpyridine 3-carbal dehyde (MIPC), the fornylated internediate
of Conpouhd ¢ging theadanteneyringoopenbydt¢empowndotCompound Haahpt e 14]
Purification ound (1) (stepwi se washings with diluted hydrochloric
aci d) Conpoun (5. 0g, 0. 028 nmol ) was dissolved in anhydrous 5
THF ( about ) ~ The reaction was carried out as described in Exanple
12 at const@nt fenpgrature gty around -35C. The n-hexane | ayer obtained from
t he reacti ) ' p@i_mashed inturn (top to bottom with the diluted
hydronIo iC Migg @i n Table 8 (the sane anount of the organic |ayer).

10 After the washing, the aqueous acidic |ayer was separated, neutralized
wi th sodi (whezebota ésanmtethyd gxoupciaad Bitis anmebhyne gronp.organich | ayer

was dried,qQv eslu u fi e .4 pa f fi)trate was
anal yzed %§ Eé%§33§d§? ?hé %%ﬁ%???o%éégéJ%%fﬁﬁlﬁ&hngﬁggﬁfkg%fﬁgl%@%ﬁlts are
sunmar i zefdolﬁtiiﬁnwalnhan??;cjéﬁgtd eoB&eih{aaMtyf\?hﬂgwﬁs&esaﬂ%s:mémﬁrémxaﬂg
extracts fromthe neutralized aqueous Il ayer, i ch was obt ai pe shin
The or 1 i FAIAhOFIRBIFayaY it | MR PEOSA ' Ry LR bEh 6 PEPSERLSH HILATVED ot
foll omp (HmdiPotdam tnhUgltKéTWaltlekRFﬁé'HQviQ:% an GIRPHAE &kt FadPrgpund

(1) 2" Recover yWashing wi ) )
wat er - NT' wilth@n grgepica@lvent 1o pacawRar Cogwporng7 (@) nygeodmPwsiy 03. 0-5. 0

0.5413. 04. 0- '(ﬂgﬁﬁ w7 lﬁﬂ?% t§eo fidd (jé#gf%ﬁggﬂ g was
neutralized 5??% SO f%ﬁ%éggbgng gggﬁge%%% xfu?eoaéé ggfr cte vmtﬂ
n- hexane. 0 Thetor ylpi noreyprefiesalbly e, 2 ftd t@r¥. and the filtrate was
evaporated undey reduced Rressul BabQs U S5EasERuf hydroidRe s A A

15 hydroxide, sodium hydroxide, potassium carbonate, sodium

carbonate and the 1ike, with sodium hydroxide being particularly
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, trifluoroacetic

25 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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53 .3) Not tested 4 ) The residue of the hexane |ayer after the stepw se
washi ngs. 5) Not detected: less than limt of detection 5 As shown in Table
8, the hexane | ayer was conveniently purified by nulti step washings with
hydrochloric acid of different concentrations to give Conpound (1) with
hirgh purity. [Exanple 15] Purification of Conpound (1) (Purification 10 by
distillation) Conmpound ( k) ( 5. 0 g, 0. 028 nol ) was dissolved in
anhydrous THF ( about 66 nL ) . The reaction was carried out as descri bed

i n Exanpl eot@entrabadtwmnier egoaicadupreasunecumdiry3®esg. The oitaimed

reaction nixtgri (n-hexane ] ayer). was recqv uedl?nd dis%lllq? 15 aHi81 to
99 C undeFrYBHALERLT LAUWWHarBthd §O%8 RR?—@S”". s PRF 1517 FPURQ Y

t her esi dugynt hedbptalihalli @8vessesyageurified through silica gel colum
chromat ography wi th n-hexane, and then a m xture of n-hexane and et hyl

acetate (50 :Ag)at Bighveolasipyr peieanrellerofommridickiorpmethane ne
puri figd Hﬁﬁglil'z?éeﬁ’ﬂéa, g@?géﬁg‘igbé(\:_ﬁﬂg% g@ﬁgﬁm Qﬁgdéﬂé QQ%(QEFBHVBe The

results are own 1nth on conditions um: Capcel
Pack ODS weedp, and 6inmpaExt H6uhar 25chbbrd fophase: pHefeldipbe assi um

di hydr ogenphogphate . acetonitrile mxtucre (1 : 1) Wave Length: 0O nm Fl ow
rate: about 1 Fn’flﬁe%e‘?fb%?%ﬁﬁé:a ?‘d‘@l’ﬁ Pgﬁfﬂgﬁiyuﬁglgﬁn 4 hf%ﬁ’b&f'&p " The
anal yti calinfcsd 68 il droFdringCis Anso Alonilhepresecael B tdhemhexaqeinsyer by

distillation (g)ConpoundMIrPCConpoundRecoverk)| 1
n( % | nt ac€oBPEYBRA5¢q) 51&+ xt ur eFr acti on0. 1947. 336. 18. 7-- 1Fracti onl. 168. 953. 7

28. 8-y Tral. 1219@;‘?&%@&?&%#&@ ééﬁv%ﬁéa%%lﬂ-!ﬁéﬁf}fé,% o I
10 1) peak area % Not detected: [esS than detection limt 3)" The final
resi due wdsephyifétehex rolidthesillikea wékthcothananarbeinggraphicykaskown in
Table 9 , ng%:%ﬁf al rost renoved by distillation . Further purification by
silica gep coFh %hronatography of forded Conmpound ( 1 ) with excellent
purity. |t isThetrayief efreeNighyiolladrdty sélvémt i anlaw pbilglrdtytsoipesmt ur e
than that  in Table . C s
is, for example, in case of chloroform:n-hexane, is in the range

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

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

Inthestepof (10), Compound (q) is dissolved in 1-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, palladiumchloride 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. Illustrative of such bases are, for
example, sodium carbonate, potassium carbonate, calcium

carbonate, cesium carbonate, triethylamine (TEA),
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9_because: the coloration and deconposition of Conmpound ( 1) were 15
observed. [Exanple 16] Purification of Conpound (1) (recovery as
hydrochloric acid salt) Conpound ( k) ( 5. 0 g, 0. 028 nol ) was

di-ssol ved in anhydrous 20 THF ( about 66 nmL ) . The reaction was carried
out as described in Exanple 12 at constant tenperature around -35 C . The
reaction mxture ( 10 g ) was dissolved in 10 N hydrochloric acid ( 10 nL )
and stirred at roomtenperature. The yellow precipitates were filtered and

washed w N‘r)Nadiriabbragguethynaﬁx@nH (M@Mblmdmﬂﬁymbm@eplpbhasnhmri al
was di ssolved in water The BH of the aqueouys sol ution was

adj ust ed y9xeFddegapd %B&I ék§5 W1§Bd98ﬁ?ﬁ§& Eg@ﬁrEQPBBﬁapglnSnd t he

m xture XbLaake bitebgkqpe and the organic |ayer was evaporated
under reg% 3 pressu eﬂ?o Sryness The resi due was anal yzed by HPLC under

the conditi onghy veed BmounExafipl bags, fthrexasples JareashmmPohaiamum 10. [

Tabl | vi | th t t tr i h
ryar ochl oPPEDRORR et B Eroa U radsv AR HeRed I Rt B fombOHna"®
(Q)NWPNWPQQQU‘@M§¢e¢3b39coveb Q@@Bﬁﬁ1&91en&6 961 8-urif

i edPost-6-3.390.087.4urif iedl0 1) the wei ht of t he re5|due25Mgeak area 9%3)
Not tested Aé"h&B%CFWW&ﬁ“@ef@tutrﬁel%rlﬁ’d he £angeont #hFute ngstinx

CO'|eCtedtéﬁp@?ﬁtﬁf@rOﬁbbﬁékﬁb§9'HoﬁahBrénéhSHeséaétt$ﬁ§ resoygred as
Conmpound ( by neutralization, MIPC was al nost renoved by this nethod.

Conpound (cg)npegraltlum oi I. 1H NVR(499 MHz, CDOI3)8 : 0.30 (9H, s) 4.05

Rl 57 el ok Dedlaul 45 %Jﬁ pifed i ERORRE 1L

(CH~381 ~aadEHAw¢€H~aSHemethQIhbeh rebgénﬂ1~and25eibtednhttnbemof Conpound
(1) (2 g content: 93.9% by HPLC), triethylsilane,
(17.9 ni, thEeé FHBP te é&f?r§n8°EP8F9# & dohol (15.7 nL, 184.8 mol, 3.3

eq.), trifluongagehiventCheetodt2ife, 3h2030FBRH, élcﬁlsgombtnaﬁeadded 56
dropwise at 0 to 5 C under nitrogen gas at nosphere with stirring. After

stirring ﬁplﬂﬁéet@ﬁ)@%ﬂt}ﬂ@ Gy bgus@dn, anthdnpagtiqulas aceteBitailanbi ent

t enpejgt urg Qa is.- An aqueous solution of sodiumcarbonate (20.8 g in
277 nmL of wa h-hexane 5 (56 nmL) were added to the m xture and the
organi c | ayer I\ldss$e‘p&umeedfademehhy&queonsrbayentwaarext racted with

T hexane CodBrtkintify aTianGla8s BOR. Sok ST SUR PeBMBRRATAEERIIC, o
col um Chhyﬂﬁﬁ.edliaphﬁld&h*ﬁﬁoﬂﬁbmi@oaﬁldlzalnd Shéysike | OwPEBQLO0H) with a
mxture OLhTo?Sé?Qﬁeih?iQXlagggégésum nglge)bgfnéhgagégggiarly
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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The resulits of this Exanple is summari zed Table 11 (Exp. 20 ) . Exp. 19 in
the table shows the results of a trace experinent 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, S. B. ; Josein, H, Angew. Chem
Int. Ed. Engl. 1995, 34, 2683-2684. Under the reported

condi tions, di chl oronet hane was used as the reaction solvent. The equal

| evel of the product (n) was obtained in the quality and yield w thout 20
di chl or ombyldaroxidgTapbtass funPhyirox pdekand dd)esd ikencainmbe used, and

(h) (1) (MY o 9CH2C12171, 1968. 0816, 9413, Z9Ex
20neat2oog£0€2r§éiﬁiﬁﬁiopgg %ﬁ&&mcﬁsFEPngec%%a???%%%agb?Unn: G Sci ence

I nertsil ODS- ZheDudéd aiiculd @b achade, Tomekanple, ivoossait petaesaumr e at
around 40C Flow rate; 1 mi/min Nobil e phase: acetonitrile - 10 nmM potassi um

di hydr ogeFpEbOPR4Ee £8: 40 IDde2P: eQBAVﬁﬁ¢BB based [qn dhdte OfsfORPANALSi s of
Co d I OH NaHCGs , (CH~~SI ~ |
torﬁgne mg%é((?%ﬁg@gﬁggypg GF ?h@§5%¥§?5§% of Conpound Ev) (1.00 g,In
content; 98.42% ad. 2nenblgas EaYPyOne2maynhe @9s€d5immEse (Lt0OAS eqnobland 7%
w/ 5 sod hyd t t

() 2, Gy o0 o UL, 1o kb 451 YR S lh) 20y 01000

3.0 mml , 11ke7 6f.a)gadfaddedrateptiviby Gl atéleﬂttﬂaﬁ;eliﬁl Xtablﬂeai\Qﬁn
sitirred at 0 to 5 Cfor 2 hrs. 10%sodiymsulfite ( 3 nmol

was addedafd BREIRIQR Ake preferable Pé§EFFPﬁ§er’c'&|r‘é‘-%§st?‘Pr‘éﬁs'ét 0to )5
C fory@0 mn. &nmeu&éd%ﬂlo%ﬁﬁt' m'_wtﬁln@é@ﬂg{eu@ inq %Wé&umléﬁ@ved by

fiItration and the materia | ter” paper was washed wth toluene ( 1
m. x 3 ) baskd ongtmt dbﬁ@mpoundhéSMIpmf@ra\hlsy $eper d2edquival@shed with

dosi coant was M REACHIPR EonBenatiRoip, Fby sbe aindei et 2bnbfSlfE” 1

conblned Pméfbhablyvapotated onder reduced pressure to dryness . Conpound (
- yellowoil, 0. 93 g 87% yield) content;. 90.60% b é HPLC (see
Exarrpl e 17). FBriRSre 9P SEPFtNQnI P@‘-‘%@Fé%l in the, SHRFRELTFsS o?od)?rpound

( n#(ﬂa Oﬁb*arEté(ia‘aﬁlﬁ part@dtd @3, i Bug¥eferadly At mdldieioh 242hibups (endo)
oc in oéder 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.

As solvent toluene, acetic acid and the like can expediently
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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(exo) Conpound (m ( 1.60 g) was dissolved in the solvents listed in Table
12, tetrabutyl anmoni um brom de (0.83g), potassiumcarbonate ( O . 71 g )
and pal |l adium acatate ( 57 ng ) were added to the solution. Each the
reacti on 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 nmaterial was filtered by 58 suction and the material was
washed with n-hexane ( 6 nL x 3 ) . The filtrate and the washing were

conmbi ned &AdupasEBdfenin agidr 5 J fp Lk0Omg baspd em shat afnGempeandodi um
sul fate ang.t hen d ced pressure to dryness. The residue
was purif?g& Esfhﬁ%ggﬁigﬁﬁgcgagg§ %gﬁghn chromat ography wi th n- hexane- et hyl
acetate (95: 5rhasuslked amoant. oExpomgéund (ebl &s 12nwhstd he egesivakemt an
experinment conducted under the reported candifions; Josien, H - Ko, S. B.
bom b, bagaf o, chat'BE Cotpmn i) “bre8grahl Ioh e bifautvalenyy

Ko, S.5B.; Jomheredbtidiienpeshelel 1§ infthe EFafbe J£38: 3o a268812684. The
ratio of the endo and exo forns of each the purified product was neasured

by HPLC. BSMBREAKUFR, TREEECARDLY 80 SE ak® 0 yreblukttemMperatwrRlo - exo ratio
) and isolated yield were obtained 15 when THF was used as the reaction

sol vent under refluxed conditions (Exp. 25 - 27). The isolated yields of
(Exp. 25 27 ) Inetlee fiodAowtingn thetinoenthenneidor bedi Yuskitdtoed inbrgre 21 ) by
10% or nore, 2 Tabl e 12] Sol vent Te a-,torelinme (h)atioYield. (99 Exp.

21 OMPEs 18538 dRY. Y5 o8 SXAREL s s CPEEk Ve RGO sAA08 oS LHLERR 0
24MeQB5CRnB4e3- Exp. 25THFRef | ux4. 06. 679Exp. 26THFRef | ux5. 07. 084Exp.
27THFRef | ux4. 07. 182 DMF: N, N-di net hyl f ormam de, Tol: tol uene, MCN
acetonitrile, THF: tetrahydrofuran, Ratio: peak area of endo fornf peak area
of exo foffkefBLE) 1] Ysphthed 59 ¢ bnpfith (bnot determ ned, HPLC 25
operating conditionS; 'see Exanple 17.” 59 [ EXanpl e 20] Synt hesi s of
Conpound {8 Teng denulation reagea@dmmgpend (1) End- 27 9, 2 .6 mol,

content; 78.7 in a Mageure of diisoproy§l ¥fher - acetonitrile - water 5
(4: 3:1, K , Tetraputyrammomi um Beonpllde ( 0 . 82 g, 2 . 6 mol ) ,
N, N- di i sopr opyT et H@‘Pzan‘ﬂm@”(ﬁ%. 48 nL, 20.8 nmml, ¥Oeq.) and pal | adi um acetate
( 57 mg, O. 2 nmol ) were added and the r@gulting . m xture was heated
under ref] ux [ LN, After.cooling the inner tenperature to 20 C or

bel ow, thegﬂ?ﬁég?ugﬁqeg%m?e 'ia';?ylr nd4%Ehe mixture was filtered by suction and
t he fi8 tered nmatempaindaga wagi3dd 5wgt, hOn2Bexmok) (wds .dissdhliwed® in.11® t he
conmbined f fi e_and t he hi ng. . n- hexane (.10 ) ,and 10% sodium

SulT1 Lo (W 4 D 8r"eekaRe B A6k s f SRARRAC (9. 420 R HIZ R
separ at ed2 ahdeqa leadl \Ri7t.18 HLN( Oy2i4 Daid by ilc Ciciedi.() @6 59495im) @hdtdhen

wat er 15 0 X ) cont | usly. Th iG solutio evapor at ed
under red'}(}%%ﬂZB%_%'s)sérfeb%nozyg]r%hgég}aﬁ%ﬁf&ﬁ%&%ﬂ%g %%E%&ISFH,S _1§-310 (91%
yihel d), hco)flclempouﬁa.(:ﬁ’)b aryrblamcte@!@@e:d aExmepjmiér?argendmmesgheacei.mfﬂér 6. f
Thus, e | V] r [My1s] e\ o W Lh that o
Bp. 2l THIE R A e B el B SR BT SRR  hae o
Exp. 21 istimbéd i@r IEdaoqmie wilfh Jyert ivekicsalofchesrkzo itk (apntet KefOs042Hz0
ocH- | CQF&gn%\gt?nd (a). After Compound (a) was not detected anymore, the

mixture was filtered by suction.

