W2009/ 020234PCT0P2008/ 064500 DESCRI PTI ON CYCLI C AM NE COVPOUNDS Techni cal
Field The present invention relates to a cyclic am ne conpound .5 useful as
an andr oge0 20@aep3ar nodul ator and the |ike. BackgroundPofi/Jrties/hessent i on
Androgen is synthesized in the testis and_adrenal cortex, bound to an ~
androgen receptor in a target organ PEFTIERERY various physi ol ogi cal

activities. Chemcally, any nalcyicahc! avamsr@asour®songs to 019 steroid. The
maj or androgen anong themis testosterone mainly synthesized in the testis,

uptaken in a target cell and showsTeghrdieglpEgeld| ogical activity. In
f l e, ad I | e .and I i
ema’ €, adrena fﬂéﬁé{;}(}aﬁ%ghéﬂ é@ﬂaeﬂass%%payc§§¥igemnfig?rcg§rg%#hﬁ

involved in the gro I'on /5 nmal nt enance geni
(prost ate, usesutudararglaaidogepi dedgptcsr nwamldeber end €he. )i kesex

differentiation in the enbryonic stage, spernmatozoon formation, expression
of secondary sexual charact ePrSkgEURd qfutbrofnBentdQTul i ni zation, for

exanpl e, nuscl e'ﬁﬂf@f@é&ﬂisV%?ﬁ%heEﬁEe@iﬁ rﬂr@ﬂtiegﬁigt §nd Adfeddie 2R tleike)

pronotion of protein elaborafion in nuscle and the |ike, bone netabolism

and the |ikeundhiee eforagdrogent agecptonnidy egdardat evJarstanyd dhsMgnct i on,
castrati on, apdo{he ke rcesubts Loy pNSULT | cital;actions, ientloned above,
0 var q a-degr &]% %qﬁ of 1% e

t hus | eadi ng I“ous di'seases an egrade ali ). To
deal w th bhér@gersidalaingentoaglangtegeid.r eIhacrapor dhd@regh isSncgegnehain! y
enpl oyed. Besides testosterqgne, synthetic androgen show ng different

bal ance of 1&nHFIRIT G MEAThYsSHREMFSIARE &8 5%@ pEttiy piRf@ke@alPuge in

clinical SEE}:‘?&{ st1 Qhd REORENEE rH3G bh i BREEPISA: { it PVOl¥edea1Ehe 30
progressi on of pathol ogy, an androgen deprivation therapy s enployed. For

exanpl e, i adag@kbgerrtdepasdennapevsizdrogsancapplyasounte on and
adm ni stration o]fm RE agoni.st decr,ease testosLC rong nd increase a
a tg s

treat ment effect""Forean rso&élr‘{o XSPa%%n%I?ﬁ E o] py, 5%t 8t one and 35

synt het k£ padhogemes eggrRaiahlyoused. (Jlamwee, vbBeychbye dland,
W)2009/ 020234PCTO0P2008/ 064500 steroi d skel eton, which places nuch burden on
the liver BPIIHORIDt V&S SEEREPAS hdFFoe ¢t PohfeTRRE B I Idh thedr ogen

o consi dor e 10 He Dasrtl “For oo AR ohg SBPRSTLa! B TecthBagl o
nprovenent of pathol ogy
sexual characteristics (induction of masculinization, for
example, muscle-skeleton, voice, fat distribution etc., and the
20 like), promotion of protein elaboration in muscle and the like,
bone metabolism and the like. Therefore, shortage of androgen
due to testis dysfunction, castration and the like results in
insufficient actions mentioned above, thus leading to various
diseases and degraded QOL (quality of life). To deal with the
25 situation, an androgen replacement therapy is generally employed.
Besides testosterone, synthetic androgen showing diffefent
balance of androgenic action has been studied and put to
practical use in clinical situations.
On the other hand, when androgen is involved in the
30 progression of pathology, an androgen deprivation therapy is
employed. For example, in androgen dependent prostate cancer,
castration and administration of GnRH agonist decrease
testosterone and increase a treatment effect.
For androgen replacement therapy, testosterone and

35 synthetic androgen are generally used. However, they have a
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5 caused by insufficient androgen action (hypogonadism nale climacteric
di sorder and the |ike) and pat hol ogy expected to show i nprovenent by the
acti on ofweardesageas4( ost eoporosis and the like). It i s KROWIPLI0SD64800

napht hal ene_deriyat.i ve having.a | o rrolidine ring has a superior androgen
recept or nﬁﬁﬁf%f%rsﬁeclﬁtgﬁl’(V(%l%oﬁ}g%%%é’}u.c 8P, P hile ¢ @rrel%esgﬂﬁ not
di scl ose aopyetostéitdiebenzenaedeet Vah i vertandraged sHbshdts rdlcebi8r

3-position of gyrrol idine ring. Wile a benzene derivative havi n%ea
pyrrol i di nBORRAFLOT s(RAftdFUdRERE agoktt)- Aindiogen BeRTIFe(YPaloeXedsdrs A

and WO 2005L0 a.he j Y ' r i di ring,
which is ugédgﬁg’%?g%%ﬁe?;%& (k))gi gégﬁ‘gl ?‘ﬁ%ﬁ ﬁée\i%g\%%gyﬁoﬁéﬂq%ggg&nown, a
conpounds haaiiagd dw ubstuftfientnat ahdeo@rpasittiionn (bfpag@yddicdn,dimaderi ng i s
not disclosed. 20D scl gsure of the Invention Proble to be Sol ved by the
'nvent i on CLimaCtare dHSOrReR AVdnERo Hits 26 BRoUPURIE CRASSEAI Shavi ng a
NDre super kAbw s RE3RMRC BRt @he MIER] G 1JT0 AAirb@Bn Measoiroaalsviang the
Probl ems 25The present inventors have conducted’intensive studies in view
of the af oRék®htioned problens and found that a cyclic anmi nobenzene

conmpound represepf re;%%u dhe .9yl géé%%?%ﬁh%w%%gfﬁglahpgt aZ\rl gﬁ%lri or

andr ogen receptor ating actron resul in C etion of
t he presenpyrnveidiren.ridigAbesr di sgbyridhamiregent recyetdt arodiglagbes to [ 1]
a compound LEPLSSERS S0 1685 6] O Mamedad, thDs”PePeranes docn non ol 064500
disclose a pyrrolidinobenzene derivative having a substituent at
the 3-position of pyrrolidine ring.
While a benzene derivative having a pyrrolidiﬁe ring,

15 which shows an anti—andrqgen action (JP 2002-88073 A and WO
2005/090282), and a benzene derivative having a pyrrolidine ring,
which is gsed for osteoporosis and the like (WO 2005/108351) are
known, a compound having a substituent at the 3-position of a
pyrrolidine ring is not disclosed.

20 Disclosure of the Invention

Problems to be Solved by the Invention
The present invention aims to provide a compound having a
more superior androgen receptor modulating action.
Means of Solving the Problems

25 The present inventors have conducted intensive studies in
view of the aforementioned problems and found that a cyclic
aminobenzene compound represented by the formula (I)
unexpectedly has a superior androgen receptor modulating action,
which resulted in the completion of the present invention.

30 Accordingly, the present invention relates to

[1] a compound represented by the formula (I)



wherein R is a hydrogen atom a hal ogen atom a group via a carbon atom
a group via a nitrogen atom a group via an oxygen atomor a 5 group via a
sul fur atwoRord2)s4a hydrogen atom a hal ogen atom a gPOTHPA0SK0&S@ar bon
atom a group via a nitrogen atom a group via an oxygen atom or a group
via a sulfur atom Rg% s an electron-withdrawing group; io R4 is a hydrogen
atom a hal ogen ato group via a carbon atom a group via a nitrogen
atom a group vj gen atomor a group via a sulfur atom R6 is a
gen_atom a group via a carbon atom a group via a
a an oxygen atomor a 15 group via a sul fur atom
R6 is a hydOsgen m\aghal ogen atom a group via a carbon atom a group
via a nitrogen atgm a ©@roup via an oxygen atomor a group via a sul fur
atom R4si s an fal kyl group optionally having substituent(s) or an 20
aral kyl gr , havi ng substituent(s); O is a hydrogen atom an
al kyl group opt havi ng suﬂftituent(s), an al kenyl group optionally
havi ng substit or a cycloal kyl group optionally having

substituenh@ KS_A group via an oxygen atom and

wherein
R! is a hydrogen atom, a halogen atom, a group via a carbon atom,
a group via a nitrogen atom, a group via an oXygen atom or a

5 group via a sulfur atom;

R? is a hydrogen atom, a halogen atom, a group via a carbon atom,
a group via a nitrogen atom, a group via an oxygen atom or a
group via a sulfur atom;

R® is an electron-withdrawing group;

10 R' is a hydrogen'atom, a halogen atom, a group via a carbon atom,
a group via a nitrogen atom, a group via an oxygen atom or a
group via a sulfur atom;

R’ is a hydrogen atom, a halogen atom, a group via a carbon atom,
a group via a nitrogen atom, a group via an oxygen atom or a

15 group via a sulfur atom;

R® is a hydrogen atom, a halogen atom, a group via a carbon atom,
a group via a nitrogen atom, a group via an oxygen atom or a
group via a sulfur atom;

R7 is an alkyl group optionally having substituent(s) or an

20 aralkyl group optionally having substituent (s);

R® is a hydrogen atom, an alkyl group optionally having
substituent (s), an alkenyl group optionally having
substituent (s) or a cycloalkyl group optionally having
substituent (s);

25 R is a group via an oxygen atom; and



WO 2009/ 020234PCT/ JP2008/ 064500 Ring A is a 5- or 6-nenbered ring
optionally further having substituent(s) (in this case, Ring A may be a 5-
or 6- nenbEpedowazozg4f orm ng a spiro bond with C3_6 cycl o&Cranzpg/oeusor sal t

thereof; s_[2 he conpound of the above-nenti,one 1], erein Rng Ais a
pyrrolidi n%LP%ré ohtd g%:‘alolry of {H‘FPH%FeCEaVin °§GB§PFEG%n%‘(E%W% ei‘&"‘ﬁch‘“ﬁeri di ne
ring optiopabbyitusrithe) havi peisubssd ! uehy B) mbyhBe Py 50l dMdiggnahivageand
piperidine ring optionally forma Spiro bond with C3_6 cycloal kane); 10 [3]
t he conpoukdngffereinthey &riaat bopedvitl] CowhevelnaRans) a Hydr Ggéit at om a
hal ogen atom. oL 2. I ower alkyl group optionally having substituent(s); R2is
a hal ogen atom & | ower al kyl group optionally having substituent(s) or a

| oner al koxg] gtloaipcapiduidalolfy thavalgve -snesitishietiuéni ( syhefbin Riagcpane a

group; R4 is a hydrogen atomor a hal ogen atom R5 is a hydrogen atom R6

is a hydr oJ8RT St HMDFIRE PETAPRheY %Wergbaﬁbn_apwwa} YPHangT &

substit uent{sdrodi A ARy l@}bltigﬁgypyomﬂt%% Hév'ﬂﬁ%' B8 stPsiddint ($he RS i's
a

a hydrogen atom a | ower kyl group optionally having substituent(s) or a
C3_6 cycl opYkyeliging wmd endl Pyperanding ibgt cptéanddly KBRS ispizohydr oxy

group; andb&%g‘gﬁ%?ﬁ%%—é’gﬁg‘g%ﬁ?{j ng (pyrrolidine ring) which optionally

has 1 or 27Su roma hal ogen atom a | ower al kyl group
opti onakd y [Baviig conpedineX wfEhE Pabdvd-aweit ishkanyl ] grwhgraind an ar al kyl
group, or gl%&P%F%g%%ggghngtéé?wg(ﬂgfyggg atom or a lower alkyl group
optionally having substituent(s);
R? is a halogen atom, a lower alkyl group optionally having
substituent (s) or a lower alkoxy group optionally having
15 substituent (s);
R} is a cyano group;
R* is a hydrogen atom or a halogen atom;
R® is a hydrogen atom;
R® is a hydrogen atom; .
20 R’ is a lower alkyl group optionally having substituent(s) or an
aralkyl group optionally having substituent (s);
R® is a hydrogen atom, a lower alkyl group optionally having
substituent (s) or a Cs¢ cycloalkyl group optionally having
substituent (s);
25 R? is a hydroxy group; and
Ring A is a 5-membered ring (pyrrolidine ring) which optionally
has 1 or 2 substituents selected from a halogen atom, a lower
alkyl group optionally having a hydroxy group, a lower alkenyl
group and an aralkyl group, or a 5-membered ring (pyrrolidine
30 ring) forming a spiro bond with Cs-¢ cycloalkane;
[4] the compound of the above-mentioned [1], wherein the formula

(I) is the formula (I’)



30 ring) formng a spiro bond with C3_6 cycl oal kane; [4] the conpound of
t he above-nentioned [1], wherein the formula (1) is the fornmula (I') WO
200910202846R0/ 02523008/ 064500 CN wherein Rl is a hydr ogeorarmes/oasial ogen
atomor a |lower alkyl group optionally having substituent(s); 5 R2 is a
hal ogen aton1 &'1 ewer al kyl group optionally having hal ogen aton(s) or a
| oner al ko ) ®dti onal | y having hal ogen aton(s); R4 is a hydrogen atom
R5 _and R6 are each a hydrogen atom 10 R7 is a |ower
al kyl group op Ry havi ng substituent(s) or an aral kyl group optionally
[ t(sgs R6 is a hydrogen atom a |ower al kyl group
substltuent(s) or a C3-6 cycloal kyl group optionally
R and Rl and Rl11 are the sane or different and each
a haloégn atom a lower alkyl group optionally having a
er al kenyl group or an aralkyl group; in this case, Rl
and R11 maR for C3- & cycl oal kane together with the adjacent carbon atom
20 [5] the compgynd of the above-nentioned [4], wherein Rl is a hydrogen
atom a hal ogen atomor a |ower al kyl group; R2 is a hal ogen atom a | ower
al kyl group, 0 tlonally havi ng hal ogen aton(s) or a | ower al koxy group
optionally H%v?ﬁb hal ogen at on(s);
R' is a hydrogen atom, a halogen atom or a lower alkyl group

optionally QaV|n
havi ng sub
is a hydrogen
hydr oxy group

optionally having substituent (s):;

5 R? is a halogen atom, a lower alkyl group optionally having
halogen atom(s) or a lower alkoxy group optionally having
halogen atom(s);

R is a hydrogen atom or a halogen atom;
R® and R® are each a hydrogen atom;

10 R’ is a lower alkyl group optionally having substituent (s) or an
aralkyl group optionally having substituent (s);

R® is a hydrogen atom, a lower alkyl group optionally having
-substituent (s) or a Cs-¢ cycloalkyl group optionally having
substituent(s); and

15 R and R! are the same or different and each is a hydrogen atom,
a halogen atom, a lower alkyl group optionally having a hydroxy
group, a lower alkenyl group or an aralkyl group;
in this case, R and R may form Cs.s cycloalkane together with
the adjacent carbon atom;

20 [5] the compound of the above-mentioned [4], wherein R is a
hydrogen atom, a halogen atom or a lower alkyl group;
R?® is a halogen atom, a lower alkyl group optionally having
halogen atom(s) or a lower alkoxy group optionally having
halogen atom(s);

25 R’ is a lower alkyl group optionally having substituent (s)
selected from a hydroxy group, a lower alkoxy group and a Cs¢
cycloalkyl group, or an aralkyl group optionally having

substituent (s) selected from a halogen atom and a cyano group;
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25 R7 is a |lower alkyl group optionally having substituent(s) selected from
a hydroxy group, a | ower al koxy group and a C3-6 cycl oal kyl group, or an

ar al kyl gwouposapvizenal |y having substituent(s) sel ect edpPCrormshabagen at om
and a cyangQggroup; W?2009/020234PCTOP2008/ 064500 R8 is a hydrogen atom a

Hower al Ky Grodh PATROER. BC e odkgE GLbUb: SIRHP MIT o omntHr Lt same o
different gpdugpcinds a hydrogen atom a hal ogen atom a |ower alkyl group,
a |ower alkenyl group, an 5 aralkyl group, or a |ower alkyl group

substitut eB bypnd Rydpagyrhgraame ©mdihifsrenseandilieamid iRn aoprivpaen yatfas,m

I it dj t b ;
225! o8 Tore PR ol 3, B8 BB RREL 3. 4L a1y group, an
(trifluosoaeabyy) heragni tori belowsr aaldallt grivepeshpstOtlitidd by a hydroxyl

2-chl -4-1(4 - 4- hydr oxy- 5;,met hyl-~2- oxopyrrolidin-1yl ] benzonitrile, or
a ga|?r?heggégg’ﬁggpjﬁfy%aséy R0 andyR11 optig ally form é%chopropane

4-[ (4R, 53) 1 5oethyd -ditdr dnkl HE5Qednyeliidy 2xeropyr rol i din-1-
y1] - 2- net hoxybenzonitrile, or a salt thereof; [ 9]
2- chl or o- 41p{ 2%; B AUS)S)2-2eehipyl 33 Hywttnowy-—b-osppytrslidin-1-yl] -2~

oxopyrrolidin:L;yl]he hWtrile, .or.a salt thereof; 10]

> ohl or o- 4 PR g SEERN bolen i B ), o S81ERLRorddt

oxopyrr o4 i din-2-ohldenzeiusi be) - ofhyrirsadyt- st-hetrol +2-¢Addyrrolidin-1-
4-1(25, 3S)-2-ethyl- 3-hydroxy-5-oxopyrrolidin-|-yl]-2-

(trifluor ol ASPEPEHAGH®r PFed DL 1hereot;

[21 g]hl or 0- 41§ 48. PAIR IV RX Yy D= 5B Dyilr12i0R6QRY h L AL 1o dsx oy eRZanhi il | €
4-[ (4R, 5S) y5bi e tydtigyx3dddinzbudt vi Ye hyalr exypa2toxbpyeedl i di nl-y1] - 2- net hoxyben

St 15 i L0 A B 202 P S

ngEYL:;;hok6ﬁ§kﬁﬁﬁidiﬁﬁﬂﬁyliﬁeﬁzéﬁiﬂﬁﬂlkg-émhﬁdégly‘ﬁhereof;
OXOpyrrOli?agi1ézgﬁfﬁiﬂiaqkﬂzk[§é)—5—ethyl—3,3—difluoro—4—hydroxy—2—
oxopyrrolidin-l-yl]lbenzonitrile, or a salt thereof;
[11] 4-[(28,3S)-2-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl}-2--
(trifluoromethyl)benzonitrile;
20 [12] 2-chloro-4-[(4S,58)-4~-hydroxy-5-methyl-2-oxopyrrolidin-1-
yl]lbenzonitrile;
[13] 4—[(4R,SS)—5—ethyl—3,3—difluoro—4—hydroxy—2—oxopyrrolidin—
l1-yl}-2-methoxybenzonitrile;
[14] 2-chloro-4-[(2S,3S,4S)-2-ethyl-3-hydroxy-4-methyl-5-
25 oxopyrrolidin-l-yl]lbenzonitrile;
[15] 2-chloro-4-[(4R,5S)-5-ethyl-3,3-difluoro-4-hydroxy-2-
oxopyrrolidin~l-yl]lbenzonitrile;
[16] a prodrug of the compound of the above-mentioned [1];
[17] a pharmaceutical agent comprising the compound of the
30 above-mentioned [1] or a prodrug thereof;
[18] the pharmaceutical agent of the above-mentioned [17], which
is an androgen receptor modulator;

[19] the pharmaceutical agent of the above-mentioned [17], which

is an androgen receptor agonist;



[16] a prodrug of the conpound of the above-nentioned [1]; [17] a
phar maceuti cal agent conprising the conpound of the 30 above-nentioned [1]
or a prodwogoedensaef; [18] the pharmaceuti cal agent of pCingrPziosveseent i oned

[17], which,} n_androgen receptor nod or; 19] the phar eutj cal
agent of tE%bzb%]vee- 5&851[315;] g8t (9:? |% eaﬁbﬁ%ﬁ?hﬁ%wqrge@gﬂggﬁ’aﬁhhggt;
WO 2009/ 0202 34 PETd s1i2028/064580and 28 ert &%c@b@bﬁ%@&@i&@drﬁgem of the
above-nmentioned [17], which is a tissue-sel ective androgen receptor

nmodul at or ; [21] Z4lje iharprRaerhdeat i eggntagdnither abpve apevielonad ildddd phgh
which is at e o] | S, r f I 5 mal e
climacteri gsg??rgggr(%%{r{,r %‘O:}aitp%y?%%}g%%%%r 8% ggtgggrg%?gs?%s]; giI %%?gfj%gh’

phar maceut neh¢ agemictefrichdiaboder reftdidng] fadhexidii ah dstemporasliby

suppressan scl.e strength enhancer, nmuscl e i ncreasin nt, a
cachexi a si%%feggearﬁlfarﬁla&?&glﬁéf gﬂ"?e%(ﬂfeggg §BB}5‘?'€‘§%%HO,“€£% @ggnt WREED { e
prophyl axi $504 t¥LatterRupples9aRt 054 Al d1EPBELERREY , eI OPRY mAkcMysCl e
| oss caused by a di sease or an agent for reducing the prostate wei ght;

[23] a net he@rearinchagenéphyl axrFRevia tyuepresAendt aypegonmdidhy dearease
compr | ses. SN TELEHe. a0k B0 M B PR e B e he

f
conpri ses adm ni's ert;’ng an veé a
above- nent pooeth el |hyprera rppag; ugnmydteradfy, or|[ 2dclselads tdmiseaimpguad of the

above-nentioned [1] or a prodrug thereof for the productjon of an agent for
the prophyPa%$3S r‘!”c P BRERE S?Sh’ilifﬁﬁdﬁé’ditgﬁn pﬁ_ﬁ?ga'%?i"fﬁd&k@r’i c di sorder,
frailty, cashexd %é%fhd%ﬁtf%(ip@hesbl(?ci)%}%pia@ﬁ@ bRetbbk€nent of hipRgE8ELRDLAI ONS

of the substituents of conpound are expl ai ned bel ow. Exanpl es
of the "haheberchimanatefrac RisorRder RALraliFtyr, Rechexslader fHappoirpeiat dm a

S?gogiggrgéﬁggF%#2r$%¥%§|%%%§?§§§?%Qﬁ%§ﬁgggkggga gn%fgggﬂﬁkg%mgﬁn£hgf"grOUp
15 the compound of the above-mentioned [1l] or a prodrug thereof;
[24] use of the compound of the above-mentioned [1] or a prodrug
thereof for the production of an agent for the prophylaxis or
treatment of hypogonadism, male climacteric disorder, frailty,
cachexia or osteoporosis;
20 and the like.
The definitions of the substituents of compound (I) are
explained below.
Examples of the “halogen atom” for R}, R?, R%?, R® or R®
include a fluorine atom, a chlorine atom, a bromine atom and an
25 1lodine atom.
Examples of the “group via a carbon atom” for R}, R?, R!,
R® or R® include cyano, a hydrocarbon group optionally having
substituent (s), acyl, optionally esterified carboxyl, imidoyl
optionally having substituent(s), amidino optionally having
30 substituent (s), carbamoyl optionally having substituent (s),
thiocarbamoyl optionally having substituent(s), a heterocyclic
group via a carbon atom, which optionally has substituent(s) and
the like. |
Examples of the above-mentioned “hydrocarbon group

35 optionally having substituent(s)” include alkyl optionally

7



R5 or R6 include cyano, a hydrocarbon group optionally having
substituent(s), acyl, optionally esterified carboxyl, imdoyl optionally
havi ng suﬁe&bmmaaxms) am di no optionally havi ng 30 sub?CWunmmsmsmoo

Cubst 1 tuentee) 0 unseaPSeDR B GRS ek chpboR U BRY iR ERrblaly

has SubStlhUE@ij)ogﬂﬂinthy|hkﬁlng substltueﬁtaﬁple@ydﬁoéﬂh@labpteoﬂaﬂlyOned
hydrocarbon group 35 optlonally havi n substltuent(s) i ncl ude aIkI

opti onal | y'aWRQCORWAEIEPET? ahdyi RV b stubsidiess ( Shtkenyl
optional I'y,hawving ég«t%hbmnﬁg\;)n adpdbtle @Rt ONakhy davingesubsti tuent (s),
cycl oal kyl optionally having substituent(s), aryl optionally having

substituent(s), Eﬂ&ﬂﬂ@ﬁs @ﬁttbﬁaPakakﬁnqﬁ;tb@bszVaemﬁmtionﬁdj“ahéyﬂlke
5Exanpl es of, the

cubst 1t uentt S e riuab S TR, WhETge Ml Plidon 8% 1

i sopropyl , mbthiyl, dt39hyt prop$eL- bprapyiler bubytyl isdgidwl,, s@@xbhtylp ) and
the |ike. The 1ower al kyl is al kyl haV|ng a carbon nunmber of 1 to

10Exanpl estert it vdub®entuént herat e alé‘@@eth@nh]éﬁhed The Il?WeépFilb?ﬂal ly
havi ng subsgti t t@g%%ngax bayses A @ ) fohgl ogen atom (e.g., fluorine
om br

atom chlorine m ne at om an |o ine atom, (ii) Cl-6 al koxy
(e.qg., methoxy, Exdmpﬂgs pfopbaysubsxmnuﬁmdxyhatStbetabgaeﬁmanMabom

S0 b O £t BNy 8, Oy L CHOBUEIU iy ¥k 211
(vi) mono- Cly 6z aldadqrm aeoﬁ‘e@ g. ,Weﬂlh;\\dﬁl?ﬁ'enﬁtoﬁt hYh BSRHRQ a2@mpr BPYh &R NO
etc.), (vii) alkylamno (e.g., dinethylam no, diethylam no, dlpropylanlno
etc.), atom an 1od1ne atom),
(ii) Ci-¢ alkoxy (e.g., methoxy, ethoxy, propoxy, isopropoxy,
15 butoxy, isobutoxy, sec-butoxy, tert-butoxy etc.),
(iii) Cy-¢ alkenyl (e.g., vinyl, allyl etc.),
(iv) Ca-s alkynyl (e.g., ethynyl, propargyl etc.),
(v) amino,
(vi) mono-C;¢ alkylamino (e.g., methylamino, ethylamino,
20 propylamino etc.),
(vii) di-Ci-¢ alkylamino (e.g., dimethylamino, diethylamino,
dipropylamino etc.}),
(viii) mono-Cj-¢ alkyl-carbonylamino (e.g., acetylamino,
ethylcarbonylamino etc.),
25 (ix) di(Ci-¢ alkyl-carbonyl)amino (e.g., di(acetyl)amino,
di (ethylcarbonyl)amino, di(propylcarbonyl)amino etc.),
(x) hydroxy,
(xi) cyano,
(xii) amidino,
30 (xiii) carboxyl,
(xiv) Ci-¢ alkoxy-carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl etc.),
(xv) carbamoyl,
(xvi) mono-Ci;-¢ alkyl-carbamoyl (e.g., methylcarbamoyl,

35 ethylcarbamoyl etc.)



(viii) nono-Cl-6 al kyl-carbonylam no (e.g., acetylam no, ethylcarbonyl am no
etc.), 25 (ix) di(CL_6 al kyl-carbonyl)amno (e.g., di(acetyl)am no,
di (et hyl capoloowd2dBai no, di (propyl carbonyl)am no etc.), @EKx/JR30d8/06¢$00 ( Xi)

(207" ot KRR Pt 2Hbx T BEg (heop %%at—wa' R (x)

car bam)yl dleth}cwd,}béﬁ:%q etc6) al kyl - carbanoyl (e.g., methylcarbanmoyl, 35
et hyl car banoyl ‘etc 009/ 020234PCTOP2008/ 064500 (XVI i) al kyl - car banoyl

(e.g., di rréwyiie)armimﬂ améln@chykb@rarlba(mw reflcayretigydgdiborpiel i c
am nocar bogy 4} e gl n | I di nocar bonyl ,
nor phol i noR Ay b ](%lncil dctajrb)%%?/ ﬁ{!)gé“ ur(raf% ar% ?‘g';) gj&? g’ al kyl -ureido (e.g.,
met hyl urei drixptimdidegi do etc. ), (xxi) C3- 6 cycl oal kyl (e.g., cyclopropyl
etc.) and the I|ke and 1 to 3 substituents may be present at substltutable
pOSItlon(SfXX) -6 alkyl -ureido (e.g., methylureido, ethylureido etc.),
(xx1) C}6 cycloalkyl (e.g., cyclopropyl etc.) and the like, and
1 to 3 substituents may be present at substitutable position(s).
Examples of the “alkenyl” of the above-mentioned “alkenyl
10 optionally having substituent (s)” include lower alkenyl (e.g., -
vinyl, allyl, 2-methylprop-2-en-1-yl etc.) and the like. The
lower alkenyl is alkenyl having a carbon number of 2 to 6.
Examples of the substituent that the above-mentioned

”

“alkenyl optionally having substituent (s)” may have include

15 those similar to the substituents that the above-mentioned:
“alkyl optionally having substituent(s)” may have, lower alkyl
(e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, hexyl etc.) and the like, and 1 to 3
substituents may be present at substitutable position(s).

20 Examples of the “alkynyl” of the above-mentioned “alkynyl

”

optionally having substituent(s)” include lower alkynyl (e.g.,
ethynyl, propargyl etc.) and the like. The lower alkynyl is
alkynyl having a carbon number of 2 to 6.

Examples of the substituent that the above-mentioned

25 “alkynyl optionally having substituent (s)” may have include
those similar to the substituents that the above-mentioned
“alkenyl optionally having substituent(s)” may have and the like,
and 1 to 3 substituents may be present at substitutable
position(s).

30 Examples of the “cycloalkyl” of the above-mentioned
“cycloalkyl optionally having substituent (s)” include Cs-g
cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl etc.) and the like.

Examples of the substituent which the above-mentioned

35 “cycloalkyl optionally having substituent(s)” may have include

9



Exanpl es of the "al kenyl" of the above-nentioned "al kenyl 10 optionally
havi ng substituent(s)" include |ower al kenyl (e.g., vinyl, allyl,
2- met hyl pyvope®@/em3lit-y1l etc.) and the like. The | ower al lpemyP2608/0as5éeny|

havi ng a caybon numbher of to 6, . Exanpl es, of the substituent that

t he above-ﬁéﬂ??cﬁﬂﬂ? < &QngPeoﬁP?Eﬁ%ﬁW%Pﬁuﬁﬁlﬁb gﬁﬁs???Yﬁﬁﬂﬁgﬁmonﬁgy have

i nclude i S_“éhﬁéx@yﬁ'd’ﬂ’d_i&fnatl(lgt REvSHESEubsent ferithal “t hayahave- aRat tined ke,
“al kyl optionally having substituent(s)" may have, |ower alkyl (e.g.,

met hyl , et A9, 1 gk@pyIsubsidsuepys, mayite presebit ¢, syt buttablet ert - but yl ,
pentyl, heé¥gi€g&n%ﬂand the like, and 1 to 3 substituents nmay be present at
substitutabl'e positi‘on(s). 20Exanples of the "al kynyl" of the
above- nent i oned Ezdmkylwd odptthendblkylhavi rithes ubstictment {sned i Wuptideall aywer

al kynyl (e _g., ethynyl, propargyl etc.) and the like. The |ower al kynyl is
al kynyl habgﬁb“% URGHh &Y %FYJZ;t Gudey St &Y (En8-suBBERYtrent " t hat

the above- gpphipped S hrdhkreyl ) opid ondd livavi ng substituent(s)” may have
i nclude those simlar to the substituents that the above-nentioned "al kenyl
optional | y havi ngxamublsts tofethes pubabitirnie thiad the abges-mantibneg Jaryl
substituen r nt itutable ppsifion Exampl.es, of the
"cycl oal ky%ﬁtg@%‘ﬁs aa%é@gﬁgﬁ%ﬂsté%ﬁ%ér;‘%@s& I ozrin(f% R’yﬁgg%)tJl‘%én%%cieysc%é)\ﬁe%lmllar
substi t uentésilie i suatdeuedt8 epat otk \dbdve-hent CyaeéQPTrOMEnyICypitabubyly

cycl openty] ﬁéglohexyl, cycl oheptyl, cyclooctyl _etc.) and the _like.

Exanpl es ofaYHeS sTHRGITHERT (Ghi cRRY H%h a6 fbRt 1oked & "lo@ Sal kyl

optional | ysfigyt NS iy %@tﬁ?%geﬂ@%ﬂh%%ﬁskﬁﬁhﬁgﬁle position(s). .
WD2009/ 020234PCT0P2008/ 064500 t hose simlar to the substituent which the

above- ment i oned Exdnled odptthendbrglkali mf $hiesebovennés)ionml “aaad kghd t he
i ke, and

ke, R ok o SPTLUESBUEY 08, P92 cslapLisll LiLatle pesytfon(s).

15 benzyl, phenylethyl, naphthylmethyl etc.) and the like.

Examples of the substituent that the above-mentioned
“aralkyl optionally having substituent(s)” may have include
those similar to the substituents that the above-mentioned
“alkenyl optionally having substituent(s)” may have and the like,

20 and 1 to 3 substituents may be present at substitutable
position(s).

Examples of the above-mentioned “acyl” include a group
formed by binding the above-mentioned “hydrocarbon group
optionally having substituent(s)” with carbonyl.

25 Examples of the above-mentioned “optionally esterified
carboxyl” include carboxyl optionally esterified by the above-
mentioned “hydrocarbon group optionally having substituent(s)”.

Examples of the above-mentioned “imidoyl optionally having
substituent (s)” include imidoyl optionally having 1 or 2 from

30 the above-mentioned “hydrocarbon group optionally having
substituent (s)”.

Examples of the above-mentioned “amidino optionally having
substituent (s)” include amidino optionally having 1 to 3 from
the above-mentioned “hydrocarbon group optionally having

35 substituent (s)”.
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havi ng substituent(s) aryl" include 06-44 aryl (e.g., phenyl, naphthyl,
anthryl etc.) and the I|ike. Exanpl es of the substituent that the
above- nrenvoeoedh20mayl optional |y having substituent(s)"PuuMthw&Manlude

those simlar 10_to the s ituents that, the abov i oned |.kenyl
on onal 1y havi - STIAS Hlorres Fookey oAy CRECTTRel S opaigys
subst i tuenhgvm{ A dYiesent (8} 7 subshidd! ialAnBYS ép@ﬂﬂﬁally hav1n§X§nBifeS of

t he "aralkg t he above- nentloned "aral kyl optionally having

subst i t uen?(5yomthe @pevermegt hprgdythydragarbes geawy | optpleaatlet hpving
napht hyl me d the |like. Exanpl es of the substituent that

t he above- %Q%%F%%gdﬁﬁ%parkyl optionally having substituent(s)" nay have

i ncl ude 1 hose siEmdmpldS)dfhehsubbbbétmﬂnﬁiddmm[“theoaan&mdymﬂdpmmmdalaykenyI
optional Iy haying ubstltuent hayve and the |ike, l%nd 1to 3

subst i t uenPRVHRY BPSHESERE (8 s %ﬂﬁ&ga CEa68§WPY{NR351°na Y DEYARPI &s of
the above-genpipngd thackbo enﬁéH@fo@ecgr‘@%rfo%gsgnb@(raw%&qoha@l

above-nmentioned ' hydrocarbon group optionally having substltuent(s) W th
carbonyl. hareapiwsstdttuene (abbve- nentloned "optionally esterified

carboxyl inclqu qﬁ{bg§%l ggEngfélgi |f|eg€ ¥o£q§x%pp%§&qutloned
S

"hydr ocarbon group © ti ona aving’su stﬁtuen anpl es of the
above- nent aooes-m dﬂﬂﬂﬁ@%ﬁ opéteﬁaéyqaiuﬂgﬁu@psubstatu&fﬁdnﬂ ‘tompclvtideni m doyl
optionally having 1 or 2 from 30 the apove-nentioned "hydrocarbon group
opt i onal | yOREAPRRLSUESS pUBAEEEYyent (s)”, apyaxpratlefhetfr oystdcn8hPBned

“am di no ogli onadd - taw BY ﬁHQ§EﬁEé%€H(ﬁad—arBﬁkﬁgé R NG ARL gRaliby

having 1 to 3 fromthe above-nentioned "hydrocarbon group  optionally having
35 substit tebhigkgytic hag2e0oy0202 3K )IP2e0810601680ning, as Exanpges of the

above- ment Lgned, cpanhamerl, 9pthonally) N N6 SUASLLLUSELES) "ad MPLALE one,

15 preferably 1 to 4, more preferably 1 or 2, hetero atoms of 1 to
3 kinds (preferably 1 or 2 kinds) selected from an oxygen atom,
a sulfur atom, a nitrogen atom and the like, and having a bond
at a carbon atom, and the like are used.

As the “aromatic heterocyclic group”, for example, a 5- or

20 6-membered monocyclic aromatic heterocyclic group such as furyl,
thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,3,4-oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-

25 triazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl and the like and, for example, a 8- to 12-
membered condensed polycyclic aromatic heterocyclic group such
as benzofuranyl, isobenzofuranyl, benzo[b]thienyl, indolyl,
isoindolyl, 1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-

30 benzoisoxazolyl, benzothiazolyl, benzopyranyl, 1,2-
benzoisothiazolyl, 1H—benzotriazoly1, quinolyl, isoquinolyl,
cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,
naphthyridinyl, purinyl, pteridinyl, carbazolyl, o-carbolinyl,
B-carbolinyl, y-carbolinyl, acridinyl, phenoxazinyl,

35 phenothiazinyl, phenazinyl, phenoxathiinyl, thianthrenyl,

11



2 fromthe above-nentioned "hydrocarbon group optionally havi ng
substituent(s)". Exanpl es of the above-nentioned "t hi ocar banoyl
opt i onal I'woOhaw/ng3gubst i tuent(s) i ncl ude thi ocar banoyl Po*mtJPmoslbtwomaw ng 1

or 2 fromthe above-nention dr ocar ro onal | Vi ng

substituen?F??amt 4“3 Ly S@PGE%%??%? tﬁo'u %QP;lélBX# E%%ﬁﬂ 02 “the 10

above- nment bq>p§elld$1ﬁrqnocwrb@o%pypsﬂa]qaﬁl@@rlborﬂm@agab[mrenpgﬁt ilggnal Iy has
e

substituent (s an aromati c heterocyclic group or a saturat

unsat ur at edMheAZal branaleYrde¥L ocymidazyilodr( @Wﬁﬁé?iQYhetJéﬁuéiW@I [le2group),

each conta ring- Go £ at o r

at ons, Fzgggl%%%u%d§ gfgfgrg.%ééﬁgéggiﬁ 95aygfe%a 1yq%§é%% O(ﬁé?ero
at ons of5 1bf pyBidanidsy ) pnef €hablykd, ain® ﬂhendsi)cesakech@d:lf rom an oxygen
atom a sul fur d%onl a hitrogen atomand the I|.ike, ang having ond at a

carbon atom and*the' i KE¥TaPEORaEYLC ?@t?WﬂFYQ%%SmQFPBPhet ?Bd?ﬁp} €gr Bup"

for exanpl g a058 Iﬁgmb?&eér r@a@@éﬁgoigprmcm Ieam@fngagéaf Mﬂ&@@b&c group

such as furyl en pyrr ol i oxXazol yl, isoxazoly t hi azol yl ,
i sot hi azol ynsamw@dv)l fprefeyrbiyl yatunated3- @padlaa@mayic hetzpayeadiazol yl,

1, 3, 4- oxadj y f gggn -1 hi adi oI 2 4 thladlazolyl
1,3, 4- thlag?ég |y ll%H %FFS%%%@éil%né%%¥%ﬁy cpe razo rEfnyﬁyrldyl

pyri dazinybzepydimydi myetapyl aztnydtartyl az;imblaadnyhﬁ ttdztkwﬁal'ﬁydiofh@yl
exanple, a 8- %o 12- nenbered condensed polycyclic aromatic heterocyclic

group sucht8&° %ﬂ%%ﬁtﬂ%ﬂ?ﬁl Yi s o bR eI ALIRAL AN d n 2 BPBPRPH M4, i ndol yI
i soi ndol yl £hibhbAGaz0IRK1, Pékﬁ@ﬂ%ﬁjléﬂd tl?l%nlgkézolaﬁﬂi tHe Zikd0 or a

benzoi soxazol yl , benzot hi azo behzopyranyl , 1,2- benzoi sothi'azol yl,
1H—benzotrnazo$y¢matﬂﬂrhﬂb@ﬁocysbq0|qmﬂqp Wharﬁnolthyldoupﬁeubnﬂd @l the

qui noxal | ngalfOrgnh]é oa}lzel<{'¥1|0 thyrl maQ:XLd hp%SF. %yi:l %ggrﬁl%%lpzyﬁlr

car bazol yl Searn |ny -car

phenoxazj nybndéﬁseahmymyuuayhromﬁwmdtﬂmcpb@m@xgisdsnup myd partilgnblr enyl ,
WO 2009M20234PCT/ JP2008/ 064500 phenant hri di ny ghenanthrolln yl
i ndol i zi nyPPtipSHY otaryrates SBfgywd]az% iyl tﬁWé BREPTL A Py ilalyh 374~

i mdazo[ 1, [ r:hdyl z rigdazi nyl ,
T aaol 1 oA e engel o D ont S ?af@ el

1,2, 4- tr|azolo[4E8mmb¥pyKﬂﬂ&benyubsWEKméntIuHa£ tandabhee+m¢mtknnedused

As h t het | nb d
o e oL STRLL DCOENGLL o QPR 5k, URTEACapfi g Tl

20 substituent (s)” may have include those similar to the
substituents that the above-mentioned “alkenyl group optionally
having substituent(s)” may have and the like, and 1 to 3
substituents may be present at substitutable position(s).

Examples of the “group via a nitrogen atom” for R}, R?, R!,

25 R®> or R® include (i) amino, (ii) amino mono-substituted by the
above-mentioned “group via a carbon atom” and (iii) amino di-
substituted by the above-mentioned “group via a carbon atom” and
Ci-¢ alkyl (e.g., methyl, ethyl, propyl etc.) and the like.

Examples of the “group via an oxygen atom” for R', R?, RY,

30 R°, R® or R’ include hydroxyl optionally substituted by the
above-mentioned “group via a carbon atom” and the like.

Examples of the “group via a sulfur atom” for R}, R?, RS,
R® or R® include thiol optionally substituted by the above-
mentioned “group via a carbon atom” and the like. The thiol may

35 be oxidized.
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unsaturated (preferably saturated) non-aromatic heterocyclic group
(aliphatic heterocyclic group) such as oxiranyl, /o azetidinyl, oxetanyl,
thietanyhvopymmnbiﬂinyl tetrahydrofuryl thi ol anyl, pi pemiJeio$/064500

t et r ahydr opyr any, i onor hollnyl i

I n razi nyl. _.and the |ike,
e e T Y s Ch Ot STt GHeLr 56 R GREet o hg U0 & bon

of the af O@theﬁﬂe@ @@@ﬁ&iéhty 86 HBliaethaheb PEYELbE HAURPErsObased
condensed pol ycyclic aromatic heterocyclic group is partly or entirely

saturat ed SRCRYIEOIED 17 2- Peleakiel Gd del ppPE malztgcmlarly limited as
te”ahydmié&@tﬁ&%y' %%h%ﬁé#&mfé‘%h% sl;llgge aﬁ& cyafyanpl es

of the substituent that ove: nentlone ferocyc cpéfﬁup via a
carbon at omitwd, dlalepienonabhy (das. chkndryhetaeam(sdhldnﬂndunbem nbkrudéné hose
simlar to_the sub tltuent t hat _t he, apove- nenti oned "alkenﬁoqgroy y17),

opti onal | y2H¥i ni nt BSYL hajhiR%e Hhdheh&bovremenh

substi t uengst 1EHa 108, rérs%%@@héa S&RSd:hfut@bhe1RPSES | R ShovexalBkesned the
“group via a nitrogen atom' for RI, R4 25 R5 or R6 include (i) am no,

(ii) am no" e@h ﬁﬁ@?édfb§dt¢ﬁibﬂxxké meﬁptbﬂ@dllgr&ﬁhﬁﬁmbytédcarbon
t ont d b
stont 2 L ol SUbel Lt SR the shove- sl gnad o oup 12 @

Iike Emannmbﬁtxﬂuﬁduacagbampyy?a @ QXY gekyat sabst oruty dy2,1 R4, 530 RS, R6

or RO include hydroxyl optlonally substituted_ by the above-nentioned "group
via a car beA ATt t(Redt ; kblUoromethyy ph aEomethe 'HidueromgtaYSul f ur

atont for Rlonforny® ok RoubRstdidg L hicohcAPLESRAY ksl Lithedny the

above- mentioned "group via a carbon atom' and the |ike. The thlo may 35 be
oxi di zed. W09 G202684RETLER2008/ 064500 The "el ectron-wi t hdraw ng

group” for R3 g eraII “ havin .t enden tQ attract an

el ectron from ot asggagﬁehygi er? i Fa %9398833§y9¥ thd 1% not

parti cumrislybéthrﬂdeeft ”| @pg RS drt RF sinsietid rhokgaBifi TN Stins abdke-
exanpl e, cyano 5 nltro hal ogen atom (e.g., fluorine atom chlorine atom

brom ne atBFRLIGHEhe aé$§%)095é9ma¥%ﬂrﬁqw&PgtéuPﬁElﬁ%ﬁVé“ﬁent|oned "acyl "),
optionally estertgéﬁgié%a5Q0{Mg tebmbAr o hggﬁ?gﬂ§l r% “optionally
ar sim

esterified carboxyl™), optlonally substitut ar to the
above- nentsub&ﬁﬁtUgmh (endl fpr R’ include those similar to the above-
mentioned “aralkyl optionally having substituent (s)”
20 Examples of the “alkenyl group optionally having
substituent (s)” for R® include those similar to the above-
mentioned “alkenyl optionally having substituent (s)”
Examples of the “cycloalkyl group optionally having
substituent (s)” for R® include those similar to the above-
25 mentioned “cycloalkyl optionally having substituent (s)”
Ring A is a 5- or 6-membered ring optionally having
substituent (s) besides R® to R’. Examples of Ring A include a
pyrrolidine ring and a piperidine ring.
Examples of the substituent that Ring A may further have
30 include those similar to the substituents that the above-
mentioned “alkenyl optionally having substituent(s)” may have,
lower alkyl having hydroxy (e.g., hydrbxymethyl, 1-hydroxy-1-
methylethyl etc.), lower alkenyl (e.g., vinyl, allyl, 2-
methylprop-2-en-1-yl etc.), Cgi14 aryl (e.g., phenyl, naphthyl,
35 anthryl etc.), Cy.14 aralkyl (e.g., benzyl, phenylethyl,
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i 0o substituted carbanpoyl”) or Cl_6 al kyl substituted by 1 to 5 hal ogen
atons (e.g., fluoronethyl, chloronethyl di fl uoronmet hyl, dichloromnethyl,
trifl uor owet2hgd02013ni chl ororret hyl etc. and the |ike canPo@/JRENSHesed.

Exanpl es of _t "al kyl gr ti havi 5 stitu for R7 or
R8 i ncl udenﬁﬁgg erl%h t)hg g@ c?ﬁ’%d:![ EPk | S ‘btbsﬁjgﬁ’%q) A&Yi ng
substituenbespresent at @mmll@atgmé heosﬁlairmel .gr oHpa @@t gl IR nlgawi ng
substituent(s)"” for R7 include those sinlar to the above-nenti oned

"aral kyl opPFeRRRtlY Hrmeg asgpdrpt erd (shth CaoEgumppebkaie tife 9 al kenyl

roup opti i nclude those simlar to the
gbovg rrgnt ?gﬁgé& I{eenmg) ﬁggﬁ)gtﬁgﬁg (ﬁ%lwc%ggxs%%tl tuent(s)". Exanpl es

of the "gycl oal kjrefriongd @t iRONB$ |  Hyairioygns ebsij t aiem{e)eh faaomRBri acl ude

those simlar to above- 25, oned al k onal avi .ng
subst i t uent-P¥F~. a{kﬁ IRy oﬁéilgnﬁﬁf.y n’b?"@%@ﬂf%é?‘éﬁu??’ggf O'ptl ®havi ng
substi t uent (L$)ab1€:§dﬂﬁﬁer3@tbﬁh RQHFX &f aRoRdoA i Del ude lébv@fr LAk di ne
ring andaplperldlnerlrta%é Exanpl es of e substituent that RlngArray

€

furt her hag&osp indugfe e sPﬂfth@ulaaere (dubst hydeegen tdtam,t Hai) a

above- nent If%ﬁg%frloxy e.ogr. Rakgg%jaykﬁg?%%1%r%&%§ébﬁgent(s)" may have, | ower

al kyl havin r oX roxy- Inet hyl et hyl etc.),

| oner alkenyl (ePgefemienyla,s aflys a%aﬂznjelmylapbmp 2-Bswdr )a]l]@thg):‘ouﬁ:G 14
aryl (e.g. hen 35, ant hr etc. C7 14 aral k ée g.,
benzyl QR FetHytY 6\7@ 09}18?5?13‘4%' 2(%8/306@586 A=EPEh etc.)

and the Ilks ti8A 1y vd nguBsbkt venést (@Y. berageal AthsSuRald ta‘ttoﬁibl g
p05|t|on(s)9 %n addytlonn%Lszl ng A o%tlo?;) Ty forns a Spiro bond with C3_6

cycl oal kanéowergalkxc%/cgr@plpopmeoneyby obaMidiee had;ngoh@t(qmée) BPreflovesd as

s a hydionep S RABLessY pLomer A danen slky] s qupontignal |y

haV| ng subs ese? hydr gen a (T7) al"ogen atom
or (iii)saPhowecubdiiwt, @r (fupoussneret@ﬁatﬁ e:hlBarﬁhecataﬁJ ymet(h})l a hydrogen
atom (")ogtiéﬁgqi§“%§¥fﬂg %&uogahe atom?g IS pt?fggfgiggromethyl etc.)
or methoxy is preferable.
Preferred as R® is a cyano group.
Preferred as R* is a hydrogen atom or a halogen atom. Of

20 these, a hydrogen atom or a fluorine atom is preferable.

Preferred as R’ is a hydrogen atom.

Preferred as R® is a hydrogen atom.

Preferred as R’ is a lower alkyl group optionally having
substituent (s) or an aralkyl group optionally having ‘

25 substituent(s). Of these, a lower alkyl group optionally having
substituent (s) selected from a lower alkoxy group, a hydroxy
group and a Cz- cycloalkyl group, or an aralkyl group optionally
having substituent(s) selected from a halogen atom and a cyano
group is preferable. Particularly, (1) methyl optionally having

30 substituent(s) selected from methoxy, hydroxy and cyclopropyl,
(2) ethyl, (3) n-propyl, (4) isopropyl, (5) isobutyl, or (6)
benzyl optionally having substituent (s) selected from a fluorine
atom and cyano is preferable.

Preferred as R® is a hydrogen atom, a lower alkyl group

35 optionally having substituent(s) or a Cs;.¢ cycloalkyl group
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icPreferred as R2 is a halogen atom a |ower al kyl group optionally having
substituent(s) or a | ower al koxy group optionally having substituent(s). O
t hese, a wealzogpemomtom a | ower al kyl group optional |y haeiragdesbhegen
aton(s) or a_lower. al koxy group, optionally havi hal ogen aton(s) is

pr ef er abl ePFLOBATY A% y,suagﬂﬁberr?tné)ator(?? Eﬂgﬁ?or? %éyda‘”totgr‘ﬁn ﬁ%?ﬂyl a
optional | y18a¥tnen ki UQrce 8t08(68). ¢ (Rl.oallkiif HHeaSMES e RlrGHl eOr Met hoxy
is preferable. Preferred as R3 is a cyano group. referred as R4 is a
hydr ogen aPartbfutahiali.ogehvdrogen Gtao mesdyl arhgdeberreritlomsor a fl uorine
atomis prSL raple, o Preferred as R6 is a hydrogen atom Preferred as R6 is
a hydrogen atom ) Preferred as R7 is a | ower al kyl group optionally
havi ng sabstituentéfrmyd as af alky hydavgyogtobapal |y having 25
substituent(s). é¥%%hese a |lLower alkylggrou optionally having,

substituent(s) s FFSF PSRAY RetS PTG G, TANRY RSP IHEEE and a

C3-6 cycloah Ky Q4P .ok oRB1 &) aF ki ndl YR, OBEL988L | i° RaviRhg sWisti tuent (s)
sel ected froma hal ogen atom and a cyano group is preferable. Particularly,
(1) net hyl sebstbrzgnts setiengedof s st italegefs ptonl ezt kevdr grhkiyat bogyp

hydr oxy an |, 2 hyl 3) _n-praopyl 4). i sopropyl, _(5)
i sobutyl, %P%%%%e‘ﬁ%als gph’éﬁ(g%}(yg%oa |’ng§;31 %%Hggl ?Hé%ﬁl ls)grséjlpeg%gda rom a

fluoring abhoal eyl gyAmg o pr bfmemddsd ring (pyrréledsats edms RBrin$ng a
hydrogen atom a | ower, al kyl group 35 optionally having substituent(s) or a

C3_6 cycl o8Pky?P Rpnsli i thoC2609%Rb 28488 - PRG0EN08R5007 optiEREreY Kal¥ ng
substi t uentfs)roFaies8ngd WMﬁéﬁ%ﬁti%r%mlfhEQY‘eBeéické@ §Jr PYPROT 12 o|§_~‘3,z6

cycl oal kyl group is preferable. Particularly, a hydrogen atom nethyl or
cycl opr opybubst prudrdrsalsied ecfd ef eom ed fdsioRA nes abiohy dnexy lgr eipyl, 1-

Pr ef d Ri 5- ' | i di i i ch
opt 1 ona |y ATaFoRer M rSBBLHEe b g, PPHEE R S 1l s Pt ed from
a hal ogen BERRY1 2ot eWa-mahkskkegr Oy Oftyiradalki by nBasi Bg hyEbmihggaoEpird | over

al kenyl group and an 10 aral kyl group, or a 5-nenbered ring (pyrrolidine
ring) fornPAgdavsi? rYPorgoRpLd 8- hfeddrkane. Of these, a 5- nenbered

ring (pyrrolidi n?réfé@emiscaoﬂﬁéﬁﬁcﬁ'ali)y i@a%’ c%ﬁlﬁbﬁﬁé vﬁ?efé)irﬁg’ 1or 2
R! is a hydrogen atom, a halogen atom or a lower alkyl
group optionally having substituent (s);

20 R? is a halogen atom, a lower alkyl group optionally
having substituent(s) or a lower alkoxy group optionally having
substituent (s);

R® is a cyano group;
R is a hydrogen atom or a halogen atom;
25 R’ is a hydrogen atom; ‘
R® is a hydrogen atom;
R’ is a lower alkyl group optionally having substituent (s)
or an aralkyl group optionally having substituent(s);
R® is a hydrogen atom, a lower alkyl group optionally

30 having substituent(s) or a Cs;.¢ cycloalkyl group optionally

having substituent (s):;

R® is a hydroxy group; and

Ring A is a 5-membered ring (pyrrolidine ring) which
optionally has 1 or 2 substituents selected from a halogen atom,

35 a lower alkyl group optionally having a hydroxy group, a lower

15



substituents selected froma fluorine atom nethyl, ethyl, 1-
hydr oxy- 1| -nmet hyl et hyl , isobutyl, 2-nethylprop-2-en-1-y1l and 15 benzyl or a
5- menber eaor2oovg203yrr ol i di ne ring) formng a spiro bondPairtin2wy/oésswr opane

IS preferabi . P{eferred S _conpo Q)gl(l i s a conpound wherein Rl is
a hydrogen® E‘B?r}( A 3?0%?6#1 I 'aPEyF‘HSFIB PG &9 y havi ng
substi t uentp§rroR2Rad siddhalkkegRingtHMpidd BWRH aikulc?g QuR-1eRhikaRal |y

having substituent(s) or a |ower alkoxy group optionally having
substituent (s); BRrikcylaflanoprgedapre®als & gompersgderinateobmor a hal ogen

atom 25R5 is a rogen at i hy?. e RC i,5.a, | owner

al kyl group opti %a 9 3§I2|a\%i ﬁg&ﬁﬁ%es‘h t%énht é?gog}g‘%ﬂg&eﬁ l?y Omgr‘%ué%o%{ i%nal |y
havi ng subdbweénentXss) ;grifd@ipi;s a hydrogen atom a | ower al kyl group
optionally 30 havjng substituent(s) or a C3 _6_cycloal kyl group_optionally
havi ng substitueht () 2 ﬁgapgeg AYIt0Ry 1gWEtpalhht 9rou OﬁﬁﬁoﬁﬁlAyis a

5- nenber ednhh{ D8y (MYIdRd @itaemégng} M &l 0B KRG LYol Sogk ¥nad 15uRaki hyent s
selected froma hal ogen atom 35 a | ower al kyl group optionally having a
hydr oxy gr bapogen |ajvask(s)WD 2009/ 020234PCT/ JP2008/ 064500

R® is a cyano group;
10 R! is a hydrogen atom or a halogen atom;
R’ is a hydrogen atom;
R® is a hydrogen atom;
R’ is a lower alkyl group optionally having substituent (s)
or an aralkyl group optionally having substituent(s);
15 R® is a hydrogen atom, a lower alkyl group or a Csg
cycloalkyl group:; |
R? is a hydroxy group; and
Ring A is preferably a 5-membered ring (pyrrolidine ring)
which further optionally has, besides R® to R%, 1 or 2
20 substituents selected from a halogen atom, a lower alkyl group
optionally having a hydroxy group, a lower alkenyl group and an
aralkyl group, or a 5-membered ring (pyrrolidine ring) forming a
spiro bond with cyclopropane.

Furthermore, preferred is a compound of the formula (I’)

10
R R" OH R?
R7
0] N R6
RS R1
("
R* R?
25 CN
wherein

R' is a hydrogen atom, a halogen atom or a lower alkyl group

optionally having substituent(s);

16



al kenyl group and an aral kyl group, or a 5-nenbered ring (pyrrolidine ring)
formng a spiro bond with C3-6 cycl oal kane. Particularly, preferred is a
conpound wben@/020234 Rl is (i) a hydrogen atom (i iPcTarhebogses at om or
(tii) a s Lewer alkyl group; R2 is,a. hal ogen at.om | ower al kyl
group opti %}naﬁf O nh%?%’ena aetod"r?(rs)ai(ﬁ’lagp& r° aﬁﬁ?&?ﬁﬁgr 8p10Pti onal Iy
havi ng hal agesgéh oaf(si (s)R3rl 8 RBokyANDLIE:AHRrolBRApt Soa TKANRGAMgAt Om or a
hal ogen ato R6 is a hydrogen atom R6 is a hydrogen atom R7 is a

| ower al kylhg]é%% ¥ Gndl |y having substituent(s) or an aral kyl group
optional | yghayi ng LLu S), Y- | fogen atom a | ower alkyl
group or aRC3_6 cﬁ:aggé%lggérgu%ﬁ dJRgB?glganh??iérﬁgky group; and Ring A

i s pref esaBf yared Rnenberath @ hydepyenoktdhne ring) which further optionally

has, besides R6 tq R9, 1 or. 2 20 substituents se|lected from a hal ogen atom
a | ower al Ilsgr‘aoaﬁwgﬁt 139)%5}I‘%/r%’aR/iorﬁ%18“ﬁ§3¥0§§rngr?%§b‘%sé}lFB$BF(_ﬁ?k o
group and aradkpl kytoudy %@ioﬁélﬁ%%mrsQﬂJs"cii@geﬁ@YéT,O! idine ring) forning

a Spiro bond with cyclopropane. Furthernore, preferred is a conpound of the
formul a (|R€:h25Cmydrogen atom, a lower alkyl group optionally having

substituent (s) or a Csz-g cycloalkyl group optionally‘having

10 substituent(s); and
R and R are the same or different and each is a hydrogen atom,
a halogen atom, a lower alkyl group optionally having a hydroxy
group, a lower alkenyl group or an aralkyl group:;
wherein R'® and R may form Cs.¢ cycloalkane together with the

15 adjacent carbon atom.

Preferred as compound (I’) is a compound wherein

R' is a hydrogen atom, a halogen atom (e.g., fluorine atom) or a
lower alkyl group (e.g., methyl);
R? is a halogen atom (e.g., fluorine atom, chlorine atom), a

20 lower alkyl group optionally having halogen atom(s) (e.g.,
trifluoromethyl) or a lower alkoxy group optionally having
halogen atom(s) (e.g., methoxy);
R’ is a lower alkyl group (e.g., methyl, ethyl, n-propyl,
isopropyl, isobutyl) optionally having substituent(s) selected

25 from a hydroxy group, a lower alkoxy group (e.g;, methoxy) and a
C3z-¢ cycloalkyl group (e.g., cyclopropyl), or an aralkyl group
(e.g., benzyl) optionally having substituent (s) selected from a
halogen atom (e.g., fluorine atom) and a cyano group;
R® is a hydrogen atom, a lower alkyl group (e.g., methyl) or a

30 Cz-¢ cycloalkyl group (e.g., cyclopropyl); and
R' and RY are the same or different and each is a hydrogen atom,
a halogen atom (e.g., fluorine atom), a lower alkyl group (e.g.,
methyl, ethyl, isobutyl), a lower alkenyl group (e.g., 2-
methylprop-2-en-1-yl etc.), an aralkyl group (e.g., benzyl), a

35 lower alkyl group substituted by a hydroxy group (e.g., 1-
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wherein RI is a hydrogen atom a hal ogen atomor a |ower al kyl group
optionally having substituent(s); WD 2009/020234PCTAP20081064500 R2 is a
hal ogen eWOrmosva)zbmer al kyI group opti onal Iy havi ng hal egearaeng4ss)o or a

| ower al ko roup. t|o a Io en a R4 is hydr ogen atom
or a hal og}é&dg H’ﬂ?g %‘Wgﬁ‘) F‘onf“af@%??xa | ower
al kyl QFOUQy@Dbpﬁdﬂgaérﬁe/ d@@thgrsub@mlﬁwmcﬁ%)ce@rt @Br%ﬁ' &tdm)dr oup optionally

havi ng substituent(s); R8 is a hydrogen atom a |ower al k | group
optional I'y havi nBref@sied @encogposhd a ascet:mr@arswplé%wpflsbm conal | y

naving 10 SuhsbhidenidsziRads e B0l Ah ilBoaaaRaAn L i eceny and each

is a hydrogen atom a | ogen atom a | ower a opt i onaIIy
hydr oxy greaptsathemeyf.al kenyl group or an ar aI kyI group; wherein R18 and

R11 may form C3-6, cycl o ane toget her th the i s adjacent carbon atom
Pr ef er)r/ed as conﬁ% " ?cﬁlc)lgcﬁog 3¢ B%%M%F@F‘Roﬁpg ? &’leFSm a

hal ogen at 9 {ge Ofo1 fduwidig.N€CBMEHINS! (1B Ic@\f\@beabwauaé@tﬁy (£ g@nerf®t hyl);
R2 is a hal ogen atom (e.g., fluorine atom chl orine aton), a 20 | ower alkyl

group opti BRERNYC haXn A4l Bgehodt ot Acqerdgng tei 8l keewhemrhetde a | ower

| ko ro I n aton(s e.g., nmetho R7 is a
?owe)r(yalgky Efr?%lﬁjl p{% yh}&a\ébgg 6%% n- goéyf |gsopropyl Xyi)sobutyl)

optionakéy havi n@ompdnmdtllent:(as) bsepmnmiad for example, by reacting a

compound represented by the formula (II)

{n

wherein M is a leaving group, and the other symbols are as

15 defined above, with a compound represented by the formula (III)

A \R

Ir=

wherein each symbol is as defined above, in the presence of a
palladium catalyst and a suitable ligand, and removing a
20 protecting group when it is present.
Compounds (II) and (III) to be used as starting materials
can be synthesized according to a known method or a method
analogous thereto, for example, according to the methods shown

in the Reference Examples below.
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23 froma hydroxy group, a |lower al koxy group (e.g., nethoxy) and a C3-6
cycl oal kyl group (e.g., cyclopropyl), or an aral kyl group (e.g., benzyl)
opt i onal Iwohawnzge3gubsti tuent (s) sel ected from a hal ogeRrCatemog/ec4goo,

fluorine atom d a .cyano group; R8 is, a hydrogen atom a |ower al kyl
group (e.g., . rre%?)akbglvea_“?g‘t(ﬁgedc?@}‘%%‘ﬂﬁ (éﬁguﬁggefﬁﬁ) %%MVE?; and
R and Rllsalesteesdr ahddbkf shientsand easbskssamhyaf ogentt @an g bal ogen

atom (e.g., fluorine atom), a |lower alkyl group (e.g., nmethyl, ethyl,
i sobutyl ), cempowed &k theolpke eaxe uspd.nefhyfpdbplnerthe grogps. }n an

el 9 {5t R RO A P ORI

hydr oxy-3 - neétiylretdperali mrghnsc cage; hdlesanddR Whamyddoirad,y ahepr opane
together with the adjacent carbon atom. Preferred as conmpound (1)
are nore sPERFFFIHN FWSCSﬁBo]BﬁdEeIEfg}?& PEEETI ReRRR P RESRAHERENES

Exanmpl es 1xh@uwSdméaibsal ts thereof. The production nethods of the conpound
(I') are described in the follow ng. Conpound (1) can be produced by a
gener al organi ¢ 8ynthresileavangodroep” atwoi Agrt examRbewnt syaltdeen supkt hod

e.g., W 2004- 76) .. 1 npo . (1). can, be duced, for exanple, by
Seagti ng aggoérr}ﬁ%g}gl er’egfgglgﬁ?édggglé%eanfgfcr?%l %EE{%) wherein Mis a |eaving
group, andtthelesteiethameels fanglasy iandlehienedkaboxe, bavdded conpound
represented by the formul a (III% RO wherein each synbol is as defined
above, in the prEdRMERMNE JALLhdt frdaTalyst vaRd A s 1MW iddardtoand

remving asz mol per 1 mol of compound (II). The reaction also proceeds
smoothly by, where necessary, adding a base such as lithium
carbonate, potassium carbonate, sodium carbonate, cesium
15 carbonate, sodium hydrogen carbonate, sodium hydroxide, sodium
tert-butoxide, potassium tert-butoxide, triethylamine and the
like.

As the palladium catalyst, palladium (II) acetate,
tris(dibenzylideneacetone)dipalladium(0) and the like can be

20 used. Of these, tris(dibenzylideneacetone)dipalladium(0) is
preferable.

As the ligand to be used for the reaction, tris(ortho-
tolyl)phosphine, BINAP, 1,1’-bis(diphenylphosphino) ferrocene,
4,5-bis(diphenylphosphino) -9, 9-dimethylxanthene and the like can

25 be used. Of these, 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene is preferable.

The reaction can be performed in an inert solvent, for
example, tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane,
1,4-dioxane, toluene, benzene, xylene, N,N-dimethylformamide

30 (DMF) etc., or a mixed solvent thereof. The reaction can be
performed in a temperature range of about 0°C to 180°C. The
reaction time is not particularly limited but it is generally
0.1 hr to 100 hr, preferably 0.5 hr to 72 hr.

Moreover, one or more substituents on Ring A in compound

35 (I) can be converted to other substituents. For example, it is
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20 protecting group when it is present. Compounds (I11) and (111) to
be used as starting materials can be synthesized according to a known

met hod orwaea 2nexd202z84anal ogous thereto, for exanpl e, accordiragsosdie net hods
shown in the Reference Exanples bel ow WO 2009/ 020234PCTOP2008/ 064500

The above-ﬁ%ﬁfﬁ%ﬁ% ¢SS5 GHag f?%%o%#ii?WW¥5 8I§8c??ﬁﬁﬁj qggﬁggo Rr EBf
and as suchlsald oy tROSRIrsktAbhArof 18 a3 b3 cehotord®atd { h-cardihfecdi ke
are used. In addition, the groups in conpounds (I1) and (lI11) may be
protect ed By"®rRREMINE esups-5 used in general organic syntheses and,
when desired, t [ u r i.0

according to knggﬁéﬁégéﬁgiggg TP P%égﬁﬂgH§T%§€?%598$%ﬁ%%i%%?Qbf ?ggmula
exanpl e,5 a(h&a} ogen such as chlorine, bromne, iodine and the like, /o
trifluoromethanesul fonyl oxy and the |ike can be used. The conmpound (II1) is
generally used in an amount of 1 to 3 nol per 1 nol of conpound (I1). The
reaction also proceeds snoothly by, where necessary, adding a base such as
Iithiun1caﬁ§on ePHpgt assi um car bonat e, sodi um carbonate, cesium/5

car bonat e, SOt rogen carbonate, sodi um hydroxi de, sodi um
tert-but oxi de, /pot sq?un1tert-butoxide, triethylam ne and the |iKke.

As the pall ads alyst, palladium (l1) acetate, '
tris(dibenz@lid- eac%&one)dipalladiun(O) and the |like can be 20 used. O
these, tri sfdi benzyl ifdeneacet one)di pal | adi um(0) is preferable. As the
i gand to be ™ for the (Baction, tris(orthotolyl)phosphine, Bl NAP,

1,1 -bis(diphsg osphi no) ferrocene,

4, 5-bi s(di ghe pHOsRAI no) - 9, 9- di met hyl xant hene and the |i ke can 25 be
used. O these, #,5-bis(diphenyl phosphino)-9,9- dinethylxanthene is

pr ef er abl e. “CNThe reaction can be perforned in an inert solvent, for
exanpl e, tetrahydrofuran, diethyl ether, 1,2-dinethoxyethane, 1, 4-dioxane,
t ol uene, beheesin eqdherembb] Nk §i aetdwdifnedrapotte, compound (I’) can be

produced, for example, according to any of the following
10 synthetic methods 1 to 3, or a synthetic method analogous
thereto.

Compounds (IV) to (XVI) in synthetic methods 1 to 3 also
include salts thereof, and as such salts, those similar to the
salts of compound (I) and the like are used. 1In addition, the

15 groups in compounds (IV) to (XVI) may be protected by protecting
groups generally used for organic syntheses and, when desired,
the protecting groups can be removed after reaction, according
to known methods.

A simplified representation of reaction method 1 is shown

20 below.

(reaction method 1)

20



30 (DVF) etc., or a mxed solvent thereof. The reaction can be perforned in
a tenperature range of about OC to 180C. The reaction tinme is not

parti cul awbyodwarided but it is generally 0.1 hr to 100 rCT/Jproos/essal y 0.5
hr to 72 hr. Moreover, one or nore substituents on Ring Ain
conpound 35 (1) can be c&yeRted to oRferRSubstituents. For exanple, it is
W2009/ 020234PCT/ JP2008/ 06 0. Qossi bl e Xo reduge a carbonyl group to

al cohol, | ead_gl cphol t oBol eff[n BY denydrafi oR or al kyl ate al cohol to

et her accordi Ry Ro a, et hod kKhown per se. en co B) RS a conpound
representﬁglg e-Rornmul a ") CN mhquﬁn each sy 118" ag, defined
above, co ouﬁd (lI') can be produced, for exanplep-a&co torRdhy of the

following /o syntBetic nethods 1 to 3, or a syntheti*tRB anal ogous

t her et o. (Mponpounds (IV) to (XVlI) in synthetic nethods 1 to 3 al so
include salts thereof, and as such salts, those similar M) the salts of
conpound (1) and the like are used. In addition, the 15 groups in conpounds
(I'V) to (XVl) may be protected by protecting groups general Iy used for
organi ¢ syntheses and, when desired, the protecting groRRS ca

after reaction, according to known nethods. A sinplified r
reaction nmethod 1 is shown 20 bekgwp’(rgﬁthon met hod %&

O 13 CN-
HN 9 R (1)
OH O
(Vi)
0
n R” ri RUOH g
R OH_, ,
R13/O R R
R’ o) R®
g N
5 HN R1 N RS 1
R R
R* R’
4 2
CN

X) r
Compound (VII) wherein each symbol is aS defined above can
be synthesized according to a known synthetic method (e.g., J.R.
Luly, et al., J. Org. Chem., 52, 1487-14%92 (1987), A. Wyslouch.,
5 et al., Tetrahedron Asymmetry, 3, 1401-1410 (1992), S. Steurer,
et al., Eur. J. Org. Chem., 1551-1560 (1999), D. Schirlin, et
al., Tetrahedron, 52, 305-318 (1996)) or a method analogous
thereto.
Compound (VII) can be produced by reacting compound (IV),
10 wherein R® to R® are as defined above, and P is an amino-
protecting group, with compound (V) or compound (VI) wherein R
and R are as defined above, and R'? is lower alkyl such as tert-

butyl and the like.
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CN (X)(r) Conpound (VI1) wherein each synbol is as defined above can
be synthesi zed according to a known synthetic nethod (e.g., J.R Luly, et
al ., J. QvQ.20@1emM34 52, 1487 1492 (1987), A. Wslouch., P6T5P2m8/064500

Tetrahedron Asy tr 1401- 1992 et al

Lot raedr on ASYIIE! s ettt 8014 PR, Bos LB gl Bl enc ol 1
(1996)) or daseeibed Bnaliegassat her etdendomeewrdc( Vil ) weas, he-dqreedyced by
reacting conpound (IV), /0 wherein R6 to R8 are as defined above, and P is

an ami no- pF5PERS | HYy QPIRNC wyphheshd dihidd eisiorenpagesl {43 ) idérei n RL

and R11 arg, y b yL and
the |ike. vwz%dﬁﬁozog%%gsgc)o /%%%Q@Q?Egﬁg% J%@%?o 2’23 é)g?%u%) for
P, the pfotectfbl\gtcg}rynqlsboah@'icgrbep KBDc'I'hgamdm)ain&éer@lé’eter G M Wits,
Protective Gou in ani c thesis third edition, es 494 - 653
NGt hose. tos PRHR T, TV S bRty 12 Feaut Pe GrBRs e ries out

tert-butoxyeasbernd & A BAEiHIONP)of 5 Knelar aBEsrm GrRaeurd (V) is
used, a reaction can be carried out according to the conditions of a known

Ref or mat skyer@actPeh BReagt. OPg, Hhctl97%2, Syp8hesdys)>7IsykI¥eils, 571
g}}ggg)éomound ($%§%{M“ﬁﬂ GY) gbiePENRF Adah Y3e9 8 1 4&1 4Pl BRYL Lo
10 compound (IV).

Compound (VII) can be produced by reacting compound (IV)
with a Reformatsky reagent prepared from compound (V) and
generally 1 to 3 mol of zinc per 1 mol of compound (V).

For preparation of a Reformatsky reagent, the copresence

15 of generally 0.1 to 1 mol of trimethylsilyl chloride or
copper (I) chloride per 1 mol of compound (V) is effective.

The reaction can be carried out in an inert solvent, such
as tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane, 1,4-
dioxane, toluene, benzene, xylene and the like, and a mixed

20 solvent thereof. The reaction is carried out within a
temperature range of from about -40°C to 100°C. While the
reaction time is not particularly limited, it is generally 0.1
hr to 100 hr, preferably 0.5 hr to 72 hr.

When compound (VI) is used, compound (VII) can be produced

25 by reacting compound (VI) with a base such as lithium
diisopropylamide and the like and then reacting the resulting
compound with compound (IV).

As the base, lithium hexamethyldisilazide, sodium
hexamethyldisilazide, potassium hexamethyldisilazide and the

30 like can be used in addition to lithium diisopropylamide. The
amount thereof to be used is generally 1 to 5 mol per 1 mol of
compound (VI).

The reaction can be carried out in an inert solvent, such
as tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane, 1,4-

35 dioxane, toluene, benzene, xylene and the like, and a mixed
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Compound (VII) can be produced by'reacting conpound (1V) with a Refornmatsky
reagent prepared from conpound (V) and generally 1 to 3 nol of zinc per 1
nmol of cowpaeoewd2028). For preparation of a Reformatsky r@agan2008/Hés§00
copresence i s of nerally 1 to 1 nol ,of trinmethylsilyl .chloride or
copper (1) ERTBTFE REPOE ol 61 PGBt Ao P EFA o8 FeatTyein & The
reaction cagnberHardd %@n&@tofnaﬁ@uﬁnﬁﬂﬁcsebe@@%;5?9@fé§aﬁ§%tﬂﬂY@rQéuran,

di et hyl ether, 1,2-dinethoxyethane, 1,4- dioxane, toluene, benzene, xylene
and the |iReC.an¥halei kee xepciglorerttimehépendt pavet icadetilynlisiteds idd isut

within a't { range. qf ahout- - t ' ] t he reaction
time is no?g;g%r%l%l%érll @gl |t§1 %égoﬁ%’t %fgegégggl ?y%gﬁ’% , ‘%Mftéo%foo hr,
preferabdy 0.5 htonmufizi MVIINhenhenapoRIdtOVR) bBseusedde tiorqubribdveYl dhdcan

be produced;;25 by reacting conpound (VI ith base such as lithium
1T oms Opy it 8 ARIRE AL SR O Ry VA TID PRoCPES RS Pl S Tond wi t h
compound (§Ve A thephasdceli bl f@ﬁ&ﬁ@rﬁhhﬁinghéiﬂ:%&@&ir@o@rw};_ P o

| Ke cahn e

hexamet hyl di si | azi de, pot assi um hexanet hyl di si | azi de and the "30
used i n adéremorPmreundt HVam décsopdiopy Itanitde. nFhboddrgnriliesk dof £orbe used

i s general 0 I re.l upd (V). . Th cli.
carried ou%x?ﬁpgﬁ'ﬁﬁ%&goggl@én@?g%§%m9£ﬁ£%§ETe faﬁ%%ﬁbﬁﬁ%%%?kéggt%gﬁuggher,
1, 2- di ned hoxyetdrane; Syn4Besdsoxlaned ddiltiene, phgazenes teyléase cand mbehbdke,
and a m xed W?2009/020234PCTOP2008/ 064500 sol vent thereof. The reaction is
carried ouB"MRFRYT $PEERBRr ature range of about -40C to 100C, preferably

-40C to 25C. Wity tﬂl?rirt‘ira%hoﬁeth{?%réxﬁec{‘%y RALLLsHh el ¥idd M Rdt bk 1S
generally 0.1 hr to 100 hr, preferably 0.5 hr to 72 hr.
compound (VIII) with an inorganic or organic acid. As the salt
with an inorganic acid, a salt with hydrochloric acid,

15 hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid
and the like is used. As the salt with an organic acid, a salt
with formic acid, acetic acid, trifluorocacetic acid, phthalic
acid, fumaric acid, oxalic acid, tartaric acid, maleic acid,
citric acid, succinic acid, malic acid, methanesulfonic acid,

. 20 benzenesulfonic acid, p-toluenesulfonic acid and the like is
used.
Compound (X) wherein each symbol is as defined above can
be produced by reacting compound (VIII) with compound (IX).
Compound (IX) is generally used in 1 to 3 mol'per 1 mol of

25 compound (VIII). The reaction can also be carried out smoothly
by adding, where necessary, a base such as lithium carbonate,
potassium carbonate, sodium carbonate, cesium carbonate, sodium
hydrogen carbonate, sodium hydroxide, sodium tert-butoxide,
potassium tert-butoxide, triethylamine, diisopropylamine and the

30 like in 1 to 3 mol per 1 mol of compound (IX).

The reaction can be carried out in an inert solvent, such
as tetrahydrofuran, diethyl ether, 1,2-dimethoxyethane, 1,4-
dioxane, toluene, benzene, xylene, dimethylformamide, dimethyl

sulfoxide and the like, and a mixed solvent thereof. The

35 reaction is carried out within a temperature range of about -40°C
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5Conpound (VI11) wherein R6 to Rn are as defined above, and Ruis a
hydr ogen atom | ower al kyl such as tert-butyl and the |ike can be produced
by renoviwg 2aev/@m3no- prot ecti ng group P from conpound ( YCTPPzO8/064ddNg t O
t he nmet hod deié Jbed in, for exanple, Theodora W Geene, Peter G M Wits,
Pr ot 60t | ve e bARS 1 BTFACERRLHI &5 Gy RO bAE hi'FdL8dFR? offadgss t408 {8 653
or a net hodoanghpgossider etifited, it iNQaRlralYycan ber itwroedrhy
recrystallizing a salt of conpound (VII1) with an inorganic or organic
aci d. As tRES5arably th %ahri k6r §dnie- acid, a salt with hydrochloric acid, 15
hydr obr omi ¢ aci deofbbd e @01 dunSULINrL LR i ANASPhEr h: ARlel ARGt eyl | ke
is used. As the salt wth an organic acid, 'a salt wmth formc acid, acetic
acid, trifbeaopoadeted mciadcyphi hat ien asiagt ifonmerfi compowhd oal.i ¢ aci d,
tartaric acid, | eic acid, ci tr'gc aci d, d;ucci nic acid, malic acid,
met hanesul f oni ¢ £ oL Y 15BN £BRREI TR E (9_”&, 15- €81 b%ﬁ%%uqud’rﬁr‘é'aéfﬂhand
the like i gsus€frahydrofur@aPausehyX)etMgr eilnseache SNSRI tiaheas 1deti ned
above can be produced by reacting corrpound (M11) wth conpound (IX).
Conpound ( AXpxaRre geifeiuginey bsagensr Xyler@,nelimgehylfepnarsides diarpbihd
(M11). Theui eagtaon £an;al sgihe carfled il smoglhhva by adding, whege,
necessary, a base such as 11 A Ut carbonat e, pot assi um car bonat'e/ sodi um
car bonat®, mtesd usw casrtionakecosodi The macrgden dar bapated @adiwirhiyidaoxi de,
sodi um tert-butoxi de, potassiumtert-butoxide triethylamne, .
di i sopr opy FERPHER BHF 18 IS0°F | Reowh OCt 5031 401C, perefensb Lt 2¥6nbouRa Q- X) .
The reactigRi canthe Ldtied Bihei Ik &bt RN 1SQNYEDY. 1 SHCEAS it is
tetrahydrofuran, diethyl ether, 1,2-dinethoxyethané, 1,4- dioxane, toluene,
benzene, xgeegealll rfbtlhyirf senddd der, dinedienpblyuPf bxhdetant? the |i ke, and a
m xed solvent th o] he 35 _reactjon is, carried Lthin.a tenperature
range of about ﬁ%‘% WFO%BE3§%&%P@§4§8BO?§RX%&aép:drléjfgérn§F§625C
to 100C;s Whetessdey r eadddsen stichieaks1nohi@ardd bdradey potbsedumi éatlsonate,
generally 0.1 hr to 100 hr, preferably 0.5 hr to 72 hr. Conpound (1)
wher ei n eaRASYRIATIALE JEFPFHEN GHRARA S SOHEUBr BERIPhyagPepetfrzat i on
reaction ofogPaRaUekdidilie, sodiurd N FteafitoXR d62NpBEL S&T I 8% QUL Bx@8e | NNt
sol vent sugh as tet rahygr ofarén, di et hyl Oet her, pl,aZ-%jlf met oxye%lha)r%e, e'l, 4-
di oxane, tbrietkyldweimeendliggbeorylaiinet layld theahike, atietsichylcigul foxi de,
acetic aC'Qri%{ﬁé}é&éé%?%eghﬁd?céﬁk§H¥§é'E%ih'Eﬁd %ﬂg fike in generally 1

20 to 3 mol per 1 mol of compound (X) . '

A simplified representation of reaction method 2 is shown
below.

(reaction method 2)
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io mxed solvent thereof. The reaction is carried out within a tenperature
range of about OC to 120C, preferably 25C to 80C. Wiile the reaction tine
is not pawOiomenidy |[imted, it is generally 0.1 hr to POW/JR200S/pPe4&bcer abl y
0.5 hr to 72 hr. The reaction can be carried out smoothly by adding, where
15 necessary, a base suclr'&sgl'ithi um carbggate, potassium carbonate, sodium
carbonate, cesium carbonate so um hydr ggen 6ar bonat e, sodi um hydr oxi de,
sodi um tert-butoxi de, poB Rl"’t by oxt g'*i et hyl am ne,

d| i sopropyl anky eR7and the |i ke acetic acid, tr| fI uorogcgtl cR‘él i
,Qﬁgenerally120t03rmq per 1 f c
htation ofXlyeaction netkg 2 is o
(XA ReM o R11
are as defined above, and R14 is | ower alkyl such as h@H, &t hyl, propyl
and the Iike, ) aral kyl such as benzyl and the |ike can l& E)r oduced by
reacting it

und (X). A

R'°OH
11 8
o KR Lo R KR,
: O 14 (@) R8
N
H,N . R N
OH O ’
Xv)
(X1v)
M
5 1
R R o R‘°0HR8
7
CN N
(XVI) R? R’
R* R?
CN

()
Compound (XIII) wherein R® to R! are as defined above, and
R is lower alkyl such as methyl, ethyl, propyl and the like, or
aralkyl such as benzyl and the like can be produced by reacting
5 compound (IV) wherein each symbol is as defined above with
compound (XI) or compound (XII) wherein each symbol is as
defined above under the same conditions as for the production
method of compound (VII).
Compound (XIV) wherein each symbol is as defined above can
10 be produced from compound (XIII) in the same manner as in the

production method of compound (VIII).
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s conmpound (I1V) wherein each synbol is as defined above with conpound (XI)
or conpound (XIl1) wherein each synbol is as defined above under the sane
condi t i onwoasogmn23the producti on nmet hod of conpound (VI PrT/IP2008/064500CONMPOUNd

XI'V) wher ei h synbpl,.j defined ,ab lo b duced f
a1 IR 5 BB BRI PR io e LA S B
(ML) . V80P AZELBHICE 3P2008406450kaction G@NBemBsLuiAXV)xwher ei n each

synbol is as defined above can be produced by a cyclization reaction of
compound (XIV). The reapidonegani ba eafrird ity il8daBuineht a7PivieeY Sochent ,

such as te&é%‘éﬁ’f%ﬁ&%ﬁéh‘?t 8¥%§ﬁﬁe§thér Ziq'giﬂﬁn%@%%{&&%h%ml’ 4, 4di oxane,

t ol uene, benzene, ene, di net or mam de, oxi'dé’and the
| i ke, ang diokxmee, sollvente,t heneefhe, Thelaregetdiorthgl farmirtideguidiwethiyih a

t enperature nge. of t 0OC to 120C, preferabl 5C to 80C. ile the
Fenet! on 1 PHEEPEAD b PG AT AT yA1e i rBdeq PoREbgendisiad 0 For Lo 100
hr, /c, prebgraply {& 2168 48t hhitHHlf 4 aabe@AtGRAR AR R Gablkege@ut
snoot hly by addi ng, where necessary, a base sSuch as |ithium carbonate,

pot assi um tar bavsl, e preberampmd v ad356naoef0%bsi Wimidar bowmatesctsioni gimeydsogen
car bonat e,

QOB IMA04, 08 12000 1M &Fd UL 46, o POLAS iMoo
tert-but oxpée,%%ﬁlet f] abﬁ neI,n gl |’sopgr op%/léé%mte%)é aﬁdoﬁie@ﬂ?erﬂlo# Trl’o 3 nol
per 1 nob ptefengoind .6XhY)to 72 hr Conmpound (I') can be produced by
reacting corrpoun&éX\Q?&wi,th conpo ndoéé(vc!%r wherei n each s ntc)ﬁ(’)yl i S, .as
defined above un & t§é’|’r‘ec€8narf?’ 554 ORE ﬁ?‘%‘&l’_ﬁfb{Y_ _r"i‘é’PHBH'of 20
conpound ({sheté oo &UBRQYNa( bhe aBGLIE UPAURY 1 Ul Edrbdhst dTPIHFta8E 1 um
representation of reaction nmethod 3 is shown bel ow. (reaction nmethod 3)
carbonate, sodium carbonate, cesium carbonate, sodium hydrogen
carbonate, sodium hydroxide, sodium tert-butoxide, potassium
15 tert-butoxide, triethylamine, diisopropylamine and the like in 1
to 3 mol per 1 mol of compound (XIV).
Compound (I’) can be produced by reacting compound (XV)
with compound (XVI) wherein each symbol is as defined above
under the same conditions as for the production method of
20 compound (I) from compound (II) and compound (III).
A simplified representation of reaction method 3 is shown

below.

(reaction method 3)
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Compound (XX) wherein each synbol is as defined above, which is conpound
(") wherein R7 to RH are hydrogen atons can 5 be produced fromamno acid
(XVI'1) whweoeow/eeash synbol is as defined above by the feCrorzagoemsedod.
Compound (XVI11) can be produced by a condensation reaction of am no acid
(XVI1) and conpound (1 X) wherfein each synbol is as defined above. ioThe
reaction can be carried qft i ngg'conmpound (1 X) generally in 1 - 3 nol per
1 nol of conpound (XVII) in [ nert solvepé §Ch as tetrahydrofuran,
diethyl ether, 1,2- dinethokyetrhane, 1,4-d t ol uene, benzene, xyl ene,
di met hyl f orma ae dlnetﬁyl S Ifd&lde and thgiilke and a m xed is sol vent
thereof. The rpaction is carréhed out withi aNa TRhperature range of about OC
to 120C, preferablgH 25C to XP9C. V\hlIeRIShe eackion tinme is not
partlcularF&Nll ted, it 0 100 hr, Tpreferanly 0.5 hr
to 72 hr. WO 2GD9N20234PCT/JP2008/064500 Jhe reaction can also be
carried out snoothly by addi ng, where Reces aryR a base such as |ithium
carbonat e, pof¥dsi um car bonat e, sodi um carbgrate, cesium carbonate, sodi um
hydrogen carbonate, sodi um hydroxide, sodiumtert-butoxide, potassiumb5
tert-butoxide, triethylan ne, dllsopropylaﬁfﬂé'and the like in 1 to 3 nol

per 1 nol of conmpound (XVIl). Conmpound (XI X) can be produced by
reacting conpound (XVII1) wth N N -carbonyldiimdazole and the like to
gi ve an active ester and reacting the ester with Meldrum s acid. In
addition to N, N - *ﬁonyldiinidazole, dicycIBﬁnylcarbodiinide,

di i sopropyl carb i mde, aqueous carbodii/mge (e.g., 1-ethyl-3-(3-

di met hyl am ng gar bodi i m de hydr i and -i sopropyl chl orofornate
can be used. Par icularly, NNN- is ca;bo | di i.m dazol e is preferable.

Wiere necessi | Ped Ut snmoot hly by addi ng, where
necessary, 1-h ybenzotriazol e, 4- (N t hyl am no) pyri di ne and the

| i ke. The reac be carried outg g aggondensat i on agent 20 and

Mel drum s acid each generally in 1 - 3 noll per 1 nol of conpound (XVIII) in
an inert sol vent ®Nsuch as tetrahydrofuranC i et hyl ether,

1, 2-di net hoxyet baxye, ethyl acetate, 1, 4-dp@xane, tol uene, benzene, xyl ene,
di met hyl f or mam de, di net hyl sul foxide and a m xed sol vent thereof. The
reaction is carried out wthin

Compound (XX) wherein each symbol is as defined above,
which is compound (I’) wherein R’ to RY are hydrogen atoms can

5 be produced from amino acid (XVII) wherein each symbol is as
defined above by the following method.

Compound (XVIII) can be produced by a condensation
reaction of amino acid (XVII) and compound (IX) wherein each
symbol is as defined above.

10 The reaction can be carried out using compound (IX)
generally in 1 - 3 mol per 1 mol of compound (XVII) in an inert
solvent, such as tetrahydrofuran, diethyl ether, 1,2-
dimethoxyethane, 1,4-dioxane, toluene, benzene, xylene,
dimethylformamide, dimethyl sulfoxide and the like, and a mixed

15 solvent thereof. The reaction is carried out within a
temperature range of about 0°C to 120°C, preferably 25°C to 100°C.
While the reaction time is not particularly limited, it is

generally 0.1 hr to 100 hr, preferably 0.5 hr to 72 hr.

27



25 a tenperature range of about 0OC to 120C, preferably 25C to 80C. While
the reaction tinme is not particularly limted, it is generally 0.1 hr to
100 hr, pwef2ee%2b3840.5 hr to 72 hr. Conpound (XX) can becCprezos/ecsawy

reduci ng conpoun X X) .. As the reduci ng agent, sodium borohydride, Iithium
50 bor ohydr 1 e, 4P SBEARSAE) GHmaFHyER | S EHE. FRRRCLN B AR0a% i ¢ h
pr ef erencewg'eyenné@eésgairyrmabeeeeygﬁtldeas Usiithd ulnhea b BENEt &Y Ra@Ysium 1 to 5

nmol per 1 nol_ of conpound (XIX), the reaction can be carried out in an
i nert sol vERFPOBYED 80d1eNT SRYRPBRLE arcewiuat PRIrbenfke, F0iwn rmtdr@gye@t hane,

1, 4- di oxan , Q%{%ﬂg 1 e The
reactl on i g é@é%g%/ Oszgagﬁﬁbg gg%b@%m czti:r%r: i@egﬁgﬂgﬂ\%\%’t or# a%%t errper ature
range ofsaheut- BﬁmadﬂO@rlemhyeamMey, Oﬁitsmp&ﬂﬁylumlhe e tresadtiikenihi re i s
not particul a d, it enera hr to 100 hr, preferably 0.5
hr to 72 hLF] gT‘ﬁ?le g'rr’ﬂ?& eénfs Wﬁ‘&urﬁ %(CVJrTr be isolated and purified by a
separation ”Eansc&ﬂﬁ&ﬁhcpe(fxﬁ@ céHcﬂe%rWUﬁ&bQBtlﬁen@&ﬁdeﬁ{d on under
reduced pressure sol vent extraction, liquid conversion, salting out,

crystallizdXVéRI) r‘e@?l’yé\bél |—p@abpaﬁldph@siaa2tql@n§flér thehl@rmt@grgamw aand t he

like. ioWh g@g S fr o} C converted
to a desi rgg gg{g{)& y d rra)éltdhc%gggno gnéa es%eé:r %ﬁtk |C&P|%nna l%‘nereof
converseby, whenIgoagditich ko NsNobtarmdyJaﬂlmlsiahbleit can be converted to
a free formor gt her desired sal% b%la nmet hod known, per se or

un

modi fi cati SACYH %??fyl%'ﬁ?éll&%ﬁ ¥59PnaRyY L6 TROAY Hr cﬁ’q"foh’én hydr at e.

When conpoegenbdl ihfadbiaignediagtpymxt ye of optically active forms, they
can be separated to the object optl cally active forms by an opti cal

resol ution dﬂreeheykarwgmpyéé cacbﬁ@mmwe( Nydreghberiadk| anl wisdprapyilsot ope
(e.g., 2H cgtbrgg ate ca%n%et IkePartlcularly, N,N’-

15 carbonyldiimidazole is preferable.
Where necessary, the reaction can be carried out smoothly
by adding, where necessary, l-hydroxybenzotriazole, 4-(N,N-
dimethylamino)pyridine and the like.
The reaction can be carried out using a condensation agent
20 and Meldrum’s acid each generally in 1 - 3 mol per 1 mol of
compound (XVIII) in an inert solvent, such as tetrahydrofuran,
diethyl ether, 1,2-dimethoxyethane, ethyl acetate, 1,4-dioxane,
toluene, benzene, xylene, dimethylformamide, dimethyl sulfoxide
and a mixed solvent thereof. The reaction is carried out within
25 a temperature range of about 0°C to 120°C, preferably 25°C to 80°C.
While the reaction time is not particularly limited, it is
generally 0.1 hr to 100 hr, preferably 0.5 hr to 72 hr.
Compound (XX) can be produced by reducing compound (XIX).
As the reducing agent, sodium borohydride, lithium
30 borohydride, diisobutylaluminum hydride and the like can be used,
with preference given to sodium borohydride. Using the reducing
agent in 1 to 5 mol per 1 mol of compound (XIX), the reaction
can be carried out in an inert solvent, such as tetrahydrofuran,
diethyl ether, 1,2-dimethoxyethane, 1,4-dioxane, toluene,

35 benzene, xylene and a mixed solvent thereof. The reaction is
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A prodrug of the conpound (1) nmeans a conpound which is converted to the
conpound (1) with a reaction due to an enzyne, an gastric acid, etc. under
t he physiwbagéab23gondition in the living body, that ispcaJemopoasied which
is converted to %he 25 ¢ ggound |) with oxidatiagn, redugtion, h%odrol ysis,
etc. accor GRAETED W cagt SieeRe 8T canel tRl £8 1R <onpound
(1) by hydpebystsoB} ®ocdes s@cdasihkfeaehd r&icGkion RLAET U9 Mt conpound (1)
may be a conpound obtai ned by subjecting ami no in conpound &p:;) to an

acyl ati on, Parkifatady dimdgephosphby yIanared 1veOgl, ha tomffukd  obt ai ned by
subj ecti ng } i nd . ( an ei cosanoyl ati on, al anyl ati on,
pentylamn gg}: %%%/%Wafdi)'?;?&( ngZ% h{'/}[)'- 2- oxo- 1, 3-di oxol en-4-

yl ) met hoxycar bonThattabtainetr abpdoohdir Gy |lcn e, ipplaodd dddrgumnilfaedohy

pi val oyl oxynet hyl ati on and tert- 35 butylation, etc.); a canmpound obt ai ned
by subj ectil‘/‘nﬁerr’l a’ifﬂf‘ F‘Fanﬁﬂgﬁﬁwmﬁcﬁﬁ’ﬁgoéélﬁ%ﬁ &H8end (1) to an
acyl ati on, caghkyhetdtGbn RRASRNRENhAEd Pr¥su@l akbOPeh € SitraatGONPOUNgduid

obt ai ned by subjecting hydroxy in conpound (1) to an acetylation,

pal m t oyl aEPBVCTr HrPpark@Htanponut pi ey shAldiiizen iosucEeeny Hialdd zatdngr yl at i on,
al anyl atio I |.am | atian,.efc.); a compound obtai ned
by subj ectpﬁag’%d%ar %yrf’l Sgggﬁg]?%é%%%gg%épﬁ‘)g %6%&?\ esterification or

am dation (e.(g.,WeeranpoouddolTai hedoltya inide @st andrae cBshoxyilt gaaupei n
conmpound (I) to an ethyl esterification, g}hﬁ%nyl esterification,

car boxynet APRVestet %9 CafPonredoset mdthyd AtHERekRGY™ d28%ri% PCafi on,

pi val oyl oxypBi fydatedeiinkiredkl 0OBon®d IKC akPRRY Lexysthy | (Bstier bbtsahian.
phthalidyl esterification, (5-nethyl-2-0xo-1,3-dioxolen-4- yl)methyl
esterifi caBPoa,salol difexpnokgcaphoentiad i aedreei formténwthed desired
met hyl am dat. | etc. ).,and. the like. Any of /5.th . compounds can be

pr oduced f?%%ggb&ﬁpaognr%hf% kBﬁ?W% Rt v rnc?\/\/ﬁlogégrflcs?%&on er&c%r'odrug for
conmpounds (1) nayTiké sconpeuade (Bhi gy i1se comyelrtaed bnt 8 compoudtel.) under a
physi ol ogi cal condition, such as those described in | YAKUH N nq KAl HATSU
(Devel oprent of WEPTPIRAHREEH i(Eal 85, ONIALTEY BEs Al BF U ib| ¥c Ré< C331163- 198,
1990, Publ hshege bio HIROANS SEHOTEN. s e epeundnéi agddi ngtacadiyg) of the
present invention nay forma salt. A'salt of the conpound i's not

parti cul ar bgtiven famhsadbyl engopbical doslndgtionnhebns ke gt isen. For 2

5
exanple, a salt wth inprganic base .a agmnnn'umsalt a salt with organic
base, a salt wt ()IPL?](Journgan(igl gg?dsealas%rﬁte "'flﬁlhoﬁaaﬁ%t%%? dee'z?'Sal 'V\,iH?h

am no aegp d¥andtthe dnmkecrzanilke.menti oned. Preferable exanples of salts with
i norgani c base include alkali netal salt such as sodiumsalt, potassium
salt 30 and the R iRECANK AL HBCeaPTPOHRS al1)s FLPENSUR hCHBPAHIT WirCallf,

converted to the compound (I) with a reaction due to an enzyme,
an gastric acid, etc. under the physiological condition in the
living body, that is, a compound which is converted to the

25 compound (I) with oxidation, reduction, hydrolysis, etc.
according to an enzyme; a compound which is converted to the
compound (I) by hydrolysis etc. due to gastric acid, etc. A
prodrug of compound (I) may be a compound obtained by subjecting
amino in compound (I) to an acylation, alkylation or

30 phosphorylation (e.g., a compound obtained by subjecting amino
in compound (I) to an eicosanoylation, alanylation,
pentylaminocarbonylation, (5-methyl-2-oxo-1,3-dioxolen-4-
yl)methoxycarbonylation, tetrahydrofuranylation,
pyrrolidylmethylation, pivaloyloxymethylation and tert-

35 butylation, etc.); a compound obtained by subjecting hydroxy in
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magnesium salt and the like, and alum numsalt, amoniumsalt and the |ike.
Preferabl e exanples of salts with organic base include salts with

t ri met hylwaioizo@®/02023iet hyl am ne, pyridi ne, picoline, 2,6-PariJa2008064500

et hanol am ne, di et hanol am_ne, 35 triethanol.am.ne, cyclahexyl am ne,

i cycl ohexPERPHES RN 0 28647806754 PTORZ008 06HbaRPror Y 1at lon ox

di benzyl et bykggeeh are nge. ,ard cogolihd eob iRt 8 suB¥asPles Wfdreayt SnW th
inorganic acid include salts wth hydrochloric acid, hydrobromc acid,
nitric aci §oMBAVREr (B 4Q @1 pRESphdF I adad MdfaYLABLIPR kO r IasioyLabien,
exanpl es of,: i or, L i i S W far.n.c acid,
acetic aci E,létglrllg?]r%\%}f%dcesg ?:%hgxgzlgtg%ﬁ't hf;'ﬂag@gg?g%f u%%%&lé;{:ll@&' oxal i c
aci d, tastdimethglahimmletihylaerdonygldtrian,actd,. )suecconoowasd chbtma’.!n'ed hagi d,

nmet hanesulfogi.c aci d, benzenesul fonic, acid, p-t.ol ﬁ]nesulfoni c aci.d gémd t he
T ke, Pref SRABFGE Sl B POHY L aPF Sl 1h GRTIRCENRD (A ho 21 TP HaRefiacaart o

Wi th argi nbReami ystih @.Qy.1 hanGompsliid®HddifedaByd phusi&s@ie LxaFBbRF1 Of
salts with acidic amno acid include salts with aspartic acid, glutamc
acid and tBECHPkED qURPEBFAENdEP|In FthiHe ostesefiCahiemt iReor a salt 25

t her eof or e%t%%??%%’agtpit&er %gfrb@%%% t%te%‘l’fﬁ%g'rfént 0 be abbrevi ated as

t he conpoun redent 1'nv as an androgén receptor nodul ating
action, ipadtmethpl anyi reomethgil 0gster ELapitilorggeiivalbglagmethyland can be used

for the prophyl axis or treatnent of diseases in mammals, for which
i ni St § aPPOHT b G M a s GGU P ShG8iH S CFEL E1¥ e, The
di seases fghtMhl coy RAE ISR Bkt 960 Of (AhaANE10geBxEeCERL @l oa0QMN-IL S

effective I nclude hypogonadi sm osteoporosi's, hornone resistant cancer
(particul avlymeHRyYl egfmridicagspri apyclanssarlprychirharyketiyldi sor der

(particul aply pakecgligmater ha fl SORARMol T AkLLY. 225 cachenia, apome.
arterioscl érosTs, 7hel mer- 8- didease, erect re dyStunctT on, depfedsion,
wast i ng:¢li sease, chypririds ghyceei gdesduwcdd yirem icpmgetha) (BNdyt ke meitked
Particularly, it is used for the prophylaxis or treatnent of hypogonadi sm
mal e cli ma&PEYRcPEF s¥der, frailty, cachexia or 30 osteoporosis. The

conmpound of the gresemt,d PENELABoNAS fr)f ingsMe1 seehbeCLhY e agen recept or
nodul ating action and shows, for exanple, an antagonistic action on the

prost at e apdnuarbgdnistd coappind 6h) thedeniscpbys$péegi¢ahldonditthenconpound
of the pregent 35 LNYSIJQR:SHOMS: A AGKAN 1O RRTHAPSS SRS/ NPntRkIBE O
20 Pharmaceuticals), Vol.7, Design of Molecules, p.163-198, 1990,
Published by HIROKAWA SHOTEN.

