PROCESS FOR THE PREPARATI ON OF COMPOUNDS USEFUL AS | NHI Bl TORS OF SGLT2
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benefit oWOWNB/04PrGVi si onal Application 61/251, 378, fil edTars2@owsises 14,
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THE | NVENTI ON 10The present invention is directed to a novel process for

t he preparation of conpounds having inhibitory activity against

sodi um dependenpRrECESS OR PHE FREFARAPIGN DREOMPOURDSWSERUL XS i ntesti ne
or ki dney. BAGMWMWWW% t her apy
are essential in the treatment $NHWITORSLQF §GLTZ ;s. Wien these therapies
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transporter (SGLT) being present in the intestine or kidney.

BACKGROUND OF THE INVENTION

15 Diet therapy and exercise therapy are essential in the treatment of

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

20 resistance improving agents and a-glucosidase inhibitors. However, these
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.

25 Under such circumstances, it has been desired to develop novel drugs for
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

30 and further to decrease of insulin sensitivity, and as a result, the blood glucose
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



30 and further to decrease of insulin sensitivity, and as a result, the

bl ood gl ucose concentration is increased so that diabetes nellitus is

sel f - exackoRlatied7(18nger, R H, et al., "Hyperglycem a a®Causkandoszses as wel |
as a Consequence of Inpaired Islet Cell Function &uwdkét$aul PRDReSTWORTE:
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Care, vol. 1$mpé.£em§|eﬁcempun&;b9. ar@aﬂsélﬂﬁ@é&étanc‘&%sﬁ@m@ns’@ytﬁer eat i ng
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in adi pose cells without restoring glucose transporter gene 25expression”

3. Qin. 19nvexdels. hyeerglygenia ig porrpazed a9¢ #e blood glucpre el DRI C&Y treat i ng
di abetic ani gBlopfs i blloRtrdolsBthithO bAIERY BdPanctink@RY ti e, [ nsulin

secretion response and insulin_sensitivity of the animals are inproved
wi t hout i ncufesisignearednpeved (Bossedt. 4-..a1 al- h&Eaieghey oblrlyrarplsemeavitm bl ood
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2, pp. 578-5dmbetic rats with phlorizin treatment reverses insulin-resistant glucose

transport in adipose cells without restoring glucose transporter gene
25 expression”, J. Clin. Invest., 1991, vol. 87, pp561-570).
In addition, by treating diabetic animal models with SGLT inhibitory

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

30 progress of diabetic nephropathy and diabetic neuropathy are prevented (Keniji
T., et al,, “ Na'-Glucose Co-transporter (SGLT) Inhibitors as Antidiabetic

Agents. 4. Synthesis and Pharmacological Properties of 4-Dehydroxyphlorizin
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inmprove insulin 10 secretion and insulin resistance by decreasing the

bl ood gl ucose level in diabetic patients and further prevent the onset and
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preparati on 8P-98dMesdhkKesi Ar.&t @l ‘dmpioyed diabgti §YW@WQ|'%Cﬁ7ﬁb/K§Jand Ring B

are one of t{E/dbGhicen gl admlnlstratfo%)of@ué]SaAg!u%o%c&PJHSBB%H|Mh|§&|rpr31f Ituted
unsat ur at ed m)nocycl i C 20heterocyclic rin I's an optionally

substituted A8 @fﬁﬁ@domﬂf\ﬁhamawew, 1I)1\(9| r’i%?ngSa@l?oml ﬁa‘iaﬁy
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substituted benZene ri is an optl on% y substltut ed
benzene ri ng)nhibitr m?@SEcauseaﬁustptnedhmprqvewbstm Hmeegiycﬁmnatamdat ed
nmonocyclic h g . subs rated
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t he fused hetssuelBcyprld6E5¢4668) or

From the above, SGLT inhibitors may be expected to improve insulin

10  secretion and insulin resistance by decreasing the blood glucose level in
diabetic patients and further prevent the onset and progress of diabetes

mellitus and diabetic complications.

SUMMARY OF THE INVENTION

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

compounds of formula (1)

R0
X
o WOH
HO _ oH
C=)H (1)

wherein Ring A and Ring B are one of the following:
(1) Ring A is an optionally substituted unsaturated monocyclic
20 heterocyclic 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; or
(2) Ring A is an optionally substituted benzene ring, and Ring B is an
optionally substituted unsaturated monocyclic heterocyclic ring, or an optionally
25 substituted unsaturated fused heterobicyclic ring wherein Y is linked to the

heterocyclic ring of the fused heterobicyclic ring; or



(3) Rng Ais an optionally substituted unsaturated fused heterobicyclic
ring, wherein the sugar noiety X-(sugar) and the noiety -Y-(Ring B) are
bot h on tWe28uama7t1et erocyclic ring of the fused heterobiPCyalseeo52598 and
Ring Bis an optionally substituted unsaturated mbockstdlo.cPREBB&t DMDHGTC
ring, an optionally 5substituted unsaturated fused heterobicyclic ring, or
an optionally substituted benzene ring; X is a carbon atom Y is -(CH2)n-;

wherein nis 1 or(BRiky AV Q@@Jpﬁdﬁu|¥lsubéﬂturtgaensafumed)@rsédﬂéte%b.éwﬁ@turat ed
bond; 10and phar maceutl cally acceptable salts and sol vat es_t hereof

conpri si ng QINgVexginghe lsé%tm‘?igtya?( (19301314 tBe MUe b a(Ring B) 3re Bter ei n each
Z i an i ndeRRMeBihY nakBGLFSAARE (RAURRLLDRY SR, BRIREa1Sar | eavi no

group, a conpound ormul a , wherein the conpound of
fornmula (X pﬁthr@ﬁéﬁémté@ied Naﬁ@tuw@@mnpcx@bﬁbetercvqygllc‘omn@(aoaaptlarnaltyr ganozi nc

derivative Wag & feflinsstlratédrssd RefrRgRN: ARG $&inl htiBRSIE ubstituted

benzene ring;
X'is a carbon atom;
Y is -(CH2)n-; wherein nis 1 or 2;
provided that in Ring A, X is part of an unsaturated bond;

10 and pharmaceutically acceptable salts and solvates thereof; comprising

1
LG2 ?2 Q

0z

O \\\\\OZ Q 1° Zn \Q3 \\\\\

70 ~ %0 0z

= 0z (X) =
MI) Oz oz (1X)

reacting a compound of formula (VIII), wherein each Z is an
independently selected oxygen protecting group and LG? is a leaving group,

with a compound of formula (X), wherein the compound of formula (X) is

A Y
X

(a) an organozinc derivative wherein Q' is I , Q%is

15  selected from the group consisting of

a halogen and Q° is absent;
(b) a di-substituted zinc derivative, wherein Q' and Q? are the same and

A Y
X

[Va¥aV, .
are each I ,and Q% is absent;



(b) a di-substituted zinc derivative, wherein QL and 2 are the same and
are each sriv, and B is absent; (c) an organozincate derivative, wherein
Ql i s 4viwoand/@2iiand (B are each an independently sel e®CEAS2010/052598
non-transferrabl e group (wherein the zinc carri esDockeidéd.i PRDEhAT\YORST
wherein the conpound of forrmula (X) is present in conjunction with a
counterion); and 5(d) an organozincate derivative, wherein QL, @ and B

are the sane and are each 4viv(wherein the zinc c €S a negative charge
and wherein the conmpound of formula (X) is presen i& conj ufictionh with a
counterion); in an organi c solvent or\nXtTre'o cﬁgnic

solvents; to yield the 10correspondi ng conpound of la (™

(c) an organozincate derivative, wherein Q' is [ ,

and Q% and Q° are each an independently selected non-transferrable group
(wherein the zinc carries a negative charge and wherein the compound of

formula (X) is present in conjunction with a counterion); and

5 (d) an organozincate derivative, wherein Q', Q? and Q° are the same
A Y
X
and are each I (wherein the zinc carries a negative

charge and wherein the compound of formula (X) is present in conjunction with
a counterion);
in an organic solvent or mixture of organic solvents; to yield the

10  corresponding compound of formula (1X); and

oz H

o) o o)
Z0 HO
oz H

Q' Q'
w WO
O
C OH
oz (1X) (1
de-protecting the compound of formula (IX) to yield the corresponding
compound of formula (I).

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

15  of compounds of formula (1)



HO E (I X)OH(1) de-protecting the conmpound of formula (I1X) to yield
t he correspondi ng conpound of forrmula (1). The present

i nventi orwp0fumrier directed to a process for the prep&Cattisernonszshs
conpounds of formula (1) 8H(I) wherein R ng A an@®oRketNd: ABRB30hANAPGThe
fol | ow ng: (1) Ring Ais an optionally substituted unsaturated
nonocyclic heterocyclic ring, and Rng Bis an optionally substituted
unsat urated 5nonocyclic heterocycli ing, an-eptionally substituted

unsaturated fused heterobicyclic r ogtionally substituted benzene
ubst) tuted benzene ring, and

ring; or (2) Rng Ais an

Ring Bis an optionally substitute t ur ated-Afonocycli c heterocyclic
ring, or an optionally substituted ugsaturated fused heterobicyclic ring
wherein Y is linked to the 10heterocygli gOHi ng of the fused heterobicyclic
i onpl |y substituted unsaturated fused

ring; or (3) Rng Ais an o

het erobi cyclic ring, wherein iety X-(sugar) and the noiety
-Y-(Ring B) are both on the sa M OCYOHi ¢ ring of the fused

het erobi cyclic ring, and Ring Bis ala_ﬂpti onal Iy substituted unsaturated
monocyclic heterocyclic ring, an optithal |y 15subsflituted unsaturated fused

het er obi cycli ¢ ri ferefl RAG ARt RIRY B ¥rethsbithyrabwhgnzene ring; Xis a

carbon atom

(1) Ring A is an optionally substituted unsaturated monocyclic
heterocyclic ring, and Ring B is an optionally substituted unsaturated
5 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
optionally substituted unsaturated monocyclic heterocyclic ring, or an optionally
substituted unsaturated fused heterobicyclic ring wherein Y is linked to the
10 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
on the same heterocyclic ring of the fused heterobicyclic ring, and Ring B is an
optionally substituted unsaturated monocyclic heterocyclic ring, an optionally
15  substituted unsaturated fused heterobicyclic ring, or an optionally substituted
benzene ring;
Xis a carbon atom;
Y is -(CH2)n-; wherein niis 1 or 2;
provided that in Ring A, X is part of an unsaturated bond;

20 and pharmaceutically acceptable salts and solvates thereof; comprising



Yis -(CH2)n-; wherein nis 1 or 2; provided that in Ring A, X is part of
an unsaturated bond; 20and pharnaceutically acceptable salts and sol vates

t her eof ; woreptiv®ing reacting a conpound of fornula (VI PCI/CARE0M52599L2 is a
zinc species, with a conmpound of formula (VII1), WUoeketiM.eBRD3Z1TWORCT

i ndependently sel ected 5 oxygen protecting group and wherein L& is a

| eaving group; in a mxture of an ether solvent and a hydrocarbon sol vent;
to yield the correspondi ng conmpound of fcgrrml a(Ix,; Z QZ( 1 XY OH(T) 0z8H

de-protecting the conmpound of fornula ( to yield the carregponyi ng
10conpound of- formula (1). In g u'é‘ ment, the\ pfegedtti Rvgntion is
directed to S he preparq of a conpounad>Nef” for (1-9)
or solvate t e@ ﬂ&: wn 43 gL Hcopyranosyl ] - 4- met hyl - 345-
(4-fl uoropheny t hi ex hypenzene)= corrprl sing g o<z
0z
2 (V” L Z0 07 (|X)

VI

Qum
N

reacting a compound of formula (VIIl), wherein M?is a zinc species, with

a compound of formula (VII), wherein each Z is an independently selected
5 oxygen protecting group and wherein LG? is a leaving group; in a mixture of an
ether solvent and a hydrocarbon solvent; to yield the corresponding compound

of formula (1X);

G0 Qe

A
X

—_
\\\\\OZ ﬁOH
HO
0 OH ()
H

oz ()

o)

de-protectlng the compound of formula (IX); to yield the corresponding
10  compound of formula (I).
In an embodiment, the present invention is directed to a process for the

preparation of a compound of formula (I-S)

HO

OH (I-S)



QZ reacting a conpound of fornmula (M 1-S), wherein M2 is a zinc species,
5with a conpound of fornmula (VII1-S), wherein each Z is an independently
sel ect ed wWRRgEMW4priet ecti ng group and wherein L& is a | @aTiusgoigosmsps in a
m xture of an ether solvent and a hydrocarbon sol Decket N@: FREBA1T\WOPCT
correspondi ng conpound of formula (IX-S); de-protecting the
conpound of fornmula (I1X-S); to yield the correspondi ng conpound of formula

(1-95). I n gneinags tr@a&qdeamnown% ’p(@@e@ilcdﬂ%/éﬁbtsyl%ﬂ h&thgIL3- gpt ed to a

process for the preparation of npound formul a
or phar naceut4- ﬂwrpph%r%)e%twyémgtavlﬂbwe@@s Gamerigingr eof (aI so known as 1-
(13- D gl ucopyranosyl ) - 4-chl or o- 345- (4-f | uor o- 3- pyri dyl)

t hi enyl met hypengene); conprising d '—G2
CH, o WOz
S
F Z0o
| / = Yoz
oz N
, >
M (VI-S) (VI1I-S)

oz
reacting a compound of formula (VII-S), wherein M? is a zinc species,
5 with a compound of formula (VIII-S), wherein each Z is an independently
selected oxygen protecting group and wherein LG? is a leaving group; in a
mixture of an ether solvent and a hydrocarbon solvent; to yield the

corresponding compound of formula (IX-S);

Y

0z HO

oH (+5)

O

N
O
T

10



reacting a conmpound of formula (Vu -K), wherein M2 is a zinc species, with
a conpound of fornmula (VI11-S), wherein each Z is an independently sel ected
oxygen prwdeott/oagiigroup and wherein L& is a | eavi ng gr ®ap/Uusee1oas5as xt ur e
of an ether solvent and a hydrocarbon sol vent; toDpckétdNdg.hBRDEH t BYRHAGT ng
compound of formula (I1X-K); Cl ZO E oz de-protecting the conpound of
formula (I X-K); to yield the correspondi ng conpound of formula (I-K).

The present invengdprtedingUhd BempSiHEstieandIg (X- Q)rwyaératﬁ@bo.tr@ﬁ)d% aration
50f a di-substituted zinc derivative, a conpound formula (X-P) Zn QLQ
(cp) X .Al tgompound ofaEpda-Bbt h Q1 groups are the sane and are as herein

defined; conpri sipGnother embodiment, the present invention is directed to a process for

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

5 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-

thienylmethyl]benzene); comprising



(alkyl) 1"0 Ql-Ha2 +My e Li (Z1)(al kyl)(alkyl) (Z2) Myc) ILi Q
(23)

WO 2011/047113 PCT/US2010/052598
Docket No.: PRD3117WOPCT

LG?
— —_— O \\\\\OZ

Cl 7O
oz

s z

(VII-K)

(VIII-S)

oz
reacting a compound of formula (VII-K), wherein M? is a zinc species,
with a compound of formula (VIII-S), wherein each Z is an independently
selected oxygen protecting group and wherein LG? is a leaving group; in a
5 mixture of an ether solvent and a hydrocarbon solvent; to yield the
corresponding compound of formula (IX-K);

Y

HO

O
T

10



10reacting a conpound of the formula (Z1), wherein Ha2 is a halogen, with a
lithiumtrial kyl magnesate, a conpound of fornula (Z2); in a suitably
sel ect ed wWolydr@aa3or gani ¢ sol vent or m xture of anhydr ®03/Use¢al52598
solvents; to yield the correspondi ng conpound of DocketNo.(ZRP311ANORLCI) 2
Li Hal Zn QLQL (X-P)

de-protecting the compound of formula (IX-K); to yield the corresponding

compound of formula (I-K).

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

5 of a di-substituted zinc derivative, a compound of formula (X-P)

N
Q' Q' (x-P)

wherein both Q" groups are the same and are 1" ,
as herein defined; comprising
(alkyl) [ 7
| Q'I\ © /Q‘l

Q'—Ha? + Mg Li®  ———| Mg £

i
1
21 (alkyl) \(alkyl) Q

(Z2) | (Z3)
10 reacting a compound of the formula (Z1), wherein Ha? is a halogen, with

a lithium trialkyl magnesate, a compound of formula (Z2); in a suitably selected
anhydrous organic solvent or mixture of anhydrous organic solvents; to yield

the corresponding compound of formula (Z3);

Q. ©_q! Zn(Ha'), * LiHa' 7n
“2191 7 (Z4) " o
Z3) (X-P)
15 reacting the compound of formula (Z3) with a zinc halideslithium halide

complex, a compound of formula (Z4), wherein Ha' is a halogen; in a suitably
selected anhydrous organic solvent or mixture of anhydrous organic solvents;

to yield the corresponding compound of formula (X-P).

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

to any of the processes described herein.

11



(z4) 15reacting the compound of fornmula (Z3) with a zinc halidelithium
hal i de conpl ex, a conpound of fornula (Z4), wherein Hal is a halogen; in a
sui t abl y wel2eatediianhydr ous organi ¢ sol vent or m xture @®CTAISRGIG062598 Or gani C
solvents; to yield the correspondi ng conpound of DocketNo.(RRBB11200ORCT
present invention is further directed to a product prepared according to
any of the processes described herein. [l1lTustrative of the invention

i s a pharnaceuti CRlsteRVBStHd iATerfRATE b phBtndcRhad BaRYLI6R CbMpAsSiagRt abl e
carrier and the product prepared according to any of the processes

descri bed hePE?rﬁnaCRHt'(FqllV@%?Fﬁ?b'@r?aerrtaﬁ@ th%&@ﬁﬂ@dﬁeﬁ)@eg aﬁﬁ%’?‘?ﬁd@@f‘ycal

conposi (i on BRGHE fcdBs BEsdrbR RERANCANRIRRARGILARE Bivdhfish k& Sany of the
processes described herein and a pharmaceutically acceptable carrier.

| I | ust r at i ngpPh@rEngaeytieal comppsitien mede dysnikige theRiasyclprpparedeseondingsp
f th
conposi tign é@??ﬁfgé pﬁg?éeglh%é ggséfrm@d%%#‘éﬁd@ BW&&L@E&I%}%PE@B% any of the

processes de a pharnaceutlca y acce e carrier.
Exenpl i fyi ngcaiier.i usinatingrihamyentiarnis ésprofessrfeamiakigg @ rhasmadeuticakdi at ed 10by

SA.T (i ncl ud| Elgpgéﬁgﬁ %r% gﬂﬁl% %é):rgc‘?ud? Pébra f% @E%g(p? L di abet es

mel l'itus, diabetic re rcn uro e’ nephropathy,
del ayed \Aoundrdoead;ésr@scrlh&uhenelrrm apbammcehywy@byemmla camgoer i nsul i nem a,

e evat e, b10od | Suel o ind b e gl AR a ke e o

15conpl i ¢at i opSGLA (reslating #eatdigsor deraymgi(aetpeafgzémor) ocavget bidialgetes

adm ni steri ngneﬁlﬁus, 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

15 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

Further exemplifying the invention are methods of treating type 1 and

type 2 diabetes mellitus, comprising administering to a subject in need of

20 treatment a therapeutically effective amount of a therapeutically effective
amount of any of the compounds or pharmaceutical compositions described
above, alone or in combination with at least one antidiabetic agent, agent for
treating diabetic complications, anti-obesity agent, antihypertensive agent,
antiplatelet agent, anti-atherosclerotic agent and/or hypolipidemic agent.

25

DETAILED DESCRIPTION OF THE INVENTION

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

compounds of formula (1)
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the subject in need thereof a therapeutically effective anmount of any of

t he conpounds or pharmaceutical conpositions described above. Further

exenpl i f Wogotihg7ildavent i on are met hods of treating typePCTASAOPFHSIP

di abetes nellitus, conprising adm nistering to a fwcketdio.i ARD8&U7\WOPCT

20treatnment a therapeutically effective amount of a therapeutically

ef fective anount of any of the conpounds or pharnmaceutical conpositions

descri bed above, alone or in conbinatj with a cast one antidiabetic

agent, agent for treating diabetic cgnplicatiofis, awti-obesity agent,

anti hypertensi ve agent, antiplatelet\a —Yar eroscl erotic agent

and/ or hypolipidem c agent. 25 DETAIL SCRI PH.GK OF THE | NVENTI ON

The present invention is directed to a grocess for the preparation of
V\(Q@-ein X, Y, RRng A and Ring B
'y acceptable salts and sol vates

compounds of formula (1) - 8H(I) Q
are as herein defined; and pharnmaceutl cal

thereof; as described in nore deyail lherein. The conpounds of the fornula
(I') exhibits an inhibitory activi - tsodi um dependent gl ucose
transporter being present in the int est%ne and the kidney of mammal i an
species, and is useful in the treatnent '3f di abetes #8l1itus or diabetic
conplications suc (N LG A et o ) t & pat hy, diabetic
nephr opat hy, obes‘??@?”ﬁ’r(fg\b’?elrgﬁeﬁ{dmgﬂﬁ? E%a?ﬂ%.gﬁldr?%gﬁ&? odi nent, the
present i nvephamoradestictlly @ctentable saltpaod eelvates thereothas geegibedtin moref a
compound of  hofWeAuid | TR coRBolERGHRE tbriidT s AnlinfIBAGH Boudify anot her
enbodi ment, the present 1nve PTON 1's dlrec{e 0 a process for the

prepar at i on afaiastcsmdpoorddperfidend glmobse (randdprteakeide poasebtid theintestioedet ai |
her ei n.

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
10 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.

15 The term “halogen”, shall include chlorine, bromine, fluorine and iodine.
When referring to substituents on the compound of formula (1), 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

20 monovalent hydrocarbon chain having 1 to 12 carbon atoms. The straight
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, isopropy! group, butyl group, t-butyl group, isobutyl group, pentyl

25  group, hexyl group, isohexyl group, heptyl group, 4,4-dimethylpentyl group,
octyl group, 2,2,4-trimethylpentyl group, nonyl group, decyl group, and various

13



15The term "hal ogen”, shall include chlorine, bromne, fluorine and iodine.
When referring to substituents on the conpound of fornmula (1), the term
"hal ogen wban1/@ri1t3hal o shall mean chlorine, brom ne amdTfuse@wioszs9s and
chlorine and fluorine are preferable. The term "alDogketgd@muPRDB®&MYCOIPCT
straight or branched saturated 20nonoval ent hydrocarbon chain having 1 to
12 carbon atons. The straight chain or branched chain al kyl group having 1

to 6 carbon afpEked éh@h@é&ﬁ@bk&re&ndwﬂh@r e Qkﬂ"!}ro@d‘ﬁiag opliomdIgpaed chain
al kyl group havi ng refera Exanpl es t her eof

bon :

are net hyl gf@?ﬁe”@r}?ylb%ﬁ“@ﬁﬁﬁu"eﬁrtl)’pwoAgF'dﬁ?&tuei”E%?ﬁW b@PWu\B butyl group,
t-butyl groupecdszgRutyl group, pentyl 25group, hexyl group i sohexyl group,
heptyl group, 4,4-dinethylpentyl group, octyl group, 2,2,4-trinethyl pentyl
group, nonyl groubhet@é@yalkgmﬁpgroandqr (8lkylgne’ mwn@we%iratgfapﬁbramh@ds

thereof. Fur Hl?/%ffn% %5&5 SU{PS{HrSEQHBn ERin %ab.hggatbgyz (%%Jodf AdrRengent Iy be

substl tuted tuents as |1 st necessary. The term
"al kyl ene gr etn@i'ghmhalrabrklylaedmﬂ Cma@malk}deee gedughtaving ‘bioghedredn Btiingisent

sat urated hygLaganRon S Al g Kt b et R RLIN IR A ol RoahLa gt chai n

or branched ai'n ene gr aV|n car referabl e,
and t he str aéglatbarheaomsas mrapmtfmdblehﬁxanmlldwthemef glreonpthlykmerggom to 4

carbon atons js, nore prefer s t her eof [e e n roup,
cthyleno. or gy eRpRemEAdistoror MBI b - e hdndioary. the
18al kyl enl@t getkmener@yoapmapbﬁild)r;allmembstlittﬁeldtnedwe gaméﬂmasae?imera?bv%s t he
apove- nentil one I’OUp er a ene r S e apove
Stach at 't wgrapre ey SiobBh o MEERRRYENS HishR A arted Ao S M by m
annel ated fi we dﬁfb?@r@ba@@ﬁ%ﬁbrﬁ@ﬁb@é%n@@ﬁd)w%@/ fofrg ehhehelstddfivdisixcar bon
atons to which they are attached, optionally be sub%tltuted by one

or nore subst?%V@r'?trﬁerfgﬁ@ﬂl%é@%!@'led%ethe'yw't frRCarRaRteasieMiIchdhep” means

a strai ght ogrda@dthBEartPaY 8b&sHalli ¥eIsRBSHthen by trebrivddrerRabithéntd 2 car bon
atons and_havi ng at | east ohe double bond. Preferable al kenyl group is a

st rai ght Tehadffitad bgleMched chain al kenyl group having 2 to 6 carbon atons,
and e strai Nt ShaldmOBIBRINGRRR TN 2QrAbKCDhahalmdaha 2 o 4

carbon atons is nore preferabl | es thereof are vinyl group

2- propenyl ghpdigcargonghainy1avipaciitg, 1220%0@@a§@m89armﬂﬁvm atﬂ@@ﬁt@ﬁ?ldogb@up
2Beny e SOBME: PEUERETMrR 048 SREERNL M s SRk ot
4-decenyl gr guip IBvingdetoeth parbgn atgms, £nddie stsaight anaoug, bran@etizhain
20 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-
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-
25 tetradecatrienyl group, etc. The alkenyl group may optionally and
independently be substituted by 1 to 4 substituents as mentioned below, if
necessary.
The term “alkenylene group” means a straight or branched divalent
hydrocarbon chain having 2 to 12 carbon atoms and having at least one double
30 bond. The straight chain or branched chain alkenylene group having 2 to 6
carbon atoms is preferable, and the straight chain or branched chain

alkenylene group having 2 to 4 carbon atoms is more preferable. Examples
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25t etradecatrienyl group, etc. The al kenyl group may optionally and

i ndependently be substituted by 1 to 4 substituents as nentioned bel ow, if
necessar yWwo 2011/047fBe term "al kenyl ene group” neans a st Pairgiseolonsiseanched
di val ent hydrocarbon chain having 2 to 12 carbon &ockst NovdPRB3I hg/VatPGTeast
one doubl e 30bond. The straight chain or branched chai n al kenyl ene group
having 2 to 6 carbon atons is preferable, and the straight chain or

branched chatﬁér@éf@@vin?@%@rrw pREbEnD@NE ghduph bg@rdtymle%@fr@d 2tdIDIfe

pref erabl e her eof are vinylene gro E}gope | ene group,
but adi enyl ené%@%"ﬁb’ the glkylepe 9@@8%%“0@?1@’ g ﬁ%’sé' egbydgofay optional ly
be substi t ut ggpdlifuchtd 8s fhe?nH&%d lSéI@\K)tl? néGesSBAt VOR&E R&rMineldrolpcassary.

Were al kenyl ene groups as defined above attach at two different carbon
atons of t hedpéneteatoveiatigeh ahiwp @ﬁer@ﬂhﬁ:@rhoraﬁm%@féhebev@enesnrbg #eyseven

menbered gar r t he carbon
atons to g/m gﬂﬁ?ﬁ{egnrgeﬁaéggﬂvgciﬁg% ﬁeorégtjlr& g%&%?gggégssg\gg%élbt uted by one
or nore subsbemmetrmgdmeﬁmm@ltbwpam@e at@nsrto whﬂcprﬂy&y @re@ttpbhenbazng a

strai ght or oval V] st one

tri pl o bond. NARCHSER MRSt M OAFE BER LR abelRe b anched
chain al kynyl gr olipe teawi“alkyByt grodipC ardzos aestanght oahcnched stonavgent chai n or

branched chaipn aI kynyl , gr qup. hayi n ato preferable.
Banpl o5 ¢ haPdupesPa srdbdbing it frd G iRy ThedpBiBabE AREYny1 or oup.
4- pentyny0d gyooup,is aemerglwynrydzln or brgmch@d bleawlaydyngrgnum h@nmgazymglcagrooup,

2- heptynyl group, 3-he pt ro 153- oct group,

3- nonynyl gra@ﬁ?&éﬂe& ﬁ% gréfr(% grs”ﬂ'ﬁ%@éj%?fl ﬂ%@/ﬁgﬁﬂ bofslc) gr oup,
etc. The al kmanbbn@tcw@lsrmureqmtafe@ataélEx@ﬂglesmm@@mﬁ@twpmyl gtd@@t BI ut ed by 1
to 4 substi tgents ment | gwgd bel ow, if necess

"cycl oal kyl gH¥D grﬁ\é%r?sb‘& ﬂ&%r‘&en&myb@eyeﬁ EXW%\%‘?%? réeé(’b’ﬂ at ed
hydr ocar bon gidig, th‘élxﬂgjlérddb b2%hepBin CiBepteid ghdl, 3thepmigryrelp C

g o
sat ur at ed_hydr ocar bon” group havi ng carbon atons is nore preferable.
Exanpl es 19 heﬁeqﬁyrw @roapn%ﬁeawl g@ual fecybauRn URAeFYEY LIPEP#-kyl gr oup

such as_cycl Qgsei goabiRo CHayl gBL6URy GXBhaRaNIdhagiaanPHe! ohexy!

group, cycl ohepty rou cycl ooct group éﬁlo ecyl group, etc. These

A SRR AR AR I LR SRS UL N (A AN UL

The term “cycloalkyl group” means a monocyclic or bicyclic

monovalent saturated hydrocarbon ring having 3 to 12 carbon atoms, and the

20  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,
cyclohexyl group, cycloheptyl group, cyclooctyl group, cyclodecyl group, etc.
These groups may optionally and independently be substituted by 1 to 4

25 substituents as mentioned below, if necessary. The cycloalkyl 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
sulfur atom, SO or SO, within the ring, if necessary), and the condensed

30 saturated hydrocarbon ring and the condensed unsaturated hydrocarbon ring
may be optionally and independently be substituted by 1 to 4 substituents as

mentioned below.
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25substituents as nentioned below, if necessary. The cycl oal kyl group may
optionally be condensed with a saturated hydrocarbon ring or an unsaturated
hydr ocar bwo 20iwg7(18ai d sat urat ed hydrocarbon ring and uR€AtUSREDOR598
hydrocarbon ring may optionally contain an oxygenDacketNa: RRDBOGANORGIM a
sul fur atom SO or SO2 within the ring, if necessary), and the condensed 30
saturated hydrocarbon ring and the condensed unsaturated hydrocarbon ring

nmay be optional | yTRirinégeieamksntte P%@rbﬁééﬁslﬁ BdnBYyclic bPbidyQidbst i t uent s
as nentioned below. The term™ cgcl oal kyli dene gr oup" ‘means a nonocyclic or

bi cyclic di vaivalent saiuiated Byirasaiper HPHHAVIPY /g0 Havempnate@siantiiebon” at ons,

and the MonogyrbbGolis dbkiAbE by RHEEABATROID BERMP3 RAEICAm R dtdm8 icar bon at ons
is preferable. Exanples theréof are a nonocyclic al kylidene group and a

bi cyclic 5al Rigfergblee Bampesiersohsrey aangewniigialidbdrneggroup and pdliewsiie y| i dene
group, CYS'OBWEd’édegirB Qﬁcﬁyéhbﬂofdr%wwﬁé gr%gg, %fcﬁ)b‘azyn%ﬁe (Hipse groups may

optional |y and’iI ndependent ubstitute substituents as

ment i oned bekwuppartylideeegrsap.\cycBbsxydidsne grasipcyicl oBhdegl grdersemgy oup nmay
optionally be ¢ i : a £ - turated
hydr ocar bon 89@%512%%?354@8%5% t}slgotte;gﬁ%{;tg}e}%@{ﬁgoni ?%éﬁ%% t%\rsn%%ra ed

hydr ocar bon belowy, ifegcessarondédiges; the adoatkylidenggnoupitan odionalty lgen at om a
sul fur atom _SO or within. the rin i £ necessary),.and the condensed
saturat ad. ny @ BSFER TPt oot ind €6 SR ai ok MRSy be

opti onal H§ andg (suike patocked hydrbearbob sing ant @dsdtvrated bydrosarbsi rihgendys as
mentioned bel ow. 15The term "cycl oal kenyl group” neans C ic or

b1 Cycl 1o mongatnaly canein a1 AT RITP oL ABERN IRy RSO 8 955C4r bon
atons and hawiitAg tafe _rihg,ashemeangtgd%ﬁag@@mbegib@ squﬁét@dE] apd_jr@cgzb@h@mgkenylb
group is a nonocyclic unsaturated hydrocarbon grou avin to car bon
at oms. Exarrp?@gt SersadratedYIRIEsRs ing @PKQﬁ)?P%%’P%lgﬁé‘dén epdentydi®opent enyl

group, 20cyckgpaimitadbgnnb 4HuPERuchtEsThERRNKH balowlp, etc. These groups may
optlonallg and i ndependently be substituted by 1 to 4 substituents as
b

ment i oned®bel ow, The ipePesxeioplkepykaraup’ Magds@/mPBRAYRENYI bigrdHGp may
opti onal |y be0SEREERallirbBadyBRIHFRNShd MR REAIPNCADES aRimPghdinsat ur at ed

hydrocarbon ring (said saturatéd hydrocarbon ring and unsaturated

hydr ocar bon Ppvig9 ghlgasirnestrublebomsl. coin prieferable exglgalkem! erguPds @i t r ogen at om
a sulfur ato el ' ' he condensed
saturated hy ro&?g%(%#ﬁ%tH}égtg%erg&nggtgo uurpI aﬁaﬁfﬁf@éé@gg%@péﬁg may be
opti onal | y akdainptisgeerdehareyntreoydipsalkenyl gebubg stch as dycieofsstenyligioug, as

b cycl 1 o 2030 tnatie Bh Shoy B SISl .  TRRSE oA BB REAGHOERR, . o
havi ng at | easd irslependenlydelzubdltitutBdenypt &f £ salidtiierychoaickondd bpioupf i s a
monocycli ¢, URSBLHCRE Sl BRAL RN Pl Dofohdly e iR -
a saturated hydrocarbon ring or an unsaturated hydrocarbon ring (said
saturated hydrocarbon ring and unsaturated hydrocarbon ring may optionally
25 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
substituted by 1 to 4 substituents as mentioned below.
The term “cycloalkynyl group” means a monocyclic or bicyclic
30 unsaturated hydrocarbon ring having 6 to 12 carbon atoms, and having at least
one triple bond. The preferable cycloalkynyl group is a monocyclic unsaturated

hydrocarbon group having 6 to 8 carbon atoms. Examples thereof are
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nonocyclic al kynyl groups such as cycl ooctynyl group, cyclodecynyl group.
These groups may optionally be substituted by 1 to 4 substituents as

ment i onedwbebtve47i1B necessary. Besi des, the cycl oal kynyPCErusaqo/63598
optionally and i ndependently be condensed with a ®acketdNe@dPRPEAOCNIRDYT ri ng
or an 5unsaturated hydrocarbon ring (said saturated hydrocarbon ring and
unsat urated hydrocarbon ring may optionally contain an oxygen atom a

ni trogen at ORondcpditfalk n%‘ltg?%pssﬁcﬂraﬁ%lo%ﬁyh%ll@réﬂﬁ cryuagecynfﬂ gessary), and
t he condensed saturate drocarbon rin unsat urated hydrocar bon

fing may be OpEFRERUPS maYPRiARAaRIsHaskby ] ¢ SHbsBeENy 8 1 o 4
subst t uent s nahidMB LA ABRsAN. Besides mecyk%%myngggynéu;gmy%ﬁumps a

monocyclic or bicyclic nonoval ent’” aromatic hydrocar rou aving 6 to 10
car bon atons anwm%p%@erttlméaeez@ndam@qm@hglsatglraia@hydr@pmbﬁplrmgroo@p (i ncl udi ng

1- ht h ,%E%, EH&E t Il d
mgggendg%t ?99%’53 su sﬁﬁ%g%w %%ﬂ su W@é%ﬁ?sﬂﬁa%n; ?gﬁedybglnow
i f necessaryun%sliatmthyctrh@rb@ryrm@mayp)p(ualyalkyp:tontaﬁaalhpxmmnmeased with a
saturated hYRGEHARd QP AOBRS, h BKICRRRBONENIGHARE.

sat urated hydr ar bon ’ri turare may’ optionally
contai n an oxygmgansat csaturated|htydr@gerrh>oatrmmormesum%mnramddmdr@@rbnn BP wthin
the ring, if _necess

the condensed S t hydr acarbon ring or
the unest ur af BN T aBLAnLAR b TR)IERE SHesQuaR by The SRELERAA Ty be
substl t utted bryenlnomad Belswbstituents as nentioned bel ow The term
"unsat ur at ed nonogyc|ic .heteroc pl icrin nsat ur a hydr ocar bon
ring containing 1‘% l?é‘?‘e?%tgﬂi% |WB%TJ%%HEWPFV?Q@EWQ&QBWVAﬁﬂqa ni trogen
atom an oxyegRima %Uértﬁ)rﬁgrbﬁplhaﬁh B to A0k axbm%erabh@mrmene@fa 4- to
7-menbered saturated or unsaturated (f%ﬁ‘ ocarbon rin lgqc;%\rt](gl nin

het er oat ons ?F?d@ﬂféw SrLPynatRyE ORI NG i -PRRRYEN HEP & ”@?8@% at om and

a sul fur atog}o@?amﬁé@grbbsé Al o@h@n@wrdn@un@epena}démmwg\ﬂast.ﬂ&écﬁgy nge furan,
t hi ophene, pyrrole, imdazole, %razo e, oxazol e, .isoxazol e,

304, 5- di A§dr 66KRsEHeNts @Rimenticaed Pelgwhif a26pesary: HPesifes: f1earyt §rodp My,
tetrazol e, ebet.orﬁma ch@éﬂseB%{hdé B&urdiyd hyerébanﬁon RME B bR BinsdtdfAd

t hi ophene, pi:'rro e, I mdazole, oxazole, and thiazole can be preferably
used. The " x@pgar@p@dlngrm\@égwrat@d hé@@ﬁ@@?@l”ﬁ@ andnigrsatwegiedpt i onal |y and

| ndependent | y, hie 5B G W ofibndny csHilR bh A4S alh, Tt destoRehow 1

necessary.
sulfur atom, SO or SO within the ring, if necessary), and the condensed

20 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
unsaturated hydrocarbon ring containing 1-4 heteroatoms independently

25 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 a sulfur atom. Examples thereof are pyridine, pyrimidine,
pyrazine, furan, thiophene, pyrrole, imidazole, pyrazole, oxazole, isoxazole,

30 4,5-dihydrooxazole, thiazole, isothiazole, thiadiazole, triazole, tetrazole, etc.
Among them, pyridine, pyrimidine, pyrazine, furan, thiophene, pyrrole,

imidazole, oxazole, and thiazole can be preferably used. The “unsaturated
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The term "unsaturated fused heterobicyclic ring" nmeans hydrocarbon ring
conprised of a saturated or a unsaturated hydrocarbon ring condensed 5 with
t he abovewo@entiv@mad unsat urat ed nonocycli c het erocycl i c PCrAg200m8298%ai d
saturated hydrocarbon ring and sai d unsaturated hydcketadNdoRRDBMNYG7\WOPCT
optionally contain an oxygen atom a nitrogen atom a sulfur atom SO, or
S within the ring, if necessary. The "unsaturated fused heterobicyclic

ring” incl udagpnoblic e Riic RRGZALNbORIHNE and Wi@b@mdentlﬁ_be substituted
t et r ahydr obenzot hi ophene, "'10benzof uran, isoqui noli ne, thienothiophene,
t hi enopyri di R 1-4sitesiuents as maplianss belawifrRNESHRY- benzot hi azol e,

benzoxazol e, i ndaggd RrmCtLA¥SIPARAGUSE heRFobRYElic Fingt Rns higochBbRr ocyclic
ring"” also includes possible N- or S-oxides thereof” The term
"het er ocycl y1ing gemngsed aivheaturates o vogatefatachkydierareon rrgeonsiagedinsat ur at ed

monocycl i g hWitﬁrtl?&¥8¢Jecméﬁﬁ&earun§5@%t% ﬁ%o%c{(:#i%%t&é@%ﬁi@ﬁﬁg %Fd éééd ring and
a nonoval ent group O the saturated version t he above- nti1one
unsat ur at ed setcaigd hydroharben siog @ndsaisk unsatiaateddtydwchimadingenay obi cycl i c

ing. If - h ) I I i tly b
Gubsi it ut ed o s SAPETEL PHREK B IR oBR sAR L S BP A FERIS X o5
group" neanswihindheyihggf oegesaany. dine Surfsatunatdd ihysedEterdbiegcleningal kyl gr oup”

to a carbonyl_group The term,"al ko group” ans.ones fornmed by

bi ndi ng an * ARYE-oPeaEmes dastigineis, BRSeTll By SRR he above
each grodp i behzdesn, soguirxlarptrienathibgharge thieriopyridihé uquinagliee, iabdlore, ne,

brom ne), a nitro.grqup, a. cyan rou an oxo 25group, a hydrgxy group, a
mercapto gr ol?ﬁ,'ndgl”g%g’ﬁgﬁgltﬁ'aﬁgSUB?’%QX@%?I?’(J”%?%,dﬁgﬁr $Q&H'n°¢i¥% ©an al kenyl
gr OUpi alnkal Flmrwér, gfemu@ter@cy?milmﬁg'xléfel\d ing|ueu@po§simw\ll-@askoﬁideietﬁﬁnmt.hyl glr O:Jp,
a cycl oal kenyl grou a cycl oa ny roup, an ary roup, a heterocycly
group, an al koxy ﬁ*ﬁfgtﬁs{n gﬁteéPﬁé‘Hill W%@@dﬁgpovg;prggw%ﬁf%al@q\@up, a

cycl oal kyl oxyhe@tiohdd udsatirleRirhéfatybRXet8fRYlic rig3Reimeh@pdtky A)se@Xxy group, an
aryl oxy qrouR, a heterocycl yl oxy group, an al kanoyl ,

5 eterobicyclic 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.

The term “alkanoyl group” means a formyl group and ones formed by
20  binding an “alkyl group” to a carbony! group.
The term “alkoxy group” means ones formed by binding an “alkyl
group” to an oxygen atom.
The substituent for the above each group includes, for example, a
halogen atom (fluorine, chlorine, bromine), a nitro group, a cyano group, an oxo
25 group, a hydroxy group, a mercapto group, a carboxyl group, a 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
30 cycloalkynyloxy group, an aryloxy group, a heterocyclyloxy group, an alkanoyl
group, an alkenylcarbonyl group, an alkynylcarbonyl group, a

cycloalkylcarbonyl group, a cycloalkenylcarbonyl group, a cycloalkynylcarbonyl
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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 kywgl2eawvddontgl group, an aryl carbonyl group, a heCEus2eessbgar bonyl
group, an al koxycarbonyl group, an al kenyl oxy- car Dockét Nw.oBRP3an7WOPCT

al kynyl oxy-car bonyl group, a cycl oal kyl oxy-carbonyl group, a

cycl oal kenyl - oxy-car bonyl group, a cycl oal kynyl - oxycar bonyl group, an

aryl oxycar bOEVdup?é@Hl%ﬁlcaﬁ‘bW §FRp, 5%@@%9@4%@%%%&0@ QrRalkcxp- al kanoyl oxy
group, an al carbon rou | - car bonyl oxy group a

cycl oal kyl - cﬁar@@ﬁwgﬁs&lw galncﬁiif?ny begﬁer@@wk@rﬁyp arb%ikwmyd;@yb GWHaReUP a2
cycl oal kynyl C(}(%Q%ﬂd)hpééfb%ﬂ@%upaﬁ @&l%blﬁéﬁﬁ%&%@f%ngrg}eap fcyclo-

het er o- cycl yl car bonyl’oxy group kyl t group, ~an al kenyl -thi o group,
an al kynylthetkygylwpcaraomggrw aylanﬂowcgrtmw graur@,ﬁmeiawckenyl -thio group, a

10cycl oal gyn}fgél%vﬁlcg&%lﬁ@ rf’élé%ﬁlo%r jiobp %g%ﬁio&g%é/rﬁb%&l&g} @0960“10’ an

ami no group anoyl ami no
group, a nonen aﬂ?ynmlrcaabmw«ywcm@lhm@wycmkmbcgbommxyagrnumca cystoalkenyl-

di I b -

it st ongHoRRP aGiR RoydBa Y oh B GILB otk QB Aoy

aryl sul f onyl gmupoa@etmpcydylcanbbayﬂnw glgxupuzpn alaylllfﬁorgrmm on atkengttiipl - car banoyl
, di b I Ik | i

O Renyt Ssort DinyP gf Gl GRBTTY buBb i Gl SRR 188 61y

gr o:Jp, I ?jﬁyfbp(ad)édgnwltbuﬁlg;rowlangalrrguluﬁn grla)fu@ya:hewlrdmmbylthlstgjrcbmmwln @Tu?up, I an

aryl sul fin ro a heter c -sul fin sul f on rou

o b Keny ! Sudfiio B ot SRR Bt B e e Reh AR Ba RGO al £ opyt

209|rOUp, |? cyrﬁin@abk@irykm@tﬁafrwl afi ou@ ecmh@aéﬁwww@a:béwnalmm oup, an

ary sul fony

roup, and a heterocyc ul f oup. Each group as
ment i oned abS(Ré’%nﬁQ aB‘#lSPE'Hﬂ?FV‘%%mgéb%'{?@YJt O%X) a%H@%@r%’lﬁ’bgrt‘l tuents.
Further, theakfguiyiRo 8Foud, Balamédmzshylgrrmwogroa F@béﬂbb rgralfgyd group, a

hanaIkOXé group, a halo-1ower alkoxy group, al ophenyl group, or a
25hal ohefl@r OE‘}??('E‘IOyPr dradi CRRMOYhIrURY R ”lj’rnéuﬁr d'@rv'%@a”@wk@?uar%p, an
al koxy alkylsulfinyl group, an alkenyl-sulfinyl group, an alkynylsulfinyl group, a

cycloalkyl-sulfinyl group, a cycloalkenylsulfinyl group, a cycloalkynyl-sulfinyl
group, an arylsulfinyl group, a heterocyclyl-sulfinyl group, an alkyl-sulfonyl
group, an alkenylsulfonyl group, an alkynylsulfonyl group, a cycloalkylsulfonyl

20  group, a cycloalkenyl-sulfonyl group, a cycloalkynylsulfonyl group, an aryl-
sulfonyl group, and a heterocyclylsulfonyl group. Each group as mentioned
above may optionally be substituted by these substituents.