The solid material was washed with the same solvent used

26 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 wasdissolved 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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N~ 1,~O KeCO~- 1 ~O (CHzSI ~ ~ M SO NzHYR (CH~sSI ~ ~,,, OH z z C2Ha OH
CzHa In ag. t-BuOH 0 25 To a solution of potassiumfericyanide ( 195 . 7 g,
O. 59 mol ) , potassiumcarbonate, (82.1 g, 0.59 nol) and
met hanesul fonam de (37.7 g, 0.40 nol) in water (990 nmL), (DHQD)2PYR (4.36
g, 4.95 mmol ) and potassiumosmate (VI ) dihydrate ( 1. O mmol ) were
added and the m xture was stirred at aroud 5 Cfor 1 hr. To the stirred 30
m xture, Conpound (n) (77.8 g, 0.18 nol, content: 61.5% was added and the
resul ti ngwiitht 30 @ mias £s4 nrixttirad of het ielnacreriatecan@ hexlare qddiloioand 20 hrs
Pomdereaéso iumsul fite % 74.9 é was added to the m xture and the
stirring olPAREefedpcC ﬂepfﬁﬁg FSture for 30 mn. The insoluble

material in theEﬁbéi‘ﬂiﬁénWa(SEipl j €1 ethdre a1<ﬁewhtle:hpaéréndlﬁb.emﬂhstedtl on
the pad was washed with e 5 acet ate 4 tines, é 770nmL The

organi c | 2yetle ampunt of; EPé Q@ézié]eﬁ%‘rlé’tre‘dieaf'fést ﬁ%réﬁ N ]1“a§:§%’ FENS

furthes extetehedwdstiselihkb @Ret ak&ctidl Bblventhe conbined organic |ayers
were dried over anhydrous sodiumsulfate, filtered, and evaporated under

reduced pressure to dryness. The residue was purified through 10 silica gel
colum chregptiegigphy with a mxture of dichloromethane - ethyl acetate ( 4
1) as the eluenf; silica gel (280 g, Fuji Silysia PSQIQ0H). Conpound (0);
umber solid. As sHR@RAtdomabl e| Amountiofders vk sRearsinat ¢ Ia9lakedoxi gant

ef fect ed|the equal| SadwEntof t hechierided yiel d| hileenant | ¥iekdess 15]in

pl ace of ﬁkghl} vqIDatE | e osmtﬂﬂ(Q¢¢Q) oxi de. | #8bheuxs] | &ditdant Yi el {
(9% Y%eeExp 8583347095956 Exp——29KZosP 15 "HZ\%‘%@'S‘.‘9—EX‘}T‘ 28:
conduct e Exﬁdg? tkgn?gported co%d??k ns; Josein, ZBOEF . |Ko, S.B. ; 30n1 D.
; Curran ERpP 3 (]waueuane J. 19980eq, 67 83 CuBr hourd®. P~ ; Ko, S.B

Josei n, n"Lt e ft— a Engl J.uuu, 34 2683—2684—%ee—Co Tpound
(0) obtalnéd g? &E@ % Er?g ?EF% t%ﬂpound (p) by the nethod described
in Exanple 22 and its enanti oexcess 25 was neasured by chiral HPLC nethod
(see nple 2 e3icS of R I

A3 R°. Ry cho TR et 1 Y ivetudre SRR sl donp iGN 2
0 P To a efl the areadt iampaiitiid theoyfeld76f g99% iwhen M. 0tueq.obfnkemzaybl and
water ( 1 . ne. ( n i and
powder ed ‘g% érﬁ#eé'%r 3%3 e(lé(%gﬂf) 1 &A%% \%en?g %1%' li{g%%qgntp%f?%lﬁ%%r ature
W th sti rwaagtlsél'me(mmacﬂl)ontmemgarcazmv&tsi fiadshtadglweln hoarpendt the and

et ¢ adat EbFRE A% LPbrERT e MR EBF Wb B f g pLfpeat (10

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 m, 4.6 mm IDx250 mm (GL
science-made)
Temperature: constant temperature about 40 °C
Mobile phase: water : acetonitrile mixture(l : 1)
Flow rate: 1lmL/min
25 Detect: 220 nm

[Example 2] Synthesis of Compound (c’) (1)
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at anbient tenperature for 30 mn. The insoluble material was 10 renoved by
filtration and the organic |layer of the filtrate was separated. The aqueous
| ayer was extracted with chloroform( 500 nL x 2 ) . The extracts were
conbi ned, dried over anhydrous sodiumsulfate, filtered and then evaporated
under reduced pressure to dryness. 15 Using 4 equival ent of iodine under
reflux conditions, this reaction was conpleted in 5 hrs, about one tenth of
that of the reported conditions with conparable yields. [Table 14] |odine
(eq. )TenperatureTlne (hrYield (@@Exp 309Anb|-' 4886Exp 314Anb|ent7286Exp

32440 CA8BRER,33¢A0 cﬁm&ﬁag ARenloyx 584 X
t he reported i tionsh THbsi en, H, ; Ko, B. ) ,
Chem Eur.J : 4, 67-83. Curran, D. R S. *B. : J%

Angew. Chem . Int. ‘BH. Engl.. 1995, 34, 2683-J684. 62 Yield (N " sol ated
yiel ds HPLC Op®dating Conditions Col um: @) Science |nertsil (DS 2, 0.46 cm

| D'x25 cnyReFeiRERAL ygea ggﬁzﬁ%,gn&ré@gperature at around 40C Flow rate: 1
m./ m n Mbil e phase: asSi um di hydr ogenphosphate acetonitorile

(4:3) Det Gempogad ) )1(! 1GR9 ga|3 +§9_omoddréas s sesdviad dRs2 CaLuah: THIN CEL
CHI RALCELv@Hn §@E§E&§ﬁ%ﬁ§ ?146 Pk RERCB AU H4 GRY {51, 896umd¥A CEL

CHI RALCEL l'cm rrperature constant ténperature at
around 25t. 3% owas added dsopwigertavbbel kcpteorled, sitirred slutmxane -

cthanol (3Rl £) BAAeDTIRIALBNS: AL SUYEoP AL SRIPANILAG) OO
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 addedtoasaturated
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

26 20mLofwater and a saturated aqueous solutionof sodiumchloride
and dried over 3 g of sodium sulfate. The solvent was evaporated
under reduced pressure to give Reaction product B.

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

30 Exp. 4 from Reaction product A and Exp. 5 from Reaction product

B, respectively.
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To a, solution of Conpound (p) (50.2 g) in the solvent (about 400 ni; given
in Table 15), the reagents in the table were added and the resulting

m xture was stirred at the given tenperature for the hours. To the reaction
m xture 20% sodi um 25 carbonate (1.7 L), 10% sodiumsulfite (1.0 L) and
chloroform ( 550 nL ) were added with stirring. The organic |ayer was
separated and the aqueous | ayer was extracted with chloroform ( 550 nlL x
2). The extracts were conbi ned, dried over anhydrous sodi um sul fate,
filtered and then evaporated under reduced pressure 30 to dryness. The

cont ent of QBTBOH?d (q) in the residue was 63 quantified by HPLC. The
results are summarized in Table 15. This conversion was satisfactorily
performed by using NCSieldabfaCofpOund dcét)i c a¥idldErfp. C8Apounde(Heri od
requiredifor the conpletion was apparently shofi{pead andat k¢ yields of |5
Conpound| Expg.) 4under |the condi&4 diss were highef than that3.56f% the reporf

[Corrpar a1 P‘.a[ l TG l]r 1 (("nm 1\1 h\l 5U/U UI IUI La L Iahl € 151

Sol vent Re EéBnt Eq Tenper at urelen%A%‘nr)Yl eld (% Com 1*)I allélfl%?‘S to 40C4845Exp.
35AcOHNI SI265 CA563Exp. 36CHZO zTZ - CF3C02Ag2Anbi ent 1797Exp. 37AcOHNCS -
Nal 665 C1695Exp Ac OHNCS 1665 C1693Exp.. 39AcOHNCS - Nal 665 4 * )
a mixture of di® %Whgﬁgpgr?d (‘E’Il?FBngGr gr?rcg;%agen&cmsl &%‘gt

aci d, B Clgol @ﬂengomﬂﬂshlefld&npblhﬁd Nbt prosHE Cy DéTd OSf e{€§ product

N—chl orosyccinimd é(qé nolar rati,o of the rea ent oned Y| el d

© i sol at edNGFERES, bY and farmatdon o4 FSH‘PBP una ‘E’lﬁs’np
Compound s g@ﬁ gesfEaLty 89. 2% by HPLC) obtai ned |n Exanpl e 23 vvas
suspended in ne ﬁanol 150 nmL) , .to, the suspension was added dropw seO .2
N sodi um hydr oxﬂ%cm?wr%w KRG Fonsy ¥ heP sthe (BXRER kont i nued
for 2 hrs . The al kaline solution was washed with chloroform ( 400 nmL x 3 )
and the pH of the aqueous 20 | ayer was adjusted with 6 N hydrochloric acid

to 1 102 hEyappiead | S¥reesh BF SPmRUn(ick ed2Wi th chl orof orm ( 400 niL

X 3) . The chl gompouna ! @ey a% g i $ds9ovtio BN RE AissAdicdMinul bates,
filtered and then evapor at ed under reduced, pressure to dr\éness Conpound (

q ) ( Expl004mly of THE, Vipydmagnesiym bupmide G <h:M ip EHEpep aB4iMyr 25

condi tiong; 85%(5.2(afip|seea % Wk adh%&a&%?wzéb ththlnfé se&wadoégi-‘@ap@nnd (a)
(2) Conpound ( q purified he met hod descri bed in Exanple 24

50 g
was di ssoP§&?“lB?"z!m( 6b 6 me(xzaegm)awm%aneréi mipptRe-) AekeLoft|y

addedipn the SHLF2 ﬁfg Cffort hehéekuttné re-g'@ciﬂﬁ(tslﬁl%ﬁm k! alidedt 85 at
anbi ent tengeratur The precipitates of the m xture were

removed b§a RFRTaL | 2ANIONE tsrpelwwqw Rfc aRRONI YR, EhAPEAIENHEP WY EEED

pressure §0jgFyRgssnd Ben 40 thl s6AWRAAd 200hL(EXPetHP]l SBEBLEEDand
Exanpl e 24 (93 -7 96% enanti oexcess ) was optical lé purified by this_nethod.

Conmpound #d¥t Cfxpexane)were fddad napd EheiITHL DI ayer gas gasRaENtFdexcess

by the chjpalwddiidd mar}z@ﬁtow wiilldyr aRer Alddtaraed hhaBsusSsSnhtien G-
Sci ence | nert5| | ODS-2, 0.46 cmID x 25 cm Tenperature: constant

tonpditht (PE 8R4 LRI GRS B GeRRAVEL Yl A A ied 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°Cusing 20-fold amount of the solvent. Exp. 7 to 9 represent

25 theresultsofthereactionat3°CusinglO-fold, 40-fold, 100-fold
amount of the solvent, respectively. Theresults of the reactions
are summarized in Table 3.

30
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Mobi . e phase:

di hydr ogenphophate (5:3) 20 Detect:

a mxture of acetonitrile -

254

10 mM pot ass
nm Chi r al

um

HPLC operating conditions

Col umm: DAI CEL CHI RALPAK AD-H, # ADHOCE-BC037, 0.46 cmID x 25 cm 25 Cuard

cartridge:

ténperature at around 25C Fl ow rate:
2- propanol

n- hexane -
Compound (r) 65

In PrOH HPpTabLeH®]C2H6 O g r A sol ution of Cbnpound (q) (42 8 g,

cont ent : 84-5%-

( 25:1
CH3 CHI

n::l | :\rh HhR-a

) Detect:

tata (1 2

DAl CEL CH RALPAK AD-H, 0.4 cmID x 1 cm Tenperat ure:
1 mb/mn Mbile phase:

254 nm 30 [ Exanpl e 26] Synthesis of
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1N hydrochlorlc aci
and tMk resulting mxture was stirred for 30 m n.
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BnO P 4
NO;
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Wherein Bn is a benzyl group.

s

UWISLﬁ§ é35%é?§i

0
BnO

NO.
(d)

(1) Preparation of manganese dioxide:

15

Synthesis of Compound (d’) (1)

P

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 aqueous solution of potassium permanganate (96.0

g/600 mL, 0.607mol) at room temperature with starring.

After

stirring for 18 hours, thesolidmaterial was filtered by suction

20

and washed with water.

in air to give 91.2 g of manganese dioxide.

40

The obtained solid material was dried

ﬂb the m xture,
m.) were added
The m xture was extracted



10 acetate and the organic |ayer was separated and evaporated under reduced
pressure to dryness . Conpound ( s ) : 22 . 3 g ( 95%yield ) , content:
85.6% quantified by HPLC (as follows). HPLC operating conditions Colum: G.
Science Inertsil ODS-2, 0.46 cmID x 25 ¢cm 15 Tenperature: constant
tenperature at around 40C Flow rate: 1 nL/mn Mbile phase: 10 mM potassi um
di hydrogen phosphate acetonitrile (5:2). Detect: 254 nm 20 [ Exanpl e 28]
oD o SRR b CoRRRRRRGIE' 5 i o1 oF Epund () (0.
in _ : : solution o npound ( s 0.
go g ) in di et ayhsdhhgxi&e) ([Ego éf )0 Jnthd 1NE wREEE £8661 Péd ah LoRgani ¢
ase (potassium 25 or cesium carbonate, 0.4 g)" was stirred at 50C under
irggn ?t nﬁ£pﬁ§g@gpgprm®_ ﬁil-ﬁhqulﬁtoj}?fhénﬁlr@éde Xl;}@@et:@t@‘blt&wag%ﬁwl gtog(

. g P _%Siﬂce q@?u . X1 YRE g}y

under ar\gljvg?iogt rr%sgﬁgr@e&/:‘gf 4 hrs. t'er§2(%n{r?i])’ g%deg‘;ﬁ E%ggégngﬁged

hydr ocdhl othe aboue(mentioned aneihd was tasdslad &oc sbeeyigpxous esthbrede

m xture . [ac ' L, X fort at 1, 7
mx gy TRLGKABATE Soliechad [B7) 148 oC RhUER Sy StRYepRLEE Srf e
filtered miagtsrewssovigeroustystisgeddipplbdwmns .t oAfitgndde gExpting - 43).

The resi d{r{?twiaii‘i?% %%@Xe@g%ggéia}snﬁf@m%e ﬁfxé@%‘%d{)&" flggk_ggét

Conmpound ) Was ined’In USl Ng cesl um car bona
(Exp. 42 puctdont hBhetdisraiedsod,id mexpenailveaporassed widdr BOnml.eofias used

as thg, ba h i el l le i { . . [ Tabl e 1

BaseYi el déﬁ%ggoﬁ2%i}gggf %h&%ﬁi@ o%cérgt%%llgen%’ gg’ﬁdﬁ? ons

Col um: GChobuenhbceas nevaporatiib-whded rEslwrad Presatirem Eappeil it ttoel2

const ant &gggerg% r.ﬁ ﬁt around 40C Flow rate: 1 nL/mn Mbile phase: 10 mM
pot assi um d éé S Osphate 20 acetonitrile (5:2) Detect: 254 nm [ Exanpl e
29] Synthesis of SN-38 A m xture of Conpound (h) (0.50 g, 1.82 mmol,
content: ?g g% gi and Conpound (e) (0.36 g, 2.18 mmol) in a m xture of

t ol uene - 3 fc'acid (1:1, 10 nL) in the presence of p-TsO+HzO (10 ng )
was heat pd at 90| Reacthoat sblvegtyRexctidn dgemgiasedat nosphetreeld or 1 hrs.
After copling, the m xture was evgpnind ed urndsranrteichgced prlessure to
dryness. { After 2|tinmes of azeotorqgpic renovdlmatferdthlaceti d acid witHh

toluene [ 10 nL , acetone ( 9 nl ) was addegpdak tdreatsdsildue and the
suspensi pRxpasl 6{ chledodbdar ni trdgeh hours | - 91%
Exp. 11 |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 (c’) was synthesized
in good yields. In particular, the reaction time was shortened

20 toonethirdwhendichloromethanewasusedas thereactionsolvent.
On the other hand, Compound (c') was remained even after 24 hours
when ethyl acetate was used.

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

25 An aqueous solution of sodium hypochlorite (available
chlorinemin. 5.0%; 42 mL) and sodium hydrogen carbonate aqueous
solution (7.1 g in 60 mL of water) were added to a vigorously
stirred, ice-cooledmixtureof 7.0g (3.5 mmol) of Compound (c’),
toluene (70 mL), ethyl acetate (70 mL), water (10 mL) and 38.3
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68 .atnosphere for 30 mn. The solid was collected by filtration, washed
wrth acetone ( 2 nL x 2 ) and then dried under reduced pressure. SN 38
(Exp. 45 ) : ocherous solid, 0.63 g ( 89.1%yield) , purity; 99.6% by HPLC
(see Exanple 9). 5 Exp. 44 in Table 17 shows the results of an experinent
under the reported conditions; Henegar, K E.; Ashford, S. W,; Baughman, T.
A ; Sih, J. C ; @, R L., ,7. Og. Chem 1997, 62, 6588-6597. 10 Under
nitrogen gas atnosphere, the purity and yield of SN-38 are inproved as
shown in mgbl e Mols | b MEMPO uRderrt ycé % oo king (C4tE2ptod8CEen55 min).

Kot iﬁ{egﬂm%fggﬁﬁ nithEess B3, 008k c, phak Ataty ok tBE B AL St PE R Eonound

g) ar edgwaendbeé@ued(l) Tﬁsenmmﬁﬁuﬁeaiaé:@lmeeadsémnTmcatmte sépdrat&aure of
oun £on
trlrrgt hyl sﬁ’Faﬁé‘ é’lﬁabeﬁttaqﬂ‘zamovas évaeﬁj‘%d é\’ﬁ&?‘c‘?‘d‘l’;ﬂt‘%ﬂ%BﬁoPc’F /%%“'HL

184.8 m'lgdidé. gfa) Foeaséwﬂrm &n 364 P {128- @{)ént]h oW 53 Eﬁarﬁkowﬁ / eq.

was added dropw se a nitrogen at ere an fure vvas
stirred aht gdmratgrbacueses soillufomof. s&mmthiuself\ate Andsthen edtar,

anbi ent t erature.-for t hen _an _aqueous, so n,. of sodi

car bonat eg?]gﬁeg é"eﬁyznﬁhis‘&i" gg?feé'r?@oﬁ ggﬁ{bd?r%%éﬁe‘}pﬁﬁs Iét%ded to
he m xt ute. gmmuggamfcndmpmmd/\@d se(geiral&ellancpdx’rﬂyaqmeousby HPBC) yas

t

extract ed \ﬁntg n- hexa g é omdn ned, organi c

evapor at e o WaﬁoPPEaE & %eEgﬁngfﬁ Foakien ﬁ%mr%s ?ﬂﬁguﬁﬁsoﬁurl fied
through siketganegel aﬁ@lwm@f]r(czrsat.oq;r)aﬂdﬂyguse 12 .Gy 9 phr8@ied Eonpodndysi a 69
PSQL00B), el uent; hexag B acet a}_ &73 S%to renpve b oduct
Conpound (8 ) 455375104 88m 30" 9p RS 589 430MbGRRT Al by ) 23 Brpound ()
; 17 . 8 getobé¥yyi ghd) u@@ﬂyentgsm A)m dPLC (see Exanpl e 17). 5

ELH-NI\/R(400 H, . 169 d,_J=1.0, 6.1
Hz, CHCH §PLC889ératb%“ %ﬁl oRgH FefST tg ’gx%? 8l-s. CH O, 4.55
(2H, s, 5.55-5. 83 (2H m CHECH), 7 4 7(1H, s). Conpound (V) : 5 . O

269 tent: 4% 10 1H NVR( 400 MHz, CDCL,
5. ( 27[?*"31"&’1? 8%56? 92Y "zfses(lpéﬁwtc“gp%‘ do O(—|) 3.99 (3H s, :

CHO) 4.79 (2H d J= 68Hz CHzZOH), 7.49 (1H, os) (2) Synt hesig of
Conmpound grg ¢ d (f. (127)g, 2.56 papl cotent: 78
73%) , tetrd achis tfoqq 2 @ 2 Y56 rrrml '

acetate ( 57 W o 26 i mdEt) in a mxtur ﬂhl soprtopyl ‘s¢h =
acetonitrile - water (4:3:1, 20 nL) was heated unter refluxfor %%‘mn
After cooling t®e inner tenperature to 20C 26 or below, the i@sol uble

materi al whetBenNBxt U5 €aVBENEP gaupy filtration and the materi al was
washed with n-hexane ( 10 mi, e filtrate agnd the_ washi ?g wer e c nmbi ned
t

and to the sol uTP AP 39w q SfG-rrﬁ_e)d gRdutdonsadi dnPd éo(“‘"l% h, 113

ngl, 5 edf Qo @@Q@q ihhe 7aL.0980i &t Ayl &icefatidle 0mieot Yr eoVes xﬁﬁoﬁﬁpar at ed
an

chI Qric acid nd water X 2),

Suce .vgpylotlw%ﬁ&fo}%ﬁ 21 Ragun Sarbonrannaied MiaE AN AUROBESEEr ¢ o
dryness. @ﬂammdufe)wabre @dnhsl @&ﬂréd%%ys ed:du)ndefonyeﬁ& e 3 . 34% by
HPLC, endo - exo ratio; see Exa | e 173 30 1H NI\/R%4OO VHz
CDC13) b: 2Bmogphere and ?NB?rtl -‘?thh(esﬂ Xture- ‘ia taken @apargapplestorzy (
2H dq JHPL@, ﬁhrlodl&lizl C'I‘h@"l@ehctlan mﬂﬁt&r@'vba§fl@@'é%eh an@ th&®0 ( 2H,

( 1H, t %P 83 (1H, s, aromatic-H). 70
(3) Synt h€§1§r6FeCB%o%ﬁﬂP?6?t% aE’,%i utd o o]f4 ﬂ’t‘ﬁ%%s‘?kﬁﬁ*’e‘?% cyani de
(195.96 g, 0.59 nol), pOtaSSI um car bonate (82.1 g, 0.59 nol) and

methanesulfonamde( .79, 0. 400l ) in water ( 990 n. ) , ( DHQD
) [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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5.2 PYR (-4 . 36 g 4. 95 mol ) and potassiumosmate ( VI ) dihydrate ( O
.99 mmol ) were added and the m xture was stirred at around 5 C for 1 hr.
To the m xture, Conmpound ( n) ( 77 . 8 g, 0 .18 nol, content : 61. 5%) was
added and the resulting m xture was stirred at around 5 C for 20 hrs and

t hen powdered sodiumsulfite (74.9 10 g) was added. The suspension was
stirred at around 5C for 30 mn and the insoluble material was filtered on
a Celite pad. The material on the pad was washed with ethyl acetate (4
tinmes, total 77Bsrﬂh)ownTheTtahgm&3¢ﬂ1wneaotmﬂnwafsi d:dmdﬂetedio&ebamgieed and

The conbi SBANGH LA o L SisTH GP eifudbia () dBrEEETHY, dofand o

evapor at egﬂo_nmdeionedﬁceuepbyespnodud:b dcampe_anTh@)remsiummasemdf! ed
t hr ough si Epggngpe& g:l .um _chr.qnat ogr aphy; silica gel (700 g, Fuji Silysia

PSQLOO0B) , OB SRRAREALTS et hyl acet ate (4:1). 20 Conpound (n) :
b | f 7
5% 50! Golulh: WU Fofs SOERAE. & Bin ThEII e ol schERuIRde £ 5 o

0.36 nol) Memperadmdge: 230nsman&r temperature about) 404€ heat ed under ref |ux
for 5 hrs ? Eleer ggl [ NG £ 10%, sggh%%igkﬁ? mgttgf:lel)(land ?hl oroform (1.0

L) were adge WXt are and € resu € waS'stirred at
anbi ent teﬁ‘]iewatrarte f dr mL¥miinn. The insoluble material was filtered by
suction and the.nabtenial was washed with chloroform30 ( 0. 5 L) . The
conbi ned organic Iayers of the f filtrate and the washi ng were separated
and tHe aqueous Iayer was further extracted with chloroform( 0. 5 L)

The conbi | fat '
il tered LageBba8or T, wA¥ER eyt afle PriiBhe MY BHEES Compound (p): 71
unber oi IhyaBoxyﬁrgp{.ophenahé 81 %yield from Corrpound ( m) ) , content

TH VR (400 W ierttose Svifeher {6 gy gt 4aiing s 877 SI37 “ufp)
CHzCH3 ) hydroxgpfopibphendne idtas ﬂHz_mNys) N 3. 61( 1H, s, OH) , 3.

