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5 Technical Field This invention relates to novel fluorine-con- taining

1, 4-di substituted piperidine derivatives, pro- cesses for preparing them
phar maceutics containing them 10 and theiry; use as nedicines, especially in
the treatnent or prophylaxis of various diseases of the respiratory,
urinary and di gestive systens. Backgqﬁyﬂﬂ;ﬁpf dw Ant agonismto
muscarini ¢ receptors are known to cause ronc%odilation, gastroi ntesti nal
hypana- kinesis, gastric hyposecretion, dry nouth, nydriasis, suppression
of bl adder contraction, Fipyp®hi ) NF -1C [ trh ' ' Basi c
and Cinical Pharmacol oFy", Z(ﬁ_@@dA W%LET@P?EQ%&,TUSEU ???F{QE (1989);
Drug News & Perspective,'@d@ﬁ QﬁRIWﬁﬁiﬁﬁﬁ (1992)]. It has been made cl ear
that theregare at |east three subtypes of nuscarinic receptors; the M
receptors beiﬂg ﬁreseqt mainly in the brain, the M2 receptors 25 mainly in
the heart, and®FAB!GR rgﬂéﬂﬁbrs, on snoot h nmuscl es and gl andul ar tissues.

Whereas, all of the |argg;Runbsferli GPme s e eﬁg@gqefﬁwgmnﬁéséaﬁutﬂt

antagoni smto,_nmuscarinic receptors non-sel ectively antagoni ze ee
subtypes of nti8éBINEi ¢. Asddmubst i Botahmireendipe derdmatts vies,uger a-hese

conpounds as ¢&gsas Pyt ipqe%rarﬁrlfhomeﬁﬁt i@@ﬁﬁ@&éu%??sdic%%ac%eﬁi sgfj{r}sem

respi - ratary system have caused undesirable side effects such a

mout h, nat8ea@BRAdthpdri usies assmadiqinesidiespesiphlvi dol dhley tyedtmensi de

ef fects assochat gophihakhe 3F GBI TR ySken} S tia,

attributabl e to_fﬁhewl\/k receptors anld t (r)kg{aé/%ésl%%(é:ig?egh\?\ﬁ ?%Qtpﬁz’ahear ",
urinary and digestive systems.

Background Art
15 Antagonism to muscarinic receptors are known
to cause bronchodilation, gastrointestinal hypana-
kinesis, gastric hyposecretion, dry mouth, mydriasis,
suppression of bladder contraction, hypohidrosis, tachy-
cardia and the like ["Basic and Glinical Pharmacology”,
20 4th ed., APPLETON & LANGE, pp. 83-92 (1989); Drug News &
Perspective, 5(6), pp. 345-352 (1992)].
It has been made clear that there are at least

three subtypes of muscarinic receptors; the M, receptors
being present mainly in the brain, the M, receptors

25 mainly in the heart, and the M, receptors, on smooth
muscles and glandular tissues. Whereas, all of the
large number of compounds heretofore known to exhibit
antagonism to muscarinic receptors non-selectively
antagonize the three subtypes of muscarinic receptors.

30 Consequently, attempts to use these compounds as thera-
peutic or prophylactic agents for diseases of the respi-—
ratory system have caused undesirable side effects such
as dry mouth, nausea and mydriasis. Still in addition,
particularly serious side effects associated with the

35 central nervous system, such as dementia, attributable
to the M, receptors and those associated with the heart,



2 such as tachycardia nediated by the M2 receptors pose problens and their
solution is strongly denmanded. We have discl osed, as a drug neeting the de-
mand, 1, 4-disubstituted piperidine derivatives (see: 5 PCT W96/ 33973) .
However, creation of even nore excel- lent drug has been in demand. An

obj ect of the present invention is to cre- 2ate even a better drug than said
known conpounds, where- by to provide pharmaceutics exhibiting highly

sel ective 10 SAHHYH$ sﬁ??%y% rdd @erest i tadi b nthe ZMpgradeptee ssipdes eef f ect

and whi ch, thejed®réms PARYI €Re33 & AR & ?%i%ﬁw&r?gigﬁasm%agd;vgf

treatment or prophyl axi s of di seases associate scarin
receptors, eg., such res%?-h?&?oﬂysd’ilﬁésﬂes ass ahtong cneetingctheede-

pul monary di Smakfy easep-d PhuBRHG tARRRC Y i ch | F e ANldat 1 BE! i3 edi ges-
tive diseases such as irritaple bowel syndronme, convul- sive colitiss,
diverticul i?i £EhdPH 38 Edhpanlions vedhnt rarabioniofneven mosel exce !t he

di gestive systigdft Win@radli 6aeHers ldeardy. i nary incontinence and fre- 20
guency in neurogenic pol]akiuria, neurogenic bladder, nocturnal enuresis,

unst abl e bl adder, cyst osbaseb anatchfodihe oyaseits;irventbononsstokoess:
Di scl f i i
sclosure of e dywendi E’é‘tgér drugf I’chan RGE ﬂ{r?@wﬁ Oc&?tpaaﬁélggggg«hetrlﬁ—ed

i nvention, there are provided novel uori ne-contai ning
pi peri di ne detiwatq werovide hehgemecelutiiosmexhibit {rgrhighty selective
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group consi st i&fdf estt mnd ogeichoxhem eiod esulpinav iideysdfe cadd effective
pharmaceutics for treatment or prophylaxis of diseases
associated with muscarine M, receptors, eg., such respi-
ratory diseases as chronic obstructive pulmonary dis—-

15 eases, chronic bronchitis, asthma and rhinitis; diges-
tive diseases such as irritable bowel syndrome, convul-
sive colitis, diverticulitis and pain accompanying
contraction of smooth muscles of the digestive system;
urinary disorders like urinary incontinence and fre-

20 quency in neurogenic pollakiuria, neurogenic bladder,
nocturnal enuresis, unstable bladder, cystospasm and
chronic cystisis; and motion sickness.

Disclosure of the Invention

25 According to the present invention, there are
provided novel fluorine-containing 1,4-disubstituted
piperidine derivatives of the general formula [I]

AT 0O
30 HO—l'—-H—X— N— R? [1]
Rl

and pharmaceutically acceptable salts thereof, wherein:
Ar represents an aryl group or a heteroaryl

35 group having 1 to 2 hetero atoms selected from a group
consisting of nitrogen, oxygen and sulfur (any 1 to 3



3 hydrogen atons on the ring of said aryl or heteroaryl group may be
substituted with |l ower alkyl, trifluoro- nethyl, cyano, hydroxyl, nitro,

| ower al koxycar bonyl, hal ogen, |ower al koxy, am no or |ower alkylam no); 5
Rlerr] represents CJerr]-Cferr] cycloal kgl whose any 1-4 hydrogen atnos
may be substituted with fluorine atons(s); R2 represents (err]- C[err]

saturated or Wéﬁﬁté"é‘oﬁl&' eha&he wwgowtmengF WOﬁst@%aNlo

hydrogen 10 at'ons nmay tuted h fluorine aton(s% ar al
aryl al kenyl , SrQun daawhekyubéftlﬁéft@do&mm lexsn atlovp. havi iﬁ(jUSPI’P(T 2

heter o at ons otipet 0oy 5AB) anGHPURYIONM %Y, n|quérnémesa9ear96mqn and

sul fur (optlonally any to 3 hydrogen atons on the ring in said aralkyl,
aryl - 15 al kéwiogmtel@mm allkpxYor amdtner dr yiaseng | kgt ampn be

substituted wth | ower R" kVéprEEbfllt'éoﬁoa@t h¥ye 102Ny | hWﬁ’éQéy%nynﬂLW)
| ower al koxycar bonyl, hal ogen, | ower oly, "ami no or | ower al kyl am no);

and X stands H#rogen @\IF{"OQOmBVobledéd'btsﬁdttUdIGd eakthef luar iBge of Rlerr]
and Rlerr] caﬂaﬁh spne or nore fluorine atons. The conpounds of the above
formula [1] are provided by the present invention have potent and
sel ective antagonistic &ctreprysﬁdtSnﬁsc&num&?ﬁ%@ﬁtqdr@te@nsésuraﬁgd and

exhi bi t excd%iiﬁhéwfélﬁgay bgy ?4Qqﬁ}(Nh&ggléwbapdtBhGrEEGQ% % I CS,

so that they e SI are safe very
useful int@heatomaitmantber Spbephyué;ﬁlds mfﬂdlfsleastesn@uchomés bi - arratléxrwl

di seases as cgusﬁpé pkgpgiruggltgﬁogwyfmq v ddPJxéPePé‘éPiiaW&RQlcgrtoéﬁ o

bronchitis, ast
bowel syndumhavnmmvhlt052vbe¢ekptﬁéomm\&ahaQiﬁdthOMnd gapupaceoamanyi ng

contraction qf; SpY éh pvﬁﬂf«'gggi, t%gg@e%e%wesémmog{'.Bﬁ5¥lgkﬁ% GFS

i ke urlnary |ncont nence an ency in neuroge
neur ogeni ¢ bltaderhydrogen atoms on the ring in said aralkyl aryl—

15 alkenyl, heteroarylalky! or heteroarylalkenyl group may
be substituted with lower alkyl, trifluoromethyl, cyano,
hydroxy!l, nitro, lower alkoxycarbonyl, halogen, lower
alkoxy, amino or lower alkylamino); and

X stands for 0 or NH,

20 provided that at least either one of R' and R? contains
one or more fluorine atoms.

The compounds of the above formula [I] which
are provided by the present invention have potent and
selective antagonistic activity for muscarinic M; recep-

25 tors, and exhibit excellent oral activity, duration of
action and pharmacokinetics, so that they have little
side effects and are safe. Hence, they are very useful
in the treatment or prophylaxis of diseases such respi-
ratory diseases as chronic obstructive pulmonary dis—

30 eases, chronic bronchitis, asthma and rhinitis: diges—
tive diseases such as irritable bowel syndrome, convul-
sive colitis, diverticulitis and pain accompanying
contraction of smooth muscles of the digestive system:
urinary disorders like urinary incontinence and fre-—

35 quency in neurogenic pollakiuria, neurogenic bladder,
nocturnal enuresis, unstable bladder, cystospasm and



nocturnal enuresis, unstable bl adder, cystospasm and 4 chronic cystisis:
and notion sickness. Hereinafter the nmeaning of the technical terns used in
the present specification are elucidated and the invention is explained in
further details. 5 "An aryl grqup (any 1 to 3 hydrogen atons on
the ring in said aryl group may be substituted with | ower al kyl,

trifluoronet hyhyosyanayshYEi@xy! .and thdk | Amwrc@hgeéycar bonyl, hal ogen,
| ower al koxy, ami no or | ower alkylan1no signifies a substituted or

unsubsti- 10 tuted (] erHprefsafitesr theymaan insab the oteahnibailnderdisg
unsubsti t ut ey §bgnNyh ﬁﬁ@ugre%%W’ct I@Hedlrﬂ‘{patoirori]h@r's@ QPG%?HQEQQ ] ntghe_L- 2

above- naned substituent(s As exanpl es of eteroaryl group havi
hetero atoms HeY@Rteanf i snexPdadme dmmﬁurﬁhfﬁﬁd¢¢@rbs 15 gen, oxygen and

sul fur (any 1 to 3 hydr@gﬁnaag,qn%rq,nrpt uor htq{ §a}lly§idpgé§ﬁogrtghsgr%up may

be substituted with | ower alk tri droxyl
| ower al koxycEHI®oh{NE hal §Qéﬁ| alrcyvbergraqupomay abﬁ rﬁﬂmtlbwéedawwlham no) "

unsubstltuted|@w@yréﬂyb4 3tP§?H@$'oﬁ@%H@IpYQ?ﬂ¥{ am§@+g§ghylnl4 thlazolyl

2-thienyl, 3- thieny 1-i m dazol I'm'd
pyrazol yl , 4-';53%1'20” oxzcmbymla halpgern- plwwe)‘lyalkGXypyammhyJI or

i Bg;:g;g:2§:|°ﬁ§ﬁﬁékn??%@¥b0%5 %yggnzofﬁyenfﬁj dﬁéupggo?elﬂéﬁggﬁ%lgﬁg
t hose whi t drtedinei €y edrvilt grone, alﬁmmniaeﬁacbﬁuﬂuwhuenmtudangbe naned.
Substituted wHATYEbuLel Bhehy I BrgtolY indiif £ &8 8P ROBET T
cycl opentyl , Qﬂﬂﬁ%tnH@&ythe1abbueroew@dnauhgmltWEﬁt(E&ocyclobutyl 1-
As examples of “a heteroaryl group having 1-2
hetero atoms selected from a group consisting of nitro-
15 gen, oxygen and sulfur (any 1 to 3 hydrogen atoms on the
ring of said heteroaryl group may be substituted with
lower alkyl, trifluoromethyl, cyano, hydroxyl, nitro,
lower alkoxycarbonyl, halogen, lower alkoxy, amino or
lower alkylamino)”, unsubstituted 2-pyridyl, 3-pyridyl,
20 4-pyridyl, 2-thiazolyl, 4-thiazolyl, 2-thienyl, 3-
thienyl, 1-imidazolyl, 2-imidazolyl, 4-imidazolyl, 3-
pyrazolyl, 4-pyrazolyl, 2-furyl, 3-furyl, 2-pyrrolyl!l, 3-
pyrrolyl, 2-pyrimidinyl, 4-pyrimidiny!, 5-pyrimidinyl,
2-pyrazinyl, 3-pyridazinyl, 4-pyridazinyl, 2-quinolinyl,
25 2-benzothienyl and 2-indolyl group; and those which are
substituted with the above—named substituents can be
named.
Also examples of “C,~C, cycloalkyl whose 1-4
hydrogen atoms may be substituted with fluorine atom(s) ¢
30 include: cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, 1-fluorocyclopropyl, 1-fluorocyclobuty!, 1-
fluorocyclopentyl, 1-fluorocyclohexyl, 2-fluorocyclo-
propyl, 2-fluorocyclobutyl, 2-fluorocyclopentyl, 2-
fluorocyclohexyl, 3-fluorocyclobutyl, 3-fluorocyclo-
35 pentyl, 3-fluorocyclohexyl, 4-fluorocyclohexyl, 2, 2-
difluorocyclopropy!, 2,2-difluorocyclobutyl, 2,2-



uorocycl opentyl, 2- fluorocycl ohexyl,
uorocycl o- 35 pentyl, 3-fluorocycl ohexyl,
- difluorocyclopropgyl, 2,2-difluorocyclobutyl, 2,2-

uorocyclobutyl 2
uor ocycl obutyl, 3-
uor ocycl ohexyl , 2

| uor ocycl ohexyl, 2-fluorocycl o- propyl,
fl
fl
2

I orocyclopentyl 1-f
I
I
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Iuorocyclopentyl 2, 2-di fluorocycl ohexyl, 3,3- difluorocycl obutyl,
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hydrocar bos of bfipgorbege labyitd It 0 26 MTpg%y@épgpogthpe; sybgtifuted with
fluorine ato i nclu ght chajn or "branche aIkyI

rai
al kenyl , al kSEWWEWFEH%WMe%ﬂM ft'dw%mwaexyﬂ dydreifluoro-
aIkyIaIkenyI @ycpunéggukyQangnﬁLﬂé}ﬁgppﬁbgggy@p€5h¥y15 Exdgogegagiwds)
on the cycloal k n e SUbStI- tuted wth [ower a
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aton(s) on the cycloal kewxhpnbagowaycbe(ﬁub%d%w eMP Idﬂ H"?fa:‘cé%jr and

t hose who ? 1h F gro gen, at on( ar’e 20 substituUte

atomn(s). gﬁ | Rhatbephkdreraghom @rQﬂRQIWh¢®%r®@hr1 bgnﬁghudmslanﬂude
unsubsti t ut echﬂsmélrwayl Be substi ttle;tt%dj 3l ikoH ﬂrwpﬁnéugboﬁﬁ"z.%tl m&:ebuty'
3- nethylbuty H§nty| neopenty 2-net pen g& t hyl pent

4-met hyl - perftsTC 1he§§fa'§ tethglifeeyl b yl, alkenmyl - hexyl

5- et hyl heXy|alI€yrﬂy fi ”E?BYBB?RSM'Ide%e‘:‘atIW Ih,ews}cloalkylalkyl, cyclo-
alkylalkenyl or cycloalkylalkynyl in which optionally
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15 hydrogen atom(s) on the cycloalkyl ring may be substi-
tuted with lower alkyl; and cycloalkenylalky!l or cyclo-
alkenylalkenyl in which optionally hydrogen atom(s) on
the cycloalkenyl ring may be substituted with lower
alkyl; and those whose any 1 to 6 hydrogen atom(s) are

20 substituted with fluorine atom(s).

Specific examples of such aliphatic hydrocar-
bon groups include:

unsubstituted or fluorine-substituted alky!
groups such as 2-methylbutyl, 3-methylbutyl, pentyl,

25 neopentyl, 2-methylpentyl, 3-methylpentyl, 4-methyl-
pentyl, hexyl, 2-methylhexyl, 3-methylhexyl, 4-methy! -
hexyl, 5-methylhexyl, 2,4-dimethylpentyl, 2-ethylhexyl,
4, 5-dimethylhexyl, 4,4-dimethylpentyl, heptyl, 4-methyl-—
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,

30 tetradecyl, pentadecyl, 3-fluoromethylbutyl, 1-fluoro-
pentyl, 4-fluoropentyl, 5-fluoropentyl, 1,1-difluoro-
pentyl, 4,4-difluoropentyl, 5,5, 5-trifluoropentyl,
1,1,4, 4-tetrafluoropentyl, 1,1,5,5, 5-pentafluoropentyl,
1-fluorohexyl, 5-fluorohexyl, 6-fluorohexyl, 1,1-

35 difluorohexyl, 5,5-difluorohexyl, 6,6,6-trifluorohexyl,
1.1,5, 6-tetrafluorohexyl, 1,1,6, 6, 6-pentafluorohexyl, 1-



I met hyl hexyl, 4, 4-di net hyl pentyl, heptyl, 4-nethyl- heptyl, octyl,
decyl, undecyl, dodecyl, tridecyl, 30 tetradecyl, pentadecyl,
oronet hyl butyl, 1-fluoro- pentyl, 4-fluoropentyl, 5-fluoropentyl,
i fl uoro- pentyl, 4,4-dif|uoropenty|,¢5,5,5-tr|fluoropentyl,
0

, 5
onyl,
fl
, 1-
, 1 4-tetrafluoropentyl, 1,1,5,5,5-pentafl uoropentyl, 1-fluorohexyl,
1 uor ohexy! f | Gof bedraleaiy |, palntlyl 352dffuypégmemxlthyﬁpinq'yfll ugg-ohexyl,
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f

fl
6 b pent IRBLBrAReR herty o 4Tk Biet drhomashudnety | 4-

or 0- 4- rfthub?@mb)ﬂh,yI:irerft'yulorOI'4?-‘@FFVU6’€6‘I-4Lme‘ﬂhfyllB%rrﬂ:ﬂ meg.hyl pentyl,
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or o- 4- nethtix 5 Fr'fIP°JPﬂ4ﬂﬂﬁihM#ﬁﬂﬂﬁNhebef|B°5° 4- methylhexy
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trifluoro-4- h Iheg g trlfluoro 4-trifluoro- I"hex yI
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di f | uoro-6, 6, @rmawonom@twwmxyu wwh?6+§.ﬂéfﬂ¥?be€<gl

6.5.3
fluorine- substltuted al kenyl “groups suc pentenyl
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3- hexenyl, 4-hexenyl, 4- hyl - 2- hexenyl , 4-
4- met hy|y 4- heddefllm?ro 8. ﬁeﬁmnr-tz‘ W@T}A-mesthuethg*y& hexenyl 5- met hyI
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5- et hyl - 5-heptenyl, 3,4 ten
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15 pentenyl, 4-pentenyl, 3-methyl-2-pentenyl, 3-methyl-
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1,1, 6,
2-flu
4- f|
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1-fl
fl
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3-pentenyl, 4-methyl-2-pentenyl, 4-methyl-3-pentenyl,
4-methyl-4-pentenyl|, 2-hexenyl, 3-hexenyl, 4-hexenyl!,
4-methyl-2—-hexenyl, 4-methyl-3-hexenyl, 4-methyl-4-hexe-
nyl, 5-methyl-2-hexenyl, 5-methyl-3-hexenyl, 5-methyl-4-

20 hexenyl, 5-methyl-2-heptenyl, 5-methyl-3-heptenyl, 5-
methyl-4-heptenyl, 5-methy!-5-heptenyl, 3, 4-dimethyl-2-
pentenyl, 3,4-dimethyl-3-pentenyl, 4,5-dimethyl-2-
hexenyl, 4,5-dimethyl-3-hexenyl, 4, 5-dimethy|-4-hexenyl,
octenyl, noneny!, decenyl, undecenyl, dodecenyl, tri-

25 decenyl, tetradecenyl, pentadecenyl, 1-fluoro—-4-methyl-
3-pentenyl, 2-fluoro—4-methyl-3-pentenyl, (E)-4-fluoro-
methy|-3-pentenyl, (Z)-4-fluoromethyl-3-pentenyl, 1, 1-
difluoro—4-methyl-3-pentenyl, 2,2-difluoro-4-methy|-3-
pentenyl, (E)-4-trifluoromethyl-3-pentenyl, (Z)-4-trij-

30 fluoromethyl-3-pentenyl, (E)-1,1-difluoro—4-trifluoro-
methy|-3-pentenyl, (Z)-1,1-difluoro—-4-trifluoromethyl-3-
pentenyl, 5,5,5—trifluoro—4—trifluoromethyl—3—pentenyl,
1-fluoro—4-methy|-2-pentenyl, 4-fluoro-4-methyl-2-pen-
tenyl, 4-fluoromethyl-2-pentenyl, 1,1-difluoro—4-methy!-

35 2-pentenyl, 4-trifluoromethyl-2-penteny!, 4-fluoro-1, 1-
difluoro-4-methy!-2-pentenyl, 1, 1-difluoro-4-trifluoro-



octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tri- 25 decenyl,
t etradecenyl, pentadecenyl, 1-fluoro-4-nethyl- 3-pentenyl,
2-fluoro-4-nethyl -3-pentenyl, (E)-4-fluoro- nethyl-3-pentenyl,
(Z2)-4-fluoronethyl -3-pentenyl, 1,1- difluojo-4-nethyl-3-pentenyl,
2,2-difluoro-4-nmethyl-3- pentenyl, (E)-4-trifluoromnethyl-3-pentenyl,
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2-pentynyl, octynyl, nonynyl, decynyl, undecynyl,
dodecynyl, tridecynyl, tetradecynyl and pentadecynyl,
and those alkyny! groups in which optionally any 1 to 6
20 hydrogen atoms are substituted with fluorine atom(s) ;
unsubstituted and fluorine—substituted cyclo-
alkylalky!l groups in which any of hydrogen atom(s) on
the cycloalkyl ring may be substituted with lower alkyl,
such as cyclopropylethyl, cyclopropylpropyl, cyclo-

25 propylbutyl, cyclopropylpentyl, cyclopropylhexyl, cyclo-
propylheptyl, cyclobutylmethyl, cyclobutylethyl, cyclo-
butylipropyl, cyclobutylbutyl, cyclobutylpentyl, cyclo-
pentyimethyl, cyclopentylethyl, cyclopentylpropyl,
cvclopentylbutyl, cyclohexylmethyl, cyclohexylethyl,

30 cyclohexylpropyl, cyclohexylbutyl, cycloheptylmethyl,
cycloheptylethyl, cycloheptylpropyl, cycloheptylbutyl,
cyclooctylmethyl, cyclooctylethyl, cyclooctylpropyl,
cyclooctylbutyl, 1-methylcyclopentyimethyl, 2-methyl-
cyclopentylimethyl, 3-methylcyclopentylmethyl, 1-ethyl-

35 cyclopentylmethy!l, 2-ethylcyclopentylimethyl, 3-ethyl-
cyclopentylmethyl, 2-cyclopentylethyl, 2-~(1-methylcyclo-
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cyclobuty!l idenepropyl, cyclobuty!lidenebutyl, cyclo-

20 butylidenepentyi, cyclopentylideneethyl, cyclopentyli-
denepropyl, cyclopentylidenebutyl, cyclopentylidene-
pentyl, cyclohexylideneethyl, cyclohexylidenepropyl,
cyclohexylidenebutyl, cyclohexylidenepentyl, cyclo-
heptylideneethyl, cycloheptylidenepropyl, cycloheptyli-

25 denebutyl, cycloheptylidenepentyl, cyclooctylideneethyl,
cyclooctyl idenepropy!l, cyclooctylidenebutyl and cyclio-
octylidenepentyl, and those cycloalkylidene alkyl groups
in which optionally any 1 to 6 hydrogen atoms are sub-
stituted with fluorine atom(s);

30 cycloalkylalkenyl groups in which any of
hydrogen atom(s) on the cycloalkyl ring may be substi-
tuted with lower alkyl, such as cyclopropylpropenyl,
cyclopropylbutenyl, cyclopropylpentenyl, cyclopropyl-
hexenyl, cyclopropylheptenyl, cyclobutylpropeny!l, cyclo-

35 butylbutenyl, cyclobutylpentenyl, cyclopentylpropenyl,
cyclopentylibutenyl, cyclopentylpenteny!, cyclohexylpro-
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any 1 to 6 hydrogen atoms are substituted with fluorine

15 atom(s) ;
cycloalkenylalkyl groups in which any optional

hydrogen atom(s) on the cycloalkeny! ring may be re-

placed by a lower alkyl group(s), such as cyclopro-

penylethyl, cyclopropenylpropyl, cyclopropenylbutyl,

20 cyclopropenylpentyl, cyclopropenylhexyl, cyclopro-
penylheptyl, cyclobutenyimethyl, cyclobutenylethyl,
cyclobutenylpropyl, cyclopentenylmethyl, cyclohexenyl-
methyl, cyclohexenylethyl, cycloheptenyimethyl, cyclo-
heptenylethyl, cyclooctenylmethyl, cyclooctenylethyl,

25 (1-methyl-2-cyclopentenyl)methyl, (1-methyl-3-cyclo-
pentenyl)methyl, (2-methyl-1-cyclopentenyl)methyl, (2-
methyl-2-cyclopentenyl)methyl, (2-methyl-3-cyclopen-
tenyl)methyl, (5-methyl-2-cyclopentenyl)methyl, (5-
methyl-1-cyclopentenyl)methyl, (3-methyl-1-cyclopen-

30 tenyl)methy!, (3-methyl-2-cyclopentenyl|)methyl, (3-
methyl-3-cyclopentenyl)methyl, (4-methy!-2-cyclopen-
tenyl)methyl, (4-methyl-1-cyclopenteny!)methyl, (1-
methyl-2-cyclohexenyl)methyl, (1-methyl-3-cyclohexenyl)-—
methyl, (2-methyl-1-cyclohexeny!)methyl, (2-methy!-2-

35 cyclohexenyl)methyl, (2-methyl-3-cyclohexenyl)methyl,
(6-methyl-3-cyclohexenyl)methyl, (6-methyl-2-cyclo-
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cycloheptenyl)methyl, (5-methyl-2-cycloheptenyl)methyl,
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25 methyl, (2-methyl-2-cyclooctenyl)methyl, (2-methyl-3-
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30 methyl, (3-methyl-2-cyclooctenyl)methyl, (3-methyl-3-
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cyclooctenyli)methyl, (4-methyl-1-cyclooctenyl)methyl,

35 (4-methyl-2-cycloocteny!)methyl, (4-methyl-3-cyclo-
octenyl)methyl, (4-methyl-4-cyclooctenyl)methyl,
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which optionally any 1 to 6 hydrogen atoms are substi-
tuted with fluorine atom(s).

“Aralkyl (optionally any 1 to 3 hydrogen atoms
on the ring in the aralkyl group may be substituted with

20 lower alkyl, trifluoromethy!l, cyano, hydroxyl, nitro,
lower alkoxycarbonyl, halogen, lower alkoxy, amino or
lower alkylamino)” signifies unsubstituted or substi-
tuted C,-C,, aralkyl groups. As their examples, unsub-
stituted benzyl, phenethyl, phenylpropy! and naphthyl-

25 methyl, and those substituted with above—listed sub-—
stituents may be named.

“Arylalkenyl (optionally any 1-3 hydrogen
atoms on the ring in the arylalkeny! group may be sub-
stituted with lower alkyl, trifluoromethyl, cyano,

30 hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower
alkoxy, amino or lower alkylamino)” signifies unsubsti-
tuted or substituted C,-C,, arylalkeny! groups, examples
of which include unsubstituted phenylpropenyl and
naphthylpropenyl, and those substituted with above-

35 listed substituents.
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substituent s.m&xafP| €3-pf r'i Gake hYamE tH Ky Wﬁgdz;lﬂﬁy?methyl, 3-

15 quinolylmethyl, 4-quinolylimethyl, 5-quinolylimethyl, 6-
quinolylmethy!l, 7—-quinolyimethyl, 8-quinolylimethy!l, 1-
isoquinolylmethyl, 3-isoquinolyimethyl, 4-isoquinolyl-
methy!, 5—isoquinolylmethy!, 6-isoquinolylmethyl, 7-
isoquinolylmethyl, 8-isoquinolyimethyl, 2-benzothie-

20 nyimethyl, 3-benzothienylmethyl, 4-benzothienylimethyl,
b-benzothienylmethyl, 6-benzothienylmethyl, 7-benzothie—
nylmethyl, 2-indolyimethyl, 3-indolylmethy!l, 4-indolyl-
methyl, 5—-indolylmethy!, 6-indolyimethyl, 7-indolyl-
methy!l, 2-benzimidazolylmethyl, 4-benzimidazolyimethyl,

25 b-benzimidazolylmethyl, 2-benzothiazolylmethyl, 4-
benzothiazolylmethyl, b-benzothiazolyimethyl, 6-benzo-—
thiazolylmethyl, 7-benzothiazolylmethyl, 2-benzoxazolyl-
methyl, 4-benzoxazolylmethyl, 5-benzoxazolylmethyl, 6-
benzoxazolylmethyl, 7-benzoxazolylmethyl, 2-benzofura-

30 nylmethyl, 3-benzofuranylmethyl, 4-benzofuranylimethyl,
5-benzofuranylimethyl, 6-benzofuranylmethyl, 7-benzo-
furanylmethyl, 2-pyridylethyl, 2-pyridylpropyl, 3-pyri-
dylethyl, 4-pyridylethyl, 2-thiazolylethy!l, 2-~thienyl-
ethyl, 3-thienylethyl, 1-imidazolylethyl, 2-imidazolyl-

35 ethyl, 3-pyrazolylethyl, 4-pyrazolylethyl, 2-furylethyl,
3-furylethyl, 2-pyrrolylethyl, 3-pyrrolylethyl, 2-



13 hetero atons selected froma group consisting of nitro- gen, oxygen and
sul fur (optionally any 1-3 hydrogen atons on the ring in the
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15 ethyl and 7-benzofuranylethyl, and those which are
substituted with above-listed substituents.

As examples of “heteroarylalkenyl having 1-2
hetero atoms selected from the group consisting of
nitrogen, oxygen and sulfur (any 1 to 3 hydrogen atoms

20 on the ring of said heteroarylalkenyl group may be
substituted with lower alkyl, trifluoromethyl, cyano,
hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower
alkoxy, amino or lower alkylamino)”, unsubstituted 2-
pyridylpropenyl, 3-pyridylpropenyl, 4-pyridylpropenyl,

25 2-thiazolylpropenyl, 2-thienylpropeny!, 3-thienylpro-
penyl, 1-imidazolylbuteny!l, 2-imidazolylpropenyl, 3-
pyrazolylpropenyl, 4-pyrazolylpropenyl, 2-furylpropenyl,
3-furylpropenyl, 2-pyrrolylpropenyl, 3-pyrrolylpropenyl,
2-pyrimidinylpropenyl, 4-pyrimidinylpropenyl, 5~pyrimi-

30 dinylpropenyl, pyrazinylpropenyl, 3-pyridazinylpropenyl,
4-pyridazinylpropenyl, 2—quinidylpropenyl, 2-benzothie—
nylpropenyl and 2-indolylpropenyl, and those substituted
with above—named substituents may be named.

“Halogen” include fluorine, chlorine, bromine

35 and iodine.

“Lower alkyl” signifies C,—-C, straight chain



dyl ethyl, 4-pyridylethyl, 2-thiazolylethyl, 2-thienyl- ethyl,
3-thienylethyl, 1-imdazolylethyl, 2-imdazolyl- 35 ethyl,
3-pyrazol yl ethyl, 4-pyrazolylethyl, 2-furylethyl, 3-furylethyl,
2-pyrrolylethyl, 3-pyrrolylethyl, 2- 145 pyrim di nyl et hyl,
4-pyrimdinylethyl, 5-pyrimdinyl- ethyl, pyrazinylethyl,
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“Aralkyloxycarbonyl” signifies C,-C,,
aralkyloxycarbonyl groups, for example, benzyloxycar-
bonyl and phenethyloxycarbonyl groups.

“Lower alkylamino” signifies C,-C, straight

20 chain or branched alkylamino groups, for example, meth-
ylamino, ethylamino, propylamino, isopropylamino, but-
ylamino, sec—-butylamino, t-butylamino, pentylamino,
isopentylamino, hexylamino, isohexylamino, dimethyl-
amino, diethylamino and dipropylamino groups.

25 “Protected hydroxy!l groups” signify hydroxy!
groups which are protected with acyl such as acetyl,
alkylsilyl such as trimethylsilyl and t-butyldimethyl-
silyl, aralkyl such as benzyl and trityl, ether group
such as methoxymethyl, and in the form of alkylidene-

30 ketal such as isopropylideneketal.

“Protected oxo groups” signify oxo groups
which are protected in the form of acetal or ketal such
as ethylene ketal, trimethylene ketal and dimethyl
ketal.

35 “Protected amino or lower alkylamino groups”
signify amino or lower alkylamino groups which are



2-pyri mdinyl propenyl, 4-pyrimdinyl propenyl, 5-pyrim- 30 dinyl propenyl,
pyrazi nyl propenyl, 3-pyridazinyl propenyl, 4-pyridazinyl propenyl,

2- qui ni dyl propenyl, 2-benzot hi e- nyl propenyl and 2-indol yl propenyl, and
those substituted w th above-naned substiégents may be naned. "Hal ogen”

i nclude fluorine, chlorine, bromne 35 and”i odine. "Lower alkyl" signifies
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di et hyl am no anétydiaprioRy|groups oilolels. are protected with t—butoxycar-
bonyl and benzyloxycarbonyl groups are preferred.

Also "deprotection” signifies removal of pro-

15 tective groups by the means conventionally used in the
field of organic chemistry, such as hydrolysis, hydro-
genolysis and the |ike.

Referring to the general formula [I],
(1) Ar represents an aryl group or a hetero-

20 aryl group having 1 to 2 hetero atoms selected from a
group consisting of nitrogen, oxygen and sulfur (any 1
to 3 hydrogen atoms on the ring of said aryl or hetero-
aryl group may be substituted with lower alkyl, triflu-
oromethyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl,

25 halogen, lower alkoxy, amino or lower alkylamino). In
particular, unsubstituted phenyl or substituted phenyl
having above- named substituents are preferred.

(2) R' is a C,~-C,; cycloalkyl which may have 1
to 4 fluorine atoms on the ring; cyclobutyl, cyclo-

30 pentyl, cyclohexyl, 2-fluorocyclobutyl, 3-fluorocyclo-
butyl, 2,2-difluorocyclobutyl, 3,3-difluorocyclobutyl,
2-fluorocyclopentyl, 3—-fluorocyclopentyl, 2,2-difluoro-
cyclopentyl, 3,3-difluorocyclopentyl, 2,2,3, 3~tetra-
fluorocyclopentyl, 3,3, 4,4-tetrafluorocyciopentyl, 2-

35 fluorocyclohexy!l, 3-fluorocyclohexyl, 4-fluorocyclo-
hexyl, 2,2-difluorocyclohexyl, 3,3-difluorocyclohexyl



25 "Protected hydroxyl groups” signify hydroxyl groups which are
protected with acyl such as acetyl, alkylsilyl such as trinethylsilyl and
t-butyldinmethyl- silyl, aral kyl such as benzyl and trityl, ether group such
as net hoxynethyl, and in the formof alkylidene- 30 ketal such as

| sopropyl i deneketal. "Protected oxo groups? signify oxo groups which are
protected in the formof acetal or ketal such as ethylene ketal,
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pre efre
(4) R? represents C,-C,, saturated or unsatu-
rated aliphatic hydrocarbon groups whose any 1 to 6
15 hydrogen atoms may be substituted with fluorine atom(s),
aralkyl, arylalkeny!, heteroarylalkyl or heteroaryl-
alkeny! group having 1 to 2 hetero atoms selected from a
group consisting of nitrogen, oxygen and sulfur (option-
ally any 1 to 3 hydrogen atoms on the ring in said
20 aralkyl, arylalkenyl, heteroarylalkyl or heteroarylial-
kenyl group may be substituted with lower alkyl, tri-
filuoromethyl, cyano, hydroxyl, nitro, lower alkoxycar-—
bonyl, halogen, lower alkoxy, amino or lower alkyl-
amino). Of these, the groups expressed by the following
25 formula [Il], in which any 1 to 6 hydrogen atoms may be
substituted with fluorine atom(s),

__Q__é é_Re [11]
30 Rb ﬁd

[in which
Q represents methylene, ethylene, tri-
methylene or tetramethylene;
35 R® and R°® each represents a hydrogen atom
or are combined to form a single bond; and
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group may be substituted with lower alkyl, trifluoro—
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flu
2, 2-
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2-f
3, 3-
2, 2-
2,2,
2-f
2, 2-

15 methyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl,
halogen, lower alkoxy, amino or lower alkylamino) are
preferred.

In particular, 2-thienylmethyl, 3-thienyl-
methyl, 2-furylimethy!, 3-furyimethyl, 2-pyridylmethy! or

20 benzy! (any 1-3 hydrogen atoms on the ring in the
thienyimethy!l, furylmethyl, pyridylmethyl or benzyl
group may be substituted with lower alkyl, trifluoro—
methyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl,
halogen, amino, lower alkylamino or lower alkoxy) are

25 preferred, inter alia, 6—aminopyridin-2-ylmethyl group

is preferred.

According to the manner of substitution, the
compounds of the present invention may exist in the form
of stereoisomers such as optical isomers, diastereo-

30 isomers and geometrical isomers. It is to be understood
that the compounds of the present invention also include
all such stereoisomers and mixtures thereof.