Further, the terms such as a haloalkyl group, a halo-lower alkyl group, a

haloalkoxy group, a halo-lower alkoxy group, a halophenyl group, or a

25 haloheterocyclyl group mean an alkyl group, a lower alkyl group, an alkoxy
group, a lower alkoxy group, a phenyl group or a heterocyclyl group
(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

30 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

group, a hydroxy-lower alkoxy group and a hydroxyphenyl group mean an alkyl
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group, a |lower al koxy group, a phenyl group or a heterocyclyl group
(hereinafter, referred to as an al kyl group, etc.) being substituted by one
or nore haDagar4ations, respectively. Preferabl e ones ar @Camsadips2sgs oup,
etc. being substituted by 1 to 7 hal ogen at ons, amdckaeirNo.pPRDEN &BIVORBTES
are an 30al kyl group, etc. being substituted by 1 to 5 hal ogen atons.
Simlarly, the terns such as a hydroxyal kyl group, a hydroxy-|ower alkyl

group, a hydPm%ala{@omr@rmmueedmdéwarmgwyd%WMu@g OpiRfeaBlc dnes
hydr oxypheny grouglnean an al k bei ng substituted by one or
y

mor e hydr oxy GBT & Bky! 9Pl dabbaing Sdastitad R 14P K1V CE Y B50URS, @Nd RSP g

O oup. et o PR G B o ! € 2 od © Pe Fer s

such as an agmmalﬁaytherguthmtﬁrmasum a@law@xyaimgrowaé@@er alioxaplkxy - | ower

Fowar ol oy SIS o Skt er o roBb o lout By bt HGXURMECRY O OuP: @

al koxy- | ower abkokysthoxyravoyn, adower alb&wh@wygr@lpolp alk@mﬁlwarmyarmyphenyl

e, Bl O g T £

to 4 al koxy gmoumhenglrgion@rreapseﬁaﬂqdbg-upneu; aemgaaubalitkidd yrangor et c.

bet ng_subet | WSESIN dd s REENG R it ool ANl 20

a: koxy gﬂOugbyast?ﬁ%m«fytmd;@benerﬁmefltphrﬁjerfableaasrlyds aeba:arllkwgmup éi:&The term
ower" used, in efinitjo or the fornulae in the presen

speci ficati oHe'H\ngHE tﬂ“@f’@éﬁ@?ﬁ@k’ﬁ’r%ﬁﬁﬂ%d carbon chain having 1 to 6

carbon atons, unlesstietiagdalryihanit &glalR®Xye apruebe bipk)or astpafeAns a
stral ght or br anched carpbon chain g?w n%ﬁ?l to 4 carbon atons. 20The term

"prodrug” medRYhEhwLP Erfenio 2lky BHA AKOXY WUPS asdesgrbralRye I’r@dlﬂgl% one or
nor e hydr oxy ag)| eupsit@ntt he conpound of the fornula I with an acylating
agent substituted by an al kyl, an al koxy or an aryl by a _conventional
net hod t 3 pr oduce %ﬁ:@r@t loweyy V&q?%t”éheﬁﬁ%/WW'tSabeB\%fP@nU@%Hk@&tpéeseé‘ﬁc

Further,  the spidfiiaen nitehydestradrt @r BhreA barbn RAbiihauilg| £ d sarbbrtt | ar | ¥

f ormed by 25 reacting one or nore hydroxy groups of the conpound of the
formul a | wi 8P valegridatinectothenyisey Ygreaprefriablyi iimeang a sirgighyoa condensi ng

agent by a Ctgﬂ%%ﬁ&a egr%lonrgﬁgllaq%\, éhptopépégrggﬁg jcally acceptable salt of the

conpound of or nmul I nc for exanple, a salt with an al kal i
nmetal such as lithium sodium
20 The term “prodrug” means an ester or carbonate, which is formed by

reacting one or more hydroxy groups of the compound of the formula | with an
acylating agent substituted by an alkyl, an alkoxy or an aryl by a conventional
method to produce acetate, pivalate, methylcarbonate, benzoate, etc. Further,
the prodrug includes also an ester or amide, which is similarly formed by

25 reacting one or more hydroxy groups of the compound of the formula | with an
a-amino acid or a B-amino acid, etc. using a condensing agent by a
conventional method.

The pharmaceutically acceptable salt of the compound of the formula

I includes, for example, a salt with an alkali metal such as lithium, sodium,

30 potassium, etc.; a salt with an alkaline earth metal such as calcium,
magnesium, etc.; a salt with zinc or aluminum; a salt with an organic base such

as ammonium, choline, diethanolamine, lysine, ethylenediamine, t-butylamine,
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30potassium etc.; a salt with an alkaline earth netal such as cal ci um
magnesium etc.; a salt with zinc or alumnum a salt with an organi c base
such as awoeniwmyiighol i ne, di et hanol am ne, |ysine, ethylPEmAS2@ENI0M2598
t-butylam ne, t-octylamne, tris(hydroxynethyl) amocketeNdiaRBD3N A&ORAT

gl ucosam ne, triethanol am ne and dehydroabi etylam ne; a salt with an

i norgani ¢ acid such as hydrochloric acid, hydrobrom c acid, hydroiodic
acid, sulfurec@fntine Mid(hidrofhéthypamBheiHdheaNifeth§t flugosamide, sal t with an
organic acid such as formc acid, acetic 5acid, propionic acid, oxalic

aci d, nal oni &ieskanglansine @ndidehwdrabietviamipeca ar't With aalnqrganie peid sugk @6 c aci d,
malic acid, hadbahibhc 86Ty Fbbrbiic 54 thydfRbAaBeRubfiRRt @cRChbic acid,

et hanesul foni ¢ acid, benzenesulfonic acid, etc.; or a salt with an acidic
ami no aci d sobespiwriggpis eics oaei st withianaerganig@cl sush@s fameic @eitpacate of t he
present | BvenLofyoalch dAE! didficada ThabhicacR] sdOSHERER! RATR QT each pure
or substantially pure |1soner. For exanple, the present conpound nay
optional | y haweioneidolactimaed.avglimatid.itartaremad, sitee asidcaethenesulomiccont ai ni ng
any one of suhsti] : - . Hols .1 may exi st
in the form gp 'aé%%%ﬁ%oﬂrrfgp'-E%r%rog%gé%egreégﬁ%nﬁ(?g@@u%gm%?tﬁ?@v‘{tﬁgﬁgﬁq'& When t he
present conpaommb &did sccnésasmaréc dodbdletabondcididie. present 15 conpound may

exist in the formpof geonetri.c isoneri.sm(.cis-conpouynd, trans-conpound),
and vihen the presbit CEBRBLTR 0T PREBAL Ao A BRRS s B E such as
car bonyl 10t heterédisomemsemndachqpupe onsubstgntialy plirelisorhére Fovrexamibleatieaut onmer ,
and the present cg‘%ﬁgund al so inClaE)?ﬁs t hese isoners or,.a mxture thereof.

The starti ngPESHPLSHPIHAAYY PR VG AUBH O VMBI AENEIYHE or 20

di ast er eonmer camyynkeord £86taining 8y PridcRsBesiubats. MherdAsieNthet dbengolegent
conpound. Wen the present conpound is obtained in the formof a

di ast er eoner " fOERYA iMfesXistimEy TRUR Ohenakig1es e HiasiPrePBYnPeAMYHA net hod

such as chr ord-T anhen B prést compbursd ¥ péaHtdihg 8tdodBle bond, the present! N
addition, the present conpound (I) includes an intranplecul ar salt,

25hydr at 82 s6PVRPWGMAYEKFHIHA IArREPiasometric ISoMedsYPiELOFPOLRG BT onal | y
substituted WpsAbUHAL S8 WREPMECH S BLRIBENE (1) Eorthing affunsBfirREE BBRAY

I
i nvention include an unsaturated nonocyclic heterocyclic ring which may
optional | y béududsearbapyathel the presemisromnesing naveddstitherfoBmot de gr oup

consi sting of, g, Hal 38§, rf[é%ntacom uﬂd%fs%ﬂﬂelu?’escﬂﬁ@%’is%ﬂ%"rgpfa nfiktuX© 9r oup,

a hydroxyl group, a nercapto group, a carboxyl group, a sulfo group, an
al kyl group, treneefl Kérataring apmpeundinkiye fdrmgef@upcemicopixtual dngntigmeupr, a

cyct oal kybl daRRIRLINL AEOUB o8 SYREQPLROUL i olrind iy Glegaliynyl aroup, an

aryl group, a erocyc gr Kenyl oxy group, an
al kynyl oxy gcompourad.cWiheo dhk pteszpt apnououndés olyteinedlik deyfbowpf gr oup, a

o kanoyl gy odpo ko HPi R R BEh i YReths SarrapR B o B B¥Biss™

5cycl oal kyl caudioay thgratgyraghycordtastibia myystaliidzatioy] group, a

cycl oal kynyl car bomyelddition, the present compound (1) includes an intramolecular salt,
25 hydrate, solvate or polymorph thereof.

Examples of the optionally substituted unsaturated monocyclic
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

30 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

group, a cycloalkylidenemethyl group, a cycloalkenyl group, a cycloalkynyl
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group, an aryl carbonyl group, a heterocyclyl carbonyl group, an

al koxycar bonyl group, an al kenyl oxycar bonyl group, an al kynyl oxycar bonyl
group, a wW9cbhoal4kmBoxycarbonyl group, a cycl oal kenyl oxy®arhisegl/o0§25081p, a
cycl oal kynyl oxycar bonyl group, an aryl oxycarbonyl DgicketgNo.aPRD3117WOPCT
10het er ocycl yl oxycar bonyl group, an al kanoyl oxy group, an

al kenyl car bonyl oxy group, an al kynyl car bonyl oxy group, a

cycl oal kyl Ca@hﬁifﬁ}’bﬁélv’yl@m}ﬂ)pa h@t&&@ﬂcﬁ@?l@@%bﬁék@%ﬂd&&aﬂéﬂléﬁylofw

cycl oal kynyl car bonyl oxy group, an arylcar | oxy group,

het er ocycl yl 669%’@?\9?Hﬂ(?wgﬂb%ﬁwpaﬁ‘\C&I'WI‘X"Pﬁycgrgwémﬂocycéﬁ?'@”b(@ﬁywapeagr oup, an
al kynyl thio 8% Sy I GrOR, Ié)ﬁ'atrﬂbﬂ/ @rrogHPa héteﬂo'&&l?lo??bl%ﬁ!b}’bﬁ Blk@ngyioup, a
cycl oal kynyl t rou an ar p, a heterocyclylthio group, an

am no gr oup, geouma@alk@nylaamenwﬂrm lﬁi@ @ﬁy@ubart@nmmf@up@r di - al kanoyl am no

group, §Dn§¥?lgﬂ1kﬂ%arg¢@9g;y Qwﬁlbﬁg}aﬁ\?cﬁﬁ?@ ’gr(ﬂJpnBQ:%IOQIrk%nylcarbonyl

di -aryl carbo I nyl'am™no group
al kyl sul fonygmpnan gryseapborah geauypl elhllefarmMCb/IﬂaI‘hDryI olopp, amalkppoacidnghy | ami no

20gr oup, I - ar_di roup, a nono- or
di g alrjsl car bgF&I%Fgérag(%B,ﬂgg%cag?c[f&[@rgpﬁi %@?'kg’ﬁ%’!a’%g@?ﬂ%ﬂ’% sﬂlofl nyl group,
an al kynyl subf/cnlorgIkyI@rwamongl grypap, (fad:ycjded;lwlnfyiouyctargmrmhgroua a

cycl oal kenyl sul fi ou cl gal k I roup, an ar | sul finyl
T oupe a net PRI BURBagH G AR R ebY Y BH € o bup. an ’
al kenyl sda0f ohgl earbarh h fatkaybylgx pan dkenycdrbanh | f onyl
groupy a cycl gglr%zﬁ;(ﬁl fo wgmdma L yg )g?fup nuI ?% r gr%%“gsuan Y
aryl sul f onyl IfHup" Bylﬁarﬁém@g %P?I%E%ﬁ??ﬁwc%P%ﬁ’ NP & each

substi t uent odIRériyzabdny|dx§ grouid, hesycRukghylitatbetlyiByy groepearsubsti t uents.

Exanpl es of t tionally substituted unsaturated fused heterobicyclic
ring of the BI¥% ER”V HYERPYR R *?eﬁ%rloﬁlﬁ(‘i ISRTOAMEPIALRETT KU KSHP 0B cycl i ¢

ring 30whi chamaiyigid gl zlar)/aﬂl?n;ﬂﬂhhﬁ@r’ohﬂt@éy(ﬂb/alliyﬂﬁlosg#@ﬁé'é uents sel ected

fromthe group consistjng of a halogen atom a nitro group, a cyano group,
an oxo gfdupcYHoHRMYERp FPeuR Cy&'%‘iﬁy@%ﬂﬁt‘%g@*@ué” apyIthigr BBMRIa gr oup, a sul fo
aroup, an al kylero Qo ALK Eho GFAHPa thcAbkIDky BRARros Byl 0al ky!

group, a cycloal kyl'idene- methyl group, a cycloal kenyl group, a

cycl oal kynyl maineupr, dizmkanoylanypre agpuraa Raner @bgilcalmxygar@epyla@m%grra@&ye group,
an al kenyl ox 0 I gpoup, a

cycl oal kenyl ﬁIﬁI‘bg?lﬁﬂp&ﬁﬂgé’@@@? W?/r%?g%yalg I%%Er#;ﬁ’%hﬁé (‘@{)(%pxyhgr oup, a

het er ocycl yl aekylsgfenyamian gaddamoyarylsulfinylamino group, an arylsulfonylamino

20  group, a carbamoyl group, a mono- or di-alkylcarbamoyl group, a mono- or di-
arylcarbamoyl group, an alkylsulfinyl group, an alkenylsulfinyl group, an
alkynylsulfinyl group, a cycloalkylsulfinyl group, a cycloalkenylsulfinyl group, a
cycloalkynylsulfinyl group, an arylsulfinyl group, a heterocyclylsulfinyl group, an
alkylsulfonyl group, an alkenylsulfonyl group, an alkynylsulfonyl group, a

25  cycloalkylsulfonyl group, a cycloalkenylsulfonyl group, a cycloalkynylsulfonyl
group, an arylsulfonyl group, and a heterocyclylsulfonyl group wherein each
substituent may optionally be further substituted by these substituents.

Examples of the optionally substituted unsaturated fused heterobicyclic
ring of the present invention include an unsaturated fused heterobicyclic ring

30 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 0xo group, a

hydroxy group, a mercapto group, a carboxyl group, a sulfo group, an alkyl
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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 kywgl2eawvddongl group, an aryl carbonyl group, a hetrerasgelopszsas bonyl
group, an al koxycarbonyl group, an al kenyl oxycar b@ogketgdauPRDan1ANOAGT oxy -
car bonyl 10group, a cycl oal kyl oxycarbonyl group, a cycl oal kenyl oxy-
carbonyl group, a cycloal kynyl oxycar bonyl group, an aryl oxycarbonyl group,

a heterocycl )grdvpyaﬁi%h@ﬁwgr&ﬁ&%a@hy%d@aaoyb@wam Qkdup, an

al kenyl car bonyl ox %rou an al kynyl car bonyl oxy group Vclo-

al kyl car bonypb@!g»eléf' gpe- rae@ytﬂream k%%'@&?%h%é&ya @YC&?&W”& FPEP.AN

al kynyl car bogy, QP‘dﬁpQé‘Pﬂe!Féro@&IyléﬁHu}S' Qﬁé%@'b%}é Qr‘i QBnyI&xy §bEp oKV Cl VI -

car bonyl oxy grooup, an al roup, an al kenylthi o group, an al kynylthio
group, a cyclatkmdym grpupga @qupa"sv @ycdroan. kewyelaahieoyigknapuraacycl oal kynyl t hi o
group, angary, t t a rmno-
o el ko1 et A BBl BYRrod, AR RUBRY GOl SRR B BR AEAHR. 2

di - al koxycar gonpi amark@nyjcanbpnylZIDwm@n@JkaMCdrboaywroam onyl ami no group, an

al kyl sul finyl, %%ka%r%lw g%& E%EIP?%&* |ogg45&§9| OUL% QWCIoggg%-yl group, a

aryl sul finyla group, am no a’car

nono- or di- ahdbphglagr@mrmyﬂargcmbpnylagrmm@rhemrody(aylyarbam)b@rmm agroup, an
alkylsulflnyl

rou kenyl By fin an_ al | sulfinyl group, a
cyol oal kyl surkBrEroprtlaRul gy eRgnyanarSr LT pr Ry gEblp SatbBH
25cycl oah@yngrcmpt hicpyibal@yloxyzarieomybgnpup L f:ycrl\oélkemytuxp cabhwlgrcmpyel yl sul fi nyl
group, an al kyls an al kenyl sul f on roup, an al kynyl sul f onyl
group, a cycP%%l?%wW%%P” O5RHE: a9 a@E} y&arbﬁnwngaglﬂfonyl group, a
cycl oal kynyl auiefmlylogywponﬁ@r@rpybslalkfaaewbxgg@up, ard8deylcarbonyloxy

het er ocycl yl sul fon% E% wherein each b tituent may optionally be
further subs®l4ada 6‘3’”&" é@%%@@rpyae@ﬁ WOXYFITOYRe Bt onal |y
substituted bgiaskényldamSorRAoxy o %S@@Fo Iy EArBONY| BpaarbPenzene ring
whi ch may opt?(gnal I yyI be S%S?rb?ulﬁfed by 1- vgﬂbstl t%@ﬁ){%@sgl ected fromthe

group condi semreaNyARNArekeR %ﬁt@fﬁpy@ylnmrp@nyl@fycﬁfeup 2nc3leibioeeup, a

hydroxy grougp a&eﬁ?l”trﬁ@@l?d%pgé%ﬁ(ynﬁtrﬁ@{gu%%)/é c%lé’é{l?ylth% ér'ébBOa group, an alkyl
group, an al kenyl group, an alkynyl group, a cycloalkyl group, a

cycl oal kyl i déV@%KWHh@erQW acyelpalkyay kg grougr anprylthiocgrevda kynyl group, an
aryl group, ﬂefé% MB%&NQ% ‘é‘?‘mné‘ r&’lpkg)ﬁ(or%r %\"H gﬂﬁﬁ‘%e%}ﬂb X%y S group,

an al kynyl oxy gro Kyl oxy group, a cyc enylOxy 'group, a
cycl oal kynyl WOgOOdImIkmybramlmgroglpoamor@ hediealowycapooxgmiroogipyp.an

al kanoyl Hgr oYnoy? of Wk SMaRAAIHRMho GFRWPan AlkyRLIKIEIGR HB0Y! ardhiRyP: 2

sulfonylamino group, an arylsulfinylamino group, an arylsulfonylamino group, a
carbamoyl group, a mono- or di-alkylcarbamoyl group, a mono- or di-
arylcarbamoy! group, an alkylsulfinyl group, an alkenylsulfinyl group, an
alkynylsulfinyl group, a cycloalkylsulfinyl group, a cyclo- alkenylsulfinyl group, a

25 cycloalkynylsulfinyl group, an arylsulfinyl group, a heterocyclylsulfinyl group, an
alkylsulfonyl group, an alkenylsulfonyl group, an alkynylsulfonyl group, a
cycloalkylsulfonyl group, a cyclo- alkenylsulfonyl group, a cycloalkynylsulfonyl
group, an arylsulfonyl group, and a heterocyclylsulfonyl group, wherein each
substituent may optionally be further substituted by these substituents.

30 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
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cycl oal kyl carbonyl group, a cycl oal kenyl carbonyl group, a

cycl oal kynyl carbonyl group, an aryl carbonyl group, a heterocyclyl carbonyl
group, arwal2koxsgcasbonyl 10group, an al kenyl oxycar bonyl PGTAIsp)10ms2598

al kynyl oxycar bonyl group, a cycl oal kyl oxycar bonyl| DgicketgNo.aPRD3117WOPCT
cycl oal kenyl oxycar bonyl group, a cycl oal kynyl oxycarbonyl group, an

aryl oxycar bonyl group, a heterocyclyl oxycarbonyl group, an al kanoyl oxy

group, an al kel §2LHeNYIR8Ya 99@1@9* g@mpab Iﬁ’:@?&’érﬁ@@%)/b%bbcﬁppg@up 3

cycl oal kyl carbonyl oxy group oal kenyl carbonyl oxy gro
15cycl oal ky nf»v'écagr@aﬁy@roﬁlwggr@% anaaﬂk%wwr@apb@wlmw QQNB)UE cy@!oalkyl
heterOCyC|y|@ﬂﬂBOQ%k86Mk9k%HQme%®I@bﬁﬁ'égy&oﬂk&ﬂﬁgmﬁ a V&BMk%ﬂAO group, an

al kynylthi o group, a cyc lthio grou a cycl oal hi o group, a
cycl oal kyny! BFiup. gn@uﬁgrcm amtqrmx@l gEup, a@atk@meg@wcwakamdow oup, an

am no gr Og 0 ng?’odESDQH alk%)éﬁil%@] %@é)aa%{@%p%ro@p 'H’E%Toa‘ﬂ(en?fox?bl‘tﬁ[boﬁ' am no

group, a no- or d roup, a
di - ar yl car bonydleatkynylayy sugyp, @n aaylkw GNP myefamqyoly@mgmupaan alkanoyl

al kyl sul fonylg%p?ng!kg}{ Ca%gn@r%é)%”a%aéwa?@ BBp An ar yl sul f onyl am no

group, a carbanoy yl~ group, a nono- or
di -aryl car banmld)algrlm:ponyigrcajpkyaIcsrdba’ahkalyylcq;bomm,grcarp aldyelnyllkymylcﬁeirbtymylgroup

an al kynyl sul fi u 250 Ifln oup

vt ol konyl S iy PdiBne GRiee BRle i Tiny B Dan Bcavearanyli i nyi
glr Ic<)up, | a1d|3$t graapyah wlks;uylbxyvﬁkbcgtylbgmupaam ?Ikyryylwbémwyl glyomlmf, an |

al Kenyl sul 1 on sul rou Cl 0a ny
Groun o cyoPuipdlloReatRol abal clpro amep Rkl SHPoR s BT BIBY an

aryl sul f onyl owmtﬁbnyagmbeémgww@ubiﬁprgyéupglamemro@mWMIamaylggr@w an
al kyl eneoxy % , aln 30al ky Ien d| (0)%¢ 838@P and an al kfnyl ene group
wher ei n eachd8@& PYG@hQroHﬁyarbB PONRRY AP AEWGERAWIPHyY t hese
substituent sgroup, a cyclan&%\vsﬁwoxﬁg@wl £8ybalkdryI @AY IgyoupiBst i t ut ed
benzene ring include a benzene ring substituted with an alkyl ene group to

form an AnnePxtlealkIaeRRAFYIoXY 195K RBRMYIFATRORHRXYHPYRIR at ons to whi ch t hey
are att aChedhe@P@cy@'yﬁ;@rBdﬁ?lo’alg%%L@) BRBAGNRIO db&ﬂ) %Htéﬂ%énglﬁﬁlg‘érdﬂpt Bnhan

al kenyl ene group to 'form an annel at ed carbocycle such as a fused benzene
ring toget heplkypylthiq groupaa 5%0@63611'1\153 QFQUWﬁ exrlaaianylihie deumehed.

et er ocyc i o R RaENoLou e SO0 Yo 8 held SRR  arTRO 7S i ch
may opti onal gyoupeasdysx ot dt@lslylanyllrmgiosmtmmpnoreoﬂch-aﬁ@hexdammdgromntahe
20  mono- or di-alkoxycarbonylamino group, a mono- or di-arylcarbonylamino
group, an alkylsulfinylamino group, an alkylsulfonylamino group, an
arylsulfinylamino group, an arylsulfonylamino group, a carbamoyl group, a
mono- or di-alkylcarbamoyl group, a mono- or di-arylcarbamoyl group, an
alkylsulfinyl group, an alkenylsulfinyl group, an alkynylsulfinyl group, a
25 cycloalkylsulfinyl group, a cycloalkenylsulfinyl group, a cycloalkynylsulfinyl
group, an arylsulfinyl group, a heterocyclylsulfinyl group, an alkylsulfonyl group,
an alkenylsulfonyl group, an alkynylsulfonyl group, a cycloalkylsulfonyl group, a
cycloalkenylsulfonyl group, a cycloalkynylsulfonyl group, an arylsulfonyl group,
a heterocyclylsulfonyl group, an alkylene group, an alkyleneoxy group, an
30 alkylenedioxy group, and an alkenylene group wherein each substituent may
optionally be further substituted by these substituents.
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10group consisting of a halogen atom a hydroxy group, an al koxy group, an
al kyl group, a hal oal kyl group, a hal oal koxy group, a hydroxyal kyl group,
an al koxywsibkyi1/groap, an al koxyal koxy group, an al kenyl PGTaisp)10am388 kyny|
group, a cycloal kyl group, a cycl oal kyl i denemnet hyDogketuy.: RRDRBE | BAICORSTY |
group, a cycl oal kyl oxy group, an aryl group, an aryl oxy group, an
aryl al koxy group, a 15cyano group, a nitro group, an am no group, a nono-

or di-alkylam no QVI@ﬂéI@vera@xé\hFlég@Yl@%ﬂl@nglfﬁ%stlﬁfbo%é?ﬁé%ﬁh Hlagm no
group, a carboxyl group, an a car bon rouEbfa car banp group, a
Q

nono- or di - AI0ePreRs Brtheyastiied with aa %Y@QCQFPUFQ pM agrenaelagsul f onyl ami no
group, an ar %b%b@é%g%ﬁﬁé?%tﬁﬁﬁé’@arb%ﬁ a%rké/{os\%t:h My HEAeBched) aftb s ul fonyl

group, an aryl sul group, a heterocyclyl group, and an oxo group.
Preferabl e emmew bﬂhzeh@n@@subﬁwteqw t@@tallﬁaﬂw@@ewﬁ@m {orfatre@nf used

het er obi cycl Pﬁn%bf&% agcﬁ ut eg%g@%@g%@%&%ﬁ%ﬁg t@@ér%{hct}ﬁﬁ'c fodn! N9 Wwhi ch

may opti onal stituen pendent y sel ected
fromthe groatDrTaﬁ)h@swgcfn thgyaie atthetiedlgen at om a hydroxy group, an al koxy

aroup. an kY| Zoaroup. AhBlealiud g auRy A iEloRLeRYALOUD. 2

hydr oxyal kyl group, an al KOX Xy group, an al kenyl
group, an al hwnpbycglcmmroa/oh(ynhg)&ickﬂe agrm\,ﬁaturatedynd)nmyd;iyclhedl@neymnhyl group,

a cycl oal kenyl p K u u | oxy

Gt oo, Can ar JarkEEinad afishea bs KB e e byl fen MY o hup, a
nmono- or 1di - grduyl comsisting voalhalogen 3tdah, kemalyd»angroap, garrmjpoxyagmup an alkyl

al koxycar bon Iam n a car box rou n. al k xycar bon group, a

car banoyl gr ?‘ﬁglﬁ%ypgmuaa Q?IW%B@?%@HEYT’ Fale) ca k%ﬂroédpkﬁﬁoy group, an
al kyl sul fOHYbB(E’Skmk)@@ﬁdi@ aﬁ@lk@&yéus@wfgwwammkerﬁyr gtolp, anamliy lgradf Bnyl
group, an alk u grou an ar sulfor%l % u% a heterocyclyl group,
and an 0xo gF%‘d‘Eﬁ"kV' gr Up ¥Fieplkyidensg U 2 CHe© b?”yéﬁ&?qpyasubstl t ut ed
benzene ri ngcidlaikd yag%rbﬁﬁzeﬁf‘@ryfgr@GpVﬁH S0 rSUt bﬁ%%}lélkoﬁﬁ%rwé)sél tuted by

1-3 substituents sel ed 5 fromthe group consisting of al ogen atom a
hydr oxy 3P oufyanIraHRoX itrgraseny: 8NN Yrouys 81ipeNoa Ok di- @Jhylﬁwmg@reuﬁ an

hal oal koxy Q%Fk'éﬁoylé‘mn%dg'rgifd ankyko-§EQBnyIaMIfR é‘f@iﬁM aj Ké/rboﬂfl QHdUp, &R
al koxyal koxy g@oup, an ‘al kenyl group, an al kynyl group, a cycl oal kyl group,

a cycl oal ky| Rkexiaseayl gigueuD camapipyl aralRengiongr oLg-alkyiceykaraay! yauwxy gr oup,
an aryl gro r [ , a
an roygr gupuggﬁﬂé&%\nﬁﬂé’dr L’J‘é’ 391 qu@HyIQﬁmYHogéribgﬁ,ﬁrﬁéaﬂéﬁrforgl%rﬁ@}ﬂ%’P&hpg LRUP

al kanoyl am nelkglisoliipy! gamuralancatwfoovwrwn R0 agylewfonybgroep bokgterapyoyb, an

al koxycaﬁgoné U%r?H(E)an%XS% m)yl group, a nono- or di-al kyl car banoyl
group, an al Kan group, “an al kyl sul fonyl am no group, an aryl sul fonyl am no

group, an al kyl sulPrfafmblegﬁxaam)Jesaof tlad kptically eulydtitiged upsatamated fpksdl f onyl
Oroup, 8 et SE R e AR B Pl BRSSP RercBit RIS o OUP: - a0
optionally be substituted by 1-3 substituents independently selected from the
group consisting of a halogen atom, a hydroxy group, an alkoxy group, an alkyl
25 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 cyclo-
alkyloxy 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
30 alkanoylamino group, an alkoxycarbonylamino group, a carboxyl group, an
alkoxycarbonyl group, a carbamoyl group, a mono- or di-alkylcarbamoy! group,

an alkanoyl group, an alkylsulfonylamino group, an arylsulfonylamino group, an
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I n anot her preferable enbodi nent of the present invention, the optionally
substituted unsaturated nonocyclic heterocyclic ring is an unsaturated
nonocycl iwohetieongcl i ¢ ring which nay optionally be sulpsTiusateds20y 1- 3
substituents, independently selected fromthe grolocketii$s.sPRDG1OTWEOREGT ogen
atom a hydroxy group, a cyano group, a nitro group, an al kyl group, an

al kenyl group, an al kynyl group, a cycloalkyl group, a

cycl oal kyl i dekgrekihy! rgln;p% alflsuiok @ grodt, @%rwg@f@qu Qbﬂ a BERFRyCIN
al kylthi o group, an al kyl sul fonyl group, an kyl sul finyl group, an am no
group, a non8OUPr aad aRIOKY IBEPRO gr oup, 25an al kanoyl ami no group, an

al koxycar bonyl am P%f&é@l‘é%xaﬁwp‘ﬁéé' cff%@%btlcﬂ{awQubﬁt&@@%enﬁne@lngﬂh&%ébﬂ famoyl
group, a carboxyl group, an al koxycarbonyl group, a carbanmoyl group, a

nmono- or d| éeikzsﬂr@armaww Mgy swonally bl nghufeﬂm 4 b stifrents Sel@C]‘sﬁﬁienyl
group, a phepgxyingr ?+{H) ccfhs&lﬂﬁglﬁ* §¥h o@@%laf’dﬂl @h%@%ﬂﬁ%roﬁgpé}?glx{nﬁ%r{)g

group, a heterocycly X0 group tionally sugstituted
unsat ur at ed Boséy! gr@uer@balogkm arowp,reghdlealkexyLgrea. e Ritdsaxyalkyedroup, an

het er obi cycl i, g(g}'%é?gd %U‘Pg?nﬁt%%& Hk &S] adcbétf%ba‘?\ Qk%?ﬁo{grtoﬂbe% Ql)kgﬂ,yl gfoour%, a

substituents cte e grou istin hal o
hydr oxy groumloaﬂkyjygmw) grayulpalkyjldunErrtetl@rl guqup, armyeib:klydan)ggmm aan al kenyl

group, an alk rou C aIk a cycl oal kyl i denepet hyl group,
ol koxy or oUReRfOR Rovd Sy aaly. arb Sty el Bha ke TOa

al kyl sul fiD nybyagfa)gtpupammamgnm;grao@mnagrmmoa nesnad ior al- alyylamnmgrgup)uam an

al kanoyl am no q g | ami no grou a s group, a
monon ot - a - AP G S CO OB BRIETORP DG A1k ar Bony!
group, a car bﬂ(ﬁﬁydar@jr@/UQro_uﬁ zﬁfﬁﬁlfbaﬁ’foydgroab@h@abbmwlkyﬂfa%mnoﬁ@r&ld(anow
group, an al k ul f onyl am no ro a phe 9/ grou& rg, enoxy roug a
phenyl sul fon§l aﬁ8yld¥'%'ﬂfb a”p‘wg?lﬁ}l UY'?B‘H}HQQPB’ rSHE‘? EHE‘V@IQ;/CI’UF@@ up, and
an oxo groupglkgRifihPtdieum Rinl AU FWPSHH, butRdshiemgeaeup M Betefociclpenzene

ring which may optionally be substituted by 1-3 substituents, independently
sel ected1®r oﬁ’fqb!ﬁ’ea@@Ml?”@&ﬁ%@%@ﬁr?&yéﬁ”e&xhﬂf%’@eﬁ” QMWPG@OHXIIWQWTQH oup, a

cyano group, ga giNgh RnEgR}R. an al kyl group, an al kenyl group, an al kynyl
group, a cycloal kyl' group, cloalkﬁ i denenet hyl group, an al koxy group,

an al kanoyl group, Inmomekprqfwaélelq;gb enteef tag RIASSON iNwRYiongiNgup, an

al kyl sul finy no group, an
al kanoyl am nclg g‘%@ﬂgsugﬂ'tgﬁ%ﬁi%g%%dnwg%&gc Srg%ﬂ(gd Cgé SLﬁ ?argrrr]oyl group, a
mono- or di - ahsaturated mengtyche beterocyclicatingowkich gmamntuoaallyetbe(w&;s@mtexbnyl

group, agar B&Z‘H‘%’Lut%"t RJéRts ?ncﬁg@r‘?@encﬂ& s@ec?édkf}{c#] @%% coﬂé Sttty of !

aIkyIsufonyI no group enox
halogen atom, a hydroxy group, a cyano group, a nitro group, an aIkyI 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- or di-alkylamino group,

25 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 phenylsulfonylamino group, a
phenylsulfonyl group, a heterocyclyl group, and an oxo group;

30 the optionally substituted unsaturated fused heterobicyclic ring is an
unsaturated fused heterobicyclic ring which may optionally be substituted by 1-

3 substituents selected from the group consisting of a halogen atom, a hydroxy
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20phenyl sul f onyl am no group, a phenyl sul fonyl group, a heterocyclyl group,
an al kyl ene group, and an al kenyl ene group; wherei n each of the
above- mrerwpapad43ubBst i t uents on the unsat urat ed nonocyclPCE/Usea18/08259% | i C
ring, the unsaturated fused heterobicyclic ring amdbckéteNdeRRBAE1TIWAPGHay
further be substituted by 1-3 substituents, independently 25selected from
the group consisting of a hal ogen atom a hydroxy group, a cyano group, an

al kyl group, g a)dbala@%ﬂmﬁrogboyamoag}oaé Wk;grgm aa ah@ln9|aérls@e;>érgroup, an
al kanoyl grouP an al hi o grou an al Kyl sul' f % group, a nono- or
di - al kyl ani n8 kgml%oupaacce(pt@akky! gr@w@Lﬂacyoéealwhﬂ@a@re hlcgrﬁwp g%ncﬁﬁifpxya phenyl
group, an al bvdﬁnsﬁé)kyﬂﬁuelgPoupﬂ'an%!g}QuﬁBﬁﬂ'g%% QH%H@Isuﬁ"ﬂypg?eu&rawp a
30car banoyl group, and I"car bamoyl” gro In a
pref erabl e eRBWH GFOHD, aﬂW@OogtdltﬂHfaalarpmwmn tentadi@ngwgaurm@rtoéﬂ anocyclic

het er ocychi c rka%a'rﬁorﬁféerﬁHggpdflfpgta%glbgﬂtﬂ??f%ﬁ%ds % HEAESYEIC sl a0l ch oY

optionally be su t I ndepend cted from
the group cogsiupt Bregriwikylgrhan. Gyerikexyoanbonylgyaum agzabbmnosdrgr@umwmmaaup, an

21 kanoy ! ant ng" BPiRERBEy RE0HE RS olo G AR BRE BEP 0 o
5al koxycar ﬁopydanyj;g(mm) a@hea?myﬂ) qulunrmsuﬁomiamm,oqroutb,-pmlehylbnlﬁuriyanbyI .
group, a phen u a er ac rQu an oxo group; e
optionally sgﬁoﬁpr ?%FEQ&OWﬁEy‘g?WPQté ¥ugg og’tpe (gi cyclicring is an

unsat ur atted fused theroet’@tdllgz)sobstﬂuted rbgnzéne:ﬂ'ingmya wpizenaahg whinh raapst i t ut ed
by 1- 3 substituent ntI sel om t he nsi sting of a
hal ogen 10at 8R© q}f??ﬁ @tﬁ a yan FW'IU %urbcsepgﬁd%ntwggapcgqcﬁﬁ%mt % al kanoyl
group, a rrongrouprcdahsrsaﬂmwi@ﬁbmge@ém,a [ARIr@hyKFBaY,| BEjane F6 R R nitd

al koxycar bonél[@rg grc])ﬁ%r){ ugapawcgggﬁg@rpo W@gﬂ%&(&x%ﬁ/}rﬁﬁg%wgr ou

car banoyl gr

het erocycl yl cg&64IRylidBASMathyPHBus fH@kod todS dMealRidyP§RLDYars HIRGItHIS ut ed

benzene ring is a benzene ring which may optionally be su%stltuted by 1-3
subst i t uddt s IrauRdapatkyisHifeny gEuee pralkylshiinylasogp. (ﬁﬁ‘p?%'ﬁﬁ@?%tﬂ AgNeio-a haI ogen

atom a cyangr gt QkHamfo g?bﬁﬁb/'an%l@é%ylaﬂﬂn@bkﬁ:b}’aﬂ%RBcha%brﬂr\éﬁHQW group, a
nono- or di-al kyl am no dgroup, an al kanoyl am no group
al koxycar bongreum AGuaBy, grwm@rm@wlorﬁawsw@aﬁn@yl mmam&wvl group,
an alkoxycarbonyl group, a carbamoyl group, a mono- or di-alkylcarbamoyl
group, an alkylsufonylamino group, a phenyl group, a phenoxy group, a
20  phenylsulfonylamino group, a phenylsulfonyl group, a heterocyclyl group, an
alkylene group, and an alkenylene group;
wherein each of the above-mentioned substituents on the unsaturated
monocyclic heterocyclic ring, the unsaturated fused heterobicyclic ring and the
benzene ring may further be substituted by 1-3 substituents, independently
25 selected from the group consisting of a halogen atom, a hydroxy group, a
cyano group, an alkyl group, a haloalkyl group, an alkoxy group, a haloalkoxy
group, an alkanoyl group, an alkylthio group, an alkylsulfonyl group, a mono- or
di-alkylamino group, a carboxyl group, an alkoxycarbonyl group, a phenyl
group, an alkyleneoxy group, an alkylenedioxy group, an oxo group, a
30 carbamoyl group, and a mono- or di-alkylcarbamoyl group.
In a preferable embodiment, the optionally substituted unsaturated

monocyclic heterocyclic ring is an unsaturated monocyclic heterocyclic ring
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20group, a carbanoyl group, a nono- or di-al kyl carbanmoyl group, a phenyl
group, a heterocyclyl group, an al kylene group, and an al kenyl ene group;
wher ei n esiolotfo4tt1I@ above- nenti oned substituents on thePORAS2U0A525U8
nonocyclic heterocyclic ring, the unsaturated fus@&bckeitNo.oBRDB¢HTWORCTY and
t he benzene ring may further be substituted by 1-3 substituents,

i ndependently 25sel ected fromthe group consisting of a hal ogen atom a

cyano group, wiithahky bptiraWp be aubati@al by 1-3sastituetis, Hdepehd&ntgdiected
hal oal koxy group, an al kangg(l group, a nono- or di-al kylam no group, a

carboxyl gr offfM HeyeHrsaNs 'Bﬁﬁfaﬁabﬁéﬂﬂor@r%@ﬁ?”%ﬂﬁow @‘I%Méf%b@ya@roup, an
al kyl encoxy q@pargEh, ah KRENSAGRIY b B5QURe dRakAEAATEYhLA YD, and a mono:

or di-al kyl car bam)y rou 'n anot her preferabl e enmbodi ment, (D)
Ring Ais analkﬁs@ylammomr&ﬁt@JWy@anb@mdawywrpup rd eybokyl @rpumynoptu onal |y

be SUbSt'B“t?@gQ%aaﬁ%ogwgﬁH g%& %?nc?ly GB%‘%%'&&%JI@F&%%;QQHJF group

consisting o y group, a cyand group, nrtro
group, an al kyhegylauipyp, aheaerloem}vl ggfmmjrandaan ablgyoyd; group, a cycl oal kyl

group, 8 cyel oal Kyl densiml uybeflauRn A ALK DL BERUR oA AL TngY! a7 oup,

an al kyl thi o group, group,  an arg group, an
am no group, uasatorated bised detemmwmmln@m@rohupay aptmmlaﬂ;abayhbs;ttmiaobya m)no- or

O B e SR BB 5B P0G SN ERERER w2 v
gLoupl, aﬂ?healsdm G oHpo @%qq?@ncatw grauippan alkphyegrédusuérﬁ elkyh@mgmmegugbaa 5
phenyl sul f on roup, .a heteroc p, .and an oxo group, an ng
i's an unsat u%ﬁ”gdoh@r% YENe %% ra\éd}%qoglaml%groaﬂ Yhsat urated fused

het er obi cycl bmokydwbor@/rarﬁnb@w@ dattity gfe) anfalktyedrbomy gefip, anal Iy be
substituted b substituents, | gj‘(iieﬁendent ly selected fromthe group

1-
consi sting of’g@aﬁ‘éﬂyb%{é?Hpa"i‘ gwpoaor O IrHPe FANENYr B 8 nitro

group, an al k¥lergdyeyPgrodp, #d&iko gﬂ’ogbpandin al kynyl group, a cycloal kyl
group, a_ 15 cycl oal'kylidenenet hyl “group, an al koxy group, an al kanoyi

group, aibal kyl t hithe gPeeRslly SHDSitkigH DanFesin ingjs kenzane Anghia many| g oup,
an ani no gr0Bpt.o@au%e%ueét.tdﬂed@y%%Ubél@u@ﬂ@urﬁ)dep%naé%tfﬁapéfdte&fr&uﬁhea mono-

or di-al kyl sul f anoyl grougEF a Carboxyl group, an al koxycarbonyl group, a
car banmoyl gr 6P @NARISHRY haipgen gloga rebd@ang 19reHe @p alkvh 9rURy s BIKeXY | ani no

group, a phe g i RRED I roup, a

phenyl sul fongﬁu r%ﬁ%&ané‘%g{[@r@gﬁ&? Stdgﬁ'éaaan ag oapeénrgaé%@dypl)mgg

al kenyl ene ggmyp; an alkoxygaehoriianging greupa almaneaeyegroupganalketycatpngipt | onal |y

e e L e
group, an al kyeterpoygy| gmupabkehwlene group, and an alkenylene group;
wherein each of the above-mentioned substituents on the unsaturated
monocyclic heterocyclic ring, the unsaturated fused heterobicyclic ring and the
benzene ring may further be substituted by 1-3 substituents, independently
25 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 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-alkylcarbamoyl group.
30 In another preferable embodiment,
(1) Ring A is an unsaturated monocyclic heterocyclic ring which may

optionally be substituted by 1-3 substituents, independently selected from the
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25group, an al kynyl group, a cycloal kyl group, a cycl oal kyl i denenet hyl
group, an al koxy group, an al kanoyl group, an al kylthio group, an

al kyl sul fwoaybiiguoup, an al kyl sul fi nyl group, an am no gPOUAIS2@E0/B2508 Or

di - al kyl am no group, an al kanoyl am no group, a sulDosketNo.gPRDS;1ANOHWF or
di - al kyl sul fanmoyl group, a carboxyl group, an al koxycarbonyl group, a
carbanmoyl group, a mono- or di- 30al kyl carbanoyl group, an

al kyl suf onyl @Fﬂdﬁb%o@"si@ﬂtﬁg oﬁa HQI@E% aﬂfn@%yo@o%ﬂ%% &f=PBRyrodb, a nitro
phenyl sul f onyl am no enyl sul fonyl "group, a heter oc?/cl yl group, an

al kyl ene gr odfPUPaf@a I@nouer@n alken SEp; AR ANy roumiay clpalky! GRUBrR at ur at ed
monocycl i c hey&a&wﬁbh&néthpgg@up% é!l@&@&%’rb%% ISR g@hsr&bammm.bc ring,

each of which opt i onal be substituted by 1-3 substituents
i ndependent | grw@t @@@MISWWI gprga@atkykwﬁsvlgrou@ agfanainp graded nem  a

hydr oxy QBOUBLdPaIEM&ﬂ%og{rS’W’a 9@D€u§moﬂ8 8 &ﬂl%ﬁ?ﬁgg@oé& keny|

5group, an alkynyl” grou group, a cycl oal et hyl
group, an al Reaybaxyoarpup.can @lkwan@amonglrgm@p aacarbakgyltdiowp, grroomg- cirli-

