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sul fonyl ur efere@npabsidenttge significant hypoglycem a, insulin resistance
i nproving agents cause edena and heart failure and a-glucosidase

i nhi bitors cause abdom naI nl=h ONunder such ci rcunst ances,
it has 4 peen desi
mel |i tu? havi ng -ﬁgéj g r?e ecqégjecentnl%l;/e 6%%%&? retg% p?é SE@@I t hat

hyper gl ycemfa:onwdumjlspm\mg ||nh|t1ilbey activity against sodlum -dependent glucose
transporter (SGLT) being present in the intestine or kidney.
BACKGROUND OF THE INVENTION
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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onset and progressive inpairnment of diabetes nellitus, i.e., glucose
toxicity theory. Nanely, chronic hyperglycem a | eads to decrease of insulin
secr et i orwendido4sdsher to decrease of insulin sensitivityCTardooascssos esul t,

t he bl ood glucose concentration is increased so that diabetes nellitus is
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vol . 13, naych ispptesrupiedsso that the Praptedaxieor trgatmendtaf diplbetee mglituers a, t he
af orenenti one ﬁgji sel f.- acerbati ng cycle is interrupted so that the
pr ophyl axi CHG) PP%%\P nt of diabetes nellitus is made possible. As one of

the netgods for Adgaébnthdeeidtsyoe feating hyperghriaphigdeit Ricdrisideretabe an
excess anount of glucose directly into urine so that the bl ood gl ucose
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| evel is decreased. In fact, it is confirmed that by continuous
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| evel t er can nor nal tine so insulin
secretion adml:reamd i Im faeisntss annﬁrnaercbthaﬂrby@oedn@&nHSsuatbctutanéous et al.,

"Correction of. rglycema with Phlorizin Normal.izes Tissue sensitivity
(o1 neal 1 ackmip DR o RhlacRin hevien St Fialory Bebubr R dposieariRisy 0.1
15; Rosset thpdéis; h)‘?éerg gcemlﬁsf fSindtize§3nanhe HW&P%@b%%[@\/@| ﬂﬂaréé‘f 4o
Insulin Secretion 1n Pancr eat ect om zed . I nvest.
1987, vol. t&)kemmrmﬁormﬂmgmhmsomathemsuﬂh.secretlon and lnsulln
15 resistance are improved [Rossetti, L., et al., “Correction of Hyperglycemia with

Phlorizin Normalizes Tissue sensitivity to Insulin in Diabetic Rats”, J. Clin.

Invest., 1987, vol. 79, pp1510-1515; Rossetti, L., et al., “Effect of Chronic

Hyperglycemia on in Vivo Insulin Secretion in Partially Pancreatectomized

Rats”, J. Clin Invest., 1987, vol. 80, pp1037-1044; Kahn, B.B., et al.,

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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"Normal i zati on of bl ood glucose in diabetic rats with phlorizin treatnent
reverses insulin-resistant glucose transport in adi pose cells wthout

rest ori ngwol2omaessser ansport er gene expression”, J. dinPCirmre@w/06350991 |,
vol . 87, pp561 - 570] In addition, by treating diabetic animl nodels with
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et mont T her kiEvept Hie,oB0 A Bora gt aidhataF mdtivs anbifbg B

sust ai ned iguprglica®ng. | n hypergl ycem a and prevents di abetic neuropathy in
CGot o- kaki zaki Rats", Life Sciences, 2005, vol. 76, pp2655-2668] [Fromthe
above, SGLT i nhillPmfas et e Nfsspiades Bat%mﬁc@tmwtﬁ\“%éﬂé\!‘?-on and

i nsul i re'm Gy I : inhibitdiabsd i ¢
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and di abet iprepargbibncatthods théveotira, S., et al., United States Patent
Application Publication No. Lshed, Cctober 20, 2005,

di scl oses SGLT inhibitors andMMARY LT JHENWE Her eof .  SUMMARY OF THE

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

“\\\O H

compounds of formula (1)

HO
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



The present invention is directed to a process for the preparation of
conpounds of formula (1) OH (I) wherein Rihng A and R ng B are one of the
fol | ow ngwo(20/43d82ng A is an optionally substituted uneatrmratedessonocycl i c
heterocyclic ring, and Ring Bis an optionally substituted unsaturated

monocyclic heterocyclic ring, an optignal substituted unsaturated fused
ot e Sbi Gyl eSS Neterary Y Tieron s Teshsbie LRSEY BETonanAiHE) he a2) R ng
A is an optdfRblly sSbeitiddUiriAtRaraERBnbEdic rfé?@rd@z&lﬂ: ﬁwg,sarﬁ@pﬁ%mdllgnm ly
substituted unsaturated nonocyclic heterocyclic ring, or an optionally
subst i t ut ecsulnstuted ansatufatedduseast petedigydlicaingi, ng antoptionallyysubstitutelled t o
the heterocyclic ring of the fused heterobicyclic ring; or (3) Rng Ais an
optionally WEOPT¥ed unsaturated fused het er obi cyclic ring, wherein the
sugar ngi ety X- O8ugakchrooitatbhe nmoiety -Y-(Ring B) are bothon the sane
heterocyclic ring of the fused heterobicyclic ring, and Ring Bis an
optional Iy substY isut(etl2hinoMtencit ads rmoi@iycl i ¢ heterocyclic ring, an

optionally substjtuy t te ' e ring, or an

opt i onal 17 substiPYEES HRBa8 A A s 5 S BRPBMRHEH Sfrey,"Ps (o) e
wherein n is 1 ar@ph@nhtadeldedalyhatcdptatitersalthr ssivate frasreofcoprprigheat ur at ed
bond; or a pharmaceutically acceptable salt qr solvate thereof; conprising
reacting a conpo of formula (X) wherein Q 0 i iodo,f with a
conpl ex of di(C (umwith [ithiju i goInpl ex of

G - 4al kyl magnesiA of

C - 4al kyl nmagnesi sol vent or

th Iithium chl
om de_w [Tthi um chl ori

m xture )I(
QP (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 Cq4alkyl
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;

A
X
OH
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ZO ¢
= 0z X 0z
0z (X) 0z (XIN)

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);



thereof; at a tenperature in the range of from about anbient tenperature to
about -780C;, to yield the correspondi ng conpound of formula (Xl), wherein
QL i s thewoanresspesadi ng MgCl or MgBr; Xli) ) reacting tireTEra@onsstodf
formula (XI') with a conpound of forrmula (Xll), wherein Z is an oxygen
protecting group; in an organic solvent or mxture thereof; at a
temperature in the range of from about anbient tenper
to yield the cor ®pound of fornmula (XI|
of formula (XIII i a L s /Aacid; in the presence of "a
in an organic solvex or m xture thereof at a tenper
fromabout OOC to a qux to yield the correspondgng conpound of
formula (XIV); &%ilng t he conmpound of formula
correspondin of formida{H)—1ln an enbodi
invention i% novel process for the
of formula (I1A') OE(IA™) wherein RA is hal ogen or K
phenyl substituted @Zth 1-3 s I%tltuents sel ected fron1gge group consi sting
of hal ogen, cyano, |ower alk hal o-1 ower al kyl, | ower ~al koxy, hakos) ower
al koxy, nethylenedloxy, ethyleneox mono- or di- | ower al kyl am no,
carbanoyl, and rfgaetingihedsampitd %/ioyrm@ba@%lewth adrewistasia; dy & |
subst i t ut ejoregea?éoﬁygﬁ%é e S A BB iRkpe §RISHE 80 O

ower ~a

hal ogen, ano o I ovve al’k ower a al ol ower

al koxy, nonemperatdre Iroterrangé i &mmaboaarobﬁimbouta@wlmwgrelwthsil -1 ower
al kyl car banmoyl ;
correspondlng 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;



and pharmaceutically acceptable salts thereof; conprising steps of: (LII)
reacting a conpound of formula (L) wherein X0 is selected fromthe group
consi sti myoah1o@4368Br, | and ChLi CI or a conpound of for rulr&rPedcd)eisns h a
compound of formula (LIl), wherein RL is th-lower alkyl silyl; to yield the
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protecting he" hydr ox groups on t hé conpound to yield
the corres mammgercaihqmunmletbylehedmxyaemwan)epxwrmoeomre@ldbwae alkylasminby dr oxy!|

protecting red cing the d of for Ia(LVI) to yield the
correspondlc%égﬁrg]mﬂloéﬂ qurﬂjﬁ%ﬂ%q_éjﬂylfagt@%% ng the protecting groups on
the hydeoxyl s OfortHéQet‘é‘éyEI?Mélﬁbs@lfutéQW' 8 sub¥litubntd $el¥étebdrdn enegfdups pondi ng

conpound of fornula ; . In an enbodi ment, the present inventron is
directed t Consisitipg«s hafagen, Brang dpweasikyh hato- @\A@cﬁrﬁﬂmdgwgf afkexynalof | - S)

(1| ( S) DO(E” 3%\%@; glrl%% @8ﬁo-néﬁzklﬁﬁmépgg@laﬁmo carbamoyl, and mono- or di-lower

(4-f1 uor ophekyltarbanidyi;enyl net hyl | benzene); conprising reacting a conpound
of fornmula (X-S) wherein QO is bronp or iodo, with a conplex of di (G

- 4al kyl ) magnesi lﬁﬂC{/\Pfﬂ@fmqquF'ﬁ@HchQﬂﬁt%meéﬁ'tétf&fﬁﬁf EQMPIrisg: Steps 1Y

magnesi um chi or%de with lithiumchloride or a conplex of G -4al kyl

magnesi um bro e wth lithiumchloride; i/ an ’f\gani c solvent or Nixture
thereof; at a in range of from about anbient t erature to
about -7800; carres ondi ng cgnp S), \wherein

or

MgX° (L) Mg e LiCl

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);



QL is the corresponding MgCl or MyBr; (Xl 1-S) reacting the conpound of
formula (XI-S) with a conpound of formula (XIl1-S), wherein Z is an oxygen
prot ecti rgognmu@3esen an organi ¢ sol vent or m xture ther ®off/EP2109A63503
tenperature in the range of from about anbient tenperature to about -780C
to yield the correspondl ng conpound of fornula (XII1-S); reacting the
conpound of fornula RXI11-S) with a Lewis acid; in the presence of a silane

reagent; in an organkc slverg or ture thereof at a terrperature in the
03¢ t o yabo @ux to yield iR
t

range of from abou

conmpound of formul g

enbodi ment, the pres@Héﬂyentl on |s2 directed to a rB
[ of formul B (P9K), OH (1-KLkg

accept abl e sa1lt or sol yate thereof; (also known a@

(b-D-gl ucop Rior o- 3- [ 5- (WVF 1 uor gs3- p (Lv)

thlenylrrethyl]benzen:tz1 conprising reacting a pownd YoH formula ( X- K)

wherein Q is brono @R iodonwi th a conplex of di (G l—_|4al kyl ) magnesi um wi t h

lithiumchloride or a conplex of C - 4al kyl nmagnesiumchloride with |ithium

chloride or a cagntng e amgalriy of IORGORS(LUIN Witk @hdecond lof fartrulaiqivy] or i de;
in an organic solvent or mxture thereof, at a tenperature in the range of

from about ¥MSEENR 1%'%@!@# dn fhpeasence ghen acidyipaleld e cesesraistingi ng

conmpound of of dm.halo LijI’EI n QL is the corresponding MgCl or MBr;
(XI'l-K) reactln e corrpou(n of formula (XI-K) with a conpound of fornula

(eSS for the
\@m,ar maceutically

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);



(XI'1-K), wherein Z is an oxygen protecting group; in an organic solvent or
m xture thereof; at a tenperature in the range of from about anbi ent

t enper at we 20w/@beat - 780C; to yield the correspondi ng ecmmeaend/oefsos or mul a
(XI'11-K); reacting the conpound of fornula (XII1-K) with a Lewis acid; in

the presence of a silane reagent; in an organic sol vent or m xture thereof;
at atenperature in fAie range of from about COC to abBut reflux; to yield

t he correspondi ng cad Ad of f la (XIV-K); de-pr Qe pound
[ He @of r espondi ng co @

of fornmula (X V-K)
The present invent frected to proces

& p
of conpounds of forfula (X-S) and conpounds of fornmufa (X-K), as descrlbed
in nore detail in --emeRd and SVAMM4#L44#iOMIherei Xbe present

ordlng to any of the
processes desy , : -|n Vst rative of thedpwentih\gQn i s glA)

phar maceut i cal conpa5|tﬁﬁh conprising a pharnmaceltical | yOHccept abl e carri er
and the product prepafed according to any of the proomsses described
herein. An illustration of the invention is a pharmaceutical conposition
made by m xi ng trbmqwir@thetprptenﬁaggﬂoamondiﬁmelgydr@xyiswfdhetcbmgmundem‘ses
descri bed ereln rmaceutical |l y acceptabl e rrier. Illustrating
the i nvent g GVHh:3eBido Fos Sorsmending RERecBn of S UMK 1 on

conpri si ng m xing anqh@mebﬁm{t tmreem@5§ﬁlt AGERIGH BaibetedNto £brddiesREORBSSes
descri bed herein and a pharnmaceutl ca acceptable carrier. Exenplifying

t he |nvéntunapaﬁéonmﬁmmmﬂmﬁumieﬁkﬂmwaxkﬁborder medi ated by SAT
(including treating or delaqugche progression or onset of diabetes
mel | i tus, diabetic retinopathyy diabetic neuropathy, diabetic nephropathy,

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
OV NI
Q° (X-S) L Q! (XI-S) ]
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;



del ayed wound healing, insulin resistance, hyperglycem a, hypehnsulinem a,
el evated blood levels of fatty acids, elevated blood | evels of glycerol,
hyper | i piwerhr/o4adsesi ty, hypertriglyceridem a, SyndronePXEI/Eb2eiomtises3
conplications, atherosclerosis, or hypertension,) conprising adm nistering
to the subject in need thereof a therapeutically effective anmount of any of
t he conpounds or phaQraceutical ¢onpesytions descri bed above. Furtlher

t hods b : and_typge 2
di abetes nellitus, I Ni_sA rfeed |of
treatnment a therapgutically effegti ' : tically effective
amount of amy of ‘ i -t1 ons degcri bed
above, alone o one” anti di abetic aggnt, agent
for treating diabeti & conplicatigns, |anti-obesity egt, anti hypegrtensive
agent, antiplatelet &jent, anti-athersclerotic agggk &nd/ or hypgl i pi dem ¢
agent. DETAI LED DESCRI PTI ON OF—THE | NVENTI ON The present inventiongs
directed to a procdX4l-$pr the preparation of conpounds of formula (I)
wherein X, Y, Ring A and Ring B are as herein defined; and pharmaceutically
acceptabl e salts or solvates thereof; as described in nore detail herein.
The conpounds of the formula (1) exhibits an inhibitory activity agai nst
sodi um dependent gl ucose transfpdtter being present in the intestine and the
ki dney of manmalian species, and is useful in thekreatnment of diabetes
mel litus or diabetic conplic [

neur opat hy, di abetic nephropg
enbodi ment, the present i nvel
preparation of a conpound of
herein. I n another enbodi nent,

process

mula (1-S), as described in nore detail
t HeHpresent invention is directed to a

Z0
X 0Y4
= (XI-8)
0Y4
reacting the compound of formula (XI-S) with a compound of formula
(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
5 temperature to about -78°C; to yield the corresponding compound of formula

(XII-S);

(XII-S)

Oz

(XIV-S)

0z

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);



for the preparation of a conmpound of fornula (I-K), as described in nore
detail herein. The present invention is further directed to a process for

t he prepawvetzomvw4ads2zconpounds of formula (1A)OH (1 A) wrerairrooRdezsnsgl R ng C
are as herein defined; and pharmaceutically acceptable salts thereof. The
conpounds of fornu A (I'A") are known to possess activity as inhibitors of
sodi um dependent ¢ u%ose transporters and show &kgel | ent bl ood gl ucose

| owering effect. € ) la (1A") Dpo pe=yseful for
the treatnment or [ i abgtes nellit ( Fons
(e.g., diabetic ' i abet’l ¢ neur opat g: £

nephropat hy), and fel ated d| seases such as obesity. The present invention
is further di rec t@ogrocesses for the preparatl on conpounds of

y~tonpounds are

B3 {N the synthesis of ge crrpo nds of formula (1), nore
particul arly, e s?ﬁth?ﬁ of the corr% Orgpl a (1-S) and
compound of fornul az(! - Yig) t er m " hal ogen", EEL i ncl(ushe chl ori ne,

brom ne, fluorine and |od| ne. When referring to stituents on the
conpound of for rad-protédting the dorripalrtadBanuat CIV-3) t¢ fieldtheshal | nean
chlorine, bromne and fluorine, and chlorine and fluorine are preferable.
The term™" éIOXSﬂSpQF‘QWS"CWdaOfoPF’QPW Sr branched saturated nonoval ent
hydr ocar bon chai

branched chain a E@Yﬁérr%un]rbicﬂ;\rﬁeﬁtct@é @ﬂtqmgentl-ggtq %?rjsré?fsegj 1o %é@ggﬁg?orand

t he str ai ghhecplneparabonbrfarmalmmbwidamfrfoahklwl(l@)oup having 1 to 4 carbon atons
is nore preferable. Exanples tgFreof are met hyl group, ethyl group,

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

cl e ]
se L se [
\ / NN \ / NN
—_—
10 Q° (X-K) L q (XIK) ]

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



propyl group, isopropyl group, butyl group, t-butyl group, isobutyl group,
pentyl group, hexyl group, isohexyl group, heptyl group, 4,4-dinethylpentyl
group, ocwglograasgs? 2, 2, 4-t hnmet hyl pentyl group, nonyl grPoTEP2aeOY¥ISOHr oup,
and vari ousbranched chain isonmers thereof. Further, the al kyl group may

optional Iy and |nd2§endentl be substltuted by 1 to 4 substituents as

listed bel AROU /& &cdQyigld therpmesnan 'WQ)Q@PPQP'R‘}PHQW\%%' K} MBI or
branched s u on chain having 1 to 6 carbon atons.
Pr ef er abl y,a(5 Sg[\b\g(r%%%%ﬁélﬁg @ @?@Q.Pght or branched carbon chai n havi ng
1 to 4 carbon atons. dst preferdgbl y,Cl"I ower al kyl" neans a straijght carbon
chai n having one or t carbon atfons.y Exanples of "lo al kyl " i[ncl ude
met hyl, ethyl, pro i

plent y| , hexyl
and vari ous branc

n 1 soner|s q0f . ne grjoup” or
"al kyl ene" ht or brlagched |di val & at-etl hydrocparbon
chai n havi ngq S [
al kyl ene group having 1l to

at ons. haln or branched chain

carfon atlons is preferable, and the [straight
chain or branched cha@a al kyl ene |gr oyt having 1 to(XI-Karbon atons| is nore
preferable. Exanples thereof are nethylene group, ethylene group, pgopylene
group, thnethyl ene &qnlop, etc. | f necessary, the al kyl ene group may
optlonally be substltuted in the sane manner as the abovenenti oned "al kyl
group”. Were al kyl ene groups as defined above attach at two different
carbon atons of the benzene ring, they forman annelated five, six or seven
nmenber ed carbocycl e toget her wiglh the carbon atons to which they are
attached, and nay optionally b substltuted by one.or nore substituents
defined below. The term "al ke ' hﬁ or branched
nmonoval ent

Z0

04
reacting the compound of formula (XI-K) with a compound of formula

(XII1-K)

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
(XNI-K);

(XII-K) XIV-K)

0z o7

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



hydrocarbon chain having 2 to 12 carbon atons and having at | east one

doubl e bond. Preferable al kenyl group is a straight chain or branched chain
al kenyl gwoupiomasisag 2 to 6 carbon atons, and the strai got/EPha@9n63sn3
branched chai n al kenyl group havi ng 2 to 4 carbon atons is rmre pr ef er abl e.
Exanpl es thereof are vinyl 8rou§_ &rJopen ggoup, 3- but en group,

2-but enyl dEBWSratyre B\etlki?eﬁﬂ? egi dap @ d‘ﬁ’ﬂ Qi beifHX; 3Q i H}ﬂ group,

3- hexenyl tienyl group, 4-heptenyl group,
3-octenyl S{rgté%@éd'” nen Llgnrog(ltsjp, 3 %@Wpﬁ group, 3-undecenyl group,

4- dodecenyl group,C|4 8,1 2- tetradecat henyl groupy etc. The al kenyl group

or branched diva 2 ai N havi ng & {on¥g and
havi ng at | east f doubl e bond. The straight cha ( i
al kenyl ene group hAV|n@22 to 6 carbon atons is prleferable, and the straight
chain or branched”chei'n al kenyl ene qroug,haV|n% Q$ﬁ*carbon atons is nore
pr ef er abl e. anpl es [t hereof are vinyl ene grouf propenylene group,

but adi enyl ene~#f o7y ®pe. |f necessary, tHEQ oup may optionally
be substituted by é to 4 sggK)tuents as nmenti onéd be W ; necessary.
Wher e al kenyl ene g 6ups as defined above attach &H two d| erent carbon

atons of the be n i h r nel flv i X Or seven
menbered car boc;}i 'BFO(téétE%thg c@@é@r@eﬁﬁgﬁﬁulﬁ%\?%)ogoeﬁﬁ@th%th t he carbon
atons tg V\mdpll‘esbbﬁgn r@md@mﬁormu@m opti onal ly be substi tuted by one
or nore substltuents defined bel ow. The term "al kynyl routi)1 nmeans a

strai ght or brandfeBresgAbiyeatien I@féftbééﬂlﬁ%ﬁegﬁglpﬁoqﬁ?ﬁéora e|RFgBaragng
L1 Ple bondsy T BRSH ARy B KEYndEOHBol RaSoPIoh AL R g88crtenehed

chai n al kynyl "group havi n
in more detail in Scheme 4 and 5, which follow herein.

The present invention is further directed to a product prepared according
10 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
15 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
20 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
25 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



atons, and the straight chain or branched chain al kynyl group having 2 to 4
carbon atons is nore preferable. Exanples thereof are 2-propynyl group, 3-
but ynyl gwoupio/@3dsat ynyl group, 4-pentynyl group, 3-penrgmEr2guocis)3

2- hexynyl group, 3-hexynyl group, 2-heptynyl group, 3-heptynyl group,

4- heptynyl grou -octynyl groyp,. 3-nonynyl group, 4-decynyl group,
3-undecyny gro&ﬂ%rﬁaﬁlﬁﬁguspﬁ eze R oy atgsgﬁeeﬁ@ndo
optionally [ : [ i SHDBtAddER S as

ment i oned S@%@,m.%ﬁgceségﬁy Tﬁg lﬁ rm "Iﬁy(t:e%q‘gqe%ltkyz{?Sgrjggplfl r1m3ans a

monocycl i ¢ togatineoy altherapenbteallyegffectisie anzawd of pdhersmebitinalty effediiei ng 3 to 12

carbon atons, and_.the ocyclic saturated hydrocarbon group having 3 to 7
car bon at oAl Tape PRPetndS orana etk iear camBos T RER ey ITE al kyl
group agd adyveyaidne Gt ik XoniRatbrskEh atfeady 6heRhadkbedt agent, @yehoft vl
group, cycl opentyl group, cycl ohexyl group, cycloheptyl group, cyclooctyl

groupb cyclterpiitgl digbefipcoraplicatipResentypbepty aggntopitifmpertepsikaddendependent |h y
oyel oat kyl HEDlAYsEobEnt ARl LEERIAI R AR RBIaBYmt BaBE ar ons bon

ring or an unsat ur at edDFIANCED DRSCRIBTIGRIGF FHEUMNVYENTIONr ocar bon ri ng and

unsat urated hydrocarbon ring may optionally contaln an oxygen atom a
nitrogen atom al&PragenhiyRNtiaDsyirested (@ Bmrecessdor theypreperatidne’fsary) , and

the copgdensegh, rpcarbon ring and the condensed unsat urat ed
hydr ocgrgbon riél%}r{r{r{gf/éfggrr@%tgi@nal | y and i ndependently be substituted by 1 to

4 substituents as nentioned below. T m " cyctoal kyl i dene group” neans a
nonocyclic or bicyclic divalent satu at/gd ydr dcagboyn ring having 3 to 12
carbon atons, and the nonocyclic satyrate \/( ocdar bon group having 3 to 6

carbon atons is preferable. Exanples of are~a-fronocyclic al kylidene
group and a bicyclic

WOH
HO
Y 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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al kyl i dene group such as cycl opropylidene group, cyclobutylidene group,

cycl opentylidine group, cyclohexylidene group, etc. These groups nay

opt i onal lwoant/d4aaependent |y be substituted by 1 to 4 seOIIEPRAMSNGISORS

menti oned bel ow, if necessary. Besides, the cycloal kyli dene group nmay
optionally be condensed wth a saturated hydrocarbon ring or an unsaturated
hydrocarbon ring (sai d saturatedRfydrocarbon ring and unsat urat ed
hydrocarbon ring may optionally clontain an oxygen_atom a nitrogen atom a
sul fur atom SO or SQ2 within thexying™\f-bece , and the condensed
saturated hydrocarbon ring and PR garbon ring may be
optionally and i ndependently beé Ubs i

, . 04 substituents as
menti oned bel ow. The term "cycl ogfkenyl group"” nmeans a nonocyclic or

bi cycli c nonoval ent unsaturated hydrocarbon ring having 4 to 12 carbon
atons and having at |east one dodblefad. The preferable cycl oal kenyl
group is a nonocyclic unsat ur 8¥ed hydr ocar bon group having 4 to 7 carbon
atons. Exanpl es t hereof e nmoypocycli c al kenyl groups such as cycl opent enyl
group, cyclopentadi enyl grow#, CyeloMygnyl group, etc. These groups nay
optionally and independently be substituted by 1 to 4 substituents as

menti oned below, if necessary. Béides, the cycloalkequ)group may
optionally be condensed with a saturated hydrocarbon ring or an unsaturated
hydr ocar bon ri ngviiergindRS andrRing & hselas baraid Wefined; antipharszaceusicalty

hydr ocar bon, rin ional Iy _contain an e m nitrogen atom a
sul fur atorﬁccgg%cwngé%ggme{% n fﬁ?eg?mﬁalﬂ”?% Oﬁ@rgggaaa’éﬁ,areolﬁao‘.(vﬁégcondensed
saturat ed hmedsesaaboty adBhisitdrd besbGiaid&barticdhy diurose hamspbRersTandbe
optionally and independently be substituted by 1 to 4 substituents as

ment i on@d  EOMGEXCRIENt BIoRA"AYeAssAPIEAPY ediestipt hereamponnas ebigraula (16r)
bi cycl i c uﬂﬁgﬁﬁe%?o% BEdIRIA BPthe trQStnIAY P Brédrfion Df GHEs AleAits, 2nd

havi ng at

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



one triple bond. The preferable cycloal kynyl group is a nonocyclic

unsat urated hydrocarbon group having 6 to 8 carbon atons. Exanpl es thereof
are nonocyol2oo/m@Bdsgnyl groups such as cycl ooctynyl groupCTmEpesomessyny |
group. These groups may optionally be substituted by 1 to 4 substituents as

opt i onal |y BXAGCHSRERRARATE Berendarben hP AIoA SEHi Fidy b RTBREA bon i ng
oran UnsatlHﬂ@éé‘rﬁheWIgrﬂécﬁfﬂé‘ﬂﬂJtéﬂ 21(@4§P?§Ftb'éﬂ%%lf§(@d BERMWRSN ring and

unsat urated hydrocarbon ring may optionally contain an oxygén atom a
ni t rogen atrteqesaatslulfur atom SO or SO2 within the ring, if necessary), and

Fing may be. opt 1WA AAWEr RGCRRERD s ok F AR S a3 "

subst i t BentfhoRsvdIBittH yRIRGEhrBeh @WainThavih§ F b 6aEatbol bR . 'F&éfé’ia@ﬁ%ﬁébld ic
or bicyclic nonoval ent aronati c hydrocarbon group having 6 to 10 carbon

at ons.  Exarpk¥smesssdostraight grHaapTthed samponmisin hgwngr1otg>p4 camONAIPHG-

ndependentToSieBifus; 1ALy Hheie sTHEHE cHRIE AT NalBbREP NS, (¢
necessary. daesonlatoms.hExamplegooigweratkgbidoni methe, stbpderssd with a
saturat ed hydrocarbon ring or an unsaturated hydrocarhbon ri nﬁ (said

sat ur at ed H§@RTORYs BYH! rirHYlais@byhd aReityl Bﬁxﬂﬁﬂ‘tdo\@épb@rbr?nﬁbe iBpt i onal |y
cont ai qoan OXHERM AL @ nitrogen atom a sulfur atom SO or SO2 wi thin
the ring, necessary), and the condensed saturated hydrocarbon ring or

t he unsat ur at ed Thalteomdiabikylene gyoupy dré‘atiptlene’ameanaradstraigietpmmurantched be

"Unsat ur at S alBRoEiated RUEKBE P PR Nob ah 42 garbon atoms. g
straight chain or branched chain alkylene group having 1 to 6 carbon atoms is
preferable, and the straight chain or branched chain alkylene group having 1 to

15 4 carbon atoms is more preferable. Examples thereof are methylene group,
ethylene group, propylene group, trimethylene 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



unsat urated hydrocarbon ring containing 1-4 heteroatons independently
selected froma nitrogen atom an oxygen atomand a sulfur atom and the
pr ef er ablwoan®/i4368a 4- to 7-menbered saturated or unsat ecatEpdooapeisoxar bon
ring containing 1-4 heteroatons independently sel ected froma nitrogen

at om an oxygen at mandas | fur ato es thereof ar ri di ne,
pyhni di ne, { q%é‘tlyf%%lﬂ’ Stfued By el 5459p$§y%ntslq§ ’Hﬁ@%‘l’%ede %PF/’&’Z l e,

oxazol e, | S{uea3 %,&2 4, 5-di hydrooxazol e, thiazole, isothiazole, thiadiazole,
t hazol e, tetrazo etc. Among them pyridine, pyrimdine, pyrazine, furan,
t hi ophene, pyrr olhe teirmi ‘atkeriydene gaouvpemeand a sfraigbl e ranched pgivefentabl y

d. The " | N d
- aependent IR TOAEADENPTTTREE 7 16 12 ihST Aarms A Hvinht IBR St &t
necessasy. . UEAETSAIBRAEREIATR BraneRe é]fél@"aﬂ@n?béﬁ%ﬂe'groﬁ MGV E2ES 6

hydrocarbon ring conprised of a saturated or a unsatura?ed hydr ocar bon ring
condensed vgarhon atonad isvlreferablen ned thﬁ§ﬁ’ﬁl9hépbalnrﬁfrhf@9@h¢d:dﬁ@ﬂerocycl ic ring

ey opt ondl 9 EHEAraPENARY 838 L8R onmE S RRE B EE SRR o S0
or SC2 wi t therdofere k/i‘mgleriefgrbapeﬁr%@@hyle'lﬁbegroupjlstajtad@hﬂ@nb@edpf@ct:erI$bl cyclic
ring" includes, for exanple, benzothi ophene,

t et rahydr omﬁﬁryom%@}"eﬁérgiﬁﬁﬂﬂﬁéﬁi’ Oﬁ’tQS@dV ﬁ’@lﬁ%“f%’[?ﬁ BXdtRi‘phene,
h I
1 noRy | B OSBRI R I MR B

ring" also deimleddz&mvpcmmcblai tio dififer8nbearttes dttves edthe Hbezdéres ring, they

" heterocyclﬁ nmeans atggpfnova.l ent ro%g é t he agove ntlon ‘&1 gsaturat ed
monocycl i ¢ TRED &NARINGIFEAVEGSIKOr HYED IPembared CHROR e (&8 QVISEE ring and a
monoval ent tSHrf%!éHlen ) RSoestRE VAR 8tk ¥&TbdhCatoMis thRighieh @Y arendttRPReE, and

unsat ur at ed m)nocycl | c heterocyclic or unsaturated fu ed heterobicyclic
ring. |f neoageptignaltynee hebsituiegddlyonaray mope substitugntsraefined 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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I ndependent|ly be substituted by 1 to 4 substituents as nentioned below. In
an enbodi nent of the present invention, in conpounds of formula (IA), the
term "hetwoaowalsgds2 refers to a nonoval ent group of an eoTatPesess03

hydr ocarbon ring containing 1-4 heteroatons independently selected froma

ni trogen atom an, oxygen atom a fur atom and the preferable one is
T O O8 A G se PR AR BVOSEP 1Y BOALBBRUFREG contai ning 1.4

het er oat o REER I at om and
el far oty ROGREORFAY! o SpRSAAN (i arTbhiRACROR B r8G0 AN, X

pyrazi nyl , s‘uhm;/btom h‘B@rng SOpwithil thie, rlngnfdmlsyary) Bndthel gdndeosedol yl |
isoxazolyl dro xazol I hi azol I sot hi a I thladlazolyl
trinearyl satudied bUSBRSR idpog I E5MaIsed' GRaNrBlE MiaroriooR iy e
pyridyl g p)/rﬁayfbé)dptloﬁbiﬂ@éhd‘%deﬁe‘hﬁéhtlyﬁbb's‘%lbbﬂltutédlbj? altylg sdtf@tlﬂﬁe?rﬂé ¥k,
oxazolyl, and thiazolyl. The term"al anoy group" means a fornyl group and

ones forrredT\@SvUQﬂGﬁjdb(HgWan "al kyl group to a carbonyl group. The term

"al koxy group" n I&Iﬂ! I.n " aup' n oxygen
atom The term \A%rr%a‘?ilgfo% ars %h@%ﬂ%@%ﬁ%&”'gﬁﬁ' Ir'((i’;up | i nked
to an OXyQG:I‘Iv@IéﬁmmE’feﬁé@thIQCarberM@gj halikgxyfo Neeabon stbms, ghd tiee br anched
al kyl oxy group having 1 to car bon at ons, Exagl es of "lower al koxy"

i ncl ude netrﬂe&(?cycé@ ﬁawate&rfaf%segarbpaaﬁ%%wmg @o@?arqo-nb?ﬂ?ﬁlﬁy's i sobut oxy,
gﬁlr)]ts%/: ﬁégnt e Eg%gneéélt Sféﬁggl nc 03; @I'Id‘alkglr exa ,Iopéraq@f E&g'é"n at om
(fluorine, aihylmjleneegrobp sutme} cyaloprdpylidgne gpoum oyglabatyideng greup,0Xxo group,
2o gr upbyCeatBA St Buby AR o BT eRe. o Hepe BAHRS Myt oup,
cycl oal kyl i gapamy Bid itdepehdedt ¢ el RBstefd bPraBR sdbstisda sy Ryttidieup, an
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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aryl group, a heterocyclyl group, an al koxy group, an al kenyl oxy group, an
al kynyl oxy group, a cycl oal kyl oxy group, a cycl oal kenyl oxy group, a

cycl oal kywgl20myo4gdsoup, an aryl oxy group, a heterocycl yl @exy/EReaepe35a5

al kanoyl group, an al kenyl car bonyl group, an al kynyl carbonyl group, a

cycl oal kyl carb rr}o Ip, %Ocy?:l oal kenyl carn nyl % é,l , y
cycl oal kynHE& 8 GO0 NG WR¥ {Anadly s, gy &¢cl yI car bonyl
group, an %db%ﬁb(ﬁé’c? Bgﬂyﬂo AE@4ity s%'s‘?ﬁ@ﬂﬂl&?%lg%()\?/onw group, an

al kynyl oxy- car bon roup, a cyc oal kyl oxy-carbonyl group, a
cycl oal kenyl - oxyThm’ianmnycycgJaiknmylagmytﬂ oagdyng Imormoyckie bobiglclir oup, an

aroup.an dikehyPletRinderBe SRinindRE R A Pon atR, A By BB g et

cycl oal kyl - iy bevy. mh@lﬂ)?efe?etﬂé%k@l@bh@ﬁzﬂ gr@ubwﬁlmocgrcnelgns@turated
cycl oal kynyl - car bonyl oxy group, an_ aryl carbonyl oxy qrou
p

het er o- cycliMdcaearbay 96xyP §avng.6 e Q@ﬂb@ht&ipmsgrw an t%@ﬂ%@ﬁﬂet hi o group,

cycroal kynyTe e BliyPyERRPS kbR Bttt By BRORI b e, e ©

am no gr oupfhese§roaps Qﬁa;doptaidawgmumngn@@by 1atormuobstmuerﬁtsaal kanoyl am no
group, a nono- or di-al koxy-carbonyl-am no group, a nono-

di -aryl car gaapliangd *P@QW@Uﬁ‘ecﬁﬁS%{Vkﬁ@lﬂ@fﬁ 8 §Yﬁ|ﬂ@ik)§f)'ﬂiﬂl9|ﬁou%ﬁ‘ay optionally
al kyl

ar y?/sul %ﬁ“ﬁgbg'ﬁ%ﬁﬁ% car ég{r%y%ﬁ Hrgtr?éltlﬁgiérar)grr]\%reg%bgﬁ r]gkorl e_nrg:ar banoyl
group, a rrmrcsatm‘ateﬂ hyadrpbartb@ntrmg)csla|cgsaiuratea|tnydfd0ﬁi'mn flnglyahdgroup an

al kenyl - sulfln an al k Isulfln cIoaIk -sul finyl
or oo, 2 eyuisaRtE NP Epn TIRY chteenCeriinah IGS9O up. o
aryl sul fi nyjjt, éWHtorﬁ‘ é‘gulﬁﬁr%ﬁﬁi Yo 6I='Sbf2rin\llthn9rtr?élﬂng aif‘n@bé‘é‘éa‘r bhamyé group,

an al kenyl sul fonyl group, an al kynyl'sul fonyl group; a cycloa kylsulfonyl
group, a cmr@ahaeduysattsaﬂefdmwirogarbop ring m‘ybE@asawwesILhyUmgarbgm olug an

?nre%lt ;sghtéonyl a;gﬁouc%tlo ﬁjy gng?goeerp%% H}l/ glsfu sHtuteq{ 83‘/19 toa rl)s?l S as
mentioned below.