Moreover, the compounds of the present inven-
tion may exist in the form of pharmaceutically accept-

35 able salts. Such salts include inorganic acid salts
such as hydrochlorides, sulfates, nitrates, phosphates



al kenyl group having 1 to 2 hetero atons selected froma group consisting
of nitrogen, oxygen and sulfur (option- ally any 1 to 3 hydrogen atons on
the ring in said 20 aral kyl, aryl al kenyl, heteroarylal kyl or heteroaryl al -
kenyl group may be substituted with | ower alkyl, tri- fluoronethyl, cyano,
hydroxyl, nitro, |ower al koxycar- bonyl, hal ogen, |ower al koxy, am no or
| oner al kyl - anino) O these, the groups é&bressed by the foll ow ng 25

formula [I1], n to 6. h drogen t ons, .may be, sub tltuted W th
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Ar

HO—-f—COOH [111]

15 r10

[wherein Ar represents an aryl group or a
heteroaryl group having 1 to 2 hetero atoms
selected from a group consisting of nitrogen,

20 oxygen and sulfur (any 1 to 3 hydrogen atoms
on the ring of said aryl or heteroaryl group
may be substituted with lower alkyl, tri-
fluoromethyl, cyano, hydroxyl, nitro, lower
alkoxycarbony!, halogen, lower alkoxy, amino

25 or lower alkylamino); and R'? represents a C,-
Cg cycloalkyl in which any 1 to 4 hydrogen
atoms may be substituted with fluorine atom(s)
or a G,-C, cycloalkyl having 1 to 2 protected
or unprotected hydroxyl or oxo group(s)]

30 or a reactive derivative thereof with a compound of the

general formula [IV]

}E(_*<:::>q__ R0 [1v]

[wherein R?° represents a Cs—C,; saturated or

35



preferred. In particular, 2-thienylnmethyl, 3-thienyl- nethyl,
2-furylmethyl, 3-furylnethyl, 2-pyridylnmethyl or 20 benzyl (any 1-3
hydrogen atons on the ring in the thienylnmethyl, furylmethyl, pyridyl methyl
or benzyl group may be substituted with | ower alkyl, trifluoro- methyl,
cyano, hydroxyl, nitro, |ower alkoxycarbogﬁl, hal ogen, am no, | ower

al kyl am no or | ower al koxy) are 25 preferred, inter alia,
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geonetrical isoners. It is to besunderstood that the conmpounds of the
present invention also itH(ﬁetffjew 'a‘fh‘ Eﬁ%ﬂré?SrEgPE’gﬁérs@n?&ﬁ xﬁ# '8 ﬁgreof.
Mor eover, the conpounds ocof ursaturested anvphatticohyaimoosxibain igrdine f or m of
pharnaceut%cally accept+ 35 able altst ?u&h sal ts include Hpq&ganiﬁ acid
salts such¥as hydrochlo BYdE surs R EeRMCRfE aPés,unBﬁcS’rs{pﬁfa eeds Yan¥*¥nd
perchl orates; organic carbos igreup §sral 4paskeh, aarydladddeasy | ,f umar at es,
succinates, tartrates, ¢itrates and, ascorbates; organic,sulfonic acid salts
such as net hane- sulfon&teét'f,rQ%ré‘f E"i' bﬁ‘é\fegf Egiféﬂggdﬂfagrﬁﬁ@sl PP

p-tol uenesul fonat es; andhatvhiang i keto TAehebapouatdsmsf stelie ctiead ef igames al
formula [I] in accordance with the.gﬁesent invgntion can be'gre- par ed, for

exanmpl e, by: 10 Eroun Fong LSEINBCE PAFESERN ¢ FEPbraNheSYbner a
formula [Hlg] [err] [wheiigi (ot rema Ebgnaayan abyl3 Givalidgyn aatoms on

the ring in said aralkyl, arylalkenyl, hetero-
arylalkyl or heterocarylalkenyl group may be
substituted with lower alkyl, trifluoromethyl,
cyano, hydroxyl, nitro, lower alkoxycarbonyl,
15 halogen, lower alkoxy, unprotected or pro-
tected amino, unprotected or protected lower
alkylamino or aralkyloxycarbonyl group) and X
stands for NH or 0] or a salt thereof;
and when either R'? or R?° has unprotected or protected
20 1 to 2 hydroxy! or oxo group(s) converting said hydroxyl
or oxo groups to fluorine atom(s) either as they are or
after removing the protective group(s); when R'® or R%?
has protected amino or protected lower alkylamino
group(s), removing the protective group(s); and when R'®
25 or R%? has lower alkoxycarbonyl or aralkyloxycarbonyl,
converting the same to amino; or
(b) reacting a carboxylic acid of the above
general formula [II1] or a reactive derivative thereof
with a compound of the general formula [V]

30
, HX-CN— E (V]

[wherein E is a protective group for the imino
group, and X is as defined above]
35 or a salt thereof; deprotecting the resulting compound
of the general formula [VI]



heteroaryl group having 1 to 2 hetero atons selected froma group
consi sting of nitrogen, 20 oxygen and sulfur (any 1 to 3
hydrogen atons on the ring of said aryl or heteroaryl group may be
substituted with lower alkyl, tri- fluoronethyl, cyano, hydroxyl, nitro,
| ower al koxycar bonyl, hal ogen, | ower al kox am no 25 or | ower
al kylam no); and R err] represents a (err]J- (ferr] cycloal kyl in which any
1 to 4 hydrogen atons nay be gHbsbituted with fluorine aton(s) or a

g1

Cerr]-Cerr] cycloal kyl havi to 2 ected or unprotected hydroxyl or
oxo group(s)] 30 or a reaéﬂbv%—degFQG%RQEZENeLeQT wi t h[¥Idonpound of the
general formula [IV] [err] 35 vherein represents a (Jerr]-(err]
saturated or 20 unsaturated-aliphatic hydrocarbon group in which any 1

to 6 hydrogen atons may be substi- tuted with fluorine aton(s),

Cerr]-Cerg] saturated unat egy 1a | i y carb p 5
havi ng 1-2 %rotected or gﬁgggﬁgbtég'hg%rdx??%%Pngogégogé(g?fqégglkyI,
aryl al kenyl, het eroaryl apRgvedhetieadrtear yied deiryg Yheupamaviwighl at @ah—

hetero atons sel ected frﬁgpﬁgggqugr%fg§§%£5¥;fgréw[%ggggk]oxygen and sul -

10 fur (optio any ydr ogen a the ring in said
aral kyl, aryl al kenyl, hetero- arylal kyl or heteroaryl al kenyl group nay be
substituted with | ower aIkyI,RtnLLIuoronethyI, cyano, E%E ?xyl, nitro,

| ower aIkOﬁycarbonyl, 15 hal ogen, | ower al ;, unprotected or
pr o-

[wherein L represents a leaving group, and R?2°
is as defined above]
in the presence of a base, if necessary, and again if
necessary conducting a conversion reaction of R'? and
15 R%® similar to the above: or
(c) deprotecting a compound of the above
general formula [VI] and subjecting it to a reductive
alkylation reaction with a compound of the general
formula [VI11]
20
R?'-CHO (viii]

[wherein R®' represents a C,-C,, saturated or
unsaturated aliphatic hydrocarbon group in

25 which any 1 to 6 hydrogen atom(s) may be sub-
stituted with fluorine atom(s), C,-C,, satu-
rated or unsaturated aliphatic hydrocarbon
group having unprotected or protected 1 to 2
hydroxyl| or oxo group(s), aryl, aralkyl, aryl-

30 alkenyl or heteroaryl, heteroarylalkyl or
heteroarylalkenyl having 1 to 2 hetero atoms
selected from a group consisting of nitrogen,
oxygen and sulfur (optionaliy any 1-3 hydrogen
atoms on the ring in said aryl, aralkyl, aryl-

35 alkeny!l, heteroaryl, heteroarylalky! or
heteroarylalkenyl group may be substituted



tected am no, unprotected or protected | ower al kylam no or

ar al kyl oxycar bonyl group) and X stands for NH or 0] or a salt thereof; and
when either RL0 or R20 has unprotected or protected 20 1 to 2 hydroxyl or
ox0 group(s) converting said hydroxyl or oxo groups to fluorine aton(s)
either as they are or after renoving the 2otective group(s); when Rerr]
or Rlerr] has protected amno or protected |ower alkylam no group(s),

renoving the protecti ve grgu pl(oﬁ%er a'{l‘?jk pens REQ 123 rQm e%&elhasc!}

al koxycar bonyl or aralkyloxyc Lohverti ing {ie 'to anlno or (b)
reacting a carboxylic abmdnﬁxxfme@bbve,génucalaﬂ&m&ﬁ&aqhdnﬂlmwhaloeact|ve

d t th f th I
[3Lg¥2|hvg |se;egrorgctﬁgbcgrgﬁ%ﬂ?og %%Q§i ﬁﬂg?%ked¥€91€}>ﬁﬂo as{dg;}ned

above] 35 or a salt themsdino, depmt@techgdtne pégaletqtmgi cdewsourail loy | the
gener al fo%nula [ VI] a%ﬁ{{ dd 2 ?lkél?ﬁgcarbbw&ﬁﬁﬁ'n Ar, Rerr], Xand E

are as defined above] herea reac a con} pound of the
gener al fornuhad[vﬁlheRP@ﬂﬂri.CondUCtlng the convegndildn Iedamhiori ofL

represents a heaV|gg @mou%lﬁqwgfagol§hgsfgge q bove] in the presence of
a base, if necessary, and a I f "necessary go ﬁétlng a conversion,
reaction of Rlerr] and 1% Mharqb@va1farmu¢atﬁ&ldﬂoveleaVKnQ gleQups ect i ng
a conpound Ofr5B$e§%%%%d by L include, for example, halogen atoms
10 such as chlorine, bromine and iodine; alkylsulfonyloxy
groups such as methanesulfonyloxy; and arylsulfonyloxy
groups such as p—toluenesulfonyloxy.
In the above formulae [V] and [VI], “protec-—
tive groups for the imino group” represented by E sig-
15 nify similar protective groups to those for amino as
above.
In the above-described process variant (a), a
carboxylic acid of formula [I11] is reacted with a
compound of formula [IV] or a salt thereof in the pres-
20 ence of a suitable condensing agent. Thus, there is

obtained a coupled compound of the general formula [IX]

Ar O
HO—+——-H~X—< N— R% [1X]

[wherein Ar, R'?, X and R?® are as defined

above].

25

The carboxylic acid of formula [II1] used as a
30 starting material in the above condensation reaction can
be prepared, for example, by the method as described in
Referential Examples.
_ The condensing agent to be used in the above-
described reaction may be any of those which are com—
35 monly used in the field of organic synthetic chemistry
for condensation reactions of carboxy!| groups with



general formula [VI] and subjecting it to a reductive alkylation reaction
with a conpound of the general forrmula [VIII] 20 Rlerr]-CHO

[VITI] [wherein Rlerr] represents a CJerr]-CJerr] saturated or unsaturated
al i phatic hydrocarbon group in 25 which any 1 to 6 hydrogen
aton(s) may be sub- stituted with fluorinesaton(s), Cerr]-Clerr] satu-
rated or unsaturated aliphatic hydrocarbon group having unprotected or
protected 1 tbydriopdrioxyt aminaoggoapp( shndakexlampired kher @ ¥! ind0ude

al kenyl or hetenroaryl ., heteroaryl al kyl. .or. heteroarylal kepyl ,havipng,1 to 2
heter)c/) at ons el@&%‘f*?gwﬁxﬁ%ﬁﬁ 8§|‘1é[“§fileng oft yt'r“o%%@"%k’?ﬁ%ﬁyéﬁd

sul fur (optioamﬂnppmnpﬂ}ﬂbmyu?dgemfabpnﬂiphehhﬁﬂﬁ?%bﬁdrﬁaiﬂTﬁafland
aral kyl, aryl-;.35 . . enyl . heteroaryl, .heter y] a or
hetergarylark8H§WQﬁ4%ﬁ)4&@“bﬂ'éﬁbgfﬂFEFBH'pﬁof?hMW?lIgﬁéri%ﬁﬁ i,
trifluoromdt hytetdyar3— (Bred bngthy haii aopkopy ) aladkdoiarmindy | i s hgle~ gen
| oner al koxy, unpr%}ected or protected am no, unprotected or protected

| ower al kyl - gerre ' am no or aral kyl oxycarbonyl)], and if necessary

conducting the conversi dJse aasté onf ofh&3 6 aaadeakiaigmaldg%'nﬁsa dhe $gbhegoi ng.
In the above f.or

[0 e avpe TEBI LS TRy ent BTl S5 oL
al kyl sul fonyl e¥thdmoups angd @f Tetbabesylifioaybmts, PrefEyAsH f pnybopy
9;?3?2(:_8“(:1}6 a%qB_itvgl lueen ess’ulgé)rnyrlngfg. oJFnt gecgag\é%nfdoro@lfaoerngt}qa aE?I HYI I
|f necessary, the above-described condensation
reaction may be carried out in the presence of a base.
Bases which can be used for this purpose include, for
example, aliphatic tertiary amines such as triethylamine
15 and diisopropylethylamine; and aromatic amines such as
pyridine, 4-dimethylaminopyridine, quinoline. 4-Dimeth~
vlaminopyridine is particularly preferred.

The condensation reaction is preferably car-
ried out in an inert solvent. Suitable inert organic

20 solvents include, for example, diethyl ether, tetra-
hydrofuran, N,N-dimethylformamide, dioxane, benzene,
toluene, chlorobenzene, methylene chloride, chloroform,
carbon tetrachloride, dichloroethane, trichloroethylene
and mixtures of the foregoing solvents. O0f these,

25 diethyl ether, tetrahydrofuran, N, N-dimethylformamide
and dioxane are preferred.

The reaction temperature may usually range
from -70°C to the boiling point of the solvent used for
the reaction and preferably from -20°C to 100°C. Under

30 these conditions, the reaction can usually be completed
in a period of time ranging from 5 minutes to 7 days and
preferably from 10 minutes to 24 hours.

The proportion of the compound of formula [1V]
or a salt thereof to the compound of formuia [I11] is

35 not critical and may vary according to the kinds of
individual compounds, the reaction conditions employed



tive groups for the imno group” represented by E sig- 15 nify simlar
protective groups to those for am no as above. In the above-descri bed
process variant (a), a carboxylic acid of forrmula [III] is reacted with a
conpound of forrmula [IV] or a salt thereof in the pres- 20 ence of a

sui tabl e condensi ng agent. Thus, there is2ébtained a coupl ed conpound of
the general formula [IX] 25 [err] [wherein Ar, Rerr], X and
Rlerr] are asankkfotlkerabaceéprsThe Wharemas, i tthactampbuhdr oifil £ofrmullla used as

a 30 starting erial Ln,the,above condensati pn reactiqgn.can be prepared,
for exanmpl o by04 e n: B tadnassbl Bt YRR O BETGp ol 1o pas B
condensi ng ageftl tbobd meddsi npirlefeatadier elser2 bedl esacpeonmady lef any of
t hose which are com 35 gonly used indﬁqq field of organic synthetic
chenistry fortMreRRRAHNENOfLo7 M2 c;rboxyl groups with 23 hydr oxyl
or ami no ggoups, and exfhpl esuphedeefonmpmindleof the above formula [IX]

N, N - di cycl ohexyl car bodi i m de,. 1-ethyl - 3-(3-di met hyl - . .

i nopr opyl ) ARl T BE. SREBHERTT BYoSATISTE LR cERGngatPpyYdg 2oid
disuLf:dg-EghﬁheﬁdLm?bapﬁﬂm¢] G??kheﬁ&ﬁditlre derivatgve thereof and f
1-et hyl - 3- (3-di net am nopro ar bodi i m i re- terred, Use rate o

t hese condemﬁ?é?%@%h?g égewégﬁ-?ﬁébPQN9?Hﬂ r?fig%rmFﬂﬁiJigaoﬁf whil e
normal ly it regy/]betMet8bfi.a range of 1 to 5 equivalents, preferably 1 to 2

10 equival ents, per nolg of the compqund of formula [IIL], If necessary,
t he abovelﬁescribed congﬁhEQE#Sanég V& )ﬂ%ﬁ¢bﬁ?$igh the rar R§¢1_

presence of & dageidBasesormuda ddn [de iureiud®r foirserampdee ico@ipedmdd or
which are commonly used in the field of organic synthet-
ic chemistry for activation of carboxyl group(s) in an
esterification or amidation reaction, such as mixed acid

15 anhydrides, active esters and active amides.

Mixed acid anhydrides of the carboxylic acid
of formula [1!1l] can be obtained by reacting the carbox~-
ylic acid of formula [I11] with an alkyl chlorocarbo-
nate, e.g., ethyl chlorocarbonate, an aliphatic carbox-

20 ylic acid chloride, e.g., acetyl chloride, pivaloyl
chloride or the like according to conventional method.
Reactive esters thereof can be obtained by reacting the
carboxylic acid of formula [IIl] with an N-hydroxy
compound, e.g., N-hydroxysuccinimide, N-hydroxyphthal-

25 imide or 1-hydroxybenzotriazole; or a phenol compound,
e.g., 4-nitrophenol, 2,4-dinitrophenol, 2,4, 5-trichioro-
phenol, pentachlorophenol or the like; in the presence
of a condensing agent, e.g., N,N -dicyclohexylcarbodi-
imide, 1—-ethyl-3-(3-dimethylaminopropyl)carbodiimide,

30 diphenylphosphoryl azide or dipyridyl disulfide-tri-
pheny|lphosphine, according to conventional method.
Reactive amides thereof can be obtained by reacting the
carboxylic acid of formula [I11] with 1,1’ —carbonyl-
diimidazole, 1,1 —carbonylbis(2-methylimidazole) or the

35 like according to conventional method.

The condensation reaction of a reactive deriv—



exanpl e, aliphatic tertiary am nes such as triethylamne 15 and

di i sopropyl ethyl am ne; and aromati c am nes such as pyridi ne,

4-di net hyl am nopyri di ne, quinoline. 4-Dinmeth- ylamnopyridine is
particularly preferred. The condensation reaction is preferably car- ried
out in an inert solvent. Suitable inert oeganic 20 solvents include, for
exanpl e, diethyl ether, tetra- hydrofuran, N, N-dinethylformam de, dioxane,
benzene, tol uaeﬂevecblfoaoh;ww)ejl netayi ¢nef chbomude, [¢hlidr eficwhma car bon

tetrachl oride, dichlqrao tri roet hyl e tures of.th

for eqor ng. sorvenblingr O a2 fuld PINE S vasTe, BRRLRoE di g rersby

N, N- di melt Ihyl f@anmir?deoautd ioh @t;anmafﬁhsw E&a:it ed. Siiheabdectnﬁmrﬁ e:ml mwrg
may usually range rom.-7 to the 1rn | nt the s vent use
for the reactsoivanSminedusls.) G0 s <o by | & BRYBopehere oA~ 50 ¢ nese
cond!tio]pss tiged F efiakaan ¢l€7;lfN-lt'xSMﬁé'dhéy bﬁoﬁrﬁ)&mibiéée?dlmx?m@e_rib%d\z@‘né,l rznzs1
rangl ng rom nut es aysS an prere m m nyt.es t

hours. The prgﬁgL?PSn G%quE&E%HﬁHUﬁd Peth ﬁﬁgacﬁﬁQT'gF'a°§$qTqrﬂﬁ@xﬁ to
the conpound @érb@hmﬂb&r[a|c|HI]oH|Sde35 ditéh m&ééﬁhbnandtmfawhwwnoeatdqpmwg to

the kinds of in |V|gﬁ ﬁg‘ the reactlo co d|t| oned 24
and ot her fac?® Hf@éé & OHYCRERI 8 ?8 Vp %ﬁUt t her eof

may usual ly bejeshdli athrerarrmmltomfdrmo Jc‘uefrraialﬁ!yidrislfﬁn‘relhf;lblNyNl— to 2 noles,
Poround 80 ALTSEBYA TRSMaN A 130T chiexdin BEe oBr &FREASRy convert i ng t he
carboxylic acid of fornrha &Hddtﬂdﬁ(léM§é¥H%uN€ f8yi yaliave yt heirpef and
condensing It L Be e PMhe 1ai g paint D% h3 331Vent™exd fo
the reaction and preferably from -20°C to 100°C.
The proportion of the compound of formula [IV]

15 or a salt thereof to the reactive derivative of a
carboxylic acid of formula [I|l] is not critical and may
vary according to the kind of the reactive derivative
and other factors, while the compound of formula [IV] or
a salt thereof may usually be used in an amount of 1 to

20 5 moles, preferably 1 to 2 moles, per mole of the reac-
tive derivative of the carboxylic acid of formula [II1].

In the coupled compounds expressed by the
general formula [IX], when R'® is a C;-C4 cycloalkyl
group having 1-2 unprotected or protected hydroxyl or

25 oxo group(s), or R?% is an aliphatic hydrocarbon group
having 1-2 unprotected or protected hydroxyl or oxo
group(s), the hydroxyl or oxo group(s) are converted to
fluorine atom(s) either as they are or after removing
the protective group(s).

30 Removal of protective groups from hydroxyl and
oxo groups which are protected in the form of ketals in
the compounds of formula [IX] can normally be effected
in aqueous solvent, using an inorganic acid, an organic
acid, a weakly acidic salt or the like. Suitable inor-

35 ganic acids include, for example, hydrochloric acid and
sulfuric acid; suitable organic acids include, for



10 Suitabl e reactive derivatives of the carboxyl- ic acid of
formula [I11] include, for exanple, conpounds which are commonly used in
the field of organic synthet- ic chemstry for activation of carboxyl
group(s) in an esterification or amdation reaction, such as mxed acid 15
anhydri des, active esters and active am dez6. M xed aci d anhydrides of the
carboxylic acid of formula &L can be obtained by reacting the cqrbox-
ylic acid of fea®nle[ IpTiolweneanl fbkyic @Muﬁwxbﬁdmenmsmgfoai aceﬂhylI
chl or ocar bonat.g, C X 0_ylLi hl or i de acety
chl ori de, p.v§ﬁ$ﬁﬁﬁﬁﬁiﬂwfﬁﬁg? QEPQ agé g%fﬁﬁé:ng ﬁg o %%eﬁvfgﬁgﬂénethod
Reacti ve estemsaklet efidbm vl dbt ahndddey rfeactdxamd he Cammonyuchhdbé of
formula [I11] ?HH o] dro su C|m
N—hydroxyphthaldte'h n1dpypwpqyﬂﬁ oggggﬁggfgﬂgéo ﬁy ﬁ EBF
e.g., 4-nitropgsesius zsall\d&rmurophéudb aRu4 obrst rmedd‘da]rcnb pdmmebus
pent achl or opheg aHH1ti?hdé$ﬁ% tQtFQﬁyBPS?EQ%% o%&%égﬁgenﬁéygnagena €9
N, N - dlcyclohexy car o
1- et hyl - 3- ( 3- diheetlhyeani ndpe otpq@taoboniayrruda,a 19y g:lephmwyﬂ pé\@solhlf)r Yh i’:IZI de
or dipyridyl | ul fi n hi_n Gord to con | ona _
net hogy Re;ct i \'}‘e% re % cH]eor %£ﬁggieéﬁt §I"R b}q cﬁqtﬁb"? {':ﬁr boxyl i ¢
acid of fornubaeﬁmﬂthmta1daﬂalyhrboambundikm}dikduavalent of such
1,1 -carb | Qi.s ylim or the, 35 e accor
convent i oﬂrq/ rgnlgt (ﬁc%)drae r]‘e éc nﬂ ga?lBﬁmpgééﬁ%ﬁ 515”5'%{1 Q/g ‘51‘3?.90 25
ative of a caﬂﬁﬁx@lmmdupnbiérébfwufaohlPbbmwtbhﬁ%ﬂﬁﬂﬂ¥3“¥b(ﬂ?ﬂDrnULab{“ﬂ
or a salt thereof is pr bly. carrje I,bn _an inert solven ui tabl e
i nert organic solvents |ﬁ%ﬁ% é/"?rbr txg I%ydBPéyﬂyPrePMQ‘gﬁ%Hqgs
hydr of ur an, NfNudwmﬂHndﬁamG&anbn Woomahéy benzdffected by causing the
compound to react in an inert solvent which is not

onpound

15 detrimental to the reaction, e.g., methylene chloride,
chloroform, tetrahydrofuran, methanol, acetonitrile,
dimethylisulfoxide or pyridine, or in the absence of a
solvent, using one equivalent to an excessive amount,
preferably 1-2 equivalents, of a fluorinating agent such

20 as sulfurtetrafluoride, diethylaminosulfurtrifluoride,
cesium fluorosulfate, tetrabutylammonium fluoride,
tris(dimethylamino) sulfonium-difluorotrimethylsilicate,
hydrogen fluoride or tosyl fluoride, preferably at
temperatures ranging -80°C - 180°C for 10 minutes to 72

25 hours.

When R2° in the compounds expressed by general
formula [IV] or [IX] has protected amino group(s) or
protected lower alkylamino group(s), the protective
group(s) are removed if necessary; when lower alkoxy-

30 carbonyl or aryloxycarbonyl group(s) are present, the
functional group(s) are suitably converted to amino
group(s). Removal of amino-protective groups can be
effected by processes known per se, for example, any of
those described in Protective Groups in Organic Synthe-

35 sis, T.W. Greene, John Wiley & Sons Co. (1981) or meth-
ods analogous thereto, for example, solvolysis using an
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et hane, tri ITH&GHEEI/H&BGBEEM m xtures of the
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t ol ueneThxscﬂhbanHaleazmacedrret hyl ene
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The proporti omcbd ohebesepowhemifcdlormductionh usioe a sefta it thyrdsofde o t he
reactive deri of, .a r C il | critica
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acid and sul furic acid; sui df'%anLg aqhgszanﬁlude for 26 exanpl e,
o tol wenesul bMe BENET nEeframba sl riikfed

Solvolysis with a base can normally be carried
out by treating the compound with an alkali metal hy-
15 droxide, e.g., lithium hydroxide, sodium hydroxide or
potassium hydroxide; an alkali metal carbonate, e.g.,
sodium carbonate or potassium carbonate, in an inert
solvent which exerts no adverse effect on the reaction,
e.g., methanol, ethanol, isopropanol, tetrahydrofuran or
20 dioxane or a mixture of such a solvent and water, pref-
erably at a temperature in the range of from about -20
to about 80°C, for a period of time ranging from 10
minutes to 24 hours.
Catalytic reduction can normally be carried
25 out in the presence of a catalyst such as palladium—on-
carbon, palladium hydroxide, Raney nickel or platinum
oxide, in an inert solvent, e.g., methanol, ethanol,
water or acetic acid or a mixture of such solvents,
preferably under a pressure of hydrogen of about 1 to
30 about 20 kg/cmz, preferably at a temperature in the
range of from about 0 to about 40°C, for a period of
time ranging from 10 minutes to 24 hours.
Conversion of the lower alkoxycarbonyl or
aryloxycarbonyl to amino can be conducted by either
35 reacting the compound with hydrazine to form an acid
hydrazide and thereafter converting it to the corres—



canphor-sul fonic acid and acetic acid; and suitable weakly acidic salts

i nclude, for exanple, amonium chlo- ride and pyridini um

p-tol uenesul fonate. Preferred 5 aqueous sol vents include aqueous net hanol,
aqueous et hanol, aqueous tetrahydrofuran, aqueous di oxane and the like. The
reaction may usually be carried out in theypresence of a catalytic anount
to 5 equivalents, preferably a catalytic amunt to 1 equival ent, of such 10

an aci d or saldorid i gt £8PET AL WHE ; r%rigldwermr%efﬁ&ccaep&g%e&rolg and
preferably fromroom eratugy go 80[err nver si on of .t he hydroxyl or

0X0 group(s)iﬁ?ﬁh?%#fh% 2t bl dﬁ'ﬁdﬂﬁmﬁyl?ﬂﬁ%f?%c?@daﬁy caddidey the

compound to reRSk| dwednby NEERr$ahsRAenth iy iIHydyd [ ¢§jdetrimental to the
reaction, e.g., nethylene ch#orlde chl orof orm { trah%drofuran nmet hanol ,

acetonitrile, dimethylsulRokiBePsPCBS S diatd ards t hehapgendengatd on

sol vent, usj ng-&Het Powi §f Q”EaPBo@(@/IEPE:C%%Sn'd’E‘ofa”P&F%ulﬁrﬂ‘Pflﬁb'olf L2
eqU|vaIents of a fjuorlnatlngla ent such 20 as sulfurtetrafluorid

dlethylanlnosMQQR¥¥Y?I@6FFHé HGSFUMWQQﬁNWﬁihf%l%'P?éﬂﬁaBGtﬁpémW%ﬁkMﬁ
fluoride, trisfifgtdy|anied) $H| kol yirdid | Horgd rd awt byl avbbci%%d mhdrogen

fluoride or to yI fluoride, preferably at tenperatures ranglng -80[err]C -
180[ err] C for He ManARE $bmydapstRotine omrdengatigni rean 'éanﬁéuﬁds

expressed by qur@,t f g nabadl bY] £l il g has pret eétﬁélaéi(“ i08 dePURls) or

prot ect ed Iomer al k anlno group(s), the protectlve Er gg are renoved if
necessary; 1 Qhdni Vo e@?kﬁxvitboac&pm@mwndnoeu ar Hjl'gr@hﬁ(s) are

present, the fgpyddonalapione(gy)are suitably converted to am no group(s).
Renoval of amino-protective groups can be effected by processes _known per

se, for exanple, any of tMeseowesundbed ithepforamae g Foups!anlWidanic
Synt he- 35 md%térﬁ@d(¥ﬁ?8§FhJQh@s oﬁﬂé&éﬁ%?%ﬁx¥eaé%9§ﬂ)lgrtﬂﬁhh' ods

anal ogous thereto, for exanple, solvolysis usin
removed of the protective group(s of imino group(s).

15 Removal of said imino—protective groups from a
compound of formula [VI] can be effected in the manner

similar to above—described removal of amino-protective

groups.
Thus obtained compounds of the general formula
20 [X]
AT O
HO—H —x—@v H [X]
r10 '

25
[wherein Ar, R'® and X are as defined above]
is reacted with a compound of formula [VII] in the
second stage, if necessary in the presence of a base.
The reaction of the compound of formula [X]
30 with the compound of formula [VII] is usually carried
out in a suitable solvent by using the compounds in
substantially equimolar amounts or using either of the
compounds in slight excess (e.g., using the compound of
formula [VII] in an amount of 1 to 1.3 moles per mole of
35 the compound of formula [X]). |f desired, however,
either of the compounds may be used in large excess.



27 acid or base, chemi cal reduction using a netal hydride conplex or the

|l i ke and catal ytic reduction using palladi umon-carbon, Raney-nickel or the
iike. Solvolysis with an acid can nornmally be car- 5 ried out by treating

t he conmpound with an acid such as formc acid, trifluoroacetic acid,
hydrochloric acid or sulfuric acid, in an29nert solvent such as nethyl ene
chl oride, anisole, tetrahydrofuran, dioxane, nethanol or ethanol or a

m xture of sddreovervent saridakdieerbhase and/or tée atddéhdeeomagolbeent
preferably atu$e enperature in the range fromabout 0 to about 100[err]C,
for a period of Tinme ranging from 10 mnutes to 24 hours. Solvolysis with a
base can normal |y be caPBuiiédbdet stoy verdat i imyp tude cofrpouad amptlle, are tdidead |

metal hy- 15 droxi de, I _thi Vi ' ' dryaxi or
potassiun1hyd§ﬂ§$d%§ gﬁegrkéHéﬂﬁﬁﬂﬂrﬁéﬁéﬁﬁéﬁtfﬁggéH?Eggdpﬁéfgiwbonate or
pot assi um Sardoomatjci hydmoicrationsolsumtt adilodn zeeet stoduadeer oh leffect on

(1 5 e2EL] O TERA2S0) e LB ppETBL RSB OTY on o 2°
t enperat ure idiméthyange ldoxfiden ddirtd indthyl Bhbonam8aper ap€tonart rai per i od
o LT, a0y KA g A R Skl kel e
pal I adi um on- carbon, pBbbadi winilcjdroma des Resxbyf oir cibbver-dplsatriitied oxi de,
0,0, L SPAAER) ont Bt BB N oL 4 BAE, esRICHS A e
1 to 30 aboutszédh kagscepdrium hydefomeabloardiorsatenped ap ot asisn utmhd ydarogee of
from about 0 tor abOlaJIc 40%35(@]0, chr @ erri odagf tinme,_rangi n%.f rmorgalro_
mnutes to 24HRYEA L 8onGAKE!dn M2 he T 'RETE B KoRYEAr BEngPIH
bonate and potassium carbonate; tertiary aliphatic
amines such as trimethylamine, triethylamine, N, N-diiso—
15 propylethylamine, N-methylmorpholine, N-methylpyrroli-
dine, N-methylpiperidine, N,N-dimethylaniline, 1,8-di~-
azabicyclo[5.4.0Jundec-7-ene (DBU) and 1,5-diazabicyclo-
[4.3.0]lnon-5-ene (DBN); and aromatic amines such as
pyridine, 4-dimethylaminopyridine, picoline, lutidine,
20 quinoline and isoquinoline. Of these, N,N-diisopropyl-
ethylamine and potassium carbonate are preferred.
Additives which can be used for above-des-—
cribed reaction include, for example, alkali metal
iodides such as lithium iodide, sodium iodide and potas-
25 sium iodide. Of these, potassium iodide is preferred.
The reaction temperature may usually range
from about 0°C to the boiling point of the solvent, and
the reaction time may usually range from 10 minutes to
48 hours. |[f desired, however, reaction conditions
30 beyond these limits may be used.
| f necessary, furthermore, conversion reac-
tions of R'? and R?? as described as to the process
variant (a) are conducted.
The reductive alkylation reaction of a com—
35 pound of the above formula [X] with an aldehyde of
formula [VIII] according to the process variant (c) is



ar al kyl oxycarbonyl to am no can be conducted by either 35 reacting the
conpound with hydrazine to forman acid hydrazide and thereafter converting
it to the corres- 28 pondi ng acid azide; or converting the conpound to a
carboxylic acid by hydrolysis, then to an acid azide, followed by
rearrangenment and hydrolysis. In the procggs variant (b), the condensation
5 reaction of a carboxylic acid of formula [I1l] or a reactive derivative

thereof with gopha®lydica® rd@d YUt Vitn n f PREFL Asb Y eht WhS dH feie ril2Gfo Can
be practiced in the manner simlar to the, condensation reaction of a

car boxyl i ¢ acedverseoefdest on the reachtenve duitel!e1d nante salarets with

a conpound of j oy qHka Fo¥ eixanip® PrOFESIo V4T §8h 68) metharAMRad of the
foregoing formula [VI] obtained through this condensation reaction is then

removed of thethaBedct pEBegsodyed) &% d iehoy hretpes) . tegrahydrofurargenpyal
of said in5nozpgoleekiake ; 9P HRR 'O R d COMPAYHAS OE ubhr Bl B enYdn&athde

effected in the manner simlar to above-described renoval of
ami no- pr ot ectt@bugRgup@ndTRUX tartas ddie emboun@t &hesge getdesio ffornul a 20

[X] [err] 25 éﬂﬁ&ﬁﬁ?? %Etr%ﬁ@&HﬁFUF¥R<éH& @élg@@%”ﬁ?ea??%?bﬂﬁéiﬁ*mted

with a conmpound of fornula [VITI] 1n the secon age, necessary in the
presence of a base. TheTheateiast iom timmpenpbune Bayf usvalldy Xan@® with the

compound of 1 pf il gpbYk! Lo® usialidu£A60%S Kl bPedeyublighlss P! vent by
usi ng the conpounds I n substanti al equi nol ar anmolnt's or using elther of
t he 10 about 0°C to about 106@3. The reaction time may usually
range from 10 minutes to 7 days and preferably from 10
minutes to 24 hours.
The above—-described reductive alkylation reac—
tion is preferably carried out under weakly acidic
15 conditions which facilitate formation of Schiff bases.
Acids which can be used for the necessary pH control
include, for example, p—-toluenesulfonic acid, hydrochlo-
ric acid, acetic acid and trifluoroacetic acid.
The reductive alkylation can be effected, for
20 example, using a metal hydride complex such as sodium
borohydride, sodium cyanoborohydride, [|ithium aluminum
hydride or sodium triacetoxyborohydride, or by catalytic
reduction using a palladium—on—-carbon catalyst, a Raney
nickel catalyst or the like. Preferably, it is effected
25 using a metal hydride complex such as sodium borohydride
or sodium cyanoborohydride. Especially when the
reductive alkylation is carried out under weakly acidic
conditions which facilitate formation of Schiff bases,
it is preferable to use sodium cyanoborohydride or the
30 like which are relatively stable in the acidic pH range.
When a metal hydride complex is used as the
reducing agent, the amount of reducing agent used may
usually range from 1 mole to excessive moles, preferably
from 1 to 10 moles, per mole of the compound of formula
35 [X].
{f necessary, then the conversion reactions of



conpounds in slight excess (e.g., using the conpound of forrmula [VIII] in
an anount of 1 to 1.3 noles per nole of 35 the conpound of formula [XI). If
desired, however, either of the conpounds may be used in | arge excess.

29 Moreover, a suitable base and/or an additive nmay be used. Suitable

sol vents include, for exanple, ethers suchlyjas diethyl ether,
tetrahydrofuran and dioxane; 5 aronatic hydrocarbons such as benzene,

tol uene, chlopd® hepr@fe' adyl J¥s€PPbedPhOt k6 Rl reR)e Nt SLEME 28a)
di et hyl sul foxi de, N, N-di net hyl f or mam de, acetonltrlle and

hexanethylpho§ﬁﬁoﬂ@fﬁ%ﬂ¢uﬁ%@- and m xtures thereof. Bases which can be

used for above-describedhld & uﬁwslaplpggmuﬁgréqgamphqﬁ,qggﬂdbnﬁta
bi car bonat es such as sodi um hydrogen carbonate and potassi um hydrogen

car bonat e; aIEaHPeHHQQCQﬁ#tm&aﬁ%stbacﬂbaseséeﬁﬁﬁﬂbﬁd-Hﬁﬂﬁﬂ%ﬁdﬁ%rpéﬂ553|um

car bonat e; gt ergghar yﬁbql LML (&) a@éﬂeﬁeS‘HSBlﬁieHr iRt @d,a,np ﬂé?d By ehbybam ne,
N, N-dii so- 15 propy et hyl am ne, N-net hyl nor phol i ne, hyl pyrrol i1 - dine,

N- et hyl pi per MEithed s KRS | S | Fné §uehdicustomarl lv uséd sepa-
azabi cycl o[ 5. 4 5Qli b fsati £ NEs (wmmﬁnéhioﬁafébgﬁlwh@yqjsq ng % Bt p&é‘°§e5 ene

(DBN); and aronatlc am nes such as pyri di ne di met hyl an1nopyr| di ne,
pi col i ne, | ut RdseEber ormmmmvé the | ékgui Adpurid chromatagr aphy,

N, N-di | Spr opyh ety Oy et R BRYUTLBIVRARR S H AT SF Sfoorys-

Addi ti ves whi ch can or above- des- cribed reaction include
exanpl e, dﬂkatalﬁszatnqnnané seleneaspli takiiem i odi de, sodlun1|od|de and

potas- 25 sium i odide. {F§Wb°&“@§sé “@hbogkgge s Wﬁv {

reaction tenperature nay us y range ron1a out [err & b0|I|ng

poi nt of the sotteemed iates hthe caof emstrmnrrayemasvalslqmerrajrcgefdmsn 40ch

mnutes to as enantiomeric isomers, diastereoisomers and geometri-—

cal isomers. It is to be understood that the compounds

15 of the present invention also include all such stereo—
isomerically pure substances and mixtures thereof. When
the compounds of the present invention and intermediates
thereof are racemates, their optical resolution can be
achieved by conventional means such as high—-performance

20 liquid chromatography using a chiral carrier or frac—
tional crystallization of a diastereomeric salt.

The compounds of formula [l] obtained in the
above—described manner may be converted into pharmaceu—
tically acceptable salts thereof according to usual

25 manner. Conversely, such salts may also be converted
into the corresponding free amines according to usual
manner.

The compounds of formula [I] in accordance
with the present invention exhibit potent and selective

30 inhibitory activity for binding to muscarinic receptors,
a potent and selective antagonism to muscarinic recep-
tors in vitro and, furthermore, potent and durable
bronchodilatory action in vivo. These activities exhib-
ited by the compounds of the present invention are

35 demonstrated by the following tests on the inhibition of
binding to muscarinic receptors and tests on antagonism



48 hours. If desired, however, reaction conditions 30 beyond these |imts
may be used. |f necessary, furthernore, conversiy |

- R err]
and Rlerr] as described as to the process vari arftTHIS)SHEEE RAS:BEEN ¢d. The
reductive al kylation reaction of a com 35 pound of tREPRAGREDe forful a [ X]
wi th an al dehyde of formula [VIII] accordgpg to' rant (c) is

30 normal ly carried out in an inert solvent which exerts no adverse effect
on the reactigpgaipsitt #llrd duremusdvienis reeépdersfor exanple, al cohols

such as net hapol ,and et.hanol.;, .et hers such. as di et hyl et.her, tetrahydrofuran
2 and di oxanelSatenan A IR LGUAL BRI 82 Lo hi¥parliie ideadtaiy
mxtures thereof. O thasesemaidranolwerad hpaoformeldr abgdirdfingartcand tol uene
are preferred. The.reaction tenperature,may ysually range from gbout -30C
o about 200 BPF] &1 SAY red J015 T6 A 05 holat EOPEKPRCato HbouBr00 er ] C.
The reacti gn Phaemaey lUsU@7:y regpesdr,om 992y nuMasch? i hidayeddftors

preferably from 10 m nutes to 24 rs. The,above-descr.i hed reductiyve
al kyl at i on ' GBL-Tp BXPIressesk di c%ﬁH%d('gﬁ?eﬁﬁﬂér%\wgrﬂ%)’vaci’lﬁ-c) 15

congi]giontshvmshef @ﬁb'uibfaﬁte‘ﬂ fw?rt"ﬁlit():.®ltﬂg §é¢n]iﬂ—hawls.l swpgﬁlamw f?n be
use or e ssary p con (0] I N e or Xa e, p-toluenesu onl C
aci d, hydroch?gigﬂ/@madi,dﬂ% '\&:‘%Rffcf‘ﬂéﬁ‘q #FifI06r 0l @ 48t oo

reductive al kybahtoRoCaR Resafd@Cied. 8 ofi | 20f eBaNmMe T rySi-ME 12 ef@imppy dr i de
conpl ex such as_sodi um borah drlgf sgﬂ&un1cyanobonohydr|de, l'ithium
ifac 'tk&

al umi num RPdria6ler ~sddmiim ofi9Er 1 48, mbnuRe sc &talnAam reduct i on
using a pall agepmpePatedelqabaie 203125 T Raney | PowkE! byl MSorP!F { Ner L ke.
Preferably, it is effected )

tion over glass filters (UniFilter—-GF/C; Packard). Then

the filter was washed four times with 1 ml of ice-cold

Tris—HC! buffer and dried at 50°C for an hour. After

15 adding a scintillator (Microscinti 0: Packard), the
radioactivity of [*H]-N-methylscopolamine binding to the
filter was counted by a microplate scintillation counter
(TopCount™: Packard). Non-specific binding of [*H]-N-
methylscopolamine was measured by adding 1 uM N-

20 methylscopolamine. According to the method of Cheng and
Prussoff (Biochem. Pharmacol. 22: 3099-3108, 1973), the
binding affinity (Ki value) of a compound of the present
invention for muscarinic receptors was calculated from
the concentration of the test compound which achieved

25 50% inhibition of binding of [*H]-N-methy!scopolamine,
labeled ligand (1C,, value).
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25 using a netal hydride conplex such as sodi um borohydride or sodi um
cyanobor ohydri de. Especially when the reductive alkylation is carried out
under weakly acidic conditions which facilitate formation of Schiff bases,
it is preferable to use sodi um cyanoborohydride or the 30 |like which are
relatively stable in the acidic pH range. 3hen a netal hydride conplex is
used as the reducing agent, the amount of reducing agent used may usual ly
range from1l nole to excessive noles, prrebg¢eaply from1l to 10 nol es, per
nol e of the conmpound of formula 35 [X]. If necessary, then the conversion
reactions of 31 Rerr] and R err] as described as to the process vari ant
(a) are carried out. The connqunﬁqopg Efwéaﬂsaohlb,mmi t@re ob- tained
according to the above- descrlg rocess var antﬁ & (b) and (c) can be
i sol ated and purified by thos@URERhdHE My eGePtPrE.  such customarily

used sepa- gration neans as col um chronatography using silica gel,
adsor bent resin or like 1] r1|||i d_chronmat Qgr alnhy1 thin- ayer

chromat ogr aphy, sdgl vent extraction or regcrys- K50 (hm) i zat{on and
reprecipitation. The conpounds of the present—t+ngent+or—apd i nter medi at es
t hereof exist in sSftereoisoneric fornms sunh & enAntimgeri [ d&rs
di ast er eoi soners eongt r cal 1sQmer be under hat the
compounds 15 of t E%ﬂ%’é’g‘ﬁt Fn@’@rﬁﬂ'&n alls 3#1@ de ap g ugch sl%’é eo-
i somerically pure mﬁﬁ e f_a@%gﬁ t Wpes QOf t he ounds of
the present invent a8 % 80 i V@?@ aLeigggheLr
optical resolution campdmhdaghlEa@mblby1¢onven4GGNRu nsa@s :uch1qg
hi gh- perfor mance 20—t ot o—chromat ogt—= | y—tS$T179 chtrat—ear++er—ofr] frac-

Compound of Example 1 8600 30 290

Compound of Example 14 1400 10 140

Compound of Example 15 1000 3.5 290

Compound of Example 20 550 3.0 180

Compound of Example 21 50000 22 2300

15 Compound of Example 22 13000 19 680

Compound of Example 26 | 24000 22 1100

Compound of Example 27 4200 20 210

Compound of Example 31 10000 19 520

20

As is clear from the results indicated in
above Table 1, those compounds of the present invention
exhibited far higher binding—inhibitory activity to m,

25 receptor, than to m, receptor.