3 Kyl sulfony LGl aHam ANGALEYL PRI BFGHP 3B, 2PRIR: piPa shehBer O

di - al kyl am no rou gr oup,
a carboxyl ggoup, amheaylkdfopgaminngtougr @ ppenyasutianilaroyd, agreenpcyeyinono-  or
di - al kyl car bapoyl rou 10an al kyl suf onyl ami no group, a phenyl group, a
phenoxy gr ouSrO B ﬁg}|°§8|9f°d+ﬁ’yﬁa no group, a phenyl sul fonyl group, a

het erocyd¢0yl groupRingi® |alahqyjnsamra;;eoumr@nybhame@amcmloupg aruristurBiedg A is an

unsat ur at ed eterobicyclic rin t.i,onall be sybstituted
by o ubet e el S EhEcia b tRnE e fa ol e BTSN S | pgof
a hal ogen at @%st@tb&dpGWs@is@Hmnt@iﬁ%@@ﬂd@ﬂ@%lec&bdﬁdrﬁ%eﬂ@t@up an al kyl

group, an al kenyl roup, an aIk | group, cycl oal kyl group
cycl oal kyl i déﬂ"é%%ttr%ﬁ agiagsn a&ﬂ gl%&';?xérgw a&MAB0 RENBY ”{jrrooQJBUpaf’H‘

al kyl thio grgl-lkplygr@[]paérkylkér\#lbﬂﬁu}b' af BAYRYI g@@@laksybﬁ)ﬁlkfﬂ dhplip.og oup, an am no
group, a nono-or di-al kyl am no group, "a sul fanoyl group, a nono- or
di - al kyl éélfﬁh‘ﬂ%'kld'ﬂéﬂ?me%bgr@w?tﬁfk@)k%}’rgfeﬁp W'bﬂlwkgr@apb@wlky@%up, a

car bamoyl  gr geRyp, 8n BIKGRUIFEy! gfoupabrk)élk?ﬁﬁmﬁWbu&!ra?r‘ﬁ?mn@@rtﬂd‘)é'rﬁéﬁdmyl am no
group, a phenyg qroup; a phenoxyfgroPp, a phenyl sylfonYI%nlnolgroup, a
phenyl sul f ongl diggliipming dietrreowifiempy! gioabpa Mene- edieke|gyfamey! siadP.Ring B i s
an unsat ur at gdfRRILYELH CarlGkSLRENON |G rblR% cétBaMB iR Hono- or di-
alkylcarbamoyl! group, an alkylsufonylamino group, a phenyl group, a phenoxy
20  group, a phenylsulfonylamino group, a phenylsulfonyl group, a heterocyclyl
group, an alkylene group, and an alkenylene group;
(2) Ring A is a benzene 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
25 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- or di-alkylamino group, an
alkanoylamino group, a sulfamoyl group, a mono- or di-alkylsulfamoyl group, a
carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
30 alkylcarbamoyl group, an alkylsufonylamino group, a phenyl group, a phenoxy
group, a phenylsulfonylamino group, a phenylsulfonyl group, a heterocyclyl

group, an alkylene group, and an alkenylene group, and
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25f used heterobicyclic ring, or a benzene ring, each of which may
optionally be substituted by 1-3 substituents, independently selected from
t he groupwoansli/®rilag of a hal ogen atom a hydroxy grouppPC/USy@Enospoup, a
nitro group, an al kyl group, an al kenyl group, anDalckstriyd.: BRDGp17WOPCT
cycl oal kyl group, a cycl oal kylidenenethyl group, an al koxy group, an

al kanoyl group, an alkylthio 30 group, an al kyl sul fonyl group, an

al kyl sul finyl grogpg BR a’ﬁ@r{&t&é@dQnor%c?’@l%é?éro@j/ch@'rllﬁﬁ|o@'§h%s§tru%49d a
sul fanoyl group, a nono- or. di- a car boxyl group, an

ou
al koxycar bon{)-lsegrh%ﬁiomﬁy‘é'érr hanesah %}(ﬁ’%‘ﬁ‘ magy ﬁBF‘n@la”&irbecﬁUbStﬁPWI%’a? anoy!|
group, an al 'éMﬂ)ﬁﬁﬁé?ﬁ'é’llﬁdEp%Hd&ﬁt%ie(ﬁecpﬁF@m%e @FOQIBFbonés o0 Mald é’r\‘p a

phenyl sul f onyl am no group, a phenyl sul fonyl group erocyc roup, an
al kyl ene gr oakpnarﬂjhxa*ﬁowogp CUPYaNREDEN, @ r@@i@lgrqﬂp an@Ika(b@r@épn@halxmg

bstit t t 1-3
subst 1 t bt s LR R A Ao, Bty aalBorth: et BB duE b P el ogen
atom a cyanelkgkpgupaan alkawylg;mumanaﬂw&hiogrm agradotsulfanyl @rdwax gngr oup, a
hat pa koxy 96BN FLEAMMA A6 GRig. 8 BN or ALalpdliRydATkNe, o7 OUP. 2

car boxyl group group, roup ‘edi oxy group, an
al kyl eneoxy gultarpoyl groupl, koxgroaob drglkylgultaummy! gm:pcacbmmyllgrgumtm and a nono-
or di-al kyl ca bam)a¥ ,n a _nore ref bl e enbodi ment of the
present i veRI TR AR SIRUR & cpgoRoy dhelie: 3 Mmony ) AratCBrsisH SRS at ur at e
nmonocycl o heheﬂlqts;afdnytannm@groupi, alphonayl gmqnipi analengxpgrosippbsti t ut ed by a

hal ogen atom 0 a hal o- 1 ower 5.,al kyl qgroup, a | ower

o kosy ar oup PavSHEBMBM AU dhan s v See, ot Srib a0 ch ey
optionally b@lk?léh@tgréu.ﬂ@(dj &Yoo HRupgen atom a cyano group; a |ower alkyl
group; a hal o- ower al rou a | oner kox .oy hal o- | ower al koxy
group; a nono- Q)éé’?g%PR tgr@,t%fuagq)ﬁgteroﬁ?y%gqlplﬁg ﬁ’lla"tﬁb‘ﬂn%tl onal | y
substituted bwt.@ﬁnﬁlb@@@asta&@mbyaq -8 X APt ndebehO¥ily stiditdd 86@URe a

hal o- | ower 20al kyl " group, a | ower al koxwﬁigrou or a nono- or di-I|ower

al kyl ani A® gBEAYP: CO@ﬁ'Sﬁn%@ft%F@'@%’I‘ glony e @ﬁ‘tgrgﬁ%lq YaOQLERYR. @O by a

hal ogen at omy,q,,C%RBRyOEBUP; arﬁalkéﬁ’{ﬁbrcﬁﬂpkﬁh afk"yﬁ Fbro@p %y%ro'a%)@gﬁro@%ké’ group,
a |l ower al koxy group, "of a nono- I ower m no group;

nsat ur ared. AWHGHILPoOTER Yl @oye! ATAIkPHLOaRp. a%@nqybgroynaam B

2yt ar oup, S0 Rafh A8l GF e SR AISI0R R G A RIS TR, Fover
al koxy gr oupor di-atiylammodjrolimwesulfaioy| gnviipca ooaper di-attyéawfamoy! group,
20 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, and an oxo group, and
Ring B is an unsaturated monocyclic heterocyclic ring, an unsaturated
25 fused heterobicyclic ring, or a benzene 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
30 group, an alkylsulfonyl group, an alkylsulfinyl 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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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 - | onwerwal2epl@minao group; and a heterocyclyl group whipCh/usegronpseonal |y
be 30 substituted with a group selected from a h&lcchetNat BRD3¢yANORETOUp,
a lower al kyl group, a halo-lower alkyl group, a |ower al koxy group, or a
nono- or di-|lower alkylam no group; or (c) an unsaturated fused

het er obi cycl bkylchn¥) §ldupBan Qmpusef@aylbbh.rhﬁ?@uPSé pﬁéﬁwgrom) apaéw@ sel ected

from a hal ogen ato& cyano grou a lower a roup hal o- | ower al kyl
group, a | owdFfouRh R ?”ﬂ?‘dﬁ’ﬁ)"aﬁ“'FI%QIES’UPO@\/@F‘G%W%@W@*@%a%tﬁ@ﬁﬂiwor di - | owner

al kyl am no ggrip, aﬁaw%ﬂglgr&kp% gyﬁ]b ShgrFYy; be substituted with a hal ogen
atom cyano group, a kyl group a hal o-1 ower al kyl grou a | owner

al koxy group, or aNhﬁm@ ea@h o(ﬂtha PRE- raemwnad]wbst@uem@onﬁm A angt n@cycl yl
group whi gh %%a%bﬁd?\%ﬂ{]w sgﬁ?tﬁ&gﬁtbgtI% ?%&ﬂﬁéﬁt@a&{?gﬁﬂdftﬂ% e;vcl rom a

hal ogen atom cyano gro group, group, a
| ower al koxy frgmothp graup fa)rmﬁmog oba haiogbowéqmaa Izganargrnup ancaligy 9&@(}32)% Ring A

15, benzeney oug WibGh IRLA B3] BB SHPSLIA Uresl o padgbogen atom

| ower al kyl group group, group, a phenyl
group, or a hwoner oadiilmkwmelme quoqy @, cwtmkyF@rrmngal I'ryd(ca()/ gaoupy _RedAtenylat ed
nonocycli ¢ heterog rin i tionaII ubstituted b

ro é% gwrhluCh m%%% 0 f I car, I

hal ogen at o' &Pe§RALYGPEHISRY grauBndl aky 5? @'r%ﬁﬂ aep% PECPRREY PR I

1;58r oup; 1@ pbejay‘danhcwwgro@gdm:a gfonupcl;)r d—ldlmrbalhckmg;m@r oup; a hal o- | ower

al kox roup; a nmono-_or di-: r yl a ou

opt Lonal y. subst i (OEHHOH B RN B 6ER OSB! oh e RRr BeBio RPATEl y
group, a hal @dgpsere al kyl gr oup, a | ower al koxy group, a nono- or di-I|ower

al kyl am no group,, or_a carbano rou het er ocycl yl group optionally
substituted by a I‘Ig IDPAHE tu t%&ﬁgoq‘}/p@@Betegnqyelwer,u?/ga\fvl%w rTif‘;aryoup a

hal o- 1 ower abbuénamwu@ubgntb@wy PhHOYh SOAB IoweBIRA yrélp, dial CMRler
al kyl am no rout) of a carbanoyl group; (b) an unsaturated fused
9

het er obi d9cl PYFIrAYPvihiows A HR0UBNAI 3Ty ORIeUBsANG RiNG P T5yaka BrerRsesel ect ed
froma hal 008Rg AR méyegﬁbr%nw@suestlt@t%rbyay Kbl B a%yﬁr% grdugwsr al kyl

group, a pheny -1 ower al group, | ower al koxy group, o- | owner

al koxy gr ouplower gyl @ﬁOUQI a h@'\@é@wﬁﬂ gyl grours ad@‘@@fpalk@(ymi@lﬂﬂﬁla Relerlgvethi ch may
be substitut e i up, a
hal o- | ower a?% }%gro b, a O\%{Egl 'QYWEB%%@&@L&HQ? egpﬂ&ﬁ/%ro%blﬁé IOI%I&B

al kyl am no grsolquﬂutadubya hadegenadgol §lcygnagnoupha thveraikybgroupreahalg-lower

et B0 Wit B2 R b O Aoiel BT SYRRBIE g 2 ] o
or di-Ilower aklkydauiyhgroup 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; (b) an unsaturated monocyclic heterocyclic ring
which may optionally be substituted by a group selected from a halogen atom,
25 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 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
30 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 group; or (c) an unsaturated fused heterobicyclic ring which
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group; or (3) Rng Ais an unsaturated fused heterobicyclic ring

whi ch may optionally be substituted by a hal ogen atom a | ower al kyl group,
a hal o- | oweroalieyi13gr oup, a | ower al koxy group, or an o®eTgrseup/ 052081 Ri ng B
is (a) a benzene ring which may optionally be sub$&tockeitNal: BRD&14§TWQFRCT
selected froma hal ogen 5atom cyano group, a |lower alkyl group, a

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

no- or di-| owRly @Jt.&ﬁé@méﬂ@w.@m by'ia Pmyée@ﬁéwmy ﬁé}og@vm@ﬁ] sydsd i tuted

wi th a hal ogen atom yano group ower al group, hal o- | ower al kyl
group, a | owgFouR ﬁdﬁwer@%uerU@r aaahadﬁwer alkylcqroun &@W%@'K?’FWHB group; and
a heterocycl )ﬁ!alo%\%rpal)é&ﬁ%}oﬂﬁya RBhb O&i Jléﬂmé}ealkylé?m%%édﬁ 'étpfrﬂénW grBugt 9roup

sel ected from a hal ogen onm cyano group, I"ower al ky
hal o- | ower aMkygh @@bb@suféﬁtﬂlﬁa@wtﬁl ggajr@gm, cmnOagrﬁbmcﬂlowerdkyll ovver

al kyl am ng QR}E}B a (B)o-BI 8?‘%&9‘1%}%@;? AoWBPARYS %r%ueeéreaf RENG &G c}m whi ch may

opt i onaIIy bé substitute ogen atom ano group; a lower alkyl
group; a hal ekylewino gtoapl ar@pL abpterecyiclyhgrouplvikishymgy ontionadly ihelsobstdued al koxy

cubsti tut od B2 RarRSEROUR R RBTRR Rk B Al Py AT cBE. 4271 Y

hal o- | ower ahklyol-lo‘geoalbyl gaodm\aéowaﬂ :Nboow Qoo ®r a0norRO- rigtower adqyldrm'mer

al kyl am no grou or a heterocyclyl group optionally substituted by a

hal ogen at omP' % prano group, a lower alkyl group, a halo-lower al kyl group,
a | ower abkoxy gr@RingA isia ivengeneaing2vidch hmwptiahédwmmntyntmuw aor (c) an

unsaturated fused h teroblc clicrin tionally be substituted
by a group SLP@Q?%@ c?r'r']O}ﬁ’e aky ﬂu%wo @Y@'?E[?b‘p %@%%@&%kal gr oup,
a hal o- | ower gajugyh FBeRY oD |o@\é@c5w@ddﬂ€@ﬁ>§l@ﬂ’e@ﬁ@up aanhaR.ﬁg BOW)@' koxy group,
a no- or di-lower alkylamng groug) a hen % bes bstituted
with a hal og&RSait&Ra %‘9%‘6"3@? BiS TOCY CH GRS 'FR 'PB@I'B/ beas'-l'%t'B‘ $dwer al kyl
group, a | owsy aHdicyen HA6MUB cyo @oﬁ@@tom@ramyr@@wra RAIKYbWer Iy gr oup; and a
het erocyclyl group which may optironally be substituted with a group

sel ect ed 18 oSTUPHAIPHERA-IQWRIAIKY GEHD: §r oMY alkOXY SIRRMP; 2 NaJe-layres @koxy

hal o- | ower a NaTVToN | ower
al kyl am no gp(}%}p g30I n gﬁgi Iﬁ‘é\’?F ?r%?lémgarbegbrggga gﬁ’éénnyzg@%brﬁ)t@ﬁal@/: s -CH2- and

is linked at Subﬁéltlse@@mathme@fatmnng cxaanq/\monpr@@wétalkwbgmmea hglotlpweer

L-position. BityBub PuRPORBAPaIoA%a WikeNol disHERAIILES g da

substituents s romt b consi sting of
hal o- | ower ak&ylanpybenouporeaheigmeydyigrpumopimnetly ammwe@bmamakwephenyl

group, a \ i ) t
nonocycl ?@ het ereey n%??guﬁgqg\?égé\i&ﬂﬁzg&u?a% e§ a&&h@r’%ﬁ? %[Og{/C| ic ring,
each of whi chlkn&ygutwpsalusinot ot didowegr ajkﬁamirmsgrbmena sadaihegt gdupr @n t he

gﬂregslp_fgc\zlr%'uﬁgatﬂ];atgd ]fu%\é\ﬁ e?ergellcy (rz?lHB ’wh"f‘chhr%!a)(/) olpfD nally%I KsYJt)st%t%H%’y a

a group selected from a halogen atom, cyano group, a lower alkyl group, a
halo-lower alkyl group, a phenyl-lower alkyl group, a lower alkoxy group, a

25 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 alkyl group, a

30 halo-lower alkyl group, a lower alkoxy group, or a mono- or di-lower alkylamino

group; or
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al kyl group, a halogen atom a |ower al koxy group, a hal o-| ower al koxy
group, a phenyl group, a hal ophenyl group, a cyanophenyl group, a | ower

al kyl pherwyD 2grigdpt13a hal o-1 ower al kyl phenyl group, a | oRen/tskkionysheny|
group, a hal o-1 ower al koxy phenyl group, a | ower &odckdtdvedPRROZPHNANDPQ oup,
a | ower 10al kyl eneoxy phenyl group, a nono- or di-lower alkylam nophenyl
group, a carbanoyl phenyl group, a nono- or di-|ower alkylcarbanoyl phenyl

group, a heter ocyg ) RindIA 048 uﬁséiaﬂa@ébemgé@ﬁm@wﬂ.cﬁr@nﬁg whichyaaphet erocycl yl
group, a |lower al kyl heteroc group, a |lower koxyhet er ocycl yl group, a

nono- or di- P@U@'Ia”)ﬁlbﬁﬁpﬁﬁ‘itﬁéﬁé’ty@r*ﬂﬁ!?@%’b%’m Qr'@‘(‘!i?f a”é)" @&?Llﬁ’aﬁﬁsai%@t”@f ocycl yl
group, and agkoraagp, éﬂomfé‘ré'k@)@@@ro@g}r‘ %Wﬁb Q’{OONIHQ B is (a) a bBnAMat her

nore preferable embodi men nd s Iinked at the’ 3-position of
Ring A wt hrlnw@mmabomm@ilhgetsnbstmutpwma @aup Relﬁgteﬂlfﬁogn aﬁalmgat ur at ed
nmonocyclig h [ [ b . uents
sel ected ?roﬁq{(ﬁi]g&g% E%L@o%g‘?‘ﬂs\%}ﬁ'@' g@ﬁ g ?8\%@?8@%&&'@?{% Igw%ﬁ%%{gen
atom a |owegr(alpkamIOglpwepalkandgr@npoa(mOgpodblowandlkﬂangwcagnogp,aa beerwéne ring

uhi ch ey DecRUBSAALAHES e b Al & Heiohan ekt Liam Lihg.gy oup

consisting o oup, a hal ogen
atom a | owelalkal dronp, eghaiuﬂ)dwear ehI@lI grdupvvxaﬂoveebrlabkqu@rmm ora rpﬂmmyor dgr oup, a

hal ophenyl ou angphen ro a Iomer en a hal o-
55 | over al YRR aHIRIRR SRR he diptped STk AEY BB Bondb AL, & o)
group, a1bal ebiesteutod withyd grgupselect@ddmmehetogeo@ymhydyagocgt:rp.;p a lbwaver

B hor <1 o YlkgYarallp H Baia e il Bhmona iner ey g DAt or ke at t he

3- posi tion Ofovﬂr%ﬂkyl%mnﬁbbepre&D%(hturfthLR%tbélnﬁ@]obZ@ilcl’relﬁéréb)tdh@Iﬁn gRihth A i's an
30unsat ur at ed rmnocacl iC h%lsero clic ri ng whi ch may be substl tu}(ed by 1-3
subst i t uent s MY PRV BEH H%‘t?ﬁ/ @ﬁ@ g{qmrga%\fangqr%%,a aVRUEKYr oup, a

hal ogen at omgrguph 8'Walo- @bvlépéu(wgg'r@wa@wér 8RoBXGrodp04 RaloddWeliIkgkyB s an
unsat ur at ed rmnocycl ic heterocyclic ring or ‘an unsaturated fused

het er obi d9cl BEOUPi AGNONCadhdoPWrhplkWareP BeuBubRRGIM By PRPtiendlysubst i t uent s
sel ected frogybdig,ted ByR r%%b%n%tbmga %9a@o 50! a r%JvJ@flalkgr &8, Ahasligweower

al kyl group, a hal ogen atom a |ower”al koxy group, |'o-1 ower al koxy
group, a phedi¥! gpuRyHA lowes RKPXHHWHP| OlgF BPPO- @ @Wpﬂéﬂ@m'ngr%wp oaal ower
al kyl phenyl %@'ﬂcﬁbyc@rl &%IUB ‘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

20 di-lower alkylamino group; or (c) an unsaturated fused heterobicyclic ring which
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

25 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
group.

30 In another more preferable embodiment, Y is —CH»- and is linked at the
3-position of Ring A, with respect to X being the 1-position, Ring A is a benzene

ring which is substituted by 1-3 substituents selected from the group consisting
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| ower al kyl phenyl group, a |ower al koxyphenyl group, a hal o-| ower

al koxyphenyl group, a heterocyclyl group, a hal oheterocyclyl group, a
cyanohet ewocyaloal11gr oup, a | ower al kyl het erocycl yl gr oupCTAISA018/05259%r

al koxyhet erocyclyl group. In a nore preferabl e enbodkethd.: BRDBHE7 \WOSIINt

I nvention, X is a carbon 10 atomand Y is -CH2-. Further, in another
preferabl e enbodi ment, Ring A and Ring B are: (1) Ring Ais a benzene

ring which maya QﬂIér@n@I bvupea ﬁw@sbw&uéleﬂ daauplaawafﬁcs&ﬁtatweawerlm?endent ly

selected fromthe group consisting o | ogen atom _a iower al kyl group
optional |y s@F¥ ?@P@GWIWOL&’ ﬁaﬂ@d@we@@'bﬁay&neagmam@nd Rigg & iR@y group, a

| over al koxy uHéé%Hr%t&PﬁIbﬁB@Jché/ hét%RﬁyblId#‘ir?djorbéh %Mrg%"fu%cﬂﬁ@tgfobﬁ: bipwer

al koxy group, a cycl oal kyl” group, cycloal roup enyl group, and
a |l ower al keﬁyg aesh@f slch raay be substlttﬂeﬂ@ys 3 §Ut2ﬁ’fll 5%$%¢<§@@60Wdh©cycl ic
het er ocycki c A [ of

whi ch mayéop o) %Oﬁélsgﬁb gﬁ%st | tr%%kgggrfgyﬁ‘iéjgg% %bét Wg 5 pma\élgg\ﬁ%rent |y
sel ect ed froalkyhgrogp.cubalegersatom, ragower alkényl grgem aalnaimloveerlaﬂmw gadwyla group

optionally s ' d I hoa phenyl
group; a | omgﬁérylb%u% a?’éh%hgw I y su%&Ié”W'rOHB é(% kgg)@ tom or

I oI[/I/gar a: |I<oxygtg)m{[pup hfh)dlo%/er alaKlplyengg(mm) aéowgrcdllaadylabe«wl gromnpga hlalopheny: kglroup
opt1 ona ys SCI e a nal o . Cya rou a | ower al Ky
Foup o hat e ARG Pooy Bl 398 e S Pnu EBRERE R L R, L ower “al Koxy
group, orn0a ekylkasoy plgnglgroup, deicavocydiliywerdalioamopphemdbloupsabst it ut ed by
aroup. a1 owBreamesleayEaRBLa heng: Pisidrnen AN BmaPBY A SBPnamoy
group; and ane@x&ygrypgmup%halbh&emyéiy oap, wmbuét@t&ﬁcm@@gy,%lc

het erocyclic ring which tional l e substituted by 1-3 substituents,
i ndependent | Ipmgé%g%/{@aerp? 9 Py # eterRsyel! %IOHéI%@‘QHOa?IcAh a | ower

al kyl group Wdr%ﬂ@Idrﬂnéh@ér‘o‘c&Wgroup, a carbamoylheterocyclyl group, and a
15 mono- or di-lower alkylcarbamoyl group.

In another more preferable embodiment, Y is —CH»- and 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 be substituted by 1-3
substituents selected from the group consisting of a lower alkyl group, a

20 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
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-

25 lower alkylphenyl group, a lower alkoxyphenyl group, a heterocyclyl group, a
haloheterocyclyl group, a cyanoheterocyclyl group, a lower alkylheterocyclyl
group, and a lower alkoxyheterocyclyl group.

Further, in another preferable embodiment, Y is —CH»2- and is linked at
the 3-position of Ring A, with respect to X being the 1-position, Ring A is an

30 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 an
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by a | ower al koxy group, a |ower al koxy group optionally substituted by a
hal ogen atom or a | ower al koxy group, a cycloal kyl group, a cycl oal koxy
group, armioaniigMoligroup, and Ring B is a benzene ring wRCtThuSpey/ 083508 onal | y
be substituted by 1-3 5substituents, independent! YDoskétddd.eERDBOMT\WWIRECHT oup
consisting of a halogen atom a |ower alkyl group optionally substituted by
a hal ogen atom a | ower al koxy group or a phenyl group; a | ower al koxy

group opt i onghstusdsinbhodyRbc hé‘te?od?@lI&WoraérplﬁﬂééﬁuréteIdQM@éd @ét&%}byaﬁ&up a
cycl oal kyl group; a cycl oal koxy group; 81 oup opti onal

substituted P9I a?arﬁ?ﬁl%g@ﬁhdﬁéhjpeéuwgl%d@V&D%SUbSi' eaty %ﬁI%@te%Ier tII@r oup, a
hal o- 1 ower alky(p (QJrnQIéf?ng% Bf & R)‘IIFerr amyk%ﬁg% A4B- Ié\II/eraaImI RolPWeHalRJekOXy group;

a heterocyclyl grou i onal substituted hal 6gen atom™ a cyano
group, a |om@torra|a<l9wegaldsgw gr@Uhaa balpdweer@{kwgrgu@@ph%yl @wep. &l koxy group

hal I
gI\ 3ns:t8rage rﬁgérﬁﬁéyq I I:QI(IB?%(?D(II&I??IEIIIC r’ikaangIg)%vvﬁ?IgI,IBIr-I’gn)yI J%O flaoﬁéIaIl I?I Bg Als
substi t ut ed leelal‘kymmvhqrumltaslpwehalb@&M)enylIgyomlaélﬁd(ewwexf@ﬂqo?(we@wbup

i sti hal I tituted b
const SL1n0_ob gl RRshoRhRmp LUty BRs SBiA MBI GRS Ul ed by

substituted gyoup, laédwgeaﬂ(yﬂielmooyclyi gravpe andladowgr gkowypeteroaygtyl g@ukyl gr oup,
a cycl oal koxy gro yrate

and an 0x0 ng B is.an
monooye 1o net o olybrRE pRlksaEE Htftoadial ute et A PR  26EPRR 11 ng.
each of whi chtomaygndptis eoal,l.y be substituted by 1-3 substituents,
i ndependently sel ect ed f.rom r consi sti ng.of hal ogen atom a | ower
al kyl group opti O?I'gHrII:Vr’éUﬁQ? ?UP%&G 6'%?"%%9%8%’%’ Ring aﬁghf%eg a%'koxy group
ﬁr | a phen%/l gr OUp(1|) R.dgam@slf adb abkone @MWCI@&%‘WEhMIMQHS&M&&ﬂb){JY 3|2Ea
al ogen atomor a | ower al ko up; cycl oa oup; . a cycl oal koxy
group; a phefy?Pstfents ! ’EfIﬁFIeBFI%\'I/tI ege(%%c{ﬁa@rﬂtﬂé%gwp§o’q IH@&W%F@I%G% cyano
group, a | owgfordldslveBBRYWRIrodp B@I&mﬁl@\é@tﬁst.ﬂhg&bygrr%wyenaatérﬁ\wra|@Iv&0xy group
or a hal o-1ower al koxy group; a heterocy CII;M%% oup optionally substituted

by a hal dgenalEsHProaPredy r@@pgr% Ml stitytesllpy a Balegrd AlBNEF al kyl
group, a |owgn v39raél Yor8li® WeyRloatkylglod lodtk gp, 0xo
group; T :‘(Sggr lljrss) arﬁ&ﬁsgt%IPaPedEﬁJ%ed&ﬁgerobl cy(??i cor?ng whi ch
may opti onal B I@éO\eé kenvianedrpyp. B8 substituents, independently sel ected

fromthe group co eTaf=To R I tionally
substituted by a IQ?IIII;I; Ismﬁsfﬂg?%hp, a c?%l%etgrokgﬂﬁ ”8 (SIEIéIIoL%'%' ?IglIrIaat?Iﬁ)y
substituted Pysed Hegarolgeycliatrbm eachaof|vaveT maVkaQﬂ%lIV@erﬁubatith;@dlm’aI Ryl group,

2 eyel oablsoxy, gt LRSS HQU SR AT R RS BRI ERbHH Wi ch ey

opti onal be sub PUte
atom; a Iower alkyl group optionally substituted by a halogen atom, a lower

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,

25 alower 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
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 carbamoy! group;
and an oxo group,

30 (2) 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
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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 grwopoavo4atiphenyl group; a | ower al koxy group opPCOABRIY/0S25BSt it ut ed
by a hal ogen atom or a | ower al koxy group; a cycl @ockgtNgrBBP31487WOPCT
cycl oal koxy 10group; a phenyl group optionally substituted by a hal ogen
atom a cyano group, a |lower alkyl group, a halo-lower al kyl group, a |ower

al koxy grouppgh |gwBR4IRoyYMBHp, A k@Y a6 RHEroup opeSRHIQ&YBsithitedyW optional |y
substituted by a hal ogen atom a cyano group, a |ower alkyl group, a

hal o- | ower ahﬂvge@a&n@oralqwkw@w grqxelsa'bv' HOWRI DCHCKIREIOXA IRy gr oup;
and a | ower ahkuhens gg(glﬂ)ugndor 15(5) Ring A is an unsaturated nonocyclic
heterocyclic ring which nmay optionally be substituted by 1-3 substituents,

i ndependent |y sel Btﬂgeﬁjlsfa loenzene rige shichcmay optionaly o sabsiitiegdy B8om a | ower
al kyl grodp r al koxy
group opt?ongﬁt%%}% és%{T%%llﬁ}téggéﬁty&%]&?o@%ﬁqg\%g@%ﬁéglﬁgﬁgr P@oééwvsroup a
cycl oal kyl getoum,a lawey slkgladrkaex gpiiprally suldituted bpa edagegratop, alower Ring B i s

an unsat ur at i cli d
et er obi eyl FIRoRT BEEESk SprBPY e BE! Sicfiel sRPPlioR) BISRSEbETe ) 1. 5
substituentsa hampemfemrlayowm akdmedrovpra d:ym@a@«ybgrpupoalsy(ﬁoalng(yof a hal ogen
250l koxy. or ol bt > 2" ERE LR BRR LSRR BT BB Bt Plhel g, 2 O
substi tutied hyowerrsikyd gesupatdaicionar latkylegroaﬂ> |€DI)0WegaI®UW gr@upy)cbmlldcyl group;

| oal k h I d hal
2tom o cyanir iy BrfignaneutRicy BB SroR R Palibledifia Pghetp, o'l over
al koxy groupafm,a §@ine-droVE fa lavkealkyl Grew a Hal Rl afkyCdrlp 04 RM@ropt i onal |y
St Lt BloRy R s e sy et AP alkoor o oup.
and an oxo group. (ﬂ)R.@M@@ﬁ uﬁéaﬂu@lﬁ@%@n@éﬁé@@h@fémcyafc rﬁrtgewmﬁ
invention, Y is link at the position of Ring resgect to X being

the 1-podbti eﬁtloﬂﬁ"hGe/&up%t'tategé)r!rz%%éuﬁtﬁge%|"&¢?H$ﬁ9é'6b/t$e&ﬁfé¢q opdhe
subst it ut ed by dALRERTIoRS Aillogln bRAEa BKY hikiIcPHh OPIraPLlDsRMBS! |t Ut ed

by a hal ogen atom a |l ower al koxy group, or a Ip enyl group, and Ring B
i s an unsat uPaedileasicigmlara Inweealbepcdrrer.d ieyeopkaxy aiesatontaray f used

het bi I t

sﬁbg': |Ot Lg%fsbﬁ gt%“g%‘éwgeﬁ’ﬂlip eﬁ?@@!{og Wérmgfﬁ g%pyéﬁos ér u%o? a hal ogen

atom a | owerycbdlyoxyggroup andtanoerd grpugubst i tut ed by a hal ogen atomor a

phenyl _apQup: 2 | QUi Al O mh R IC LB PRl Ko ish ¢ ut ed
yF group, a Ralo-

by a hal ogen 10 at a cyano group, ower a ower
al kyl group, fmeddnetemblcycalbkmgyeaﬂmfmhm rtmeyeptbmatly)ble sybstitptedgtyl BBal | y
substituted b hal. o

o] s © ot AR oBh R Sl dR P W grofe' HATSUR § nabGHD:

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
25 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 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
30 alkoxy group or a halo-lower alkoxy group; and an oxo group;
(4) Ring A is an unsaturated fused heterobicyclic ring which may

optionally be substituted by 1-3 substituents, independently selected from the
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I n another nore preferabl e enbodi nent of the present invention, Y is
15l i nked at the 3-position of Ring A, with respect to X being the

1-positi oNp 2RMg7A3I s an unsat urat ed nonocyclic het er ocpcrius20m0/06259$i ch nmay
optionally be substituted by a substituent sel ect &bcketdwo.aPREBOGANCRDIM a
| ower al kyl group, and an oxo group, and Ring Bis a benzene ring which may
optionally be substituted by a substituent selected fromthe group

consisting o rcﬁ:p%’ﬂn@@ﬁﬁlg oR&halbgsn a@d %ﬁveﬁélkwlgr&wwm@ny §urt§§t|h)(ed
substituted gen atomor a roug a |l ower al koxy group; a
on

phenyl group b&t'?‘&%ﬂ" %yﬁjagwuqleweaalbg)xxagwap@@ %‘V&HPSt&U*@Q:PH@ group, a
l'ower al kyl gERYERn af 8t 81dviRMIkoRY Ydupd By BloaRY g%ou&\féﬁéyc%a'ﬂéa&y gBipup; @

het er ocycl yl group optionally subStituted by a” hal ogen "atom a cyano group,
a | ower al kyPngeos0 douml o- | ower al kyl gr oup, or a lower al koxy 25group;

and a | O‘é‘ﬁr al kyl ﬁmﬁcEPLng;QeanES ﬁbg&ﬂuéh Fr‘]’é?gg iGmalg e Whpat H{? S/d10§‘3”°cyc' hc

heterocyclic ring | uns turate cyclic ring
cont ai ni ng 1saebstiudnds, gnaependenlyi setspehiientthy gesipbaneidting ofm laalngerr ogen atom

an oxygen at g and, g Sl (b AL NPLELSRAE) bl 53 dberttiSheL gbear e fur an.

t hi ophene, oxazol'e pyrazole, pyridine,
pyri m di ne, pikoaygroep atialprengl groxazolower dikbyy:lgr@pprapdommw salbsltltuﬂedawol e.

Pr ef erabl e un Lurat d fus d het robi c i ncl udes a”£(9

oS renor od- AreidsR i o AIRWOrARE o Sildell 9L bR R EPRISARYh het er o

at ons mdl@pegctmpt hyheerylegdgdoptionailyasubstitubeeby ammgearatmyageyar@tgmmp and a
sul fur atom cificall referred are i ndol |50|ng]llne

bonzot hrasol 8 0w ABT Ghasine & nalktiher aRHLEOuR & ToHal AsPRAaCURSEATARB | ne.
benzot hi Ophellﬁverl@m& pltspNa Hebireeyalyh gRipetionaiydsUbdiitiidrtsy spalbpewl i ne. In a

nore preferred enbodl ment of the present inventio A is a benzene
ring which n8{P i PFERATMHE '@WB%&I‘W@F‘&P BN i‘ﬂ‘t%taiktyh%r Pps%|°é‘@lred fromthe

group consi SblkBgY Eifou@ dral Wmv@r%%xﬂgf&meén@bwerﬁﬁl%e Grobgl &- 1 ower al kyl

group, a | ower group, and a phenyl grou and 'Ring Bis a

10het erod9clic rify éé‘i %IUF$%%3EW§PW;§“%B@F@f%%’P'H‘g”Qﬂ‘W'ﬂ'ﬁ'ﬂ 8Yene, furan,
benzofuran, Bef#RliIRbeRIBERuteBM p@@%’étfﬂuéﬁ@|lﬁdep‘é’ﬂﬁéﬁ|yr§el]é}§ed1ﬁ6rﬁrt9§yc| ic

ring may optlonally be substituted by a substituent selected fromthe

fol lowi ng gr 6P ePNRiatingefa heleasn atosy alewsr alky,oreun entionally kybstigitedp, a
hal o- 1 ower a})iéi(l(})/\%roémoxyagr&r}&réyllowlepgﬁ{)xﬂl;rl&ﬁb oPhi MRy sBbSRURE bylkoxy group, a

hal o- | ower a
halogen atom or a lower alkoxy group, a cycloalkyl group, a cycloalkoxy group,

20 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

25 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-
lower alkoxy group; a heterocyclyl group optionally substituted by a halogen

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

alkoxy group or a halo-lower alkoxy group; and an oxo group.

37



15group, a phenyl group, a hal ophenyl group, a |ower alkyl phenyl group, a

| oner al koxyphenyl group, a thienyl group, a hal othienyl group, a pyridyl
group, a Welepywidgl group, and a thiazolyl group. |In yeCTArlew®s25ps ef erred
enbodinent, Y is -CH2-, Ring Ais an unsaturated Docketyhtd.i BRDEIETWORIT C
ring or an unsaturated fused heterobicyclic 20ring selected fromthe group
consi sting of thiophene, dihydroisoquinoline, dihydroisoxazole, triazole,

pyrazol e, di hydr opydrother@refdidbyeébodiRledt of tﬂd@k@sent ndagRIne Y .mﬁﬁkéal 4e,
pyri m di ne, E)yr azine, quinoline, and a isoindoline, wherein

het er ocycl i c 8 3rgosHign BbRINGMa Mt resient ta Xibemagye d-rassioni Rlﬁ‘@rﬂ 'Ss"fél ected from
the f ol | ow ngegsouRingauHIah ABTALASTY R bRkl vk naloBUR otdHich BRGPXO aT OLP.

25and Ring B is a benzene ring wh may optionally bé substituted by a
substituent ekyewoer optienally ﬁébi‘vtwtpd\hb’@dﬁﬁgﬁmrﬁtom B 20VeR) ek xyy @iPURa OF wer

| kyl : LHE Iﬁ{]ﬂ
ﬁalg Ig\r/\g‘krjlp PEerﬁ}ﬂ"gfbdgﬁ ﬁ?{{d(g Su?‘ﬁ gérbt%@tta erré%gy %H%teﬁfcgb’l?:r e present
i nventi on, Run@etWat@l %Jse@betez@mycm: rigg whiahimas ogtidnetly bersebstityted blrdr ogen
atomor a |0 rub nhé’r#ts%&) nd@ﬂ@%?&egﬁ%ﬁ] thp'g%l}’ c&{s%“ﬁ\%%h%glog
e clylr=group In I'C

substituted gro erocy salg phenyl
group and he'amrmcallolwer algylarpup sptsuialy sthatidded py b-Halcgehsttomwe athesgl ect ed

Loun. n2 g ARt R Srelle EbneByl YK aft iy SoSRuef oV 8l Ridgater & k!
F;thﬂer 10n amdm rfm%aﬁsrgeMp ,@flowvbealkyleseult, ai ale@viwen alkypgretipr arta Ieweﬁarrpl es 5
(0] the co ou (0] e ncl u r | S or

Cher orn_ R oo BkSxy Oren mbalerdiyalykagus o tigna LIRS B A A PR T Ben” at o

a hal ogen at @y@noagrbugra)poyveg@mypgroa@ AhHOXYWE DKIP grauid, 8F KYowel Moy a
hal oal kyl grou a hal oal koxy group, a hydroxyal kyl group, an 10al koxyal kyl

group, an alK aPR%i’QOQ?(S P-an al kenyl group, an al kynyl group, a
In another more preferable embodiment of the present invention, Y is

15 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
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

20 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
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

25 group; and a lower alkylene group.

Preferable examples of unsaturated monocyclic heterocyclic ring
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,

30 isoxazole, triazole, tetrazole, pyrazole, pyridine, pyrimidine, pyrazine,
dihydroisoxazole, dihydropyridine, and thiazole. Preferable unsaturated fused

heterobicyclic ring includes a 9- or 10-membered unsaturated fused
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cycl oal kyl group, a cycl oal kylidenenethyl group, a cycl oal kenyl group, a
cycl oal kyl oxy group, a phenyl group, a phenyl al koxy group, a cyano group, a
nitro growNp20E4amBno group, a nmono- or di-al kyl am no gPOUAIS2@N/052598

al kanoyl am no group, a carboxyl group, an al koxyc&osketyNo.gPRDB;1ANORDANDYI
group, a nono- 15 or di-al kyl carbanoyl group, an al kanoyl group, an

al kyl sul fonyl am no group, a phenyl sul fonyl am no group, an al kyl sul finyl

group, an al kilesetycRiNhg S6A4IRINGOr todt REBRYASHSivdBHenBEseldiel flbRG B IS
20wher ei n Rd4a_and R5a are each i ndependently a hydrogen atom a hal ogen

atom a hydr 6%PIgR GLATM. AHOYIRB OB A Slafwarqzm %a@emf&aﬂm%aﬁem gr oup;

a hal oal koxy ggf i%@hneaus%)fﬂibﬁﬁfé/ %'e'ﬁ%th%&Ql'épber?z%xéid‘ié”ﬁbf@él&}’hd&'o%‘IO a
phenyl al kyl grouP an al koxya group Ty roxyal koxy group; an al kenyl
n Hr

group; an al RyiRgl agﬂsgsnpmhn%ﬁ@né@t}qlophe@@mpzo aiyml@mtlklyphm@nét hyl group;

a 25 cycl gal %pﬁw ou&fqﬂ%hné" 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 kyl am no gneuperepretariedremybbadiment aj thrupresantdavdntivg] Riggduig;a an
a1 koxycar Dombbn o ok A AERYha R b BN, o Sl lhchh SulbEREDAM™Y!

group; an al Kanoyl™ group, yl's onyI am no
phenyl sul f onjroantha grgrooegusisting af &yaegeh amh, q;lowepalkalrgrau;k,)d lsalbflamsrl  gr oup;

a phenyl sul fg rou rou aII su it ted by a hal ogen
atom a cyandRraBhS Liewdr BEPRY el 4 RRDEA e bs BRI BT oy group.
hal oal kot§ gheigpocyalic aﬂmgj(ydzlecrtedlfronythgrgwm cmusﬁhgy)rmitgmeyiegucam a nono- or
di -al kyl am n rQup, a ca r r. or dj-alk Icarbannyl
group; or a ﬁ@%@?ﬁ%?c??ﬂzog?%‘g’%%ﬁpg cﬁﬁ%ﬂqo@w %%%t"\’ %?'Eah%betﬁr 59%”9 atom a
cyano group, nﬁj?o’pltlwélIy%@ﬂﬂ)stlﬁlté‘cﬁﬂ))ﬂab&wétltwm@@Iect@l fﬁirﬂﬁﬂ?@)ﬁo%@ﬁg

hal oal koxy grou a car bano roup, or a nmono- or di-al kyl car

10gr oup, or PaAdajegsn At ’b%%é?éﬁ’ §rauR g IRwWat AkY! HPUR.1hd QWEH& thereof
to form an alkkylpeBpherRUSwedIRyI group. a|ower%ﬂk’bxyF§58up RBAtalanihvdrali@ikg each

i ndependent |y a hydrogen at om hal ogen at om hydr oxy group; an al koxy
group; an®al R{AUPyRHHERNY Qrewa. @a{]q@ghenyl group, a Iower alkylphenyl group, a lower

alkoxyphenyl group, a thienyl group, a halothienyl group, a pyridyl group, a
halopyridyl group, and a thiazolyl group.
In yet another preferred embodiment, Y is —CH»-, Ring Ais an
unsaturated monocyclic heterocyclic ring or an unsaturated fused heterobicyclic
20 ring selected from the group consisting of thiophene, dihydroisoquinoline,
dihydroisoxazole, triazole, pyrazole, dihydropyridine, dihydroindole, indole,
indazole, pyridine, pyrimidine, pyrazine, quinoline, and a isoindoline, wherein
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,
25 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
group.
In a further preferred embodiment of the present invention, Ring A is a
30 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

heterocyclyl group in which said phenyl group and heterocyclyl group is

39



group; a hal oal koxy group; a hydroxyal kyl group; an al koxyal kyl group; a

15 phenyl al kyl group; an al koxyal koxy group; a hydroxyal koxy group; an

al kenyl gwoupir/m@ntial kynyl group; a cycl oal kyl group; a PCT/US2010/052598

cycl oal kyl i denenet hyl group; a cycl oal kenyl groupDoaketyd.0BRRRBH ORYCORWIUP; a
phenyl oxy group; a phenyl al koxy group; a cyano group; a nitro group; an

am no group; a nono- or di-alkylam no group; an al kanoyl am no group; a
carboxyl groughstiitedbly aXy s@daryts 684 fram%pﬁab h@aré%iﬁo gfouppBO- Of
di - al kyl car banoyl group; an al kanoyl group; an yl sul f ony Ianlno group; a
phenyl sul foniﬂ"@haﬂ‘w @ﬁOHGpa halg- '9WRW'§¥|IQF<PHWI3 I@W@L@kamrawmngm haleyl group;
a phenylsulfgﬂ@ragbgyemn% phenyl group optionally substituted by a hal ogen
atom a cyano group, an al k roup, a hal oal kyl group, an al koxy group, a
hal oal koxy gr oup,FlarthﬁétInﬁn@ﬁ@ﬂaé&gpt@ftmwre%ﬁntwwhm @nefesapleexameledr a
o O B0 Bl e a0 Pl foRfuIE | IEARIGCEYhiburdl BRI GRAL | Y
substituted by a ogen atom a cyano group, an al y group, a hal oal kyl
group, an al koxy group or a Egloalkoxy ghmupR gtre preferred is a conpound

wherein Rla, RZa, R3a, R b, d-R3b a dependently a hydrogen
atom a hal ogen atom a IoweR23aJ—lk-yI alfo-1 ower al kyl group, a

| oner al koxy group, or a pheny] ; p; 3b/\ nd R5a are each

i ndependently a hydrogen at ofi”a Yal og Rat om | ower al kyl group; a
hal o- | ower al kyl group; a phenyl -l ower"al kyl group; a phenyl group
optional |y substiwhéreth FBV R*h&Hdh RiP,camd %3b@yaaacrgmdepenomntlpwer al kyl

O oun. ot RyTBHEHAER AhIRg ey Rt SR, A ARy tb R GIShT T | wer
gl kyl ami no ggmup aatuamlmyagﬂ@mb ghalapikoRy ??uﬁmgydr@kyeﬂkyé bgmr aﬁ| Ikyl car banoy!|
group; erocyc ptlona y substitute a ha en atom a
cyano grgép Yﬂ“@ﬁ %‘y?géﬁ@gb‘ﬁ TV B 38 %rPHBpan é'k}f%}flﬁ P group,
or a nono- 0ok @balkyﬂ‘@%u@b@bl@élk?l&i@h&éheﬂ{wQﬂ)upoé c%aam@l Rupage bonded to
each other at the termnals thereof to forma |ower al Kylene group; and

R4b, R5b, - 46Y§PAKAOSIEOHP. SRt OB R ADRTHAISOR GHOUR-GDIFMRISMP. & 10hal ogen
atom a | oventRl drglip HrCHinoria, & thMElor Ak-KIKY a8 Groud, APMRANGI&ARY

group, a carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono-
15  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
4b
T e N
RSa ’ R5b or S RSC
20 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
group; an alkynyl group; a cycloalkyl group; a cycloalkylidenemethyl group; a
25 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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group, or a halo-lower al koxy group. Further preferred is a conmpound in
which Ring Bis v SRda |IL Rba , wherein Rd4a is a phenyl group
opt i onal IWOo=20hgurtiat ed by a hal ogen atom 15a cyano gr oRpT/Us20108259% Kyl
group, a hal o-lower al kyl group, a |ower al koxy giDwocket No.hBRD3H OMYORGTKoxy
group, a mnethyl enedi oxy group, an ethyl eneoxy group, a nono- or di-I|ower
al kyl am no group, a carbanoyl group, or a nono- or di-I|lower alkyl carbanoyl

group; or a Bgmo@mvgliomh A FWB- @mllmdrwarﬁémwwbﬁ%mhoﬂ ngau;s)%n atom a

cyano group, a |ower gr oup |'ower al koxy group car banoyl
group, or a ﬁ’dfM@lJ'fQﬂWQﬂmPo@ﬁ@Ppaﬁ R@ﬁrb’bﬁuﬁa'ﬁr!ﬂ?ﬂn r@rgfﬁﬁép aé.‘rﬁikm&f'ﬂyégré’uﬁydrogen

atom or an aﬁ&%uﬁ@r@l Bﬁﬂ:paé%hgﬁﬂgﬁﬂ)nw%r%%% BhEA gﬁ%)tupt %oﬁ@ m nal s

thereof to forma | ower Kyl ene grou nor e erre is a
conpound in ®HPUtE kY amalcweﬂl@tomsa cyano grouphit alkwl q@tzlp |ash%031|a\{|ogen atom a

;g"g’en; ag%' g@bgap grko&bﬁﬁr ?ﬁklﬁ%?%x%%, aRBfkyRABIBRY o3P, 4k € hydrogen
alkyleneoxy group, a mono- or di-alkylamino group, a carbamoyl group, or a
mono- or di-alkylcarbamoyl group; or a heterocyclyl group optionally substituted
by a halogen atom, a cyano group, an alkyl group, a haloalkyl group, an alkoxy
group, a haloalkoxy group, a carbamoyl group, or a mono- or di-alkylcarbamoyl

10  group, or R* and R* are bonded to each other at the terminals thereof to form
an alkylene group; and
R*, R, 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
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 alkanoy! 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
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R5a wherein Rd4a is a phenyl group optionally substituted by a
substituent selected fromthe group consisting of a hal ogen atom a cyano
group, a wowerr/@lkgl group, a hal o-1 ower al kyl group, aPCOWSR01QI0K2528 gr oup,
a hal o-1 ower al koxy 5group, a nono- or di-|ower alDogketNmoPBDSUp7WOPCT

car banoyl group, and a nono- or di-Ilower alkyl carbanoyl group; or a

het erocyclyl group optionally substituted by a hal ogen atom a cyano group,

a | ower al kybrcﬁfpwonéwwwtueédwahglbgé@atm %ﬁaa@yéupg%qw@r@va nmono- or
di -1 ower al kyl carbanoyl” group, and Rba is a hydrogen ato is -CH2-.

