WO 2011/ 039338PCT/ EP2010/ 064620 1 Descri ption Use of conpounds wth
SG.T-1/SA.T-2 inhibitor activity for produci ng nmedi canents for treatnment of
bone di sewees1103933¢ i nvention relates to the use of compowmPl010iot4s20
SA.T-1/SA.T-2 inhibitor activity and of their physiologically tolerated
salts and their physiologically functional derivatives for producing a

nmedi canent for treating bone di seases. 10 W2004/ 052902, W2004059203,

di scl ose fluoroglycoside derivatives conmpounds with inhibitor activity on
SGLT. These conpounds are seen suitable for preventing and treating type 1
and typ@e&cHpidifet es. W have found that these conpounds exhibit SGT-1
and SA.T-2 inhibitor activity. In W2005121161 fl uorogl ycosi de derivatives
are described with a main inhibitor activity 150on SGT-1 directed by | ow
absor pt iUse ofrcontpounasesith 8&L THS Glov-2ribhibitomastivitg Sedpraduting robdieameots

provi di conmpounds, whi ch can be used for the treatnent of bone di seases
and whi tﬁﬁqgﬁleﬁ‘t BEP??%QIS&?S?ﬁerapeuti cal ly useful for treatnent of
ostegporosis. 20 The invention therefore relates to the use of conpounds of

formula | WO 2011/ 039338PCT/ EP2010/ 064620 2 HO\, .......... R7 Cycl 'R6
/ R9 - L-yhH inyertiorgelates to the use of compounds with SGLT-1/SGLT-2 inhibitor activity

and of their physiologically tolerated salts and their physiologically functional

derivatives for producing a medicament for treating bone diseases.

10  WO02004/052902, WO2004059203, disclose fluoroglycoside derivatives compounds
with inhibitor activity on SGLT. These compounds are seen suitable for preventing and
treating type 1 and type 2 diabetes.

We have found that these compounds exhibit SGLT-1 and SGLT-2 inhibitor activity. In
WQ02005121161 fluoroglycoside derivatives are described with a main inhibitor activity
15 on SGLT-1 directed by low absorption in the intestine.

The invention was based on the object of providing compounds which can be used for
the treatment of bone diseases and which are in particular therapeutically useful for
treatment of osteoporosis.

20
The invention therefore relates to the use of compounds of formula |



R3 in which the neanings are 5 Rl and R2 i ndependently of one another F or
H, where one of the radicals RL or R2 nust be F;, A0, NH, CH2, S or a bond;
10R3hydr ogenp1f3ef38, Br, |, OH, CF3, N2, ON, COOH, CO pCtAPb)roabicys
000( C1-06) - al kyl , CONH2, CONH (C1-06)2al kyl, CONRCL-06)-al ky112,

(G -C6)-al kyl, (03-06)-cycloal kyl, (02-06)-al kenyl, (02-06)-al kynyl,

0-(G 06)-al kyl, HO (C1-06)-al kyl ene, (Ci1-06)-al kyl ene-0-(C1-06)-al kyl,
phenyl , benzyl, (Cl-06)-al koxycarbonyl, where one, nore than one or all
15hydrogen(s) in the al kyl, alkenyl, alkynyl and 0-al kyl radicals may be
repl aced by fluorine; 502-NH2, 502-NH(01-06)-al kyl, 502NRC1- 06) - al kyl h,
S-(C1-06)-al kyl, 5(0H2) 0- phe“hyl SO (C1-06) - al kyl, SO(O—|2)0 phenyl ,

502- (C1-06) - al kyl, 502- (LOH2) 0- ;R‘?enyl where o may be & -.6

radi cal may be 205ubst|tutgg-cmp otwice by F, C, Br, O—I CF3 NO2, ON,
OCF3, 0-(G -C6)- alkyl, y(G-C8)- |, NH2; NH2, NH ) =al kyl ,
N((Ci - C8) - alH®1) 2, NI—|-00-|Q ' Kenyh—Y0=—NCH }i)y phenyl, where o

may be 0 - 6, where the pheny i y be substitute ne to three tines

by F, d, Br, |, |OH CF3, N, , 25(C -06) alk NH2,

NH( G - 06);{ al kyI N( (C1- 06) - al ky 2011/ 039338PCT/ EP2010/ 064620 3

S02- CH3, C Cl- Co6) - al kyt, CONHZRS Rahydr ogen, (G -C6)-al kyl,
(C2-Co) - CG) cycl gal ky4 , or phenyl that may optionally be
substituted by nor (Cl1 Cgr)-al kyl; 5 B(Co-C16)-al kyl ene, where one or
nore C at oms t he—al kyl e adj cal may be repl aced independently of one
anot her by —-0-, 0=0) -A , -CC, -S-, -CHIOH)-, -CHF-, -CF2-,
-(S=0)-, -(S2)-| -N((C1 )-, -N((C1-CB6)-al kyl phenyl)- or -NH; 10

R5, R6, R7 indepgpdently of zanot her, hydrogen, F, d, Br, |, OH CF3,
NO2, ON, COOH, 000(Cl-C6)-al kyl, CO(Cl-C4)-al kyl, CONH2, CONH(C1-Co6)-al kyl,
CONRCi - C6) -al kyl h, (C -d83-al kyl, (C2-C6)-al kenyl, (C2-C6)-al kynyl,

0-(CG C8)-al kyl, HO (Cl1-C6)-al kyl ene, (Cl-0C6)-al kyl ene-0-(C1-C6)-al kyl,
where 15one, nore than one, or all hydrogen(s) in the al kyl, alkenyl,

al kynyl ;apdid- tﬁb'?ﬁéar‘ilcgé‘é?és may be replaced by fluorine; S02-NH2,

SO2NH( C1- Co) - al kyl NRC1- C6) - al kyl h, S (Cl1-C6)-al kyl, 5(0H2)0-phenyl,
SCF3, SO (C1-06)-al kyl, SO (OH2)0-phenyl, S02(Cl-06)- alkyl,

S02- % OHR10amh &2y | md@p@h@enuyravorb@aaothe&Fmd Wherepbea gt thel ragi ooy RAGR2
substituted uptotvvuég)lp F, d, Br, OH CF3, NO2, ON, OCF3,

0- (C1- C6) - al kyl al kyI NH2
A O, NH, CH,, S or a bond;
10 R3 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, CO-(C+-Cs)-alkyl,

COO(C+-Ceg)-alkyl, CONH,, CONH-(C+-Cg)-alkyl, CON[(C1-Cs)-alkyl]2,
(C4-Ce)-alkyl, (Cs-Cs)-cycloalkyl, (C2-Cs)-alkenyl, (C2-Cs)-alkynyl, O-(C1-
Ce)-alkyl, HO-(C+-Ce)-alkylene, (C1-Cs)-alkylene-O-(C1-Cs)-alkyl, phenyl,
benzyl, (C1-Cs)-alkoxycarbonyl, where one, more than one or all
15 hydrogen(s) in the alkyl, alkenyl, alkynyl and O-alkyl radicals may be
replaced by fluorine;
SO2-NHa, SO2-NH(C1-Cg)-alkyl, SO2N[(C+-Ce)-alkyl]2, S-(C1-Cs)-alkyl, S-
(CH2)o-phenyl, SO-(C+-Ce)-alkyl, SO-(CH2).-phenyl, SO2-(C+-Cs)-alkyl,
SO2-(CHy).-phenyl, where o may be 0 - 6, and the phenyl radical may be
20 substituted up to twice by F, CI, Br, OH, CF3, NO2, CN, OCF3, O-(C1-Cg)-
alkyl, (C4-Ce)-alkyl, NH;
NH., NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH-CO-(C+-C7)-alkyl, phenyl, O-
(CH2)o-phenyl, where o may be 0 - 6, where the phenyl ring may be
substituted one to three times by F, CI, Br, |, OH, CF3, NO2, CN, OCFs3,
25 O-(C+-Ce)-alkyl, (C4-Cs)-alkyl, NH2, NH(C+-Cs)-alkyl, N((C+-Ce)-alkyl)o,



NH2, NH (Cl-C6)-al kyl, N((Cl-C6)-al kyl)2, NH 00-(Cl-C6)-alkyl, phenyl, O-
(CH2) 0- phenyl, where o may be 0 - 6, where the phenyl ring may be

substi t utwg 20ne@3b33st hree tines by F, C, Br, |, OH CF3pCHEP20100:4600F3,
250- (C1-08) -al kyl, (C1-06)-al kyl, NH23 NH(C1-06)-al kyl, N((Cl-06)-al kyl) 23
502-0H3, COCH, 000-(C1-06)-al kyl, CONH2; or R6 and R7 together with the C
atons carrying thema 5 to 7 nenbered, saturated, partially or conpletely
unsaturated ring Cycl, where 1 or 2 C aton(s) of 30the ring nay al so be
replaced by N, 0 or S, and Cycl may optionally be substituted by

(G -C6)-alkyl, (0&36¢H. seOH,CcOR(OR Q;G)aém%myj@,\mgere in each case one CH2
group may be repI aced by 0, or substltuted H F, d, OH CF3, NO2, QN

000( 01- 04) - al kyl, CONH2, CONH(01-04)-al kyl , OCFS 35 XCO, 0, NH, S, SO S
or a boRd WO 20k dQ)’@%&S@’WGEWQHQ@Q%ﬁa&eéyIL(@@ﬁbydbéﬂkyleoemenyl that

C2-05 | k I |_k CH2
éroup(é)ami”%eei‘ﬁm@ao‘?%@)v% eg B R AR e o D B 2 ona: 5 e
R9i nadlependent | y of one anot her, hydrogen, SCBH sugar residue, (01-06)-

| kyl , -0 tituted
ittt SRR R O e
( C2- C8B) - al kenyl en@ﬂmeoe aerd Ir\d@@ea@@ mcmﬂ; amﬂherm 1.0{€T006) - aI kyl ,
NRC1- 06) - al kyl h, NeHe@H-ClcO6), -8l KOH(OMY: sager-, tepi-dys=O)tF F@@gj - c1-

C1- 06) - al kyl 06)- al'k

E@-oei-& kzl ene. %ﬁﬁw( c&?@@?&éﬁ% 'BH%”BCNBBQ fil?'gm )c:esf1 a?/kyl

(Cot1@6) - al kyl ene- SON H2, (Co-06)-al kyl ene- SONH- (01- 06) - al kyl ,

Co- 06 - $ : ! 1

(52,00) KA 198,307 e OB O ALIRY MR SEEATE (GHLepS) ol sty ow v,
to 7 rrenbelred bsaﬁ@@He@Q@@n CykeakywbéeNE 1 dng-adkyl rfé@éll'GHQQh“d(@sC@)faH(We
ring may al so be ggpy r@esi 3
N-(%l 0%) al kyl , V\hergeg‘g:ess)él@b%Q% grioug %S‘%{ﬁ%{yél%%léégeaél%%l O(C1
substituted 20i ndépkAl¥htQ-(Gh-CorallriRiende ‘15%;5) -atkylengy fpe)-atkyl, wh ere
(C1486) - al kyl ene- gHe, (ded arpbhie o rNt;liem tNe-| KA Blkenya! Hixynyl and

N (Cl1-06)-al kyl ]2 0-,.(C1-Co6),- al kyl d

([C(l 06) - 331I (Eyl )e/n]e- Qq’élmyﬁ'@g'%% maﬁtp(egyﬁﬁf% nga'&)r SZI) ;Fkyl ene- 000H,

( Co- 06) - al kyl ene- SO¥HIH, (S008I @I-Ky)-elkgl, GZMN[(CO&CQEQWWU%B‘B (C1-Ce)-alkyl, S-

S8 A el S SATI e o i

phar maceut i cal |y &bybfiQbl Hs)a-th@”V'hw’f@m ofrpay pedtuei ad &Q@@ﬁ@éﬁ'ﬁgtm@)or

thepgreat ment of engdiieRasep to %ﬁlcgttgﬁar e B YOS OFEaNC50EROUNTS; der i ved
ik, g

from al doses and ke bon atons,” which rmay bl ong to
the D or L series, angs @Vllu&‘gﬁ%ﬁh@ e am nosaccharl des, sugar

$|h cohol \s/ olr saclzg gamzc I\IEHr((dﬁC@)lQHKS)EIN((.(EPG@P@IkyIQ”INH-@d@%Q-@F‘bﬁd?h)ﬂﬂfeﬁslﬁ‘,O-
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0,-CH3, COOH, COO-(C+-Cs)-alkyl, CONH;
or
R6 and R7 together with the C atoms carrying them a 5 to 7 membered, saturated,
partially or completely unsaturated ring Cyc1, where 1 or 2 C atom(s) of
30 the ring may also be replaced by N, O or S, and Cyc1 may optionally be
substituted by (C+-Cs)-alkyl, (C2-Cs)-alkenyl, (Co-Cs)-alkynyl, where in
each case one CHay group may be replaced by O, or substituted by H, F,
Cl, OH, CF3, NO2, CN, COO(C1-C4)-alkyl, CONH,, CONH(C1-C4)-alkyl,
OCF3;
35
X CO, O, NH, S, SO, SO; or a bond;



WO 2011/ 039338PCT/ EP2010/ 064620 5 gal actaric acid. The conpounds may

nor eover occur in the al pha and beta forns. The points of |inkage of A, B,
R3 and R5wD@otimse3ssng can be chosen wi thout restricti onpciiEP26108846R0 Ng
conmpounds of the fornula | are included in the present invention. 5
Preference is given to the use of conpounds of the formula I in which the
meani ngs are AO, NH, a bond; 10 R3hydrogen, F, d, Br, |, OH CF3, NO2, ON,
COOH, CO (C1-C6)-al kyl, 000(C1-C6)-al kyl, CONH2, CONH (Cl-Cs6)-al kyl,
CONRC1- C6) - al ky112, (G -C6)-al kyl, (C2-C6)-al kenyl, (C2-C6)-alkynyl,

0-(CG - -al kyl R ' i |,
ph((anyl ,Cﬁi)enzy%/, (S?_ggg_al g':‘fal ,k(?%%?glke&gég??%?@ iﬁﬁ"@?é%fﬂ”?ﬁgﬁ nor e
than one or all h{8P®GBRCE WP SHHGrOMPIS) MR BECEPECREPYHR OF MiTaced by
fluorine; or R4hydrogen, (G -C6)-al kyl, (C2-C6)-al kenyl,

(C3-C6) scycl oal kyls -£B) sAal k where one or nore C aton{(s) of the
al kyl engcradi cal ﬁ;a?/%gg&g;pﬁtgéz’i%oagggﬂgﬂ’ently of one anot her by -0-,
-(CD)-, -CH=CH -CEC, -S, -CHOH)-, -CHF-, -CF2-, -(S=0)-, -(S)-,

et o S0 T the JREPEORRAER! bR RbMe SRRBRESORT sl edthe @St
resi dues are bet a@kvl.iWiR&s8,ongrRl MAEE StiedEaiepied herakyl iadinal may Heand 5 .
positions of the gupatituteRiSihdeSehdsntly st dretdristBeciON (T ook RAKYIN OHPr(Ef et ghce s

hydr ogen_and Rei s DI B <§?—@i—%ﬂ«eﬁw@bp§<ﬁaEﬁ%@%w@%%ﬁ% D,
NH; 10 WO 2011/ 039338 RCE)-ERZN) NJ(© 686281kl RBIH-OQ-IC oG ralkyl, NH-suBar rdsidu@;],
o one oSG LSO SRR V)
repl aced by fl uor iahglene-COOH, (Co-Ce)-alkylene-CONH, (Co-Cs)-alkylene-CONH-(C+-
Cs)-alkyl, (Co-Cs)-alkylene-SONH3, (Co-Ce)-alkylene-SONH-(C+-Ce)-alkyl,
(Co-Ce)-alkylene-SO2NH2, (Co-Ce)-alkylene-SO2NH-(C+-Cs)-alkyl,
15 adamantyl; or
R8 and R9 together with the N atom carrying them form a 5 to 7 membered,
saturated ring Cyc2, where one or more CHaz groups of the ring may also
be replaced by O, S, NH, NSOsH, N-sugar residue, N-(C+-Cg)-alkyl,
where one or more CHa groups of the alkyl radical may be substituted
20 independently of one another by (C4-Cs)-alkyl, OH, (C+-Cs)-alkylene-OH,
(C2Cs)-alkenylene-OH, NH»,, NH-(C+-Cg)-alkyl, N[(C1-Cs)-alkyl]2, NH-CO-
(C1-Ce)-alkyl, NH-sugar residue, (C1-Cs)-alkylene-NHz, (C2-Cs)-
alkenylene-NH2, (Co-Ce)-alkylene-COOH, (Co-Cs)-alkylene-CONHy, (Co-
Cs)-alkylene-CONH-(C1-Cg)-alkyl, (Co-Cs)-alkylene-SONH;, (Co-Ce)-
25 alkylene-SONH-(C1-Cg)-alkyl, (Co-Ces)-alkylene-SO2NH2, (Co-Ce)-
alkylene-SO2NH-(C+-Cg)-alkyl;

and the pharmaceutically acceptable salts thereof for producing a medicament for the
treatment of bine diseases.
30
Sugar residues mean compounds derived from aldoses and ketoses having 3 to 7
carbon atoms, which may belong to the D or L series; also included therein are
aminosaccharides, sugar alcohols or saccharic acids (Jochen Lehmann, Chemie der
Kohlenhydrate, Thieme Verlag 1976). Examples which may be mentioned are glucose,
35 mannose, fructose, galactose, ribose, erythrose, glyceraldehyde, sedoheptulose,
glucosamine, galactosamine, glucuronic acid, galacturonic acid, gluconic acid,
galactonic acid, mannonic acid, glucamine, 3-amino-1,2-propanediol, glucaric acid and



5 R4is hydrogen, (G -C6)-alkyl, (C3-C6)-cycloal kyl; Bis (Co-C4)-alkyl ene,
where one or nore C aton(s) of the al kyl ene radi cal may
be repl acwod 20ndspssdent |y of one another by -0-, -(0=0)PcTABEAGIN646200-
CH(OH)-, -CHF-, -CF2- or -NH; R5, R65 R7 independently of one another, are
hydrogen, F, d, Br, |, OH CF3, NO2, ON, COCH, 000(01-06)-alkyl,

CO(01-04) -al kyl , CONH2, CONH(01-06)- alkyl, CON (01-06)-alkyl]?2,

(01-06)-al kyl, (02-06)-al kenyl, (02-06)-al kynyl, 150-(01-08)-al kyl,

HO (01-06) - al kyl ene, (01-06)-al kyl ene-0-(01-06)-al kyl, where one, nore than

one, or aldctéiﬁtdé&eemébombohhés%éwﬂnor@é\)e%bbur ﬁ'thé%h@ﬁﬁd Geth yimg adi cal s
may be repI aced by fluorine; NH2, "NH (01-06)-al kyl, N((01-06)-alkyl)2,

NH- 00- (01-06) -al kyl, or 20 R6 and R7 together W th the C atons carrying
t hem ar &he goitte of ||rma@eoe;el BsRBuirat RE . to e tinglchy by chaosepl veitredut restsistion.at ed

or 'S, Bl es0ihg Bl of Tt L LR TR ndbRBeRE g RBR > ™Y O
E?lgg)e al kenyl , | (Cc2- 05_) a![ kynyl, where in each case one CH2 groue may be
000( 01- gﬁ%&%&cﬁ'? 93%%? gh%d%%(wq étsk‘ﬁthe %@z‘?g?{?”s%h tg,él "REF""2%Bona:

30Li s (ef€Co)-al kyl ene, (C2-05)-al kenyl ene, where in each case one or two
CH2 group(s) may be replaced by O or NH; Yis CO NHCO a bond. 35Particul ar

preference is giv t he yse of conmpounds of the fornula I in which Rlis
hydroge%‘ VO 2011%8@@83%%?5@2010/ 064620 7 R2is fluorine; Ais 0; 5R3is

CF310net hyl, isopropyl; R4is hydrogen; B 10 X 15L is (Co-(4)-al kyl ene,
Y‘Sﬁéﬁeﬁ&@nﬂ "o ofaP B ol DR &t@e@fzféﬁcﬁﬁoﬁaw@éég A5,
bond; is (Cl-04)-A%Q(Cnes)- @'ﬁw CANHb KON (1-Cahalkyl DOMKGthBét@H(yﬂme or
two CH2 group(s) mBY-RRalk§P@5ed)BkeRyP(CNGe)-alkynyl, O-(C1-Cs)-alkyl, HO-(Cs-
Ce)-alkylene, (C+-Cs)-alkylene-O-(C+-Cs)-alkyl, phenyl, benzyl, (C4-Cs)-
15 alkylene-COOH, SO-(C1-Ce)-alkyl, where one, more than one or all
hydrogen(s) in the alkyl radicals may be replaced by fluorine; or

R4 hydrogen, (C4-Cs)-alkyl, (C2-Ce)-alkenyl, (Cs-Ceg)-cycloalkyl;

20 B (Co-Ce)-alkylene, where one or more C atom(s) of the alkylene radical
may be replaced independently of one another by -O-, -(C=0)-, -CH=CH-
, -C=C-, -S-, -CH(OH)-, -CHF-, -CF»-, -(S=0)-, -(SO2)-, -N((C1-Cs)-
alkylene-, -N((C+-Cs)-alkylene-phenylene)- or -NH-.

25 Further preferred is the use of compounds of the formula | in which the sugar residues
are beta(p)-linked, and the stereochemistry in the 2, 3 and 5 positions of the sugar

residue has the D-gluco configuration.

Preference is further given to the use of compounds of the formula | in which

30
R1 is hydrogen and
R2 is fluorine;
or
R1 is fluorine and
35 R2 is hydrogen;

A is O, NH;



Yis CO NHCO, a bond. 20 Very particular preference is given to the use of
conpounds of the formula | in which Rlis hydrogen; R2is fluorine; 25 Ais O;
Bi s - CH2-woRbi3bssdr ogen, Cl, nethyl, ethyl, OH CF3; 3®cR&p236a5820
hydrogen; Xis CO 0, a bond; 35Lis (Ci-03)-al kyl ene, (02-03)-al kenyl ene,
where in each case one CH2 group may be replaced by O or NH, WO

2011/ 039338PCT/ EP2010/ 064620 8 Yis CO, NHCO a bond. Particularly
preferred is the u se of conpounds of the formula | in which the
substituents A and B occupy an adj acent position (ortho position) and R3
occupi es an 5adj acent position (ortho position) to B. Very particul ar
preference is furth

er given_t he o ounds of t formyla | in
Bt ch 160, Foi ndbpRYRIaETyF o B, Bt s (Care) Ak deres suBakyf e
resi due, (Cl1-04)- @gkalkenyh@-¢C1-lg)-alkiyly wherdione| mury then sndet all hiyétbgen(s)
(1 02) -4l kyl enecti MEcRh SR ek TeBldsiY oSt o) adarmntyl® or Re
igd ??9 toggth_er with the ,Il:l atom ]E:arryi ng themfo][ma Sto7 n%rbe[]ed, .
sat ur giyed ring et ed \f K i perazi ne ich may be
I\I—substﬁdfut ed by %%8?-8& %ﬁés)(éé%mog??é%wygﬁg'-k&a or SO3H, pi peridine,

azepane, pyrrolidine or norpholine. In a particul ar enbodi nent the

conpoungs of the i§QCHd, falkyldriRe whebs bhkWrMhsrelC aitsnis) 2 & alkyrpes@didan par a

position on the phenyl ring. I.n,a further enbodi nent 't C unds, o

Pormul a1 -t he s By PeenRLen icbendents o5 oa agalietinn s, B podttrtdn 4
andi®3 i n positi onCH(OH){ heHpyr-&#0t er ¥fNIHg. 251 n a further enbodi nent the
conmpounds of fornmula |, the substituents A are disposed in position 5 B in
position 4 and R3 in position 3 on the pyrazole ring. The alkyl radicals in
t he subfS, Refs REleprademdy oRene RIOtRS, anecyiRBogRIY; Fg@eBt,HeOI'thFai, dl&d2 chai n

or branched. Hal ogqy ¢®aRE COO:-CRi-alkdyl, FORE LEALAIKYIFCBNHES CONH(C1-Co)-

alkyl, CON[(C1-Cg)-alkyl]2, (C4-Ce)-alkyl, (C2-Ce)-alkenyl, (C2-Cs)-alkynyl,

15 O-(C4-Cg)-alkyl, HO-(C+-Cg¢)-alkylene, (C4-Cs)-alkylene-O-(C+-Cs)-alkyl,
where one, more than one, or all hydrogen(s) in the alkyl, alkenyl, alkynyl
and O-alkyl radicals may be replaced by fluorine;
NH., NH-(C1-Ceg)-alkyl, N((C1-Cs)-alkyl)2, NH-CO-(C1-Cs)-alkyl,
or

20 R6 and R7 together with the C atoms carrying them are a 5 to 7 membered,
saturated, partially or completely unsaturated ring Cyc1, where 1 or 2 C
atom(s) of the ring may also be replaced by N, O or S, and Cyc1 may
optionally be substituted by (C1-Cs)-alkyl, (C2-Cs)-alkenyl, (C2-Cs)-alkynyl,
where in each case one CH; group may be replaced by O, or substituted

25 by H, F, Cl, OH, CF3, NO,, CN, COO(C1-C4)-alkyl, CONH2, CONH(C;-
Ca)-alkyl, OCFs3;

X is CO, O, NH, a bond;

30 L is (C1-Cs)-alkylene, (C2-Cs)-alkenylene, where in each case one or two
CH> group(s) may be replaced by O or NH,;

Y is CO, NHCO, a bond.

35 Particular preference is given to the use of compounds of the formula | in which
R1 is hydrogen;



30 The invention also relates to the use of conpounds of the formula I
2011/ 039338PCT/ EP2010/ 064620 9 5 R5Il in which the neanings are Rl and
R2 i ndepewgdenilosez38 one another F, H or one of the radi ealr&pRlionsssy OH,
R3 OH or F, where at | east one of the7radicals Rl, R2, R3 nust be F;, R4
OH, 10 A 0O, NH CH2, Sor abond;, XC 0, Sor N where X nust be C
when Yis Oor S; 15 YN O or S

R2 is fluorine;
A is O;
5 R3 is CF3, methyl, isopropyl;
R4 is hydrogen;
B is (Co-C4)-alkylene, where one or more C atom(s) of the alkylene radical
10 may be replaced independently of one another by -O-, -(C=0)-, -CHF- or -
CF,-;
X is CO, O, a bond,
15 L is (C1-Ca)-alkylene, (C2-C4)-alkenylene, where in each case one or two

CH group(s) may be replaced by O or NH,;

Y is CO, NHCO, a bond.

20 Very particular preference is given to the use of compounds of the formula | in which

R1 is hydrogen;
R2 is fluorine;
25 A is O;
B is -CHo-;
R5 is hydrogen, Cl, methyl, ethyl, OH, CFs3;
30
R6, R7 are hydrogen;
X is CO, O, a bond,
35 L is (C1-Cs)-alkylene, (C2-Cs)-alkenylene, where in each case one CH>

group may be replaced by O or NH;

WO



ma nunber 1 or 2; 20 R5 hydrogen, F, d, Br, I, OH CF3, NO2, ON, COCH
CQ( C1-06) - al kyl , 000(C1-06)-al kyl, CON H2, CONH(G -C6)-al kyl,

CONRC1- Coyoabkyud®s (Ci - C6) - al kyl, (C2-CB6)-al kenyl, (C2rC)Eradiopoisko

(G -06)-al koxy, HO (G -C6)-al kyl, 8C -C6)-al kyl-0-(C -C6)-al kyl, phenyl,
benzyl, (01-06)- al koxycarboxyl, it being possible for one, nore than one
or all hydrogen(s) in the al kyl, al koxy, al kenyl or alkynyl radicals to be
replaced 25 by fluorine; WO 2011/039338PCT/ EP2010/ 064620 10 S02- NH2,
S2NH( C1- C6) - al kyl , SO2NRC1- C6) - al kyl h, S-(Cl-C8)-al kyl, S-(CH2)0-phenyl,

SO (C1- ¢6) - al kyl us%(l@#@d’ Pbshy! . SO02- (C1-C6) -al kyl , S02-(CH2) 0- phenyl ,
where o can be 0-6, and the phenyl radical nmay be substituted up to tw ce
by F, d, Br, OH, CF3, NO2, O\, OCF3, 0-(Cl-C6)- b5al kyl, (Ci-C6)-alkyl,
NHZ; NHParNdHér@lp@érf@dj ksytlhe N6 G1 cbimpoahdy bf the HNCGI IGA)wikicly khe phenyl

Subst 1 B0 RS SA56E RedRl Mfadaentiisiifor [ 3dagAR P aiigies an

0- ( G3- Cayljesekt positial {@#)o pokition) tuHR, NH( Cl C6) - al kyl, N((C1-C6)-al kyl) 2,
10S02- CH3, COOH, 000- (Cl-C6)-al kyl, CONH2; or when Y is S, R5 and R6
together with the C atons carrying them phenyl; R6optionally H, .
(C1-Co) Vﬂk?ﬁ“'%@%@%ﬂ@@e'ﬁ@rth@r@y@@)to Eﬁv%pkwmp@un%@h%p fornulat! ifay
opt i onallhicrpe substituted by hal ogen or (Cl-C4)-al kyl;

B( Co- C16) - al kanediyl, it being possible for one or nore C atons in the
al kanediyl radical to be replaced i ndependently of one another by -0-,

- (0+0) - RS, GQZC:-Ik , linc@endefﬁﬂy of i éhbﬂ\,er,-ﬁdﬂwyl,dregﬁﬂ -SOsH, Se@er residsER) -

20- N((C1- 06) - - - - . -

to 4;((Q/c1a) 3at oy§éhgﬁ%gﬁ<&g%§h%[§%rt@% é%[ %&?@ﬁ?%%ﬁyur aPte@qoggﬁ%@%ﬁﬂ&a ed
ring, 25where 1 Coaemqﬂfm@rctm®rermb5&:témeb;bydcﬂ>€zjfallsll @, (&8 C2Relkylemesgen,
F, C, Br : ?{P @% é{? )S@Jpﬂgg ad??%ﬁilﬂ Q4) - al kyl ,
CON H2 Cl 5 E RCI- 3

( C2- ca)Rzﬁ Cﬁ mmmatoma@ewg %i‘}rmﬁé Oémq@er@si) al kyl ,
(|C:1f621 al kyl( ;3 (%ht@t)edarik feyCyc2, tsd@té@rmm dgeu lcz{zgnps@azmrm?haﬂtnawug@ or
a rogen(s) in n a als to be
repl aged gy f1 uor ¥ ﬁl@ @g"ﬁl{-ﬂl%ﬁ @fé%?ﬂ%w @ﬁlﬁéﬁ%@t al kyl h,

S- (G -Co)-al kyl, Side@dﬂ)e{)wa;szayda,, p\BaiHdrelen IGbr@®)inal kyl , SO ( OH2) O- phenyl ,
502- (C1-06) - 35al kyl, 502-(0H2) 0- phenyl, where o can be 0-6, and the phenyl

radi cal may .
In a particular embodiment the compounds of the formula |, the substituents B and X

20 are disposed in para position on the phenyl ring.

In a further embodiment the compounds of formula |, the substituents A are disposed
in position 3, B in position 4 and R3 in position 5 on the pyrazole ring.

25 Ina further embodiment the compounds of formula I, the substituents A are disposed
in position 5, B in position 4 and R3 in position 3 on the pyrazole ring.

The alkyl radicals in the substituents R3, R4, R5, R6, R7, R8 and R9 may be either
straight-chain or branched. Halogen means F, Cl, Br, |, preferably F and CI.

30

The invention also relates to the use of compounds of the formula Il



be substituted up to twice by F, C, Br, OH CF3, NO2, ON, O00F3,
0-(GCi-06)-al kyl, (C-06)-alkyl, NH2; WO 2011/039338PCT/ EP2010/ 064620 11
NH2, NH (Wb-206)038338yl , N((Cl-C6)-al kyl) 2, NH(Cl- C7) - acylpcTmrenylos4620

0- (CH2) 0- phenyl, where o can be 0-6, where the phenyl ring may be
substituted one to 3 tines by F, d, Br, |, OH CF3, NO2, O\, O00F3,
(C1-08) - al koxy, (C1-06)-al kyl, NH2, NH(Cl1l-06)-al kyl, N((Cl-06)-al kyl) 2,
5S02- 0H3, COOH, 000(Cl-06)-al kyl, CONI-12; or R8 and RO together with the C
atons carrying thema 5 to 7 nenbered, saturated, partially or conpletely
unsaturated ring Cyc2, it being possible for 1 or 2 C atonm(s) in the ring
also to be replaced by N, 0 or S, and Cyg2 itay. 10optionally be substituted
by (C1-C6)-al kyl, (C2-05)-al kggpyl, " -al kynyl, where in each case one
CH2 group may be replaced by 0, ‘g substi®¥s2ed /by H F, C, OH CF3, N2,
ON, 000(Cl-04Ho0oal kyl, CONFI 2, 4) - al kyl , O00F3; 15and the

phar maceuti cal | y~accept abl e sakKt s Oyeneof roduci ng a nedi canent for
the treatnment of Ione di seases. {he prits of linkage of A, B and R5 to the
ring can Fq chosen without restrif{iogr. The present invention includes the
use of al e stht i ng conpoupds t@h the forrmula I1. Suitable heterocycles
of the cepyrall buil diQ1g bl ock gompg sing X and Y are: thiophene, furan,
pyrrol e, pyrazole, isjoxazole ahd/ sothiazole, with preference for

t hi ophene, ol e i soxazeKe. Particularly preferred conpounds of the
fornmul a | R3are thgse corpwi hi ophene or pyrazole as central building
bl ock. Preferred cqnpounds of the forlmula Il in which the
meani ngs are Rl apg R2 indeﬁ ntly of one another F or H and one of the
radicals RL or R2 = OH, where'/One of the radicals RL or R2 nust be F; 30
R30H, R4ACH;, 35 A0 or NH, B, O or N, where X nust bg 0 when Y is S; WO
2011/ 039338PCT/ EP2010/ 064620 12 YS or N, ma nunber 1 or 2; 5 R5hydrogen, F,
a, Br, I, OH CF3, NO2, ON, COOH, CQ(C1-06)-alkyl, 000(C1-06)-alkyl, CON
H2, CONi whichheah&ahing§&eNRCL- C6) - al ky112, (G -CB)-al kyl, (C2-C6)-al kenyl,
(C2-C6)-al kynyl, (G -C%)-al koxy, HQ(C1l-C6) - al kyl,

(C1-C6) -al kyl -0-(C1-C6) -al kyl, phenyl, benzyl, (01-04)- 10al kyl carboxyl,
SO (¥1- 68) arad R2l indepermEntly giasiei dothérdf, e onemféhé hadicalad1 or R2 OH;

R3 OH or F, where at least one of the radicals R1, R2, R3 must be F;
R4 OH;
10
A O, NH, CH,, S or a bond;
X C, O,Sor N,where Xmustbe CwhenY isOorS;
15 Y N,OorS;
m anumber 1 or 2;
R5 hydrogen, F, ClI, Br, I, OH, CF3, NO2, CN, COOH, CO(C1-Ce)-alkyl,
20 COO(C1-Ce)-alkyl, CONH,, CONH(C1-Cs)-alkyl, CON[(C+-Cs)-alkyl]2,

(C4-Ce)-alkyl, (C2-Cs)-alkenyl, (Co-Cs)-alkynyl, (C1-Cs)-alkoxy, HO-

(C1-Ce)-alkyl, (C1-Ce)-alkyl-O-(C1-Ces)-alkyl, phenyl, benzyl, (C1-Ce)-

alkoxycarboxyl, it being possible for one, more than one or all

hydrogen(s) in the alkyl, alkoxy, alkenyl or alkynyl radicals to be replaced
25 by fluorine;



or all hydrogen(s) in the alkyl or al koxy radicals to be replaced by
fluorine; or when Yis S, R5 and R6 together with the C atons carrying them
phenyl ; hsB8Goptdzessal |y H, (Cl-C6)-al kyl, (Cl-C6)-al kenylPCT/EP2010/064620
(C3-C6)-cycl oal kyl, or phenyl that mey optionally be substituted by hal ogen
or (Cl-C4)-al kyl; B(Co-C16)-al kanediyl, where one or nore C aton(s) in the
al kanedi yl radi cal may be repl aced i ndependently of one anot her by
-0-, -(0=0)-, 20-CHCH, -CC, -S-, -CHOH)-, -CHF-, -CF2-, -(S=0)-,

-(S2) -, -N((C1-Co6)-alkyl)-, -N((C1l-C6)-al kyl -phenyl)- or -NH; na nunber
from0 to 4; 250ygls, IQHEOS@I‘TPI(@PC% a9t ls;@ﬁu\qem Egakﬂh) 5- @ﬁt@g)aéwl or

nyarogen, F, O @%%S i e 0Ll TostH o pbenrb oG E-aiky,

CQ( C1- ¢4) - al kyl , SPhEK ] whB)e alckyiibe GOINBA t6& phahWyradizal may be

OB, s o Sl i o i e

SO (& - C6) - al kyI aiktyl t(@lﬁ@s)ﬁdi%lfﬂlﬂ'le for one, nore than one or all

hyd i th

S Re%and Fo fogerhy W. (EFORLeRL Nife-eg) é”‘?'ﬁ e AERL e eg.
saturated, partia@-{Cldeo @ﬁVbM@eyeerﬁ?é‘tQﬁ Qtféd\’ QrﬁéhWBQanﬂf@r@ayb@r 2 C
aton(s) in the rigogbsmted] Grie RE3 igRIsaeH, Oy BY, |, ©1rChs, N’OQ J[ale) 22}

optionally be WO 1/039338PCT/ EP2 1064 3 tit

(G -C8)-al kyl (CE)-Z'&é) Cal- ﬂ'ﬁM&vl(gT g‘%ﬁ '\ﬁ?a(?/\ﬁ&@l %3@3@ H(g;éqc?ﬁ?@é@é)%ne cH2
grot(m may) beI rkelol SCACHY, OOGH, GO {C1-Ctealkby GONH; O , E]—| CF3, NOZd ON,
000(Cl1-A4) - al ky ed is

t he use of corrpouﬁds @ﬁYﬁé%‘?%&%q%@%é%{h%\%%%é ésgtgrd{ésr@ér @u@srﬁare
beta()-1inked andphRaylst ereochenmistry in the 2, 3 and 5 position of the
sugar residue has the D-gluco configurati on 10Parti cularly preferred is

t he use of conpounds of the forrmula Il _in which the substituents A and B

occupy &P adj acenPPHRatY; 'dn(%o@@)h@ikﬂo@r@@)n?'ke%lr {Gctrplafyqoaikds @ PRRNY s t he
use1®f conpounds eiattrhgy bpficRdllg bd sutﬁ!;ti*tﬁtta@'b%lﬂﬁ%g@rﬂdr [ -erealkpdependent |y

of one another F, H or one of the radicals where at | east one
of the radicals RL or R nust be F; R3is OH 20 R4dis C]—I,Also, Xis C, 0 or
N, wher &8 X nust béC&EOn)aatkahediylSit b2bhg possible for one or more C atoms in the

alkanediyl radical to be replaced independently of one another by -O-,
-(C=0)-, -CH=CH-, -C=C-, -S-, -CH(OH)-, -CHF-, -CF2-, -(S=0)-, -(SO>)-,

20 -N((C1-Cs)-alkyl)-, -N((C1-Cs)-alkyl-phenyl)- or -NH-;

n a number from O to 4;

Cyc1 a 3 to 7 membered saturated, partially saturated or unsaturated ring,
25 where 1 C atom may be replaced by O, N or S;

R7, R8, R9 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, COO(C1-Cg)-alkyl,
CO(C+-Cy4)-alkyl, CONHz, CONH(C1-Cs)-alkyl, CON[(C1-Cs)-alkyl]z,
(C4-Ce)-alkyl, (C2-Cs)-alkenyl, (Co-Cs)-alkynyl, (C1-Cg)-alkoxy, HO-

30 (C1-Ce)-alkyl, (C1-Ce)-alkyl-O-(C1-Cs)-alkyl, it being possible for one, more
than one or all hydrogen(s) in the alkyl, alkoxy, alkenyl or alkynyl radicals
to be replaced by fluorine;

S0O2-NHa, SO2NH(C+-Cs)-alkyl, SO2N[(C1-Cs)-alkyl]2, S-(C+-Ce)-alkyl,
S-(CHy)o-phenyl, SCF3 SO-(C+-Ce)-alkyl, SO-(CHz).-phenyl, SO2-(C+-Ce)-

35 alkyl, SO2-(CHz).-phenyl, where o can be 0-6, and the phenyl radical may
be substituted up to twice by F, CI, Br, OH, CF3, NO2, CN, OCFs3,
O-(C+-Ce)-alkyl, (C4-Cs)-alkyl, NHy;



Yis Sor NN ms a nunber 1; 30 R5 35 is hydrogen, (C1-05)-alkyl,

(C1-A4)-al koxy, HO (Cl-C4)-al kyl, (Cl-C4)-al kylO-(C1l-C4)-al kyl, F, O, CF3,
OCF3, OCHROPR811(03433€4) - al kyl - CF2-, phenyl, benzyl, (G - CérTairkyloosscboxyl ,
(C2-CA4)-al kenyl, (C2-C4)-al kynyl, COOuC -C4)-al kyl; or when Yis S, R5 and
R6 together with the C atons carrying them phenyl; WO

2011/ 039338PCT/ EP2010/ 064620 14 Bis (Cl-C4)-al kanediyl, where one CH2 group
may al so be replaced by -(C=0)-, -CHOH)-, -CONH, -CHF-, -CF2-, -0-; nis
a nunber 2 or 3; 5 Cyclis unsaturated 5- or 6-nenbered ring, where 1 C atom

may be repl aced bw;.%‘;tpm - BZ) aI'R?I %@C@) QIX?I@W&(@?)ﬁng&é 3 oH

Cl1-C8) - al koxy, S
|(—|c>(012 C4) - al iyl ng‘P“&PK wh@r%elca@ltye aﬁ ere dhe REEAWJINGMAY B8 her ar e

- CH=CH 0-, - CH=CHsBbstitCGtdel@hedd-Stimesvity ENCI, BroRtOlNaF, WNGHIGN | OTtFed by

(S o iSRG DI PR B A S

Rl, ®are H or F, SiheCHs 000, OO (Cadisp-alkyl FBONRR; nust be F; R3is OH 25
R4dis OH Ais O; Xio§CaninsS or 30 Xis Oand Yis N, or Xis Nand Y is

N, mis a nunmber 1, WD 2011/ 039338PCT/ EP2010/ 064620
R8 and R9 ~ together with the C atoms carrying them a 5 to 7 membered, saturated,

partially or completely unsaturated ring Cyc2, it being possible for 1 or 2
C atom(s) in the ring also to be replaced by N, O or S, and Cyc2 may

10 optionally be substituted by (C1-Cs)-alkyl, (C2-Cs)-alkenyl, (C2-Cs)-alkynyl,
where in each case one CH; group may be replaced by O, or substituted
by H, F, Cl, OH, CF3, NO2, CN, COO(C1-C4)-alkyl, CONH2,
CONH(C+-Cy)-alkyl, OCFs3;

15 and the pharmaceutically acceptable salts thereof for producing a medicament for the
treatment of bone diseases.