Tests for Antagonism to Muscarinic Receptors (in vitro)

1) Tests for antagonism to M, receptor in an isolated
rat right atrium
These tests were performed according to a
30 conventional method. A male SD strain rat (weighing
300-500 g) was killed by exsanguination, and the right
atrium was isolated. This preparation was isometrically
suspended in organ bath filled with 20 ml of Krebs-



tional crystallization of a diastereoneric salt. The conpounds of fornula
[I] obtained in the above-descri bed nmanner may be converted into pharnaceu-
tically acceptable salts thereof according to usual 25 manner. Conversely,
such salts may al so be converted into the corresponding free am nes
according to usual manner. The conpounds @# fornmula [I] in accordance with
the present invention exhibit potent and selective 30 inhibitory activity

for binding tHeAwedariitnise Inacepi 0(’§as§ed>0\$1€‘ﬂh egd 9 |eCt5%/€€)032ﬂtaﬁﬁSJfﬁ§|ﬁf’ct0

muscari ni ¢ receps; ers |& vitro. and tthernnreT @o ent a rable

bronchodilato?§ 32t¥dn Wi hMQR)'WHEE% act¥i PPe8¥eXhivbE-i t QJ g3t

conpounds of Fheepwaseedondut iwintinre Béadenpaser abethteyr .t heafodd ovhag

tests on the |nh|b|t|0n of blndlng to nF $a¥|n|§ receptors and tests on
REATH B

antagoni sm PBoPagat{on \)"e?rﬁ SRR PEcaft B outess: CHPAHMR bi ti on
of bi ndi ngsto(mos@am:;nnca recMaptme J&mﬁatesézﬁyv\@am,m@fwﬁaﬂ iggcording to
a nodification, of t? thod of kbrg&eaves eg Phar nacol , 107:
494- 501, 1992?“”983 SlidhiinGreasming dogesnp LAYS eﬁﬁrcésesaeﬁf T et
Ce'|S(ReceptOFaBbOWQQYmédEUﬂedwﬁdféﬁ@#bﬁtéddwkbhr@s%dﬂﬂe curve for
[[err] H - N net hyl scopol gm ne (84C / nmol, _New Epgl and Nuclear Inc.) and a

test com pouhB®t OB rodsexd §mi et o Aftep TPIr&PACIatiofp Wag 10

Myd [err] - 1ygWhEETA j@&PH fr-&Bh félfltli?poﬁ" PYL PEs@breOtNel HERA AL e ( afOUt
20-25[err] Q) , followed by suctlon Iltra- tion over glass filters

(Uni Fi | t er OGFLes tpsomposind wash a%mm@re%shﬁégﬁed f d@n t"?'rﬁé’st%th 1
of ice-cold T!h%eHCl cfaufbfa%hcﬂnctvﬁ'&ﬂnma@%swl Gdfoh it 1YY - ter 15

adding a scintillator (Mcroscinti 0; Packard), the radioactivity of
[[err]H - N neRA§POBEES 40 ramharlinly worehexpressed as percentages

based on the heart rate before administration of carba-
chol as 100%. The antagonistic potency (K, value) of

15 the test compound was determined from the degree of
shift of the dose—response curve obtained by treatment
with individual test compound of the present invention.
2) Tests for antagonism to the airway M, receptor in

an isolated rat trachea

20 These tests were performed according to a
conventional method. A male SD strain rat (weighing
300-500 g) was killed by exsanguination, and the trachea
was isolated. Annular segments (2 mm wide) were cut out
from the trachea and cut transversely at the anterior

25 cartilage part to make open ring preparation. A prepa-
ration was suspended in a Magnus tube filled with 5 mli
of Krebs-Henseleit solution (gassed with 95% 0, - 5% CO,
and kept at 32°C) with an initial tension of 1.0 g and a
resting tension of 0.6 g. The tension of the prepara-—

30 tion was recorded isometrically. After being equili-
brated for an hour, the preparation was made to contract
twice by treatment with 10”* M carbacho!, and the second
contraction induced by carbachol was used as the refer-
ence contraction. After the preparation was washed with

35 fresh solution to be restored to the base line, a test
compound was administered thereto (or no treatment was



filter was counted by a mcroplate scintillation counter (TopCount[err];
Packard) . Non-specific binding of [[err]H -N nethyl scopol am ne was
nmeasured by adding 1 [err]M N 20 net hyl scopol am ne. According to the

nmet hod of Cheng and Prussoff (Bi ochem Pharmacol. 22: 3099-3108, 1973), the
binding affinity (Ki value) of a conpound3f the present invention for
muscarini c receptors was cal cul ated fromthe concentratlon of the test
conpound whi chigen)eved &b mdMatesi bateon ohrban@blorig @0 % to 1073 M)

i bt bry B Vgt SRRy AIRETaEPRBE ib' ShESR Tk eadod (o

nB d os®/snit oCariptauind mfd&keﬁpbepénse cu32®0 The ddse-res—590
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460 3.2 Ponse phfvVRy Was p °'E$?rﬁoBKdeéP'E>§ér+ﬁ'lger PONH A 30

290 Conpousd pbrEémm@geéfbased4@@ the ref@rence cobAl acanipunsif oEhé&xanpl e
15 1000 npo anpl e .20 550 3.0
180 Conpound Bfegféﬁﬁk?%M?s @%@%0 the aQEagonls%zgogqﬁgncy (KBCbnpound
of Exanple 22vali23)0®f the tést compoﬁBG ﬁﬁﬁpdun@ﬂﬁldadﬂﬂﬁdmiﬁhe 24000d
oun

22 1100
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indicated in abewembd @ ikh t{wset69tPebMPouUAl. t he present invention
exhlblted1Bar hi gher bi nding-inhibitory activity to n8

TABLE 2

Antagonism to Muscarinic Receptors (in vitro)

15 Kg (nM)
right atrium | Trachea M,/ M,
M2 M3
Compound of Example 1 1000 6.3 160
Compound of Example 11 610 0.95 640
20 Compound of Example 20 2100 1.6 630

As is clear from the results indicated in
above Table 2, the compounds of the present invention
25 exhibited far more powerful antagonism to the trachea M,
receptor than to the right atrium M, receptor. There-
fore, the compounds of the present invention are more
selective for trachea M, receptor.
Tests for antagonism against muscarinic M, receptor (in
30 vivo)

1-A) Tests for bronchodilation in rats (i.v.)

Eight—- to eleven—weeks—old male rats of the
Sprague—-Dawley strain, weighing 380-420 g, were anesthe-—
tized with urethane (750 mg/kg, i.p.) and a-chloralose

35 (37.5 mg/kg, i.p.). The bronchus of each rat was
intubated, and the right jugular vein was cannulated for



25 receptor,

Receptors (in vitro) 1) Tests for antagonismto M2 receptor
rat right atrium These tests were perforned according to a 30

than to n2 receptor. Tests for Antagonismto Miuscarinic

nmet hod. A male SD strain rat (weighing 300-500 g) was killed by
exsangui nation, and the right atrium wasgg sol at ed. Thi s preparati on was

I sonetrically suspended in organ bath filled with 20 m of Krebs-

34

in an isol ated
conventi onal

Hensel ei t soldﬁug)rhdrﬁ;asseelrwiBn95%\©%er 5W%r%%é<epésﬁir32[|6hr]rf€)s with

an initia

counter. Aftdikhe -w%%ﬁa??en wa§us&mv éd*ero
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si on of e heart, r s re&? mnth a heart

(10[err] to XMeerdirWwdy WRes¢yfHhakl Walsy m@suted airtdler Natbi eecliglid
i ncreasi ng doses., Thus, decr ease |n h art rate s neasure@ﬁto ohtain a

dose- responséQﬂﬁW&?¥tﬁ”t ¥ BeansoPTeRp Nlﬁ%ﬂarW\ R¢hamECH,

r

ate

ﬂﬁYess €arbachol 5

dedt Pon was

washed wi ts f(gplc$ol utTRE 59et9$bﬂ6@|hﬁedﬂﬁﬂﬂglﬁée |avlp—iﬁahceanpound

was adm ni stered theretp. Ten mnutes |ater, carbach 8 was cunulatlvely
admi ni st er ed adAay ¢&§b%ﬁ§@§eté”@éﬁﬂ&@hmaﬁMHQ?Qﬂﬁﬁ 53

daladtpsr befogges

based on the Jrprg ﬁ?ﬁ&&@@fQFEeﬁdHHHhﬁﬁ%%Md¥Tdﬁ SR PEst COOMp8EndO0Y%ndThe
ant agoni stic potency. (KB value) of 15 the test conpound was determ ne

the degree ofthsifiatin @ﬁethesélfyéyoﬁ§é'@mﬁRQQﬂﬁzu?hﬂ bytteeatmeiben t h

| ndivi dual ! Gele PR do g chiGLBHES I IRV 1) PdotdiPe SsbatuAnt agoni sm
to the airway M3 receptor I1n an isolated rat trachea 2

tests werk p&trlsriede ase beli ag Wasausedvdmt ipdiie ek h‘dme heshl eomD st rain
rat (“e'gh'”%dﬂﬂhéxghﬁ)o%ﬁ rkhEbe¢gQMtQE%qm$#dBﬁd6Vbsaﬁéré“?ebé%@%ﬂa was

i sol ated. Annul ar segnents
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were cut
the calculated ratio of the airway resistance being set

to be 100%. A dose that inhibited the acetylcholine-
induced increase in airway resistance in the control
groups by 50% was defined to be ED,,, and the ED,,
values of the test compounds were calculated by probit
analysis of their dose-response curves.

1-B) Tests for bronchodilation in rats (p.o.)

Eight— to eleven—-weeks—old male rats of
Sprague—Dawley strain weighing 380-420 g were orally
administered with a test compound. The rats were
treated in the identical manner as in the i.v. test,
starting 30 minutes after the administration, and their
airway resistance values were measured. The acetyl-
choline- (50 pg/kg, i.v.) induced airway resistance
increase were measured 60 minutes after the administra-
tion of test compounds. |n controls, isotonic sodium
chloride solution was used in place of the test com-

pounds and otherwise identical procedures were repeated,

the airway resistance values being set to be 100%. A
dose that inhibited the acetylchol ine—-induced increase
in airway resistance in the control groups by 50% was
defined to be ED,,, and the ED,, values of the test
compounds were calculated by probit analysis of their
dose—response curves.
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fromthe trachea and cut transversely at the anterior 25 cartilage part to
make open ring preparation. A prepa- ration was suspended in a Magnus tube
filled wwth 5 m of Krebs-Henseleit solution (gassed with 95% 02 - 5%
CO[err] and kept at 32[err]C) with an initial tension of 1.0 g and a
resting tension of 0.6 g. The tension of tge prepara- 30 tion was recorded
I sonetrically. After being equili- brat ed ¥or an hour, the preparation was
made to contract twice by treatnent wi tiTABOEesr] M carbachol, and the
second contraction induced by carbachol was used as the refer- ence
contraction. After the preparation was washed with 35 fresh solution to be
restored to the base | iAretagent est te MyseandnnaReubptorsen edivdlereto (or no
treat ment was 35 given). Ten mnutes later, carbachol (10[err] to
10[err] M was cunulatively adm nistered in three-fold increasing doses to
obtain a dgse-re’sponse curve. The dose'lrn‘?ﬁgi@?gﬁeoﬁlﬁ\ri;{‘ﬁageéor?ﬂr%tctﬁgnty
expressi ng“responses as 5 percentages |pased on 't r? erence contractfi on of
the preparation fas 100% The antagoni sftic potenc Aﬂklﬁgfkg alue) of tlhe

test conpound wajs deternined fromthe degree of shift fof thep ose-regponse
curve obtai ned by—+eatrept—with—t-he—t . ni sm

to Muscarini c RejGupipouad(of Bsidnipdle 15 0. 033 -
Klerr] (nM right—atrom—Tractrea—WVBrvB—ve WH83—Compound—of—&xanpl e
1 1000 Cogipgund of 1o@mpdepdlind of Ek&A3 e 11 @2 0.95
640 Conpoypd of anpl e ;20 2100 630 As | ear frjomthe
results indicat e?qn}gound of Exampjle 20 ]U.%40 ?)Q?

Compound of Example 26 0. 37 0.95

atoropine 0. 0043 -

ipratropium 0.0015 -

15

2) Tests for bronchodilation in dogs (p.o.)
Twelve— to twenty—-four—months-old male beagle

dogs (weighing 10-15 kg) were anesthetized with pento-
20 barbital (30 mg/kg, i.v.) and intubated in their bron-

chus. Their airway sensitivity (methacholine inhafation

threshold value) were measured by means of the metha-

choline provocation test at least twice at two—-weeks

fnterval, and the dogs showing a reproducible metha-—

) ware selected. To

25 choline reaction threshold values'
those dogs whose methacholine reaction threshold value
had been confirmed, the test compounds were orally
administered (1 mg/kg). Four hours after the adminis-—
tration, the methacholine provocation test was con-

30 ducted, and then the methachoiine reaction threshold

) after administration of the test compound was

2
value
obtained.

The bronchodilator activity of the test com-—

pound was determined following equation:



above Table 2, the conpounds of the present invention 25 exhibited far nore
power ful antagonismto the trachea M3 receptor than to the rlght atrium M
receptor. There- fore, the conpounds of the present : e nore
selective for trachea M3 receptor. Tests for a EngEEﬁHgS| muscari ni c
Merr] receptor (in 30 vivo) 1-A) Tests f88 brénc ChEPﬂhCEH inrhts (i.v.)
Eight- to el even-weeks-old nale rats of the Sp so—berntey rain, weighing
380-420 g, were anesthéftt ivaddiem=t h uret hane (750 ng/kg, i.p.) and

[err]-chloral ose 35 (37 The, bron eaoh rat was

I nt ubat ed, and the rlghp &g&hﬁqkﬂﬁrf%éﬁﬁh% hﬁhﬁ?ﬁﬁoﬁgrva'u§6 drug

adni ni stration. After__gdnban@ggglaﬂmmnfﬁtmnmwas fully suppressed by
succi nyl choline (5 ny/ bod S. t he airwa e s _measur ed under
artificial ventilation Eﬁ*k@&#&'&ﬂe ﬁﬂﬁ ?&ﬁ' ﬁ '@sV%@&§I 6 5

(Buxco). §he acetylchohﬁnhdUﬂ)dﬁug]gﬂMQn|stxyt)onnduced ai rway resistance
I ncrease was neasured 5 mnutes before and 5 mnutes after adm nistration
of test conpound, and the ratio of the airway resistance of the latter to
the former was cal cul at e e thrthodlihe ipadwodat bodi tsstOwall eonde

sol ution was g%ﬁ y gg%eﬁ%goégaﬁhesﬁgﬁpﬁqﬁgugg%ﬂnqgﬁt herw se identical
pr ocedur es e I e ‘resi stance
being set to MHQQ%IAn@O%@\ ltd}aitdd Wi Did$sd tHe BEBh¥heBehisrg-i tigyduced

i ncrease in alrwa% reS|st nceJ e contro] 15 groups 50% was, defi ned

Yy
to be ED[ &PrwhieR vRE diylarted Waithesi SATAHES 189 'EBnﬁBBHcﬁéd\ﬁersé’ ludi QM at ed
by probit anajys{@- gf'aHBelcbn%?ﬂ:rfaQSlmﬂSEe\ﬁélry%tailtIBhngf?b& 4 000

bronchodi | ati o0, L TaLs 5o, oo, b, B 68 5! 96! B> ©
312.5, 156 and 78 pug/ml. These methacholine aerosols
were inhaled to the test animal each for 1 min, starting

15 from the lowest concentration level, and respiration
resistance was continuously recorded. The concentration
level at which the respiration resistance reached twice
the initial value was recorded as the methacholine

threshold value.
2 This Sheet Has Been Repl

oL T

Bronchodilation Activity in Dogs
(Oral Administration)

25
Methachol ine Provocation Test
(1 mg/kg, p.o.)
shift value (after 4 hrs.)
30 Compound of Example 11 21
Compound of Example 20 >69
Compound of Example 26 >64
35 As clearly demonstrated in above Table 4, the

compounds of the present invention exhibited powerful



20 Sprague-Dawl ey strain weighing 380-420 g were orally adm nistered with a
test conpound. The rats were treated in the identical manner as in the i.v.
test, starting 30 mnutes after the administration, and their airway

resi stance val ues were neasured. The acetyl- 25 choline-(50 [err]g/kg,

I .v.) induced airway resistance increase @gere neasured 60 mnutes after the
adm nistra- tion of test conpounds. In controls, isotonic sodiumchloride

sol ution was bIBGdcthmla(tGon atd1.6| dreSén@omm@ouudatabd otfhahy It demt i cal
procedures were repeateq, I,rwa reS|s ancg ga uei jgggCH?t to be
100% A dose that inhib e@ «? racels | CHR P HRS P nBlice8 MHC Pe AiN%ay

resi stance i npt8gef®ntihvlend’i@ms wlyi 30% raschaf abedrtiaelde biyDieTtdodwdrd t he

ED err] value .of the test conpound e cal cul ated, by .probi,t anal ysis of
Thoir 35 doseti BBpBReE IEonde 2 tomte )T L@r%mﬁPagseshéMom%i#i
Receptor (pn yéverthve antagonistic activity agahﬂb&bhth%rQMP%f
Contraction ED[e mpound aqf Exa

rr ng/ k
0. 033 Cep]tegﬁpéu% e '@'a%p?’éc*ih'e“? °r6'o§2t"”tvv Jm@’cz'zmlo

Conmpound of ExfmateidR and pHar@fdtokinetics. 0H3ﬁc6b”RQ%@dc%m benpl e 26
0. 37 0.95 atoroplne

0. 0043
i pratropi um administered toppahipnts orallylgrzyafggggr@dﬂy as safe

br onchodi | atl.@namae@g&;@ré %x)h ibvet ez | PttnensydboeFfeerishs-id dnal e
beagl e doq i ng 10-15 mF e, anest heti zed with pento-, 20 barbita
(30 ng/ kgl0i. vyaswantnpﬁbawhm 3hit 0brohseases such’ respiratory

diseases as chronic obstructive pulmonary diseases,
chronic bronchitis, asthma and rhinitis: digestive
diseases such as irritable bowel syndrome, convulsive
colitis, diverticulitis and pain accompanying contrac-

15 tion of smooth muscles of the digestive system: urinary
disorders like urinary incontinence and frequency in
neurogenic pollakiuria, neurogenic bladder, nocturnal
enuresis, unstable bladder, cystospasm and chronic
cystisis: and motion sickness.

20 In practically using the compounds of the
present invention for the treatment or prophylaxis of
such diseases, they may be combined with pharmaceutical-—
ly acceptable adjuvants in the usual manner to prepare
pharmaceutical compositions suitable for administration.

25 For this purpose, there can be used a variety of adju—
vants which are commonly used in the field of pharmaceu-
tics. Such adjuvants include, for example, gelatin,
lactose, sucrose, titanium oxide, starch, crystalline
cellulose, hydroxypropylimethylcellulose, carboxymethyl-

30 cellulose, corn starch, microcrystalline wax, white
petrolatum, magnesium aluminate metasilicate, anhydrous
calcium phosphate, citric acid, trisodium citrate,
hydroxypropy! cellulose, sorbitol, sorbitan fatty acid
ester, polysorbate, sucrose fatty acid ester, polyoxy-—

35 ethylene, hardened castor oil, polyvinyl pyrrolidone,
magnesium stearate, |ight anhydrous silicic acid, talc,



chus. Their airway sensitivity (nmethacholine inhalation threshold val ue)
were nmeasured by neans of the netha- choline provocation test at |east
twice at two-weeks interval, and the dogs showi ng a reproduci bl e netha- 25
choline reaction threshold values[err] ware sel ected. To those dogs whose
met hachol i ne reaction threshold val ue had4been confirnmed, the test
conpounds were orally adm nistered (1 ng/kg). Four hours after the adm nis-
tration, the wegbhaahdkei wd Ipr dercat i onl ¢atss | wascaoma, 3@ rapgtieche anldyddbn t he

net hachol i ne ég?gghﬂglt %gigvé%puﬂﬁqéigaéxﬁiﬁﬁf?aggbgbﬁégsé%?ﬂggﬁ_the t est

conmpound was I'ned. rronchodi or acti vi m pound

was det er m nedyé€&dbdewitmg nequat i on: 38 shift value = nethacholine

reaction threshold val ugferr aftenfdru apnin%stratign ngthacholine
osHge o %F d&a

reaction threshol d val ué['er orm hiat e dfi%fIPY%ati on The
met hachol i Be pi onec priepa rteals tb yvass ioog - tldeise ead javag tastiogriage ¢ i6d 00H
Model (Chest). N@tha%holine cQLoridgﬂﬁfs used as gronchoconﬁtritor 10

whi ch was di | B 8B20AE ONSosHEE ADdra Ehtor PRABSYIRG i &1 3T &5 g R
concentrati ondéegehadssapposy foronest0, DDGu [érptgparatdeond0,sQ@h &, 000,

5,000, 2,500, 1,250, 625, .312.5,, 156. .78 [ . Th t hachol
aerosol s wer eSYhHBFed & d %NS 1At HH%Q '%%%Le%ébgfmﬁi r{,'kg:rti ae_(ESOf Ir(r)ur?

the | owest copeephratiions el beantbrmspatedi aocoedii plganee cuass srtidmalpusl y
recorded. ,The cogﬁentratigg vel at.whjch the resgibg%ion resi.stance

|
reached t Wcet ERANT GUES W/ UMy tecthchi§4d: R HIAEAYTHE S hr eshol d

val ue. Liquid preparations may be in a form which is dissolved
or suspended in water or other suitable medium prior to
use. In particular, injections may be in the form of a
solution or suspension in physiological saline solution

15 or a glucose solution, or in powder form for reconstitu-
tion by dissolution or suspension in physiological
saline or a glucose solution prior to use. |[f desired,
such injections may contain buffer agents and/or preser-
vatives.

20 As preparations for oral administration, such
formulation forms, besides ordinary tablets, capsules,
granules, powders and the |ike, aerosols or dry powders
for inhalation, elixirs containing spices or coloring
agents or suspensions may be employed.

25 In these pharmaceutical compositions, a com—
pound in accordance with the present invention may be
present at a ratio of from 1.0 to 100% by weight, pref-
erably 1.0 to 60% by weight, based on the total weight
of the composition. These pharmaceutical compositions

30 may additionally contain other therapeutically effective
compounds.

When the compounds of the present invention
are used as drugs, their dosage leve! and dosage sched-
ule may vary according to the sex, age and body weight

35 of the patient, the severity of symptoms, the type and
range of the desired therapeutic effect, and the |ike.



20 TABLE 4 Bronchodilation Activity in Dogs (Oral Adm nistration) 25
Met hachol i ne Provocation Test (1 ng/kg, p.o.) shift value (after 4 hrs.) 30

Compound of Exanple 11 21 Conpound of Exanple 20

>69 Conpound of Exanple 26 >64 35 As clearly
denonstrated in above Table 4, the conpoungg of the present invention
exhi bi ted powerful 39 bronchodilation action and | ong duration of the

action. As abayénef§¢I§oFBRUBGS [OfadnPiHMd Brdt] oRf %heyple,%eatrelf%\fearmwn
whi ch are characterized by introduc- tion of quor| ne”atoms ) t herei nt o,

exhi bit potentd U“SSgﬁréét il e Bakadgonhidase attPvit Foad0nse/gsdarinic M3
recept ors and £ P51 aRYCEhli 8TUAY dEEd Ay bEUERYEANAY! 2ATHAN G

phar macoki neti cs. ance t hey can be admnis er ed patients orally or
parenteral |y &evefal pﬁaVrhﬁééuth@Sexhl"B?'t|P@r¢”tﬁl’é's?d@'éf'ﬁé¢’ta§'qrh t he

10 treat meng Oih@y09P¥'a¥b$e9%quS%ﬁﬁ@ﬁ1ﬁyE@ré&Sthat85¥19'a%%%e%fas

chroni c obstructive gu nmpnary di seases, chronic bronchit ast hma and

rhinitis: di gdst®Qk Pséﬁs@g/&gcﬁc%s qcﬁﬁ%bﬁ"éd bblues §ymdwod@secmmlts¢ ve

colitis, diverdjgyhibhisaapimpaich aG¢ dé e F@PHéaCdoéﬁst ion of snooth
nmuscl es of the dlgestlve system urinary sorders |ike urinary

I nconti nence and frequenH?FanﬁéGﬁUgéMQ:qﬁﬂSQm¢urm&enhegﬂogénNQVQIadder
noctur nal emﬂ&%%éxf?@éﬁ@?'%xBH%QW%H WSt oSPRSPLABE €8T 4B K i REStheims and

noti on sicknes
10 ples it being understood that the examples are in no

way limitative of the scope of the invention.
Example 1
(2R)-N-[1-(4-methy|-3-penteny!)piperidin-4-y1]-
2-[(1R) -3, 3-difluorocyclopentyl]—-2-hydroxy-2—
15 phenylacetamide

Structural formula

@OHH.
>O??7(N
20 F O

Step 1. Synthesis of 1-(4-methyl-3-pentenyl)-4-
piperidone

To a solution of 2.5 g of 4-piperidone mono-
25 hydrochloride monohydrate in 150 m| of acetonitrile, 11
g of potassium carbonate, 2.62 g of 5-bromo—-2-methyl-2-
pentene and 800 mg of potassium iodide were added se-—
quentially, and the mixture was heated under reflux for
3 hours. The reaction mixture was diluted with ethyl
30 acetate, washed with water and then with brine, and
dried over anhydrous magnesium sulfate. Distilling the
solvent off under reduced pressure, 2.24 g of the title
compound was obtained as a white solid.
Step 2. Synthesis of 4-amino-1—-(4-methyl—-3-pentenvl)—

35 piperidine
To a solution of 2.2 g of 1-(4-methyl-3-




-t he present invention
THIS ISHEET ¢HASBEEN hey may be conbi ned

wi t h pharmaceutical - |y accept abl e jadj uvRERIACED t he yisual manner to prepare
pharmaceutical conpositions suitabl ratton. 25 For this

pur pose, there can be used a variety of adu- vants which are commonly used
in the field of pharmaceu- tics. Such adjuvants include, for exanple,
gelatin, |actpsetesut) edep ipietramniomnea odri ) mt asfhmethuabdl | ilnd geldful ose,
hydr oxypr opyl net hyl cel | ul gse, car thyl; 30,cellul ose, corn st.arch,

o e oeryst ol 1HTROYAGR aRef8seAris Saimfnih S thinI ANARgbe T RLYAL i at e,
anlhlydlrous calwdt;)pm ?Hdeﬂhgbq;;em}ttiraild yaciaét rtddrsoﬂém;lmciatgabe, fwdro@weda][opyl
cel lul ose, sqgrbit sorbitan fatt cid ester ol ysorbate, sugrose fatty
Soi d ester,  HYyBEYEr 38E0PNFIEN S A AR CLRIRETBER T epol DUyl | | e

pyrrol ibflons_, lmﬁn@etlldah?tle?rffﬂ ex,ndldrgmecﬁmwlrmt@ssmép: thac:pell, lot;a:tqwe 40
vegetabl e oil, bepz al gohol , acaci a, 0 ne. gly ol yal kyl.ene

gl ycol , cycl o'b%%‘f?i‘ ﬁ”aﬂ&gﬁﬁdt‘”@fyﬁl"gﬁﬂﬁtﬁp‘%ﬁéﬁe‘%]% n?ﬁTh¥a58§§dé’rf'd:r nms of
phar maceut i cadc F@PE6I 1 oeldi ®Ys warstiaree v ibhh ubi &bhy heesehadj uvdmies i ncl ude
solid preparations such as tablets,, capsules, granul es, pow,.ders and
SUppOs! tor | cATHFRUR AT BYEFalRs RS Idudr A6l B Uheaauppksr SO44dMm Ract i ons:

and the |ike.dddgsdePE6Pakadbin0amd Rk e dtasd etledcht6pbdona. t 0 The o
conventional 10 technhgues wel | -known, in the fjeld of gggh ceutics. Liquid
u d

prepar ati bRs HEGABEC| hayeromasmasheds witds ratker oand e W@t or

ot her suitabl®r Bdi BUBPr GAhylde 0dSe madghd¥@irim Csll Pfatenj eDiis@ng [Ty ghd N the
formof a solutjon or %¥spen5|on [ 26¥5|olog|cal fa i ne %okﬂtlon 5 o0r a

gl ucose sol ut3dhvest PhtpuRger redugesd RrRFLEetul.9 &8 © e title
compound was obtained as a colorless oil.

Step 3. Synthesis of (2R)-N-[1-(4-methyl-3-pentenvl) -
156 piperidin-4-yl1]1-2-T(1R)-3,3-difluorocyclopentyl]-2-
hydroxy—2-phenylacetamide
To a solution of 75 mg of (2R)-[(1R)-3, 3-
difluorocyclopentyl]-2-hydroxy—-2—-phenylacetic acid in 3

20 In practically using
for the treatnent or prophylaxis of

ml of N,N-dimethylformamide, 55 mg of 1,1 —carbonyldi-

20 imidazole was added at room temperature, followed by
stirring for 2 hours at the same temperature. Then 60
mg of 4-amino—1-(4-methyl-3-pentenyl)piperidine and 5 mg
of 4-dimethylaminopyridine were added sequentially,
followed by stirring overnight at room temperature. The

25 reaction mixture was diluted with diethyl ether, washed
with saturated aqueous sodium bicarbonate solution,
water and brine, and dried over anhydrous magnesium
sulfate. Distilling the solvent off under reduced
pressure, the resulting residue was purified by prepara-

30 tive thin layer chromatography [Kieselge!l™ 60F,,,. Art
5744 (Merck); chloroform / methanol = 10/1], to provide
23 mg of the title compound as an oil.

This Sheet Has Been Re a

M



tion by dissolution or suspension in physiological saline or a glucose
solution prior to use. If desired, iLniectiqqg py contain buffer
agents and/or preser- vatives. 20 Ar ati ons for oral

adm ni stration, such fornulation f ipary tablets, capsules,
granul es, powders and the |ike, aeros® r~ctt-y—powerer s for inhal ation
elixirs containing spices or coloring agen‘% or suspensions may be

enpl oyed. 25 ‘ | n_these pharnaceutical conpositions, a com pound
in accordance with' Brig )hMBedtC ithiehtsi 0f Pap me présent 2at h. r 4t0o (& H,r om

1.0 to 100% by weight,; pref.- ly 1.0 o 80% i ght, based on_the
total weight of e’colrfpo iOti ?P'Th%ie p#arﬁa@eggi}%gl gc)o'rrpgsi i%h‘32303néy
addi tional |y contaiing ¢f hepyt hepapeutsicag |y e@f@ tHvenfpnpqyndffiyﬁfn h
conpounds of the present 1nvention are used as drugs, their dosage | eve

and dosageE§ched-(BLH,nmy)var3.adzdfd+ﬂg t® 6hé€ Iskk, rage, agd body pegight 35

of the pati‘ent, the severity of sgnptons, the type and range of the desired
therapeutic effe@ T fhd the $ike 3. 743 &rldramly. fbr & 81—&dnithBst(riaH, on,

adul 15 and this 5 ry G0t ey toe GiGeh it alt] me br Pnosveraf B (iddd

doses. For parenggral 7adrg pistyratson, (2 hgyyare preferably adm nistered in
a daily dose of 0.001 to 10 ng/kg for adults and this daily dose may be
given at a tine or in several divided doses. Hereinafter the present

invention i@ nore specifl@ml}yse*pkabne¢m34Msr@ﬁﬁgena}zy¢ yerk,ag exam 10
ples, it bein Qenﬁ% od that the exanples are in no way finftative of the
scope of the invention.:

Example 2
(2R) -N-[1-(4-methyl-3-pentenvl)piperidin-4-yl]-2~
[(18)-3,3-difluorocyclopentyl]-2-hydroxy—2-
15 phenylacetamide
Structural formula

This Sheet Has Been Repla

(o s TN
20 A I

F g

The title compound was prepared in the same
manner as described in step 3 of Example 1 using (2R)-
[(18)-3,3-difluorocyclopenty!l]-2-hydroxy—2-phenylacetic

25 acid.

'H—NMR (CDC1l, Sdppm) :1. 60 (3H, s), 1. 68
(3H, s), 1. 35—2. 48 (15H, m), 2. 75—2. 86
(3H, m), 8. 22—8. 36 (1H, m)., 3. 48 (1H,
3 brs), 3. 61—3. 76 (1H, m), 5. 03—5. 08 (1H,
m), 6. 27 (1H, d, J=8. 0Hz), 7. 26—7. 40
(3H, m) , 7. 55—7. 58 (2H, m)

low resolution FAB-MS (m/e, (G, H,,F,N,0, +
35 H)'): 421.



Exanple 1 (2R)-N-[1-(4- et hyl - 3- perrenuL}prELLdLn,A:yl]-

2-[(1R) -3, 3-di fl uor ocycl opentyl ] - 2-Jhkris SHEFZ-HAKSBEEN | phenyl acet ami de
Structural formula 20 [err] Step 1. SyHEPLemE@ of
1- (4- et hyl - 3-pent enyl ) - 4- pi peri donme~To~a-sotuttoeor~6f 2.5 g of

4- pi peri done nono- 25 hydrochl ori de nonohydrate in 150 m of acetonitrile,
11 g of potassium carbonate, 2.62 g of 5-Dbtf'ono-2-nethyl-2- pentene and 800

ng of potassi iodﬂde wer e added se- quentially, and the m xture was
heat ed under ig%mﬁki¥é¥ 3 hours. The reaction mxture was diluted with

et hyl 30 acetate, \@M*\[lh(wmethan%t—?@mwﬁﬂzmimgrI@hnd—dwebq-@ver
anhydr ous nmagnesi u fate. t|IL|no t he I we oférgnq§ r-@uc d

pressure, 2.24 g of 2 984T E] .
2. Synthesis of 4- adewanidd- aﬁHhXERS—Nedﬂeﬂﬂ%heﬁﬁinBE@eﬁ&@ﬁva a

solution of_ 2.2 g of, 1- 4!ne£?xl!i_g_£:4 [ 4 i pe |don 60 n
of nethanmﬁ 1.1 g # A % P % i g

cyanoborohydride\Mﬁﬁﬂﬁmﬁﬁﬁzsgguayuhab&gm.@ roomtenperature, followed by
stirring overnight at s st|II|ng 5 the nethanol off under

reduced pressure, the pﬁggﬁu?ﬁ re agPr@H A€di a was adjusted to 3 with 1IN
hydr ochl ori c aci d, follomed by washing with diethyl ether. The agueous

| ayer was basified w IN aqueous sodi um hy- droxigde sol ution and
extracted with chl or n@HTHe 10 organic | ayer weshed with water and

t hen brineg and \\[::? £ NG N\T::?
HO w and O(I;O‘( W

F F

The title compounds were prepared using (2R)-
15 [(18)~-3-fluorocyclopentyl]=2-hydroxy—-2-phenylacetic
acid, in the same manner as described in step 3 in
Example 1, and separated in the final step.
(2R) ~N-[1-(4-methy|-3-pentenvl)—piperidin-4-y!]-2-
[(18,38)-3-fluorocvclopentyl]l-2-hydroxy—2-pheny |-
20 acetamide

'H—NMR (CDCl, 6ppm) : 1. 60 (3H, s), 1. 68

(3H, s), 1. 31—2. 33 (15H, m), 2. 44—2. 49

(1H, m), 2. 69—2. 81 (2H, m), 3. 19—3. 30

25 (1H, m), 3. 62—3. 74 (1H, m), 3. 90 (1H,
brs), 5. 03—5. 28 (2H, m), 5. 87—5. 91 (1H,

m), 7. 26—7. 40 (3H, m), 7. 53—7. 57 (2H, m)

tow resolution FAB-MS (m/e, (C, H,;FN,0, +
30 H)"): 403
This Sheet Has Been Replaced

AR




dried over anhydrous magnesiumsulfate. Distilling the sohmg@g&$ﬁ% er

un
reduced pressure, 1.9 g of the tit qu'SHEE'ﬂWA‘BaBEEW“a' ned fﬁi ed
-(4
-3,
3d¢

oil. Step 3. Synthesis of (2R)-N- | pent gnyl ) -

pi peri din-4-vli-2-[(1R)-3.3-difl uo REFLACE ]

hydr oxy- 2- phenvl acet am de To a sol ution of5¥5 ng of (2R)-2- [ (1R)
di f1 uorocycl opentyl] - 2-hydroxy-2-phenyl acetic acid in 3 ml of

N, N-di et hyl f or mam @dg; _55_“n 0h—dedhs qarbon Id| 0_J dg;:te Eas ed at
roomtenperature, BT T'OWET 2t Jef=at ur e.