10l n nore pr BreiPaBING BnBE AR aroURAHOET ﬁ'kﬁﬁégprgﬁ“ Belg- I%@n%lww y
substit ut ed pvou"gs B%&Sﬁ@n@d@@gr@uﬁyﬁf&hﬁéﬁé@y g'i‘our?‘%erhoﬁé Kotlai P, @

hal o- | ower Kyl group, a | ower al koxy Qroup, hal o- | ower al koxy group;
or a heter oc?lﬂvkﬁml@@ g@ppo@pa@amqyyg@utasc@ﬁa QpoBe- @WI@W@IWFMFDW a cyano
group, o] I her
preferablg e |§%%pgg? QP ?@géﬁw&%%@gﬁgé%ﬁgaqwgih%é¢ conpound can

be represent em'tygmhe,a@weomkmmrbom reulower Atkoxyravoup, @elarbamoyl gioepedn RA is a

hal ogen atom, ower al aqlo phenyl
group opti onalrﬁl?/Aos\t?ﬁg ﬂ'\}éﬁl&% 8%%@ @r gp"‘@{]%malé?s%ﬁ gf: e%dfgﬁ?ce)rgndg hal ogen
a]t(izm a cyanotr@rﬁtjfme tErrmloalertheibdbe fonoapwex eﬂkyllemelgmgp agldkyl group, a | ower
al koxy group, a b0 bO\WRE _ 8 r.Qu |oxy group, an

oty ancoxy ar oupt aRnoke. a5t Krere 368 aeRe At s TR a9 baroyl gr oup,
and a non0- aaloden bwngra Ia{/vleylalkglrgmlmmel hado-tawsr atkyl grduet @ taveyralRolxy gr oup

optionally substl tu@\g | Qg 3| substituents selected froma 25hal ogen atom
a cyano groufo' PoRdf'©z W?rab?’f}'ﬁou% hal o- 1 ower al kyl group, a

Further preferred is a compound in which Ring B is

5. R
L]
R52
wherein R* is a phenyl group optionally substituted by a halogen atom,
15 acyano 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, 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
20  carbamoyl group, or a mono- or di-lower alkylcarbamoyl group, and
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
N
R22

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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| ower al koxy group, a hal o-1ower al koxy group, a nono- or di-I|ower

al kyl am no group, a carbanoyl group, and a nono- or di-|ower alkyl carbanoyl

group; ariiORe1/&7t1igdr ogen atom or RB and Rc taken togetrh@sarie/ os2sPised

benzene ring which may be substituted by a hal ogeDoaketNo.aPRD&e¢17\WIORGT

group, a hal o-l ower 5al kyl group, a | ower al koxy group or a hal o-1 ower

al koxy group. In a preferable enbodi nent, RAis a hal ogen atomor a

| oner al kyl group, Rc is hydrogen atomg ang4RB i s phenyl group substituted

by 1-3 substituents selected froma oyen atom a cyano group, a | ower

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

al koxy group, a nethyl enedi oxy 10group, anRethyl eneoxy group, a nmono- or

di -1 ower al kyl am RRe@iPR®.is 8 phah PO oStiPERy s@dtAedTBPa-substitdént! over

al kyl car banoyl group; or a heterocyclyl group substituted by 1-3

subst i t uent s Selertedliom edgrPemeonfiging ot arislageniomf a Y3 Y§ER. Al a cyano

group, a | owgfiy Al HFAERowsr MR 8rd P8 lovieriaikoxG PSRy, athdi@Wer @lidRyy 9r oup,

a hal o-| ower al Koxy group, a nono- or di- 15l ower al'kylam no group, a

car banoy! Sgr @ugsp, amPne- ©d diolowsr alfylamiwegrosp kg CarapmeMcyrPuRrand® MPAe- cheni cal

structure of C r t ' a (lA):

R AGH Ho. QLEaNEARPER SRR CrbaR SRR Ee iy RGe PP 2

Ring Cis a phehdloggbgtonpa sydryt group eallomer 243! gobpt d towenalkosepeseiped from

t he group congjsti N, At a 4..a| kyl group,

a hal o- | ower nglb%woggﬁ;'%%?or% §a§r°r§f‘ E@(ef%é%%g?arggﬂg%{ ’8\h§\rﬂ%a S%oxy group,

a net hyl enedhpdrpggn atom, snd Yeishy@enaeoxy group, a nono- or di-I| ower

al Kyl am gg O OuP. o SR RREP s S BBimH 3 i BRenyf grélis deRE?! k! car bamoy!
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; 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:

(1A)

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
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25substituted by 1-3 substituents selected fromthe group consisting of a
hal ogen atom a cyano group, a |ower alkyl group, a hal o-lower alkyl group,
a | ower aDRoxyo4grioup, a hal o-1 ower al koxy group, a non@CTAS2A0/05259%r

al kyl am no group, a carbanoyl group, and a nono- @ockieét-NaweRDaH kVORGanoy|
gr oup. In a nore preferable enbodiment, Ring Cis a phenyl group
substituted by 1-3 substituents selected fromthe group consisting of a

hal ogen at omov@er%mgz@rcgfpoamaloamln@mmow bbb'uPEé MO ar tabRet é]l@ﬁémﬁ‘lokw
group, a |l ower al koxy group, a halo-lower a , and a nono- or

di -1 ower al k9o AGagEmyy! g&upaa%@m%@yergi'rloy%ﬂ y'§ 3oyl gredpiipda

substi t uent ﬁ@h@ﬁt@rg o ;14 RBIPIAR CaREh g}q?%r%?eafmd%aeﬁé Ay @ cyano

group, a lower al group, a hal o-1 ower rou | 'ower al koxy group,

and a hal o- |wmhraakb&§ul@&t@upd by @Aredeapnt e aépw@@ug@upna\nﬁiodnwea ng Cis
a phenyl gr H%%@?ﬁﬁ@n@%@ﬂ@?g%@b%%m% er%lk%)(ggfb roup, a lowver alKkyl

group, a hal o- | ower al koxy g r a hal o-1 ower
al koxy group; or bJmm&rabl?(ﬁln}bodgnerupl?slﬁb‘:shalt)ge@atomoaa laveo géeyl @ioom  a

cyano group. |é R%Pg@\ Kim GG is Phefiyl ggéﬁﬁ)gsruﬁ%@gé’rgotg{ g-épsﬁfb?tlteéﬁ‘ttser red. 15A

preferred he eroc group rnclu erocyclyl group
cont ai ni ng 1select2dlimineahabigensmtomoe pyamdegroliy, sslevec ailkg droapmat Hedo-gpvearp

consisting of,a nitrogen at an ox en at o and a sul fu or a 9-
or 10- memperll Hote BBel oROky tyB et At AL SR fuf  wkln Brdlo
i ndependeat | yrapl ec ety idncory gdwpgamoeondwleWen@kyjém&worgrbupgen atom an
oxygen atom and a 20sul fur, atom S roup a pyridyl
Oropr o pyr PRAYTOYGHRHR, 318 5 (1RD: ST Bp B S PERONTOM S8, A ¢ hi aool y]
group, a qui h@leyécy@ryDgﬂ@up%ubﬁttut@a w-sgumm@ﬁsis@ect@dmm mb ggdswp are
preferred. rther &re erabl e enbodi m&*ntI is a rphenyl
group subst i PB‘?%%PWS)P‘C@ t BISVAIO HOHD o OV Gl grgppaa B?'Pl'@l‘y? gr oup
substituted Bikypgrdfp, F@Io%eamak@gaoup a halo-lbWePAIRGREIrolp &f MoAb! & gnbodi ment
of the present "invention, preferred is a conpound 1n which Ring Ais

15 lower alkylamino group, a carbamoyl group, and a mono- or di-lower

alkylcarbamoyl group. The chemical structure of such compounds are

represented by the following formula (I1A’):

(IA)

wherein R* is a halogen atom, or a lower alkyl group, Ring C is a phenyl
20  group substituted by 1-3 substituents selected from the group consisting of 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
25 substituted by 1-3 substituents selected from the group consisting of a halogen

atom, a cyano group, a lower alkyl group, a halo-lower alkyl group, a lower
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WO 2011/ 047113PCT/ US2010/ 052598 Docket No.: PRD3117WPCT wherein R a
Is a halogen atom a | ower al kyl group, or a | ower al koxy group, and R2a
and R3a awe2huduogen atons; and Ring B is R4b R5b wher eiPaTRARO1a/OKSRED ar e
each independently a hydrogen atom a 5hal ogen at @uocket NeaweRDaH ksAVORWIUp, a
hal o-1 ower al kyl group, a | ower al koxy group, or a hal o-1ower al koxy group.
I n anot her aspect of the present invention, preferable exanples of the

compound | i Bkokflgrod cgmwaﬂera% b Cbhwnbh@rd.%\hém rhiPbGibab,! B: 0
. OH 3H 10wher ei ?19%8 ) and ar)gﬁ%gcﬁ I ndepen entIK a%dr og@eﬂn atom a

hal ogen at on@ Oarwyéﬁgpwgr Bﬂﬁba ”é\QPOaIORSk'?WQF 6'15]6|C3@ﬁ”@|>’ ¢PuUBr oup, a hal oal kyl
group, a hal oal kopy, Ql'b%'Prefé?'aBﬁ@'rﬁB@Gﬁfthl RBAg c@%a BRerd) b%a\éubﬂltu%OUp an

al koxyal koxy group, an a grou an a k nyl grou cycl oal kyl group,

a cycl oal kyl bmérﬁeﬁ@hs&wengarwte fr@mdh@arm@rmnsgﬂwpfagal@g@m atIMk\A oxy gr oup,

an 5 cyano group, a lower alkyl group, a halo-lower alkyl group, a lower alkoxy
group, a halo-lower alkoxy group, and a mono- or di-lower alkylamino group; or
a heterocyclyl group substituted by a substituent selected from the group
consisting of a halogen atom, a cyano group, a lower alkyl group, a halo-lower
alkyl group, a lower alkoxy group, and a halo-lower alkoxy group.

10 Among them, a compound in which Ring C is a phenyl group 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; or a heterocyclyl
group substituted by a halogen atom, a cyano group, a lower alkyl group, or a
lower alkoxy group is preferred.

15 A preferred heterocyclyl group includes a 5- or 6-membered heterocyclyl
group containing 1 or 2 hetero atoms independently selected from the group
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

20  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
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

25 halogen atom.

In another preferable embodiment of the present invention, preferred is a
compound in which Ring A is

R1a
RZa

R3a
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15aryl oxy group, an arylal koxy group, a cyano group, a nitro group, an
am no group, a nono- or di-alkylam no group, an al kyl carbonyl am no group, a
car boxyl wopaop/o4an3al koxycar bonyl group, a carbanoyl gr ®ap/USa0101952598 or
di al kyl car banoyl group, an al kanoyl group, an al kyloskétfNmyPRDBMO7\YORG, an
aryl sul fonyl am no group, an al kyl sul finyl group, an al kyl sul fonyl group, or

an 20aryl sul fonyl group; and a group represented by: O is O or

wherei n R6a and RWh@rrem Rawawad@@ﬁrm&ﬁtéb@r%w@%a @té)mveaamxakpgen atom
a hydroxy group, an group, an al u a hal oal kyl 5group, a

hal oal koxy geEsHp, aad Ryd@"ﬁii?al%?lhygrroéﬁb atqms éﬂnﬁorSWiBId?I group, an

al koxyal koxy group, an al kenyl group, an al kyweyl group, a cycl oal kyl group,
a cycl oal kyl i denenet hyl group, a c group, a cycl oal kyl oxy group,
an aryl oxy group, an arylal koxy gro no group, a nitro group, an

am no group, a nono- or di-al kylamno gr ro8N al kyl carbonyl am no group, a
10car boxyl group, an alkoxycarbonyl group, a carbanoyl group, a nono- or
di - al kyl car banoywhegesu? and R lasegeh igrergndeatly alhksiwogehmﬁyl%lm no group,
an aryl sukfony| r onyI group,
or an ar y]L’suF%sloﬁg?1 gg)rr%uaglgg/ﬁaglgglglrg%%&%b??%eer%; Bfnge%gdr\{vﬁr?t a hydrogen
atom a hal ogenwpaboaha@roakbkgkoxyrgrapp. a hal oal kyI group, or an aI koxy

group. 15Anpbng th reple preferred
is a conmpound in @hﬁ‘%hw%gg% ‘%%Séfﬁsré@éé{é % é%lleéﬁ eénrﬁPly?ggfﬁ?dr ogen
atom a hal ogempatirodr melublemnonaioknyld r@mresmqtecabgzyrtd folidwing fognale|B: a

hydr oxy-1 ower al kyl group, a hal o- Iomer al kyl group, a |l ower al koxy-I| ower
al kyl group, a | ower alkoxy gq@up, a cycl oal koxy group, a hal o-lower al koxy

group, or a |ower / S&7
R’ R® SN0
SOH (1B)
HO  Vor
OH
10 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
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
15 aryloxy group, an arylalkoxy group, a cyano group, a nitro group, an amino
group, a mono- or di-alkylamino group, an alkylcarbonylamino group, a
carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
alkylcarbamoy! group, an alkanoyl group, an alkylsulfonylamino group, an
arylsulfonylamino group, an alkylsulfinyl group, an alkylsulfonyl group, or an
20  arylsulfonyl group; and

a group represented by:
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20al koxy- | ower al koxy group, and a group represented by: 0 is O

wherein R6a, Rn are each independently a hydrogen atom a hal ogen atom a

| ower al KD 2griedpi13a cycl oal kyl group, a hydroxy-| ower &CEKMUS2@u00O63598 a

hal o- | ower al kyl group, a | ower al koxy-|ower al kyDogket.: BRD8WTWRIRGIX Yy
group, 5a cycl oal koxy group, a hal o-l ower al koxy group, or a |ower

al koxy- | ower al koxy group, or a group represented by: 0 is 0O 10wherein
R6b and R7b are egch independently a hydrogen atom a hal ogen atom a | ower
al kyl group, a hal o-1 ower al kyl 8roup, or a Iom%r al koxy group.

R6 a \ _ RGbE\,

or ,
wherein R® and R are each independently a hydrogen atom, a
halogen atom, a hydroxy group, an alkoxy group, an alkyl group, a haloalkyl
5 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
10  carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a mono- or di-
alkylcarbamoy! group, an alkanoyl group, an alkylsulfonylamino group, an
arylsulfonylamino group, an alkylsulfinyl group, an alkylsulfonyl group, or an
arylsulfonyl group and R® and R are each independently a hydrogen atom, a
halogen atom, an alkyl group, a haloalkyl group, or an alkoxy group.
15 Among the compounds represented by the formula 1B, more preferred is
a compound 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
20  alkoxy-lower alkoxy group, and

a group represented by:
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I n anot her aspect of the present invention, preferable exanples of the
conpound | include a conpound represented by the following fornula IC
wher ei n RvOgoB/04r83an optional ly substituted benzene ri RgT/Usn010/05350%al | y
substituted unsaturated nonocyclic heterocyclic riDogketdMo.aRRDBH i ONGIRGT
substituted unsaturated fused heterobicyclic ring. Preferabl e
exanples of Ring B' include a benzene ring and a heterocyclic ring, both of
whi ch may have a substituent(s) selectedpfromthe group consisting of a

hal ogen atom a cyano group; a |owggeaal klyl group optionally substituted by
a hal ogen atom a | ower al koxy group ogti dhally 5substituted by a hal ogen
atom a |ower al kanoyl group; a nono; i-lsower al kyl am no group; a | ower
al koxycar bonyl group; a carbamoyl dtoup;¥a no-or di -l ower al kyl carbanoyl
group; a phenyl group optionally substituted by a substituent(s) selected
fr gm a hal gggn at \ﬁmlareﬁh RY*aRG ;Q‘é@al@h wﬁieb@lrﬁ%ntl@d%dr@g@@ompbih@lb@bhy
substitute a hal ogen at om r al kox roup

10subst i t ut an %loKg a'bé'rgra%rﬁcy&%%saroapk%g P%M&éaﬂﬂ YEOHB-2 or

di -l over al kaI@ﬂbﬂ@rﬂkW@P@u@ al|@»@ﬁalﬁé>&§azsw@aémw¥bu@raqywsrak@@f@anpyl group,
or a nono- or di-Ilower al kyl carbamoyl "grou eteroc rou

optional | § sawsyeoakpryaisraa Qalséﬁwemegrogw%@tI@wew @%%Ya'OWQFQQJ@W atom a
cyano group, gfoupO¥ES gRIURYEpRsBHIR@Rt | onal |y substituted by a hal ogen atom
a |l ower al koxy f%group optlonally Substituted by a hal ogen atom a | ower

al kanoyl group, a nono- or di-Ilower alkyl
al koxycar bonyl group, a carbanmoyl gr
al kyl car banoyl group; an aIkerne-group| an
exanpl es of Ring B' include a benzeng? isch may 20be substituted by a
substituent selected fromthe group consikting of a hal ogen atomy a cyano
group; a lower alkyl group optionally substituted by a hal ogen atom a

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

di - | ower al kyl ami no group; a phenyl grouppoptionally substituted by a

hal ogen atom a cyano group, a Iowézgglky group optionally substituted by

m no group, a |ower
a2 nmono- or di-|ower
an oxo group. More preferable

a 25hal ogen atom a | ower al koxy gr tonal | y substituted by a hal ogen
atom a heterocyclyl group optionallly, tyted by a hal ogen atom a
cyano group, a lower alkyl group egbfonalYfy Substituted by a hal ogen atom
a |l ower al koxy group optionally substituted by a hal ogen atom

10 wherein R® and R™ are each independently a hydrogen atom, a
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:

(1C)

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.
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Preferred conpound of the present invention nmay be selected fromthe

30f ol | ow ng group:

1- (13- D gvocopywarnasyl ) - 4- chl or o- 3- (6- et hyl benzo[ b] t hi opb®S2010/052598

yl met hyl ) benzene; 1-(13-D-gl ucopyranosyl) - 4-chl oDocBatNG.5SPRBBaTONOPGT2-
t hi enyl et hyl ] benzene,;

1- (13- D gl ucopyranosyl ) - 4-chl or o- 3- (5- phenyl - 2-t hi enyl - net hyl ) benzene;

1- (13- D- gl ucopyr apegarhbelex@Rind of Ry BAmtiudeaaineaNd lingand a
5th|enylnethgl benzene; . .

1-(13-D-gl uc B f%YGE%/'I“)g’@Dgh‘lﬁd’r”?jc@ﬂ‘@y(f‘@yﬁ@rﬁuﬁﬁHPﬁVﬁ)ﬁ?thed from the
thi enyl met hy gefigeiRisisting of a halogen atom; a cyano group: a lower alkyl group

1- (13- D gl ucopyranosyl )= 4- net hyl - 345- (2-'pyri'm di nyl) - 2-

t hi enyl met hy pew g substituted by a halogen atom; a lower alkoxy group optionally

101- (13- D5 gl Weom 588 8% ¥l HalshiehHt0m0a ftrsr ah b oRBRE W hbad- or di-lower

t hi enyl met hypenzene;
1- (13- D- gl ucelkyleanns gioppia idwesatko3yEarbdnyd gempp A eastiBmayd group; a mono-

t hi enyl met hypepnzene; _ . :
11 (13D gl ueOpyr BHBLEIYIoADRMOHL IO D GgHB.opligtaly sybsiuigd by
t hi enyl et hy pelostiduant(s) selected from a halogen atom, a cyano group, a lower alkyl

,3' ;“( éﬁ;/ P-rrg![ E;ggcwfgngi?)%ﬁy_sdffb%ptluperd%ysé ﬁélggérf\ lal‘cj)%,%_ |%\7v8>’5|'k9>‘(y1§rbup2> ‘optionally

1- ( 13- D g0 uceplysticutes iy a-Hel sgeinhatd m34 fowed-atkdnbyiagroum tahmbro-pdretiydver?2 -
t hi enyl net hy

201- (13- D- gl E@%ﬁﬁ%‘é’w) 2 JowrEAlPXY ST BONYE IE]HRN B pFRERGpYI giroup, or a

mono- or di-lower alkylcarbamoyl group; a heterocyclyl group optionally
substituted by a substituent(s) selected from a halogen atom, a cyano group, a
lower alkyl group optionally substituted by a halogen atom, a lower alkoxy
15  group optionally substituted by a halogen atom, a lower alkanoyl group, a
mono- or di-lower alkylamino group, a lower alkoxycarbonyl group, a
carbamoyl group, or a mono- or di-lower alkylcarbamoyl! group; an alkylene
group; and an 0xo group.
More preferable examples of Ring B’ include a benzene ring which may
20 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
25 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
30 following group:
1-(B-D-glucopyranosyl)-4-chloro-3-(6-ethylbenzo[b]thiophen-2-

ylmethyl)benzene;
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t hi enyl net hypenzene,;

1- (13- D gl ucopyranosyl) - 4- net hyl - 345- ( 4- cyanophenyl) - 2-

t hi enyl mrevbyparnaene; PCT/US2010/052598

1- (13- D-gl ucopyranosyl ) - 4- chl or o- 345- ( 6- f | uor o- 3- PockelyNg.: PRD3257WOPCT

t hi enyl net hypenzene,;

1- (13- D gl ucopyranosyl ) -4-fl uoro- 3-(5-(3-cyanophenyl) - 2-

t hi enyl et hyl )benm@@;g|mﬁ)yp§mfsp‘g.qe¢ﬁ|@r@qj_[5y(5qg%§9ﬁ,glﬂ_e salt thereof; and
y

the prodrug thereof. Particul ar preferred conpounds of the present

i nvention i néleeMetiyiognEsnes gl ucopyr anosyl ) - 4- et hyl - 345- ( 3- cyano-

meny I ]2 2- thi enylng(fE-fdlglﬂéérWeoé}?osygf4-&1|&B%-(@9r?éﬁy!-§ﬁﬂmibbfylﬁﬁu%ﬁﬂzt)eérhfén%§| t
ereof, or a prodru e ;

1- (13- D-gl ucopSr aM&%-gluqommM)ﬁmeml-%%(ﬂoﬂuqzm@fmyj)ﬁz-

t hi enyl meg hy ?rﬁ% pharmaceutically acceptable salt thereof, or a

prodrug t ertltaﬂé ; ! -s??%tz%{zgﬁﬁ’copyranosyl ) - 4- et hyl - 345- (4-fl uoro- phenyl) - 2-

5t hi enyl net hyl ] behf@Beglucopysansisal) fedderot B2y yioudipylaBt e salt thereof, or a

prodrug ther X - - D- gl ucopyr anosyl ) - 4- chl or o- 345- ( 3- cyano-

phenyl) - 2- tﬁﬁéenﬁ';lm%tgymﬁ]r]zgé%’zene, or a pharmaceutically acceptable salt

t hereof, or a proth(BHp-glbesmodnosyl)-4-methyl-3-[5-(2-pyrimidinyl)-2-

101- (13- D-gl ycopyranosyl ) -4- met hyl - 345- (6-fl uoro- 2-pyridyl)-2-
t hi enyl et hyﬂ]' &@8W¥,ﬁ%6¥zeae’phar maceutical ly acceptable salt thereof, or a

prodrug t@ereof; 1-(B-D-glucopyrgricdyPagthicroms/sadesmhppHernyh)ir o- 345- (6-f | uor o-
'[Zhgi/relog?/l 2)r Z&iénhyllrgg%lyﬁt?én%lné;benzene, or a pharmaceutically acceptable salt

1-(B-D-glucopyranosyl)-4-chloro-3-[5-(4-cyanophenyl)-2-
thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(6-fluoro-2-pyridyl)- 2-
15  thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-chloro-3-[5-(6-fluoro-2-pyridyl)- 2-
thienylmethyllbenzene;
1-(B-D-glucopyranosyl)-4-methyl-3-[5-(3-difluoromethyl- phenyl)-2-
thienylmethyllbenzene;
20 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-
25 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:
30 1-(B-D-glucopyranosyl)-4-methyl-3-[5-(3-cyano- phenyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;
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15pr odrug t hereof; 1- (13- D gl ucopyr anosyl ) - 4- chl or o- 345- (6-f | uor o-
3-pyridyl)-2- thienyl nethyl]benzene, or a pharnaceutically acceptable salt
t her eof , WO 2a11OABUg t her eof ; and PCT/US2010/052598

1- (13- D-gl ucopyranosyl ) - 4-f | uor o- 3- ( 5- ( 3- cyanophemptketNo.: PRD3117WOPCT

20t hi enyl net hyl ) benzene, or a pharmaceutically acceptable salt thereof, or
a prodrug thereof. Abbrevi ations used in the specification,

particularly the §g m ,—Ejg? R8thvAs clard eneny e OFEt =Et hyI acetate
CPME=Cycl opentyl met et her rmt/atey -&?{gn};zedg vva){)AQ-)

DVAP=4- Di net Hj¢aabyplkendene %ﬂ_@%ﬂlﬁﬂ@ﬁelﬁ@%ﬁ@@p{q%ﬁ@t bRFeMERTGyr aphy
| PA=I SOPrOPYbroﬂrlgﬂ@re(% Me- THF=2- Met hyl -t et rahydrof uran MPLC=Medi um

Pressure Liquid r onat ogr aphy MIBE=Met hyl -t - but yl Et her n- BuLi =n- But yl
lithium 1-(B-D- glucopyranosyl) -4-methyl-3-[5-(4- quoro phenyl)-2-

5 thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;
1-(B-D-glucopyranosyl)-4-chloro-3-[5-(3-cyano- phenyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;

10 1-(B-D-glucopyranosyl)-4-methyl-3-[5-(6-fluoro- 2-pyridyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof;

1-(B-D-glucopyranosyl)-4-chloro-3-[5-(6-fluoro- 2-pyridyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
15  prodrug thereof;
1-(B-D-glucopyranosyl)-4-chloro-3-[5-(6-fluoro- 3-pyridyl)-2-
thienylmethyllbenzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof; and
1-(B-D-glucopyranosyl)-4-fluoro-3-(5-(3-cyanophenyl)-2-

20 thienylmethyl)benzene, or a pharmaceutically acceptable salt thereof, or a
prodrug thereof.

Abbreviations used in the specification, particularly the Schemes and

Examples, are as follows:

AcOEt =  Ethyl acetate

CPME =  Cyclopentyl methyl ether

DI (water) =  Deionized (water)

DMAP = 4-Dimethylaminopyridine

HPLC = High Pressure Liquid Chromatography
IPA = Isopropyl Alcohol

2-Me-THF = 2-Methyl-tetrahydrofuran

MPLC = Medium Pressure Liquid Chromatography
MTBE = Methyl-t-butyl Ether
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Pd/ C=Pal | adi um on carbon Pd(OAc) 2/ Et3Si H=Pal | adi um acet ate and

triethyl silane RaNi =RANEY(r) nickel (alum num nickel alloy) RBF= Round

Bot t om FIsiOROTIEAZINBI et hyl am ne THF=Tet r ahydr of ur an PCT/US2010/052598
TMVEDA=Tet r amet hyl et hyl enedi am ne TNVMS=Tri net hyl si | YocKétSBy.=FRDB® 1 TIoHG Ty |
brom de TMSCH2=Tri net hyl si |l yl - CH2- As used herein, unless otherw se
noted, the term"isolated form' shall nean that the conpound is present in
a form whi chpiggLsepar ate fram angugplithidndM Xt ure wi th anot her conpound(s),
sol vent system or biol ogical environment. 5In an enbodi nent, the product
prepared accBd® ng to the proce3aladiesten sr8Oherein (more particularly, a

conpound of ﬁgm&{)g’ﬂ/ Iit%éiH pr_%ferp@'aﬁiuﬂaﬁ%@‘éﬂgtrﬂ—:}cth)lelgﬁ%” a(l-9), or a

compound of formufa (1-K)) is prepared as an isolate orm As used
herei n, unl eB8Not her wi se noted, RANEY{ aidkel(glubitumnickelialopur e shal | nean

that the nol ercent of inpurigj j i, sol ated conmpound is |ess 10
t han about 5'3%& e percent, pref%!r)lg@ %&}oﬁgla% an about 2 nole percent, nore

preferably, TEAs than about =0. STrnathy@amieecent, nost preferably, |ess than

about 0.1 np percent. _ n,egbodi ment, the present invention is
directed to tﬁgr ocess for the pt%@ygﬁq?%ﬂn of a conmpound of formula (1),

wherei n the TOaEpaund of for rul aTtrgmdthylsthyldhetiantineal | y pure. I n anot her
enbodi nent , resent inventipon is directed to a process for the

HE.P = thylsily P
preparati on a conmpound of fotTIFAYPIM S), wherein the conpound of fornula

(1-S5) is substgstially pure= | nT@ahehsilyl Bidaags ment, the present invention

is directed to aFProcess for the preparation of a conpound of
TMSCH = Trimethylsilyl-CH_-

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.

5 In an embodiment, the product prepared according to the process described
herein (more particularly, a compound of formula (l), preferably a compound of
formula (I-S), or a compound of formula (I-K)) is prepared as an isolated form.

As used herein, unless otherwise noted, the term “substantially pure”
shall mean that the mole percent of impurities in the isolated compound is less

10 than about 5 mole percent, preferably less than about 2 mole percent, more
preferably, less than about 0.5 mole percent, 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)
15  is substantially pure. In another embodiment, the 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.
20 As used herein, unless otherwise noted, the term “substantially free of

a corresponding salt form(s)” when used to described the compound of

52



formula (1-K), wherein the conmpound of fornmula (I-K) is substantially pure.
20As used herein, unless otherwise noted, the term"substantially free of a
correspormiDregligalt13f or m(s) " when used to descri bed t he ®cmwpseend/ 0sf59% or mul a
(I') shall nmean that nole percent of the correspon@ocgetddd.t PRDBA{BNORCT he
i sol ated base of fornmula (1) is less than about 5 nole percent, preferably
| ess than about 2 nole percent, nore preferably, |ess than about 0.5 nole

percent, nostorRiLef @) sHallmdfshat MR RERH Pihk (I8 pORIIRE Bhlt fo%(h)%the
enbodi msnt the present invention is directed to a process for the

preparation &0 aée%mﬁzfﬁamlaK'@r&i—aﬁ%th@n)abomml%p@ns@nte@%ahu I®¥S f or mul a
(1) is substgpifduy2ihse p@?ceﬁp'h{(ﬁfé PRASIADE, f%%ls.tthérpétﬂﬁrt OIWmaﬁ%é?@ént

enbodi ment, the present invention Is directed to a process for the
prepar at i on @Toshpisierpbiyiessdhamn abettCal md@erce«mier ein the conpound of for mul a

(1:5) is substantjual] yfrgeeAl HOGRLE % §Plded BdTBrockd AR A

enbodi nent, the present 1nvention is r?iﬁrect e@ to a process
preparation ofep@rmm@mmmdmﬁqrmu(a (JX(yvhemt’r@OOmnwnd@FrﬁEmwﬂa @f formul a

(17595, 2U0R SRAbLY F408 Bl ARATARRIELIN=M by Bredifsnt e eI

unl ess ot herw'se I ng rea e like,
shal | i ncl uderdseet imeerdpene drecad tacapeoess a)r$lu&)peoaracbionpéaioempo(1pd ef erably

manmal , nore hu for th 0S . ease,

condi ¢ on. " ofTOECYGar v e codestth PR s ! mPBREbIAN Bstiound or ¢ ne
present f0vepbirespdndingrsaitdmimg. e apother enfoouinmmwhptpmnbmvaﬁlmnpl i cations,
alleviate th ons _or Ilcatlo elimn t he as

condi ¢ Lon, - ofira g Igaprocess forte Siroatrtib L corimm BT RERM-RE ot ed, ¢ he
term”pr eVEHWh@Fbm geaddmpdiedwi eortr)a (180 s subtaritially fige bf esttedpendiag one or
nore synptons; ﬁﬂb%]‘ reduction in the severity of one or nore synptons; (c)

t he del ay or SAY B @snce of the 25devel opnent of additional synptons; and /
or (d) delay or avoi dance of the devel opnment of the disorder or condition.

One ski IIed inthe art will recognize that wherein the present invention is
di rect ed®o net hofis us$d pereire Hhlesn otheryigsnetad. the gEBY theatinger eof (i.e. a

?‘SPJG ]?gﬁ al){‘y”g@@ﬁgﬁ?adl?f SYEREIIRE) shll M diude Rk WekshaRBMehH Bh @ Ehre U aRbjeRNbr
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

20 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

25 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,

30 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,
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30 nore preferably a human) who has experienced or exhibited at | east one
synpt om of the disorder, disease or condition to be prevented. Further, a
subj ect iwonerd4rhtier eof may additionally be a subject (pcefise@oloy2sas mamral ,
nore preferably a human) who has not exhibited anposkeiii@nBRDB11HYOPCT

di sorder, disease or condition to be prevented, but who has been deened by
a physician, clinician or other nedical profession to be at risk of

devel opi ng saidle BrsT@aBRTa hitha®RRR) Pas FXGhbited enfgymsw%ﬁhe bilRerdebj ect
may be deened at 5risk of devel oping a disorder, disease or condition (and

t her ef or e i ndigease B'TC%\dé\P@ﬁPlbérPr%\fe %@éhwhoéaﬁbea R ABPM$d 8% @33 consequence
of the subjeghy §C|Qﬁ%llﬁﬁ|anmr%ttr%r¥medl@£|p\°l9é§£bn f%Ude é‘tQ'Fskldf@ibIIQQleQsalfdam ly

hi story, pre-dls osi tion, co-existing (conorbid) disorders or conditions,
genetic testidisgr esrdisedse driceeditiomeF pleexanpighe subjecianagbeldpemedat refers to

an ani mal s ik Ahlelorthg' EBIIER  cis SRS orRERGESARIN FoiiBh pubofias been

t he obj ect of treatne servation or experi he subj ect
has experi enpeyeatieh ¢r evenkive bicatrdert) as exsotsemensy nptheraubfect hmedicekase or

ookt e, ety AR Bl P0G AL M atalbeaL Y
phar maceut i cé&tonagbid) dishaterbi -'rtdiiiohb,eg@ettlbct@tlog,l armfthmhkie cinal response in a

tissue system an o] that . is be| ou h ar cher,
Veterinatan " meal Caertoerapes ot DRabSiert tdtds 1RA7 R, R o evi ati on
of the syopt mmnroél nbst wefeeshea bumdi setialieds ttnﬁnrtgebbjeettcﬁd:keat@&nﬂ,sed her ei n,

the t " t duct i th
Speci 1160 | ngPRIYRRRRr PR B el BRUREe na Bl ol )bt oduct

whi ch resul t exhibitdcestidast ofie & tmedﬂthb d.éé@@dz@rﬁardeaw e gestbd bhe/ speci fi ed
ingredients in the specified amunts. The conpound of fornula (I) of the

present i nveRGVERExhi bits an 25excel I ent inhibitory activity against

sodi um dependent Uwre%etﬁewmmanféffeétm é}ﬁo@%@% LE& h&rePOfhetihs!tHag e
| owering effect. Therefore, the conmpound of the Fresent invention is useful

f or treat5ngamouamf@yt'wqm@%ﬂ@gpwma@ﬁuwl@9\% ha plicis Sinchialegivdl ari t us,
di abetic ret hpoRHAospBhEIRE tgswws@é?ﬁtéwma|ddr%laﬁ¥ah%ét¢§!%.ﬁ@§éu*@ht oflgl ayed

wound heal ing, 1nsulin resistance, hypergl é‘egm a, 30hyperinsullnem a,
el evat ed bl of6RpeREONEr, yelgrinarian; Weé@ﬁb@oc’ﬁcéloé@ @hrml@bavmcév@@@deﬁ gl ycerol ,

hyper i pi demyg, ;i QA% ¥h>é 'S H%Jgdl?ﬁé b tﬂé )ﬂ%@éééj&‘"ﬂuéordéyr{é‘ﬂ{ LByl di abetic

conplications, atheroscl hypertenS| on n-particular, the
conmpound of As used herein, the term ‘composition” is intended to encompass a

20  product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the

specified ingredients in the specified amounts.

The compound of formula (1) of the present invention exhibits an

25 excellent inhibitory activity against sodium-dependent glucose transporter, and
an excellent blood glucose lowering effect. Therefore, the compound of the
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,

30 hyperinsulinemia, elevated blood levels of fatty acids, elevated blood levels of
glycerol, hyperlipidemia, obesity, hypertriglyceridemia, Syndrome X, diabetic

complications, atherosclerosis, or hypertension. In particular, the compound of
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the present invention is useful in the treatnment or the prophyl axis of

di abetes nellitus (type 1 and type 2 diabetes nellitus, etc.), diabetic
conpl i catwonsi1feanh as di abetic retinopathy, diabetic nedrapsatleps2sds abetic
nephropat hy) or obesity, or is useful in the treaDoeket Nd.: PREBHIANDRIT
hyper gl ycem a. 5The conmpound of fornula (1) of the present invention or a
pharmaceutically acceptable salt thereof may be adm nistered either orally

or parent er akdeypre3dift iB@MBER ishsRAU i tHeRe PR c_s:—fth@Pﬁwht/@hils%ﬂa%@f@sceut i cal
preparation. Suitable Jlohar maceuti cal preparation tor oral admnistration

i ncl udes, fomMmeditahpiyre 1 88¢ hpept @iﬁﬁ?tﬁﬁ i”&ﬁ"u“@%(ﬁ’ﬁc-hé“ﬁlb&méP%‘P“Q;?ﬁi_Qﬁﬁl(%@P
capsul es, 10ggWiektc lré%in%path?,rdiél%tléFHeQIPop%'ﬂ%Q%If%‘&}i?ﬁ%ﬁ)h@fi%?ﬁ@ﬁ Hesity,

preparations, or enulsion preparations, etc. | e phaimaceutical
prepar at i on Pois ysefubiit ibedreatentroif posiaranshel neeratyeemist or  exanpl e,

supposi togi es; | IRELLAR0RIERILAIINT oA drLdRREBANS) Grd p_prepar ati ons

using distilled water tor 1njection, physiologica I'ne solution or
aqueous gl ucebermasieuti¢aliy;acoeptablhsbhtherpofapay be administesTirithdosrae oof t he
present conp I 1 | bl e salt

t her eof may @g%gtegél%%h%éﬁtbg L%Sﬁgma%r%ﬁﬁ'i%spfgg %4?@%%5%?8@8‘%3 body wei ght,
condi ti ons oprepapationer8uitable ghianmdsceautidalgeearation i oeal ddswasteatioa be treat ed,

and it is usually in the range of about 0.01 t.0 0 mu/ ka/ day, .or any
Shount or 1 algicbsuPe bR S e RN fita Garhy BB P o ° 20
ng/ kg/ day) opowadgrsasteymni solutio@pgpatdtiens susppnsdrep@phyations tdrenidgige of about
0.1 to 30 ng/kg/day, or, any .appunt or ran therein, In an epbodi nent, the
compound of PETRTEE Stoor SyRERastpr e ok te i Reter sl bor eof i &

adm ni st er ed ati@irdstrtidbh @6dlude’, e eslainprr e@fpdshodesiig@gien ipfegdrgtionange of from

about 0.01 ng/kg/day to about 15 ng/kg/d or any anopunt or range
25t herei n.  MiraveRpls HRIE0RGIBRS Q%'ég 8@F|I?%1\gat|erﬁ;éw%gloasgl@{s,lqlqgl cessary,

in conbi nati galind ddutRRrAquEBLyIOEosR MitioANdl iHhaBRt drEpaaBHhs, one or nore
agents for treating diabetic conplications, and/or one or nore agents for

treat meni®of ot hefNRifQWISLY therpiespRiCoBOURE R BUIYIMkPTtthese ot her agent s
may be 30 adBhé‘r'n%d%ﬁﬁ@all?%c&&ﬁa@l@@%lt@@b?@&‘erné)p{/éﬂ/ aREordhgdo Wspar at e oral

dosage formor by injection. The other antidiabéetic agents include,

for exanpl e, agminigiraiperowtesraggnt podypreighty senditonsgd @t ratient Puginag anésul i n,

insulin secr ; { I L r el |.C agents
havi ng an actg %\gtﬁﬁﬁgg%gﬁlgésn% %ﬁ%t&éﬁgr}%ﬁ d%%géﬁqmﬁm&b%ﬁggg)%gﬁucﬁ?ﬂ 50 3 or 4
of these ot héP0 aykalfiaber aoy agennsonrapgs heedior prbfeyalie inutbedandsoofcr et e

cxare e gl . IV BALLAR, SO SOV FRTRA

a- gl ucosi dase i nhi ors, I one
conpounds), RimgRafabduiad.14&yd0inty/ky/dal, pephy dyloupeptradges thelrdin( DP&4)

oL Bab e SATRRLAT S BNeh RRhSEM B AR BR S el
10phosphor yl @seedfridaininisteredRXRB subfdet atreed theredf iara gdsago srethe-rphgs phat ase
from about 0.01 mg/kg/day to about 15 mg/kg/day, or any amount or range
25 therein.
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
30 administered in the same dosage form, or in a separate oral dosage form or by

injection.
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i nhi bitors. The agents for treatnent of other diseases include, for
exanpl e, an anti-obesity agent, an anti hypertensive agent, an antipl atel et
agent, arweanbir@rhteroscl erotic agent and/ or a hypol i pi degrasagens2s985The
SGLT inhibitors of the formula | may be used in cOucketdio.oRRBBY h7\WPHBTS f or
treatnment of diabetic conplications, if necessary. These agents i ncl ude,
for exanple, PKC inhibitors and/or ACE inhibitors. The dosage of

those agents may yg@d ¥thaf SREdHAEMIcIE8eAB8ScludkO dyr BN, .anBBidbs@sH ti ons of
patients, and adm nistration routes, dosage forns, etc. 20These

phar maceut i can 'W@ﬁfﬂi&qq“'@)ﬁge'ﬁﬁy‘obéj”ﬁﬁ'ﬁﬁwy‘ inswlim pe¢relasagees. aMSHIM an speci es

| nel uding NUGBAHRKOSE otRPSAAEOD adtnfs haifY a X fectihidhai@RsRge Torm
of tablet, capsule, granule or powd or parenteral g adm nistered in the
¢

form of inj etrprro‘ﬁGbTerﬁw'bm end Top, 3ﬁff’r@iﬁﬁ§éelo§her@ﬂtldlﬁ tifcadgeptnmay
transder ngl Elaetf rtc‘nblé/% used og}?etﬁlékérln %s!tﬁerbgpar@ﬁ%dﬂn‘de do W’ﬁhée that,

where not ot herw s€ specifi e reaction step(s) 1S pe med under

sui t abl e condulfanyhgga aoopeutidsgaigiudosiane imdihiiods PRAR\pagniste (¢.9e desi red
product . thel n i

speci ficati o%ﬁ%inddh@gdfonetcg%g%ﬁdsgn‘sen@%gi h(gr%e?%&ﬁﬁg (ljégpt dgﬁgeeo t'dgsé

reagent cl asgDPypenkibitars, margbnide@bmmndsaiaod})or nategb@de edmpnumrtsr and han one
step of a prog

ach react o Gl crioblh® eOYRe (G T AR PRSI ot her . For

exanpl e wher eh@spthwylaswpmbﬂcbrsaRI&RanesLﬂavo@|ahe/oag|Lmbg@64p¢109pshataw gani ¢ base
as a reagent, the organic or inorganic base selected for the first step may
be the sane Wtﬂtl f¥erent than the organic or inorganic base of the second

step. Further, onengkgenteebritiatrientat bthdr disebesiabiuae, fobekdtapleMreast-n a
reaction step of the resen%yl nvention may be carried out in a variety of

sol vents or SbeSWRICEY SN %eée(ﬂ‘s'r"éé‘é’?%ﬁ”@f@@a% agralhaB@barried out in

a mxture of aiapostiirb@bhgert ahyBRhhypslipkdinvieRgesty st ems. Exanpl es of
sui tabl e sol vents, bases, reaction tenperatures, and other reaction

par anet ef8 and co%ﬁ@#ﬂ_éniap'@rﬁ%med‘@@mﬂ'ﬁ'W%WI'@GO@‘@@@F'P%W“BM 10whi ch
fol | ows her el,gentOR§ 1d6ithbRChfidbiele cakbiditbhs [IERR@REZS. trhabe biensi sting of

sai d
include, for example, PKC inhibitors and/or ACE inhibitors.