The points of linkage of A, B and Rsto the ring can be chosen without restriction. The
present invention includes the use of all the resulting compounds of the formula II.

20
Suitable heterocycles of the central building block comprising X and Y are:
thiophene, furan, pyrrole, pyrazole, isoxazole and isothiazole, with preference for
thiophene, pyrazole and isoxazole. Particularly preferred compounds of the formula Il
are those comprising thiophene or pyrazole as central building block.

25
Preferred is the use of compounds of the formula Il in which the meanings are

R1 and R2 independently of one another F or H and one of the radicals R1 or R2 =
OH, where one of the radicals R1 or R2 must be F;
30
R3 OH;
R4 OH;

35 A O or NH;

X C, OorN, where Xmustbe CwhenY is S;



15 R6is optionally H (Cl-C4)-al kyl or phenyl; Bis -CH2-, -C2H4-, -C3HG,
-CONHCH2- or -COCH2-CH2-; 5 nis a nunber 2 or 3; Cyclis an unsaturated 5
to 6 nenbwoediwispgs where 1 C atom can be repl aced by Spct@RZo108846209 ar e
hydr ogen, (Cl1-C6)-al kyl, (Cl-C4)-al korey, S-(Cl-C4)-alkyl, SCF3, F, d, Br,
I, OCF3, or R8 and RO together are -CH=CH 0-, -CH=CH CH=CH, which is
optionally substituted by (Cl-C4)-al koxy, and 15 R7i s hydrogen.

Further very particularly preferred is the use of conpounds of the fornula
[l in which 20Rl, R2are H or F, where one of the radicals RL or R2 is F;
R3is OH R4is OH 25 Ais O; Xis Cand Yis Sor 30 Xis Nand Yis N, ms a
nunber ' R5i s hy%eorglg (Cl-4)-alkyl or CF3 or when Yis S RS and R6

t oget her with 35t rbon atons carrying them are phenyl; R6is optionally
Hor (Cl-C4)-al kyl; WD 2011/039338PCT/ EP2010/ 064620 16 Bis -CH2- or

-CO NH CH2-; nis r 3; 5 Cyclis phenyl or thiophene; R7is
hydr ogen, rret hoxy% r&%ngﬁ éFa (C1l-C4)-al kyl, OCF3; 10 R8, R9are hydrogen

or G or
R5 hydrogen, F, ClI, Br, I, OH, CF3, NO2, CN, COOH, CO(C1-Ce)-alkyl,
COO(C+-Ceg)-alkyl, CONH,, CONH(C+-Cg)-alkyl, CON[(C+-Cs)-alkyl]z,
(C4-Ce)-alkyl, (C2-Cs)-alkenyl, (Co-Cs)-alkynyl, (C1-Cs)-alkoxy, HO-
(C1-Ce)-alkyl, (C1-Ce)-alkyl-O-(C1-Ce)-alkyl, phenyl, benzyl, (C1-C4)-

10 alkylcarboxyl, SO-(C1-Ce)-alkyl, it being possible for one, more than one
or all hydrogen(s) in the alkyl or alkoxy radicals to be replaced by
fluorine; or
when Y is S, R5 and R6 together with the C atoms carrying them phenyl,

15 RG6 optionally H, (C4-Cs)-alkyl, (C1-Cs)-alkenyl, (Cs-Cs)-cycloalkyl, or phenyl
that may optionally be substituted by halogen or (C+-C4)-alkyl;

B (Co-C1s)-alkanediyl, where one or more C atom(s) in the alkanediyl
radical may be replaced independently of one another by -O-, -(C=0)-,
20 -CH=CH-, -C=C-, -S-, -CH(OH})-, -CHF-, -CF»-, -(S=0)-, -(SOy)-,
-N((C+-Cs)-alkyl)-, -N((C1-Cg)-alkyl-phenyl)- or -NH-;

n a number from O to 4;

25 Cyct a 3 to 7 membered saturated, partially saturated or unsaturated ring,
where 1 C atom may be replaced by O or S;

R7, R8, R9 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, COO(C1-Cg)-alkyl,

CO(C+-Cy4)-alkyl, CONHz, CONH(C1-Cs)-alkyl, CON[(C1-Cs)-alkyl]z,

30 (C4-Ce)-alkyl, (C2-Cs)-alkenyl, (C2-Cs)-alkynyl, (C1-Csg)-alkoxy, HO-
(C4-Ce)-alkyl, (C4-Cs)-alkyl-O-(C+-Ce)-alkyl, S-(C1-Cs)-alkyl, SCFs,
SO-(C+-Cs)-alkyl, it being possible for one, more than one or all
hydrogen(s) in the alkyl or alkoxy radicals to be replaced by fluorine;
or

35 R8and R9 together with the C atoms carrying them a 5 to 7 membered, saturated,
partially or completely unsaturated ring Cyc2, where 1 or 2 C atom(s) in
the ring may also be replaced by N, O or S, and Cyc2 may optionally be



R8 and R9 together with the carbon atons carrying them are phenyl which may
optionally be substituted by nethoxy, or furan and 15R7i s hydrogen. The

| i nkage oWoaog/mH3s8he substituents A or B particul arly pcefrre@bloysst@kes
place in a position adjacent to the variable Y. 20 Additional very
particularly preferred conpounds which nmay be nmentioned are those in which
Yis Sand those in which RLis Hand R2 is F. The invention relates to
the use of conpounds of the forrmula Il in the formof their 25 racenates,
racem c mxtures and pure enantioners and to their diastereoners and

m xtures thereof. glbstitatetyby g@dcg)aémyu (ci-bg)- §I‘RE§§/I' K@?OEFaIRﬂnyIP@/he@m R7 R3

and RO nay be either strai ain or branc ans
e ¢ b oen Takg A nG Ay Ge rePASea L0 g skt ety 1.

conpounds of the mr(DHI @Flgj Nozwm@a@ocsse:aﬁa@w B0/ CO/BRT 1 1T,)- alkyl,l in
whi ch the neani ngg) Rl, R2 OH F or Hor Rl and R2 = F, excluding the
t hree conbi nati on 3—F R =OHand RL =CH R2 =Fand Rl, RR = OH R3
OH od F, where at | east one of the R, R2, R3 radicals nust be F;, 10 A O,

%mé&' h@F fQﬁ’EG‘ws tHg“L&) éﬁﬁ ﬁ &.erryﬁo&ﬁ@&\lgrﬂ%l% (E(Jﬁ r&lzh é@*su%sgﬂes

CONRC1- e53 91&( HK e dand ﬁ)&s ar emigipy 590@2006)”%‘?[%99%
(G - 06)r@éuh@éhaslti%@gl@@&)coﬂ\ﬁgur@h&sul (O 06) al kyl - 0- (G - C6) - al kyl ,
phenyl, benzyl, it bel'ng possible for one, nore than one or all hydrogen(s)

in the al kyl, al koxy, alkenyl and al kynyl radicals to be replaced by
flubdi né’,artitfhlarly preferred is the use of compounds of the formula Il in which the

substituents A and B occupy an adjacent position (ortho position).
Particularly preferred is the use of compounds of the formula Il in which

15 R1 and R2 are independently of one another F, H or one of the radicals
R1 or R2 = OH where at least one of the radicals R1 or R2 must be F;

R3 is OH
20 R4 is OH;
A is O;
X is C, O or N, where X mustbe CwhenY isS;
25
Y is SorN;
m is a number 1;

30 R5 is hydrogen, (C+-Cs)-alkyl, (C4-C4)-alkoxy, HO-(C4-Ca)-alkyl, (C1-C4)-alkyl-
O-(C1-Cy)-alkyl, F, Cl, CF3, OCF3, OCH2CF3 (C1-Ca4)-alkyl-CF2-, phenyl,
benzyl, (C4-Cs)-alkylcarboxyl, (C2-Cs)-alkenyl, (C2-Ca)-alkynyl,
COO(C+-Cy)-alkyl; or
when Y is S, R5 and R6 together with the C atoms carrying them phenyl,

35

R6 is optionally H, (C1-Cs)-alkyl, (C1-Ce)-alkenyl, (Cs-Cs)-cycloalkyl, or phenyl
that may optionally be substituted by halogen or (C+-C4)-alkyl;



S02- NH2, SO2NH( Gi - C6) - al kyl , SO2NRCGi - C6) - al kyl h, S-(Ci -C6)-al kyl,

S- (CH2) 0- phenyl, SO (G -C6)-al kyl, SO (CH2)0-phenyl, S02-(C -C6)-al kyl,

S02- ( CH2)Wwephamsb3sswhere o can be 0-6, and the phenyl r adiraebownyiche
substituted up to twice by F, d, Br,140H, CF3, NO2, CN, OCF3, 0-(C -C6)-

al kyl, (G -C6)-al kyl, NH2; NH2, NH (G -C6)-al kyl, N((GC -C6)-al kyl) 2,

NH(C - C7) -acyl, phenyl, 0-(CH2)O0-phenyl, where o can be 0-6, where the
phenyl ring may be 25 substituted one to 3 times by F, d, Br, |, OH CF3,
NO2, ON, OCF3, 0-(G -C8)-al kyI (G -06)-al kyl, NH2, NH(G -C6)-al kyl,

N((O - 08 - al kyl) 2% (c 509 48 cﬁ@owhee@ené@H%u Ima alSEBERpladd by

2011/ 039338PCT/ EPgéLOéO 1/{53 }& 6(053}”916 @L a{gg it bei ng possi bl e for
one or nore C ato )- @ maditdal 2‘be repl aced i ndependent!y
of one another by -0-, (0=0)-3 -CHCH3 -CC-3 -5-3 -CH(OH)-3 -CHF-3 -CF2-3
-(S=0)-3 -(SR) - sa%&% %6&3@ kyl)-, -N((CLl-C6)-al kyl -phenyl)- or -NH;

na nunmber fromoO f g to 7 rrenbered saturated, partially saturated
or umsaturated ring, 10where 1 C atom may be repl aced by 0, Nor S; R73 R33

CRZ%( @{d%@ai k§|3 O&i@l’z&st“'é&iﬁ?c?p@? %y?w%%ﬁﬁ] ,9% R fefhaced

(Gi-CB)-al kyl, (CRY&YPr& kenyl, (C2-06)-alkynyl, (G -C8)-alkoxy, (Cl-06)-
15al kyl - CH, (CI CG) al kyl - 0- (CI Co) -al kyl, it bei ng possi ble for one, nore

than on Kk di cal s b epl aced b

e O e g DL B3R I B e G b S TRk SRS B 1
S- (ML) 0- phenyl, 80 OCRSOGHIIFs, (B HOHT)ACHralkyl (CHRO2-4IH-O8 LAYy
502- (OH2) 0- phenyl Mw%re o can be 0-6, and the phenyl radical my be
20substituted up tao 'Wwce by F3 CI, Br, OH CF33 NO2, ON, OCF33 0-(C -Cs) -
al kyl, (G -0C6)-al kyl, NH2; NH23 NH-(Ci C6)-al kyl, N((C -C6)-al kyl) 23
NH(Ci - CRe &6y Ro pfft?gafher&e(@@@ﬁw Ok O’W%fe%ﬂ—md?f—c%ﬁ wHiBgje the

phenyl ring may be Substituted one to times CF33

NO2, ON, 00F33 250efionaly. %%wed(om(%@dﬁlh@qy ONMCNED(P@-WW a|=k§/Pr2

N((Qi 06) - al kyl ) 23ng02- OH33 COOH, 000-(Gi-C6)-al kyl, CONH2; or R8 and RO

together with the C atons carrying thema 5 to 7 rrenbered, sat ur at ed,

partially or conpletely unsaturated ring Cyc23 it being possible for 1 or 2
R7 is hydrogen.

Very particularly preferred is the use of compounds of the formula in which
20

R1, R2 are H or F, where one of the radicals R1, R2 must be F;
R3 is OH;
25 R4 is OH;
A is O;
X isCandYisS,or
30 X isOandYisN,or
X isNand Y is N;
m is a number 1;
35 R5 is hydrogen, CF3, (C1-Ceg)-alkyl, or when Y is S R5 and R6 together with

the C atoms carrying them are phenyl,



30C atom(s) in the ring also to be replaced by N3 0 or 53 and Cyc2 may
optionally be substituted by (G -06)-al kyl, (02-06)-al kenyl,
(02-06) - avbynylosesskere i n each case one CH2 group may becrapb@osdisby O, or
substituted WD 2011/039338PCT/ EP2010¢5064620 19 by H, F, d, OH CF3, N2,
CN, CO00-(Cl-C4)-al kyl, CONFlI2, CONH(Cl-C4)-alkyl, OCF3; and the
phar maceutical ly acceptable salts thereof for producing a nedi canent for
the Streatnent of bone di seases. The |inkage points of R4, R5, R6 and B to
the phenyl ring can be freely selected. Conpounds of the fornula IIl in
whi ch t g B subst id g§inal) H RE, RDg2Myl b Egeh? di sposed in the position
ortho (nei ghboring position) to t he stituent are preferred. 10
Preferred is the use of conpounds of the formula I'll in which the nmeani ngs
are Rl, BR2OH, F ois iClds-, KLHand O, =C0O-Nit@SHy,- oneCO-CHieCHAadi cal s RL or R2
must be F, excluding the conmbinations RL = F, R2 = OH and
RlL = CH R =F 15and R, RZ = OH, R30H A0 or NH, 20 R4, R5, R6 hydrogen,
F, &, Br, |, OH, isCFBuUMiER,2 @N\3; COON, CQ(Cl-Cs6)-al kyl, COQ(C1l-C6)-al kyl,
CON H2, CONH(Gi - C6) -al kyl, CONRCL-C®6) - al ky112 (G -08)-al kyl,
(C2- C6) al kenyl , (C2-C6) alknlweé] al koxy, Cl- C6) - al ky
(G - C6) Cyectty| - 0- ( €§ aTsnNsaukgted 3 mem%rﬁ@lwng yhere Q:@}oramawbe TQP'@QﬂQel ng
possi bl e for one, pig:-e than one or all hydrogen(s) in the al kyl, alkoxy,
al kenyl and al kynyl radicals to be replaced by fluorine;
B( Co- C15) - al kanedi yl, where one or nore C atonm(s) in the al kanediyl
radi@al RIRHRY epk@bydfdg&de@&dg)%lkyl, (C-Qapalkory BAChL4)-Gkyl, SCEDF Cl,
30- CH=CH, -CC, 'B?’I’ C?H -, -CHF-, -CF2-, -(S=0)-, -(S)-,
-N((Gi - CG) al kyI) IQ( &' -C6) - al kyl -phenyl)- or -NH: WD
2011/ 039338PCT/ EP2010/ 064620 20 na nunber 0 to 4; Cycla 3 to 7 nenbered
sat ur at ggh aRER aldgerist aACHEGH AnseHcH ei£¢Ag WHIBRTSodtidnayom My be
repl aced by 0, N or "hydrogen, F, C, Br, OH, "CF3, N2,
ON, COOH, 000(Cl- éeystétpt@;ﬂ by @c@ﬂ@hﬁ)&él%ﬂ CON H2, CO\IH(O 06) - al kyl ,
CO\IR§:1 C6) al ky112 (G -C6)-al kyl, (C2-0C6)- al kenyl, (C2-C6)-al kynyl,

koxy, 0 aIkyI O—L (G -C6)-al kyl -0-(G -C8) -al kyl,
SO(Cl ) - al kyl 'SI tt1y gﬁ possi bl e 10for one, nore than one or all
hydrogen(s) in the al kyl radicals to be replaced by fluorine;

Further very particularly preferred is the use of compounds of the formula Il in which

20 R1,R2 are H or F, where one of the radicals R1 or R2 is F;
R3 is OH;
R4 is OH;
25
A is O;
X isCandYis Sor
30 X isNand Yis N;
m iSs a number 1;
R5 is hydrogen, (C1-C4)-alkyl or CF3 or when Y is S R5 and R6 together with
35 the carbon atoms carrying them are phenyl,

R6 is optionally H or (C4-C4)-alkyl;



or R8 and R9 together with the C atons carrying thema 5 to 7 nmenbered,
saturated, partially or conpletely unsaturated ring Cyc2, where 1 or 2 C
atom(s) iwobbtinsosssng may al so be replaced by N, 0 or SpcamP2Gyo2460mY
optionally be substituted by (G -C6)-ml kyl, (C2-05)-al kenyl,

(C2-05)-al kynyl, where in each case one CH2 group may be replaced by 0, or
substituted by H F, C, OH CF3, NO2, ON, 000(Ci-C4)-al kyl, CONHz,
CONH(C1-C4)-al kyl, OCF3. 20 Further preferred is the use of conpounds of
the formula Il in which the sugar residues are beta()-linked and the
stereochem stry in the 2, 3 and 5 position of the sugar residue has the
D-gl uco _configuratiao 25P rt |y preferred is the use of conpounds of
the forBula IT1 if® HhHisr H%Epg%]—l For Hor RL and R2 = F, where one
of the radi cals Rl or R2 rrust be F, excluding the conbinations RL = F, R2 =

OH and Rl = OH R = OH 30 R3is OH WO
2011/ 039338PCT/ EE%)&@FH%%%??‘}@L Ais 0; R4, R5, R6 are hydrogen, OH,
(C1-96)-al kyl, (Ci1-04)-al koxy, HO (Cil-04)-alkyl,

C1- 04 | .0, Br, |, CF3, OOF3, 00OH20F3 (01-04)-
(5al kyl )@Jfky phem%l Q%‘)éﬁ?l{/wb%éz:qe04)-a| rkenyl . (02-04)-al kynyl 080(01- 2)4)-

al kyl; Bis (Cl-C4)-al kanedi yl, where one CH2 group may al so be repl aced by
-_(0:0)-R7“ CH( OH) - js hydo blbh,meﬂ;@xy (EleP®Br: pl(RylC,)-atkHOCF5,CF2-, -0-, 10-NH-;
nis a number 2 or 3; Cyclis unsafurated 5- or 6-nenbered ri ng, where 1 C
atom may be replaced 15by O, Nor S; R7, R8, R9 are hydrogen,

(Cl1106) R8,IR8 , ( CardBydgeoror CI@F3, OO0H20F3, COH, (Cl-04)-alkyl -
(C1-04)-al kyl -0-(C1-04)-al kyl, F, d, Br or 20 R8 and R9 together are

- CH=CH0-, -CH2-CH2-0-, -CHCHS-, -CHCHCHCH, -0-(CH2)p-0-, with p =
or 2, af® ®u KROetogatherawitly the cautbonrtoms, caprying theyrl atgyehenyd swdely may

partl cularly prefg f@ﬁlall d BSostiGeaf ,ggg{a*?dé Rfrat Bggf ormula 111 in which
Rlis Fand R2 is bl fsb gebyp R rra? is F

15 R7 is hydrogen.

The linkage of one of the substituents A or B particularly preferably takes place in a
position adjacent to the variable Y.

20
Additional very particularly preferred compounds which may be mentioned are those in
which Y is S and those in which R1is Hand R2 is F.

The invention relates to the use of compounds of the formula Il in the form of their
25 racemates, racemic mixtures and pure enantiomers and to their diastereomers and
mixtures thereof.

The alkyl radicals in the substituents R4, R5, R6, R7, R8 and R9 may be either
straight-chain or branched. Halogen means F, ClI, Br, |, preferably F or Cl.
30

The invention also relates to the use of compounds of the formula



30 R3is OH, WD 2011/039338PCT/ EP2010/ 064620 22 Ais 0; R4, R5, R6 are

hydr ogen, OH, (Cl-C4)-al koxy, CF3, (Cil-C4)-alkyl, F, d, Br, | 5Bis -CH2-,

-C2H4-, -WBH611/0393BI( OH) -, -(0=0)-, -CO NH CH2- or -CO CpeT@H2010/064829 - NH- ;

nis a nunber 2 or 3; 10 Cyclis unsaturated 6-nenbered ring, where 1 C atom

may be replaced by N, or unsaturated 5-nmenbered ring, where 1 C atom may be

replaced by S; R7, R8, RO are hydrogen, OH (Cl-C4)-al kyl, (Ci1-C7)-al koxy,

OCF3, hal ogen or 15 R8 and R9 together are -CH=CH 0-, -CH2-CH2-0-,

-CH=CH CH=CH-, -0-(CH2)p-0-, with p =1 or 2, and R7is nethyl, ethyl,

met hoxy, F, d, Br, hydrogen. 20FurR he ery particularly preferred is the

use of conpounds of the forR I n ich WO

2011/ 03933BPCT/ EP2010/ 064620 ,Z3—Ry| §y¥‘:\§ R2 is Hor Rlis Hand R2 is F or
' '  R3i b A : i s hydrogen, (Cl-C4)-alkyl,

(Cl1-C4) - BlKo ar OHRR5i g F, ‘met hoxy or ethoxy; R6is hydrogen or

RZ ¥ or -CO CH2- CH2-;

OH

in which the meanings are

5 R1,R2 OH, For Hor R1 and R2 = F, excluding the three combinations R1 = F,
R2 =0OH and R1 =0OH, R2 = F and R1, R2 = OH;

R3 OH or F, where at least one of the R1, R2, R3 radicals must be F;

10 A O, NH, CH,, S or a bond;

R4, R5, R6 hydrogen, F, Cl, Br, I, OH, NO2, CN, COOH, CO(C1-Cs)-alkyl,

COO(C1-Cep)-alkyl, CONHz, CONH(C+-Cs)-alkyl, CON[(C1-Cg)-alkyl]2,
(C1-Ce)-alkyl, (C2-Cg)-alkenyl, (C2-Cs)-alkynyl, (C1-Cg)-alkoxy, HO(C1-Cs)-

15 alkyl, (C+1-Ce)-alkyl-O-(C1-Cs)-alkyl, phenyl, benzyl, it being possible for
one, more than one or all hydrogen(s) in the alkyl, alkoxy, alkenyl and
alkynyl radicals to be replaced by fluorine;
SO2-NHz, SO2NH(C+-Cs)-alkyl, SO2N[(C1-Ceg)-alkyl]2, S-(C+-Ce)-alkyl,
S-(CHz)o-phenyl, SO-(C4-Cs)-alkyl, SO-(CH2)o-phenyl, SO,-(C1-Ceg)-alkyl,

20 SO2-(CHy).-phenyl, where o can be 0-6, and the phenyl radical may be
substituted up to twice by F, Cl, Br, OH, CF3, NO3, CN, OCF3, O-(C4-Cs)-
alkyl, (C1-Ceg)-alkyl, NH;
NH,, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may be

25 substituted one to 3 times by F, Cl, Br, |, OH, CF3, NO,, CN, OCF3;,
O-(C1-Ceg)-alkyl, (C1-Ceg)-alkyl, NH2, NH(C1-Csg)-alkyl, N((C1-Cg)-alkyl)z,
S0O2-CHs, COOH, COO-(C1-Cs)-alkyl, CONHy;



Cycli s phenyl or thiophene; 20R7, R8, RO are hydrogen, OH d, OCF3,
(Cl-C4)-al kyl or (Cl-C4)-al koxy; or R8 and R9 together are -CH=CH O-,

- CH=CH CHx0OHo11013933€H2- CH2- 0- and R7i s hydrogen. 25 The wse/mrRo0ospeands of
particularly preferred i nportance aretsal so those of the formula Illb WO
2011/ 039338PCT/ EP2010/ 064620 24 HORL jO R2" RBA 6H R8 Cyc2 RO Ib RARSIII Db
in which 5 Rlis Fand R is Hor Rlis Hand R is For Rlis Fand R2 is F;
10 R3is OH, Ais 0; R4is hydrogen, nethyl, nethoxy or OH 15 R5is hydrogen,
F or nmethoxy; R6is hydrogen or OH, 20 Bis -CH2-, -CO NHCH2-; -0- or

- CO CH2- CH2-;

B (Co-C1s)-alkanediyl, it being possible for one or more C atoms in the
alkanediyl radical to be replaced independently of one another by -O-,
-(C=0)-, -CH=CH-, -C=C-, -S-, -CH(OH)-, -CHF-, -CF2-, -(S=0)-, -(SO>)-,

5 -N((C1-Cs)-alkyl)-, -N((C1-Cs)-alkyl-phenyl)- or -NH-;
n a number from O to 4;
Cyc1 a 3 to 7 membered saturated, partially saturated or unsaturated ring,
10 where 1 C atom may be replaced by O, N or S;

R7,R8, R9 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, COO(C1-Cg)-alkyl,

CO(C+-Cy4)-alkyl, CONHz, CONH(C+-Cg)-alkyl, CON[(C+-Cs)-alkyl]z,
(C1-Ce)-alkyl, (C2-Cg)-alkenyl, (C2-Cs)-alkynyl, (C1-Cg)-alkoxy, (C1-Cs)-

15 alkyl-OH, (C1-Ce)-alkyl-O-(C1-Ce)-alkyl, it being possible for one, more
than one or all hydrogen(s) in the alkyl radicals to be replaced by fluorine;
SO2-NHz, SO2NH(C+-Cs)-alkyl, SO2N[(C1-Ceg)-alkyl]2, S-(C+-Ce)-alkyl,
S-(CH3)o-phenyl, SO-(C4-Cs)-alkyl, SO-(CH2)o-phenyl, SO,-(C1-Cg)-alkyl,
SO2-(CHy).-phenyl, where o can be 0-6, and the phenyl radical may be

20 substituted up to twice by F, ClI, Br, OH, CF3, NO3, CN, OCF3, O-(C4-Cs)-
alkyl, (C4-Ce)-alkyl, NHy;
NHa, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may be
substituted one to 3 times by F, Cl, Br, |, OH, CF3, NO,, CN, OCF3;,

25 (C4-Cs)-alkoxy, (C1-Cs)-alkyl, NHz, NH(C+-Cs)-alkyl, N((C+-Ce)-alkyl)2,
SO,-CHs, COOH, COO-(C1-Cg)-alkyl, CONHy;
or

R8 and R9 together with the C atoms carrying them a 5 to 7 membered, saturated,

partially or completely unsaturated ring Cyc2, it being possible for 1 or 2

30 C atom(s) in the ring also to be replaced by N, O or S, and Cyc2 may
optionally be substituted by (C1-Cs)-alkyl, (C2-Cs)-alkenyl, (C2-Cs)-alkynyl,
where in each case one CH; group may be replaced by O, or substituted



Cyclis phenyl; R7is hydrogen; 25 R8is hydrogen, OH, ethyl, O, OCF3 or

met hoxy; WD 2011/ 039338PCT/ EP2010/ 064620 25 R9i s hydrogen; or R8 and R9

t oget her woeoti@so38 0- or -CH2-CH2-0-. 5 Additional verycparrooobsne y
preferred is the use of conmpounds of ®he fornmula Il are those in which Rl
is Hand R2 is F. The al kyl radicals in the substituents R4, R5, R,
R7, R8 and RO may be either 10strai ght-chain or branched. Hal ogen neans F,
Cl, Br or |, preferably F or C. The invention relates to conpounds of the
formula I, Il and Ill in the formof their tautonmers, racenates, racenic

m xtures and pur e bgrdrt.i@neis Crn @0 GO GsCerabpe CONId i xt ur es
thereof. The pres j hveptjon | Jes all these isoneric 15 and, where
appropriate, taut mmhgdfgﬁjﬁ'@lkéﬂff’%%’conpounds of the formula I, Il and
[11. These isoneric fornms can be obtai ned by known nethods even if not (in
sonme cases) expressly described. Pharmaceutically acceptable salts are,
because angdhe psarmaceutioplly acegptaple saligrtbatasf ferrrirdacina s medicamenytfar thieng or
basig cQ %@Htsoft? é&@gggé y suitable for nedical applications. These
saltS must have a phaffaceutically acceptable anion or cation. Suitable
pharmaceutically acceptable acid addition salts of the conmpounds of the
invention are salts of inorganic acids such as hydrochlaoric acid,

hydr obr dREdiNkpes HEKYS P R4 ReaapthBripdhe rhepyldinghears be fige e seleri§d- and of
or gani ¢ cfrh S R4S tﬁé fo I??meh‘t’ch Rads lb&itd& bn Be Hh§ ﬁl@&@ﬁosed
benzoic, citric, ethanesulfonic, tumaric, gluconic, glycolic,”isethionic,
| acti c, in tet dmition orthogheigbonmg positiork thahe Fusdlustituentsne prefiecred.
p-té)éuenesul fonic and tartaric acid. Suitable pharmaceutically acceptable
bas salts are ammonium salts, alkali metal salts (such as sodi um and

pot assi piisfeileldSs thélisélok BSm%@lhhgs Bt fo?ﬁhFaSlll(iﬁ%hc@%wé%%ﬂﬁgjérﬁré”d cal ci um

salts) and salts of tronetano 0(2- am no- 2- hydr oxynet hy1- 1, 3- pr opanedi ol ),
di et hanol am ne, |ysine or ethyl enediam ne. WO 2011/ 039338PCT/ EP2010/ 064620

26 Sal t g, wi a phar {i I cgept,abl e ani such f exanpl e,
CF1 T UoFHAEA at e (TkaapCb YOk bAIRE fiir U RE ey anBr RodRaRTs PRRZTART o
useful internedi abesF,fexclddi®y Heegmhbina@on®R1PHFI RRCADHANER1 = OH, R2=F
pharmaceutically acceptable salts and/or for use in nontherapeutic, for

exah®l e in vitro, 2aggt1.d3 FdPH; 5 The term "physi ol ogical Iy functional
derivative" used herein refers to any physiologically tolerated derivative
of a conpound of the fornmula I, Il and I1l of the invention, for exanple an
ester, W8 ch on adHnistration to a nmanmmal such as, for exanple, a human is
able to form (directly or indirectly) a conmpound of the forrmula I, I
A O or NH;
20
R4, R5, R6 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, CO(C+-Cg)-alkyl,
COO(C+-Ceg)-alkyl, CONH,, CONH(C+-Cg)-alkyl, CON[(C+-Cs)-alkyl]z,
(C4-Ce)-alkyl, (C2-Cs)-alkenyl, (Co-Cs)-alkynyl, (C1-Cs)-alkoxy, HO(C+-Ce)-
alkyl, (C1-Ce)-alkyl-O-(C1-Cs)-alkyl, phenyl, benzyl, SO-(C+-Ce)-alkyl, it
25 being possible for one, more than one or all hydrogen(s) in the alkyl,

alkoxy, alkenyl and alkynyl radicals to be replaced by fluorine;

B (Co-C1s)-alkanediyl, where one or more C atom(s) in the alkanediyl
radical may be replaced independently of one another by -O-, -(C=0)-,
30 -CH=CH-, -C=C-, -S-, -CH(OH)-, -CHF-, -CF2-, -(S=0)-, -(SO2)-,
-N((C+-Ce)-alkyl)-, -N((C1-Cs)-alkyl-phenyl)- or -NH-;



10and 111 or an active netabolite thereof. Physiologically functional
derivatives include prodrugs of the conpounds of the invention, as

descri bedyofori/meymepl e, in H Okada et al., Chem Phar mpcBmpRo1ob84y 42,
57-61. Such prodrugs can be nmetaboliz®d in vivo to a conpound of the
invention. 15 These prodrugs may thensel ves be active or not. Carbonates at
the 6 position of the sugar (see WD 0280936 and WD 0244192) are preferred,
particularly preferably nmethyl carbonate and ethyl carbonate. The conpounds
of the invention may al so exist in various polynorphous fornms, for 20
exanpl enas anor phauwnaper @to/4t al | i ne pol ynor phous forns. Al pol ynor phous
fornms of the conpounds of the invention belong within the framework of the
invention and are a further aspect of the invention. Al'l references to
" conpouigics) of faramd 2nembéreanshtlitdted Rirgaineddtaraté@beunsatuesBneImgd( s)
250f the formula I, Il and Il as described above, and their salts,

sol vates and physwiesgilcaletgmmay be serlpce@PyVAatN weS;as descri bed herein.
Use 30The conpounds of the formula I, Il and Il are distinguished by
beneficial effects on glucose netabolism in particular, they |ower the

bl ood gIRTG®8 REVelydaydnaFeCs Bt g, €6%, KQe, CNe@O®H! CTO(G/PC:)lalkyld type 2
di abetes. The conpounds can therefore be WO 2011/ 039338PCT/ EP2010/ 064620
27 enpl oyed al one GGirCoAIY naPONPe, 'Q'NH&@h@tﬁ)'mkﬁb@%'l‘l[i@oscéﬁa&w&ﬁ,i ng
active ingredient _ant L ] 173000 he\. l@a lea a1 and
I11 are further SS% gjéf g%g?@% %%ﬂrkeeﬁgﬁt(légn@%zlég%yﬂ%étp%n%%%bg?’ (I%a{t%s)darrage
from di abet es, suatkye®H f(Gn-@)-apll-€-(Gelb)-olkst, IB0O-(€Celsralkat, iyheing posgibtehy
and, syndrone X, obesity, qgcardi al infarction, cardial .infarct,
or1Gher al ot er 4ot o FdbBanPaEaral Mikoastis, RPE AN Fraicibdb el o

i nflammations, i maw8ced peABBEne AUt Oi Mune di seases such as, for exanpl e,

Al DS, asthma, osteoporosis, cancer, psoriasis, Alzheiner's, schizophrenia
and infectious 100di seases, preference being given to the treatnent of type

1 and t 2. di.abet d. f h £ d t £l d
from di Sce s Rel, Rdng b le bR arng el s e 7 uiibee shh Bl -
studi es corr obor apgrtRll§ @rkengiiételalingitlieté$ rieg dyerewbaran®rex ClaomeHmrounds

of SG.T-1/SAET-2 inhibitor activity, |ike the conpounds of 15fornula I, 11
and!®11. The conp8imERg may @ié@lb@d?@i%@ﬁé:é’dﬂeﬂtqrys,t&f@ byed mayr-ertianellvliech

resulted in positiy n~bo S ~an e/ St ren S Lated

par anet ers. CorrpoEH %tﬁg;e%cstéi(](?&?%égylg‘f’(? %%?Elgltkgﬁ%a(@% \&/;gfglwrl]?k@ﬂ%’ t]éfa%
conmpounds of f or mghehlcasé bnartH} louar may herreptaceddyi Oabt subbstitutetdy H, F,
prevention and/or treatnent of bhone diseases |i ke 200steQporasis,

osteol ysis or ase&LiQHl’ &'I_é}eNQﬁng\h %@(@1-?@@'&% QO'BHéfQQR@UCGS%)T%kS‘t"he
prevention and/ or chle3z_it ment of osteoporosis. Formul ations 25 The anount of
a conmpound of formula I, Il and Il necessary to achi eve the desired

bi c2@gi cal effect depends on a nunber of factors, for exanple the specific
conpound chosen,. the.intended use, th e of adnjnistration and the

r Ty car EOREPETanEd s MediNedt afoodm A Smae T 3 BHid LR < ne r ange
fromO. ( i | Yaf i it

i 1 ogr any P e a s B kB eRld the oS IIIn te 200 R 5 PR¥BRGI B

f or nul asugarsresidushhasatineble-ghaoa cordtgeratibror al | y, such as, for exanpl e,

tabl ets or capsules, may contain, for exanple, from1.0 to 1000 ng,
typically from10 to 600 ng. For the therapy of the abovenentioned

congls t i Pastc AR, SRABPEDSthe MR HARSARARTIAERZ ML 0B 467 Mick8 of formula I,
Il and 11l may ‘be used as the conpound itself, but they are preferably in
the formof a pharmaceutical conposition with an acceptable carrier. The

Wih T8 loier i ngreareh: S UL eB s 1R aRIR Y B ake s T OTRR ¢ e’
patient's heal th. mile bedr rdxefudimy tHeecdmbiplatignS®1 2F, R O anERh=20W, | S
preferably formulated with the conpound as a single dose, for
R2 =F and R1, R2 = OH,;
30

R3 is OH;



exanple as a tablet, which may contain fromO0.05%to 95% by wei ght of the
active ingredient. Oher pharmaceutically active substances may |ikew se be
present, woebudispggsot her conpounds of fornula |, || andpCiriEp2oib@s4620
pharmaceutical conpositions of the imaention can be produced by one of the
known pharmaceutical nethods, which 10essentially consist of m xing the

i ngredients with pharmacol ogi cally acceptable carriers and/or excipients.
Phar maceuti cal conpositions of the invention are those suitable for oral,
rectal, topical, peroral (for exanple sublingual) and adm nistration,

al t hougA t he nost isOit abl e node 150f administration depends in each

i ndi vidual case on the nature and severity of the condition to be treated
and on the nature of the conpound of formula I, Il and IIl used in each
case. Cral ®b,RE MardthyorgeAnOH: qe!-ah) Sl (0 Cafd:! DR -chparE0 bel ong
within the framework of the invention. Preference iS given to acid-_and

gastric jui ce-resiGt-gnl-aky-Pu{GatCordlkylshi Cahirel. &du (el e FarfiC 1t ©4)-
e U . I I ! ot
ot ate hyar oxd B SEEraPR Befans KA bR ARPAR, R g Bk LE QSR EHS o

met hacrylic acid afl;met hyl nmethacrylate. Suitable pharmaceutical conpounds
for oral admnistration may be in the formof separate units such as, for
exanpl e, capsul es, cachets, suckable tablets or tablets, 25each of which
contain defined; ) o f la. I i~y N the
f or m of Bgomder S orlsag@acr?s I éeﬂs(?ﬁéétaéylégilﬁ%félj gﬂegstg@gEn@?%ﬁlsllonbﬁﬁgbé%duégobs or
nonaqueous | i qui d=(GrO)-n-CHEOH pr 180NN -6iO-N( G +-Wa)-alkybr -GldE € -EFp- eOl,

enu% ion. These conpositions may, as already nentioned, be prepared by any
sui t'abl e pharmacedti'¢al met hod which includes a step in which the active
ingredient and the carrier (which may consist of one 30or nore additional

i ngredients) are brought into contact. The conpositions are generally
produced@ by uni f oid anohdes@oofedieous mi xi ng of the active ingredient with a
liquid and/or finely divided solid carrier, after which the product is
shaped if necessary. WD 2011/039338PCT/ EP2010/ 064620 29 Thus, for exanple,
a tabl eCcyean be pipghsRdrdiyd 50BPESRSIMBEred ring) wihére PCPRvREMagbedicptdeds of
t he conpound, where appropriate with one or nore additional ingredients.
Conp? essed t abl et §YEaN9E Sir oduced by tabl eting the compound in
free-flow ng formsuch as, for exanple, a powder or granul es, where
appropriate mxed with a binder, 5glidant, inert diluent and/or one (or
more) SR7, R&EREt avehddogens{OygCasalryl( 6¢1-Ch)-alkeuny t@0Fe, OGEHCRe,. OMp! ded

tabl ets can be produced by nol ding the caonpound, which is in powder form
and i s noi stened WthaAYheRt (Crdu @kt Qiknr Cak-alky, Sud. BN nachi ne.

Phar maceuti cal conpositions which are suitable for peroral (sublingual)
adm ni stration 10conpri se suckabl e tablets which contain a conpound of

f or 2@ aR8 and R&ndtagdthev are -&HFG@MaD, AGH 1o #8)-| \CHHECHeS€ -GhidCHHGHFGIHE,c or
tragacant h, and past| s which conppri.se the conpound in an inert base such
as gelatin and gI?@éﬁ%{?@F*§W@W8§é1§ﬁ3’ 0th arabi c. 15Phar maceut i cal
conpositions suitable for parenteral adm nistration conprise preferably
steril e aqueous preparations of a conpound of formula I, Il and 111, which
are prefRdrably i siaowethylvithil, OMe bt .dold Bofor hiydrdgenended reci pi ent. These
preparations are preferably adm nistered intravenously, although

adm nistration may al so take place by subcutaneous, intranuscular or

i nt2mdenary phRicariryqstefethebie the @Baclicoaippuads o thafchinsall i weichr oduced by
m xi ng the conpound wth water and making the resulting solution sterile
and isotonic with blood. Injectable conpositions of the invention generally
containgyrom0.1 t 0 aht of the active conpound. Pharmaceutica
CONMpPOoSi tﬁnons Sui tgﬁfg@tﬁz‘f{%’éﬂl adm nistration are preferably in the 25

f or m of Rsli ngl e- doseHumplkRgiig Bri es. These can be produced by m xing a
conmpound. of the forEulgd% ,I% and 11l with one or nore conventional solid
carrier &1 for exafpr&n s butter, and shapi ng the resulting m xture.
Phag@aceuti cal conpositions suitable for topical use on the skin are
preferably in the 30formof ointnent, cream |otion, paste, spray, aerosol
or oil.RGarriers whOth can be used are petrolatum | anolin, polyethylene
gl ycol s, al cohols and conbi nations of two or nore



WO 2011/ 039338PCT/ EP2010/ 064620 30 of these substances. The active
ingredient is generally present in a concentration of fromO0.1 to 15% by
wei ght ofwopheriaspgesition, for exanple fromO0.5 to 2% PCcaErdenneie20

adm nistration is al so possible. Phararmaceuti cal conpositions suitable for
5transdermal uses can be in the formof single plasters which are suitable
for long-termclose contact wwth the patient's epiderms. Such plasters
suitably contain the active ingredient in an aqueous solution which is
buffered where appropriate, dissolved and/or dispersed in an adhesive or

di sperséd in a polg/@er. A suitable active ingredient concentration is about
1% to 35% preferably about 3% to 15% A particular possibility 10is for
the active ingredient to be rel eased by el ectrotransport or iontophoresis
as desCRAFE, HT apx Ay@ogeni @kﬁm@qm%mdxgﬁtFqu&cg#hlkﬁ,(@)GLfBl,8| (1986) .
The preparation of the exanples is described in detail 'bel ow The conpounds
of fornmula | can be obtai ned anal ogously or in accordance with the

process described A5 ir ) 014,932 O 0418491~ AL nds. of the
gene?al %fsor nul a | c%'ﬁz b&%’aﬁ%@ﬁ’a@%ﬁo‘ﬁ\\iﬁ {L:n iﬁéqul ow ng Teaction

schenes for procesGEsCH,-CGHANMD-C-NRO; Process A R5 WD
2011/ 039338PCT/ EP2010/ 064620 31 Process B: Process C 5 OAc RI RS 1.
R6-1, K2CO3 2. NaOMe | MeOH
n is a number 2 or 3;
10 Cyc1 is unsaturated 6-membered ring, where 1 C atom may be replaced by N,

or unsaturated 5-membered ring, where 1 C atom may be replaced by S;
R7, R8, R9 are hydrogen, OH, (C1-C4)-alkyl, (C1-Cr)-alkoxy, OCF3, halogen or

15 R8and R9 together are -CH=CH-O-, -CH,-CH,-O-, -CH=CH-CH=CH-, -O-(CH>),-O-,
withp =1or 2, and

R7 is methyl, ethyl, methoxy, F, Cl, Br, hydrogen.