The term “aryl group” means a monocyclic or bicyclic monovalent
aromatic hydrocarbon group having 6 to 10 carbon atoms. Examples thereof
are phenyl group, naphthyl group (including 1-naphthyl group and 2-naphthyl

20 group). These groups may optionally and independently be substituted by 1 to
4 substituents as mentioned below, if necessary. Besides, the aryl group may
optionally be 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

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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above may optionally be substituted by these substituents. Further, the
terms such as a hal oal kyl group, a hal o-1ower al kyl group, a hal oal koxy
group, a Welowlmsee al koxy group, a hal ophenyl group, orca/Eradooineises ocycl yl
group nean an al kyl group, a | ower aIkyI group, an al koxy group, a | ower

al koxy grou henyl up a, het C ereinafter, referred
fo 6 an iRy PReRR O AR Fulin gt Epres s e ch e h HGIe PHETR at ore.
respecti Ve'%rrafhéfﬁrﬁmtﬁg%éﬁe%ﬁrélé .ﬁh{r&orsrwazo@t sxaib% ngo%%ré' tuted by

1 to 7 hal ogen atons nore preferable ones are an al kyl group, etc.
bei ng subst4,bilydirogxdzaie, tBrazaIeomhrazolesthrairazolartrw,zoteheetraaztoim glach as a

hydr oxyal ky. a h X r al k r-ou drox oxy group, a
hydr oxy- Iovéﬁ”8 E@W BY%cﬂBea%ﬁ'rﬁ' Wdrpéf r{ ra% rBﬁB rﬁ%érr? Sl kyl group,

etc., besi ngr’rﬁéﬁﬁﬂétd%a%@leb}énéﬂﬁla%le'@rﬁbégﬁéf P@bl)@ﬁ@é@SThE"‘ ehsdtakited ones are
an aI kyl group, etc bei ng substituted lto rox%// groups, and nore

pref er abl e rBARRCYSN e heteraryslic rigsmay @pﬁonallweamﬂgnda@@tdqni e mbsilttrt@dz

hydr oxy gr xyal kyl group, a | ower
al koxyal kyl~’gr éu%wsgnﬁgriég%%n%\?g?dsqﬁ%,aﬁn%‘g%sasla T ower al koxy-1ower al kyl
group, an al koxyriektexyn ‘ensapurated fused hletkeropidyclicyriggdmeangmyatrdeatpoh oner

al koxy group, a | ower aIkoxaﬁlomer al koxy group, an al koxyphenyl group, and
a | ower al KBIG/GABRN$EPbR Satvsales QP arrfr@lur e@@ydr@@ébon Had fgNdemsad t ut ed by

one or 4 6‘“§/vEr{y@%%&fﬂ%ﬁtroﬁé&ﬁﬁé&ﬁh%&?ﬁ&nd%&‘éh@ﬂ &%yché’ nghé‘rEaCsard bei ng

substitute groups, and l'e on are an al kyl
group, et c. satthmitetghgadrbsarttamtmg byd ﬂ;aidwriSaamnabeQIhmmuamoﬁhmg evays
"aryl al kyl" and ! | al koxy" as u d al

ot r o) al9 PP aNOH RGP Dok S Lo fGe B AR BT PR OaPy PO
tsﬁgslto'r;g:mwrtﬁrﬁ%é BhED if h@&\@ésary's‘ﬁ% *d?rstaﬂﬁa%ff‘u@é& 'h‘é'ﬂé“rof)%&cﬁd"ﬁndor mul ae in
includes, for example, benzothiophene, indole, tetrahydrobenzothiophene,

15  benzofuran, isoquinoline, thienothiophene, thienopyridine, quinoline, indoline,
isoindoline, benzothiazole, benzoxazole, indazole, dihydroisoquinoline, etc.
Further, the “heterocyclic ring” also includes possible N- or S-oxides thereof.

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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specification neans a straight or branched carbon chain having 1 to 6
carbon atons, unless defined otherwi se. Mdxre preferably, it neans a

st rai ght wo 2breenasdsed car bon chain having 1 to 4 carbon a&Ccom®2009he3sver m
"prodrug” nmeans an ester or carbonate, which is formed by reacting one or

nore hydro roups of the conpound of the formyla I W an acylatin
ngent | SubstethrabeamPEs e fHegb R oHe BHTaYl YRR cORwaRY: Birds
net hod to gh%yg?y%%,qﬁﬁdaﬁ|wg+%z%|y|,ngﬁ@mi%@pnate, benzoate, etc.

Further, the p ug i ncl udes SO an ester or amde, which is simlarly

forned by react it @ ‘alkanoy drodpodrieapscufesmyt grdup athpoes tbrofed: e
formula | wi. m'I no agi.d or b-am no acid, etc. using a condensing
I

th an a-
agent by a %%'Ogrﬁni G IR & @ Gﬁ‘]@c’ & Neutical | y acceptable salt of the

conmpoung of the Try @ina alk HALHHSIRS mEahs BXEsRIrtheby BINding &M “aRylal kal |
metal such as lithium sodium potassium etc.; a salt with an al kaline

earth met algreuehtosan exygsnatomagnesi um etc.; a salt with zinc or al unminum

a salt with an craan R8gs; Sy TeRIR Lo Aokar a1 G HkeR e

| ysi ne, ethyl enedian ne, m ne, - oct

t hs( hydr oxyaredbky]eneatonnnRidiendly, Nowrir ayloxg! nesara sieaight oehlansbéaaikye and
dehydroabietylamne;, a salt with an inorganic acid such as hydrochloric
aci d, hydr BY@EPEPAGVING hirif sreRAalems, Examplasi f "lawes allpxyr inclieds d,

D10 PR90L REkredtory JipfoRf Sesb bt RS AT RSO, AR pehBighe 21 ¢
fumaric acilkxyledyend earialis branthed elcaid isoreéisctheceaf, tartaric acid, citric
ARG T L M L TVA R IR i o
acid, etc. pHisg&PERM (id?inet BRIORRESERIMih8Y, @Mitr8Ryrélis % bsiid'gRupaaRiokbur € of
group, a hydroxy group, a mercapto group, a carboxyl group, a sulfo group, an
15 alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl 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
20 group, an alkenylcarbonyl group, an alkynylcarbonyl group, a
cycloalkylcarbonyl group, a cycloalkenylcarbonyl group, a cycloalkynylcarbonyl
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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stereoi sonmers, or each pure or substantially pure isomer. For exanple, the
present conpound may optionally have one or nore asynmmetric centers at a
carbon atwoneonmi4aisai ng any one of substituents. Theref oreT/RPh@9oesspdUNd
ofthe formula | nay exist in the formof enantiomer or diastereonmer, or a

m xture thereof resent conpound (1) contains a double bond, the
T asant corBBanemalis ey RmnOrEosor 31 SRVL TR LA Srraie, &

(cis-comowgﬁurﬂhggﬁ@ﬁg@%m)an 8/115 ﬁ?|ahhﬁo F&ﬁ%tce%gﬁfagpgh n',acontai ns

an unsat ur at car hen tHe present co may exi st
in the forrmomoeortmtalbﬂmarbandyltgfeupr@mno @zmdpacmwrbzramyl grdupdas t hese

| soners or z?rp'xﬂ,urethereofI Qe%@ artl pun tlheformof a
racem c m qu@(%u "%W(%W%’r%}a(l)(?n 6 ”@ 'Eiy iHOY Fre? processes
for prepar 'd%lddﬂ@/l-@ﬁﬁ‘ﬁ?ﬂgro@@”ﬁ@yﬂl@alk‘é‘h?&ulffﬂ@l ?ﬂ’cﬁ@e@tcy@@éﬂ%Wsulﬁnﬂbt ai ned
in the formof a’di astéreonmer or enantioner, can be Separated by a
convent i onddrorp: dvardstnagrewn, cﬁwﬁe@mwwsut’fmmgr@upoamalkngltfmyl| zat i on.

v ore. | Sarob0ee BRSSO EHRGn oM AU B R )
substi t ut edyrongad eyelbakenpradiveli groupl arcyealkiypyisufigngigrotye, am egent
I nvention include an unsaturated nonocyclic heterocyclic ring which may

opti onal | y $&fosyigrorpuard adietarosyslylsstionyl grewp. sgﬁéﬁtgé‘épﬁ ASMeHIONgHoup
consi SHP”Q 4Hovd rﬂ&@?ﬁ&‘n QP&Q s@bdtithied %Q? sBbSHtABALIr oup, an Oxo group, a
group, r

hydr oxy cap oup, a carbox group, a sulfo group, an alkyl
group, an al kenyWurtrespuihe ten'nalslgymlyab aghaioalkyagm;apl adtiall«ylovmrmjlpﬂ groupy,cd oal kyl

aroup, & hRaEGe G0ty adipio-eien bR Gicbiaps NAIPRISREL9IERy ShFoup, an
Ty o) AR PR e R ooy R0 STy KB 2,
al kanoyl group, a lower alkoxy group, a phenyl group or a heterocyclyl group
15 (hereinafter, referred to as an alkyl group, etc.) being substituted by one or
more halogen atoms, respectively. Preferable ones are an alkyl group, etc.
being substituted by 1 to 7 halogen atoms, and more preferable ones are an
alkyl group, etc. being substituted by 1 to 5 halogen atoms. Similarly, the terms
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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group, an al kenyl carbonyl group, an al kynyl carbonyl group, a

cycl oal kyl car bonyl group, a cycl oal kenyl carbonyl group, a

cycl oal kywpl2osvdasssgl group, an aryl carbonyl group, a hetrermpgabpbisas bonyl
group, an alkoxycarbonyl group, an alkenyloxycarbonyl group, an

al kynyl oxycar bo oup, al kyl car,pon a

cyc: oal kenyl ox}i/%eo%ﬁ @Fgﬁﬁ&? ’E‘tﬁ@%%?ﬁfll Qﬁ(%ﬁ%\‘?ﬁ&?ﬂor&z@;%nh
aryl oxycar b ey oxy
group, an al ken?/ caPEorﬁ?rox% f%ﬁ% &yg%ﬁ?éc/areg%ny oig&gr oupll,ﬁ@\él
cycl oal kyl caxyltﬁu’qsltlmgntgroup, a cycl oal kenyl car bonyl oxy group, a

cycl oal kynyl car OX Y oup rou

het er ocycl yl car Eﬁ]%{eémy se(,glnlngﬁé fﬂ? é Ly}ée %rﬁ'étlﬂﬁgﬁrﬂlm%)rc?sﬁ%up, an
al kynyl ghi Os;ﬂcﬁléﬁtlo@nﬁééﬁ'lsoﬁbiﬁdl hhbpb@mﬁéd cartsorERah kelifg N6 arsth 2
cycloalkynylthlo group, an arylthio group, a heterocyclylthlo group, an

am no gr ourRtoasnynless eefined gihernigs. nMoge prgieraplyiioeans acﬁtra@gmzmow am no

000, 20RO B s 0,

al kyl sul f onyl am no group, an arylsulflnylan1no group, an aryl sul fonyl am no
group, a carbamyl group, a npno- or di-al kyl carbanoyl group, a nDno- or

d: Eryl Icar Ib;ca_m)yl QHOQW@I@G?'W ﬁ?leséf?rcﬁfrf;a”é?ﬁeé?k\é’HW%IfQWﬁq br](c)up, I an
al Kynylpu rb?éfﬁqg?éﬂé’%r gﬁr%ﬁb@ﬁ#oﬁ%%‘fﬂﬁgﬂﬁﬁ??md@ ﬁ%éCHoﬂ%bI%GMtﬁ%h I ny

group, a cyclo yny up, an |ny group
het er ocycl )dcs,ftdthgragerglsobsutumd oy &y ladiyl famallkogy ougn aayl baﬁ zkeomlresﬂiohahyl

Renyl sul T oryPirGHaaroRes BFORIE i CuTeanyPTGR0alS: DhAZaF S B f SHUNeGr oup.
furt ﬁe?eé5[}E??"f%‘%“”%”hé'g?é%sé“%iﬁ‘z?@fﬁiﬁ@;@@%aﬁﬁ“’séé'“ﬁ’éﬂ?ﬁ%ﬂﬁ%‘% ety
subst i t ut edeantyzg anaveddrasydrartgnoops of tié compagnadbf thecfopmetelnwith anent i on
I ncl udei5an aug?n%gragltdeéjre}c Saerﬁllngeatc‘l3 e c':C s(fr|1é & cronggnsmg agent by a
conventional method.
The pharmaceutically acceptable salt of the compound of the formula
| 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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whi ch may optionally be substituted by 1-5 substituents selected fromthe
group consisting of a halogen atom a nitro group, a cyano group, an 0xoO

group, a Wodnomosdggeoup, a nmercapto group, a carboxyl gr®@ap/ErPacmsobise3 gr oup,
an al kyl group, an aIkenyI group, an al kynyl group, a cycl oal kyl group, a

cycl oal kyl i de r.ou. a.c aI ken ro a cl oal kyn roup,
e L RIS dlay Be SLRUP thE soraT o LR AT ime a BteTedheT, R Brea oup.
an al kynyl q%grwfowe@tr@ﬁe@,@ht MBS I?HBntaﬁwsCeY%QBl'e t?iﬁ{&’yltr%ﬁr&*eﬂ%'p’ a

cycl oal kynyloxy group, an aryl oxy grou a heterocycl group, an
al kanoyl graompound @iak exidt ¢ratheoioy cgrgnqnnetaq isdnrgnigrh ¢eismonydoundo transa

oy car b g, Sk WRep g e oMo o ol Jisefnbli POt oup.

an al kogycajiRansg cAbeH, tHth AkkRBYdOeoRRsAMYhageXishin & RiaTd OXy-
car bonyl grou a cycl oal kyloxycarbonyl group, “a cycl oal kenyl oxy-

carbonyl grtaupmer, @SIGI’[?@)%DFWDQW@QF‘@W inglugles these iseess P &rdtye gr oup,

1oy car BOR Beott oz kg Rndar RORY PO edlino e, papiomer o

al kyl car borwiasmpecgﬁ@umay@eqysédqalthéwctmebmyd)r@wngg theppresepycl o-
al kynyl car bonyl oxy qNoup anar yl car bonyl oxy 0%rou a heterocycl yl -
car bony!l oxyCogRAHd. h&nﬂpeﬂﬁﬁﬁrﬁﬂawouaﬁl LY @15}13@ H BegdPBuPf @an” al kynyl thi o

group, 43 Cygh héﬁfhé%@e&frﬁ% Pher? %&%M{ﬁ@éféﬁa'f@d)b%%veﬁtl&%ﬂ'nﬁ’é’thBM”V' thio

group, an arylthio group, '0 group, an am no group, a nono-
or di-al kylsuthras mronmtograpb;n@rfrtactldmalairyaald]yaﬁoram no group, a mono- or

di - al koxycar bonyl a 0 gro 0- |-ar Icarbo Ia no gro an
ol oY e Do O e e Bresrl Bapp oy it e BT RO P e St ny A o

group, an af\yrstdl OGNl PQyROAMPIheResr bamoyl  group, a rmno- or
di - al kyl car bamoyl group, a %Dno- or di aryl carbanoyl group, an al kyl sul finyl
group, an al kenybxampleayf thg opfionally substituted unsaturated monocyclic
15  heterocyclic ring of the present invention include an unsaturated monocyclic
heterocyclic ring which may optionally be substituted by 1-5 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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al kynyl sul finyl group, a cycloal kyl sul finyl group, a cyclo- alkenylsulfinyl
group, a cycloal kynylsulfinyl group, an arylsulfinyl group, a

het er ocycWwol2e10/4868¢] group, an al kyl sul fonyl group, an acChargemobisenyl
group, an al kynyl sul fonyl group, a cycl oal kylsulfonyl group, a cycl o-

al kenyl sul f | grou ac Ioa nyl sul fo ou an aryl sul fonyl
aroup. and AR BICERLEy PEARGRYNIOGTEUE: o HEPEIOREOBL! | t uent may
optional 1y dyeididriihicSatoBb! b &y aBalkynlites groubsdr syffloTyrofsagp! es of the

optionally Substitute enzene'ring o present "1 nvention include a
benzene ri fwpetericyblytipip grpup oarabmindgrayh stmono-eor @wlﬁylaﬁmgmutpuent S

selected fromthe nSlStIn of a hal ogen, ato a nitro grou

ovang. or ounOR TSk BRI SRl o8 sianth il e kRS e BB A d £
group, an ahbyo- &*dl@ylcéfb@iy\%?ﬁmb d#bapPan arkyﬁsbhw}dmuabcgwupaerﬁycl oal kyl
group, a cycloal kylidenemethyl group, a cycl oal keny ﬁrou a cycl oal kynyl

group, an aalwlsu;tifqmtaml@orgrfpupo@ryarmulfym@mmcagroapkawr BdisYIahing kenyl oxy

oroup, o ogiBYET BSRAS Brodh Y B o Vs ER ot BrGHE S B0RET Y e oup,
an al kanoylargicatgameay gabdﬂsraﬁ slayllsgn‘yﬂyl gfo@ppan@lrkeaiylswmdytgrdwmh group, a

cycl oal kylcarbonyl ?rou cl oal kenyl carbony
kynyl car bor/Kyrpisliny SFOR, )ﬂ %WW'QPH[&SOUF& %EY@@@JE?BY'W'@HY'%WP @roup,

oroop 10 SRRy S BAHUIRY GO0K, < BeBtB SN aHY s A o
cycl oal kyratkysyltarybgroup, @nalienyésulinyl groyipaabatiyinytputfopyl group, a
aroup, an DRI ToR. 5icatioa KuRUORY EgVe BOHGRBIEHBaYT &
Tyl car bomy o B R B B e L e g oup.
an al kenyl tshibstigent pjayaoptminaiiy petfurtbensgtiiutad bydhese kybsthuentgr oup, a
cycl oal1 %enyl thio Ig(r.en?rlljpﬁés 3f the optionally substituted unsaturated fused heterobicyclic
ring of the present invention include an unsaturated fused heterobicyclic ring
which may optionally be substituted by 1-5 substituents selected from the group
consisting of a halogen atom, a nitro group, a cyano group, an oxo group, a
hydroxy group, a mercapto group, a carboxyl group, a sulfo group, an alkyl
20 group, an alkenyl 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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cycl oal kynyl thio group, an arylthio group, a heterocyclylthio group, an
am no group, a nono- or di-al kylam no group, a nono- or di-al kanoyl am no
group, a Woroto/0a868di - al koxycar bonyl am no group, a nono- POT/EP2009/063503

di - aryl car bonyl am no group, an aIkyIsquinyIanino group, an
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het cl yl yl k i
) Keny! oul Tistprocyii® trnlt an AAd ordimy A badier ¥ el Aoy
group, 8 cypbrg! drediydiratdyRnathing §fébp. & n§otd- Qﬁlldpénwx%érfbon lan€@ih6 gPousn

aryl sul fonyl group, a heterocycl Isulfony zagroup an al yyene group, an

al kKI engoxyEl govap or ahaorqurb@rmséaﬁm@g@{@upn pdsufmsdammwgr@w@ gh@ylwher ei n
cubst 1 ¢ vent i ON PR BROUC AR ardi B WA rBim ot BRSO S e ¢ ng

i nclude a henzgmeylrgrogpsa bsdnd-wreli-amyldareamalykyroepea hendg> dradif or m an
annel at ed carboc cle together with the carbon atons to which they are

attached, &My car%ﬂmﬂoro%sarhalﬂsélﬁy@ﬁw 9loNg 30 R ey [RUEN YhOE Pa@Nal kenyl ene
f t th
S TP ¢ RPN GRS OIS iAN Hlods, £ o) PN BRAERRRy drBdp, 495 T
t he opti onadychoad;IqtuMSLMflmyegLoutpsahta"rglrsetﬂrnybgmopoia|hretérebpmlpltsykfrhyllognoupgam ncl ude
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group, an arylsulfonyl group, and a heterocyclylsulfonyl group, wherein each

15  substituent may optionally be further substituted by these substituents.
Examples of the optionally substituted benzene ring of the present
invention include a benzene ring which may optionally be substituted by 1-5
substituents selected from the group consisting of a halogen atom, a nitro
group, a cyano group, a hydroxy group, a mercapto group, a carboxyl group, a
20 sulfo group, an alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl
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
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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al koxyal kyl group, an al koxyal koxy group, an al kenyl group, an al kynyl
group, a cycloal kyl group, a cycloal kylidenenet hyl group, a cycl oal kenyl
group, a wocebhwoel4Beskoxy group, an aryl group, an aryl oxyPgTmPR)0IAL3S03

aryl al koxy group, a cyano group, a nitro group, an anino group, a nono- or

@ carboxyl 5 '§wa§? Ho-Tbuay P GHOUBIS Sroch BRAGHTVER BUBOUR Hono- o
di - al kyl car RV f no group, an
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consi sting of a hal ogen atom "a hydroxy |o an al Koxy group, an al kyl
group, a h&respksgn a&wwﬁmybarn@pﬁpu@@ng \splfonylagin@asark @n gr oup, an

aroup, & oyer sy P§558J%a%r§§?‘ﬂsﬁgﬂ%aﬂeﬁ€9€¢%%ar%é%?'gf"o&@?  keny
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aryl al koxy z%rou a cyano group, a nitro group, an am no group, a nNono- or
- al kyl am W'@WBG}’J granp a@&ﬁ'ﬂf@?yﬁkﬁ'ﬁﬁw SUPHQpan é‘l‘l‘yab/h%&f\y‘&’hg@é'ﬁyﬁam no group,

I Sl 1 R OSBRI
aryl sul f onydraopnan grysuifindgradigkyd setefocyglylsuliny greup, arkgikgelffamy granmup, an
Sarn'ee o SR T S i SR BB Bl RN
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a heterocyclylsulfonyl group, an alkylene group, an alkyleneoxy group, an
15 alkylenedioxy group, and an alkenylene group wherein each substituent may
optionally be further substituted by these substituents.
Moreover, examples of the optionally substituted benzene ring include
a benzene ring substituted with an alkylene group to form an annelated
carbocycle together with the carbon atoms to which they are attached, and also
20 includes a benzene ring substituted with an alkenylene group 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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an al kyl group, a hal oal kyl group, a hal oal koxy group, a hydroxyal kyl
group, an al koxyal kyl group, an al koxyal koxy group, an al kenyl group, an

al kynyl gwoupio/a3esgcl oal kyl group, a cycl oal kyl i denenet Rgir/Epe@ep63503
cycl oal kenyl group, a cycloal kyl oxy group, an aryl group, an aryloxy group,
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group, an groupudrdagioxaigiougr oup, an al kyI sul finyl group, an al kyl sul f onyl

group, an aryls grou t eroc up. can_al k oup an
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substituted unsaturated nonocyclic heterocyclic ring i s anunsaturated
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al kenyl gr ajrpupga haldewwbrcgfp;namalealkw gedupy la rg,rdwwalqul group, an

cycloalkylldeneneth | group, an al koxy group, an al kanoyl oup
al kyl t hi o gam?gyalka/hgmqmamlkwﬂkcwwgupe@ﬂ a!k@w@mppnw agwawpgroaﬁ ani no

glr (Izlcj)gilcar bo ogn%{yrllgko@d‘éyéy%rﬂﬂﬁrl@%ﬂ@ﬁet@ﬁﬁ@@%&%lR‘é’nﬂgﬁ’%,kyﬁs u?f anoy!|
group, a caarlbmw gagupupn syl grokpxam arpoxygrogipoep ardatexp gy, gceEn, a
nono- or di- aIkyIc r banoyl grou an al kyl suf ony| am no .grou henyl
roup, 5 pHERHRYA GRELGOR. BETYRe areumA Koo O ey AL iEn G T ony]
noat U at o TISTAF Rl HEBPen BIKPLarBisny BHE oros OEIbORT drgus et 1 e
het er obi cydlkexycianzprnyhgudupaycaspaimonigrioypbe rsenastartdiiadiyl¢arbamoyl group,
15 an alkanoyl group, an alkylsulfonylamino group, an arylsulfonylamino group, an
alkylsulfinyl group, an alkylsulfonyl group, an arylsulfonyl group, a heterocyclyl
group, and an oxo group.
Preferable examples of the optionally substituted benzene ring include a
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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3 substituents selected fromthe group consisting of a halogen atom a
hydr oxy group, a cyano group, a nitro group, an al kyl group, an al kenyl
group, arwel2kywBesgr oup, a cycl oal kyl group, a cycl oal kyCirdepeawsisys gr oup,
an al koxy group, an alkylthio group, an aIkyIsquonyI group, an
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sel ected fromthe group consisting of a hal ogen” atom a hydr oxy group, a
cyano gr oudrosdpnan atky@umﬁwl gmupaanﬁmlgpcgﬁpupemmnpe@ym ghylaminagravivy ny|
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al kI sul fi nyhoigs-oordi-eakyl urtamoyd igpowp, @camoryl groud] ambkox rb@n?lrg'mgp, an
al kanoyl am no group, an al koxycarbonyl am no group, a sulfanoyl group, a
nono- or d.caéb&mpxmrpaﬁowm%lﬁﬁ di-gl Kyéﬁa:searynpybgr@ua aa#'@'%&%ammw

glr E;}f”supon;ﬁ Bgﬁ"é{ lph ﬂgﬁouﬁ zﬂ@ﬂ@nox@f %r%'up, b%ﬁgoxy !arrﬂﬁ&tjfbupa%
aphenyl sul fpﬂreﬂymmifonylggroup, aaetﬂweaydlydtgrbm)dncgarmoxo gaodmgt erocyclyl group,
Abover et oned Sis oPea s Sodebi Bt use bR s Py dioridisaty ol i ¢
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group consiZsilbgjitognta Sﬁlﬂowiaﬁ‘omtbmgrauhmnewyn@oﬁamalqgen atom, a hydroxy
15 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 alkylthio group, an alkylsulfonyl group, an alkylsulfinyl group, an
amino group, a mono- or di-alkylamino group, an alkanoylamino group, an
alkoxycarbonylamino group, a sulfamoyl group, a mono- or di-alkyl- sulfamoyl
20 group, a carboxyl group, 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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cyano group, an al kyl group, a hal oal kyl group, an al koxy group, a
hal oal koxy group, an al kanoyl group, an al kylthio group, an al kyl sul fonyl
group, a woroto/0a868di - al kyl am no group, a carboxyl grouppPCarEpaéoRox3sonr bonyl
group, a phenyl group, an al kyl eneoxy group, an al kyl enedi oxy group, an oxo

group, a carba | _group, and a npno- or_di-al kyl carbanoyl group. In a
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mono- or  dinghdd/cABnREer8ERYR: rirdisaKanitl@féd fonocyclic heterocyclic ring

which may optionally be substituted by 1-3 substituents, independently selected

15 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 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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group, an al koxycar bonyl am no group, a carboxyl group, an

al koxycar bonyl group, a carbanoyl group, a nono- or di-alkyl carbanoyl group,
a phenyl woaop,o436shet er ocycl yl group, an al kyl ene gr ouppcamp2@n/oedskenyl ene
group; wherein each of the above-nentioned substituents on the unsaturated

nmonocyclic heterocyglic rin t he unsat ed fused heterobicyclic ring and
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group consisting of a halogen atom, a hydroxy group, a cyano group, a nitro
15  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 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-
20 alkylcarbamoyl group, an alkylsufonylamino group, 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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consisting of a halogen atom a hydroxy group, a cyano group, a nitro
group, an al kyl group, an al kenyl group, an al kynyl group, a cycl oal kyl
group, a wopchwoel4Beski denenet hyl group, an al koxy group, aoTalPR@oyisosroup,
an al kylthio group, an aIkyIsquonyI group, an al kyl sul finyl group, an

am no grou a nmonoor di-al kyl am no grou sul f anmoyl grou o- or
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group, a cydPual &ypikyayegretnya cyeloakkyl aioual a@w%gﬁwugen%me@wkam agr oup,
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group, a nkisulfinylcgroapkam amih@grolp, @rmuno- ér disdlk@ain@yup, adn
al koxycar bon%n group, a carbanpyl group, a nono- or d i al kyl carbanoyl

group, an &l %rﬁﬁ‘ﬂ QfFPIJHoa@Hﬁﬁrﬁoy'agrﬁ’H@n?Im@?Qnﬂf d'@'W@WI@QW aa

henyl syl f I :
Byt end gra oo Ao P o BT S K oAy Brl, BRGNP ™
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hydr oxy gr Q#EU aar?é&g%rfé@‘ég i@n@:ahra?m@{ grflip ab,:wl I Er Iou(pj), an ?Ihk:anyl
group, an al kynyl group, a cycloal kyl group, a cycl oal kyl i denenet hyl group,
an al koxy group,Riag Bilskemugsatyraiep menocycky heterecyglionipg arranalingatgnatédny|
group. 48N fsed heterobicyclic ring, each of 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 cycloalkylidenemethyl group, an
alkoxy group, an alkanoyl group, an alkylthio group, an alkylsulfonyl group, an
20  alklsulfinyl 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-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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al kl sul finyl group, an am no group, a nono- or di-al kylam no group, a
sul fanoyl group, a nono- or di-al kyl sul fanoyl group, a carboxyl group, an
al koxycarwornylo/gseap, a carbanoyl group, a nono- or di - aCTiph@anksmmy|
group, an alkylsufonylanino group, a phenyl group, a phenoxy group, a

henyl sul fo no up, a enyl sul f onyl grou a heteroc oup, an
Do) ene. o aeE kMl ssﬁipg@afﬁgk%fgw)awﬁ%g?’wq%e&wwﬁse&wégﬁeﬁ% P

het er obi ¢ pr
substltueﬁggbelH%Eggﬁ@gﬁ?wgm%ele r%DB hgﬁ Eug§@ﬂ§H@§ﬁ§?§?%ié?¥ﬂy'a hal ogen

atom a hydqroup, md)apoxa groap.cargt oup, a nltro group, an al kyl group, an
al kenyl group, a | oal

e oron kol Pur omRif B s i SefRratfy SRR i he o Rag: an pasaiuratge

al kyl t hiso %Qé@heﬁa"ﬂo@ib Mlc d, 9\ beHZMR. rirdy) e@bK'&Wﬁ¢mbﬁay%¢¥féﬁaII)ﬁBeam no
group, a nono- or di-a | am no group, a sul fanoyl group, a nono- or

di - al kyl sulwwte@bwdp:” sgb@tgtug@t)symd@pgngentahsg{eqt@swm Bamgrour oup, a

aroup. 5 prenyfstgl s aodin A S PaROT Pt Piia SRR RS sRA, 2R
phenyl sul f cilyl ggowsiran alkbeylejroay cary bikghgiuroupnal caclogkgl gooppa and Ring Bis

an unsat urated nonocyclic heterocyclic ring, an unsaturated fused
het er obi cy&yp@aﬂkmgen%mewyﬂ)s%@nralwy @R 8h aliAnoy! grdkPeBRiaRAINIG, be

o o1, Pl 4P ARBSIChSPL o, EREEMISTYIOLG BHERRAS o B 24P
group, an adHeyI{yI@mmmpgroalp, alskltfambyggrmwp, aamorm Iqmwallg/rlwiamcajl gyaumad kyl
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car banoyl group, a @haoyleulfarylamino group, a phenylsulfonyl group, a heterocyclyl
15  group, an alkylene group and an oxo group;
wherein each of the above-mentioned substituents on Ring A and Ring
B may optionally be substituted by 1-3 substituents, independently selected
from the group consisting of a halogen atom, a cyano group, an alkyl group, 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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al kyl car banoyl group, an al kyl sufonyl am no group, a phenyl group, a phenoxy
group, a phenyl sul fonyl am no group, a phenyl sul fonyl group, a heterocyclyl
group, arwel2kwles@2gr oup and an oxo group; wherei n eachPofi/EP2@9/063503
above-nenti oned substituents on Ring A and Ring B may optionally be

substituted by 1-3 substituents, independent]y selected fromthe grou
Sonel 5t 1 ne lones ik GHUR: RTGI-ver G Sap s (OMeT G GIPURDT AMRECoaY oy
group, an ?dih&?&ér9|'k9|'éPniné‘IgP&Up?,i‘bf@?fMngéﬂvﬁggm@ég}ﬂ@%tébg}@c rfhg’ONO- Ofr

di - al kyl am no group, a carboxyl group, a oup, a nyl “group, an
al kyl enedi oxlyichnuaypoptionadly e srstifuted bywepgroap sEléciey danbemaloggroatom,a

car banoyl group and a no-_or di-al kyl carba roup., In nor e

b efof abl e BADBE iRy 2 BReaIh Bt MHodRvRE AT o R RA8 1otP R are ( 1)
Ring A s oUﬁ,’S@hHFoalbWérW&?)g%w, AR P AL Ik EMMB §Roupy phdnypnal |y
be substituted by a halogen atom a |ower alkyl group, a hal o-|ower "al kyl
group, a | ckerpathiexinayresupubsituted witva fielngen aiam, RyaQe Browpd, @lPWer benzene

TS <! P8 B BEr BARPbEh, Ao AnBE) BRI, B AThelo AR, .
hal o- | over |eWkpaiky@inting greupare a detgtocyayieroad knicininag aptienplly Bepheny!

group optionally substituted by a hal ogen atom a cyano group, a | ower

al kyl gr oupubstifibed Withggrompisaleeiesd figm a halean aloky 6yage &ipuP .ot lowvarono- or
di-lo al kylam . ro i substituted
by & naPogch AT PhAowsr oy GIEER SGNH RORY AR oPATnYo S8 Ll ki
group, a | dewer alkig@xyingrgooyy; ar(cpramonsatucatedifusedvbeteadlbigVaitinng whichp; (b)

R R (M SR N e S,
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halo-lower alkoxy group, a mono- or di-lower alkylamino group, a phenyl group
15  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 alkyl group, a
halo-lower alkyl group, a lower alkoxy group, or a mono- or di-lower alkylamino
20 group;

(2) Ring A is a benzene ring which may optionally be substituted by a
halogen atom, a lower alkyl group, a halo-lower alkyl group, a lower alkoxy
group, a phenyl group, or a lower alkenylene group, and Ring B is (a) an
unsaturated monocyclic heterocyclic ring which may optionally be substituted

25 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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group which may be substituted with a hal ogen atom cyano group, a |ower

al kyl group, a hal o-l1ower al kyl group, a | ower al koxy group, or a nono- or
di | oner awvkybawm4se2gr oup; and a heterocyclyl group whi circrmp2@pssznal |y be
substituted mﬁth a group selected froma hal ogen atom cyano group, a |ower

al kyl group, ower al rou a | ower al ko o or a nono- or
i L over | ol B 9MirRs rBaToron NATHm A yana e v Bl 960U | o 11 ng
whi ch may (H?atld) ‘P&ﬁér‘éﬂk\l{“l‘”g,\e%%? Eh?ﬁﬁ%\%r §|k§ﬂ{1 Bp5§|l&ﬁére§\k6h9)gro’ud"%| ogen

atom cyano group, group, [ ower a roup, a |lower
al koxy groummaowm akoxyngrougl, mmty- grcdjupweaarkwaummrgrolup Ia)meenydlgkgturam no

group, a ph ou be substituted with a en atom cyano

oroub. a | oaEh g8 sUBAOETYUT G e BlokSicvEbsBues BHER Ekioxy “br oup.
or a WDBO ggbuglahawflbv@r‘éwwgrdlfp @rever aﬁklo(ik/ O, recxehyl ogddleverhi ch may
optional ly be substituted wit oup selected froma hal ogen atom cyano

group, a | cleyla@ing/grogioapd aemtercmyp Fougl Wiyich ghayipptienallyvaa susiigxtgdgr oup,

mayopt 1 ondfity oisEo Qe BBt tR o b B B e St U R Gebbnd & "
hal o- | over tadisydwer kg, gréup cavwetl dikosyy @oopPor & nidreR\ar diHawgr, alraylamrrh@wer _
al kenyl ene group, and Ring Bis (a) an unsaturated nonocyclic heterocyclic

ring whi ch $8YPo@¥ti onally be substituted by a hal ogen atom a cyano group;
a | owergal kyl g Q- f : | kyl group,
g(gg ﬁrn@éﬁﬁ gﬁod_ rﬁg‘ﬁmgra?égmkea h%'t@ob%y@l'rten@%% V\)h?(}??lé]??

a Iomer alkoxy up; rou
al kyl am no gptionplly besubstiiutert byp hamgemaildrry, eslmbr&atrraikm goboupy eahdﬂarlmgem at om

S o 90 B oot oo BB By i 6% 50 e BB 2t e bou
or a het er gfiviichdhay BpBBhaIRNGE bibstibebidyud 8Fby séleBRUGHSRA a halogen

atom, cyano group, a lower alkyl group, a halo-lower alkyl group, a lower alkoxy

15  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 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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atom a cyano group, a |lower alkyl group, a hal o-lower alkyl group, a |ower
al koxy group, a nono- or di-lower al kylam no group or a carbanoyl group;
(b) an unseatwreause2f used het erobicyclic ring which nay eptriErea@bloy3sbe
substituted bya group sel ect ed froma hal ogen atom cyano group, a |ower

