DESCRI PTI ON'’ PROCESS FOR PREPARI NG BENZOTHI OPHENECARBOXAM DE

DERI VATI VES - 5 TECHNI CAL FI ELD The present invention
rekates to a process for produci ng benzot hi ophenecar boxam de
derivatives useful as prostaglandin Dlerr] (hereinafter, referred to
as "PAerr]") 10 ant agoni st s. 1 BACKGROUND ART S
Benzot hi phenecar boxam de derivatives of the general formula (1): 15
[err] wherein R is hydrogen or a hydroxy-protecting group, X is
hydrogen or al kyl, and double bond represents E or Z configuration
are PG err] antagonists specific to PG@Jerr] 20 receptors and usef ul
as therapeutic agents for treating di seases associated with the
dysfunction of the mast cell DE§§§§§EIQV excessi ve production of

PG err] (WDO7/00853, PCT/ JP97/ 04527( W8/ 25919) ). Consequently, the
conmpound of the fornul a descri bed above may be used as therapeutic

PROCESS FOR PREPARING BENZOTHIOPHENECARBOXAMIDE DERIVATIVES

5
TECHNICAL FIELD
The present invention relates to a process for
producing benzothiophenecarboxamide derivatives useful as
prostaglandin D, (hereinafter, referred to as “PGD,")
10 antagonists.
BACKGROUND ART
Benzothiphenecarboxamide derivatives of the general
formula (I):
15
SO
Ow— R
WNH I
/@/MCOOX
Qherein R is hydrogen or a hydroxy-protecting group, X is
hydrogen or alkyl, and double bond represents E or 2
configuration are PGD, antagonists specific to PGD,
20 receptors and useful as therapeutic agents for treating

diseases associlated with the dysfunction of the mast cell
caused by excessive production of PGD, (WC97/00853,
PCT/JP97/04527 (WO98/25919)). Consequently, the compound of

the formula described above may be used as therapeutic



2 ¢ ‘ agents for system c mastocytosis, disorder of system c nast

cell activation, tracheal contraction, asthma, allergic rhinitis,
alLergic conjunctivitis, urticaria, injury due to i schem ¢
reperfusion, inflanmation, and atopic dermatis. 5 Anong them a
conmpound wherein OR is 5-hydroxy, X is 2 hydrogen and doubl e bond
represents Z-configuration (hereinafter, referred to as "Conpound A")
possesses high antagonistic effect on PG err], show ng especially

hi gh anti - nasal occlusion activity, and is contenplated to be a 10
prom si ng dr gdrdrs tfioeatsysgemasaimastotysosis, disordeDIdEClsySiiem iOF maldE

| NVENTI ON . The conpound (1) and processes for preparing the sane
have been knd&ftd mabivatdony eSranmezl 0088 aPERIPFET UYsR 7 allergic

W98/ 25919)) .. ., wever,. .t he known, processes are not . , hecessari |
G ted for | e e eGP BR P ERE e M S e a iy dronrar A Ehcy

safety for Wéﬁéﬂi@ge%@gfhggggm f.zlzﬁlgram%{:;g?r? f fix? . ?angoiﬂsce doefrmraetsl%{r ciets

because of tHhe Teason fp ol | 'ows

uses sildca I- ogr uj f : - r tion;
B Ca Oflork ONERE, g WBoURgUNLBPLEN TR is 5 h{@%?cy?t%dﬁ%

2) it is of lowylield and tine-consum ng; I nvol ves

conplicated sppafcfdromnndopbilel b6Adl PBpresent ProcassguRfatiioa reacti on

product; 25 4) it is acconpani ed by the generation of harnfu

gas, odwmredmdfdrerwasedefriraiddtoaas/ bCompound A”) pdsseistseseduiighes

materials harnful or hard to handl e_as , . ,
antagonistic effect on PGD,, showing especially high anti-
nasal occlusion activity, and is contemplated to be a

10 promising drug for treating nasal occlusion.

DISCLOSURE OF THE INVENTION
The compound (I) and processes for preparing the same
have been known in literatures (W097/00853, PCT/JP97/04527
15 (WO98/25919)). However, the known processes are not
necessarily suited for industrial production in terms of
production efficiency, safety for workers and environment
and efficient use of resources because of the reasons
exemplified as follows:
20 1) it uses silica gel chromatography unsuitable for
mass production;
2) 1t is of low yield and time-consuming;
3) it involves complicated separation and purification
processes of the reaction product;
25 4) 1t is accompanied by the generation of harmful gas,
odor and/or waste fluid; and/or
5) it requires materials harmful or hard to handle as

starting compounds, reagents, and/or solvents.



starting conpounds, reagents, and/or solvents.

3: The present invention provides a process for preparing
a conpound of the fornmula (I): [err] wherein Ris
hydrogen or a hydroxy-protecting group; Xis 5 hydr ogen or al kyl; and
doubl e bond represents either E- or Z-configuration, or a
phar maceutical |y acceptable salt thereof or a hydrate thereof, which
conprises reacting an am no al cohol of the formula (I1):
[err] 10 or a salt thereof with a conpound of the forrmula (I11):
[err] whé@hei prRsesthydveybiomrprohydirnxy puocesst fog preppring a
reactive derivative thereof to yield a conpound of the formula (1-2):
| -2 a comppung of thenhermplayR (E) as defined above; oxidizing the
conmpound (I-2) S
L or
0] =
oNH I
= CooX

wherein R is hydrogen or a hydroxy-protecting group; X is
5 hydrogen or alkyl; and double bond represents either E- or

Z-configuration, or a pharmaceutically acceptable salt

thereof or a hydrate thereof, which comprises reacting an

amino alcochol of the formula {(II):

OH I

10 or a salt thereof with a compound of the formula (III):
HooC N
Is | —or I

wherein R is hydrogen or a hydroxy-protecting group, or a
reactive derivative thereof to yield a compound of the

formula (I-2):

I2
OH

wherein R is as defined above; oxidizing the compound (I-2)

15



4 : ~mnth hal o oxoacid in the presence of a conpound of 2, 2, 6,

6% tetranethylplperldlne 1l-oxyls to yield a conpound of the fornula
(I:S) [err] wherein R.is as defined
above; reacting the compound (1-3) 5 wth an ylide under the conditions
for Wttig reaction and, if desired,4 deprotecting the reaction

product . THE BEST EMBODI MENT FOR PRACTI CI NG THE | NVENTI ON

In a preferred enbodi mrent of the present invention, a 10 conmpound of the
formula (1-2): [err] wherein Ris as
defi ned abovewitsh dxdlb zedagid imltheoprasetice of ai compwupt eserige 0f 6, 2,
6, 6-tetranethyl piperidine-1-oxyls 15 to yield a conmpound of the formul a

(1-3): 6-tetramethylpifegidine-1-oxyls to yield a compound of the
wherein R is as defined above. I n anot her preferred
enbodi nent, al¥FRPRINE O t he
Is l\__OR
o = 13

oNH
CHO

wherein R 1s as defined above; reacting the compound (I-3)
5 . with an ylide under the conditions for Wittig reaction and,

if desired, deprotecting the reaction product.

THE BEST EMBODIMENT FOR PRACTICING THE INVENTION
In a preferred embodiment of the present invention, a

10 compound of the formula (I-2):

OH

wherein R is as defined above is oxidized with halo oxoacid
in the presence of 2, 2, 6, 6-tetramethylpiperidine-l-oxyls

15 to yield a compound of the formula (I-3}:



formula (11-2): [err] 5 wherein R2 is alkyl and R err]

i ¢ hydrogen or al kyl is reduced with reducing agent-Lewi s acid system
to.yield an am no al cohol of the formula (11) or a salt thereof.
Preferably, the reducing agent used is selected from t he group
consisting of alkaline netal- or alkalinesarth 10 met al - substituted
borohydrides; and the Lewis acid is sel ected fromthe group

consi sting of halide of tin, al um num titanium boron, zirconium or
ni ckel and conpl exes thereof with ethers. I n anot her
preferred enbguernein R dcapaefdnetl ebevels formula (11-2):

[err] wherein R err] and Rlerr] are as defined above is converted
into an al coHvlansithate prefeyrad( prbgyliment, a compound efr jthe 20

wher ei n R[err% is’fs gefkqu above; and the al cohol is reduced with a
reduci ng syst e H#etE"Sddi um al cohol or reduci ng

agent-Lewis acid t r oM} an am no al cohol of the formul a
NS
COOR? 12

5 wherein R® is alkyl and R® is hydrogen or alkyl is reduced
with reducing agent-Lewis acid system to yield an amino
alcohol of the formula (II) or a salt thereof.

Preferably, the reducing agent used is selected from
the group consisting of alkaline metal- or alkaline earth
10 metal-substituted borohydrides; and the Lewis acid is
selected from the group consisting of halide of tin,
aluminum, titanium, boron, zirconium or nickel and
complexes thereof with ethers.
In another preferred embodiment, a compound of the

15 formula (II-2):
NOR?
COOR? 12

wherein R? and R® are as defined above is converted into an

alcohol of the formula (II-3):

3
OH

wherein R® is as defined above; and the alcohol is reduced

20

with a reducing system of metal sodium-alcohol or reducing



(1T) or a salt thereof. The terns used herein are defined

bel ow. The term "hydroxy-protecting group” neans al kyl, 5

al koxyal kyl, acyl, aral kyl, al kylsulfonyl, arylsulfonyl, al kyl
substituted silyl, al koxycarbonyl, aryl oxycarbonyl,

air'al kyl oxycar bonyl or tetrahydropyranyl. 6 The term "al kyl " neans
Cerr]-Cerr] linear or branched al kyl, particularly, nethyl, ethyl,
n- propyl, isopropyl, n-butyl, 10 i sobutyl, sec-butyl, tert-butyl,

n- pentyl, isopentyl, neopentyl, tert-pentyl, hexyl, heptyl, octyl,

nonyl , decyl ,agent-Lewisdecyld, tdodeoyidetan dacifg dletotmdef theefoaaatyl
hexadecyl, hept adecyl, octadecyl, nonadecyl and icosyl, and
Clerr]-err ]V k@ ias sgéf Ehegaofas al kyl for Rlerr], C[err]-Clerr] alkyl

is 15 preferr

| i near or brancheg%:e terms,pggdyhenein | axe
| - pr opoxy, -b Yanl,z X - but oxy.  t-hutoxy,
pent yl oxy, neopentyebE%?ﬁs-Bgﬁ?é%giéFofgéﬁ;ﬁ%HQ£aﬁp nmeéﬁﬁ
neohexyl®xy, dridsopai®yy, gxy ; M
Cerr]-Cerr] alkgfy ?é p?gperrég§kai fﬁi@@ 'ﬁ%?%ﬁérﬁ?gg

al kyl group siisfli substituted sbyya} koXyogfeborylG! Wdygx
et hoxynmet hyl , nmet hoxyet hoxynet hyl , et hoxyet hyl, et

The, term "al koxy" nmeans C[err]-Cerr]
ﬁ?&n%tqw' et hoxy, n-propoxy,

n-pentyl oxy, i-
al&”@kyloxy,

siligdhke

I'koxya

xypr opy/

gi-
Efetahaazsﬁwt hyl,
(0]

and
nmeans

and

the 25 | idk@lkyloxycarbonyThert tetralapdtdpymend .l erre]-Cerr] acyl
derived from alighatic carboxylic acid_or aromatic carboxylic acid.

Exanpl es of ali phdfecte
7

10 isobutyl, sec-butyl, tert-butyl, n-pentyl, isop

entyl,

PooRykye" deeaReFi-Fed LABPRT| AE| byenched alkyl,
particularly, methyl, ethyl, n-propyl, isopropyl, n-butyl,

neopentyl, tert-pentyl, hexyl, heptyl, octyl, nonyl, decyl,

undecyl, dodecyl, tridecyl, tetradecyl, pentade

cyl,

hexadecyl, heptadecyl, octadecyl, nonadecyl and icosyl, and

C,-C¢ alkyl is preferred. As alkyl for R?} C,-C,
15 preferred.

The term "alkoxy" means C,-C; linear or bra

alkyl is

nched

alkoxy, particularly, methoxy, ethoxy, n-propoxy, i-propoxy,

n-butoxy, i-butoxy, s-butoxy, t-butoxy, n-penty

loxy, i-

pentyloxy, neopentyloxy, s-pentyloxy, t-pentyloxy, n-

20 hexyloxy, neohexyloxy, i-hexyloxy, s-hexyloxy,

and the like, and C,-C, alkoxy is preferred.

t-hexyloxy

The term "alkoxyalkyl" means alkyl group substituted

by alkoxy group, including methoxymethyl, ethoxymethyl,

methoxyethoxymethyl, ethoxyethyl, methoxypropyl
25 like.

and the

The term "acyl"™ means C,~C,; acyl derived from

aliphatic carboxylic acid or aromatic carboxylic acid.