20  Further very particularly preferred is the use of compounds of the formula llla

R7 —R8
Cyc2

R6

OH

R4 R5 Illa

25

in which



Route B The schenes depicted for processes A, B and C are

sel f-expl anatory and can be carried out thus by the skilled worker. Mbore
detail s awve,2onemsessghel ess, indicated in the experi nent alpCcpapro10/bbas20
conpounds of exanples 1 to 31 were olx3ai ned by processes A, 10 B and C

O her conpounds of the formula Il can be obtained correspondi ngly or by
known processes. Conpounds of the formula Il can be obtained in accordance
with the foll owi ng reaction schenmes of processes A3 to F3. WO

2011/ 039338PCT/ EP2010/ 064620 32 Process A3: R3 R3D WO

2011/ 039338PCT/ EP2010/ 064620 33 Process B3: WO
2011/ 03%38PCT/ EPIZSOﬁ%/n%% 20,,34 Process 03: CRA RS R4 RS

IS"Hor
R1 isHand R2is F or
R1 is Fand R2 is F;
5
R3 is OH;
A is O;
10 R4 is hydrogen, (C1-Ca)-alkyl, (C1-Cas)-alkoxy or OH;
R5 is hydrogen, F, methoxy or ethoxy;
R6 is hydrogen or OH;
15
B is -CHz-, -CO-NH-CHy-; -O- or -CO-CH2-CH»-;
Cyc1 is phenyl or thiophene;

20 R7,R8,R9 are hydrogen, OH, Cl, OCF3, (C1-Cas)-alkyl or (C4-C4)-alkoxy; or

R8 and R9 together are -CH=CH-O-, -CH=CH-CH=CH- or -CH,-CH»-O- and

R7 is hydrogen.

25
The use of compounds of particularly preferred importance are also those of the
formula Illb



Process D3: WD 2011/039338PCT/ EP2010/ 064620 36 Process E3: TiVBCI
NaBH3CN OH R2 R3 RL WD 2011/039338PCT/ EP2010/ 064620 37 U

Ver f ahr erwB230112039338 schenmes depi cted for processes A3- FRCaEP2010/064620

sel f-expl anatory and can be carried a4t thus by the skilled worker. Mre
details are, nevertheless, indicated in the experinental part. The
conpounds of exanples 1 to 24 were obtained by processes A3-F3. O her
conpounds of the formula Il can be obtained correspondingly or by known
pr ocesses.Holo

R8
Cy(D
. B R9
OH
R6
Ib
R4 R5 b
in which
5
R1 isFand R2 isHor
R1 isHand R2 is F or
R1 isFand R2 isF;
10 RS is OH;
A is O;
R4 is hydrogen, methyl, methoxy or OH;
15
R5 is hydrogen, F or methoxy;
R6 is hydrogen or OH;
20 B is -CHy-, -CO-NH-CH>-; -O- or -CO-CH2-CHa-;
Cyc1 is phenyl,
R7 is hydrogen;
25

R8 is hydrogen, OH, ethyl, Cl, OCF3 or methoxy;



The conpound(s) of the formula I, Il and Ill can also be adm nistered in
conbination with other active ingredients. Further active ingredients

sui t abl e worooiasiizgat i on products are: 15all anti di abet ipcs/EPeotbiosssed i n t he
Rote Liste 2001, chapter 12. They may2sbe conbined with the conmpounds of the
formula I, Il and Ill of the invention in particular for synergistic

i nprovenent of the effect. Adm nistration of the active ingredient

conbi nati on nay take place either by separate adm nistration of the active
ingredients to the patient or in the formof conbination products in which
a plurality of active WD 2011/039338PCT/ EP2010/ 064620 38 ingredients are
presentggr one pharmgceutical preparation. Mst of the active ingredients
listed om1arelﬁ@yr8§@&(¥n the USP Dictionary of USAN and | nternational
Drug Nanes, US Pharmacopeia, Rockville 2001. 5Antidi abetics include insulin
and insulin derivatives such as, for exanple, Lantus(r) (see

wwy, | anREsardRP ofogatireriarg4CH=a-Qre or HgHiela-Ons (see” US 6, 221, 633), GLP-1
deriyatives such as, for exanple, those disclosed in WO 98/ 08871 of Novo
Nordisk NS, and orally effective hypoglycem c active ingredients. The

oral ly efddeiniayeedyyotityagyprefantd ietiengsedi eohpoundk wdehe forefuea Hbhne,

sul fonyl ureas, 10bi guani di nes, neglitinides, oxadi azoli di nedi ones,

t hi azol thASEAIWHER | g@dé@§ﬂ6§%§linhibitors, gl ucagon ant agoni sts, G.P-1
agoni sts, potassium channel openers such as, for exanple, those disclosed
in WO 97/ 26265 and WO 99/03861 of Novo Nordisk A/S, insulin sensitizers,

i nhi bi t dhse adkylIradiealsan tlyeresgbstitvente ¥ ,iR5, tRe BT, RdlbatiRhnaEy g adlogreogenesi s

and/ or cogenol ysi,s, nodul ators of gl ucose_uptake, co nds, 15whi ch
ST ARG San RS 008 fedfisdr i BB O SO F Horkar ent o and
antilipidemc active ingredients, conpounds which reduce food intake, PPAR

and PXR_agoni sts and active ingredients which act on the ATP-dependent
pot assi Uiedhegnioin refatesto bemaoueds of thedformuled, dreseldillne tihe &rm dkthieitvent i on,

t he conmpounds of the fornula I, | nd LIl are_adn nister .h._combi nati on
w th an CRAREBR e Be it PdnismistorBE Ene 8 e PR e b ac i .

pravast gidsterebMmers aatlimixtuxbs tasbatling pregéhiviasémiominclueiey \eithaéé omerlor one
enbodi ment of the invention, the conpounds of the formula I, Il and IIl are

25at?ri niegdewvbare apreRHpIfataWaMEricHoene Rbihesearrpoundssol theifermulati Biandrlllsuch

the | nvanFeanosE B i ae bPtRed By KGR HERREE pan thl IR SIRRERTERY o

i n conbierptassly aeddnbeadPPAR ganme agoni st, such as, for exanple,
30rosiglitazone, pioglitazone, JTT-501, d 262570. WO
2011/ 039338PCT/ EP2010/ 064620 39 I n one enbodi nent of the invention, the

conpoungs, ; | IEﬂQ" & MR LY St I4te(Ci Lotk wth
a PPAR al Sﬂ@ag‘g‘%a@? %E%% abaés%a or eé)bg?rp Sge, %EK/%H%% 9%7@[@?%@%@
enb2@i mirat odfthe b@ariimy enbasio cotpwundeppanidslady suliebledonriealidal appliGatdnsl | ar e
adm ni stered in conmbination with a.m xed PPAR al pha/ga agoni st, such as,
For examgPee selly T8 Neke B acR ot PEosRDIBER DN BToRo PUgrDlss
descri bedataddtRANP488Ebtalle 94 BAdifion S G347DeERpoliRlS oPHR iRVEHERY  of
the invention, the conpounds of the formula I, Il and Ill are adm nistered
i n conbisalE pbimorgartic ackstsughessishoeldorie acide kydfsibeomice ROPERRNIG,
clof i br %%eetaprpggp%fo'ri%,r ﬁlrtr(iac and sulfuric acid, and of organic acids such as, for example,
25 acetic acid, benzenesulfonic, benzoic, citric, ethanesulfonic, fumaric, gluconic, glycolic,
isethionic, lactic, lactobionic, maleic, malic, methanesulfonic, succinic,
p-toluenesulfonic and tartaric acid. Suitable pharmaceutically acceptable basic salts
are ammonium salts, alkali metal salts (such as sodium and potassium salts), alkaline
earth metal salts (such as magnesium and calcium salts) and salts of trometamol
30 (2-amino-2-hydroxymethyl-1,3-propanediol), diethanolamine, lysine or
ethylenediamine.



I n one enbodi nent of the invention, the conpounds of the forrmula I, Il and
1l are 15adm nistered in conbination with an MIP inhibitor such as, for

exanpl e, wopbitmpsde, BMs5-201038, R-103757. | n one enipodinreni/ oefc2d he

i nvention, the conpounds of the formudeéa I, Il and Ill are adm nistered in

conmbi nation with bile acid absorption inhibitor (see, for exanple, US 20

6, 245, 744 or US 6, 221,897), such as, for exanple, HVR 1741. In one

enbodi ment of the invention, the conpounds of the formula I, Il and IIl are

adm nistered in conbination with a CETP inhibitor, such as, for exanple,

JTT 705Sa2t5|witma9herrbad$utmtlyuﬂacmtahleeanimaucfn Re, fooepamptas of the fornul a
, 1] _are m ni stered | natlon h a nerlc ile acid

aasor beniereadieie eI bfiona wilg R it b BuBRUdRE LSl on

enbodi Mpfterreédibiee foPHRNbiePAratidhocsurFRHASS o@bhéﬁﬁaé&ﬁiﬁdll@abeedtébl@%Itls| | are

30adm ni stered in conbination with an LDL receptor inducer (see U

6, 342, 5apyl/ordercuse i narihewperpe.dor pramplELin inRiasdicatiogs.

2011é039338PCT/EP2010/064620 40 I n one enbodi ment of the invention, the

conpounds of the formula I, Il and IIl are adm nistered in conbination with
an ACATTIhehebnl‘phiys@lugicaﬂ)%furfcmbn@@aﬁ/la@veau@éd heriem rdfersotbear@nbodl ment of
the invention, the conpounds of the fornula I a are 5adm ni stered

in C0rrbpﬁ%'l:’m'%l|Vﬁ°|§f"?'t§ﬂtqeﬁ')('?%9fa§9mﬁ)°é.'§d Offéhe @(ETWE Ilepetllightte | n one
enbodi Menfen gf)ntﬂ&?eng ?ﬂi éﬁréstérhﬁ/h&‘ﬂr@rpé'&% Qt?aﬂc{i*ﬁt fé’ﬁ%rﬁa[}sudr{ agngr! 1l are

adm nistered 1h co tron wt poprotein |1 pase Inhibrtor, 'such as,
for exaemampleN@ ma}ﬁén id @blertodaem eédrtmxdiyrmnmdloéctlyb]e domyotricoor, theﬁerrmdmjphhnds
of e for ({?b mnistered in conbination with an

arAQ; paodlo) abedtiva i ebptedgivdle. for exanple. 8B 204990, 151 one
enbodi mrent of the invention, the conpounds of the formula I, Il and IIl are
adm ni stered in conbination with a squal ene synthetase inhibitor, such as,
for examweiolwllya‘anMnal derivativesentlode meedrugs of ifee comeatinds of thee

CoMOUNSBph KLUl e, b, USof 8PS EhSh bR 3R T

nicoti n|5q @’Plshch (PTo@ﬂfngfﬁ?ﬂﬁé Wﬂélébélfzeﬁhﬁ VivOViod b@rﬁhpobh@ of eiepwedsor®f the
formula |, 1l are adm nistered in conbination with a |ipase

| T | 3166 BENTHES Mk NERAIENES DB AFING: B Nob S arhonales ehid peRLOBIOT e
f
conbi nac g GEERFRETacand 0RO IEIBE pre bierfey R Al AERIRBE P or i o

I, Il angkethyllcaabenatdrana etherretbomateonbi nati on with a suI fonyl urea such as,

for exanple, tol butam de, glibenclam de, 30glipizide or glinepiride. In one
enbodi nent, the conmpounds of the fornmula I, Il and Il are admnistered in

conbi nat ' LFGHA \itioR Y t i ¥ BB EpolRidrk S
G011/ 0303 st s R iR s 8o ¥t iFYAABLSpolfidrBf s formHor
20 example as amorphous and crystalline polymorphous forms. All polymorphous forms
of the compounds of the invention belong within the framework of the invention and are

a further aspect of the invention.

All references to “compound(s) of formula I, Il and IlI” hereinafter refer to compound(s)
25 ofthe formula I, Il and Ill as described above, and their salts, solvates and

physiologically functional derivatives as described herein.
Use
30 The compounds of the formula I, Il and Il are distinguished by beneficial effects on

glucose metabolism; in particular, they lower the blood glucose level and are suitable
for the treatment of type 1 and type 2 diabetes. The compounds can therefore be



41 In one further enbodi nent, the conmpounds of the formula I, Il and |11
are adm nistered in conbination with a neglitinide, such as, for exanple,
repagl i niwle.201m3e338 enbodi nent, the conpounds of the forowire2010/0bd62@nd 11 |
are adm ni stered in 5conbination w th7a thiazolidinedione, such as, for
exanpl e, troglitazone, ciglitazone, pioglitazone, rosiglitazone or the
conpounds di sclosed in WD 97/41097 of Dr. Reddy's Research Foundation, in
particular 5-[[4-[(3, 4-di hydro- 3-net hyl - 4- oxo- 2-

qui nazol i nyl met hoxy] phenyl ] net hy1] - 2, 4-t hi azol i di nedi one. I n one

enbodi memployetealooasumdembinatioa Wit atilea bigod gluapse-lawerigeacityei ingredéardsl i n
10conbi nat,i g an a-glucosi dase inhibitor, such as, for exanple,

m gl i toI( %PD&%%AICB I n one enbodi nent, the corrpounds of the formula I, 11
and I'll are adm ni stered in conmbination with an active ingredi ent which
acts on_t he ATP-dependent potassium channel of the beta cells, such as, for
exanpl eThﬁcﬂ%nLQ@(Iﬂcgé)f the WQT@II&@ anil aBd ligprefurthes sugableder Ihed@eaenm@“pa@qi. ni de.
151 nz on f o] I are
adm 5nl S?rg?ﬁﬂQﬁt‘ﬂé@%t%bq%rﬁ 9B oW gﬁgr%{)ér%é spﬁﬁagbﬁ)g‘éé(?nh]é r{a %r(goéth{/’i oned

conpoungstinopathy, ineuespdthp ahd @yndidrhe X, sbksioy yhysezadianhfaretibormyocardid h a
sul fonyl urea and acar bose repaglinide and netformn, jnsulin and a

sul fonyl“'lj?'@é peripheralerignig! peclusivaidiseasss uiremiages. r%&ﬁrloﬁﬁ%‘i’r‘és i nsulin and

I ovast a e Aipgnul a
: Ii rﬁkg?részgrgh]m n@s@lgéé% ﬁ%ﬁ%uﬁégﬁggﬁ ﬁ@@%{f‘f@ﬁg% or’ S I??ee

Coc a| nesmmmﬂmpmfosegmamadpwrm rAImelmeIr b umm:etmmaelnggndmfaﬂmms m

anx y .and astrl c e akawa, , A and
vor Mol oeRseSanereeoan bbntskiyay 1o B8, reRBiH R ief apdting LluianBeg BRG

napht ha'tI%‘SrelreﬁHbﬁ QRHGrezftin@nt of late damatlge from dlabetes syndrome X and obesity.

{4-[ (4-am noqui nazol i n- 2- yl 'am no) met hy1] - cycl ohexyl’- "met hyl | ami de;

hydrochl ori de (CGP 71683A)), M4 agonists (e.g. l-amno-1, 2, 3, 4-

tetrahy

[ 2- (3a- é‘??%%gttfgiggqu lzrg oA b%?)( 3t u:géeagcc':c%roporate also beneficial effects on bone

hexahydgémfhé@@k&{éb@p&]rmgéﬂs@t'ﬁ VSGLT-2 ttabitarraapen ke tRe @¥afidunds orm de;
(WD 01/91752)), orexin antagonists (e.qg.

1- (t5neﬂwvuﬂ@hﬂbﬁaaﬁﬂ 6-y1)-3-[1, 5] napht hyri di n-4- 30yl urea; hydrochloride
SB- 334
(1 4,6, 7%?'56@3%‘&/ For 'd%F%a%% (]®ﬁ§lr3|8 8@9&&% t%og}egtggﬁ] %c%)r%ﬁulltgdér&l d salt

(WO 00/ @aéiﬂaé)eﬁeEENForagom srt&s e(ERPocam sgengthtessoeiated paramutbyd. ConfRovhds WO
2011/ 039338PCT/ EP2010/.064620 4
tri met h9f pidnly 1492GIH 2 ighipitey ?ﬁtt\’étb’I lites 18- CRYPPWHIGs @fgprmaniede |l @nd 'H(ﬁr86585))

CR B 8858 sblEbleTotne HrR48AATinaldk Hahér RHeiSeadébliiaaON St (2.0,

nmet PAine patdopoydsigtdsiéqhrsiayir gs2pfi@laodeBingi ingoinyimdéhisnpadfeBed lusrys dtehyl am no

Lbrﬁéggno@%ﬁdr 0oC Ior| %e%\gﬁgg QP?@S)&) MBSH (el anocyt e-sti nmul ati ng

{244- (4-chl oro- 2, 5. dlnethoxyphenyl) 5-(2-cycl ohexyl -

et hyl) thi azol - 2- yI car banoyl] -5, 7-di net hyl i ndol - 1-yl | acetic acid

trifl uoFesoutaionsi d salt (WD 99/ 15525)), serotonin reuptake inhibitors
(e.g. dexfenfluram ne), m xed sertoninergic and noradrenergi c conpounds
(e.g. WO 00/71549), 5HT agonists, e.g. 1-

(3-2% hyWh@@ﬁéthﬁt&ﬂ-akdhb@urﬁwwﬂdrmwwaﬂ arid Behecasshity (0VR2HEVDMhEIdgsirdgombesi n
agoni sts, 10 gal anin antagoni sts, growth hornone ( . human growt h

hor mneplolwlg@kqﬁqﬁ)ﬂﬁgg@ds an @dgqrngercgfnfggtgﬁgg‘or examplegthe specific compound

6- b I
2" car BOSY ane TEhu e BBIALILAP B SGRANIAIRY g the'alic FhRaoh e e "o 7
exanpl epaEEE’ntOTh?ZzlaﬁI@@)oseltmgeueﬂallygw ﬂ‘_fe)fltaﬂgle fﬂ)Lrn!O :Smg)le\)a (?(2 mgsgtydleaity from
agoni st see,, for exanple e, ni e ;. Lei nup
Rgz havs%a[%ia ARdeRhmg ﬁ?ﬁﬁy a”b Qgi@m P%?%‘I’%'QHLE% ?WIBIQS% g@s as a
pOtg@“ @%@@%yasm fabdedr tI'B?I%twﬁ’if:h%%ﬁSdet HIéIEF%oO&eIIIgesLF e Efor( 2001),

26( agoni st's ronocriptine, pr exi ase | ase
i nhi bi tev(am(om dabled Wm@) mﬂP@(RItamera&mnmleefrqn WDt@GDIDB&?nQ)typIRXIR/
nodul at 6 T é t ne Bnbodl nent I'H:hi in entl on, Q
ot her a i t?IEP ?ﬁaPII of ea %?m%l%?ﬂﬂ % FUEPOURAY he

t her apeut| c use of | ept| n Sal vador, Javier; GorrezAnbr 05| , Javier;
Fruhbeck, Genma, Expert Opi n| on on Phar mac ot herapy (2001), 2(10), 1615 1622.
251 n one enbodi nent, the other active ingredient is dexanphatam ne or
anphet am ne.



I n one enbodi nent, the other active ingredient is fenfluramne or
dexfenfluram ne. In another enbodinent, the other active ingredient is

si but r anmiwe.2oi3e33e enbodi nent, the other active ingredipemtEPsloobde2st at. | n
one enbodi nent, the other active ingr®dient is mazindol or phenterm ne. 30
WO 2011/ 039338PCT/ EP2010/ 064620 43 carob/ Caromax(Zunft H J; et al., Carob
pul p preparation for treatnment of hyperchol esterol em a, ADVANCES | N THERAPY
(2001 Sep-Cct), 18(5), 230-6). Caromax is a carob-containing product from
Nutri nova, Nutrition Specialties & Food Ingredients GibH, [ndustriepark
Hochst , ob6&gaailart, dhamaiHt mityibe) YsedCasthenermpaund ithelf, bt thewnare preferaplysisi bl e

in one preparation or by separate adm ni.stration.of conpounds of .the

For mut athe i &t Phfimatiy BB Gthestioh B b ac b ahln S  Oe Ot e
al so beopgbiidesbeaedeptabldip thelsensé thaadisoptbttivte Githhh@dthdrafigreyamed ef in
bakery products or nuesli bars. 10It wll be appreciated that every

sui t abl éheepmpasitipe@ngris NREhaaRivbnTde prtients healthtlinercatrienmaydea sl e of
the af ' . i anall.y. .
bhar fmo ! Bl PeBo TR dibre el A8 QaRC TR GomPBia B Hingle dgse, for

pr ot ect egampinhe artadiebywhible nesatthin fromard.09%. to 95%By weight of the active
2011/ 039338PCT/ EP2010/ 064620 45 The activity of the conpounds was tested as
f ol | ows INgbpAigRF LPtEhPBAMpAGRINICAIY aekivergiRstatees /B3y dikewise kapiasensmal |

intesti ﬂﬁ?%r{mﬁ %%r.tc%méﬁcﬁ}rﬁsad?%@ﬁl% 1211 %ﬁ@ﬁﬁ.r?ﬁ@r BRathal¥utRbl %g@éitiaﬁgm ane

vesi cl es the intestinal cells of the small "intestine was carried out
by the $we takhtoh bg2-bepreduged by oo afthd kdowiiphammeaosatical Mmdikodsyadhich
intestine wgs scraped off .and suspended in 60 m of i.ce-cold Tris/HC

buf ter CgEf !ai')’/f;@@g'sﬁf’f'??é?ﬂﬁg INGEEHRN WY .p\‘_‘frl"@r%q%?}g'P%”Vsﬁ@ﬁerﬂIanFtcﬁr”erS

i ce- col dndictidxklpichtwat er 10 was fol | owed by honmpgeni zation with an
Utraturrax (18 shaft, 1KA Werk Staufen, FRG at 75% of the nmax. power for
2 X 1 mnute, while cooling inice. After addition of 3 m of 1M MCl2

| uti final trati he_m xt i t tand. at OC
For exartPy gyl EERORRERE ol i rghl® ol HoeliuBoleot plel,efllcolye?
aggr egaperdrap(fer @Kérﬁblb%lih@@ﬂ%)bh@ a@hﬂﬁn@trbﬂ@n,CﬁItHdﬂJghhhelﬁbd?%Uﬂébleffﬁdi@é anes.
After centrifugation at 153 000 X (5000 rpm SS-34 rotor) for 15 m nutes,

t helpr e &f prfdnistratiprydereidsen eas inAwidsabeasteatie nakire RNdaevariysofithe brush
bord k- i f 6.l .
por oSt SEIPENTS g e AAHRATOIRE Rl it 000 P3rg g

r ehonogéneaeiticase.@oated dbrriiatiddsTans cobledmibwaeleapdl farniylatdnssowaorigl , 5
mM EGTA using a Potter Elvejhem honpgeni zer _éBr_aun, Mel sungen, 900 20r pm
10 st r oNd§)N NEERTDEWR6PT HEINVENLAN. DRATRERNCE ISAIYAN Wrediddanthoaskicigieat oc

for 15 m i ; i p&%qé i : - r

m nut es%#ﬁgﬁg]:?é@ruﬁlééltdgﬁ}{\gﬂg%ﬁﬁggé%r| u%@gt a altﬂc ﬁ'cﬁggﬁ%sg C%milg%éooo

r pn20 SSagdtatepbihaldter pd§vinyhadetste dittbalates diyoiragpeopdmettkhdeelluppserplibalate of
20 mM Tri s/ Hepes buffer (pH.7.4)/(280. MM mannitol .and nogeneousl y

¢ osus peRIBF S SOLTIER &L Mo aCMIE Aei B Bl Resif RGBT En  ser ar 2000 pm
After centrifugation at 48 000 x g (20 000 rpm SS-34 rotor) for 30

mnutes, the precipitate was taken up in 0.5 to 2 ml of Tris/Hepes buffer
(pH 7. 45uitgblenpharenaseutical (qonmaundsrioearal admimszatierymay)beaindhedeng pénded

using asgﬂgr%rtg%itg st iag,g’f%rVe\'ixgrthpiie,2-:7apgfJiI'égfacé?c(ﬁ'ﬁeecéé,es'uckable tablets or tablets,

25 each of which contain a defined amount of the compound of formula I, Il and lll; in the
form of powders or granules; as solution or suspension in an agueous or nonaqueous
liquid; or in the form of an oil-in-water or water-in-oil emulsion. These compositions
may, as already mentioned, be prepared by any suitable pharmaceutical method which
includes a step in which the active ingredient and the carrier (which may consist of one

30 or more additional ingredients) are brought into contact. The compositions are
generally produced by uniform and homogeneous mixing of the active ingredient with a
liquid and/or finely divided solid carrier, after which the product is shaped if necessary.



The vesicles were either used directly after preparation for |abeling or
transport studies 30or were stored at -196Cin 4 ng portions in liquid

ni t rogen.wéaoprespase brush border nenbrane vesicl es frowcratP2ewmbic20
intestine, 6 to 10 nale Wstar rats (d9red at Kastengrund, Aventis Pharmg)
were sacrificed by cervical W 2011/039338PCT/ EP2010/ 064620 46

di sl ocation, and the small intestines were renoved and rinsed with cold
isotonic saline. The intestines were cut up and the nucosa was scraped off.
The processing to isolate brush border nenbranes took place as descri bed
above. T@usefmeaampdeaﬂtalbataianfb%mdduned bwwnmrasﬁng@rdmldhngrmpawdewesi cles
fromrat_s t&testl ne vg treated 5 wth KSCN as chaﬁ@ gfc el

pr epar e 957 ‘ﬁSB FeOHRAY " ADRT PRI WiV TS OF Riecs ePALonALpgrg enia re
sacrifi CrinpressEd FRIEBUER b prifuces uyftasleﬁnmth@bomoaﬁuw%esrwwmg emef 2.5
ng of tetracaine HCl, 100 ng of m butram de and 25 of nmebezoni um i odi de.
The snmaBHCN @BNIOs SKARELS, epewdenhena@nulesy wagreRpRrarciele BlXewiie iadvigec al

sal i pe t d i d 4to 12
noekd. BT, sy eBE 8helcp ohg bor PSR OB TR IR nes ver o

t hawed atut@@@ mavcranevaMerdeldatablewdarﬁ berprbdn@cew@pmldmg tise cap@adundif which is
Processing to give nenbrane vesicles took place as descri bed above. 15 To

prepare 'erQl‘é’ﬁe'bf?ﬂ”@‘eﬁmqr@rmi?@F%‘e\%‘é’itQ padnert BW'S dg'UpﬁE é’%?lsh’étab]ee’””aﬁu'ﬁ\es egment s
froma freshly slaughtered pig were rinsed with ice-cold isotonic saline
and frozen in plastic bags under nitrogen at -80C. Preparation of the

rrenbr an@haevaceéatsca oomppbﬁiioesa\dﬂcream Slhitablaﬁmmro@m (Sdisguenmadmioistratien

take by b bor der Th k :
{1469 T sBBBsS stke e es whisorroptanarcormrpnaer peeti LI dinetar ca by
the memppagthg, 'Hotrﬁl%ﬁlygﬂcrr&b% gurfd a?bblefortt%aééh'ﬁlhaﬁerﬁ%flllé?\'i\mrcﬁne 25

vesi cl e suspension in 10 mM Tri's/ Hepes buffér (pH 7.4)/300 nM nannitol were
added arop@dsedh®copipoondan aolingit dasesuco aggglatrCaml gly@emi ©r gudraskeand
appropriate_concentrations of the relevant inhibitors (5-200 1iM in 10 mM
Trls/Heﬁé'g]% %r (pH 7.4)/100 MM NaCl /100 nM After incubation for 15
seconds, the transport process was stopped by adding 1 m of 30 ice-cold
stop_sol uti on (10 M Tri s/ Hepes buffer (pH 7.4)/150 mM KCl) and the vesicle
susB’én& @@rmageutrﬁaéeomswom|suéal@l@ for paresiterel administaafign eoreenisil ose

under 2 UaEn sierls afieal ool RS epbh TR EIE YT L.,

The fil bes prefsraisisetbnic WithIhetbladd ofthe datedded mencuprehutTkmzr,e greparatieas @rement
was carried out as duplicate or tr| plicate determ nation. To nmeasure the

upt ake &f¢ ?Qﬂ'bﬁgﬁm'ﬁ@r%%@vﬁf‘%s Yt #thanghAdRB 9tatioamak §/sgi eke plase D 4
m of t: ti k GrbH,
0 a?gﬁ@.ﬂéﬂﬁgué ﬁrérﬁﬁ@%:%lla} 8t Nra@@"rhﬁlklﬁ@c%n 3'grjret: e mr’é?%?t y@ac!a% '

Frankfu radi oacti vit 1 quid
sci2il peefemblyrbaspno@nmoi by fitvengdias compouad weth wetee aoktraakiag tias refuiting

(deconpaos |on af t al i.bratjon of t. runent.. usi ng

St andar S0 RiaME radraloiecdit Blook InieGAble iprinesiivns PrbEEVE o ecant
10The a‘?bhél%lly%hﬁﬁh%@ﬁoalrt% %Wé@hﬁ Bfth%cédtwbtdbn%bdﬁbe basi s of 1050
data obfained’in the transport assay on rabbit small intestine brush border

menbrane vesicles for selected substances. (The absol ute val ues nay be
speci es n eri t -de, e . furt h t he
sotivi ¢ pr e AR CBRRgS TRES SRR R PE a4l P hifelion are BrerbRibiy Mtnk
25 form of single-dose suppositories. These can be produced by mixing a compound of
the formula I, Il and Il with one or more conventional solid carriers, for example cocoa

butter, and shaping the resulting mixture.

Pharmaceutical compositions suitable for topical use on the skin are preferably in the
30 form of ointment, cream, lotion, paste, spray, aerosol or oil. Carriers which can be used
are petrolatum, lanolin, polyethylene glycols, alcohols and combinations of two or more



transport activity of the human sodi um dependent gl ucose transporter 1
(SA.T1, SLC5A1) in vitro: 1. doning of an expression vector for human
SGLT1 20wehered3d¥sf or human SGLT1 was i ntroduced into troe/mRreddwdici®© vect or
(I'nvitrogen) by standard nethods of mwl ecul ar bi ol ogy as described in
Sanbrook et al. (Sanbrook et al., Ml ecular Coning, A Laboratory Manual,
2nd Edition). The subsequent sequencing of the insert reveal ed conplete
identity with bases 11 to 2005 of the base sequence for human SG.T1 whi ch
was descri bed by Hediger et al. (Hediger et al., 25 Proc. Natl. Acad. Sci.
USA 1989f trese swmaamssze activel mgwediestlisi geneall yaeneBankinskqonrgendratian difas e

(GenBan Ac SIO nber 47 Bases 11 to 2005 corr d to the
conpl et OEQ) nw%'\ghh@%@ %}@%smog Jf Fgol)l 5f §g°[)22conb| nant cell

line with indum bI e expressi on of human SGLTl 30 The expression vector for
human SA.T1 was introduced into CHO TRex cells (lnvitrogen) by neans of
FuGene6 Transsteseal sdmirelcaiion isrise ppesibles Phgrraaeeuticat romeesitiond Sb@&bﬂﬁ fooci n

0113 0503 TRed R B SRk o 0 of it e SR o T SRt

10% f et aloseaddnt@cﬂrvwm thBpadicpss iepiteemis. SiEhpgasterdbaitablg cdmtraursth(ecad:tuve
Bi osci ences), 100 units/m penicillin, 100 units/m streptomycin). The

functi oH}sGrP@'?”BP AMhag4eold eoleden whighisduiiesed whege ﬁPB’iﬁpt”ﬁ‘Ee W¥ehn was
tested I t

o ol ueogyt Ssertd i 3Bhetl ty dhoel P ALSH R R o able qetve nrecient o
met hyl aeobegntratimpyis atbosi d tor 5% prdetablyasbdHG % Red SHEA particalagipoasibdity was

o0 581 B b o BB R o R0 SREBLIAR? EROMRBNEA e o,
e]IC\/]ICDg;:t AbsEfsdd, SHPSEAASIBS irOPharPadtRiidkEReSe drh Y(6)- D (1@gegopyr anosi de (

OHO- TRex- hSGLT1 cells were seeded In a concentratl on of 50 000 cells
per well in Cytostar-T scintillating 96-well plates (Amrersham Bi osci ences)

reconbi Ao HeNBaAT P Raables HrShybein Ty By gt R EmBhuidR ot or o
further fagfhia | Eah be-d¥aneltatstodOUREl bMBdctorddieeorith thelprosessedasdebed t h
PBS and then starved (PBS SU{) Ierrent ed with 10%fetal calf serun) at 37C

f or 19ne IMWY(fP 04AfD82 anfVMQ% AHshing step with transport assay buffer (140
mM sodi um chl ori de, 2 nmM potassium chloride, 1 nmM nmagnesium chloride, 1 nM
cal ciumchloride, 10 mM HEPES/ Tris, pH 7.5), the cells were incubated
ei t her Oonpouralsseithe general ésremde llodart lps bbtaihed asshewnan Yhe pliowing
concentration at roomtenperature 20f or. 15 m n. The test substances were
di | ut ed regR}OHRANEMES O R Qn(?qegﬁg% AL Sy buffer (40 pl/well) starting from
a 10 nM stock solution in dinet hyI sul foxi de. The assay was then started by
adding 10 pl of a m xture of radiol abeled nmethyl a-D-[U 140-g
| uc2pyr dnossesseA( Aner sham) and unl abel ed net hyl a- D gl ucopyranosi de (Acros).
The final concentration of methyl a-D glucopyranoside in the assay was 50
pM After 25 an incubation tinme of 30 mn at roomtenperature, the reaction
was stopped by adding 50 pl/wel),-of 10 nM nmethyl a-D-glucopyranoside in

det he radi oactiyjty-tptake py A1

transport assay-Huffer (4(3)7 al : cell s was
det er mi ned %n ?algol\/l cr oBgt al\&ckatj-+-ati on M cr ogl@ggidero\ ai’f:);. The

hal f - maxi® bi t ory 7 of t hentemt ST R1056) "Was det er mi ned
in the foll owag Est abl i shaent, of the wval ue frp 0% nhi bition.

This is the neasurene i'n the absence of substance, mégsured in

sodi um cont ai ni ng transport assay buffer. WO 20117039® 8PCT/ EP2010/ 064620
49 2. Establishnent of the value for 100% i nhibition. This is the
measurenent in the absence #f substance,—nmeasured in sodiumfree transport
assay buffer (140 nM ctioline chl offiyde} @M pot assi um chloride, 1 nM
nmagnesi um: cbkoride, ahciam chler Dae® 10mM HEPES/ Tri's, pH7.5). 53.
Cal cul ati omof—the per agée i\nh bikti'ons for the measurenents carried out
in the préd8R¢E of variols contentrations of test substance. It was then
possible to ascertain therefrgmthe concentration of test substance which
reduced the uptake of nethyl a- D- gl ucopyr anosi de by 50% (1050). 10

I nhibition of the transport activity of the human sodi um dependent gl ucose
transporter 2 (SG.T2, SLC5A2) in vitro 1. Coning of an expression vector
for human SG.T2 15 The cDNA for human SGLT2 was introduced into the
pcDNA4/ TO vector (Invitrogen) by neans of standard net hods of nol ecul ar

bi ol ogy as described in Sanbrook et al. (Ml ecular Coning, A Laboratory
Manual , Second Edition). The subsequent sequencing of the insert showed
conplete identity with bases 21 to 2039 of the base sequence for hunan
SGLT2 which was described by Wlls et al. and is deposited in




20 the GenBank sequence dat abase (GenBank Accessi on Nunber: M5549). Bases
21 to 2039 correspond to the conplete coding region of human SGT2. 2.
Product i omoab1@3pmsonbi nant cell line with inducible expreseban/oefszhiuman
SA.T2 The expression vector for humat SG.T2 was introduced into CHO TREX
cells 25(Invitrogen) by nmeans of FuGene6 |i pofection (Roche). To sel ect
single cell clones, 600 pg/m of Zeocin (Invitrogen) was added to the cell
culture nmedium (nutrient mxture F-12 (Ham, (lnvitrogen) supplenented with
10% fetal calf serum (FBS Gold, PAA), 10 pg/m Blasticidin S (CN

Bi osci epggsdss BO0 units/m penicillin, 100 units/nm streptonycin). The
functionality of the single cell clones resulting fromthe sel ection 30was
tested via their uptake activity for radi ol abel ed net hyl -

-D-gl ucopyranosi de. That cell clone with the highest uptake activity for

met hyl - -D-gl ucopyranoside, referred to WO 2011/039338PCT/ EP2010/ 064620 50

herei nafter as QHOTRex hSGLT was sel ected for st h furt her mexp gyge_;nts
serfee of, 500, pgﬁl in % :

and cul tured farther i "c
dCti onwQl b est Sub n tehel upt'ake of

Measur e Q

met hyl - - ghucopvr sidée ( - MDG—€HO TRex- hSELT2 er e seeded
in cell cultufe nedi umivi a concent r at76A*8f 50 000 cel | gr well in
Cytostar-T sgintillating 96-wefl plates (Anersham Bi osciserices) and
cultivated for 24 h. The expression of the reconbi nant hurfan SGLT2 was

i nducedpPpycesddtng 1 pg/m tetrazykline for a further 24 h. For -NMDG upt ake
experinents, the 10 cells were washed with PBS and then starved at 37C in
starvation medi um (PBS suppl enented with 10% f et al calf serum) for 1 hour.
After a further washing step with transport assaywmb &r (140 nM sodi um
chloride, 2 mqm potassiumchloride-y1 nm magnesi u ride, 1 nm cal cium
chloride, 1 HEPES/ Tris, pH 745 the cells we ubated at room

t enper at ufe ¥ te¥er_j.n. the abseﬁcesor "br xsence of test 15substances of

di fferent cofie atd.on f&¥ M5 ni N Fhe, test substances were dil uted
correspondi ngl 4 ansport assay 4L t fr oceedittg“ff om a 10 nm st ock
solution i di nethytwsul foxide (40 pifwm ). The cassay was subsequently
started by adding 10 pl/wel |l of a npixture of radiol abel ed nethyl -

-D- [ U-14(C] gl ucopyr anosi de (sArrersharr) and unl abel ed net hyl -

120 mn at on was §honped b N1go50

t
met hyl - - Dgl ucopyr OSI de in tra ssa f er}iﬁt3
radi oactivity takeh Gp into the CQ;FUF Awas determ fedlin & McroBeta
Scintillation Mcroplate Reader (Wallac). The hal f #maXi num i nhi bi ting
action of the test %ubsLances (1050 val ue) was 25determined as fol | ows: 4.

Determ nati on; ao,ggme&a rigeor 0% inhibition. This is the neasurenent in

t he absence of substanc measured in sodi um containing transport assay
buffer. 5. Deternination of the value for 100%inhibition. This is the
measur enment ri N e absemc ot 2s“ubstance, measured in sodiumfree transport
assay buf f%@ mM chol iaechl oride, 2 nM potassiumchloride, 1 nMV
magnesi um ¢ , ecal€i um chl ori de, 10 mM HEPES/ Tri s, pH7.5). 6.

Cal cul ati on of "t he e cen age i nhibition values of those neasurenents which
WO 2011/ 039338PCT/ EP204:0/ 064620 51

K

The schemes depicted for processes A, B and C are self-explanatory and can be
carried out thus by the skilled worker. More details are, nevertheless, indicated in the
experimental part. The compounds of examples 1 to 31 were obtained by processes A,

10 B and C. Other compounds of the formula Il can be obtained correspondingly or by
known processes.

Compounds of the formula Il can be obtained in accordance with the following
reaction schemes of processes A3 to F3.



were carried out in the presence of different concentrations of test

subst ance.

Fromthis, it was then possible to determ ne that concentration

of the tesD2wunsdmECEe Which reduces the uptake of the nechwEP2010/064620

- D-gl ucopyranosi de by 50% (1050 valuey. 5 Literature: Wells et al. (1992)
Am J. Physiol. Vol. 263: F459-F465 101050 val ues of test substances (pM
[in vitro testing of the uptake of nethyl -D glucopyranoside] Fornmula | 15
Exanple No. 1050 [M SG.T 1 3 0.043 6 0.133 9 0.081 12 0.139 15 0.170 18

0.080 21 0.047 22 0.144 24 0.208 31 0.252 33

Process A3:
OAc
R1 0
o HO
R2 Bu,BnNCI/ K,CO,
AcO +
OH >
AcO CH,Cl, / H,0
Br R3
A B
OAc
R1 o
o} o] \
R2 0 R4
AcO
AcO OH
C MeONa / MeOH
R3
OH
R1
0 0
R2 o}
HO \ O Pd/C, H,
R4 >
R3 D
OH
R1
0
R2
HO



0.070 36 0.043 WO 2011/039338PCT/ EP2010/ 064620 52 Fornula |1 Exanple No
1050 [1-LNA] SG.T Brush Border Menbrane Phlorizin 16 1 4 2 0.4 3 0.3

For nmul a Iwb 2bxz03pd3e No 1050 [ 1- LNA] SGLT Brush Border Meaipeeo@ofbdeosi zin 16

10.520.7 415 33
Process B3:
R7 —RS8
Cyc2
R1 OAc —
o 0 HO B
R3 + R6 n Bu3BnNC| / K2003
Aco o CH,Cl, / H,0
A R4 R5
—RS8
FoR Cyc2
OAc ye
R1 _—R9
R2 © o) B MeONa / MeOH
R3 I
Aco R6 n
G R4 R5
R7 /R?; )
OH ye
R1
—R
R2 O
9) s



50.47 0.9 5Followng invitrol C50 val ues of were obtained by using
reconbi nant SA.T1 and SG.T2 targets as descri bed above Exanple 1050 [PM
SGLT 1 1080 20AM398€LT 2 5 of formula Il 0.029 0.088 1 ofcrmpomboasdsbd 0. 770
0.034 20 of forrmula Il 0.320 0.029 23 of fornmula I 0.027 0.318 WO

2011/ 039338PCT/ EP2010/ 064620 53 The preparation of various exanples is
described in detail below, and the other conpounds of the formula I, Il and
1l were obtained anal ogously: Animal Study - Study Design 5 The conpound
of exanple 5 of formula Il was tested in fenmal e Sprague-Dawl ey mature and
young adipeessats: fol | owi ng daily oral gavage adninistration for a mininmm
of 28 days to investigate specific endpoints one quality. The study
design is detailed in the Table bel ow. Stughg Desi

R7
Cyc2

e

OAc HO 3
R1
R2 O R ng PPh;, DEAD
R3— CH,CI,
°° OH
| R4 R5
F

OAc

R1
o R9
R2 o

R3

MeONa / MeOH

Aco R6 n

—RS8
Cyc2

R7

R1 o —R
R2 o

R3
HO R6 n
H



Nunmber of aninmals G oup Nunber/ Dose Level Mature Fermal e Young Fenal e

| dentification (ng/kg/day) Adult Adult 24 \Weks ol da 6-7 Weks olda 1/

Vehi cl e Geotonl0303380 10 2/ Test conpound 10 15 15 3/ TestTmrpopowosd2b60 15 15
35

Process D3:
OB OBZ
2 BAST F o
O c ol 02
BzO oder DAST BzO o
HO (Inversion der BzO
BzO OMe
z J OMe OH-Gruppe) K H,S0,
OBz OBz
F o HBr F o
BzO 33% in AcoH  BZ0
BzO OAc BzO
M Br
L OBz
N2H4 F e
> BzO
BzO OH



a Approximate age at the initiation of treatnment The follow ng were

evaluated: clinical signs (at |east weekly), body weight (weekly), 15 food

consunpt iwo 201ash3zg) , hornones (Days 13 and 27), serum 200/EP2010864620

bi ochem cal markers of bone turnover ¥Days 13 and 27), serum chem stry (at

necropsy), bone densitonetry by dual energy X-ray absorptionetry (D)(A) and

peri pheral quantitative conputed tonography (pQCT) (Wek 2 and 4, as well

as ex WD 2011/ 039338PCT/ EP2010/ 064620 54 vivo), nacroscopi c observations

at necropsy, organ wei ghts, histopathol ogy, bionechanical strength testing

and f embira¢edsendt h neasurenents. 5 Met hods 1Bone M neral Density

Measur enent Bone densitonetry scans and assessnents were perforned by

trai ned persomrél mho wer eglgi nded to the afi meblE treat nent usi ng dual

energy X-ray absorjptionmetry ( 10 and pefipheral quantitative conputed

t omogr aphy ( . | ani mal s k£ scanned™usf &y sane densitoneter on

each occasi and pQCT stans Wwere pe e sane day in order

to reduce a Ress to the animal. Ani map itlzed usi ng

isof Tura& prior to and during the DXAgand p scans. An ophthalmc

| ubricating ointnment was adm nistered to each eye foll ow ng anest hesi a

15i nduction and reappllequgwﬂ%?essary /11 n Vivo Dual Energy X-Ray

Adsor pt i orrettQ/ (D) (A) Borg Jcﬂw%%@ieag y meas®r eent s_was per formed using

a Discovery A Hologic dens| one scan r eanal ata were retained

and reanal yses docunent ed. ozgoﬁ§g¥egg@n$ were used to bone m ner al

denS|ty (BVMD) and bone mneral content (BMC) and areaof the whole body,
n£ r splne (L1-L4) and rightOfenfir (whole with reglegs of interest at the

pro Slngl- scans were acquired once prior to
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1. 2Per i phwoab11@3e338i t at i ve Conput ed Tonography (pQCT) PpcTRPRphersad CQCT
was used to measure bone mneral cont¥nt (BMC), bone m neral 5density
(BVD), and geonetric paraneters for all animals. Peripheral QCT scans were
obtained at the right proximal tibia for all animals using an XCT Research
SA or SA+ bone scanner with software version 5.50D. Scans were acquired at
the proximal tibia netaphysis and diaphysis (single slice at each site).
Addi tional slices were obtained as cddsi dered appropriate to ensure the
optinal\ﬁg@ﬂs 1E§nd data acquisition. In this case, only the best scan was
consi der&@MHE Bxact position of the scan slices was docunented in the raw
data (Table 4). | ow-up scans, positioning and placenent of CT scan
| i nes mereomgrifFEE:§§?,conpm@ed with the scout scgp,obtained during the
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as a result of the LOOP option was retained with the raw datgsht Onot
reported. WO 2011/ 039388PCT/ EP2010/ oagéﬁ 56 Text okabl e 2 pQCT
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5 The schemes depicted for processes A3-F3 are self-explanatory and can be carried
out thus by the skilled worker. More details are, nevertheless, indicated in the
experimental part. The compounds of examples 1 to 24 were obtained by processes
A3-F3. Other compounds of the formula Ill can be obtained correspondingly or by
known processes.