21 Koy o ofsola. 5 5pls- Phs AT kﬁm@r G Bivg? alkory orene i a Gwdk- aPeoiRisrno
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group, a |lower alKky up, yl group, wer al koxy group,
or a nono- \mth a|gr0lawveeleatdqrﬂrtammmbalggen;atomndyaﬂmgltwlpoeycww algylognouphéaich may

optionally ubstl ted w sel ected froma Io e Q cyano
oFoup. a1 dide TRk B! & by I RRTRUBIOTE grdst of S kTRERP o oup,
or a nngo- bu i-lower alkylamno group; or (3) Ring Ais an unsaturated

fused heterobicyclic ring which nar optionally be substituted by a hal ogen

atom a | ower aI|R>ﬂn0§FQj’U”ﬁ0r%pfl$é¢r6b eoRvBpodingnt, \érl%uﬁHzaanémhn%ﬂdz@tﬂiﬁegroup

subst ¢ ut oo BPLeARERIEA Bib3s Mol AREME5s At R A AT T ver
al kyl groupingawhizghds sapstituddyy 1P Qustitwerte velectddam toe upup dohdibting over
al koxy group, a no- or di-lower alkylam no grouga a phenyl arou whi ch may
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1,1 L0ET LAt BBt SR oSl B o RIS o
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hal o- | ower ak|@xgup, a halogen atom, a lower alkoxy group, a halo-lower alkoxy group, a
15 phenyl group, a halophenyl group, a cyanophenyl group, a lower alkylphenyl
group, a halo-lower alkylphenyl group, a lower alkoxyphenyl group, a halo-
lower alkoxy phenyl group, a lower alkylenedioxyphenyl group, a lower
alkyleneoxy phenyl group, a mono- or di-lower alkylaminophenyl group, a
carbamoyl phenyl group, a mono- or di-lower alkylcarbamoylphenyl group, a
20 heterocyclyl group, a haloheterocyclyl group, a cyanoheterocyclyl group, a
lower alkylheterocyclyl group, a lower alkoxyheterocyclyl group, a mono- or di-
lower alkylaminoheterocycyclyl group, a carbamoylheterocyclyl group, and a
mono- 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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group; a nmono- or di-lower alkylamno group; a phenyl group optionally
substituted by a hal ogen atom a cyano group, a |lower alkyl group, a
hal o- | owewoabioyl43ggeoup, a | ower al koxy group, or a nonoPCEEPANNI063583
al kyl am no group; or a het erocyclyl group optionally substituted by a

hal ogen atqm, a .cyano grou r alk rou aha | ower al k roup,
27 ower al REHGeIP OOk Piarkya g hte OB Gy BRGSO <) o
unsat ur at ecerPé%d‘ﬁtI&K/&béI% Hé{e,rdcgggwog b may optionally be substituted

by a group selected from a hal ogen cyano group, a lower alkyl group,
a hal o-1 ower al ﬁurt@rommnmhemvelferablecembgqunt ‘éma(ldﬂz’r eneiis inkeokat gr oup,

di | k whi.ch bstituted
W th a hal dger aeeli LGS Br BB Esp TR BARGHE: Sabo & B RSAER ol kyl
group, 8 |Q)’P%ratl?r'al‘é2?<bﬁoﬁb@yﬁ?lc Hé’ter@c?@lftonn%vvhihhﬂnéy)@e dldsyitiasd B9 ggoup; and a
het er ocycl yl group which d)F/ﬁotlonall e substituted with a group

sel ected f rwhsatuwlt%gﬁﬁc@ﬂ méhRaeou evnsisting ehvloveariglky! grenm 2 a

A kyt am no 'Vt SoftisBier AR BraREY af BHEe Mol PRI B 2602 ana i 6

| i nked at tmﬁaﬁzracw mbﬂacyxfncﬁliemgroesycwai itirhg bﬁép@@éaﬂ@at&dh@éé@ helgoBicpelri ti on,
Ring Ais a benzene ri g{bM| ch is substituted 1-3 substituents sel ected

from the griél¥h 8SRSf yhighhymay ke suRmitutad by 1 érsyggtltugnt%qsqjeq:t@@é‘fora[ﬂp@, group,

a hal oggn ﬁmg

al kenyl gnea%ro S,ﬁngﬁi"ﬁ%oﬁé@el\!csglgﬁ”gﬂ'ﬁggt%?g%@ﬁr glg teéggcycl ic ring
or an unsatatoat, edowes atkokyp gesuhizclyalbtower aIQOX)egndumfa wﬂr&rtylhgrr_mp laxe

substi tute 1 3, substituents sel ect ed f[?om tagﬁéarou}ﬁ consi s Pg of a

| over al kyI 1RV 9" 3 PYEROPNENK\ETOHR Ry (PW SHRHP of group, a
hal ogen at QBWeﬁaik?%ren B, 91QNEr alﬁo%}%h%hgp%@up%wwlﬁ&%koﬁ H@ﬁ?lw
group, a n

group, a hal ophenyl gr g|l %@ﬁa cyanophenyl , I ower al kyl ph group,
a hal o- | owegroapkg hptesagyclyrgsopp, ahaloWeteratyaiy \godiemyd cmrmlneter@cmlybl ower
15 group, a lower alkylheterocyclyl group, and a lower alkoxyheterocyclyl group.
In a more preferable embodiment of the present invention, X is a carbon
atom and Y is —CH»-.
Further, in another preferable embodiment, Ring A and Ring B are:
(1) Ring A is a benzene ring which may optionally be substituted by 1-3
20 substituents, independently selected from the 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 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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al koxy phenyl group, a |ower alkyl enedi oxyphenyl group, a |ower al kyl eneoxy
phenyl group, a nono- or di-|ower alkylam nophenyl group, a carbanoyl
phenyl grwoppic4sasao- or di -1 ower al kyl car banoyl phenyl @CoOmEP2008/063503
het er ocycl yl group, a haloheterocyclyl group, a cyanoheterocyclyl group, a

| ower al kyl o rou a |l ower alk het er ocyc a nono-
or dil ower %%b?&rﬁeﬁ éme% c,gr9Pp{ﬁ[9ﬂ? aj@i K 'ﬁéf’\é’g U‘g' yl group,
and a nono- Vovey r ARy rabl e
enmbodi ment , greﬁpdé'rd Ik&h}égrloﬁér ?nkedloﬁrfwhﬁbxg %'ggpﬁr%ﬁéaogﬁﬁ%xp{;@u%w th
respect to ancb@m ngo@lma, position, Ring Ais an unsaturated nonocyclic

het erocyclic ri ubstjtuted sti.tue selected

fromthe group thg]'lq P«Haaﬁfur};af ﬁ&d@w%y(&%&?ﬁem&y éﬂr H@ Ya 1 ower
al koxy gr ougptionBfly BB soKstitditetBy 1851§u6§tm@erﬁsl mdaﬁbﬁd@rﬂr}esdeét@dwainﬁchwemy be
substituted by 1-3 substituents selected fromt roup consisting of a
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group, a cyanoheterocyclyl group, a |ower alkylheterocyclyl group, and a
| ower al ko%@%%‘éww doup. Furt her in another preferable errbodi ment ,

Yis - 2- and [ egt to X
being the 1- p05|t|8 %E&Beﬁ%eﬁé‘ﬁnﬁ unsat at e%ngﬂ ggég ylﬂjﬁé ocycl ic ring
whi ch may Bsbstituenis, um@bdnwemtly%seldmsed froenthe gremecbasisﬁmg)of & Ihel gyeou p
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a halogen atom or a lower alkoxy group; a cycloalkyl group; a cycloalkoxy

15  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-
lower alkoxy group; 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 halo-lower alkoxy group; a lower alkylene group,

20 (3) 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 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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group consisting of a |ower alkyl group, a halo-lower alkyl group, a

hal ogen atom a | ower al koxy group, a hal o-1ower al koxy group, a phenyl
group, a Welomhasssk group, a cyanophenyl group, a | ower pariapb@iesssh3 gr oup,
a hal ol ower al kyl phenyl group, a | ower al koxyphenyl group, a hal o-1ower

| k h h , hal oh | yi ,
cyanohot or RYET o1kBsy SrRP 2 emdshRorE: ity oSO ohad T ler
al koxyhet erggitelXdyafibQitBup! 4dhariIgy kf rgrr@u&raaﬁée 1BFRPEPHoLRS albRePr esent

invention, X i$ a carbon atom an Furth R’ &not h
pr ef er abl e akdodgneeptor eRnalg- ImNandlkm(ylgcheraemd gnaxggRiupy A is a benzene

ring which may o onaII be su substitu nts |ndependently
selected fromt h(g B’ Hargsta q{a eg#’ftugeﬂ%%z)%’gﬁlcgglbqﬁm%w 6%?1 3l kyl group
optionably gptiekily Bb%@bbﬁtu@ed‘ J{Qq%u@étrmner% iAdbpuRderftlykspidctes Gt tive | ower
al koxy group optionally substituted a hal ogen atomor a | ower al koxy

group, a C)QfDUaICWSISQI‘r‘@Qi)a relegen @@ﬁk@@\/\@f@ﬂ@" gepyshepiianady supstitated a | ower

or “an” unsar T S8t G8LE: bR R ARG AR huERRRT ORI 851 T oneu 1y

be substit Hatogdry atbndos Hheiet dikbkE groud epseitetyl yrewd, ectrtod ke diovaipgr oup

consisting of a halogen atom a |ower alkyl group optionally substituted by
a hal ogen aMth@n 8XP §iRYP.al koxy group or a phenyl group; a |ower al koxy

group ‘%Et'ona"yRuﬁ Cycé ﬁg%%ru |&9Pr%g é)‘r?]igﬁ'wﬁﬁ Be s%%ﬁtu?é&?m-égm“p; a

cycl oal group; I ona
substi t ut edsubpgtituendd, mgmpatdemtlyaetepsed)frgmt]p,grauﬂ) cmemsamg(;bfagnamgen a

oS oo b 0v R ol g PR £ Tk bt B el e
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a halogen atom or a lower alkoxy group; a cycloalkyl group; a cycloalkoxy
15  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-
lower alkoxy group; 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 halo-lower alkoxy group; and a lower alkylene group, or

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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and an oxo group, (2) Ring Ais an unsaturated nonocyclic heterocyclic ring
whi ch may optionally be substituted by 1-3 substituents, independently

sel ect ed woamwdasssgr oup consi sting of a hal ogen at om aPComProolok3sh3 gr oup
optional Iy substituted by a | ower al koxy group, a |ower al koxy group

t Il bst t ted b I t I I ,
cyel oarkyl ‘§HeLAK ogygw A RORPYRL R ety 50bs Bulsd ted TOHES 1 s o
penzene 1| ol bdyafiB gab'é)weiryamgwétdﬁéaneweva&yﬁg RBShiIIGWENT S,

i ndependently sel rom the group consisting of | ogen atom a | ower
al kyl groupalleptyi gnoaploy ashalstiowet alkoby geouralangean axagroup. | ower al koxy group

or a phenyl gro a.l ower  al kox onal | ubstitu halogen
atom or a1 ower Biagnlgraistatis SyddRer Bt bdssal ByEntal bRy Ried
phenyl gr oufe @HOSHIGH bf/qubAtwtthltr@@é&t@xfwéw@% algEition, RIIA ig§aoup, a

| ower al kyl group, a hal o-1ower al group, a |ower al koxy group or a

hal ol ower E0ELPegingushich nmat @pmmilme subsiifuteg yshbaloges @mm; aL@\@qr by a

27 over i iy BFE BBUM A Paye il BeEby X ibg®h Al TS arsBlld 8700
(3) Ring Apfﬁan@h%wll@abhdﬂlﬁg Brignoryiedataraied aiopoxgtiichéterstyehd ehg oRN

optionally be substituted by 1-3 substituents, independent|ly selected from
the group dHBIS&iWef %fuéﬁd é‘eﬁ%{pgtféﬁ"%f'%nw%ch W@%‘Pﬂ?\'y B? éUBSWHiqdot%ﬂ’r y
substi tigt e g r r y group
opti ongpl yde’sg% %lt@tgdlﬂge%ﬁigﬁ@geéédﬁg?ﬁoﬁ kr?gro% %b?\’sk ) %S%o@%bé&(

cycl oal kyl aoovp,lower giklybgidokipxaptignaliy sulsstduted mxa hgtagep, at&mer &Bphenyn

et or obi cydIPEPYd IverakiO Ol 2Ry FpePaengioe atdenitt s olspen. 5
atom, a cyano group, a Iower alkyl group, a halo-lower alkyl group, or a lower
alkoxy group; a heterocyclyl group optionally substituted by a halogen atom, a

15 cyano group, a lower alkyl group, a halo-lower alkyl group, or a lower alkoxy
group; and an oxo group.
In another more preferable embodiment of the present invention, Y is
linked at the 3-position of Ring A, with respect to X being the 1-position, Ring A
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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substituents, independently selected fromthe group consisting of a hal ogen
atom a |lower alkyl group optionally substituted by a hal ogen atom a | ower
al koxy grwopomvo4assphenyl group; a | ower al koxy group optCcomeRéog/osishst it ut ed
by a hal ogen atom or a | ower al koxy group; a cycloal kyl group; a

cycl oal koxy,.group; a phenyl group. optignally suybstituted by a hal ogen atom
a cyano grcﬂing&Q%Pﬁé&eaa%W'%ﬂ/ﬂaﬂe’ énaéfwa-z Snerreigrriie lﬂ?ﬁ%ﬂat J(Uog%ér
al koxy gro%t@fobﬁﬁ)@ﬁé ﬂhﬁ‘f{%lué’éé@g\l 09" OURenBeREd GROSVFAEH fG8&QHP optional ly

substituted by a hal ogen atom a cyano group, a |lower alkyl group, a

hal o- | ower tedté&sgcyglictng cantaoweg 140 Kotxgter atopnindepbatient yosaectabkmay agr oup;
and an oxo oup: (4) Ring Ais an unsaturated fused heterobicyclic ring
aht ch oy GBEPSR A Sowten SRl AR s et Mg peeS T BiieRedy

sel ect eg f ra@ihd@ing, Bohdolinel BéhAghidzor, Bahaaezofd, ddola, ihguesleal kyl group
optionally substituted by a [ ower al koxy group, a |ower al koxy group

opt i onal | y Glimgline irasdingjing, benzajeiepheoen kenzefurenethienatbiophgrednd a

cycl oal kyl al koxy group, and an oxo group, Ring Bis a
benzene ri nogﬁ%mﬁ?a#@%ﬁhgt ionally be substituted by 1-3 substituents,

i ndependent |y selleetradrd p@fet &g egitdimentsi thtiptgsatt iavdriong RnggAdsa a | ower
al kyl group optionally substituted by a hal ogen atom a | ower al koxy group

h
or a pheny|b&§iZe0g:rng Woigkemay RBW%'NﬁlﬁpSldﬁﬁtif[ gdioyya supsiituenftssiedgd a” hal ogen
| : : | :
at om ofpa Wﬁh@gmc&@%@ﬁ@f&%%lb@;@/hga\fﬁm%g&ﬁer kﬁl}y&gﬂé K R%l6-Qp: a

phenyl group optI y su ut e al ogen ato yano group, a
| ower al kylalkylaupup,aa lostes-dllaoxyrgralpydnd a phenybgrioopeanalRiox B igrasoup or a

o ik R bS5 e o BBl SLP RS TRO £ %
oroons o (SHRRSH AT Ehent AT vgbiis BkpUR AN LRSS |
may may optionally be substituted by a substituent selected from the following

15 group: 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 phenyl group, a halophenyl 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

40



optionally be substituted by 1-3 substituents, independently selected from
the group consisting of a hal ogen atom a |ower al kyl group optionally
substi t utwa 2bw/m@3dsower al koxy group, a | ower al koxy groRpTmPRéc9N63SHY
substituted by a hal ogen atomor a |ower alkoxy group, a cycloal kyl group,

a cycl oal kgx rou and .an oxo , an uns urated nonocyclic
et or ooycl RPIYCat ORI seEcemEarRm A BEBIEY BowS Seach of
whi ch may apfysh u’féc‘j M%QQB%HBﬁtUéH@%IéﬁfeéTr%ﬁH%’id én'%'tb?n dWyPtgroup

selected fromthe group consisting of a halogen atom a lo

optionally Iewbsaikybgr@dlpbg hal dridvegreatkd tononip,za lowwes @l ktXygrgupr apadeala phenyl
group; a | quer atkox roup optionally substituted by a hal ogen atomor a

| ower al ko 9W8F8 | oal kyl group; a cycl oal koxy group; a phenyl group

opti onakly SUbStFGrﬁé?dlnbéhcﬁh@aémoﬁif@*@re@eﬁbflﬁ()@niﬁﬂrplﬂ@efe@atbl@\é&bnﬁilé@|
group, a hal o-1ower al kyl group | ower al koxy group or a hal ol oner al koxy

group; a hélféla@wmppungrc&@fpﬁ tmn%mém@p@mwmgued whierain@inggeis at om a
cyano group, a lower al kyl group, a hal o- |OV\§gb al kyl group, a |ower al koxy
group or a hal o-1ower al koxyggroup; and I n anot her preferable
enbodi nent of the present |n\éen he 3-position of Ring
A, with respect to X being che—g,—po ition, (| s a benzene ring which
may optionally be substitut hal oggsb % | ower al kyl group
optionally substituted by a aI ogen atgm  a | owel al koxy group, or a phenyl
group, and Ring Bis an unsaturated nonocyclic heterocyclic ring or an
unsat ur at ed fusemebretreRﬂ)aolR??dﬁacRFti Rf” variccR ™ hang equthi iodepeyddrslysaibst i t ut ed
by 1- 3 sug}}%{ tuen E pendent|ly sel ected fromt[kﬁxg oup consi stl ng of a
hal ogen at r%ge?rb 9'998PWOB YFM §roYRLeR @ @rﬁﬁ‘/paarhﬁlk}ﬁgen atom

or a ph@”ydgr%ﬁué’ha%ah@){‘@h@ oo BK8KPY rcﬁ‘JpOBQ’ﬁbdroﬂfa%ngP&ﬁ p. el 1y

substituted by a halogen“atom a cyano group, a |ower "alkyl group, a
hal o- | ower akdxyalkyt grgyp, @n alkoxy@droxy group, an alkenyl group, an alkynyl group, a

cycloalkyl group, a cycloalkylidenemethyl group, a cycloalkenyl group, a

cycloalkyloxy group, a phenyl group, a phenylalkoxy group, a cyano group, a
nitro group, an amino group, a mono- or di-alkylamino group, an alkanoylamino
15 group, a carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono-
or di-alkylcarbamoyl group, an alkanoyl group, an alkylsulfonylamino group, a
phenylsulfonylamino group, an alkylsulfinyl group, an alkylsulfonyl group, or a
phenylsulfonyl group, and
Ring B is
s _R* S \/R4b s R
T e [ T
20 R5a , R5P or s R3¢
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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al koxy group; a heterocyclyl group optionally substituted by a hal ogen
atom a cyano group, a |lower alkyl group, a halo-lower al kyl group, or a

| ower al kweyogrwasgs2 and an oxo group. |In another nore prerarambecmnbodi ment
of the present invention, Y is linked at the 3-position of Ring A, with

respect to X being the 1-position, R n I S an unsat urated nonocyclic
ot or ocycl IGTORHGAHPGR ARSI A asaeaKEdoUG: 80 ARPNRYSHRYP: Sient
selected fr A . r . and
Rng B s e B S O b RGBT 2 SRy S it
subst i t uentarsalkglstidanyl goou;eeplyemydsul tomys gipng pifenyl gaiupgeptionabyn a | ower

| kyl | | bst i d b hal | ;
Tower ol oy BBHLRRS x4 RiRge gltitee St Ay 36 Al rdin B8R ogen
at om a5Cy6§j”r@u9,réWBlko&%b%@d, BhHphIkBkPdrour? dhadiRyleAEEIbxRblotlp, @houp, or a

| ower al koxy qroup; a heterocyclyl group optionally substituted by a
Yy

hal ogen at d@tkylenegan@rogpoapmono-|aswkal kl&pinoggreup, a gamaneoy! grevp.Lré/l group,

onsat ur at ed REfd AP aBaihd) bR of AR AL YRy G OB b st ©°
unsat ur at ethyhghalogeycdtom, i dsyanoarbap amelkil goud, helatsakyiigbomp,idardgiresdent | y

selected froma nitrogen atom an oxygen atom and a sulfur atom More
speci fi cal IWPUB{%f‘é Xargéowe.,r%ﬁarbcam%sm, 05 2aiP8Ne; Of dislk¥eaamMazol e,
tetrazghe, z 4a H6H i o | ' ' I

i hydr oyt IR PUBOSRG T RO\, PR oI 56 BFon KGR B A SRR Bt 1
ri ng incl udesalayl@negrodf-arehrber ed unsat urated fused heterocyclic ring

an oxygen_at om FadRe &1 AU For GA SREY BXEREBFENLaPIOroSa BPFEG ara.
QUi ol § e, 1o o RRERY oS o kR G e Mol o PeABERY e, and

group; a haloalkoxy group; a hydroxyalkyl group; an alkoxyalkyl group; a

15  phenylalkyl group; an alkoxyalkoxy group; a hydroxyalkoxy group; an alkenyl
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

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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di hydroi soquinoline. In a nore preferred enbodi nrent of the present
invention, Ring Ais a benzene ring which may optionally be substituted by
a substi twernimabaet ed from the group consisting of a haCogeromaesss a | ower
al kyl group, a halo-lower alkyl group, a |ower al koxy group, and a phenyl

roup, and Rin is a het clicrin elected fromthe consi stin
ot "t opherOUP. RAIO-ButtE ST G1PUR &HoUERPHOHK GBS R BEHOBERPAEY o, wher ei o
the heter OCQfBIJ?Ca Héiﬁy{laﬁédlBR% Pél?d |3 cﬁﬁyl%HQéW %;Hiu%d a%oﬁoﬁé‘fbﬁtlb&v@?“t

sel ected fromthe follow ng oup: a ogen atom a cyano group, a |ower
al kyl gr oumlk;&amimwgnommea carggmogrgropp, ar § heng- drdw@werla{geylcqtbamyl a | ower
| k | k . h I

aroup, 5 | SrB.ers Risiiond bty ool URRERR L podatrd B any!
group, g haly@hbieoyb, 8wt anaﬂ@/dsu;si)d |oWe@taM<ox9 dg?@ugpa/béwanw%gpou@w a

t hi azolyl group.” In yet another preferred enb ( nt, Yis -
is an unsat&ﬁ@@@dOhﬁh@MSﬁcfla"ﬁ"fPﬁé’b@'m@dL/@ﬂqu@, or Ry ond By aresbended eadsed

ai hyarof soatitfiof| B8 ARGl RetdTIR toth A1GUE, FRIRS iy eind, " DEr opyt 1 i ne

di hydr oi ndol e, lRﬂHoRéb R“ﬁdaaﬂ%ar@ﬁacmmpeﬁmbmmam@/drcigerraztbﬁe,a qui nol i ne,
and a isoindoline, wherein the het erocyclic rin optionally substituted
by a substlhau‘égﬁn saea@ @wqrre&fﬁlgr@m@m@wlﬂwe@aﬁsuwroapha||%@@ ﬁ@é\m a | owner
al kyl ng B is a benzene ring which nmay

opti ona Fboroagd%rar?h?@flg e?‘éﬂqoxg@gs ituent selected fromthe follow ng
group: a haI ogerFLatthprecfeIrr@des aaddagpowrcbimpwhiehRihgB iswer al kyl group, a

| ower al koxy group, and a hal o-1 ower al kox§4agroup. In a further preferred
enbodi mrent of the present inventiom Is a

ng A

R5a ,
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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benzene ring which is substituted by a hal ogen atomor a | ower al kyl group,
and Ring Bis thienyl group which is substituted by phenyl group or

ahet er ocywbybiogsasp i n whi ch sai d phenyl group and het ePoTyEPRgo/ogssosip i s
substituted by 1-3 substituents selected froma hal ogen atom a cyano
group, a |ower alkyl group, a halo-lower alkyl group, a [ower alkoxy group,

and a hal ol ower al koxy group. Furth $ ot her aspect of the present
i nvention, preferable exanples of the|corfpound of the formula I include a
conpound mherein Ring Ais wherein Rla, 5aR3a, Rlb, R2b, and R3b are

each independently a hydrogen atom a hal ogen atom a hydroxy group, an
al koxy group, anwlkerein R@"‘rie@ph%yﬁgr@m QMio@lawbsﬁtum bylakaubgtirentip, a

hydr oxyal kyl al koxyal kyl. grqu an a &yxya kox rou an al kenyl
o7 oup. Y an elshie Pord B o btAnSin It iR RS aduie AoRBT "o oup.
a cycl oal keqiyl ggo @i hélo%ﬁ/b@élldy}/@@&b 8Newer alkoRgrUp, @rm&m\@erpémaw al koxy
group, a cyano group, a nitro group an am no group, a nono-

di - al kyPanigieupramenoaer si-ewesalliemngemus, aecacfaam@xwrogpo@wi aemonO-

al koxycar bapy I roup,
an al kanoylcprgdrI é%‘?}j%hylg?ﬁo%rﬁs)wéﬁﬁ é)?n%;)%et% 6%8/?9 och @t'ﬁﬂqﬁ?@ﬁ%&rﬂ#e&
group, an ai%ahaldgfehraibrrgemy@no@roaﬂ)ka'lcﬁrvérfa)kwlgr@@laf)IoWr amqsdy@wguéfonyl
group, and Ring B is wherein RD4 aa _and R5a are each independently

hydr ogen at%ﬁ?a@o}rﬁ'agr@é@no%@ HRNOT RPN FKAGPrLaROVABRBI, %‘ﬂdﬁp,'s én al kyl

group; a hg| aPUhd ¢ ?ab@_pl koxy group; a hydroxyal kyl group; an
alkoxyalkyl gro p a phenyl al kyl “gr oup; an al koxyal koxy group; a

hydr oxy8l koxy grlouporearreiﬂrhbheyémgodmmnt,alﬁ %ds laywhenytgooyp optianatly oal ky|
group. a Cy%lb%?{ gd bde eqeégxgtogno gyano group, a lower alkyl group, a halo-lower
alkyl group, a lower alkoxy group, or a halo-lower alkoxy group; or a
heterocyclyl group optionally substituted by a halogen atom, a cyano group, a
lower alkyl group, or a lower alkoxy group.
15 In another preferable embodiment of the present invention, a preferable
compound can be represented by the following formula IA:

RA
S
| )—R®
C
\/OOfOH R o
H
© Y~ YOH
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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cycl oal kenyl group; a cycl oal kyl oxy group; a phenyl oxy group; a
phenyl al koxy group; a cyano group; a nitro group; an am no group; a nono-
or di-al kybanrioasgeoup; an al kanoyl am no group; a car boPgir/Epe@ps3samn

al koxycar bonyl group; acarbannyl group; a nono- or di-al kyl car banoyl group;

an al kanoyl grou Isulfon Iam no ro ; Isul | am
gr oup:; anyag 89[3559?% ﬁy erg?”%ﬂ q Lﬂ Uy 2 nyI
group; a prp@%l h;ﬂfr@%%h gfam%ﬁ‘ ¥n t@fa'kattggetlaér érehé‘ln%%rbéﬁié’?@e% yano

group, an al kyl gro ky group, al koxy group, a hal oal koxy
gr oup, an avhigh emsdbe sybsfitutesl byaa haldgdneatoox y lgwenplkyagravmea falo-lower
or _di-al kyl car banoyl

| kyl
groﬁp Y ame?qﬁﬂt%é&&gﬂf 61 ¢ amy%ﬁg{)g’lﬁ%lhairg%%g'{)é]gﬁ)%gr%ﬂp a hal ogen atom a

cyano gsoup, an |ald<yﬂef@ﬁgl@emaoaﬂhéml R lis 8hatsgencdtor 604 YovdsroalRyl grou
hal oal koxy F%{t,OUp’ a car banoyl or a nono- or di-alkyl car barmyl group,

or R4a and &fwdéomamn,taﬁ%&%ns sheryl gieup Rebstiriadky §-3 sirssisfentd for m an

o e e b G oD AR Bp o 58, RIS bl By o0
hal oal kyl gillyRro@p, rmlmrlgmyggroup, a Aaltydivex wiHdxyIgrau o LP metity 8h&disyp! ky!

group; a phenyl al ky roup; an al koxyal koxy group; a h droxyalkoxy group;

an al kenyl ngHBpan QHW ﬂ&ﬂwlgr@ﬁﬂ@)lﬁ)moﬁ%%F‘b&“@la”@ﬂﬁiﬂﬁ‘o group, a
cycl oalikyl | deneg fylo, B! BHP AofSdARLIGEY biGIaNRmaBHELIbIY | Oxy oroup: 2

phenyloxy group; oXy group; a cya a nitro group; an
am no gr oufeterotyagt gmupdubatitiyédiby Me3 gubstiiuemats s&ldcied yroantheogroupup; a

car boxyl group; | koxycar bonyl group; a carbano rou 0- or
i ol Ky car BRSNS T GIIAOGE Alath iy bishe: aroue Sl CoRy P B oup:
phenyl sul f ogy |§?blﬁt9 QFW,aIWXarBMbSé'hBIdJ%We%M y FBu &ilondl beay! group;
a phenyl sul fon group; a phe group optionally substituted by a hal ogen
atom a cydewegakkylamina gradlgy,la garvapioyhgrelm @nklyd 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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group, an al koxy group, a hal oal koxy group, a nethyl enedi oxy group, an
et hyl eneoxy group, or a nono- or di-al kylam no group; or a heterocyclyl
group optwonaldossesabstituted by a hal ogen atom a cyanopgr@mepioomnssas kyl
group, a hal oal kyl group, an al koxy group or a hal oal koxy group. Mbore

referred is a conpound erein a, R?a, R3a, Rlb, R2?b, and R3b are each
P eendont |y IR HPOHS RIS sMbaKRan. RNl ia & bhew araup Supigeda
hal o- | OwerctﬁJ kgl sﬂfsﬂﬁ%r?t sIRRRYY %r’ﬁ%ég%t%’@@n §tirfy Bf'@ﬂ&io%‘éhgéiﬁr?n, B4a and

Rba are ea I ndepen tly a hydrogen atom a hal ogen ato ower al kyl
group; a halyanb@reup ad loprerglkyhgroap, Ehealptowenetkybgioylp, glawer, alkophenyl gr oup

ol kyl or oup S5hes BEIERR sy EPBRA et S SR BB B Povier
al koxy gr ouphetré@icY gPO\RHEGpstit@ed WY a 80bSHithahielestsd HoPk!the Grotpno- or
di - | ower al kyl am no ‘group, a carbanoyl group, or a nono- or di-I[ower

al kyl car baroyisis§ine @ :a alogematasm.oz grane geubup leywer atkyl grpupudrale-lawer by a

hal ogen ata r I , 0 al koxy group, a
car banoyl M%,rg%ﬁ%gl%ﬁwoﬁ df?wﬁ’o@\@ Ei\a&%[og%%baéﬁ#ld@%ijp, or R4a and
R5a are bonded tAmeagth&mhegicodipduing ih vt Rirsg Chemasiertyd gfqupubstianed

al kyl ene group; and R4b, R5b, R4c and R5c are each independent|y a hydrogen

atom a haldgehalagsmatam, g@angigegun . er stk areun.chaalodewer alvbup, ~ a

I k - : di
compound i 10raRP oy o B! ndl B SR8l rott o B RERGERFT ' < @
subst i t ut eqgrbyp aubsiitateshbyab dralogercgtang aycyano, g@uboadowerd &yl grooppor &

hal o- | ower al kyl group, a |ower alkoxy group, a hal o-1ower al koxy group, a
met hyl enedi'%‘k’?}l@u‘gﬁ}ﬁgp%{) @tmgfeé Xy group, a mono- or di-|ower alkylam no

g;?glrobca falr bam%(br&éHHB,he@éroéyﬂglf@ouﬁﬁnéibdésow oRlekbRPERElerOERR: OF a
yclyl group optionally substituted by
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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a hal ogen atom a cyano group, a |lower alkyl group, a | ower al koxy group, a
car banoyl group, or a nono- or di-lower alkylcarbanoyl group, and Rsa is a
hydr ogen woamo/@ses®4a and R5a are bonded to each ot her aCTiHPeomw@sIsINal S
thereof to forma |Iower al kylene group. Further nore preferred is a
compound in which Ring Ais wherein Rla is %ﬁ%glogen atom a | ower alkyl
group, or a lower al koxy group, and B%a ang a are hydrogen atons; and
Ring B iswherein Rda is a phenyl grd ptfﬁnally substituted by a
substituent selected fromthe group 'eenrish{ng of a hal ogen atom a cyano
group, a lower alkyl group, a halo-lower alkigl" group, a | ower al koxy group,

a hal o-1 ower al k I QU0 BONO- ! | kyl am up, a

car banoyl group,“%%&ﬂ]aﬂno%%cgﬁ d{;‘Pq %%ﬂ ﬂ&?&%@%@@aﬁﬁmggﬁﬁ%ﬁ a

het er ocycl Hal@genatormtd Rrlatkys gesdp, tahS8- 1 bweRalkel gmaP, alener &k6xano group,
a lower al kyl group, a |ower al koxy group, a carbanoyl group, or a nono- or
di -1 over alHQURaPTAABIRHIOYEs GHKOXX&IOMBa i s a hydrogen atom and Y is - CH 2-
. I'n noge prefer i LS i

subst{ TGt ed by A RECASERHeEES! telRiBstiR M bk Rithe BRAMBIR othne,

hal o- | ower cnkpdurgr lbinplude d covapoand cepregedied, byathedoliabinglformeuladBkoxy gr oup;
or a heterocyclyl group optionally substituted by a hal ogen atom a cyano
group, a |lower alkyl group, or. a fower al koxy,ogroup. I n another preferable
enbodi mrent of the present #m t N ) bl e conpound can be
represented by the following fo IA| Wherein Ris a halogen atom a

| oner al kyl group or a IovOer.Rfi opS>XRBji s a phenyl group optionally
substituted by 1-3 substituents s§l ected frofma hal ogen atom a cyano

group, a lower alkyl group, ah@\(@iﬁ}ér al kyl (1B)
HO~w Vo
OH
wherein R®, R and R 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
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group, a |lower al koxy group, a hal o-1ower al koxy group, a nethyl enedi oxy
group, an ethyl eneoxy group, a nono- or di-lower alkylam no group, a

car banoylwgnroup43@ad a nono- or di-|ower al kyl car banoyl pgr@mpp09os3sa3

het er ocycl yl group optionally substituted by 1-3 substituents selected from
a hal ogen atom a cyano gr oup, | ower al kyl group, a hal o-Iower al kyl
group, a | ower al koxy group | o- 1 ower el koxyygroup, a nono- or di-I| ower
al kyl am nogroup, a car bam)ﬁif5 ~and Nd’i -1 ower al kyl car banoyl
group; and Rc is hydrogen ato RB and c' t gken; t oget her are a fused
benzene ring which may be %I om a | ower alkyl
group, a hal o-1ower al kyl group,§ a |OV\§IJ’R koxy Proup or a hal o-| ower

al koxy group. In a preferabl e enbodi RA is a hal ogen atomor a | ower
al kyl group, Rc iserdeyR&Usd R Dane @dh iRBependéretiyya hgdwg@nsa:bmt gtuted by 1-3
substituents selected froma hal ogen atom a cyano group, a |ower alkyl
group, a hd1aogeimaionsl ydigxygrour aralkexugiasey agradkp areuma balpalt  al koxy

: I
a1 Kyl am no GPLEEE RIS BUfo. 2By R RIEREREER dhkorfalfilioud o6 Cr bamy!
Promihe g?Aﬁ‘ﬁﬁ’é‘?’gr?ﬂggﬂé?aﬁeﬁﬁf’%m"“%'fﬁhﬁ‘”"é'l%rﬁuﬁzm‘é';’;:"agﬁ?ﬁ;?C;Fﬁy|

, Y69 degemgiyg o aaC ‘fer}M‘E Qi{?ﬂi% eyl 8rauBwer al k
aroup, 2 g, gr&%oé’ﬁgéryﬁélgffd% S50 %%%@r GHporrs] 2 rono-
or di-Iower 2%& carbanoyl’ group. gﬁe 2em g?? structure of such conpounds
are represeroed, abynarime ofr dli-abuyl amginb @raup zar( aukybcarbdmalaarnmo@rospaa hal ogen
t I | k Ri bsti t ut by 1-3
Subst i { uentEEBNABOP A AP Er Ul SEHS LR RIGH! A SJBAMST S o cyano
group, 18 | aRyicabaroydgrRip, ad é?l@ér%;ll QWﬁIp %'nkédkylgulft&rﬂdarﬁlnb%bpaér‘ﬁoxy group,

a hal o-|l ower "al koxy group, a nethyl'enedi oxy group
arylsulfonylamino group, an alkylsulfinyl group, an aIkyIsquonyI 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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et hyl eneoxy group, a nono- or di-lower al kylam no group, a carbanoyl group,
and a nono- or di-lower alkylcarbanoyl group; or a heterocyclyl group
substi t utwo 2bw/a3@2subst i t uents sel ected from the groupPcomee@PionzFodf a

hal ogen atom a cyano group, a |ower al kyl group, a hal o-l1ower al kyl group,

a |l ower al kox roup, -l ower al kox roup, nmono- or di-I| ower
kol or o e R B ot Be i o Sr B hyBroBAn 6 e BAIRGPE ar bary!
roup.Iln a i . / i | stituted
group aBRe a%%%l@(glc @ggﬁ?go BByl Q)&u@@oﬁ@{@xﬁm aIl%’Iﬁ;EPJOpSLéb

by 1-3 substituents se the g st’ing of en atom a
cyano group)aleldweevcalkyldeoup ga tawsr akdwt-lowleowtityl graur, ajowep alkaxy gveup,al koxy
group, a hal o-1ower al kox r ou and, a nono- or di-lower alkylan no group;
o *a” het er dtoiSAkeEuSl adi v S Bk, Bf adhwecaRbPiana it
group cgnsigrbupYorod ghoUiptepaeseraé®my: a cyano group, a lower alkyl group, a
hal o-1 ower al kyl group, a | ower al koxy group, and a hal o-| ower al koxy
group. Anong them a conpound in which R
by a hal ogen atom a cyano group, a-
group, a |l ower al koxy group or a hal o-|
group substituted by a hal ogen atowm & goup, a |lower alkyl group, or
a |l ower al koxy group is preferred. ARpref rred heterocyclyl group includes
a 5- or 6-nenbered heterocyclyl group containing 1 or 2 hetero atons

i ndependently sggected fromthe group consisting of a nitrogen atom an
oxygen atom and a sulfur atom or a 9- or 10- nenbered heterocyclyl group
containing 1 to 4 hetero atons inqggenden ly selected fromthe group
consisting of a nitrogen atom an pm and a sul fur atom
Specifically, a thienyl group, a pyri up, a pyhmdyl group, a

pyrazi nyl group, pyrazolyl group, J rEroup, a qui nolyl group, a
tetrazolyl group and an oxazolyl & oup ar§ preferred.

g Cis a phenyl group substituted
hkyl group, a hal o-1 ower al kyl
al koxy group; or a heterocyclyl

wer

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:

S\

50y -
H
© 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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In a further preferable enbodinent, Ring Cis a phenyl group substituted by
a hal ogen atomor a cyano group, or a pyridyl group substituted by a

hal ogen awormiom3@rot her preferabl e enbodi nent of the pPesarRoivOGINS i oN,
preferred is a conmpound in which Ring Ais wherein Rla is a hal ogen atom a

| ower al kyl roup, or a I a]I kox ro and R2a and R3a are hydrogen
atons; and %g MKIQ SRy & ‘ﬁwﬁ&% kgﬁ%g%%nﬁrgé‘)‘é%@]c@r @EVHEEMRA: P HORYYr ogen
atom a ha'd?Qﬁfb\ﬁéPé‘ﬂ(}/I%allUé\f‘ﬁ‘doyl @'rdﬁ)( SUp; a;PI%l@I g?od}?‘bﬁférﬂé@rsu%%hmkec%?'ép’ a

| ower al koxy group, y “group not her aspect of the
present i nwiistitent(s) eélectssl feom>ealn$ibgen @tomhe cyamgmup la Ioweradql a conpound

r epr esent ed b 9 n. 8rnu| | B; where R8 E9 e, each

| aependentrtn hardlyes et ed BV faingin AR » I bRy Bl BiveLY oxy
group, an ajupstit@ed®bp.a raemgé@atdmlaw\wwk@wdwpﬁtajdﬁxmgbo@m. -lBwer
hydroxyalky“kﬁroup, an al koxyalkyl rou an "al’koxyal koxy group, an al kenyl

group, an alkyapingygmus, aéowgtalchaxmarb@rmd@oura a:f@rb@rmyllgr@éne@rea hyl group,

a cycl oal k 9,0 oyl

aryl al koxyq{gw%% cgﬂgwgr émg*cgﬂgméﬁﬁ‘?% RSE?ESC@W%@%%%%@G”}’ a nono- or
di - al kyl ammmsgrmeuoby@rswénwem(rs gBidctad fioma halpged atamb@xyhngig@ome, &n
alkoxycarbonyl group, a car banoy a nono- or d i alkyl carbanoyl

group, an dPWERB\Y! @rrob'ﬁrppt'QﬁaHN Wb%ﬁyﬁe@r{w ahalagegraiam, adﬁWQF 91ke%Y f ony! ani no
group, 16”dadaBM¢>%k5 Bhé'l sm%s‘?ﬂﬂgd%?a?‘ IéhéH'aft&ﬂRé &K/&“th%%?jgo@ﬁy sul f onyl

gr oup; resente erein Rba and eac
i ndependentr‘ngn@c Mrlogenaﬁxykanmma grnathmgalrmm(amowcamngkgroglpoap an al koxy
group, an ac!a‘f’gémgg/loéjrghp?orhglrr?oar!ok%r 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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group, a hal oal koxy group, a hydroxyal kyl group, an al koxyal kyl group, an
al koxyal koxy group, an al kenyl group, an al kynyl group, a cycl oal kyl group,
a cycl oalwgl2otenassset hyl group, a cycl oal kenyl group, a egtirrasopbisay group,
an aryloxy group, an arylal koxy group, a cyano group, a nitro group, an

am no group, a no-. or di-al kyl amin r .~ an _.al kyl carbonyl am no group, a
car boxyl group, E‘F@Q'WHW%{?BB%Vﬁwmgjgﬁ&%PM Wﬂdjlxylb'abup, a nono- or

di al kyl car Qﬁl@y'm&h?g@enz@ﬁea' kanoyl group, an al kyl sul fonyl am no group, an

aryl sul fonyl ant no gfoup, an’al kylsulfinyl group, an al kyl sul fonyl group, or
an aryl sul fonyl t®Dglandpyrabosyljt4rnbthyt-8-[ed2ipyirintdipghdnt |y a hydr ogen

atom a hal,pgen, at an al kyl group, a hal oal kyl group, or an al koxy
group. Amﬁé%”%@%@%%%@erepresent ed by the fornmula 1B, nore preferred is

a conpognd in W-@@Iuc%@ﬂésﬁﬂ—@-@ﬂ&o@@(&@ shsoHiaRtla. a hydrogen atom
a hal ogen atom a |ower alkyl group, a cycloal kyl group, a hydroxy-I|ower
al kyl groughieaytagtoylilerraeng kyl group, a | ower al koxy-|ower al kyl group, a