The compound (including prodrug) of the present invention
may form a salt. A salt of the compound is not particularly
limited as long as it does not inhibit the reaction. For

25 example, a salt with inorganic base, an ammonium salt, a salt

. Wwith organic base, a salt with inorganic acid, a salt with

organic acid, a salt with amino acid and the like can be
mentioned. Preferable examples of salts with inorganic base
include alkali metal salt such as sodium salt, potassium salt

30 and the like, alkaline earth metal salt such as calcium salt,
magnesium salt and the like, and aluminum salt, ammonium salt
and the like. Preferable examples of salts with organic base
include. salts with trimethylamine, triethylamine, pyridine,
picoline, 2,6-lutidine, ethanolamine, diethanolamine,

35 triethanolamine, cyclohexylamine, dicyclohexylamine, N,N’-
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W)2009/ 020234PCTOP2008/ 064500 prostate at a dose that increases the weight
of the nmuscle (e.g., levator ani nuscle and the like). Mre specifically,
it increasox0Meoprost ate wei ght by about 10% or | ess (pcalier@ibess@Po or

or mbre. (pPERSTANY MBBTECI0NPD Sbu SQ9C HoPES LTI [ eASnar

“increase paltdeqiosimirganetglti@f il%huele lse38s, wath i MEdrRREA 02fi cOYeMBANS
that the prostate wei ght does not increase or decrease, and an increase of

| ess than DYERRRAAIhACIneNpEBEE G dweisyHEvgeEr 2E5es MPahOrdBseFite val ue
thereof. /gnAcGQ g]'i%‘é.y, PE@EeEQHBQ%HRJle h%fRE?f@Qtwi{hV%&ya?ﬁccQeige used

as a pharnmaceutic agent shown bel ow. 1) railty suppressant. (2) A
nmuscl e strengtidedwdicewioh fostie agqicheasendgcageind, (fpricdiivdirogcetfiect s of

no bedri dden, aged .pat.i.ents, .shortened 15 rehabilitatjon period and,the
like) . (35O EnECOR” AU AAGe i By C 1 B Ex eI LAl 881 ancer

and the likgleic (Did) kodyivwehghd, dadaase SBRAS 68SAIE .acid, (5) An agent
for the prophylaxis or treatnent of prostate 20 hypertrophy (that decreases

the prost abeth@ngpulfonic(epidn hereangsurl fionecprephy|rdiclusnespéiendat of
anyot r Ophy?cid (g AheP98RE . T Of’féﬁ%f;fcc}l@ e%a&iﬁééeo%"e%%%dsl wik®) b’g‘?éégent for

the prophylaxis or treatnent o e | oss cause seases
nmuscul aro dysinoEyid nnedudar sal tephith 25gXnlihakabes s halrrdahdneednd| a

obl ongat a nuscul ar atrophy (SBMA), cachexia, malnutrjtion, Hansen's
di sease, dF3petde: %grﬁﬁéﬁﬁg/ﬁ% B EShPoNFRL bB st it AV S FuPRoRar y

di seases), a68dCR{c1UR FaNdk PRl adR AUl acsal CoPetim & |8 ahgnugel e due
to advanci ng age), enphysema, osteonal aci a, H Vinfection, ADS, 30

car di onyopatks- and the like). (9) A suppressant of |oss of nuscle strength

I n post menopausap, { el 6,4 19) Ae SURPTSR3ARL PhvBRPE TRl dgnsi ty of
post nenopausal female.

15 thereof or a prodrug thereof (hereinafter sometimes to be
abbreviated as the compound of the present invention) has an
androgen receptor modulating action, particularly an androgen
receptor agonistic action, and can be used for the prophylaxis
or treatment of diseases in mammals, for which administration of

20 an androgen receptor agonist is effective. The diseases for
which administration of an androgen receptor agonist is
effective include hypogonadism, osteoporosis, hormone resistant
cancer (particularly'LHRH agonist resistant cancer), climacteric
disorder (particularly male climacteric disorder), frailty,

25 cachexia, anemia, arteriosclerosis, Alzheimer’s disease,
erectile dysfunction, depression, wasting disease,
hypertriglyceridemia (hyperlipidemia) and the like.
Particularly, it is used for the prophylaxis or treatment of
hypogonadism, male climacteric disorder, frailty, cachexia or

30 osteoporosis.

The compound of the present invention has a tissue-
selective androgén receptor modulating action and shows, for
example, an antagonistic action on the prostate and an agonistic
action on the muscle. Specifically, the compound of the present

35 1invention shows an action to not increase the weight of the
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W)2009/ 020234PCTOP2008/ 064500 (11) A suppressant of hot flash (e.g., glow,
sweating and the |ike) in postnenopausal female. (12) An agent for

reduci ng wbheosidte23ef f ects of LHRH nodul at ors such as LHRETAGz08/864500
(leuprorelin oserelin,,buserelin, 5 nafarelin, triptarelin onadorelin
tnd The 1 REpSIT T S5 SHOt( JRFPRFTS, THbCIhNT £F ERPaPRPFR (6.5,
abarel i x, sebHgerianiamtisiie bhkeihandikdme. | iMeee spetiBicAisppRREssant of

| oss of mnuscle strength after adm nistration of a pharpmaceutical agent such
as an LHRHIPEIR®HET Sthsr PARGLRRe Yekeht v Abontsdfpresshmgs o@r@é@ﬁégéﬁd bone

m neral degsi r adm pi.stration. o j e h as an
LHRH nodul gtoogrﬁla%és?heﬁl i@kgb% é%%g)lr%%%p%%ggggn?gﬁégﬁ%taq% g@ﬁ%?'g. g.,

gl ow, sweatwenghtnoly tdbeuts 20kker méter (muiaradilyatbont 020% tphaboatetdREal
agent such_as an_LHRH .rmdﬁl ahgr and the like. | n addi ti on, bpe
conmpound of Sffie Pregenit’s hve Fonl%%%%seeflfne(g‘eagrﬁs?‘?%‘?I“Eeylgiﬁpﬁrfe safif, a
nuscl e streagih, enbhaneeleage 38fNUSCHERNARASItRY BISSEatdidE A%l BBe8SnaP
agent for the 20 prophylaxis or treatnent of prostate hypertrophy or an

agent for RBELRRTR) Vh&efERgRe  ofNE RN piiystease. ofcéosdli Hipry 0% mepssekpett ed
to shorten e I .rehall i i i,.tho j ed.| ients
bedri dden. tb\?tﬁgﬁﬂt eq%ilggge%ée%%g%%soirbr%mr%%s%%Sg?ﬁgé m’\%% ({&er}{gag.

prost at eg AtcosdiExylegt ethet coppoundeo 2 an pageehtf dnvéel gr ety baxusear

treatment of prostate cancer in patients with high possibility of prostate
8 fotpel

cancer. W £RoatPieasGeydicp ¥ RN iLSCon, noreover, it can be

applied tofiemnal graiang isspp¥pgshed. t o provide a suppressant of |oss of
nmuscl e strength or bone mneral density |oss in postnenopausal 30 fenal e,

or a suppréssahtmaiclfostireaghh (ghlbancensat Migcéecipcienpont maeopausal
f emal e. Fur(EEm%I@ _éf%e%ﬁooksngx%a%ie&e%s aggpﬁ’gggieé@sr _rs%%t{,%leng t he side

ef fects of i sts euprore goser user€l i, na aldel in,
tri ptores$i nehgohbitartalonn pandoti hend i e ,1ied .LHRH ant agoni sts (ganirelix, 35
cetrorelix,éintarelix, abarel i x, sufugolix and the like),

a .
\WD2009/ 020334 PETHERFFSEE64506 SRPRFESS ARUSEL PYssioF #AMIe sAIBSgt h or
bone m nerghndepsidy dHessiakter adm nistration of these pharmaceuti cal

agents, or a suppressant of hot flash (glow, sweating and the like) after
adni ni st r alRbnA dfodthed gpliadaacedse calprugsseat -

(5) An agent for the prophylaxis or treatment of prostate
20 hypertrophy (that decreases the prostate weight).
(6) An agent for the prophylaxis or treatment of amyotrophy.
(7) An agent for reducing prostate:weight.
(8) An agent for the prophylaxis or treatment of muscle loss
caused by diseases (e.g., muscular dystrophy, muscular atrophy,
25 X-linkage spinal cord medulla oblongata muscular atrophy (SBMA),
cachexia, malnutrition, Hansen’s disease, diabetes, renal
disease, COPD (chronic obstructive pulmonary diseases), cancer,
terminal renal failure, sarcopenia (loss of muscle due to
advancing age), emphysema, osteomalacia, HIV infection, AIDS,
30 cardiomyopathy and the like). '
(9) A suppressant of loss of muscle strength in postmenopausal
female.
(10) A suppressant of bone mineral density of postmenopausal

female.
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5The compound of the present invention achieves growh inhibition and cell
deat h by conversely placing an excessive stinulation on cancer that has
acqui red wozneremse to a hornone treatnent by bei ng hyp@CIHRBI08/HS0K O

andr ogen. , 1t _can be use a agent for the prophylaxis or treatnent
of, fromi I}Eygrl R GUPRIGTEEPS| g 1é‘?;&t &f - Jpr oghr]%‘f’e g e?‘%‘érng éndohBerial
cancer, cangkeé) ointmfgﬂﬂeelbpagsggrf/élﬁgalé)varl an cancer, urinary bl adder

cancer, thyr0|d cancer, bone tunor and penile cancer, that acquired hornone

resi st ance(12hdA? Sgantt ifodl apfycirgfiile #9dgneifentsfof LHRH Mpﬁ?t@ﬁs or

t r eat ment prost (o % qurga [ r exanpl e,
LHRH deri vgl'tl?vf%e%@t a%{& g%ﬁ(s:e re ergg‘l géh%hggig%’m Seer eS|l§1’ant cancer
can be nentabameslin, trlpfbeed:onpogmdadm‘retlha pndsehé 1ient ilpiRHShows | ow
toxicity and_can be use har maceut i .cal agent as it is, or as a 20

phar maceut FREFICHIHISS ¢ ﬁaBﬁrFi gdn?‘%&liﬂr?]\?mxt'ha 2bfhbi \ARaTEA X/

phar naceutg@ﬁhéalﬁpqﬁm abpke1¢REY | S{q alHe llllj{en’B.mTBJ s (e.g., humans, horses,
bovi nes, cats, rats, mce, rabbits, pigs, nonkeys, and t he Ilke) In

addi tion t(()%@hez\ oﬁma@t @ﬁelw%seﬁmwsml@nst@ﬁngmmﬁw phar maceut i cal
conposi tio P IR %%hgr%ﬁ. acedtQ%rﬁdlg %E sgbﬁ theljghlomnng

hor nonal therapeutic agents |cancer agen herapeutlc
agent s, 1d nnodhol desaEeid itheagekés, or pharmaceuti caI agent s inhibiting the
action of %fll rowh factors _or cell growth factor_receptors), antienetic

and the 30 suppresgang Bﬁaﬁi?fﬁ?&?ﬁdcgpnﬁg’@hf‘q%]‘ RS 3SteR as
humans,  t heaROMRAWE 10 b'@eapﬁ%a?ﬁﬁﬁcéd’c\i%ﬁtl' Q eﬁéns@éh adimfy shgped oral ly in

the formof, for exanple, tablets, capsules (including soft capsul es and
m cr ocapsuhedylatyywderds thgr ahkées and the like, or 35 parenterally in the

Form of i nj 2ef 1 PNSupTURABL ST RS ALHCYR. V02008 O20Z3ARFT0RA4 08, 264500

15 like) after administration of a pharmaceutical agent such as an

LHRH modulator and the like.
In addition, the compound of the present invention shows

effect as a frailty suppressant, a muscle strength enhancer or a
muscle increasing agent while using as an agent for the

20 prophylaxis or treatment of prostate hypertrophy or an agent for
reducing the weight of the prostate. Accordingly, it is
expected to shorten the period of rehabilitation without leaving
aged inpatients bedridden. Without the side effect of
increasing the weight of the prostate, it is expected to provide

25 an agent for the prophylaxis or treatment of prostate cancer in
patients with high possibility of prostate cancer. Without the
side effect of virilization, moreover, it can be applied to
female, and is expected to provide a suppressant of loss of
muscle strength or bone mineral density loss in postmenopausal

30 female, or a suppressant of hot flash (glow, sweating etc.) in
postmenopausal female. Furthermore, it also is expected as an
agent for reducing the side effects of LHRH agonists
(leuprorelin, goserelin, buserelin, nafarelin, triptorelin,
gonadorelin and the like), and LHRH antagonists (ganirelix,

35 cetrorelix, antarelix, abarelix, sufugolix and the like), a
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and the |ike. Exanples of the "parenteral adm nistration route" include
i ntravenous, intramuscul ar, subcutaneous, intra-tissue, intranasal,
i nt rader maiD,2009M20131t1 ati on, intracerebral, intrarectal, PaTIRUASDEIE0,

intra erltoneal i ntratugor al j uxt aposi ti of turmr and adnmini stration
Girectly {0 PREIEORE 1055 OF TRbYihes o SPHbACORPOUHY B PPESohY

i nvention va&s esridapameii AgsoRat hén otttk aHATRASSEEBLdN age¥RE 08B, a€t C.
For exanple, when it is admnistered orally as an anticancer agent to a

pati ent (b@%@P&ﬁﬁ%ﬁﬂﬁ o hetgblagh (Ghav beswastivanzed Bre |ldksdostaes cancer,
its dose | e, <0 Q.Q%[ y t per day, preferably
1 to 100 I%btgé&%gkg f B%?QQ , an eﬁg%gggr%¥€¢%£1y 1 to 50 ng/ kg body
wei ght per day ThHe sccapount] péythe pekbeartstievedtboneadiiéves? growdhdi vi ded
portions dail 15The co of. the present_inventjon can be orally or
parenteral t é?frﬁ nstaélfjeggﬁ ‘gﬁ%tLF ot?}fn%’PvﬁrESde S ForARCEGERVES

tablet, Ca@t@ﬂﬁ@latﬁro@ln%hecaﬁ@é\g%h@@%éé‘%c@'ﬁged%e@léﬁaﬂweﬂ e aPabahbRe such
as syrup, injection and the like, by adm Xxing with a pharmaceutically

accept abl eteeatment. byohsiagphupeesnaitdarkl yoasndpeatne ddusiedlt vanibas
or ganl Cc Or éggragsary gggb{:l %Brs %te&%g))%&l%?(méeng Qngétr&le q:- a r8r epar ation

mat eri al s can be use exa rent bri can Mand
di si nt egr andrfars sxalmoérpr,epaéaét ot ceagl pebtstasel ¢ dd 1z, r@d@@elﬁmal

suspendi ng a ent isotonicity 25 agent, buffer and soothing agent for
liquid prep &Y 0 FENSRd Pﬁetz‘? kgt S EAERET OREY: LT FrdceSSAPGLY

prepar at i o Agigh 'dé%%e%UCBh9§oPcﬂ esaiat | lé%ﬁe @Gxﬁé?xérﬁi?'ﬁe?ul%()'cghégks
sweet eni ng agents and the like can be Used Pref erabl e exanpl es of

t he exci pi *elmt igrgduided horoses BEssUENTSe, amdmﬁmamlcxhaarlofhusefyétam i ne

cel I ul ose, t a d S SI|I C_ .aci referabl e
exanpl os of (B TUBOrC KAE PRerbiln s R e biar «0b Prostataniereat at o,
talc, colloidal &8 |hd1aloa1@drébﬁsta1k’e cand®2()090020X34F(d 0R2008/L645801ive
Preferabl e exanpl es of the binder include crystalline cellul ose, sucrose,
D- manni t ol re%Pe%&"’}qtn Caﬁ?&f‘ox?b?%%’%kb]é{ ILiARYs 89OR}F o@%ﬁiﬁﬂtﬁé}?ﬁﬁﬁéew%l ose,
pol yvi nyl pys relidepgeqand the like. Preferabl e exanpl es of the disintegrant
i nclude starch, 5 carboxynethylcellul ose, cal ci um carboxynet hyl cel | ul ose,
croscar nel | ose s wompsadduat cbhd ety lingeat thn asitbwsheldw Kexicity

and can be used as a pharmaceutical agent as it is, or as a

20 pharmaceutical composition in admixture with a commonly known
pharmaceutically acceptable carrier etc. in mammals (e.qg.,
humans, horses, bovines, dogs, cats, rats, mice, rabbits, pigs,
monkeys, and the like).

.In addition to the compound of the present invention, said

25 pharmaceutical composition may contain other active ingredients,
e.g., the following hormonal therapeutic agents, anticancer
agent (e.g., chemotherapeutic agents, immunotherapeutic agents,
or pharmaceutical agents inhibiting the action of cell growth
factors or cell growth factor receptors), antiemetic and the

30 like.

As a pharmaceutical agent for mammals such as humans, the
compound of the present invention can be administered orally in
the form of, for example, tablets, capsules (including soft
capsules and microcapsules), powders, granules and the like, or

35 parenterally in the form of injections, suppositories, pellets
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Preferabl e exanpl es of the solvent include water for injection, alcohol,
propyl ene glycol, macrogol, sesane oil, corn oil and the I|ike.
Pr ef er ablwoere@mbmss of the sol ubilizing agent s incl udePpoliyzinsigéissone

gl ycol, propyl ene glycol . D-mannitol, bepnzyl benzoate, . ethanol, "
trisan non@%aﬁ%‘?_ 'estEé‘faB‘g,Te?r‘i’gt%olpf)r/ﬁ%?r?gd? A PATACE, TSBEPUmM
citrate andntheqé i ke:rfetbasabl gt examdt en0f subeusdsosndi ng agenrt sknel ude
15 surfactants such as stearyltriethanol am ne, sodiumlauryl sulfate,

| auryl anm ABpF@pRMat dntiragetnih, besizalledrionm éhtba¢eesbizdnzet honi um

chloride, g{%gﬁ%{%ﬁﬁ“”%&%@ééﬂ%gw dj{rn%a!ﬂselggtogggio})ﬁu}a Lﬁngj:r%qers such as

pol yvi nyl pdl yvinyl pyrro one, um caf boxymne cel'l ul ose, 20

nmet hyl cej | ghrsepodidiranx wfetthybeebhdl adein hytdrapdyet ylreetl vl ®sethe lesion.
hydr oxypr opyl cel |l ul ose and the |Iike; and the Iike. , Pref erabl e
exanpl es of the T%%t%fﬁeciotfy ChGeRPMPAPARE S0 RFCERNBr HRUEEI GG dRgttes

D- manni t ol déﬁ@n&ﬂﬁ% |l drk&nePr-81188 8D € &xaRt§$tebnt heyR I, 1dte] udgopuffers
such as 25 phosphate, acetate, carbonate, citrate and the like; and the

like. exapp &4 ervilisire idx agphdsingstdred cowrRilygaagent antriclande rbegept

al cohol and the like.. Preferable ex | es, 0f the. servative include 30
par aoxyben%a?e%%tlc% tor((rt))%f}?a‘ﬁ%f?h%enzy © %Occlj(ﬁb)l ?’lgﬁg%%‘?‘ﬁ/ FPEShoPT

dehydr oageprosestd,caansdy, ciasi dosadid hefdd k&ample, 0. Prief excabing/e@yapplgs of
the antioxidant include sulfite, ascorbic acid and the |ike. A
phar maceut FeaPht Rffo - oRTEART AR Yrb it 6@ CaBEdKai BelY oSy @6%vEAY T onal

met hod by addi Ag-d e FRRBYPI1 Ofo L RE/AZF Body 2099 R0234RCTORRQQ8/ 064500

amount may be administered once or in 2 to 3 divided portions
~daily.

is The compound of the present invention can be orally or
parenterally administered in the form of a solid dosage form
such as tablet, capsule, granule, powder and the like; or a
liquid preparation such as syrup, injection and the like, by
admixing with a pharmaceutically acceptable carrier.

20 , As a pharmaceutically acceptable carrier, various organic
or inorganic carrier substances conventionally used as
preparation materials can be used. For example, excipient,
lubricant, binder and disintegrant for solid preparations,
solvent, solubilizing agents, suspending agent, isotonicity

25 agent, buffer and soothing agent for liquid preparations and the
like can be mentioned. Where necessary, preparation additives
such as preservatives, antioxidants, colorants, sweetening
agents and the like can be used.

Preferable examples of the excipient include lactose,

30 sucrose, D-mannitol, starch, crystalline cellulose, light
anhydrous silicic acid and the like.

Preferable examples of the lubricant include magnesium

stearate, calcium stearate, talc, colloidal silica and the like.
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invention generally in a proportion of 0.1 to 95% (ww) relative to the
total amount of the preparation, though subject to change depending on the
dosage f owono@dnriasiestrati on method, carrier and the |i K@CT/JP2008/064500
addition, a conmbination of (1 dm npstration of .an_effective amount of a
conpound of the_%?% _r;%%négﬁﬁpgﬁsa%% q§§r31§8988?eﬂr¥§§ﬁﬁ gr oup
consi stingcef141dsadmutirslseat DonaMhi el eideR@trive AYRESLyOfoBiiRen 1anbseancer
agents, (ii) admnistration of an effective anmount of other hornonal 10

t her apeut i BYageryrrepdmethy) cabhutipsry MedvappyeRHrppeidene any dhet Léke-
cancer nore effegfi n- dr t : , ery,
hypertensive cheﬁ%%%gg%hﬁgf%géﬁgégggogﬁg?%fg%é%%%PFEQEdfﬁﬁgm%ﬁfgﬁ&%g’

radi ot hesr apsrboeyres ttharcaaiy nloset hed hoiure cappoxgmpgohhecaby ldsaser
cauterization, and the like.is are_used, %pd t wo oi'nnre of these Ta be
h%S t&n- be

combi ned. CroscamiGllasg, SOLiuRy eSeLHEY RFPORYRRERY; cSEHECh RNsht 6N

used in combi nat pegr A Oihafpes BN nd hRNnaRek! k288 Sat & R
anti-cancer agents (e.g., chenotherapeutic agent, inmmunotherapeutic agent

(i ncl udi ngivdeet i), adiohisddypProenkern alyeodpymdrugeol phsgsamsegiilcarongent s
inhibitingoifeaaggigp]gfepell grow h factors and receptors thereof,

phar maceut r cal ageﬁ%s |ﬁhrbiting angi ogenesis), antienetics and the |ike
(hereinafter to becfdita\d akadpassconcd tsltubdntg)ng\Vgéret tdhea meampgeund of
the present invention exhibits 25 excellent anticancer action even when
used as a BPHPPEREGAR ILYColef PECRYLENE 198 YSOHLY | DRBRRABHA M RSP 20 QoL of

patients CBBnDEatIPIAYRGNAY HSh B8nidoddt el BALL @B ¥E N one or nore of the
concom tant drug(s) nentioned above (rnulti-agent co-adm nistration).

30Exanpl estotetimndlamimenalothen apethdrategestdiuinneli toet ¢ cyfdkdiheoll ftke.

di et hyl styl bestrgl .- chl.arotrianisene droxypragest erone acetate,
nmegestrol acet at gfé%%ﬁaé)ﬁn%&xﬁgﬁeegc% a?qge, s@féﬁég gpgngg%%%t%?cgl,ué&anazol ,

di enogess , sasppctsitd sualhl ykesteengl ¢ rigasiahonanéne Nose@RE rNaturytiadenan,
mepartricin, 35 ral oxifene, orneloxifene, |evorneloxifene, anti-estrogen
(e.g., Vw296@?@?%2Shﬁﬂ?NﬁPEQG@PGGQBBGH%Q%DX}%QﬁFQﬁQWwﬁﬁazaﬂ&P@h@@eﬁ%lQﬁ%qﬁate

tc.), ER i f@k-1 ed Ml S r - an ike;
etc.) gonar S ﬁhprc(hl% 8%2{?1_% e Yr%?lto[ F@E SLE- dng NYBRN ; ke ;

post menopausal gonadot r opi n, opi n, pi preparation, nepitiostane,
t est r ol act byéropim hioy|petlemeirai dech Las Ridlderinyat eveoliel g., LH RE 5 agoni st

(e.g., goserelin acetate, buserelin, |euproreli tc LB- RH ant agoni st),
Gr of oxi F o LeprY SteheciclRr! fos e AHREREer Py RAE LI L s mce | ol bi ¢
(e.g., badmnezeyEcdlydies, ohvdeoxphasiyiezaliel okel I pzalexyexgRe1aneose,

vorozol e, fornmestane etc.), _anti-androgens (e.g., flutam de, bical utam de,

ni | ut ani dePEEECFYPUIPYH&eLdddetasand ntisiltide’ (ang. thej kbt eri de,
dut ast eride, eprﬁféféﬁ-h Ll&ah 189"5% e_LrsQ)it%n)&%iQx’ aggﬁ(@nﬁ{ﬂ ne,
pr edni sol one, betanethasone, triantinolone etc.), androgen synthesis
i nhi bi tor fedgum dbliagratder,ogéyeero), D-etanmditeblandddthgslikeat retard retinoid
nEtabO|isn](e'g'Pré%égéggg %x%%glgsag éggibuffer include buffers such as
25 phosphate, acetate, carbonate, citrate and the like; and the
like.
Preferable examples of the soothing agent include benzyl
alcohol and the like.
Preferable examples of the preservative include
30 paraoxybenzoates, chlorobutanol, benzyl alcohol, phenethyl
alcohol, dehydroacetic acid, sorbic acid and the like.
Preferable examples of the antioxidant include sulfite,
ascorbic acid and the like.

A pharmaceutical composition can be produced according to

35 a conventional method by adding the compound of the present

36



15 like. Preferred is LH RH derivati ve. Exanpl es of the
"chenot her apeuti c agents” include al kyl ati ng agent, netabolic antagoni st,
ant i t unorwaredizezsscs, pl ant-derived antitunor agent, OPREIP2008/064500

chenot herapeutic. agents and the |ike. 20Exanples of the_'alkylati agent”
i ncl ude ni PXS%El?ngﬁ}ea‘, rlSriyt EBganPﬁ?%‘E%‘ﬁﬁwo&ﬁdg E?d?%?:h‘”f%’\’)déqutlge
chl oranbut yb, thy ct optospamicder thespadpLet ihl, 0tBBdgh CAIPREHORR, change
inprosul fan tosylate, busul fan, ninustine hydrochloride, mtobronitol,

nel phal an, 98B8RFHRE | e theaficragei ferms fimimicsrphnontnelchad, seagplat and
triethyl enepgl gm'(%e, carnustine, |onustine, streptozocin, pipobroman,
etoglucid, carboplatin, cisplatin, m boplatin, nedaplatin, oxaliplatin,

al tretam ne, anbamusdditeiordi lar cspbdnaii dry drfoctil) ondoiéni § ot @it igfe,an

predni nust i um tepa, .rihonustin, tenozol om de, trepsul phan,
trophosphaﬁ?g%(,:)?@ffe ﬂ'“??d’élttap' n2sEPHRPHHECT C8FpBEEBRRT 1&g gnd (2)
cystenusti necobs zed eedtdd #emt BBel §Kk8up consisEXAGPEES(Pf dd¥nistration

"anti met abol i tes" include mercaptopurine, 6-nercaptopurine riboside,
t hi oi nosi nef aktebisebidtee amenpti PALPHer @ptacabrae, agsntagabiiie ocf osf at e,

anci t abi ne . chl ori 5- A r.acl t.egaf ur, UFT,
P05006, 0203 TSR s Tes8 s E e A .ﬁ’él?ltcg?n%%?? KEmInal 2bi ne.

em t ef uno etheyapeunt ino Eigenitse andeytbyorion-catug uherappl @i, platedti And/or
folinate cgl cium levofoli nat% calcium cl adribine, emtefur, fludarabine,
genti t abi nEFCRY drPGFTarARi GELepehY o Y at A7, tHPr NPREIFWY BSTfdWur it ne,

m t 0guazongxamill &7 QRIVeRS:, BFHaFUShS N\ AMirdibel! tﬁj@ra;@(adg?ﬂrfgs of the
"antitunor antibiotics” include actinonmycin D, actinomycin C, mtomycin C
chr ononyci AngBotensiamidi andythechi ke dedisitbemppin gend dthergpapl onyci n

sul fate, d [ Cl ydr ride, doxorubicin.hydrochlorjde, Lo

acl ar ubi ci ﬁHEMﬁa@M}d%f %?#%F%gf’cilga e)/rdflgél%feg%lz%g%o%’piar ?%enllke

hydr ochkor ade, usebcared nest aki morai ¢hriaresel maySBecoOsHsined.car zi nophi lin,
m t ot ane, zorubi cin hydrachl oride, m toxantrone hydroch| oride, idarubicin
hydr ochl ori de antP¥ HFAME, EREnPPEROWHC tHe the BRESERE | IRAEHHIGY ¢F#r P&gent "

i ncl ude /5,8t@P0si b i¢eRBAI et RhosRhat R rmkhak! éﬁéi%?eé&’i'é aﬁttféntﬁi, ncristine
sul fate, vindesine sulfate, teniposide, paclitaxel, docetaxel’, DJ-927,
vi nor el bi nethér jamtiesanceropoertan(eud t mhiemokberapeuti®eagynites of t he

ot her CheﬁB&ﬁﬁ%éﬁé%&ﬂéﬁt%%eQ%gntIPfééfﬁaf%%b%é8é§gg)?quéfg%J§,k%éne

20 therapy drugs, pharmaceutical agents inhibiting the action of
cell growth factors and receptors thereof, pharmaceutical agents
inhibiting angiogenesis), antiemetics and the like (hereinafter
to be abbreviated as concomitant drug).

While the compound of the present invention exhibits

25 excellent anticancer action even when used as a simple agent,
its effect can be still more enhanced or QOL of patients can be
improved by using it in combination with one or more of the
concomitant drug(s) mentioned above (multi-agent co-
administration).

30 Examples of the “hormonal therapeutic agents” include
fosfestrol, diethylstylbestrol, chlorotrianisene,
medroxyprogesterone acetate, megestrol acetate, chlormadinone
acetate, cyproterone acetate, danazol, dienogest, asoprisnil,
allylestrenol, gestrinone, nomegestrol, tadenan, mepartricin,

35 raloxifene, ormeloxifene, levormeloxifene, anti-estrogen (e.g.,
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20Exanmpl es of the "i mmunot herapeutic agent (BRM" include picibanil,
krestin, schizophyllan, |entinan, ubeninex, interferon, interleukin,
nmacr ophag®ocoedny23gt i mul ating factor, granul ocyte col onpCILIPINOB/A¢4501Y

fact or t hr opoi et i nphot oxi act um | evam sol e,

pol ysaccha¥f35‘8xg§elk < ndrr(?% fBFEmJaﬁﬁn‘? hcey 33:@ %§ yhe&’)a ™He, BOG vacci ne,
PROVENGE, Qayuaxt & (RROSRMAGIVE, £EMNGt ROVRXRY. 05t Blfan PRAMMNEusal

VPM 4- 001 and t he Ilke are used. Exanpl es of the "anti body" i ncl ude

an anti bod@onadepr M, &9 ldAtrepdy. tol Hs@yenarg taAnantepbelost@nRsVA. 30The
"gromh fa " [ g the pctignga
cell growt %%g{ég?%%é@%{réj Ao gﬁﬁ@%{#gﬁ%{‘ ?S{:Z{Hpt grggg{,gwg% ne r(lfll agﬁl ong as
it pronosesgorist pr@lgf,e@@Bemallmhacértatse,nmrle&mepleuterdsmﬂjmgeac ),

nmol ecul ar i ght of not, rethn2 000 that, i s capabl e of exhlbltlnglts
35 activity S| B RS r aCEBREX EE iR 105 anpice%mnylestradml

W02009/ 020%34?§Hétlé?2%8!n&%§@01§mm§§ (dey. eOffa'dE}SEHﬂé Iw&r&-ﬁiﬁo(r?tﬁleder nal

grow h factor) or subst ances possessi ng subst'ant i al |y the sane act|V|ty as
it [e.g., EGESthezelr iletTerode, HBxEGFSE@ANS,] VO(Jf@)ZOﬂ-ﬁsuf<Pm€tﬂta§@b§ttézn¢es

possessi ng st he sa ul J
(insulin-li E‘HP %%A%t %r% ﬁ@%‘ydn aluttla% %8 g%j)l‘#t@%‘ rob ast
growt h flactsan):e@uc%tlamﬁ@at@@s$@$@ingffdgaﬁe&rmeal Hit & S Sae actl vity as

it [e.g., acidic FG-, basic FG-, KG- ( keratlnocyte growt h factor) FGF- 10,
and the |iRBFISEAYLR 1RHC-dal FOGFEGRREFERIDr € -[Je s g eXERELRASAMS Y /0

stimul ati ngr£aa195)ondEPBtBREERESDRE etﬂﬂ)améllno%o(qbnégél Uki rrlgenNGE (nerve
grow h factor), PDG- (pI atel et-derived growth factor), TGp (transforning

grow h factS(ﬁntD?SlﬂGIlf(ﬂbeﬁatrod?t@ grm\xltaffesmtr@r )EtCVEGZrﬂﬂ'amﬁm arnd drugs
endot hel i al , cel h.f.actar nd, t he ke], ;and the |ike. | es of
niE ref R el BeR prefhiL O (4 ke dR ot €0 B aM

t he "growth C recep rors® hc e any r gto
the af onemenkeoneprefddregr ot DHFRBt @8 Sivadick .as EGE receptor, HER2, HER3

and HER4 belonging to the same famly as that of EG- receptor |nsul i n

receptor, |G reEEyIRtes ol thec Spherotneragettd e posPts” aelydre | ke.
Exanpl es oglkpfatﬂt@ra%%gcut m@@gbagf@ta%ﬂanjuﬂste ngg£?€mﬁ9}'£&l%f o‘iggls growth

factors and receptors reof ™ include trastuzina Herceptin (tradefark);:
HER2 anti bodght-demived @niasynat eag&il 838 hegechempabergpduttiaidgengs| endni b
and the Iilégé like

20 Examples of the “alkylating agent” include nitrogen
mustard, nitrogen mustard-N-oxide hydrochloride, chlorambutyl,
cyclophosphamide, ifosfamide, thiotepa, carboquone, improsulfan
tosylate, busulfan, nimustine hydrochloride, mitobronitol,
melphalan, dacarbazine, ranimustine, sodium estramustine

25 phosphate, triethylenemelamine, carmustine, lomustine,
streptozocin, pipobroman, etoglucid, carboplatin, cisplatin,
miboplatin, nedaplatin, oxaliplatin, altretamine, ambamustine,
dibrospidium hydrochloride, fotemustine, prednimustine, pumitepa,
ribomustin, temozolomide, treosulphan, trophosphamide,

30 zinostatin stimalamer, carboquone, adozelesin, cystemustine,
bizelesin, and the like.

Examples of the “antimetabolites” include mercaptopurine,
6-mercaptopurine riboside, thioinosine, methotrexate,
enocitabine, cytarabine, cytarabine ocfosfate, ancitabine

35 hydrochloride, 5-FU drugs (e.g., fluorouracil, tegafur, UFT,
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Exanpl es of the "pharmaceutical agents inhibiting 25 angi ogenesis” include
anti bodies to VEGF (e.g., bevaci zunab), antibodies to VEG- receptors, VEG-
recept or WOrra®#2023hi bitors (e.g., SU11248 etc.), PDGF r @cCeprPmos/késsase

i nhibitors, Tie2 kinase inhibjitors, thalidom de and the like., In addition
to the afo@%ﬁkﬁiﬁ Cdr G§5TCH s §ieRINgg FEFHREC  pr ocar bazi ne

hydr ochl or ifiEnogtati@RQr PBYESPo £V A1 GORD! expseld, BBISUM,C folinate
hemat opor phyri n-sodium_differentiation inducer (e.g., retinoid, vitamin D
etc.), a-bFdkKEm,(elgyofolanste osakchitr celddsriodas, namibpfri | findgsiadiine,

al fuzosin, 1] i | |.0dosi| rinel. i ne ki nase 35
i bi  or | SO PYGEaRy Pt b bl de AT SRR,

W2009/ 02 023HRGHRR2R()8 M G4508zet e, )thimipbaiase ambabusioind eargd ,tHeontikzonm b
etc.), Hsp90 inhibitar (e.g,, 1/-AAG etc.), spironol actone, m noxidil,

I la-hydrpxyprogé@%%ﬂ ?,oﬁnﬁh%on%?§%$¥5FﬁtFBﬁlBﬁﬂFb??orkﬂc%ﬂg?astasis _
suppr essi ngeiMydi® @, aé0iSEHRNILE BChd torleDErON homedydinPAR] droni c
acid, etidronic acid, ibandronic acid, clodronic acid) can also be used.

As the "anvlesmucisr hygaeochieridr. [Hlepmyshanget Satseic pamsl oBycim3sahfaigoni st
such as on .t ' . hydr L de zasetron,. ranosetron
granisetrd%sﬂggﬁggg?Poh9§%§§$£é%;4%%od%%?%ﬁ%ée ?o éﬁﬁ#ﬁ%ﬁglFer, 5- HT4

ant agoniest sc sunlbias nd bydes Do dayo papairdei cikt ed aprtarirdeleandpi hebl ¢ite,
and the like; gastraointestinal tract notility regulators such as

tri mebut i NRYSERFRYAE idek e NEPRRFBYIASTATAE  pRAFRERBYEI bal SHGORYS 1Buch as

prochl or pexzi N JMRI8aAL emi PSR hazi e ct R aLAYbPeTrdai e andokhgelond | ke;
tranquilizers such as hal operidol, chlorpronazi ne phenol phthal i nat e,
di azepam hiydpeatildulidend idheubidkian hydeoehderide hard thexdrikiehasone,

predni sol one, betanet.hasqne {riancinol.one and.the like: .as.well .as
di met hyl hydrin :%:’fadr}pl(%spﬁgn g}%r ianner?4 f&é’&gng?gﬁ%%%%]f n dr&BFg‘r‘lﬁjﬁe,

t et r abepazétwpal did etthpobiie sRosdiRitesedinhsastenafarienget, i engdrise Rk
derivative, an LH RH derivative or a salt thereof effective for hornone

dependent ®isdse, PACFENF PPt A G AEPABREIBRp PRIt A ead8C8tR Chs sex
hor mone depenglent LaRceAbEReJ- 3 rHAANLE €8P6EEcatEId MHCARKES

Examples of the “other chemotherapeutic agents” include
sobuzoxane and the like.

20 Examples of the “immunotherapeutic'agent (BRM) ” include
picibanil, krestin, schizophyllan, lentinan, ubenimex,
interferon, interleukin, macrophage colony stimulating factor,
granulocyte colony stimulating factor, erythropoietin,
lymphotoxin, Corynebacterium parvum, levamisole, polysaccharide

25 K, procodazole and the like. As the vaccine, BCG vaccine,
PROVENGE, Onyvax-P, PROSTVAC-VF, GVAX, DCVax-Prostate,
SAPOIMMUNE, VPM-4-001 and the like are used.

Examples of the “antibody” include an antibody to EpiCAM,
an antibody to PSCA, and an antibody to PSMA.

30 The “growth factor” in said “pharmaceutical agents
inhibiting the action of cell growth factors or cell growth
factor receptors” may be any as long as it promotes cell
proliferation, which is normally peptide having a molecular
weight of not more than 20,000 that is capable of exhibiting its

35 activity at low concentrations by binding to a receptor.
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25 breast cancer, pituitary gland tunor, liver cancer and the |ike),
prostate hypertrophy, endonetriosis, hysteronyoma, precocious puberty,
dysnenor riweagosnreassr r hea, prenenstrual syndrone, pol ycy®CroPzesinetseyndr ome

and the like and contraception (or jnfertility when rebound effect after
cessation Eﬁ‘a‘f‘ e%&ﬁﬁarleg%%nﬁg‘é‘g‘? Qf)e ed SPE ?ﬁlaﬁft‘?lﬁ?’({t rfaEFI-O or
derivatives@bsaridd dokeeesaingf §@sdd e ifaan ybentgsand Litidldygaant ¢t unor,

whi ch is sex hornone i ndependent but LH RH sensitive, and the like is also
used. [e.g., $&Gi hiexegrahm| BSFof, tHieHGB- REcdéri (2 ivswrinaogal t 35

t her eof ing| ent i i i T i %]gld .

W2009/ 020 %%%%IIJLIS}Z 8&%§8g§8§&a%a %%%tgégﬁ&pg%ré\%%g an plécryssgc%}:ves (The
Part henon Pabdi shinspl@GnoupGEt dinsyldr+lsitked grbwiB 963 ¢t alP--A-, 31583 265and

JP- A3-101695, JP-A-7-97334. JP- A-8-259460 and the |ike. Ex | es of the
LH-RH der i Elé?ijéjé‘?ﬁ\ncl(ggeFﬁﬁ LHREORIGHH Srostinge B?m%%%gg@aﬁﬁgt. As the
LH RH ant agegisdsi dplsu%aant €a1 PRYsiOlQalecaktyvael i ¥8 Reptd %ﬁ érge&s@ent ed

by the fornula X-DZNal- D4C1Phe- D3Pal - Ser - A- B-Leu- G Pr o- DAla wherein X is
N( 4H2- f ur o§Ey ABasgrc H&E, KGFs (kerasinhpytsebsoved faoimmMMVeFEE-10yr andph( At z)

and NMeAph Z), IS residu | ect rom pLys(Ni It

DLys( Azagl 13(:/}% c]%l,k%tys((llizggﬁye/gur?,ﬂptﬁir%rwgc&?%f?o%i‘p%ﬁ'z’) d‘:3?:1% (&g&o?yand Cis
Lys(Ni spj , sArmaulort ihdy gaEL3d)) , OEP@ &ahitHridpoeetiand 1he | jikeeaneuksnd?),
particul arly_prefer abl%&abar elix, ganirelix, cetroreliXx,

5- (N benzyNC-!‘F\lnéffWearﬁ Bt FACFOT) ( 2PBER Rt Adisdnsf Ty ved| arqwth /Factor),

met hoxyur e p(}g{é)f - n i ~3- dl pynsa di n- , 3H).- . di one,

5- (N benzy?’g@ nmet yjs]afr%%rlllgﬂgt %%/(%‘?&gr%&éﬁdﬁ% f u%?%qbg'}]é}yaﬁofgyyé E%th

6- [ 4- ( 3- et hytiwwwi dyESetyhbcBlahesndatiieddell2c8l H] pyowth diat2o4( 1HaBH) tié one,
5-(N—benzyh]gl- th %'n mﬁghyl)-l-(Z,G- :

difl uorobenzye_L " 621 4- E% ethyrlurei do) phenyll- 3- phenyl t hi eno[ 2, 3- 20

d] pyri madi n- 2, 4(B:Empdesdic@nehbydg et iorizde candetbpt b ke i udsedny As
the LH RH agoni st, for exanple, physiologically active peptides represented
by the forREFPBRISKGAPARLRI of TP G Tipr The afiorememrinre & AT9VER 3
resi due_sekgel o fDDbeupcPAdoo HTE, (B80! (1BR) o2P BB LARMg ng fo

DHi s(1 mBz1l), and Z is NH C2H5 or -NH2, or a salt thereof an tﬂg I ke
are used. Foe smndlasilyhey bhet gos &G ineceptbat eindwisiar eldoepéand, t HEF| i ke.

Particul ar| epti whereip Y is uand Z is NHC2H5 (i..e., peptide A
repr esent eﬁg%?/&é?rdx%% o-rﬁFng?f)f er%rr-eﬁ?gﬁ?fég'- A‘?'b‘g%rrk?- N €2 Hs
| euproregjin) or exadpisrl bft REEEOHh4 Endbeutdealiabgints MiefErable the When
the ami no acid, peptide, protecting group and the |ike of the polypeptide
descri bed RAt1PRe G €§ent I5PEERf fRRAEIGH 2@Fe rrREPERF 2d-hesians "aBBEévfiat i ons,
they are b IQ%QmJ. e Lat i BGE i.n ; C I Cnigyl Ssion
on 35 Bioc gﬁlgtca ﬁoné%%?gtgﬁtgﬁO?P%aonve(r%{kﬁéngiaﬁgb I?%}%ngﬁdnéh{?ﬁgﬁgg
mesylate, ZD1839, cetuximab, gefitinib, erlotinib and the like.

Examples of the “pharmaceutical agents inhibiting
25 angiogenesis” include antibodies to VEGF (e.g., bevacizumab),
antibodies to VEGF receptors, VEGF receptor kinase inhibitors
(e.g., SU11248 etc.), PDGF receptor kinase inhibitors, Tie2
kinase inhibitors, thalidomide and the like.
In addition to the aforementioned drugs, L-asparaginase,
30 aceglatone, procarbazine hydrochloride, protoporphyrin-cobalt
complex salt, mercuric hematoporphyrin-sodium, differentiation
inducer (e.g., retinoid, vitamin D etc.), a-blocker (e.g.,
tamsulosin hydrochloride, naftopidil, urapidil, alfuzosin,
terazosin, prazosin, silodosin etc.) serine/threonine kinase

35 inhibitor, endothelin receptor antagonist (e.g., atrasentan
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W)2009/ 020234PCT0P2008/ 064500 field. Wen an optical isomer due to am no
acid is present, it neans an L formunl ess otherw se specified. Exanples of
t he abbr ewDavésms23are as foll ows. Abu : am nobutyric aciPGTEBPAR064500

2-am nobutyric acid Ala : alanine Arg : arginine Ay : glycine H s
histidine FECI1 6 PIGLGASSDE; h‘ght%ht‘?r | ?u&-neb%ge?o‘ﬂ%? Hgne ARPE0:
nor | euci neihlabitomnofedl., ne7LanEhecc. Rhepiirahanhseok®g mindkaayhgl ycine Pro

proline (Pyr)@u : pyroglutamc acid Ser : serine zo Thr : threonine Trp
t r ypt ophdhoTyydrogynrogiensevane; arxd ibvmeD2RabrpDiGr (amigphiolyl.) al ani ne

.resi due 2515_%5&%%9 ;su?)iﬂ@ggi}?é’tégéx% s(%r_igr_ng %h§&£5@fé‘)&cid, alendronic

Nm benzyl - Istidin
5 acid, pamidronic acid, etidronic acid, ibandronic acid,

cledronic acid) can also be used.

As the “antiemetic”, gastric motility enhancers such as 5-
HT; antagonist such as ondansetron, tropisetron hydrochloride,
azasetron, ramosetron, granisetron, dolasetron mesylate,

10 palonosetron and the like, 5-HT, antagonists such as domperidone,
mosapride, metoclopramide and the like, and the like;
gastrointestinal tract motility regulators such as trimebutine
and the like; phenothiazine pharmaceutical agents such as
prochlorperazine maleate, promethazine, thiethylperazine and the

15 like; tranquilizers such as haloperidol, chlorpromazine
phenolphthalinate, diazepam, droperidol and the like; steroids .
such as dexamethasone, prednisclone, betamethasone,
triamcinolone and the like; as well as dimethylhydrin acid,
diphenhydramine, hyoscine, hyoscine hydrobromide, tetrabenazine

20 and the like can be used.

As the aforementioned LH-RH derivative, an LH-RH
derivative or a salt thereof effective for hormone dependent
disease, particularly sex hormone dependent disease such as sex
hormone dependent cancer (e.g., prostate cancer, uterine cancer,

25 breast cancer, pituitary gland tumor, liver cancer and the like),
prostate hypertrophy, endometriosis, hysteromyoma, precocious
puberty, dysmenorrhea, amenorrhea, premenstrual syndrome,
polycystic ovary syndrome and the like and contraception (or
infertility when rebound effect after cessation of the drug is

30 used) are used. In addition, an LH-RH derivative or a salt
thereof effective for benignant or malignant tumor, which is sex
hormone independent but LH-RH sensitive, and the like is also
used.

Specific examples of the LH-RH derivative or a salt

35 thereof include peptides described in Treatment with GnRH
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PAM : phenyl acet am donet hyl Boc : t-butyl oxycarbonyl Fnoc :
9-fl uor enyl net hyl oxycarbonyl 30 d-Z : 2-chl oro-benzyl oxycarbonyl Br-Z :
2-brono-b&ozy@mwynmrbonyl BzI . benzyl 012-Bzl: 2, 6- dicmbmnnhmmnyﬁmﬁos :

p-t ol uenesul f onyl . : hydr ox nor hor na i.car boxyi m de
102000/ 020233 Fe47 5 fé@f%éﬁs ge%ﬂ?f&ﬁéf??b@ﬁ%t‘?? SR HOoB -
3- hydr oxy- 3ul§iﬂ$ﬂihyrdj GrowXotd. 2, §u}bﬂk¥l{§d i@z 066 MpBad- A migshenryh-Born
. benzyloxgn%é?ggS }%ﬂ2—7 B7§§5°X¥pr§§§125§£%% gnér££g|l££g3 dlnltrophenyl
Examples of the LH-RH derivative include an LH-RH agonist
5 and an LH-RH antagonist. As the LH-RH antagonist, for example,
physiologically active peptide represented by the formula
X-D2Nal-D4Cl1Phe-D3Pal~Ser-A~-B-Leu-C-Pro-DAlaNH,
wherein X is N(4H,-furoyl)Gly or NAc, A is a residue selected
from NMeTyr, Tyr, Aph(Atz) and NMeAph(Atz), B is a residue
10 selected from DLys(Nic), DCit, DLys(AzaglyNic), DLys (AzaglyFur),
DhArg (Ety), DAph(Atz) and DhCi, and C is Lys(Nisp), Arg or
hArg (Etz), or a salt thereof and the like are used, particularly
preferably abarelix, ganirelix, cetrorelix, 5-(N-benzyl-N-
methylaminomethyl)-1-(2, 6-difluorobenzyl)-6-[4-(3-
15 methoxyureido)phenyl]-3-phenylthieno[2,3~-d]pyrimidin-2,4 (1H, 3H) -
dione, 5-(N-benzyl-N-methylaminomethyl)-1-(2, 6-difluorobenzyl)-
6-[4- (3-ethylureido)phenyl]-3-phenylthieno[2, 3-d]pyrimidin-
2,4 (1H,3H)-dione, 5-(N-benzyl-N-methylaminomethyl)-1-(2, 6-
difluorobenzyl)-6-[4-(3~-ethylureido)phenyl]-3-phenylthieno[2, 3-
20 d]pyrimidin-2,4 (1H,3H)-dione hydrochloride and the like are used.
As the LH;RH agonist, for example, physiologically active
peptides represented by the formula
5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z
wherein Y is a residue selected from DLeu, DAla, DTrp, DSer (tBu),
25 D2Z2Nal and DHis (ImBzl), and Z is NH-C;Hs or Gly-NH;, or a salt
thereof and the like are used. For example, they are goserelin
acetate, buserelin and the like. Particularly, peptide wherein
Y is DLeu and Z is NH-CyHs (i.e., peptide A represented by 5-oxo-
Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C,Hs; leuprorelin) or a
30 salt thereof (e.g., acetate) is preferable.
When the amino acid, peptide, protecting group and the
like of the polypeptide described in the present specification
are indicated using abbreviations, they are based on the
abbreviations according to the IUPAC-IUB Commission on

35 Biochemical Nomenclature or conventional abbreviations in the
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DCC : N, N -dicycl ohexyl carbodi i m de O the aforenmenti oned drugs,
preferable concomtant drugs io are an LH RH agonist (e.g., goserelin
acet at e, WO=2e09al20234 | euprorelin etc.) and the like. PCTMAZNOS/06I0Y t he

d L t i nt i on, and itant drug . nbi pat | on,
he” adm ni 1751 oM EToP oL NE® bohaBir B ERe=r BT AJoRFEBRPBNCE T he

concomi t ankeghisitar 9. Formotinl essrdeiesisan@dpeberesapound of the present
invention or the concomitant drug can be adm nistered to an administration
subj ect sinul t aneRRRAES Of FRe pebrAYAFfions: egeapsdferkewent tines. The
dosage of fpe cpqﬁﬁ_5%@@§ drug.my be determined according to the dose
clinically used, and can Be appropriately 20 sel ected dependi ng on an

adm ni str aRilom subjaedhpobatgricséesmii on route, di sease, conbination and the
i ke. The adm.ni stration node of the conpound of the present

i nvention &0 thé@WE6ni tant drug is not particularly linited, and the
conpound ofrghe: piRS@Ahel Nvention and the concomtant 25 drug only need to
be conbi ned on adm nistration. Exanples of such adm nistration node include
the fol |l owrhy: : (IY<d@Ri ni stration of a single preparation obtained by

si mul t aneoysly pr I t he conmpound of the present invention and the
conconitan$§%rug}8%§§ éﬁ%ultaneous adm ni stration of two 30 kinds of

pr epar atd obke of : timwlearpaand of the present invention and the concom tant
drug, which have been separately produced, by the sane adm nistration
route, (3)184ni nil4S4ton of two kinds of preparations of the conpound of
t he presenfiet NVeRdtPN oaRdet he concom tant drug, which have been separately
produced, 35 by the sanme adnministration route in a staggered manner, (4)
W2009/ 020882 PGTOPZUE8LAB84500 si nul t aneous admi nistration of two kinds of
preparatio f.t und of the present invention and the concom tant
drug, mhicﬁ§%gvé Q%é’%ggg%arately produced, by different adm nistration
rout es, 14 Sphadm ntednvatileniné two ki nds of preparations of the 5 conpound
of the present invention and the concomtant drug, which have been

separ at el yFP? odudEE"YBGLUFER@r ent administration routes in a staggered
manner (e.fro admpsyisheation in the order of the conpound of the present

i nvention and the concomtant drug, or in the reverse order) and the lik
In the fol (ByWrgu : pyroglutamic acid

Ser : serine
20 Thr : threonine

Trp : tryptophan

Tyr : tyrosine

val : valine

D2Nal: D-3-(2-naphthyl)alanine residue
25 DSer(tBu): O-tert-butyl-D-serine

DHis (ImBzl): N*™-benzyl-D-histidine

PAM : phenylacetamidomethyl

Boc : t-butyloxycarbonyl

Fmoc : 9-fluorenylmethyloxycarbonyl
30 Cl-Z : 2-chloro-benzyloxycarbonyl

Br-Z : 2-bromo-benzyloxycarbonyl

Bzl : benzyl

Cl,-Bzl: 2,6-dichlorobenzyl

Tos : p-toluenesulfonyl

35 HONb : N-hydroxy-5-norbornane-2,3-dicarboxyimide
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|l o these adm nistration nodes are collectively abbreviated as the
concom tant drug of the present invention. The concom tant drug of
t he presewd 2oomod3uon has | ow toxicity, and for exanpl epctriyeoosngsend of

the present _ipvenfi,on and/or the. above-nentioned concom tant drug can be
m xed, is gg%ﬁrd?ﬁ@PXQ§9¥yF§Pﬁ8 Tkdow’ per se, with a pharmacol ogically

accept abl eHoeRt t €3-HRirxe 3phanMBeets 4 £AxCANRYSHFhEARSE r SdiGiheas tabl ets
(i ncluding sugar-coated tablet, filmcoated tablet), powders, granules,

capsul es (MABFUHI hignetd™mlbeagyll e), sol utions, injections, suppositories,
sust ai ned eas t e like, 20 which can be safely adm nistered
LBt SR gty

orally or parenter ocal, rectum vein, and the like). An

i njecti on Bam be admtuxst eeetdylnt ravenously, intranuscul arly,

subcut aneoys]y, into the organ, intranasally, intradermally, by
instillatioht inttEdefebrally, intrarectal |y, vaginally and
intraperitppeal ! yaird& ddpheatgmoral [y, proximally to the tumor and the Iike,
or directly to the |esion. a pharmacol ogically acceptable carrier which
may be useBCfor: pAHudisyclhrbesy qdinmigleug of the present invention,

h Do | f ; | oQ ahl
carriers that cadt Do SeRs FRPTL RETeA AP AR, Bae t L SRR, fugp ecent

carriers that can bé Us I'cal”"conposition
inventi on eaa de MHERH agonistThe. gonppusedieldnr atetadé, thesexepaynd of the
present inyention to the concqomtant drug in the conbination agent of the

present i nvBRPFOFELHh &€ -dpproptiatEtsP sel ect ed depending on 35 an

adm ni stration sybieclsi RAFNR ebnabhd SO desetesn®dittion and a

W)2009/ 020234PCT0OP2008/ 064500 the |1 ke. For exanple, the content of

t he conpounadnedmitantprdss@ntini aerpinadnidm tthe edmbhhatidricayddmeopft hee
present invention differs ndi hg an .the for f .a preparation, and

usual l'y i scgmé?%ﬁ?a goutt eopg%gggglﬁg%%rb%ylovr\}eiaéﬁt &%r% 2rabt yanf%r (c)ir%ugb%ﬁt 0.1
to 50% by wetghéstfidtddigr aptetre abdnpdurincdbete Brosémwt 20%0dnt ivai ght théased
on the entire preparatijon. The content of the concomtant drug in the
conbi nat i ofPRGERtEHIT 1H¥IpFaBehe FHVEHISISTedi tPerE YLPENATTFTERTt he f or m of

/0 a prepaggh 0oy @i%l‘t%%bh)élgs &F o\ ARRUL B A1 st ord@09 by MRl ght,
preferably fromabout 0.1 to 50% by weight, further preferably from about

0.5 to 20% byeswei ghite dessge of the eotdard tgmgpdragi oay be deteFménednt ent of
o 1 SHEBRARENS b et IPHALARLLY" R OO 000 990 L0
20 selected depending on an administration subject, administration
route, disease, combination and the like.

The administration mode of the compound of the present
invention and the concomitant drug is not particularly limited,
and the compound of the present invention and the concomitant

25 drug only need to be combined on administration. Examples of
such administration mode include the following:
(1) administration of a single preparation obtained by
simultaneously processing the compound of the present invention
and the concomitant drug, (2) simultaneous administration of two

30 kinds of preparations of the compound of the present invention
and the concomitant drug, which have been separately produced,
by the same administration route, (3) administration of two
kinds of preparations of the compound-of the present invention
and the concomitant drug, which have been separately produced,

35 by the same administration route in a staggered manner, (4)
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/5 on the formof a preparation, and usually fromabout 1 to 99.99% by
wei ght, preferably fromabout 10 to 90% by wei ght, based on the entire
pr epar at iWw0.2009/020234 | n the case when the conpound of tRETOPEO®N450NVENt i ONn

and the concomtant dr u%mare separ at el preg{:{lrgd rgs ectively, the 20 sane
contents maYBELARFPITeFILNIStIghEAR 9y &9y £EPBRSCE A RATH GRS AT 0ie

et hod knowBmp&iins & Ukl bycdsgel {MvéhtiiRPahat tRE BsRESSSant drughor
exanpl e, the conpound of the present invention and the conconitanf drug can

be nade i nvbich hajsedesn sppersbaly dymdused25bwi dht fextirpadyiimg sfgahion
(e.g., Twe ( uf_act ur . At P [,..US), HCO 6Q .(manuf.a red by
N ko' cnent ares: B pEEReR L S o e B oo P byt a G Sar b

al gi nat es bympexypraptheeplybert | Lhwase,i ohexhdi shandohdwmitider) dragst abi | i zer
(e.g., ascorbic acid, sodiumpyrosulfite, and the 30 like), a surfactant
(e.g., Pol YRtribaidBESRacrBEoF tahY RIRMUGERe) PY adbblemsinG Agnipdsgration
gl ycerin, ?&@@é@'ir@%d_stt%glekg&)maﬁué&‘lf({(eglrgi.(,eaemin%‘@lsmq{d G rA¢hd 696?@' kal i

metal salt thereof, citri'¢ acid and al metal salt thereof, and t
i ke), an ¢Eotlmicamppuagent thegpressdi umvehkoondend pdiassingendtiboti de, 35

itol, bitol,. gl d the, like), | . :
102000/ 02035PCTT P08 F0s s8R0 Ry ot Ba81 b F€oa Uy SHLaE Rt ¢ he
like), & ptesss vaniva steadionehbyds pafealipdn exy besrpadist rdanRaeidc agaCtHe

met hyl par aben, propyl paraben, benzyl al cohol and the |ike), a dissolving
agent (e.gConeImetanyl yeupi AL HBYI RFRTRAtad@VERELIPRKe), 5 a sol ubili zi ng

agent (e.g., propyl %&JIHM ¢aht §HGHY @%d agcht ke tHyNG Spgent
(e.qg., glucose, benzyl al cohol anlgét(ﬁg |kg), Sn{(_i t%%eﬁﬁée}? orsncgn be

di ssol ved, texspendednor femubesahpkel, ithea cpmgetintl ef oithe utdseas dhivest bon ,
sesane oil tt seed oil orn oil and.the _like or_a solubilizing agent
|l o such asa%(?g%@&g‘r?e ag’f)f/’@a“éﬁﬁﬂo%?‘gp%@milﬁiﬁ}taﬂmﬂﬁ’!'f/arf M ™A, whereby an
injectign hscafddifled a method TRndWORGE 2, PLEPRT At prdrdio1¥akall _

adm ni stration, an excipient (e.g., |actose, sucrose, starch and tﬁe like),

a di si nt egPeEFRipRIGefarréey. tosghye (PhagalcrUR eat beRerRes idridnshe sS¥sh| 2ke) , a

bi nder (e. rch, raplc.,_ | c ]I
pol yvi n§/I pg?t?%) |%0%&Cl%§gb§x%$ %@I%ﬁ’%ﬁq&g&&%ﬁ ? ieIHIclg) e e,d galb&g;c?éant

(e.g., talpowdmgnesinamudtear abesulsd yeinayudinaggbyLol cidegnd sbhetiokse) and
the like, §§§e5¥§% ;,e%u%%gsggoggggg éégég¥%e%pg%9gggeoggeggs and the like,
20 which can be safely administered orally or parenterally (e.qg.,
local, rectum, vein, and the like). An injection can be
administered intravenously, intramuscularly, subcutaneously,
into the organ, intranasally, intradermally, by instillation,
intracerebrally, intrarectally, vaginally and intraperitoneally,
25 intratumorally, proximally to the tumor and the like, or
directly to the lesion.
As a pharmacologically acceptable carrier which may be
used for producing the concomitant drug of the present invention,
those similar to the aforementioned pharmacologically acceptable
30 carriers that can be used for the pharmaceutical composition of
the present invention can be used.
The compounding ratio of the compound of the present
invention to the concomitant drug in the combiﬁation agent of

the present invention can be appropriately selected depending on

35 an administration subject, administration route, diseases and
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20 present invention or the concomtant drug, according to a nmethod known
per se, and the m xture can be conpression-nolded, then if desirable, the
nol der prwouree/eeas4be coated by a nmet hod known per se f@CTURBOpOc4SUse Of

maski ng of as# enteric property or durability, to obtain a preparation
for oral %¥?ation As 25 the coating agent, for exanple,

hydr oxypr opyl et byt catdmpiese thet Byhesht WoShe RYEHBUNAES NYiKeE!ddRee,
hydr oxypr opyl cel | ul ose, polyoxyethylene gl ycol, Tween 80, Pluronic F68,

cel lul ose aééﬁfa'@%orphltfhézlh@t @omhyﬂabk@rpraﬁgntn@tfhyh@eprwm‘@ iptvengliane,
hyd t | 0,
ydr oxymet Bxkfsﬁé%géeﬁﬁ% t 3heLRUCEL ure 3 aby}%%g&@m J1pery a‘i(@ iron

acid.acrylrc acid c , manufac plgnen
oxi de resl, fromaatbaim d] .0xi de, 1608. byaﬁmg}{m lprk€eeanl pef tmechbolite 0. 1 to
preparatiogofor or a| adnlnls ration é be any of a |nned|ate rel ease

preparati o nﬁyd“§égﬁa|585t @Feﬁﬁ%ﬁ?ﬁ dtoBnabout 0.5 to 20% by

V02009/ 020334 GKTOR2008 044808 entire FOfedidiblbR, 10 give a suppository, the
conmpound of t present i nvention and the concom tant drug can be nade into

an oily or aqueoﬂ@esﬁﬂnhfnts@ﬁl§bE|domﬁomltﬁnu1d§uppmslt@@ycthmnaml@@ to a
met hod kno r , stra Qb use f or he
. 15@ ofsethe res%n? ngg &%fters 8 Oqfnq_“ d:htth ff)trm ofi ds

af orenenti o conposi t1on exanp ycer| er fa
[e.g., eacaopbebdedtioh,t enathuémL&sacﬂﬁmedbbmthnam to Naoe byG%éﬁ@Hy)
etc.], mediumchain fatty ac é (manuf actured by Dynamt

Nobel , GErﬁﬁﬁ§§raQ&X:ﬁrombﬁbQQBe abI%PCEQSkﬁéwﬁlghEes%HﬁFQﬁq P?%&?BéQAY0|
cotton seed ghlahQu@nd 4 he |2'O|§eiby @Qggﬁ{"e ﬂ>é§<§i He HHGSE%QIrgUﬁEQﬁ%Iat%I{ he

aqueous substrate, for exanple, polye hyf ene gl ycol's, propylene glycol are
|isted, and as tﬁleeaqumm @él asldb’sivafs esudmrasezanrphe; ared urted 1guees in
cellulose ggrlvatlve vin

dth k
are |isted. ?59@?9 éﬁ%&égﬁﬁﬁt %n% sﬁﬁﬁs gﬁn?ébgagg %& %F: eg%nglnl ©

sust ai negd bal €RS efdHnC IFC AP Pprkpsranion heardd kguaneyusesn about 1The S9Ysbagned
rel ease nlcrocapsule can beégroduced by a nmet hod known per se and, for

exanpl e, aP¥ueeighied HrSitezablpr EpeR ARVH d¥choagOP Hey grel Arowkassdt RB

fol l owi ng EgL éﬁtﬁﬂa?ﬁ%%%ré?EMnfor”Ed and adm ni stered. The conpound
of the present invention is preferably nolded into an oral administration

preparati on suchlmastle swsed wpeepahat G:CDmpC(meg of phwdprwguﬁ@ve,n’di@hl ehd
nol ded into a rectal admnistratian epgéation
e

| the |i
Son LS polhe (dtndanand” dBb; he) Sy ataiSh PrebaiRt et YRRl n

i's prefegsabh@e contents may be adopted.
These preparations can be produced by a method known per
se usually used in a preparation process.
For example, the compound of the presént invention and the
concomitant drug can be made into an aqueous injection together
25 with a dispersing agent (e.g., Tween 80 (manufactured by Atlas
Powder, US), HCO 60 (manufactured by Nikko Chemicals),
polyethylene glycol, carboxymethylcellulose, sodium alginate,
hydroxypropylmethylcellulose, dextrin and the like), a
stabilizer (e.g., ascorbic acid, sodium pyrosulfite, and the
30 like), a surfactant (e.g., Polysorbate 80, macrogol and the
like), a solubilizer (e.g., glycerin, ethanol and the like), a
buffer (e.g., phosphoric acid and alkali metal salt thereof,
citric acid and alkali metal salt thereof, and the like), an
isotonizing agent (e.g., sodium chloride, potassium chloride,

35 mannitol, sorbitol, glucose and the like), a pH regulator (e.qg.,
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The concomtant drug can be nmade into the above-nentioned drug form
depending on the kind of the drug. [1] An injection of the conpound of the
present iwoentymm330 or the concomtant drug, and prepararijemoshesaof , [ 2]

a sust ai ned r.el e preparation, or i di.at e-rel ease_preparati on of the
conmpound ogy?ﬁ%‘:e'gf%%lé:ntaqlﬂveﬁwbw&?y% n@8Hi F_B‘ﬁtl_ﬁlf%)g, and preparation
thereof, [3ledeswddivgual q.buger): gsafan% befAlubske | BSWAID Rgiggent of

t he conpound of the present invention 2009/ 020234PCT0OP2008/ 064500 or the

conconi t anfethypazaieémnr epapdiparmenr dsnzwi Bllcphol pared fitsallikedesar i bed
in the fol | [ 1] Lection a re ati.on th f AN ipn.ectio

pr epar ed béi?%%gg% rgﬁlr?ée?ljﬁeq%bﬁbbuﬁ é(;'f @%é:efrég regg% }I}]%earﬁdpgﬁgoglgﬁé’
concom tant solgoi nitxd nyateents (eref ermpddpylehbi §liyopect sudromy ahe ahbowed to
contain a ?enzoate and/ qr salicyl ate. The injection i.s obtained by

di ssol vi nglthe) cpRAtdios efenbr Beht: iGHEREPoNPBRZY het s dnPRgnt e ug,

and if desifpb| e alf thPenzeat §r and{ ¥e 38lsiseylake, sy & As the
above-nmentioned salts of benzoic acid and salicylic acid, for exanple,

salts of afkalsifadlin suvhgatabirliail spohassi ahiwadoihe dddepe salt s of
al kal i ne ear metal s sych _as calgiu magnesi um and_t li.ke, ammonjum
Shrel i o £idtR PR RS ¥ caot i ngl 88

salts, neglum ne sal $HrsCgarMt %t

t r omet hagrokuahdas herdgyieneetycal eants @fhepared ifbe &ONEEN} riatjeenioh, t he
conpound of the present. invention or the concomtant drug in an injection
i s from 0. BReEe®0 af i epréPRr BBI 3L F8RCabout 3 to 20 W v% The

concentration ofrd 20, peAZaaheens L ah s #d:.CWrab e ahifihi Borf,0 200 W V%
preferably from abolgu{b 3to 2% Sv?v% I nto tﬁ?@lflnj&g%:%lon,' éa ditives
usual |y usedcimpient i(f.gcti dactdése, exmmylse, ststrabi dnderhg dlige) ,ascor bic

acid, sodiympyrosulfite and the |ike a.surfactant .q., 25 Polysorbate
80, nacrogéjrsg%%eq]ﬁgﬁnigkgﬁfmg £01 Ui Iﬁ)t’f‘éfrch(’ ef:aif:l'érf‘y%%‘?el?cﬂ",at& ﬁ‘&ﬁlolL'M?ind t he
like), @& buikey, (£.1ndephqspfoyistacdt] ayeh akkBhie, metal salt thereof,

citric acid and al kali_ netal salt thereof, and the like), an isotonizing
agent (e.gCerRHMARIORICELLEACSPotRIIVIRYARYSEPdEdand: t he | i ke), a

diSperSingh?@f&&propylcellulose and the like), a lubricant (e.g., talc,
magnesium stearate, polyethylene glycol 6000 and the like) and
the like, for example, can be added to the compound of the
20 present invention or the concomitant drug, according to a method
known per se, and the mixture can be compression-molded, then if
desirable, the molder product can be coated by a method known
per se for the purpose of masking of taste, enteric property or
durability, to obtain a preparation for oral administration. As
25 the coating agent, for example, hydroxypropylmethylcellulose,
ethylcellulose, hydroxymethylcellulosé, hydroxypropylcellulose,
polyoxyethylene glycol, Tween 80, Pluronic F68, cellulose
acetate phthalate, hydroxypropylmethylcellulose phthalate,
hydroxymethylcellulose acetate succinate, Eudoragit (methacrylic
- 30 acidracrylic acid copolymer, manufactured by Rohm, DE), pigment
(e.g., iron oxide red, titanium dioxide, etc.) and the like can
be used. The preparation for oral administration may be any of
a immediate-release preparation and a sustained release

preparation.
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30 (e.qg., hydroxypropyl nethylcellul ose, dextrin), a pHregulator (e.g.,
hydr ochl oric acid, sodium hydroxide and the |like), a preservative (e.g.,
et hyl parwibydesnyisenzoate, benzoic acid and t he I i ke), &CUiIBIOBNV43¢ agent

e. conc. glygeri | um ne,and_the |ike) ol ubi lizin gent (e.g.,
E)r ogyl ene gl ycol}'g ’%aﬁ[g"ral e BndiYRe ﬁ‘i?é:)OSl °§80t ﬁ]i“ﬁg d? & ?;ﬂ
gl ucose, bgAgyént WA wRRI0020334PKd/ cHrRRB8AA64588ug! @a}hc&e it hatbi kg), and

the |like, can be appropriately blended. These additives are generally

bl ended i AL YropcIUcHsusSaalifly s&ipqlidanri Ajgeid osppository pecpsding
advant ageo tﬂ?’? ectio 0 I 9 1

pr ef er abl yy§r%ﬁ1ﬁ% g(tn %HSbgkb% adg-‘l’ét ;stcl)l% gﬁﬁg %)ﬁgsr%%% a{POO?Ige us8a %%1
injectiaon the oa)ﬁcmammpnddssomm:ﬂgntdm dompexnadpbé, tdieyqaresiest oifnvent i on

or the conco an d if desirable, a benzoate a /or a sal iC
ond 1T ockedhet Tatty S6308. 15 oS marfiataro oL taT T Sotor s vieertackated iy

be di ssol veg whaawc N, @BIMEAP) Pee@PPr ORfdatel ¥ndigsebved idid hes @am?
manner as in a conventional nethod of produci ng an |nject|on

aqueous soVigiymls dmamﬁyfé@tuéﬁduéymlégﬂcbﬂy Gremast) ,aletté‘—r Aat Pvely, for
exanpl e, {/é% terd l'szelte'hgn b1 g0, pr ‘?LS_LS‘” égaﬁ'e&l St&ldd %E'ean ?gd the

| i ke can be cte t §ane manner a usual |n e 1-on,
provi deuﬁnamaiutﬁnsmmke) , and thé 1Bkeadamnt1ageeds t hattoar agiscate aqhadbuon

for injectiaon be subj ected to_high pressure heat sterilization at 100 to
121C for 5S¥RSBREfinm. OE‘OPEF‘PH%‘?' RO ISP &P P oL EFttbe PRARM SRR 9lycol

antibacterial PrRef!undf a3 s0bUdbyByedl sAprherProducsd s@pphat it can be
used as a preparation which is divided and adm ni stered nul tipl e tines.

[2] Sust ai methral eames, prepaniosordorivamwveisat eingl exskyn®s spr @gavateon, and

preparatiop_t u i ned rel ase preparation is preferable,
which is o%cf a?%ga?%efrsdem rggé fl}gy acroeatlllﬁg § nucl eus containing the

conpoungs of the Ay esentaboreemnthofomd tdistedhednt dshsepigpirdt ianf i | m agent
such as a water-insol ubl e substance, swellable 30 polynmer and the |ike. For

exanpl e, as‘é%l%éllé}er?ec?erlélaéﬁs’él‘ﬁ%‘iﬁé?sd%lle@n angr tB?a]rl]é%lrﬁrrﬁ t5eki on of once
adm ni strati on p@fe da)daS nBHeLe1&PL€ microcapsule can be produced by a

method known per se and, for example, a sustained-release
preparation such as the one shown in the following [2] is
20 preferably formed and administered.

The compound of the present invention is preferably molded
into an oral administration preparation such as a solid
preparation (e.g., powder, granule, tablet, capsule) and the
like, or molded into a rectal administration preparation such as

25 a suppository. Particularly, an oral administration preparation
is preferable.

The concomitant drug can be made into the above-mentioned
drug form depending on the kind of the drug.

[1] An injection of the compound of the present invention

30 or the concomitant drug, and preparation thereof, [2] a
sustained release preparation or immediate-release preparation
of the compound of the present invention or the concomitant drug,
and preparation thereof, [3] a sublingual, buccal or intraoral

quick integrating agent of the compound of the present invention
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As the water-insoluble substance used in a filmagent, there are |isted,
for exanple, cellulose ethers such as 35 ethylcellul ose, butylcellul ose and
the |i ke,woebtwi2ase esters W?2009/ 020234PCTOP2008/ 064500TgR2t0s/est5ael | ul ose

acetate, cell Iose opi.on and t like, ter.s .such as
ol yui ny| BEeb T OB ERT| Ghify S BARPATHE LPTbh bRt (Ll BE

aci d/ met hagpyti£iagildy cepekyYpBASIn MERd Yo IMREAAGL Y| at e copol yners,

et hoxyet hyl met hacryl at e/ ci nnanoet hyl 5 net hacryl at e/ am noal kyl

net hacr yl atl é] cHpR§HHEs angoPyaeayattormdiieresdl ymet hacryl i ¢ aci d,

met hacrylic aci I t
polynetﬁacrylate%ﬁ-f%ﬁfﬁgggﬁa§?gpé%$§ é¥§%§¥£§&9YLH%F%§@$§¥kfe%%opoIyners
poIy(nethaprykemtanhmmnude)prgtyelcbﬁcamﬂﬁamtrﬁkagelntmxwamnaras /o

particul arl acr i.d- based olyner h as Eudoragit, (Rohm Phar ma)
such as Euﬁ\é?g B/]F?S lgglsRinl?)@ P % i 36med IQEOFS@QE% g&?ﬁ??te

acrylate/nghayérrggﬂygyrékgte/trlnethylannnnlunethyl nethacrylate chl ori de
copol ynmer), Eudoragit NE-30D (nethyl nethacrylate/ethyl acrylate 15
copol yner), and The indestiepdisgehbeHeedilys disshlasnayhe gemcatdc @6t or o |

(0., LubLj Ve (EreundGouReras 1) A AE LK), A% DG J ke, umyes

such as carna Cerrn acl ester fFfin and
pol ygl yeer anbéxama/ceesmelr/sr aaﬂiltj?IBatte,kantzbOAstelae swel | abl e pol ymer,

pol ymers having an i diic dissociating p and show ng, pH dependent swel |
are preferable, ota}}fo les‘mﬁﬁﬁ'ﬂﬁe%nsag‘(ﬁ%locf GPEEBET Rt Jrfg DL 1ML ER

mani fest sgpkg, Sf@fr ld:ghph 8, asaﬂtg 614.'39&1@&?15%%% sacistamady ghd | arge
swel ling in neutr al regions such as in snall intestine and largé 25

i nt esti ne, patasprwt @rgbltbe like, galtucf @lﬁellynereamh meptal sasiudhcas

d|5500|at|n roup p epepdent swel | Q$S- | i nkabl e
polyacryllcga‘glng%[I IffHESl sucﬁd IElhgfgrﬂéeika onl%ﬁa mer @gggumbW% S%ﬁﬁ?'
9742, 988, sdB42 witth tdigahiikeacpal y@latri)ca@iajhl ascalremeﬂmaamwcaatfdotmel hige, (| ast
two are manufactured by BF Goodrich), Hi viswako 103, 104, 105, 304 (aII are
nmanuf act ur BSby2 ¥R SSur e Cheni cal Industries, Ltd.), and the like, are

l'isted. Thend 1ddnR9eRE Y8Rk Nede Séb?&\%%]u'?ﬁd Eel:ﬁéj%régé?rﬁarﬁl%ﬁ@lgﬁ
further contain a hydrophilic substance 2009?02023 0P2008/ 064500

As the hydpcphm|Qprmmgttantedrlﬁ@rllemplreecpobysaecfmmdbsS Wioi €8 mdy*,
and the ©i BEeTBETYRARIRE: FRRLCRAVT Rt ity AR | CRRE AP 51 Such as
hydronyJObth@é&éﬂdxﬁénd salicylate is from 0.5 to 50 w/v%, preferably
from about 3 to 20 w/v%.
Into this injection, additives usually used in an
injection, for example, a stabilizer (e.g., ascorbic acid,
sodium pyrosulfite and the like), a surfactant (e.g.,

25 Polysorbate 80, macrogol and the like), a solubilizer (e.g.,
glycerin, ethanol and the like), a buffer (e.g., phosphoric acid
and alkali metal salt thereof, citric acid and alkali metal salt
thereof, and the like), an isotonizing agent (e.g., sodium
chloride, potassium chloride and the like), a dispersing agent

30 (e.g., hydroxypropylmethylcellulose, dextrin), a pH regulator
(e.g., hydrochloric acid, sodium hydroxide and the like), a
preservative (e.g., ethyl parahydroxybenzoate, benzoic acid-and
the like), a dissolving agent (e.g., conc. glycerin, meglumine
and the like), a solubilizing agent (e.g., propylene glycol,

35 sucrose and the like), a soothing agent (e.g., glucose, benzyl
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5 hydr oxypropyl nmet hyl cel | ul ose, carboxynet hyl cel |l ul ose sodi um and the |ike,
nmet hyl cel | ul ose, pol yvinyl pyrrolidone, polyvinyl alcohol, polyethylene
gl ycol amsotbh@/d2dice can be nenti oned. The cont ent POT/JR2008/064500

wat er - i nsol ubl.e subs ce.i.n the filmagent of a sustained.rel ease

pr epar at i oﬂf?%h?fcﬁﬂé%g&t lége)t 0 a_ri‘i) tﬁﬁoﬂfﬂﬁo%?ww ,aqﬁ’r@p&lﬁ’g?;yf rom about
35 to aboubl&Aed W WheskbUbtAET i v £fHlealleyclrb 0y abDedet) itro aageupoféf/@ﬁvv/ W,
the content of a swellable polynmer is fromabout 3 to about 30% (W w),

pr ef er abl yusvdhapsiad 30t gnabBigci®m-(w w). The fil m agent may further
contain a hydroppi lige b i i C /s a
hydr ophi lic subg?%nicsg In ?tﬁgagﬁ%ag}gaeﬂn %fg%gu?ﬁgﬁgé% V\J/)% o%(rg%ftggglgé

pref erakld yfatroutH 2 ttew 40% pwtigradly tiirem pHebRebabd y8 fO dm abidutidnt of 3%
(Ww. This %%w/w i ndi cates % by wei ght based on a fil magent conposition
which is oBtaf Eéif”:r'ermvi ng a solvent (e.g., water, |ower alcohols such
as nethanol , 20 g hanelcrasd tBeobtdMed HYMA sEbL O AgeNte SRAUMPoOR. of the The
sust ai ned rel ease preparation is produced by preparing a nucleus containing
a drugs asPeseeml iifiventhenoar thrrconceatiitagtt deug exnd tidd dagélrebseniah a
filmagent i 0 are -S (e -1 nsQl u ubst ance,
svel | abl e %%%%eﬂre Hoid/5R %h%af%’i@e%%e' %l“éi 125 ?/lx\%%ﬁ’}'d?@lﬁe?%?‘ﬁg it ina
sol vent 10 | met Bpardatadai tafresuth en svat@nt.ai Thagednalg be disstheetoim afy

nucl eus cont ai ni n drug to be coated with a_fil magent (hereinafter,
sonet i mes Stipty éed®t BPRSORIUA d@1§sﬁ6't’e‘f3a3_r‘ili PE8rFT cd,
and preferably,cdemdonte! fusnds JOPREUCRRG RAMIAfd&Sistuch as a granule
or fine particle. When the nucl eus i s conposed of granules or fine

particles, the Avexqupoysasoilokéori fer t hereaifians isr edypabhgedudhy diraiedi50

to about 2 further preferably,..from ut, 500 tq a 5.1400 gm
102006/ 0208 SRR CER B ek Y 40k AT 8PRNL: Do 3 2RAh BReddOf

ef f ect eth byeat usttati ldr-eduehi and Nt dd keFeanesanpbedudt esslliimalkhe exmé pi ent,
bi ndi ng agent, disintegrating.agent, lubricant, stabilizer and the |like are
m xed wi t M3 UGES o ?hBSH?%t{ﬁqusloélubthCPéa"%‘ée e IEELPPusi on

granul ating nmet hpd, ; 4 I348h28de884 HANWALRGIE! BOTuOfod N ik§ect Pon
prepare a nucl eus. The content of drugs ina nucleus is fromabout 0.5 to
be subjected to high pressure heat sterilization at 100 to 121°C

for 5 to 30 min.

20 Further, a preparation endowed with an antibacterial
property of a solution may also be produced so that it can be
used as a preparation which is divided and administered
multiple-times.

[2] Sustained release preparation or immediate-release
25 preparation, and preparation thereof
A sustained release preparation is preferable, which is
obtained, if desirable, by coating a nucleus containing the
compound of the present invention or the concomitant drug with a
film agent such as a water-insoluble substance, swellable

30 polymer and the like. For example, a sustained release
preparation for oral administration of once administration per
day is preferable.

As the water-insoluble substance used in a film agent,
there are listed, for example, cellulose ethers such as

35 ethylcellulose, butylcellulose and the like, cellulose esters

50



about 95% (w w), preferably fromabout 5.0 to about 80% (w w), further
preferably fromabout 30 to about 70% (W w). i0As the excipient contained
in the nwwbeo®/020131 exanpl e, saccharides such as sucr oseCTIame8& 500

manni tol, glucose and the |ike tarch,, crystalline cellul pse, calcium
phosphat e, gES N T F‘ﬁ8tf"??e %‘%El"\‘}é& pﬁ%ﬁﬁn‘i‘ﬂ%rﬁmﬁr@’ﬁ gtll Pne

cel | ul ose, peDy W B} Al cdise sRERT 88 b ByvikRAS atBeabé NdbHDyRABAL pbult9i-aexanpl e,
pol yvi nyl al cohol, hydroxypropyl cellul ose, polyethylene glycol, polyvinyl
pyrrol i don8NdpPrhg orike FESTY4im At methpeiratliin, asi@dr erpanatse MekbYar e

used. As t I Si ' t, I |l e

cal ci um (E@%%%ﬁc%%?%g@gggéo%‘?ggﬁ%%?gcﬁﬁtg%%??g{g}o%ﬁq ﬁﬁggh9§

pol yvi nyi pyetlvdddoles o /Gmispat kgbnegthd aw 1stles tbpal gde by, d rppdyyarcayticel | ul ose
(L-HPC) and the |like are used. Anpng them hydroxypropyl cell u] ose,

Bl yvi nyl pIFTO! (RIONES TG REN LGt Su R G aY Xy pr oY LEPAATESE ar ¢

pref erabl ecoﬁélﬁf@fé,ufgﬁlgaﬁbtapﬂ ROBHEANIe8) |, NPbPYhOfhadBf16anpl e, talc,
25 magnesi um stearate and inorganic salts thereof are used, and as the

| ubri cant , PpbyRREIRAreHanddeeel amhrca eyl meshaceylakel. copplymersyabi | i zer,

aci ds such ' i Liric acj : cjni [ f ri Ld,

mal ei ¢ aci Hgg%ﬁ%gaqr&%g% g%%ﬁé‘%& ‘A dnlg’&l?gg f(Izlgjrcﬁaa S%P%tee %@8&&5‘%%%5/, in
addi ti omo t patthic B rdgv actrgit coaetk-Bayrede yanphers astch | anEugicaagliat i on

met hod in which drug or m xture of a drug with an excipient, |ubricant
and the |i&%°@Pé§5Hasﬁ ﬁBFﬁiGﬁmF%%P%ﬁﬂ%f §§'#ﬁ8rtR%E}QQEHR§EQQH'CPQ‘§HPCh is
the core ofpihg, nuclmysevhyheaspyByidighadRhinder dissolved in a suitable
sol vent such as water, |ower 35 al cohol (ée.g., nethanol, ethanol and the

like) and méhadidate/tndReoby DZORSARCECRYI0BELOBAG0PL et Wdaridg net hod, a

fluidized t 1\ng Jet .or.a t, granul at | od, .As .the inert
carrier parthef SRnGY sBLIR0.0 VI AN BELRS IV et SReVIRES
crystal b4 neosel ymdrose a0l waxesikan beinsedataddoi he awE age hyairbigehetéedze
thereof is 5 preferably from about 100 gmto _about 1500 gm _For
separ at i ngcaS WP idonCalnedLHRTS YRkl EFSURAdCarPPT &t Bfehtand #éesdikgte of

the nucl eugngeyhd @ 19RAT Gl Wkt Buh PLOLELHAYB2208R! - gTcd N %%@,?anguagent ,

for exanple, the above-nentioned hydrophilic substances, water-insoluble /o
subst anceseabelr t lradaiidé napeduskd. 1t t pwlygdyeetrinefalgantestmrsf, erabll yhe
ponetherTekglycol, and pol ysacchari des havi ng hydroxyal kyl or
carboxyalkyf are used, nore preferably, hydroxypropyl nethylcellul ose and

hydr oxypgs opyl cel Al @ige sAiea 1ubed. pdDgndgd,0tRAYinee saget ngeyn Gafildicn, as
stabilizer, acids such as 15 tartaric acid, citric acid, succinic acid,
fumaric acPéSSeRIAEINGRE@URNANEhENPYKRY RIhISRMIGeRAN B edlcATasPERfRTANE t he

o about 1836 ol < o CPGiaBl 31 F ol Abott Tt e chbur 30% (e "POrtRer
pr ef er abl yshabin sstedlting tio abbdic 88edins) subhsed in stomach and large
swelling in neutral regions such as in small intestine and large
25 intestine, are preferable.

As such a polymer having an acidic dissociating group and
showing pH dependent swell, cross-linkable polyacrylic acid
polymers such as, for example, Carbomer 934P, 940, 941, 974P,
980, 1342 and the like, polycarbophil, calcium polycarbophil

30 (last two are manufactured by BF Goodrich), Hiviswako 103, 104,
105, 304 (all are manufactured by Wako Pure Chemical Industries,
Ltd.),_and the like, are listed.