10

The compound(s) of the formula I, 1l and Ill can also be administered in combination
with other active ingredients.

Further active ingredients suitable for combination products are:
15  all antidiabetics mentioned in the Rote Liste 2001, chapter 12. They may be combined

with the compounds of the formula I, Il and Il of the invention in particular for
synergistic improvement of the effect. Administration of the active ingredient
combination may take place either by separate administration of the active ingredients
to the patient or in the form of combination products in which a plurality of active



proxi mal end # of CT slicesl Cont Mode2 Peel Mbde2 threshold 0.850 1/cm

D aphysis Slice Placenent Acquired at 50% of the total bone length # of CT
slicesl Geotamds@3zst hreshold 0.930 1/cm Text Table 3 - pQTEPSCI®NGicDE
paranmeters reported for the right tihbisa SiteRegi onParaneter Abbrevi ati onUni t
Met aphysi sTotal sliceAreaNonem n2 Bone m neral BMCng/ nm cont ent Bone

m ner al BMDng/ cnB8 density Trabecul ar AreaNonem n2 subr egi onBone

m ner al BMCnmg/ nm cont ent Bone m neral BVMDng/ cnB8 density Cortical / AreaNonem n2
Subcorti cal Bone m neral BMCrg/ nm cont ent subregi onBone m ner al BVDny/ cnB
densi t y ingnedighissareRpesent isdinegrIar@acestica nreearation. Modbet tbelaetive® Cm
cireunt ‘lar{gerggi%nts listed below are disclosed in the USP Dictionary of USAN and International

Drug Names, US Pharmacopeia, Rockville 2001.

5  Antidiabetics include insulin and insulin derivatives such as, for example, Lantus® (see
www.lantus.com) or HMR 1964, fast-acting insulins (see US 6,221,633), GLP-1
derivatives such as, for example, those disclosed in WO 98/08871 of Novo Nordisk
A/S, and orally effective hypoglycemic active ingredients.

The orally effective hypoglycemic active ingredients include, preferably, sulfonylureas,

10 biguanidines, meglitinides, oxadiazolidinediones, thiazolidinediones, glucosidase
inhibitors, glucagon antagonists, GLP-1 agonists, potassium channel openers such as,
for example, those disclosed in WO 97/26265 and WO 99/03861 of Novo Nordisk A/S,
insulin sensitizers, inhibitors of liver enzymes involved in the stimulation of
gluconeogenesis and/or glycogenolysis, modulators of glucose uptake, compounds

15  which alter lipid metabolism, such as antihyperlipidemic active ingredients and
antilipidemic active ingredients, compounds which reduce food intake, PPAR and PXR
agonists and active ingredients which act on the ATP-dependent potassium channel of
the beta cells.

20 In one embodiment of the invention, the compounds of the formula |, Il and Il are
administered in combination with an HMGCOoA reductase inhibitor such as simvastatin,

fluvastatin, pravastatin, lovastatin, atorvastatin, cerivastatin, rosuvastatin.

In one embodiment of the invention, the compounds of the formula I, Il and Il are
25 administered in combination with a cholesterol absorption inhibitor such as, for

example, ezetimibe, tiqueside, pamaqueside.

In one embodiment of the invention, the compounds of the formula [, Il and Il are
administered in combination with a PPAR gamma agonist, such as, for example,
30 rosiglitazone, pioglitazone, JTT-501, Gl 262570.
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Units
administered in combination with a mixed PPAR alpha/gamma agonist, such as, for

example, GW 1536, AVE 8042, AVE 8134, AVE 0847, AVE 0897 or as described in
WO 00/64888, WO 00/64876, WO 03/20269.

10 In one embodiment of the invention, the compounds of the formula |, Il and IIl are
administered in combination with a fibrate such as, for example, fenofibrate, clofibrate,
bezafibrate.

In one embodiment of the invention, the compounds of the formula I, Il and Il are
15 administered in combination with an MTP inhibitor such as, for example, implitapide,
BMS-201038, R-103757.

In one embodiment of the invention, the compounds of the formula I, Il and Il are
administered in combination with bile acid absorption inhibitor (see, for example, US
20 6,245,744 or US 6,221,897), such as, for example, HMR 1741.

In one embodiment of the invention, the compounds of the formula [, Il and Il are

administered in combination with a CETP inhibitor, such as, for example, JTT-705.

25 In one embodiment of the invention, the compounds of the formula |, Il and Il are
administered in combination with a polymeric bile acid adsorbent such as, for example,

cholestyramine, colesevelam.

In one embodiment of the invention, the compounds of the formula [, Il and Il are
30 administered in combination with an LDL receptor inducer (see US 6,342,512), such
as, for example, HMR1171, HMR1586.
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In one embodiment of the invention, the compounds of the formula [, Il and Il are

administered in combination with an ACAT inhibitor, such as, for example, avasimibe.

In one embodiment of the invention, the compounds of the formula [, Il and Il are
5 administered in combination with an antioxidant, such as, for example, OPC-14117.

In one embodiment of the invention, the compounds of the formula [, Il and Il are
administered in combination with a lipoprotein lipase inhibitor, such as, for example,
NO-1886.

10
In one embodiment of the invention, the compounds of the formula [, Il and Il are
administered in combination with an ATP-citrate lyase inhibitor, such as, for example,
SB-204990.

15 In one embodiment of the invention, the compounds of the formula |, Il and IIl are
administered in combination with a squalene synthetase inhibitor, such as, for
example, BMS-188494.

In one embodiment of the invention, the compounds of the formula I, Il and Ill are
20 administered in combination with a lipoprotein(a) antagonist, such as, for example,
CI-1027 or nicotinic acid.

In one embodiment of the invention, the compounds of the formula [, Il and Il are

administered in combination with a lipase inhibitor, such as, for example, orlistat.
25

In one embodiment of the invention, the compounds of the formula I, Il and Ill are

administered in combination with insulin.

In one embodiment, the compounds of the formula I, Il and Ill are administered in

combination with a sulfonylurea such as, for example, tolbutamide, glibenclamide,
30 (glipizide or glimepiride.

In one embodiment, the compounds of the formula I, Il and Ill are administered in

combination with a biguanide, such as, for example, metformin.
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In one further embodiment, the compounds of the formula I, Il and Il are administered
in combination with a meglitinide, such as, for example, repaglinide.
In one embodiment, the compounds of the formula I, Il and Il are administered in

5 combination with a thiazolidinedione, such as, for example, troglitazone, ciglitazone,
pioglitazone, rosiglitazone or the compounds disclosed in WO 97/41097 of Dr. Reddy's
Research Foundation, in particular 5-[[4-[(3,4-dihydro-3-methyl-4-ox0-2-
quinazolinylmethoxy]phenyl]methyl]-2,4-thiazolidinedione.
In one embodiment, the compounds of the formula I, Il and Ill are administered in

10  combination with an a-glucosidase inhibitor, such as, for example, miglitol or acarbose.
In one embodiment, the compounds of the formula I, Il and Ill are administered in
combination with an active ingredient which acts on the ATP-dependent potassium
channel of the beta cells, such as, for example, tolbutamide, glibenclamide, glipizide,
glimepiride or repaglinide.

15 In one embodiment, the compounds of the formula I, Il and Il are administered in
combination with more than one of the aforementioned compounds, e.g. in
combination with a sulfonylurea and metformin, with a sulfonylurea and acarbose,
repaglinide and metformin, insulin and a sulfonylurea, insulin and metformin, insulin
and troglitazone, insulin and lovastatin, etc.

20
In a further embodiment, the compounds of the formula I, Il and Ill are administered in
combination with CART modulators (see "Cocaine-amphetamine-regulated transcript
influences energy metabolism, anxiety and gastric emptying in mice" Asakawa, A, et
al., M.: Hormone and Metabolic Research (2001), 33(9), 554-558), NPY antagonists,

25 e.g. naphthalene-1-sulfonic acid {4-[(4-aminoquinazolin-2-ylamino)methyl]-cyclohexyl-
methyl}amide; hydrochloride (CGP 71683A)), MC4 agonists (e.g. 1-amino-1,2,3,4-
tetrahydronaphthalene-2-carboxylic acid [2-(3a-benzyl-2-methyl-3-ox0-2,3,3a,4,6,7-
hexahydropyrazolo[4,3-c]pyridin-5-yl)-1-(4-chlorophenyl)-2-oxoethyl]-amide; (WO
01/91752)), orexin antagonists (e.g. 1-(2-methylbenzoxazol-6-yl)-3-[1,5]naphthyridin-4-

30 ylurea; hydrochloride (SB-334867-A)), H3 agonists (3-cyclohexyl-1-(4,4-dimethyl-
1,4,6,7-tetrahydroimidazo[4,5-c]pyridin-5-yl)propan-1-one oxalic acid salt
(WO 00/63208)); TNF agonists, CRF antagonists (e.g. [2-methyl-9-(2,4,6-
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trimethylphenyl)-9H-1,3,9-triazafluoren-4-ylldipropylamine (WO 00/66585)), CRF BP
antagonists (e.g. urocortin), urocortin agonists, B3 agonists (e.g. 1-(4-chloro-3-
methanesulfonylmethylphenyl)-2-[2-(2,3-dimethyl-1H-indol-6-yloxy)ethylamino]-
ethanol; hydrochloride (WO 01/83451)), MSH (melanocyte-stimulating hormone)

5 agonists, CCK-A agonists (e.g. {2-[4-(4-chloro-2,5-dimethoxyphenyl)-5-(2-cyclohexyl-
ethyl)thiazol-2-ylcarbamoyl]-5,7-dimethylindol-1-yl}acetic acid trifluoroacetic acid salt
(WO 99/15525)), serotonin reuptake inhibitors (e.g. dexfenfluramine), mixed
sertoninergic and noradrenergic compounds (e.g. WO 00/71549), 5HT agonists, e.g. 1-
(3-ethylbenzofuran-7-yl)piperazine oxalic acid salt (WO 01/09111), bombesin agonists,

10 galanin antagonists, growth hormone (e.g. human growth hormone), growth hormone-
releasing compounds (6-benzyloxy-1-(2-diisopropylaminoethylcarbamoyl)-3,4-dihydro-
1H-isoquinoline-2-carboxylic acid tert-butyl ester (WO 01/85695)), TRH agonists (see,
for example, EP 0 462 884), uncoupling protein 2 or 3 modulators, leptin agonists (see,
for example, Lee, Daniel W.; Leinung, Matthew C.; Rozhavskaya-Arena, Marina;

15  Grasso, Patricia. Leptin agonists as a potential approach to the treatment of obesity.
Drugs of the Future (2001), 26(9), 873-881), DA agonists (bromocriptine, Doprexin),
lipase/amylase inhibitors (e.g. WO 00/40569), PPAR modulators (e.g. WO 00/78312),
RXR modulators or TR-f agonists.

20 In one embodiment of the invention, the other active ingredient is leptin; see, for
example, "Perspectives in the therapeutic use of leptin", Salvador, Javier; Gomez-
Ambrosi, Javier; Fruhbeck, Gema, Expert Opinion on Pharmacotherapy (2001), 2(10),
1615-1622.

25 In one embodiment, the other active ingredient is dexamphatamine or amphetamine.
In one embodiment, the other active ingredient is fenfluramine or dexfenfluramine.
In another embodiment, the other active ingredient is sibutramine.
In one embodiment, the other active ingredient is orlistat.
In one embodiment, the other active ingredient is mazindol or phentermine.

30
In one embodiment, the compounds of the formula I, Il and Il are administered in
combination with bulking agents, preferably insoluble bulking agents (see, for example,
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carob/Caromax” (Zunft H J; et al., Carob pulp preparation for treatment of
hypercholesterolemia, ADVANCES IN THERAPY (2001 Sep-Oct), 18(5), 230-6).
Caromax is a carob-containing product from Nutrinova, Nutrition Specialties & Food
Ingredients GmbH, Industriepark Hochst, 65926 Frankfurt/Main)). Combination with
Caromax” is possible in one preparation or by separate administration of compounds
of the formula |, Il and Il and Caromax®. Caromax® can in this connection also be
administered in the form of food products such as, for example, in bakery products or

muesli bars.

It will be appreciated that every suitable combination of the compounds of the invention
with one or more of the aforementioned compounds and optionally one or more other
pharmacologically active substances is regarded as falling within the protection
conferred by the present invention.
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Values in bold are significantly different from Goup 1 values (Statisti cal
anal ysis were perforned lon the | east square nean) % = percent difference
from VehiwbeoGaabdszel WO 2011/ 039338PCT/ EP2010/ 064620 5®cTarbotiabieer 2a -
Bone Densitonetry by DXA - Summary Datsa Percent Difference from Vehicle -
Femur - Ex Vivo - Young Adults G oup Vehicle Control SAR7226 10 ng/ kg/ day
SAR7226 50 ng/kg/day Units Value Value % Val ue % DXA d obal Area 2 cm
Mean SD 1.49 0.08 1.45 0.09

The activity of the compounds was tested as follows:

Preparation of brush border membrane vesicles from the small intestine of rabbits, rats

and pigs

Preparation of brush border membrane vesicles from the intestinal cells of the small
intestine was carried out by the so-called Mg2+ precipitation method. The mucosa of
the small intestine was scraped off and suspended in 60 ml of ice-cold Tris/HCI buffer
(pH 7.1)/300 mM mannitol, 5 mM EGTA. Dilution to 300 ml with ice-cold distilled water
10 was followed by homogenization with an Ultraturrax (18 shaft, IKA Werk Staufen, FRG)
at 75% of the max. power for 2 x 1 minute, while cooling in ice. After addition of 3 ml of
1M MgCl2 solution (final concentration 10 mM), the mixture is left to stand at 0°C for
exactly 15 minutes. Addition of Mg?* causes the cell membranes to aggregate and
precipitate with the exception of the brush border membranes. After centrifugation at
15 3 000 x g (5000 rpm, SS-34 rotor) for 15 minutes, the precipitate is discarded and the
supernatant, which contains the brush border membranes, is centrifuged at 26 700 x g
(15 000 rpm, SS-34 rotor) for 30 minutes. The supernatant is discarded, and the
precipitate is rehomogenized in 60 ml of 12 mM Tris/HCI buffer (pH 7.1)/60 mM
mannitol, 5 mM EGTA using a Potter Elvejhem homogenizer (Braun, Melsungen, 900
20 rpm, 10 strokes). Addition of 0.1 ml of 1M MgCl; solution and incubation at 0°C for 15
minutes is followed by centrifugation again at 3000 x g for 15 minutes. The
supernatant is then centrifuged again at 46 000 x g (20 000 rpm, SS-34 rotor) for 30
minutes. The precipitate is taken up in 30 ml of 20 mM Tris/Hepes buffer
(pH 7.4)/280 mM mannitol and homogeneously resuspended by 20 strokes in a Potter
25 Elveihem homogenizer at 1000 rpm. After centrifugation at 48 000 x g (20 000 rpm,
SS-34 rotor) for 30 minutes, the precipitate was taken up in 0.5 to 2 ml of Tris/Hepes
buffer (pH 7.4)/280 mM mannitol (final concentration 20 mg/ml) and resuspended
using a tuberculin syringe with a 27 gauge needle.
The vesicles were either used directly after preparation for labeling or transport studies
30 or were stored at -196°C in 4 mg portions in liquid nitrogen.
To prepare brush border membrane vesicles from rat small intestine, 6 to 10 male
Wistar rats (bred at Kastengrund, Aventis Pharma) were sacrificed by cervical
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dislocation, and the small intestines were removed and rinsed with cold isotonic saline.
The intestines were cut up and the mucosa was scraped off. The processing to isolate
brush border membranes took place as described above. To remove cytoskeletal
fractions, the brush border membrane vesicles from rat small intestine were treated

5 with KSCN as chaotropic ion.

To prepare brush border membranes from rabbit small intestine, rabbits were
sacrificed by intravenous injection of 0.5 ml of an aqueous solution of 2.5 mg of
tetracaine HCI, 100 mg of m-butramide and 25 mg of mebezonium iodide. The small

10 intestines were removed, rinsed with ice-cold physiological saline and stored frozen in
plastic bags under nitrogen at -80°C and 4 to 12 weeks. For preparation of the
membrane vesicles, the frozen intestines were thawed at 30°C in a water bath and
then the mucosa was scraped off. Processing to give membrane vesicles took place as
described above.

15
To prepare brush border membrane vesicles from pig intestine, jejunum segments
from a freshly slaughtered pig were rinsed with ice-cold isotonic saline and frozen in
plastic bags under nitrogen at -80°C. Preparation of the membrane vesicles took place
as described above.

20

Measurement of the glucose uptake by brush border membrane vesicles

The uptake of ["*C]-labeled glucose into brush border membrane vesicles was
measured by the membrane filtration method. 10 ul of the brush border membrane
25 vesicle suspension in 10 mM Tris/Hepes buffer (pH 7.4)/300 mM mannitol were added
at 20°C to 90 ul of a solution of 10 pM [C|D glucose and the appropriate
concentrations of the relevant inhibitors (5-200 uM) in 10 mM Tris/Hepes buffer (pH
7.4)/100 mM NaCl/100 mM.
After incubation for 15 seconds, the transport process was stopped by adding 1 ml of
30 ice-cold stop solution (10 mM Tris/Hepes buffer (pH 7.4)/150 mM KCI) and the vesicle
suspension was immediately filtered with suction through a cellulose nitrate membrane

filter (0.45 um, 25 mm diameter, Schleicher & Schull) under a vacuum of from 25 to
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35 mbar. The filter was washed with 5 ml of ice-cold stop solution. Each measurement

was carried out as duplicate or triplicate determination.

To measure the uptake of radiolabeled substrates, the membrane filter was dissolved

in 4 ml of an appropriate scintillator (Quickszint 361, Zinsser Analytik GmbH, Frankfurt
5 am Main), and the radioactivity was determined by liquid scintillation measurement.

The measured values were obtained as dpm (decompositions per minute) after

calibration of the instrument using standard samples and after correction for any

chemiluminescence present.

10  The active ingredients are compared for activity on the basis of ICso data obtained in
the transport assay on rabbit small intestine brush border membrane vesicles for
selected substances. (The absolute values may be species- and experiment-

dependent).

15 A further method for testing the activity of the compounds is the inhibition of the
transport activity of the human sodium-dependent glucose transporter 1 (SGLT1,
SLC5A1) in vitro:

1. Cloning of an expression vector for human SGLT1
20 The cDNA for human SGLT1 was introduced into the pcDNA4/TO vector (Invitrogen)
by standard methods of molecular biology as described in Sambrook et al. (Sambrook

et al., Molecular Cloning, A Laboratory Manual, 2nd Edition). The subsequent
sequencing of the insert revealed complete identity with bases 11 to 2005 of the base
sequence for human SGLT1 which was described by Hediger et al. (Hediger et al.,

25  Proc. Natl. Acad. Sci. USA 1989, 86, 5748-5752.) and deposited in the GenBank
sequence database (GenBank Accesion Number: M24847). Bases 11 to 2005
correspond to the complete coding region of human SGLT1.

2. Preparation of a recombinant cell line with inducible expression of human SGLT1

30 The expression vector for human SGLT1 was introduced into CHO-TRex cells
(Invitrogen) by means of FuGeneo6 lipofection (Roche). To select single cell clones,
600 ug/ml Zeocin (Invitrogen) was added to the cell culture medium (Nutrient Mixture
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F-12 (Ham), (Invitrogen) supplemented with 10% fetal calf serum (BD Biosciences), 10
pg/ml blasticidin S (CN Biosciences), 100 units/ml penicillin, 100 units/ml
streptomycin). The functionality of the single cell clones resulting from the selection
was tested via their uptake activity for radiolabeled methyl a-D-glucopyranoside. The

5 cell clone with the greatest uptake activity for methyl a-D-glucopyranoside, referred to
as CHO-TRex-hSGLT1 hereinafter, was selected for further experiment, and

cultivation was continued in the presence of 600 pg/ml of zeocin.

3. Measurement of the inhibitory effect of test substances on the uptake of methyl -D-

10 qlucopyranoside ( -MDG)

CHO-TRex-hSGLT1 cells were seeded in a concentration of 50 000 cells per well in
Cytostar-T scintillating 96-well plates (Amersham Biosciences) in cell culture medium
and cultivated for 24 h. Expression of the recombinant human SGLT1 was induced by
adding 1 pg/ml tetracyclin for a further 24 h. For a-MDG uptake experiments, the cells
15 were washed with PBS and then starved (PBS supplemented with 10% fetal calf
serum) at 37°C for one hour. After a further washing step with transport assay buffer
(140 mM sodium chloride, 2 mM potassium chloride, 1 mM magnesium chloride, 1 mM
calcium chloride, 10 mM HEPES/Tris, pH 7.5), the cells were incubated either in the
absence or presence of test substances varying in concentration at room temperature
20 for 15 min. The test substances were diluted appropriately in transport assay buffer
(40 pl/well) starting from a 10 mM stock solution in dimethyl sulfoxide. The assay was
then started by adding 10 pl of a mixture of radiolabeled methyl a-D-[U-
'“Clglucopyranoside (Amersham) and unlabeled methyl a-D-glucopyranoside (Acros).
The final concentration of methyl a-D-glucopyranoside in the assay was 50 uM. After
25 an incubation time of 30 min at room temperature, the reaction was stopped by adding
50 ul/well of 10 mM methyl a-D-glucopyranoside in transport assay buffer (4°C), and
the radioactivity uptake by the cells was determined in a MicroBeta Scintillation
Microplate Reader (Wallac). The half-maximum inhibitory effect of the test substances
(IC50) was determined in the following way:
30 1. Establishment of the value for 0% inhibition. This is the measurement in the

absence of substance, measured in sodium-containing transport assay buffer.
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2. Establishment of the value for 100% inhibition. This is the measurement in the
absence of substance, measured in sodium-free transport assay buffer
(140 mM choline chloride, 2 mM potassium chloride, 1 mM magnesium chloride,
1 mM calcium chloride, 10mM HEPES/Tris, pH7.5).

3. Calculation of the percentage inhibitions for the measurements carried out in the
presence of various concentrations of test substance. It was then possible to
ascertain therefrom the concentration of test substance which reduced the
uptake of methyl a-D-glucopyranoside by 50% (IC50).

Inhibition of the transport activity of the human sodium-dependent glucose transporter
2 (SGLT2, SLC5A2) in vitro

1. Cloning of an expression vector for human SGLT2
The cDNA for human SGLT2 was introduced into the pcDNA4/TO vector (Invitrogen)
by means of standard methods of molecular biology as described in Sambrook et al.

(Molecular Cloning, A Laboratory Manual, Second Edition). The subsequent

sequencing of the insert showed complete identity with bases 21 to 2039 of the base
sequence for human SGLT2 which was described by Wells et al. and is deposited in
the GenBank sequence database (GenBank Accession Number: M95549). Bases 21

to 2039 correspond to the complete coding region of human SGLT2.

2. Production of a recombinant cell line with inducible expression of human SGLT2

The expression vector for human SGLT2 was introduced into CHO-TREXx cells
(Invitrogen) by means of FuGeneo6 lipofection (Roche). To select single cell clones,
600 ug/ml of Zeocin (Invitrogen) was added to the cell culture medium (nutrient mixture
F-12 (Ham), (Invitrogen) supplemented with 10% fetal calf serum (FBS Gold, PAA),

10 pg/ml Blasticidin S (CN Biosciences), 100 units/ml penicillin, 100 units/ml
streptomycin). The functionality of the single cell clones resulting from the selection
was tested via their uptake activity for radiolabeled methyl- -D-glucopyranoside. That
cell clone with the highest uptake activity for methyl- -D-glucopyranoside, referred to
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hereinafter as CHO-TRex-hSGLT2, was selected for the further experiments and

cultured further in the presence of 600 ug/ml Zeocin.

3. Measurement of the inhibiting action of test substances on the uptake of methyl- -

5 D-glucopyranoside ( -MDG)

CHO-TRex-nSGLT2 cells were seeded in cell culture medium in a concentration of
50 000 cells per well in Cytostar-T scintillating 96-well plates (Amersham Biosciences)
and cultivated for 24 h. The expression of the recombinant human SGLT2 was induced
by adding 1 ug/ml tetrazykline for a further 24 h. For -MDG uptake experiments, the
10 cells were washed with PBS and then starved at 37°C in starvation medium (PBS
supplemented with 10% fetal calf serum) for 1 hour. After a further washing step with
transport assay buffer (140 mM sodium chloride, 2 mm potassium chloride, 1 mm
magnesium chloride, 1 mm calcium chloride, 10 mm HEPES/Tris, pH 7.5), the cells
were incubated at room temperature either in the absence or presence of test
15  substances of different concentration for 15 min. The test substances were diluted
correspondingly in transport assay buffer proceeding from a 10 mm stock solution in
dimethyl sulfoxide (40 ul/well). The assay was subsequently started by adding
10 pl/well of a mixture of radiolabeled methyl- -D-[U-'*C]glucopyranoside (Amersham)
and unlabeled methyl- -D-glucopyranoside (Acros). The final concentration of methyl-
20 -D-glucopyranoside in the assay was 50 pM. After an incubation time of 120 min at
37°C, the reaction was stopped by adding 50 ul/well of 10 mM methyl- -D-
glucopyranoside in transport assay buffer (4°C), and the radioactivity taken up into the
cells was determined in a MicroBeta Scintillation Microplate Reader (Wallac).
The half-maximum inhibiting action of the test substances (IC50 value) was
25 determined as follows:
4. Determination of the value for 0% inhibition. This is the measurement in the
absence of substance, measured in sodium-containing transport assay buffer.
5. Determination of the value for 100% inhibition. This is the measurement in the
absence of substance, measured in sodium-free transport assay buffer
30 (140 mM choline chloride, 2 mM potassium chloride, 1 mM magnesium chloride,
1 mM calcium chloride, 10 mM HEPES/Tris, pH7.5).
6. Calculation of the percentage inhibition values of those measurements which



Units Value Value % Val ue % pQCT Total Area 2 mm Mean SD 15.3 1.8 16.0 1.8
4.4 14.9 1.4 -2.7 Total BMC ng/mm Mean SD 11.7 1.3 12.6 1.2 7.8
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were carried out in the presence of different concentrations of test substance.
From this, it was then possible to determine that concentration of the test
substance which reduces the uptake of the methyl- -D-glucopyranoside by
50% (IC50 value).

Literature:
Wells et al. (1992) Am. J. Physiol. Vol. 263: F459-F465

10 IC50 values of test substances (uM)
[in vitro testing of the uptake of methyl -D-glucopyranoside]

Formula |
15

Example No. ICs0 [ M] SGLT 1
3 0.043
6 0.133
9 0.081
12 0.139
15 0.170
18 0.080
21 0.047
22 0.144
24 0.208
31 0.252
33 0.070
36 0.043

20



12.3 1.1 5.1 Total BVMD ng/cnB Mean SD 764.4 48.5 791.1 59.0 3.5 825.3 37.9
8.0 Trabecular BMC ng/mm Mean SD 2.2 0.5 2.5 0.5 14.7 2.4 0.5 9.7
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Formula Il

Example No ICs0 [UM]
SGLT Brush
Border
Membrane

Phlorizin 16

1 4

2 0.4

3 0.3

Formula Ill

Example No ICs0 [UM]
SGLT Brush
Border
Membrane

Phlorizin 16

1 0.5

2 0.7

4 1.5

5 0.4

7 0.9

5 Following invitro ICs values of were obtained by using recombinant SGLT1 and

SGLT2 targets as described above

Example ICs0 [UM] ICs0 [UM]
SGLT 1 SGLT 2

5 of formula Il 0.029 0.088

1 of formula lll | 0.770 0.034

20 of formula 11l | 0.320 0.029

21 of formula | | 0.027 0.318




nmg/ cm Mean SD 361.0 74.8 396.9 62.3 9.9 405.3 65.4 12.3 C/ SC BMC ng/ nm
Mean SD 9.5 0.9 10.1 0.7 6.2 9.9 0.6 4.0 C/SC BMD 3 ng/cm Mean SD 1033. 4
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The preparation of various examples is described in detail below, and the other

compounds of the formula |, Il and Ill were obtained analogously:

Animal Study - Study Design

5 The compound of example 5 of formula Il was tested in female Sprague-Dawley
mature and young adult rats following daily oral gavage administration for a minimum
of 28 days to investigate specific endpoints of bone quality.

Test compound:
OH

HO N
10 FoF
The study design is detailed in the Table below:

Study Design

Number of animals

15

Group Number/ Dose Level Mature Female Young Female
Identification (mg/kg/day) Adult Adult

24 Weeks old@ 6-7 Weeks old@
1/ Vehicle Control 0 10 10
2/ Test compound 10 15 15
3/ Test compound 50 15 15

a Approximate age at the initiation of treatment

The following were evaluated: clinical signs (at least weekly), body weight (weekly),

food consumption (weekly), hormones (Days 13 and 27), serum and urinary

biochemical markers of bone turnover (Days 13 and 27), serum chemistry (at

necropsy), bone densitometry by dual energy X-ray absorptiometry (DXA) and

peripheral quantitative computed tomography (pQCT) (Week 2 and 4, as well as ex



1054.0 73.6 2.0 1105.5 46.9 7.0 Values in bold are significantly
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viv0), macroscopic observations at necropsy, organ weights, histopathology,
biomechanical strength testing and femoral length measurements.

Methods

1 Bone Mineral Density Measurement

Bone densitometry scans and assessments were performed by trained personnel who

were blinded to the animals treatment using dual energy X-ray absorptiometry (DXA)
10 and peripheral quantitative computed tomography (pQCT). All animals were scanned

using the same densitometer on each occasion. DXA and pQCT scans were

performed on the same day in order to reduce any stress to the animal. Animals were

anesthetized using isoflurane prior to and during the DXA and pQCT scans. An

ophthalmic lubricating ointment was administered to each eye following anesthesia

15  induction and reapplied as necessary.

1.1 In Vivo Dual Energy X-Ray Adsorptiometry (DXA)
Bone mineral density measurements was performed using a Discovery A Hologic
densitometer. All scan reanalysis data were retained and reanalyses documented.

20 DXA scans were used to measure bone mineral density (BMD) and bone mineral
content (BMC) and area of the whole body, lumbar spine (L1-L4) and right femur
(whole with regions of interest at the proximal, mid and distal femur).

Single scans were acquired once prior to treatment start, at the end of Week 2 and
again at the end of the treatment period from each study animal. Animals were

25 positioned according to PCS-MTL Standard Operating Procedures. Additional scans
were acquired for verification at the request of the study director. The scan modes and

analyses are listed in Table 1 below:

30



Area mm2 Mean SD 14.4 1.3 15.0 1.2 3.7 15.1 1.7 4.3 Total BMC ng/ mm Mean
SD8.9 1.0 10.3 1.1 16.7 11.8 1.6 33.0 Total BMD ng/cnB Mean SD 612.9 39.4

WO 2011/039338 PCT/EP2010/064620
55

Text Table 1 - In Vivo DXA Scan Modes and Analyses

Scan Site Scan Type Scan Mode Analysis Mode

Whole Body = Small animal/Rat Array Small animal/Rat
Whole Body Whole Body

Lumbar spine  Small animal High Definition Subregion High
Regional Resolution Analysis

High-Resolution

Femur Small animal High Definition Subregion High
Regional Resolution Analysis
High-Resolution

1.2  Peripheral Quantitative Computed Tomography (pQCT)
Peripheral QCT was used to measure bone mineral content (BMC), bone mineral
5 density (BMD), and geometric parameters for all animals.
Peripheral QCT scans were obtained at the right proximal tibia for all animals using an
XCT Research SA or SA+ bone scanner with software version 5.50D. Scans were
acquired at the proximal tibia metaphysis and diaphysis (single slice at each site).
Additional slices were obtained as considered appropriate to ensure the optimal scans
10 and data acquisition. In this case, only the best scan was considered. The exact
position of the scan slices was documented in the raw data (Table 4). For follow-up
scans, positioning and placement of CT scan lines were verified and compared with
the scout scan obtained during the initial scanning occasion.
For the metaphysis site, the most appropriate analysis modes to represent the scans
15  was determined, documented and reported in the Table 2. Scans obtained at the
diaphysis site were analyzed using Cortmode 2 (Table 2). Scanning parameters
reported are summarized in the Table 3. All scan analysis data was retained and
reanalyses documented. All analyses were performed using the LOOP option. All
other data generated as a result of the LOOP option was retained with the raw data but
20 not reported.



690.2 44.0 12.6 782.0 52.1 27.6 Trabecular BMC ng/mm Mean SD 1.8 0.4 2.5
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Text Table 2 - In Vivo pQCT Scan Settings and Analysis Using Software Version

5.50D
Right Tibia
Approximate Measurement Diameter 30
(mm)
Voxel Size: (mm) 0.15
CT scan speed (mm/sec) 4.5
SV scan speed (mm/sec) 30
Number of SV lines 99
Dist. between SV lines (mm) 0.5
# Blocks 1
Dist between CT lines (mm) 0.2
Metaphysis Acquired at 15% of the total bone length

distal to the reference line set at the tibial
proximal end

Slice Placement

# of CT slices 1

ContMode 2

PeelMode 2 threshold 0.850 1/cm

Diaphysis

Slice Placement Acquired at 50% of the total bone length
# of CT slices 1

Cortmode 2, threshold 0.930 1/cm

Text Table 3 - pQCT Scanning parameters reported for the right tibia

Site Region Parameter Abbreviation Unit
Metaphysis Total slice Area None mm?
Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm?®
density
Trabecular Area None mm?
subregion Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm?®
density
Cortical/ Area None mm?
Subcortical Bone mineral BMC mg/mm
content
subregion Bone mineral BMD mg/cm®
density
Diaphysis Periosteal PERI_C mm
circumference
Endosteal ENDO _C mm

circumference



¢/ SC BMC ng/mMm Mean SD 7.1 0.7 7.9 0.7 10.7 8.4 1.0 18.4 C/ SC BVD ng/ cnB
Mean SD 821.0 23.9 877.1 37.2 6.8 932.6 49.5 13.6 Values in bold are

si gni fi canbl2gndizdIzer ent from Group 1 val ues (Stati sti calpcarEebyiviossceer e
performed on the | east square nean) (57)/0 = percent difference from Vehicle
Control C/ SC = Cortical/Subcortical 2Bi omechani cal Testing 5Bi onmechani cal
testing was perfornmed using an 858 Mni Bionix Servohydraulic Test System
Model 242.03. Al data was coll ected using TestWrks(r) version 3.8A for
Test StarTm software, version 4.0C

Site Region Parameter Abbreviation Unit
Total slice Area None mm?
Cortical Area None mm?
Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm?®
density
Thickness THICK _C mm

Results of bone mineral density measurements are shown in following figures and
tables:

Figure 1 - Bone Densitometry Values by Dual Energy X-Ray Absorptiometry as
5 Percent Change from Pretreatment Period - Whole Body - LSMean (SELSM)

Figure 2 - Bone Densitometry Values by Dual Energy X-Ray Absorptiometry as
Percent Change from Pretreatment Period — Lumbar Spine - LSMean (SELSM)

Figure 3 - Bone Densitometry Values by Dual Energy X-Ray Absorptiometry as
Percent Change from Pretreatment Period - Global Femur - LSMean (SELSM)

10 Figure 4 - Bone Densitometry Values by Dual Energy X-Ray Absorptiometry as
Percent Change from Pretreatment Period - Mid Femur - LSMean (SELSM)
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Values in bold are significantly different from Group 1 values (Statistical analysis were performed

|0n the least square mean)

% = percent difference from Vehicle Contro]
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Density Measurenments 3. 1Ex Vivo Dual Energy X-Ray Absorptionmetry (DXA) 5
DXA was used to neasure bone m neral density (BMD), bone m neral content
(BMC) and area. Single DXA scans were obtained for the excised right fenur
fromall animals euthanized at the end of the treatnent period (except
three animals due to danaged fenoral condyles) as well as two found dead

ani mal s. These excl usions had no adverse i npact on the overall outcone of
the stu x?“fa %fi CBSH %ﬁb ﬂg %”Fﬁ?rﬁalﬂ(é%té Pef [ﬂff&‘é%ef

were pe W & g one densitoneter as NWL
St andar af res tes to be reported are sunnarlzed in

Table 5 Text Tabl e 5 - Vi vo DféA Y aln site and parangters reported
SiteRepprting Area, BMC B\A}}oﬁii gh hEenur&b’t?&B,lOprgMdma SARVZS Wingdkatday WO
2011/ 03p338PCT/ EP2010/ 0646P0 64 3% Ex |Vi vo _Peripheral puantitative
Comput e _Tonogr aphy (pOaiy | Peri|ph&imb QCT Vamans| wer%e pef f ovated ex viovo
usi ng ah XCYGRegear ch| SA o[M&AH1bBone scladner with sof2ware vers|{on 5.80D.
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Global 5 |Mean [0.20 0.21 3.2[0.21 4.9

BMD gem™ oy o1 0.01 0.01

Proximal 5 Mean [0.52 0.50 -2.6]0.49 -4.9

Area ‘s fo.02 0.03 0.03

Proximal Mean [0.11 0.11 -0.810.11 -4.0

BMC 8 sD |o.01 0.01 0.01

Proximal » |Mean |0.21 0.22 1.8]0.21 1.0

BMD gem' oy oo 0.01 0.01

DXA |—

Mid 5 [Mean [0.39 0.39 -0.9]0.39 -0.8

Area ‘s ool 0.02 0.03

Mid Mean [0.07 0.07 -2.6]0.07 3.2

BMC 8 s |0.00 0.01 0.01

Mid > |Mean [0.17 0.17 -1.9]0.17 2.6

BMD gem' oy oo 0.01 0.01

Distal 5 |Mean [0.36 0.37 1.7]0.37 0.5

Area ‘s fo.02 0.02 0.02

Distal Mean [0.09 0.10 6.4[0.10 8.4

BMC 8 sD |o.01 0.01 0.01

Distal 5 |Mean [0.25 0.26 4.710.27 7.9

BMD gem' oy oo 0.01 0.02

Values in bold are significantly different from Group 1 values (Statistical analysis were performed
|0n the least square mean)

% = percent difference from Vehicle Control
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nmet aphysi s. The netaphysis scan was not perforned for the femur of three
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Values in bold are significantly different from Group 1 values (Statistical analysis were performed

|0n the least square mean)

% = percent difference from Vehicle Control
C/8C = Cortical/Subcortical
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Text Table 4a - Bone Densitometry by pQCT - Summary Data Percent Difference from
Vehicle Ex Vivo - Femur Metaphysis - Young Adults

Group Vehicle | SAR7226 10 SAR7226 50
Units Control | mg/kg/day mg/kg/day
Value Value % Value | %
Total mm?2 Mean 14.4 15.0 3.7 15.1 4.3
Area SD 1.3 1.2 1.7
Total mg/mm Mean 8.9 10.3 16.7 11.8 33.0
BMC SD 1.0 1.1 1.6
Total mglom® Mean 612.9 690.2 12.6 782.0 27.6
BMD SD 39.4 44.0 52.1
pQC | Trabecular ma/mm Mean 1.8 2.5 41.4 3.4 92.0
T |BMC g ) 0.4 0.5 0.6
Trabecular mglem?® Mean | 301.1 410.7 36.4 556.0 84.7
BMD SD 65.7 64.3 65.7
C/SC mg/mm Mean 7.1 7.9 10.7 8.4 18.4
BMC SD 0.7 0.7 1.0
C/sC mglcm® Mean |821.0 877.1 6.8 932.6 | 13.6
BMD SD 23.9 37.2 49.5
Values in bold are significantly different from Group 1 values (Statistical analysis were
performed

on the least square mean)
% = percent difference from Vehicle Control
C/SC = Cortical/Subcortical

2 Biomechanical Testing
5 Biomechanical testing was performed using an 858 Mini Bionix Servohydraulic Test

System, Model 242.03. All data was collected using TestWorks® version 3.8A for
TestStar™ software, version 4.0C.
At necropsy, all specimens were cleaned of excess tissue (not scraped) and
individually wrapped in gauze soaked with saline, covered with plastic film and placed

10 in an appropriately labelled plastic bag. Bone samples were retained frozen (ca -20°C)
until subjected to the following biomechanical evaluations:
Bone Test

Right femur 3-point bending

Lumbar vertebrae (L3, L4) compression testing

15 2.1  Specimen Preparation
Specimens were thawed in the fridge (approximately 4°C) overnight before preparation
or taken directly from the freezer on the trimming day (no impact on testing as
preparation performed on different day than testing) as follows:
For 3-point bending, the right femur was cleaned of soft tissue, especially at the

20 diaphysis in the area of the span.