I | k , |.0- I :
L over al koxy- Lovbr S REYEP BRI 448 Bl B BV D) Psmherein Roa,
R7a are eachigngiegapliestizenea hydrogen atom a hal ogen atom a |ower alkyl

group, a cycloal kyl group, a hydroxy-|ower al kyl group, a hal o-1ower al kyl
group, a | ower a1'?:%Pyg|P69\E¥raﬁpﬁ)ﬂ)‘4df‘6hf}¥!'3e{51(6v%#°r%‘|2kw&¢y@r dup, a

cycl oaljkox l.ower al koxy group, or a |ower al koxy-I| ower
al koxy1gr O?J‘[B;%rngwgth lJ%%p&rngbr esented by: IS wherein R6b and R7b are each

i ndependent | y a hi{ftDaglecopyranpsy)-dadhbgren3-§8-(@rluard-2\pgridel) k34 group, a
hal o- | ower tﬁ!e%'m&h?llfgénz%rne? | ower al koxy
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;
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group. In another aspect of the present invention, preferable exanples of
the conmpound | include a conpound represented by the followng formula IC
wher ei n RvogoB/048a82an optionally substituted benzene ri mrgI/ERR00Ot3s0Nal |y
substituted unsaturated nonocyclic heterocyclic ring, or an optionally

substituted unsat ted fused h r ic ic.rin Pr ef bl e exanpl es of
Ring B include %kjﬁ%@ﬁ@é‘ﬁ@pwﬁﬁesﬁﬁg yéké) 134 r@h?@yﬁbf)lt h of vmrr})ch may
have a SUbSthleﬁwV%ﬁkFtﬁmrérgﬂe%%t Sﬁ'a Wntabéutﬂfa‘ﬂ I%c%@;gt%'b?é 50 0tHdredY, Br?‘!aoge“ atom

a cyano group; kyf up optional 'y substituted by a hal ogen
atom a Iovmfodalg<hbnepequoup opt| onal |y substituted by a haI ogen atom a

| oner al kanoyl nono- m n 52 | ower
al koxycar bonyl Q{E@B’ ngCBBMBQﬂW Q&SWE&;E%J@@ 23] kyl car banoyl
group; 3 pharMyingsAYRb&Mdnenat bphardatettidaag dé)ée@ta%!bb%lt fHé‘?é’éi( 81 asel ected
froma hal ogen"atom "a cyano group, a |lower al kyl group optionally

subst i t ut edregrug therenfen atom a | ower al koxy group optional ly substituted

o e Toner - oiehROLBRAANORI Doy BL e o 0R, Ayl o oLk o
di -1 ower altkngmiéaniyénzanelpi adhaehatesellylacgeptapleopilt tizabdly osbbst i t ut ed

by a substituent(s) selected froma hal ogen atom a cyano group, a | ower
al kyl grouﬁ)reﬁ’fqgomﬁrfi’%f substituted by a hal ogen atom a |ower al koxy group

optiongply subst glué %ﬂaﬂééﬂ?ﬁ’brﬁé&}’-‘i}(-g@(é %@ro @Wb 2.group, a mono-

or di-Ilower aIk ower al koxycar bonyl a car banoyl
group, or ahrmnytmethyl]lnbnzlemmeoralptmrmacmhmaylya@cepl]ableaselatﬁeyé@‘mergroup; and
an oxo grogﬁ_. tﬁp{?refer%bl e exanples of Ring B include a benzene ring
whi ch may H¥°d &RTe@"%y a substituent selected fromthe group

consi sting of a fgd-ed§Ricopyranosyl)-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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atom a cyano group; a |ower alkyl

group optionally substituted by a

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

atom a mwoaoro/mddeskower al kyl am no group; a phenyl

substituted by a hal ogen atom a cyano group,

optionally tituted by a hal n atom a |ower al koxy group optionally
(lJ:-% : ﬁ%ﬁy@ﬁaeym yl group optionally substituted

by a hal ogg{pigt om a cyano grolfgh PelBIWRENG Eikﬁhid%%?né?@%ﬂaﬁﬁ Iy

substitute

substituted by a hal ogen atom a |l ower alk

a hal ogen atom

oXxy group opti

gr oupComP@aabisy3
a |lower al kyl group

nal Ty substituted

by a hal ogéRrsdildm Preferred cdmisopnepydilanee present invention nmay be

selected fromthe follow ng_ gr
yranosyl ) - 4-chl or

1-(b-D-glu

t hi enyl nmet hyl ] benzene,;
1-(b-D-glu

y@h(l& et hyl benzo[ b] t hi ophen- 2-
yl et hyl) beoggreyF 1- (b- D- glaicopymangs Yeirakydrbiuear®- 3- [ 5- (5- thi azol yl) - 2-

yr anosyl ) - 4- chf or dMeghasesitienyll - 2- t hi enyl - net hyl ) benzene;

1- (b-D-gl uw%anosyl ) - 4- met hylM&h{/lﬁiéuﬁylfétHgﬁ ophenyl) - 2-
y

t hi enyl et enzene,

1- (b-D-gl UNDTI)(DD)}OSW ) - 4- cht or Bigl1[Heyclogquyadisheinke)oR-

benzene;

t hi enyl et hy , o . . ,
1- (b-D-gl u&\ﬁ%@:ﬁd@ﬁ%w ) - 4- et hy INigkg! 4.2-bis(diphenyéphapphing)ethane dichloride

t hi enyl et w&;ﬂZ@;ﬁﬁene;

1- (b- D gl ucopy
t hi enyl nmet hyl ] benzene;

e LR e

t hi enyl met
pdyl)- 2- Nj(OAc). / dppe

NMM

Pd/C
PdCly(PPhs),
Pd(OAc).
Pd(OAc)./dppp

Pd(OAc), / EtsSiH

Pr

RaNi
TFA
THF
TMDSO
T™MS
TOF

dichloride

ke 34 BB hoRIS RN

syl ) - 4-chl or 6- %7 8 2XJEASE

Mlé)rr]w?ﬁs)r_wigp)ferrocene

2- . ,
NORrorRAGJiIENIQEds.- 2- py

Nickel acetate and 1,2-bis(diphenylphosphino)ethane

N-Methylmorpholin

e

Palladium on carbon

Bis(triphenylphosphine)palladium(ll)dichloride

Palladium acetate

Palladium acetate and 1,3-

bis(diphenylphosphino)propane complex

Palladium acetate and triethylsilane complex

Propyl

RANEY® nickel (aluminum nickel alloy)

Trifluoroacetic acid
Tetrahydrofuran

Tetramethyldidiloxane

Trimethylsilyl

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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t hi enyl et hyl ] benzene,;

1- (b- D- gl ucopyranosyl)-4-chl oro-3-[5-(6-fl uoro-2-pyridyl)- 2-

t hi enyl mewbybjoassene; PCT/EP2009/063503
1- (b-D- gl ucopyranosyl ) -4-net hyl - 3-[ 5- (3-di fl uoronnet hyl - phenyl) - 2-

Elhl( gn%/}l grh%lﬁbgr%ﬁn'é@ﬁ?)a RARRYRA oBformules(l) yhissindhe cpmpound of formula (1)

thi enyl net hé"p}@&é?éé%% 'an |solat%d form In another embodlmont the present invention
1- (b- D gl ucopyranosyl) - 4- net -[ 5- (4- cyanophenyl)
t hi enyl net hyld]rbeitezidoa process for the preparatlon of a compound of formula (IA’),

L ooy o O RN SvedBo Y f Rimmula1AY s pitPafed 284 i€ atea fGim. In

1- (b-D- gl UWH@W@%MMm‘%ﬁt' ﬂh@rp?e§er€t5n((§ntfdr‘ﬁ§‘@iiﬂé@féd th-@process for the
t hi enyl met hyl ) benzene; the pharmaceutically acceptable salt thereof; and

the prodr ugrepeiasion.of Bagampeung o&fopmdfaeﬂrsédwccrmc@h@@ompoun@ op frguha

phenyl ) 2. TR ShGienerapr edisaRd PR en i ttbadime e BXO e ca

t her eof , ormaernraadrstmrettww process for the preparation of a compound of formula
1-(b-D gI ucopyr anosyl 2 &)2 (4-cyano- phenyl)
t hi enyl met H¥A b‘é‘h?r&‘fé\ h%Qoer‘BWéﬁl ) Wi%QTSNS&é%%ﬁ'f?gtﬂsea%§9lat?%éqr€bf or a

prodr ugot her eof ; adpddly Rein <¥§sa8fPa%YJvDse4]o{E8d b 1 Redistahtaligp eBe“y' )-2-

t hi enyl rret hyl ] benzene, or a armaceuti c 'accept abl e sa or a
prodr ug t heshatifmdarf thaDtigd truﬂ:@}oeacmxolf)mpuruifdsondh&s{oﬂieteamyrmwndpbéead) 2-

thienylmet iy ) BB0GEE Fhol8 pefcdM et ably 1588 tarPSSS R P iofe p&icent, Thoro" 7 2
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
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prodrug th

ereof; 1-(b-D glucopyranosyl)-4-nethyl-3-[5-(6-fluoro-

2-pyridyl)-2- thienyl nmethyl]benzene, or a pharnaceutically acceptable
t her eof , WO 2a10pmack2ug t her eof ; PCT/EP2009/063503
1- (b-D- gl ucopyranosyl )-4-chloro-3-[5-(6-fluoro- 2-pyridyl)-2-

t hi enyl et hyl ] benzene, or phar maceuti cal |y acceptabl e salt thereof
b 0ar g ¢ ha et RvaTHion 5B o BYHoESa MG SeBREOr 61 A caspigRund of
S-PYTTAy1) Bl @AY WRABH ez B P6r BBl (1R RUSUSSbhYaIRIREPEAD! ©
t hereof, or am%ro(er’g t her eof ; anﬂé@un ' (RYFsi @

1-(b-D-glu
t hi enyl net
prodrug th
Schemes san
di et hyl et

amprasprodinig)sadt-tbrmsr dn angthe( 8nmbpalimophie tiye present invention is

sal t

or a

sal t

Mgt GoR Pesstes ToR DRI AHor i LEEPPReho! BN MBI Eul ar |y t ho
dNrﬁ%‘féfmﬂh‘éSGonﬁB&Jrﬁﬁof @PMQI@%—S‘)@S AaBStahti B3 o cBieegpbriding | uori de

herat e BFs' THF Conpl ex of

t - Bu3P* HBF&attfo[ms bin §neives spmiosiment the piesepbiventien i disetied toak

Di chl or oet
1,2-Dineth
1, 4- Bi s(di

10

15

20

25

30

e e S

doemyd usttosibmalabUkg e substantially free of corresponding salt forms.

As used herein, unless otherwise noted, the terms “treating”,
“treatment” and the like, shall include the management and care of a subject or
patient (preferably mammal, more preferably human) for the purpose of
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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dppe 1, 2- Bi s(di phenyl poshi no) et hane dppf

1, 1' - Bi s(di phenyl phosphi no) ferrocene dppp 1, 3-Bi s(di phenyl poshi no) propane
Et Et hyl WoQAw/EBd®yl acetateEt3SiH = Tri et hyl sil ane HPLECE/Hi2@l/0B50$ or mance
Li quid Chronmat ography /-Pr3SiH = Triisopropylsilane Me = Methyl 2-Me-THF =

ﬁn' ?/E acpy 2 — F80k MEUPET bl drales) W B DbIow oo dpes an. oewipting o
2-bi s( di RESMtﬂBgaggg@%%frf&aﬁsmehgfgﬁ}fétréqeeﬂu@c%hgﬁﬁa.ke N ckel 1, 1

b| s(di phenyl phosph ferrocene oride N dppp) = Ni ckel
1, 3- bi s(di phenyl“mmtephl ‘subjectameset] ¢ret, refersNo(apianimal, piefecably Bi ckel

2cg;ﬂ :d?ﬂgmﬁw é &S%nétflglaﬂ@fhl no et nBe I\/Me objecl:\{eoftl%a[meﬁthm ine Pd/ C

Bi s(t hpBenw@,@mbh 2 RBE AEhU rréﬁekérdblghﬂh@fymbjé%%&‘\@k Berferfo@ll i (P acet at e
Pd( QAc) 2/ dppp = Pal | adi um acetate and™1, phenyl phosphi no ropane

conpl ex Pd(e3hd)ited/at massppe syp@ioradf tha @&%@Sﬁ@r ﬁ@dﬁf foclberireaied (,errpl ex Pr

= Propyl 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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RaNi = RANEY(r) nickel (alum num nickel alloy) TFA = Thfl uoroacetic acid
THF = Tetrahydr of uran TVMDSO = Tet ranet hyl di di | oxane TM5S = Tri nmet hyl si |l yl
TOF = Turwowero/ds@guency (the nunber of reactant nol es ecmEPeewde3sost he
desired product per nole of catal yst used per hour) As used herein, unless
ot herw se not eg, t he ternLe"i solated form shall r[ean thr&t] t he con‘gound IS
present i n 'BCHERT RAFEAHMPLE, SQIG PERRATAHNSUE) 88 HBIBISHEIAN &S \a@PRU/SRot her
compound( s) € A rBi | i i {rent ,
he B esent e B o S e et
conpound ofpreparatioas(ete, Bnkalde phampaceutmal pepsiratiar farlipar¢nterals prepared as
an isol at e% or mt l.n anﬁt her fenbodi rrlent, t he g.r esent .inventi o? IS diirected
to a proced@NIBRIANEN NEIATSPLF¥UPP'E. EURRUTIIRIES NSHIRNIPLERFTRIONS GAL i n

t he comgoungtr@ferddisBHRpldpArations Wi alstfledfadd fob Pjedtion, bﬁ¥sﬂb|obibaanot her
enbodi nent, the present invention is directed to a process tor the

pr epar at i orfabine SobBwPRIMANUSOUS @urasg alut®N; offidradéant araparedepdsund of fornul a

(I-S) is prepar ' t r n g odi pent, the present
i nvention is di ?ﬂqﬁéﬁ%& éﬂb?oogggérﬂf%}mé@g%p%‘ ﬁﬁﬁlgir@n&o a conpound of
formul a (1 -gRarmalcentdallytdueeptanme sald trasrebmay hvary heddrdirg) tortegar ed as an

I solated form 6 As used herein, unless otherwi se noted, the term

"substanti aﬁqr?iniﬁﬁrraé“)%ﬂ'é'lqs, agen dasktweigbt. penditigas eéAtradient.plinds @xd i n t he
o 38, R g8 88 AR, AT GRIRH e PRSI b hen
nost pr ef eratbdgdwy 300esg/kgltay, ebany atholintol eamgy thengin, 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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In an enbodi ment, the present invention is directed to a process for the
preparation of a conpound of forrmula (1), wherein the conpound of formula
(1) is swwetamti4adsty pure. I n another enbodi nent, the preT@EPROMMOIENEI ON | S
directed to a process for the preparation of a compound of fornula (1A"),

wherein the co und of formula (I bstantlal |y n anot her
enbodi ment, the %@%‘?ﬂts fwvté?ﬁtm?ﬁﬂtpé OEherr eapepdngugde JQE%GW‘BIE @heanti-

P epar at'orbt%fsutz SRRAP NS pEREAYLE denBlan AATAERtBRNE PN OF T ormul a
(- is substantitall'y pure.” I'n anoth nt e present invention

is d| rect edathero&ctar@tnmageritcand‘ltbrea pye@@idernicragenta corrpound of fornula

(I-K), whereint u of f sub antially. pure. As used
herein, unless ﬂl?eé %ftQEF Ofthgl%f’réplﬁrl]a éﬁ@éﬁﬁ |n §°F$éfbavt \?ﬁ'?h

corres pgndle@nwfdr tieytmaﬁb of a@@atuyé@%ﬁh@tmc ﬁ'n*é@éssEé’r? qpieReHyéned fornul a
(1) shall mean that nole percent of e corresponding salt forn(s) in the

i sol at ed bdseugde, fosexamplg, IBKG@h@é@Staﬁ@v‘pra‘b@Etln@bﬁ@ﬂSe percent, preferably

S ™ ot BB ERRLe AP BB\ Bra B3P AR o i dhe® ™
enbodi ment ,arideontit NG patiepind, iapwal a@mhist@badoumadosag?@ﬁﬁrrkpetd he
preparation of a conpound of formula , Wherein the conmpound of formula

(1) is subst ant i Ehasg phaé@a@ﬁu%alr@wiqn@ rgaybefczfawsadmmlatﬁm@r
enbodi gpnt , L heps es Oun |ﬂ?ﬁ1¥jﬂ1§m@g hrbiﬁgg%dwhesad so‘é?ésfofr%&a

preparatlon of a co erel It t he ‘conpoun of forrrul a
(IA") is suhstdastgalfbyn of eblelf camsulesgrandieny awderf or parenteratiyot her
enbodi ment c&‘? resent inventjon i.s direct (tad to a groce[\ss for

ini tl Pi

prepar at i orf &R0 el 'BM PONIRRIGN PrergratioReRTdn 'é’o%mﬁﬁqg'fmf ornul a

(1-95) is sulystaRbbahhdpdiege of corresponding salt forms | n anot her
enbodi nent, the present I nvention is directed to a process for the

preparation of Onespidedd tfe amilirecogniae)thatvérase mot ltherwise specified,
15 the reaction step(s) is performed under suitable conditions, according 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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conpound of forrmula (I-K) is substantially free of corresponding salt
forms. As used herein, unless otherwi se noted, the terns "treating",

"treat mrernwb 2arch48d32 | i ke, shall include the managenent a&ou/EPace/06f50n
subj ect or patient (preferably mammal , nore preferably human) for the

ur pose of conb a, di sease, condltlon or dis r i ncl udes the
D o ot rat s on” oFo BbvBieh ifere sroncg dnscaBlion sAaact B Sumiteient e onset

of |Lhe SYTRRRBeANEAORIN 87 1380 A1d Rl Forh Mo BRIGRITE X0 ARR! 1 cat i ons,

or elimnate e di sease t| on, As used herein, unless
ot herw se rastewht X.h¥ is endersmwm Mmrelsraalranglenslremwd( e raapecsinoh i n the

f f . . t : d th f
mor e oyt RN o) EiBC e UBgr A ek eC . flda kB AP apTes fect 4868 onal
synpt ons; gRsh/abdlt é%uﬂ?k&ﬁrcﬁfglh%lﬂ@mrﬁw Uﬂ%n‘?&éﬁb@lﬂﬁ@?@m of the
di sorder or condition. One skilled in the art will recognize that wherein

t he present invel P@yidesadorecasdiserieasriniars, &qm@pémgwﬁltata/%ubj ect in

by oot or aTrerenT TR e L AR M BB B Kisan) “ho-has

exper i encedirferstobt thateshethel grstermrrabsytg asedexpl C}dd)rsmtdef/erydl sease or
condition to be prevented. Further, a subject in need thereof nma

addi ti onal I%%’é‘%g'é’ﬁﬁjh@é@'n(‘%ﬁﬁeﬂgbf%fe%t gragtualighyen yaldecanmbhitys ﬁ'sﬁuman)
who hagg ”OtrHSér‘?t' tB'r\%ﬁe‘? %éen tidH tctél?crp'%ﬁ@ﬁ d8lue tﬂb?fx‘/ﬁﬁﬁi @asSHEHgt lon to

be prevente but eened si cl an nician or
medi cal pr deem$eroad baséreoalthe bekinady skilviel thpiang ircdudingiappralématidns dase or
condi tion.

i sor der . dPdea SAPTRMBBIRPOREH TSI EREPLFRTGUPRS [RGB HEVRET on or © -
preventive treatA@nidd Asredn AISSIYPRARISBINCE® tRERERS EnitrofRi SrStBLERE Y-
I ncl udi ng, but not l[imted to, famly history, pre-disposition, co-eéxisting
group” shall mean a group which may be attached to a nitrogen atom to
15  protect said nitrogen atom from participating in a reaction and which may be
readily removed following the reaction. Suitable nitrogen protecting groups
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-
CH>-, 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,
trifluoromethyl, 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.

59



(conorbid) disorders or conditions, genetic testing, and the like. The term
"subject" as used herein, refers to an animal, preferably a mammal, nost

pr ef er ablwoaotwmeds2 who has been the object of treatmenrCTaEPI@IWaISHDHN OF
experinment. Preferably, the subject has experienced and / or exhibited at

| east one synpt he di sease_or, disorder to tﬁg treated and / or

0
prevented. The t ﬁfe'gﬁ‘?e?@ﬁéﬁﬁﬁscfé’rlt@ﬁ BFERSER YQLOLIRE HAMP U AFALFORUPGR,,
means t hat tﬁalnmtnt.% oh i five HYE t& RIPROHNGT SterddisBBIRS tdseaboRgRy)] ,?Wé elicits

t he bi ol ogi cal or response In a tlssué system ani or human
that is belse@asategitty dzgnvantlelsaiatechqueszeum aa@re;zaratwmdmmmdgmamry or ot her

clinici an I n des aq?sevi aticgn of the npt o g t he di sease or

di sor der ‘?’}“88&“% BEPAEY Irhracteﬁ’é"{%f OVH,J?@&S LAk eTRLOMETS 1t ended
to encoﬁpaﬁﬁa@b@rﬁ?épl@ﬁedcém‘iérr'b?'é?ﬁan‘hb@péd?@@s mtﬁésusmﬁw%gawoh nThae
specified amounts, as well as any product resul'ts, directly or

indirectly, cormmu@csmay\,afpr @ngm@fe tb|¢ere§pl<y@dﬂnf@dheﬁ@p@rm0é1@n§enanttqme@pec| fied

xcel | ont 1Bl Eefial B ek oc b tori nl BERER kY ERE Bl W por cor
and an excefbfrﬁ@ttiorbwﬂhcbrgcbptwaﬂyeabweéudgs@éﬁ es {(~)-dl-petorfoyt-©-tarfaeiceipound of

the present invention is useful for treating or del aying the Brogre55|on or
onset of diaskerls eiirioluey!-Ldpeaee aéldrfetl@W@%&Vﬁ@acﬂen@b@wfélIIﬁé eHpathy,

ﬁlyggretg: ?lcgiggéﬁﬁ%ttlgﬁngﬂﬁ ﬁé%%g\é@gpg]\gﬁhb%ood%ﬁg% S o?éicéalt ysgtm ds,

el evat ed blfoodatiavef diasfergbryeec esterbyppanides,delloveed bhebrdrpatographic

hypertri gl cerldem Syndr X, diabetic conplications, atherosclerosis,
or "y per { exEPBAIT B FTRAIA 1hd R ieRt: BNer DBl HE-EOTRIGHIS on 1 s

useful in tHey beeasswel LSing Aenhiralambytagmef di abetes
During any of the processes for preparation of the compounds of the
15  present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and

T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, 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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mellitus (type 1 and type 2 diabetes nellitus, etc.), diabetic
conplications (such as diabetic retinopathy, diabetic neuropathy, diabetic
nephr opatwg)oovo4adsesi ty, or is useful in the treatnent eCTmpapnessds al
hyper gl ycem a. The conpound of forrmula (1) of the present invention or a
pharmaceutically acceptable salt thereof may _be adm nistered either orally
or parenterally, and can be used in the fegfmoN a surtabhe pharnmaceuti cal
preparation. Suitable pharmaceutical preparai
adm ni strationi ncludes, for exanple, soli
granul es, capsul es, powders, etc., or solutty
preparations, or enulsion preparations, etc.|Suitable armaceuti cal
preparation for parenteral adm nistration i @Y udes f&% exanpl e,
suppositories; injection preparations and intravenpus drip preparations
using distilled water for injection, physiological|saline solution or
aqueous gl ucose solution;(gr i nhal ant prep i The_dospage of the
present conpound of formulj (1) or a phar { abl e salt

t hereof may vary accordin to‘§©g admi nfi st raAi 4 s, body wei ght,
conditions of a patientQ org i [Sedse|to be treated,
and it is usually_ in th A arge of about| 0. 01Xt o about 300 ngp/ kg/day, or any
anount or range t P g Zly in|the rhpge of about O[1 to about 50
ng/ kg/ day, or any anount oF raﬁg t herelin, 6Pefera '% in the range of about
0.1 to about 30 ny/kg/day,npr any a 1T conmpound of
the formula | nmay be used, 1f necessary, in conbination with one or nore of
ot her anti di abetic agentgﬂlone or nore agents for treating diabetic
conplications, and/or on 3r nore agents for treatnent of other diseases.

The present conpo nd t hese~Qt her agents nmay be adwmwristered in_the sane
dosage form or ifn a sqpargte orgl dosage form or by
Y A Y
X

ratiQn such as tabl ets,
prepar ations, suspension

X
OH
0 «NOZ _ o «NOZ
Z0 Z0
E Oz = (oY4
0z .
(X oz (XIV)
C;}Y
X
. O \\\\\OH
HO
OH (I)
Scheme 1
5 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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I njection. The other antidiabetic agents include, for exanple, antidiabetic
or anti hyperglycem c agents including insulin, insulin secretagogues, or

i nsul i n swoxtw@edsz, or other antidi abetic agents havi n@CarEPa@vi063503
mechani smdifferent from SGT inhibition, and 1, 2, 3 or 4 of these other

anti di abetic_agents nma r ef er ab) e us rete exanpl es thereof are

bi guani de 8HY U}?@é‘esy\é] B@W'Fﬁr"é‘ﬁ@g ﬁ%’é‘deaw PlRIBLMe) alﬁWH?bl tors,

PPARY agomﬁbferéaggsoprgb¥|8@roééc%m € prereay SERaIpdat-ouRTARRhGuAuUal agoni sts,
'bito g

di peptidyl 'peptid DPP4) I ni de  conmpounds, and/ or
nat egl i ni de:ocrmmmamiscorammdwp[epaned demagmrmeihoelspwperejeme canplek of , PTP1

B i nhibitor phosphor yl ase i and/ or

gl ucose 6- dﬁ(:% ﬁiyﬁgfbaqnﬁﬁl fNétrh 'ﬂC]*H@1 8H go]rB}é ?9’@5‘%&‘:%% ﬂ%(fher di seases
i ncl udeg f%a@’@s’f@ﬂn%hl@*ﬁ@ﬁith%ﬁ@ﬂntdhlmbr thah camipl ddrRC LRI ve agent, an
antiplatelet agent, an antiatherosclerotic agent and/or a hypolipidemc

agent. The reagesiwmi pmide with lithient ehlaiide s preésrably RIesent in aroadpwak inon wi t h

agents for t | St T agents
el ude, 1 oPe ST LB R, 0o ol b Rens (il BFESPINY ricdeE3E ge ot
t hose agentthe aynpoind gfdeendanX)y, or agy'mangwmermal glore paefdraspdintanons  of
patients, and adm nistration routes, dosage forns, etc. These

phar maceut i RPURtATRbOUL {1 %@Oﬂﬁiﬁ%@%?@ﬁl y administered to manmal i an speci es
i ncl udiypg hurman P%n'@ﬁan%%%?veﬂ%indxﬁtrétherwf sﬁéﬁ%@'tﬁyehg The fazgae form

of tabl et capsul e anul e or or parenteral M nistered’in the
form of i njpsttana MTBEanadt d@nanerammthedn@sakéfgratxby aimixture of dHA and
transder mal, pat ch, aq[]eemSie(rlaltllJreedlnltHe E’e%e ea(r)‘rtfrgmmlelbou?C?T%Qér%tQ[anhaeE’ature ?r e not
ot her wi se <BHENE; Bl P g P
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
15 (XI), wherein Q" is the corresponding MgCl or MgBr.

The compound of formula (XI) is reacted 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 (XII) 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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the reaction step(s) is perforned under suitable conditions, according to
known nethods, to provide the desired product. One skilled in the art wll
further rwoagrvmassthat, in the specification and cl ai nms Pa3/Ere@9mcises

herein, wherein a reagent or reagent class/type (e.g. base, solvent, etc.)

| ndependont | y el E60APPORS LA RHIBIS TERREeLil A BEM SHECRIO S
different {4 eRRMOBPRIOEEAF IMMIRuHRREELACHYE, ShERAIRkeiBH Ocess

recite an organl c or |norgan| Cc base’as a reagent, e organi c Or inorganic

base sel ectatlorids, anldethéiliks preferablyp BFRIET R ©r sdurminam chibfige embrd han t he
organi c or inorganic base of the second step. Further, one skilled in the

art will revetaiably aluainupnehlorideawnetrrin Fhﬁ]'—@‘ﬁ’é‘pa%(ﬁ ig h@f?ﬁa@g/d?ﬂesﬁﬂ\/'@nt i on
b
fenctiof < rdr?QmBHht 4”%%)%%%?&%85{ ou@t;{ﬁggéran% tSPd 5?@6 ?Egaﬁgg&mbﬁse sol vent s

reaction step e 'sul

or sol vent enysrraage thérehmphee priefaablya mammmtrsthehaage of freac tbont 0.5

t enperatures, and_ot heI%reactlon par amet er s ﬁnd co onen% g{e rovided in
the detai | 48 AROSE 2RO LA P FNsTHWELNRreIRE §thPr|e abYPRAWE OB ¢ wi | |
recogni ze trﬂé‘ita lvlale?fté ng of said exanples is not intended, and shoul d not
be constru |mt| ng in any way the invention set forth in the clains
whi ch foll ow thenék'fé pwsememf@\md’@ba/ selectedm@ilans eeagadrsuphiasn, sonme of the

o aboD. arbiSAPIePY S e ol G0es Br o P AGE PR G G IR PRORIAS the
range is nCtFleih'y[ElITaﬁ@ Oﬁ’@eﬂ’é}ﬂeﬂﬁmlélﬁﬁaH@Pﬁbré’-fiﬁbfé t&mﬁyldmﬂbxéﬁé her

i ncl udes the range from about anmount X throu about amount Y, or any
range ther emherevbth@rﬁlanaéeagmirlé peefetatde peracOt irpan 1 @MOUs irethst range of

St W BRERT AR TD St ae0, A Bh R Vet ™
or not, eVQ)"r&éferany, in an amount in the range of from about 1.0 to about 6.0 molar
15  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
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
20 acetonitrile; preferably at a temperature in the range of from about 0°C to about
reflux, or any range therein, more preferably at about 45°C; to yield the
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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guantity given herein is neant to refer to the actual given value, and it
is also neant to refer to the approximtion to such given value that would
r easonablwobkelvmseer ed based on the ordinary skill in tireTaPRgovioszshzidi ng
approxi mati ons due to the experinental and/or neasurenent conditions for

such gi ven value. As used herein, unless otherwi se noted, the term
Thitrogen JPetidTEleigblabayt 1< haan AL SO NP WA G SV ER G TEEHE t o a

ni trogen atipgiddp, ;ﬁIdPlté‘sCFne?r?érQ)l,_ thaREICTHEL, ARUIthe Nk@abreferhbilih MethAndl;
reaction and which may be readily renoved follow ng the réaction. Suitable
ni trogen proeterablygt @oouprodnmieroperatimet; tayielchitie ddrraspedding compeunst ek -
groups of the flor la -C(OOR wherein Ris for exanple nethyl, ethyl,
t-butyl, befﬂgw,a( henyl et hyl , CH2=CHCH 2- , and the like; am des - groups
of the fornula -GhEkkifed WeTechrm wWill furthel @&cayrirdtHat NaigBAding o6 thyd |

trifl uororrethk{l, and the |ike; N-sulfonyl derivatives - groups of the
fornul a - SOFticulanp@iestingryroup, £oethex tegaents alaylbe wsrchin thetda-prajestsivet hyl |

Che 1k, PRt R T Bsd o PO Ol g ek P TADUBIRY BRE: exi s
such as T. Wal®. €Emeseireldgentd calibe enfplojeriisivg verioup solventXgasme abgnsrnesi s

John Wley & Sons, 1991 . As used herein, unless qtherw se noted, the term
"oxygen pr ctdiiqna agidRIpPasereAMbiRaiaNa kR Wl o RAE O ofipatyeskdit-t ached to a

oxygen 4@t om t o gfrfléeg@ﬁpééﬁcﬁ’ o?ﬂgﬁibom %”brfegé}tﬁhgﬂéélbféo"éﬁ&/[wré'd?g%?ﬂiﬁé& 0

ti
and which may b y renove oW n reaction. Suit e oxyge
pr ot ect i ng agrcouging itm&howe méthbdare not |limted to, acetyl, benzoyl,

t-butyl-dinethylsilyl, trimethylsilyl (TM5), MOM. THP, and the Like. O her
Sui tabl e oxygen DA SEPPHGIGHOE P A BV E ARSI Gretiedt to 2 aideess T B Gr cene
& P.GM Wﬁr§ﬁat%rtigh‘%ﬁta' M5 P ST foRmET0 )9a§b§$l?ﬁ?ﬁ'iﬁ Schéft Wdigy. & Sons,

1991 . Where the processes for the preparat’ion e conpounds according to

n
n

CH,
o L
(J U
Q0 (X-S)
0 [ CH, ]
\\\\\OZ S O F
Zo O W
< 0z
0z L Qf |
(XII-S) (XI-S)
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the invention give rise to mxture of stereoisoners, these isoners may be
separated by conventional techniques such as preparative chromatography.
The conpowodsiwmeyesbe prepared in racem c form or indivipduaPr2eéasisidner s
may be prepared either by enantiospecific synthesis or by resolution. The
conpounds may, for ﬁxarrpl e, be resolved into the'bl'_I conponent enantioners by
standard techni que§,3®such as the formation of di @

crystallization !

be resol ved by formatyon of diastereoneric ester
chromat ogr aphi ¢ sepdralozon andremoval of fhe chAralwoauxiliary.

Al ternatively, t®e cghpounds may be resol ved uSing)a chiral HPLC col um.
During any the pracesses for preparatign ofjt helgonpounds of the present
; _the p
invention, it e néﬂés%ﬁr and/ or desiraffl e ¥o pQ3tect sensitive or
reactive groups onaany of ¢Hk

y al so
fol | owed by

€’mol ecul es concernegy This &#YSe achi eved by

means of conventional protecting groups, such as those described in

Protective Groups in Organic Chemstry , €@H3J. F.W MOnie, Plenum Press,

1973; and T.W Geene & PP.GM Wits, Proteftive Goups in Qegaqi c Synthesis
W

, John Wley & Sons, 1991 . The protecti g e yP\be 1 £ 3
conveni ent subsequent stage using nethod ? ' (he skilled
in the art will recognize that in any of
reactive substituents on the conpounds of
groups, OXO0 gredupss—earbexy—aFoups, and thg
and subsequent|y de-protected, accordin%
poi nts along the synthesis route.

HO

% be€d her ei n,
ormula (I), such as hydroxy
i k&ﬁ are preferably protected
L) net hods, at suitable

OH
= (I-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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The present invention is directed to a process for the preparation of
conpounds of formula (1) as outlined in Schene 1, below. ) Schene 1

Accor di ngwg,20m/@séseabl y substituted conmpound of formul aPCREP2ees3IR QO i S
brono or iodo, a known conpound or conpound prepared by known nethods, is

reacted with a con;pl ex of di (G 1‘) magnesiumw th Iithi um chl orlde
such as di (Wb@ﬁ%ﬂé@ﬂgwwr@ﬁ‘ Ipir@ ﬁrQhW ehp demperatdrednitie rangof or a

& anl ko el SEonT RS BHOUTICTb YRS o et B PR En Rl BRI\ UI P

preferably (b@@grwm‘ewu S§ﬂ1é’d@r¥ésp6ﬁ@fr¢g Mg@l%rrWB(r sec-butyl, a known
conpound or conpound prepared by kno net hods; wherein the conpl ex of

di (G - 4al kyl ) meldifesPmireund Bf fqr[fM'QuQﬂc%) isrreaetegrwitha S@Bﬁ@b/é%ubé?'tu@d 4al ky!l

magnesi m A

rragne5| &m brcr)Tﬁ')hgdthﬂ'Fd fhhpbl @dﬁgb%éﬁ@gﬁ“égégﬁjgﬁ%g(&b’é}g&é‘d 3(39?1 ﬁr?té;éé,n nmount

i nI t he ][anqgoop fbrebtambtmfz rasélectedSromltae geowp tzamsmn:]ng of &deayli benyd, t he

nmol es of the co range therein, nore

pr ef er abl y,P8MN¥OY p Wf'SgBHWtr}g')%?f%@lbﬁ/rafiﬁﬁ?%{'l, érifnown ?P’&H%%Qﬁu c

sol vent or 4§ ene, THF, hexane, pentane, MIBE,
w%ﬂfﬁ%@?’? 2 by R FHotous, P

1, 4- di oxane, y a mxture of THF and tol uene; at a
terrperature in theaerleHntj;‘e (m‘mpboumi abioomubnX|e8) ist preferablyyoresent int@out - 780C,

or any reln refe ny at ture in the range of from

Sbout 382 o e et famp et t b B BEHE 2 P donluetants of P o
(X)), vx/ner Qbﬂg@ihérélrf *h%r@%réfé‘iﬁ@l?dh a8 MISntah tﬁ@ﬁ’énge-rd?lefr&rﬁmﬂd ®fo formul a
(XI') is reacted with a suitably Substituted conpound of fornula (XI'1),

wherein Z iabaytdud melAneqevalentsdobanyeangs beewni ng group, for exanple Z may
sel ected fromthe or QuB, GO et P nifur@Bifdrsbe, sPER %Y toluene, THF, hexane,

pentane, MTBE, 1,4-dioxane, and the like, preferably a mixture of toluene and
15 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-S).
Preferably, the compound of formula (XI-S) is added to a mixture of the
compound of formula (XII-S) in an organic solvent or mixture thereof, to yield
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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benzoyl, pivaloyl, and isobutyryl, preferably Z is acetyl; a known conpound
or conpound prepared by known net hods; wherein the conpound of formula
(XI'1) is woebswabdsg present in an anmount in the range ofCrmpraocaleisns 1.0 to
about 2.0 nol ar equival ents, or any range therein, more preferably in an

anmount in the ran of fro bou bout nmol ar. e vaI ents, or

any ‘range etgew e rapgaplanmatest 1 Shounsd madt sardent bk

ol uene, rerera
?ng@%@ﬁv,gﬁ%?ﬁ%@ram%gouﬁ‘@Trﬂb%’ﬁ%‘&%nva‘?ﬂ‘g rV\Fh"eré'n fy a® y

a mxture o ol uene at“a tenperature in range of from about
anbi ent t ergrebedioent pb trebpiesen7@oentian, thayatiaobbetdiemeium chlosidertaihg  at

about -35C, L.el he carr nd| .conmpound of formula (XI11).