321(5 %jlz)?l)i%‘f%?ﬁ é §3 ?%n%)(g é) Synt heS| s,of5 COSWSOl(JnéH(q;j 10

Am xt ur eof ConpoCompdymd (&0) 4 19,00.9,45098 mmpilénwvas8Qid8pl0éd 2ifee) ,mL

N- chl i ni m 10.7. 36 d ' d 120 2 g,
50 ol GE Bthy A ut caponats Tos g a2t WS Lekeedi T AT 1 1 ng
for 16 hre.7AfmIer 6c@8l mmgl, ZD%Scml; Ymotabenzpt ellbrideg wei‘@%tdd)ddlﬂn sulfite
1.0 L hl t

The.or gant 1oy of SpRaCbR: o SomiP Bepip e TR FRRSEEHEntS Y vee

ext r & edamgd)ﬂn atmazpiferen (Afiterbthexaddjtionlheheonixhedeowgaheateayer s

e e o SR USRS 4 e B R mipege o

Compound ¢hgckd roAfsumpeisnat bhe condtentopOompo@ndl ((@)ney HESCdUeftdr t he
[ t % th I dd
o cour e GBout (el e BB ot PR ar B AR b e B S 1

m xture vep suctied. at anbi ent tenperature for 2 hrs . The al kaline m xture

sepaih od and TRTLE RRECRiALyaR wasnsly s BRI neP e .

aci di ¢ soand itdre washdxigr aeredcomb ined) amaf dche §od06ntiwas 3vYaporktedr gani ¢

I 30 ted ' h | filtered
and t non WTAnE PR pB0Es Skt ArUEE LBE R SRS Bt ol pe e )
purity: 9a7dd7éd byo HRIOCn{ls @f Eedwrl.e Rﬁter(ﬂ)e Fimxxifunatwatm sif i@ diond  (q)
(2) 72 form 280

fied Lved hi d

W hexane T WhbbEn e ha tnlERateriLifis £LLEor S Ry LI {oRARE TR,
r esul0i ngini ady emmrgrtgx@e?h?t-ld?yargr)t thém?lﬁétrgaﬂz lﬁaas ?Eldeundﬁhe ed
recipltate,was.renove | r 1.0 rate was orate
5nderpreo‘{f’c‘@'b°°pﬂ (ar PHde @ aE:&PBo‘ﬁhgt% &)?.ve| ivé% %l(lylvglﬂ ?%8(86%
ﬂp Elcd% memmpEX ouddl. gﬁfa b){ai'lﬁla@e( éEEowEwmce. Z‘ﬁe)phy@ﬁcal ?@?d?ﬁ_tll@{v r?I ,

see a y y =
. 3Hz, ?0%12 ()b 7y uqqm‘-IJN)MR CD%WLCI#I as follgws. 14 s OH

) , 3. gﬁm(pomdqbw,ﬂp AR tdH d, J=15.6Hz), 5. 47 (1H, d, J=15.6Hz),
7.59
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(1H, .s, aromatic-H). [aJ]o' _ +51.3 (c = 0.981, CHC1l,) (8) Synthesis of
Compound (r) 15 A solution of Conmpound (q) (42.8 g, 0.10 nol, content:
84.5% , palladiumacetate(1.34 g, 5.95 mml) and potassium carbonate ( 24 .
67 g, 0 .179 nmol ) in propanol ( 490 nL ) was degassed by suction and
replaced with argon gas and degassed by suction and then charged with
carbon nonoxi de. The m xture was stirred 20 at 60 C for 4 hrs . After
cooling, the insoluble nmaterial was renoved on a Celite pad and the
materi al op-WAR( poCMNRS oBnEc: W b2 et o, aceracd,d BP0 /i) .(1Hhedd,l trate
was washed with 1 N hydrochloric acid ( 150 nL ) and brine ( 300 nL ) and
t he aqueods2-8yeP . dalz3$epar 3%ed. hd( &kt mukct &k M t(H Hot Iyl JasefaBeHg)300 n)
. 25 The igh r gani-gahayers were dried over anhydrous sodi um sul fate,
filtered g(r?gqtahzﬁﬂgvgﬁolrcgtoéd under reduced pressure to dryness . The
resi due wa® gksirf)ized 26i0r,003835i 1624 ,géb88el UAA7cbmYnat ogr aphy; silica gel
(200 gy, eluent: chlgraf met hanol ( 99:1 ) . Conpound (r) : brown oil,
30.3 g"')’( %%%%i'ef“d/)z ?sgo?ggtt ent: 73.4% by HPLC (see Exanple 26). 1H NWR (
400 M2, CDC13 ) b: 0. 88 ( 3H, t, J=7 . 3Hz, CH3 ) , 1 . 04 ( 3H t, J=7
. 3Hz, CH,.) 1..82.( 4H, CHX2),, 3. 69 ( 1H s, OH) , 4.09 (3H, s,
ocH3) . 4. éZ)(EMPtPFsigaf’gH?g}“BﬁE?é 6?331(1H, d, J=16.3Hz), 5.61 (1H d,
J=16. 3Hz), 7.94cobmpound @boyatl 0 k), 3389 (Pl Pywdsehissalfvdddimorodmls) To a
stirred saol_ution of Conpound r 28 . 7, 68 .. I ontent. 73 .4%
' and sodPantbEd b TODRELSE ¢t "wintiagisdidh stpiide T of o A & (121
ran%, thl osolluitdbhy! 5184ame. ( 8383 ol P.11S qul) wasvesrd dstl e oppivileel S¢edt g
anbi ent t erature under nitroge t ngs re. The mxture was stirred at
Arbi ent ¢ SACBIANEPE HoERe e CRtTed R aTamRatebion of ApmRSERdokbt) aci o (g
m.) ﬁgd lﬁ%éﬂdhh‘@bﬁuht?\bephéﬂé.ntl)urirri'@ 16 Wdd Igidh X ttiliee Mﬁfed rlrﬁhlstihrlred
at anbi ent tenperature r 30 mnp, The m xture s extracted with_ethy
acetate a &"‘ngagflﬁﬁn‘f’%sﬁ‘fxpgrwatglge%%oaf‘édcandxg%&haﬁ E&1a%d0e f_Huced
pr e;sure flohehiy padte r@laasmundsémtion whd added €o %%t)i.irtbd)satﬁﬁﬂtéd'zi 85 .
6% by, HPLC ( see ampl e 27). 15 1H-NVR ( 40 ~ CDC13 : 1..00 3H,
t, J= .391‘3,{’98% 50 ,“%0'})9“"%‘%%“'{‘?%9?%%2, %‘we!v‘;‘_'?of‘.‘%g%ﬁfﬁﬁr?cﬁe%), 3.75
(1H, Sél%d #mL 3F Kexdhe verddldediHind €He drgarbic 18¥et wHa sépadatdd. 1Hz )
s, aromatic-

, 5. H d J=17.1Hz), 7.28 (1H, s, , 9.59 (1H brs, OH).
20°(10) Sy APRcEahed E5IBHIE OFvatebiARd 8P SroiRbaHIcoRS §014pt0R50 o
1. 46 mobf seaiemtchlSbide Ghd daiedprevasss unarisbdiame sl f4@ey, Bn82 Mol )
in di net héloiu' f oxi de (7 stirred @t 50C under argon atnosphere for

n.) wa
20 nin. TEOLKENS: FAFLGVAPRFRFEY HRABLLEPYNCSS REPSFArS: (LN eSS mol )
was alled (dt opvy 5 wasngeri figeritduynBel ecangel @@ 1ghin! ¢hAgmaesSg£9phy nued

for 20 hr ter 0 and cancentrated hydrqochloric_agid 1.nm )
wer e addegeﬁpé\g\gmfggg?éetgb’%‘ﬁ"?? e’ﬁcﬁm’x{}@r)ettf’ng&&ei Begéogl ef %‘f‘ﬂéuﬂe

i >r<ﬂt) ur ed\/\@e'¢xt(r)a1:éml M%t)h?]b gimaﬁe_ R sogtiayl 5mnftgﬂi)§sj§c@npr§p§6}tmesxoﬂ)h. dThe
conbi ned extractg were was with water X r over an rous
sodi um su&?’&?g‘,mai KFéPedlﬁﬁﬁ“‘?h{%ﬂ Mp%P%ﬁ('E’aulﬁnd%?er%ug%de%‘Y%SSure tg
dryness .cémppanad(¢'y;)mp. 66568 °€.77%yield) , content: 75. 0% by HPLC (

see Exanple 28 ) . 1HNWR ( 400 WMHz, CDC1l,) b: 0. 99 ( 3H, t, J=7 .4Hz,
CHzCH) | 'HFNMR K 499MHZH, CHC18)BY) 5.15862H 214, hGBLROH, §,22-58262HlHs, CHz) ,

o aromet PSs 19357 14 &R By} S ut0 Adfsobing? 15~ TR s8-8 83fard8mpound (
t ) (1. 82=05.1, Bok.oyl5.€@H)gNts .04 Q¥ ,i ad,obueng. 9179 ndpz), 7.34

at mospher bLATISL: of T (A VRO it 1o 4t 120k MdeP -Bgbiiat fosprerd-9or 100

mn. Aftenzy0 cooling, the m xture was evaporated under reduced pressure to

dryn ..JThe resid S pe [ jch onme e (,50 m) and the

i nsol IeIﬁaF]éPFhf éiggg\?i]rgtfedfgﬁga %@&teigé@ fI%i‘}spf‘f“gtrate was washed
wi th wat egr{i€: nh)zapgst g )Qrgani c | ayer was separated and the aqueous

| ayer was extracted with 15 dichloromethane ( 20 nL x3 ) . The conbi ned
extracts were dried over anhydrous sodiumsulfate, filtered and evaporated
under redusessPRERESLE 6P EonPSFRd ound (h); (S)-4-ethyl-7,8-di hydro-4-
hydr oxy- 1E|—§yrgﬂri10- [3,4-f] im(ndol i di ﬁgng 6, 10(4H)-trione; 0.46 g (77%
yield), content: 20 80.7% by HPLC (as follows). 1H NWVR ( 400 WMHz, CDC13 )
8 0. 98 ( 3H, t, J=7 . 3Hz, CH2CH3 ) , 1. 81 ( 2H m CHzCH3 ) , 2 . 97
( 2H t, J=6 . 3Hz, CH2CH2 ) , 3 . 644(11H, s, OH) , 4. 34 ( 2H, m
CHeCHz ) , 5. 25 ( 1H, d, J=17 .1Hz )", 5. 68 ( 1H, d, J=17.1Hz), 7.22
(1H, s, aromatic-H). 25




HPLC, operating conditions Colum: Inertsil ODS-2, 0.46 cmID x 25 cm
Tenperature: constant tenperature at around 40C Flowrate: 1 nL/mn 30
Mobi | e phase: 10 nmM pot assi um di hydr ogenphosphat e net hanol (4:1) Detect:
254 nm [ Exanpl e 31] Synthesis of 75 7- et hyl - 10- hydr oxycanpt ot heci n
(SN-38) ~s CzHs OH/ I O+ 1 p-TsOHH20 H/ I \ \ \ 100C\ \ ,,,. ~ONHz O
~zHd' ~~~ OH In AcOH Tol CsHs OH a h SN~e A suspension of Conpound ( h) ( O
. 50 g, 1. 82 muol, content: 96 . 6%) , obtained as described in Exanple
30 ( 11 ) , andcEappandd(&’fe)(2dnBa,9,7 .02 simolyl wasndibsoprvedenne 6f

11 10 ot TefRhop s Maristesn i x e L8oBa T iateint 740 1s 1

. The m Ximang %SeQVQp@é@tﬁHemdﬁf mwlwciq@rrafmqummmédt sbuangon 36 nlL )
was added to the res jdue_and th n eva orated upder reﬂ uced 10 pressure to

dryness. FREPPNBAY(R’ Wi 2ashe gtmaspyexey Eo¥A%i on was
stirresl akigoRofBlyt SEPEFEd Yo igrho?hﬁb"s A“flaérsusmrwaqrtl théi:QéEd by
suction and the collected solid was washed with acetone 2 ) and

then dri e¥agntet deifrias pr¥BSEPe. t‘S‘F\I—“@'B‘t“EreoWﬁss%}lr?Fr 1 by §u?§9%‘y| el d),

15 Contentrhe%Ea?/ﬂrl;yd Bl £d (e e Rh 8 vmshed-hhlwz(o lﬁﬂ%ﬂvbmo@.ﬁéﬁm) 8: 0.
98 ( 3H, t . .38 (3H, t, J=7

Hz, CH2), TbeoﬁlJ(‘QT—Pt‘é] anﬁ)—vhwaedmg werwmn%d enslc%hemlsf fhwaa’ J=16

Hz), 5. 54 evhPordted=hAdEE) redudédd’ Egséﬁkb NMrhebr8g8ifiél wis gabitized 20

[Exanﬁie 32] "Synthesis of_ 7-ethyl-10-[4-(1-piperidinp)-1- plperldlno]carbo
X

nyl ox} anphsenebisilioa gebeelpmpgheapatqgnapghy (ethylacetate): hegane
CHS~~~WQ*10?@> S S\ags b 8 ¢idld 9%k )0as2whié mml )
, Obtained as escrlbgd I n Exaﬁy%ésgghpmgéécgﬁigr&éii| nto gN?§8¥Lil 1. 22
g, 89% yi 8pdidgoTheerhysfiaale prppeslt igpl of cormpoirg s(d ‘Jednelaging tJIPGR) by

the repor ;8d-FeLRod r6SasSeRadawset al ., Chem Pharm Bull., 1991, 39,
1446) " 76°PFELY i ? %?h‘é’gu s of

7- et hyl - 1GDWDOPmde§éﬂudmao§4185|Eerldlno]carbo nyl oxycanpt ot heci n
\hygrf’fﬁ" 051&% éﬂg(g{%z,l IcgqﬁT)%g}()ép.?J/ i\zn 8, phel,0),5NeS (TaPHa8Ny! B&11 /
=17.7 Hz), 6.01 (1H, d, J = 10.6 Hz), 6.62 (1H, dd, J = 10.6,
17.7 Hz), 6.91 (1H,d, 3=2.7 Hz), 7.10 (1H, dd, 3=2.7, 9.0Hz),
7.37-7.43 (5H, m), 8.17 (1H, d, J = 9.0 Hz).
IR (KBr): 1686, 1578, 1506, 1342, 1244 cm’.
20 EI-MS: m/z 283 (M').

(4) Synthesis of Compound (e)
To an ice-cooled stirred solution of 1.84g (6.50 mmol)
of Compound (d’) in 37mL of ethyl acetate, 0.69 g (0.65 mmol,
25 10mol%)ofl0%palladiumcarbonwas addedunder argon atmosphere.
The mixture was vigorously stirred at 25 °C under hydrogen
atmosphere. After stirring for 13 hours, the catalyst was
removed 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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SN-38B-11 (1.00 g, 1.7 nmol ), obtained as described in Exanple 32, was
di‘ssolved in 0.1 N hydrochloric acid (20 nL) by heating at 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 difi ed.
CPT-11: pale yellow crystalline powder, 0.95 ng (89.9% yield). Industrial
Applicability 15 By use of the synthetic process of the_invention highly
e anCRBPSIRA, AE e PP SBA AR BRoSHRGt FRRCHER: S5 KEPLAEYEan b

synt hesi zedmpBuadsfient mpme3wiyhoachi gh recovery yield, and by use of these
as internediates a total synthesis of CPT anal ogs can efficiently be
carried olH-NMR (HOOMHZANKIR) A :gr.dfedSH,ort,pdepaii AgH2) , aki B3- b2H,

hydr oxypr opi ophengne to nt hesi ze ca ot heci n anal ogs, 5.wherein_ from
Compound fa)d T1ICRCRE ) CAXY (SBmpBarfi=( By & HE or6 09 (LRerddo d & pr3duced:
and frpm gogpgynd (7b)30§mn9uoaa gcx: 2 Obl BzNé)g) NO2 is produced; and from

Compound (c¢) Conpound ) d) 15 i s produced; and from Conpound
(d) Conpo ﬁd({@;:):OB;iﬂ%e)Bzmﬁz ;g)lo, 1447, 1194 cmq.

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

[Example 8] Syntheticmethodof Compound (e) without protective

10 group R
(1) Synthesis of Compound (c”) from Compound (a)
OH
HO CHO BMg” >  Ho _
T,
THF
NOg NO2

(@) ()
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 columnchromatography

(ethyl acetate : hexane =1 : 10 -2 1 : 3) to give 541 mg of
26 Compound (c”) (yield 93%) as yellow-brown solid.