Then 60 ng of 4- anilnGlS.-3R) 13+ fiyloRogyk le —ut 0‘ 4k raxn—S pheafy | —

4- di met hyl am nopyrigihe, %ﬁﬁg added sequentially, followed by stirring

overni ght at roomt e. The 25 reaction mxture was diluted with

di et hyl ether, mashed wi th saturated aqueous sodi um bi carbonate sol ution,
wat er and ri ne HardNBIR edCAY € 1 anhydp qusm)negnesicim 8 tat e ) D gti ldigng t he
sol vent of 3§{¥¢educed pressure, the resulting resi due was purlfled by
prepara- 30 ti i 5] ayelr cBrom ogr?a;@hy( I i Bsemgd| [ e2r] 36DFf &r.r]3 Art

5744 (Merck of nol r de, 23 o] the t tIe
corrpOt(Jnd as)an mg r8543 %érr]ﬁ- %c@c% [Qeﬁ'f]p cj\élrrfl3 %5 !
: 0 (2H, 11H,6 3 4 _J 6-8 H 1. 8 — 4 2
M-2(43@£ @ﬂ Mn§2 3, 76@1H8hg 5. &{i§ ﬂé
-3. 36 1m&ﬁ m)zﬁ8ﬁﬂ+&r%5(BH6ﬁB 734BH7M 3 55. 0
3-5. 0 8 (1IDH 3 3 1 . 25-7. 39 (3H,
7.5 4 - ( §ng§ I—F‘Srr) o 677 y Q%ﬁré@blutmn FAB- MB (ni(e, "
(qer]WeH]HeH]MeH]qu]4—m[mrn 421. Exanple 2

low resolution FAB-MS (m/e, (C,,H,,FN,0, +

H) ") : 403.
Example 4
15 (2R) -N—-[1-(4-methy|-3-pentenvl)piperidin-4-yl]-2-
L(1R, 3S)-3-fluorocyclopentyl]-2-hydroxy—2-pheny|-
acetamide and (2R)-N-[1-(4-methyl-3-pentenvl)-
piperidin-4-y1]-2-[ (1R, 3R) -3-fluorocyclopenty]]-2-
hvdroxy-2-phenylacetamide

3-

20 Structural formulae

Cs Do

The title compounds were prepared using (2R)-
[ (1R)-3-fluorocyclopentyl]l-2-hydroxy-2-phenylacetic
acid, in the same manner as described in step 3 in

25

Example 1, and separated in the final step.
30 {2R)-N-[1-(4-methy|-3-pentenyl)piperidin-4-yi]-2-
[ (1R, 3S)-3-fluorocyclopentyl]-2-hydroxy—2-phenyl-
acetamide

'H—NMR (CDC1ls Sppm) : 1. 60 (3H, s). 1. 70
35 (3H, s), 1. 838—-2. 17 (14H, m), 2. 27—2. 32
(2H, m), 2. 70-2. 81 (2H, m), 3. 19—3. 32



(2R)-N-[1- (4- et hyl - 3- pentenyl ) pi peridin-4-yl]-2-

[ (1S)-3.3-difluorocycl opentyl]-2-hydroxy-2- 15 Phenyl acet am de
Structural fornmula [err] The title compound was prepared in the same nanner
as described in step 3 of Exanmple 1 using(2R)-2-
[(18)-3,3-dif|uorocyclopentyl]-2-hydroxy-2}PhenyIacetic 25 acid. [err] H NWR
(CDCl[err], [err] pp n) : 1. 6 0 (3 H, % 1. 6 8 (3 H s) 1. 3 5-2.
48 (1 5H, m, 2. % 2. (3 6 ( 1H m 3. 48
(1H 30 br s()l,%g. -3 5'37_63(1 Zi4n)<1P‘5 m)s 5. 918((111=L m ,

6. 2 7 1 H o 8. 0 7 5-7.58
(2 H rr)(lowresgl W onSFAB- 5 Oi & 2f ?@imﬂémz%ﬁ I—bﬁs q—I)[QJrzr]()l:H421.
44 Exanple 3 (IR .-N. [2 6—(%- nﬁtEhY(BH PaRY eny+ ) peperi g n548yl(]2-121- 4L s
3S) -3-fluorocycl opentyl]-2-hydroxv-2-phenyl - acetan1de and ’

2R) - N-[| - (4- met hvl - 3- e en - 2-
gR)23-f{uo&5cyclopentyF] %?%?6%§'Q"pﬁéﬁvl ﬁ(k;éii%t£ﬁ$§sz3rnulae
OH H H) ") : 403 OH H 10 [err] The title conpounds were

prepared using (2R) idi%'ﬂ_%'g"g“

[(1S)-3-f 1 uorocycl opeH ! : =D& ) pipe
manner as descri bed TRssk S—fmuExa bQo eﬁﬁViﬁ*&*ﬁﬁﬁﬁdeHZ%bheﬁbnm
step. (2R -N 1 - (L=t 3-pentenyl) -piperidin-4-yl]-2-

acetaml e

10
'H—NMR (CDC1ls, dppm) : 1. 60 (3H, s), 1. 68

(3H, s), 1. 38—2. 32 (6H, m), 2. 74—2. 88
(2H, m) , 3. 41—3. 52 (1H, m), 3. 63—3. 74
(1H, m), 5. 02—5. 21 (2H, m). 6. 90 (1H, d, J

15 =8. 2Hz), 7. 23—7. 35 (3H, m), 7. 66—7. 69
(2H, m)

low resolution FAB-MS (m/e, (C,,H,;FN,0, +
H)*): 403
20 Example 5
N-[1-T(3Z)-4-trifluoromethyl-3-pentenvilpiperidin-—
4-y1]-2-cyciopenty!-2-hydroxy—2-phenylacetamide

Structural formula

o5 o /L:Tévaﬁ/

CF;

T

HO

Step 1. Synthesis of N-(piperidin—4-y!)-2-cyclopentyl—
30 2-hvydroxy—2-phenylacetamide '

To a solution of 3.51 g of 2-cyclopentyl-2-
hydroxy—-2-phenylacetic acid in 40 m|l of N,N-dimethyl-
formamide, 2.63 g of 1,1 -carbonyidiimidazole was added
and stirred at room temperature for 2 hours. To the

35 reaction mixture 3.96 g of 4-amino-1-(t-butoxycarbonyl) -
piperidine monohydrochloride, 200 mg of 4-dimethylamino—



(1 S. 3S)-3-fluorocycl opentyl]-2-hydroxy-2-phenyl - 20 acet am de
[err]HNVMR (CDCl[err], [err] pp m 1. 6 0 (3H s). 1. 6 8 (3H, s) , 1. 3
1-2. 33 (15H m, 2. 44-2. 49 (1 H mM, 2. 6 9-2. 81 (2H m . 3. 1
9-3. 30 25 (1 H m 3. 62-3. 74 (1H mMm. 3 90(1H brs), b5
0 3-5. 28 (2H m, 5. 87-5. 91 (1 H mM, 4. 25-7. 40 (3-H mM, 7. 5
-3-7. 57 (2 H mM lowresolution FAB-M5 (me, ((err]Herr]FNerr](err]
+ 30 H)[err])py4'03ilne nd 2&)9?%1864dmhbplro}y?%ﬁlﬂﬁt{érhrrgé PRéF g [atelraF]H:—l]- Nﬁ/;?
- - acetam de
53 el ST 1 B3 8 b e L
4H, ﬁ) 2. 352t®rdfkdZﬁﬁuéﬁuSZSoa|Em2b|c%r%ohaief@ol&%udn3w§s aéd@d(lHH
07 5 57 th e Jeadbion niReirg fof 1o oat ey Sioxactonurigh
FAB- V5 (1 &, d(i€ftdvyl] Hther. FNl[Ehé]@PQghlnc+|H)y[eer2rvﬂa)s 1vvf{=a£)s?raR ed@Pheptihe
N-[1-(4- t env I peri di n-4- -2- . . . .
gé@S fl[uogo 98Idoyé'ﬂte§ﬂpfon‘§grﬂyﬁ%}8¥€r?uﬁhéﬁ I')C'"']s\(,sé'tldllﬂ(ﬁfe arjistilling the
(2R -N-[1-(4- saﬂwﬂnt}qfiSUﬂd$? reduceF prefsure I$nﬁcres%'%%%%yngéfan1de
[ 2 1R or o open Xy -
207" Y alig! el T § G b Res [ 1 PR B8 TR0 T @ ARAREIAREY ¢

prepared usi n@!ﬁ%R)eI%p:[r(gl@oﬁ;éﬂmt'proﬁxﬁla%em ¥lthyd- Qs 2= PRey | ggetic

10 provide 2.84 g of a white solid. The solid was dis—
solved in 30 ml of 10% hydrochloric acid-methanol, and
stirred overnight at room temperature. Distilling the
methanol off under reduced pressure, the residue was
diluted with water and washed with diethyl ether. The

15 aqueous layer was made basic with sodium hydroxide and
extracted with chloroform. The organic layer was washed
with water and then with brine, and dried over anhydrous
magnesium sulfate. Distilling the solvent off under
reduced pressure, 2.15 g of the title compound was

20 obtained as a white solid.
Step 2. Synthesis of (3Z)-4-trifluoromethyl-3-pentenyl
t-butyldiphenylsilyl ether

To a solution of 2.94 g of (3-t-butyldiphenyl-

silyl oxypropyl)triphenylphosphonium bromide in 40 m! of

25 tetrahydrofuran, 2.5 ml of 1.7 M hexane solution of n-
butyllithium was added dropwise at -78°C. The tempera-
ture was raised to -20°C. After stirring for an hour at
said temperature, reaction mixture was cooled to -78°C
into which 0.5 ml of trifluoroacetone was added drop-

30 wise, followed by stirring overnight while raising the
temperature to room temperature. The reaction liquid
was diluted with hexane, washed with 10% hydrochloric
acid, water and then brine, and dried over anhydrous
magnesium sulfate. Distilling the solvent off under

35 reduced pressure, resulting residue was purified by

silica gel column chromatography (developing solvent:



acid, in the same manner as described in step 3 in Exanple 1, and separated

in the final step. 30

(2R) - N-[ 1- (4- et hyl - 3- pentenyl)piperidin-4-y|]-2-

[ (1R 3S)-3-fluorocycl ooentyl]-2-hydroxy-2-phenyl - acetam de [err] H NWR

(e ferr], [err] ppm @ 1. 60 (3 H s)48. 7035 (3 H s), 1. 3 8-2.

17( 14H m, 2. 27-2. 32(2H mM, 2. 70-2. 81 (2 H 3. 1

9-3. 3 2 46exhnd /ﬁ)ethﬁl 5c6t8t¢(s 7 gr/r)“ Ho rps)érogad@3884(3ﬂ o’% Ith&)7 ,55.

0 0-5. 21 6. 0 2 H, , 7. 7 :

5-7. 58 (2& ﬁ#ﬂ? compound | ow resolution FAB-M5 (me, (C24H35FN202 +

H) +): 403 (2 StNd|3(ZlSﬁﬂthésBsDegtéﬁZD%QPmenﬁdumﬂbmdﬂhQP iopentenol
1R 3R 3-f|uorocyc|op tyl] hydr ox phen cetam de _

%(err]H-N MR (CDd [err], cFr"’] ?)?)W{/”in éfo1(g§| fa(%ﬁ g?@'f—i'“%fo 1. 3

8-2. 32 (6 Hmel‘t}]yl2-3—7pe41‘2eni3| 8t(-Bh+ty'IT')-d|BheﬁyJIs3 | Al ?e‘t(HetH |m28 R 6f3 3.

7 4 (1 H, :

3-7. (3 5 (g) tﬁ)“ahﬂdsréb*z"ira'gs 94(?'111‘ ? &/ﬁ‘e§8lll5‘tt1'c9r{‘ - ‘%t(;géfy'"

(C24FB?§N?02 amMFPﬂmM)fIﬁ@ﬁ;d@olE?ﬁéﬁrﬁh§drofuran was added, followed

N-[1- Z)-4-tri uoronet entenyl | p

4-£I][2 cycl oB&nSfiLr f'H¥ﬁ'%%Q % RAURS| & efgﬂmd eqPefAt R f ol eI Be25 [ err]

Step 1.  Synt kgoins noifx thr{ei wes | dli huted! Wi ZhcYGe@P§ Tt WtheX) washed with
2 hydroxy-%ipugwgéngﬁéngﬁt% brine, and dried over anhydrous magnesium
sulfate. Distilling the solvent off under reduced
pressure, the residue was purified by silica gel column
chromatography (developing solvent: ethyl acetate) to
provide 414 mg of the title compound.
15 Step 4. Synthesis of (3Z)-4-trifluoromethyl-3—-penteny!
p—toluenesulfonate
To a solution of 414 mg of (3Z)-4-trifluoro-

methy|-3-pentenol in 6 mi of pyridine, 565 mg of p-

toluenesulfonyl chloride was added under cooling with
20 ice, followed by stirring for 16 hours at room tempera-
ture. The reaction mixture was diluted with diethy!
ether, washed with water and then brine, and dried over
anhydrous magnesium sulfate. Distilling the solvent off
under reduced pressure, the residue was purified by
25 silica gel column chromatography (developing solvent:
hexane / ethyl acetate = 9/1) to provide 412 mg of the
title compound.
Step 5. Synthesis of N-[1-[(32)-4—trifluoromethyl-3—
pentenvllpiperidin-4-y!1-2-cvclopenty|-2-hydroxy—2-

30 phenyvlacetamide

To a solution of 77 mg of N-(piperidin-4-yl)-
2-cyclopentyl-2-hydroxy-2-phenylacetamide in 3 ml of
N, N-dimethyl|formamide, 74 mg of (3Z)-4-trifluoromethyl-
3-penteny! p-toluenesulfonate, 102 mg of potassium car-
35 bonate and 43 mg of potassium iodide were added by the
order stated at room temperature, followed by 3 hours’



To a solution of 3.51 g of 2-cyclopentyl-2- hydroxy-2-phenylacetic acid in
40 M of N, N-dinethyl- formam de, 2.63 g of 1,1'-carbonyidiimdazole was
added and stirred at roomtenperature for 2 hours. To the 35 reaction

m xture 3.96 g of 4-am no-1-(t-butoxycarbonyl)- piperidine
monohydrochl ori de, 200 ng of 4-dinmethyl am gp- 47 pyridine and 6.9 m of
di i sopropyl et hyl am ne were added, followed by stirring overnight at room

tenperature. ﬁ%tattr.ai%echm»ewéfmsél unvh'ecarre%@ﬁt&] spﬂ i@w@Sde%ddto the
reaction m xture fm

by an extraction wt et her
organi ¢ | ayer Widd ety higkheri ntaghed dMWé@(ﬂkﬁe%ﬂﬁy%r%ﬁgu§®ﬁﬁdm
sul fate. Distiglyljijng tde $©f Nﬁnﬁyoiﬁeua‘ﬁﬁ%rr %Q%Q%CH preﬁ‘r?&”drenec‘] hgvgesul t ant
resi- due was purified by silica gel colum chronatography developln%f

sol vent: hexad&hydstaus m%@ bua spifate. 10 Dprsdw 'dle“’EESfd”'@ o7 | venki o

solid. The solindetas dlised P Vedslifel0tRle ¥osidMEONUCLE Feod E
aci d-met hanol , and stirred overnight at room tenperature stilling the
met hanol of f @A radducedt bt essaver Phéomﬁiqan?RMX;(ﬁlQﬁ%ﬁEQﬂt wat er and

vasned wi th diggilyl eter 5708 1eRBSOLR 126¥0 RS TS diRS] c=1ey ) s um

hydr oxi de and ext¥’dct e chl'orof or m organi c layer was washed wth
wat er and t he®r@ivtifenrd hang aoti theed i §ver camppinsl @ sreaghesi Lim subtat e.
Distilling thg QL yent of f under reduced pressure, 2.15 g of the title
conmpound was 5 tained as a white solid. Step 2. Synthesis of

(32)-4-tritd uor orp}t_lwlMQ enireavl Lt - Bupvd giphenv! st 1yl gt hgrgTo 1a6 49! uti on
of 2.94 g of (3-t-butyldip enyI- si |yl oxypropyl)tr|phenyé&hosphonlum
bromi de in 40 m) of 125 8 & r@Byldr ofwuyan,22. 9 M—&. 1173 M RBekangsol @i on of

n- butyllithium yas,addeq dnopw 58 at; 78 &M IS e LPRPRT . 3. 13
(1H, brs), 8. 62—3. 76 (1H, m), 5. 65—5. 72
;s (1H m), 6. 32 (1H, d, J=8. 5Hz) ., 7. 23—7.
36 (3H, m), 7. 59 (2H, d, J=7. 3Hz)
low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H) ") : 439
Example 6
20 N-[1-[(37)-4-flyoromethy|-3-pentenyl]piperidin—

4-y1]1-2-cyclopentyl—-2—hydroxy—-2-phenylacetamide

Structural formula

LT
25 N

HO L HY F

The title compound was prepared by the proce-
dures similar to steps 2-5 of Example 5, using fluoro—

30 acetone.

'H—NMR (CDCl, Sppm) :1. 04—2. 16 (14H,
m), 1. 79 (3H, s), 2. 16—2. 28 (2H, m), 2.
28—2. 40 (2H, m), 2. 66—2. 86 (2H, m), 2.

35 94—3. 24 (2H, m), 3. 62—3. 78 (1H, m), 4. 86
(2H, d, J=47. 5Hz), 5. 34—5. 44 (1H, m), 6.



ture was raised to -20[err]C. After stirring for an hour at said
tenperature, reaction mxture was cooled to -78[err]J]Cinto which 0.5 m of
trifluoroacetone was added drop- 30 wi se, followed by stirring overnight
while raising the tenperature to roomtenperature. The reaction |iquid was
diluted with hexane, washed with 10% hydr oshl oric acid, water and then
brine, and dried over anhydrous magnesium sul fate. Distilling the sol vent
of f under 35 reglgcgd pr.essur ¢, =rgesutyng regi dug vas7purd Di €@ Hy &i)i,ca gel
colum chromat o raggy (devel opi ng sol vent: 48 hexane / ethyl acetate =
9/1) to providd .1.944 g bf 6he (RtHe monpound. Step 3. Synthesis of
(32)-4-trifluoronethyl-3-pentenol To a solution of 1.44 g of

(32)-4-triflu - hyl - 3- pent enyl t-butyl-di phenylsilyl ether in 8 ni
of tetrahydro1(3:r)9am,I .{7 m

of 1.0 Msolution of tetrabutyl- anmoni um
fluoride in5tetrahyMrﬁlgﬂﬁﬁEﬁ@ﬁ~éd@@¢oMaﬂHx&gﬁtggnﬁemylﬁgggéoﬁdZnhours at
roomtenperature. T, 5- ti | ' j t ' .
washed with 10 wat ef—&t X O OREI L Ny el Sl I e+ S-akieH S
sulfate. Distilling the Sblruetnuraflf forderi & educed pressure, the residue was
purified by silica gel colum chromatography (devel opi ng sol vent: ethyl

acetate) to provide 414 of the title._comuo ) Step 4. Synthesis of
p-t ¢l uéhesul fohate Fo a solution of 414
3H pen in 6 of pyridine, 565 ng of p-

(32)-4-trifluoronethyl-3-

ng of (32)-4-trifluoro-

tquenesuI*%nyI chl ori de AfddedNinder cooling with 20 ice, followed by
rrpéﬁ'a- ture. The reaction m xture was
ashed with water and then brine, and dried

stirring for 16 hours at roo
diluted with diethyl ether,
over

Step 1. Synthesis of (2E)-5-bromo—-2-methyl—-2-pentenol
To a solution of 681 mg of selenium dioxide in

15 10 m! of dichloromethane, 2.5 m| of t-buty! peroxide was
added at room temperature, stirred for 30 minutes at
said temperature, and further 2.0 g of 5~bromo—-2-methyl-
2—-pentene was added, followed by stirring for 2 hours.
The reaction mixture was diluted with diethy! ether,

20 washed with aqueous sodium thiosulfate solution, 10%
aqueous potassium hydroxide solution, and then with
brine, and dried over anhydrous magnesium sulfate.
Distilling the solvent off under reduced pressure, the
residue was purified by silica gel column chromatography

25 (developing solvent: hexane / ethyl acetate = 20/1 -
4/1) to provide 1.24 g of the title compound.

Step 2. Synthesis of (2E)-5-bromo-2-methyl|-2-penteny|
t—butyvldimethylsilyl ether
To a solution of 300 mg of (2E)-5-bromo-2-

30 methyl-2-pentenol in 10 ml of N, N-dimethylformamide, 302

mg of t-butyldimethylsilyl chloride and 137 mg of imida-

zole were added, followed by stirring for an hour at
room temperature. The reaction liquid was diluted with
diethyl ether, washed with water and then with brine,
35 and dried over anhydrous magnesium sulfate. Distilling
the solvent off under reduced pressure, 604 mg of the



anhydrous magnesium sul fate. Distilling the solvent off under reduced
pressure, the residue was purified by 25 silica gel colum chromat ography
(devel opi ng sol vent: hexane / ethyl acetate = 9/1) to provide 412 ng of the
title conpound. Step 5. Synthesis of N-[1-[(3Z)-4-trifluoronethyl-3-

pent enyl | pi peri di n-4-yl]-2-cycl opentyl -2-hgtir oxy-2- 30 phenyl acetam de To a
solution of 77 ng of N-(piperidin-4-yl)-

2- cyclopentyl-ﬂrhydro&mpaupuewﬂsﬂuhtumnkd|n 3 m of N, N—dlnethylfornan1de
74 ng of (32) §-tr| | uoRonE . 1t , :

pot assi um car -° 3P bdnat BYAEGEEd S d Mg
order stated adxymethyénfepa httrefnvlf](ﬂ ulnmepu hv—@—hbﬂwz cyclé@eh&&th-fz;- under
reflux. The rﬁacélon L?guld was dlluteﬂ with diethyl ether, washed with

wat er and sat X ' he order stated, and dried over
anhydr ous nﬁgnesi um sul f ahe. t[D:ctSlbi Idonipd Urite vﬁé’évﬁﬂéﬂef-éd%vndhﬁ nedUeRl )
pressure, the resj urified hy preparative,thi yer . chr onmgf ogr aphy
(Kleselge[err]sFﬂ?)lzf%'ﬂ]w'lgl SiFP 578 ?ﬂﬁﬁ@kf IcH%fBgnR?EﬁESﬁQHBWQE )] 1) to
provide 27 ng rﬁétlﬁ@ﬁ—tﬁ*—b?ﬁt@ﬂgﬂowﬂfblﬁ@ latﬂ.rﬁ&{lyytsslbiyastarnﬁer 10 " H NWR

(ChC[err], [e ppm 3 H.,s), 2.0
1-2. 13 zg’i—rl g 3%, 3.1
3 (1H, brs), %edRedylIf] rox§~28 2 (1H,
d, J=8. 5FE£ . ow
resolutlon ABﬂNEﬂ¥LiQT__@¢ﬂErr]H[err]F[err]N[err]C{err] + H[err]) 439.
Exanpl e 6 To a solution of 59 mg of tetrabutylammonium

fluoride trihydrate in 3 ml of tetrahydrofuran, 200 mg
of molecular sieves 4A, 31 mg of N-[1-[(3E)-4-t-butyldi-
methylsilyloxymethy!|-3-penteny!]piperidin-4-yl1]-2~

15 cyclopentyl-2-hydroxy—-2-phenylacetamide and 22 mg of
p—toluenesulfonyl fluoride were added sequentially,
followed by overnight heating under reflux at 80°C.
After removal of the insoluble material by filtration,
the solvent was distilled off under reduced pressure.

20 The remaining residue was purified by preparative thin
layer chromatography [Kieselgel ™ 60F,.,, Art 5744
(Merck) ; chloroform / methano! = 20/1], to provide 11 mg
of the title compound as an oily substance.

95 'H-NMR (CDC1l;, Sppm) :1. 10—1. 76 (10H,
m), 1. 70 (3H, s), 1. 76—1. 95 (2H, m), 1.
986—2. 42 (6H, m), 2. 72—2. 88 (2H, m), 2.
94—3.24(2H,m),3.62*3.78(1H,m),4.69
(2H,d,J=47.8Hz),5.44—5.54(1H,m),6.
37 (1H, d, J=8. OHz), 7. 22—7. 40 (3H, m).,
7. 56—7. 64 (2H, m)

30

low resolution FAB-MS (m/e, (C,,H,,FN,0, +
H) *): 403



20 N-[1-[(32)-4-fluoronethyl -3-pentenyl ] pi peridin-

4-yl]-2-cycl opentyl - 2- hydr oxy- 2- phenvl acetam de Structural fornula 25 [err]

The title conpound was prepared by the proce- dures simlar to steps 2-5 of

Exanple 5, using fluoro- 30 acetone. [err]HNVMR (CDCl[err], [err] ppm: 1.
.2

04-2. 16 (14H m , 1. 79 (3 H s) , 2521 6-2. 28 (2H, m , 2. 2 8-2.
40(2H m , 2 662 86(2H m , 2 3 943 24(2H m , 3. 62
-3. 78 ( 1 HEsmmple 86 (2H d J =47 5Hz), 5 345 44 (1H m

m Example 7 5 tl'e% !:_‘g ! ‘ii;'.i 4R (2H,

4-yl]-2-cycl opent yl BaBadid hxyr oeybbapbat gt dni2dd vetnaiott2-sphéwy il a 10

[err] Step 1. Synthggé%%ﬂiégED-S-bronD-2-nethyI-2-enteno| To a sol ution of
681 ng of sel enium 15 10 m of dichloronethane, 2.5 m of

t-butyl per@&xide was addédratctwoar t Bopeuhaure, stirred for 30 ninutes at
said tenperature, and further 2.0 g of 5-brono-2-nethyl- 2-pentene was
added, followed by stirringor 2 hours. The reaction m xture was dil uted

w th diethyl ether, 20 vva WH hHaqueous sodi um thiosul fate solution, 10%

aqueous pot assi um hydroxi de ‘Ut Flom,_and thep with brine, and dried over
anhydr ous magnesi um sul f aF. $hilliing :@ vent off under reduced
pressure, the F O

0
6. 50 3 6 (1 H (o) -N=8-3%) ohd

10
The title compound was prepared by a method
similar to the steps 1 and 5 of Example 5, using (2R)-2-
[(1R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetic
acid and cycloheptylmethyl methanesulfonate.
15

‘H-NMR (CDC1l, éppm) :1. 03—2. 27 (27H,
m), 2. 63—2. 71 (2H, m), 3. 21-3. 33 (1H,
m),3.49(1H,brs),3.61—3.72(1H,m),6.
23 (1H, d, J=8. 3Hz), 7. 27—7. 39 (3H, m) ,
20 7. 53—-7. 57 (2H, m)

low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H) *) : 449.
Example 9
25 (2R)-N-[1-[ (3E)-4-fluoromethy!-3-pentenyl]-
piperidin-4-y[]1-2-{ (1R)~3, 3—-difluorocyclopentyl]-
2-hydroxy—2-phenylacetamide

Structural formula

30 ©QHH
- N

The title compound was prepared by a method
35 similar to Example 7, using (2R)-2-[(1R)-3, 3-difluoro-
cyclopentyl]l-2-hydroxy-2-phenylacetic acid.



residue was purified by silica gel colum chromatography 25 (devel opi ng
sol vent: hexane / ethyl acetate = 20/1 - 4/1) to provide 1.24 g of the
title conpound. Step 2. Synthesis of (2E)-5-bronp-2-nethyl-2-pentenyl
t-butyldinmethylsilyl ether To a solution of 300 ng of (2E)-5-brono-2- 30
met hyl - 2-pentenol in 10 m of N, N-di net hyl fsgr mam de, 302 ng of
t-butyldinmethylsilyl chloride and 137 ng of imda- zole were added,
fol |l oned by stirrhgg_hg&Ién our at roomtenperature. The reaction liquid
was diluted with dire th ,D@akhedd/\ptzbnm@terlancguhenlyvighgb(izng, 35

and dried over ydrjou Fum sul fate. Distilling the solvent "off
under reduced p?ggéugé,%%gﬁqggﬁéf ?ﬁe' ?-517ﬁif1%-c@nbo&dd2ﬁﬁsznbtﬁiged.

Step 3. Synthesi3slet 2\ [416[ (36 4ty butovl dj npt hyl sl vl -

oxynet hyl - 3- ent enyl ]gié)eri di n-4-yl ]{2-(:2\/yc%r;r%ntwy1 gé/ (2H, m), 3. 24
hydr oxy- 2- phenviraget delsl, m) , 3. 4 3Jhe¢tigtl e ¢ oung W@ﬁ_g&fpa§%g by
t he nmet hod sin1|€f o step b5 q% Exanpl e 5, using (2E)-5-bronb-2- -

met hyl - 2- pent enyl * t~ bt I didret Wl st €V, edhed. =% @p B HSy it hesi sqof — 5
N-[1-[(3E)-4-fl gog opretghyl = 3- ’
pentenyl]piperidin-g?y ]-Egcycpdpé%f§l{&}ﬂydﬁmxﬂ;?-710gﬁﬁen»LadEtahhde—To a
solution of 59 ¥y df2teBrrabuhy! amonisum fl-uori de %Gydr tein 3 m of

t et rahydrof uran, 200 ng of nol ecul ar s?gvgg f%@ é?ﬁ 6??
N[1-[(3E)-4-t-butyldi- nethylsilyloxynmeth I-B-Eentenyl]piperidin-4-y|]-2-
15 cycl opedyl - 2- hydr oxy 9¥Wpkesp Iaddiami FtB-MS 1/ ay &€ ,pHuaFudindsul onyl
fluoride were @ted ggguentially, followed by overnight heating under

reflux at 80[egr!C. Af%gr renoval of the insoluble material by filtration,
t he sol vent X d of f under reduced pressure.
(2R) -N—-[1-(6-methvipyridin-2-yImethyl)piperidin—
4-y1]1-2-T (1R) -3, 3-difluorocyclopentyl]-2-hydroxy—
15 2-phenylacetamide

Structural formula

o
>@?:\H/N
20 F O :

Step 1. Synthesis of (2R)-N-(piperidin—-4-yl)-2-[(1R) -
3, 3-difluorocyclopentvi]-2-hydroxy-2-phenviacetamide

The title compound was prepared by a method

25 similar to the step 1 of Example 5, using (2R)-2-[(1R)-
3,3-difluorocyclopentyl]-2-hydroxy-2-phenylacetic acid.
Step 2. Synthesis of (2R)-N-[1-(6-methylpyridin-2-vyI—
methvl)piperidin-4-y1]1-2-] (1R) -3, 3—-difluorocyeclo-
pentyl]—-2-hvdroxy-2-phenylacetamide

30 To a solution of 17 mg of (2R)-N-(piperidin-4-
y1)-2-[(1R)-3, 3-difluorocyclopenty!]-2-hydroxy-2-
phenylacetamide in 2 m|l of tetrahydrofuran, 3 ul of
acetic acid, 12 mg of 6-methylpyridine—2-carbaldehyde
and 21 mg of sodium triacetoxyborohydride were added

35 sequentially at room temperature, and stirred overnight
at the same temperature. The reaction mixture was




20 The remaining residue was purified by preparative thin |ayer

chromat ography [Kieselgel[err] 60F[err] Art 5744 (Merck); chloroform/

nmet hanol = 20/1], to provide 11 ng of the t|tIe conmpound as an oily
substance. 25 "HNWR (CDCl[err],[err] g 1. 10-12. 76 (10H m ,
1. 70 (3 H, s) 1 7 6 1 9 5 (2H, rﬁ - 495 2. 42 (6H, m, 2. 7 2-2. 8 8
(2H, m, 2. 9 4-3. -3. 78 4. 6 9 (2H, d, J =
277 8 , i '411‘46% Wst eriﬁhw rﬂcet@teso waﬁed(wﬂ%dbmﬂs @Hzf) dr i=d
22-7. 40 (3H©d@ﬁ dnh 9?3us6ﬁa@ﬂésﬂnmlénwféﬁ@lUtDPQtEﬁ$‘N§ tWeso |-
(C24H35FN202 + err%E anpl e

(2R) - N (1- cyclm’m/f vn9ﬁp| gﬁ@ﬁua:ieni@rwasuzrq(lﬂ)e residue was puri-

3. 3- dlfluorocwc Yhtegabudr Iﬁy ggﬁt -
Structural fornu : Q?% éa %@,Qéy épgg%(ﬁﬂl ma@ﬂ%EQ arggy (K'esﬁuld
simlar toftheg%lt eps6QFaad 5Astt Bd4dpl Meg-chisi IletRfOQm / methanol =

£§gF%hgpfy?hgbﬁﬂ;ﬂpyféangggﬁb tgﬁpfgx[err] e*ﬁ%f@§%iﬁ¥ﬁgigf ?erPﬂ'ﬁLn}

1. 0 3-2. 27s(tﬂos7tancer;2632 71(2H m, 3. 21-3. 33 (1H m,

3. 49 (1 1 H, . 6. 23 (1H d J =8 3H
7 5 7. (7 "9 (3 ,j*l ,ﬁl\?%ﬁ ](ﬁD5§ ?3(573pzpmm)rrj Iow3(éseIIJIIGFIOFABN5 :
(me, (J rr]HLTgr]Iﬁ[er?]é\l[_eér]g%rr]l46 [err])
° Db RE 285 sm, 5y, 2
70-2. 80 (2H, m), 3. 21-3. 35 (1H, m), 3. 59
(2H, s), 8. 60~3. 78 (1H, m), 6. 31 (I1H, d, J
=8. 5Hz), 7. 02 (1IH, t, J=7. 6Hz), 7. 18
o (1H, d, =7. 6Hz), 7. 28—7. 39 (3H, m), 7.

50 (IlH, d, J=7. 6Hz), 7. 53—7. 59 (2H, m)

Example 11
(2R)-N-T1-(3-thienvimethyl)piperidin-4-v11-2-T (1R) -
3,3-difluorocyclopenty!]-2-hydroxy-2-phenylacet-

20 amide

Structural formula

Ol s

The title compound was prepared by a method

similar to the step 2 of Example 10 using thiophene-3—
aldehyde.

30 1
H=NMR (CDC1l,, éppm) : 1. 30—1. 50 (2H,

m), 1. §6—=2. 30 (10H, m), 2. 6§6—-2. 82 (24,
m),3.22—3.37(1H,m).3.40(1H,s).3.49
(ZH,S),S.61—3.78(1H,m).6.25(1H,d,J
35 =8. 2Hz), 7. 02 (1H, dd, J=1. IHz, 7. 6Hz) ,



Exanple 9 25 (2R -N [1 -(3E)-4-fluoronethyl-3-pentenyl]-

pi peridin-4-yl]-2-[(1R)-3.3-difluorocycl opentyl]-

2- hydr oxy- 2- phenvl acetam de Structural fornmula 30 [err] The title conpound
was prepared by a nmethod 35 simlar to Exanple 7, using
(2R)-2-[(1R) -3, 3-difluoro- cyclopentyl]-2-B§droxy-2-phenyl acetic acid.

53 "HNWR (C DyC tlz [aru] ¢ Pup - 1. o _ 5,2 (,2,H, , 1. 6,9 (3H,
s), 1. 7 5-2.D§'1b?§ Sl 2 (FPHg M)} 13'64%54, 77),(42_2 fady md T2H m,
3. 245 -3.58 Tl M(2¥H, 43 (1 H brs), 3. 62-3. 78 (1H m ,
4. 6 9 (2H, d, J=4 7. 8Hz), 5. 4 2-5. 52 (1 H m , 6. 34 (1H d J=7.
OHz), 7. 2 4- 7. 4 2 (3Hjom redolaxtion FAR-MS, (myel0 (C aH, g F,N, 0@+
resol uti on FARB; (nh (C[err]H[err]F[err]N[err]C{errf + beerr]ﬁ: 439.
Exanpl e 10 (25? rl-?élnethylpyridin-2-v|nethv|)piperidin-

4-y1]-2-[ (1R -Bxamgdil &l 48r ocycl opentyl ] - 2- hydroxy- 15

R N (o reriur e SORT N S OFRUA (il F SPoer i a TARM51122% T (1) -
3.3-di f | uor ocycl opeBt gk Z ptowue I miteny] Beptlavi doxThe -bineng |gesgeund was
prepared by a nethod 25 simlar to the step 1 of Exanple 5, using
(2R) - 2-[ (1R) - 3, 3- dB™L88r ocycl opent yl ] - 2- hydr oxy- 2- phenyl acetic acid. Step

2. Synthesis of (2R)-N[$t(achiray! Marniing 2-y! -
nethvl)plp?éldln-4-y|]-2-[(1R)-3.3-d|fIuorocyclo-

Ol
SeCMeN,

15 The title compound was prepared by a method

similar to the step 2 of Example 10, using furan—3-
aldehyde.

'H-NMR (CDC1ls, 6ppm) : 1. 32—1. 47 (2H,
o9 ™ . 1. 783—2. 27 (10H, m), 2. 70—2. 78 (2H,
m), 3. 24—3. 35 (1H, m), 3. 33 (2H, s), 3. 42
(1H, s), 3. 62—3. 75 (1H, m), 6. 26 (1H, d. J
=7. 2Hz), 6. 34 (1H, s), 7. 27—7. 40 (54,

m), 7. 52—7. 57 (2H, m)
25

low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H)*): 419,
Example 13
(2R)-N-[1-(2-furyimethy)piperidin-4-yl1-2-[ (IR) -
30 3,3-difluorocyciopentyi]-2-hydroxy-2-phenylacet-

amide
Structural formula

ot
* >C'?\(N .
F.
F O



pentyl]-2-hydroxy-2- phenyl acet am de 30 To a solution of 17 ng of
(2R)-N-(piperidin-4- yl)-2-[(1R) -3, 3-di fl uorocycl opentyl]-2-hydroxy- 2-
phenyl acetam de in 2 mM of tetrahydrofuran, 3 [err]l of acetic acid, 12 ng
of 6-net hyl pyri di ne-2-car bal dehyde and 21 ng of sodi um

triacet oxyborohydri de were added 35 sequerfi ally at roomtenperature, and
stirred overnight at the sane tenperature. The reaction m xture was 54
diluted with ethyl acetdthe takhedcempaubdi wesamd edrar duera anefaedus
magnesi um sul a8 7 std |1|,Hé‘gs{£]§ 80t E;g;ﬂ qfef 1wndeys fﬁ:éiup@,d RLgssure, the
residue was puri- fied by preparative thin Payer chronatograp%y Ki esel - 5
gel [err] 60F[ aldehysle. 5744 (Merck) chloroform/ methanol = 10/1) to
provide 9 ng of the title conpound as a solid substance. [err] H NWR
(coaerr], [errHp MR A(CDE 11, T@ 62nH, M1 ., 3.57212. 23 %@"H n ,
2. 53 (3H,5 ) , 2. 10 70-2. 80 (2H, m, 3. 2 1-3. 35 (1H, , 3. 59
(2H, s) , 3. 6m)3, ¥.87(3-H2mM2 HB.(BAH,1H) d.2) Z05H z3.0 (219 2 (1
H t, J=7 6Hz), 7. 18 (1H d, 3=7. 6Hz), 7. 2 8-7. 39 (3 Hm, 7. 5
O(LH d J 7.mM8 HZ3), 2F—8.3375 §1H(om) , .l H s), 3. 49

2R)-N-[ 1-(3-thi t\hyl i ri dif- 45 -2-1(1R\- 3

g}- di) fl uE)rO((:ycI oggﬁyﬂ%’-g}’/h 8Iro 3}[_2{%‘%71% !a%ﬁt}“ 25‘)) 8. dnf dé1Hr uét udal
formul a 25 ecrd. Thejtit | egco ndgwa r d a #aet sikm lar, to
Lhe st ep 2 cof Bxapl o 10 ubi g Lhi ophaheae. Sl aenyde) 07 2errTH ‘KR (C
DClferr], [erJdpPHmm) 1.3.05 21—-5. 05@H 2 H, m)

low resolution FAB-MS (m/e, (C,,H,,F,N,0, +

H) ") : 419.
Example 14
15 (2R) -N-[1-(2-pyridyimethyl)piperidin-4-y1]1-2-1 (1R) -

3. 3-difluorocyclopentyl]-2-hydroxy—2-phenylacet-

amide
Structural formula

20 © OH y
N
~
Ne eV

The title compound was prepared by a method
25 similar to the step 2 of Example 10, using pyridine-2-
aldehyde.

'H—NMR (CDC 1, 5ppm):l.39‘l.52(2H,
m), 1. 75—2. 25 (10H, m), 2. 70—2. 80 (2H,
30 m . 3. 24-3. 36 (IH, m), 3. 58 (1H, s). 3. 61
(2H, s), 3. 67—3. 77 (IH, m), 6. 32 (1H, 4, J
=7. 8Hz), 7. 15 (1H, ddd, J= 1. 2Hz, 4. 8H z,
7. 6Hz), 7. 27—7. 39 (4H, m), 7. 583—7. 57
(2H, m), 7. 63 (1H, td, J=1. 8Hz, 7. 6Hz) ,
8. 52 (1H, ddd, J=1. 2Hz, 1. 8Hz, 3. OHz)



m, 1. 56-2. 30(1 H mM, 2. 66-2. 82 (2H mM , 3. 2 2-3. 37 (1 H,
m, 3 4 O021H s), 3. 49 (2H s), 3. 61-3. 78 (1H, m, 6. 5
H d, J 35 =8. 2Hz), 7. 02 (1H, dd, J= 1.1Hz, 7. 6Hz), 55 7 6
12(1H m, 7.22-7. 42(4H m, 7. 50-7. 60 (2H, m low
olution FAB-M5 (me, (C23H28F2N202S + ¥j[err]): 435. 5 Exanple 12

) -

|

[

2
1 0
S
R
. 3-

N D -

N-[1-(3-furyl methvlzpl peridin-4-vl]- 2-[(1RZ
quorocycIopentyI] ow hydsoxytioph&MB-Met (mAen d&C Sy gk uNaD ,f drmul a
r] 15 The title conpound was prepared by a nethod simlar

]
e step ngf EXanp ‘e 10, using furan-3- aldehyde. [err]H NWR

err],[efdammbg 18. 3 2-1. 47 (2H 20 nm), 1. 7 3-2. 27 (10 H m,
0- ( 0y B .

di
[e
th

o O

.7 8 (2H,

2
6 2-

4 0 %5 H m3,.37diBlaevocyclop2intyrii] 25-hwir oeecltphenyFABetS (nie,
Herr]Flerr]Nlesr]Jerr] + HJferr]): 419. Exanple 13

[1-(2-furvl )pi peridin-4-yl]-2-[(1R)- 30

| uor ocycl opentyl |Serihytueay- Zophariya acet- ami de Structural formula

Oy
BT N

o)
F OCHs

To a solution of 71 mg of (2R)-N-(piperidin—-4-
y1)-2-[(1R) -3, 3~difluorocyclopentyl]-2-hydroxy—-2-pheny |-
15 acetamide in 2 ml of N,N-dimethylformamide, 74 mg of 3-

methoxybenzy! chloride and 80 mg of potassium carbonate

p—

NGO

Ich

z>

Ng
o 2w

w g
—h

were added at room temperature, followed by stirring for
about 12 hours. The reaction mixture was diluted with
diethy! ether, washed with water and then brine, and

20 dried over anhydrous magnesium sulfate. Distilling the
solvent off under reduced pressure, the residue was
purified by preparative thin layer chromatography
(Kieselgel'" 60F,,,, Art 5744 (Merck) chloroform /
methano! = 9/1) to provide 75 mg of the title compound

25 as a white solid.

'‘H-=NMR (CDC1l,, dppm) :1. 32—1. 54 (2 H,

m), 1. 65—2. 30 (10H, m), 2. 68—2. 85 (2 H,

m), 3. 21—3. 39 (1H, m), 8. 42 (1H, s) 3. 45

30 (2H, s), 3. 62—3. 78 (1H, m), 3. 80 (3H, s),
6. 27 (1H, d, J=8. 2Hz), 6. 7T6—6. 83 (1H,
m),6.84~6.90(2H,m),7.21(1H,t,1=&

OHz),7.24~7.40(3H,m),7.51*7.59(2H

35 T



] 56 The title conmpound was prepared by a nmethod simlar to the step
npl e 10, using furan-2- aldehyde. "HNVR (CDClerr], [err] ppm
49 (2H 5m, 1. 73 -2. 25 (10H m, 2. 7 0-2. 8 0 (2H m,
35(1H mM , 3. 48 (1H, s) , 3. 49 (2H, s) , 3. 6 1-3. 7 3
6. 17 (1H, d, J =3. OHz), 6. 2B86. 3 1 (2H m , 7. 27-7. 3810
7. 52-7. 56 (2 H m |owresolution FAB-Ms (nle,
e

rr]F[err] N er o erego hut) per FAB- Mﬂlém/Exaﬁ&fmﬂwkﬁiﬂ 0, +

N W= =
1
Wk o

LY
P LT
.

rr]H

2R-N—[1(2-nyr dylgmef hvl ) pi peridin-4-yl]-2-[(1R)-

, 3-di fl uorocycl opentyl]-2-hydroxy-2-phenyl acet- am de Structural formula
O [err] The Examﬂlﬁadﬁiund was prepared by a nethod 25 simlar to the
tep 2 hyde.

err] p . : '

0 H, 3(5 5D € ’ BY® i R : (

, 3. 6 7-3. 77 (1 H, ( J -7 SFE) 7 15 (1H ddd
J=1. 2Hz, 4. 8Hz, 7. 6Hz J%;&%gg % #h%g@ (4H, , 7. 53-7. 57 (21, rﬁ,
7. 6 3 (1H t d, J 1. 7. 6Hz), 8. 52 (1H ddd, J=1. 2Hz, 1. 8Hz,
3.0 Hz)

. d* To

The title compound was prepared in the same

manner as described in Example 15 using benzyl bromide.