The film agent used in a sustained release preparation may

further contain a hydrophilic substance.
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20 on the nucl eus. The protective agent can be coated by a usual
coating nethod, and specifically, the protective agent can be coated by
spray- coaworgoste23aucl eus, for exanple, by a fluidized Ipeu/Jemasinegonet hod,
pan coating neth Coat of nucleus with

d and.the like., 25 I1. i i | m.agent
A nucl eus obt ai n]gil %ﬁe thryéiergﬁ’b%i-lﬁeﬁ'tﬂ?%%bces‘t gg%l SKATRUAt P WY aFilfjﬁg
agent sol UWhQBhQﬁJaid&ﬂ:atﬂl Reatit st &/ i P @uBoY 8- peNtuNREd deak-@hni nsol ubl e
subst ance and £H- ependent swel | abl e pol yner, and a hydrophilic substance,

or by di ss8l¥fhy ®rtado adigdpatsi apdtenliikea polysacchanidfs bayisgstai ned
rel ease pr i , far j C ith a film
agent sol u? P g%?}t{}f’%kyelxgr]rrplcg?ﬁg 2%%@ (r%g:ﬁ %5 ﬁg%% aﬁoé\%ﬂhégq]q’?l%\gsgfe

i sted. 5\WW2O08xR2ORZARETOR2088B1064E8,0 carboxymbehgbeglitdsen soatium ahda

wat er - i nsol ubl e, subst ance, | abl e pol yner. or hydrophilic¢ substance in a
fil magent ‘I:ESI ﬁ’t]f%'n “?e'éthé(gﬁfei\;ﬁﬁi&%f%d W‘@é’l‘é&y&é?y%oi/h%‘? ?'hé’ogdﬂtlé‘ﬂfts of these
conponent szl BoRo LB fthlyMeAE g1 \eo BRAVE tIRNY | RBEEL € WY &inti oPied.

respectively. The coating amount of a filmagent is fromabout 1 to
about 90% (w w) , The esatsigity ofr anvabett irssaloidleogubs508n¢ay ) thieurftiBay
preferably t o] % ( g) d. on nugl eus L(Not
i ncl udi ng 3%%??1ngpgaurrt)sﬁ%fcgg?8§rg%%ac%/%é%f gﬁta?igﬁo%\% J; 8 S0 O\?lgnt‘q’%i %oa film
agent sob ubbout & efw/on ,aprefgasbly sfrorerboti@n3betvisasbiad G0& div/ivi,

adm xture thereof. In the_ case of use in adm xture, the mxi n% rati o of

water to ahUbrREhiRELSGEAY (Rl eAPStgAN EOsaPFRRt /by (W) ghithec SAnBENt

varied in bhearanae d019mpb1iRe 10096 £ and dduRr 8f epabbyud raym L bq)about I's
30% The organic solvent is not particularly restricted providing it

di ssol ves RregerzbinhdalombhRboygtibst tmodownd Skorlwéxhnpl Bre |fover ageobhway such
as net hyl |, . ethyl algohol .. isopropyl _alcohol . n-butyl alcoho|, and
?hggggﬁlio%ta)in 2 & Qro hi PP s&%ﬁgnf:ﬁé ‘-f”ilqi(el,n évglétc&anangr eJche

the |i ke, [ower anone such as acetone a ,

chl or of o5 NnoRPermetdty lehgdebbhilde amsktdind iiketneerisethgeNOAg theat | ower
al cohol's are_preferable, and ethyl alcohol and iso oroEyI al cohol are
parti cul ar PY® pkefr 151 desPat BFSIFRP LY mBetir & 6P Rt etWAlt-h T¥EtBRgani ¢

sol vent argrpr&fSaPIorHSeloas & &O1aNt (A4 a thidadenk,) LRgiRLeccage, if

necessary, an acid such as tartaric 25 acid, citric acid, 'succinic acid,
fumari c achy, verddlei daseiddoand fhbm|adentmepmabsdt ben addieth iist ob&afinbd agent
sol ution f%émé@f%@'é‘%él e%%e(glgvlagggérf é&éfmglcohols such as methanol,
20 ethanol and the like) from a film agent solution.
The sustained release preparation is produced by preparing
a nucleus containing a drugs as exemplified below, then, coating
the resulted nucleus with a film agent solution prepared by
heat-solving a water-insoluble substance, swellable polymer and
25 the like or by dissolving or dispersing it in a solvent.
I. Preparation of nucleus containing drug
The form of nucleus containing a drug to be coated with a
film agent (hereinafter, sometimes simply referred to as
nucleus) is not particularly restricted, and preferably, the
30 nucleus is formed into particles such as a granule or fine
particle.
When the nucleus is composed of granules or fine particlés,
the average particle size thereof is preferably from about 150
to about 2000 pm, further preferably, from about 500 to about
35 1400 pm.
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An operation of coating by spray coating can be effected by a usual coating
nmet hod, and specifically, it can be perforned 30 by spray-coating a film
agent solwoi200/mnt3¢ a nucl eus by a fluidized bed coati ng@CrEIPLIO8/N64SEMN

i thod agd_the t hi f talc, t
o o, “magnesi un SOBAITE™ B4 EPBr s Earaican FRgRE aHyArbuE SePLL ¢ hal d

and the |ikeodwyt 2drs ndt®caddedoASe andily,i @a@hataﬁﬂegéy@ﬁméhtf ab&ﬁd@ﬁgd
W2009/ 020234PCTOP2008/ 064500 ester, hydrogenated castor oil, trieth

cCitrate, caE§PtalEbHotedspEARy| agemohdiubaicanke PEilel hgemiand Eéeaélélé%l as a.
plasticizer,. mlxedﬁﬁk%r at8 Ebnga tﬁgm?ankGE@g Qtsuﬁidﬂﬁgﬁ%%agyWe@n

antistatic agent su astacan e nay emx

i mredi ate- egtaasmrprga:paa)maaltmngma@'tmm I ifquiidigedl béd onrarsusfremng mathedul si on
and the Ilke) Ildg;&partlcle tablet and the like). Oral agents
and par ent 8F at RTEB3ER ¢ Uéi:]ﬁu(?n and the like are used, and oral

agents are pref emé)l&ntetrmae uHH@Q'ﬁ{%Gﬁ‘J&%@% @rseﬁ%xatawht gsgakby, may
contain, in addition to an active conponent g Da SO carriers, additives
t

and exci pi @hest c%ﬁWe(rM/deaPWf@lE&IlY noﬁbabpaau oo fakeut @R&r éihul t er |
sonet | mes ?-9 3124358 CkarﬁgﬁBOut @? Qregggg% 5’(5156 ivg!.e”t to be ”fSEd

i's not par arI restricted rovi 'S an eXcipi'ent ordinarily
used as:i@a preparmnme @xmpuent ccﬁou:aﬁmﬁjnethasmbEeesx,cimjxe@txafnpﬂean oral
solid prepar atl on, | actose, starch, carn starch, %/st alline cellul ose

(Avi cel PHEIBIChHifS e85 bYIRERH - I%é‘%?seorrae%la% by, HvFosReaPikEye

powder sugaixe 9r HUMA, €@ ryuaat 1 MR oskl 9BE 1 ANy AR ST EbehC aci d,
magnesi um car bonat e, cal ci um car bonate, L- cysteine and the |ike are |ist ed

and pref er abaych cth té’tearldlkeaﬁ@en‘aﬁﬁdt ol Amgrtty tteenl,i keyatelline eckl Mhese,

exci pi ents e n conbi nation of two or nore. The content
of the exm%ﬁgn%? IUC%T% g vt febﬂ?rom about 4.5 to about 99.4 ww¥g 25

preferaidy fromzabotie Zﬁnﬁangbagénﬁﬁ fomiesdmpli el t BLyviefleralionofl, om about
30 to about 97 ww¥g hased on the total amount_of the imedi ate-rel ease
pr epar at i oRYIEPREYRISRYSGELopLasqr RPIYE WL eRRnBYY SR L. IR 8AEE Y r epar ati on can

be approprjatedyi &GlEctPad rbAi L heed anfsh fArr%E‘lépolg'éthﬁi,t &Gtarch and the
like are used. As the disintegrating agent, for example,
carboxymethylcellulose calcium (ECG505), croscarmelose sodium

20 (Ac-Di-Sol), crosslinked polyvinylpyrrolidone (Crospovidone),
low substituted hydroxypropylcellulose (L-HPC) and the like are
used. Among them, hydroxypropylcellulose, polyvinylpyrrolidone,
lower substituted hydroxypropylcellulose are preferable. As the
lubricant and coagulation inhibitor, for example, talc,

25 magnesium stearate and inorganic salts thereof are used, and as
the lubricant, polyethylene glycol and the like are used. As
the stabilizer, acids such as tartaric acid, citric acid,
succinic acid, fumaric acid, maleic acid and the like, are used;

A nucleus can also be prepared by, in addition to the

30 above-mentioned, for example, a rolling granulation method in
which a drug or a mixture of a drug with an excipient, lubricant
and the like are added portionwise onto an inert carrier
particle which is the core of the nucleus while spraying a
binder dissolved in a suitable solvent such as water, lower

35 alcohol (e.g., methanol, ethanol and the like) and the like, a
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30 about 95% preferably fromabout 1 to about 60% based on the total
anmount of the imredi ate-rel ease preparation. When t he
i medi at ewoeb@ase23pr eparati on i s an oral solid preparat iPomJP2aos/ocael | y

contains, in addition tqQ.the abaye:nentjoned conponents, also an '

i nt egr at i ng28gERTE1HE “le(rlﬁh?%%ai ﬁi‘éb‘?hﬁ%g’egggﬁf"@flgrm é’é‘ﬁ%l%ﬁ a melt

car boxymet BY&ﬁ@lé@i%%&&ﬂo@i.UnAsV@}Z@Oﬁié}Z:O%%‘i'B@EQPQQQ&@M5%r @E@@Fﬁe,&
o) ol ,

manuf act ured by Gotoku Yakuhin), croscarnel ose sodium(e.g., Actis
manuf act ur EBOH§ Madthi o KEIEIroesy pbrak ) Starehpovrishel g .celkylopgaonr CL,

manuf act ur k S tpgut r - I uf act ur ed
by ghi n- lét ggxgggéﬁi%ealds%\g', QB?J%@ %%y%é%ﬁ%?gigagg# %ﬁ%o gfgti'aL Er ed by
Mat sut ani Kagakiatd K. Hront abbaxy ned hyh sicaedusodbom dexpr ot ab, nmanuf act ur ed

by Ki nura Sangyo), partiall, regel atinized starch (PCS, nmanufactyred by
Asahi Kasei Cor p%?%t??ﬁﬁr,a EhETRY KPR Nk 4 ﬁnéuﬁgf‘?u%@?ﬂ)lae,fltlﬁ‘ose

whi ch di si pegt atena Airadke oyt aglsardinchayaber cbac&ntaat aM th water,
causi ng swelling, or making a channel between an effective ingredient
constit ut i RgotRetiNg|aggntandRanter v pteantiveangbet uskelr Hampde, the

di si ntegratj _a]ggggs 0 r._in.conbinatio f..two or nore.
The anopunt ta%{}g? he |lsolnrc1€t%£8$'§f ?ﬁgg}ag%n S%aﬁggﬁée‘gg{l:g?aip%époolgﬁlfteI y 15
sel ect edo depesthmgoraridehki ndkansrd|esedi.ng Aamehat podtectdirneg dgenke used,

design of rel easing praperty, and the |ike, and for exanple, from about
0.05 to abBE?f%ﬁakﬁfﬁo\P}So%@W?%Fng%'al%’ﬁ’t p@.lgs?ﬁc%%{g)eslﬁlawll\ﬁ% based on

the total apEMRLyOfkJINSAvLEKokELERF] NOFr-AQRRE, AOVBen-dfe-dWmEedi ate-rel ease
preparation is an oral solid preparation, it may further contain, in

addi ti on t bydhexwbeepylmeghyiloaddutospozid i irdradypdepiyd ed]l latiese i 4% used.

conventional in sol |t<rzlivpr gparations. As such an additive, th%fe are used,

for exanpl g, ap%?%%‘fa e.ag.e,n%suc 0SE, glé’ataisn,Staum A G cacplov%d(-'Jsll‘l,C 28°

met hyl ced | uhoseridyglriaxy priepykbcetid) asecihpdr axygy opyhaeidydcel, | whosec
car boxynet hyl cel | ul ose,_ pol yvinyl pyrrolidone, pullulan, dextrin and the

like), a | 8BtFcEM Yhe dlkepoPPei hYPEHEHISYEHCh ARighRlt RS 1w dd&e-tal c,
l'i ght anh_yﬁﬁQHstﬁé I3, AGE £l i SULR,| b PRLP: AT AN 11 ® from

about 1 to about 15% (w/w), preferably from about 1 to about 10%
(w/w), further preferably from about 2 to about 8% (w/w), based
20 on the nucleus.

The protective agent can be coated by a usual coating
method, and specifically, the protective agent can be coated by
spray-coating the nucleus, for example, by a fluidized bed
coating method, pan coating method and the like.

25 1II. Coating of nucleus with film agent

A nucleus obtained in the above-mentioned step I is coated
with a film agent solution obtained by heat-solving the above-
mentioned water-insoluble substance and pH-dependent swellable
polymer, and a hydrophilic substance, or by dissolving or

30 dispersing them in a solvent, to give a sustained release
preparation.

As the method for coating a nucleus with a film agent
solution, for example, a spray coating method and the like are

listed.
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30 surfactant (e.g., anionic surfactants such as sodi um al kyl sul fate and
the like, nonionic surfactants such as pol yoxyethyl ene fatty acid ester and
pol yoxyetWwol2eovn283nbi t an fatty acid ester, pol yoxyet hyl eng/Jezws/osssai |
derivatives and the like), .a colorant %e. .,. tar._colorjng tter, caranel,
ron 35 oxide r el (FTRRSIIERI GBEL7 | Bord AALRE) LoPP HRLecu gl

WD2009/ 020234 PIWIRZ 3/Re45680 BpRLspId NG ag@RtahBelin SWeEkLRGRAtagent,
flavoring agent and the |ike), an adsorbent, preservative, wetting agent,

anti st ati cSagerton difd appeoprkateyradiactess sphehat abhe icaytends efghheecaci d
such as ta i | d, Cit.rl C} cini_c .4, i i nd the
i ke may a{:élgé%eexg%dcei& @ EBEEeé‘A%ﬂ‘%rRe abéc\?léa- r?g%hgo%%d El r?gjer%,ﬁ%e%g’

hydr oxyps opgspettistedse, pol yet hyl ene gl ycol and pol yvi nyl pyrroli done and

the like are preferably used. The i di at e-rel ease preparation can be
prepared by, |o DaS&PT"E ﬁg‘ﬁﬁptt%%?o%%_a&?nﬁr 68u£¥‘ﬁ€ ﬁﬁ?‘%ﬁaﬂaltioons, _
M Xi ng t heapdQY e Nt Q)¢ dpe@RPLASTY SEraN@pblitNsCes sasaut fadrt heywikneadi ng

the m xture, and nolding it. The above-nentioned m xing is conducted by
general | y Gesthempttiederabdy ExamprleoutiXitieg abkreaddhg(win /t basedken a
Speci f1 cal L e yhen o IRdLAL&s Lo.08lPase RLepar ation i d aoted, for
exanple, into a pantlcle, I't can be prepared, acc rdlngjto e safme means
as in the above-mentheooredveathad &ofimi epgnitngodubich eusatafr arsast ai ned
rel ease pr egar ation, by m xi ngﬁt he conponents using, a verti cal %r anul at or,

uni ver sal RASHYET SHATOCaCelrBE BSPHA L FeRkodRoFIMBR Y1g)itdes8@ T nedin

granul at or t FB- &sxd BN WfsaCt Hr §6m by r bW enCRiiRORG LMo ANGikthe kbken and
then, granulating the mi xture by a wet extrusion granul ati on nethod,
fluidized bederfraradlaensn (meteolorgahichedlivkat : Thuswainhdi)nedn be varied

i mredi at e-¢ el e _preparation_angd,sustai ped 25 rel ease preparatiQ y be
t hensel veslﬁa e irna{q“geB%erﬁg‘r gtF%ngo%irJ’ ITa elisnpge%?reagbéf%tipr@rqgaagﬁr 8§?iq§tel y
t oget hetis Wa04. prEparcigapicexclpeent s at thethtktar Bepagstirdlcyedby an
ordi nary method,. then, nmay be adm ni stered sinultaneously or may be
adm ni st er BROY Ht¥hiith SL58R1EES af AR TnSCLEPLBnSURR NS/, 38A £RBy may be

30 themsel ygsnpRde e 8NELREEE HEEPH LRyl Caleondl AUt LiRELBRI LI Cl e,

tabl et, capsule and the like) or made I nto one oral preparation
appropri at ebgpreret lkdicohoflh preptyhtdlorwhedciapdenbhs bkt Heweirkelkanonay
al so be perm.ssible that

Fiiled i h PRES g CoIo0tn 85000 boted Sona chr Cpardtiont Faroral o
adm ni sby aléBflylene chloride and the like are used. Among them, lower
alcohols are preferable, and ethyl alcohol and isopropyl alcohol
are particularly preferable. Water, and a mixture of water with
an organic solvent are preferably used as a solvent for a film
agent. 1In this case, if necessary, an acid such as tartaric
25 acid, citric acid, succinic acid, fumaric acid, maleic acid and
the like may also be added into a film agent solution for
stabilizing the film agent solution.
An operation of coating by spray coating can be effected
by a usual coating method, and specifically, it can be performed
30 by spray-coating a film agent solution onto a nucleus by a
fluidized bed coating method, pan coating method and the like.
In this case, if necessary, talc, titanium oxide, magnesium
stearate, calcium stearate, light anhydrous silicic acid and the

like may also be added as a lubricant, and glycerin fatty acid
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W)2009/ 020234PCTOP2008/ 064500 [ 3] Sublingual, buccal or intraoral quick
di sintegrating agent and preparation thereof Subl i ngual , buccal or
i ntraor alwqQuo@k20i3gi nt egrati ng agents nay be a solid prepagatiogncsech as

tablet and the like, 5 or y be _an oral nucosa.nenprane patc fil As
e Subl | nGUAFE BACUTE SR FaSFar Gt ol e e HRoGr aFT iy Rt edeolib,
prepar ati ogteanyai 4l dthdlhenegorpeUNdk®fmd e Ie peNhdHeN edd | DB 1Rt zer .

concom tant drug_and an excipient is preferable. It may contain also

auxi | i ary agent sRStRh eetd oo witiBr achhim agssttoniidi Agcageaty, Bpdrophilic
carrier, - di rsidhl.e yner i i,.zer i ke. Further, for
easy abso\r,\%%l?%ﬁg%%g@ia?c‘érﬁécassgghblg%at\t/%% ZEBH |tt%;é lgﬂ gy%?%dkgei!?ﬁxﬁ dgr

pcycl odext ri n deTheatnmeehiate—ge lebhydr pxgmreyilonPmaycbedekquid @ad utthenl i ke)

and the like may al so be _contai ned.. 15 t.he aboye-nentioned exci pient,
| act ose, sGEPBEBSI® (FEHSESP, a’%%a?% , stodl ISPXéngfP"f‘{ﬁ ' Pigfie

anhydrous shbiét Capeitthaandkkhe | okgl adedtisstaed pAsehberd LdeaARt suPRYAEST UM
stearate, calciumstearate, talc, colloidal silica and the 1ike are listed,
and parti c@8hathyechihasiduirhst bakatareribashl leoddarakoagentitarsr e

preferable réﬁe%gﬁé’ sot oni zi ng agent, sodiumchloride, glucose, fructose,
mannitol, Sorbrtol, 1actose, saccharose, glycerin, urea and the like are

| i sted, :and part Thel aimediatenmel ehsé sppewimrtalong. uAsal b, hydy ephithia,
carrier, swell a&l:?ejdg{dr ophilic carriers such as cr¥stal line 25 cell ul ose,

et hyl cel | ufBs&d IS RROPEL HBF ySTIRANAN T SHidonalsei T sy dr ous silicic

acid, silighgiffids HsxeigTeRbosphaldht ilaahymicaqbonatie ddukeibhke are
listed, and particularly, crystalline cellulose (e.g., mcrocrystalline
cel l ul ose dadldhéherddaafiterpr eprmetibhes ahbnevdahetersdexprisititlle pdhener,

guns 30 (e.q, m t r agacant.h ci a.gum. guar al ginnates.(e. Q.
sodi um al gP%S ae%ltlc%r} Iegﬁcggéeaiérgéa (lev%sgac{nel.sg.n,Otrrgg%f%%i%llyosree,ﬂ&lcged
car boxymet pybeedind aise,ishyar exyipidyt cetdinagiey hyddoxy s gdpeehlktbase,
hydr oxypr opyl net hyl cel | ul ose), .gel atin, aqueous starch, polyacrylic acids
(e.g., CarB8REPISNBS JATy RSERBETH i 25 dci S5 FRRy FORI @BHAEL F6HEL hyl ene

gl ycol, preparation, lactose, starch, corn starch, crystalline cellulose
(Avicel PH101, manufactured by Asahi Kasei Corporation, and the
like), powder sugar, granulated sugar, mannitol, light anhydrous

20 silicic acid, magnesium carbonate, calcium carbonate, L-cysteine
and the like are listed, and preferably, corn starch and
mannitol and the like are listed. These excipients can be used
alone or in combination of two or more. The content of the
excipient is, for example, from about 4.5 to about 99.4 w/w%,

25 preferably from about 20 to about 98.5 w/w%, further preferably
from about 30 to about 97 w/w%, based on the total amount of the
immediate-release preparation.

The content of a drug in the immediate-release preparation
can be appropriately selected in the range from about 0.5 to

30 about 95%, preferably from about 1 to about 60% based on the
total amount of the immediate-release preparation.

When the immediate-release preparation is an oral solid
preparation, it usually contains, in addition to the above-
mentioned components, also an integrating agent. As this

35 integrating agent, for example, carboxymethylcellulose calcium
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W)2009/ 020234PCT/ JP2008/ 064500 pol yvi nyl pyrrol i done, pol ycarbophi l
ascorbate palmtates and the |like are |isted, and
hydr oxyprwpybesazmsiscel | ul ose, pol yacrylic acid, alginat@CTgetmsnes500

car boxynet e | ose, ol yvinyl rolid , . polyet hyl ene gl ycol and the
o e b a5, R BRI G T YO TR SRFPRRYT etk Lare e gofatm
preferabl e(eA§. } ectstsdli,| mdatfagysted N8 ARhGSREBEL Otorp¥dtaldng ,aci d,

citric acid, sodiumcarbonate, ascorbic acid, glycine, sodiumsulfite and
the |ike afFECFPRYERN&NG -Fart Kell#9y Cloi Mangfacturae@ddoas¥siibi-c lavid are

pref erabl e uBQJD&ééH)'HB}&B%QFr H?%@élﬂﬁd-s%t gﬁgpﬁk A £ky dérfiéﬁ%%%tshng
agent can be produced by m xfng 1he conpound o the présent 1 nvention or
t he conconChemicall U@p .gnd.tan) excapoe@mmdinhyd stratrbhd (kaowba @earrege byFurt her, i f

desired, the, above-nentioned auxiliary agents such as a | ubricant,

i sot oni zi n agﬁﬁﬁﬁgl[g;Qi%Hr§pﬁr icc%ébg%Xﬁ%F%MiﬁéﬁgaPsi% %HWHQ?ﬁ&SP§ﬁEr,

st abi | i zer pafOFEBMed PAERERNLATSS ), RaeSeRYali ¥Rcgairthilig Addket ARYn be
m xed. The sublingual, buccal or intraoral quick disintegrating agent is

obt ai ned byP&S$ ximanufectalsedebrehsaivhdthscanfonparstsomul tarkdlsl yike area
time interyaly then é‘ible%%hhﬂg t&fo%O i’&%“h‘iskﬂté&?é@é 'émg‘s%a”%lremhd' ng
b g Surtanle rmyalo%m

under pressure. For "obtaini ardness, i peynissible
t hat t heo matieoriad sy araariiat eartady wisimgagesol vansindg cdwalsl iwat, ebr al cohol

and the like |f desired hefore and after the tablet paking process, and

after the FMRFHIAFE THRENFat BPIFUPEN AR SfFliSSH 1 VEo1BBT e HeRE HTIRIdEUt258n t he

case of noLding,dndes andueasaxsepieane et ek (Eebm . Thdes %@%@%ﬂhﬁ@e
present invention or the concomtant drug and the above-nentione

wat er - di spegenb$ ecayplbpisefpaédee abf yin lpptbdrppiopydtetvalaosaore. The

hyd h | 1 ul. i DI |1k di l.ved
o vent suboREt % ate B8R RkeabFl R el PR BPoberd o StRIBHEEAST (o

give a ijl seléttrédetspenddinti yastisechiab andpbashdthd esdmositalifl iazdikug to
anti oxi dant, preservative, colorant, buffer, smeeteninglagent and the |like

may al so bBSaMRRY. I Par FRAEASIRT dioPeaTtast REft e ol ifRe APEMEOEI yeol s
such as poéﬁ(&ﬁé‘l@ ene-d %eslic BrOPVHE rh%og.lltyh @@:c :ﬂ?ﬂ}g, 35rd Ae-di KR % BBout

cont ai ned, or for enhancing adhesion of the

WD2009/ 0200 3% PGTRXD03/106 #3688, t based iant rther &btalicaseume ndf aihe kgunckg, a
bio-adhesivel oI%her €.9. pol ycar bophi |, carbopol) may al so be cont ai ned.
In the casting. - o %6 on is poured on the non-adhesive surface, spread to

uni f or mpd hi cknesghdprigfeeriadhleri aglord1ddsd @rkpR@abifhciodnin kyraan sapphi cation
t ool such as a doctor bl ade and the |like, then, the solution is dried to
forma fil AFePATHeNPThe 1&dTaMt AYEERRT tIeataiRhus iRorARHE 190 rAQ $h@r RBEVAr room

tenperat urgeQf ; &Mﬂcéﬁg@sit%ﬂ, CUf 4dii9o, dgakE E8vaL EonvhiliRaR" €her abl e
i ntraoral QUICt di si ntegrating agent,
solid preparations. As such an additive, there are used, for
example, a binder (e.g., sucrose, gelatin, gum Arabic powder,

25 methylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, carboxymethylcellulose,
polyvinylpyrrolidone, pullulan, dextrin and the like), a
lubricant (e.g., polyethylene glycol, magnesium stearate, talc,
light anhydrous silicic acid (e.g., Aerosil (Nippon Aerosil)), a

30 surfactant (e.g., anionic surfactants such as sodium
alkylsulfate and the like, nonionic surfactants such as
polyoxyethylene fatty acid ester and polyoxyethylene sorbitan
fatty acid ester, polyoxyethylene castor oil derivatives and the

like), a colorant (e.g., tar coloring matter, caramel, iron

35 oxide red, titanium oxide, riboflavins), if necessary, an
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/o there are used solid quick scattering dosage form conposed of a network
body conprising the conpound of the present invention or the concom tant
drug, andwerro@quesus or water-diffusible carrier which PETIIREN08/06450% he
conmpound of the present invention or concomtant d . This network body is
obt ai ned b?zp%%fbﬁlr?e% 29575 (5 - ot vEIRS TP om5t ﬁgegﬁfi%f%ﬁ%’s% AR CBALL i t ut ed
of a sol uttiee priepar et Byiseirbsnt VipkeddieatarBoUREt ©ind heyaitgsantikayenti on
or the concomtant drug in a suitable solvent. It is preferable that the
conposi ti oAVt afichihgolakequi ERCHISi nBSgtaei RbRRbEC homaokgaRifimt ri x
form ng agenty angf 20 t%?@%??éré{cf&’,mr{%& ) abﬂd?dgﬁéé%}é %Ic%e,’ ?9&%9980' of
t he present 1 nvention or the concom tant drug. anpl es of the matrix
form ng agentd iawe] ude dnkeahnaprals e @addedget abl e protei ns such as

gel atins, dextrips, .soybean, wheat and .psyllium.seed protein_and the |ike;
rubber 25 subst etshejs Vgs_maﬂﬁf‘%@%cgﬁ%l,n ar gé’ﬁﬁ?x’é%g??y]ffﬁtlﬁgﬁéegum and
the like; polysasehRal degcodl ghal soBsHidS1pGaiBoXIcRE ML alHaulak@Sare

car ageenans; dextrans; pectines; synthetic polymers such as

pol yvi nyl pg¥e&iakdive ugsd-t he |i ke; substances derived froma gel atin-gum
Arabi ¢ conpl ex, ﬂﬂg Li t ar.Lde nitol,
dextrose, | actose, glgrﬁ%g'?%é:g, th%%%%?( se péar{%%g%g hg&ek?e cs&yrg%a?%g%gﬁari des
such asicylsdostexdrr ian uand 1t hechndbogy il gabdacsad t srepaota taonsQdmiRing
phosphat e, sodi.um chl ori.de gnd alum num silicate and the 1] ke'h am no aci ds
havi ng 2 t@%f%@ﬁ&ﬁ“ﬁﬂBﬁﬁ sﬁ‘&IPPOa%erﬁﬁsyciaﬁg, - negesiam nd UIthgEpar ti ¢

aci d, L- gl il 5P mkxBuds OXymd Ald RAngl 1 £ WO2609/ H20234RETABAAA8/ 064500

i sol euci ne, L-Ieucine, L-phenylalanine and the |like, are contained.

One or noreixing He wendugtedr by ngeraradly tandbeetedsduced sxamalseol uti on or
suspensi o fore i difi [ h a . I X, form a . be

pr esent iﬁng)glcfﬁ’i o%%tagqggs(éﬁ{ja@tq%n ,qgeo'r %Eycggitrﬁ%iéls%’ntmvﬁ%?laegﬁﬁsggrl g%t ant
bei ng exc| velbshsel e apatraitX ohot &1 Agridge Nt raedahpl @RI Mt 1 phetdeappuie of
the present invention or the concomtant drug in the solution or suspension

in diffusePeRRIIRGERISn 20APTRHIE 1@ FOENERMBNTSRDT RS ndt . aPQThe

conposi t i ofe MBYorfN hitRoSe¢8RASF S HAMPREALS 18U N0 ASy & RS elUat LY ase
anti oxi dant, surfactant, thickening agent, colorant, pH controlling agent,
flavoring RerpRLatsweet &yi ngxagenthe fanogporgste wasky ry weydhicadnd the |ike.
As the suitable 010" ARk vet DS Cilfuds Xhefubsde nPLad, ALY HLhRUShEPD

20 fluidized bed granulator FD-5S (manufactured by Powrex

Corporation), and the like, and then, granulating the mixture by
a wet extrusion granulation method, fluidized bed granulation
method and the like.
Thus obtained immediate-release preparation and sustained

25 release preparation may be themselves made into preparations or
made into preparations appropriately together with preparation
excipients and the like, separately, by an ordinary method, then,
may be administered simultaneously or may be administered in
combination at any administration interval, or they may be

30 themselves made into one oral preparation (e.g., granule, fine
particle, tablet, capsule and the like) or made into one oral
preparation appropriately together with preparation excipients
and the like. It may also be permissible that they are made
into granules or fine particles, and filled in the same capsule

35 to be used as a preparation for oral administration.
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1.5 and FD & C dyes such as FD & C Blue 2, FD & C Red 40 and the like

manuf actured by Ellis and Everard. Exanples of the suitable flavoring agent
i ncl ude mvotpowessherry, |icorice, orange, |enon, grapePCuiJP2008/064a0mel ,

vani |l | a, e flavor and cpnbi nati.ons . ther.eo Exanpl es of the

sl tabl e phe oM RTBRALY ng B5Rh: OF et e bhoheela el oo 00|
phosphori cafgi ghregnrdirach th@egﬁ_l d and nal ei ¢ acid. Exanples of the

sui tabl e sweet eni ng agent include aspartame, acesul fame K and thaumatin and

the like. Exanpl@¥ nqq@érsﬁpﬁﬁﬁﬂeﬁowlt%é mﬁwkngl%\gmgnarwn@de sodi um

bi car bonat od ig (o]
adsor bent gg%}sl?é;n S an %Eg?ggg %?%%’tg a%g%r pfs'n fabrel %&?ﬁg g?g%ér ation
cont ai nss t he rcayrpmuch @fraﬂhmupoesetnémbnwenpamnhonfihe concomtant drug in

an anount usuaII fro to about 50%Db ght referably from
about 0.1 to 30 %‘%gﬁ?gﬁéigh?uc%ﬁ?d P SPEF BF@ a‘ﬂ‘é“ﬂ?epar ations (such

as the aboaesm Tgsaglehagu@ @%faﬁtatl%ceehtémlﬁ@ecﬂé kQinp#ihahogan
of

di ssol ve 90% or m)re of the compou the present invention or the
conconi t anthelregeganit ¢NKENELPRWPT hilre tdpncomid apsndeudfargb@m ekcipiabbut 60

Lo about 551 RS ARAEAC att ol H0SU0SH Co0TTAPCIBROODRY LDy dlicek™e &

di si nt egs al ulbgi qurepariabitons zihg chgerite, diyeirobagdl atedantidn,n wahter~ange of 1
to 60 sec, ref 5&%%6% of 1 to 30 sec, further preferabié]of 1 to 10 sec,
after pl ac@ SPHT BPLYRGT yStq)‘PFelJ&ﬁﬁ@‘i’fj &het hikapo ittt ohed easy

exci pi ent olegs; i shy :%E(CE 99% Ry
wei ght, pre Se{)a raglr% a %gtggé%étkg{ba outl g’ggﬁgg %ﬁél% e'fégntglé[nﬁ of
pcycl odext cyul@deﬁmy)cldadexatmeslere MAL mdrnxypeopynmtb—qqrodpdeatirmn asdfrom
0 to about h The ontent of .the | brlc in the whole

10 oL Yo o0 DS LY o LB 00 By e

preparati on s out ight, preferably from

about 1:30 aboutA$%Hay a\hﬂvghmen{m@n@@rémpl@htt,heatseé@n@id}gas@germt— in the
whol e preparatjon is fromabout 0.1 to about 90% by weig pref erably,

f r om about MNP lab G2 BYYRER Hhtne ffd cdREent L byht @WP&&WHECW
carrier ingthe wWoplgpneraratlon; ised r 0MARQH lgbﬂléagnf% H%%ﬁle%léﬂ% by

wei ght, preferably, from about 10 to about 30% by wei ght cont ent of
t he wat er - dts@eaisé,bloalp@bylrreteamtehw twhal,e cpilépadat i ohlica fandimthbolik®. 1 to

about 30% b fera m about 10 to,_about 25% The
content of t¥%\<,a\fjs zftﬁl gpf"ﬁ %%l% e 55 EMAT © Ee‘-i"gqi‘ E\é&ﬁeégiito 20
about 16906 by1ied gitte pe€beaBbby, Ag owneatl@ebttoiuwné%cﬁwnﬁ/&ewmluﬂhe
above- rrentl oned reparation may further contain additives such as a

col orant, m@lagene; precersn iMArdh@ly heorbikol i flasdesssary.

saccharose, glycerin, urea and the like are listed, and
particularly, mannitol is preferable. As the hydrophilic
carrier, swellable hydrophilic carriers such as crystalline

25 cellulose, ethylcellulose, crosslinkable polyvinylpyrrolidone,
light anhydrous silicic acid, silicic acid, dicalcium phosphate,
calcium carbonate and the like are listed, and particularly,
crystalline cellulose (e.g., microcrystalline cellulose and the
like) is preferable. As the water-dispersible polymer, gums

30 (e.g., gum tragacanth, acacia gum, guar gum), alginates (e.g.,
sodium alginate), cellulose derivatives (e.g., methylcellulose,
carboxymethylcellulose, hydroxymethylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose), gelatin,
aqueous starch, polyacrylic acids (e.g., Carbomer),

35 polymethacylic acid, polyvinyl alcohol, polyethylene glycol,
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The dosage of a conbination agent of the present invention 25 differs
dependi ng on the kind of a conpound of the present invention, age, body
wei ght, cwodnewvmm34drug form adm nistration nmethod, ad®CmiJB008064600 peri od

and the like, and for exanple, far on Qstate cancer ti.ent (adult, body
wei ght - abBUtY B0 g BA e RO PRBBA - | €GOS K EH Lgpes and

i ntravenoushy,1idde ar@03esoéd b k@&%x%r@??%eﬂ%@@&éﬂ!ﬂu&@s@@y, preferably
about 0.01 to about 100 ng/ kg/day, nore preferably about 0.1 to about 100

mg/ kg/ day, Pphyaceilisr pgidbodtginate,o ggBetinpocagpieynahnylespéelaseéy about
1.5 b . o/ ' f_.the.
to a O%(%l}?ﬂﬁle Kh 82y aohd) tﬁ&g%t%gltgggeggggg#;%d) tHe'9 iRECSED!

i nvention concom t ant g, °f once or several tines
i n W2009/ 0223HPMIE)P2 088t D6450(1 vdi \niysiroryprdaylmé¥hyaieldelosente t he

dosage as descri bed abgve varies depending on varioqus conditions, anounts
smal | er th%ﬁef?@%iﬁoveaﬁeﬁ?‘?ﬁ dogsge ﬁgﬁt%ﬂ%ti%é’sx?é%ﬁf’#'rd:%ﬁf?mc

further, afouNt <iGv8 bLBaY, I salicrs QEBboRBEchayscd e AW, N3l eLRE;, S5The
amount of the conconmitant drug can be set at any value unleSs side effects
are probl epediwmlsulfisedand ythivsdde iamret diptedf and rondowilaghy, deifgric

differs degg{c}lgi:cafr}gjr %gcggg%éf%&ré t%ﬁece)f trteggagggggom age, sex, body weight,

sensitivity ence o € Su admnrstration period, interval, and
nature,id o phar maey,sublndgodl | NendqudEr macauntiraakapr @piclatdicrintkypdt Ohg
effective ingredient, and the |ike, and not particularly restricted, and
the anount®3fa @uFS BrofRCehPL F&1gg P8I AP 1HathenPFEESRY anpl e,

usual l'y fromabodn @008t 002000 tihe RLEEECLAR! é(nféﬁﬂfﬁ%‘&t b9 A1méPheP0 o,
further preferably from15 about 0.1 to I00 ng, per kg of "a mamrmal and
this is uskidvry mdnises. st Bnethemnce ft degiredesthe abovesimgmtdoday. I n

adm ni straé&o.ri.oaf aac%plg%natéon sa%ﬁrltu g):fi thg presentii.nvegti on, it may be
perm ssi ble it h&9eh offﬁdh of° the Br aSeRt” i YRR 1% 2S8R hi st er ed
after the hydisdpradiidicatraét prwatereidiksheredptenbd Byierdr UGSLANi¥EEL Ver sa,

t hough they may be admi ni stered sinultaneously. Wen admi_nistered at a tine
interval , tMePTidtler PHPCEFPIRY LW enBrRgesHat hee adrddihes d ikgghadi Bat to be

admi ni st ergde4r UgHOLLAM M HRIdaAt ben i ABRLROAL 1 4i% £at LN
t he concom’taent druge iSs ZSH%lgérjnl'ni steraed ?i rlst, a met ho k?nl ?gﬁ&t%e
conpound ofgerie igr ebdatinedvientniiognincs thenmeboseenent ivrtdd wompeeenhsage of from

1 mnto 3 da referably from.10 mn to d nore preferably from 15
min to 1 hFLBH LSRR SF1 AT i DGR tlﬁléeéé{ﬁionf‘g%rhts‘ﬁﬂfgctilé‘geggﬁp| i fied.
Wien t hg ceipound «of thbeeprasieitly indienhgoantisr 3Praskird st ebedobt48hing

met hod in which the concomtant drgaq is admnistered within tine range of
from 1 m nS¥Eablgapargpeser abl Yy GhSPOLRI REFBIBSHILS thirte threlaEabidld rom

ilﬁv?n'?i E)ﬁ %rsgén;(cgfns{')ﬁnfe?iggknﬁ§fﬂgatd %l‘?rfentthguEHnQQuwnéjtéy, NeR6ESERG the

like if desired before and after the tablet making process, and
after the molding, the materials are dried, to obtain a product.

25 In the case of molding into a mucosa membrane patch (film),
the compound of the present invention or the concomitant drug
and the above-mentioned water-dispersible polymer (preferably,
hydroxypropylcellulose, hydroxypropylmethylcellulose), excipient
and the like are dissolved in a solvent such as water and the

30 like, and the resulted solution is cast to give a film. Further,
additives such as a plasticizer, stabilizer, antioxidant,
preservative, colorant, buffer, sweetening agent and the like
may also be added. For imparting suitable elasticity to the

film, glycols such as polyethylene glycol, propylene glycol and

35 the like may be contained, or for enhancing adhesion of the film
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W)2009/ 020234PCT0P2008/ 064500 In a preferable adm nistration nethod,
for exanple, the concomtant drug which has been nolded into an oral
admi ni st ra0i2009/oBpar ation is adm nistered orally at a aarbpcesesaf about

0.001 to 200 ny/k and .about 15 mn later, ,the s conpound of th resent
i nvention igﬁ Jrfgt'sradjeréar11 FSCa8a PRERFHIF L0Ge P P ratroH 5 @ﬁiﬁ’&?i’fon is

adm ni st er gd. §1 Al py1 @ardoiihy dassodl)akRiyt a0s808et 8odODiMBH KJIn the
Furthernmore, the pharmaceutical conposition or the concomitant drug of the
present ingeftidth carfPeltéerbiAedowreth an Ithenpandadieshee apyrfageh as (1)

surgery, gggxg%@% -if\eermctegggmsgg%ef@e@gb?ggi gﬁ&’}é‘f’o' o 8lopo . (3) gene

t her apy, er not her apy, cryot herapy, aser cauterization, (7)
r adi ot hes apycramd Whear idopliEatiexammpdle,suay usi agdbbeophslathe emd ¢cak
conpositio | s the present inveption or the conconjtant drug of the

. Of
present i ngéh‘?i o gt SRGUEEPRr 12 TG5E 401 SR™EnA tHEM i K& ™S¥ B&fore and
after a trgalaRdgcAPitNaRg thwe brtdY &8 1ki Rdsqthesest . r &8 e ehiture

prevention of resistance expression, elongation of Disease-Free Survival,
suppr essi oAr ofndend@atnetaast gutsinko 20 desduedencea. apot hanasi a and the |ike

can be obt ai ned. I ption t reat men Lt h_the pharmceuti cal
conposi tion of t%% tpk}ee en fae%%\&/)eﬁt %%%9%?r %héqucgtr]fc\é\(lﬁg %‘%\%g%%%bngofagteﬁé’present
i nventi on therde soniigue doMiihgai skppardtetd nghabspye [ foym abiiguissdr afi @n of
antibiotic ée.%.?, P-| actam such as 25 pansporin and the |ike, nmacrolides
such as cl BRFYRFHRAGN COTRTERANE| Kie ARPPUNGY Of oRhPE | RERFIH Wi F&PRoB%

i nfectioustgi SeaR&si tdnt) 4B} NhSEr &t | ReBlishbgNusel PLY; # AILIH19N ca20% 8P
acid preparation or general vitamn preparation for malnutrition
i mprovenenvhighiiy igdmtnitst thei compduntbroghithe poesemt niB@entiitangatri on, (i v)

adm ni stration_ of arjmaceut i.cal agent .for reducing side .effects such as
s Vobblafle IO IRGE RRE, SIS BodkTRCOBla ieE i IR natih
henogl ob nacesresitt atrican theckeasd, chiddsiltass, cbapat opeddyot rerepathyn DI C,

fever and the like, and (v) admnistration of pharmaceutical agent for 35
suppr essi nTERAT§DIRY Fle§oleingt B cFremAcef Ehe. presgyy invention or

2009/ 020234RCTLJR2008/084000g in a soRefhl %ogyggpl.es of a pharnmaceuti cal
e.g., " '

agent for such object, ., "antienmetic”, include gastric notility

enhancers such ast &S—I‘[ﬁ:éaﬁm@dai shat (Bhey.compodansehr of, an riopi reetadn
quick disintegrating agent contains a matrix forming agent and a
20 secondary component, in addition to the compound of the present
invention or the concomitant drug.

Examples of the matrix forming agent include animal
proteins or vegetable proteins such as gelatins, dextrins,
soybean, wheat and psyllium.seed protein and the like; rubber

25 substances such as gum Arabic, guar gum, agar, xanthane gum and
the like; polysaccharides; alginic acids;
carboxymethylcelluloses; carageenans; dextrans; pectines;
synthetic polymers such as polyvinylpyrrolidone and the like;
substances derived from a gelatin-gum Arabic complex, and the

30 like. Further, saccharides such as mannitol, dextrose, lactose,
galactose, trehalose and the like; cyclic saccharides such as
cyclodextrin and the like; inorganic salts such as sodium
phosphate, sodium chloride and aluminum silicate and the like;
amino acids having 2 to 12 carbon atoms such as glycine, L-

35 alanine, L-aspartic acid, L-glutamic acid, L—hydroxyproline, L-
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hydrochl ori de, azasetron, ranpsetron, granisetron, dolasetron nesyl ate,
pal onosetron and the like); NKL receptor antagonists (e.g., sendide,
CP- 99994, wCORemQO2B3, CP-122721-1, CP-96345, FK224, RPRLOC39B2008/KH60G8,

aprepitant ,(EMEND, (tradenmark nd the like;. 5-HT4 antagaonists (e.g.,
donperidoné%om%g%. ?ﬁgfﬁﬁﬁFbé%Op AT R Fpéea?e:ﬁﬁ“Phgq% ke;
gastroi ntegbhpatiné®. tract notility regulators such as trinebutine and the

| i ke; phenothi azi ne pharnmaceutical agents such as prochl orperazi ne nal eate,
promet hazi ne, thPee ST Farez cfethadnakel X | farmingaagant § zears kaydmtaeduced

hal operi dol. h ; I.n t [.hate, .di dr idol and the
like; stergpdg %ﬁ?@%@ﬁpgg ggggﬁ@%%%?é%%%h%?g %ﬁggﬁ%ﬁe, r@ta%%?%hggne,
trianci nol oaerandféte g kegenasmarl be gsraliemet Wyl hgdi ttoradial,a surfactant,

di phenhydr anm ne, hyosci ne, hyosci ne hydrqgbrom de, tetrabenazine and the
i ke. Pt ef GFaBFY BF REGSREFNHPLLE | Saf  Penhgf PR Re cADeoBALEixk

i nvention gprhiiey ClitRakliant8ueinodid NP LFBBlnd WENHO Hhresa8M ni st er ed
orally (including sustained-rel ease preparations), intravenously (including
bol uses, i ARUShBIAN AW thleachnapwsants g dmesbs| yohwuidmtarasyspensi by

(i ncl uding;ho ' i;ons_and s j.ned-rel rep ions), .
t ransder mﬁﬁy%ﬂygﬁslenci ?:fgkl‘ @%ﬁ?é { yg%rélépél?xll%ﬁlaltloy f%%ﬁ%?go%roa%% er H}ah’glx'
above-descri bed Theatsmnisiitsoaondyct@ttain secofsladypesmpshdris such as a
adm ni strati on of the pharnmaceutical conposition of the present invention

or the conBFREETGH HFenfréf O¥He Pt esBHIAG AR | B BEIOINT (A% Sur gery, etc.,
for exanpl ge1btard0, GAN Rec2dM PhgtidRd NG 2RAYt 2o Nl t2h iRy before

the surgery, etc., or in 1 to 3 Ctycles about 3 t0 6 nonths before”the
surgery, etgentn fdnd taeype mhsksng geygnt e tbanlbke comudthed seashbye

Do EEy S S AUEP Ko S SR B AL Shgri (e
i nventi on endthe £ arhiyeat sabhagentD of @ I uer @5erb & Ny erdd ar beorkget he
surgery. aTgkérﬁgédgg%tured by Ellis and Everard. Examples of the
suitable flavoring agent include mint, raspberry, licorice,
orange, lemon, grapefruit, caramel, vanilla, cherry, grape
flavor and combinations thereof. Examples of the suitable pH
20 controlling agent include citric acid, tartaric acid, phosphoric
acid, hydrochloric aéid and maleic acid. Examples of the
suitable sweetening agent include aspartame, acesulfame K and
thaumatin and the like. Examples of the suitable food taste
masking agent include sodium bicarbonate, ion exchange resin,
25 cyclodextrin-inclusion compounds, adsorbent substances and
microcapsulated apomorphine.

The preparation contains the compound of the present
invention or the concomitant drug in an amount usually from
about 0.1 to about 50% by weight, preferably from about 0.1 to

30 about 30% by weight, and preferable are preparations (such as
the above-mentioned sublingual agent, buccal and the like) which
can dissolve 90% or more of the compound of the present
invention or the concomitant drug (into water) within the time
range of about 1 to about 60 min, preferably of about 1 to about

35 15 min, more preferably of about 2 to about 5 min, and intraoral
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As a period for adm nistration of the pharmaceutical conposition of the
present invention or the conbination agent of 5 the present invention after
t he surgewo 2000d2043¢ | i ke, for exanple, it can be adm ni eCrarzus/HepeEat edl y

about 30 mn.t A hr_after the surgery, and.the like,in a unit of, K several
weeks to Sq%ﬁgh‘il.sﬁrhtet%a lﬁ/ﬁy?r‘?%aergagcflfoélcst Wg‘fwghﬁrgu Jg%%riﬁea?r?&tfeﬂewﬂs‘]%ncan
be enhancednbyratiye rdfstieriongot Bec phsramaemiyCalr Coaposd tdcd) Frehethe

present invention or the conbination agent of the present invention after
t he surger Praferahky 195%ed. texahpses after pdacgdesBnaniorantiegats expl ai ned

in detail in th I i e R e . | ; s, 15
Prepar ati on Exaenrrrallflgsé(g#cfr}%x%gr ?ﬁ%n%%+%ﬂ§%ﬁl§é,%ﬁvﬁ%§ﬁgg€rg@nlg?,tth EX g’gB hg
construed msepamatiarn ve from abdie ¥l utd about €8k ubm whigirgt pgedphybin

Ref erence Exanpl es and Exa)g‘gl es was perfarnmed under observatign by TLC

(thi n-1 ayef *@Rrdfifittogitapiy PPOPR Phie DM E3H8Er val PBNCOG ¥telgeP-60F254 pl ate
20 (Ver oK) cYesodisek3s o BLC,Pl s e 480k yaRt vused @ ameskuti on sol vent

in the coluim chromat ography” was used as a devel oping solvent, and the
means of dJBFERAFIN ALEE Wasmafl UV ahawdct3or. baswsighta ddle fapntestuaf,

Ki esel gel- 2 7Q- 23 f red. r [ n.,or rpf-Pack
(s 60 pm et de ERE Wi D R Pl £ B TR e fea
spect r aiar ebshiowi Do ypmetight NMRradd datilet ifamet Bpbat | Aneo asbdute 5knber nal
standard, usi VARI AN CGemi ni - 200 (200 MHz type spectronmeter), VAR AN

Mer cury- SOUe’(%%O' MY GPRERRREDS 07%64 l(smnw%gsyﬁ%n% FEOthS ghpleg val ues
are expresggdod il iN&E opaabben @'.Sintgoaak?&tm%r%o‘b%V%e&@ﬁEEi APRANaL us
was performed using Enrys Optim zer manufactured by Biotage. e infrared
absor pt i onfspecabain (U0REtonwabonkasii dy weilghtPar e ncamomtnedutthet ured by

e 1 o L L Y TR S8H 00 MEN00 upe,p 19 POl
Syst em 15 W2 0&9 D2 (R34 BYTAR2608/ 0¥ Yably, from about 10 to about 30%

by weight. The content of the water-dispersible polymer in the
whole preparation is from about 0.1 to about 30% by weight,
preferably, from about 10 to about 25% by weight. The content
of the stabilizer in the whole preparation is from about 0.1 to

20 about 10% by weight, preferably, from about 1 to 5% by weight.
The above-mentioned preparation may further contain additives
such as a colorant, sweetening agent, preservative and the like,
if necessary.

The dosage of a combination agent of the present invention

25 differs depending on the kind of a compound of the present
invention, age, body weight, condition, drug form,
administration method, administration period and the like, and
for example, for one prostate cancer patient (adult, body
weight: about 60 kg), the combination agent is administered

30 intravenously, at a dose of about 0.01 to about 1000 mg/kg/day,
preferably about 0.01 to about 100 mg/kg/day, more preferably
about 0.1 to about 100 mg/kg/day, particularly about 0.1 to
about 50 mg/kg/day, especially about 1.5 to about 30 mg/kg/day,
in terms of the compound of the present invention or the

35 concomitant drug, respectively, once or several times in
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The abbreviations used in Reference Exanpl es and Exanpl es nmean the
followng. s : singlet br : broad 5brs: broad singlet : doublet : triplet
guar t etwoaoov/idoashl e doubl et /oddd: doubl e doubl e doublret/Jd2oos/0&subl e

THE : et r YT B L BOPGPRBETSA | ST BRRIS A (ERHITRERSH FBPHEM de
Reference &xai®t eddpeiiibghb8Masd: bhs VA iede; 2ahBlnyd hatzers Bhan the
above-mentioned dosage may sometimes be sufficient, further,
amounts over that range sometimes have to be administered.

5 The amount of the concomitant drug can be set at any value
unless side effects are problematical. The daily dosage in
terms of the concomitant drug differs depending on the severity
of the symptom, age, sex,‘body weight, sensitivity difference of
the subject, administration period, interval, and nature,

10 pharmacy, kind of the pharmaceutical preparation, kind of
effective ingredient, and the like, and not particularly
restricted, and the amount of a drug is, in the case of oral
administration for example, usually from about 0.001 to 2000 mg,
preferably from about 0.01 to 500 mg, further preferably from

15 about 0.1 to 100 mg, per 1 kg of a mammal and this is usually
administered once to 4-times in division a day.

In administration of a combination agent of the present
invention, it may be permissible that the compound of the
present invention is administered after the first administration

20 of the concomitant drugs or vice versa, though they may be
administered simultaneously. When administered at a time
interval, the interval differs depending on the effective
ingredient to be administered, drug form and administration
method, and for example, when the concomitant drug is

25 administered first, a method in which the compound of the
present invention is administered within time range of from 1
min to 3 days, preferably from 10 min to 1 day, more preferably
from 15 min to 1 hr after administration of the concomitant drug
is exemplified. When the compound of the present invention is

30 administered first, a method in which the concomitant drug is
administered within time range of from 1 min to 1 day,
preferably from 10 min to 6 hrs, more preferably from 15 min to
1 hr after administration of the compound of the present

invention is exemplified.
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A solution of diisopropylamne (6.06 nL) in THF (100 nmL) was cooled to
-78C, n-butyllithiumhexane (24.9 nL, 1.6 nol/L) was added dropw se and,
after t hewoanplevizan of the dropwi se 25 addition, the nmPKTUPRIOSBSSEL i rred
at -78C for 1 hr Subsequen soj ution of

4- br ono- 2- f | uor ot} ﬁ(ﬂf @ﬁ?éhé f@%ﬁ B PHrA T OPHEEEBR nUh O H®dEd  GPBpwi se,
and the m xphéSnamt dWr.gewnhsth ried rler BGqkar idtdran Myl iodide (2.90
m.) was added dropw se at -78C and the mixture was further stirred at - 30

78C for 2 AfMinkgtnaidon rraperaktomdrnednioisbeoned cppralat @tea Waidy was

acetate. MEoe Aibial BEknea i R o0t oaBaproBSoon  Bbast:

sat ur at ed bompmumﬁnﬂbdhevpreaehydhousnﬁngmahhuh1Bm&fbﬁen madedonaeat st ed

under reduced, pressure to,give the title conmpound as a brown oil (yleld
10.5 g, yi 8t af@@%l tratidn BFERMR(COC1 3515901 37e s &t praldpypt @

7.10( TH, ddgd =B, SudkelbE) apduB0. 60T 4P (LY By KRef erence Exanpl e 2

4- br onp- 2- f | ucr o- 3- net hyl benzoni trile Br . o a solution of
1- br ono- 3-f | uor oEllllihltﬁ;mOZEr,reth?I Peareaneuts.ce. OOmgyslwcmer( them ) were

added zinc gdgﬁt rﬁ§%§u %fagg tq&{akls %%g Q o éﬂcg%% %E&adtﬁ%%é?f
e or

(367 ng), Fixturd was- Stirred an argon atnosphéré a
5.5 hr. 1Jhﬁom£&mug(ﬂmeﬁapyusecma&saddeéuk@ewgtenz amgbden@Fixkur e was

extracted with ethyl acetate. The extract was washed with
chemotherapy using angiotensin II etc., (3) gene therapy, (4)
thermotherapy, (5) cryotherapy, (6) laser cauterization, (7)
radiotherapy, and the like.

For example, by using the pharmaceutical composition of

15 the present invention or the concomitant drug of the present
invention before and after an operation and the like, or before
and after a treatment combining two or three kinds thereof,
effects of prevention of resistance expression, elongation of
Disease-Free Survival, suppression of cancer metastasis or

20 recurrence, apothanasia and the like can be obtained.

In addition, a treatment with the pharmaceutical
composition of the present invention or the concomitant drug of
the present invention can be combined with a supporting therapy
[(i) administration of antibiotic (e.g., P-lactam such as

25 pansporin and the like, macrolides such as clarithromycin and
the like etc.) for complication with various infectious diseases,
(ii) administration of high-calory infusion, amino acid
preparation or general vitamin preparation for malnutrition
improvement, (iii) administration of morphine for pain

30 mitigation, (iv) administration of pharmaceutical agent for
reducing side effects such as nausea, vomiting, anorexia,
diarrhea, leucopenia, thrombocytopenia, hemoglobin concentration
decrease, hair loss, hepatopathy, renopathy, DIC, fever and the
like, and (v) administration of pharmaceutical agent for

35 suppressing multiple drug resistance of cancer etc.].
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15 saturated brine, dried over anhydrous magnesi um sul fate, and
concentrated under reduced pressure. The residue was purified by silica gel
col utm chworzatvagosphy to give the title conmpound as a ceCoIPE®8/06ISHI d

(il & 121 0, 6900, it NRLDCIZ) 8.2, 30CaH 0,922, OHEL, 7, 29-1, 30 1H .

4-[ (23, 35) oBjétef te Iyt )y NeintRER¥E 861 Y| Nudé- BBERY1cOmotility enhancers
oxopyrrolidin-| -yég-Z-fI uor o- 3-nmet hyl benzoni trile CN 25To a sol ution of
4- br ono- 2- BPEkr S R THIhNbR¥eRR TS i (ee 9¢ 1. Ppdg)setron, tropisetron

(45, 55 - 4- fLgEbe ﬁ’ﬂd@,?%fz%\ék%wl X r Zog?éQ%géﬁfrg)T QfAQQRL 084500

met hyl pyrrof 1 di n-2-one cesi um carbdn
tri s(di henngbytereaqetlomesdipah| and whdD)1ik235 NY)l aade@tidr antagonists

bi s(di phenyl phosphi no) - 9, 9-di hyl xant (297 | n, di gxan 30 nL) was
stirred und8r9an %‘?’lﬁgﬁﬁjeat %358%5%' a@%ﬂ%ﬂ §Pﬁ}gg_%2 r a%ﬁ%é ‘m xture
was added FRoy@f efprIVYBIBHENRDEDS! eaﬂﬁi)i@éh!"tagﬁ‘.ﬁﬂNW thr-£iddridgenatiecnd he

extract was washed with saturated brine, dried over anhydrous magnesi um
sul fat e, ahdkebnzdhias anbagemrlys rieddceddpneesidene Tmosepsiidee was purified

ool or| ess SEroGfot Y S8 SHERRS ! ° e chuts) sfot TRt Bs T )
0. 91( 9H; &) £ rdcO4(S3H, d t~Gedhizito?2s 1Q{AH a3, I¥2md8bla}ine and the like;

2.50(1H,dd, J=16.8, 2. 4Hz), 2.78(1H dd, J=16.8,5.41-1z), 4.09-4.22(1H m,
4. 44- 4. 50( REERY LR B Bl RharTageTibGal AIRSE 54Ch ) Prath RARSEaRABE Exanpl e

4 Ethyl 4-ph{berzy | Pentanbony! 1 8f &gl 15es=0) HBL Bid - Bhe OXQRENt anoat e 0
0./1N 20A solution of ethyl (4S)-4-{[(benzyl oxy)carbonyl)am no}- 3-
oxopent anobrenquilizays syshhesi hatbpaisiadi, nghlorphemaeited descri bed in

et et O e BP0 YR R 2008, e RS (R
ref | ux:ovensh gid .deblignethasone, prednisolone, betamethasone,
triamcinolone and the like; as well as dimethylhydrin acid,
diphenhydramine, hyoscine, hyoscine hydrobromide, tetrabenazine
and the like.

Preferably, the pharmaceutical composition of the present

20 invention or the combination agent of the present invention is
administered orally (including sustained-release preparations),
intravenously (including boluses, infusions and clathrates),
subcutaneously and intramuscularly (including boluses, infusions
and sustained-release preparations), transdermally,

25 intratumorally or proximally before or after the above-described
treatment is conducted.

As a period for administration of the pharmaceutical
composition of the present invention or the combination agent of
the present invention before the surgery, etc., for example, it

30 can be administrated once about 30 min to 24 hr before the
surgery, etc., or in 1 to 3 cycles about 3 to 6 months before
the surgery, etc. In this way, the surgery, etc. can be

conducted easily because, for example, a cancer tissue can be

reduced by administering the pharmaceutical composition of the
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25 reactio
et hyl acet

n mxture was added to water, and the m xture was extracted with

ate. The extract was washed with saturated brine, dried over

tle

5

in
5.0
The

anhydrouswo&gmmﬂmuw1sulfate and concentrated under redmcedemesﬁﬂmB. The
resi due was purified silica | um chronatogrgp |ve the ti
compound 3838 cd% téé?? GF %‘%%‘P Inpli@n ggengept the Pre Lent

1H NMR( CDCLgy&nti 2 (bt drel Ehe2bérge dy SHdHtthe TOK8Hz) , 1. 41(3H, §),

1.43(3H %), 4.06-4.22(2H m, 4.74 1 ‘dd, J=8.5, 7. 2Fz), 5.02- 5.17(2H,n),
5.23-5.37(1H, m ,A. 28 élqrrriidmllv@mm@%nhe pm@r@mo@&arrpl e
3,3,5-tri I u h
4-{[(benz§Fgﬁ%%%%§ on§1 gﬁﬁngé gé%@ t% f93§§§d%%8?gﬁ§g$%-%f8ng gf
met hanol s (1@ pitgsemss iadead ibO%a podt etdia,lmln@élagnaﬁdomémmm F0% wat er,

g), and th

reaction nEXRREEMEL Gt EFel

e mxture was s |rrgg under a hydrogen atnnsghere overnlght

LRSS 9 1HEPERECTRY A0 B8 andé:

reduced prgssafeer He %l%trab@gd 8R4 1 thavas yuaghed %1276/53 N8B LRelkVest he

title conp

ound as a colorless solid (yield: 4.00g,

1H NVR( CDC33penth6( I, $hisiway( 3uhe &fifect. 4>@( Bhiedsurcﬁez&Hza)nd the like

4. 08(1H d,
2-chl oro-4
10

15

20

25

30

35

I o el B 3 S e A oRy liaomorpoptiot
of the present invention or the combination agent of the present
invention after the surgery and the like.

Examples

The present invention is explained in detail in the
following by referring to Reference Examples, Examples,
Preparation Examples and Experimental Examples, which are not
to be construed as limitative.

The elution in column chromatography in Reference Examples
and Examples was performed under observation by TLC (thin-layer
chromatography). In the TLC observation, Kieselgel 60F;s4 plate
(Merck) was used as a TLC plate, the solvent used as an elution
solvent in the column chromatography was used as a developing
solvent, and the means of detection used was an UV detector. As
silica gel for column, Kieselgel 60Fs54 (70-230 mesh)
manufactured by Merck again or Purif-Pack (SI 60 um), Purif-Pack
(NH 60 pm) manufactured by MORITEX was used. NMR spectra are

shown by proton NMR with tetramethylsilane as the internal
standard, using VARIAN Gemini-200 (200 MHz type spectrometer),
VARIAN Mercury-300 (300 MHz) or JMTC0400/54 (400 MHz type) (JEOL
Ltd.); & values are expressed in ppm. The reaction using a
microwave reaction apparatus was performed using Emrys Optimizer
manufactured by Biotage. The infrared absorption spectrum (IR)
was measured using Paragon 1000 manufactured by PerkinElmer.

The melting point was measured using MPA100 type melting point
measurement apparatus, Optimelt, manufactured by Stanford

Research System.
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Usi ng 4- brono-2-chl orobenzonitrile (199 ng), 3,3, 5-
trimethyl pyrrolidine-2,4-dione (100 ng), cesium carbonate (346 20 ng),
tri s(di benoybiddemsacet one) di pal | adi unm{0) (65 ng) and 4, PCT/IP2008/064500
bi s(di phenyl phosphi no) -9, 9- di, net hyl xant hene. (82 ng), and in the sa manner
as in Reference %@ar‘?gﬂ)béeé’,la%%n?i ?"égcjdh%lﬁ?ﬁ has %’6@2\? apd ExegPiffess
solid (yi ehdan 13 Mb1169%he. 1H NVR(CDC13) 8: 1. 35(3H, $), 1.40(3H, %),
1.46(3H, d, J=6.8Hz), 25 4. 6%( 1H, q, J=6.9Hz), 7.55(1H, dd, J=8. 6, 2. 1Hz),
7.72(1H, d, J=8.5H) ,: BigBleH, d, J=2. 1Hz). Reference Exanple 7
4- am no- 2- net hoxg]ge,n%%iahri le WD 2009/ 020234PCTOP2008/ 064500 1#1.2
2- Met hoxy-4-ni trobenzonitrile (5.0 g) and iron powder (7.84 g) were
suspended i n et hargxl Hrbaa@ stinglend concentrated hydrochloric acid (35 m)
was added dropw se at r% mtenperature. 5 The reaction m xture was stirred
at room tenperat@re 9MP3€hr | neutralized with sodi um hydrogen carbonat e,
and extracted wi¢h etdpyl,jagetate. The extract was washed with saturated
brine, dried over anhydrous magnesi um sul fate, and concentrated under
reduced pressured Thaueg$etiue was purified by silica gel colum /o
chr omat ogr aphy, dt t qi olid was washed with hexane to give the
title conpound a‘gé]a' r%glpgrgoaﬁggg ;éd (yield: 3.05 g, 739%.

10 ddd: double double doublet

dt : double triplet
dg : double quartet

: multiplet
J : coupling constant
15 Hz : hertz

THF : tetrahydrofuran

DMSO: dimethyl sulfoxide
DMF : N,N-dimethylformamide
Reference Example 1

20 l-bromo-3-fluoro-4-iodo-2-methylbenzene
Br

-

A solution of diisopropylamine (6.06 mL) in THF (100 mL)
was cooled to -78°C, n-butyllithium-hexane (24.9 mL, 1.6 mol/L)
was added dropwise and, after the completion of the dropwise

25 addition, the mixture was stirred at -78°C for 1 hr.
Subsequently, a solution of 4-bromo—-2-fluoro-l-iodobenzene (10.0
g) in THF (50 mL) was added dropwise, and the mixture was
further stirred at -78°C for 1 hr. Methyl iodide (2.90 mL) was
added dropwise at -78°C and the mixture was further stirred at -

30 78°C for 2 hr, and the mixture was warmed to room temperature.
Water was added to the reaction mixture, and the mixture was

extracted with ethyl acetate. The extract was washed with
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1H NVR(CDC13) 8: 3.86(3H, $), 4.15(2H, brs), 6.16(1H, d, J=2. 1Hz),
6.22(11-i,dd,J=8.3,2. 1Hz), 7.30(1H,d,J=8.31-iz). /5 Reference Exanple 8
4-1 odo- 2-wethexpBazonitril e CN To a suspensi on of ceppdriosdésde (4. 63

g) in acetonjitrile (50 m) was added tert-butyl nitrite .61 nmL) at room
Tt orper P B B BRI Fon B S S BV HECHEYRERSHIIT Ao S! 08P%) | 1
acet oni t ri t6ndaik #d ded\apdaddeddiP Wree stiker ebogate 6fe alid1catbRpotihe

conpl etion of the dropwi se addition, the m xture was further stirred at 65C

for 2 hr. Fhed reei od lni(xiate: wHs nddedieddaql@ebls- sodi um thiosul fate
sol ution, L X{ur.e 25 extract.ed - w t hyl ¢ t he,extract
Mmehed TP EREiatEs e B G e R Bt Mo B et o Tt

was washed “Wi ing; " dri’e fous” nmagresium sul fat e,
and concen?réé €H,under reduced pressure. The residue was purified by silica

gel col um_chr omat ogr aphy, and the obtained solid was WO

2009/ 02023%?’%@5%%’@3‘%609\/\@%% with diisopropyl ether to give the title
conpound as-wEromedd 0w 18Rbd3 (e ehfibeh 720 18ri48%) . ' H NMR(CDC13) 6: 3. 93(3H, $),
7.24(1H,d, J=8. 1Hz), 7.33(1H,d,J=1.1Hz), 7.39(1H,dd,J=8.1,1.1Hz). 5

Ref er ence npl e 9 2-net hoxy-4-(3,3,5-trinmethyl-2, 4-di oxopyrrolidin-1-

CN
To a solution of 1-bromo-3-fluoro-4-iodo-2-methylbenzene

10 (2.00 g) in DMF (15 mL) were added zinc cyanide (336 mg) and
tetrakis (triphenylphosphine)palladium(0) (367 mg), and the
mixture was stirred under an argon atmosphere at 100°C for 5.5 hr.
The reaction mixture was added to water, and the mixture was
extracted with ethyl acetate. The extract was washed with

15 saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography to give the title compound
as a colorless solid (yield: 1.21 g, 89%).

'H-NMR (CDC13)8:2.39(3H,d,J=2.6Hz), 7.29-7.36(1H,m), 7.44-

20 7.50(1H,m).

Reference Example 3
4-1(2S,3S) -3~ (tert~butyldimethylsilyloxy)-2-methyl-5-
oxopyrrolidin-1-yl]-2-fluoro-3-methylbenzonitrile

/
0—Si

SO

N

ul

CN
25 To a solution of 4-bromo-2-fluoro-3-methylbenzonitrile

(1.10 g), (4S,5S)-4-(tert-butyldimethylsilyloxy)-5-
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yl )benzonitrile 0 0 Ovwe CN Using 4-iodo-2-nethoxybenzonitrile (835 ng),
3,3,5- 10 trinmethyl pyrrolidine-2,4-dione (350 ng), cesiumcarbonate (1.21
g), tri s(\d'()tzewzqzbiweneacet one) di paI | adi um(0) (227 ng) amdTAPH08/064500

b di ph h n 9-di neth nt.hene (287 nd jn the sane
SN N s I SRS R T R T L R L A
colorl ess gk ddib@rﬁﬂ 1d%agaest0148%lpa1151aﬂ*iuh4h(/8§ Cl@@i@)rﬁg 1. a3{ 3Hs3)
1.40(3H,$), 1.46(3H, d, J=6. 8Hz) ér.gnH $), 4.62(1H, Hz),

6. 88( 1H, ddbaﬁsd@fzew-lﬁloswheoen&d% esqlmlxamtbep%?%ﬁ?]ﬂm J1HA) diRgpBEence
Fﬁgrgge(éoiiodggpter trﬁ%;% rog&é?gl enzogé Ebgghergcnfiﬁ§bngorogq%g
5 The reaction mixture was added to water, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography to give the title compound
10 as a colorless solid (yield: 347 mg, 19%).
'H-NMR (CDC13)8:0.11 (6H,d, J=7.2Hz), 0.91(9H,s), 1.04(3H,d,J=6.4Hz),
2.19(3H,d,J=2.3Hz), 2.50(1H,dd,J=16.8,2.4Hz),
2.78(1H,dd,J=16.8,5.4Hz), 4.09-4.22(1H,m), 4.44-4.50(1H,m),
6.96(1H,d,J=8.7Hz), 7.45-7.53(1H,m).
15 Reference Example 4

Ethyl 4-{[(benzyloxy)carbonyl]amino}-2,2-dimethyl-3-

oxopentanoate
0
k%o\/
0 N
20 A solution of ethyl (4S)-4-{[ (benzyloxy)carbonyl]amino}-3-

oxopentanoate (13.8 g) synthesized according to the method
described in Tetrahedron Letters, vol. 41, pages 3979-3982, 2000,
methyl iodide (8.79 mL) and potassium carbonate (13.01 g) in
acetone (200 mL) was stirred under reflux overnight. The

25 reaction mixture was added to water, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography to give the title compound

30 as a colorless oil (yield: 11.82 g, 78%).
'H-NMR (CDC13)8:1.22 (3H,t,J=7.2Hz), 1.31(3H,d,J=6.8Hz), 1.41(3H,s),
1.43(3H,s), 4.06-4.22(2H,m), 4.74(1H,dd,J=8.5,7.2Hz), 5.02-
5.17(2H,m), 5.23-5.37(1H,m), 7.28-7.46(5H,m).
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and 4-am no-2-(trifluoronethyl)benzonitrile (5.00 g), and in the sane
manner as in Reference Exanple 8, the title conpound was obtained as a
pal e-yel Iwo2e@la20e3gyi el d: 4.40 g, 55% . 25 PCT/JP2008/064500

1H NVR( CDC13 15:7.511*_5le(1 =8.1Hz), 8.06(1H,dd,J=8.1,1.1Hz), 8.14(1H $).
Ref er ence FEFE S £ XaWB5089/ 020234PCTOP2008/ 064500 2- (tri 1 uor onet hyl )

-4- ( 3,3,5;Br5nmlhﬁ@u&1?> drexo@ksol ididiche yl) benzonitrile  CNF Using
4-iodo-2-(trifl uoronethy f itri

benzonitrile (957 ng), 5
3,3,5-trine::ilpﬁfrolidine-2,4-dione (350 ng), cesiumcarbonate (1.21 g),
tris(di benzyl eacet one) di pal | adi um(0) (227 ng) and
4,5-bi s(di osphi no) - 9, 9-di net hyl xant hene (287 ng), and in the sane
manner as in ference Exanpl e 3 the title conpound was obtained as a

colorless solid ield:. 452 o) H-NNR 13) 8:
1.42(3H$), 1. 48“%%@ PR 16P PE 2t 144 E? Y)Cgrbonyl%mno} 2,2~

7. 86(1H, ﬂddﬂm&ﬂylLﬁ-lf&b eZtgﬂ&&tﬂz dél]CF&) %11) |1¥1) megh&r%ﬂ-H ldj(}]'ml, 5‘71'5% added
Ref er ence Exanple 12 2,6-difluoro-4-(3,3,5-trimethyl-2, 4- dloxopyrrolldln 1-

15 vyl )benzéﬂptpal@®w0@§bﬂg acmwlzmﬁ@rf WabedbehZbri)tr iand £662 ny),
i bAoA SRR (9T
reaction mixture was filtered, and the filtrate was concentrated
under reduced pressure. The obtained solid was washed with
10 hexane to give the title compound as a colorless solid (yield:
4.00g, 87%).
'"H-NMR (CDC13)8:1.26 (3H,s), 1.27(3H,s), 1.40(3H,d,J=6.8Hz),
4.08(1H,q,J=6.9Hz), 6.07(1H,brs).
Reference Example 6
15 2-chloro-4-(3,3,5-trimethyl-2, 4-dioxopyrrolidin-1-
yl)benzonitrile
0

Cl
CN
Using 4-bromo-2-chlorobenzonitrile (199 mg), 3,3,5-

trimethylpyrrolidine-2,4-dione (100 mg), cesium carbonate (346
20 mg), tris(dibenzylideneacetone)dipalladium(Q) (65 mgf and 4, 5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (82 mg), and in the
same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 135 mg, 69%).
'H-NMR (CDC15)8:1.35(3H,s), 1.40(3H,s), 1.46(3H,d,J=6.8Hz),
25 4.61(1H,q,J=6.9Hz), 7.55(1H,dd,J=8.6,2.1Hz), 7.72(1H,d,J=8.5Hz),
7.87(1H,d,J=2.1Hz).
Reference Example 7

4-amino-2-methoxybenzonitrile
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20 bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (205 ng), and in the sane
manner as in Reference Exanple 3, the title conpound was obtained as a
col or | essweabish2(3siel d: 305 ng, 62% . 1H NMR(CDCL3) 8: 1. BBTAPRM®B3/064500
1.40(3H, %), g 50(31-1,d,J=7.0Hz), 4.54(1H,q,J=7.0Hz), 7.38-7.45(2H n). 25
Ref erence Ex le 13 WO 2009/ 020234PCTOP2008/ 064500 2-chl or o- 3- net hyl -

(3,3,5-tripeyl-2, 4-di oxopyrrolidin-lyl) benzonitrile CN Using
2-ch|oro-4mi;ﬂ -3-net hyl benzonitrile (894 ng) 5 synthesized from
4- am no- 2- or -nmet hyl benzonitrile in the same nethod as in Reference

Exanple 8, 3 3, > trinmethyl pyrrolidine-2,4-dione (350 ng), cesium carbonate
(1.21 9), ‘ms(dibenzylideneacetone)dipaIIadiun(O) (227 ng) and 4, 5-
bis(diphenylphosZﬁMemboxy4}ﬂMinEbhghzammﬂnmﬂe (380 oy) andnilrorn ddwelek19 sane

f Ex | e the titl ound was obtained as a
Col orl cas $0rFa Tyi B HBPRGIoRs)T SHITI CBOUSTED: 156D A L B ).
1. 38( 3H, brﬁ}drécl‘?rﬂﬁﬁ'@' B2 (35(Ath Shas daddedh AU at7 rbklthibdrfbulidl)
7.63(1H, d J=8.3Hz). /5 Reference Exanpl e

5-et hyl -8 @heumm%m@rtmren@ae Sﬂ'—kﬁ@ﬁ’ea@ Fpowstempexadyre for 3 hr,
4'{[(benZYBQéyﬂgfgééH“Qﬂfﬁ gghué ﬁ?&¥5§8%“%%&%bnate, and extracted with

ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel column
10 chromatography, and the obtained solid was washed with hexane to
give the title compound as a red-brown solid (yield: 3.05 g,
73%) .
'H-NMR (CDC13)8:3.86 (3H,s), 4.15(2H,brs), 6.16(1H,d,J=2.1Hz),
6.22(1H,dd,J=8.3,2.1Hz), 7.30(1H,d,J=8.3Hz).
15 Reference Example 8 '

4-iodo-2-methoxybenzonitrile
|

ONe
CN
To a suspension of copper iodide (4.63 g) in acetonitrile

(50 mL) was added tert-butyl nitrite (3.61 mL) at room

20 temperature, a solution of 4-amino-2-methoxybenzonitrile (3.00
g) in acetonitrile (30 mL) was added dropwise thereto at 65°C and,
after the completion of the dropwise addition, the mixture was
further stirred at 65°C for 2 hr. The reaction mixture was added
to aqueous sodium thiosulfate solution, and the mixture was

25 extracted with ethyl acetate. .The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified

by silica gel column chromatography, and the obtained solid was
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and in the sanme manner as in Reference Exanple 4 and Reference 20 Exanpl e
5 the title conpound was obtained as a colorless solid.

1H NVR( CDCOY@/2034( 3H, t , J=7.5Hz), 1.23(3H,$), 1.26(3H, BLT/IL2008064500
194(2Hrr) tH dd,.J=6.6, 5. 8(1 S) . Ref erence Exanple 15
2- chl or o- 4%% %l%qg ﬁvfhs%é am%ﬁ@%rd.t&éw? PhRd e HBPORIeRZoRi tri | e
WO 2009/ ozpama@oaﬁggﬁagoz cgq; léSl n®s4- br ono- 2- chl orobenzonitrile (219
ng), 5-ethyl-3, 3- dinethylpyrrolidine-2,4-dione (120 ny), cesium carbonate
(378 mg), %IH'iNQ’J@dF?Bth)ﬁ Bd@ﬁééﬁ%bﬂﬂd?‘b@lﬂrmﬂmﬁ( @ﬁ2(717n‘@)3 Hhdd AJ5L. diz) ,
bi s(di phenyly@eﬁﬁx d“%r):gg 91d }rfr;)thyl xant hene (89 ng), and in the sanme manner
as in Reference anpl e , e title conpound was obtained as a colorl ess
solid (yd eRelfeMm@xaﬁlﬁ%a 91H— NI\/R( CDC13)5: 0. 76(3H,t,J=7.5Hz), 1.34(3H %),
1.36(31-1,9%) 1(1 4 2-4.66(1H m, 10

7.55( 1H, dd§ XZV fHﬁ? 5 '547 J:LI'F?tJ‘ ié éH&‘}OX‘? féﬂr(‘?ﬂi%d&nﬁz 1Hz). Reference
Exanpl e 16yﬂ)-k£e5u€éirmthie3 di nmet hyl 2, 4-di oxopyrrolidin-1-y1)-2-

met hoxybenzonitrile On 15Using 4-i odo- 2- met hoxybenzonitrile (459 ny),

5- et hyl- 3, 3<_|di gt hyl pyrrolidi ne-2, 4-di one (250 ng), cesium carbonate (787
ng), tris(dienxylideneacetone)di pal | adi um(0) (148 ng) and 4, 5-

bi s(di phe i no) -9, 9-di net hyl xant hene (186 ng), and in the sane
manner as 1n ference Exanple 3, the title conpound was

Ohle
CN
Using 4-iodo-2-methoxybenzonitrile (835 mg), 3,3,5-

10 trimethylpyrrolidine-2,4-dione (350 mg), cesium carbonate (1.21
g), tris(dibenzylideneacetone)dipalladium(0) (227 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (287 mg), and in the

' same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 330 mg, 49%).

15 'H-NMR(CDC13)8:1.35(3H,s), 1.40(3H,s), 1.46(3H,d,J=6.8Hz),
3.97(3H,s), 4.62(1H,q,J=6.9Hz), 6.88(1H,dd,J=8.5,2.1Hz),
7.60(1H,d,J=8.5Hz), 7.66(1H,d,J=2.1Hz).

Reference Example 10

4-iodo-2- (trifluoromethyl)benzonitrile
|

20 N F
Using copper iodide (6.14 g), tert-butyl nitrite (4.79 mL)

and 4-amino-2- (trifluoromethyl)benzonitrile (5.00 g), and in the
same manner as in Reference Example 8, the title compound was
obtained as a pale-yellow solid (yield: 4.40 g, 55%).

25 'H-NMR(CDC13)8:7.54 (1H,d, J=8.1Hz), 8.06(1H,dd,J=8.1,1.1Hz),
8.14 (1H, s) .

Reference Example 11
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20 obtained as a colorless solid (yield: 300 ng, 65%.
1H NVR(CDC13) 8: 0. 78(3H,t,J=7.5Hz), 1.34(3H, %), 1.36(3H, %), 1.79-
1. 95(1H, My 20090263413 (1H, m, 3.97(3H,$), 4.63-4.68(1H, mPCT/IP2008/064500

gbgg;é;%gg g&g%g%égg%%%ﬁgé&?z z'§2§2gi{9img%%f rSngedloxo ino Zdlxgﬁ—

4- (5-et hyly3) Beﬂtéﬁiﬂnﬁnez 4-di oxopyrrolidin-1-yl)-2-

(trlfluoronet yl)benzonitrile 0 CNF Using

4-1odo- 2-(t onet hyl ) benzonitrile (526 ng), 5- 5

et hyl -3, 3-di | pyrrolidine-2,4-dione (250 ng), cesium carbonate (787
ng), tris(gh Ldeneacet one) di pal | adi un{0) (148 ng) and

4, 5- bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (186 ng), and in the sane
manner as in R& {erence Exanple 3, the title conpound was obtained as a
pal e-yel | ow 1y|eld 298 ng, 10 57% . 1H NVR(CDC13)8:0.77(3H,t,J=7.4Hz),
1.36(3H, %), H$), 1.77- 1.93(1H, m, 2.02-2.17(1H m,

4.71(1H, dd, J=6. 1 2 ), 7.86(1H,dd,J=8.4,1.9Hz), 7.91(1H,d, J=8.4Hz),

8. 08(1H, d, J=1. ) F Reference Exanple 18 15

2-chl or 0- 4- (5- et h ]
rrefhyloi)gnzoﬁli t(l?l ?yn%\?s,&%lsdgﬁt&t X%ﬁgf? (gé 9%0&%)'1 %elhg ol r;‘!ﬂ% héab ?&hi trile
(983 51y B, 355€t et y3 pgirerel byl py+2 ,0d-iddione- 2 330dingne dEhHiimmghrbeastam 20

car bonat e ) tr.i s(dj benzy|i deneacet one al l.adi um( 0
Q}.Zf 3? tris %gbenzy ideneacetone d&pa?ladfﬁm j 2227 mg) and

4,5—bis(diphenylphosph1no) 9, 9- dlmethylxanthene (287 mg), and in
the same manner as in Reference Example 3, the title compound
was obtained as a colorless solid (yield: 452 mg, 59%).

10 'H-NMR(CDC13)8:1.36(3H,s), 1.42(3H,s), 1.48(3H,d,J=7.0Hz),
4.68(1H,q,J=6.8Hz), 7.86(1H,dd,J=8.7,1.5Hz), 7.91(1H,d,J=8.7Hz),
8.12(1H,d,J=1.5Hz).

Reference Example 12
2,6-difluoro-4-(3,3,5-trimethyl-2, 4-dioxopyrrolidin-1-

15 yl)benzonitrile

CN
Using 4-bromo-2, 6-difluorobenzonitrile (502 mg), 3,3,5~

trimethylpyrrolidine-2,4-dione (250 mg), cesium carbonate (866

mg), tris(dibenzylideneacetone)dipalladium(0) (162 mg) and 4, 5-
20 bis(diphenylphosphino) -9, 9-dimethylxanthene (205 mg), and in the

same manner as in Reference Example 3, the title compound was

obtained as a colorless solid (yield: 305 mg, 62%).

'H-NMR (CDC13)8:1.35(3H,s), 1.40(3H,s), 1.50(3H,d,J=7.0Hz),

4.54(1H,q,J=7.0Hz), 7.38-7.45(2H,m).

25 Reference Example 13
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(325 ng) and 4, 5-bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (615 ng) in
di oxane was reacted in a mcrowave reactor at 120C for 5 hr. Water was
added t o wheoeereisson m xture, and the m xture was ePCrdaersioeseh et hyl
acetate. The trac 5 hed_with saturated brine, over

Ahyar ous ARERLRFar-TOIV09A0IareaPrrtmsOa o don eePrreol it
concentr at §d)gegesniegiiced pressure. The residue was purified by silica gel
col um chrorrat ography and recrystallized from THF/ hexane to give the title
conpound as-~a|colorless solid (yield: 294 nmg, 27%. s

1H NVR(CDC13)B: 0, 78-0.95(3H, m), 1.31-1.42(6H n), 1.49-1.95(2H m,

2. 32(3H, SJS)0 ' 4.57(1H m, 7.15-7.39(1H nm, 7.62(1H d, J=8. 1Hz) Ref erence
Exanple 19 eth 4-{[ (benzyl oxy) car bonyl ] am nol - 2, 2- di net hy| -

hydr oxypent anga O ir 10.20H O To a solution of et hyI

dr bonyl ] am no) - 2, 2- di net hyl - 3- oxopent anoate (5.76 g) in
nmet hanol (10 was added sodi um borohydride (940 ng) at OC, and the

m xture was stifrre@lat roomtenperature for 17 hr. Saturated aqueous

ammoni um 15 chiwri de solution was added to the reaction m'xture and the

m xture was extrg thy, tat Xt hed with
saturated bri ne, ‘goﬂoc%/@rer hyé?gﬁsgnﬁ%tnh Ll:?:&%zg&ﬁg érQ%isc centrated

under reduegdtnéesm efro]iha—aasnduz—mwd—hkedybyeﬁtémmg}&i ieokuan
chromat ography (eluent: 20 hexane/ et é}f acet ate 50/1 41/ 3) to give the

title conpsafa BETROL ADrine&eTesrnee (§rammie £:28/4;5749% .

1H NVR( CDCL3) 8o 1176,8bZ) H, plgs .
3. 76-4. 24( SRS L o EReTE g lone B Y P b e

g), trls dlbenzylldeneacetone)dlpalladluka) (227 mg) and 4,5-

bis (diphenylphosphino) -9, 9-dimethylxanthene (287 mg), and in the
10 same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 46 mg, 6%).
'H-NMR (CDC13)8:1.30(3H,d, J=6.8Hz), 1.38(3H,brs), 1.40(3H,s),
2.31(3H,s), 4.15-4.58(1H,m), 7.21(1H,d,J=8.3Hz),
7.63(1H,d,J=8.3Hz).
15 Reference Example 14

5-ethyl-3, 3-dimethylpyrrolidine-2, 4-dione

e

N
H

‘Using ethyl 4-{[(benzyloxy)carbonyl]amino}—3—oxohexanoaté,
and in the same manner as in Reference Example 4 and Reference
20 Example 5, the title compound was obtained as a colorless solid.
'H-NMR (CDC13)8:0.97 (3H,t,J=7.5Hz), 1.23(3H,s), 1.26(3H,s), 1.63-
1.94(2H,m), 3.98(1H,dd,J=6.6,5.1Hz), 6.28(1H,brs).
Reference Example 15
2—chloro—4~(5—ethyl—3,3;dimethyl—2,4—dioxopyrrolidin—1—

25 yl)benzonitrile
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25 et hyl

4- 1] (benzyl oxy) car bonyl ] am nol - 2, 2- di et hyl - 3- (t ert but yl di et hyl si | yl oxy) pe
nt anoat e WOQ009/0202840 0O To a solution of ethyl PCT/JP2008/064500

4- 1[ (benzyl oxy) cgf bonyl ] am no) - 2, 2- di et hyl - 3- hydr oxypent anoate (5.7 g)
and 2, 6-lutindjnef2. 27 W2009/020234PCTOP2008/ 064500 in THF (80 m ) was
added under ooling tertbutyldinethylsilyl trifluoronethanesul fonate
(3.44 ) ) warmng to roomtenperature, the m xture was stirred
for 17 hr. Thejreaction m xture was added to water, and the m xture s was
extracted wt hyl acetate. The extract was washed with saturated brine,
dried over a ous magnesi um sul fate, and concentrated under reduced
pressure. Th 'ﬁ e was purified by silica gel colum chronat ography

(el uent: hexang/ et bl acet at e=50/1-42/1) to give the title conpound as a
colorless oil b (yield: 5.42 g, 70% . 1H NVR(CDC13)8:0.03-0.20(6H, m,

0. 88- 0. 95(9H, n) , ydi AS-4L33Mrb2HBhioBoBdn AorkdleMy 214 BEy 5- 233, 3-
7.26-7.41(5H m. Reference Exanple 21

(4RS, 5SR) - dipeehylmnsaldidaaeny) §rdydrxy)l2® 393, ¢gsium carbonate (378

trinEthylp%&;9'{fgéké%ﬂgﬁaylideneacetone)dipalladium(O) (71 mg) and 4,5-

(>

5 bis(diphenylphosphino) -9, 9-dimethylxanthene (89 mg), and in the
same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 147 mg, 65%).

'H-NMR (CDC13)8:0.76 (3H,t,J=7.5Hz), 1.34(3H,s), 1.36(3H,s), 1.77-
1.91(1H,m), 1.99-2.14(1H,m), 4.62-4.66(1H,m),

10 7.55(1H,dd,J=8.5,2.1Hz), 7.73(1H,d,J=8.5Hz), 7.84(1H,d,J=2.1Hz).
Reference Example 16
4- (5-ethyl-3, 3-dimethyl-2, 4-dioxopyrrolidin-1-yl)-2-
methoxybenzonitrile

b

0

ONe
CN

15 Using 4-iodo-2-methoxybenzonitrile (459 mg), 5-ethyl-3,3-
dimethylpyrrolidine-2, 4-dione (250 mg), cesium carbonate (787
mg), tris(dibenzylideneacetone)dipalladium(0) (148 mg) and 4, 5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (186 mg), and in the
same manner as in Reference Example 3, the title compound was

20 obtained as a colorless solid (yield: 300 mg, 65%).
1H—NMR(CDC13)8:O;78(3H,t,J=7.5Hz), 1.34(3H,s), 1.36(3H,s), 1.79-
1.95(1H,m), 1.97-2.13(1H,m), 3.97(3H,s), 4.63-4.68(1H,m),
6.90(1H,dd,J=8.5,1.9Hz), 7.57-7.62(2H,m).

Reference Example 17

76



To a solution of ethyl 4-{[(benzyl oxy)carbonyl]am no)-2, 2-

di met hyl-3-(tert-butyl di nethylsilyl oxy)pentanoate (2.73 g) in nethanol (13

nm.) was awl0edosl®ss3pal | adi um carbon (contai ni ng 50% 20 waCerpP2008/0645¢) , and

the m xtur S a erature for. .3.hr_under_a hydrogen
nnsphereiang ??%YL i:% &ﬁ%?%gght n? e PRI BT LaY thder reduced

pressure areikhgor&sd Ywee zdhssptved in ethanol (20 nmL). A 20% sol ution

(4 M) of sodiun1§thox e-ethanol was added thereto, and the m xture was

refluxed 25 Water was added to the reaction mxture, and the

m xture was extr cted with ethyl acetate. The extract was washed with

saturat ed PRe i€d over anhydrous nmagnesi um sul fate, and concentrated

under reduced fressure. The residue was purified by silica gel colum

chr omat ogr aph el uent: 30 hexane/ethyl acetate=10/1-4,1/2) to give the

title conpou N)i el d: 700 ng, 449 and (4RS,5RS)-4-(tert-

W)2009/ 020234F P2(p08/ 064500

but yl di net hyl si )-3,3,5-trinmethyl pyrrolidin-2-one (yield: 380 ny,
249, each as a@m oifl . (4RS, 5SR)-4-(tert-butyldinmethylsilyloxy)-3, 3, 5-

trimethyl pyrroli e 1H-N 0.,0 9

1 06(31L %) 1.1 %Q‘ﬂ% o P]ozg( ﬁgﬁég%%ﬂﬁsh‘%é%fl‘%h&gf?% nrgﬁé mg), 5=

3. 55(1H, 4, é%ﬁy8i312)d1dbth&1p§r48ii&tm@ =2,4-dione (250 mg), cesium

(4RS, 5RS) - 4Eétert but vyl di neth |$I| | oxy) -3 3, 5- trlnethyl rrolidin-2-one
10 1H NVR( 6B6R8Rate o '{)‘37(@9 )$) ! resé%{‘%%@jll%f@?(lgﬂ%? d-‘ipai agiiym (Fy
1.15(311, $ Q ; ),

5. 04- . 4881&'4%‘*&‘ B n CRSR PR AP I o, 8- BEhdth PRl

rac- 2- chl orld84- {ﬂGMR 83) -ig (tber sabetypiehertdsy lisi Relfoxghes, B@uplE5 3, the

t thyl- di b trile . P-s
(RS, 53 - 51008 vy RoESENeR i E £35S eRrhHet 1 (Y AR Bone
(105.9 ﬁ@)574abrono 2- chlorobenzonltrlle (89 ny), ce5|un1carbonate (200

mg), 20 tris(dibenzylideneacetone)di pal |l adi un{ and 4, 5-
bls(dlphenbﬁﬂﬁ@%ﬁﬂXﬂe)5§3g7dﬁﬁeth9F%aﬁ¥hbnél(%ﬁ%#g ,g%d3$ﬁﬂbﬁérsén§7nanner

as in Refenre I t t C bt a Aas a col orl ess
solid (yiel d?gfzmm 2(73 .2 ?&ENII\{/RI%&DC% Gngf\gag ?e%%”ﬁj“jz 1.12(9H, $),

1.12(3H,$),7.86(1H,dd,J=8.4,1.9Hz), 7. d,J=8.4Hz), 8.08(1H,d,J=1.9Hz).

Reference Example 18

15 2-chloro-4-(5-ethyl-3,3-dimethyl-2, 4-dioxopyrrolidin-1-yl)-3-
methylbenzonitrile

i{/

o

N

Cl
N
A solution of 2-chloro-4-iodo-3-methylbenzonitrile (983

mg), 5-ethyl-3,3-dimethylpyrrolidine-2,4-dione (550 mg), cesium
20 carbonate (1.73 g), tris(dibenzylideneacetone)dipalladium(O0)
(325 mg) and 4,5-bis(diphenylphosphino) -9, 9-dimethylxanthene
(615 mg) in dioxane was reacted in a microwave reactor at 120°C
for 5 hr. Water was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The extract was

25 washed with saturated brine, dried over anhydrous magnesium

17



25 1.28(3H,$), 1.31(3H,d,J=6.1Hz), 3.72(1H d,J=6.1Hz), 3.90(1H t,J=6.1Hz),
7.39(1H,dd, J=8.7,2. 1Hz), 7.59-7.71(2H, m . Reference Exanple 23
rac- 2- chlwoeeeb/(2028R, 5R) - 4- (tert - butyl di met hyl sil yl oxy) - 3C3/JB82008/064500

trimethyl-2-oxopyrroljdin-1l-yl]benzonjtril .
2000/ 0202 3P0 Fr GBS 6:'6%88&%?%@2%1&@ Iéﬁgucg\g PregfHy- The residue
(4RS, 5RS) - dad t@urtiiedy byl gl hyh sdd | m3 cBrémat g rashy lapyyr r ol i di n- 2- one

(380 ng), 4-brono-2-chlorobenzonitrile (320 ng), cesjium carbonate (722 ny),
5 tris(di bepENIiRdddacet saerdT PR/ hardingn(to) 9i88 g ' BHdl &4 apmpound as a

bi s(di phenyly 'g@l-i%éqyghﬂg; I‘@@?@( ,hgr)eo)(BS ng), and in the sane manner

as in Reference anple 3, e title conpound was obtained as a col orl ess
solid (yi elmNMRQeDOw;) HBD%78-0HS SIMR{,GDG13).810113L 36t $) , OL 1B-3HOS$) 2H, m) ,

425 4 SR 137 A &) s To e Bl S T YL ol  TREFel Brite Eeaie 24
(45, 55) - 4-Ré e terttidd WxdimpeEhybsi | yl oxy) - 5-met hyl pyrrolidin-2-one Si 0" 15A

sol ution of (4S,5S)-4-hydroxy-5-nethyl pyrrolidin-2-one
ethyl 4-{{(benzyloxy)carbonyl]lamino}-2,2-dimethyl-3-

hydroxypentanoate

O -
I
[ I//T_ﬁ/,/‘\\ o _,/IL\N e A\r' ,’(\\ T]/O\ \.//

. OH O
10 NF

I

To a solution of ethyl 4-{[ (benzyloxy)carbonyllamino}-2,2-
dimethyl-3-oxopentanoate (5.76 g) in methanol (100 mL) was added
sodium borohydride (940 mg) at 0°C, and the mixture was stirred
at room temperature for 17 hr. ‘Saturated aqueous ammonium

15 chloride solution was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:

20 hexane/ethyl acetate=50/1—1/3) to give the title compound as a
colorless solid (yield: 4.26 g, 74%).

'H-NMR (CDC13)8:1.01 (3H,d, J=6.8Hz), 1.12-1.40(10H,m), 3.39-
3.64(1H,m), 3.76-4.24(3H,m), 4.85-5.33(3H,m), 7.22-7.42(5H,m).
Reference Example 20

25 ethyl 4-{[(benzyloxy)carbonyl]amino}-2,2-dimethyl-3-(tert-

butyldimethylsilyloxy)pentanoate

To a solution of ethyl 4-{[ (benzyloxy)carbonyl]amino}-2,2~
dimethyl-3-hydroxypentanocate (5.7 g) and 2,6-lutidine(2.27 mL)

18



(3.0 g) in THF (50 mMi) was cooled to 0C, 2,6-lutidine (4.55 mJ) and
tert-butyldinmethylsilyl trifluoronethanesul fonate (6.6 nL) were added

t heret o awio,20@f2e234war m ng to room tenperature, the m XPOTraPHas8/06HIr red at
room t enper, at hr . ter was 20 added.to the reaction mxture, and
the m xtur énm;gékee@'gﬁe&'a\ﬁ g\ﬁd‘é‘flh'ﬂ HeetSat €C°HhBIeREFEct was washed with
saturated Bht{edimtsd sauel aphytnossm&ine®usebhate, (Al ganceantr, at ed
under reduced pressure. The residue was purified by silica gel colum

chr omat ogr 8pE§T (W EMT: theXaAB/ BEMRPTratcbicat b9/ Miglyry Yas gitiared fhe title

d ! | el d: O 1769 . .
5006; 020233 parEpeots casEbbl iR et eBiegrRalias® o B! Shesixture
1.17(3H, 4, vab. &mact22 Wi tHi, dﬂhgtl@c@;aﬁtéHZ)I‘heZeﬁﬁfé.d:‘t deb s %h’éldgw?ntﬁ) ,
3.70- 3.80(1H, , 4.37-4.45(1H, , 6.0Q(1H, br). R n Ex 25 5
3 b ov o 4T FR Ry B er AL LRR) P D TS| BROTESH Ty o, and

oxopyr rol i dbRcénitdtR@nzeniel’ FeguckdN d&ddiire. The residue was purified
(43,53)-4-(tert-butyldinmethylsilyloxy)-5- nethylpyrrolidin-2-one (1.06 g),

4- br ono- 2- b¥I 3t bieh asdi colhen/ ghyamakggrapbysi(amenr bormrnang/2taylg)
tris(dib lid t di pal |.adi 0) .(210 4, 5- .
b1 (i pheng BHOCPIICHAT 6, &) dr st YAl Fohes (SOOHER “and FRLPRLoSa Rl

manner as i(pi&ederencegbxaople 3, the title conpound was obtained as a
colorless solid %i eld: 1.2 8 7199 . 15 1H NMR(0D013) 8: 0. 12%6H, $§,

0. 92- 0. 93( FMR (CPC2e)( 531 - § 378628 el m, 58.88-d0 (32 OHy M) 4. 2708-3683H 2H,m) ,
4.50-4.60(3Hm4 . 10 &3 Myt, dd, 4585 .722f3'lﬁ‘,'%r)8,, 7..64( 3 fl(FE 8y H2) |

7.81(1H,d, J=2. 1Hz). Reference Exanple 2

2- chl or 0- 4R¢{ABRES) Exafmpdet 2but yl di met hyl si | yl oxy) - 5- met hy1-2- 20
oxopyrrol i dyfs Lsaeh) -3 TRLOYLREPZOM LI )& i 1y10xy) -3, 3, 5-

15 trimethylpyrrolidin-2-one

/ <
O—Si
\

To a solution of ethyl 4-{[(benzyloxy)carbonyl}amino}-2,2-

Ir=z

dimethyl-3-(tert-butyldimethylsilyloxy)pentanoate (2.73 g) in
methanol (13 mL) was added 10% palladium carbon {(containing 50%

20 water, 170 mg), and the mixture was stirred at room temperature
for 3 hr under a hydrogen atmosphere and filtered. The filtrate
was concentrated under reduced pressure, and the residue was
dissolved in ethanol (20 mL). A 20% solution (4 mL) of sodium
ethoxide-ethanol was added thereto, and the mixture was refluxed

25 for 2 hr. Water was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:

30 hexane/ethyl acetate=10/1-1/2) to give the title compound
(yield: 700 mg, 44%) and (4RS,5RS)-4-(tert-

79



CN Using (43,53)-4-(tert-butyldi nethylsilyloxy)-5-
nmet hyl pyrrolidi n-2-one (495 ngy), 4-brono-2-chl oro- 3-
W2009/ 02\0034@@12@232008/ 064500 met hyl benzonitrile (500 nyrI/Jezssoensaar bonat e

SPROTRIRR R ch i da il et e S r S SR L b N

manner as BgoReé,,erme, @g@ﬁpgg an dfe title conmpound was 5 obtained as a

colorless solid ield: 505 ,_ 749 . 1H NMR(CDC13) 8: 0. 10- 0. 13(6H n,
0.92(9H, $) { 4380%»%%%4% @%%W}yl@lmt(@rl%)lyl@xmtiwd&J 16. 8, 2. 1Hz) ,
2. 77(1H, dd 0(1H m, 4.40-4.55(1H ),

7.07§1H,d Sﬂéﬁ%ﬁg&#@(lfé 1Hz) i 0 Reference Exanple 27 Ethyl

él ][l(terts bti-awrR@DaRyd )oarml9aeh 2), , ®-90 (TBeXY- 2..86 (3H,s), 1.15(3H,s),

i fluoro-L-t - pent o

ert - Buty| (45 by 15) ox et Fyd | L e e 3¢ 35 10 ff ft 998 e iyl T~
bronodi fl ugrpa¢aiate. (25.1 g) were dissolved in THF (65 nL), and the

sol ution was added dropwi se to a suspension of zinc powder (25.1 g) in THF
(14 ) at (#BOMYREPer GertebovetdBretiiv.sitlydogsispénsi on was heat ed under

reflux for I 0,0C A1l nol /L aqueous hydrochloric acid

sol ution (Eggm%k&%q’ %qugg %] and the mixture was extracted with et hyl
acet at e;4 180-NWR (CDEMS) &L, roaqtsads Py ggog(3mer, \vas2vweshed, vi tie (aat ey, (100
m) and sa drous magnesi um sul f at e,

and conceniuigéﬁgiﬁgggﬁeﬁgdggeﬁ %r@s%ﬁ?recei 03\4%«% %2?%&&@% purified by silica

gel col umgchgy @mtd)gf{;goayu@el ge@g 6 eddwily, 4y .acet at e/ hexane =1/10-*3/10) to
give the title conpound as a pale-yellow'oil (yield: 5.45 g, 449%.