Compound (c”);

'H-NMR (400MHz, CDC13) 6:5.22-5.26 (1H, m), 5.35-5.40 (1H, m),

5.90-5.92 (1H, m), 6.06 (1H, ddd, J=5.2, 10.5, 15.6 Hz), 6.83

(14, dd, J = 2.7, 9.0 Hz), 7.19 (1H, d, J = 2.7 Hz), 8.00 (1H,
30 d, J = 9.0 Hz).
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i s produced; wherein Ris a protective group which can be , deprotected by
a-catalytic reduction. 2. A process according to claim1l, wherein the
protective 5 group which can be deprotected by a catalytic reduction is a
benzyl group. 3. A process according to claiml1l or 2, wherein it contains
one or nore steps selected fromthe group consisting of 10 (1) a step to
obt ai n Conpound (b) m xi ng Conpound (a), a benzylation reagent and a base,
and stirring said mxture in solvent under reflux; ( 2 ) a step to obtain
Compound ( ¢ ) by dropping (}ignard reagent to Compound (b) under an inert

gas at nosphere; a_ste ound m xi ng Conpound (c)
and an OX|aDz§MBtg§éﬁ% 9%dCe P?FP g< hé %?? u?%mpéﬂéd((ﬂ a step to obtain
Compound ( a ) by @qcatal ytic reduction of Gonpound (d). 20 4. A process

accordi ngykho cl ai wh i t hg, st the solvent is
di et hyl f or 7 ‘BF'Q& 'geega‘s ta% f Ny t 0°Cl aim 3, wherein in the step
( 2) the Gi d r eagedebtohes Vi nyl megnesi um bromide. 25 6 . A process

according to ctrai NG, wherein in the st&p (N82) the oxidizing agent is
manganese di oxi de or TEMPO- sodi um hypochlorite acid. 30 7. Conpound
represented by¢¥ormula (c'): 79 (c') (dherein Bn is a benzyl group.). 8.

Conpound 1 epr esgghgduRd (@7 yYl1a olody),: 5513dmﬂo§) Whe'ABissiveds ia BeRg Y|
group.). 9. A process for preparlng -am no-5 hydroxyproplophenone to

synt hesi zefagpftifterec IR HHai6gsCOPdedR HIHLAR 6/ COMPRIRA (C4):r FPRPD (a)
~NQZ CO”DQHngﬁtC(B" o>m945|ﬂc(1:"i B i Swik adideatyi BN d threTngorrReaer (¢ "

Compound (d

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

10 of hexane were added, and the layer was separately and washed
with 50 mL of water and a saturated aqueous solution of sodium
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, J = 17.6 Hz), 6.11 (1H,
d, J=10.7 Hz), 6.60 (1H, dd, J = 10.7, 17.7 Hz), 6.75 (1lH,
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 o)
HO = Ha HO
10% Pd-C
—_—
NO, AcOEt NH

(d") (e)
Compound (d”) (100 mg, 0.513 mmol) was dissolved in 1 mL
of ethyl acetate. Tothe ice-cooled solution55mg (0.0513 mmol,
25 10mol%) of 10% palladiumcarbon was added under argon atmosphere
withstirring. Themixturewasstirredat roomtemperatureunder

hydrogen atmosphere for 18 hours. The catalyst was filtrated
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(a"), NOZ ,15 i s produced; and from Conpound (d ") Conpound (e): 80 OH
(€) NHZ is produced. 10. A process according to claim9, wherein it
contains 5 one or nore steps selected fromthe group consisting of ( 1) a
step to obtain Conmpound ( ¢ " ) by dropping Gignard reagent to Conpound
(a) under an inert gas atnosphere; ( 2 ) a step to obtain Conpound ( d " )
m xi ng Conpound ( ¢ " ) and an oxidizing agent and stirring the m xture;
and 10 (3) a step.to obtain Conpound (e) hy a catal ytic reduction, of
Conpound ¢nd theg filtratg yag &Y&PoratGdiiRger reIuGed PEesiNgeetd 9 he step
(1) the GshoRgr&fr€a@EGEnd S(¢) NYyidBINEGL Pradryii diy doLild. A process
according to Claim 11, wherein i'n the step (2) the oxidizing agent is
manganese di oxi de or TEMPO- sodi um hypochlorite. 20 13. Use of

2' - ani no- by Xy pr 'dﬁﬂéﬁl 1 1S ' SS
accordingFF§Q§ﬂ§Qo%£ g§}0|alHEP%?%Wgﬁﬁﬁgpigﬁhi d?ﬁgy%%gggﬁgp%ggﬂof

canpt & hetSR-3Bal ogs. 14. A process for preparing canptothecin anal ogs, 25
conprising reaction of 2'-anino-5'-hydroxypropi ophenone, tained by the
process accordi n@ to any onefjof clainsTsb+bHgnd 9- 12, and tricyclic

ket one. 1Ho\ A~QLBGESS f Oy~Rn Figig tihacoH-itaysadi C osynt hesi ze

canpt ot heci al ogs, +wher > AA , ™S "' (
wherein TMB Re”anty i net hyl s ThaM gPoulPCatf Me is a nefhyW gr ) , or
Conpound (V) : o
© () SN-38 HO™}
G o

Compound (e) (0.36 g, 2.14 mmol) obtained in Example 7
and Compound (h) (0.50g, 1.82 mmol) were suspended in a mixture
of acetic acid and toluene (AcOH-toluene; 1 : 1, 10 mL).

10 p-Toluenesulfonic acidmonohydrate (p-TsOH-H,0; 10 mg) was added
tothesuspensionat roomtemperature, and themixturewas stirred
at 100°C for 18 hours. Thereactionmixture 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 pum, 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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H(Y) TM( wherein TMS is a trinethyls ilyl group, and Me is a nethyl
group . ) , Conpound (1): M- CHQ (1) r~r s (wherein TM5 is a
trimethylsilyl group, and Me is a nethyl group. ) 10 is produced; and from
Compound (1) Compound (mM: (m TA18 I y (wherein TM5 is a trinethylsilyl
group, and Me is a nethyl group. ) is produced; and from Conpound (m
Conmpound (n): 82 ~A (n) TMS Et 5 (wherein TM5 is a trimethylsilyl group,
Me is a methyl group, and Et is an ethyl group. ) is produced; and from
Conpound €p) JCenponsg Cm)), 1.90~ (2HLERAS Bt 's JQHz,- Chywher2i 08 TMEI ) sqa

trlnethyI5|IyI rou thyI n S t hy up. ) S

produced, Jafa’ fg o dl-’ao() o%}%’dgﬁ)p)e 9%\1 }h ‘%Hl‘g WD{ %%

(wherein §N§4| 611, td,i oeshyd $i2)y,| 69BOUPLH Vel § & Jretzhy! 7gBaup. 3and31EI i s an
ethyl grou? I s produced; and from Conpound (p) Conmpound (q): ~ (Q h! O

5
[Example 10] Synthesis of 7-ethyl-10-[4-(l-piperidino)-1-
piperidinojcarbonyloxycamptothecin (SN-38B-11)

HO

3 %
SN-38B-11 (1.22 g, 2.08 mmol, yield 89%, enantiopurity

10 99.8%ee) was obtained from SN-38 (0.91 g, 2.32 mmol) 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 CHIRALCEIL OD-H, 0.46cmIDx25cm (#ODHOCE-AKO031)
Guard cartridge: DAICEL CHIRALCEL OD-H, 0.4cmIDxlcm
Injection amount:10ug/10puL
20 Temperature: constant temperature about 40 °C
Flow rate: 1lmL/min
Mobile phase: dimethylamine : hexane : ethanol mixture(l :
250 : 250)
Detect: 254nm
25

[Example 11] Synthesis of 7-ethyl-10-[4-(l-piperidino)-1-
piperidino]cabonyloxycamptothecin (CPT-11)
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(wherein Me is a nethyl group, and Et is an et hyI group.) 15 is produced,;
and from Conpound (q) Conpound (r): 83 ~ 1 ~ (r) HOXEt O ( wherein Me
is a methyl group, Et is an ethyl group, and Pr is a propyl group.) is
produced; and from Conpound (r) Conmpound (s): H, p | (s) Hox Et 5 O
(wherein Et is an ethyl group, and Pr is a propyl group.) is produced; and
from Conpound (s) Conpound (t): O (t) MOHO ~"E! (wherein Et is an ethyl
group, and tBu is a t-butyl group.) 10 is produced; and from Conpound (t)

Conpound N~1 (h) HO~" Ex ~ (wheref™NEt is an ethyl group.) is

pr oduced, inh it contains one or nore e gl ected fr the group
consi sting of; (.1 ) alstep to obtain Conpound |( 1 ) m ying Conmpound ( k
) , alithiati g Iy @tiqn reggent a N agent ; (

2 ) a step to obtan
triethylsilane and an acid,

m xi ng Conmpound (o1
cting said mpdidne 84 W t

solvent; ( 3 ) a step_t t npound ( 1 ) mxing ound
byproduct in the step(gﬁ%mp S 'noOX| di zi ng agent and C%gg )oa step

to obtain Conpound g oun al | adi u atal st, a
base and a phasﬁNrPéﬁsilirmcaé(gl%loﬁm Oiéf??&?hﬁegg’r’ﬂ %%H?ee Wgﬁ?/vent
( 5) a skappeadeét anlﬁpmmﬁo@noﬁwm&qwmﬁ 2.0 inmolqr; aadi um
catal yst, a co-oxidiz gent a _base and asymmetric reagent; ( 6 ) a

step to obNgi ﬁuéBﬁﬁS&ﬁE} ya ?eﬂfF?iinﬁt(BHBBEnﬁo Cot? digsgi¥e 18-and i odi ne,

and refl unbegoaatéltrbxGwcﬁmm Wb a&eeb% ¥AE Yo 1Wtidd ,ddhd tHemiRtalep to
obt ai n Conmpound (q). m Xi ng npound and a desilylation-iodination

reagent; Wag St ig rgdopt FBOBMR?reGNE pverpight; ng'”&)ﬁﬁﬁﬁhﬂltlaﬁef
pal | adi umegPeGatitietsdd ,odei éd Pafg hudild i 2l itk S 26 ¢ R adt £ 9 cRTPL Qpanol

(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) (5.0g; 0.028 mol) was dissolved in anhydrous
THF (about 66 mL) under nitrogen gas atmosphere. The mixture
was cooled at around -30°Cor -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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under a carbon nonoxi de gas at nosphere;
m-xi ng Conpound (r) and a denethyl ati on reagent,
20 ( 10 ) a step to obtain Conpound ( t )
Compound ( s ) under the presence of t-butyl

at

roomtenperature;

(9) a step to obtain Conpound (S)

and reacting said m xture

reacting

acrylate and a base.

16. A

process according to claim15, wherein in the step (1) the lithiating agent

is n-bu
in the

-30 to -48&9

tyl
step

Agdc)

lithium 25 17. A process according to claim15 or

16, wherein
the reaction tenperature is the constant tenperature of

Bayer prhspane L ¥as aradyesdchyn HRLG, TheoresHlts veEest ep

(3) the oxhdivai R @880t S TEMPO sodi um hypochlorite. 85 19. A process

according to claim15, wherein in the step (4) the base is potassium

car bonat e #PLE op&FAdHPNe cOPdd i

i1®&8S5 20. A process according to claim 15 or

19, wherei ncdiyhbe 5 s¢
et her acet

di i sopr

osmat e(

opyl
VI).

10

t he i odi ne agai nst
to claimlPNefgrtein i22@hemstep 15 (7) the desilylation-iodination reagent

s Todine- s yer4(d 1| ugggacet

A process accor

ing to c

_ gget%§1$g3%§ﬁ%g&9éd

Bt

arm 1

I
syt datioels

L§'

1S |

m X

4 equl val ent .

chemi cal | y Tsmperatfuret i on steaps tempgrAatuxe of ;
reactjpn product obtained by the step to produce Conpound ( q ) from

&1B0) Sa L@l EH £ YN, Or a
[Tquid 21

A process according to

I | q a. .
clai ma5,  iebble phaade stelP (W pofassiymdihidrgaanphogpitatssium

N- chl or osucci ni m de-sodi um i odi de.
wher ei n Conpound (q)

g, tp;flaim115, wherein in step ( 6 )
23. A process according

24.

is purified

20 - a step to add the

Compound ( p ) to an aqueous al kaline solution and to stir; - a step to add
an organi €Tableefif and to stir, followed by renoval of the organic |ayer;
and 25 Fa St Rp g K Rl dt Yo Tt B q R 2 HarBlih Feat O e nboda T Yeii N
or gani c{ sol vamnmygg. Atf;{epcgss taggor di ng-_?ﬁg cla &?54 whaner n th@,,eaqueous
al kal i ne sol Uticpr i s aphagyeous (9di um|hypdaexj de| sol ution. 30 26. pr acess
accor di [expt. 0| €ed&aton-20| 3wher ei n -Theooréddrd.@ sol vt i s chboreof or|mo.86
15 -32 to =29 around -75
Exp. | -35 to =28 1.0 -30 to -20[ 0.5 5.9 67.8 71.9
16 around -35 =35 to =25
Exp. | -20 to -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
18 -10 to -5 -10 to 0
1)The upper lines show the actual internal temperature during
the addition. The lower lines show the actual internal
temperature range during the stirring.
15 2)Exp. 15: the results of an experiment under the reported
conditions
3)Peak area %
4)The yields were corrected by purity (HPLC; peak area%)
5)NT: Not tested
20
As shown in Table 6, Compound (1) was obtained in 60% yield
or more when n-butyl lithium was used as the lithiation reagent.
As shown inExp. 16, the reactionwas proved to proceed at constant
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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1.ngy 27 . A process according to claim115 or 23, wherein Conpound (q) is
purified optically by purification steps consisting of; - a step to
di ssol ve the reaction product obtained by the step 5 to produce Conpound (
g-) from Conmpound ( p ) in a high polarity solvent, followed by |am nation
of alowpolarity solvent; and - a step to filter a precipitate which is
foll owed by concentration of the filtrate to dryness under reduced
pressure. 10 28. A process according to claim 27, wherein the high polarity
sol vent i SHFh{abotbrée nld.. Apheceesction diayicarirdied duthasedesdeibbedol arity
15 solvent, i s n. rocess, accordin 15, wherein in
the' ot ep ERGFRI SILEE Pangteat ErBRREAFBOR At TR InT> RuatnghehERERe Cy ol o
ket one Obléy@]?daﬁnaimhﬁf@mm B2 i%ﬂ;ﬂlzeuﬁéwm?ﬁﬁeﬁhﬁltﬂﬁdiﬁueﬁdt0 t he
preparation o t ot heci.n apal ogs. : process for eparin
canpt ot he VﬂrQHE&ngéc ﬁﬁéﬁeKﬁHQSSgﬂ% ???E?El?g R%?d%@ga&h?cﬂaY§gbbtained by
the prgcess accmfdéﬁmi@w@ml@@ﬁtme cﬁiﬁg?driﬁ.:‘c 15y89,wassdfeaatoexérv\séauum
2' -am no-5' - édroxgﬁi g ghenone roces according to_claim 32,

t FEr 3 b

wher ei n t RB13gtey r%ﬂfﬁrtoﬁfo H@néﬁ trate was analyzed by
2' - am no- fpr.byeh@xy P ceRaeReBR #bFen NedER mple P2 Sagesragaeedi weréo any
one of clains 1-6 and_9-12. 87 . _, 34. A process according to any one of
clai ms 145hgWnain 38bl@hérein the tricyclic ketone and
2' -am no-5' - hydr oxypr opi ophenone are m xed, and said m xture 5 is reacted
under an inert gas atnosphere. 88 .A2. A(2_Au. A2. A2. A2. Ay2. A. A A

A2. 10 A kRahyeaFD TheAQn%YM@ KepuAts ot eackythe Afexatre 1averMREEN3. AFN. A
Fu AY2 AFﬁagf,@ ﬁﬁhA@hME}}a_fEﬁéﬁl&@c%cf@/ A3. A32. AY. AY. Af 2. AF. A3f 2. A

A

F.Al's. S AE.AF_A
. AF(. AF@ A3b¢a=ar;r%2 BEL AY. AFReaBINI LoRpeupg(|MTRC™" | Compound | Recovery
L AF2. A32. AldEydSaE] ndd /1AaEeAy EDX: (khP45 +Q (1)? (%)

] ] (] H.H#. <p 7’?’?’?’?’?’?’??’?’?’?’? ’?’?:>>’?’?>>>x| Xl | ’?>’?| ’7’?' | 8| X~ ~X>’?~p’?’?p’?p’?’?‘ ’?ppF 0??2?27?7>
207?7?27?2?2?2?7?7 7%].‘)))’)’)’)’)’)’)’)’)’)’)’) P3P?7?77?77? /’)’)’)’)’)’)’)’)’)’)’)q’)’)’)’) PPPPPVIP??L????????|{ X ?2<>?7?