15 '"H—NMR (CDCls, 6ppm) :1. 835—1. 52 (2H,
m), 1. 70—2. 23 (10H, m), 2. 7 0—-2. 81 (2H,
m), 3. 22—3. 34 (1H, m), 8. 41 (IH, s) 3. 48
(2H, s), 8. 60—3. 80 (1H, m), 6. 27 (1H, d, J
=8.0HZ),7.24—7.39(8H,m),7.54—7.56

20 2l w
low resolution FAB-MS (m/e, (G,z;H,,F,N,0, +
H) ") . 429.
Example 17
25 (2R) =N-T1-(3-fluorobenzyl)piperidin-4-y1]-2-[ (1R) -

3, 3-difluorocyclopenty!]—-2-hydroxy—2-phenylacet—

amide
Structural formula

30 @ or g
o AeYsN

The title compound was prepared in the same
35 manner as described in Example 15 using 3-fluorobenzyl
chloride.



57 low resolution FAB-M5 (me, (Cerr]Herr]Ferr]Nerr]Qerr] + HJferr]):
430. Exanple 15 (2R)-N-[ 1-(3-net hoxvbenzvl)pi peridin-4-yl]-2-[(1R)- 5

3, 3-di fluorocycl opentyl ]-2-hydroxy-2-phenyl acet- am de Structural fornula
[err] To a solution of 71 ng of (2R)-N-(piperidin-4-

yl)-2-[(1R)-3, 3-di fluorocycl opentyl]-2-hydgoxy-2-phenyl - 15 acetam de in 2
m of N, N-dlnethylfornanlde 74 mg of 3- methoxybenzyl chloride and 80 ng
of potaSS|un1carﬂﬁﬁaP@MW@réCthédlal Saomp wenperiat uBed -£al | ogved by ggtirring

for about 12 h eag% 5 leture was diluted with diethyl ether,
washed with wa r a&d ahd Qd{dr¢@d'oaerf%ﬁhyd@oug(haﬁﬁéilum

| f at Di [ t t d d
353 Suflfled E@Dprgggré??vgq%¥?§ ? S Hn ﬁg%;? gra %H@ ?iﬁgseﬁéeg[er %I e
60F[err], Art 5723, M) ck)3.cheay ef 8r nglonpqt}@nqlne— 941) Zt? FI‘I(ZHI dg 75 my of

the title gonpound 25 as_a white solid H - [err errlp pm 1.
32 -1. 54(2—h7 W, Hz) e #2. 8&*06(1(9I¥|(rﬂ)H2m682 8 6-(2H 1mp, 3. 2

SR G gl YA B R d D SR ls b D
8 4 -6. 90(2+¢2p9 o) 21 (1H t, 3 =8, OHz), 7. 24-7. 40 (3H m), 7. 5
1-7. 59 (2H, 58
low resolution FAB-MS (m/e, (G, H,,F,N,0, +
10 H)"): 447.
Example 18
(2R) ~N-[1-(3-chlorobenzy|)piperidin-4-yi1-2-[ (1R) -
3,3-difluorocvclopentyl]-2-hydroxy-2-phenylacet-
amide

15 Structural formula

Do s
R Oud,

20
The title compound was prepared in the same
manner as described in Example 15 using 3-chlorobenzyl
chloride.

- '"H=NMR (CDC1l,, 6ppm) : 1. 83—1. 50 (21,
m),1.60—2.25(10H,m),2.67—2.7762ﬂ
m).3.24—3.38(1H,m),3.44(2H,s)3.63~
3. 76 (1H, m), 6. 2 9 (1H, d, J=8. OHz), 7.

. 13—7.40(7H,m),7.53~7.57(2H,m)

low resolution FAB-MS (m/e, (G, H,,CIF,N,0, +
H)*) : 463.



| ow resol ution FAB-MS (m e, (C[err]H[err]F[err]N[err]CIerr] + Hilerr]):
459. Exanple 16 (2R)-N-(1-benzyl piperidin-4-yl)-2-[(1R)-3.

di fl uorocycl opentyl]-2-hydroxy-2-phenvl acet am de Structural fornula 10
[err] The title conpound was prepared in the same manner as described in
Exanpl e 15 usi ng benzyl brom de. 15 "HONMR (CDC 13, [err] ppm 1.
35-1. 52 (2H, m, 1. 70-2. 2.3 (10 H m, 2. 70-2. 81 (2H, m, 3. 22-3. 34
(1H, m , 3. ExhﬂgﬂgQS 48(2H s), 3. 603 8 0 (1 H, n),6 2 7 (1
H d, J = 8. 0Hz), C ) ) ..

resolutlon FAB- M5 ( s
Exanpl e 17 25 1§ﬁ§ __mdréavéuupeoh@ﬂﬂHZthﬁnoxh+ﬂﬂpwéiy2a§§t ) -

3. 3- dlfluorocyclopenty'J 2- hydr oxy- 2- phenvl acet - ami de Structural fornula
30 [err] The title und was prepared in the same 35 manner as descri bed
i n Exanpl e 515 usi ng 3-f [Storwdenzy! €6Fauilde. 59 "H NWR (CDG [err],

[err] ppm : 1. 34-1. 52 (2 H m 1. 5 2 3 O (10 H mM , 2.

5-2. 8 0 (2 H m :

2-
, 3. 2 2- 38(1H mM, 3 40(1H s)3 72 (2H s)
, 3. 6 0-3 80(1H,rr)@H8H(1HdJ—7 Hz), 6. 886. 97 (1
H m, 7. 00-7. 1 yC%Nf\j:j

The title compound was prepared in the same

10

manner as described in Example 15 using 2-thienyimethyl
chloride.

'H—NMR (CDCl,, dppm) :1. 32—1. 50 (2H,
m), 1. 52—2. 30 (10H, m), 2. 70—2. 82 (2H,
m), 3. 22—3. 36 (1H, m), 3. 41 (1H, s) 3. 62—
3. 76 (1H, m) . 3. 68 (2H, s)., 6. 26 (1H, d, J=
7. 9Hz), 6. 87 (1H, dd, J=3. 2Hz, 4. 8Hz) ,
20 §. 92 (1H, dd, J=3. 2Hz, 4. 8Hz) 7. 21 (1H,
dd, J=1. 5Hz, 4. 8Hz), 7. 24—7. 40 (3H, m) ,
7. 50—7. 58 (2H, m)

15

25 low resolution FAB-MS (m/e, (G, H,,F,N,0,8 +

H)*): 435.

Example 20
(2R)-N-[1-(6-aminopvridin—-2-yImethyl)piperidin—4-
y11-2-T(1R) -3, 3-difluorocyclopentyl]-2~-hydroxy—2-

30 phenylacetamide dihydrochloride

Structural formula

F N
F HY \7:::L\/E;ﬂ\ - 2HCI



(2H m , 7. 20-7. 42 (4H m, 7. 51-7. 6 0 (2H, m low resolution
FAB-M5 (me, (Cerr]Herr]Flerr]Nerr]dJerr] + 10 H)[err]): 447. Exanple
18 (2R)-N-[ 1- (3-chl orobenzyl ) pi peridin-4-vll-2-[(1R)-

3. 3-di fluorocycl opentyl]-2-hydroxy-2-phenygjacet- am de 15

Structural fornmula [err] 20 The title conpound was prepared in the sane

manner as described in I i - obgn | Qri

TEANR (0DO [errT, [ or 1] epgefivbut $18 Bk EL 0BT, BR B 5V she 1
H m, 2. 6 7f@l loWing2metmpods3.1,2£2 Iand83. (1H, m , 3. 44 (2H, s) 3. 63-
3. 76 (1H, My f391.(1H d, J =8 0H) 7. 13-7. 40 (7H m, 7.
53-7. 57 ( IOM/resqutlon FAB- M5 (e,
(C[err]H[err]SiEbeﬂr]NBQmmh@hemﬂofkﬁﬁ{eMt ut 66| hen

(2R) - N-[ 1- 52 t hj
3,3-difluo

Structural fornula [errFol@ Ebéu&nkhe<rbﬁhdhnﬂ mﬁsephgﬂaﬁeﬂyhao&W&-sane

manner as desgripeq L0 Bxample 18 Sing, £ thh eyl IRt Y nCR-Y S hy 1 -
formamide, 1.4 g of imidazole and 3.9 g of tert-butyl-

diphenylisilane chioride were added under cooling with

10 ice, sequentially, followed by stirring for 12 hours at
room temperature. The reaction mixture was diluted with
ethyl acetate, washed with saturated sodium bicarbonate
solution, water and then brine, and dried over anhydrous
magnesium sulfate. Distilling the solvent off under

15 reduced pressure, the residue was dissolved in 60 m| of
methanol. To the solution 7.5 ml of 4N aqueous sodium
hydroxide solution was added, stirred for 20 hours at
room temperature and for further 2 hours at 60°C.
Distilling the methanol off under reduced pressure, the

20 residue was made acidic with 1N hydrochloric acid. The
system was extracted with chloroform, washed with water
and then brine, and dried over anhydrous magnesium
sulfate. Distilling the solvent off under reduced
pressure, the resulting residue was purified by silica

25 gel column chromatography (developing solvent: hexane /
ethy! acetate = 4/1) to provide 895 mg of the title
compound as a white solid.
Step 2. Synthesis of 6-tert—butvloxycarbonylamino—

pyridin-2-ylmethy!l tert-butyvidiphenylsilyl ether
30 To a solution of 890 mg of the 6-tert-
butyldiphenylsilyloxymethylpyridine—2—-carboxylic acid as

obtained in above step 1 in 30 ml of toluene, 0.63 ml of
triethylamine, 3.2 ml of tert-butanol and 887 mg of
diphenylphosphorylazide were added sequentially at room
35 temperature, followed by heating for 16 hours at 100°C
under stirring. The reaction mixture was diluted with



(cbdferr], [err] ppm 1. 3 2-1. 50 (24 m, 1. 52-2. 3 0 (10
H m, 2. 0-2. 82 (2H m, 3. 22-3. 36 (1H mM , 3. 41 (1H, s) 3. 62-
3. 76 (1H m , 3. 6 8 (2H, s) , 6. 2 6 (1H, d, J=7. 9Hz), 6. 87 (1H,
dd, J=3. 2Hz, 4. 8Hz), 20 6. 92 (1H d d, J=3. 2Hz, 4. 8Hz) 7. 2 1 (1 H
dd, J=1. 5Hz, 4. 8Hz), 7. 24-7. 40 (3H, mB27. 5 0-7. 58 (2H, m 25
| ow resolution FAB-MS (me, (C23H25F2N202S + H)[err]) 435. Exanple 20
(2R) - N-[ 1- ( 6- abhpodpyciediarte?- wWaehid |y pthbesadunated aqueous sodium

yl1-2-[(1R)-3.3-difluorocyclopentyl]:2s;hydroxv-2- .30. . ; pheny] acet am de
i hyar ocil o BLSRF PRBBYBL e GRE, { 19%)¥8088%aCh it oo andsl P TN B3B! e
20 was preparwdtby thd fthlelnod minhaeret émodisditjed aneér3.aniitdradisl:magees Lum
Synt hesis of 6-tert-butyldi phenvlsilyloxy- 5 t.hyl.qyri di nes 2- car boxyl i c
acid To a solﬁyﬁgﬁ%Sf 1%§qﬁﬂbﬁn5?h@?yﬁgﬂ dwaﬁgg'sx'q'e o¥f Under

met hyl pyri 8i needucedbexglsatua &,n e nteof | Nj hgdirestillyle way v deied. Byg of

I m dazol e and 3]9 g of tert-butyl,- di$Fe€£Isblagg ch“orLde ver e added under
cooling with 161162, €8dqGedum) [Shremetaatarby sdevelop g SIYRFs at
roomtenperathgganéhg eedsili civaiaterre fas) dibubedwiider 88Ny askt ke,

washed with SEturated sodi um bi car bonat e sgl¥;ion, wat er and then brine,
and dried ovelihhRyaPEROURGASidn QUIY aFBPSBRABER! i ng the sol vent of f

under 15 redusedppBessSydtHdif & esf dgtet ¥RE—HLE§b%&e airb iy Idm Qio—
10 pyridine—2—-methanol

The title compound was prepared in the same
manner as described in the step 3 of Example 5 using the
6-tert—butyloxycarbonylaminopyridin—-2-ylmethy! tert-
butyldiphenylsilyl ether as obtained in above step 2.

15 Step 4. Synthesis of 6-tert—-butyloxycarbonylamino—

pyridin-2-vimethy! methanesulfonate

To a solution of 61 mg of the 6-tert-butyloxy-
carbonylaminopyridine—-2-methanol as obtained in above
step 3 in 2 ml of chloroform, 0.19 ml of triethylamine

20 and 0.032 ml of methanesulfonyl chloride were added
under cooling with ice, followed by stirring for an hour
at the same temperature. The reaction liquid was di-
futed with ethyl acetate, washed with saturated aqueous
sodium bicarbonate solution, water and brine by the

25 order stated and dried over anhydrous magnesium sulfate.
The solvent was removed under reduced pressure to give
124 mg of the title compound as an oil.
Step 5. Synthesis of (2R)-N-[1-(6-tert—butvloxvcar—
bonylaminopyridin-2-yImethyl)piperidin—-4-yI1]1-2-[ (1R) -

30 3,3-difluorocvclopentyl]-2-hydroxy—-2-phenylacetamide

The title compound was prepared in the same
manner as described in Example 15 using the 6-tert-
butyloxycarbonylaminopyridin-2-yimethyl methanesulfonate
as obtained in the step 4 above.



met hanol . To the solution 7.5 m of 4N aqueous sodi um hydroxi de sol ution
was added, stirred for 20 hours at roomtenperature and for further 2 hours
at 60[err]C. Distilling the nmethanol off under reduced pressure, the 20
resi due was made acidic with 1N hydrochloric acid. The system was extracted
with chloroform washed with water and thei8 brine, and dried over anhydrous
magnesi um sul fate. Distilling the solvent off under reduced pressure, the
resul ting resSdee Was dxnthesisyofi (PR3 -N5 [del (Gordn pdBhnodrs

(devel oping s %% :

title conpoun T o : '

6-tert - butyl ofvbardho-driploenpyacditamidel met hyl tert-butyl di phenylsily

et her 30 To ol Ut 0 ft 6-tert - ;

but yl di phenyl si |yl oxyrretafh@el &H‘ ﬁ{;ng%??apﬁgﬁﬁi 8%2‘61' ed 45,2 WaitPn above
step 1 in 30 sbldfd,t alpemetr@atangl the t(2RItMNA [Hmi (Bt S 2-bitpl oxycar—

tert-butanol and 887 .1g of diphepyl phosphqryl.azi de, were adged ntially
at room 35 teﬁﬁ@rﬁtﬂﬂ'g&)q‘@i‘%ggdabyﬁ)wgi?'iyﬁ&%f' rerl'6d Hbu sygf gog?gﬁﬁ] C under
stirring. The3r aatiifouon od v Eopantdil | uleth ydirioxy—2-Gtheihacetanatde, asashed

i th sat ted di bi bopat l ut 0% LLri id
ol Ut on, et SPURIThCH RES SRBBGE: ol (R drin e THE RSP ERbE T of o

After the sol vept tmaudglist imdedepff under 5 reduced pressure, the resulting
resi due ma§ purified by silica gel colum chromatography (devel opi ng
X

sol vent: H&xane ! Het+iVM Bcabe, G 1Y 15 p @ mhovi de 863 ay2 of 1the(yid e
conpound as an oil'y substance. Step 3. Synthesis of
6-tert - butyl oxyBarbodvl &ro-3 10 5p5r i(dff Fb- 2mdet hdnol 8 The- di.t 10e0cdnipblind was

prepared in the,§ame, 44 (2H, s), 7. 07—7. 34 (2H, m), 7.
25—7. 34 (3H, m), 7. 58—7. 60 (2H, m), 7.
15 89—7. 94 (1H, m)
low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H) ") : 445,
Method 2:
Step 1. Synthesis of ethyl 6-tert—butvloxvcarbonyl-

20 aminopyridine—2—-carboxylate

The title compound was prepared in the same
manner described in the step 2 of above method 1, using
6-ethoxycarbonylpyridine—2—carboxylic acid.

Step 2. Synthesis of 6-tert—butyloxycarbonylamino—

25 pyridine—-2-methanol

To a solution of 500 mg of calcium chloride in
10 m! of ethanol, 150 mg of sodium borohydride was added
under cooling with ice, followed by stirring for 15
minutes at the same temperature. To the reaction mix—
30 ture 1.1 g of the ethyl 6-tert-butyloxycarbonylamino—
pyridine—2—carboxylate as obtained in above step 1 was
added and stirred for 13 hours at room temperature. The
ethano!l was distilled off under reduced pressure, and
the residue was suspended in chloroform—water mixture to
35 be removed of insoluble material. The organic layer was
washed with water and then brine and dried over anhy-



manner as described in the step 3 of Exanple 5 using the
6-tert-butyl oxycarbonyl am nopyri di n-2-yl nethyl tert- butyl di phenyl silyl
ether as obtained in above step 2. 15 Step 4. Synthesis of

6-tert-butyl oxycarbonvl am no- pyridin-2-yl methyl nethanesul fonate To a
solution of 61 ny of the 6-tert-butyl oxy- &arbonyl am nopyri di ne- 2- net hanol
as obtained in above step 3 in 2 m of chloroform 0.19 nl of triethylam ne
20 and 0. 032 drogfs maemmErium fawlfathl or Theswdfé audeaf tuert tbbeing with
ice, followed I | f up .a ane, it ure. The reaction
l'iquid was di -cg?ﬁt?t%tgé{d\rfvit eﬁtﬁi‘n@@ Etse,g \t}\gghzd%ltlﬁd@g{ﬁt'at ed aqueous
sodi um bi car b&&pe 3sol Evnihe s\hs Adtbritng ltohxey ¢ ckaminoed—46d

L ed over nedd ot PRI ND SHY | ahenoBDF |8THLOL IR HPTRY Al PlThe,
reduced press » .
Synthesis & (2R)-N-[1-(Tde erict beit gbwpguad- was prepared by a method
bonyl am nopyr i din-2-ylnet ) bj @i p-4pyl Je- R). - 3 .
3.3-dif|uoroc§ghgdéﬁty -éﬁ%w%#%é%-g-gﬁeﬁkacéP%%%k?Lﬁé?ﬁﬁi?% %ﬁ%SSna was
prepared in thbsisagrdhearfivere mb—klety i obkhpdarboBEydaplieoy niisd imet2e 6-tert -

step & S SR OGNSR SRS 7
met hyl ) pi per i Burtyd-opyloa-HdriyR) aBi Bepli peudddapc! opent y! | -

§6P¥3f06%8 -P$§§¥!%§et T@e t|¥| oRPITRO d Bas Ob%?lQﬁﬂjﬁ$‘i_mhlte 5
bonyl ani nopyr ydimet2wi)nEitder ) di wed+dil h—2-¥I(1 R2-B( BRdi f luorocyclo—

3, 3-difl _uorocgcl gpﬁat éjl 2-I _hédr_géy-ééﬁhingl %et. m de as obtained in above
step 5 with h manner .
163 mg of the 4-tert-butyloxycarbonyl-amino—1-
(6—-tert—butyloxycarbonylaminopyridin-2-ylmethy!l)piperi-
15 dine as obtained in above step 3 was dissolved in 5 ml
of 10% HCl-methano!l solution, followed by stirring for
13 hours at 40°C. Distilling the methanol off under
reduced pressure, the remaining residue was suspended in
15 ml of chloroform, to which 0.16 m! of triethylamine,
20 86 mg of (2R)-2-[(1R)-3,3-difluorocycliopentyl]-2-
hydroxy—-2-phenyiacetic acid, 114 mg of hydroxybenzo—
triazole and 75 mg of 1-ethyl|-3-(3-dimethylaminopropy!)-
carbodiimide were added under cooling with ice sequen-
tially, followed by stirring for 1.5 hours at room
25 temperature. The reaction mixture was diluted with
diethyl ether, washed with saturated aqueous sodijium
bicarbonate solution and then brine, and dried over
anhydrous magnesium sulfate. After the solvent was
distilled off under reduced pressure, the resulting

30 residue was purified by silica gel column chromatography

(developing solvent: chloroform / methanol = 50/1 to
20/1) to obtain 101 mg of the title compound as a white
solid.

‘H—NMR(CDCh,éppm):1.35~1.51(2H
35 m),1.70~2.25(10H,m),2.68~2.80(2H
m), 3. 21—-3. 835 (1H, m), 3. 41 (2H, s), 8. 52



10 "HNWVR (CD30D, [err] ppm 1. 7 6-2. 14 (1 OH m, 3. 2 0-3. 6 3
(5H, m 3. 85-4. 00(21H mM, 4 44 ( 2H s), 7. 07-7. 34 (2 H m,
7. 25.7. 34 (3H, m, 7. 58-7. 6 0(2H m, 7. 15 89-7. 94 (1H m
| ow resolution FAB-M5 (me, (C24H30F2N402_ + FD[err]) 445. Method 2: Step

1. Synthesis of ethyl 6-tert- butonxycarboﬁ@l

am nopyri di ne- 2- I Th l.e conp prepare h e
manner descri beoﬁa%ﬁ Ia%gp Z%Of é\@oveé)ne?u@d(\ﬁaﬁu 8 f 26 gzsﬁ

6- et hoxycar bonyﬂ)p,yrsl)dl ng- 2-cgr goxul i ¢ acj & g St epy2, y Syng hesi

6-tert-butyl oxycarbonyl am no- gS pyri di ne- 2- nethaﬁ%? Tgéa §o u€|oﬁ 6?'500
mg of cal ci um chl=el.de2 Fhz10, n6 .of6 & hahdl,, d50Jng Df SoHi 21n bor ohgdr ide
was added under cooI ngéw%th iice, followed by stirring for 15 m nutes at

the same tenper at ufiel heWeacli of #ix7-3® ful H.11§) of the et hyl
6-tert- butfioxycarbonylan1no- pyri di ne- 2- car boxyl ate as obtained in above

step 1 vas addacngl St8yaeHeE9E b3 NORSNRL[ 1-00804RIREP I YHEn-BRe et hanol

was distilled off under reduced pressyre, ine resridue was suspended in
chl or of or m mm@ﬁm&wiﬁﬁ&wﬂme

organi c | ayer pgst WEBL2On Wi | By Yabeh haRd ILhet i @Pﬁdeb@ﬂlBY?Hea”hy'

64 drous magnésitum sulftate. Thus 996 ng of the title conpound was obtai ned
as a light yellow oil. SI%@ Bit&gnerapoyngf was prepared by treatnng
4-tert-butyho L _ﬁ.n —2-y methy!)pi idin-4-

r oy Lol o i opyrlﬁHq |%m$?d|y )glper| in—4 The

tert- butyloxvcar onvlan1no§yr|d|n
title conpound ha=2pk & Byd afﬁypm0@mgnnnentxtﬂr&ehsdépsy42rawanwl-

above productg@%ggmf@@ ds obtained in the above step 4 with hydro-
chloric acid according to the accepted practice.
Method 3:
15 Step 1. Synthesis of 2-tert-butvloxyvcarbonylamino—6-

methylpyridine

To a solution of 2 g of 6-methyl-2-amino-
pyvridine in 30 m| of chloroform, 5 g of di—tert-butyl-
oxydicarbonate was added at room temperature. Then the

20 mixture was heated to 70°C, to which 2.5 g of 4-dimeth-
ylaminopyridine was added, followed by stirring for 2
hours at the same temperature. After the solvent was
distilled off under reduced pressure, the resulting
residue was purified by silica gel column chromatography

25 (developing solvent: hexane / ethyl acetate = 20/1) to
provide 4.1 g of the title compound as a white solid.
Step 2. Svynthesis of (2R)-N-[1-(6-aminopyridin—-2-
yimethyl)piperidin-4-yi1]1-2-[ (1R} ~3. 3~difluorocyclo-
pentyl]-2-hvdroxy—-2-phenylacetamide dihvdrochloride

30 To a solution of 100 mg of the 2-tert-
butyloxycarbonyliamino—6-methyipyridine as obtained in

above step 1 in 3 m! of carbon tetrachioride, 90 mg of
N-bromosuccinimide and 10 mg of benzoyl peroxide were
added sequentially at room temperature, followed by

35 heating for 6 hours under reflux with stirring. Filter-
ing the insoluble materials off, the solvent was dis-



using the 6-tert-butyl oxycarbonyl am hanol as obtained in
the above step 2 and 4-tert- butylo YHﬁiQBE@HHASdﬁﬁN eridine. 10 Step 4.
Synthesis of (2R)-N-[1-(6-am nopyri |n 2-REPLACED

yl met hvl) pi peridi n-4-yl]-2-[(1R) - 3. 8~gi=ftrorocycto-
Pentyl - 2- hydr oxy- 2- phenyl acetam de 163 mg @ the
4-tert- butyloxycarbonyl am no- 1-

(6-tert-butyl dxiycaboadlf anndepy riegiuez yrassyng pi pbhe- tislai gemasustst ai ned
i n above step y g5 gf%éﬁ@&vsg LN me tHo fsfHﬁ%éf]f@Efﬁ?PQEe bub*oﬁet

followed by stirrin ours at 40[err]C. D sti he net hanol of f

under reduced lprassd ke shepsedaidniofy tﬂmmﬂé%sZsusaenaeahenrgsumt iatg
chloroform t 0) (X
(2R)-2-[ (1R - 3%&% u%&gcgjél g%éntbﬁmﬁwﬁyﬂ%ox@E%h acetl c acid, 114

my of hydr okylExempler2hzol e and 75 ng of

e L e nﬂrgﬁl 208 o bk AR 6 P00, e 99) O
with ice sequen- ti '

tenperature.  The ' 1 . c3tahi £ hudiecigll opehdw.| lwashed

W th saturated aquepus gpgkynbblﬁgrgqgﬂ;g 3945%'@Ph@2905€?9 palne and
dried over anhydro istilled off

under reduced pressure, $heuctsubtli foramiresi due was purified by S|I|ca gel

col um chrﬁgatography (devel opi ng solvent: chloroform/ nethanol = 50/1 to

20/1) to obtain 101 ng of the title conpound as a white solid. 'H-NNR

(CDCl[err], [err] ppm: 1. -3u ﬁ 1 (2H, 35 , 1. 70-2. 25 (10 H m
- 3

, 2. 682 80 ((2H m, \@IH , 3 41 (2H s), 3. 52
65 (L H br s), 3. 6 2-3 (2H 6. 28 (1H, d,
J=8. 2Hz), 6. 36 (1H, d,3§ ik

15 The title compound was prepared by a method

similar to Example 20, using ethyl 6-hydroxymethyl|-4-
methoxypyridine—-2-carboxylate.

‘H‘NMR(CDgOD Sppm) :1. 69—2. 21 (10H,

20 m), 3. 10—-3. 70 (5H, m), 3. 83—3. 97 (1H,

m), 3. 98 (3H, s), 4. 30—4. 46 (2H, m), 6.

39—-6. 47 (1H, m), 6. 74—6. 89 (1lH, m), 7.
20—7. 38 (3H, m), 7. 6§68 (2H, d, J=6. 9Hz)

25 low resolution FAB-MS (m/e, (G, H,,F,N,0, +
H) ") : 475,
Example 22
(2R) -N—-[1-(3-amino-5-methyibenzyl)piperidin-4-yl]-
2-T(1R)-3,3-difluorocvclopenty|]-2-hydroxy—2-
30 phenylacetamide dihvdrochloride
Structural formula This Sheet Has Been Repla

Oer o T

>O?Y )

F - 2HC1
"GP\

35 CF O NH,




J=8. 2Hz), 6. 67 (1H, d, J=7. 3Hz), 7. 27- 7. 40 (4H, m , 7. 53-7. 57 (2H,
m 5 Step 5. Synthesis of (2R)-N-[1-(6-am nopyridin-2-

yl met hvl ) pi peridin-4-yl]-2-[(1R)-3, 3-di fl uorocycl o-

pentyl ] -2-hydroxy-2- phenyl acet am de di hydrochl ori de The title conpound was
prepared by treating 10 the 67

(2R) - N-[ 1- (6- ami nopyri di n- 2- pi peri di n-4-

yl1-2-[(1R) - 3, 3t@d | uor c2ynihes - Ntiterrdxib wt ywhexy :
obtained in thgiigﬂ%gEgéﬁplﬂn§Ath hydro- chloric acid accord
accepted practice. — 15 Step 1. Synthesis of
2-tert-butyl oxvcar bonyl anihoa 6sohatliphperfi di.i%e Tt 305udimatbf [ang Idne

6- met hyl - 2-am ngy Pyris | f Wolg r o] I 3heLt- AP
oxydi car bonateqvvas a'd'cfgélﬂg.t'hP’éggnr?er?gerzg)?tﬂﬂegﬁ'h@no%%’geZ%ngri lpugnel \%ﬁs 10%
heated to 70 eadqueous sid tim 2hgdgosfi dé- diodatthi-oryl ati hopyef ddmeteamt —added,
fol | owed by stiyrd Nng. h tenp re. r theg solvent
was distilled gﬁ#fﬂnd!egaré%ﬁﬁgéépfﬂ%ggu%gﬁ%t e relsﬁ({v?%%gg}(e@léégén%agor
purified by siHLéahﬁﬂrSKntnﬁ06330wmtbgsaﬁhyim&(ckihéopémgtiohvmmuxdmyane

| ethyl acetatg =g v f the tijtle compound as _a white
sol i d?/ Step 2. %§yrﬁ%ﬂg@%égrfpng§g§Eﬁﬁ(%t§' rnod&ﬂﬁ*b?‘ﬁ-“é!m wager and

yl met Ih}ll )2pi per it(ﬂiiem*rzébryilr]e,|2-ainde)lrgeaadir\]/felrumrrﬂ?wﬂws 3néagnes ium su I_T_ate.
Dent - 2- r - 2-phenyl acet api de _di r, ri 0 a
sol u%/i on wafo%%roﬁkhmﬁsaf\{%?ﬂwgat 9|'§393§P&@rﬂf?fgm%%- redHGeAy PIr&iSTe as
obtai ned in absueest efhel rgsBl tringf regridae weils aav of i 6@, bPOsWiek gel

N- br onmosucci ni mi_ de _and 10 of bepzoyl, peroxi.de were added sequentially at
r oom t enper at uf8 WY} | %BaHEXtKH&Q@JPmiqﬁnﬁ%lﬂﬁ%Ei réFgﬁQew/th

stirring. Filtethyiingidetatearsol 9ple wBt pirioalideoftf..8 theoFotNeNt j v di s-
compound as an oil.

hide o

gto t he

Ve
in

15 Step 2. Synthesis of 3-(tert-butvioxycarbonylamino)-5-
methylbenzyl bromide
To a solution of 1.8 g of the N-(tert-butyl-
oxycarbonyl) -3, 5-dimethylaniline as obtained in above

step 1 in 20 ml of carbon tetrachloride, 1.5 g of N-

20 bromosuccinimide and 53 mg of 2,2 —azobis(isobutyro-—
nitrile) were added, followed by heating for 3 hours at
100°C under stirring. The reaction mixture was diluted
with hexane, filtered and the solvent was distilled off
under reduced pressure to provide 2.8 g of the title

25 compound as an oil.

Step 3. Synthesis of (2R)-N-[1-(3-amino-5-methyl—
benzyl)piperidin-4-y1]1-2-[(1R) -3, 3-difluorocyclopentyl]-
2-hvdroxy—-2-phenylacetamide dihydrochloride

The title compound was prepared by a method
30 similar to the steps 5-6 of the production method 1 of
Example 20, using the 3-(tert-butyloxycarbonylamino)-5-
methylbenzyl bromide as obtained in above step 2.

'H—-NMR (CD;OD, dppm) :1. 66—2. 11 (1 2H,
m), 2. 99—3. 48 (3H, m), 3. 26 (3H, s), 3.
78*3.98(1H,m),4.28(2H,S),7.18"7.60
(8H, m)

35



66 tilled off under reduced pressure. The title conpound was prepared by a
nmethod simlar to the step 5 of nmethod 1 and the steps 4-5 of the nethod 2,
using the resulting res i due and 4-tert- butyl oxycarbonyl am nopi peridi ne 5
Exanmpl e 21 (2R)-N-[ 1-(6-am no- 4- et hoxypyri di n-2-vl net hyl ) -

pi peridin-4-vll-2-[(1R)-3.3-difluorocycl opgtvl| -

2- hydr oxy- 2- phenvl acet am de di hydrochl oride Structural fornmula 10 [err] 15
The title conpound was preparesdobytaomeFABeMSI rin/ar, t(C FbppF eN20, dsing

et hyl 6- hydromrrgt_h%{sézl- met hoxypyri di ne- 2- carboxylate. 'H NVR (CD3CD,
[err] ppm 1.76°9- 2. 1 (10 H 20 m, 3. 10-3. 70 (5H, m, 3. 8
3-3. 97 (1 HExamp k3.2 8 (3H, s), 4. 3 0-4. 46 (2H m, 6. 3 9-6. 47

1 H, , 6. 7 4-6. £ H, m.,. 7, 2 0-7. .3 8 (3H _ o_ 2H, d,
ol o) 95 @R N o BhinbpeRadiSpibet (Prh- By 1o P BR0 Y

Hlerr]): 475. Exafal3&Pfliuorocvcliopentyl]-2-hydroxy—-2-phenyvlacet-
(2R)-N-[1-(3-anino-5-q¥thylbenzvl)piperidin-4-y|]- 2-[(1R) - 3.
3-dif|uorocvclcmmnﬂ%m+*%-hydroxy-2- 30 Phenyl acet am de

di hydrochl oride Structur@tréetuvbhd fFermhia 67 Step 1. Synthesis of
N-(tert-butyl oxycarbonvl)-3.5- dinethylaniline To a solution of 1.2 g of
3, 5-di net hyl ani |l i ne

ol g,

Step 1. Synthesis of (2R)-N-[1-(3-nitrobenzyl)-
piperidin-4-yl1]1-2-T(1R)-3,3-difluorocyclopentyl]—-2-
15 hvdroxy—2—-phenylacetamide

'O

o

The title compound was prepared by a method
similar to Example 15, using 3-nitrobenzy!l chloride.
Step 2. Synthesis of (2R)-N-[1-(3-aminobenzyl) -
piperidin-4-vI]1-2-[(1R) -3, 3-difluorocyclopenty|]1-2-

20 hydroxy—2-phenylacetamide

6.5 mg of the (2R)-N-[1-(3—-nitrobenzyl)piperi-
din-4-y1]-2-[ (1R) -3, 3-difluorocyclopenty!]-2-hydroxy-2-
phenylacetamide as obtained in above step 1 was heated

to 60°C together with 2 mg of iron powder in aqueous

25 ethanol. After adding thereto 1 drop of conc. hydro-
chloric acid, the heating was continued at 100°C for
about 1 hour under stirring. The reaction mixture was
made basic with 4N aqueous sodium hydroxide solution and
extracted with chloroform. The organic layer was dried

30 over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure to provide 4.8 mg
of the title compound as a white solid.

'H—NMR (CDC 1, Sdppm) : 1. 30—1. 48 (2H,
3 m), 1. 50—2. 25 (10H, m), 2. 68—2. 78 (2H,
m), 3. 24—3. 40 (1H, m), 3. 38 (2H, s), 3. 43



inaliquid mxture of 20 m of dioxane and 10 m of 10% 5 aqueous sodi um
hydr oxi de solution, 2.7 g of di-tert- butyl-dicarbonate were added,

foll owed by heating for 1.5 hours at 100[err]C with stirring. The reaction
m xture as diluted with diethyl ether, washed with water and then bri ne,
and dried over anhydrous magnesi um sul fatef910 After the sol vent was
distilled off under reduced pres- sure, the resulting residue was purified
by silica gel caglu chéonatography (devel opi ng sol vent: hexane / ethyl
acetate = 9/1) £d grljoﬁ e 8.8 32f 3he810 t{eH;omppunds as2a@ 0ilH, 1§, Step 2.
Synt hesis of 3-(tert t ¥l oxycar.bgn 1 nQ)-5-_nethyl benzvl brom de To a
solution of 1.8 tge'of9 ?ﬁéxl\i-( er gu{bfﬁn ogﬂ:’ar{)o?n)ll-) -Bbzdi et l8/Han) |, ne as
obtained in abagye st®p irtn 40 -0f carponytetgachl ari 1.5 g,of N 20
br omosucci ni mi de and§5§1r%' o%'ZTTjZ' -giogi g(?%dbu yrg-gni(?fﬂ'e) wet & daded,
fol | oned by5hed Hhg)f or 73 1ogr g laH,100[ epr3 € urgley ZSt 1113 ngy 8Tb_e7resc ion
m xture was dilrégg wi th hexane, filtered and the sol vent was distiM 8d of f
under reduced p ur®to prow de7.8 Yy70f(2tHe triXl e 25 conpound as an oil.
Step 3. Synthesis of (2R)-N-[1-(3-am no-5-nethyl -

benzvl ) pi peridin-4-yl]-24[(1R)-3.3-difl GYE! ntyl k-
2-hydroxy-2-phenv|acetanﬂhé ﬁpﬁfdfgﬂﬁvbﬁﬁggﬁ¥%eaﬁ??ie(b@ﬁg@uﬁdegg ﬂiepared
by a method 30Hs{ )| 444t0 the steps 5-6 of the production nmethod 1 of
Exanpl e 20, using the 5-(tert-buty|oxycarbonylanino)-5- met hyl benzyl

brom de asﬁthg¥g@31Eﬁ—§bove step 2. "HNWR (CD[err]0O D, [err]pp m :1. 6
6,72, 11 (12 H 3%RIN-[1- @ Snfindbénd @i Vb ipbridin-2-41(34-[NiR) 3. 7 8

-3. 98 (I H, , . , \ . -, H,
( m 3,3-dif uoré%vclopentvl]-Z—hyd$oxy~2q%henvlacet—

amide dihydrochloride

Structural formula

15
oy
N
idgg \ON\/Q . 2HCI
NH.
20
The title compound (free base) was obtained by
a method similar to Example 23, using 2-nitrobenzyl
chloride, which was treated with hydrochloric acid and
to provide the title compound.
2 '"H—=NMR (CD,0
sOD, dppm) : 1. 50—1. 95 (104,
m), 2. 92-3. 07 (2H, m), 3. 07—3. 20 (1H,
m), 3. 24-3. 38 (2H. m), 3. 67—3. 80 (14
m), 4. 15—4. 27 (2H, m), 7. 05—7. 45 (9H, m)
30

low resolution FAB-MS (m/e, (C, H;,F,N,0, +
H) ") : 444,



68 | ow resol ution FAB-M5 (nfe, (C[err]H[err]F[err]N[err]CIerr] + Fb[err]):
458. Exanple 23 (2R) -N-[1- (3-am no ben zyl)piper idin-4-yl]-2-[(1 R)-
3. 3-di fl uorocycl opentyl]-2-hydroxy- 2- phenvlac gH a-ae.. St ruct ur al fornula

[err] Step 1. Synthesis of (2R)-N-[1-(3-ni I SHEET Has BEEF]

pi peridin-4-vl]-2-[(1R) -3, 3- dlfluorocyclop || - 2REPRACED

hydr oxy- 2- phe ge The title conpound was preparet-by.a fnret hod
simlar to Exgﬁ%ﬁgLfg——US|ng 3-nitrobenzyl chloride. Step 2. Synthesis of
(2R) - N-[ 1- (3- am nobeRviN=[1- (4~ amlnobenzvl)plperldln -4-y1]1-2-[ (1R) -

pi peridin-4-yl]-2- [S(JSQ)dlsffB-dlfluoocclo
hydr oxy- 2- phenvlac- 5 T : R 4 € Bperi -
din-4-yl]-2-[(1R) - am&ggfluorocyclopentyl] 2- hydroxy 2 phenylacetanlde as
obt ai ned i above step % was_peat de.to 6?%err]c together with 2 ng of iron
powder in aqueous 25 ethanL1C ung ef 58biAg thereto 1 drop of conc. hydro-
chloric acid, the heating was continued at 100[err]C for about 1 hour under
stirring. The reaction m e was made basic with 4N aqueous sodi um

hydr oxi de sol uti on and ext éﬂiwgth chl oroform The organic |ayer was
dried 30 over anhydrous sov N t and the solvent was distilled off
under reduced pressure t @ oy . of e title conpound as a white
solid. "HNWR (CDO[err]g '()pp 48 (2H, 35 m , 1. 5
0-2. 25 @0 H mM, 2. 6 82 78 (2H, m 3. 243 40(1H mM), 3. 38
(2H, s) , 3. 43 69

The title compound was prepared by a method
similar to Example 23, using 4-nitrobenzy! chloride.

'H-NMR (CDCl,, 8ppm) :1. 835—1. 52 (2H,
5 m) . 1..70-2. 23 (10H, m), 2. 70—2. 82 (2H,
m), 3. 28-38. 35 (1H, m), 3. 41 (2H, s), 3.
830-3. 70 (3H, m), 3. 65—3. 75 (1H, m), 6. 29
(1H, d, J=7. 4Hz), 6. 63 (2H, d, J=8. 5Hz) |
7. 06 (2H, d, J=8. 5Hz), 7. 28—7. 39 (3H,

20
m), 7. 52—7. 5686 (2H, m)
low resolution FAB-MS (m/e, (C,;H,,F,N,0, +
H)*): 444.
Example 26
25 (2R) -N—-[1-(4-amino-3-methoxvbenzyl)piperidin-4-v|]-
2-[(1R) -3, 3-difluorocvclopentyl]-2-hydroxy—2-
phenvlacetamide
Structural formula This Sheet Has Been Re
) T

oy

~ NH
’ H5 \Gl\g 2
F OCH,

The title compound was prepared by a method

35 similar to Example 23, using 3-methoxy—4-nitrobenzyl
chloride.