Examples of aliphatic carboxylic acid-derived acyl include



acetyl, chl oroacetyl, trichloroacetyl, propionyl, butyryl, val eryl

and the |ike, and exanples of aromatic carboxylic aci d-derived acyl
i ncl ude benzoyl, p-nitrobenzoyl, p- nmet hoxybenzoyl, p-bronmobenzoyl,
tol uoyl, naphthoyl and the 5 i ke. The term "aryl"™ means
phenyl, naphthyl or polycyclic aromati ¢ hydrocarbon group and the
like. In addition, aryl may be substituted by the follow ng
substituents. Exanpl es of substituent include al kyl such as

met hyl, 10 et hyl, n-propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, i sopesityll, cdeopeaicetyd;, teithpendytetybwesrapilemyl, butyrydych as

nmet hoxy or et hoxy, halogen such as fluoro, chloro, bronmo or i odo,
nitro, hydrox‘;ﬂlw and tésead@kesuandnyxamples of aaﬁm@tlmmrbemwla:m no
such as net hyl am no, di nethylam no, 15 et hyl met hyl am no _or

di et hyl ani no, a%t"rﬂj' derd ek @cylTpaciide benzoylgr%d&%%ﬁ’eylané’ or nore
substituents at QSSi osit 1 fic Ies of aryl
i ncl ude 2- qﬁﬁ°ﬁﬁén§1brgmﬂggﬂ§?§%9n€?lu§& ﬁﬁh§g%,

2-ethyl phenylyike. 3- et hyl phenyl, 4-ethyl phenyl, 4 pentyl phenyl, 4- 20
car boxyp enyI 4 ‘acetyl phenyl, 4-(N, N—dinethylanino)phenyl

4-ni trophenyl, 4- mmarQkyﬁheraymwmaahbo%iuéﬂ@nylna;éhthyl or ﬁdlwy@ah@nyl

4-ch|oropheny| 4-i odophenyl and the Ii The aryl group in

the "aralkyI"ardma@ﬂcuhﬂdm¢¢bTbon group” angl tixg chikmny|In arddition, aryl
"aral kyl oxycar bonyl " descri bed bel ow 25 may have sim |l ar substituents as
defi ned aboveénay be substitutgd P&rﬁheafglR9W1n9m§ﬂh§§%$Qﬁn§ﬂ gr oup

Substi Lued DY oramadiet o iyt e SRR APV ¢

10 ethyl, n-propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, isopentyl, neopentyl or tert-pentyl, lower alkoxy
such as methoxy or ethoxy, halogen such as fluoro, chloro,
bromo or iodo, nitro, hydroxy, carboxy, cyano, sulfonyl,
amino, lower alkylamino such as methylamino, dimethylamino,

15 ethylmethylamino or diethylamino, and the like. The aryl
group may have one or more substituents at any possible
positions. Specific examples of aryl include 2-
methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-ethylphenyl,
3-ethylphenyl, 4-ethylphenyl, 4-pentylphenyl, 4-

20 carboxyphenyl, 4-acetylphenyl, 4~ (N,N-dimethylamino)phenyl,
4-nitrophenyl, 4-hydroxyphenyl, 4-methoxyphenyl, 4-
fluorophenyl, 4-chlorophenyl, 4-iodophenyl and the like.

The aryl group in the "aralkyl", "arylsulfonyl”,
"aryloxycarbonyl" or "aralkyloxycarbonyl" described below

25 may have similar substituents as defined above.

The term "aralkyl" means an alkyl group substituted by
aryl group, and includes benzyl, 4-methylbenzyl, 4-
methoxybenzyl, 3,4-dimethoxybenzyl, naphthylmethyl,



8 - * phenethyl, and the Iike. The term "al kyl sul fonyl "

means a sul fonyl group substituted by al kyl group, and includes

nmet hanesul f onyl , et hanesul fonyl and the like. 5 The term
"aryl sul fonyl" nmeans a sul fonyl group substituted by aryl group, and
I ncl udes benzenesul fonyl, p- t ol uergesul fonyl, and the I|ike.

The term "al kyl -substituted silyl" neans nono-, di- or
tri-al kyl-substituted silyl, for exanple, nmethylsilyl, 10 di met hyl si | yl ,

trinmethylsilyl, t-butyldimethylsilyl, and the Iike. The
term " al koxycphénethyl meand thet Haxkecar bonyl , isopropoxycarbonyl
t - but oxycar bonyl, and the |ike. The term "aryl oxycar bonyl "

means phenoxycar boBye  tewm "alkylsulfenyillemeans a sulfonihedF@iin

| kyl b I b I I
e Rty o BRBRY) el T PR BEAE B neades S0thARRLES I e
al kyl , alkoxygtﬁ%ﬁ §§¥?gnyf”§RJQQQekl%%e. alkylsulfonyl aryl sul fonyl
a

al kyl -substit oxycar bonyl , aryloxycarbonyl

ar al kyl ogycarbonyl o term nad\eldialbeaiaPYRRAKE 7 §upf@ﬁ§1r@£b@§1d aryl

sul fonyl is nore preferred. Exanpl es” of "salts of a
conpound of tBegvgenenedd fiwy A gac%up, GhH iReludesab&aténd@iBfomgl t osuch
as lithiumsalt, sodium salt or potassiumsalt and the |ike, alkal

earth net al toluenesmlﬁonumﬂ1and.¢@bcdukesalt and the |ike, amonium salt,
salts mnth organlCngsggéﬁmﬁgfﬁ;fIgﬂg?{?%gkgd silyl" means mono-, di- or
tri-alkyl-substituted silyl, for example, methylsilyl,

10 - dimethylsilyl, trimethylsilyl, t-butyldimethylsilyl, and
the like.

The term "alkoxycarbonyl" means methoxycarbonyl,
isopropoxycarbonyl, t-butoxycarbonyl, and the like.
The term "aryloxycarbonyl" means phenoxycarbonyl, and

15 the like.

The term "aralkyloxycarbonyl" means benzyloxycarbonyl,
and the like.

As hydroxy-protecting group represented by R, the
above-mentioned alkyl, alkoxyalkyl, acyl, aralkyl,

20 alkylsulfonyl, arylsulfonyl, alkyl-substituted silyl,
alkoxycarbonyl, aryloxycarbonyl, aralkyloxycarbonyl or
tetrahydropyranyl are preferred and aryl sulfonyl is more
preferred.

Examples of salts of a compound of the general formula

25 (I} include alkali metal salts such as lithium salt, sodium
salt or potassium salt and the like, alkali earth metal

salts such as calcium salt and the like, ammonium salt,

salts with organic base such as tromethamine,



9 - ' trimethyl amne, triethylam ne, 2-am nobutane, tert-

but yl am ne, diisopropyl et hyl am ne, n-butyl nmet hyl am ne, n-

but yl di net hyl am ne, tri-n-butylam ne, cycl ohexyl an ne,

di cycl ohexyl am ne, N-isopropyl cycl ohexyl am ne, 5 furfuryl am ne,
benzyl am ne, net hyl benzyl am ne, di leenzyl am ne,

NN- di et hyl benzyl am ne, 2-chl orobenzyl am ne, 4- met hoxybenzyl am ne,
1- napht hal enenet hyl am ne, di phenyl benzyl am ne, tri phenyl am ne,

1- napht hyl am ne, 1- am noant hr acene, 2-am noant hracene,

dehydr oabi et hyrametieylariihe, Nmirtthyllemipkol 2rambnolpytak neteot-am no acid
salts such as | ysine salt or arginine salt. The salts of
am no alcoholbubylammne(ndmmspgnqulethylamnneLudeb@bYLmebhylamn@ﬁwnmraC|d
such as benzoj c, aci d, and_m neral acid such as hydrochloric
acid, sul furigt ququylam%ng trl"n“bUtYlam?ﬂﬁro%Y%%? Sy kimd of the

R d f | I i
P ot he doubt&Vclhexyianide, RidhEReni cifloliRei Sy (1 0. ) "
5-hept engl enesyrryryl ShALd) BB AGHiRE m@fh§%ﬁ§ﬂ%¥?&ﬁfﬁépn 20

The nethod of the present invention Is descri in nore

detail. \Wien @ibemsyldmiad (Y, peSwebhylbeheyiehing, 2-chlotderdAAGNR G,
exists, it may be appropriately protected and deprotected at a

desired stage4-Beichoxylarenyliagring, 1-naphttepenerethphamtmebe acconplished

by a procedure known in 25 the art. | . Preparation of Conpound

(1) diphenylbenzylamine, trlphenylamlne, l-naphthylamine, 1-
aminoanthracene, 2-aminoanthracene, dehydroabiethylamine,

10 N-methylmorpholine or pyridine, or amino acid salts such as
lysine salt or arginine salt.

The salts of amino alcohols of the formula (II)
include salts with organic acid such as benzoic acid, etc.,
and mineral acid such as hydrochloric acid, sulfuric acid,

15 etc.

The objective compound of the present invention is
illustrated by the general formula (I), in which the double
bond of the alkenylene side chain (i.e., 5-heptenylene
chain) may be in E- or Z-configuration.

20 The method of the present invention is described below
in more detail., When a substituent(s) possibly interfering
the reaction exists, it may be appropriately protected and
deprotected at a desired stage. Such protection or

deprotection can be accomplished by a procedure known in

25 the art.
I. Preparation of Compound (I}



10° Schere |

[err] Step 2

Step 3
1]: 5

wherein R and X are as defined above.
This step is related to the preparation of amde (I-2)

[ Step

by acyl ating an am no al cohol

acid (I'll') or a reactive derivative theredfo.

(I'l') or a salt thereof with car boxylic
The carboxylic acid

(compound I11) used in the acyl ati on can be synthesized by a nethod
known in 10 literatures [for exanple, N ppon-Kagaku Zasshi vol. 88, No.
7, 758-763 (1967); N ppon-Kagaku Zasshi vol. 86, No. 10, 1067- 1072
(1965) ;J. (O . 1899-1905(1967); J. Het er ocycl e. Chem

vol . 10, 679-681(1973)].

10

The term

wNH;
S
ok Y
o]

X
HOOC N - OR
I 1| =—orR  stept
OH
] S
= S
o J_{ Zor OQrJEQJE;; OR
Step 2 Step 3
— SNH — wNH
CHO — COOX
S N
o J_Il_ZroH
Step 4
—— wNH

wherein R and X are as defined above.
[Step 1]

This step is related to the preparation of amide (I-2)
by acylating an amino alcohol {(II) or a salt thereof with
carboxylic acid (III) or a reactive derivative thereof.

The carboxylic acid (compound III) used in the
acylation can be synthesized by a method known in
literatures [for example, Nippon-Kagaku Zasshi vol. 88, No.
7, 758-763 (1967); Nippon-Kagaku Zasshi vol. 86, No. 10,
1067-1072 (1965) ; J. Chen.

Soc. (C). 1899-1905(1967); J.

Heterocycle. Chem. vol.10, 679-681(1973)].

The term



"reactive dérivative" of carboxylic acid (II11) refers to

corresponding acid halides (e.g., chloride, brom de, i odide), acid
anhydrides (e.g., mxed acid anhydride with formc acid or acetic
acid), activated esters (e.g., 5 succinimde ester), and the |ike, and
i ncl udes acyl ating agents generallyjused for the acylation of am no
group. For exanple, to obtain acid halides, a carboxylic acid is
reacted with thionyl halide (e.g., thionyl chloride), phosphor ous
hal i de (e.g., phosphorous trichloride, 10 phosphor ous pentachl ori de),
oxal yl hal i de*f®agtiveoxddnilvative” olfl earBoxylbe abdedl (KEI) acefyrd np to a

known net hod (e.g., Shin-jikken Kagaku Koza, vol. 14, p. 1787 (1978);
Synt hesi s corB3Esh@tirip 8did BailndpskKengKageklokdda, viotomizle, p. 115
(1992)). 15 The acyl ation can be carried out under ordinary

condi ti ons usERA¥dR) 4 Rl \AnkYidsAdes dai for gRbkpd Feid anhydrhdanwidh when a

carboxylic ac sed, .the actjon is carr{ed out according

Ld halide | ,
to a nethod c%?ﬁ%]rﬁa Iy"‘celd Sorul?r%cagc‘lgézhof‘%gh‘-’% BeRRt TRt . In
|, 20 ; i id | i i $5add 1
general, g ucc?ﬁﬁ?r@gé 'eCstEQaCr')H E«.?.Id'r el ilﬁ%, ﬁ%ﬁ&rfﬂc‘f‘i\?fen%oa%aa&%%g?fe

al kal i ne solutron of amne wt rrng an er coo

renoving the geaefatddibr@cilg, Wslld Zblkathe acylatidht&f nahinglgmoupen a

carboxylic acid is used as a free acid not a reactive derivative,
t he reacti on Ean ddmmPle, twmordtetiedacddvealides) |y carbdreypicesanee iaf a
coupling agent generally used in the coupling reaction between an

ami ne and a ceeaehed iwitdeithiongl helide (e.di cythbbexy| cakdwidid)n de (DCC),
1-ethyl-3-(?)-phosphorous halide (e.g., phosphorous trichloride,

10 phosphorous pentachloride), oxalyl halide (e.g., oxalyl
chloride), or the like, according to a known method (e.g.,
Shin~jikken Kagaku Koza, vol. 14, p. 1787 (1978); Synthesis
852-854(1986); Shin-jikken Kagaku Koza vol. 22, p. 115
(1992)).

