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Diet therapy and exercise therapy are essential in the treatment of

15 diabetes mellitus. When these therapies do not sufficiently control the
conditions of patients, insulin or an oral antidiabetic agent is additionally used
for the treatment of diabetes. At the present, there have been used as an
antidiabetic agent biguanide compounds, sulfonylurea compounds, insulin
resistance improving agents and a-glucosidase inhibitors. However, these

20 antidiabetic agents have various side effects. For example, biguanide
compounds cause lactic acidosis, sulfonylurea compounds cause significant
hypoglycemia, insulin resistance improving agents cause edema and heart
failure, and a-glucosidase inhibitors cause abdominal bloating and diarrhea.
Under such circumstances, it has been desired to develop novel drugs for

25 treatment of diabetes mellitus having no such side effects.

Recently, it has been reported that hyperglycemia participates in the
onset and progressive impairment of diabetes mellitus, i.e., glucose toxicity
theory. Namely, chronic hyperglycemia leads to decrease of insulin secretion
and further to decrease of insulin sensitivity, and as a result, the blood glucose

30 concentration is increased so that diabetes mellitus is self-exacerbated [Unger,
R.H., et al., “Hyperglycemia as an inducer as well as a consequence of
impaired islet cell function and insulin resistance: implication for the

management of diabetes”, Diabetologia, 1985, vol. 28, pp119-121; Rossetti, L.,
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Phar nacol ogRa:taT, LPCipdnvests 19874Vel. 80, pp1037-1044; Kahn B.B., etal.,

20 “Normalization of blood glucose in diabetic rats with phlorizin treatment

reverses insulin-resistant glucose transport in adipose cells without restoring
glucose transporter gene expression”, J. Clin. Invest., 1991, vol. 87, pp561-
570]

In addition, by treating diabetic animal models with SGLT inhibitory

25 agents for a long time, insulin secretion response and insulin sensitivity of the
animals are improved without incurring any adverse affects on the kidney or
imbalance in blood levels of electrolytes, and as a result, the onset and
progress of diabetic nephropathy and diabetic neuropathy are prevented
[Tsujihara, K., et al., “Na+-Glucose Cotransporter (SGLT) Inhibitors as

30 Antidiabetic Agents. 4. Synthesis and Pharmacological Properties of 4’-
Dehydroxyphlorizin Derivatives Substituted on the B Ring”, J. Med. Chem.,

1999, vol.42, pp5311-5324; Arakawa, K., et al., “Improved diabetic syndrome in
C57BL/Ks-db/db mice by oral administration of the Na+-glucose cotransporter
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heterocyclic rinheoprdsBat fnveBom R @Fetted ¥& bifodddddor He preparation of

compounds of formula (1)
C;}Y
X

WOH
HO
Y OH
15 OH ()

wherein Ring A and Ring B are one of the following:

(1) Ring A is an optionally substituted unsaturated monocyclic
heterocyclic ring, and Ring B is an optionally substituted unsaturated
monocyclic heterocyclic ring, an optionally substituted unsaturated fused

20 heterobicyclic ring, or an optionally substituted benzene ring; or

(2) Ring A is an optionally substituted benzene ring, and Ring B is an
optionally substituted unsaturated monocyclic heterocyclic ring, or an optionally
substituted unsaturated fused heterobicyclic ring wherein Y is linked to the
heterocyclic ring of the fused heterobicyclic ring; or

25 (3) Ring A is an optionally substituted unsaturated fused heterobicyclic

ring, wherein the sugar moiety X-(sugar) and the moiety —Y-(Ring B) are both



25(3) Ring Ais an optionally substituted unsaturated fused heterobicyclic
ring, wherein the sugar noiety X-(sugar) and the noiety -Y-(Ring B) are
both WO WO02010043@82PCT/ EP2009/ 063503 on the sane het er ®C¥EPR@I05353 of t he
fused heterobicycli c ring, and Ring B i s an optionall y substituted

unsat ur at ed c, heterocycl i t.i ona dtuyted

neat tr ot e e EITBREIRNG oftnG ko ARefMbaREIIng. 230 & EFbenzene
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that in Rin art of an unsaturated bond; Or a phar maceutlcally

accept abl e sadslstltuted gosa/talf@ed Hesesbhetecenipydlisiring, OAannprtlonallwsubstltuted
benzene ring;
5 X is a carbon atom;
Y is -(CH2)n-; wherein nis 1 or 2;
provided that in Ring A, X is part of an unsaturated bond;
or a pharmaceutically acceptable salt or solvate thereof; comprising

X X
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clgo (X) | Q (X1)

10 reacting a compound of formula (X) wherein Q° is bromo or iodo, with a
complex of di(C1salkyl)magnesium with lithium chloride or a complex of Cx.
salkyl magnesium chloride with lithium chloride or a complex of Cq.4alkyl
magnesium bromide with lithium chloride; in an organic solvent or mixture
thereof; at a temperature in the range of from about ambient temperature to

15  about -78°C; to yield the corresponding compound of formula (XI), wherein Q'

is the corresponding MgClI or MgBr;
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reacting the compound of formula (XI) with a compound of formula (XII),
wherein Z is an oxygen protecting group; in an organic solvent or mixture
20 thereof; at a temperature in the range of from about ambient temperature to

about -78°C; to yield the corresponding compound of formula (XIII);



X2 Q@ (X) Q (XI) 10reacting a conmpound of fornula (X) wherein O is
bromo or iodo, with a conplex of di (C _aal kyl)magnesiumwith |ithium

chl ori de W0 208100888k ex of Cl- 4al kyl magnesi um chl ori de WCTEPROOVIIHIFOZ
chloride or a conplex of C Aal kyl nmagnesium brom de with lithiumchloride;
In an organic solvent or mxture thereof; at a tenperature in the range of

from about anbie erapyireNt o 15about -78C, to vyi he co pondi ng
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reacting the compound of formula (XIll) with a Lewis acid; in the
presence of a silane reagent; in an organic solvent or mixture thereof; at a
temperature in the range of from about 0°C to about reflux; to yield the

5 corresponding compound of formula (XIV);
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de-protecting the compound of formula (XIV); to yield the corresponding
compound of formula (l).
In an embodiment, the present invention is directed to a novel process

10 for the preparation of compounds of formula (1A’)

(1A')
wherein

R* is halogen or lower alkyl;



wherein Z is an oxygen protecting group; in an organic solvent or m xture
20 thereof; at a tenperature in the range of from about anbient tenperature
t o about Wd20/868¢i el d t he correspondi ng conpound of f ®CEEP2000X6ISPy; WO
2010/ 043682PCT/ EP2009/ 063503 reacting the conmpound of formula (XI11)

ith a Lew id: in.t f i
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de-protecti ? he conpound formul a :"to yield thé correspondi ng
conpound ofh# @ﬂomraalt(oxy, methylenedioxy] et ater@msyxdmgm or dIHe\Aqsr eb@taminavent i on

Is directed tgﬁﬁo \éﬁd r%l%:eosrsdlJrgwétpélkylggrb%rr’r?cpﬁ,r ation of conpounds of

formula ( | &
5 or heterocyclyl substituted by 1-3 substituents selected from the group

consisting of halogen, cyano, lower alkyl, halo-lower alkyl, lower alkoxy, halo-
lower alkoxy, mono- or di-lower alkylamino, carbamoyl, and mono- or di-lower
alkylcarbamoyl;

and pharmaceutically acceptable salts thereof; comprising steps of:

O (;/\[ﬁo

MgXx° (L) Mg ® LiCl

RA

RO

10
reacting a compound of formula (L) wherein X° is selected from the
group consisting of Cl, Br, | and Cl-LiCl or a compound of formula (LI) with a
compound of formula (LI1), wherein R' is tri-lower alkyl silyl; to yield the
corresponding compound of formula (LIII);



(I'A") wherein RA is halogen or |ower alkyl; Ring Cis phenyl
substituted with 1-3 substituents selected fromthe group consisting of
hal ogen, woanw/04Beder al kyl, hal o-1ower al kyl, | ower al ROX{EP2002I06350DWer
al koxy, nethyl enedi oxy, ethyleneoxy, nono- or di-I|lower alkylam no,
carbanoyl, and nono- or di-lower alkylcarbanmoyl; 5or heterocyclyl

substituted by 1-3 Spbstituents selected fromthe gLeuUp consi sting of
hal ogen, cyano, lo = G _ er al kyl, |owerf al koxy, hal o-Iowe

al koxy, nono- or dj car banoyl , DAQ- (8 ‘_
. (G Q
reacting a conpound @ ) Whef ei

kyl car banmoyl ; and §
@HBRwonsi sti Eg_ of C, Br, lahd.ChLiCl or a conpound
r

steps of: RA 100
is selected fromthe

of formula (LI) wigh aytonpound of lg (LID, wher@RorRL is tri-|ower
al kyl silyl;_to yi | he correspondi ng conpound ©f f@rmula (LIII); WO
2010/ 043682PCTI& 03 Lv) HO (L)

reacting the compound of formula (LIll) with an alcohol of formula (LIV),
wherein R? is lower alkyl; in the presence of an acid; to yield the corresponding

compound of formula (LV);

5
protecting the hydroxyl groups on the compound of formula (LV); to yield
the corresponding compound of formula (LVI); wherein each R® is an hydroxyl
protecting group;
R30
10 reducing the compound of formula (LVI); to yield the corresponding

compound of formula (LVII);



reacting the conmpound of formula (LIII) with an alcohol of forrmula (LIV),
wherein R2 is lower alkyl; in the presence of an acid; to yield the

corr espormipregrioggsgseund of formula (LV); 5 HO pr GCEFPR0VY/063563

hydr oxyl groups on the conpound of formula (LV); to yield the corresponding
conpound of formula gLVI); wherein each R3 is an hydroxyl protecting group;
10r educi ng the compgund of fornmula (LVI); to yield t R correspondi ng

conmpound of formul OH 5H S
|/ @

\j

R3O0 HO

removing the protecting groups on the hydroxyls of the compound of
formula (LVII); to yield the corresponding compound of formula (IA’).
In an embodiment, the present invention is directed to a process for the

5 preparation of a compound of formula (I-S)

OH (I-S)
or solvate thereof; (also known as 1-(B-D-glucopyranosyl)-4-methyl-3-[5-

(4-fluorophenyl)-2-thienylmethyllbenzene); comprising

CH, [ CH, i
s O F s O F
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10 reacting a compound of formula (X-S) wherein Q° is bromo or iodo, with

a complex of di(C1-salkyl)magnesium with lithium chloride or a complex of Cx.
salkyl magnesium chloride with lithium chloride or a complex of Cq.4alkyl
magnesium bromide with lithium chloride; in an organic solvent or mixture
thereof; at a temperature in the range of from about ambient temperature to
15 about -78°C; to yield the corresponding compound of formula (XI-S), wherein

Q' is the corresponding MgCl or MgBr;



removi ng the protecting groups on the hydroxyls of the conmpound o
(LVIT1); to yield the correspondi ng conpound of forrmula (1A ). In
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sol vate thereof; (also known as 1-(8-D- gl ucopyranosyl)-4-nethyl-3
(4-fluorophenyl)-2-tid enyl met hypgnzergg), conprising 10r eact i ng
conmpound of forrmula ([X-S) whereinp Qi|s brono or iodo, 2w
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reacting the compound of formula (XI-S) with a compound of formu
(XII-S), wherein Z is an oxygen protecting group; in an organic solvent or

mixture thereof; at a temperature in the range of from about ambient

la

5 temperature to about -78°C; to yield the corresponding compound of formula

(XII-S);

(XII-S) XIV-S)

0z o7

reacting the compound of formula (XIlI-S) with a Lewis acid; in the

presence of a silane reagent; in an organic solvent or mixture thereof; at a

10 temperature in the range of from about 0°C to about reflux; to yield the

corresponding compound of formula (XIV-S);



WO 2010/ 043682PCT/ EP2009/ 063503 (XI1-95) reacting the conmpound of
formula (XI-S) with a conmpound of formula (XIl1-S), wherein Z is an oxygen
prot ecti yoOgpwEI6s82n an organi ¢ sol vent or m xture ther ®T/EP2009463503
tenperature in the range of from about anbient 5 tenperature to about -78C;
to yield the correggonding conpound of formula (XIII-S); cH3 ZO reacting
t he conpound of fofmila (XI11-S) with a Lewis aciCts in the presence of a
sil ane reagent; ims jarfl

10t enperature in
correspondi ng conR

Z0

(XIV-S) =

0Z OH

(-S)

de-protecting the compound of formula (XIV-S); to yield the
corresponding compound of formula (I-S).

In another embodiment, the present invention is directed to a process for

5 the preparation of a compound of formula (I-K)
Cl

OH (I-K)
or pharmaceutically acceptable salt or solvate thereof; (also known as 1-
(B-D-glucopyranosyl)-4-chloro-3-[5-(4-fluoro-3-pyridyl)-2-

thienylmethyllbenzene); comprising

ol e |
s LT s L 0T
| )7 N\ L )N\
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10 Q° (X-K) L Q! (XK il

reacting a compound of formula (X-K) wherein Q° is bromo or iodo with a
complex of di(C1salkyl)magnesium with lithium chloride or a complex of Ca.
salkyl magnesium chloride with lithium chloride or a complex of Cq.4alkyl
magnesium bromide with lithium chloride; in an organic solvent or mixture

15 thereof; at a temperature in the range of from about ambient temperature to

10



de-protecting the conmpound of formula (XIV-S); to yield the correspondi ng

conpound of forrmula (1-S). I n anot her enbodi nent, the present

i nvent i orwp0tV4eeted to a process for 5 the preparati oRCHEP200QOMF03IND Of
formula (1-K) d or pharmaceutically acceptable salt or solvate
t her eof ;

(al so
(13 B gl u AneaS Ty Fiskh g eorﬁef@qdmg FoBPgUAd ) faryg 051:K), wherein
t hi enyl met hyt ( reacting a conpound of fornula
(X-K) wher fgﬂkgﬁ?g:%ﬂ%éﬁoﬁ&ﬁﬁll\g 0 W tﬁBa conpl ex of di (G 4al kyl) negnesi um
with lithiumchloridegor a conplgx of ICl_ 4al kyl magnesi um chlorijde with
l'ithiumchloride or conplex of | _a magnesi um braxi de with[ Iithium
chloride; in an or g\cﬂ)Zent gr nj enperature in
the range of from@bout anbi ent tle
2010/ 043682!326’/ EP2009/ 043503

(XII-K)

XII-K
. (XI1-K)

reacting the compound of formula (XI-K) with a compound of formula
5 (XII-K), wherein Z is an oxygen protecting group; in an organic solvent or
mixture thereof; at a temperature in the range of from about ambient
temperature to about -78°C; to yield the corresponding compound of formula
(XN-K);

(XII-K)

Oz

(XIV-K)

0z

10 reacting the compound of formula (XIlI-K) with a Lewis acid; in the

presence of a silane reagent; in an organic solvent or mixture thereof; at a

11



about -78C, to yield the correspondi ng conpound of forrmula (Xl -K), wherein

QL is the corresponding 0 ZO OZ &Z (XI'l1-K) MyCl or MBr; d

10

15

20

25

WO 2010/043682 PCT/EP2009/063503

temperature in the range of from about 0°C to about reflux; to yield the

corresponding compound of formula (XIV-K);

(XIV-K)

oz (-K)

OH
de-protecting the compound of formula (XIV-K); to yield the
corresponding compound of formula (I-K).

The present invention is further directed to processes for the preparation
of compounds of formula (X-S) and compounds of formula (X-K), as described
in more detail in Scheme 4 and 5, which follow herein.

The present invention is further directed to a product prepared according
to any of the processes described herein.

lllustrative of the invention is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the product prepared according to any
of the processes described herein. An illustration of the invention is a
pharmaceutical composition made by mixing the product prepared according to
any of the processes described herein and a pharmaceutically acceptable
carrier. lllustrating the invention is a process for making a pharmaceutical
composition comprising mixing the product prepared according to any of the
processes described herein and a pharmaceutically acceptable carrier.

Exemplifying the invention are methods of treating a disorder mediated
by SGLT (including treating or delaying the progression or onset of diabetes
mellitus, diabetic retinopathy, diabetic neuropathy, diabetic nephropathy,
delayed wound healing, insulin resistance, hyperglycemia, hyperinsulinemia,
elevated blood levels of fatty acids, elevated blood levels of glycerol,
hyperlipidemia, obesity, hypertriglyceridemia, Syndrome X, diabetic
complications, atherosclerosis, or hypertension,) comprising administering to
the subject in need thereof a therapeutically effective amount of any of the
compounds or pharmaceutical compositions described above.

12
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WO 2010/043682 PCT/EP2009/063503

Further exemplifying the invention are methods of treating type 1 and
type 2 diabetes mellitus, comprising administering to a subject in need of
treatment a therapeutically effective amount of a therapeutically effective
amount of any of the compounds or pharmaceutical compositions described

5 above, alone or in combination with at least one antidiabetic agent, agent for
treating diabetic complications, anti-obesity agent, antihnypertensive agent,
antiplatelet agent, anti-atherosclerotic agent and/or hypolipidemic agent.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a process for the preparation of

A Y
X

“\\\O H

10  compounds of formula (l)

HO
OH

OH (1)
wherein X, Y, Ring A and Ring B are as herein defined; and
pharmaceutically acceptable salts or solvates thereof; as described in more
detail herein. The compounds of the formula (I) exhibits an inhibitory activity
15  against sodium-dependent glucose transporter being present in the intestine
and the kidney of mammalian species, and is useful in the treatment of
diabetes mellitus or diabetic complications such as diabetic retinopathy,
diabetic neuropathy, diabetic nephropathy, obesity, and delayed wound
healing. In an embodiment, the present invention is directed to a process for
20 the preparation of a compound of formula (I-S), as described in more detail
herein. In another embodiment, the present invention is directed to a process
for the preparation of a compound of formula (I-K), as described in more detail
herein.
The present invention is further directed to a process for the preparation

25 of compounds of formula (I1A")
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QZ reacting the conpound of fornula (XI-K) with a conpound of formla
S(XI'l-K), wherein Z is an oxygen protecting group; in an organic solvent or
m xture tWoerew/43ee a tenperature in the range of from ROTOP2E0NM6IHN
tenperature to about -78C, to yield the correspondi ng conpound of formula
(XIrrr-Ky; ad 10reacting the compound of formula (XI11-K) with a Lew s
acid; in the presence of a siland&eagent; in an organic solvent or mxture
t hereof; at a WO 2010/ 043682PCT/ P2009/ 063503 tenperature in the range of
from about OC to about refl ux; S di ng conmpound of
formula (XIV-K); CC de- pr ¢ gf formula (XIV-K); to
yield the 5 correspondi ng conp¢

HO

OH (IA’)
wherein R* and Ring C are as herein defined; and pharmaceutically
acceptable salts thereof. The compounds of formula (I1A’) are known to
possess activity as inhibitors of sodium-dependent glucose transporters, and
5 show excellent blood glucose lowering effect. The compounds of formula (I1A’)
may therefore be useful for the treatment or prevention of diabetes mellitus,
diabetic complications (e.g., diabetic retinopathy, diabetic neuropathy, and
diabetic nephropathy), and related diseases such as obesity.
The present invention is further directed to processes for the preparation
10  of compounds of formula (X-S) and compounds of formula (X-K), which
compounds are intermediates useful in the synthesis of the compounds of
formula (1), more particularly, in the synthesis of the compound of formula (I-S)
and compound of formula (I-K).
The term “halogen”, shall include chlorine, bromine, fluorine and iodine.
15  When referring to substituents on the compound of formula (l), the term
“‘halogen atom” or “halo” shall mean chlorine, bromine and fluorine, and
chlorine and fluorine are preferable.
The term “alkyl group” means a straight or branched saturated
monovalent hydrocarbon chain having 1 to 12 carbon atoms. The straight
20 chain or branched chain alkyl group having 1 to 6 carbon atoms is preferable,
and the straight chain or branched chain alkyl group having 1 to 4 carbon
atoms is more preferable. Examples thereof are methyl group, ethyl group,
propyl group, isopropyl group, butyl group, t-butyl group, isobutyl group, pentyl
group, hexyl group, isohexyl group, heptyl group, 4,4-dimethylpentyl group,
25 octyl group, 2,2,4-trimethylpentyl group, nonyl group, decyl group, and various

14



The present invention is further directed to processes for the preparation
of conpounds of formula (X-S) and conpounds of fornula (X-K), as described
in nore oEO2W10/G4p68Scheme 4 and 5, which foll ow herein. PCI/EP2009/06350he

present invention is further di rect ed to a product prepared according 10 to

any of the processes .describe IIIustratlve e invention
e 2 bhar neabBUSRLE RO SOEPR BRSmBLrieRghs Sk e Cetopeliandt aoi e
carrier an%&é@erﬂféﬁﬁy(ﬁe smtféﬂﬁfté@' bgCCy 41bﬂﬁsﬂt@eﬁt@bsﬁstéd‘§ell@>KAP¢fesSeS
described herein. An"illustration of the invention is a pharnmaceuti cal

conposi ti omaegdsamyy m xi ng the product prepared according to 15 any of the

' ustrating ¢ ne Tt romef Blky eBbea fHio Al Ha PR aP el car
conposi Bi oMmERdRIést H@rotarbs chi Raveg dtio [ €rBbR Gtewe OIRtefRgalblg, daoweof t he

processes described herein and a pharmaceutical |y acceptable carrier.

Exenpl i fyi rﬁjksﬁh@eiaﬁ\?@ﬁtrajﬁh%@rebrﬁﬁ@m§a@pntQ*@ﬂ hayng 1dii0s,4>pa@onrﬁam ed 20by
SA.T (i ncl n 0 t . of bet es
wol i us, MeRdrEierabl oty HVP s 3 SrP AT R LATPG oo Al oy,
del ayed wowzdbdreatoms), Euampllesnofr mertaihydémdh;dmmthyteethgl,, phroér i nsul i nem a,
el evated bl ood | evel s of tty aC| ds, el evated bl ood | evel s of glycerol,
hyper | i pi déﬁq’%fo%lbgg Mt bLH p&OPP yd)l%’éylr gexylgn Sﬂﬁﬁ@luér%a'%: & Bic
25comphipcatisigrs chssfoscl erosis, or hypertension) conprising adm nistering
to the subject I n need thereof a therapeutically effective amount of any of
t he conpounds orThmmrmnaaﬂmlenalgroupﬁmi“taillqdenel’ém:ahbmsteajglvteor brafaneder

exenplifying the inventi nare net hods of . treati e 1 and_type 2

i abot es” minvAIBGLS Gl RapRsSati At saving £ 42 SamREetorss npad”or

treat ment %tﬁd’ﬁtmm bﬁ@r‘a'n)éhé& fchain éﬂﬁyléﬁ@‘@'ﬁéu@ﬁa@mb hetba@@b'rtboﬁaétbbhs%f ective
anount of any of the conpounds or pharmceutical ositions descri bed

5above, aI dqriefesablenand tie ataaigbhchwinor Hranehesk cftm@a andi giepinavinghto agent
o 98, ARG A5 E LA, BB Bt P RGP, e,
agent . DETAdth{EnBIGRedR FbENeRE gfdiip, [thilvisliflIéMe group, etc. If necessary, the
alkylene group may optionally be substituted in the same manner as the above-
mentioned “alkyl group”. Where alkylene groups as defined above attach at
two different carbon atoms of the benzene ring, they form an annelated five, six
20 orseven membered carbocycle together with the carbon atoms to which they
are attached, and may optionally be substituted by one or more substituents
defined below.
The term “alkenyl group” means a straight or branched monovalent
hydrocarbon chain having 2 to 12 carbon atoms and having at least one double
25 bond. Preferable alkenyl group is a straight chain or branched chain alkenyl
group having 2 to 6 carbon atoms, and the straight chain or branched chain
alkenyl group having 2 to 4 carbon atoms is more preferable. Examples
thereof are vinyl group, 2-propenyl group, 3-butenyl group, 2-butenyl group, 4-
pentenyl group, 3-pentenyl group, 2-hexenyl group, 3-hexenyl group, 2-
30 heptenyl group, 3-heptenyl group, 4-heptenyl group, 3-octenyl group, 3-nonenyl
group, 4-decenyl group, 3-undecenyl group, 4-dodecenyl group, 4,8,12-
tetradecatrienyl group, etc. The alkenyl group may optionally and

15



The present invention is directed to a process for the preparation of 10
conpounds of formula (1) A NC2 AOH HOOH OH(1I) wherein X, Y, Ring A
and Ri ng Boarw/M36sPer ei n defined; and pharmaceutical |y RCTaHpeedloe3ssnl ts or
sol vates thereof; as described in nore detail herein. The conpounds of the

f I l). hi bj t | nhi.bi t tjvity.15 | nst di d dent
e 1 inGoae R LR B S SR e R o
mammal i an speekesry. and is useful in the treatnment of diabetes nellitus or

di abetic conplications such as diabetic retinopat h%én di abeti c neuropat hy,
di abet i ¢ nephr opHtehigrmoiadkanylene gdoup! meaas\ostrrighieen bragched dialenvbodi nent ,

compound oM FSIPAT Lol 5 538 17808 ATHDS enf e BRSSO st her
enbodi ment ,bdnte THesLAIght BivsiRtor dhamched dten afkehglemeiroap $aiving 2 tde _
preparation of a conmpound of forrmula (I-K), as described in nore detail

( K), as
her ei n. carbon atomsis prieéeyakte. ppddhRe sHaighs chaintardranehedt ekaiNt o a process

for the pr | - d f | LA '
wnerein Ra g g R 0@ la RS R A CerBon AR St plereFANIET ERBhrfed
accept abl e thatdos atdeingtene groapcprpenpidseafroliprathdieqlidng groap ketewnlft o
possess activit

a5 show 8KEBEPEn M SHETBICe B8 E DI 1Y BFralstIHE O drBdnds of |
formul go(1 Aubstituents as mentioned below, if necessary. Where alkenylene groups as
defined above attach at two different carbon atoms of the benzene ring, they
form an annelated five, six or seven membered carbocycle (e.g., a fused
benzene ring) together with the carbon atoms to which they are attached, and
may optionally be substituted by one or more substituents defined below.

15 The term “alkynyl group” means a straight or branched monovalent
hydrocarbon chain having at least one triple bond. The preferable alkynyl
group is a straight chain or branched chain alkynyl group having 2 to 6 carbon
atoms, and the straight chain or branched chain alkynyl group having 2 to 4
carbon atoms is more preferable. Examples thereof are 2-propynyl group, 3-

20  butynyl group, 2-butynyl group, 4-pentynyl group, 3-pentynyl group, 2-hexynyl
group, 3-hexynyl group, 2-heptynyl group, 3-heptynyl group, 4-heptynyl group,
3-octynyl group, 3-nonynyl group, 4-decynyl group, 3-undecynyl group, 4-
dodecynyl group, etc. The alkynyl group may optionally and independently be
substituted by 1 to 4 substituents as mentioned below, if necessary.

25 The term “cycloalkyl group” means a monocyclic or bicyclic
monovalent saturated hydrocarbon ring having 3 to 12 carbon atoms, and the
monocyclic saturated hydrocarbon group having 3 to 7 carbon atoms is more
preferable. Examples thereof are a monocyclic alkyl group and a bicyclic alkyl
group such as cyclopropyl group, cyclobutyl group, cyclopentyl group,

30 cyclohexyl group, cycloheptyl group, cyclooctyl group, cyclodecyl group, etc.
These groups may optionally and independently be substituted by 1 to 4
substituents as mentioned below, if necessary. The cycloalkyl group may
optionally be condensed with a saturated hydrocarbon ring or an unsaturated
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may therefore be useful for the treatnment or prevention of diabetes
mellitus, diabetic conplications (e.g., diabetic retinopathy, diabetic
neur opat WO 2aridh48iisabet i ¢ nephropat hy), and rel ated di seR€FEPWAI63583
obesity. The present invention is further directed to processes for the

tion 10 of pounds, of f la (X-S) and ds, of f |
Ry bty PoABaR RO Rat: st Pudabatreby TS pR0 LRSS L efes o of the
conpounds  &fydr&EdrBbA rilhb)smayregﬁomryt éd}ﬂéiﬁ][drv@xygélnt é‘t@lrrﬁﬁrﬁiﬁggéﬁ afdmtée

conpound of fornmula (1-S) and conpound of formula (I-K). e term
"hal ogen", sifar etamcbQdy SOk vithinetheingrifiecessany). and thedcansiginged 15When

atom or o R gt BRameN I Ao BT BB e RlrAli B teorbERpoBiMg e "ana
fluoring armapbefgptiebbky addmdepemdeptiKpe stibstiatedBRnIoal SubstitEHts a5
branched saturated nonoval ent hydrocarbon chain having 1 to 12 carbon

atons. The rgentienad belowhai n or branched chain al kyl group having 1 to 6

b t ' ‘ : L ' : :hai | Kyl
oroup havi ng 1L BYGofRidcHE BRahNERRo 3 MoRba et BISCET o1 “ars

met hyl gr oufivalenhthydtuated bydimcaydn gng hpyvingsotr tdyarognaatpmsbang lithgr oup,
t-butyl grou

o OB R o PSR el SHBuanes W o By oIS O P

Socor 01 or R BB, EoriAUR Y i Mol B L gRa 800 LA Beis

al kyl groupalkpieoptgroupkligh andyclopeqmtidene igyours cs/ullm@ult'wdeeel gbyud, 't'o 4

e R b el GRS ERoue B SRS PHEFR Al o ST

carbon at omgptioRaRy ahaMdepend@Way be substituted by 1 to 4 substituents as mentioned
below, if necessary. Besides, the cycloalkylidene group may optionally be

15 condensed with a saturated hydrocarbon ring or an unsaturated hydrocarbon
ring (said saturated hydrocarbon ring and unsaturated hydrocarbon ring may
optionally contain an oxygen atom, a nitrogen atom, a sulfur atom, SO or SO
within the ring, if necessary), and the condensed saturated hydrocarbon ring
and the unsaturated hydrocarbon ring may be optionally and independently be

20 substituted by 1 to 4 substituents as mentioned below.

The term “cycloalkenyl group” means a monocyclic or bicyclic
monovalent unsaturated hydrocarbon ring having 4 to 12 carbon atoms and
having at least one double bond. The preferable cycloalkenyl group is a
monocyclic unsaturated hydrocarbon group having 4 to 7 carbon atoms.

25 Examples thereof are monocyclic alkenyl groups such as cyclopentenyl group,
cyclopentadienyl group, cyclohexenyl group, etc. These groups may optionally
and independently be substituted by 1 to 4 substituents as mentioned below, if
necessary. Besides, the cycloalkenyl group may optionally be condensed with
a saturated hydrocarbon ring or an unsaturated hydrocarbon ring (said

30 saturated hydrocarbon ring and unsaturated hydrocarbon ring may optionally
contain an oxygen atom, a nitrogen atom, a sulfur atom, SO or SO, within the
ring, if necessary), and the condensed saturated hydrocarbon ring and the
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al kyl" means a straight or branched carbon chain having 1 to 4 carbon
atons. Most preferably, "lower alkyl" neans a strai ght carbon chain having
one or twyOcariyesesat ons. Exanpl es of "lower al kyl" i ncl nd@&/mpreacapb3soet hyl ,
propyl, isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl and various
branched chain, 10i spners thereof . The term"al kyl ene group" or

Vol Ryl one URSAI LS RYALPGPHOOBT sk MR RE-LRHEV A Bt Od B EHERRI R P ocar bon
chai n havi ngpktitiRed By AatopsumdtRients BieméhticHe<dbel6ai n or branched chain

al kyl ene group having 1 to 6 carbon atons is preferable, and the straight

chai n or branchethe:teann cycloallsyrylgroup” magantya manpcysliochicydic at ons i s

bropyhene. ¢PBaRraR TRIRGRBRE fRonAife Bib " cBel R4y, Sl Ue PR RIHR,, oup
may opt sonalrdeytripfe Somst Thepedietdblé kgcivargnyredgroap isia ridtodieny ensatitateqed

"al kyl group". Where al kyl ene %{e&s as defined above attach at two
di fferent dudsesArkeBGECW haved perbonomsh &sxanan!ae dereahaleat ed five,

six 20 or r t i t to which
Chey ar e arTSioRSHE 3Ry FRLERLBESUER Bl AR 'bidlel, R5aGBEARRY B

subst i t uentEhedef groagds bedyoaptionally beTdubstititaa balkieny bulpstitugritsragans a strai ght
or branched rmnor%/%ee%t hydr ocar bon chai n havi ncg é to 12 carbon ato and
havi ng at |"BgRHONGED 8 TOESERSATY - Eiﬁséé%gr BYGPREWY! I5P\WR F18YLCRHIOREHNK ght
chai n 40 DrARCREEpENMM K EderBieRURtN daftafed By drobaLRATIR g8y and he

straight chain or al n al kenyl group Ing 2 to carbon atons
is nore preafrseiivhed Edropardentring afd satarated ylydograanpon grgreodenyl group,

3-butenyl group, 2-putenyl qrou 4- ntenyl grou 3- pentenyl group,
> hoxemyl - Jriabirad Rt may RERLSNcoReR B p BRI T or bup,
4- heptenyl ({fr64éh aforRCd SOYlr £6RUSO 3r Esgngmiﬂin HOHRAg, ifnBESKYAY), ahaYRe

3-undecenyl group, 4-dodecenyl group, 4,8, 12- tetradecatriené)l group, etc.
The al kenylcapdgnpedagtuspiedongirogarand ringd¥gbe desaiuyated hyabecarpan éagby 1 to 4

oroup” "Hoartted BePAPHAY Apd Hidbbenishr i BERERRMhged e SRR ORNY o't

12 car bon ahemntorfgtdbdlawi ng at | east one doubl e 5bond. The strai ght chain or
branched chain al kenyl ene group having 2 to 6 carbon atons is preferable,
and the strai ghtT%@irrrﬁ‘ @wlwrm&emaﬁn%%ﬁw @h@'%?'@d’ﬁoﬁa\/@'ﬁ@t 2 to 4

o pony oo B RAEENS S nEXATE € d OfbERgte, BaNgReIaLe.
group may optipheayl grooe, sapisthik groeg (ncluding 14sakbtisy lgsoup ard2snagshthyint | oned
i 11 0r 2Rt GHPHRh THAROGHDE HBApBHUGTD RGP AR T LR ENGRIYT 1 ve,
Th S bon ReASIRREAS BRI AR ncReluhg’ AT s apkler W T
subst i t ut edrbipnalie bercondepsadibithia safntaded dydrooadriben ong or an unsaturated
hydrocarbon ring (said saturated hydrocarbon ring and unsaturated
hydrocarbon ring may optionally contain an oxygen atom, a nitrogen atom, a
25  sulfur atom, SO or SOz within the ring, if necessary), and the condensed
saturated hydrocarbon ring or the unsaturated hydrocarbon ring may be
optionally and independently be substituted by 1 to 4 substituents as mentioned
below.
The term “unsaturated monocyclic heterocyclic ring” means an
30 unsaturated hydrocarbon ring containing 1-4 heteroatoms independently
selected from a nitrogen atom, an oxygen atom and a sulfur atom, and the
preferable one is a 4- to 7-membered saturated or unsaturated hydrocarbon

ring containing 1-4 heteroatoms independently selected from a nitrogen atom,
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15The term "al kynyl group” neans a straight or branched nonoval ent

hydr ocarbon chain having at |east one triple bond. The preferabl e al kynyl
group i s WO20rMi4ed82 chai n or branched chain al kynyl groRpTHRRI098§63503 0 6
carbon atons, and the straight chain or branched chain al kynyl group having

2to 4 carbon atons i S nore pr es t ereof. are 2- nyl
Croun o FaRidRT R S UG Sl ExalpeS et e i ARy |
group, 2- hexyasihe HuPap, thl%ghéﬁéanrr(ﬂéOMﬂdaz"oI@e;Wrﬁﬂdlb gx2ile, iSoxee Ny
group, 4-heptynyl group, oct group, 3-nonynyl group, 4-decynyl group,

3- undecynyl gfmwwromazﬂmei,ébgazp?/e geqilmlgzolet thlaonaeolal kiazgle, (eteagolerestc.
ot Ponect fSPEnS MR BUEIOL o BN L et affloren s 2°

nonocychi ¢ iidd¥oly,dxagol® and ahierblesainib@basteitlly 0S6d bTRe "ungatharedag 3 to 12
carbon atons, and the nonocyclic saturated hydrocarbon gzroup having 3 to

carbon at ormon@cwﬂe SeATErKI RINg. n@éﬁ@hl@@"ﬂ%\d@afiem@@ hrcfoRyRatieed] kyl
group and g, Hs%tu?énlfé’%g‘éé?ﬁ'%g%ti 16, IFHELQRD fohegr"”p’ cycl obut y|

group, cycl penty group group, cyc ptyl group, cyclooctyl
group, cycl odecyThegremmpumawraTwsasgﬂ het&rom;ycjmi rlngarﬁaanariq'd'rasr:tebenndent ly
be substituted by 1 to 4 substjtuents as nentioned bel ow, ecessary. The
cycl oal kyl rﬁ}go%%%%%ﬁ@éﬁ&lr?&?dﬂ%f 2 nRRIHERRd \WQFPC&FQ% U?%peag%ny%ﬁdocar bon
ring ogpan g{eué N-To gg%% QR i ng
(said ggtur\gﬁtﬂg %oca?ﬁ@%ﬁg%ﬁﬁﬁéﬁﬂé ur tedﬁﬁ@ dr c“?%@ ri nrgcgr%é({/
optional | y saburtaééchhydrooasaperrirg and Saldrwnsablgatedahympcarmmlrﬁng rmatyom SO or

SO2 within t i f necessar E? and..the c ndensugf a% g:{ocar bon
a1 otBgRhe Realain A SRS Ko PistoRrnalons AoiE SR SG, phsEh s ang
I ndependentwuymﬁ%éﬂhgt.lfhéé@s%aw The Qurfatitbfdd mgéah%téréb@eﬁd @igd bel ow.

The term "cycl oal k | Ydene group" neans a nonocyclic or %cl i ¢ dival ent
sat ur at ed Hydrdesrfooaxamatg, benzol§ighepel mdels, tb@hﬁafwctm’@enm’i iophenémnocycl i ¢

Beampi 48 1 e gorotapoog T & e8utog o iECHRO R AR g Al Eh8. ©

al kyl'i dene mmua|@®@na§tmazﬁ|@mmkamaemqé@u@, dityarsissduinolfenetdr oup,
cyclopentylldlne 0 cycl ohexyl i dene group, etc. These 8roups may
optional | 'y FEh qrn%@p ﬁtﬁé’ﬁﬂ’%}'cb’@gs@ﬁ)( inelydeq popsiple Y- or Supddes thereef as

menti oned The term “heterocyclyl” means a monovalent group of the above-

mentioned unsaturated monocyclic heterocyclic ring or unsaturated fused

20 heterobicyclic ring and a monovalent group of the saturated version of the
above-mentioned unsaturated monocyclic heterocyclic or unsaturated fused
heterobicyclic ring. If necessary, the heterocyclyl may optionally and
independently be substituted by 1 to 4 substituents as mentioned below.

In an embodiment of the present invention, in compounds of formula

25 (IA"), the term "heterocyclyl" refers to a monovalent group of an unsaturated
hydrocarbon ring containing 1-4 heteroatoms independently selected from a
nitrogen atom, an oxygen atom and a sulfur atom, and the preferable one is a
4- to 7-membered saturated or unsaturated hydrocarbon ring containing 1-4
heteroatoms independently selected from a nitrogen atom, an oxygen atom and

30 a sulfur atom. Examples of "heterocyclyl" include pyridyl, pyrimidyl, pyrazinyl,
furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, 4,5-
dihydrooxazolyl, thiazolyl, isothiazolyl, thiadiazolyl, triazolyl, and tetrazolyl.
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bel ow, if necessary. Besides, the cycloal kylidene group may optionally be
15 condensed with a saturated hydrocarbon ring or an unsaturated

hydr ocar bwe 20iofMg3q8gai d sat urat ed hydrocarbon ring and uRSAERREVHG3503
hydrocarbon ring may optionally contain an oxygen atom a nitrogen atom a

| f t @) S2 within the ring,. if .and th d d
cat ur at od TYBROEBRSrPHES et BrRSYEHERHINIF eb Ry dP B akBb P PRy nd Vo
optional ly tﬁ@ﬁyi,W%g}p,dﬁf#ézbhh,eomséﬁd tHiggbiply 1 to 4 substituents as

menti oned bel ow. _The term"c cl oal kenyl " group" neans a nonocyclic or
bi cycl i ¢ nonoval &t terims @lkanqyd @revgr m@fmmggmm anepformegaiybon

at ons and hayi. t. e on oub ... The preferabl e cycl oal kenyl
group is a%@'ﬁgfg\ ia&kyﬁéoé{puﬁ%ge%rh@@?%@&r’%on group having 4 to 7 carbon
atons. 525 Exanplesterieatikdxyagfoupnaesss baegldratad bgbridirg shichkas

cycl opentenyl group, cyclopentadienyl group, cyclohexenyl group, etc. These
groups nay BPHP olP=AN OX¥GRN aieFkpendent |y be substituted by 1 to 4

substituents as iR ONgBPLx ToRP RS TRl dho SRR R BYFHERlENY!

group may optio be condense a saturate rrng or an
unsat ur at echrhgxyrgereatbon Prefgrabbai“ibwed atiadxy! aiezohshey siraight droranched arkyl-

unsat urated hydrocarbon rin optionally contain an n atom a

ni trogen at%%grﬁugi!aﬁ’lﬂg {Q)g]crar%rbgtog@ éf%lrﬁpl?st%emeﬁgaﬁﬁ%%ﬁﬁéﬁ%‘g%ar y), and

t he cong@en ' | :

2010/ 0436830 t@%&;‘%@éﬁ@ﬁé@%%Qﬁépg%ﬂmﬁy‘ﬁrfg{?g;% A 1SOPLtoXY, PERYIY: i onal 1y

and i ndepertoeytdxy dre vartlmisi braneltedghdintisomersuthstéafuent s as nenti oned bel ow.

The term "cycl oal,kyn oup" ans a nonocyclic or bicyclic unsaturated

nydr ocar bon 11 ngl EOHABHTBIATE P Esgs SAes L oLb RENGRH. i Stemlse Sone

triple bondhaldden Bfceh ETaRNR, @bﬂghﬁél Wheﬂr&ﬂﬁo'ﬁo@?,@aﬁﬁbﬂc@w@ﬁfﬁx!ér ated
es ereo

hydr ocar bon group having 6 to carbon atons. Exanp are
monocycl i ¢ GIPKPNg hygioxy GEoRi.ch MesCaRte|gsoeR yhgarbgxplgroupya Isude gyenn. agy oup.

rent i ona BARLroRy. drbaReb S SaT Lt el A iRy R IRLPLHS Ty
optionally cwo@uq/nbad@rmeng?gwup,taecmwgrdmi‘a @y ciadl kAl gebupy @inocar bon
y

ring or an unsaturated h ocarbon ring (said saturated hydrocarbon ring
and unsat urdyk@ronpda betarpsyclylinguredn alkoxy SEPUR; AokaNHOIWOMPyEA at om a

ni trogen at L .0l (e {f ;necessary), and
t he condenség@nég?%ﬁogé’ ﬁ&g?“gg@?[g’%ﬁq fﬁ%’%?%lﬁg&gﬁggﬁggd& ahydr ocar bon
ring 15may dyelagikyinyteadylgroapdan addgmengteab| 5 Hetersupdylokyyesudanlalkanayl
substi é ents as nentioned bel i)w. Th? term"aryl group” neans a
monocy@Pi ¢ BPUBi Y 8I<CRYITARATY 8FRUPa BRI YIGRTBP Y Sredh Qgr oup having 6 to 10
carbon at ongq [BdrBanYIREHES a BYGoRRERY LaBoR BRPR I boafkyRYiRafddHA udi ng
oo SRR} 15 o SonhErybohy o3P S Mook el
group, an arylcarbonyl group, a hetero-cyclylcarbonyl group, an alkoxy-
carbonyl group, an alkenyloxy-carbonyl group, an alkynyloxy-carbonyl group, a
cycloalkyloxy-carbonyl group, a cycloalkenyl-oxy-carbonyl group, a cyclo-
25 alkynyl-oxycarbonyl group, an aryloxycarbonyl group, a hetero-
cyclyloxycarbonyl group, an alkanoyloxy group, an alkenyl-carbonyloxy group,
an alkynyl-carbonyloxy group, a cycloalkyl-carbonyloxy group, a cycloalkenyl-
carbonyloxy group, a cycloalkynyl-carbonyloxy group, an arylcarbonyloxy
group, a hetero-cyclylcarbonyloxy group, an alkylthio group, an alkenyl-thio
30 group, an alkynylthio group, a cycloalkylthio group, a cycloalkenyl-thio group, a
cycloalkynylthio group, an arylthio group, a heterocyclylthio group, an amino
group, a mono- or di-alkyl-amino group, a mono- or di-alkanoylamino group, a

mono- or di-alkoxy-carbonyl-amino group, a mono- or di-arylcarbonyl-amino
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20group). These groups may optionally and i ndependently be substituted by 1
to 4 substituents as nentioned below, if necessary. Besides, the aryl group
may opti onel2bio/dd@eseondensed with a saturat ed hydr ocar boRCTIERQ009/063503

unsat ur at ed hydrocarbon ring (said saturated hydrocarbon ring and

unsat urated_h droca n ri may tionall |n an o en atom a
ni trogen at%ﬂ%j artg H}“y ' %@B’ra% Kﬁ‘fﬁfﬂ -G g%}/pglap necessary),
and the congoragifhy %le@rﬁﬁb Wé@@l@ﬁ lafifg gRdu, REcatBaRoyT aydrocar bon
ring may be optional I%yiand i 'ndependent(y be substltut ed b

ta

subst i t uentrsoRG- Gred aartrnow.grobe, @ e1ano- whsihanyeared ﬁgtqua ao

et or oat omé iR GERDS, Al aReH I Wb e At AN BaSE Gen atom and
a sul fup atg@loamys-sulfieypguer t’ellliyelo@ﬂ@nlyl‘suﬁnn%L gtoup! argyaleiigmysstifingt ed or
unsat ur at ed hydr ocar bon ring cont ai ni ng 4 heteroatons i ndependent ly

sel ect ed fra5AvR. #1 ta%@éﬁmé@mp \@9@1@@%@95@@@@0@9%9@0% oxygen
t d
o <70 .l SR OR300 A0 LN

[ s_oxazlol e, grobpda chloakkzeaylem&f,onyhgr@upl e, cyt:lzaetklynzgtlsoIfenylélgﬂolaml,laanza»iytL
triazole, tetrazole, etc di ne I mdadl ne Fazi ne,
furan, thi o?Ht]\Tré?H& grgypr anea @t?r‘n%@&a {né”fg :VAv1d Eé‘ﬁé %W%E%I’Tég%mege
pr ef e”’}@' y % Hﬁ‘aﬁf&it;’ég% it Wﬁbgé shiBs@{eRNc! i ¢ ring” may

optionally an den stl tute 1-4 substituents as
menti oned bel ow Furthanethesteemysuch asa haTbeIkybgmubuaMMmacalkyJWp,

het er obi cy nmean roc on rin rised of a saturated or a
insat ur at sAGAkGREoTUR: ANAS SR Koy Gioo B TAIRBL G e RE Pond

unsat ur at echJIBHaeMsdycSI QWrﬂédﬁ'a'nOalkyl oMb ed R)V?éf"éﬂk}ﬁ@%lﬁ@ta@ﬂalwﬁv ocar bon
ring and said unsaturat ed hydrocarbon ring may optionally contain an oxygen

atom a ni tgregena lawer alkoxigroup, atbenylsmwoupror sapetaragyiclyl grsiri ng, i f

exanp! 42 behaGntiantsieed fo b & o RA EROR Y psfnd pAHES BEFEGF ur an,

I soqui nol i nRore halegeh bitsrpd arepettiieBN OPyfedbEe onds b bh Rekyl grely, iete,
i soi ndol i ne, benzot hi azol e, benzoxazol e, indazol e, di hydrol soqui noline,

etc. Furthdeing ﬁébStHéfteélr@ti/éq) 7 ARG 2190 HRITOELRISHTEE LPREREEN S. oxi des
thereof. Theen Grdlup, h%& %éiﬁ éLtutu 130 B g%r?ﬁfon% O8I férlrfat X d?e?r‘h%e'

nment i oned unsa nnno ocycllc ng or unsa used
such as a hydroxyalkyl group, a hydroxy lower alkyl group, a hydroxyalkoxy

20 group, a hydroxy-lower alkoxy group and a hydroxyphenyl group mean an alkyl
group, etc., being substituted by one or more hydroxy groups. Preferable ones
are an alkyl group, etc., being substituted by 1 to 4 hydroxy groups, and more
preferable ones are an alkyl group, etc., being substituted by 1 to 2 hydroxy
groups. Further, the terms such as an alkoxyalkyl group, a lower alkoxyalkyl

25 group, an alkoxy-lower alkyl group, a lower alkoxy-lower alkyl group, an
alkoxyalkoxy group, a lower alkoxyalkoxy group, an alkoxy-lower alkoxy group,
a lower alkoxy-lower alkoxy group, an alkoxyphenyl group, and a lower
alkoxyphenyl group means an alkyl group, etc., being substituted by one or
more alkoxy groups. Preferable ones are an alkyl group, etc., being substituted

30 by 1 to 4 alkoxy groups, and more preferable ones are an alkyl group, etc.,

being substituted by 1 to 2 alkoxy groups.
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20het erobicyclic ring and a nonoval ent group of the saturated version of

t he above-nenti oned unsaturated nonocyclic heterocyclic or unsaturated
fused hetwopabiossadsec ring. If necessary, the heterocycl PCTARQ009MO6ISONal | y
and i ndependently be substituted by 1 to 4 substituents as nentioned bel ow.

| mbodi ment_.of . th t d f 25
(A CThelt or m PSRBT, afd Ay laRax o SRR AR Gias Gt ah
unsat ur at echEQGBUP PBfer 'té‘@lk(ypﬁh@'aﬂdo&g Grodpd 185 BESS B abARERSNAG AR ¥

selected froma nitrogen atom an oxygen atomand a sul fur atom and the
pr ef er abl e aplesubsstituent. t o 7- nenbered saturated or unsaturated hydrocarbon