The dosage of those agents may vary according to ages, body weight,
and conditions of patients, and administration routes, dosage forms, etc.

20 These pharmaceutical compositions may be orally administered to
mammalian species including human beings, apes, dogs, etc., for example, in
the dosage form of tablet, capsule, granule or powder, or parenterally
administered in the form of injection preparation, or intranasally, or in the form
of transdermal patch.

25

One skilled in the art will recognize that, where not otherwise specified,
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

30 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

reagents are independently selected for each reaction step and may be the
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exanples is not intended, and should not be construed, as limting in any
way the invention set forth in the clains which follow thereafter. To
provi de awO@pH/@ONGi se description, sone of the quantit RCTWUS2&008259%i ons
herein are recited as a range from about anount XDockettdbut PRBEAMDIMWOPCT | t
is understood that wherein a range is recited, the range is not limted to
the recited upper and | ower bounds, but rather includes the full range from

about anmount s¥mblr AR MRM eABAEN. Yror@xamile WABHM twolsté P9 \era prage&d n.
To provide a npre conci se description, sone of the quantitative expressions

gi ven her ei n"H€ AN PT MOEIRNG *?aﬁetqfﬁea [RATRNt AsoRAganic|or iNasgarvAdRE st ood

that whet her sél@@teh%rn&me Eﬁm"ﬁep thiy Hé@rﬂe &R bEhikb¥nPthaRQhe o?gjé%\’d’orquant ity
given herein is meant to refer to the actual given value, and it is also

meant to ref éorganic hases@ihe gecand siep.t burtharhong sidllpdviathreatt wAlt regegnize
reasonabl ¥ b'ﬂwdt Wh%l:é.ﬁg Eﬁ@t%ﬂ S‘Péb (t)ﬂﬁe gr&eﬂﬁw%mﬂnlrjna Be EQmeé dut ln' QCl udi ng

apprOX| mati ons due t e experi ment and measur enent condl tions for
such gi ven vahtgdy OQQASGMSQUSME@'GlSWtemL 8aid readtien stepemaydilsd betdagriader m

Leaving ar ouglipshAbk IR RIBASH AL HGRANgSahom of o oup whi ch

departs during a su acenent Sui t abl e exanpl es
i ncl ude, but are Boamplesiof sutabie, scBrentsCIb,asdas rewyohaempertahﬂ% aa*ncel othgerd t he
rocesses far preparg{} ds of the

like. mrlng?e)lag%of Fahe Dr.ocess 18 tﬁ(gg ¢

30 present i hvaHET BRI SIS AEMROCELE S PENIS é*é%f’?ﬁ? ?oCB Sect

sensi ti vé0or whashdbilones Immlmps()mslallgd infthd bre witbleeogmies thao thedlisting of Jdids nmay be
achi eved by neans of conventi rotec n r.oups, h as those

Gescri bed | neRIBRESts § MEROHHEnH erg i o endrniRs os TBiNa3T B et i e

Pl enum Pr ess thelifvahitioarnsdt forWin @eeaaﬁms?wmcl@fdwbw\wé@aftar otective Goups in

Organi ¢ Synt hesi s John Wley & Sons, 1991. The prot ecting groups may be
renoved at a convbAPEN %%B‘@é%ﬁ%ﬁﬂses‘i'%?@[épm SeMEEY Hsgeuany gﬂﬂk‘lefromthe art.

SAs used her gkfrestiBh&RSref ARMELIRR 4304 Rfhgelfith bBSUDaMYunt RA8RLBIOL ecti ng
group” shall mean a group which may be attached to a nitrogen atomto

protect 3ai daRIOUAbYe '%HB‘F'ﬁrﬁ‘iOQ%”b%W‘the&“Bétr?H@e [srTesitqde 14 18HEE ERPtwhi ch nmay
be readily r grmueth ielbaMdhNSnd RARKBINISEL! ARG iRILARIRE B @hgst I ng

groups include, but are not limted to carbamates -contal ning groups of the

formula - 10@907)@11@’(@“’1@#1@1%’(@0“@ plout @yt ¥, aamyamoltiey range-thel
benzyl, phenyl et 2»{%5) Og&vﬁ%%@o q s%ﬂ?t dri ggmeqm%eﬁﬁnt&ql%al ni ng groups

of the formula - erel n exanple net phenyl
trifluor orret kypressionls given hetedn amisdt doalfleddéth thatiermeaboutont isi ni ng groups of

the forny 8&3505‘@@&%%5 thé ?erﬁnofa EH!s%dbe?(bqélﬂy gmyévew

tnfluororretHy ent amret hy roman
152, 3, 6-t ri mgudntiy gwmahhceuytsemeaneo resfaldtotthe atiukkgivéd havue sandtibilsladgsoni t r ogen

meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due
to the experimental and/or measurement conditions for such given value.

25 As used herein, unless otherwise noted, the term “leaving group” shall
mean a charged or uncharged atom or group which departs during a
substitution or displacement reaction. Suitable examples include, but are not
limited to, Br, Cl, |, mesylate, tosylate, and the like.

During any of the processes for preparation of the compounds of the

30 presentinvention, 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
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protecting groups may be found in texts such as TTW Geene & PG M Wits,
Protective Goups in Organic Synthesis, John Wley & Sons, 1991. As
used her evo20ul4ea8 ot herwi se noted, the term "oxygen pPOTASRINGYSTFEOUP”
shall mean a group which nay be attached to a oxy@ecketNom PRDSA OTWEPC0Dsai d
oxygen atomfrom participating in a reaction and which may be readily
renoved followi ng the reaction. Suitable oxygen protecting groups include,

but are not Gr&idEd Grganid©@HeWlistr @azwlw Mb@)ah@menamwwsl 19y sednlay | si Lyl ,
trinmethylsil he iike. Gther sujtable oxygen
protecting g dUp@rQW &E. erYMUtﬁnWWe §ie¥psis Gragpic Gyelesisg JPInG M Wit s,

Protective Gyap San 290% 9?Hb‘br<§¥&?ﬁ§;€'§%’b§ps ﬁ@?%e%h@%&a@@@nveﬂa%ﬂ@ Wer e

the processes for the 'preparation of "the conpounds according to the
i nvention gi sebsaagient Hags using @Qﬂﬂoc§t@0@/@|f§tﬂlﬂrﬁ1%artt hese isoners may be

separ at eds by Convﬂgbéé’@ﬁérehegﬂl’ébgHfh%rv?u%&*ﬁfof’e% HeSBAh dhitt gﬁngrBE@t Agr aphy.

The corrpounds may be preparéd in racemc¢ form or IndiVi enan |orrers
30may be pregaounl skiat heanksygrenpmthickspey be iattashatt tesnitrogen dipnr @sol ut i on. The

compounds e e RATRE aOF, ASABENEDAS B & Moo h STBARRA mayBOL I OTer s by

standard techniques, Percomeri ¢ I'fs by salt
formation w réacﬁim repovarkiollgwiag the/esaattord, Ssitable sigrogen protecting groups

(-)-di-p-tolu tartar and/ or i-p-1toluo artaric acid
ol owed by Moy bt 3l Bl fo.@P0%Roh ato daihia BpHEHouPe IR 56 base.
The conpodnd€(ORY- RaWBereireRrsﬂmIexadplbynéthylrremlybmbofyl deasil epremyithyt, esters or
am des, foll d_by hro raphic 55e at.ion and [ m)val of chiral
B Ly AYERRBYS G ond IRdEnAEIER ao B8 Sradich B HETHg S EF ral P
col um. R Wherewk R ls&er éxantpke nidtttlyl vaHehyr &ﬁl@@ﬂjrﬂeﬂhﬁil haid the ||aeyNof the
processes descrl bed herein, reactive SUbSTII tuent? g% gqnds of
formula (1), SYRM AL VMAU D FOYRBINSSIOBRDOHPE iyaula 79 Qéﬁj"é}e PSS 'And the

l'i ke, are prﬁfr%fx@hlp}é ﬂ;@m&%aylt @Hu@r@%e‘?ehwszeg@ePSJp)énféﬁTe%)ﬂérﬁ@h@H@ pccordi ng
to known nethods, at suitab gm nts along t he synt hesi's route. The

present ilAvestd %H'm%thﬂr“'@‘@i‘@%y Z&”Br@l‘b@@ “f(@r qﬂl‘féf syitayamitagsA of conpounds
of formula (hote&ingYrbhiEda) Be RAUMITE téXi®8I@Vas T.W. Greene & P.G.M. Wuts,

Protective Groups in 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
20 said oxygen atom from participating in a reaction and which may be readily

removed following the reaction. Suitable oxygen protecting groups include, but

are not limited to, acetyl, benzoyl, pivaloyl, 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
25 Organic Synthesis, John Wiley & Sons, 1991.

Where the processes for the preparation of the compounds according to

the invention give rise to mixture of stereocisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers
30 may be prepared either by enantiospecific synthesis or by resolution. The
compounds may, for example, be resolved into their component enantiomers

by standard techniques, such as the formation of diastereomeric pairs by salt
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Schenme A Accordingly, a suitably substituted conmpound of formula
(M), wherein L& is a suitably selected | eaving group such as brono,

chl oro, iwoastiaddiiBhe 201i ke, preferably bronp, and wheP€TUSe@ol5%9% s an

i ndependent|y sel ect ed oxygen protecting group, f®ocketadipl BRR3IMEZWEORGICt ed
fromthe group consisting of benzyl, benzoyl, pivaloyl, isobutyryl,

p- met hoxy-benzyl, and the like; preferably, each Z protecting group is the

same, nore pr&ﬁ%t.a@wh aﬁafdﬁcaw activeavial gydh, as(- }idﬂl%lmﬂ'@qﬁﬂﬂn@écﬁomound

prepared by known methods; is reacted wWith a suitably su stltuted conpound
%c np

of formul a (fNd/op(RrirRriokieMpetairieacdrinritbragignatcystalizzdion anst hods;
wherei n the AORARHIGNGH e dBbdbe Xnd GoriS). Pl Hihy 141084 Roicausy consi st i ng

of 5(a) a suitably substituted organozinc wherein QL is i ke, and
@ i s absent formgfion okdipstaromesie ers@rémlctﬁ& gubwedtbutcbwnzatﬂ@raa@m vati ve,

wherein Qf agdy,Xfoi{&n ®FdndVaf ofRBRNAAL RiEr L 3R natively, the compounds

may be resolved using a chiral HPLC column.

One skilled in the art will recognize that in any of the processes
described herein, reactive substituents on the compounds of formula (1), such
as hydroxy groups, oxo groups, carboxy groups, and the like, are preferably

10 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 () as outlined in Scheme A below.

Q1
|
\)ij\\\\oz o™
oz ) }
15 (Vi) 0z
Q' Q'
WOZ I aONNC,
20 HO
" Yoz (x) = O 0
oz OH
Scheme A

Accordingly, a suitably substituted compound of formula (VI1II), wherein
LG? is a suitably selected leaving group such as bromo, chloro, iodo, and the
20 like, preferably bromo, and wherein each Z is an independently selected
oxygen protecting group, for example Z may selected from the group consisting
of benzyl, benzoyl, pivaloyl, isobutyryl, p-methoxy-benzyl, and the like;

preferably, each Z protecting group is the same, more preferably, each Z is
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, and B is absent; 10(c) a suitably substituted organozi ncate derivative,
wherein QL is , and @ and B are each an independently sel ected

non-t r answeroal4el1gr oup such as al kyl, cycl oal kyl, TNVSCRET/Usaaobs9% i ke;
and (d) a suitably sel ected organozi ncate deri vat Doeketviier BRD3QL7WQPGINd 3
are the sanme and are each 4Niv 15to yield the correspondi ng conpound of
formula (1 X); which conmpound of fornula (I X) is then de-protected according

to known net BRdryl, bknbival @niddeng oF E6mBeIME HepsRIMBKHIWA mEdbaig (1) .
One skilled ?n the art will Idrbgco ni zeBthatm en the compound of formula (X)

i s an or ganofastes withiasuijekly sebsiidutad comeauncoffermyadXy @knawdve, the zn of
20sai d or ganggmpe@ e ot&myRindReSREd b kndwh fahdE WhBALIOthe @Mshdunar ef ore

the organozincate derivative'is presént in conjunction with a suitable
count eri on, 9lrmele (X) isrsalpated framdhe graum coopighrmel nc deri vatives of fornul a

(X) wheregn QL 'Sagglsgltgﬁ%/ sﬁbéutét H%@%zﬁ%‘h%ﬁ@&@h@%r?@e% such as Br, |, and

the Iike, and epar ed or exanple, according to
Schene B as mCF}eij

like, and Q° is absent;

? is a suitably selected halogen such as Br, |, and the

(b) a suitably substituted di-substituted zinc derivative, wherein Q" and

A Y
X

Q? are the same and areeach "1~ ., and Q° is absent:

10 (c) a suitably substituted organozincate derivative, wherein Q' is

-©

, and Q% and Q® are each an independently selected
non-transferrable group such as alkyl, cycloalkyl, TMSCH,, and the like; and

(d) a suitably selected organozincate derivative, wherein Q', Q% and Q*

)
X
are the same and are each T~ ;

15 to yield the corresponding compound of formula (IX); which compound of
formula (I1X) is then de-protected according to known methods, to yield the
corresponding compound of formula ().

One skilled in the art will recognize that when the compound of formula

(X) is an organozincate derivative as defined in (c) and (d) above, the Zn of

20 said organozincate derivative carries a negative charge, and therefore the
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Ql-Li or + Zn(Q@)2QL-Zn-Q@@ Q?M g (:)4 Schene B 10nore particularly, by
transnetal ation, reacting a suitably substituted organolithium or

or ganomagweumdcaapound (wherein Q4 is a suitably sel eeC@dsh@oogsns such as
bronmo, chloro, iodo, and the like) with a suitabl Doskétedd.eERDBMt7 WAIRCGTE.
One skilled in the art will recognize that in the alternatively, a suitably
sel ected zinc sulfonate may be substituted for the zinc 15halide and
reacted as odkddnoeificate daFibaR iBpalereintcdniinelich Wi adarisiedoditeaaphal i de of
formula (X). ternatively, organozinc derivatives of fornmula (X) wherein
Qlis , @ sachaslifiugbpyM3gneyBd hal ogen such as Br, |, and the

li ke, and B is absent; nay be prepared, for exanple, according to Schene C
20as outlined bel ow. Q Q@ + znQl-Zn- Q@ Schene C nore particularly,
by direct inserti@rgaspziacdevvatves of fasmilet(X) whersin &l substituted aryl

@‘

? is a suitably selected halogen such as Br, |, and the
like, and Q? is absent; may be prepared, for example, according to Scheme B

as outlined below:

Q'—Li
or + Zn(@), — Q-Zn—Q2
Q'-Mg—-Q*
Scheme B
10 more particularly, by transmetalation, reacting a suitably substituted

organolithium or organomagnesium compound (wherein Q* is a suitably
selected halogen such as bromo, chloro, iodo, and the like) with a suitably
selected zinc halide. One skilled in the art will recognize that in the
alternatively, a suitably selected zinc sulfonate may be substituted for the zinc

15 halide and reacted as outlined in Scheme B above to yield the desired
organohalide of formula (X).

Alternatively, organozinc derivatives of formula (X) wherein Q' is

)
X
v , @ is a suitably selected halogen such as Br, |, and the
like, and Q® is absent; may be prepared, for example, according to Scheme C
20 as outlined below:
Q'—@2 + Zn —> Q'-Zn—Q?
Scheme C
more particularly, by direct insertion of activated zinc into a suitably

substituted aryl halide.
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WO 2011/ 047113PCT/ US2010/ 052598 Docket No.: PRD3117WPCT Di -substituted
zinc derivatives of formula (X), wherein QL and @ are the (A2 X axxf sane
and are exonlt1/04788d B is absent nay be prepared, for PeXaArspdIeszegor di ng
to Schene D, as outlined below _ _ 5Schene D Docket NoroPBRDBa1 TWORGK | v,
by transnetal ati on, reacting two equivalents of a suitably substituted
organol i t hi um or organomagnesi um conpound (wherein Q4 is a suitably

sel ected hal ogen pugibsagitdd AAP de®HtiQES of foRAa (RNGvHEN Akl @F hia tRe sui t ably
sel ected zinc halide, a conmpound of the formula Zn(Hal)2, wherein

same and are each I , and Q° is absent may be prepared,

for example, according to Scheme D, as outlined below:

Q'—Li
2 or + Zn(Ha'y; ——» Q'—zn—q!
Q'-Mg-Q*
5 Scheme D

more particularly, by transmetalation, reacting two equivalents of a

suitably substituted organolithium or organomagnesium compound (wherein Q*
is a suitably selected halogen such as bromo, chloro, iodo, and the like) with a
suitably selected zinc halide, a compound of the formula Zn(Ha"),, wherein

10  each Ha' is a suitably selected halogen such as Br, |, and the like, and wherein
preferably both Ha' halogens are the same; or zinc halidelithium halide
complex of the formula Zn(Ha")sLi(Ha"), such as ZnBLiBr, and the like. One
skilled in the art will recognize that in the alternatively, a suitably selected zinc
sulfonate may be substituted for the zinc halide and reacted as outlined in

15 Scheme D above, to yield the desired di-substituted zinc derivative of formula
(X).

Organozincate derivatives of formula (X), wherein Q', Q% and Q> are the

same and are each I may be similarly prepared, for

example, according to Scheme E, as outlined below:

Q'—Li Q' . a®
3 or + Zn(Ha')y,—» Zln@
Q1—Mg—Q4 Q1/ \Q'I

20
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10each Hal is a suitably sel ected hal ogen such as Br, I, and the like, and
wherein preferably both Hal hal ogens are the sanme; or zinc halidelithium
hal i de cowpl2exi/@fiiBhe forrmula Zn(Hal)2Li (Hal ), such as 2aB2iSe@o0/ 05208 t he
like. One skilled in the art will recognize that DockéteNal PRDBaITWERCT a
suitably selected zinc sulfonate may be substituted for the zinc halide and
reacted as outlined in 15Schene D above, to yield the desired
di -substituted zinc derivative of foggHé@Re®X). Organozincate derivatives of
formula (X), wherein Q1, (PZ and B3 are the X9 4.0v sane and are eachl Y
may be simlarly PPEpRATEeLaMG DY tepamsiatatione tRRCHIGHIreR eBeMEARISEf 8as out | i ned
bel ow. 20 3 zifdbi-sutds@futédoMBnSithium or organomagnesium compound (wherein Q*

is a suitably selected halogen such as bromo, chloro, iodo, and the like) with a

5 suitably selected zinc halide, a compound of the formula Zn(Ha"),, wherein

each Ha' is a suitably selected halogen such as Br, |, and the like, and wherein

preferably both Ha' halogens are the same or zinc halideslithium halide

complex of the formula Zn(Ha1)2-Li(Ha1), such as ZnB,+LiBr, and the like. One

skilled in the art will recognize that in the alternatively, a suitably selected zinc

10 sulfonate may be substituted for the zinc halide and reacted as outlined in

Scheme E above, to yield the desired organozincate derivative of formula (X).

One skilled in the art will further recognize that for the organozincate

derivatives as prepared in Scheme E above, the Zn carries a negative charge

and therefore, the organozincate derivative is present with a suitable

15  counterion, such as lithium or magnesium, as denoted by the variable *Q°.

Mixed organozincate derivatives of formula (X), wherein Q' is

A Y
X

v , and Q% and Q® are each an independently selected

non-transferrable group such as alkyl, cycloalkyl, TMSCH, and the like, may

be prepared, for example, according to Scheme F, as outlined below:

Q' -5
Q'L o @
or + QP—Zn—Q® — _Zn
1 4 Q? \QS
20 Q'—Mg—Q
Scheme F
more particularly, by reacting an organolithium or organomagnesium
compound (wherein Q* is a suitably selected halogen such as bromo, chloro,
iodo, and the like) and a di-substituted zinc derivative. One skilled in the art will
25 recognize that for the organozincate derivatives as prepared in Scheme F

above, the Zn carries a negative charge and therefore, the organozincate
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_+ Zn(Hal)2 QL Q51 e Zn ".... QL Schene E nore particularly, by
transnetal ation, reacting three equivalents of a suitably substituted

or ganol i tWoumigs7usganonagnesi um conpound (wherein 4 i CA/GSRO10MELSYS

sel ected hal ogen such as bronmp, chloro, iodo, andDocketlN&kePRRBHH7\WOPCT
S5suitably selected zinc halide, a conpound of the fornula Zn(Hal)2, wherein
each Hal is a suitably selected hal ogen such as Br, |, and the |ike, and

wherei n pr ef geaitive RoprasERl withed sGiebRe Somtdrith, S8éRRadlithiNér Mabhsialrt hi um
hal i de conplex of the fornmula Zn(Hal)2Li(Hal), such as ZnB2LIBr, and the

li ke. One sk@pdeaoted byrlee ¥afakj 1Q".r ecogni ze that in the alternatively, a
suitably selected zinc 10sul fonate may be substituted for the zinc halide
and reacted as outlined in Scheme E above, to yield the desired

or ganozi ncat e der TRe@iggeolghiufmo(Qrolti haid@groatpaagresivredQi-Ma-Qe) art wil |

further rgco\g/g{"f’?%i&?ﬁa&% il @‘éhé’rﬁ&%ﬂﬂ?du@@% oI ¥96Jevﬁ§rkﬂ§wﬂr6par ed in

Schene E abo carries a negatl charge and t efore, the
or ganozi ncat eomgpunds dncompupdewbith may be areparecdtoordidg tukitosvn on, such as

deri vati ves HERmes SRa BRREPaBnb P et bl b ool By AR 10 ©
i ndependent | preparethelithiation bf a X fsabstitbied hgilide: fe.g. U asulbdek pelenalec| oal kyl
;_2/5?:,[2 | i ﬁgg Eeretlﬁgé\%,ks?énn%% otr)%t err% ee}:ru?sdo’rs,fvs(/)l{h aenxglmht%iumaggl%éjr{ sr,]&htaos nS_cheme F,
10 butyllithium, and the like, in a suitably selected organic solvent.
Organomagnesium compounds of the formula Q'-Mg-Q* may be
similarly prepared by reacting a Q'-halide (e.g. Br) with an alkyl magnesium
halide such as a primary, secondary, tertiary cyclic or acyclic alkyl magnesium
bromide or chloride, in a suitable selected organic solvent. Alternatively,
15  organomagnesium compounds of the formula Q'-Mg-Q* may be prepared by
reacting a Q'-halide (e.g. Br) with activated magnesium.
One skilled in the art will recognize that di-organylmagnesium
compounds of the formula Mg(Q"), may be substituted for the compounds of
the formula Q'-Mg-Q* in the reactions described in Scheme B through Scheme
20 F above to yield the desired compounds of formula (X). Di-organylmagnesium
compounds of the formula Mg(Q'), are present in ethereal solutions of Grignard

reagents, according to the Schlenk equilibrium, as shown in Scheme G, below

2 Q™MgQ° Mg@'), + Mg(Q®),
Scheme G
25 wherein Q° is a suitably selected halogen such as bromo, chloro, iodo,

and the like; as would be readily recognized by those skilled in the art.

One skilled in the art will further recognize that aryl magnesiate
derivatives of the formula (Q")s-MgLi may alternatively be used in the
processes as described in Schemes B through F above, and may be prepared

30 from suitably substituted magnesiate derivatives as outlined in Scheme H,

below
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Schene F nore particularly, by reacting an organolithium or

or ganomagnesi um conpound (wherein Q4 is a suitably sel ected hal ogen such as
brono, chWoneirdode, and the |ike) and a di-substitutedPeTAS2e10/052598 i ve.
One skilled in the art will 25recogni ze that for DoekerN@anBRDAEATWOPCT
derivatives as prepared in Scheme F above, the Zn carries a negative charge
and therefore, the organozincate derivative is present with a suitable
counterion, such as lithiumor magnesium as denoted by thﬁ abl e 5.
The organolithium (Ql-Li) and organonagnesi um (Ql- nmg- Q4) 5 %é*rp &inds
reacted in Sche@E—@&* hr 6690’ QtOWIELI F -abeve- qr3 (Ghownganmpdihidd—a@* conpounds
whi ch may be prepared according to known nethods. For exaqgidag_

organol it hi um conpounds of the fornula QL-Li may be prepar byQI ithiation
of a QL substituted halide (e.g. Br, ghkphemsy fide, selenide, telluride,
stannane or other precursors, with an al kyI | ithiumsolution such as n-
10but yl I'i t hi um amare prrticyl Ry, by iransegtalatishyof geiuitably substijuier Q's@T ewht .

Or ganonmagnes pr epar ed
by reacting QH@f—C@’aFP?%@@?eI%.SLE%Iy%&F#e %Q%F%rhagﬁéé‘?ﬁ% hgqré)aéb%uch as a
primary, 8ecandéreylike), deaﬁrtmgysadymmnomd \aldyvﬁlaﬂuaflaleyﬂt ofaguitabilyum br om de or

chloride, in C

organonagnes?gbn%{(t:hggé{maﬁ%ggbfe M% Eﬁﬁ %P%ﬁaél ér?[?%gere')é%dg)(rlgd by

reacti ng a Qkelealedcitky( er gyloddky) gvauph actl vat ed nmagnesi um One Skl 'l ed
inthe art wll cogni.z hat an o he formul a
My(QLl) 2 may be su@s\h ?U?tESF?)ﬁqm@%e %Lﬁg&p%ﬁc 5%%“?%%% mtﬂ% -4 in the
reactions described in Scheme B throught Schene 20F above to yield the
desired conpounds of formula (X). Di-ofganyl magnesi um conpounds of the
formula My(QL)2 are present in etheredn solutions of Gignard reagents,
according to the Schlenk equilibrigM as\ﬁqo&\ in Schene G below 2 Q-MQ6

oo

10 wherein Q' and Q? are the same and are each v ,

and Q’ is absent, may be prepared according to Scheme J, as outlined below.

(alkyl)
| ® -
(alkyl) (alkyl)
Q’I @/Q’I Zn
Mg @ |t zo(Hale L' ——— 7 Ny
Q-
Scheme J
15 Accordingly, a suitably substituted organo-halide compound of the

formula Q'-Ha?, wherein Ha? is a suitably selected halogen such as Br, |, and
the like, preferably |, is reacted with a suitably selected lithium trialkyl
magnesate, such as lithium dibutyl hexylmagnsasate, lithium tributylmagnesate,

lithium trihexylamagensate, lithium hexyl di(sec-butyl)magnesate, and the like,
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MI(QL)2 + Mg(QB) 2 Schenme G 25wherein B is a suitably sel ected hal ogen
such as brono, chloro, iodo, and the like; as would be readily recogni zed
by those WRi2b11¢d7i18 t he art. One skilled in the aPCTAiSRO10f06250her
recogni ze that aryl nagnesi ate derivatives of theDocketN@: PRDB31 MyOPGMay
alternatively be used in the processes as described in Schenes B through F
above, and may be prepared 30from suitably substituted nagnesiate

derivatives ﬁef@rléblylllﬂﬂdmld'b heeRIntagnBeiteve knédn &hbSurtd §&End + 1/ 3
Qr-Q4 1/3 (Ql)3-MwylLi 1/ 3 8-
prepared by known methods; in a suitably selected anhydrous organic solvent
or mixture of anhydrous organic solvents, such as anhydrous toluene,
anhydrous n-dibutylether, fluorobenzene, chlorobenzene, trifluorotoleune,
5 cyclopentylmethylether, and the like; to yield the corresponding lithium tri-
substituted magnesate; which compound is preferably not isolated.
The lithium tri-substituted magnesate is then reacted with a suitably

selected zinc halide (a compound of the formula Zn(Ha'),, wherein each Ha' is
a suitably selected halogen such as Br, |, and the like) or zinc halide*lithium

10  halide complex, such as ZnBr,-LiBr, and the like or zinc halide diamine
complex such as zinc bromide bis pyridine complex, and the like; preferably a
zinc haliderlithium halide complex, more preferably, ZnBr,+LiBr ;in a suitably
selected anhydrous organic solvent or mixture of anhydrous organic solvents,
such as anhydrous toluene, anhydrous n-dibutylether, anhydrous cyclopentyl

15  methylether, and the like; preferably in the same sovent or mixture of solvents
as used in the previous reaction step; to yield the corresponding di-substituted
zinc derivative.

In an embodiment of the present invention, the di-substituted zinc

derivative of formula (X), preferably prepared according to the process outlined

20 in Scheme J above, is a compound of formula (X-P)

/Zn

Q" Q! xp).
In another embodiment of the present invention, the di-substituted zinc
derivative of formula (X), preferably prepared according ot the process
soutlined in Scheme J above, is a compound of formula (X-P) selected from the

25 group consisting of a compound of formula (X-S)

) Zn S
F Q \ ,H3C 0 O CH3\ / O F
(X-S)

and a compound of formula (X-K)
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+ 1/3 -4 Schene H nore particularly, by transnetal ation of a
suitably substituted QL-Q4 aryl halide (wherein Q4 is a suitably selected
hal ogen swiorzoa®4briono, chloro, iodo, 5and the |ike), re®&CTiusgrwaszIgonpound
with 1/3 equivalent of a suitably substituted nagbeskettMo.(RREB&1 AWQPCTB
and @ are each an independently selected al kyl or cyloal kyl group). In yet
anot her exanple, a di-substituted zinc derivative of formula (X QL
Q@-*"....@B (X) )N l0wherein QL and 2 are the sane and are fff and
QR is absent ¢ ; £ S '

(alkyl) MyeLi

(X-K) .

Additional methods for the preparation of organozinc derivatives, such
5 as the compounds of formula (X) are known in the art, for example as

described in organic chemistry texts such as “Organic Reactions”, Volume 58,
Edited by Larry E. Overman, et al., 2001, Published by John Wiley & Sons, Inc.
(See Chapter 2: Preparation and Application of Functionalized Organozinc
Compounds, Knochel, P., et al. pages 417-490); MONGIN, F., et al.,

10 Tetrahedron Lett., 2005, pp7989-7992, Vol. 46; and KITAGAWA, K., et al.,
Angew. Chem. Int. Ed., 2000, pp2481-2493, Vol. 39.

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

preparation of compounds of formula (1) as outlined in Scheme 1, below.

0
LG' (V) M’ (V1)
15 _ i
L G2
_ - o \\\\\OZ
X 0z
M?2 (VI >
- (V1)
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01- Ha2 + Myco 14Li Q Zn(Hal)2 LiNal Zn QLQL

WO 2011/047113 PCT/US2010/052598
Docket No.: PRD3117WOPCT

\\\\\O H

\\\\\OZ - 0O

20 "o OH

oz (IX) (1

Omn

N
QO
T

Scheme 1
Accordingly, a suitably substituted compound of formula (V), wherein
LG" is a suitably selected leaving group such as bromo, iodo, and the like,
5 preferably LG" is bromo or iodo, a known compound or compound prepared by
known methods, is reacted with a suitably selected organo-lithium reagent such
as trimethylsilylmethyl lithium, n-hexyl lithium, sec-butyl lithium, n-butyllithium, t-
butyllithium, methyl lithium, and the like, preferably n-hexyl lithium; wherein the
organo-lithium reagent is preferably present in an amount in the range of from
10  about 0.5 to about 2.0 molar equivalents, preferably in an amount in the range
of from about 1.0 to about 1.2 molar equivalents;
in a mixture of a suitably selected ether solvent and a suitably selected
hydrocarbon solvent, wherein the ether solvent is for example, diethyl ether,
diisopropyl ether, di-n-butyl ether, MTBE, 2-methyl-THF, cyclopentylmethyl
15 ether, and the like, preferably di-n-butyl ether or cyclopentyl methyl ether; and
wherein hydrocarbon solvent is for example toluene, fluorobenzene,
chlorobenzene, benzotrifluoride, and the like, preferably toluene; preferably at a
temperature less than about room temperature, more preferably at a
temperature in the range of from about -78°C to about room temperature; to
20 vyield the corresponding compound of formula (V1), wherein M is lithium.

Preferably, the compound of formula (VI) is not isolated.

The compound of formula (V1) is reacted with a suitably selected zinc
salt such as zinc dibromide (ZnBr,), zinc diiodide (Znl), zinc ditriflate, and the
25 like, preferably ZnBrz; or with an amine complex of zinc halide such as pyridine

zinc bromide complex, N-methylmorpholine zinc bromide complex, and the like;
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Scheme J 15Accordingly, a suitably substituted organo-halide conpound of
the formula Ql-Ha2, wherein Ha2 is a suitably sel ected hal ogen such as Br,

|, and thwol2oke47pBeferably |, is reacted with a suitablPgTaSk@ow0sez98 it hi um
trial kyl magnesate, such as |ithiumdibutyl hexyl Daghetddd.ePRDBHIhT\W@PCT
tributyl magnesate, lithiumtrihexyl amagensate, [ithium hexyl

di (sec-butyl)nmagnesate, and the like, preferably |ithiumdibutyl

hexyl magnesaterdin HOMc SATHOAHIAe QONMPRITHE HAIBO R Bdfdpabil pravanfmtdnods; in
a suitably sel ected anhydrous organi ¢ solvent or m xture of anhydrous

or gani ¢ sol vémosnt ig s range g fipat aravt Dol e mboubdAyerlairauNaRBeat)Pet her
f1 Uor 0benzensrelbriRRARERNRY it b ThS! 61RlHRS: (56 ARERY 1) ABLRYI et her.

and the like, to yr'eld the corresponding lithiumtri- substituted
magnesat e; wlpdiMalepispmerriricterpblyfirpapmpunbef oot Bdgaolar equivalgme; | i t hi um

tri-substktuted m | it I : zinc

hal i de (ascorrpou%g%@%ﬁ{g o?‘%rs%?rgy%ﬁ%ﬁ%?%ﬁ&rﬁé@gf%ﬁiggHh’ﬁ_@f’g?g&tggSui tably
sel ect ed hal bgdmcaihon salyedt, whereimtig ether $diNem) isdor exaneplpadietiel éthéd, um
10hal i de conp|; Sy iBr ., i i i .di am ne
conpl ex sucgegs?ﬁ);?@gggregrﬁ'é%ﬁlset%r Mglg%éggcg%e%n@mgg]xéétﬁ%ré%ﬁ?IE@?“%%’ ef erably
a zi nc hal i detefedablyrdiinabuty estlosroplcgsipperdylengthefetnexbayd whali2Li Br ;in a
suitably sel ected anhydyous. organic, solvent_ or m xture of anhydrous organic
sol vent s, _subKoBEBARPAMEICS Feremb'e Gs s TRronegetn STePR&IZEM 8 nhy dr ous
cycl opent§l ahd tneelikey pefdrably talnend;eeferdbty inghe emahiyturérot dudvesisras sovent  or
T o on oGt e e R ab ol vt e SRESA! elhed il e o
thef pr e;lent i‘d?mlﬁgﬂlf),,wlﬁé‘rgi_nd‘i/lz i%ulb@ﬁbﬁre@@ﬁdmb%dj?{ebré@j[?V@x%p%ﬁﬁ%' a (f)<),

P a Compauntheiing SaIngI 05 N Bihesaripound of formuta 98, i id Dngeheme J above,

wherein the zinc salt is Znl,, then in the compound of formula (VII), M? is Znl;
15  wherein the zinc salt is zinc ditriflate, then in the compound of formula (VII), M?
is zinc triflate. Preferably, the compound of formula (VII) is not isolated.
Preferably, the compound of formula (V1) is reacted with a zinc salt, in
the presence of a suitably selected amine or lithium salt such as lithium
bromide, lithium iodide, pyridine, N-methyl morpholine, 2,6-lutidine, TMEDA,
20 and the like; wherein the amine or lithium salt is preferably present in an

amount in the range of from about 1.0 to about 2.0 molar equivalent.

The compound of formula (VII) is reacted with a suitably substituted
compound of formula (VIII), wherein LG? is a suitably selected leaving group
25  such as bromo, chloro, iodo, and the like, preferably bromo; and wherein each
Z is independently a suitably selected oxygen protecting group, for example Z
may selected from the group consisting of benzyl, benzoyl, pivaloyl, isobutyryl,
p-methoxy-benzyl, and the like, preferably, each Z protecting group is the
same, more preferably each Z is pivaloyl, a known compound or compound
30 prepared by known methods; wherein the compound of formula (VIII) is
preferably present in an amount in the range of from about 0.5 to about 3.0

molar equivalents, or any amount or range therein, more preferably in an
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Q(X-P). I n anot her enbodi nent of the present invention, the

di -substituted zinc derivative of formula (X), preferably prepared
accor di ngwvototig7ppsocess soutlined in Scheme J above, i $CA/USeIMOO2TAS Of
formula (X-P) selected fromthe 25 group consi sti Dypckét No.cBRPEUNANVAPCT
formula (X-9) (X-S) and a conpound of
formula (X-K) WD 2011/047113PCT/ US2010/ 052598 Docket No.: PRD3117WPCT

Addi tional makRASIN{RE rdie PFRRAEBEUL OB BfandlORR8ZhdSr SRIIVAIGtE V@ anysuch 5 as
t he conpounds of fornmula (X). are known in the art, for exanple as described

i n organi c cRBUSE PR angsthereincomsPretaraklninamamer gy gooutbP derabed,  Edit ed
by Larry E QvemBRReq&lal@hts; 2001, Published by John Wley & Sons, Inc.
(See Chapter 2: Preparation and Application of Functionalized O ganozinc
Conpounds, Knochein a mixturgtof g|suitaRly seleated-ediogsolvenied\a spitablyselgeted

pngewCrom TR SR ARSI ey R g Bknete e, i€t <1

Angew. Chem

n-butyl ether, MTBE, 2-methyl-THF, diiodopropyl ether, cyclopentylmethyl
ether, and the like, preferably di-n-butyl ether or cyclopentyl methyl ether; and
wherein hydrocarbon solvent is for example toluene, fluorobenzene,
chlorobenzene, benzotrifluoride, and the like, preferably toluene; preferably in

10  the same mixture of solvents as used in the previous reaction step; ata
temperature in the range of from about room temperature to about reflux
temperature, more preferably at a temperature in the range of from about 60°C
to about 95°C; to yield the corresponding compound of formula (1X).

Preferably, the compound of formula (VIII), as a solution in a suitably

15  selected hydrocarbon solvent, more preferably a suitably selected aromatic
hydrocarbon, such as toluene, xylene, fluorobenzene, chlorobenzene,
benzotrifluoride, and the like; is added to a solution of the compound of formula
(VIl) in a suitably selected ether solvent other than THF, such as diisopropyl
ether, 1,4-dioxane, 2-methyl-THF, MTBE, cyclopentyl methyl ether (CPME), di-

20 n-butyl ether, and the like, more preferably CPME or di-n-butyl ether.
Preferably, the final solvent mixture is present in a volume ratio of ether

solvent: hydrocarbon solvent of from about 1: to about 1:3.