Pr ef er abl y,teErﬂg?é 8\1%?”&' @((J?Pﬁgl a ?% is added to a m xture of the
conpoung of for MHlaa drgbhikc ddvert 0P nGRMIFE t@b@iﬁé\ﬁcfﬂés DOV UDEEL BeeRpitrilel O
yield the conmpound of fornmula (XII1).The conpound of formula (XI11) is

reacted wi ttlugnsuppAmNlikasicsdn adnixtie of seiciorgenisrsalwerisaprefarablyBR3” THF,
| hl orid | hI d t he, | bly,
BFa e or SRR Rl fess R art s mpdsPhrE LBl SEnaal foh Broul T SIS,y
the Lew s aghdy igr 4 ﬁ%ﬂbé%é’reﬂf ‘?ﬁ@r‘étprbférﬁﬂlyaé’i@%ht 45°¢e i@gqge of from

about 0.5 to about O nol ar equi val ents, "or any range therein, nore
pr ef er abl y,cquresa)nndmmmpourtdleffoangl@ ((X‘IV#S)om about 0.5 to about 2.5 nolar

caui valBnt <. 1 TioPadan o ke [RVsl i reeldRol sNerbd o dsliflindicn as

triisopr 0p)§o$\yérﬂnt‘horé Ffeﬂér@ﬂlysélbﬂf% ah@tthéﬁ‘ﬁtt@bélodbFéfbﬁBtﬂi;ﬂﬁlter@GCbtta*he l'i ke,
preferably triethyl ane or tetranethy di si |l oxane, nore preferably

t et r amet hyleieéatedi@mﬂ@eram@n@ remae §nNpernites et byrzrogu@tSer ably present in
an arount in t hel'r{ea&%p&nd of formula (XIV-S) is de-protected according to known

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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fromabout 1.0 to about 10.0 nol ar equivalents, or any range therein, nore
preferably, in an anount in the range of fromabout 1.0 to about 6.0 nolar
equi val enw®,20w04368¢ r ange therein, nost preferably aboutrCl/EP200/063503

equi val ent; wherein, in an errbodi ment of the present i nvention, the ratio
of the alum num rldet t et r anmet hyl SI|O Is about 1 : 1.25;
an organic sol v<—:"%{:%[grA rﬁ'%&%\f"%g Wﬁe?‘é@f‘)ogﬂgﬁfg@ ,Arb@GEotf ?Q{Y%n]}

toluene, andihhs bhifeacdline, iso%rawﬂa%ﬁatgfmgma%%qwcﬂ a‘%@l‘tﬁ?nuké pr ef erabl y

in acetonitrile; fera at a tenperature in the range of from about Q0C
t o about reﬁreterabl(yretlayl;acebatgethehe)mlonalIyrﬁhterlng@beneablltlygamlxahmut 450C; to

(X0 15 prof er bl 5 & dieef BG 7 Miflce 81 BYER Ao yprbRfa ST RO GraRbe 281 °
slurrieg;  anshnigbelt 254 &8 BBour SR AbleYaly kd BrieMpataiare Bl abAge of

tenperature, to renove inpurities and or byproducts. The corrpound of
formul a (XIfkgm |abodé30‘f‘®1tceebeuﬂt %fébrthiemgphmdilndxhhermgtthmd&ssulﬂmg mextarepl e, the

conmpound of for i s react ed with a suita ected base such as
Li OH, NaOH, mo’é%@:%@ Wales 1o he fuxtyrt 9“?@?@&9%/ i&@ %W heredn Bifse i s
preferably ? r ?,w (@bout 2.0
nol ar equi vﬁ%rﬁfﬂﬁgﬁgd%%ﬁeﬁ%}? E{?ﬁn a?rﬂon%ﬁogﬁtl é[ﬁg‘r Er)]:)ﬁ?iﬂb%% 0.5to

about 1.5 rb0do abqui 24l realas equrvaiaemts (r@tq:ye/ettbélnemqlm)ef trm@ﬁrep@lmqofabout 1.0
sol vent _or

| |
e P B 0-Sy Bl iR STHE.A) e Heraply e bhokBr Abter 2085 apl y a

about roomdiparsikidliseduivalbsisd the correspondi ng conpound of formula (I).
One skilled in the art wll further recognize that, depending on the

particul ar prot etERd:@dsing az an@t&@é\rerﬂéagb@s@emne)@nsﬂstéa lik@, t he
de-pr.ot SCt BUhE (AN Bhe RitkuRPbrddatbd filsTRP Eferdi tidbAn. P0C 2

Pd( QAc) 2/ Et
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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RaNi . These reagents can be enpl oyed using various sol vent systens and/or
additional acid or base conbinations known to one of ordinary skill. The
conmpound wb 2hovoasdsa (1) is preferably isolated and/ or recrEPe@bloszses,
according to known nethods. In an enbodi nent, the present invention is

di ted t f th t f d of f | l-9S),
as. outlined | n SEHERT S1EA5BBNE RS & SURF. BJaerenDaswee bt defgnge o
sui Labl y, SuRshighledotoaHAO &8:d gt 1 SherpBeidInReirangs B or

i odo, a known conpound or conpound prepar S reacted

W th a conft@x abbutle0@ to 4bdltyd5° Omlgaeepwnauytﬂntehnghhelrewnﬂurcg mid¢usgjch as
di (sec-butyl)ma%]em umwith lithiumchloride, and the |like; or a conplex
G - 4al kyl nagnes® UrP &hlcooling the f"r'lthJfQ BiepAedhindil BB %rtoay'@@rﬁ)P'@@'RﬂﬁtQ] -

4al kyl_ BRONGSURLRLRTHAGr trilub (8 AN ENLREG iR BFAb AL RoRhed Bl i

preferably 1sopropyl sec-

conpound orﬁltwﬂmoammifmmapmﬂeﬂablwmmammmgsto knloeuherinetHous. corrpl ex of
di (G - 4al kyl)maglnesm with Lithiumchloride or %he co | ex of - 4al kyl
magnesi um chl or i'@&MNFM ofimeNt il Pesiseak nyentigi ¢ 6%‘%@% @fe@rﬁﬁé” Mkyl

magnesi um bEpEp geisyHAet bé&'léﬁ‘%ﬁﬁ'p?évugﬁsl}/?r@éé‘r@@véfégﬁlts?ﬁﬁé%sirébl an amount

in the range of from about 1. r ‘equi relative to the

nmol es of trmlymamnmﬁihefcohmouuidaof(fdnﬁ)l)a (Iﬁ) any range therel n nore
Cor ventOor " m xt dpenERastood Rt dBefurtrtin el T aRaried Benbiakess free,

1, 4- di oxanehe 3rgbdratioh bk @ coPrﬁ;ﬁﬂfHda&"fbrrﬁul'ﬁ'(KWré’s 8iitihEl imBghéRleusne; at a
tenperature in the range of from about anbient tenperature t oabout - 780C,

or any rand®leWerein, preferably at a tenperature in the range of from
about 20C to about 50C; to yield the cordlespondi ng conpound of formula
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0 e ]
\\\OZ S = F
0O ) \ \ I\/l
20 /
= 0z
0z L _

z
(XI1-K)

69



(XI-S), wherein QL is the corresponding MgCl or MgBr. The conpound of
formula (XI-S) is reacted with a suitably substituted conpound of formula
(XI'1-S), wbherw/m3®2i s a suitably sel ected oxygen pr ot ecPCHmEPI0Op3505 OF
exanple Z may selected fromthe group consisting of acetyl, benzyl,

benzoyl, pivaloyl, and isobutyryl, preferably Z is acetyl; a known conpound
or conpound prepared by known net hods; whgtfein the conpound of formula
(XI'l-S) is preferably present in an anmountl_in the ragge of about 1.0
to about 2.0 nolar equivalents, or any gangetherern \nor ¢
anount in the range of fromabout 1.0 t .3 A
any range therein; in an organic sol ven 1 xture er eof;,—38Uch as

tol uene, THF, hexane, pentane, MIBE, 1,4-{ioxane, and the like, preferably
a mxture of toluene and THF;, at a tenper_turech$ t he range of from about
anbi ent tenperature to about -780C, or gy x@ge therein, preferably at
about -35C, to yield the correspondi ng conpopnd of forrmula (X I1-S).
Preferably, the conpound of fornHCa_( i added to a m xture of the
conmpound of formula (XI1-S) in an or@ani c=Sol v&l or nixture thereof, to
yiel d the compound of formula (Xl I1-S). TE%{conpounﬂ-%ﬁ formula (XI11-S) is
reacted wwth a suitably selected Lewi s aci*d, such as BF3 OEt2, BF3"THF,

al um num chl oride, zinc chloride, irgghehlecgi de, and the |ike, preferably,
BF3" THF or al um num chl oride, nore preferably alum num chloride; wherein

the Lewi s acid i/&cqsar@ﬂelryaa|S§d’it§b@s§+hstituﬁe%ﬁomm9ﬁﬂ of forHéa (Ariye WHET¢iR om
about 0.5 tqo gty Lo |§9310%] %ﬂ\ﬁﬂlﬁ%@de&{ﬁos?r WHm onuq B%%‘ér%cgﬁg%a or e

preferably, in an anou era roma bou‘{NnZ. 5 nol ar
equi val ént anmetogs, isrrebetedblith alwouipl€x 8f dC asalledumaghesius) 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 Cisalkyl is
preferably isopropyl or sec-butyl, more preferably sec-butyl, a known
10  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
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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in the presence of a suitably selected silane reagent such as JPr3Si H
triethylsilane, tetranethyldisiloxane and the |ike, preferably

t het hyl siwenelom3dset r amret hyl di si | oxane, nore preferabl y PCT/EP2009/063503
tetranet hyI di sil oxane; wherein the silane reagent is pr eferably present in

an amount i.n the ran e  of o about. 10.0 nol ar equi yal ent s,
o o ik BRATOY AR (S0BH B h PEp TR Bt PrNANE CmBRURA Of rom
about 1.0t n%&”ﬁ@re%a%ﬂ By kﬁg\w,h\fﬁétﬁ68§ or any range therein, nost

preferably about 1.0 nol ar equivalent;, wherein, in an enbodi nent of the
present inventi omherehetheanomp@inct oiefoanula (ﬁ(thg\,rsl preferablygorebent in an

tetrarrethyldrsrlo ne is ab solvent or m xture

Lher aor . sudnUNERINe reded SEmratont 40 losrrufle. O kil FaTFaiRER. of ap 4

m xt ur e 50f raagé tﬁ’ér@ﬁﬂ'n%récbréﬁ#ébly i affhEht)in ithe PRRIOHA ftdrnladoupn &l & ably at
a tenperature in the range of from about OOC to about reflux, or any range

t herei n, nobtoubrled momengalabt@uor amp@ngesthgreind t he correspondi ng conpound

of forrrula(XIV ) (o) e a urried
or dissolved in 'g g 'Jég &%ggw@ ?(@?é%gg EL% ;tb@ﬁﬁgtibgﬁ Pg#@%
preferably ddrtaes eviTBE, an- erb&aaéeahd &rmﬁreabréferatﬂyaarrﬁrme of ipluené and and /
or byproducts The corrpound of formul a (XIV-S) is de-protected according to

known net hoddF; &tct tesmperafe I@H@earrqmrrfaararabpér ADIETt XPVER)tE (0cakaUd it h

a suitgply sgb [\l% e like,
prefergg C%—@e%vﬁ geS[H%ﬂarﬁanrgLeﬂéélyglﬁe gr ably pre e%{ I'n an anount in
t he range Qj‘orffgs@nshamgmonﬁ)pdurtd)oﬁfoﬂuu|32()0||ml ar equi val ent, or any range
therein, nore preferabl f rom about 5 to about 1.5 nolar equival ents, or

any range therei rfef‘?FQQB/ Biees@ragyyd Qbfﬂﬂ'fnuia EXIrk) igradsigdi oA whtare 9frihan
o oA £ Sl e O SR SIEKFRLan SRR B sllienel oljB o ne
yi el d the dbercespoutidig foongayXdl-&).
15 The compound of formula (XIII-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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formula (1-S). One skilled in the art will further recognize that,

dependi ng on the particular protecting group, Z, other reagents may be used
i n the dewpnotosasisen step including, but not |limted topPCPEPS)0IBISQH) 2,

PdCl 2, Pd(OAc)2/Et3SiH, and RaNi. These reagents can be enployed using
various sol vent s%stems and/ or additional acid or base conbi nati ons known

to one of dioRirie;qEpiarablyras aé@ﬁtﬂ%%l'r%f” ferranog qf imo8) abquif)és &

embodi ment (s SrEELERDER Rt STORD G a3 RN T8 e U

recrystall Idﬁﬁds@@n@fngtdwnmmw@mrmmaf(o«mk)a (I S) conprising: STEP A:

di ssol ving the conpound of formul W&W organi c sol vent such as
a

ethyl acetate, iS¥heoppruRdef fareu blS pr@fﬂﬁé‘ﬁ'é!IS“d’ﬁédt%@'SSOk\ée ina
referahly I r t m xt ure;
gTEP B: t‘a’hea%%}’l\ﬁhégjﬂt’t héﬁémai;%qﬁrr qugum(_ %ﬁa th¥nfﬁ té'te% PFlﬁeHBﬁ( ﬁﬁ%ﬁg ért%grill'ge of from
about 250Célevabdwemééfk(h‘,1replt@fana\béynﬂbmrlt&astmdmmabymeductst he range of from
about 300C to ahout 350C, th nopi ng)lﬁ,f'lterin%theresultkn m Xt ure;
STEP C. addi ng OGOy 0§f€a€mw %?)S S hiseip-PrOtesiED asColRg & KNOWR anount
of vater adfgos. Wkl ﬁg;hey the BMASTRHYS it BIX\ARIG Rladé@mitput 1.0 to

about 2.0 ar ewva relatlvetot e nol'es e conpound of
formula (I ﬂtabbmblemte@‘ﬂéeefspphrasrlsom é\i&(DlaleaQCil-Hte aadﬁbeﬂlkefpm&reblyadded
is abo 1. | ar ui.val ept STEP addi n nt suc
hoptandD 2ieORER! wWhareis s BeSe isPieteraay S ere h Rdr Ao udOn R katdlor o srep
C (wherein de'fﬁ adut eal t‘éeéBOLJtiZ @At é(ﬂm/éﬂéhﬂ 6F§n9rr§‘ﬁgé)tﬁe?lélhoﬂ")ore\mere' n the

anount of anti-solvent added is preferab an anmobunt sufficient to yield a
final vol urarefergblydram agoub0.oftocrhgaihil @r@ areaguialentsedran e thnge BEEMN A)

anti - sol Ve%o&fprfefe?gbl? Oo%tutjt 0 %%Iaarbeqlﬂﬁvalents in an organic solvent or mixture

thereof, such as methanol, ethanol, THF, and the like, preferably in methanol;

S

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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1:5, nore preferably, an anount sufficient to yield a final volume : vol une
ratio of about 1:2; to yield a precipitate of the conmpound of formula
(1-S); whwohopresdispitate is preferably isolated by filtpariEprocanashart her,
preferably dried according to known nethods. In an enbodi ment of the
present invention, the mxture prepared in STEP Cis further seeded with

ay=

previously prepared crystals of e o@?red pol ynorph of the conpound of
formula (1-S). In another enbo, the present invention is directed to
oAy MY Y npound of formula (1-S) in an

an alternate process for the r¢ allization of the conpound of formula
(I-S) conprising: STEP A: di f i
organi ¢ solvent such as ethyl acefjate, isopropyl acetate, nethanol, ethanol
and the |like, preferably isopropy|l acetate; then optionally filtering the
resulting m xture; STEP B: adding|water to the m xture prepared in STEP A
wherein the anount of water addedyis preferably in an amount in the range
of fromabout 1.0 to about 2.0 nolar equjivalents (relative to the noles of
t he conpound of fornula (1-S) u P A, nore preferably, the anount
of water added is about 1.5 nol | xture

setin
b i val ents; STEP C. heating the
of STEP B to a tenperature in th ge of fromj about 400€

preferably to & e rature f tange of from abgut 600 abou 650C
t hen opti onaWﬂ el § EP ng th
m xture prepa in STEP C, to X precipitat§ of/the conpound of

|s p

formula (1-S); which precipitat eferably isorated by fixMi-gyi pn and
further, prefdX¥bBY dried according to known methods. In an embodi mbnt of
t he present invention, the mxture prepared in STEP Cis further seeded

with previously pr epaCély-br ystals pf the desired pol ynorph of the-gonpound
f f I 1 -S).
of formila (1-3) CH, CH; O
S
QO . \ / F
(XIX-8)
Q° (XX-S)
— 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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I n anot her enbodi nent, the present invention is directed to a process for
the preparation of a conpound of forrmula (1-K), as outlined in Schene 3,
bel ow. SchwomoB/oaseser di ngly, a suitably substituted conpeamapredosinessnsl a
(X-K), wherein QQ is bronmo or iodo, a known conpound or conpound prepared

by known net hod S reacted with a co - 4al k nesi um

W th 1t i R ST JEToss DrF ety (8 BRI Wl SbE A iorhaboU bl or | de,
and the |ikgo@H RrigPiRddifydentdal kyI magnesi um chloride with |ithium
chloride or a corrpl ex of C - 4alkyl magnesium bromide with Iithium

chl ori de; wher eiin thépreSentealdtl sultabmmlemtadlpﬁlladblm optalysbas F{PPut)) , nore

et hode: WHATGIAE HAQEIRSTER 8haang bhe: 4% §TS gl AR Dh = P Rum
ohl o | df 0TS R.00, Gl i TBIRESHUTGRDY Edecd Srgbrid um

chloride or the conpl ex of manesmmbrom e wth hi um
3

chl ori de i soprestt suahiap VEsasn th%l@npmf@mwy ia a teepesatyee o7 therrgrgadut 1. 0

(x5, "o Torf WetBesTs ks abfiBEE © Ml PRy g RO Ot 1

mol ar equi vfahﬁmbscx\,ﬂms:)n organi ¢ solvent or mxture thereof, such as
tol uene, THF, hexane, pentane, MIBE, 1,4-dioxane, and the, Ilke preferably
a mxture of THﬁ'EﬁFBaWﬁ%eﬁ@OmQPU'&d Péfﬁf@?‘%ﬁ (K¥I-$h th%re}na@gég oM. 0om about

anbi eny ot erpes At 1fe bAd ke, pFERFa0IY br [ G lie LbuiBbRf &idkky at a
HJI‘ P? 8?@% @.@é to &fdtﬁe

terrperature Int ange of froma to about
corres pondlmggmmmuedgerht $uwhnad Kg( Mopkopy! WheCleisopfipyl Mg @lel iChrsees pondi ng

ot b PR B R e G T AV G 2 SPE RS Ut BB e
oxygen protRgddtBd organic solvent such as THF, 2-methyl-THF, dibutyl ether, diethyl
ether, and the like; to yield the corresponding Grignard derivative, a compound
15 of formula (XVII-S), wherein Q® is the corresponding Grignard species, more
particularly, the corresponding MgBr, MgCl, Mgl, or corresponding LiCl adduct
(MgBr-LiCI, MgCIsLiCI, MglsLiCl).
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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group, for exanple Z may selected fromthe group consisting of acetyl,
benzyl , benzoyl, pivaloyl, and isobutyryl, preferably Z is acetyl; a known
conmpound WO 20mwvE@sasad prepared by known net hods; wher ei npPCiEPeawpessnsl of
formula (XI1-K) is preferably present in an anount in the range of from

about 1.0 to abou ui val ents an ange therein re
ot of er abl y PTAR CYESATH KR Bar BT UiReAB BTCE0 i caBaHTd 85 ol ar
equi val ent Sforrﬁulaa(t X IL%E&eper&ﬁﬁh%n ao@ht |9rtﬁé'f'éﬁ%m_8+ ff@ﬂlta%&t'@gwéﬁout

t hereof, such , THF, hexane, pentane, oxane, and the
| i ke, prefed.abhglanequivaient préferalblyemanaamiourtn tha rangeeoiferrataimosat il ) tohe

T AT

formul ag( X'eltiodﬁh @@‘gﬁ@hlwz nidlgr équpaeAgs; of formula (X1 -K) is added to a
m xture of the conpound of fornmula (XII-K) in an organic solvent or nmixture

thereof, to yielidlihteresomgewia sitabbrseieeled)dd or K) catatyst.Jenpeamaleot for nul a

e 'T‘HE) Riieriiabs s Y D S et T v e
preferably, buﬁ%&eﬁiﬁﬂru@)du@hmmmm@nl ﬁehlomue(tmr@@lmwsphme;mmm
chloride; wherein the Lews acid is_ preferabl émresent in an anmount in the

range of fr%%ﬁné'@@m10b'§(Cf'féh%{B/dRh°SP@'r@)f%T%en8 iarapstiadiuplihagmplerge
h
therei 205 daich o%ﬁ%#ﬁ’ané [Prls;glb%ﬁ?%l&ede%g%@%g@%ﬁ?l%oo%mmo”bﬁiBRH’b . > to

about ar equivalents efera | ar equi val ents;
in the premt qfalladmmm(ﬂlatbhborlslel NGlgdppe), &h@lzl(cmmﬁanGIg(dbpas

SO RO hies ARt b e RS PR SR
tetranet hy|tH+o$uhb?"a?ibeN|(w0ﬁj)9'\ﬁhéﬂé‘ﬁw #Hd PAOASRAEPletbmbR) SeREADIYaPT esent in
an anmount in the'range o

amount in the range of from about 0.0001 mol% to about 10 mol% ( based on

15 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-

20 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-

25 (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,

30 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

75



fromabout 1.0 to about 10.0 nol ar equival ents, or any range therein, nore
preferably, in an anount in the range of fromabout 1.0 to about 6.0 nolar
equi val enw®,20w04368¢ r ange therein, nost preferably aboutrCl/EP200/063503

equi val ent; wherein, in an enbodi nent of the present invention, the ratio

of the al um chloride tg the tetranmethyldisiloxgne is a 1:.1.25; in
an or gani o QU SUnicas FisRIgh M R AERLTE UL s Be TOBEADIBED OB TP
tol uene, ang der kG, Aot RSN TPaR A1 PEEAR RS NGAbBoupg Bfer 2bLy

i nacetonitrile; preferably at a terfperature In the ra f from about O0C
t o about rehdl¥xio eboainy.1rmaoie t herein, nore preferably at about 450C, to

ieldth di. d of f | V- K) .. Th f
Yormil a (xiv- 10 12 prERF STPS8 sofvans SLEH o 1l khoro B R Sty o
preferably gher, disshropethBe ytidpeftyt thetRyledteeald-bltyl hdted ethen el evat ed

tenperature, to renove inpurities and / or byproducts. The conpound of

formul a ( Xidjoxgne, Xyleseppod deluene artdewar. egnbisnk o6 e et trieperadireex anpl e,

Such as Ui areriatl ARt g Bk ™ 5 Bp G Yol G AL F N B T e
base is preahefeirleferpbBsatr tenfperatagintfie Fandehss framadoat 3070 abewt 0.1 to
about 2.0 nplar equivalent, or any range therein, nore preferably from

about 0.5 t&)°shoarepreferpply@t adamperainiein be range chige abeytthC Rost
preferably ~0 r ' S r ' nicyor m xture
thereo?} 6 suc a?oﬁlcetPamélﬁ,thggﬁgﬁégbsﬁqjﬁ@,dognr@b tn%e&?ﬁrt(ngw%g%(\é@%trsgbl y in

met hanol ; pr ef erRdefgrably, &ocdmpoomad béfauerutd (X\éll-S)ds pdedd skowndy cfor r espondi ng

s A M T e s e
gg( Uc;)eg i g&@@?g(@%ﬁ%@@%@ggﬁwyﬂﬁ (XILEG catist BAH IigaRtie e dutablyd/ C.
’ 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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RaNi . These reagents can be enpl oyed using various sol vent systens and/or
additional acid or base conbinations known to one of ordinary skill. The
conmpound wb 2bovaasdsa (I -K) is preferably isol ated and/ or pcemrgababisnzed,
according to known nethods. In an enbodi ment, the present invention is
directed to processes for the preparation of the conmpound of formula (X-S)
as outlined in nore detail in Sc 42 bel ow. Schene 4 Accordingly, a
conpound of forrmula (XV-S), alblo kmgwn as 2- bronot hi ophene, a known
conpound or conpound prepared lly kngwn nethods, is reacted with a conpound
of formula (XVII1-9), mherei&z i~ BKUHK), a known conpound or conpound
prepared by known nethods, under $Huzuki coupling conditions, to yield the
correspondi ng conpound of formulal(XVIII-S), also known as

2- (4-fluorophenyl)thi ophene. Mre|particularly, the conmpound of formula
(XV-S) is reacted with the conpoupd of fornmula (XVII-S), wherein B is
-B(OH) 2; wherein the conpound of formula (XVII1-S) is preferably present in
an armount in the range of from 5 to about 2.0 nol arequival ents,
nore preferably in an anmount i ange of from about 0.9 to about 1.1
nol ar equi valents; in the presg cg/p a suitably selected Nadigm
catal yst as P h 34, Pd(CA dCl 2( PPh3) 2 in the
presence of sui/fabl y setected base suchh as™Na! the[like;
in a suitably ected organic ﬁgb“qgi such as | t he Ti ke;
preferably, at a tenperature in‘the range of from ut 600@XVal-Kyout 85C
to yield the d8Vr®pondi ng conpound of formula (XVI11-S). Alternatively, a
conmpound of forrmula (XVI-S), wherein @ is brono, chloro, iodo, and the

| i ke, preferably bron@tbyp reacted with a suitably sel ected

L4

Cl Cl O
S ——
(XIXK) N
Q° (XX-K)
Cl
S —
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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magnesi um r eagent such as My, isopropyl MC, isopropyl MChLi C,

secbutyl MgCl - Li, di-(sec-butyl)My, th-(n-butyl)Ml i, and the like; in a
sui t abl y wel2eovmssser gani ¢ sol vent such as THF, 2-net hyl PTHEP2@0lo6dsys et her,
di ethyl ether, and the like; to yield the corresponding Gignard

d d of f XV di
I R T e B R e
corres pond'é%ﬁnxkdl&‘]tsaﬁ%'#@bréf@%%ly I 4% a4t 1r-He! nangE'oTkﬂoﬁh 3b ngqenpound of

formula (XVII- is'then reacted wth the conpoun orrrua (XV-S), also
known as Zabomﬂthnmlﬂ‘reewlv&letkhsovm conpound or conpound prepar ed by known

t hods, wh h f el t
o aount -t hdn Y pERBRCR 0 A SwicRly SPiBetbe alairh Saht &t P Dakenc s, "
mor e pr 6f erEROAd)N F&!Clt@(;lqumz, bﬁdttll‘i'@llk@rlgﬂéh@ résféh%b&h%tguufé $8legegut 1.2

nol ar equi valents; in resence of a suitably selected Ni or Pd catal yst

such as N tasedpish)as Nlaz@@e b4, aNﬁCtthlbﬁplﬂ)a sifabhnegiEcigsiergap( OAc)

2- ot hyt ~ s Vet R AL PRYBRIERE o BRIk FlhBe R, | o

a tenperat lffcﬂ'nlalboUhSO‘FCattgeb@ut 85°03nt@p@m tr@ébrtesp@b.qutg @cﬂﬁﬁourﬁ@ow eld the

correspondi ng conpound of formula (XVI11-S), also known as

2-(4-fl uorJBHE%? \'m'é@hene Preferably, the corrpound of forrrul a (XvIi1-9)
i s not 4ppsol ated [ onpound of
f or mul ab( XVI | - S)A'@”m%%’%’@@ n&’% &ﬁ"ﬂé E)rv{r;})ééslr%yn [ ng L| ’ adduct

(nore part ichidrar logdolVgBd the (ke, ngérably(ﬂromo I\sgieabteﬂ wills arsedteblseledtedt he

O orSba Earht e e et RSB e B ot " o

?gg;; gf 8f ﬁ@nﬁmt@r éﬂ (%Bbfl%futﬁ% Vtﬁkﬁ%utylW@f.P%ﬁE'tMe liRe AR LEMHYIy in the
selected organlc solvent such as THF, 2-methyl-THF, dibutyl ether, diethyl

15 ether, and the like; to yield the corresponding Grignard derivative, a compound
of formula (XVII-K), wherein Q? is the corresponding Grignard species, more
particularly, the corresponding MgBr, MgCl, Mgl, or corresponding LiCl adduct
(MgBr-LiCI, MgCIsLiCI, MglsLiCl).

The compound of formula (XVII-K) is then reacted with the compound of

20 formula (XV-S), also known as 2-bromothiophene, a known compound or
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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about 2.0 nolar equivalents, nore preferably in an anount in the range of
fromabout 1.05 to about 1.2 nolar equivalents; in the presence of a

sui t abl y wel2eowmsesPd or N catal yst, for exanpl e Pd( QAcprer/Erasdadisosn(| | )
pi val ate, tetrakis(thphenyl phosphine)pall adi un{0),

di o or obi SEHER MsRe 3G i Mgl-lipys [eapted with the compound of
- bi s(di phe BMhlE’IBO(tRﬁ);Kg?QIi@Rﬁﬁ%ﬁ%lﬂb%&hﬂﬁﬂeh@dwgfélhXhé@&ﬂ%h@iﬁn&"‘o‘i‘h

di chl or onet hane benz deneacet one al T adi umn( | orof orm
adduct , palfbadular(N\AluK;c Isl pzresellet mmrﬁ&rzodlplple)the mmmezoﬂfnpmn)abdut OL.2 {alpipdyt,

N ( QA 2/ N Cl 2 2 hr ol
1) pﬁ)enan?ﬁ%ﬁ?'ﬂ'@?qu'gﬂ'&nﬁ) Freiaoyin g araou R Dithaa s o 2ok F 9 By
pr esent s5i n a%jbuwtolﬁiolarrbdd\%lé@t@ﬁmo@é pf'éf@mtﬂ)bf?“én Anft mmie%ah@eaﬂ%éim 10

nol % ( based on the anount of e conpound of formula (XV-S)), nore
pr ef er abl y aaouad .Ginsuakoutd .2 Rolanggévalents; om about 0.001 nol % to about 1

Bbout 0.1 ol o5 Bt BresersBds kN, Sk 8o RN EPNE b R BERK B g”‘;'n?f’ e
such as trIFPt’.ﬁ(OAd)pfpzﬁleblum(Jl)bh/latmeyﬂeln’@m%l()ﬂﬂlphenylbh@ymi||®él)©w<’a<mbﬁﬂ0)1I ne,

tri(otolyl) phosphine, (di cycl ohexyl phosphi no) -2 -th-i-propyl -
, 1' - bi phenyRis(@ge |Ie)d|chloropallad|um(l d|chIorob|s(tr|phenylphosphlne)pal a-

G e AR PR S MDA compi
di cycl ohexyvllltihds:prdromeﬂﬁar@ {mh(dmehzylxd%eacétonebd|ph|@¢thm((lu)u{ ghlorofarm
(i cycl onedfipbeg aﬁ@}rml raict. RS @BpSE NEEIGae): Nici(dp,
E)?;FQ?BKLF])W hos SFZH n@)’ Mﬁ?gw}h ?dppLelglgﬁlgﬁBﬁWJ)lmtg?s di 1h(zzl-ﬁyl per?ggbhl no) -
, 1 ' - bi naghtdiipk),(@BIdNIRE Ohe;swizergip thenpd (Shdc)p g hmﬁﬂ'@w presket in(@PEphos) ,
4,5 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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bi s(di phenyl phosphi no) - 9, 9- di net hyl xant hene (Xant phos), dppb, dppe, dppf,
dppp or t-Bu 3P*HBF4, preferably dppf, dppp, t-Bu 3P*HBF4, Xant phos,
tricycl ohwoypbpmasghi ne, or XPhos, nore preferably dppp ecTXphao/eisherei n
the ligand is pref erably present in an anmobunt in the range of from about
0.0001 nmol % t nol % (, based gn the amoupt of the caonpound of

£ or mui a( -9 forabauts Rl i ASER Gih it af IR EOrRR DI BB about

0.001 nol %(W 8hOHord p?@ﬂe%blmﬁri%m{ﬁﬁ% Héra‘nge%"fﬁ%ﬁ%%u!@ Q"Pﬁ"n lapge of

from about 0. 01"nol % to abou In a suUitab sel ected solvent such
as THF, di rtetab@myétrmlﬂ/e mdneeprleierabtyhm an @maump irofhed ra@'gbel‘f [frony abopeOy |
nmet hyl et her rt but ';, et her, di oxane, xylene, and tol uene; at
| ower, arrblraﬂ ?b%'i‘ d/étrg% ’Benperature preferably at a tenperature in the

range of from abﬁlétsmt%@)%éléctébcééﬂveﬁgg% 28O+ Fﬂlm%ﬂfcﬁ?bihaﬁe @hétﬁﬂper ature

in the range of from about 30C to about 800C, nore er ab
t enper at ur eether, diisoprepyleetber. fayelapgpbiimetoy ettberafbermbUMmethyi e}h@n d t he

Formi b (c &g, 8ha AL frpgel arpal SRR o hpdriTEhe Tor i <
bel ow 1200Grefurabigrae i tenipairature (the tapgs ofifrohtiaboof -20P€ t6 @mpatns0w, for mul a
(XV-S), catalyst and ligand in a suitably selected solvent. The corrpound of

formul a (XxVneie @eferablyeaica @ﬂnwr@wralwﬁ)@m& fofrqrﬁlall?ﬁphw)@f@@?om\merel n Q
bro or repared b
cnonn et nb € SherBErERIARY bt e focPalshy BrERSRACEF B SE0RUNE, & SR ed B
pre;enlt in ahouaﬁﬁtmttayleldhbemn@eporhdlﬁgmmwmﬁ deSrdeaa(]{m’]lchm K3. Obm)lt a(r) o
ents i n_an_ appunt ran rom about O. o)
Shout 1o1 ol ar etAraRbe fiesComAodta B RuBkyz ey S538kS Sivigen as
di chl or ometdiahgsle &Y PFRL YiBre IR TS bé‘f@w 12008! Btefeldbfy below 2000, to a

mixture of the compound of formula (XV-K), catalyst and ligand in a suitably

15  selected solvent.