T e

i ncl ude 5py rdpdyificaiym infdehel a swugaionﬂwanchuaxc&arbdmcreawIh,avmgrT @ §lcarbon
I m dazol yl, p razol yl, oxazolyl, isoxazol 5- di hydr ooxazol yl ,

thiazolyl, 34 @%hualfameﬂne%pﬁaﬁrwz%ﬂ yMore pi’QiQr(ﬂblM it fﬁﬁ@”$ atsteantyar. wo
2010/ 043GS@QéEfQQ%OQ%%%Pg\”%qr@be ?%I en;rﬁ%ﬁ% of "heterocyclyl" include

pyridyl, pyrirm razi pyrrolyl, imdazolyl,
oxazolyl, and th| azoI yI The term "al kanoyl group” neans a fornyl

group and ones f b| ndi,ng an "al k rou to a c roup 5The
term "al koxy gro ﬁ't? Ogﬁ.&; 6?%8”@#%‘% '50'%9{3 ‘é(hl?@l'sg?%ﬂﬂpg Yo an
oxygen 4@t Eggactlng onJB?n%d?érﬁ &@ro?bg%ﬂhe 6&?156%(98 Lﬁéefoﬁ%}éel wenah al kyl

group lin t o Tan oxygen a erably, ower a oxy" neans a stra| ght
or br anchedad&ing- ag;sqtsgbemtptddalwagalkw ;aMalkaxyponaateoytty Eranydrdéonal " | ower

al kox i ncl ude 10met hox 0X oxy, isopr X but oxy, -t -.but oxy,
obut oxy. ERRSIBEO0N opdelE e dtar PRy 68 BRBAGE etz nle: Sle FUtPbr oof
The SUbSt'ttHérHrocﬂ@P ihf18dad e £RESeBbPHMIdEGIMER Ss sihifarl§famEbya hal ogen
atom (fluori ne, orine, bromine), a nitro group, a cyano group, an 0xo

group, a hyepetyg greaep mcaeﬂrddwmgfogpwﬁth%cwoo@wpf gieoiepnule kwith engr oup,
an 15a|1%yl H5RiRo a8 c?rla(ﬁ%lng c'i’cP et@nus%é(g@élndgngHB ag%nﬂsCI oal kyl group, a
conventional method.
The pharmaceutically acceptable salt of the compound of the formula
I includes, for example, a salt with an alkali metal such as lithium, sodium,
potassium, etc.; a salt with an alkaline earth metal such as calcium,
20 magnesium, etc.; a salt with zinc or aluminum; a salt with an organic base such
as ammonium, choline, diethanolamine, lysine, ethylenediamine, t-butylamine,
t-octylamine, tris(hydroxymethyl)aminomethane, N-methyl glucosamine,
triethanolamine and dehydroabietylamine; a salt with an inorganic acid such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, nitric acid,
25 phosphoric acid, etc.; or a salt with an organic acid such as formic acid, acetic
acid, propionic acid, oxalic acid, malonic acid, succinic acid, fumaric acid,
maleic acid, lactic acid, malic acid, tartaric acid, citric acid, methanesulfonic
acid, ethanesulfonic acid, benzenesulfonic acid, etc.; or a salt with an acidic
amino acid such as aspartic acid, glutamic acid, etc.
30 The compound of the present invention also includes a mixture of
stereoisomers, or each pure or substantially pure isomer. For example, the
present compound may optionally have one or more asymmetric centers at a

carbon atom containing any one of substituents. Therefore, the compound of
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cycl oal kyl i denenet hyl group, a cycl oal kenyl group, a cycl oal kynyl group, an
aryl group, a heterocyclyl group, an al koxy group, an al kenyl oxy group, an
al kynyl oxyyogpoug3esa cycl oal kyl oxy group, a cycl oal kenyl @CY/ERR@9/0$3503
cycl oal kynyl oxy group, an aryloxy group, a heterocyclyl oxy group, an

al kanoyl al ken rou an al k | car bon

oot ool kyt dE Beuad raarSRY B8 I alE e RiasheL AT ESERSohes B a Al

cycl oal kythé@o@Othergﬂ@'rB’reséﬁt @drﬁb@@ﬁ@ﬂ%bnt@ﬁ%@doabl@%&footﬁéfﬁrlégeﬁ@r bonyl
group, an al koxycarbonyl group, an al kenyl oxy-carbonyl group, an

al kynyl oxy-coangaamnd mgy @xst i the/oroafigaommstric iadmersm deistgompeound, trans-

a7 y1 oxyoar EERRORALETE thel B Bre&riiesl By ROt g B T el e oy
group, an auctrsd carBbRENHePXePresent @m@mby@&r@wmmymwf@p, a
cycl oal kyl - car bonyl oxy group, a cycl oal kenyl - carbonyl oxy group,

cycl oal kynﬁﬁumﬁoapﬂmp@mbcomogp%a&q |@§Wp§)¢pe$ tggglerg ora mlxture
et er o oY Sl LR DAL R g o B AY 1 81 58tk cathldheror

30group, an al ycl oal rou a cycloa

group, a cydiastetéome mbydnegjrsman tlae pam@éssbsdomr@panngtﬂiepmrmycl ylthio
group, an am no I’OL\& no- or di-al kyl no- or
0 @ena{

di - SI kanolyl%'?i‘ P %Se"Brcompoéjlngd%Qg‘@d'g%‘gﬂy%eafﬁfrﬁg?@roup, a nono-
or di-apy ?Q@F@Gmé’%ﬁéhan‘ﬁ@ ﬁ%ﬁé%@@{x%%ﬁ%n%%%etﬁ%

al kyl sul' fi nyl am no group, an a am no group, an
aryl sul fi msun:masocfyomabographyuoyIfrsautid)mmwryastalmzatglmup a car bam)yl group, a
nono- or di-al kyl

b di b
ot sol iyt e e ofbseil o ApADRS i Heiddesin InitioREaer 552" oan 4
5cycl oal kylmwétbl Syiva GUBolyofdIEtRabgenyl sul finyl group, a

cycl oal kynyl-sul finyl group, an aryl sul finyl group, a heterocyclyl-sulfinyl

group, an al kyI _B@arples of fieaptionaily subshipted upsatyratgd sugnocyalic

o Ky R By BSOS S BEAR LRRAn o

het er ocycl yHegetdcQohd rifig atich fragoptibasipy BS sibsttlseesy 1Fdtituents optional |y
be substituted by these substituents.
selected from the group consisting of a halogen atom, a nitro group, a cyano
group, an oxo group, a hydroxyl group, a mercapto group, a carboxyl group, a
sulfo group, an alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl
20 group, a cycloalkylidenemethyl group, a cycloalkenyl group, a cycloalkynyl
group, an aryl group, a heterocyclyl group, an alkoxy group, an alkenyloxy
group, an alkynyloxy group, a cycloalkyloxy group, a cycloalkenyloxy group, a
cycloalkynyloxy group, an aryloxy group, a heterocyclyloxy group, an alkanoyl
group, an alkenylcarbonyl group, an alkynylcarbonyl group, a
25 cycloalkylcarbonyl group, a cycloalkenylcarbonyl group, a cycloalkynylcarbonyl
group, an arylcarbonyl group, a heterocyclylcarbonyl group, an alkoxycarbonyl
group, an alkenyloxycarbonyl group, an alkynyloxycarbonyl group, a
cycloalkyloxycarbonyl group, a cycloalkenyloxycarbonyl group, a
cycloalkynyloxycarbonyl group, an aryloxycarbonyl group, a
30 heterocyclyloxycarbonyl group, an alkanoyloxy group, an alkenylcarbonyloxy
group, an alkynylcarbonyloxy group, a cycloalkylcarbonyloxy group, a
cycloalkenylcarbonyloxy group, a cycloalkynylcarbonyloxy group, an
arylcarbonyloxy group, a heterocyclylcarbonyloxy group, an alkylthio group, an
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Further, the ternms such as a hal oal kyl group, a hal o-lower al kyl group, a
hal oal koxy group, a hal o-1ower al koxy group, a hal ophenyl group, or a

hal ohet erwoyelni43ggzoup nean an al kyl group, a | ower al kPCTgPR/063503 al koxy
group, a |lower al koxy group, a phenyl group or a heterocyclyl group
15(hereinafter, referred to, as . al kyl gro et.c.) being substituted by
one or - ror kel Sekiman B8y IBcTarely. d6vdPariiiicsRie S o 'an al ky!
group, et C.cyRRIdMErSMARE drokibed cgﬁl_oél@ﬁyl?hib@'r&ﬂﬁ%@é@ﬁﬁio @radﬁ,n@re preferable

ones are an’al kyl group, etc. Dbeing substituted by’ l to 5 hal ogen atons.
Simlarly, heterocyelyhiograupsamamjy g5sou, leynoge-oendi-alkyigannexgraupwer al kyl

Pyar oxy pheripig: Sl dkarphustndibly ey, % oot o B eliaRe e ErpdeR e B80S one or
nor e hy@r oxyio@e-0omdi-arficafesraidrainengsup #n akyRulivlylarniaoroedtan bei ng

substituted by 1 to 4 hydroxy groups, and nore preferable ones are an al kyl
group, et c.alkpsilfRnpyiarpisoigraviedambarylsuylinyaming @i Pgad @y sullRM#BINo t he ter s

h : : I -1
a1 kol “gr ool Rafoedl S e, BB of LY A5 o Aoy SEBE ' 3"
||c3\l/<\/er a: ko>ar§1|Ic|I9cbamk oy @upLp,2am aIIklIsllemIfmI/bgmh Ilpahktajdsergrsmllfmw lgrdup;venl y ) |
al koxy-1 ower, al ko roup, an 0 e roup, .and a | ower al kox en
gr oupymanélmyﬁlﬁ%ﬁgfﬂf&a @fciqahkgéﬁﬂﬂ@ﬂéfﬁg@’i q EY@BQ@WHFI@%Y' gete: %Pkoxz
10P I : tg. ' ' d,30by 1
Do " a1 Doy EIZR AR QR o AT ouB, 8 neldBL Py SUARY! LB a0
Pei ng substa'i'lkyjsmﬂ)rtyygnoupoaﬁ akdérossulipnyugroup, an alkynyiselforylrggolipr g1 al kyl " and
i Koy or oAUy R B8 FcRBlieny syORH roudt ETebakiny s suL m *"
"l ower” usegtoLip, dmari&iifonyt §up, BAE atﬁ@efdbgBNIs@ﬁohﬂ rBBp MRFEMLeach

Sspecification means a straight or branched Carbon chain having 1 to 6
car bon at or$ibstitvest mayeontionally beduthersubgtitued byftbesebybstituemtsans a

Lo, oo ey BE e B ShESpi S BERRS r B e
or nore hydimxef the@raserftfintdrriondnpiods @nalindaierated fused Hetavobltyanic aayl ati ng
agent substituted by an a , an al koxy or an _ar by a conventi onal

| kyl I
method to pHugdGekeRtenaly b suisitded byt hpIssBPIiRHISSS odag dare nagroup
Further, t ' ' ' ' imlarl
Formed by rOmBITHg ¥ e RbUETBI Enitd GTLE] 2 BrafdighSin SO 40P ™Y
fornmul a | wiydnoangrb; amecapto groap, a darleosyhgraug, @, sudfioogroupi ag akkytondensi ng

agent % a conventional nethod. The Phar rraceutic&(l |5 acceptabl e salt of the
conpou of9"oHR: @ alkgnyl group, an alkynyl group, a cycloalkyl group, a

cycloalkylidene- methyl group, a cycloalkenyl group, a cycloalkynyl group, an
aryl group, a heterocyclyl group, an alkoxy group, an alkenyloxy group, an
alkynyloxy group, a cycloalkyloxy group, a cycloalkenyloxy group, a
cycloalkynyloxy group, an aryloxy group, a heterocyclyloxy group, an alkanoyl
25 group, an alkenylcarbonyl group, an alkynylcarbonyl group, a
cycloalkylcarbonyl group, a cycloalkenyl- carbonyl group, a cycloalkynyl-
carbonyl group, an arylcarbonyl group, a heterocyclylcarbonyl group, an
alkoxycarbonyl group, an alkenyloxycarbonyl group, an alkynyloxy- carbonyl
group, a cycloalkyloxycarbonyl group, a cycloalkenyloxy- carbonyl group, a
30 cycloalkynyloxycarbonyl group, an aryloxycarbonyl group, a
heterocyclyloxycarbonyl group, an alkanoyloxy group, an alkenylcarbonyloxy
group, an alkynylcarbonyloxy group, a cyclo- alkylcarbonyloxy group, a
cycloalkenylcarbonyloxy group, a cyclo- alkynylcarbonyloxy group, an
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| includes, for exanple, a salt wth an alkali netal such as |ithium
sodi um potassium etc.; a salt with an alkaline earth netal such as

cal cium WVOrAYME3sam etc.; a salt with zinc or al um nuRCTEPI@O063403 h an
organi c base such as ammoni um chol i ne, diethanol am ne, |ysine,

t hyl di |
CH (e v i asRlbns helerREvalyin BobGryiony srotr: an AU P ne and

dehydr oabi eérvbmahymo réu’r’d tanblkinyahid gwl@aalcg/cw@nﬁw@ro@@ gydrochloric
acid, hydrobrom c” aci hydr oi odic acid, ricacid, nitric acid,

25phosphor iayclaailkenyihio. groop, a cyalogl kyhylthiegrou s aryHbiolgreuphaas f or mi ¢
acid, acetig 0PI Qni. C i d xal i i d, l.oni, ¢ _aci ucci ni c
2o o TR RE BB St i, Bl £ RGhS: o RARUAGR G BE Rei a.
citric aci dnoﬂi@ldswdi%ﬁkérfdym aminol groupt QWUr@“aﬂ(o&gbéi‘boh?I@ﬁﬂﬁ@@%lﬁ@nl c

acid, etc.; or a salt with an acidic amno acid s as aspartic acid
gl utam c ac @onet e dzarpeArbeRIBIND BfouPhanHledaAtnylavine gr@wpaa@@”%u udes a

cxarpi o, 1 1o ERROO B Sup, o ARERNIRe UG, TR rbiinb 38R a 77

centers at carbannbgolrgr@tjpnami@imidwgllqnmrbamogﬂfgr@ubsalnhmr&ntcﬂ'd|Ther efore, the
conpound of WD 2010/ 043682PCT( P2009( 063503 tfl@ f%@“l ? may exist in the
f or m of eneﬁfﬂ%@m%\f QP At &Lt dEMSHITINgy IroUR; 27 @HenYRTEYE 9raNRe ANt he pr esent
compou (1 n the
form opégeoe)rlrlé rnc ||rg§ rtﬁg%b%%lég'gg%ghﬁﬁbgéﬁg @gﬁgﬁﬂ Smﬁwgg?wﬁgnét he
present corqyclmdk;(nly)sudfmyl grcmp an amlsatﬁuybgredpbamletaoswyisalilnylagrbupyan t hen

th t t t th t
compound. a1 QRS eBth ede ket Bhyl Sty g M PUIRETERY oo &t art i ng.
conpound i reyichwlkyPsuionl @roruécﬁfﬂyélomaMelrh BulfeMAYrbQpEA c%loé‘l'k?ﬁ%\ﬁulwr nay

be used in the processes for préparing the present co
pr esent corgfouﬂdan 1 grybgitiEnykgrauR, end arfmtmawcwlwoavlewoepewheﬁelrmeach

Chr ot Bgr SR THETT bt RARN ZES e P RAREY b oo BOdRBE L™ e

present conpound Examples bb drsoptibrially isaaslittead Bénzlet indwithatesem vat e or
pol ymor ph thereof. Exanples of the ogtl onal Iy substituted unsaturated

monocyclic I@%t@rlaéwge.%benm%ng iGhreg ¥ APtIPRRIBNDE sHDStHEleddy tn®
o ot oo RTRRA Ll ERIRIAL fold O SRR BRI Y e
hal ogen at cgmua acyamo graup a rayolrrgmwgrcmrpoamemapm(grognpoamarlao*wgrwIa group,
% oo BB 1B Bacd 650l You 2 e Sy BBl ¥ cisHE "
cycl oal kyl i 5806 "B thbakyfiherfethYIChRBb KSRy bIo8IKRHR grdubY & lcgalbhMinYl
group, an aryl group, a heterocyclyl group, an alkoxy group, an alkenyloxy
group, an alkynyloxy group, a cycloalkyloxy group, a cycloalkenyloxy group, a
cycloalkynyloxy group, an aryloxy group, a heterocyclyloxy group, an alkanoyl
25 group, an alkenylcarbonyl group, an alkynylcarbonyl group, a
cycloalkylcarbonyl group, a cycloalkenylcarbonyl group, a cycloalkynylcarbonyl
group, an arylcarbonyl group, a heterocyclylcarbonyl group, an alkoxycarbonyl
group, an alkenyloxycarbonyl group, an alkynyloxycarbonyl group, a
cycloalkyloxycarbonyl group, a cycloalkenyloxycarbonyl group, a cycloalkynyl-
30 oxycarbonyl group, an aryloxycarbonyl group, a heterocyclyloxycarbonyl group,
an alkanoyloxy group, an alkenylcarbonyloxy group, an alkynylcarbonyloxy
group, a cycloalkylcarbonyloxy group, a cycloalkenylcarbonyloxy group, a
cycloalkynylcarbonyloxy group, an arylcarbonyloxy group, a
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group, an aryl group, a heterocyclyl group, an al koxy group, an al kenyl oxy
group, an al kynyl oxy group, a cycloal kyl oxy group, a cycl oal kenyl oxy group,
a cycl oalworylogmgesgr oup, an aryl oxy group, a heterocycl PCoBP2g0O6IFI3 an
al kanoyl group, an al kenyl carbonyl group, an al kynyl carbonyl group, a

25 | oal k | b | | b
cyglygaloﬁy ny %b&gﬁ'ﬁcaﬁ???ﬂ@dxyaw gyggéhﬁﬁﬁkﬂcggﬁpg%n aﬁ@ﬁ‘é‘ﬁ@ﬂﬂf%?y?%ar bony!|
group, an aé| 1675 90| aQ@IsBI ARICRIKEBYH YYBAKBADIOGOUP,a an

al kynyl oxycarbonyl group, a cycloal Kyl oxycar bonyl group, a

cycl oal kenydysioatiemythipl grgupud) agylitya gsaipk privetenogydlyumgrogp .campaméiro

o oup.an ARuy® BB o CERISITARR SFeplo o 5RGr B beRo Rl IR B R O

cycl oal byl apohe o dl@k@fy@dﬂoor@lammbcg%b&swh&ﬁfdo@axdh-@chgbenwarrano
cycloalkynylcarbonylox group, an aryl carbonyl oxy group, a

het er ocycl yAreHP M| Lwlf@wtﬁmmegﬁoap,k@n lsyisu 96¥J§m'%9r% an
2010/ 04368 :
cycl oal kyl t %{Jg g%%%gggy@? aari é@@({lfoﬂ?@r’rﬁ Pou@i cycF H\\é& gth% %:égugr oﬁp,

3n alril It hi angneugr, dizalkgtabamoyl gtjddp lakrgomlpol rdararylra:ertmrgo}dlgmou@ arono- or

i -al ky am up, a nono- or di-al kanoyl am p,, a nono- or

di - al koxycd¥ M%F%ﬁ%@uﬁr%ﬁlkem@%ﬂ%' grgp dfn é‘ﬂvpgléPﬁ'@HW@HPn@ group, an

al kyl sypf i r lif i nyl am no
ar oup, n SR o, A O BBy RSB

di - al kyl cardgraupyan grybdsigfiny gnoum-a beted»chl&AﬁngMp garmjbylsalrforzyl kyowgyl finyl

el bat kyt <l ARkORSIT ordi s ABhedsHte] Gt sl group, a
10cycl oal kydyy |o$3ll4lérifw(;§rglfoggllog@upaé‘ c9élbbﬁ<‘}h?lbﬂbfénﬂ©%lﬁb ah mrs@ﬁ@ﬁ%jcgr&sbéul finyl

group, an alkyl sul group, an’al kedyl sul fonyl group, "an al kynyl sul f onyl

group, a cﬁhe@lrwoiwulfmyl gueupn &Q(W oElURe ANkl eReOMY aTPBDPaN a

ot er odgon vl Sty BBl a0RArERKeehe Stiu? M ReBsio BAE) Supeityra mpve
further Subﬁitbhﬁﬂﬁdeburthé}ﬁé‘tﬁ)sﬁuhéd bl uredessubsiixaitel es of the optionally
substituted unsaturated fused heterobicyclic ri ngz of the present invention

i ncl ude an unsat lM@feeyer. @Xamairg et bIsi RNy subfiiisdenzepedsing ibaadry be
substituted, By Jemp, ﬁrﬁf;@ubétlﬁ%ﬁsﬂmﬁ%ﬁ% lgfijerfé §rUNS 185 RUR Mﬂég' ng of a

hal ogen atom a nitrag group, a cyano oup, “an oxo group, a r oxy group,
a nmercapto cmrlomycleitmtrbenwlth UTeocarboa aﬂmhéd)o gmrpthe@fraraldttyalché@gam;alsoan

al kenyl 09" hBudss a en%e%e r%bOSUL%StIﬁJtng t%aelmkglkeg{ll ggroup to form an

annelated carbocycle such as a fused benzene ring together with the carbon
atoms to which they are attached.
Preferable examples of the optionally substituted unsaturated
monocyclic heterocyclic ring include an unsaturated monocyclic heterocyclic
25 ring which may optionally be substituted by 1-3 substituents selected from the
group consisting of a halogen atom, a hydroxy group, an alkoxy group, an alkyl
group, a haloalkyl group, a haloalkoxy group, a hydroxyalkyl group, an
alkoxyalkyl group, an alkoxyalkoxy group, an alkenyl group, an alkynyl group, a
cycloalkyl group, a cycloalkylidenemethyl group, a cycloalkenyl group, a
30 cycloalkyloxy group, an aryl group, an aryloxy group, an arylalkoxy group, a
cyano group, a nitro group, an amino group, a mono- or di-alkylamino group, an
alkanoylamino group, an alkoxycarbonylamino group, a carboxyl group, an

alkoxycarbonyl group, a carbamoyl group, a mono- or di-alkylcarbamoyl group,
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cycl oal kyl i dene- nethyl group, a cycl oal kenyl group, a cycl oal kynyl group,
an aryl group, a heterocyclyl group, an al koxy group, an al kenyl oxy group,
an al kynyWwoxylogrsasp, a cycl oal kyl oxy group, a cycl oal keRgIragPg009/0635p3 a
cycl oal kynyl oxy group, an aryl oxy group, a heterocyclyl oxy group, an

cyeFost byt SHom G L S0 R Brsnah VBRI 0 L8 B
cycl oal kynydipasianylgrene ih afyIsaidhAroQnyan SfyPiMond drelipr 8 ¢eersbgayibony!

group, an al Koxycarbonyl group, an ‘alkenyl oxycarbonyl™ group, an al kynyl oxy-
car bonyl grgsapp, ah¢qaloxalgcoupxycar bonyl group, a cycl oal kenyl oxy- car bonyl

Pt erocyclyl oxy daPEADIE SRS Bt P RBl B By RV B G Ak i oyt oxy
group, an aldwrwiaenbanyiniydeanumsaturad Rse@hkdreBichamylimxwhisromay a

cycl oal kenyl car bonyl ox roup, a cyclo- al kynyl carbonyl oxy group, an
2l yl car bonyariRPaly Ba SUbsTa Py dyd Pybstituahis daRBTFeRHY SBleCiad HPRYNEN o

, _. . g |
O ol HrB B LR L ol Rk AT X IHBXPERR,, o AN GOl bR " OuP
geterocycl égrbbF,lcza gelm}alugyl growmiamalgalkuw gmuppadwyﬁgumﬁl(k;&lgm%mmlo group, a
nono- or | -a n - amn ro , a nono- O | -a OoXycCa on am no
group, a mEHERXYGHKY éf%Ia@eﬁab‘gfﬁﬂg?ﬁ/r%oﬁﬁ)oﬂb?{k&ﬁyleﬂrF?&‘Psérl‘\a[kaWaHFPHB’6roup,
b | : | . : _

AT s Pon QR IRTORLS ORIy RIHL I BFogsT d By s ke oup, a cyalo-
TR O e o ol 1 ny!

a en Su I N rQu an a n Su A ro a CV.Cl Oa Su I N
aroup. a cylPUR: ANRERGIOLE: AN AMING G53P. SHTRRET Ba P kIYIEEHIe SROMP @ oup.  an
aryl sul fi nydiksHa3idmind @@hgf@ﬁﬁﬁdl?xyé?ﬂbbr?mwﬂé QHeUp, AcAblxyIgiblignen  group,

an al kenyl sul foniyl group, an al kynyl sul fonyl group, a cycl oal kyl sul fonyl
group, a cyatkexycarbamy praun, @rgarbgmenigrodpe g dnea-koftHadil ¢ashgmoyt @igpip, an

L5 ubsd Py uon BBy P h e S CRBHEI GRlb: ol RYSH S HRELRGRLD, ptent s
Exanpl es ofalkyisulfpyligpoap | ah akbsuifbml @ﬂo@@,@ﬁﬁ@lgdlfogyl@robb?a pletsre6yclyl

i nvention include a benzene ring which may optionally be substituted by 1-5
subst i t uent®Oo4B] @d 8Q OXPEHPYRe group consisting of a hal ogen atom a nitro

Jrowp, 2 cyano didtdhapt %%%;9& &E@Bpﬂ(&ndﬁ%ﬁ%@ﬁf&t&f Belhzerft (1% RRIde g7 oup,

a 20sul fo group, an alkyl group, an al kenyl “group, an ynyl¥ group, "a
cycl oal kyl benzene ring which may optionally be substituted by 1-3 substituents selected

20 from the group consisting of a halogen atom, a hydroxy group, an alkoxy group,
an alkyl group, a haloalkyl group, a haloalkoxy group, a hydroxyalkyl group, an
alkoxyalkyl group, an alkoxyalkoxy group, an alkenyl group, an alkynyl group, a
cycloalkyl group, a cycloalkylidenemethyl group, a cycloalkenyl group, a
cycloalkyloxy group, an aryl group, an aryloxy group, an arylalkoxy group, a

25 cyano group, a nitro group, an amino group, a mono- or di-alkylamino group, an
alkanoylamino group, an alkoxycarbonylamino group, a carboxyl group, an
alkoxycarbonyl group, a carbamoyl group, a mono- or di-alkylcarbamoyl group,
an alkanoyl group, an alkylsulfonylamino group, an arylsulfonylamino group, an
alkylsulfinyl group, an alkylsulfonyl group, an arylsulfonyl group, a heterocyclyl

30 group, an alkylene group, an alkyleneoxy group, an alkylenedioxy group, and
an alkenylene group.

In another preferable embodiment of the present invention, the
optionally substituted unsaturated monocyclic heterocyclic ring is an
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group, a cycl oal kyli denenet hyl group, a cycl oal kenyl group, a cycl oal kynyl

group, an aryl group, a heterocyclyl group, an al koxy group, an al kenyl oxy
group, arwel2kyvigBe@y group, a cycl oal kyl oxy group, a cy®CO&IPR@IPLITAY gr oup,
a cycloalkynyloxy group, an aryloxy group, a heterocyclyl oxy group, an

al kanoyl roup, al ken arbon rou , n al kynyl car bon roup, a
cycl oal kyl ég}sﬁﬁﬁ CQWBUBCV lcﬁlﬁgﬁa@g{@gﬁ@m% é%aé |1fjlyag Hbstil
cycl oal kand)ﬁﬂbeéUBéltlt&rr@é'ﬁnd@ébrﬁfeth9%éré&lé’d frgantHB réub%bﬁé@ﬁb@bf’bcar bonyl
group, an al’koxycar bonyb gr oup, an al kenyl oxycar onyI group,

Y

al kynyl oxydwlegery atogn cupydraxy geourml kgyanoygraupoayiitrggmyp, aa alkyl grour),

ary1 oxyoar TOREN STRY S B8R BYG: SRRy g ROg BERCe Ve icthBnagy

group, an arsepyars arkespygrexy, @félk@no;ﬂ@r@u;kWélR?lﬂh@@Yd)l%)ergélﬁylsulf@ﬁyl
cycl oal kyl car bonyl oxy grou a cycl oal kenyl car bonyl oxy_ group

cycl oal kynﬂr@blpb@hﬂk&@)u'f@y EPUPAANAYNO A BePA Wngédpalkalanwm group, !
2010 04368
CS R RGABHATCRD. 8 NGNS SRIRR LY, Sty b

gr oup, 0 group,
ﬁ cycl oaI rergﬂ;](bmmlgﬂkw@,ulfamwgrom k& ozrbolryylogroup Lign SMX?f(aﬂTobhyIcgrgupu@, a
eterocyclylthio group, an amno group, a nono- or di am no. group, a
mono- or deaéW(@ﬁBWrQﬁ‘Pné r@qr_&ﬁj;ﬂrog-aﬁﬁ@%ba@PyeraPka& I HEAYIamIT gr oup,
a nono- r Ng up, an

al kyl suI fon@f)u% ygﬁgﬁg%&g? Eﬁgﬁéﬁ“@qo@r a H%V%Pgéggggﬁ%agﬁlg{ﬁf onyl am no
group, a cagtesnytsuifogylarpupaa etevecynlyldjreap kariccam baowgybugr oup, a nono- or

an’al kyryt sul 11 nghe Geap el et unesiede et BefriStyoRtting an 900

cycl oal kenyirsahiratd fu%@%ter@bﬁ“),(/élh@ﬁhdﬂmﬁéﬁmaﬁ/'dﬁnbngﬂyﬂbé,suBQtlt@féd gyhiinyl
group, a heterocyclyl sul gfoup, an al kyl Sul'fonyl” group, an

n
al kenyl sul f?oaLbet@lﬂQﬁdﬁ selmteﬁ/ f(9ﬁyuh§mrouﬂ>@pnglrsbru@ of g haiagefaanam suiydrayy

21 1 SurPorrogPut VoS BBy RO i Aoty ol b Ak Al oond! 8000 an
al kyl eneoxyalgyr¥igrou) aldycrldiv| grew, axyy dio 8l kylideraehettlyl Jrs@pyareaikogy oup

wherein each substituent may optionally be further substituted by these
subst it uentSﬁ’OUp, an alkylthgrargiayan éMWHIfQBWcQ‘rO@Han»earbéltkb/@hlﬁlnwﬂ/g@%s?Pt ut ed

e T EPBLE, AR PR SR DL B BB 0T o L
are attac h@komdrtairr;@rﬁ@orgrbudﬁa salfdr@oylegreup] agnendssiridi-atlett sulfamaoah
al kenyl28ne g%gbl,pa tcgrbfo%/lr%r%ﬂp, an alkoxycarbonyl group, a carbamoyl group, a mono-
or di-alkylcarbamoyl group, an alkanoyl group, an alkylsulfonylamino group, a
phenyl group, a phenoxy group, a phenylsulfonylamino group, phenylsulfonyl
group, a heterocyclyl group, and an oxo group; and
the optionally substituted benzene ring is a benzene ring which may
25 optionally be substituted by 1-3 substituents, independently selected from the
group consisting of a halogen atom, a hydroxy group, a cyano group, a nitro
group, an alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl group, a
cycloalkylidenemethyl group, an alkoxy group, an alkanoyl group, an alkylthio
group, an alkylsulfonyl group, an alklsulfinyl group, an amino group, a mono- or
30 di-alkylamino group, an alkanoylamino group, an alkoxycarbonylamino group, a
sulfamoyl group, a mono- or di-alkylsulfamoyl group, a carboxyl group, an
alkoxycarbonyl group, a carbamoyl group, a mono- or di-alkylcarbamoyl group,

an alkylsufonylamino group, a phenyl group, a phenoxy group, a
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annel ated carbocycl e such as a fused benzene ring together with the carbon
atons to which they are attached. Preferable exanples of the optionally
subst i t utwo 20mgEBaseat ed nonocyclic heterocyclic ring i n®CHGP2@9/06358Rt ur at ed
nonocycl i c heterocyclic 25ring which may optionally be substituted by 1-3

substituents selected fromthe on I Sti hal ogen ato a

e oy or Gl VSTaT BRI g Bt S TrogV B o HB e BeRI T QyPUBAN o

hal oal koxy dkRERe %W@n@%ﬂal‘kéhyl@h@'@@ou@n al koxyal kyl group, an

al koxyal koxy group, an al e]y group, an al kynyl group, a cycl oal kyl group,

a cycl oal kyl i denavhsrain ea;ﬂwlpthe@b@yemam suprstityenta 080y cnealukgtedxy

2 o1 Tro"or oSt RerdBat el v e Plaf ot MR GIBE B g e oo
al kanoybammz@h@umg maymmm@mwut@mm-grsmtb@tutu@n@rmwnd@hwp, an
al koxycarbeg%q group, a carbanmoyl group no- or di-al kyl car barmyl

ar oup., GO FIBBHIRCTTOP TBUS/IBASE S baa{og@rkaml a Gy FAUP, a
ar oup, _an Qe Pl Y By EeoBbY TAICARY RS RrEaRUR) ofel eSO o1 oup,

and an oxo gooppan Erkeﬁeylagrbapﬁalaapdyﬁhlocgroub;aarmpthytsma‘bhyl grobpt a mdned or
unsat ur at ed faikyﬁd Sheterobicyclic ring include a aturated fused
het er obi cy d1AKYaMBOBOR, FearRBY] 8ruR, fNiFikeysat qqy gePuUy @R Y bst i t uent s

mdepeq@entqugugeé@g FénfeBQ?‘g%l?p ginoéif?w%ﬁééi&%g%a&fanao}ﬂ%%n gatom a

hydr oxy group, an a oxy group, an a gro hal group, a
hal oal koxy C@'rbampylagr‘wﬂram@alrhqmommmlkﬂmrabh@)yygtdcw group, an

al koxyal koxy gro al ken r.0 n al k | arqup, .a 10cyc] oal kyl
group, a cycl oal E@I i R F?e(ﬂélF b@‘f] Hl?%t tgeﬂpé' éﬁh@&%%%egdﬁ‘sag}/ {Fﬂa

al kyl oxy gragRecy@ic He¥droBy@eringia. aawrhéafura@éd)%noépcwwétard@éb(c BhQUP, @
cyano group, a nitro group, an am no grou g@ua nono- or di-al g&/am no group,

an al kanoyl\/dwclndsnayr opinalll be Kibejitied biyl-asubstilyesisy indepeadpoiy selgeiwdp, an
ar oup.  Bsart o8k 8Hue, oS REFEYA nipGHR sy ARs aSigrein, Atk yrBaE
aryl sul f Onﬁl%&mogboéﬁalkﬁﬁloyl group, a mono- or di-alkylamino group, an
alkanoylamino group, an alkoxycarbonylamino group, a carboxyl group, an
alkoxycarbonyl group, a carbamoyl group, a mono- or di-alkylcarbamoyl group,
a phenyl group, a heterocyclyl group, and an oxo group;
20 the optionally substituted unsaturated fused heterobicyclic ring is an
unsaturated fused heterobicyclic ring which may optionally be substituted by 1-
3 substituents independently selected from the group consisting of a halogen
atom, a cyano group, an alkyl group, an alkoxy group, an alkanoyl group, a
mono- or di-alkylamino group, an alkanoylamino group, an
25 alkoxycarbonylamino group, a carboxy group, an alkoxycarbonyl group, a
carbamoyl group, a mono- or di-alkylcarbamoyl group, a phenyl group, a
heterocyclyl group, and an oxo group; and
the optionally substituted benzene ring is a benzene ring which may
optionally be substituted by 1-3 substituents, independently selected from the
30 group consisting of a halogen atom, a cyano group, an alkyl group, an alkoxy
group, an alkanoyl group, a mono- or di-alkylamino group, an alkanoylamino
group, an alkoxycarbonylamino group, a carboxyl group, an alkoxycarbonyl
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al kyl sul fi nyl group, an al kyl sul fonyl group, an aryl sul fonyl group, a
het erocyclyl group, and an oxo group. Pref erabl e exanpl es of the
opt i onal IWo0ts4Bdsat ed benzene ring include a benzene r iPAT/ERRIOCI6IFOY
optional Iy be substituted by 1-3 substituents selected 20 fromthe group

consi sting of a hal ggen tom dr ox roup, .an al kox rou an aI kyI
Group. o nATBHBIG EBRETYT SR aPRE " Gy Ba M SR & PhEe o

al koxyal kyly ge@rdeych %W@Yﬁélkﬂéﬁe@?&w arﬁﬁar@bh@ﬂyﬂen@rg?éﬁp an al kynyl
group, a cycloalkyl group, a cycl oal’kyl'i denenet hyl “group, a cycl oal kenyl
group, a cycl oal khesein efchugf, tharab@N9+mgmt¢Qnﬁd subsdityanis pnghe upsatainated

o i - al o B U SR e BnFrbrae BBl @R o fene
group, 8 Cajereyie rigownay f@m@t@mﬁlﬁl@d)ﬂy DBaUPstiRepd, hedapdndendyp, a
nono- or di-al kyl carbanoyl group, an al kanoyl group, an alk Isulfonyl am no

group, an &§Ged ffr@m/tr@rﬂr@@pgq%ﬁﬁt'nﬁﬁfél W@}@QQN ptgRg, a gyampgrcw anidff¥ul f onyl
: | | :
o by enoox T BuBL 3 haREPERI, o AROEIGOE ¥ el HarolB, &) sHaRRg, 97 OuP- &

| nbanot her dgroabea algno- d@mlodllqywml mofgr:bhpz aocarsb?myl groupné |hgdro>¢yrg¥oop1a onal |y

substitute unsat ur at e nonoc | C eterocyclic rin is an

2010/ 04368zll?i5@1“lyggﬁlﬁ>’@9}36e%'%@q QM awpeanr%'%%nfmy ﬁHPe%éV@P(Y%arPPHﬂ whi ch
t bst kit tl | ect ed

may 0p1b0”3drbM bﬁcéfﬂ%ﬁﬁé |l¢fg§@b Qﬁd]a rRoRybst dit él%ﬂ{:]érgr Wg%lﬂf‘” y selecte

fromthe group consisti al ogen atom a a cyano
group, a nitro grloapotheen mdaﬂeyablgremkpndlmanta,l kenyl group, an al kynyl group, a

cycl oal kyl group Ioalk | i den t hyl . Qroup, Qup, an
ol kanoyl gr oup. ARG € AndiseBaEmotpryTic ety S g g 8y

al kyl sul fi mgtioaaMyBe s@Bsﬂtﬂé@bQﬁ%Qubﬁlttﬁ@rﬁt@ m@épéhdéﬂt&’ée@@ét@@ fidnPtHy an
al kanoyl am no group, an al koxycar bonyl am no group, a sul famoyl group, a

mono- or digraHRyEpBsIstiageY R hplegan atent & koky graiip 2 eanel grep cankny |

21yt sdPoryiratiora aByPeue Myt B AL BRI g Hspithey Boun. =

phenyl sul f delo%lmkyﬁdegémemyl %rdﬂlﬁ@i‘fﬂélk@iW@MuggéﬁWar@yhgﬁo@prQWdl |th@y oup,
and an oxo gro opt i onal I)( stituted unsaturated fused
het er obi cycﬂrpblprfrlm@'k|y§ugﬁnﬂr9§9%,r%ﬂ éuflwgyagrféﬁbra@barw@mr@um AHGRY- & nay

OELLO0E) by SEISHIRIG R, BXufempy OS] bURONS GRLSBR R BB
group, an edd{bd)xygljlgtmm mlabkwayborwi qugup, ancarbksnoyl g@upy p, mancyol dial Kyl
group. 28 Clkﬁcar lrr%ocg/?greora%t,g aIl%f ufgnylgpmr?cl) EI(’)OL}/D, a phenyl group, a phenoxy
group, a phenylsulfonylamino group, a phenylsulfonyl group, a heterocyclyl
group, and an oxo group, and
Ring B is an unsaturated monocyclic heterocyclic ring, an unsaturated
fused heterobicyclic ring, or a benzene ring, each of which may optionally be
25 substituted by 1-3 substituents, independently selected from the group
consisting of a halogen atom, a hydroxy group, a cyano group, a nitro group, an
alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl group, a
cycloalkylidenemethyl group, an alkoxy group, an alkanoyl group, an alkylthio
group, an alkylsulfonyl group, an alkylsulfinyl group, an amino group, a mono-
30 or di-alkylamino group, a sulfamoyl group, a mono- or di-alkylsulfamoyl group,
a carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
alkylcarbamoyl group, an alkylsufonylamino group, a phenyl group, a phenoxy
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group, an al kylthio group, an al kyl sul fonyl group, an al kyl sul finyl group,
an am no group, a nono- or di-alkylam no group, an al kanoyl am no group, an
al koxycarworngloassese group, a sul fanoyl group, a nono- oPCHIEP200RiH3503

sul fanoyl 20 group, a carboxyl group, an al koxycar bonyl group, a carbanoyl
group, a nono-or d - al kyl. car banoyl group, an kanoyl grou an

o Ry P sut t orPuR 2 shRYsH R RERsrodPcaneAlssBl Send s eterctycly
phenylsulf@mha%ﬁlglkgrmrgroebe@ud aHldiRler gréRip; @ heterocyclyl group, and
an oxo group; and t ptional [y substituted benzene ring is a benzene ring

whi ch may 25opt |(8h8|lmgyAb% asgiweneutngdwvibigh may eplumawmst@stlwtad@efn‘dént |y

I d f
oyano. or ouubsierf, PefeRay sBRela FolAhBiBuR kst BiR Pty kb,
group, 8 cyﬁb@ﬁbhﬁdr@kwgr@upaa%y@h@ajr&suﬂ>Iadﬁurn@@rbbwa@famypgromp ahlkdkenygr oup,
an al kanoyl grou a rou an al kyl sul fonyl grou
al kl sul fi n;grogiao%alkaﬁylaafph@ @ﬁ&saﬁaMf Wﬁ,a&NC'??@Hiyll%WT@HﬁYEQF%%QB, an

al kanoyl am r hopyl oyp, a
mono. o - a1 TSP 788p, & e B GRUBIEN PR SioRih an AR areBEHS)
glrlczulo, ? ceelrlkiemnylyl groappan ammh grouy, adinonbkyt disdil kylamyro graayp anan
al kyl suf onyl am e grou enoxy, group,. a
2010/ 043682%@17(91?323 5’9&380 SH%’H?V%QIP&B@WQ‘?H%PF&‘%dﬁ%%famfg’\ﬁﬁr%{ﬂ fony |
rou h roup;
aher o #Ocact oPoY BLodg AbRoRaBotN GFRT: ¥ CiBerdf Rl B0 1P
nmonocyclic aibylemnbemdyi groupngnn allkbdswmay\lamlm gnbdmsaermerml gray, @mheéroxyi ng and
t he 5benzene rin r be substituted substijtuents
| ndependontdgUaer sEERYSHIGMAmERSBNR. aheflsiiabrding byBotth, a
hydroxy gr QiBup dar® ¥RyRen@r elp, afd ahleikerfici&dgroaphah@al kyl group, an al koxy
group, a hal oal koxy roup, an al kanoyl groug tan al kyl thio group, an

©

al kyl sul f onyl gr%log is amHosaturated neonagyahe hetegeaehc riagcuamoXysatgiates, an

a1yl engr uyes PafiiBoicfo BIEN, st Briiticn BinGintespli e et Bl 13,
di - al kyl cardudgailents, mdependently selgttedl Poef theajrbep eoheigiimg ot a Halsyeppt i onal 'y
substituted unsaturated nonocyclic heteroc%/cl Ic ring is an unsaturated

nmonocycl i ¢ #Hele AGFEPXYITO0URg AVRYRBA GRaP .o RIOrGIPHY. %aﬁwbg'tqwa@cﬁ”b%nyi 3
oSS oI BRI Hose LSSl el o e anani iR,
group, a noakexyogrotp; ah lkykamioyhgrogipoap allkythid graupy baralkyisdiooybgroap, an
e T Bl B P S caPioon p B R S o o
het erocycl ydrob%%or@%r%ﬂa&%ﬁé%l group, a carboxyl group, an alkoxycarbonyl
group, a carbamoyl group, a mono- or di-alkylcarbamoyl group, an
alkylsufonylamino group, a phenyl group, a phenoxy group, a
phenylsulfonylamino group, a phenylsulfonyl group, a heterocyclyl group, an
25 alkylene group and an oxo group; or
(3) Ring A is an unsaturated fused heterobicyclic ring which may
optionally be substituted by 1-3 substituents, independently selected from the
group consisting of a halogen atom, a hydroxy group, a cyano group, a nitro
group, an alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl group, a
30 cycloalkylidenemethyl group, an alkoxy group, an alkanoyl group, an alkylthio
group, an alkylsulfonyl group, an alkisulfinyl group, an amino group, a mono- or
di-alkylamino group, a sulfamoyl group, a mono- or di-alkylsulfamoyl group, a
carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
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20t he optionally substituted unsaturated fused heterobicyclic ring is an
unsaturated fused heterobicyclic ring which may optionally be substituted
by 1- 3 swibapiwo4ases | ndependently sel ected fromthe gr ®Gp/EPRIN9I06ISIHg of a
hal ogen atom a cyano gr oup, an al kyI group, an al koxy group, an al kanoyl

: di | k i , 25
O Roxycar basrcaagiat aike: ahelidstoRyBlnd it AR B oY
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het er ocycl group, and an ‘oxo group; and he optional Iy Substituted
benzene ri rgous anbanoxagroupgarwhi ch may opti onal I y be substituted by 1-3

hal ogen atom o £006 LSRR o GRRls ekt rg gt bt el anoy
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al koxycar bonyl am no group, an al koxycar bonyl
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di - al kyl amdialkylanmo grocar bsxifamgybgnoupaa mpainaor cgmyﬂnsul‘ﬁaar’rm}é'yd)umra)up an
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preferable a#k‘ﬁ@&*b@ﬁf&yl roup, an e(l@lsmﬁoﬁglaﬁuhé gPsLi BSEReH\AGRSL d’ﬂé

het erocyclic Ting wh may optional be substituted by 1 ubst |X§/uent S,
i ndependent9r9U@e&1 @be@wsulrfwlammggr@up amgnwsuﬁg%fgrwmea b@f@FDQ}ILCb‘Hn a

hydrox 0 roup, an al kyl group, an al kenyl
group, aq+59ﬂy?ﬁéﬁ(gf?5'% gﬁr%@(}a%ga%rw?o é? p, a cycloal kyl i denenet hyl group,
an al koxy group, vaferainkeashyof tﬂé@!}l@ve&ﬁe@ﬂldﬂddéutsstlﬂléﬁi!@onﬂnglﬁkdhéﬂdn’ﬁg)nw
group, an al kI sul f| nyl %roup, an am no no- or di-al kyl am no

group, a s e subgiivéed by 148 sab&tj;ueme wpnger@t{ypselgcf@gr boxyl
group, an & M%H&@F&W&én@ét&l&bf #n&RGRARYN, §'9HRo PP M alffl Jtbup, a
haloalkyl group, an alkoxy group, a haloalkoxy group, an alkanoyl group, a
20  mono- or di-alkylamino group, a carboxyl group, a hydroxy group, a phenyl
group, an alkylenedioxy group, an alkyleneoxy group, an alkoxycarbonyl group,
a carbamoyl group and a mono- or di-alkylcarbamoy! group.
In a more preferable embodiment of the present invention, Ring A and
Ring B are
25 (1) Ring A is an unsaturated monocyclic heterocyclic ring which may
optionally be substituted by a halogen atom, a lower alkyl group, a halo-lower
alkyl group, a lower alkoxy group, or an oxo group, and Ring B is (a) a benzene
ring which may optionally be substituted by a halogen atom; a cyano group; a
lower alkyl group; a halo-lower alkyl group; a lower alkoxy group; a halo-lower
30 alkoxy group; a mono- or di-lower alkylamino group; a phenyl group optionally
substituted by a halogen atom, a cyano group, a lower alkyl group, a halo-lower
alkyl group, a lower alkoxy group, or a mono- or di-lower alkylamino group; or a
heterocyclyl group optionally substituted by a halogen atom, a cyano group, a
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20al kyl car banmoyl group, an al kyl suf onyl am no group, a phenyl group, a
phenoxy group, a phenyl sul fonyl am no group, a phenyl sul fonyl group, a
het er ocycWol20yvi@egs2 and an oxo group, and Ri ng BCIr&pr2#n063563 ur at ed
nonocyclic heterocyclic ring, an unsaturated fused heterobicyclic ring, or

b h of whij pt | bstituted by 1-3
2ub§?|z'?zgn'zllgng ﬂ@é@ r?g'Qn?ll ang%taiﬁy';ﬂ?ﬂggﬁ t%lé? @aﬁl@é{épét&r@’%}m %hal ogen
atom a hyctr.%\wergérqz}rr@m.ﬁong (sr@Nlansatu%tba%&ﬁ&y@ncﬁet@blsydncgrr@urx an

al kenyl group, an a a cycl oal kyl group, a
cycl oal kyl .mnbmmmtlcgradiu%e %ubsatuiedjvygﬁ oM setecied deoyh haleggn atem,

aroup. g B ashln s (e Aol Bowd DhBeIBReR alidt b BuE B on o2 Mo °
di - al kybsuldraopy4 hﬁrdDI@Wer@IIQﬁ(ylgMNﬂ) G or oﬁ’«lbv@ér@xyléﬁfrﬁmgbdupgbq&lmnya

car banoyl group no- or dial ky | 'car banoyl grou an al kyl suf onyl am no

group, a prﬁé’ﬁyp Vﬂﬁ@uﬁ‘ayap%ﬁ'ébﬁibtlytegr%ti’pa halqge@r@;pgurcvamgé@ﬁm@ lgWvstip, a
phenyl sul T qpy, %@%68[5’% hﬁioh%@: %ﬁ(&%%upg%q er girRonb Lgf]%r%rrﬂUHo Gngl. an

al kenyl ene gr enzene may optionally
be substit ubedr bikylendne gpstip; tamha detarodggv pemd Whictemagtopdiohaiywbéhe gr oup

o oup. o USRS UN %6 HPRHIGHON TS THOGTIRYY. GRO8GroUby BN ky
group, 19 Cy&kﬁ?ﬂr&dﬁ éjﬁé‘l%’TE\t/v@Vb|k?f§r‘b%p, %Wo@érké’l’%xy?g U, o nyrﬁbr'ﬁ@”&yér-grwpz

an al kyl'thi o group, an al kyl su yl "group, an group, an am no
group, a ndaeer arkytamrabIgyolwnorc(cgarmupsatmrnatedIfamxyhatardmcmlm:umg whihl f anoyl

21 Koxycar bangy oBretah e SuseiEe B seids cha”%ﬂwxaﬁrr%ﬂrgﬁq?@awp g oup,

an al kyl sufrByp a&n dverHI RH Ryrodp, @HQMLIO%PHFPWI @rd@r'b%%%er@léméﬁy gfoup,
phenyl sul f onyl am no group,” a phenyl sul fonyl" group, a heterocycl yI group an

al kyl ene grhwlg|owerdal stegrwr@yraén@ngmqj lowarialkylagiee igsoumn aupRenyl gsau

Y A A L R

I ndependentdrgup e aalosidwier @Myl §roLg, @Upwep Bkioxy lgr@J@foraa mahegendidlowar a
hydr oxy grolgg a_cyano group, a nitro group, an al group, an aIkenyI
A

group, an & wncggrwp, aad@mt@arqyylyl gmppwhlghdp@y @arlwllvd@@rﬁ&tw? gr oup,
an al koxy %ﬂfgigrég”g %I'é%fb%yrrorwéDHBIO R a"[’ér‘ﬁy&%&Hd’%ﬂf “g_lo@Qr i-aﬁl’k ngny'

group, an i nyl” group, an g 50 am no
group, a sudledmyér @kguwproup, artover abkoxy gmbbybrsarlrrﬂcmmxdr omrmw,alaylaandumxyl
group, Sn al koxycar bonyl group, a carbanoyl group, a nmono- or