(1H s) , 3.52-3.80(1H M, 6. 26(1H d J=7. 9Hz), 6. 57
(1H dd, J=1. 5Hz, 7. 8Hz ) , 6. 6 5(1H d J=1. 5Hz), 6. 66
(1H d, J=7.5 8 z) , 7. 8 (1 t, J =7. 8 Hz), 7. 28-7. 39
(3 H M, 7. 53- 7. 7 (2 H n) Iom1r §olut|on FAB- M5 (e,
(qu]WeH]HeH]Mer]qer]4—m[ar] 444. 10 Exanple 24

(2R) - N-[ 1- (2- am AdbenxWIRI PEr 4y

3. 3-di fluorocycl gpentyl]-2- ﬁ%dl?gg ‘?le"nwhéet ~lani 3 at ﬂ\ydrﬁo@hl(cﬂ Hie

Str uctural forf a 15. [€r9]—20 T&@t(ll@}poqﬁ?undz(frp,eﬁ b%s S obt ai ned
by a nethod si bar Eﬁ% mpl e 23, using 2-nitrobéenzyl chlor|Q1 (thfbh was
treated with h ochf or i% 2aci ¥- akd8t & IpHovm:ié 1hg tiglge (cg)ri:pougg 23 H NI\/R

E})Cﬂgrr]og)_[ghig-g%ﬁl ?—iolr‘SP}g IE} 5 é]23—83(28|-5 frﬁH 3nﬂ6 73: 8

5

(1H m ,74. 1(8H4.s2 7 62 W gI(1 - | ow reso utlon
FAB- M5 (e, Ckfrré{i{lermgF[err] er}i] ér +1—D?e&rzj;74ﬁ1460—76
Exanpl e 25 (2R) noﬁ%nzﬁl)p(@qqldg@ 4-yl ] §¢11J§0 40
3, 3- dlfluorocyﬁlopeygﬂé gydrOEy Epenvlacef- am de 5 (3H,
Structural fornJ 1 -
low resolution FAB-MS (m/e, (C,zH,,F,N,0, +
10 H)"): 474
Example 27

(2R)—N—[1-(3.5—diaminobenzyl)niperidin—4-yl]—2—
[(1IR)-3.3-difluorocyclopentyl]~-2-hvdroxy-2-pheny |~
acetamide

15 Structural formula

OH gy
F O NHz

The title compound was prepared by a method
similar to Example 23, using 3,5-dinitrobenzyl chloride.

20

'H—NMR (CDC 1, dppm) : 1. 30—2. 20 (1 2H,

05 m), 2. 70—2. 80 (2ZH, m), 3. 23—3. 36 (1H,
m), 3. 28 (2H, s), 3. 44 (IH, s), 8. 60—8. 73
(IH, m), 5. 93 (1H, t, J=2. OHz), 6. 07 (2 H,

d, J=2. OHz), 6. 23 (1H, d, J=7. oHz), 7.

29“7.40(3H,m).7.53-7.57(2H,m)
30

low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H) ") : 459.



[err] 10 The title conmpound was prepared by a nethod simlar to Exanple 23,
usi ng 4-nitrobenzyl chloride. 'H NWVR (CDC[err], [err] pp mM 1. 35-1. 5
2 (2 H 15 m, 1l 70- 2 23 (1 0 m , 2. 70- 2. 82 (2H m , 3

3.30-3. 70(3H m , 3 5
2 H z

23-3.35(1H m, 3 4 (2H, s) : 6
-3 75(1H m, 6. 29 (1H d J=1]7 ) 6. 63 (2H d J=8.
5Hz), 7. 0.6 (2 H J =8 5H2) 7. 28-7. 39 (3H 20 m,
7. 52-7. Xample | ow resol ution FAB-MS (me, (C25H31F2N302 +
H[err]): 444. ExamﬂﬁééMFEﬁF(S —methy|furan—2- ylmethvl)plperldln 4-
(2R)-N-[1| - (4-am no-3~ngjf I _en y lng-rld]n-4 yl
2-[(1R)-3,3-difluo ety ¢ A HRU O8Y O3 RPAN il Ir al
formula 3 0 [err] ﬁ nd@epgmp@gnd was prepared by a nethod 35 simlar to
Exanpl e 23, using 3-nmethoxy-4-nit[ openzyl chl ori de. 71 'H NWR (CDC err],
[err] p p°m 1. 3 5Structy [ Wa 1. 70-2 30(10H m , 2.
70-2 90(2H mm, 3. 22- 3. 38 (1H m, 3. 44 (2H s), 3. 40
-3 60(1H mM, 3.6 .85(3H mM, 3. 85(3H s), 6. 36 (1H
d,J:7.9Hz),6.6e97H0(2H , 6. 81 (H s), 7. 24- 7.
40(3H mM, 7.51- 7. 88 HytlonFAB-IVB(rﬂe
( C28H33F2N303 + 10 H)[erF

F

10

Step 1. Synthesis of 4-(tert-butvloxycarbonylamino)—-1-

(6—-methy—2-furylmethy!)piperidine

To a solution of 200 mg of 4-(tert-butyloxy-

carbonylamino)piperidine in 5 ml of tetrahydrofuran, 0.1

15 ml of 5-methylfuran-3-aldehyde, 0.06 ml of acetic acid
and 318 mg of sodium triacetoxyborohydride were added at
room temperature, followed by stirring for 12 hours. To
the reaction mixture, saturated aqueous sodium bicarbon-
ate solution was added and the mixture was extracted

20 with ethyl acetate. The organic layer was washed with
brine and dried over anhydrous magnesium sulfate. After
distilling the solvent off under reduced pressure, the
residue was recrystallized from ethyl acetate / n-hexane
to provide 198 mg of the title compound.

25 Step 2. Synthesis of (2R)-N-[1-(5-methyl-2-furyl-
methyl)piperidin-4-y1]-2-[ (1R)~3, 3-difluorocyclopentyl]-
2-hvdroxy—2-phenylacetamide

To 88 mg of the 4-(tert-butyloxycarbonyl-
amino) —~1-(5-methy[~-2-furyImethyl)piperidine as obtained
30 in above step 1, 2 ml of 10% hydrogenchloride solution
in methano! was added at room temperature, followed by
stirring for about 12 hours. The solvent was distilled
off under reduced pressure, and to a solution of the
resultant residue in 4 ml of chloroform, 59 mg of (2R)-
35 2-[(1R)-3,3-difluorocyclopentyl]-2-hydroxy-2-pheny |-
acetic acid, 93 mg of hydroxybenzotriazole, 0.2 m! of



Exampl e 27 (2R)-N-[ 1- (3. 5-di am nobenzvl ) pi peri di n-4-yl]-2-

[ (IR -3.3-difluorocycl opentyl]-2-hydroxy-2-phenyl - acetam de
Structural
simlar to Exanple 23,

Clerr], [err] ppmM 1
3

using 3,5-dinitrobenzyl chloride.

30- 2. 20M@2H M, 2. 70

I

= 2. OH
, 7. 5 3 - 30 | ow resol uti on FAB-

m
459tempeya EX&ﬂp#g|29W§ﬂa by s4iysing: hors dr 55,1

sy | e

15

formula [err] 20 The title conmpound was prepared by a nethod
"HNMR (C D

- 2. 80(2

5
3. g)o 3. 7 'sr(ﬁtﬁvlﬁf”nesar@* %6(?540’? 136”13(/% 30(?1) dz'ynet*w'%équ H d,
ﬁ}ogylﬁca2b3dﬁhlﬂe(ﬁeﬁb-adaed5séhuéhtlzlI% %t root 0 (3 H,

2F2N402 +
h pi per

C25

d in-4- yl1-24H¢4Ron- %f3w%ﬂéﬂlﬂ%ﬁgnﬂéHE%WHh]m2th¢%OWéé2e%ﬂwab%éweta”1de

Synt hesi s of

|
5 Structural fornula err] 10 E
aVEFyWﬁétWﬂ%hﬁ

4- (tert - bubyl $xyBaeBdryLRIrf0) - 1hqspm&amv¢

QMﬂHthe To a

solution of 20PiAg ghdfdflied k! dpéupomx*gg ipArfifligie in 5 m of
tetrahydrofuran, 0.1 -net ylTuran-3-a e, 0.06 M of acetic
acid and 318 Prijs&f léoagumhter |sa>de¢em<tybb hhylmdederaéu@eddmr@@ture the

residue was purified by silica gel column chromatography
(developing solvent: = 50/1) to
10 provide 63 mg of the title compound as a white solid.

chloroform / methanol

'H—NMR (CDCls Sppm) : 1.
m), 1. 60—2. 25 (10H, m), 2.
71—2. 86 (2H. m), 3. 22—3. 36 (1H m), 3. 40
(1H, s), 8. 45 (2H, s)., 3. 60—3. 76 (14 m) ,
5. 85—5. 90 (1H, m), 6. 05 (1H, d, J=3.
OHz), 6. 25 (1H, d, J=7. 9Hz), 7. 26—7. 40
(3H, m) , 7. 50—7. 56 (2H, m)

35-1. 54 (2H,
27 (3H, s), 2.

15

20
low resolution FAB-MS (m/e,
H) ") : 433.
Example 29
(2R)-N-[1-(3-methylbenzyl)piperidin—-4-yi]-2-[ (1R) —
3.3-difluorocyclopentyl]-2-hydroxy—2-phenylacet-

(G, HyoF, N, 05 +

25

amide
Structural formula

30

Synthesis of 4-(tert-butyloxycarbonylamino)—=1-—

Step 1.
(3-methylbenzvl)piperidine

35 The title compound was prepared by a method

similar to Example 15, using 4-(tert-butyloxycarbony!-



roomtenperature, followed by stirring for 12 hours. To the reaction

m xture, saturated agueous sodi um bi carbon- ate solution was added and the
m xture was extracted 20 with ethyl acetate. The organic | ayer was washed
with brine and dried over anhydrous magnesium sul fate. After distilling the
sol vent off under reduced pressure, the regli due was recrystallized from
ethyl acetate / n-hexane to provide 198 ng of the title conpound. 25 Step
2. Synthesis amlbbqumqﬂudEhemmhql32mémhyHbenzyI bromlde
nethyl)plperlﬁln 4-yl]-L2- : d ]
2- hydroxy-2-p § &eerbonyl -

am no) - | - (5- rrgtmalr-nzhfnﬂgﬁyrbl-@ﬂﬁi B)BFBdBHdléfSumto&imkb@éhtW]&bbve step 1,
2 m of 1096h¥drpgen02<oq|de ﬁ0|u£lon i n met hanol was added at room

t enper at ur e, s bout 12 hours. The sol vent was

di st i:ll | ed @Lf und](car Hadacmﬂ mregséucempfaadgtRWa@swletﬁdm Wy theméElisodt ant
residue in . _af chl,orqf orm of . -

2-[(1R) -3, 3- d?ﬂFUdFHbﬁa Rlg- %gﬁyaﬁéﬁﬁ-%hﬁhgﬁﬁteﬁﬁihqtyER%¥Ea§3 my of
hydr oxybenzot bioagdlat i d)2- 19 (DEmethy Bbehiz9l Dylip@irial syl £5 sWt#ined in

1- et hyl - 3- (3-di net hyl.am o propyl)carbodinide wer e added sequentially at
roon1tenperat9¥8 Ve iR by stirring for 2 hours. After addition of

wat er, the reaction nlxture was extracted 5 with chloroform The organic

|l ayer was washed'® +INM R @micdlied opep maphydyousy npgnesi gy sylsf at e.

Di stllllndothe solwent off under reduced pressure, the residue was purlfled
by silica gel éBDunnlchﬁthtagrébﬁw‘KhéhHlopmhg shl ven8: (S8l or efoy N/,

met hanol 50/ to \Y e t| Ie c und as a white
solid. 'HNR (&3 'er ], (l[%?lr']“ﬁ prr).'l. 82‘?‘8%2 W§ 3..4620- 2.
25 (10H m, 2208 7B HeS)es%1H, 4, J=8. 1Hz), 7. 00—7.
14 (3H, m) , 7. 19 (1H, t, J=7. 6Hz), 7. 23—
15 7. 42 (83H, m), 7. 50—7. 60 (2H, m)

low resolution FAB-MS (m/e, (C, H,,F,N,0, +

H) *) . 443.
Examplie 30
20 (2R) -N-[1-(4-methoxvbenzyl)piperidin-4-y1]1-2-[ (1R) =

3, 3-difluorocyclopentyl]-2-hydroxv—2-phenylacet—

amide
Structural formula

2 - Oen
OCH,
P @
F@@: N

The title compound was prepared by a method
30 similar to the step 2 of Example 10, using p—anisal-—
dehyde.

'H—NMR (CDC1ls, 6ppm) : 1. 32—1. 47 (2H,

m), 1. 76—2. 23 (10H, m), 2. 65—2. 76 (2H,

g5 ™ . 3. 22-3. 36 (1H, m), 3. 42 (2H, s), 3. 46
(1H, s), 3. 683—3. 76 (1H, m), 3. 79 (3H, s),



7 1-2. 86 (2H m, 3. 2 2-3. 36 (1 H mM, 3. 4015 (1 H s), 3. 45
(2 H s), 3. 60-3. 76 (1 H m) 5 855 90 (1H mM, 6605 ( 1H

d J=3. OHz), 6. 25 (1H, d, J=7. 9Hz), 7. 26-7. 40 (3H m , 7. 50-7. 56
(2H, m 20 low resolution FAB-M5s (me, (Cerr]Herr]Ferr]Nerr](err] +
H[err]): 433. Exanple 29 75

(2R) - N-rl-(3- hy nzyly pi ger i ding 4- vl [ ( ) 2

3.3-difl uorocgg%'opgﬁfyfy thedrd}gy- -phy?'eﬂgy %w’et 8 g (éyt}fiuctdura{ F 8rmul a
30 Step 1. SyntthEsz$ of 74- atgrt(ZDEItychXygaflgonygmr)o) ¥. 28—7. 39

(3- nethylbenzyli I_peridine_ 35 The title conpound was prepared by
a nethod simil akstld, Badnpl &- 18, 2 qsing 4 6( & H, bm)yl oxycar bony! - 74

am no) pi peri dine and 3- nethylbenrqﬁraﬁngﬁ]M§ [U% 6yf§ﬁffﬁfwfﬁa +

(2R) - N-[ I - (3- met hvl benzvi§®t Bt 12

3-di f | uor odycHYpent Y¥99.2- hydr oxy- 2- phenyl acet ami de 5 The title
conpound was pre a”ed a nethod simlar to Exanple 28, using the
4-(tert- butylg%§@5¥ilé£%ylan1no) 1-(3- nethylbenzyl)piperidine as obt ai ned

in above step 1. 10(2R) N+£P%&B D018 -mkeho dr iid i #04-¢ 2/~ ),
1. 50-2. 25 (1 O . 3. 20-3. 55
(3H, m, 3. 42 (2H o . (3H, M,
r7r§ 19 (1H t, J= 79@2!ace7taran3e a5hvdFocMo(ralderT) 7. 50-7. 60 (2H,

10 Structural formula

OH gy

@ B N OCHs

" F HO \Ob[\/@\ « 2HCI
F NH,

Step 1. Synthesis of methy! 3-tert—-butoxycarbonylamino-

15

S-methoxybenzoate
To a solution of 864 mg of methyl 3-methoxy-5-
nitrobenzoate in 15 ml of methanol, 1.0 g of di—-tert-

20 butyl-dicarbonate and 912 mg of 10% palladium—on—-carbon
were added, followed by stirring for 7 hours at room
temperature in a hydrogen atmosphere. The reaction
liquid was filtered through Celite. Distilling the
solvent off under reduced pressure, 1.28 g of the title

25 compound was obtained as a white solid.

Step 2. Synthesis of 3-tert-butoxycarbonylamino—-5-

methoxvbenzy!l alcohol
To a solution of 1.28 g of the methy!l 3-tert-—
butoxycarbonylamino-5-methoxybenzoate as obtained in
30 above step 1 in 8 ml of toluene, 12.1 ml of 1.0 M solu-

tion of diisobutylaluminum hydride in tetrahydrofuran
was added at -78°C, followed by stirring for an hour at
the same temperature. The reaction mixture was diluted
with ethyl acetate, washed with water and then brine and
35 dried over anhydrous magnesium sulfate. After distill-
ing the solvent off under reduced pressure, the result-



| ow resolution FAB-M5S (me, ((err]Herr]F[err]Nerr]Jerr] + Hferr]):
443. Exanple 30 20 (2R) - N-[ 1- (4- net hoxvbenzvl ) pi peridi n-4-yl]-2-[
(1R)- 3. 3-difluorocycl opentyl]-2-hydroxy-2-phenyl acet- am de Structural
formula [err] The title conpound was prepared by a nethod 30 simlar to
the step 2 of Exanple 10, using p-anisal- #ehyde. "HHNVR (CDO[err], [err]
ppm) :1. 3 2-1. 47 (2H m, 1. 75-2. 23 ( 10 H mM, 2. 6 5-2. 7 6 (2H
35 m, 3. 2 31 residque yas)puBified ¥ 14 lsiga el Go (umi, cBypmatog-3- 3.

3-8, or) ., 7. TERY A4 afine i vingT itare  Eph Hoebathls (21, G
(2H m | ow ré’s’tﬂ)uthmmmtd@ Zﬁﬂemg (od2 832 FRIN2IDS GI-OTBD(H)I[IéI’a‘f)an459|

mple 31 (2 _
2 [(1R§ 3, 2 G orocy e RLPELF Ay famh ho—

d|hydrochldi| xybenzaldeh uctural fornula [err] 15 Step 1. Synthesis

of nethyl 3-tert-butoxy bon 0X JO ol ution of
864 ng of nethyl 3-netho gé?gkéggnggnq§q éf Qﬁ% %é¥€5ﬁ * ¥9x3 g of
di-tert- 20 bnbylbﬂwlaa@mmﬁ—medhﬁkabwzqﬂ Hil%qied | aaisucmbbalmedbmn

above step 2 in 10 ml of chloroform, 1.89 g of manganese

dioxide was added at room temperature, followed by

10 stirring for 2 hours. The reaction mixture was filtered
through Celite. Distilling the solvent off under re-
duced pressure, 132 mg of the title compound was ob-—-
tained as an oily substance.
Step 4. Synthesis of (2R)-N-[1-(3-amino-5-methoxy—

15 benzvl)piperidin-4-yl]-2-[(1R)-3, 3-difluorocyclopentyl]-
2—-hydroxy—2—-phenylacetamide dihydrochloride

The title compound was prepared by a method
similar to the step 2 of Example 10 and the step 6 of
method 1 of Example 20, using the 3-tert-butoxycarbonyl-

20 amino—b5-methoxybenzaldehyde as obtained in above step 3.

‘H—NMR (CD;OD, 6ppm) : 1. 74—2. 14 (10H,

m), 3. 00-3. 15 (2H, m), 3. 27—3. 52 (3H

m), 3. 82—3. 92 (1H, m), 3. 89 (3H, s) 4. 32

25 (2H, s), 7. 01 (1H, s), 7. 18—7. 35 (5H, m)
7. 56=7. 60 (2H, m)

low resolution FAB-MS (m/e, (G, H,,F,N,0, +
H) ") : 474.



wer e added, followed by stirring for 7 hours at roomtenperature in a

hydr ogen at nosphere. The reaction liquid was filtered through Celite.
Distilling the solvent off under reduced pressure, 1.28 g of the title 25
conmpound was obtained as a white solid. Step 2. Synthesis of
3-tert-but oxvcar bonvl am no-5- net hoxvbenzy?? al cohol To a solution of 1.28 g
of the nmethyl 3-tert- butoxycarbonyl am no-5-net hoxybenzoate as obtained in
30 above stepExdmpBe n320f toluene, 12.1 m of 1.0 Msolu- tion of

di i sobut yl al um num z

foll owed by stirri '
m xture was mllﬂeﬂﬂvi(th%ByB doéﬂmbeodMuﬂunbnmvfﬂv@&bvdaadv%ﬁen brlne
and 35 dried over aphydr negsi um sul fate. After distill- ing the

sol vent off under réh%é%ﬁéﬁﬁggiéﬁé, the result- 76 ing residue was
purified byssilica gel c®tooutahadndbegu imaphy (devel opi ng sol vent: hexane
/| ethyl acetate = 7/3) to provide 262 ng of the title conpound as an oil.
Step 3. Synthesis of 3-terttoxvcar bonvl am no-5- 5 net hoxybenzal dehyde To

a solution of 194 ng of thdg té&liputoxy car bonyl am no- 5- met hoxybenzyl

al cohol as obtained in abo : O m of chloroform 1.89 g of
manganese di oxi de was added dpbm t pnpéer a NH.0l | oned by 10 stirring
for 2 hours. The reaction r'é) was rréprough Celite. Distilling
the solvent off under re- ‘duced pressure, 132 of the title conpound was
ob- tained'%s an oily substance. Step 4. Synthesis of

(2R)-N-[1-(3-am no- 5 ”Eth@éYt|%5e com Found was prepared by a method
benzyl ) pi peridin-4-yl]-2- Iuoro%y%jopent

2- hydr oxy- 2- pH%HW!b%%t5ﬂ1 éaHPH9digchP&ﬂmGé

uoro—i—amlnotoluene

'H—NMR (CDCl,, 6ppm) :1. 28—1. 50 (2H.

;5 ™, 1.50-2. 32 (10H, m), 2. 60—2. 80 (2H,
m), 3. 20—3. 38 (I1H, m), 3. 33 (2H, s), 3. 45
(1H, s), 3. 55—376 (34, m), 6. 25 (1H, d, J=
8. 2Hz), 6. 69 (1H, dd, J=8. 1, 8. 9Hz), 6.
82 (1H, dd, J=1. 6, 8. 1Hz), 6. 93 (1H, dd, J

20 =1.6, 12. 0Hz), 7. 24—7. 40 (3H, m), 7. 50—
7. 58 (2H, m)

low resolution FAB-MS (m/e, (G, H,,F,N;0, +
H)*): 462,

25 Example 33
(2R)-N-[1-(6-amino—-4-methyIpyridin-2-yl)piperidin—
4-y1]1-2-[ (1R) -3, 3-difluorocyclopentyl]-2-hydroxy—-2-
phenylacetamide

Structural formula

oy
S O,

30

35



The title conpound was prepared by a nethod simlar to the step 2 of
Exanple 10 and the step 6 of nmethod 1 of Exanple 20, using the

3-tert-but oxycarbonyl - 20 am no-5- net hoxybenzal dehyde as obtained in above
step 3. '"HNVR (CD30D, [err] ppm 1. 7 4-2. 14 (1 OH, m, 3. 00-3.
(2H, m, 3. 2 7-3. 52 (3 H m , 3. 82-3789 2 (1 H mM , 3. 89 ( 3 H s)

4. 3 2 25

(2H, s) , g. 01 (1H, s) 7. 18-7. 35 (5H 7. 56-7. 60
h ) 50 ”’ i \ > A

. 474 le 32 -
Fékftkﬂ%lf(zLéﬁﬁg%ggffﬁgggogenzyl)p|per|d|n 4-yl] -

2-[(1R)- 3, 3-

d|f|uorocycTopaanHptZ{hydﬂbxy}anp@én6+acetgdamen5 4-

Similar o EHre off AR5 S Reiar R ot bl B2 Bh TBRoRiaeR 2ol 3f

[err] ppm5
0-2.°8 0 (2

s), 3. 55-376

df PhBedyl5chlo2hidelwas rdddeld &t Orodm Se&pél@thrdﬁ 2. 6

3. 0:3.,3 8 H, ., 3. 3 3.(2H, v 3. 4 1H,
o Loty By hoasgng forg 19 mindeg) Wigh s3rring updet ) s,

15

1, 8. 9Hz) , wefBdx. (1Plisdd| IJnk the &o ¥t obf GBdétHreﬂ@peﬂiﬁ}es: 1.
(2H, m low resolution

Sl{@’er?ﬁ‘ﬁ[&r’ﬁ'?[érof'ﬁplﬂ[rné\'dr]‘ﬁser%tar' Rferr]): 462. 25 Exanple

6, 1 2. OHz),
FAB-MS (e,

33 (2R) - N-[ 1-§6emn? no- 8yAthbygligy ofdi (2R)-N pl pé6+8dc8tylamino—4-methyl -

10

15

20

25

30

35

pyridin-2-vl)piperidin-4-y1]1-2-[ (1R) -3, 3-difluorocyclo-
pentyl]1-2-hydroxy—2-phenylacetamide

The title compound was prepared by a method
similar to Example 15, using the 6-chloromethyl-4-
methyl-2-acetylaminopyridine as obtained in above step
1.

Step 3. Synthesis of (2R)-N-[1-(6-amino—4-methyl—
pyridin-2-yl)piperidin-4-vI]1-2-[ (1R) -3, 3-difluorocyclo-
pentvl]-2-hydroxy—2-phenylacetamide

To a solution of 16.5 mg of the (2R)-N-[1-(6-
acetylamino—4-methylpyridin-2-yl)piperidin-4-yl]-2-

[(1R) -3, 3—-difluorocyclopentyl]-2-hydroxy—2-phenylacet—
amide as obtained in above step 2 in 1 ml of methanol,
0.5 ml of 3M aqueous sodium hydroxide solution was
added, and stirred for 1.5 hours at 60°C. The reaction
liquid was diluted with diethyl ether, washed with water
and brine by the order stated and dried over anhydrous
magnesium sulfate. Distilling the solvent off under
reduced pressure, the resulting residue was purified by
preparative thin-layer chromatography [Kieselgel™
60F,,,. Art 5744 (Merck); chloroform / methano! = 10/1)
to provide 14 mg of the title compound as an oily sub-

stance.
'H—NMR (CDC1l,, §dppm) : 1. 30—1. 50 (24,
m), 1. 71—2. 30 (10H, m), 2. 338 (3H, s), 2.
62—2. 76 (2H, m), 3. 21—3. 38 (1H, m), 3. 29



4-yl]1-2-[(1R)-3. 3-di fl uorocycl opentyl ]-2-hydroxy-2- phenyl acet am de
Structural forrmula [err] 30 35 78 Step 1. Synthesis of

6- chl or onet hyl - 4- met hyl - 2- acetyl - am nopyr idine To a solution of 23 ny of
6- acetyl am no-4- net hyl pyridi ne-2-nmethanol in 2 m of chloroform 0.05 mM 5
of thionyl chloride was added at roomtenpg@rature, followed by heating for
15 m nutes wi thestyrrig er or gf 1 ux. ' tilly ng the solv of f unpder
reduced pres- sgre he tI??e goﬁpo&%d mag gﬁt 5%? figp gp%syﬁ&heg E of
(2R) - N-[ 1- (6- aceraymarrrmp 4-gret Byb- (I0H, s) ., 6. (1H, d, J=8
pyridin-2-vl)piperidin-4-yl]-2-[(1R)- 3. 3- dlfluorocyclo- )
pentyl - 2- hydr odyH2 bhefyl akét ol d& T 7! e2cDrpdund Gag IHepaned By a
met hod sim | ar tﬁ]E§ n&%@ kg, u5| t he 6-chl oronet hyl - 4-

met hyl - 2- acetyla py [ ained in above step 15 1. Step 3.
Synthesis & (2R)-N-[1- (lﬁymmmnumﬁyFAB MS (m/e, (C,,H,,F,N,0, +
pyridin-2-v|)ﬁgp r|% 4-yl]1-2-[(1R)-3. 3-di fl uorocycl o-

pentyl]-2-hyd x§ ﬁﬁ%nylacetanlde To a solution of 16.5 ng of the
(2R)-N-[ 1-(6- E&Q %tyMam no- 4- met hyl pyri di n-2-yl ) pi perldl n-4-yl]-2-

[ (1R) -3, 3-di f[uorocyg 1]1-2-h

above step 2 in 1 42

A an l
sol ution was added2*¥¥1ﬁ¥43rS%Hfﬁluérécbewbﬁe%&yQQP¥4H¢3rJ*ﬁPZQaCt'0“ 25
liquid was diluted wth diethyl ether, washed wih water and brine by the
order stat'dd and dﬂhﬁﬂli&ﬁ_kﬁmyéﬂggthdr°°h|°r'de

Structural formula

@ OH y
5\( H .
F m/@
15 F O NH,

The title compound was prepared by a method

similar to Example 22, using 2-fluoro—-5-methylaniline.

20 'H—NMR (CD;0D, 61)p1nj :1. 68—2. 11 (10H,
m), 3. 00—-3. 50 (5H, m), 3. 79—3. 90 (1H,
m) , 4. 32 (2H, s), 7. 18—=7. 30 (3H, m), 7. 43

(1H,d,J=8.4Hz),7.52~7.56(2H,m),7.

57—7. 65 (1H, m), 7. 73—7. 78 (1H; m)
25

low resolution FAB-MS (m/e, (G, H;,F,N,0, *+
H)*): 462
Example 35
(2R)~N-[1-(5-amino—2~-fluorobenzy!)piperidin-4-y1]-
30 2-[(1R)-3,3-difluorocyclopenty!]l-2-hydroxy—2-

henylacetamide
Structural formula

35 F><:33;n/
F Q




magnesi um sul fate. Distilling the solvent off under reduced pressure, the

resulting residue was purified by preparative thin-layer chromatography

[ Kiesel gel [err] 30 60F[err], Art 5744 (Merck); chloroform/ methanol =

10/1) to provide 14 ng of the title conpound as an oily sub- stance. 'H NM

R((CDO[err], [err]lpp m :1. 3 0-1. 50 (&% m, 1. 71-2. 30 (10H m, 2
3(3H s), 22622.76((2H mMm, 3 21-3. 38(1H mMm, 3. 29

79 (2H, s), 3. 6 0-3. 7T81e(]tHléT)com#ouﬁd5w4s preplazidd By .a Gneﬂn@d(l H,

, 6. 35 (1_H 1Hz :
§) 52-7. 60 Ezﬁ'm,{sag €0 the gtépl%wo?egglaﬂ‘ﬂ'&nzl’—zAQq\?é%’?ﬁ"éOIe "
(derr]H err] FuerngNRetfrlludres+3—rti th beod Lpned459. Exanple 34
(2R)-N—[1-(3-anino-4-f|uorobenzv|)p|perldin 4-vl] -
2-[ (1R) - 3. 3-di f | uogac e 2r hyd 10 4 ny| t agige
diL§dréchI05ide Sf?uc¥ﬁ¥g$ ?ornu af gr§?5¥%§l%ltle conpgﬁﬁhymggfpfgggred by

a method similam}q Bxanpl7e—22, lZSﬁnq 120fI|-I$JOfrD)-5 et hyl pri i ng. 82§2H
"HNWR (CD[err]QO D, [err] ppm) :1. 68-2. 11 (10 H m, 3. 00-3. 5
5H m, 3. 7 9T .9 (244*.3) 3,63(1(12 A s),3 742°837 30 (5H, m

( )
7. 4 1H, d, 5 , 7ol 85, Lk m,
At (1}%&‘_)8 B8 8ol génléAng :B 2’4 'R S
(C[e”]H[e”]F[qu]Ne”d.CI@lr-]—G*. Hylgerely, 4@3 , Eé"?‘m@'ﬁ—‘?’%. 68 (1H,
10 m), 6. 82 (1H, t, J=9. 0Hz), 7. 29—7. 40
(83H, m) , 7. 53—7. 57 (2H, m)

low resolution FAB-MS (m/e, (C,,H,,F;N,0, +
H)*): 462.

15 Example 36
(2R)-N-[1-(2-amino-4-chloropyridin-6-ylImethyl) -
piperidin-4-y1]-2-[ (1R) -3, 3—-difluorocyclopentyl]-2-
hydroxy—2—-phenvlacetamide

Structural formula

20
Oy
@(\@v@m
25 The title compound was prepared by a method
similar to method 2 of Example 20, using methyl 4-
chloro—6-hydroxymethylpyridine-2-carboxylate.
'‘H—-NMR (CDC1l,, §ppm) :1. 4 2—1. 54 (24,
0 ™ - 78—2. 26 (10H, m), 2. 76—2. 79 (24,

1
m), 3. 28—3. 38 (1H, m), 3. 42—3. 47 (3H,
m), 3. 67-8. 75 (1H, m), 4. 53—4. 56 (2H,
m) ., 6. 36 (1H, d, J=7. 2Hz), 6. 38 (1H, d, J=
1. 8Hz), 6. 72 (1H, d, J=1. 6Hz), 7. 25—7.
3% 39 (83H, m), 7. 53—7. 57 (2H, m)



(2R)-N-[1- (5-am no- 2-f | uorobenzvl ) pi peridin-4-yl]-
2-[(1R) - 3. 3-di fl uorocycl opentyl ]-2-hydroxy-2- phenyl acetam de Structural
formula [err] 80 The title conmpound was prepared by a method simlar to
the step 2 of Exanple 22 and Exanple 23, using 2-fluoro-5-nitrotol uene.
"HNVR (CDCl[err], [err] p pm 1. 3 6-1814 9 (2H, m, 1. 57-2. 26 (1
™H m, 2. 71-2. 78 (2H m, 3. 24-3. 36 (1 H mM, 3. 42-3. 57 (5H,
m, 3. 66-3. 75 (1H m |o@. r%ol(u]iHord FAB=8#SlHﬂZe 6(0!; HQGIH;N%I#«W) :
7.

6. 65-6. 68 ( 0 6 8 2 1H t, J-=

(3 H m, é$% % é7§) 2 Iom1reso|ut|on FAB—NB (nie
(C[err]H[err]HtggmhLEggﬂ]O[err] + FD[err]) 462. 15 Exanple 36
(2R)-N-[1-(2-am no- | et hyl

Pi peridin-4-vl]-2- obenzyl)piperidin-4-vy|]-
hydr oxy- 2- pgenvl aceEa@(dR)SBr Widirflud send Popént el 11-22hydroxy-2—-  The
title conpound was eﬁared by a pethod simlar to nmethod 2 of Exanple 20,
usi ng net hyl 4- chlghé—§~ﬁ¥§ﬁéw¥#g§hylpyridine-2-carboxy|ate. '"H-NVR (CDC
13, [err] p pm: 1. 4 2-Strustéirad Hodfuld), 1. 7 8-2. 26 (1 OH ), 2. 7
6-2. 79 (2H, n, 3. 283. 38 (1H mM, 3. 42-3. 47 (3 H m, 3. 6
6. 3

7-3. 75(1H m, 4 53-4_.56 (2H m, (1 H d, J=7. 2Hz), 6. 3
8 (1H, d, J= OH g NEL

5l Olodl

Step 1. Synthesis of 3-chloro—-5-nitrobenzyl methanesul-
15 fonate

2
6

Cl

To a solution of 92 mg of 3~chloro-5-nitro-
benzyl alcohol in 3 ml of chloroform, 0.3 ml of tri-—
ethylamine and 0.1 ml of methanesulfonyl chloride were
added at room temperature, followed by stirring for 40

20 minutes, addition of saturated aqueous sodium bicarbo-
nate solution and further stirring for 30 minutes. The
reaction mixture was diluted with diethyl ether, washed
with saturated aqueous sodium bicarbonate solution and
then brine and dried over anhydrous magnesium sulfate.

25 Distilling the solvent off under reduced pressure, 119
mg of the title compound was obtained as an oil.

Step 2. Synthesis of (2R)-N-[1-(3-amino-5-chloro-
benzvl)piperidin-4-v11-2-[ (1R) -3, 3-difluorocvclopentyl]-
2-hydroxy—2-phenylacetamide

30 The title compound was obtained by a method
similar to Example 23, using the 3-chloro-5-nitrobenzyl

methanesul fonate as obtained in above step 1.

'H—NMR (CDCl,, Sppm) :1. 30—1. 44 (2 H,
m).1.78—2.22(10H.m).2.68—2.73(2H,
m), 3. 24—3. 36 (1H, m), 3. 32 (2H, s), 3. 44

35



1. 6Hz), 6. 72 (1 H d, J=1. 6Hz), 7. 25-7. 35 39(3H mM, 7.5
3-7. 57 (2 H m 81 |l ow resolution FAB-MS (nie,
(Cerr]Herr]AFerr]N[err]err] + Hferr]): 479. Exanple 37
(2R) - N-[ 1- (3-am no- 5-chl orobenzvl ) pi peridin-4-yl]- 5

2-[(1R)-3. 3-di fl uorocycl opentyl ] -2-hydroxyg®2- Phenyl acet am de Structural
for

mula [err] Stepl. bgy@,z)hesgs of PB-=chl or07 5 rgHot}ﬂzzyIGrrebh ﬁuﬂhr .
o]

fonate To a sol uti on of 9 of 3-chl oro-5-nitro- zyl "al co

of chloroform dg. 3 H=180f4tH|z) et Byl afond laH] @A ,1 M=af, rewhaneswy f opd
chl oride were gg?g %i room tenperature fol | owed b stirring for 40 20
m nutes, additi f &&urhtel- aduedus S&HEImM bﬁcar éi (atle <bl uk Foh. and

further stirri f 3 nl te ion il

di et hyl et her, F?QH ed \%It atzrratgg) g@%u@%o’dl m ar goné#é ggvidﬂtl on
and then brg nam@nd dried over anhydrous nagne5|un1sulfate 25 Distilling
the solvent off under reduced pr ssure, f the it d mas
obtained as an oil. Step W KyHe !égl'g” F%‘éﬂ&g P—-(S(éam*m(gfggﬁ

benzyl ) pi peri ¢§)rt)4- 449 2-[ (1R) - 3. 3-di fl uor ocycl opentyl ]-
2-hydroxy-2-pEenvIﬁcetﬁgzde 30 The title conpound was obt ai ned
by a nethod si anpl e 23, using the 3-chloro-5-nitrobenzyl

met hanesul fonate as iF | &Fidigeyl-
ppm) 1. 3 0-1. 4 .
35 10

phenylacetamide

Structural formula

OH y
. N F
° Fm\@ .
H
0
F F

The title compound was prepared by a method
similar to the step 2 of Example 10, using 4-amino—3, 5—
20 difluorobenzaldehyde.

'H—NMR (CDC 1, 6ppm) :1. 24—2. 22 (12H,
m), 2. 66—2. 72 (2H, m), 3. 27—3. 41 (4H,
m), 3. 66—3. 71 (3H, m), 6. 28 (1H, d, J=7.

25 8Hz), 6. 77 (2H, d, J=8. 3Hz), 7. 28—~7. 39

(83H, m), 7. 54—7. 56 (2H, m)

low resolution FAB-MS (m/e, (C,;H,,F,N,0, +
H) ) : 480.



m , 3. 24-3. 36 (1H m , 3. 32 (2 g~4p~
1-3. 77 (3H, m, 6. 28 (1 H, d, J= THJ&BMEETE [1H, d, J=1. 9Hz), 6.
55 (1H, dd, J=1. 7, 1. 9Hz), 6. 6 1 yk

(0]

: P ( 1HRE®LAG z), 7. 29-7. 39 (3H,
m , 7. 53-7. 56 (2H, 5 n lowresolU

(qu]WeH]GHeH]Mer]qu]+FMeHw:z%9 Exanpl e 38
(2R)-N-[ 1- (4-am no- 3. 5-di f | uorobenzvl ) pi peri di n-4- 10
vi]-2-[(1R)- 3E¥amgﬂauﬁ%cyclopentyl] 2- hydr oxy- 2- Phenylacetanlde
Structural fornmula {g¢y]yT _I d

344 82 (1H, brs), 3. 6

simlar to the step 0 A E, D,
di f | uor obenzal dehydel]= }#BMFR)fEDGFHeﬁﬂhprbwvdl ﬁvl1—22h4d20x922e1 2H,

m, 2. 6 6-2. 7 2 (2H 3..2.7-3. 41 (4H m, 3.66-3 71 (3H m,
6. 2 8 (1H, d, J=7. micg 77 (2H d, J =8. 3Hz), 7. 28 - 7. 39

(3H m , & 5 4-7. 56 SPHicthrhowfoemallati on FAB-M5 (e,
(Cerr]JHerr]Flerr]Nerr]derr] + HJ[err]) 480. 83 Exanpl e 39
(2R)-N-[ | - (benzi m dazol - 5- vlnethvl)plperldln 4-
yl]-2-[(1R) -3, 3-difluoroc q&%yl] - hydr oxy- 2 phenyl acet ami de
) >©?Y Tead
The title compound was prepared by a method
similar to the step 2 of Example 10, using benzimida—
zole—b-carbaldehyde.
5 '"H—NMR (CD;OD, dppm) :1. 45—2. 25 (104,
m), 2. 25—2. 48 (2H, m), 2. 90—3. 10 (2H,
m), 3. 20—-3. 42 (1H, m), 3. 56—3. 75 (1 H,
m),3.82(2H,s),7.18*7.40(4H,m),7.
91—7. 75 (4H, m), 8. 17 (1H, s)
20
low resolution FAB-MS (m/e, (C,zH;,F,N,0, +
H) ™) : 469
Example 40
(2R)-N-[1-(6—aminopyridin-2-yIimethvl)piperidin-4-
25 vI11-2-(3, 3-difluorocyclobutyl)—-2-hydroxy-2-
phenylacetamide
Structural formula This Sheet Has Been Replaced

il
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The title compound was prepared by a method
similar to the step 4 of method 2 of Example 20, using
35 (2R)-(3,3-difluorocyclobutyl)-2-hydroxyphenylacetic acid
and 4-amino—1-(6—aminopyridin—2-yimethyl)piperidine



Structural formula [err] The title repared by a nethod
S|n1Iar to the step 2 of Exanple 10} T | SHERTeHAS eras BEgR| zol e- 5- car bal dehyde.
'HNWVR (CDerr]OD, [err] ppm) 1.} 45- 2REE§A{§EUJH M, 2. 2 5-2. 48 (2H,

m, 2. 90-3. 10 (2H m, 3. 2 0-3. 7T Z{t+tH~—d3. 5 6-3. 75 (1H nm
. 3. 82 (2H, s), 7. 1 8-7. 40 (4 H n 8 7. 5 1-7. 7% (4H m, 8. 17
(1 H s) lowresolution FAB-M5s (me, (Cerr]Herr]Flerr]Nerr](err] +

Hy[err]): 469tribardroshlo Ry - N-[1 - (6-am nopvri di n-2-vl net hvl) pi peri di n- 4-
yl]-2-(3. 3-difluorocycl obutyl)-2-hydroxy-2- phenyl acetamide Structural
formula [err] Thé HHN&EonpOUC Was @F epprRd hyla netghodisi g har 4 g the
step 4 of nmethod 2 of Exanple 20, us

(2R) - 2- (3, 3- di fPdor odycl®Buryl ) - @Lﬁydr%ﬁ/pmaayl aleti@ &eid. ait24{@Hno- 1
-(6-am nopyri di n~2-y ne I per 84.trihydr chlorlde "HNVR (CDC
13, [err] & prﬁ% b }5)_102 ?2&%8 g) 60g O — 8212 ln)(le 08- 2.
22 (2H, M , 2n)4 032.4 8 H, L= (2 H,
s). 3. 6 0-3. 8>(03 4#)@2@ S?(1§H680 g‘)%ﬁ(@g% 6.
01 (1H d, J 8.(l1HH b)x; ) ,346 (4LO—I(3IHJ B 18s)2, H6Z) 0 16( 1646 gl Ij,: .