D stance between CT lines (m) N A NA NA Slice Placenent On screen,
reference line Laser set on the mark on the On screen, reference line

pl aced atwoherdizsizal fenoral shaft (at placed at crani alpcTapdotofosfeeorur and
expect ed breaking end of vertebra so&nning line placed at 20% of the total
| ength of the fenur point) and scanning |ine placed at 50% of the total

| ength of the vertebra. # of CT slices 1 1 1 (additional slices mght be
needed) (additional slices m ght be needed) Cont Mbde 2 N A

For compression testing, the vertebral body of the vertebrae was isolated by removing
the vertebral arch and removing both inter-vertebral discs. The section obtained had
two parallel cut surfaces and the trabecular bone exposed.
5 2.2 3-point Bending

The right femur was tested to failure in three-point bending to determine the material
properties of femoral cortical bone. The marked point on the anterior side served as
the upper loading point for each femur and the actuator was set at a rate of 1 mm/sec
until failure occurred. Load and displacement data were collected. Peak load was

10 determined from the resulting load versus displacement curve and converted to
ultimate stress using the radius, cross-sectional moment of inertia and the span. The
work to failure was determined from the area under the curve (AUC) and toughness
was calculated. Approximate midspan values for stiffness were recorded (defined as
the slope of the linear/elastic region of the load versus displacement curve) and

15 modulus was calculated using the moment of inertia obtained from the pQCT data.
2.3  Vertebral Compression
The L3 and L4 vertebral body were tested in compression to failure. The loading rate
was set at 20 mm/min. Load and displacement data were collected and apparent
strength and modulus were calculated using the peak load, stiffness, individual

20 vertebral body height and cross sectional area from the pQCT scans. The work to
failure was determined from the area under the curve (AUC) and toughness was
calculated. Yield load was originally derived using a 0.2% off-set however a 0.1% off-
set was considered more appropriate and yield stress was calculated. All data derived
from the 0.2% off-set yield load was kept with the study file but not reported.

25 A summary of biomechanical tests and parameters reported are outlined in Table 4.
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Text Table 4 - Biomechanical Parameters Reported

Bone Test Parameter Unit
. 3-Point Bending Peak load N
Right Femur Ultimate stress MPa
Stiffness N/mm
Modulus MPa
Area under the N-mm
curve (AUC) MPa
Toughness
Lumbar Vertebrae Compression Peak load N
(L3, L4) Apparent Strength MPa
Yield Load N
Yield Stress MPa
Stiffness N/mm
Modulus MPa
Area under the N-mm
curve (AUC) MPa
Caliper Toughness mm
Height
3 Ex Vivo Bone Mineral Density Measurements

3.1 Ex Vivo Dual Energy X-Ray Absorptiometry (DXA)

5 DXA was used to measure bone mineral density (BMD), bone mineral content (BMC)
and area. Single DXA scans were obtained for the excised right femur from all animals
euthanized at the end of the treatment period (except three animals due to damaged
femoral condyles) as well as two found dead animals. These exclusions had no
adverse impact on the overall outcome of the study as sufficient specimens were

10 measured in each groups. Scans were performed with a Hologic Discovery A bone
densitometer as per PCS-MTL Standard Operating Procedures.

Scan sites to be reported are summarized in Table 5:

Text Table 5 - Ex Vivo DXA scan site and parameters reported

Reporting
Area, BMC, BMD

Site

Right Femur Global, proximal, mid, distal




Bone m neral BMD density MM ng/mm ng/cn8 Right femur - Diaphysis - at the
expected 3 point breaking point Periosteal PERI nm circunference

Endost eal wdRONm3e3sscunf erence Total and Cortical Cross sectrirpp@bemsedV2 ar ea
Bone m ner al BMCng/ nm cont ent Bone mi n@ral BVMDng/ cnB8 density Cortical Cross
sectional CSM nm4 nonent of inertia in the plane of bending Cortical

t hi cknessTHI CKnm Ri ght Fenmur - Metaphysis Total sliceAreaNone Bone

m ner al BMC content Bone m neral BVMD density Trabecul ar AreaNone subregi on

Bone m neral BMC
3.2 Ex Vivo Peripheral Quantitative Computed Tomography (pQCT)

Peripheral QCT scans were performed ex vivo using an XCT Research SA or SA+
bone scanner with software version 5.50D. Scans were obtained for the right femur,
L3 and L4 lumbar vertebra for all animals euthanized at the end of the treatment period
5 as well as two found dead animals. These two animals were scanned twice due to
technical oversight, however only the first scans obtained were reported and the
second scans were kept with the study file, this had no impact on the study as both
scans were considered equivalent.
For the femurs, the scanned site was at the expected 3-point bending fracture site

10 (diaphysis). This site was analyzed using Cortmode 2 for cortical bone measurements
only (Table 5). An additional slice was obtained in the metaphysis. The metaphysis
scan was not performed for the femur of three animals due to condyles detachment
from the femur during trimming. The exact position of the scan slices was documented
in the raw data and presented in Table 5.

15  The femoral length was measured as part of the ex vivo pQCT scanning procedures
and was reported for the right femur of all animals with the exception of 3 animas due
to damaged femoral condyles.

For the vertebrae, the scans were obtained at the midpoint. The L3 vertebrae from
four animal and L4 vertebrae from four animals were damaged at trimming and L4

20 vertebrae from one animal was lost during trimming, consequently, no scans were
obtained on these vertebrae. Additional slices were obtained as considered
appropriate to ensure the optimal scans and data acquisition.

All analyses were performed using the LOOP option of the analysis software. All other
data generated as a result of the LOOP option were retained with the raw data but not

25 reported. The most appropriate analysis mode for the femur and the lumbar vertebrae
was used and documented in the raw data and the analysis details are presented in
Table 6. All scan analysis data was retained and re-analyses documented.
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4. 4Vertebral Conpression The L3 and L¢s vertebral body were tested in
conpression to failure. The loading rate was set at 20 mm m n. Load and

di spl acenent data were coll ected and apparent 5strength and nodul us were
cal cul ated using the peak |oad, stiffness, individual vertebral body height
and cross sectional area fromthe pQCT scans. The work to failure was

det er mi fedt Tablm @ hEexarwwepUadeScarhEetings endAp)lysia dsirg Goftease Wession

cal cul a15e51)D Yi eI d load was ori gi naI |y der| ved usi ng a 0.2% off set however
a 0. 1%-se A S A

cal cul ated. Al
wWth t ) ] B Y ; '
par amet mpepramr}maté ed are outli ned in Tabl e 8. Text Table 8 - Bi omechani cal
Par anet mésaslae@ﬁémed BoneTest Par anet er Unit 3- Poi nt Bendi ngPeak | oadN

U timat @,é,h Sti ffneggl\l/ nm Modul usMPp Area under thel-nmm curve

(AUC) MP hness unmbar tebr aeConpr e55| nPeak | oadN (L3, L4) Apparent
St rengtﬁ P%ZQI (f”l_rl@;\ 10 %

CT scan speed 3.0 3.0
(mm/sec)

SV scan speed 30 N/A 30
(mm/sec)

Number of SV lines 99 N/A 99
Distance between SV 0.50 N/A 0.20
lines (mm)

# Blocks 1 1 1
Distance between CT  N/A N/A N/A
lines (mm)

Slice Placement On screen, Laser set on the On screen,

reference line mark on the reference line

placed at the distal
end of femur and
scanning line
placed at 20% of
the total length of

femoral shaft (at
expected breaking
point)

placed at cranial
end of vertebra
and scanning line
placed at 50% of
the total length of

the femur the vertebra.
# of CT slices 1 1 1
(additional slices (additional slices
might be needed) might be needed)
ContMode 2 N/A 2
PeelMode 20 at 40% N/A 20 at 45%
trabecular area trabecular area
Cortmode N/A 2 threshold N/A
0.930 1/cm

N/A = Not Applicable

Ex vivo pQCT scanning parameters reported are summarized in Table 7.

Text Table 7 - Ex vivo pQCT Scanning Parameters Reported for the Vertebrae and



Yield StressMPa StiffnessN nmm Modul usMPa Area under theN-nmm curve (AUC) MPa

Cal i per Toughnessnm Hei ght

WO 2011/ 039338PCT/ EP2010/ 064620 68 Text Tabl e 5a

- Bi omrechwoi2osi/03988muary Data Percent Difference from Vebir@peor/obfsomur

3- poi nt Bending -

Ex Vivo -

Mature Adisl ts
10 ng/ kg/ day SAR7226 50 ng/ kg/day Units
Mean SD 136.0 29.3

G oup Vehicle Control SAR7226

Val ue Val ue % Val ue % Peak Load N

Right Femur.
Site Parameter Abbreviation Unit
L3, L4 vertebral body mid section
Total and Cross sectional None mm?
Trabecular area
Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm®
density
Right femur — Diaphysis - at the expected 3 point breaking point
Periosteal PERI mm
circumference
Endosteal ENDO mm
circumference
Total and Cortical Cross sectional None mm?
area
Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm®
density
Cortical Cross sectional CSMI mm?*
moment of inertia in
the plane of
bending
Cortical thickness THICK mm
Right Femur — Metaphysis
Total slice Area None mm?
Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm®
density
Trabecular Area None mm?
subregion
Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm®

density



149.8 27.6 10.1 142.1 26.2 4.5 Utimte Stress MPa Mean SD 189.0 43.0 200.5
41.8 6.1 195.4 35.9 3.4 Stiffness NN mm Mean SD 404.9 63.6 410.2 58.0 1.3

401. 4 87.80-2011%3p43dul us MPa Mean SD PCT/EP2010/064620
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Site Parameter Abbreviation Unit

Cortical/ Subcortical Area None mm?

Subregion Bone mineral BMC mg/mm
content
Bone mineral BMD mg/cm®
density

4.4  Vertebral Compression
The L3 and L4 vertebral body were tested in compression to failure. The loading rate
was set at 20 mm/min. Load and displacement data were collected and apparent
5 strength and modulus were calculated using the peak load, stiffness, individual

vertebral body height and cross sectional area from the pQCT scans. The work to
failure was determined from the area under the curve (AUC) and toughness was
calculated. Yield load was originally derived using a 0.2% off-set however a 0.1% off-
set was considered more appropriate and yield stress was calculated. All data derived

10 from the 0.2% off-set yield load was kept with the study file but not reported.
A summary of biomechanical tests and parameters reported are outlined in Table 8.

Text Table 8 - Biomechanical Parameters Reported

Bone Test Parameter Unit
. 3-Point Bending Peak load N
Right Femur Ultimate stress MPa
Stiffness N/mm
Modulus MPa
Area under the N-mm
curve (AUC) MPa
Toughness
Lumbar Vertebrae Compression Peak load N
(L3, L4) Apparent Strength MPa
Yield Load N
Yield Stress MPa
Stiffness N/mm
Modulus MPa
Area under the N-mm
curve (AUC) MPa
Caliper Toughness mm
Height

15 Results are shown in following tables:
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6148.9 750.6 6137.7 1727.7 -0.2 6222.5 1259.3 1.2 AUC N-mm Mean SD 56.5
31.7 64.1 21.9 13.4 61.4 22.4 8.7 Toughness MPa Mean SD 7.1 3.9 7.8 2.7
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Text Table 5a - Biomechanics - Summary Data Percent Difference from Vehicle -
Femur 3-point Bending - Ex Vivo - Mature Adults

Vehicle
Group Control SAR7226 10 mg/kg/day | SAR7226 50 mg/kg/day
Units Value Value % Value %
Mean |136.0 149.8 10.1{142.1 4.5
Peak Load N sp |293 27.6 26.2
. Mean |189.0 200.5 6.1]195.4 3.4
Ultimate Stress MPa D 430 418 359
. Mean |404.9 4102 1.3]401.4 0.9
Stiffness Nmm s l63.6 58.0 873
Mean |6148.9 6137.7 0262225 1.2
Modulus MPalop 7506 1727.7 12593
Mean |56.5 64.1 13.4|61.4 8.7
AUC Nmm - fory - [51 7 21.9 2.4
Mean |7.1 7.8 10.517.5 6.6
Toughness MPa SD 39 97 29
Lenath o [Mean 372 37.0 -0.4]37.0 0.4
5 sp |12 1.0 0.8
Total »  |Mean [9.3 9.6 3.119.0 -34
Area e feny i 1.2 0.7
Total me/mm Mean |8.8 9.1 3.018.8 0.0
BMC FMM sy oo 0.9 0.5
Total Jon? Mean [954.5 955.6 0.11988.0 3.5
BMD M Aoy 1314 56.6 4.7
Cortical »  |Mean |6.3 6.5 2.316.4 0.2
Area e Asp  oe 0.6 0.4
Cortical Mean |8.3 8.5 2.718.4 1.2
PRCT e mg/mmlen - o7 0.7 0.5
Cortical o |Mean [1306.7 1312.6 0.5[1319.4 1.0
BMD MM oy |24.8 16.9 18.7
4+ |Mean [4.7 5.0 5.714.6 -3.0
CSMI e feny i 1.3 0.8
Cortical o [Mean [0.75 0.76 0.6]0.78 35
Thickness sp  |0.03 0.04 0.03
Periosteal m Mean [10.7 10.8 1.0]10.4 2.1
Circumference SD 0.6 0.6 0.4
Endosteal m Mean 6.0 6.2 2.315.7 -5.6
Circumference SD 0.6 0.7 0.5
Mid > |Mean 0.4 0.45 3.86]0.43 -0.97
Area o Isp o |0.02 0.03 0.02
Mid Mean [0.10 0.11 6.450.11 1.25
DXA lgmc 5 sp o1 0.01 0.01
Mid o |Mean [0:24 0.24 2.350.24 2.26
BMD g tsp ool 0.01 0.01

% = percent difference from Vehicle Control




Length rnrn Mean SD 37.2 1.2 37.0 1.0 -0.4 37.0 0.8 -0.4 Total Area 2 rnrn

Mean SD 9.3 1.1 9.6 1.2 3.1 9.0 0.7 -3.4 Total

9.1
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BMC ng/ mm Mean SD 8.8 0.9
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Text Table 6a - Biomechanic - Summary Data Percent Difference from Vehicle - Femur
- Ex Vivo - Young Adults

Vehicle
Group Control SAR7226 10 mg/kg/day | SAR7226 50 mg/kg/day
Units Value Value % Value %
Mean |97.0 97.9 0.9]94.1 3.0
Peak Load N sD |73 10.2 9.3
. Mean |153.7 155.8 1.3[150.2 23
Ultimate Stress MPa D 14.7 11.4 19.0
. Mean |278.4 277.3 ~0.4[283.9 2.0
Stiffness Nmm-fer ™[50 40.2 352
Mean |5046.3 5154.1 2.1[5249.6 4.0
Modulus MPa lep [330.9 865.6 9313
Mean |61.2 63.7 4.1[49.0 -19.9
AUC N-mm {5 5 192 145
Mean |8.5 8.7 2.5(6.8 19.2
Toughness MPa D 1.4 24 3
Mean |33.2 31.9 -3.8|31.6 4.9
Length M Nsp o8 13 0.9
Total 5 |Mean |8.6 8.6 -0.918.6 -0.7
Area mneAep o os 0.6 1.0
Total me/mm Mean (6.2 6.2 0.216.2 0.0
BMC gMifeny o4 0.4 0.7
Total o [Mean 7138 721.8 1.1{720.6 0.9
BMD mgem oy 1233 293 43.0
Cortical 5 |Mean |4.7 4.7 -0.414.7 -0.6
Area mmAep o3 0.3 0.4
Cortical Mean |5.6 5.6 -0.815.6 -0.7
PRCT oM mg/mm| o o3 0.4 0.6
Cortical o [Mean [1187.6 1182.8 ~0.4[1186.1 0.1
BMD mgemien 119 14.8 20.5
+  |Mean [3.9 3.8 13]3.9 0.6
CSMI mne ey o3 0.6 0.8
Cortical  [Moan 054 0.54 0.15]0.54 20.01
Thickness SD 0.03 0.02 0.04
Periosteal mm Mean [10.3 10.2 -1.2110.2 -0.3
Circumference SD 0.3 0.5 0.6
Endosteal mm Mean [7.0 6.9 -0.717.0 -0.7
Circumference SD 0.3 0.4 0.6
Mid . |Mean [0.39 0.39 ~0.89]0.39 ~0.77
Area ‘e Isp o fo.01 0.02 0.03
Mid Mean |0.07 0.07 2.61]0.07 3.16
DXA fpMmc & sp 0.00 0.01 0.01
Mid o |[Mean [0.17 0.17 -1.87]0.17 2.62
BMD g Isp  o.01 0.01 0.01

Values in bold are significantly different from Group 1 values (Statistical analysis were performed

on the least square mean)

% = percent difference from Vehicle Control
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Text Table 7a - Biomechanic - Summary Data Percent Difference from Vehicle

BVMD ng/cnB8 Mean SD 954.5 31.4 955.6 56.6 0.1

70

L3 + L4 Vertebral Bodies - Mature Adults
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Area 2 mm Mean SD 6.3 0.6 6.5 0.6 2.3 6.4 0.4

Vehicle
Group Control SAR7226 10 mg/kg/day | SAR7226 50 mg/kg/day
Units Value Value % Value %
Mean [354.1 375.5 6.0|430.6 21.6
Peak Load N sD 587 59.0 63.5
Mean [46.7 48.3 3.4|53.3 14.1
Apparent Strength MPa D 4.0 6.0 54
) Mean [315.6 3293 4.31368.0 16.6
Yield Load N sp |51.1 56.3 72.8
. Mean [41.6 42.5 2.1145.5 9.2
Yield Stress MPa D 3.9 59 73
. Mean [5259.1 5308.6 0.916194.6 17.8
Stiffness Nmm e 110252 1223.8 1387.5
Mean [2144.7 2102.6 -2.0]2197.6 2.5
M 1 MP
odulus * Isp 2903 500.0 407.4
Mean [20.8 21.5 3.5|25.4 22.1
AUC N-mmfoh g 4.1 3.5
Mean [0.9 0.9 2.0]1.1 20.6
Toughness MPa D 0.1 0.1 01
Total 5 |Mean [7.5 7.7 2.318.1 7.4
Area sy Jos 0.6 0.6
Total me/mm Mean |5.3 5.6 5.915.9 124
BMC FM sy os 0.4 0.5
Total 3|Mean |702.5 727.9 3.6]734.0 4.5
ocr [EMD mg/emlony |2s9 383 347
P Trabecular > [Mean |3.4 3.5 2.4[3.6 75
Area sy Jos 0.3 0.3
Trabecular me/mm Mean |1.5 1.7 9.0]1.8 15.1
BMC FMM sy o2 0.2 0.3
Trabecular 3|Mean |455.5 486.9 6.9]486.4 6.8
BMD mg/emlony 232 35.4 60.6

% = percent difference from Vehicle Control

Values in bold are significantly different from Group 1 values (Statistical analysis were performed

on the least square mean)




0.2 Cortical BMC ng/mm Mean SD 8.3 0.7 8.5 0.7 2.7 8.4 0.5 1.2
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Text Table 8a - Biomechanics - Summary Data Percent Difference from Vehicle

L3 + L4 Vertebral Bodies - Young Adults

Vehicle
Group Control SAR7226 10 mg/kg/day | SAR7226 50 mg/kg/day
Units Value Value % Value %
Mean |243.1 255.9 5.2|268.0 10.2
Peak Load N sD 376 549 303
Mean |33.3 34.4 3.5|38.7 16.4
Apparent Strength MPa D 39 6.7 47
. Mean |205.5 222.5 8.3|225.4 9.7
Yield Load N s |38s 48.7 269
. Mean |28.2 29.9 6.1|132.7 15.8
Yield Stress MPa D 45 59 40
. Mean |3581.0 4009.8 12.0[3951.0 10.3
tiffi N
Stiffness fmmfery " |sas.6 968.9 1055.6
Modulus Mpa  |Mean [13083 1559.1 19.2[1613.3 233
sp 2182 437.6 459.6
Mean |16.0 14.4 98163 2.1
AUC N-mm fon [s6 45 29
Mean 0.8 0.7 -19.6/0.9 1.5
Tough MP
OUEHNCSS * Isp o3 0.2 0.2
Total 5, |Mean |7.3 7.4 1.716.9 -5.1
Area meAsp o oo 0.7 0.5
Total me/mm Mean [4.5 4.9 8.514.7 2.7
BMC S N I 0.6 0.4
Total o |Mean [617.2 659.9 6.9670.6 8.6
OCT BMD MMy 329 357 312
PR MTrabecular . |Mcan |3.3 3.4 1.6[3.1 5.0
Area medsp o o4 03 0.2
Trabecular me/mm Mean |1.4 1.6 10.511.4 2.7
BMC gy 103 03 02
Trabecular e’ Mean |424.0 461.6 8.9(461.9 8.9
BMD e Y I PR 53.1 35.3

% = percent difference from Vehicle Control

Values in bold are significantly different from Group 1 values (Statistical analysis were performed

on the least square mean)

5
Results biomechanics
Test compound resulted in positive effects on bone mass and bone strength
associated parameters at both dose levels in both rat populations, consistent with
10 increase in trabecular bone noted histopathologically (young only). Strength

parameters were positively affected at the lumbar spine (50 mg/kg/day).
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The examples detailed below serve to illustrate the invention without, however, restricting it.
Cyc1

Table 9: Compounds of the formula |
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Crcunference mmMan SD 6.0 0.6 6.2 0.7 2.3 5.7 0.5 -5.6

DXA Md Area cm Mean SD 0.44 0.02 0.45 0.03 3.86 0.43 0.02

g Mean SBwO.2001/03953%
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Thi ckness mm Mean SD 0. 54
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ng/ cm Mean SD 1187.6 11.9 1182.8 14.8 -0.4 1186.1 20.5 -0.1 CSM 4 nm Mean
SD 3.90.33.80.6-1.33.90.80.6 Cortical

0. 03 0. 54w0.20121/039338
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Crcunference mm Mean SD 1
Crcunference mm Mean SD 7.0

0.15 0.54 0.04 -0.01 Periosteal
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7.0 0.6 -WworolXB893kd Area 2

PCT/EP2010/064620

81

) Ausud | HO-°HO-0D| O H'HO| H HO 'HHO|HO| 4| H| 8
O Ausud| HOHO-0D| O| H®HO-O| H HO 'H®HO|HO| 4| H| /
¥0| lAueind| jAusyd| °HO-°HO-0Q| O|-O-°HO-°HO-| H HO ‘H *HO| HO| H| 4 9
YO| IAuaing| jAusyd| °HO-°HO-0Q| O -O-HO=HO-| H HO ‘H ®*HO| HO| H| 4 S
%0 | [Ausing| JAusyd| 2HDO-*HO-0OQ| O| -O-HO=HO-| H HO ‘H®*HO| HO| 4| H 14
) iAusud °HO| O] H®HO-O| H H'H'H HO| H| 4| ¢
) iAusud HO| O HH| H HH'H HO| 4| H| ¢
) iAusud °HO| O] H®HO-O| H H'H'H HO| 4| H l
S| 2940| 194D a Vv 64 ‘8d| /¥ 9Y ‘GY ‘v | €| 2¥| L¥| ‘X3
12 12|
qal
2]
HO
6d d
€
8y
dlll Bjnwuoy 8y} Jo spunodwod | 9|gel
18




Mean SD

g

uiaJay) pajosiap sem (LBNIN) €2+ Jo/pue (LYHNIN)

81+IN Jo/pue (,HIN) L+¥ead Jejnosjow sy} pue papiodal Sem SN/ TdH J0 wnijoads ssew e Jey) sueaw o sl S, Uoneoipul ay] ,

PCT/EP2010/064620

Md BMC

82

-0.89 0.39 0.03 -0.77

0.07 0.00 0.07 0.01 -2.61 0.07 0.01 -3.16 MdBMD 2 g/cm Mean SD 0.17 0.01
WO 2011/039338

cm Mean SD 0.39 0.01 0.39 0.02
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0.01 -1.87 0.17 0.01 -2.62 Values in bold are significantly different from
G oup 1 values (Statistical analysis were perfornmed Ion the | east square
mean) % wpeocwsh33di fference from Vehicle Control WO PCT/EP2010/064620

2011/ 039338PCT/ EP2010/ 064620 70 Text sBabl e 7a - Bi onechanic - Sunmary Data
Percent Difference fromVehicle L3 + L4 Vertebral Bodies - Mature Adults

G oup Vehicle Control SAR7226 10 ng/ kg/ day SAR7226 50 ng/kg/day Units

Val ue Val ue % Val ue % Peak Load N Mean SD 354.1

The invention further relates to processes for preparing the compounds of the general
formula I.

5 Experimental Section:

The preparation of the examples is described in detail below. The compounds of the
invention can be obtained analogously or in accordance with the processes described
in WO 0414932 and WO 0418491.

10
Preparation of compounds of formula |

Reaction scheme: Synthesis of the -bromoglycoside 4
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58.7 375.5 59.0 6.0 430.6 63.5 21.6 Apparent Strength MPa Mean SD 46.7 4.0
48.3 6.2 3.4 53.3 5.4 14.1 Yield Load N Mean SD 315.6 51.1 329.3 56.3 4.3
368. 0 72.80k611603¥338l d Stress MPa PCT/EP2010/064620
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Methyl 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy- -D-glucopyranoside (2)

5 3.0 g of methyl 2,3,6-tri-O-benzoyl- -D-galactopyranoside (Reist et al., J.Org.Chem

1965, 30, 2312) are introduced into dichloromethane and cooled to —30°C. Then
3.06 ml of [bis(2-methoxyethyl)amino]sulfur trifluoride (BAST) are added dropwise. The
reaction solution is warmed to room temperature and stirred for 12 h. The mixture is
diluted with dichloromethane, and the organic phase is extracted with H.O, NaHCO3

10  solution and saturated NaCl solution. The organic phase is dried over Na,SO4 and
concentrated. The crude product is crystallized from ethyl acetate and heptane. 1.95 g
of the product 2 are obtained as a colorless solid. CzsH2sFOg (508.51) MS (ESIY)
526.18 (M+NH,"). Alternatively, the reaction can also be carried out using 2.8 eq. of
diethylaminosulfur trifluoride (DAST); in this case, the reaction solution is refluxed for

15 18 h after the addition. The working up takes place in analogy to the above description.

1-0O-Acetyl-2,3,6-tri-O-benzoyl-4-fluoro-4-deoxyglucose (3)




Mean SD 41.6 3.9 42.5 5.9 2.1 45.5 7.3 9.2 Stiffness NN nm Mean SD 5259.1
1025.2 5308.6 1223.8 0.9 6194.6 1387.5 17.8 Mdul us MPa Mean SD 2144.7

290. 3 210R0G0HABs- 2. 0 2197.6 407.4 2.5 PCT/EP2010/064620
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12.0 g of compound methyl 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy- -D-glucopyranoside
are suspended in 150 ml of acetic anhydride. 8.4 ml of conc. sulfuric acid are mixed
with 150 ml of glacial acetic acid and added to the mixture while cooling in ice. The
mixture stirs at room temperature for 60 h. The mixture is poured into NaHCOs3

5 solution, and this solution is extracted with dichloromethane. The organic phase is
extracted with NaCl solution, dried with Na>SO4 and concentrated. The residue is
recrystallized from ethyl acetate/heptane. 5.97 g of the product 3 are obtained as a
colorless solid.
CaoH2s5FOg (536.52) MS (ESI*) 554.15 (M+NH4")

10

1-Bromo-4-deoxy-4-fluoro-2,3,6-tri-O-benzoyl-alpha-D-glucose (4)

1.44 g of 1-O-acetyl-2,3,6-tri-O-benzoyl-4-fluoro-4-deoxyglucose are dissolved in 20 ml

15  of hydrobromic acid in glacial acetic acid (33%) and stirred at room temperature. After
5 hours, the mixture is poured into ice-water, and the aqueous phase is extracted three
times with dichloromethane. The collected organic phase is washed with saturated
sodium chloride solution, dried over sodium sulfate and evaporated to dryness. The
crude product is filtered through a silica gel column with ethyl acetate/heptane 70:30.

20 1.40 g of the product 4 are obtained as a colorless solid. C27H22BrFO7 (657.37) MS
(ESI") 574.05/576.05 (M+NH4")



AUC N-nmm Mean SD 20.8 4.4 21.5 4.1 3.5 25.4 3.5 22.1 Toughness MPa Mean SD
0.90.10.90.12.01.10.1 20.6 pQCT Total Area 2 mm Mean SD 7.5 0.8 7.7
0.6 WO 2011/039338 PCT/EP2010/064620

Reaction scheme I: Synthesis of example 1:
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15.2 g of methyl isobutyrylacetate (5) are added to a suspension of sodium hydride
(60%, 3.85 g) in 250 ml of tetrahydrofuran while cooling in ice. A solution of 20.0 g of
10  4-bromobenzyl bromide in 100 ml of THF is then added and the mixture is stirred at



2.38.10.6 7.4 Total BMC ng/nm Mean SD 5.3 0.6 5.6 0.4 5.9 5.9 0.5 12. 4
Total BMD ng/cnB Mean SD 702.5 25.9 727.9 38.3 3.6 734.0 34.7 4.5
WO 2011/039338 PCT/EP2010/064620
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room temperature for 48 h. After addition of 300 ml of H,O and 300 ml of EtOAc, the
organic phase is dried over MgSO4 and the solvent is stripped off in a rotary
evaporator. The resulting crude product is dissolved in 120 ml of toluene, mixed with
hydrazine hydrate (8.01 g) and heated under reflux with a water trap for 12 h. The

5 reaction mixture is concentrated to a volume of 50 ml and cooled to 0°C. of the
crystallized product is filtered off with suction and washed with heptane. 10.8 g of the
compound 6 are obtained as a pale yellow solid. C13H1sBrN2O (295.18) MS (ESI*
294.04 (M+H").

10 Compound 7:

OBz
E o)
BzO Q
BzO N 7 |
N
H Br

530 mg of 4-(4-bromobenzyl)-5-isopropylpyraz-3-ol (6) and 1.50 g of bromide 4 are
dissolved in 50 ml of methylene chloride. To this solution are successively added 1.86

15 g of potassium carbonate, 91 mg of benzyltriethylammonium bromide and 0.8 ml of
water, and it is then stirred at room temperature for 24 hours. The reaction solution is
transferred into a separating funnel and washed successively with water and saturated
sodium chloride solution. The organic phase is dried over magnesium sulfate and
concentrated in a rotary evaporator. The crude product is separated by

20 chromatography on silica gel (EtOAc/heptane). 193 mg of 7 are obtained as a
colorless solid. C4oH3sBrFN,Osg (771.6) MS (ESI*) 773.1 (M+H").



Trabecul ar Area 2 mMm Mean SD 3.4 0.3 3.5 0.3 2.4 3.6 0.3 7.5 Trabecul ar
BMC ng/mm Mean SD 1.5 0.2 1.7 0.2 9.0 1.8 0.3 15.1 Trabecul arBVD ng/ cnB

Mean SD 4$56.2011/039338 PCT/EP2010/064620
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Compound 8:

OBz
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G SN
H T,, .

193 mg of the glycoside 7 are dissolved in 1.25 ml of DMF, and 2.3 mg of Pd(OAc)a,

5 6.09 mg of tri-o-tolylphosphine, 0.25 ml of triethylamine and 84.6 ml of 1-allylpiperazine
are added. The reaction mixture is heated in an oil bath at 100°C for 18 h. The solvent
is removed in a rotary evaporator, and the crude product is purified by chromatography
on silica gel (EtOAc/MeOH). 117 mg of the compound 8 are obtained as a colorless
wax. Ca7H19FN4Og (816.9) MS (ESI*) 817.05 (M+H").

10
Compound 9 (Example 1):

OH
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9 (Example 1) (Nj
i

98 mg of the glycoside 8 are taken up in 4 ml of a mixture of methanol/
water/triethylamine (3:3:1) and stirred at room temperature for 48 h. The reaction

15  mixture is concentrated in a rotary evaporator, and the residue is purified by
chromatography on silica gel (methylene chloride/methanol/ conc. ammonia). 34 mg of
the compound 9 are obtained as a colorless solid. CosH37FN4Os (504.61) MS (ESIY)
505.47 (M+H").
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Reaction scheme II: Synthesis of example 2:

Bi onechani cs -

Bodi es - Young Adults

SAR7226 10 ng/ kg/ day SAR7226 50 ng/ kg/day Units

Summary Dat a

OBz

F (0]
BzO

BzO N

IZ" -0
) ;

_A~-COOH
Pd(OAc),, P(o-Tol), F 0
0
NEt, BzO

—_ 2
MeCN N &
Br H

OBz

o~ NH,
F % o
HOBt, EDC, DIPEA BzO ) o H,, Pd/C
—— BzO N e
CH,CI, N Z NN MeOH
H H
11
OBz OH
F o} F o}
BZO&A/O oMo / o HO&A/O
50 N‘/ ’ NaOMe / MeOH HO N‘/ ]
N N
H H
12 HN O HN @]

BzO
BzO

10 7.20 g of the glycoside 7 are dissolved in 109 ml of acetonitrile, and 41.9 mg of
Pd(OACc)2, 113.6 mg of tri-o-tolylphosphine, 39.2 ml of triethylamine and 1.04 g of vinyl
acetic acid are added. The reaction mixture is heated under reflux for 60 h. The solvent
is removed in a rotary evaporator, and the crude product is purified by chromatography



Mean SD 243.1 37.6 255.9 54.9 5.2 268.0 30.3 10.2 Apparent Strength MPa
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on silica gel (CH2Clo/MeOH/conc. ammonia = 30/5/1). 6.18 g of the compound 10 are
obtained as a colorless wax. C4sH41FN2O10 (776.8).

Compound 11:
OBz

BzO
BzO

100 mg of compound 10 are dissolved in 4.00 ml of dichloromethane, and 9.41 mg of
n-butylamine, 119.8 mg of diisopropylethylamine, 26.1 mg of 1-hydroxybenzotriazole
and 30 mg of N-(3-dimethylaminopropyl)-N-ethylcarbodiimide are added. The reaction
10  mixture is stirred at 20°C for 16 h. The solution is washed successively with in each
case 5 ml of NaHCOs; solution, 5 ml of 0.2M hydrochloric acid and 5 ml of saturated
NaCl solution. The solvent is removed in a rotary evaporator, and the crude product is
converted without further purification into compound 12.
CasHsoFN23Og (831.9).

15
Compound 12:
OBz
E o)
BzO Q
BzO N\/ | O
N NE N
H H
12

82 mg of compound 11 are dissolved in 5.00 ml of methanol, and 10.5 mg of palladium
20 on activated carbon (10%) are added. The reaction mixture is stirred under an
atmosphere of 1 bar of Hy for 16 h. Palladium on carbon is filtered off, and the solvent
is removed in a rotary evaporator. Further purification of the crude product on silica gel
iS unnecessary. 72 mg of the desired compound 12 are obtained as a colorless wax.
CuagHs2FN23Og (834.0).
25
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Compound 13 (Example 2):
OH

F 0
HO Q
HO N\/ | O
N NN
H H

13 (Example 2)

72 mg of the glycoside 12 are dissolved in 10 ml of methanol, and 1.72 ml of a 2M
methanolic sodium methoxide solution are added. The reaction mixture is stirred at
20°C for 4 h, and 46.2 mg of ammonium chloride are added. The solvent is removed in
a rotary evaporator, and the crude product is purified on silica gel (initially with ethyl
acetate/heptane = 5/1; subsequently methylene chloride/methanol/conc. ammonia =
30/5/1). 24 mg of the compound 13 are obtained as a colorless solid. C27H40FN3Og
(521.63): MS (ESI*) 522.57 (M+H").

Compound 14 (Example 3):
OH

HO

14 (Example 3)

Compound 14 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with 3-aminopropionamide hydrochloride, and without carrying out
the subsequent hydrogenation, compound 14 is obtained as a colorless solid.
CosH3sFN4O7 (534.6): MS (ESIY) 535.44 (M+H").



459.6 23.3 AUC N-mm Mean SD 16.0 5.6 14.4 4.5 -9.8 16.3 2.9 2.1 Toughness
MPa Mean SD 0.8 0.3 0.7 0.2 -19.6 0.9 0.2 1.5 pQCT Total Area 2 nun Mean SD
7.3 0.9 WO 2011/039338 PCT/EP2010/064620
92
Compound 15 (Example 4):
OH
F
(Example 4)

Compound 15 is syntheS|zed in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with

5 n-butylamine but with 3-aminopropionamide hydrochloride, compound 15 is obtained
as a colorless solid. CysH37FN4O7 (536.6): MS (ESI*) 537.44 (M+H").

Compound 16 (Example 5):
OH

O
HO <
v O
HO N‘N I N NH,
H Y

16 (Example 5)
10
Compound 16 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with glycinamide hydrochloride, compound 16 is obtained as a
colorless wax.
15 CasH3sFN4O7 (522.6): MS (ESI') 523.38 (M+H").

Compound 17:
OBz
F 0

BzO Q

BzO N/ |

17
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Compound 17 is synthesized in analogy to the synthesis route described for compound

7 (scheme |). However, ethyl acetoacetate is used as starting material instead of

methyl isobutyrylacetate. Compound 17 is obtained as a colorless solid.

CssH32BrFN2Og (7436)

5

Compound 18 (Example 6):

OH
F )
HO 2
0 R
H Me ” NH,

18 (Example 6)

10  Compound 18 is synthesized in analogy to the synthesis described for compound 15
(example 4). However, the glycoside 17 is used as starting material instead of
glycoside 10. Compound 18 is obtained as a colorless wax.

C24H33FN4O7 (508.6): MS (ESI*) 509.33 (M+H").

15 Compound 19 (Example 7):

OH

HO

HO N™ | H

Iz

V\H/NH2

O O

19 (Example 7)

Compound 19 is synthesized in analogy to the synthesis described for compound 15

20 (example 4). However, the bromo compound 7 is reacted with acrylic acid instead of
vinylacetic acid. Compound 19 is obtained as a colorless wax. CasHssFN4O7 (522.6):
MS (ESI*) 523.42 (M+H").
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Compound 20 (Example 8):

OH
. 0
HO <
HO N7 Ho§
N N,

20 (Example 8)

Compound 20 is synthesized in analogy to the synthesis described for compound 19
(example 7). However, 3-aminopropionamide hydrochloride is replaced by glycinamide
hydrochloride in the amide coupling. Compound 20 is obtained as a colorless wax.
C24H33FN4O7 (508.6): MS (ESI*) 509.29 (M+H").

Compound 21 (Example 9):

OH
O
E%O
O ) o OH
HO N\ I
\ N NH,
H @]

21 (Example 9)

Compound 21 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with L-serinamide hydrochloride, compound 21 is obtained as a
colorless solid. CosH37FN4Og (552.6): MS (ESI*) 553.29 (M+H").
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22 (Example 10)

5 Compound 22 is synthesized in analogy to the synthesis described for compound 18

(example 6). Starting from the glycoside 17, which is, however, reacted not with

3-aminopropionamide hydrochloride but with L-serinamide hydrochloride, compound

22 is obtained as a colorless wax. Co4H33FN4QOg (524.6): MS (ESI*) 525.31 (M+H").

10 Compound 23 (Example 11):
OH

HO N™ |

23 (Example 11)

9 1;

Compound 23 is synthesized in analogy to the synthesis route described for compound
18 (example 6). Starting from the glycoside 17, which is, however, reacted not with

15  3-aminopropionamide hydrochloride but with N-(2-hydroxyethyl)piperazine, compound

23 is obtained as a colorless wax. Co7H39FN4O7 (550.6): MS (ESI*) 551.30 (M+H").

Compound 24 (Example 12):
OH

HO N ,

Iz
j

24 (Example 12)
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Compound 24 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with N-methylpiperazine, compound 24 is obtained as a colorless
wax. CogHs1FN4Og (548.7): MS (ESI™) 549.30 (M+H").
5
Compound 25 (Example 13):
OH
E o)
HO <
HO N\/ | O
N
¥ NQ
25 (Example 13)

10  Compound 25 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with piperidine, compound 25 is obtained as a colorless wax.
CosH40FN306 (533.7): MS (ESIY) 534.54 (M+H").

15 Compound 26 (Example 14):

OH
E o)
HO <
HO N\/ | O
N
| O
26 (Example 14)
Compound 26 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
20 n-butylamine but with hexahydro-1H-azepine, compound 26 is obtained as a colorless

wax.
CaoH42FN3Og (547.7): MS (ESI*) 548.56 (M+H").
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Compound 27 (Example 15):
OH

Iz
§

27 (Example 15)

Compound 27 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with pyrrolidine, compound 27 is obtained as a colorless wax.
Ca7H3sFN306 (519.6): MS (ESI*) 520.52 (M+H").

Compound 28 (Example 16):
OH

Iz
j

28 (Example 16)

Compound 28 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with benzyl 1-piperazinecarboxylate, compound 28 is obtained as a
colorless wax. Co7H39FN4Og (534.6): MS (ESI*) 535.32 (M+H").
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Compound 29 (Example 17):
OH

F o

HO <

4

HO N I H
N
H

29 (Example 17)

Compound 29 is synthesized in analogy to the synthesis described for compound 19
(example 7). However, 3-aminopropionamide hydrochloride is replaced by
2-aminoethanol in the amide coupling. Compound 29 is obtained as a colorless oil.
C24H34FN307 (495.6): MS (ESI) 496.43 (M+H").

Compound 30 (Example 18):
OH

F o

HO <

4

HO N™ | H

: o
O

30 (Example 18)

Compound 30 is synthesized in analogy to the synthesis described for compound 19
(example 7). However, 3-aminopropionamide hydrochloride is replaced by 2-amino-2-
methyl-1-propanol in the amide coupling. Compound 30 is obtained as a colorless oil.
CosH3sFN307 (523.6): MS (ESIY) 524.26 (M+H").

Compound 31 (Example 19):

OH
0]
F 0
HO
N L on
N
H

N
H

31 (Example 19)

2



ON Il

10

15

20

22 11 gNItr 122 111 17 NI 0 F 1

WO 2011/039338 PCT/EP2010/064620
99

Compound 31 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with 2-amino-2-methyl-1-propanol, compound 31 is obtained as a
colorless solid. Co7H40FN307 (537.6): MS (ESI™) 538.28 (M+H").

Compound 32 (Example 20):
OH

HO

32 (Example 20)

Compound 32 is synthesized in analogy to the synthesis described for compound 29
(example 17). However, the hydrogenation stage is not carried out. Compound 32 is
obtained as a colorless wax. C4H3,FN3O7 (493.6): MS (ESI*) 494.28 (M+H").

Compound 33 (Example 21):

OH
o)
d %O
HO OH
OH

HO N7 ] 0
‘ \ OH

N
H H
33 (Example 21)

Compound 33 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with tris(hydroxymethyl)aminomethane, compound 33 is obtained as
a colorless solid. Co7H40FN3Og (569.6): MS (ESI*) 570.33 (M+H").
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Compound 34 (Example 22):

OH
0]
F 0]
HO
HO N\/ I 0o
N
H

2

34 (Example 22)

Compound 34 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with N-carbobenzoxy-1,3-diaminopropane hydrochloride, compound
34 is obtained as a colorless oil. CsH39FN4Os (522.6): MS (ESI*) 522.52 (M+H").

Compound 35 (Example 23):
OH
F o)
HM/ Q
HO N7 , 0
N
H H%

35 (Example 23)

Compound 35 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with 1-adamantanemethylamine, compound 35 is obtained as a
colorless wax.