Alternatively, a suitably substituted di-substitued zinc derivative, a
25 compound of formula (X)

Q1
I

Zn
Q2/ AN
Q@ (x)
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In an enbodi ment, the present invention is directed to a process for the
preparation of conpounds of fornmula (I) as outlined in Schene 1, bel ow.
(M11) Wo0020104043113PCT/ US2010/ 052598 Docket No.: PRDBCISRMRODS2598 Schene
1 Accordingly, a suitably substituted conpoluodketfNd.oPRDB&1TWDOPCT
wherein LGL is a suitably selected | eaving group such as brono, iodo, and
the like, 5 preferably LGL is brono or iodo, a known conpound or conpound
prepared by known nethods, is reacted with a suitab
organo-lithiumreagent such as trinethylsilylnmethy
lithium sec-butyl lithium n-butyllithium tbutyl
and the like, preferably n-hexyl |ithium wherein t gano- I um
reagent is preferably present in an anount in the r e of from 10about 0.5
to about 2.0 nol awhe@m Qhbeh S argpthefsanaband are eachamount in the range of

from about 1, t re of a

suitably sel gggtg .@?ﬁ ip %9%%9? eg‘%ﬁp\sf%‘%?éboﬁ?'i‘/gé% hecqrégesr%’yog}rﬂ@cgr@on

sol vent V\heSehe‘meI:ﬂeab@t/hHs readtednith iassuitelly exbsijhlited cd'rrrpbblydi oéﬂbheula

di i sopropyl rreth THFE [ nt yl met hyl

Toernr P SR nelin et 8wl SeiehbRia/idThly Suct & eRYiR RRER et

?It her ; bansl vmmroear:m hwgn(eparretmably@komot_te}nlds/vrﬁergm@a@hm ie r|]r1iomlp_u(=m@ntly a o
uoronenzene, . oropenzene zZotri uos 1 dae n t he e era Yy

Lol oemes e Bt SPISSE SR Srered piou bh BB MRy SHEC BRI o wor e

PreferaEﬂ y agruptempisting of Serizfl, bbezdyaneai®, i§sumrabpuhethd B odrizynbagt room
enper at ur e;

l'ithium

tk;[eolike, preferably, each Z protecting group is the same, more preferably each
Z is pivaloyl, a known compound or compound prepared by known methods;
10  wherein the compound of formula (VIIl) is preferably present in an amount in
the range of from about 0.5 to about 3.0 molar equivalents, or any amount or
range therein, more preferably in an amount in the range of from about 0.8 to
about 1.25 molar equivalents, or any amount or range therein;
in a suitably selected solvent such as toluene, or a mixture of a suitably
15  selected ether solvent and a suitably selected hydrocarbon solvent, wherein the
ether solvent is for example, diethyl ether, di-n-butyl ether, MTBE, 2-methyl-
THF, diiodopropyl ether, cyclopentylmethyl ether, and the like, preferably di-n-
butyl ether or cyclopentyl methyl ether; and wherein hydrocarbon solvent is for
example toluene, fluorobenzene, chlorobenzene, benzotrifluoride, and the like,
20  preferably toluene; preferably in the same mixture of solvents as used in the
previous reaction step; at a temperature in the range of from about room
temperature to about reflux temperature, more preferably at a temperature in
the range of from about 60°C to about 100°C; to yield the corresponding
compound of formula (IX).
25
In an embodiment of the present invention, the di-substituted zinc
derivative of formula (X) is a compound of formula (X-P)
Zn
Q1// \\Q1(x4n
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20yi el d the correspondi ng conmpound of fornmula (VI), wherein ML is lithium
Preferably, the conpound of forrmula (VI) is not isolated. The
conpound WP 2bavegmiia (V1) is reacted with a suitably sel @cTa$200/08259%]1 t such
as zinc dibromde (ZnBr2), zinc diiodide (Znl2), Docketd.r PRDaIE7WEORLCT he
25l i ke, preferably ZnBr2; or with an am ne conpl ex of zinc halide such as
pyridine zinc brom de conplex, N nethylnorpholine zinc brom de conplex, and
the like; whereighéhm @ &Cassraérémeeﬁa@a %dqmmél%om ngrtsupa%lré g is
preferably present in an anmount in the range of from about 33 to about
3.0 ol ar eq8?W8l énasothanerabetieest afidhg pr%eah'na%mt therdisybstitae@nef from
about 0.33 ¢ Qefhaib of 1PmiTRl () kot RDAhe BRSD RIRIEAGH! Y chiipdih@gpunt of
about 0.5 nolar equivalents; 5In a mxture o6f a suitably selected ether
sol vent and #rsyia @by sel ect ed hydrocarbon sol vent wherein the ether
i et her, dkaOp = et her,
1w et her or

solvent is for exarp e
MIBE, cycl ope / \
cycl opentyl neth

\ ydr o exanpl e
t ol uene, fl uorobenze&ne, c* FE: preng? 10anth\g beNl i keT—@referab t ol uene;
preferably in the same m xtur %f sol vents as useaCHh the previous reaction

step; to yield the correspondi ng conpoQt8),0f formula (VI1), wherein M is

t he correspondi ng ) for | e when the zinc salt is ZnBr2,
then in the corrpo?fﬁ(ija&‘?mg ?Fﬁ?ffo I?)E&E%B is ZnBr; wherein the zinc salt is
Znl 2, then in theN pound_ of forrrula(VI) M2 is Znl; 15whecreiNn the zinc
salt is zinc ; Q / H 2 Ls zinc
triflate. Prefer ] ~ :
Preferably, the compound P i's geted o a zi Ne alt, in
the presence of a suitabl y sé‘r'&:t ed anine or Tithi@gfdssalt such as |ithium
brom de, lithiumiodide, pyridine, N ngtRyl norpholine, 2,6-Ilutidine,
TMEDA, ZQﬁnd the like; wherein the amine or lithiumsalt is preferably
present i'n an anmount in the range of fromabout 1.0 to about 2.0 nol ar

equi val ent . The compound of formula (IX) is de-protected according to known

methods, to yield the corresponding compound of formula (I). For example,
wherein each Z is pivaloyl, the compound of formula (IX) may be de-protected
by reacting with a suitably selected alkoxide or hydroxide base such as sodium
15  methoxide, sodium ethoxide, lithium hydroxide, and the like, in a suitably
selected solvent such as methanol, ethanol, and the like, to yield the
corresponding compound of formula ().
One skilled in the art will recognize that, depending on the particular
protecting group Z, other reagents may be used in the de-protection step
20 including, but not limited to, Pd/C, Pd(OH),, PdCI,, Pd(OAc)./Et;SiH, RaNi, a
suitably selected acid, a suitably selected base, fluoride, and the like.
The compound of formula (1) is preferably isolated according to known
methods, for example by extraction, filtration or column chromatography. The
compound of formula (1) is further, preferably purified according to known

25 methods, for example by recrystallization.
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The conpound of fornula (VI1) is reacted with a suitably substituted
conpound of forrmula (VII1), wherein L& is a suitably selected |eaving
group 25swohloag4briono, chloro, iodo, and the |ike, pref@cahlsgolonsases and
wherein each Z is independently a suitably sel ect &bchetyNenPRDSHT €ECWIORLCT
group, for exanple Z may selected fromthe group consisting of benzyl,
benzoyl, pivaloyl, isobutyryl, p-nethoxy-benzyl, and the |like, preferably,
each Z protect i nginHrherietndddfnsaMmbe dﬁr@s;@t mveﬁwrﬁalovreeeehoa précddis\¥ad oyl , a
known compound or conpound 30prepare own hods; wherein the
conpound of N preParation pf § CP@IOBV@ @‘?fﬁﬁﬂlﬁ)a&’\%@ﬁpui“ﬁegﬁ‘ AFRIME 2i n the range
of from aboupe@yp to about 3.0 nolar equivalents, or any ampunt or range
therein, nore preferably in an anmount in the range of fromabout 0.8 to
about 1.25 nol &Hsequival ents, or any anourft qn,range therein, nore
preferably in 3 1.0 to ahout| 1.1 nol ar equixal entsf in a
m xture of a M TEr sol v S AT )

5hydr ocar bon M e ettrer™sd is flory ¢, di el hyl
ether, di- n-by ether, MIBE, 2-nethyl-T i ' et her,

cycl opentyl met % eth Wé;and t he | i ke, pre ny di - tyl ether pr
cycl opentyl nethyl ether and wherein hydrocéﬁbon solvent is for expnple
t ol uene, fluorobenzene, chlorobenzene, benzotrifluoride, and the |ike,
preferably toluene; preferably in 10the same m xture of solygnts as used in
the previous reaction step; at a tenperature in the range of from about
roomtenperature to ?abo|t_| refl ux tenperature, re prefer Qo4
tenperature in the rlangg '&f from about GOC to apout 95C, fto yleld t he

correspondi ng conpoynd 4 ef erapl y,z¢he d of formula
ot hydrocarbon 0l v&@Z , nore
C

(VI1'1), as a solutign -
i dr ocar bon, such t ol uene,
benzotri f ueLLde——anjiéhe—LLKe; is

preferably a-surtablly

xyl ene, fluorobenzene, ¢

added to a sol ution |of he conpound of formula (VIl1) in a suitably sel ected
ether sol vent ot her |t ha¥* THF, suphl-gs dii soproplyl ether(Vli:S4-di oxane,

2- met hyl - THF, MIBE, cyclopentyl nmet hyl ether (OQPME), di- 20n-butyl ether,
and the |1Pke, nore preferably CPME or di-n-but ether. Preferably, the
final solvent mxture is present in a volune ratio of ether solvent:
hydrocarbon sol vent caf from about 1: to about 1:3.

0z

(IX-S)
Scheme 2
Accordingly, a suitably substituted compound of formula (V-S), wherein
10 LG'is a suitably selected leaving group such as bromo, iodo, and the like,

preferably LG" is bromo or iodo, a known compound or compound prepared by
known methods, is reacted with a suitably selected organo-lithium reagent such
as trimethylsilylmethyl lithium, n-hexyl lithium, sec-butyl lithium, n-butyllithium, t-
butyllithium, methyl lithium, and the like, preferably n-hexyl lithium; wherein the
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Alternatively, a suitably substituted di-substitued zinc derivative, a 25
conpound of formula (X) QL1 ....0.Zr1 @"3 wherein QL and Q2 are the
sanme and wWpeoHaghi13 and B is absent (prepared for exanmpC@#/lsecciongisng) to the
process outlined in Scheme J above) is reacted w Docketdon.t BRDB1$TMYEHGTUt ed
conmpound of forrmula (VII1), wherein L& is a suitably selected | eaving
group such as brono, chloro, 5iodo, and the |ike, preferably brono; and

wher ei n eachoédns- nrtmakﬁn@g@mﬁé b(ref—brébly Tp?’e,t?sleht P resrh8cht X ¥@eangs ot ®srhi Ng
group, for exanple selected fromthe b p.consisting of benzyl,
@%F%? yi

benzoyl, pi vabeuti0-5 rcs@tmﬂtﬁrq/molapeﬁwﬂéw B AR 2Nt KBS rE1Gef er abl y,

each Z pr ot et irfié dboBtiP0lig abbie €8 MiarBifaRiglerabl y each Z is pivaloyl, a
known conpound or conpound prepared by known rethods; 10 wherein the

conpound of f or ming MWture)f Bsupaldly eelgbley giessehvent andia saitahinseleetedhe range
of from ahout, gy rben%pR/HEt WhBrdiPhY etﬁ&“é.o‘f' e LB e%r?ﬁlgydu f;é}EePr fange

therein, fore preferab an anount e rangé o ut ’0.8 to
about 1.25 ndllmpr@quetmr eirmsbutyiretminaﬂﬁunyclmentsdmgmyt eibesiand thenlike, sui t abl y

cther sol venpawatd TofRu RN F exlathillstoituitn BufUhomM Y oo e The
et her sol venhydrscérbonemhrarpﬂ ie forcaxatripyd tohtdmerflua]tobenzleuey(thl@r‘obmzenbfﬂ'BE
orererably. apepTi BB and e The o eatiy ol bitferefl R R g, |
hydr ocar bon $sk\tleart abcut feom eeraperbture, ohmrmefefémwatﬂotsmmature:uhltbe obenzene,
benzotrifl uor de, Qﬁ?\r‘}gh%é}&ﬁs}%@é& e\%ﬁt {?gr at%n}/pergtu}]eeltqo ylel%rtﬁéerabl y in the

same ni xt ur e Y9
corresponding compound of formula (VI-S), wherein M" is lithium. Preferably,

the compound of formula (VI-S) is not isolated.

15 The compound of formula (VI-S) is reacted with a suitably selected zinc
salt such as zinc dibromide (ZnBr,), zinc diiodide (Znl), zinc ditriflate, and the
like, preferably ZnBr,; or with an amine complex of zinc halide such as pyridine
zinc bromide complex, N-methylmorpholine zinc bromide complex, and the like;
wherein the zinc salt or amine complex of zinc halide is preferably present in an

20 amount in the range of from about 0.33 to about 3.0 molar equivalents, more
preferably in an amount in the range of from about 0.33 to about 1.0 molar
equivalents, more preferably in an amount of about 0.5 molar equivalents;

in a mixture of a suitably selected ether solvent and a suitably selected
hydrocarbon solvent, wherein the ether solvent is for example, diethyl ether,

25 diisopropyl ether, di-n-butyl ether, MTBE, cyclopentylmethyl ether, and the like,
preferably di-n-butyl ether or cyclopentyl methyl ether; and wherein
hydrocarbon solvent is for example toluene, fluorobenzene, chlorobenzene,
and the like, preferably toluene; preferably in the same mixture of solvents as
used in the previous reaction step; to yield the corresponding compound of

30 formula (VII), wherein M? is the corresponding zinc species, for example when
the zinc salt is ZnBr», then in the compound of formula (VII-S), M? is ZnBr;

wherein the zinc salt is Znly, then in the compound of formula (VII-S), M?is Znl;
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previ ous reaction step; at a tenperature in the range of from about room
tenperature to about reflux tenperature, nore preferably at a tenperature
i n the ramgeonfo4friom about 60C to about 100C;, to yield Phe/usSewdsBondi ng
conmpound of forrmula (IX). 25 In an enbodi meockét NdiePRD8$€RVOPCT

I nvention, the di-substituted zinc derivative of formula (X) is a conpound
of formula (X-P) Zn 44 QI1Q I (cp) wherein QL is as herein defined,

and wherein %bl‘anﬂheﬂz’n%'@aﬂt |§rzﬁ1ctd1ﬁflét@”ﬂ1en|lrﬁ‘trﬁaf}9irﬁt%un@f6$%1fﬁmﬁ‘ |p$&t he
present invent,i on, e di-substitued zinc derivative of

sel ected froM’ t'%é‘”@ﬁrﬁl@ﬁe c%Wi@@P'D’n@e&P”}i’OéBﬁﬁBt%@U@f(V1"0$)rﬁ§1F‘ﬁt '?@45‘@}1 10 The
conpound of for mjlb%férlak)% fhe (ﬁ%d&ﬁﬁ&%ﬁfﬁﬂuwr i@abRdkNAVNZiIRBLERGS, to

yield the correspondi ng”conpound formul a . For exanpl e, wherein each
Z i s pival oythe pregenasry Gusvitably Sﬁtﬁcfﬁﬂ amine Xy |i selt gectpaslitbeed by reacti ng

wth a sukta I OK_ S Aum
- it e T e T e S
sui tably sel eod &k lget whateirsthelansise r@etiﬂhmsalt istinefecdbly predenttie ahi ke, to yield

the, cor T esponiyig ARBRURE R ohOLHk3 d Papout 2 malPEadidilied T the art

will recognizet ng on e par |ng group Z, other
reagents nay be used in the de-protection step 20| ncl udi ng, but not |imted

to, Pd/C  Pd(OH) 2y PACLE, RGO RE B2 S) 1 a3 wifd a suitably substituted
10  compound of formula (VIII-S), wherein LG? is a suitably selected leaving group
such as bromo, chloro, iodo, and the like, preferably bromo; and wherein each
Z is independently a suitably selected oxygen protecting group, for example Z
may selected from the group consisting of benzyl, benzoyl, pivaloyl, isobutyryl,
p-methoxy-benzyl, and the like; preferably, each Z protecting group is the
15 same, more preferably each Z is pivaloyl, a known compound or compound
prepared by known methods; wherein the compound of formula (VIII-S) is
preferably present in an amount in the range of from about 0.5 to about 3.0
molar equivalents, or any amount or range therein, more preferably in an
amount in the range of from about 0.8 to about 1.25 molar equivalents, or any
20 amount or range therein, more preferably in an amount of about 1.0 to about
1.1 molar equivalents;
in a mixture of a suitably selected ether solvent and a suitably selected
hydrocarbon solvent, wherein the ether solvent is for example, diethyl ether, di-
n-butyl ether, MTBE, 2-Me-THF, cyclopentylmethyl ether, diiodopropyl ether,
25 and the like, preferably di-n-butyl ether or cyclopentyl methyl ether; and
wherein hydrocarbon solvent is for example toluene, fluorobenzene,
chlorobenzene, benzotrifluoride, and the like, preferably toluene; preferably in
the same mixture of solvents as used in the previous reaction step; ata
temperature in the range of from about room temperature to about reflux
30 temperature, more preferably at a temperature in the range of from about 60°C

to about 95°C; to yield the corresponding compound of formula (IX-S).
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suitably selected acid, a suitably selected base, fluoride, and the I|ike.
The conmpound of formula (1) is preferably isolated according to known

nmet hods, wonoexamiBe by extraction, filtration or col umkCEhISeMasZFeRphy.
The conpound of fornula (1) is further, preferabl YooketiNo.eBRBEEOI\WORLT o
known 25net hods, for exanple by recrystallization. |n another enbodinent,
the present invention is directed to a process for the preparation of a

conpound of for nupgfdrabip) theddnipduh 'Ebfffbrﬂnﬂlas(@/hlﬁ&? a% a SR in SCREBIY 2

Accordi ngly, a suitably substituted conpound formula (V-9), wherel n
10LGL is a sael@a@ﬂwygacawoﬁq'\@ay.m@e@r@f@ﬁ?b%%ﬁu@'m%ﬁﬁed ?wﬁat'cand t he

i ke, pref er AhohdGbn SuchrATBIBRo! e, AudiBOULeRBIIREe BlongOTPOUNd
prepared by khown nethods, is reacted wth a suitably selected

organo- | it hi bamzcé@f@,@ﬁlﬂesmthaélke,rls ﬁéﬂ‘ﬁi{tos@ pgiutiRn efythe cpmppung orforawial
l'ithium gec I A t l'ithium
and the | ?ke(\wgr% eérug%@gg%ﬁ%dtq%%( éoh}erﬁ't oth %ahlréglﬁrﬁl:'t ﬁggﬁ H%II%M hi um
reagent is petieerabidoxpneszmethyirTalfr, Mt cycloperiy m@thgleetmr (CPdiR)adieut 0.5
to about 2.0 r ' n he range of
from about 1. Bﬁl{tﬁetrge(ﬂ Oqtl.hg%rél%?Jeggg{e\%%%?sﬂq@p%&;w?ﬁﬁytéﬁtH%'I of a suitably
sel ect ed et hérefsabietite fmalisalvsmtlmlatmlreyisanbsmtdma Shipdreoatio lbbathsobolesrit,

wherein the e | vent i.s for ie | ether, diisopropyl ether
di - n- but yl h%(froci/#%%so'c\f%toéﬁré’m% th& %}OHL?% and the like, preferably
di - n- but y0 ether or cycl opentyl nethyl et her; and wherein hydrocarbon
solvent is for le tolu | uorobenzene | .or obenzen

benyotri fhuor i de TEGOPREY Raomid RCSnP HenEp eERe P et Qg a:
tenperature Mtess, t&ﬁ@dﬁ@u@@@@%h@@%@hu@effomm@ (pegf Eoedlaynpé, a
tenperature in the range of from about -78 roon1t§nperature to

yi el d the coMERRAFHEG 'THMPBYUNENeFOMRAAL© gfo(”\‘?P%S(? X-SMIEYHGORL is |ithium
Preferably, phRe&edBywutting wittraRlidbly\Yetetted SkHde bR RSB badKTfignconpound

of formula (VI-S) is reacted with a suitably sel ected zinc
15  as sodium methoxide, sodium ethoxide, lithium hydroxide, and the like, in a
suitably selected solvent such as methanol, ethanol, and the like, to yield the
corresponding compound of formula (I-S).

One skilled in the art will recognize that, depending on the particular

protecting group Z, other reagents may be used in the de-protection step
20 including, but not limited to, Pd/C, Pd(OH),, PdCI,, Pd(OAc)./Et;SiH, RaNi, a
suitably selected acid, a suitably selected base, fluoride, and the like.

The compound of formula (I-S) is preferably isolated according to known
methods, for example by extraction, filtration or column chromatography. The
compound of formula (1) is further, preferably purified according to known

25 methods, for example by recrystallization.

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

the preparation of a compound of formula (I-K), as outlined in Scheme 3,

below.
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salt such as zinc dibromde (ZnBr2), zinc diiodide (Znl2), zinc ditriflate,
and the |like, preferably ZnBr2; or with an am ne conpl ex of zinc halide
such as pyoidivme7mBnc brom de conpl ex, N nethyl nor phol i RETAISAE10/062508 de
conplex, and the like; wherein the zinc salt or amocketdborpPRO3bT7WORCT
halide is preferably present in an 20anount in the range of from about 0.33
to about 3.0 nolar equivalents, nore preferably in an anount in the range
of from about 0.33 to about 1.0 nol ar equifval ents, nore preferablyjn an

amount of abou€! 0.5 nol ar equi val ents; cin a mxture of a suifably
sel ected et her_Lsol (tably sel SO vent, wher ei n
t he ether sol i X4 > Hi et hyl ef,

di - n-butyl et \ tyl rettwyl ang t pe ke / prefperably
di -n-butyl et or cyclopentyl nethyl et ei n hyowocarb n

solvent is forL xanpl e toluene, fluoroben nel, chl orobenzene, and the |iKke,
preferably tol uéne; préYé?any in the sa nmMt ure ofV ﬁﬁlvents as ed in
the previous reaction step; to yield the correspondi ng conpoupd of
30formula (VII), wherein M2 is the corresponding zinc speci &g, for exanple
when the zinc salt is ZnBr2, then in the compound of formula (VidzS), M is
ZnBr:; wherein the zilnc salt is Znl2, then in the conpound®of RKOrmul a
(MI1-S), M is Znl; ?feln the zinc salt is 2|ncP2§tr|f ate,l then in the
(VI

compound of formula M2 is zinc_triflat conmpound
of formula (M1-9S) ils_no 3 . — \Prefgrably, the cenpound of
formula (VI-S) is regaj i o in|the presenceOdf a syitably
sel ected am ne or Ti|t k +Nhi um|5brom de, |ithiumi odide,

pyridi ne, N-methyl norpfioline, 2 6 | uti di ne, TNEDA, and (VHeS) i ke; wherein
the amne or lithiumsal,t is preferably present| in an anmount in the range
of fromabout 1.0 td about 2.0 f(Wl-&r equival ent|. The conpound of fornula
(M1-S) is reacted iith a suitably substituted! 10 conpound of formula
(VMIT'1-S), wherein L& is a suitably selected | eaving group such as brono,
chloro, iodo, and the like, preferably brono; and wherein each Zis

i ndependently a suiPthy sel ected _oxygen protect¢ging group, for exanple Z
may sel ected from theg QU E pi aad oyl ,

i sobutyryl, p-net \d the like; pri

group is the 15 sa efe atly each Z i
or conpound prepareq by known nethods: erei n tyfie conpound of fornula
(VII'1-9) is prefega wPEesent in an anount in the l&nge of from about 0.5
to about 3.0 nolaf equival ents, or any anmount @r ~nge therein, nore
preferably i #Oagax

equi val ents, or any:Z
0z

Scheme 3
Accordingly, a suitably substituted compound of formula (V-K), wherein
LG" is a suitably selected leaving group such as bromo, iodo, and the like,
preferably LG" is bromo or iodo, a known compound or compound prepared by
10  known methods, is reacted with a suitably selected organo-lithium reagent such
as trimethylsilylmethyl lithium, n-hexyl lithium, sec-butyl lithium, n-butyllithium, t-
butyllithium, methyl lithium, and the like, preferably n-hexyl lithium; wherein the

organo-lithium reagent is preferably present in an amount in the range of from
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20anount or range therein, nore preferably in an anount of about 1.0 to
about 1.1 nolar equival ents; in a mxture of a suitably sel ected

et her solwenpiiaddila suitably sel ected hydrocar bon sol veRCTI/UsR&0852598 he
et her solvent is for exanple, diethyl ether, din-Deckét Nd.heRDIMBEOPCT
2- Me- THF, cycl opentyl net hyl ether, diiodopropyl ether, 25and the |iKke,

preferably di-n-butyl ether or cyclopentyl methyl ether; and wherein

hydrocarbon ggbitens td ébcmrz oeﬁﬁeréraleauwleﬁensreférby@r@aﬁIamat inGhé pdrRfeenzene,
benzotrifluoride, and t 4?;é)lre ferably toluene; preferably in the same

m xture of s@fﬁ?@ﬁt@oay Qé‘éébplﬁ% @Oﬂﬁ‘reqﬁub’@éenlt%actl on step; at a tenperature
in the range of f FompAgulor LAMNIFEDRERLiRrIBROMA b ehtaRl 3otigaper at ure,

nore preferably at a tenperature in the range of from about” 60C to about
95C, to vyiel bY@IQéar@Qﬂﬁ@b/p@hwhﬁ@%mﬁﬁib%ﬁ%\fenﬁ srfauexanipix- @pthyl ether,
Pr ef er abl

N el itably
sel ected ﬁydroc rbon s FOg)nt6&3@()%"(%6?il Y Pera@lvﬂ@FﬁL%bggpgg?gﬁromti C
hydr ocar bon, psiefablyglitnebuiyredhency Icedeperftylumtbﬂemlz&fnend vhewirobenzene,

DenzOt 1111 UOF| 1 ABR sbhEel 5 cubiuARRcL On SO 8l oplfchmOUNd of

formula 5(VI n-a sul er so such as
di i sopropyl eehmatriflubride darakihadike raetrdhty tolldne; mabb’ﬂbdﬂepewur%t hyl

Gi e butyl el Rereatlh i e s Hpre ol f M@ At

vol ume r aoi Ora)fgeaiflfrern slﬁduiem°(:tolwodubmnbtempm@étumto gieldfthem about 1:1 to
about 1:3. 10 mpoynd. of fo a (I X-9),18. prot d

accor di ng toCRrﬁ%W?nH’é]@I“F(S’Hg’,OUf‘a ngoérlnﬂratM%’o‘?’éeéglﬂj%{d'isﬁﬁ“%@n&%fﬁ bi\f fornul a
(1-S). For examddrepoundest ®drimuaoh) ié nosispiat@l.oyl , the conpound of formul a
(I'X-S) may be de-protected by reacting with a suitably sel ected al koxi de or

hydr oxi de base such 15as sodi um net hoxi de, sodi um et hoxide, |ithium

hydr oxi de, and thend bé@pourd éfférlr'rhliléiWIYK)S@|r@é%$t&ﬂwﬁ@b\é@ﬂébl§ k!él@cl%% Zd hanol ,
et hanol, and the like, to yield the correspondi ng conpound of fornula

(1-9). ohe srall pegh @%ZImaélbaqmldw(ZmBrrz)e@mrﬂ"@@'d?rﬁérﬂlz)d!émwﬂa@ 8nd thee
particul ar prid ediRBO7MBID. Fwith AEEmNRadRis Wn&%lfdé%@ch asgzﬁdme pdC12.

de-protection step 20i'ncluding, but not limted to, Pd/
Pd( OAc) 2/ Et 38Nk brezaide, CO@F%QK Naeihyieorebelng zirg bFO”Hd%G@mQ'EKya@eth@dﬂk%d base

fluoride, ang bR, Hefinc salt or amine complex of zinc halide is preferably present in an

amount in the range of from about 0.33 to about 3.0 molar equivalents, more
20  preferably in an amount in the range of from about 0.33 to about 1.0 molar
equivalents, more preferably in an amount of about 0.5 molar equivalents;
in a mixture of a suitably selected ether solvent and a suitably selected
hydrocarbon solvent, wherein the ether solvent is for example, diethyl ether,
diisopropyl ether, di-n-butyl ether, MTBE, cyclopentylmethyl ether, and the like,
25 preferably di-n-butyl ether or cyclopentyl methyl ether; and wherein
hydrocarbon solvent is for example toluene, fluorobenzene, chlorobenzene,
and the like, preferably toluene; preferably in the same mixture of solvents as
used in the previous reaction step; to yield the corresponding compound of
formula (VII-K), wherein M? is the corresponding zinc species, for example
30  when the zinc saltis ZnBr,, then in the compound of formula (VII-K), M? is
ZnBr; wherein the zinc salt is Znl, then in the compound of formula (VII-K), M?

is Znl; wherein the zinc salt is zinc ditriflate, then in the compound of formula
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The conpound of f

ormula (I-S) is preferably isolated according to known

nmet hods, for exanple by extraction, filtration or columm chromatography.
The conpowioaoofo4fosnul a (1) is further, preferably puri PCedSaciooszdvsg to

known 25net hods,
t he present inven
conpound of fornu

for exanple by recrystallizati onDocketavmt RRD3¢hBydRAGNt ,
tion is directed to a process for the preparation of a
la (I-K), as outlined in Schene 3, below. 5 Schene 3

Accor di ngly, (- MRl AhcstHBst] Prdeehuho MROsHpQind okl Ba (WMt-K) is ndter ei n LGL
is a suitably selected |eaving group such as bronp, iodo, and the Iike,
preferably L&P'gtd-brono or iodo, a known conpound or conpound prepared by

10 known net hods,
reagent such as t

Pu‘e‘feré@l’g’fcih%%o\%ﬁohné o?an"hﬁ%' VI R?'iser‘étagt‘éd%ﬁiﬁélﬂhb shigiigm
rinmeth I um n-hexy hi um sec-butyl

lithium n-bthepresenieaha &Lt&agbflselqctﬂmlnmmwum|Sﬁlrhrsu¢h agbiunhe 1 ke,

preferably nphexy
preferably presen

b. LAY ib8be MR NLABIIT SBRADlNS, M aRibrROPREDS

t’1n an he range of from about

2.0 nol ar eqandmeelmeswhprem éneeamye|onllfamrraa@0ﬁtpreﬂera%epneaa@en eh from about

1.0 to about

sel ect ed ethg&O%n
t he et her sol vent
di - n-butyl ether,
di - n-butyl ether
sol vent 18 foomes

ragﬁ;gio\fﬂjoﬁp%é%ﬂﬂ 0to abop go%?g%?’é fioft Suitably

a sul selec hydroc rbon 5ol vent, where
|s for exanpl e, dlethyl et her, 5dii sopropyl ether

T8 B S A5t PR B B B

ampbicfotrolila €kl S)‘ MnerefnrbEGﬁMswtd’nilmeiémm E!ael,ng group

benzotrifl uori nd th i ke fer re
emaor ot ur o Fudas Abn, SBiore.foia Ana S I BB L et WP s
t enper at ure ns indepdMdehiige Riitably @Blcak@Usxygd® brdtectidg Qdug, wr@xtamﬁwzat ure;

yield the

may selected from the group consisting of benzyl, benzoyl, pivaloyl, isobutyryl,

p-methoxy-benzyl, and the like; preferably, each Z protecting group is the

15 same,

more preferably each Z is pivaloyl, a known compound or compound

prepared by known methods; wherein the compound of formula (VIII) is

preferably present in an amount in the range of from about 0.5 to about 3.0

molar equivalents, or any amount or range therein, more preferably in an

amoun

20 amoun

tin the range of from about 0.8 to about 1.25 molar equivalents, or any

t or range therein, more preferably in an amount of about 1.0 to about

1.1 molar equivalents;

in a mixture of a suitably selected ether solvent and a suitably selected

hydrocarbon solvent, wherein the ether solvent is for example, diethyl ether, di-

n-butyl

ether, MTBE, 2-Me-THF, cyclopentylmethyl ether, and the like,

25 preferably di-n-butyl ether or cyclopentyl methyl ether; and wherein

hydrocarbon solvent is for example toluene, fluorobenzene, chlorobenzene,

in

to

30

benzotrifluoride, and the like, preferably toluene; preferably in the same mixture
of solvents as used in the previous reaction step; at a temperature in the range
of from about room temperature to about reflux temperature, more preferably at
a temperature in the range of from about 60°C to about 95°C; to yield the

corresponding compound of formula (1X-K).
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correspondi ng conpound of formula (VI-K), wherein ML is |ithium

Preferably, the conpound of formula (VI) is not isolated. The conpound of
formul a (WOD-261/G43118eacted with a suitably sel ected zi nc PCIAISg@b052308h as
zinc dibromde (ZnBr2), zinc diiodide (Znl2), zin®odkétrNd.| BRE31&ANORGT

i ke, preferably ZnBr2; or with an am ne conplex of zinc halide such as
pyridine zinc brom de conpl ex, N nethyl norpholine zinc brom de conpl ex, and

the |ike; wherei nPFd?&aBFy“fheS:@Hpo@hd@Wdﬂ@u%‘XWl RY, #2fa 2dldforNiald dfabs
preferably present in an anmount in the range of from about 0.33 to0 about

3.0 nolar eqSPpaIRERYETOCAHI0D SPHENE MAATaIPIGierablism Suikaintelpied AEOMalifge of from
about 0.33 t fya@eibod; QicHRlsAbIBAY! @ idoroBBRnB! fiSbBBArkbn an amount of

about 0.5 nol ar equi val ent's; in amxture of a suitably selected

et her sol venbeagdrifiuosidet 2l tjﬁeélée d8 eddethipor BelEiabef tb@lcs)@npun@mfefpéhwat he

et her sol yenty [ N-butyl
et her, % t(\(/:I3I/§ o@%ﬁ&@xéﬁe?tga ghhtéygd%@%herqbéiZB? pr eﬁr aBPr (Bgl -n- but yl
et her or cycleth%n‘t ¢diaxen,2-methydT HFaMI Bbh eydpperityldnetbglrdsiosr (§(51M/c'e)ndl is for

exanpl e tol of a;gle ﬁé‘?réﬁ%ﬁtﬂé?ﬂg mSJéﬁE%Péad?f%&yE 8P§‘\ d-BGyt éth pref erabl y

t ol uene; pre vents as use “in the previous
reaction st eﬁ’refembw mmflndheolamtrrmxmmm mgsembnrpaunldmm‘ ratio ofrethar §aVéntK) |

wherein M2 is _the corres i zi.nc e r exanpl e 30when the zinc
salt is ZnBr 2hyqr88%r Prﬁsgﬁgr'ﬁ 5%811%%0 ch p#%r%? I1-K), M2 is ZnBr; wherein
the zinc18alt is Znl2, then in the compound of formula (VII-K), M is Znl;
sher el the 2S5l b o 5 S kB Sk e BN, (O
i's not isol ahkghods, to yieldrted emédppndhbe;ompﬁ@adfoa*nulfaqr-rcml Bol 8daniQle,i s

reacted with zinc salt, in the presence of a sujt sel cted am ne or
it hi um sal t YOG §ach £ihpiyaiP¥p rﬁoﬂg’oupptoﬁf%%uleo@(%s ne, N-nethyl

nor phol i ne, 3rfedtd bilrdstind WA s@t@ﬂlytslé%cltéd@kombﬁw&iréﬂ@e paddeucpr | thium
salt is preferably present in an anount in the range of fromabout 1.0 to

about 2. 65 moPAEOUYT malReNCe: Sskire GHsvisie IBIU BydraKe (and hRYKRSn Peact ed wi ¢ h
a sul tably suliedtiy 48ieded L0veRRRHRE dinkBthandVArd nSlike MBSiehl el C2 i 5 2

suitably sel ected [eaving group such as brono, chloro, iodo, and the |ike,
pref er abl y bfeefespoadinodesinound @ teimaly @rKDndependent ly a suitabl y sel ect ed

oxygen prot eet | noosE Qlfled idho SHAMP £ochnFBUNSCLEifhd & PRE BRI

consi sting of benzy enzoy pi val o sobut'yry p- met iy enzyl and
the |ike; prefaecibygroeadhotiepieegentsinmay ke esad indhe de-protection step

20 including, but not limited to, Pd/C, Pd(OH),, PdCI,, Pd(OAc)./Et;SiH, RaNi, a
suitably selected acid, a suitably selected base, fluoride, and the like.

The compound of formula (I-K) is preferably isolated according to known
methods, for example by extraction, filtration or column chromatography. The
compound of formula (I-K) is further, preferably purified according to known

25 methods, for example by recrystallization.

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

30 compositions containing one or more of the compounds of the invention
described herein as the active ingredient can be prepared by intimately mixing

the compound or compounds with a pharmaceutical carrier according to
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15 sane, nore preferably each Z is pivaloyl, a known conpound or conpound
prepared by known nethods; wherein the conmpound of formula (MI1) is

pr ef er ablwoppa#@nti3i n an anount in the range of from abear/uG2@0085990ut 3. 0
nol ar equi val ents, or any anmount or range therei nDocketeNqr BREBaDIWAORCTan
anount in the range of fromabout 0.8 to about 1.25 nolar equivalents, or
any 20anpount or range therein, nore preferably in an anount of about 1.0 to

about 1.1 nokahvedtihadhBhSceutical compduAdifl XédhnRuet. IhedhirRbmayakest ed
et her solvent and a suitably sel ected h%;dr ocar bon sol vent, wherein the
B

ether sol ventvidesvaristy eiiarpt depanidiigynondpn desired reulsuehadrapiiationviees,

2- Me- THF,  cyglpR&MEMERL MHus8EMRILId é\%ppr\rleﬁ%altib@su&ﬁﬁ &iPealbNs, disifs but yl
ether or cyclopentyl nethyl ether; and wherein hydrocarbon solvent is for
exanpl e t ol u@ne solpfigns, sbidaire Aerricesngt adslivesrrcludsewater.rdlydolfopiltle, and t he

like, prekerahbyokohHBnRe agéﬁg%r@gér%fi\}ésf Bepfiadre, Bty suedts S/ hent s as
used in the previous rea%t on step; at a tenperature I'n ehe range of from
about room t ékpdorsalid oral prefevationsesianas powarataapeylesvne tahietb csuitbble at 30a

tenperature ip the ~of . 6 0 : i t he
correspondi nggg'tg%p%rﬁjoﬁ%&gtf\%fg c')rﬁ(?rh?@a&?@t?% S.qjcg‘aFS’ dﬁ@aﬂ%éﬁ %&E‘a{%ﬁﬁngr] é{qeﬁ](lgsc’icorrpound
of fornul a (Wbricaids, bindera, disihteigraimgiageatssand tabllige.s 8bktormtptepdradioas bon

sol vent, nore_preferabl itably selected aromatic drocarbon, such as
Coluane, xyl B8 eq B8 Podiaf Bl suB Rl eR B A R R B e TH SRS 2ra e

l'i ke; 1 s1addéedmbdulatesmbjot sitenobdibsiohsiono Mo pakntdralf avnminisaafdrivithe &rrien a
suitably selected ether .solvent other than THF, .sych as di|sopropyl ether,
1o di oxane, W Ry PSRRIRE O HPBIe Wiyt o R INSFRAFTE et SABANE) - i m- but v
ether, and t herddskesolubiitgoprebenatdry I6fRVRLY subipeRsibid i sstttives.m&yr ef erabl y,
the final solvent mxture js present in a volune ratio of ether solvent :

hydr ocar bon 85P\RERrepired Lyizingatects £afiera gione Withaappigpriate additygs. corrpound

of formula (IX-K)Téprep@rdtet@ahfdcaniear dnibsitonk BOws inbémRAsond er yi el d the
correspondi ng conpound of formula (I-K). For exanple, wherein each Z is

pi val oyl /5t hE 1 rpRRAUNAST Ofite RiAsan{inyenpniamthe actie.ipsredieet sdntiyatelyact i ng
with a suitablnie8lift SPhaiRsLEI BhriBY EQFbAE (P8GR eptsHy 15as sodi um

met hoxi de, sodi um et hoxide, |ithiumhydroxide, and the [i1ke, in a suitably
sel ect ed sol Peatmaggytical somppuading tecbniaua®|whigthearfinemay kake a widgi el d t he

correspondi ngaﬁ&VBbe?lqs%Epéﬁdi%’b\athglférlﬁ% of preparation desired for administration,

e.g., oral or parenteral such as intramuscular. In preparing the compositions in

20 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,
flavoring agents, preservatives, coloring agents and the like; for solid oral
preparations such as, for example, powders, capsules, caplets, gelcaps and

25 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
most advantageous oral dosage unit form, in which case solid pharmaceutical
carriers are obviously employed. If desired, tablets may be sugar coated or

30 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
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One skilled in the art will recognize that, depending on the particular
protecting group Z, other reagents may be used in the de-protection step
20i ncl udiwg,20twm7ret imted to, Pd/C, Pd(OH) 2, PdCl2, PdT@AC)IBHORSIS H,
RaNi, a suitably selected acid, a suitably sel ect ®&bcheaidég.: PRDEM 1 WORCTd t he
i ke. The conpound of fornula (1-K) is preferably isolated according
to known net hods, for exanple by extraction, filtration or colum

chr omat ogr ap@Mﬂ)éﬁ'@%@WMb@bré@PéﬂJ||rﬁwﬁich|@asé %PMBF.Q@rnqu@rc%fr@érgbl y
purified accor known 25met hods, for exa [\a( recrystallization.
#

The present PH Ir@rﬁg‘eﬁﬁfﬁ@rth@dmﬁm%’é&e %ﬁ&'@ﬁ%eﬁ*ﬂ? pRRrMEsRBHE ti ons

cont ai ni ng, acGAABAUEKL IREERAFoAGRODL! (bl AN B e, BERGRSBERadESCT | Ded
herein with a rmaceut i cal y accept able“carrier. Ph ar maceut i cal

conposi t i onslrrtemlpaa ieppRPadiie 206 thelike, en amaunt ehthe wetive voradirnti nvent | on
descri beds heh@b&sﬁ@tb%n@é}td Scﬂ% 8ﬁé &&’ﬁb@&a%@eoafﬁéj by intimtely

m Xi ng t he conpoun oun ar maceuti cal carrier accordi ng to
convent i onal ppararanectcal pombosjbmlumamrrgay eohaingpersunittlosagaunit.er.gmay t ake a

wi de varl ety il QIR IRRRED M BRTLIASASS! EEDIHS Sudln Al ot p4gat T O

(e.g., oral, paré or 11 reparalons suc
suspensi ons, abbutx].0ttcaatbus 600A Men®,anywEnt@nt er aige itarsinaanld aeddilel ves i1 ncl ude

ter, gl | 5al | f ' t t
Stabi [ i vers. 9U8NG PRg=aG Rt Aokt U7 o A R AP0 LR AOaR S 4B alBPaL i ons
Suclh gs p?wder] Sa,ngealpl@‘elresr@mﬁblyﬁbﬂnebboutﬁll’: tc?ébc&lt 6arrmgt/leg/s?ya,gnl aagzldlt tives
ude starcnes ar s atl n nts,. rcants,
bi o <.~ SPREEGHSHPRGE tsisipe TR dosRisy PRBevdrRS B Briet HBR4TERS ons may
al so be coat agomtHeveguibsrhemas shespdtiens tfigaisityost the cemtitin eitPataddso as

10t o nodul ate or site of absorpti For enter al dm ni stration, the
carrier willajdd d&ﬁ‘l‘%}“%ﬁ@l@”%?mglpé?‘gl -'éh%\/alﬁ%Pfa%iﬁl? ﬁ’e"f‘ 'H@rtréﬁ?réﬂ'fs may be

added to i ncbggs&r@glclﬂysmgtma)obe BRfpRSkeMat i on. I njectabl e suspensions or
sol utions_may al so repared utilizing aqueous carriers along with

appropri dPe addi tPﬂﬁé%rag*}’dh?ﬁeeﬂm%osltlﬁ’és}?ﬁ%lmr#ﬁt’:téiﬂsl'ﬂ@%lfor%mW‘Frb?% of this
| vent i on. - OBRAE, HTRLGS AATRBNAHS, Blorl S, RERRSRIGABKFBALASS (e act ve

ingredient is intinmately adm xed a pharmaceutical carrier according to
convent i onal S@Wﬁ@@éwpt@éﬁd aerﬁp@mﬁdnwg speyendigaesampghiles agtinieeter may t ake

a wde vari epy,gls BPsrng)oQu Fe@.dfoPBra‘PE)aFe*ﬁ?erEP Rbsdir SRR nﬁﬁél% é?:?é'l Le‘j for

adm ni strati on, or parenter al suc as Intra scu .
preparing t hed@m@jt&tlpm @rfer agministration by inhalation or insufflation. Alternatively,

20 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
principal active ingredient is mixed with a pharmaceutical carrier, e.g.

25 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
invention, or a pharmaceutically acceptable salt thereof. When referring to

30 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
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20 oral dosage form any of the usual pharnmaceutical nedia may be enpl oyed.
Thus, for liquid oral preparations, such as for exanple, suspensions,

el i xirs amo200l4rilens, suitable carriers and additives POEIUSCE0HELOS
glycols, oils, alcohols, flavoring agents, preser \Dacketd$g.: BRDAA 1 TMyOR§EINt S
and the like; for solid oral preparations such as, for exanple, powders,
capsul es, caplets, gelcaps and 25tablets, suitable carriers and additives

i ncl ude st ar gh@bas EBEAS DillsHdRipsElesd rrﬂ@taoﬂa pRGoRE R oh cIniYsitonns S,
bi nders, disintegrating agents and the |ike. Because of their ease in

adni ni st rat i 818N gupgjvides 'ﬁtﬁwrﬁtmag%@r%;ﬂf thetype dRecribsdabaue SPR1ANESLS o al

dosage unit fghi0.0f B WA 006%%, 2PbhelaRARBIGENYL fleif ritheBanar ¢ obviously
enpl oyed. |f desired, tablets nay be sugar coated or 30enteric coated by

st andar d t echgirediers. ofﬁmprﬁae@nm\@nép@ Thedabdets or eills @f the neyabeanypasdiopr i se
sterile ‘(’)"?‘ F:?n bB84e o‘?ton?é'mls@%ﬁﬁ)'oﬁﬂﬁédt prwﬁé%'H?JIge%e Fcﬁﬁl am‘brr@ﬁ?gs such as

aiding s ity or tor preservation, nj ecta
suspensi ons theyadilastadeef praprgesiction. Wm e*ﬁmldsdhap@illetmﬂmt@ri ¢anoprite

carriers, %ﬁ?rﬂ%'r r&gsggﬁegﬁ@ar?ggte} Hgséqelk(%r@@(%ﬁenF tﬁ&BrtQPéﬁésin%mﬂe formaf

phar maceutica ons her

t abl et capsahenv@omeiever thajfcﬂfntaroﬂihetmsmporhedts aarbeé Isepzhratetel byaam am)unt of

the active |n edl ent g cessar iver .an.effecti verh e as, descri bed
o Fpang

d
above. The pﬁ Hﬁéae‘/&{ Sceé%té.r??%t S'W&P@“ﬂ”%““%’?% BF M t dosage
unit, e.dgo, trahhaérccnmnmehemnzsmaactmuoltlae:tiuodenmuprptosjetMayedtuaaspoonfuI

and the li ke, of fr about nount. range
Cherei . and'si8gsbek GrFRoLmAETALERES B1od b Aah U o S G SABbRAR 300

my/ kgl day, okudatteIgThcllding arrmmrtdﬂgb@mnc@b@éemtéuwhfnﬁawma@eyt 0.1to
about 50 ng/ Iég/ day, or any anmpunt or range therein. The dosages, however,

may be varie @%e?ﬁﬂ"r‘?{ﬁo%ﬁ%ﬂ?ﬁ@u les§ACPEN®Nt of the patients, the severity

of the condition e feLid ferakeslwARH thEAoGA TBAIBSEIOR HANE PRI ERveTity Use of
either daily adm nistration or post-periodic dosing my be enpl oyed.