1H NVR( CDCRef @rang3g (E3Eample=222Hz), 1.36(3H,t,J=7.1Hz), 1.44(9H $),
3.83-4. 07(%aH(’:D2-’-ch4]:o 5(—%H [%’4& gS)]'l_g)(tellrt8%gljty’l 1m£th§$fsff no%%/)%?g?gg 28

15 trimethyl-2-oxopyrrolidin-l-yl]benzonitrile
/
O—si
¢\
N

Ci
CN
Using (4RS, 5SR)-4-(tert-butyldimethylsilyloxy)-3,3,5-
trimethylpyrrolidin-2-one (105.9 mg), 4-bromo-2-
chlorobenzonitrile (89 mg), cesium carbonate (200 mg),

20 tris(dibenzylideneacetone)dipalladium(0) (20 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (25 mg), and in the
same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 121 mg, 75%).

'H~NMR (CDC13)8:0.13-0.16 (6H,m), 1.12(9H,s), 1.12(3H,s),

25 1.28(3H,s), 1.31(3H,d,J=6.1Hz), 3.72(1H,d,J=6.1Hz),
3.90(1H,t,J=6.1Hz), 7.39(1H,dd,J=8.7,2.1Hz), 7.59-7.71(2H,m).
Reference Example 23
rac-2-chloro-4-[ (4R, 5R) -4- (tert-butyldimethylsilyloxy) -3, 3, 5-
trimethyl-2-oxopyrrolidin-1-yl]lbenzonitrile
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30 (4R 5S)-3, 3-di fl uoro-4-hydroxy-5-net hyl pyrrolidin-2-one

W2009/ 020234PCT0P2008/ 064500 Et hyl

4-[ (tert -wot2eoyeez3bonyl ) am nol - 2, 4, 5-tri deoxy- 2, 2- PCT/JP2008/064500

di fl uoro-L-threo-pentongte (5.45 g) was dissolved in a 4 nol/L solution
(100 "111) of, hydpogen £hloride/ethyl acetate, and the mxture was stirred
at roomte ature Nor\1.5 hr. The 5 reaction solution was concentrated
under reduced/prgssure, THF (200 m) and diisopropylethylamne (9.9 nlL)
wer e added, revo,, and the m xture was heated under reflux for 3 hr. The

reaction sol ut ifon was concentrated under reduced pressure and water (50 m)
was added to tHe residue. The m xture was extracted with methyl acetate
(100mLx5) ang hy|l acetate/ THF=2/1 (100nm.x3). The extract was dried over
anhydr ous nag um sul fate and concentrated under reduced pressure. The
resi due was waghed em th dii sopropyl ether to give the title conpound as a
whi te powder (\eld: 1.55 g, 46% 15

1H NVR( CD3SOCD3) 45: 1. 07(3H, d, J= 4Hz) 3.56-3.85(1H, m, 4.10- 4.40(1H m,
6. 12( 1H, d, J=5. 9HZ§ing, @@(SlﬁRﬁa s}- t@(«mt:m;aszs@siﬂmomra,@-

np: 139-. 142 | g_ 2 N

4- ([ (benzylo Iﬁ% h?%g&%oﬁﬁ%nﬁogé% %dﬁl t’hf/ll ?ﬁomoxoh%rilaonrooa eélzonltrlle To a
sol-uti on of 326 [ridenzdsdxy) carbonyts - L7-2\2alnigne (25 0 g) indry THF (100 m)
was added 1, 1'-carbonyl bjs-1H i m dazol e 25 rrg%ﬂ%at OCin small

portions’ SRS {HEPSH ldtdt?nﬁégeg??‘?)r@d’aé‘tlardd%(% Y e drrirght

(solution g)g J&}%rﬁfﬂdﬁfo's%ﬂl% ) Ao | SOpQRvARLAEHERL- 28 9)md)N Gng THELhE330

m) was added dropwi'se a nol 71" n-but yI'li t hi um hexane soI ution (186.5

nmL) under aamermRMeRt mspneRefarenG@(Ewlehé nmtRe ut Bt mscamboungdwier 30

mn, 30 angb@asoldjtl on of g&tjgs efa& e% gbg ind THE' (100 M) was
6. Cﬂ%e m X slt f'jre ™ i

added dr opw se e ur e vvas 978 ‘for 30 mn and

sol uti on l'mamradoed, m@p\maeﬁagﬂ, @f1er3d,Re ,conpbebiipg) of1 e dropw se
addition, the mxture was furt
10 1. 22(6H,m), 1.28(3H,d, J~6 6Hz), 4.18(1H,d,J=7.4Hz), 4.25-

4.37(1H,m), 7.55-7.68(2H,m), 7.89(1H,d,J=1.9Hz).

Reference Example 24

(45, 58)-4- (tert-butyldimethylsilyloxy)-5-methylpyrrolidin-2-one

15 A solution of (4S,5S)-4-hydroxy-5-methylpyrrolidin-2-one
(3.0 g) in THF (50 mL) was cooled to 0°C, 2,6-lutidine (4.55 mL)
and tert~butyldimethylsilyl trifluoromethanesulfonate (6.6 mL)
were added thereto and, after warming to room temperature, the
mixture was stirred at room temperature for 18 hr. Water was

20 added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate=9/1—>1/2) to give

25 the title compound as a colorless solid (yield: 4.54 g, 76%).
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W)2009/ 020234PCTOP2008/ 064500 stirred at -78C for 1 hr. Acetic acid (25 nL)
was added to the reaction m xture, and the m xture was warned to room

t enrper at We.20042e234was added and the m xture was extracPeu/Jreaosoesony |

acet at e. Tbe extrac S shed with saturated _brine dr| ed over nmagnesi um
sul fate, andeBHEY ?%@d%ﬁé@rs?ed%c% (Bhedsuitel TR bz d )resi due was
purified by gvtlfc,ajd;ei—l@olswngm onatzygriapina, Gel yest 9. igxane- ephyl
acetate=50;1-41:1) to give eth

4- 1[(benzy?’o§<9 je%vr"ﬁ?onyll P&Mnéiisﬂmmﬁl@-dﬁmh@kanoate as a colorless oil

(yield: 24 C'T%QE %?Jl% sgl ution (150 ni) of m ethyl

4-([(benzy xyg onyl Jam nol- 5- net hyl - 3- oxohexanoate (12.0 g) in acetone
wer e added2pchbhssi-tim daﬁbﬁsa%e—(ﬂ@rﬁ—@tﬂdimodpheimrm(}( O methylapd t he
m xture was _reflu d ov gt After, allowng to roomtenperature, water
was added Bﬁ(aleFl%o bvg CRZPPHAEE wi th et hyl acetate. The extract was
15 washed with satu brine, dried over magnesium sul fate, and
concentrat ed unde\1’3~4r d«réed pressure. The obtai ned residue was purified by
silica gel colua Nomat ogr aphy (el uent: hexane-ethyl acetate=50:1-+1: 1)
to give the t tI corrpound as a colorless oil (yield: 7.35 g, 56%. 20
1H NVR( CDG2 778 (3H,d, J=6.8Hz), 0.96(31-T,d, J=6.8Hz),

1.22(3H,t, J=7. Hz) , 1. 41(3H $), 1.43(3H, %), 2.09-2.22(1H m,
4.04-4.22(2H, 4 .66(1H dd, J=9.8,4.0Hz), 5.07-5.23(3H m, 7.30-

7.39(5H m. ence Exanple 30 25

5-i sopropyl - 0 -thylpyrrolldlne 2, 4-di one To a sol ution of
ethyl 4- ([(ben yl oxcy)car bonyl ] am no}- 2, 2,5-trinmethyl-3-oxohexanoate (7.2
g) in nethanol c§80 nL) was added 10% pal | adi um carbon (containing 50%
water, 3.0 g), 30 the Xt ur ti un rqgen at nosphere
overni ght. The reacrﬁo& )%]t)u%e g%%@?rflfscty&ré et Xg %gl?%ﬂt %’g'te was
concent r at eelt yidgricaddé ad 2poes sUr 06 The qbbabmedzsaudi:dh@ﬁzovl\@tmle

2009/ 020234PCTO°2008/ 064500 vvashed vvlth hexane to give the title conpound
as a cofbr(esS Fol iFsiyrerarbonge ¢f 2 -2690) /

1H NVR( CDCL B) 8 P31 Bedd8cétBie) difA038: dml5Y - P5#0 mah- 2ha3i, B)

bis (diphenylphosphino) -9, 9-dimethylxanthene (399 mg), and in the

same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 1.2 g, 71%).

15 'H-NMR(CDC13)8:0.12(6H,s), 0.92-0.93(9H,m), 1.26(3H,d,J=6.3Hz),
2.58-2.80(2H,m), 4.27-4.36(1H,m), 4.50-4.60(1H,m),
7.55(1H,dd,J=8.7,2.1Hz), 7.64(1H,d,J=8.7Hz), 7.81(1H,d,J=2.1Hz).
Reference Example 26
2-chloro-4-[(4S,5S)-4- (tert-butyldimethylsilyloxy)-5-methyl-2-

20 oxopyrrolidin-1-yl]-3-methylbenzonitrile

fp—_%§_<3_
oﬁd{jjk”w'

N

CN
Using (4S,5S)-4-(tert-butyldimethylsilyloxy)-5-
methylpyrrolidin-2-one (495 mg), 4-bromo-2-chloro-3-
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1.25(3H, %), 2.10-2.27(1H m, 3.91(1H d,J=4.3Hz), 6.50(1H brs). 5 Reference
Exanpl e 31
2- chlorO\ﬂoaﬂwWampnopyl 3, 3- dinethyl 2, 4- di oxopyrrol i di mcIygPldognasoi trile O

0 CN Usin I rrolldlne 4-di o 40Q /o ng),

2- br orr. 2 BT BY BBt LPe (PRY My CoRlt, FaEaPBahee b (o 88 rg)

tris(di benZk‘ied@i@@ﬁl@@%ﬁ@h@é’céﬁ@)dﬂﬁ@laﬁa% 09) (890ng) and 4,5-

4, 5- bls(dlghenylphosphlno) 9- dlnethylxanthene (410 and in the sane

manner as ReIRhhE®hEsRRpNe) 39, I tingthyd xapihenad (Wb mhraenddiasthe

Th R Coc 8. B T 3= oebod TR ) 551} 19 SEIPRg) e

1. 33( 3H, %) pbRaD¥e@. a’b4(a1ldpm>rlds51$dl-icﬂ mlaHz)sosmgﬁ T4HL( 1H, n)
7.70-7.75(1H, 7.78-7.81 n%{ 117C. Reference Exanpl e 32 zo
Et hyl 4- 1[ (heRRACGEH i d yp}é ﬁ%r}mz' 20 @2 (Pfméd hyl- 83 (Fhcshelttadbal e 0

Usi ng N-[(beszyiwxy) caraonyd] ak; reteiae. 1ang, i 0 the1sa0® JRWIel, 5830k,
Ref er ence Exanple 29, the title conpound was 25 obtained as a col orl ess oi
.00-4. 30(1H m), 4.40-4.55(1H,m), 7.07(1H,d,J=8.1Hz),
7.55(1H,d, J=8.1Hz).
10 Reference Example 27
Ethyl 4—[(tert—butoxycarbonyl)amino]—2,4,5—trideoxy—2,2—

difluoro-L-threo-pentonate

F F

tert-Butyl[(1S)-1l-methyl-2-oxoethyl]carbamate (7.21 g) and

15 ethyl bromodifluorocacetate (25.1 g) were dissolved in THF (65
mL), and the solution was added dropwise to a suspension of zinc
powder (25.1 g) in THF (14 mL) at room temperature over 30 min.
The suspension was heated under reflux for 30 min and cooled to
0°C. A 1 mol/L aqueous hydrochloric acid solution (200 mL) was

20 added, and the mixture was extracted with ethyl acetate (100 mL).
The extracted organic layer was washed with water (100 mL) and
saturated brine (100 mL), dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent: ethyl

25 acetate/hexane =1/10—3/10) to give the title compound as a
pale-yellow oil (yield: 5.45 g, 44%).
'H-NMR (CDC13)8:1.33(3H,d, J=7.2Hz), 1.36(3H,t,J=7.1Hz), 1.44(9H,s),
3.83-4.07(2H,m), 4.35(2H,q,J=7.1Hz), 4.80(1lH,brs).
Reference Example 28

30 (4R,58)-3,3-difluoro-4-hydroxy-5-methylpyrrolidin-2-one
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1H NMVR( CDC13) 8: 0. 91( 3H, d, J=6. 8Hz), 0.96(3H, d, J=6. 6Hz), 1.22(311,t,J=7.2Hz),
1.26-1.38(2H, m, 1.41(3H $), 1. 43(3H $), WD 2009/ 020234PCTOP2008/ 064500

1.62-1. 7ﬂmepmMnm$407 4.24(2H, m, 4.74(1H, td, J 10 0, 3. 7IHEX/JP2008/064500
5.01-5.19(3H m 8-7.4 Ref er.enc
5-i sobuty1- 3, 3- d$m%¥ AT 6IFELE%X¥FQFQﬂ a@lg H g STV Ils R Ry 2~

4-{ [ (benzylory)&as-apHdeanrpBat orate 6¢5 145 Bt R¥k- 31 SxOhR anpat @ fe101.9) .

and in the sanme manner as In Reference Exanple 30, the title conpound was
obt ai ned asChuior (106 M| PE hydeegen Zhiprgdedgthyl 1aretate, and the

1 sa( 10 m AL Pn e £Eourt Far et ) b B 1 o)
Ref erence Exaoplen Iblution was concentrated under reduced pressure, THF

§|§ng;8nﬁ é?@ SObuH%}c%4%e§%a§§{ggﬁéié%l%gox8p¥rr0|Iéggg{gdag% thereto,

S5- 'SObUtyla§d3tHBrHﬂﬁEﬂr%Vhé@'hgéféﬁ:hdﬁé¥ ?Re10R0Po A3 .hr. The reaction
4- br ono- 2- chl or obenzonitrile (709 ng), cesium carbonate (1.33

9
tris(di benggliidoreans ovaranpastediunde) rednsedyyreseiizD and water (50

4,5- b1 (i gheryl phasply 50) .8 9: LRIV X0 epe (237, e ang b sae

manner as I n er erence e ti e COI'TpOUﬂ was O al ne as a
col or | ese 6ty yidikt <744 00gL 85%nd HHH\VRGEEEL 83 BTi0F-85(13H 100356 36 Hz ) |
0.96(3H,d, J=6.4 Q 1.33(3H, %), 1.40(3H, %), 1.58-1.91( 3?4?

4. 54- 4. 60( TRE §XLERSY WS‘?( Srigd. Jer Erhvieps pagpes iy SplfakR, pnd

7.84(1H,d, éc@céﬁ#@até@?h%ﬁ%?c§eg3éﬁﬁﬂﬁ%é¥§ure. The residue was washed

with diisopropyl ether to give the title compound as a white
powder (yield: 1.55 g, 46%).

15 'H-NMR (CD3SOCD3)8:1.07 (3H,d, J=6.4Hz), 3.56-3.85(1H,m), 4.10-
4.40(1H,m), 6.12(1H,d,J=5.9Hz), 8.86(1H,brs).
IR (KBr) :3470,3250,1721,1598cm™ .
mp:139-142°C.
Reference Example 29

20 Ethyl 4-{[ (benzyloxy)carbonyl]amino}-2,2,5-trimethyl-3-

oxohexanoate

CbzHN CO,Et

To a solution of N-[(benzyloxy)carbonyl]-L-valine (25.0 g)
in dry THF (100 mL) was added 1,1’-carbonylbis-1H-imidazole
25 (19.4 g) at 0°C in small portions, and the mixture was stirred at
room temperature overnight (solution 1). To a solution of
diisopropylamine (30.2 g) in dry THF (330 mL) was added dropwise
a 1.6 mol/L n-butyllithium-hexane solution (186.5 mL) under an
argon atmosphere at -78°C and the mixture was stirred for 30 min,
30 and a solution of ethyl acetate (29.2 mL) in dry THF (100 mL)
was added dropwise thereto. The mixture was stirred at -78°C for
30 min and solution 1 was added dropwise and, after the

completion of the dropwise addition, the mixture was further
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3, 3-di et hyl-5-net hyl pyrrolidine-2,4-dione W 2009/ 020234PCTOP2008/ 064500
To a solution of ethyl 4-1[(benzyl oxy)carbonyl]am no}-3- oxopentanoate (3.0
g) in acevoreoy@dm3nl) were added potassium carbonate (2P83/Jg3008/nek500

i odoet hane $2.45 n), %Igd 1tfhe m xture was 5 refluxed avernight. After
al | owi ng t §tr-66%T t&¥hperfatut@r bdtassiATtdar BEndt &2 J183 WgS afded to the

i odoet hane(édadbi o )mvefireadaed, taBdml Reurd Xhak avavded @bl w8l tenpdraayre.
After allowing to roomtenperature, water was added and the m xture was

extract ed WRERT evag|adiast &l theeméxtpaet vaRsexlastdednvviiihs gty bt aeebrtiae,
lo dried o ggglgg i , tr nder . d pressure.
The obt ai nggérea u(Zd mqgsss%lafrs? ?e‘éfglg %%eéjg%%gggmﬁf%%r?goqn%?ography

(el uent : s hemgnes atrhyduldetttat erd0cdndéntXatiedl ginderetdgliced pressure. The
4-{[ (benzyl pxy) carbonyl ] am nol- 2, 2-di et hyl- 3- oxopentanoate as a col orl ess
oi | (yiel d.og*i.géfie%,r%%%“‘.e Yasap}‘lglgb?%tk?yor?lgﬁcé‘t Hgf column

4-{[ (benzy SO 3t 2, Ra gl A t te.¢1. )od N
met hanol (%géfxr%&%ms a dgglﬂll%%%tpaﬁ?gﬁjﬁ%ﬁgggbg%é?ggﬁiﬁ?ﬁ?ﬁgg%%’)gé/a(?ievrvé 1.0
g), and thethvkt4r el ieenzetloryedanperyl amiydrlo§encibwbspreradeneaoatghas The

react]on MXEuE S-S, [ ued;aandy (e, {idal eruag conenty angg yader .20

reduced pressure gi Irfl'e congound'ds a col orTess soli e

920 ny, 189%¥hylH-NVRIEDE3 PRy D883 1 ] ab B HE) me Oh BB SHhAohkxanbitkZz) ,

. H =6. 8Hz 1. -1. 4H, . 3.88(1H,qg,J=7.0Hz), 6.23(1H brs). 25
ée?gﬁgn&g1é}§ |%}" gaztongo&erengdded pétass%um carbo%ate (1&.3 g) g%d

2- chl or 0- 41 bdods th &Y. 2 BBY NVdnd, fndlindx@Re’ Qhkdk8rlaxed )JRRIAIBHE I | €
After allowing to room temperature, water was added and the
mixture was extracted with ethyl acetate. The extract was

15 washed with saturated brine, dried over magnesium sulfate, and
concentrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (eluent: hexane-
ethyl acetate=50:1—-1:1) to give the title compound as a
colorless oil (yield: 7.35 g, 56%).

20 'H-NMR(CDC13)8:0.78 (3H,d, J=6.8Hz), 0.96(3H,d,J=6.8Hz),
1.22(3H,t,J=7.1Hz), 1.41(3H,s), 1.43(3H,s), 2.09-2.22(1H,m),
4.04-4.22(2H,m), 4.66(1H,dd,J=9.8,4.0Hz), 5.07-5.23(3H,m), 7.30-
7.39(5H,m) .

Reference Example 30

25 5-isopropyl-3,3-dimethylpyrrolidine-2,4-dione
0]

O™ N
H
To a solution of ethyl 4-{[(benzyloxy)carbonyl]lamino}-
2,2,5-trimethyl-3-oxohexanoate (7.2 g) in methanol (80 mL) was
added 10% palladium carbon (containing 50% water, 3.0 g), and
30 the mixture was stirred under a hydrogen atmosphere overnight.

The reaction mixture was filtered, and the filtrate was

concentrated under reduced pressure. The obtained solid was
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WO 2009/ 020234PCTOP2008/ 064500 0 ON CI CN Usi ng
3, 3-di et hyl - 5- net hyl pyrroli di ne-2, 4-di one (150 ny),
4- br ono- 2wohlbevmsazonitril e (230 ng), cesium car bonat e PCFIB2008/P¢4500

tris(dibenzylid one) di pal | adi un(0) and 4, 5-

bi 54t phongHERERr S0y 2BebEd Pt T AR fddel SBMEOWR) =i OIoFhESSane
manner as ko1 Ref eFenee Bxanphe B the title conpound was obtained as
colorless crystals (yield: 1 1 ny, 37% 1H NMR( CDC13) 8: 0. 81- 0. 92(6H, m,

1. 40( 3H, d, F=NMRHEPC11) 820 90.(9B( dHj7 - 81k )42 (111 4 3H=6, OFZ) OHz) , 1.21(3H,s),
7.54( 1H, dd J yLHz) | i H

np: 93. 5- 94" 12251 %é%er?cé%%ah (B0 ’Et#i)?l% Qb oLa B2 %.%0%1%%&).
(4S) - 4- {i(heﬁeyémq)m@ndmeyBlam no} - 5 tert-but oxy-3- oxopentanoate
CbzHNCO2Et 150 a solutjon

N-[ (benzyl %x?‘)‘]c%?%o%yﬂ'lﬁoﬁgwlﬁn%/ﬁ%@ﬁ’lln@ el erpyEER AN THE (100 mi)
was added {3 pecasiapihli s1H i m dazole (16.5 g) at OC by small portions,
and the mXxture was stirred at roomtenperature overnight (solution 1). To
a 0

Cl
CN

Using 5-isopropyl-3, 3-dimethylpyrrolidine-2,4-dione (400

10 mg), 4-bromo-2-chlorobenzonitrile (614 mg), cesium carbonate
(1.16 g), tris(dibenzylideneacetone)dipalladium(0) (216 mg) and
4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene (410 mg), and in
the same manner as in Reference Example 3, the title compound
was obtained as colorless crystals (yield: 343 mg, 48%).

15 'H-NMR(CDC13)8:0.79(3H,d,J=7.0Hz), 1.21(3H,d,J=7.2Hz), 1.32(3H,s),
1.33(3H,s), 2.09-2.24(1H,m), 4.51(1H,d,J=3.2Hz), 7.46-7.51(1H,m),
7.70-7.75(1H,m), 7.78-7.81(1H,m).
mp:116-117°C.

Reference Example 32
20 Ethyl 4-{[ (benzyloxy)carbonyl]amino}-2,2,6~-trimethyl-3-

oxoheptanoate

CbzHN CO2Et
O

Using N-[ (benzyloxy)carbonyl]-L-leucine, and in the same
manner as in Reference Example 29, the title compound was
25 obtained as a colorless oil .
'H-NMR (CDC13) 8:0.91 (3H,d, J=6.8Hz), 0.96(3H,d,J=6.6Hz),
1.22(3H,t,J=7.2Hz), 1.26-1.38(2H,m), 1.41(3H,s), 1.43(3H,s),
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20 solution of diisopropylamne (25.7 g) in dry TI-1F (330 nL) was added
dropwise a 1.6 nol/L n-butyllithium hexane solution (158.7 nmi) under an
argon at rwopb@veostt - 78C. The m xture was stirred at -78Criie200806459n, and a

solution o hyl ate (,24.8 ' ry THF (100 s .added dropw se.
After the ioﬁ%T%tz@@%fn)ZSQtﬁg_ép%%)\(/\%lg'é“ adéi'{?‘ﬁéﬁu?'?‘ﬁg}%m@ed’\%& rstirred
for 30 m n5.ands sod (BH,&) ,17vwas-adgdetbdgpw se. The m xture was stirred at
-78C W2009/020234PCTOP2008/ 064500 for 1 hr, and acetic acid (25 nL) was
added to t RefPERRIs damPleusé. After warming to roomtenperature, water was
added and th 1 r ; it tByl, te. The extract was
washed wi tE g%(?@ﬁgé e?'\g??iﬁgl,étcé??%gp{)%!elrﬂr?%ggééi g%&g%l fate, and 5
concentrate ndgr reduced pressure. The obtai ned residue was purified by

silica gel co chromat ography (el uent: hexane-ethyl acetate=50:1-+1:1)
to give th@ it ound as a colorless oil (yield: 19.2 g, 62%.
1H NMR(CDCI3) 841. 14(9H,$), 1.26(3H t,J=7.1Hz), 3.48-3.63(3H m, 10

3.85(1H,dd, J=9.3, 3. 4Hz) , 4.18(2H,q,J=7.1Hz), 4.48-4.55(1H,n), 5.12(2H $),
5. 70( 1H, d, J=7. 6H#9ing e3iyi. 405 Koapzy Ref o carbenizk hapieo B & oA

4- b o I ' -5 - - 2, 2-dj.et hyl 3- t
L Peney PO BBl BeL o[ PO, A LSRR L aegt
{[ (benzy| oRgFersrimmn FHxlaamileoBO5- tie t £ ited X pmBoaroprsat astmaiied®@a8 g) i n

acetone (120 wer e .added, pot assi um carbgnate (6.81 g) and

i odorret han‘é?kg%ferﬁ% SodAd t(ﬁégﬁ?xt%r@ Was 87687 -1 uxed overnight. 20 After

al | owl ng, t 9y hRRTCHBDEY- . ¥He gyat §L adde e qm s.exjracted
with et %%/I acet gFe. Tg)he ext ?gc\fl\@\'/vgs%vas )édqv'\ngtsﬁggé%ﬁ’r ajt;nezéégg;fﬁr? J (]jr'légd over

magnesi um $ub4 btlbmland -6dnéehB (Al an) uridérl (LHddded=PrRskt) , The obt ai ned
resi due wag ?i'{iff ﬁ% by silica gel columm chromatography (el uent: hexane-
25 ethyl acetate= :f-‘31: 1) to give the title conpound as a colorless oil
(yield: 8.R3fgrerFExample 34

2-chloro-4-(5-isobutyl-3, 3-dimethyl-2, 4-dioxopyrrolidin-1-
15 yl)benzonitrile

-

N

Cl
CN

Using 5-isobutyl-3,3-dimethylpyrrolidine-2,4-dione (500
mg), 4-bromo-2-chlorobenzonitrile (709 mg), cesium carbonate
(1.33 g), tris(dibenzylideneacetone)dipalladium(0) (125 mg) and

20 4,5-bis(diphenylphosphino) -9, 9-dimethylxanthene (237 mg), and in
the same manner as in Reference Example 3, the title compound
was obtained as a colorless oil (yield: 744 mg, 86%).
'H-NMR (CDC13)8:0.85(3H,d, J=6.6Hz), 0.96(3H,d,J=6.4Hz), 1.33(3H,s),
1.40(3H,s), 1.58-1.91(3H,m), 4.54-4.60(1H,m),

25 7.53(1H,dd,J=8.6,2.1Hz), 7.72(1H,d,J=8.6Hz), 7.84(1H,d,J=2.1Hz).
Reference Example 35

3,3-diethyl-5-methylpyrrolidine-2, 4-dione
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1H NVR(CDC13) 8: 1. 11(9H,$), 1.20(3H,t,J=7.1Hz), 1.39(3H, %), 1.40(3H %),
3.46(1H, dd, J=8.8,5. 1Hz), 3.71(1H,dd,J=8.8,3. 7Hz), 3.98-4.18(2H m,

4.71- 4. 8WOHp02058410( 2H, $), 5.42(1H,d, J=9. 1Hz), 30 7. 2@CT/IBR0FPH4TY0.

Ref erence Exanple 39 WO 2009/ 020234PCTOP2008/ 064500

S-(tert-butioxynmetRyl ) - 3, 3-di met hyl pyrrolidine-2, 4-di one To a
sol ution of 4- Moenzyl oxy) car bonyl ] am nol - 5-

tert-but oxy-2 i met hyl - 3- oxopent anoate (8.7 g) in nmethanol .5 (100 niL)
was added i um carbon (containing 50% water, 4.0 g), and the
m xture was stifred overni ght under a hydrogen at nosphere. The reaction
m xture was filtered, and the filtrate was concentrated under reduced
pressure. The obTaiamexblsdliod wisetaghett W (denzetarg) tarkprne Jtard nbi} t-Be
conmpound as_col orless /Q._crystals ield: 3.8l g, 81%. ,

THE RV COCTSSBeAE g 47 DY SharS ddgteng A3panLd) woe Bisded papapsiym
4.07-4.12( &hrpdnatte OB, B Sind isedanenee (BXaBphe) A%ind the mixture was
4-[5-(tert-butoxynethyl)-3,3-di methyl-2, 4-di oxopyrrolidin-1-y1l]- 15
2-chl or obeAeEhI*¢q |verayght . Afggpgllowing to room temperature,

5-(tert-b | ) = d] i di_ne- - _dig :

2 brono. 2- SR ST aber setriare T oY) ' SeBetndns fAP0° il 88y acdea,
tri s(di benaypdi deneacetoreds pat £ Adted(fr 2046258 A@ﬁefﬂﬂilowigg_to ﬁoom
4, 5-bi s(di ph | ph hi -9, 9-di net hyl h 488 , and in the sane
manner as PRTPETE e Brktples PORHL ATY S Dot i Sbearhed Hech
col orl ess gtygl dSetatee! drhd. 82t facBiMs whishANR(COCLNE: Q23 B £,

1.32(3H, %), 1.37(3H 9),
10 dried over magnesium sulfate, and concentrated under reduced

pressure. The obtained residue was purified by silica gel
column chromatography (eluent: hexane-ethyl acetate=20:1-—3:2)
to give ethyl 4-{[(benzyloxy)carbonyl]amino}-2,2-diethyl-3-
oxopentanoate as a colorless oil (yield: 1.91 g, 53%). To a

15 solution of ethyl 4-{[ (benzyloxy)carbonyl]lamino}-2,2-diethyl-3-
oxopentanoate (1.91 g) in methanol (15 mL) was added 10%
palladium carbon (containing 50% water, 1.0 g), and the mixture
was stirred under a hydrogen atmosphere overnight. The reaction
mixture was filtered, and the filtrate was concentrated under

20 reduced pressure to give the title compound as a colorless solid
(yield: 920 mg, 99%).
'H-NMR (CDC13)8:0.80(3H,t, J=7.5Hz), 0.86(3H,t,J=7.6Hz),
1.34(3H,d,J=6.8Hz), 1.68-1.80(4H,m), 3.88(1H,q,J=7.0Hz),
6.23(1H,brs).

25 Reference Example 36
2-chloro-4-(3,3-diethyl-5-methyl-2, 4-dioxopyrrolidin-1-

yl)benzonitrile
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25 3.55(1H,dd, J=9.7,2.51-1z), 3.76(1H,dd,J=9.7,1.8Hz), 4.55- 4.58(1H m,
7.56(1H,dd, J=8.5,2.0Hz), 7.71(1H,d, J=8.5Hz), 7.84(1H,d,J=2.0Hz). WO

2009/ 020280REPAR2IIZ/ 064500 np: 124-125C Ref er ence ExanplCa/jgioofeeisoor o- 4-
[ 5- (hydroxynmethyl) -3, 3-dinethyl-2, 4-di oxopyrrolidinl-yl ] benzonitrile
5CN T0, 4-¢5- (tert-butoxy nethyl)-3, 3-dinmethyl-2, 4-

di oxopyrrol i 1-y1l]-2-chl orobenzonitrile (900 ng) was added
trifluoroacet/iclacid (10 nL) at 0C, and the m xture was stirred at room

t enper at ur @ f 1 hr. The reaction m xture was cooled mto 0C, and
neutralized with saturated sodi um hydrogen carbonate sol ution. Water was
added to the qction mxture, and the m xture was extracted with et hyl
acetate. The ?t was washed with saturated brine, dried over anhydrous
magnesi um sul f te and concentrated under reduced pressure. The residue Is
was purlfled 59“5|I|ca gel colum chromat ography (el uent: hexane-ethyl

acet ate=4: 1-*1: %Sllﬁ{]d,’z raefarl)é%wuszrﬁ@tﬁylwﬂi%&aa@n@tbyh @csiat@shomgh Ve the
title conpound as | ess crystals (yield: 655 879 .

1H NVR( CDC4 3p1ana- 3s3(diarepenzo3of BH. &) (230, molqus;Lﬁm gRizpONBL B 4437 mg)

2 98I0 0 ot DEpARll e $SRL Az ity ST MpOdlra 8.2 1)

2-f | uor o5 3biet diyhehr(1Dhdsphi hoed hWy-ddidnethgilasapyend! (60 Ing)25and in

yl)benzonitrile WD 2009/ 020234PCT/JP20081064500
the same manner as in Reference Example 3, the title compound

was obtained as colorless crystals (yield: 101 mg, 37%).

'H-NMR (CDC13)8:0.81-0.92 (6H,m), 1.40(3H,d,J=7.0Hz), 1.77-

1.93(4H,m), 4.42(1H,q,J=6.9Hz), 7.54(1H,dd,J=8.6,2.1Hz),
10 7.73(1H,d,J=8.6Hz), 7.84(1lH,d,Jd=2.1Hz).

mp:93.5-94.5°C.

Reference Example 37

Ethyl (4S)-4-{[(benzyloxy)carbonyl]amino}-5-tert-butoxy-3-

oxopentanoate

s

CbzHN CO2FEt
15 O

To a solution of N—[(benzyloxy)carbonyl]—o—(tert—butyl)—L—
serine (25.0 g) in dry THF (100 mL) was added 1,1’-carbonylbis-

l1H-imidazole (16.5 g) at 0°C by small portions, and the mixture
was stirred at room temperature overnight (solution 1). To é

20 solution of diisopropylamine (25.7 g) in dry THF (330 mL) was
added dropwise a 1.6 mol/L n-butyllithium-hexane solution (158.7
mL) under an argon atmosphere at -78°C. The mixture was stirred
at -78°C for 30 min, and a solution of ethyl acetate (24.8 mL) in
dry THF (100 mL) was added dropwise. After the completion of

25 the dropwise addition, the mixture was stirred for 30 min, and

solution 1 was added dropwise. The mixture was stirred at -78°C
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0 Cd". CN Using 3,3,5-trinethyl pyrrolidine-2,4-dione (400 ng), 4-
br ono- 2-f | uor o- 3- net hyl benzonitrile (667 ng), cesiumcarbonate (1.39 g),
tris(di bewﬂwbtisvd]emacet one) di pal | adi un{0) (130 ng) and sPCT/JP2008/064500

4, 5- bIS(dI hen hos no) - nt hene (246 and in the sane
manner E I%F)gﬁﬁFe %geﬁ;% "ﬂyifa) Iwésct?ﬂéﬁén‘bg\g/\%%e JFRGHER as
CO|0F|€SS ﬁ&kﬁﬁﬁés (A@ﬁﬁﬂjwakﬁZnﬁgtol m temperature, water was added and
1H NVR( CDC13) 45: 1. 30( 3H, d, J=6. 8 38(3H.$) . 1.40(3H, $),

2. 19( 3H, d, 32 BHsture; wes fmtﬁagyedww mfle agegf-rz? ﬂf@-exferaxcteswew m .
Ref erence Exanph e, A3 HAylac43) bffl&é(b&i@é QLY CAL LRIV SR VY5>, MERAOXY - 3-
5

oxopent anoate o O-
N-[ (benzyl o&y@tmtntmmdl]ufﬂem'en:hgihsedlmﬁasm | NnThheolsaantnahmearidas was

Ref er ence Exa 7, e titl und was obt ai ned s a colorless oil
(yield: 11P{ry! 1%33 1QRRE ?‘g‘“ﬁ tPazaphy gluentyzhexangy
3.51-3.66 1 = ,

4.51-4. 63%%&1?’3 , %&1‘—’:::“"(e&7|3Q)$)whglﬂI l;’ i gﬁ"'@t@lﬁl T%gé H”%é’%né %F%gH .

Ref erence ER&@plesu4igt Hyrield: 19. 2 g, 62%)

4-Moenzyl oxy heal R L &1.19 (or; I7! NPXYe %k?,td,ldll%t. b5 33 ALPEUARALS
10 3.85(1H,dd,J=9.3,3.4Hz), 4.18(2H,q,J=7.1Hz), 4.48-4.55(1H,m),
5.12(2H,s), 5.70(1H,d,J=7.6Hz), 7.30—7.40(5H;m).
Reference Example 38
Ethyl 4-{[ (benzyloxy)carbonyl]amino}-5-tert-butoxy-2,2-dimethyl-

3-oxopentanoate

CszN/g‘)LCOZ Et
O

To a solution of ethyl (4S)-4-

15

{[(benzyloxy)carbonyl]amino}—5?tert—butoxy—3—oxopentanoate (9.0
g) in acetone (120 mL) were added potassium carbonate (6.81 g)
and iodomethane (4.6 mL), and the mixture was refluxed overnight.

20 After allowing to room temperature, water was added and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over magnesium sulfate, and
concentrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (eluent: hexane-

25 ethyl acetate=50:1—51:1) to give the title compound as a
colorless oil (yield: 8.83 g, 91%).
'H-NMR (CDC13)8:1.11(9H,s), 1.20(3H,t,J=7.1Hz), 1.39(3H,s),
1.40(3H,s), 3.46(1H,dd,J=8.8,5.1Hz), 3.71(1H,dd,J=8.8,3.7Hz),
3.98-4.18(2H,m), 4.71-4.81(1H,m), 5.10(2H,s), 5.42(1H,d,J=9.1Hz),

30 7.28-7.39(5H,m).

Reference Example 39
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0 W?2009/020234PCT0OP2008/ 064500 Usi ng et hyl

4-{[ (benzyl oxy) car bonyl ] am no} - 5- net hoxy- 3- oxopentanoate (11.0 g),

pot assi urwoandsunetse (9.40 g) and iodonethane (14.5 g, 6PETAP20p$/06ke) i n the
sanme nmanne i,n Referen e 38 tit conmpound, was obt ai ned as
a 5 colorl észg% ‘gﬁoéﬁyﬁle%%@ﬁg g% :iPN h?&ﬁ%‘i 1%41]‘12‘?(’?H t,J=7.1Hz),
1.40(3H, %), 1.41(34.9), 3 29(3H, $), 3 51(1H, dd, J=9.7, 4. 6Hz),

3.68-3.78(1 2 02- 4.21(2H m, 4.77-4.87(1H m, 5.11(2H 9$),

5.46(1H,d, J=9/1 702 . 38(5H, M. io0o Reference Exanple 45

5- (et hoxy I thylpyrrolldlne24d|one0 To a solution
of 4-{[(benzyl dXy) car bonyl ] am no} - 5- net hoxy2, 2- di met hy1- 3- oxopent anoat e

(10.2 g) in matHhanoI (100 mM.) was 15 added 10% pal | adi um car bon
(cont ai ni ng 50% ) t| rred aqver.ni under

a hydrogen at nos edOlﬁéFpgdPﬁn‘?%ﬂo%%@%ezw 8r¥ C‘?.)]fk?ony d‘“‘ﬂﬁ@gf’%rtrate

was concentéﬁt%w@e—rz Qeayﬁéﬂhpxesssw@en%ﬁogl@éal ged ®0| iird meRsameshed with
hexane to give the title colrIEoun as colorless 20 crystals %@I eld: 4.16 g,

8499 . 1H NV CoE3)&s1 agdedH! 8%  pal xslizm $)arb9n35@<3m4:®)nlr@ % BabFL2H m,
4.12-4.16 ,
2-chl or o- E1I}|[—%[T%)n‘et no%igtkgt ﬁig%uge V%&J esrttq%%%dEéggg If')l‘gyl’}nrdorl n¥§rogen

1-yl ] benzoatthospiesre MDZﬁ@9&62623&&@HKH€ﬂﬁ@8M@64EQDtered, and the filtrate

was concentrated under reduced pressure. The obtained solid was

washed with hexane to give the title compound as colorless

10 crystals (yield: 3.81 g, 81%).
'H-NMR (CDC13)8:1.15(9H,s), 1.24(3H,s), 1.25(3H,s), 3.50-
3.64(2H,m), 4.07-4.12(1H,m), 6.04(1H,brs).
Reference Example 40
4—[5—(tert—butoxymethyl)—3,3—dimethyl—2,4—dioxopyrrolidin—1—yl]—

15 2-chlorobenzonitrile
O
ﬂvoy
SN

Cl
CN

Using 5-(tert-butoxymethyl)-3,3-dimethylpyrrolidine-2, 4-
dione (1.20 g), 4-bromo-2-chlorobenzonitrile (1.46 g), cesium
carbonate (2.75 g), tris(dibenzylideneacetone)dipalladium(0)

20 (258 mg) and 4,5-bis(diphenylphosphino) -9, 9-dimethylxanthene
(488 mg), and in the same manner as in Reference Example 3, the

title compound was obtained as colorless crystals (yield: 1.59 g,

'H-NMR (CDC13)8:0.98 (9H,s), 1.32(3H,s), 1.37(3H,s),

25 3.55(1H,dd,J=9.7,2.5Hz), 3.76(1H,dd,J=9.7,1.8Hz), 4.55-
4.58(1H,m), 7.56(1H,dd,J=8.5,2.0Hz), 7.71(1H,d,J=8.5Hz),
7.84(1H,d,J=2.0Hz).
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Usi ng 5- (net hoxynet hyl) -3, 3-di net hyl pyrrolidine-2, 4-di one (700 ng),

4- br onp- 2- chl or obenzonitrile (1.06 g), cesiumcarbonate (2.00 g),

tri s(di benoybiddemsacet one) di pal | adi un{0) (187 ng) and PCT/JP2008/064500

4, 5- bi S(dlrghek%l phos Ehl no) - 9, 9-di et hyl xant hene 5 (355 ng), and in the sane
manner as e Exanple 3, the title conpound was obtai ned as

col orl ess répstase Exatbpde 219 ng, 17%. 1H NVR(CDC13) 8: 1. 33(3H, $),

1. 36( 3H, $) 3. 21(3H7[) 3 60( 1H, d, J=10. 2Hz) 3.78(1H, d, J=10. 2Hz),

4.54- 4. 58( Fthéorq-& %beﬁwaXWW)- B-ddpethyl 3261 SHoxopyrgsl iding) |

np: 98- 99C. 531 I@{ﬁq}gl e 47 Benzyl
(28, 39) - 3- % roxy- 2- met pyrrolidine-1-carboxylate G| 15To a suspension
of (45, 55)-4-hydrexy-5-nmethylpyrrolidin-2- one (10.45 g) in dry THF (418
m.) was add dr gpwi se Red-Al (104.9 g: 363 mmol: 70%t ol uene sol uti on)
under ice-coofiny angyg nitrogen stream The m xture was stirred at room
t enper at urg r n, and further refluxed for 3 hr. The reaction m xture
20 was i ce-coofed agai n, and sodi um car bonat e decahydrate (41.6 g) was
added under a pjtrogen stream The m xture was stirred at roomtenperature
overni ght, i Opbl e materials were filtered through celite and washed with
THF. The filt el and washi ng were conbi ned and concentrated under reduced
pressure to givwe 25K 2S, 3S) - 3- hydr oxy- 2- net hyl pyrrol i dine. Wthout further
purification, kl(ﬂis conpound was diluted with DVSO to give 0.9 nol/L-DVBO
solutior. A solition (170 nL) of (2S, 3S)-3-hydroxy2-methylpyrrolidine in
0.9 nol / L- DVBO was 4 5.t %@rﬂ%ﬁt&%{%et@méﬁ@—@kbrd§ﬁgt hydfogen carbonate
e (15 m)

(24.6 g) and benzyl 30 chl orofor wer e added, and the nixture
was st i rre@l@xopymzﬂugi/mzwshpérﬂmlm/o@@ago@tmben t%&ﬁaengdtma@ fidded 8 hr.

Wat er was dtoth .reacti.o ur dt tur was extracted with
et hyl acet F‘Sc? Msn%g]é‘ﬁ@da% £h ’saatrlffécg’]fdmﬁf“ HES WPF et Pvesd
anhydr ous atod:rcum Siidinfp@ﬁ:etu&édf@@rmefﬁ.r atred vedetiseduicadiny aasuEeoledgi ve

10 to 0°C, and neutralized with saturated sodium hydrogen carbonate
solution. Water was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue

15 was purified by silica gel column chromatography (eluent:
hexane-ethyl acetate=4:1—-51:4), and recrystallized from hexane-
ethyl acetate to give the title compound as colorless crystals
(yield: 655 mg, 87%).

'H-NMR (CDC13)8:1.35(3H,s), 1.39(3H,s), 1.75(1H,t,J=4.9Hz), 3.84-

20 3.95(1H,m), 4.06-4.17(1H,m), 4.59(1H,t,J=2.2Hz),
7.57(1H,dd,J=8.5,2.1Hz), 7.73(1H,d,J=8.5Hz), 7.88(1H,d,J=2.1Hz).
mp:150-152°C.

Reference Example 42
2-fluoro-3-methyl-4- (3,3, 5-trimethyl-2, 4-dioxopyrrolidin-1-

25 yl)benzonitrile
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S the title compound as a pale-yellow oil (yield: 20.64 g, 84%.
1H NVR(CDC13) 6: 1. 10-1. 30(3H, br), 1. 60-2. 20(3H,n), 3.40-4.40(5H m,
7. 20- 7. 40y6Hpe020Ref er ence Exanpl e 48 Benzyl PCT/JP2008/064500
(2S) - 2- net hyl- 3- oxopyrrolidine-1-carboxylate 10 To a solution of benzyl
(28, 3S) - 3- hyd J2- net hyl pyrrolidine-1-carboxylate (20.5 g) in
acetonitrile ¥ 'Dl) were added powdery nol ecul ar sieves 4A (25 g) and 4-
met hyl nor phol N-oxide (20.4 g). After cooling to OC, tetra- 15

0 i perruthenate (3.0 g) was added, and the m xture was
stirred at OC fjor 1 hr, and at roomtenperature for 18 hr. The reaction
m xture was corfemTat ed under reduced pressure, and the residue was
suspended in | acetate. Insoluble materials were filtered through Hyflo
Super-Cel. T er_:ate 20 was concentrated under reduced pressure, and the
resi due was purfified by silica gel colum chromatography (el uent:
hexane/ ethyl a€MNate=9/1-+2/1) to give the title conmpound as a col orl ess
oil (yield: 18.0 g, 89% . 1H NVR(CDC13)8:1.34(3H,d, J=6.6Hz),
2.50-2.70(2H m, U%lra)B @553t¥5mgphﬁ§pygo§od4n§e@2#rda}on% EOLMAd , 412, 3Hz)
5.20( 1H, d, re I
(25, 39)- 3- ‘ég% “?l& ﬁéﬁ%yrr E%{aﬁ 2§5%5§€f2 &silnPeEhonate

1 39 g) trls(dlbenzylldeneacetone)dlpalladlum(O) (130 mg) and

5 4,5-bis(diphenylphosphino)-9, 9-dimethylxanthene (246 mg), and in
the same manner és in Reference Example 18, the title compound
was obtained as colorless crystals (yield: 137 mg, 18%).

"H-NMR (CDC13)8:1.30(3H,d, J=6.8Hz), 1.38(3H,s), 1.40(3H,s),

2.19(3H,d,J=2.5Hz), 4.43(1H,brs), 7.09(1H,d,J=8.3Hz), 7.52-
10 7.61(1H,m).

Reference Example 43

Ethyl (4S)-4-{[ (benzyloxy)carbonyl]amino}-5-methoxy-3-

oxopentanoate
O O
O
- O O

15
Using N-[(benzyloxy)carbonyl]-O-methylserine, and in the
same manner as in Reference Example 37, the title compound was
obtained as a colorless oil (yield: 11.1 g, 50%).
'H-NMR (CDC13)8:1.27 (3H,t,J=7.1Hz), 3.33(3H,s), 3.51-3.66(34,m),
20 3.87(1H,dd,J=9.8,3.6Hz), 4.19(2H,q,J=7.1Hz), 4.51-4.63(1H,m),
5.13(2H,s), 5.72(1H,d,J=7.4Hz), 7.29-7.43(5H,m).
Reference Example 44

Ethyl 4-{[(benzyloxy)carbonyl]amino}-5-methoxy-2,2-dimethyl-3-

oxopentanoate
O O\\
©/\O)]\H/l/\”><ﬂ/o\/
25 C} O
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WD 2009/ 020234PCTOP2008/ 064500 A suspension of ceriumchloride (47
g) in THF (300 nL) was cooled to -78C, nethyl magnesi um brom de- di et hyl

et her solwDi2009/02884nL., 3 nol/L) was added dropw se whi | @Cadpros/NeIgon he
solution 5 tenperature to.-70 r below After t conpl eti on_of the
dropwi se additi o[ﬁs,”i%«?t:?iyf}t ﬁr'g[a%%n@f]i?xryéd:aar ony Ea?‘b?@bbg"rﬁeﬁffl%ﬁgruti on
of benzyl ¢(2Sperddmidtel-(310809Y) rdbtalisiem ca2bBRXYS at®. 40l&)9hnun THE (60
m.) was added dropwi se while adjusting the solution tenperature to -70C or
bel ow. Thele@emrethmneriltuPeInas- 4 dilvar Pad o Oleovame Mipneregfylinacetate (1
L) was add i e teri al. r i r 0 . iltrate was
partiti onegggmet m%a{t}%%lgg%f?ﬁeﬁgér Séalrslcll\cgeIC%/n P{l&gs‘s%as%]%tc? lv%%t%hgga%ur at ed
brine, driedlovbrssamtiydrgiusldodiarb syl 88ke¢,. and concentrated under reduced
pressure. The residue was purified /5 by silica_gel columm chromatography
(el uent: hé&‘%(@ﬁ}ﬁ)aééeggt(égg%J=+7l-/1]52)tro 1gi40d3tEne) t i 114 BmSdund as a
colorless 9ibo(3n,ad)d: 3161219,d84%9.7, 4. elh NVR(EBXA 3)g (11, m), 4.02-
8:1.10-1.35(3H, br), 1. 34(3H,$), 1.47(1H'$), 1.75- 1.90(1H'm,

1.91- 2. 00( 4 W) 2H,30)49 @27 +4 I&T(BH),, 3..33-(83H65{ 1H M) 6 (120 &6 .J6%8- 5H2D( 2H, m) ,
7.20-7.40( f nce Exanple 50 (2S, 33)-2, 3-di nethyl pyrrolidin-3-ol
0.5 oxalic§g%$%F§§$gﬁﬂ805 (C®2H), To a solution of benzyl

(23, 39) :B- Ryt ey Exampbedi Bret hyl pyrrol i di ne-1-carboxylate (16.1 g) in
met hanol (200 nl) was added_50% wat er contai ning-10% Pd/C (0.4 g), and the
m xt ure v@zm?@mibﬁbp%obﬁwpﬂmhdmeﬂr 4-dione

o)

%JO_
N

O H

To a solution of 4-{[(benzyloxy)carbonyl]amino}-5-methoxy-
2,2-dimethyl-3-oxopentanocate (10.2 g) in methanol (100 mL) was
15 added 10% palladium carbon (containing 50% water, 3.1 g), and
the mixture was stirred overnight under a hydrogen atmosphere.
Palladium carbon was filtered off, and the filtrate was
concentrated under reduced pressure. The obtained solid was
washed with hexane to give the title compound as colorless
20 crystals (yield: 4.16 g, 84%).
'H-NMR (CDC13)8:1.23(3H,s), 1.26(3H,s), 3.35(3H,s), 3.52-
3.67(2H,m), 4.12-4.16(1H,m), 6.51(1H,brs).
Reference Example 46
2-chloro-4-[5- (methoxymethyl) -3, 3-dimethyl-2, 4-dioxopyrrolidin-
25 l-yl]lbenzonitrile

O
j_g\/O\
O

N

Cl
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was vigorously stirred under a hydrogen at nosphere. The catal yst was
filtered off, oxalic acid (2.90 g) was added to the filtrate, and the
m xture vwezowm&mlrat ed under reduced pressure. The re®CuUIa008/0d45e) was

suspended in eth ate 5andf|Iteredto ive the tjt|l e conpound as a
colorless solid % ogymg*gh/g ‘1%4—%?"9@(“9%@@18@5?‘11%@(@:{2(1 A796°881) |

1.18(3H, $) (740 7n4g1 w%mbrmchﬂoﬁ%e%z%%%%ﬂ% (2. @@ F LU
4.00-5.20(3H, m Ref er ence Exanple 51 /o tert- Buty

(2S, 39) - 3- ﬁ@ﬂ@@?@t@ &-@0net hytpys ffbﬂb@ayéan_i@aeb@ﬁWm)edlpalladlumdoa

sol ution of S) [ | i 90g 340X acid salt (3.31
g) in TI-1 i%"égn )arﬁdegé%sgézgﬁéel{@ph%ggg %g?l fml%_maCh goﬁgtglo ?um :
hydr oxi de $®butrag)n (4 rin) tABdsams Qldiinean aef idi Rée&tettd yElxaﬁhp(lér Bpnahe
(5.42 g) in, THF (10 nL). The mxture was stirred at roomtenperature for 20
b et er | E50L I TRATAES. CHLERRCS e (AP TROREUFEY ARGt R P o 10 Vil
extracted yy¢f ethyl acetate twice. The extract was washed wth saturated
zo brine, dried over anhydrous magnesi um sul fate, and concentrated under
reduced prHBMRECDThe) §:dsi3dUEHVAS, pLrid (g sby 8iPL¢aHge)l, col um

h t I h / 10441 ethettle
comound a8 (iF i ThaRa gk y; 3T P SEA80 2520 05 e ) |
81. 21( 3k d7 J5%¢ 14Hzc),,J—3 S3BE3H, 8) 72 (L6, W8S BHZY, 68 (4% ), s)L. 73- 1. 85(1H n,

1.86-1. 98( 1H, 3. 40(2H, dd, J=7. 2, 6. 7Hz), 3.46-3.57(1H, rr). mp: 109- 112C.
Ref er ence EReMHt29°62 30 tert- Butyl

(2S, 39) - 3- RYFL QXYel FxatipTRt BY 1- 5- 0x0- pyrrol i di ne-1carboxyl ate WO
2009/ 020234

Benzyl (2S,3S)-3-hydroxy-2-methylpyrrolidine-l-carboxylate

15 " To a suspension of (4S,5S)-4-hydroxy-5-methylpyrrolidin-2-
one (10.45 g) in dry THF (418 mL) was added dropwise Red-Al
(104.9 g: 363 mmol: 70% toluene solution) under ice-cooling and
a nitrogen stream. The mixture was stirred at room temperature
for 20 min, and further refluxed for 3 hr. The reaction mixture

20 was ice-cooled again, and sodium carbonate decahydrate (41.6 g)
was added under a nitrogen stream. The mixture was stirred at
room temperature overnight, insoluble materials were filtered
through celite and washed with THF. The filtrate and washing
were combined and concentrated under reduced pressure to give

25 (2S,3S)-3-hydroxy-2-methylpyrrolidine. Without further
purification, this compound was diluted with DMSO to give 0.9
mol/L-DMSO solution. A solution (170 mL) of (2S,3S)-3-hydroxy-
2~-methylpyrrolidine in 0.9 mol/L-DMSO was diluted with water
(200 mL), sodium hydrogen carbonate (24.6 g) and benzyl

30 chloroformate (15 ml) were added, and the mixture was stirred at
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\oil ON' 0 O PCT/JP2008/ 064500 To a solution of tert-butyl

(2S, 3S) - 3- hydroxy-2, 3- di nethyl pyrrolidine-|-carboxylate (3.05 g) in ethyl
acet at e (Wb 209020mne successively added water (68 nli), raThemosns4dooxi de 5
nonohydrate (566 nd sadi um peri odate (4.57 t. rogmtenperature. The
m xture was®sti e Eﬁ%quo ofeﬂ%e?ﬁtur 5 Va8 ﬁgée h ocﬁﬁﬁuﬁ%?q%&QBr and
the aqueoumikeyes, Wi thepanatade ekl &:he-a2ee80WSth ayEiy WascelteaCt @deW t h

ethyl acetate. The obtained organic |ayers were m xed, isopropanol (0.7 niL)
was | o addedtras ate wWeskedr ylg)assgwmf@si Sripgeont¥ ey uraaVerogshi n.
The reacti ' S [ r nest t -
concent r at Sd Eaer ¢ aduded o SoaCHEtrY HHS FBERES) IR LI S BRPe, gel
col um chr bhat ogriaphoorpelundnts et hyle-acdtlawebhex dnee Bl 125 464 1)) 84d) gi ve
the title conpound as a 15 white powder (yield: 1, 11 ﬂ 34(@1.

1H NVR( CDCIBNIR(CREE 319 d - 106 L4 R f 3HALWe(Bi8 057 - 29 (BH¢ ™, $3- 4042 A01RHg ) +
2.47(1H, d, 3747-PH0 (52 mf3( 1H, d, J=17. 0Hz) , 3.91(1H, q, J=6. 4Hz). np: 122-125C.
zo Reference Exanple 53 (4S, 53)-4-hydroxy-4,5-di met hyl pyrrolidin-2-one OH O

N tert - But {efepenas @r 8%y- 2, 3- di met hy1- 5- oxo-
Benzyl (2S)-2-methyl-3-oxopyrrolidine-l-carboxylate
0

AN

To a solution of benzyl (2S,3S)-3-hydroxy-2-

10

methylpyrrolidine-1l-carboxylate (20.5 g) in acetonitrile (150
mL) were added powdery molecular sieves 4A (25 g) and 4-
methylmorpholine-N-oxide (20.4 g). After cooling to 0°C, tetra-
15 n-propylammonium perruthenate (3.0 g) was added, and the mixture
was stirred at 0°C for 1 hr, and at room temperature for 18 hr.
The reaction mixture was concentrated under reduced pressure,
and the residue was suspended in ethyl acetate. Insoluble
materials were filtered through Hyflo Super-Cel. The filtrate
20 was concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography (eluent: |
hexane/ethyl acetate=9/1—->2/1) to give the title compound as a
colorless oil (yield: 18.0 g, 89%).
'H-NMR (CDC13)8:1.34 (3H,d, J=6.6Hz), 2.50-2.70(2H,m), 3.60-
25 3.75(1H,m), 3.90-4.10(2H,m), 5.15(1H,d,J=12.3Hz),
5.20(1H,d,J=12.3Hz), 7.30-7.40(5H,m).
Reference Example 49

Benzyl (2S,3S)-3-hydroxy-2,3-dimethylpyrrolidine-l-carboxylate
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pyrrolidine-|-carboxylate (1.00 g) was dissolved in hydrogen 25

chl oride-ethyl acetate solution (10 nL, 4 nol/L), and the m xture was
stirred avonoomdsaperature for 14 hr. The reaction sol RCIOR2008/864500
concentrat ed under reduceq pressure, and W?2009/020234PCT/ JP2008/ 064500
recrystal lized fromisopr@patbl / n-hexane to give the title conpound (309
ng, 55% as colorless Lrystals. Furthernore, the filtrate was concentrated
under reduced pressuré,  residue was purified by silica gel colum

chr omat ogr aphy (el uent: hy!™ s acet at e- +met hanol / et hyl acet at e=1/ 10), and
t he obtained solid was drystallized fromdiisopropyl ether to give the
title conpour 9% as a white powder.

1H NVR( DVS[ $: 1. 00 3H, W9 J=6. 4Hz), 1.20(3H,$), 2.06(1H, d, J=16.2Hz),
2.23(1H,d,’ PHz), 3.33(11-i,q9,J=6.4Hz), 10 4.70(1H, brs), 7.48(11-1,brs).
np: 169- 173C~&ef erence Exanpl e 54

rac- 4-((4R 53) - 4a( tessorbiion dirmethybai vl Oxide 343, 8) LA MERIYISO i) was
oxopyrrolidin-1-yl)-2-chl oro-3-nmnethyl benzonitrile o( 0 C

Usi ng (4RSC§SR93d4t<€t'e7r8c°Cbumeyﬂdy’lrmgﬂﬁlsslumybomy}de-@@hyl ether solutlon
Lot Y1 YRk i 951005 (29038 &6l Y0 iAhe00afts PRI R 190k L6h' ©

(250 no), ceS|un1car onate

t ri s(di benzghpdeneacettane)idrpadt a:dallwi( 0) AEBér ngl)e adﬁinp‘l.ei102100f the

bi s(di phenyl phosphi no) - 9, 9- di net hyl xant hene ng and in the_sane manner
as in Ref eFEREWI % %§¥9n'tﬁﬁetm%¥%ﬂgbﬁﬁﬁh lﬁé@ obt at HE§ ST alPalERyed | ow
oi | (yieldsolQ808n f Hediz33. Z%@ -d5h ég@réﬁf@ﬁﬁ)m Qrbek3iiade .

0.94(9H, %), 1.04- 1.36(9H, m, 2.26(3H %), 3.60
7.01-7. 17(118|gh)1n7mgﬁ (60 mL was added dropwise while adjusting the

solution temperature to -70°C or below. The reaction mixture was
10 warmed to 0°C over 2 hr, ethyl acetate (1 L) was added, and
insoluble materials were filtered off. The filtrate was
partitioned with water, and the organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue was purified
15 by silica gel column chromatography (eluent: hexane/ethyl
acetate=9/1->1/1) to give the title compound as a colorless oil
(yield: 16.2 g, 84%).
'H-NMR (CDC13) 8:1.10-1.35(3H,br),1.34(3H,s), 1.47(1H,s), 1.75-
1.90(1H,m), 1.91-2.00(1H,m), 3.49(2H,t,J=7.2Hz), 3.55-3.65(1H,m),
20 5.05-5.20(2H,m), 7.20-7.40(5H,m).
Reference Example 50

(2S,3S)~-2,3-dimethylpyrrolidin-3-o0l 0.5 oxalic acid salt

OH

N """

To a solution of benzyl (2S,3S)-3-hydroxy-2,3-
25 dimethylpyrrolidine-l-carboxylate (16.1 g) in methanol (200 mL)
was added 50% water containing-10% Pd/C (0.4 g), and the mixture
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25 7.60(1H, m. Reference Exanple 55 Ethyl
1-[ 2- (di benzyl am no) pr opanoyl ] cycl opr opanecar boxyl ate WO
2009/ 020280REPOR213O8/ 064500 A solution of ethyl PCT/JP2008/064500

4S) - 4- (di benzyl am no)- 3- gxopent angat e (.50 synt hesi zed cording to
Uhe, ot hod (8o LHBERTTTY FHITRER BROGE ghiDATane SERGSERerS - 6 henp.
2292- 2297 ¢499Tyst Swds Ziditkireaperhpnex4d0.dlSdild) (2ndopg) assd Wadedr benahe

(405 ng) in acetone (15 nL), was stirred under reflux overnight. The
reacti on nitttfFet@asAn@idd® MéxharervaarmpPndeatmatedr endas wsdy@st ed with

et hyl acet e ] d. brj J ver

anhydr ous %%gﬁ3§?§h1g%%?g%ﬁ%ﬁgﬁgaigfg%ﬁ%%ﬂf%g#%ﬁﬁ%ﬁdég %Qﬁﬁ%g%bggggéure.

The resi duenda$ipterdd e lyivei kheat Hele coimpounchesmat ogl aplys o alodént :

hexane/ethyl.agg;a qi}lo- -ah1l) to give the title conpound as a colorless

oi I (yield'¥381% #0% £3. §%°.)-1HNNR(CDC13) 8:1.01(3H,t, J=7. 2Hz),

1.07- 1. 19( Zi\lig S_%@old%%:?ﬁ,o%ééﬁ%?b‘zé; 6Hz )58-11.-1%?((3?1"'sgl 11,74~1.86 (2H,m),

3.56(2H,d,J=14.0 %, 3.61(2H, d, J=14. 0Hz), 3. 72(1H,10.8; 7. 2Hz),

3.96( 1H, dq2382028%F(2tha) , £.-26¢3HL@( BEE1gHA)- 0075180 73BmpH, m) ,

7.27-7.39( f anple 56 20 Et hyl

1-[(1RS, 2R g?g¥?%$%é§%§Q§%%§g)-l- hydr oxypr opyl ] cycl opr opanecar boxyl at e
10 tert-Butyl (2S,3S)-3-hydroxy-2,3-dimethylpyrrolidine-1-

carboxylate

To a solution of (2S,3S)-2,3-dimethylpyrrolidine-3-ol 0.5
oxalic acid salt (3.31 g) in THF (50 mL) were successively added

15 1 mol/L aqueous sodium hydroxide solution (40 mL) and a solution
of di-tert-butyl dicarbonate (5.42 g) in THF (10 mL). The
mixture was stirred at room temperature for 20 hr, water (50 mL)
was added to the reaction mixture, and the mixture was extracted
with ethyl acetate twice. The extract was washed with saturated

20 brine, dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate/hexane =1/10—>4/10)
to give the title compound as a white powder (yield: 3.21 g,
72%) .

25 'H-NMR(CDCls) 8:1.21(3H,d,J=6.4Hz), 1.33(3H,s), 1.46(9H,s),
1.66(1H,s), 1.73-1.85(1H,m), 1.86-1.98(1H,m),
3.40(2H,dd,J=7.2,6.7Hz), 3.46-3.57(1H,m).
mp:109-112°C.

Reference Example 52
30 tert-Butyl (2S,3S)-3-hydroxy-2,3-dimethyl-5-oxo-pyrrolidine-1-

carboxylate
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A solution of ethyl 1-[2- (dibenzyl am no)propanoyl]cycl opropanecarboxyl ate
(1.31 g) in 25 methanol (60 nL) was cooled to 0C, 90% sodi um bor ohydri de
(350 ny) wexo@dderss and the m xture was stirred at rooOmMPCEIPHINSDISE)
W)2009/ 020234PCTOP2008/ 064500 for 17 hr. Water was added to the reaction

m xture, and th§ @Hxture was extracted with ethyl acetate. The extract was
washed with s ated brine, dried over anhydrous magnesi um sul fate, and
concentrate ndgr, reduced pressure. The residue 5 was purified by silica
gel colunnochrOhatography (el uent: hexane/ethyl acetate=1/0-+1/1) to give
the title conpdund as a colorless oil (yield: 1.31 g, 99%.

1H NVR( CDC13p87 0b3-0. 66(1H, ), 0.95-1.09(2H,nm, 1.05(3H,d, J=6.7Hz),
1.06(3H,t,J=7.1 , 1.14-1.22(1H nm, 10 3.03(1H dq,J=9.6,6. 7THz),

3. 33(2H, d, J=13. , 3.60(1H,d,J=9.6Hz), 3.83(2H, d, J=13.2Hz),
3.96(1H,q,J=7.1Hz), 3.97(1H q,J=7.1Hz), 4.20(1H brs), 7.17-7.38(10H n).

Refer ence Exampl g 57 Jaiudli ob bELES-25ucyl (0] husyhptbssiy, 9l vi oxy) -2-
/5 (d|benzylanlno)propylIcyclopropanecarboxy ate

dimethylpyrrolidine-l-carboxylate (3.05 g) in ethyl acetate (45
mlL) were successively added water (68 mL), ruthenium dioxide

5 monohydrate (566 mg) and sodium periodate (4.57 g) at room
temperature. The mixture was stirred at room temperature for 40
hr, the organic layer and the aqueous layer were separated, and
the aqueous layer was extracted with ethyl acetate. The
obtained organic layers were mixed, isopropanol (0.7 mL) was

10 added, and the mixture was stirred at room temperature for 5 min.
The reaction solution was dried over anhydrous magnesium sulfate,
and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent: ethyl
acetate/hexane =1/10—54/10) to give the title compound as a

15 white powder (yield: 1.11 g, 34%).
'H-NMR (CDC13)8:1.34 (3H,d, J=6.4Hz), 1.46(3H,s), 1.54(9H,s),
1.72(1H,s), 2.47(1H,d,J=17.0Hz), 2.73(1H,d,J=17.0Hz),
3.91(1H,qg,J=6.4Hz).
mp:122-125°C.

20 Reference Example 53
(45,5S)-4-hydroxy-4, 5-dimethylpyrrolidin-2-one

OH
~

O H i
tert-Butyl (2S5, 3S)-3-hydroxy-2,3-dimethyl-5-oxo-
pyrrolidine-l-carboxylate (1.00 g) was dissolved in hydrogen
25 chloride-ethyl acetate solution (10 mL, 4 mol/L), and the
mixture was stirred at room temperature for 14 hr. The reaction

solution was concentrated under reduced pressure, and
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A solution of ethyl 1-[(1RS, 2RS)-2-(di benzyl am no)-1-
hydr oxypr opyl ] cycl opr opanecar boxylate (1.30 g) in THF (15 nlL) was cooled to
0C, tert-wotgéyoddaset hyl )silyl zo trifl uoronmet hanesul f onaC&/JeD08864500) and

2,6-di nethyl pyridine (0.621 nm.) were added, and the m xtyre was_stirred at
room terrpe%a%)%\‘%t""f]&'lz%‘ii %F.OTHV\&%%W?/%%“ FeqdeKBNENES (T :JC&‘? ﬁilillﬁr e, and
the m xt ur eomBsurext (st ed, Wsb8) eddydornatedlse cryBeaBX! I atirttRsmbashednhyi t h
saturated brine, dried over anhydrous nmagnesium 25 sul fate, and

concent r at 841 tFrled Wasd GeBgepEEaEed eundrye nedycaderyRsS iR f iThe Bgssdreca gel

col umm chr pUBl gar ARy &6l Ueht ca hg&ffl%ﬁ;?yhfpggﬁé@&gg%%& H&hLhnt9 giyGithe

title conpoun ess oi yl e
1H NVR( GDCA33 81 fk-B4E8hatdl /&bl Idebhtef18101, 36(HHh® obB0iRe88(SH.&) .

1.03(3H,t,J=7.1Hz), 1.,.11(3H,d, J=7, OHz), WD 2009/ 020234PCTOP2008/ 064500
3. 19E 1H, dd“,“?)%esc.‘@\{%ﬁ&#zl)z,’eg%?H@Tz‘#&hﬁ%&}f@y&ﬂ?es 8B(PH Y ,t% .tirﬁg?,
4. 02(2H, d, d& 1QH¥N22@-Q§?43§¥i1$§fé,wﬁﬁt%oygwéQEJOH,”)- Ref erence Exanpl e

58 (6RS,7R§)- -(tert-butyldinethylsilyloxy)-6-nethyl-5- 5
azaspi r o] 2. HNYRIDMAO4darde 1RP08I(3H, d, J=6 Fdizd ,sdl. aDi( 3k, &f, et hyl

1-[(1RS, 2R$) s d; t-h imet hylsjdyl 2> _
(di benzyl k2 %%S%g{fﬁ iitéi%ﬂ%g? o%air]%gﬁ’ﬁl(?%gfg{ﬂf 3t ) Wk Y d=Rethizhol (16
m.) was:addedo (9kpad)l, adi. us(bhydvox)i de- car bon (contai ni ng 50% wat er, 280
ng), and the mxture was stirred at roomtenperature for 18 hr under a
hydr ogen affbspier’@’CThe reaction nmixture was filtered. The filtrate was
concent r at gdrandele redHeed piessure and the residue was purified by silica
/'5 gel colum chromat ography (eluent: hexane/ethyl acetate=10/1-+1/4) to
gi ve the tra¢edcoffownsd -4s (herotlontwstimedhiyd st yy bxly) 168,y trjinetdy2228%) .

oxopyrrolidin-1-yl)-2-chloro-3-methylbenzonitrile
/
O_Si
o;i . ;w%

Cl

15 CN
Using (4RS,5SR)-4-(tert-butyldimethylsilyloxy)-3,3,5-

trimethylpyrrolidin-2-one (200 mg), 2-chloro-4-iodo-3-
methylbenzonitrile (250 mg), cesium carbonate (380 mg),
tris(dibenzylideneacetone)dipalladium(0) (36 mg) and 4, 5-

20 bis(diphenylphosphino) -9, 9-dimethylxanthene (45 mg), and in the
same manner as in Reference Example 3, the title compound was
obtained as a pale-yellow o0il (yield: 103mg, yield:33.7%).
1H—NMR(CDC13)8:O.13(3H,s), 0.15(3H,s), 0.94(9H,s), 1.04-
1.36(%9H,m), 2.26(3H,s), 3.60-3.91(2H,m), 7.01-7.17(1H,m), 7.50-

25 7.60(1H,m).

Reference Example 55

Ethyl 1-[2-(dibenzylamino)propanoyl]cyclopropanecarboxylate
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1H NVR(CDC13) 8: 0. 02(3H, $), 0.05(3H,$), 0.61-0.71(1H, m, 0.85- 1.21(3H m,
0.90(9H, %), 1.17(31-i,d,J=6.6Hz), 3.75-3.88(1H, m, 20 4.43(1H,d, J=6.8Hz),
5. 45( 1H, bwe)o0dRebBrence Exanpl e 59 PCT/JP2008/064500
rac-4-((6R 7R)-7-(tert-butyl di methyl silyl oxy)-6-nethyl-4-oxo-5-
azaspirof 2. 41hept 5- y) hI orobenzonitrile 0 Si \ C CN 25Usi ng

(6RS, 7RS) - et Psi byl oxy) - 6- met hy1- 5-

azaspiro[ 2 62 ng), 4-brono-2-chlorobenzonitrile WD
2009/ 020234 /06@5000 (157 ng), cesium carbonate (310 rrg)

tris(di benzyl icetone)dl pal | adi un(0) (30 ng) and 4, 5-

bi s(di phenyl p no) - 9, 9- di net hyl xant hene (75 ng), and in the sanme manner
as in Reference Exanpl e 3 the title conmpound was 5 obtained as a col orl ess

lid | d: 14 H 13 07 3H$ 0.12(3H %),
306'7 o(%?m gong%u“i"%ﬂ 39th|\/§( g?c é(‘la#‘%)ben%yéét‘%ﬂob %ﬂ%«za%tanoate
4.29-4.41(% @Ommi?(é%t]klés‘izéa7a35@}dlgg Ol &1 RNl aReELrsne e fExanpl e 60

/o ethyl (45)-4 benzyl oxy) car bonyl Jam nol- 2, 2-di net hyl- 3- oxopent anoat e
0 oN O 0 Journal of Organic Chemistry, vol. 62, pp. 2292-2297 (1997),

5 1,2-dibromoethane (0.19 mL) and potassium carbonate (405 mg) in
acetone (15 mL), was stirred under reflux overnight. The
reaction mixture was added to water, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and

10 concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=1/0->2/1) to give the title compound as a colorless oil
(yield: 231.4 mg, 43.0%).

'H-NMR (CDC13) 8:1.01(3H,t,J=7.2Hz), 1.07-1.19(2H,m),

15 1.20(3H,d,J=6.8Hz), 1.58-1.73(2H,m), 3.56(2H,d,J=14.0Hz),
3.61(2H,d,J=14.0Hz), 3.72(1H,10.8,7.2Hz),
3.96(1H,dq,J=10.8,7.2Hz), 4.40(1H,q,J=6.8Hz), 7.19-7.27(2H,m),
7.27-7.39(8H,m) .

Reference Example 56

20 Ethyl 1-[(1RS,2RS)-2-(dibenzylamino)-1-

hydroxypropyl]cyclopropanecarboxylate

A solution of ethyl 1-[2-
(dibenzylamino)propanoyl]cyclopropanecarboxylate (1.31 g) in
25 methanol (60 mL) was cooled to 0°C, 90% sodium borohydride (350

mg) was added, and the mixture was stirred at room temperature
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A solution of diisopropylamne (0.665 nL) in THF (25 nL) was cooled to
-78C, and n-butyllithiumhexane solution (2.93 nL, 15 1.6 nol/L) was added
dr opwi se. Wafztwvoztme conpl etion of the dropw se additi onPCrlie2008/R64300c Was
stirred at

for 1 hr. Subseq th met hy| anoate (0.675 nl)
was added E?Bp Ju- r‘f%tteﬁe ﬁ?x‘?‘g‘s é&%%ﬁéi:té? ‘%e’gt er. Fg? 1 hr. A
sol ution Orftliaﬁﬁ"ﬂé”wa(s‘l@xt%aﬁﬁbawlr@h EtHyaxacktdtexazophé dé)ﬂﬁ:'a%t 28s
carboxylate (900 ng) in THE éS 0 nmL) was added dropw se at -78C, and the

m xture wa¥ashed Herthssatigatas by f oirizd pVAr ACRYGEOURIMAINESOUR.) was
added to tQ&lff@%“a‘?{b 'Hoﬁc@h@ré‘@xcti e r‘@%ﬁk %’sé&oél‘ tg‘i’{%r akypge Water

was added e mxture was extracted acet at e extract
was was hedwas t pu2i isat yasedibaigel abrlivech a\hebmatldacyrhtmgs fdAgieesi:um sul f at e,
and concentrated under reduced pressure. residue was purified by silica

gel col um %ﬁrﬁ@ﬁwlaeﬁ?teéﬁu%@%r«’ékaﬁe/ etm|tfeﬁ;étlattl€~£;>@p®&m<i)at ? gi ve

the title eonpeLlEl as1a (§9k0gt ess3Did, (dpixgl.d: 905 ng, yield: 78.0%. 30
1H-NI\/R(CD013)8 1.22(3H,t,J=7.2Hz), 1. 31(3H d, J=6.8Hz), 1.41(31-1,9%),

1. 43( 3Hs) , H-OBIRACDZL2H: r@) 53407ﬂ611:171,dtw,,Ji)8955 7. B2, 15102 5.17(2H, m,
5.23-5. 37( 28- c anpl 9/ 020234
(43, 55) - 4- % ﬂ%&tﬁ%ﬁ%@?ﬁyﬁ%%f Je@ ﬁg%tﬁ) f% hy1 y&r %S’dl n-2-one 0
Si A sol uBi@h(xH, ce;,myee (646)7142“(bemmwxy,)aeasbaayl)lam 80l(1H5d, J=9.6Hz),
2,2-dinmeth oxopent ate n nmet han n.) was cooled to 0OC,
90% sodi u b%% / && ? %\%gﬁ%nﬁjgdﬂ aha’ th% ?ﬁ&]t%%%vﬂs 18Zirred at
0C for 2 hj, 2§@j}pr&tsgd aqqn_eot¢53@mmplnt;m chloride solution was added to the
reaction m xture he m xture was extracted with ethyl acetate. The

extract weRef@remashdkampilk 8aturated brine, dried over anhydr ous magnesi um
Ethyl 1-[(1RS,2RS)~-1-(tert-butyldimethylsilyloxy)-2-

15 (dibenzylamino)propyl]cyclopropanecarboxylate

A solution of ethyl 1-[(1RS,2RS)-2-(dibenzylamino)-1-
hydroxypropyl]cyclopropanecarboxylate (1.30 g) in THF (15 mL)
| was cooled to 0°C, tert-butyl (dimethyl)silyl

20 trifluoromethanesulfonate (0.98 mL) and 2, 6-dimethylpyridine
{(0.621 mL) were added, and the mixture was stirred at room
temperature for 17 hr. Water was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, dried over anhydrous magnesium

25 sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=1/0—4/1) to give the title compound as a
colorless oil (yield: 1.30 g, 76%).
'H-NMR (CDC13)$:0.04 (3H,s), 0.11(3H,s), 0.81-1.36(4H,m),

3 0.88(9H,s), 1.03(3H,t,J=7.1Hz), 1.11(3H,d,J=7.0Hz),
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sul fate, and concentrated under reduced pressure. The residue was purified
by silica gel colum chronmatography (eluent: hexane/ethyl
acet at e=39020e0428)34t 0 gi ve et hyl (4S)-4- PCT/JP2008/064500

Moenzyl oxy).c yl ] -2, 2-di met hyl - 3- hydr oxypent anpate.as /5

col orl ess él&g?ggeﬁi%’afﬂﬁ%)’#g&?g“ n%'%(ZE'QA‘g?s]oﬁfﬂVBn %&(@I'q'k%mz) ’
(45) - 4- 1[ (Bevzybryy) sarbomg)), ami. 0e)4. 27 2rdigiet hyho37hygly poypent anoate (720
ng) in THF (20 nL) was cooled to OC, tert-butyl (dinethyl)silyl

trifl uor omBEhERERLE oMl e @8589 nl) and 2, 6-di met hyl pyri dine 20 (0.390 niL)
wer e added, d 41 e L i ten re for 3 hr. Water
was added t(gﬁtgh%ﬁ?):amq%érgtmb\g?grléghé%}g%f%eh{n%%w&rgn@\g{é gtﬁraact ed with ethyl
acet at e. s Theasrpiraf2. Aldepranhddonet h saturated brine, dried over anhydrous
magnesi um sul fat e, and,concentrated under reduced pressure. The residue 25
was purified siqic ggl col um chr omat ogr aphy (el uent: hexane/ et hyl

acet at e=1/0- 1) ~to g{v et hyl (4S)-4-

{((benzyl oxy) garbonyl ] am no) - 3- (tert-butyl di met hyl si |l yl oxy) -2, 2-

di et hyl pent .as a colorless oil (yield: 0.916 g, 94%. To a solution
of ethyl (#S)-2ny"30"

{[ (benzyl oxy) caftbonyl ] ami nol- 3-(tert-butyl di net hyl silyl oxy)-2, 2-

di met hyl pent anoare 4 QL igh iof sehbhanot [ (28 ,/BRs)was (added 10% pal | adi um
carbon (co 89 ny), and the m xture

tai ni ng 50% wat er,
W2009/ Ozoggﬁﬁﬁg%tdﬁéi%}éléﬁéy\)\égfsti rred at roomtenperature for 16 hr
under a hyqaggeﬂzﬁmw%&%pggqicpbiéﬁf@&nemerbfokg,%@ée,(1N.a§6 Eﬂn%ntrat ed

under reduced pressure, and e residue was dissolved in THE (15 m).
Di i sopr epymethyheahi Ned ()5 was) added atitfe dha ldredlithe hpiroxideweasrbtonf | uxed f or

3 hr. Water de 3 the reagthon m Xxtu and_the m xture was
extracted vﬁncégﬁg%?rglyrfgda%og’tg gferThggger?)a’ctaanvath&r f“éﬁ‘t:%ﬁ%rwaa%hi}:&rrgﬁg at
magnesi um subhat €npech tiORC €l abelr Untkesr rLtyeedgphestbsphaihe r ggedue was

purified by silica gel columm chromatography (el uent: hexane/ et hyl
acet at e=30F$2€4} ¥} Hxtyinfe vAs fhéterede ddddreyeeres awreptigted el d:

30. 1% and (AR SRduced d _th id ified by sili
4-(tert- bu%lyl di et hlilclesi Ipfleg%ll)r?s?%, 5- ter irrreestlhy epy?rsoﬂlﬁjf nl-%- orYe s(lyileciad: 289
mg, yielk#: 983. oy adiroastageebby| ésbuadl i dexaHeKWRIZDC13) 8: 0. 07(6H, $),
0'go(gH’$)écét%gééyﬁ)flgl;Z?'ggt&ive the title compound as a colorless

solid (yield: 164 mg, yield:22.8%).

'H-NMR (CDC13)8:0.02 (3H,s), 0.05(3H,s), 0.61-0.71(1H,m), 0.85-
1.21(3H,m), 0.90(%9H,s), 1.17(3H,d,J=6.6Hz), 3.75-3.88(1H,m),

20 4.43(1H,d,J=6.8Hz), 5.45(1H,brs).
Reference Example 59
rac-4-((6R, 7R)-7- (tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-
azaspiro[2.4)hept-5-yl)-2-chlorobenzonitrile

cl

CN
25 Using (6RS,7RS)-7-(tert-butyldimethylsilyloxy)-6-methyl-5-

azaspiro([2.4]heptan-4-one (162 mg), 4-bromo-2-chlorobenzonitrile
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2.27(1H, dd, J=16. 5, 4. 2Hz), 2.25(1H, dd, J=16.5,9.3Hz), 3.70- is 3.80(1H m,
4.37-4.45(1H, m, 6.00(1H, brs).
(4R, 5S) - awoOt2ee%02m3tty| di met hyl si | yl oxy) -3, 3, 5- tri net hyl pgrIeaosiness®@ one

1H NVR( 45: 0. 09 $). 0.90(9H.$) 06(3H, $), 1.15(3H $),

1. 25(3H, d, ﬁ%@l‘n‘% ‘% %ﬁﬁ?ﬁrﬁ?éﬁ (%%S@(:HH . J=6.8Hz), 5.17- 20
5. 42(1H, ”)trf@f&iﬁﬁﬁ%&ﬂiﬁ@ﬂﬁh@e@%&e dlpalladlum(O) (30 mg) and 4,5-
4- UAS, 55) -4-(tert-butyl di nethyl silyloxy)-3,3,5-trinethyl-2-

?ngﬁrs ; o|4 i GMM&%@HWPEILU@} mn)ettémlgﬁnfhen@ o/ 3 mg) Napdzimth;%e
|
égrﬁé %‘Iﬁé’zl] ddsngk féié(rlxcp i ﬁa%%ﬁe 3 %b??%fgjzegggn%)obgh wgs

(161.8 ny) tr| uororre nzohi cesium
car bonate éﬁﬂélrm;g ad & s@diobbeazaylscﬂerma@eteade) dépahyadiae(.0) (30 ng) and

4,5- bis(dj | phosph 9, 9- di | xant h d th
103000/ 020 2BAERCPES o D G440, D 1ALt Sa D6t of Zhirb TyatmBBs. ¢ he
title conpousd y@sobtpaioneduas) a Poj(p(rj}ﬁ%SJ&@ |4Fiz()"@|21b 423121 (aH 5yl el d:

879 . 1H NVA CDC13 6:0.14(3H $)’ 0.15(3H $), 0.96(9H %), 1. H
1.24(3H, $)4-39 8B4, &732626Hz7 014-8207(41|3Hdn0 7. 4Hz) 4.30- s 4 44(1H, m,

7.77-7.93( JE§§ ﬁE 52. 1Hz) . Reference Exanple 63
4-[(4A, 59) g%% CEB b (]1'| meghyl silyloxy)-3,3,5-trinethyl-2-
oxopyrrod i dthyll- 49 —21—({t[r béhupl exgtdadbdngni ami hol +2, 2-dimethyl-3-

oxopentanocate

e

A solution of diisopropylamine (0.665 mL) in THF (25 mL)
was cooled to -78°C, and n-butyllithium-hexane solution (2.93 mlL,
15 1.6 mol/L) was added dropwise. After the completion of the
dropwise addition, the mixture was stirred at -78°C for 1 hr.
Subsequently, ethyl 2-methylpropancate (0.675 mL) was added
dropwise, and the mixture was further stirred at -78°C for 1 hr.
A solution of benzyl (4S)-4-methyl-2,5-dioxo-1,3-oxazolidine-3-
20 carboxylate (900 mg) in THF (5.0 mL) was added dropwise at -78°C,
and the mixture was further stirred at -78°C for 20 min. Acetic
acid (2.0 mL) was added to the reaction mixture and, after
warming to room temperature, water was added, and the mixture
was extracted with ethyl acetate. The extract was washed with
25 saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=1/0—-1/1) to give the title compound as a colorless oil
(yield: 905 mg, yield: 78.0%).
30 'H-NMR(CDCl13)8:1.22(3H,t,J=7.2Hz), 1.31(3H,d,J=6.8Hz), 1.41(3H,s),
1.43(3Hs),4.06-4.22(2H,m), 4.74(1H,dd,J=8.5,7.2Hz), 5.02-
5.17(2H,m), 5.23-5.37(1H,m), 7.28-7.46(5H,m).

Reference Example 61
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o Si CNF 10Using (4R 53)-4-(tert-butyldi methylsilyloxy)-3,3,5-
trimethyl pyrrolidin-2-one (266.6 ng), 4-iodo-2-
(trifluorwoebiwd2yisenzonitrile (340 ng), cesium car bonat @CTEOZ08/0G4500

tris(diben [ eacet one) dipal l.adjun{0). (47 ny nd 4, 5-
bis(diphenﬁ%%hgggﬁ$h§5%%¥ P&Vﬁ?ﬂﬁ?*?iﬁﬁ%ﬁgﬁ?ﬁ?ifé’39?7 and in the /5 sanme
manner as ickikefleyBhgerJiaipl-2-3net he titl e conpound was obtained as a
colorless oil (yield:/§91 7 ng, yield: 89% . 1H NVR(CDC13)8:0.15(6H, %),
0.95(9H, %), 1. 3(35L§., .30(3H,$), 1.31(3H,d,J=6.2Hz), 3.75(1H,d, J=6.2Hz),
3.89-4. 02(1H, #7582 7\74(1H, m, 7.80-7.93(2H n). 20 Reference Exanple 64
4-1(23,33)-3-( \t - but yl dt net hyl si |l yl oxy) - 2- net hy1- 5-

oxopyrrolidi 1-2-(trifluoronethyl)benzonitrile 0--S( ( CN WO
2009/ 020232 008/ 064500 Using (45, 5S) -4-
(tert-butyl di metithyl silyloxy) -5- nethylpyrrolidin-2-one (5.00 g), 4-iodo-2-
(trifluoronethyl)besrenidd ide «tBy80 (83) - £e5] WBne1BRORES bRy BRamino} -

5 2,2-dimethyl-3-oxopentanoate (905 mg) in methanol (30 mL) was

cooled to 0°C, 90% sodium borohydride (180 mg) was added, and the
mixture was stirred at 0°C for 2 hr. Saturated aqueous ammonium
chloride solution was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The extract was

10 washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=30/1->1/3) to give ethyl (4S)-4-
{[(benzyloxy)carbonyl]amino}—2,2—dimethylF3—hydroxypentanoate as

15 a colorless oil (yield: 720 mg, 79%).

A solution of ethyl (4S)-4-{[ (benzyloxy)carbonyl]amino}-
2,2-dimethyl-3-hydroxypentanoate (720 mg) in THF (20 mL) was
cooled to 0°C, tert-butyl (dimethyl)silyl
trifluoromethanesulfonate (0.589 mL) and 2, 6-dimethylpyridine

20 (0.390 mL) were added, and the mixture was stirred at room
temperature for 3 hr. Water was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue

25 was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=1/0-1/1) to give ethyl (4S)-4-

{ [ (benzyloxy) carbonyl]amino}-3-(tert-butyldimethylsilyloxy)-2, 2-
dimethylpentancate as a colorless oil (yield: 0.916 g, 94%).
To a solution of ethyl (4S)-4-

30 {[(benzyloxy)carbonyl]amino}-3-(tert-butyldimethylsilyloxy)-2,2-

dimethylpentanoate (0.916 g) in methanol (20 mL) was added 10%

palladium carbon (containing 50% water, 89 mg), and the mixture
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g), tris(dibenzylideneacetone)dipalladium0) (1.00 g) and 4,5- 5
bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (2.52 g), and in the sane
manner asworo®aiRezsence Exanple 3, the title conpound wa®CoLPHiOseclsas a

colorless solid ield:; 5.617.g, vield: 64.7%. . 1H NMR 13)8: 0. 13(6H, $),
o003 o ) a5 St et HrgoRt, ronaditiiie dibr) Tpyng Serg)e Rydrogen o ot )
2.76(11-i, ddmdsgief: Grdtz)i1t4r8Q: . kb 4 44(rbidenbasdcdrlddit thtla’ uBHRY

7.82(1H,d,J=8. 7Hz), 7.89(1H, dd, J=8.7,2. 1Hz, 1H), 8. 04(1H, d, J=2. 1Hz) .
Ref er ence ERAHPPE BE I, bangl| the (yosidyr was dissolved in THF (15 mL).

1[ (benzyl o I hnol pro ny)cxga]or ne %@/I 0

A Sol Ut on oot ok T AR B ORISR RS Y R BB,
-78C, n-butfylhked hfamhéxaneWsobut van {RIRD twl thé. beact idr) mias vadgdednd
dropwi se a after the conEI etjion of the dropw se addition, the m xture

was stirr eggst MRS §2S) SKFrashed bkl ity 2°§tebF ut i Oif GFHECt- Bady |

cycl opr opapecas howatt alrd @ 0890madnéd 1 s (1FaFe) an@Scasidadt \reR $8erand the
m xture was further stirred at -78C for 30 mn. A solution of benzyl (45)-

4- et hy 1- 2r8§ddfes rresaugraz ol hei pes Blusamasx puai éied oY giliae dell Folwonm)

was added dropwise at .-78C.over 10 mn nd .t he m xtu 25 urther
stirred at cfle%‘aa?%qra:f@ymﬁﬁ.luﬁﬁéti e’é%rﬁ:{e(%l.yé ﬁffg]wg%y%@d]eﬁlﬁﬂﬁ% FESCti on
m xt ur ezandheati€lre waimpongdt Oyiebd t Bl aigyr §iehat €30 viees) adhided4rasd) the
m xture vvag_wtract ed wi.th et hgl%, acetate, The extract. was washed with

ri

h
saturat ed Brit hert o ted GGrer Y AR HY R ey e St B FrRIRY T 2Hd déBnéaRPRat ed
under 30 reguced: PRSP, CyidDg: ro5i e warHuk hi ed1byiaid icaigel col um

'H-NMR (CDC13)8:0.07 (6H,s), 0.90(9H,s), 1.17(3H,d,J=6.3Hz),
2.27(1H,dd,J=16.5,4.2Hz), 2.25(1H,dd,J=16.5,9.3Hz), 3.70-
15 3.80(1H,m), 4.37-4.45(1H,m), 6.00(1H,brs).
(4R, 5S8) -4- (tert-butyldimethylsilyloxy) -3, 3, 5-
trimethylpyrrolidin-2-one
'H-NMR (CDC13)8:0.09 (6H,s), 0.90(9H,s), 1.06(3H,s), 1.15(3H,s),
1.25(3H,d,J=6.2Hz), 3.31-3.44(1H,m), 3.55(1H,d,J=6.8Hz), 5.17-
20 5.42(1H,m).
Reference Example 62
4-((4S,58) -4~ (tert-butyldimethylsilyloxy)-3,3,5-trimethyl-2-

oxopyrrolidin-1-yl)-2-(trifluoromethyl)benzonitrile

%
O—S§j
gl

N

F

F
CN F

25 Using (4S,5S)-4-(tert-butyldimethylsilyloxy)-3,3,5-
trimethylpyrrolidin-2-one (161.8 mg), 4-iodo-2-
(trifluoromethyl)benzonitrile (205 mg), cesium carbonate (307
mg), tris(dibenzylideneacetone)dipalladium(0) (30 mg) and 4, 5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (73 mg), and in the
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chromat ography (eluent: hexane/ethyl acetate=50/1-1/1) to give the title
conpound as a colorless oil (yield: 401 ng, 29%. WO
2009/ 020280RUF02P3008/ 064500 1H NMR(CDC13) 5: 1. 10- 1. 54( 2IACEMIP2008/064500
1.41(3H,d, J=7.0Hz) , 1.49(9H.$), 1.54-1.78(2H.m, 5. 11(2H $),
5. 16- 5. 33( TR MO % - (Bﬁ}ﬁf?n% FHAFLAL B e ‘Feé‘%ﬁ? é:rf%!‘é"’l%’(’gnﬁﬁé 66 5
tert-butyl obtb{2R) -5 {d (JaB2zYEoxYISRIDOAMIhAM B8D: 3-mg, yield: 87%).
hydroxypropyl ) cycl opr opanecar boxylate OH O A solution of tert-butyl
1- ((23) - 2- "HiNMiE€DP1lekyr) b drddSHy B) an® Nt (@thsanol. Péy 8Hpp) pphric@Hhexyl ate 10
(1.66 g) | | (2 _EO d to 9Q%. sod;) bor ghydri de (305
ng) was adgégjﬂ%?’ggt’hel'%og{?)&r‘g?%@ S z|65r’r édzgglgcgf%rg)?}b#ﬂ’n%' ter was
added tostheds énetm)on MG 63 (20t hes miexiur, e, vas. exty acted with et hyl
acetate. The_extract_was washed with saturated brine, dried over anhydrous
magnesi um FSEEEFIGR &£X&Rd cBAcent rat ed under reduced pressure. The residue
was purifigd[bygrsidj l+C fLe3g0:! (el genty v hexanelethyl
acet at e=30/ 1-[ El/ 15)é)t_g4a_g(?:\%ett ﬁ{ég?ﬁ% conptsggrg{%ggg) agcgi %Irtlrelss o?ﬁ (Qyi el d:
1.58 g, 94%%opyrroliidinnR-ebrtad) §t 0l B8Rt lipenzoniif 9H )
2.87-3.05(1H m, 20 3,53-4.20(21-1,m), 4.91-5.17(3H m, 7.29-7.40(5H n).
Ref er ence Exa IeOGZSiLe%; but yl
1-((28)-2-{ enZyl oxXy) sar bonyl ] am no) - 1- (t ert but yl di net hyl si | yl oxy) pr opyl )
cycl opropanecar bgxyl at e :

O gy

CN F

10 Using (4R,SS)—4—(tert—butyldimethylsilyloxy)—3,3,5—
trimethylpyrrolidin-2-one (266.6 mg), 4-iodo-2- .
(trifluoromethyl)benzonitrile (340 mg), cesium carbonate (505
mg), tris(dibenzylideneacetone)dipalladium(0) (47 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (120 mg), and in the

15 same manner as in Reference Example 3, the title compound was
obtained as a colorless oil (yield: 391.7 mg, yield: 89%).
'H-NMR (CDC13)8:0.15(6H,s), 0.95(9H,s), 1.13(3H,s), 1.30(3H,s),
1.31(3H,d,J=6.2Hz), 3.75(1H,d,J=6.2Hz), 3.89-4.02(1H,m), 7.58-
7.74(1H,m), 7.80-7.93(2H,m).