C34H4sFN306 (613.8): MS (ESI*) 614.45 (M+H").

Compound 36 (Example 24):

OH

0
F 0
HO

HO N/I

Iz’

36 (Example 24)

2
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Compound 36 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with 2,3,4,6-tetra-O-acetyl-1-amino-1-deoxy-beta-D-glucose,

5 compound 36 is obtained as a colorless oil. CagH42FN3O14 (627.7): MS (ESI*) 628.25
(M+H").

Compound 37 (Example 25):

OH

0
F 0
HO

HO N7 ] 0
N 7
aely
37 (Example 25) 0]

10
Compound 37 is synthesized in analogy to the synthesis route described for compound
28 (example 16). However, the last stage, the deprotection with sodium methanolate,
is preceded by reaction with sulfur trioxide-triethylamine complex: this is done by
dissolving 63.0 mg of the piperazine compound in 10.0 ml of methanol and, at 0°C,

15 adding 202 mg of sulfur trioxide triethylamine complex and stirring at 0°C for 2 h. The
solvent is removed in a rotary evaporator, and the crude product is purified on silica gel
(methylene chloride/methanol/conc. ammonia = 30/5/1). 59 mg of the sulfate
compound are obtained and converted, in analogy to the synthesis of compound 28
with sodium methoxide, into the compound 37, which is obtained as a colorless wax.

20  Cu7H39sFN4QOgS (614.7): MS (ESIY) 615.42 (M+H").

Compound 38 (Example 26):

OH

0
F 0
HO

HO N o .

O

/
/N

Iz
Iz
Iz

38 (Example 26)
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Compound 38 is synthesized in analogy to the synthesis route described for compound
37 (example 25). Starting from the glycoside 10, which is, however, reacted not with
benzyl 1-piperazinecarboxylate but with N-carbobenzoxy-1,3-diaminopropane
hydrochloride, compound 38 is obtained as a colorless wax. CosH39FN4OgS (602.7):
MS (ESI*) 603.41 (M+H").

Compound 39 (Example 27):

OH

0
F 0
HO

HO N ] o

="

39 (Example 27)

Compound 39 is synthesized in analogy to the synthesis route described for compound
37 (example 25). Starting from the glycoside 10, which is, however, reacted not with
benzyl 1-piperazinecarboxylate but with 2-aminoethanol, compound 39 is obtained as
a colorless wax.

CasH3sFN3010S (589.6): MS (ESI) 588.50 (M*-H).

Compound 40 (Example 28):

OH
0]
F 0]
HO
HO N/ 0
N | Ko\ _OH
H N S~
H

40 (Example 28)

Compound 40 is synthesized in analogy to the synthesis route described for compound
37 (example 25). Starting from the glycoside 10, which is, however, reacted not with
benzyl 1-piperazinecarboxylate but with 2-amino-2-methyl-1-propanol, compound 40 is
obtained as a colorless wax. C27H4FN3010S (617.7): MS (ESI*) 616.52 (M*-H).
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Compound 41 (Example 29):
OH

0
F 0

HO N\/ | O
N
H N

41 (Example 29)

Compound 41 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with morpholine, compound 41 is obtained as a pale yellow wax.
Ca7H3sFN307 (535.6): MS (ESI*) 536.48 (M+H").

Compound 42 (Example 30):
OH

F

O
HO <
HO N7 | 0
H H

42 (Example 30)
Compound 42 is synthesized in analogy to the synthesis route described for compound
13 (example 2). Starting from the glycoside 10, which is, however, reacted not with
n-butylamine but with tert-amylamine, compound 42 is obtained as a pale yellow wax.

C2sH42FN30g (535.7): MS (ESI*) 536.54 (M+H").

Compound 43 (Example 31):
OH

HO
o N\mn N
N ~ N\
N e

43 (Example 31)
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41.3 mg of 1-allyl-3-propylurea are dissolved in 5.00 ml of THF, and 1.21 ml of a 0.5M
9-BBN solution in toluene are added, and the mixture is stirred at 20°C for 4 h.
Subsequently, a solution of 180 mg of the glycoside 17 in 10.0 ml of toluene, 7.4 mg of
tri-o-tolylphosphine, 102.7 mg of potassium phosphate and 2.7 mg of Pd(OAc), are
5 added. The reaction mixture is heated at 100°C for 3 h. The precipitate is filtered off,

and the organic phase is washed with 10 ml of water and dried over magnesium
sulfate. The solvent is removed in a rotary evaporator, and the crude product is purified
by chromatography on silica gel (EtOAc/heptane). 59 mg of a colorless solid are
obtained and reacted with sodium methoxide in analogy to the preparation of

10  compound 13 (example 2). Compound 43 is obtained as a colorless wax. Ca4H3sFN4Og
(494.6) MS (ESI*) 494.12 (M").

4-(2-Ethoxycarbonyl-4-methyl-3-oxo-pent-1-enyl)benzoic acid (E/Z isomer

mixture) (44):
0]

OH

15 44

29.0 g of ethyl isobutyrylacetate and 33.0 g of 4-carboxybenzaldehyde are heated with
a water trap for 6 h. The reaction solution is concentrated, taken up in ethyl acetate
and extracted with 20% strength ammonium chloride solution and saturated sodium

20 chloride solution. The organic phase is dried over magnesium sulfate, concentrated
and directly reacted further to 45. 50.0 g of an oil are obtained. C16H1805 (290.3): MS
(ESI"): 291.1 (M+H)", tr = 1.42 min (Gradient 2).
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4-(2-Ethoxycarbonyl-4-methyl-3-oxo-pentyl)benzoic acid (45):
o

OH

45

50 g of 4-(2-ethoxycarbonyl-4-methyl-3-oxo-pent-1-enyl)benzoic acid are dissolved in
5 300 ml of THF, 1.00 g of palladium on carbon (10%) is added, and the mixture is

hydrogenated under a hydrogen pressure of 4 bar in an autoclave for 24 h. The
mixture is diluted with dichloromethane and filtered with suction through Celite, the
residue is washed with dichloromethane and concentrated in vacuo. The residue is
purified by chromatography on silica gel (ethyl acetate/n-heptane = 3/1). 45 g of

10  compound 45 are obtained as an oil. C1gH2005 (292.3) MS (ESI*): 293.1 (M+H)", tr =
1.37 min (Gradient 2).

4-[1-(2-Cyanoethyl)-5-hydroxy-3-isopropyl-1H-pyrazol-4-ylmethyl]benzoic acid
(46)

(o}

OH

N OH

15 N

15 g of compound 45 are dissolved in 100 ml of glacial acetic acid. 7.4 ml of
2-cyanoethylhydrazine are added, and the solution is heated at 100°C for 2 h. The
mixture is added to ice-water and extracted several times with ethyl acetate. The

20 organic phase is extracted with 20% strength ammonium chloride solution and
saturated sodium chloride solution and dried over sodium sulfate. 2.40 g of the desired
compound 46 crystallize out with the ethyl acetate phase. The mother liquor is
concentrated and chromatographed on silica gel (dichloromethane:methanol:glacial
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acetic acid = 100:10:1). A further 1.10 g of compound 46, plus 7.0 g of reisolated
precursor 45, are obtained. C17H1gN303 (313.4); MS (ESI*): 314.2 (M+H)", tr= 0.97
min (Gradient 2).

N-(2-Carbamoylethyl)-4-[1-(2-cyano-ethyl)-5-hydroxy-3-isopropyl-1H-pyrazol-4-
ylmethyl]lbenzamide (47):

0 0
NﬂNH
/\ H ?
N\

N OH

INl 47

500 mg of compound 46 and 145 mg of -alaninamide hydrochloride are introduced
into 10 ml of dichloromethane, and 0.8 ml of N,N-diisopropylethylamine, 215 mg of
1-hydroxybenzotriazole and 306 mg of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride are added. The solution is stirred for 12 h. The solution is concentrated
and the crude product is purified by chromatography on silica gel
(dichloromethane/methanol/glacial acetic acid 100:0:5 — 100:10:5). 440 mg of the
desired compound 47 are obtained. CzoH25N503 (383.5); MS (ESIY): 384.2 (M+H)", tr =
3.58 min (Gradient 3).

Compound 48:

N

Q\/\N/N

BzO

OBz

48

300 mg of compound 47, 436 mg of compound 4, and 324 mg of potassium carbonate
are suspended in 25 ml of acetonitrile and 2.5 ml of water and stirred for 72 h. The
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reaction mixture is filtered, the residue is washed with dichloromethane, and the
combined organic phase is extracted with water and saturated sodium chloride
solution. The organic phase is dried over sodium sulfate and the residue is
chromatographed on silica gel (dichloromethane/methanol = 100/5). 207 mg of the
glycoside 48 are obtained as a colorless solid. C47H4sFNsO10 (859.9); MS (ESI*): 860.3
(M+H)*, tr= 1.70 min (Gradient 2).

Compound 49 (Example 32):

NH

Irz=

49 (Example 32)

200 mg of compound 48 are dissolved in 15 ml of THF and cooled to -78°C under
argon. 0.81 ml of lithium bis(trimethylsilyl)amide solution (1M in hexane) is slowly
added through a septum. After 30 min, 2 ml of 20% strength ammonium chloride
solution are added in the cold, and the solution is warmed to room temperature. 2 ml of
saturated sodium chloride solution are added, the organic phase is separated off, and
the aqueous phase is extracted twice with ethyl acetate. The combined organic phase
is concentrated and the residue is taken up in a mixture of triethylamine: methanol:
water (14 ml 1:3:3). The solution is stirred for 24 h and is then concentrated to dryness
and purified by chromatography on silica gel. 50 mg of compound 49 are obtained as a
colorless solid. Co3H31FN4O7 (494.5); MS (ESI'): 493.2 (M-H)', tr = 3.58 min (Gradient
3); tr = 0.97 min (Gradient 1).
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Compound 50 (Example 33):

N
~
N
' 4 o o
be
N
H

50 (Example 33)
5 Compound 50 is synthesized in analogy to the synthesis described for compound 49
(example 32). However, glycinamide hydrochloride is employed instead of
B-alaninamide. Compound 50 is obtained as a colorless solid. Co2H29FN4O7 (480.5):

MS (ESI*) 481.19 (M+H").

10 Compound 51 (Example 34)

N
N \/ CF,
/ QJ_<~1H2
O
N o
‘OH H

51 (Example 34)

Compound 51 is synthesized in analogy to the synthesis described for compound 49

15 (example 32). However, 4,4 ,4-trifluoroacetoacetate is used as starting material instead
of ethyl isobutylacetate. Compound 51 is obtained as a colorless solid. C21H24F4sN4+O7
(520.4): MS (ESI*) 521.16 (M+H").

Compound 52 (Example 35):

20
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52 (Example 35)

Compound 52 is synthesized in analogy to the synthesis described for compound 50
(Example 33). However, 4,4 4-trifluoroacetoacetate is used as starting material instead

5 of ethyl isobutylacetate. Compound 52 is obtained as a colorless solid. CaooH22F4N4O7
(506.4): MS (ESI*) 507.16 (M+H").

Compound 53 (Example 36):
OH

Iz
2T
pd

53 (Example 36)
10
Compound 53 is synthesized in analogy to the synthesis described for compound 43
(example 31), but 1-(N-methylpiperazine)-3-allylurea is used as starting material
instead of 1-allyl-3-propylurea, and the glycoside 7 is employed instead of the
glycoside 17. Compound 53 is obtained as a colorless solid. C2sH42FNsOg (563.7).
15

Compound 54 (Example 37):
OH

Iz’

NN
oA
o)

54 (Example 37)

Compound 54 is synthesized in analogy to the synthesis described for compound 43
20 (example 31), but 1-(N-methylpiperazine)-3-allylurea is used as starting material

instead of 1-allyl-3-propylurea, and the glycoside 7 is employed instead of the

glycoside 17. Compound 54 is obtained as a colorless solid. Co7H41FN4O7 (552.7).
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Experimental part: compounds of formula |l

Reaction scheme: synthesis of a-bromoglycosides

OAc
1. Ac, O/ Pyr
0
OH o F
H 2. HBr/ AcOH AcO

1

OH
Q
Q
HO
OH OA
F E c
1. Ac,0 / Pyr
O 0
o OH 2. HBr / AcOH AcO
HO
OH
(0]
F
HO

3

F
H
1. Ac,O / Pyr
HO

- AcO
2. HBr/ AcOH F

Br
5

1-Bromo-4-deoxy-4-fluoro-2,3,6-tri-O-acetyl-alpha-D-glucose (2)

QAc
O
F
AcD
Aco
Br
2

10 5.0 g (27.5 mmol) of 4-deoxy-4-fluoro-D-glucopyranose 1 (Apollo) are suspended in
50 ml of pyridine and 50 ml of acetic anhydride. The reaction solution is stirred at 45°C
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for 4 hours. This results in a clear reaction solution which is concentrated. 12.0 g of
crude product are obtained. This crude product is dissolved in 160 ml of 33% strength
HBr in glacial acetic acid and left to stand at room temperature for 2 hours. The
reaction solution is then poured into a mixture of 300 g of ice and 300 ml of ethyl

5 acetate. The organic phase is washed twice with aqueous NaCl solution, filtered
through a little silica gel and concentrated. The residue is separated by
chromatography on silica gel (ethyl acetate/heptane = 1/1). 8.19 g (80% over 2 stages)
of 2 are obtained as a pale yellow solid.

10 1-Bromo-4-deoxy-4-fluoro-2,3,6-tri-O-acetyl-alpha-D-galactose (4)

OAc

AcO

Aco

100 mg (0.55 mmol) of 3 are reacted with 3.5 ml of pyridine and 3.5 ml of acetic
15 anhydride in analogy to the preparation of compound 2. 89 mg (44%) of 4 are obtained
as an amorphous solid.

1-Bromo-3-deoxy-3-fluoro-2,4,6-tri-O-acetyl-alpha-D-glucose (6)

OAc

Br

335 mg (1.84 mmol) of 5 are reacted with 10 ml of pyridine and 10 ml of acetic
anhydride in analogy to the preparation of compound 2. 628 mg (92%) of 6 are
obtained as an amorphous solid.
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Reaction scheme: Synthesis of the a-bromoglycoside 10

OBn OBn
1. Dess-Martin F
HO 2 j ’
BnO 2. BAST BnO
BnO OMe BnO OMe
, 8
OAc OAC
E F
1 o, - o HBr/ AcOH E O
ACO AcO
2. Ac,Q/AcOHMH, S0, AcO CAc AcO . Br
9 10

1-Methoxy-4-deoxy-4,4-difluoro-2,3,6-tri-O-benzyl-alpha-D-glucose (8)
OBn

0

BnO OMe

3.69 g (7.9 mmol) of 1-methoxy-2,3,6-tri-O-benzyl-alpha-D-glucose 7 (Tetrahedron
Asymmetry 2000, 71, 385-387) were dissolved in 110 ml of methylene chloride and,
under an argon atmosphere, 3.6 g (8.5 mmol) of Dess-Martin reagent (Aldrich) are
added dropwise. After 3 hours at room temperature, the mixture is diluted with 300 ml
of ethyl acetate/n-heptane (1:1) and washed 1x with NaHCO3 and 1x with NaxS203
solution. The organic phase is filtered through silica gel and concentrated. The residue
is separated by chromatography on silica gel (ethyl acetate/n-heptane 1:1). 2.90 g
(79%) of the ketone are obtained. This is dissolved in 30 ml of methylene chloride and,
under an argon atmosphere, 4.0 ml of BAST ([bis(2-methoxyethyl)amino]sulfur
trifluoride, Aldrich) are added dropwise. After 20 hours at room temperature, the
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mixture is diluted with 200 ml of ethyl acetate and washed carefully (extensive
effervescence) with cold NaHCOs; solution. The organic phase is filtered through silica
gel and concentrated. The residue is separated by chromatography on silica gel (ethyl
acetate/n-heptane 1:1). 2.6 g (85%) of 8 are obtained as a colorless oil.

4-Deoxy-4,4-difluoro-1,2,3,6-tetra-O-acetyl-alpha-D-glucose (9)

OAc

AcO
AcO QAc

9

2.30 g (4.7 mmol) of 8 and 2.0 g of Pd/C (10% Pd) are dissolved in 150 ml of methanol

10 and 10 ml of acetic acid and hydrogenated under an atmosphere of 5 bar of hydrogen
at room temperature for 16 h. The reaction solution is concentrated and the residue is
purified by flash chromatography (methylene chloride/methanol/conc. ammonia,
30/5/1). Yield 850 mg (83%) of 1-methoxy-4-deoxy-4,4-difluoro-alpha-D-glucose as
white amorphous solid. C;H12F205 (214.17) MS(DCI): 215.4 (M+H").

15 700 mg (3.3 mmol) of this are dissolved in 3.5 ml of acetic acid and 6.3 ml of acetic
anhydride. Addition of 0.2 ml of conc. H2SO; is followed by stirring at 60°C for 5 h. The
reaction solution is then poured into a mixture of 30 g of ice and 30 ml of ethyl acetate.
The organic phase is washed twice with aqueous NaCl solution, filtered through a little
silica gel and concentrated. The residue is separated by chromatography on silica gel

20 (ethyl acetate/n-heptane 1:1). 300 mg (25%) of 9 are obtained as a mixture of
anomers. C14H1gF20g (368.29) MS(DCI): 369.3 (M+H")
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1-Bromo-4-deoxy-4,4-difluoro-2,3,6-tri-O-acetyl-alpha-D-glucose (10)
OAc

o

AcO
AcO Br

10

300 mg (0.8 mmol) of tetraacetate 9 are dissolved in 13 ml of 33% strength HBr in
5 glacial acetic acid and left to stand at room temperature for 6 hours. The reaction
solution is then poured into a mixture of 10 g of ice and 10 ml of ethyl acetate. The
organic phase is washed twice with aqueous NaCl solution, filtered through a little
silica gel and concentrated. The residue is separated by chromatography (SiOz) (ethyl
acetate/heptane 1:1). 112 mg (35%) of 10 are obtained as a colorless solid.
10  Ci2H4sBrF,07 (389.15) MS(DCI): 389.2 (M+H").
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Reaction scheme: Synthesis of the a-bromoglycosides 14

| OQ\/‘
on
o 0
00\~ BAST - /g,c% Ac;0
OMe or DAST OO~ AcOH / H,S0,
0 OMe
OJ\©

12

33% in AcOH

o*@ | <k o

5 Methyl 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy-a-D-glucopyranoside (12)

0&(
O
O
o F
© 0
OMe
O//JO
12

O% : O '
o 0]
O F Q
o F o O O HBr o) o)
O \f 0 Br
)‘ 14
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3.0 g of methyl 2,3,6-tri-O-benzoyl-a-D-galactopyranoside (Reist et al., J. Org. Chem
1965, 30, 2312) are introduced into dichloromethane and cooled to -30°C. Then 3.06
ml of [bis(2-methoxyethyl)amino]sulfur trifluoride (BAST) are added dropwise. The
reaction solution is warmed to room temperature and stirred for 12 h. The mixture is
diluted with dichloromethane, and the organic phase is extracted with H.O, NaHCO3
solution and saturated NaCl solution. The organic phase is dried over Na,SO4 and
concentrated. The crude product is crystallized from ethyl acetate and heptane. 1.95 g
of the product 12 are obtained as a colorless solid. C2sHzsFOs (508.51) MS (ESIY)
526.18 (M+NH,"). Alternatively, the reaction can also be carried out using 2.8 eq. of
diethylaminosulfur trifluoride (DAST); in this case, the reaction solution is refluxed for
18 h after addition. Working up takes place in analogy to the above description.

1-O-Acetyl-2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy-glucose (13)
OQ/\
o)
éi»
F 0 0
SOl
O)\@

12.0 g of the compound methyl 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy-a-D-
glucopyranoside are suspended in 150 ml of acetic anhydride. 8.4 ml of conc. sulfuric
acid are mixed with 150 ml of glacial acetic acid and added to the mixture while cooling
in ice. The mixture is stirred at room temperature for 60 h. The reaction mixture is
poured into NaHCOs3; solution, and this solution is extracted with chloromethane. The
organic phase is washed with NaCl solution, dried with Na>SO4 and concentrated. The
residue is recrystallized from ethyl acetate and heptane. 5.97 g of the product 13 are
obtained as a colorless solid.

CaoH25F Qg (536.52) MS(ESIY) 554.15 (M+NH4*).

13
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1-Bromo-4-deoxy-4-fluoro-2,3,6-tri-O-benzoyl-alpha-D-glucose (14)

14

5 1.44 g of 1-O-acetyl, 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxyglucose are dissolved in 20
ml of hydrobromic acid in glacial acetic acid (33%) and stirred at room temperature.
After 5 hours, the mixture is added to ice-water, and the aqueous phase is extracted
three times with dichloromethane. The collected organic phase is washed with
saturated sodium chloride solution, dried over sodium sulfate and evaporated to

10 dryness. The crude product is filtered with ethyl acetate/heptane (70:30) through silica

gel. 1.40 g of the product 14 are obtained as a colorless solid.
Co7H2BrFO;7 (557.37) MS(ESI) 574.05/576.05 (M+NH,4").
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Reaction scheme A: Synthesis of Example 1

CAc
¢}
. ° "o . BuBNNCI / K,CO,
AcC - -
\ CH,CI, / H,0
Aco S
Br AN
2 15
OAc
&)
0o 1. NaCNBH, / TMSCI
F o -
AcO 9
== \ 2. MeONa / MeOH
Aco N s

OH
16
O
F ¢} o
HO
= \
HO N
)

17 ( Example1

5  Further exemplary compounds:

OH

O
-
0
HO o
HC
HO
19 (Example 3

O (o]
HO o R F o o
F HO
HO NP HC N

20 ( Example 4) 21 ( Example 15)

N s

3
)
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22 ( Example 18) 23 ( Example 17)

Om
o OH
F o
HC | 0
s £ o
HQ 2 s HO
HO N

24 { Example 18)
25 (Example 11)

HC o)
F o
26 (Example 12) He =
HO N

27 (Example 21)

HO Cl
Ori

£ o
28 ( Example 22) HO F

HO \s

oH
. N, 29 (Example 23)
HO Br
HO 2 S

46 ( Example 26)
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F o] V
HO OCFB o]
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HO N HO
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30 { Example 25)

OH
0 s
F 0
. X
HOC \ s on
32 ( Example 18) o Q /—@70
F o N \
HO H
HO N 5

33 (Example 13)

31 (Example 24)

OH

F [s] N
M

HO

HG N

CH
34 { Example 14) o
F o
HO
\ s

HO

OH
_ 47 (Example 27)
“ Q 0
| O \
HO QH
HO s
N o NS
F [s]
48 (Example 28) "o = ©
HO N 5

49 {Example 29)
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Example 1 (compound 17)

QAc
AcO Q
\

16

400 mg (1.7 mmol) of (3-hydroxythiophen-2-yl)(4-methoxyphenyl)methanone (15) CDE
Application Number 10231370.9 (2002/0049) and 200 mg (0.54 mmol) of bromide 2
are dissolved in 6 ml of methylene chloride. 160 mg of BusBnNCI (PTC = phase
transfer catalyst), 320 mg of Ko:COs and 0.4 ml of water are successively added to this
solution, which is then stirred at room temperature for 20 hours. The reaction solution
is diluted with 20 ml of ethyl acetate and filtered through silica gel. The filtrate is
concentrated and the residue is separated by chromatography over silica gel (ethyl
acetate/heptane = 1/1). 160 mg (56%) of 16 are obtained as a colorless solid.
C24H25FO10S (524.52) MS(ESI*) 525.12 (M+H").

OH

HO O\
HO N
17

150 mg (0.29 mmol) of compound 16 are dissolved in 4 ml of acetonitrile. This solution
is cooled in an ice bath and then 150 mg of NaCNBH3 and 0.2 ml of TMSCI are added.
The cooling is then removed and the mixture is stirred at room temperature for 2 hours.
The reaction solution is diluted with 20 ml of ethyl acetate and filtered through silica
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gel. The filtrate is concentrated, and 150 mg of crude product are obtained. This crude
product is taken up in 4 ml of methanol, and 1 ml of 1M NaOMe in MeOH is added.
After one hour, the mixture is neutralized with methanolic HCI and concentrated, and
the residue is purified by chromatography on silica gel (methylene

5 chloride/methanol/conc. ammonia, 30/5/1). 76 mg (69% over 2 stages) of 17 are
obtained as a colorless solid. C1gH21FOsS (384.43) ME(ESI*) 403.21 (M+H,0+H").

Example 2 (compound 18)

10
OH

HO

HO

100 mg (0.47 mmol) of (3-hydroxybenzothiophene-2-yl)(4-methoxyphenyl)methanone
(Eur. J. Med. Chem. 1985, 20, 187-189) and 300 mg (0.80 mmol) of bromide 2 are

15 dissolved in 10 ml of chloroform. 120 mg of BusBnNCI (PTC = phase-transfer catalyst)
and 1.5 ml of 1 N aqueous sodium hydroxide solution are successively added to this
solution, which is then boiled under reflux for 4 hours. The reaction solution is diluted
with 20 ml of ethyl acetate and filtered through silica gel. The filtrate is concentrated
and the residue is separated by chromatography on silica gel (ethyl acetate/heptane =

20 1/1). 135 mg (51%) of pale yellow solid are obtained. This is converted into compound
18 with 100 mg of NaCNBH3 and 0.2 ml of TMSCI and then with NaOMe/MeOH in
analogy to the preparation of compound 17. 46 mg of 18 are obtained. CaoHa3FOsS
(434.49) MS(ESI') 479.18 (M+CHOy).
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Example 3 (compound 19)

OH

A
S
19
5
178 mg of (3-hydroxythiophen-2-yl)(4-methoxyphenyl)methanone (15) and 90 mg of
bromide 4 are reacted in analogy to the synthesis of example 1, and 49 mg of 19 are
obtained as a colorless solid. C1gH21FOsS (384.43) MS(ESI*) 403.21 (M+H,0+H").
10
Example 4 (compound 20)
OH
0
F 0\
HO \ S
20
15

200 mg of (3-hydroxythiophen-2-yl)(4-methoxyphenyl)methanone 15 and 100 mg of
bromide 6 are reacted in analogy to the synthesis of example 1, and 59 mg of 20 are
obtained as a colorless solid. C1gH21FOsS (384.43) MS(ESI*) 403.21 (M+H,0+H").

20 Examples 11 (compound 25) and 15 (compound 21) are synthesized in analogy to the
synthesis of example 1 starting from the appropriate hydroxythiophenes and the
bromide 2.
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Examples 16 (compound 32), 17 (compound 23), 18 (compound 22), 19 (compound
24), 21 (compound 27), 22 (compound 28), 23 (compound 29), 24 (compound 31), 25
(compound 30), 26 (compound 46), 27 (compound 47), 28 (compound 48) and 29
(compound 49) are synthesized in analogy to the synthesis of example 1 starting from
appropriate hydroxythiophenes and the bromide 14.

Example 12 (compound 26) is synthesized in analogy to the synthesis of example 4
starting from the appropriate hydroxythiophene and bromide 6.

Examples 13 (compound 33) and 14 (compound 34) are synthesized in analogy to the
synthesis of compound 16 by reacting the appropriate hydroxythiophenes with the
bromide 2 and subsequently deprotecting with NaOMe/MeOH in analogy to example 1.

Example 20 (compound 35) is synthesized in analogy to the synthesis of example 1
starting from hydroxythiophene 15 and the bromide 10.
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Reaction scheme B: Synthesis of Example 5

OAc

AcO +

Aco
2 Br

OH

HO

HO

36 (Example 5)

5  Further exemplary compounds:

OH
F
0
o)
HO
\
N
H CF,
37 (Example 6)

Example 5 (compound 36)

OH

1. Bu,BnNCI / K,CO,
0 CH,Cl, / H,0
_—_—

2. MeONa / MeOH

0
CF, |
OH
F
o}
F 0
HO
N
H ©CF %

38 (Example 20)

O
F o o
HG
\
" N/ \ F
N
HoF 36

10

HO HO
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200 mg of 4-(4-methoxybenzyl)-5-methyl-1H-pyrazol-3-ol (35) (J. Med. Chem. 1996,
39, 3920-3928) are glycosilated with 100 mg of bromide 2 in analogy to the synthesis
of example 1 and then deprotected with NaOMe/MeOH in analogy to example 1.

49 mg of compound 36 are obtained as a colorless solid. C1gH2oF4N20Og (436.36)
MS(ESI*) 437.21 (M+H").

Example 6 (compound 37)

OH
F
o
O
HO 0\
/A
HO N
\N CF,
H

37

200 mg of 4-(4-methoxybenzyl)-5-methyl-1H-pyrazol-3-ol (35) and 100 mg of bromide
4 are glycosilated in analogy to the synthesis of example 1 and then deprotected with
NaOMe/MeOH in analogy to example 1. 89 mg of compound 37 are obtained as a
colorless solid. C1gHzoF4N20s (436.36) MS(ESI®) 437.21 (M+H").

Example 20 (compound 38)

_ OH
F
o
F o 5
HO \
HO N{\ \ F
N _
H F ok

38
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110 mg of 4-(4-methoxybenzyl)-5-methyl-1H-pyrazol-3-ol (35) and 60 mg of bromide
10 are glycosilated in analogy to the synthesis of example 1 and then deprotected with
NaOMe/MeOH in analogy to example 1. 49 mg of the compound 38 are obtained as a
colorless solid. C1gH19FsN20s (454.35) MS(ESI®) 455.22 (M+H").

Reaction scheme C: Synthesis of Example 8 and Example 10

N—N
OEt { D on 9
H,N-"NH, Bu,BnNGI / K,CO,
—— s
CH,CL, / H,0
Cl Cl
39 cl S 4
QAc OH
Q 0
F o cl F o cl
AcO MeONa / MeOH HG
74 _ 74
AcO N HO N
\N i Route A \N !
H CH, Cl H CH, cl
44 42 (Example 8)

1. Mel, K,CO,

2. MeOH/ MeOH Route B

43 (Example 10}
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Further exemplary compounds:
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50(Example 30)

5 Example 8 (compound 42)

HN—N
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OH
E 0
HO 0
HO N7 ]
\
N “cH ct
51(Example 31) 3

500 mg (1.73 mmol) of ethyl 2-(2,4-dichlorobenzyl)-3-oxobutyrate (39) (Bionet) are
boiled with 0.21 ml of 51% pure hydrazine hydrate (3.46 mmol) in 15 ml of toluene with
10 a water trap for 1.5 h. After cooling, the solid is filtered off with suction and washed
with toluene and ether. 400 mg (90%) of the compound 40 are obtained as a
voluminous white precipitate. C11H1oC12N20 (257.12) MS(ESI): 257 (M+H").
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OAc
Cl
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AcO Cl
AcO N / \
~ N CH 3
H 41

270 mg (1.05 mmol) of 4-(2,4-dichlorobenzyl)-5-methyl-1H-pyrazol-3-ol (40) were
dissolved in 25 ml of methylene chloride, and 0.7 ml of water, 1.2 g (8.68 mmol) of

Phenyl

5 potassium carbonate, 84 mg (0.31 mmol) of benzyltriethylammonium bromide and 428
mg (1.15 mmol) of bromide 2 were added, and the mixture was stirred at RT for 18 h.
The reaction solution was diluted with methylene chloride and washed once each with

water and saturated brine, dried over MgSO,4 and concentrated. The crude product
was purified on silica gel. 122 mg (21%) of the compound 41 are obtained as white
10  solid. C23H25CloFN2Og (547.37) MS(ESI): 547 (M+H*).

15

70 mg of (0.1278 mmol) of the compound 41 are dissolved in accordance with route A
in 2 ml of methanol, and 1.02 ml (0.511 mmol) of sodium methanolate solution (0.5M)

in tetrahydrofuran are added. After 5 min,
27.6 mg (0.516 mmol) of ammonium chloride and 2.0 g of SiO, are added. The

20 solution is concentrated and the product is filtered through silica gel and washed first
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with EtOAc and then with EtOAc/methanol 20:1. 50 mg (90%) of the compound 42 are
obtained as a colorless solid.
C17H19C12FN2Os (421.26) MS(ESI): 420 (M+H").

Example 10 (compound 43)

OH
Cl

HO Cl
HO N (\ \
N

|
CH

CH,

3 43

50 mg of compound 41 are dissolved in accordance with route B in 2.0 ml of DMF and,
at room temperature, 50 mg of K.COs3 and 57 ul of methyl iodide are added. After 14
days, 30 ml of EtOAc are added, and the organic phase is washed twice with 20 ml of
H2O each time and concentrated. The crude product is purified by column
chromatography (EtOAc/heptane = 3:1) and reacted with NaOMe/MeOh in analogy to
the preparation of compound 42. 9.1 mg of compound 43 are obtained as a colorless
wax. C1gH21C12FN2O5 (435.24) MS(ESI): 434 (M+H").

Examples 7 (compound 44), 30 (compound 50) and 31 (compound 51) are
synthesized in analogy to the synthesis described for example 8 (compound 42)

starting from the appropriate 3-keto esters.

Example 9 (compound 45) is synthesized in analogy to the synthesis described for
example 10 (compound 43) starting from the appropriate -keto ester.

Experimental part: compounds of formula IlI

0

0
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Reaction scheme: Synthesis of -bromoglycosides

OH OhAc
1. Ac, O/ Pyr
0 0
F - E
HO OH 2. HBr / AcOH AcO
HO Aco
Br
1 2
- OH . QAc
1. Ac,0 / Pyr
0 0
HO OH 2. HBr / AcOH AcO
HO Aco
Br
3 4
OH OAc
1. Ac,O / Pyr
Q 0
HO on - AcO
F 2. HBr / AcOH F
HO Aco

Br
5

1-Bromo-4-deoxy-4-fluoro-2,3,6-tri-O-acetyl-alpha-D-glucose 2

QAc
O
F
AcD
Aco
Br
2



10

15

20

2 2R, R, R HO'1-1'"HO HO'1l-1 'HO HO 1-11-1 HO 1-11-1 HO
1

woldtilozoddsH ' 1- 100 'd "1-1 H'1-100 '1-1 Petkrioroobdebto HO
HO HO HO 132

5 g (27.5 mmol) of 4-deoxy-4-fluoro-D-glucopyranose 1 (Apollo) are suspended in

50 ml of pyridine and 50 ml of acetic anhydride. The reaction solution is stirred at 45°C
for 4 hours. This results in a clear reaction solution which is then concentrated. 12 g of
crude product are obtained. This crude product is dissolved in 160 ml of 33% strength
HBr in glacial acetic acid and left to stand at room temperature for 2 hours. The
reaction solution is then poured into a mixture of 300 g of ice and 300 ml of ethyl
acetate. The organic phase is washed twice more with aqueous NaCl solution, filtered
through a little silica gel and concentrated. The residue is separated by
chromatography on silica gel (ethyl acetate/heptane = 1/1). 8.19 g (80% over 2 stages)
of 2 are obtained as a pale yellow solid.

1-Bromo-4-deoxy-4-fluoro-2,3,6-tri-O-acetyl-alpha-D-galactose 4

OAc

AcO

Aco
Br

100 mg (0.55 mmol) of 3 are reacted with 3.5 ml of pyridine and 3.5 ml of acetic
anhydride in analogy to the preparation of compound 2. 89 mg (44%) of 4 are obtained

as an amorphous solid.
1-Bromo-3-deoxy-3-fluoro-2,4,6-tri-O-acetyl-alpha-D-glucose 6
OAc

AcO

Aco
Br

-171-10 HO1-1'1-10 HO1-1'1-10 HO 1-1'1-10 HO 1-1"1-10
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335 mg (1.84 mmol) of § are reacted with 10 ml of pyridine and 10 ml of acetic
anhydride in analogy to the preparation of compound 2. 628 mg (92%) of 6 are

obtained as an amorphous solid.

5
OAc
HO
0 o)
F \ Bu,BnNCI/ K,CO,
v Fr
Aco 7 CH,CI,/ H,0
Br
2
OAc
o)
F o) MeONa / MeOH
AcO o)
RO
8 OH
o)
F o]
HO 0
© oy 7 \
9 (Example 1)
The following were prepared in an analogous manner:
OH OH
F
Q o)
F e} 0
HO HO o
< O RO
10 (Example 2) 11 (Example 3)
10

Example 1 (compound 9)
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OH

o
F e
HO Q
) \
HO

100 mg (0.47 mmol) of 2-(4-methoxybenzyl)phenol 7 and 370 mg (1.17 mmol) of
bromide 2 are dissolved in 6 ml of metylene chloride. 160 mg of BusBnNCI
5 (PTC = phase transfer catalyst), 320 mg of K.COs and 0.4 ml of water are successively

added to this solution, which is then stirred at room temperature for 20 hours. The
reaction solution is diluted with 20 ml of ethyl acetate and filtered through silica gel.
The filtrate is concentrated and the residue is separated by chromatography on silica
gel (ethyl acetate/heptane = 1/1). 72 mg of 8 are obtained as a colorless solid. The

10  resulting 72 mg of 8 are taken up in 4 ml of methanol, and 1 ml of 1N NaOMe/MeOH is
added. After one hour, the mixture is neutralized with methanolic HCI and
concentrated, and the residue is separated by chromatography on silica gel
(methylene chloride/methanol/conc. ammonia, 30/5/1). 29 mg of 9 are obtained as a
colorless solid. CyoH23FOg (378.40) MS(ESI') 423.22 (M + CHOy).

15

Example 2 (compound 10)

OH

0
F o
HO

10



83 The invention further relates to processes for preparing the conpounds
of the general fornula |I. 5Experinental Section: The preparation of the
exanpl es we 2a%Bviseed in detail bel ow. The conpounds of pChaEpPreve@eicc®Nn can
be obtai ned anal ogously or in accordaste with the processes described in WO
0414932 and WD 0418491. Preparation of conpounds of formula | Reaction
schene: Synthesis of the -bronoglycoside 4 W 2011/039338PCT/ EP2010/ 064620
84 Methyl 2,3,6-tri-0O benzoyl-4-fluoro-4-deoxy- -D glucopyranoside (2) 2
53.0 g of nethyl 2,3,6-tri-0O benzoyl- -D-gal actopyranosi de (Reist et al.,

J. Org. Chem 1965, 30, 2312) are introduced into dichloronethane and cool ed

to -30C,~Th ,06_nl  of ' - et h I ' I trifl id
(Bast) AP0 T5G 47 dpiph S Baie el Aot o) b TS BNl ropde e
t enper a?éﬁcﬁe@ﬂdaﬁélbgy%itﬁé)éyrﬂtﬁ_eﬁs of BeMPo¥hHEre and Fii hdt&Fd 0Mrehobtained as a
di chl oronet hane, and the organi c phase is extracted with H20, NaHCO3

10sol ut celerigas sold .Ur ated MG 8soN ) MBIRSI N133. % fdnt EHPmse is dried over
Na2 and concentrated. The crude product is crystallized from ethyl
acetate and heptane. 1.95 g of the product 2 are obtained as a colorl ess
solid. C28H25F08 (508.51) MsS (ESI+) 526.18 (M:NH4+). Alternatively, the
reaction can also be carried out using 2.8 eq. of diethylam nosulfur
trifl uoEX@BRIBSEOMRIUNGd\1Y case, the reaction solution is refluxed for
1518 h after the addition. The working up takes place in analogy to the
above description. 1-0-Acetyl-2,3,6-tri-0O benzoyl-4-fl uoro-4-deoxygl ucose
(3) WO 2011/ 039338PGH EP2010/ 064620 85 12.0 g of conpound net hyl
2,3,6-tri-0Obenzoyk4-fl uoro-4-deoxy- -D-glucopyranoside are suspended in
150 M of a€etic anhydride. 8.4 m of conc. sulfuric acid are mxed with

150 m of gliaci al/ acegic acid and added {e-~the m xture while cooling in
rs\at r08mterrperatr 60 h. The m xture is poured

i nto NaHCC3

ice. The m

hi s s0l ut extracted with
di chl or oif@ , nic prase{is e ¢fed whth NaCl sol ution, dried
wi th Na2SO4 and concentrat ed.si due is recrystallized from ethyl

&\ F

acet at e/ hept ane. "8.97 g of th dguct 3 are obtained as a colorless solid.
C29H25F09 (536.52) Ms (ESI+) 5 /5 ( MENH4+) 10
1- Brono- 4- deoxy-4-fluon®-2, 3,6-tri-0O benzoyl - al pha- D gl ucose (4)

10
200 mg (0.94 mmol) of 2-(4-methoxybenzyl)phenol 7 and 200 mg (0.63 mmol) of
bromide 4 are reacted in analogy to the synthesis of compound 9, and 110 mg of 11
are obtained as a colorless solid. CooH23FOs (378.40) MS(ESI') 423.22 (M + CHOy).