-al k¢PcarBaMBy| group, an al kyl suf onyl ami no group, a phenyl group, a

h of
p enoxy grOUpgrouzwmg AT WhigHRna oﬁtﬁ@r’ﬂ%ﬂ'ysdé S PuBE PP @

het er ocycl yl 25 a ene group an 0X0 "group; or (3)
Ring Ais atmlogmaatsnnataeu)vransaélqll geom,@ahaﬂydbwer alrkprlggmhpca Iomeg/r apoxywnal |y be
substituted b 3 sugstr tuents, | nd ggntl sel e he gr oup

consi sting %PMB %QPSB Pr3HBne" adlqw ouR @9 ng’ 0'631 @nitro
group, an aideghurdteimonaBy@ickRA¥tocyEiRtiing M R0 Vptioh8WPbe Bub¥RLRY Ky
aroup. 2% by a halogen atom; a cyano group; a lower alkyl group; a halo-lower alkyl
group; a phenyl-lower alkyl group; a lower alkoxy group; a halo-lower alkoxy
group; a mono- or di-lower alkylamino group; a phenyl group optionally
substituted by a halogen atom, a cyano group, a lower alkyl group, a halo-lower
alkyl group, a lower alkoxy group, a mono- or di-lower alkylamino group, or a
30 carbamoyl group; or a heterocyclyl group optionally substituted by a halogen
atom, a cyano group, a lower alkyl group, a halo-lower alkyl group, a lower
alkoxy group, a mono- or di-lower alkylamino group or a carbamoyl group; (b)

an unsaturated fused heterobicyclic ring which may optionally be substituted by
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30cycl oal kyl i denenet hyl group, an al koxy group, an al kanoyl group, an

al kyl thi o group, an al kyl sul fonyl group, an al klsul finyl group, an am no

group, a Worer0/03868di - al kyl am no group, a sul fanoyl groupCTEPAEO63503

di - al kyl sul fanmoyl group, a carboxyl group, an al koxycarbonyl group, a

car banoyl %r)oudp a nt{na or 3} WO 2010/ 043682PCT/ EP2009/ 063503

al kyl car barfb§iOURipcted from R\1alog S hgioM HENGBAP: & PYREAIKY P 2 a phenoxy

group, a ph%WJI&MérféﬂRWg'#Bhﬁoa glhﬁh'ﬂéo@epbﬁim’ér‘é‘at)fQﬂW\hetgéIRHi@y ﬁwperaerocyclyl
g

group, and an oxo group, and is an”unsa urat ed nonocyclic
het er ocycl itglodower alkoxyhgmup atred- @fdﬂéewehetkammnomour@, a phefyyl @rodp benzene

 naependen Tycl A ELRERpP SR olodihEloct i Reitralics Bk Abm &

hydr oxy 5gr cqmupaa BERNIOWST @Y goup, TaH@w@F Qlkbxy@lﬁo@fb kotla goaBPor @nodlekeny!
group, a group, a cy cIoaIk I oup, a c cloalkylldenenethyl group,

an al koxy g’a"bﬂ@m'%g@ﬂuﬂ@a%?la @et@myyc%[hgmupywhlﬁhdnqxogpwllyahe suhsfitétadf onyl
o oup. a"sup it BpUg SeieRiedt Porn ABLEA AG Yy Byart JRAR 2l aRURORE 20

group, an aid{@almnaféibywrogpommwa atlkaxyegroyb, gr @ umnca oraiMowaeralkylamino

di al kyl car bam)g group, an al kyl sufonyl am no group, a phenyl group, a
phenoxy gr difUPelphenyl sul f onyl ani no group, a phenyl sul fonyl group, a
heteroqyclyl 15 g R'Mq 38 afll Uhel ﬁﬂ%téﬂf&%@d%@e Bicy&itt &A Hgyei n each of
t he above- rrentlo(nz ést |at uentas on Ring A Ilg?ng (‘?’)rachoptl nal Iy be
subst i t ut ecodipnaHlBbe sbsiitutechby a hameawemta M)\Agaelaﬂoﬁ gobup, anhalbdogeoup

G oup. - an_ARABIOG LPWER APy URy oA bR OE e g8 B Foia) 3 s AEnG. or

di - al kyl ampjy @h%ﬂna?oﬁﬁérﬁ’ﬂ&%e SlisetiRuted Hﬂ/yéj@ﬂiﬁb §6|86Rd fork REfBbgH oup, an
al kyl enedi oxy group, an al kyl'eneoxy group, an koxgcarbonyl group, a

car banoyl @top CrarP growm é-lower alkyﬁgwqdpcarfmmergal yligroup, a lower|atkexynor e
prefer a}gl € g‘?SBBfié %m-loWerta%xE}rg%ﬁﬂt 'r’rﬂ)\f rPto‘l-?OWer%lQﬁar% rﬁ)ngro%'pr,'% p%e%ryF

group which may be substituted with a halogen atom, cyano group, a lower
alkyl group, a halo-lower alkyl group, a lower alkoxy group, or a mono- or di-
lower alkylamino group; and a heterocyclyl group which may optionally be
substituted with a group selected from a halogen atom, cyano group, a lower

20 alkyl group, a halo-lower alkyl group, a lower alkoxy group, or a mono- or di-
lower alkylamino group; (b) an unsaturated monocyclic heterocyclic ring which
may optionally be substituted by a halogen atom; a cyano group; a lower alkyl
group; a halo-lower alkyl group; a lower alkoxy group; a halo-lower alkoxy
group; a mono- or di-lower alkylamino group; a phenyl group optionally

25 substituted by a halogen atom, a cyano group, a lower alkyl group, a halo-lower
alkyl group, a lower alkoxy group, or a mono- or di-lower alkylamino group; or a
heterocyclyl group optionally substituted by a halogen atom, a cyano group, a
lower alkyl group, a halo-lower alkyl group, a lower alkoxy group, or a mono- or
di-lower alkylamino group; or (¢) an unsaturated fused heterobicyclic ring which

30 may optionally be substituted by a group selected from a halogen atom, cyano
group, a lower alkyl group, a halo-lower alkyl group, a lower alkoxy group, a
halo-lower alkoxy group, a mo- or di-lower alkylamino group, a phenyl group
which may be substituted with a halogen atom, cyano group, a lower alkyl
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25(1) Ring Ais an unsaturated nonocyclic heterocyclic ring which may
optionally be substituted by a hal ogen atom a |ower al kyl group, a

hal o- | owewoabigyi43ggeoup, a | ower al koxy group, or an oxoPGTHERRYVIAMIIRI ng B
is (a) a benzene ring which may optionally be substitut ed by a hal ogen

t - a | | kyl - | k a
2\ Koxy ar ool Apio- P AvsBralin. sl e Bl Bretim e moap? PotEWET kyi an no
group; a p@wbnﬂwg@@pbhewétér&y@ﬁﬂgﬁdupe\ﬂmlaﬁ rﬁambweényaéé)mbs%t&éano

group, a |lower alky rou a hal o-I ower al kyl group, a |ower al koxy group,
or a nono- Wih augrom\seleateq/ﬂr@mmawbalggen@tomrcsaameg@tmcgado\yer gikylgroopt éonal | y

2010/ 0a3ca e SR aRaBber loyfhur 8RR, o Bor mibos o5 dHwsr AWAIMR oup, a
| ower abkoxytogpoup, or a nono- or di-Iower al kyI arri no group; (b) an

unsat ur at ed nonocycl | c heterocyclic ring which tionally
substituted by dN@NGErIBPERT rﬁp@rﬁfﬁbﬁgﬂmﬁfén\(ﬁ U@; Zcﬁaﬂdﬁ L!ﬂ‘tﬁ?pat thel ower

al kyl grou ; | ower
al kgxyggr Otrjappasalh%&%?‘i Wg\ﬁﬁ?s@‘%ﬁq%m&%'hg\eﬁ%ﬂmheny gr oup%e?]ceh may
Eel sulbsti tutr:glilwllmchhs subaﬁtoﬁwrbyaﬂ %ubsﬁamtgsemteoafrbm\mhe @blk%bogmemg a

al o-1 ower y alo 0X rou nmong- or di

al kyl ani noQ? 9w69§War V‘%&gi@wék% ﬁmq%h %@?”@69%@&%’?6 Oxy
substi gt ef{{jr%bhaga?ﬁﬂtb(?oéﬁ'irﬂﬁ%d/épéﬁkén J1Bhe GRS P RAYASR, & oup, @ | ower

10al kyl group o- I'ower group, a oxy group, or a nono-
or di- | O\Namwltmteﬂmnooogyajmmetenocgcl)c ramg onaawusatwalte[ddseeld hetezobibydicc! i ¢

09,0 T OB NP AL Y SR B ket iR 1o oo

al koxy groujreu cbaéugtuhqwa |@\ngpé|1<y|g% B;a%a@m«er%kﬂﬁrdlﬂy‘@ r@é chfvv&rno
group, a phenyl group e substituted with a hal ogen atom

cyano grou@lkd drovera hallgen gteupa Iwwaalbommupaamlomwmlk@xy @ID, 8l koxy

i cn’ 18, SERGParl. BT Il R SRrBeBky o7l & BRI PG gon

atom cyanqreupL#® hak- |bwe¢ra||a,l nydgoUp, adoWwal atdoryystierdl @ydupgraorhm@:- a | ower

al koxy group, or a nono- i -1 ower al kylam no 20 ?roup, (2) Rng Ais a
benzene ri H@Wﬁhﬁwﬁxmeﬁﬂtgr@d@lﬂp%@ %l&lﬂ@'ﬂ?‘i“%)é&‘%‘y araud., éd@‘ﬂe’ét om a | ower

al kyl grou p éﬁ? . enyl

group, or gal ovver )§/I é@]@[ gne grao@%%a?\rd&éb%%@@l ﬁép ro UPJ;t ed

monocycl i ¢ daebamoglygtenyl group, \dnmohomydldpv\reoamylmrmegdbbtenyltgredp 2oby a

hal ogen _at m a cyano grou | ower a | grou a hal o-| ower al kyl group;

 bhenghc| dikerosy il Sratans haiches Sty sl asbyrgp Suphofe REGhd GEurh oxy

group, a Make Qrk 1eroRE aanM a8 Ver | RSB eerBBGEVI grB[ B UR - il ¥

substi tutrerg YQ)I ' e ge%\?%}/ g cyano gro p,e a Iga g PE ? group, a

hal o- | ower Iaweyalkgiammpohetermy@yclal groxp, gmdpﬁmaylhetemocynlyl (grolurmvtmd a

al kyl am no rﬂr oup é;x[ a

ono- or di-lower alkylcarbamoyl group.
In another more preferable embodiment, Y is —CH»- and is linked at the

25 3-position of Ring A, with respect to X being the 1-position, Ring A is an
unsaturated monocyclic heterocyclic ring which may be substituted by 1-3
substituents selected from the group consisting of a lower alkyl group, a
halogen atom, a lower alkoxy group, and an oxo group, and Ring B is a
benzene ring which may be substituted by 1-3 substituents selected from the

30 group consisting of a lower alkyl group, a halo-lower alkyl group, a halogen
atom, a lower alkoxy group, , a halo-lower alkoxy group, a phenyl group, a
halophenyl group, a cyanophenyl group, a lower alkylphenyl group, a halo-

lower alkylphenyl group, a lower alkoxyphenyl group, a heterocyclyl group, a
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30car banmoyl group; or a heterocyclyl group optionally substituted by a

hal ogen atom a cyano group, a |ower alkyl group, a hal o-lower alkyl group,
a | ower awvRerw/gs@ap, a nono- or di-|ower al kylam no gr ®Gp/EFe008/0635pHanoy|
group; (b) an unsaturated fused heterobicyclic ring which nay optionally be

substitute WO 2010/ 043682PCT/ EP2009/ 063503 a group selected froma

el ogen ar SRS GHbHLPa I TREPNIRYFVH B2 hcs A eRaxshlgr oup, a
phenyl - I owejrogh kathd QH&H@r alﬁok}w&éro%k/lﬁl%%ro@:bouﬂ a hal o-1 over al koxy gr oup,
a no- or di-lower alkylam no group enyl group which may be substituted

with a hal ogen aﬁwthercmmtlgeropmferableoemb0@|m@nt ¥ds oGplo- andhés inkeshalr al kyl

Dt er ocycl JhegautahpERMES. Bl Pefhatrio Riodhg bfd FincBliiely RN f5d:> 2" @
sel ect eg frmf@amrheéop@@no@wmhewmgclw P which m&a/?fbeaédﬁsltltlﬂé@lbp 1-3
hal o-1 ower al kﬁ rou wer al group, or a nono- or di-I|ower

al kyl am no sybstiyensy S@J etted fmméhexgr@rhepmm%tmfaa yver @led IFRUR b cycl i ¢
ring which I?digﬁé t e wer al kyl
group, a halo %rpméfrogﬂlaei(’o?wet?r ou rbpgv\gr?d gﬁf%?@bggué‘h@ %?%)L(,@ group, and
Ring Bis (lﬁ)samrb&mzmoeocycﬂg Memyoluyrlrmg)br anainkgtupatesifbséd hetezdbibycli gr oup

hal o1 ower HGFPCOIB AICIAMAB I A tp T Ll GO A RaISe iR TR ar oup.
a - qp digrhayanalkkih BFLNwEF AW orbuBhE S| B RIWGRLTRABeaDS! | L ut ed

wi th a hal ogen atom cyano group, r al kyl gro wer al kyl
group, a | atem, alleeryaluozygrouy, aahaiofioweoalkdxy grawe @ @doyl groum agr oup; and

el cct ed 1 AR B 2o oed By WPuane et LGP Byt Ry B
hal o- | ower |@\|N5yb|kg?may| GroupYEoiekaxyxPhenpl g groUpaaTRASIoWEr dlkoxypPeRy|

al kyl am no group; an unsat urated nonocyClic heterocyclic ring which may
opti onal | y gf@um@@etetrg@mwl tgyoup, raahalgéﬁteaoqulyl@r@v@,ra)cmrmmter@cvw}er al kyl

oroup: 18 nalrBub o e ARun #eRiienTok et e R g sty udt i 1y 5
substituted by dnhamegepreibrible ambpaiifedtl sfule pRedentaiventioy! XJs algrbén
hal o-1 ower al kyl group, a | ower al koxy group, or a nono- or di-I|ower

al kyl ami no PBud ¥ris a0kt er ocycl yl group optionally substituted by a
hal ogen atom a gyapR -GhOURMLEG rQYéE‘ré%I%'%‘r%ocﬂFr%‘ﬁP Rlﬂ Bﬂdllﬂﬁ‘grB ﬁ\lekyl group,

a | ower al koxy group, ‘or a non ower Kyl a no grou
unsaturated fusgd) ﬁhﬁgaAoblacberizeaerrlnggNn\!chainﬁGpm)ellqme wtiﬁtlltl}'tebéby’| 3

i bk G S o Bl By 4R s 1
e
alkoxy group, a Iower alkoxy group optionally substituted by a halogen atom or
a lower alkoxy group, a cycloalkyl group, a cycloalkoxy group, a phenyl group,
and a lower alkenylene group, and
25 Ring B is an unsaturated monocyclic heterocyclic ring or an unsaturated
fused heterobicyclic ring, each of which may optionally be substituted by 1-3
substituents, independently selected from the group consisting of a halogen
atom; a lower alkyl group optionally substituted by a halogen atom, a lower
alkoxy group or a phenyl group; a lower alkoxy group optionally substituted by
30 ahalogen atom or a lower alkoxy group; a cycloalkyl group; a cycloalkoxy
group; a phenyl group optionally substituted by a halogen atom, a cyano group,
a lower alkyl group, a halo-lower alkyl group, a lower alkoxy group, a halo-lower
alkoxy group, or a carbamoyl group; a heterocyclyl group optionally substituted
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WD 2010/ 043682PCT/ EP2009/ 063503 group, a hal o-1ower al kyl group, a | ower

al koxy group, or a nono- or di-lower alkylamno group; and a heterocyclyl
group whiwp 20en04882i onal |y be substituted with a group PET&EPe@d/ 06350 a

hal ogen atom cyano group, a |ower al kyl group, a hal o-lower al kyl group, a

I | k , - di -1 I I i 5 .
oorher. mordy & hakBieacite e Aranadiib v fave: dli OGP AN BHRMRT 2Vt he
3 posi ti on qibufl Atbwfbr aHkaly 1o ,egthaksud&éé?%nR&ytdgwﬁué-o%séérbaﬁpﬁmp{% is a

benzene ring ch is substituted by 1-3 substituents selecte romthe
group consiad agosd grouwer al kyl group, a hal o-1ower alkyl group, a

Al kenyl ene.ar oud) B Fiman e AR Be BAEREn R R o RelMBever i c ring
or an usgsatggtishafly besedstitetes bpicy slibstitténms, in@@ﬁbndént%&@cté_awmthe
substituted by 1-3 substituents selected fromthe group consisting of a

| ower al kyl9rgkBgensigtingobalhalegeadtieon. agleviep alkyl prram/ortianady sabriiuies oup, a

hal ogen at h - |0 15phenyl
oroun "o hala oSk Gk, 10WE oRokPLRorRl QBB B LoPIETY
a hal o- | owaraledéry htoheoy b IgwetalkoRy broway, aadyicoarinhenoup,gr opaioal koedgraubower

a | ower al kyl enedi oxyphenyl group, a | ower al kyl eneoxy

al koxy phenyl  group,

phenyl grm%',d gn REAGrOWR: ad. | ower al kyl am nophenyl group, a car banoy!
phenyl 4group, a PRA® i h> Ra Ibg‘ﬂ@ﬁ h fi 1-

20het ergcycl yl grlo P, |sgé Egr%)%%\ﬁr%cydﬁﬂyﬁﬁgr up, Iagy ?%IIQ (IEII%IIIIOI(): cl%ll group,
a | ower al leubsttuents; yrdgpengieatip sekectethisomahkgrghe consising pf a iatagen a nono-

ond‘a mono- 8 iBNELalL i catonAly FU8 st 04 BARRRS L 2Ty o abt o
enbodi ment , 5|RosySgrotpbr Aty gIéJH@%giog\fgerEh@x?@o@@ébﬁb@éllyoéubﬁiﬂﬂed\byw th

respect to X being the 1-posiftion, is"an unsaturated nonocyclic
het er ocycl ighaloggnetemIorrealpwes asieytgroupedl cysgioalkyl gralbpt @ cyelpakoxy| ect ed

a1 Koxy 19+ od00eraBERY d8yP salon N udtilites B 4 Raels R Al R s TaRF brdthy oo
substi t ut edh lywwek-abkys gbsip, taeaibsowet 8iklegtolipoaidaer alROxypg@up eranBaiet i ng of a

| ower al kyl group, a halo-Iower al kI/I group, a hal ogen atom a | ower al koxy
group” a hdPWer alkexy §rawniyv RetelRsycly! primertanallp subStutieshbeayalegesup, a
Cya”"phe”y'at%‘}’%ﬁyaﬂo' §ﬁ§| é‘IcIWérpéIﬁ%'rr]%L?%?é;Haloé}oYh‘/@E ggkgP&%gjp%ﬁdIIBPe”y'

group, a | ower’al Koxy group, a cycly (O
2010/ 043682 KaXyERDOPDrEoR&E03owal alkeky gomys laylbwer alkyleree gnpapphet er ocycl yl

o oup, 28 ' " EABNEING P FRSNSGH I BB BRSSPI T8 PEITERDY and i s
H Rgei :’its ; ioaP Bk iSuBBtiRtedbPa-Fsubdtilerits SRBEpehdertllysdi 8¢l iRnd trROSI Li on,
group consisting of a halogen atom, a lower alkyl group optionally substituted
by a halogen atom or a lower alkoxy group, a lower alkoxy group optionally
substituted by a halogen atom or a lower alkoxy group, a cycloalkyl group, a
25 cycloalkoxy group, and an oxo group,
Ring B is an unsaturated monocyclic heterocyclic ring or an unsaturated
fused heterobicyclic ring, each of which may optionally be substituted by 1-3
substituents, independently selected from the group consisting of a halogen
atom; a lower alkyl group optionally substituted by a halogen atom, a lower
30 alkoxy group or a phenyl group; a lower alkoxy group optionally substituted by
a halogen atom or a lower alkoxy group; a cycloalkyl group; a cycloalkoxy
group; a phenyl group optionally substituted by a halogen atom, a cyano group,
a lower alkyl group, a halo-lower alkyl group, a lower alkoxy group or a halo-
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5unsat ur at ed nonocyclic heterocyclic ring which may be substituted by 1-3
substituents selected fromthe group consisting of a | ower al kyl group, a
hal ogen aworp10#4B@eer al koxy group, and an oxo group, amdTRPAEIB6ISE3 an
unsaturated nonocyclic het erocycl icri ng or an unsaturated fused

heterobicyllcr n each of ub5|tu sbstltuents
ool ectod 1 it AlCTBgRaT heierad Al Buttomtamahy shksiiubteea raEE: | oner
al kyl QVOUIQatoﬁh B%y@ﬁ@@r@&ﬁ”& Io’%vér%Wl PO Y hAbABRer ﬁlk@?%;@uboﬁ%wéﬂ kOXy
group, a phenyl group, a hal op y group, a cyanophen group, a |lower
al kyl phenylaligpougroua dis balodwerakpyy grap; langrasu@xo grOLther al koxyphenyl

Pl onet o ocycl y G RIGA &Ry Sivahepieet Bsef et BHRINE o fpfitfme

al kyl heber asptionglly Becubstit@afst By I1czyvgub§tltlk@mshmt1@p@ﬁd@itw sdjéctel fromthe 1 n a
nore preferable enbodi nent of the present invention, X is a carbon atom and

Y is - CH2- .9rPup(CRESISting OéﬁMﬁQe%@@ﬁbradﬁM@r@HWbﬁpr“%aH@ spbaiifyted ng B

1 RI I db
13 20stbst o N APFEENR R Tel G BB PRUPREY SlopRu B 811G or s

hal ogen at dralogen atwen oatakg\lvegaldmpy gmummymammmm@wmmwm@pn at om
or a | ower alctioxgxgroup a | ower al koxy group optionally substituted by a

hal ogen at ¢ifi Sl4P.al koxy group, a cycloal kyl group, a cycl oal koxy
group, 4@ phenyl FglthB)IS %Bgnfeﬁé) W&?Hﬁg%}ﬁlo%w{ﬁe S%Bgtltﬁ@utggé% IS an

unsat urat ed nonocy et erocycl c ring Or an unsaturat
het er obi cy cdubstituents, nexﬁﬂermﬂenﬂ)ylselectmyfromthermbw cbesistimg bf & inakxgeny 1- 3

bstit t d I | ect t f hal
atom & | ovPmaPISNeL PUbSREE BHATDY SUBRIY R EeE B GRAA Sge A 1abh a | oner
al koxy grouikéy groRRe&Md pt%@#@ro@ |aO|WWer @iH@yxgrswapt.@rﬁ)éuyogwshwté&wt ituted
by 30 a hal ogen atom or a | ower koxy group; a cyc group; a

cycl oal koxyil galegpn aéprpmwlpm@r@d@wmro@ma cycleallgtgroupea cwoalknay ogen at om

21 Koy 187 o Buna bRERY hap¥ ol e dhsileds b “Eho Bk ity ol oL,

het er Ocycl yd |og\remamwgt¢lm1aj halosoRet allkyt @dupya doura SIREXY iovm oraa Axl@n0 group,
a | owner aIkyI group, a hal o-l ower al kyl group, a |ower al koxy ?roup, a

hal o- | ower QW%QB}‘O@Y SlpHRB A %@&W&ngfo%%@}@naﬁhéuﬁﬁ“té@ By algloge) Ring A
oo Loe it S PRRRRYED AR IRRYELS £ DO bR P a0e [ oo
consi sting a)lkow dvaupgera ladlorpwer iakkmy geddgrlangra)lm/enraﬂkmaé broupylost i t ut ed
20 (5) Ring A is an unsaturated monocyclic heterocyclic ring which may
optionally be substituted by 1-3 substituents, independently selected from the
group consisting of a halogen atom, a lower alkyl group optionally substituted
by a lower alkoxy group, a lower alkoxy group optionally substituted by a
halogen atom or a lower alkoxy group, a cycloalkyl group, a cycloalkoxy group,
25 and an oxo group,
Ring B is an unsaturated monocyclic heterocyclic ring or an unsaturated
fused heterobicyclic ring, each of which may optionally be substituted by 1-3
substituents, independently selected from the group consisting of a halogen
atom; a lower alkyl group optionally substituted by a halogen atom, a lower
30 alkoxy group or a phenyl group; a lower alkoxy group optionally substituted by
a halogen atom or a lower alkoxy group; a cycloalkyl group; a cycloalkoxy
group; a phenyl group optionally substituted by a halogen atom, a cyano group,
a lower alkyl group, a halo-lower alkyl group, a lower alkoxy group or a halo-
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by a | ower al koxy group, a |ower al koxy group optionally substituted by a
hal ogen atom or a | ower al koxy group, a cycloal kyl group, a cycl oal koxy
group, arioan1ogusecsgr oup, and 10Ring B is a benzene ri ngPOmiEPROOIMY3S03
optional |y be substituted by 1-3 substituents, independently selected from

h [ f h I [ 1
Subsel tur edongr SRRy sl 4 Hrefbteila ?%aw%y“n’%@v%u%v@’%ﬁe%& Houp, a
| over al koxytogy, gt@aﬂetqreualéhbvﬁé#tbwng%@& PHaIB-1BALPERY SR BlloRet Ower

al koxy group; a cycloa group; 4a cycloal koxy 15group; a phenyl group
optional | y ak®et groupen aolyala Iowebglimxyagmup angyaihoxggmup. a | ower al kyl

21 koxy group; o henanesfueB B srfoaftion gl I detelt ulhudh, s ndigh

atom ascyane Jpesion 8f RIVEA, Rtk YésiH®tp X t&euh?ltne h poeitionl, Ring grigwp, a | ower
al koxy group or a hal o-1ower al koxy ower al kyl ene group, 20(3)

le ng ﬁ i s abenmggtrmgawlélﬁhmepmaﬂygm kstfeted dyra h@loeﬁn@ﬁoma9 QT onal | y
tit t h
conel oti ng B g oo s losRig ol RARGRATAIAN SR Aol SRS 8l od by

a It‘l)al ogen gargemybgrhwpl andRing Ieolswrgm?naluraedli mmlok cybli@rxqtegmyupcl; dpgioowal |y
substituted by a atomor a | ower 0XYy Qrou cl.oa group,
a 25 cycl oS &ﬁ%@%egg%erg icygle @?%M@'& may op% Beisy §Wufﬁ?t%¥ dr at ed
nmonocyghi ¢ i ring,
cach o?bm.%ﬁﬁ%éﬁﬁ%ﬁ%.'§%§P?Hd%fe'>’§%é%@??m”§”ﬁ?9“@ r‘%ﬁ%“ﬁ A ebén 11 N9

i ndependentatgmselIeweedlkglrmupmpt@nelhpsumtﬁu@dlb)ga Otalcgelmaatog\emr apbemnyla | ower

| kyl t | 1 bstituted, b h 3 K
roup or o B5ABRyE RGren ko ialer & Sreblbrsr b tepaheResl &l PalosYy
hal ogen at (ibRY, adyaf¥Rjroap k@P@Wé}réPHﬂgr@u&ya?hé’lélIBWbr glk?IJ@rou@ ey 8li@abkoxy
group; a phenyl group optionally substituted a hal ogen atom a cyano

group, a I@AEQXYGQWD gmocmclw;:group@n@onallwwbs@ttﬁag bysa hapgen Atadx§ gr oup

by & napogen OB Pl s Uy folkE THIEIOUEL SRICHEBRTSL SR aRUST ol ey

group, a I(gmgupaéﬁ@gyogb(gmupr a hal o-1ower al koxy group; and an oxo group;
(4) Ring Als an unsaturated fused heterobicyclic ring which may

Sopt i onal |y be SUBSPPHISY S00T8yPrEleTablgATPRGHEIRTE O RBISSRELAVEYI@BICS ed from
the group gﬁrkéhsatt‘trﬁ@s-cﬁosﬁdh%ﬂ%ﬁa AL redpBR x Bty thd RHBsiBBA! RIY AY

substitute
is an unsaturated monocyclic heterocyclic ring which may optionally be

20 substituted by a substituent selected from a halogen atom, a lower alkyl group,
and an oxo group, and Ring B is a benzene ring which may optionally be
substituted by a substituent selected from the group consisting of a halogen
atom; a lower alkyl group optionally substituted by a halogen atom or a phenyl
group; a lower alkoxy group; a phenyl group optionally substituted by a halogen

25 atom, a cyano group, a lower alkyl group, a halo-lower alkyl group, or a lower
alkoxy group; a heterocyclyl group optionally substituted by a halogen atom, a
cyano group, a lower alkyl group, a halo-lower alkyl group, or a lower alkoxy
group; and a lower alkylene group.

Preferable examples of unsaturated monocyclic heterocyclic ring

30 include a 5- or 6-membered unsaturated heterocyclic ring containing 1 or 2
hetero atoms independently selected from a nitrogen atom, an oxygen atom,
and a sulfur atom. More specifically, preferred are furan, thiophene, oxazole,

isoxazole, triazole, tetrazole, pyrazole, pyridine, pyrimidine, pyrazine,
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by a | ower al koxy group, a |ower al koxy group optionally substituted by a
hal ogen atom or a | ower al koxy group, a cycloal kyl group, a cycl oal koxy
group, arioan10gusecsgr oup, 10Ring B is a benzene ring whi @aTHERQ00O63S0Mhal |y be
substituted by 1-3 substituents, independently sel ected fromthe group

consi stin f hal ogen 0 a | ower r i onal | tltuted b
Sonsl open’ luTtosondeR. Shediaryriis cafl tsnin iR Bhis A Risern O Y
group opti quadlobice héhh%qh'rﬁéf@dé’é’a@ RAHOIRENBEAE QhstulR88 FusddoxXy grOUp a
cycl oal kyl group; "a cycloal koxy 15group; a phenyl group optionally

subst i t ut edeigrogyplic rai@genoahammg 4 toylanetery aigms mdepepdentkgelegieddfom @

2 het er ooy d TSy Bl Gan PrreiForoRt e BbEH G, WA Ser Tt pET Yo
group, & | awelin@dlingl iseitiilineabdtzdihia@dr, bahxytazale)imdols, ihawmeal koxy group
or a hal o-1 ower al koxy group; and a | ower alméﬂene grou or 20(5 Ring A

i s an unsatQ#iRlBe, iﬁﬂ%&%‘ﬂ?cbﬁ&@fﬁl@@péﬂﬁ?cb?ﬂ rahi Brenaiioppenenand y be

substi t ut ecb rt?)ydra) s ﬁ%ﬁﬁét uents, independently selected fromthe group
consi sting of i Iqo en atom a |lower alkyl group optionally substituted by

ﬁ :ower al koxy gno;armoaa bl@mnrl ! e@bhwo;dlrgenlurpf tbptpir?mithryvambmt Ring Ads lbi a
al ogen atomor a | ower ox cycl oal ky rou a cyc oxXy
group, 25 ZgRe 4% ﬁ?'&ﬁ;ﬁ“ay onatfl& stiguted bdr%g't'li’ﬁtg‘t' St%?ﬁﬁ%@cl ic
het er ogycl i [ e I

Rhi on nge! orh 0 oSurpEoieRia btd Adlo Eéﬁ%@%”“séﬁé?.@'t SXG4rBup, Bl FRAR D

sel ect e;:lI f raihsgtgneugra)i(sjmvbem(aﬂmmgrogpmndaaIWIeolglegroapoamd &Kihg®es aal kyl group
oheny - or BBy blie PHeRP TSt Groumaprg Lot o Birenfrdhhal ogen at om
or a |ower t?ér&@’ﬂ)faﬁr@é’rﬁ’zotﬁloﬁbféhé’aér{"d’berﬂi&hh@zol@ %@Pélﬁ'tl‘@hété%@wﬁc riagPhenyl
group optional Iy substituted by a hal ogen atom a cyano group, | ower

al kyl gr oupnayoptierallydeesubstityieddryor g ub%tltuem\te&elacvtedilgor@tm@llewm hal o- WO

ig%%ﬁﬁﬁ y eiiert hes ogon s ane a1 kg Syl gl PESer JigLy)

group, a hegr@uboavgheaWMWegénuypgro@pl awWeweralkoxy gesupl @ dlodokéd alkbfoyver
al koxy group; and an oxo grou I n anot her preferable enbodi nent of the
present i n\ggﬁppoa,phqnylsgrppp,,k@ga@phenyl group, a lower alkylphenyl group, a lower

alkoxyphenyl group, a thienyl group, a halothienyl group, a pyridyl group, a
halopyridyl group, and a thiazolyl group.

20 In yet another preferred embodiment, Y is —CH»-, Ring A is an
unsaturated monocyclic heterocyclic ring or an unsaturated fused heterobicyclic
ring selected from the group consisting of thiophene, dihydroisoquinoline,
dihydroisoxazole, triazole, pyrazole, dihydropyridine, dihydroindole, indole,
indazole, pyridine, pyrimidine, pyrazine, quinoline, and a isoindoline, wherein

25 the heterocyclic ring may optionally substituted by a substituent selected from
the following group: a halogen atom, a lower alkyl group, and an oxo group,
and Ring B is a benzene ring which may optionally be substituted by a
substituent selected from the following group: a halogen atom, a lower alkyl
group, a halo-lower alkyl group, a lower alkoxy group, and a halo-lower alkoxy

30 group.

In a further preferred embodiment of the present invention, Ring Ais a
benzene ring which is substituted by a halogen atom or a lower alkyl group,
and Ring B is thienyl group which is substituted by phenyl group or a
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5the 3-position of Rng A, with respect to X being the 1-position, Ring A
is a benzene ring which may optionally be substituted by a hal ogen atom a
| ower al KyD 2grocdposept i onal |y substituted by a hal ogen aPOREP20000WSH3 al Koxy
group, or a phenyl group, and Ring B is an unsaturated nonocyclic

het erocyclic . ring or an unsaturated fused heterpbicyclic ring which my
opt  onal Iy TeCieigad] efedn ad Shipnsry Bul i RS ocaBpBHIENE y *sel cet ed
from the grQuRtigRESbHLIGuBstitBehB! RUSH@HOM adal QW atdhkd cylirgrodpt honal |y
substituted by a hal ogen atom or a phenyl group; a | ower al’koxy group; a

phenyl gr oupwepaikyhaioup, 8 lséa-lawerealkygrouma loyen adtaximgraupyaitbadatarmp, a
| oner al kyl,_gr a hal o-l ower al kyl group, or a |ower al koxy group; a
het er ocycl QP\%’S%@BX}SQ{(?%M |y substituted by a hal ogen atom a 15cyano

group, 8 |ower ghisiHerginGahbthér dspeet bowrRy pralskii ingestith, ppéfepaldl @ \BxaNRI&OXY
group; and an ox I n_anot her nore preferabl e enbodi nent of

0 group. : anl .
t he pr esentofithe spMPERNd Yfitke farAieda) | mcludesa gopeornd heseindRing As wi t h
respect to X being the 1-position, Ring Ais_an unsaturated nonocyclic
heterocyclic ring which may gptionally b&2208uhst i t ut ed by a substituent
sel ected froma hal ogen atom,_ag al kylNg and an oxo group, and
Ring Bis a benzene ring vmﬁ:ﬁ—[my pti onal[l y bstituted by a
substituent selected fromt ag/ consp st
al kyl group optionally substitut by @ hal ogen htom or a phenyl group; a
| ower al koxy group; a phe\r'%l? group opt | onal I%@nsubsti tuted by a hal ogen 25

, I

atom a cyano grwhereiraRI% RIPkRI"®, gtouand R herecsaatwiedepengeéntyraup, or a

| | k . a h Lyl i onal |y substi t ut ed
nal ogen at SoraSshaisih o bGORH Hdie "Ry arellipen SRS o e AUy ar oup,
or a | ager qblipxy halcal) gith, @ hAvekoRy KuNe iRsyall) efsugtie examples of

unsat ur at ed nonocyclic "heterocyclic ring 30i ncl'ude ‘a - menber ed
unsat ur at ecB/k@ty@tt geaurs an Akoxyentayy gragp.1arvelkenylegrevp, an elynyingrependent | y

selected fr i e - fur Mor e
speci fical I%O}},ao%r”g)ijéﬁcﬁ‘g)d%ag}é:%gdi@@,eﬂém%my\g@’oaigg% éﬁ%%@%@iﬁég] triazole,
tetrazol e, qygloatigliéxy goupda mﬁengl}@rbubﬂé rpﬁenf)lﬁﬂ@&yrgﬂoum cyano group, a

2010/ 043682PCT/ EP2009/ 063503 di hydr ol soxazol e, dj hydropyri di ne, and

t hi azol e. PHEP SFRUR. @NADRGUBE 2 MR Nt g greupi ay alkaPoy@sdng o- or
10- e re d | I i i o) tero

atoms. | Bdonbodnt [ B AER R ERhICHEOrs Bolp, ERR N du s kg 2
sul fur at oror ditatleylsgrbemoytatdup, apratiaroyedrdogy; aniatiddsulfomylansioong@uipne,

b t hi | e, | e, dol | e, ' [ [ i nol i ne,
benzot hi opirIRYRSLREF U En rauks Gt BUREHAT oM B B RBGEBI T 1
mor e preferm%y@m@ﬁqu}lghpogn& he present invention, Ring Ais a benzene

2

ring which nay optio y be substituted by a substituent selected
Ring B is

s _R® S \/R4b s R
. L. O

20 R5a , R5b or S RSC

wherein R* and R>® are each independently a hydrogen atom; a
halogen atom; a hydroxy group; an alkoxy group; an alkyl group; a haloalkyl
group; a haloalkoxy group; a hydroxyalkyl group; an alkoxyalkyl group; a
phenylalkyl group; an alkoxyalkoxy group; a hydroxyalkoxy group; an alkenyl
25 group; an alkynyl group; a cycloalkyl group; a cycloalkylidenemethyl group; a

cycloalkenyl group; a cycloalkyloxy group; a phenyloxy group; a phenylalkoxy

group; a cyano group; a nitro group; an amino group; a mono- or di-alkylamino

group; an alkanoylamino group; a carboxyl group; an alkoxycarbonyl group; a
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10 fromthe group consisting of a halogen atom a |ower alkyl group, a
hal o- 1 ower al kyl group, a | ower al koxy group, and a phenyl group, and Ri ng
B is a hewerouwyweBise ri ng sel ected fromthe group consi sPChRgEPRIIOEISOphene,
furan, benzofuran, benzothiophene, and benzothiazole wherein the

het I ti | 1 bsti t t t | ect ed
from t ot GAYBARY SByBon 510k BAUN S BATON pilio AT oY LS RbRe R al Kyl
group, a haéna)ném&f Ieﬁhﬂﬁb' gEoLRH R p@r@&@%hwbwﬁé ?édﬁflangémﬁgumﬁ yilfo@p; al koxy
group, a hal o- Iovver al koxy grou g)wbg group, a hal ophenyl” group, a

| ower al kqu:ch@lhylrsu@rmmgrowlambenséssud kol agihemy| greupheiopallyr oup, a

oroup. 201 P PEtBes Br@liabden Al ol HRRE B oo, #RGN 750"

unsat ur gt EquCFQBO&WQlkb&Y ed s, @N&balﬁkoky Qeou, aaralkyleaédibRy ?ﬁbdw%ﬁd
het er obi cyclic rin ected fromth ?rou consi sting t hi ophene,
Yy

di hydr oi socﬁlkﬂ@W% gr@uﬁyamr%ﬁﬁmaék qrRiNQZABPED, @ya%’ﬂ%w gcﬂ‘PlIﬂ'R/d?rc?pyrl di ne,
di hydroi ndql .51 09 Vﬁglb%@é@tyﬁgr% ofl et r%%%&?ngﬂong o&%ﬁgﬁ)ﬁgﬁ?stﬂb‘t’&o' I ne,

and a i soi ndoli ne, erocyc iIc’r
subst i t ut ecbyby halogebsitomyandyasel grotgdart akiug ¢roepf aIHawalm YO [EN alkbm) ogen

atom a |ower alkyl group, and an rou and Rin benzene ring
whi ch may cHSPPBn%%EKP%H@&%QFP,t%P@ aﬁf‘w%’ég A" AfERNOs el %'calgﬂcerrb@m%e
foll 0""'109 8 raR*"addbgRW %Fé;%ngeig?ﬂgé?@biﬂé'r a@EH&'férrrﬁwé?@'tf%rbe"ﬂ%rfoﬁhky'

group, | 0 koxy group, ower al koxy 30 group.
further prea‘reallkglenergnodprm*rd of the present invention, Ring Ais a benzene

i ng which i ' by & hal . | | k , and
R Bis th eny T gReab wARMEC: are Bach intispenchyfeadiprodiionte o "
het er ocycl mawg@vatdw My&’@x%k@hppha@ﬂankogr Qw@paaﬁ ehwqﬂ PO NaloBIkQUP |s

substituted by 1-3 substituents sel ected from a hal ogén atom a cyano
group, a | qkeHpad hyloa@mu;group,rmhmdnoamlkybgr@yp gm@Uﬁ@xyalkvbg@upaakoxy gr oup,

o o 130 ST B Bl BB ot RV SR BB SR o5,
conpound V\ffyi’bapﬂarRerkgné‘l droup2a ciaalkyl group; a cycloalkylidenemethyl group; a
cycloalkenyl group; a cycloalkyloxy group; a phenyloxy group; a phenylalkoxy
group; a cyano group; a nitro group; an amino group; a mono- or di-alkylamino
group; an alkanoylamino group; a carboxyl group; an alkoxycarbonyl group; a
20 carbamoyl group; a mono- or di-alkylcarbamoyl group; an alkanoyl group; an
alkylsulfonylamino group; a phenylsulfonylamino group; an alkylsulfinyl group;
an alkylsulfonyl group; a phenylsulfonyl group; a phenyl group optionally
substituted by a halogen atom, a cyano group, an alkyl group, a haloalkyl
group, an alkoxy group, a haloalkoxy group, a methylenedioxy group, an
25 ethyleneoxy group, or a mono- or di-alkylamino group; or a heterocyclyl group
optionally substituted by a halogen atom, a cyano group, an alkyl group, a
haloalkyl group, an alkoxy group or a haloalkoxy group.
More preferred is a compound wherein R'?, R, R*, R'™ R?, and R*
are each independently a hydrogen atom, a halogen atom, a lower alkyl group,
30 a halo-lower alkyl group, a lower alkoxy group, or a phenyl group;
R* and R are each independently a hydrogen atom; a halogen atom; a
lower alkyl group; a halo-lower alkyl group; a phenyl-lower alkyl group; a phenyl
group optionally substituted by a halogen atom, a cyano group, a lower alkyl
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or wherein Rla, Ra, R3a, Rib, R2b, and Kn3b are each independently a

hydr ogen atom a hal ogen atom a hydroxy group, an al koxy group, an al kyl
10gr oup, viohralodaBdsgl group, a hal oal koxy group, a hydr oRPgRIEPRI09H6IFOP, an

al koxyal kyl group, an al koxyal koxy group, an al kenyl group, an al kynyl
group, a cycloal kyl group, a,cycl oal kylidenenethyl grou a_cycl oal kenyl
group. a cyliPHEI KPP sl Stolh dgiver RlaRY ot eroRReRy UO8p, & tyano
group, a nidrb@pg4 Mhyléﬁeé‘i@kij‘%r&iﬁ?lﬁhetﬂyl@ﬂ@@xy ?fodﬂi,’aafhwbﬁ@ﬁdl%@épup, an

al kanoyl ammo 15 group, a carboxyl group, an ‘alkoxycarbonyl group, a

car banoy! @lieylamino giowe, ercadbarabyhydrodp bamad yong- i ,I-Ica/veraal%dmr@arrg}ybup, an

aroup. _an_ JTROPel s BRGSvBurol oRtt AR B RSB shafleh R Hy B Ts ran
Ric sRzba Iykho gﬁ?lﬁﬁae IdnerRikyl §esup, a lower Wii@x§igtotd,2a aatbanidy| gFcuLarh

i ndependentl'y a hydrogen atonm a hal ogen atony_a hydroxy grouci)' an al koxy
group; an & RPNogpbdplower Rifydearkgmoyt eiasp, ar Ral aad ié%x?r%b@rﬂﬁﬁ fp each

hydr oxyal ky, : ; : . up; an

al koxyal kox(%}hg'i%ﬂtﬂ;e tgﬂwaéE&Eé%ﬁ&&%ﬁ%E%V;V&aﬁhg%%%ﬁdé’zﬂ{ogrgup; an al kynyl
group; a cycl oaIR‘{)g] R& ®Ripand RY areebkly irdépeadenty b hydwgen atoeyd oal kenyl

group; a cycl oal kyl oxy group; henyl o roup; a phenyl al ko roup; a
cyano group'alegen 5#0609% %M?,r aé‘fﬁ& Y agfp%]éﬂtgwgr g‘ﬂiM'og'%HP’ éi'Q‘%‘Prk@KQ no group;
an al ka}@oylgq,gwpo,gé HHI%E-Io@/e?%TIQ%BdrOL%.OUp; an al koxycar bonyl group; a

Further preferred is a compound in which Ring B is

wherein R* is a phenyl group optionally substituted by a halogen atom,
a cyano group, a lower alkyl group, a halo-lower alkyl group, a lower alkoxy
15 group, a halo-lower alkoxy group, a methylenedioxy group, an ethyleneoxy
group, a mono- or di-lower alkylamino group, a carbamoyl group, or a mono- or
di-lower alkylcarbamoyl group; or a heterocyclyl group optionally substituted by
a halogen atom, a cyano group, a lower alkyl group, a lower alkoxy group, a
carbamoyl group, or a mono- or di-lower alkylcarbamoyl group, and
20 R is a hydrogen atom, or
R* and R are bonded to each other at the terminals thereof to form a
lower alkylene group.

Further more preferred is a compound in which Ring A is

R1a
R2a
R3a
25 wherein R"™is a halogen atom, a lower alkyl group, or a lower alkoxy

group, and R? and R* are hydrogen atoms; and Ring B is
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WO 2010/ 043682PCT/ EP2009/ 063503 car banoyl group; a nono- or

di - al kyl car banoyl group; an al kanoyl group; an al kyl sul fonyl am no group; a
phenyl sulWworrgiémdBsase group; an al kyl sul fi nyl group; an alPKFIEPaEDOS3N3 gr oup;
a phenyl sul fonyl group; a phenyl group optionally substituted by a hal ogen
atom a cyano group, an alkyl group, a haloglkyl 5group, an al koxy group, a
hal oal koxy group, an al kyl enedi oxy OxguPyw4ahn al kyl eneoxy group, a nono- or
di - al kyl am no group, a carbanoyl groulp r a nono- or di-al kyl carbanoyl
group; or a heterocyclyl group optionalTy ~gibstituted by a hal ogen atom a

cyano group, an al kyl group, a haloal kyl group, an al koxy group, a
hal oal koxy groum/h%redfa%%aa&@ymh@%gmup)opt@orraﬂu@ubehtu@&d ay Bﬁub&tlgﬂ‘ﬂbyl 10

Porm an ol TesRd ORI QBRI B RhAOGE aftim!IEyAid ol $ NGRS ke’
are each i ndrpepeentd hald-16wer al§Ng@UPa lewbBAIRERY gesLPTa BalbYsWexaIkaxpup; an

al koxy group; an al kyl group; a hal oal kyl group; a hal oal koxy group; a
hydr oxyal kydroge ofifiongn oaidiciowel atkylaging@rou®, ausrpgraayl ¢PKp| akg aupenem

al koxyal ko I ; I L ar, : SHER yl
group; a cﬁl%é@&% alg}/lgé%a@Cg‘é(?uﬁlcqu‘)}:f%gﬁcgd;gﬁ)@wr%%ITO; ayg?l@?tgtg enyl
group; a cyml aablogenxatogr, awyana groepya mwerwm@ro@,mﬁmgrdﬂfmnggrgppw; a
cyano group; a nitro group; an am no group; .a nono- or di-a ,am no group;
Al kanoy Carbroy GBp o & amdr B kCaRBi S Sh A o e o

20car banoyl Ve y afdr Ay Y98 —e 2a_l kyl car banmoyl group; an al kanoyl group;
an al kyl sulr}ony am no ‘group; a phenyl sul fonyl ami no group; an al kyl sul fi nyl

group; 18n al kyl dolnhaneypretareble; erabadiereyit sRifis myphenyd gmursoptienajly gr oup
optionally substituted by a hal ogen ato a _cyano grpu an al kyl group, a
el oal kyl * Gbnp e b viBloder Bl A charthrdtiky Ot RRECHER AR
group, an Zhrjl kyb&serived=Miky qtoup, &odAalodowdr afddsy!@aumor oup; or a
het er ocycl yl ‘group optionally substituted by a hal ogen atom a cyano group,

an al kyl griwigrocxclybgreaiigatiogaby pubstiutedidkaxg hglagep aema atryiepal KeNy: @r oup.