15Pr ef er 4Bl y MayeaneQRpsed fop AGMANEIratian ol LY ARBCHASrREULYS. RUSRdh as
tabl ets, il baiutGRRSukay TARMRR Sl HAHLSS oriRiushendidie BhEBIoREH Ut | ons

or suspensi ons, met er ed ‘aer 0sol iquid sprays, drops, anpoules,
aut oi nj ect or eqwlsinsswigY edjpigils |Stl@|? aggottqrmee@pw se@aﬁ@rmlemonut ot Panasal ,

sublingual op, é\lr‘ﬁﬁtoﬂ' a(iah ?é %Fl)gr%térﬁgsnmg f%?mé&’éﬂtl'&bls\}erhﬂﬂésor&méb|enhal ation or

i nsufflation. ternative C ositron nmay be presented in a form
suitable for d@ne@nﬂe@’lﬂwp@mdlme@erﬁ@furraqyealmﬁuapgmlam amcludeosynghediepl e, an

| nsol ubl ?osa'ahd Rétutré]%au g{u‘éﬂ a%CEFHr?ggHQHh ?&é%% %fgr AdE &é?fr@ﬂosaotdﬁ;rﬁa' t, may be

adapted 0 provi tion for rntranmuscul ar’ 1 njection. For
pr epar! ng sobaldboanpthsiceiltdoma smmmyledlutoab] algvinyHpgrrplidamei gaeladiot | ve

2Bl ot ng. i ngr edt L1k SelleR ELBEBRE RN FREkShL e tior RO PR Tor
talc, steari camieddut W@ﬁhme&bmmc&npmtmIoompnmpgeapb‘aﬂhe compgumas, and
compos| 11 on EsHELTNGE S maerEa i RGP aae G D BPoc Aoy csent
i nventi ops OtoMpPEdREE bbntsialbeyverpcapla®De ngpadd ddvet €0do mYloeter eferring to

compound, or any amount or range therein; preferably about 10 to about 500 mg

of the compound, or any amount or range therein, 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,

30 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,
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30t hese prefornul ati on conpositions as honbgeneous, it is neant that the
active ingredient is dispersed evenly throughout the conposition so that

t he conpospoo4mEary be readily subdivided into equal |y eCfraseénwsszosage
forms such as tablets, pills and capsul es. Thi s $wolcket No.ePBDSUT AVORCT
conposition is then subdivided into unit dosage forns of the type descri bed
above containing fromO0.01 to about 1000 ngy, or any anount or range

therein, of tim@da@ééééeaddws%m@nble@fserdamu@ﬁ@ﬁ%rgramé@%h%wdé%,eaﬁ@bl ets or
pills of the novel conposition 5 can be coated or otherw se conpounded to

provi de a dodaf@éaBEnIULNESSAIUNENT, T URBNAUINI R GEUTONSs BIGFGPENEERT-on. For
exanpl e, therhald gef@FoifidréntE@NaGARRILGSH iﬁauﬂ@%gile%ﬁﬁgﬁs,%ﬂ%l%s%er

dosage conponent, the latter being in the formof an envel ope over the
former. The BUrRPeO8IRPBNents can be separated by an enteric |ayer which

serves togresist gdis] i i : : ), & : Loner
component >t o pass U RAGERlay. Rhddindo s 6 BRREH ARNBR AR AASIIANC!
vari ety of mitasingle deyndese, osibd tdtel daily chsagetreay be bdypinistered ircdiditlethgs, such

materials in i - I r i i i.al.s as
shel l ac, cet %&gﬁl @%ﬁ@’ltmgn ?(l%:oeLPIft'u ggé'@c%ﬁ%‘t% g&gr%hé%rbé‘%%ﬁgtﬁ?rgﬁé rT@reF’%JﬂV\hi ch the
novel conposinveoits an dehenpinieeestt iniimxemataldornlGatopidat usenofsygeblat ed f or

adm nistration qrally.qor by injection inclu agueous utigns, suitably
Flavour ed sy 0 lhs o veOtnSber i R s Res AN FRAT BRIl 51 ons it b
edi bl e ofl0s stuifaraskitvttharseelb iod ddmimsssastincthé formasf@rttinsdedmaddelpeanut  oi |,

as well as elixirs and simlar. pharmaceuytical vehicles. Syitable dispersing
or suspendi n'SgEnE dPsros B lanl-ficgSe. v canigedis/AeE fPe 20and

nat ural gums retatitters tHro@gaoatht Rlosagaepmeral gi nate, dextran, sodium

car boxymnet hyl cel | ul ase, nethyl cel |l ul ose, pol yvi nyl -pyrrolidone or gelatin.
The nethods of t r etP$ENFe ¥ OrA@dMiNistEA RN E’\'@éé‘?’f[‘y‘i’frﬁft@ﬁlﬂ?ﬁpaﬁﬁ@eath%o be

carried out ugivalirdg BOAPERGEEAN EALorRBINBA S4th bA A OFB-tosic Pladmtetficdihe
conpounds _as defined herein and a pharnaceutically acceptable carrier. The

phar macet®i c 3FCePAIRDINBE SPEEH RUGRERS @lBACh Hyasedlweata asbile lise-oNloragvaind about

1000 nmg of t ek AEBRINGHNcRESBRY sBEMINbINdErs! IBRY RNt BiRitdyratgeieh&klng about
10 to about 500 ng of the conpound, or any anount or range therein, and nmay

be consti t ut 6elOfifg a0entyCarualay Baincamosatedinta the miidee. opuitgliel bindars at i on
sel ected. Caf{j kSwitttuh WRation, starch, gelatin, natural sugars such as glucose or beta-
lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth

20  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-

25 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

30 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
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necessary and inert pharmaceutical excipients, including, but not [imted
to, 30 binders, suspending agents, lubricants, flavorants, sweeteners,

pr eser vatwoesi11/@dyas, and coati ngs. Conpositions suitabl @eCrars2aoab2598

adm nistration include solid forns, such as pill sDockdlNd.sPRDapI BVOPCT
capsul es (each including i medi ate rel ease, tined rel ease and sustai ned
rel ease formul ations), granules, and powders, and liquid forns, such as

sol utions, sygMiRfstratiohXé. @Soraﬁﬁﬂbébﬁﬂéﬁal) Mta%@wma@&%camoé&fep% ul for
par ent er aI adm nistration include sterile solutions, enulsions and

suspensi ons. CEAGFERAEAHINOM In dinpuRasCritionnef saee ehihes@vent i on may be
adm ni stered hé‘rn?ao%hf‘@ﬂll? a@@édtﬁblg%ﬁle@ha&% hoh@in TR LY JRPRGE MRY be

adm nistered in divid doses of two, thiee or four_ tines daily.

Furt her nor e, _harm@ﬁmﬁs_@mmiﬁ muehw byripe Amesican dihapeacayical st ered in

i ntranasak f I i vehicles, or via
t ransder méal Sa1%|g6r1é{éﬁ)tg)tnc tﬁg Ph:éﬁﬁ%%g\kjﬁ%é#oéo?%tgo* @#J@g@ﬁrﬁ nary skil I in that
art. To be adnini MleéhOée OlffDrlmhtatlﬁQlphﬁma@utltzamsd@miabnsjlewew@ey\ system the

?gfg?fn ??ginP'd?%](%r@%;bﬁﬁn%%hdusg)fubﬁ%‘fi%ﬁgSug?aggﬂétjn%% fed HolEe EB o or al
admi ni strati dablets, Sleeorlid)Edltlorh I%vnashﬂ md Exparapd NV @umesd- Ih@tjltadabyir ug
conponent caﬂeﬁe Cé)ﬂb r]elg é’\ﬁth@n aI 1q ng n-to ¢ bha Ecal |y
15accept abl e 15H&ft %3? et S e =t efafrd the |ike.
Mor eover 10 wh¥oluthess 1-2deditedrigceds ar 3l; ar&uPhahia:ebucrmiBrosaqé Bbmigsant s,

di sintegrati agents ,and | ori an al so r ated into the
m xture. Sui %_gs_eem%mge Yﬁ%ﬁnﬁaggz \ﬁ%ﬁ?fﬁ)éi’ |EPRiPaR ?gﬁ p@ﬁ' rﬂ%‘ﬁgy gel atin,
nat ur al sugamr@;mka@r ¢Houcose or beta-lactose, corn sweeteners, natural

and synthetic gu suc acaci a, acant h 20or sodi um ol eate sodi um
stearate, nmagnes EW@?@'&E@@C@'S Gyt m%%\h%a@r@m'%aﬁi (AT 6 Toredongi um

chl ori de andcbhpgodifidd-andiebordf@Itatssyel raginithe esttiblidhdtin tHeMrt @hértler st ar ch,
met hyl eI | ul ose, agar, bentonite, xanthan gum and the like. The liquid

forns i n18ui trapiment Pidisardersas<isasithendiessin i regwresh ng agents such as the

synthetic and nat BP%aIQ}b@ﬁgeJ B'beSiRiMLRred hagBE Atdly déeAfingd byBidaY! - 25
cellulose and the |ike. For parenteral adm nistration, sterile suspensions
and sol ut i on§kibgdkindresant.cind W'EMFMNW'@ the pariiewan empowRd eReddrremane of cont ai n
sui tabl e presghyli¥6s, (A6 Sr&TgH OMAE pMeparatioR thB VRIMRWT aBFHiHEbR 3non 1S

desi r ed.

the advancement of the disease condition. In addition, factors associated with the
20 particular patient being treated, including patient age, weight, diet and time of
administration, will result in the need to adjust dosages.

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.

25 One skilled in the art will further recognize that human clinical trails
including first-in-human, dose ranging and efficacy trials, in healthy patients
and / or those suffering from a given disorder, may be completed according to

methods well known in the clinical and medical arts.
30 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. In the Examples
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To prepare a pharnmaceutical conposition of the present invention, a
conpound prepared according to any of the processes described herein as the
30active wageadi4ens is intinmately adm xed with a phar ma®€utisec@o/oszes i er
according to conventional pharmaceutical conpoundiDogkétdddnPBDES]7 WIRIRST
carrier may take a wide variety of forns depending of the form of
preparation desired for admnistration (e.g. oral or parenteral). Suitable

phar maceut i cahigh faw&ba{é a%/n@rﬂé'si’sl FH8UAS @ré/\ﬁ%ltéd 5@%%4{; BeéMRoRHdd as a
Descriptions of sone of these pharmaceutical acceptabl e carriers may be

found in Thermdb‘fﬂ'”che '-F“Hj&f?ﬁﬁ%m’ peapPf @)@'&13}5\( il @t p @RI thatibe tas t he

ATer | can Pharggesi i6ak noriFseeein Rariiéle iR AnCRanaBraMbl Gl issRREL Y of

Great Britain. Methods of fornulafin armaceuti cal conpositions have been

descri bed i nandmayongugr e exampimsa @ﬁgléharagll Phi@afa @, Gadyrim sagdheor ms:

Tabl ets, Secq Edi tion, Revised and Expanded, Volunes 1-3, edited by

Li eberman et al’; Pharnaceutical Dosage Forns: Parenteral Medications, 10

Vol unes 1-2, editkexarmyleAvithrosighdb; whictdfobbahersiedascabe Bogwge For ns:

D sperse Sys I \ t d by

Var cel Dekke&)?&?dur\ég fSRE sglnt%té%lg%'f h%glﬂg @Hpﬁ)%ﬁ&gaggﬁtor ﬂldre nghﬁ g]e

adm ni steredsaud G@mpouﬁd$ werd mneegmdr@comirr@mnhe oetw%r{cbrmmimrehfmg to dosage

regi nens ests %e ar eSvvhenever 15t reat nent of disorders as

descri bed he 8?9{ c?ﬁ? &' p Opti mal dosages to be adm ni stered may

be readi g determ ned by those skilled in the art, and will vary with the

particul ar conpound used, the node OE ad&' nc' stration, the strength of the

preparation, the node of adm nistrat t he advancenent of the di sease

condition. In addQSIMRBRCBR))Ii@(iﬁ(E(SQMfIab@@héNIhhlbblﬁerfi@@ﬂﬁietwwhﬁf pati ent

bei ng treated, inc]uding patient age, weight, |t and tIITE‘_ of

admnlstratlo,e =61(pivalgylpxymethylytet h- Man=3, _-trlltrls,2e

skilled in the art will recogni zejiiBtylpr®¥ddatd) vivo and in vitro trials

usi ng suitable, known and general éﬁaccepte cell and / or animl nodels

are predictive of the ability of aytlest conpound to treat or prevent a

gi ven disorder. 250ne skilled in the art w Ig furecognl ze that human
F

clinical trails

15
In a 250mL RBF with mechanical stirrer, dried and under argon

atmosphere, 2-(4-fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene (22.20
mmoles; 9.06 g) was dissolved in a mixture of dried and degassed toluene
(37.00 mL; 32.23 g) / diethyl ether (37.00 mL; 26.24 g) at room temperature.
20  After cooling to -50°C (isopropanol + dry ice bath) under vigorous stirring,
(trimethylsilyl)methyllithium (1M in pentane, 37.00 mL) was added dropwise to

the heterogeneous mixture. 30 min after the end of the addition, the
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including first-in-human, dose ranging and efficacy trials, in healthy
patients and / or those suffering froma given disorder, may be conpl eted
accor di ngvoaonahnds wel | known in the clinical and nediPCalUSar®s2539The
foll owi ng Exanples are set forth to aid in the un@eckttadali RBDEA1T\WOPCT

i nvention, and are not intended and should not be construed to limt in any
way the invention set forth in the clains which follow thereafter. In the

Exanpl es  whicghver@bh Qs oﬁ@@l&aoswééw@in@ dhﬁ%iﬂﬁt(ﬁm?étl%lléll %fé‘dwyﬂiﬁhubﬁ\w ng been

isolated as a residue. It wll "be understood 3/ one of ord |nary skill in
the art that WE&dded thnepded.qber thias.. e dibramide (- 29hpaiotest S590ae i n whi ch

the product md'e&%@Fﬁﬁorﬁ'ﬂd%vda@.%‘dﬁ@@m &?H p@rﬁéﬁ@h@th@re%@l'tuhﬁ'muﬁﬂreo" a
foam a gum a syrup, and the 5Fi ke. Exanple 12 through 16 which fol

herei n, descmiaballowed pewarnpupé@aﬁ?@gverdrhQLhieAétyhﬂ heui stiramg atveotri t | e

compoundss Otz ot TRE %R UNGS: s \dhe PERUBEY U G pRREE] according to

t he reC|pes| pr'ocedures  a S FPHE TR Yhesd anple 1
f 2S, 3S, 4R, 5RpfdRsuR- (¢B8hmH ot H 64T.0pinamy &)D- giuopmean&yybaommém 3.4%-

met hyl phenvl ov] oxvriet hvl) tetrahvdr 5-trivl

(T stz e di IREA pesuarba apparstd) (18727 B Beiefee) ABRled i rechani cal
stirrer, drigdg @éﬁ@dlﬂdﬂdéﬁe aIrssma} Was BagE®dropwise over 10 min and the

2-(4-11 uorophenﬁl) 5- (5-i odo- 2- net (%I ben% pt hi ophene (22.20 mmles; 9.06 Q)

was di ssol vefPSuring WW@W@S@ﬁa&dI% dndprdddgiesse dAtte Gpoheg t3rpoon nl; 32. 23
9) / dieyhyl (Shhshute GRBoi-solgfbridr MMmahiufPHBARTRRE, 3bYMEL) and ethyl

acetate (150 mL) were added. After 10 min. stirring, the 2 phases were
separated and the organic layer was washed twice with water (100 mL) and
once with brine (100mL). The organic layer was thereafter dried over sodium
sulfate and the solvent was evaporated under reduced pressure to yield a clear
15 brown oil. The oil was purified by MPLC (cartridge: 330g SiO,, solvent system :
95/5 to 85/15 heptane / AcOEt) to yield the title compound, (2S5,3S,4R,5R,6R)-
2-(3-((5-(4-fluorophenyl)thiophen-2-yl)methyl)-4-methylphenyl)-6-
(pivaloyloxymethyl) tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-dimethylpropanoate)
as a single isomer. The "H NMR spectrum was consistent with the previously

20 measured "H NMR spectra for the title compound.

Example 2
(2S.,3S 4R ,5R,6R)-2-(3-({5-(4-fluorophenyl)thiophen-2-ylYmethyl)-4-
methylphenyl)-6-(pivaloyloxymethyl) tetrahydro-2H-pyran-3.4,5-triyl tris(2,2-

25 dimethylpropanoate)
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20After cooling to -50C (isopropanol + dry ice bath) under vigorous
stirring, (trimethylsilyl)methyllithium (1Min pentane, 37.00 nlL) was added
dr opwi se WO 20hiev4hBBer ogeneous m xture. 30 min after thePemaSed10iszs98
addition, the conversion was checked by sanpl i ngDacketd¥d.r BRD3117WOPCT
(trimethylsilyl)nmethyllithiumwas added if needed. After 15min., zinc

di brom de (22.20 mmoles; 5.00 g) (solid extra dry from Al drich) was added
in one portion and the resul ti ng rrmqtaure was allowed to warmup to 25C over
1 hour. After 1 hour stirring at r¢om5 terrperature di et hyl ether and

pent ane were evaporated under redues(g Ft 15C. Finally
a- D- gl ucopyranosyl brom de, 2,3, m

N : S (18.50 nL) was added
dropwi se over 10 min and the resulyi ng mxture was heated at 75C for 21
hours. After cooling to room 10t enperature, eous solution of amoni um
chloride (1M 100 nL) and ethyl & 8 m.) were added. After 10 m n.
stirring, the 2 phases were separatey and [the‘organic |ayer was washed
twice with water (100 O SE€ARY bG ne (100nL). The organic | ayer
was thereafter dried oven and the sol vent was evaporat ed
under reduced pressure__t_cALLebd a 5I ear own oil. The oil was purified
by MPLC (cartridge: 330g|Si 02, em: 95/5 to 85/ 15 heptane /
AcCEt) to yield the title corrpound (28 , 5R, 6R) -
2-(34(5-(4-fluorophenyl)thi ophenFZ-yl ) net hyI) 4- et hyl phenyl) - 6-

(pi val oyl oxynet hyl)

t et r ahydr o- 2H py i ylLri 25 d] a single
comer The- 11 B BaAk ookt FudL M T d FgPARESPST S G0 " masur e
1H NWVR spect flaorbphemym)% 5- tdde z:meﬁmmxn\zylﬁhmpbéme @.99 mmoles; 813.71 mg)

(2S, 3S, 4R, 5R 6R) uor o A i z Vi tth

met hyl phenyl yrag Sﬁo&ﬁagvf’ ny PR Vf eﬁﬁ;{l d&@@ﬂ( \?rrﬁg)e t rivl

tris(2, 2-525dmpsrbvutdr ApanligyY to -50°C (acetonltrlle + dry ice) under wgorous
stirring, n-hexyllithium (2.3M in hexane, 966.31 pL) was added dropwise to the
mixture. After 15min, zinc dibromide (996.50 uL; 2M solution in CPME) was

added and the resulting mixture was allowed to warm up to 15°C over 1.5 hour.

pr opanoat e)
(10.72 g, 18.50 nmol es) dissol vey

Then a-D-glucopyranosyl bromide, 2,3,4,6-tetrakis(2,2-dimethyl propanoate)

10  (1.05 g, 1.81 mmoles) dissolved in degassed CPME (1.81 mL) was added
dropwise over 10 min and the resulting mixture was heated at 85°C overnight.
After cooling to room temperature, an aqueous solution of ammonium chloride
(1M, 10mL) and ethyl acetate (15mL) were added. After 10 min. stirring, the 2
phases were separated, and the organic layer was washed twice with water

15  (10mL) and once with brine (10mL). The organic layer was dried over sodium
sulfate and the solvent was evaporated under reduced pressure to yield a clear
brown oil, which was determined by quantitative HPLC to contain the title
compound, (2S,3S,4R,5R,6R)-2-(3-((5-(4-fluorophenyl)thiophen-2-yl)methyl)-4-
methylphenyl)-6-(pivaloyloxymethyl) tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-

20 dimethylpropanoate) as a single isomer. The "H NMR spectrum was consistent

with the previously measured "H NMR spectra for the title compound.
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In a 25nL Schl enk reactor, dried and under argon atnosphere, 2-(4-

fl uorophenyl)-5-(5-i odo- 2- net hyl benzypt hi ophene (1.99 mmol es; 813.71 ny)
was di ssowoediva7dsy cycl opentyl met hyl ether (CPME) (7. PCERIUS2@E0/052508N
Stenperature. After cooling to -50C (acetonitril eDockietyNo.ceRDEntIANORGJOr ous
stirring, n-hexyllithium (2.3Min hexane, 966.31 pL) was added dropw se to
the m xture. After 15mn, zinc dibromde (996.50 pL; 2M solution in CPME)
was added and the resulting m xture wasmalel®wed to warmup to 15C over 1.5
hour. Then a- D gl ucopyranos brom de, Z, 3 4, 6 t et raki s(2, 2-di net hyl
propanoat e) 10( 1.(88.39.4R.58 diflygiophaay!|thiopens2yhmete-( 1. 81 nL)
was added  dr opb@eIRNEN)- éQp.%|ev|amnéth9l)f&%baao%%wshmswﬁﬂ thgated at 85C
overnight. After cooling to roomtemoerature an aqueous solution of

ammoni um chl oride (1M 10ni) and @m&ﬂm@( 15m.) were added. After 10
mn. stirring, the 2 phases were sep|arat ed, and the organic | ayer was
washed twice with water 15(10nL) afd3once vmth brine (10m.). The organic

| ayer was dried over sodiumsulfa \S evapor at ed under
reduced pressure to yield a cl ed i
gquantitative HPLC to contain the

met hyl phenyl) - 6- ( pi val oyl oxynet hyl 2H pyran-3,4,5-triyl

tris(2,2- 20 dinmethyl propanoat e) .a% i soner. The 1H NVR spectrum
was consistent with the previ ous(?y Fflasur d 1M NMR spectra for the title
conpound. Exanple 3 0O
(2S, 3S, 4R, 5R, 6R) - 2- (1 34(

met hyl phenyl ) - 6- ( pi val ovl oxvrTBt hvlg t et fahvdr o- 2H pvran-3, 4, 5-tri vl
tris(2,2- dinmethyl propanqgate) o a 25 nL Schl enk reactor, dried
and under argon atnospherle, 2-(

fl uorophenyl) - 5- (5-i odo- 2- net zyl )t hi ophene (1.90 mmol es; 775 ngy) was
di ssol vedsi n tol uene (3 45 mL) /| diethyl ether (3.45 nL) at room

tsflmr)(ralr ﬁ;ur ﬁ; ak eIrn Qg ngchlenk reactog adcr%%%r%ldturnldlereargogra¥mosp‘??ereurbdfr vigorous

fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene (1.90 mmoles; 775 mg) was

)thl ophen- 2-vpnet hvl) - 4-

dissolved in toluene (3.45 mL) / diethyl ether (3.45 mL) at room temperature.
After cooling to -50°C (acetonitrile + dry ice) under vigorous stirring, n-

10 hexyllithium (2.3M in hexane, 920.29 uL) was added dropwise to the mixture.
After 15min., zinc dibromide (2.07 mmoles; 466 mg) was added in one portion
and the resulting mixture was allowed to warm up to 15°C over 1.5 hours. The
resulting mixture was then cooled to 0°C and (trimethylsilyl)methyllithium (1M in
pentane, 1.9mL) was added dropwise. After 1 hour, diethyl ether and hexane

15  were evaporated under reduced pressure (400 mmHg) at 15°C. Then a-D-
glucopyranosyl bromide, 2,3,4,6-tetrakis(2,2-dimethyl propanoate) (1.73
mmoles; 1.00 g) dissolved in degassed toluene (1.73 mL) was added dropwise
over 10 min and the resulting mixture was heated at 85°C overnight. After
cooling to room temperature, aqueous solution of ammonium chloride (1M,

20 10mL) and ethyl acetate (15mL) were added. After 10 min. stirring, the 2
phases were separated and the organic layer was washed twice with water

(10mL) and once with brine (10mL). The organic layer was dried over sodium
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10hexyl lithium (2.3Min hexane, 920.29 pL) was added dropwi se to the

m xture. After 15mn., zinc dibromde (2.07 muvoles; 466 ng) was added in
one portiw2and4rtie resulting m xture was al l owed to waPgIT{$2410/03508 over
1.5 hours. The resulting m xture was then cool ed Docké& NondPRD3117WOPCT
(trimethylsilyl)methyllithium (1Min pentane, 1.9nl) was added dropw se.
After 1 hour, diethyl ether and hexane 15 were evaporated under reduced
pressure (40@u|raﬂslghd c’me é&@ntmrbvap&@ké&maémﬁﬁéb pbéé%méjfé ield a clear
2,3,4,6-tetrakis(2 2-di met hy 0y di ssol ved
i n degassed PEﬂVﬂ’é‘HEV‘(hlcwa*?rﬂ?te%@e@@&iéﬁaﬂtﬂt@bﬁ '§8LG¢%P0ﬁt€'nﬁhﬂt' ?ld t he
resul ting m ébmbsuH@%z@%@taﬁ@5Rt6@5£(@«§«nwg&bphéi3nﬁ{.o@%u Damkhyhaam

t enper at ure, aqueous sol ution of “amoni um chl or and et hyl

acet at e (15nn)etmémfeerwa@e@wamcwmﬁ@yﬂﬁeirahyﬂr0r2+rl1wgrant3wé S2triyhtiises2wer e
separ at edgan nd once
with bri ne &&%}ﬁy@ﬁoﬁ%ﬂ%@eﬁ?’% |§?ezlf$®\/§2eﬁ?% m:lg@/lv%\%b&t u&gsgéléktbglaand t he
sol vent was w&Wthpis ame&wuahdeeasuemud'éﬂll\/b? emrraefm@e)tlﬂelodﬁmoch@ar brown oil,

whi ch was determi ned by quantitative HPLC to contain the title conpound,
(2S, 3S, 4R, 5R, 6R) - 2- (34(5- (4-f 1 uorophenyl ) t hi ophen-2-yl ) et hyl) - 4-

nmet hyl phenyl) - 6- ( pi val oyl oxyrret hypt eExaﬂnptéréb 2H pyran 3,4,5 -triyltris(2, 2-
5 di et hyl propanagg 2 H I\/R S

consi stent with tRBFEvVous opfh 2Lt Yetitle
Corrpound1OExarmb&|vl4bhenvl) 6- (plvalovloxvmethvl) tetrahydro- 2H -pyran-3.4, 5 triyl tris(2,2-

(2S, 3S, 4R, 5R, 6R) - 2- (34(5- (4-f 1l uor gphenyl )t hi ophen- 2-vpnet hyl ) - 4-

10net hyl phenv1) - 6- (pi val oyl oxymtﬁ&&&“@m&&o- 2H pyran-3, 4, 5-tri vl
tris(2,2- dinmethyl propanoate) CH, In a 25 nL Schlenk reactor, dried and
under argon atnosphere, 2-(4-
fl uorophenyl)-5-(5-i odo- 2- net hyl bed
15di ssol ved in toluene (2.86 ni)
roomtenperature. After cooling &
vigorous stirring, n-hexyllithium
dropwi se to the m xture. After 15
di ssolved in 2-

es; 643 ny) was
(2.86 L) at

: dry ice) under

.3Min hexane; 764 pL) was added

,\6inc Hprom de (1.72 mmol es; 387 np)
\\\

In a 25 mL Schlenk reactor, dried and under argon atmosphere, 2-(4-

fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene (1.58 mmoles; 643 mg) was

15  dissolved in toluene (2.86 mL) / 2-methyltetrahydrofuran (2.86 mL) at room
temperature. After cooling to -50°C (acetonitrile+ dry ice) under vigorous
stirring, n-hexyllithium (2.3M in hexane; 764 uL) was added dropwise to the
mixture. After 15min., zinc dibromide (1.72 mmoles; 387 mg) dissolved in 2-
methyltetrahydrofuran (859 uL) was added in one portion and the resulting

20  mixture was allowed to warm up to 15°C over 1.5 hours. Then a-D-
glucopyranosyl bromide, 2,3,4,6-tetrakis(2,2-dimethyl propanoate) (1.43

mmoles; 830 mg) dissolved in degassed toluene (1.43 mL) was added
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met hyl t etrahydrofuran (859 pL) was added in one portion and the resulting
20 m xture was allowed to warmup to 15C over 1.5 hours. Then

a- Dgl ucopyoanuspsl11Br om de, 2, 3, 4, 6-tetraki s(2, 2-di et hylPCprusp@noszse§ (1. 43
mol es; 830 ng) dissolved in degassed tol uene (1. D®ckdf)NavaBRBAUEIWVOIRCIPW se
over 10 mn and the resulting m xture was heated at 85C overnight. After
cooling to roomtenperature, an aqueous solution of ammonium chloride (1M
10nm) and et BVdpmﬁé?eeé@rQO(rﬂuﬁfﬂnh tM‘@Fé‘suﬁ%Qﬁuxtﬁé%é héQte'E’fl‘di 88tE bubMmhhtt he
phases were separated and the organic [Nayer was washed twi ce w th water
5(10nL) and éfieecadling toraome teqmimarature, Bheaayegan sulieryefranmenidm edorideer sodi um

sul fate and VA d yield a
cl ear brown &W %&)@ﬂhﬁ@ﬁggggﬁfﬁﬁmﬂ?gﬁgg (?tgﬁf&f/imo{qﬁ%wﬁrgg térgent ain the
titl e conpoupbases were separated and the organic Iayer was washed twice with water

(2S, 3S, 4R:5R 3 n I t

nmet hyl pheR%yl @L()én\%ja%glvgéygr{ﬁé ?'ﬁﬁhf e?( h@gﬂﬁh rp%)'\ﬁléréa%r@ ({)}%Eg?éum
tris(2,2- 10 sdlfa‘(eehytthmr sy atas)evaporatesd urglee redioad presBee tbl-yléllﬂ/la c:tepmcjt rum
‘g’gfmgﬁgg'_ SLEpE %.E whidh RESYLBHR YA BF AR fidive MBS BSSEnAnt Bhe t e titl e
(2S, 3S, 4R, 5Rcﬁrﬁboﬂnd @438 4R-5R, 6RI- Qﬂﬁqmwﬂmmwmmpsmzlfvd)n)etﬁyl) 4-

15net hyl phenv vl rret h tetrah trivl
tris(2,2- di H@Wﬁ?ﬁ@é%n@ B:) 3)) tetrahﬁdﬁ&ghﬁrmgécﬁpr@/ﬁt{'s ?g%ct or, dried
and undenpar G@rﬁbtﬁylméh@ét@) afa (si‘hgle isomer. The 'H NMR spectrum was consistent

fl uorophenyl)-5-(5-iodo-2-nethylb X/g%thl ophene 90 mmol es; 775 ng) was
20di ssol ved i"’ﬁhtiﬂﬁ B@H@Uéﬁ’rﬁ%@%‘[ﬁ / b ﬁWCtré’tfﬂéﬁhe(t@eA?Q”WEY”%t room
tenperature. After cooling to -50C (acetonitrile+ dry ice) under vigorous
stirring, n-

Example 5

(2S.,3S 4R ,5R,6R)-2-(3-({5-(4-fluorophenyl)thiophen-2-ylYmethyl)-4-
15 methylphenyl)-6-(pivaloyloxymethyl) tetrahydro-2H-pyran-3.4,5-triyl tris(2,2-

dimethylpropanoate)

In a 25 mL Schlenk reactor, dried and under argon atmosphere, 2-(4-
fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene (1.90 mmoles; 775 mg) was
20 dissolved in toluene (3.45 mL) / diethyl ether (3.45 mL) at room temperature.
After cooling to -50°C (acetonitrile+ dry ice) under vigorous stirring, n-

hexyllithium (2.3M in hexane, 920 uL) was added dropwise to the mixture.
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hexyl l'ithium (2.3Min hexane, 920 pL) was added dropwi se to the m xture.
After 15 mn, zinc dibromde (2.07 nmol es; 466 ng) was added in one portion
and t he rweubti/oagiia xture was allowed to warm up to 15CPOYAIS2010H51508Ir S.
After 1 hour, diethyl ether and hexane were evapoDaicket NowdeRDB&tIWEPCT
pressure (400 mmHg) at 15C. Then a- D gl ucopyranosyl brom de,
2,3,4,6-tetrakis(2,2- 5dimethyl propanoate) (1.73 mmoles; 1.00 g) dissolved

in degassed gbHENfIR 1z+r7c3d.me)ma@§zo@ﬂﬁm¢olél§ ABGIHE) LS ifoRe PBAichhe

resulting mxture was heated at C for 2 days. After cooling to room
t enper at ur e, 28d reoesSULRY Mixtore WS Al tarwarRl wr lodd°Ciaver 16 hﬁ_ws afitieret hyl

acetate (15 Y‘%ﬁ&h@%‘ﬁ‘?@r arﬁfﬁe%nel%gg Qva}fg'rédté{j ﬂgdertrjaﬁ re

separated an he OF gani ¢ 1 ayer Was wice Wt ter 10nm) and
once with br (408 r@ﬁrﬂﬁgha) 15°meTImerng glucayyganasysbdmide 2%,66-wtdkis(@ Zul f at e

and the splv va under ressur d a clear

o oun o 18 Wit SRRl Fda WS kan O S Sh R ek et B’ he Tl ¢
conpound, ( 28.3SmiRwal3, faldked 211'(6&46@0(69(-10 min and the resulting mixture was

f | uor ophenyl %t hi ophen- 2- yIZ)51 t hyl ) - 4- net hyl pheny1) - 6- ( pi val oyl oxynet hyl )
15t et r ahydr o! ﬁeﬂ;ﬂ‘ aR G far Zxlqys; yiter £eQling 30 o t4YPes bR RAcaERYs sRlltpns; ngl e

i somer. The HHAMRBnRREERIDHER VAR, mﬂﬁbﬁ@%yl‘%é&ﬂaté*@% RIL§ WeRdghdedreasur ed 1H
NVR spectra for the title conpound

20f 2S, 3S, 4R, BHeBH) mpn etguog,-tbaphaﬁﬁﬁrwﬁ@wayatm aph Ye-argeniy Iavenyes - 4-
met hyl ph?GVﬂNa@R&FW@é Mh % %FRH@ML ) ab $OAHWRH Britd TRVH A - Fheforgahit! V!

tris(2,2- dinmet pr opanoat e
layer was dried over sodium sulfate and the solvent was evaporated under

reduced pressure to yield a clear brown oil, which was determined by
guantitative HPLC to contain the title compound, (2S,3S,4R,5R,6R)-2-(3-((5-(4-
fluorophenyl)thiophen-2-yl)methyl)-4-methylphenyl)-6-(pivaloyloxymethyl)

15  tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-dimethylpropanoate) as a single isomer.
The "H NMR spectrum was consistent with the previously measured "H NMR
spectra for the title compound.

Example 6
20 (2S,3S.4R,5R,6R)-2-(3-((5-(4-fluorophenythiophen-2-yYmethyl)-4-
methylphenyl)-6-(pivaloyloxymethyl) tetrahydro-2H-pyran-3,4,5-triyl tris(2.2-

dimethylpropanoate)
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In a 25 nL Schl enk reactor, dried and under argon atnosphere, 2-(4-

fl uorophenyl)-5-(5-i odo- 2- net hyl benzypt hi ophene (2. 60 mmoles; 1.06 g) was
di ssol veawpreotigl4aane (4. 73 nl) / Met hoxy-cycl opent ane ( 2CT8/Spd1p/051598 oom
Stenperature. After cooling to -50C (acetonitril eDockietyNo.ceRDEntIANORGJOr ous
stirring, n-hexyllithium (2.3Min hexane, 1.26 nL) was added dropw se to
the m xture. After 15mn., zinc dibromde (2.84 mmoles; 639 ng) dissolved
in dry nethoxy-cycl opentane (1.40 was added dropw se and the resulting
m xture was allowed to warmup to over 1 hour. Then a- D gl ucopyranosyl
10brom de, 2, 3,4,6-tetrakis(2,2-d ’ mol es; 1.37 Q)
di ssol ved in degassed tol uene (2 / over 10 mn and
the resulting m xture was heated er cooling to room
tenperature, aqueous solution of a m.) and et hyl
acetate (15 nL) were added. After ng, the phases were
separated 15 and the organic | ay twce with water (10 nL) and
once with brine (10 nL). was dried over sodiumsulfate
and the solvent was e
brown oil, which was det
conpound, (2S, 3S,4R 5
20met hyl phenyl) - 6- ( pi val
t et rahydr o- 2H pyran- 3, 4,
i soner. The 1H NWVR spectrum was [consi stent with the previously neasured 1H
NVR spectra for the title conpound. Exanple 7

(2S, 3S, 4R, 5R, 6R) - 2- -&A4- r epyl,).t hi -2-V vl -4

met hyl pheny! ) - 6- (%i a\(/gggniﬂ %%I/%r%{?%g?@b dhéd atnﬂ u%@g%'rg%n aPrﬂgédFﬁelr%, 24(4-

t et r ahydr o- 2Rugrpphenyd)-3H Siodoi 2rinethyi{ehzdthfoghensd (2y6(pmopdesn At g) wasn a 50nL
Schl enk reactor under, argo re at roomfte rat ure

> (a1 uor opheng 59 &1 piAgls 7 TROP I BeRs oliRbl N Bt it Tes: 1. 00 g
was di ssokVeebrperatubslt Xitereddoig (P30°0 lAcdtorivilaleas icS) &d@p)/iégoﬂ&'ghe

tenperature was then decreased to -60C. N-hexyllithium (2.3Min
stirring, n-hexyllithium (2.3M in hexane, 1.26 mL) was added dropwise to the

mixture. After 15min., zinc dibromide (2.84 mmoles; 639 mq) dissolved in dry
methoxy-cyclopentane (1.40 mL) was added dropwise and the resulting mixture
was allowed to warm up to 15°C over 1 hour. Then a-D-glucopyranosyl

10 bromide, 2,3,4,6-tetrakis(2,2-dimethyl propanoate) (2.36 mmoles; 1.37 g)
dissolved in degassed toluene (2.36 mL) was added dropwise over 10 min and
the resulting mixture was heated at 75°C for 2 days. After cooling to room
temperature, aqueous solution of ammonium chloride (1M, 10mL) and ethyl
acetate (15 mL) were added. After 10 mi. stirring, the phases were separated

15  and the organic layer was washed twice with water (10 mL) and once with brine
(10 mL). The organic layer was dried over sodium sulfate and the solvent was
evaporated under reduced pressure to yield a clear brown oil, which was
determined by quantitative HPLC to contain the title compound,
(2S,35,4R,5R,6R)-2-(3-((5-(4-fluorophenyl)thiophen-2-yl)methyl)-4-

20  methylphenyl)-6-(pivaloyloxymethyl) tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-
dimethylpropanoate) as a single isomer. The "H NMR spectrum was consistent

with the previously measured "H NMR spectra for the title compound.
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hexane, 1.20 nL) was added dropw se. After 2 hours, zinc dibromde (607 npg)
was added in one portion at -60C. The resulting m xture was allowed to warm
up sl ow woeou@d@7ager 2 hours. At 10C, a- D gl ucopyr anosyCThrSomo#&2592, 3, 4, 6-
tetrakis(2, 2-di net hyl propanoate) (2.69 mol es; 1DoGkef)Nali BRBBYEANVOPCT
toluene 15 (2.69 nL) was added over Imn. and the tenperature was increased
to 50C overnight. The tenperature of the m xture was increased to 60C for

| hour and finally for 2 days at 70C. After cooling to roomtenperature,
aqueous sol ution of anmmonium chloride (1 10 mL) and ethyl acetate (15 nl)
were added. After 10 min stirring, tﬁé@ﬁgééés were separated and the

organi ¢ layer wagpg@ongR BRAGH Y 02 (84 AuBREAEN HEoPhdn-AYAmRERA-AM th brine
(10 nmL). The organrc layer was dried over sodiumsulfate and the sol vent

was evapor at edneiiphendHbdeidalpylexemetayl) tetiahpdio-2H-plesar3.hbdim tisR,.2-whi ch was
determ ned by quantitative HPLC % i title conpound,

(2S, 35, 4R,815R, 6R) - 2- ( 34( 5- ( 4- difhefiHhGdhoblds

f | uor ophenyl )t hi ophen- 2-yl ) net hyl ) Chsnet hyl pheny1) - 6- ( pi val oyl oxynet hyl )
tetrahydro-2H pyran-3,4,5-triyltrig(2,2-di nethyl preggagoate) as a single
i sonmer. The 1H NWVR spectrum was géhSwste P h t ipusly nmeasured 1H
NVR 5spectra for the title conpo 2
(2R, 3R, 4S, 5R, 6R) - 6- ( pi val ovl oxvne /o-ZFF-v'an-2,3,4,5-tetrav
tetraki s(2, 2-di met hyl propanoat e) D- gl ucose (25.0g, 0.139 nol)
was suspended in anhydrous dichl or qnet hgne 6 nL) under nitrogen and the
resulting mxture was stirred fa @% FNut roomtenperature, then
cooled to OC and stirred for 10 pinyiles. To the resulting m xture was then
added TEA (154.7 nl), Q et Nho® 10-15 nin, with stirring; then
DVAP (1.25 g, 0.0102 nol) To the resulting m xture was
added pival oyl chlori 24l W/t h di chl oronet hane (83 nlL) at

0C, over 30 min. The ice|bath refdved d the resulting m xture stirred
at roomtenperature for 20 hours] The redulting m xture was then poured
into dichloromethane (500 nL) anld 20hydrochloric acid (1.5M 375 nL) and
the resulting phases separated. The

In a 50mL Schlenk reactor under argon atmosphere at room

temperature, 2-(4-fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene (2.45
mmoles; 1.00 g) was dissolved in n-butyl ether (980 pL) / toluene (8.8 mL).

10  The temperature was then decreased to -60°C. N-hexyllithium (2.3M in
hexane, 1.20 mL) was added dropwise. After 2 hours, zinc dibromide (607 mg)
was added in one portion at -60°C. The resulting mixture was allowed to warm
up slowly to 10°C over 2 hours. At 10°C, a-D-glucopyranosyl bromide, 2,3,4,6-
tetrakis(2,2-dimethyl propanoate) (2.69 mmoles; 1.56 g) dissolved in toluene

15  (2.69 mL) was added over 1min. and the temperature was increased to 50°C
overnight. The temperature of the mixture was increased to 60°C for 1hour and
finally for 2 days at 70°C. After cooling to room temperature, aqueous solution
of ammonium chloride (1M, 10 mL) and ethyl acetate (15 mL) were added.
After 10 min stirring, the phases were separated and the organic layer was

20  washed twice with water (10 mL) and once with brine (10 mL). The organic
layer was dried over sodium sulfate and the solvent was evaporated under

reduced pressure to yield a clear brown oil, which was determined by
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organi c | ayer was washed wi th sodi um bi carbonate solution (550 g in 500niL
DI water, 1N) and then evaporated to a small volune. To the resulting
resi due wWa® 2addadiiet hanol (95% 240 nli) and t he m xt ur ePhgaiSedowsespef | ux
tenperature to yield a honogeneous m xture. The r &ogkétiNg: RROBUT BNVGERCT
cooled to OC, resulting in the formation of white crystals, which were
filtered and dried in vacuo at roomtenperature, overnight, to yield the

title Comougdantﬁéwmﬁ@ to contain the t|tIe compound (2s 3S,4R, 5R 6 %2 (3-((5-(4-
5f 2R, 3R, 4S, 5 br ono GaéTplv tetrah an- 3, 4, 5-

trivl tris( 2ﬂ90r6ph@iwm'?9®@ asla\méyhy?sérm@thylpheow) ©- (mrey%vioesymﬁywygz) (S) o)
tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-dimethylpropanoate) as a single isomer.
The "H NMR spectrum was consistent with the previously measured "H NMR

5 spectra for the title compound.

Example 8
(2R,3R,4S,5R,6R)-6-(pivaloyloxymethytetrahydro-2H-pyran-2.3.4 ,5-tetrayl
tetrakis(2,2-dimethylpropanoate)

10
D-glucose (25.0g, 0.139 mol) was suspended in anhydrous

dichloromethane (416 mL) under nitrogen and the resulting mixture was stirred
for 5 minutes at room temperature, then cooled to 0°C and stirred for 10
minutes. To the resulting mixture was then added TEA (154.7 mL), dropwise

15  over about 10-15 min, with stirring; then DMAP (1.25 g, 0.0102 mol) in one
portion. To the resulting mixture was added pivaloyl chloride (136 mL) diluted
with dichloromethane (83 mL) at 0°C, over 30 min. The ice bath was removed
and the resulting mixture stirred at room temperature for 20 hours. The
resulting mixture was then poured into dichloromethane (500 mL) and

20  hydrochloric acid (1.5M, 375 mL) and the resulting phases separated. The
organic layer was washed with sodium bicarbonate solution (550 g in 500mL DI
water, 1N) and then evaporated to a small volume. To the resulting residue
was added ethanol (95%, 240 mL) and the mixture heated to reflux

temperature to yield a homogeneous mixture. The resulting mixture was
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(2R, 3R, 4S, 5R, 6R) - 6- ( pi val oyl oxynet hyl ) t et rahydr o- 2H pyran- 2, 3, 4, 5- tetrayl
tetraki s(2, 2-di net hyl propanoate) (10.0 g, 16.65 mmol) was di ssolved in
10anhydr owi® 2dilelkrasonet hane (100 nli) under nitrogen andP€TiuSe@d/ 052598 5 i n
at roomtenperature. To the m xture was then adde®orketdNdr BRDE¢1 TWORLTY,
3.33 mmol ) and the resulting yellow solution stirred for 5 mn at room
tenperature. To the m xture was then added TMS brom de (10.2 g, 66.58 muol)

di | uted w thcdble@t@o@REOMIRY ih1Re fHrnab¥ebf RRRMErydBts2 Whhrveradiitbleg resul ting
m xture stirred 15at roomtenperature for 24 hours. The resulting m xture

was filteredap®dfiafi acupEt &M EMRaTAthOVEMightaloyild f1eifle onmreunto ¢ he
cooled filtrate was then added sodi um bi carbonate solution (132 g in 120 nL
water) to a final pHin the range of 7-8. The resulting phases were
separated, the organic |ayer washed Mﬁer (120 rrL) and the conbi ned

aqueous | ayer AN geTe ) e5|due
8 &F% @i gé ng

was added | PAT(3E 0 '
m xture was cool ed to OC re@m%ﬂmﬂmmm@in of whi te crystals

which were filtered and dried in vacuo at roomtenperature, overnight, to
yield the title conmpound. 25Exanple 10

(2S, 3S, 4R, 5R, 6R) - 2- (34(5-(4-fl uorophenvl) hP -vpnet hvl) - 4-
met hvl phenvl) - 6- ( pi val ovl oxvnet hvl ) t et ralg/dr o-[2H pvran- 3, 4, 5-tri vl
tris(2,2- dinethvlpropanoate) 5STEP AS

~ Prq@ratl on of Arvllithium
M xture 2- (4- Fl uor ophgny1) - 5- (56 éﬁﬂ@ - me®hyl benzypt hi ophene (12. 81
g, 31.37 mmol) was placed in dry, Schllenksflube an argon at nosphere.
Anhydrous tol uene (15.7 nL)-a ) were added by
syringe, without stirring and tfe resultidg mxtur cooled to -45C and then
10 stirred. To the resulting codl ed m xt @ t hen added n-hexyl lithium
(14.3 g, 32.94 mmol ), as a 2.5M sol ution infhexane (14.3 nL) over about
5-10 min; and the m xture warnmed to -25C ov 1 hour.