20 Reference Example 64
4-1(2S,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-5-

oxopyrrolidin-1-yl]-2-(trifluoromethyl)benzonitrile
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25A solution of tert-butyl 1-((28)-2- 1[(benzyl oxy)carbonyl]am nol-1I-
hydr oxypr opyl ) cycl opr opanecar boxylate (1.58 g) in TI-1F (15 nL) was cool ed
to O0C, tewO-2basvozb3di nmet hyl)silyl trifl uoromethanesul f onaCe/JP10086645¢0) and

2, 6-di et hyl pyri di ne /1 Q20234PCT0P2008/ 064500 1.05 nL) were added,
and the m xture @%&n%t%g’%?ag‘%sﬁf%%ﬁr@mggy B%lxéowl- ter was added
to the reagbtiopl pyratdiriRiinandohBe (91 6 Uf)g wasogytpacted with ethyl acetate.
The extract was washed with saturated brine, dried over anhydrous magnesi um

s sul fat e, (hRHE bérEathatleBenAget trbkrickd 89r 83 suFesiunecgdsingte a8 - 65
ified b i1 . . : / |
pur T ed 2 fl{@@%en%glgggngQ&g«ga&eq%g%gga@w?@} @f‘deirg 0;3{11@{4 5-

acet at e=1/0- 0o glv trt conp as a col yi el d:
1.57 g, ¥5Bfs (dibNVR(ICDCERNENO) 037 D-diddcBiHyIkanOhdBe 1 (2K H)ry) and. 88( Oht $) ,
/o 1.41(91-1

$), 3.83-4.28(3H.$), 3.84-4.99(2H, m, 7,28-7.41(51-i,m.
Ref er ence Eﬁlg?‘r)df‘aen%eé: a(SG%}“f g???é??g%ﬁ’iﬂ“m%ﬁéhyﬁ? I E/Jré@)c-%“ﬂ?é‘flﬁyﬁg-
azaspi r o[ 28t A AEA-00R142T0s3 sO11H I Qb t 8L b1 PUy Y yiksid:28h- F2) .
{[ (benzyl oxy) carbonyl | am no) - 1- (t ert but yl di net hyl si | yl oxy) propyl ) cycl opr opa

necar boxy! dt-aMRESDCs )0 i3 (68 hanol . $B(9H,)s)was - a8 did, d,0%@aAHZAdI um car bon
(containing goYMal £15-1800M9) oud 3 hs X LM §_Y&Sy St igH8d 3t speom
10 4.44(1H,m), 4.57(1H,q,Jd=7.0Hz), 7.82(1H,d,J=8.7Hz),
7.89(1H,dd,J=8.7,2.1Hz,1H),8.04 (1H,d,J=2.1Hz).
Reference Example -65
tert-butyl 1-((28)-2-

{ [ (benzyloxy)carbonyl]amino}propanoyl)cyclopropanecarboxylate

SRR Rne:

A solution of diisopropylamine (0.740 mL) in THF (25 mL)
was cooled to -78°C, n-butyllithium-hexane solution (3.26 mL, 1.6
mol/L) was added dropwise and, after the completion of the
dropwise addition, the mixture was stirred at -78°C for 1 hr.

20 Subsequently, a solution of tert-butyl cyclopropanecarboxylate
(0.800 g) in THF (5 mL) was added dropwise, and the mixture was
further stirred at -78°C for 30 min. A solution of benzyl (4S)-
4-methyl-2, 5-dioxo-1, 3-oxazolidine-3-carboxylate (1.00 g) in THF
(10 mL) was added dropwise at -78°C over 10 min, and the mixture

25 was further stirred at -78°C for 30 min. Acetic acid (2.0 mL)
was added to the reaction mixture and, after warming to room
temperature, water was added, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated under

30 reduced pressure. The residue was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate=50/1-1/1) to give
the title compound as a colorless oil (yield: 401 mg, 29%).
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20 tenperature for 3 hr under a hydrogen atnosphere and filtered. The
filtrate was concentrated under reduced pressure, and the residue was
di ssol vedwDrzoeva2bazsmol (10 m ) Sodi um net hoxi de (404 ngpCra@sidedorand t he
m xture was refluxed f(? hr. A saturated agueous anmmoni um chlori de

sol ution wadMEEPTe) e 1851 8442 HAR) ni kil SH Snd~r nBHA xt1nd (s S)
extracted w th-ethyl2mentatte111be, X! rSiCltGJ/Sa%BV@ﬁhﬁﬂ W I his-SsAtgar@tesh) b“ ne,
dri ed over anhydrous nesi um sul fate, and concentrated under reduced
pressure. '?h@%ésﬁib@‘lwgs purified by silica gel colum chronmatography
(eluent: h Vibse tate=30/1-*1/3) to give 30 the title conpound as a
col orl ess g)é?ggél?{:/?e% daqtﬁ);iﬁo%g ng, yield: 60%9. WO

2009/ 02023486&'@20;33/1}6(4(&@0 EH{ IR 1) B - rBion @ 1 0 & O YU 1, -

0.57-1.38(4H, M, 86-0.92 , 1.26-1. 33(::3H m, 3.47-4.49(211, m,

5. 66-5. 95( ?Mdﬁ?xyﬁéé‘?@flér?é@ Ei?é pRe@yrboxyla

4-1(63,78)-7-(tert-batyl gi yl silyl oxy) - 6-net hyl-4- oxo- 5-

azaspiro[ 2. 41lhept - 5(&%] rogenzonitrile 0 Si Cl CN Usi ng
(63)-7-(tert-butyrd XY)I6- net hyl-5- azaspiro[ 2. 41hept an- 4- one
(200. 8 ny) | pr ono- 2- robgnzonitrile (194.3 ng), cesium carbonate (384
nmg), /o trisfdi benzylideneacetone)di palladiun(0) (36 ng) and 4, 5-

bi s(di phenyl phosphseD)tihrd-odi rerhybxept eng(As9k2ry), and in the same manner
as in Reference Exarrple 3, the_ title conmpound (yield: 68.4 , yield:

22. 2% and {44 Fe@gy#¢§y;pagbgpyl]amlno}propanoyl)cyclopropaneca oxylate

2 chl or Qberonpt S| 18 (aPao 7S P RS (e BB each as a

col orl ess bgtpdydrlde 305 mg) was added, and the mlxture was stirred at

4-[(68, 78) ert-butyl di pet hyl silyl oxy) - 6
bt ol 2O% Hsth - 5| BRVOR GBah ALY Foelne LRI SIS uBe 070y e
0. 12( 3H, $)m19tﬁfe0m¥9@$ﬁmﬁbtea-ﬁﬁth ethyl acetate The extract was

washed with saturated brine, dried over anhydrous magnesium

15 sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=30/1—>1/1) to give the title compound as a
colorless oil (yield: 1.58 g, 94%). |
'H-NMR (CDC13)8:0.68-1.35(7H,m), 1.44(9H,s), 2.87-3.05(1H,m),

20 3.53-4.20(2H,m), 4.91-5.17(3H,m), 7.29-7.40(5H,m).

Reference Example 67 '
tert-butyl 1-((28)-2-{[(benzyloxy)carbonyl]amino}-1-(tert-
butyldimethylsilyloxy)propyl)cyclopropanecarboxylate

L %
<
/S'>;
25 A solution of tert-butyl 1-((2S)-2-
{[ (benzyloxy)carbonyl]amino}~1-
hydroxypropyl) cyclopropanecarboxylate (1.58 g) in THF (15 mL)
was cooled to 0°C, tert-butyl (dimethyl)silyl

trifluoromethanesulfonate (1.56 mL) and 2, 6-dimethylpyridine
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20 1.37(3H, M, 0.93(9H %), 1.30(3H,d,J=6.4Hz), 4.29-4.41(1H m,
4.59(1H,d, J=7.2Hz), 7.01-8.04(3H .
4-1 (63, 7TRyo2oqe0134but yl di net hyl si |l yl oxy) - 6- met hy1- 4- ox®@CFAIP2008/064500

azaspiro[ 2.,411hept-5-y1]-2-chl orobenzonitrile 1H N CDC13).5: 0. 06(3H, %),
0 otar S (1008 et et 2058gy 058 e Ridihiars Va5 RCT Ay pon ot o)
1. 36( 3H, d, dafpétigure3 - f63 368RE1H mted W% 444861Eb Mhe r&fti o2k e,

7.91-7.95(1H, m. np:169-172C. Reference Exanple 70
2- chl or o- 42 ¢ 63)e URETURPL WAS 7ot BBl adddpetby2. agalepie 5- Thppextract

2009/ 02023 / 5 jtrig S ' 0 I

chl ori de (‘gggg‘gf%?%ﬁg&%e% %&?ﬁg%\%&g%r ide d(r ges%ém%&%@gdhta §éé%%,&n

di met hyls ssllfxtae il @d2acenttajedamdrddeeddrepgwpsessuarl t IThenresidee was
Stirred A ubDoas e LPIELAe Sof 39N enRRSt8b iy (eruent

hydr oxy- 6- g hyd 7 &-1x0-Retzaspi 1eL,3./4) hept & Pey| QAL G : ) in
nmet hyl ene chl or%{je 1%92( E? r?L) vvasy algge/g}) drggp%\ngg% ﬂt}%et gqﬁeggbﬁggé%% lr%e, and
t he m xtureoh@sless rqidd (yieldoClfof A i’d%hr-. Triethyl amine (0.202 nL) was

added, and, m re.. stirr at, 0C far .3 Ln. Water added to the
reaction mxt ‘,&gﬁa’%-@gﬁ%&t ﬁ]? g%@ ! g)t'r@(?tlegg&;]?f‘f“)et h 188\3@2&’5&. The
extract ;ovas. 4t (@, Kv,er3.a83hydeeU3H Meghesisumis Bbf 2l empnd7 @mcentlrated) under
reduced pressure. The residue was purified is by silica gel colum

chr omat ogr 3phSE$F % €eMReRaRe/ et hyl acetate=50/1-+1/1) to give the title
conpound agegd) pal E&é&%—lb%\ﬁ/ Qahméﬁ’ﬂhﬂéjﬂy%%x’gg%sﬁ%hylﬁ— 1H NVR( CDC13)
8:1.50(3H,d, J=6.8Hz), 1. 7§- 1.96(4H, m, 4.68(1H, g, J=6.9Hz),

7.57( 1H, ddadzspr@l2-HMAheptan2diehel, J=8. 6Hz), 20 7.90(1H, d, J=2. 1Hz).

np: 169- 172C Ref erence le 71

4-[(6S, 7TR) - 7- 4t er t o bug; inet hyl sil yl oxy) - 6- net hyl- 4- oxo- 5-

azaspirof 2. ept /5-yN-2-(trifluoromethyl)benzonitrile

15 To a solution of tert-butyl 1-((28)-2-
{[ (benzyloxy)carbonyl]amino}-1-(tert-
butyldimethylsilyloxy)propyl) cyclopropanecarboxylate (693.9 mg)
in methanol (8 mL) was added 10% palladium carbon (containing
50% water, 80 mg), and the mixture was stirred at room

20 temperature for 3 hr under a hydrogen atmosphére and filtered.
The filtrate was concentrated under reduced pressure, and the
residue was dissolved in methanol (10 mL). Sodium methoxide
(404 mg) was added and the mixture was refluxed for 4 hr. A
saturated aqueous ammonium chloride solution was added to the

25 reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel column
chrbmatography (eluent: hexane/ethyl acetate=30/1-1/3) to give

30 the title compound as a colorless solid (yield: 200.8 mg, yield:
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WD 2009/ 020234PCT/ JP20081064500 ON F Usi ng
(65)-7-(tert-butyldinmethylsilyloxy)-6-nmethyl-5- azaspiro[2.4)heptan-4-one
(720.5 nowo 2de9@oa342- trifl uoronethyl benzonitrile (921 BCmyP2008/66H0M

carbonate (]. 4 ris(dib |.i dene di adj 0 9 ) and
4,5- bi s(di%H@ﬁ?@&%éb%ﬁ%(o-‘é’;ggd%ﬁﬂhyl@ﬁ % 5 ‘§ 8%% %(Zr{?gt[{hg‘?sarre
nagger SS Ln2Ref e3®(B1E rfyample-3. 49h2Hhﬁt|6.@@ﬂEOQB@1HMhﬁJd 670 ng, yield
56% an

4-[ (6S, 73) Referensd XA Ry | si | yI oxy) - 6- et hy 1- 4- oxo- 5- azaspi r o[ 2. 4] hept
-5-y1] - 10427(k&i74) wqrf%%xbhégmgﬂﬂéﬁﬁﬁsﬁ1(y>1'o§W 630 P - 2%, -uer e

obt ai ned each as a colorless so ;

4-[ (63, 7R) aZagpere bhuyegitmdt-lry [ s2+gh boaydbedzontihyild- oxo- 5-

azaspiro[ 2. 4] hept-5-y1]-2-(trifluoronethyl)benzonitrile

1H NVR(CDC13),8: 0. 6(gH. &), 0.10(3H,$), 0.90(9H,$), 0.99- Is 1.18(2H m,
1.21-1.33(1 , ~1. 3% 1\44(1H m, 1.37(3H,d,J=6.4Hz), 3.79-3.86(1H m,
4.09-4.25(1H, M, \7.79-7.86(2H, m, 8.23(1H 9$).

4-1(63,75)p t ert-.but yl di met hyl si |l yl oxy) - 6- net hy1- 4- oxo- 5--

azaspiro[ 2. 4] hegpt-5-y1]-2-(trifluoronethyl)benzonitrile

1H NVR(CDC13) 8:10. 08(3H, $), 0.13(3H,$), 0.69-0.81(1H m, 20 0.93(9H %),

0. 93-1. 09( 1H, 1.18-1.41(2H, m, 1.32(3H,d,J=6.4Hz), 4.43-4.46(1H m,
4.61(1H,d, J= 7.80(1H,d, J=8. 7THz), 7.95(1H,dd, J=8.7, 2. 3Hz),

8.25(1H,d, J=2.3Hz) c1  Reference Exanple 72

4-[(6S, 7R) - 7- (tgr t - but yl di met hyl si | yl oxy) - 6- met hy1- 4- oxo-5- 25

azaspiro[ 2. 4] hep t 5- yl&&0 nmet hoxybenzonl trile WO

2009/ 020234PCT/ J‘#QU@Bl 500 (tero- bwldlmethyélsnéyloxy -6-methyl-5-

63)-7-(t Lyl 2. 4] hept 4-
§76)2 2 ( eggaglgi%n? th%’ttﬁlgx%bgﬁ%%&?qﬁ (723 fSlE?I?kg)cegl[um La?goﬁgte ?2646

g), chlorobenzonitrile (194.3 mg), cesium carbonate (384 mg),

10 tris(dibenzylideneacetone)dipalladium(0) (36 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (91 mg), and in thé
same manner as in Reference Example 3, the title compound
(yield: 68.4 mg, yield; 22.2%) and 4—[(68,7R)—7—(tert—
butyldimethylsilyloxy)—6—methyl—4—oxo—5—azaspiro[2;4]hept—5—yl]-

15 2-chlorobenzonitrile (yield: 161 mg, yield: 52.4%) were obtained
each as a colorless solid.
4-[(6S,7S)-7-(tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-
azaspiro[2.4]hept-5-yl]-2-chlorobenzonitrile;

'H-NMR (CDC13)8:0.07(3H,s), 0.12(3H,s), 0.67-0.79(1H,m), 0.88-

20 1.37(3H,m), 0.93(SH,s), 1.30(3H,d,J=6.4Hz), 4.29-4.41(1H,m),
4.59(1H,d, J=7.2Hz), 7.01-8.04(3H,m). |
4-[(6S,7TR)-7-(tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-
azaspiro[2.4}lhept-5-yl]-2-chlorobenzonitrile
'H-NMR (CDC13)8:0.06 (3H,s), 0.10(3H,s), 0.89(9H,s), 0.97-

25 1.17(2H,m), 1.21-1.42(2H,m), 1.36(3H,d,J=6.6Hz), 3.79-3.82(1lH,m),
4.06-4.19(1H,m), 7.54-7.69(2H,m), 7.91-7.95(1H,m).
mp:169-172°C.

Reference Example 70

2-chloro-4-[ (6S)-6-methyl-4, 7-dioxo~5-azaspiro[2.4]hept-5-
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s tris(di benzylideneacetone)di palladium0) (136.6 ng) and 4, 5-

bi s(di phenyl phosphi no) -9, 9- di net hyl xant hene (345.3 ng), and in the sane

manner asworo®aiRezsence Exanple 3, the title conpound wa®CoLPHiOseclsas a

colorless soljd (yield:. 760 ny, 66% . 1H NVR(CDC13)5:0.06(3H, %),
TobSathiisilen o6

0.09(3H $) Y , 10 1.14(2H ), 1.19-1.38(2H n),
1.36(3H,d, J=6. 6Hz), 3.80(1H,d,J=1.9Hz), 3.93(31-1,9%), 4.11-4.21(1H m,

6. 80( 1H, dd, .5, 9Hz), 7.53(1H,d, J=8.5Hz), 7.92(1H,d, J=1.9Hz). Reference
Example 73 (43)-%-et hyl-1, 3- oxazol i di ne-2, 5-di one To a suspensi on of

(28)-2-ani$ tapojc acid (10 g) and activated carbon (116 ng) in
tetrahydrofiuramd’ (50 nL) was added dropwi se a sol ution of triphosgene (10.07
g) in tetrahydriofuran (50 nmL) at roomtenperature, and the m xture 20 was
stirred at 5 r 2 hr. The sane experinental process was performed tw ce,
in each of  nsoluble materials were filtered off with celite, and the
filtrates were~conitdined and concentrated under reduced pressure. The
resi due was washed with hexane to give the title conpound as a solid
(yield: 25 22.39 g, 89% . WD 2009/ 020234PCTOP2008/ 064500
1H NVR(CDCL3) 8: 10603 fo)22. BHE) o1 L B:2 Q3 (@B nfh 205 b3hbtem

anple zy

5.79(1H, brs). Reference Ben
(45) - 4- et hyh13rbddli X @ k13- Q¥8zebbThde-B--Grbpxyimdtehyd sulfoxide (0.062

5 mL) was added dropwise, and the mixture was stirred at the same

temperature for 30 min. A solution of 2-chloro-4-[(6S,7R)-7-

hydroxy-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl]benzonitrile

(40.1 mg) in methylene chloride (2.5 mL) was added dropwise to

the reaction mixture, and the mixture was stirred at -40°C for 1
10 hr. Triethylamine (0.202 mL) was added, and the mixture was

stirred at 0°C for 30 min. Water was added to the reaction

mixture, and the mixture was extracted with ethyl acetate. The

extract was dried over anhydrous magnesium sulfate and

concentrated under reduced pressure. ‘The residue was purified
15 by silica gel column chromatography (eluent:hexane/ethyl

acetate=50/1—>1/1) to give the title compound as a pale-yellow

oil (yield: 35 mg, 88%).

"H-NMR (CDC13) 8:1.50(3H,d, J=6.8Hz), 1.78-1.96(4H,m),

4.68(1H,q,J=6.9Hz), 7.57(1H,dd,J=8.6,2.1Hz), 7.72(1H,d,J=8.6Hz),
20 7.90(1H,d,J=2.1Hz).

mp:169-172°C

Reference Example 71

4-[(6S,7R) -7~ (tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-

azaspiro([2.4)hept-5-yl]-2-(trifluoromethyl)benzonitrile
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" NO A solution of (4S)-4-ethyl-1, 3-oxazolidine-2,5-dione (69.57 g)
and benzyl chloroformate (101.1 g) in tetrahydrofuran (800 nL) was cool ed
to 0C, N-wetzhgdaror3phol i ne (81. 74 g) was added dropw se, pamdPrdog06usott ur e was
stirred at /o OCfor 2 hr. A4 nol/L hydrogen chloride - ethyl acetate
solution (86.9 m wels fdded dropwi se at 0OC to the reaction m xture, and

i ne hydrochloride was filtered off with celite. The
filtrate was ¢gongentrated under reduced pressure to give the title conmpound
as a pal e- ow’...5 oil (yield: 91.58 g, 52%.

1H NVR( CDCI3) 8:N0. 95(3H,t, J=7.5Hz), 1.75-2.35(2H m,

4. 74(1H,dd, J=6.Q, 3. 2Hz), 5.27-5.44(2H, m, 7.28-7.49(5H n) . Reference
Exanple 75 tg putyl 1-((2S)-2- 20

{[ (benzyl oxy) blony | ,} anm no} but anoyl ) cycl opr opanecar boxyl ate A solution of
di i sopropyl am 6 mL) in tetrahydrofuran (50 nL) was cooled to -78C,
n-butyl I'ithiumgy Fhexane solution (16.56 nL, 1.6 nol/L) was added dropw se
and, 25 after the conpletion of the dropwi se addition, the m xture was
stirred at -78C ¥®ind fﬁS)—§ulj§@quelnltl‘¢Byldian%cbiytltSiidtmlokyteﬁmulwl—S—

cycl opropa g rofura 0 nL) was added
dr opwi se, QS%&E}Q%&(%%] %Wasllférr1 |Fiégd ét 898%: for 30 min. A
sol ution Oirbﬁh@@iodéﬁ@yl&eﬁ&bnitﬂlfé(MQZ&QB mg), cesium carbonate (1.38

5 g), tris(dibenzylideneacetone)dipalladium(0) (129 mg) and 4, 5-

bis (diphenylphosphino) -9, 9-dimethylxanthene (326 mg), and in the
same manner as in Reference Example 3, the tifle compound
(yield: 670 mg, yield 56%) and 4—[(68,78)—7—(te£t—
butyldimethylsilyloxy)-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl]-

10 2-(trifluoromethyl)benzonitrile (yield: 309 mg, 26%) were
obtained each as a colorless solid.

-[(6S,7R)-7-(tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-
azaspiro[2.4]hept-5-yl]-2-(trifluoromethyl)benzonitrile
'H-NMR (CDC13)8:0.06 (3H,s), 0.10(3H,s), 0.90(9H,s), 0.99-

15 1.18(2H,m), 1.21-1.33(1H,m), 1.31-1.44(1H,m), 1.37(3H,d,J=6.4Hz),

3.79-3.86(1H,m), 4.09-4.25(1H,m), 7.79-7.86(2H,m), 8.23(1H,s).
-[(6S,78)-7-(tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-
azaspiro([2.4]hept-5-yl]-2-(trifluoromethyl)benzonitrile

'H-NMR (CDC13) 8:0.08 (3H,s), 0.13(3H,s), 0.69-0.81(1H,m),

20 0.93(9H,s), 0.93-1.09(1H,m), 1.18-1.41(2H,m), 1.32(3H,d,J=6.4Hz),
4.43-4.46(1H,m), 4.61(1H,d,J=7.2Hz), 7.80(1H,d,J=8.7Hz),
7.95(1H,dd,J=8.7,2.3Hz), 8.25(1H,d,J=2.3Hz). |
Reference Example 72
4-[(6S,7R) -7 (tert-butyldimethylsilyloxy)-6-methyl-4-oxo-5-

25 azaspiro([2.4]hept-5-yl]-2-methoxybenzonitrile
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W2009/ 020234PCT/ JP20081064500 1, 3- oxazol i di ne- 3-carboxylate (3.49 g) in
tetrahydrofuran (50 nL) was added dropwi se at -78C for 30 mn and the

m xture wae 2009/m208d at -78C for 30 mn. Acetic acid wasPpatdezhos/oc4some
reaction m xture at -78C wat er was added and the m xture was 5 extracted
with ethyl ac tat§ extract was washed with saturated brine, dried over
anhydr ous m u fate, and concentrated under reduced pressure. The
resi due was pyri |ed by silica gel colunmm chromatography (el uent:

hexane/ et h cetate=1/0-4.2/1) to give the title conpound as a col orl ess
oil io (yieId:N1.16 0, 24% . 1H NVR(CDC13)8:0.89(3H,t,J=7.6Hz),

1.04-1. 79(6H, 1.50(9H, %), 5.07-5.17(2H, m, 5.25-5. 38(1H n,

5.42-5.52(11- , 7.29- 7.40(5H, mM. Reference Exanple 76 15 tert- butyI | - (
(23)-2-{ [(b oxy) car bonyl ] am no}- 1| -(tertbutyl di net hyl silyl oxy) butyl)
cycl opropanecanboxy ate To a solution of tert-butyl 1-U2S)-2-

{[ (benzyl oxy) c NboHyI]anlnoIbutanoyl)cyclopropanecarboxylate 20 (1.16 g) in
met hanol (25 nL) was added sodlun1borohédr|de (180 ng) at OC, and the

m xture was stiryshat(GCfolteotmaty v 1aihphoxyn chinstindd -kas added

to the rea n& h ext with ethyl acetate.
The extrac%E%éé?{§q9:§] g%ggn%y Q}nagn |ﬂn§s%$§$$gzand concentrated
under 25 rmdtmq/k;mmmmwhe?zesn@ue omlmutafb@ﬁlaﬁ)a/ Si.ldecag)gel col um

chromat o ra uent.:. hexane/eth acet at e= 50/1 *1/1) to give tert-butyl
1- ((29) -2- Qﬂ%ﬂw})lé&rlsaﬁ%?%# Aljadium{0) (136.6 mg) and 4,5 Y

hydroxybutuig HRRARABEGALREXYY 26 &1 3% thAQLALhEsS 0345 (¥in@))d: 28441 8N,
yi el d: 78% . (R LaaTARASERIASKY D A BB A9aAthERS (Bdo (i) (r afkts

tert- butylthﬁ(%éﬂ%-m@nnFF(béniyl%&@?@ﬂnﬁnﬁ?ﬁﬁahﬁnél tthe title compound
hydroxybutxggcgg%a[ﬁé@ognega gféXi%%%d&D qyngidanQGg qrsaé Q|ne (0.632 m)

i n tetrahydrof uran ice- coé?

tert-butyl H{mhy:bsuﬂm) 1or6| Bhugrpmﬁtd@mstél fooa9@ é@ B4 m19)64':md after
warmng to roonltenper was stlrre for 1 hr. The reaction

mi xt ur e?éad- At Mo %aﬂ@rl éﬁézﬁﬁ@'nﬂx@@réHmﬁsJe§t§%&hed with ethyl

acetate. Theg@xiy actzwaspwashedoy i Sat urayed Bi(negmdried over anhydrous
magnesi um
6.80(1H,dd,J=8.5,1.9Hz), 7.53(1H,d,J=8.5Hz), 7.92(1H,d,J=1.9Hz).
Reference Example 73

(4S)-4-ethyl-1, 3-oxazolidine-2, 5-dione

HN

0
15

To a suspension of (2S)-2-aminobutanoic acid (10 g) and
activated carbon (116 mg) in tetrahydrofuran (50 mL) was added
dropwise a solution of triphosgene (10.07 g) in
tetrahydrofuran (50 mL) at room temperature, and the mixture

20 was stirred at 50°C for 2 hr. The same experimental process
was performed twice, in each of which insoluble materials were
filtered off with celite, and the filtrates were combined and
concentrated under reduced pressure. The residue was washed
with hexane to give the title compound as a solid (yield:

25 22.39 g, 89%).
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/o sulfate, and concentrated under reduced pressure. The residue was
purified by silica gel colum chronmatography (eluent: hexane/ethyl

acet at e= 5&03@%&h&&4t0 give t he titIe conpound as a coIon@SBﬂmmmMSyield:
1.18 g, g%_ IVR(QD013) 8: 0 0.10(6H, M, 0.77-1.48(9H n),

0.81-0. 92( SHMR ( CP511 53@ 6431t iy | - 53*261 3.- B2 2H0RY 2HAm) 19 4. ?8(1H m

4.71- 4. 84ﬁ133nh{1ﬁ 03- 591§ﬁ2$g§9 7.13-7. 41(5H m . Reference Exanple 77
(65)-7-(tert-butyl i'met h IS|fonxy) 6- et hyl-5- azaspiro[ 2. 41hept an- 4-one 20
To a sol utR@ﬁemnqeerEtxan@{Lw 714-((2S)-2-

benzyl ox 1 ( i j OXYy. t | opr opane
Lgrboxglat%%§€y€8nﬁ% in ne a%o %ﬁggﬂ¥5qhggggégggl%%g?5%?#5%&%%¥§arbon
(150 nmg), and 25 the g xture was stirred at roomtenperature for 18 hr
under a hydraogen atnosphere and filtered. The filtrate was concentrated
under redugEd\JresSgre t he residue was dissolved in nethanol (20 ni).
Sodi um net de (230 ) added and the m xture was refluxed for 2.5
hr. Water added t @ reaction 30 mixture, and the m xture was
extracted with ethyl Qcetate. The extract was dried over anhydrous

magnesi um sul f at ncentr d, u 1€ uced sur e residue was
purified vm200d§d%85§§ﬁ8T§E26§%fd%¢%gﬁﬂby % Féggée lneldhn cﬁrgnatography
(el uent: he&anE7Q§hwhdabehaye{%ﬂdb&ﬂﬁﬁbtbo(gowelt@p:ﬁitle conpound as a
colorless oil (yield: 397.8 609 . 1H- NWVR( CDC13) 15: 0. 00-0. 07(6H, m,
0.59-1. 29(17¢>F1ﬁ§hyct¥q§7u@ngz@@@+rh$) wss] peleds o1 PGy N-regbyimgnghed ine
3.34-3.66(1&h M4 g?') s gdggélﬂépw1s%,5%n% B Mure was stirred at

10 0°C for 2 hr. A 4 mol/L hydrogen chloride - ethyl acetate

solution (86.9 mL) was added dropwise at 0°C to the reaction

mixture, and the precipitated morpholine hydrochloride was

filtered off with celite. The filtrate was concentrated under

reduced pressure to give the title compound as a pale-yellow
15 oil (yield: 91.58 g, 52%).

'H-NMR (CDC13)8:0.95(3H, t,J=7.5Hz), 1.75-2.35(2H,m),

4.74(1H,dd,J=6.0,3.2Hz), 5.27-5.44(2H,m), 7.28-7.49(5H,m).

Reference Example 75

tert-butyl 1-((28)-2-

20 {[(benzyloxy)carbonyl]amino}butanoyl)cyclopropanecarboxylate

L%K

A solution of diisopropylamine (3.76 mL) in
tetrahydrofuran (50 mL) was cooled to -78°C, n-butyllithium-
hexane solution (16.56 mL, 1.6 mol/L) was added dropwise and,

25 after the completion of the dropwise addition, the mixture was
stirred at -78°C for 1 hr. Subsequently, a solution of tert-
butyl cyclopropanecarboxylate (3.77 g) in tetrahydrofuran (10
mL) was added dropwise, and the mixture was further stirred at -

78°C for 30 min. A solution of benzyl (4S)-4-ethyl-2,5-dioxo-
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Ref er ence

4-1(6S, 7R) -

Exanple 78
7-(tert-butyldi methyl silyl oxy)-6-ethyl-4-o0xo0-5-

azaspi r o[\Ro4bhapo23s- y1] - 2- (trifluoronethyl)benzonitriIePCEUBﬂﬁmeBMYOCNF

Usi ng (6S)-

7 (tert yIdlneth

azaspi r o[ 2: 4fh%§?ﬁ%P (§§?¥ ﬁt%loxxgéﬁ%sé XPrF?Ff@ﬁ¥ﬂﬁﬂqﬂﬁaﬁeﬁé8nlt

(482 ng),

tris(di benzy

f'HQ%CéH&EH“Hf% pwidd BB)-78°C for 30 min and the mixture was
i deneacet one) di pal | adi un{0) (68 nmg) and 4,5- is

bi s(di phenytpnmmm@mcgfmm hlwrxanf\heheC(aﬁJJ_d nvga)s aejwdi ot heesanme

f h | b d
BrE oL TG TR TR 210 By SRR e o) 86 0 (e §)

manner as
col orl ess
0.11(3H, %)
1. 30-1. 38(
7.80-7.86(
(45,5S)-1-
met hyl pyrr
of

(48, 58)-1-
(110.5 ny)

t enper at ur
added and
dried over
pressure.

(el uent: he%aﬁ@léﬁhy acetate 50/1-+1/2) to give the title conpound as a

exﬁréﬁﬂéﬁ:ﬂ;ﬁ@ eUhyQGéBétatd 7i%k&kxt1a62 Qaé?ﬁé&hd@ w1th

%Ekﬁ}at 51{%?$ ri f%Y%%dﬂ3E§HﬁH§ m gnes um sulfate, ng ux
£3nEbhOF At (\RERRNQBYLY 0B BrlidireQr Ol hYEE O Sras purified

rile

olidin-2-one WD 2009/ 020234PCTOP2008/ 064500 To a solution

by silica gel column chromatography (eluent: hexane/ethyl

G NP ovbaelth b SO GOl A % SOEY Lt bed s

dropmnseocmymeldulilmé<g-aQMé (3 drops), and the m xture was stlrred at

for 18 hr. The reaction m xture was concentrated, water was

tHr MR (C0GHe) Jiells BBHabt 17 v el -de dP4FB. MIThel B4 (e €) was
S0Py PUEHTRANES] YEL 5Ub pisf A0 scancenty gl underag-educed

room

The residue 70 was purified by ‘silica gel colunmn chromatography

| e-yel | - 69%
i’ﬁ ﬁwé?cﬁ%?%ri %%e”lﬁfi‘mé’ 7595 1. 2Hz) 2.38(1H, brs), 4.05- 4.23(2H m),
7. 14( 1H,151dtéf8—ﬂm-2y15Hz—) 2% 64 LH( e A2 B4 carbbnyl &l bk V=G eHtz) .

20

25

butyldimethylsilyloxy)butyl)cyclopropanecarboxylate

X\T“

To a solution of tert-butyl 1-((2S5)-2-
{ [ (benzyloxy)carbonyl]amino}butanoyl)cyclopropanecarboxylate
(1.16 g) in methanol (25 mL) was added sodium borohydride (180
mg) at 0°C, and the mixture was stirred at 0°C for 30 min.
Aqueous ammonium chloride was added to the reaction mixture, and
the mixture was extracted with ethyl acetate. The extract was
dried over anhydrous magnesium sulfate and concentrated under
reduced pressure. The residue was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate=50/1—1/1) to give
tert-butyl 1-((2S)-2~-{[ (benzyloxy)carbonyl]amino}-1-

hydroxybutyl) cyclopropanecarboxylate as a colorless oil (yield:

914.8mg, yield:78%).
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Ref erence Exanpl e 80
4-[ (4R 55)-4-(tert-butyldi methylsilyloxy)-3,3,5-trinethyl-2-
oxopyr r olwai2ee9l029Bl- 2- (tri fl uoronet hyl ) benzonitril e CN POUSIP2IHS/064500

4R, 58) -4-(tert-hutyl dijmet.hyl silyl o -3.3,5-, trinmethyl pyrrolidin-2-one
E266. 6) ng), 4-i odo- -s?lrrLF(f &éopgnéieﬁg%%%‘?&]grﬁ—t(r(itzlséq?@o ng), cesium
carbonat e ($0bemEyloty)icrobenzyhidenepcet one) di pal | adi un{0) (47 mg) and

4,5- W2009/020234PCT0P2008/ 064500 o

bi s(di phen}VBReEYMI tHeh)-ycdoprapRRGFaERAHERE S 1304 r8) M amnd R tdrd usaddne
manner as i ne; ti o] u obt ai.ned as a

pal e-yel | ov(vobiglgé ?gjfe)elclgl %3%%9‘%‘8“%%? de:ztdSSr%;. Q{%?Q%( u13)l %0 15(3H, $),
0. 15( 3H, $) £o0l 95g A418)-bul y18( ek By 1 s bl ane30r3H]1 8P rote B84 ud, fbrat2Hz) |

?Iéelzgl(‘ é?&g’ ag%%{t_‘zé?ﬂ"e)l?’a{n%g,_ a%tgrz:(v]v'ybnnlﬁg 7t058:n‘_q7oin7% I%IpHér-ﬁ?gé,Bogh?e- ?n?i %Eﬁ:rer) '
(4R 53) - 4- (sher st beited digretihyiksi | YhoxydadriRInwiRY GES! sk didN@ Dwakel, / OA
solution of diisopropylamne (74.5 nL) in tetrahydrofuran (1 L) was cool ed
to -78C, n2Bdt {re ithitwecheRanexsprEEedvitdnethy]l acetafs / L)Theasxsdaet

d i se, } X1- i ; nr.. P was
addod dr ot Se AmrY H e fERE SLed AT gtk oY RIH ethe8, By
sol ut i omo ofubgaizg) dr(dl Spnteftbtead dazddr redylcedr poays) s opyihec akbadate

repared from (2S)-2- Menzyl oxy)carbaonyl]am nol butanoic acid (50 g) and
RN = Car bURG| BT 46 Ve 325958 G5 T 1Ll Sy G O S IDG0B e Saas added

dropw se ahexd8etifieracithEbll/ fly2/48Cch0Lide he title compound as a
colorless oil (yield: 1.18 g, 98%).

'H-NMR (CDC13)8:0.03-0.10 (6H,m), 0.77-1.48(9H,m), 0.81-0.92(9H,m),
15 1.36-1.47(SH,m), 3.61-3.77(1H,m), 4.19-4.28(1H,m), 4.71-

4.84(1H,m), 5.03-5.18(2H,m), 7.13-7.41(5H,m).

Reference Example 77

(6S) -7- (tert-butyldimethylsilyloxy)-6-ethyl-5-

azaspiro[2.4]heptan—-4-one

/
O—Si
by 3
g%
H

" To a solution of tert-butyl 1-((2S)-2-

20

{[ (benzyloxy)carbonyl]amino}-1-(tert-
butyldimethylsilyloxy)butyl)cyclopropanecarboxylate (1.18 g) in
methanol (20 mL) was added 10% palladium carbon (150 mg), and

25 the mixture was stirred at room temperature for 18 hr under a
hydrogen atmosphere and filtered. The filtrate was concentrated
under reduced pressure and the residue was dissolved in methanol
(20 mL). Sodium methoxide (230 mg) was added and the mixture
was refluxed for 2.5 hr. Water was added to the reaction

30 mixture, and the mixture was extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate and

concentrated under reduced pressure. The residue was purified
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20 acetic acid was added to the reaction m xture. Water was added and the
m xture was extracted with ethyl acetate. The extract was dried over
anhydrouswoagmmaﬂun1sulfate and concentrated under redueemupumsmuﬁml The

hovanas o oY Sibtet dst! 2o Eon SR o Ry pent! RlarsotEih
(43) - 4- {[(aeezatexydﬁlasw@ylﬂ@ralw t%e%@h@éae&ﬁ%&nﬁﬁ B %Zbeib%éseléll

(yield: 36.7 a solution of et
{[(benzylo%Y}%%?b '1F%ﬁﬁMoﬁ0§loxohexanoate (70. 68 g) |n met hanol (500 ni)

Stirred ar TABETRAHY.g0G05 D7 PR ot 22N Brt, | St

aqueous amimAddn Th{ldt,imje WasO0atlded(1H) nt)he 3r.84eBi. 66 (hil xi)ur 8.84rd t he
m xture wa cte 200 234PCT0P2008/ 064500 with ethyl acetate.
The extrac? gﬁi{%F?eU =y g 2%3@&6&% magnesi um sul fate and concentrat ed
under redugggef%ﬁgéngggmpige7BeS|due was purified by silica gel colum

chr omat ogr aphy (eluent ethyl acetate) to give ethyl (49)-4-
Mbenzy! oxyfchf 6oniR)] gl ¥13bh9ﬂl@uvﬁe%dﬁeg Y@ oKy ebdetiBal -2 -wxo869%) as a

col orl ess T op; pf,

{[(benzyloég%éérg% y%ﬂ%%%no -g}ﬁydré :%§é%%gégh¥%§b3923nltr lE,G-Iutidine
(47.6 L) in tetrahyqroguran (800 n) was added 10 tert-butyldinmethylsilane
trifluoronethanesal: (70 mL) under ice-cooling and, after warmng to
roomtenpera and the nixture was stirred for 1 hr. Water was added to
the reaction fm xture, and the m xture was extracted with ethyl acetate. The
extract wa®dmn d”byer anhydrous nmagnesium sul fate and /5 concentrated
under reduced pressur The residue was purified by silica gel columm

chr omat ogr ap | uent : hexane/ et hyl acetate=1/0-*1/1) to give ethyl

(45)-4- [(b oxy) car bonyl ] am nol - 3- (tert butyl di net hyl si | yl oxy) hexanoat e
as a colorles

ield: 64.0 20 g, 749%. To a solution of ethyl
(45) - 4- {[(ben(%lox
but yl di met hyl si

rcar bonyl ] am nol - 3- (tert-
pal I adi um car bonuéﬁwt@sm hg %Q&M\@ﬁﬁml fthg%l51g§lég§i ) L&edH Sy&%%te was

xy) hexanoate (64.0 g) in nmethanol (500 nL) was added 10%
stirred at roomtenperature for 3 hydr ogen at ere and

filtered. S@d$pﬁmqﬁﬁ:Hd%ﬁ@ea01$—®n@) 3&%58am@ed ttoiote-3+ltrate, and the

fencti on st BB TRELE Mg Pt fesi PR S aider dte. Rhe.
extract 30tvwas (dibeattyQveenanby b e)d iprgnesiium oyl ka&an%a)ndarﬁmqent rat ed

under reduced pressure. The residue was purified by silica geI
15 bis(diphenylphosphino) -9, 9-dimethylxanthené (171 mg), and in the

same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 433.7mg, yield: 67%).
'H-NMR (CDC13)8:0.07 (3H,s), 0.11(3H,s), 0.90(9H,s),
0.96(3H,t,J=7.6Hz), 1.02-1.17(2H,m), 1.30-1.38(2H,m), 1.65-

20 1.83(2H,m), 3.83-3.91(1H,m), 4.05-4.16(1H,m), 7.80-7.86(2H,m),
8.28(1H, s) .
Reference Example 79
(4S,58)-1-(3-chloro-4-iodophenyl) -3, 3-difluoro-4-hydroxy-5-
methylpyrrolidin-2-one
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col um chr omat ogr aphy (el uent: hexane/ ethyl acetate=20/1-+1/4) to give the
title conpound (yield: 21.6 g, 59% and (45,5S)-4-
(tert-butwbdoemsrmaltsi | yl oxy) - 5- et hyl pyrrol i di n-2-one (yiPerdP2008¥3»4500

2009/ 020234PCTOP2008/ 064500 4.64 g, 13% as a colorless solid and a
colorless oLl F respectively.

(4R,55)-4-(f -put yl di net hyl si | yl oxy)-5-et hyl pyrrolidin-2-one
1H NVR( CpC13)8: 0\ 07(3H, $), 0.08(3H,$), 0.88(9H, %), 5 0.96(3H t,J=7.5Hz),
1.33-1.54(0H ™ 1»54-1.71(1H, m, 2.26(1H, dd, J=16.9, 4. 6Hz),

2. 60( 1H, dd, J=16
(4S,5S)-4-(te

.9,6.9Hz), 3.30- 3.41(1H,m, 4.05-4.18(1H m, 5.71(1H, brs).
ut yl di met hyl si | yl oxy) - 5-et hyl pyrrol i di n-2-one

1H NWVR( CDC13) 068(3H,$), 0.070(3H, %), 0.89(911,9%), /o

0. 95(3H, t, J=7>9kZ) 1. 43-1. 76(2H, m), 2.26(1H, dd, J=16.9, 4. 2Hz),

2.51(1H, dd, J=16. 7, é: 3Hz), 3.43-3.56(1H, mM, 4.39-4.50(1H, M, 5.94(11-1,brs).
Ref erence Exanple 82 4-[(28,3R)-3-(tert-butyldi nethylsilyloxy)-2-ethyl-5-
/'5 oxopyrrolidin-1-y1]-2-chl orobenzonitrile CN Using o

(4R, 58) - 4- (t ert -Butdy/|splwsirp| of | {42:89)-5- (Brahilpyerkenlm=323oké fl8200ony) ,
4- brono- 2- gl f_q)lggn__' [ . Q) i at A3 ng), 20
tris(di benaz:yhr}q?(i en a?gﬁgtﬁé%gﬁé?%%ﬁmzo%ﬁ%gﬂrrg?é léﬁ f%:o( ¥

bi s( di phenybdgdrmsphimalide, 9180 nedhyix arnkcheneacid2 (Iml,) arad iakidede sane
manner as i n Reference ExagPI e, 3, the title conpound was .obtained as a

col or | es’s SOPRY-&iE: SB6THELC A%hd (SHIRRRP bDARY 1919 MiFEsHegyas
0-12(3H1$)st£&ﬁgasﬁﬁ,%%omZ%er@Eé@ﬂié1f$i7lékg}; It de RBGHH Mixture was
1.65-1.79(1H, m, 2. 48(1H,dd, J=17.6, 1. 3Hz), 2.91(1H, dd, J=17.6,5.9Hz),

3. 97( 1H, ddcoters; ratpdz) waslepiwas 2gidad @nd rheefisf e Jeg Bxtropepd with

7.65(1H,d, gt:fgylﬂ_ézc)eta?:'eg.o( %F‘e de)‘gtzrjac%H%)a's 5%58&68 Er Ea%(nah@)dr%u%?’magnesiwn

sulfate and concentrated under reduced pressure. The residue

10 was purified by silica gel column chromatography
(eluent:hexane/ethyl acetate=50/1—-1/2) to give the title
compound as a pale-yellow oil (yield: 113 mg, 69%).

'H-NMR (CDC13) 8:1.38 (3H,dd, J=6.5,1.2Hz), 2.38(1H,brs), 4.05-
4.23(2H,m), 7.14(1H,dd,J=8.7,2.5Hz), 7.64(1H,d,J=2.5Hz),

15 7.90(1H,d,J=8.7Hz).

Reference Example 80
4-[ (4R, 5S) -4~ (tert-butyldimethylsilyloxy)-3, 3, 5-trimethyl-2-

oxopyrrolidin-1-yl]-2-(trifluoromethyl)benzonitrile

CN F
20 Using (4R, 58)-4-(tert-butyldimethylsilyloxy)-3,3, 5~
trimethylpyrrolidin-2-one (266.6 mg), 4-iodo-2-
trifluoromethylbenzonitrile (340 mg), cesium carbonate (505 mg),

tris(dibenzylideneacetone)dipalladium(0) (47 mg) and 4,5-
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WD 2009/ 020234PCTOP2008/ 064500 4-f (23,
33)-3-(tert-butyldinmethylsilyloxy)-2-ethyl-5-
oxopyr r olwai2nedo29l- 2- chl or obenzonitrile P Si/ ( ci JN\ PCTOR2008163300

s b e o g
tris(di bengyhé dengreetbenehdreadratid M:QGnp(8835 B @t A .Rmpound was

bi s(di phenyl 1[r)h.osphi no) - 9, 9-di net hyl xant hene (224 ng), and in thecsama
manner as PRACREIGT @fcé PRAApPYelbovw tdid tivieddeodPbuhdidvayieddsbBaRhed as a

col orless g0l elds. 5 NSNASY 7 R | IVR( - 0,,13(;3H,

0.13(314. 9) %g?gﬁ’%oggéggsﬂ { ,/%':]75. gff;l)s,) S 7UTH, '1,3%‘*'3’ '
1.76-1. R(1H30)3H,%)63(1B1dAR )& 1T=0, BiBHz 3,. 78 (I8 A HJ<kL, 2H=]) 7. G,.698Hz), 4. 09-
4.22(1H M, 4 1H, g,.J=4. 7.49(1H.dd, J=8.5, 2. 1Hz), /5

7.65(1H, d, 3=% gﬁé’)“}) 7.’5%?1%!@ 51_%'.1‘1>Hz)1ﬁ8&é%7e?§r‘1%%' Eranpl e 84

4-[ (25, 3R) rféi&ide bywbdeneihyl silyl oxy) - 2-et hyl-5-
oxopyrrolidin-1-y1]-2-(trifluoromethyl)benzonitrile ON F 20Using

(4R, 55) - 4- (£Rr3S) terfebuyysdingtdsidylory) -5-ethylpyrrolidin-2-one

10 A solution of diisopropylamine (74.5 mL) in
tetrahydrofuran (1 L) was cooled to -78°C, n-butyllithium-hexane
solution (329 mL, 1.6 mol/L) was added dropwise, and the mixture
was stirred for 1 hxr. Ethyl acetate (51.6 mL) was added
dropwise and the mixture was stirred at -78°C for 1 hr. Then, a

15 solution of benzyl [(1S)-1-(1H-imidazol-1-
ylcarbonyl)propyl] carbamate prepared from (2S)-2-

{ [ (benzyloxy)carbonyl]amino}butanoic acid (50 g) and N,N’-
carbonyldiimidazole (39.5 g) in tetrahydrofuran (300 mL) was
added dropwise at -78°C. After stirring at -78°C for 1 hr,

20 acetic acid was added to the reaction mixture. Water was added
and the mixture was extracted with ethyl acetate. The extract
was dried over anhydrous magnesium sulfate and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: hexane/ethyl acetate=1/0—52/1) to

25 give ethyl (4S)-4-{[ (benzyloxy)carbonyl]amino}-3-oxohexanoate as
a colorless oil (yield: 36.7 g, 57%).

To a solution of‘ethyl (45)-4-
{ [ (benzyloxy) carbonyl]amino}-3-oxohexanocate (70.68 g) in
methanol (500 mL) was added sodium borohydride (9.66 g) at -78°C,

30 and the mixture was stirred at -78°C for 1 hr and at room
temperature for 1 hr. Saturated aqueous ammonium chloride was

added to the reaction mixture, and the mixture was extracted
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et hyl pyrrolidin-2-one (1.00 g), 4-iodo-2- trifluoronethylbenzonitrile (1.46
g), cesium carbonate (2.08 g), tris(dibenzylideneacetone)di palladithn{0)
(193 ng)\aodoﬂmﬁezmvm)2009/020234PCTCP2008/064500 bi s (@Cplerps/phsephi no)

-9,9-dineth t.h n.the sg nner a Ref er ence
Exanpl ¢ 3, WERD DTS 2SGiRbEnG BAS OBl Hed o5 ChCOr O bt SHHC(y1 ol o
1.32 g, 78HagnedthiNMR(1GREE3EBd BoddertHAtel) undBrldefiddéd Pressrd? (9he s) .
50.98 (3H t, J=7.5Hz) , 1.42-1.61 (1H m , 1.64-1.80 (1H m ., 2.50

(1H, dd, J=17e8ldueygs orrgfiedbyos e e, gl ghomatorAPbhyH, )

4.23-4.31 4> 4 ; 1Hz) . Reference
Exanpl e 85Q%¥h?a(2 eékf% a%%tgﬁgzp%otéﬁﬁﬁ b %hyIS|I§onyg -2-ethyl-5- 10

oxopyrroirdlmbénleoxj}anbboxybam&mmm{3HHydr6Nyhexanoatermyxeﬂa: 53)2-4;
(tert-butyldipethylsilyl t hyl pyrrolidin-2-one (1.00 g) ,

4- br ono- 2- hgfﬂg Jﬁ”ﬂ?%% S?ﬁl€0 g) , cesiumcarbonate (2.08 g) , 25.
tris (dlbenzyl|d@@&@q&ﬂgﬂgbndbpaé{ﬁwuLung £ (193 ng) and 4,5- bis

(di phenyl phosphi no) -9, 9-di et hyl xanthene (490 ng) , and in the same nanner

as in Refeféfeentx h?agbOﬂmé]@m%mqﬁwz sred yhasandi e ndd -ds 9a é@ﬁorless

o 89 (o 21 o3 ke mﬂ““@’%ﬁ%@dﬁf g5t insetha iy ey2ggsd o3 -
(1H m 10 2té3tfmh+,3wcumeﬂy4suém)trazﬁlgjbx(omldtddnéstm&eQHz7)o m8) 94ndSH, $)

7.
?134 3 0? %%HI-E oilnlg -])égld?]_% t argimlg]%?)t%zr %)Iq tgrgpefjat?urSe, a%gz e 53

mixture was stirred for 1 hr. Water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate and
15 concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=1/0->1/1) to give ethyl (4S)-4-
{[ (benzyloxy)carbonyl]amino}-3-(tert-
butyldimethylsilyloxy)hexanoate as a colorless oil (yield: 64.0
20 g, 74%).
To a solution of ethyl (4S)-4-
{ [ (benzyloxy)carbonyl]amino}-3-(tert—
butyldimethylsilyloxy)hexanocate (64.0 g) in methanol (500 mL)
was added 10% palladium carbon (containing 50% water, 6.5 g),
25 and the mixture was stirred at room temperature for 3.5 hr under
a hydrogen atmosphere and filtered. Sodium methoxide (13.6 qg)
was added to the filtrate, and the mixture was stirred at room
" temperature for 2 hr. Water was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The extract
30 was dried over anhydrous magnesium sulfate and concentrated
under reduced préssure. The residue was purified by silica gel
column chromatography (eluent: hexane/ethyl acetate=20/1-1/4)
to give the title compound (yield: 21.6 g, 59%) and (4S,5S)-4-
(tert-butyldimethylsilyloxy)-5-ethylpyrrolidin-2-one (yield:
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Ref erence Exanple 86 25 4- [ (2S, 3R) -3- (tert-butyldinethylsilyloxy)
-2-ethyl-5- oxopyrrolidin-l-yl] -2-chloro-3-nethyl benzonitrile WD
2009/ 020230RAB 203808/ 064500 CN UBing PCT/JP2008/064500

4R, 53) - 4- (tert - butyl.di_net hyl I I d n-2-one (1.00 g),
g chlozo 4gr§% qu%ﬁtk%?ﬁe%?i ¥?$%é&ﬁfd§ §¥ p%gg? 5%§Fﬁdﬂate((2 08 g),
S trls(dlbggg%é¢@ﬁﬂg@petone)dlpaIIadlun(O) (193 ng) and 4, 5-

bls(dlpheny osphi no) - 9, 9-di et hyl xant hene (490 ng), and in the sane
manner as i‘fh F@?br%wﬁﬁ?rEx&HﬁVédgme¥¢¥J%HhML@X&énéo%ﬁ@y¥ﬁﬁiﬁﬂi%ﬁlﬁea 88 a

| or | 6 99 VR 0, 13(3H $
0.13(3H 9) ‘%Pdd@é%'cgﬁd‘%ﬁ %C} Bysdr g &d\l @’(C?Cég)(%élsﬁ ’1H(rr) .
% gé(%H&zémgemm,Zc 8 EHﬁ%’SI a&{lll-!i(éud,mm74$224-il-lz?1 1H7 m1 (1H, d, J=8. 1Hz)
7.57(1H, d, 3%&{@')d5d'dl_“171«§r3né’e8’é§éﬁp36 505271@ adly 922676 Sondy, Y 50
4-1(2S, 38)334ﬂﬁ{tm buwlo@Lqetlbymnh)y,l axXy-(2 Hebw;t 5- 15

oxopyrrolidin- l-bui 2-chl oro-3 nethylbenzonltrll CN Usi ng
(45, 53) - 4- (£2r3S) wtmr@bﬁyy%mw@%sﬂ)ms—yl@mwbyemﬂmﬁwoz-l@in@ g1000 q),

20"t 5(di BEROPCRSROLER SRENaNbal 1 an TG Plosbnfy W 5 - (=20 9
bi s(di phengl pho3pht ,)7-.BH2) di red Byl Xeh e ne , ( 2926 N1, ddynt=1é ot he2Hz) ,
2.51(1H,dd,J=16.7,6.3Hz), 3.43-3.56(1H,m), 4.39-4.50(1H,m),
5.94 (1H,brs) . |
Reference Example 82
4-[(2S,3R) -3~ (tert-butyldimethylsilyloxy)-2-ethyl-5-

15 oxopyrrolidin-1l-yl]-2-chlorobenzonitrile

O—gij

s

i

Cl
CN

Using (4R, 5S)-4-(tert-butyldimethylsilyloxy)-5-
ethylpyrrolidin-2-one (320 mg), 4-bromo-2-chlorobenzonitrile
(325 mg), cesium carbonate (643 mg),

20 tris(dibenzylideneacetone)dipalladium(0) (60 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (152 mg), and in the
same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 366 mg, 73%).

'H-NMR (CDC13)8:0.11(3H,s), 0.12(3H,s), 0.89(9H,s),

25 0.97(3H,t,J=7.5Hz), 1.42-1.58(1H,m), 1.65-1.79(1H,m),
2.48(1H,dd,J=17.6,1.3Hz), 2.91(1H,dd,J=17.6,5.9Hz),
3.97(1H,dd,J=9.3,2.1Hz), 4.21-4.28(1H,m),
7.56(1H,dd,J=8.7,1.9Hz), 7.65(1H,d,J=8.7Hz), 7.90(1H,d,J=1.9Hz).

ReferenceAExample 83
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sanme manner as in Reference Exanple 3, the title conpound was obtai ned as a
colorless solid (yield: 134.5 ng, yield: 8%. WO
2009/ 0202830R@PAR21AZ/ 064500 1H NVR(CDC13) 8: 0. 12(3H, $), @CIEP3D8/MH64300,

0 ML Tt S G B 2R

4.51-4. 59( dkbpYrrdLiWnF1160 12 mh1 FrddnHdnd t#38e3Hz) . s Reference Exanple
88 4-[(28,3S)-3-(tert-butyldi nmethyl silyloxy)-2-ethyl-5-
oxopyrrolidin-1-y1]-2-(Arifluoronethyl)benzonitrile CN F A suspension of
(4S,53)-4-(tert-bﬂf§‘dg&§thyIsiIonxy)-5- 10 et hyl pyrrolidin-2-one (6.00
g), 4-iodo-2- { f | uor onet hyl benzonitrile (8.42 g), cesium carbonate (12.05
g), tris(db zypi.deneacet one) di pal | adi un(0) (1.13 g) and 4, 5-

bi s(di phenyl ph&sphi no) -9, 9-di net hyl xant hene (2.14 g) in toluene (70 nmL) was
stirred at 80Cifor 18 hr. Water and ethyl acetate Is were added to the
reaction m xtrt and insuluble material was filtered off. The filtrate was
extracted wt hyl acetate. The extract was dried over anhydrous

magnesi um sul 3 #nd concentrated under reduced pressure. The residue was
purified by siljca gel columm chromatography (eluent: hexane/ethyl 20
acetate=50/1-*1/2) to give the title conpound as a pal e-yellow solid

(yield: 7.76 g, TS (i, BVRCCDOOIE) B: 1 thA@BHeShy 181 IAI@H)$)5- 0. 93(9H, $),
0.96(3H, t,J=7.5Hz), 1.60-1.78(1H .M, 1.77-1.94(1H ), o

2. 66E 1H,5dd?5h:3ilﬁ?¥3%r@léﬁi?,"%2.or7%( Wfajd‘}gj:1f‘.‘é,r?{“éFéjgg]zﬂrf@-enﬁgnﬂ%%qH, m,

4.66( 1H, q, I567 %), cgs%mkg;&g,mg,ﬁga.4941gg,99(1H, m. Reference Exanple 89

tert-butyl [(1S)-1-nethyl-2-oxopropyl)carbamate WO
2009/ 020234PCT édspea¢etone)dipalladium(0) (88.5 mg) and 4,5-

bis (diphenylphosphino) -9, 9-dimethylxanthene (224 mg), and in the

same manner as in Reference Example 3, the title compound was
10 obtained as a colorless solid (yield: 550 mg, 75%).
'H-NMR (CDC13)8:0.13(3H,s), 0.13(3H,s), 0.92(9H,s),
0.96(3H,t,J=7.6Hz), 1.60-1.77(1H,m), 1.76-1.92(1H,m),
2.63(1H,dd,J=17.0,6.8Hz), 2.73(1H,dd,J=17.0,6.8Hz), 4.09-
4.22(1H,m), 4.63(1H,q,J=6.8Hz), 7.49(1H,dd,J=8.5,2.1Hz),
15 7.65(1H,d,J=8.5Hz), 7.76(1H,d,J=2.1Hz).
Reference Example 84
4-[(2S,3R) -3~ (tert-butyldimethylsilyloxy)-2-ethyl-5-

oxopyrrolidin-1-yl]-2-(trifluoromethyl)benzonitrile

CN F
20 Using (4R,5S)-4-(tert-butyldimethylsilyloxy)-5-
ethylpyrrolidin-2-one (1.00 g), 4-iodo-2-
trifluoromethylbenzonitrile (1.46 g), cesium carbonate (2.08 g),

tris(dibenzylideneacetone)dipalladium(0) (193 mg) and 4, 5-
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A solution of tert-butyl{(1S)-1- [nmethoxy(nethyl)carbanoyl]ethyllcarbamate
(5.26 g) in tetrahydrofuran (300 nL) was cooled with dry ice/acetone under
a 5 nitroyero@iarosphere, and 1.6 nol /L-nethyllithiun di eCiiygP2e8/bessosol uti on
(38.8 nL) was,added. After.stirrl t the sane tenp ure for 1.5 hr,
Saturaten Bt LSHRRESRrERpbr b of BnvaRantan n |4 hdeaa8hc: 1, P
reaction seimé imdhneancst he REKét@ﬁtéMEkdﬁgléagtethﬂtftﬁ&fﬁdm catakgs The
obt ai ned organic /o | ayer was washed with saturated brine, dried over

anhydr ous PREMEEUMSE relerlasd svhceryigdidonludded, ritficed pressure to

T cocta BRCRRE 52300007 €5 bhess) ) 82891 ad) 4 o

4. 40( 1H,1) 0. B8 OB{,1H IS PHz) 5 Red 2¢krfde 1Bxanpl @.60-1.80 (1H,m),

(4S, 5S) -4-hy -4, 5-di,net hy rraol idi n-2-ane_ A _sol ution of
diisopropygaﬁéﬁgxfgyiﬁqgg%?2'%@%%aﬁbdﬂﬂﬁ&r&ﬁ'?nghgbgu%E”Vcé58§6led under a
ni trogen ahnwspheng and 2B-G .moldik, R0, n7 brtyi ldzdiym hexane (s9) &iti-on 1629..8
"I'll) was added. The m xture was stirred at the sane tenperature for 20
mn, and tRefexenas dxageilaet Bon was cooled with dry ice/acetone. Ethyl
acetate (3,2 ) 1S, _ ) i ien d £ he m xture was
stirred at4tEgﬂ%éﬁﬁa?%ggg?gt%§%§?%¥&%'%ﬁfgiyigggfu i%% 0 EStert- 25 butyl

[ (1S) - 1:arediydyPeaddiajimepy ] ¢ a2 hasmiex yboén48ngkribet et r ahydr of uran (10 niL)
was added. The mixture was stirred at the sane tenperature for 5 hr,

sat urated agueous anﬁo% um chl oride solution (100 mM) was added, and the

m xture was extrzet & h ethyl acetate. The obtained organic |ayer was
W2009/ 020234 P2008/ 064500 washed with saturated brine, dried over
anhydr ous nestum sul fate, and concentrated under reduced pressure. The
resi due was pufified by silica gel colum chronmatography (el uent: ethyl
acet at e/ hexane=Q- +30%, the obtained oil was dissolved in 4 5 nol/L

hydr ogen chl @ R-ethyl acetate solution (50 m), and the m xture was
stirred at ra ’enperature for 2 hr. The reaction solution was
concentrat ed uffder % educed pressure, the residue was dissolved in
tetrahydrofura'N(lﬁo m.), and diisopropylethylamne (11.5 m) was added.
The reaction | o solution was refluxed under heating for 4 hr, and
concentrat ed undéginedd®edSprésstert-biiy ldégetdbylaaby pory)fi%ed by silica gel

col um Chré%%§f§¥f¥%¥%d&%LE§8£é UPHﬂ?%B'/%Lg¥gm39§£§%§ﬁgkygggg%hitrile

(1.00 g), cesium carbonate (2.08 g),

15 tris(dibenzylideneacetone)dipalladium(0) (193 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (490 mg), and in the
same manner as in Reference Example 3, the title compound was
obtained as a colorless solid (yield: 1.04 g, 65%).

'H-NMR (CDC13)8:0.11(3H,s), 0.12(3H,s), 0.89(9H,s),

20 0.96(3H,t,J=7.6Hz), 1.39-1.55(1H,m), 1.63-1.83(1H,m),
2.48(14,dd,J=17.4,1.5Hz), 2.91(1H,dd,J=17.4,5.9Hz), 3.94(3H,s),
3.94-4.03(1H,m), 4.19-4.28(1H,m), 6.82(1H,dd,J=8.5,1.9Hz),
7.53(1H,d,J=8.5Hz), 7.78(1H,d,J=1.9Hz).

Reference Example 86 |

25 4-[(2S,3R)-3-(tert-butyldimethylsilyloxy)-2-ethyl-5-

oxopyrrolidin-1-yl]-2-chloro-3-methylbenzonitrile
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and the obtained solid was recrystallized from i sopropanol / hexane to
give the title conpound as colorless 15 crystals (yield: 1.51 g, 559%.

1H NVR( CDEC03y@/2038( 3H, d, J=6. 4Hz), 1.20(3H,$), 2.06(1H, #CIFB208IAG4500
2.24(1H,d, J=6. 2Hz), 3.33(1H,q,J=6.4Hz), 4.72(1H,$), 7.48(1H, brs).

mp: 168-171C. Ref erenge /Exanple 91 20 tert-butyl

[ (1S)-1-et hyl-2- gXxoptORyl ] carbamate |sl A solution of tert-butyl

[ (1S)-1- [ met hoxy(nmethyl)carbanoyl ] propyl | carbamate (15.0 g) in

t et rahydr of n £150 mM) was cool ed using dry ice/acetone under 25 a

ni t rogen atnDsehere\ and 1.0 nol/L-nmethyllithiumdiethyl ether solution
(300 M) was added, The m xture was stirred at the sane tenperature for 4
hr, saturat eqg eous amoni um chl oride solution (300 mM) was added to the
reaction sol N, and the m xture was extracted with ethyl acetate. The
obt ai ned organijc 3®!'| ayer was washed with saturated aqueous amoni um

chl oride sol uticgn and saturated brine, dried over anhydrous magnesium WO
2009/ 020234PCTOP2008/ 064500 sul fate, and concentrati on under reduced
pressure to gi velsig t(4R,eS¢oApdbedt deutylsimethgssibyloXyli<dld: 12.75 g).

1H NVR( CDO - 0,89(,3H..dd ,J=7,6, 7. , .4 H$),.1,52: 1.73(1H m,

1.86-2. 03(%@%?3’%"2%?&% £ 8‘57‘? ﬁzzw)gs%lﬁﬁ%gf%a 5 %H brs). Reference

Exanpl e 92mé#S; BSnordthy led{ hysiT oxy, £amuby tpybomdteli (2. 20rRe ,10H .2 N i/
5 tris(dibenzylideneacetone)dipalladium(0) (193 mg) and 4,5-

bis (diphenylphosphino) -9, 9-dimethylxanthene (490 mg), and in the
| same manner as in Reference Example 3, the title compound was

obtained as a colorless solid (yield: 650 mg, 39%).

'H-NMR (CDC13)8:0.13(3H,s), 0.13(3H,s), 0.89-0.94(3H,m),

10 0.92(9H,s), 1.33-1.51(1H,m), 1.51-1.67(1H,m), 2.34(3H,s),
2.44(1H,dd,J=17.3,2.1Hz), 2.85(1H,dd,J=17.3,5.8Hz), 3.59-
3.76(1H,m), 4.26(1H,m), 7.15(1H,d,J=8.1Hz), 7.57(1H,d,J=8.1Hz).
Reference Example 87
4-1(2S,3S)-3-(tert-butyldimethylsilyloxy)-2-ethyl-5-

15 oxopyrrolidin-l-yl]-2-chloro-3-methylbenzonitrile

CN
Using (4S,5S)-4-(tert-butyldimethylsilyloxy)-5-
ethylpyrrolidin-2-one (1.00 g), 2-chloro-4-iodo-3-
methylbenzonitrile (1.31 g), cesium carbonate (2.08 qg),
20 tris(dibenzylideneacetone)dipalladium(0) (193 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (490 mg), and in the
same manner as in Reference Example 3, the title compound was

obtained as a colorless solid (yield: 134.5 mg, yield: 8%).

125



1-1 A solution of diisopropylamne (7.50 g) in tetrahydrofuran io (110 m)
was i ce-cool ed under a nitrogen atnosphere, and 1.6 nol/L

n- but yl | iwbi2oewd2e2sane sol ut i on (45 4 m_) was added. ThePrirgpPnogosae) stirred
at the sanp l\E@erature for he reaction sol ution was cool ed

with dry i cEPEECORds) EOnyR | éx‘i‘eﬂat eo(h5 137H Ay Ra8Siddetl I/ t4H&)reacti on

sol ution, anditde 4)5 m.ubune7vesy sh) rrzeqlgla(t3Ht Be, sampstemenat wye for 1 hr.

A sol ution of tert- buty6“£(15 -1- ethyl - OXOprop I]carbanate (9.75 g) in

t et r ahydr of uf AhLH 68 9E) bwds 4 alidel, ?ar&?‘t%@ﬂﬁlkltm e heslt-i5%@d,al, t he same
t enper at ur r a e ammoni um chl ori de sol ution (200
m.) was adgeég L cfgﬁg x?u?g ;%”gd%qgggg cted with ethyl acetate. The
obtained5oRgﬁmm@mﬂaybmmmﬂe 8Bashed with saturated aqueous anmoni um chl ori de

sol ution and ted brine, dried over anh dr ous nesi um sul fate, and
concent r at &d! ﬁ%ﬁ§?3 5 dé@ﬁtpP%E¥¥ﬁ%ﬁeth¥ésﬁé giage) m%seéhﬁ%ﬁﬁ “ed by silica gel
col um chr@ﬁ@éﬁ&rcﬁlﬁwncqwgmtz %Mﬁlu%‘}oﬁfé%hﬂ%éﬁ%&mﬁcﬁﬂe+30% and the
obtained oil 'was dissolved in 4 nol/L hydrogéen chloride-ethyl acetate
solution (80 m), anww e mxture was stirred at roomtenperature for 2 hr.
The reaction solu (e concentrated under reduced pressure, the residue
was di ssol ved \tetr drofuran (285 nlL), and 30 dii sopropyl et hyl am ne
(22.2 nl) added. The reaction solution was refluxed under heating for 4
hr, and coRcentvatell under reduced pressure. The residue was purified by
sillca gel WD2009/020234PCTOP2008/ 064500 col utmm chr omat ogr aphy (el uent:
nmet hanol / eth set at e=3-413%, and the obtained solid was recrystallized
from et hyl ag e/hegane to give the title conpound as colorless crystals
(yield: 4.69 03 68%< _1H NMR(C0013)5: 1. 04(3H,dd, J=7.5Hz), 1.40(3H $),
1.44-1.62(1H ml, 1.62F1.80(1H n), 2.46(2H, d,J=1.5Hz), 2.80(1H $),

3.32(1H, dd, J=9. X 4 ‘PHz). 6.78(1H. brs). np:87-111C. Reference Exanple 93

A suspension of (45,5S)-4-(tert-butyldimethylsilyloxy)-5-

10 ethylpyrrolidin-2-one (6.00 g), 4-iodo-2-
trifluoromethylbenzonitrile (8.42 g), cesium carbonate (12.05 g),
tris(dibenzylideneacetone)dipalladium(0) (1.13 g) and 4,5-
bis(diphenylphosphino)—9,9—dimethylxanthehe (2.14 g) in toluene
(70 mL) was stirred at 80°C for 18 hr. Water and ethyl acetate

15 were added to the reaction mixture and insuluble matefial was
filtered off. The filtrate was extracted with ethyl acetate.

The extract was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl

20 acetate=50/1->1/2) to give the title compound as a pale-yellow
solid (yield: 7.76 g, 76%). ,

'H-NMR (CDC13)8:0.14 (3H,s), 0.14(3H,s), 0.93(9H,s),
0.96(3H,t,J=7.5Hz), 1.60-1.78(1H,m), 1.77-1.94(1H,m),
2.66(1H,dd,J=17.0,6.8Hz), 2.76(1H,dd,J=17.0,7.2Hz), 4.1l6-

25 4.26(1H,m), 4.66(1H,q,J=6.9Hz), 7.81-7.87(2H,m), 7.94-7.99(1H,m).

Reference Example 89

tert-butyl [(1S)-1-methyl-2-oxopropyl]carbamate
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/o tert-butyl [(1S)-2-cyclopropyl-1-nethyl-2-oxoethyl]carbamate vinr,

A solution of tert-butyl {(1S)-1- [nethoxy(nethyl)carbanoyl]ethyllcarbanate
(10.0 g) wo2p@medsydr of uran (110 nL) was cool ed usi ng dPgTiJemlhsoe&sene under
/'5 a nitrogen atnosphere, and 1.0 nol/L-cycl opropyl magnesi um

brom de/tetra@ydrofuran solution (100 nL) was added. The m xture was war nmed
to roomtenpe atu“e apd stirred for 5 hr, saturated agqueous anmoni um
chloride so was added to the reaction solution, and the

m xture was ext ac{gf wifth 20 ethyl acetate. The obtained organic |ayer was
washed with water and saturated brine, dried over anhydrous magnesi um

sul fate, and concentrated under reduced pressure. The residue was purified
by silica gel coAu&mﬂmeUnmﬂbgeaphyuﬁﬁﬂUéhi ~-let hyl acet at e/ hexane=0-+30%)

L+ R, COCT3} BT BB Oy 2R et oy Breberaly - (1 39kl 327 die),

1. 45(9H, $) te&rgﬂéyar&ﬁ(ﬂalﬁ, B0 04m#AB- ﬂa@Q{dUie@ w1§h3é£ H & SMcetRele8hE. a

Exanple 94 30 (4R, 55)-4 cyclopropyl - hydr oxy-5 yl pyrrolidin-2-one
2009/ 020238 Py CaePbege, a 6\mﬂﬂﬁymm@ﬁhmilaths@mﬁdﬁgnhﬂh gg&hen. 06 Q)
in tetrahy [ ol d r phere, and
1.6 nmol /L %5gﬁ?£ @ﬁ?&gbﬁgig%% %%G%?IO%&F%% EEHE§E§3 99 e s mxture

was stlrredempetiﬁuﬁﬂmﬁ@rténﬁehatum&tﬂnutéﬂ)aqueouandmmﬁmnum%nﬁhdrﬁdeoIution
was cool ed th dry e/ acet one. FEt acetate (3.88 was added to the
reaction sﬁ&%??%ﬁp Q%Q? H&itﬂ?ﬁ ﬁ%&*gﬂV? &E3ChEOR ?é&@ r &°Gr Ebfor 30
mn, and an$tité AhPlextebbtBut Wit (ePly12-e%ehenr opye lomlmé'cr %rgéﬁlc
oxoethyllcarbanate (3.65 g) in tetrahydrofuran (10 nL) was added.

m Xt ur elvasa¥er rvadl washele wé Shesaepprirest lprdnker dried, Oﬁﬁmtﬂnhyﬁioaqueous
cront o ged kgl o, IR0 s it Hig XGRS o,
wat er and gatverated imlieneomgourd as a colorless oil (yield. 4.48 qg).
'H-NMR (CDC13)8:1.34 (34,d, J=7.2Hz), 1.44(9H,s), 2.21(3H,s), 4.23-
4.40(1H,m), 5.26(1H,brs).
15 Reference Example 90

(45,5S)-4-hydroxy-4, 5-dimethylpyrrolidin-2-one

3.
o) ty
N
A solution of diisopropylamine (3.44 g) in tetrahydrofuran
(50 mL) was ice-cooled under a nitrogen atmosphere and 1.6 mol/L
20 n-butyllithium-hexane solution (20.8 mlL) was added. The mixture
was stirred at the same temperature for 20 min, and the reaction
solution was cooled with dry ice/acetone. Ethyl acetate (3.28
mL) was added to the reaction solution, and the mixture was
stirred at the same temperature for 30 min. A solution of tert-
25 butyl [(1S)-1-methyl-2-oxopropyl]carbamate (4.48 g) in
tetrahydrofuran (10 mL) was added. The mixture was stirred at
the same temperature for 5 hr, saturated aqueous ammonium
chloride solution (100 mL) was added, and the mixture was

extracted with ethyl acetate. The obtained organic layer was
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i s over anhydrous magnesi um sul fate, and concentrated under reduced
pressure. The residue was purified by silica gel colum chromatography
(el uent: wohy@mc:mtat e/ hexane=0-430% , the obtai ned oi |l peagrziogselaecd in 4

nmol / L hydr.ogen ride-eth cetate oI ion (3 and the,m xture was

T red” ar St Bt SRk ea B0eh 8, ° Y6l 98  Sth i s T obRS 1

concent r at el fider anedueadeRt £S5 Qundelie regsktdyeprassiiessolryed reBidue

t et rahydrof uran (80 m.&) and diisopropylethylam ne (8.09 nL) was added. The
&f

reacti on stRutRWH fdgs sibked Imldeolvaat chgomnakodranhy dieduephcenthet ed
under redu sure. _ Si 2 urJfi ed col um
chr onmat ogr%g yEHJ('ee/IShl?g(r? :eﬁrrﬁfe?l ﬁdl %ét%h\;\gg?i%é (gtoel %)‘!LS é] ﬁeg%b% ai ned
solid was mce]c/ﬂystwiﬁdgzeedchﬂ.om@é-kgdhﬁcetatathexaheti@ gdaoenmhle ahtl €he
conmpound as, col orl ess eI d: 1.65.g, 719. )

1H NVR( CDCESJ 8 2750 S%i% ?gni‘t I %“@éﬁﬁgﬁ? %%% 2 boa35Pg, 328CB1OR 2)

2.04(111, 55)@113:1%2{ Wdsd cdnddneddiZdd whdd %@ddcé&lﬁrgsﬂ?ﬁr 3.+h&( tHs8ads6. 6Hz) ,
5.90(1H,brs). WD 2009/ 020234PCTOP2008/ 064500 i 40C. Reference

Exanpl e 95‘"4%rcilscﬁ9tlyfled[ lplg?tlahxdzwuéﬁm@EQamhbnyaf)d propyl | carbanmate

ti < 5A sol )

[ met hoxy(rr%gtjlh% %%D%’?%#%%y lgaSr%)naL was(_aLﬂd%dg) The trgtarcgﬁ)?ar of uran (130
m.) wasid caaehmlced wasdeefaured ragisr demmspberer artr 1 aﬂud concentrated

nmol / L-cycl nesi um br om de/ t et r ahydr of ur an soI ution (300 nL) was

o y
added. The" f?%%sad&%@dmagegwwed e trs1dufeve® v dince bropliigangel

sat ur at ed o] al d t he
reaction soi ut i on ang@bﬁﬁ%ﬂit L%fei?ev\rgcs }eh%;tgggégg&ﬂ[r% V&%al%gaggf%qle) The
obt ai ned oarfariife Io@y@ﬁnﬂésswhsd\efeﬁmmrgéttaimwda@u@l)us ammnl um chl ori de

sol ution S brine i,.ed oqv dro msulfate
and conceﬁ?grio %CLH) de ﬁc%% resstﬁlr egE ’el'%e cosﬁa%‘ﬁe vvas puf)l r&d by silica

gel col eyt o(g’rlaphy febueqt :55hHhyl acet at e/ hexane=0- *16% to give the
title compound as a colorless oil (yield: 10.7 %6 94%
¢

1H NVR( CDCHSNMRGCBEE 81 dd 0943H 63 77 2)0. 8820 ( aH,ij 06 (1H,d, J=6.2Hz),
2.24(1H,d, J=6.2Hz), 3.33(1H,q,J=6.4Hz), 4.72(1H,s), 7.48(1H,brs).

mp:168-171°C.
Reference Example 91

20 tert-butyl [(1S)-l-ethyl-2-oxopropyl]carbamate

)‘SHIOK

A solution of tert-butyl {(1S8)-1-

[methoxy (methyl)carbamoyl]propyl}carbamate (15.0 g) in

tetrahydrofuran (150 mL) was cooled using dry ice/acetone under
25 a nitrogen atmosphere, and 1.0 mol/L-methyllithium/diethyl ether

solution (300 mL) was added. The mixture was stirred at the

same temperature for 4 hr, saturated aqueous ammonium chloride

solution (300 mL) was added to the reaction solution, and the

mixture was extracted with ethyl acetate. The obtained organic
30 layer was washed with saturated aqueous ammonium chloride

solution and saturated brine, dried over anhydrous magnesium
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20 1.44(9H, %), 1.67-1.81(1H ), 1.92-2.11(2H, M, 4.44-4.59(1H m,
5.32(1H,brs). Reference Exanple 96
(4R, 55) - 4woyotvpoBpy 1- 5- et hyl - 4- hydr oxypyrrol i di n- 2- one PCZER2®8DEISI0N Of

di i sopropyl anpine (7.2 i n tetrahydrofura 10 nmlL) was ice-coog| ed under
a nitrogensﬁghﬂ§bhé?§§C%%&eTFQaEbT?U“HgHUFFEPF%éiBﬁ?%%%ﬁhéxngﬁFiBhe(44:1
M) was addedie TeindBuidUae WasoSbi1sd Al t(Reesai®12 epeyature for 20 mn,
and the W2009/020234PCT0P2008/ 064500 reaction solution was cooled with

dry i ce/ ac8i-omWR (CBCRy)S:8c 80488, (6, 367 )7 vdkz)added4{ BHide rlod- on

solution, th ) re EXINY tt enpesat urg, f hr, and a
sol uti on o?'?%?%géﬁﬂyﬁw??lgjb§ff€6€%ﬂé%?%%?ﬁggﬁbggy??5¥3§§g?%g'banate (10.7
g) in tetrahge(oi wa) .(60 nL) was added. The m xture was stirred at the

sane tenperature for 5 hr, gﬁfurated aqueous ammoni um chl ori de sol ution
(300 nL) wRSISERRAE EXROPLRe fi xture was extracted with ethyl acetate. The

obt ai ned or(§p5§)isa>éecwmfaa-ﬂ,?df@§}h¢@re{éttﬂyl LYBRE &Eh AUGQEUS ammoni um

chl oride solution and Saturated brine, dried over anhydrous nmagnesi um

sul fate, and congegfrated under reduced pressure. The residue was purified
by silica gel col\onm chromat ography (el uent: ethyl acetate/hexane=5-+25%,
t he obtai ned of | s dissolved in 4 15 nol/L hydrogen chl ori de- et hyl
acetate solgtfan £1Q@ L), and the m xture was stirred at roomtenperature
for 2 hr. The r¢paction solution was concentrated under reduced pressure,

t he residue was dissolved in tetrahydrofuran (300 niL), and

di i sopropyl et hyl ard &, di24 6h) 1 ¥85rGifethinEng 77 68k Ofh 2Q SQlHHBRLYES
refl uxed under heating for 4 hr, and concentrated under reduced pressure.
The residuélsnipumals édebgosiedcandgst a olidmgehr atmesmreyshy apdl left :

th | / et hyl t at ex3-*1009 dth bt ai lid tallized
rom ot hyl MaLer S S RaTR P kae s i R DE5 o' ol ARl nahe' 52
col orl ess piystwd svasyistlidired. 80 the 3e tEMPAVR(CEE1IS)H5: I 20n0. 8hG4the) |

0.95-1.08(1H,n), 1.04(31-1,dd,J=7.6,7.4Hz), 1.45-1.63(1H m,
1. 65- 1. 82( ¥¢2Ftign splygien Wag=agotre Wity syy1ice/acatermz) Ethyd4(1H, $),

3-45(1H1ddaéé%%f%‘%#Q@%)mL§'@gglgaﬁgé)to the reaction solution, and the

15 mixture was stirred at the same temperature for 1 hr. A
solution of tert-butyl [(1S)-l-ethyl-2-oxopropyl]carbamate (9.75
g) in tetrahydrofuran (60 mL) was added, and the mixture was
stirred at the same temperature for 5.5 hr. A saturated aqueous
ammonium chloride solution (200 mL) was added, and the mixture

20 was extracted with ethyl acetate. The obtained organic layer
was washed with saturated aqueous ammonium chloride solution and
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: ethyl

25 acetate/hexane=10-—>30%) and the obtained o0il was dissolved in 4
mol/L hydrogen chloride-ethyl acetate solution (80 mL), and the
mixture was stirred at room temperature for 2 hr. The reaction
solution was concentrated under reduced pressure, the residue
was dissolved in tetrahydrofuran (285 mL), and

30 diisopropylethylamine (22.2 mL) was added. The reaction
solution was refluxed under heating for 4 hr, and concentrated

under reduced pressure. The residue was purified by silica gel
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30 np: 87-102C. Reference Exanple 97
(28)-2-((3-chl orophenyl ) am no] propan-1-ol WD 2009/ 020234PCTOP2008/ 064500
OH HN ClI woO 2009/0282380! uti on of (28)-2-am nopropan-|-ol (PCIAPLNS/064500

1-chl oro3-i odobenzene (36.1 g),  tripotassium phgsphate (66.4 g), copper
Fodi de (1, B9TET GMPIARGFEREY of SR 1 SR PR LY RUBY b R okl §455 i )
was stirrednat t89Wbtfa0medd sbIidnees @t 18is@an 1a-aasphah eetidat er (500 nl) was
added to the reaction solution, and the m xture was extracted w th diethyl

et her. The26BtaF AP GatPc Il u§ ckhevasl tdes FeaPRipe aat R Edessr ca¥statsed
over anhydr 1 tfate, and concentrated under reduced pressure.
The /o0 resi(ggél%gﬁﬁgrilép} gg Ly silica gel colum chromat ography (el uent:

et hyl acet H-eiMreCDTe5:)130%) 3HPAE) F7 1318 )t,i tll.QOQGHDQWldla§4—61.E6Q|(Ql[3{|,ﬁ)$$ oi |
(yield: 26.9.g,.97%. 1H N 3)5; 1. H, d, J=6, OHz), 1.78(1H, brs),

3. 47- 3. 68( éH?%ﬂ-%?/iﬂﬂ'ﬂ%,'bygggg%.%l%ﬁ-%%‘%u gﬂgﬁgb':?ﬂ_ .1,2.3,0.8Hz), 15
6. 63( 1H, dd3J32(Bu Zac ). 4646861 dslha)at, 32y 1, 0. 8Hz)

7.07(1H dd, J=8.1, 7. 9Hz) . Reference Exanple 93

N-[ (18) - 2-TPeB{=buk - di met hyl si | yl oxy) - 1- net hyl et hy1l] -3- chloroaniline Si
HN Reference Example 93

10 tert-butyl [(1S)-2-cyclopropyl-l-methyl-2-oxoethyl]carbamate

O
v oK
O
A solution of tert-butyl {(1S8)-1-
[methoxy (methyl) carbamoyl]ethyl}carbamate (10.0 g) in
tetrahydrofuran (110 mL) was cooled using dry ice/acetone under
15 a nitrogen atmosphere, and 1.0 mol/L-cyclopropylmagnesium
bromide/tetrahydrofuran solution (100 mL) was added. The
mixture was warmed to room temperature and stirred for 5 hr,
saturated aqueous ammonium chloride solution (200 mL) was added
to the reaction solution, and the mixture was extracted with
20 ethyl acetate. The obtained organic layer was washed with water
and saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: ethyl
acetate/hexane=0—>30%) to give the title compound as a yellow
25 oil (yield: 3.65 g, 40%).
'H-NMR (CDC13)8:0.88-1.01(2H,m), 1.02-1.17(2H,m),
1.42(3H,d,J=7.4Hz), 1.45(%H,s), 1.95-2.06(1H,m), 4.43-4.60(1H,m),
5.35(1H,brs).
Reference Example 94

30 (4R,5S)-4-cyclopropyl-4-hydroxy-5-methylpyrrolidin-2-one
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20 d To a solution of (28)-2-[(3-chlorophenyl)am no] propane-| ol
(7.00 g) in N Ndinmethylformam de (19 nl) were added

W2009/ 02802409020B2008/ 064500 i m dazole (2.82 g) and PCT/JP2008/064500
tert-butyl (chloro)dinethylsilane (6.38 g), and the m xture was stirred at
50C for 14 hr. ter (200 nL) was added to the reaction solution, and the
m xture was extINic ﬁd with diethyl ether. The obtained organic |ayer was 5
dri ed over anhydAsus nmagnesi um sul fate, and concentrated under reduced
pressure. The fesydue was purified by silica gel columm chronat ography
(eluent: et acei.gt e/ hexane=0-340% to give the title conpound as a

col orless orl (@leld 7. 40 g, 65% . 1H NVR(CDC13)8:0.04(3H,$), 0.05(3H %),
0.90(9H, %), 19(31-i,d, J=6.2Hz), 3.46-3.57(1H m, 3.61(2Hd, J =4. 2Hz) ,
3.90(1H,d, J= 7 4Hz), 6.46 6. 58(11 5), 6.63(11-1 =7.9Hz) ,
7.05( 1H, dd, J=8. 1, EYRHC gwg?ffefiéfﬁé%p 269 (fefb- %Ltw tetranydrotatan

(3-chl oroph@@y;ag) [ (WD) -12ehydh oy - dnad® aetiRybgthAyiiseshiaime e ;6H ¢l 6

mol/L n-butyllithium-hexane solution (24.6 mL) was added. The

5 mixture was stirred at the same temperature for 20 min, and the
reaction solution was cooled with dry ice/acetone. Ethyl
acetate (3.88 mL) was added to the reaction solution, the
mixture was stirred at the same temperature for 30 min, and a
solution of tert-butyl [(1S8)-2-cyclopropyl-l-methyl-2-

10 oxoethyl]carbamate (3.65 g) in tetrahydrofuran (10 mL) was added.
The mixture was stirred at the same temperature for 7 hr,
saturated aqueous ammonium chloride solution (100 mL) was added,
and the mixture was extracted with ethyl acetate. The obtained
organic layer was washed with water and saturated brine, dried

15 over anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (eluent: ethyl acetate/hexane=0-—>30%), the
obtained o0il was dissolved in 4 mol/L hydrogen chloride-ethyl
acetate solution (30 mL), and the mixture was stirred at room

20 temperature for 2 hr. The reaction solution was concentrated
under reduced pressure, the residue was dissolved in
tetrahydrofuran (80 mL), and diisopropylethylamine (8.09 mL) was
added. The reaction solution was refluxed under heating for 4
hr, and concentrated under reduced pressure. The residue was

25 purified by silica gel column chromatography (eluent:
methanol/ethyl acetate=0—>5%), and the obtained solid was
recrystallized from ethyl acetate/hexane to give the title
compound as colofless crystals (yield: 1.65 g, 71%).

'H-NMR (CDC13)8:0.27-0.61 (4H,m), 0.93-1.06(1H,m),

30 1.24(3H,d,J=6.6Hz), 2.04(1H,s), 2.22(1H,d,J=17.2Hz),

2.38(1H,d,J=17.2Hz), 3.71(1H,q,J=6.6Hz), 5.90(1lH,brs).
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A solution of N-[(1S)-2-(tert-butyldi nethylsilyloxy)-1-

nmet hyl et hyl] -3-chloroaniline (2.66 g) in tetrahydrofuran (20 nlL) was cool ed
usi ng dr ywoceds%eeane under a nitrogen atnosphere, zo amdTUPB08044500

n- butylllthlu eI§?§ solution (6.65 m) was added. The m xture was stirred
at the sané ‘e for 30 mn, a solution of di-tert-butyl-dicarbonate
(2.52 9) |meﬁekéﬂbydmggmpyy1965 m.) was added. The reaction sol ution was

war med to roon1tenperature and stirred for 4 hr, water (50 nlL) 25 was
added, and terE-RrkYhr b(1s leXeyasoRECRY 1 eR a1 ) REeP AL bCanhrmadist ai ned
organi c | ayer mas drled over anhydrous magnesi um sul fate, and concentrated

under reduced p e The residue was purified by silica gel colum
chromat ogr aphy Iu acet at e/ hexane=0-45%, the obtained oil was
di ssol ved i ra drBKran (25 m). 1.0 nol/L Tetrabutyl ammoni um
W2009/ 02023 PCTO 00& 064500 fl uoride/tetrahydrofuran solution (11.5 m)

was added to the"reaction solution, and the m xture was stirred at room
tenperature for 4 hr. Water (50 nl) was added to the reaction solution, and
the nixtére was éx’é@h‘é‘ﬂé@ \ﬁift ﬁeé{Ch ntatet B49.-1The s obtai ned organic Iayer

was washed . o] e m sul fate,

and concent[r at e?j§€g1rgé ﬁgﬁc YgL% @&v%é%%g%?%uzfmg%uﬁrﬁ eduby silica
gel col um teluu:ahyxdin@flmmy ((lébumnn wes hMeﬂ&ﬁl@Hebhdéﬁ@q&Ux%‘}&l to give the
title conpo a colorle 0 el d 1 9 .

I R, CDCEST SR oR ot b magf L Sy Skeirety BrShe g i, br s)

3. 46-3. 59( %ﬁoﬁde&@@r&y@ﬁ%drgh s81dCrdh @@Hmﬂ1sz 0494ela 08(hid M
7.16-7.19(1H m, 7.26-7.30(2H m. Reference Exanple 100 tert-butyl

(3- chl or®pRERGEX¢E (US) mﬁﬁyatztb&mmﬁqu@metmﬁme o4 4% hr, A

sol ution of; o e ) I (6 m

cool ed usi ng g%y%%e cetu%n(‘;flﬁu%gsgl‘r‘;gg Clll ?rl )éo(it r%}tl)éphg%éj S)S\fqaﬁ on of
DVSO (258 mm) the m&wceneoahtmbndeaxﬁ& e nwazs:uaddeds éBbteramt)etdWths

stirred atethyl acetate. The obtained organic layer was washed with

saturated aqueous ammonium chloride solution and saturated brine,

15 dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by silica gél column
chromatography (eluent: ethyl acetate/hexane=0—16%) to give the
title compound as a colorless oil (yield: 10.7 g, 94%).
'H-NMR (CDC13)8:0.90 (3H,dd, J=7.6,7.4Hz), 0.88-1.16(4H,m),

20 1.44(9%4,s), 1.67-1.81(1H,m), 1.92-2.11(2H,m), 4.44-4.59(1H,m),
5.32(1H, brs).

Reference Example 96

(4R, 5S) ~4-cyclopropyl-5-ethyl-4~-hydroxypyrrolidin-2-one

OH

~

ok >0/

25 A solution of diisopropylamine (7.28 g) in tetrahydrofuran
(110 mL) was ice-cooled under a nitrogen atmosphere,'and 1.6
mol/L n-butyllithium-hexane solution (44.1 mL) was added. The

mixture was stirred at the same temperature for 20 min, and the
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20 the sane tenperature for 10 mn, a solution of tert-butyl (3-

chl or opheny1) [ (1S) - 2- hydr oxy- 1- net hyl et hyl ] carbamate (500 ng) in nethyl ene
chl ori de W0 2019020138 added, and the m xture was stirred RCTURZ08/66¥500
tenperature for. 10 m.n. .Triethylam ne (.Q.925 ml S added, d.the m xture
was stirr eﬁea?{}cﬁ% Ssoé%ﬁognﬁgﬁa?%ﬁe‘g@g&@r %§éf ﬁ%ﬁ\.}\gﬁ?%r}e ( Sﬁﬁly)l was added,
and the m xteteraass od mgt adsWaddedttty lthacetateiod hgontidn)edner gani ¢

| ayer was washed with saturated brine, dried over anhydrous magnesi um

sul fate, afteXEeFRams Atiidaednabr the Rsed tsressarBre of of vie tthe 20t fe

conpound a r i ielehed8Q g, 96%. WO

2009/ 02023§%%%‘%%%r8058§%§0%u§ﬁ Nk/g}(séDgls) 8:1.38-1.44(3H ), 1.42(9H $),
4.09- 4. 20( 1eyo) oproA-CArboayl) progyl JLa2Dahad4( IHONY , gPv.i45(1H $) . Reference
Examle 101 (45,591 A, CE SAhorepheny D dhiLusr e VIO § o

(3-chl or opbraydarnd 1 Lh¥1lrdr Dxnet Ryhlearbambgeddsd mbhiand et hyl

bronodi f| uor oacetate (41.3 g wer e dissolved in tetrahydrofuran. (110 nil),
and to a i £bleukfremalortion 4389 melpolferdded, 6agy the tlektamnpdmepur an (25

ntter rer| Gy Tor e e REnRS HA S, TR TERETRAd IR eRy R L
aqueous:powasisédinyithidrsagemrasadf adeesd wimmoni(@06hhbyidesddddedn and t he
m xture magagéégggﬁeﬁifgeahdgggglover anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: ethyl
acetate/hexane=5—-525%), the obtained oil was dissolved in 4
15 mol/L hydrogen chloride-ethyl acetate solution (100 mL), and the
mixture was stirred at room temperature for 2 hr. The reaction
solution was concentrated under reduced pressure, the residue
was dissolved in tetrahydrofuran (300 mL), and
diisopropylethylamine (22.7 mL) was added. The reaction
20 solution was refluxed under heating for 4 hr, and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: methanol/ethyl acetate=3-10%),
and the obtained solid was recrystallized from ethyl
acetate/diethyl ether/hexane to give the title compound as
25 colorless crystals (yield: 2.80 g, 39%).
'H-NMR (CDC13)8:0.29-0.55 (4H,m);, 0.95-1.08 (1H,m),
1.04(3H,dd,J=7.6,7.4Hz), 1.45-1.63(1H,m), 1.65-1.82(1H,m),
2.23(1H,d,J=17.0Hz), 2.37(1H,d,J=17.0Hz), 2.44(1H,s),
3.45(1H,dd, J=9.4,4.0Hz), 6.69(1H,brs).
30 mp:87-102°C.
Reference Example 97

(2S)-2-[ (3-chlorophenyl)amino] propan-1-ol
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is acetate. The extracted organic |ayer was washed with saturated brine,
dried over anhydrous magnesi um sul fate, and concentrated under reduced

pr essur e. wbhreowesizddue was purified by silica gel col umPchiermasogsephy
(eluent: ethyl acetate/hexane=0-+10%, the obtained oil was dissolved in 4
nmol /L hydrogen oride/ethyl zo acetate solution (100 nlL), and the m xture
was stirred at roomtenperature for 2 hr. The reaction sol ution was
concentrated un gr reduced pressure, tetrahydrofuran (275 nL) and

di i sopropyl efiRyl afine (21.3 nL, 119 nmol) were added, and the mixture was
heated under fef lux for 12 hr. The reaction 25 sol ution was cool ed to room
t enperat ure Ler (200 nL) was added, and the m xture was extracted with
et hyl aceta he obt ai ned organic | ayer was washed with saturated brine,
dried over aR @ys magnesium sul fate, and concentrated under reduced
pressure. The re5|due was purified by silica gel colum WO

2009/ 020234PCTORZ048/ 064500 repgyas ogtf ARPropblenty eLiv} o), 1-chloro-

acet at e/ hexane=10-4,40% to give the title co ound as a yellow oil (yield:
3.76 g, 213%yioddbperneReCHGP3) 89l 37 mtcmss;ﬁsl Bt nglm e Q6&/L DM, besppen. 02-

4. 19( 2H, e 5 5,R
Exam(JI e %ﬁ %e(%? i)ut ]%( ng[_i( %ﬁj %tgglgn lﬁ}é rﬂ]éz]irgbé mIZe %{ Jp@orpahﬁ_so%'?lr gzcgf
tert-butyl [{4$)mily v(atsy@rcmaet ayl Qmwk] zarmrm{@z( 30 Qrgbni AtHbsEHdnd.

sul foxi de 10 (300 was i ce- é ﬁled under a nltrqgen at nospher e, and
triet hyl anf'ak ’(6915049 ﬁw #Ad 39S Ut diloreSGEaR PPT BRI GG dPRe conpl ex

(80.7 0) iRigtnmd s %‘iltfrgétéé {300 dHlrvar %tﬁHECesﬁkﬁé/%B/ca%%@%dor BRic

m xture was stirred at the sane tenperature for 30 mn and then at room

t enper at ur éayer Bshwashedswiph/ satiepatess briinei cdaz;e@i s wtEanmydEs0e nl) was
added to t C Luti t Xt ur cted wth diethyl
et her. TheH% t%?ﬁ%% 5P§%n%é g%?egbﬂﬁﬁﬂvasegduﬁﬁ? lnggﬁ&esgyﬁsate%g

brine, i edsbwes v&rﬁwwr@tﬁseamgpeﬁwmstqieflatcelumdclemﬂaamg"xamg} under
reduced pressure. The residue was purified 20 by silica gel colum

chr omat ogr 4phyentel wiHyl ecryptaleezangHex3dfe0to-30%e thegitdble heompaynd

conpound agsay %Bt@rlré%\gdgal(¥y§éﬁd 2246%% 85 9@
1H NIVR( CDCl3)8 0.97(3H, dd, J 4Hz) 45(9H, $), 1.54- 1.77(1H m,

1. 85- 2. 02( ‘HHNMR (CDC14)& 1220 X BHm, J56 JA{A)H, Br.9B,(1H,brs), 3.47-3.68 (3H,m),
3.72(1H,brd, J=10.0Hz), 6.51(1H,ddd,J=8.1,2.3,0.8Hz),
15 6.63(1H,dd,J=2.3,2.1Hz), 6.68(1H,ddd,J=7.9,2.1,0.8Hz),
7.07(1H,dd, J=8.1,7.9Hz) .