More prefer I j R2a, R3a, R b, R2b, and R3b

are each iAé‘g’géh@%ﬂ%@ggégﬁ@g?‘&%ﬁﬂﬁg@o%o%- hal ogen atom a | ower al kyl

group, 180a hal o-lhewwether gegfergibleimbadihene bf tHekoresedl iBuentiaN, spreferaple gr oup;
compound can be represented by the following formula IA:

RA
S
| )—R®
C
\/OOfOH R o
H
© Y OH
OH

wherein R%is a halogen atom, a lower alkyl group or a lower alkoxy
group; R® is a phenyl group optionally substituted by 1-3 substituents selected
20 from a halogen atom, a cyano group, a lower alkyl group, a halo-lower alkyl
group, a lower alkoxy group, a halo-lower alkoxy group, a methylenedioxy
group, an ethyleneoxy group, a mono- or di-lower alkylamino group, a
carbamoyl group, and a mono- or di-lower alkylcarbamoyl group; or a
heterocyclyl group optionally substituted by 1-3 substituents selected from a
25 halogen atom, a cyano group, a lower alkyl group, a halo-lower alkyl group, a

lower alkoxy group, a halo-lower alkoxy group, a mono- or di-lower alkylamino
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Rda and R5a are each independently a hydrogen atom a hal ogen atom a | ower
al kyl group; a hal o-1ower al kyl group; a phenyl-Ilower alkyl group; a phenyl
group optwornaloogdesabstit uted by a hal ogen atom a cyanoPGTaRR)094A63so3ver

al kyl group, a hal o-lower al kyl group, a Iomer al koxy group, a hal o- Iomer

al koxy gro a net di ox an eth | ene a _nono-

i Pover I dgHBd Rortrons ora . aTbiaBiancs o ot estbant Brolpodan”"

al kyl car bargy|s rgjdw@en Qforﬁ &qﬂa@bﬁem ﬁé'keﬁrt@g@hépé#é)@%ééd Sednetiiged by a
hal ogen atom a yano grou ﬂ@ya ower al kyl group, a |l ower al koxy group,

a car barmyIngﬁblﬂfmay l@e sabatﬁu adialagsneaton), laylower lalsybgrougr, aumlo-towdda and

R5a are bon h r to forma | ower
al kyl ene grag@g §Lﬁ[§%@/ %@BO F%{@ §r95% rgégTév‘éert%‘g(g)éyaéﬁ)lﬁpndependent ly a
hydroges atom dan a preférabrgembatiementaRl @ haidden atBhooiPa Iewéredikyllgppes, al Kyl

group, a lower al koxy 10group r a hal o-1 ower al koxy group. Further
preferred |V\@ i ystipgematan, Wd Bﬁ IRPAgNY grgum@gbﬁggtedyby1 3SU%'B#Q£]’[$1 Rda is

2 oheny! O i8R R Aaloqbaht W EfhiibioRuB ) 960 AkiEroBocy BIRALRYD. 2

| ower al kyl™grou X ower roup, a

hal o- | ower aikyl@wu@,ra)lmmeralkm@/rgrbapeaihabwlogrewnsoxg@rewyé mwwdgngmlomyo a
nono- or di-|lower a | am no 8rou43 a carba @5 nono- or

di - | ower a|9€9PEa‘?rb§Fhﬁ//ff”e§’rx&% Ulyré HoREer ergb@a)qvewa%aﬁ H‘OOQTPPBnQI ly

substi gt e # (g oup, a | ower
al koxy1gr O%E?Bar%ogla%r%%g ?ﬁé r%crﬂ]%ﬁo gq@&]q%g%ggmtgm%ﬁ l owl rblg%{’kyl car banoyl

group, and (€mayclyl grolulyocmbghmted byn1-dsubstituentsRétecied frbather groopnded to

each ot her at trtle t al s tFereof to formallowerIk , k Ieneh% POD Furt her
more pref er RSB0 CHIGHRTY 15T PLANGBRYPa s IQWE alkyl Group, S alo-diier

alkyl group, a lower alkoxy group, a halo-lower alkoxy group, a mono- or di-
lower alkylamino group, a carbamoyl! group, and a mono- or di-lower

15  alkylcarbamoyl group. The chemical structure of such compounds are
represented by the following formula (1A’):

(IA)

wherein R* is a halogen atom, or a lower alkyl group, Ring C is a phenyl

group substituted by 1-3 substituents selected from the group consisting of a

20 halogen atom, a cyano group, a lower alkyl group, a halo-lower alkyl group, a
lower alkoxy group, a halo-lower alkoxy group, a methylenedioxy group, an
ethyleneoxy group, a mono- or di-lower alkylamino group, a carbamoyl group,
and a mono- or di-lower alkylcarbamoyl group; or a heterocyclyl group
substituted by 1-3 substituents selected from the group consisting of a halogen

25 atom, a cyano group, a lower alkyl group, a halo-lower alkyl group, a lower
alkoxy group, a halo-lower alkoxy group, a mono- or di-lower alkylamino group,
a carbamoyl group, and a mono- or di-lower alkylcarbamoyl group.
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Rl a 25wherein Rla is a halogen atom a |ower alkyl group, or a |ower

al koxy group, and R2a and R3a are hydrogen atons; and Ring Bis WO

2010/ 043682RCIVHAB209/ 063503 | R5a wherei n Rda i s RCPpHPRYNI/06F5031p
optionally substituted by a substituent selected fromthe group consisting

f a hal tq | guer cal ko hal o- 1 o | kyl
group, a lower dNeoR9rGPEIBHCE RIHOITRRY Ritdbis XU Erow smdtlis™

di -1 over aldoyi 3umetifleid seldced RaATNE %W%nﬁ%@of@ﬂ@t@%n@toh@‘é@r
al kyl car banoyl group; or a heterocy clg I group optionally substituted by a
all

hal ogen at dyiana groump.oa pvears Ky drowrra yowsr aliyl g@upoadewar &lsgyy gr oup, a

rycragen atibanBee oW By &b 4 o Fichic PRI aiBiiBiEng BRiLRF, .°.°

phenyl gr O@h@uéw@w lgyousiBathdtituted hyby sabstal@gesel eétemfrom MGdUYr oup, a
| ower al kyl group hal o- | ower al kyl group, a |ower al koxy grou or a
gmbcg-[q

hal o- | ower C&”ﬁ&tlygg?f&fﬂ?b@@n atqmt@pmmgsnupgladgwebatkvbg@upya We&it ed by
ar oup. 151 1 SrfusElee APy dobBiia Arelo e BroflaBubllel Fon 2
pref erabl e corrpol't:mdngamerbea rcoppat@dtie dvHigh Rivey Co*slaqvhmg/l Houpudbstifute®RA
VOHC TAY) I_t|)c3)/ a %alo'g%rn atom, a cyano group, a lower alkyl group, a halo-lower alkyl
10 group, a lower alkoxy group or a halo-lower alkoxy group; or a heterocyclyl
group substituted by a halogen atom, a cyano group, a lower alkyl group, or a
lower alkoxy group is preferred.
A preferred heterocyclyl group includes a 5- or 6-membered heterocyclyl
group containing 1 or 2 hetero atoms independently selected from the group
15  consisting of a nitrogen atom, an oxygen atom, and a sulfur atom, or a 9- or 10-
membered heterocyclyl group containing 1 to 4 hetero atoms independently
selected from the group consisting of a nitrogen atom, an oxygen atom, and a
sulfur atom. Specifically, a thienyl group, a pyridyl group, a pyrimidyl group, a
pyrazinyl group, pyrazolyl group, a thiazolyl group, a quinolyl group, a tetrazolyl
20 group and an oxazolyl group are preferred.
In a further preferable embodiment, Ring C is a phenyl group substituted
by a halogen atom or a cyano group, or a pyridyl group substituted by a
halogen atom.
In another preferable embodiment of the present invention, preferred is a
25 compound in which Ring A is
Rr'a
R22

R3a

wherein R"™is a halogen atom, a lower alkyl group, or a lower alkoxy
group, and R? and R* are hydrogen atoms; and Ring B is
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OH 3H wherein RAis a halogen atom a |ower alkyl group or a | ower

al koxy group; RB is a phenyl group optionally substituted by 1-3
substi t uaNOx0Bgl4esed 20 from a hal ogen atom a cyano gPOUEP2@0s503 al kyl
group, a hal o-lower al kyl group, a |lower al koxy group, a hal o-1 ower al koxy
group, a nethyl enedi oxy group, an ethyl eneoxy,group, a nono- or di-I|ower

al kyl am no group, a carbanoyl gro d no- or di-Ilower alkyl carbanoyl
group; or a heterocyclyl group optlapalup Ebstituted by 1-3 substituents
sel ected froma 25hal ogen atom a c p, a |ower alkyl group, a

hal o- 1 ower al kyl group, a |ower al koxy groulRR ®a hal o- | ower al koxy group, a
nmono- or di-lo 5 roup, a

car banoyl grouESLh&Jhghﬁgﬁng é%&%?&@?éé?&ﬁ%ﬁ&ﬁgﬁgd%@Q§§§§§ gand Rc is

hydr ogen atiefiogent alalan andwee dlla)tgmmm@ehéierlowmalazif%@aé hemwenalkoxyng whi ch
may be substituted a hal ogen atom a | ower al group, a hal o-1 ower
al kyl grourﬂroﬂpiva@eha@I‘QM@ #re¥P-a hal o-1 ower al koxy group. 5ln a

preferail e enbo {nal Rc is
hydr ogen at om gh%ﬂ‘ S'e%t gr@ggﬁﬁgpﬁtﬁ?ﬂ gdéf%we %k bst I Qﬁt S
sel ect ed f rcompzourel Iagelrmdetanmmaomydamprgsemﬂed by thevfal#omhgyd)rrgnletJB, a

hal o- | ower al kyl group, a | ower alkoxy group, a hal o-lower al koxy group, a
net hyl enedi oxy group, an ethyl.enegxy group, onono- or di-lower al kyl am no

group, a 10 carbanoyl gr oup',' - -1 ower al kyl car banoyl group;
“by g § {substltuents selected fromthe
() jooup, a lower alkyl group, a

or a heterocyclyl group substitdlted
group consisting of a hal oger7?

hal o-1 ower al kyl group, a Iomer a kox grou a hal o-|1 ower al koxy group, a
mono- or di-lower al kyl anmino gr@ N arbannyl groupB)and a nono- or
di -l ower 15 aIkyIcarbanDyI rou T e chem cal structure of such conpounds

are represented bythefol Ha (1A ): RA

wherein R®, R® and R10 are each independently a hydrogen atom, a

halogen atom, a hydroxy group, an alkoxy group, an alkyl group, a haloalkyl

10 group, a haloalkoxy group, a hydroxyalkyl group, an alkoxyalkyl group, an
alkoxyalkoxy group, an alkenyl group, an alkynyl group, a cycloalkyl group, a
cycloalkylidenemethyl group, a cycloalkenyl group, a cycloalkyloxy group, an
aryloxy group, an arylalkoxy group, a cyano group, a nitro group, an amino
group, a mono- or di-alkylamino group, an alkylcarbonylamino group, a

15  carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
alkylcarbamoyl group, an alkanoyl group, an alkylsulfonylamino group, an
arylsulfonylamino group, an alkylsulfinyl group, an alkylsulfonyl group, or an
arylsulfonyl group; and

a group represented by:

20

47



(DH wherein RAis a halogen atom or a |ower alkyl group, Ring Cis
a phenyl group substituted by 1-3 substituents selected fromthe group
consi sti nyoah1w42@Ral ogen atom a cyano group, a | ower RCKEP2¢OO6RF3 a

hal o- 1 ower al kyl group, a |ower alkoxy group, a halo-Iower alkoxy group, a
net hyl enedi oxy group, an ethyl eneoxy group, a nmpQo- or di - | ower al kyl am no
group, a carbanoyl group, apd a no- or -Iome al kyl car banoyl group; or
a heterocyclyl group subst Rt Q & sel ected fromthe
group consisting of a hal ogen R5atjom a cyg , a |lower al kyl group, a
hal o-1 ower al kyl group, a kR y ar o 8 ower al koxy group, a
nono- or di-|lower alkylam no gr , @;i'?bam) | Proup, and a nono- or

di - | ower al kyl car banoyl group. WD 2010/ 043682PCT/ EP2009/ 063503 In a
nore preferabl e veindretH REndnd R hareGedch mdpbeméntgfr@hpdmgleatatbmt ed by 1-3
substituents selected fromthe group consisting of a hal ogen atom a cyano
group, a | A/@P980 RIAM.G BYGHOXY SFMR -ANodlKPX A B IaHP QF‘(?U'}EV' géolFQ)\ﬁefﬁa@ﬁ'Mky group,

hal o-| 5
het or ocycl oGP otnEiBRNG r0E, SoTBRRy R dlolbr A A IeR8pERa L o0
consi st bng akoxyahaxygrauptamalkenglygroopgamafkyngl drovpr a @y&lpblkgl gnopip, a
hal o-| I I | kox d hal o- | | k
o oup. - Amorfg LRI E 3R R Bvadr ey StoEs ORI OB SR s Bt i ¢ ut ed
by a hal ogeg I%B(?@ko%céfﬁ Iﬂﬁ&ybroaR' Q‘Wéné\lgkcydp I Q8 gréu;!')‘aérpallrfﬂ%?r al kyl

10group, a Iower al Koxy al o- | r al koxy dgroup; or a
het er ocycl ygroup, a mono- or d| alkylamlno group, an alkylcarbonylamlno group, a

carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
10  alkylcarbamoyl group, an alkanoyl group, an alkylsulfonylamino group, an
arylsulfonylamino group, an alkylsulfinyl group, an alkylsulfonyl group, or an
arylsulfonyl group and R® and R are each independently a hydrogen atom, a
halogen atom, an alkyl group, a haloalkyl group, or an alkoxy group.
Among the compounds represented by the formula 1B, more preferred is
15 acompound in which R, R? and R'® are each independently a hydrogen atom,
a halogen atom, a lower alkyl group, a cycloalkyl group, a hydroxy-lower alkyl
group, a halo-lower alkyl group, a lower alkoxy-lower alkyl group, a lower
alkoxy group, a cycloalkoxy group, a halo-lower alkoxy group, or a lower

alkoxy-lower alkoxy group, and

20 a group represented by:
O
/ R N7
S
is
O
R62 -
R72 | Z R®
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group substituted by a hal ogen atom a cyano group, a |ower al kyl group, or
a |l ower al koxy group is preferred. A preferred heterocyclyl group
i ncl udes WOR010H3@B2renber ed heterocycl yl group contai ni RGTEP2I0ID6IFES er O
atons i ndependently selected fromthe group 15consisting of a nitrogen

t t | t
Peror oaveral Sor gistal RO e 216 S8 HioBenfnt SSfodrt ML & 1915687 ect e
fromthe gragm, @qa@bﬁb!kggg@fupaarvybro@g@n r’ﬁuma HRIrG Y RBREral IBNgréil &2 sul fur

atom Specifically, ien group, a pyridyl "group, a pyrimdyl group, a

pyrazi nyl ghat@r;tpw?rwlhzlcgrwp,g@ yysr aikQW-I@mryalkyggmjm, adoyyer atkoyy gd}Dlme, a

Furt her pr df SraRfRSaTBB e Ry PP ot B £ GhBER exwiawerdBahy

hal ogen5at Qrogp, & & YroLp Wpesdbnted bg: pyri dyl group substituted by a hal ogen
atom I n anot her preferable enbodi nent of the present

invention, preferred is a 25 conpound in ich Ring Ais wherein R a
is a halogen atom a |ower alkyl gro A ower al koxy group, and R2a
and R3a are hydrogen atons; and Ring B qs 4Ab R5b wherein R4b and
R5b are each independently a hydrdgeﬁ7 bal ogen atom a |ower al kyl
group, a hal o-lower al kyl group, a | ower Rl koxXy group, or a hal o-| ower

al koxy group. 5l n another aspect of the present invention, preferable
exanpl es of theisonmpound | include a conpound represented by the follow ng
formula IB: O ( IB) HO a

wherein R® and R™ are each independently a hydrogen atom, a
10 halogen atom, a lower alkyl group, a halo-lower alkyl group, or a lower alkoxy
group.
In another aspect of the present invention, preferable examples of the
compound | include a compound represented by the following formula IC:

50y -
H
© X OH

OH
15 wherein Ring B’ is an optionally substituted benzene ring, an optionally
substituted unsaturated monocyclic heterocyclic ring, or an optionally
substituted unsaturated fused heterobicyclic ring.
Preferable examples of Ring B’ include a benzene ring and a
heterocyclic ring, both of which may have a substituent(s) selected from the
20 group consisting of a halogen atom; a cyano group; a lower alkyl group
optionally substituted by a halogen atom; a lower alkoxy group optionally
substituted by a halogen atom; a lower alkanoyl group; a mono- or di-lower
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OH wherein R8, RO and Rl are each independently a hydrogen atom a

hal ogen atom a hydroxy group, an al koxy group, an al kyl group, a hal oal kyl
10gr oup, vsiohalogaBdsdxy group, a hydroxyal kyl group, an alPkKempadlRpPb3sgs oup, an
alkoxyalkoxy group, an al kenyl group, an aIkynyI group, a cycloalkyl group,

| oal k t | Kyl ,
A ry! oxy BRORREHretin; PUORE: sfgRibon ddte S Reerityt e aghelty an
anino gr oufyr EMEalkPkaanidyr e, @p@é@v@ro@@oaﬂléﬁﬁu?ayu%@ﬂwk@dw@ group, a

15 car boxyl an” a odgcarbonyl group, a carbanoyl group, a nono- or
di al kyl car m&ytue@t(smeleate frqxraraolyalole@@mmaacaakqgmuﬁ énlpweimatiyl gr oup, an

an aryt sut 10P SprBhANP sl b Bkl BB g BALEY, §H0ueglorhy - ©"

wher ei HS%%mdtd@@bﬁfa%ﬁagéh eﬂﬂﬁp@wﬂrﬁﬂdlk(arﬁ)yﬂgﬁblﬁg%rm@h@%r @-lbakpgen at om
a hydroxy group,  an al koxy group, an al kyl group, a hal oal kyl group, a

hal oal koxy KdamingIeuds aig\aek9l|k0§yqaﬁbomdr9rgmrk@f@rh@mﬂrgfepp @A
oo o2 I B8 LSRN BS oy BRI Bestahos) 1Y
group, an &wsnme@bymmutmﬁtwmdsabé@cteogiromm haloggaratoml awyana gnolip,ca gr oup,
an an1no gr.oup, i po- Or.%'|alk anm %n alkylcarbop | am no
group, d?‘ﬂ@&?\ VGE&H'B opiienally 84 59@%?@? 8?&9& oM PHAWE] P ié?%up, a
mono- 90 digroup optionally substituted by a halogen atom, a lower alkanoyl group, a
mono- or di-lower alkylamino group, a lower alkoxycarbonyl group, a
carbamoyl group, or a mono- or di-lower alkylcarbamoyl group; an alkylene
group; and an oxo group.
More preferable examples of Ring B’ include a benzene ring which may
15  be substituted by a substituent selected from the group consisting of a halogen
atom; a cyano group; a lower alkyl group optionally substituted by a halogen
atom; a lower alkoxy group optionally substituted by a halogen atom; a mono-
or di-lower alkylamino group; a phenyl group optionally substituted by a
halogen atom, a cyano group, a lower alkyl group optionally substituted by a
20 halogen atom, a lower alkoxy group optionally substituted by a halogen atom; a
heterocyclyl group optionally substituted by a halogen atom, a cyano group, a
lower alkyl group optionally substituted by a halogen atom, a lower alkoxy
group optionally substituted by a halogen atom.
Preferred compound of the present invention may be selected from the
25 following group:
1-(B-D-glucopyranosyl)-4-chloro-3-(6-ethylbenzo[b]thiophen-2-
ylmethyl)benzene;
1-(B-D-glucopyranosyl)-4-chloro-3-[5-(5-thiazolyl)-2-
thienylmethyllbenzene;
30 1-(B-D-glucopyranosyl)-4-chloro-3-(5-phenyl-2-thienyl- methyl)oenzene;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-

thienylmethyllbenzene;
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10al kyl car banoyl group, an al kanoyl group, an al kyl sul fonyl am no group, an
aryl sul fonyl am no group, an al kyl sul fi nyl group, an al kyl sul fonyl group, or
an aryl suwbenylo4giseup and Reb and Rrare each i ndependen®PCY/ER20008635&Nn at om
a hal ogen atom an al kyl group, a hal oal kyl group, or an al koxy group.

Anong t he conpo epresent ed f preferred is 15 a
conpound in whi cﬂ&g@ l&ﬁogwanﬂiylgxep 9h§) %B@éﬂ@@d'{miﬁa hydrogen atom a
hal ogen at qmenglmh@twp]bé}{ﬁ@,ﬁle group, a cycloal kyl group, a hydroxy-I|ower

al kyl group, a halo-lower alkyl group, a | ower al koxy-|ower al kyl group, a

| oner al koxy gro‘u(ﬁ Daglegepyankewy-4gneiiyl-3doHatryringdiey!)a&d-koxy group, or a
| oner al ko}%eﬁyﬁ\ﬁé{[p@]tﬁ%n@ow and 20a group represented by: 0 is O

wherei n R6a I"hdependent|ly a hydrogen atom a hal ogen atom a
| ower abkyl QFOUQ(BQ)QM@bQ?JehMéyIQﬂQ&FﬂbrOGB t&m@?andmnaﬁ -kyl group, a

hal o-1 ower al kyl gro ower al koxy-|ower al kyl group, a | ower al koxy
group, a cﬁble@am@w]@er&me a hal o-1 ower al koxy group, or a | ower

al koxy- 1 over al koxy rpq@t88an8lyI R4LHNB-3- LI MEhNi)-2 1S
thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(6-fluoro-2-pyridyl)- 2-
10 thienylmethyl]lbenzene;
1-(B-D-glucopyranosyl)-4-chloro-3-[5-(6-fluoro-2-pyridyl)- 2-
thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(3-difluoromethyl- phenyl)-2-
thienylmethyllbenzene;
15 1-(B-D-glucopyranosyl)-4-methyl-3-[5-(3-cyanophenyl)-2-
thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-cyanophenyl)-2-
thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-chloro-3-[5-(6-fluoro-3-pyridyl)- 2-
20 thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-fluoro-3-(5-(3-cyanophenyl)-2-
thienylmethyl)benzene;
the pharmaceutically acceptable salt thereof; and the prodrug thereof.
Particularly Preferred compounds of the present invention include:
25 1-(B-D-glucopyranosyl)-4-methyl-3-[5-(3-cyano- phenyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-cyano- phenyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
30 prodrug thereof;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluoro- phenyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;

51



wherein R66 and R76 are each independently a hydrogen atom a 10hal ogen
atom a |ower alkyl group, a halo-lower al kyl group, or a | ower al koxy
group. | rweanoetwesesaspect of the present invention, pref@cal¥pPeoogsneisps es of

t he conpound | include a conmpound represented by the followng formula IC
OH 15wherein R n 1S an opti 1y s I{uted benzene, ring, an
optional l'y substf’“gpéglluﬁﬂ@ﬂ?ﬁpﬁﬁgg'%ﬂ&%@'ﬁ'ﬂ SOhR né’Bl% ring, or an
optional |y thigaginhétHyRseryemRl BF atpdrideedtidl iceBberid L8t fHengof, BF 8f er abl e
exanples of Ring B "include a benzene ring and a heterocyclic ring, both of
whi ch may haedrug hemenfi t uent (s) sel ected fromthe 20 group consisting of a

R hat ogen atom CURERaBCaRapleyPaTheB FardpriRGEPIIAYE by s hal ogen
atonm asl owarenglnk@tn?b}ber&rempbrapmmac@midﬁllyla@wptabeé Kalt eiEreer, BF guUp; a

| ower al koxycar bony roup; a carbanoyl group; a nono-or di-I|ower
al kyl car barR§@Arugr 6@fe0Ta phenyl group optionally substituted by a

ARG s R e L e TR
opti onal | y thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;
10 1-(B-D-glucopyranosyl)-4-chloro-3-[5-(6-fluoro- 3-pyridyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof; and
1-(B-D-glucopyranosyl)-4-fluoro-3-(5-(3-cyanophenyl)-2-
thienylmethyl)benzene, or a pharmaceutically acceptable salt thereof, or a
15  prodrug thereof.
Abbreviations used in the specification, particularly the Schemes and

Examples, are as follows:

Ac = Acetyl

BFs:OEty =  Boron trifluoride diethyl etherate

BFs THF =  Complex of boron trifluoride and tetrahydrofuran
t-BusP-HBF4 = Tri-(t-butyl)phosphine tetrafluoroboric acid adduct
DCE =  Dichloroethane

DCM =  Dichloromethane

DMAP =  4-Dimethylaminopyrdine

DME = 1,2-Dimethoxyethane

DMF = N,N-Dimethylformamide

dppb = 1,4-Bis(diphenylphosphino)butane

dppe = 1,2-Bis(diphenylposhino)ethane

dppf = 1,1-Bis(diphenylphosphino)ferrocene

dppp = 1,3-Bis(diphenylposhino)propane

Et =  Ethyl

EtOAc =  Ethyl acetate
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5substituted by a hal ogen atom a |ower al kanoyl group, a nono- or di-I|ower
al kyl am no group, a | ower al koxycarbonyl group, a carbanmoyl group, or a
nono- or WP-2bwvEsesal kyl car banmoyl group; a heterocyclyl @gCOmP2@P06350aI | Yy
substituted by a substituent(s) selected froma hal ogen atom a cyano
group, a | .,al kyl group optionally substituted by a hal ogen atom a

| ower al ko%‘dgroup opti onal | ﬁ%eﬁ‘tyé%iaf‘ﬁt ed by a hal ogen atom a | ower

al kanoyl gHpy; a nmono- or ﬂ"'WWPeﬁbhﬁbﬁé@ ['iaur@h'r@)maiodd;r@ ]
al koxycar bonyl group, a carbano group, or a nono- or - | ower

al kyl car bafbydSilgr oup; an alkyl driisaprenyisiiaagd an oxo group. Mre preferable
exanpl es OEVI{& ng B include a tg&&%ﬁelne ring which may 15be substituted by a
substi tuen el ected from the }3 consi sting of a hal ogen atom a cyano
group; a | owge-THKY! group opt oMty Tewdfdrofuked by a hal ogen atom a

| ower al koxy group optionally substituted by a hal ogen atom a nono-or

di -1 ower aM&l ami no group; @ phéethanesubiepylopti onal Iy substituted by a

hal ogen at cyano group, a re oup optionally substituted by
a 20hal ogem %m a |l ower al ko>!\{|/é)[g (}u@t@ﬁtpgﬁlal |y substituted by a hal ogen
atom a heNyGEDE! yl group =opt iBis(d|s-pyctedrsadiend)aitkbOp hal ogen atom a

D T TR A T e

Preferred of the pre ' , m t he
DT o 1 ot nd FCRRIH Px €5 iikkdl AVEIHid @MbHERY s BRNBSbAECERE

1- (13- D- gl ucopyr anosyl ) - 4- chl odichderid® et hyl benzo[ b] t hi ophen- 2-

(5 D ol uBEERRBLy 1 ) - 4- o or S 4.3 Bi(fiPhsBYpgsBhino)propane dichlorice
301 (13D Q1 Stonyr aosy!) - 4 chi brs: 3B pany i~ 3R R AR5 ene:
1- (13- D-g yr anosyl ) - 4- et hN-Medsyinerghalioe opheny 1) - 2- ’
1 (57D or bl anoayt ) - 4- oHT or &2H2HKM 9 SO di ny! ) - 2-
t hi enyl met pddieRESRE; Bis(triphenylphosphine)palladium(ll)dichloride

Pd(OAc). = Palladium acetate

Pd(OAc)./dppp =  Palladium acetate and 1,3-

bis(diphenylphosphino)propane complex

Pd(OAc). / EtsSiH = Palladium acetate and triethylsilane complex

Pr = Propyl

RaNi = RANEY® nickel (aluminum nickel alloy)

TFA =  Trifluoroacetic acid

THF =  Tetrahydrofuran

TMDSO =  Tetramethyldidiloxane

TMS = Trimethylsilyl

TOF = Turnover frequency (the number of reactant moles

converted to the desired product per mole of catalyst
used per hour)
As used herein, unless otherwise noted, the term “isolated form” shall
mean that the compound is present in a form which is separate from any solid
mixture with another compound(s), solvent system or biological environment.

In an embodiment, the present invention is directed to a process for the
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1- (j 3- D-gl ucopyr anosyl ) - 4- met hyl - 345- ( 2- pyri m di nyl) - 2-

t hi enyl nmet hyl ] benzene;

51- ( 3- D- gvocopyu4aasesyl ) - 4- chl or o- 3- [ 5- ( 3- cyanophenyl ) - 2PCT/EP2009/063503
t hi enyl et hyl ] benzene;

1-(j3-Dgl uco%@%gg%é Qcomgglﬂr?cf of %?r?]ufall(l)c)(/\%ne?’glnet%1c)ompound of formula (l)

t hi enyl rret

1-(3-D-gl Uqg@Yé@é?@é)ds)arﬂrsﬁ%ttéd’korﬁT [ Br drfothérigmBodmmrt! thelpresént invention
10t hi enyl net hyl'] benzene;

1- (j 3-D-gl uedwfzt@ddgya progess fasrtbe paspqretion vb ecopgauniddyffprmala (IA'),
t hi enyl t

150D ot ol BTN EE e ynst Al formuias A prarase as ey Rt iR 1.
t hi enyl get haddihergrapediment, the present invention is directed to a process for the

151- (j 3- D- gl ucopyr anosyl )-4 met hyl - 345- 513 cyanophenyl) - 2-
t hi enyl met HfEpa@igamd @ compound of formula (I-S), wherein thé compound of formula

1-(3-D-gl U(‘(?ﬁ%égﬁ%?élréd 45 ThUBYbiedr form( 4n SHOBMMNSGMYSdinent, the present

t hi enyl net hy

1- (Jh 3-b lgl Unegntionnie sireltett tohd pravedd Jor( thefdrepamation f mi ayripouritt of formula
20t hi eny

(5 Db udsByr RS Tercomenad o sl (s priendreg’-as.an isolated form

t hi enyhget hyOoer)gsegged h@F‘elrﬁ’hﬂ{Ig@sC§er ! e%b'ribtéc?c’cﬁett@% @s@@étbnhaﬁg‘?ﬂre’ and the

prodrug thereof. Particularly Pre ounds of the prese I nvention
i ncl ude: ZEI}aQI%@rgthatcblpwrrmh@spgrc)endon‘rafantmlhEihe Bsata}ted@onmwmyil i3 {ess

ey e 7B 1018 peRo MRS 188 WarSESR'ARR: B8icent HRGECT+ O @
preferably, less than about 0.5 mole percent, most preferably, less than about
0.1 mole percent.

15 In an embodiment, the present invention is directed to a process for the
preparation of a compound of formula (I), wherein the compound of formula (1)
is substantially pure. In another embodiment, the present invention is directed
to a process for the preparation of a compound of formula (IA’), wherein the
compound of formula (IA’) is substantially pure. In another embodiment, the

20 present invention is directed to a process for the preparation of a compound of
formula (I-S), wherein the compound of formula (I-S) is substantially pure. In
another embodiment, the present invention is directed to a process for the
preparation of a compound of formula (I-K), wherein the compound of formula
(I-K) is substantially pure.

25 As used herein, unless otherwise noted, the term “substantially free of
a corresponding salt form(s)” when used to described the compound of
formula (1) shall mean that mole percent of the corresponding salt form(s) in the
isolated base of formula (1) is less than about 5 mole percent, preferably less
than about 2 mole percent, more preferably, less than about 0.5 mole percent,

30 most preferably less than about 0.1 mole percent.

In an embodiment, the present invention is directed to a process for the
preparation of a compound of formula (I), wherein the compound of formula (1)
is substantially free of corresponding salt forms. In another embodiment, the

54



1- (3- D gl ucopyranosyl) - 4- net hyl - 3-[ 5- (4- cyano- phenyly2-
t hi enyl met hyl ] benzene, or a pharnaceutically acceptable salt thereof,

30pr odr qu()neI(maB&sz
phenyl ) - 2- thienylnethyl]benzene,

t her eof or a ro ruqg. t her gof ; .
1- (3-D g| qu{ﬁ? VS Onéﬂsgﬁ]eg];qg t9. at grctcgsgﬁrntge qgﬁgﬂrﬁtlpngf a compound of
t hi enyl met %%@I%r(mg%h&'élrﬁth@@frﬁﬁ&%ﬁ bp@h‘nvjlaa@ﬁi%% a%ﬁaﬁwémy fidieseof

prodrug t her eof

| ucopyr anosyl)-4-meth [ 5-(6-fl Goro-

2- pyri dyl yz:or@snpeduﬁgrﬁtﬁprmbemen@theoerrdoqﬁlmaeﬁhcﬂeejpreﬁ@lnt inveotiepisabl e

t her eof ,
1- () 3- Dgl

ARSI tergnarationf ausampoung f fypia(-S)

t hi enyl get hyhdragnsensompsurid ehFmBRreULS)cakLystantalnt de ef 6adréspdrlimpf |
prodrug thereof; 101- (13 D- gl ucopyr anosyl ) - 4-chl oro- 345- (6-f | uor o-

3-pyri dyl ) _salt formanin Aeelher emhedinent, §1¢ arqsent vestion isdirsctad & pt abl e

t her eof ,

1-(3- Dgl ucoopyranos

acgésofé)rrlﬂ% bﬂﬁﬁ?gﬁon 8‘@9 (cgm(pgund of formula 5 K), wherein the

anopheny

or a

1- (13- D gl ucopyr anosyl ) - 4- met IrgIrAEPA®9(04635H3 uor o-
or a pharmaceutically acceptable salt

or a

sal t

or a

sal t

t hi enél rretmr?@mxﬁmffoahulfb(nbﬂh@nmummnwlwfye@of:e?r@etﬂmda;eg $alt foergof , or a
15pr odr ug t her eof . reviatj ons. use the specification,
o vt R rshereind sas ihaavise o %%wm@ troglingle oo y|

BF3. OEY 3= Bomth@hi*mméq@ by InRichetal Ao gk AERESRIBARK! ShgEertr

trifluoride and tetrahydrofuran t-Bu3PHBF4=Tri~-(t-butyl)phosphin
t et r af | uor qiatient (Erefettablgdoammal, more preferably human) for the purpose of

15

20

25

30

combating a disease, condition, or disorder and includes the administration of a
compound of the present invention to prevent the onset of the symptoms or
complications, alleviate the symptoms or complications, or eliminate the
disease, condition, or disorder.

As used herein, unless otherwise noted, the term “prevention” shall
include (a) reduction in the frequency of one or more symptoms; (b) reduction
in the severity of one or more symptoms; (c) the delay or avoidance of the
development of additional symptoms; and / or (d) delay or avoidance of the
development of the disorder or condition.

One skilled in the art will recognize that wherein the present invention is
directed to methods of prevention, a subject in need of thereof (i.e. a subject in
need of prevention) shall include any subject or patient (preferably a mammal,
more preferably a human) who has experienced or exhibited at least one
symptom of the disorder, disease or condition to be prevented. Further, a
subject in need thereof may additionally be a subject (preferably a mammal,
more preferably a human) who has not exhibited any symptoms of the disorder,
disease or condition to be prevented, but who has been deemed by a
physician, clinician or other medical profession to be at risk of developing said
disorder, disease or condition. For example, the subject may be deemed at
risk of developing a disorder, disease or condition (and therefore in need of
prevention or preventive treatment) as a consequence of the subject's medical
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DCE=Di chl or oet hane DCM-=Di chl or onet hane DVMAP=4- Di net hyl am nopyr di ne
DVE=1, 2- Di net hoxyet hane DVF=N, N- Di net hyl f or mam de
dppb=1, 4-B020tig@bes2yl phosphi no) but ane dppe=1, 2- Bi s(di ph@ayigpesiaiosispet hane
dppf =1, 1' - Bi s(di phenyl phosphi no) f errocene
Al R i i e o e
i - Pr3Si H=Tr(chapphiapdisdtders dr MendhBhEYderdtivRedttly; 2nahBYike Tet r ahydr of uran
The term “subject” as used herein, refers to an animal, preferably a
mammal, most preferably a human, who has been the object of treatment,

5 observation or experiment. Preferably, the subject has experienced and / or
exhibited at least one symptom of the disease or disorder to be treated and / or
prevented.

The term “therapeutically effective amount” as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or

10  medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder being treated.

As used herein, the term “composition” is intended to encompass a
product comprising the specified ingredients in the specified amounts, as well

15  as any product which results, directly or indirectly, from combinations of the
specified ingredients in the specified amounts.

The compound of formula (l) of the present invention exhibits an
excellent inhibitory activity against sodium-dependent glucose transporter, and
an excellent blood glucose lowering effect. Therefore, the compound of the

20 present invention is useful for treating or delaying the progression or onset of
diabetes mellitus, diabetic retinopathy, diabetic neuropathy, diabetic
nephropathy, delayed wound healing, insulin resistance, hyperglycemia,
hyperinsulinemia, elevated blood levels of fatty acids, elevated blood levels of
glycerol, hyperlipidemia, obesity, hypertriglyceridemia, Syndrome X, diabetic

25 complications, atherosclerosis, or hypertension. In particular, the compound of
the present invention is useful in the treatment or the prophylaxis of diabetes
mellitus (type 1 and type 2 diabetes mellitus, etc.), diabetic complications (such
as diabetic retinopathy, diabetic neuropathy, diabetic nephropathy) or obesity,
or is useful in the treatment of postprandial hyperglycemia.

30 The compound of formula (I) of the present invention or a
pharmaceutically acceptable salt thereof may be administered either orally or
parenterally, and can be used in the form of a suitable pharmaceutical
preparation. Suitable pharmaceutical preparation for oral administration
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Ms=Met hanesul f onyl MIBE=Met hyl -t - butyl Et her

Ni (COD) 2=Bi s(1, 5-cycl ooct adi ene) ni ckel (0) N Cl2(dppe)=Ni ckel

1, 2- bi s( awpheryd4pisesphi no) et hane di chl ori de Ni Cl2(dppf) PNrawee09/063503
1, 1' - bi s(di phenyl phosphi no)ferrocene dichloride N C12(dppp)=N ckel

1, 3-bi s(diph | hi d | Ni ckel
and 1. 2 bi SAPEFerol BrOSB SOCPHERRSRRNEHENEE FTRG! BFOISE CRRPGSRRI | adi um
on carbon RHNFERE3), @'S@(thbhﬂf?@ﬁdﬂ&@ibﬁ&pﬂﬁb%h@@nl ﬁ@bﬁfﬁtlbﬂ%dblc&hgrshéjﬁ

Pd( OAc) 2=Pal | adi um acet ate Pd( OAc) 2/ dPPP=Pal | adi um acetate and 1, 3-
bi s(di phenyprph@@bhﬁoé)tpr oﬁalrh@@mmr@&c@d(@bméﬁpar atrakirparenterali um acet ate

and 11 et nyl ghl e Rl ot PP onwh R0 EEANRYL! hidtiBli BreflatBhaym™ cke

al l oy) TFA=
5 intravenous drip preparations using distilled water for injection, physiological

saline solution or aqueous glucose solution; or inhalant preparations.

The dosage of the present compound of formula (1) or a
pharmaceutically acceptable salt thereof may vary according to the
administration routes, ages, body weight, conditions of a patient, or kinds and

10  severity of a disease to be treated, and it is usually in the range of about 0.01 to
about 300 mg/kg/day, or any amount or range therein, preferably in the range
of about 0.1 to about 50 mg/kg/day, or any amount or range therein, preferably
in the range of about 0.1 to about 30 mg/kg/day, or any amount or range
therein.

15 The compound of the formula | may be used, if necessary, in
combination with one or more of other antidiabetic agents, one or more agents
for treating diabetic complications, and/or one or more agents for treatment of
other diseases. The present compound and these other agents may be
administered in the same dosage form, or in a separate oral dosage form or by

20 injection.

The other antidiabetic agents include, for example, antidiabetic or
antihyperglycemic agents including insulin, insulin secretagogues, or insulin
sensitizers, or other antidiabetic agents having an action mechanism different
from SGLT inhibition, and 1, 2, 3 or 4 of these other antidiabetic agents may

25 preferably be used. Concrete examples thereof are biguanide compounds,
sulfonylurea compounds, a-glucosidase inhibitors, PPARy agonists (e.g.,
thiazolidinedione compounds), PPARa/y dual agonists, dipeptidyl peptidase 1V
(DPP4) inhibitors, mitiglinide compounds, and/or nateglinide compounds, and
insulin, glucagon-like peptide-1 (GLP-1), PTP1B inhibitors, glycogen

30 phosphorylase inhibitors, RXR modulators, and/or glucose 6-phosphatase

inhibitors.
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THF=Tet r ahydr of uran TVMDSO=Tet r anet hyl di di | oxane TMS=Tri net hyl si | yl
TOF=Tur nover frequency (the nunber of reactant noles converted to the
desired pvocowro4pese nol e of cat al yst used per hour) PCTAR2M0986B5hEr ei n,
unl ess otherw se noted, the term"isolated fornt shall rrean that t he

conmpound is pre formwhich,.is separate.fro m Xt re W th
another  conpound® 20GyB Jenf R i oihes Ersmes nd b PL rremple:

enmbodi ment ,oﬁééﬂé%géﬁﬁfﬁn ArirBEHBASIVE a‘é;'eh?%tr%ﬂ;ﬂlatéle@ @ﬁﬁ%nfému-t he WD
2010/ 043682PCT/ EPZ009/ 06350 repar ation of a conpoun formula (1),

wher ei n t heatbeigselenatioagénirand/er g hypolpigersissagantas an |sol ated form In

or aparat | on of o EoRgbInANBROr e HEderh e riaf b ZEkEI ESuBIBEATD ' For mut o

(1A) is prapmtetbraccaamenhsol dibBetid eomplitaticnniteeessiryodingestagehtie present
I nvention is directed to anrocess for then‘gq:e paration of a corrpound of

fornul a (1 -8§ludanier exampi Fddmpiibitorsfandirme ipNibkersi s prepared as an
i solated f , ted t
L oracess for ¢ G HGuaE oRRRLLBRRls mbl Safl SEARNG NS HER Rob wBId R °F e

conpound ofarfdocondiibor(d eﬁ)atleﬂtsprwnaafcﬁdlnﬁramnireoleat eldségH form$0ék. used
herei n, unl ess Qﬁhervm se noted, the term "subs antl py haI | nean
e é%’u%f&“?

that the nmole p Q?é@tphﬁrmaﬁﬁlﬂ'?@'lcé’énﬁoﬁ'tt% M8y §t<€a' 9 ess than
about mol g t e
ut 3p ﬁ%&%ﬁ srPeQLéﬁ‘sf ﬁEI%GH@ Ilu‘f‘rﬁén ("Fl;ibnsaléﬁléé 30%%? ee?cepﬁfr%?(,ﬁﬁ]plé“?ﬁ

preferably, ess t out per nost r abl ess than
about 0.1 rtbeeogsage dorm oﬂ&'ibﬂetaoapmtﬂmcgraenhe ormqumeeeparenm.rehyl on |s

directed to cess for _the eparation of. a canmpound o

Wherei n« heCBRORIRG B SLPENE N SreRmetiaf FTan B E: of f B e,

enbodi nment ,oftthsAeRRSNBatbRvention is directed to a process for the

preparation of a corrl:()ound of formula (IA"), wherein the conpound of fornula
5

(IA") is substar®naskilegin the a vahtaegnizenbatiwiaie not péerojseesadiiddvent i on
Is dir q%t eqhé?egctl%n SCtSS(Ss)flso ;r)ertfgr%@dr eR@éraéwt%%leogor% ﬁc?rvsl? %%egro%g to known

methods, to provide the desired product.

One skilled in the art will further recognize that, in the specification and
claims as presented herein, wherein a reagent or reagent class/type (e.g. base,
solvent, etc.) is recited in more than one step of a process, the individual

20 reagents are independently selected for each reaction step and may be the
same or different from each other. For example wherein two steps of a process
recite an organic or inorganic base as a reagent, the organic or inorganic base
selected for the first step may be the same or different than the organic or
inorganic base of the second step. Further, one skilled in the art will recognize

25 that wherein a reaction step of the present invention may be carried out in a
variety of solvents or solvent systems, said reaction step may also be carried
out in a mixture of the suitable solvents or solvent systems.

Examples of suitable solvents, bases, reaction temperatures, and other
reaction parameters and components are provided in the detailed descriptions

30  which follows herein. One skilled in the art will recognize that the listing of said
examples is not intended, and should not be construed, as limiting in any way
the invention set forth in the claims which follow thereafter.
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formula (1-S), wherein the conmpound of fornmula (I-S) is substantially pure.
I n anot her enbodi nent, the present invention is directed to a process for

t he prepawvatntwv4ads2a conpound of formula (1-K), wherei nPChEPC@9063iNE Of
formula (1-K) is substantially pure. 25As used herein, unl ess ot herw se
noted, the term;substantially free or respon sal t orm(s) when
used to descri betP Pf‘?é/cgeo ﬁoCO(S‘IC'SIeo%ﬁ?f'Q% %P? r}%‘& Haivérpl e per cent
of the CO”@&)P@S&%Mhé@lﬁ afeOFdEitaY dsﬂaF e'f?&héﬁt%‘élt BArRIneX toaqgsita (1) is

| ess than about 5 nole percent, preferably |less than about 2 nole percent,
nor e preferaxbwntYeﬁssuhdarsémmthabwmaﬁ@n@ fPagedareciBuhnis rangsfiemebl y | ess

t han about 0 I | S vention
oG et ed v ReREREET hoper ang ol SARRER AT AR e Wi RSB kg
wher ei n5t hergrampeundmelnt XrtAtdyh(dbout Srsslrg amirianly ringé @serefn. cor r espondi ng
salt forns. In another enbodi nent, the WO 2010/ 043682PCT/ EP2009/ 063503
present inventi ofP PEVilG 8 ENQIE QaNCIEERRsCERYON c30e of fepuant t@‘i‘%ﬁ of a
conpound o . [ f 1 a S

suggt antial?)@?éé%%&oélbéa%ﬁéésm?ﬁg n%thgglll %?Hmﬂ%ﬁl a(r%o ér Ig od| ment, the
present i nugnidrstoodghati wleethedtHeOteamUeboeﬂ‘sss D@asd Eh@hqurye@ram@tt eoeryof a

conpound of forrmla'fg 6% 5 wherein thetg1 d of forrrula l-S |s
substantlalq%?nlt' ¥%gVE h@ 'Pé%Hmﬁ‘.tFFgr%fﬁHO Sr I%V%B@H@r &I t he

present 8 ”Vrﬁ?éht% ere % rtr‘?é?%uéﬁrotxﬁnétl fSich |9én VB%%QP%@H r%%sBﬁa@y

conmpoun ormula (I- erein e conpound of forrnula (I-K)
subst ant i albeyinfereed baseﬂ)onéls@ordjmarg sidl in tﬁetan’smoks;dmga@plm«mahonsudhess

ot herwi se noted, the te " reat tr d.the like, shall
"ot ude : ndoanEyeREmen i anelardnes femenf abi oS B Gy Evabgbi y manmmal
nore preferably AdnBen herdin tiifefdbibepRiseinctadpt iteen enigh Brotéefidgt i on,
or disorder and includes the adninistration of a conpound of the present

i nventi on taroppeseat mean agseup whlthf@as@mﬂtta@bedrto@dwtwg@raatqméo al l eviate

i <or 4ap. * Profbct ST LEEEA 8RB PG b eleliof BRI REbne™

" preventi oneagingtdmoved fellewlr) theaddetiorPnSunatiBeitrégsiHemtyctivlg groaper nore

synptons; (b) reduction
include, but are not limited to carbamates — groups of the formula —C(O)O-R

wherein R is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, CH,=CH-

CH2-, and the like; amides — groups of the formula —C(O)-R’ wherein R’ is for
20 example methyl, phenyl, trifluoromethyl, and the like; N-sulfonyl derivatives -

groups of the formula —SO,-R” wherein R” is for example tolyl, phenyl,

triffuoromethyl, 2,2,5,7,8-pentamethylchroman-6-yl-, 2,3,6-trimethyl-4-

methoxybenzene, and the like. Other suitable nitrogen protecting groups may

be found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
25 Organic Synthesis, John Wiley & Sons, 1991.

As used herein, unless otherwise noted, the term “oxygen protecting

group” shall mean a group which may be attached to a oxygen atom to protect
said oxygen atom from participating in a reaction and which may be readily
removed following the reaction. Suitable oxygen protecting groups include, but

30 are not limited to, acetyl, benzoyl, t-butyl-dimethylsilyl, trimethylsilyl (TMS),
MOM, THP, and the like. Other suitable oxygen protecting groups may be
found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, 1991.
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T.W. Greene & P.G.M. Wuts, Protective Groups in Organic SvntheS|s, John

20 Wiley & Sons, 1991. The protecting groups may be removed at a convenient
subsequent stage using methods known from the art.

One skilled in the art will recognize that in any of the processes
described herein, reactive substituents on the compounds of formula (l), such
as hydroxy groups, 0xo groups, carboxy groups, and the like, are preferably

25 protected and subsequently de-protected, according to known methods, at
suitable points along the synthesis route.

The present invention is directed to a process for the preparation of
compounds of formula (1) as outlined in Scheme 1, below.
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Scheme 1

Accordingly, a suitably substituted compound of formula (X), wherein Q°
is bromo or iodo, a known compound or compound prepared by known
methods, is reacted with a complex of di(Cq.4alkyl) magnesium with lithium
chloride such as di(sec-butyl)magnesium with lithium chloride, and the like; or a
complex Cisalkyl magnesium chloride with lithium chloride or a complex of Ca.
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The ot her antidi abetic agents include, for exanple, antidiabetic or
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mechani smdifferent from SGT inhibition, and 1, 2, 3 or 4 of these other

anti di abetic, agents nmay 25 prefera sed. ncr te_ex l.es thereof
are bi guani‘g&Y W@&ﬁﬁ%ﬂ %QQE'FLPSW *hﬁ)tbﬁl Pr% dRawneey, Qét“'gl]ggle' Si nhi bi tors,
PPARy agonisbferlydsoprb Iéti*%léccbdt diire p@@ﬂé%t?@éb buftARRAYwHUAl agoni st s,
di &

i peptidyl pepti dase I DPP4) inhibitors, mtiglinide conmpounds, and/or

nat egl i ni decosepauigherscorapeuncprgdaned Qytk@ag/@nnethodswberejeme (:Qmplemqf PTP1B

ol ucose o SHEHRIN DR SRRRER DERIIARE SO0kTs 5k potPietdoreiEos ™™
The agest s rhagnddieatdrisridelvitalifren mtrBeRsesr ihec cofdlex erCexmapl e, an

anti-obesity agent, an ant| hypertensi ve agent, an antipl atel et agent an
anti - at her dgegré%wmcbragwﬁ ditikmectHo e iSpPr@é?ﬁa@Wa%f@ﬁ@nt in an amoUntiRe SGLT

DTt Or's (06 bl bR Aodut Y107 S 9B AR OV AR ol e FRGESLE (o

t r eat ment o dra IC Cco |ons essar ese agents incl ude,

for exanpl etheIEIéEhpdmlrmdl:thfon’rsular(H/)pbr AQY ramde ‘metremsmore preferdlitg, id@mage of
t hose agents vary according to body wei ght, and conditions of
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perforned under suitable’conditions, accord ng to known nethods,”to provide
t he desir edrgmatboat 2°C to aboulBREC; 46 iyidie the ootréspardingvcompbund beforrrmta)gm ze
t hat , | n the speC| fication and clains as &r esented herein, wherein a

reagent Sor We'EIC&s@/tt’?&é’rr@@?@ﬁd'ﬁﬁi\@ <FINgRE, etc.) is recited in nore
than one St ep ofrih BEMAPESSd of MUl f@acted with a suitably substituted

compound of formula (XII), wherein Z is a suitably selected oxygen protecting
group, for example Z may selected from the group consisting of acetyl, benzyl,
benzoyl, pivaloyl, and isobutyryl, preferably Z is acetyl; a known compound or

20 compound prepared by known methods;

wherein the compound of formula (XIl) is preferably present in an

amount in the range of from about 1.0 to about 2.0 molar equivalents, or any
range therein, more preferably in an amount in the range of from about 1.0 to
about 1.3 molar equivalents, or any range therein;

25 in an organic solvent or mixture thereof, such as toluene, THF, hexane,
pentane, MTBE, 1,4-dioxane, and the like, preferably a mixture of toluene and
THF; at a temperature in the range of from about ambient temperature to about
-78°C, or any range therein, preferably at about -35°C; to yield the
corresponding compound of formula (XIII).

30 Preferably, the compound of formula (XI) is added to a mixture of the
compound of formula (XII) in an organic solvent or mixture thereof, to yield the
compound of formula (XIII).
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corresponding compound of formula (XIV).
The compound of formula (XIV) is preferably slurried or dissolved in a
solvent, more preferably slurried; and then filtered, preferably filtered at an

25 elevated temperature, to remove impurities and / or byproducts.