15 The acylation can be carried out under ordinary
conditions used for the acylation of amino group. For
example, when a carboxylic acid halide is used, the
reaction is carried out according to a method commonly
known as "Schotten-Baumann reaction”. In general,

20 carboxylic acid halide is added dropwise to an aqueous
alkaline solution of amine with stirring and under cooling
while removing the generating acid with alkali.
Alternatively, when a carboxylic acid is used as a free
acid not a reactive derivative, the reaction can be

25 conducted conventionally in the presence of a coupling
agent generally used in the coupling reaction between an

amine and a carboxylic acid such as

dicyclohexylcarbodiimide (DCC), l-ethyl-3-(3-



12° ' di met hyl am nopropyl ) -carbodii m de or N, N -

car bonyl di i m dazol e. [ Step 2] This step is related to

t he oxi dation of an al cohol 5 (I-2) to an al dehyde (1-3). Hitherto
such reaction has been conducted by using an oxidi zi ng agent of
chirom ¢ aci d- series such as Jonesipeagent (J. Org. Chem, 40,

1664- 1665 (1975)), Collins reagent (J. C. S. Chem Conm, 1972 1126)
or pyridiniumchlorochromate (Tetrahedron Lett., 2647-2650 10 (1975)).
Further, nethods wherei n manganese di oxi de (Helv. Chim Acta., 39,
858- 862 (1956 imewhydiamdnioplropyll) exadBodiimide (&var woxi dation, J. Og.
Chem, 43, 2480-2482 (1978)) have been known. However, these
eX|st|ng netkﬂﬁﬁbQﬂyhgilmldaZOJESadvantages For exanple, chrom c acids are
toxic to H body and nust be detoxified after use. Further, the
Swern OX|dat| g dinethyl sul f oxi de- oxaIyI chloride is not

Generati on Sf'ira?ﬁfhﬁl% ReB) 48 Rararer o the oxidhtian o aR BHAGPBds ddor

and al sogit carfi _ at npl e,
bet weenOEE 50[2@?}2 gzr?d%El 3? H?ée %9 3. Hi%c%{rrg’ﬁfng to%t tl%lh %d of the
present invemdedN conducted 89NAkihy-2) &:5i@xd g atyaMtt *b@'&:h%hﬂ'cz'a?ﬂd

agent (s) such as hal o oxoacid in the presence of 2, 2,
t et r anet hyl pigeerdiedi rsel-ch- ax;yUsnesefeagemitt 0T a0rglENI¥erd'.), aAD, 2564-d656r| bed
inaliterature (e.g. Og. Chem, 52, 2559- 2562 (1987)),

wher eby t he pridhiSens Splé)%rlfé't Fﬁggﬁﬁthbﬂs GreS. Chem. &ismped. 1972aABR6ES of

TEMPO i ncl ude 2,2 tetra eri dji ne-1-oxyl, 4-nethoxy-2, 2,
6, 6- tetranefﬂ&ﬁﬁaggﬁpﬁp CHE Xchromate (fgé%ahedron Letty, 2647- 2650y

10 (1975)). Further, methods wherein manganese dioxide (Helwv.
Chim., Acta., 39, 858-862 (1956)) or dimethyl sulfoxide
(Swern oxidation, J. Org. Chem., 43, 2480-2482 (1978)) have
been known. However, these existing methods have
disadvantages. For example, chromic acids are toxic to

15 human body and must be detoxified after use. Further, the
Swern oxidation using dimethyl sulfoxide-oxalyl chloride is
not suited for a large scale production because it is
accompanied by the generation of carbon monoxide harmful to
workers and sulfurous odor and also it must be carried out

20 at low temperature, for example, between -50°C and -78C.

According to the method of the present invention,
alcohol (I-2) is oxidized with an oxidizing agent(s) such
as halo oxoacid in the presence of 2, 2, 6, 6-
tetramethylpiperidine-l-oxyls (referred to as “TEMPOs”) as

25 described in a literature (e.g., J. Org. Chem., 52, 2559-
2562 (1987)), whereby the problems of existing methods are
solved. Examples of TEMPO include 2,2, 6, 6~tetramethyl-

piperidine-1l-oxyl, 4-methoxy-2,2,6,6-tetramethylpiperidine-



13- ’ "1-oxyl, 4-acetylam no-2, 2,6, 6-tetranet hyl pi peri di ne-1-oxyl,
4-benzoyl oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne- 1-oxyl, and 4-

cyano- 2, 2, 6, 6-t et ranet hyl pi peri di ne-1-oxyl. Exanples of hal o
oxoaci d include sodi um hypochlorite, sodium 5 hypobrom te, sodi um
brcom te and hi gher bl eaching powder. A 13 sol ution of an oxidizing
agent may be adjusted to, for exanple, pH8.5to 9.5 with a m neral
acid such as sodi um hydr ogen carbonate, hydrochloric aci or sulfuric
aci d. Alternatively, a solution of an oxidizing agent may be 10
added in the presencd-dHeapdiamnioydr, Agén 6eaeboamé thylgheeridine--eagtli,on
can be acconplished within several mnutes to several tens mnutes
at tenper at ur& BemARYlaxdold/fy S-etramethybdpirerhgbret imrexylh ambldrent

such as ethyl acetate acetonitrile, qr dichloronethane. 15
The advantage%%%?%ﬁ%ﬂ%ﬂﬁ«ﬁﬁ@ﬁﬁQ§?qﬁpygﬁépﬁéﬁﬂb¥?ﬁ%I?%Nﬂ' Examphafr®of the

pr esent invenﬁé n are as, f.oll process requires

. Q. 0Xoac 1A sodi c %%Eige o :
si npl e operations éﬁ&igﬁbﬁp _SéPpoBYB? p Fnc¥ Hﬂnreactlon
renders g pr Q’ii;'rk%b@émzig!eg,h sodium broRlifeahAl Hiaﬂé’ft%%ixg‘ ydd&’ef"!' t hout

keepi ng very |ower t enper at ure; cess Is safe
since the reagslwnisolofenin oxidizingedgahe Mayehe aadheited @retfire;

3) the separation and purification of reaction products can be
conduct ed onlexdmgplext rtté.dnto 255 with a Ainethk axidlatuan 4 soatinimed out
e Sr%P EFAISI carponats HYB OIS LLE o A 20y A &y e =
anount of ydrog e, hydro c u acid.
Alternatively, a solution of an oxidizing agent may be

10 ‘added in the presence of sodium hydrogen carbonate. - The
reaction can be accomplished within several minutes to
several tens minutes at temperature from ice-cooling to
room temperature in a solvent such as ethyl acetate,
acetonitrile or dichloromethane.

15 The advantageous characteristics of the new oxidation
method of the present invention are as follows:

1) the process requires simple operations and short
period of time since the reaction renders a product at high
'yield within short reaction time without keeping very lower

20 temperature;

2) the process is safe since the reaction solvent
used are water and ethyl acetate;

3) the separation and purification of reaction
products can be conducted only by extraction;

25 4) the oxidation is carried out with a cheap reagent,
sodium hypochlorite, with only a quite small amount of
catalyst, TEMPO, at 1 - 0.2 % molar egquivalent to alcohol
(I-2);



catalyst, TEMPO at 1 - 0.2 % nolar equivalent to al cohol (1-2);

14 5) it allows the operators to work in better

envi ronment because the reaction generates little carbon nonoxi de or
odor in contrast with Swern oxidation, and, further, sodiumchloride
résul ting from sodi um hypochlorite 5 aged in the oxidation is
unnecessary to be detoxified. [ Step 3] This step is
related to the formati on of a doubl e bond by reacting a conpound of
the formula (1-3) with an ylide (Ph[err]P=CH(CH err])[err] COOH). The
reaction for provisdi ngtaaddolsbethéOopebatsr<aro hemarin edtdddr i n a
conventional manner for Wttig reaction. The ylides used in the
reacti on can @¥ironmentspgrehusezeble reachicmpresymmatas ld tidse calrponr eat i ng
a phosphoni.um sal t whi ¢ch has, been synthesized from,

tri phenyl pho§'g’rﬂ° %ﬁnBraﬁdﬁFk}P RaPrtaRshavt ty Srarssigddation, agdkyl group

to be conden f gBIe - br oopent.angi ¢ cid., Examples, of a
base inclyde_g|§€§?55§§?un1 8?2%€+8e esu _%ﬂ%ﬁ£5QHnSQ§;¥pUP?p?&gﬁﬂEfte _
n-butyl 41 thigygq Rt a8sl Uibacion is BRCAAR AL diduRd;isaar opy! am de.
The reaction is acconplished wthin several hours at room
tenperature ijstap 20 sol vent such as ether, tetrahydrofuran, n-hexane,
1, 2- di met hoxyet hane or di net hyl sul f oxi de. [ Step 4]
In this step, a c@msusdepl jswhelated Ro sty diarnation of jr dbebliengogdoup
is deprotected to provide compound (l-1). 25 The reaction can be carried
out in a COngghgpgﬁgpnﬁaﬁngpmpound of the formula (I-3) with an ylide
(Ph,P=CH(CH,),COOH) . The reaction for providing a double
10 ‘bond can be carried out in a conventional manner for Wittig
reaction. The ylides used in the reaction can be
synthesized, in the presence of a base, by treating a
phosphonium salt which has been synthesized from
triphenylphosphine and an alkyl halide having a desired
15 alkyl group to be condensed, for example, 5-bromopentanoic
acid. Examples of a base include dimsyl sodium, dimsyl
potassium, sodium hydride, n-butyl lithium, potassium ¢-
butoxide and lithium diisopropylamide. The reaction is
accomplished within several hours at room temperature in a
20 solvent such as ether, tetrahydrofuran, n-hexane, 1,2-
dimethoxyethane or dimethyl sulfoxide.
[Step 4]
In this step, a compound (I) wherein R is hydroxy-
protecting group is deprotected to provide compound (I-1).
25 The reaction can be carried out in a conventional manner
using, as a catalyst, hydrochloric acid, sulfuric acid,

sodium hydroxide, potassium hydroxide or barium hydroxide,

or the like. The reaction is accomplished within several



using, as a’'catal yst, hydrochloric acid, sulfuric acid, sodi um

hydr oxi de, potassi um hydroxi de or barium hydroxi de, or the like. The
reaction is acconplished within several tens mnutes to
several hours with heating in a sol vent such as net hanol -wat er,
et-hanol -wat er, acetone-water, acetonigrile-water, or the |ike,
preferably dinethyl sul foxi de-water. The OR may be positioned at any
of 4-, 5-, 5 6- and 7-positions though, it is preferred to be at 5-

posi ti on. 1. Preparation of Conmpound (I11) The starting
material in tHess piDeesss tWswvetlaloheurs with héatingain e guwlkparted by a
known procedure starting from 10 for exanple, (-)-nyrtenol. A
precursor, ne$h@hiaﬁamamhanqﬁ—water, ethenbérwatar(|$cg§om¢mw¢£¢r${err] is
met hyl, is then reduced met al,_sodi um_in jisopropanol_to give the

correspond|ngaCetonlt%ﬁﬁqﬂwngyghgp the) likegi BRRfarakRty fin e?ﬁﬁﬁn Phar m
Bul | 152 1533 19 h net hod h 1
plrjobl ens suchs‘ég]g?%wi ]7'(391% /f%%)o%“ab'l_‘g? §’8F%E%‘?{I’iﬁ§? st Sy 6 55

have. boch knotn %%%?Lré‘%ﬁ%n%d*?oh%? "o ibehEeklrred to By é’%zm’ (2332)6)
I|th|un1alun1§g§1{wgglde Og. Syn., 63, 140), I|th|un1borohydr|de
(J. Og. Chem, 47 20 4702 (1982)) and the |ike. Further, as nethods
for Pir & : 5 A0 f05 ger(@Ihave been known catalytlc

reduction (Syn. Comm 57 817 ( 1997); Org. Syn., coll. vol. 5, 376
(1973)) or nethodsThwnQ#ank#anma&mnyadg1agéhﬁ§syrocess, amino alcohol

(II), can be prepared by a known procedure starting from,

10 for example, (-)-myrtenol. A precursor, methoxime ester of
the formula (II-2) wherein R® is methyl, is then reduced
with metal sodium in isopropanol to give the corresponding
amino alcohol (II) (Hagishita, et al., Chem. Pharm. Bull.,
37(6), 1524-1533 {1989)). However, this method have

15 = problems such as low yield (39.6 %) or poor selectivity.