Reference Example 98
N-[ (1S)-2-(tert-butyldimethylsilyloxy)-1-methylethyl]-3-

chloroaniline

/
—Si
\

HNT
:& Cl
To a solution of (2S)-2-[(3-chlorophenyl)amino]propane-1-
ol (7.00 g) in N,N-dimethylformamide (19 mL) were added
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25 9.59(1H, $). np: 39-43C. Reference Exanple 103
(4R, 53) - 5-et hyl- 3, 3-di fl uor o- 4- hydr oxypyrrol i di n-2- one
W2009/ 02802403020B2008/ 064500 tert-Butyl PCT/JP2008/064500

1S)-1-f I I b t t
(77.0 ) il LIt SRt a2 R arakyah oparEn o5y ARRR b bl 4 L ChreHoi B of
a zinc powdgs {ré. rﬁ)@urienwtagt EehyEE QTN anoC 5P Al Was agded-dyopavise the .5
solution at roomtenperature. After heating under reflux for hr, the

m xt ure wa¥2gRARE tt® tdenrearpEPatIfBItiPrpere @ aBikt WEt #88i um hydr ogen
sul fate soLytiQ %é&%t%hlggﬁ%fdgﬁ% a”%feh%b@‘aﬁ&%e dﬁ%@?w ?‘é&egag‘ th

et hyl acetate. e extract rgani c | ayer was was wat'er an
sat urat ed Briee, odkr eshhydepusomagysinousuldghesi and seofaintrazed under

concentrated,u reduced gssure. The residu urif,ied b si ica gel
col um chr OR&Y %‘féfﬁﬁ?séléﬁuen © et P AU &S QPﬁégé%gii 1469 ¢ ge L‘B’f‘%l ned

oi | was di éﬁP&H%dﬂépﬂy@Eﬁhth’dré’tﬂ'm %e%lt@%@wﬂé @s%as etéocﬁwé Odhe( 150

m.), and the mxture was stirred at Toom /5 tenperature for
reacti on sbitte orrmpingoncent Fatedleffarily dadeedd: p?e%%u}re 65e§ﬁ|d the reS| due

was di ssol y, r dr an, (6 o] t hyl amne (32.8 m)
was added, PF%&H}CBE& 3%% Q\Xgﬁ éatgg‘)%@&{éﬁ?ﬁeﬁ gb?P%’re)' hr. The reaction
sol uti om vvaslﬁmfc,ei";u%t edzupdar4é-etEed Hmessar 81 (2hed 26-4.€sizd e was '

reduced pr <80 Pt S ToBRE nof- 6Ll s Ak 1Fgdry 8t S| TEt 1 om ot hyl

acet at e/ hexapge (1 gijwg .bhe) t|’f;|@5pg{rp5w@d=8 §,a8.9hife powder (yield: 7.20 g,
549 . 1H-NI\/RCD3§ )8089 3H, dd, J= J5fz), 1.718-1.38 (1H m , 1.51-

25 1. 75( 1HReferenary Examede]293. 0, 6. 6Hz) 4 14- 4 39(1H ),

G 1201H Bl ) ABMLMARLR)) RIS AGAEL o[ o7 ence Exarml e 10

15 methylethyl]carbamate
OH
o X
:>l\o’u\N o

Cl

A solution of N-[(1S)-2-(tert-butyldimethylsilyloxy)-1-
methylethyl]-3-chlorocaniline (2.66 g) in tetrahydrofuran (20 mL)
was cooled using dry ice/acetone under a nitrogen atmosphere,

20 and 1.6 mol/L n-butyllithium-hexane solution‘(6.65 mlL) was added.
The mixture was stirred at the same temperature for 30 min, a
solution of di-tert-butyl-dicarbonate (2.52 g) in
tetrahydrofuran (5 mL) was added. The reaction solution was
warmed to room temperature and stirred for 4 hr, water (50 mL)

25 was added, and the mixture was extracted with ethyl acetate.

The obtained organic layer was dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent: ethyl
acetate/hexane=0—-5%), the obtained o0il was dissolved in

30 tetrahydrofuran (25 mL). 1.0 mol/L Tetrabutylammonium
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WD 2009/ 020234PCTOP2008/ 064500 A sol ution of benzyl [(1S)-1-
(hydr oxynet hyl ) propyl ] carbamate (30.0 g) in dinethyl sulfoxide (260 nL) was
I ce- cool eslouna20z4ni t r ogen at m)sphere and triethyl am mreTJBB0S06w)0 and a

solution of_ sul fur trioxi i ne conpl.e 7 di met

sul f oxi de f%%‘brh‘%/%agyg@g%% n&ﬂreéné‘&ilu‘?’%ﬁg\&d]eﬁl tPr Eggat t he
same tenpegais forf CHolllthbn,aQHdaEhé Qﬁ&&ﬁ@%@t dEerf&d #k NoorA 1 noI/L
aqueous citric acid solution (450 nL) was added to the reaction sol ution,

and the mi kemperafasreoradt by- wi Waten e(t5(9yF“L/) owaghedded e ditcairgadtdPgani c
layer was washed, W tar?ldsgg\g{]ﬁggg,lpé ée pr%@t%e&lﬁlﬁhgﬁ( us, JIRGREST U,

sul fate, and concéentrat ressure ue was purl?l ed
by silica gletaﬂméwm"rgalmanmapgrapﬂw v(afdhdﬁ’lﬁﬂltﬁt bytuﬁmaécatkﬁdﬂmaﬁewd*:m%

to give the titl npound as a colorless oil (yield: 16.3 5599 .
1H NVR( CDC3358: ! rﬂqsdﬂagn?%“? HiAatey gad 1g8@%§’PFF6";e<%L. erzré@(l%@n)

4.24-4. 39(%}( Fefdurd. 1&(11%1rbs§aiue5w§s7(§ltﬂltfﬁ@i b §:3:11c?a4t£€(l5|b'dﬂmm9 59(1H, %) .
Ref er ence anpl e 105 N (4-brono-3-chl oro-2-f uorophenyl ) acet am de ONH

20Br To a sbtrondtgmiphd- HedoerB: cdilgrlo-a2eftlhtier barahen@->@05%) 0tg)give the
title compound as a colorless oil (yield: 1.61 g, 64%).

10 'H-NMR(CDC13)8:1.08(3H,d,J=7.2Hz), 1.37(9H,s), 2.42(1H,brs),
3.46-3.59(1H,m), 3.62-3.74(1H,m), 4.29-4.45(1H,m), 7.04-
7.08(1H,m), 7.16~7.19(1H,m), 7.26-7.30(2H,m).

Reference Example 100

tert-butyl (3-chlorophenyl) [ (1S)-1-methyl-2-oxoethyl]carbamate

0
ﬂ\oj\NS"'

Cl
15

A solution of oxalyl chloride (318 mg) in methylene
chloride (6 mL) was cooled using dry ice/acetone under a
nitrogen atmosphere, and a solution of DMSO (258 mg) in
methylene chloride (6 mL) was added. The mixture was stirred at
20 the same temperature for 10 min, a solution of tert-butyl (3-
chlorophenyl) [ (1S) -2-hydroxy-1l-methylethyl] carbamate (500 mg) in
methylene chloride (8 mL) was added, and the mixture was stirred
at the same temperature for 10 min. Triethylamine (0.925 mL)
was added, and the mixture was stirred at the same temperature
25 for 30 min. Water (30 mL) was added, and the mixture was
extracted with ethyl acetate. The obtained organic layer was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentration under reduced pressure to give the

title compound as a colorless oil (yield: 480 mg, 96%).
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in ethyl acetate (200 m) was added dropw se acetic anhydride (7.57 m) at
0C. Then, pyridine (10.8 nL) was added dropw se, and the m xture was
stirred avonoom2dmBaper at ure overni ght. The 25 m xt ure wRETUP2o08/e6k500 t h

et hyl acet d wit ter and saturagted brine, and dried aqver
magnesi um %M@%ﬁﬁégm%%gﬁ'2\%&9’95@&3&3@%%& Er ange%o Hr%é“s?ur e. The
obt ai ned sol 09-waBe vEashed vi.eh-hezaey ing ,giovgsthe, &) t1 e conpound as a
colorless solid (yield: 17.1 g, 96%. WO 2009/020234PCTOP2008/ 064500

1H MVR( DVBEEE®Y 81ee TR 1) ,10% 58(1H, dd, J=9.1, 1. 9Hz), 7.83- 7.90(1H n),
9.98(1H, $) (4Re =) - _NP-3+ opo robenzonitrile
Am g(t ure) é?%\é%&_-e%(r:gjno- 3%%?8%%-912&%?0?%5%5%%)) gc%?%%’gkg E!’()17. 0 g and
copper (15 vgbnybey s 1881ig)-2i-onél, N- di met hyl f or mam de was stirred at 150C
overnight. After warmng to roomtenperature, water was added, and the

m xture was exgracObd with 10 ethyl acetate. The organic layer was washed
wWth saturate ne, and dried over magnesium sul fate, and the sol vent was
evapor at ed under Neduced pressure to give N-(3-chloro-4-cyano-2-

f1 uor ophenyPyatetani’de. Ethanol (250 nl)-concentrated hydrogen chloride
(26.6 nL) was added to N-(3-chloro-4-cyano-2- /5 fluorophenyl)acetam de,
and the m xtur s refluxed overnight. The m xture was ice-cool ed, and
neutralized w at ur at ed aqueous sodi um hydrogen carbonate sol ution, and
the m xture w v cted with ethyl acetate. The organic |ayer was washed
wi th saturated brine; and dried over nmagnesium sul fate, and the 20 sol vent
was evapor at ed upger-g cad-phessypRenyinNg @ihahngdthgsisiue was purified by
columm, and the obtained solid was washed with hexane to give the title
conpound aSx@eayllgasidagateol(L8- §ydkland Bthyg, beampdifluoroacetate (41.3

g) were dissolved in tetrahydrofuran (110 mL), and to a

10 suspension of a zinc powder (13.6 g) in tetrahydrofuran (25 mL)
was added dropwise the solution at room temperature. After
heating under reflux for 1 hr, the mixture was cooled to room
temperature, 1 mol/L aqueous potassium hydrogen sulfate solution
(300 mL) was added, and the mixture was extracted with ethyl

15 acetate. The extracted organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate/hexane=0->10%), the
obtained oil was dissolved in 4 mol/L hydrogen chloride/ethyl

20 acetate solution (100 mL), and the mixture was stirred at room
temperature for 2 hr. The reaction solution was concentrated
under reduced pressure, tetrahydrofuran (275 mL) and
diisopropylethylamine (21.3 mL, 119 mmol) were added, and the
mixture was heated under reflux for 12 hr. The reaction

25 solution was cooled to room temperature, water (200 mL) was
added, and the mixture was extracted with ethyl acetate. The
obtained organic layer was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under reduced

pressure. The residue was purified by silica gel column
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1H NVR( CDC13) 15: 4. 35(2H, br.s.), 6.63-6. 71(1H ), 25 7.25(1H,dd, J=8.5, 1. 7Hz) .
Ref erence Exanple 107 2-chl oro-3-fluoro-4-iodobenzonitrile WO

2009/ 020230RWPER2138/ 064500 To a suspensi onPafi/Jemppesssé0di de
(1) (9.24 in acetonitrile (100 nl). was added tert-butyl nitrite (90%
6.95 g) at g%”é@ﬁ??%‘-fﬁf‘éﬁhé't Lfleé.ues?ﬁén‘?tlég’ L ARt/ ngﬂD%ﬁ]r 6’-49-6&hF8r84‘3é 5

fl uorobenzenettitle (@rpothd Bsageyonidw idia ((J8e1at) 3wes qyddad)dr opwi se at
65C over 1 _hr. The mxture was stirred for 2 hr, and allowed to room

t enper at ur I-NFUEDGS 3 Rsdi-orh (BH 69uitat & BAHR),0R - da$1hderes),, dhd2he ni xt ure
was extrachedo W hnyet byl cagetal ey, dhe Prean g 3'(9?4?%{ wap WASNEs Wt )

saturated brine, and /c, dried over magnesium su e, and t'he solvent was
evapor at edRaehdeencedixesglpr @88ure. The obtai ned resi due was purified by

basic silica_gel col hr onat ogr aphy (.el_uent : hexane- Thexane/ et hyl
acet at e=4: ﬁ??gﬁ%t@bﬁgﬁﬁiaﬁg Ppagghﬁgomr?@d%\ﬁ“?ﬁehexane to give the title

conpound as yel | ow cry&t al s

i §
>LOJLN "1/
A solution of tert-butyl[(1S)-1-
(hydroxymethyl)propyl]carbamate (30.0 g) in dimethyl sulfoxide
10 (300 mL) was ice-cooled under a nitrogen atmosphere, and
triethylamine (64.4 mL) and a solution of sulfur trioxide-
pyridine complex (80.7 g) in dimethyl sulfoxide (300 mL) were
successively added. The mixture was stirred at the same
temperature for 30 min and then at room temperature for 3 hr, 1
15 mol/L aqueous citric acid solution (500 mL) was added to the
reaction solution, and the mixture was extracted with diethyl
ether. The obtained organic layer was washed with water and
saturated b;ine, dried over.anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
20 by silica gel column chromatography (eluent: ethyl
acetate/hexane=0—5>30%) to give the title compound as a white
powder (yield: 24.3 g, 85%).
'H-NMR (CDC13)8:0.97 (3H,dd, J=7.6,7.4Hz), 1.45(9H,s), 1.54-
1.77(1H,m), 1.85-2.02(1H,m), 4.14-4.29(1H,m), 5.11(1H,brs),
25 9.59(1H, s).
mp:39-43°C.
Reference Example 103

(4R, 5S) -5-ethyl-3, 3-difluoro-4-hydroxypyrrolidin-2-one

F
F OH

~

0=y 3
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/5 (yield: 7.1 g, 62% . 1H NVR(CDC13)6:7.22(1H, dd, J=8.2,1.4Hz),
7.80(1H, dd, J=8. 2,5. 6Hz). Reference Exanple 108
N- ( 3- chl owo-2de902ea3ephenyl ) phenyl al ani ne NCO HN CI 20To &C3aPrv8/06¥5@f

2-chl oro-4-fl uorobhenzonitrile.(5 0O i.n _di hyl. sul f oxjide (100 niL) were
added phenyl al anife _?él.t’éﬁl &f%%a*&%“%?&&?ﬁiﬁ%ﬁbﬂ%?% (J&)%,'Ogng?t A8%mi xt ure
was stirregtiail HonoverNghbacA 4R @7, oWgNgwé e rPIRJIeHERAL Ur e, et hyl
acetate was added, and the nixture was extracted 3 tines with

02009/ 020 HREMSPLE08AD6 4300 Walurrice §oaguestReRsiAthpdPegenPeEPonat e
solutlon. {519 AGHEQUS tLaYSh saNBihELOTBONRE) FRd ARl Id:AghatbbNefiLlric aci d,

and the m xture Was extracte wce with ethyl acetate. The organic |ayers
wer e cormrbi sed;t iwes laéd ropm ht srepaenasttued .br Afieer anel thimdy ivedieav ee finagnést ulm

sul fate. The sql vent was evaporated under reduced pressure give the
title conpdund SHEXBPS%W%?I‘:?%QQC’&:O §OBF HEHDERRHUE Rol 71 aqueous

1H NVR( CDQi@&a?ss?MﬁShgd%@@éﬂﬂ,mlfa%eZ%o&u%%AH(MO it )3 treds 44GdH, Mind the
4.67-4.76(1H, n), 6.44(1H dd, J=8.6,2.41-12z), 6.59(1H,d, J=2.31-12z), /o0
7.12-7. 19(PHEHLe vap7extBaeg ity eAbyiHagegae 7HAhe Retepehed exgampie 109

layer was washed with water and saturated brine, dried over
10 anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (eluent: ethyl acetate/hexane=10—40%), the
obtained o0il was dissolved in 4 mol/L hydrogen chloride/ethyl
acetate solution (150 mL), and the ﬁixture was stirred at room
15 temperature for 2 hr. The reaction solution was concentrated
under reduced pressure, and the residue was dissolved in
tetrahydrofuran (600 mL). Diisopropylethylamine (32.8 mL) was
added, and the mixture was heated under reflux for 4 hr. The
reaction solution was concentrated under reduced pressure, the
20 residue was filtered through silica gel, and the filtrate was
concentrated under reduced pressure. The obtained residue was
recrystallized from ethyl acetate/hexane to give the title
compound as a white powder (yield: 7.20 g, 54%).
'H-NMR (CD3SOCDs3)8:0.89 (3H,dd, J=7.5,7.5Hz), 1.18-1.38(1H,m), 1.51-
25 1.75(1H,m), 3.47(1H,dd,J=13.0,6.6Hz), 4.14-4.39(1H,m),
6.12 (1H,brd, J=5.7Hz), 8.99(1H,brs).
mp:118-121°C.
Reference Example 104

Benzyl [(1S)-1-formylpropyl]carbamate

o

o
0 /
OJLng,/
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4- (2-benzyl- 3- hydr oxy- 5- oxo- 2, 5-di hydro-1H pyrrol - 1-y1) - 2-
chl orobenzonitrile 15To a sol ution of
N- ( 3- chl owo-2deseasephenyl ) phenyl al ani ne (2.0 g), Mel dr uRCS/JB208/0¢450005 Q)

and 4- (N, Ndi net ) pyri_dj ne in tetrahydrofuran (30 nL) was

added N, N -car b% @‘Pﬁﬁogla?& ée?@séggéjsq tL70C, and the mixture was stirred
at room t eﬂﬂ?ﬁﬂﬁé%t@l\yqf) BiroBY 1] AhaY4ndleeqs . 80gpoi aseimdPiMdisagenxsad f at e
sol ution vvas added to the reaction mxture, and the m xture was extracted

with ethyl %@;‘ét“&tewa‘ﬁhécérgﬁﬂl%dllﬁyj@rr Reditasaed aFReSERIEqUEdds pot assi um

hydr ogen s sol ut| a urated Qver gnesi um

sul fate. ﬁe so gggvgp aer}fflt?néé)? %’ Bc%g %L?J;é%rtgloﬁ The residue

was di sssolp'yadldxneetdwiplaaet(aleB (@)0 nﬁ_)d,lmmﬂylheuhfaxmé (@59 me)| wxed for 45

mn. After allowing.to roo %rature the mxtu was extracted 3 timnes
um

with saturdted s adgg r“Bd‘é?r‘\‘r@a?“’BSnﬁFérE dhe PRBSaqueous

layers wergg el f@@dlaﬁtdléﬂ@cath%m%%pérg«@me ﬁﬁd4t he m xtyre
W)2009/ 020234PCT0P2008/ 064500 was extracted wth ethyl acetate. The organic

| ayer was WMabfedameacyss gltraceacht issdutand dfbedmbl erasmgidesi tm shef at e.
The sol Ve”x% 10%"%;2; 9124 &4 “Qﬁ& & Oe%%‘%% R eéé“rﬁtraac”cdeé ng bl H:‘Ed resi due

was recrys zed omtefr Uran-nexane give's the e conpound

as palenyeétmyrcrymkakﬁméyneadordankb Qayer%as washed with saturated
1H NVR( DVBO- d6 8 01 3. 21( 2H, 4.80(1H, $), 5. 25(1H t,J=3. 9Hz)
6. 73-6. 81( bY{ ?’VTQ( QIPP roup m@fﬁsaamﬁ@ %a?'ZI‘?ﬂd, concentrated

7.96(1H, d, Qn&g@duc%dogg:églsgre] =1. Twéz)reslauéoﬁéb }plﬁrﬁl)ed PR %§§1é§9&el lo
Ref erence Exanple 110 N (3-chl oro-4-cyanophenyl ) norval i ne

column chromatography (eluent: ethyl acetate/hexane=0—>30%) to

give the title compound as a colorless oil (yield: 16.3 g, 55%).
15 'H-NMR(CDC13)8:0.96(3H,dd, J=7.5,7.5Hz), 1.63-1.81(1H,m), 1.90-

2.08(1H,m), 4.24-4.39(1H,m), 5.12(2H,s), 5.37(1H,brs), 7.31-

7.42 (5H,m), 9.59(1H,s).

Reference Example 105

N- (4-bromo-3-chloro-2-fluorophenyl)acetamide

A

O~ 'NH

Cl
20 Br
To a solution of 4-bromo-3-chloro-2-fluorocaniline (15.0 g)
in ethyl acetate (200 mL) was added dropwise acetic anhydride
(7.57 mL) at 0°C. Then, pyridine (10.8 mL) was added dropwise,
and the mixture was stirred at room temperature overnight. The
25 mixture was diluted with ethyl acetate, washed with water and
saturated brine, and dried over magnesium sulfate. The solvent
was evaporated under reduced pressure. The obtained solid was
washed with hexane to give the title compound as a colorless

solid (yield: 17.1 g, 96%).
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HO, To a solution of 2-chloro-4-fluorobenzonitrile (5.0 g) in

di met hyl sul foxide (80 nL) were added L-norvaline (4.52 g) and 15 cesium
car bonat ewQ2809%20934 and the m xture was stirred at 90C ®@CEIR2HBD64SAS t er
allowing to roomtenperatur t hyl acetate was_added, and the m xture was
ext ract ed ?IW% (thﬂ‘g@?taﬁj%aﬁgdgﬁq%éou@ 38ddHuRrnya? ofeh & borfaé=sol uti on.
The aqueous. $@ys{,sm)vere ogqmhl sed, and acidified with citric acid, and the

m xture 20 was extracted twice with ethyl acetate. The organic | ayers were
conmbi ned, ReEdencd Bxaggder 4P6d brine, and dried over magnesium sul fate.
The sol venj_ 2\ I d-u .essure to give the title
compound a S o Ty o at R FB e |

1H NIVR( CDC1|3_16|E$20. 97(3H,t,J=7.3Hz), 1.40-1.54(2H,m, 1.71- 25 2.00(2H m,
4.08-4.16(1 , 4.71(1H, br.s.), 6.50(1H, dd, J=8.7, 2. 5Hz),

6. 64(1H, d, J— ), 7.42(1H,d,J=8.5Hz). Reference Exanple 111 WO

2009/ 020234 PP2008/ 064500 2-chl or o- 4-

( 3- hydr oxy Q- 2- propyl- 2, 5-di hydro-1H pyrrol -1- yl)benzonitrile OH To
a solution of N @-chl oro-4-cyanophenyl )norvaline (4.0 5 g), Meldrum s acid
(2.40 g) and|4- (N, N-di met hyl ) am nopyridine (2.90 g) in tetrahydrofuran (60
m.) was add § N, Wear bonyl di i m dazole (3.08 g) at 0C, and the m xture was
stirred?5s

A mixture of N-(4-bromo-3-chloro-2-fluorophenyl)acetamide
(17.0 g) and copper(I) cyanide (5.88 g) in N,N-dimethylformamide
was stirred at 150°C overnight. After warming to room
temperature, water wés added, and the mixture was extracted with

10 ethyl acetate. The organic layer was washed with saturated
brine, and dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure to give N-(3-chloro-4-cyano-2-
fluorophenyl)acetamide. Ethanol (250 mL)-concentrated hydrogen
chloride (26.6 mL) was added to N-(3-chloro-4-cyano-2-

15 fluorophenyl)acetamide, and the mixture was refluxed overnight.
The mixture was ice-cooled, and neutralized with saturated
aqueous sodium hydrogen carbonate solution, and the mixture was
extracted with ethyl acetate. The organic layer was washed with
saturated brine, and dried over magnesium sulfate, and the

20 solvent was evaporated under reduced pressure. The obtained
residue was purified by column, and the obtained solid was
washed with hexane to give the title compound as a pale-yellow
solid (yield: 7.0 g, 64%).

'H-NMR (CDC13)8:4.35(2H,br.s.),6.63-6.71 (1H,m),

25 7.25(1H,dd,J=8.5,1.7Hz).

Reference Example 107

2-chloro-3-fluoro-4-iodobenzonitrile
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at room tenperature overnight. A 5% aqueous potassi um hydrogen sul fate
solution was added to the reaction mxture, and the /o m xture was

extract edwoi2009/2033¢l acetate. The organic | ayer was wasiret/Jreaso&3beagueous
pot assi um hycirogen sul fate solution and saturated brine, and dried over
magnesi um sulif at e. The sol vent was evaporated under reduced pressure. The
residue was dissofved in ethyl acetate (60 m ), and the m xture was

45 min. After allowing to roomtenperature, the m xture was
wi th saturated aqueous sodi um hydrogen carbonate sol ution.
were conbined, and acidified with citric acid, and the
m xture was gxtracted with ethyl acetate. The organic | ayer was washed with
saturated brijlpe, and dried 20 over magnesi um sul fate. The sol vent was
evapor at ed upder reduced pressure, and the obtained resi due was washed with
ethyl acetate to give the title conpound as colorless crystals (yield: 1.89
g, 43% . 1H NVR(EMBO-<IBRn@i68- O 86SHM)10dd.d@0-(1) 146 244 ), ik 69- 25
1.81(2H, m, 5.00(1H,t,J=4. Osz , 5.03(1H %), 7.66(18,dd,J=8.7,2. 1Hz),
7.92(1H, d, 3s8torhrile d309HME) J#as @%e,d t2raobeky brnstnitery9056- £58€. 9)

Ref erence a é'e]nﬁ: 09/ 92023 81064500.

N- ( 3-chl or%-%f%)érgnop gﬁy\%%u-ggifl uoro’p#gny la'%gggnégl—é%&no 2 chl‘?(]):oa:gsol ution
of 2-chlor fidefonmraabeizanet (61 2 ¢)l.ih @eatondimblidy(1GUIKIOxiwde 638edl) were
added 4-fl yorophenyl al anine 5 (2.54 g) and cesium carbonate %4. 90 g), and
the m xt ur 8T9R%IS] it &3 atOWIC oerni éhﬁ.mm@fe daAsowitAgred Eebm hr,

t enper at ur gnd 3 MYdwerL @bakBoMasemsiarur@)d aliolk Xs sl Ruryath @i zated tw ce
wi th saturated aqueous sodi um hydrogen carbonate sol ution. The aqueous

| ayers wer ECtdrihetds addedei and i gk wiitugiet wpe extrenctiesl aridght Behmlxt ure
was extrac L Ce .t . r.gani.c | r e.conbi ned,
washed wi t%ggg‘%%%'ate ebrglrﬁé{qyén ﬁ?é%sovwégh%ggﬁgggusnﬁacﬁlu af%g}tg:fbr‘]'ﬂ%’ sorVent
was evapor dtied under magdasedmpsebfaties, tamdgitiie sbevént lveaCerppordtag a br own

oi | ield: 3.69 1009 .
(y unger ré&uced pressure. The obtained residue was purified by

basic silica gel column chromatography (eluent:

hexane—>hexane/ethyl acetate=4:1). The obtained solid was

washed with hexane to give the title compound as yellow crystals
15 (yield: 7.1 g, 62%).

1H—NMR(CDCl3)8:7.22(1H,dd,J=8.2,1.4Hz), 7.80(1H,dd,J=8.2,5.6Hz).

Reference Example 108

N-(3-chloro-4-cyanophenyl) phenylalanine
HN
Cl

Il
N

20 To a solution of 2-chloro-4-fluorobenzonitrile (5.0 g) in
dimethyl sulfoxide (100 mL) were added phenylalanine (6.37 g)
and cesium carbonate (13.6 g), and the mixture was stirred at

90°C overnight. After allowing to room temperature, ethyl

acetate was added, and the mixture was extracted 3 times with

142



15 1H NVR(CDC13) 8: 3. 07-3. 30(2H, m, 4.40(1H q, J=5.9Hz), 4.72(1H d, J=6.6Hz),
6.46(1H,dd, J=8.7, 2. 3Hz), 6.60(1H,d,J=2.3Hz), 6.94-7.05(2H m,
7.07-7. 16§0Hp002038441( 1H, d, J=8. 7Hz) . Ref er ence Exanpl @CIAB2008/064500

2-chloro-4-[2-(4-f|luorobenzyl) - 3-hydyoxy-5-0x0- 2, 5-di hydr.0o- 1H2

pyrrol - 1- yF%"tZ)‘é%azto FEeHS %b‘ﬁ@/ Eﬁc?ﬁﬁgﬁﬁéy%fi'?fg]d%l%]'a 8813 ution of

N-(3-chl orgﬁde@wﬁmqq}my&bré-céw@ghgwl akani feed vch @Bl deva) s acid

(1.74 g) and 4- (N, N-di met hyl am no) pyri di ne (2.%1@%| n tetrahydrofuran (50
13t

m) was ad@ed MNTUICABEENYRE 4T REIGI tac4wgt mesigtage-oCcThe and the
m xture wa ' r t I r nj . 9 ueoLs  po Si um
hydr ogen séf?éartug g%yl%risoﬁg\;%sg%e%#o%ta%ég?eggﬁj osnébtn%t%?ie,%ggﬁ ! t%fg&

m Xt ur e snvasried ractire thagnehieh hyll eoet.at &heTheloeganias leapporaasdwasded with
5% aqueous t assi um hydrogen sul fate solution and saturated brine, and

dri ed over FROIGRE REGSTHESUE P ATEYE TS SitEnFoRBSURY A0 PR PEG anBLt T educed
pressure. [peei@sigdyy wasidogpol ved in ethyl acetate (50 nli), and the

m xture was refluxed for 45 mn. After allowing to roomtenperature, the
organi c | ajfeNMB€DEASI @ . APt B. Wait B, mind 3s 2duBaBadlbrmne, 4 .&7d 4dAT ¢HH owker

magnesi um gulf ¢ ] ol ve j _evapgr u reduce sure,
and the ob a%i?dﬁ6e(;H§ﬁnZ’V\/§éE%\éis}f{edgﬁv%& t%h%é?hghggteggﬁa(}ikg%p?ggyﬁﬁgfher to
give the t7tlz-Tdep@a)as7cdior ]l Fs@Hmyst al. so(yHpl AI=82.754)qg, 64% .
1I—I—NI\/R(DI\/SO%€O8:2.99-3. ZO%ZH m, 4.82(1H $), 5.24(1Ht,J=3.8Hz),

6. 74- 6. 86( DR )N FXAFOAE( 242 ), 7. 70(1H, dd, J=8. 8, 2. 2Hz), 20

7.95(1H, d, =8> #42)5 18-30%,&% J520:4H42), 543 n9ded b PIp Pr o1 Ry1§22194C.
Ref erence Exanple 114 N (3-chloro-4-cyanophenyl)valine
chlorobenzonitrile

OH

Il
N

15 To a solution of N-(3-chloro-4-cyanophenyl)phenylalanine
(2.0 g), Meldrum’s acid (1.05 g) and 4-(N,N-
dimethylamino)pyridine (1.22 g) in tetrahydrofuran (30 mL) was
added N,N’-carbonyldiimidazole (1.29 g) at 0°C, and the mixture
was stirred at room temperature overnight. A 5% aqueous

20 potassium hydrogen sulfate solution was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The
organic layer was washed with 5% aqueous potassium hydrogen
sulfate solution and saturated brine, and dried over magnesium
sulfate. The solvent was evaporated under reduced pressure.

25 The residue was dissolved in ethyl acetate (30 mL), and the
mixture was refluxed for 45 min. After allowing to room
temperature, the mixture was extracted 3 times with saturated
aqueous sodium hydrogen carbonate solution. The aqueous layers

were combined, and acidified with citric acid( and the mixture
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HOO HN 7,-y_CH3 25To a solution of 2-chloro-4-fluorobenzonitrile (3.50 g)
in dinmethyl sulfoxide (60 nm.) were added L-valine (3.16 g) and cesium

car bonat ew020®320934 and the m xture was stirred at 90C ®CEIR2HBD64SAS t er
allowing to_roomtenperat.ure thyl acetate s added nd the m xture was
xtract od PAF Cr HTTRCh b, BTV WResIar 6200 A BeaDpoB0s FoiRs00 S8 qHestss

sodi um hydyegenssaihaiat ®rsakyt hed. ddiel ageeonsghayent eI teqnbirned, and
acidified with citric acid, and the m xture was extracted twice with ethyl

acet at e. TRAGLVPQYaAMIS |1SHpEPS ke curdibiTfsticefabReaSW e h and Uihst eBtBiPAd, and
dried over [ : : nder .teduced
pressure t Sgg?%étvﬁig t%tﬁ%%?rgjéﬁ%%%a@la%%ggﬁmwgfﬁf‘?i;%ﬁ% : %éGgggfﬂ?%O% .
1H NVR( CDCtB¢ 8t it ¥ (@idtoudhd6 aZ Hza 1 erellG-od. 81 EHahy, (Bidud: 3..99( gH, 6p%) .
4.71(1H, d, =8, 9Hz 6. 5]§(:Q1H’ dd,J=8.7,2.3Hz), 6.67(1H, d, J=2. 5Hz)

7.42(1H,d, JH—-'Q‘!WSO.'F@) or QlaAce! Ire 42 B8 (1H,8), " 5:25 (1H, t,U=3.9Hz),

2- chl or o- 4¢[ 33 hy O, 2r) (17088 hy| €8 (B Im)5- 9X9021B; di hyes &, DHpwh ol - 1-yl | ben
zonitrile OH To a solution of N (3-chloro-4-cyanophenyl)valine (5.66 g),
15 Mel dr um7s96&:11é|,<%r37.=§97@1)Z)ana-Q0éN,1, (e PHg) aml AoYpiHidhe-04. 11 g) in
tetrahydr o;nurfgsjfé)gogt) was added N, Nf - car bonyl di i m dazole (4.36 g) at 0C,
and the miXPure"was Stirred at room t enperature overnight. A 5% aqueous

pot assi wm Ry fle pgere HHamatle dabuti on was added to the reaction mxture, and
the m xture V\gs extracted 20 with eth%zl acetate. The organic |ayer was

washed wit N-5% 1§ SIRREBRERY MRRTOGEA™Sul fat e sol uti on and sat ur at ed

bri ne, Hoj;
HN CH

Cl

3

Il
N

To a solution of 2-chloro-4-fluorobenzonitrile (5.0 g) in

dimethyl sulfoxide (80 mL) were added L-norvaline (4.52 g) and

15 cesium carbonate (13.6 g), and the mixture was stirred at 90°C
overnight. After allowing to room temperature, ethyl acetate
was added, and the mixture was extracted twice with saturated
aqueous sodium hydrogen carbonate solution. The aqueocus layers
were combined, and acidified with citric acid, and the mixture

20 was extracted twice with ethyl acetate. The organic layers were
combined, washed with saturated brine, and dried over magnesium
sulfate. The solvent was evaporated under reduced pressure to
give the title compound as a brown oil (yield: 8.12 g, 100%).
'H-NMR (CDC13)8:0.97 (3H,t,J=7.3Hz), 1.40-1.54(2H,m), 1.71-

25 2.00(2H,m), 4.08-4.16(1H,m),
4.71(1H,br.s.),6.50(1H,dd,J=8.7,2.5Hz), 6.64(1H,d,J=2.5Hz),
7.42(1H,d,J=8.5Hz).

Reference Example 111
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and dried over magnesium sul fate. The sol vent was evaporated under reduced
pressure. The residue was dissolved in ethyl acetate (70 nL), and the
m xture WO 20@fd2m8ed for 45 min. After 25 allow ng to r@cmJrPEoOpessdeure, the

organi c | ayer ) S i th ter d saturated brine d dried_over
nmagnesi um GFPQ@‘E? _h&e_gjé'}%gﬁﬁ’\ﬁgégx%sgﬁﬁoﬁygdauﬁag?ﬂy‘éﬁ‘?ﬂ: Beodule, and
the W2009419BERZAHERGHRZ008/ 064500 obt ai ned resi due was washed with ethyl
acet ate-i sopropyl _ether to give the title conmpound as colorless crystals
(yield: 653 ng, 3% . 1H NVR(DVSO d6)8: 0. 65( 3H, d, J=6. 8Hz) ,

1.12(3H,d, J=7 ), 2.01- 2.16(1H,m, 11.90(1H,d,J=2.6Hz), 5.03(1H %),
7.61(1H, dd, / ¥H, 7.92(1H, d, J=8.5Hz), 8.02(1H,d, J=2.1Hz),

12.33(1H br.s. N np:217-219C. Reference Exanple 116 /0

N- ( 3- chl or o- 4- gyanophenyl) - 4- cyanophenyl al ani ne To a sol ution of
2-chl or 0- 4- f Iflorgbenzonitrile (0.90 g) in dimethyl sulfoxide (20 nL) were
added 4-cyanophepyl al anine (1.00 g) and cesium carbonate (2.23 g), and the
mxture was stifrre® at 15 90C overnight. After warming to room tenperature,
et hyl acetate yias added, and the m xture was extracted twi ce with saturated
aqueous sodi u ydrogen carbonate sol ution. The aqueous | ayers were

conbi ned, and acidified with citric acid, and the m xture was extracted
twice with ethyl Tacetsdlaitibe odr JanBech hyer-si-agaaoplenphndees 1 iwas @dowi t h

saturated brine, and dried over nagnesi umsulfate. The solvent wa
evapor at%dg&nd%‘?l @Hﬁée@cﬁpeéguﬁg ‘gb %}?‘5

S
&1 (Ne NEALPRERGIMAUMPPYE 181 BRown oi |

(yield: 1. 52’.9@@2"% R AIMRGEDEL 33 8! geol?mﬁ- 38625083 ¢, ¢ 4. 51(1H m),
4.78(1H, d, J=7. 7Hz),” 6. 49( 1H; dd, J=8. 6, 2. 4Hz), 6. 63(1H, d, J=2.5Hz), 25

7.24-7. 30( 2bripgpny I 4id(itld ze 18=8 3568 ) g) at56°C, 6df@H g miRefuerrenae &Sxanprae 117
onitri Lo 2h0F 300 DRBTAOHF PAObBers0d o SuleBhIEEANRA! hrdadnl De"
sulfate solution was added to the reaction mixture, and the

10 mixture was extracted with ethyl acetate. The organic layer was
washed with 5% aqueous potassium hydrogen sulfate solution and
saturated brine, and dried over magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
dissolved in ethyl acetate (60 mL), and the mixture was refluxed

15 for 45 min. After allowing to room temperature, the mixture was

| extracted twice with saturated aqueous sodium hydrogen carbonate
solution. The aqueous layers were combined, and acidified with
citric acid, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, and dried

20 over magnesium sulfate. The solvent was evaporated under
reduced pressure, and the obtained residue was washed with ethyl
acetate to give the title compound as colorless crystals (yield:
1.89 g, 43%).

'H-NMR (DMSO-dg) 8:0.69-0.80(3H,m), 0.90-1.14(2H,m), 1.69-

25 1.81(2H,m), 5.00(1H,t,J=4.0Hz), 5.03(1H,s),
7.66(1H,dd,J=8.7,2.1Hz), 7.92(1H,d,J=8.9Hz), 8.05(1H,d,J=1.9Hz),
12.40 (1H,br.s.).
mp:156-158°C.

Reference Example 112
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To a solution of N (3-chloro-4-cyanophenyl)-4- cyanophenyl al anine (1.57 g),
Mel drumis acid (0.76 g) and 4-(N, N di net hyl am no) pyridine (0.88 g) in

t et r ahy drwbuo@n2(259 m_) was 5 added N, N - car bonyl di i m dezwle080840ig) at
0C, and th XLy e\ stlrr at, rpo rat overni ght. A 5% aqueous
pot assi um y:j&o (Lajfn SUl nggﬁargy%)n—g é&] epé#?ﬁ% "+¥action nixture, and
the m xtureHsas & vath ethyl acetate. The organic |ayer was washed
wi th 5% aqueou$ m hydrogen | o sulfate solution and saturated brine,
and dried over sul fate. The sol vent was evaporated under reduced
pressure. T was dissolved in ethyl acetate (30 nL), and the

m xture was fefluxed for 45 mn. After allowing to roomtenperature, the
organi c | ayer as washed with water and /5 saturated brine, and dried over
magnesi um 9 gt e. The sol vent was evaporated under reduced pressure, and
t he obt ai nedresiaue was washed with ethyl acetate-isopropyl ether to give
the title cornpound as pal e-yellow crystals (yield: 578 ng, 349%.

1H NVR(DVSO- ¢B) 8: 3. 08-3.30(21-1,m, 4.84(1H,$), 5.33(1H t,J=4.0Hz), zo
6.98(2H,d, J=8 1Hz), 7.63-7.73(31-1,m, 7.94-8.00(2H m, 12. 60(1H br.s.).
np: 190- 192C. Refg le-118 :

N- ( 3-chl or o- 4- cyanophengﬁ)gg1 §§c o(f)krl%)%@? a%“r?é""b oz%“ls%]flulﬁ on of 9) 1in

2- chl or o- 4dimerdm]besnﬂ1fmmdel e3()]mBB wprd raddienleﬂhﬂusnbpﬁrmﬂydel@ﬁ@nm) wer e

added 3-cyclopro - al ani ne n ium carbonate (3.28 g) and
he i xtr &2nss B 197Kb Rt B B HE  OAr Bar  af Qg e eBons
tenper at ur g ; eidlyl sracRpat avaaaaftded;\fﬂeg hDfong WP BR exhparied-d i ce
wi th saturated aqueous sodi um hydrogen carbonate sol ution. e aqueous

| ayers wer @t]@blrb?q@’feﬂt&aﬁvésaéiidﬁﬁt e@rld/\mhe digtugeadasl, exxtipatied wvicare was
extracted e hy| a, rga I, ombj
washed wi t%%}gtsﬁ”é%ﬁ&@g 5 uggﬁ%dégrl ed \%P%ﬁggﬁégkl}%%tg%lsfo\ﬁ%ﬁo%he jgg?vent

was evapor atecounderyeradueed poestngd, temdgiavedtfitediwlth edrqdaendcad, a br own

8| |72 yi gfla]?ipén‘jhe 1xt?1(%é) wa%HéytI:VLRa(tctedlB w1c% %J?.tlol g%l(lng argetate - g‘hg8(2H uE

organic layers were combined, washed with saturated brine, and
dried over magnesium sulfate. The solvent was evaporated under
reduced pressure to give the title compound as a brown oil
(yield: 3.69 g, 100%).

15 'H-NMR(CDCl13)8:3.07-3.30(2H,m), 4.40(1H,q,J=5.9Hz),
4.72(1H,d,J=6.6Hz), 6.46(1H,dd,J=8.7,2.3Hz), 6.60(1H,d,J=2.3Hz),
6.94-7.05(2H,m), 7.07-7.16(2H,m), 7.41(1H,d,J=8.7Hz).

Reference Example 113
2-chloro-4-[2-(4-fluorobenzyl)-3-hydroxy-5-oxo-2, 5-dihydro-1H-

20 pyrrol-l-yllbenzonitrile

F
OH

Cl

I
N
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s 1.71-1.92(2H, ), 4.14-4.24(1H m, 4.95(1H d, J=7.9Hz),
6.51( 1H, dd, J=8. 7, 2. 5Hz), 6.66(1H, d, J=2.3Hz), 7.41(1H,d, J=8.5Hz). Reference
Exarrpl e 1IWO 2009/020234 PCT/JP2008/064500

Toenzontirile G670 s R gt e P SR SoBhPar D Acy anopheny 1) - 3
cycl opr opykahapspteer(yA.0anghe el 6y up s MeQiddulnt s38c8d NG A)Nalla 4-

W)2009/ 020234PCTOP2008/ 064500 di net yI am no) pyridine (1.56 g) in
t et rahydr oKNrI&Tﬁmwﬁwg) BYEEdine NZ-ddr @@n}MtﬁM@t@&dﬂ@%@%é%)%t 0C,

and th_e m ﬁggrgdg@ I\§tN| %%%l olrpnltoea%%r gggr overf% é‘i“l @RISO/ agg{fous

pot assi um rogen sul fate S0 on Wae oadi ‘ur e,
and the m andrmmmeawaedsmriemtdwIroam'ettemperél'hme)rcgmrmdghayerAV\EA%;
washed with 5% aquequs pota SI um h n sul tsLate sol ution and saturated

brine, and®@FRY REASTEGReRYd % AtPnEOLBF VRNt VAR EPEp5PatBE under

reduced presssf fon Thigtu@sl, difdWase dﬁls&qifée@l,alsneﬁwa&t@&%%ee&ﬂ i), and
the lo mxture was refluxed for 45 nin. After allow ng to room tenperature,

t he or gani @c¢gles- wihenwashanlai tayaatwas a@@h@dt Wikl eof Bduseusapdtadssdnover
mgnesi um ﬁg&i&i &, g5 ¥8£&%¥‘@r§ a}%" E%g.e ??iné eda%%e%lrgr ?ng‘%e , and
a y

t he obt ai ne I due "'was was ace e-'i soprop her "to give
the title dédgeespourshldatpal eleeIskcmwantys:bal sv(apoeétded Mdmxeaé&’éd

1H NVR(DVMSO- d05: -0.40 to -0, 29é -0..10 02(1H m,

0. 45( 3H, M) PTISBIL g HPeHrRFIdYs mslﬁltssﬁsveéw eEhyh %@tg)te 130 mu,

7. 67(1H, ddadd8:He Zni e Zraglféﬂtﬁieh'efoyﬂl)’s m8n04 (A &b ‘13‘1%.017%); to room
12.39(1H,$). 20 np: 152-154C. Exanpl e

2-f | uor o- 4L ¢RI BINr3- Hpdr gxgalzlcrreltam Yasx vpphed| viliin-wbbet] ad
nEthylbenzggéﬁfgéé%(géine, and.dried over magnesium sulfate. The solvent
15 was evaporated under reduced pressure, and the obtained residue
was washed with ethyl acetate-isopropyl ether to give the title
compound as colorless crystals (yield: 2.54 g, 64%).
'H-NMR (DMSO-de) 8:2.99-3.20 (2H,m), 4.82(1H,s), 5.24(1H,t,J=3.8Hz),
6.74-6.86(2H,m), 6.94-7.06(2H,m), 7.70(1H,dd,J=8.8,2.2Hz),
20 7.95(1H,d,J=8.7Hz), 8.00(1H,d,J=2.1Hz), 12.52(1H,br.s.).
mp:192-194°C.
Reference Example 114

N-(3-chloro-4-cyanophenyl)valine

HO O
CH;
HN
HsC
Cl
N
25 To a solution of 2-chloro-4-fluorobenzonitrile (3.50 g) in

dimethyl sulfoxide (60 mL) were added L-valine (3.16 g) and

cesium carbonate (9.53 g), and the mixture was stirred at 90°C
overnight. After allowing to room temperature, ethyl acetate

was added, and the mixture was extracted twice with saturated
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CN 25To a solution of 4-[(25,38)-3-(tert-
but yl di met hyl si |l yl oxy) - 2- net hy1-5- oxopyrrolidin-1-yl]-2-fluoro-3-nethyl benz
oni tril e WB2009m3)23itn THF (10 nmL) was added t et r abut yl amromiJemos/hessod de- THF

sol ution ( , . and th ure s stirred at r
t enper at uréq %r"q% %(gd.l bﬁﬁg% fJLWgE)ﬁ%/ 06@%@?@5&?%@%% ure
was added weravatdentirasel) Tahel ﬁtxﬁﬂfﬁedl\a&tﬂhxtli&@tledamdh aidheaeekatiee The

extract was washed with saturated brine, dried over anhydrous nagnesi um
sul fate, aN@ScHREATES EH1GRAEIER cRleld A5eEasar . THROF & ifud ANEESpURTE i ed

s by silicas@sin&®! uasnehr wf@ﬁogsameda%qlh@crxﬁagaﬂgj&do\ﬁe&og%aeﬁggﬂ&net hyl

acetate to give the title conpound as colorless (yiel
62% . 1 NWRIEDGI3) §he 53(3knd, waﬁ emmorareaogm&pd, Jeduéd )pressure to
2.20(3H, d,

Hz 60( 1H. dd 10 . )
2.87(1H, ddgﬁve_lj *}f}gl-?}f &'y mpa &é s %&ﬁw&) ﬁ.& gxlil%l(iﬁ%g’ 100%)
6.98(1H, d, M»@chcg)aaa 6755ﬁlj€|;ﬁ96 Jih; Placlise ﬁz;a,ﬁrp S 21-

rac- 2-chl or o- roxy-2 -tetranet

oxopyrrol i di fi2 & I“])ber?zdﬁl ﬂ%r@e "‘33&91*@ /Clﬁ 51(1H, d%éoﬁ‘uh?or?f@f
2-chl oro-4¢(g7 811P-d, j_@eﬁlppé} 29475 dhp)&ﬁ@é@r glyidin-1-yl)benzonitrile (90 ng)

in THF (5 nL) was cooled to’-78C, | magnesSi um brom de-et her sol ution
(0.22 mg Reference Example 115
2-chloro-4-[3-hydroxy-2-(l-methylethyl)-5-ox0-2, 5-dihydro-1H-

pyrrol-l-yl]lbenzonitrile

OH

CH

CH

Cl

N

To a solution of N-(3-chloro-4-cyanophenyl)valine (5.66 g),

15 Meldrum’s acid (3.39 g) and 4-(N,N-dimethylamino)pyridine (4.11
g) in tetrahydrofuran (70 mL) was added N,N’-carbonyldiimidazole
(4.36 g) at 0°C, and the mixture was stirred at room temperature
overnight. A 5% aqueous potassium hydrogen sulfate solution was
added to the reaction mixture, and the mixture was extracted

20 with ethyl acetate. The organic layer was washed with 5%
aqueous potassium hydrogen sulfate solution and saturated brine,
and dried over magnesium sulfate. The solvent was evaporated
under reduced pressure. The residue was dissolved in ethyl
acetate (70 mL), and the mixture was refluxed for 45 min. After

25 allowing to room temperature, the organic layer was washed with
water and saturated brine, and dried over magnesium sulfate.

The solvent was evaporated under reduced pressure, and the
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zo 3 nol /L) was added under a nitrogen atnosphere, and the reaction m xture
was warnmed to roomtenperature. The reaction m xture was agai n cool ed
t 0- 78C, awOBrmiyd2023et hyl magnesi um br om de- et her sol uti on PCO/I808Mg45008S

dded, d t t t Th
onct on nebPEEeR A Y Se B PR H AR AR oA

sol ution, apdgihe métﬂkﬂeV@&mp%ﬁﬁ@%@d:deﬂe%Eh&ky@f@@l@-t @yle-m@ﬁ esBragt was
washed with_saturated bri ne, dried over anhydrous magnesi um sul fate, and

concent r at é43Under reduced pressure. The reS| due was purified by silica gel

2000/ 020234P T BB 0B Dt 06 HaNAALY ot ry1* acar AP Lt e T v Qe 2%

conmpounds a8. &6 Cbi an)l ,esls WdLHdd( J+2! 6Hz) 2,9 Y3 (38%) ,

L O ), LR o 45 RN LN,

7.56(1H, d, 3z233HA),br..6F(1H d, J=8. 5Hz) . np: 161- 163C. Exanple 3

rac-4-[ (2R, 3R) - 3- hydroxy- 2, 3, 4, 4-t et ranmet hy1- 5- oxopyrrol i di n-1y1l] - 2- net hoxy
benzoni t rihp: ADCN19°C. Usi ng

2- met hoxy t y , 4-di oxopyrrolidin-1- yl)benzonitrile (100
ng) and nelgﬁé%rn%bénees#u ?0%11 e-THF solution (3.67 n., 1.0 nol/L), and in

t he samm nBRhg+claloiar dEcgapbphény hel-tdvidnephenpdahshives obt ai ned as a
colorless solid 15 (yield: 96 ng, 90%. 1H NMR(CDC13)8:1.13(3H %),
1.23-1.27(6 n) 32(3H $)zN1. 45(1H, $), 3.94(3H $), 4.08-4.16(1H m,

6. 75( 1H, dd, > 726(1H,d,J=1.9Hz), 7.54(1H,d, J=8. 3Hz).

np: 134- 135C. 20
rac-4-[ (2R 3R
or onet hyl ) benzoni tr| |l e

XA/

-2,3,4,4-tetramet hyl-5-oxopyrrolidin-lyl]-2-(triflu

Cl
Il
N

To a solution of 2-chloro-4-fluorobenzonitrile (0.90 g) in
dimethyl sulfoxide (20 mL) were added 4-cyanophenylalanine (1.00
g) and cesium carbonate (2.23 g), and the mixture was stirred at
15 90°C overnight. After warming to room temperature, ethyl acetate
was added, and the mixture was extracted twice with saturated
aqueous sodium hydrogen carbonate solution. The aqueous layers
were combined, and acidified with citric acid, and the mixture
was extracted twice with ethyl acetate. The organic layers were
20 combined, washed with saturated brine, and dried over magnesium
sulfate. The solvent was evaporated under reduced presshre to
give the title compound as a brown oil (yield: 1.57 g, 92%).
'H-NMR (CDC13)8:3.17-3.38 (2H,m), 4.41-4.51(1H,m),
4.78(1H,d,J=7.7Hz), 6.49(1H,dd,J=8.6,2.4Hz), 6.63(1H,d,J=2.5Hz),
25 7.24-7.30(2H,m), 7.44(1H,d,J=8.5Hz), 7.56-7.64(2H,m).
Reference Example 117
2-chloro-4-[2-(4-cyanobenzyl) -3-hydroxy-5-o0xo-2, 5-dihydro-1H-
pyrrol-l-yl]lbenzonitrile
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CNF Using 2-(trifluoromethyl)-4-(3,3,5-trinethyl-2,4- 25

di oxopyrrolidin-I-yl)benzonitrile (100 ng) and net hyl magnesi um WO

2009/ 0202846R0PMR2H@8/ 064500 br om de- THF sol ution (3.22 rCrIR2008m@kséd), and
in the sane manner as in Exanple 2, the title conpound was obtained as a
colorless solid (yield: ng, 73%. 1H NVR(CDC13) 6: 1. 13(3H, $),
1.26(3H,d, J= 62Ha., #(3H,$), 5 1.34(3H %), 1.47(1H 9),

8(1H, dd, J=8.5, 2. 1Hz), 7. 79(1H d, J=2. 1Hz),

7. 84(1H d J= . p197-199C Exampl e 5

rac-4-[(4R, nydr oxy- 3, 3, 5-tri net hyl-2-oxopyrrolidin-1-y1]- iv
2-(trifluoronethyl)benzonitrile OH CW A sol ution of
2-(trifluoromethyl)-4-(3,3,5-trinmethyl-2, 4-

di oxopyrrolig l-y1l) benzonitrile (50 nmg) in THF (5 nm) was cooled to -78C,
lithiumtri (seg<butiyl ) bor ohydri de- THF solution /5 (0.242 ml, 1 nol/L) was
added, and the|m xture was stirred at - 78C for 30 mn. Water was added to
the reaction niixture, and the m xture was extracted with ethyl acetate. The
extract was waShed with saturated brine, dried over anhydr ous magnesi um
sul fate, and co d educ ess ue 20 was
purified by sil Pg(gr%e%tlgl%ll&%nggh&oﬁ% %glrcg% o %é’ggogﬁgn%@tsa[{jned solid was
recryst al | cganophamlhaxaiaecet hyb7 ag:)e,t a)tefadrtmmgsvacidae(mj”m &y)CampodndNaN-a

colorless 80"€k§¥'%ﬂﬂ>p§%15133 in tetrahydrofuran (70 mL) was

5 added N,N’-carbonyldiimidazole (0.94 g) at 0°C, and the mixture
was stirred at room temperature overnight. A 5% aqueous
potassium hydrogen sulfate solution was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The
organic layer was washed with 5% aqueous potassium hydrogen

10 sulfate solution and saturated brine, and dried over magnesium
sulfate. The solvent was evaporated under reduced pressure.
The residue was dissolved in ethyl acetate (30 mL), and the
mixture was refluxed for 45 min. After allowing to room
temperature, the organic layer was washed with water and

15 saturated brine, and dried over magnesium sulfate. The solvent
was evaporated under reduced pressure, and the obtained residue
was washed with ethyl acetate-isopropyl ether to give the title
compound as pale-yellow crystals (yield: 578 mg, 34%).

'H-NMR (DMSO-de) 8:3.08-3.30(2H, m), 4.84(1H,s), 5.33(1H, t,J=4.0Hz),

20 6.98(2H,d,J=8.1Hz), 7.63-7.73(3H,m), 7.94-8.00(2H,m),
12.60(1H,br.s.).
mp:190-192°C.

Reference Example 118

~(3-chloro-4-cyanophenyl)-3-cyclopropylalanine

150



1H NVR(CDC13) 8: 1. 24(3H, %), 1.31-1.36(6H m, 1.80(1H d,JI=5.1Hz), 25
4.12(1H,t,J=5.3Hz), 4.42-4.53(1H m, 7.75(1H, dd, J=8.7, 2. 3Hz),

7. 85( 1H, dw0-=28097u20334 7. 93(1H, d, J=2. 3Hz). rap: 120. 5- 121. 5ecCTHRzIPI@5® WO
2009/ 020234RT/ JFg0081064500 rac-4- [ (4R 5R)

-4-hydroxy-3, 3YB~trinet hyl-2- oxopyrrolidin-l-yl] - 2-nethoxybenzonitrile
,OH Chle CH Usi ng

2- met hoxy-4 -trimethyl-2, 4-di oxopyrrolidin-1- yl)benzonitrile (100
ng) and lithijumtfi(sec-butyl)borohydrideTHF solution (0.551 nm., 1 nol/L),

and in the _sake nner as in Exanple 5, the title conpound was obtai ned as
a col orl esg i yield: 75 ng, 749 . 1H NVR(CDC13)8:1.23(3H %),
1.30-1.34(6Hd ¥~ 1. 78(1H,d, J=5.3Hz), 10 3.94(3H,$), 4.10(1Ht,J=5.4Hz),

4.37-4.47(1H,|m, ©.80(1H,dd, J=8.5,1.9Hz), 7.46(1H,d, J=1.9Hz),
7.55(1H, d, J=8; 5Hz) . np: 130-132C. Exanple 7
rac-2,6-dif|loro-4-[(4R,5R)-4-hydroxy-3,3,5-trinethy1-2- IS
oxopyrrolidin-I-yl]benzonitrile eN Usi n

2, 6-di f 1 uoro- 4- ( ,3’:}@qlﬂtﬁc@phyi-éthkﬁwmfrlp@rgbemolyii}lbiel@dm-twi gé {100
my) and | i i 1L88eRYLY! 150 Y Wd e aBHEGS SLUGL PO A A3 Thantnd®! /L)

and in the
(1.00 g) and cesium carbonate (3.28 g), and the mixture was

5 stirred at 90°C overnight. After allowing to room temperature,
ethyl acetate was added, and the mixture was extracted twice
with saturated aqueous sodium hydrogen carbonate solution. The
aqueous layers were combined, and acidified with citric acid,
and the mixture was extracted twice with ethyl acetate. The

10 organic layers were combined, washed with saturated brine, and
dried over magnesium sulfate. The solvent was evaporated under
reduced pressure to give the title compound as a brown oil
(yield: 2.05 g, 100%).

'H-NMR (CDC13)8:0.10-0.21(2H,m), 0.47-0.58(2H,m), 0.72-0.87(1H,m),

15 1.71-1.92(2H,m), 4.14-4.24(1H,m), 4.95(1H,d,J=7.9Hz),
6.51(1H,dd,J=8.7,2.5Hz), 6.66(1H,d,J=2.3Hz), 7.41(1H,d,J=8.5Hz).
Reference Example 119
2-chloro-4-[2-(cyclopropylmethyl) ~-3-hydroxy-5-oxo-2, 5-dihydro-
1H-pyrrol-1l-yllbenzonitrile

OH

C

N
20
To a solution of N-(3-chloro-4-cyanophenyl)-3-

cyclopropylalanine (2.05 g), Meldrum’s acid (1.35 g) and 4-(N,N-
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20 sane manner as in Exanple 5, the title conpound was obtai ned as a
colorless solid (yield: 67 ng, 67%. 1H NVR(CDC13)8:1.23(3H, %), 1.30(3H, %),
1. 36( 3H, ow0=2609%Ra)34 1. 83(1H, d, J=5. 1Hz), 4. 13(1H, t, J=5. 6PE)X/JP2008/064500

4.31- 4. 41( 1H 7.25- 7.32(2H .139. 5- 140.5C. WD
2009/ ozozgiﬁ%ﬂﬁé‘/"@é&’éﬁé EQ%:%} 'eg% grr}g&-“z-%ég%%@ﬁ‘?ﬁtra(%é,‘*05@)” was

- 4- hydr oxyadded 3 tNvi-mtritwhy2g 1 ox0py2d1d 1(di.Bel gy 1de Soeet Aykbenzopi feide en
5Using 2-chloro-3-nethyl-4-(3,3,5-trinmethyl-2, 4-

di oxopyr r oV#8li F-1L5Ad FénXERMt FPTREY 3 Ney PVERELENE hi 5% aqueous

tri(secbut ' I de- THF ' =119 , /L) a 0.t he sane
manner as ?Jr)]gggaﬂng?lg{yg}% %g ??ﬁ%&%gg%glgﬁékvﬂggo%(t}%ﬁe{d}ggeaqggfgrlngs
solid (yi ehtztide,mpndb6¥e. miftdte NMR( EREXAyrbed. (B th=Gdetakte. The
1.27(3H, brs 1.31(3H,. %), 1.75(1H d, J=4.3Hz), 2.29(311,39),

4.05(1H, t, aﬁﬁé%)jl,aygrzg(awfﬁéﬂ wﬁfé‘s%‘fHFB?"E?Ps 71?‘%‘%?51%%,‘%?: Jwgregen

np: 219- 22161 £ AW 18 and saturated brine, and dried over magnesium
rac-2-chl oro-4-[ (4R, 5R) - 5- et hyl1- 4- hydr oxy- 3, 3-di net hyl- 2-

oxopyrrol i gr-htatex | Féez6plvent ewaN a¥inegated under reduced pressure.

2- chl or o- 4pf o~ £IWe3 Wiz dLTEL BY da - ethyl acetate (40 mL), and the

10 mixture was refluxed for 45 min. After allowing to room
temperature, the organic layer was washed with water and
saturated brine, and dried over magnesium sulfate. The solvent
was evaporated under reduced pressure, and the obtained residue
was washed with ethyl acetate-isopropyl ether to give the title

15 compound as pale-yellow crystals (yield: 844 mg, 34%).

'H-NMR (DMSO-d) 8:-0.40 to -0.29(1H,m), -0.10 to 0.02(1H,m), 0.15-
0.45(3H,m), 1.64-1.81(2H,m), 5.04(1H,t,J=3.8Hz), 5.08(1lH,s),
7.67(1H,dd,J=8.7,2.1Hz), 7.91(1H,d,J=8.7Hz), 8.04(1H,d,J=2.1Hz),
12.39(1H,s) .

20 mp:152—154bC.

Example 1
2-fluoro-4-[(2S,3S)-3-hydroxy-2-methyl-5-oxopyrrolidin-1-yl]-3-

methylbenzonitrile

CN
25 To a solution of 4-[(28,3S8)-3-(tert-
butyldimethylsilyloxy)-2-methyl-5-oxopyrrolidin-1-yl]-2-fluoro-
3-methylbenzonitrile (330 mg) in THF (10 mL) was added
tetrabutylammonium fluoride-THF solution (1.18 mL, 1 mol/L), and

the mixture was stirred at room temperature for 5 hr. The
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di oxopyrrolidin-I-yl)benzonitrile (60 ng) and lithiumtri(sec20
but yl ) bor ohydri de- THF solution (0.307 niL, 1 nol/L), and in the same manner
as i n Exawpl2eo92oishe title conpound was obt ai ned as a ceconPyws/ st d

| d: 50 849 NVR( CDC 1.0 1.20(3H, $
(1 I?E(SH $) rggé% /Oi“lé‘icléﬁ H'% &%%34%@?%19% an? éﬁ%l Lfire=gas 2) 1Hz), 25
7.56(1H, d, dx8rdd¥zad whtb/ethyd, dcScatd) - THAD 20094020234 RGEHRR084 Q64500
np: 166- 168C. Exanpl e 10

rac- 4- [ (4RSSRyrated ﬁytum hdgiegyore QT#WHW& @aglx@wm diuldiafel - and
yl]-2-neth

4- (5-ethy 18§X§ di meteh illng g\lg?%%%%/rprro 5 %? Ees (‘)”)?fbgrlfzr%ﬁll?rl | e
(120 ng)5 ahd isllinaurgetlr k:(ﬂemhud:lyi:c)thmjr;aﬂmydeaiE&IFr@@iyﬁﬂajrlJ(z@dGZSOmL 1
nol /L), ang in the sane mannper _as jn mpl.e 5, the title corrpound was

obt ai ned aBS¥eN% d\dr rEEE2ES) Fa ?Jsl‘feelt&le 3t|1rﬁ cempgund as a colorless

1H NVR( Cch,§1§d1 P03, 133=hg5163%), 1.21(3H $), 1. 32(3H $), 1.48-
1. 88(3H, m 94(3H $), 4. 11(2H, dd, J=4.0, 1. 9Hz), 6.74(1H, dd, J=8. 3, 1. 9Hz)

7.26(1H, d, ﬁib-l\IWCIDE)L; ) 62 15331 Biglcl J386 3HK)., 1ipBU43HACLABL 2Hz) ,Exanpl e 11
rac-4-| (4Rg c{*}%% 4Ry dr 9x¥s ﬁxﬁ'@.’?ﬁ%ﬂ' 2-9xgpyrrolidin-1-
i ruo orfe e’ sing ! !

yl1-2-(tr ‘Ryl"ybenzbnT tri

4- (5- et ly 1238 3¢ T et tmy&172445d171@xp,py4 rig-iadice-(1Hyd) ; 24. 20-4 .61 (1H, m),
(trlfluoron‘ethg}r%benzonltrl g%) and lithium

tri (secbut§r B ﬁi/d]r'ﬂdé FHF %oﬁlﬂ 1(‘){ 835 ni, 1 mol /L), and in the sane
manner {ng FI;IE”PLBQCS the title corrpound was obt ained as a colorless

solid (yle 639 .
Example 2

rac-2-chloro-4-[ (2R, 3R) -3-hydroxy-2, 3, 4, 4-tetramethyl-5-
15 oxopyrrolidin-l-yl]lbenzonitrile

OH

Cl

CN
A solution of 2-chloro-4-(3,3,5-trimethyl-2, 4-

dioxopyrrolidin-l-yl)benzonitrile (90 mg) in THF (5 mL) was
cooled to -78°C, methylmagnesium bromide-ether solution (0.22 ml,
20 3 mol/L) was added under a nitrogen atmosphere, and the reaction
mixture was warmed to room temperature. The reaction mixture
was again cooled to-78°C, a 3mol/L methylmagnesium bromide-ether
solution (0.89 mL) was added, and the reaction mixture was '
warmed to room temperature. The reaction mixture was added to
25 saturated aqueous ammonium chloride solution, and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified

by silica gel column chromatography, and recrystallized from
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WO 2009/ 020234PCTOP2008/ 064500 1H NVR(CDC13)8: 1. 04(3H,t, J=7.5Hz),
1.22(3H $), 1.33(3H,$), 1.64- 1.83(3H N, 4.11-4.22(2H ),

7. 65(1H, dwip2e®/BpB41Hz), 7.81(1H,d, J=2. 1Hz), 7.84(1H, d, PESIBLDY/064500
np: 141. 5-143C. 5 anple 12 ) ,

rac- 2- chl o}f“é’-‘ﬁgfi%@)a-ofﬁé‘?ﬁyﬁg FRrde tithe cprpogrdhyAs B colorless

oxopyrrolidbnidi- yidenzen myil o5ON C CN Usi ng o o
2-chl oro-4-(5-ethyl-3, 3-di methyl-2,4- 10 di oxopyrrolidin-I-yl)benzonitrile
(48 ng) antHrRENEDEaghisl . (BHosl del AR 3k o, W=6eAHE L, 65. 28.(3H,.50,nol /L), and

in the sa I«as 4i e 2,44 tjtl ound was obtained as a
col or L ess Sore P Ty el &;-Qﬁ‘ﬁg?‘ *53%/@1.1 %’M(‘%D?:@gfs: 1.01(3H, t, J=7. 6Hz) |
1.11(3H,5) 7.3628¢{3d,$)=8.5521189) 3H He (1H,00 0B, $hz) 1. BT 1H] ) B=8) 5Hz) .
1.78-1.93(1H, n% 3.89(1H, dd, J=8.7,3.0Hz), 7.34(1H, dd, J=8.5,2. 1Hz),
7.55(1H, d, 9221a}£)63°¢. 67( 1H, d, J=8. 5Hz) . rap: 197.1-198.5C. Exanpl e 13 20
rac-2-chl og@adinid 4R 5R) - 5- et hy1- 4- hydr oxy- 3, 3- di net hy1- 2-
oxopyrrolidin-1-y1]-3-nmethyl benzonitrile CN Usi ng

2- chl or 0- 4r§&=%t hiZR, 3R -dr-hpdhgay-Z B, 4, 4-tetramethyl-5-oxopyrrolidin-1-

di oxopyr rO{/ifﬁ—f:n:{‘e—%lc}iy%errrl%torqxjcple ezoni trile (310 ng) and |ithium

j\_&,\on
0

ONe
10 CN
Using 2-methoxy-4-(3,3,5-trimethyl-2, 4-dioxopyrrolidin-1-

yl)benzonitrile (100 mg) and methylmagnesium bromide-THF
sclution (3.67 mL, 1.0 mol/L), and in the same manner as in
Example 2, the title compound was obtained as a colorless solid
15 (yield: 96 mg, 90%).
'H-NMR (CDC13)8:1.13(3H,s), 1.23-1.27(6H,m), 1.32(3H,s),
1.45(1H,s), 3.94(3H,s), 4.08-4.16(1H,m), 6.75(1H,dd,J=8.3,1.9Hz),
7.26(1H,d,J=1.9Hz), 7.54(1H,d,J=8.3Hz).
mp:134-135°C.
20 Example 4
rac-4-[ (2R, 3R) -3-hydroxy-2, 3, 4, 4-tetramethyl-5-oxopyrrolidin-1-
yl]-2-(trifluoromethyl)benzonitrile

CN F
Using 2-(trifluoromethyl)-4-(3,3,5-trimethyl-2,4-

25 dioxopyrrolidin-1-yl)benzonitrile (100 mg) and methylmagnesium
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WO 2009/ 020234PCTOP2008/ 064500 tri (sec-butyl)borohydride-THF solution (1.53
m., 1 nol/L), and in the sane nmanner as in Exanple 5, the title conpound
was obt aiweado@m2ee3sol orl ess solid (yield: 211 ng, 8% PCT/JP2008/064500

2555 35 BEPR e Sl HATOR (3172 Wad oS 1 AL SCR i 11

nmp: 180. 5- 18inhéxr as BExanmdagplé 2, the title compound was obtalned as a
rac-2-chloro-4-[ (2R, 3R) - 3- hydrox -2,3,4,4- tetranethyl 5- 10

oxopyr rol i @PACTLISIS -snlsk H)Yllﬁéﬁzo?ﬂ tRg4 &3%) Usi ng

2- chl or o- 31&35 t h PYI.L I i benzonitrile
(40 ng) ran W%D%léj)n%egll 3% brg15 te Tlg—‘g13 3?:%0%{{ g %331{% ‘mol /L), and
in the sang.Bs(ddrsler lag7i( liHEsanpﬂel& (11 tht=|6t.l4E}z¢:pnpound was obtai ned as a

(imlgr 'fZ&Z%W dll‘gojcj(?H%él)zm‘i‘1‘2 4‘%@4 CE)C@%QQ 54%543@%%( BTz

3.93-4. 11(,;[15:1@7 HP8- 7. 23(1H, rr) 7.51-7. 59(1H, ). 20 np:174.5-175.5C.
Exanpl e 15 rac-2-chl oro-4-[ (4R, 5S)-4-hydroxy-3,3,5-trinmethyl-2-
oxopyrroli Eﬁﬂmpl‘%/ﬁ benzonitrile CN W?2009/020234PCTOP2008/ 064500

To a sol ut i _

rac- 2-chl oro 4 [Eﬂ& ?& fll Flyg ?x%u%y?ds trl ?Fgﬂy?oxyc}p%r%p%dtrl meYH/l 2- 0X
opyrrol irdi -ty fhenoowithwill) Befiz@dita)ld n THF (5.5 nL) was added

tetrabutyl a ni umOfHI uori de- THF solution (0.5 nL, 1 nol/L), and

0 N Ty

F

F
N F
A solution of 2-(trifluoromethyl)-4-(3,3,5-trimethyl-2,4-

dioxopyrrolidin-1-yl)benzonitrile (50 mg) in THF (5 mL) was
cooled to -78°C, lithium tri (sec-butyl)borohydride-THF solution
15 {0.242 mL, 1 mol/L) was added, and the mixture was stirred at -
78°C for 30 min. Water was added to the reaction mixture, and
the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
20 was purified by silica gel column chromatography, and the
obtained solid was recrystallized from hexane-ethyl acetate to
give the title compound as a colorless solid (yield: 32.2 mg,
64%) .
'H-NMR (CDC13)8:1.24 (3H,s), 1.31-1.36(6H,m), 1.80(1H,d,J=5.1Hz),
25 4.12(1H,t,J=5.3Hz), 4.42-4.53(1H,m), 7.75(1H,dd,J=8.7,2.3Hz),
7.85(1H,d,J=8.7Hz), 7.93(1H,d,J=2.3Hz).
mp:120.5-121.5°C.
Example 6
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5 the mxture was stirred at roomtenperature for 7 hr. Water was added to
the reaction mxture, and the m xture was extracted wth ethyl acetate. The
extract wae 29@ghersswi th saturated brine, dried over anhpdroemosegsesi um

sul fate, and_cpn rat e Jressure. The resi ified
by silica ger %ofﬁﬁgEﬁéquﬁY%ﬁ%f%gggﬁﬁg 5&Pﬁ§ﬁ¥$_%€%ﬁﬁéﬂ"oﬂﬁg ne1-pri-
acet at e=102imdtHd:3)bdnzogtiveitde titl e conpound as a colorless solid (yield:
47.2 ng, 55% . 1H NVR(CDC13)8:1.17(3H,$), 1.31(3H, %), 1.37(3H d, J=6.2Hz),
1.91(1H, d, J= .7H§w, 3.79(1H,t,J=5.9Hz), 3.90-4.03(1H m,

7.40(1H, dd, J ,2.2Hz), 7.61-7.73(2H,n). 15 np:163-164C. Exanple 16

rac- 2- chl og “4R, 5R) - 4- hydr oxy-3, 3, 5-tri met hyl- 2-
oxopyrrolidin-'-yI]benzonitriIe CN 20Usi ng

rac-2-chloro-4J (4R 5R) -4-(tert-

but yl di net hy yl oxy) -3, 3,5-trinethyl-2-oxopyrrolidin-1-yl]benzonitrile
(400 ng) and ut yl ammoni um fluoride-Tiff solution (3 nm., 1 nol/L), and
in the sane mahner*as in Exanple 15, the title conpound was obtained as a
colorless soli@l (yield: 25 204 , 720 . 1H NMR(CDC13) 8: 1. 23(3H, $),

L gé(zHélglel 32&%%%“@6%@ n% Jlé*#?g}g%enjﬂfyl‘)? #: M Pro1 1din-1-

2009/OZQQSﬁPﬁﬁﬁﬁﬂﬁﬁﬁkﬁﬁéSQQO@mm@MSﬂﬁﬂdﬁthEmmnpke ddc-butyl)borohydride~
2-chloro- 4Té§ fﬁ@ldﬁ Q%dggfy nEtQ%jI%,Oég ££Oéﬂé“§5me manngnégniérlle
Example 5, the title compound was obtained as a colorless solid

(yield: 75 mg, 74%).

'H-NMR (CDC13)8:1.23(3H,s), 1.30-1.34(6H,m), 1.78(1H,d,J=5.3Hz),
10 3.94(3H,s), 4.10(1H,t,J=5.4Hz), 4.37-4.47(1H,m),

6.80(1H,dd,J=8.5,1.9Hz), 7.46(1H,d,J=1.9Hz), 7.55(1H,d, J=8.5Hz).

mp:130-132°C.

Example 7 _

rac-2, 6-difluoro-4-[ (4R, 5R) -4-hydroxy-3, 3, 5-trimethyl-2-

15 oxopyrrolidin-l-yllbenzonitrile

jJ

CN
Using 2,6-difluoro-4-(3,3,5-trimethyl-2, 4-dioxopyrrolidin-
l-yl)benzonitrile (100 mg) and lithium tri(sec-
butyl)borohydride-THF solution (0.539 mL, 1 mol/L), and in the
20 same manner as in Example 5, the title compound was obtained as
a colorless solid (yield: 67 mg, 67%).
'H-NMR (CDC13)8:1.23(3H,s), 1.30(3H,s), 1.36(3H,d,J=6.6Hz),
1.83(1H,d,J=5.1Hz), 4.13(1H,t,J=5.6Hz), 4.31-4.41(1H,m), 7.25-
7.32(2H,m) .
25 mp:139.5-140.5°C.
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pH 5CN Using 2-chloro-4-[(43,55)-4-(tert-butyl di methyl silyl oxy)-
5-nmet hyl- 2- oxopyrrolidin-I-yl]benzonitrile (1.2 g) and tetrabutyl amoni um
fl uori de-wbRoeal20a34on (4 nL, 1 nol/L), and in the sane ®amIRL008864560 Exanpl e
15, the title ¢ und was /o0 obtained as a colorless solid (yield: 690 nyg,
629 . Nkﬁ&?fﬂi%i 8:1.32(3H,d, J=6. 3Hz), 2.00(1H,d, J=4.5Hz),

2. 68(1H ddrde—lz-éhﬁaﬂiﬂm)—[ 2R85ﬁ5]-H4Q@d1rokK/—@,,@ éthméltt%Qr A. 42(1H M,
4.56-4.65(1H, m, 7.48(1H,dd,J=8.7,1.8Hz), 7. 66 1H d, J=8. 7THz),

7. 73(1H, d, qupmllq@-r%pﬂéxh@@@ylﬁemnétzs

2-chloro-4-[ (#3, 5 - 4- hydr oxy- 5- met hy1- 2- oxopyrrol i di n- 1-y1] - 3-

met hyl benzo if'e pH CN 20Usi ng

2-chl oro-4-[ (/4S,6S) - 4- (tert-butyl di met hyl silyl oxy) -

5- met hy 1- 280Xogyrt'ol i di n-1-y1] - 3- net hyl benzonitrile (500 ng) and

t et rabut yl ammopi um fl uori de- THF solution (1.4 nm., 1 nol/L), and WO

2009/ 020234P 0081064500 in the same manner as in Exanple 15, the title

conpound was ai ned as a colorless solid (yield: 210 ng, 44%.
Cl

CN

5 Using 2-chloro-3-methyl-4-(3,3,5-trimethyl-2, 4-
dioxopyrrolidin-l-yl)benzonitrile (23 mg) and lithium tri(sec-
butyl)borohydride-THF solution (0.119 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as
a colorless solid (yield: 15 mg, 66%).

10 'H-NMR(CDC13)8:1.10(3H,d,J=6.6Hz), 1.27(3H,brs), 1.31(3H,s),
1.75(1H,d,J=4.3Hz), 2.29(3H,s), 4.05(1H,t,J=4.3Hz), 4.29(1H,brs),
7.05(1H,brs), 7.56(1H,d,J=8.1Hz).
mp:219-221°C.

Example 9

15 rac-2-chloro-4-[ (4R, 5R)-5-ethyl-4-hydroxy-3, 3-dimethyl-2-

oxopyrrolidin-l-yl]benzonitrile

OH

0 o

¢l
CN

Using 2-chloro-4-(5-ethyl-3,3-dimethyl-2, 4-
dioxopyrrolidin-1-yl)benzonitrile (60 mg) and lithium tri (sec-
20 butyl)borohydride-THF solution (0.307 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as
a colorless solid (yield: 50 mg, 84%).
'H-NMR (CDC13)8:1.03 (3H,t,J=7.5Hz), 1.20(3H,s), 1.32(3H,s), 1.60-
1.84(3H,m), 4.04-4.15(2H,m), 7.34(1H,dd,J=8.5,2.1Hz),
25 7.56(1H,d,J=2.1Hz), 7.67(1H,d,J=8.5Hz).
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1H NVR(CDC13) 15: 1. 12(3H, d, J=6. 6Hz), 1.90(1H,d, J=4.2Hz), 2.32(3H $),
2.59(1H,dd, J=17.4,2. 1Hz), 2.87(1H,dd, J=17.4,5. 7THz), 4.10- 5

4. 30( 1H, bwp, 2409%(&9%460( 1H m, 7.00-7.20(1H m, 7.56(1H, dPCESPADS/NH&F00

np: 172- 173C.

2- chl or o- 47P¢ 11 -2%8§ 3-di fl uor o- 4- hydr oxy- 5- met hyl -

oxopyrroli gk&nﬁlé/l]]d:)enzom trile F OHF. 10 Usi ng

4- br ono- 2- chl or obenzonitrile (556 ng), (4R 5S)-3, 3-

di f | uor o- 4rAGdd ok(ARS- %rﬁyeﬁyyioﬂrmwoz%@e 3rgamerlpyl-2;axopyrrolidin-1-
bi s(di phen h | xant hene (219 ng),

tri g(di ben%hlpl %Zﬁ%a@t%%&ggﬂ%gﬁw%i um(0) (113 ng) and cesium 15 carbonate
(1.18 9), and in tdea same nmanner as in Reference Exanple 3, the title
conpound was™~dhtai ned as a white powder (yield: 34.2 ng, 5%.

1H NVR( DMSO- db 1.38(3H,d,J=5.3Hz), 2.79(1H,brs), 4.36- 4.72(2H m,
7.60(1H, ddg3d=8 LrLrdz), 7.74(1H d,J=8.7Hz), 20 7.85(1H d, J=1. 7Hz).

| RCKSr) : 3427, 2 3 1730, 1598cm 1. np 126-127C. Exanple 20

rac- 2-chl oro- 4-4 (4R, 5R) - 4- hydr oxy- 5-i sopropyl- 3, 3-di net hyl-2- 25

oxopyrrol i di @ ] benzonitrile

5 CN
Using 4-(5-ethyl-3,3-dimethyl-2,4-dioxopyrrolidin-1-yl)-2-

Oie

methoxybenzonitrile (120 mg) and lithium tri (sec-
. butyl)borohydride-THF solution (0.629 mL, 1 mol/L), and in the

same manner as in Example 5, the title compound was obtained as

10 a colorless solid (yield: 93 mg, 77%).
'H-NMR (CDC13)8:1.01 (3H,t,J=7.5Hz), 1.21(3H,s), 1.32(3H,s), 1.48-
1.88(3H,m), 3.94(3H,s), 4.11(2H,dd,J=4.0,1.9Hz),
6.74(1H,dd,J=8.3,1.9Hz), 7.26(1H,d,J=1.9Hz), 7.55(1H,d,J=8.3Hz).
mp:143.4-145°C.

15 Example 11
rac-4-[ (4R, 5R)-5-ethyl-4-hydroxy-3, 3-dimethyl-2-oxopyrrolidin-1-
yl]-2~(trifluoromethyl)benzonitrile

Using 4-(5-ethyl-~3,3-dimethyl-2,4-dioxopyrrolidin-1-yl)-2-
20 (trifluoromethyl)benzonitrile (120 mg) and lithium tri(sec-
butyl)borohydride-THF solution (0.555 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as

a colorless solid (yield: 76 mg, 63%).
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WO 2009/ 020234PCTOP2008/ 064500 pH C CN Usi ng

2-chl oro-4-(5-isopropyl-3, 3-di net hyl-2, 4- di oxopyrrolidin-I|-yl)benzonitrile
(300 ny) wod009i/u2ba3um t ri (secbut yl )borohydri de THF sol ut iPOm/JP2004/864500, 1

mol /L), angd in the ner as_in hetltle corrpound was

obt ai ned ad! é\]V@dFBFﬂé)sas 158f1|(aH('§r«‘§TH 5%9 H‘gZZE@% (3H,s), 1.64
1H NVR( CDC138§(:Q{ 90(,3H, d1‘14:72@t‘23,,m1 076(6%|'(|11Q1,é&7JQ$'|ZE) 2. hH]z?%?’H $),

1.29(3H, $), B§1HdJ 3Hz% 2 24-2.46(1H m), 4.07-4 H m,
7.36(1H, dd7J8:?8 ! 17|—=|2)1H¥)55 134 dlHy<h J58z PHzY . 67( 1H, d, J=8. 5Hz) . 10
mp: 119- 121¢C,

rac- 2- chl ofd Elﬁ[amliﬁgli% 4- hydr oxy- 5-1 sobutyl- 3, 3-di net hyl- 2-
oxopyrra |Exmﬂ>leyll]2benzon| trile HpH®)""" CN 15Usi ng

2- chl 4- t thyl- 2 4- _dj lidin-1-yl)b tril
(520 my) aFtETA TRIGRL AT (BRbIRyTd wotbrydr PARE TR el ko meshgs or, 1
ol /L), angxbplyths it 108NNeinAshidrieanpl e 5, the title conmpound was

obtained as a colorless solid (yield: 363 ng, 58%.
OH

O "'u/

Cl
e

Using 2-chloro-4-(5-ethyl-3,3-dimethyl-2, 4-

10 dioxopyrrolidin-l-yl)benzonitrile (48 mg) and methylmagnesium
bromide-THF solution (1.65 mL, 1.0 mol/L), and in the same
manner as in Example 2, the title compound was obtained as a
colorless solid (yield: 27 mg, 53%).

'H-NMR (CDC13)8:1.01 (3H, t, J=7.6Hz), 1.11(3H,s), 1.23(3H,s),

15 1.39(3H,s), 1.50(1H,s), 1.63-1.77(1H,m), 1.78-1.93(1H,m),
3.89(1H,dd,J=8.7,3.0Hz), 7.34(1H,dd,J=8.5,2.1Hz),
7.55(1H,d,J=2.1Hz), 7.67(1lH,d,J=8.5Hz).
mp:197.1-198.5°C.

Example 13

20 rac-2-chloro-4-[ (4R, 5R)-5-ethyl-4-hydroxy-3, 3-dimethyl-2-

oxopyrrolidin-1-yl]-3-methylbenzonitrile

CN

Using 2-chloro-4-(5-ethyl-3,3-dimethyl-2,4-
dioxopyrrolidin-1-yl)-3-methylbenzonitrile (310 mg) and lithium
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20 1H NVR(CDC13) 8: 0. 95(3H, d, J=6. 6Hz), 1.03(3H, d, J=6.4Hz), 1.20(3H $),
1.31(3H,$), 1.35-1.47(1H m, 1.64-1.90(3H m, 4.09(1H, t, J=4. 8Hz),
4. 21- 4. 33y0Hpe020B431( 1H, d, J=8. 5Hz), 7.55(1H, $), 7. 67( 1BCuJB208sBez)0

:224-226C. . , WO 2009/.020234PCTOP20 06450Q Exanp 22 rac-2-chloro-4- |
(AR 8RS (A oA FRy g T8 n hy PP IR R0yt P o1 gt . T/« ana
benzonitrilkg tk&N Sikd MhntreeNber On dExahpd-edisgt Rnd- 81 T8E hydmpgbithd was
di oxopyrrolidin-I-yl)benzonitrile (67 nmg) and lithium

tri (secbut 9P} pbrehaR ideotrArlssp usebid (/13391 211 met /€8%) and in the sane

manner as i ] itle_c nd _obt.ai ped as col orl ess
crystals (yﬁp_elﬁgf(wg%%fgq'@gl(%{ﬁig_?%( %?3315.%3.( gg(lg L t,J=7.6Hz),
1.02(3H,4, 3572 6Hz,)d, =BCHIH, d2I26-2AHS (3H,nH7- B.8B(BH Bj2H, m), 6.99-
4.16(1Ht, )= )., 4.34- 4.45(1H 7.41(1H, dd, J=8. 6, 2. OHz) ,
7.63-7. 69( %rf%ﬁgﬁ?) '1§6fgfég&!g§é$rg$%z)23 15
rac- 2-chl Oﬁlgffg(ﬁ_(glﬁi@R)Soé: hydr oxy- 5- (hydr oxynet hyl ) - 3, 3-
di met hy1- 2-oxopyrrol1'din-1-ylibenzonitrile OH OH
Example 14
rac-2-chloro-4-[ (2R, 3R) -3~hydroxy-2, 3,4, 4-tetramethyl-5-

10 oxopyrrolidin-l-yl]-3-methylbenzonitrile

0 i

Cl
CN

Using 2-chloro-3-methyl-4-(3,3,5-trimethyl-2, 4~
dioxopyrrolidin-1-yl)benzonitrile (40 mg) and methylmagnesium
bromide-THF solution (1.38 mL, 1.0 mol/L), and in the same

15 manner as in Example 2, the title compound was obtained as a
colorless solid (yield: 24 mg, 57%).
'H-NMR (CDC13)8:0.95-1.12(3H,m), 1.15-1.25(6H,m), 1.30(3H,s),
1.40-1.47(1H,m), 2.24-2.34(3H,m), 3.93-4.11(1H,m), 6.98-
7.23(1H,m), 7.51-7.59(1H,m).

20 mp:174.5-175.5°C.
Example 15 _
rac-2-chloro-4-[ (4R, 5S) -4-hydroxy-3, 3, 5-trimethyl-2-
oxopyrrolidin-l-yllbenzonitrile

OH

Cl
CN
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0 CN Usi ng 2-chl oro-4-[5-(hydroxymnet hyl) -3, 3-di net hyl- 2, 4-
di oxopyrrolidin-1-yl]benzonitrile (80 ng) and lithiumtri(sec-
but yl ) borwbydeyate23THF sol ution (0.82 nL, 1 nol/L), and POTURB0S/BMSOMMTBNNETr

in Exanple 5, the titl] d bt ai I t
(i el a5 4 o, TS6v o piaf0b o sts B ARG adB b asD & (tere VS A
1H- NVR( CDOB3) Bl dirdAh3is$)y1 8x 324 318 Bt A6yt - Jx8p L idin-1-

2.66(1H, d, J=4. 7Hz),. 3.90-4.07(2H m, 4.33-4. 4%2H, n,
7. 48( 1H, ddyyBeenzonigpijle 188(n¢) iy Hp). 5 mLyovay addre. oHz) .

np: 142- 143 e o .
rac-2-fl uo?(e)Fﬁa}i (%R, EFRO-%A%PﬁngF%a?%% 3TI1:{ tsroilrl%lte:'tl 91-(%'-5 mb, 1 mol/L), and
oxopyrr of i tha-Mixtljre3wast byl bead ont trradme te@Nebstnge for 7 hr. Water was
2-fluoro-3-nethyl -4-(3,3,5-trinmethyl-2,4- 1 . _

i oxopyt T o 1S FiEbSRIGH PR AL SGE mcanie) AR WG (1S Sagracted

but yl') bor oyl i gleryliHae@lattel, ONTHE. 82t Fhet Iwd®lWdshedad thNshberSEdte BRIMES

as in Exanple 5, the title conpound was obtained as colorless crystals
(yield: 4198ieg) ovBgyENhYAr RVR(TRIIS)igm spifaked, 3ad. GMpentrated3ingsr

1'31(3H’$)reduced pressure. The residue was purified by silica gel column

10 chromatography (eluent: hexane/ethyl acetate=10/1-1/2) to give
the title compound as a colorless solid (yield: 47.2 mg, 55%).
1H—NMR(CDC13)8:1.17(3H,s), 1.31(3H,s), 1.37(3H,d,J=6.2Hz),
1.91(1H,d,J=5.7Hz), 3.79(1H,t,J=5.9Hz), 3.90-4.03(1H,m),
7.40(1H,dd,J=8.4,2.2Hz), 7.61-7.73(2H,m).

15 mp:163—164°C.

Example 16
rac-2-chloro-4-[ (4R, 5R) -4-hydroxy-3, 3, 5-trimethyl-2-

oxopyrrolidin-1-yllbenzonitrile

Cl

CN

20 Using rac-2-chloro-4-[ (4R, 5R)-4- (tert-
butyldimethylsilyloxy) -3, 3,5-trimethyl-2-oxopyrrolidin-1-
yllbenzonitrile (400 mg) and tetrabutylammonium fluoride-THF
solution (3 mL, 1 mol/L), and in the same manner as in Example
15, the title compound was obtained as a colorless solid (yield:

25 204 mg, 72%).

'H-NMR (CDC13) 8:1.23(3H,s), 1.31(3H,s), 1.32(3H,d,J=6.6Hz),
1.81(1H,brs), 4.06-4.16(1H,m), 4.33-4.48(1H,m), 7.39-7.50(1H,m),
7.61-7.73(2H,m) .
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is 1.78(1H,d, J=4.3Hz), 2.16(3H,d, J=2.5Hz), 4.05(1H, t,J=4.4Hz),

4.23-4.34(1H m, 6.97(1Hd, J=8.5Hz), 7.45-7.52(1H nm. np:177-178C.

Exanpl e 2A8Ora@/@ef34uor o- 4- [ (2R, 3R) - 3- hydr oxy- 2, 3, 4, 4- t ePcamerdoy/de4560 20
oxopyrrolidin-1-y11-3-nethylbenzonitrile i OH CN Usi ng '
2-f1 uor o- 3™Rel h3T19°€3, 3, 5-tri met hy1- 2, 4- di oxopyrrolidin-1-yl)benzonitrile
(60 ng) andxampiw!mrgnesi um brom de- THF solution (2.19 m, 1.0 nol/L), and
in the sane 25 manner as in Exanple 2, the title conpound was obtai ned as

col orl ess érgeiare—4vyi Sd 55104 ngydBs30g-5-We thyds 2o 2RoRWRCTGREGGE/-064500
1H NVR( CDC13) d,J=6.4Hz), 1.18(3H,brs), 1.22(3H,$), 1.30(3H %),
1.43(1H, brég?b%?%%ggﬁ%rs) , 4.04(1H, brs), 6.83- 7.15(1H m,

7.47(1H t, J=7. 6Hz)OHnp: 174. 5-175. 5C. 5 Exanpl e 26

rac- 2- chl or o- 4—4R, 5R) - 4- hydr oxy- 5- ( met hoxynet hyl ) - 3, 3-

di met hy1- 2- oxppyr kol idin-I-yl]benzonitrile O sDH O, Usi ng

2- chl or o- 4oF5- fioxynet hyl ) - 3, 3-di net hyl-2, 4- 10

di oxopyrrolidinyl-yl]benzonitrile (170 ng) and |ithium
tri(secbutyl)baglohydride-THF solution (0.83 nL, 1 nol/L), and in the sane

manner as in Eanple 5, the title conpound was obtained as col orl ess
crystals (yie 142 ng, 83%.
5 CN

Cl
Using 2-chloro-4-[(4S,5S)-4- (tert-butyldimethylsilyloxy) -

5-methyl-2-oxopyrrolidin-1-yl]benzonitrile (1.2 g) and
tetrabutylammonium fluoride-THF solution (4 mL, 1 mol/L), and in
the same manner as in Example 15, the title compound was

10 obtained as a colorless solid (yield: 690 mg, 62%).
'H-NMR (CDC13)8:1.32(3H,d, J=6.3Hz), 2.00(1H,d,J=4.5Hz),
2.68(1H,dd,J=17.4,5.4Hz), 2.85(1H,dd,J=17.4,6.6Hz), 4.30-
4.42(1H,m), 4.56-4.65(1H,m), 7.48(1H,dd,J=8.7,1.8Hz),
7.66(1H,d,J=8.7Hz), 7.73(1H,d,J=1.8Hz).

15 mp:161-162°C.
Example 18
2-chloro-4-[(4S,5S)-4-hydroxy-5-methyl-2-oxopyrrolidin-1-y1]-3-
methylbenzonitrile

OH

>
N

OE

N

Cl

CN
20 Using 2-chloro-4-[(4S,58) -4~ (tert-butyldimethylsilyloxy) -

5-methyl-2-oxopyrrolidin-1-yl]-3-methylbenzonitrile (500 mg) and
tetrabutylammonium fluoride-THF solution (1.4 mL, 1 mol/L), and
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1H NVR(CDC13) 8: 1. 23(3H,$), 1.29(3H $), 2.84(1Hd, J=6.2Hz), 15 3.31(3H 9$),
3.62-3.75(2H, M, 4.27(1Ht,J=6.1Hz), 4.39-4.48(1H m,

7. 47( 1H, dslp2e®/B9B40Hz) , 7.67(1H,d, J=8.5Hz), 7.73(1H, d, P€2.IBLEDY/064500

np: 130. 5-131. 5C. Exanpl e 27

2- met hoxy- A2 ¥2RR, %aéje FPRNGTT PHotD- B AMRICoRy- 5 A8t hiile- COZ'GPOUHd was
oxopyrrol i Qbﬂainé/ci ]éaoeraz%ubwegs FEolleVI (vield: 2Y81Hg, 443

4- br ono- 2- rret hoxybenzonitrile (2. 9), (4R 5S)-3, 3"

di f | uor o- 4= Phym’rPdﬂjDC%)r%tlhyIZmBHcdlUdMﬁI&- Qnel (. (aw, gl), J=4.8BHz), 2.32(3H,s),

bi s(di phenyl yl ne (97 _

tris(di ben%y?ggﬁir){gladg% olﬁe) di pgﬁfgdl%rar‘%) %(éﬁ‘ﬁngi n%‘h%i -égzs)i’ur%'l\%o

2009/ 020234 PCTCR2,018/,064500Q . car bonat,e {50@T .@o (1anea) i n 7t.I5e (3ape, redneiz)as
in Reference Exanple 18, the title conpound was obtained as a col orl ess
solid (yiePel: 1Bl HyC-7% . 1H NVR(DVSO d6) 15: 1. 16( 3H, d, J=6. 4Hz) ,

3.94(3H, $) gxdmls 4 BL(2H M), s 7.36(1H, dd, J=8.5, 1. 9Hz),

7.57(1H, dd, J=1.9Hz), 7.82(1H, d,J=8.5hz). Exanple 28

2-trifl uordneit hydoA (4R, 56) =3, 3-dii flusgoo44higidopyys Sratetyy2—2-

oxopyrrol i g}l(gpyre/ol] %enz ni &lﬂ)l e FF O—J I I

F
F OH

0 NS

Cl
If
N

Using 4-bromo-2-chlorobenzonitrile (556 mg), (4R,5S8)-3,3-

10

difluoro-4-hydroxy-5-methylpyrrolidin-2-one (448 mg), 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (219 mg),
tris(dibenzylideneacetone)dipalladium(0) (113 mg) and cesium
15 carbonate (1.18 g), and in the same manner as in Reference
Example 3, the title compound was obtained as a white powder
(yield: 34.2 mg, 5%).
'H-NMR (DMSO-dg) 8:1.38 (3H,d, J=5.3Hz), 2.79(1H,brs), 4.36-
4.72(2H,m), 7.60(1H,dd,J=8.7,1.7Hz), 7.74(1H,d,J=8.7Hz),
20 7.85(1H,d,J=1.7Hz).
IR (KBr) :3427,2233,1730,1598cm™.
mp:126-127°C.
Example 20
rac-2-chloro-4-[ (4R, 5R) ~4-hydroxy-5-isopropyl-3, 3-dimethyl-2-

25 oxopyrrolidin-l1-yl]benzonitrile
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icUsing 2-trifluoromethyl-4-iodobenzonitrile (1.64 Qg),

(4R, 55) - 3, 3-di fl uor o- 4- hydr oxy- 5- et hyl pyrrolidin-2-one (1.00 g),

4, 5- bi s( dwphewd2pisesphi no) - 9, 9- di et hyl xant hene (488 ngPCT/IP2008/064500
tris(dibenzyli en gFtone)dipalladiun(O) (303 ng) and cesium car bonat e
(2.54 g), a same manner as in Reference 15 Exanple 18, the title
conpound was ned as a colorless solid (yield: 84.7 ng, 5%.