The compound of formula (XIV) is de-protected according to known
methods. For example, the compound of formula (XIV) is reacted with a
suitably selected base such as LiOH, NaOH, NaOCHSs, and the like, preferably
30 NaOCHs; wherein the base is preferably present in an amount in the range of
from about 0.1 to about 2.0 molar equivalent, or any range therein, more
preferably from about 0.5 to about 1.5 molar equivalents, or any range therein,
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As used herein, unless otherwi se noted, the term "oxygen protecting group"
shall nean a group which nmay be attached to a oxygen atomto protect said
oxygen at\won2brogmsgsarti ci pating in a reaction and whi ch REJ/EPRIWSaIFI y

removed foll ow ng the reaction. Suitable oxygen protecti ng groups i ncl ude,
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Protective Goups in Organic Synthesis Joh | ey & Sons, 1991.
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conventi onal prot ecting groups, such as those described in Protective

G oups in Organic Chemstry ed. J.F. W Nﬁtnle Pl enum Press, 1973; and T.W
Geene & PP.GM Wits, Protective Goups |in Organlc Synt 20 Wl ey
& Sons, 1991. The protecting groups nmhy Be sy edS ghi ent
subsequent stage using nethods known ﬂ
the art will recognize that in any of
reactive substituents on the conmpounds of formula (1), such as hydroxy
groups, oxo groups, carboxy groups, and 'the like, are pr@tgyably 25
protected and subsequently de- protectedCQaccordlng to known net hods, at
suitabl e points along the synthesis route. he present invention is
directed to a process for the preparation of conpounds of forrmula (1) as
outlined in Scheme 1, below. WD 2010/043682PCT/ EPR009/ 063503

roces es/described herein,
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&z Scheme 1 5Accordingly, a suitably substituted conmpound of formula
(X), wherein Qis bronmo or iodo, a known conpound or conpound prepared by
known netwoasio/i4geseeact ed with a conpl ex of di (G _aal kKyPCTHERQIHHIFNI W t h

| ithiumchloride such as di(sec-butyl)magnesiumw th |ithiumchloride, and
the like; or a con‘B|_|ex C _aal kyl magnesium chloride with [ithiumchloride
or a conplex of Cl1 34a| kyl magnesi um brom de Wi { ®l'ithium chl oride;

wherein the C Aal k % Nsopr opyl rably
sec- butyl, a kno gund prepar ¢ ! i wher ei n
t he conpl ex of di : mwth it Z i e conpl ex

of C _aal kyl g

Cl Aal kyl nagne3|u-<orqmude anh_LLLhLunLchLorld--'s«pmeferably present in

an amount in the®range of fromabout 1.0 to 1.9 nolar equi val ents (relative
‘ L range therein, nore

preferably, in%an ghou®Z o ”ﬁﬁout 1.2 nol ar €qui Yal efs; 10|n an organic

sol vent or nlxtureoyhereof ch as tol uene, THEOZhexane Méﬂtane MTBE,

1, 4-di oxane, and the |like, preferably a m xture of THE and tol uene; at a

tenperature in the range of from about a et tenperature to about -78C,

or any range therein, preferably at a tenp ge

about 2C to about 5C, to yield the corres

rature in the rapgesof from
|i| : @ =

HO

= (-S)

Scheme 2
Accordingly, a suitably substituted compound of formula (X-S), wherein
5 Q°is bromo or iodo, a known compound or compound prepared by known
methods, is reacted with a complex of di(C1.4alkyl) magnesium with lithium
chloride such as di(sec-butyl)magnesium with lithium chloride, and the like; or a
complex Cisalkyl magnesium chloride with lithium chloride or a complex of Ca.
salkyl magnesium bromide with lithium chloride; wherein the Cq4alkyl is
10 preferably isopropyl or sec-butyl, more preferably sec-butyl, a known
compound or compound prepared by known methods; wherein the complex of
di(C1-4alkyl)magnesium with lithium chloride or the complex of Ci.salkyl
magnesium chloride with lithium chloride or the complex of Cy.4alkyl
magnesium bromide with lithium chloride is preferably present in an amount in
15 the range of from about 1.0 to 1.5 molar equivalents (relative to the moles of
the compound of formula (X-S)), or any range therein more preferably, in an
amount of about 1.2 molar equivalents;
in an organic solvent or mixture thereof, such as toluene, THF, hexane,
pentane, MTBE, 1,4-dioxane, and the like, preferably a mixture of THF and

20 toluene; at a temperature in the range of from about ambient temperature to
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15(X1), wherein QL is the corresponding MyCl or MBr. The conpound
of fornmula (XI) is reacted with a suitably substituted conpound of formula
(XI1), wwoedrw/M3ise a suitably sel ected oxygen protecti RGTHPOUWI/ 063503
exanple Z may selected fromthe group consisting of acetyl, benzyl ,

o 20” comp G EEArE S RAG TRt RedraDly Bt & TRERANAE P cORaahd of
formil e (Xt aboff 916Ha0h4, 525981 i oABUENdifh BiARbAAg By Rirfgm about

1.0 to abou urvarl erit's,” or an nore preferably

in an amunX|{9), Where‘namjesﬂie toroespomling Mg@:lto@ lwgmut 1.3 nol ar equivalents,
or any range therein; 25in an organic solvent or m xture thereqof, such as
t ol uene, THE, he%%omB@H@%ﬁéformpﬁ(x|1S)4Lsdp69t§ﬁé"””hﬁé‘uttﬁ@wSulbét'tub?%ferably

a m xtuge o HRNGF féﬂﬂ - % (@ér@mrsaé 4iRabl) o Vehé’cté@BQfgéH ;r>|f bOUt

anbi ent terrper ature to a or any range herein
about - 35C;grbopyfoe edamipés Zmna;eselentdadrfgomdhegumb otbnélsmrnng)faac(@KyIl b¢nzyl

30Preferab| the co ed to a mxture of the
compound ofod %%Pveﬁ%?mnq RopmBignikierably ¢ et A IR ECO REPERT O { o
yield the Q@W pfapédry* Rné\%h'rhéthobﬂ@ 2010/ 043682PCT/ EP2009/ 063503

The conpound of fornula (Xl I's reacted with a suitably selected Lew s
acid, such as BRgUEFen tm@mwvurw ohforurac(X|bb) wepreferablyq@f%entde ani ron

chl ori , and the I|ike re rabl F3.THE or um . num ch

ot et er 201 y enitin e g SeFoRobut 1q a2 SR FuiloBhlsy BV or esen
in 5an anmouyghge thére, rnﬁ’df@%r@ferébl?ﬁh abQithothtan tife AdYd oflfford ddluan .0 to
equi val ents, or any range therein, nore preferably, in an amount in the

range of fral@UiBehimotarEqUvalesist ovasy ranas theminval ents, or any range
therein, nost prﬁ @'gbxlc%%nt%r%@lrgghe?gw ‘éﬁl:ﬁ%%%luleﬂet?ﬁFpEg?%e of a

SU|tany sel ecte ne reagent” su

triethyl silgontand MTBEet [iydidixané cxahthe likked pt‘éferdbl%e mlmwé@facbhene and
triethylsil ane or tetranethyl di sil oxane, nore Eref er abl

tetr anﬂ@hyl-'a" i 2l igmaperaitErd ie FNGS 9TFRm 2bgy ﬁ'fnbi'%“tﬁ@%’PéFaéB'feytopﬁ%ﬁnt in
an amount Logtdeor afgfadil e el oAl LG, ikl equ val ent s,

or any range t re pre anount e range of from

about 1.0 teradzpohdimgombeund dﬁfoemulav(adlm)s, or any range therein, nost
preferably about_1.0 nolar equival ent; wherein, in an enbodi nent of t he
present inventi drrefaraglys e erppoynd ohfaimuia P israddedty a mixture of the

:ﬁte:‘ggf‘?t Qﬁlﬂi@de@U% eﬁ% {ntah ﬁ@adué‘sé‘l()eﬁtr SRR Rh¥ R, ©yidlyxt ur e
20 the compound of formula (XIII-S).
The compound of formula (XIII-S) is reacted with a suitably selected
Lewis acid, such as BF3eOEty, BFseTHF, aluminum chloride, zinc chloride, iron
chloride, and the like, preferably, BFseTHF or aluminum chloride, more
preferably aluminum chloride; wherein the Lewis acid is preferably present in
25 an amount in the range of from about 0.5 to about 10.0 molar equivalents, or
any range therein, more preferably, in an amount in the range of from about 0.5
to about 2.5 molar equivalents, most preferably about 0.8 molar equivalents;
in the presence of a suitably selected silane reagent such as iPrsSiH,
triethylsilane, tetramethyldisiloxane and the like, preferably triethylsilane or
30 tetramethyldisiloxane, more preferably tetramethyldisiloxane; wherein the
silane reagent is preferably present in an amount in the range of from about 1.0
to about 10.0 molar equivalents, or any range therein, more preferably, in an
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toluene, and the like, or in a mxture of said organic solvents, preferably
I n 20acetonitrile; preferably at a tenperature in the range of from about

0C t o abowO 208048682 or any range therein, nore preferabPgTaP2@00635035C, to
yield the correspondi ng corrpound of formula (XIV). The corrpound of formul a

Xl f | |
et or nbl b AR Lallda S dqogfioov%p@%%%a%rﬂyl?r SSuvdahts, SRy

25el evat ed rhagB @Rl %oét%ré@ﬁ@dl? abBot ot mssar@@g“/a@ft,, kmarr@.ﬁum an
The compound of formula (XIV) is de-protected according to known met hods.

For exanpl eemibodmeniedthedpresenbinrantion Xhe/yaticot tbemnleainun khiprisigitodbe y

selected b 13, and the |like, preferably
30NaOCH3; ﬁ&?i\%ﬁ&@g'@@g 'Fg%?_{&]era 'y present in an anount in the range

of fromgabout O0.i4 dncorglnidtsobveht i Ingikiued therabPalich & DON, DEEgactidpitdien, nore
preferably from about 0.5 to about 1.5 nolar equivalents, or any range

t herei n, ndotuepeepd 41 ke s alm@ttws|oérsa@q9r9@a|6e$ﬂl\é,entﬁrpr§iﬁerabtyaﬁ| c sol vent

pr et er abl y 1R e s BEERaR AP et B BT, soat o BB bARY S B orta the
cor r espondiragug Gy EngE tfﬁé’f’fe"ﬁJ|nﬁ‘or@I prefér&D dldbouedst@; toRgeldrthew | | further
recogni ze that, depending on the particulaf protecting group, Z, other

reagents neqorltﬁspo@éumg|oonnw®rwbofp‘oanekat(|>6\vf Skep including, but not linmted

erpl oydll usi ng. 19 EREPGnG ERBEVE B Shis BPf eV i R B

combi nat i ongemWhote® prsTerably SILEHER hdskbh lf|IterJéi)ﬂ'l@if’eféﬁa‘:fﬂl);@1EIIIT<§¥e@fatfafhr mula (1)
is preferably isol ated and/ or recrystal |ized, according to known nethods.

In an embodi@vaed temeeratures K0 remownimities and £et kyprogueispr ocess for t he
preparation of ancopHAKRG @bt IR Bt s P d@BrAEEE Mot dh Pt RAGWAR:  Del ow.

methods. For example, the compound of formula (XIV-S) is reacted with a
15  suitably selected base such as LiOH, NaOH, NaOCHSs, and the like, preferably
NaOCHs; wherein the base is preferably present in an amount in the range of
from about 0.1 to about 2.0 molar equivalent, or any range therein, more
preferably from about 0.5 to about 1.5 molar equivalents, or any range therein,
most preferably about 1.0 molar equivalents; in an organic solvent or mixture
20 thereof, such as methanol, ethanol, THF, and the like, preferably in methanol;
preferably at about room temperature; to yield the corresponding compound of
formula (I-S).
One skilled in the art will further recognize that, depending on the
particular protecting group, Z, other reagents may be used in the de-protection
25 step including, but not limited to, Pd/C, Pd(OH)2, PdCl,, Pd(OAc)./EtsSiH, and
RaNi. These reagents can be employed using various solvent systems and/or
additional acid or base combinations known to one of ordinary skill.
The compound of formula (I-S) is preferably isolated and/or
recrystallized, according to known methods.
30 In an embodiment, the present invention is directed to a process for the
recrystallization of the compound of formula (I-S) comprising:
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pax- (XI-S) OH(lI-S) Schenme 2 Accordingly, a suitably substituted conmpound
of formula (X-S), wherein 5 CV is bronmo or iodo, a known conpound or
conpound WwOepavEassRy known net hods, is reacted with a c®eplEP009/063503

di (G _aal kyl) magnesiumwi th lithiumchloride such as

di but yl hi h li k I

& Gatkyt ragneds (b dicbbsdangsi EomoRa o frafi- Shnart Gragnis S,
4al kyl nmagngrhHs &hHe F%é!ﬁat@ idbdrééﬂ'a@@la‘%@'r%ﬂ%@mol Véi!ﬁér%|ranbhﬂe¢a<e4al kyl s
10preferably isoprop K}d or sec-butyl, nore preferably sec-butyl, a known

conpound orpretarpolyred ra@géartedth@;n aptionallywiiterowstheviesulding raikireonpl ex of

mgnest um chl o Rt it e ot mrERLT PEE TEP Rl SdmBREL A rherandgr "

nmagnesi Bm FrafisdeurpsiC kd bbo@mf?kd Wréﬂ?abl?t@éQéﬁbéFﬁtMr@Fnetﬁé%n &ofin anmount
in 15 the range of from about 1. .5 nol ar equivalents (relative to the

nol es of t Heoro@ppatidad°Gto fabomrhﬂ@fq ma) pptumallarfyterlaggleeremﬂmgwmmm@
preferably, in nt, of about nol ar ui LN an organic
ot vent of i xt & EEP Reradsing Bt tadné i orehared ioSahe Bl WASA Hi e,
MIBE, 1, 4- diRaa@meof vixiter hdGed |sk@ref&ééfﬁh%| é/méuﬁﬂlﬁttHé?arﬁ)e SHromgbotf

t ol uene; at a terrperature in the range of from about anbi ent terrperature to
WO 2010/ 04368 2¢aipeP20090 @6 3803 atanis (relatye, to dhe apjes ahtie earapetling of

i el ihe BmdeERRTREb L SIah A roROMR R aob iR b Syt p e

correspondigiduvi@ nidlar\iiBlivaldhie; corrpound of formula (XI-S) is reacted with
a suitably substituted SCorrpound of formula (XI1-S), wherein Zis a

sui tably sel ect 2l BR\Rjeasidndae @ntirggplvent such as heptane, and the like,
preferably heptane, to the mixture prepared in STEP C (wherein the anti-

solvent is added to initiate precipitation); wherein the amount of anti-solvent
15 added is preferably an amount sufficient to yield a final volume : volume ratio of
organic solvent (as selected in STEP A) : anti-solvent of from about 1: to about
1:5, more preferably, an amount sufficient to yield a final volume : volume ratio
of about 1:2; to yield a precipitate of the compound of formula (I-S); which
precipitate is preferably isolated by filtration and further, preferably dried
20 according to known methods.
In an embodiment of the present invention, the mixture prepared in
STEP C is further seeded with previously prepared crystals of the desired
polymorph of the compound of formula (I-S).
In another embodiment, the present invention is directed to an alternate
25 process for the recrystallization of the compound of formula (I-S) comprising:
STEP A: dissolving the compound of formula (I-S) in an organic solvent
such as ethyl acetate, isopropyl acetate, methanol, ethanol and the like,
preferably isopropyl acetate; then optionally filtering the resulting mixture;
STEP B: adding water to the mixture prepared in STEP A; wherein the
30 amount of water added is preferably in an amount in the range of from about
1.0 to about 2.0 molar equivalents (relative to the moles of the compound of
formula (I-S) used in STEP A), more preferably, the amount of water added is
about 1.5 molar equivalents;
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group, for exanple Z may selected fromthe group consisting of acetyl,
benzyl, benzoyl, pivaloyl, and isobutyryl, preferably Z is acetyl; a known
conmpound WO 20mPaasAd prepared by known net hods; wher ei nPCHEPC@9f063FNE Of
formula (XI1-S) is preferably present in an 10 anmount in the range of from

about 1.0 to ab 0 nol.ar equi.val en ny .range therein, nore
referably in ard LB SnHeRINGHES FNGES B STESHE I8 bup Do LEF HbltGirangs ol ar
equi val ent Sfr%rﬁrab%m/40@€'f'9@abé9@tr o, referablk'fb érier‘hB"EﬁélUFé Pah¥@BhgObf M xt ure
t hereof, such as toluene, THE, hexane, pentane, BE, 1, 4-dioxane, and the

| i ke, prefdrablapoat 60%C to ebodit 6570 ¢men aptioridly TiHeringtthe ré suttirey adixtoee;i n t he
range of from about apbient tenperature to about -78C aor any range

therein, preferabl 5P co0H08 theguxtuig,Pianared e TEBr ¢ e9pialdimBresiteétind of
formul ag( Xl ~abl My - : ; -S) is
added 18 a 0T GPIRGENESL 1R SR hieh BRe ARG Bferett KBl B Lol Vent
or m xt ur e flitnaticeoénd fuothareprf@@blyed iexhpocordingftofkoommn raethddsl - S) . The
conmpound of formula (X 11-S) is,reacted with a suitably selected Lew s

cor 8 och s BRBGR S TbRiRLeT th Biasek bR h dbe Srie SFPETEEd 1 on
chloride, agpEpheid ukfier BE&d&S #ith)orebddiiipr&arat Wi stHId ifth@ dedeq mor €
preferably alum numchloride; wherein the Lews acid is preferably present
in 25 an arpglymoiph ohibercompouwd éfformalbdiS)0. 5 to about 10.0 nol ar

equi val,.ents, or any range therein, nore preferably, in an anmount in.the
range dP 1rom adBarodTes Sapeibintang rgeelit avitonrs cirec R0 Mdses 1y
about 0.8 Rk resrativa ot atcdmpourid'sf BFragieNtK) 04s sudiHed abBrherkeegit ed sil ane
reagent such as iPr3SiH, triethylsilane, tetranethyl disiloxane and the

| i ke, prefd®®®Vy triethylsilane or 30tetranethyldisiloxane, nmore preferably
tetranet hyl di sil oxane; wherein the silane reagent is preferably present in
an anount in the range of from about 1. equi val ent s,

or any range therein, nore preferably, F

2010/ 043682PCT/ EP2009/ 063503 anount i [
6.0 nol ar equivalents, or any range t '
nmol ar equi val ent;, wherein, in an enbod{ e present invention, the
ratio of the alumi numchloride to the teftramethyl disil oxarge Bs about 1:
1.25; 5in an organic solvent or mxtureddereof sych as m DCE,
acetonitrile, toluene, and the like, or Tn a mxtdre of said organic

sol vents, preferably in acetonitrile; preferably gt a tenperature in the
range of from about OC to about reflux, or any range therein, nore
preferably at about 456 to yield tfhe c(glrrespondi conpound of fdrnula

(XIV-9). = E
l

\\\\OZ S
@) ! \ / \ N
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10The compound of formula (XIV-S) is preferably slurried or dissolved ina
solvent, nore preferably slurried; and then filtered, preferably filtered
at an el evatet/msdsper ature, to renove inpurities and / ®CTHPRIVMKEHS. The
conmpound of forrmula (XIV-S) is de-protected according to known nethods. For
exanpl e, the conmpound of formula (Xl V-5) ti reacted with a 15 suitably

sel ected base such as LiOH NaOH NaOCH3, Yand the |ike, preferably NaOCH3;
wherein the base is preferably present inlan appunt én t he/~=
about 0.1 to about 2.0 nol ar equival ent s the'eln
preferably fromabout 0.5 to about 1.5 /
therein, nost preferably about 1.0 nola 22 owban|c sol vent
or mixture 20 _thereof. such as ngthanol, Jethanol, THF and the |ike,
preferably in nethanol; preferably at abodlt ro tenperature to yield the
correspondi ng conpound of formula (1-S) OwewSKilled in the art will
further recogni ze that, depending on thje i cul ar protecting group, Z,

ot her reagents may be used in thHGQg 25 step including, but not
limted to, Pd/C, Pd(OH)2, PdCl12, Pd z/ and RaNi . These reagents
can be enpl oyed using various sol vent sysgﬁgs and/ of-Khdi ti onal acid or
base conbi nati ons known to one of ordinar Ki | The conpound of
formula (1-S) is preferably |soIatedS@hdhmr3recrystalIized according to
known net hods. 30l n an enbodi nment, égesent invention is directed to a

process for the ALHIEEY ?‘lszuﬁﬁpldrﬁl&s’“m E8MPeYAE %ForfW'W%(W §ein
compr <1 ng: WO AN G43R8 2RO RRANURRRG X ampouna By peksgaryi no the

conmpound of formu In an orgdni ¢ sol vent suc acet at e,
i soprop¥l ameitrmje |sn*eab1:edo,m1h etcoanméx ahdi(€ healkyl kmagpesiLier aith ittty |

t at | fil th t t heat
Tt o ur e aiHes HicGee bR B WinU T TaRoS anelfredikeu b 35 o

about 45C, dafn%@k@pumkypn@ hégnﬁfaw.@emhumuhaa%n@é oF’éQiBn%ﬂ@%bf@%C to
about 35C, then optionall erlgtg the resulting m xture; C.

addi ng wat elkybmealgeegiuxi brcumpleeypiéh iurn cBPEEeRWharRIn d1ér Cuhalkyinsunt  of vvat er

2.0 mol ar " dEr APy ReStoPR SRtk rict® e PRERY Sk Btihator 0

10  compound or compound prepared by known methods; wherein the complex of

ge of from

amy range

di(C1-4alkyl)magnesium with lithium chloride or the complex of Ci.salkyl
magnesium chloride with lithium chloride or the complex of Cy.4alkyl
magnesium bromide with lithium chloride is preferably present in an amount in
the range of from about 1.0 to 1.5 molar equivalents (relative to the moles of
15 the compound of formula (X-K)), or any range therein, more preferably, in an
amount of about 1.2 molar equivalents;
in an organic solvent or mixture thereof, such as toluene, THF, hexane,
pentane, MTBE, 1,4-dioxane, and the like, preferably a mixture of THF and
toluene; at a temperature in the range of from about ambient temperature to
20 about -78°C, or any range therein, preferably at a temperature in the range of
from about 2°C to about 5°C; to yield the corresponding compound of formula
(XI-K), wherein Q' is the corresponding MgCl or MgBr.
The compound of formula (XI-K) is reacted with a suitably substituted
compound of formula (XII-K), wherein Z is a suitably selected oxygen protecting
25 group, for example Z may selected from the group consisting of acetyl, benzyl,
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10 formula (1-S) used in STEP A), nore preferably, the anmount of water
added is about 1.5 nolar equivalents; STEP D. adding an anti-solvent such
as hept an®Q 2ardh48dse | i ke, preferably heptane, to the m RPCUEP2@OOpIOEd i N
STEP C (wherein the anti-sol vent is added to initiate precipitation);

wherein the ampunt .of anti - nt. 15add LS fergbly an anmou
STt il ent RS2gYE PO s RObIGRY. Presrbles Febrevbe HIMAPRRBBITAAE (as
sel ect ed |rb0$ﬂ'&ffjrﬂ)prepg|:§d b?Rh&ﬁ/Htm&hoﬁéom about 1: to about 1:5, nore
preferably, an amount sufficient to yield a final volume : volune ratio of

about 1:2; to yiwhereln heeximpaunceobiormbie COhispisnereddrablyrprebent(inag) ; whi ch

fr ?th'zéataiaahﬁ?wﬂaé % PRk el  lo a6t Rl edlivalRbso P BRE' oy event
inventi gn, rahge Mherei, enmgn@feﬁrébwnn ShERnSuritsn fitves Fareye ofefesiacibsiut h.(ievi ousl y

prepared crystals of the desired ynorph of the conpound of formla
(1-9). In @ReUdr3 B9k o@%‘r‘ﬁ'entﬁh@r 9%5@1&6 thevRiRti on is directed to an

alternate 25progess 5rﬁénfc2§>§§ﬁ%¥% Qﬂur ﬁ?érbe' sBkn %Qetoﬁ%ngfﬁﬁo%x{:rﬁ)é mul a

(1-S) conprising: di'sso he “co
i n an or garpentsms, \WNBES dhdiasaré hand teeliiat, ﬁrefesatw apmktmeeﬁacblaenerehbanol

filtering t f@%‘%?mpé%ﬁr%&? S %Poyraeﬁ‘éﬁé%oﬁ%{t%e%%%h%”@l'
e R A i R A, R 7
(relative tcmrtdwondingscdvihpdmm cfofopraurad X0-K)or rrul a (1-S) used in STEP A),
W0 20107 043082 EEEREBNN ToaBDBOMERT BIMHERIHG) BRI oM BIgH q“ér%%"se{‘ésa
B YTy I T e
filtering tthe coeyaundra foimulan(Xjll-BYEP D: cooling the m xture prepared in
STEP C15t o yiel dl'he Bér%‘;%bﬁ’né o% Formula (X1-K) is reacted with a suitably selected
Lewis acid, such as BF3eOEty, BF3eTHF, aluminum chloride, zinc chloride, iron
chloride, and the like, preferably, BFseTHF or aluminum chloride, more
preferably aluminum chloride; wherein the Lewis acid is preferably present in
an amount in the range of from about 0.5 to about 10.0 molar equivalents, or
20 any range therein, more preferably, in an amount in the range of from about 0.5
to about 2.5 molar equivalents, most preferably about 0.8 molar equivalents;
in the presence of a suitably selected silane reagent such as
triisopropylsilane, triethylsilane, tetramethyldisiloxane and the like, preferably
triethylsilane or tetramethyldisiloxane, more preferably tetramethyldisiloxane;
25 wherein the silane reagent is preferably present in an amount in the range of
from about 1.0 to about 10.0 molar equivalents, or any range therein, more
preferably, in an amount in the range of from about 1.0 to about 6.0 molar
equivalents, or any range therein, most preferably about 1.0 molar equivalent;
wherein, in an embodiment of the present invention, the ratio of the aluminum
30 chloride to the tetramethyldisiloxane is about 1 : 1.25;
in an organic solvent or mixture thereof such as DCM, DCE, acetonitrile,

toluene, and the like, or in a mixture of said organic solvents, preferably in
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50f the conpound of fornula (1-S); which precipitate is preferably isolated
by filtration and further, preferably dried according to known nethods.

In an enWOI20EMM3@R t he present invention, the m xture PCEFRR@H/063IF0BTEP C
is further seeded Wi th previously prepared crystals of the desired

P csont i nASSOTDHIS ST aler el @ o Tibere e ELNETANBRG! fogb aPar B Braout
ol Sler g o R e, .
subst i t ut eccorypordithgadorfissund ef foMnida, M) n

The compound of formula (XIV-K) is preferably slurried or dissolved in a

5 solvent, more preferably slurried; and then filtered, preferably filtered at an
elevated temperature, to remove impurities and / or byproducts.

The compound of formula (XIV-K) is de-protected according to known
methods. For example, the compound of formula (XIV-K) is reacted with a
suitably selected base such as LiOH, NaOH, NaOCHSs, and the like, preferably

10  NaOCHs; wherein the base is preferably present in an amount in the range of
from about 0.1 to about 2.0 molar equivalent, or any range therein, more
preferably from about 0.5 to about 1.5 molar equivalents, or any range therein,
most preferably about 1.0 molar equivalents; in an organic solvent or mixture
thereof, such as methanol, ethanol, THF, and the like, preferably in methanol;

15 preferably at about room temperature; to yield the corresponding compound of
formula (I-K).

One skilled in the art will further recognize that, depending on the
particular protecting group, Z, other reagents may be used in the de-protection
step including, but not limited to, Pd/C, Pd(OH)., PdCl2, Pd(OAc)2/EtsSiH, and

20 RaNi. These reagents can be employed using various solvent systems and/or
additional acid or base combinations known to one of ordinary skill.

The compound of formula (I-K) is preferably isolated and/or
recrystallized, according to known methods.

In an embodiment, the present invention is directed to processes for the

25 preparation of the compound of formula (X-S) as outlined in more detail in

Scheme 4, below.
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Qis brono or iodo, a known conpound or conpound prepared by known

5nmet hods, is reacted with a conplex of di (G _aal kyl) magnesiumwi th |ithium
chl ori de WOeh10A=3@2 ( sec- but yl ) magnesi um wi t h | i t hi um chIPCTiER2Q09A6F03 he

i ke; or a conplex Cl_4alkyl magnesiumchloride with lithiumchloride or a
conpl ex of Cl_ 4alkyl magnesium brom de with Iithiumchloride; wherein the

C _aalkyl is preferably isoprop Qr ¢-butyl, nore preferably sec-butyl,
a known 10 conpound or corrpounared by known net hods; wherein the

conpl ex of di (G 4al kyl ) magnesi h I'ithiumchloride or the conpl ex of
Cl_4alkyl magnesiumchlorid 1t HKWhSh!l ori de or the conpl ex of

C _4al kyl magnesi um brom de with fithiumchloride is preferably present in
an armount in the range of fromabput 1.0 to 1.5 nolar equivalents (relative
to the noles of 15the conpound of |[formula (X-K)), or any range therein,
nore preferably, in an anmount of wbout 1.2 nolar equivalents; in an organic
sol vent or m xture thereof, such as tol uene, THF, hexane, pentane, MIBE,

1, 4-di oxane, and the like, preferab 8 xture of THE and tol uene;_at a
tenperature in the range of frofnabopt anbient fenperature to 20 about
-78C, or any range therein, pr-le[/b y at a tenperature i rapge of
from about 2C abgpt 5C; tp~yield the corresp of formula
(X -K), wher§g is the correspon ing or | Mg The ¢onpound
of formula ( is reacted mn% Syitably substjtyfed conpound o

formula (XII- %& wherein Zis a SUIta |y sel ect ¢d oXygen pr gK¥dil-8ng| 25
group, for exafyre) z may sel ected fromthe group consisting of acetyl,
benzyl , MD 2010/ 043682PCT/ EP2009/ 063503 benzoyl, pivaloyl, and isobutyryl,
preferably Z is acet yCOxd known coppound or conpound prepared by kfpown

met hods; wherein the ﬁ$npoun of o (XI'1-K) is preferablly
present in an anoun e Sabgut 1.0 to about 2.0 | ar
equi val ents, or any pe therein, norg lerably i agount in the

range of from abou o about 1] 3 : y range

t herei n; i@° an 5T gani c sol vent Cf t ol uene,
THE, hexane, pentan&éxlgBE T, Z27di pxane , preférably m xture
of toluene and THF; tenperature in the range of from about anbi ent

temeprature to about 10-78C, or an range therein, prefgorid)y at about

-35C, to yield the
— m

(X-S)
Scheme 4
5 Accordingly, a compound of formula (XV-S), also known as 2-

bromothiophene, a known compound or compound prepared by known
methods, is reacted with a compound of formula (XVII-S), wherein Q° is —
B(OH)2, a known compound or compound prepared by known methods, under
Suzuki coupling conditions, to yield the corresponding compound of formula

10 (XVIII-S), also known as 2-(4-fluorophenyl)thiophene. More particularly, the
compound of formula (XV-S) is reacted with the compound of formula (XVII-S),
wherein Q® is —=B(OH); wherein the compound of formula (XVII-S) is preferably

present in an amount in the range of from about 0.5 to about 2.0 molar
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correspondi ng conpound of formula (Xl 11-K) Preferably, the conpound
of formula (XI-K) is added to a m xture of the conpound of formula (XII-K)
i n an or guifi2e104eBasent or m xture thereof, to yield the ®OFEPANE/06503 or nul a
(XI'11-K). 15The conpound of fornula (XII1-K) is reacted with a suitably

selected Lewis acid, su Et 2, BF3THF, alum n chl ori zi nc
hl or | de, 1SRARS: MRES PERrATL N PR B LSUED S SEFPEBRUET 8 B um
chloride, raygutRIERRIABYLIGIERIshum chl oride; wherein the Lewis acid is
preferably present in an amount in the range of from about 0.5 to about

10. 0 nol ar equi valtkdpegsence 20 agutabhrepiectrdmailadiunbcatafysébe RaiPYhslan an

or ot or abl y RIGRIS aFE gl dan it i BHosehop T3 AicBaeBrel o (Bni

sel ect e sidavResUcBaCNb,GOGKARD S, lAindIReNiREYInE b@itebly beleetdaydrgiahene,
tetramet hyl di sil oxane and the |ike, preferably triethylsilane or

t et r amet hy|S@antsKaR@s [PMEea"fﬁr tred tken PyeTeralla i EHpMesaius Ahibe 280610 r ei n
the silane goaoen t§§(8 @Bﬁiﬂﬁt%é‘@ontc??@q tHenc&Pesﬂﬂgﬁldmrggéd}pégﬁn& gnge of from

about 1.0 to abou ar equrva erein, nore
pref er abl y,formulan Xafip8)t i n the range of from about 1.0 to about 6.0 nol ar

caui val ont - vherRImaNNFer GRBBRIHRAT KT B Sb OHIETBVRRIS BRI he. rat
equi val en er n e ratio
f th | h h 1. 25;
0 €19l Uyt ﬁ)\Q/)g) bRGtKE ke Lﬁrg%rﬁﬁyﬁ‘gﬁb W r‘é‘a%féoo\?@ﬁﬁ‘% éLﬁtaB%@Ieéed

in an organi c soO nt or m xt such as nitrile,
t ol uene, andagmesiliinkreagent suchaasrivig, isopradyl dMgal, mqgmmd MgClvlefd,ssecpr ef er abl y

{mper at ur PN ogEoaP U BV Ao SENELLBBE e SKEUR 2 SRR  ange

therein, ”We?ed?é@b%a’#ﬂé %o@bnﬁ&%ﬁ adTHF, tzom)étrghxmm%mg(r@tﬁepmtnw conpound
of forrrula (XI'V- he compound of 'formul a Is preferably

slurried orethers%wb@ likey t@ ﬁ%ldltbe@prreﬁm@dlpg &rignand ¢6§V@|WG @cborﬁmfwrt(hen
L o8, PSR OGS e 2 RS oA TR A sk RIS
de- pr ot ect gshracqarylitng cofrekpemding MgBr, MgCl, Mgl, or corresponding LiCl adduct
(MgBr-LiCl, MgCI-LiCl, Mgl-LiCl).
The compound of formula (XVII-S) is then reacted with the compound of
formula (XV-S), also known as 2-bromothiophene, a known compound or
20 compound prepared by known methods, wherein the compound of formula
(XVII-S) is preferably present in an amount in the range of from about 0.5 to
about 2.0 molar equivalents, more preferably in an amount in the range of from
about 0.9 to about 1.2 molar equivalents;
in the presence of a suitably selected Ni or Pd catalyst such as
25 NiCly(dppe), NiClx(dppp), NiCla(dppf), Ni(OAc)/dppe, Pd(OAc)./dppp, and the
like; in a suitably selected organic solvent such as 2-methyl-THF, THF,
dibutylether, diethylether, and the like; preferably at a temperature in the range
of from about 0°C to about 60°C; to yield the corresponding compound of
formula (XVIII-S), also known as 2-(4-fluorophenyl)thiophene. Preferably, the
30 compound of formula (XVIII-S) is not isolated.
In an embodiment of the present invention, the compound of formula
(XVII-S) Q* is MgBr, MgCl, Mgl, or the corresponding LiCl adduct (more
particularly MgBr-LiCl, MgClI-LiCl or Mgl-LiCl),is reacted with the compound of
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net hods.

ferably f 0.5 bout, 1.5 1ol | yal
Pher o TR oBR S el MBS nePled "
or mxture fbhﬁlmqumﬁsyfél%ésgﬁttihéy?pémo@hﬂﬁﬁﬁé rarfd&of RO dditl0.& & about,

preferably in nethanol;

t her ei n,

For exanple, the compound of fornmula (XIV-K) is reacted with
suitably sel ected base such as Li ON, NaCH, NaOCH3, and the |ike, pref
10NaOCH3; watrerodi4posthe base is preferably present in an REHERROIO6ISHB
of fromabout 0.1 to about 2.0 nolar equivalent, or any range therein

preferably at about roomtenperature; toy

t he correspbfdieigr equivaient pseferablyim an(@maegnt in the ran fgnlabedt it © toh

will furthe

oo Bl e Dl R PreBacty P BACL Y 1 e o

Z, other

r

l'i m t edst o,adit G.05° 402, 1. Paelas edil(&eals?/ Et 3Si H, and 20 RaNi. These

reagents can be enpl oyed using various solvent systens and/ or additional
acid or base corbitiPresescrbarsuitebbnielestediRfl aalicatrlyst, for exampleThe

ccor di ng T @ty belpHSin(1T pRaRE! @Ko RSB MR eREsRA), =
} nvenlt [ onXitﬁs(dxicemnﬁtaté_)dichlmgrmmmsi&ﬂn(ﬂIt)rc_lilt;hlcrdgpmmpimrgmprg)slpofnd)pallasorrpxiugd of
ormila dS.&m?ﬁ) ?1u,t1]-t|)irs]?dc%prl1ennyrl]gr1ro%p ?r%o%%errolc%neﬂl]ghrrgrop’alIagiu(r)n\?,lI) compleg( -S)

10

15

20

25

30

with dichloromethane, tris(dibenzylideneacetone)dipalladium(0) — chloroform
adduct, palladium(ll) chloride, NiClx(dppe), NiCl2(dppp), NiClx(dppf),
Ni(OAc)2/dppe, NiClx(PPhs)2, Ni(1,10-phenanthroline),, NiClx(1,10-phenan-
throline), and Ni(COD)y; wherein the Pd(OAc); is preferably present in an
amount in the range of from about 0.0001 mol% to about 10 mol% ( based on
the amount of the compound of formula (XV-S)), more preferably in an amount
in the range of from about 0.001 mol% to about 1 mol%, more preferably, in an
amount in the range of from about 0.01 mol% to about 0.1 mol%;

optionally in the presence of a suitably selected ligand such as
trimethylphosphine, triphenylphosphine, tricyclohexylphosphine, tri(o-
tolyl)phosphine, 2-(dicyclohexylphosphino)-2',4',6'-tri-i-propyl-1,1'-biphenyl
(XPhos), 2-(dicyclohexylphosphino)-2'-(N,N-dimethylamino)biphenyl, 2-
dicyclohexylphosphino-2',6'-di-i-propoxy-1,1'-biphenyl, 2-
dicyclohexylphosphino-2',6'-dimethoxy-1,1'-biphenyl, butyldi-1-
adamantylphosphine, 2-(di-t-butylphosphino)biphenyl, 2-
(dicyclohexylphosphino)biphenyl, (R)-(-)-1-[(S)-2-
(diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine, 1,2-
bis(diphenylphosphino)benzene (dppbenzene), 2,2'-bis(diphenylphosphino)-
1,1"-binaphthyl (BINAP), bis(2-diphenylphosphinophenyl)ether (DPEphos), 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene (Xantphos), dppb, dppe, dppf,
dppp or t-BusP<HBF4, preferably dppf, dppp, t-BusP+-HBF4, Xantphos,
tricyclohexylphosphine, or XPhos, more preferably dppp or Xphos; wherein the
ligand is preferably present in an amount in the range of from about 0.0001
mol% to about 10 mol% ( based on the amount of the compound of formula
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Q(X-S) Schenme 4 5Accordingly, a compound of formula (XV-S), also known as
2- bronot hi ophene, a known conpound or conpound prepared by known net hods,
i s react aslownton4deseonpound of fornula (XVII-S), wherei nPCB/EP2009/0B(5CH) 2, a
known conpound or corrpound prepared by knovvn met hods, under Suzuki coupl i ng

conditions,&é}) 3” eld the c res ondi n ound of for %E)X\/IL/I

al so known &Y-8D 119§ REFTs A H?e g, 'fqrﬁﬁ ﬁ@ (ol brrpound
of fornula t())é‘ﬁoﬁ} 1'rﬁol°/§6}ﬁér@pr‘@férﬁb§hﬂ1 5@W|r9fhé@hge|é¥ﬂ@webo@® owherein
@B is -B(0H) 2; wherein the conmpoun formula (XVII- Is preferably

present in raol"/atmahouﬁth@"/«s ange of from about 0.5 to about 2.0 nol ar

Shout 11 ol ar g3 flaPhAvbclod BVATRER a5t B RN AIRYe eci e
pal | adi Bm cathet, mso@@p%tﬁehawéloped(;@ﬁrétﬁyl dPaéFL 24r2Bh anetra kethée 1ike; in

the presence of a suitably sel ected 5base such as Na2CO3 3PO4, and the
like; in adexangyleses éBﬂé@lU@P@a@ﬁ|@W§6Iafébi?n§@6ﬁ|%t@ﬂk@rﬁwaﬁ1’§ li ke;

Pocyrerq 1 imBlosfoly BRI G it A GRBEGr Rond BBGURRRE UL EIBARE. 20O
conmpound ofmtbmp)mlfaabby\ét aSDemwe‘retLeem e ramgeraffom hbobt 830G to adout and t he

i ke, prefer y brom) Is reacted with a |tably el ect ed nesi um
reagent sucﬁp%g;s mage Arefssrliy At aNgrRerals b %VIFGN@@JOE rem al ‘m bt mya Li,

- (seqpbutaa Mao &' o @ldf%HéBeg;}r‘}éEFgm?.ﬁg Htg)t{gr'dk&ffor‘nq %(Wuﬁ@p' y selected

organr c solvent such as THF utyl hyl et her,
and the like; td:’rySIf@‘bblyl; te ccampelsrpxd)nﬂfongru(a (XMidS) isleddedisiondy, far conpound

rlrgr)fe For m“e%(a e at 3 fate Wereeler%hg% dﬁlstg]eefo&/qrzro‘(a)appre Ierne%ly%elgwai(ﬂms '?ec' s,

mixture of the compound of formula (XV-S), catalyst and ligand in a suitably
selected solvent.

15 The compound of formula (XVIII-S) is reacted with a compound of
formula (XIX-S), wherein Q" is bromo or iodo, preferably iodo, a known
compound or compound prepared by known methods, wherein the compound
of formula (XVIII-S) is preferably present in an amount in the range of from
about 0.5 to about 2.0 molar equivalents, more preferably in an amount in the

20 range of from about 0.9 to about 1.1 molar equivalents; in a suitably selected
solvent such as dichloromethane, chloroform, and the like; to yield the
corresponding compound of formula (XX-S). Preferably, the compound of
formula (XX-8) is not isolated.

The compound of formula (XX-S) is reacted with a suitably selected

25 reducing agent such as EtsSiH, tetramethyldisiloxane, NaBH4, and the like; in
the presence of a Lewis Acid such as BF3*Et;O, BFs*THF, AICI3, ZnCl,, FeCls,
and the like; in a suitably selected solvent such as dichloromethane,
chloroform, acetonitrile, and the like, or mixture thereof; to yield the
corresponding compound of formula (X-S).

30 In another embodiment, the present invention is directed to processes
for the preparation of the compound of formula (X-K) as outlined in more detail
in Scheme 5, below.
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particularly, the corresponding MyBr, MyCl, Myl , or correspondi ng LiCl
adduct (MgBrLiCl, M LiCl, Ml LiCl). The conpound of formula (XVII-S) is

t hen reacweow/wpssehe conmpound of formula (XV-S), al so RODEP2ES/063503

2- br onot hi ophene, a known conpound or 20 conpound prepared by known

met hods, wherein the conpound of formula (XVI1-S) is preferably present in
an anount in the range of from 5 to about 2.0 nolar equival ents,
nore preferably in an anount il theJrange of fromabout 0.9 to about 1.2
nol ar equivalents; in the presgince gf a suitably selected NI or Pd catal yst
such as 25Ni G 2(dppe), N O 2(dppp¥ Ni(BVMQppf), Ni (OAc) 2/ dppe,

Pd( OAc) 2/ dppp, and the like; in ajsuitably sel ected organic solvent such as
2-met hyl - THE, THE, dibutyl ether, diethylether, and the like; preferably at
a tenperature in the range of from about OC to about 60C, to yield the

correspondi ng conpound of formulay(Xvill-S), also known as

2- (4-t luor ophenyl )t hi ophene. Preferabl Yos t he 30conpound of formul a
(XVI'11-S) is not isolated. Qenbodi ne of the present invention,
t he conpound of fornula (XVII- @ |s MgBr, MCl, Ml, or the

correspondi ng Li Cl adduct (norelparglcularly My rLi a, M
MILiCl),is r edp¥ th thep€o nd of WD 2010/ 0§3682 CT/ EI? 009/ p63503

formula (XV-3§), so known as Z-bronot hi ophelie; ound of
formula (XVII i s present |n:(1 np@)unt in thelr of fromabout|0.8 to
about 3.0 nolar equivalent, preferably in an a 'n the ANYeKOf |from

about 1.0 to &BY¥u®) 2.0 nol ar equivalents, nmore preferably in an anolnt in

the range of from 5about 1.05 to about 1.2 nolar equivalents; in the
presence of a suitabl @@ﬂ ected Pd_or N catalyst, for exanple Pd(QAc) 2,
bi s(acetonitrile)di chiQropéll adi u
di chl orobi s(tri phenfyl p\ phi ne) pal
[1,1" - bi s(di phenyl phosp R OF ‘ i ‘ orrpl ex|10w t h

et onel) di ! & offor m
adduct, paIIa i dppg), N \ I*IC12(dppf),
Ni (OAC) 2/ dppe, N C(XIRF3) 2, Ni (1,[0- p ghant hr ol i ne) 2,

wherein the P&éﬁ%ﬂ IS

pr ef erabl y present in an anount in the @ange of from ab 0001 erI %to
about 10 nol % ( based on

pal | adi un(11) pival at &, A et r aki s(tri phenyl phosphi ne) pal | adi un{0),
Cl O

di chl or onet hane,~¢T I"S{A1 benzyl i denead

Ni O 2(1, 10- phenant hrol i ne), and Ni

Cl
S —
R \ / \ / F
N
Q° (X-K)
Scheme 5
5 Accordingly, a compound of formula (XV-S), also known as 2-

bromothiophene, a known compound or compound prepared by known
methods, is reacted with a compound of formula (XVII-K), wherein Q° is —
B(OH)2, a known compound or compound prepared by known methods, under
Suzuki coupling conditions, to yield the corresponding compound of formula

10  (XVIII-K), also known as 2-(4-fluorophenyl)thiophene. More particularly, the
compound of formula (XV-S) is reacted with the compound of formula (XVII-K),
wherein Q% is -B(OH).; wherein the compound of formula (XVII-K) is preferably
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15 the amount of the conpound of formula (XV-S)), nore preferably in an
anount in the range of fromabout 0.001 nol%to about 1 noN O, nore

pr ef er ablwo 20r/@ses8anmount in the range of from about 0. 0PCHRERL@/06350Rbout
0.1 noN O; optionally in the presence of a suitably selected |igand

such as {11 et Il BNasD NG kb PSR PSSR 0 & 6 SYSH T RRosP ne.

2- (di cycl Ohﬂfti&b(\iéP@ﬂ%Pmorr‘@ réﬁ"eréo'\?f f ah BhidumPirPPslrahgé oTWoIPr‘i‘QBé)’ut @.8Rbos)
2- (di cycl ohexyl phosphi no di met hyl am no) b| phenyl, 2-

di cycl ohex;ﬂqmwphm@iﬁrzeqtﬁvaldntss - propoxy-1, 1' - bi phenyl , 2-

Soaranty ooz NS g B ARl R

25(di cysl OWM)QS?dﬁlgm%gﬁh@ﬁMlthe(@ -if e ptédende of a suitably selected
(di phenyl phosphi no) ferrocenyl ] et hyl |cyclohex | phosphi ne, 1, 2-

bi s( di phenyasecsshi dolBer@etssRyp @pdiaetiks; inAa QU'talﬂlé@@'%i@@rQﬂgﬁﬁ@sphl no) -
45 bi ocar e SERAESIPME S R RCBICBRAIP M BN e BRI

dppf 30dp|dmmlabbuBGG‘R{: o aBdut, 8T te e thedeptespdipping ¢oer<3tEhdoﬂ.BF4

Xant phos, tric S&ﬁ@ phosphi ne, or XPhos, nore preferably dppp or Xphos;
wher ei n t hdorm é‘r{ referably present in an amount in the range of from

about Q0001 mwl%rnéﬂ/éf}boé%or?ﬁg ollR ﬁli&‘form \9I”K2 RehGBRHAE iCbrohite compound

of forrrula(X\/ S) nore pre y In an anount’ in the range of from
about 0. 00Xchher @dooaadde |ike, mkférabiyieomoe fseneabbted with azsuitabiyuseledtadt he

f f bout 0.01 | % t 0, about O. | ted
ot LT reafaal et A M B0l MECE isontoty MeGRTE S5t of her
cycl opent y|buIﬁM@dl Le?tdﬂe("secit}%l'tﬁlwttﬂ(nfﬁ}t?))ﬂ{/lgﬁt ReE.thdiliREaRS sodgppe, and

t ol uene; | ower, anbi ent evat ed erature, preferably at a
t enper at ur esalepteth‘.@rgaamgéowﬁnt suth apdiif, 22methydrTérH%@hbl£5|0@hem@thwr eferably

or et or 981 y A0k Spkiing ey PSR br 0P TR Mo et BEPVAHE Bo Bl ooc

to yield tftﬁf@@nmlgqxwd()ﬂgvmemmm taé e@Fbﬁduhg\Gmgnéﬂi species, mioref erabl y,
t he conpound of fornula (XVII-S) is added owy, for exanple, at a rate

wher e t he T@rticyapy tBg coresponginggRn MoGle Mal @oouresponging LiChpedest ¢ he
conpound OgMgéﬁerP ,\ﬁ%% %@ gfq_ﬁlyst and ligand in a suitably selected

sol vent . compou (XVI11-S) is reacted wwth a conpound of
formula (Xl X-S),Thheorapoutd b’sfdumllm()o\v’ll4md®thqwm‘aetmh/yh ittoel compokino et

corrpou% Orformlﬂﬁ%o&?f’s?ra‘?é’oa [mown as é] bromgﬁlop%ene m%BWnncg£§o§n0£ ound
compound prepared by known methods, wherein the compound of formula
(XVII-K) is preferably present in an amount in the range of from about 0.5 to
about 2.0 molar equivalents, more preferably in an amount in the range of from
about 0.9 to about 1.2 molar equivalents;

25 in the presence of a suitably selected Ni or Pd catalyst such as
NiCla(dppe), NiClx(dppp), NiCla(dppf), Ni(OAc)/dppe, Pd(OAc)./dppp, and the
like; in a suitably selected organic solvent such as 2-methyl-THF, THF,
dibutylether, diethylether, and the like; preferably at a temperature in the range
of from about 0°C to about 60°C; to yield the corresponding compound of

30 formula (XVIII-K), also known as 2-fluoro-5-(thiophen-2-yl)pyridine. Preferably,
the compound of formula (XVIII-K) is not isolated.

In an embodiment of the present invention, the compound of formula
(XVII-K) Q* is MgBr, MgCl, Mgl, or the corresponding LiCl adduct (more
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of formula (XVI11-S) is preferably present in an anount in the range of
fromabout 0.5 to about 2.0 nolar equivalents, nore preferably in an anount
in the 20weargw/@destr om about 0.9 to about 1.1 nolar equiPCRIEPAMW0L/063503 a
suitably sel ected sol vent such as dichl oromet hane, chloroform and the

the. conpou ey MBI g RSP Rl 6D do Fected wi o oot g dhul &
(XX-9) is rigantiadxw-kh a’#s&léhé@ﬁ'a)é zasmﬁétﬁibp%éh@d%br@na@@eén@@ghd% Et3Si H,
tetramet hyl di sil oxane, NaBH4, and the like; in the presence of a Lewis Acid

such as BFIetmola (MMAIFKIFS preea:, in2ncippuREigitBe range ohisomi akout oS tao ghoutabl y

ke, or i et HavuERrCul SRR AR ool b e SR Aoh " el

(X-95). BOI Made Rt mokirsliiverents, ndee preerIly imaeaicunt irsthd raggkest ftobn
processes for the éreparatlon of the compound of fornula (X-K) as outlined
in more detalqut |1n0 hehruts H@'@W@QU'@@H&)(X- K) Schenme 5 5Accordingly, a

compound of f of Tl biéclbe ALS0RRLIGeA POLPRPEALRRN P exdnlo

conpound or conpound prepared b I's redct’e a conpound

of fornmul a RA@Ac)K)pallal el lh pQéIate tetr‘ék&llﬁ)hénylﬁhdi@%)ﬁp@ﬂ@@unqopr conpound
B o Ree eI Eorapsoei e or e S bl < ¢ e
2- (4- T hgor opteqyy, 1, hi-GRHTen WM SR it @hkMickiB®palladium(ll) complex

with dichloromethane, tris(dibenzylideneacetone)dipalladium(0) — chloroform

adduct, palladium(ll) chloride, NiClx(dppe), NiCl2(dppp), NiClx(dppf),

Ni(OAc)2/dppe, NiClx(PPhs)2, Ni(1,10-phenanthroline),, NiClx(1,10-phenan-

throline), and Ni(COD)y; wherein the Pd(OAc); is preferably present in an

15 amount in the range of from about 0.0001 mol% to about 10 mol% ( based on
the amount of the compound of formula (XV-K)), more preferably in an amount
in the range of from about 0.001 mol% to about 1 mol%, more preferably, in an
amount in the range of from about 0.01 mol% to about 0.1 mol%;

optionally in the presence of a suitably selected ligand such as

20 trimethylphosphine, triphenylphosphine, tricyclohexylphosphine, tri(o-
tolyl)phosphine, 2-(dicyclohexylphosphino)-2',4',6'-tri-i-propyl-1,1'-biphenyl
(XPhos), 2-(dicyclohexylphosphino)-2'-(N,N-dimethylamino)biphenyl, 2-
dicyclohexylphosphino-2',6'-di-i-propoxy-1,1'-biphenyl, 2-
dicyclohexylphosphino-2',6'-dimethoxy-1,1'-biphenyl, butyldi-1-

25 adamantylphosphine, 2-(di-t-butylphosphino)biphenyl, 2-
(dicyclohexylphosphino)biphenyl, (R)-(-)-1-[(S)-2-
(diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine, 1,2-
bis(diphenylphosphino)benzene (dppbenzene), 2,2'-bis(diphenylphosphino)-
1,1"-binaphthyl (BINAP), bis(2-diphenylphosphinophenyl)ether (DPEphos), 4,5-

30 bis(diphenylphosphino)-9,9-dimethylxanthene (Xantphos), dppb, dppe, dppf,
dppp or t-BusP<HBF4, preferably dppf, dppp, t-BusP+-HBF4, Xantphos,
tricyclohexylphosphine, or XPhos, more preferably dppp or Xphos; wherein the
ligand is preferably present in an amount in the range of from about 0.0001
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conmpound of forrmula (XV-S) is reacted with the conpound of formula
(XVI1-K), wherein @B is -B(01-1)2; wherein the conpound of formula (XVII-K)
i s preferebl2g10/gs@gent in an anount in the range of froRCaPAW0IO6H03 0 about
2.0 nol ar equivalents, nore preferably in an amount in the range of from

bout 0.9 t 1 I ts t f t abl
sel ect ed paﬁw?f?q,apem*‘g%@%Es?b“%&ﬁa b ieramstin SR SETRREDs(asETde and « he
like; in thK\NSHSHIMEE p@éfe?atﬁy'ﬁﬁ an lah&ﬂt%t@ra@@é%f&#&ﬁ aﬁéu!\@b@@&now@ P4,

and the like; in a suitably sel ected organic solvent such as DVE and t he
like; pref éoa’ﬂoylt 1000180, treaqscpreferablyi, in ahamaungén e fangamaitiom abod @.61about

85C, to vyi grjoglo} po gg@l&gidﬁ@@bng compound of formula (XVI11-K).