The compound 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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correspondi ng conpound of formula (XX-S). Preferably, the conpound of
formula (XX-S) is not isolated. The conpound of forrmula (XX-S) is reacted
wi th a suwoablop4sakect ed reduci ng agent such as Et 3Si H, PCT/EP2009/063503
tetranet hyl di sil oxane, NaBH4, and the like; in the presence of a Lewis Acid
such as BF3 Et20, BF3 THF, AICI 3, zZnCl , FeCl3, and the like; in a
suitably sel eck®d sol vent such as dichlor
and the like, mxturether f; to yiel und of
formul a (X- e dhment, the press : \i hected to

processes fo n-of/ the co outlined
in nore deta /5, ow. ScH¥me |5 Ac { cON of
formula (XV-S)| al so known as 2- bronot hi a known corrpound or
conpound prepq\mggb by known ngfhods, is regcteq; @ conpound of / formul a
(XVI'1-K), wherein @B is - B(OH)2, a known orrpo nd or con‘(p_ﬂund p ﬁpared by
known net hods, under Suzuki coupling conditions, to yield the cdrrespondi ng

conpound of formula (XVII1-K) QO al so known as 2-(4 f I uorophenyl )t hi ophene.
More particularly, the conpou of\ok@rrrula (XV-S) is reacted with the
conpound of forrmula (XVII-Kp Pein|@B is -B(OH) 2; wherein the conmpound
of formula (XVII1-K) is pref presgnt in an anmount in the range of from
about 0.5 to about 2.R @I ents, nore preferably in an anount in
the range of from about 0.9 t@& abo Y. 1 nolar equivalents; in the presence
of a suitably sel ected pal |l adigrh cat alfyst as Pd(PPh 3)4, Pd(OAc) 2,

PdCl 2(PPh3) 2, and the like; in thﬁ presence of a suitably selected base
such as Na2CO3, K3PO4, and the | { Q |n a suitably sel ected organic sol vent
such as DVE and the like; preferablyR*at a tenperature in the range of

T

81



from about 600C to about 85C; to yield the correspondi ng conpound of
formula (XVI11-K). Alternatively, a conpound of forrmula (XVI-K), wherein @
i s brono,wohbovwajieseodo, and the |ike, preferably brono; PcI/EPe@otexsovi t h a
suitably sel ected magnesi um reagent such as My, isopropyl MyCl, i sopropyl

MyChLi G, secbutyl MgCl - Li, di -(sep-%hgl H}g th-(n-butyl)Ml _i, and the
like; in a suitably selected organic such as THF, 2-nethyl - THF,

di butyl et her, dﬂ\é‘dofﬂduh tB%ruqtae%l}bléﬁtdté{f%o%uﬁaedf‘?orhhﬁag@f Mﬁ%‘?@iﬂ@tmg

Gignard deri vati ve, onpound fornu wher I's the
corr espondnagetacteﬂ"nﬁiom tbpegroes consistingaf €, CB,I‘L hang Clﬂ.lffél poefe&qdrp@d}uu@ MyBr ,

Ccl di Li Cl dd Br-LiCl, Li C L Ccl
Tos commoudkadi EBRRLA R comBo S Hebal e ke ots W el ot <
f or mul as( X%U%htltb@é@@O%b@ﬂﬁdeM@'(ﬂazm Rlﬁ)@ﬂﬁ%Oﬁﬁ)d&ﬂ@V@? (@ﬁmﬁad Or

conpound prepared by known nethods erein the conpound of fornula

(XVI | -K) | Prppatesibkyown saiheds.ris seaciedwith a auitakly sabstiuisd garopeunsbut 0. 5

t bout 2. t

of trom anstiog g Eib et SorRaR BB ELARM oM R et sblc, 27°
sui tably setheniysﬂleendrth@dk@arbr@ferablysaacth RS idiHe 24relpey. is MirGe By pp)n

Ni Cl 2(dppf), N (OAc) 2/ dp Pd(OAc) 2/dppp, and the like; in a sul tabl y

sel ect ed oragﬁlrh' fably sehes %intéwhmqwotmﬁect ’qiwreadatlam Sy azan ether

s oy B e ddeyl S S5 AR MR BTRARR o 8 cange

formul a (X\H;Adlrecl:@)rboal(sux:ﬁwmmpaﬁar?e fri- bexmé&dméuamheméptame m#bdhane

erbodi ment 259 PRAN) LRI BrebPSE BB BRaZSHe B isdEachd the i)
or a mixture of these solvents; to yield the corresponding compound of formula
(LIT). One skilled in the art will further recognize that the reaction may be

15 carried out ambient temperature or a temperature lower than ambient
temperature; although the reaction need not be carried out at extremely low
temperature. The reaction 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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(XVI1-K)y @B is MgBr, MgC, M, or the corresponding Li Cl adduct
(noreparticularly MgBr LiCl, MChLiCl or MM Cl), is reacted with the
conpound WO 2bovassdsa ( XV- K), al so known as 2- br onot hi ophen®/EPadveneisn3 t he
compound of formula (XVII-K) is present in an anmount in the range of from

ange of {1 Ele) Ees R Tmata PR R Liese SPORNEH QYRR pr cf erably i n

an anmount idyridd®ohaifgecdhp JrfUTbﬁ%PrHEIa 1494 to about 1.2 nolar equivalents;
in the presence of a“suita sel'ected Pd or Ni catalyst, for exanple

Pd( CAc) 2, pall adi)lnm(skul@dm t}rw art avill fustheakeésqgrtipshthay tpgh ceaoiioneaabé adi un( 0) ,
bi s(acetonithl.e % Qr o

d| chl or obi SAHH 8H§?tp|m§l§8 al ) @bdebgn(rg%\(ﬂ{?d |teFr51per[atlire Rreferably, the reaction
- bi s(dphefay BBQ%M@@M 81 & esfp&beirehh %@E@{dea@lﬂﬂat%ldbbuwzmb% Abd

di chl oronet hane, ths(di benzylideneacetone)dipalladi un(0) - chl oroform

adduct, pal4&8i mqrmgreaﬁa@wru&e range X disse poont QS Cdampout N0 2( dppf )

N (0ne) 2 deve, o Rt eshol IRBRIAT BE AP oP ot AN,
present in igmethanditorigthams, aangee atidfis amorganit aBiddikh app% to about 10
nol % ( based on the anobunt of the conpound of fornul a (XV- i) nor e

prefer abI y plieagsdliRiiaacids maikanesylionty agid emirflioneacetiercitn eReinghout 1

nmol % | % to
about Q01 %ﬁ@gcﬂﬁ%ﬁ*ﬁ%?I,31#@ﬁeﬁm’@“tﬂ%@éh%%'%@BQSE@??QW\ZP%%ﬁW%Znd
such as trisohtdn] thkeosphiumajng theheagligrhosathi ne, t hcycl ohexyl phosphi ne,

t rll ( g,t glhglnill pho%ﬁ&gompourﬁéjow }n%rllae)%/) |Q%?gtec ed)accordlng ?o k%gwln- propyl -

2 d | h
5 ((:yl:fgﬁeggﬁé%@ggﬁ%?@%e%orrlé_%'lp%ggg‘g{?%cﬁfﬁdr&’)f&‘rﬁ%lﬁr(}i\/l) arhereln each

di cycl ohexyRpisaspiitaindy seleetedddxpgehaxgterting grou@mh@ﬁ@bly e@@h;R ‘disthe -

adamant %l phs%sn?ehl’:lﬂg is acéty' 'I’hgl&c}‘[egtl Os%gly% carpeg%t W|t% conventional
methods well known to those skilled in the art. For a general description of
protecting groups and their use, see T. W. Greene et al., "Protecting Groups in
Organic Synthesis", 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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(di cycl ohexyl phosphi no) bi phenyl, (R-(-)-1 -[(S)-2-

(di phenyl phosphi noj ferrocenyl j et hyl di cycl ohexyl phosphi ne, 1, 2-

bi s( di phewgl2ptvoapdszno) benzene (dppbenzene), 2, 2'-bi s(di phempe@aosizhs no) -
, 1 '-binaphthyl (BINAP), bis(2-diphenylphosphi nophenyl)ether (DPEphos),

ot b RSP 507 S M e BB B SR
tri cycl ohexyheliapiyifh caticdBiRSt G aRERIA! bk dRARCADSRNAS: wher el n

the ligand is pre y present in an anount int range of from about
0. 0001nol wRrefarbblyt thiradiction iheareddaut bhe temperatuc intthe renge otifrdnof

formul a (XV-S)), referahly in an. _amunt.,in the range pf f about
02001 ot op a0 b BhRE, ¥ndsh PRIy M 11 a8 s R pROVE LY Mg of
from abgut dbdit 268¢ %0 Aeitfdtcobrebpdmdify dofmpbudd dfabiiulaqLedy.ed sol vent such
as THF, di nmet hoxyethane, diethyl ether, diisopro et her, cycl opentyl

py
met hyl et her, t drar-axamplepdersampaunst of farmulané VIkypg be reddeed byuene;  at

ange of 1 roreund i S Ble LB EE Y dhE e R SRR S iR S A, afur o
in the rangeuch abmtiethqisiare, IAiSopropiEiahe SANChaiKe) apraehalyakylysilahes

tenperature in the range of from about 40C to about 60C, to yield the

cor r espondi(BgClt aEperEncghylnyiratiaxangys pnd iye likg)e frethetrgsengotad spiekly of
formul gn( 5 IS I : : AFOF 1S
bel ow i}goéo()é,ell%ér%? gﬁgggeﬁgﬁoﬁ%%&& Q%lg%%m%ﬁ ﬁra?do%ultb ﬁ?%c%gﬁﬁ%@j@rd Ef ormul a
(XV-K), catdiéthgt ethied compband alumiausuchlahbty, tiehieot drasblorigiet andtee Gloaypound of

formula (XVII11-K) is reacted with a conpound of formula (XIX-K), wherein
is brono orori%%??'yp%%?féﬁéﬁrgaw@ S @UE}EBM”MYB%%W #9conpound prepared

by known matihgstomether&duiohiea&@ et esulfonic acid, and the like); in a suitably
selected solvent such as acetonitrile, dichloromethane, a mixture of acetonitrile
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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of formula (XVI11-K) is preferably present in an anount in the range of
fromabout 0.5 to about 2.0 nolar equivalents, nore preferably in an anount
i n the ramgeomfo4dasom about 0.9 to about 1.1 nol ar equi vaCEmP2009i063583
suitably sel ected sol vent such as dichl oronmet hane, chl or of orm and the

like; to y|eId orres ndrn co nd of f rrrul XX- K) fer Iy,

the. compourt? BETRCATS CRANR) 3G (RGHKEk6r 40 ETERLCR RO FBItP oF

(XX-K) is rtﬁéq:,k? g with a surtably sel ected reduci ng agent such as Et 38| H,
OX

tetranet hyl di si ['oxane, NaBH4, and the like; in the presence of a Lewis Acid
such as BF3 EtZCE’reE?QbryHFhe gorgpodnd ghioraulad13Bjs reddced dylreketing witl a

suitably sel e vent such as_ di chl or gnet hane hl orof orm acet onithl e,
and the | RHTeB SASHER BleRe Feadenty golk Bl Bam ikt GRS of
for mul a5( X-df)a suitdlpsaseted édwﬁrﬂbre)@re'féraBWé pewislhigCinpee bﬁeférébl)ﬂcess for

t he preparation of ‘conpounds of fornula (I'A"), as outlined in Schene 6,

bel ow. OR1Sd¥¥a8 tr@‘lu&zf@l@reihﬂ@tq ina suitabhbsslestgdsialvant eamote REgSaraP YOI f or nul a
(L), vvherer&e n|r selected fromthe group consisting of C, Br, | and
CM Cl, prefer ThLi Cl, a known conpound or conpound prepared by known

met hods, or a surrt@bcbmpeurb@b'ftorm@b conip (el pedtettedmdoardibg Yo kholwnown
corrpound or conpound preﬁared by known nmethods, is reacted with a suitably

substi t ut edn@t@ﬁﬁéulﬁ’cb"%wt emmegp@w'ng comrauacrofdaenulriAs Mere over  al kyl
silyl, 4guc cﬁﬁcdrér ”‘%h@%b?r\sdddnd chr mé'(Evl)yé re&A8d wr%qur@tqé%gf ably,

each Rlis In a Sui sel ect sol vent
(whi ch doegrotectiagfgeotips, gy reelacmomm)ydmlms,a@cranreetmemt bsﬂuhrr@s di et hyl

R o o TR e il
aromatic hYdHnOrS@EQ‘?Féd(oiH%‘ﬂlﬁﬁer?ﬁﬁﬁﬁé‘rﬁ, of 8leV8RR: teAffbratife | Pk&brably, the
de-protection reaction is carried out at a temperature in the range of from about
15 —-20°C to about 150°C, more preferably in the range of from about 20°C to
about 50°C.

In an example, the compound of formula (LVI) is de-protected by
reacting with a suitably selected base; such as an alkali metal hydroxides (such
as sodium hydroxide, potassium hydroxide, lithium hydroxide, and the like), 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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or a mxture of these solvents; to yield the correspondi ng conpound of
formula (LIIl). One skilled in the art will further recognize that the
reacti on wayotyw4saeri ed out anbi ent tenperature or a tempemetemocisoner than
anbi ent tenperature; although the reaction need not be carried out at

extrenely |lowt er e._reaction rr ut for exanple, at
d L BAG e of M piasant menton Be Kt RIoteking STares Bhabl y

a tenperature I

the range ahelchABARRRAW ipRAGaLLVARRYIeSR denz ghevmpaﬁtf oBfnobgfEga (LI11)

is reacted W|th a suitably substituted al coh of formula (LIV), such as a
| ower - al kylfoerhular(bvl)z\,the:hrodiexamgr@"ouds sreiebch benzgathte mmpmramohbrmﬂetawanol

th I i - - hut I d the

1(:a heaggrresﬂgwpan erFEI%C?é‘I)EWg fﬁtg VBEé%&%t@aqn%n%tsllfv?g@é%%eg @ propyl ;
in the pr e%%"ﬂ@l?sto(%u@h%‘d'ﬂafﬁBHM@@bl%btneéamﬁd|dﬁ§h&$‘d?0ﬁ+§leaﬁlahﬁ9mm& acid such
as, hydrochloric acid, nitric acid, sulfuric acid, and the like, or an

organi ¢ acirbodiwemcaron, pngdhe dkesundesr hydiegen atmesphirrein Baviteblci d, and

L b oaselGed Sl P B nchE e PinoTeRot W s i vert
n- pent ane, Irkbwbﬂﬁeacmnbemaﬂe,sunam@bMﬁed dodilkyneting &gont s@@h@rscbmrbnc
hydr ocar bon (such as benzene, tol uene, and the Ilke? an ether (such as

di et hyl et Helbrorpiger QW)Q&IrtHFIﬂIPEIﬁe %ﬁ’f&nttﬁéh'PI'Q%)‘ dirgethy S@H&%@%D'ﬁ%d‘?bcar bon
(such a FTR—:III’%I/ I an ester
(such as etﬁ@I) acetaI @eIIF‘em?é@P%bé%?%ltegfew cIIK%]Pﬂ (sﬁﬂﬁe%%e CIQitﬁohe (such as
acet one, 2-dictilaroonethand, amethd like); oraloye(3)medctingwitbra suitabkt selectet! Ibwese

sol vents; t el d the correspondi ound_ of fornul L killed
h the art Aiineguehes Abeaghio s fHesesRacs o8 cLiRDMmAs e heracdur at
| over, anbigph aQrbo%r?ff%%ﬂdé%F@cﬁglaétHéﬁcorﬁb%fxeéﬁ@ItrYe I|I<é)%rae§lﬁtta'bﬁﬂ may be
carri ed out' at a tenperature in the range of from about’ -20 C to about

selected solvent (such as dichloromethane, and the like).

15 In an embodiment of the present invention, R' is trimethylsilyl, R? is
methyl, ethyl or isopropyl, and R® is acetyl.
Compounds of formula (L) are known compounds 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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40 C, nore preferably in the range of from about -20C to about 10 C. In an
enbodi nent of the present invention, the alcohol of fornmula (LIV) is

met hanol wo 2etomasssk, and the acid is an organi c aci d sSuEQTAR2009/063503

pt ol uenesul foni c acid, nethanesulfonic acid or trifluoroacetic acid. In

anot her enbqdi ment of the. present invention, the al cohol of fornula (LI
s Used s ARATEGNGEHET ISGHE SHY s TR AR eR bEE ChIOHCR SR OPHRPSE RSN o
formul a (L\Ghlér%é?rs%lﬁglﬁ“ﬁéfbr%ﬁﬂﬁﬁhﬂﬂiﬁ%})ahﬂ\ﬁ@li@t hods, to yield the

correspondi ng conpoun formula ( ), erei'n each R3 is a suitably
sel ect ed oxygen qrwithea tsuiigblyrselgsitedd abdybnagrigsiwacinidrRid Hithiven shlogdand i s

acetyl. The protection nay be carried t. wth convent.ional nethods well

Kmoun ot ME88SIadheAb RropyEnadesifig cRlprids M FREEERHOS S on ot pr ot ot i ng

groups gnd Bdlﬂhfa%\}yélgiurﬁgﬁlo'ﬁdé\//Ii@ﬁ@ﬁ%l&ﬁdé}'and thEniReewhergn Beouppyn O gani ¢
ey

Synt hesi s", John & Sons, New York, 1999. The protection reacCtion may
be carri ed reagnegiumgskeerideantfhisim chigridelisvaee tpritbaheeparakien obihd er abl y, the

reaction is ' atgar.e 4 n.the r from about - 10C

o abour 106EboES SbrBhadh) RRRRIAR S T GF SRR e8l 5C o abour 350

Pr ef er abl y,propgn@gneeunpchlogicki/nighigmasHloride Babrefdradlyforesertios® amount

conventional ly used as oxya?pzqr&t Br ot ecting groups. Suitable exanples of the
V]

oxygen protiBdte FRNGH SifFRM Sl : 11§ sider %&Ui‘ﬁé'ﬂgflmorﬁrﬂie?ﬁ@b'b/i ke),
oot R RSSRStd G ot 1 898 A5, Kot g, (o1eh
Further, the oxygensyitabtyeseleogdgotent fwlichatoasawtoitudr thei regtbagtsaich
P oene! et 1457 R B 1268 SRS alR e aShyTSRaliel FEII?
benzyl i dengg yi|d #h&kbkprbspondifd Bomipelinddf formis (lopt vl si Iyl ene.

One skilled in the art will recognize that the compound of formula (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)
X (LX) Mg - LiCl w
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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The conpound of fornula (LVI) is reduced, according to known nethods, neat
or in a suitably selected solvent; to yield the correspondi ngconpound of
formul a (W@l2bjo/048x82 skilled in the art will further recegmirreomwioaisos he
reaction nmay be carried out at |ower, anbient, or elevated t enper at ur e.

Preferably, the reduction is carrjed out t nge of
from mbout - 40- e Skledin i & %F@%P@@%E? PRChdof BriaiT Aren soout
OC o aboutecifo, i ofhfh e ATROBY RS, ROMPaOLE Al fwm&@mhbfuﬂ) For

exanpl e, the conpound of fornul may be reduced by reacting wth a
suitably séUﬁbeenwmkmane reagent such as a th-1ower aIkyIS|Ianes (such as
t het hyl si | ane, i sopropyl silan d the like al k i | anes
(such s pol y( mécayPRYGRLST losRf g X) ek fRoni Fmdurtoh didundince of a
sui tabl g seirephrd a’r’@ddﬁ'dm?%*kn@ﬁ/n&néﬂhbhéb"ryaﬁ%‘x@ﬁkﬂféi th@‘@o?n;ﬁﬁjrﬁjs(cﬁUCh as
bor on trlfluorlde dieth et her conpl ex, al um num chl oride, titanium

t et r achl or if@enuladéx) reay qu@yepasedgﬁlq@mqﬂ isePehene’iQobg@m. ¢ aci ds (such as
t hfl uoroacetic acid, thfluoronethanesul fonic acid, methanesulfonic acid,
and the like); in a suitably sel ected sol vent such as acetonithle,

di chl or onet han®* a mi xture e ithle ard dixhl oromet hane, and the
like. Alternatilel ysolie cpnpgt ) formulg (LW) may be reduced by
reacting wt o a%ly SEre por ane e 3 uitably

sel ected bora onpl ex (suchL%ﬁ bor ahe- t 4 I ne-bor ane,
borane di net hyNsul fide, t-but ahlne bor aneyy bor ane- nDrp ol i ne, and the
like), or a suigabl§Xdel ected borohydhde (s;?h as sogixim bor ohydri de,

sodi um tri acet oxyborohydhde, and the like); "in the presence of a suitably
sel ected acid, sugh as a suitably selected Lew s @@ld (such as boron
trifluoride dleth,l ether conplex al um num chl orf de, tltanlum

tetrachl ori de, suitably sel ecte
t hf | uoroacetic g anesttfonire

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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acid, nethanesulfonic 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 iwel2g1o/t4b@2conpound of fornmula (LVI) nay be redecedpraodes3soat al ytic
reduction conditions, using a suitably selected palladium catal yst such as
pal | adi um car pal | adi,um hydr , under a g)eogen

B mopher o OGRS LRI ACH SHoE 251 A s JiG et S 6eras ke agermirdnt  (such
as amoni UrgroRiiTRi€del (O GchfliBn AARoHESN'd §Rlably St dotikt, §H%”35§ ed
sol vent such as a carboxylic acid (such as acetic acid, and the 1k

al cohol ( suxhydrogettboanslch asd-pehtane] n-hexene hehek&ey,,n-beptaneesne thg such as

hyl d.the || bly. th f formula (LVI) i
Feduced by ekl RGR (1ol B APLB 51 es: Brpbuiorianotnatgele) foro 0

preferagly HdT@éMtéd hg8®cattiort (s@caraﬁssaamer&ﬁemaﬁw taploy teRbenbade afidd, nore
preferably a Lewis acid, nore preferably, boron trifluoride etherate; in a

sui tably sdhedikel angsieist(susibope aifdfaseidieymethyaeeiaie tancethetie) ebApound of

formula (L t Q |eIdthe
corres pondl\éhpé(tdr%ﬁg %e %‘ﬁ%@ghﬁf@WFFA&gb@mW % z{[?é t&%qé?g?tt& e conpound of
fornul a (L\ﬁr)aferabweaa@ttedw;ie@aﬂueer@f/ﬁotrf@bmme:rtomaomg groups, by
reduction, hydrolysis, acid treatnment, or fluoride treatnment. One skilled

inthe art will TQQ:@%{HPQ@”@ Rhforfya ﬂ@ﬂ“bf%ﬁ{qegrjpyrr@é‘éi‘”ﬁ)ﬁ”t@%S%EﬁQﬁhr ried out
at | owap, anhlgal rr%dhcur% Egéﬁﬁgcéé’ﬂﬂgﬂkﬁcﬁm e‘f’rﬁc?dsa%%e# de-protection
out” at "a’tenper

reaction is carrire ure 1n nge-o rom about -20 C
to about 15ri@spondegroshmowatd ¢f formulag(Ld@)ge of from about 20C to about 50

W th'a sui tanty U BeTeaUBACE O @Qﬂima&%kd%saiﬁ RpaTARIRS (such

suitably selected silane reagent such as a tri-lower alkylsilanes (such as

triethylsilane, triisopropylsilane, and the like) or a polyalkyl silanes (such as

15  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

20 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

25 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

30 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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as sodi um hydr oxi de, potassium hydroxide, lithium hydroxide, and the |ike),
or an al kali netal al koxi de (such as sodi um net hoxi de, sodi um et hoxi de, and
t he |i ke)woiznioe43as2t abl y sel ected sol vent such as an et Rrer/Rpsaol6zse3
tetrahydrof uran, dioxane, and the like), alcohol (such as nethanol,

et hanol, and the like), er, or ture 0 ese oIv nts, In another
exanpl e, the corﬁ]kﬁjﬂﬁe\fﬁlﬁg?ﬁﬁ@c’@[@lg PUNYa. (L?(BBé'B@Ye )7 H‘Q%Q:%mq\%f Wi t h a
sui tably selfaladraficlos LRafonSy ding Bl il ik ieB RlIHERAPEAEAR Su

met hanesul f oni , t hfl uor oacetic”acid e; Inasuta Iy
sel ect ed scﬂwmitadﬂlmmaatsorarpf:dibdmlmhydmideaslndﬁhedihelunchirlt‘almmrpgalmd t he

[ik I h d i b
et i hg watosbaEReaPTne bl Ee A SRy SeKIR eoho b e o ™Y

fluorids, fbfﬁﬁeaﬂnnffémeefopmtwaae, aﬁ&tﬁ@met)yﬂnmmm@sélewd Sivernd t he
like; in a suitably selected solvent such as acetic acid, an al cohol such

as met hanolsuchrased kamwixyliqaeiddaueh pp @cetie agid) eenethe like, asalcohol (such

pr ot ect i ng gl b fEREoREE HeMe' PR e Rbun SR Ber R A M ever ei n
the conpounikepf formula (LVI) the protecting groups are each benzyl, the
compound of formula (LVlI) is_de-protected b catal ytic reduction using

a suitably sel ecthaicompaine af fareya ( @Eﬁ‘)ﬁn%%ﬁéwﬂﬁ%ﬂ eriieRglygeacied willipum
hydroxiyde, qfi@h %%&Ep%m ﬂgﬂéﬁ& HRERANa %'HG AR #nbt%.%aegegcﬁaeydr ogen

at rmsphere I'n a y se vent such as acetic acid netha
et hanol , etslmﬂhurm@d|de;apotaesiutrh|edldeke)1d thd)ike eacthengresende af s catahytlicy

selected de-al k ti ng agent . such as on tri de, boron trichloride,
bor on 41| CHTBPYH! CHPREE Y SR, a8 SURBIEEICGrd Ot SHll ASIAsi | ane 1 n a
sui tably Sﬂ%a@&%@rﬂaté@'h Sr‘Hca(fﬁdFFQu&ﬁa@G%h%?bHé'ﬂ%n@'&Hr@b@r‘%ﬁ@%ﬁrboﬁ‘f‘d the

like); or by ( reaC|ng wth a suitably selected | ower
tetrachlorlde 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
e+ 00D —= (D)

(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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al kylthi ol such as ethanethiol in the presence of a suitably selected Lew s
acid (such as boron thfluoride diethyl ether conplex, and the like) in a
sui t abl y wel2eotvmssssol vent (such as di chl oronet hane, andpCh&pPRockay3sod n an
enbodi nent of the present invention, RL is trimethylsilyl, R2 is methyl,

ethyl or isqpropyl, and | S acet f forrrula L are known

corr%ounds i?g@f%w@@ Bﬁ@ﬁi@&&%&é&m%@g@@aqd%m GRIPIIEY it IZ\ an exanpl e,
th d 7 bel ow.
Schenm 7 ACiG 8o AN BHE el 10 SRRl T OFF KT Ly "

wher ei n Xa addust, qraﬂadmnn(dioiohloaldenamtrm)hlrmmmme)pre@enp@ohd smitebbyr ed by known
net hods, |sre d with sujt . el ect ed i um hal i de, ,such as
T kool ool PORF st 2ot AREL el bR BR PRSP BaSiatd
| propyl geg %’iﬂ'u}rmc%%cﬂfdtdesocﬁuﬂhtﬁla’érﬁéﬁﬂ%s Iaantﬁ@ liR&), (éﬂ anaélrimtehafr dhbkghat@n
al kyl magnesi um brom de such as neth é magnesi um brom de, Eﬁgrragnem um

a

br omi de, M@u@@%@@ﬁ@@lmmp@ﬁha@tn acxwlum@ospbat%@@dm RGENIm

< but y1 g EF R e Rehan faefliasse fsulh 8RR RERERkoR BB
al kyl mgnesath@hlk@ bAan/alkdlithetamfablide (slehr epgeitmsliuohidas potassium
| - propyl magnesi um chl oride / lithium chloride, sbutylmgnesiumchloride /

i t hi um chibioride; aad &g hie)r PRIEONN R éh‘hp'feﬁénpeM@@H'taﬁﬁ/gﬁiﬁé%@%ﬂ'gﬁﬂgr| de /

l'ithi hi h I
(:_) :Aﬂgp gl n%gd%sﬂrlék#éﬁ;gxmr éfli’ﬁn {ﬁg@mw rrgélrrl%é?ﬂ& ?)3)“8}1 alllyrnmju?n
chloride i shpmetssradel of pseitabhy selectea addiive such ameopmwgk) |cm‘|de§,ra:nd thieout 0. 95

to about 1.6 nolar equivalent, nore preferably in an anount in the range of
from about €95 to about 1.10 nol ar equi val ent ;

in a suitably selected solvent such as and aromatic hydrocarbon (such
as benzene, toluene, and the like), an ether (such as tetrahydrofuran, 1,2-

15 dimethoxyethane, 1,4-dioxane, and the like), an amide (such as
dimethylformamide, dimethylacetamide, 1,3-dimethyl-2- imidazolidinone, N-
methylpyrrolidone, and the like), an alcohol (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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in a suitably selected solvent (which does not disturb the reaction) such
as a suitably selected ether such as tetrahydrofuran, diethyl ether, and

t he |i ke,woaowiaBas2t he correspondi ng conpound of fornul CctiEpP200@0e358ki | | ed
in the art will recognize that the conpound of formula (LX) may be reacted

to yield the correspondin ound of  f.ormu| L t |ower, anbient, or
L eunted | ARSCSAUTeS, Soitafe Aners Anebaddiiey BRLHE walbr s OE o

t enper at ur ea|e:6hd|§%v%ﬂa§ a%fenfs{, gﬂﬂ%iér%'ﬁveégta%nrz%@%wnrﬁgoagent@raﬁa%@bl y in

the range of from about C. Conpounds ormula (LI') are
known conpdikedforsolid ongquaparaivepasuath m:powdensgcapswdaswndrtabllatﬁjsuutabiean

exanpl e, the conpou f for ) _may_ be red as utli ne

Senene 5,  Barous hasfYes el igpbs st B e el b8ffound of
for nul as( LX)ibricdifs ecblﬁdé?% d%lrhé@%n?ra lePEDaN @ tHe 1Pk S@I@@#ﬁl‘@réﬁaré%@und
prepared by known methods, is feac with a suitably sel ected

di al kyl magreay atpo/be roated withsdhstarcesuchaes sugarsgr &isyetadesestashsThs or i de

tne' et (A e T SR A PAIRYL R R b

recogni ze twidtuscampoomslst offstéraemater hd ot isgrepianisimagibd added & (LI ),

prepared as descri bed_above may be used w thout further purification.
Conpounds dRCEGSESPRIOIIKPT RresekyRIAN- BiRstia sUsPERIARD ahaRlUiPr: BieYd

ey he 89 e BBt ARG O, FATRARIT AL B (1
sui tably substi tTd peepzoettioel phamhadeutical ca)rﬁpn)@lmonsaoktlrncwmvenmmuwm ar
conpound prrﬁgr%rggmggu#dnsogpthgegrgggr?t |n\|/esnt|roenaacst tef\1de g\cll:t;[vre] w?gr%%hént IS Pﬁtlmately
admixed with a pharmaceutical carrier according to conventional
pharmaceutical compounding techniques, which carrier may take a wide
15  variety of forms depending of the form of preparation desired for administration,
e.g., oral or parenteral such as intramuscular. 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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substituted conpound of formula (LX), a known conpound or conpound
prepared by known nethods, under acylating conditions, to yield the
corr espomatoregiooaagsound of formula (LXII1). In an enbodi memtEP2aMd@c3somPOUN
of formula (LX) is reacted with a suitably selected hal ogenating reagent

such as thion chl or oxal chl ori de, e like. optionall in the
e ence. ninarbssEm Delvan T Ao et o @%gﬁcg@&@% A vator (such as

di et hy| f orgifivReu s RbsitEAkindlER(maY chitiain 31l dessBbaried ol vent

such as a suitably sel ected hal ogenated hydrocarbon such
di chl or omsttabllee cacplsula @bmlbe risjectian euppostitoryc ktaspodeful and thédke, dfdronat

| i | '
the range Gk GO oo B sBreu s R oo, aBdrFERER! h he
conpoung ofgif&r Btk @ofsb@% bf Jrorm SbAR®@.H ko ga@@m(rmﬁfg/kg}/a@/ EMY okt formul a

(LX) |sreacted with a suitably substituted ngound formula (LXI1); in
t he presenc¥ renge thereinalpreiceaty frem alequtd. 4de @bgu 90 ;0/kg/dpg, ORI 4, FeCh,

Ui tably sertafiateBhedetioti BORRSMohaMEE Ao bl LB TRpRffe. " °
n- hexane, adtextheaeqiiré@phbotthegadichtis the keyeritpof éidedrsdifienbbingtretited hy|
et her, tetrahydrofuran, and the |ike),_a hal ogenated hydrocarbon (such as

di chl or ometHhibe ARG Reing GMRIPY , Thayse el'th%ﬁa"yaﬁd@ﬁt@l’%t'o(‘s%h as
et hyl aget ?ﬁ*ggﬁwwdm%9 b@é‘ﬁg%}%d' I ke) or a mxture of these

sol vents or el ed tenperature, preferably at a
terrperature of fPreferablyuhed® Composliont aBQQCunWIdesa:gJeTﬁnmwr@rh suchragl a

LXIT1) re e reactln with a suitabl slecte duci.n ent ;
eor i ng. HEER IS ERRUES. Rovdhs) GrA WS, SIv IS BareT ot SOMIBURA o f or mul

(LXa). The GRPBALIBHS Oeteddefoddt Ot liflidBpraPe dr688!CRRbdes eaRbinfitiyY th a

devices or suppositories; for oral parenteral, intranasal, sublingual or rectal

15  administration, or for administration by inhalation or insufflation. Alternatively,
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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suitably selected silane reagent such as a th-lower al kylsilanes (such as
triethylsilane, thisopropylsilane, and the Iike) or a polyal kyl silanes
(such as wolzg{omasdsgl hydr osi | oxane) , and the like); in rhe/Rresassse3 of a
suitably selected acid, such as a suitably selected Lewis acid (such as

bor on triflqtjg,hder‘:di et hyl et her coggl ex, alum numch|oride, titanium
tetrachl oridféPa g?rter’fé?{‘]gl%etg,e thlesar pidigep ORISR BNgaAPEage eg Hsuch as
t hf | uor oacejter @sddhe Edthp rqhmehaﬂsﬁﬂéihgmh Shedrfh of B BARGSHE b98Y theaCi d,

and the like); 1n a suitably selected soffvent such as acetonitrile,
di chl or onetfoemer, Bhertwe compoheatsetambe separated] byiaohgrdencrttyeamdicrand t he

like. At tively, the. d of f I XL . b duced b
reacti ng itV Bundisn A SEREA RN e SR gan potnts TR nde EERRGn"

sel ect ed bapaestEpl B0 (HUGToRMHUPOBAREDE Sel3Rrdn Péleass. ANdHELef bor ane,

bor ane di net hé: sul fide, and t-butyl am ne-borane, borane-norpholine, and the

like), or analgriehparybeeisedtietsuer entedhdryars o koakingssughmietagdhde, sodi um

aci o, such HRCAYEH FupPGP ol Pl thiBlacigLwh B BARAGe Ys bl PR, G *

di et hyl et h#tolsdmpldecelluserdaoatatechl oride, titaniumtetrachl oride, and the
like), or suitahly selected organic acids (such as trifluoroacetic acid,
t hf | uor onet hanesU1g aHid fensyin which dhe sarvelgmneresiions effhetrasentiryentioBat or

in a ht a | : ' ; ,

tot r adr of Lo hae e ppRHEH o difiriRFon i cfl AT prhiiclion ROBE: aqueats,

(LXI' Ibl) rra)sldhﬁionasdeuiﬁblwﬁdmure?tslayhy?s,caqugdusb'r o{hlsugpdhsibmlganmfiséwm?llrecél _
sulta sel ecte alladlumcatal ySt Sucn as adl um, car oon, al | adl um
v oxi de, IRASORS WHKESIDIE G SN GRIPSUseRtHIE srarwegil. phcets disence. o
a suitably salfgbfdad RENBSIxRIBRY SRS R NATESRAEATVhRI &Rt Syitdgem ¢ acid,

and the like); in a suitable selected solvent such as a carboxylic acid
(such as actispersigief)suspandingagdntktor amueals shisperigiors include synthetic

15 and natural gums such as tragacanth, acacia, alginate, dextran, sodium

carboxymethylcellulose, methylcellulose, polyvinyl-pyrrolidone or gelatin.

The methods of treating described in the present invention may also be
carried out using a pharmaceutical composition comprising any of the compounds
as defined herein and a pharmaceutically acceptable carrier. The pharmaceutical

20 composition may contain between about 0.01 mg and about 1000 mg of the
compound, or any amount or range therein; preferably about 10 to about 500 mg,
or any amount or range therein, of the compound, and may be constituted into
any form suitable for the mode of administration selected. Carriers include
necessary and inert pharmaceutical excipients, including, but not limited to,

25 binders, suspending agents, lubricants, flavorants, 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

94



as met hanol ,

ethanol, and the like), or an ester (such as ethyl acetate,

and the |like). The conpound of formula (LXa) may be further, optionally

react ed wohow/m@sdstabl y sel ected i odi nating reagent suclrCagraond/oedskal i

nmetal iodide such as sodium i odi de, potassiumiodide, and the like; in the
resence of a ca t] ¢ amount  of cuppe iodide, in a t abl el ected
Do vens soioses o A thipsrarion Hpes B e E GO RRa NGB drnh dpgtent
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evated tenperature, for exanple, at a
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Hal ogen Exc!
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are known conpounds or conpounds prepared accordi ng to known nethods.
exanpl e, t Hetesvitigotidau@iout BredesageLrRbimenay be prepar ed as outli ned in

Schene 10,
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(LXI'V), a kivove daapsrapenant caﬂrnmmdbmé@mh@h bral, opvibxieehaadaceuticalijpe

presence of a suitably selected palladiumcatal yst such as
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30

lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth
or sodium oleate, sodium stearate, magnesium stearate, sodium benzoate,
sodium acetate, sodium chloride and the like. Disintegrators include, without
limitation, starch, methyl cellulose, agar, bentonite, xanthan gum and the like.

The liquid forms in suitably flavored suspending or dispersing agents such
as the synthetic and natural gums, for example, tragacanth, acacia, methyl-
cellulose and the like. For parenteral administration, sterile suspensions and
solutions are desired. Isotonic preparations which generally contain suitable
preservatives are employed when intravenous administration is desired.

To prepare a pharmaceutical composition of the present invention, a
compound prepared according to any of the processes described herein as the
active ingredient is intimately admixed with a pharmaceutical carrier according
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

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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adduct, palladiunm(ll) chloride, and the like; in the presence of a suitably
sel ected base such as an al kali netal carbonate (such as potassium

car bonat eyvootvo4sasear bonat e, sodi um bi car bonat e, and t hecirigpe)og/oessonl kal i
nmet al phosphate (such as potassium phosphate tribasic, sodi um phosphat e,
sodi um hydr.og h C ba

L/, L/ - di i soptespe O, e 2. VOQ-W % dglltﬁgft?yuorl de
(such as cqsk dd’@tréldﬁhaﬁﬁé ldéITDB% F@ﬁ‘msapﬁlretn a| MeRloatigRsi onal I'y in
the presence of a suita Y Xyt phosphi ne,
th(o-tolyl)\osesin2, e@tte;d bylé\vls &tal; ami Pbaemaggutrmat Pespgefenue: of a

Ui tabl y scpsnese Seenh Vol T 2 RNEY Biekiete At o Bl as |
benzeneg t qligRREDeRREr e | i ke), an ether (such as tetrahydrofuran, 1,2-

di met hoxyet hane, 1, 4-di oxane, and the like), an anide (such as
di met hyl f or mam déomﬂwmiwﬂth@em\éﬁﬁt@@ may Be @ﬂn"erﬂlﬁt@redzm any efdhe forepeioge,

al conol o AohSios W detBroit Rl ao Haeelifnetls AN BB TP BFbenBld e e o

at anbi ent tte%ftfmehtatbﬂm@ordérsaésaéscﬁfﬂb@d&tfeﬁ@lnﬁsﬁmwlirédure for exanple, at a
tenperature in the rad_?e of from about 25C to about 1500C, preferably in
the range of frdaAptBAfAosaaeT!a be agplRIstesRDMayhs @?@@H)dd@ﬁém@@ﬂr%’st%?@l ng

compoung ofgfiRKMa &bt Xdd wil wuol%gy @hh 'tH@BahuEul*aPEoﬁmgbuM\ﬂ Lsed %ﬁ@%t}d%eo# hat
addi tional starting compoun n reagent re comercially avail able
or may be mlhbstrphermahedtrengihrojithmprte:p)amimneme modé ofratmadstratien, akdown t o
t hose Skl|| d |n the art. Th resent |nventi further conprj ses.
bhar maceut & POVBIRIRRTHCSHE SisResh RPMIaN. cBrASBIlR: oS ASHORRISE g 0 any
of the procesasfadseht 6o hearld) imliiding pRIGHIRES Helght! dist AeLRE B! ©
carrier. Pharmaceuti cal

administration, will result in the need to adjust dosages.