As reducing agents used in the reduction of esters to
alcohols, there have been known sodium borohydride (J. Org.
Chem., 28, 3261 (1982)), lithium aluminum hydride (Org.
Syn., 63, 140), lithium borohydride (J. Org. Chem., 47,

20 4702 (1982)) and the like. Further, as methods for
reducing oximes to amines, there have been known catalytic
reduction (Syn. Comm., 27, 817 (1997); Org. Syn., coll. vol.
5, 376 (1973)) or methods which use a reducing agent(s)

such as diborane (J. Org. Chem., 30, 2877 (1965)), sodium
25 borohydride (J. Org. Chem., 48, 3412 (1983)), lithium

aluminum hydride (Tetrahedron, 51, 8363 (1995))., sodium

borohydride-titanium chloride (IV) (Synthesis. 1980 695),

sodium borohydride-nickel chloride (II) (Chem. Ber., 117,



such as di borane (J. Org. Chem, 30, 2877 (1965)), sodium 25 borohydride

(J. Og. Chem, 48, 3412 (1983)), lithium al um num hydri de
(Tetrahedron, 51, 8363 (1995)) sodium bor ohydri de-titani um chl ori de
(I'V) (Synthesis. 1980 695), sodi um bor ohydri de-ni ckel chloride (I1)
(Chem Ber., 117, 856 (1984)), or the like. None of the
literatures above, however, do not teach a nethod for reducing both
ester and oxi me noieties present in one nol ecule such as a conpound

of the formula (11-2) sinmultaneously in high yield wwth 5 hi gh
stereosel ecti®%¢y(1984)), or thBh@iReeseNbnenyentios Sl hicaren tausne edrrd,n
reduci ng oxi ne ester of the formula (11-2) to the objective am no
al cohol hgwever n da giotyitelaghwiat nehhgtl Sereredwiing yotrsienfexr and
reduci ng agent-Lew s aC|d system (especially, sodium 10

bor ohydri de- LE¥%#Re é‘éﬂlcﬁ 1@5'5 Q"F@\ﬁﬁnl niBcABAEmPiegRl @uElch as g iraRPqund
[err]

Accordi ng to Whdl FARRIIA ddee) AnTBirRBeasrsy i hidh Vicld Witk 2oV

5  high stereoselect1v1ty.
The present inventors have succeeded in reducing oxime
ester of the formula (II-2) to the objective amino alcohol
(IT) in high yield with high selectivity by using a

reducing agent-Lewis acid system (especially, sodium

10 borohydride-Lewis acid) as shown in Scheme II below.
Scheme I1
2 —
COOR
112 a: R®=H
-l b: R3=alkyl
OH
I3
15 wherein R® and R® are as defined above.

According to the present process, an oxime ester (II-
2) 1is reduced directly or via alcohol (II-3) to give an
amino alcohol (II) or a salt thereof. Reducing agents
usable in the reaction above include alkali metal- or
20 alkaline earth metal-substituted borohydrides {sodium

borohydride, lithium borohydride, calcium borohydride,



2) "is reduced directly or via alcohol (11-3) to give an am no al cohol
(I1) or a salt thereof. Reducing agents usable in the reaction above
include alkali nmetal- or 20 al kal ine earth netal -substituted

bor ohydri des (sodi um bor ohydri de, Iithium borohydride, calcium

bor ohydri de, 17 17 etc.).
Exanpl es of Lewi s acid include halides of tin, al um ni um boron
titanium zirconiumor nickel (e.g., stannous chl oride, stannic

chl oride, al um nium chl ori de, 5 titaniumtetrachl ori de, boron
trifluoride, eta.goni um tetrachl oride, nickel dichloride, etc.) or a
et her conpl exes thereof (e.g., sodium bis(2-
nethoxyethoxy)aJLﬂﬁ&ﬁmmﬁ€Wy@ﬁ'@@wietac)d include halidesamff dsimpf sol vent

i ncl ude ethers g et hyl ether, t et rahydr of ur an,

1, 2- di net oxyet "&i’OW@n'dFéFHWBﬂe z1rconig el nigkadk Hd- Sether ,

hyd I I
ggrvéntsyb;?%géﬁg%%hers ﬁ&h% u%tahﬂ§8r8%5?5 %GP%§E§%$H%WbC?ﬂ€ Hg%ﬁctlon of
an al ool (Idrenium tetrkeniBralbNOLBEERNCELELLd: Ml 18 iy Mt hod

whi ch uses 15 net al uma coho Is also ava| eln a nto the
above- ment i 0F@tﬁa&ﬂﬂ@rﬂ@ie@@@iﬁ:ﬂcb@%&cﬁ@bglédﬁt@E& )Ewrrr&%%her of

al cohol include nethanol, ethanol, n-propanol, i- propanol, and the
i ke. Exanpl esmqﬂexdsvemm'elorfcl(edg., sodluxhyld.t@(:a-r bons (e.g., toluene,
xyl ene, etc.) 20 The process for reaction will be described

concretely methq&MQﬁNOXYHélﬂa&ﬁhﬂmehY@rld©x|ﬁﬁceh{er (or al kyl - substi t ut ed

- i ssol ve qu S or
oxime) (I1-2a or H am les of solven 1ncfuge et ers (e g., ethyl ether,

10 tetrahydrofuran, 1,2-dimetoxyethane, dioxane, diethylene
glycol dimethyl ether, etc.), hydrocarbons (e.g., toluene,
Xylene, etc.), and a mixed solvents between ethers and -
hydrocarbons. Regarding thé reduction of an alcohol (II-3)
to an amino alcohol (II) or its salt, a method which uses

15 metal sodium-alcohol is also availabe in addition to the
above-mentioned reducing agent-Lewis acid system. Examples
of aicohol include methanol, ethanol, n-propancl, i-
propanol, and the like. Examples of solvents include
hydrocarbons (e.g., toluene, xylene, etc.)

20 The process for reaction will be described concretely
below. The raw material, oxime ester (or alkyl-substituted
oxime) (II¥2a or II-2b) is dissolved in 2 volumes or more
of a solvent. To the solution are added 2 or more molar

equivalents of a reducing agent and then a Lewis acid at

25 0.1 to 0.4 molar equivalents to the reducing agent at 0C

to 150°C. Alternatively, a mixture previously prepared by

combining a Lewis acid and a solvent may be added. Further,

the order for adding a raw material, an oxime ester, a



of “a solvent. To the solution are added 2 or nore nol ar equi val ent s
of* a reduci ng agent and then a Lews acid at 25 0.1 to 0.4 nolar

equi valents to the reducing agent at O[err]C to 150[err] C
Alternatively, a m xture previously prepared by conbining a Lew s
acid and a sol vent nmay be added. Further, 18 the order for adding a raw
material, an oxinme ester, a 18
reduci ng agent and a Lewi s acid-can be changed. The reaction m xture
is then treated at O[err]C to 150[err]C for several mnutes to

sever al hour sdducinepeaigent. afidea Lewis #e€bdtcam soldHdryedian The wor ked up
by addi ng water and 5 dilute mneral acid (e.g., dilute hydrochloric

aci d) Hegldtdweed nﬁy:tm:ier Lsnghemherebyed het rEGueongsai®entort s
destroyed. Alternatlv ., the reaction solution may be poured into
di | ute” mi ner &eVE&ad ninbtes"Eo seypEaL oreTHNES %W%t r &hiezed with an

(e0.. ethyi ™ acéﬁ i es"%e@?a“%dégé;?%)eﬁﬁ? e Y o AT 8, 2 o
al cohol g11) 439 @t ?dl%%@al' Bcﬁﬁc‘?ésg'”}’ dfﬁ%? hrydrociq{l%?ﬂ‘&t )aggﬁl) be further

purified by converting int h an
appropri ate @aldofeddby stirnﬁ@nzwh@r@@y dMhankbdiemhg@end! §2ing with an

al kali to give am no al cohol (I1). According to the
above- ment i onledtmogedss afltehratively prigsentedatiant isvlutiibs abjyebei ve am no
al cohol (11) can be gre pared in high yield (about 89 %9 wth high 20
st er eosel ect PAUEPI( 39te, @i lpbpepineral acid.” Although the process for

preparing a ConpO%%% %Elu@lon is then neutralized with an alkali (e.g.,

10 sodium hydroxide) and extracted with an organic solvent.

" {e.g., ethyl acetéte). When the solvent is distilled off,
an amino alcohol (II) is obtained. If necessary, the
product can be further purified by converting into a
crystalline salt (II’) with an appropriate acid (e.q.,

15 benzoic acid) and then neutralizing with an alkali to give
amino alcohol (II).

According to the above-mentioned process of the
present invention, the objective amino alcohol (II) can be
prepared in high yield {about 89 %) with high

20 stereoselectivity (99 % or more).

Although the process for preparing a compound of the
formula (II) shown in the scheme II above is novel and
useful for the preparation of a compound (II) in itself, it
also contributes to establish safe and efficient production

25 of a compound (I), the final product, when combined with a

process for preparing the compound (I).

The following Examples are provided to further

illustrate the present invention in more detail and should



formula (11) showm in the schene Il above is novel and useful for
the preparation of a compound (I1) in itself, it al so contributes to
establish safe and efficient production 25 of a conmpound (1), the final
product, when conbined with a process for preparing the conmpound (I).
The follow ng Exanpl es are provided to fungher illustrate the
present invention in nore detail and should

19 not be interpreted in any way as to limt the scope thereof.

The abbrevi ations used in the Exanpl es have the foll ow ng meani ngs:
Ph: phenyl ot be intArpratedylin any way as f&NPmit the scope thereof.
2,2,6,6-tetramet hyl pi peridi ne-1-oxyl Ref erence Exanple 1

Prepar ati on dtheetdbdrgvibRidms BSpd2inethy| Exerel a9-haweitiwn followings. y| )]
acetate (2) [err] 10 The m xture of (-)-nyrteno
(1) (6.44 g,HE?Q}QHﬁﬂ) triethyl orthoacetate (23 nl, 126 mmwol) and
hydr oqui none éﬁ} was heated with stirring at 165[err]C for 2
hours, at f§§[ %E?ch 2 hours and at 195[err]C for 25 hours, and

t he 15 resul ti et 1 Was distilled off. The resulting oil was
purified by chronma ogr ap on silica gel (hexane: toluene 10: 0-1:1)

to provide 7.669 GipMp tZ t2I &, $erpouRthddlyipi rldﬂqe‘a—lldox i.4 %
IR (Film: 3070, 2980, 2831’ 3869, 1737, 1638 cn ¥

Preparation of ethyl [{(1R,3R,5S)-2-methylidene-10-norpinan-
3-yl)] acetate (2)

/423:r/\0H
- COOC,Hs

1 2
10

The mixture of (-)-myrtenol (1) (6.44 g, 42.3 mmol),
triethyl orthoacetate (23 ml, 126 mmol) and hydroquinone
(27 mg) was heated with stirring at 165°C for 2 hours, at

185°C for 2 hours and at 195°C for 25 hours, and the

15 resulting ethanol was distilled off. The resulting oil was
purified by chromatography on silica gel (hexane: toluene =
10:0-1:1) to provide 7.66g of the title compound (2).
Yield: 81.4 %.