15



4 1.44 g of 1-0-acetyl-2,3,6-tri-0O benzoyl-4-fluoro-4-deoxyglucose are
dissolved in 20 m 15of hydrobromic acid in glacial acetic acid (33% and
stirred awvoropmsbsgperature. After 5 hours, the m xturePpcs/ErPoa®64ck®t O
ice-water, and the aqueous phase is ax¢racted three tinmes with

di chl oronet hane. The col |l ected organi c phase is washed with saturated

sodi um chl ori de solution, dried over sodiumsulfate and evaporated to
dryness. The crude product is filtered through a silica gel colum wth

et hyl acetate/ heptane 70:30. 201.40 g of the product 4 are obtained as a
colorless solid. 7H22Br FO7 (55¢.37) Ms (ESI+) 574.05/576.05 (M-NH4+) WO

2011/ 039338PCT/ EP2010/ 06462086 i gheme |: Synthesis of exanple 1:
7 4-(4-Br -5-1 sopr opyLg X (68): 5 supndb,@,g of nethyl
i sobut yr yAa ) are addg &18i on ef—sedi-um-hydri de (60%

3.85 g) in 2504 tetrahydp N/ e cool i ngid,m0ce. A solution of
20.0 g of 10 4-brondbenzyl bronidé?’in 100 M of THF is then added and the
mxture is stirred at 2011/ 039338PCT/ EP2010/ 064620 87 room t enper at ure
for 48 h. After additionh of 300 mMl of H20 and 300 ml of EtOAc, the organic
phase is dried oy nd thedsol vent is stripped off in a rotary
evaporator. The res 3 s dNssol vededna/ M@0 nl of tol uene,
m xed wi th hydrazi ne hyy ‘ peat ed under—refPux with a water
trap for 12 h. The 5reaction i gncentrated to a volunme of 50 m

and washed wit
yel | ow sFoI i

HO

heptane. 10.8 g of the conpound 6 are obtained as a pale
9H15%rN°l (295.18) Ms (ESI+ 294.04 (M+H+). 10 Conpound 7:

14 (Example 4)

The following were prepared in an analogous manner:

OH o}

o HO O
e}

16 (Example 6)

Example 4 (compound 14)

15 (Example 5)

OH

HO

HC

14




7 530 ng of 4-(4-bronobenzyl)-5-isopropyl pyraz-3-ol (6) and 1.50 g of

brom de 4 are dissolved in 50 mM of nmethylene chloride. To this solution
are succewei2valosomdded 1.86 15 g of potassi um car bonat e pc@EPog0064620

benzyl tri et hyl ammoni um brom de and 0148 ml of water, and it is then stirred
at roomtenperature for 24 hours. The reaction solution is transferred into
a separating funnel and washed successively with water and saturated sodi um
chl oride solution. The organic phase is dried over nagnesi um sul fate and
concentrated in a rotary evaporator. The crude product is separated by 20
chr omat 8§rmagK§.30rmeidl )i af3-genzgfeamat/vha pRrdinydany-snethylpheny )asbpainned as a

| | 77 ESI+) 773.1 Ht) .., WD .
5011 039 RIHPH4 PRSI GRRE o0 B LSO 2 e 640ty T PrbliaVgbyas STaibesisa o
di ssol V@dcbtﬁhﬁéuﬁ@ 8”bn§f40@|\|‘ﬁg ANG Aedbi@ined aBdier‘@@)rocﬁﬁzt%léFﬂlscﬁlrectly
tri-o-tol osphi ne 25 mM _of triethylam ne and 84.6

1-al lyl sep@ta@ueﬁe/vlm @aﬁkﬂ&%/&’le@rﬁ@ﬂ paalogy ¢ the ﬁymth@&s@fqu 9 Ehmg of bat h
0C,f 8 h.
or ude_pr ddgaoler 2 HRaRE| A Botad N S8 SOl T ALEIRP VRO MRS T 11 7

ng of tlztegm’r(mumw are obtained as a coI orI ess wax. CA7HA9FN408 (816.9)
M5 (ESI+) 817.05 (M FH+). 10 Conpound 9 (Exanple 1): ,0OH 98 ng of the
glycoside 8 are taken up in 4 m of a m xture of nethanol/
water/triethylamne (3:3:1) and stirred at roomtenperature for 48 h. The
reaction 15m xture is concentrated in a rotary evaporator, and the residue
is puri Bxa mg & (ooomedurgk B9hy on silica gel (nethylene chloride/ nmethanol/
conic_% anmoni a). 34 ng of the conpound 9 are obtained as a colorless solid.
7FN405 (504 61) M5 (ESI+) 505.47 (MrH+). WO
2011/ 039338PCT/ EPZO%g/ 064620 89 Reaction scheme Il1: Synthesis of exanple 2:
Conmpound 10: 7.20 g of the gl ycosi de are dissolved in 109 m of
acetonitrile, a 3 g of tri-o-tolyl phosphine,
39.2 m of triethyl @m ne and 104 g acetic acid are added. The
reaction m eat ed undep—re 60 h. The solvent is renoved in
a rotarypgvapor p is purified by chromatography

HO

15

100 mg (0.33 mmol) of 3-benzofuran-5-yl-1-(2,6-dinydroxy-4-methylphenyl)propan-
1-one 12 and 150 mg (0.40 mmol) of bromide 4 are reacted in analogy to the synthesis

15 of compound 14, and 75 mg of 15 are obtained as a colorless solid. Co4H25FOg
(460.46) MS(ESI') 459.03 (M - H).

Example 6 (compound 16)
20



WO 2011/ 039338PCT/ EP2010/ 064620 90 on silica gel (CH2C12/ MeOH conc. ammoni a
= 30/5/1). 6.18 g of the conmpound 10 are obtained as a col orl ess wax.
C44HA1F NROL011(0898388). 100 ng of conpound 10 are di ssol ved/Eprodo6d20 of

di chl oronet hane, and 9.41 ng of n-butiyd am ne, 119.8 ng of

di i sopropyl et hyl am ne, 26.1 ng of 1-hydroxybenzotriazole and 30 ng of

N- ( 3- di net hyl am nopropyl ) - N-et hyl carbodi i m de are added. The reaction

10m xture is stirred at 20C for 16 h. The solution is washed successively
with in each case 5 mM of NaHCO3 solution, 5 m of 0.2M hydrochloric acid
and 5 m of satura NaCl solution. The solvent is renoved in a rotary
evapor at or, -and e crude product is conyerted W thout further purification

into conpound 12. C48HSOFN2309¢(831.9). > 1 conmpound 11 are dissol ved
i : R 407 U 200n acti vated carbon

in 5.00 n |, and 10. )/ of
(10% areoad ed. Irred under an atnosphere of 1
bar of Hﬁ Pal | adigm9n carbon is filtered off, and the solvent is

ungher purification of the crude product
on silica gel is unnecessa /2 mg of the desired conpound 12 are obtained
as a colorless wax. @48H52F N2309 (834.0). WO 2011/039338PCT/ EP2010/ 064620
91 72 nmy of the glycoside 12 are dissolved in 10 m of nethanol, and
1.72 M of a 2M 5net hanol i ¢ sodi um net hoxi de sol uti on are added. The
reaction mxture is stirred at 20C for 4 h, and 46.2 ng of anmmoni um

chl or i dd5armeg #0ldedmol)af (2, BQMydrexytmnm&dahrﬁ -A- 102, arwhyd/rapy)r ator, and the

cetat E%%S“M'Sen%%daiﬂb%% f?éw{f%) et A i &pﬁp I L

anmogli a gn 1- |

sol i d. &7%39%% %g'f e??% e i a5 ficfort AFAcAs a?%déaoscé’ggl[(lﬂé%i% is
synt hesisekdl GﬂHM@@%Zt@)tMS(E&I@t%SO& (Moutl®. descri bed for corrpound 13
(exanmple 2). Starting fromthe glycoside 10, which is, however, reacted not
Wi th n-butylam ne but with 3-am nopropi onam de hydrochloride, and wi t hout
carrying out the subsequent hydrogenation, conpound 14 is obtained as a
colorless solid. C26H35FN407 (534.6): MsS (ESI+) 535.44 (M+H+). 20 WO
2011/ 039338PCT/ EP2010/ 064620 92 15 (Exanple 4) Conpound 15 is synthesized
in analogy to the synthesis route described for conpound 13 (exanple 2).
Starting fromthe glycoside 10, which is, however, reacted not with

5n- butyl am ne but w th 3-am nopropi onam de hydrochl ori de, conpound 15 is
obt ai ned



as a colorless solid. C26H37FN407 (536.6): MS (ESI+) 537.44 (MrH+). 10
Conmpound 16 is synthesized in analogy to the synthesis route described for
conpound W8 20ex@mpke 2). Starting fromthe glycosi de 10pcwhiredvoiossc2dhonever ,
reacted not with n-butylam ne but wi tibv gl yci nam de hydrochl ori de, conpound
16 is obtained as a col orless wax. 15C25H35FN407 (522.6): MsS (ESI+) 523. 38
(MrH+) . WD 2011/ 039338PCT/ EP2010/ 064620 93 Conpound 17 is synthesized in
anal ogy to the synthesis route described for conpound 7 (schene |).
However, ethyl acetoacetate is used as starting material instead of nethyl
i sobutyryl acetate. Conpound 17 is obtained as a colorless solid.

C38H32Br FN208 (743.6). 5 Compound 18 (Exanple 6): O "------ 00 HONK 11).L
N--- H MeNNH2 H 18 (Exanple 6) 10 Conpound 18 is synthesized in analogy to
the synthesis descroabed for conpound 15 (exanple 4). However, the glycoside
17 is used as ead of glycoside 10. Conpound 18 is
FN407 (508.6): MS (ESH%% 509. 33 (MtHt) .

obt ai ned as a

15 Conpot le 7): HMXNFR 0 19 (Exanple 7) %e&ifolnd:19 is
synt hesi Z&8 I ogy to+t he besirs descri bed for—conpoune 15 20
(exanpl e 4). Hewever| the bronmo nd 7 is reactedomdhHacrylic acid

i nstead of vinylacetpPc acid. npound 19 is obtained as a col orl ess wax.
C25H35FN407 (522.6): Mwd ESI+) 523.42 (MH+).

O
o) o] \ /
F 0 0
AcO
Aco OH
18
OH

MeONa / MeOH

0] O
FHO X \ | Pd/C, H,
O - -
< (T
19

OH
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O
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HO /
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< (T
)

20 (Example 7

The following was prepared in an analogous manner:

OH
O O
F 0
HO
OH
TR,
21 (Example 8)



WO 2011/ 039338PCT/ EP2010/ 064620 94 Conpound 20 ( Exanple 8): 20 (Exampl e
8) 5 Conpound 20 is synthesized in analogy to the synthesis described for
conpound W8 0exBapke 7). However, 3-ami nopropi onani de hydrapbdionsder i s

repl aced by gl yci nam de hydrochl ori da4é n the am de coupling. Conpound 20 is
obt ai ned as a col orl ess wax. C24H33FN407 (508.6): MS (ESI+) 509.29 (MrH+).
10 Conmpound 21 (Exanple 9): 21 (Exanple 9) Conpound 21 is synthesized in
anal ogy to the synthesis route described for conpound 1513 (exanple 2).
Starting fromthe glycoside 10, which is, however, reacted not with

n- butyl am ne but with L-serinam de hydrochl ori de, conmpound 21 is obtained
as a coggrleas.fglid. C26H37FN4A08 (552.6): Ms (ESI+) 553.29 (MtH+). WO
2011/ 03 Qﬁ%ﬂg 0 95 Conmpound 22 (Exanple 10): 5 Conpound 22 is
synt hesi zed in analogy to the synthesis described for conpound 18 (exanple
6). Starting fromthe glycoside 17, which is, however, reacted not with
3-am nopr opi onam de ¢tydrochl ori de but with L-serinam de hydrochl ori de,
conmpound 22 is obtained as a col orl ess wax. C24H33FN408 (524.6): MsS (ESI+)
525. 31 (MtH+). conpound 23 is gynthesized in analogy to the synthesis route
describe% le 6). Starting fromthe glycoside 17,

whi ch is, 153- am nopr opi onam de hydrochl ori de but
W th N—(@ F , conpound 23 is obtained as a col orl ess
wax. C27H39FN40é ; SL+ho51. 30 (MrH+) . WO

2011/ 039338PCT/ EP2010/ 064628 96/ Conpound 24 is synt hesi zed in anal ogy to
the synthesis route dgscribgd Tor conpound 13 (exanple 2). Starting from
the glycoside 10, which is/ however, reacted not with n-butylamne but with
N- net hyl pi per azi ne, conpound 24 is obtained as a colorless wax. C28F141 F

N4065 (548 §)6.0MAMdHbIH-(28iRfIroN-AthbthyRoHetpRiHhode (X8RI By 12 mMAd))

of bromide 2 are dissolved in 30 ml of methylene chloride. 800 mg of

benzyltributylammonium chloride (PTC), 1.6 g of potassium carbonate and 1.5 ml of
water are successively added to this solution while stirring vigorously. This suspension
is stirred with protection from light (aluminum foil) for 18 hours and then diluted with

10 150 ml of ethyl acetate and 150 ml of n-heptane. The solid constituents are filtered
through a little silica gel and concentrated. The residue is separated by
chromatography on silica gel (ethyl acetate/heptane = 1/2). 430 mg of 18 are obtained
as a pale yellow solid (can be separated with difficulty from an identically migrating
byproduct, and thus the purity is only about 50%. The byproduct can easily be

15  removed at the next stage). C21H25010F (456.43) MS(ESI'): 455.25 (M - HY).

OH

HO

HO

19

200 mg of compound 18 (about 50% pure) and 225 mg of anisaldehyde (Fluka) are
dissolved in 10 ml of methanol. After addition of 5 ml of 1N NaOMe/MeOH solution, the

reaction solution is boiled under reflux for 12 hours. The reaction solution is neutralized



10 Conpound 25 is synthesized in analogy to the synthesis route described
for conmpound 13 (exanple 2). Starting fromthe glycoside 10, which is,
however, weaotfwdesset w th n-butyl am ne but w th piperi dipog/Ere@npeisdpg 25 is
obt ai ned as a col orl ess wax. C28H40FNBO6 (533.7): MS (ESI+) 534.54 (MrH+).
Compound 26 is synthesized in analogy to the synthesis route described for
conpound 13 (exanple 2). Starting fromthe glycoside 10, which is, however,
reacted not with 20n-butyl am ne but wi th hexahydro-1H azepi ne, conmpound 26
is obtained as a colorless wax. C29H42FN306 (547.7): MS (ESI+) 548.56

( MrH+) . withdngthenoie 683 PG TUdRR20 o1tk 46d0he TeHd @ igpsepattated bhys synt hesi zed in
anal ogy to the synthesis rou scrib for c ound 13 (exar

S ar ¢ ngharbAtPaARtY! 7t sTrddeh Ené i o dHmE R Reat AR s

n- but yl @mrﬁgdpqg akk lobtaied akizyeiw sempound 27 is obtained as a colorless
wax. C27F138FN306 (519.6): M (ESI+) 520.52 (M-H+). 28 (Exanpl e 16)
Conmpound 28 is synthesized in analogy to the synthesis route described for
conpound 1513 (exanple 2). Starting fromthe glycoside 10, which is,
however, reacted noet®Wth n- butyl am ne but w th benzyl

1- pi per azi necar bpxyl ate, conpound 28 is o0& aine¢ as a col orl ess wax.
C27H39FN406 (534. 6) .0 M5 (ESI +) ¥%635. ' MO

2011/ 039 064620 98\C I's synthesized in analogy to

t he synt i i conpound 19 5(exanple 7). However,

de is replaced by 2-am noethanol in the
pr&ned as a colorless oil. C24H34FN307
(495.6): Ms (ESI+) 496.43 (\u 4 1030 (Exanple 18) Conpound 30 is

synt hesi zed in anal o@§ to e synthesis described for conpound 19 (exanple
7). @bmever, 3-am nopropi onam de hydrochloride is replaced by 2-am no-2-
nmet hyl - 1- propanol in the am de coupling. Conpound 30 is obtained as a
colorless oil. 15C26H38FN307 (523.6): M (ESI@% 524.26 (MrHy) . WO

2011/ 03§9389¢H /1 ErR00d) @ed6ieenegl LaRp 809 91 FIJLC §)AterRd) redusherdad dyy to

t he syn i ' I ' from
the g ydoa s TEeef EH6 hiSRRehalec SIS Lor REHEER Arph el 2ot ol O ¢
2- am noigmpetdiyre-for prioJheakeactampolution Elcorscepihtadedhadd dse eesidleisl madiesdy d.
C27HAOFN30Q7 (537.6): ES| +) 538, 28 (M FH+ Conpoun S
synthesilaghy hipraaRbiR %ﬂweesr?ﬁlfweimag@e%#/sw-fwmeaﬁpg@i@529

10( exan@h 20t t - i r47 -
Cormpoung 09 g 20 R oS o Ty S st
494. 28 GHBHY) (M ebtipound 33 is synthesized in analogy to the synthesis route
described for conpound 13 (exanple 2). Starting fromthe glycoside 10,
which is, however, reacted not with n-butylam ne but with

tri s(hydroxynet hyl ) am nonmet hane, conpound 33 is obtained as a col orl ess
solid. C27H40FN309 (569.6): Ms (ESI+) 570.33 (M+H+). WO

2011/ 039338PCT/ EP2010/ 064620

am de coupling. fGonpound 29



100 Compound 34 is synthesized in analogy to the synthesis route

descri bed for conpound 513 (exanple 2). Starting fromthe gl ycoside 10,

whi ch i s,wbawewspissr eact ed not with n-butyl am ne but w PaT/EP2010/064620

N- car bobenzoxy- 1, 3- di am nopr opane hyd#nchl ori de, conpound 34 is obtained as
a colorless oil. C26H39FN406 (522.6): MS (ESI+) 522.52 (M-H+). Conpound 35
is synthesized in analogy to the synthesis route described for conpound 13
(exanmple 2). Starting fromthe glycoside 10, which is, however, reacted not
wi th n-butyl am ne but with 1-adamant anenet hyl am ne, conpound 35 i s obtained
as a 15col orl ess wax. C34H48FN306 (613.8): M5 (ESI+) 614.45 (MtH+).
Cbnpounggggﬂggﬁégg%ﬁ %%@: FOOH HO ' HOO NOOH H 36 (Exanple 24) WO

2011/ 03 to]] 4% 0 101 Conpound 36 is synthesized in analogy to
the synthesis route described for conpound 13 (exanple 2). Starting from

t he gl ycoside 10, which is, however, reacted not with n-butylamne but with
2,3,4,6-tetra-0-acet81 - 1- am no- 1- deoxy- bet a- D- gl ucose, 5conpound 36 is
obtained as a coforless oil. C29H42FN30 !-1627.7): M5 (ESI +) 628.25 (MtHt).

10 Conpound 37 ijs synthesized Op ans t heysynthesis route described

for conpq anpl e %p). Quever , ast stage, the deprotection
wi th sodium e~ 1S preteded by Tedction with sul fur
trioxide-tri m ne cong this is done by dissolving 63.0 ng of the

oet hanol and, at 0C, 15addi ng 202 ng of

pi perazi ne conmpeynd in 10.
gonpl ex and stirring at OC for 2 h. The

sul fur trioxide triethylam\
21

200 mg of compound 18 (about 50% pure) and 350 mg of p-benzyloxybenzaldehyde
(Fluka) are reacted in analogy to the synthesis of compound 20. 36 mg of 21 are
obtained as a colorless solid. CooH2sFOg (436.44) MS(ESIY) 481.08 (M + CHOY).

10



solvent is renoved in a rotary evaporator, and the crude product is
purified on silica gel (methylene chloride/nethanol/conc. ammonia =
30/5/1). w8 wpsmh3sshe sul fate conmpound are obtai ned andpcomeesnaeic20 N

anal ogy to the synthesis of conpoundi28 wi th sodi um net hoxi de, into the
compound 37, which is obtained as a col orl ess wax. 20C27H39FN4095 (614.7):
M5 (ESI+) 615.42 (MtH+). Os, ,,0 NN OH HH WO

2011/ 039338PCT/ EP2010/ 064620 102 Conpound 38 is synthesized in anal ogy to
the synthesis route described for conmpound 37 (exanple 25). Starting from
the glycoside 10, whic Ofs, however, reacted not with benzyl

1- pi per azi necar b&tyl at e but wth N-car bo nzoxy 1, 3-di am nopr opane

hydr ochl ori de, 038 is obtai nféd as ol orl ess wax. C26H39FN4095

(602.7): 5|\/5R§\
anal ogy to the sy f-opyconpound—3+{exampl e 25).
Starting % Qg&the ghoPcosi however, reast@drmmt w th benzyl
1- plperaahqeﬁgghpxylate Bt with 2- mnlnqgthanol, conpound 39 is obtained as
a col orl ess wax. C25H36FN301050Q§89 6): M5 (ESI+) 588.50 (M+-H). 15
Compound 40 is synthe5|%§ anal ogy to the synthesis route described for
conmpound 2037 (exanple 25). St%rtlng fronlthe gl y@psi 0, which is,
however, reacted notg, 1- @lp-\a2|necarbo - bué W t h
2- am no- 2- net hyl - 1- pmeo d 407T's obt ai ned Por | ess wax.
C27F140FN30105 (617.7) {opm
2011/039338PCT/EPE@E@%D@%GQ 103 Co doy 1 (Exanple 29): OH Compound 41
i s synthesized i R"f4M4Y to the sy esi s route degdnkbegHf or conmpound 5
13 (exanple 2). Startiﬂg from theéngl ycosi de 10, which is, however, reacted
u

not with n- butykpnl t with norpholine, conpound 41 is obtained as a
pal e yel | ow wax 7F138FN307 (535.6): M5 (ESI+) 536.48 (MtHt).
Conpound 42, : (Exanple 30) Conpound 42 is synthesized in
anal ogy to t ad, for conmpoun®’%8: (exanple 2).
Starting fromthe h ver, reacted not with
n- but yl am ne but \M%h tert- 0 e
yel | ow wax. 1RG28&#R2EN306 : VB (ESI +) 536.54 (M+H+). WO
2011/ 039338PCR/-EP251.@6 068620

OH

R1
O

0O
o]
OH
< (e
HO

R1=H, R2=F, 27 (Example 9)
R1=F, R2=H, 28 (Example 10)



104 41.3 ng of 1l-allyl-3-propylurea are dissolved in 5.00 m of THF, and

1.21 mM of a 0.5M9-BBN solution in toluene are added, and the m xture is

stirred avo20G/fes384 h. Subsequently, a solution of 180 pow/mrbotblessgs ycosi de

17 in 10.0 m of toluene, 7.4 ng of td -o-tolyl phosphine, 102.7 ny of

pot assi um phosphate and 2.7 ng of Pd(QAc)2 are 5added. The reaction m xture

is heated at 100C for 3 h. The precipitate is filtered off, and the organic

phase is washed with 10 ml of water and dried over nagnesium sul fate. The

solvent is renoved in a rotary evaporator, and the crude product is

puri fi e@Examplerbeonepunend7)on silica gel (Et0Ac/heptane). 59 ng of a

colorless solid are obtained and reacted w th sodi um net hoxi de i n anal ogy

to the preparation of 10 compound 13 (exanple 2). Conpound 43 is obtained

as a colorl ess wax. &24H35FN406 (494.6) MS (ESI+) 494.12 (M+).

4- ( 2- Et hoxycar bony1- 4- net hyl - 3- oxo- pent - 1- enyl ) benzoic acid (E/ Z i soner

m xture) (44): 0 0 1544 29.9 g of ethyl “i\sobutyrylacetate and 33.0 g of

de are heat-% Wi a ma{pf cap for 6 h. The reaction
acetate and extracted with 20%

gt i on and saturated sodi um 20chl ori de

drigd over magnesi um sul fate, concentrated

and directly redCted furths @’ 45. 50.0 g of an oil are obtained.

C16111805 (290. 3): Ng (ESI +)—291.1 (MtH) +, tR = 1.42 min (Gadient 2). WO

2011/ 039338PCT/ EP2016/ 064640 105

4- ( 2- Et hoxycar bony1- 4- net hyl - 3- oxo- pentyl ) benzoic acid (45): O 45 50 ¢

of 4-(2-ethoxycarbonyl-4- nethyl 3 oxo pent - 1- enyl)benzoic acid are

di ssolved in 5300 m of THF, pal | adi um on car bo 10% is added,

and ? he 3aPx0a 0é bramKed d&@d”ﬁsé& mﬁa@ﬂ%aﬁ%@g@a %p&@w@w eazaiaehyqle an

aut ocl a r
fil teregﬁur(gLasugtg%e-r@nﬁhroug(wtéethé X hrtér%gsd?f\é&sqrﬂ &rﬂ;b&as e
di chl or ohfwlrh‘@ahesartcblord)émdllldat]@ﬂ-lggﬁwa@ﬁlm)WS(ESSI;)483.1|5s(|\4bwr('|:IﬂOQ()I. by
chromat ography on silica gel (ethyl acetate/n-heptane = 3/1). 45 g of
10conmpound 45 are obtained as an oil. Cl6H2005 (292.3) M5 (ESI+): 293.1

( MHH) +, 7 ent 2). 4-0

-(2-Cy ncg?ﬂ?#fﬁ% hy g r oxy- 3 |sopropy1 1H pyrazol - 4-yl net hyl i benzoi ¢ aci d
(46)015 g of conpound 45 are dissolved in 100 mM of glacial acetic acid.
7.4 m of 2- cyanoetQMIhydraZ|ne are added, and the solution is heated at
100C for 2 h. The sixture is added to ice-water and extracted several tines
wi th ethyl

st rengt h Hemx >
sol ution. The organi c phasg

HO

110 mg of bromide 4 80 mg of phenol 22 and 350 mg of p-benzyloxybenzaldehyde
(Fluka) are reacted in analogy to the synthesis of compound 21. 50 mg of 28 are
15 obtained as a colorless solid. C21H23FOg (438.41) MS(ESI') 483.15 (M + CHOy).



20 organic phase is extracted with 20% strength anmmoni um chl ori de sol ution
and saturated sodium chloride solution and dried over sodiumsulfate. 2.40
g of the welwrwdyzzenpound 46 crystallize out with the etbylerasoaicer phase.
The nother liquor is concentrated and4xhromat ographed on silica gel

(di chl or onet hane: net hanol : gl aci al WO 2011/ 039338PCT/ EP2010/ 064620 106
acetic acid = 100:10:1). A further 1.10 g of conpound 46, plus 7.0 g of

rei sol ated precursor 45, are obtained. CL7HI9N303 (313.4); MS (ESI+): 314.2
(MtH) +, tR =0.97 mn (Gadient 2).
5N- ( 2- Car banoyl et Wy - 4-[ 1- ( 2- R

M 47 500 ng_of conpound 46 and
145 ny of w(deHar e oduced 1B /£&%  of

1- et hyl - 3- ( 3- diaset hyll am nopr opyl ) car badi i m de hydr ochhengdeare added. The
solution,is stigred Por 12 h. The solution is concentrated and the crude
pr oduct ﬂgéF,’p@iji ed by chromatography on silica gel

(di chl or onet hane/ met hanol / gl a¢i al acetic acid 100:0:5100:10:5). 440 ng of
the 15 desired conpound 47 «re obtai ned. C20H25N503 (383.5); MS (ESI+):
384.2 (MtH +, tR = 3. 58 ni/n %Gradi ent_3). Conmpound 48: WO

2011/ 039338PCT/ EP 4 07 6eac iqgn mxture is filtered, the residue
is washed with di chhero d t pfeNonbj-ned organi c phase is extracted
wth water and saturated se@di umc ide The organi c phase is
dried over sodium sul fatd™nd the —doe | / or%t ographed on silica gel
(di chl or onet hane/ met hanol = 100/ 5)——207 ngy of the 5glycoside 48 are

obt ained as a colorless solid. CA7THA6FN5010 (859.9); Ms (ESI+): 860.3

(MtH) +, tR= 1.70 nmin (Qi@ﬁé@@tﬁ?@%mglﬁ}gpound 49 (Exanple 32): 49 (Exanpl e
32) =F, R2=H, ample

Example 11 (compound 30)
OH
F o} N
HO H \
HO OH
30

200 mg of bromide 2 and 300 mg of phenol 29 are reacted in analogy to the synthesis
of compound 14. 40 mg of 30 are obtained as a colorless solid. C21H24FNOg (437.43)
MS(ESI’) 482.15 (M + CHOy?).

10



15 200 ng of compound 48 are dissolved in 15 m of THF and cooled to -78C
under argon. 0.81 m of lithiumbis(trinmethylsilyl)amde solution (1Min
hexane) iwobowisyssadded t hrough a septum After 30 nin, pRTiEP2000/0843%
strength amoni um chl ori de solution ase added in the cold, and the sol ution
is warnmed to roomtenperature. 2 m of saturated sodi um chloride solution
are added, the organic phase is separated off, and 20 the aqueous phase is
extracted twice with ethyl acetate. The conbi ned organi c phase is
concentrated and the residue is taken up in a m xture of triethylam ne:

met hano Exawpler12 (compoundRBB) . The solution is stirred for 24 h and is then
concentrated to dryness and purified by chromatography on silica gel. 50 ng
of conpound 49 are obtained as a colorless solid. C23H31FN407 (494.5); M
(E51-): 493.2 (MH-g4tR =3.58 mn (Gadient 253); tR =0.97 mn (G adient
1). WD 2011/0393 CT/ EP2010/ 064620 108 Conpound 50 (Exanple 33): OH 50
(Exanmpl e 33) 5 npound 50 is nt hesi zed anal ogy to the synthesis
descri bed f j er-o gl yci nam de hydrochl ori de
is enpl oyed 1% ii 50 is obtained as a

col or | esswo .B): M5 (ESI+) 481.19 (M+H+). 10 Conpound
51 (Exanpl e 34) Exanple 34) Conpound 51 is synthesized in anal ogy
to the synthesi $i®escri bed nmpound 49 15(exanpl e 32). However,

4,4, 4-trifluoroacetoacet atevi-s“used as starting material instead of ethyl

i sobutyl acetate. Con@dund 51 is obtained as a colorless solid. C21H24F4N407
(520.4): M5 (ESI+) 521.16 (MtH+). Conmpound 52 (Exanple 35): H WO

2011/ 039338PCT/ EP2010/ 064620 109 52 (Exanple 35) Conpound 52 is synthesized

: I vt . . _ | .

ouever 204 9 5! PR L 634 3pBTAE oL BEE 4o, SRR P e RUFe Fhinesis g
of compound 14. 115 mg of 31 are obtained as a colorless solid. C21H24FNOg (437.43)
MS(ESI’) 482.15 (M + CHOy?).

OAc O
R1 HO N
o} H 1. Bu,BnNCI / K,CO,
R2 CH.CI, /H,O
AcO + OH (|3 2Ll T H,
—_—
Aco B 32 2. MeONa / MeOH
r
R1=H, R2=F, 2
R1=F, R2=H, 4
OH
R1
O O H
R2 o)
HO N
"o OI}\Q\O\
R1=H, R2=F, 33 (Example 13)
R1=F, R2=H, 34 (Example 14)



50f ethyl isobutylacetate. Conmpound 52 is obtained as a colorless solid.
C20H22F4N407 (506.4): Ms (ESI+) 507.16 (MrH+). 53 (Exanpl e 36) Compound 53
i s synt hewbdzer/ismssanal ogy to the synthesis described forcemrpowncici®
(exanmpl e 31), but 1-(N-nethyl piperaziiwe)-3-allylurea is used as starting
material instead of 1-allyl-3-propylurea, and the glycoside 7 is enpl oyed
i nstead of the glycoside 17. Conpound 53 is obtained as a colorless solid.
C28H42FN506 (563.7). Conmpound 54 is synthesized in analogy to the synthesis
descri bed for conpound 43 20(exanple 31), but

1- ( N- meBExamplectdtoonouBdadld)yl urea is used as starting material instead of
1l-allyl-3-propylurea, and the glycoside 7 is enployed instead of the

gl ycoside 17. Conpound 54 is obtained as a colorless solid. C27H41FN40Q7
(552.7). WD 2011/ 039338PCT/ EP2010/ 064620 110 Experinental part: conpounds

of fornmula Il Reaction schene: synthesis of a-bronoglycosides Br 2 34
56 1-Brono-4-de xy-4-f|uoro-203,6-tri- tyl -al pha-D-glucose (2) 2 WO
2011/ 039338PCT/ EP20%0/ 064620 o
F e} N
HO H \
HO OH
33

5 200 mg of bromide 2 and 300 mg of phenol 32 are reacted in analogy to the synthesis
of compound 14. 80 mg of 33 are obtained as a colorless solid. CooH26FNOg (451.45)
MS(ESI") 496.17 (M + CHOy).



111 for 4 hours. This results in a clear reaction solution which is
concentrated. 12.0 g of crude product are obtained. This crude product is
di ssol vedwonoiiilesss of 33% strength HBr in glacial acetipcTareaiomngd20eft to
stand at roomtenperature for 2 hourd48 The reaction solution is then poured
into a mxture of 300 g of ice and 300 m of ethyl 5acetate. The organic
phase is washed twice with aqueous NaCl solution, filtered through a little
silica gel and concentrated. The residue is separated by chromatography on
silica gel (ethyl acetate/heptane = 1/1). 8.19 g (80% over 2 stages) of 2
are obt @xampleslb(coapoupd 3Hw sol i d.

101- Br onp- 4- deoxy-4-fluoro-2,3,6-tri-0-acetyl -al pha-D-gal actose (4) OAc F
4 100 ng (0.55 mmol) of 3 are reacted with 3.5 m of pyridine and 3.5 m of
acetic 15 anhydride in analogy to the preparation of compound 2. 89 ny
(44% of 4 are obtained as an anorphous solid.

1- Brono- 3- deoxy-B8-fluoro-2,4,6-tri-0-ace al pha- D- gl ucose (6) 206 335
ng (1.84 i 0 —p@ridine and 10 mM of acetic
anhydri de i pat-at i on \af_Zonpolnd 2. 628 ng (92% of 6

are obt aiped olidH WD 2011/ 039338PCT/ EP2010/ 064620 112
: i S A %-Hbr onogl ycosi de 10 78 QAcOAc

5 200 mg of bromide 4 and 300 mg of phenol 32 are reacted in analogy to the synthesis
of compound 14. 130 mg of 34 are obtained as a colorless solid. C21H24FNOg (451.45)
MS(ESI") 496.15 (M + CHOy).



1. Pd/C, H2 2. Ac20/ AcOH H2SO»4 910

1- Met hoxy- 4- deoxy- 4, 4-di fluoro-2, 3,6-tri-0O benzyl -al pha-D-gl ucose (8 OBn F
8 3.69 g wo.291mmizg of 1- net hoxy-2,3,6-tri-0O benzyl - al plraTRrgbooeseo 7
(Tetrahedron Asymmetry 2000, //, 385-1887) were dissolved in 110 m of

met hyl ene chl ori de and, 10Ounder an argon atnosphere, 3.6 g (8.5 mmwol) of
Dess-Martin reagent (Aldrich) are added dropw se. After 3 hours at room
tenperature, the mxture is diluted with 300 mMi of ethyl acetatel/n-heptane
(1:1) and washed I x with NaHCO3 and | x wi th Na25203 sol ution. The organic
phase is filtered through silica gel concentrated. The residue is
separated by chromat ography on sili el (ethyl acetate/n-heptane 1:1).

nmet hyl ene chl ori de and, under an argon at rmspheoe 4.0 m of BAST

([ bi s(2-met kpxyes hyl ) am no] sul fur tgitlgoride, ich) are added dropw se.
After 20 hours df room tenperature, the V\D 26)*11/ 338PCT/ EP2010/ 064620
113 m xtur ut ehewik,00200 m | acet abeZang” washed careful |y
(extensi ve ervesverntej—w-rh coI HCOB soJ—uJH—eH—'Fhe—ror gani ¢ phase is
filtered AV oisi i ca gel and entpat ed. NOM/MRIE is separated by
chr onmat ograg@y on silica gel (ethyl acefate/n-heptane 1:1). 2.6 g (85% of
8 are obtained as a colorless oil.

4- Deoxy- 4, 4-di fluoro-1, 2,3,6-tetra-0-acet pha- D-gl ucose (9) QAc AcO
9
¢ 0 OH O
Q 7 O OH ?
37 38
OH

1. 60, CdCO, 0
2.NaOMe /MeOH oy o 0

20 (Example 7)




2.30 g (4.7 mol) of 8 and 2.0 g of Pd/C (10% Pd) are dissolved in 150 n
of nmethanol 10 and 10 ml of acetic acid and hydrogenated under an

at nospherwoaebiisbss of hydrogen at room tenperature for pt@/EP20ibl6sc2@act i on
solution is concentrated and the resitsue is purified by flash

chr omat ogr aphy (net hyl ene chl ori de/ net hanol /conc. ammonia, 30/5/1). Yield
850 ng (83% of 1-nethoxy-4-deoxy-4, 4-difluoro-al pha-D-glucose as white
anor phous solid. Cr7HL2F205 (214.17) MS(DCl): 215.4 (MtH+). 15700 ng (3.3
mmol ) of this are dissolved in 3.5 m of acetic acid and 6.3 m of acetic
anhydr i de(2,6:8d$lbeénzyloxy-d-methylphenyhethamrd®@36s fol | owed by stirring at 60C
for 5 h. The reaction solution is then poured into a mxture of 30 g of ice
and 30 m of et acetate. The organic phase is washed twi ce with aqueous
NaCl solutio tered through a little silica gel and concentrated. The
residue is separated by chromatography on silica gel 20(ethyl
acetate/n-heptape 1:1). 300 ng (25% of 9 are obtained as a m xture of
anonmers. Cl4H18F209 (368.29) M5(DCl): 369.3 (MtH+) WD

2011/ 039338PCT/ EP2010/ 064620 114

1- Br ono- 4- degxy- 4|4 difluoro-2,3,6-tri-0-acetyl -al pha-D-glucose (10) OAc F
F AcO Ac0.40300 gy (0.8 nnnl) of tetraacetate 9 are dissolved in 13 m of
33% st reng in 5glacial acetic acid and left to stand at room

t enper at Q@ _hours. The reaction solution is then poured into a
mxture of 10 g of ice and 10 ml of ethyl acetate. The organic phase is
washed tw ce wi thlaquequs NaCl solution, filtered through a little silica

gel and concentrat ed ¥ residue is separated by chronmat ography (Si02)

(et hyl acetate/ hept 1). 112 mg (35% of 10 are obtained as a colorless
solid. 10C12H15Br F20A~£389. 15) MS(DCl): 389.2 (MrH+). WO

2011/ 039338PCT/ EP2010/ 064620 115 Reaction schene: Synthesis of the

a- br ono@bycosi des 14 5 Met hyl

2,3, 6- trI62O l@r}%or%mod') f1u &'Bd,hyd r8>)<()y 4- meth%‘ %efﬁ%%%hg%é) 2r)e dissolved in

5 30 ml of dimethylformamide, and 4.0 ml (33.7 mmol) of benzyl bromide and 13.8 g

(100 mmol) of potassium carbonate are added. The reaction mixture is stirred at room
temperature for 3 hours. This is followed by addition of water and extraction twice with
ethyl acetate. The combined organic phases are washed with saturated sodium
chloride solution, dried over sodium sulfate and concentrated in a rotary evaporator.

10 1.35 g (40%) of compound 36 are obtained as a colorless crystalline product. Ca3H2203
(346.2) MS (ESI*): 347.15 (M+H").

1-(2,6-Bisbenzyloxy-4-methylphenyl)-3-(4-methoxyphenyl)propenone 37



12 WD 2011/ 039338PCT/ EP2010/ 064620 116 3.0 g of met hyl

2,3,6-tri-0O benzoyl -a-D gal actopyranoside (Reist et al., J. Og. Chem 1965,
30, 2312)wenreiiovszeduced i nto dichl oronet hane and cool e¢dcr®EP2806s46Ien 3. 06
m of [bis(2-nmethoxyethyl)am no]sulfusitrifluoride (BAST) are added

dropwi se. The reaction solution is warned to roomtenperature and stirred
for 12 h. The mxture is 5 diluted with dichl oronethane, and the organic
phase is extracted with H20, NaHCO3 sol ution and saturated NaCl sol ution.
The organi c phase is dried over Na2SO4 and concentrated. The crude product
is crystalli zom ethyl acetate and heptane. 1.95 g of the product 12

are obtai ned colorless solid. C28H25F08 (508.51) MsS (ESI+) 526.18
(MENHA+) . Al't afively, the reaction can also be carried out using 2.8 eq.
of 10di et hyl amyiosul fur trifluoride (DAST); in this case, the reaction
solution is ref]Juxed for 18 h after addition. Wrking up takes place in
anal ogy to the abgve descri ption.

1-0- Acetyl-2,[3, 6-f|ri - O-benzoyl- 4-fl uoro-4-deoxy-glucose (13) 15 13 12.0 g

of the comp

2,3,6-tri-Q - deoxy- a- Dgl ucopyr anosi de are suspended in
150 m of 4 m_ of conc. sulfuric 20acid are mxed with
150 M o r@d/addedtothe m xture while cooling in

ice. The mxture iis stirred at roomtenperature for 60 h. The reaction

m xture i s poured aHCO3 sol ution, and this solution is extracted with
chl or onet hane. The o c phase is washed with NaCl solution, dried with
Na2504 and concentr ate The residue is recrystallized fromethyl acetate
and heptane. 5.97 g of the product 13 are 25obtained as a colorl ess solid.
C29H25F@9 (536.52) MS(ESI+) 554.15 (M:tNH4+). WO

2011/ 039338PCT/ EP2010/ 064620 117

1- Brono- 4- deoxy-4-fluoro-2, 3,6-tri-0O benzoyl -al pha-D gl ucose (14) 14

ai seol vads & CRFRONeriatsRibkbararFA RitybienPeRatenE APy {355 %
sti r5edirat 50 @R Of leBaIR) 2dnd €.34Aht 61 p-anReldehydehfe Maged! B nisofad@edus o
ice-water, and the aqueous phase is extracted three tinmes wth

di chl or @ﬁﬁﬂ‘i%@.hywid;Q)W'éH@'éérQ)ﬂ‘@é‘n@dﬁW@@Wi@-M‘ﬁf@@cm"t‘ glisaatypamed
sodi um ‘fé}hBétia‘?l?reszF Hléih%lars_dri ed over sodium sul fate and evaporated to
Half of the solvent is stripped off in a rotary evaporator. The mixture is neutralized with
2 M hydrochloric acid while cooling in ice and is then extracted three times with water
10 and ethyl acetate. The organic phases are combined, washed with saturated sodium
chloride solution, dried over sodium sulfate and concentrated. The isolated oll
crystallizes out. The crystals are stirred in diethyl ether, filtered off with suction and
dried. 4.3 g (92%) of the compound 37 are obtained as a colorless solid. g/mol
C31H2804 (464.2) MS (ESI*): 465.10 (M+H").
15
1-(2,6-Dihydroxy-4-methylphenyl)-3-(4-methoxyphenyl)propan-1-one 38

OH o)

I OH I o

38
20



10dryness. The crude product is filtered wwth ethyl acetate/heptane (70:30)
through silica gel. 1.40 g of the product 14 are obtained as a col orl ess
solid. CAveLBdmshdE (557.37) MS(ESI+) 574.05/576. 05 ( M+-Re4EP201008620

2011/ 039338PCT/ EP2010/ 064620 118 Reaasi on schene A Synthesis of Exanmple 1
5 Further exenplary conpounds: 18 (Exanple 2) HO 20 ( Exanple 4)
120 OH OH OCF, F HO HO 30 ( Exanple 25)

1.50 g (3.23 mmol) of 1-(2,6-bisbenzyloxy-4-methylphenyl)ethanone (37) are dissolved
in 40 ml of ethyl acetate and, under an argon atmosphere, 400 mg of palladium on
activated carbon, 10%, are added. Hydrogenation is carried out in a hydrogenation
autoclave under 3 bar at room temperature for 2 hours. The catalyst is then filtered off
5 and washed with ethyl acetate, and the resulting solution is concentrated in a rotary

evaporator. The crude product is purified by column chromatography (SiO., ethyl
acetate/n-heptane 1:3).
600 mg of the product 38 (65%) are isolated as a colorless solid. C17H1s04 286.3 MS
(ESI): 287.10 (M+H").

10



31 (Exanple 24) 33 ( Exanple 13) OH OH WD 2011/ 039338PCT/ EP2010/ 064620
121 Exanple 1 (conmpound 17) 16 5 400 ng (1.7 mmol) of

( 3- hydr oxwohoopizesss2- yl ) (4- met hoxyphenyl ) net hanone (15) pODEPA@IDI0s®26 | ON
Nunber 10231370.9 (2002/0049) and 20Q53g (0.54 mml) of bromde 2 are
dissolved in 6 mM of nethylene chloride. 160 ng of Bu3BnNCI (PTC = phase
transfer catalyst), 320 ng of K2003 and 0.4 nml of water are successively
added to this 10solution, which is then stirred at roomtenperature for 20
hours. The reaction solution is diluted with 20 m of ethyl acetate and
filter eReferencghexamptea7 gedompoiund 20k rate i s concentrated and the residue
is separated by chromatography over silica gel (ethyl acetate/heptane =
1/1). 160 ng (56% of 16 are obtained as a colorless solid. 024H25F010S
(524.52) MS(ESI +)01825.12 (MrH+). 15 17 150 ng (0.29 nmol) of conpound 16
are dissolved yn 4 m of acetonitrile. This solution 20 is cooled in an ice
bat h and ® ng of NaCNBH3 and 0.2 ml of TMSCl are added. The cooling
is thenyes the nxture is stirred at roomtenperature for 2 hours.
The reaction g [ i s _di ed wiih 20 ml of ethyl acetate and filtered

Y/ EP2010/ 064620 122 gel. The filtrate is
concentrated, and & oduct are obtained. This crude product
is taken up in 4 Hhpnol , ané” 1 ““of 1M NaOMe in MeOH i s added.
After one hour, the mxture is neutralized with nethanolic HCl and
concent 2ot ed, and the residue is purified by chromatography on silica gel
(met hyl ene 5 chl ori de/ net hanol /conc. amonia, 30/5/1). 76 ng (69% over 2
stag@s) of 17 are obtained as a colorless solid. Cl8H21F06S (384. 43)

MECESI +) 74 %8m0l @MHHATIT B corh8id 88 %aré GRZBRKAAN B mi of toluene, and 340 mg

(0.61 mmol) of the bromide 60 and 421 mg of cadmium carbonate (2.44 mmol) are

added. The reaction mixture is refluxed with a water trap for 1 h. Cadmium carbonate
is filtered off, and the resulting clear solution is concentrated in a rotary evaporator.