1H- NVR(CDC13)8: 1. 35-1-46(3H, m, 2.77(1H brs), 4.47-4.73(2H m, 7.93(2H %),
8. 05( 1H, $) ©O7ni py 128{131C. 20 Exanpl e 29

2-chl oro-4-[(2S]|3S) - 3- hydroxy- 2, 3-di net hy1- 5- oxopyrr.olidin-1yl]
benzonitrile WR_ 2009/ 020234PCTOP2008/ 064500 Usi ng

4- br ono- 2- chl -nzonitrile (615 ny), (4S,5S)-4-

hydr oxy- 4, 5-d ﬁg rrolidin-2-one (423 ny), 4,5-

bls(dlphenylphOuphl g 9, 9-di net hyl xant hene (241 ng),

tris(di benzylideggacetone)dipal | adiun(0) (125 ng) and cesiums carbonate
(1.31 g), and in the sane manner as in Reference Exanple 18, the title
conmpound was obt@$ied Zashdogeradr (esssepidny i 8-dimaglying, %ﬂw

R SR b g 15

7. 46( 1H, d, BEByF)‘Hdrth/oﬁI(iéHIHFJS?&lJﬂ-izdn (L.28( hH, $) .méBL) ,93nYOEN Exanpl e 30
rac- 2- chloro 4-[ (4R, 5S) - 4- hydr oxy-3, 3, 5-tri met hyl- 2-
OXOpyrroqla?ﬂe %qﬂquaﬁeﬂﬁy Fane %I§¢Iqq§ title Compound was obtained as

a colorless solid (yield: 209 mg, 69%).

'H-NMR (CDC13)8:0.90(3H,d, J=7.0Hz), 1.06(3H,d,J=7.0Hz), 1.19(3H,s),

1.29(3H,s), 1.63(1H,d,J=5.3Hz), 2.24-2.46(1H,m), 4.07-4.26(2H,m),

7.36(1H,dd,J=8.5,2.1Hz), 7.55(1H,d,J=2.1Hz), 7.67(1H,d,J=8.5Hz).
10 mp:119-121°C.

“Example 21

rac-2-chloro-4-[ (4R, 5R) -4-hydroxy-5-isobutyl-3, 3-dimethyl-2-

-oxopyrrolidin-1-yl]lbenzonitrile
ball
O N .""'u/L

Cl
CN

15 Using 2—chloro—4—(5—isobutyl—3,3—dimethyl—2,4—
dioxopyrrolidin-1l-yl)benzonitrile (620 mg) and lithium tri (sec-
butyl)borohydride-THF solution (2.92 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as
a colorless solid (yield: 363 mg, 58%).

20 'H-NMR(CDC13)8:0.95(3H,d,J=6.6Hz), 1.03(3H,d,J=6.4Hz), 1.20(3H,s),
1.31(3H,s), 1.35-1.47(1H,m), 1.64-1.90(3H,m), 4.09(1H,t,J=4.8Hz),
4.21-4.33(1H,m), 7.31(1H,d,J=8.5Hz), 7.55(1lH,s),
7.67(1H,d,J=8.5Hz).
mp:224-226°C.
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OH Cl 15CN To a sol ution of

rac-4-[ (4R 5S)-4-(tertbutyldinmethylsilyloxy)-3,3,5-trinethyl-2-oxopyrrolidi
n-1-y1l1- 2wochtvnre233- net hyl benzonitrile (103 ng) in THE PCPJIRipsM@soedded
tetrabut yl gnmonj u | uori de-THF solution (1.00 m, 1 nol/L), and 20 the

m xture wa X%T%i? at roomtenperature for 17 hr. The reaction m xture was
added to waherz-abANe -M(xRUSR) m%@i@tﬁgued—myaboﬁmume@matze- The
extract was washed with saturated brine, dried over anhydrolds nmagnesi um

sul fate, afdcrRwAEEHdiRddylhderzorididd@® pressure. The residue was purified
25 by silica gel colum chromatography (eluent: hexane/ et hyl

acet at e=50/\1-yv1/ 3),, and recrystallized from hexane-ethyl acetate to give
the title c ound 'as a colorless solid (yield: 41.4 ng, 28.4%. WO
2000M20234PCT/ JPR008/ 064500 1H NVR(CDC13) 15:1.11-1.25(3H, m,

1.14(3H, d, 3=8\0H)4, 1.31(3H,$), 1.93(1H,d,J=5.9Hz), 2.27(3H $),
3.73-3.91(2H, ny, 7.03-7.18(1H, m, 7.57(1H,d, J=8.3Hz). np:148-149C 5
Exanpl e 31
2-chl oro-4- (

5, 4S) - 3- hydr oxy- 2, 4- di met hy1- 5- oxopyrrolidin-1yl ] benzonitr
ile cN A sol of diisopropylamne (0.150 nL) in THF (7 nL) /0 was
cooled to -78C, an@'n-butylIithiun}hexane solution (0.648 nL, 1.6 nol/L)
was added drop@iNse. After the conpletion of the dropwi se addition, the

m xture was stirred at -78C for 1 hr.,SubsequentI%?%a sol ution of

2- chl or o* 4- [ ( 2S, $BNB-4FHLe%9- 2= (et 13iEBYdxopPREBY I A1 - yI ] benzonitril e
(100 ng) i@iaigbﬁf%éiidin—l—yl)benzonitrile (67 mg) and lithium tri(sec-
butyl)borohydride-THF solution (0.33 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as
colorless crystals (yield: 34.5 mg, 51%).

10 'H-NMR (CDC13)$:0.92 (3H,t,J=7.6Hz), 1.02(3H,t,J=7.6Hz),
1.30(3H,d,J=6.4Hz), 1.57-1.95(5H,m), 4.16(1H,t,J=5.3Hz), 4.34-
4.45(1H,m), 7.41(1H,dd,J=8.6,2.0Hz), 7.63-7.69(2H,m).
mp:166-168°C.

Example 23 _
15 rac—2—chloro—4—[(4R,5R)—4—hydroxy—5—(hydroxymethyl)—3,3~

dimethyl-2-oxopyrrolidin-1-yl]benzonitrile
OH

OH
O N s

Cl
CN
Using 2-chloro-4-[5- (hydroxymethyl)-3,3~-dimethyl-2, 4~
dioxopyrrolidin-1l-yl]lbenzonitrile (80 mg) and lithium tri (sec-
20 butyl)borohydride-THF solution (0.82 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as

colorless crystals (yield: 45.4 mg, 56%).
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15 m) was added dropwi se, and the m xture was further stirred at - 78C for
30 mn. Methyl iodide (0.124 nlL) was added dropwi se at -78C, and the

m xture WO 2haw2bmss stirred at -10C to -78C for 30 m n. pATaP208/6615e (1.0
m.) was added to the reaction mxture, and the m xture was warnmed to room

t enper at ur 1N (GPChakd ‘A ddd 3H28) andl- $heHistt uPe 4Q4sH ekt F22t ¥ )wi th et hyl

acetate. TheeeximagisvpsnAshedopi i hopaiinat ed, Briness ik g¢) ,over anhydrous
magnesi um sul fat e, and concentrated under reduced pressure. The residue was

purified by-48B(1keddel=Cd driehr ohetbgitashy=BebPteht : 7 nEXGHb/etdmyl. OHz) .
acet at e=10/ 1-_*1}5_3224%, give the title conpound as a 25 colorless solid
(yield: 443‘3@, 42°0% . 1H NMR(CDC13)8:1.30-1.36(6H m, 1.92(1H, brs),
2.63-2. 76( Ltkample R41-4. 25(1H, M, 4.29-4.43(1H M, 7.61-7.67(2H m,
7.95(1H,t,J=1.21-12). np:149-151C, 30 Exarmple 32 .

WD2009/ 02033%PET 1064880>R) ~4-hydroxy=3, 3, 5-trimethyl-2-

2- chl or 0- 4oL 625y 331 ART-3- WAL 8XNe fn f dsdiidQXxy1 hamet hyl et hyl ) - 2-
met hyl - 5- oxopyrrolidin-1-yllbenzonitrile HO C OH ON A sol ution of

di i sopropyl anj nepg0. 150 nL) in THF (7 nL) 5 was cooled to -78C, and

n-butyl lithi iexane solution (0.648 nL, 1.6 nol/L) was added dropw se.
After the ¢ I t,j/on of the dropwi se addition, the m xture was stirred at
-78C for 19 r.NSubsequently, a solution of 2-chloro-4-[(2S,3S)-3-hydroxy-2-
met hy1- 5- oxopykrolidin-1-yl]benzonitrile (100 ng) in THF (1.5 /o nL) was
added dropw § and the m xture was further stirred at - 78C for 30 mn.
Acetone (0.124 _ui.)_ was added dropwi se at -78C, and the m xture was further
stirred at -20 -78C for 40 min. Acetic acid (1.0 nL) was added to the

reaction mxt P, and the nmixture was warnmed to room tenperature. Water was
added, and is the m xture was extracted w thyl acetate. The extract was
washed with sat uﬁ%}%% %rﬁr\l Toari e r g%i}d oﬁ%”ﬂﬁélﬂ% iUmisul fate, and

concent [ at aloxseher rdediced -RILeBsNEEn i thia o q%0d1E) Wasd PLiHiwed thy (skki-ca gel

col um chr omat ogégphy (el uent: hexane/ethyl acetate=10/1-1/3) to %i ve the
title conpbubylBreidseorHEssokwtian ((-83dmL30l 1medy/Log a3y in the

1H NVR( CDCL3).5° 1 32(,3H.d 1= . 37(3H, }L <§) .
2.72(1H, d, J=3. 4r2), 2%852(11H,§§,é§@? 6%[2%?{62%% TH%BI?@ mﬁ%‘f FrRIPER 35
4. 48- 4. 62( thll ofless SEyAEtA0621yiehyl; 41 9B(WH, 69332 1Hz). np: 131- 132C. 25
Exanpl e 33,
H-NMR (CDC13)8:1.11 (3H,d, J=6.6Hz), 1.27(3H,s), 1.31(3H,s),
15 1.78(1H,d,J=4.3Hz), 2.16(3H,d,J=2.5Hz), 4.05(1H,t,J=4.4Hz),
4.23-4.34 (1H,m), 6.97(1H,d,J=8.5Hz), 7.45-7.52 (1H,m).

mp:177-178°C.
Example 25
rac-2-fluoro-4-[ (2R, 3R) -3-hydroxy-2, 3,4, 4-tetramethyl-5-

20 oxopyrrolidin-1-yl]-3-methylbenzonitrile

o)

N

F
CN '
Using 2-fluoro-3-methyl-4-(3,3,5-trimethyl-2, 4~

dioxopyrrolidin-1l-yl)benzonitrile (60 mg) and methylmagnesium
bromide-THF solution (2.19 mL, 1.0 mol/L), and in the same
25 manner as in Example 2, the title compound was obtained as

colorless crystals (yield: 40 mg, 63%).
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2-chl oro-4-[(35, 45, 55) - 3-et hyl- 4- hydr oxy- 5- net hy1- 2-
oxopyrrolidin-1l-yl]benzonitrile W 2009/020234PCTOP2008/ 064500 CN A
sol uti on wb 2deweaezssopyl am ne (0.150 m_) i n THE' (8 m_) raT/Jenos/essen - 78C,

and n- buty!ll | t hi um he Q§O| ution /L) was added
dr opwi se. glé% (3R 81 JT 4*&‘? dr &p\;vl8§éHaHH§h olr‘rz%(ﬁ%I ) xt ure was

stirred at1 36(31:&05 11hr43 (Jubsegyent 1 18 ( ﬁi Byt i 9N0o{1H, brs), 6.83-
2-chl oro-4-[(23, 39) 3. drox - 2- nethyl oxopyrrolldln I-yI]benzonltrlle

(100 mg) iA- ﬁﬂférzno r?L)47v(/é\§ hoéed- @Hopwi se, and the nixture was further

stirred at ?ﬁggolrw 5Ia{: | odoet hane (0.150 nL) was added dropw se at

-78C, 10 ana mXxture was further stirred at -78C to -30C for 1 hr.

Acetic aci BxgpDe M§ was added to the reaction mxture, and the m xture was

warmed to roon%t erat ure. V\gter S added}WI and t he mxture was extracted
et dt

with ethyl TaCef s O fid ~dIER (PR RSd )5 Ae, dried over

anhydr ous a@g@@&wa& %&amdlﬁr@—ﬁqm‘e@l&bh@k%@wnder reduced pressure.
The resi due was by silica gel columm chromatography (el uent:

hexane/ et hyl _\ace te 20/1 + 1/4) to give the title conpound as a col orl ess
solid (yield/ 6\7 rg, 6.0%. 1H NVR(CDCL3)45:1.10(3H,t,J=7.5Hz),

1. 32(3H, d, OZ6: ), 1.61- 20 1.80(1H, ), 1.81-1.98(2H,m, 2.53-2.66(1H M,
4.26-4.42(2H, ), 7.56-7.70(2H, m, 7.93(1H d,J=1.5Hz). np:109-110C.

Exanple 34 4 8,45, 5S) - 3-benzyl- 4- hydr oxy- 5- net hy1- 2- oxopyrrolidin-1-yl]-
25 2-chl orob mCIt rile WD 2009/ 020234PCT/ JP20081064500

Using 2-chloro-4-[5- (methoxymethyl)-3,3-dimethyl-2,4-

10 dioxopyrrolidin-1l-yl]benzonitrile (170 mg) and lithium tri (sec-
butyl)borohydride-THF solution (0.83 mL, 1 mol/L), and in the
same manner as in Example 5, the title compound was obtained as
colorless crystals (yield: 142 mg, 83%).

'H-NMR (CDC13)8:1.23(3H,s), 1.29(3H,s), 2.84(1H,d,J=6.2Hz),

15 3.31(3H,s), 3.62-3.75(2H,m), 4.27(1H,t,J=6.1Hz), 4.39-4.48(1H,m),
7.47(1H,dd,J=8.5,2.0Hz), 7.67(1H,d,J=8.5Hz), 7.73(1H,d,J=2.0Hz).
mp:130.5-131.5°C.

Example 27
2-methoxy-4-[ (4R, 5S) -3, 3-difluoro-4-hydroxy-5-methyl-2-

20 oxopyrrolidin-l-yl]lbenzonitrile

Using 4-bromo-2-methoxybenzonitrile (2.34 g), (4R,5S)-3,3-
difluoro-4-hydroxy-5-methylpyrrolidin-2-one (2.00 g), 4,5-
bis (diphenylphosphino)~9, 9-dimethylxanthene (976 mg),

25 tris(dibenzylideneacetone)dipalladium(0) (504 mg) and cesium
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ON A solution of diisopropylamne (0.150 nL) in THF (8 nL) was cooled to
-78C, and n-butyllithiumhexane solution (0.648 nL., 1.6 nol/L) was added
dropwi se.wof20exv02013¢ conpl etion of the 5 dropw se additi @aT/JPies/ni4geur e was

t d at -78C f b t | ut
Z LL[groa4 ffé%nﬁg% éSE§H9§zyg§ 3 %%m%28§9bggl?%l$PIR%ﬁéfﬁgﬁ?onltr|Ie

(100 ng) i pxdkbld 216, rdhe Mﬁlédd@ﬁb&lr@\“a%eobﬁaﬂnéaeaéﬂa}(tdd’l%r\l/@%sf gblher
stirred at - 78C for 30 m n. A solution of benzyl bromde (0.16 nL) in THF

10 (1.5 nLXY%%%d'dHEdHHboﬂmﬁse at -78C, and the mixture was further stirred

at -78C toug Is. 1A ( ) a ed t th ction
m xture, and dﬁéo dps e E%&aﬁ gdhﬁ%l%%gﬁrke%p ?%t%g V@g % Eﬁ héd
and the m1Rt&6élﬂwddeﬁﬁﬁrécﬂeaHmjIh7e5hy1Hgddﬂ&ﬁha9HEhe QXBQaEH dmﬁk&MﬁHmed
with /5 sa urapﬁgzgiine, dri ed over anhydrous nmagnesium sul fate, and

concent r at é8%0R educed pressure. The residue was purified by silica gel

col um chr gret oaTattheteluent | (hexsme/Etahyl ragetkat £35M dox ;y—%'/ %)ethylgzﬂe t he
title conpound as a col orl ess SO|Id (yleld: 40. 8 ng, 30.

1H NVR( CDCRRPRY AL P5(cHm -d ~yibbeppqniticidgy 1H, d, J=4. 2Hz) , 2. 58 3. 04(2H M,
3.25-3.36( 1Hg), 11-4. 24(1H, ), 4.25-4.36(1H ), 7.21-7.40(5H n),

7.51-7.61(1H '61-7.68(1H, M, 7.88(1H,d,J=2.1Hz). np:99-101C 25
Exanpl e 35 1;217¥

2-chl oro- 45} 3,43) - 3- hydr oxy- 2- met hy1l- 4- ( 2- net hyl prop- 2- enl-y1l) - 5- oxopy
rrolidin- 1 yl]Henzonitrile WD 2009/ 020234PCTOP2008/ 064500

m F

10 Using 2-trifluoromethyl-4-iodobenzonitrile (1.64 g),
(4R, 55) -3, 3-difluoro-4-hydroxy-5-methylpyrrolidin-2-one (1.00 gq),
4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene (488 mg),
tris(dibenzylideneacetone)dipalladium(0) (303 mg) and cesium
carbonate (2.54 g), and in the same manner as in Reference
15 Example 18, the title compound was obtained as a colorless solid
(yield: 84.7 mg, 5%).
'H-NMR (CDC13)8:1.35-1.46 (3H,m), 2.77(1H,brs), 4.47-4.73(2H,m),
7.93(2H,s), 8.05(1H,s).
mp:128-131°C.
20 Example 29
2-chloro-4-[(2S,3S)-3-hydroxy-2, 3-dimethyl-5-oxopyrrolidin-1-
yl]lbenzonitrile |
fDH
Oﬂli!x”l

N

Cl
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CN A solution of diisopropylamne (0.300 nmL) in Ti-IF (15 nL) was
cooled to -78C, and n-butyllithium hexane solution (1.26 nL, 1.6 nol/L) was
added dropmizswfozmmer t he corrpl etion of the 5 dropw se &aduiJPrO8P6456E

t tirred at, -78C fgr 1 hr. Subsequent| | ut f
2. ol or 0 4. [ ( 25, 5915 4rpiraey 2ooThRt IR S andRy Pr LFT AT - D eRoATL 1 | e

(200 nmg) iRydidxy-4, @—@Qne\ﬁ/ﬁglgﬁﬂ@lldﬁ@ﬂ%%ﬁe g3 te matare was further
stirred at - 78C for 1 rono- 2- met hyl pr opene (0 10 nm.) was added /a

dropwi se abis (@Ehenyd phivsPhire Ut IwetsieihyRapnthene etP 4l ma98C to -10C for 1
hr. Acetic A o] r a m xture
wes var medt i Ry TbelBso 20060 AR ERTH T Ml BnetBRs L8,
extract ed satborettey|(ladat a) e. afddei rexthcachmaasanasheds wirt lRefatrenated bri ne,
dried 15 over hydr ou sium sul fate, and concentrated under reduced
pressure. ET’F@“P?B]& ]g%.‘l t%&stgﬁf?f?‘éﬁp%’;?%wlaﬁcﬁ B%im% 13fn? GHEreesgr aphy

(el uent: hexpdied et4wil racekaye=30/1-+ 1/2) to give the title conpound as a
col orl ess SO|Id (yield:” 111. 8 ng, 46.19%.

1H NVR( CDCHBNERY CBRI M :d,. 286 34 ) J=6.. BH) 3H1ISP? (2H 16) 112 D1IEH, 8bz) , 20

222(1Hde 6 T (1 1 4. 2Hz),
4.26- 4. 46(%ﬁr¢§flgr8ﬁ?zégfgf4 %%%ﬁ%&éﬂ?% bﬁ@'ﬁ‘iﬂ %\% gH&t) r ap:
110- 112G Exeéqlr SG=B827Hz), 7.67(1H,d,J=8.7Hz), 7.70(1H,s)

2-chl oro-4-[(2S, 35, 4S) - 3- hydroxy 4 |sobuty1 2- et hyl 5-

oxopyrrol iBP123=88°Fbenzonitrile WD 2009/ 020234PCT/ JP20081064500 ON

To a sol utgonofe Zochl oro-4-[(28, 3S, 4S) - 3- hydr oxy- 2-

met hyl-4- (2- met hyl prop-2-en-1-yl)-5-oxopyrrolidin-1- yl]benzonitrile (22.3
mg) in metheerd-qd.ororéd) (W48, agdet-hydroxy-3, 3, 5-trimethyl-2-

oxopyrrolidin-1-yl]-3-methylbenzonitrile

OH

N

Cl
15 CN
To a solution of rac-4-[(4R,58)-4-(tert-

butyldimethylsilyloxy)-3, 3, 5~trimethyl-2-oxopyrrolidin-1-yl]-2-
chloro-3-methylbenzonitrile (103 mg) in THF (5 mL) was added
tetrabutylammonium fluoride-THF solution (1.00 mL, 1 mol/L), and
20 the mixture was stirred at room temperature for 17 hr. The
‘reaction mixture was added to water, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
25 by silica gel column chromatography (eluent: hexane/ethyl
acetate=50/1—>1/3), and recrystallized from hexane-ethyl acetate
to give the title compound as a colorless solid (yield: 41.4 mg,

28.4%) .
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5 palladium fibroin (12.0 ng), and the m xture was stirred for 48 hr under
a hydrogen atnosphere. The reaction m xture was filtered, and the filtrate
was conceworatsdozsader reduced pressure. The obtai ned re@irdnmowaﬂsmuri fied

by sili |_col h h Leth
atet ot es0 A () CH0 80 grva PARSHi o orbound: deea0hl -} Gl 50

(yield: 4.3, 93(111,&:1 33%5 ol NVR( €DC38) 87 0. 9771-DH16(dHM ), 7.03-7.18(1H,m),
1.32(31-i,d,J=6, 4 1.35- 1.53(1H n), 1.67-1.83(1H, r’r), 1.90-2.16(2H m,
2.69( 1H, dt 735?(13%1’01?«28) 3HZ)19-4.43(2H, ), 7.54-7.72(2H M, Is

7.90(1H, d, anple 37
rac-2-ch|o%8 h %t%ﬁg R) - 7- hydr oxy- 6- net hy1l- 4- oxo- 5-

azaspi rof 2E4¥uln1em -Bkyl ] benzonitrile CN 20To a sol ution of

rac- 4- ((6R

but yl di met R ’ﬁo‘ﬁy[) (287 gy AF1- 3 UG B2 dp it BE ST xRy Fpd 1din-1-
2-chl OrObeaIQ)Béﬁiél{lq-_r(lﬁb_éo mg) in THF (5 nL) was added tetrabutyl anmoni um
fl uori de- THF, sol u%%on (2.00 mL, 1 nol/L), and WO

2009M20234P 8/ 064500 the m xture was stirred at roomtenperature for
18 hr. The re ct on m xture was added to water, and the m xture was
extracted w hyl acetate. The extract was washed with saturated brine,
dri ed over anhydrous magnesi um sul fate, and s concentrated under reduced
pressure. The isi due was purified by silica gel colum chromat ography

(el uent: hexas thyl acetate=1/0-+3/1) to give the title conpound as a
col orl ess sol ield: 32.3 ng, 32.5%. 1H NMR(CDC13)8:0.93-1.08(1H m,
1.17-1.37(3H, cl

CN
A solution of diisopropylamine (0.150 mL) in THF (7 mL)

10 was cooled to -78°C, and n-butyllithium-hexane solution (0.648 mi,
1.6 mol/L) was added dropwise. After the completion of the
dropwise addition, the mixture was stirred at -78°C for 1 hr.
Subsequently, a solution of 2-chloro-4-[(2S,3S)-3-hydroxy-2-
methyl-5-oxopyrrolidin~l-yl]benzonitrile (100 mg) in THF (2.5

15 mL) was added dropwise, and the mixture was further stirred at -
78°C for 30 min. Methyl iodide (0.124 mL) was added dropwise at
-78°C, and the mixture was further stirred at -10°C to -78°C for
30 min. Acetic acid (1.0 mL) was added to the reaction mixture,
and the mixture was warmed to room temperature. Water was added,

20 and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatcgraphy (eluent:
hexane/ethyl acetate=10/1—-1/3) to give the title compound as a

25 colorless solid (yield: 44.4mg, 42.0%).
'H~NMR (CDC13)8:1.30-1.36(6H,m), 1.92(1H,brs), 2.63-2.76(1H,m),
4.11-4.25(1H,m), 4.29-4.43(1H,m), 7.61-7.67(2H,m),
7.95(1H,t,J=1.2Hz).
mp:149-151°C.

30 Example 32
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/o 1.37(3H,d, J=6.4Hz), 1.61-1.72(1H m, 4.34(1Ht,J=6.0Hz), 4.39-
4.45(1H ), 7.51(1H dd, J=8.6,2.1Hz), 7.66(1H, d, J=8. 6Hz),

7. 76( 1H, dw0=2R09102234 np: 134- 136C. Exanple 38 /5 PCT/JP2008/064500
4-[(4S, 55)

(trifluor o%e‘f}ﬁijl%ogg gr%%t’gisl’éhm g/)ffiroxy glpy gﬁdgg&{‘]%lt]r %#%‘fzﬂethyl —2-

4- ((4S, 5S)métH B#Siwdﬁydir@‘&layh$1lyl]®éﬁzo%a%&iérl net hy1- 2- oxopyrrolidin-1-
yl)-2- zo (trlfluoronethyl)benzonltrlIe (232.2 ng) in THE (6 nL) was added

tetrabutyl nium fluoride-THE solution (2.0 m, 1 nol/L), and the

m xture wa irréd at roomtenperature for 1 hr. The reaction m xture was
added to watery—4and the m xture was extracted with ethyl acetate. The
extract was with 25 saturated brine, dried over anhydrous nagnesi um
sul fate, arfi comcentrated under reduced pressure. The residue was purified
by silica gel columm chromatography (el uent: hexane/ et hyl

acet at e- 30/ 1- 3), and recrystallized from hexane-ethyl acetate to give
the title co ] as a colorless solid (yield: 38.9 ng, 30 22.9%. WO
2009/ 020234P 008/ 064500 1H NVR(CDC13)6:1.24(3H,$), 1.31-1.36(6H m,
1.80(1H,d, J=5.1K¢), 4.12(1Ht,J=5.3Hz), 4.42-4.53(1H m,

7. 75(1H, dd J=8.7,2.3Hz), 7.85(1H,d,J=8.7Hz), 7.93(1H, d, J=2.3Hz).

np: 120- 121C. 5 Exasmliecid3dh of dllsopropylamlne (0.150 mL) in THF (7 mL)

4-[ (4R 58) - 4- hydroxy-3, 3, 5-trinet hyl-2-oxopyrrolidin-1-yl]-2-
(triflucrofies fﬁFP()]tﬁgYuzt@m‘t 8¢ e and n-butyllithium-hexane solution (0.648 mL,

1.6 mol/L) was added dropwise. After the completion of the

dropwise addition, the mixture was stirred at -78°C for 1 hr.
Subsequently, a solution of 2-chloro-4-[(2S,3S)-3-hydroxy-2-
methyl-5-oxopyrrolidin-1-yl]benzonitrile (100 mg) in THF (1.5

10 mL) was added dropwise, and the mixture was further stirred at -
78°C for 30 min. Acetone (0.124 mL) was added dropwise at -78°C,
and the mixture was further stirred at -20°C to —78°C for 40 min.
Acetic acid (1.0 mL) was added to the reaction mixture, and the
mixture was warmed to room temperature. Water was added, and

15 the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=10/1-1/3) to give the title compound as a

20 colorless solid (yield: 30.1 mg, 24.5%).
'H-NMR (CDC13)8:1.32(3H,d, J=6.4Hz), 1.37(3H,s), 1.49(3H,s),
2.72(1H,d,J=3.4Hz), 2.81(1H,d,J=9.6Hz), 2.91(1H,brs), 4.33-
4.49(1H,m), 4.48-4.62(1H,m), 7.56-7.70(2H,m), 7.98(1H,d,J=2.1Hz).
mp:131-132°C.

25 Example 33
2-chloro-4-[(3S,4S,58)-3-ethyl-4-hydroxy-5-methyl-2-

oxopyrrolidin-l-yl]lbenzonitrile
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CN To a m xed solution of 4-[(4R 5S)-4-(tert- 10

but yl di net hyl silyloxy)-3,3,5-trinmethyl-2-oxopyrrolidin-1-yl)]-2-
(trifluorwoebiwi2disenzonitrile (391.7 ng) in THE (12 nipcand2ooevédonl (12
m.) was added 6 nol/L hydrochloric acid (12.0 nL), and the m xture was
stirred at mt &tperature for 4 hr. The reaction nixture was added to
saturated aqu " sodi um hydrogen /5 carbonate, and the mi xture was
extracted with ethyl acetate. The extract was washed with saturated brine,
dried over ous magnesi um sul fate, and concentrated under reduced
pressure. sidue was purified by silica gel colum chromat ography
(eluent: hexapeket hyl acetate=10/1-+1/3) to give 20 the title conpound as a
colorless oil el d: 203.6 ng, 66% . 1H NVR(CDC13)8:1.18(3H %),

1.33(3H, %), 13934 d, J=6.2Hz), 1.98(1H,d,J=5.8Hz), 3.82(1Ht,J=5.8Hz),
3.96-4.09(1H ] 7. Y1 (1H dd, J=8.5, 2. 1Hz), 7.85(1H, d, J=8.5Hz),

7.91(1H,d, J=2. 1¢k). Exanple 40 25

4-[(2S, 35) - 3- hydr oxy- 2- met hy1- 5- oxopyrrolidin-1-yl]-2-

(trifluoromet hyl 3 beniagnian idfe dinweopoopy BROIE4RCTAIP200B/ DB 4BU0 (GHITNF

To a solution of o i .

4- (23, 35) "85 (Y&IBLT di’Bethyd T IRTPREY)H L 2 EREPRTASEANS RSP e $23 FLro.
(trifluorotethyb) Henzas tadidee @bopdigy. | Mftlerl EhéS50omb) et addetied

t et rabut yl ammonj um fluoride-Tl-1F solution (20.0 niL, 1 nol/L), and the

m xt ure hadrePYiteRdditicodm thApBiREWre Wagr starped Fhe T&&CEPSENI Mkt ure was
added to \A@hsge%@é}sﬁclme aMs¥li UE GoMBSTE XIdrACed 4wl { Bs es oyl 3 a6R1R%&—2The
extract was washed wi'th saturated brine, dried over anhydrdus magnesi um
sul fate, ahdthel cormsemvracdddindéryl Berroeaigraedsud €00 The) rigsiTdife (Raé
purified by sili | . col um _chromat.ggr aphy (el uent: hexane/ et hyl _
acet at e=30 i‘ﬁ%?a oedgi vé)pf”ﬁ(sagt i ?ﬁq% %%npngl}%ﬁggswgs cic:)lll%tf ee%sSt&rll%FyFEI d:
1.42 g, 35%ec HdNYREE0013)E6dt BdddH, 0l 1586 mBlZ has La&ddd HisbpliadeT HE) ~76%,
2. 71(1H, dd, J=17. 4, 5. 4Hz), 2.88(1H, dd, J=17. 4, 6. 8Hz%, 4.37- 4.50(1H,m,
4.57- 4. TO( 3rginyhe mirtureggasHipyther otizregy ay, my8°Etenpi38°qifor 1 hr.

Acetic acid (1.0 mL) was added to the reaction mixture, and the

mixture was warmed to room temperature. Water was added, and
the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magnesium

15 sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=20/1— 1/4) to give the title compound as a
colorless solid (yield: 6.7 mg, 6.0%).
1H—NMR(CDC13)8:1.1O(3H,t,J=7.5Hz), 1.32(3H,d,J=6.0Hz), 1.61-

20 1.80(1H,m), 1.81-1.98(2H,m), 2.53-2.66(1H,m), 4.26-4.42(2H,m),
7.56-7.70(2H,m), 7.93(1H,d,J=1.5Hz).
mp:109-110°C.
Example 34
4-[(35,45,5S)-3-benzyl-4-hydroxy-5-methyl-2-oxopyrrolidin-1-yl]-

25 2-chlorobenzonitrile
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4-1(23, 33, 43) - 3- hydr oxy- 2, 4-di met hy1- 5- oxopyrrolidin-1-y11-2-
(trifluoronethyl)benzonitrile OH 200NF A sol ution of diisopropylam ne

(0. 860 nmiwoino9nid23¢30 nL) was cooled to -78C, and n-but prisptosinsdsexane
solution (3.64 n., 1.6 nol/L) was added dropw se. After the conpletion of
t he dr op 3y aqditiogy the mxture was stirred at -78C for 1 hr. 25
Subsequent | ad soNuti.on of 4-[(25, 3S)-3-hydroxy-2-nethyl-5-

W2009/ 020234PCTOP. 064500
oxopyrrolidin- 13 2:(t+i fl uoronet hyl ) benzonitrile (661 ng) in THF (5.0
m.) was added dropw $e, and the m xture was further stirred at -78C for 1
hr. | odonet hane (0. 75 nm.) was added dropwi se at -78C, and the m xture was

further stirred at 3¢ 5 for 1 hr. Acetic acid (3.0 nL) was added to the
reaction mxture, # he m xture was warned to roomtenperature. Water was
added, and the m xtufé wgs extracted with ethyl acetate. The extract was
washed with saturateg, brine, dried over anhydrous magnesi um sul fate, and
concentrated under réduced /o pressure. The residue was purified by silica
gel col um chr orat syrdpion &l dehsophexalaaliaehy(0 . 366t mb e =r0/THEA 1(B3)nLh 0 gi ve
the title conmpound a riess solid jeld: 442.9 63. 79

IH VR COCTSS Bo0 e, e 198 s o Pusp SR Sedierte SP1uBToh. add Ayt

2. 64- 2. 81( 1t ol AL)2 WMakHadded Jafo@yils 2., 5 A6LEz) thé. 38mplldt ibrb bElbhe) ,

7.77-7.87(1H,m, 7.90-8.00(1H n), 8.20(1H, d,J=2.3Hz). n_;p:82-85C. Exanpl e 42
2- chl or 05 44FPBGL &5 )addifyi@nex yhe-WettHire Aagxetsrred at -78°C for 1 hr.

azaspi r o[ 2sgdbeterm-1%/,] ReVgPREI&A | & H AN o-4-[ (25, 35) -3-hydroxy-2-
methyl-5-oxopyrrolidin-1-yllbenzonitrile (100 mg) in THF (2.5

mL) was added dropwise, and the mixture was further stirred at -
78°C for 30 min. A solution of benzyl bromide (0.16 mL) in THF

10 (1.5 mL) was added dropwise at -78°C, and the mixture was further
stirred at —78°C to -30°C for 1 hf. Acetic acid (1.0 mL) was
added to the reaction mixture, and the mixture was warmed to
room temperature. Water was added, and the mixture was
extracted with ethyl acetate. The extract was washed with

15 saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=50/1—> 1/2) to give the title compound as a colorless
solid (yield: 40.8 mg, 30.0%).

20 'H-NMR(CDC13)8:1.25(3H,d,J=6.6Hz), 1.48(1H,d,J=4.2Hz), 2.58-
3.04(2H,m), 3.25-3.36(1H,m), 4.11-4.24(1H,m), 4.25-4.36(1H,m),
7.21-7.40(5H,m), 7.51-7.61(1H,m), 7.61-7.68(1H,m),
7.88(1H,d,J=2.1Hz).
mp:99-101°C.

25 Example 35
2-chloro-4-[(2S,3S,4S)-3-hydroxy-2-methyl-4- (2-methylprop-2-en-
1-yl) ~-5-oxopyrrolidin-1-yl]lbenzonitrile
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To a sol ution of

4-[(6S, 75)-7-(tertbutyl di nmethyl silyl oxy)-6-mnmethyl-4-oxo-5-azaspiro[2.4] hept
-5-y1] - 2wohbewvmbsazonitrile (89.0 ng) in a mxed sol veRCTOP2008B645¢06 ni)
and nethang] (6 nL) was added 6 nol/L hydrochloric acid (4.0 nL), 25 and
the m xture stiroled at roomtenperature for 18 hr. The reaction m xture
was added t f ed aqueous sodi um hydrogen carbonate, and the m xture
was extracted wyth ethyl acetate. The extract was washed with saturated
brine, driedp ihydr ous magnesi um sul fate, and concentrated under
reduced WO 2009/920234PCTOP2008/ 064500 pressure. The residue was purified
by silica gel col nn chromat ography, and recrystallized from hexane- et hyl

acetate to giveft title conpound as a colorless solid (yield: 48.7 ng,
66% . 5 1H—NI\/R(<}3DC1)15 0.93-1.08(1H n), 1.17-1.37(3H m,

1.37(3H, d, J=6. 4F Hh1-1.72(1H ), 4.34(1H t,J=6.0Hz), 4.39- 4.45(1H m,
7.51(1H. dd, J=8. 6, . 1Hz), 7.66(1H,d, J=8.6Hz), 7.76(1H, d, J=2. 1Hz).

mp: 164- 166C. 10 ExMnpl e 43 2-chl or 0- 4- [ (6S, 7R) - 7- hydr oxy- 6- met hy1- 4- oxo- 5-

azaspi r o[ 2. 4] heph- soigfisan adnidiisppromnN afeing JOl-30PomLbfin THE (15 mL)

4-[(6S, 7R -7-(te 7 o1 (1.26 mL,

but y1 df ot HP ST 5k 6ReE hyt TSR LS Kb ot S ign, ¢

2- chl or obenz6nméd1 /1) v(aﬁﬁ added) dirtpwi 98 xed faelrvent ebmﬁr&icﬁu rdf) taed

met hanol (6 nlL) was added 6 nol/L hydrochloric acid (4.0 nL) and the

M xt ur e 9RSTePVisREAditiesm thapelatwre Wesr stikredTak TEHE oA iREure was

added to SQEHéé&ﬁgﬁﬁgﬂe%P%oigthHW$$“518H¥&r%040%r§§n§é?+ afhig-pLxture

was extracted with ethyl acetate. The extract was mashed wth saturated
brine, drisdthykr>onnpdioed igagnésylibenddndteiland2gomentimtid UAder

duced d ified | i |, col

Chr ot o6y S5y VS ARk B PP ES o Ui RoxdHazethy cheeheh ¢ O T58 BFve the
title cormogﬂﬂ ﬁﬁ: a 6@l or begsomel d-Ghelthiyebdopdre O(0ML0 90X was added

1H NMR(CDC13) 8:'1. 07- 1. 47(4H, ), 1.39(3H, d, J=6. 6Hz) 1.85- 1.95(1H,

3. 77( 1H1®, 9=3P8HEg a4 -FH TH, ﬂmeeslv&iyturesgas 7ftmt(fm Mtirredoag. ol °CH, m .
to -10°C for 1 hr. Acetic acid (1.0 mL) was added to the

reaction mixture, and the mixture was warmed to room temperature.
Water was added, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried

15 over anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate=30/1— 1/2) to give
the title compound as a colorless solid (yield: 111.8 mg, 46.1%).
'H-NMR (CDC13)8:1.32(3H,d, J=6.4Hz), 1.84(3H,s), 2.10(1H,d,J=3.6Hz),

20 2.22(1lH,dd,J=14.0,10.4Hz), 2.68-2.80(1H,m),
2.86(1H,ddd,J=10.4,8.3,4.2Hz), 4.26-4.46(2H,m), 4.88-4.96(2H,m),
7.59-7.69(2H,m), 7.95(1H,d,J=0.9Hz).
mp:110-112°C.
Example 36

25 2-chloro-4-[(2S,3S,4S)-3~hydroxy—-4-isobutyl-2-methyl-5-

oxopyrrolidin-1l-yl]lbenzonitrile

174



30 np: 169-172C. WD 2009/ 020234PCTOP2008/ 064500 Exanpl e 44 2-chl oro-4-j(6S,
7S) -7-hydroxy-6, 7-di met hyl- 4- oxo-5- azaspiro [2.4] hept-5-yl] benzonitrile
CN 5To a wolaymm3af 2-chl oro-4-[(63)-6-net hyl-4, 7- di ox®@CTAP2008/064500
azaspiro[ 2, 41hept-5-yl ] benzonitrile (35 ng) in tetrahydrofuran (6.0 nL) was
1 nmol@di- met hyl magnesi um brom de /tetrahydrofuran sol ution
ce-tooling, and the mixture was stirred at the sane

Brine was /o added to the reaction m xture, and the
d-.wW th ethyl acetate. The extract was dried over
Nm sul fate and concentrated under reduced pressure. The

ifled by silica gel colum chronmat ography

(el uent: hexane/ g /'5 acetate=10/1-94/3) to give the title conpound as a
colorless solid el d: 27.5 ng, 74% . 1H NVR(CDC13)13:0.92-1.05(1H m,
1.07-1.32(3H, m ,~F29%3H $), 1.35(3H,d,J=6.4Hz), 1.44(1H %),
4.14(1H,g,J=6.4Hz), 7.51(1H, dd,J=8.5,2.1Hz), 7.66(1H, d, J=8.5Hz),
7.75(1H,d, J=2. 1Hz N 20 np: 150- 152C. Exanpl e 45
4-1(68, 7R) 7- hy dToxy - Inettilop] of - D% ok bewz-als{i (28], 3S41 bepd~ &yqﬁquaz—

(tr|flu0rOnEth¥i)Pe&f%%k &h%%op 2-en-1-yl)-5-oxopyrrolidin-1-

tenperature for
m xt ure was
anhydr ous magnesi
resi due was pur

yl]lbenzonitrile (22.3 mg) in methanol (3.0 mL) was added

5 palladium/fibroin (12.0 mg), and the mixture was stirred for 48
hr under a hydrogen atmosphere. The reaction mixture was
filtered, and the filtrate was concentrated under reduced
pressure. The obtained residue was purified by silica gel
column chromatography (eluent: hexane/ethyl acetate=50/1—1/1)

10 to give thé title compound as a pale-yellow oil (yield: 4.3 mg,
19.1%).
'H-NMR (CDC13)8:0.97-1.02 (6H,m), 1.32(3H,d,J=6.4Hz), 1.35-
1.53(1H,m), 1.67-1.83(1H,m), 1.90-2.16(2H,m),
2.69(1H,dt,J=7.8,6.0Hz), 4.19-4.43(2H,m), 7.54-7.72(2H,m),

15 7.90(1H,d,J=1.9Hz) .
Example 37
rac-2-chloro-4-[(6R, 7R) -7-hydroxy-6-methyl-4-oxo-5-
azaspiro[2.4]hept-5-yl]benzonitrile

Cl

CN

20 To a solution of rac-4-((6R,7R)-7-(tert-
butyldimethylsilyloxy)-6-methyl-4-oxo-5-azaspiro([2.4]hept-5-yl)-
2-chlorobenzonitrile (140 mg) in THF (5 mL) was added
tetrabutylammonium fluoride-THF solution (2.00 mL, 1 mol/L), and
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WO 2009/ 020234PCT/ JP20081064500 CN To a sol ution of

4-1 (65, 7TR) - 7- (tertbutyl di met hyl silyl oxy)-6-nmethyl-4-oxo-5-azaspiro[ 2. 4] hept
-5-y1] - 2wOtnewd20z3aonet hyl ) benzonitrile (670 ng) in tet Pemyﬂmos/lmacm (12 5
m_) - met han e hydrochl ori c _agi 5. m), _and the

mi xt ure wagl‘gtW’f%%teatwa\'soggﬁf@ﬁ‘ae?ﬁt{ﬁ%‘}/dt rﬁFur%af %d‘raquggﬁs sodi um
hydrogen cazehebade mas aededst 8dibe t®aRited!) BnYt Yhe, makeliddea® Xt ure was
extracted with ethyl acetate. The extract was dried over anhydrous

magnesi um §#fFFageed ovidid etbidenfebierl uider exégactdvps [ Wil resi due

i fi i I Leghy
\z,a\lg:t g'ltJ(raI 3:)%%9%?%& !tkgﬁéll%\?ed% %HF?‘{%; ai(::]{)%oun RX ggg&lﬁgr?uelss %gfl gﬁ (yield:
381.9 ny; ¢8ErentitsiNMRUOOEL3Y8dlcOB- ;ﬂre’&ﬁu&l& m Ihé 44§ Bdud ,whs) phrGed 1. 31-
15 1.45(2H m 91(1 80(1H,d, J=4. 7THz 4.39(1H, q, J=6. 7THz
7. 81(1H(d ¥8’S%'£:Pz (976'?9@("11% §a OIB?%graé’“X?( |l1u$5‘t %%eﬁw/ &Exarrpl e)46
20 4-[ (65, ZéétZﬁ@yﬂ/MX/ﬁyf@é%%e‘l 60191 #2ASHh P;%%lir?d Hheplodayidse-

(trifluoronethyl)benzonitril 2009/ 020234 OP2008/ 064500 To a
sol uti on opolid (yield: 32.3 mg, 32 5%

AP L S e i ot
mL) - met lmand)l 37 83mig, wes 4a1dcied166m-)1/12 (yjmoghkoBi¢lact AJ<63. 0Hz)), 4.3Ad the

' d f d d
yor ogen. cdr BOAL ks -S0A0H: 6 THE &gt i R &, i (M x ur e waS

extracted with(efhyls-3caetate. The extract was dried over anhydrous
nmagnesi um sulfate and concentrated under reduced pressure. The residue was
/o purifiedpby34t13&@8&.gel col um chromat ogr aphy (el uent: hexane/ et hyl
acet at e:SOIE% }Hé}) %\IO give the title conpound as a colorless solid (yield:
152. 3 ny, @31 H31 IMR( CDC13) 15: 0. 97-1. 10(1H, m, 1.20-1.36(3H nm,

15 4-[(4S,5S8)-4-hydroxy-3, 3, 5-trimethyl-2-oxopyrrolidin-1-yl}-2-

(trlfluoromethyl)benzonltrlle

N

F

F
CN F

To a solution of 4-((4S,5S8)-4-(tert-

butyldimethylsilyloxy) -3, 3,5-trimethyl-2-oxopyrrolidin-1-yl)-2-

20 (trifluoromethyl)benzonitrile (232.2 mg) in THF (6 mL) was added
tetrabutylammonium fluoride-THF solution (2.0 mL, 1 mol/L), and '
the mixture was stirred at room temperature for 1 hr. The
reaction mixture was added to water, and the mixture was
extracted with ethyl acetate. The extract was washed with

25 saturated brine, dried over anhydrous magnesium sulfate, and

concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=30/1-1/3), and recrystallized from hexane-ethyl acetate
to give the title compound as a colorless solid (yield: 38.9 mg,

30 22.9%).
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1.37(3H,d,J=6.41-12z), 1.66(1H d, J=6.4Hz), 4.36(1H t,J=6.2Hz), 15
4.48-4.61(1H m, 7.76-7.88(21-i,n), 8.02(1H,d, J=2. 1Hz). np: 155-156C.
Exanpl e W0200%@8234R) - 7- hydr oxy- 6 nethyl 4- oxo 5 azaspi PorarZkeqtsen- y1] - 2-
met hoxybenzonjtril e 20 a sol uti

4-1 (6S, 7R)12 N@%FPE&:?K%:&T@& ﬁ?r%iry]ro%éyvl é@féﬁhwz 41 SOUBL g d55i- LBE D! 4] hept
-5-y1] - 2- gt hoxyhsnzenizhe) | eq (820 mp) (1H) b et vahy grofad, a8, ol Buz et hanol
(8 nl) mas added 6 nol /L hydrochloric aC|d (6 nm), and 25 the mxture was
stirred at/r®dmMHchpEtat/dize: f 6r92(H d,S52uPHEed aqueous sodi um hydrogen

car bonate was %5EH o the reaction mxture, and the m xture was extracted
w th ethyl ate he extract was dried over anhydrous nagnesi um sul fate
and VI)QODQN@Q&S&ECT/JPZOOS/064500 concentrated under reduced pressure.

The residu rifi chr onat ogr.aphy (eI

hexane/ et h Tvgi%ﬂ % % 31 h@gn?t?%PQXﬁﬁéih#} orless
solid (yi e'(@lrlﬂﬁﬂrd?%t 3&%%;&%@@613)8 1.10-1.21(2H m

1.30-1.42(2H, m, 1.39(3 6. 6Hz), 1.78(1H,d, J=5.1Hz),

3.77(1H,d, J=5. 1HzpH 3.93(3H, %), 4.31- 4.41(1H,n), 6. 90( 1H, dd, J=8. 5, 2. 1Hz),
7.54(1H, d, J= , 7.97(1H,d,J=2.1Hz). np:167-169C. io0o Exanple 48

4-[ (63, 7TR) - 6-t hy1l- 7- hydr oxy- 4- oxo- 5- azaspi r o[ 2. 4] hept - 5-y1] - 2-

(trifluor yybenzonitrile CN

CN F

To a mixed solution of 4-[(4R,5S)-4-(tert-

10 butyldimethylsilyloxy)-3,3,5-trimethyl-2-oxopyrrolidin-1-yl)]-2-
(trifluoromethyl)benzonitrile (391.7 mg) in THF (12 mL) and
methanol (12 mL) was added 6 mol/L hydrochloric acid (12.0 mL),
and the mixture was stirred at room temperature for 4 hr. The
reaction mixture was added to saturated aqueous sodium hydrogen

15 carbonate, and the mixture was extracted with ethyl acetate.

The extract was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate=10/1—1/3) to give

20 the title compound as a colorless oil (yield: 203.6 mg, 66%).
'H-NMR (CDC13)8:1.18 (3H,s), 1.33(3H,s), 1.39(3H,d,J=6.2Hz),
1.98(1H,d,J=5.8Hz), 3.82(1H,t,J=5.8Hz), 3.96-4.09(1H,m),
7.11(1H,dd,J=8.5,2.1Hz), 7.85(1H,d,J=8.5Hz), 7.91(1H,d,J=2.1Hz).
Example 40

25 4-[(2S,3S)-3-hydroxy-2-methyl-5-oxopyrrolidin-1-yl]-2-

(trifluoromethyl)benzonitrile
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To a solution of 4-[(6S,7R)-7-(tert- /5
but yl di net hyl si | yl oxy) - 6- et hyl-4- oxo-5-azaspiro[ 2. 4] hept -5-y1] -
2-(trifl vwoanetdryidkbenzonitrile (433.7 ng) in tetrahydr eCuaazmog/664500
m ) -met hanol (12 ok) was added 6 nol/L hydrochloric acid (5 nmL), and the
m xture was stirred at roomtenperature for 18 hr. Saturated aqueous sodi um
hydr ogen car bpnate was added to the 20 reaction m xture, and the m xture
was extraco it Het hyl acetate. The extract was dried over anhydrous
magnesi um sul f gt e and concentrated under reduced pressure. The residue was
purified by si 'a gel colum chromat ography (el uent: hexane/ et hyl

/]

acet at e=30/ 1- ) to give the title conmpound as a 25 colorless solid

(yield: 266. 1H NVR( CDC13) 6: 1. 01(3H, t, J=7. 5Hz), 1.15-1.24(2H m,

1.35- 1.45(2H 11, C1.72(1H ), 1.74-1.89(2H m, 3.89(1H,d, J=4. 9Hz),
4.25(1H, dd, J=8¢R, 2.8Hz), 7.82(1H,d, J=8.7Hz), 7.92(1H, dd, J=8.7, 2. 1Hz),

8.25(1H,d, J=2. 1Hg] .5 sMﬁ)@ggQg@O;Bﬂng‘/}bﬁZ@QQchggSOO np: 106- 110C. Exanpl e
49 2-chl or o- 4- [ (4S, 58) 3, 3-di fi uor 0- 4-'hydr oxy- 5- met hy1- 2-

oxopyrrol i au‘ﬁylrdlyne]t@efrlzsgﬂwﬂ-@xy)a—Z@etslyl S5-oxopyraobidint-iloryldf-2-

(4S,59)-1- hen .

di fl uoro- 4Qﬁrl oxy ogféthglfd%?gp&%%%té ﬁe Sor% ?ilﬁnnHjFi%SoDﬁl%)(gf—"g ﬁ‘ljsiegvere
added ZIﬁCtéyﬁafbtdg/](aixﬁlom@)maﬁﬂucbﬁidMEE( tsoilpbesy| phosphimenpabhad) pnida (34
ng), and the /o mxture was stirred at 100C for 4 hr. Water was added to

the reacti bhe miitiite WéﬁdthEr‘ﬁﬁixii%rré’%§eé‘i?ﬁif%‘t”é%l 8% K%etByl ZBBtate. The
extract wasegltd £5h en\i%rtuéehwggogédé@w%&a% Eiflétﬁi@%)fc‘?ﬁ% pgated under

reduced pressure. The residue was purif by silica gel colum
chr omat ogr aphyadized eliténethpk anetwitvyl a“dnet axerdCt Iwasl M2)shied giitk the title

d | orl l.id
Th R 00035 B P g sEbed det ity N akiani g sultese. 4281 m
4.23- 4. 30( ibhednt rated( Lhddd, de@uded .pitdbsuré. 74TH4, ghslidthel Ak, purified

7.86(1H, d, J 2. 1Hz).
by silica gel column chromatography (eluent: hexane/ethyl

acetate=30/1->1/3) to give the title compound as a colorless oil
(yleld: 1.42 g, 35%).
'H-NMR (CDC13)8:1.34 (3H,d, J=6.6Hz), 1.84(1H,d,J=4.7Hz),

15 2.71(1H,dd,J=17.4,5.4Hz), 2.88(1H,dd,J=17.4,6.8Hz), 4.37-
4.50(1H,m), 4.57-4.70(1H,m), 7.77-7.89(2H,m), 7.92-7.98(1H,m).
Example 41 ' |
4-[(28,3S,4S)-3-hydroxy-2,4-dimethyl-5-oxopyrrolidin-1-yl]-2-

(trifluoromethyl)benzonitrile

N

F

F
20 CN F

A solution of diisopropylamine (0.860 mL) in THF (30 mL)

was cooled to -78°C, and n-butyllithium-hexane solution (3.64 mL,
1.6 mol/L) was added dropwise. After the completion of the

dropwise addition, the mixture was stirred at -78°C for 1 hr.

25 Subsequently, a solution of 4-[(2S,3S)-3-hydroxy-2-methyl-5-
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20 rap: 133-139C. Exanple 50

4-[ (4R, 5S) - 4- hydroxy-3, 3, 5-tri net hyl- 2- oxopyrrolidin-I-yl]-2-
(trifluorwoebiwi2disenzonitrile WO 2009/ 020234PCT/ JP2008POGABDOS/BN500 To
a solution_of . . . .

4-[ (4R, 55) SARY VDY ar el myT S A 8Pty sl benaityile. dR8hyFIbi 1 n- 1-
yl]-2- (trifikues aredhyvhBeadasd tdidvis391 afdMBhe | i t@iFaedr ehutper (12 5
m.) - met hanol (12 nmL) was added 6 nol/L hydrochloric acid (12 nL), and the
m xt ure wastsryed et at’8f©oinn dimpar at Gpdohethandr (0.Vigt af.) wags aaftitatl t o t he
reaction mpxture, and the.m xture was extracted wi.th ethyl acetate. .The
extract Wa%r%éj"i“és (?\?Cer%gn("ﬂyc?rn&‘uuéc%ﬁaaﬁés'i‘lﬁ%%ﬁ Sfé‘]trécthgﬁds%ﬁﬁ%%ta}tat 2763 ;ernder
reduced pressul err .Th@ceBicesciliie(vds mr whiseddbyd std itte gelacedbum _
ki F IR I e KRR
1H NVR( CDGl34 & ddekB( 3HaPtne ImB3idd Has bx8263Eed. Wwith 2yl acetate.
1.98(1H,d, J=5.8Hz), 3.82(11-i,t,J=5.8Hz), 3.96-4.09(1H ny, 15

7. 11( 1H, ddThegg ractHyps 7agiigd Wid ) sethrakey, byima  tiiediegetHz) . Exanpl e
o1 2-chl or gared (s g:@)gﬂé[s?@g %‘hﬁfjagc}’e‘(%{ YW 2oR%GRVEL A Urldrel ¥t BEgZON trile
but yl di et pyéssund OxThe2res e Sraax gurirakidby- b1 Yilda Zrelckbaumhenzoni tril e
(366 ng) in tetrahydrofuran (5 nL)-nethanol (5 nl) was added 6 nol/L
hydroch|Org%rqmngqquﬁy)}eé@@pq;“@exane/ethyl acetate=10/1—->1/3) to give

the title compound as a colorless solid (yield: 442.9 mg, 63.7%).

'H-NMR (CDC13)8:1.34 (3H,d, J=6.9Hz), 1.35(3H,d,J=6.4Hz), 1.95-

2.06(1H,m), 2.64-2.81(1H,m), 4.21(1H,ddd,J=9.2,7.2,5.4Hz), 4.35-
15 4.51(1H,m), 7.77-7.87(1H,m), 7.90-8.00(1H,m), 8.20(1H,d,J=2.3Hz).

mp:82-85°C.

Example 42

2-chloro-4-[(6S,7S)~7-hydroxy-6-methyl-4-oxo-5-

azaspiro[2.4]hept-5-yl]lbenzonitrile

Cl
20 CN
To a solution of 4-[(6S,7S)-7-(tert-
butyldimethylsilyloxy)-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl]-
2-chlorobenzonitrile (89.0 mg) in a mixed solvent of THF (6 mL)
and methanol (6 mL) was added 6 mol/L hydrochloric acid (4.0 mL),
25 and the mixture was stirred at room temperature for 18 hr. The
reaction mixture was added to saturated aqueous sodium hydrogen
carbonate, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over

anhydrous magnesium sulfate, and concentrated under reduced
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W)2009/ 020234PCTOP2008/ 064500 mi xture was stirred at roomtenperature for
18 hr. Saturated aqueous sodi um hydrogen carbonate was added to the

reacti on woxoaweg23and the m xture was extracted w th et Rgr/Jazes/at4s00 The
extract was dried ov anh)édrous ma | fate,and 5 concentrated under

esi
educed pr BESTFEFE Tha Heo P dE Ral DM b P s L bt i (&
chr onat ogr an%&@qﬁﬁhyheéﬁae&eébyétﬂqqtz@he'f%e{nlhé%& ~dthal WReltheet t&1 €
ny

conpound as a colorless solid (yield: 221

1H NVR( CDCIRYS: th®{idH e compognd| 2y a tgpriesg( spilig, (Vieslgl: /4§.7. 88( 1H, ),
1.97(1H, brgﬁ 2.55(1H, dd, J=18.0, 1. 21-1z), 3.01(1H dd,J=18.0,5.9Hz),
4.08(1H, dd b 3,3.0Hz), 4.32- 4.40(1H m, 7.59(11-i,dd,J:8.7,2.1FE),

; Gﬁl(lH ﬁ4JJ[F81MWE)RD>CAleR)8}D( EHHQI 082111{11& - mgﬂl?si%@%,m)w Exanpl e 52
chl or o- e [.oxy-4-mnme - 5-
oxopyrrol i Elr%??&iﬂl(i bTer‘?zéﬁIl Srhegl'&t ¥ ofl- éﬁ Wi’én{fr%&ﬁzém ﬁe3?0 208

m) in 20 heis CiﬁOfsz%'i ﬁﬁ al) Y@ S opqﬁ%c)i te, 6&391 &, HuH W)t hi um hexane
solution (0.88 ) m) L was added dr opwi se, and the mxture was

stirred for. 16h1rH CAJsTZI lltﬂlzmq of 2-chl oro 4-

[ (2S, 3R) - 2- etg#_- 3-(%%dr oxy-5-oxopyrrolidin-|-yl]benzonitrile (145.5 ng) in
tetrahydro‘?‘%r (]26 } was added dropw se and the 25 m xture was stirred at
- 78C foto 1ERsmp¥e 48 uti on of iodonethane (0.176 nL) in tetrahydrofuran (2
nm) was added dropwi se at -78C,  and the m xture was stirred at -78C for 30

mn and at 208 ¥HrCF0 b 7%t‘@rh¥\%%°’%}tfc§e&ett8ﬁﬁé P¥ATIT on mixture, and the

m xture wag,ext{actLed 1\ tg eLhY  pacRIAlg11Ehe extract was dried over
VD2009/ 02023 CTogEgooé 064500

Cl

CN
To a solution of 4-[(6S,7R)-7-(tert-

15 butyldimethylsilyloxy)-6-methyl-4-oxo~-5-azaspiro([2.4]hept-5-yl]-
2-chlorobenzonitrile (65.7 mg) in a mixed solvent of THF (6 mL)
and methanol (6 mL) was added 6 mol/L hydrochloric acid (4.0 mL),
and the mixture was stirred at room temperature for 1 hr. The
reaction mixture was added to saturated aqueous sodium hydrogen

20 carbonate, and the mixture was extracted with ethyl acetate.

The extract was washed with saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography, and recrystallized from hexane-ethyl acetate to

25 give the title compound as a colorless solid (yield: 42.0 mg,
90%);

'H-NMR (CDC13)8:1.07-1.47 (4H,m), 1.39(3H,d,J=6.6Hz), 1.85-
1.95(1H,m), 3.77(1H,d,J=3.8Hz), 4.33(1H,q,J=6.6Hz), 7.59-
7.71(2H,m), 7.99-8.01(1H,m).

30 mp:169-172°C.
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anhydr ous magnesi um sul fate and concentrated under reduced pressure. The
resi due was purified by silica gel columm chromatography (el uent:

hexane/ etwol20&uetze=50/ 1- +1/3) to give the title conpolrod/JaxIs0ESHI0Or | eSS
solid (yie d 5¥% Ut 37% . 5 1H NVR(CDC13)8: 0.90(3H,t,J=7.5Hz),

1.39(3H, d, EFY; ), 1.48- 1.65(1H,m, 1.80-1.95(1H n), 2.25(1H d, J=4.5Hz),
2.55-2. 67(2#&m@ro&189{ 3399(52H7nmyd170 (6], H~dd md EBy by £-&dz )5~

7.67(1H, d, J=8. 5Hz) 69(1H.d, J np: 120- 123C. /o Exanpl e 53

2-chl oro- 43F?§E?%5¥1éﬁ8@&9153¥thﬁ%&¥¥%36%€pyrroI|d|n 1yl ] benzonitrile CN
To a solution of 4-[(2S,3S)-3-(tert- 15

butyl di met hyqi | yloxy)-2-ethyl-5-oxopyrrolidin-1-yl]-2- chlorobenzonitrile
(550 ng) in tetrahydrofuran (3 nmL)-nmethanol (3 nl) was added 6 nol/L

hydr ochl ori_c_aci g.., (4 m), and the mxture was stirred at roomtenperature
for 72 hr.©
reaction zo mxture, and the m xture was extracted with ethyl acetate. The
extract was dried, over anhydrous magnesi um sul fate and concentrat ed under
reduced press The residue was purified by silica gel columm

chr omat ogr aph eMygnt : hexane/ et hyl acetate=10/1-*1/3) to give the title
conpound as a clolorless 25 solid (yield: 93.3 ng 249 .

1H NVR( CDC13) 8:CN 02(3Ht J=7.3Hz), 1.69-1.82(3H m

2.67(1H, dd, J=16. 2.85(1H, J=16. 8,
4. 62(4 A3(1H M), Tg@/ Ht&"ﬁ %% Eﬁ%dlef%ﬁ“i §5§?;§r‘ﬁ?th3ﬁ1p 41378 2268‘ -
2009/020235553-:@9@8@@ﬁé§905§?9ﬁ$&ﬂ%6¥ﬁﬁ%ﬂqglQBQ ) [1A:¥§tr%8bdrofuran

-2-ethyl-3 hy roxy 5-oxopyrrolidin-1- -3- methy Ibenzonltrl
was added dropwise 1 mol/L—methylmagne81um bromlde

/tetrahydrofuran solution (1.3 mL) under ice-cooling, and the
mixture was stirred at the same temperature for 1 hr. Brine was

10 added to the reaction mixture, and the mixture was extracted
with ethyl acetate.

The extract was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent:hexane/ethyl

15 acetate=10/1->1/3) to give the title compound as a colorless
solid (yield: 27.5 mg, 74%).
'H-NMR (CDC13)8:0.92-1.05(1H,m), 1.07-1.32(3H,m), 1.29(3H,s),
1.35(3H,d,J=6.4Hz), 1.44(1H,s), 4.14(1H,q,J=6.4Hz),
7.51(1H,dd,J=8.5,2.1Hz), 7.66(1H,d,J=8.5Hz), 7.75(1H,d,J=2.1Hz).
20 mp:150-152°C.
Example 45
4-[(6S,7R) -7T-hydroxy-6-methyl-4-oxo-5-azaspiro[2.4}1hept-5-y1]-2-

(trifluoromethyl)benzonitrile
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ON 5To a solution of 4-[(2S,3R)-3-(tert-

but yl di net hyl si | yl oxy) - 2-et hyl-5-oxopyrrolidin-1-y1]-2-chl oro- 3-

met hyl berwortnawizbs4( 650 ng) in tetrahydrofuran (20 nl) - merharmod/o¢i® nl) was
added 6 nol /L hydrochlorlc acid (10 nmL), and the m xture was stirred at
room t enper 'ﬁ‘ 18 hr. Saturated | o aqueous sodi um hydrogen carbonate
was added to reaction mxture, and the mxture was extracted wth ethyl
acetate. The

"""""

1H—NNR(CDC13)§ 0.91(3H,t,J=7.4Hz), 1.33-1.50(1H, M, 1.51- 1.68(1H m,
2.31(3H, %), 2-¢4 >f1H, ),  2.50(1H, dd, J=17.6, 2. 4Hz) ,

2.94(1H,dd, J=17| 6, 6]2Hz), 3.69- 20 3.82(1H, m, 4.31-4.41(1H m,
7.18(1H,d, J=8. 3#¢),F7.56(1H, d, J=8. 3Hz) . np: 153- 155C. Exanpl e 55

2-chl oro-4-[ (25, 35, 45) - 2- ethyl 3- hydr oxy- 4- net hyl-5- 25
oxopyrrolidin- I-@¢]¢mﬁ9&ﬂﬁﬁﬂm pé AW 6HOLTI62A3LRPETOP2008/ 064500 CN

butyldimethylsilyloxy)-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl]-
2-(trifluoromethyl)benzonitrile (670 mg) in tetrahydrofuran (12

5 mL)-methanol (6 mL) was added 6 mol/L hydrochloric acid (5 mL),
and the mixture was stirred at room temperature for 2 hr.
Saturated aqueous sodium hydrogen carbonate was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous magnesium sulfate

10 and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=30/1->1/3) to give the title compound as a
colorless solid (yield: 381.9 mg, 78%).

"H-NMR (CDC13)8:1.08-1.24 (2H,m), 1.41(3H,d,J=6.6Hz), 1.31-

15 1.45(2H,m), 1.91(1H,d,J=1.7Hz), 3.80(1H,d,J=4.7Hz),
4.39(1H,q,J=6.7Hz), 7.81(1H,d,J=8.5Hz), 7.96(1H,d,J=8.5Hz),
8.27(1H, s).
mp:109-110°C.

Example 46
20 4-[(6S,7S)-7-hydroxy-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl]-2-

(trifluoromethyl)benzonitrile

CN F
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To a solution of diisopropylamne (0.111 rl) in tetrahydrofuran (5 nL) was
added dropwi se n-butyllithium hexane solution (0.472 n., 1.6 nol/L) at
- 78C, thewoizreumedwas sti rred s for 1 hr, and a sol uti oRC®iIP2008/064500

2-chloro-4-[(23,3S 1- d -h-oxopyrrolidin-1-yl]benzonitrile
(80 ny) in E((atra %“’r 5@&“&% °p3° ffd_gf ivgéél'a%déé_% ise. Theym] xture was
stirred atbutPledin@th3A sAilRlokpHoset, —@Ooiaos%éaypﬁr@[ctde;q hdpepyi-ge] at

-78C, and the nmixture was stirred at OC for 2 hr. io Acetic acid (0.500 niL)
was added &F bpui HalarenerByl dhenzom i ideur(@09vAt B9) wis ridedhydzedurae (3

m xture wagy pXELALERd }’t’?t HL?tJ?%é Asslflee moIDE ﬁg&f@&’i & ddid (QVE)

anhydrous magnesi um sulfate’ and concentrated un uced pressure ’Th
resi due a/\/aanqbulrhef imeick thyeswh s cat geted altumoonht empe o e qrell@ent. |'s

hexane/ eth acet%f %ﬁ%%/?é;%‘/’%#’i\l veftg_‘lhg‘_ﬂt],£ t@%%ﬁolo%r?ound sj:a %g(laorl ess
solld(yle ) :@F}%Lﬁ% )

1. 30(3H, d, ﬂe'gctzﬂ'&‘) mikt0Pez, 1a88 (it Mixthr@O0wds98kdihMed i34 LHhhLS)

2. 65-2. 81(1H m, 4.08-4.31(2H m, 7.54(1H d,J=8.5Hz), 7.65(1H, d, J=8.5Hz),

20 7. 86(1Fﬁ€$taﬁﬁo 1g@elggcragya drggd over anhydrous magnesium sulfate

(L ED R afa Rdhcert AL ?{dérv%"%%&?%’f%igzéa/ L5 emisrsota8H on

To a solwtpari fifed by silica gel column chromatography (eluent:
4-[(2S,3R) -3-(tertbutyl dimethylsily on%/ - 2-et hyl-5-oxopyrrolidin-1- yl] 2-
(trifl uor ofdgASEYloareErte=3a/ 8214 |h°t%]t‘f%t’6hﬁ' dfiilgncempound as

colorless solid (yield: 152.3 mg, 67%).
'H-NMR (CDC13)8:0.97-1.10(1H,m), 1.20-1.36(3H,m),
1.37(3H,d,J=6.4Hz), 1.66(1H,d,J=6.4Hz), 4.36(1H,t,J=6.2Hz),

15 4.48-4.61(1H,m), 7.76-7.88(2H,m), 8.02(1H,d,J=2.1Hz).
mp:155-156°C.
Example 47
4-[ (6S,7R) -7T-hydroxy-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl]-2-

methoxybenzonitrile

OH

20 CN

To a solution of 4-[(6S,7R)-7-(tert-
butyldimethylsilyloxy)-6-methyl-4-oxo-5-azaspiro[2.4]hept-5-yl1]-
2-methoxybenzonitrile (320 mg) in tetrahydrofuran (8 mL)-
methanol (8 mL) was added 6 mol/L hydrochloric acid (6 mL), and

25 the mixture was stirred at room temperature for 2 hr. Saturated
aqueous sodium hydrogen carbonate was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The

extract was dried over anhydrous magnesium sulfate and
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5 nm)-ethanol (15 nm) was added 6 nol/L hydrochloric acid (15 nL), and the
m xture was stirred at roomtenperature for 18 hr. Saturated aqueous sodi um
hydr ogen warbheneis4was added to the reaction m xture, adetJhmosmwsmre was

extracted with et aIy cet ate. xtract was i ed over anhydrou
s il

magnesi um SOPFEE HGdEEnES W% & TATHEE 1 edUB et PIBES IRE p‘l‘ﬁé%Fﬁgi due
was purifipg Hy1idd igea @ehukl ShForfdt QYFRicPgr QBmMenfem@EHné)@&ﬁF}Q/ et hyl

acetate=6/1-+1/9) to give the title conpound as a colorless solid (yield:
507.3 ng, 5cohaterROMNRG OO NG JLvE0LBH, titEd. &hpourt 4%- &. 561dkleds 1. 69-

1.85(1 1 H, dd, J=18.0, 1. 2Hz
5.501(1H,(d§?§1:ﬁ%.@élﬁz??gi.%ézf%%’d,J:g.3,3.0Hz), 4?32- 4.40(1H, M,
7. 59( 1H, ddHIRACDCLER):,1 . 7066( 2H( 28 308, THA0-174910AHnd, J=2. 1Hz) .

np: 116- 118 Ie 57

(25, 3R L 22 SR ALy GR6ky- b BBkl Baith2d «y3) T Hnstforty BEAEoni tri | o
VO 2009/ 029254P 320084964500 (11, m) ,_ L@03 180kt 598 9f2. 1112)

4-1 (23, 3R) - h&tertbutyl |rrethyIS|I I'o oxy) - 2- ethyl 5- oxopyrrolldln | -y1] - 2-
met hoxybenio t¥i Ak J=B.-08zy) Vnot blH,ahyIﬁZoflﬁﬁén (30 nL)-ethanol (15 nL) was
added 6 mI/thdeT@QEI oric acid (15 nL), and the 5 m xture was stirred at
roomterrpelin%t 18 hr. Saturated aqueous sodi um hydrogen carbonate was
added t o t heam@let480n m xture, and the mi xture was extracted with et hyl
acetate. The extr ct was, dried over anhydrous magnesi um sulfate an

concent r at 8a! LrreR) EaGEBY L bl eR¥IFXY e *Pesr 8A_SALe rrd! fl‘ieé’&‘/BoYH' é7lica

gel col um (ght ONRSQHRBRY ) beh s+ hepane/ et hyl  acet ate=5/1-+0/1) to give
the title corrpound as a coI orless solid (yield: 528.3 ng, 73%.

1H NVR(CDC13).8: 0. 9Q( 3H, t, J=7. 6Hz), 1.40-1.61(1H n), 1.70- 1.87(1H m,
2.01(1H d, J=4|2H7), 2.55(1H, dd, J=18.0, 1. 3Hz), 15 3.01(1H, dd, J=18.0, 6. OHz)
3.94(3H $), 4/08(1H, dd, J=9. 3, 2. 8Hz),

.......

CN F

To a solution of 4-[(6S,7R)-7-(tert-

15 butyldimethylsilyloxy)-6-ethyl-4-oxo-5-azaspiro[2.4]hept-5-y1]-
2-(trifluoromethyl)benzonitrile (433.7 mg) in tetrahydrofuran (6
mL) -methanol (12 mL) was added 6 mol/L hydrochloric acid (5 mL),
and the mixture was stirred at room temperature for 18 hr.
Saturated aqueous sodium hydrogen carbonate was added to the

20 reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous magnesium sulfate
and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate=30/1—1/2) to give the title compound as a

25 colorless solid (yield: 266.1 mg, 83%).

'H-NMR (CDC13)8:1.01 (3H, t,J=7.5Hz), 1.15-1.24(2H,m), 1.35-
1.45(2H,m), 1.59-1.72(1H,m), 1.74-1.89(2H,m), 3.89(1H,d,J=4.9Hz),
4.25(1H,dd,J=8.9,2.8Hz), 7.82(1H,d,J=8.7Hz),
7.92(1H,dd,J=8.7,2.1Hz), 8.25(1H,d,J=2.1Hz).
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4.30-4.39(1H m, 6.87(1H,dd, J=8.5,2.1Hz), 7.53(1H, d, J=8.5Hz),
7.76(1H,d, J=2. 1Hz) np: 138-141C. Exanple 58 20

2- chl or o-WoO[20®8)288) - 2- et hy1- 3- hydr oxy- 5- oxopyrr ol i di n- 1P¢T}PB08/064500

met hyl benzonifrile G4 CN To a solution of

4-(2S, 35)‘1‘%=%(§é“r]t16)u‘(:yl di met hyl si | yl oxy) - 2- et hy1- 5- oxopyrrol i di n- 1- y1] - 2- ch
| oro- 3- 25ex@bdnd benzonitrile (134.5 ng) in tetrahydrofuran (10 m)-

met hanol (5 nil) was added 6 nol/L hydrochloric acid (5 nL), and the m xture
was stirred@lexumhtiddgeral ud 3 & i ner 4 -y nesy o2 Rafisdud ~sodi um

hydrogen cgg rﬁgéifﬁ%ﬁ—ﬁdgg?béﬁkéﬁﬁiri 2009/ 020234PCT0OP2008/ 064500 reaction
m xture, and e mxture S extracted with ethyl acetate. The extract was

dried over anhydrgﬁs magnesi um sul fate and concentrated under reduced
pressure. The(re ue was purified-by silica gel colum chromatography 5
(el uent: hexang/ ethyl acetate=10/1-+1/4) to give the title conpound as a
colorl ess gefid Lyheld: 66.2 ng, 69% . 1H NMR(CDCL13)8:0.94(3H,t,J=7.4Hz),
1.29-1.50(1H, mN 1.55- 1.77(1H m, 1.72(1H brs), 2.32(3H, brs),
2.58(1H,d, J=17,l4Hz), 2.85(1H, dd, J=17. 4, 5. 3Hz),
3. 84-4. 05( 1H, A 57-4.68(1H, M, /0 6.99-7.17(1H m, 7.56(1H, d, J=8.3Hz).
np: 142- 146C. ’

5 CN

To a solution of (4S,5S)-1-(3-chloro-4-iodophenyl)-3, 3-
difluoro-4-hydroxy-5-methylpyrrolidin-2-one (113 mg) in DMF (3.5
mL) were added zinc cyanide (12 mg) and
tetrakis(triphenylphosphine)palladium(0) (34 mg), and the

10 mixture was stirred at 100°C for 4 hr. Water was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous magnesium sulfate
and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography

15 (eluent:hexane/ethyl acetate=30/1—>1/2) to give the title
compound as a colorless solid (yield: 75 mg, 90%).

'H-NMR (CDC13)8:1.44 (3H,dd, J=6.6,1.5Hz), 2.38-2.46(1H,m), 4.15-
4.23(1H,m), 4.23-4.30(1H,m), 7.62(1H,dd,J=8.7,2.1Hz),
7.74(1H,d,J=8.7Hz), 7.86(1H,d,J=2.1Hz).

20 mp:133-139°C.

Example 50
4-[ (4R, 5S) -4-hydroxy-3, 3, 5-trimethyl-2-oxopyrrolidin-1-yl]-2-

(trifluoromethyl)benzonitrile
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[ (23, 33)-2-et hyl-3- hydroxy-5-oxopyrrolidin-1-y1]-2-
rifluoronethyl)benzonitrile OH 15 To a sol ution of

[ (2S, 33yvo2e¢umo13put yl di met hyl si | yl oxy) - 2- et hy1- 5- oxopycraP2ds/nestooy 1] - 2-
trifluoronethyl)benzonitrile (7.76 g) in tetrahydrofuran (60 nlL)-ethanol
(30 nmL) was ded,®8 nol /L hydrochloric acid (60 nL), 20 and the m xture was
stirred at ro enperature for 18 hr. Saturated aqueous sodi um hydrogen
car bonat e was/ ad ed to the reaction mxture, and the m xture was extracted
wi t h et hyl Oace "The extract was dried over anhydrous magnesi um sul fate
and concentrat ed under reduced pressure. The residue was 25 purified by
silica gel caokdma chromat ography (el uent:hexane/ethyl acetate=50/1-+1/4),
and the obt ai solid was recrystallized fromethyl acetate/hexane to give
the title con : Fa colorless solid (yield: 2.36 g, 42%. WO

2009/ 020234PCT/{JP20Q8F064500 1H NMR(CDC13) 8: 1. 03(3H,t, J=7.5Hz),
1.70-1.86(3H mcN 2. FO(1H, dd, J=17. 4, 4. OHz) , 2 87(1H, dd, J=17. 4, 6. 6Hz), 4.15-
4.24(1H, m, 4.66-4.75(1H m, 7.73(1H dd,J 5,2.1Hz), 7.85(1H,d, J=8.5Hz),
7.86(1H, d, J=2. 1+59 .2 sokgtion 9@2@7[%@@ e46®tert-

4-1(2S,3S, 4 - i pyreol i din=1-¥1l3_,17-5-

2- (trlfluoroﬁg&%%egﬁ'%%ég ?é??g %55F§|¥&%métﬁ§9 2 é§gé§¥f&lﬁd&% 1-yll-2
(trifluoromethyl)benzonitrile (391.7 mg) in tetrahydrofuran (12

4-
(t
4-
(

5 mL)-methanol (12 mL) was added 6 mol/L hydrochloric acid (12 mL),
and the mixture was stirred at room temperature for 4 hr. Water
was added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The extract was dried over anhydrous
magnesium sulfate and concentrated under reduced pressure. The

10 residue was purified by silica gel column chromatography
(eluent: hexane/ethyl acetate=10/1-—1/3) to give the title
compound as a colorless oil (yield: 203.6 mg, 71%).

"H-NMR (CDC13)8:1.18(3H,s), 1.33(3H,s), 1.39(3H,d,J=6.2Hz),
1.98(1H,d,J=5.8Hz), 3.82(1H,t,J=5.8Hz), 3.96-4.09(1H,m),

15 7.11(1H,dd,J=8.5,2.1Hz), 7.85(1H,d,J=8.5Hz), 7.91(1H,d,J=2.1Hz).
Example 51
2-chloro-4-[ (2S5, 3R)-2~-ethyl-3-hydroxy-5-oxopyrrolidin-1-

yllbenzonitrile

Cl
CN
20 To a solution of 4-[(2S,3R)-3-(tert-
butyldimethylsilyloxy)-2-ethyl-5-oxopyrrolidin-1-yl}-2-
chlorobenzonitrile (366 mg) in tetrahydrofuran (5 mL)-methanol
(5 mL) was added 6 mol/L hydrochloric acid (5 mL), and the
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ioTo a solution of diisopropylamne (0.603 nL) in tetrahydrofuran (8 nlL)
was added dropw se n-butyllithi um hexane solution (2.56 nL, 1.6 nol/L) at
-78C, thewoizrevmedwas stirred for 1 hr, and a sol uti on ®CT/JP2008/064500
4-1(2S, 3S)-2- et hyl-3- hydroxy;- 5:

oxopyr r ol | BERCRY {32 ErTPRuBF Ry SIRGTASHEE: £ FadeF mg)Satrased

t et r ahydr obgtiadug Gsdtumvaydadged 5B whe aAHXEUES Was &lddtied at - 78C
for 30 min,  iodonmethane (0.510 nL) was added dropw se at -78C, and the

m xture waBldtPFeednd the méxturarvawidgiastafnBatineehyoraqedasdsl-ut Tba was

added 10 1 BErERACIIAD dPiEUIEGer ARth AUl KLU IAR S EAC e th et !

acetate. The 20 extract was drie er anhydrous nmagnesi um sul fate and
concent r at ednaederatres wnegrpredsoed. pridesuresi dlieewass jpdue fwaed poyifikdca gel

col utm chr omat ogr aph el uent: hexane/ et hyl acetate=30/1-*1/4) .and further
ur i 11 ed bV KAk Zogam PE G By (BTHERE: Ry

acet at eﬂ%éa&ééélmgw%% t%-e,et Ithlee +§ @ TROMAEL Gthf 460k0ELESS1894 1 d
(yield: 66.5 3% . 1H NWVR( 13)8: 1. 01 (3H,t, J=7. 5Hz)

’ 1 . ’
1.32(3H,d,§9?ggHKz})%elﬁ=63211.28lwrll—§ )-1.83-2 .00(2H, M, 2.62-2.82(1H m,

4.19-4.37(2H, 2(LH, d.J=8. 5Hz) -, .7, 89(;1H.dd, J58. 5, 2. 1Hz) ..
8.09(1H,d,@%—‘zc)gpﬁﬁ)p&h?p%fgCérg% 9/ dzgészdipé%gb‘gdb?g/ e 00 Exanpl e 61
4- [ (23 3SB54B),m)7- at.9¢118; bysly ox¥-55 (1et, il J518x0pYyr2md)i, di n-1-yl ] -

2- met hoxybgnzonitrile _ST ol ution of dijsopropylamne (0.291 L) in
tetrahydroguﬁgﬁié€é4ﬂffl§a§'§d§%a>dr_xﬂﬂ@%ﬁ'ﬁgbﬂf9r i $HRARhécade sol ution
(1.24 m, 3. 9000/, 3t 59(8Q, aline-ai xturgMas 7skbigdy f g Hyy, and a

sol ution of 4-%(28,38)-2-ethy1-3-hydroxy-5-

oxopyr rol i di A1 (1§14 ,-2=2vdHadxybenzonitrile (206.5 ng) in 10 tetrahydrof uran
(6 nL) was adgfg_gf W se. The m xture was stirred at -78C for 30 mn,
iodonethan@p( 24 J was added dropw se at -78C, and the m xture was

stirred:at ERGnpde 52 hr. Aqueous ammoni um chl ori de sol uti on was added to the
reaction n%xture, and the _m xture was extracted with ethyl acetate. The /5
wa

extract ~gR 1 REP TVelr{ 23 A d f B U TRigHEST A YSEPRET & Bfih ) omtent r at ed under

reduced prggsyyerolhite n-askayseMasy, PFifd ed by silica gel colum
chromat ogr aphy (el uent: héxane/ethyl acetate=30/1->1/4) to give the title

conpound as g col @H ess

Cl
CN

A solution of diisopropylamine (0.208 mL) in
20 tetrahydrofuran (8 mL) was cooled‘to ~-78°C, n-butyllithium-hexane
solution (0.885 mL, 1.6 mol/L) was added dropwise, and the
mixture was stirred for 1 hr. A solution of 2-chloro-4-
[ (25, 3R) -2-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl]lbenzonitrile
(145.5 mg) in tetrahydrofuran (2 mL) was added dropwise and the
25 mixture was stirred at -78°C for 1 hr. A solution of iodomethane
(0.176 mL) in tetrahydrofuran (2 mL) was added dropwise at -78°C,
and the mixture was stirred at -78°C for 30 min and at 0°C for 30
min. Water was added to the reaction mixture, and the mixture

was extracted with ethyl acetate. The extract was dried over
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solid (yield: 108.8 ng, 50%. 1H NVR(CDC13)5:1.00(3H,t,J=7.5Hz),

1.31(3H,d, J=7.2Hz), 1.62- 1.82(1H m, 1.81-2.00(1H m, 1.91(1H, d, J=5.1Hz),
2. 65- 2. 79¥0HPY0208493(3H, $), 4.15-4.33(2H, n), 6. 84(1H, decTAB2B$/064904z) ,
7.53(1H,d, J=8.5Hz) . 7. 72(1H d, J=1. 9Hz) . np:78-81C. 25 Exanple 62

7 onl or o iptuetBly diofitetth e Tea il e BnkealifreddudiiReSd8e ot ben
zonitrile pYés2009/ 02034BcTAIEP2PD8/AH4F0@d by silAcsodel icylugh

2-chl or o- 4-i odo- 3- net hyl benzonitrile (1.29 g),

(43, 5S) - 4- GhaemadedraRly rethghpyrietanti/ethydnacesaveny)/1>1/3) to give

4, 5-bi s(di PH?WiM%ﬁ%gfgg[?i@J@g ?%%Eﬁg)@f@’l@)w% mg, 37%)

tris(di benzylideneacet adi and cesium car bonat e
(1.86 g)s i H-NMRk(diDaRgri 0.9 0nB)H, vas=1i ),y 1seal(ed, dame7 141z )i Rt.UuBe was
stirred at.1 or, 3 hr, usi ].Cr owaye tor. T eact Lon, e was
filtered thr%géﬁ's“i‘)m ch el ,-ggrﬁght‘ﬂb' f%ﬁ@?@%@%gﬁéém w080 Ui
reduced presso®.odifme, mfsi due2 10u vas, pur.isf peduby, svl 6Taiiged, 5o8l.801),
chromat ography (eluent: ethyl acetate/ hexane=30-+70% basic silica gel
eIuent:eth?+6%é%ﬁéﬁwgﬂ%eﬁﬁﬁé130-+80@©, and the obtained solid was
recrystall%zeﬂ%éj °Ethyl acet ate/ hexane to give the title conmpound as

col orl ess c?ys al's"(yield: 603 ng, 56% . 15

1H NVR( CDCESaplle (B 3H, d, J=6. 6Hz), 1.52(3H,$), 1.68(1H brs), 2.33(3H $),

: ' : -7.1 H 7. 1H =8. . nip:
562753Tt?)%&gmﬁgéiggﬁgééﬂBE)QQ—eth§¥— Jﬂyh%oxy§g£oxé£§égo éﬂjﬁll_nlp
4-[ (23, 35) yBrhve dhi-rd 13- di met hy1- 5- oxopyrrol i di n-1-y1] - 2-

(trifluoronethyl)benzonitrile COH
OH

cl
CN

To a solution of 4-[(25,38)-3-(tert-

15 butyldimethylsilyloxy)-2-ethyl-5-oxopyrrolidin-1-yl]-2-
chlorobenzonitrile (550 mg) in tetrahydrofuran (3 mL)-methanol
(3 mL) was added 6 mol/L hydrochloric acid (4 mL), and the
mixture was stirred at room temperature for 72 hr. Saturated
aqueous sodium hydrogen carbonate was added to the reaction

20 mixture, and the mixture was extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent:hexane/ethyl
acetate=10/1->1/3) to give the title compound as a colorless

25 solid (yield: 93.3 mg, 24%).
'H-NMR (CDC13)8:1.02 (3H,t,J=7.3Hz), 1.69-1.82(3H,m),
2.67(1H,dd,J=16.8,3.9Hz), 2.85(1H,dd,J=16.8,6.9Hz), 4.06-
4.18(1H,m), 4.62-4.73(1H,m), 7.40(1H,d,J=8.5Hz), 7.59-7.72(2H,m).
mp:138-140°C.
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0" W2009/ 020234PCT/ JP2008/ 064500 Usi ng
4-i0do-2-(trifluoronethyl)benzonitrile (958 ny),

(43, 53) - awbydesnzy234, 5- di et hyl pyrrolidi n-2-one (500 ng) PC#/JB2008/064500
bis(diphenglgﬂgggggno)-9,9-dinethylxanthene (286 nm),

tris(di benz¥ é%etone)dipalladiun(O) (148 ng) and cesium5 carbonate
(1.55 g), 2nehidrd-e [S28e3RRANest ialhgmw e563x0 diitdie-gogpound was
obt ai ned as coIorIesé%c??sfgls (;?gkd: 08 ng, 529@§§¥% ey

1H NVR( CDCI8Y gy loedrosditgide6. 6Hz), 1.54(3H, $), 1.93(1H $),
2.65(1H,d, J=17. 21-Jz), 2.82(1H,d,J=17.2Hz), 4.14(1H g, J=6.61-12z), 10

7. 78( 1H, dd, J=8. 7 HoHz) , 7.85(1H,d, J=8. 7Hz), 7.92(1H,d, J=1.9Hz).

rap: 134- 137C yl acet at e/ hexane). Exanple 64

4-[(23, 3S) - 3-nydpox

nethoxyben?oni ile\ 15 Usi ng 4- brono-2- net hoxybenzonitrile (684
nmy), (4S,5S)-4-| hydrioxy-4, 5-di net hyl pyrrolidin-2-one (500 ng), 4,5-

bi s(di phenyl pirosphi no) - 9, 9- di net hyl xant hene (286 ny),

tris(di benzyl eacet one) di pal | adi um{0) (148 ng) and cesium 20 carbonate
(1.55 g), ano g sanme manner as in Exanple 62, the title conmpound was
obt ai ned as a ciol orl ess anorphous solid (yield: 410 ng, 48%.

1H NVR( CDC13) 8:CN. 27(3H, d, J=6. 4Hz), 1.52(3H,$), 1.97(1H, %),
2.63(1H,d,J=17.0Hz), 2. 79(1H, d J=17.0Fg%p23.93(3H,$), 25

4. 08( 1H,%, J=6. 4H9 @ godatipngal s4sl 25 By~ (FSEST 1H d, J=1. 9Hz)

7. 54( 1H, d, dx8y Ridge t y@WB4 P 8y POALMHPIE-5-0xopyrrolidin-1-yl]-2-chloro-3-

methylbenzonitrile (650 mg) in tetrahydrofuran (20 mL)-methanol
(10 mL) was added 6 mol/L hydrochloric acid (10 mL), and the

mixture was stirred at room temperature for 18 hr. Saturated

10 aqueous sodium hydrogen carbonate was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent:hexane/ethyl

15 acetate=10/1->1/9) to give the title compound as a colorless
solid (yield: 227.1 mg, 49%). _
'H-NMR (CDC13)8:0.91 (3H, t,J=7.4Hz), 1.33-1.50(1H,m), 1.51-
1.68(1H,m), 2.31(3H,s), 2.44-2.55(1H,m),
2.50(1H,dd,J=17.6,2.4Hz), 2.94(1H,dd,J=17.6,6.2Hz), 3.69-

20 3.82(1H,m), 4.31-4.41(1H,m), 7.18(1H,d,J=8.3Hz),
7.56(1H,d,J=8.3Hz).
mp:153-155°C.
Example 55
2-chloro-4-[(2S,3S,4S8)~-2-ethyl-3-hydroxy-4-methyl-5-

25 oxopyrrolidin-l-yl]lbenzonitrile
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Exampl e 65 WO 2009/ 020234PCTOP2008/ 064500

2-fluoro-4-[(25, 3S)-3-hydroxy-2, 3-di met hyl-5- oxopyrrolidin-1lyl]-3-nmethyl ben
zoni tril ewOoUlsINM02B4br ono- 2- f | uor o- 3- net hyl benzonitril e ECBAPIHS/P64500

(45, 55) - 4- hydr oxy- 4, 5-di et hyl pyrrolidin-2-one (350 ng), 4,5-

bi s(di phenyl hospﬁﬁno) 9, 9-di net hyl xant hene (200 ng),

tris(dibenzyli eacet one) di pal | adi um(0) (103 ng) and cesium carbonate
(1.08 g), and/in\he same manner as in Exanple 62, the title conpound was
obt ai ned a9 cohgt | €4s crystals (yield: 376 ng, /0 63%.

1H NVR( CDC13) 8:[1. 05('3H, d, J=6. 6Hz), 1.51(3H,$), 1.81(1H $),

2.20(3H, d, J- 5P 2.66-2.66(2H,n), 3.99(1H, q, J=6. 6Hz) ,

6. 98(1H, d, J= 7.48(1H,dd, J=8.1,7.0Hz). np: 138-141C (et hyl
acetate/hexan~ »mExaane 66

2-chl oro-4-[ (25, 35)-2-ethyl-3-hydroxy-3-nethyl-5-oxopyrrolidinl-yl]benzonit
rile Using 4-br@no-2-chl orobenzonitrile (459 ng), (48,55)-5- 20

et hyl - 4- hydr oxy- 4- net hyl pyrrolidin-2-one (350 ng), 4, 5-

bi s(di phenyl phoskhisn®latgodi aet dhiyd seRmoms] 180 Qg}ll mL) in

tris(dibe e II i (929
o) and | CHE RLRrran o B ALYk edelins Wt ITL IR RORL %
crystals. (yleld. 318 mo. 6 | Mm‘c’;&‘?‘éo‘é’%%i Em“ *ﬁ@%ﬁaﬁﬁ?@éq?&ff 12),
crystals ie ny, z
1.38(31-1, %‘? b4 hip. apdga iPﬂ%lorioe%ZI%&PiPrﬁj[ 4%‘% th¥3730Hy)

hydroxy-5-oxopyrrolidin-l-yl]lbenzonitrile (80 mg) in

tetrahydrofuran (3 mL) was added dropwise. The mixture was
stirred at -78°C for 30 min, iodomethane (0.100 mL) was added
dropwise at -78°C, and the mixture was stirred at 0°C for 2 hr.

10 Acetic acid (0.500 mL) was added dropwise to the reaction
mixture, water was added, and the mixture was extracted with
ethyl acetate. The extract was dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:

15 hexane/ethyl acetate=50/1—>1/3) to give the title compound as a
colorless solid (yield: 10.8 mg, 13%).
'H-NMR (CDC15)8:1.00(3H, t,J=7.5Hz), 1.30(3H,d,J=7.2Hz), 1.60-
1.80(1H,m), 1.80-1.99(1H,m), 2.34(1lH,brs), 2.65-2.81(1H,m),
4.08-4.31(2H,m), 7.54(1H,d,J=8.5Hz), 7.65(1H,d,J=8.5Hz),

20 7.86(1H,s).
mp:121-125°C.
Example 56
4-[(2S,3R)-2-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl]-2-

(trifluoromethyl)benzonitrile
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5 2.69(1H, d, J=17. 0Hz), 4.11(1H, dd,J=7.7,3.4Hz), 5.30(1H $),

7.65(1H, d

d, J=8.7,1.9Hz), 7.97(1H d,J=8.7Hz), 8.00(1H, d,J=1.9Hz).

np: | 44- 1480 2@idayiz4acet at e/ hexane) . Exanpl e 67 PCT/JP2008/064500

2-chl oro-4-[(23, 33)-2-et hyl- 3- hydroxy- 3- net hyl-5- oxopyrrolidin/o
1-y1]-3- et hyl be

2-chl or o-

(43, 5S) - 5-

4, 5- bi g(d

ng), and
obt ai ned

1H NVR( CDCL13)
1. 63- 1. 84( 1H, m],

7.12(1H, d,
acetate/h

4-1(23, 33) - 2- eth@qaswmw efnéthyas SRIxdpyEestrdi n-1-y1] -2- 25

(trifluor
4-i odo- 2-

nitrile Usi ng

4-i0 - et hyl benzonitrile (565 ng),
et - hydr oxy- 4- net hyl pyrrolidin-2-one (350 ng),
i Bhenyphogphi no) - 9, 9- di met hyl xant hene (180 ng), /5

as o ess crystals (yield: 132 ny, 22%.

J=8.3N- |z, 7.57(1H,d,J=8.3Hz). np: 156-158C (et hyl
exane) Exanpl e 68

R T e e e e

3fI, dd, J=7. 6Hz), 1.31-1.51(11-1,nm), 1.59(3H,$),
8E1H, $), 2.32(3H,$), 2.67(2H, %), 3.77(1H $),

ame manner as in Exanple 62, the title conpound was

20

(4S, 5S) - 5- ethyﬂlwbﬂvm@tﬂyﬂa5eﬂﬁbﬁm%¢de(ﬂh deng?- bmetdHhydofuran (30

h h h 9, 9-di | t e
TP Bk s AR & MOOATnEY Brich WOk cdar 55A-ER) 1 020
my), and igng h@lé%{ﬁtﬁﬁ%@nﬁésa§tif‘ré@<%@lr%oﬁzte/glﬂ?@ré&ﬁﬂéa meuRd  was

4, 5-bi s(di
trls(dlﬁb

obt ai ned

1H NNR(om&aytﬁraJt@D(a@ﬁewSJsczdm hardrogen, 59¢BSHSYe Wap added to the

SBodsi sl o s B )escretgg paen sem

1. 71(1H, d
1. 91(1H, d

10

15

20

as a white powder (yield: 422 ny,

Usi ng

acetate. The extract was dried over anhydrous magnesium sulfate

and concentrated under reduced pressure. The residue was

purified by silica gel column chromatogréphy
(eluent:hexane/ethyl acetate=6/1—->1/9) to give the title
compound as a colorless solid (yield: 507.3 mg, 53%).
'H-NMR (CDC13)8:1.00(3H,t,J=7.5Hz), 1.41-1.59(1H,m), 1.69-
1.85(1H,m), 1.97(1H,brs), 2.55(1H,dd,J=18.0,1.2Hz),
3.01(1H,dd,J=18.0,5.9Hz), 4.08(1H,dd,J=9.3,3.0Hz), 4.32-
4.40(1H,m), 7.59(1H,dd,J=8.7,2.1Hz), 7.66(1H,d,J=8.7Hz),
7.91(1H,d,J=2.1Hz).

mp:116-118°C.