10Al t er nati f formula (XVI-K), wherein Q2 is brono,

chl or o, 5i odo, and d §18tabl yksele teafsoivadit Y ubh @BOTHF Sdm@md@@twar@daetﬁ itably
sel ect ed magnesi um reagent such as ,I[\f'? i sopr sopr opyl aLid,
Nt M

sec- butyl @'le“SQFPrDP%%thSUtC)YPWQ ethy GSG@@/F?"R%HW' f’%ﬁiﬁy'tfﬁ €like; in a
i tabl | her,
100 sk 0 LIPS 5y, F R 1

di et hyl 15e e correspo

derivative praferabipmtraden‘fpe’rahunelirath(e)(‘dhgel@ffrdMnebeuJMZOSCite abbeat ¢80T@®&spondi ng
Gignard species articularly, the corres ndi n B Cl, Mmyl, or
correspondlrﬂﬁrq_ﬁ)@lferé‘ga’ a (e et L@Z,m Nigange of fR@T‘ b@% %/H'F{'IEOE Mound of
formul go( X\gge CK)mdré r%@ﬂé?a&ﬁ%@%%@niﬁe%‘tuff@ﬁm ﬁm%rFeﬁgé%f%n?Qb&WWbato( XV-9),

al so known as 2-b t hi ophene known conpound or conpound prepared by
known net hcabqutﬁﬁé@etoryielkidhemmepdnd]ﬁgfoompﬂlmd(ot\fonmlmp (D(;Vllﬂnf@f erably

resentinana unt i h .0 I

o val ent's.  mordenvaply ki soRSERS BrRnS YIS S atded B AP Rnout 0.9 to
about 1.2 "@Ja‘hﬁ Ié%é’?’été%ﬁere%ﬁé TOMR M&ﬁﬂ%@oobreﬂe@bﬂ“@@ bw 2®ieebad N or
Pd cat al yst such as Ni O 2(dppe), N d2(dppp), N d 2(dppf), N (OAC 2/ dppe,

Pd( OAc) 2/ dPPrRturgred theygompleendiod f@rrrsﬁaﬂéwy) saladyst @addiggadiie asslitablt such as
2-meth i butyl ether, diethylether, and the like; preferably at
$bar reted R spleft i Y

atenp _ nge of from about 0C to about 60C, to yield the
correspondi ng cormoedpeiind of formula (XVIII-K) is reacted with a compound of

formula (XIX-K), wherein Q" is bromo or iodo, preferably bromo, a known
compound or compound prepared by known methods, wherein the compound
of formula (XVIII-K) is preferably present in an amount in the range of from

20 about 0.5 to about 2.0 molar equivalents, more preferably in an amount in the
range of from about 0.9 to about 1.1 molar equivalents; in a suitably selected
solvent such as dichloromethane, chloroform, and the like; to yield the
corresponding compound of formula (XX-K). Preferably, the compound of
formula (XX-K) is not isolated.

25 The compound of formula (XX-K) is reacted with a suitably selected
reducing agent such as EtsSiH, tetramethyldisiloxane, NaBH4, and the like; in
the presence of a Lewis Acid such as BF3*Et;O, BFs*THF, AICI3, ZnCl,, FeCls,
and the like; in a suitably selected solvent such as dichloromethane,
chloroform, acetonitrile, and the like, or mixture thereof; to yield the

30 corresponding compound of formula (X-K).

The present invention is further directed to a process for the preparation
of compounds of formula (IA’), as outlined in Scheme 6, below.
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roggﬁgllchloropalIadlun(ll) conmplex with
Neacdt one) di pal | adi un(0) - chl or of orm

enbodi merwoah1i4a68pr esent i nventi on, the conpound of foPEUIER2¢UX063ISD3 K) 3
reacted with tRe conpound of formula (XV-K), a&%o known as

mhereln th onpound of /for

ge of t 0.8 to [abqgu
preferably i range of fjro

ny an andunt| i

sel ected Pd oryko catal yst, @or exanple P (OA‘gfm pad)l adiun(11) pfvalate,
di chl orobi s(tri phenyl phosphi n
adduct, palladiun(l1)_ chloride, N Cl2(jdppe), N O 2(dPPP), N C12(dP13-0,
preferably present in an 15 a@Rint in% he range of from about 0.0001 nol %

30formula (XVI11-K), also known as 2-fluoro-5-(thiophen-2-yl)pyridine.
is MgBr, MgCl, Mgl, or the corresponding LiCl adduct (nore WO
2- br onot hi ophepe; | a (XVII-K) is . pregent in an
S\ O B.eq igﬁ ent,
. 5ab .0 nol ar
equi val ent s, = y fr ab ut 1.05
D| ar eqU|vaIents inthe pfesence of a suitably
tetraki s(tri phenyl phosphi ne) pal | adi un(0), (L) 5
[ 1, 11- bi s(di phenyl phosphi no) f
N|(Cﬁc)2/dppe N|C12€b
to about 10 nol % ( based on the ?ﬂﬁunt of the conpound of formula (XV-K)),

Preferably, the conpound of forrmula (XVI11-K) is not isol ated. In an
2010/ 043682PCT/ EP2009/ 063503 particularly MBrLiCl, MG LiCl or MyILiCl),is
amount in the

to about 1.2

bi s(acetonitrile)dichloropalladiun(ll),

di chl oronet hane, tris(di bengyli

Ni C 2(1, 10- phenant hrol i ne), a@q N

nore preferably in an anmount in range of from about 0.001 moN/O to

about 1 noN/ O, nore preferably, in aR*anount in the range of from about

0.01 nmol % to about 0.1 nol% optionallly in the.pres e of a suitably
sel ected ligand such as 20tri net hylphosphi ns P egy phosphi ne,
tricycl ohexyl phosphine, tri(o- tol} i

2- (di cycl ohexyl phosphi no)-2',4"',6' - i - propy¥- 1, 1™=bi phenyl (XPhos),

2- (di cycl ohexyl phosphi no)-2' - (N, N-di | am no) bi phenyl, 2R2—0H

di cycl ohexyl phosphi no-2',6' -di -i-prg wxy“@Rl bi phenyl , 2- >
di cycl ohexyl phosphi no-2', 6' - di met H@xy- M1 - bi phenyl butyldlLﬁ/
25adamant yl phosphi ne, 2- (dl?@obuty phOSlhInO)blph&ﬂY

(di cycl ohexyl phosphi no) bi phenyl +
(diphenylphosphino)ferrocenyl]ethyldEgéclohexylphosphlne 1, 2-

bi s(di phenyl phosphi no) benzene (dppbe ne), 2,2'-bis(diphenyl phosphi no) -
1, 1' - bi napht hyl (BI%AP) bi s(2- di phenyl phosphi nophepyl ) et her ( DPEphos),
4,5- 30bi s(di phenyl hosphlno) 9, 9- di net hyl xant hene ((Xant phos), dppb, dppe,
dppf

Y

R30

\j
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dppp or t-Bu3PHBF4, preferably dppf, dppp, t-Bu3PHBF4, Xantphos,

tricycl ohexyl phosphi ne, or XPhos, nore preferably dppp or Xphos; wherein
t he | i garmloi2g10aadser abl y present in an anmount in the ralge/EPROPOIFIRDOUL
0.0001 mONV O to about 10 nol % ( based on the anount of the conpound of
formula (XV-S)), nore preferably in %n anmount in the range of from about
0.001 nol % to about 1 nol% nore pre eyé] I n an anmount in the range of

from about 0.01 gayr&ings, akeuithbl- s]db@ﬂ{u‘i/éd ébﬁhp%uﬁé'o‘f?&hmlé‘?L)eWr%‘#elﬁQtWent
such as THF, di et hoxyet F1ane direthyl ether, diisop ‘rmgly ether, cycl opentyl
Y

met hyl et hes selestad ﬁsqwhe@owlcoesmbmg OH%ﬁnban&ﬁll raferacty GEC, at

range of oS GoiBYROE ofTREdeBarebl & Eha¥atudhofa S SURY o ure 1
the range afubktiedenibodn§ of foralfa(LI}.0a REGwn BhpoRhef®Tabhpoldid a
tenperature in the range of from about 40C to about 60C, to yield the

cor r espondi PRI KPR Meshags.ds reasted wih a suitably ppastiries) G3ﬁ>mFt><I’\\<|ﬁCl:orrpound

f f I th TOF
s bel ow 12000 MEUHLE SESH 3 5Bk AL, iy Fush ARG

f or mul ad( X]}t'ﬂf&ﬂwylsuiylt ahg\s/llh? iahﬂ prietexallyi eagh Runs*htmj slarﬂléwbgsttr?dfemlsn?hhn The
conpound of for i s ate with a co nd, of fornu
(XK wirspalabhSpeCisiav g (tsd o grendi i) o BHRS1I0) RUGSWRS BBIRYRRIG. or
CONPOURQ Prepas ‘égerawr&}’i@r rt'@t%‘r%%‘?ofu‘ﬁé‘r?rcﬁl‘n'étﬁ O'éHE] tRé | f«?); gul a

(XVI11-K) |s pre présent 1 n an anount range o om 20about
0.5to abodtdeo@arbohz@sutﬂfqas nglamarnse, mfbe)earm G@)@ﬂeynrhemane,montanen t he

f f 9 t bout , 1.1 lents: i it
ol dotod soriLfelibLmnatondi BasnenandSieh s pefeshs. tshenatd ke,
yield the cqg ﬁﬁ)&@@bﬂﬁ%@@@%ﬂ% &b yfe%fﬁé' Sork mgﬂi(ﬁﬁﬁé@ﬁd %f forMm@la
corrpound of formula (XX-K) is not i5ol ated. 25The conpound of formula

(XX-K) is r(eHbt &neskitedinstierarbjll Bisthet recpanizeuitiehtheaipastios ay e Et 3Si H,
Lt oy abh B1PAs UHoe A s aBerah e e UERRSF, 2 Lot 2,1 ¢
sel ect ed sq&aﬁ@@tat&t@haltmugmﬂié fsulivh geel, nsthleosartied But aceke@ntlilb®, and t he
| i ke, or m xture thereof; yield the
temperature. The reactlon may be carried out, for example, at a temperature in
the range of from about -40°C to about 20°C, preferably in the range of from
about -20°C to about 10°C.
20 The compound of formula (LIII) is reacted with a suitably substituted
alcohol of formula (LIV), such as a lower-alkyl alcohol which does not disturb
the reaction, such as methanol, ethanol, n-propanol, i-propanol, n-butanol, and
the liked, wherein R? is the corresponding lower alkyl, preferably R? is methyl,
ethyl or isopropyl; in the presence of a suitably selected acid such as an
25 inorganic acid such as, hydrochloric acid, nitric acid, sulfuric acid, and the like,
or an organic acid such as , p-toluenesulfonic acid, methanesulfonic acid, and
trifluoroacetic acid, and the like; neat or in a suitably selected solvent (which
does not affect the reaction) such as a hydrocarbon (such as n-pentane, n-
hexane, c-hexane, n-heptane, and the like), an aromatic hydrocarbon (such as
30 benzene, toluene, and the like), an ether (such as diethyl ether,
tetrahydrofuran, and the like), a halogenated hydrocarbon (such as
dichloromethane, carbon tetrachloride, and the like), an ester (such as ethyl
acetate, methyl acetate, and the like), a ketone (such as acetone, 2-butanone,
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30 correspondi ng conpound of fornula (X-K). The present invention is
further directed to a process for the preparation of conpounds of formula
(1A"), aswoupionmae2i n Schene 6, bel ow. WO 2010/ 04363 PPUFPER06350H63503
Schene 6 Accordi ngly, a sui tably substituted corrpound of formula (L),
wherein X is dfro u con stin and ClLiC,
preferably Et”ﬂqi%éﬁ % GG @ B?e% hﬁ%%ﬁalvﬁ%sp}i(? ¥@do§h%nown met hods,
or a sui tak&o\frépgﬁaﬁ]blddﬂﬁ&ghrfoo@m%gmqﬂ_\ﬁ)orwl a (L), a known conpound or
conpound prepared by known nethods, is reacted with a suitably substituted
conpound of for rﬁ)m@smed)n thm@rrte\rllhfwtmﬁrmogmzematﬂm\macaonynassbeyl such

20 LT ot b o ot 8 bl et B Elhs e
affect she rh@?bbldaiﬁr)leéughataé terip&riahere id e rariyeasf ffbrﬂta'b)obt €207€) to about
t et rahydrof uran, di nethoxyethane, and the Ii ke% hydr ocar bon (such as

n- pent ane, 4Q°kegie pr@fﬂﬁ&ﬁﬁéth%ﬂaﬁ’éﬁtfﬁﬁ@m Rbed é-’rQeC thﬁPOLUF]é ffke), an
hyd
aromatic hy roc%%%“e&ﬁ?& cléarfihe Coﬁfé%enti Jgﬁﬁgn {AB % l*)lft%or mﬁ glf’}}/ lxture

of these sol vents respon nmpoun 1)
One skill edsmethhleolarrtetmmd)l & tr’reaamde@agmrgmltmw $uneh aepctl on may be 15

carried out anbi entf t.enperat ure or fa rature | ower than anbl

t enper at ur 9! U&P?ﬁﬁlﬁﬂcﬁﬁ@ medpeanesilioaicR n‘ﬁ Héf[t@é?@qeé@ g%m&l y | ow
t enper gpur t temperature
in theqpangeem%-(?ﬂp{ eﬁﬁ%ﬁ; %(r)ﬁéﬁtv %ﬁt; ogﬁe%%hop%fogﬁg[ﬁ) (/Iﬁ}ln% S'(e%dr ange of

from about soNHDtImemhmennmg th20€hetioonpatind of formula (LIII) is reacted
with a suitably substitute cohol  qf. .fornul (LI ..such as a | ower-al kyl
B cohol “whi oh SORE Fnbd of lFnEE (Shds Phfeclarakand G ERBRN et hano!

n- pr opanol ,méthBEI@PWéld tHe%h@@@bnd|ﬂ§‘1':oh4i'tﬁ)dr1'd|‘<ﬁ%rrﬁ@@r(ﬁvn R@]e'rénte%%h

correspondi | ower kyl, preferab is methyl, hyl sopropyl; in
t he pr esend®’ igfa %LU@JJ'Y a@lleszte;decpweécpratacang@é@urasorafera@vmlc@ﬁ| is taei d such

or gan ¢ e as andds deefl Bh€ effktiorditel e St A Fehldlcra, “ane

trifl uoroagagihedaciell krswh tdodskekkilledaathebrt Hoﬁagehbmlohes@@d)t&fﬁ@td sol vent
(whi ch does not affect the reaction) such as a hydrocarbon (such as

n- pent ane, MOIRSHAAEIOURTBRAHE HShEgeahdV. gﬁgerﬂeh@t ali ,K&’Oteﬁhn@ﬁfﬁdp$ h
hydr ocar bory (els@fthesis”, John Wiley & Sons, New York, 1999. The protection

reaction may be carried out at lower, ambient, or elevated temperature.

20 Preferably, the reaction is carried out at a temperature in the range of from
about -10°C to about 100°C, more preferably in the range of from about 5°C to
about 35°C.

Preferably, the oxygen protecting group is selected from those
conventionally used as oxygen protecting groups. Suitable examples of the

25 oxygen protecting groups include alkanoyl (such as acetyl, and the like),
arylalkyl (such as benzyl, tolyl, anisyl, and the like), alkylsilyl (such as
trimethylsilyl, t-butyldimethylsilyl, triethylsilyl, and the like). Further, the oxygen
protecting group may form acetal or silylacetal together with adjacent hydroxyl
group(s). Examples of such protecting groups include alkylidene such as

30 isopropylidene, s-butylidene, benzylidene, or dialkylsilylene such as di-tert-
butylsilylene.

The compound of formula (LVI) is reduced, according to known
methods, neat or in a suitably selected solvent; to yield the corresponding
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30benzene, toluene, and the like), an ether (such as diethyl ether,
tetrahydrofuran, and the |like), a hal ogenated hydrocarbon (such as
di chl or orORamw&43@ar bon tetrachl oride, and the like), aRCE#gPer06is0h as
et hyl acetate, nethyl acetate, and the Iike) a ketone (such as acetone,

2- but 201 4368 P 009/0 d t t I

2 mixture SOMMTE %JPUBH%'S(EVE O eifascinde pes e tesngbzadhet feor rmul a
(LV). One Srk;tabﬁ&ijrria’y Be€ardiel ot lak Idwart Bﬁfblérﬂc&gélb@teﬁhéinpbh@tui‘@ac“0“ nmay
be carried out at |ower, ambient, or elevated tenperature. Preferably, the

reaction 5 H’@ﬁerablycﬁvembucbom l%w;araledembet attemperaiutehie thangegedf froom about

10c Wt A RR@REEE Hioke ety MR Brok BT ARburEH ° T

f or mul a5( LiaBout 25r€! foayield the cotreapohdingvdmgtrindcafdoirsulanLvmigani ¢ aci d such
as ptoluenesul fonic acid, nmethanesul fonic acid or trlfluoroacetlc acid. In

anot her 10enbod|Frﬁ5rﬁX3mp|@ht@em0é’@z@an ehviermyler(L Vi haay bedegrced byor mul a (LI V)
|'s used as r"ePgtrl i/v}a@ﬁa%ﬁar@fgr e‘d@léﬂg rég'§ecﬁtes,%%bo ng?ﬁ)twertanlg/lsna-mg

conpound of Ccted acco ield
the correspench ag ttethpisilade, afiisbprdpylalaﬁévzar)d thmlaake;lon aepaiialkP silenas sui t abl y
sel ect ed oxygen ectin ferably . each R3 is the 15sane nd S
acetyl. ThdS %?g@P’YéW %OE' >?a|”§ 8n¢ t G:Hh\/h@rﬁrﬁéﬁ%ﬁe?rg? M/el |

known 4@ t hQsecteHiaklSdubR a%f%-esuﬂ agy g&éct%d §%|0|od§%ﬁ'a%tbd? n(?lflﬂlRfrEfeeCt ' ng

groups and their use, see eene et tectin oups In
Organi c Sy rdle’msl sther ﬁompIeN lahym&uﬁodsdprlmemta(mum telmglor"dleeapd ohetike)on

reaction ma ardd e ut _at. | evated tenperature.

20Pr ef er abl Suﬂetﬂé @@rqrg%nlgé’:piﬁ%e(ﬁu%a@squﬁ@r 52G% e in the range of
from about trlﬂ@&ohﬁétﬁé%%guIfbﬂ%m%@tk@n@s@ﬁéﬂ%)écld‘ ah@ahé ARG ik duitaphabout
5C to about 35C. Preferably, the oxygen protecting group is selected from

t hose convafiededispiventsdctngs aggipaiirile; dichiaromgthana gsmixduict efiacetentitg| es of

the 15 and dichloromethane, and the like.

Alternatively, the compound of formula (LVI) may be reduced by reacting
with a suitably selected borane reagent such as a suitably selected borane
complex (such as borane-tetrahydrofuran, pyridine-borane, borane
dimethylsulfide, t-butylamine-borane, borane-morpholine, and the like), or a

20 suitably selected borohydride (such as sodium borohydride, sodium
triacetoxyborohydride, and the like); in the presence of a suitably selected acid,
such as a suitably selected Lewis acid (such as boron trifluoride diethyl ether
complex, aluminum chloride, titanium tetrachloride, and the like), or suitably
selected organic acids (such as trifluoroacetic acid, triffluoromethanesulfonic

25 acid, methanesulfonic acid, and the like); neat or in a suitable solvent such as
an ether such as diethyl ether, tetrahydrofuran, and the like.

Alternatively, the compound of formula (LVI) may be reduced under
catalytic reduction conditions, using a suitably selected palladium catalyst such
as palladium-carbon, palladium hydroxide, and the like; under a hydrogen

30 atmosphere or in the presence of a suitably selected reducing agent (such as
ammonium formate, formic acid, and the like); in a suitable selected solvent

such as a carboxylic acid (such as acetic acid, and the like), an alcohol (such
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250xygen protecting groups include al kanoyl (such as acetyl, and the |ike),
aryl al kyl (such as benzyl, tolyl, anisyl, and the like), alkylsilyl (such
as tri nmetWol2eioogBes2t - but yl di met hyl silyl, triethylsilyl, PERREPRIN/OLISKE) .
Further, the oxygen protecting group may fornlacetal or sinIacetaI

oot e Rl i e, oo GRS o 5 B0 o8 S ol 49
benzylldenqheqkeplalkyIS|Ierne such as di-tert- butyIS|Ierne The

compound of formula (LVI) is reduced, according to known nethods, neat or
in a suitably sdPretaratlystie/eompotnd y>f taranuiend-\dop isrresipoed bl geadimg with a

2010 D420 ARSI AR bl G Dl BT 1

anbi ent 5 orofe] QWeibPdséleser fidrRordPrefietdll ¥ Leivitcacdie dmete prefemabhar ri ed out
at a tenperature in the range of from about -40C to about 40C, nore

pr ef er abl y aiop fdfluasidgeetberate,dmaaidiabloeslestedaphantomeore PEﬁf9r9&|Sd'nt he
correspondi oty und of formula (LVII). For exanple, the conpound
of formula EIL%\); § may be reduced by reacting with a suitably selected sil ane
reagent such as TEnd compowed oaifdesiusa (lavigss (ﬂ@pﬁdﬁea&dtaooetmygﬂso known
triisopropylsjl he |ike al k sil an ch as

pol y( met hyIrH%I‘Pg& ‘i%‘;ﬂ%'%et € COHREPP R nglo&’g') c}/qnlql %ﬁ@rrﬁﬁ"lés@%&e%ea sui tably
10sel egped t oron

tri Tl uads dd i Sy pih e bl A oM EPTIP b8 SR fof i oRuen

t et r achl or iptetecéing groveps, idye’eductiors inydeddysis sadie treatmentyaniflooadd ds (such as

and the || REBEeRtaCogiSulla R e8P BEEN Fetrutne Tlie HePRueREn teecten - o
di chl or ometdnse cérrié'd"ddﬂa@l&tf/era‘éﬁ{tﬁ’éhtt bF él%véf@@ﬁ@nfﬁe‘?@t‘u@é OF’?éfE?’é”lﬂy taad the
like. Alternatively, the conpound ormula (LVI) may be reduced by

reacting wdewp@tg@tiqrar@lagzh@rel%@aré@dbmt ahe te@ageawr%mdhea@n@e stifroeagout

bor ane 8 ety G ECHE. oD e NS ERRTERRLhECAga 8 b Ca The

like), or aapbfitsercably sel ected borohydri de (such as sodi um borohydri de,

sodi um tri acet oxyborohydride, and the in the presence of a suitably
sel ected acid, su@RNEXaRIa; &hgmqmwr@c@feferm@m @Véb'ﬁdjetlé@é%tgg ¥or on
trifluoride | t

tetrachl ori ggbﬁgytpﬁaﬁ{a@g%%%&% y se %g?éel gp&?ﬂ% aC| %Ssul?(r:]h as

trifl uoroacet sadiawi droxidé) petassiatrhiaydrexideplithium hydroxide, and the Iike), or
20 an alkali metal alkoxide (such as sodium methoxide, sodium ethoxide, and the
like); in a suitably selected solvent such as an ether (such as tetrahydrofuran,
dioxane, and the like), alcohol (such as methanol, ethanol, and the like), water,
or a mixture of these solvents.
In another example, the compound of formula (LVI) is de-protected by
25 reacting with a suitably selected acid such as hydrochloric acid, p-
toluenesulfonic acid, methanesulfonic acid, trifluoroacetic acid, and the like; in a
suitably selected solvent such as an alcohol such as methanol, ethanol, and
the like.
In another example, the compound of formula (LVI) is de-protected by
30 reacting with a suitably selected fluoride reagent such as hydrogen fluoride,
hydrogen fluoride-pyridine, tetrabutylammonium fluoride, and the like; in a
suitably selected solvent such as acetic acid, an alcohol such as methanol, or
ethanol, acetonitrile, or an ether such as tetrahydrofuran.
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25aci d, nethanesul fonic acid, and the like); neat or in a suitable sol vent
such as an ether such as diethyl ether, tetrahydrofuran, and the |ike.

Al t er nat iwel2g10/mBe2conpound of formula (LVI) nay be redBCEEPROVEMF350RL al yti C
reduction conditions, using a suitably selected pal | adi um cat al yst such as

pal | adi um car bo al | adi um hydr oxi de, and t under. a hydro en 30
P mophere or i InecePRY TR (i peentBiontSn hE ! RIBRINASTAGERET ( such
as anmoni Ur’thé%ﬁﬁio%ndfd?rfmrﬁulé((L@(} é?f@(eafch%érizwe)Wh'ePe@tﬁé‘bbr’ﬂbb@né@feﬁ ed

sol vent such as car boxylic aci such as acetic acid, and the |like), an

al cohol (su‘ormul@(zwi)o/tfmawe@wgipapegx/r@easlmbeazyln’étermmmouradwdf'@mahaol and

pr ot er abi y. CVIE SBBlareSdBY @ el S R hulE Bply e aaiet n o

suitabl § seajaeglyed(sach ageallaagentaryomy, pa@é@ﬁﬁf@}drwxﬁel elabisilisi dxade; i n the
presence 5 of a suitably selected acid, nore preferably a Lewis acid, nore

preferably, rh@@WGﬂrC@'quOF‘I, @BQM@“E@H@T’%F@ hydioger atmasphersan actuiigblol vent
f |
more pre er%?eéfea doRe féﬂ'dcbrdsl &cetic tic acid memgncﬁogt}ﬂngﬂ emcy(l) T REHL aad{ohtée)

de-protecte accord rrespon
conpound ofhkbgrr(hM@c(tlhg with a/BUEaBJQMreot@dJUeJFdIlyylatid’geagmtmh@stﬁorbor mul a

(LVI) is reacted to renpve X pr ctin rou reducti on,
hydrol ysis, trigrgide, Q%’PHEtHFmOHSe b%’%ﬂﬂﬂ@“'??@%t’ ﬁ’é‘ﬁ?t% B‘ ({m%lﬁxl A the art
wi Il T a@gognsdéiribitah Aéu‘ﬂﬁmedﬁpé 8biefdiy QBle F%%c?l@éhtf(ﬁﬁcrpﬁs%%éfdn‘?cﬂleom at | owver,

anbi ent, or e evate erature.” Prefera protection reaction is
carried outdidnlommﬁhpeeaamd tha Iiket) her bya@eeattlrfg wrt’n absutablbselediedtiowabout

150C, b| f f bou t 50C. .
' an exand BT SUch ASRRATe 3T 1A EEROrs of § SHESGY SRS e Lays 2t i ng
wth a sui t@QbWa§w ﬁmu@ﬁgé,dléﬁ?l%tﬁér é‘@mﬁle‘kabhd'ﬁﬁ‘é ﬁl’(c}hﬁ(g%! (SUCh as

sodi um hydrOX| de, potassium hydroXid i um hydr oxi and the |ike), or

20 an al kaISe|¢@e@ISOb/Ienb§ﬁU@é E(Ssdj@h|0&§nétb1@h§nﬁﬁ@¢mﬁ)kkeje sodi um et hoxi de, and

et rahytof ur an, 6@ ARE TR o e BT nyBHfich Y| EleRelBimbiig s

et hanol , anﬂetlhlye dtlh)NQ))rlsombWI and m@rezgéuyre of these solvents. In anot her
exanpl e, the conpound of formul a LVI) is de-protected by 25reacting with a

sui tably sel ect eo@pPENds@hfosUIR, )&EﬁlkBPWB GRERRPUNSs or compounds
prepared according to known methods. In an example, the compounds of

formula (L) may be prepared as outlined in Scheme 7 below.

20
RA RA
S S
O () —— O )
x? L9 MgX?° L
Scheme 7

Accordingly, a suitably substituted compound of formula (LX), wherein
X?is bromo or iodo, a known compound or compound prepared by known
25 methods, is reacted with a suitably selected alkylmagnesium halide, such as an
alkylmagnesium chloride such as methylmagnesium chloride, i-
propylmagnesium chloride, s-butylmagnesium chloride, and the like; an
alkylmagnesium bromide such as methylmagnesium bromide, i-

propylmagnesium bromide, s-butylmagnesium bromide, and the like ; or an
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t ol uenesul foni c acid, nethanesulfonic acid, trifluoroacetic acid, and the
like; in a suitably selected solvent such as an al cohol such as nethanol,
et hanol , wWOAa@otwg3dseke. | n anot her exanpl e, the conpoundPO/EPROObIFOFLVI) S
de-protected by 30reacti ng with a suitably selected fluoride reagent such

as hydrogen fluoride, [ | uori d ridine, tetrabut nmoni um

T uor i de  ZHITRGNER KT FES i o3 BleyMaatPbbeSnS 6 GBHE Hoh BPRESE aci o
an al cohol @isiyed tﬁ(ﬂg'ﬂ%‘@gJe&d}ﬁ chidideobndas€tigi trile, or an ether such as
t et r ahydr of ur an. 10/7043682PCT/ EP2009/ 063503 | n an enbodi ment of the

present inventi cf withha sRBably setenté glkyraagresiumtaiorisenildbinm otlofide nul a

(LVI) are e re c fo . f LVI), the
protecting g%gﬁrgggﬁeasevﬁrﬁpgtgﬁw{é%lqrﬁ?h@ogﬁ%oﬁmluﬁ %8?%4% (LVI) is

de- pr ot gct ashitPyndghlesiat ahioride /Miedustdriorides idnd thedikb! @hbeis Hechepynet al
5cat al yst (such as pal |l adi um carbon, pall adi um hydr oxi de, pl ati num oxi de,

r hodi um car'Begnesind Geridg k'@)"'%%é@'lor'éeWHﬁ%@f the mseparafian ohthe suit abl y
sel ected .sod&\(ﬁgrur{d%%ﬁoﬁ%”?aﬁzh@ﬁﬁhqﬁoqg@%r@l Wh%h@ﬁ ﬁé et hyl acetate, and

the |ike); eact selected yl ati ng agent such
as boron trpropgmagdmeshon ahloridedhitmomdshlodide zrprefdrabllyqresient idianedrhglistul fi de

conpl ex, or, 10i odotri et hyl si | in a s ably sel ected sol ven such as
acetonitriligh %f%?ﬂeo?ge t%gﬁ}ﬁjqq@qt ké '%’re%mgw lrré%fétﬁrﬁ{_? Wn a
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prepared according to known net In an exanpl e, the conpounds of
formula (L) may @ee pklégdnremeaartmﬂ reqwgﬂlzaihgbth@r@mpwdmf fopmula (LX)
15 may be reacted to yield the corresponding compound of formula (L) at lower,
ambient, or elevated temperature. Preferably, the reaction is carried out at a
temperature in the range of from about —20°C to about 40°C, preferably in the
range of from about -10°C to about 10°C.
Compounds of formula (LI) are known compounds or compounds
20 prepared according to known methods. In an example, the compounds of

formula (L1) may be prepared as outlined in Scheme 8, below.

RA RA
S S
O [ )fc) — O [ )£c)
Xa (LX) Mg - LiCl (L1) 2
Scheme 8

Accordingly, a suitably substituted compound of formula (LX), wherein
25 X%is bromo or iodo, a known compound or compound prepared by known
methods, is reacted with a suitably selected dialkylmagnesium / lithium chloride
such as di(i-propyl)magnesium chloride / lithium chloride, di(s-butyl)magnesium
chloride / lithium chloride, and the like; in a suitably selected solvent;
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Scheme 7 Accordingly, a suitably substituted conpound of fornula (LX),
wherein Xa is bronmo or iodo, a known conpound or conpound prepared by known
25met hodswoisiwigaested with a suitably sel ected al kyl magRegirpatoaabisde, such
as an al kyl magnesi um chl ori de such as net hyl magnesi um chl ori de,

i I i hl or i - but i hl id th ike;
kol wgnes: um BoEsrRed T ieer it FRteRsc Bt Ao Bbaie SMora ) g mosi um
broni de, _s-dyhpdurRANSSbHLIANEN BRpaRed|ab iesbibes abdVe Ay B Kyddmanest Um

i odi de such as net hyl magnesium chl'oride, i-propylmgnesium chloride,
s- but yl magrfgghemnpeiiflastiode, and the |ike; or with a suitably sel ected

al kyl magnesi um ridel lipthiu arl reagent such as i-propyl magnesi um
chioriae 11 tn i eRads bl R AR E G Ra T o B p R
chloride, adpaie ddderdinghe kBbWnirhethods! dpyh eXagiRs, thedompuUnde df | i t hi um
chloride is used for the preparation of the conpounds of formula (L)

wher ei n X ifernaylg (EX) Mgyebe Preraied agrasinasuigneehame 8nbPelemde / 1t hi um
chloride is preferably present in an anount in the range of from about 0.95
to about 1.6 nolar equivalent, nore preferably 10in an anount in the range
of from about R5 to aboug$, 1 ar equi Ral et ; in a suitably

dogs po sturb the_redction) such

O
pondi ng corrpoqﬂ_gkﬂ)of formul : | ed 1n the art
wi |l recognize at the compound’ of fornmul ayY(LX) 15 may b€ reacted to yield
the correspondiglg céMound of formula (L) ag.|ower, amgilpnt, or el evated
tenperature. Preferably, the reaction is carried out at a tenperature in
the range of fromabout -20C to about 40C, pref eng;ny in the range of from
about -10C to abopt 10C Conpounds of fofnula (LI) are known
conmpounds oOr CO QU B

sel ected sol ve
sel ect ed et hef
yield the cor

as a suitably
he like, to

exanple, the co (EH—ay>be p
Schene 8, bel ow.
Br (LXa)
Scheme 9
10 Accordingly, a suitably substituted compound of formula (LXI), a known

compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (LXII), a known compound or compound
prepared by known methods, under acylating conditions, to yield the
corresponding compound of formula (LXIII).

15 In an embodiment, the compound of formula (LXI) is reacted with a
suitably selected halogenating reagent such as thionyl chloride, oxalyl chloride,
and the like; optionally in the presence of a catalytic amount of a suitably
selected activator (such as dimethylformamide, and the like); neat orin a
suitably selected solvent such as a suitably selected halogenated hydrocarbon

20 such as dichloromethane, chlorobenzene, carbon tetrachloride, and the like; at
lower, ambient, or elevated temperature, for example, at a temperature in the
range of from about 0°C to about 50°C; followed by reaction with the compound
of formula (LXIII).

In another embodiment, the compound of formula (LXI) is reacted with a

25 suitably substituted compound of formula (LXII); in the presence of a suitably
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selected Lewis acid such as AlICIs, TiCls, FeCls, and the like, according to
known Friedel-Crafts acylation methods; in a suitably selected solvent; such as
a hydrocarbon (such as n-pentane, n-hexane, c-hexane, n-heptane, and the
like), an ethers (such as diethyl ether, tetrahydrofuran, and the like), a
halogenated hydrocarbon (such as dichloromethane, carbon tetrachloride, and
the like), an esters (such as ethyl acetate, methyl acetate, and the like) or a
mixture of these solvents; at lower, ambient, or elevated temperature,
preferably at a temperature of from about 0°C to about 50°C.

The compound of formula (LXIII) reduced by reacting with a suitably
selected reducing agent; according to known methods, to yield the
corresponding compound of formula (LXa).

The compound of formula (LXIIl) may be reduced by reacting with a
suitably selected silane reagent such as a tri-lower alkylsilanes (such as
triethylsilane, triisopropylsilane, and the like) or a polyalkyl silanes (such as
poly(methylhydrosiloxane) , and the like); in the presence of a suitably selected
acid, such as a suitably selected Lewis acid (such as boron trifluoride diethyl
ether complex, aluminum chloride, titanium tetrachloride, and the like), or
suitably selected organic acids (such as trifluoroacetic acid,
trifluoromethanesulfonic acid, methanesulfonic acid, and the like); in a suitably
selected solvent such as acetonitrile, dichloromethane, a mixture of acetonitrile
and dichloromethane, and the like.

Alternatively, the compound of formula (LXIIl) may be reduced by
reacting with a suitably selected borane reagent such as a suitably selected
borane complex (such as borane-tetrahydrofuran, pyridine-borane, borane
dimethylsulfide, and t-butylamine-borane, borane-morpholine, and the like), or a
suitably selected borohydride (such as sodium borohydride, sodium
triacetoxyborohydride, and the like); in the presence of a suitably selected acid,
such as a suitably selected Lewis acid (such as boron trifluoride diethyl ether
complex, aluminum chloride, titanium tetrachloride, and the like), or suitably
selected organic acids (such as trifluoroacetic acid, trifluoromethanesulfonic
acid, methanesulfonic acid, and the like); neat or in a suitable solvent such as
an ether such as diethyl ether, tetrahydrofuran, and the like.
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My LiCl Schenme 8 Accordingly, a suitably substituted conpound of fornula
(LX), wherein 25 Xa is brono or iodo, a known conpound or conpound prepared
by known wothwdg3eses reacted with a suitably sel ected diPariapRonageises um /
l'ithium chloride such as di(i- pr opyl ) magnesi um chl oride! lithiumchloride,
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Schene § 1GhHae@hiiMGrnmate, Beinicdtiy, émdoaie likef) eieh aIQlufmml@@e@ctédDMWér& (LX), a
known conpound or corrpound prepared by known nethods, is reacted with a

suitably suehiasa éart&wbeaﬁld (56ch a5 Mgelic aci) | pnd éWHW%@'ﬁQBQH@U@h

compound PrenaEafhily SRS, 956 Hcihie) 808K oBRY' 844 Es SRBELARS artrg €l @

t he correspondi'ng conp OF n-an’e the
conpound oflikepr mul a (LXI) |s react ed wi th a suitably sel ect ed haI ogenatr ng

n the presence BIe EoRRENY BT 'ao‘?ﬁmﬁ,@ax%fmé%‘é[fbﬁﬁw Oetpedbesosed Wiiar
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di chl or onetduainen ioditier phiasziemeiodeky; laod therllka,cm thei presencelot heatal e, at

amount of cupper (I) iodide, in a suitably selected solvent such as a

halogenated hydrocarbon such as dichloromethane, chlorobenzene, carbon

tetrachloride, and the like; at ambient temperature or at an elevated

15  temperature, for example, at a temperature in the range of from about 50°C to

about 150°C; to yield the corresponding compound of formula (LXb). (See for

example, Klapars, A., et al., “Copper-Catalyzed Halogen Exchange in Aryl

Halides: An Aromatic Finkelstein Reaction”, J. Am. Chem. Soc., (2002),

124(50), pp14844-14845).

20 Compounds of formula (LXII) are known compounds or compounds

prepared according to known methods. In an example, the compounds of
formula (LXIl) may be prepared as outlined in Scheme 10, below.

S
(w1 ®) — (5O

(LXIV) (LX)
Scheme 10
25 Accordingly, 2-bromothiophene, a known compound, is reacted with a

suitably substituted compound of formula (LXIV), a known compound or
compound prepared by known methods;
in the presence of a suitably selected palladium catalyst such as
tetrakis(triphenyl- phosphine)palladium(0), palladium(ll) acetate, bis(aceto-
30 nitrile)dichloropalladium(ll), dichlorobis(triphenylphosphine)palladium(ll), [1,1’-
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| ower, anbient, or elevated tenperature, for exanple, at a tenperature in
the range of from about OC to about 50C, foll owed by reaction with the
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wth a sui tfib| ﬁﬁsel cted silane r ent such as a tr al kyl si | anes
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presence of a suita a surtably sel ew s
aci d (such ths poesancetofid suitatilylseldécdyddittehsuctcaspopper(kliodideandtiieor i de,
titani um t rachloride, and the like), or suitably sel ected organic acids
(such as tr f uoroacetic acid, trifluoromethanesul fonic acid,

met hanesul f oni ¢ jag %Ita@msé@@teh's’@\)ent'SUCﬁa§l§rfda§}Joyn£iQ9rﬁ}d?@éeﬁgoﬁ%lY&m such
as acetonitrile, dichloromethane, a nmixture of acetonitrile and

di chl or onetasdprnzened talhene,ians! th_e like), o et@ehéguoheawtetnah&d%ﬁw@@uﬂc? of fornmula
Such ad5a SUMBLEERe:  LOBEPhRC S B b AR TEFRE et anyar of cr an.
pyridi net orcﬁﬁ@th;@l@rmamé’écmmtﬁwééewnndbe1 @«@dnéthlyulzylrmﬂammﬁm N-
bor anenor phol i ne, and the |ike),
methylpyrrolldone and the Ilke) an aIcohoI (such as methanol, ethyl alcohol, 2-
propanol, and the like), water, or a mixture of these solvents; at ambient
temperature or at an elevated temperature, for example, at a temperature in the

20 range of from about 25°C to about 150°C, preferably in the range of from about
80°C to about 150°C; to yield the corresponding compound of formula (LXII).

One skilled in the art will recognize that additional starting compounds
and / or reagents are commercially available or may be easily prepared
according to conventional methods well known to those skilled in the art.

25 The present invention further comprises pharmaceutical compositions
containing a compound prepared according to any of the processes described
herein with a pharmaceutically acceptable carrier. Pharmaceutical
compositions containing one or more of the compounds of the invention
described herein as the active ingredient can be prepared by intimately mixing

30 the compound or compounds with a pharmaceutical carrier according to
conventional pharmaceutical compounding techniques. The carrier may take a
wide variety of forms depending upon the desired route of administration (e.g.,
oral, parenteral). Thus for liquid oral preparations such as suspensions, elixirs
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suitably sel ected borohydride (such as sodi um borohydri de, sodium
triacet oxyborohydride, and the like); in the presence of a suitably
sel ect ed WOi2d10/8862 as a suitably selected Lewis acid (®OTEPA®INEISON
trifluoride diethyl ether conplex, alumnumchloride, titanium
tetrachl oride
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The conpoundill afsublty oohsist{dgrilgayatbeahd btheringregtents aldyybe addédtbo Wit h a
10suitably sel ected ioqdinati n%%ﬂrea enlt .such as and al kali netal iodide such
as sodi um i BEEGES SPPALY OO RIGSFAYRION- dRiPciaRie SPRRENGIANS ARSYHEQRNERYof a

catal yypc gy it ad R i | I ent such
as a h:jtlbogenat g% dﬁ%%%%ggﬁ @Siﬁ?bsaudc@gg%glﬂé F?ﬁm‘?’ﬁg%ﬁ@ﬁﬁg’gﬁ%ﬁe car bon
tetrachl ori de, akaptdpare ithesphartmaceiticak carsppstiensioethes inaenton,anevat ed 15
tenperature, for exanple t a tenperature in the range of from about 50C
to hbout 150RE CQTGRWTAP ofBe s aiBuaTg AulsARe RIS TS (See
for exanpl eaddﬁké@%ma?harrﬁécédtical Eﬂﬁpﬁﬁcﬁtﬁ'WV%{i&%n Exchange in

Aryl Halides: An Aromatic Finkelstein Reaction', J. Am Chem Soc. (2002),

124(50), ppiBARACEY B CONMIBUNAIELIeEBNigues oviighLafion My &ke amdd@ conpounds
o oor B B CEe BN b e ORI RS bR BERERI Gt
bel ow. Br +e {HY2Br(daxeéMetaduch aStheamudbular. In preparing the compositions in
oral dosage form, any of the usual pharmaceutical media may be employed.
Thus, for liquid oral preparations, such as for example, suspensions, elixirs and
solutions, suitable carriers and additives include water, glycols, oils, alcohols,
20 flavoring agents, preservatives, coloring agents and the like; for solid oral
preparations such as, for example, powders, capsules, caplets, gelcaps and
tablets, suitable carriers and additives include starches, sugars, diluents,
granulating agents, lubricants, binders, disintegrating agents and the like.
Because of their ease in administration, tablets and capsules represent the
25 most advantageous oral dosage unit form, in which case solid pharmaceutical
carriers are obviously employed. If desired, tablets may be sugar coated or
enteric coated by standard techniques. For parenterals, the carrier will usually
comprise sterile water, through other ingredients, for example, for purposes
such as aiding solubility or for preservation, may be included. Injectable
30 suspensions may also be prepared, in which case appropriate liquid carriers,
suspending agents and the like may be employed. The pharmaceutical
compositions herein will contain, per dosage unit, e.g., tablet, capsule, powder,
injection, teaspoonful and the like, an amount of the active ingredient
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conpou
the composition may be presented in a form suitable for once-weekly or once-

monthly administration; for example, an insoluble salt of the active compound,
such as the decanoate salt, may be adapted to provide a depot preparation for
intramuscular injection. For preparing solid compositions such as tablets, the

20 principal active ingredient is mixed with a pharmaceutical carrier, e.g.
conventional tableting ingredients such as corn starch, lactose, sucrose,
sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate or gums,
and other pharmaceutical diluents, e.g. water, to form a solid preformulation
composition containing a homogeneous mixture of a compound of the present

25 invention, or a pharmaceutically acceptable salt thereof. When referring to
these preformulation compositions as homogeneous, it is meant that the active
ingredient is dispersed evenly throughout the composition so that the
composition may be readily subdivided into equally effective dosage forms
such as tablets, pills and capsules. This solid preformulation composition is

30 then subdivided into unit dosage forms of the type described above containing
from 0.1 to about 500 mg of the active ingredient of the present invention. The
tablets or pills of the novel composition can be coated or otherwise

compounded to provide a dosage form affording the advantage of prolonged
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One skilled in the art will recognize that additional starting conpounds
and / or reagents are commercially available or may be easily prepared
accor di ngvoaowardgesat i onal et hods wel | known to those sPCIIEPAM6ISHE art .
25The present invention further conprises pharmaceutical conpositions

herein w LtioRndeaiednt 2 aEE e eliRe aiieeran iser Raseas podian o o
conposi ti onsutePAéHJY Emeoeert! tHibRePbeihfen @RI GSarPEnVdISpd BYENHEON

descri bed herein as the active ingredi en? can be prepared by intinmately
m xi ng 30 tfaemennpoeibgo compenpoisncan be shparaechbyaceantedalayeamhiedr accor di ng

2w de var 19gen R e AR TR R e A PaftS nechGe BwbRheli 2 on
(e.g., eralto geEemaet idkd theldusddrim bi eibe del=edin eplnss] Andarkity bf as

suspensions, elixirs W 2010/ 043682PCT/ EP2009/ 063503 and sol uti ons,
sui t abl e cdPatesiakcambeasgrtiprsuch artetigdayais OF coglingsissich gnatsrialg) cohol s,

flavoring - i stabil i zer . the like;
for ol 14 anapého PhanBe) B buherl s i ston FREHHBRSAAE B0
sui t abl e caglcore anaretlladdietdacetstei ncl ude starches, sugars, diluents,

i nders, disintegrat] ents and. the

I i ..ol i cal .
oranul a1 ng agere, Syt Can e RURders, SSIOERAL 18 qoetLs, At e
sugar s 191 thg %Bbﬁﬁé&rg?fb@é&%rsébrﬁiﬁiétl%ti@ﬁ%{aliw &r W{rﬁ’éctﬂntiﬁcl%e?%’é@éd?}é on. For

par ent er al ni str n, the carrier w usual 'y consist of 'sterile
wat er and acchatronsnguidallefiagounay dyeues] dgdebos onoil saspessidndidnd favoured
preservation. |Injectable, suspensions or soluti.ons may 10al so he.prepared
Dt 1 zi ng. AOMSETSURY pEPE SROHIENRS rotenassioihogs g i gasondtoifor™ 7,
prepare thedmut BRCAIVeE s HRIFD anbtdinar Sharhitceutiemezhidss. SORale nore
conpounds of the present invention as the active ingredient is intimately
adm xed wi tdisperpingroreatspendialg agants fr agtieovdisngprensiensveeiude sunthetic

phar mageut i i t i i rrier t wi de
Tsvar i dpy ot R GLBER St SE bRy, o BRI Sl B For

adm ni st r atdzeboxy@néthylcell@bser mpeykcdii@lotle, pOIRINgEpYMbliconeserdelatin.| n
preparing the conpositions in oral dosage form any of the usual

phar maceut i cal niig Refdsid treapng describedus the presephinventianamay atsohaat i ons,
such as for |48 i | = ; AL it riers
and addi ti chi?ﬁ?d%@vtﬁjéé@g?) g]rgﬁhg yélg?lééd?ﬁé%ﬁd?ﬁf&gﬁh@%@&@%lp fgiveo%golg@ént S,
preser vat i vassdefineddrareig andenplsararateutieallyi doeepfable cartied Thephanhesp@uéitalons

such as, for exanple, powders, capsules pl ets, gelc and tablets,

sui tabPR cAOnRastionThaYaaniin batwerpangbt O 0 ma a8t aboyhi 400 I fdhe s,
Lati , . . S :

granul at i NGRS, of HRY hFdlhtor @p@@%éeurppﬁéféﬁaﬁ%ﬁc%dggo%%bﬁt ﬁ(}itggﬁ?e

| i ke. Because of their ease In a ni strati on, and caps
represent tdreanySrosuntadvargeifpecris, afitbé cdopayed and mayg e canstitvtedtintacase

solid pharmaceutical carriers are obyiously enpl oyed. .1f. desired, tablets
may b sugdaBHD Sl tae i B Teods MRl el SBleG eEG gt Uy

par ent er al shedeB8argaintliigért Phafmaseimthe efidnts Sacitbing! bet nslifditedttbr ough ot her
i ngredi ents, for éxanple, for purposes such as aiding solubility or for

pr eser ¢at i dinderaysuspendivgagents, lujrisantshflevorants, sweeteners, preservatives,
dyes, and coatings. Compositions suitable for oral administration include solid

forms, such as pills, tablets, caplets, capsules (each including immediate release,
timed release and sustained release formulations), granules, and powders, and
liquid forms, such as solutions, syrups, elixirs, emulsions, and suspensions.
30 Forms useful for parenteral administration include sterile solutions, emulsions and
suspensions.
Advantageously, compounds of the present invention may be administered
in a single daily dose, or the total daily dosage may be administered in divided
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30suspensi ons may al so be prepared, in which case appropriate liquid
carriers, suspending agents and the |like may be enpl oyed. The

phar macewpcalo/ge68posi ti ons herein will contain, per do®PaHEPANONG3SE3 g. ,
tabl et, capsule, powder, injection, teaspoonful and the |ike, an anmount of
the active jnagredient, necessary to deliver an effective dqgse as described
above. | The SSRGS FRLERDER O SRS o FEMSTORey SORALICH P RIS dosage
unit, e.g.,infeHloRloanPadthRist®RWIR intrdndks8CbirANia RYPRIAPESE B Suitabgaspoonf ul
and the like, of fromabout 0.01 to about 1000 ng or any anount or range

t her ei n, aridtrangsabeeiBClgs verrviatransdrisied ekinfpatehms welbknovy) mithose @bout 300

ng/ kg/ day, Qor..an e therein, .preferabl.y .fr 0 to
about 50° g BRAL e g s ceds R sgirg 7 B o i Bk e et er
nmay be gar iggdtehe R dosgge! RamiriSteatioR Ml eodkse) betddptipadusitiser tharg severity
of the condition being treated and the conpound bei ng enpl oyed. The use of
ei t her dai lijteg@ient Breahash the dasRgegeginpRt-i odi ¢ dosing may be enpl oyed.
abl ot o pil1'e, TR, et brafadmirfhishioh 1T HRABHN s TRl AR B, o
or suspensiaptise dreej esredorerit@sanlbectorhbiged WithEragral, ndnepsgic phapoatatically

aut oi nj ector devices or su pos'btories; fﬁr or al arenttgrik 'M]tranasal,
subl i ngual &scep@bteinersagighisHca @sahaiel gycergh i HLNEAKP oM BGOYShal at i on
or i nsyffl aty rh%tcb P £ (N Vdi i form
sui tabﬁte) fi&hécm?:eesﬂv\ee | y O?@ég bseqltr%gketclﬂﬁgggdeﬁPgiﬁr%é?lieg;\gr @y%@%&%%@@ an
igsolt uglf mlariqggagdlmm?kse hednpmznpclatec?irﬁhﬂaesrrﬂieredé?ﬂta@;ﬁ bindtar!st, rrlriy be
adapted to .provide a preparation.for intramuscular injection. For

o epar i ng_ doptecaiiE TERGHE SRR adtur, Pt GBS & i pplepstef Pete”

i ngredi ent 156088 @ WivkeBteh P MalERAMd SHthERT GRS suh Bs aaEH SRAd R2Ath

tabl eting ingredients such as corn starch, |actose, sucrose, sorbitol,

tal c, stear@réodiingoleatrysediumsicasieamnagnesiveal Seanate sedpmabengratguns, and

ot her ar ical_.dil : Q. f i ref ormul ation
conpost B o CEBith 2ERtale GeRBh Suefied st thelis SRS b TR s S en
25i nvent i onimititiod, sthedhimara iceflilbye, e iiathbsite; xbithbhgjueebnd Weerkg. ef erri ng
to these prefornul ati on conpositions as honogeneous, it is nmeant that the

active ingredi enthg ligug Greede guisakin figvarad SugPRNAINg RediSBRiSHY 2ga5s S¥Ch hat
t he conpositd I V4! nt E&]ﬂ Y. ect .va dosage
forms such égstﬂg ggﬁﬁétegg aégﬁ%gdréh cg’pfétggésjmb@h?ggso |ﬂ§f a&% fg{aoﬁrréﬁq{gti on
conposi t i orcellglo88 anbeine SkdadiFer plrdniengladministrdtics gterile susparfsidrizearid/pe

nar edBBnt DIORS %6 QEDHC| OGS RPERIENE 101 dh Sl s Abenovel
COMPOS | OTbrEadhy B RO S oy RAEHI e ATROUAATLI R IBUESFed: dosage form

af fordi ng the advant age of onged WO 2010/ 043682PCT/ EP2009/ 063503
action. For exani® prepeane atpiidreaceutigal Idompmsitoongiithe gregentimentidgosage and an

O 0 S e S B s 80 g oo BB R 2B
i g%gﬁ etn ? rRSivEtinghedicht ROINRIaA8y iddiniked fhtArRsRarmistaR@Ea dfribhgcddraing

25 to conventional pharmaceutical compounding techniques, which carrier may
take a wide variety of forms depending of the form of preparation desired for
administration (e.g. oral or parenteral). Suitable pharmaceutically acceptable
carriers are well known in the art. Descriptions of some of these

pharmaceutically acceptable carriers may be found in The Handbook of

30 Pharmaceutical Excipients, published by the American Pharmaceutical

Association and the Pharmaceutical Society of Great Britain.
Methods of formulating pharmaceutical compositions have been

described in numerous publications such as Pharmaceutical Dosage Forms:
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5to pass intact into the duodenumor to be delayed in release. A variety of
mat eri al can be used for such enteric |layers or coatings, such materials

i ncl udi ngwe 2nwidess2of pol yneric acids with such nateri alPSTEP2&00b3588, cetyl
al cohol and cel lul ose acetate. The liquid forms in which the novel

conpositio or por.at ed,.f
(I: g 1a%l%ﬂ”ie§r%y, sui tably

flavoured %éb@ﬁnarﬁ@%opﬁaﬂﬁa&dtlo‘ép@%ﬁ% FBﬁrnsaPQrénlté\f‘éPMe@Jﬂ:a@lEﬁHbs' ons with
edible oils such as cotfonseed orl, sesane 0|| coconut 0|| or peanut oil,

as wel | as \@lusiess!-gneditachby Awlqﬁtaatm 4B e di spersing

nat ur - guiid eaee s, G 2 SRS bx%%%t”"'n“%e%tféﬁtgﬁég%vtﬁﬁfnd

car boxysget hyheel Dekrse Indret hyl cel | ul ose, pol yvi nyl -pyrrolidone or gelatin.
The net hods of treatlng described in the present invention may al so be

carried out usi rfgPraPRHEISRIdBISINRNIOBSAROBE BABHNIEGHEH InsaWQOféHQ PLIPiRE
conpounds ac%nﬂftfzs'g[o%g dher Brﬁﬂ%@d@%ﬁe%ﬁﬁﬁéqscéétwh e?rﬁ’g?eg%ﬁmﬁ%%{/ The

phar maceutiC corrpos Ion ween a out an abo
1000 ng of tt%eohommoemaaoescamumter@n |srmwtfedhere| n; preferabl y about

10 to about 500 any anount or ran rei of the (of0) o and
may be consti tut(gat'mﬁlt%’séﬁ?sfQ)P?nagm”?'étﬁr‘%de etﬁt@ afihudetsrmings 9?%& i on

sel ect 9@.  Cadillish th @ﬁ'éhtaewn%?ggzgm@pgmw@tEoﬁgam@a@g&'tﬁ@'m bioi ent's,

I ncl udi ng, but not Imted to I nde suspendi ng agent's r| cants,
f | avor ant s,ackministrahien,she piresgih\adthes prepadstes, treenthode af adonist@iiopoand i ons

table f | ad { e i |
Cabl ors. cape Bplenib it isthss RondifoR aduulaty Bt EHagaed wiitee: case
and sust ai negic bt D6y REte@N Houdiig pliat agendeRpriRgsancile b qui d

fornms, such as solutions, syrups, elixirs, emulsions, and suspen5|ons
30For ns us@dtmlnﬁb’ﬁtl%rvﬂhf%ﬂtéillnﬁ@ﬁrﬂ%@t@@{ﬂw@rﬂqsﬁ@e&de sterile solutions,

emul SI s and s t I esent

nvent fgn may bRaARIRTL s ML RRE YRl b GRLRPS BRS Rka oy

dosage may Uxnqduitdbls]iiowh and devieefig accepted cell and / or animal models are
predictive of the ability of a test compound to treat or prevent a given disorder.