IR (Film): 3070, 2980, 2921, 2869, 1737, 1638 cm™’

20 'H NMR § (CDCl,), 300MHz: 0.76 and 1.24 (each, 3H,
each, s), 1.20(1H4, d,J=9.9Hz), 1.27(3H, t, J=7.2Hz),
1.52(14, m), 2.00(1H, m), 2.23-2,50(3H,m), 2.66( 1H, dd,
J=5.1 and 15.3Hz), 3.03(1H, n), 4.16(2H, q,
J=7.2Hz),4.71(2H, d, 11.4Hz)

25 Elemental Analyses for C,;H;,0,



20° ) ferr]H NVR [err] (CDCl[err]), 300MHz: 0.76 and 1.24 (each, 3H,

edach, s), 1.20(1H, d,J=9.9Hz), 1.27(3H, t, J=7.2Hz), 1.52(1H, m,
2.00(1H, m, 2.23-2.50(3H,mM, 2.66( 1H, dd, J=5.1 and 15. 3Hz),
3.03(1H, m, 4.16(2H, q, J=7.2Hz),4.71(2H, d, 11.4Hz) 25
El'emental Analyses for Clerr]Herr]Jerr] 20

20 Calculated (99:C, 75.63; H, 9.97 Found (9% :
C, .75.61; H, 9.99 [err] +29.1[err] (c=1.05, CH err]OH

Ref erence Exanple 2 5 Preparati on of
5-benzenesu|fony|dk#hshhxﬂdﬂtﬂ%)oﬁheﬁé 83; H, 9.farbonyl chloride (6)

[err] Hydr oxybenzo[ b] t hi ophene- 3-car boxylic acid
(11) (M NarEqun%rﬁ%t)h et aIC: % .6hendl, SBe3%9C) |, 1899- 1905 (1967) 10
8.63g(44.4 nmol )) was djssolved in agueous tetrahydrofuran (wat er
content, 20 % 1600 #ilp alI IN 6Tl uBPhyelsRilde (44 n). To the

solution mer??%&%%iﬁgéggﬁ%%ﬁfgﬁf6 N sodi um hydr oxi de (87 m ) and

benzenesul fo 48. 4 mol ) simultaneously with

stirringsundeprd aq%d%&%' After
ré eﬁzeﬁésulﬁ@h%ﬁ. &gzé Qf}ﬁcﬁ%de}xje t]3t21

the conpletion of the reaction wat er,
basi fi ed, andcarbonyl chloride (6)

HOOCFO,OH Hoocmosozl’h
e ————————
(S S

cloc : 0OSO,Ph

5-Hydroxybenzo [b] thiophene-3-carboxylic acid (11)

(M.Martin-Smith et al. J. Chem. Soc (C) ,1899-1905 (1967)

10 8.63g(44.4 mmol)) was dissolved in aqueous tetrahydrofuran
(water content, 20 %; 160 ml) and 1 N sodium hydroxide (44
ml)., To the solution were added dropwise 0.56 N sodium
hydroxide (87 ml) and benzenesulfonyl chloride (6.2 ml,48.4
mmol) simultaneously with stirring under ice-cooling while

15 maintaining the pH at 11-12., After the completion of the
reaction, the mixture was diluted with water, basified, and
washed with toluene. The aqueous layer was made slightly
acidic by adding concentrated hydrochloric acid with
stirring, and the deposited crystals were filtered, washed

20 with water and dried to provide 14.33g of 5-
benzenesulfonyloxybenzo[b}thiophene-3-carboxylic acid (12).

M.p. 202-203C.



washed Wi th'toluene. The aqueous |ayer was made slightly acidic by
addi ng concentrated hydrochloric acid with stirring, and the
deposited crystals were filtered, washed 20 wth water and dried to
provi de 14.33g of 5- benzenesul f onyl oxybenzo[ b] t hi ophene- 3-car boxylic
acid (12). M p. 202-203[err]C. 21

21 NVR[err] (CDCl[err]),300WHz: 7.16(1H, dd,J=2.7 and

9.0Hz), 7. 55- 7.61(2H, m, 7.73(1H m,7.81(1H d, J=9. OHz), 7. 90-
7.94(2Hm, 8. 16(1Hd, J=2. 7THz), 8.60(1H,s). IR (Nujol):

3102, 2925, 2854, 274MR64@D25 (7, 1604599, 16 (13, dd 155871500, 468z§451554a] err]

Hammm N@ymwforQeH]WeH]QeH]SeH Cal cul at ed
(99 : C, 53. 88; I—VSGI)(LZISIIE)Q 873 (1H,m},7.81kdHnd, {9§:0Hz), C, BB 83; H, 3. 03;
S, 19. 04 he 5- benzenesulfonylox benz b]thlophene 3-carboxylic

10 acid (1@)9f§H§§@ o - 16 11 B PR - pEEDar Bl Bbb¥eShas ref | uxed

and ol uene. (22 R f OIIPE o2 9aencergs STAL 28R e e
lcj)lr)lgglr nggguciglgéggé{{&’l%&a Cp{arctg‘th:ﬁon of AmOlrjljer} ::\C/)ﬁof:orrpound E% \g?Zp 1:

Preparation of etrgqedéﬁgngBmé§ 5%50f8r1815H10053 norpi nan-3-yl] acetate
¥ Calculated (%): irg3 88;H,3.01;8,19.18
Found (%): C,53.83;H,3.03;5,19.04
The 5-benzenesulfonyloxybenzo[b]thiophene-3-carboxylic
10 acid (12) (5.582 g, 16.7 mmol) prepared above was refluxed
with dimethylformamide {1 drop), thionyl chloride (3.57
ml, 50 mmol) and toluene (22 ml) for 1.5 hours. When the
solvent was removed under reduced pressure, 5.89g of the
objective compound (6) was obtained.
15 Example 1 Preparation of Amino Alcohol
(1) Step 1: Preparation of ethyl [(1R,3R,5S)-2-0x0-10-

norpinan-3-yl] acetate (3)

Step 1 [o)
COOC;H5 COOC;Hs

2 3
The compound (2} (333.5 g, 1.5mol) prepared in

20 Reference Example 1 was dissolved in dichloromethane (3.340
L) and methanol (660 ml). The mixture was cooled to -70 to
-73C and ozone gas was introduced for 4 hours. After
introducing nitrogen gas for 1 hour, trimethyl phosphite
{265 ml, 2.26mol) was added and the reaction was allowed to

25 warm to room temperature. The reaction mixture was



The compound (2) (333.5 g, 1.5nmol) prepared in 20 Ref erence Exanple 1

was di ssol ved i n dichl oronet hane (3. 340 L) and nethanol (660 n).
The m xture was cooled to -70 to -73[err] C and ozone gas was

i ntroduced for 4 hours. After i ntroducing nitrogen gas for 1 hour,
tri met hyl phosphite (265 m, 2.26mk) was added and the reaction was
allowed to 25 warmto roomtenperature. The reaction m xture was

22 partitioned into two |layers by adding ice-water (150 nml)

and 10 % sulfuric acid (300g). The organic |ayer was sequentially

washed w th veemeritibned Jintd Ywsodaysrsub{iddding icd-twatiéy) @sd waher (1.2

L). The aqueous | ayer was extracted 5 wth ethyl acetate (1.11 L). The
organi ¢ | ayerandwar®e & sulfurdenbicadd (2RdAg} he %hﬂ\nmuanmnshﬁyanlwasd of f under
reduced pressure to provide 456.51g of oil, was the

di ssol ved i n $ed4eathidrldnurashes, KStE)Wa*A‘F%"eFl el g 2«:& @odlum Suiild}/@
d d 0 th | ti | e
Sol Uti on was néﬁ?@ B PGS oty M or cTheraquects Tayer BAsteiEradlen
1 Xt t t 7 f,t d t hyl
acet at o gg\? 1 eeﬂ:h a %tdﬁfcgﬂéa (214 72P. StTHS e%';%a)ndiéSalr tr%og)e 4o

| ayers. The mmféa:%mr e solven¥ew8s'&Peed ErbONoer rﬂifo@ra&@dh!&%daqueous
| ayer was further 15 extracted with ethyl acetate. The conbined

organi c | ayerpressurend® pasirdédewdth, 10g% bHroilke, (wibchriwas dihedd over
anhydr ous magnesi um sul fate and then the solvent was distilled off
under reducedifredace inThetrabydrpfgran| (hedd dp s-soll‘\,fédili @dding cpdduene

(500 mM) and t sol vent was di sti d of f u reduced pressure to
provi de 347. dég%b@qﬁqops ép@&@lypeL roxide P 06 Bg), the resultlg
10 pale yellow solution was stirred at room temperature for 1
hour. The reaction mixture was diluted with ice-water (750
ml). After adding ethyl acetate (1.1 L), the mixture was
stirred and partitioned into layers. The same procedures
were repeated once more and the aqueous layer was further
15 extracted with ethyl acetate. The combined organic layer
was washed with 10 % brine (750 ml), dried over anhydrous
magnesium sulfate and then the solvent was distilled off
under reduced pressure. The resulting oil was dissolved in
toluene (500 ml) and the solvent was distilled off under
20 reduced pressure to provide 347.96g of oil. Crude yield:
103.4 %.
'H NMR § (CDCl,), 300MHz; 0.95 and 1.34(each 3H, each
s), 1.27(3H, t, J=7.0Hz),1.40{1H, d, J=9.9Hz), 1.67(1H, m),
2.25(1H, m), 2.33-2.42(2H, m), 2.56-2.65(2H, m), 2.86-
25 3.02(2H, m), 4.14-4.21(2H, m)
(2) Step 2



103.4 % [err]H NVR [err] (CDOl[err]), 300M; O.95 and

1.-34(each 3H, each s), 1.27(3H, t, J=7.0Hz),1.40(1H, d, J=9.9Hz),

1. 67(1H, m, 2.25(1H, m, 2.33-2.42(2H, m, 2.56-2.65(2H, m, 2.86-
25 3.02(2H, m), 4.14-4.21(2H, m (2) Step 2

23 [err] 1) 2Breparation of ethyl [(1R 3R
5S) -2-hydroxyi m no-10- nor pi nan-3-yl] acetate (4a) The
conmpound (3) (10.05 g, 44.9 mml) was dissolved in 5 et hanol (45 m).
To the solution were added hydroxyl am ne hydrochl oride (4.99 g, 71.9
mmol ) and pyridine (4.7 m, 58.1 | ) the m xture was heated at
60[err]C for 2.5 o wi BWpatirri eaction m xture was
concentrated undé?ﬁgtf;rcé Hgéﬁ'ﬁ?3§sure, ®OC)Mst h water and acidified
with 10 hydrochl ori € acid, and then extracted with ethyl acetate.

The organic | ayer wasssequentially washed w t4a water, aqueous sodi um
hydr ogen carbonate and water, dried over anhydr ous nmagnesi um sul fate
and the solvent mas t hen distilled off under reduced pressure to

Giard 00 rpebaratitl bkl SERIPPLLE 3B B AR 10T ©

norpinan-3-yl] acetate (4a)
The compound (3} (10.05 g, 44.9 mmol) was dissolved in
5 ethanol (45 ml). To the solution were added hydroxylamine
hydrochloride (4.99 g, 71.9 mmol) and pyridine (4.7 ml,
58,1 mmol) and the mixture was heated at 60°C for 2.5 hours
with stirring. The reaction mixture was concentrated under
reduced pressure, diluted with water and acidified with
10 hydrochloric acid, and then extracted with ethyl acetate.
The organic layer was sequentially washed with water,
aqueous sodium hydrogen carbonate and water, dried over
anhydrous magnesium sulfate and the solvent was then
distilled off under reduced pressure to provide 10.72g of
15 the title compound (4a) as colorless oil. Crude yield:
100 %.
[a]p?* +55.3° (c=1.01, CH4OH)
2) Preparation of ethyl [(1R,3R,5S)-2-methoxyimino-10-

norpinan-3-yl] acetate (4b)

0 Step 2 MCH:;
——-
COOC,Hs COOC,Hs5

4b

20

3
The compound (3) {107.0 g, 477 mmol) was dissolved in

ethanol (500 ml). To the solution were added O-



2) - Preparation of ethyl [(1R 3R 5S)-2-nethoxyim no-10-

nor pi nan- 3-yl] acetate (4b) 20 [err] The
conmpound (3) (107.0 g, 477 mmol) was dissolved in et hanol (500 m).
To the solution were added O 24
met hyl hydr oxyl anmoni um chl oride (50.1 g, 6@0 mml ) and pyridine (47.5
g, 600 mmol) and the m xture was refl uxed for 3 hours with stirring.
The reaction m xture was concentrated under reduced pressure, diluted
with water, 5 acidified with hydrochloric acid and then extracted with
et hyl acet at enetHig Hyfdgixiyd 2@y Bl uash segLeat (80 ]y gasdtdmmol) andi th water,
aqueous sodi um hydrogen carbonate and water, dried over anhydrous

magnesi um sulgwatieliaed (t47ed gheGQOImmol) and thevasixtivte Waed reffflugeder
reduced pressure. The resultln% colorless oil was distilled under
reduced pressiftite ¥ yours Wlﬁlhox? élérll)ﬁ 19The ¥erchian dicdMzsuias(4b) .

e . 12 d | d: 87.8
v 0 "% Moongencagted GRSy FRasEStppereyure, ailuted With WAESE anal yocs

3 06 Gl g T o gt ol

[err] +69.5[ zyl (afcelta% % 7Rl 8EEhRAY layer wdd)sedRhtialRieRakakion of
[ (1R 2R, 3R, 58) am no- 10- nor pi nan- 3-yl ] et hanol benzoic acid salt
(

L) with water, aqueous sodium hydrogen carbonate and water,
dried over anhydrous magnesium sulfate and then the solvent
was distilled off under reduced pressure. The resulting

10 colorless oil was distilled under reduced pressure to
provide 106.1g of the title compound (4b). Boiling point
118-123C (reduced pressure 1.2mmHg). Yield: 87.8 %.