J=8. 2Hz) , H, b 437,80 (21 | | ut
FAB- MB (Zﬂe, (é H;#Z@o(zé % (1, P Hzng % 66 (ul IHon

J=8.2Hz),7.28—7.42(4H,m),7.43~T

10 50 (21, m)
low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H) ") : 431.
Example 41
15 (2R)-N-[1-(6-aminopyridin-2-ylmethyl)piperidin—-4-

yl1]1-2-(4 . 4-difluorocyclohexyl)—-2-hydroxy-2-
phenylacetamide

Structural formula This Sheet Has Been Replaced

20 @ OH gy IIIIII l“l" ”I “
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The title compound was prepared by a method
25 similar to the step 4 of method 2 of Example 20, using

(2R)-(4,4-difluorocyclohexyl)-2-hydroxyphenylacetic acid
and 4—amino-1-(6~aminopyridin-2-yImethy!)piperidine
trihydrochloride.

'H=NMR (CDC1l,, dppm) 1. 20—1. 97 (10H,
m), 1. 97—2. 22 (4H, m), 2. 44—2. 68 (1H,
m), 2. 70—2. 92 (3H, m), 3. 42 (2H, s)., 3.
62—3. 80 (1H, m), 4. 42 (2H, brs), 6. 36
(IH,d,J=8.2Hz),6.62(1H,d,J=7.9Hz),

3% 6. 67 (1H, d, J=8. 2Hz), 7. 24—7. 42 (4H,
m), 7. 55—7. 62 (2H, m)

30



H[err]): 431. Exanple 41

(2R)-N-[ | -(6-am nopyridin-2-yl -nmet hv e

yl]-2-(4. 4-difluorocycl ohexyl) - 2- hyd%ﬁ@oﬁéﬁg&?ﬁéﬂt amide Structural
formula [err] The title conpound wastuLep E a_netthod simlar to the
step 4 of nmethod 2 of Exanple 20, using g5

(2R) - 2-(4, 4-di fl uorocycl ohexyl) - 2-hydroxyphenyl acetic acid and 4- anlno 1

- (6-am nopyridin-2-yl metigw ) pé et i di oA FABhMSYQMﬂdNI H;gng

(Cq [err], [ef, ]+ N 1. 20-1. 97 (10 H m, {42 H ,
2. 4 4-2. 6 8 rQﬁg 2. 70-2. 92 (3H m, 3 4 2 (2 H s), 3. 2 3.
80 ( 1H, ”)Ex%m 2422 H br s), 6. 36 (1H d, J=8. 2Hz) . 6. 62
(1H, d, J=7. 9Hz) % g . q " . . ‘L4@ , 7.

55-7. 62 (2H, m <ZR)gEThl; : .
?[arn 459. aanlr R i 2ol [HoE ”hw&ﬂgww*n4-

Phenyl ) - 2- hydr oxyaddiS&h.dig < 2 =Y & [err] The title conpound was
pr epar ed by a net hod 153* éfbré? ?B?m ghod 1 of Exanple 20 usi ng
(2R)-2-(3, 3- d|fluorocyclopentyl) 2-(4- quorophenyI) 2 h cetd 6.8 |d
"HNWVR (CDOJ[err], [err] p pm 1. 3 9-1. 55(2 i

(1LOH m, 2. 7 3-2. 8 1K
. \© on 1

The title compound was prepared by a method
15 similar to the method 1 of Example 20, using (2R)-(3, 3-
difluorocyclopentyl)-2-(4-fluorophenyl)-2-hydroxyacetic

acid.

'H—-NMR (CDC1ls, dppm) : 1. 39—1. 55 (2H,
m), 1. 70—-2. 22 (10H, m), 2. 73—2. 81 (24,
m), 3. 23—3. 36 (1H, m), 3. 43 (2H, s), 3.
65—3. 77 (1H, m), 4. 43 (2H, brs), 6. 81
(IH, d, J=7. 6Hz), 6. 37 (1H, 4, J=8. 2Hz) ,
6. 67 (1H, d, J=7. 4Hz), 7. 01—7. 08 (2H,
25 m), 7. 87 (1H, dd, J=7. 4, 8. 2Hz), 7. 51—17.

58 (2H, m)

20

low resolution FAB-MS (m/e, (C,,H,,F,N,0, +
H) ") : 463.



20 m TfBlsSReeBHaQBeé&lﬁléde m 3. 43 (2H, s) 3. 65-3. 77 (1H,

4. 4 3 ( 1 (1H, d, J=7. 6Hz) 6. 37 (1H d, J=8. 2Hz)
6. mgmj ([T A S
J=7. 4, m | e e,
(C[err]H[err]F[err]N[err]qerr] 4 REBEA(R@‘erenlal Exanpl e

1 (2R -2-[(1R:8: o] I d Step 1.

Synt hesi s of Iﬁeﬁ%g Eggtr%
oxocyclopentyl]-5nﬁﬁﬁhyiilﬂ2_é:&x@@m&uﬁﬂﬁﬁixﬁﬁtiQE&QE&_M___
2-(t-buty|)-5-[(15%Q§%g§9EéQ P! @qﬂ ] 5- phenvl - 1. 3- di oxol an-4-one To a

m xture of 510 ny I)- 5- phenyl 1, 3- dloxolan 4- one whi ch
had been synt3iesp zed 18vby -sisl 1 ) b Re .uedron
Vol . 40, p 4 | £ rof n d m

hoxamst hy| . aedevdPéde me_ Ret | § ﬁ’ han.ARd (bp

sol ution |nIﬂagggggmslhdﬂed(deﬁ@ﬁuxanyGJhﬁ ty C] ~5ophengd—tiy 3sti rring
for 30 15 n1nEIes !Theg a solutlon of 285 ng of cyclopentenone in 1.5 m of

t et r ahydr of ur €and the reaction mixture was stirred for 1.5
hours. The reaction nixTure mag tdirleutodd S4i0 mgetdfy| (2R e5R) e2-\asbed yii)t-h

saturated aq S n1ch|or|de sol utign, ter and then 20 hrin and
dri ed over antyRTBIE! mhgnadi Bredant A enevdiioh i ned  AEsaoFyBRhest 2 athuer
reduced prgsy ethé emuthbagolfesl dgeebrepurdt i£H byTeedaHadPbASSWod .Silica

: /
gel colum chinal oor 20y _(454°' 88 1°%n Y ‘"G F et rahydrofuran
and 1 m! of hexamethyliphosphoric triamide, 1.7 ml of

1.5M lithium diisopropylamide solution in hexanhe was
added dropwise at -78°C, followed by stirring for 30

15 minutes. Then a solution of 285 mg of cyclopentenone in
1.5 ml of tetrahydrofuran was added, and the reaction
mixture was stirred for 1.5 hours. The reaction mixture
was diluted with ethyl acetate, washed with saturated
aqueous ammonium chloride solution, water and then

20 brine, and dried over anhydrous magnesium sulfate.
Distilling the solvent off under reduced pressure,
resulting residue was purified by medium pressure silica
gel column chromatography (developing solvent: hexane /
ethyl| acetate = 15/1 = 10/1). Thus 150 mg and 254 mg,

25 respectively, of the title compounds were obtained as
oil. Configuration of each of the compounds was deter-
mined from NOE of NMR.
Step 2. Synthesis of (2R)-[(1R)-3-oxocvclopentyl]-2-
hydroxy—-2—-pheny|acetic acid

30 To a solution of 61 mg of (2R, 5R)-2-(t-butyl)-
5-[ (1R) -3-oxocyclopenty!|]—-5-phenyl-1, 3-dioxolan—4-one in

3 ml of methanol, 1 ml of 1IN aqueous sodium hydroxide
solution was added, followed by stirring for 3 hours at
room temperature. Distilling the methanol off under

35 reduced pressure, the residue was diluted with water and

washed with diethyl ether. The aqueous layer was made



ethyl acetate = 15/1 - 10/1). Thus 150 ng and 254 ng, 25 respectively, of
the title conpounds were obtained as oil. Configuration of each of the

compounds was deter- nined fromNOE of NVR S ?H'“Q%{HEEEH%@NT (2R)-2-[
ic a -
PLACED

(1R) - 3- oxocycl opentyl ]-2- hydroxy-2-phenvlace To a
solution of 61 ng of (2R 5R)-2-(t-butyl)- .
5-[ (I R) - 3- oxo I -5 p - h13-.di.0xal.an-4- | f t hanol ,
T of 1IN aquiaire kU Py EAEaY aeh el B AL A It Pach B B

stirring for ditedivsl attheom t Ehpepagand c Diayten Ivias d hitedeowanokanbiy- under

et hyl ot hor S ed FigBA  PBEeT gl vPouldd REERSECLRSRICIH T

with 1IN hydrochimrdundici d and extracted with diethyl ether. The organic

| ayer was I &d over - gnesium sul fate to provide 48 ng of the
title corrpﬁmﬁ.e §rF?eq€P€Kt$§%8§igﬁgl e 2 (2R-2-[(9)

- 3-oxocycl opent yl ] - @2R\vdf 6x8) 23-Bhooylcd ogteint vdi-? Ted t ok Y2 eonpound was
prepared by a netho sinilar to the step 2 of Referential Exanple 1, using
10 (2R 5R)-2-(t-butBA4S~H ¢34 ycl opentyl ] - 5- phenyl -

1, 3-di oxol an-4-one. Ref efleatt at | Exeombeudd( ¥ds- Hrledadd -y a method _
3 uorocycl apentat 168 TNer O en22 BICRUASSHE I o PE°P, Tus 1 RgM eSS

di f I uor ocyrd op@R, V3R )-2-pleariit § 1 B-8-GXaIS3R-34-oxir: yiol cp et Yl 1 05-phed§d —1g of
(2R, 5R)-2-(t- #nggqgéfz{ %fﬁ;gagxocyclopentyl]-5-pheny|-1,3-d|oxolan-

Referential Example 3
(2R)-[ (1R) -3, 3-difluorocyclopentyl]-2-hydroxy—2-

phenylacetic acid
15 Step 1. Synthesis of (2R, 5R)-2-(t-butyl)-5-[(1R)-3, 3-
difluorocyclopentyl]-5-phenyl-1, 3—dioxolan—4-one
To a solution of 256 mg of (2R, 5R)~-2-(t-
butyl)-5-[(1R) -3-oxocyclopentyl]-5-pheny!|-1, 3-dioxolan-

4-one in 3 m|l of chloroform, 0.34 ml|l of diethylamino-

20 sulfur trifluoride was added under cooling with ice,
followed by stirring for 20 hours at room temperature.
The reaction mixture was diluted with diethyl ether,
washed with water and then brine, and dried over anhy-
drous magnesium sulfate. Distilling the solvent off

25 under reduced pressure, resulting residue was purified
by silica gel column chromatography (developing solvent:
hexane / ethyl acetate = 20/1) to provide 115 mg of the
title compound.
Step 2. Synthesis of (2R)-[(1R)-3,3-difluorocyclo-

30 pentyl}-2-hydroxy—-2-phenylacetic acid

The title compound was prepared by a method
similar to the step 2 of Referential Example 1, using
(2R, 5R) —-2—-(t-buty!)-5-[(1R) -3, 3-difluorocyclopentyl]-5-

pheny!—-1, 3-dioxolan—-4-one.
35 This Sheet Has Been Replaced

R




4-one in 3 mM of chloroform 0.34 m of diethylam no- 20 sul fur trifluoride
was added under cooling with ice, followed by stirring for 20 hours at room
tenperature. The reaction m xture was dil ut th diethyl ether, washed
with water and then brine, and dried over % hHﬁ;QHQHEHﬁSdﬁEN unlsulfate
Distilling the solvent off 25 under reduc® presspEmACEDSUl tihg residue was
purified by ji % % gotunn %natograph ' ent : hexane /
et hyl acet at €'& 207 ?'? *807PdE f15 ny of the title compound. Step 2.
Synthesis of (2R){2R]2RX18)33di3Hdudrlaemaiorc Bfbentyl]-2-hydroxy—-2-
pentyl | -2-hvdr oxy- !Eh é'f& t|c acid The title conpound was prepared by a
method simlar to rentlal Exanpl e 1, using

(2R 5R)-2-(t-butyl)-5- [Th&) t$t3edlcblmwmnm#amquéréd bbeaylneihod
3-di oxol an- 4- one, E@ferentlal le 4

3- d|quordEy6?Ubeh?9l dpseptial, Rl&tdc %%fﬂngéR?%B Ve 2cdtsound was

prepared by & uwey hpd55[$nsbl—ar—o&@c@@‘l@;ﬁdﬁmljaambﬁyii 1U8~ld9doxo lan—
(2R, 5R)-2-(t-, butyl)-5-[(1S)- 3-oxocycl opentyl]-5-phenyl -1, 3-di oxol an-
4-one. Ref er ht9n¢- Exanple 5 (2R)-2-[(1S) -3-hydroxvcycl oentyl -2-hydroxy- 2-

10 Phe'n’é'ﬁ&ﬁéhﬁla‘?' ExgﬁtﬁnelS Synt hesi s of
(2R 5R) - 2- (t - butyl )-5-[
hydroxvcvclopentyl~ : =P BV OX RERCY il {"ef” 169 ng of
(2R 5R) - 24 gt - buty Q%G clopentyl] 5- phenyl 1 3-di oxol an- 15
4-one in é n%r%aldéégklé QNSOdIUﬁ]bOF hydri de mas added under
cool i ng WthSt;@p 1‘0||§ym§__§_§|$ﬂoffr|m 5R) —2—-(t=butv|)-5-[ (1S)
hydroxvcyclopentyl]-5- phenyl—1.3 dloxolan—4—one
To a solution of 169 mg of (2R, 5R)-2-(t-
buty!)-5-[ (1S) ~3—-oxocyclopenty!|]-5-phenyl-1, 3-dioxolan-

15 4-~one in 2 ml of methanol, 71 mg of sodium borohydride

was added under cooling with ice, followed by stirring
for 30 minutes at the same temperature. The reaction
mixture was diluted with diethy!l ether, washed with
water and then brine, and dried over anhydrous magnesium
20 sulfate. Distilling the solvent off under reduced
pressure, 157 mg of the title compound was obtained as a
colorless oil.
Step 2. Synthesis of (2R)-[(1S)-3-hydroxycyclo-
pentyl]-2-hvdroxy-2-phenylacetic acid

25 The title compound was prepared by a method
similar to the step 2 of Referential Example 1, using
(2R, 5R) -2~ (t-buty!)-5-[ (1S) -3-hydroxycycliopenty!]-5-
phenyl-1, 3—dioxolan—4-one.

Referential Example 6

30 (2R) - (1R) -3-hvdroxycvclopenty!]-2~hydroxy—2-

phenylacetic acid

The title compound was prepared by a method
similar to Referential Example 5, using (2R, 5R)-2-(t-
buty!)~5-[ (1R) -3-oxocyclopenty!]~5-phenyl-1, 3-dioxolan-

35 4-one.
This Sheet Has Been Replaced
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for 30 nﬁmsgﬁa}hSBe qumﬁ% tenperature. The reaction m xture was dil uted
wth diet q;mgﬂiﬂl{“ Il% ed with water and then brine, and dried overd 4
anhydr ous Of8ul fate. Distilling the—sgtyr Yol Hg@ar reduce
pressure, 157 ng of the title conmpound waggobt éﬁﬂ‘gé\“%&ﬁ%o?orl ¢ss oil.
Step 2. Synthesis of (2R)-2- (1S)-3-hydroxvchLg;_EE__ :
pentyll - 2- hvdpepyrartieV Beshp Fe 2§l d 25 The title conpound was
prepared by a nethod simlar to Fhe step 2 of Referential Exanple 1, using
(2R, 5R) - 2- (t-butyl S 3= engl]l-]152-hydroxy—2-
phenyl - 1, 3- di oxol antfs cdEefergptyal Exanple 6 30 _ _ _
(2R)-2-[(1R)-3-hyd?%xé@cg%npepgyigfg-hydroxy-2- Phenyl acetic acid The title
conpound was prepared byl he rietthbel tsd>m1bd>andtna52ebeeﬁlatrlelfd Eoéamﬁ @tl’léod usggg
(2R 5R) - 2- (t - t-wl) .- -1 ( - 3- CE? ntyl - 5- phen 3- ol an-

(2R SR)-2- L efiol: %d (e e ¥ o8y SERRERTY' b SLRSY (o= FLRFLS

(1S) - 3- f | uor obydiropymtyd apdryidy bky22hydherytaephiea ydaick thike d4d id.e conpound

was prepared jm]arato Referential Exanple 3, using
(2R)P2-F(1S)-g¥f%§§5%93g 3?%%@%{3I?-2-hydroxy-2-pheny|acetic aci d.
Referential Exanpl e(za)(—sz/m-Ra-ﬂaﬂuo.a_oéwoogemwaegt-wv]dr%moxv- 2-

phenyl acetic acid 1 . The,title conmpound was prepared by a net hod

simlar to ReferenPi@nydagadic Acidi \q(2R) - 2-[(1R)- 3-

hydr oxycydloopent yl | - 2- hyidveoxtyi-t2- e heop eeedl | wa 8Ch e pRefedr &yt ialmdtasep! € 9
similar to Referential Example 3, using (2R)-[(1R)-3-
hydroxycyclopentyl]-2-hydroxy—-2-phenylacetic acid.

Referential Example 9
2-cyclopentyl-2-hydroxy—2-phenylacetic acid

15 To a solution of 23.5 g of ethy! phenylgliy-
oxylate in 200 ml of tetrahydrofuran, 70 ml of 2.0 M
cyclopentylmagnesium chloride solution in diethyl ether
was added dropwise under cooling with ice, followed by
stirring for 30 minutes at the same temperature. The

20 reaction mixture was diluted with ethyl acetate, washed
with saturated aqueous ammonium chloride solution and
brine, and dried over anhydrous magnesium sulfate.
Distilling the solvent off under reduced pressure, the
residue was purified by silica gel column chromatography

25 (developing solvent: hexane / ethyl acetate = 30/1 -
20/1) to provide 11 g'of ethyl 2-cyclopentyl-2-hydroxy-
2-phenylacetate, which was dissolved in 40 ml of metha-
nol. To the solution 20 ml of 4N aqueous sodium hydrox-
ide solution was added at room temperature, followed by

30 stirring for 2 hours at the same temperature and further
for 1 hour at 50°C. Distilling the methanol off under
reduced pressure, the aqueous layer was made weakly
acidic with 4N hydrochloric acid and extracted with
ethyl acetate. The organic layer was washed with water

35 and then brine and dried over anhydrous magnesium sul-

fate. Distilling the solvent off under reduced pres—



2-cyc|opentymggmayﬂgm%ygam@aﬁnvlacetic acid 15 To a solutlon of

.5 g of et oxylate in 200 m of 70 m of
2.0 Mcycl op EUHLCN oride solution i added
dr opwi se und ice, foll owedgdoy st i . utes at the
sanme tenperature. The 20 reaction mxturewas diluted with et acet at e,

washed with saturat ag ch or| olu |on nd brrne and
dried over aﬁﬂﬁﬁou %%é#ﬁﬁr! ngfgh d (HIF tt UEﬁt Sff under
reduced presslirethy heetleerdaradvvhexpmel fi thdsy 4. I7 ca @él thel il e

chronatograp evel o solvent hexane / ethyl acetate = 30/1 -
20/1) to pro (ﬂPQH.% wEs ghgg'ﬁ éyclopentyl-z-hydroxy- 2- phenyl acet at e,
whi ch was di Recfleresht ha BOExampl en®#Oha- nol. To the solution 20 M of 4N

aqueous sqflun1hy_ﬁgf%eng_z%_gh;ai;igsgagigl% roo erature fol | oned
by 30 stirring for —1 hour
at 50[err]C. Distighemglabetiret handl of f under reduced pressure t he
aqueous | ayer, was Kl =

extracted wi tF&R hVl Bs i
and then bri gs
sol vent off un . 90 sure, the resrdue was marshed wth 1:
1 m xture of P& 8.7 g of the title conpound

was obt ai fgd. Ref er entl% Exam)heuéﬁ 6$R1322g o¥ R)2R 35R)3—2L(tibhtyl)—
uor ocycl pentyl ]-2-hy droxv 2- phenyl acetic acrd Synthes i "s of (2R,

5R) -2- (t- b3 hgnytﬂ[ rdROXQﬂaansé“OGR ins)l. é bx%frteteybvérpﬁurzn 1. 0
[err]]dec-8- qmﬁﬁrny|3f5T.9thYhtﬁuuﬁ di Py RIRide solution in
hexane was added dropwise at -78°C, followed by stirring
for 30 minutes, addition of 23.4 g of (1S, 2R, 6S, 7R) -
15 tricyclo[5.2.1.0% *ldec-4, 8-dien-3-one as dissolved in
300 m! of tetrahydrofuran, and further stirring for 1.5

hours. The reaction mixture was diluted with ethyl
acetate, washed with saturated agqueous ammonium chloride
solution, water and then brine, and dried over anhydrous
20 magnesium sulfate. Distilling the solvent off under
reduced pressure, the residue was recrystallized from
hexane—ethyl acetate. Thus 36.9 g of the titie compound
was obtained as a white solid.
Step 2. Synthesis of (2R, 5R)-2-(t-butyl)-5-[(18)-4-
25 oxo—-2-cvclopentenyl]—-5-phenvl-1, 3-dioxolan—4—one
A solution of 25.6 g of the (2R, 5R)-2-(t-
butyl)-5-[ (1S, 2R, 5R, 68, 7R) -3—-ox0-8-tricyclo[5.2.1.0% ]~
dec—8-en-5-y|]-5-phenyl-1, 3—-dioxolan-4-one as obtained

in above step 1 in 350 ml of 1,2-dichlorobenzene was

30 heated at 175°C for 7 hours with stirring, under nitro-
gen atmosphere. Thus precipitated solid was recovered
by filtration and washed with hexane to provide 14 g of
the title compound as a white solid.
Step 3. Synthesis of (2R, 5R)-2-(t-butyl)-5-[(1R)-3-

35 oxocyclopentyl]-5-phenyl—-1,3-dioxolan-4-one

To a solution of 19.1 g of the (2R, 5R)-2-(t-




To a 90k Bhdeihs BbenIRplge®f (2R, 5R)-2-(t-butyl)- 5- phenyl 1, 3-di oxol an-4-one

in 1.1 ofuran, 105 mM of 1.5 ittt | am de

sol uti OHIMCMME [Ws added dropwi se at -78 ,,THfEbﬁﬁﬁﬁkﬂAE;g#QQ i¥ring for 30
m nut es 23. 4 g of (1S, 2R 6R TR - ‘REPLACED

tricyclo[5.2.1. O[err]]dec 4, 8-di en- 3-one '>>U|Ved n 300 M of

t et rahydr of ur,an stirri for 1.5 hours; The reactign m xture
was dil uted \H‘{W@ faﬁigiat 522% %?‘he%%‘? ¥ Lfea B ﬁgéﬂstla ni um

chl ori de sm|d|axnlmaféroaada&hahﬂamn&d andalssveds bepr 2anihy @0Qus Imagihesi um
sul fate. Distillin he s nt_ of er duced pressu t he residue
was recryst alq*r}})ég ?g?)%ﬁaﬁgx he%etghﬁff M}?aﬁae{ Fal‘ﬁh‘ém'égcha E}Ph[ Me%itle
conpound was add@dneﬁoa$oaedhbWes&dnnﬁngﬁfﬂr22 héyﬂkhaslerdhneza

ngjl gxgltanéjty%‘%{%g é’é& fi Y Hg)ég_ Q%%Clo%’fe ‘{é‘“rg gR) %eﬁdf’ﬁl e [ (1R,

2R, 3S, 6R 'ﬁatétwéﬁt6f$YQh@h5d|%t|ﬂ||ng the solvent off under
O[err]]-dec- 8- éﬁh g é ghen yl -1, 3-di oxpl an-4-one as g g I.ne above
step 1 in 350 §RUGPA1P2Eq HREor dhenz &R W%%I%%°5¥s & ?é?ﬁ CTr&M 7 hours
with stirri ngwe*’é\d@*eﬂhwoacﬁft%t%t s pradwided g greei pheatga |¥0lcdnfl- was
recovered by filtration an wash d mnth hexane to provide 14 g of the title

conpound as PUHIY cagoRi W iLEes Synthe5|s of (2R

5R) - 2- (t - pyt 1 | i | d-one T
sol) utlg ; gg ;sgaeé 4( %gtheéq%y@fog@w)ylugﬁ%@ng d if udrex9iar-4-one To a
butyl ) - 5- [(1S&ﬂILbk£Z§ZE¥QL&#&m@i&bﬁﬂ!iﬁﬁﬁi@&.ﬂ,Bﬂ di oxol an- 4- one as

obtai ned in above step ?hént7QQe”bdﬁbdﬂﬁ&”wé%*ﬁﬁﬁﬁhr@dobg af mé@¥od

pal | adi um on- carbon was added, followed by stirring f oursRSt ordi nary
5 tenper at ur ¢ iumidkar hy@ngéﬁr&mrﬁ@dhér@mniat%r.tmglmaetbat 4PRsOR3t121 hen

di stilling the solvens-8L] (YRIEB-oxocyclopenty|]-5-phenyl~1, 3~
15 dioxolan—-4-one as obtained in above step 3.

Referential Example 11
(2R) - (3,3-difluorocyclopentyl)-2-(4-fluorophenyl) -
2-hydroxvacetic acid

The title compound was prepared by a method
20 similar to the step 1 of Referential Example 1 and
Referential Example 3, using (R)-4-fluoromandelic acid.
Referential Example 12
(2R) —~ (3. 3-difluorocyclobutyl)-2-hydroxy—-2-
phenyvlacetic acid
25 Step 1. Synthesis of (2R, 5R)~2-(t-butyl)-5-(3-benzy|-—
oxy—1-hydroxycyclobutyl)—-5-phenyl-1, 3-dioxclan—-4-one

The title compound was prepared by a method
similar to the step 1 of Referential Example 1, using 3-
benzyloxycyclobutanone.

30 Step 2. Synthesis of (2R,5R)-2-(t-butyl)-5-(3-

benzyvloxvcyclobutyl)-5-phenvl—-1, 3-dioxolan—-4-one

To a solution of 2.82 g of the (2R, 5R)-2-(t-
butyl)-5-(3-benzyloxy—1-hydroxycyclobuty!l)~5-phenyl-1, 3-
dioxolan—4-one as obtained in above step 1 in 80 m!| of

35 chloroform, 2.6 g of 4-dimethylaminopyridine was added
under cooling with ice, followed by stirring for an hour



reduced pressure, the residue was recrystallized from hexane-ethyl acetate
to provide 14 g of the title com pound as a white solid. 10 Step 4.

Synt hesis of (2R)-2-[(1R)-3. 3-di fl uorocycl o-

pentyl | -2-hydroxy-2-phenvl acetic acid The,jitle conpound was prepared by a
method simlar to Referential Exampl e 3, ing the (2R,5R)-2-

(t-butyl)-5-[( oxocy ent phenyl.-1, 3- 5, .di oxol -0 S
obtained in a?oto%)eh%tﬁ?)m% 8(@%?']"& Egg?npqrbe 11e4Sk| 08, Mi X’ Lrd, ©1°

3- d|f|ugrocydﬁnmﬁmh%lﬁeh#e?bggwoahdmﬂ@-ﬁébdeH@dyaﬁeiﬂOwad;dyT?Qﬂﬁ4|el
conpound was prepage met hod, 20 sim,l.ar to.t Referenti a
ool e 1 and 1 of St A1 ARRErp| dh8. reatiy QT X FH 8 SRanGI HESs M th
Referential k¢anetefdem( ZR)asBed( a nélhd!wfalw mvd:lﬂbehﬁybh ﬁehydhdxﬂ-ra-ed
Phenyl acetjc acid 25 S%eg S§nthe3|s (2R 53% %L g 5- ( 3- benzvl -
oxy- 1- hy droxRNRT GBRIRYHY 0uS LRagPeSEL & 6t HhE O] [thecamiound. was
prepared by a &t heflif suAtkar reducled ?)tl*é%s]urfg %@m@&ﬁ&heaﬁﬁphﬁxhd usi ng
3- benzyl oxycycl obut anone., 30 Step 2. Synthe

(2R 5R) - 2- (t Wikl jexans_/ b@ﬁbw'of&@\r@ﬂ@om f5' b%‘éh?lmixﬁudpo%'ldan 4- one

To a sol utiorfpfter&d ﬂhﬁéukhea(%Rl5ﬁh éﬂ'column DIStl'IInF the
butyl)-5-(3-benzyl oxy drox cycl obutyl ) - 5-phenyl - - di oxolan-4-one as

obtained in éﬁbV@ﬁ%?e%fltKﬁ §® ﬁFaGP 9§ﬁﬂﬂﬂﬁﬁﬁcﬁ?ﬁuﬁe grefgsure, the
4- di met hy‘@mr‘w ddlé“ﬂﬁs"\@$s§gq|9@durmer8(f;(ﬁpll i ¥ [heh&®: ah@l keWad ey

stirring for an hour he same tenmperature. To_the reaction

m xt ure, mSQﬁutm&hyﬁscmgopégﬁyaxw&ﬂﬂbh&ﬁ#Qﬂhﬂiwrvﬁltbméé)bynﬁt2r3
ml of tri—n-butyltin hydride were added at room tempera-
ture, followed by heating for 4 hours at 110°C with
stirring . Distilling the solvent off under reduced

15 pressure, the residue was purified by silica gel column
chromatography (developing solvent: hexane / ethyl
acetate = 8/1) to provide 1.82 g of the title compound
as an oily substance.

Step 3. Synthesis of (2R, 5R)~-2-(t-butyl)-5-(3-
20 oxocyclobuty!)-5-phenyl-1, 3-dioxolan-4-one
To a solution of 1.82 g of the (2R, 5R)-2-(1-
buty!l)-5-(3-benzyloxycyclobutyl)-5-phenyi-1, 3-dioxolan-

4-one as obtained in above step 2 in 40 m|l of ethanol,
430 mg of palladium hydroxide—carbon was added, followed

25 by stirring for 6 hours at ordinary temperature under
hydrogen atmosphere. The reaction mixture was filtered
through Celite. Distilling the solvent off under re-
duced pressure, the residue was dissolved in 5§ ml of
dichloromethane, and the resulting solution was added

30 dropwise at -78°C to a reaction mixture formed by adding
0.63 ml of oxaly! chloride to 1.1 ml of dimethylsul-
foxide in 50 ml of dichloromethane at -78°C and stirring
for 5 minutes. After stirring for 15 minutes at the
same temperature, 0.5 ml of triethylamine was added to

35 the reaction mixture and stirred for 30 minutes while
raising the temperature to room temperature. The reac-—



ring for an hour. The reaction m xture was dil uted
with water and then brine, and dried 5 over anhydrou
Distilling the sol- vent off under reduced pressure,
wi th hexane / ethyl acetate = 1/1 liquid g xture andef :
silica gel colum. Distilling the solvent¥0f the filtrate off under

pressure, the 10 residue was di.ssqlved in 8 of toluene nd to the
sol uti on 56 rﬁ:f‘Uf E' @ulgzﬂﬂﬁsgi'jb‘m%'rﬁnl rq%@)f%ﬁar@. SWﬁFth with
tri-n-butyltiyytwdrade vReA BUI@, alandYP &IPSV ér éH_ﬁ?'d_rBQH e Wi um

heating for 4 hours at 110[err].C with stirring . _Distilling the solvent off
under reduce&qﬂféﬁ%ssuﬁéSRﬂHé'PGsmhﬁa%&ﬁY%ﬁfiQfﬁdUB9e§iFPé&cgél col um

chr omat ogr aphy dgleyeb OPtRE FekV @l WX an i Fidivby a6¢1 k8 gefi/la)omnn

provi de 1. 82 of the tit|e conmpound as an oily substance. Step 3.
Synt hesi s ®f q%m%ogr?phuut(_ﬁpy_ed%ﬁg@oIvent: hegane / et?\yl
oxocycl obut yla)%éu%ﬁ-?%[ ?éi ¥ do0xtlod oty qr!eseTlc)% ?%fgt]wé' Rtok Lofidolirf ! he

(2R, 5R)-2-(t- . enzyl oxycycl obuty enyl | oxol an- 4-one
as obtained ias abovei by epubstang@.ni " of ethanol, 430 ng of palladi um

hydrOXide'Ca%ﬁgg%Wﬁs aggggheEQE'QME Dys A1 1+ o F 8Ev 81 BBHES 134 ?Lgary

tenperature u ydr O

t hr ough Celiﬁgﬁﬂﬁt&tt&tﬁhgﬂumﬂggﬂggﬂﬁgkﬁf under re- duced pressure, the
rosi duo vy di esol ved 3 B} 0F doRBRLATSAENE o FACANGy EoHkENE

sol ution was added 30 dropw'se at y FRACTY onY nixlgre
addi ng 0.63 rdimflaxatyl| Refieoende atlo Exammiie a3, disrenpytbal {2RpHRJe-Z3n 50 ni

of di chl oronethe -£8l/srr t i iyngs f inukes. After stirring
Por 15 m nut et AFs AL S40K8T kIR BV R ety I B o ol B g
to 35 the reante ons nobtai eedndnstaboved step 3 mi nutes while raising the
tenperature tp room ?QPGEQEHE?E F@e r eac-
15 (2R)-(4,4-difluorocyclohexyl)-2-hydroxy—-2-phenyl-
acetic acid
Step 1. Synthesis of (2R, 5R)-2-(t-butyl)-5-(1, 4-
dioxaspiro[4. 5]-dec—8-y1)—-5-phenyl-1, 3—dioxolan—4-one

The title compound was prepared by a method
20 similar to the steps 1 and 2 of Referential Example 12,
using 1, 4-dioxa-8-oxospirol[4. 5]decane.
Step 2. Synthesis of (2R, 5R)-2-(t-butyl)-5-(4-oxocyclo-
hexyl)-5-phenyl-1, 3-dioxolan-4—-one
To a solution of 83 mg of the (2R, 5R)-2-(t-
25 butyl)-5-(1,4-dioxaspiro{4.5]dec—-8-yl)-5-phenyl—-1, 3-
dioxolan—4-one in a mixture of 4 ml of acetone and 0.4

ml of water, 52 mg of p—toluenesulfonic acid was added
at room temperature, followed by stirring for 13 hours
at 50°C. Distilling the acetone off under reduced
30 pressure, the residue was diluted with ethyl acetate,
washed with saturated aqueous sodium bicarbonate solu-
tion and then brine, and dried over anhydrous magnesium
sulfate. Distilling the solvent off under reduced
pressure, 70 mg of the title compound was obtained as an
35 oil.
This Sheet Has Been Replaced




93 tion liquid was diluted with chloroform washed with water t hen
brine, and dried over anhydrous magnesium sul f at THI tH7 HAS BEPR |sol vent
of f under reduced pressure, the residue was puri {p Aégga.gel colum 5
chr omat ogr aphy (devel opi ng solvent: hexang / eth
provide 1.36 g of the title conpound as an oily substance. Step 4.

ynthesis of sba w2 Jyreltd | YopPCYBRIDUNY Wlofor NV 92Ve FoRDEPY) @5e! | ©

acid 10 ar to

Ref erenti al WEMQBQSR) 2-

Sbove. st bp 3 Rofer et |16 BbfEF E0GH¥quha°vaSCEReBErsg WY &mEPhABYNCC 11
4f dl(lequgrRocyelmhgaﬁ YE®2- Rryﬁﬁoexryt BabhEn;Inplecet,l cusamgzl ﬁ’iep(zR 5RByAt-hesi s
(0] V,

i oxacor 1 51 4 TRV E) ST H Skenye ] ahexu g Rhenydiel et 949 aB5Found

was prepar edohye asﬂﬂﬁmnhﬁﬁusin1bhov505tbﬁ gteps 1 and 2 of Referential

Exanpl e 12, using 1,4-dj 8- |ro[4.5]decane. Step 2. Synthesis of
(2R 5R) - 2- (t RefEN9itE.q QO%&%JEE hexyl) 5- phenyl - 1. 3- di oxol an- 4-one To a
sol ution of 83 ”DﬁﬂR)_Eﬁ —81 luoPbeyclopentyi]-2-hydroxy—2-
butyl)-5-(1, 4- d|0x3 Equ 4. S!dec 8dyl) 5- phenyl -1, 3- di oxol an-4-one in a

m xture of 4 m o y¥: ~=m of water, 52 ng of p-toluenesulfonic
acid was ﬁﬂdSQe%t 1r.00M8  1REMES pé U6 €, (PRI BR ed Iy ngf PCIRB-Pours at
50[err]C. Distilling the ace one 0 ] ] the residue
was dil uted hhil 1 BRGY G @R enkY §NYA T 247 DS 3REuUm

bi car bonate solu- tion mcgtg\@m{)[bﬁle fang ﬁ\ @.q: q\QeRr h.ygir b FRENESI um
sul fat e. E"St'Hﬂggﬂ t he sol vent off uoder reguced preéggre gysng gf?the

title conpouRd obizaxeeyakopenty [ ]-5-phenyl-1,3-dioxolan-4-one in
1.5 ml of pyridine, 85 mg of hydroxylamine hydrochloride

15 was added and the mixture was stirred for | hour at room
temperature. The reaction mixture was diluted with
ethyl acetate and washed with water and brine, and then
dried over anhydrous sodium suifate. The solvent was
removed under reduced pressure to give 55 mg of the

20 title compound.