One skilled in the art will further recognize that human clinical trails
including first-in-human, dose ranging and efficacy trials, in healthy patients

20 and/ orthose suffering from a given disorder, may be completed according to
methods well known in the clinical and medical arts.

The following Examples are set forth to aid in the understanding of the
invention, and are not intended and should not be construed to limit in any way
the invention set forth in the claims which follow thereafter.

25 In the Examples which follow, some synthesis products are listed as
having been isolated as a residue. It will be understood by one of ordinary skill
in the art that the term “residue” does not limit the physical state in which the
product was isolated and may include, for example, a solid, an oil, a foam, a
gum, a syrup, and the like. Unless otherwise noted, the identity and / or purity

30 of the products prepared in Examples 1 through 6 was determined by HPLC.

Example 1: 3(R).4(S).5(R)-triacetoxy-6-{3-[5-(4-fluoro-phenyl)-thiophen-2-
yimethyl]-4-methyl-phenyl}-6-hydroxy-tetrahydro-pyran-2(R)-ylmethyl

ester acetic acid
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doses of two, three or four tinmes daily. Furthernore, conpounds for the
present invention can be adm nistered in intranasal formvia topical use of
sui t abl e wotpames@k vehicles, or via transdernal skin p&CTh#P30080b350known t o
those of ordinary skill in that art. To be adm nistered in the formof a
transdermal delivery 5system the dgsage adm nistration will, of course, be
continuous rather than intermtten ?hroughout t he dosage regi nen.

For instance, for oral adm nistratlon in theSform o8 tabl et or capsul e,
the active drug conponent can be NyrnedNd Th, an 0 ref- t OXi C
pharmaceutically acceptable ine | i ; gl ycerol, water
and the |ike. Mreover, 10when ds Tee€ssary, sui tabl e binders;

| ubri cants, disint egratl ng agents ng?_ggl ori ng agents can al so be

|ncorporated into the m xture. bi ndegg include, w thout
limtation, starch, gelatin, su ¢h as gl ucose or
beta-lactose, corn sweeteners, synt hetic guns such as acaci a,
tragacanth or sodi um@iear® '-ar&De magnesi um st earate, sodi um
benzoat e, 1550d|un1ace%??L ide and the like. Disintegrators
i ncl ude, w thout |Iﬁ1tagﬂ9n tar g cel l ul ose, agar, bentonite,
xant han gum and the |ike’. 3The r ih suitably flavored suspending
or dispersing agents such as th ; synt etic ahd natural guns, for exanple,
tragacanth, acacia, methyl-cellGHase and the like. For parenteral

adm ni stration sterlle suspen5|ons and 2050Iut|ons are desired. Isotonic
pr epar at i or=IBRiAs ' X

when i ntravenu | . |

phar maceut i cal izo mJHt(gE)D?I]%hW {953'0?@ hfeqhwvbeerﬂzycg tﬁ%gﬂéﬁgg@%%g% epar ed
according tmolqmascéturtdmeunnbm@aeqe$75dle/am1) desmbienetemperature, then sovlédigy edi ent
is inti matel% adm xed with a pharnmaceutical carrier according 25 to

convent Ponal rfﬁaﬁ@d@étﬁ?ﬂéﬂﬁ'ﬂg MW&M@SHB@E‘ @@Hﬁﬂq‘(ﬂésﬁdd\bﬁﬂr‘cfﬁnﬁ% Hf‘@?r may take

a wde varig forns of rat,i. s dfor
Bam i st racr o (v Beps ASBERIR e TG p BV ERBIR LRI

accept abl e maFr 269,303 ©. B@Mbl)l@?@’\ﬂhe' restilfifg ¥atk gFRICEAIRidrPESTEd foTONMBo @

t hese pharmaceutical 'y acceptable carri ers may be found in The Handbook of

30Phar maceatioeive@x e 67 end °Gubl i shed by the Anerican Pharmaceuti cal
Associ ati o ?[Elgf_lt he Pharmaceutical Society of Great Britain. Mthods of
formul ati ngr,b Frarraceuti cal conpositions have been

10 3(R),4(S),5(R)-triacetoxy-6-oxo-tetrahydro-pyran-2(R)-yImethyl ester
acetic acid (ca 50% in toluene, 0.39 mol) was diluted with THF (0.25 L/mol) and

the resulting mixture cooled to -35°C. To the mixture was then added, via

syringe / addition funnel, under argon, over about 1 hour at less than about -
35°C, the solution prepared in STEP A above. After 15 minutes of stirring at -
15 35°C, a mixture of acetic acid (23 ml) and water (225 mL) was added over
about 5 minutes. The resulting mixture was then allowed to warm to 25°C.
The layers of the resulting biphasic mixture were separated, and the upper
organic layer was washed twice with water (100 mL). The organic layer was
then concentrated by distilling off the solvent to yield a residue. To the residue
20 was then added acetonitrile (420 mL) and the resulting mixture washed with
methylcyclohexane (300 mL). The resulting mixture comprised two organic
layers which separated quickly. The acetonitrile solution, containing the title
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described in nunerous publications such as Pharnaceutical Dosage Forns: WO
2010/ 043682PCT/ EP2009/ 063503 Tabl ets, Second Edition, Revised and Expanded
Vol unes 1wWO208di486d by Li eberman et al; Pharmaceuti cal POS&R0BO6IFHI
Parenteral Medications Volunmes 1-2, edited by Avis et al; and

Phar maceuti cal Dosage Forns:  Dispers stens Vol unes 1-2.. edited by

Ui eber man GOTROUTELNS Sirtiisse BVERCIK SOy fErHer BuricalgfiSbunds of ¢ hi s
i nvention nByaB6n 8ttt &5BPoiimg.any of the foregoi ng conpositions and
according to dosage reginens established in the art whenever treatnent of

di sorders aExample i2h3(RLEMRIiHS pefioixve6{ S) 4[5 ridtfluproaphenyly-thipphen-

adm i ot or 4. ey Ry BRESLBENN IEE AR S At Poath and
the stregngth of the preparation, the mad@g of adm nistration, and the
advancenent of the disease conditigon. n addition, factors associated with
the particul ar patient being t r eatCelds i ncludi ng patient age, weight, diet
and tinme of admi nistration, wll sult _in the needg=te\ adj ust dosages.
150ne skilled in the art wll ofofo) " i MNWwoFand in vitro
trials using suitable, known ang 6 and / or ani nal
nodel s are predictive of the abi to treat or prevent
a given disorder. One skilI}¢d in the art will further recognize that
human clinical trails including fi st-iB-hurrgrllté3 dose rangi ng and efficacy
trials, in healthy patients 20 OF uffering froma given

di sorder, may be conpl eted accond to ngﬁods wel | known in the clinical
and nedi cal arts. @) O Hg Exa@pl es are set forth to aid in the
under standi ng of the inwénti dN, not intended and shoul d not be
construed to limt in any, way theanven’ion set forth in the clains which
follow thereafter. 25In S fol l ow, sonme synthesis products
are listed as having been isol atled as” a re§itue. It will be understood by
one of ordinary skill in the argH,hat the term"residue" does not Iimt the
physical state in which the product was isolated and may include, for
exanpl e, a soli dirigthylsildne @B72gn).7% mamwas agdegto amdcetoaittiieksmlutidm ess

e L T T L
3(R), 4(9), igrlﬁbtﬁyi]'tﬁﬁﬁitﬁ%\/prﬁaﬂyﬂz dﬁyér%xgltéﬁéﬁyﬁb%w&hfzkhz-?mﬂ Pester

vl nmet hy11l- 4- net hyl - phenv1} - 6-"hydr 0xy- t et r ahydr o-"pvran- 2(R) - yl net hyl
10 acetic acid (prepared as in Example 1 above, 0.30 mol) and the resulting

brownish solution cooled to 2°C. Boron trifluoride etherate ( 46.84 g, 0.33 mol)
was then added over about 30 minutes, via syringe, and the resulting mixture
stirred in the ice-water bath for 1 hour. To the resulting mixture was then
added 10% w/w aqueous NaxCOs (330 ml), via addition funnel over about 20

15 minutes. The resulting mixture was then heated until complete dissolution was
observed at about 45°C. The layers of the resulting tri-layer mixture were
separated, the middle organic layer was allowed to cool to ambient
temperature, with stirring for 16 hours, over which time crystallization was
observed. The resulting mixture was then cooled in an ice bath to 2°C and

20 stirred for an additional 4 hours. The precipitate was filtered, washed once with
methanol (75 mL) and then a second time with methanol (30 mL). The
resulting off-white precipitate was dried at 50°C, in vacuo to yield the title

compound.
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ester acetic acid WO 2010/ 043682PCT/ EP2009/ 063503 CH3 STEP A:
Preparation of Gignard Reagent

2- (4- Fl uovo-2pt0edgaBe - 5- ( 5- i odo- 2- net hyl - benzyl) - t hi ophen@CTFP2004863509. 3 nol )
was stirred in toluene (0.75 L/nol) at anbient tenperature, then cooled to

5-10C. To t reslul [ ' t;sl has hen.added ia additi r}fu neI2 under
argon, over e e MM&G@L&M 5% i n
THE; 269. 70 GimftRfI] WinetRRt ARy I BSHY di 63y -(AFdh a8\ 1aLa(R) Yifthyr ed f or
1 hour at bet'ween -5C and 0OC. STEP B:

103(R), 4(S), 5(R) - tri acet oxy- 6- oxo-aster aestie acidr an- 2(R) -yl met hyl ester
acetic acid (ca 50%in tol uene, Oc’:‘.ﬁ nol) was diluted wwth THE (0.25 L/ nol)
and the resulting mxture cooled tp 235C. To the mxture was then added,
via syringe / addition funnel, un 1 hour at less than
about - 35C, the solution preparng »—E5 i nut es of
stirring at - 15 35C, a m xture ic Rci and water (225 nlL)
was added over about 5 m nutes. '
warmto 25C. The | ayers of the res Ibng bi phaS|c m xture were separ at ed,
and the upper organic |layer was \\(t)vm ceC‘Nsth water (100 nlL). The
organic layer was then concentre YV disgT Il i'ng off the solvent to yield
a residue. To the residue 20 wag add acetonitrile (420 nL) and the
resul ting mixture wash | okéxane (300 ni). The resulting

m xture conprised two offganic Iayeis wht'ch separated quickly. The

acetonitrile solution, taldll ng 6he title WD 2010/ 043682PCT/ EP2009/ 063503
conmpound was then used it he ?&Tﬂ qulé)ut further purification or
isolation of the title conpound.

CH,

5 STEP A: Preparation of Grignard Reagent
2-(4-Fluoro-phenyl)-5-(5-iodo-2-methyl-benzyl)-thiophene (204.14g, 0.5
mol) was slurried in toluene (0.3L/mol) at ambient temperature and the
resulting mixture cooled to 2°C. sec-Butyl MgClI-LiCl (ca 15% in THF; 1.2

mol/mol-pure LR) was added via an addition funnel over 1 hour at 2-5°C. The

10  resulting dark brown solution was then stirred at 2°C for 2 hours.
STEP B:

3(R),4(S),5(R)-triacetoxy-6-oxo-tetrahydro-pyran-2(R)-ylmethyl ester

acetic acid (ca 50% in toluene, 0.65 mol) was diluted with THF (0.2 I/mol) and
the resulting mixture cooled to -40°C. To the mixture was then added, via

15  syringe over 1/2 hour at —35° to -40°C, the mixture prepared in STEP A above.
The resulting mixture was then cooled to -40°C and stirred for 30 minutes. A
mixture of HCI (59.8 mL) in water (100 mL) was then added, at -40°C over 10
minutes. The resulting mixture was warmed over 15 minutes to 20°C and then
further diluted with water (150 mL). The resulting bi-phasic mixture was

20 separated and toluene (100 mL) was added to the organic layer. The organic
layer was then washed with water (250 mL), the layers separated and the

organic layer concentrated on a rotavap, under minimum pressure of 50 mbar,
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Exanpl e 2:

3(R,4(R),5(S)-triacetoxv-6(S)-{3-1.544-fl uoro-phenvl)-thi ophen2-yl net hv1l-
4- et hy| -\whenwlsdset r ahvdr o- pvran- 2( R) - vl net hyl ester a®€ETiEP2008463503 CH3
y-CH3 000 O CH3 CH3 Triethylsilane (87.2 g, 0.75 nol) was added to an

2R 2h(S | T eniabana e S mnd.As 7 fevidue AN Mas HERshE ihe next

| met hyl ,Iﬂ@,r hydr o- pyran- 2(R | met hyl ester
>1/0acet|yc] aéﬁmé&?@e%a gglma(?sm?u Jﬂﬁrﬁcggé@goze, 0%0 rml§ ;né t he ?/esulti ng
br owni sh sol ut i dhseopledf the @FEpaikar compourid wasidi@odatddeinadewt@razue’ﬂ 84 g, 0.33

I th d d t t nd th | t
Tt ur: st 1T e He. 2R PG AR o BirBatewo K ReMBaul ti ng. i xt ure
vas thes addpNERaud Mias N SpBBRSIAR B gbAd with & BAMEE 59l BBORloPVer

about 20 15m nutes. The resul tlng m xture was then heated until conplete
di ssol ut i orMhlasZ-gtaskentdugaresahation pege anterunaing SOPSRING .0 softmaregvas

cool 15 antioeh CralRET LEEPE bRl orblR e Peh DB ur 2 over whi ch i me.
crystallizati on 'wWaRNMF&00/RIHZ ﬁ}ﬂ_(DRE‘}FCDngdm 1§be138\2'5(§ 3 rpn 9@ &HY N an

ice bath to 2C and 20stirred for an additi onal hours. The precipitate was
filtered, vhghésl dhig@.Of (sh3 H) 2.31 (s, 3H)313(brs 1H)4.11 (d, J=3.02 Hz, 2

10 H)4.19(dd, J=12.34, 2.52 Hz, 1 H) 4.31 (dd, J=12.34, 4.28 Hz, 1 H) 4.38 - 4.43
(m, 1 H) 5.08 (d, J=9.82 Hz, 1 H) 5.27 (t, J=9.82 Hz, 1 H) 5.59 (t, J=9.82 Hz, 1
H) 6.59 (d, J=3.53 Hz, 1 H) 6.98 - 7.05 (m, 3 H) 7.18 (d, J=7.81 Hz, 1 H) 7.36
(dd, J=7.81,2.01 Hz, 1 H) 7.39 (d, J=1.76 Hz, 1 H) 7.44 - 7.48 (m, 2 H)

3C NMR (101 MHz, CHLOROFORM-d) & ppm 19.23 (s, 1 C) 20.35 (s, 1

15 C)20.59(s,1C)20.61(s,1C)20.73 (s,1C)34.11(s,1C)62.24 (s,1C)
68.64 (s,1C)68.80(s,1C)71.60(s,1C)73.59 (s,1C)97.11 (s,1C) 115.70
(d, J=22.01 Hz, 2 C) 122.65 (s, 1 C) 124.12 (s, 1 C) 125.90 (s, 1 C) 126.73 (s, 1
C) 127.06 (d, J=8.07 Hz, 2 C) 130.66 (s, 1 C) 130.72 (s, 1 C) 137.68 (s, 1 C)
137.80 (s, 1 C) 138.08 (s, 1 C) 141.62 (s, 1 C) 142.95 (s, 1 C) 162.08 (d,

20 J=246.49Hz,1C)168.96 (s, 1 C) 169.61 (s, 1 C)170.16 (s, 1 C) 170.82 (s, 1
C)
Example 4: 3(R).4(R),5(S)-triacetoxy-6(S)-{3-[5-(4-fluoro-phenyl)-thiophen-
2-yimethyl]-4-methyl-phenyl}-tetrahydro-pyran-2(R)-ylmethyl ester acetic

acid
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met hanol (75 nL) and then a second tine with nmethanol (30 niL). The
resulting off-white precipitate was dried at 50C, in vacuo to yield the
title corigount/o4B68anpl e 3: PCT/EP2009/063503
3(R),4(S),5(R) -triacet oxv-6-{3-13-(4-fl uoro-phenvl)-thi ophen- 2-

vl met hv1l- 4- net hvl - phenv1} - 6- hydr oxy-t et rahvdr o- pyran- 2(R) - vl net hyl ester
acetic acid OCH3 CH3 5 STEP A: Pr Ia&ratl on of Gignard Reagent

2- (4- Fl uor o- pheny1) - 5- (5-i odo- 2- meLhyl - henzyl) - t hi gpFeNe (204.14g, 0.5 nol)
was slurried in toluene (0.3L/ng anbiNent \{ enpe e—&nd the resulting
m xture cooled to 2C. sec-Butyl 6% | 1.2 nol /ol -pure
LR) was added via an addition f C. The 10resulting
dark brown solution was then stirrgd at 2C for 2 hours. STEP B:
3(R),4(S),5(R) -tri acet oxy- 6- oxo- te ra ro PYERN- 2(R) -yl nmethyl ester acetic
acid (ca 50%in toluene, 0.65 S)ass \ma(ed *with THF (0.21/nol) and the
resulting mxture cooled to -40( ture was then added, via 15
syringe over 1/2 hourOgt -Q@ heQri xture prepared in STEP A above.
The resulting m xture %/the -40C and stirred for 30 m nutes. A

m xture of HCl (59.8 nL i peter 6‘100 ) was then added, at -40C over 10
m nutes. The resulting Xt ur cyer 15 mnutes to 20C and then
further diluted with water (150|nL). The resﬁlting bi - phasic m xture was 20

separated and toluene (100 nL) @&k added to the organic |ayer. The organic
| ayer was then washed with water (250 m_[) t he Ia&;prs separated and the
organi c | ayer coliaihylsianad(182-2¢ gol -d¢dpol) waserddadioramagstesidiilesobitiony nbar,

VO 2010/ 0436532 BGHERRI IS PEAR Fiacetoxy-6-{3-5-(4-fluoro-phenyl)-thiophen-2-
ylmethyl]-4-methyl-phenyl}-6-hydroxy-tetrahydro-pyran-2(R)-yImethyl ester
5 acetic acid (prepared as in Example 3 above, 0.455 mol) and the resulting

solution stirred at 22°C. Boron trifluoride-THF complex (76.39 g, 0.55 mol)
was added via addition funnel over about 3 minutes to yield a homogeneous
darkbrown mixture. The mixture was then warmed to 40°C, stirred strongly at
40°C for 2.5 hours, then cooled to 20°C. Methanol (910 mL) was added to the

10  resulting mixture over 15 minutes and the mixture stirred at 20°C for 0.5 hours.
Ag ammonium hydroxide (31.8 mL) was added to the resulting mixture (at <
20°C, to a pH 7.2) and then stirred for 16 hours at 20°C. The resulting
precipitate was filtered, washed with methanol (3 X 114 mL), and dried in vacuo
at 60°C, to yield the title compound as a solid.

15 A sample of the prepared compound was dissolved in deuterated DMSO
and the 1H and 13C NMR spectra recorded. A Bruker AVANCE-400 MHz
NMR spectrometer equipped with a Bruker 5 mm BBO CPDUL 1H/2H-13C Z-
GRD high resolution probe and running XWIN-NMR 3.5.6 software, was used
to collect 1-dimensional proton and carbon spectra.

20 "H NMR (600 MHz, DMSO-ds) 5 ppm 1.72 (s, 3 H) 1.93 (s, 3 H) 1.99 (s,
3H)2.02(s,3H)2.26 (s,3H)4.04-4.09 (m,2H)4.10-4.16 (m, 3 H) 4.65 (d,
J=9.82 Hz, 1 H) 4.98 (t, J=9.63 Hz, 1 H) 5.06 (t, J=9.63 Hz, 1 H) 5.36 (t, J=9.63
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70C to yield the title conpound as a residue (which was used in the next
synthesis step without further purification). A sanpl e of the

pr epar ed WOrpwmsbsdas di ssol ved in deuterated chl orof or RCaAP20000635p8 and 13C
NMR spectra recorded. A Bruker 5 AVANCE-400 MHz NMWR spectroneter equi pped

TCPSpi N 2. 0k OB (el bz b0t £ ng?@@ﬁ@.%ﬁaéé’B&zo%ﬁ% 24 {earbon

spectra.  J=3.78 Hz 1 H)758§édﬂ N%é@ﬁswz,z LOROFORM d) 6 ppm 1.82 (s, 3
H 1.96 (s, 3H) 31 (s, 3 H 3.13 (br. s., 1
H 4.11 (d, J=3. 6@NMR(251onwz4Dwa3codxa)8mpm1am (8, $Z)10.12 (391 @) 31 (dd,

(1, 329 oo TebTechoggn®, 1 £gsolh, 1 I 6o 1) 6334 o f o8y 56258

o ggO?dSMJ (% I174)0)7721@7 ($.1 éﬁs&h @21 cl) ﬁ)51(§61 (:gt#? 91)?(%<81<:) $19811l,
CHL OROFORM- (#2086 iy 293)282%2 (sz, 1@)295:88 ((551 Q) 1581 £29.150) (126 89 (@) 20.61

s, 1 O 20, 6 C) 68.80
(5 10 708k Qb Eo 13bpds ThiBods B Fabi s 00 01
Hz, 2 C) 1234686 g§ 1 &) ¢)362214(s12c(81,3719ﬁ1s 142@) 9@066(s11 ©) 11425632’63 (1sc 10
127.06 (d, J=8 130. 615% 72 @) (s, 10
137.80 (s, 1ﬁ1c§39 1@8#(%4( Hz, ©C)1 %Zz(qu 011@9 4@421 o) (1 9@2@ 11@)2 08 (d,
20J:24 4 ?éL(SC)1 é§8 96 (s, 1 O 169.61 (s, 1 © 170.16 (s, 1 ©C 170.82
g}( R) . 4( R) 5(S) tMering tRolivt- 54 &) 88 13- (4-f | uor o- phenvl) - t hi ophen-

2-vimet hyl1ll-4- net hyI phenvl -tetrahvdro pvran-2(R)-vinethvl ester acetic

acid WO 2018Xar Hrorophenyl)-thiophen-2-yimethyl]l-4-methyl-
phenyl}-6(R)-hydroxymethyl-tetrahydro-pyran-3(R),4(R),5(S)-triol
CH,
(O™
OH OH
15 To a 3-necked round bottom flask was added methanol (244.80 mL,3

L/mol-pure-LR), sodium methoxide (15.31 mL, 81.60 mmol) and 3(R),4(R),5(S)-
triacetoxy-6(S)-{3-[5-(4-fluoro-phenyl)-thiophen-2-yImethyl]-4-methyl-phenyl}-
tetrahydro-pyran-2(R)-yImethyl ester acetic acid (prepared as in for example,
Example 4 above; 49.99¢g, 81.60 mmol) and the resulting thick homogeneous
20  mixture stirred at 20-25°C for 1 hour. The resulting mixture was then heated to
reflux temperature, about 82 mL of solvent distilled off and then cooled to 2°C
over 30 minutes. To the resulting mixture was added acetic acid (4.68 mL,
81.60mmol). Water (114 mL) was then added with cooling, over about 15
minutes and the resulting mixture warmed to 22°C. The resulting mixture was

25 seeded with previously prepared material (300 mg), then stirred at 22°C for 19
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Triethylsilane (132.27 g, 1.14 nol) was added to an acetonitrile solution
containing 3(R),4(S),5(R) -triacetoxy-6-{3-[5-(4-fluoro-phenyl)-thiophen-2-
yl met hyl |Wo-2a8¥idgd82phenyl } - 6- hydr oxy-t et r ahydr o- pyr an- 2 PRIAPRIMIG3S3 est er
5acetic acid (prepared as in Exanple 3 above, 0.455 nol) and the resulting
solution stirred,at,. 22C trifluoride-THF | ex 6.3 0. 55 nol)
was added JiG4" %d&%pitma Wﬁf?é'cm%\%lr) ‘%%%ﬁ?g%d il ggg%)qu(gsﬁ(o eih geneous
dar kbr own ru/?ftbwéﬁro 150 5Dt Rosiit %Wu%ﬁ@@ob%d‘i@@ cdverredniuienal y at
40C for ours, then cooled to C. Met hanol was added to the

10resul ti nghan stiree abv0eC f&52 montd. eﬁhareblﬂﬂmg swsﬁsms&)rsWas fidreal, tHOSLIfdbr 0.5
hours. Ag ammoni umtg%drom de (31 was added to the resulting mxture

(at 20C toN@ﬁnﬁd Wit FOAMDfidie @ftmet*@@ofwater@%ndr fotal), ther driedeat G t i ng

pr eci pi and dried in
vacuo a 3“8%§ vabuﬁrﬁﬁ? %%ﬁﬁeqoy n@%ﬁ@@g&l“pég a(gé]al%(gld)sarrpl e of the
prepared COfTEioallmtiblafveS Reicspstallixation o F{at-IGGMENE@ramhddW) -fhiopheniBC NVR
spectra recorded. A Bruker AVANCE- 400 setctromater eqwrpped with a

Bruker 5 nm RAMehyll-4methyi-phepghro( HWCL" teirahydronp)

AN ng
XWN-NWVR 3.5.6 software, was useds ilold' mensi onal proton and
car bon spectra 201H NMR (600 ; pm1.72 (s, 3 H 1.93 (s, 3
H 1.99 (s, 3 H 2.02 (s, 3 HCHB326 (s, 3H)404-409(m2|—|)410-
4.16 (m 3 H 4.65 (d, J=9.82 : =9.63 Hz, 1 H 5.06 (t,
J=9.63 Hz, 1 H) 20&9/063503 Hz, 1 H)

4 69 , 2 H 7. 29 (d,

=9. , 5.36 (t, J=9 83\

6.76 (d, J:3 0 Hz, 1 H 7. 3 H ‘

J=3.78 Hz, 1 H) 7.58 (dd, J48.50Q/J 5. 48\Y 2 13C NWR
(151 Mz, DVBO-d6) 6 ppm 18.8WAs, 1 C 20.12 (s 1 C 20.30 (s, 1 C) 20.42
(s, 1 C 20.52 (s, 1 C 33.14 s, 1 0O 62.34 (s, 1 C 68.48 5(s, 1 ¢ 72.37
(s, 1 O 73.44 (s, 1 C 74.547 _\&Obg 77.90 (s, 1 C) 115.91 (d, J=20.86
Hz, 2 C) 123.42 (s, 1 O 12F , 10 126.41 (s, 1 O 126.89 (d, J=8.78
Hz, 2 C) 128.40 (s, 1 O 13( 1 C) 130.48 (d, J=3.29 Hz, 1 C) 134.76
(s, 1 C 136.21 (s, 1 Q .8 YoH ©) 140.36 (s, 1 ¢ 143.32 (s, 1 ©
161.39 (d, J=244.80 Hz, 1/ C) 1%8.42 (s, 1 C) 169.40 (s, 1 C) 169.62 (s, 1
C) 10170.08 (s, 1 C) Ml tQHg FOHnt = 161.8C

10 To a 3-necked round bottom flask were added 2(S)-{3-[5-(4-Fluoro-
phenyl)-thiophen-2-yImethyl]-4-methyl-phenyl}-6(R)-hydroxymethyl-tetrahydro-
pyran-3(R),4(R),5(S)-triol (25.0 g, 55.15 mmol), isopropyl acetate (also known
as 1-methylethyl ester acetic acid; 110 mL) and water (1.25 mL, 69.39 mmol)
and the resulting mixture heated to 65°C. To the resulting mixture was then

15 added charcoal (1 NORIT A SUPRA®, 0.5 g) and the mixture stirred at 60-65°C
for 15 minutes. The charcoal was filtered off, then washed with isopropyl
acetate (15 mL). The filtrate was cooled to 50°C, seeded with previously
prepared material (0.25 g), then stirred at 50°C for 4 hours. The resulting
mixture was then cooled to 0°C over 12 hours, then stirred at 0°c for 2 hours.

20 The resulting suspension was filtered, the solid washed with isopropyl acetate,
then dried at 50°C, under vacuum to yield the title compound as a solid.

A sample of the prepared compound was dissolved in deuterated DMSO
and the "H NMR and "®C NMR spectra recorded. A Bruker AVANCE-600 MHz
NMR spectrometer equipped with a Bruker 5 mm CPDUL 1H/2H-13C Z-GRD
25 high resolution probe and running XWIN-NMR 3.5.6 software was used.
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Exampl e 5:

2(S)-{345-(4-Fl uoro-phenvl) -t hi ophen-2-vil net hvll- 4- net hyl phenvl1ll-6(R) - hydro
xviret hvl -wetpesEse- pvr an- 3(R), 4(R), 5(S)-triol CH3 CHPOHEP2M9/063583 necked
round bottom fl ask was added net hanol (244.80 ni,3 L/nol-pure-LR), sodium

Tl ot oy 605 PR Tagt MBTEo D Sl gt R a1 392 Fecr) - pheny!
Lo o LSRR AR K S5 Y04 B! BRSSO REF, LY SR 5 e 1!

exanpl e, Exanpl e ove; ting h| ck
hormgeneousi—l)ziﬂ)ﬁﬁxtm?& (ot 1 rh)edl 9At(d 20-28€HN H) hdidr-. 4. THém, @dd) 4 4Aadt,m xt ure

and t hon cobtedt HG. SN 4R (@oPe RIS 1 DS k87 Theling ST At added |
acetic &ci 0!/=(347§13|zmﬂr 5)8711§Q61T9J=? 55 Y quﬁ% 1)) J¥VP§5“P%'1 ﬂiidﬁpll i)

cool i ng, over about m nutes and the resul tlng m xt ure war ned to 22C. The

resul ting rf,x" 8 @0 Was2H)seaddd, it h3 hizevi kdué L (gr pdd8dzet By V@7 {860 ny),
t hen sti rre(\(r,j\%?tH 2C for 19 WO 2010/ 043682PCT/ EP2009/ 063503 hours.
Addi ti onal er’ (49 nmL) was added over 2.5 hours (to a nmethanol : water

ratio of 50:50) ,13@wRe§5htmng DVMSOIER) nﬁ@@lsqotstwg%swﬂs 1150?1 nut es,
r e

then stirred at 0OC fo hours. The resul suspension was fil red, the

sol i d washedl .48 (% 50) 30.47 (6t 4r&) B.6hds, hhﬁ()l78v4d3:€$r 1(QD81T121t(61 10) 81t3n dri ed

at 50C, ,5unde r t,h co a . solid.
Ecanpl 405 TReL oA (o] IPHE 20025 o LIS ARV I e B 5
VI net hyl | - I =
3( g? 4)(/R) %?)2??53?%81—% @)C)’WZ’ED OBR)Z(:M oy 112bes3 @hdT P+ 3y.6aRd, J=3.29
1C)134.93 (s,1C) 137 36 (s 1C)138.24 (s,1C)140.22 (s, 1 C) 143.63
(s, 1C)161.37 (d, J=243.70 Hz, 1 C)
Example 7: 3(R),4(R),5(S)-triacetoxy-6(S)-{3-[5-(4-fluoro-phenyl)-thiophen-

15 2-yimethyl]-4-methyl-phenyl}-tetrahydro-pyran-2(R)-ylmethyl ester acetic

acid

Under a nitrogen atmosphere, acetonitrile (112.50 mL, 88.12 g) was
cooled to 2°C. Aluminum trichloride (13.33 g) was added in one portion and
20 the resulting mixture stirred for 15 min, cooling to 15°C. ((CH3)2SiH)20 (22.13
mL, 16379 g) was added in one portion at 15°C and the resulting mixture
stirred for 15 min. To the mixture was then added, at 15°C over about 3 hours,
3(R),4(S),5(R)-triacetoxy-6-{3-[5-(4-fluoro-phenyl)-thiophen-2-yImethyl]-4-
methyl-phenyl}-6-hydroxy-tetrahydro-pyran-2(R)-yimethyl ester acetic acid (1.0
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(R(R ,\\\OH OH OH OH 10To a 3-necked round bottom fl ask were added
2(S)-{3-[5-(4-Fl uoro-

phenyl ) - tWpeptvér3es2y| met hy1] - 4- net hyl - phenyl ) - 6( R) - hydr @<§EPeev9losises r ahydr o
-pyran-3(R),4(R),5(S)-triol (25.0 g, 55.15 nmol), isopropyl acetate (also

k 1- et h t ti 110 5 m., 69.39
oL iy adB 4 M 745 2a e B 25 n gt o F e AT L o e
then 15 addad refiatisgalixiie NESISTredSHRBACTTDr 18.rfindiheh Waried (8 #61C Bust | 11 ed

at 60-65C for 15 mnutes. The charcoal was ltered off, then washed with
i sopropyl a@aReuABe nins 4Methyttzpentanpae 3082 rﬁbo?@aa9190 \mdmb@etbew th

previously pre (i tirre r The
resul ting rﬁg%l?ﬁé r&é@%ﬁ’éﬁ%%‘é‘% ?F@d@fﬁ&ass tbeﬂﬂpg/%dffﬁ r& 4%@agyat Oc
for 2 hegur sandéiirhel 4€5010 ford 1solsPexsicduswiid,dli waetresh addwl walddditisashed with
| sopropyl acetate, then dried at 50C, under vacuumto yield the title

conpound aduBne@l@ndihe resulting reixivse avasmedie 65 Gpares AboskpoaHa. e di ssol ved
e o SRR 2l 18 R ARG INE deEarseebinhe " B ker
Z- GRD 25 hicgimrfmdiayén metweeanliee argiamu and rag) uBPVE MnyeiRk8pHwith shod Lppere was
used. WO Zo%gél(c): g)?eerEI%Te/oErB%%%%%rg \?/gg washed at 65°C with a solution of
10  ammonium chloride (3.21 g) in water (20.00 mL), and the resulting three layers
separated. The organic layer was heated to 65°C over about 15 min, cooled to
55°C over 15 min, then seeded with 3(R),4(R),5(S)-triacetoxy-6(S)-{3-[5-(4-
fluoro-phenyl)-thiophen-2-yImethyl]-4-methyl-phenyl}-tetrahydro-pyran-2(R)-
ylmethyl ester acetic acid (1.15 g). The resulting mixture was stirred at 55°C
15  for 6 hours, cooled over about 15 hours to 1°C, then stirred at 1°C for 5 hours.
The resulting precipitate was filtered, washed with methanol (2X, 46.88 mL)
and then dried in vacuo at 60°C to yield the title compound as a solid.

Example 8: 2-(4-Fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene

CH,
S
W, F
I
20 The following reactions were carried out under an argon atmosphere.

STEP A: 4-Fluoro-phenylmagnesium bromide
2-Me-THF (80 ml, 0.1 L/mole) was added to Mg (19.44 g, 0.8 mol) and
the resulting mixture was stirred slowly. 1-Bromo-4-fluoro-benzene (142.8 g,
0.816 mole) was dissolved in 2-Me-THF (200 ml, 0.25 L/mole) and 25 ml of this
25 solution was added to the Mg mixture. The resulting mixture was heated to

about 43°C, the remaining 1-bromo-4-fluorobenzene solution was added over
about 40 minutes, while maintaining the mixture at reflux temperature. The
addition funnel used to add the 1-bromo-4-fluorobenzene was rinsed with 2-
methyl-THF (40 mL) and the rinse was added. The resulting mixture was
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1H NVR (600 MHz, DMBO-d5) 8 ppm2.27 (s, 3 H) 3.14 - 3.17 (m 1 H 3.17 -
3.19 (m 1 H 3.20 - 3.24 (m 1H) 3.25- 3.29 (m 1 H 3.42 - 3.47 (m 1
H 3.68 -we.zmm@msn H 3.97 (d, J=944 Hz, 1 H 4.07 - 2CIEPLIOORIHY 4. 44

(1. 3=6.04 He, 1M 4.73 (d. J=5.67 he 1 H) 4.93 (d, J=4.91 e, 2 H) 6.50
(d, 5J=3.78 Hz d, 15 d, J=7.55 51 Hz, 1
H 7.20 (t,Styes %9‘3% foé%%% t%§” '%‘? %y'ﬁ'dvé gFﬁ%g (&EN %019}% H 1
H 7.57 7&)11té|mn924 h{horo phenylmagneswm BrdmifdR (151 Mz, D'VBO d5) 8 ppm

18.81 (s, 1 C 1.0 61743 (s, "1 C) 70,42 (s, 10 74.67 (s, 1 O
7848(s,SP (5.1 0 11588 (d, -21.96 H, 2

3 129 06 (5 1 %ﬂ %@8%%0*%96 3@“% 8§§t(>ﬁava]s§§é s oa L N
C) 137.86 (s, 013 deléﬁaﬁétrﬁéreshlt@g r%@ur%?cdcﬂedﬂo@C 1#\30@@1;3(0@) (41€)g,161. 37

(d, J=243.70 Hz, 1 Q)
3(R), 4(R), %Qmel)dmmdethoﬁpwggbymﬂcm mabﬁéh'@/@)nlﬂhatcﬁoﬁ@r{: of the

hord oaro oo ENmRASEY Ly ohlan Sl bR HidParkbBs VTP A abdidle 26°1
88.12 g) V\%Bell@di@rd red@ sdtiofl. UrAensdiution Wathéud@tu(réa aBazgo; foe.5a0gded i n one

portion and 20t he resultlﬁ m xture stirred for cooling to 15C.

((CHB) 2Si HsRiutiorofiaretic, ackb o’ §)l. hsmabl dewater (84@ rr)lopt?r binel) wesdhemd t he
result '1 g9 ldrﬁﬂffh' rrreggltlfﬂﬁ &Rjrg‘sﬂrreg%trtorﬁﬁlﬁoﬁBrrﬁlnwalsné Ha% Itﬁ'@qggersat 15C

over about

3(R),4(9), Mab—SGpaaatedpﬂw@rgéardléyéMwétwasheﬁlvetlry\h/atdm(aohﬂnez lyhat), hyl ] - 4-
nmet hyl - phenx & drOXé tetrah dro ra,n- %] }d/ net hyl ester acetic acid
(1.0 equi vt ¢ @0% Nrated A VaguQy: t%ﬁ fiyeERiy i '%gf)enelﬁﬁ fowi ng
addi tion, B,h ulting mxture was stlrred at 15C for 15 mn, then warned
to 45C over out 30 min. 4-Methyl-2-pentanone (32.92 nl, 26. 29 g) was

added to t HeTERLI2-(4Aiuaiophend)-Ov@riodbdimeltdyIbémgy| hiophengs t hen al |l owed to

varm t95°0G 5 a0dy P R 1Al mal whs aaded % b1 7' %4348 I ety 88Rzai ¢ 5lig? dded

(91.7 g, 0.35 mol) and the resulting heterogeneous mixture stirred at 22°C. To

the resulting mixture was then added thionyl chloride (42.5 g, 0.35 mol) via an
addition funnel. The resulting mixture was warmed slowly to reflux temperature
(over which time the mixture became a colorless solution and gas evolution

20 was observed), then stirred for 1 hr, then cooled to 2°C. Aluminum chloride
granules (56.0 g, 0.42 mol) were added to the resulting mixture, which was
then stirred for 15 min at 2°C. A solution of 2-(4-fluorophenyl)thiophene (0.35
mol, 89.7 %w/w) in DCM (0.5 L/mol) was then added via addition funnel over
10 minutes, allowing the temperature to rise during addition to 20°C. The

25 resulting mixture was stirred at 20°C for 2 hrs, then cooled to 2°C. Additional
aluminum chloride granules (107.3 g, 0.805 mol) were added and the resulting
mixture stirred for 15 min. Acetonitrile (210 ml, 0.6 L/mol) was added via
addition funnel over 20 minutes at T < 20°C. Tetramethyldisiloxane (131.6 g,
0.98 mol) was then added via addition funnel over 5 minutes. The resulting

30 mixture was slowly warmed to reflux temperature (42°C), maintained at reflux
for 3 hours, allowed to cool to 22°C and then stirred for 16 hrs. Water (420 ml,
1.2 L/mol) was added over 30 minutes at T < 35°C and the resulting mixture

stirred strongly for 15 min. The resulting layers were separated, the organic
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funnel and the resulting m xture warmed to 65C over about 15 min, then
stirred at 65C for 15 mn. The resulting |layers were separated, with the
col or | esswbhaysyvo4beseween t he organi ¢ and aqueous | ayers REPEPANIICISHE upper
organic layer. The organic | ayer was washed at 65C with a solution of

10 i hl ori 3.21 j t 20.00 nL dt | tipg.th
Fayere sepdevrateshat vt el D HEI0S i dnel chpodRtatsdin VERbu et B G e
cool ed to 585G e 4ifle BbMpoliR8hsSERLSELM th

3(R,4(R),5(9)-tri t oxy-6(S)-{3-[5-(4-
f |( uér oE p)hengllg - t{i;e?;%es@i%@y@ﬂ(&)gt émrgnohé\egmgaallphwas speperdsading pyxtare 2( R) -

55C 15t or - OneinASCcligEh ul and 2edpandeBIR o e TEHAS cRPrElES: °1 < or
5 hourss TheideeistHdrEdd (P2 iapdttaé eesvitind MiktareHeateasbediu, themmetifiénat ( 2X,

46.88 nlL) and then dried_in vacuo at 60C to 'ﬁi eld the title conmpound as a
sol i d. Exarfgflex for 12 min.FThe rephiins, mixtyrg was diferet watmw@veeaitey e dighene

20The fol | ow I r 4 : e. STEP
A a<Fl uor otshaebRE sHATSHIPACER (0%l Al 8 oot RR BRTRERARET Ti0e
a?d\?\,{d t o Mpopléd M%‘g: o@er81b érots, oae:(ﬂwhhm tirae lsbbhtwensuistc?ystawmaticm w?s eg
slowy. 1-Bronp-4-fluoro-henzene 42. , 0.816 e) was, di ssolved in
2- Me- THE ( 2R$eRYed.olhe PreGiyials V‘éﬁ?dfﬁt%e‘ﬁﬂ V‘g%?rh%wgh %ED@BEUPH ((’5"5 ’mésangdded to
t he Myqp@i xt ¥ b J1 X buiye m\;\g;__ [ gut 43C, the
r emai ni1glg 1d-+[)éraolpmv-é§9?%3glr()o%g%%/?rlgtzgrglefbwg?\ sl)egégg%l@%ger about 40 m nutes,
whi | e mai ntraéthiyhiepnzigthioptiamesasad sokdl ux t enperature. The addition funnel
used to add 4 he 1-hroup-4-fl uor ohenzene i nse ] . et h‘x;l.-]'HF (40
m) and t he E8MpRle3 “velieliile eneviithiophen-2-yll-¢-fluoropyridine
2010/ 043682PCT/ EP2009/ 063503 (gtirred at 90C for 1 hour, then cooled to 20C
to yield a brown-green sol utijon contai ning 4-fluoro-phenyl magnesi um
brom de. STEP B: 2-(4-Fl uor gphen t hi o§hene 2=Rr onot hi ophene (130.4 g,

? S it e) and the resulting
' pl ) was added fol |l owed by
addi tion, over about 40 m NMN\z F0br o- phenyl magnesi um
brom de sol ution prepared as |in STEP A above to yield a dark red sol ution.
The solution was then stirre@rat 22C for 1.5 hrs. A solution of acetic acid

1.7 m R 40. M . 0. h
(9 S PEBN 6 o it B A dneicn BroRide 8S then

15 Under a nitrogen atmosphere, 5-bromo-2-fluoropyridine (8.8 g, 50 mmol)

LAY

was dissolved in dry THF (50ml). To the resulting mixture was then added sec-
butyl MgCI-LiCl (15% in THF, 1.5 equiv.) over about 30 min at room
temperature and the resulting mixture stirred at room temperature for 2 hours.
STEP B: 2-Fluoro-5-(thiophen-2-yl)pyridine

20 In a separate reaction vessel, under a nitrogen atmosphere were added
NiCla(dppp) (0.02 equiv, 0.60 g) and THF (50 ml). 2-Bromothiophene (8.1 g,

4.81 ml, 50 mmol, 1 equiv.) was added and the resulting solution stirred for 2

min. To the resulting mixture was then added the mixture prepared in STEP A
above, over about 30 min at 0°C, then allowed to warm to room temperature,

25  with stirring. To the resulting mixture was then added diethylether, then cooled
to 0°C and treated with 1N HCI. The resulting mixture was extracted with
diethylether (3X), the layers separated, the organic layer dried over MgSOy,
then filtered and the filtrate evaporated to yield 2-fluoro-5-(thiophen-2-
yl)pyridine as a liquid residue.
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10added and the resulting m xture stirred strongly for 15 mn. The
resulting |layers were separated, the organic | ayer was washed with water
(80 m, OVO2D10EBGS2 t hen concentrated in vacuo at 75C t ®@CYIEPR@9/063503
2-(4- £l uor ophenyl )th| ophene as a brown oil. STEP C

2-(4-11 uoro§ i
L/ nmol ) was &n +—F : S = 0. 35 nol)
and the res_gunqétﬁgna,qaéerogeneous m xture stl rred at 220 To the resul ti ng
m xture was en added thionyl chloride (42.5 g, 0.35 nol) via an addition
funnel . The resundery nittogenatmaspheiemddoronmenlchiasobenzaig acigngdet@agur e (over

observed) . AneRTEe) ARG B AR ARG G0 b Sed T Ardibaty ak b8 ae "
granul es ( 58s0itigg riixttie Wals)ther =Ridedds@yi @htdmaer(aszasl I NG3MIXBYFEMMEN ch was
then stirred for 15 mn at 2C. A solution of_2-(4-fluoro henyl)thlophene

(0.35 nol, 8D.enudg) whichwaeihen stirred fen 3 hWasTfﬁ%é@ﬁUéMtﬁa@'XFW& Wasli ti on funnel
over 10 m {%{%aﬁ%ratgbthW@glthe DEMP @%‘bﬁ]Hé@é? rb?ﬁ]u@%qfdtt?wgn to 20C.