IR (Film): 1738, 1630 cm™*
Elemental Analyses for C; H,3NO,
15 Calculated (%):C, 66.37; H, 9.15; N, 5.53
Found (%): C, 65.92; H, 9.13; N, 5.60
la]lp®® +69.5° (c=1.00 %, CH,O0H)
(3) Step 3: Preparation of [(1R,2R,3R,5S)-2-amino-10-

norpinan-3-yl]ethanol benzoic acid salt (II')

3
NOR Step 3 ANH>
COOC;Hsg —_—

OH
4 a R:=H
b: R*=CH; I
i, oo~
—
OH
III

20

1) Preparation from a compound (4b)



[eFr] ‘ 20 1) Preparation froma conpound (4b)

25 Sodi um bor ohydride (799 ng, 21.1 mmol) was suspended

in 1, 2-di net hoxyethane (5 nml). To the suspension were added with
stirring under ice-cooling a suspension of al um num chl ori de (507 ny,
3:8 mmol) in 1, 2-di net hoxyethane 5 (52d) followed by a solution of the
conpound (4b) (1.07 g, 4.2 mmol) in 1, 2-di met hoxyethane (3 m), and
the m xture was warmed in a bath at 70[err]C for 3 hours. To the
reaction were sequentially added water (4 ml), 2 N hydrochloric acid
(8 m) and concentgedid ubrtgidrdidec (208dmg]l 21 )1 wihdll) Mhs susidendedg under
I ce-cooling, and the m xture was then stirred at roomtenperature
for 40 m nutedn The-dieeethadyethane (BamlhashBd Whe hswspansioremarsd i zed with
sodi um hydr oxi de and extracted with eth acetate. The organic Iayer
was dradded \}'é]rtl’hn?rﬁﬂdfr@@g Nﬁ‘ﬁ‘ﬁ&?ﬁﬁi‘%ﬂi@@ An IR STy was

compound (11 ?dainf%r&%ﬂ? %Pﬁre?n%% ol RpRLf 18 7%9@5@%% Y1 eriR t 2
?gggrné?sni) &ngT§Pln € S%qqﬁg?n 3ﬁdtﬁﬁsgg ure Qa ?Ffe ! The
deposited crystaldnol) in 1 2-dimethoxyethane (3 ml), and the mlxture :
was warmed in a bath at 70C for 3 hours. To the reaction
were sequentially added water (4 ml), 2 N hydrochloric acid
(8 ml) and concentrated hydrochloric acid (1 ml) with
10 stirring under ice-cooling, and the mixture was then
stirred at room temperature for 40 minutes. The reaction -
was washed with ether, neutralized with sodium hydroxide
and extracted with ethyl acetate. The organic layer was
dried over anhydrous magnesium sulfate and the solvent was
15 then distilled off under reduced pressure to provide 789 mg
of title compound (II) as colorless oil. The product was
dissolved in ethyl ether (5 ml). To the solution was added
a solution of benzoic acid (516 mg, 4.2 mmol) in ether (5
ml), and the mixture was stirred. The deposited crystals
20 were filtered and washed with ether and dried to provide
1.146g of colorless benzoic acid salt of amino alcohol
(II'). Yield: 89 % (purity: 99.2 %), mp 183-185°C. The
purity of the benzoic acid salt of amino alcohol (II'} was
measured by converting the salt into benzamide in the
25 presence of a condensing agents such as
dicyclohexylcarbodiimide (DCC) and l-hydroxybenztriazole
(HOBT) in tetrahydrofuran, and determining the purity of

the resulting amide using high performance liquid



20- were filtered and washed wth ether and dried to provide 1. 1469
of. col orl ess benzoic acid salt of am no al cohol (rr*). Yield: 89 %
(purity: 99.2 %, np 183-185[err]C. The purity of the benzoic acid
salt of am no alcohol (I1") was measured by converting the salt into
benzam de in the 25 presence of a condegsi ng agents such as
di cycl ohexyl carbodii m de (DCC) and 1-hydroxybenztriazol e (HOBT) in
tetrahydrofuran, and determ ning the purity of the resulting am de
usi ng high performance |iquid
26 ¢ hirorBM A ARk W HRPEE) . IR (KBr): 3420, 2600(br),
1621, 1523, 1386 cnferr [err]H NWR [err] (CDCl[err]) : 300MHz;
0.72 (1H d, J=9. 91!152)(,K131r)063420, 26000b#) 13({6ach B33 ,edds6emt. 40(1H m,
1. 56- 92(3H m, 2.12-2.36(4H, m, 3.29(1H, m, 3.62(1H M, 3.78(1H,
7.32-7. 1417@131& &rj(cDr71397 800MH2H, 0nj2 (1H, d, J=9.8Hztentlal06

n,
Anal yses for err err Cal cul ate C,.70.79;
H, 8y91 N, 4aq I EH S E8GRdS] ¢ /@1 -40(1H, m)'cl%’(‘%zrgzﬁws g3+ N\,

4.56. 1 ef erence
val ues: Q np %éozlléédegﬁcmﬁ[’e rF§(gg )aCH% &ﬁbm)’ 3. 78(&%‘1 HB "Bul | .

37, 1524(198 [H Lg7cgn nshy apparatus; LC 6A type
(Shlnazu) ; %132-1, 41(%%i H nggcg%¥%ﬁh§%3oz (4.6rmerr] x 150m); flow

rate: 15 1. Olﬂgjgﬂbngyﬁggﬂdy@ges 26 ﬁﬂ%ngblle phase:

acetonitrile/water(1:1); retention tine: m nut es agg
Preparati on fromzﬁa&nqknﬂuﬂ(@ﬁ) (parC;lYO 79; H, 8.91,53%i dm3for ohydri de

(1.55 g, 41.0 mol mas suspended in dlethylene ycoI i met hyl
ether (13 m). To kound (¥): C, 70.54; H, qﬂ Séj
10 [a]p?® +27.6° (c=1.00 %, CH,OH)

Reference values: mp 180-183°C, [a]p?® +27.1° (Chem.
Pharm. Bull., 37, 1524(1989))
[HPLC conditions] apparatus; LC-6A type (Shimazu) ;
column: YMC-pack ODS-AMAM-302 (4.6mm¢ x 150mm); flow rate:
15 1.0 ml/min; detection : UV 254nm; mobile phase:
acetonitrile/water(1:1); retention time: 5.23 minutes
2) Preparation from a compound (4a) (part 1) .
Sodium borohydride (1.55 g, 41.0 mmol) was suspended
in diethylene glycol dimethyl ether (13 ml). To the
20 suspension was added boron trifluoride etherate (1.71 ml,
13.5 mmol) with stirring under ice-cooling over 10 minutes,
and the mixture was stirred at room temperature for 20
minutes. After addition of a solution of compound (4a)
(1.015 g, 4.1 mmol) in diethylene glycol dimethyl ether (8
25 ml), the mixture was stirred at room temperature for 20
minutes. The mixture was then heated in a bath at 110C
with stirring for 2 hours. The sclution was treated as

described in above 1) to provide 741 mg of benzoic acid



20 - suspensi on was added boron trifluoride etherate (1.71 m, 13.5
nmwl|) with stirring under ice-cooling over 10 m nutes, and t he

m xture was stirred at roomtenperature for 20 m nutes. After
addition of a solution of compound (4a) (1.015 g, 4.1 nmmol) in
diethyl ene glycol dinethyl ether (8 25 459m), the mxture was stirred at
roomtenperature for 20 m nutes. The m xture was then heated in a
bath at 110[err]C with stirring for 2 hours. The solution was treated
as described in above 1) to provide 741 ng of benzoic acid

27 sald1t0fo A AlaaeBabl (i) ) . Yiel&lid 5B 90 pipurtity:99922%¢) ,
np | 78-180[err] C 3) Preparation froma conpound (4a) (part 2)

Sodi um bor ohyg i1de-18080.9, 26.4 nmol) was suspended 5 in
1, 2-di met hoxyethane (10 ml). To the suspension were added conpound
(4a) (1.00 g,34. 0Pramsiratdes fireankugenpound (4a) (part 2)

tetrachl ori de-1, 2-di met hoxyet hane conplex (1:1 700 , 2.51 mol)
with stirring undefodigam é’t%]oihﬂﬁl.‘-’l‘#ﬁer(rﬁiQQU‘ﬁe 26.4 “W%lgggfaisr ,Sélﬁpgpg,egom
tenperature for 3 j.nut.es an 10 furt heryor h ed j.n_a h at

70[ err] C,;IWI t 4T eft&px:ye%hanehéapsr_nﬁrhe 'ﬂﬁl’)xﬁ? esqgééjse grl&lfft é'%q%s
described in §9mﬁ prigvhdes 75 { G-48G It of am no
al cohol (II')££ﬂ¥? |é3%g (éf)%}?bggi?9:@Qggﬁﬂég?PE%Qi$€%%ggf§?r]C.

(4) Step 4: Reepadatiomndd-1,0L8i3BthSkydtRh8oxypl 6ro- (10-1) LF00 myg,

nor pi nan- 3-yl ] et hanol (5) [err]
2.51 mmol) with stirring under ice-cooling. The mixture
was stirred at room temperature for 30 minutes and,

10 furthermore, heated in a bath at 70°C with stirring for 3
hours. The mixture was treated as described in above 1) to
provide 750 mg of benzoic acid salt of amino alcohol (II1').
Yield: 61 % (purity: 94.2 %), mp 176-180C.

(4) Step 4: Preparation of [(1R,3R,5S)-2-methoxyimino-10-

15 norpinan-3-yl)ethanol (5)

SR,
COOC,Hs oH

4b 5

The compound (4b) (23.8 g, 94 mmol) was dissolved in
toluene (111 ml). To the solution was added a solution of
70 % sodium bis (2-methoxyethoxy)aluminum hydride in toluene
20 (34.4 g, 119 mmol) at temperature below 25C over 20
minutes, and stirring was continued for 30 minutes at the
same temperature. To the reaction mixture was added
acetone (7¢g) to decompose the reagent, followed by water
(30 ml) and then 48 % sodium hydroxide (43.8g). The

25 resulting two layers were separated and the aqueous layer



The conpound (4b) (23.8 g, 94 mmol) was dissolved in tol uene (111
m-). To the solution was added a sol ution of 70 % sodi um

bi s(2- met hoxyet hoxy) al um num hydride in toluene 20 (34.4 g, 119 mmol)
at tenperature bel ow 25[err] C over 20 m nutes, and stirring was
continued for 30 mnutes at the sape tenperature. To the reaction

m xture was added acetone (7g) to deconpose the reagent, followed by
wat er (30 mM) and then 48 % sodi um hydroxi de (43.8g). The 25
resulting two | ayers were separated and the aqueous | ayer

28 Wasa £eixtaslceddmiibht ebleare ({111 m)).. Tithe evhibieedobggandc
| ayer was washed with water (3 x 30 nl). The organic |ayer was dried
over anhydrousaysgmwasi washelf withawateheB the30 ml) . sdheewirgand cdilsvek| ed

of f under reduced pressure to provide 5 of the t|tIe cgnpound (5)
as col orl ess Wag drigdejoyer anhydrgBSJmQGHQ$kPWN§ﬁiRﬁ ta e §§&W

?“uﬂéeﬁzfi‘i)re““ hastss die5s.1987aEY el eficesy pressure t°1€£§"1f‘4’60
crr[ ' e%ar at]I %fo[{(% jé?ﬁ%é[ §é§“g’%“£8 ?; )OQMCO%ﬂrerslnS%lnanYée ‘et hgﬁlglo

ben20|c acid §§Uﬂ ! 'Dhe product was 18&dlin the subsequent reaction
without purification.
IR (CHCl,): 3619, 3502, 3020, 2974, 2937, 2872, 2818,
1623, 1460 cm™
10 [e]p?® ® +86.4° (c=1.00 %, CHLOH)
{5) Step 3': Preparation of [(1lR,2R,3R,5S5)-2-amino~10-

norpinan-3-yllethanol benzoic acid salt (II'")

NOCH;  Step 3' WNH:
e
OH OH
5 I

WNH Hooc—©
———
OH

III‘
15

The compound {5) (9.63 g, 45.58 mmol) prepared in (4)
was dissolved in toluene {33 ml) and n-propancl {72 ml).
To the solution was added metal sodium (7.47 g, 325 mmol)
in portions under reflux over 25 minutes. After 1 hour,
20 additional metal sodium (1.15 g, 50 mmol) was added, and
stirring was continued for 1 hour under reflux. The
reaction mixture was cooled and then partitioned into two

layers by adding ice water (39 ml) and toluene (95 ml).



15- : ' The conpound (5) (9.63 g, 45.58 mmmol ) prepared in (4)
was di ssolved in toluene (33 m) and n-propanol (72 m). To the

sol ution was added netal sodium (7.47 g, 325 mmol) in portions under
reflux over-25 minutes. After 1 hour, 20 additional netal sodium(1.15
g;: 50 mmol ) was added, and stirringowas continued for 1 hour under
refl ux. The reaction mxture was cool ed and then partitioned into

t wo | ayers by adding ice water (39 nml) and toluene (95 m).