15 One skilled in the art will recognize that, both in vivo and in vitro trials
using suitable, known and generally 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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conpositions containing one or nore of the conpounds of the invention
descri bed herein as the active ingredient can be prepared by intimately

m Xi ng t wocompasesd or conpounds with a pharnaceuti cal eamTrEPee09A63ses di ng to
conventional pharmaceutical conpoundi ng techniques. The carrier may take a
wi de variety of forms depending “Q?ﬂ the desired route of adm nistration
(e.g., oral, parenteral). Thus foryl®quid oral preparations such as

suspensions, el i xi rsand sol utions, arrierrs=and additives include
wat er, glycols, oils, alcohols, NS, P =i ves,
0 al preparations,
g, suitak¥e carfrers and additives

stabilizers, coloring agents andg
such as powders, capsules and tak
g%?nulating agents, lubricants,
i ke C§plld oral preparations may

i ncl ude starches, sugars, diluents
bi nders, disintegrating agents and
NS DﬂE( Or be enteric-coated so as to
qr parlenteral admnistration, the

al so be coated wi th substances ct}

nodul ate nmajor site of absorpti (n

carrier will usually @Qnsi® w& er and ot her ingredients nay be
added to increase sol UY pr tion. Injectabl e suspensions or
solutions may al so be pr%ﬁ_ﬁ) utizi zi ng aqueous carriers along with
appropriate additives. h ceutical conpositions of this

i nvention, one or nore corrpound of the present invention as the active
ingredient is intimately adm xed@Hai th a pharmaceutical carrier according to
conventi onal phar ITB.CEUtI cal corrpoundl ng techni ques, which carrier may take
a wi de vari®ltyPd¥: Rrepatatigam gent orm of preparation desired for

or apar i ng LS“C%‘EEM‘?@@WD%& %@égﬁﬁﬁkhﬁanszahi}ﬁ@%”?ﬁéﬂé%éﬁb 03

phar maceut irgel) wasditRrdthy tbrRiePBROMEEII molNatsambiit taraperdtigreathedr &Aéditd ons,
such as for exanple, suspensions, elixirs and solutions, suitable carriers

and addpt i v48°Cndiodbe reawling mykipeewas toen eddad cya@dsition fsnoel vgdagent s,
preservati Vegbn 8\|/e?’re{b%%t igerrrlll%ate%na tél‘é to _5@0 éeoé bat?/ll l\/%CR-LléZI (ca. 15% in
THF; 269.70 g, 0.36 mol) and the resulting dark green solution stirred for 1 hour
at between -5°C and 0°C.
STEP B:
10 3(R),4(S),5(R)-triacetoxy-6-oxo-tetrahydro-pyran-2(R)-ylmethyl 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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preparations such as, for exanple, powders, capsules, caplets, gelcaps and
tablets, suitable carriers and additives include starches, sugars,

di | uent s,wgnrarui4atseng agents, |ubricants, binders, disi rCEmrPationgsagent s
and the |ike. Because of their ease in admnistration, tablets and capsul es

h I f ich i
e R P DRSS Bt S Sy e B B S22 e b
sugar coat qfldgfloreg‘fg{é fIELeFhBEuRy, standard techniques. For parenterals, the
carrier wl usua Iy conpri se sterl I e vvat er, t hrough ot her ingredients, for
P ) .4 < ”

exanpl e, 6(15) H{B¢[5- (4rflum10 M_Mmay be
i ncl uded. Ialq i ch CasSe

appr opri at e SR e ' ' Fobl aeetic
enpl oyed. The pharnaceutlcal conpOS|t|ga&1here|n mnll contain, per dosage
unit, e.g., tablet, capsule, powder, injection, teaspoonful and the like,

an annunt of the active i ngredi ent'p€sessary to deliver an effective dose as
descri bed above. The pharnaceutica gei) may contain, per
unit dosage unit, e.g., tablet, e i QnF suppository,
teaspoonful and the like, of fr
or range therein, and nay be gi
300 ng/ kg/ day, or any anount or

r ige thereln preferably fromabout 0.1 to
about 50 ng/ kg/ day, or any anount Ppr a@ge tEH;e The dosages, however,
may be varied dependi ng upon th@) 1N the patients, the severity
of the condition being treated nd e cg%‘gund bei ng enpl oyed The use of

ei ther daily adm ni stmati op_or c dosing may be enpl oyed.
Preferably these corrpo%/on Y t dosage forns from such as
tablets, pills, capsule powder s, 69r an#l es, sterile parenteral solutions

or suspensions, net er ed o] Cﬁ_{frays, drops, anpoul es,
aut oi nj ect or 3

CH;

Triethylsilane (87.2 g, 0.75 mol) was added to an acetonitrile solution
containing 3(R),4(S),5(R)-triacetoxy-6-{3-[5-(4-fluoro-phenyl)-thiophen-2-
ylmethyl]-4-methyl-phenyl}-6-hydroxy-tetrahydro-pyran-2(R)-yImethyl ester

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.

98



devices or suppositories; for oral parenteral, intranasal, sublingual or
rectal admnistration, or for adm nistration by inhalation or insufflation.
Al t er nat iwel2g10/t4B@82conposi ti on may be presented in a fororareeiobisos or
once-weekly or oncenonthly adm nistration; for exanple, an insoluble salt
of the acti |
provi de a degé : Mg PS8 ACLLOXND 57 ' : RIS g
sol i d COWOS'QIhﬁ@ﬁ%glﬁﬁe@ﬁﬂ-%éTﬁ_& 2-6 ﬁ?rdirj‘ ﬂﬁl’% ré%lyr’é?l 2;}%fﬂﬁieﬁﬁﬁl i's
mxed with a™p
i ngredi ents such as corn starch, Iggﬁg@ggﬁgggﬂbse sorbitol, talc stearic
aci d, magnesi um st ear at e, dicaIC| phosphate or guns, and other
phar maceutical diluents, e.g. watef,3to forma solid prefornulation
conposition containing a honbgenegys m x gFrpund of the present
i nvention, or a pharmaceuticall 5 / fhen referring to
t hese preformul ati on conpositio # meant that the
active ingredient is dispersed ev g conposition so that

iti i ghged into equally ef fective dosage
forns such as tablets, pills and ch Qgs Ais solid preformulation
conposition is then subd|V|ded O th. AT \jﬁ§ag§ fornms of the type descri bed
above containing fromO0.1 to abg dO0 ny |[bf the active ingredient of the

present invention. THagt at ofOt he novel conposition can be
coated or otherw se conffounded to Drovi
Hi

e a dosage formaffording the
advant age of prol ongeda on.q For Sxarrp e, the tablet or pill can conprise
an i nner dosage and an out:‘er ge t, the latter being in the form
of an envel ope over the forner. |The two corrp?bnents can be separated by an
enteric |ayer which serves to re€sl;st disintegration in the stomach and
permts the_inner conponent to pass intact into the duodenumor to be

del ayedi n SEERAPrepaipiionafrignardRaagent can be used for such enteric

layers or coati ngg FRKFE-gRRhGH 555 0do-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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i ncluding a nunber of polymeric acids wth such materials as shellac, cetyl
al cohol and cellul ose acetate. The liquid fornms in which the novel

conposi t iwomio48d3e present invention nmay be incorporat @dTEPR009/063503

adm nistration orally or by injection include, aqueous solutions, suitably

fl avoured ? &s, _ 8ueous or oil suspensions, and fIavoured errul sions with
edi bl e oil 19 vie!ddBe fifla serpasind assa sesidue{which gasigechin th gMe¥kanut oil,

as well as sﬁ)n'tﬁ%srs??t%r&qm%ﬁcmtlf&”[hmrffﬁ:ﬁﬁb‘rﬁ)' cal vehicles. Suitable di sper si ng
i for i i

or suspendirig agen ueous 'suspensi‘ons, include synthetic and natural
guns such as trdgaamplé\of meaneaaremj cpmpdend d/astmmlv@bldidﬁnterated

car boxynet cell ul os thyl c e, polyvi pyrolidone or gelatin.
The. et hodSROLA B IR A MR RSB BYEROeRy dh BRF Ty ol o be
carri edgoutay ﬁNp@n@o@'ﬂ/ﬂl‘lm}ﬁ% EtrorRIR AR i Lﬁ;?é(}i WH%VBﬁJk@%%ﬁbh BBOL4TH

conpounds as ed herein and a pharnmace y acceptable carrier. The
phar maceut iMHE ZzgrasbherttHigin remyutmnprmba aret wpemga bORSRINGL O rsgftaade alasit 1000

f th d h f bl bout 10 t
2wt 500 Heoap el le I o arBlon FF B heR sPeBire compound, and my be.
constituted i nt drARNIK Q400 B @_Hmh@fmm -AP8IBoRT 1 89S #1206 o) PR) ect ed.

Carriers include necessary and | nert pharmaceu excl pi ents, 1 ncluding,
but not |ik.0edstdH)RIMGE; S, H)32|§|de(ad3drb Iyefrss., I1u|H)4ddr(U$J—BJOQ\hbz ahts,

et I LR L R Y G R R T S

capsul es (qath HP5|08den9-9'EQBI€lta¢ ﬂ)%@ﬁ98&932M1rﬁ h 83Dt aRDd gzlﬂzanned
rel ease forml ations) granu es, powders, and | orms, such as

ol L ons. Y6 8P4l 454 2Bz, Tekihb SBon DS b paRltons? Sciat BB &8 1 or
bar ent o ol @AM0} 847 5010, | PR YR {54175 A9! KR - 9 G 9B and
3C NMR (101 MHz, CHLOROFORM-d) & ppm 19.23 (s, 1 C) 20.35 (s, 1
15  C)20.59(s, 1 C)20.61 (s, 1C)20.73 (s, 1C)34.11 (s, 1 C) 62.24 (s, 1 C)
68.64 (s, 1 C)68.80(s, 1 C)71.60 (s, 1 C) 73.59 (s, 1 C) 97.11 (s, 1 C) 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=246.49 Hz, 1 C) 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)-yImethyl ester acetic

acid

100



Advant ageousl y, compounds of the present invention nmay be adm nistered in a
single daily dose, or the total daily dosage may be adm nistered in

di vi deddosexonfo4sese, three or four tinmes daily. Further rorE&P2@9m0m3300ds for
t he present invention can be adm nistered in intranasal formvia topical
use of suitable intranasal vehicles, or via transdernmal skin patches well
known to those of ordinary skill i Mghat art. To be administered in the
formof a transdermal delivery system jfhe d@sage agebXi stration will, of
course, be continuous rather thg ) Fhe dosage

regi nen. For instance, for oral
capsul e, the active drug conpon
pharmaceutically acceptabl e inert
and the |ike. Mreover, when desir
| ubricants, disintegrating agen
i ncorporated into the m xture.
limtation, starch, delat)@
corn sweeteners, naturaly and Synth&tic
sodi um ol eat e, sodiun1sgﬁ§%at , nesi ym st earate, sodi um benzoate, sodi um
acetate, sodiumchlorid d *ﬁrf kg) gt egrators include, w thout
limtation, starch, nethyl celldl ose,” agar, bentonite, xanthan gum and the
like. The liquid forms in suitagHy flavored suspending or dispersing agents
such as the synthetic and natural guns, for exanple, tragacanth, acacia,

met hyl cel | ul ose Hirihyliane K82.209, pddenolewas adfiadosan acetonitrilgtsefution

gener a1y COMAPROHR AP LER R el B B BT B AR 2 e nous
adm ni st r atyl|@atHys)-4lesdthEdohehyI1E-aparoxy ae REaYdraaeuan QR )-gnatagi édten of the
present invention, a conpound prepared accordlﬁ to any of the processes

descri b8d RoeHFRCk(RraRAMeas/ 8 HxRRRIE 2AROVE; 0415 Maldld Higniesetingi t h a
phar maceut 's%%tio%aétmeed ata%.ngl%n trifluoride-THF complex (76.39 g, 0.55 mol)

was added via addition funnel over about 3 minutes to yield a homogeneous

s an oral, non-toxic
arrier such as ethanol, glycerol, water
d oronec_eéﬁgr y, suitabl e binders;

e ngagents can al so be
bilnders include, w thout

aid such as gl ucose or betal act ose,
unms such as acacia, tragacanth or

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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to conventional pharmaceutical conpoundi ng techni ques, which carrier may
take a wde variety of forns depending of the formof preparation desired
for adm rmvetnuid4s632(e. g. oral or parenteral). Suitable poamraaewstisoanl |y
accept abl e carri ers are well knovvn in the art. Descriptions of sone of

Phar macout | Cai | B Ev {8 EhoeS A8 T Ede! b5 ek Kkl oot oA nddoL 2048,

Associ at i OnJ—aj'Iﬁb Hze 1 inar BBGEYL iapbo SP9BGiy 0f) G eat Britain. Methods of
formul ati ng phar maceut’i cal ‘conpositions have t)een descri bed in nunerous

publ i cations sucRCa¢MRhd5rdadiEr} DM&SOE@}S&@Qan)MBﬂ (FabltX).15éx,0n@) Edi ti on,

nevi sed eﬁ[‘f’?jg:éé’ bt s B et ial 1 ﬁgﬁzﬁ{s@ﬁeé)"gf,gﬁdﬁei C) 6848 i t ed

by Avis et [ : Vol unes
1-2, edi5te by Llnféb %nmagfvgl4?fa¢)ug)l@l)§ﬁ€g£8§/’%c Egiekre@ﬂf?% (%orrpounds

of this inws20. &thmi? Gel 28442 (8,5t ©) éa5i3T (any G)f12€h431 {orieGdi 26.88daposi ti ons

and accordi 0 e i men i sh i r ver.treat ment
of di sor derFetE Kot R R T 1P 7 1) B A A 2ERE e

adm ni ster eﬁsm(sba csads Izyl @et e)ymareg7 By 1 0932036 (lsl qmt:)l 1m33@(§r1tcg and
will vary with t articul ar conpound used, the nod adm ni stration,
the st rengt161039 (¢tefp-@|4ép3ﬂ Hei 66) 1084 2tmid G} 1@9“4‘&(651 @t1|6(9r62 thd Che
advancq 0 g§e g ease condition. In addition, factors associated with
t he par cu1l % ie bei ng treated, including pati ent age, weight, diet
and tinme of admmemhgq:tdmn;mmlgocr esult in the need to adj ust dosages. One
skilled in the art wll recogni z? that both in vivo and |n V|tro trlals

are’ b2 11 v6 i o T BB P A A PHR TP =

gi ven di sorder.

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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One skilled in the art will further recognize that human clinical trails

I ncluding first-in-human, dose ranging and efficacy trials, in healthy
pati ent s woaofo/masesthose suffering froma given di sorder pCrmp2ie/06350pl et ed
according to net hods vveII known in the clinical and madi cal arts. The

foll ow | f h d h d f th
nvent | on, TS aAEANal HEEiALA Tnd ShaURE Rutr b6 KBS RRREMAI ¢ i n any
way the | NgaL} pllestsd 90} b Fod iRl 105k Bollib OHCI AR5 02 inifuted 1 L he

Exanpl es whi ch ow, sore synt s products are Tisted as having been

i sol at ed ashenséisedut 0°Ctiom lhoukes vmleegwm@s@pm&)magmﬁenw yheskolld in
the art that the term "resi due" does not limt the sical state in which

t he productwaged wish 2060 ahdunesgt mﬁmmeéwafefr(%mlnfﬂt@ thesslried, atd0°6i 1, a

foam a S p e like, e the identity
and / o pmﬂq%y"é Vrﬁﬁb?gh&]f% t%%%éljﬂ?e%ﬁ%gépﬁ @%S %ﬁ%ugh 6 was

det erm ned bEx&iliple 6ER@EPYstallization of 2(S)-{3-[5-(4-Fluoro-phenyl)-thiophen-2-
3(R),4(S),5(R)- triacetoxy- 6- r5- 4-11 uor o- phenyl )-t hi ophen 2 yI met hv
p- 4- et hy| phe methylldmethyl-pk olih grey b

aci dSTEP A: Preparation of Gi gnag 8

2- (4- Fl uor o- phenyl ) - 5- (5-i odo- Z-M%gthl ophene ( 122.48g, 0.3

nmol) was stirred in toluene (0CHg L/nmol) at ambient tenperature, then

added, via addition
to- 70C, sec-butyl

£ resulting dark green
STEP B:

cooled to - 100C. To the resul
funnel , under argon, over abput
MJCM ClI (ca. 15%in THF;, 269
solution stirred for 1 hour

OH OH
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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the resulting m xture cooled to -350C. To the m xture was then added, via
syringe / addition funnel, under argon, over about 1 hour at |ess than
about - 380CGpi1wdasssgol uti on prepared in STEP A above. Af rem/EP2o0gionssves of
stirring at - 350C, a m xture of acetic acid (23 m) and water (225 nm )
was added over about mnutes. The resulting m xture was then allowed to

warmto 250C. Th3€| N%(@%MH%@M%@U‘V&MS@% 7a§ S h 2l e3\hz,r(€‘ ée'ﬂ)ar at ed,

organi o | aver” eae ! BREUE BAERRED HES Mad ket P AL op A Vi o1 o
a residue. Hp36Be 3.é3|(mhue HmQVI(dnJ%&ldédl-lzadelﬂ))mOt?r-l4.&!7((14122 Hr)i.)44a(t1d the
mxtur e comtrdhiiz et SN TEGEIE: i Ch S dPared 44 Rk - E0oke

acetoni & i | p-ospd il 91k £oDY@! pgs ke 1t ¥ agaRBOYEH s8as sies Hingd dan the

next step w thout further purification of |so l'atTon of the tit conmpound.
Exanpl e 2 (t J=8.69 Hz, 2 H) 7.23 (d, J=1.13 Hz, 1 H) 7.28 (d, J—340Hz 1H)7.57-7.61

3(R), 4(R), 5(S) i acet oxy-6(S)-(3-r5-(4-fluoro-phenyl)-thiophen-

2-yl met hyl I( 2n|E|§ hyl - phenyl Het r ahvdr o- pyran 2(R) -yl nethyl ester acetic acid

Thethyl sil ane (87¢c MR @{5?%412' DIMES- og génﬁ 98 M (§C¢tc9r33h14?s9|0t tion
containing 3(R), 4 S),5(R)-tri acet oxy -(4-f1uoro-phenyl)-thi ophen-2-

yl et hyl ] - B3 I(nsyl 1 ﬁmaam}(sm rcy)dzzbﬁws e‘t ﬁ:aﬁ;%dqra)eqow@hgnem)(s,y1 @t&1y32 ester

or own 4B sdruF KR o B |21 SBEReS QT lorh o1 R Re Gl & C%)'H%@r%i Y1 0 33

nol ) was H@m@@gg%oyﬁr 68U @ng oet(§81 o;nagseﬂ{?n@ec:)ﬂ 52*16 ﬂ£§99tl ng
m Xture stirred helcevvaer resutln m Xt ur e

was then addad @mq@w (@qu@wm&m @3368@4)(3 1@ w22 (a1 €uAdsiB3over
about 20 m S e was then heated until conplete
di ssol uti or‘gwﬁa%’s) 1@52&@ JL124§ ougkﬂisgfé The | ayers of the resulting
th-layer m Examplédt 8(R),4(R),5(S)-triacetoxy-6(S)-{3-[5-(4-fluoro-phenyl)-thiophen-

15 2-ylmethyl]-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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separated, the mddle organic |layer was allowed to cool to anbient
tenperature, with stirring for 16 hours, over which tinme crystallization
was obserwedsniofiasseesul ting m xture was then cool ed i n a&oTiEPeodbAat3s03 0 20C
and stirred for an additional 4 hours. The precipitate was filtered, washed

once wth nethanol (7 nd _then a second tinme w th nmethanol (30 ml _).
The resul 1o G LA (%285 64D vedhan e i TOD Ol B PG RR ol 3
the title qrapesNfndrA®IEws stirred at 15°C for 15 min, then warmed to 45°C over
3(R),4(S),5(R)-tri acetoxy-6-?3-r5-(4-f| uor o- phenyl ) -t hi ophen- 2-

y| met hvn- 4-ateiuh B0-rpine i-Metioy| 2+ dentaponet(8282dnb- 265.2919) (ER) agdettiohye est er
acetic acid STEP A.. Preparatij o Gignard R en o

3 Car Fl tor desiBng MG EBYRERRED: e AER AR TER Aipendo s tp C. 0. 5
nol) was slaHd étkeed 8t SEICHINE KdUr3LAqURIQUsANHATIN S theresafichyid rRidRidbh t he
resulting mxture cooled to 20C. sec-Butyl CMC (ca 15%in THF, 1.2

mol / nol - purfenng)angeifedggelting inaixtune adamedde Gikreier @bout 15 maior then 2- 50C. The

resulting dark b i O - StLr : s. STEP B:

SR 4(9) . SEREAAREESy 18 B Tk leailinbeter ints P n b, R T o “Rcer o

acid (ca 5QWloredsahy@rntsatweefifhaordaniaandidquiesds Wyidhs kebt wih 2hé (ppér) and t he
resulting mxture cooled to -400C. To the m xture was then added, via

syringe ove¥9anis |?|¥ﬁfr T&’te orggnicdayaryes Waseeriatoor e VﬂF*bﬁéPBﬂiOPrPfSTEP A
e o0 LIRS o R ot TR B biasmRS 20
- 4Q0C over skpanatedt dhe driganicdayért wag heateduneéSigsowarabedt 6 eninlbooteddd es t o
SR B ORI P T
organi ¢ | a\joro-pA8n§I8KBpEen-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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| ayer was then washed with water (250 ml _), the layers separated and the
organi c | ayer concentrated on a rotavap, under m ninmum pressure of 50

nmbar , 700GvooL/EBas2t he titl e conpound as a residue (whi eoTER000963503 N t he
next synthesis step w thout further purification) A sanpl e of the prepared
conpound was. di SsO deuterated, ch] o orm he 1H and 13C NWVR
cpebtra 1 ocuriest 0B ok droniReR. PN NOoaE: 4 BREVEBT S AN wi ¢ h
Bruker 5 B -Whigr igérgqlfing ﬁegughb,roe,ﬁgéution probe and running
TOPSPIN 2.0 softwgre vvaogpus tg ect di mensi onal pr oton and carbon
spectra. 1B NMRHE: 42(3(& M@[OQMM pm 1.82 (s, 3 H 1.96 (s, 3 H

§2350(2st3 S ég%ié@bmlﬂ%a%’oéﬁg @8%0' asld'%é)o'ﬁe‘gif%i‘ﬁemrﬁ‘ﬁ:l&éﬂoa4 4.28
Hz, 1 Hp 4. rﬁBos E/n‘i@ef_‘zahd %éiesﬁitﬂ@ fneturt=Sbaidd iz 2°G. MCé(oS%)eMz 19%f. 82 Hz,

1H)559(tJ92 , 1 H 6.59 (d, J=3.53 Hz, 1 H) (m 3 H
8 (d, J=0ngmohmwyasladfjedriaioweddy additian ovezaoQuH&Q rTiLni-atSYBQ?B(Qf the=1. 76

Hz, 1 7. 44 - 7,48
o5 (s, AyorafptishyiThadetdmagtabt shiubCppraiied AL Gt b rogbdus P o
34.1 1 (5 yleI@)a @é’rk%d(s%iutian)Ti@s&étidﬁwa% then §ﬁrr§9a€§2 @f&)i Bhks6@ (s, 1

C) 73.59 (s, 1 O 1 (s, 1 C 115.70 (d, J=22.01 Hz, 122.65 (s, 1
O 124.1 2 S(Oi:utlon @)a@@agmﬁ(%i .7 micy .61pel) 73 waer (24@)mI1@73 b/eranI wagtgen7 Hz, 2

C 130.66 7. 8. 08
(s, 1 ° 1 Ppieh Al b refing sniguine stiibuiioyiy s o iy Hieyihg oy
165, 96 (s, v&er@)seb@%t@&;i (% orbafil 4y Wa wished v Wikr480 b, 01 Uindisanpl e 4
. 3(R,4(R 5(8)-tr|acetox -6(S) - % r5-(4-fl uoro-phenyl thio hen-
2-yl net hyl ithgo ﬁ@f‘ﬁ@fﬂtf%ﬁgiﬂ/i/ﬁ@iiq ah @r(bt%y'?%z‘éffﬁ}iowmﬁ ih'%%h%}e Fdtic
aci dTri et hyl giape ( 132.27 g, 1.14 nol) was added to an acetonitrile
sol ution
STEP C: 2-(4-fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene

15 DCM (350 ml, 1 L/mol) was added to 91.7 g 5-iodo-2-methylbenzoic acid
(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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containing 3(R),4(S),5(R) -triacetoxy-6-{3-[5-(4-fluoro-phenyl)-thi ophen-2-
yl met hyl ] - 4- nnet hyl - phenyl } - 6- hydr oxy-t et rahydr o- pyran-2(R) -yl nnet hyl ester
acetic acwo20preapaseed as in Exanpl e 3 above, 0.455 nol) pamapreéve/osxssl ti ng
solution stirred at 220C. Boron thfl uohde- THF conpl ex (76.39 g, 0. 55 nol)

was added via addition funnel _qver a t nutes to yield a eous
dar kbrown_fPWFEN Withiheter @ Oab A Lol fHen Concacetecdh vapun Lol v at

400C for 2.g K4Hse tilid'en Qhé%sté)re%qaﬁ Met hanol (91 0 m _) was added to
t he resultln m Xture ove m nutes and the m xture stirred at 200C for

0.5 hours. Aq arffhmrasirduW(ﬁer&gd@ (3l theongticallwawasaddspended inea madure i ng

t t C H 7.2 d th ti 16..h t 200C. Th
Fesul t ng- g eniacetde Ja8 M pid P20raag a0 01 HouRBrerding iRt uas ) "and
dried i B VafdiededhpES4F.(1129) vnaltHe résulfing hixtariTReAtRE t8Fefu)d théwlstifegarml e of
t he prepared conpound was di ssolved in deuterated DMSO and the 1H and 13C

NVR spect r deflex frddumin BhekesulivgaNoRuRDwasfiteradva e ovebadilter agytheped

Funni ng 1 RERESTo8 ke hageiael1b il efee Eofbhed ftoghe i %ﬁ?sgPﬁton

and car bon cu@%droaz A bv&MB h@}@vb’l—ﬂmldﬂ\tﬁsﬁé@b@ht@e@pmc&ys@mﬁ@nomb’é 93 (s,

3 H 1.99 ( S, I-C%ZOZS ?é I&? % 0 -
4.1 6 (m Pbgperee 5Tfa%|prepi@taégwf"@r oshe W'th?:@roﬁénplz(,5 1mD+)an§ 06 (t

3 7% (edngegde %6030%9?@@8%@059%“%%*%3“97 53 (0, )8 50,

5.48 Hz, 2 m&thymnmwmom@elamohcﬂwso c/ 6) d ppm 18.81 (s, 1 ©O 20.1 2
(s, 3

(s, : 2 : 2l L

(s, 1 0 115. 91 (d J=20. 86 g, 2 C 123. 42 (s, 1 C) 125 37 (s 1 C) 126. 41
(s, 1 O 126.89 (d,

——

S
W, \N/F

Br
STEP A: (6-fluoropyridin-3-yl)magnesium bromide

15 Under a nitrogen atmosphere, 5-bromo-2-fluoropyridine (8.8 g, 50 mmol)
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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J=8.78 Hz, 2 C) 128.40 (s, 1 C) 130.29 (s, 1 C) 130.48 (d, J=3.29 Hz, 1 O
134.76 (s, 1 O 136.21 (s, 1 O 137.97 (s, 1 C) 140.36 (s, 1 O 143.32 (s,
1 O 16 WwB20(0d43682244.80 Hz, 1 C) 168.42 (s, 1 C) 169. 20T(EP2002/06350169. 62
(s, 1 © 170.08 (s, 1 O I\/Eltlng Point = 16 1.80C Exanple 5 :

2(S)-(3-r5- | u I h -yl met hvn- 4-

6(R) - hvdr ox3HeE: ' Vi) 3¢y}
round bOttqmrﬁétﬁﬁhoH@S added rret hanol (244 80 m _,3 L/ ol - pur e- LR) sodi um
met hoxi de ( = 8 1.60 mol) and 3(R), 4(R), 5(9)-

triacetoxy-6(S) lmdq& (NdlroglencatmOphbapl }Sbrbnmpamlczopemrmmm]d-(z&%eghyl pheny

cxampl e, BApTE aMrveodbics S SLECATER M) &% R rBRBTE e e ok

honpgengouseBiihy heixkiré Wathah a%@ea%x@n@l tﬁronaef(mza 9,193 rn(ﬂs 8815 fgndm xt ure
was then heated to reflux tenperature, "about of solvent distilled

of f and t heh5&sivel Whiclhpasdhen stuedierd bes. ﬁaﬁ fewﬁrr&mmturm?gwas xture was

added aceti I t hen added
with cooli ne&a%@%gd‘%%%%@g@ge %Mﬁ@ ﬁv%%seg&esu otthé r%%dﬂ%@pgv‘fﬂm%r med to
220C. The rmaixtUreidvapbtatedr hiwsdditeded DN ma@rrepeeteﬁlww eparties materi al
(300 ng), then stirred at 220C for 19hours. Additional water (49 mi was
added over resdltinggesidye was thepmsided. dragaies, AlSdd 3-08, & V. )trh@Cr'\ésul ting
m xt ur owag t 2 hours.
The reaat a0 Engifle EBE e e PR o Roriborel ) B 28750186 i xtur o
of net hanolreavidrewag2@embuencited With Weer, dne essLatindl@yers septeatedaendid or 18

h t |d the titl lid.

Recr vt al | 1AAE0HR 9Ye 2ppoiesl Pal LM JhiesmeingFToRT bghslions were

g'( gﬂt 2\(’ g) 45v((7§é§jHatdr | iglf‘?@@@g, ﬁ{eﬁ)dﬁébdéx%?wgswl filtePbd 2RYHE\RPBY4AR8 1o yield (5-
bromo-2-chlorophenyl)(5-(6-fluoropyridin-3-yl)thiophen-2-yl)methanone as a

-fI DFRD VI

15 residue.
STEP D: 5-(5-(5-bromo-2-Chlorobenzyl)thiophen-2-yl)-2-fluoropyridine
Under a nitrogen atmosphere, (5-bromo-2-chlorophenyl)(5-(6-

fluoropyridin-3-yl)thiophen-2-yl)methanone (1.96 g, 4.9 mmol) was dissolved in
DCM (12.5 ml). 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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To a 3-necked round bottom fl ask were added 2(S)-{3-[5-(4-Fl uorophenyl) -

t hi ophen- 2-yl net hyl ] - 4- net hyl - phenyl } - 6( R) - hydr oxynet hyl -t et rahydr opyr an-
3(R), 4( Rwb(i)v/aasisel (25.0 g, 55.1 5 mmol ), |sopropyl aPeTAPe009Aabis03 known
as 1-nmethylethyl ester acetic acid; 110 m and water (1 .25 m _, 69.39

R S R k%zqéga%s“ T
stirred at ffiofie Rid [R0.d9, mmﬁ%& b@?ﬁpﬁﬁﬁﬁl?ﬁﬁpﬁiﬁépﬁllé&@ freth @thlorigBen

washed with 1sopropyl acefate rateé was cooled to
seeded wit r(1[ar03g,| b@@lmmpk)am#@emseﬁda@m (35355 g) 4.3 mehinst.brlr efdHD) IBOOC for
4 hours. to,0C over

t t t h d th
Stirred at bR ptoERLE G WESsitehal Letn e Brerlrltr e Sol g
washed @i t thdugoPTERYES@ERY @ﬁlﬁburé e ddfdéwt@ﬁooﬁ% éraflee armcHemstitredi el d
the title compound as a solid. A sanple of the p g_pared conpound was

di ssol ved |Qveﬂ@ghbr'5h%§0|ﬂﬂk/8@8§@@at’af@dﬂHdNNECaiﬁ@d1 ceNgRicsyee twashedcor ded. A

TH 241 1 30 DTCRB I gr PAL B 1 ruedRUBRRR ek btk B of v o

was used. lfdiléﬂMRe(tlﬁé}QZM'BOO E?M?)OWeﬁdordblnemo?g@?cQ@ye@\A}é)reftihéMdﬂe@oﬂzé’r(m 1

H 3.17 - 3. H). (m 3.42 -
3. 47 (m 1 NﬁCbCeecenteat% apﬁ]purlflﬂji balfl?ﬁk(djstllbaﬂgniqyl%d thp iqje aomr?oundl 17
( 2 %é’*‘"teﬂsgdmm 1 H 4.73 (d, J=5.67 Hz, 1 H 4.93 (d, J=4.91

Hz, 2 H) 0 78 Hz, 1 H 7.1 2 (d, J=7.55 Hz, 1 H) 7.1 5 (dd,
J=7. 55 .51 Hz, 1 H)

7.20 (t, J8®(aﬂzple211—|)723(d J=1 .13 Hz, 1 H)
o (

(s, 1 O 78. Adthgiphbngl)- @-(Hvé’rje)&v?neﬂavﬁ)-z-%éth%&vfétraﬁv&b éﬂfmﬁ’r%n(siul =21 .96

Hz, 2 O 123739 (s, I U 1Z6.25 (S, 1 O Ilzb 36 (S, I
trio

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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C 126.95 (d, J=7.68 Hz, 2 C) 129.06 (s, 1 C 129.65 (s, 1 ¢ 130.52 (d,
J=3.29 Hz, 1 O 134.93 (s, 1 O 137.36 (s, 1 O 138.24 (s, 1 C 140.22 (s,
1 O 143.w020m/04368¢) 161 .37 (d, J=243.70 Hz, 1 C) ExanplCe/EP2009/063503
3(R,4(R),5(S)-tri acet oxy- 6(S) (3 r5-(4-fluoro-phenyl) - thi ophen-

2-vlinmethyl |l -4-nmeth vdro ran-2(R Irreth ester acetlc acid
Cnter o P ERaTAL e s Ba Rl et T A DG nTHE FMstGievg dienches e oy fional
cool ed to AgaHEDITUNYYYihiED moaimguﬂaaeﬁéo&apmm@ﬁ%&gré w?gaﬁoweattdﬁ;)goand

the resulting m xture Stirred for 15 mn, cooling to 1
(22.1 3 nl _warh®8yay) tempemﬂmedahd tioere npaptans was atéieddndhe nextues.uAftemng

?b)(;b,l[” g ﬁf)' rria%% sfe%rarél'non the aqueomE]s pk%éet \lAJ/ag ewﬁfac{e%evr\}ltﬁg e?ace atelgr?d over

3(R,4(8§), ﬁblﬁ)enbhalvr%té@?ﬁblﬁeﬁ%rgénlé‘ﬂa)férWWQQﬁéﬂ’lN)th@%%@@BU@NdH@@?Y'] 4-
met hyl - phenyl } - 6- hydroxy-tetra drog ran- thyl ester acetic acid (

1 . Oequiv. sphgiors dried ©OvesapBydyous g Iltefedéetaﬁ‘ﬁrd fisplitipn gtanetoyi ng

addltlon m n, then warned
to 45C over*‘-%fﬁgé%ﬂ%%réﬂ%‘ﬁ%@%"‘ﬁ‘érﬁgiﬁbiﬁ IREPAEMNS- "o 26"5) was

added to tfgiucwétﬁd)s‘i@eméwrécémﬂfalﬁ@mlmrié(dﬁs@y y\r&d@b%\ey HMeD; al |l owed to
warmto 500C, and stirred at 500C for 1 hour. Agueou was then added

via additi dePlHIMRSYNHREtrY fd 848 MM %@5%Wuwb\ﬂﬁﬁ?@§e’£ 8h€§@'°0\9e14aﬂzo%t 15
mn, thgn § f]IH’ @qﬂ‘?ﬂ%e@%ﬁ% TRR ﬁ"cﬂ-l e resulting |layers were separated,
e or

with the col oriess I ayer bétween gani ¢ and aqueous | ayers kept with

t he upper organlm/j(aﬁgFEBI) Me(or-yeoH).| ayer was washed at 65C with a

sol ution of ammoni um chloride (3.21 g) in &ﬁier (20.00 M ), and the
resulting three | ayers separated. T | ayer was heated to 65C over
about 15 mn, 53]@,25551?,,BR)@%C%Y&EWH&HVIF2 (Bt(%‘-(ﬁ-?ﬁl%‘?gp%h{?l)th|oDhen-2-

acet oxy- I) 13- 7

3(R), 4(R), 5(
fl uor o- phenyl

15

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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yl met hyl ester acetic acid ( 1 .15 g). The resulting m xture was stirred at
55C for 6 hours, cooled over about 15 hours to 10C, then stirred at 10C for
5 hours. Wbeorogssdsti ng precipitate was filtered, washedpairtar2omobssndl (2X,

46.88 mMl ) and then dried in vacuo at 600C to yield the title conpound as a

solid. Exanple 8 : 2-(4-Fl uorophen -5-(5-iodo-2-net hyl benzyl )t hi.ophene
The Tol [oaranyptuis oSOt EERa Hiedllr e Cameaianed I et e Sy ee A
4-Fl uoro-p L oY sNe -3 3 ( 1o ki _madded to
v (0 Oy TRAEBE TR AR Ropt-floRaiRrdBner 2 iRy e 4

1- Br ono- 4- frheibytpheayh) dirglycopRrahagide(1915B gjres gdllawoildi ssol ved in 2- Me- THF

(200 m, 0.25 L/ ol this solution was added to the My
m xture. The rednnfzt@{?g&x%ﬁgw*mg@)'heat ed to about 43C, the renaining
1- bronps4-f1 uor obenzene sol uti on wagEgieer f/er about 40 minutes, while

mai ntai ning the mxture at reflux tenperature. The addition funnel used to
2Ma3H He2rtagetoumetvilb3n{(br4luorephenyiitiiophent2- ) and

the rinse was added - £ ( 5St i = P%J%el hour ,
triyl t t
/1P ri rrace

4-f | uor o- phenyl magnesi um brom deSTEP B: 2- (4- Fl uor ophenyl )t hi ophene

2- Br onot hi ophene (130.4 g, 0.8 noJ) was dissolved in 2-Me-THF (240 m, 0.3
L/nole) and the resulting m xture S c-2(dppe) (2.1 1 g, 4.0
mol ) was added foll owed by ad t 30 C, of the
4-f | uor o- phenyl magnesi um br om n STEP A above to
yield a dark red solution. The ed at 22C for 1.5
hrs. A solution of acetic acid (9L .7 mM, 1.6 nol) in water (240 m, 0.3
L/nol) was then added and the resutit@Apoi xture stirred strongly for 15
mn. The resulting |ayers wereOsepaiated, the organic |ayer was washed with
water (80 m, 0.1 L/rml'g\éO

= A

OAc
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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then concentrated in vacuo at 75C to yield 2-(4-fluorophenyl)thiophene as a
brown oil. STEP C. 2-(4-fl uorophenyl)-5-(5-iodo-2-nethyl benzyl)thi ophene
DCM (350 wb,20tb/d486821 ) was added to 9 1 .7 g 5-iodo-2- nerhyiHres@obisoaci d (91
.7 9, 0.35 nol) and the resulting heterogeneous mxture stirred at 22C. To
the resultlng ) ), 0.35 nol)
via an additi os=ens ‘ HUQ eayliniopnens£- & refl ux

tenperature (OVﬁ’l'et%%bﬁBngI}m’-(ﬁ*%@hﬁéthglliﬁ@@ -QHL%rbﬁS%ﬁ%l{ﬁﬁl' on and
gas evol ution S S 2C.