The 25resu m Xture was stirre eén cooled to 2C.
Addi t i onal raixwrermnapo}'dtedl deiggadditibre of meﬁep@aw&m)m&rn@ added and

the resulting m xtur, irred for 5mn Acet n L/ nol)
was added \ngU HHBF??»' Hef"(ﬁﬁéﬁn&?@ﬁ PBrOpWisk < C 315 %2 equiv. Sd” D%'V?
Tetramgphyldps %anﬁe@ e Ehuxthe9§t P& bt M Eé?ﬁﬂer%‘ﬂ%%?’?%r@d ki on

h
funnel over 5 m)nu tes. The resulting 30m xture was sl ow warrregto refl ux
t enper at ur geadix) wasdhen queechext wﬂhfwraler ftlog resUlting Ieyeed $&pmdteuoanddﬂhet o 22C

and then stirred for 16 hr added over 30

i nut os. ¢ SusBEserar ARl D HENE e e RrcORE b SRER9R BETaS o - The
resulting | afhainedtied 8\%@%9@04%&@,@% and eva orated to yield (5-

2010/ 043682PCT/ EP2009/206 503 | ayer washed with water 8 g ol ),

t hen concerhrOﬁtOeZI-ChIOrorabQJM)@ (6dlgorapyyidin-a-w leophen-a- sd)m@@anqna@saa resi due.
The re ue é%Z 0 g, 0.1 nmol theoretically) was suspended in a m xture of
et hyl JF 830 m ) and 2-propanol (50 m ). To the resulting m xture was

5added charmP O:55-233)5-Brshbi2eChsot drnAy) tHibptiaH-2- \Jﬁ)%‘alfladrd[mlﬁﬁfd ux, then
stirred at reflux for 15 mn. The resulting mxture was filtered warm over

a filter aid, tHéndeng @lrtroggg@@Oﬁpmﬁreeﬁ?rora@@rawI@rqpmnui)§5 €hd the conbi ned
filtrat ’
(11 Lrate anthoplie 9991 Aohtn 2 HEhaHnd 1 ook of oY) i Bssaan g ecus

2- propanol [HEM (ti2)5 aml)j To the resulting mixture was then added acetonitrile (12.5 ml)
20 and EtsSiH (2.29 ml, 14.3 mmol, 2.9 equiv.), resulting in the formation of a

yellow suspension. The suspension was cooled to 0°C, then treated, dropwise
with BF3*OEt, (13.8 mmol, 1.75 ml, 2.8 equiv.). The resulting mixture was
allowed to warm to room temperature overnight. Saturated Na,COs (6ml) was
added, the resulting mixture extracted with chloroform, the resulting phases

25 separated, the organic layer dried over MgSO,4 and evaporated to yield a
residue. The residue was dissolved in ethyl acetate, then treated with
methanol, resulting in the formation of a precipitate, which was filtered, to yield
5-(5-(5-bromo-2-chlorobenzyl)thiophen-2-yl)-2-fluoropyridine as a solid.

Example 10: 2-(4-Fluorophenyl)thiophene

F
S

% \_/
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10dried in vacuo at 60C to yield 2-(4-fluorophenyl)-5-(5-iodo-2-

nmet hyl benzyl )t hi ophene as a solid. Exanple 9:

5- (5- ( 5- bworzor24ad8R or obenzyl ) t hi ophen-2-y1) - 2-f | uor opyr iPdir®2002106358%8 STEP
A: (6-fluoropyriclin-3-vOmnnesi um broni de 15Under a nitrogen atnosphere,

5-b 2-fl i di .8 qg,, 50 | i | d THE 50nmL
To '[gtramresul ??L?#@bﬁ?%@ﬁ%ﬁ'%ﬁ%@#ﬁ&t 'y‘FfO g : r I/3| n gI'HF )1 5
equi v. )  ovelorahRUciBlaan 0 gat 48 |@Hﬂbﬁérﬁl5f5§h@ék91|rﬁé)9an§cﬁuhf(!lf'@icﬁlbﬁ&lére

stirred at roomterrperaturefor ours
2- Fl uor o- 5-((0H) @,p%ammol))amaqﬂews NaiGOa(4bdpmgat 8 mehkiet 1.6 afdd«) in under

R A L e R N

the resgl tlrrwr§orrhblr@§ulﬁhg mﬁlﬁl@ré WasZoBl tolohh & mgsratdrenthdihshwiieregas t hen
added the m xture prepared in STEP A above, over about 30 min at 0C, then

al | owed t o ¥&FMiGHb T%WH%WQ@@P@F@edmC{'W%ﬂWf iThg.liqpisl was wasbedt i ng

m xture wa d with 1IN
NCl . The ré"s"w@g%éé}q%%g?% Q{L\?/as ex rrg%'bgg%\ﬂnﬁ? ﬁbdl é}e ?v«%gt%fef%c? ?Atﬁt he | ayers
separ at ed, dibthytigami2cx 50§ enl )drTinedcarvisineipB§Anic idnans ivdre eneddred ovbe
filtrate ev rated to yield 2-fl uyqro-5-(thiophen- I idine as, a
liquid resi cm%&aﬁ%@@@ WH%VZ‘(@%/%@&'@(‘%Q” gqul%tr?ep tile compound

(5- bronp- 2- é:shéwhq)tgtmal)(S (6-fluoropyridin-3-yl)thiophen-2- V1) net hanone
Under a nitrogen atnosphere, 5-brono-2-chlorobenzoic acid (5.26 g, 22.3
nmol ) was addedtoamxture of DCMEX&m m) ‘and 1 drop DIVF To the

S5resul ting m xt \ 4.

mml, 1.5 equiv: o e e 5= ‘

was evapor at giéthPlphengh-6URy didkynt iyl 2-niéth oxdtdah i roZHIG\FaALE4F1d the
m xt ure evapor at ed. S addrtron of DCMWas repeated twce. T0 (he

resul ting residue was then added, dropdfik, AIC13 (3.6 g, 1.2 equiv.) in
DCM

15
To a solution of 2-(5-iodo-2-methylbenzyl)-5-(4-fluorophenyl)thiophene

(40.0 g) in anhydrous THF (200 mL) was added a solution of /-propyl
magnesium chloride / lithium chloride in THF (14.5 wt%, 76.4 g) dropwise
under N2 at 0 - 5°C. The mixture was stirred for 1 hour at the same

20 temperature, and then the mixture was added dropwise to a solution of 2,3,4,6-
tetrakis-O-(trimethylsilyl)-D-glucopyrano-1,5-lactone (54.9 g; see U.S. patent
No. 6,515,117) in anhydrous THF (80 mL) at 0 - 5°C. The reaction mixture was
stirred for 2 hours and quenched with a solution of methanesulfonic acid (11.3
g) in methanol (400 mL) under cooling. Upon complete addition, the mixture

25 was stirred for 2 hours under cooling, and then was warmed to room
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10(40 m) and the resulting m xture stirred at roomtenperature for 2 hrs.
The reaction was then quenched with water, the resulting |ayers separated,
and t he aNjoOoeouw4B@Per extracted with DCM The conbi ned ®CHaRR@IN63803 i ons
were washed with K2CO3, then dried over My504, filtered and evaporated to
yield (5- . : : :

br ono- 2- chi'BFBSFRIHA 208 Stiged "6t BRYFS: dlhe BU¥HI] WS SERSHEY 1) ASOHERBR as a
15r esi due. NFEED(4.12 g) in H.0 &400 mL) undercoolinfgl. The mixture was allowed to

5- (5- (5- br ono- 2- Chl or obenzynt hi ophen-2-v1)-2-fl uoropyridi ne Under a

ni trogen atwaspteraom (Snpe@iw-c2apt toenpHapiang sagmdded to the mixture. After

" Do { 12 58 PR R TR B R REAASK tFe hut Pt aubhBeeatSind e T
(12.5 nb) 2BrrRAcETHY tdriiBingd drbanitdaykriwad wadh&d @iHi 5% JaquesssINadHEOL n t he
formati on of a yell ow suspension. The suspension was cooled to 0C, then

treated, dri®pide dhedieveraokygrous MgSewmnd filtered 4 afforda sglutipn)of mefay!
resul ting g ¥ W B WA tp O ﬂﬂm&{ rg_overni ght.
Sat ur at ed maétcﬁﬁ?gﬁn%ugm\@%e%t ! @é%@%%ﬁ% 'xt% Igxtract ed with
chl or of o(rjmglud:tﬂayrarscgdidié hgem:ygaeesta%ars@mtua?]@(bsstape/i@d @ gyII-ER/If(E; dried oxelr
MpSOH4 and e orated to yie resi due. The residue | ssol ved_in ethy
Acetat ot HeADTT G SyEUMIY 6 et RaRax ToQ 4T Mo T ENase” PBRRS o ol i TR
preci pihat {. foh b i ingy d
5-(5-(%pbrgﬂoﬂ¥gj-’ch dc%?é%’e%iﬁ?fﬁi'%ﬁéﬁ -yl)-2-fluoropyridine as a solid.
Exanpl e 10: 2- (4nk @RS/ (MT-Matptene 30
Example 12
(3R,4S,5R,6R)-6-(acetoxymethyl)-2-(3-((5-(4-fluorophenyl)thiophen-2-

vl)methyl)-4-methylphenyl)-2-methoxytetrahydro-2H-pyran-3.4.5-triyl

15 triacetate

AcO

To a stirred solution of methyl 1-C-(3-{[5-(4-fluorophenyl)-2-
thienyl]methyl}-4-methylphenyl)-D-glucopyranoside (net weight 10.54 g) in
toluene and ethyl acetate was added N-methylmorpholine (11.9 g) and 4-

20 dimethylaminopyridine (217 mg) at room temperature. The solution was cooled
to 0°C and acetic anhydride (52.7 mL) was added dropwise below 15°C. The
reaction mixture was allowed to warm to room temperature and stirred for 15
hours. The mixture was quenched with 28% NHs; aqueous solution (ca. 31.6
mL) while maintaining pH range of 6 to 7. Water was added to the mixture and

25 separated. The organic layer was washed with water and brine, dried over
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WO 2010/ 043682PCT/ EP2009/ 063503 A sol ution of 2-bronothi ophene (233.0
g, 1.43 nol), 4-fluorophenyl boronic acid (200.0 g, 1.43 nol),

bi s(tri pheayebmgsEsai ne) pal | adi un(11) dichloride (10.0 gpPCIAP200910635)3 and
aqueous Na2CCB3 (454.5g, 4.3 mol in 1.5 L of H20) in 1, 2-di met hoxyet hane (2

L tirred at 75-80C (]| | t for .2.5h . The . | ti
m xtur e v Mg SRband UisBHat HedTara daroudiniaed Sicno e vehe |
solid was %ﬂ%&ﬁ%%,gﬂ@trﬁié%édﬁm-CT(?{[Bi(ﬂmlﬁrdﬁr%ﬁWSﬂﬁﬂeﬁﬂ{lmlet‘h?i}ﬂf- (2 x

500 nl). The conbi ned aqueous l"ayer was extracted with di ether (2 x

500 nl). Theelytihienyt-dobmeiyranopite(Web®g) Aeyetoweod. over Nadl,
concentrated and %U(%Q%PQ%%LR]%)dI stillation to yield the title conpound

10as a white solTd.

(3R, 4S, 8BS, 6R) - 2- (3- ((5- (4-f | uor opheEdampleotden- 2- yl ) met hyl ) - 4-

met hvl phenvl) - 6- (hydr oxynet hyl ) - 2- met hoxvt et r ahydr o- 2H- pyran-3, 4,5- trio!l
15 HO @[}é@é}@ﬂ@etoxvmethvl)-6-(3-((5-(4-f|uorophenvl)th|ophen-2-

2- (5-iodo- 2- hophenes 40,90 {¢Qs 2Nhydr ous
THE (200 nL) W methyiphenyl) R babyPrdcdiird Y o O
chloride in THF (14.5 % 76.4 gledropwi se under N2 at 0 - 5C. The m xture
was stirred for 1 hour at the sane 20tenperature, and then the m xture was

AcO

To a stirred solution of the above compound (net weight 14.25 g) in

10 acetonitrile (114 mL) was added triethylsilane (7.74 g) at room temperature.
The solution was cooled to 0°C and boron trifluoride etherate (9.45 g) was
added dropwise for 10 minutes. The reaction mixture was stirred at 0°C for 4
hours. The mixture was quenched in a solution of 10% KxCOs aqueous
solution(156.8 mL) under cooling. The mixture was allowed to warm to room

15 temperature and stirred for 15 minutes. After separation, water and ethyl
acetate was added to the organic layer. The organic layer was washed with
brine, and filtered. The filtrate was concentrated in vacuo. The resulting
residue was suspended in ethanol and evaporated (twice). Ethanol was added
to the residue and the resulting mixture was stirred for 30 minutes at 50°C, then

20 cooled on an ice-bath. The precipitate was filtered and washed twice with
ethanol, then dried to give (15)-2,3,4,6-tetra-O-acetyl-1,5-anhydro- 1-(3-{[5-(4-
fluorophenyl)-2-thienyljmethyl}-4-methylphenyl)-D-glucitol (11.12 g) as white

crystals.
m/z (APCI) 630 (M"+NH,); mp. 160-170°C.
25 Example 14
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tetrakis-O-(trinethylsilyl)-D glucopyrano-1,5-1actone (54.9 g; see U.S.
patent No. 6,515,117) in anhydrous THF (80 nL) at 0 - 5C. The reaction

m xture WO 2810/;48@d for 2 hours and quenched with a sol BRCIr@R2@P/063503

met hanesul fonic acid (11 3 g) in nethanol (400 ni) under cooling. Upon
conpl ete addit] ] [ £C I ) gool i ng,
and then was w 8 AD ‘ 68 Soo06354 Fperat ure and
stirred for 4 h‘%t%ylgﬁbﬁyD%GC}M&o&méthggﬁét%*d}oazH%ﬂh@A,@-tﬁﬁHm
(4.129) in H20 under cool I ng € mXture was all owe 0O warmto
roomtenperature, and then n-hepMaene was added to the mi xture. After phase
separation, the aqueous phase way extracted with ethyl acetate and 5

tol uene. The conbi ned organic LafRy ZIN: —5% aqueous NaHCO3
e i prd a solution of
met hyl 1-C- (3-1[5-(4-fluorophe [ ‘ met hyl phenyl) - D-

solution, dried over anhydrous

gl ucopyranosi de in ethyl acetateyand toI uene (ass i eld 80% by HPLC,

Col um: Symretry C18 4.6 nm x 15@ mm Mobil e Phase: Phase A, 0.1% TFA 10 in
H20; Phase B, 0.1% TEA in CH3CNY-~NnkQtAPCI ), 443 (Mt MeOH). Exanple 12
(3R, 4S, 5R, 6R) - 6- (acet oxvnet hvlJ - 2- '
vOnret hvl) - 4- met hyl phenvg hoxviet rahvdr o- 2H pvran- 3, 4, 5-tri vl
15triacetate QOwe 0. 0Ac AcD## ~0 i
1-C (3-{[5-(4-fl uorophenyl)-2- éH

(15)-2,3,4,6-tetra-O-acetyl-1,5-anhydro-1-(3-{[5-(4- fluorophenyl)-2-
5 thienyllmethyl}-4-methylphenyl)-D-glucitol (5 g) was dissolved in methanol (35

mL) and tetrahydrofuran (25 mL) at room temperature. A solution of LiOH
hydrate (192 mg) in water (10 mL) was added dropwise to the mixture for 30
minutes at 20 - 24°C. After the mixture was stirred for 19 hours at room
temperature, the solvent was evaporated in vacuo. The residue was
10 partitioned to ethyl acetate(50 mL) and water (25 mL), stirred for 15 minutes,
then the layers were separated. The organic layer was washed with water.
The organic layer was dried over Na>SOs., filtered using activated carbon pre-
coated filter and evaporated. The resulting residue was dissolved in ethyl
acetate (11.1 mL) at 40°C, water (241 mL) was added to the mixture at the
15 same temperature. n-Heptane (5.6 mL) was added to the mixture at 40°C, then
the mixture was seeded with a slight amount of (1S)- 1,5-anhydro-1-(3-{[5-(4-
fluorophenyl)-2-thienyljmethyl}-4- methylphenyl)-D-glucitol at same
temperature. After stirred for 1 hour at 35°C, n-heptane (2.6 mL) was added
slowly to the mixture. The resulting mixture was cooled. The precipitate was
20 filtered and washed with ethyl acetate/n-heptane, then dried to give
hemihydrate of (1S)-1,5-anhydro-1-(3-{[5-(4-fluorophenyl)-2-thienyllmethyl}-4-
methylphenyl)-D-glucitol (2.93 g) as white crystals.
m/z (APCI) 462 (M*+NH,); mp. 106-107°C
Example 15
25 2-(4-fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene
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t hi enyl ] net hyl } - 4- met hyl phenyl ) - D- gl ucopyr anosi de (net wei ght 10.54 g)
tol uene and ethyl acetate was added N nethyl norpholine (11.9 g) and 4-
di met hy| awbdropyrB@2ne (217 ng) at room tenperature. ThePS®HIERRI09/M63583 cool ed

to OC and acetic anhydride (52.7 m.) was added dropw se bel ow 15C. The

in
20

reaction mxture was allowed to warmto roomtenperature and stirred for

hours. The

WO 2010/ 043682PCT/ EP2009/ 0OF
was concentrated in vacuo )
1-C (3-{[5-(4-fl uorophenyl) - 2

met hyl phenyl ) - D- gl ucopyr anosi

( MThNI - 14) .

vOret hvl) - 4-netti vl phenvfitetrahv

15

m xture was quench®d with 28% NH3 aqueous sol ution (ca. 31.6 nL)
while nmaintaining pH range of| 6 tg 7. Water was added to the m xture and 25
separated. The organic Iay wWagwashetow t h fvatex and brine, dried over

etra-0-acetyl -

|
(2R 3R 4R, 58, 6S) 235{moriceahivehz@)-634(Uorégnényipriopheny Ct00 gpfzee- 2-

S5Exanpl e 13

rivi triacetate

de (17.599) as yellowoil. nlz (APC) 660

hvdr o- 2H-pvran- 3, 4, 5-t | Me
00Ac AcO OAMOTHER Po &f 3kt PLTelduRlination o B ROPRL 12886 Ak pwblishier [RBIUAREI ght

14.25 g) imlGhp

room t enper at'ur €.

5

10

15

20

25

atmosphere. Sodium iodide (83 g), copper (1) iodide (2.64 g), N,N'-dimethyl
ethylenediamine (2.94 mL) and diglyme (50 mL) was added to the mixture at
room temperature. The reaction mixture was heated to reflux temperature and
stirred for 36 hours. Ethyl acetate (300 mL) was added to the mixture at 40°C
and the mixture was filtered using activated carbon pre-coated filter. The
filtrate was washed twice with 5% aqueous NHs; solution (100 mL). The organic
layer was washed with water (100 mL) and then evaporated. The resulting
residue was suspended in methanol (426 mL) at reflux temperature for 75
minutes. The resulting slurry was cooled to 25°C and stirred for 1 hour. The
precipitate was filtered and washed with methanol, then dried at 50°C in vacuo
to give 2-(5-iodo-2-methylbenzyl)-5-(4-fluorophenyl)thiophene (94.9 g) as white
crystals.

m/z (APCI), 409(M*+H); mp 109-110°C; "H NMR (400 MHz, CDCl3); &
7.54 (d, “Jun = 1.8 Hz, 1H), 7.45-7.42 (m, 3H), 7.07-6.99 (m, 3H), 6.92 (d, *Jun
= 6.0 Hz, 1H), 6.66 (d, *Jun = 3.6 Hz, 1H), 4.05 (s, 2H), 2.26 (s, 3H).

Example 16: 2-(4-Fluorophenyl)thiophene

F
S
To a stirred solution of 2-bromothiophene (100g, 613.3 mol) in dry THF
(220mL), at 50°C, under a nitrogen atmosphere were added Pd(OAc)2 (13.8
mg, 0.06 mmol) and 1,3-bis(diphenylphosphino)propane (25.3 mg, 0.06 mmol).

After 5 minutes, 1.05 M 4-fluorophenylmagnesium bromide in THF (613 mL)
was added over 6.0 hours (TOF = 1750). The resulting mixture was stirred for
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The solution was cooled to OC and boron trifluoride etherate (9.45 g) was
added dropwi se for 10 mnutes. The reaction m xture was stirred at 0C for 4
hours. ThwordKYM48@2was quenched in a sol ution of 10% K2E@CB/EXQUWEH63503

sol ution(156.8 nL) under cooling. The m xture was allowed to warmto room

15t enperatu an Jrred for i.put es. After separation, ter and et hyl
2cetate wael Beded GG, HEN PaRiRt do Pl miayTanuil T8 AP REP SR i 1

brine, and §dlthttcﬁf(@€bo rﬁb)?inférﬂ Fc@aéeﬂhM’@EMQBG@%E)&K/@@aG@eG’%H%e Té@lt'irﬁflﬂ ting
resi due was suspended in ethanol and evaporated (tw ce). Ethanol was added

to the resimixturamias separetad, endgvasheduwigh eise 200 mig. NgSQa (26 gueed at 50C,

t hen 20cool ed i ce- e ecipi s filtered_ an S tw ce
wth et handictv e eharFdal b0y vod s Rest SR fedfihe pd iedfios Sirela TRl o-

1- (3-{[ 8- (mixtureavaptmenyfiliergd taricetme! il igiehidnceAtraridnis| ydlanié itl®- gl uci t ol
(11.12 g) as white crystals. mz (APC) 630 (Mt+NE14); np.. 160-170C.
25Exanpl e 1OMgOUNShas s4ssiduecrnichapapuerrswitiout further purification.

(2S, 3R, 4R, 5S, 6R) - 2- (3-((5-(4-fluoro .4hl ophen-2-vl) et hyl ) - 4-

met hyl phenvl) - 6- (hydroxvnet hvfitetr %ﬁﬁg%pvr an-3,4,5-triol M O00OH HO
OH OH (19)-2, 3, 4, 6-t et rGral SalidtDdsdqeF amh ydPropheticEddrhpled- fl

uor ophenyl)-2- 5t hi enyl ] met hyl } - 4- net hyl phenyl)-D-glucitol (5 g) was

di ssol ved in net"?‘r%lﬁépeF%@ er'?ﬂl’goi\rr‘i‘&w @{ @%H%Wlﬁ%ﬁ'cghg%mmg theom

t enper ghur i k i was added
dr opwi gg tgcotrﬁ)e&ﬂdiéﬂue grﬁ?égopéﬁ?% [égg%gﬁzl( %(%1 d-hl@%égb V%?Fi@rrﬁ%%térg_%ltn?e was
stirred forsufficidmivmeladivideshatospdo provide attbtal sotowemiof &86 tev8pfanatedll i n
vacuo. The resi (B% S I10 arfi tioned to ethyl acetate(50 nL) and water (25
n), stirr&S¥hr §¥$9?uﬁ U&hen the layers were separated. The organic

llayer was washedpywié heet&joing S5e@ic@bh ted M8 thaVBanelple8 Gf MepredariSOA,
filtered using activated carbon pre-

invention, with examples provided for the purpose of illustration, it will be

15  understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.
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coated filter and evaporated. The resulting residue was dissolved in
ethyl acetate (11.1 nL) at 40C, water (241 nlL) was added to the

m xture at the 15 sane tenperature. n-Heptane (5.6 nL) was added to
the m xture at 40C, then the m xture was seeded with a slight anount
of (1S)- 1,5-anhydro-1-(3-{[5-(4- fluorophenyl)-2-thienyl]mnmethyl}-4-
met hyl phenﬂﬁ&iﬂﬁﬂucitol at sanme tenperature. After stirred for 1
hour at 35C, n-heptane (2.6 nlL) was added slowy to the m xture. The
resulting m xture was cooled. The precipitate was 20filtered and
washed w t hi.et hyA peoeisatfor thehmebarationtdfexontouedstad foginwdaligm hydr at e
of (1S)-1,5-anhydro-1-(3-{[544-fl uorophenyl)-2-thienyl]nethyl}-4-

nmet hyl phenyl)-D-glucitol (2.93 @) crystals. mz (APCl) 462
(Mt+NH4) ; np. 106-107C Exanpl e 15 A v
252- (4-f 1l uorophent 1) - 5- (5-i odo- 2- enzy gphene WO

2010/ 043682PCT/ EP2009/ 063503
2- (5- brono- 2- net hyl benzyl)-5-(4-fl uo
Nonura S., et al., PCT Publication
February 10, 2005) was dissol ved i @ t ol
tenperature under N2 5atnDngPre. odi ufp i odi de (83 g), copper (1)
iodide (2.64 g), N N -dinethy y A ne (2.94 nL) and diglyne
(50 nL) was added to the mixture at Eoomtenperature. The reaction
m xture was heated to reflux tenperaf@iie and stirred)for 36 hours.

Et hyl 300 nL dded. h i 40C dth
el 2t e | Ve R 200 b B e B Hierolbutigs 11 e The 10

filtrate was Was(h?ﬂiﬁq]\h% a_v\it%daioﬁ%@gu@s}u@tewdﬁws%mrgtéoomohégwat)- The
W

organi c | ayer was washed water (100 nlL) and then evaporated. The

resul ting rhelemeycligeng rpeRined inameptianaly sulmstutey uasatusatedx

and st i1 ednpBhosete Beferolactc e, Hdbibbafy St bR Tef hBat i
net hanol , theerabidyetc ahgd>OCam GPﬂMW stiisetuged Benzene ring; or

2- (5-i0do-2-net hyl benzyl y5- (4-1 | uorophenyl )t hi ophene (94.9 g) as
white crystals. (2)Ring fyis apgatipnally sabsiitiled: banzengging sod Ring vk 400

MHz, CDCl 3), ; HH = 1 = ; ;

7 07- 6 50 (SpPo Sub gyt b pnbtleiphetdibydic 4. gfdy optpnaty

Hz, 1H), 4.dbs(iBite@dphsatratédfasedhiierobicyclic ring wherein Y is linked to the
heterocyclic ring of the fused heterobicyclic ring; or

phenyl )t hi ophene (100 Qg); (see
2QQ@81 012326 Al , published
lene (300 nlL) at room

{3) Ring A is an optionally substituted unsaturated fused heterobicyclic
ring, wherein the sugar moiety X-(sugar) and the moiety —Y-(Ring B} are both
on the same heterocyclic ring of the fused heterobicyclic ring, and Ring B is an
optionally substituted unsaturated monocyclic heterocyclic ring, an optionally
substituted unsaturated fused heterobicyclic ring, or an optionally substituted
benzene ring;

X is a carbon atom;

Y is -(CHaz)y-; wherein nis 1 or 2;

provided that in Ring A, X is part of an unsaturated bond;

or a pharmaceutically acceptable salt or solvate thereof; comprising
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20Exanpl e 16: 2-(4-Fl uorophenvl)thi ophene To a stirred

sol ution of 2-Dbronothi ophene (100g, 613.3 nmol) in dry THF (220nL), at

50C, under a nitrogen atnosphere were added Pd(OAc)2 (13.8 ng, 0.06

mol ) and 1, 3-bi s(di phenyl phosphi no) pr opane 0.06 nmol )7 25
' . f [ [ (613

m.) was added oyera6. 0 = 1750). TH e |was
stirred for WD\2010/ 04368 FP2069/-663563 \ 2n
cooled to 30C an £ Wy poured into a 2M HCl oh (600

m.) in an ice bathy DCM (300 nL.) was added amd the resulting m xture
was separated, andgWhashed wi(®h brine (200 mi). My&™ (2@¢xp) and
activated charcoal (109) were added and the resulting m xture was

stirred. The 5mi M{hdfdflfﬁ)ﬁﬁﬁig MherdiR e ﬂst[:{rab\'ﬁ on |0d0 W'th a

concentrated to y| e the t e corrpoun s a residu sed
wi t hout furadmmlepmf of{ Cg.atlkgimagresiphewiti | |thu®'1aihlc$mjemi'3)oemg&exﬁm‘r®a

P h Ex As f di f
100 g of RISk BasRB M BB A EHNBGM Ara e eoraplerel hpiaiy "
above, is f@égﬁ@é&ﬁ%ﬁ&ﬁ@e thlltﬁih?d‘&h[&h@é’ | M eﬁﬂ (?/r'ggﬁfé: dATE nfq?tur?

provi de a tot anount 580 to 590 a size 0 har
capsul e.  thereofytl aet&mmerrabﬂegimm&grar@@cmﬁfrm'atabont amﬁgemperature to

rinciples qgf th sent i,nvention, wth exa | e for th
Ui pose. of AHAbs(3ReBe thaEoToTnalie FREPBH of T A B wapies o
the inventij g%@egﬁmﬁ%ﬁ,{éj CIYr M@g usual variations, adaptations

and/or nodifications as thin the scope of t he foI | om ng cl ai ns

and their equivalents. W claim
0| OC
Q X

OH
\\\\\OZ 1 o \\\\\OZ
Z0 > 70
x 0z x 0z

reacting the compound of formula (XI) with a compound of formuta (XII),
wherein Z is an oxygen protecting group selected from the group consisting of
acetyl and pivaloyl; in an organic solvent or mixture thereof; at a temperature in
the range of from about ambient temperature to about -78°C; to yield the

corresponding compound of formula (XHI);

OH 3
\\\\\O Z \\\\\O H

zo
0z "o OH

COnm
N
Quiu
I

(XI1) (B
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A process for the preparation of conpounds of formula (1) HO (I)
wherein Ring A and Ring B are one of the foll ow ng: (1) Ring A
is an optionally substituted unsaturated nonocyclic heterocyclic
ring, and Ring Beastirag]thmmmpaum@oétdmsmia (€Y tonyidd thetedesporaliye| i ¢
het erocyclic rin a{u l?o ally substituted unsaturated fused

het er obi cycf4TePY O oF tional |y substituted benzene ring; or
(2) Rng Ais an optlonally substituted benzene ring, and Rng Bis
an optionally substituted unsaturated nonocyclic heterocyclic ring,
or an opti chal | yA pudnssstas iadClaims dt turtheedompeisihchet er obi cyclic ring
wherein Y is |inke o the heterocyclic ring of the fused
optional ly substi

het erobi cyclic ri 3) Rng Ais an optio
wse® het er obi cyclic ring, gl n\t he suga
e noiety -Y-(Ring B) are bothlon't LanE
@hﬁ fused heterobicyclic ring, R'ng B Is—d
N
-(CH2) n-;

substituted unsa urAat
an unsaturated bond: or & pharmaceutically accepta
t hereof; conmprisingdZ Ay B X &Jﬂq)XI)

=%

optional ly substiglt

reacting the compound of formula (Xll1) with a Lewis acid; in the
presence of a trialkylsilane; in an organic solvent or mixture thereof; at a
temperature in the range of from about 0°C to about reflux; to vield the

corresponding compound of formula (XIV);

X
X

0z
aw o OH

Z0
0z HO
OH

(XIV) OH (1)

O1nn

z

de-protecting the compound of formula (XIV}; to yield the corresponding

compound of formula (I).

3. A process as in Claim 1, wherein

X is a carbon atom;

Ring A is selected from the group consisting of 4-methylphenyl and 4-
chlorophenyl;

Y is —CHs- and is bound at the 3-position of Ring A; and

Ring B is selected from the group consisting of 2-(5-(4-fluorophenyl)-
thienyl) and 2-(5-(6-fluoro-pyrid-3-yl)-thienyl).
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- reacting a conmpound of formula (X) wherein Qis brono or iodo
wi th a conplex of di(Cl4al kyl)magnesiumw th [ithiumchloride or a
conpl ex of Cl1_ 4al kyl magnesium chloride with Iithiumchloride or a
conpl ex of C _aal kyl magnesi um bromide with lithiumchloride; in an

et S0 Y ALY e bR el el
r u i ; B3 E!
correspondiypgh @%gh@%l?ﬁ '?/Bgir(tgﬁmﬁl%é%ésiu?fﬁ'\ﬁﬁﬁiit‘i‘\ilﬁ?ﬂ} dhioridae agd g\]gherein the

correspondi ng My r . reacting the conpoun
fornul a ( XIgorplek of di6apalityidmetnesitimuwith (ikiium, chidrigesisra @omplexrofalifggen

B val oyl i AUtgRaBGaRE uh VR cH R B 44 ik beiechoriE SormPing of
in the rangeralid pOMvABRH GENBI | tenperature to about -78C; to

yield the correspondi ng conpound of formula (XI11); reacting
t he conpound of fornula (XI1l), to yield the correspondi ng conpound

of forrmula £1). 2. I i t her risi
reacting t hée' con%gﬁ?ucgésgﬁsfﬁ}eﬁle?gf%ﬁoﬁép%mrﬁgéuﬁ@\ﬂ g&g&%a-% t he
presence of a trialkylsilane; Chzan organic solvent or mxture
thereof; at a tenperature in the range of from abg 0C to about
reflux; to yield the corresp -

de- protecting the conpound
correspondi ng conpound of fa
wherein X is a carbon atom

\\\\OH
HO .
x OH
OH (I-S)
or solvate thereof; comprising
CHy . CH, ]
L L
(J U (J U
s ————— e
Q° (X-8) L Q' (X1-8) ,,.

reacting a compound of formula (X-S) wherein Q° is bromo or iodo with a
complex of di(Ci.4alkyl)magnesium with lithium chloride or complex of Cq_4alkyl
magnesium chloride with lithium chloride or a complex of Cy.salkyt magnesium
bromide with lithium chloride; in an crganic solvent or mixture thereof; at a
temperature in the range of from about ambient temperature to about -78°C; to
yield the corresponding compound of formula (XI-S), wherein Q' is the

corresponding MgCl or MgBr;
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Ring Ais selected fromthe group consisting of 4-methyl phenyl and 4-
chl orophenyl; Y is -CH2- and is bound at the 3-position of Ring A
and Ring Bis selected fromthe group consisting of
2-(5-(4-fluorophenyl)y thienyl) dnd CH ]
2-(5-(6-fluoro-pyrid-B-yl)-thienyl). 4. A process iLQ Caiml,

wher ei n t he conpound.af (\@Zmla X) ik reagted glth 3]_exi of
di (G _4al kyl ) magne@iumWith |ithilur Rt dey-and ‘s t he conpl ex
of di(Cl..4 gnesitum wi th 1ji Ol ex of

dl(secbutyl
correspondi ng conpoursd of .
process for the prep@ation of a|co or
sol vate thereof; conprising acting a conpound of formuta
(X-S) wherein Qis gy or iodo with a conplex of

di (G _ol kyl)magnesiumw th [ithiumchloride or conpl ex of Cl4al kyl
magnesi um chloride with lithiumchloride or a conplex of Cl..4al kyl
magnesi um bronmide with lithiumchloride; in an organic solvent or
m xture thereof; at a tenperat in the range of from about ambi ent
tenperature to about -78C, to \ield the correspondlng conmpound of

formula (XI-S), wherein QL is MyBr; ZO oz
(Xn-s) oz reacting the , with a
conmpound of formula (XI-9S), e z pr ot ecting group
selected fromthe group consi and pival oyl; in an

organi c solvent or m xture therleghH at a tenperature in the range of
from about anbient tenperatureXo altit -78C, to yield the
correspondi ng conpound of fdPmula}(Xl11-S); cH3

Z0 _
=" Y0z
= (XII-S)

reacting the compound of formula (XI-S) with a compound of formula
(XI[-S), wherein £ is an oxygen protecting group selected from the group
consisting of acetyl and pivaloyl; in an organic solvent or mixture thereof; at a
temperature in the range of from about ambient temperature to about -78°C; to

yield the corresponding compound of formuta (XIH-S);

(XIII-S)

OH

(I-S)

oz

reacting the compound of formula (XI1I-S), to yield the corresponding
compound of formula (I-S).

6. A process as in Claim 5, further comprising
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OH _0z (Xiii-s) 8z reacting the conmpound of formula
(XI1'1-S), to yield the correspondi ng conpound of forrmula (I-S). 6.A

process as in Caimb5, further conprising reacting the
compound of formul &¢XI11-S) with a Lewis acid; icm.the presence of a
sil ane reagent; i » ' v m xture tﬁereof; at a
tenperature in tife 1y putFOC to a SN wxS F
the correspondin a (XIv-95);
(-)H(I-S)

- Z0 ;

E (X1I-S) Yy 0z v

oz . (XIV-S)

reacting the compound of formula (XIl1-S) with a Lewis acid; in the
presence of a silane reagent; in an organic solvent or mixture thereof; at a
temperature in the range of from about 0°C to about reflux; to yield the

corresponding compound of formula (XIV-S);

(XIV-S)

0Z OH

(-8)

de-protecting the compound of formula (XIV-S); to yield the

corresponding compound of formula (1-S).

7. A process as in Claim 5, wherein the complex of di{Cq.salkyl)magnesium
with lithium chloride or the complex of C4alkyl magnesium chloride with lithium
chloride or the complex of Cq_salkyl magnesium bromide with lithium chloride is
present in an amount in the range of from about 1.0 to about 1.5 molar

equivalents.

8. A process as in Claim 5, wherein the compound of formula (X-S) is
reacted with a complex of di(Cq4alkyl)magnesium with lithium chloride; and
wherein the complex of di(C1.4alkyl)magnesium with lithium chloride is a
complex of di{sec-butyl)magnesium with lithium chloride; to yield the

corresponding compound of formula (XI-S) wherein Q' is MgCI.
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de-protecting the compound of formula (XIV-S); to yield the
correspondi ng conpound of formula (1-3). 7. A process as in Caimb5,
wherein the conplex of di (G 4al kyl)nmagnesiumw th |ithiumchloride
or the confl.ex ok pcressiad infegite S winecein dhe gemplexnofi ditseicum chl ori de

or the coml ex.of C1 .4al kyl .. nesium bromde with Iithium.chloride

s present THYMRegmeRiHe D SHRHR SRR SRR o e MR the of
nol ar equi iesdrAR{bdut 18 toratiiRaes tndgr éduifdiaht®, 5, wherein the conmpound
of formula (X-S) is reacted with a conplex of di (G Aal kyl ) nmagnesi um

with lithiumchloride; and wherein the conpl ex of

i (sec- but Y10 nagh Bt B R B PR b e Vil @ e
correspondi ng conpound of formula (Xl -S) wherein QL is Myd . 9. A

process as in Caim8, wherein the conplex of di(sec- butyl)nagnesi um
with 1ithi ui-chldpPrefessasipddaim S whareiadbre gemprURE &f ferrgda oK) den
about 1.0t . - I L aim
5, wher ei n °Rg ah ghy BB (AR Blam b PIPEEST 20 pidet e
conpound ofedudvatehis. (XI1-S) is present in an amobunt in the range of
fromabout 1.0 to about 2.0 nolar equivalents. 12. A process as in
Claim5, wherein, when the conpound of formula (XI-S) is reacted with

t he conpou of 1N t b By
added to anﬂ12'xt uégi:d(%gstghéesxbocr;p%r%m@fe ?@%?@rﬁ(ﬁ@g@bﬁoﬁ@rﬁu&%ﬁ)i(ic&
sol vent or isireactee withctheafompdithd & fprrovkagXlaS), itne Cbmipoubd oifieraila (Xke

Lews acid is. selected fromt roup consi.stin 3. 0Et 2, BF3THF,
it nam cHPDR RSP Romb r 1 Bd SRHTRCLR QAP I8P ARSTBRR: he
silane is s@@Ghted nhikeme tigegf oup consisting of triethylsilane,
triisopropylsilane and tetranethyl disiloxane. 14. A process as in

Claim13, wherein the Lewis acid is alum num chl ori de and wherein the

al um num c ride is present.in an ampunt in_the range of, from aghout
0.5 to" aboutS. 5 RETaeaR NPl Be vAZER e Eebl 4G SelRliad RO TRE
wher ei n t hegrgiub @BAsKEAGONBFLEOEE! BFRIETHY | Lminhi AR rideNdinhgldide ke
tetranethyldisiloxane Is present in an anount in the range of from
about 1.0 tiragiatde. Sdwhereiethd sikdrens seletedirprmohesgroap donsisting vf

13, wherein., ew.s,..acid is .alunn chl qride. wherein the silane
reagent i s%é&&%pﬁyﬁrﬁoﬁ@@ﬁ%{%&e %{%ﬁ@%ﬁ#gﬁqu%q'ar rati o of
al um numchloride to tetranethyldisiloxane is about 1: 1.25. 17.The

process of claimb5, further conprising recrystallizing the conmpound
of fornul a {4-- S)A process as in Claim 13, wherein the Lewis acid is aluminum chloride

and wherein the aluminum chloride is present in an amount in the range of from

about 0.5 to about 2.5 molar equivalents.

15 A process as in Claim 13, wherein the silane reagent is
tetramethyldisiloxane; and wherein the tetramethyldisiloxane is present in an

amount in the range of from about 1.0 to about 2.5 molar equivalents.
16. A process as in Claim 13, wherein the Lewis acid is aluminum chloride;

wherein the silane reagent is tetramethyldisiloxane; and wherein the molar ratio

of aluminum chloride to tetramethyldisiloxane is about 1 : 1.25.
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conpri sing STEP A: dissolving a conpound of forrmula (1-S) in an
organi c solvent; STEP B: heating the m xture of STEP Ato a
tenperature in the range of from about 25C to about 45C STEP C
addi ng wat €7.t o thepiacrss cé cigirefafethercosTising regnestalligingHae sepipaunsy
wat er adde %ﬁgﬁq?Qg zbly in an anount in the range of fromabout 1.0
to about 2. 4 e§ i val ents; STEP D: addi ng an anti -sol vent
to the mxture prepared in STEEPHG, to yield a precipitate of the
conmpound of forrmula (I1-S). 18.The process of claimb5, further
conprising recrystallizing ths 3 3 I-§) OH
conprising STEP A: dissolvi i [-S) in an
organi ¢ sol vent; STE 7 m xture prepared

ut 1.0 to about 2.0 nolar equivalents;
STEP C. heating the m'xtureo,f/ TE\ROB‘Ito a tenperature in the range

HO

6“ (I-S)

comprising

STEP A: dissolving a compound of formula (I-S) in an organic solvent;

STEP B: heating the mixture of STEP A to a temperature in the range of
from about 25°C to about 45°C;

STEP C: adding water to the mixture prepared in STEP B; wherein the
amount of water added is preferably in an amount in the range of from about
1.0 to about 2.0 molar equivalents;

STEP D: adding an anti-solvent to the mixture prepared in STEP C; to
yield a precipitate of the compound of formula (I-S).

18.  The process of claim 5, further comprising recrystallizing the compound
of formula {I-S)

HO

OH

(I-S)
comprising

STEP A: dissolving a compound of formula (I-S) in an organic solvent;
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STEP D. cooling the m xture prepared in STEP C, to yield a
precipitate of the conpound of fornmula (1-S). 19. A process for the

reparation of a _conpound of forrmula (XVII11-S) conprisin ( XVl
S 7 &FthWQEr&i@the

|-9) " reac®T R B adshpowaterdp the mixiuge PF@HBTI'@? in _
ol vent ;1 AR e e hbEd s ARAERM R ATRACTN rofeTingt Hifbgbout
wherei n (B 1.6 tbrdoub2empirdguiylaitgnar d speci es; reacting

a conmpound of fornmula (XV-S) with the cor_‘rr'pound of formula (XVII-5);
in the presence of ER hestingdhe anixiujaof STERR tergigmreratorg énthe ienge of

leld the | f formula (XVI11-S). 20.A process
gs in Cdai Cﬁﬁ@%ﬂ@%@ﬂ%@%%@@%ﬁo and wherein B is MBr. 21. A
process as in Gsﬁrﬂm&qo@mﬂg@h@nﬁmr@pmwm BTEre0! td vieked pRiplate
22. A process as in Claim19, wherein the Ni or Pd catalyst 1Is
Ni O 2( dppe)of thezompopndcddermadai(hSE ai m 19, wherein the conpound of
formula (XV-S) is reacted with the conmpound of fornmula (XVII-S) in
the presence of a |igand.

19. A process for the preparation of a compound of formula (XVIII-S)

F
S
\
(XViI-S)
comprising
@/Qz /O/Q3
XVI-S F
F ( ) (XVII-S)

reacting a compound of formula (XVI-S), wherein Q7 is bromo, chloro or
iodo, with a magnesium reagent; in an organic solvent; to yield the
corresponding compound of formula (XVII-S), wherein Q* is the corresponding

Grignard species;

Q® _ )
S\,_-Br F/O/ S "
U (XVIIS) \ /

(XV-8)

reacting a compound of formula (XV-S) with the compound of formula

Yy

(XVII-S)

(XVII-S}; in the presence of a Ni or Pd catalyst; in an organic solvent to yield

the corresponding compound of formula (XVHI-S).

20. A process as in Claim 19, wherein Q7 is bromo and wherein Q° is MgBr.
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24. A process as in Claim23, wherein the Ni or Pd catalyst is
Pd(QAc)2 and the ligand is 1, 3-bi s(di phenyl phosphi no) propane.
reacting the conmpound of forpula (XVII1-S) with a conpound of fornmula
(XI X-S), whél-ei [X@r@%esvérw Glaim d@oWheeeipitee magnesisn reagssids ng
conmpound ofmggﬁggpﬁl (X(-9); reduci ng the conpound of fornula
(XX-S); to vyl e correspondi ng conpound of formula (X-S). 26. A
process as in Caim?25, wherein Qis iodo. 27. A process for the
preparation_of a conpound of forrmula (IA) HO %ISA') wherein RA is
hal ogen or fowerA&RyAsS as in Claig g, whescigRmi os fdsiatalistd Nicttdppe-
substituents selected fromthe group consisting of hal ogen, cyano,

| oner al kyl, hal o-1 ower al kyl, |ower al koxy, hal o-lower al koxy,

met hyl enedi2ky, A&phytessesip, Claond9, whedkin tosveomapolipt afifermula &XYSpig!
and nono- or dj -] o) al kyl car bappyl ; r. heterocyclyl

subst i t ut edeﬁ§1‘{ei’]-‘§'\ﬁ§£ft?‘s?? BeviRd CLRIaiia 6y I-Shin gresepce ohsiligandg of
hal ogen, cyano, |ower al kyl, halo-lower alkyl, |ower alkoxy,

hal o-1 ower al koxy, nono- or di-|ower al kylam no, carbanoyl, and nono-
or di -1 ower24l kyh peodessmAd in @aina 28haheezipdité dabl P daxadalpstab IRd(©dlc), and

thereof; copprishnd ?,tsggi%(ci)l;ghenylphosphino)propane.

25. A process as in Claim 19, further comprising
CO,H - -
- . CHy| CH3 ©O
S
\S @ -~ O W O "
(XVIII-S) (XIX-S)
. i Q® (XX-S)

reacting the compound of formula (XVIII-S) with a compound of formula

(XIX-S), wherein Q° is bromo or iodo; to yield the corresponding compound of

formula (XX-8);

CHy O CHs

S S
O D i — O D
Q° (XX-8) Q¢ (X-S)

reducing the compound of formula (XX-S); to yield the corresponding

compound of formula (X-S).

26.

27.

A process as in Claim 25, wherein Q° is iodo.
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OR1 reacting a conmpound of formula (L) wherein X is selected
fromthe group consisting of C, Br, | and CILiCl or a conpound of
formula (LI) with a conmpound of fornula (LID, wherein RL is tri-I|ower
al kyl silyl; to yield the correspoRti ng conpound of formula (LIII);
RA reacting the conpound of fornula (LI'T1) with an al cohol of
formula (LIV), wherein R2 is | owet 3 Rr esence of an aci d;
to yield the correspondi ng conpol
protecting the hydroxyl groups on
yield the correspondi ng conpound o

e conpound of formul a (LV); to
fqﬁﬁula (LVI); wherein each R3 is
dtetyl ; RA 6R3 reduci ng the
he correspondlng conpound of

(O DR3CH OR3CH

OH (IA")

compound of forrmula (LVI); ,&g yi @
formula (LVI1); RA \OR3 0

wherein

RAis halogen or lower alkyl;

Ring C is phenyl substituted with 1-3 substituents selected from the
group consisting of halogen, cyano, lower alkyl, halo-lower alkyl, lower alkoxy,
halo-lower alkoxy, methylenedioxy, ethyleneoxy, mono- or di-lower alkylamino,
carbamoyl, and mono- or di-lower alkylcarbamoyl;

or heterocyclyl substituted by 1-3 substituents selected from the group
consisting of halogen, cyano, lower alkyl, halo-lower alkyl, iower alkoxy, halo-
lower alkoxy, mono- or di-lower alkylamino, carbamoyl, and mono- or di-lower
alkylcarbamoyl;

or a pharmaceutically acceptable salt thereof, comprising steps of:
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removi ng the oxygen protecting groups of the conpound of fornula
(LVI'1); to yield the correspondi ng conmpound of formula (IA). 28. A
process as in Caim27, wherein RL is trinethylsilyl, R2 is nmethyl or
ethyl, and R3 R8 acetyl. 29. A process as fn Ggaim 27, wherein th

al cohol of forqula (LIV) is nethanol or ethanol |and wherel n the aci

IS an organi c-asl o~ 0S4 . process as in ai
| edyced by rdact
the s an_atid. @1 |A

conpound of
reagent, in
wherein the sifane reagent is a tri-lower jalky
the acid is a hgyﬁs aci d. (L)

(L) 2
O

.\\\\O R !

R0

reacting a compound of formula (L) wherein X° is selected from the
group consisting of Cl, Br, | and CIsLiCl or a compound of formula (L.1) with a
compound of formula (LI1), wherein R’ is tri-lower alkyl silyl; to yield the

corresponding compound of formula (LIH);
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reacting the compound of formula (LI} with an alcohol of formula (LIV),
wherein R? is lower alkyl; in the presence of an acid; to yield the corresponding

compound of formula (LV);

Y

R%0

protecting the hydroxyl groups on the compound of formula (LV); to yield
the corresponding compound of formula (LV1); wherein each R? is an oxygen

protecting group which is acetyl;

OR3

reducing the compound of formula (LVI); to vield the corresponding

compound of formula (LVII};

Y

removing the oxygen protecting groups of the compound of formula

(LVI1I); to yield the corresponding compound of formula (IA").
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28. A process as in Claim 27, wherein R' is trimethylsilyl, R? is methyl or
ethyl, and R® is acetyl.

29. A process as in Claim 27, wherein the alcohol of formula (LIV) is
methanol or ethanol and wherein the acid is an organic acid.

30. A process as in Claim 27, wherein the compound of formula (LV]) is
reduced by reacting with a silane reagent, in the presence of an acid.

31. A process as in Claim 27, wherein the silane reagent is a tri-lower alkyl

silane and wherein the acid is a Lewis acid.
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