Example 57

4-[(2S5,3R) -2-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl]-2-

methoxybenzonitrile

CN
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2.89(1H, d, J=17.21-1z), 3.96(1H,dd, J=7.7,3.4Hz), 7.75-7.91(2H,m,
7.99(1H,$). rap: 137-139C (ethyl acetate/ hexane). 15 Exanple 69
2- chl or o-WO2(®328R)% - 3- cycl opr opyl- 3- hydr oxy- 2- net hy1- 5- PCT/JP2008/064500

l'idin-1-yl]benzonitril ' -br.onp- 2-chl orobenzonitrile (424
ﬁg?PyE;%,%3;?4-'%bh%f%ﬁﬁﬁh88;9§4é%@gggk§95§ﬁé BYFpyrrolidin-2-one (350 ng),
4, 5- bi s( dbpbenyinesnkiing) oy P-2i @ty sxarbBonec (16t Myl ] -2-

tris(di benzylideneacetone)dipal |l adiun{0) (86 ng) and cesium carbonate (902
ng), and i ACENRarEoRdRnéleadli O Blanpl éegzahy@rofypn (30 mL)-ethanol

2009/ 02023 2 Ot i a i powder
(ool o g e o QHARD6 Wrad £, SRR GYES JREd) 5 o5 288, Hfely”

1. 12( 3H,d, Bt @iz Jwas2 s31r2e654 RHom  tengdrbHnge JE6r (zvﬁ)nr.? gagag?ﬂe&),
7.61(1H, dd, J=8.7, 1. 7Hz), . 7..90( 1H d, J=1. 71-iz), 7.9 . d, J=8. .

p: 9§- 100C {&TMA sa?éjg% BrHERame)car Oeé&ﬁpws)smgdeg to'the reaction

2- chl or 0- 4n] % Z2&e3Ramdt €vel APKORYd R it @%¥t 2dRL Y letdry)Y Rcetate. The

oxopyrrolidin-1-y1]-3-methyl benzonitrile Using
2- chl or o- 4eXoER-BWast BYLBEne¥AT tanhydyosE mggnesium sulfate and

4R, 59) - 4- - - 5- et byl | idin: 2-. 0 ,
5 bi b o AR, Sl P SRR, O 18} ool (EelBA e
tris(di benzylsdeireagetione) dinpath ashatdddaph§6 (shlerntheasiel@agibonat e (902

my), and in the same manner as in Exanple 62, the
acetate=5/1—50/1) to give the title compound as a colorless

solid (yield: 528.3 mg, 73%).
'H-NMR (CDC13)8:0.99 (3H,t,J=7.6Hz), 1.40-1.61(1H,m), 1.70-
1.87(1H,m), 2.01(1H,d,J=4.2Hz), 2.55(1H,dd,J=18.0,1.3Hz),

15 3.01(1H,dd,J=18.0,6.0Hz), 3.94(3H,s), 4.08(1H,dd,J=9.3,2.8Hz),
4.30-4.39(1H,m), 6.87(1H,dd,J=8.5,2.1Hz), 7.53(1H,d,J=8.5Hz),
7.76(1H,d,J=2.1Hz)
mp:138-141°C.

Example 58
20 2-chloro-4-[(2S,3S)-2-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl]-3-

methylbenzonitrile

OH

CN

To a solution of 4-[(2S,3S)-3-{(tert-
butyldimethylsilyloxy)-2-ethyl-5-oxopyrrolidin-1-yl]-2-chloro-3-
25 methylbenzonitrile (134.5 mg) in tetrahydrofuran (10 mL)-
methanol (5 mL) was added 6 mol/L hydrochloric acid (5 mL), and
the mixture was stirred at room temperature for 18 hr.

Saturated aqueous sodium hydrogen carbonate was added to the
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title conpound was obtained as a white powder (yield: 308 ng, 549%.
1H NVR( CDC13) 8: 0. 36-0.53(2H, M, 0.53-0.66(2H, m, 0.97-1.21(1H m, 20
1. 08( 3H, ow0=2609414)34 1. 69( 1H, brs) 2.33(3H,$) 2.38(1H,d, I@TMPﬂhB@@ﬁm)
2.53(1H, d, J=17. OHz)

7.00- 7.19(1 1H, d, J=8. 3Hz).
L b ater i ictiate) AR okRY mikdis bagits I Dheod Sk, 178 o)
4-

[ (25, 3R) adetytd OproRy x3raydr wxy -dringt fbyller5aﬁﬁ9@yélﬁ§|m4§d‘é'slmn sulfate
yl1l]-2-(trifluoromethyl)benzonitrile WD 2009/020234PCTOP2008/ 064500 Usi ng

4- odo- 2- (RP{f FRRAFVYEEYPD) BRASBNTedYGad (358 shgp; The residue was)
4R, 58) - 4- r ﬂgﬁp -one (350 ny),
g,S-bil(dl%ﬁeny Qééﬁﬁ%é¥g98éy yligﬁ%ﬁ gg%g%% ng), S
tris(di b«,enzglmdemﬂaﬂ@trmnretdypaéd:@tchwm@)/1@85/m)t@rz;iv:ée$:hant@alﬁonat e (902
and in _the sane nmann s in e, title cqompound was
0B i ned AEOBPGHIT G BobBePrISre S LR uel daob- 2 ma, 65t
1H NMR( CDCL2 hgi R%%&%Sﬁ%(@kﬂéﬁh tlJD‘f? 41Hz%5( JiHQ@la %Q 1u 30 3H, §51=6. 4Hz) ,
1.70(1H %), sué f ) % A6 (TR, 3=6. 4Hz) |
7.78(1H, d, 11%7 ) 7 185(21F-Hdb9&>8, 521423)2 3?1 92§1H %)5 hw,sﬂ@va@ 4Hzanpl e 72
15 2-chl org Fﬁf?aid?%)—“l% 9Y8. ORL PPV Gk A RY T 929757 68 (11, ) ,
oxopyrroI| ‘benzonl triTe
10 6 99 7.17(1H,m), 7.56(1H,d,J=8.3Hz).

mp:142-146°C.

Example 59

4-[(25,3S)-2-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl]-2-

(trifluoromethyl)benzonitrile

OH

15 CN F

To a solution of 4-[(2S,3S)-3-(tert-
butyldimethylsilyloxy)-2-ethyl-5-oxopyrrolidin-1-yl]-2-
(trifluoromethyl)benzonitrile (7.76 g) in tetrahydrofuran (60
mL) -ethanol (30 mL) was added 6 mol/L hydrochloric acid (60 mL),

20 and the mixture was stirred at room temperature for 18 hr.
Saturated aqueous sodium hydrogen carbonate was added to the
‘reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous magnesium sulfate
and concentrated under reduced pressure. The residue was

25 purified by silica gel column chromatography
(eluent:hexane/ethyl acetate=50/1—1/4), and the obtained solid
was recrystallized from ethyl acetate/hexane to give the title

compound as a colorless solid (yield: 2.36 g, 42%).
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Usi ng 4- brono-2-chl orobenzonitrile (389 ng), (4R 5S)-4-
cycl opropyl- 5-et hyl-4-hydroxypyrrolidin-2-one (350 ng), 4,520
bi s(di phewgl2pévaepdsiino) - 9, 9- di net hyl xant hene (153 ng),  PCT/JP2008/064500

tris(dibengzylideneacetone) adi unm( 0) and_cesji um
Vw2009/OZOééﬁBE#FP§§®5§ﬂO@%585 Ea?ﬁbgéi '(?850né)86é%%ﬂWn t he same nanner
as in Exanpleo 624, ddyer=t1i7t. ue 4conppoung, W&HQ@H@UQW @,Sepaizq yeal hew crystal s

(yield: 104 23 20% . 1H NVR( CDC13)6: 0. 38- é 53-0.69(211, n), s
0. 99( 3H, dd43J stn 41-4-$p-4173 P1H, ®3( 7H73)( 1H1d 2748 7%(21%@ 1.65(1H, $),

1. 80- 2. 01( 50(1 _HA ,J=17. 2Hz) ,
4. 00( 1H, ddgrgbg?]é{:)?film @Hg 54?'1?%5%},'3‘1:’8? ?(2&‘? lz). 7.66(1H d, J=8. 7Hz),
7.81(1H4, ﬁ§2131¥®12°ap 128-132C (et hyl acetate/n-heptane). io Exanple 73

2- chl or o- E%ép 3-cyc|opropy1-2-ethy1-3-hydroxy-5-
oxopyrrol i BS99 3- et hyl benzonitrile Using

2-chl or o- 44*9@933ﬁﬁﬁkb¥bbéﬂﬁ DL31H§d%dk§za -RBthyl55-oxopyrrolidin-1-y1]-

(4R, 55) - 4- cyclopropyl 5-et 4- hydr oxypyrrolidin-2-one (350 ng),
4, 5- b|s(d|%hé@@ﬂﬁﬂuﬂﬂﬂmeﬁbylgbgn%@mﬁﬁﬂ%ﬂexanthene (153 ny),
trls(dlbenzyl|deneacetone)d|palIadlun(O) (79 nmg) and cesium carbonate (786
nyg), and in Ne s manner as in Exanple 62, the title conpound was
obt ai ned as c¢iokl ess crystals (yield: 78 ng, 20 14%.

A %39 0.53(4H, M, 0.76(3H, dd, J=6.8,6.6Hz), 1.08-

5(1H m, 2.24(3H %), 2. 29( 1H, d, J=6. 21-i z),

4.0 (1H,brs), 4.95(1H,brs), 7.45-7.49(1H m,

1.27(2H, m°
2.49-2. 62(1H m

7.90(1H,d, J= z). 25 np:177-179C (ethyl acetate/ n-heptane).
F
F
CN F
10 To a solution of diisopropylamine (0.603 mL) in

tetrahydrofuran (8 mL) was added dropwise n-butyllithium-hexane
solution (2.56 mL, 1.6 mol/L) at -78°C, the mixture was stirred
for 1 hr, and a solution of 4-[(2S,3S)-2-ethyl-3-hydroxy-5-
oxopyrrolidin-1-yl]-2-(trifluoromethyl)benzonitrile (490 mg) in
15 tetrahydrofuran (6 mL) was added dropwise. The mixture was
stirred at -78°C for 30 min, iodomethane (0.510 mL) was added
dropwise at -78°C, and the mixture was stirred at 0°C for 1 hr.
Agueous ammonium chloride solution was added to the reaétion
mixture, and the mixture was extracted with ethyl acetate. The
20 extract was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
.by silica gel column chromatography (eluent: hexane/ethyl
acetate=30/1—1/4) and further purified by basic silica gel
chromatography (eluent: hexane/ethyl acetate=30/1->1/4) to give
25 the title compound as a colorless solid (yield: 66.5 mg, 13%).
'"H-NMR (CDC13)8:1.01 (3H,t,J=7.5Hz), 1.32(3H,d,J=7.2Hz), 1.64-
1.81(1H,m), 1.83-2.00(2H,m), 2.62-2.82(1H,m), 4.19-4.37(2H,m),
7.82(1H,d,J=8.5Hz), 7.89(1H,dd,J=8.5,2.1Hz), 8.09(1H,d,J=2.1Hz).
mp:113-119°C. |

194



Exanpl e 74 2-chloro-4-[ (4R, 55)-5-ethyl-3, 3-difl uoro-4-hydroxy- 2-
oxopyrrolidin-1l-yl]benzonitrile W 2009/020234PCTOP2008/ 064500

Usi ng 4- bwormoesd2eiskor obenzonitrile (2.28 g), (4R 5S)-5- PCT/JP2008/064500

et hyl- 3, 3- iflggrqﬁg-hydroxypyrrolidin-2-one (2.00 g), 4,5-

bi s( di pheny¥BHoSpHIno) - 9, 9- di et hyl xant hene (954 ng), 5

tris(di benzy| [zixEzgas onep thpal 3-addie:E)- 460 4h i) 5-adebBaTIduNde a-bopat €
(4.84 g), and in the same manner as in Exanple 62, the title conpound was
obt ai ned ad PR EERGRNEEYELAl s (yield: 153 ny, 10%.

1H NVR( CD3SOCD3) 8: 0. 83(3H, dd, J=7. 4, 7. 4Hz), 1.30-1.79(2H m, 4.4510
4.78(2H, ), B 54(PH d, J=4.2Hz), 7.76(1H d,J=8.7Hz), 8.06(1H, $),

8. 08(1H, d, J=8 ¥). np:137-140C (ethyl acetat e/ hexane). Exanpl e 75

4-[ (4R, 5S) - t hyl- 3, 3-di f| uor o- 4- hydr oxy- 2- oxopyrrolidin-1-yl1]- 15
2-nethoxyb8nzo ' e Usi ng 4- br ono- 2- net hoxybenzonitrile (2.14 g),
(4R, 55)-5- ethyl-3, 3-di fl uoro-4-hydroxypyrrolidin-2-one (2.00 g), 4,5-

tris(dibenzyl

(4.84 g), and ¢ sanme manner as in Exanple 62, the title conpound was

obt ai ned as a powder (yield: 895 ng, 30%. WO

2009/ 020234PCTEP2008/ 064500 1H NVR( CD3SOCD3) 8: 0. 83( 3H, dd, J=7. 3Hz) ,

7 20(IH T o8, SIES 2 FOIMELheft Gl Hsery L Amangi g 250 RO in
tetrahydrofuran (8 mL) was added dropwise n-butyllithium-hexane
solution (1.24 mL, 1.6 mol/L) at -78°C, the mixture was stirred
for 1 hr, and a solution of 4-[(25,3S8)-2-ethyl-3-hydroxy-5-
oxopyrrolidin-1-yl]-2-methoxybenzonitrile (206.5 mg) in |

10 tetrahydrofuran (6 mL) was added dropwise. The mixture was
stirred at -78°C for 30 min, iodomethane (0.247 mL) was added
dropwise at -78°C, and the mixture was stirred at 0°C for 1 hr.
Aqueous ammonium chloride solution was added to the reaction
mixture, and the mixture was extracted with ethyl acetate. The

15 extract was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=30/1->1/4) to give the title compound as a colorless
solid (yield: 108.8 mg, 50%).

20 'H-NMR(CDC13)8:1.00(3H,t,J=7.5Hz), 1.31(3H,d,J=7.2Hz), 1.62-
1.82(1H,m), 1.81-2.00(1H,m), 1.91(1H,d,J=5.1Hz), 2.65-2.79(1H,m),
3.93(3H,s), 4.15-4.33(2H,m), 6.84(1H,dd,J=8.5,1.9Hz),
7.53(1H,d,J=8.5Hz), 7.72(1H,d,J=1.9Hz).
mp: 78-81°C.

25 Example 62
2-chloro-4-[(2S,3S) -3-hydroxy-2, 3-dimethyl-5-oxopyrrolidin-1-
yl]-3-methylbenzonitrile
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np: 161- 164C (et hyl acetate/ hexane). 5 Exanple 76

4-[ (4R 5S)-5-et hyl-3, 3-di f|l uor o- 4- hydr oxy- 2- oxopyrrolidin-1-yl]-

2- f 1 uor o-\8oreeedNhisenzonitrile A solution of benzyl PCT/JP2008/064500
[(1S)-1-fornyl propyl]carbanmate (3.00 /o0 g) and et hyl bronodifl uoroacetate

(4.21 g) in acet\qAHtrile (110 nlL) was ice-cool ed under a nitrogen

at nosphere, a ris(triphenyl phosphoni umrhodium (1) chloride (126 ng) was
added. The qixtupe ,was stirred at the sane tenperature for 30 mn, 1.0

nol / L- di et hyl zithc/ hexane solution (20.3 nm.) was added, 15 and the m xture
was stirred at_the sanme tenperature for 4 hr and at roomtenperature for 14
hr. Water (10 was added to the reaction m xture, and the m xture was
extracted wt yl, acetate. The obtained organic |ayer was washed with
saturated brine, dried over anhydrous nagnesi um sul fate, and concentrated
zo under reducqf pressure. The residue was purified by silica gel colum
chromat ogr aphy Nel uent: ethyl acetate/hexane=0-*30% . The obtained oil was

di ssol ved in nethanol (10 m), and the solution was ice-cooled. 1 nol/L
aqueous sodi um hydriitdens ofue el g2 riiodomgsmetitisdbersrnitrd 1si XLu?8 was
stirred at_too & [ sol ut

%5 gadgeosé g‘E é@& _J ol c?m{le éayl'pﬁ; FS?E& £0H Sld %’6 W8

concentr at sslur e, ace ate and ter

to the obtajheohis aﬂlpdmylﬁhesplqimusa I%yﬁmemylsepamateedw@ mal) /, L
hydr ochl orlgl%gq]gt?was added, and the m xture s extract ed wi th ethyl

acetate-5Tﬂ %ﬂﬁy%} aﬁﬁgeﬁggggd%ﬂﬁgLﬁgﬁB@ﬁ ?af%ﬁﬂ mg) and cesium
W2009/ 0203§ﬂi§’&ﬂ-§f@0ﬁ8/8%66?09n undery redieed 4I0fnﬁ§ syE& tidir 1Qbtakned, §§a due

was di ssol ved i n nethanol "(10 m_ and 1 nol /L aqueous sodi um hydr oxi d
solution tHe Wimgream@sleﬂ*/apaédiam dra0éar bon %dmtwamgnglﬁﬂ%la\m e:re,acﬂm:& ny)
were addedy, Ih ction ution wag sti ree 20 hr_ 5 _unde dr ogen
at m)sphere lge%&la Cre X% roug?‘ns ceJl ede g%r llca eclidncgﬁit FQ{X
under r eduf,eutmtees S ,co&ﬁénth@te&btuhdaﬁd rl’eel&bédep!\%s&héssmw@d reelduéet hyl
sul foxide (10 nlL). 2,4-Difl uoro-3-nethyl benzonitrile (982 ny) and
di i sopr &pyVat h@/‘l”é’rﬁlﬁéj €y 531453 IRty €T ChéﬁE}aFﬂ%r"i‘ﬁ}kﬁf ued URRS 1 nPERYEr ed
at 100C fog, (o N I I .r tenperature, 1
nmol / L aqueous #E({rhe %(()ar ?g—gcqld 2’%153% gg#@% c%ﬁ %glsetn;& %gmand the m xture
was extracaeeltame/fhexdm%aee&(w)e. afilde tbbt abtethet gsaﬂmd wager was
fggfgﬂgra;ﬁ% &9%111%%%"% R ERR LR FedShd €3 I AR 34dgd to the
compound as colorless crystals (yield: 603 mg, 56%).

%r e added

15 'H-NMR(CDC13)8:1.05(3H,d,J=6.6Hz), 1.52(3H,s), 1.68(1H,brs),
2.33(3H,s), 2.67(2H,s), 3.98(1H,brs), 7.00-7.18(1H,m),
7.57(1H,d,J=8.3Hz).
mp:164-171°C.

Example 63
20 4-[(2S,3S)-3-hydroxy-2,3-dimethyl-5-oxopyrrolidin-1-yl]-2-

(trifluorcomethyl)benzonitrile
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/5 mxture was stirred at 100C for 18 hr. The reaction solution was cool ed
to roomtenperature, saturated aqueous sodi um hydrogen carbonate sol ution
(50 m) waie 20@deok34and the m xture was extracted w th ePoylJrzogtas®. The

obt ai ned organic.|ayer, was, washed. w th satur d brine,. dri over.

anhydr ous rnatgneg[ijstﬂ’“rr1¥gzo4 %dp\gﬁe?gﬁﬁﬁi%%ﬁ?gﬁﬁ%yﬁgﬁnﬁﬂﬂﬁq %Iu&gd3 BPssure.
The resi dug4spss pur-Hyided xRy 45 b8 tRe 98} 1 RIrYTRdERL 2AER O (SN Yg( €] ueBt: et hyl
acet at e/ hexane=20- +50% basic silica gel eluent:ethy

|
acet at e/ heRaheHENANYIGIASPhaRE) 1 hed shingthydxpFhenaatld@cigist al | i zed from
et hyl acet@£f%Eﬁfﬂéﬂ%xlgpgﬁéé?@ﬁgﬁ@%ﬁ%bé¥1%%i%ﬁ(bPe(iﬁé'ﬁbf“ﬁﬂ%p%ggiﬂﬁ

colorless crystals (

1H NVR( DVSGad&)8ate 79(.35- b) ddadd 7iR, the) baime) maindy -ds 3 Ekdmpik, 62, 46he
1.69(1H m,.2 08(3H $),. 4. 26(1H, brs), 4.57-4.70(1H, .57(1H, brs
7.47(1H, brfd}ﬁzl:e?. O,JHP. yfelfa,%aa,lti% BSOS TP VEED (é§h§1!5)= 308 g,
acet at e/ di gpdy] ether/hexane). 30 Exanple 77

4-1(2S, 38) - 2- et hyl- 3- hydr oxy- 5- oxopyrrolidin-1-yl]-2- nethoxybenzonitrile
WO 2009/ 02023WBCTPIPRA0E/- 6648804 OF-6 ,6Hz) , 1.54 (3HASEpl LitdDiLiDf) ,

(45,56 4- 18 Lribut yLdimanby | o5 b s 39t by pyr g ol i Zoonechi3fo m

4-i odo- 2- net hoxyHderizoni t'ri cesSium

tris(di benzyT8 tieher;e=6né&) di prk) adi L8H (QH, 064=0. M) ard. 90 @H,d, J=1.9Hz) .

bi s(di phenyl p i-nQ) -9, 9-di met hyl xant hene (121 ng) in di oxane (10 nL) was
stirred at%%og&s'f%ggrﬁg. ﬁemyhrﬁf&ta&ﬁ)}gﬁﬁﬁﬁebt mosphere. After allowing to
room tenperdiysies euat er was added to the reaction mxture, and the mxture

was extracted with ethyl 10 acet at e. The extract was washed with saturated
brine, dri¢dl R&r3SAnBydydysxrugnésiimatiyllf-atexopywdrebittientlratléd2under

reduced prrﬁgﬂy&%ge'm%{ﬁ%%kgge was purified by basic silica gel columm

chr omat ograp uen exane-et hyl acetate=99:1-41:1). The

3.
0] r

N

15
Using 4-bromo-2-methoxybenzonitrile (684 mg), (4S,5S)-4-

hydroxy-4, 5-dimethylpyrrolidin-2-one (500 mg), 4,5-
bis(diphenylphosphino)—9,9—dimethylxanthene (286 mg),
tris(dibenzylideneacetone)dipalladium(0) (148 mg) and cesium

20 carbonate (1.55 g), and in the same manner as in Example 62, the
title compound was obtained as a colorless amorphous solid
(yield: 410 mg, 48%).
'H-NMR (CDC13)8:1.27 (3H,d, J=6.4Hz), 1.52(3H,s), 1.97(1H,s),
2.63(1H4,d,Jd=17.0Hz), 2.79(1H,d,J=17.0Hz), 3.93(3H,s),

25 4.08(1H,q,J=6.4Hz), 6.82(1H,dd,J=8.5,1.9Hz), 7.42(1H,d,J=1.9Hz), .
7.54(1H,d,J=8.5Hz).
LCMS (m/z) : 261 (M+H) *.
Example 65
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obt ai ned residue was di ssolved in ethanol (10 m)- is tetrahydrofuran (10
m.), 6 nmol/L hydrochloric acid (4.66 nL) was added, and the m xture was
stirred owermiyghv23at room tenperature. The m xture was ReUIPU0B/a@d00M t h

saturated agueous sodi rogen, carbagnat e,so|l utji on under ice-cooling, and
extract ed gfﬁi?%ﬁﬁifrqégg}g%ﬂ?§%5%9%ﬂ§¥5%'5‘5&&8¥h¥éﬁﬁkﬁﬁﬂﬂxfr 'fﬂlgéiﬂrated
20 brine, anp-3methyavenzeageesiaim sul fate, and the sol vent was evapor at ed
under reduced pressure. The obtained residue was purified by silica gel
col um chromat ogggphy (el uent: hexane: et hyl acetate=9:1-+1:9), and
recrystallized_Xromtetrahydrofuran-hexane to give the title conpound as
colorless 25 ftrwstals (yield: 115 ng, 32%.
1H NVR(0DO NT. 01(3H,t,J=7.5Hz), 1.68-1.82(3H,m, 2.62- 2.70(1H, m,
2.81-2.90(1H, 3.94(3H,$), 4.08-4.17(1H, M, 4.62- WO
2008/ 064500 4. 72(1H, M, 6.80(1H, dd, J=8.3,1.9Hz),
: 7.55(1H,d, J=8.31-iz). np:158-160C. Exanple 78 5
2-chloro-4-[(2 ,3§3-2-ethy1-3-hydroxy-5-oxopyrro|idin-1-y1]-3-
fl uorobenzonityile CH A sol ution of
(4S, 5S)-4- (terN-butyl di met hyl silyl oxy)-5- ethyl pyrrolidin-2-one (300 ng),
2-chl oro-3-fl uoro-4- :

Using 4-bromo-2-fluoro-3-methylbenzonitrile (484 mg),

5 (4S,58)-4-hydroxy-4,5-dimethylpyrrolidin-2-one (350 mg), 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (200 mg),
tris(dibenzylideneacetone)dipalladium(0) (103 mg) and cesium
carbonate (1.08 g), and in the same manner as in Example 62, the
title compound was obtained as colorless crystals (yield: 376 mg,

10 63%). ’

'"H-NMR (CDC13)8:1.05(3H,d, J=6.6Hz), 1.51(3H,s), 1.81(1H,s),
2.20(3H,d,J=2.5Hz), 2.66-2.66(2H,m), 3.99(1H,q,J=6.6Hz),
6.98(1H,d,J=8.1Hz), 7.48(1H,dd,J=8.1,7.0Hz).

mp:138-141°C (ethyl acetate/hexane).

15 Example 66
2-chloro-4-[(2S,3S)-2-ethyl-3-hydroxy-3-methyl-5-oxopyrrolidin-

l1-yllbenzonitrile
\OH

oA I/

Cl

Using 4-bromo-2-chlorobenzonitrile (459 mg), (4S,5S8)-5-
20 ethyl-4-hydroxy-4-methylpyrrolidin-2-one (350 mg), 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (180 mg),
tris(dibenzylideneacetone)dipalladium(0) (93 mg) and cesium

carbonate (929 mg), and in the same manner as in Example 62, the
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/0 iodobenzonitrile (416 ng), cesium carbonate (602 ng),

tris(di benzylideneacetone)dipal |l adiunm{0) (56.4 ng) and 4, 5-

bi s(di phewol2pévaepdsisno) - 9, 9- di et hyl xant hene (107 ng) i nPATORZM0&0445@ ML) was
stirred at _80C overni under an argon atnosphere. After allow ng to room
tenperaturE}tﬁéigﬁnﬁﬁ&gmgdﬁﬁdOPGaFﬂ% d 185 (ARG SmicrYstals afht e Y nilg dice
was extractggywith ethyl acetate. The extract was washed with saturated
brine, dried over anhydrous magnesi um sul fate, and concentrated under
reduced pr 859WRCOTRRCD2 §F AluBs (kth douifi. 6d7byHbhsi k. 34 (3Hga) gell . €6+ um

chr omat ogr ap ent a ex yl, ac =2:1). 20 The
obt ai ned rgsggdﬁ$dg§ &‘sso#vgg(ln thgﬂgﬁ%é? dhﬁ f%aé dhydrofuran (10 n),

concentrﬁtEdGQVHLanhkaﬁl@Ha¢;d4(ﬂlaﬁ{nk%awas7addeﬂz anﬁ:ﬂhaﬁnsxture mas
stirred ovirnigﬂ% roon1tengerature xture was neutralized w
% P

saturated aqgbe FEm’nydPBgEn EeﬁﬁﬁiﬁaﬁeJ§§luHan L1l Cas Céopﬁﬁb and

25 extractgg. y\qghl@;obyl 866t al&tatiRonakgani ¢ | ayer was washed with
saturated bri ne, rle over magnesi um sul fate, and the sol vent was

evaporatedE&@mkﬁer@Huced pressure. The obtained residue was purified by

exane o BRYTORECt ah By SEhaor SUP AN I A O hOLEe-BCRYE SHALRE o

gi ve th@;tﬂ%yﬁ]e@nmﬁﬂ@db@ﬁzeﬁi@fiﬁ§s crystals (yield: 86 ny, 25@6
1H NVR(CDC13) 8: 0. 99( 3H, t, J=7. 4Hz), 1.40-1.74(3H n), 5
2. 61(1H, dd, J=17, 1. 5Hz), 2. 86(1H dd, J=17.4,5. 7Hz), 4.06- 4.16(1H M),

4.59-4. 68(1H, .38-7.45(1H, M, 7.50-7.55(1H, m. np:142-144C. Exanple 79
rac-4-[ (25, 35) - /nzyl 3- hydr oxy- 5- oxopyrrolldln | -y1]-2- 10
Tt €

chl or obenz

c
Il

Using 2—chlofo—4~iodo—3—methylbenzonitrile (565 mg),
(45,58) -5-ethyl-4-hydroxy-4-methylpyrrolidin-2-one (350 mg),
4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene (180 mg),

15 tris(dibenzylideneacetone)dipalladium(0) (93 mg) and cesium
carbonate (929 mg), and in the same manner as in Example 62, the
title compound was obtained as colorless crystals (yield: 132 mg,
228%) .

'H-NMR (CDC13)8:0.87 (3H,dd, J=7.6Hz), 1.31-1.51(1H,m), 1.59(3H,s),

20 1.63-1.84(1H,m), 1.68(1H,s), 2.32(3H,s), 2.67(2H,s), 3.77(1H,s),
7.12(1H,d,J=8.3Hz), 7.57(1H,d,J=8.3Hz).
mp:156-158°C (ethyl acetate/hexane).

Example 68
4-[(28,3S)-2~ethyl-3-hydroxy-3-methyl-5-oxopyrrolidin-1-yl]-2-

25 (trifluoromethyl)benzonitrile
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To a m xture of 4-(2-benzyl- 3-hydroxy-5-o0xo0-2, 5-di hydro-.

1H pyrrol -1-y1)-2-chl orobenzonitrile (400 ng) and acetic acid (0.60 nL) in
acet oni t rwbeoq20023t) was added sodi um bor ohydri de 15 (8@®CEyP20@8/0Q8HaG n snal |
portions. The m xture was warned to roomtenperature, and stirred for 3 hr.
Wat er was added\ 8Hd the mixture was extracted with ethyl acetate. The
organi c | ayer washed with saturated brine, and dried over nagnesium
sulfate, a hesglfent was evaporated under reduced pressure. The 20
obt ai ned reSi dl¥
(el uent: hexan
t et rahydr of ur

was purified by basic silica gel colum chronat ography
Lethyl acetate=4:1-->ethyl acetate), and recrystallized from
exane to give the title conpound as colorless crystals
(yield: 310 % .F 1H NVR(DVBO- d6) 15: 2. 38( 1H, dd, J=16. 8, 5. 7THz), 25

2. 65(1H, dd, J=16| 8, 6.~8+Hz) , 2.82(1H,dd,J=13.6,5.3%&),

3.01(1H dd, J=13)y6, . 7Hz), 4.34(1H br.s.), 4.65-4.74(1H m,

5.61(1H, d, J=2. 6+E) 7.09-7.24(5H m, 7.58(1H,dd, J=8.7,2.1Hz),

7.76(1H,d, J=2.1Hz), 7.89(1H, d J=8.7Hz). M ()2009N20234PCT/JP20081064500
mp: 168- 169C. Exa¥pinrg ggriodo-2 (trlfluoromethyl)benzonltrlle (605 mg),

2ol or o 41162 389 <t d0KYa B 060s iV QY RV b1 - 1 bRz gy i e O
3 ﬁhgor0144(3—$@EkdmghéhydpheQpntm@y49;B%ﬁimethylxanthene (180 mg),
i hydro

H- benzonitrile a etic acid (1.82 nL) in
acetonlt?lFEY l?ﬁﬁ x&%?eaaasa ) ?éHQj;Pgﬁ§HKPHe %7§3nﬁ¥mhf: eWn sl
portions. Egﬁbéﬂéﬂé”égzyaﬁgwgrgﬁé 1® the same manner as in Example 62, the

title compound was obtained as a white powder (yield: 422 mg,
66%) .

'H-NMR (CDC13)8:1.00(3H,dd, J=7.6,7.4Hz), 1.59(3H,s),

10 1.71(1H,dddd,J=14.7,7.6,7.4,3.2Hz), 1.78(1lH,s),
1.91(1H,dddd,J=15.0,14.7,7.6,7.4Hz), 2.63(1H,d,J=17.2Hz),
2.89(1H,d,J=17.2Hz), 3.96(1H,dd,J=7.7,3.4Hz), 7.75-7.91(2H,m),
7.99(1H, s) .
mp:137-139°C (ethyl acetate/hexane).

15 Example 69
2-chloro-4-[(2S,3R)-3-cyclopropyl-3-hydroxy-2-methyl-5-

oxopyrrolidin-1l-yl]benzonitrile

c
Il

Using 4-bromo-2-chlorobenzonitrile (424 mg), (4R,5S)-4-
20 cyclopropyl-4-hydroxy-5-methylpyrrolidin-2-one (350 mg), 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (166 mg),
tris(dibenzylideneacetone)dipalladium(0) (86 mg) and.cesium

carbonate (902 mg), and in the same manner as in Example 62, the
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10 roomtenperature and stirred for 1 hr. Water and saturated brine were
added, and the m xture was extracted with ethyl acetate. The organic |ayer
was washewownedn2emtur at ed brine, and dried over nagnesimﬂwsnﬂm&mﬂsmand t he

sol vent was, evaporat ed under duce ress The  obt |due was
purified b§lf¥ b%%i‘P"“é)i“ﬁJ Wt 8 a%:%?%rf% g‘&%ﬁoai’%{%@ ? h@%ane.et hyl
acetate=4:13%et hyl acetate), and recrystallized fron1tetrahydrofuran hexane

to give thf title conpound as colorless crystals (y|eId 578 ny, 72@6
1H- NVR( CDCIEZMNRX DYS O3k i5: §=292 P $3 (4H,28-,1. BB L(4H,- &P (120m)L,. 90(1H d, J=4. 9Hz) ,

2.61-2. 88( 14- 9( }H:

7. 38( 1H, ddggh?%}igﬁlﬁ#ﬁ% 62%”%17513 (2§¢¢z“§ B 8@%%%’ %253y rap:

143- 146G Exanplie, B, Z561(1H,dd,J=8.7,1.7Hz), 7.90(1H,d, J—l THz), :
rac-2-chl or,o; 4 I&%fbgﬁ) ﬁ 4 quorobenzyl) 3- hydr oxy- 5-

oxopyrroli r ! f 78R rile WD 2009/ 020234PCTOP2008/ 064500 To
a mxture f@b:93-100°C (ethyl acetate/hexane).

2-chl or 0- 4- [ 2- (4- quorobenzyl) 3- hydr oxy5- oxo- 2, 5-di hydro- 1H pyrrol -1-yl i be

nzonitril eExam@be g)0 and acetic acid (1.84 m) in acetonitrile (10 m) was

added sodi 1y drsied 2 6 iN The m xture
was war rredgp%lﬁ(g%;mé{] [?&?3{3 § a)Z%i SF?L[OIPS'CI‘ = 8?8?1)%}{9?\}@%&&3%(1 saturat ed
brine w&meoadﬁ&mkokmﬂin&heymﬂxBHmetNymbeﬁ&hmac&edemnth et hyl acetate. The
organi c | ayer was washed with saturated brine, and dried over nmagnesi um
sul fate, and sol vent was /o0 evaporated under reduced pressure. The
obt ai ned resi dueMas purified by basic silica gel columm chronmatography

(el uent: hexajpie’\et hyl acetate=4:1-*ethyl acetate), and recrystallized from
t et r ahydr of Q-hexane to give the title conpound as colorless crystals
(yield: 717 mg, 71% . 15 1H NMR(CDC13)8: 1. 89(1H, d, J=4. 3Hz),

2.47-2.58(1H, . 70-

Cl

Using 2-chloro-4-iodo-3-methylbenzonitrile (522 mg),
(4R, 58) -4-cyclopropyl-4-hydroxy-5-methylpyrrolidin-2-one (350
mg), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (166 mg),
15 tris(dibenzylideneacetone)dipalladium(0) (86 mg) and cesium
carbonate (902 mg), and in the same manner as in Example 62, the
title compound was obtained as a white powder (yield: 308 mg,
54%) .
'H-NMR (CDC13)8:0.36-0.53(2H,m), 0.53-0.66(2H,m), 0.97-1.21(1H,m),
20 1.08(3H,d,J=6.4Hz), 1.69(1H,brs), 2.33(3H,s),
2.38(1H,d,Jd=17.0Hz), 2.53(1H,d,J=17.0Hz), 4.13(1H,brs), 7.06-
7.19(1H,m), 7.57(1H,d,J=8.3Hz).
mp:231-236°C (ethyl acetate/hexane).
Example 71
25 4-[(25,3R)-3-cyclopropyl-3-hydroxy-2-methyl-5-oxopyrrolidin-1-
yl]-2-(trifluoromethyl)benzonitrile
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2.82(1H, M, 2.93-3.12(2H, M, 4.44-4.58(2H,n), 6.94-7.04(2H m,
7.13-7.23(21-i,m, 7.47(1H,dd,J=8.7,1.9Hz), 7.65-7.71(2H, m. np: 154- 156C.
Exanpl e 8202009/020234 PCT/JP2008/064500

2-chl oro-4-[(28, 38) - 3- hydr oxy- 2- ( 1- met hyl et hyl ) - 5- oxopyrrol i di n1-yl ] benzoni
trile OH CF-i 3 W2009/ 020234PCT0P2008/ 064500 To a m xture of
2-chl or 0- 4- [ 3-hydp@xy- 2- (1- et hyl et hyl ) - 5-

0X0- 2, 5-di hydro\tH pyrrol -1-yl ] benzonitrile (300 ng) and acetic acid (0.68
m.) in acetonytrhle (10 nmi) was added sodi um borohydride (103 ng) at 0Cin
smal | porti@nhs.NTHE mixture was 5 warnmed to roomtenperature and stirred
for 1 hr. Water| was added, and the m xture was extracted with ethyl
acetate. The @rggnic Iayer was washed with saturated brine, and dried over
magnesi um sul ¢ anrd the sol vent was evaporated under reduced pressure.
The obtained r egwas purified by basic silica gel io colum

chr omat ographyl el kent: hexane: ethyl acetate=4:1-->ethyl acetate), and
recrystallized Nrom hexane- et hyI acetate to give the title conpound as
colorless crystals (yield: 76 ng, 25% . 1H NVR(CDC13)8:0.93(3H,d, J=7.2Hz),

420 15 2 1S 95851 ée?%@nfn%g%%ﬁa%ﬁ%@?%%%@m%?<2“ "
7.67(1H, d, 348, S84~ d&ém@binQl344h§&ﬁ@xy4ﬂ&mé®ﬁylﬁ?£koIi@ﬂﬁﬂ290&3 (350

2-chl 4- b 1) - 3- hyd -5- 20
oigpyrfolféghcllyﬁT ﬂ&ﬁ#% égbﬁgggs 9 9- deéghylxanthene (166 mg),

5 tris(dibenzylideneacetone)dipalladium(0) (86 mg) and cesium

carbonate (902 mg), and in the same manner as in Example 62, the

title compound was obtained as a yellow powder (yield: 123 mg,

'H-NMR (CDC13)8:0.38-0.69 (4H,m), 1.09-1.25(1H,m),

10 1.32(3H,d,J=6.4Hz), 1.70(1H,s), 2.53(1H,d,J=17.2Hz),
2.62(1H,d,J=17.2Hz), 4.26(1H,q,J=6.4Hz), 7.78(1H,d,J=8.5Hz),
7.85(1H,d,J=8.5Hz), 7.92(1H,s).
mp:84-90°C.

Example 72
15 2-chloro-4-[(2S,3R)-3~-cyclopropyl-2-ethyl-3-hydroxy-5-

oxopyrrolidin-l-yl]benzonitrile

OH
:,/
O N !
Cl
I
N

Using 4-bromo-2-chlorobenzonitrile (389 mg), (4R,5S)-4-
cyclopropyl-5-ethyl-4-hydroxypyrrolidin-2-one (350 mg), 4,5-
20 bis(diphenylphosphino)-9,9-dimethylxanthene (153 mg),

tris(dibenzylideneacetone)dipalladium(0) (79 mg) and cesium
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/' N To a m xture of 2-chloro-4-[2-(4-cyanobenzyl) - 3-hydroxy-5-
0X0- 2, 5-di hydro- 1H pyrrol -1-yl ] benzonitrile (300 ng) and acetic acid (0.54
m.) in acwoeni%a20ide (10 nl) was added sodi um 25 bor ohydPrcaapri®soemg)o at 0C

in small portions. Thg m'xgure was warnmed to roomtenperature_and stirred
for 1 hr. Y3ERIM3MEs 888’ an8PehE ilg FPECWASNRSYT 3T tidY Eef R 16t Ryt the

acetate. Therpd %Mﬁbuh@y%smﬁt»mc&mptaheS%M%@r&m NG (@adidei eggover
magnesi um sul fate, ‘and the sol vent was evaporated under reduced WO

2009/ 02023nPCT<H008/ 064500 pressure. The obtai ned residue was purified by

acet at oma: 1B REE A 0G PR O R T, Sl P ha (e

t et r ahyds of LS R(BH)eXBIIETL 6, Gl ¥Rz} hel ti3-1e 3gqnrernd Bsex-adl .oml@ssmel yst al s
(yield: 162 6"5? 54% . 5 1H—NI\/R§CD013)8: 1.97(1H,d, J=4. 5Hz),

2. 52( 1H, ddl 381718 547 oy $O-3. 9515 gw) 1 4 P, (18, 82931 DRIy |

4.47-4. 58(2?‘752511{,@,%7:(13'?'2@129 =84 56‘8%1}1,?1&}%(:37'." dd, 978 6, 2. 2Hz) , ,
7.60(2H,d, J=8.5Hz), 7.67(1H,d, J=1.9Hz), 7.70?1H,d,J:8.5Hz). nmp: 176-178C. io
Exanpl e 847 254 lthrdst, 4=B(. 23233z D, (TyaA @l dpy ke hy) ) - B-&ydHexy J52 . 1Hz) .

oxopyrrolidin-d;vl nzonitrile To,a mxture of

2-chl or o- 4r95f;l-ﬂ(8c-§c3}22grg%%}f‘%t&}ﬁﬁt)a}?/ nigeptane) .

hydr oxy ;- eX@npl.&-7d8 hydro- 1H-pyrrol -1-yl ] benzonitrile (400 ng) and acetic
acid (0.87 nmL) in acetonitrile (10 nL) was added sodi um borohydri de (131
ng) at 0002T¢hiara14-ddeti 8RE -3 TRECkABRORYE ~dast ek neth ¥ Ao/t enper at ur e

and stirre 3 VAL WAS : 1 Xture was extracted with
and ST T Cgkbhe b Nl n LG 1 WSt AberRfl s EDEL 8

OH

~

:,/
0] N !

Cl
Il
N

Using 2-chloro-4-iodo-3-methylbenzonitrile (478 mg),

15 (4R, 5S)-4-cyclopropyl-5-ethyl-4-hydroxypyrrolidin-2-one (350 mg),
4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene (153 mg),
tris(dibenzylideneacetone)dipalladium(0) (79 mg) and cesium
carbonate (786 mg), and in the same manner as in Example 62, the
title compound was obtained as colorless crystals (yield: 78 mg,

20 14%).

'H-NMR (DMSO-d) 8:0.39-0.53 (4H,m), 0.76(3H,dd,J=6.8,6.6Hz), 1.08-
1.27(2H,m), 1.60-1.75(1H,m), 2.24(3H,s), 2.29(1H,d,J=6.2Hz),
2.49-2.62(1H,m), 4.05(1H,brs), 4.95(1H,brs), 7.45-7.49(1H,m),
7.90(1H,d, J=8.3Hz) .

25 mp:177-179°C (ethyl acetate/n-heptane).

Example 74
2-chloro-4-[ (4R, 5S) -5-ethyl-3, 3-difluoro-4-hydroxy-2-

oxopyrrolidin-l-yl]benzonitrile
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20 acetate. The organic |l ayer was washed with saturated brine, and dried
over magnesi um sul fate, and the sol vent was evaporated under reduced
pressur e. wOheoshtmitned resi due was purified by basic siPCTarPze/o&siumM

chr omat ogr aphy_ (el uent: hexane: ethyl acetate=4:1 -* ethyl acetate), and
recrystal li zed fr@rh 25 tetrahydrof uran-hexane to give the title conpound as
colorless cry s (yield: 310 ng, 77% . 1H NVR(00013)5:0.06-0.16(2H, m,

0. 46-0. 56(3&- , mp,,,9/66-0.79(1H, m, 1.41-1.52(1H M, 1.74-1.87(1H m,
1.96(1H, d, J=4. M), 2.68- WD 2009M20234PCT/ JP2008/ 064500 2. 91(2H, m),
4.31-4. 39(1H, 4.71-4.80(1H n), 7.45(1H,dd,J=8.7,2.1Hz), 7.63-7.69(2H n).
np: 137-139C. gri mental Exanple 1 AR binding inhibitory test 5To a

sol ution cont®& g:a wi | d-type androgen receptor (AR) were added

radi ol abel m bof er rlle (3 nM and a compound (100 nM, and the m xture was

i ncubated at 4@for 3 hr. B (Bound)/F (Free) were separated by the

dextran/ charcod nethod. The | abel count of B was neasured, and the
inhibitory rate of the conpound /o was cal cul ated. The results are shown in
Tabl e 1. Tabl e 1WGEathdubdorRadprll MNecbanasrditrady (at2] %g) at(4ROOSHNVPE 90 17

ethyl-3,3-difluoro-4-hydroxypyrrolidin-2-one (2.00 g), 4,5-

bis (diphenylphosphino) -9, 9-dimethylxanthene (954 mg),

5 tris(dibenzylideneacetone)dipalladium(0) (554 mg) and cesium
carbonate (4.84 g), and in the same manner as in Example 62, the
title compound was obtained as pale-yellow crystals (yield: 153
mg, 10%).

'H-NMR (CD3SOCDs3)8:0.83 (3H,dd, J=7.4,7.4Hz), 1.30-1.79(2H,m), 4.45-

10 4.78(2H,m), 6.54(1H,d,J=4.2Hz), 7.76(1H,d,J=8.7Hz), 8.06(1H,s),
8.08(1H,d, J=8.7Hz).
mp:137-140°C (ethyl acetate/hexane).

Example 75
4-[ (4R, 5S) -5-ethyl-3, 3-difluoro-4-hydroxy-2-oxopyrrolidin-1-yl]-

15 2-methoxybenzonitrile

F
Fy OH

oi bos

Using 4-bromo-2-methoxybenzonitrile (2.14 g), (4R,5S)-5-
ethyl-3,3-difluoro-4-hydroxypyrrolidin-2-one (2.00 g), 4,5-
bis (diphenylphosphino) -9, 9~-dimethylxanthene (954 mg),
20 tris(dibenzylideneacetone)dipalladium(0) (554 mg) and cesium
carbonate (4.84 g), and in the same manner as in Example 62, the

title compound was obtained as a white powder (yield: 895 mg,
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90 40 90 41 96 55 99 59 94 74 97 75 95 Experinental Exanple 2 Conpound
evaluation in reporter assay systemusing Cos-7 cell Cos-7 (5,000,000
cell s) wewe2@va2033n a 150 cnR flask, and is cultured i nPaTORRMOS/H@S50EI UM

%
EIEZ)I\B/E;\A rrgdlrﬁam co gﬁ:a%légn&f) %OO 2E}%eXBtHr %r(lj 916” SHZI (DCC?_lFe?tgaleBI%\)/i ne Serum

3.93(3H,s), 4.45-4.74(2H,m), 6.53(1H,s), 7.26(1H,d,J=8.5Hz),
7.47(1H,s), 7.82(1H,d,J=8.5Hz).
mp:161-164°C (ethyl acetate/hexane).
5 Example 76
4-[ (4R, 58)-5-ethyl-3,3-difluoro-4-hydroxy-2-oxopyrrolidin-1-yl]-

2-fluoro-3-methylbenzonitrile

F
Fy oH
(0] N "l/
F
1]
N

A solution of benzyl [(1S)-1l-formylpropyl]carbamate (3.00
10 g) and ethyl bromodifluorocacetate (4.21 g) in acetonitrile (110
mL) was ice-cooled under a nitrogen atmosphere, and
tris (triphenylphosphonium)rhodium (I) chloride (126 mg) was
added. The mixture was stirred at the same temperature for 30
min, 1.0 mol/L-diethylzinc/hexane solution (20.3 mL) was added,
15 and the mixture was stirred at the same temperature for 4 hr and
at room temperature for 14 hr. Water (100 mL) was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The obtained organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate, and concentrated
20 under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate/hexane=0—>30%).
The obtained o0il was dissolved in methanol (10 mlL), and the
solution was ice-cooled. 1 mol/L aqueous sodium hydroxide
solution (7.2 mL) was added, and the mixture was stirred at room
25 temperature for 2 hr. The reaction solution was concentrated
under reduced pressure, and ethyl acetate and water were added
to the obtained residue. The aqueous layer was separated, 6
mol/L hydrochloric acid was added, and the mixture was extracted

with ethyl acetate. The obtained organic layer was concentrated
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hr. Vector DNA containing AR gene, and vector DNA containing |uciferase
gene bound at the downstream of an androgen responsive pronoter derived
from MVINWONbageoanmary Tunmor 20 Virus) were co-transf @craddoyoasdéi posone

met hod. After culturing for 4 hr, the cells were, harvested, and 10, 000
cells wereurbcﬁeaﬁ er(fdiuﬁ:eg BESRRYTS pl % OB 1e6H: Teetifores (itssgived 1in

Di hydr ot esh@HHANG101mEM &hd &1 GRIMDAHREGUESE HHAi R RERd qeaBd1EREccE!l |'S
were further cultured for 24 hr, after ich the 25 luciferase activity was

measur ed. The3l MlcendnlPat pabladiien cemponndcoaia aina | tedakerh 14e
T[T SR KRS LR AR 00 0h G bl a8bosherene (1
2009/ 0202 34iAHOR? BYr0645 08t adybies 2 ,Campotin it Exedpirer Negh ldeducel onThat e( %)
at 100 nhﬂgafé¥%t%7w%% égnégnégéted under reduced pressure, and the
obtained residue was dissolved in dimethyl sulfoxide (10 mL).
2,4-Difluoro~3-methylbenzonitrile (982 mg) and
diisopropylethylamine (2.47 mL) were added, and the mixture was
10 stirred at 100°C for 12 hr. The reaction solution was cooled to
room temperature, 1 mol/L aqueous hydrochloric acid solution (300
mL) was added, and the mixture was extracted with ethyl acetate.
The obtained organic layer was concentrated under reduced
pressure, acetic acid (5 mL) was added to the residue, and the
15 mixture was stirred at 100°C for 18 hr. The reaction solution
was cooled to room temperature, saturated aqueous sodium
hydrogen carbonate solution (50 mlL) was added, and the mixture
- was extracted with ethyl acetate. The obtained organic layer
was washed with saturated brine, dried over anhydrous magnesium
20 sulfate, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (eluent: ethyl
acetate/hexane=20—->50%, basic silica gel eluent:ethyl
acetate/hexane=60—100%), and the obtained solid was
recrystallized from ethyl acetate/diethyl ether/hexane to give
25 the title compound as colorless crystals (yield: 91 mg, 2%).
'H-NMR (DMSO-d¢) 8:0.79 (3H,dd, J=7.2,7.0Hz), 1.17-1.39(1H,m), 1.46-
1.69(1H,m), 2.08(3H,s), 4.26(1H,brs), 4.57-4.70(1H,m),
6.57(1H,brs), 7.47(1H,brd,J=7.6Hz), 7.91(1H,dd,J=7.6Hz).
mp:176-180°C (ethyl acetate/diethyl .ether/hexane).
30 Example 77
4-[(2S8,38)-2~-ethyl-3-hydroxy-5-oxopyrrolidin-1-yl]-2-

methoxybenzonitrile

206



81 55 80 59 67 74 79 75 69 Fornulation Exanple 1 Injection containing
conpound of Exanple 1 (1) conpound of Exanple 15.0 ng 5 (2) sodium

chl ori de280Qoovg20B8% di stilled wateranount to nake total PRTAP2008/064500The
conmpound (5.0 ny) cﬁ Exanpl e 1 and sodium chloride (20.0 ng) were dissol ved
in distilled wateﬁ and water was added to the total anpunt of 2.0 ml. The
sol ution was fifttiered, and maseptically filled in an anpule (2 m). The
anpule is stefili ,gld/g'ﬂd tightly sealed to give a solution for injection.

| ndustri al ptNcability

ot

It

N

A solution of (4S,5S)-4-(tert-butyldimethylsilyloxy)-5-
ethylpyrrolidin-2-one (340 m), 4-iodo-2-methoxybenzonitrile (434
mg), cesium carbonate (683 mg),

5 tris(dibenzylideneacetone)dipalladium(0) (64.0 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (121 mg) in dioxane
(10 mL) was stirred at 80°C for 6.5 hr under an argon atmosphere.
After allowing to room temperature, water was added to the
reaction mixture, and the mixture was extracted with ethyl

10 acetate. The extract was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel column
chromatography (eluent: hexane-ethyl acetate=99:1—->1:1). The
obtained residue was dissolved in ethanol (10 mL)-

15 tetrahydrofuran (10 mL), 6 mol/L hydrochloric acid (4.66 mL) was
added, and the mixture was stirred overnight at room temperature.
The mixture was neutralized with saturated aqueous sodium
hydrogen carbonate solution under ice-cooling, and extracted
with ethyl acetate. The organic layer was washed with saturated

20 brine, and dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (eluent:
hexane:ethyl acetate=9:1—1:9), and recrystallized from
tetrahydrofuran-hexane to give the title compound as colorless

25 crystals (yield: 115 mg, 32%).

'H-NMR (CDC13)8:1.01 (3H,t, J=7.5Hz), 1.68-1.82(3H,m), 2.62-
2.70(1H,m), 2.81-2.90(1H,m), 3.94(3H,s), 4.08-4.17(1H,m), 4.62-
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The conpound of the present invention has a superior /5 action as an
androgen receptor nodul ator (particularly agonist), and is useful for the
pr ophyl axwe 2009/20Bat nent of hypogonadi sm nal e cli mact ePCT/JE2O8NES00,

frailty, cac i.a, .oste Si 18 e like, f i ch_admi nistration of
andr ogen r2&2%?g$nﬁdd§rgpgaﬁ(%@T?&gﬁigrﬁyzggo%rgifﬂgéié%geglZ@e. 20Thi s
appl i cati on. 55(hasgd=@n3pgayent application Nos. 2007-205966 and 2007-299658
filed in Japan, the contents of which are incorporated in full herein by
this refer@pckd8-160°C. Al t hough the present invention have been presented or
descri bed hy Leferygdng to preferred enmbodi ments of this 25 invention, it

w ll, however,” be understood by those of ordinary skill in the art that
vari ous soztdc¢hlata-dnd (28y 3Be-Peclehitlo- I-hediror s 5S-aoxomhet i il iwi-tL kgl —-3-
departing ¥£on1 he scq e.zf the invention as set forth in the appended
clains. Al %&ﬁéﬁﬁﬂionlgéf fit publications and other publications indicated
or cited in the %aﬁcification are hereby incorporated in their entireties
by reference. CLAIMS 1. A conpound represented by the fomula (I) R3 .5

wher ei n cH
oﬁj{jjBWu/’ ®

N
F

Cl

Il
N

A solution of (4S,5S)-4-(tert-butyldimethylsilyloxy)-5-
ethylpyrrelidin-2-one (300 mg), 2-chloro-3-fluoro-4-

10 lodobenzonitrile (416 mg), cesium carbonate (602 mg),
tris(dibenzylideneacetone)dipalladium(0) (56.4 mg) and 4,5-
bis (diphenylphosphino) -9, 9-dimethylxanthene (107 mg) in dioxane
(10 mL) was stirred at 80°C overnight under an argon atmosphere.
After allowing to room temperature, water was added to the

15 reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under reduced
pressure. The residue was purified by basic silica gel column
chromatography (eluent: hexane — hexane-ethyl acetate=2:1).

20 The obtained residue was dissolved in ethanol (10 mL)-
tetrahydrofuran (10 mL), concentrated hydrochloric acid (2.06
mL) was added, and the mixture was stirred overnight at room
temperature. The mixture was neutralized with saturated aqueous
sodium hydrogen carbonate solution under ice-cooling, and

25 extracted with ethyl acetate. The organic layer was washed with
saturated brine, and dried over magnesium sulfate, and the
solvent was evaporated under reduced pressure. The obtained

residue was purified by silica gel column chromatography
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Fe is a hydrogen atom a hal ogen atomor a |ower alkyl group optionally
havi ng substituent(s) selected fromthe group consisting of (i) a hal ogen
atom 10 Woi2pos@pes4al kOXy, (iii) 02-5 al kenyl, (iv) 02- @Calsryo0gbhe4s5¢o)
am no, (vi) pono-01 5 al kylam nq, 15 (Vii) alrlg%l am no, VIII nono- C1_5
al kyl - car boRYHSEH ‘ndlexeng) i qiey L S‘Cﬁl’cﬁ‘ﬁﬁlca@ RASASICA 1(5991 ByRit oxy, (xi)
cyano, 20 ﬁéxaae%}wlnaceeétélﬂo CRIROXHe, tﬁﬂg)c&a&lﬁw@syt@aw%% (xv)
car banoyl, (xvi) nono-Cl al kyl - car banoyl ,

crystals (yield: 86 mg, 25%).

'H-NMR (CDC13)8:0.99(3H, t, J=7.4Hz), 1.40-1.74(3H,m),

5 2.61(1H,dd,J=17.6,1.5Hz), 2.86(1H,dd,J=17.4,5.7Hz), 4.06-
4.16(1H,m), 4.59-4.68(1H,m), 7.38-7.45(1H,m), 7.50-7.55(1H,m).
mp:142-144°C.

Example 79
rac-4-[(25,3S)-2-benzyl-3-hydroxy-5-oxopyrrolidin-1-yl]-2-

10 chlorobenzonitrile

Cl

I
N

To a mixture of 4-(2-benzyl-3-hydroxy-5-oxo-2,5-dihydro- .
1H-pyrrol-1-yl)-2-chlorobenzonitrile (400 mg) and acetic acid
(0.60 mL) in acetonitrile (20 mL) was added sodium borohydride

15 (86 mg) at 0°C in small portions. The mixture was warmed to room
temperature, and stirred for 3 hr. Water was added, and the
mixture was extracted with ethyl acetate. The organic layer was
washed with saturated brine, and dried over magnesium sulfate,
and the solvent was evaporated under reduced pressure. The

20 obtained residue was purified by basic silica gel column
chromatography (eluent: hexane:ethyl acetate=4:1—ethyl acetate),
and recrystallized from tetrahydrofuran-hexane to give the title.
compound as colorless crystals (yield: 310 mg, 77%).

'H-NMR (DMSO-dg) 8:2.38 (1H,dd, J=16.8, 5. 7Hz) ,

25 2.65(1H,dd,J=16.8,6.8Hz), 2.82(1H,dd,J=13.6,5.3Hz),
3.01(1H,dd,J=13.6,7.7Hz), 4.34(1H,br.s.), 4.65-4.74(1H,m),
5.61(1H,d, J=2.6Hz), 7.09—7.24(5H,m), 7.58(1H,dd, J=8.7,2.1Hz),
7.76(1H,d,J=2.1Hz), 7.89(1H,d,J=8.7Hz).
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25 (xvii)al kyl -carbamoyl, (xviii) cyclic am nocarbonyl, (xix) ureido, (XX)
Cl 6 al kyl-ureido, and (xxi) C3-6 cycloalkyl; R2is (1) a halogen atom 5
(2) a | owwo 2009%02b23@r oup optionally havi ng substituent (spcTaPBoseasér om t he
group consi stjng of é ) a halogen atom (ii) C1_6 al koxy, (iii) C2-6

al kenyl , |%P( @? al kynyl, (v) amno, (vi) nono-Cl_6 al kyl am no, (vii)
aIkyIaninoExémﬁlé)gonono ClL 6 al kyl -carbonylamnno, is (ix) di(Cl_6

al kyl - car bon am no h drox
y 2 ! gs 3S3

oro-— hydroxy 5-ox0-2- propylpyrrolldln 1-

yllbenzonitrile
OH
OANU "'I//\CHS

c
Il
N

To a mixture of 2-chloro-4-(3-hydroxy-5-oxo-2-propyl-2,5-
dihydro-1H-pyrrol-1-yl)benzonitrile (800 mg) and acetic acid
(1.82 mL) in acetonitrile (25 mL) was added sodium borohydride
(273 mg) at 0°C in small portions. The mixture was warmed to

10 room temperature and stirred for 1 hr. Water and saturated
brine were added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine, and
dried over magnesium sulfate, and the solvent was evaporated
under reduced pressure. The obtained residue was purified by

15 basic silica gel column chromatography (eluent: hexane:ethyl
acetate=4:1—ethyl acetate), and recrystallized from
tetrahydrofuran-hexane to give the title compound as colorless
crystals (yield: 578 mg, 72%).

'H-NMR (CDC13)8:0.96 (3H,t,J=7.2Hz), 1.28-1.81(4H,m),

20 1.90(1H,d,J=4.9Hz), 2.61-2.88(2H,m), 4.14-4.24(1H,m), 4.59-
4.69(1H,m), 7.38(1H,dd,J=8.5,2.1Hz), 7.64(1H,d,J=1.9Hz),
7.68(1H,d,J=8.5Hz) .
mp:143-146°C.

Example 81

25 rac-2-chloro-4-[(2S,3S)-2-(4-fluorobenzyl)-3-hydroxy-5-

oxopyrrolidin-1-yl]lbenzonitrile

/
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(xi) cyano, (xii) amdino, (xiii) carboxyl, 20 (xiv) Cl1_6 al koxy-carbonyl,
(xv) carbanmoyl, (xvi) mono-Cl_6 al kyl-carbamoyl, (xvii) alkyl-carbamoyl,
(xviii) cwolzo@/em3nocar bonyl, 25 (xix) ureido, (XX) C1- @caljrylos/o6480do, and
(xxi) C3_6 cycloalkyl, or (3) a lower al koxy group optionally having

hal ogen atom(s) 5% I s.a cyano group; 30 R4 is a hydrogen atom or a hal ogen
atom R6 is a hydroge om R6 is a hydrogen atom R2 is (1) a |l ower alkyl
group optionalTy haV| ubstituent(s) sel ected fromthe group consisting
of 35 (i) g INo el /ato

cl
Il
N

To a mixture of 2-chloro-4-[2-(4-fluorobenzyl)-3-hydroxy-
5-oxo0-2, 5-dihydro-1H-pyrrol-1l-yl]lbenzonitrile (1.00 g) and
acetic acid (1.84 mL) in acetonitrile (10 mlL) was added sodium

5 borohydride (276 mg) at 0°C in small portions. The mixture was
warmed to room temperature and stirred for 1 hr. Water and
saturated brine were added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
brine, and dried over magnesium sulfate, and the solvent was

10 evaporated under reduced pressure. The obtained residue was
purified by basic silica gel column chromatography (eluent:
hexane:ethyl acetate=4:1—ethyl acetate), and recrystallized
from tetrahydrofuran-hexane to give the title compound as
colorless crystals (yield: 717 mg, 71%).

15 'H-NMR(CDCl3)8:1.89(1H,d,J=4.3Hz), 2.47-2.58(1H,m), 2.70-
2.82(1H,m), 2.93-3.12(2H,m), 4.44-4.58(2H,m), 6.94-7.04(2H,m),
7.13-7.23(2H,m), 7.47(1H,dd,J=8.7,1.9Hz), 7.65-7.71(2H,m).
mp:154-156°C.

Example 82

20 2-chloro-4-[(2S,3S)-3-hydroxy-2-(l-methylethyl)-5-oxopyrrolidin-

l-yl]lbenzonitrile

Cl
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(ii) C1_6 alkoxy, (iii) C2_6 alkenyl, (iv) C2-6 alkynyl, (v) amno, 5 (vi)
nono-Cl_6 al kylamno, (vii) alkylamno, (viii) nono-Cl-6
al kyl - carworngéseniase, (i x) di (Cl-6al kyl - car bonyl ) ani no, PCXPPIP8NGIRe0, / 0

(V) carbaoyl , T8 LR oGt S RT iy BRSO {x bl T AR bamoy
(xviii) CYQké€2ﬁﬂndﬂHyﬂﬂ@QﬂHprf%bKJliyfyd@%zonltrlle (300 mg) and acetic
acid (0.68 mL) in acetonitrile (10 mL) was added sodium
borohydride (103 mg) at 0°C in small portions. The mixture was
5 warmed to room temperature and stirred for 1 hr. Water was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine, and dried over
magnesium sulfate, and the solvent was evaporated under reduced
pressure. The obtained residue was purified by basic silica gel
10 column chromatography (eluent: hexane:ethyl acetate=4:1—ethyl
acetate), and recrystallized from hexane-ethyl acetate to give
the title compound as colorless crystals (yield: 76 mg, 25%).
'H-NMR (CDC13)8:0.93(3H,d, J=7.2Hz), 1.08(3H,d,J=7.2Hz),
1.90(1H,d,J=4.9Hz), 2.19-2.38(1H,m), 2.65-2.89(2H,m), 4.22-
15 4.28(1H,m), 4.79-4.90(1H,m), 7.45(1H,dd,J=8.5,2.1Hz),
7.67(1H,d,J=8.5Hz), 7.70(1H,d,J=1.9Hz).
mp:100-102°C.
Example 83
rac-2-chloro-4-[(2S,3S) -2~ (4-cyanobenzyl)-3-hydroxy-5-

20 oxopyrrolidin-l-yl]benzonitrile

N
%

OQ""H

N

Cl

To a mixture of 2-chloro-4-[2-(4-cyanobenzyl)-3-hydroxy-5-
oxo-2,5-dihydro-1H-pyrrol-1l-yl]benzonitrile (300 mg) and acetic
acid (0.54 mL) in acetonitrile (10 mL) was added sodium

25 borohydride (81 mg) at 0°C in small portions. The mixture was
warmed to room temperature and stirred for 1 hr. Water was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine, and dried over

magnesium sulfate, and the solvent was evaporated under reduced
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(xx) C1-6 al kyl-ureido, and 20 (XXi) C3-6 cycloal kyl, O (2) an aral kyl
group optionally having substituent(s) selected fromthe group consisting
of (iWOaO(bvalzm:gen at om (i) Cl-6 al koxy, 25 (ipCyiIeaogoaseenyl,

(iv) C2-6 alkyn (\ér)h‘? % 0-Cl 6 al kylam.no, (vili . kyl anj no,
30 (viii) ﬁﬁﬁ% %ﬁé yglD arp % %ﬁﬁ#h? was pPF%¥ %@(Qﬁ. Rgisic siticd n1
al kyl - car b@BYuﬂ]ﬁrEHkQ)ma(tberﬁH&O{(é(luéﬁ%.) HARRR: ethyl (XbdDat@WadhNetdp (X111)
carboxyl, (xiv) Cl al Koxy-car bonyl, (xv) carbanoyl,

acetate), and recrystallized from tetrahydrofuran-hexane to give

the title compound as colorless crystals (yield: 162 mg, 54%).

5 'H-NMR(CDC13)8:1.97(1H,d, J=4.5Hz), 2.52(1H,dd,J=17.3,4.2Hz),
2.72-2.85(1H,m), 3.01-3.24(2H,m), 4.47-4.58(2H,m),
7.37(2H,d,J=8.5Hz), 7.48(1H,dd,J=8.6,2.2Hz), 7.60(2H,d,J=8.5Hz),
7.67(1H,d,J=1.9Hz), 7.70(1H,d,J=8.5Hz).
mp:176-178°C.

10 Example 84
2-chloro-4-[(2S,3S)-2-(cyclopropylmethyl)-3-hydroxy-5-

oxopyrrolidin-1l-yl]benzonitrile

OH
OEN ‘II'

Cl

Il
N

To a mixture of 2-chloro-4-[2-(cyclopropylmethyl)-3-

15 hydroxy-5-oxo-2, 5-dihydro-1H-pyrrol-1-yl]benzonitrile (400 mg)
and acetic acid (0.87 mL) in acetonitrile (10 mL) was added
sodium borohydride (131 mg) at 0°C in small portions. The
mixture was warmed to room temperature and stirred for 1 hr.
Water was added, and the mixture was extracted with ethyl

20 acetate. The organic layer was washed with saturated brine, and
dried over magnesium sulfate, and the solvent was evaporated
under reduced pressure. The obtained residue was purified by
basic silica gel column chromatography (eluent: hexane:ethyl
acetate=4:1 —» ethyl acetate), and recrystallized from

25 tetrahydrofuran-hexane to give the title compound as colorless
crystals (yield: 310 mg, 77%).
1H—NMR(CDCl3)8:O.06—O.16(2H,m), 0.46-0.56(2H,m), 0.66-0.79(1H,m),
1.41-1.52(1H,m), 1.74-1.87(1H,m), 1.96(1H,d,J=4.7Hz), 2.68-
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(xvi) nono-Cl_6 al kyl -carbanoyl, (xvii) alkyl-carbanoyl, 5 (xviii) cyclic
am nocar bonyl, (xix) ureido, (XX) Cl-6 al kyl-ureido, (xxi) C3_6 cycloal kyl,
and (xxiiwol2oaemoskkyl ; 10 Fe is (1) a hydrogen atom (PrTarRoosesssel kyl

group optign t%{h ving._su séé ent (s) | ec fromthe group consisting
of (i) a hgt@g riat amq_-?ﬁr : E_ﬁ*ré‘ﬁkmé‘y,sﬂlg- 5?%151(‘@2'-6 al kenyl, (iv) C2-6
al kynyl, (y)4ammmaid,(g). 7menos£l, 6 axyl.aeipa,mf{vii) alkylamno, 20 (viii)
nono- C1- 6 al kyl - car bonyl am no,

mp:137-139°C.

Experimental Example 1 AR binding inhibitory test

5 To a solution containing a wild-type androgen receptor

(AR) were added radiolabel mibolerone (3 nM) and a compound (100

nM), and the mixture was incubated at 4°C for 3 hr. B (Bound)/F

(Free) were separated by the dextran/charcoal method. The label

count of B was measured, and the inhibitory rate of the compound

10 was calculated. The results are shown in Table 1.

Table 1
Compound Example No. | Inhibitory rate (%) at 100 nM
8 90
17 90
40 90
41 96
55 99
59 94
74 97
75 . 95

Experimental Example 2 Compound evaluation in reporter assay
system using Cos-7 cell
Cos-7 (5,000,000 cells) were sown in a 150 cm? flask, and

15 cultured in a culture medium (DMEM medium containing 10% Dextran
Charcoal (DCC)-Fetal Bovine Serum (FBS), 2 mM glutamine) for 24
hr.. Vector DNA containing AR gene, and vector DNA containing
luciferase gene bound at the downstream of an androgen
responsive promoter derived from MMTV (Mouse Mammary Tumor

20 Virus) were co-transfected by a liposome method. After
culturing for 4 hr, the cells were harvested, and 10,000 cells
were plated in a 96 well plate and cultured for 2 hr. b5a-
Dihydrotestosterone (1 uM) or a compound (100 nM) was added, and
the cells were further cultured for 24 hr, after which the

25 luciferase activity was measured. The induction rate by the
compound was calculated with the luciferase activity induced by’

the addition of bSa-dihydrotestosterone (1 pM) as 100. The

results are shown in Table 2.
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(ix) di(CLl...6 al kyl-carbonyl)am no, (x) hydroxy, (xi) cyano, (Xii)

am dino, 25 (xiii) carboxyl, (xiv) Cl1_6 al koxy-carbonyl, (xv) carbanoyl,
(xvi) nmoneoCasm2ed3kyl - car bamoyl, (xvii) al kyl -carbanoyl pPC3OP£ao8/né4500 cycli c
am nocar bonyl, (xix) ureido, (xx) Cl_ %I Kyl -ureido, and (xxi) C3-6

cycl oal kyl, or (3) a C3-6 cycl oal kyi? &Foap optionally having

substituent (s) 3Cosbaotidddampiet Ne. Jriojmctdnai satag(df at( i)00anMal ogen
atom (ii) Cl-6 @l koxy, 8 106
17 23
40 40
41 81
55 80
59 67
74 79
75 69
Formulation Example 1 Injection containing compound of Example
1
(1) compound of Example 1 5.0 mg
5 (2) sodium chloride 20.0 mg
(3) distilled water amount to make total 2 ml

The compound (5.0 mg) of Example 1 and sodium chloride
(20.0 mg) were dissolved in distilled water, and water was added
to the total amount of 2.0 ml. The solution was filtered, and
10 aseptically filled in an ampule (2 ml). The ampule is

sterilized and tightly sealed to give a solution for injection.

Industrial Applicability
The compound of the present invention has a superior

15 action as an androgen receptor modulator (particularly agonist),
and is useful for the prophylaxis or treatment of hypogonadism,
male climacteric disorder, frailty, cachexia, osteoporosis and
the like, for which administration of androgen receptor
modulator (particularly agonist) is effective.

20 This application is based on patent application Nos.
2007-205966 and 2007-299658 filed in Japan, the contents of
which are incorporated in full herein by this reference.

Although the present invention have been presented or
described by referring to preferred embodiments of this

25 invention, it will, however, be understood by those of ordinary
skill in the art that various modifications may be made to the
forms and details without departing from the scope of the

invention as set forth in the appended claims. All patents,
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(iii) C2-6 al kenyl, (iv) C2-6 al kynyl, (v) amno, (vi) nono-Cl.6
al kyl am no, (vii) alkylamno, (viii) nono-Cl/6 al kyl-carbonyl am no, (iXx)
di (C1_6 awvkybedanisenyl )am no, /o (x) hydroxy, (xi) cyan®CTJr2a03/0as0di no,

(xiii) carboxyl xi,v) Cl.6 al koxy-carbonpyl., 15 (xv) carbanmoyl, (xvi),
fono. L1 6 R ERRas Ot e )ity BUEhBaRegts At dopel pted in
am nocar bofyéd , sded )i cHE@bHOare hereby incorporated in their entireties by

reference.
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20 (xx) Cl-6 al kyl -ureido, (xxi) C3-6 cycloal kyl, and (xxii) |ower alkyl;
R5 is a hydroxy group; and Ring Ais a pyrrolidine ring which optionally
has 1 or 2 25 substituents selected froma hal ogen atom a | ower al kyl
group optionally having a hydroxy group, a |ower al kenyl group and an

aral kyl group, or a pyrrolidine €H8Sf oi ning a spiro bond with C3-6
cycl oal kane, or a salt thereof. 30 2. The conpound of claim1, wherein the
fokuula (1) is the foimula (1") CN wherein Rl is a hydrogen atom a

hal ogen at oA afompohverept&ybntedUpy atd diecatruy ahdi) ng substit uent (s)
selected fromthe group s consisting of (i) a halogen atom (ii) 01_6
al koxy, (iii) 02-6 ﬂbkenyl,

R8
A R’
o= =6
RS R’
(1)
R* R?

5 wherein
R! is a hydrogen atom, a halogen atom or a lower alkyl group
’optionally having substituent (s) selected from the group‘
consisting of
(i) a halogen atom,
10 (ii) Ci-¢ alkoxy,
(iii) Cy-6 alkenyl,
(iv) Cz-¢ alkynyl,
(v) amino,
(vi) mono-C;-¢ alkylamino,
15 (vii) di-Ci-¢ alkylamino,
(viii) mono-Ci-¢ alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
- (x) hydroxy,
(xi) cyano,
20 (xii) amidino,
(2x1ii) carboxyl,
(xiv) Ci-¢ alkoxy-carbonyl,
(xv) carbamoyl,
(xvi) mono-Ci;-¢ alkyl-carbamoyl,
25 (xvii) di-C;-¢ alkyl-carbamoyl,

(xviii) cyclic aminocarbonyl,
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(iv) C2_6 alkynyl, 1o (v) amno, (vi) nono-01_6 al kylam no, (vii)
al kyl am no, (viii) nono-01_6 al kyl -carbonylam no, (ix) di (Cl6
al kyl - car bonyl )am no, 15 (x) hydroxy, (xi) cyano, (xii) amdino, (xiii)
car boxyl , ((xkV)ufi-d,al koxy-carbonyl, 20 (xv) carbanmoyl, (xvi) nono-01_6
al kyl - carbanoyl , (xvii) di-Cl_6 al kyl-carbanmoyl, (xviii) cyclic
ani nocar b&®¥) | Cy«iddkydrergddopsankx) 01-6 al kyl -urei do, and (xxi) C3-6
CyCloalkykixi) Cs-¢ cycloalkyl;
R? is (1) a halogen atom,
5 (2) a lower alkyl group optionally having substituent (s).
selected from the group consisting of
(i) a halogen atom,
(ii) Ci-¢ alkoxy,
(1ii) Cy-¢ alkenyl,
10 (iv) Cy¢ alkynyl,
(v) amino,
(vi) mono—Cbﬁ.alkylamino,
(vii) di-Ci-¢ alkylamino,
(viii) mono-Cj;-¢ alkyl-carbonylamino,
15 (ix) di(Ci-¢ alkyl-carbonyl)amino,
(x) hydroxy,
(xi) cyano,
(xii) amidino,
(xiii) carboxyl,
20 (xiv) Ci-¢ alkoxy-carbonyl,
(xv) carbamoyl,
(xvi) mono-Ci;-¢ alkyl-carbamoyl,
(xvii) di-Ci-¢ alkyl-carbamoyl,
(xviii) cyclic aminocarbonyl,
25 (xix) ureido,
(xx) Ci-¢ alkyl-ureido, and
(xxi) Cz¢ cycloélkyl, or
(3) a lower alkoxy group optionally having halogen atom(s);
R® is a cyano group;
30 R* is a hydrogen atom or a halogen atom;
R° is a hydrogen atom;
R® is a hydrogen atom;
R’ is (1) a lower alkyl group optionally having substituent (s)
selected from the group consisting of

35 (1) a halogen atom,
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R2 is a halogen atom a |ower al kyl group optionally having hal ogen aton(s)
or a |lower al koxy group optionally having hal ogen aton(s); R4 is a hydrogen
atomor a halogen atom 5 R5 and R6 are each a hydrogen atom R7 is (1) a

| ower al kyh)gcoypaopistnal Iy having substituent(s) selected fromthe group

con5|st|ng of (i) a hal ogen atom (1i) C1_6 alkoxy, /o (iii) C2_6
al kenyl, (Ei¥) €2eclde&pdyl , (v) amino, (vi) nono-Cl..6 alkylamino, (vii)
alkylanlqg ? %Véiﬁ Jppno- Cl 6 al kyl -car bonyl am no, (ix) di(CL_6

al kyl - carbony 3 (X) hydroxy, (xi) cyano, (xii) amdino, 20

(xiii) cawboamhno(X|v) Cl-6 al koxy-carbonyl,

5 (vi) mono-Ci-¢ alkylamino,

(vii) di-Ci-¢ alkylamino,
(viii) mono-C;—¢ alkyl-carbonylamino,
(ix) di(Ci_g alkyl—éarbonyl)amino,
(x) hydroxy,
10 (xi) cyano,
(xii) amidino,
(xiii) carboxyl,
(xiv) Ci-6 alkoxy-carbonyl,
(xv) carbamoyl,

15 (xvi) mono-Cj_g alkyl-carbamoyl,
(xvii) di-C;-¢ alkyl-carbamoyl,
(xviii) cyclic aminocarbonyl,

(2ix) ureido,
(xx) Ci-¢ alkyl-ureido, and

20 (xxi) Csz.¢ cycloalkyl, or
(2) an aralkyl group optionally having substituent(s) selected
from the group consisting of
(1) a halogen atom,

(ii) Ci-¢ alkoxy,
25 (iii) Cu.¢ alkenyl,
(iv) Cy-6 alkynyl,
(v} amino,
(vi) mono-Cj-¢ alkylamino,
(vii) di-Ci-¢ alkylamino,

30 (viii) mono-Cj-¢ alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
(x) hydroxy,

(xi) cyano,
(xii) amidino,
35 (xiii) carboxyl,
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(xv) carbamoyl, (xvi) nono-Cl_6 al kyl -carbanoyl, (xvii) alkyl-carbanmoyl, 25
(xviii) cyclic am nocarbonyl, (xix) ureido, (xx) Cl6 al kyl -ureido, and

(xxi) C3_6 cycloal kyl, or (2) an aral kyl group optionally having
substi t uept{-s) C%@% %qq(%QYBQa}BgHgipe group consi sting of (1) a hal ogen
atom (ii) 01_6 alkoxy. (iii) 02-6 al kenyl, (iv) C2-6 al kynyl, 35 (v)

amino, (&Y) meda@py8 al kyl amino, (vii) alkylamno, (viii) nono-Cl_6

al kyl - car Pﬁp%l %@nnoo_,cl_(f;i élkgzil_— Q%Bgm%lz kyl - car bonyl ) ami no,

(xvii) di-Ci-¢ alkyl-carbamoyl,
5 (xviii) cyclic aminocarbonyl,
(xix) ureido,
(xx) Ci-¢ alkyl-ureido,
(xx1) Cs-4 cycloalkyl, and
(xxii) lower alkyl;
10 R® is (1) a hydrogen atom,
(2) a lower alkyl group optionally having substituent (s)
selected from the group consisting of
(1) a halogen atom,
(1i) Ci-¢ alkoxy,
15 (iii) Cp.¢ alkenyl,
(iv) Cy-6 alkynyl,
(v) amino,
(vi) mono-Ci¢ alkylamino,
(vii) di-Cj-¢ alkylamino,
20 (viii) mono-C;-¢ alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
(x) hydroxy,
(xi) cyano,
(xii) amidino,
25 (xiii) carboxyl,
(xiv) Ci-¢ alkoxy-carbonyl,
(xv) carbamoyl,
(xvi) mono-C;¢ alkyl-carbamoyl,
(xvii) di-Ci.¢ alkyl-carbamoyl,
30 (xviii) cyclic aminocarbonyl;
(xix) ureido,
(xx) Ci¢ alkyl-ureido, and
(xx1) Csz-¢ cycloalkyl, or
(3) a Cs¢ cycloalkyl group optionally having substituent (s)

35 selected from the group consisting of
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5 (x) hydroxy, (xi) cyano, (xii) amdino, (xiii) carboxyl, (xiv) C2-6

al koxy-carbonyl, la (xv) carbanoyl, (xvi) nono-01_6 al kyl -car banoyl ,

di-Cl1_6 al kyl -carbanmoyl, (xviii) cyclic am nocarbonyl, (xix) ureido, 15

(XX) 01-6ial kyhalwgirdagton(,xxi) 03_6 cycloal kyl, and (xxii) |ower alkyl;

Is (1) a h{?rogen atom (2) a lower alkyl

subst it uéh S§PQGIQ%P%bted fromthe group consisting of (i) a hal ogen atom

(i) Cl-6;akkQXy, L1jdy),102_6 al kenyl

10

15

30

(1v) Cu6 alkynyl,

(v) amino,

(vi) mono-Ci-¢ alkylamino,

(vii) di-Ci-¢ alkylamino,

(viii) mono-Ci.¢ alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
(x) hydroxy,

(xi) cyano,

(xii) amidino,

(xiii) carboxyl,

(xiv) Cy-¢ alkoxy-carbonyl,

(xv) carbamoyl,

(xvi) mono-C;-s alkyl-carbamoyl,
(xvii) di-Ci-¢ alkyl-carbamoyl,
(xviii) cyclic aminocarbohyl,
(xix) ureido,

(xx) Ci-¢ alkyl-ureido,

(xki) Cs-s cycloalkyl, and -

(xxii) lower alkyl;

R’ is a hydroxy group; and

group optionally having

Ring A is a pyrrolidine ring which optionally has 1 or 2

substituents selected from a halogen atom, a lower alkyl group

optionally having a hydroxy group, a lower alkenyl group and an

aralkyl group, or a pyrrolidine ring forming a spiro bond with

Cs-g cycloalkane, or a salt thereof.

2. The compound of claim 1, wherein the formula (I) is the

formula (1)
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(iv) 02-6 al kynyl, 25 (v) am no, (vi) mono-Cl1_6 al kyl am no, (vii)

al kyl am no, (viii) nono-Cl_6 al kyl -carbonyl am no, (ix) di(01_6
al kyl - carbonyl )am no, 30 (x) hydroxY. (xi) cyano, (xii) amdino, (Xxiii)
car boxyl, (xiv), 01 6 al koxy-carbonyl, 35 (xv) carbamoyl, (xvi) nono-Cl..6
al kyl - car lk’alrm ,Ot* wi i) al kyl-carbamoyl, (xviii) cyclic am nocarbonyl,
(xi x) ureido, Xx) C16 al kyl -urei do, and
R7
0 N R®
RS R’
()
R* R?
CN
wherein

R' is a hydrogen atom, a halogen atom or a lower alkyl group
optionally having substituent(s) selected from the group
5 consisting of
(1) a halogen atom,
(11) Ci-e¢ alkoxy,
(11i) C-¢ alkenyl,
(iv) Cu-6 alkynyl,
10 {v) amino,
(vi) mono-Ci-¢ alkylamino,
(vii) di-C;-¢ alkylamino,
(viii) mono-Ci-¢ alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
15 (x) hydroxy,
(xi) cyano,
(xii) amidino,
(xiii) carboxyl,
(xiv) Ci-¢ alkoxy-carbonyl,
20 (xv) carbamoyl,
(xvi) mono-Cij—¢ alkyl-carbamoyl,
(xvii) di-C;-¢ alkyl-carbamoyl,
(xviii) cyclic aminocarbonyl,
(xix) ureido,
25 (xx) Ci-¢ alkyl-ureido, and

(xx1) Csz-¢ cycloalkyl;
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(xxi) C3-6 cycloalkyl, or (3) a C3-6 cycloal kyl group optionally having
substituent(s) selected fromthe group consisting of (i) a halogen atom /o
(i) Ci1-6 aI koxy, (iii) C2-6 alkenyl, (iv) C2_6 al kynyl, (v) am no, (vi)
nono- C1 6Ralllsylaahahoged5a1(mm,| )aaIJquIeacmamhyl(group @punmrﬁll.lyGhavmg

o kol -carpenulamie, (1,0, (e s kylseabon)aninn, () ooy, (x)
(xv) Carh&mm@en atom(s) ;
R* is a hydrogen atom or a halogen atom;
5 R® and R® are each a hydrogen atom;
R’ is (1) a lower alkyl group optionally having substituent (s)
selected from the group consisting of
(1) a halogen atom,
(ii) Ci-¢ alkoxy,
10 (iii) Cy-¢ alkenyl,
(iv) Cy-¢ alkynyl,
(v) amino,
(vi) mono-Ci-¢ alkylamino,
(vii) di-Ci-s alkylamino,
15 (viii) mono-Cj-s alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
(x) hydroxy,
(xi) cyano,
(xii) amidino,
20 (xiii) carboxyl,
(xiv) Ci-g alkoxy—cafbonyl,
(xv) carbamoyl,
~(xvi) mono-Cj-¢ alkyl-carbamoyl,
(xvii) di-C;-¢ alkyl-carbamoyl,
25 (xviii) cyclic aminocarbonyl,
(xix) ureido,
(xx) Ci_¢ alkyl-ureido, and
(xx1i) Csz-¢ cycloalkyl, or
(2) an aralkyl group optionally having substituent(s) selected
30 from the group consisting of
(1) a halogen atom,
(ii) €C;-¢ alkoxy,
(1ii) Cp-6 alkenyl,
(iv) Cu-6 alkynyl,

35 (v) amino,
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(xvi) mono-Cl..6 al kyl -carbanoyl, 25 (xvii)alkyl-carbanmoyl, (xviii) cyclic
am nocar bonyl, (xix) ureido, (XX) Cl-6 al kyl-ureido, (xxi) C2_6 cycl oal kyl,
and 30 (xxii) lower alkyl; and RI and R11l are the sane or different and
each is aviydmogenCatom ky@ldadragen atom a | ower al kyl group optionally

havi ng a hydro rou | ower al kenyl group or an aral kyl group; in
this caséY%ﬁH éﬁd ﬁﬂ%ﬁﬁéh?Wﬂqﬂ(B-G cycl oal kane together with 35 the

adj acent GAaKR9NLELENY, . M kJNE-LPRURGiAb, claim 2, wherein R2 is a
hydrogen atom a hal ogen atomor a lower alkyl group; R2 is a hal ogen

atom a |@wer dal(kyds gtlonp-opthandlllapibavi ng 5 hal ogen aton(s) or a | ower
al koxy _gr gp optionally having hal ogen aton(s); R7 is a |ower al kyl group
optiongllgih |ﬁax¥0bstituent(s) sel ected froma hydroxy group, a |ower

al koxy gredp agdna,C3...5 cycloal kyl group, or an aral kyl group optionally
having /o substituent(s) selected froma hal ogen atom and a cyano group; Re
is a hydriégen amésinar|ower al kyl group or a C3..6 cycloal kyl group; and
Rlc) and iﬁi%r% &ggx§§ne or different and each is a hydrogen atom a

hal ogen atom ‘a Fower al kyl group, a |ower alkenyl group, an /5 aral kyl
group, or(zavowers allkygkygeatiporsyihstituted by a hydroxyl group (in this
case, R an% R12 optionally form cycl opropane together with the adj acent
car borf%at . carpameKd, compound of claim 1, which is 4-[(2S, 35)-2-ethyl - 3-

Cher cof - L G et Whi'Ch s, 2. Ol o o 4- [ (48,58 4-
hydr oxy- 5t3vetiny 8i2Coxopyky bt ¢calieiioyll,] benzonitrile, or a salt 25 thereof.
(xviii) cyclic aminocarbonyl,
(xix) ureido,
15 (xx) Ci¢ alkyl-ureido,
(xxi) Cs-¢ cycloalkyl, and
(xxii) lower alkyl;
R® is (1) a hydrogen atom,
(2) a lower alkyl group optionally having substituent (s)
20 selected from the group consisting of
(1) a halogen atom,
(1ii) Ci-¢ alkoxy,
(iii) Cy-¢ alkenyl,
(iv) Cz-¢ alkynyl,
25 (v) amino,
(vi) mono-C;-¢ alkylamino,
(vii) di-C;-¢ alkylamino,
(viii) mono-Ci;-¢ alkyl-carbonylamino,
(ix) di(Ci-¢ alkyl-carbonyl)amino,
30 (x) hydroxy,
(xi) cyano,
(xii) amidino,
(xiii) carboxyl,
(xiv) Ci-¢ alkoxy-carbonyl,

35 (xv) carbamoyl,
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6. The conpound of claim1, which is 4-[(4R 5S)-5-ethyl-3, 3-

di fl uor o- 4- hydr oxy- 2- oxopyrrolidin-|-y]]-2-nethoxybenzonitrile, or a salt
thereof. 30 7. The conpound of claim1, which is 2-Chloro-4-[(2S, 3S, 45) - 2-
et hy 1- 3- hyzlvox yecharet hy blhkyaxopybambydj n- | -yl | benzonitrile, or a salt
thereof. 35 8.. The conpqund of claim1l1, which is 2-Chloro-4-[(4R 55)-5-
ethy1-3,3?ﬁY¥+hd?ﬁf%=%§§#3g99§¥giﬁﬁgifoIidin-l-yl]benzonitrile, or a salt
thereof. (xvPii)Thgcameundebrebaiim 1, which is 4-[(28,38)-2-ethyl-3- s
hydroxy-5-oxopyrro|idin-l-yl]-2-(trif|uoronethyl)benzonitri1e. 10. The
conpound ¢%ix) airaido,which is 2-Chl oro-4-[ (45, 59)-4-

hydr oxy- 5-net hyl- 2-oxqpyrrol, din-l,-yl ] benzonitri le. io 11. The conpound of
claim P, WHfCh ¥ ai?‘[y& 885195 apfly1- 3, 3-

di f | uor o- dxbydroxy -AcQ6RR¥kN 9l bdi n-1 -y1] - 2- met hoxybenzonitrile. 12. The
conmpound of claim1, which is 2-Chloro-4-[(28,38,4S)-2-

et hy1- 3- h{dlt ok y=us FtHPRI5YSx 659HP oPP el oRALIY [NeshzehistbpLdtuant (48, The
conmpound i hch i - -4-1 (4R, 5S) - 5-

et hyl- 3, 3-9%%%%éoc;noé-rfﬁhm%%o%?’ﬁgo%%%?%#?%iC??S -yl ]benzonitrile. 14. A
prodrug ofi} he ldnpeundtol,claim 1. 20 15. A pharnaceutical agent
conprising, the_ co und of claimlor a prodrug thereof. 16. The
pharnaﬁbu?+%bﬁha© 9% rcl ai m 15, which is an androgen 25 receptor

modul at or (i {y7.c,The1pkavaceutical agent of claim 15, which is an androgen

(iv) Cz-6 alkynyl,
(v) amino,
(vi) mono-Ci-¢ alkylamino,

15 (vii) di-Ci-¢ alkylamino,
(viii) mono-Ci-¢ alkyl-carbonylamino,
(ix) di(Ci-s alkyl-carbonyl)amino,
(x) hydroxy,
(xi) cyano,

20 (xii) amidino,
(xiii) carboxyl,
(xiv) Ci-¢ alkoxy-carbonyl,
(xv) carbamoyl,
(xvi) mono-Ci;-¢ alkyl-carbamoyl,

25 (xvii) di-Ci;-¢ alkyl-carbamoyl,
(xviii) cyclic aminocarbonyl,
(xix) ureido,
(xx) Ci_¢ alkyl-ureido,
(xxi) Cs-¢ cycloalkyl, and

30 (xxii) lower alkyl; and

" RY and RY™ are the same or different and each is a hydrogen atom,

a halogen atom, a lower alkyl group optionally having a hydroxy
group, a lower alkenyl group or an aralkyl group;
in this case, R and R may form Css cycloalkane together with

35 the adjacent carbon atom.
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receptor agonist. 30 18. The pharnmaceutical agent of claim15, which is a
ti ssue-sel ective androgen receptor nodul ator. 19. The phat naceuti cal
agent of claim 15, which is an agent for the prophylaxis or treatnent of
hypogonadi sm mal e clinacteric 35 disorder, frailty, cachexia or

ost eopor osi s. 20. The phalLnmaceuti cal agent pf claim 15, which is a
frailty supp F@&gﬁmpoan%@%l%l%m éngthesRRAnBerlS & RYSEPEST MF@asidng agent

a cachexi 31 a_%@hegggﬁtoraabpgy E"Eallgf'l gﬁgﬁgase 5 suppressant, an agent for

t he prophyl axi's or treat nent of prost pertrophy, amyotrophy or nuscle

| oss cause&d by a lokhksgse a}rronanaagemarfmlkybcb,mmpg opheopabk?akh&vymg ght. 21.

Use of thg ﬁotrépound of claim éﬁrodrug t hereof, for th roducti on of
.F

an agenf S BFBBAS] axF & O"ferre p%teﬂrﬂﬂﬁlslr% F Jeli macteric
di sorder, Haidldehy at6a¢8Exi a or osteoporosis.

R’ is a lower alkyl group optionally having substituent (s)
selected from a hydroxy group, a lower alkoxy group and a Cz-g
cycloalkyl group, or an aralkyl group optionally having
10 substituent(s) selected from a halogen atom and a cyano group;
R® is a hydrogen atom, a lower alkyl group or a Cs;¢ cycloalkyl
group; and
R'® and R" are the same or different and each is a hydrogen atom,
a halogen atom, a lower alkyl group, a lower alkényl group, an
15 aralkyl-group, or a lower alkyl group substituted by a hydroxyl
group (in this case, R!® and R optionally form cyclopropane

together with the adjacent carbon atom).

4. The compound of claim 1, which is 4-[(2S,3S)-2-ethyl-3-
20 hydroxy-5-oxopyrrolidin-1-yl]-2-(trifluoromethyl)benzonitrile,

or a salt thereof.

5. The compound of claim 1, which is 2-Chloro-4-[(4S,58)-4-
hydroxy-5-methyl-2-oxopyrrolidin-1-yllbenzonitrile, or a salt

25 thereof.

6. The compound of claim 1, which is 4-{(4R,5S)-5~ethyl-3, 3-
difluoro-4-hydroxy-2-oxopyrrolidin-1-yl]-2-methoxybenzonitrile,
or a salt thereof.

30
7. The compound of claim 1, which is 2-Chloro-4-[(2S,3S,4S8)-2-
ethyl-3-hydroxy-4-methyl-5~oxopyrrolidin-1-yllbenzonitrile, or a
salt thereof.

35 8. The compound of claim 1, which is 2-Chloro-4-[ (4R, 5S)-5-
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15

20

25

30

35

ethyl-3, 3-difluoro-4-hydroxy-2-oxopyrrolidin-l-yllbenzonitrile,

or a salt thereof.

9. The compound of claim 1, which is 4-[(2S,38)-2-ethyl-3-
hydroxy-5-oxopyrrolidin-~-1-yl]-2- (trifluoromethyl)benzonitrile.

10. The compound of claim 1, which is 2-Chloro-4-[(4S,5S)-4-
hydroxy-5-methyl-2-oxopyrrolidin-1-yllbenzonitrile.

11. The compound of claim 1, which is 4-[(4R,5S)-5-ethyl-3, 3-
difluoro-4-hydroxy-2-oxopyrrolidin-1-yl]~-2-methoxybenzonitrile.

12. The compound of claim 1, which is 2-Chloro-4-[(2S,3S,4S)~-2-
ethyl-3-hydroxy-4-methyl-5-oxopyrrolidin-1-yl]lbenzonitrile.

13. The compound of claim 1, which is 2-Chloro-4-[ (4R, 5S)-5-
ethyl-3,3-difluoro-4-hydroxy-2-oxopyrrolidin-1-yllbenzonitrile.

14. A prodrug of the compound of claim 1.

15. A pharmaceutical agent comprising the compound of claim lor

a prodrug thereof.

l6. The pharmaceutical agent of claim 15, which is an androgen

receptor modulator.

17. The pharmaceutical agent of claim 15, which is an androgen

receptor agonist.

18. The pharmaceutical agent of claim 15, which is a tissue-

selective androgen receptor modulator.

19. The pharmaceutical agent of claim 15, which is an agent for
the prophylaxis or treatment of hypogonadism, male climacteric

disorder, frailty, cachexia or osteoporosis.
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20. The pharmaceutical agent of claim 15, which is a frailty
suppressant, a muscle strength enhancer, a muscle increasing
agent, a cachexia suppressant, a body weight decrease
suppressant, an agent for the prophylaxis or treatment of
prostate hypertrophy, amyotrophy or muscle loss caused by a

disease or an agent for reducing the prostate weight.

21. Use of the compound of claim 1 or a prodrug thereof for the
production of an agent for the prophylaxis or treatment of
hypogonadism, male climacteric disorder, frailty, cachexia or

osteoporosis.
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