Al um num chl ori de granules (56.0Mg, 0.42 nol) were added to the resulting
m xture, which was then stirred f 15 nln at 2C. A solution of

2- (4-f1l uorophenyl)thi ophene (0 ; DCM (0.5 L/ nol) was

t hen added via addition funnel S A he tenperature to
rise during addition to 20 C gs stirred at 20 C for
2 hrs, then cooled to 2C. Addi de granules (107.3 g,
0.805 nmol) were added and the requlting m xture stirred for 15 mn.
Acetonithle (21 0 nml, 0.6 L/ noly was.&dtled via addition funnel over 20
mnutes at T 20 C Tetraneth§?disi oxane ( 13 1.6 g, 0.98 nol) was then
added via addition funnﬁ over The resulting m xture was slowy
warmed to reflux tenperature QFmtalned at reflux for 3 hours,
allowed to cool to 22C and then stlrred for 16 hrs. Water (420 m, 1.2

L/ ol ) was added over 30 nlnutesoat T 35C and the resulting nixture

stirred strongl he s tin rat t he

or gani cl ayer \?vayﬂ§3'2v#?r§n£ﬁ§r S ' nﬂ:’ hg(d ?ﬂﬁ?){[élﬂg‘w @ﬁbeéw 72t ed in
vacuo ag 5Qﬁ@nwrrﬁétwnd4lnh@thwphbﬁy|9 Qféﬂél (@Sg)awé@ais@@ﬁxedTﬁenétﬁéh&L(%(62 0
g, 0.1 nol theoreticall was susgen in amxture of ethyl acetate (40

m) and 2- pnbpam@tet(&kwdmfyranr&&m ) abenan iergpetiatngr A gakition of LiIOH
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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added charcoal ( 1 .2g) and the resulting m xture heated to reflux, then
stirred at reflux for 15 mn. The resulting m xture was filtered warm over
a filter woapiwdasssti | ter washed with ethyl acetate ( 10Poir)Erasid/ob3ize3
conbined filtrate and washes cooled to 2C over 16 hrs, over which tine
spont aneous crystallization was observed. The precipitate was filtered,
washed wi th 2-propanol (50 nﬁ#3and dried in vacuo at 600C to yield

2- (4-f1luorophenyl)-5-(5-iodo- 2 nethylbenzyl)thlophene as a solid. Exanple
9 : 5-(5-(5-brono-2-chl or op€ fl uoropyridi ne STEP A:
(6-fluoropyridin-3-yl)mgn{ ggen at nospher e,

5- brono- 2-fl uor opyhdi ne (8\8 ¢ 20l ved in dry THF (50m ).
To the resulting m xture was Jt hen added secbutyl MpgCM Cl (15% in THF, 1.5
equiv.) over about 30 min at roomtenperature and the resulting m xture
stirred at roomtenperature flor 2 hours. STEP B:

2- Fl uor o- 5- ('t hi ophierbrdma-2-pyatHiBenk{1)-8-(3eRarapieer bpR& é’gﬂ)ﬂﬂ seader a
nitrogen at m)sphelr.(e v(/ere addedle gl%‘)\d\})((géoﬂé:;w @mﬁe f d)J)(and THF (50

m). 2-Br orf’d@fﬁ%’ﬂpﬁerﬁéa(BP@TgPUW'(@ilom 2326 hlmdb)lsmlg Bedy and t he

resul ting. Sof UohRSLIdLERd O BB (o8 hiFay BB (ki I KL U BekRe Lhen

added the mXture’prepared in ove,’ over a mn-a t hen

al | owed5t o ateiosphere. o@mjmmelromt (18369) mopﬂserS(ﬂ)lodldeg(z 6Hog f, N Nt-dmthiying
m xture was then added et hyl ether, then_cooled to OC and treated with 1IN

HCl . The r&dVIENRgaming l@ 4Rl 3d dlighyrael (3 PH-)avas adaed intherasgurerdte | ayers

separ at ed a

filtrate evgg@rfaét 'afhrél gﬁ% r%é?l]?%om(ﬁ (tﬁ%‘ﬁﬁ t'é‘)rfe'ﬂ}.u%pyrﬁgletﬁag&aes aliquid
resi due. STERIn@d for 36 hours Ethyl acetate (300 mL) was added to the mixture at 40°C
(5-brormo-2- Ch %r OT‘RIX u lv?/zgs fllgered u%?nrgogelt|va?|ed‘| carb%n)ptrg CC())I?:Iteed| fll%er \Lll%mat hanone

10 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
15  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).
20 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).

25  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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Under a nitrogen atnosphere, 5-brono-2-chlorobenzoic acid (5.26 g, 22.3
nmol ) was added to a m xture of DCM (30 mM) and 1 drop DMF. To the

resul ti ngwoizatoumssseas t hen added oxal yl chloride (4.26 g@CTAEPI®90535083. 5
mml, 1.5 equiv.), which was then stirred for 2 hrs. The resulting m xture

ted t dded tg th j d dth
xtur e ova oo S0 FaTAET Genle O 301 C ok e ieen bl Chgtigeds
resul ting rs‘?)%tg}rﬁ%e O0R L NP arRREShth AW §9entt%s &ddéd Gnd Ine réiiing ) 10

DCM (40 m ) an resutlng m Xt ure stlrre roomtenperature tor 2
hrs. The r eamturemamseparetedmedomm with haner(ZO(ﬂ hd)r ddgB Ok (@p ppgeds

separ at ed, and ue layer extr with DCM . The combj.ne ani c
Fract fons viuelbBRea oabudte Sliedahi helesuRaipubi® AT BURES T8
evapor aged rh&torbevt/@b (h%n filtered, and the filtrate concentrated to y|eId the title

br ono- 2- chl or ophenyl ) (5- ( 6- fluoropyrldln 3- ophen- 2-yl ) met hanone as a
resi due. STEPERUN as a residue, which was used wit out further purlﬂcatlon

5- (5- (5-brono- 2- Chl or obenzyl )t hi oph%}- éé! )172 fl uoropyridine Under a
ni trogen atnosphere, (5-brono-2-chl (5-(6-

f1 uoropyridin-3-yl)thi quatSolidyDosmid\Fomne- Probhdlic Exaripe ol ) was
dissolved in DCM ( 12.5 m). To the resulting m xture was then added
acetonithle ( 1A%2 ﬁpﬁcﬁ'ﬁ&nﬁt%ﬂﬂn( of 1 opgl compasitiany|1002Mg CAHE v.

resul tiygg | S

cool ed t6 o] ch)eﬁ &En tgg eag ndrééé{\/\}) !sééwv?n?t E@é ?ﬁbf%lgs@%mélﬁé&{ﬁ”ﬂga

2.8 equiv. )sufﬂ'dlmtrfemw dlvr@dnextdseeomnae ladotd anurd ioMB0 to GO e g &t ature
over ni ght . Satu Na] & m ) was added, the resulting m xture extracted
with chl orﬁ%'lzﬁn Edg E/GARS %g phases separated, the organic |ayer dried
over MySO4 and ewan@t@e@eg}o%vg/s@édnanbﬁ%éms tﬂé‘?rrﬁ&é!e@‘dﬁtﬁ@ére@bﬁtsm ved in
ethyl acetate, then treated net hanol, resulting in the formation of a
precipitat envemtpahmntlaexamptesrmdylded fgri tbe gpurpose 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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5- (5- (5-brono- 2- chl or obenzyl )t hi ophen-2-yl)-2-fl uoropyhdi ne as a solid.
Exanpl e 10: 2-(4-Fl uorophenyl )t hi opheneA sol ution of 2-bronothi ophene
(233.0 g,w0.24B/medsp, 4-fl uorophenyl boronic acid (200. 0prgT/EP2618/06350) ,

bi s(triphenyl phosphi ne)pal | adi unn(11) dichloride ( 10.0 g, 14.2 mmol) and
aqueous Na 454.5 g, 4.3 nol in 1.5 L of H2O) in 1, 2-di net hoxyet hane (2
L) was stir laim75_ g0 oC (internal tenperature) for 2 hours. The
resulting m xtur AN stirred

over ni ght.m'l"he sﬁf’mﬁggeﬂs@%aérgt’é%q d&ngcar dgg mﬁmﬁmgm d was washed
with water (2 x 500 ml ). The conbj er was extracted with
diethylether (2 x 500 mM ). The cgnbiyne ayers were then dried
over NaCl, concentrated and purifi\ed illation to yield the
title conpound as a white solid.
(3R 4S,5S,6R)-2-(3-((5-(4-fluorophenyl )t hi ophen-2-yl)nethyl) -4-

nmet hyl phenyl ) - 6- (hvdr oxynet hyl ) - 2- ne OX WOM rahvdr o- 2H pyran-3,4,5- triol
OH To a solution of 2-(5-iodo-2-nme®hyl Bgnzyl)-5-(4-fl uorophenyl)thi ophene
(40.0 g) in anhydrous THF (ﬁ{?@ m was| added a sol ution of /-propyl
magnesi um chloride / lithiu (14.5 % 76.4 g) dropw se
under N2 at 0 - 5C. The nmixture was girred for 1 hour at the same
tenperature, and then the m xture wa©thdded dropwi sg) to a sol ution of
2,3,4,6- tetrakis-O (thnmethylsily gl uco ano-1 ,5-lactone (54.9 g; see
U.S. patent No. V@@@'%ngﬁ‘)ﬁnﬁﬁ'ﬁﬁt@/éf%%e?Elﬁte(@ﬂowmg) at 0 - 5C. The

et haneSul f oni ¢ GTag Mo £ R nafy AR By ezl i mo- " Upon

conpl et e adubtéromyclid tieg,rand Ring B is an optionally substituted unsaturated

monocyclic heterocyclic ring, an optionally substituted unsaturated fused
heterobicyclic ring, or an optionally substituted benzene ring; or
(2) Ring A is an optionally substituted benzene ring, and Ring B is an
10  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
(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
15 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;
20 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

115



was stirred for 2 hours under cooling, and then was warned to

roont enperature and stirred for 4 hours. The m xture was quenched in a
sol uti on WO 2bid@&EB2(4.1 2 g) in H20 (400 m ) under coolPCmEP200m6IHXt Ur e
was allowed to warmto roomtenperature, and then n-heptane was added to

the m xture. After phase separatian, the eous ase was extracted with
cthyl acet ai o aGOEBIERET RO IBITHIA ) BRIy B ETORO eHRA hha h 5ot
aqueous Na"é%pléﬁ?'o'F'H|(€ﬁ‘_ualﬁylbrﬁggﬁé’§0m6\ﬁmﬁtrh%lfﬁ dm%’oraé‘éorfnﬂéx%ﬁ%-to afford

a solution of nethyl
1- C- ( 3- {[ 5-4akyt magnepiuemghipride withditpiupmehlioyite -of anearngles o My laakpg | ucopyr anos

ide i t hyl t.at d,tol i.el d 80% by HPLC: Col S t
C s 4. 6 miradtiesTihrotins PNIISUETERRAY R e SeahBaler oS B ase B 0. 1
% TFA i 8 CHRENOf; 48 & teiif¥rblure 4 thd Migdesiiom BalPh@bleht temperature to

(3R 4S, 5R, 6R) - 6- (acet oxynet hyl ) - 2- (3- ((5- (4-fl uorophenyl )t hi ophen- 2-
yl ) net hyl) -Mt—%@ﬂ@iﬁ@ﬁ!ﬁ'd the a@responding edmgeung Bf rrate §XL, Bhereiry Q

'?Lr |CaE:gt ?'E g_i%)ﬁg:q gﬁr(s? st p.;qe&_gzﬁlol# ig()élr; of rmet hyl

t hi enyl ] net hyl } - 4- et hyl pheny}) - D- gl ucopyr anosj de (net weight 10.54 g) in
tol uene and et hyl acetate was| agded\N neyhy [ phol i ne 11N9 g)/and\ 4-

di met hyl am nopyri di ne (217 ng) (at Ar enperaf ure. The| sl uHyer—was )cool ed
to 0 C and acetic anhydride (p2: ) was_atded dr opwi | ow ¥oC” The

reaction m xture s allowed o rmto roomtenperature angystirred for 15
hours. The m xt uf s\\%enchad wi'h 28%) NH3 apueous sol oplca. 3 1.6

m ) while naintai g pHrange of 6 to 7 . Water was agded|to the m xture
and separ at jc |layer was washed wth waber d jne, dried
over anhydrous MySO% an iltered. The filtrate was concengrat &4 in vacuo to
gi ve 0oz (XIl) 0z i)

reacting the compound of formula (XI) with a compound of formula (XII),
10 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 (XIII);

;\Y )

OH £
O \\\\\O Z O \\\\\O H
Z0 > H
= 0z © X OH
0z OH

(XHI) (H
reacting the compound of formula (XIIl), to yield the corresponding

15  compound of formula (1).

2. A process as in Claim 1, further comprising
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met hyl 2,3,4,6-tetra-0O acetyl -

1-CG (3-{[5-(4-fl uorophenyl)-2-thienyl]nethyl}-4-

met hyl phewol2prod4gdsacopyr anosi de ( 17.59 g) as yel | ow oi IPCTmHP2000A8535D) 660
(Mt+NH4) . Exanple 13

(2R, 3R, 4R, 5S, 6S) - 2- (acet oxynet hyl ) - 6- (3- (( 5-(4-f | uor ophenyl )t hi ophen- 2-

i acet g
stirred sol ution{ ofAt bio GBCunpound (net melght 1 ZR g) in aqgt‘n|thle
(114 mM_ ) was ded/t het Nyl si4 ane (7.74 g) at roon1tenpe aluRe.> The
sol uti on was cool edX 00C and boron trifluoride ethe (9.45™¢
added dropw se for 8Wtﬁytes. The reaction m xture wasgstirred at 00C for
4 hours. The m x S “gquenched in a solution of 10%
solution(l 56.8
t enper at ur r 15 mnutes. After segparatgdon, ter and ethyl
acetate was added t® the organic |ayer. The organi washed with
brine, and filtereddZThe fl|té@ e was concentrated in vg&uo The resulting
resi due was suspended in eth ) and evaporated (tw ce).” Et hanol wx$/)added
to the residue and the resulting mxture was stirred for 30 m nutes at
500C, then cool 8a6iiNGINE exmpRIi offiemplecetii) wih@ hpwistadid;én éie and vvas hed
t‘é"' gﬁh;“ d:g ﬁ%@%@@é{ ?f55 P’%"kﬂéﬂa%%, Paf o¥§arfic LovknBormikibre fkfésiaaget v! -
f 1 uor ophenyteinprathre mythbrrahgy lof frérnabouwtl (rdeteyabouPrafiwgitd 9leld tHe 1. 12 g) as
white crystals. mz (APCI) 630 (M++ . 160-1 700C. Exanple
14( 2S, 3R, 4@%@8@dem(®chsﬂ(d40frfpaaukapé@w| ) t hi ophen- 2- yl)mat hyl ) - 4-

met hyl phenyl ) -6-(h oxyne th t et rahvdr o- 2H pyran-3, 4, 5-tri ol
A Y

X

d to warmto room

\\\\\OZ

O \\\\\O H

Z0
(04 HO
OH

(XIV) OH ()

Onm

y4

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

compound of formula (l).

10 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 —CH»- and is bound at the 3-position of Ring A; and
15 Ring B is selected from the group consisting of 2-(5-(4-fluorophenyl)-
thienyl) and 2-(5-(6-fluoro-pyrid-3-yl)-thienyl).

4 A process as in Claim 1, wherein the compound of formula (X) is reacted
with a complex of di(C1-4alkyl)magnesium with lithium chloride; and wherein the

20 complex of di(Cisalkyl)magnesium with lithium chloride is a complex of di(sec-
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H(195-2,34,6-tetra-Oacetyl-1 ,5-anhydro-1 -(3-{[5-(4-

fl uorophenyl)-2- thienyl]nethyl}-4-nnethyl phenyl)-D-glucitol (5 g) was
di ssol vedwDreormatbenol (35 m ) and tetrahydrof uran (25 RCT)EP2009/063503
tenperature. A solution of LiCOH hydrate ( 192 ng) in water ( 10 m ) was

added dropwise to the mxture for 30 minutes at 20 - 24C After the mxture
tas st 11 e g Es eV iR iushenis 1 el Merireeanoaind e eouipeht od 1 o
vacuo. The fpeaLRYKIVREeRA 'lid RRRY. to ethyl acetate(50 mi_) and water (25

m ), stirred for 15 mnutes, then the | ayers were separated. The organic
| ayer was washed with water. The organic |ayer was dried over Na2SO4,

filtered using tivated carbon precoated filter a ev rat ed. The
Fesul L ng. resr ddsPle s ecBsaarRirtenay e cebbafle SRR o 400G, water
(241 M _) was added to the m xCHie at the sanme tenperature. n-Heptane (5.6
m ) was added to the m xture 4t 400C, then the_nixture was seeded with a
slight anmobunt of ( 1 S§)- 1,
fl uorophenyl)-2-thi enyl ] nmet )
tenperature. After stirred f it 5C, egtane (2.6 m ) was added
slowy to the mxture. The resg¥ting m xture was cool ed. The precipitate
was filtered and washed with efjhyl acetate/n-heptane, then dried to give
heni hydrate of (1 §)-1 ,5-anbqr QeDH

-(3-{[5-(4-fluorophenyl)-2-hi eny}'] met hyl }-4- net hyl phenyl)-D-gl uci tol
(2.93 g) as white cryﬁbals. mz (JAPCl) 462 (M++NH4) ; np. 106-1 070C

Exanpl e 15 - o)
2- (4-fl uorophenyl)-5-(5-i odo- 2= net hyH)enzyI ) t hi ophene2- ( 5- br ono- 2- nnet hyl
benzyl ¥-5-(4-fluorophenyl)thi©Ophene ( 100 g); (see Nomur g-§) , et al ., PCT
Publication, WO 2005/01 2326 A 1, published February 10, 2005) was
di ssol ved i n tolaraeevatgduerepf; comprissigm t enper at ure under N2

/, ué:itol at sane

CHs CHy
s ) L)

(J U (T 0

Q (X-S) ey (XI-S) _

reacting a compound of formula (X-S) wherein Q° is bromo or iodo with a
complex of di(Cy.4alkyl)magnesium with lithium chloride or complex of Cy_4alkyl
10  magnesium chloride with lithium chloride or a complex of Ci.salkyl magnesium
bromide with lithium chloride; 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 (XI-S), wherein Q' is the

corresponding MgCl or MgBr;
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at nosphere. Sodiumiodide (83 g), copper (1) iodide (2.64 g),
L/,L/"-dinethyl ethylenediamne (2.94 m ) and diglyme (50 m ) was added
to the mwoOurw/@s68200m t enperature. The reacti on m xt ur @CREP2000@63503 t O
reflux tenperature and stirred for 36 hours. Ethyl acetate (300 m ) was
added to the m xture at 400C and the m xture was filtered using activated
carbon pre-coated filder. The fiItratcg_|was washed tw ce with 5% gqueous NH3
solution ( 100 m _). |[The organic |l ayer Was washed witpwmt er 10 m ) and
then evaporated. T @4 ng rési dug_was , snol |(426 m )
at reflux tenperat r 75 mnyt § ' ' was cqoled to
25C and stirAgd f The pr¢ Qs séand washed with
met hanol , then in [
2- (5- |odo 2- met hyl bergz %I)-S-(4-fluorphenyl)th| oph I@/&94 9 g) ag white
crystals. mz (APC) OZ09(M ++H) @09-1 100C; 1MRRR (400 Mz CDCI3)
d 7.54 (d, 4JHH = 1.8 Hz, 1H),Z A'% 7. 42 (m 3H) 7 07-699 (m 3H),. 6.92
(d, 3JHH = 6.0 Hz, (XH}$) 6.66 (d, 3JHH = 3.6 Hz, 1H), 4.05 (s, 2H), 2.26 (s,
3H). Exanple 16: 2-(4-Fl uorophenyl)thi ophene To a stirred solution of

2- br onot hi ophene (100g, 6 13.3 nol) in dry THF (220n.), at 50C, under a
nitrogen atnosphere were added Pd(OAc)2 ( 13.8 ng, 0.06 mmol) and

1, 3- bi s(di phenyl phosphi no) propa#ies (25.3 ng, 0.06 mmol). After 5 m nutes,
1.05 M 4-1l uorophenyl magnesi um brom de in THF (8= m _) was added over 6.0

8d _forl hour at 60 C
4 aqueous sol ution (600
e resulting m xture was

separ at ed, and washéd wi th brie 200 rri ). MgSHA (20 g) and activated
char coal ( 10g) were added and |t He refultl ng mxture was stirred. The
m xture was then filtered, @ Q\\\q trate concentrated to yield the title

y4o)
0z
= (XII-S)

reacting the compound of formula (XI-S) with a compound of formula
(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
5 temperature to about -78°C; to yield the corresponding compound of formula
(XI-S);

(XII-S)

reacting the compound of formula (XIlI-S), to yield the corresponding
compound of formula (I-S).
10

6. A process as in Claim 5, further comprising
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compound as a residue, which was used without further purification. Exanple
17: Oral Solid Dosage Form - Prophetic Exanple As a specific enbodi nent of
an oral owoporvadesn, 100 ng of the conpound prepared asPCH/HE2@IPb3S05 or
Exanpl e 6 above, is fornulated with sufficient finely divided |actose to
provide a total anpynt of 580 to 590 ng to fill a size O hard gel capsule.
Wil e the foregoing $pecification teaches the priChgi pl es of the present
invention, with exapl-es | Qvi degd T Qr [:he pur posg of | e it will
be understood t hg s i [ ' \

usual variations\ag s ; nmodi ficati \
of the follow ng cllappgs and their equivalents. W& aim 1. A process for the
preparation of coppQupdg of fornula (1) wherein I§ing and Ring B are one
of the follow ng? ) Ring Ais an optiofallyosub ut ed unsat ur at ed
nonocycl i ¢ It eLs LC ring, and Ring B ké anjoptijonal Iy substituted
unsat ur at ed nofocyg icoﬁet(;lr”_ yclic ring, YD oNANA Y substituted

unsat urated fused fgterobicyclic ring, or an optEonal ly subshituted benzene
ring; or (2) Rng Ais an optionally substitut ed%enzene ri ng, and Ring B
i's an optional | yeabtitd tHeudEHpoFRbEoRNEh (RANS)HWith & Likelieaerly® ihe ring, or
an optionally substituted unsaturated fused heterobicyclic ring wherein Y

i s linked tRieseRCehel@pibriarqagent;iy aprorgapiciseivant wsnixivbe WRIEPE ateng: or (3)

oherein +ndoubR AT g RGR AP abRTEY flth Yo VBT ot on

the samg hejorredpphting donisburd dherhurekiied)er obi cyclic ring, and Ring B is
an

(XIV-S)

oz (-S)

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

10 7. A process as in Claim 5, wherein the complex of di(C1-4alkyl)magnesium
with lithium chloride or the complex of Cisalkyl magnesium chloride with lithium
chloride or the complex of Ci.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.

15
8. A process as in Claim 5, wherein the compound of formula (X-S) is
reacted with a complex of di(C1-4alkyl)magnesium with lithium chloride; and
wherein the complex of di(Csalkyl)magnesium with lithium chloride is a
complex of di(sec-butyl)magnesium with lithium chloride; to yield the

20  corresponding compound of formula (XI-S) wherein Q' is MgCl.
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optionally substituted unsaturated nonocyclic heterocyclic ring, an
optionally substituted unsaturated fused heterobicyclic ring, or an

opt i onal Iwo=0twBésat ed benzene ring; X is a carbon at omPCY/HP2009(06338) n- ;
wherein nis 1 or 2; provided that in Rng A, Xis part of an unsaturated

bond; or a phar ceuti cal | ﬁréc.ce table salt or Ee(rz)xiaq})/fara t her eof ;

conpri si ngreact iMmBACATIUNd2ER ©f ¥ ﬁ[ﬁ'%%%om é? Ci's brono or iodo
with a CO”'FBlﬁiil)rﬂfa?ﬁéélﬂ?n wfﬂﬁlhiﬁxur}]r&wree |§fﬂ9ré‘é,érh i lahmrﬁmmh% Hhd¥ oft

conplex of G- magnesi um chl oride wth l[ithiumchloride or acorrplex
of G -4al kyfrom'@@nets'llﬂwhomtmutdeS wiclar équivalentschl ori de; in an organi c sol vent

or mxture thereof; at a tenperature in the range of from about anbient
tenperature to about -780C;, to yield the correspondi ng conpound of formula

(X)), wgereig QlAPﬁodé%% Banreapesdivierd & is¥elddidd fron ihe g)ro \Aﬁ%@hsi@ﬂn ghe
conpound of forrmula (XI) with a corrpound of formula (Xl1) erein Zis an

oxygen pr ot@@cehd, @@rb"db bqnﬁOWnpb’laMhl@dsl@pbeMy'or m xture thereof; at a
tenperature in the range of from about anbient tenperature to about -780C,
to yield the correspondi ng conpound of forrmula (Xl I1); reacting the

conpound of11.or nibeodeXklds)in Clainy 18| wheken Zosragependi ng conpound of fornul a
(I). 2. Aprocess as in Caiml, further conprisingreacting the conpound
of formula (XII1) with a Lewis acid; in the presence of atrial kylsilane;

in an ga S t range of
1 UL SOk BRSNS oL UBERAY in ok SR Rytifo RS o
formul a (lesemtenmnmreouming theeamngnmbim ah‘oultdrOrtd abgutia) maler yi el d t he

correspondi ng.
P eq%lvalents.

13. A process as in Claim 5, wherein, when the compound of formula (XI-S)
15 is reacted with the compound of formula (XII-S), the compound of formula (XI-
S) is added to a mixture of the compound of formula (XII-S) in an organic

solvent or mixture thereof.

14. A process as in Claim 6, wherein the Lewis acid is selected from the

20 group consisting of BF3eOEty, BF3eTHF, aluminum chloride, zinc chloride and
iron chloride; and wherein the silane is selected from the group consisting of
triethylsilane, triisopropylsilane and tetramethyldisiloxane.

15. A process as in Claim 14, wherein the Lewis acid is aluminum chloride
25 and wherein the aluminum chloride is present in an amount in the range of from

about 0.5 to about 2.5 molar equivalents.
16. A process as in Claim 14, wherein the silane reagent is

tetramethyldisiloxane; and wherein the tetramethyldisiloxane is present in an
30 amount in the range of from about 1.0 to about 2.5 molar equivalents.
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conmpound of forrmula (I). 3 . Aprocess as in Caiml, wherein X is a carbon
atom Ring Ais selected fromthe group consisting of 4-nethyl phenyl and 4-
chl or ophewgl2p10%048682- CH 2- and i s bound at the 3-positi orCoOfEPRIOI®H6FA3 and
Ring Bis selected fromthe group consi sting of 2-(5-(4-fluorophenyl)-

t hi enyl) an 6f|uoro t.hi en .4 A process as in Caima1l,
wher o1 t hel TeormgRIRPess PR 1% Whbraig 434 Lawia 4610 EURIT &R GO -

4al kyl ) magn@sd e Weténahbtrehg'@mq@&&Férﬁsmywwﬁﬁéeéﬁu WhBr &R ol & rfib( O
-4al kyl )y magnesiumwith lithfumchloride”is a conplex of

di ( secbut ylofredigmissinuahlonde Ho tetrarnetinytdisitoxiade is aboyti Bt d.25he corr espondi ng
conpound of fornmula (XI) wherein QL is MJCl. 5 . A process for the
preparation of a compound of formula (1-S) OH (1-S) or solvate thereof;
conpri sgng 1&actA B%@s@qmﬂ@c@fstélﬁ&dmh%f(%o?hﬁ)m ef forfkiid 8-y ono or iodo
with a conplex of di (G -4alkyl)nmagnesiumw th |ithiumchlori de or conpl ex
of G -4al kyl magnesium chlorid th lithiumchloride or a conpl ex of

G -4al kyl magnesi um bromide wi{h |ithiumghlori -.- in an organic sol vent or

m xture thereof; at a tenperatfURg S pmpabout anbi ent
tenperature to about - 780C, Q7 ng compound of fornmula
(XI-S), wherein QL is the ca 2 or u-'.‘ ;(XI'1-S) reacting the
conmpound of forrmula (XI-S) witl a corrpound of formla (XI'l-S), wherein Z is
an oxygen protecting group; injan O@ nic solvent or mxture thereof; at a
tenperature in the range ofd om@dout anbi ent

HO
OH

OH

(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
10  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
15  vyield a precipitate of the compound of formula (I-S).

19. A process for the recrystallization of a compound of formula (I-S)

OH

(I-S)
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tenperature to about -780C;, to yield the correspondi ng conpound of formula
(XI'11-S); reacting the conpound of forrmula (XII1-S), to yield the
corresporipregiooasgsound of formula (1-S). 6 . A process RESTIRR2@9a63M5,
further conprisingreacting the conpound of formula (XII1-S) with a Lew s
acid; in the presence of a silane reagent; in an organic solvent or mxture
thereof; at a t&PRE e in the range of fromabout OOC to about reflux;

to yield the corgpspondididin Odahe’&?&jnof@frfa%ma(mm@bh d#gam%ﬁrénit;ng t he

conmpound of forrmula (XIV-S); To yield the correspondi ng conpound of fornul a

(1-S). 7 . A prdsEsE BisddingOvatents thevhexterenptepared innS&kPoA; whe¢r@in the
-4al kyl ) magnesi um.w t.h |ithiumchl oride or the conplex of G -4alkyl

manesi um crayiy Hahepoet S HERRBN B e ampral BoRprento e o

magnesi gm by gnid @eow 210 hblahiedivaldregi de is present in an amount in the
range of fromabout 1.0 to about 1.5 nolar equivalents. 8 . A process as in

Claim 5, wherei thR Gdggsinadhemixiyrerof 8TER B)to jadempgratere i the raneembl ex of
di (G -4al nes} Wi | Athi.um chl oride; and wherein the conpl ex of
di (G -4al E@%%&H@Pm%ﬁ@ﬁ“ﬁ ¢$ m’um chloride is a conpl ex of

di (sec-butyl) maggesP ywnddolifg tthé Mixt0te pleparé@in STEP € 1@ yille £pfdcgsir@adi ng
conpound of forrmula (XI-S) wherein QL is MgCl.9 . A process as in CaimS8,
wher ei n t heofdaergpepopnd@if fereabaty). magnesiumwith lithiumchloride is
present, in an anount in the range of fromabout 1.0 to about 1.5 nolar

equi val gnts. 10 . A process as in Caimb5, wherein Zis selected fromthe

group consiZl.i ngA pfocesstiyt thelgrepitatioherf zosdmpeunvdbbidrmuanXVidadut yryl . 11.
A process as in Claim110, wherein Z is acetyl.

F
S

\

(XVIII-S)

comprising

@? @
(.
(XVI-S) F
F (XVII-S)
15 reacting a compound of formula (XVI-S), wherein Q? is bromo, chloro or
iodo, with a magnesium reagent; in an organic solvent; to yield the

corresponding compound of formula (XVI1I-S), wherein Q® is the corresponding
Grignard species;

: QP ) _
S\ —Br F S ]
@/ (XVII-S) \ /

(XV-S)

20 reacting a compound of formula (XV-S) with the compound of formula

Y

(XVIII-S)

(XVII-8); in the presence of a Ni or Pd catalyst; in an organic solvent to yield
the corresponding compound of formula (XVIII-S).
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12 . A process as in Caimb5, wherein the conpound of formula (XII-S) is
present in an amount in the range of fromabout 1.0 to about 2.0 nol ar
equi val erw®.20034368A process as in Caimb5, wherein, wherCrhP2e9mnpsond of
formula (Xl -S) is reacted wi th the conpound of fornula (XI1-S), the

conmpound of for Xl ure of the conmpgun

formul a (x141-9) Séraédh Cg gaewpef?r'n ,(,'.{B)@%),r%mp@é}de\gpereﬂ& ess as
in Caimbé, vvherel n the Lewis acid is selected fromthe group consisting of
BF3 OEt 2, BF3"THF, al um num chloride, zinc chloride and iron chloride; and
wher ei n t heXi | adhpracessedsdot@dint 20nwhaeeig thrimagorsiust freagest is ri et hyl si | ane,
t hi sopropyl sil ane and tetramethyl disiloxane. 15 . A process as in Caim 14,
wherein t hd"8¥W¥YSeid is al umi num chloride and wherein the al umi num
chloridg is present in an anount in the range of from about 0.5 to about
2.5 nol ar engl valents. 16 . A process as in (aim 14, wherein the silane
reagent is 4%t r dverepgEsgiasiindxane 20awhergiethe Ni ohBdicetalystas INCR(dANedxane i s
present in an anmount in the range of fromabout 1.0 to about 2.5 nol ar

equi valents.17 . A process as in Caim1l4, wherein the Lewis acid is

al um num cti4or i g prodesseisintdlains 20pwheretagentompotind bafehiys (Xgid)dzane; and
wherein the nolar ratio of alum npumchlqride to tetranethyl disiloxane is
about 1 : reactediwith the ﬁ’d?rﬁﬁ%‘é@d phlormmta PEER iihe presepee Qf adigaBfpound of
formul gg(1-S) OH (1-S) conprising STEP A dissolving a conpound of formula
(I-S) in an organic solvent; STEP B: heating the m xture of STEP Ato a

t enper at ur 5.n tAprocasgeasah GIatnmrQébwhErérSﬂ{e NooaPdudatdlgstGs Pd(OAc), and

the ligand is 1,3-bis(diphenylphosphino)propane.

26. A process as in Claim 20, further comprising
COzH [ ]
_ - CH, CH, T

(XVIII-S) (XIX-5)
L i QP° (XX-S)
15 L i
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-S);
CHS o) CH3
S S
(JOA | — T DA
Q° (XX-S) Q° (X-3)
20 reducing the compound of formula (XX-S); to yield the corresponding

compound of formula (X-S).

27. A process as in Claim 26, wherein Q° is iodo.
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STEP C. adding water to the m xture prepared in STEP B; wherein the anount
of water added is preferably in an anount in the range of fromabout 1.0 to
about 2. Owgubavo4segai val ents; STEP D: addi ng an anti - sol YEMEP2@90bIS0I Xt ur e
prepared in STEP C, to yield a precipitate of the conpound of formula
(r-s). 19 process f he rec stalllzatlo nd of fornula
(1°9) o (12%) CoRprRsagordrtaraparaipe Rl s S AHBIRAor mul o (1-9) i
a n organic solvent; STEP B : addi water to the m xture prepared in STEP
A ; wherein the amount of water adped is preferably in a n amount in the
alents; STEP C : heating

e of from about 40Q0C to
aofed in STEP C; to yield a
| a (I-S) 20. A process for the

A OV 11-S) conprising reacting a

@@ 1s3 bbrroo nno, chloro o r iodo,

the m xture of STEP B to a tenpe
about 6 5 0C ; STEP D : cooling
preci pitate of the conpound of for
preparation of a conpound of for Y
conpound of forrmula (XVI-S), '
with a magnesium reagent; |Hp |$ solvent; to yield the
ccoorrrreessppoonnddi i nngg coor rrpo-und of formula (XVII1-S), wherein Q3 is
the corresponding Gignard speci e?Hreacting a congihd of fornula (XVv-S)
with the corrpou%é)rfelrforrmla (XVI1-S); in the presence of a Nl or Pd
catalyst; in a n organic solvent to yield the corresponding conpound of
formula (XVI11-R" B Halogerpooloees ateylj n C a| m 20 wherein @ is bronp and

wher ei n is Br. 22. A ess as in 20, wherein the nesi um
r eagent 5Qg ingCis pherPyI bstTQ‘tuted with 3subst|tuents selected from t %

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
10  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;

or a pharmaceutically acceptable salt thereof; comprising steps of:
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magnesi um 23. A process as in Caim20, wherein the NI or Pd catalyst is
Ni C 2(dppe). 24. A process as in Caim20, wherein the conpound of formula
(XV-S) iswoeanxmeesai t h t he conpound of fornula (XVII-S) PCh/EPR@IpsEsEnce of
a ligand. 25. A process as in Caim?24, wherein the Ni or Pd catalyst is
Pd(QAc)2 and the ligand is 1, 3-bi s(di phenyl ghosphi no) propane. 26. A process
as in daim20RAfurt her corrpri sing reacting/theréonpound of formil

(XVI'11-9) V\/lthacorrpound of rmula (X X-$), i odo;
to yield the poQdt P oynd of forjmul g g te
conpound of - ¢ “yijel d the dorrlk i peyurrdCof) flor nul a

(X-S). 27. 26, Whergin Q0 g i - oCegs for
the preparatio CH (1A) “wherein RA s

hal ogen or | o »rX@IkyI; Ring (G is phenyl s bsti uteg_ th 1-3 substjftuents
selected from1HE group consisting of halo M?an ower, al kyl,
hal o-1 ower al kyl, | ower al koxy, hal o-1 ower Ikoxy nethyleﬁkﬁloxy

et hyl eneoxy, nono- or di-|owergal kyl am no, carbanmoyl, and nono- or d|-|0mer
al kyl car banoyl ; or heterocycly substhtuted by 1-3 substltuents sel ected
fromthe group consisting of g8@R dyano, |ower al kyl, halo-1ower alkyl,
| oner al koxy, hal ol ower al koxy no- qgr di-| ower alkylanino, car banoyl ,

i r a pharmaceutically acceptable salt

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 (LI), wherein R' is tri-lower alkyl silyl; to yield the

5 corresponding compound of formula (LIII);
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reacting a conmpound of formula (L) wherein X0 is selected fromthe group
consisting of d, Br, I and ChLiCl or a conpound of formula (LI) with a
conpound WO 2bovagsdsa (L11), wherein RL is tri-|ower alkylPCIiHPg009/063503i el d
t he correspondi ng conpound of forrmula (LIIl);reacting the conmpound of

forrrula(LIII)vmth an_al cohol o in |sI aIkyI;
in the presence '68CURg %meft)%u@fs { ri“Hl? @@h\&%@éﬁﬁ?@ﬁ%&% ’or mul a
(LV); prot gghdrath RP® IBWEr 8XHA: | Srtr"?é'??eéé'hcéf&ﬁ aﬁ%ﬂi’&%%&& tﬁ@b&#b%dr{d{hg to
yi el d the correspondi ng conpound formula (LVI); wherein each R3 IS an
oxygen pr otaerpaundgeifopnulaedvgi ng t he corrpound of formula (LVI); to yield

t he correspondi ng corrpound of fornmula (LVII1); renovi ng t he oxygen
protecting groups oR*t he corrpound of formula (LVII)R toyield the

wherein R1 is tri
A process as in
or ethanol and wher¥ Ehe aC|d i's an organic acid.
Cl aim 28, wherein tog\(gﬁfpound of forrrula‘(LVI) is

rrethyl-or et hy

1 A proces as in
by reacting with

process as in O ai m 28,

r eagent |s(|_@ th-1ower al Iﬁyé) SI | ane |and V\:hel(’LQ/lln the acid
OH x OR3

wherein the |§('5Ian
is a Lewis aci o+

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

protecting group;

R0

OR3

reducing the compound of formula (LVI); to yield the corresponding
10  compound of formula (LVII);

R3O0

removing the oxygen protecting groups of the compound of formula

(LVII); to yield the corresponding compound of formula (I1A").

127



10

WO 2010/043682 PCT/EP2009/063503

29. A process as in Claim 28, wherein R' is trimethylsilyl, R? is methyl or
ethyl, and R®is acetyl.

30. A process as in Claim 28, wherein the alcohol of formula (LIV) is
methanol or ethanol and wherein the acid is an organic acid.

31.  Aprocess as in Claim 28, wherein the compound of formula (LVI) is
reduced by reacting with a silane reagent, in the presence of an acid.

32. Aprocess as in Claim 28, wherein the silane reagent is a tri-lower alkyl

silane and wherein the acid is a Lewis acid.

128