2?222722222?028222272P2? 2?22+ 5~~~ 60 ~~~~~ 2B ?7¢05m. 11 - 45 -
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 2.6 0.4 12.6 62.4 100
50 3.5 2.6 0.2 12.7 64.2 100

1) Thehexane layerobtained fromthe reactionmixturewas divided
into 5 parts (25 mL for the intact mixture and 4 parts of
50 mL for washing). Eachthe50mL partwas washedwithdiluted
15 HCl listed in Table 7 and the recovered hexane layers were
analyzed by HPLC.
2) peak area%
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 acidwas used for thewashing,
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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2y 22XP22?27?22~>32~>>7| >~ o
SR N B5ahEbS 17,108 FASUIS S, 258 SAAES 57555

gt

PAORE3LYEB A

2222222 > HCT (RO PRESLARa 77 2/ CORpaanRa 2 7 /P eonpbana ? 2 /PRECey SEREH5| &C
@R @t. #. £??2?2?22?22??2??P¢ 9???????5.& 0?2?00 PPRRYR????VVPPRY?| 2?2?2?2?2?0????77
P~ N REABRERG 2 2 2 2PR 27772277 ~< [PRNE A2 2222722 PNEdE] ~>[ \y2VuzupkialWcp] ca] ca
] ca] ca] ceycelh cea€ét cfa) ca) ca] cal ca] cal ca] ca] pa] ca] ca] ca] pa] c*a] cal cal ca] ca]
ca] ca] cRagcaU caJ C af &, ABW 124.9 10.7 -
{vpke ZU calllcalcalltalcallcalcall calcalcalcplcallc
a]ca]ca]c%]%a]ca]ca]c%]Q%]ca]ca]c@?ca]ca]ca]cETca]ca]ca]ca]ca!' *ol QVY
1-0 0-21 67-0 13.7 -
2 . 5 0 . 28 7 1 . O 3 . 0 e
5 . 0 0 3 54 13 . 0 4 . o —
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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Zde{vqgl fa[ V{vpke ZU]] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]caD\]ca] c
aD] ca] ca] ca] ca] ca] caU] cal] ca] ca] caU] ca] cal] cal] ca#0@HKUf QY} xsni d_ZUke" ZU] ¢
aJca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] caU] ca] cal] ca] caU] ca] cal] c
aJ'cal] ca] cal] ca] caU] ca] calU ca Y

HPRSTUYZer *k! {vql gb] Wd_ZUke  ZU] ] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a

Ul c”a] ca] caD] ca] caD H] ca] ca] ca] ca] ca] ca] ca] cal] caV] ca] ca] ca] cal] cabv*k7KPTU
58>FSW azg¢inttrksestidd | cal] ca] caU] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

i SE i seReaeSurt e RAFRAE TS B et Ry SHOFMIPUpea RS oo cal ca

]2IC<'§]I ca] cabgajen]de e ehd cdsn ]t Al el A4 adtetdion J K e f

d! plrltlvl{I ~I1 1w mherXke™ ZU) 1 U] ca] ¢ a] ca] ca] c"a] c*aU] caU] ca] cal] ca] c" a]
caU] ced calngagRownligat 4151 & 8] ealénkﬁahéq]géﬁﬁahsai&aiém]&ﬂh tﬁ@lﬁi‘ed
rrerrrrrree U] HNHOEPHALHHEPS \/% cal cal calca] ca]ca]ca] ca
] ca] ca] cab¥alEAtdapEsPcYpehings c‘d]-EB] E&]iE‘aTEa‘PEa‘]’ %)}‘éa‘]’@a 5?’6%‘!& ca] cal] ¢
a] cal & ' cohcén®rations' to g@E(S6mpELRAN( PRIt LLLh(highepdFiey[ Ul ca] cal]ca]c
aU] ca] cay] ca] ca] cal] ca] cal] ca] ca] caJ ca] caD] ca] ca] ca] ca] ca] cal] ca] ca]lca]ca]c
aJjcalJcaU calcalca ((((((

) Q) ) s*X*Yikamp18 A5 H . . .purificdB{owid¥ eonpotnkl ¢a)cabaaksaheashcalcalc
aDPH] ca] ca] ca] ¢ aU]c a] ca] calc

a] coaly cab¥apldstddlasien)cal cal cal cal] cay] cal c¢"a] cal ca

3/9///1111/0QUggR Qegagawlg%nowmxsm ¥ 685Ti8al e bhaphiestd cal cau

cal] cal] ca]ca] ca]c cal ca
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10% & ()-S/110% & ()-! Y@ z#10% t & ()-y*10% & ()-) 10% & ()- PRSTUWL | ~\:!f
#1098 ()-! pS#10%& ()-!10% ()- 10t 10t 10t< 10% & ()-8!10% & ()-1 * ; V
WX9~\ : +/ 10% & ()-~Y(10% w& ()-!| O !10% (& ()-!
110% t & ()-!a#l09%& ()-! X#10% ()-V Y [

Ja?~\: | ~F2f #10%&' ()-3110% & ()-& 10% & ()-!$

(9109 () - &S& 10% & ()-.S10% 2& ()-J ~shl!~10% & ()-
10% & ()-!110% & ()-<s10% & ()-5!10% & () -

Za?shl | [ 10% ()-!e10% ()-S10% & ()-!10% & (

LN () SIS Lot BRI SRR o A B B 100

+510% & (pfFthel B¥kane) 1ay@16yiabeillatib® 10% t\ & ()- - 10% & ()-
HPRTVdH, | 3! Y10% & () -
10% & ()-4=s10% & ()-Y710% & () -

10t 10t 10t s'm

5110% & () - Y410% & ()--!10% & () - 3VWKYZr bC3

1 Y10% & (TTOVEE ()1 { 39V dnpddnd VORMTPCTOVER ()[-CoHPEaad ) -| Hat ok
1Ot*k!_dEbC3!Y109$&‘?9 (k)g R y (%)
f#10%08 (MmicESER (F-TI0% X () - ! TOR3( §- @ L0V A1).-5 L0%% {(J - 6vdBbT3! Y10%
& 15 9l YBure

Fraction |[0.19 | 47.3 36.1 8.7 -

-1

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, MTPCwas almost removedbydistillation.
Further purification by silica gel column chromatography
afforded Compound (1) withexcellent purity. It isnotpreferred
that the distillation at higher temperature than that in Table
9 because the coloration and decomposition of Compound (1) were
15 observed.

Purification of Compound (1) (recovery as

[Example 16]
hydrochloric acid salt)

Compound (k) (5.0 g, 0.028 mol) was dissolved in anhydrous
THF (about 66 mL).

inExample 12 at constant temperature around ~35°C.

20 The reaction was carried out as described
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 hydrochloric

The

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

pH of the aqueous solution was adjusted to about 8 by adding
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B & ()-10%%& ()- @L0%& () - 910%0& () - 10%& () -
10%0% () - *kaBbC3! Y10% & 9- F109%0% () - +& 109%0% () - Y*z#10%0% () - (S109%0% ()-& 1
0%08 ()-! 9! 10%CC& () - 7KMNOPTUj _@! Y10% &10% & ()- 100 100
100<s10%0& () - FO@.0%0& () - 7

10%0% () -! C3y/ 10%00% () - MTUSFA<j _@3! Y1098 | F#109& ()- '\y!10%t & () -
910% & ()-!1"10%t& ()-110% & ()- &10% & ()-LFcfxY:/ @

10t <10% & 09 | ~F#109& F#1096 " & ( CF#10% t. &
| F#10% , %’) 1‘1@111?@&&%‘16@%“&% (%‘“ﬁ!o‘%? &‘k’stqrﬁz%a& gxtracted widh
&loqﬁ&f()hbiaat&aba tﬁ@toﬁ &h W4 é@'w&#L@&’ drated Fld@é% "Beduced
F#10% t & () - lF#lO% - 1| F#109%&' () - l\y 10%t & () - b@ 10! ~F! M

10%++&' () Pregsuge Foydi E%ﬁ%) 10t 10t 10t <10% & () - F#10% & () -
SI7i2irit! {1 yZobep Hak i ah@%iand1y 'HPLC dd@8B&the coﬁ{alict/ﬁorils&gix)en
D 109 ()-)!*10% | & g {r~rreree "’Pb 10! 1/10%&' ()-3.109% ()-T]3@

109338 ()1r13@a11113£/aE ¢) ﬂ&@iml{ ts povg shawn' i ﬂélh_lﬁ\/#rQ#O#zodY 10!

ml0% & ()- 10 10 10<s10%&' ()-! F7#10%
& ()-fIEYL109& ()-!\ Y1l 109& () - O4PH##P$SUXx %z X6dY:

10! 1t z#lombé-!;m];fmzeﬂme@y'(:}cal pesnlosfn Yhe exkkragte hy) neurakiniwg () - - 10%

t&()- X%@ﬁéfﬁ§§r3@5593131501éiééﬁt obtained in 10 mol/L hydrochloric

acid.

(g)” [MTP” [MTPC? |Compound (1)» [Recovery (%)
Pre- 10 =7 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 collectedasthehydrochloricacidsalt and thesalt was recovered

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

this method.

Compound (1l): yellow oil.

1H~NMR (499 MHz,CDC1°)d : 0.30 (9H, s) 4.05 (3H,s), 7.67 (1H,
20 s), 10.19(1H, s),

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

[Example 17] Synthesis of Compound (m)

CH, AN OH
| CHO ESH
(CH,),S! | (CH,),SI %\(cn,),ﬂ
I

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.),
trifluorocacetic acid (28.5 mL, 375.3 mmol, 6.7 eq.) was added
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& ()~ 'F .
F0/<(12)%t&' ()-L! FO409% " & ()-L! KEl Z#109h& ()--!\1z#109& ()--!tJl z#10%& ()--8'
trrrrrrrdyNe 100, 10t 10t 10t, 2m
10% & ()-' <s10% & ()-39@0% & ()-510% & ()-!S, ! 10% t& ()- ' @JI(O( A ?YNC
101 10% & ()-!" 109 ()-!'W 109 ()-!10% & ()-z&L0% & ()- GLO% & () -
Qb(h(t((((}[9YNC 10!  109& ()- ! 10%t& ()- 10% & ()-!Im 109& ()- !{m
10%t& ()- 3-10% & ()-((((( YO} ?YNC 10! ! &010% & ()-1,/10% & () -! 639’
10%&' () - ! 3Popth@setat @ to P def nikFoyetigad at é N

() z ()] ¢ o PAOGALeL hiltTohe g & ﬁ)ﬁ& ﬁSf ’Wi"t Y ikl .

10t =s10% FE7)109& ( LE7" 109& F7" 109
10@@2}() éﬁg {0§Egffgggy%hﬁimyxempeaé%pfg for Orn %ge mixture was

%8{ ! ﬁ-OW&gﬁ)ArkggMﬁﬂl&n@ tempaPaeapé &Edn ZUYF#ﬁQ/aﬁnYééuébuSM\&:ian M 10t
- W

101 . 109% &°f) #9d 8w R RPenate K20 Fyq &y 278 PL#26053pSR) (3R BrhLRARA( & () - !

a] #10%A(A( &6 (ML Were- addedPES #Re lRixtdP&l #nd)thd Brganic 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, S. 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 quality and yield without

20 dichloromethane.

[Table 11]
HPLC (% peak area)
Solvent |Time (h) | (1) (m) (v) others
Exp. 19 |CH,CI, 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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10( 10(010% & ()-<10% & ()-9 10% & ()-210% & ()-m ..-/9///yZ8peF 10

Y 110%t& ()- 10% & ()-119:10%t& ()-Mf"10% t& ()-!KO10% t & ()-

<10% 4& ()-/1/0 0Q0dOcApeF 10 1!!dFy/10% & ()-+10% & ()-y+10% & ()-
10% & ()-1s'10% & ()- | Y !110% & () - d0g00000000xmb@ 10 1!!AY109& ()- 10t
10t 10t<10% & ()-9T10% & ()-,8 10% & ()- Fy/10% & ()- 00010Ll 11~ _=nb@ 10
111, 1096KX& ()-, 109% & ()- 10% & ()-! 10% & ()- 109%& ()-10% & ()-111!2' 2;
222zX9nb@ 10 1! + 10% & ()-! Y, #MLOYSSE () - )

Y, #I\/IlO%(&'[E)(ainpﬂ.éOW]&' () - BYRFHEOPR f -GpmpeulPa 1D ( (29222222333} A24@ 10
10" <10% & ()-&91%' -  OMLOYaPa& () -! qpONLOY& () - Y& 10% & () -

f Y& 10%&' () -z333F 333e 100 1094 -“g! L"10%t & ()-!0

10% t & () - 22dH - Yn & ()- 10° M 456xV4D@

10! F*#109%& () - 3 eJl#100% t & Y&z #10%& () - ll~Y&z#10% t & ()- Y&z#10%

& ()-!'N 1@¥H)ise |

To a mixture of Compound (v) (1.00 g, content; 98.43%,

2.9 mmol), TEMPO (2.3 mg, 0.015 mmol, 0.005 eq.) and 7% (w/Vv)

5 sodium hydrogen carbonate (7.0 mL) in toluene (8.7 mL), an

aqueous solution of sodium hypochlorite (available chlorine;

minimal 5% , 4.5 g, 3.0 mmol, 1.05 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, 0.93g (87%yield), content:
90.60% by HPLC (see Example 17).

20 [Example 19] Synthesis of Compound (n) (1)
OCH, OCH,
Pd(OAc), N? o
cho Bu,NBr «
(CHy)SH | InTHE . CHsS! " cHgsi
2H5
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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10t :

=10% & ()-!38y#10%&' ()-38y#10% & ()-5!/10% & ()-f2'110% & ()-! F*#10%t& ()-3

88 8+888QQInK@ 10 10t '\ f#109%& ()-Z

S:10%VE' () - 10%wKE' ()-!10%v& ()-3!'10%v& ()-3 10t 10t9:::Y;;; zX6K@ 10

Pl "#109& () - !'y#109%' ()- ! py#10%' ()- 10%W& ()-!af#10%a& ()-Z

LK #109%&' () - Z ; <<<=->8>}"?K@ 10

I ~Yy5: 10%v&' ()-S2! 109v& () - S! ~I *#10%& ()-3! 11 *#10%& ()-3 ' ! 10%v& () -yl "#10%
M&' ()- 8>zuztidn?4ng tike mabfial) wabO¥&shed iR %-Kexdnd QM MMk 3).
10M<10%VE. () -1pn 7& 109 '()-y? Ba?{\=,10 .

| ~1 XYf #103}&(5 LIt Ratg %‘% Yggﬁg%%?é’ﬁé;&e?)aﬂdmw‘?‘? WiEMmB9keY) - BRBB+

gﬁ§13\%§\f9&ﬁ8{2bfa#l@%ﬁdéraﬁﬁya%ﬂdgépdﬁﬁmshlt%&ékﬁﬁﬁiﬁédévab&f&@#&ow&'()‘
109%&' ()-& ! 10%& () - DBDDDE}\ ={\ =10 !!8109%& ()- . .

Y Y3#1004@UPSEE: F%Qﬁ%fﬁsw%&ﬁ/@wﬁﬁﬁw&% ZEFP*‘LE‘MO%E&PH%EEE‘E
ECEEEef-b@ hPough silica gel column chromatography with n-hexane-ethyl

acetate (95:5) as the eluent.

Exp. 21 in Table 12 was the results of 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 Dp. P.; Ko, S. B.; Josien, H., Angew. Chem. Int. Ed. Engl. 1995,
34, 2683-2684.

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

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

by 10% or more.

20 [Table 12]

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

ture (%)
Exp. 21 DMF 85 °C 1.5 2.3 69

Exp. 22 CHCl, |Reflux 5.0 3.1 -

Exp. 23 Tol 85 °C 96.0 3.7 -

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

DMF: N,N-dimethylformamide, Tol: toluene, MeCN:

acetonitrile, THF: tetrahydrofuran, Ratio: peak

area of endo form/peak area of exo form (HPLC),

Yield: isolated yield, -: not determined, HPLC
25 operating conditions; see Example 17.
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111 @10%& ()- Z109& ()-&10%WE& ()-910%& ()- 10 10
10<109& ()- eFF+H'I1j JJzX6b@ 10 'y F, z#10983& ()- !F, z#109%& () -

| yF#109B3& () -! aF#10%=& () -1 g#10% . ()-'t| g#10% . & () - JIKKKKKKKK{\: 10

| LGLO% 7t 7& () -f&L0% & ()- 10 10 10<109%&' ()-!F, z#100KK& ()- !F, z#10%&' () -
KLALLLDVGNXVA{\ : 10! F#10%& ()-! KF#10%&' () -

F#109& ()-! F#109%& ()-!R GLO% ] & ()-f!1 GLOY () -f GNOOHP&P P(P)PP}r g\ :

10! 1 f#10% 1 & ()- G 10t 10t

10t <10% & () -1+ F#lO%JO& () - kpF#10%: () - F#10% & () - PZQ QRSTTXVAg\ -

10! F#10% t %t&' | F#10%E | XEH10% & ()

F#100%&' ()L &' () - \M{B‘é‘% pound (n)

11t bF#10%&’ () - )!I'E#é.%%lﬁl&lb)rbffcw gyhn )QNFz#ﬂ@‘yeﬁa(hkdoﬁ#le%t&nt) ) L F#10

%R ()-)7? I VR
gf“-&(Q ! % : T?Wé nis %?)olf abis9BEoR iaﬁbﬁ%—(acmﬁm\-{ ¥2£98
111 Y$#309%]'a(: 3+ 1!, YS¢ M09, tetrabutylammonium bromide (0.82 g, 2.6 mmol),
N,N-diisopropylethylamine (3.48 mL, 20.8 mmol, 8 eq.) and
palladium acetate (57 mg, 0.26 mmol) were added and the resulting.
mixture was heated under reflux for 30 min. After cooling the
inner temperature to 20 °C or below, the insoluble material in
10 the mixture was filtered by suction and the filtered material
was washed with n~hexane (2.6 mL x 3). To the combined filtrate
and the washing, n-hexane (10 mL) and 10% sodium sulfite (16
mL, 13.0mmol, 5eq.) wereadded. Theorganic layer was separated
and washed with 1 N hydrochloric acid (16.4 mL) and then water
156 (1l0mL 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)
CH, K20s042H:0 OCH,
KsFe(CN)s
N? 0  KLO, N/ o
N l . (DHQD):PYR l
(CHy,SI MeSONH: (CH,),Si H oroH
C,Hs  Inag. tBuOH zs
n o
25 To asolutionof potassium fericyanide (195.7g, 0.59mol),

potassium carbonate, (82.1 g, 0.59 mol) and methanesulfonamide
(37.7 g, 0.40 mol) in water (990 mL), (DHQD),PYR (4.36 g, 4.95
mmol) and potassium osmate (VI) dihydrate (1.0 mmol) were added
and the mixture was stirred at aroud 5 °C for 1 hr. To the stirred
30 mixture, Compound (n) (77.8 g, 0.18 mol, content: 61.5%) was

added and the resulting mixture was stirred at the temperature
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109 ()-'\s*!10%& ()-fs*!109%& ()-f!pl 3#10%&' ()-cc[ ddddddd}rg\=

111t3910%' ()-° 10 10 10<10% ()-8

109%&' () - ! £or 20H1%8 onarl! 20 M 8# Hl {yedisict bhm Bl Yhge— 74 | Koy whadddded ) -

1300k O LUEISLEES L R R e NSRS (et R (0
y#10%&' () fory#d @ik .( The XDRSEibhéd na®dr ibl1! inlbhd ixture was filtered
on a Celite pad and the material on the pad was washed with ethyl
b acetate(4times, total770mL). Theorganiclayerofthefiltrate
was separated and the aqueous layer was further extracted with
ethyl acetate (770 mL). The combined organic layers were dried
over anhydrous sodium 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 (o0); 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 (%) $ee
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 the method 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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10< 10%&' ()-8'!10%& ()-z!&32 109%& ()-!32 10%QQ& ()-/10%& ()-h™hi”iijj}[:SHe
W 10% & ()-g! F#109& ()-Z ! XF#109%& ()-Z "10%& ()-!"10%}& ()-!109%& () -
jijkkkkkk}rg\: 1010, 10%WNV& ()- 10 10 10= 109%& ()-!fl #z#10%&' () -
"109& ()-1N 109& ()-gkl1*1fl~1wJ3g\: 1!F$10%H& ()-)! Sk’ F$10% ~
A ()-)1 T F$109& () -)! F$10%wmv& () -)! F$10%ss& ()-)!
109 ()-11JIminnzogpwl3g\ :
1! yF$10983& ()-)! F$10%&' () -)! yF$10983¢&' ()-) | SF$109BB&' () -)! F$10%b& ()-)! XF
$10% - & () -) qpppPPpgdr = 1!yl " 109& () - OCHO%& ()- 10% ()- 10 10 10<

10%&' () - F$10% ar r gtopooyyWs_ = 1! %R ()-y& ~Y #10%98& ()-y&Y
#10%*& () -y&l W1& ()=y&™Y #10%J ()Iy& Y
#10983&' ( (cHy, ] P68 WeOH o, 10 10<10%&' ()-!kY
#109&' ()-y&yY #H86 M ()-y& pY #1090MRELY - y&¥xyozz{{zX7dY: 1!!
Y'#10% / & ()-!af #10%&' ()- | f#10% /& ()- !ffp#10%

To a solutionof Compound (0) (70 g) inamixture of methanol

and water (10:1, 1.0 L), iodine (the amount is given in Table
14) and powdered calcium carbonate (47.1 g) were added at ambient

5 temperature with stirring. The reaction mixture was stirred at
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 aqueous 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]
Iodine |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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& ()-Z 'kf#10%&' ()-Z S109%&' ()-{{|J}}~~~wU6+: 10< 109%& ()-!KY, #109%&' () -

lygY, #10% & ()- ! ~Y, #109%&' ()- ! ~Y"#10988& ()-!Y"#10%& () - ~~~aB:

10YL#10% & ()-'! a@#10%& () -s! kS@#109%&' ()-s! p@#10%&' ()-s! pN@#10%& () - s
10 10e' \ WU3B:

10! Y1z#109% " & () - 4! pY1z#109& () - 4! YL#10% , & ()-' ! YL#10% ~ & ()-'! YL#10%& () -
"I XYL#109&' () - 4qt uvw~] ; O! | EF, #10%CC& () -1 F, #10%C&C& ()-1 10° 10" 10" 3=
10% & ()-8.10% & () - ! Y1z#10%&' () - 4RMW3~] ;

0! F, #100@¥dpld! E3410d@0latedryi@dd® ()- 1! gF, #10%+& ()- 1! F, #109&' () - 1! %, #1
09%-+& () - 1t wkyzl { Y70! | 8F, #10%z& ()- 1! F, #10%h& ()-1 10 10 10 =
100& () -1 kF, #10%& ()- 1! F, #10%*b*& () - 11 N(WU3{ Y70! F, #10%& () - 1! F, #10%F& ()
-1 F, #1098REC( PPeratingo0puditionsF, #109%& ()- 1! XF, #109% & () - 1D$zodY: 0! ! 10%
Z& 10 10 10 =

0%(&') () -1t F, #105018008_ §Fy S 100663 3ReFF511FORS 09 Py 48 sBBxERY 31 15y #100&: (
)-'y#kﬂ%&'()-'ki%%@é&a&hrbx#éa%%E&nE)té& %@a&hrbabéog@oﬁhd7ﬂﬁQﬂY 0"aC19&#1
0%@& ()-!6" GLOY ()~ @ GLOY% () - @ pX#T0%' () - #1098& () -

1 109%& ()-Q . 3n} FIQY: gatger 2eMLGTRN() - 90109& () - S/ 109%&' ()-!Y, , #109%& ()-g! f (!
109%& ()-s' 10%&'ﬁbbhlb—ghhﬁblo%@ - Pbéhég%ﬁm(bihfhéeg@nﬁhospﬁQtéO
10<109&' ()-!t Y5S#10%&' () I'ITS#10

31 109%& ()-! f Sf #8gekon)L Pr\lsﬁ#iéfy&)() FIK, "10%& ()-z, " 109%& () - zuKwd~\ =0!