Step 2. Synthesis of (2R, 5R)-2-(t-butyl)-5~[(IR)-3, 3~
difluorocyclopenty!]-5-phenyl-1, 3-dioxolan—4-one

To a mixture of 20 mg of nitrosonium tetra—
fluoro borate and 0.5 ml of 70% hydrogen fluoride—-pyri—
25 dine, a solution of 34 mg of (2R, 5R)-2-(t-butyl)-5-
[ (1R) -3-hydroxyiminocyclopentyl]-5-phenyi-1, 3-dioxolan-
4-one in 0.5 ml of dichloromethane was added under ice-
cooling. The mixture was stirred for 10 minutes at 0°C
and 5 hours at room temperature. Water was added to the
30 reaction mixture under ice—cooling and the mixture was
extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium bicarbonate solu-
tion and then brine, and dried over anhydrous magnesium
sulfate. The solvent was removed under reduced pressure

35 to give 35 mg of the title compound.
This Sheet Has Been Replaced
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35 oil. 94 Step 3. Synthesis of (2R)-2-(4,4-difluorocycl ohexyl)-2-
hydr oxyphenyl acetic acid The title conpound was pre met hod
simlar to Referential Exanple 3, usi ng t he Wﬁ{z HﬁS BEEN
(t-butyl)-5-(4-oxocycl ohexyl)-5-phenyl - éﬁd 0X0 %ET@ACEWe as jobtained in
above step 2. Referential Exanple 14 (2R

[ (IR -3.3-difduoragyc 2xhydr enyl ace agi 0 Step 1.
Synt he5| s of é(tﬁggg MM_@_MDC Vopenh{Fl oL Hv%roxv-&

hydr oxyi m no@hadropead ¢t i e Saplidnvl - 1, 3- di oxol an-4-one To a solution of 46 ng
of (2R 5R)-2-(t-butyl)- ey d b thod

5-[ (I R) - 3- oxocycl opent yl §¢5t bhéRy FOTPound, was, Rreraied by & methe
pyridine, 85fsniljn i?)ifahytldsoxhbaaitep ﬁy@ﬁommﬁdﬁt ilb] vEsampltlediandstihg m xture
was stirr ou oom te r r action mxture

diluted with @%yﬁa?:%fﬁ‘{’ ﬁalb\,ggg iﬁb&”- t‘@r‘gg‘h‘&l’%‘?’/ﬁ@%ﬁMt’ﬁ%“dri ed
over anhydroqﬁuﬁgpluﬁ1suﬂiakalaEHQAwwguﬂu was renoved under reduced
pressure to give 55 ng of the 20 title conpound. Step 2. Synthesis of

(2R 5R)-2-(t-butyl)-5-[(IR) -3, 3-

di fl uorocycl qppiigi ¢ i 21 PPentliiiz3abdilg an 4-one To a m xture of 20 ng of
nitrosoniumfetfra- fluoro Borate an .of 70W qldrogen fluoride-pyri-

25 dine, a solution of Baepdl BPVGQR‘QRPi?J(UJHht |4=disubstituted

[ (1R) - 3- hyglr e dp MFH&'BQ?”WHW%IO%@“YHH& p?réBé)d(P' PiveAt P8R hav@ 5 nl of
di chl or onet hane was added under ice- cooling. The mxture was stirred for
10 minutes atse[ed¥ ]\ anOtagRoUsS ist aﬁidmlttéhpfé?'atmllﬂ%?a\'/\aﬂéﬁ Was raceed t o
the 30 react iyQf} 41 X4 A Ce KAFBT ¢! %?G%QQ'e'rch AY et N Kby equpat F8h" 3¢ ed

with ethyl acetat'e. The organic [ayer was '
action and pharmacokinetics, so that they have little

side effects and are safe and effective. Hence, they

15 are very useful in the treatment or prophylaxis of
diseases such respiratory diseases as chronic obstruc—
tive pulmonary diseases, chronic bronchitis, asthma and
rhinitis: digestive diseases such as irritable bowel
syndrome, convulsive colitis, diverticulitis and pain

20 accompanying contraction of smooth muscles of the diges—
tive system: urinary disorders like urinary inconti-
nence and frequency in neurogenic pollakiuria, neurogen-—
ic bladder, nocturnal enuresis, unstable bladder, cysto-

spasm and chronic cystisis: and motion sickness.
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washed with saturated agueous sodi um bi carbonate solu- tion and then brine,
and dried over anhydrous magnesi um sul fate. The sol vent was renoved under

jltmmunmﬂﬂnrujﬂﬂ to give 35 ng of the title compound. 95 Step 3.

| uorocycl opentyl | - 2- hydr oxy-2- phenyl acetic acid The

t|tIe Conpouhd was prepared by a method si9%ilar to the step 2 of
Referential Exanple 1, using 5
(2R, 5R)-2-(t-butyl)-5-[(1R) -3, 3-di f| uor &&¥dIMpent yI ] - 5-
phenyl - 1, 3-di oxol an-4-one. Industrially utilizability The

fluorine-containing 1,4-disubstituted 10 piperidine derivatives of the
present inventlion have s‘tﬂ\a:tlf/buamagoqoetacnan@ vi, td-d icgubasttutedc MB

phar macoki net PabeTad i S4By FLh e8] ProPEsehinet i He dRarfar 4FCERR-0ng

effective. Hemud,a thiey 15 are very useful in the treatment or prophyl axis
of di seases such respiratory di seases as chronic obstruc- tive pul nonary

di seases, chronic bronchitis, asthnma and rhinitis: digestive diseases such
as irritable bowel syndrone, Aéoﬂ)/ulsiv- oIitis diverticulitis and pain 20

acconpanyi ng contractio f nug he dig tive system
urinary disorders |ike na y I C%ﬂtl % ce nd freaﬁéncy i N neurogenic
pol | aki uria, neurogen- ic bl adder, noctturnal enuresis, unstable bladder,
cysto- spasm and chronic cystisis: and notion sickness. CLAI M5 1.

Novel fluorine-containing 1,4-disubstituted
and pharmaceutically acceptable salts thereof,

[wherein:

Ar represents an aryl group or a hetero-—
aryl group having 1 to 2 hetero atoms selected
from a group consisting of nitrogen, oxygen
and sulfur {(any 1 to 3 hydrogen atoms on the
ring of said aryl or heterocaryl group may be
substituted with lower alkyl, trifluoromethyl,
cyano, hydroxyl, nitro, lower alkoxycarbonyl,
halogen, lower alkoxy, amino or lower alkyl-—
amino) ;

R' represents C,-C, cycloalkyl whose any
1-4 hydrogen atoms may be substituted with
fluorine atom(s) ;

R? represents C,-C,, saturated or unsatu-
rated aliphatic hydrocarbon groups whose any 1
to 6 hydrogen atoms may be substituted with
fluorine atom(s), aralkyl, arylalkenyl,
heteroarylalky! or heteroarylalkenyl group
having 1 to 2 hetero atoms selected from a
group consisting of nitrogen, oxygen and sul-
fur (optionally any 1 to 3 hydrogen atoms on
the ring in said aralkyl, arylalkenyl, hetero-
arylalkyl or heteroarylalkeny! group may be
substituted with lower alkyl, trifluoromethyl,
cyano, hydroxyl, nitro, lower alkoxycarbonyl,



pi peri di ne deri vatji by the general for- nmula [I] [err] and
phar maceutical |y a]cmmummmljﬂum hereof, [wherein: Ar represents an aryl
group or a hetero- faryl grotip having 1 to 2 hetero atons selected froma

group consisting of nitrogen, oxygen and gulfur (any 1 to 3 hydrogen atons
on the ring of said aryl or heteroaryl group may be substituted with | ower

al kyl, trifluoronethyl ,hgygggn' h%{gwgwla,lkryw,oﬁﬁn@y@r%fl kg\fé/pagwg)fl_,

hal ogen, | ower al koxy, amno_or |ower alkyl-""a err] represents
Cerr]-Cerr] cycloalkyammho%e ang 1-4 hydrogen atons may be substituted

with fluorine atom(s); Rerr} LERRESEHLS g}yg]wﬁierr] saturated or unsatu-
y 1

rated al i phatic hydrocarbon groups whose an 6 6 hydrogen atons may be
substituted wirdv fdedrthataatniepstaedithdr, cne/|ef KRhyand hBf ecoatpliaskyl or

het er oaryl al kenyl _gr hayjng .1t tero atons selected froma group
consi sting oFﬁH¥E?%d@§Peof¥88g'éﬁd%§§ﬂgﬂrur (optionally any 1 to 3 hydrogen

atons on the2.ing in saflleacamkpundar piraltieniyl ,pHetmaceuti ga bl kyhcoep-
et eroary| 2 et HPPRS TR REGTHE! WISttt LRG0 LbKKE o phegy

hal ogen, | owgrralkondyi chnmag be kabesrt idlutdd wiimo) ;tand subsandaehars O or
N selected from the group consisting of lower alkyl,
trifluoromethyl, cyano, hydroxyl, nitro, lower alkoxy-—
carbonyl, halogen, lower alkoxy, amino and lower alkyl-
amino.

3. The compounds or their pharmaceutically accep-
table salts according to Claim 1, in which R' is C,-C,
cycloalkyl in which any 1 to 4 hydrogen atoms are sub-
stituted with fluorine atom(s).

4. The compounds or their pharmaceutically accep—
table salts according to Claim 1, in which R' is cyclo-
buty!, cyclopenty!, cyclohexyl, 2-fluorocyclobutyl, 3-
fluorocyclobutyl!l, 2,2-difluorocyclobutyl, 3,3-difluoro-
cyclobutyl, 2-fluorocyclopentyl, 3-fluorocyclopentyl,
2,2-difluorocyclopenty!l, 3,3-difluorocyclopentyl,

2,2,3, 3-tetrafluorocyclopentyl, 3,3, 4, 4-tetrafluoro-
cyclopenty!l, 2-fluorocyclohexyl, 3—-fluorocyclohexy!l, 4-
fluorocyclohexy!l, 2,6 2-difluorocyclohexyl, 3,3-difluoro-
cyclohexy! or 4, 4-difluorocyclohexyl.

5. The compounds or their pharmaceutically accep—
table salts according to Claim 1, in which R' is 2-
fluorocyclobutyl, 3-fluorocyclobuty!, 2,2-difluorocyclo~-
butyl, 3,3-difluorocyclobutyl, 2-fluorocyclopentyl, 3-
fluorocyclopenty!, 2,2-difluorocycliopentyl, 3, 3-
difluorocyclopentyl, 2,2,3,3-tetrafluorocyclopentyl,
3,3,4 4-tetrafluorocyclopentyl, 2-fluorocyclohexyl, 3-
fluorocyclohexyl, 4-fluorocyclohexyl, 2,2-difluorocyclo-
hexyl, 3,3-difluorocyclohexyl or 4,4-difluorocyclohexyl.
6. The compounds or their pharmaceutically accep-



provi ded that at |east either one of R err] and Tﬂ ' r nore
fluorine atons]. 2. The conpounds or thei ulﬂ”ﬂmuuﬂ”ﬂtﬁuﬂy accep-
table salts according to Claim1, in which Ar is phehyl!groug which may be
substituted with 1 to 3 substituents selected fromthe group consisting of
| ower al kyl, trifluoronmethyl, cyano, hydrdyl, nitro, |ower alkoxy-
carbonyl, hal ogen, |ower al koxy, am no and | ower al kyl- am no. 3.

The conpounds tab ltehaia | phacecedi ngakby Cdadep-1,t aibl evlseth sXacsoNHi ng to

Caim1l, in ich Rlerr]qy -Clerr] | oal kyl in ich,any. 1 to 4
hydr ogen atoﬁ@'are sub- Lﬂ?t%&@%séfg% Pru ﬁ%ﬁé g?ﬁﬁ%% qe%@f&al?y a?ﬁgg
conpounds or ttadilre prertmcaacocdi hg docEpaitmall, e isalvisi alocf di sgat gréum m

2211 or ocyol offidRS, YT 89 oB eV S50BYF. BBl iRt Lyred with

2-flu

3, 3-di fl uor o- fdydroing ydto($) uandcysl epereglentad |wortey cfopeal 3l |

2,2-di fluorocyclopentyl, 3,3-difluorocycl opentyl,

2,2,3,3-tetra FJ&&bcyclopentyl, 3,3,4,4-tetrafl uoro- cycl opentyl,
2-fluorocycl ohexyl, 3-fluorocycl ohexyl, 4- fluorocycl ohexyl,

2,2-di fluorocycl ohexyl, 3, 3-dighl ygro- cycl ohexyl or 4,4-difluorocyclohexyl.
5. The conpounds or th%ir har maceutically accep- table salts
according to daim1l, in—iel-R keis 2- fluorocyclobuiyl,

3-fluorocycl obutyl, 2,2-dif|ud%03¥plo- butyl, 3,3-difluorocyclobutyl,
2-fluorocycl opentyl, 3- quoréky opentyl, 2,2-difluorocyclopentyl, 3, 3-
di fl uorocycl opentyl, 2,2,3,3-tetrafl uorocycl opentyl,

3,3,4,4-tetrafl uorocycl opentyl, 2-fluorocycl ohexyl, 3- fluorocycl ohexyl,
4-f1 uorocycl ohexyl, 2, 2- ﬁql%bk%kyclo- hexyl, 3,3-difluorocycl ohexyl or
4, 4-di fluorocycl ohexyl . 6. Q reprb8eRPEPRERAY I@ne, N&ithphendaceptical Iy
accep-

methylene or tetramethyliene;
R* and R° each represents a hydrogen atom
or are combined to form a single bond; and
R, RY and R® may be the same or differ-—
ent and each represents a hydrogen atom, a
lower alkyl group, C,-C, cycloalkyl or cyclo-
alkenyl, or R’ and RY, or R® and R°® together
form each a G,-C, cycloalkyl or cycloalkeny!],
8. The compounds or their pharmaceutically accep-
table salts according to Claim 1, in which R?* is C,~-C,,
straight chain or branched alkyl, alkenyl, alkynyl,
cycloalkylalkyl or cycloalkylalkenyl in which any hydro-
gen atom(s) on the cycloalkyl ring may be substituted
with lower alkyl; cycloalkenylalkyl or cycloalkenyl-—
alkeny! in which any hydrogen atom(s) on the cycloalke-
nyl ring may be substituted with lower alkyl; cyclo-
alkylalkynyl or cycloalkenylalkynyl; or those in which
any 1 to 6 hydrogen atoms are substituted with fluorine

atom(s).
9. The compounds or their pharmaceutically accep-
table salts according to Claim 1, in which R? is benzyl,

phenethyl, phenylpropyl, phenylpropenyl, 2-pyridyl-
methyl, 2-pyridylethyl, 2-pyridylpropyl, 3-pyridyl-



98 table salts according to Claim1l, in which Xis NH 7. The
conpounds or their pharnaceutically accep- table salts accomnwlu'mmmﬂm’m
1, in which Rlerr] is a group whose any 1 to 6 hydrogen ato

substituted with fluorine atoms) and is rﬁpresented by the forhul'a del dw *
[err] [in which Q represents nethyl ene, vyl ene, tr| met hyl ene or

tetranEthy|enﬁ,gﬁ%ﬁfr]4f€95 gﬁth§9qh r-gﬁfsent §€§ 9: a%ﬁ?gbgi ﬁgs be

conbined to for si ngl'e
the same or dimfeftdry!,end— bhdeem¢me¢hpdesdnﬂanddnnmymnwmhybnl2a|h¢dEP aIkyI

d
gI%{(Ca)lrjlro] %SrrR][ zgﬁ)'l,rnle ﬂgﬂ‘w;gﬁg ﬁ%ﬁ&r'%et%d'et het™ R%F?ﬁ%hﬁhgﬁléairr foerr]
cycl oal kyl or pxyy‘caizmllwsnwt}]uyIS 2-fury | metdydomBrundsy biethel f 2-
prar el ACE e A1, 24U BTSTHEN b o e E P
cyc: oa: Ey: al k)plyrarm lcd/msohhck‘%/hﬂll keﬁy‘byj[rgm}/iﬁg:/:eth:]/ Ig}”MHVHFOp{gﬁﬂ;(g?lyﬂg%byﬂn the
cyol oal kenyl - SamariAas ivimehAuly AayodeRzdeom st ey bhsavke: nyl
ring may be Sldhﬁ:thytlut @—wmbotwem%ah@xlh,ylcw cz—uafidwlyaldfaﬁwi(w(any 1

cycl oal kenyl al ky r those in 1 to 6 hydrogen ons are
substi t ut ed V\nttonylm’df nogent dkpEs. 0y the rlng-|-|9€f &ﬂﬁﬂ)&mzm tBeppe-

phar mceut | calthy lacqsteny At 6pg#! { Bhafgandioperyd @rlRder o8 yhh WK*R[ err]
I s benzyl, phenethy nyl pro phenyl propenyl ,

I
9. pyrldy|ethygrqunqugbq"%%g$glgu§9d,uyﬂh Iower alkyyrltrlfluoro—

methyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl,
halogen, lower alkoxy, amino or lower alkylamino).

10. The compounds or their pharmaceutically accep-
table salts according to Claim 1, in which R' is 3, 3-di-
fluorocyclopentyl and R? is 2-thienylmethyl, 3-thienyl-
methyl, 2-furyimethyl, 3-furylmethyl, 2-pyridylimethy! or
benzyl (any 1-3 hydrogen atoms on the ring in the
thienylmethyl, furylmethyl, pyridylmethyl or benzyl
group may be substituted with lower alkyl, trifluoro-
methyl, cyano, hydroxyl, nitro, lower alkoxycarbonyl,
halogen, lower alkoxy, amino or lower alkylamino).

11. The compounds or their pharmaceutically accep-
table salts according to Claim 1, in which the compound
represented by the general formula [I] is:

(2R) -N-[1- (4-methy|-3-pentenyl)piperidin-4-y1]-2-
[(1R)-3,3-difluorocyclopentyl]-2-hydroxy—-2-phenylacet-
amide

(2R) -N-[1-(4-methy|-3~pentenyl)piperidin-4-y|]-2-
[(18)-3,3-difluorocyclopentyl]-2-hydroxy-2-phenylacet-
amide

(2R) -N-[1-(4-methy|-3-penteny!)piperidin-4-y1]-2-
[(15,38)—3—fIuorocycIopentyl]—2-hydroxy-2—phenyIacet—
amide

(2R) -N-[1-(4-methy|-3-pentenyl)piperidin-4-y|]-2-
[ (1S, 3R) -3—-fluorocyclopentyl]-2-hydroxy-2-phenylacet-



99 net - ' nethyl 2-thiazolyl methyl, 2-thienyl- nethyl,
3-thie ’%M@i | 'Uludazm yl nethyl, 2-imda- zolyl met hyl,
4-imd yrazol yl net hyl, 4- pyrazolyl net hyl, 2-furyl nethyl,

3-furyl met hyl, 2- pyrrolylnethyl, 3-pyrr ylnethyl, 2- pyri mdi nyl met hyl 4-
pyri m di nyl net hyl, 5-pyrim dinyl nethyl, ay azi nyl met hyl ,

3- pyrlda2|nylnehﬂ% 4- pyridazi nyl met hyl, 2-quinidyl- nethyl,

2- benzothlen yl or 2-indolylnethyl (any 1 to 3 hydrogen atons on the
ring of said benz{2R) phkehé- (4hmbthghe@wqmmm©ﬁyl)nhamy+pdope4yyIdﬁZ-

het er oaryl al r _hay,be substitut r_al triiflu

met hyl , cyan ,hﬂgo@%izy?ww?m FA\%’F glylégq }J;at%‘%‘e‘iffy zaPBSQKI FS

al koxy, am nanoirdé ower al kyl am no). 10. The conpounds or the|r

phar maceutical |y ep-_ QI _sal a cord| daim R is
3,3-di- fluorocyc i atd é?‘ 230s @Wéﬂ‘hw&‘% ?h?’é;\y et hyl ,
2-furyl met hyl[(13%fSR)/JrBrEfwbroaywblpféwtrvﬂt]hsa yd hexyy2-phsry ladeftydr ogen

atons on the ring in the thienylnethyl, furylnmethyl, pyridylnmethyl or
benzyl group 3ty %e substituted with |ower alkyl, trifl uoro- met hyl , cyano,

hydroxyl, nitro, N-ofpeF [asszne&rrqumlo,rdn@wg,elws—lwvefeﬁy KDY peflFdn@-or
| ower alkylan1no ounds their pharnacgutlcally accep-

onp
table salts éhdb:h"%QCYBIQPSPﬁVi"% RYRioxy P hedhhbrcet aBpf8sent ed by the

general fornula [N-}[1$[(32W4Nf[llm%m'§'%‘lﬂw—'33-M<9W|]@iBSF'udhﬂ—ﬁ—W] 2-
[(1R) -3, 3- dlgwé?rocyclo pent dr oxy- 2- phenyl acet - am de

(2R) - N- [ 1- ( 4-¥lel TR/TC 80 b@ﬁ@@%gfﬂy& bé’ldlrd’ier- z?qnherwl acetamide

[ (19):3,3-i 11 uorbepsl ppapy vhlcFubyeieind Ry 666) 118TDER idin-a-
(2R) - N-[ 1- (4- net hyl - 3- pent enyl ) pi peri di n-4-yl ]'- 2-

[ (1S, 3S)-3- fIMJdr"dZWV@B@nepltyl22h§ﬂor|d¢’>o)xy22pwémmabag¢etam|de

(2R) -N-(1~cycloheptylmethylipiperidin-4-y!)-2-[ (1R) -
3, 3-difluorocyclopentyl]-2-hydroxy-2-phenylacetamide

(2R) -N-[1-[ (3E) ~4~ftuoromethy!-3-penteny!l]piperidin-
4-y1]-2-[(1R)-3,3-difluorocyclopentyl]-2-hydroxy—2-
phenylacetamide

(2R) -N-[1-(6-methylpyridin—-2-yimethyl)piperidin—4-
yl11-2-T(1R) -3, 3-difluorocyclopenty|]-2-hydroxy—2—-pheny |-
acetamide

(2R) ~-N-[1-(3-thienyimethyl)piperidin-4-yl]-2-[ (1R) ~
3,3-difluorocyclopentyl]—-2-hydroxy—2—-phenylacetamide

(2R) -N-[1-(3-furylmethyl)piperidin-4-y1]1-2-[ (1R) -
3,3-difluorocyclopentyl]—2-hydroxy—-2—-phenylacetamide

(2R) -N-[1-(2~furyImethy!l)piperidin-4-yi]-2-[ (1R) -
3,3-difluorocyclopenty!]—2-hydroxy—2-phenylacetamide

(2R) -N-[1-(2-pyridylImethy!)piperidin-4-yl]-2-[ (1R) -
3, 3-difluorocyclopentyl]~2-hydroxy-2-phenylacetamide

(2R) -N-[1-(3-methoxybenzyl)piperidin—-4-yl]1-2-[ (1R) -
3,3-difluorocyclopentyl]-2-hydroxy—2-phenylacetamide

(2R) -N-(1-benzylipiperidin—4-yl)-2-[(1R) -3, 3-
difluorocyclopentyl]-2-hydroxy—-2-phenylacetamide

(2R) -N-[1-(3~fluorobenzy|)piperidin-4-yl1]-2-[ (1R) -
3,3-difluorocyclopentyl]-2-hydroxy—-2-phenylacetamide

(2R) -N-[1-(3-chlorobenzyl)piperidin—-4-yi]1-2-[ (1R) -



amde (2R -N-[1-(4 pi peridin-4-yl]-2-
[ (1S, 3R)-3-fl uorocyT'wm m m@&mﬂwxy 2- phenyl acet - 100 am de
(2R) - N-[ 1- (4- et hyl - *pen din-4-y ]-2-
[ (1R, 3S) - 3-fl uorocycl opentyl]-2-hydroxy- % henyl acet - am de
(2R) - N-[ 1- (4- met hyl - 3- pentenyl)plperldln- -yl]-2-

1R, 3R) - 3-f t
N L[ (32) - -4 19 L) BREPRYE oP sl 8 Ry e oAV 88etamide
4-yl]-2- cyclopent92R2rNydﬂaXQrﬁhphmymmaxhyﬁhpkper|d|n 4-y1]-2-[ (1R) -
;ﬁ%lz[gig?oge t@l 8§¥° %%%F |§p§fjmx4F°XV 2-phenylacetamide
N[%lz[(SE? 4- fIuo(@Rt%Ny[43(ﬁemhamﬁdwnﬁﬁwnfﬁ¥wﬂmethyl)p|perldln 4-

cycl open ace

)(IZR) N-)(ll 05 Lﬁe%tm@ héyﬁu ;5’3 SIS a‘;npze'f'@ih} 2-hydroxy-2-pheny |-
3, 3-di fl uor ocycdpamndgl | - 2- hydroxy 2- phenyl acet am de

2R)-N-[ 1-[ (3E) -4, t hyl - 3- t | ].pi i din-
Syl 12 [ (1R -3, 3CeR THGR Sy Brapumand e YRPeRyT 31 preay! medhat) de
(2R)-N-[1-(6- @yiQYﬁ#dF91a~wAﬁﬁﬂRN%3ﬂzmﬁiﬂl@bﬂocycIopentyl] -2~
yl]1-2-1(1R)-3,3-diflu ? pentyl ].-2-hydroxy-2-phenyl - acetam de
(2R) - N-[ 1- <3hmew ’f‘H PWJ F&Et@AH IR yi]1-2-1 (1R -
3,3-difl I dr, -
(2R) - :\L[liozgc%lﬁrof)%g{ﬁm{a. ggrlagﬁ)rﬁf% vil 2£ |R?W?p'pe“d'" 4-yil-2
3, 3-difl uorocglﬂ%)peat 9r]hilwdno®y;nlpmwl t%riayrdlexy 2-phenylacet-
(2R) - N-[1-(2-f 4 [ggnethyl)plperldln 4-yl1-2-[(1R) -
3, 3-di fluorocyc opentyl] hydr oxy- 2- phenyl acet am de
(2R) - N-[ 1- (2- pyri 82RheNny i yrdBpamimabenay |piper Rjin-4-y]1-2-[(1R) -
3,3-d

| 1 uorocycy 0peRt ¥bl o8y APt PN #ESE 02 OB heny | acetamide

(2R) -N-[1-(2—aminobenzyl)piperidin—-4-yl]-2-[ (1R) -
3,3-difluorocyclopentyl]—-2-hydroxy—2-phenylacetamide

N-[1-(4-aminobenzy!|)piperidin—-4-yl]1-2-[ (1R) -3, 3—
difluorocyclopentyl]-2-hydroxy—-2~phenylacetamide

(2R) -N-[1-(4-amino-3-methoxybenzyl)piperidin—-4-yi]-
2-[(1R)-3, 3-difluorocyclopentyl]—2-hydroxy—-2-phenylacet-
amide

(2R)-N-[1-(3, 5-diaminobenzy!|)piperidin-4-y|]-2-
[(1R) -3, 3-difluorocyclopentyl]-2-hydroxy—2-phenylacet-
amide

(2R)-N-[1-(5-methy!furan—-2-y!methy!|)piperidin-4-y|]-
2-[(1R)-3, 3-difluorocyclopentyl]-2-hydroxy-2-phenylacet-
amide

(2R) -N-[1-(3-methylbenzyl)piperidin-4-yi]-2-[(1R) -
3, 3-difluorocyclopentyl]-2-hydroxy—2-phenylacetamide

(2R) -N-[1-(4-methoxybenzy!)piperidin-4-yl]-2-[ (1R) -
3,3-difluorocyclopentyl]-2-hydroxy—2-phenylacetamide

(2R) -N-[1-(3-amino-5-methoxybenzy|)piperidin-4-yl]-
2-[(1R)~3, 3~difluorocyclopentyl]-2-hydroxy-2-phenylacet-
amide

(2R)=N~[1-(4—amino—3~fluorobenzy!)piperidin—4-yl]-2-
[(1R) -3, 3—difluorocyclopenty!]-2-hydroxy—-2-phenylacet-



2R) - N-[ 1- ( 3- met hoxybenzyl ) pi peridin-4-yl]-2-[(1
5241 {1 ot ooycl opent 112y oxy- 2. prenyt e o B AN
R) - N- (1- benzyl pi peridin-4-yl)-2-[(IR)-

fl uorocycl opentyl]-2-hydroxy- 2- phenylaq% anlde

R)-N-[1- (3-fl uor obenzyl ) pi peridin-4-yl]-2-[(1R)-

3- dlfluoroclﬁiggentyl] 2- hydr oxy- 2- phenyl acet am de

R) - N-[ 1- (3-chl or'obenzyl) pi peri di n-4-yl ] - 2- {(JIQ 101 3,

(
3,
(2
di

(2

fIuorocyclopeﬁi&)TNz{ﬁydﬁcﬂw4 ek myn tei n- 2 yl)piperidin-4-

R)f:\tgrlo((:s(}“;]pe%ygqf F@ﬁ;ﬂ'g}%ﬁéﬁ& szeir{ﬁﬁl 2= hydroxy 2-phenyl -

i
R;%P-[l-(G ?meh@mydedln 2 yl met hyl ) pi peridin-4- yl]-2-[(1R) -3,
- di 2-
RN L1 (b am no2B) RETIAL SRS ?’ﬁ@%ra?%s%fﬁe;ParﬁdAnyﬁ w3
i
i

di

d

d

di f

-N-[1- (3-am no- 55 et hyl benzyl) piperidin-4-yl]-2- [(1R)-3,

di f1 uor ocyc®p % fityl ] - 2- hydr oxy- 2- phenyl acet - ani de

5) N-[1-(3- 8”1nODEhzuFIDPQGHaW|m0$ZHﬂIdbddﬂéﬁzyB)plperldln —-4-yl1]-2-
d
di

2R N L1 (- LR R an 37 g B v PRAN AL {41 ¥d soxy~2-pheny lacet

R
-di fl uorocyciwpgatyl ] - 2- hydroxy 2- phenylacetanlde

3,
(2
3-
(2
3-
(2
3
(2
3- Iuorocyc[bp@hf&JB d- fhydrexycl-openy lalce -any dieox R ~pheny lacet—
3-
(2
3
(2
3
N-[

Ri Rydr 6>2y32l'm9erﬁ/1°3t‘é{ra9ﬁid@' din-6-yimethy!)-

)

[

| - (4- am nobenz |%§iﬁerldln 4-yl1-2-[ (1R) - 3,
Iuorocyclopent 2

) -

R - N[ 1- (4-@w élp|§1Heuhgxgb%qydm)msn%iﬂﬂnﬂoy&&yc%bem,|§~2—

d
(2
3- quorocycIopentyI roxy- -pheny acet- amd

(2R) - N-[ 1- (3, mydiraxyn beh,@wvmméﬁnul 4-yl1-2- [(1R) -3,
3-

(2

‘E'a')f'nffrlc’?éc'ngf ﬁ???uﬂﬁi e ‘ﬁ%‘?ﬂ%bem fPoiperidin-d-y(]-2-
dlfluorocyclopenty -2- hydroxy 2-phenylacet-
amlde
(2R) -N-[1-(4-amino-3, 5~difluorobenzy!)piperidin—-4-
yl]-2-[(1R) -3, 3-difluorocyclopenty!]-2-hydroxy—2-
phenylacetamide
(2R)-N-[1-(benzimidazol-5-yImethy|)piperidin—-4-yl]-
2-[(1R) -3, 3-difluorocyclopentyl]—-2-hydroxy-2-pheny |-
acetamide
(2R) -N~[1-(6-aminopyridin—-2-ylmethyl)piperidin—4-
yl1]-2-[3, 3~difluorocyclobutyl]-2-hydroxy-2—-phenylacet—
amide
(2R)-N-[1-(6-aminopyridin-2-yimethy!)piperidin—-4-
yl1]-2-[4, 4-difluorocyclohexy!]-2—-hydroxy—2-phenylacet—
amide, or
(2R)~N-[1-(6—aminopyridin—-2-yimethy!)piperidin-4-
yi]-2-{ (1R) -3, 3—difluorocyclopentyl]-2-(4—fluorophenyl) -
2-hydroxyacetamide.
12. The compounds or their pharmaceutically accep-
table salts according to Claim 1, in which the compounds
represented by the general formula [1] is:
(2R) -N-[1-(6-methylpyridin-2-yl-methyl)piperidin-4-
y!]1-2-[(1R) -3, 3—-difluorocyclopenty|]-2-hydroxy-2-pheny |-



2-[(1R)-3, 3-difluorocycl opentyl]-2-hydroxy-2-phen cet- amde
3201 11 uor ocycl opentyl |- 5- hyct oxy- 2- phenyl acet (iR 3 O R

(2R) - N-[ 1- (4- met hoxybenzyl ) pi peri di n- 4-yl -[(1IR) - 3,

3-di fluorocycl opentyl]-2-hydroxy-2-phenyl acet am de (2R) -N-[1-
(3-am no-5- et hoxybenzyl ) pi peridin-4-yl]- 2-[(1R) -3,

3- dlfluorocyc? iﬁ I - 2- hydr oxy- 2- phenyl acet - am de

(2R): N[ 1 (4 am nd2R) ot gmpime hy  pybbrd d iRy -2~ [ (1R) -
CoR N L1 e anBegl e (o e B T LRYE by 25 pheHY dCstamide
Yok 2N LR S o (eRetea ?b(ceaﬁﬁmw Imthy ) pxpelinliont-y ded-h{tie) -
(1R -3 3- i 1 BuBradg dssans hosenbu B Y ihakyl Zsphenyhagstamide
(2R) -N-[1-(5-am no(2R)f—IM=+ctr1Gb(aHmr)plrw@th¢lhp4pyslr]|d2n 4-y|]1-2-[(1R) -
RN 1 (2- g i e dansnteL ST Eefigrsxy-2Bhery Tacetani e
pi per i di n- 4yl 3- 2@mRH@-@iWrwmaenmgl.bezld.n 4-y11-2-[ (1R) -

hydr oxy- 2- phenylacetan1de anm no- | or obenzyl)

pi peridin-4 4-yBj 32d 'F(HQVQPKF H?Qﬁﬁ y%TbMéhP%NT ZPWFWWHQWEE%Wk#WIacet-
d 2R) - N-[ 1- -

§|m] g E(l??) 3[3 ((jft?| uorocycl ope’élétlw - ﬁ%lr%sz Eaquldq n4_A'acyelt]azd[(m)

(2R) N[ 1- (beazﬁmdéﬁ@|w&wmm’9¥) ézlbvﬁraxyrﬁ phenylacetamlde

2-[(1R) -3, 3-di fl uquesyN-ope ot dy Ps NYEF PoYR2aRYENo—[ (1R) -3, 3-

difluorocyclopentyl]—-2-hydroxy—2-phenylacetamide

(2R) -N-[1-(3-fluorobenzyl)piperidin-4-yi]-2-[ (1R) -
3,3-difluorocyclopentyl]-2-hydroxy—2-phenylacetamide

(2R) -N-[1-(3-chlorobenzy!)piperidin-4-yl]-2-[ (1R) -
3, 3-difluorocyclopenty!]-2-hydroxy—-2-phenylacetamide

(2R)-N-[1-(2-thienylmethyl)piperidin-4-yl|]1-2-[ (1R) -
3, 3-difluorocyclopentyl]—2-hydroxy—2-phenylacetamide

(2R) -N-[1-(6—aminopyridin—-2-ylimethyl)piperidin—4-
yi1-2-[(1R) -3, 3~-difluorocyclopenty!]-2-hydroxy—-2-pheny!-
acetamide

(2R) -N-[1-(6—amino-4-methoxypyridin—2-ylmethyl) -
piperidin-4-yl]-2-[(1R)-3, 3-difluorocyclopentyl]-2~-
hydroxy—2-phenylacetamide

(2R) -N-[1-(3-amino-5-methylbenzy!)piperidin-4-yl]-2-
[(1R) -3, 3-difluorocyclopentyl]-2-hydroxy—2-phenylacet—-
amide

(2R) -N-[1-(3-aminobenzyl)piperidin-4-y1]-2-[ (1R) -
3,3-difluorocyclopentyl]-2-hydroxy—2-phenylacetamide

(2R) -N-[1-(2-aminobenzy!)piperidin—-4-yi]-2-[(1R) -
3,3-difluorocyclopentyl]-2-hydroxy—2-phenylacetamide

N-[1-(4-aminobenzyl|)piperidin—-4-yl]-2-[ (1R) -3, 3-
difluorocyclopentyl]-2-hydroxy-2-phenylacetamide

(2R) -N-[1-(4-amino-3—-methoxybenzy|)piperidin—-4-yl]-
2-[(1R) -3, 3—-difluorocyclopentyl]-2-hydroxy-2-phenylacet-



acetam de (2R)-N-[1-(6-am nopyridi n-2-yl met hyl) pi peri di n-4-

yl]-2-13 m utyl]-2-hydroxy- 2- phenyl acet- am de
(2R) - N- [Hmmm“mmi um 2-yi nmet hyl ) pi peri di n- 4-

yl ]-2-[4, a-di fl'uorocycl hexyl ] - 2- hydr oxy+@z phenyl acet - ani de, or
(2R)-N-[1-(6- an1nopyr|d|n 2- ylnethyl)plperldln 4-

yl]1-2-1(1R) - 3 thluorocyclopentyl] 2- (4-fluorophenyl) -

2- hydroxyace de. 12. The conpounds or their pharmaceutically
accep- table sal t(s’zm)cd\bfalﬂéiit 6—€li amimbp einrz Wihlipditp e thied torroyhdis2r-epr esent ed

by the gener -
(2R) - N-[ 1- (eﬁ#gﬁﬁyﬁgyf %lt'%g§P°¥8tR?FVEWAQH%MHquOXV 2-phenylacet
yl]1-2-[(1R) - 3nid-d8 fl uorocycl opentyl | - 2- hydr oxy- 2- phenyl - 103 acet am de

2R -N-[1-(3-thie h Lperi <4-yl ] 2-[,(] R),- . ‘s
g,Szdif{uoﬁocyclog%tﬁgﬁTr£%K§ W8§8 Efﬂﬁéﬁ%ﬁag&%g%%ﬁk'>0lperldln‘4‘y']‘
(2R) - N-[ 1- (32Ur¢IRethyB > oi péubdboyé vpben2y{I(HR~hydroxy—-2-phenylacet—-
3, 3-di fluorocycl ppentyl]-2-hydroxy-2-phenyl acet am de
(2R) - N-[ 1- (28U met hyl ) pi peridin-4-yl]-2-[(1R)-

3,3 di {1 uor ooyl ofgmIN | p-gnexty?bBhemih gapleanidin—4-y 11-2-[ (1R) -
ri i peridin

3, 3- dlfluoroéggi %#p@?ﬂ°?yﬁng69§yi]p@ehyﬂé@ w%?;gbenylacetamlde
(2R) - N-[1-(3-net h@mberﬂlzynvonpﬂétﬁbayﬁewz]w%[ EEPidin-4-y1]-2-[ (1R) -
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14. A pharmaceutical composition composed of a
compound of the general formula [I] as presented in
Claim 1 or a pharmaceutically acceptable salt thereof
and at least one pharmaceutically acceptable adjuvant.
15. A pharmaceutical composition as defined in
Claim 13 which is used for treatment or prophylaxis of
diseases associated with muscarinic M, receptors, eg.,
such respiratory diseases as chronic obstructive pulmo—
nary diseases, chronic bronchitis, asthma, chronic
respiratory obstruction, fibroid lung and rhinitis:
digestive diseases such as irritable bowel syndrome,
spasm or hyperanakinesia of digestive tract, diverticu-
litis and pain accompanying contraction of smooth mus-—
cles of the digestive system: urinary disorders like
dysuria such as pollakiuria, urinary urgency and urinary
incontinence: and motion sickness.
16. A method for treatment or prophylaxis of dis—
eases associated with muscarinic M, receptors, eg., such
respiratory diseases as chronic obstructive pulmonary
diseases, chronic bronchitis, asthma, chronic respi-

ratory obstruction, fibroid lung and rhinitis: digestive
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general formula [|] as presented in Claim 1 which com—
prises

(a) reacting a carboxylic acid of the general

formuta [111]

Ar

HO;—{—COOH [111]

RIO

[wherein Ar has the same signification as
defined in Claim 1, and R'® represents a C,-C,
cycloalkyl in which any 1 to 4 hydrogen atoms
may be substituted with fluorine atom(s) or a
C,-C; cycloalkyl having 1 to 2 protected or
unprotected hydroxy! or oxo group(s)]

or a reactive derivative thereof with a compound of the

general formula [1V]
e

[wherein R?® represents a C,-C,, saturated or

unsaturated aliphatic hydrocarbon group in
which any 1 to 6 hydrogen atoms may be substi-
tuted with fluorine atom(s), C,-C,, saturated
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pol | aki uria, neurogenic bIaddFr, nociﬁénal enure5|s,E¥£stable bl adder,
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a conpound of the generamifne, MUripfdtcatedr 6pepirededted Aighelr Qi liRy | -
phar maceutical |y acceptabl.e salts th?re?f is used. 17. A\frocess for
preparation of a fluori A&i&gh-or aralkyloxycarbonyl group) and

stands for NH or 0] or a salt thereof;
and when either R'® or R?" has unprotected or protected
1 to 2 hydroxy!l or oxo group(s), converting said hydrox-
vl or oxo group(s) to fluorine atom(s) either as they
are or after removing the protective group(s):; when R'®
or R?® has protected amino or protected lower alkylamino
group (s), removing the protective group(s); and when R'®
or R?® has lower alkoxycarbonyl or aralkyloxycarbonyl,
converting the same to amino; or

(b) reacting a carboxylic acid of the above
general formula [i!1] or a reactive derivative thereof
with a compound of the general formula [V]

HX-@\I% E [v]

[wherein E is a protective group for an imino
group, and X is as defined above]
or a salt thereof; deprotecting the resulting compound
of the general formula [VI]

Ar 0O
HO—|—L -—X—CN—- E i)
RIO
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' I di ne derivative of the general formula [1]
“ﬂlﬂmcom prises (a) reacting a carboxylic acid
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e E o' Gap 5ol arBaI gt o CHARThENeS tho

arf ] [avher i an® BRI P] Kephes@ntar ea 43 edef i berr]

e alifhatic hydr ocarbon group in which any 1 to 6
L tuted with fluorine aton(s), Cerr]-Cerr]
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saturated thereafter reacting the same with a compound of the

general formula [VII]

R2O-L VI]

[wherein L represents a leaving group, and R?°
is as defined above]

if necessary in the presence of a base, and again if

hecessary

. . . 10
conducting a conversion reaction of R and

R2% similar to the above: or

(¢c) deprotecting a compound of the above

general formula [VI] and subjecting it to a reductive

alkylation reaction with a compound of the general
formula [VI11]

R2'-CHO [vVilt]

[wherein R?' represents a G,-C,, saturated or
unsaturated aliphatic hydrocarbon in which any
1 to 6 hydrogen atom(s) may be substituted
with fluorine atom(s), C,~C,, saturated or
unsaturated aliphatic hydrocarbon having un-—
protected or protected 1 to 2 hydroxyl or oxo
group(s), aryl, aralkyl, arylalkenyl or
heteroaryl, heterocarylalkyl or heteroaryl-
alkenyl having 1 to 2 hetero atoms selected
from a group consisting of nitrogen, oxygen
and sulfur (optionally any 1-3 hydrogen atoms
on the ring in said aryl, aralkyl, aryl-
alkenyl, heteroaryl, heteroarylalkyl or
heteroarylalkenyl group may be substituted
with lower alkyl, trifluoromethy!, cyano,

hydroxyl, nitro, lower alkoxycarbonyl, halo-



A

109

gen, lower alkoxy, unprotected or protected
amino, unprotected or protected lower alkyl-
amino or aralkyloxycarbonyl),
and if necessary conducting the conversion reaction of
R'® and R?' similar to the above.

18. (2R)-2-[(1R) -3, 3-difluorocyclopentyl]-2-
hydroxy-2-phenylacetic acid.
19. 6—tert—-butyloxycarbonylaminopyridine—2-metha-

nol, 6-tert—butyloxycarbonylaminopyridin—2-yi-methyl
methanesul fonate, 6-tert-butyloxycarbonylaminopyridin-2-
yImethy! chloride or 6-tert-butyloxycarbonylamino-
pyridin-2-yimethy! bromide.