(2R,3R,4S,5R,6R)-6-(pivaloyloxymethyl)tetrahydro-2H-pyran-2,3,4,5-

tetrayl tetrakis(2,2-dimethylpropanoate) (10.0 g, 16.65 mmol) was dissolved in

10 anhydrous dichloromethane (100 mL) under nitrogen and stirred for 5 min at
room temperature. To the mixture was then added zinc bromide (0.76 g, 3.33
mmol) and the resulting yellow solution stirred for 5 min at room temperature.
To the mixture was then added TMS bromide (10.2 g, 66.58 mmol) diluted with
dichloromethane (10 mL) over about 15-20 min and the resulting mixture stirred

15 atroom temperature for 24 hours. The resulting mixture was filtered to remove
the solids and the filtrate cooled to 0°C. To the cooled filtrate was then added
sodium bicarbonate solution (132 g in 120 mL water) to a final pH in the range
of 7-8. The resulting phases were separated, the organic layer washed with
water (120 mL) and the combined aqueous layers evaporated to a small

20 volume. To the resulting residue was added IPA (39.3 g) and the mixture
heated to dissolve. The resulting mixture was cooled to 0°C, resulting in the
formation of white crystals, which were filtered and dried in vacuo at room

temperature, overnight, to yield the title compound.

25 Example 10
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STEP B: Preparation of Title Conpound Zinc bromde (3.88 g, 17.25 nmol)
and lithiumbromde (2.72 g, 34.50 15mvl) were dried at 200C in vacuo, in
anhydr ouswGRMH/(@1836 L) in a Schl enk tube. The m xtur ePa@gisetiemszdsied by
cannula, at -25C to the aryllithiumm xture (prep&oeketd$o.deRDBI HANORCTSTEP
A above) and the resulting m xture was warnmed to OC over 1 hour. To the
resulting mxture was then added
(2R 3R 4S, 5R, 6R) «Zsoumse- 4l xad- asl(mfmmbhmholitmbbwgfvgm%tﬁwnyman-
203, 4,5-thy! tris(2Z,2-di nmethyl propanoate O mol ) 1n _anhydrous
tol uene (31.4 methvlohlegvl.) -Sz{pialoyloxsaethyie: - a tyi i ure
stirred at roomtenperature for 38mEiHipréffdalgated to 65C for 48 hours.
The resulting suspension was filTered through a glass frit, rinsed with
toluene (20 m.) and the filtrate washed w th CNzammDni um chioride sol ution
(100 nL) and water (100ni) E!e t ol gene was d| stilled off to a small

/4

vol unme. Met hanol (157 p
m Xture cooled to OC, res
filtered and dried in vacuo=a

Exanpl e 11

(2S, 3R, 4R, 5S, 6R) - 2- (34(5- (4-f 1l uorophenvl )t hi ophen- hvl) - 4-
10net hyl phenvl) - 6- (hydr oxvnet hvl ) t et rahvdrﬁ? 5 triol
(2S, 3S, 4R, 5R, 6R) 2- (34(5-(4-fluego henyl)t opf t hyl) - 4-

5-triyltris(2, 2-
di net hyl propanoate) (39.0 g, 5070 S rret hanol (150 nl)
15 at roomtenperature. Sodi um net hdxi de sol ugi on (9. ) was added and
the resulting suspension was stirred at room ature, heated to 60C for
16 hours and then cooled. To the resulting yellgw sol ution was then added
water (50 nmlL) and seeds to the title conpound: addi tional portion of

water (50 nL) was added, and the m xture stirred at 0C for 1 hour,
resulti ngsi nStI'EE’ A: Preparation of Aryllithium Mixture
2-(4-Fluorophenyl)-5-(5-iodo-2-methylbenzyl)thiophene (12.81 g, 31.37
mmol) was placed in a dry Schlenk tube under an argon atmosphere.
Anhydrous toluene (15.7 mL) and anhydrous CPME (9.4 mL) were added by

syringe, without stirring and the resulting mixture cooled to -45°C and then

10  stirred. To the resulting cooled mixture was then added n-hexyllithium (14.3 g,
32.94 mmol), as a 2.5M solution in hexane (14.3 mL) over about 5-10 min; and
the mixture warmed to -25°C over 1 hour.

STEP B: Preparation of Title Compound
Zinc bromide (3.88 g, 17.25 mmol) and lithium bromide (2.72 g, 34.50

15 mmol) were dried at 200°C in vacuo, in anhydrous CPME (18.6 mL) in a

Schlenk tube. The mixture was then added by cannula, at -25°C to the

aryllithium mixture (prepared as described in STEP A above) and the resulting
mixture was warmed to 0°C over 1 hour. To the resulting mixture was then
added (2R,3R,4S,5R,6R)-2-bromo-6-(pivaloyloxymethyl)tetrahydro-2H-pyran-
20  3,4,5-triyl tris(2,2-dimethylpropanoate) (20.0g, 34.50 mmol) in anhydrous
toluene (31.4 mL). The ice bath was removed and the resulting mixture stirred

at room temperature for 30 min; then heated to 65°C for 48 hours. The
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20formation of a precipitate, which was collected by filtration to yield

the title conpound. Exanple 12
(2R, 3R, 4RyB308A847A3 ( pi val ovl oxvnet hvl) - 6- p-tol vit et rahv@#CoABRDOWSEENS 3, 4, 5-
25triyltris(2,2-di net hyl propanoat e) 0 | n ®otketrNo. SERDEMK7WDRCTUNder

argon at nosphere, a solution of |ithiumdibutyl hexyl magnesate (0.4 eq,
0.35 mmol ) was added dropwi se to a m xture of 4-iodotoul ene (230ng, 1.04

mrol ) di ssol y&gting @@b&ﬂi‘&ﬂﬁaé ﬂlté’r@ﬂ%r6Qgi4§ glﬂs)s fﬁaﬂﬁseﬂWWfo‘R}éﬁe (20

n-di butyl ether (0.26 at 0C. After conplet | ogen- et al exchange (as
det er m ned bwL(b@nertheriﬂLr@t}e W%ﬁf@éwum H\HBBWOZWBPQDIOBH%H'UHPM}QQ Bthatd (34
wiwel 0. 08 GhierQuSniIORN: Rena diRdidieRvirse o sHlShoikndoethanol (157

(2R, 3R, 4S, 5R, 6R) 2- br ono- 6- (pi val oyl oxynet hyl ) t et r ahydr o- 2H pyran- 3, 4, 5-
triyltris(2, deweétaWBgrt@ﬁm@awléfyg (eBiduig, a e myjxtuce wleﬁml()cdr@submed in 10
anhydrousg tokdlme?o&%ti%ﬁ s erteoﬂlﬁ% m&z.h%c@aéw g The
resulting mxture was 3,3 C unti corrp ete conversion (as

det er mi ned byvm)ghtﬂtﬂty@ﬂd meditlermgrmoound)om tenperature, the resutling m xture
was quenched with aqueous HCI 1M (10 nlL). The two | ayers were then
separated. The aqueous |ayer was extracted with ethyl acetate (10 nL). The
15 conbi ned organic |ayer was vvashe(E rmmewater (10 m), and then washed
with a brine sol 0 , 41 ofnt d rpugh a

pre- packed colu i Corrcentrated 1 a rot avapor e ettuced
pressurel0The resuﬂnbthvtphzmm 6¥(Bvdnasvmethvlﬁte’eahmo-<2hipmmam-6cﬂr@:ltrh)y on silicagel
to yield the title conpound as a S|due 20 Exanple 13

(2S, 3S, 4R, 5R, 6R) - 2- ( 4- et hoxvpheﬁ $) - 6- (pi val ovl oxvnet hvl ) t et rahvdr o- 2H
Pvran-3,4,5-trivitris(2,2-di nmet pr gpanoage)

HO

OH
(25,35,4R,5R,6R)-2-(3-((5-(4-fluorophenyl)thiophen-2-yl)methyl)-4-
methylphenyl)-6-(pivaloyloxymethyl)tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-

dimethylpropanoate) (39.0 g, 50.0 mmol)was suspended in methanol (150 mL)

15 atroom temperature. Sodium methoxide solution (9.3 mL) was added and the
resulting suspension was stirred at room temperature, heated to 60°C for 16
hours and then cooled. To the resulting yellow solution was then added water
(50 mL) and seeds to the title compound. An additional portion of water (50
mL) was added, and the mixture stirred at 0°C for 1 hour, resulting in the

20 formation of a precipitate, which was collected by filtration to yield the title

compound.
Example 12
(2R,3R.,4R,5S.,6S)-2-(pivaloyloxymethyl)-6-p-tolyltetrahydro-2H-pyran-3.4.5-
25 triyltris(2,2-dimethylpropanoate)
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OCH3 0 In a 10 nL Schl enk tube under argon atnosphere, a solution of
l'ithiumdibutyl hexyl nagnesate (0.4 eq, 0.35 nmmol) was added dropw se to a
m xt ure oVO2eiladorani sol e (250ngy, 1.04 mmol ) di ssol ved i RCAASYAOO62598 ol uene
(0.43 nL) 5and anhydrous n-di butyl ether (0.26 nlL) Dack&®o.APRBEA1tONMIRLTe
hal ogen- et al exchange, a solution of ZnBr2LiBr in dibutylether (34 w w4
0.6 eq, 0.52 mmol) was added drop wi se. After 1 hour,
(2R, 3R, 4S, 5R, 6R) - 2- br ono- 6- 0
(pi val oyl oxynet hypt et r ahydr o- 2H pgyran-3, 4, 5-triyl tris(2, 2-di met hyl pr opanoat
e) (1 eq, 500 ng, 0.86 nmml) AN
10added to the organozinc m xtjure. i Xxture was heated to 100C
until conplete conversion (as deer' s After cooling to room

¥ wi th agqueous HCl 1M (10
m.). The two | ayers were then separ at f%) (dhe aqueous | ayer was extracted
with ethyl acetate (10 nlL). ‘/ i Ned rg@mc | ayer was washed with
wat er 15(10 nmL), and then washed Wi ajbring solution (10 nL). The organic
| ayer was dried through a pre-pack concentrated in
rot avaporat or under reduced press Qing mixture was purified by
crystallization to yield the title ¢ oundVas a residue. 20Exanple 14
(2S, 3S, 4R, 5R, 6R) - 2- ( 2, 6- di met hoxyphenvl) - 6- ( pi val oyl oxynet hypt et r ahydr o-
2H- pyr an- 3, 4, 5-t rind 10 mi(Schienk thee hpteraspametmesphe, @ sotutign oo lithiunsc hl enk

tube under aygoR| ALKRTRORESte b.£84 1858 MMl REE added dropwise to a mixture

of 4-iodotoulene (230mg, 1.04 mmol) dissolved in anhydrous toluene (0.43 mL)

5 and anhydrous n-dibutylether (0.26 mL) at 0°C. After complete halogen-metal
exchange (as determined by GC or HPLC), a solution of ZnBr,+LiBr in
dibutylether (34 w/w%, 0.6 eq, 0.52 mmol) was added dropwise. After 1 hour,
(2R,3R,4S,5R,6R)-2-bromo-6-(pivaloyloxymethyl)tetrahydro-2H-pyran-3,4,5-
triyl tris(2,2-dimethylpropanoate) (1 eq, 500 mg, 0.86 mmol) dissolved in

10 anhydrous toluene (0.86 mL) was added to the organozinc mixture. The
resulting mixture was heated to 100°C until complete conversion (as
determined by GC). After cooling to room temperature, the resutling mixture
was quenched with aqueous HCI 1M (10 mL). The two layers were then
separated. The aqueous layer was extracted with ethyl acetate (10 mL). The

15 combined organic layer was washed with water (10 mL), and then washed with
a brine solution (10 mL). The organic layer was dried through a pre-packed
column and concentrated in a rotavaporator under reduced pressure. The
resulting mixture was purified by chromatography on silicagel to yield the title
compound as a residue.

20

Example 13
(2S.3S.4R,5R,6R)-2-(4-methoxyphenyl)-6-(pivaloyloxymethyhtetrahydro-2H-
pyran-3.4,5-triyltris(2,2-dimethylpropanoate)
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butyl lithium (1.2 eq, 4.14 mvol) was added dropwi se to a m xture of 1, 3-

di met hoxybenzene (0.54nL, 4.14 mmol) di ssolved in anhydrous toluene (1.72

5nm) and wokydraaa3n- di butyl ether (1.04 nL) at OC. Aft erCearspdiens2shal ogen-

nmet al exchange, a solution of ZnBr2Li Br in di butyDeicketrNd.3RRBEWEFWORLCTeq,

2.07 mmol ) was added drop wise. After 1 hour, (2R 3R 4S, 5R, 6R) - 2-br ono- 6-

(pi val oyl oxynet hypt et r ahydr o- 2H pyran-3, 4, 5-triyltris(2, 2-di nmet hyl propanoat

e) (1 eq, 2000 ng, 3.45 mmol) dj ssolved in anhydrous toluene (3.44 nL) was

10added to the organozinc mxtyire. The resulting m xture was heated to 100C

until conpl ete conversion termned by &S . APEHs cooling to room

tenperature, the resulitng xtu hed|lwi t h aqueous HCI 1M (40

m.). The two | ayers were theh gep & agyeous | ayer was extracted

with ethyl acetate (40 nL). Fhe piedyOr gant ¢ | ayer was washed with

wat er 15(40 nl), and then washgd wi {f agprine solution (40 nL). The organic

| ayer was dried through a prespackedNg ﬂ?)and concentrated in

rot avapor at or under reduced T he nesulting m xture was purified by

chr omat ogr aphy on sili cagel il e conpound as a residue.

20Exanple 15 (2R 3R 4R, 5S,6S9)-2/(p oxV@et hvl) - 6- (4-

(trifluoronethyl)phenyl)tetrahydro-k n-3,4,5-triyltris(2, 2-

di met hvl pr opanoat e) 0 CF3 0
In a 10 mL Schlenk tube under argon atmosphere, a solution of lithium

t

dibutyl hexylmagnesate (0.4 eq, 0.35 mmol) was added dropwise to a mixture
of 4-iodoanisole (250mg, 1.04 mmol) dissolved in anhydrous toluene (0.43 mL)
5 and anhydrous n-dibutylether (0.26 mL) at 0°C. After complete halogen-metal

exchange, a solution of ZnBr,+LiBr in dibutylether (34 w/w%, 0.6 eq, 0.52
mmol) was added drop wise. After 1 hour, (2R,3R,4S,5R,6R)-2-bromo-6-
(pivaloyloxymethyl)tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-dimethylpropanoate)
(1 eq, 500 mg, 0.86 mmol) dissolved in anhydrous toluene (0.86 mL) was

10 added to the organozinc mixture. The resulting mixture was heated to 100°C
until complete conversion (as determined by GC). After cooling to room
temperature, the resulting mixture was quenched with aqueous HCI 1M (10
mL). The two layers were then separated. The aqueous layer was extracted
with ethyl acetate (10 mL). The combined organic layer was washed with water

15 (10 mL), and then washed with a brine solution (10 mL). The organic layer was
dried through a pre-packed column and concentrated in rotavaporator under
reduced pressure. The resulting mixture was purified by crystallization to yield
the title compound as a residue.

20 Example 14
(2S.3S,4R,5R,6R)-2-(2.6-dimethoxyphenyl)-6-(pivaloyloxymethytetrahydro-
2H-pyran-3.4 ,5-triyl tris(2,2-dimethylpropanoate
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In a 10 nL Schl enk tube under argon atnosphere, a solution of l|ithium

di butyl hexyl mnagnesate (0.4 eq, 0.35 mmol) was added drop wise to a m xture
of 4-i odowerantwifiBuori de (0. 15nmL, 1.04 mmol ) di ssol vedPCh/Uspéyss2508
toluene 5(0.43 nlL) and anhydrous n-di butyl et her (Do2ketil].: BRD350CNVORGTer
conpl ete hal ogen-netal exchange, a solution of ZnBr2Li Br in dibutylether
(34 ww¥g 0.6 eq, 0.52 mml) was added dropwi se. After 1 hour,

(2R, 3R, 4S, 5R, 6R) - 2- br ono6- ( pi val gyl oxynet hyl ) tetrahydro- 2Hpyran-3, 4, 5-triy
ltris(2,2- dinethyl propanoate) (1] eq, 500 ng, 0.86 mml) dissolved in
anhydr ous tol uene 10(0.86 nL dded Hz6C: e_prganozi nc nmixture. The
resulting mxture was heated t¢ 100 i P conversion (as

determ ned by GC). After cooling to e, the resulting m xture
was quenched with aqueous HC ' | ayers were then
separated. The aqueous | ayer was withlethyl acetate (10 nmL). The
conbi ned organic | ayer was vvasBT I TN ), and then washed
with a brine solution (10 nli) h

pre- packed colum and concentrated™
The resulting m xture was purified/by catOon on reverse phase
(Kromasil C18) to yield the title co a residue. 20 Exanple 16

(2R, 3R, 4S, 5R, 6R) - 2- ( pi val ovl oxvnet hyl )= 6- (t hi ophene- 2-vnt et r ahydr o- 2H
Dvran- 3,4, 5-trivlinra $¢ mLZSdiIenietubaUpdermgomaeT)osph@re a solution cdsd® nlL Schl enk

tube under a . ere sol ion |.ithi um di bu yl magnesat e
(0.4 oq. 0. 35IRNRARRES Eivch 1 o Sy biveS SR igb sl Sypbbie K phane
(0.115m., 1. aﬁneth@;t edz 0\&1dnu mmldmndﬂml&dl\@dUE@ﬁh&d}o%toﬁldnb @
exchange. Sa G roz%erfﬁtmtﬁt heplfbiny phEe ARBLATRIEE retgRay 0. 52
ol ) as addﬁfbt@lre&@wsg@ aRblugibn bfzﬁmrqu@rZRd&R;tﬁ&héP(ﬁFe)//v@/sm@@q 207

(pi val oyl oxynet h;/pt et rah dro 2Hp triyltri i met hyl pr opanoat

e) (1 eq, 500y} Wasggd V&I?%séft%rehh?w é?rﬁn?ﬁr“&%%&l)@éﬁ@m@cﬁ "86 L) was

(plvaloyloxymethyl)tetrahydro -2H-pyran-3,4,5-triyl tris(2,2-dimethylpropanoate)

(1 eq, 2000 mg, 3.45 mmol) dissolved in anhydrous toluene (3.44 mL) was

10  added to the organozinc mixture. The resulting mixture was heated to 100°C
until complete conversion (as determined by GC). After cooling to room
temperature, the resulithng mixture was quenched with aqueous HCI 1M (40
mL). The two layers were then separated. The aqueous layer was extracted
with ethyl acetate (40 mL). The combined organic layer was washed with water

15 (40 mL), and then washed with a brine solution (40 mL). The organic layer was
dried through a pre-packed column and concentrated in rotavaporator under
reduced pressure. The resulting mixture was purified by chromatography on

silicagel to yield the title compound as a residue.

20 Example 15
(2R,3R,4R,5S,6S)-2-(pivaloyloxymethy|)-6-(4-
(trifluoromethyl)phenyltetrahydro-2H-pyran-3.4,5-triyl tris(2,2-

dimethylpropanoate)
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10added to the organozinc m xture. The resulting m xture was heated to 100C
until conplete conversion (control by GC). After cooling to room
t enper at Wwe,20tta7r18sul ti ng m xture was quenched wi th aqBRevas204QiosZEMs ( 10
m.). The two |ayers were then separated. The aque@uskétdyer PRD3¢XTWaRCGI
with ethyl acetate (10 nL). The conbined organic |ayer was washed with
water (10 nmi), and 15then washed with a brine solution (10 nL). The organic
| ayer as dried through a pre-pagked colum and concentrated in
rot avaporator under reduced pregsure. The resulting m xture was purified by
purification on reverse ph omasi | 8l the title conpound as
a residue. 20Exanple 17 Solild, - Prophetic Exanple
As a specific enbodi nent of 100 ng of the conpound
prepared as in Exanple 11 ab By Wi th sufficient finely
divided lactose to provide a tofal appRupd| of 580 to 590 ng to fill a size O
hard 25gel capsule. Wile t NBY Spgci fication teaches the
principles of the present inventy wijt h eXanpl es provided for the purpose
of illustration, it will be under he practice of the invention
enconpasses all of the usual i tions and/ or nodifications
as cone within the scope of the 5folllow ng\clains and their equival ents.
W Claim 1. A process for the preparation of conmpounds of fornula (1)

In a 10 mL Schlenk tube under argon atmosphere, a solution of lithium

dibutyl hexylmagnesate (0.4 eq, 0.35 mmol) was added drop wise to a mixture
of 4-iodobenzotrifluoride (0.15mL, 1.04 mmol) dissolved in anhydrous toluene
5 (0.43 mL) and anhydrous n-dibutylether (0.26 mL) at-50°C. After complete
halogen-metal exchange, a solution of ZnBr+LiBr in dibutylether (34 w/w%, 0.6
eq, 0.52 mmol) was added dropwise. After 1 hour, (2R,3R,4S,5R,6R)-2-bromo-
6-(pivaloyloxymethyl)tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-
dimethylpropanoate) (1 eq, 500 mg, 0.86 mmol) dissolved in anhydrous toluene
10 (0.86 mL) was added to the organozinc mixture. The resulting mixture was
heated to 100°C until complete conversion (as determined by GC). After
cooling to room temperature, the resulting mixture was quenched with aqueous
HCI 1M (10 mL). The two layers were then separated. The aqueous layer was
extracted with ethyl acetate (10 mL). The combined organic layer was washed
15 with water (10 mL), and then washed with a brine solution (10 mL). The
organic layer as dried through a pre-packed column and concentrated in
rotavaporator under reduced pressure. The resulting mixture was purified by
purification on reverse phase (Kromasil C18) to yield the title compound as a
residue.
20
Example 16
(2R,3R.4S 5R,6R)-2-(pivaloyloxymethyl)-6-(thiophene-2-yhtetrahydro-2H-
pyran-3.4,5-triyltris(2,2-di-methylpropanoate)
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OH(1) wherein Ring A and Ring B are one of the followng: 5(1) Ring Ais an
optionally substituted unsaturated nonocyclic heterocyclic ring, and Ring B
i s an optwonallos788bst i t ut ed unsat urated nonocyclic het @CoapeI0Os29hg, an
optionally substituted unsaturated fused heterobi ©OpcketdNeo.i RBP301 7\WOPCT
optionally substituted benzene ring; or (2) RRng Ais an optionally
substituted benzene ring, and Ring Bis an 10optionally substituted
unsaturated nonocyclic heterocyclicring, or an optionally substituted
unsat urated fused heterobicycli iJog wherein Y is linked to the

[ [ ng; or (3) RRng Ais
an optionally substituted unsaturatpd{fuged obicyclic ring, wherein
the sugar noiety X-(sugar) and th ing B) are both 15o0n the
same heterocyclic ring of the fusedlhetlerolicyclic ring, and Ring Bis an
optionally substituted unsaturat heterocyclic ring, an
optionally substituted unsaturated fiseddetagobicyclic ring, or an
optionally substituted benzene ring;/” X]|| s cafbon atom 20Y is -(CH2)n-;
wherein nis 1 or 2; provided that in Rng AL X is part of an unsaturated

bond; or a phar mal‘ﬁg%’ (?Frﬁ;' $ohl @%l@b{i@r\/ﬂ@{)rﬁa?ﬁﬁ?\%ﬂibgéataesowf%ﬁ%?flthjﬁr?”pr' S'hng

reacting a compoun or mu ZInc species, wt
conpound of ﬂtbtutwhaxx(lrvagme)ﬁatw enn0.8aommyt) wes addedhdepatsdetotd mixtweect ed

g>r<]ygen Pr ot g b ROk 180E" §1d% thifdl) disBiveBaY LA FE R Biuch (§.491 Xture of
5 mL) and anhydrous n-dibutylether (0.26 mL) at 0°C. After complete halogen-

metal exchange, a solution of ZnBr,+LiBr in dibutylether (34 w/w%, 0.6 eq, 0.52
mmol) as added dropwise. After 1 hour, (2R,3R,4S,5R,6R)-2-bromo-6-
(pivaloyloxymethyl)tetrahydro-2H-pyran-3,4,5-triyl tris(2,2-dimethylpropanoate)
(1 eq, 500 mg, 0.86 mmol) dissolved in anhydrous toluene (0.86 mL) was

10 added to the organozinc mixture. The resulting mixture was heated to 100°C
until complete conversion (control by GC). After cooling to room temperature,
the resulting mixture was quenched with aqueous HCI 1M (10 mL). The two
layers were then separated. The aqueous layer as extracted with ethyl acetate
(10 mL). The combined organic layer was washed with water (10 mL), and

15 then washed with a brine solution (10 mL). The organic layer as dried through
a pre-packed column and concentrated in rotavaporator under reduced
pressure. The resulting mixture was purified by purification on reverse phase

(Kromasil C18) to yield the title compound as a residue.

20 Example 17
Solid, Oral Formulation - Prophetic Example

As a specific embodiment of an oral composition, 100 mg of the
compound prepared as in Example 11 above, is formulated with sufficient finely
divided lactose to provide a total amount of 580 to 590 mg to fill a size O hard

25 gel capsule.
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5et her solvent and a hydrocarbon solvent; to yield the corresponding

conpound of forrmula (IX); de-protecting the conpound of fornula
(I'X); to wDebd/mha3correspondi ng conmpound of formula (I)PCTAIS21008256%S as in
Claim1, further conprising reacti ng a compocket Nd.: PERDSUI AVOPCT

wherein LGL is a |eaving group, wth an organo-lithiumreagent; in a
m xture of an ether solvent and a hydrocarbon solvent; to yield the

correspondi ng conmu@dwe%reb@rngtéb@c.ﬁaét.bn edeaeSing Mhciofesio i pH83ent
reacting the compound of forrmula (VI) with a zinc salt or an am ne 5conpl ex

of zinc hal i f¥enian, withiexamples grovigdeddenibe pgmw%ﬁtllhﬁr@ﬂan KMl 88ar bon sol vent ;
to yield the gest@sn O aRY I iRfertioh BHEMEALES all of the usual

variations, adaptations and/or modifications as come within the scope of the

5 following claims and their equivalents.
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3. Aprocess as in Uaiml, wherein M is ZnBr, Zis pivaloyl and L& is
bronmo. 10 4. A process as in Caim1, wherein the conpound of formula
(VIT1) iswpnresédriidn an anount in the range of from aboRCTAISGWOSEBOUL 1.1
nol ar equi val ents. 155. A process as in Caim1l, wbecketrNd.heREBhETWOHGENt
is di-n-butyl ether or cyclopentyl nmethyl ether and wherein the hydrocarbon
sol vent is tol uene. 6. A process as in Caim2, wherein the
organo-lithiye ceagent is n-hexyl lithium and wherein the n-hexyl [ithium
is present in an anount in the range of 20from about 1.0 to about 1.2 nol ar
equi val ents. 17. AApresessdordhe PF?F’@F%O&OZ coprerrisoffaenda flér sol vent is

di -n-butyl ether or cyclopentyl net et her and wherein the hydrocarbon
solvent is toluene. 258. A process As in\d ai wherein the zinc salt is
selected fromthe group consistin of* zimY—d de (zZnBr2), zinc diiodide
(Zn12) and zinc ditriflate; and whexejw the axdné conplex of zinc halide is
sel ected fromthe group consisting pyridine zinc brom de conpl ex and

N- net hyl nor phol i ne zi nc brom de conp oﬂ A process as in Caim2,
wherein the conpound of fornula (VO i 5 reacted with a zinc salt;

wherein the zinc salt is zin Cglbr m de| and wherein the zinc dibromde is
present in an anmount in the ran gbout 0.33 to about 1.0 nol ar
equi val ents. 10. A process as in Clahn11 wherein 10Xis a carbon atom

Ring Ais selected fromthe group coﬁgﬁstlng of 4-{®thyl phenyl and 4-

chl orophenyl ;Y i e QPRI WahdRAQUSAind Band 1R On of Ring A and

5 (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
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;
Xis a carbon atom;
20 Y is -(CH2)r-; wherein nis 1 or 2;
provided that in Ring A, X is part of an unsaturated bond;

or a pharmaceutically acceptable salt or solvate thereof; comprising
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Ring Bis selected fromthe group consisting of 2-(5-(4-fluorophenyl)-
15t hienyl) and 2-(5-(6-fluoro-pyrid-3-yl)-thienyl). 11. A process as in
Claim1, wbesi®d7M3is a carbon atom R ng A is 4-nethyl poEmsk010¥53598 - CH2-
and is bound at the 3-position of Ring A, and R n@®oBketN&: PRD3117WOPCT
fl uorophenyl)-thien-5-yl. 20 12. A process for the preparation of a

conpound of formula (1-9S) = OH(1-S) or solvate thereof; conprising &
reacting a conpound of formula (MI-S), ggherein M is KNC species, with
a conpound of formula (VI11-S), wherein each Z is an ifhdgp nger sel ected
oxygen proteegting group and erein NsWa | eavi ng gyoupy/ in m xture

ent; to yield khe correspondi ng

of an et her s$olVent andra™y rocaorbon sol
8); ‘

conpound of {of Bl -a( = 0z WOZ
)I( 0z ?
5 . Z0
M (v Vi) z oz (1X)
0z

reacting a compound of formula (VIIl), wherein M?is a zinc species, with

a compound of formula (VII), wherein each Z is an independently selected
oxygen protecting group and wherein LG?is a leaving group; in a mixture of an
5 ether solvent and a hydrocarbon solvent; to yield the corresponding compound

of formula (1X);

-0 O

\\\\\OZ 0] \\\\\O ;

O

HO
Z0
07 OH

Onm
Qi
T

z
(1X) (0

de-protecting the compound of formula (IX); to yield the corresponding

compound of formula (I).

10
2. A process as in Claim 1, further comprising
)I( —— )I(
LGT (V) M (V1)

reacting a compound of formula (V), wherein LG is a leaving group, with

an organo-lithium reagent; in a mixture of an ether solvent and a hydrocarbon
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de-protecting the conmpound of formula (1X-S); to yield the correspondi ng
10conmpound of formula (1-9). 13. A process as in Caim12, wherein M is
ZnBr. 14vO0A0@gHSs as in Claim 12, wherein each Z is pCYalSeyio/0525d8 wher ei n
L& is bromb. 5 15. A process as in Caim12, wher &ockétiéo.cBRPSUNANVAPCT
formula (M 11-S) is present in an anount in the range of from about 0.8 to
about 1.25 nolar equivalents. 1016. A process as in Caim15, wherein the
conpound of &g et & yidMbltthe &)rrés‘boﬁﬂﬂ?%@hpb[]n@@ff@)WﬂUI@t(Vl)nthI%lrfI@If“ﬂse of from
about 1.0 to _about 1.1 nolar equivalents 17. A process as in Caiml2,
wherei n the 8HHER sol vent is di-n- butyl ether or 15cyclopentyl nethyl et her
and wherein tpe hydrocarbon solvent is toluene. 18. A process as in Caim
12, wherein theConpyund of foymjla (M11-S) in[a s tion of _{he

hydr ocar bon s¢l H-\added® t 9 tlhe conpound of [ fgrmul a (VI {n|a
solution of t sol went / 24 19. A process hs|imA Y
conpound of formuld (VI1-S) is rleacted—wti+>the npodnd o o¥mul a
(VIT'1-S) at a temﬁ aturg in the|range of from aboutXGOC to about 95C
2520. A procesy as 'I'n a 4Vh 12,

fyrther conprising M2 (Vi)

reacting the compound of formula (V1) with a zinc salt or an amine
5 complex of zinc halide; in a mixture of an ether solvent and a hydrocarbon

solvent; to yield the corresponding compound of formula (VII).

3. A process as in Claim 1, wherein M? is ZnBr, Z is pivaloyl and LG? is
bromo.

10
4, A process as in Claim 1, wherein the compound of formula (VIIl) is
present in an amount in the range of from about 1.0 to about 1.1 molar

equivalents.

15 5. A process as in Claim 1, wherein the ether solvent is di-n-butyl ether or

cyclopentyl methyl ether and wherein the hydrocarbon solvent is toluene.

6. A process as in Claim 2, wherein the organo-Ilithium reagent is n-hexyl
lithium; and wherein the n-hexyl lithium is present in an amount in the range of

20  from about 1.0 to about 1.2 molar equivalents.

7. A process as in Claim 2, wherein the ether solvent is di-n-butyl ether or

cyclopentyl methyl ether and wherein the hydrocarbon solvent is toluene.
25 8. A process as in Claim 2, wherein the zinc salt is selected from the group

consisting of zinc dibromide (ZnBr;), zinc diiodide (Znl;) and zinc ditriflate; and

wherein the amine complex of zinc halide is selected from the group consisting
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CH3 _- reacting a conpound of formula (V-S), wherein LGL is a | eaving
group; with an organo-lithiumreagent; in a mxture of an ether solvent and
a hydrocspkon/eoisent; to yield the correspondi ng conp@amasediofnsasasil a
(VI-S), wherein ML is lithium Docket No.: PRD3117WOPCT

of pyridine zinc bromide complex and N-methylmorpholine zinc bromide

complex.

9. A process as in Claim 2, wherein the compound of formula (V1) is
5 reacted with a zinc salt; wherein the zinc salt is zinc dibromide and wherein the
zinc dibromide is present in an amount in the range of from about 0.33 to about

1.0 molar equivalents.

10. A process as in Claim 1, wherein
10 X'is a carbon atom;
Ring A is selected from the group consisting of 4-methylphenyl and 4-
chlorophenyl;
Y is —CHy- and is bound at the 3-position of Ring A; and
Ring B is selected from the group consisting of 2-(5-(4-fluorophenyl)-
15  thienyl) and 2-(5-(6-fluoro-pyrid-3-yl)-thienyl).

11. A process as in Claim 1, wherein X is a carbon atom; Ring A is 4-methyl-
phenyl; Y is -CH»- and is bound at the 3-position of Ring A; and Ring B is 5-(4-
fluorophenyl)-thien-5-yl.

20

12. A process for the preparation of a compound of formula (I-S)

(I-S)
or solvate thereof; comprising
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(VI'1-9)

WO 2011/047113 PCT/US2010/052598
Docket No.: PRD3117WOPCT

_ _ LG?
CH, . WOZ
sae X
oz .
W* (VII-S) (VIII-S)

oz
reacting a compound of formula (VII-S), wherein M? is a zinc species,
with a compound of formula (VI1II-S), wherein each Z is an independently
selected oxygen protecting group and wherein LG? is a leaving group; in a
5 mixture of an ether solvent and a hydrocarbon solvent; to yield the
corresponding compound of formula (IX-S);

Y

OH (+8)

O

N
O
T

de-protecting the compound of formula (IX-S); to yield the corresponding
10  compound of formula (I-S).
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reacting the conmpound of fornmula (VI-S) with a zinc salt or an am ne
5conpl ex of zinc halide; in a mxture of an ether solvent and a hydrocarbon
sol vent ; WO 29ilgl4@iiBhe correspondi ng conpound of fornmul aPCVIUS2BY/052598 A
process as in Caim20, wherein the organo-Iithi ubockeigémt PRE3h1HAOHACT
lithium 10 22. A process as in Caim20, wherein the organo-1lithium
reagent is present in an anmount in the range of fromabout 0.5 to about 2.0
nol ar equi vahgnt sa prdcdss AsM CRRAHSI 22@hbfeiMalizA8s. wherein the
organo-lithiumreagent is present 15in an anount in the range of from about
1.0 to about 1.2 nolar equivalents. 24. A process as in Caim20, wherein
the ether sohyent aipsodiss BsEimeih GheRlin 4G 2REALAMbyIBRHWHershes? ignd
wherein the hydrocarbon solvent is toluene. 20 25. A process as in Caim 20,
wherein the sMdund of formula (V-S) is reacted with the organo-Iithium
reagent ag a tenperature in the range of from about -78C to about room
tenperature. 26. A process as in Claim20, wherein the zinc salt is selected
fromthe 25gibup Benxiessiandn Gfaimilize whetsinthedwnitouBd 2f formulac(Mii-Spié de (Zn12)
AN i 0 o bRt Rian oG FlellahOe oPRUNEHEAIPE 53 b el ACubRy | de | @
selected fro e group consisting of pyrirdine zinc ‘Br'om de conpl ex and
N- et hyl nor pkequivalentsi nc brom de conplex. 27. A process as in O aim 20,
wherein the conmpound of forrmula (VI-S) is 5Sreacted with a zinc salt; and
wherein the zinc salt is zinc dibrom de.

10 16. A process as in Claim 15, wherein the compound of formula (VIII-S) is

present in an amount in the range of from about 1.0 to about 1.1 molar

equivalents.

17. A process as in Claim 12, wherein the ether solvent is di-n-butyl ether or

15  cyclopentyl methyl ether and wherein the hydrocarbon solvent is toluene.

18. A process as in Claim 12, wherein the compound of formula (VIII-S) in a
solution of the hydrocarbon solvent is added to the compound of formula (VII-S)
in a solution of the ether solvent.

20
19.  Anprocess as in Claim 12, wherein the compound of formula (VII-S) is
reacted with the compound of formula (VIII-S) at a temperature in the range of
from about 60°C to about 95°C.

25 20. Aprocess asin Claim 12, further comprising

CH3 CH3
S
F S
F
(T 1 ()™ (T U (J
LG? (V-S) Ve (VI-S)

reacting a compound of formula (V-S), wherein LG is a leaving group;

with an organo-lithium reagent; in a mixture of an ether solvent and a
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28. A process as in Claim 27, wherein the zinc dibromde is present in an
anmpunt in the range of fromabout 0.33 to about 1.0 nolar equival ents.

1029. A prwoess/@3118n Cl ai m 28, wherein the zinc di brom @®#€TIGS2@0e$2H8 i n an
anount of about 0.5 nol ar equival ents. 30. A phDockstN@asPRD3CH AVOPZI,
wherein the conpound of forrmula (VI-S) is reacted with a zinc salt in the
presence of an amne or lithiumsalt. 15 31. A process as in O aim 30,
wherein the apifdBa®bnlsbivBhtIM Figldtthé SoSedRMERY dohfBuhBef BirPuR @RSsi sting of
l'ithiumbromde, lithiumiodide, pyridine, N-'nmethyl norpholine,

2, 6-1utidi neWAREEIMMEMNIthBAY wherein the amine or lithiumsalt is preferably
present in an anmount in the range of fromabout 1.0 to about 2.0 26pvol ar

equi valent. %2. A conpound prepargd accor Claim
1. 33] A Eé)rrpound pr epar ed acclordi ng m 12. 25
34. A process o Q[ A f la conpg Qlc)i
(cp) and whe ) % re one (1)
Ring A is an|opti# ted unsat ur 3 Clic
ring, and Ring B is an o&%onally substi tut gd wsaturamps)rmnocycl it
heterocyclic|ri My, an opti hal | y subsftituted unsaturated fused

5het erobi cycH ¢ ring, or an optional Fy substTtuted benzene ring; or

(2) R nlgI Al Sban_ P mb|cwn‘cb¢bﬁﬁi§ffdrmdlatx&’lﬂl_8¢mﬁhrd il s@ll"l&dﬁ aginB i s an
optl ona subst ] t ut e nsat urat ed nonocyclic neterocyclic ring, or an
optional Iy sGHEPEX® é@culgﬁﬁ‘i?;dﬁ‘ atf@dtuf%@gﬁyﬁt@%wa?%@@ﬂiad“MdiFQij‘rW{br ein Yis

linked to theoRehtetPsdalthe coréipofbiingtenipesrsl ohRfmurRVAYS! i c ring; or 10(3)
Ring Ais an optionally substituted unsaturated fused heterobicyclic ring,
wherein the sugar noiety X-(sugar) and the nmoiety -Y-(Ring B) are both on

the same het ef ocyglg&edsh BE iREIdiMe0! %6%irﬁ‘€ﬁeedr§§rﬁ&b(tﬁldn?refaigeﬁtg isAbd Ng B is
an optionall ﬁl@SUbStl tuted unsaturated nonocycl'ic heterocyclic ring, an

optional |y slh8tuted unsaturated fused heterobicyclic ring, or an
optional iy substituted 15benzene ring;

22. A process as in Claim 20, wherein the organo-lithium reagent is present

in an amount in the range of from about 0.5 to about 2.0 molar equivalents.

23. A process as in Claim 22, wherein the organo-lithium reagent is present

15  in an amount in the range of from about 1.0 to about 1.2 molar equivalents.

24. A process as in Claim 20, wherein the ether solvent is di-n-butyl ether or

cyclopentyl methyl ether and wherein the hydrocarbon solvent is toluene.

20 25. Aprocess as in Claim 20, wherein the compound of formula (V-S) is
reacted with the organo-lithium reagent at a temperature in the range of from

about -78°C to about room temperature.
26. A process as in Claim 20, wherein the zinc salt is selected from the

25  group consisting of zinc dibromide (ZnBr.), zinc diiodide (Znl,) and zinc

ditriflate; and wherein the amine complex of zinc halide is selected from the
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carbon atom Y is -(CH2)n-;

10

15

20

25

wherein nis 1 or 2; provided that
X is part of an unsaturated QlL-Ha2 + (Z1) (alkyl) (alkyl) M
| aWQ2001/d47113 LI (al kyl) PCT/US2010/052598
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group consisting of pyridine zinc bromide complex and N-methylmorpholine

zinc bromide complex.

27.  Aprocess as in Claim 20, wherein the compound of formula (VI-S) is

reacted with a zinc salt; and wherein the zinc salt is zinc dibromide.

28. A process as in Claim 27, wherein the zinc dibromide is present in an

amount in the range of from about 0.33 to about 1.0 molar equivalents.

29. A process as in Claim 28, wherein the zinc dibromide is present in an

amount of about 0.5 molar equivalents.

30. A nprocess as in Claim 20, wherein the compound of formula (VI-S) is

reacted with a zinc salt in the presence of an amine or lithium salt.

31. A process as in Claim 30, wherein the amine or lithium salt is selected

from the group consisting of lithium bromide, lithium iodide, pyridine, N-methyl

morpholine, 2,6-lutidine and TMEDA,; and wherein the amine or lithium salt is
preferably present in an amount in the range of from about 1.0 to about 2.0
molar equivalent.
32. A compound prepared according to a process as in Claim 1.
33. A compound prepared according to a process as in Claim 12.
34. A process for the preparation of a compound of formula (X-P)
Zn
7~
Q' ! (X-P)

A Y

X
wherein both Q" groups are the same and are e :
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bond; (Z2) (Z3) 20reacting a conpo
hal ogen, with a lithiumtrial kyl
a suit ablwogelieatruvd anhydrous or
organic solvents; to yield the c
reacting the conmpound of formula
conpl ex, a conpound of fornula (

und of the formula (Z1), wherein Ha2 is a
magnesate, a conpound of forrmula (Z2); in

gani ¢ sol vent or m xtur @Cerusanpsrsors

or respondi ng conp®@aocketdio.f BRBGH &7\WEZBCT
(Z3) with a zinc halidelithiumhalide

Z4), wherein Hal is a halogen; in a

suitably sel ect eda@INERRHRINGTAEN Rird0B ¥WRNONDSHf tRE XSIldthg®r anhydrous organi ¢

sol vent s;

to yield the correspondi ng

compound of formula (X-P). 5 35. A

process as in C aitRg Ajhad epirnali Sebyibsed dneaturedhiicaoeY2ZsS is i htiun

di butyl hexyhaRas§RE fng, 2RE RREE

brom del i t hi um brom de conpl ex:
conpound of fMANGGYRICHRIGPyCYCEC BNG,

84 Bn obGorrmyRABS AR UheaiHed (£4) is zinc
10 36. A process as in Caim34, wherein the

@RpeRiieaaltf substiwtadausriggted fused

onally substituted benzene ring; or

(2) Ring A is an optionally substituted benzene ring, and Ring B is an

rated monocyclic heterocyclic ring, or an optionally

substituted unsaturated fused heterobicyclic ring wherein Y is linked to the

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

on the same heterocyclic ring of the fused heterobicyclic ring, and Ring B is an

rated monocyclic heterocyclic ring, an optionally

substituted unsaturated fused heterobicyclic ring, or an optionally substituted

5 heterobicyclic ring, or an opti
optionally substituted unsatu
heterocyclic ring of the fused

10
optionally substituted unsatu
15 benzene ring;
Xis a carbon atom;
Y is -(CH2)n-; wherein
provided that i
Q'—Ha? +
(Z1) (alkyl)
bond;
20

nis1or2;

n Ring A, X is part of an unsaturated

(alkyl) [~ T
| ® QL ®_q
Mg® L = Mg~ @
\ ¥ Li
(alkyl) Q
(22) (£3)

reacting a compound of the formula (Z1), wherein Ha? is a halogen, with

a lithium trialkyl magnesate, a compound of formula (Z2); in a suitably selected

anhydrous organic solvent or mixture or anhydrous organic solvents; to yield

the corresponding compound of formula (Z3);

Q'I\ © /Q’I
Mg ®
é1 Li
(Z3)

Zn(Ha'),* LiHa'

(Z4)
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reacting the compound of formula (Z3) with a zinc halideslithium halide
complex, a compound of formula (Z4), wherein Ha' is a halogen; in a suitably
selected anhydrous organic solvent or mixture or anhydrous organic solvents;

to yield the corresponding compound of formula (X-P).
35. A process as in Claim 34, wherein the compound of formula (Z2) is
lintiun dibutyl hexylmagnesate; and wherein the compound of formula (Z4) is

zinc bromideslithium bromide complex.

36. A process as in Claim 34, wherein the compound of formula (X-P) is a

compound of formula (X-S)

F Q \SIHSCZnCHJS/ O F

(X-S).
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