29 The aqueous | ayer was extracted with toluene (95 m). The

conbi ned or gaie& dppRusnasyeashes wkthabtéderith xduene (95 ml).anthdried
over anhydrous magnesi um sul fate, and the sol vent mas distilled off

under reducedquiessd @rganjcolagerSwdg wishdéd wittthéoniing e ScanPSund) (11) as
colorless oil. The conpound (1) 8.4g (45.8 mmol) was dissolved in
tol uene (33.&nd )ried oveananayéreﬁé pagaesiym ol fate s andt ithe R4 VRBAL ed

to 50 C. Af t | f b d_(4 8 3Q. 47
mol) i acetti 43T e indeR BPEUREL RATTTEE O ety o- qgaai

t ture f | d and

LoTer TS (oo TN contABAeNO) (B8 SLYSLALS WHE, | me chlfiged an

colorless am (‘PLS) I 4%9%29&[1612%% dissolvéd tid |ﬂoJ)uenWé a3, 36818 %

alg
IR (Nujol): 342 2999, 2921, 2864, 2727, 2633, 2596, 2107, 1663,

1623, 1592, 1HRP.ackidhe R4551ml444n§”£3ér$olutlon was hdéﬁéd o2 B0 err |
(c=1.01 % CHerr]OH), npl8l-183[err]C. Exanpl e 2
After addlng a solution of benzoic acid (4.82 g, 39.47

mmol) in acetone (22.2 ml), the mixture was stirred at the
io0 same temperature for 1 hour. The deposited crystals were
filtered and washed with cold acetone (33.3 ml) and dried
to provide 9.155g of colorless amino alcohol benzoic acid
salt (II'). Yield: 65.8 %.
IR {Nujol): 3428, 2999, 2921, 2864, 2727, 2633, 2596,
15 2107, 1663, 1623, 1592, 1555, 1523, 1456, 1444 cm™
[e]p?® % +27.1° (c=1.01 %, CH4OH), mp181-183T.
Example 2
(1) Step 1: Preparation of [3-[(1R,2R,3R,5S5)-3-{(2-
hydroxyethyl)-10-norpinan-2-yl]carbamoylbenzo [b] thiophen~5-
20 yl] benzenesulfonate (7)

04 ,L\[ :L
ANH, HOOC—@ Step 1 0SO,Ph
“\NH _
cioc OSO,Ph
o OH
s

6

(+)-2-[ (1R, 2R, 3R, 58) -2-Amino-10-norpinan-3-yl]ethanol

benzene sulfonic acid salt (II', 5.1 g, 16.7 mmol) prepared



(1) Step 1: Preparation of [3-[(1R 2R 3R, 5S)-3-(2-
hydr oxyet hyl ) - 10- nor pi nan- 2-yl car banoyl benzo[ b] t hi ophen-5- 20 yl]
benzenesul fonate (7)

[err]

(H-2-[(1R 2R, 3R 59) - 2- Ami no- 10- nor pi nan- 3¢yl ] et hanol benzene
sulfonic acid salt (Il', 5.1 g, 16.7 mvol) prepared

30 in Exanple 1 was suspended in water (10 nl). To the

suspensi on was added 1 N HO (17 m) and the deposited benzoic acid

was renoved by edargald Ngwaist Bugpbybeaceh aligter (10 milhe dogahiec | ayer was
washed with water (10 nmL.). To the 5 conbi ned aqueous | ayer was added 4
N sodi um hydraxsmpensi®n? was addetl, 138. BChmdl] nhdeand dde gisiposg.tednd a
solution of 5- . benzenesul fonyl oxybenzo[ b] t hi ophene- 3-car bonyl
chloride (6) benzoiq mcdgl yass renawef)bipr epbracting rektd &idwlpesmbieder in

tetrahydrofuran (36 nl, s then adde ropw se over 0 1 nut ith
stirri %g. AfTa}é‘? (osqqqqﬁcnéaap{&r YRSt H@nggh‘ﬁﬁ\fl\f?‘ water gtjostnﬁé 'sar?g’| the™> ™

t enperature, / | ari.c i . t t ed
W trrﬁ et h%l ac% ngflgye%fﬁaghc?%glasnﬁg%gyéfés ngédg\@s%val\é S\A?aqslhlglg%r%&\%aﬁr(,@q ri6ed

over anhydroug) MegNesinid1) underSkbatsoaity} hamd thessialtion ofasg-di stilled
of f under 15 reduced pressure to provide 8.00g (95.6 % of the title

conpound (7) éntaiaydlemydonypeads [b] thiophene-3{@rdddWVRHlemilde (6)
(e ferr]), 300MHz; 0.96 (1H, d, J=9.9Hz),1.12
- (5.89 ¢,16.7 mmol) prepared in Reference Example 2 in.
tetrahydrofuran (36 ml) was then added dropwise over 15
10 minutes with stirring. After stirring for another 1 hour
at the same temperature, 1 N hydrochloric acid (4 ml) was
added and extracted with ethyl acetate. The organic layer
was washed with water, dried over anhydrous magnesium
sulfate and then the solvent was distilled off under
15 reduced pressure to provide 8.00g (95.6 %) of the title
compound (7) as colorless amorphous.
'H NMR& (CDCl,), 300MHz; 0.96 (1H, d, J=9.9Hz),1.12
and 1.26({each 3H, each s), 1 .50-2.42(9H, m), 3.69-3.82(2H,
m), 4.30(1H, m), 6.21(1H, 4, J=8.1Hz), 7.06(1H, dd, J=2.4
20 and 8.7Hz), 7.51-7.56(2H, m), 7.67{(1H, m), 7.73(1H, d,
J=8.7Hz), 7.85 -7.88(2H, m), 7.88(1H, s), 8.06(1H, d,
J=2.4Hz)
[a]lp?® +35.7° (c=1.00 %,CHZOH)
(2) Step 2: Preparation of [3-[(lR,2R,3R,55)-3-
25 formylmethyl-10-norpinan-2-yl]carbamoylbenzo[b] thiophen-5-

y1l]l benzenesulfonate (8)



and 1. Zé(each 3H, each s), 1 .50-2.42(9H, m, 3.69-3.82(2H, n,
4..30(1H, m, 6.21(1H, d, J=8. 1Hz) 7.06(1H, dd, J=2.4 20 and 8. 7Hz),

7.51-7.56(2H, m, 7. 67(1H m, 7.73(1H, d, J=8.7Hz), 7.85 -7.88(2H,
m, 7.88(1H, s), 8.06(1H, d, J=2. 4Hz) [err] +35.7[err]
(€e=1.00 % CH err] OH) (2) Step 2: Pmgparation of [3-[(1R 2R 3R 55)-3-
25 f or nyl met hyl - 10- nor pi nan- 2-yl ] car banoyl benzo[ b] t hi ophen- 5- yl]
benzenesul fonate (8) 31

[err] The conpound (7) (9.72 g,.18.3 muol) was

di ssolved in ethyl acetate (70 m ). To the solution were added TEMPO

(2, 5 2, 6, 6-tetra
equi val ent) and pot assi
Aqueous sodi um hypoghl
Wi t h sodi um hydr pgen
over 3 mnutes

t hyl pi peri di ne-1-oxyl, 14.3 ng, 0.005
ide (218 ng, 0.1 equix® @

5 m of a soluti

e,080.Ph eqw VS(F t) wa¥ awsedPilr opwi se
Strring 10 ﬁ%lle aiNM ng the inner tenperature
at -1[err] C 6] Af ter 10 ™ nut this tenperature, the two

| ayers were aHed and t he aqueous ChBs extracted with ethyl
acetate. The organic | ayer was washed with water, dried over

anhydr ous magnesi um sul fate and then the sol vent was8

0.41 N
dj usted to pH 9.5

The compound (7) (9.72 g,.18.3 mmol) was dissolved in
ethyl acetate (70 ml). To the solution were added TEMPO (2,
5 2, 6, 6-tetramethylpiperidine-1-oxyl, 14.3 mg, 0.005
equivalenf) and potassium bromide (218 mg, 0.1 equivalent).
0.41 N Agqueous sodium hypochlorite (45 ml of a solution
adjusted to.pH'9.5 with sodium hydrogen carbonate, 1
equivalent) was added dropwise over 3 minutes with stirring
10 while maintaining the inner temperature at -1°C-6C. After
10 minutes at this temperature, the two layers were
separated and the aqueous layer was extracted with ethyl
acetate. The organic layer was washed with water, dried
. over anhydrous magnesium sulfate and then the solvent was
15 distilled off under reduced pressure to provide 9.10g
(100 %) of the title compound (8) as colorless amorphous.
IR (CHClg); 3443, 3093, 3066, 3030, 3016, 2925, 2871,
2828, 2729, 1720, 1655, 1599, 1558, 1513, 1377 cm !t
'H NMR§ (CDCl;), 300MHz; 0.97(1H, 4, J=10.2Hz), 1.17
20 and 1.28(each 3H, each s), 1.46(1H, m), 2.03(1H, m),
2.22(1H, m), 2.36-2.60(3H, m), 2.69(1H, ddd, J=1.2, 8.7 and
17.4Hz), 3.14(1H, dd, J=4.5 and 17.4Hz), 4.2?(1H, m),
6.18 (14, d, J=8.1Hz), 7.09(1H, dd, J=2.4 and 8.7Hz), 7.50-



15. distitled off under reduced pressure to provide 9.10g (100 %
of. the title conpound (8) as col orl ess anorphous. | R

(CHO [err]); 3443, 3093, 3066, 3030, 3016, 2925, 2871, 2828, 2729,
1720, 1655, 1599, 1558, 1513, 1377 cnferr] [err]H NVR[ err]
(CDA [err]), 300MHz; 0.97(1H, d, J=10.2Hzjp 1.17 20 and 1.28(each 3H,
each s), 1.46(1H, m, 2.03(1H, m, 2.22(1H, m, 2.36-2.60(3H, m,
2.69(1H, ddd, J=1.2, 8.7 and 17.4Hz), 3.14(1H, dd, J=4.5 and
17.4Hz), 4.28(1H, n), 6.18(1H, d, J=8.1Hz), 7.09(1H, dd, J=2.4 and

8. 7Hz), 7-50"7.55(72H m{, 7.67J(1H, m), 7.75(1H, d, J=8.7Hz33 7.85- 7.55(2H,
m, 7.67(1H, nm), 7.75(1f d, J=8' 7Hz), 7.85- 7.89(2H, m), 7.89(1H

,S), 8.03(1H,7.89 . 4hz) 7.8980H15s) d,8.03 (1HI=d, ZH).4Hz), 9.80 (1Her d|,
+31.8[err] (c=1.00 % CHerr]OH 5 (3) Step 3. Preparation of
(52)-7-[ (1R ZR1BIHEY) - 2- ( 5-

benzenesul f onyl oxybenzgl b] t hi gphen- 3-yl car bonyl am no) - 10-

nor pi nan- 3-yl | - 5- Hepd efioiBladi d (©F1.00 3, CHOH) [err]

4- Car boxybut y] t.ri phenyl_phosphoni um br oni.d 121 5 _mmwl) and
potassiumt-b )oxi%xﬂ{fo’lgiﬁ,epéﬁ.a?l%? ?Sé)%ﬁglg'z’szlégaédﬁ ?nnego )

t et rahydr of ur )e 20 1 ; y\@%, | i-gg~cool in
for 1 hour. 'F(?;é}f gl%rsregécftaﬁlgﬁog&se%énig! ﬁ?léog\%%nad e%t'daﬁ{sc(ﬁ;ﬂ{l}tléi&gﬁfo(%f q?;)npoundg
(8) (9.11 9, dé¥pdinan-3-yl]l-5-heptenoic acid (9)

® |
om °moso Ph
OSO,Ph Step 3 2
oNH —_— NH
cHO = COOH

3 9

4-Carboxybutyltriphenylphosphonium bromide (12.17 g,

10 27.5 mmol) and potassium t-butoxide (7.19 g, 64.1 mmol)
were suspended in tetrahydrofuran (64 ml) and the mixture
was stirred under ice-cooling for 1 hour. To the reaction
mixture was added a solution of compound (8) (2.11 g, 18.3
mmol) prepared in above (2) in tetrahydrofuran (27 ml) over

15 15 minutes, and stirring was continued for 2 hours at the
same temperature. The reaction was diluted with water (80
ml) and washed with toluene (2 x 105 ml). After the aqueous
layer was adjusted to pH 8.1 with 5 N hydrochloric acid
(4.8 ml), anhydrous calcium chloride (8.1 g, 73 mmol)

20 dissolved in water (16 ml) was added and the mixture was
extracted with ethyl acetate (2 x 100 ml). To the organic
layer was added water (100 ml) and the aqueous layer was

adjusted to below pH 2 with 5 N hydrochloric acid and



nmol ) pfepared in above (2) in tetrahydrofuran (27 m) over
me.nutes, and stirring was continued for 2 hours at the
tenperature. The reaction was diluted with water (80