F+#10%& () - ! ~Fpét@¥&:(hs4 nm
10 chiral HPLC Operating Conditions
Column: DAICEL CHIRALCEL OD-H, #ODHOCE-AK031l, 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, OCH,
N/ o N7 (o]
| e « |
CH,);S! <o ! M
(CHas zHu' CaHy'
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) were addedwithstirring. Theorganic layer was separated

and the aqueous 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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| F+#10%8 () - 't Y"#10%& ()-!yY"#10% ()-! SSH10%: ()- Kpy~-\:0! !yU

109 ()-'t!109%& ()-!109%&& ()- 10 10 10< 109& ()-!F+#10%]& ()- y[;zX6~\: 0!

L KY" z#109B8& ()-z!\110%)& ()-g! 10%& ()-g! X g#10%0& ()-T !flg#l0vB3& ()-T
lyU 10% ()-; G 5z[ <~\:0! |k3f2#10% ()--!10% ()- 'a-!10%.& ()-

| =Fs' z#109%KK&E () -! @s' z#10%/Y& () - Yd0%: () - 5A>~\: 0!

| | SF#10%b& ()- 1! F#10%PP& ()-1 10 10 10< 109 ()-!p5! 10%& () -

410%&' ()->R-wWU3~\: 0!t TF#10% . & ()- 1! F#10%&' ()- 1! ybF#109838&" ()- 1! F#10%&' () -1
| F#10YBB&q@pnti XERA0MFFEPLE « 18her ges0lts F4E6%eusnayited0inOTable 15.

17 Fitovo (S PRSP, M) Bk tar EeE ki bt PR b R T

dy: 0!'! 10%& N}:Iyaﬂ.OGS.GC in acetic acid (Exp. 39). The period required

10=109% 10983 1 Eel0seee F#109888&!
K} ~A<dY: ol(%fgglg Smpgjiéf% T WASBRRBY Fiyl%‘&,@%ﬁ%@&(a{'}&@ﬁﬁé@lds of
& () - 15! 10Uk 6)mﬂ—}% dJdeHr Eﬁé#d@ﬁ@iﬁforﬁé WY h# AU Bhdn -t hat bEY8Re () -

LfY" #10% / & % ()|t SEL0%E ( XI\/B?O' 1010 15%
109& () - ! ¥EP f@%lépﬂaa(f% H'%Emer/ %5‘ { (om0 V&l (FY1 323 1950RO¥S = 6uz[ <MB7
o!

10109& () -! 109%& ( Llo%&'() 1" 109 ()-!F"109%& ()-!"10% ()- O {Y7MB70! ! yF#10
0B33& ()-! F#1dBRde (33 ]

F#10%F& () fT3T0Y&R] §d1v@nes LPRE Yie1g09& ()-!"10
% ()- 10 1D (%)

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 | AcCOH NCS - NaI |6 65 °C 16 95

EXp. 38 | ACOH NCS - NaI|6 65 °C 16 93

Exp. 39 | AcCOH 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, Eqg.: molar
ratio of the reagent(s) employed, Yield: isolated yields.

[Example 24] Purification of Compound (gq) (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 aqueous

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 (gq) (Exp.40); purity97.7% (%peakarea; HPLCoperating

256 conditions: see Example 25)
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10< '
109& ()-! pF#10% *& ()-! F#109%& ()- GQR[ ct}i J+7x! 109& () - x! 109& () - Ox! 109& () -
x! 109& () - x! 10%&' ()-x! 10%&' ()-, 109%& ()-4y_@7x! 109%! 10%&' ()-x! 109& ()-)?1 G_
I x! 109 ()-x! 109 ()-x! 10%& ()-y_@7x! 10%! 10%& ()-x! 10%& ()-)?1 G ! x! 10%& (
)-x! 1098 () -x! 10%&' ()-y_@7x! 10%! 10%&' ()-x! 10%&' ()-)?1 G ! x! 10%&' () - x! 10%&'
()-x! 109& ()-y ?+7x! 10%

1151098 ()-x! 109%& ()-) 21 G ! x! 10%& () -x! 109 ()-x! 109 ()-"Ga)|[: +7x!1
fF3#10%&' ()-( F3#10%5e$$& ()- ~ F3#109898& ()- : F3#10%&' ()- F3#10%&' ()

F3#10904& YZy 4 78310958 83109 109% 100/&00/&0%f-=
1098& () - &)E?‘é‘f 22 [ vaEt é%%ﬂé/% (3@%%%%&‘%{?&&%8#10%&'
¥38#30?$&f() f BombO el @ | ) ( 52 q33§?9%$&ed)b Lﬁhe(yﬂfﬁﬂﬁ&&eébribed in
334104 EXRPI Go kA USRS AR SVRd ek (RLOLHRAE 10, o) And 1o REANE)

" 109R9%& )100 mﬂ.@%&@&'dﬂtl @dAedl BHELRE durfade ofl %&¥€81Gtion. The

" L0%RYER () " 109898K: ¥ e o VRIS ( 9 " 10% MYy#10%&& () -
@Yy#10%k & 3‘tureﬂ59@§@£ )E %s@aﬁq)(ﬁ" (a)‘“béeé’tléﬁbge&)at?r@zfor 15 hrs.
10%&& () - zﬁﬁédﬂfléd:i Nete é%leﬁé%:@%ﬁ@%&&e(iem@’@@llﬁ?/@&&lﬁ:):at\fbﬁlé’%&y&' ()-
Yy#10%-&~& ( 1T0%&& () -j t u~CCNA4 " 10&x! 109%°&P& ()-8 x! 10%&P& ()-8

x1 109P&PLEPF- ) 511t naopame (e)vammf@aﬁpme()r%duwlmﬁ&r@ tozdxpness

"10x! 109%PER&p() 48)%! 109P&P& ()-8 x! L0YP&P& ()-8 x! 10%P&P& ()-8

10 Compound (q) (Exp. 40) obtained in Example 24 (93 - 96%
enantioexcess) was optically purified by this method. Compound
(q) (Exp. 41) obtained here exhibited 99.7 - 99.9% enantioexcess
by the chiral HPLC given below.
HPLC operating conditions
15 Column: GL Science Inertsil ODS-2, 0.46 cm ID x 25 cm
Temperature: constant temperature at around 40 °C
Flow rate: 1 mL/min
Mobile phase: a mixture of acetonitrile - 10 mM potassium
dihydrogenphophate (5:3)
20 Detect: 254 nm

Chiral HPLC operating conditions
Column: DAICEL CHIRALPAK AD-H, # ADHOCE-BC037, 0.46 cm
ID x 25 cm
25 Guard cartridge: DAICEL CHIRALPAK AD-H, 0.4 cm ID x 1 cm
Temperature: constant temperature at around 25 °C
Flow rate: 1 mL/min
Mobile phase: a mixture of n-hexane - 2-propanol (25:1)
Detect: 254 nm
30
[Example 26] Synthesis of Compound (r)
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x! 109%P&P& ()-8 )?)' | bBNA4 "10x! 109P&P& ()-8 x! 109P&P& ()-8 x! 10%P&P& ()-8
x! 109P&P&' ()-8 X! 10%P&P&' ()-8 )?)'!zZ: NA4 "10x! 10%P&P&' ()-8 x! 10%P&P&' ()-8
x! 109P&P&' ()-8 x! 10%P&P&' ()-8 x! 10%P&P&' ()-8 )?)'! fJINA4

" 10x! 10x! 109P&P& ()-8 x! 109P&P& ()-8 x! 109P&P& ()-8 x! 10%P&P& ()-8

x| 109P&P& ()-8 )?)' ! #(zZ: NA4 "10x! 109°&P& ()-8 x! 109°&P& ()-8

x! 109P&P&' ()-8 X! 10%P&P&' ()-8 x! 109P&P&' ()-8 )?)' ! () 01234f INA4

"10x! 10x! 109P&P& ()-8 x! 109P&P& ()-8 x! 109P&P& () - 8

CH, Pd(OAC),
Z K.CO,
X | o ﬁggr:' CH0
HO" "C,H,
q r

A solution of Compound (q) (42.8 g, 0.10 mol, content:
84.5%), palladium acetate (1.34 g, 6.0 mmol) and potassium
carbonate (24.7 g, 0.18 mol) in propanol (490 mL) was charged
5 in a reaction vessel. The vessel was degassed by suction and
released with nitrogen gas, and degassed again by suction and
then replaced with carbon monoxide. The mixture was stirred
at 60 °C under carbon monoxide atmosphere for 18 hrs. The
insoluble material was filtered on a Celite pad and the material
10 was washed with ethyl acetate (300 mL). To the filtrate, 1 N
hydrochloric acid (150 mL) and brine (300 mL) were added and
the mixture was shaken vigorously. The organic layer was
separated and the aqueous layer was extracted with ethyl acetate
(300mL). The combined organic layers were dried over anhydrous
15 sodium sulfate, filtered and then evaporated under reduced
pressure to dryness. The residue was purified through silica
gel column chromatography; silica gel (100 g, Fuji Silysia
PSQ100B) with a mixture of chloroform and methanol (99:1) as
the eluent. Compound (r): umberoil, 30.3g (70% yield), content:
20 73.4% quantified by HPLC.
HPLC operating conditions
Column: GL Science Inertsil 0ODS-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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x! 109P&P& ()-8 X! 10%P&P& ()-8 )?)' ! 456: BHVZZ: NA4 " 10x! 109P&P& ()-8
x1 10%P&P&' ()-8 x! 109%P&P&' ()-8 x! 10%P&P&' ()-8 x! 10%P&P& ()-8
)?2) " T MNUVWKYT JNA4 " 10x! 10x! 109%P&P&' ()-8 x! 10%P&P& ()-8 x! 10%P&P&' ()-8
x4 109P&P& ()-8 X! 109P&P& ()-8 )?)' ! YZ[ _gnrzZ: NA4 "10x! 109%P&P& ()-8
X! 109P&P&' ()-8 x! 10%P&P&' ()-8 x! 10%P&P& ()-8 x! 10%P&P& ()-8
)?) ' trsz{|}~fINA4 "10x! 10x! 10%P&P& ()-8 x! 10%P&P& ()-8 x! 10%P&P& ()-8
X! 10%P&P&' ()-8 x! 10%P&P&' ()-8 )?)' ! ~zZ: NA4 "10x! 109P&P&' ()-8 x! 10%P&P&' ()-8
X! 10%P&PE () - 8 xPEMYPEPE ()5 8
Nal HN | 0o
inMecN  CaH, O~
HO "cﬁ,

Ho” ¢ A,

To a stirred solution of Compound (r) (28.7 g, 68.2 mmol,
content: 73.4%) and sodium iodide (27.6 g, 0.18 mol) in absolute
acetonitrile (141 mL), chlorotrimethylsilane (23.3 mL, 0.18

5 mmol) was added dropwise at ambient temperature under nitrogen
gas atmosphere. Themixturewas stirred at ambient temperature
for 3 hrs. To the mixture, 1 N hydrochloric acid (8 mL) and 10%
sodium sulfite (232 mL) were added and the resulting mixture
was stirred for 30 min. The mixture was extracted with ethyl

10 acetate and the organic layer was separated and evaporated under
reduced pressure to dryness. Compound (s): 22.3 g (95% yield),
content: 85.6% quantified by HPLC (as follows).

HPLC operating conditions

Column: GL Science Inertsil ODS-2, 0.46 cm ID x 25 cm

15 Temperature: constant temperature at around 40 °C

Flow rate: 1 mL/min

Mobile phase: 10 mM potassium dihydrogen phosphate -

acetonitrile (5:2).

Detect: 254 nm

20
[Example 28] Synthesis of Compound (t)
o CH,=CHCO,Bu-t Q
N KoCOyq (CH3):CO ( N
CHO K, in DMSO o X o
HO” “C.Hs HO HO™ "C;Hy
o s t

A solution of Compound (s) (0.50 g) indimethylsulfoxide

(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 20 min. 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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x1 109P&P& ()-8 )?2)' I f INAA "10x! 10x! 10%P&P& ()-8 x! 10UP&P&' ()-8

x1 109P&P& ()-8 x! 10%P&P&' ()-8 x! 10UP&P&' ()-8 )?)' lyX7NA4 "1 9! 109%&' ()-¢

1 1099&' ()- 9s1098&' ()- 3 910%& ()-x!109P&P& ()-8 )?)' ! BEHKW [: NA4 "1

8&$10%& ()- F6 109& ()- |f/109%& ()- "10%& ()- 3 & 1098& ()-

0&! 1098& ()-gWbf|[: NA4 "1 SY%0%t& ()- +310%& ()-g 8& 109%& () -

&$109&R ()- Y40% x$f& ()- fUH0% $& ()-&|[:NA4 "1 y810%& ()- 0& 109%& () -

- 10%& ()-g - 10% & (g' + 10984 ()- %098} $S& ()-0lvU4 " p*L"1098& ()-z

Q" 10% % &onyentraygdy a;ocslem%g@cl@)(lom&bw@% —addedgte)the=cH [2vL4 "

P*' ! 10%"‘&&&):@0#9%@&9&:@ and AR IRECE was QR el with WAnPPéeé) -
1109990& () - @HYbkqgr sU9vA4 .

il 10%9%9&0&) tptuepel angdookhyl - acebabenkd (1, i 7 1DOROR) () -Thel owgisied - st y By

w4 . . .
i1 1 1000088 5 341514 85458 85T FPIYIEIRR SR M BHIR%S ( AL EESHAY () - br+i
| 10999D& eyapbrawuedpendsr ) veducad ypo@Ene itol dygvees( X Expl0t@99&43) i | 1099%

08 () - ~A>+i L 109R9ARL ! 109DIDE () i L 1090908 ()-128] il 1090998 ()-i! 1090%& ()-
T 15hoomarne’ eRIAte pas dbhoken bY HEES St 15T bR P Y ounk () i 200momk
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S3 f 10% #y&el)- witOequak (eve¥ 10VEK] €hé )ExS@ADY #

[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-TsOH - H,0 (10

mg) was heatedat 90°Cwithstirringunder 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 mL) was added to

the residue and the suspension was stirred under nitrogen

68



& ()- S& 10% # & ()-=BF ~]<bU4i!1 S PLO% & ()-S Sql0%! & ()-S f@
109 & ()-f Sf 10% # & ()-PLO% ()- S10%! & ()- {h|[:bU4i!1 S

F #109%& ()-- SF #10% # & ()-- S S&I0%# & ()-- S&* 10% & ()--- P10%";
& ()-g h10% & ()-ghkuv  @U4i 11 S C3110% # & ()-(C3! 10% # & () - (C3! 10% #
& ()-(C3110% # & ()-(- SS210% # & ()- -!SF #10% & ()-{_?bUdi!1 S C3!10%

atmosphere for 30 min. The solid was collected by filtration,
washedwithacetone (2mLx2) and thendriedunder reduced pressure.
SN~-38 (Exp. 45): ocherous solid, 0.63 g (89.1% yield), purity;
99.6% by HPLC (see Example 9).