15 15
sane
m ) and washed

with toluene (2 x 105 ml). After the aqueous | ayer was adjusted to
pH 8.1 with 5 N hydrochloric acid 83.8 m ), anhydrous cal ci um
chloride (8.1 g, 73 mol) 20 dissolved in water (16 nml) was added and
the m xture was extracted with ethyl acetate (2 x 100 nl). To the
organic | ayer was added water (100 m) and the aqueous | ayer was
adj usted to heltawcpdd? withhebhil hyckostd or i Thecimaaric: layer was washed
33 extracted with ethyl acetate. The organic |ayer was washed
with water, aovditédd water,adinddoave ramesdoons nagnes iam suldate and then

solvent was distilled off under reduced Pngifure t

the conpound %® soifyiesft was ddebiidedhont

i de 1
e%ﬁ%‘f"r% pGFSsure” to (4)

1. 06g of

Step 4. Preparation_qf (52)-7:](1R 2R 3S,53)+ 2- (;5- :
hydroxybenzoFHTPH@@pHgnpggy%gaF%énﬁ?%ﬁ??ﬁs- -hgﬁﬁfﬁéﬁ@f-used without

yI]-5-hq?teﬂghﬁgggkgtg%%%)(Cbnpound A))

10 T oun (11.06 g, 18.3 mmol ) prepared in

[err]
above (3)

was di ssol vedi4)n g hyl %QE%QEE%@gﬁngSHZ)ID—[(IR, 21,155, 50) wRi-qB-nas

added 4 N sodi um hydroxide (2 , an the m xture

was heated at

55[err] C f or riydraxybenizio] lttht bphgn-3~ylcarbonylamino)-10-norpinan-3-

yl]-5-heptenoic acid (10) (Compound A))

s
| o) |
0

Y : ~0SO,Ph Step 4 |
oNH
oNH —_— ’
COOH : _ CoOoH

10 The compound (9) (11.06 g, 18.3 mmol) prepared in

above (3) was dissolved in dimethyl sulfoxide (22 ml). To

the solution was added 4 N sodium hydroxide (27.5 ml), and

the mixture was heated at 55C for 2 hours with

stirring.

The reaction mixture was diluted with water (130 ml) and

15 washed with toluene (2 x 65 ml). The aqueous layer was

acidified with 5 N hydrochloric acid and then extracted

with ethyl acetate. The organic layer was washed with water,

dried over anhydrous magnesium sulfate and then

the solvent

was distilled off under reduced pressure to provide 8.26g

20 of the crude objective compound (10). The product was

dissolved in methanol (40 ml) and water (16 ml), and the

mixture was seeded and gradually cooled with stirring. The

deposited crystals were filtered and washed with water:



The ‘reaction mxture was diluted with water (130 M) and 15 washed with
toluene (2 x 65 m). The aqueous |ayer was acidified wth 5 N
hydrochl oric acid and then extracted with ethyl acetate. The organic
| ayer was washed with water, dri ed_gver anhydrous magnesi um sul fate
and then the sol vent was distilled38ff under reduced pressure to
provi de 8.26g 20 of the crude objective conpound (10). The product was
di ssolved in nmethanol (40 m) and water (16 m), and the m xture was

seeded and gradyal |y coalgd i LOSTLLT LG5 TOE the ony SRARR 'l o' o

were filtere

34 {$1an0lys(A ) 760 6ROV B O BP0t Of s Le ORI AR P APOUN

(10). Yield: % e crystals were met hanol (40

nm), and wat efe{bhdll )(MRm13JdaddWvhBest (121MD) was addEhwithMigtutreangAf ter
addi ng seeds, the solution was 5 continuously stirred at 25[err]C for
1 hour. Addidvemal mimheres, Aftet7add)naaseeadisedtloyesodtimmmass and
stirring was continued for 1.5 hours at 25[err]C. The deposited
cryst al s5wer econtinududliyesédrard atsRBC vidh wdioerr. nmatdatdbng3: 6ateés m)
to provi de 6.14g of the al npst col orl ess objectjve conpound 10

(10).  Yield7 7)o vas fedegsovas) 4P  penutes and stigpnoyas corddngedsogeg,
3059, 3001, 1717, 1627, 1603, 1548, 1409, 1440

[err] H NVR[ ertq* (]Cé(]%[oélrrls] )a% §é‘(,51‘\/l-|z;mf pﬂ—*‘f,ﬁ&d ﬂf@t%ﬂ%)e‘,r”%.eu and
1 24(each 3H.eeadly o arls SaeRACLLN wiler ¢ RIIROT) (345 (5 18)3%5. SL(2H
M, 6.20(1H, d, J=9.3Hz), 7.01(1H dd, J=2 4 and 9.0Hz), '7.66(1H, d,
J=9.0Hz), 7.GXchHdes)6.18903F1bhedalmost cols2ldd¥ )objective complotinid]

+50. 7[ err] (c=1.01,CH err] OH
10 (10).  Yield: 76.0 %, mp 145-146T.
IR (Nujol); 3313, 3096, 3059, 3001, 1717, 1627, 1603,
1548, 1469, 1440 cm™!
'H NMR§ (CDCl,), 300MHz; 1.02(1H, d, J=10.2Hz), 1.12
and 1.24(each 3H, each s), 1.56-2.55(14H, m), 4.29(1H, m),
15 5.32-5.51(2H, m), 6.20(1H, 4, J=9.3Hz), 7.01(1H, dd, J=2.4
and 9.0Hz), 7.66(1H, d, J=9.0Hz), 7.69(1H ,s), 8.03(1H, d,
J=2.4Hz)
lalp?+50.7° (c=1.01,CHZOH)
Elemental Analyses for C,sH3NO4S
20 Calculated (%):C, 68.00; H, 7.08; N, 3.17; 8, 7.26

Found (%): Cc, 67.84; H, 7.08; N, 3.24; s, 7.31



HammélAmﬂwmsfm Cerr]Herr]NdJerr]S 20 Cal cul ated (% :C,
26

68.00; H 7.08; N, 3.17; S, 7. Found (% : C, 67.84; H
7.08; N, 3.24; S, 7.31 35

CLAI M5 1. A process for preparing a conmpound of the formula
(1): [err] 35wherein Ris hydrogen or a
hydr oxy-protecting group; X is hydr ogen or al kyl; and doubl e bond
represents either E- or Z-configuration, or a pharmaceutically
acceptabl e salt or hydrate thereof, which conprises reacting an am no
al cohol 10 of the formula (I11): CLAIMS [err] or a
salt thereof with a conpound of the forrmula (111): [err]
wherein R is hydrogen or a hydroxy-protecting group or a reactive
derivative thereof to yield a conpound of the 15 fornuug I-%?:

[err] 1. A process for preparing a compound of the ormula

(I):

(° [ =
(@) P OR
NH I
—_— COOX

wherein R is hydrogen or a hydroxy-protecting group; X is
hydrogen or alkyl; and double bond represents either E- or
Z-configuration, or a pharmaceutically acceptable salt or
hydrate thereof, which comprises reacting an amino alcohol

10 of the formula (II):

aNHy

OH

or a salt thereof with a compound of the formula (III):

HOOC N
ls | —oR I

wherein R is hydrogen or a hydroxy-protecting group or a
reactive derivative thereof to yield a compound of the

15 formula (I-2):

12
OH

e




36. wherein R is as defined above; oxidizing the conpound (I-2)

wi-t h hal o oxoacid in the presence of 2, 2, 6, 6-

t et ramet hyl pi peridine-1-oxyls to yield a conpound of the formul a
(1-3): [err] 5 wherein Ris as defined
abbove; reacting the compound (I-3) wd h an ylide under the conditions
for Wttig reaction and, I f desired, deprotecting the reaction
product . 2. The process of claim1l, wherein the hydroxy-
protecting group is alkyl, alkoxyal kyl, acyl, aralkyl, 10 al kyl sul f onyl
aryl sul fonyl , wiékedn SUBS idsuiRG isieldy bbove; oxalikeikygathenydmpound (I-2)

aryl oxycar bonyl , aral kyl oxycar bonyl or t et rahydr opyranyl .
3. The procesistfhalaiorndgcivhdmeithet peekedcex9t 2, 2, @rofecting group is
arylsul fonyl. 15 4. A process _for preparing a conmpoun f the
fo¥nu|a Y te%xamgthylpiperidigz-l—oxyls Fgfy}gld agcompogxyﬁﬁgéﬁﬁaR i s
hydrogen or a_hydroxy-pratecting group, which conprises oxidizing a
conpound of tH W%ﬁ?nﬂi}§h=2):
|S |\—OR I3
0 Z i
~NH
CHO
5 wherein R is as defined above; reacting the compound (I-3)

with an ylide under the conditions for Wittig reaction and,
if desired, deprotecting the reaction product.

2, The process of claim 1, wherein the hydroxy-
protecting group is alkyl, alkoxyalkyl, acyl, aralkyl,

10 alkylsulfonyl, arylsulfonyl, alkyl-substituted silyl,
alkoxycarbonyl, aryloxycarbonyl, aralkyloxycarbonyl or
tetrahydropyranyl.

3. The process of claim 1, wherein the hydroxy-
protecting group is arylsulfonyl.

15 4. A process for preparing a compound of the formula

(I-3):

N
| §| —-—oRr I3
Y

wherein R is hydrogen or a hydroxy-protecting group, which

comprises oxidizing a compound of the formula (I-2):

TT———
—

Yy

[4



37 ° [err]
-2 wherein Ris as defined above with halo oxoacid in the
presence of 2, 2, 6, 6-tetranethyl piperidine-1-oxyls. 5. The
process of claim1l which further conprises a 5 step wherein a
conpound of the formula (I1-2): 37 [err]

wherein R err] is alkyl and Rlerr] is hydrogen or alkyl is reduced

with a reducing agent-Lewis acid systemto yield an am no al coho
of the fornula (I11) or a salt thgregf. 10 6. The process of
claimb5, wherein the reducing N %ggnt I's selected fromthe group
consi sting of alkaline o] al kaline earth netal -substituted
bor ohydri des and thel Lewis acid is select@g® fromthe group

consi sting of ' of tin, alumnum titanium boron, zirconium
or 15 ni ckel and’c exes thereof with ethers. 7. A
process for preparing an &m abdohol of the formula (I11) or a
salt thereof, which conprises reducing a conpound of the formula
(rr-2): [err] 20 wherein R err] is alkyl
and Rlerr] is hydhegeinor &d kyd defirpRilictbve with halo oxoacid in the

presence of 2, 2, 6, 6-tetramethylpiperidine-l-oxyls.
5. The process of claim 1 which further comprises a

5 step wherein a compound of the formula (II-2):

NOR?®
COOR?2 T2

wherein R? is alkyl and R? is hydrogen or alkyl is reduced
with a reducing agent-Lewis acid system to yield an amino
alcohol of the formula (II) or a salt thereof.

10 6. The process of claim 5, wherein the reducing
agent is selected from the group consisting of alkaline
metal- or alkaline earth metal-substituted borohydrides and
the Lewis acid is selected from the group consisting of
halides of tin, aluminum, titanium, boron, zirconium or

15 nickel and complexes thereof with ethers.

7. A process for preparing an amino alcohol of the
formula (II) or a salt thereof, which comprises reducing a

compound of the formula (II-2):
NOR?
-2
COOR? I

20 wherein R® is alkyl and R® is hydrogen or alkyl is reduced

A




38- Wi th a reducing agent-Lewis acid system 8. The
prrocess of claim1 which further conprises a step wherein a conpound
of the formula (11-2): [err] 5 wherein Rerr] and R err]
are as defined above is converted into an al cohol of the fornula
(t1-3): [err] 3gherein R err] is as defined
above, and reducing the said al cohol with netal sodi um al cohol or
reduci ng agent-Lewis 10 acid system 9. A process for
preparing an am no al cohol of the formula (11) or a salt thereof,

whi ch conpri seisticenvweidudigy agentalLenipossddofyétanfornula (11-2):

[err] 15 wherein R err] and Rlerr] are as defined above into an

al cohol of tthe f Gheupbzocebs3pf claim]l which furtdlesr eiompRiewes] ai s as
defined above; and_reducing the al cohol wi th netal sodi um al cohol or
reduci ng agerittaRuberginga gompoypdt @fy the formula (II-2):

NOR3
COOR?2 _ 12

5 wherein R? and R® are as defined above is converted into an

alcohol of the formula (II-3):

3
OH

wherein R® is as defined above, and reducing the said
alcohol with metal sodium-alcohol or reducing agent-Lewis
10 acid system.
9. A process for preparing an amino alcohol of the
formula (II) or a salt thereof, which comprises converting

a compound of the formula (II-2):
NOR®
COOR? 12

15 wherein R? and R® are as defined above into an alcohol of

the formula (II-3):

3
oH

wherein R?® is as defined above; and reducing the alcohol
with metal sodium-alcohol or reducing agent-Lewis acid

20 system.
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