5
Exp. 44 in Table 17 shows the results of an experiment
under the reported conditions; Henegar, K. E.; Ashford, S. W.;
Baughman, T. A.; Sih, J. C.; Gu, R. L., J. Org. Chem. 1997, 62,
6588-6597.
10
Under nitrogen gas atmosphere, the purity and yield of
SN-38 are improved as shown in Table 17.
[Table 17]
Purity (%) |Yield (%)
Exp. 44 Open vessel 97.6 75
Exp. 45 N, atm. 99.6 89
15 [Example 30] Synthesis of Tricyclic Ketone

Whole synthetic processes of tricyclic ketone (h) starting
from Compound (1) are given below;
(1) Synthesis of Compound (m)
To a stirred mixture of Compound (1) (20.0 g, 56.0 mmol,
20 2 eq., content: 93.9%), triethylsilane (17.9 mL, 112 mmol,
2 eq.) and crotyl alcohol (15.7 mL, 184.8 mmol, 3.3 eq.),
trifluoroacetic acid (28.5 mL, 375.2 mmol, 6.7 eq.) was added
dropwise at 0 - 5 °C under nitrogen atmosphere and the mixture
was stirred at the temperature for 30 min. The mixture was
25 stirred at ambient temperature for 20 hrs and then an aqueous
solution of sodium carbonate (20.8 g in 277 mL of water) and
n-hexane (56 mL) were added to the mixture. The organic layer
was separated and the aqueous 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, FujiSilysia
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# & ()-(C3110% # & ()-(#3!(C3110% # & ()-(C3!'10% # & ()-(C3!10% #
& ()-(_?bUsi11 S C3110% # & ()-(C3!10% # & ()-(C3! 10% # & () - (#3! C3! 10% #
& ()-(C3110% # & ()-(reX7i!l FQ 10%& ()- 10#10#10# F = 10%& () - C3! 10% #
& ()-(#31C3110% # & ()-(4z"|[:eX7i'1l LYfz#10% ()- @ Yfz#109B& ()- @
F109%#& ()- FyYL10%#& ()- S'109& ()-f  S'10%#& ()-f"D=L|[:-710# F =

109%& ()-1 F,, #109k#K& ()-g F,, #10%#y& ()-g Yfz#109%#K& ()- @

R Yf z#10%#~&' () - @ FYf z#109& () - @ 5xbA710# F | y#109B& ()- @ Fy10%t&! () -

1098& 1.1Q% 1
%/f g#lo%gdb)lw %E&%k&ﬁ “&"““’mmﬂ &egﬁ]{/}ﬁl@#g} QW‘&EMVE

Fl y #1006’ OYEERAUCED Cpmpoma&w) (4 wsifmp/@mﬁa( mm#lwro#yFaaemu ()-

i SISl LU (I Rl o

Frl0%t& () byl GPLOH (@eer Exanple1()~ | ' z#10%#J& ()-F |' z#100%#J& ()-F
F 1 z#10%¢& 7*5{ | [ bUAL0 F 10%#k F10% & () - F 10%4&
9" 1002/ ()-2 ,(:) Fﬁpgil%g(@qzmnfwsggc@))g&()o 24986 ©, ohes) 101580\ 3m,

dd, J=1.0, 6.1 Hz, =CHCH,), 3.85-4.05 (2H, m, OCH,CH=), 3.93
(34, s, CH,0), 4.55 (2H, s, OCH,), 5.55-5.83 (2H, m, CH=CH),

7.4 7(1H, 8).
Compound (v); 5.0 g (26% yield), content: 98.4% (HPLC).
10 'H-NMR (400 MHz, CDC1,) &: 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,0H),

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 (57mg, 0.26 mmol) in amixture of diisopropyl
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-hexane (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
(3H, 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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{PX| [:bU410 F 31-10%& ()-z FO 10%#& ()- FL#10%t& ()- F FL#10%& () -
EFL#10%E&' ()- 1099 @& ()-&BvU410 &$0: 109%R' () - &F: 10%#&' () - 10#10#10#

F<10%& ()- F36y#10%t& ()- F4 10%& ()-G[:vU410 & FF9* 10%t& ()-& F9%
10%#&' ()-z Fl z#10% & ()- | z#10% #t & ()- % z#10%#~& () -

JIz#10%&' ()-8|[:-410#& F3=10%#& ()- & F32#10%t& ()-S 32#10%&' ()-S

*+10%&' ()- FO+109& ()- &K+10%t& ()-bA410#& F F3* 10%t& ()- FYS#H10%t& () -

FI 109%#& ()- F s10%& ()- F 10%t& ()-z10#10#NTXZi v| [ : A410#& FF3s10% & ()-M
BP 10%#d& ((3)- Sxm%g-ot‘qmmmq-(qn 9109%7& ()- F 10%t& ()-yvL|[: A410#&

Fras109ve ()W % o O S0P o SE Rt ot anine) (o810 4125 oy
1?%¢O&- ()- mol)1ow&a(s)sluﬁyparbw&t(e<<82 -1sg¥800%9 mol) and N
(1ot vo1or PEVEAGOEPIINIAE (et ar g oL dnagat ot ool iirT ™"

F10%+& () - @on(#&%)% FBHY min¥d30&nd potaddiit deimateYk¥19%inydrdte
FOYL#10% & () YL#1006W B& ()- = YL#L09040& ()-  YLAL0%#>& () -

EG JKLVZh} (01088 nunob@tmma(d)ded ang@b%n&l.:(gure was stirred at around
/ngo?ﬁ;ﬁé( %) %ﬁ@?lﬁ/ﬁ &}%é#éhé)m%&{ﬁ% L coRbBthallny \ (39%s'qg, W18 () -
content: 61.5%) was added and the resultingmixture was stirred
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 aqueous 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
PSQ100B), eluent: dichloromethane - ethyl acetate (4:1).
20 Compound (n) : 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)
were 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 chloroform
30 (0.5 L). The combined organic layers of the filtrate and the
washing were separated and the aqueous layer was further
extracted with chloroform (0.5 L). The combined organic layers
were dried over anhydrous sodium sulfate, filtered and

evaporated under reduced pressure to dryness. Compound (p):
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109%t& ()-. < 10% & ()-) @O0% # & ()-.\KPC<|[:}\; 10# | FY#10%t& ()-f
Y#L00XHEX& () - \ " Y#10%a#a& ()-f FY#10%& ()-T FY#100&' ()-f)

F109%& ()-<zY810# F! 1098& ()-- fmLOY%& ()- - LO#10#10#Fs10%& ()- F =

109%& ()-) ?Y#10%#a& ()-f,|[?zY810# FC, #109%u & ()-s ! 109%u & ()

FQ 1109 ()- b "1109%1& ()- FV "110%& ()-) !109%& ()- '09_?zY810# FC
#1096 un& () - SC, #1096 un& () - SC, #10% ur& () - sC, #10% ur& () - sC, #10% ur& () -sC,
#10% un& () -s9?@EJCYG zC, #10% ur& () - sC, #10% ur& () - sC, #10% ur& () -sC
#1096 un & (pnmem&ﬂ#csﬁmgquéransmmdlrﬁzﬁl@d:ﬁfmuﬁ&((n)) 5, CEROL, :

ioveune: (POSEVBRRENG (35 Eiample 20)() sBc2bttopi il BB Thene, ().
#10% un& (Exa@pte0%20y.& () - sdDSC; #10% ur& () -sC, #10%‘u"& ()-sC

#10%ur& () -sC #10%‘u"& ()-sC, #10%ur& ()-s; c8~9#cG C, #10% u"&' () -
#10%u"& ()-ss; d&b@ﬁﬂ#ﬂ@%‘lﬂm tpCEQO; #510%138&(?){15@,#IUS/MA@L 94 - fsibﬁrc

#10% 12 & ( # 0% U & ( N&()1S
1006 00 & <§t sg ﬁigé&@f@ éf'lo%s/a 7y (f i é@io@%ﬁ)%g fin,
Bk (eanoarel st el sons s ot

ur& ()5 SsGo & G) 285,68~ ; AR ) -sC ur&' ()-sG
#10% un& (Fs7C ﬁ&sé@‘g%a iﬁ%&i@w(?.’ S@g{%@@‘g%%m&- ()-sC #10% U & ()-sC;
#1090 UN& () - SC #1090 UN& () - S, #1008 un&! () sC #10% un& () - s78=HLVZdD$C;
#1096 UN&! ()‘v@ %10°€u"& &3-s #10% é ()-SC #109% un& ()-sC #10% U & ()-s;
c8~9#zchi | \idG T RIBSAHR £ )CLw Bk () - $5; C8~9#C, #1096 UN&' () - SC;
#109610°&’ () - SC #ﬁ:(i%tui—&o(f)cmmmiﬁfd HADYB01 &' o) 0 ST} #bQAYSTHIRNP B0 (3% SC;

F10% 0 ( PedNEE) s iR Ko 7y 98 AR08l P g goaiom
CB-0HC i‘lééﬁ@dﬂm‘“ ”18%;@3 ST TR ﬂ%ﬁﬁﬁ”ﬁf?aﬁ?‘? #1006
#109% ur& (Pls E%Q%Eg § Eé&ﬁ%%ﬁg OB t‘tgf%?g%v/ SO Wi X% () - sC:

#10% ur & ()soaG,gﬁ%a@aaihe?ze&&iU B){ QB8408@dian- sy)(fi#éOW&(L) Xha#10%

&&' #1009 & f 0% && fGIIOW
aa ()18 55 2BaPESEDER’} § 76 ThMere 39654 5 SuristadvS 1iCy APy bhg pidtard O 10%
f #10%[ $x&The-of Lo 1Eyér(df the mivth & wal gepatated&ingd tnefddlﬁ)ébtiﬁ

& 0; &1Q: & ?AF10; &. 10%« 09 $X& 0%[.$ 0% &
10‘(3/3([$x&( an60)6’<T%>?éEt(raq%@£iE&15§&¥°1 3 [‘gté% 05[1)05% %?'%13 fl& O
10%(%?% Ebrghg%&[ ga@ees wig&/fmﬂgxgd(aavgiowhﬁdﬁ%ﬁ} ﬁhgﬁﬁx\ sl fate,

109 [ $x 0 [ $x & - N 0 X& -

Tool axe | FLLEBFRHD A Lhon Sy ShSr A e HERT TR bRER T S Sndiness
109% [2Bx & ()(crihG%Xh$x& ()-ptx| _2AF 10%[ $x 10%[ $x& ()- 10%[ $x& () -

10%[ $x& 109%« 109%[ $x& () - . 109%[ $x& N Af 109%[ $x&
10W§{$§& 8 6 103}&%@ %'%ww [‘%}'&“{‘gnd 1@&{&& 8 EW@’\ mv(f[AfX -

}g?{ixg E) |1%M oo Iéélgr%%(wﬁ&ew%ow & )O Of%%(&géldl(le OfotO/he$ & ()
X X (14 X X X (14 X -
109 [ $x& ( Prev¥Apus kPR E&&F%xg%)z%ﬁ%&? %%8%&% 50 .
OEV(IX[ $é</&&( )vaslﬁ%’d%%%#d\(& 15@‘;%[12?;(& Iﬁ)scﬁilﬂ;m“fhyﬁ.ro’icﬂﬁ%f& ap- mEiig:#ﬂiQV#& (1 ) -
S

Fs61 %llmnﬁowﬂéﬂ F‘EG "ﬁ)ée&&l(r edﬁ%%@% tgmpefe é;e S°f
::"’1201/453 () éAl(li”é gigﬁfgﬁugﬁhheﬁﬁ?ﬁe (v)a%gﬁ!:létﬁ(%g%& él)l.‘écoSroform (400F

~ XF8z -7 N>y
o8 100 (FLoXiB) BSFEDE 2GURRNE CHRABT Ve HePAGotes) 30d AqFIaBoREns
Fkl sg#10%#t&H( to- 100& &GAKYO\GUMF hitit-d8H# 8rir- acid. RIhE0 dOPd e (éoliltlon
HO8 10968 () - < HYB 1098 ()-< HYA 1094& () - < 8&I &8&) &+&, & 5VUAF.)

R HY8 10%:8Wa5-eXtpaatedyith chiprabosm, (A& mink 1hsFhe) 9291’1%%0%;6@1() <

30 was separated and dried over anhydrous sodiumsulfate, filtered

(/)

G

|_\

and then evaporated under reduced pressure to dryness.

Semi-purified (q), purity: 97.7% by HPLC (see Example 25).

(7) Purification of Compound (q) (2)
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L 80858 &?2&A&B&M: VUAF ))? Rl HIB 10%#& ()-< HoB 10%#& ()-< HA 10%& ()-<

HO8 1096t& () - < HIB 109%4& () - < B&FE&KE&N&QRS&T&D: VUAF ))? RI HIB 10%& () - <

HY8 1094& ()-< HYB 109%& ()-< HIB 109%#& ()-< HIB 109%&&' ()-<

T&X&] &b&g&i & &d: VUAF ))? R HY 10%#&' ()-< HU 10%#&' ()-< HU% 10%#& () -<

Ho8 1096& () - < HYB 109%& ()- < j &n&sS&x&| &&&d: VUAF ))? R HI8 10%#& () - <

HO8 1094&' () - < HIA 10%#&' ()-< HIB 10%#&' ()-< HIB 10%&' ()-< &RE&&&&&d: VUAF ))?

R H8 10%#& () -< HB 109%#& ()-< HB 109%6#& ()-< HIB 109%#& ()-< HOA 10%#&' () <
88&888&&&d: VUAF )§emi-purified (q) was dissolved in chloroform (280 mL

and n-hexane (400 mL) was added on the surface of the solution
and the resulting mixture was placed at ambient temperature
for 15 hrs. The precipitate was removed by filtration and the
5 filtrate was evaporated under reduced pressure to dryness.
Compound (q); liver oil, 47.4 g (86% yield), content: 84.5%
by HPLC (see Example 25), 99.7%ee by chiral HPLC (see Example
25).
'H-NMR (400 MHz, CDC1,) d: 0.94 (3H, t, J=7.3Hz, CH,CH,),
10 1.75 (21, q, J=7.3Hz, CH,CH,), 3.58 (1H, s, OH), 3.96 (3H, s,
OCH,), 5.16 (1H, 4, J=15.6Hz), 5.47 (1H, d, J=15.6Hz), 7.59
(1H, s, aromatic-H). [«],?® = +51.3 (¢ = 0.981, CHCL,)

(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 (24.679g, 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 aqueous
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. Theresiduewas purified throughsilica 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,) 8: 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 (l1H, s, aromatic-H)
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RIHY8, 1096& () - < HYB 1094& ()-< HYB 1094& ()-< HIB 109%#& ()-< HYB 10%H#& () - <

&' Uh[IF ) 3 100& ()- 10#10#9%40# 3<10%& ()-< 333y#100R& () -

33y #1098 () - HA 109%& ()-< ') ((().*=++|[:h[:F ) Y, #10% #] & () -

Y, #10% #f & ()- RY, #109k#K& ()- 3Y, #10%& ()- #10%& ()- 3

109%+& ()-++\,p,,,|[:h[:F ) 3 1GLO%& ()- 3 Om 10%#& ()- " F(F"10% ()-

SF(F"10%& ()- F(F'10%! & ()- | F(F"10%8e&& ()-,,,,,,---VZ F )

Q 10%g#& ()-C Q L0%g#& () - C 3s! 10%#& () - 10#10#10# 3 =10%:& ()- 3F 3
109& ()--#-(-1-9-:-;-CBVZ F Q 10%g#& ()-Cg/ K| P! Q 10%g#& ()-C

3 10%ga 8<9‘é SABHEELE) oF BB (315 005 | e P
Q 10%#& () - CJ- oS Wtliraed- sihint foiK o aOfpdénd )(-x§ Q280%g4:L 6(8).-2Gnmol,
8}8‘0’;3% 8co t%ﬂqo(y‘ﬁf.ﬁhé el Fgﬁ]g%f@f& 41d€(27.6 g, 0.18 mol) in absolute
5 acetonitrile (141 mL), chlorotriethylsilane (23.3 mL, 0.18
mmol ) was added dropwise at ambient temperature under nitrogen
atmosphere. The mixture was stirred at ambient temperature
for 3 hrs and then quenched by 1 N hydrochloric acid (8 mL)
and 10% sodium sulfite (232 mL). The resulting mixture was
10 stirred at ambient temperature for 30 min. The mixture was
extractedwithethyl acetateand theorganic layer was separated
and evaporated under 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,) 6: 1.00 (3H, t, J=7.3Hz, CH,;), 1.02
(31, 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 (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 Compound (t)
AsolutionofCompound (s) (0.50g, 1.46mmol, 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
¥ 3), dried over anhydrous sodium sulfate, filtered and then
evaporated under reduced pressure to dryness. Compound (t) :
0.55 g (77% yield), content: 75.0% by HPLC (see Example 28).

'H-NMR (400 MHz, CDCl,) d: 0.99 (3H, t, J=7.4Hz, CH,CH,),
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Q 10%#& ()-C Q 10%g#& ()-C Q 10%#& ()-C Q 10%g#& ()-C Q 10%#& ()-C

/K] P'p-qg-r-{----tT4AvZ: F Q 10%g#& ()-C Q 10%#& ()-C Q 10%g#& ()-C

Q 10%#& ()-C KPPl Q 10%#& ()-C------ SWvZ: F Q 10%g#& ()-C Q 10%g#& ()-CC
Q 10%g#& ()-CU K Pl Q10%g#& ()-C Q 10%#& ()-C------ |\<vZ: F Q 10%#& ()-C
Q 10%g#& ()-C K Pl Q10%g#& ()-C Q 10%#& ()-C Q 10%#& ()-C------ BvZ: F

Q 10%#& ()-C K| P! Q 10%g#& ()-C Q 10%#& ()-C Q 10%g#& ()-C

Q10%#& ()-C------ tDvZ: F Q 10%#/ K| P! Q 10%#& () - C% Q 10%g#& ()-CQ

Q 10%#& ()1--08Q(PHvg#e tyBuw), 1,?3 (2H, m, CH, H3)1()4-68 (2H,gs, CQz)

5.25 (1H, d, J=17.8Hz), 5.69 (1H, d, J=17.8Hz), 7.01 (1H, s,

aromatic-H).

5 (11) Synthesis of Compound (h)
To asolutionof Compound (t) (1.02g, 1.84mmol, content:
66.0%) in toluene (17 mL), trifluoroaceticacid (1.7 mL) was
added with stirring under argon atmosphere. The mixture was
stirred at 110°C under argon atmosphere for 100 min. After
10 cooling, the mixture was evaporated under reduced pressure
to dryness. The residue was suspended in dichloromethane (50
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-lH-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 (2H, m, CH,CH,), 5.25 (1H, d, J=17.1Hz), 5.68 (lH,
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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Q 10%g#& ()-C------ _VZF Q10 Q 10()/@#&' ()-C Q 10%g#& ()-C Q 10%g#& ()-C
Q 109g#& ()-C Q 109%g#& ()-C Q 109g#& ()-C------ t T4vZ: F Q 10%g#& ()-C
Q 109%g#& ()-C Q 10%g#& ()-C Q 109%g#& () - c Q 10%g#& ()-CH K] P! ---
. 8S3vZ: F Q 10%g#& ()-C O 10%g#& ()-C Q 10%#& ()-C Q 10%g#& ()-C K] P! P
Q 10%#8& ()-C . ...... sWvZ: F Q 109%g#& ()-C Q 10%g#& ()-C
Q 109g#& ()-C/ K P! Q 109g#& ()-CP Q 10%g#& ()-C. . ... | a@Z: F | @0%& () -

' 10%#& ()- O K| Pl Q_109%#& () C Q 10%#&
8 10%#&- 8 c' Kl/o 4. u%[Y]«r%l) 81-'9@}1’ g(’)thelcswo443%1"6’)9) |, 109%& () -
F10%& ()- @ f Q& ()- @ | 10%:& ()-.# /1] D00|c{,H.VZ Fo', ! 10%Q¥EQS () -

| °
|, 1 10%& (- 310%#t& () 1) 10%#& | ~nyat!
|, #110% & ()FOgL1Mpp bUAETRE™0 04 ¥
NH, » 100°C ™ 0
o CHs" "OH  inAcOH-Tol CHy" "OH
° h SN-38

A suspension of Compound (h) (0.50 g, 1.82 mmol, content:
96.6%), obtained as described in Example 30 (11), and Compound
5 (e) (0.36 g, 2.14 mmol) in the presence of p-toluenesulfonic
acid monohydrate (10 mg) in acetic acid - toluene (1:1, 10 mL)
was stirred at 100 °C under nitrogen gas atmosphere for 18 hrs.
The mixture was evaporated under reduced pressure and toluene
(10 mL) was added to theresidue and then evaporated under reduced
10 pressure to dryness. The residue was suspended in acetone (9
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, CDC1,) d: 0.98 (3H, t, J=7 Hz, CH,), 1.38
(34, t, J=7 Hz, CH,), 1.90 (2H, q, J=7 Hz, CH,), 3.08 (2H, q,
J=7 Hz, CH,), 5.17 (2H, s, CH,0), 5.23 (1H, d, J=16 Hz), 5.54
(1H, d, J=16 Hz), 7.34-7.39 (3H, m), 6.83 (1H, d, J=9 Hz).
20
[Example 32] Synthesis of
7-ethyl-10-[4~(1-piperidino)-l~piperidino]carbo
nyloxycamptothecin (SN-38B-11)

OOy

o] h
CH C,H" NOH
SN-38 e SN-38B-11 - °

26 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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$| &$LOY@@' () - | &$10%@@E () - | &PLOU@@' () - | &$10%@@E () - | &SLOUD@' () - 44%4
84" 4( 4) 4* 4pT85WF1d
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\O VB4R 0&; QeB, ) 448555555} \ ; 851 &$
Yy &Y SHqpHO | FS

FS z#10%p& () , FS z#109%&& () g
2#109%& () - | &$10%@4@&: () - 5- 6r6z66o7r7s7|[ &5 N &Ry .1 6! 109%&& () -
, 3-yHEDURE () - 3-y#109%&' ()- 03-y#10% y& () 3- yHHUXE () - S7t TU7S899:
bﬁgigg;ff& PGS (1 CFIOPYY §° o) *RHALfed 43 ddsd #1100 & O -

; <<<<<j JEgampbes X%, (waﬁ(dimmq Y5 0=10% BrArechlenbos@eid) (30 (MLY% && ()

. F#1008/é40(/§’§(<<<<<’§‘ L a0 AT Bhses PFEEPRLGE S 80%(‘“1“103}6“"54&'?‘?318%5% =k
( =10% && thessalabiar and Shhe wBivkure 4@ -9 B EIr ed s8Wwhabient

o210 &éig?ég%@‘f%%aé) BBl A %@%“?’E% mfk‘%éé?&& VT d0os as.

() 5h<i <@ Wmde&( redused pyesyune @gkthpnshunbdd gked) -CRE400E &8 () -5
=109 && 09B%& (

3@ 0% é% 185y¢ Q‘gaﬂ.rké pA@el 098X (g - ®9.9% yield).

&(=10% &&' () - 5( 10% &8 () 5) =p========| obU4f f 109%8k#3& () - 10894.08%408% f 3=

10989&' () - . 51098 ()- f,51008% ()-===>2x?2@[: bUAf f

f111098k#3ER7 =L MR 2k g f, 109Bk#3& ()- f"109Bk#3& ()-

10%158 () - BﬂzO{Y&e(df GEERANRL e BLUf pFoddei9bd £ & HQ -irfy etk ARGy

f# 110938k#3& éé 'T1098k#3& () - f3@3 10%3k#3&n|d)& @g

1098k#3& PYL BIBCARABREP] ~BYdrokYREoRAOPheROPS ANk ARkl ketpne can
0s* @ OW " N& dprmt HeSi-@D YR 3& Hort G mEOUBKH 3 Hilgh ré@%fer eld and
\ & () - BCCC/ DZD3D4D5D| [ NA4f 103k#3103k#3103k#3 f 0%3k#3

1098k#3&' by usessi pheRes theﬂ;g@g@k#g& total synthes1s of C T analogs
fO' 11093 f #109%0H& () -S VHLI0%HE& ()-S
#109%H& i(<€§% %%W%%%)&W -5 #109%#&' () - S! H HOH8HAHFHOHC CNAAT 10
CH 1A X# & ()- CHL0% X# & ()- CH10% X# & ()- CW10% X# & ()- C% 10% X#
& ()- f1$-10% X# & ()- FOHTHZH"H_HgHKHOS3NA4f C% 10% X# & () - C¥% 10% X#
& ()- YWKKn)' CHL10% X# & ()- CHL0% X# & ()- CW10% X# & () -

kKHpHt HXH{ H HHOBNA4f C%9 10% X# & ()- /KKn)' C¥% 10% X# & ()- C¥W 10% X# & () -
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CYW1Q% X# & ()- CW10% X# & ()- HHHHHHH / NA4/ KKn) ' C% 10% X# & ()- C% 10% X#
& ()- CHLI0% X# & ()- CHI0% X# & ()- CW10% X# & ()-
HHHHHHHADNAA4/ KKn) " C% 10% X# & ()- C®W 10% X# & ()- CW10% X# & ()- C%W 10% X#
&*()- CH10% X# & ()- C¥% 10% X# & ()- HHHHHHHL TANA4/ C¥ 10% X# & () - C% 10%
X# & ()- CHI0% X# & ()- CHI10% X# & ()- CAH10% X# & ()-
% KKn) ' HHHHHHHS S3NA4/ C%9 10% X# & ()- C¥% 10% X# & ()- CW10% X# & ()- C¥ 10%
X# & ()- /KKn)'" C¥W 10% X# & ()- HHHHHI | sSS3NA4/ C 10% X# & ()- CH 10% X#
& ()- CHCOLEIDMS & ()- /KKn)' ' CH10% X# & ()- CH10% X# & ()- 111111
| 0S3NA4/ C 10% X# & ()- CAH10% X# & ()- /KKn)' CAH10% X# & () -
1. A process for preparing 2’-amino-5‘-
hydroxypropiophenone to synthesize camptothecin analogs,

5 wherein from Compound (a):
H CHO
O\I::::[: (a)
NO,
Compound (b):
R CHO
(b)
NO;

10

is produced; and from Compound (b) Compound (c):
OH
R
W (¢)
NO,
is produced; and from Compound (c) Compound (d):

0
R
(d)
NGO,

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

0
H
(o)
NH,

15
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0% 10% X# & ()- CW10% X# & ()- |'1+/12131 41 O4ANA4/ C% 10% X# & () -

[ KKn) ' C% 10% X# & ()- CW 10% X# & ()- CW 10% X# & ()- CW 10% X# & () -
411333 N ILIKVUA/ Fl"10%-#&' ()- i " 10%t#8&' ()- 10~#10~#%A0~# F = 10%-#&' () -
FF3F10% & ()- F3FL09X-#X& ()- KTKLFM NN-O [:vU4/ F ) 10W~#v& ()-i

FI, #10%#& ()- |, #10%~#~& ()- |, #10%~#~& ()- |, #10%#& () -

>" 109" & () - - OyO0OPYQ Q Q[ : - 410~#F F3= 10%-#& ()-i FsO#10%#& ()-

FsO#10%y ~# Y 10% 109%& 109% & - RSYTUUbA410~#F
FF sﬁ%é&vﬁydu@%‘zﬂﬁgﬁ(}) 1078 Sbptechive. orolpiahechogan) be

| 2#10%“‘# Ebté@fgéob Uy’ HaEJQ Ry P@éﬁ@f#&nf $!J 10%#& ()--#3'H $!J
10%-#8& () - Pieraora (F-$!3 TR TR ()-

10%-#& () - QU>UGUTUU] UKU{ _?A410~#F $!J 10%#& ()-$!J 10%#& ()-#3'H $!J

10%#&' ()-$!J,10%#& () - U

F(#10% X#y& (F- F%%%?% f?’ggﬁﬁﬁ %2-%%'(‘])?"%3%%‘51 #éf?fe?ﬁrve
10%#& () EW{JVWWWVWMW ey AEEY By ) clatA1YHic, RehetAXA1AXHE10XH
F3=109#& () - F310%(#& ()- FF(#109%¢& () - WANAWN XX [: vU410 F F#10%9%& () - |
L#lO%‘%&P hzyl g¥EYReg ()- F3 " 10%9%& ()- FF t10% 9% ()-s

910%lr " d& () - XX?YYDZZZ| [ : vU410 F Ff 10%9%&' ()-1 F!10%%& () -

| g#109%"%r& ()-f Fal g#10%9%&' ()-f F 1109 9% ()-S

Ff 109 9%&' () - Z27[ B}qr@ple[sammndmmp)qba@w& ?¥ 251yhesedr it centadnsog () -

)21 51) 109R 0 OF W5 Toskeke (reReFiodatket, tuh) ThoRee P BendE 0 pixiar

[[[d:MU41Q01) a step to obtain Compound (b) m1x1ng Compound (a), a
)°|Sl)10%9%& igt51A10%9%&.é) (})1%/@%& g% %10%0%& g 31% é@%& g%-[[[[[[

VU410 enzy reagen ase, 1rring ure

?i S1) 108/61/@@& ShdéL 7L (x; S1) 1090 9%& () - S1) 1098 9%& () - S1) 10989& () -[[[[[I

d:
A vor
é ?i 31) 10% ¥R ElteplFevkbain Compormh ¢&) (hy SnorpkmRGrigsardoreageny- [[[[[[
vU410

) 2i S1) 1058 0@PTHOWNS 1680 o8P Y5 3T 108Kk 93° ATABIRBEFT5 - s1) 10000 () - (1111
d: vd10 (3) a step to obtain Compound (d) mixing Compound (c) and an

2i S1) 10% S1) 10% & 1096 % S1) 10% 9%’ () - S1) 10% 9%&’ \ A\
R0\ abarokbnoe BT oomtk: 159 5ht 4008, ane ) ipanalethd) " &l oopoar (o L
@B210% % 4) aSJs)tJéi%t%&ob):a\Lh\ EbhpbiAd 10409 a bﬁt@‘l’q&l(:) redh#tQoF & () - @
f#10% " & ()- f#10%Bn& ()- @10% k# & ()-10"9%A07%]:  ur 5 |[: A41010
#3##109& GIPONRdntBda#& ()-1 @{g#l0%b & ()-1 @ 10% k# & ()-

)
[
)
[
)
[
)
[

20 4. A process according to claim 3, wherein in the step (1)

the solvent is dimethylformamide.

5. A process according to claim 3, wherein in the step (2)

the Grignard reagent is vinyl magnesium bromide.

26
6. A process according to claim 3, wherein in the step (3)
the oxidizing agent is manganese dioxide or TEMPO-sodium
hypochlorite acid.
30 7. Compound represented by formula (c’):
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f#109K#& ()- @T#10% & ()-5_| s _b aaaa|[:-410 k# @ 10%k# & ()- @##10%

k# & ()- 3HHLOUKH& ()-  O3#HLIOUWKH& ()- @ 3##10% & ()-

&3##10%& () -

aaaYbcTc_c chF410 k# @O%WKY& ()- @ S10%K%&' ()- ."10%$& ()- @ 10%U& () -

"10%K%& ()-10 k# 10 k# "chcpctcccc_?F410 k#  109%<9%& () -

109K () -

TOUKY&' ()- 1090K9& ()- 109KY& ()- 10%K9%& ()- ccccccemvk FAL0UKYE: () -

109KIR ()- L109KI& ()- SWK| 109UKIE () -
OH

(c¢’)
NO,

(wherein Bn is a benzyl group.).

8. Compound represented by formula (d’):

[0

(d")
NO,

(wherein Bn is a benzyl group.).

9. A process for preparing 2’'-amino-5’-

hydroxypropiophenone to synthesize camptothecin analogs,

10 wherein from Compound (a):
H CHO
O\O: (a)
NO,
Compound (c’’):

OH

HO P
(c')
NO,

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

0

HO =
(d'")
NO;

15

is produced; and from Compound (d’’) Compound (e):
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1099 () - cccccccl - FA109KY&' () - 5WK| 109KY&' () - 109KU&' ()- 109KU&' () -
109KY&' ()- ccccccc ?F4109KYA0UMKUR () - 10UKIU&R () - 109KOU& ()- 109KY& () -
109K ()- 1099 ()- ccccccenN FA109KY& () - 109K9&' ()- 109K9& () -

1OYKIE ()

- 10%K%& ()- 5Wk| ccdddddi M FA410%K%& () - 10%K%&' ()- 5| YO%KY& () -

109KY%&' ()- 109K% ()- dddY%d(d+d, d_) F5\W| 109K%& ()- 10%K%& ()- 10UKY%&' ()-

109K ()

- 10%K%& ()- , d4d9dCIEJKINDdDF5WK| 10%K%&' () - 10%KU&' () - 10%KU& () -

109KIE () -

10

15

20

25

(o

(o)
NH,

is produced.

10. A process according to claim 9, wherein it contains
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
(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.

12. A process according to claim 11, wherein in the step
(2) the oxidizing agent is manganese dioxide or TEMPO-sodium

hypochlorite.

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,
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
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LOUKIR () - 10%KY& ()- NAQIRAZd_di dkdmvt F5109%4<9&' () - 109%<9&' ()- 109%<9& () -
1OUKYE () - 5Wk| 109K9&' () - kdgdt dwdxdyddi N-F5 S! 109 %& () - 109<9&' () -

5WK| 109K%&' ()- 109%KY%&' ()- 109K%& ()- ddaeeff"h|[:F5 S F1#10%" %& () -
S0 109 9&' () - | (z#1098 ¥B& ()- | (zZ#109%E & ()- S$10%W & ()-S

SI" mML0% %&' () - " hAhDhEhFhGhhi i vU3S! Y@ 10%&' ()- S"10% k# & () -

"10%/eV& ()-107%07%0"% S=109%%&' ()- SF 9f 109 9%&' ()-ijj okkkk|[: vU3S!

Fs' #10%t& ()-fS S Y@10%r & ()- HY@109%#& ()- [ Y@FLO%KH#& () -

Y@ 10%a8' eynthepigokgampiokhpridnarakogs n{ ¥MEBSLD EromoCampaend#(kp: = 10%
k# & ()-11iFs' #109& ()-f Fs' #10%#& ()-f CFs' #10%#& ()-f

, Fs' #10%#&' () -f 1nB ngo| [ : M@BS10 F#10%k#& ()-* H FALOUK#& ()-*
F#10%p& ()-* eF#10 )-*  OF#109B& ()-* M#10%&' ()-*qop r$rrrr|[: M@S10
S 310% k# & ()- NF 5 & ()-* FHLOUK#& ()-* F#1099& ()-* SF#10% k#

(k)

TMS

(whereinTMS is atrimethylsilyl group, andMe is amethyl group.),

or Compound (v):

(v)

(whereinTMS is atrimethylsilyl group, and Me is amethyl group.),
Compound (1):
Me
CHO
l - (1)
™S |
(wherein TMS is a trimethylsilyl group, and Me is amethyl group.)

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

| (m)
™S | |

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

is produced; and from Compound (m) Compound (n):
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& ()-*  F#ALOYK#&' ()-*rs!s"s#s$s. sfssvUAS [ PALOYA " (& ()-- SCAO% {" & ()--
@0% & ()--10 k# 10 k# 10 k# S=10%k# & ()- S 610% k#

& ()-sDtu>vXvvw [:vUAS [ 3 #10% & ()-@ S 3 #10% ~# & ()-@3 #109B& ()- @3
#10%#& () - @YB #10%#& ()- @ M3 #10%#& () - @OWW www [ : vU4S [ S110% ~#
& ()-S <+:10%#& ()-z S+:10% & ()-z +: 10%& ()-z 3 #10%& ()- @ S3 #10% r

& () - @nx/y2y3y4y5y(zzvUAS F' 10%8#&& () -y K'10%#+& ()-yl1l0 ~# 10 ~# 10 ~#
S=10% ~# & ()- Ss6'!10% ~# & ()- S3 3#10% ~# & ()-yz{z{{{{{aAvU4S

Fk[ 1098#3&' () - k[ 1QM8&3& () - k[ 1098#3& () - SS10%B#38& ()-F sSH10%#&' ()-y
LsS#10%#& () - y{{{d{{{L{hL, 4k[ 109B#3& () - k[ 109B#3& ()-' NK[ 109B#3& () - k[ 10%B#3
& () - k[ 109B8#3& | U dC, 4k[ 1098#3 F$3'10% & ()- Ys! g#10%#& ()-y
Ys! g#109Z& () - yk{ 1048#3&] () -' NK[ 1098#3& () - ’??I K} M- [, 4k[ 1
3#10%~#~8TM8 '()- p3s-y#10%#& ()- 3s-y#10%& ()- F$3"10%& () -
CF$3"10%#& () - M~~~~a U4 [ 10%#& ()-@ 109%#H&' () -

S| 109#&' () - z10~#10~#TO# <10%#& ()- 3#10%~#y& ()-b@U4 [!1\10%6 S

& ()-\10%8 S & ()-\10%6 S & ()-!110%8 S & ()-G Q 1L0%#H& (L-G

109#& () {Vvheyein TS 1igy@ sramefrhylsddgl group, Me is a methyl group,

and Et is an ethyl group.)

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

(o)
TMS

HOH

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

Et" O

and Et is an ethyl group.)

is produced; and from Compound (o) Compound (p):

‘adl
| (p)
W™

™S HO "'Eto

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” "Et

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

15 is produced; and from Compound (gq) Compound (r):
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S & ()-1\10%8 S & ()-\10%8 S & ()-#3{!\ 1096 S & ()-$% 5: =>{ Y5vU4 #3{!\ 10%8
S & ()-111098 S & ()-1\109%6 S & ()-\1098 S & ()-#3{>?V _>vU4 #3

VF! #1090#0&' () - qF! #10%#+& ()- F F! #10%t& ()- F!'#10%& () -

F-#10%\ & ()-\10%8 S & ()-vU4 F#109&' ()-, Ff#10%t& ()- gef#10%#! & ()- F@
109%+& () - 10#10#010# F= 10%t& () -/ SDGHI J| [ NAA10#10#10#F F=10%t& ()-g

| Fl 4z#10%&#&& () - F qF#10%#+& () -, qF#10%#+& () -,

F#10%H#H&' () -, Jhfo|[: NA10 gqF#10%#>& ()-F qF#10%#>& ()-g F#10%#L& ()-F
F'10%t& ()- FS 10%0OM&)-y FS 109%&' ()-y |[:-410# F<10%t& ()-F

g3' #10%4#4& ()-g U#>&' ()-F F3' #10%¢t& ()- 3' #10%&' ()- FF#10% & () -
"bA410# F Ff #1009 @ QL0%t8 ()- F@ 10%t& ()- F10%t& ()- F@

109R2#& () - : ARL0# VFf #1090#0& () - @rg Ff #10% #! & () -

qFf #10%#+&' () § @QQ) @ FFf#10%t&' ()- @ Ff#10%H#HE () - @" Y& (pvU410
Fl @10%:& ()- ¢" 10 (B ™ 100 () - 210#10#10# F = 10%& () -

F9z10%t& () - p<~ |[ vU410 F b3#10% #/ & ()- q 3#10%#>& ()- 3#10%#L& ()-
3#10%& () (whéDe&dis Mo -isThaGHe Oy #! ¥ dyp v BEL AsFyft IOORRL (Qroup, and Pr is

y#10% i & g) 10#10#10# F<10%t&' ()- FFS5S 10%t& ()- F3#109%&' ()-|[:vU410 F
gF$#10% #28PYPPY L F3EABDeY08 ()- FF$#109&' () - 05#100/#&' ()- "y#10%#& () -
by#10%+&’ § - ppOGHYEHR 10ahd #EBY é&ngox'fnd 1%# ngslp# F=10%#& () -

r F$#10% #, &'f’ qF$H1096#+&" ( 10 10%¢& ()-F F&S 10%t&' () -
FI #1090& ()-f |1 #&10%t& ()-f | |

o (s)
HO" “Et
5 o

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

is produced; and from Compound (s) Compound (t):

0

(t)

‘Buo HO Ho” ~gt©

(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;

156 (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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said mixture in solvent;

()-F FY #10%#y& ()

(5) a step to obtain Compound (o) mixing Compound (n), an osmium
catalyst, aco-oxidizingagent, abase and an asymmetric reagent;
(6) a step to obtain Compound (p) mixing Compound (0), a base
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) astep toobtain Compound (r) mixing Compound (g), a palladium
catalyst and a base, and reacting said mixture in l-propanol
under a carbon monoxide gas atmosphere;

(9) a step to obtain Compound (s) mixing Compound (r) and a
demethylation reagent, and reacting said mixture at room
temperature;

(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.

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.

18. A process according to claim 15, wherein in the step

(3) the oxidizing agent is TEMPO-sodium hypochlorite.
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23. A process according to claim 15, wherein in the step
15 (7) the desilylation-iodination reagent is iodine-silver

trifluoroacetate or N-chlorosuccinimide~-sodium jiodide.

24. A process according to claim 15 or 23, wherein Compound
(q) 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 aqueous alkaline
solution and to stir;
- astep toadd anorganic solvent and to stir, followed by removal
of the organic layer; and
256 - a step to make the aqueous 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 hydoxide solution.
30
26. A process according to claim 24, wherein the organic

solvent is chloroform.
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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. A process 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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34. A 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 is reacted under an inert gas atmosphere.
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