10  The crude product is suspended in 25 ml of methanol and mixed with 5.0 mlofa 0.5 M
methanolic NaOMe solution and stirred at room temperature for 12 h. The reaction
solution is neutralized by adding methanolic HCI and is purified by flash
chromatography (SiO2, EtOAc/heptane 1:4 —1:1). 78.8 mg (29%) of compound 20 are
obtained as a colorless solid. Co3H27FOg 450.5 MS (ESI*): 473.15 (M+Na*).

15

Compounds 40 (example 15), 41 (example 16), 42 (example 17) and 43 (example 18)

were prepared in an analogous manner.



10 18 100 ng (0.47 mol ) of
( 3- hydr oxybenzot hi ophene- 2-yl) (4- met hoxyphenyl ) net hanone (Eur. J. Med.
Chem 198§0 2811,/0338%- 189) and 300 ng (0.80 mmol) of br onmpde/ER2@0864520
di ssolved in 10 m of chloroform 12Q54rg of Bu3BnNClI (PTC = phase-transfer
catalyst) and 1.5 m of 1 N aqueous sodi um hydroxi de solution are
successively added to this solution, which is then boiled under reflux for
4 hours. The reaction solution is diluted with 20 mMl of ethyl acetate and
filtered through silica gel. The filtrate is concentrated and the residue
i s separated pyrchromat ography on silica gelggethyl acetate/heptane =
201/1). o/ 51% of pale yellow solid are obtained. This is converted
+8 4§ t Q100 ny of NaCNB . 2ym of TMSCI and then with
, epar ati® @5 conpou

obt ai ned. C22H2 S(ESI-) 47 18
[ ()

2011/ 039338PCTLER2E S.Exanple 3 (c
( 3- hydr oxyt hi ophen- 2-yl) (4- net hoxyphenyl ) nrethandne OH15) and ng of
bromide 4 are reacted in &halogy to the synthesis of gxanple 1, and 49 ny
of 19 are obtained as a colorless solid. C18F121F06S (384.43) MNMS(ESI +)

403. 21 (MrH2O+H+). 10 Exanple 4 (conpound 20) 20 15 200 ng of

( 3- hydr oxyt hi ophen- 2-yl) (4- net hoxyphenyl ) met hanone 15 and 100 ng of brom de
6 are reacted i pyanal ogy to the synthesis of exanple 1, and 59 ng of 20 are
obt ai ned as a/Cql orless solid. C18F121F06S (984. 43) MS(ESI+) 403.21

( MtH2 O+ H+y)~ appl es 11 (conpound 25) andol5 (conpound 21) are

synt hesi 78 anallogy||[to t he %S
appropriate hydr c@' oend t he br omcde

2011/ 039338PCT/ ER )/ 064620 4 Exanples 16 ( pound 327 (conpound
23), 18 (conmpound 22),049 (conpoufdF4), 21 (¢ g 27) 22~ conpound
28), 23 (conpound 29), 24 (conpound 31), 25 (conpou 30), 26 (compound
46), 27 (conpound 47), 28 (conmpound 48) and 29 (conpound449) are

synt hesi zed in analogy to the synthesis of exanple 1 star Hgg from5
appropriate hydroxythi opBenes and the brom de 14. Exanpl e W conmpound 26)
is synthesized in anal ogy to the syntheasissnof exanpl g 4 t%§ting fromthe

appropriate h%%r t hene and broni de 6 F

2 BAST BnO

BnO
BnO OMe BnO OMe
44 45
OAC OAC
F F
1 pdiC, H, . o HBr / AcOH . 0
> ACO ACO
2. Ac,0O/AcOH/H,SO
cHIne 7 AcO OAc AcO Br
46 47

1-Methoxy-4-deoxy-4,4-difluoro-2,3,6-tri-O-benzyl-alpha-D-glucose 45
OBn

0]
BnO

BnO OMe



10 Exanpl es 13 (conpound 33) and 14 (compound 34) are synthesized in

anal ogy to the synthesis of conpound 16 by reacting the appropriate

hydr oxyt hwopbemsssssi t h t he brom de 2 and subsequent!|y deprareeiong20m t h
NaOMe/ MeOH in anal ogy to exanple 1. 155 Exanple 20 (conpound 35) is

synt hesi zed in analogy to the synthesis of exanple 1 15starting from

hydr oxyt hi ophene 15 and the brom de 10. WD 2011/ 039338PCT/ EP2010/ 064620
125 Reaction schenme B: Synthesis of Exanple 5 Exanple 5 (conpound 36) 36
WO 2011/ 039338PCT/ EP2010/ 064620 126 200 ng of

4- (4- mﬁmgbémmyaofn‘emqtmom{z@yﬁ -4-6)-b8Ryl-of-BEglu¢dse MztﬂTet@fmdromg% 39,

§’§ﬁ?h|§§%§§ %&M‘@é&%‘j %‘@é‘@i«ﬁmﬁﬁﬁ I dﬂaa%@)éﬂ&ﬁ%%‘ﬂo%g 9y to
QisrporaREaEh TthaRanRee 75 Qo SO DA et B fRASTERL A 57y 1o
D, Sl im0
Chers el oSk Bede T SR e Fiabind RRSAE o i MR SRl o T SR By moouna

37 are %Sb@?goléﬁoﬁ meigydu@ﬁﬁawlslfﬂteréa&ﬁé V@HN&Q@& 436 caRLeMRitES! +)
437.21 H+). Exanpl e onpound 38)

2011/ 03 ngpsdpgpgegpar@mgy) cm@natpgraﬁjwy(ﬁn silica gel (ethyl acetate/n-heptane

& 4 e OEPRET A B B4 el it (el P50y yite 10
depr ot echlemideldnd, Naabbéwaeg?dm atredsp Ry, 4ml©*BNS'I€(AJdrléf% are afdedndropaigenund
38 are obtained as a colorless solid. C181-119F5N206 (454. 351) VB( ESI +)

455102 Aleridf)houre ak FQQIn tepReraiure; th%/ﬁt'ﬂbl%ﬁ is iutecwipl Osnb%ptﬁxlaﬁﬁ&t@telo
and washed cautiously (strong effervescence) with cooled NaHCOs3 solution. The
organic phase is filtered through silica gel and concentrated. The residue is separated
by chromatography on silica gel (ethyl acetate/n-heptane 1:1). 2.6 g (85%) of 45 are
obtained as a colorless oil.

15
4-Deoxy-4,4-difluoro-1,2,3,6-tetra-O-acetyl-alpha-D-glucose 46

OAc
F
E O
AcO
AcO OAc
46

20 2.3g (4.7 mmol)of 45 and 2 g of Pd/C (10% Pd) are dissolved in 150 ml of methanol
and 10 ml of acetic acid and hydrogenated under an atmosphere of 5 bar of hydrogen
at room temperature for 16 h. The reaction solution is concentrated and the residue is
purified by flash chromatography (methylene chloride/methanol/conc. ammonia,
30/5/1). Yield 850 mg (83%) of 1-methoxy-4-deoxy-4,4-difluoro-alpha-D-glucose as

25  white amorphous solid. C7H12F205 (214.17) MS(DCI): 215.4 (M + H*).

700 mg (3.3 mmol) of this are dissolved in 3.5 ml of acetic acid and 6.3 ml of acetic
anhydride. Addition of 0.2 ml of conc. H2SO; is followed by stirring at 60°C for 5 h. The

reaction solution is then poured into a mixture of 30 g of ice and 30 ml of ethyl acetate.



WO 2011/ 039338PCT/ EP2010/ 064620 128 Further exenpl ary conpounds: 500
mg (1.73 nmmol ) of ethyl 2-(2,4-dichlorobenzyl)-3-oxobutyrate (39) (Bionet)
are boi | estowntins®ss®81 m of 51% pure hydrazi ne hydrate (®cdfpoomlopscbn 15 ni
of toluene with 10a water trap for 115 h. After cooling, the solid is
filtered off with suction and washed with toluene and ether. 400 ng (90%
of the conpound 40 are obtained as a volum nous white precipitate.
Cl11H10C12N20 (257.12) MS(ESI): 257 (MrH+). WD 2011/ 039338PCT/ EP2010/ 064620
129 C 41 270 ng (1.05 mmol) of

4- (2, 4- dhehirganibehape)is Basbed ywiceHnpra witblagBeous NaQ) satutiondfiltsretvierdpuigh 25

m of nethyl ene ch|oride, and 0. 7.mM of water, 1.2 (8.68 mmol ), of 5

ot assi Gt geLans ESneilinee. TR IS baienarabe Sut g ramARahn b poni de
and 428gga l@éiqgﬂ‘@ddcat@fn-héﬁﬂéh@ﬂ:?).\@@Oﬁmgggs%) ofag dré®brainédias avatsiel r r ed
at RT for 18 h. e reaction solution was diluted with nethylene chloride

and wasBéaNOMeEs. et 1aki200 (388.8P) MI(RGHUSE-8dMrrithe, dried over MySO4 and
concent r at ed. The crude product was purified on silica gel. 122 ng (21% of
t he Tonpound 41 are obtained as white 10solid. C23H25CI 2FN208 (547. 37)

M5( ESI ) 1-BrombM-deoxy-4,£idifldord-2,3/6-trie0 aicetyl-dIpha-Dsgiigosé 4vhe conpound 41
are dissolved in accordance with route Ain 2 m of nethanol, and 1.02 m
(0.511 nmol) of sodi um net hanol ate solution (0.5M in tetrahydrofuran are
added. After 5 mn, oa 27.6 ng (0.516 mol ) of ammoni um chl oride and 2.0
g of Si02 are ad . T%e 20sol ution is concentrated and the product is
filtered through/silica gel and washed first WD

2011/ 03933 /064620

AcO

47

10 300 mg (0.8 mmol) of tetraacetate 46 are dissolved in 13 ml of 33% strength HBr in
glacial acetic acid and left to stand at room temperature for 6 hours. The reaction
solution is then poured into a mixture of 10 g of ice and 10 ml of ethyl acetate. The
organic phase is washed twice more with aqueous NaCl solution, filtered through a
little silica gel and concentrated. The residue is separated by chromatography on silica

15  gel (ethyl acetate/heptane 1:1). 112 mg (35%) of 47 are obtained as a colorless solid.
C12H15BrF,0,(389.15) MS(DCI): 389.2 (M + H").



130 with Et0Ac and then with EtOAc/ net hanol 20:1. 50 ng (90% of the
conpound 42 are obtained as a colorless solid. C17H19C12FN205 (421. 26)
MS(ESI) : waQo(iMdsbsss. 5 Exanple 10 (conpound 43) ClI 43 po®/mryo10fosameerpound
41 are dissolved in accordance with neute Bin 2.0 m of DW and, 10 at
roomtenperature, 50 ng of K2003 and 57 pl of nmethyl iodide are added.
After 14 days, 30 m of EtOAc are added, and the organic phase is washed
twice with 20 m of H20 each tinme and concentrat ed. The crude product is
purified by col um chromat ography (EtOAc/ heptane = 3:1) and reacted with
NaOMe/ MeCh in anal ogy to tOHe pr epar ation of corrpound 42. 9.1 ng of conpound
43 are obtained gma col g wax. Cl8H21C1PAR205 (435.24) MS(ESI): 434
(MtH+) . Exarl 5 7 (conppund 4 0 (conpound 50) and 31 (compound 51) are
synt hesi zgd-t Iogy t 0 héd8sy¥t hesi % =g

42) st arAct Wk
synt hesi zed |/?fPOanaEi ogy t BUERN GG Bsi s desggd bed f

43) starting fro "he apptcd'bplzé O6-keto ester. Exp
conmpounds of farmula 111 131 Reaction schenme: Synthesis of
- br onogl ycosi des Br 2 34 49

OH

MeONa / MeOH e)
> F

HO O

50 (Example 19)

Example 19 (compound 50)
OH
F
0]
F o)
HO
50

100 mg (0.47 mmol) of 2-benzylphenol (Aldrich) and 40 mg (0.10 mmol) of difluoro
bromide 47 are reacted in analogy to the synthesis of compound 9, and 21 mg of 50 are
10 obtained as a colorless solid. C1gH20F 205 (366.37) MS(ESI’) 411.15 (M + CHOy).



Br 56 1-Brono-4-deoxy-4-fluoro-2,3,6-tri-0-acetyl-al pha-Dglucose 2 OAc
AcO Aeo Br WD 2011/039338PCT/ EP2010/ 064620 132 5 g (27.5 mmwol ) of

4- deoxy- 4wbl200mseddsgl ucopyranose 1 (Apoll o) are suspendedrtier2&0/00d620f
pyridine and 50 ml of acetic anhydrids8 The reaction solution is stirred at
45C for 4 hours. This results in a clear reaction solution which is then
concentrated. 12 g of crude product are obtained. This crude product is
dissolved in 160 mM of 33% strength 5HBr in glacial acetic acid and left to
stand at roomtenperature for 2 hours. The reaction solution is then poured

intoam 4:rreof 300 g of ice and 300 m ~of ~ethyl acetate. The organic

phase is tw ce pi&hdibRe@dueous solution, filtered through a
little si gel and &%ggﬁ&%ﬁ%ﬂ}dghe £ s . separated by

chr omat dg y on silicagel (ethyl acl : = 1/1). 8.19 g (80%
over 2 stages) 10of 2 are obtained as Q pale yell o sol+d.

1- Br onp- 4-deoxy- 4-fl uoro-2, 3, 6-tri-0-acetyl - al phaD dal actose 4 0Ac F 4
15 100 ng (0.55 nmol) of 3 are reacted with 315 nl of pyridine and 3.5 mi
of acetic anhydride in anal ogg-to.the preparati on of compound 2. 89 ng

201- Br ono- 3- deoxy- 3-f | uor o- i acetyl -al - ucose 6 WO
2011/ 039 . /0646 BBAEHAS >
ess-Martin
or Jones reagent o~
52
0 O O
NaBH,CN
o~ o~
53 54

(4-Methoxyphenyl)-(2-methoxyphenyl)methanol 51

1.5 g of 0-anisaldehyde are dissolved in THF and cooled to 0°C. 24.2 ml of
4-methoxyphenylmagnesium bromide (0.5 M in THF) are added to the mixture. The
reaction solution is stirred at room temperature overnight and then poured into a 20%

10  NH4CI solution and extracted with ethyl acetate. 2.63 g of the product are obtained,
and this can be employed without further purification.C1sH1603 (244.29) MS (ESI)
227.05 (M-OH)"



335 mg (1.84 mmvol) of 5 are reacted with 10 ml of pyridine and 10 m of
acetic anhydride in analogy to the preparation of conpound 2. 628 ng (92%
of 6 are wbtaimsesssas an anor phous solid. Exanple 1 (corpemwrdoidescD
2011/ 039338PCT/ EP2010/ 064620 134 9 180 ng (0.47 mmol ) of

2- (4- met hoxybenzyl ) phenol 7 and 370 ng (1.17 mml) of bromde 2 are
dissolved in 6 m of netylene chloride. 160 ng of Bu3BnNCI 5 (PTC = phase
transfer catalyst), 320 ng of K2003 and 0.4 m of water are successively
added to this solution, which is then stirred at roomtenperature for 20
hours. The reaction sol ution is diluted with 20 m of ethyl acetate and

filtere rough sili Thefll r at sco centrated and the residue
is sepa?@\'{“}gﬁﬂﬂgyea?ﬁ)‘rﬁgg' sthaxyahen )i"(‘,%lt e"{% acet ate/ heptane = 1/1).
72 ng of 8 are obtained as a colorl ess SO|Id The 10 resulting 72 ng of 8
are taken gp imp4 m of methanol, and 1 m of 1IN NaOMe/MeOH is added. After
one hour, xture is neutralized with nethanolic HCI and concentrated,
and the e Rpar at ed by chromat ography on silica gel (nethylene

chl ori de ammoni a, 30/5/1). 29 ng of 9 are obtained as a

col orl es's 3E06 (378.40) MS(ESI-) 423.22 (M+ CHO2). 15

Exanpl e 2 corrpound 10) O w0 2011/ 039338PCT/ EP2010/ 064620 135 100 ny (0. 47
mmolj o0%22- benzyl phenol and 370 ng (1.17 mol) of bromde 2 are reacted in
anal ogy to the synthesis of conpound 9, and 31 ng of 10 are obtained as a
colorless solid. CLI9H21FO5 (348.37) MS(ESI-) 393.15 (M + CHO2-). Exanple 3
(conpoun - yl ) phenol 7
and 200 daébléf @éhmxyﬂalé?@)a83%8@(62(9@?%@%@?&'é}ﬁgna{ilg%vtggﬂfhe synt hesi s
of corrpdmhﬁbr@medlnmh@,ﬂdr@oafg dfiDesseMabtimreagbrdaraaddédr Tres midote ig.stirred

or opar o8 [P S BRAIRYBLI" adh e 286 et a6 iabicirdlion Bon Aeta & °

10 the mixture is extracted with diethyl ether. The organic phase is extracted with

saturated NaCl solution and dried over sodium sulfate. The solution is concentrated in
vacuo and purified by column filtration. 2.61 g of 52 are obtained. C15H1403 (242.28)
MS (ESI*) 243.04 (M+H")

15  Oxidation with Jones reagent can take place as an alternative thereto:

155 mg of (4-methoxyphenyl)(2-methoxyphenyl)methanol 51 are dissolved in 10 ml of
acetone, and 2 ml of Jones reagent are added dropwise. After 2 h at room
temperature, 50 | of MTB ether and 30 ml of water are added to the mixture. The

20 organic phase is washed several times with water, and the organic phase is extracted
with saturated NaCl solution, dried over sodium sulfate and evaporated to dryness.
The product (126 mg) obtained in this way has sufficient purity for further reaction.

25  (2-Hydroxyphenyl)(4-methoxyphenyl)methanone 53



WO 2011/ 039338PCT/ EP2010/ 064620 137 90 ng (0.30 nmol ) of

3-benzof uran-5-yl-1-(2, 6-di hydroxy-4-nmet hyl phenyl ) propanl-one 12 and 280 ng
(0. 76 nmolp 20f1/d3p3381 de 2 are reacted in anal ogy to the symEresioscmbo
conmpound 8, and 400 ng of 13 are obtasmed as crude product which is
directly deprotected with NaOMe/ MeOH in anal ogy to the synthesis of
glucoside 9. 75 ng of 514 (54% over 2 stages) are obtained as a colorless
solid. C24H25F08 (460.46) MS(ESI-) 459.03 (M- Ht+). Exanple 5 (conpound 15)
10 100 ng (0.33 nmmol ) of

3- benzof ur@n- 541- 1- (2, 6- di hydr oxy- 4- net hyl phenyl ) propanl-one 12 and 150 ngy

H+). Exanple 6 (conpound 16) 20 WO
PC }64620 138 150 ng (0.5 mmol) of
3-(2, 3-di hydr oxybenzof uran- 5-y1-1- (2, 6-di hydr oxy-
4- et hybghenyl ) pr opan- 1-one and 150 ng (0.40 nmol) of bromide 4 are reacted

5 eSS e el e "
20117 033 idroreaan el IO BA0elis RooRishHMIEL YattZrid3 71 g of boron tribromide-

5 dimethyl sulfide complex are added. The mixture is warmed to room temperature and

left to stir for 3 h. The reaction is then stopped by pouring into ice-water, the
dichloromethane phase is separated off, and the aqueous phase is extracted several
times with ethyl acetate. The combined organic phase is washed with water and
sodium chloride solution, dried over sodium sulfate and concentrated. The crude

10  product is chromatographed on silica gel with ethyl acetate/heptane. 1.26 g of the
product are obtained. C14H1203 (228.25) MS (DCI) 229.2 (M+H")

2-(4-Methoxybenzyl)phenol 7

AL

7

15

0.78g of (2-hydroxyphenyl)(4-methoxyphenyl)methanone is dissolved in acetonitrile
and cooled to 0°C. 2 ml of TMSCI are added dropwise to the mixture, and then 1 g of

20 sodium cyanoborohydride is added. The mixture is stirred at room temperature for 3 h.
The reaction solution is diluted with dichloromethane and filtered through Celite. The
organic phase is washed with water and saturated sodium chloride solution, dried over
sodium sulfate and concentrated in vacuo. The crude product is chromatographed on
silica gel with ethyl acetate/heptane (1/2). 0.72 g of the desired product is obtained.

25  Ci14H1402 (214.27) MS (ESI7):232.20 (M+NH4")*



CH2C12 / H20 MeONa / MeOH Pd/C, H2 Il. The follow ng was prepared in an
anal ogous nmanner: 21 (Exanple 8) WD 2011/039338PCT/ EP2010/ 064620 140
Exanpl e Awbeonpzessd 20) 51.0 g (6.0 mml) of PCT/EP2010/064620

1- (2, 6-di hydr oxy- 4- net hyl phenyl ) et hanene 17 and 1.0 g (2.7 mmol ) of brom de
2 are dissolved in 30 M of nethylene chloride. 800 ng of

benzyl tri butyl ammoni um chl oride (PTC), 1.6 g of potassium carbonate and 1.5
m of water are successively added to this solution while stirring
vigorously. This suspension is stirred with protection fromlight (alum num
foil) for 18 hours and then diluteg wyh 10150 m of ethyl acetate and 150
m of n-heptfape. TQ_ q_constituents are filtered through a little

Yol
silica gel| ang con&%&%ﬁiﬁégmd‘ghe due- 1%y separ at ed by chromat ography on
hyl —acetater hreptan

silica gg g of 18 are obtained as a
pal e yel solid (can be separatett wi t h™d t+Culty froman identically

m grati ng~yproduct, and thus the pusaty is only about 50% The byproduct
can easily be 15renpoved at the next stage). 021E125010F (456.43) MS(ESI-):
455.25 (M- H+). 20@-ng of conpound 18 (about 50% pure) and 225 ng of
ani sal dehyde (Fluka) afe dissolved in 10 M of nfthanol. After addition of
5 m of 1IN Na MeO i act. S i i s~boil ed under
reflux for 12@%@1’5. UE%JHQ&Q‘?ZS
2011/ 039338PRa?HERYN 010168 #1>wfh nethanol i's 0 and entrated, and
the residue is separatedgpy chromatography on sili gﬁ gel (nethyl ene

chl ori de/ net hanol / conc. ammoni a, 30/5/1). 60 ng of 19 are obtained as a
yell ow solid. 5

(4-Ethylphenyl)(2-methoxyphenyl)methanol 54

54

1.01 g of o-anisaldehyde are dissolved in THF and cooled to 0°C. 16.29 ml of

10  4-ethylphenylmagnesium bromide (0.5 M in THF) are added to the mixture. The
reaction solution is stirred at room temperature overnight and then poured into 20%
NH4CI solution and extracted with ethyl acetate. 1.92 g of the product are obtained,
and this can be employed without further purification. C1gH1s02 (242.32) MS (ESI*)
225.15 (M-OH)*

15



60 ng (0.13 mml) of chal cone 19 and 50 ng of Pd/C (10% Pd) are suspended
in 15 m of nethanol and hydrogenated under a 5 bar hydrogen at nbsphere at
room t enpwoabureseder 5 h. The reaction solution is concectrmet@doamdot he
residue is purified by 10fl ash chromasngraphy (nethyl ene

chl ori de/ met hanol / conc. ammonia, 30/5/1). Yield 25 ng (42% of 20 as a
whi t e anor phous solid. C23H27F08 (424.47) MS(ESI-): 449.17 (M- H+). WO
2011/ 039338PCT/ EP2010/ 064620 142 Exanple 8 (conpound 21) 200 ny of
conpound 18 (about 50% pure) and 350 ng of p-benzyl oxybenzal dehyde (Fl uke)
are reaqt 65 conpound 20. 36 ng of 21 are
obt ai neg E@y{;@%?@g&i@*@%&%@%g@(436 44) MS(ESI-) 481.08 (M +
CHO2) . 10,143 HO R1=H, R2=F, 27 (Example 9) Rl=F, R2=H, 28 (Exanple
10) WO 20'1/039338PCT/EP2010/064620 144 Exanple 9 (conpound 27) HO 5
350 ng of 100 ng of phenol 22 and 350 ng of

p- benzyl

55
1.34 g of (4-ethylphenyl)(2-methoxyphenyl)methanol are dissolved in acetonitrile and

5 cooled to 0°C. 1.50 g of sodium cyanoborohydride are added to the mixture and then
3.00 ml of trimethylsilyl chloride are added. The mixture is stirred at room temperature
overnight. The reaction solution is filtered through Celite and extracted with saturated
NaCl solution. The organic phase is dried over sodium sulfate and concentrated. The
crude product is chromatographed on silica gel with ethyl acetate/heptane (1/12).

10  0.83 g of the product is obtained. C1eH1s0 (226.32) MS (DCI) 227.4 (M+H")

2-(4-Ethylbenzyl)phenol 56

OH

15 56
0.83 g of (4-ethylphenyl)(2-methoxyphenyl)methane 55 is dissolved in
dichloromethane. 11.0 ml of boron tribromide (1 M in CHxCl») are added dropwise to
the mixture. The mixture is stirred at room temperature for 5 hours and, after addition
of water, the dichloromethane phase is separated off. The aqueous phase is extracted

20 with ethyl acetate. The combined organic phases are washed with water and NaCl
solution, dried over sodium sulfate and concentrated. 0.77 g is obtained as crude
product which can be purified by chromatography. CisH160 (212.29) MS (ESI): 235.20
(M+Na®)



(Fluka) are reacted in analogy to the synthesis of conpound 21. 40 ng of 27
are obtained as a colorless solid. C21H23F09 (438.41) MS(ESI-) 483.15 (M +
CHO2-). Bxerrpi3dfds(conpound 28) 10 HO 110 ng of bromiEkeo/o8B20g of
phenol 22 and 350 ng of p-benzyl oxybaszal dehyde (Fluka) are reacted in

anal ogy to the synthesis of conpound 21. 50 ng of 28 are 15o0btained as a
colorless solid. C21H23F09 (438.41) MS(ESI-) 483.15 (M+ CHO2-). WO

2011/ 039338PCT/ EP2010/ 064620 145 Rl=H, R2=F, 2 Rl=F, R2=H, 4 R1=H,
R2=F, 30 (Exanple 11) Rl=F, R2=H 31 (Exanple 12) Exanple 11 (conpound 30)
200 ng of brgm depRrand 300 ng of phenol 29 .@B& reacted in analogy to the

synt heS| s of? ound 14BA®T ng of 30 are /obtai ned as a colorless solid.
021H24FNO8 (143 ) MBLESH)Y—482. 15 ) WOAC,0
2011/ 039838PKT/ 10/ @846%BT 146 ERa ourAd Bﬂ) >
BzO  OMe BzO OMe H,SO,
OBz OBz
HBr
BzO 33% in AcOH g n
BzO OAc BzO
Br
59 60

Methyl 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy- -D-glucopyranoside 58

OBz

- 0

BzO
5 BzO OMe

58

3 g of methyl 2,3,6-tri-O-benzoyl- -D-galactopyranoside 57 (Reist et al., J.Org.Chem
1965, 30, 2312) are introduced into dichloromethane and cooled to —30°C. Then

10  3.06 ml of [bis(2-methoxyethyl)amino]sulfur trifluoride (BAST) are added dropwise. The
reaction solution is warmed to room temperature and stirred overnight. The mixture is
diluted with dichloromethane, and the organic phase is extracted with H.O, NaHCO3
solution and saturated NaCl solution. The organic phase is dried over Na,SO4 and
concentrated. The crude product is crystallized from ethyl acetate and heptane. 1.95 g

15  of 58 are obtained as a colorless solid. CosH2sFOg (508.51) MS (ESI*) 526.18
(M+NH,4"). Alternatively, the reaction can also be carried out using 2.8 eq. of
diethylaminosulfur trifluoride (DAST); in this case, the reaction solution is refluxed for

18 h after the addition. The working up takes place in analogy to the above description.



31 5 200 nmg of brom de 4 and 300 ng of phenol 29 are reacted in analogy to
the synthesis of conmpound 14. 115 ng of 31 are obtained as a colorless
solid. CMb24fN38336437.43) MS(ESI-) 482.15 (M + CHO2). pcTRPZHOOBRZF, 2
R1=F, R2=H, 4 R1=H, R2=F, 33 (Exanmpie 13) Rl=F, R2=H, 34 (Exanple 14)
WO 2011/ 039338PCT/ EP2010/ 064620 147 Exanple 13 (conpound 33) 5 200 ng of
brom de 2 and 300 ng of phenol 32 are reacted in analogy to the synthesis
of conmpound 14. 80 ny of 33 are obtained as a colorless solid. C22H26FNO8
(451.45) MS(ESI-) 496.17 (M + CHO2). WD 2011/039338PCT/ EP2010/ 064620 148
Exanpl e 11@-Acetybdi6-td4P-benzoyp-defluorood-deaxyiodecaseahd 300 ng of phenol 32
are reacted in angiﬁ%gy to the synthesis of conpound 14. 130 ng of 34 are
obtained as a c ss solid. C21H24FNO8 (451.45) MS(ESI-) 496.15 (M +
CHO2) . WO 2011/ 0g9338PCT/ EP2010/ 064620 149

F

BzO
BzO OAc

59

5 12 g of methyl 2,3,6-tri-O-benzoyl-4-fluoro-4-deoxy- -D-glucopyranoside 58 are

suspended in 150 ml of acetic anhydride. 8.4 ml of conc. sulfuric acid are mixed with
150 ml of glacial acetic acid and added to the mixture while cooling in ice. The mixture
stirs at room temperature for 60 h. The mixture is poured into NaHCOs solution, and
this solution is extracted with dichloromethane. The organic phase is extracted with

10  NaCl solution, dried with NaxSO4 and concentrated. The residue is recrystallized from
ethyl acetate/heptane. 5.97 g of the product are obtained as a colorless solid.
CaoH2s5FOg (536.52) MS (ESI*) 554.15 (M+NH4")

15  2,3,6-Tri-O-benzoyl- 4-fluoro-4-deoxyglucosyl bromide 60
OBz

O
BzO

BzO Br

60

1.44 g of 1-O-acetyl-2,3,6-tri-O-benzoyl-4-fluoro-4-deoxyglucose are dissolved in 20 ml
20 of hydrobromic acid in glacial acetic acid (33%) and stirred at room temperature. After

5 hours, the mixture is poured into ice-water, and the aqueous phase is extracted three

times with dichloromethane. The collected organic phase is extracted with saturated

sodium chloride solution, dried over sodium sulfate and evaporated to dryness. The

crude product is filtered through a silica gel column with ethyl acetate/heptane 70:30.
25 1.40 g of the product are obtained as a solid. C2;H2BrFO; (557.37) MS (ESIY)



20 (Example 7) WD 2011/ 039338PCT/ EP2010/ 064620 150

1- (2, 6-Bi sbenzyl oxy- 4- net hyl phenyl ) et hanone 36 36 1.62 g (9.75 mmol) of

1- (2, 6- diwpadooxogezsset hyl phenyl ) et hanone (35) are di ssolpeedpresobeido nl  of

di ret hyl formam de, and 4.0 m (33.7 meol) of benzyl brom de and 13.8 g (100
mmol ) of potassium carbonate are added. The reaction mxture is stirred at
roomtenperature for 3 hours. This is followed by addition of water and
extraction twice with ethyl acetate. The conbi ned organi ¢ phases are washed
wi th saturated sodium chloride solution, dried over sodiumsulfate and
concent PA#D/576.85 (b4 pvaporat or. 101.35 g (40% of conpound 36 are
obtained as a colgrless crystalline ngduct. C23H2203 (346.2) Ms (ESI+):

347.15 (MrH+).
1-(2,6-Bis y- 4- methy| pM4- net B5RPp¥fenyl ) pr openone 37 WO

2011/ 039%38 / 0846208 46 Tipbiprasphine of

1- ( 2, 6- bi sberB&?) oxygj Qne%ﬁyﬁ phenyzPet hatidne (36) are dissol ved 5in 150 ni

of ethanol, andggl.34 ml of p-anisaldehyde are added. 7 nl of aqueous

pot assi um hydr oxi de sol utj ake then added dropw se. The reaction stirs at

roomterrperaturngZor 12 . Half of the solvent is g1l
24 e is neutralizedowith 2 M

rotary evaporaor. The
while co Jﬁ%ﬁiqcead : th water 10 and
et hyl asevate- Oorgani c phases are clom] washed with saturated
@ dried over sBdiT ul f at g g concentrated. The
€s out. The crys

sodi um chl or98#e sol ut
i solated oil cgystall g tigred in diethyl ether,
filtered off with suction and dried. 4. §§E§?®%§3(ﬁof he conmpound 37 are
obt ained as a colorless solid. g/nol 031 H2804 (464.2) M5 (ESI+): 465.10
(MtH+) . 15 1 - (2, 6- D hydr oxy- 4- net hyl henylg - 3- (4- et hoxyphenyl ) propan- 1
-one 38236-Tri-Qfenzoyl-4-fluoro-4-deoxyglucose 61

OBz

= O
BzO
5 BzO OH
61
1.60 g of 1-O-acetyl-2,3,6-tri-O-benzoyl-4-fluoro-4-deoxyglucose are dissolved in
dichloromethane. 173 pul of hydrazine hydrate are added to this solution. After 16 h, the
reaction solution is partitioned between dichloromethane and H>O. The organic phase
10 is extracted with NaCl solution, dried over sodium sulfate and evaporated to dryness.
The crude product is purified by column filtration. 1.22 g of the desired product are
obtained. C7H23FOg (494.48) MS (ESI™): 512.15 (M+NH,").

Compound 62

OBz O
O
F
Bzo&/o
OBz

15
62



38 WD 2011/ 039338PCT/ EP2010/ 064620 152 1.50 g (3.23 mml) of

1- (2, 6-bi sbenzyl oxy- 4- nmet hyl phenyl ) et hanone (37) are dissolved in 40 m of
et hyl aceweteriaseissunder an argon at nosphere, 400 ng of ppaldprasiiowcon
activated carbon, 10% are added. Hyds®genation is carried out in a

hydr ogenati on autocl ave under 3 bar at roomtenperature for 2 hours. The
catalyst is then filtered off 5and washed with ethyl acetate, and the
resulting solution is concentrated in a rotary evaporator. The crude
product is purified by colum chromatography (Si 02, ethyl acetate/n-heptane
1:3). 600 ng of the product 38(65% are isolated as a colorless solid.

5311}333%286 T aBsbybehan e ot RAYCH R0 mg Sranta - O-vemmaubdiiosy 20 s

174. 4 ma-ddbx§§|useBe X6 9f a®BBS wigloBGi éﬁ iBh&SeHhiketn RrmiddF dFy aidhidreieRgne and
340 ng (O. 61)@/%Tml) )c()f {he brom@e 6 y@ |§I+Irrg of cadmdt]‘}/n carbonate (2.44

m"rDI ) alaée goeled.tofre er@@mrgﬁn - %93 quletl@yllaméu:amwl%tems@wly peged or 1
Concant PATRRE n PR sBidiby e Pt o8 Foom3BpEPauEaNy Stfaferighy il cod | o

25 m Oéormlbha@mgﬁdlmt@d Mt dlcrﬁlbrcﬁn@thﬁhe@fndae@ra@té‘d Wwith vadter, i0c5 NaSIMOH
solution and stirred at rogomtenperature for 12 h. The reaction soI ution is

neut r al PPEFaByalRiiNAg! ARtHanol 1 OldaNiGRRSS ISHiac ot Se¢ium gylfate and

chr omat i )ch ound 20
are obt Sonedarediif oo, T BSRAETE dhified b iend b diRphER A e SR

( M FNa+pcetbSe Gojp20ddyy dltheedesmedepradiict até optaineg @421EE)F06183&887<&)rMBe 17)
and, 43 prepared in an anal ogous nanner.
2011903&@53%@é2‘%%4620 155 3.69 g (7.9 mol) of

1- nmet hoxy-2, 3, 6-tri-0O benzyl -a-D gl ucose 44 (Tetrahedron Asymretry 11
(2000) 385-387) are dissolved in 110 mM of nethylene chloride and, under an
ar gon abxasplera) (cdnapgund 63)mol ) of Dess-Martin agent (Al drich) are added
dropwi se. After 3 hours at roomtenperature, the mxture is diluted with
300 m 5of ethyl acetate/n-heptane +1) and washed 1 x with NaHCO3
solution and 1 x Ayt h Na2820 ution. The organic phase is filtered

t hrough silica and con ated. The residue is separated by

chromat o silica (ethyl acetate/n-heptane 1:1). 2.9 g (79% of
ket one f i Qhe Vatter is dissolved in 30 mM of nethylene chloride
and, un e, 4 mM of BAST (Aldrich) are added dropw se.

63 (Example 20)
15
200 mg of 62 are taken up in 10 ml of absolute methanol, and 1 ml of sodium
methanolate solution (10 mg of sodium methanolate per ml of methanol) is added. The
solution stirs for 8 h. Sodium is removed by adding Amberlyst 15 (H* form), the ion
exchanger is filtered off, and the residue is thoroughly washed. The resulting product is
20 purified by silica gel filtration (dichloromethane:methanol 96:4). 56 mg of the desired
product are obtained. Cz1H2s5FOs (376.43) MS (ESI): 394.25 (M+NH4")

The following examples are prepared in an analogous manner to example 20 using the
appropriate aglycones:
25



10After 20 hours at roomtenperature, the mxture is diluted with 200 m of
ethyl acetate and washed cautiously (strong effervescence) with cool ed
NaHCO3 solvotiwnm3esBBe organi c phase is filtered through echirraogebscand
concentrated. The residue is separataa’ by chromatography on silica gel
(ethyl acetate/n-heptane 1:1). 2.6 g (85% of 45 are obtained as a
colorless oil. 15

4- Deoxy- 4, 4-di fluoro-1, 2, 3,6-tetra-0-acetyl -al pha-D gl ucose 46 QAc AcO

46 20 2.3 g (4.7 mol) of 45 and 2 g of Pd/C (10% Pd) are dissolved in 150
m of methanol and 10 m of F@<aci d and hydrogenat ed_undger an

at nosphere of 5 bgy, of hydr at roomtenperature fo 6-'h.~The reaction
solution is congéntrated a [ ifi ash

chr omat ogr hyl ene| chl ori de/ net hano /60nc 1 30/5/1). Yield
850 nmy (83%0 ~netPaxy~4d- deoxy- 4, 4Fdi r -gjph. D-glucose as 25white
anor phous sol i O C7H12F 214.17) MY . 21 W+ H+). 700 ng (3.3
mol ) of this are disso ved in 3.5 m of acetic a and 6.3 mM of acetic

anhydride. Addition of P ml of conc. H2SO4 is fol by stirring at 60C
for 5 h. Thé4 r@éﬁf‘ﬂﬂ'%?ﬂ)sol%{\l on is theresgeme 29to a nixture of 30 g of ice
and 30 m of ethyl acetate. WD 2011/039338PCT/ EP2010/ 064620 156 The
organi ¢ phase is washed twice nore with aqueous NaCl solution, filtered
through a little silica gel and concentrated. The residue is separated by
chromat ography on silica g Myl acetate/ n-heptane 1:1). 300 nmg (25% of
46 are obtai nedpps a m xt of anoners. Cl4H18F209 (368.29) M5(DCl): 369.3
(M+ H+). 5 14Brono-4- dedxy-4, 4-di fluoro-2,3,6-tri-0-acetyl -al pha-D gl ucose
47 47 1@ (0,8 Dl ) of tetraacetate 46 are dissolved in 13 nl of
33% str g tal acetic acid and left to stand at room
tenperature f6r 6 hou The reaction solution is then poured into a

m xture of 10 g of ice k0 ml of ethyl acetate. The organic phase is
washed tVgeGe €23y th aqueous NaCl solution, filtered through a little
silica gel 'and concentrated. The residue is separated by chromatography on
silica 15gel (ethyl acetate/heptane 1:1). 112 ng (35% of 47 are obtained

2011/ 039 B3 ETORBIB FGBAEE G AP CraG BLENENE oL By e brocebies’obldbed””

for compounds 7 or 56.
OMe
o)
T™MSCl
K,CO,, DMSO NaHﬁCN
70

ﬁf

— &@Kr

5 39 (Example 24)




Exanpl e 19 (conpound 50) 100 nmg (0.47 mmol) of 2-benzyl phenol (Al drich)
and 40 ng (0.10 mol) of difluoro brom de 47 are reacted in analogy to the
synt hesi swof20oiispsssnd 9, and 21 ng of 50 are 10obt ai ned pas/ER2€0l0646b@€S S
solid. Cl9H20F205 (366.37) MS(ESI-) 44d.15 (M + CHO2). WD

2011/ 039338PCT/ EP2010/ 064620 158 51 52 5354

(4- Met hoxyphenyl ) - (2- met hoxyphenyl ) met hanol 51 5 51 1.5 g of

o- ani sal dehyde are dissolved in THF and cooled to OC. 24.2 m of

4- met hoxyphenyl magnesi um brom de (0.5 Min THF) are added to the m xture.
The reaction solution is stirred at roomtenperature overnight and then
poured i % 10 NHACI | uti-on and extracted with ethyl acetate. 2.63
g of théqg @W@&%@M%VAQE ﬂﬁthﬁ%‘e be enpl oyed wit hout further
purification. CL5H1603 (244.29) M5 (ESI+) 227.05 (MOH+ WO

2011/ 039338PCT/ EP2010/ 064620 159

@Meny | ) - (2- met hoxyphenyl ) met hanone 52 le 5 52 2.63g of
hen)@))(Z met hoxyphenyl ) met hanol 51 are di ssolved in

di chl or ofret™ Ratie, 5y 03 g of Dess-Martin reagent are added. The m xture
is sti rréd at perature for 2 h. Then 20% Na2S03 and NaHCO3 sol uti on
are addeth.-and 10the-s He is extracted with diethyl ether. The organic
phase is extracted with glaturated NaCl solution and dried over sodium

sul fate. The s@ogution i sCconcentrated in vacuo and purified by col um
filtration. 2.61 g of 52 are obtained. C15111403 (242.28) MS (ESI+) 243.04
(MrHE) 150xi dation with Jones reagent can take place as an alternative

t her et o;

0.15 ml of guaiacol 67, 167 mg of 4-fluoroacetophenone 68 and 335 mg of potassium
carbonate are heated in 5 ml of dimethyl sulfoxide at 170°C in a microwave for 10 min.
The reaction solution is poured into water, and the emulsion is extracted three times
with an ethyl tert-butyl ether. The combined organic phase is extracted twice with 1 N
10  NaOH and once with saturated NaCl solution, dried and concentrated in vacuo.

240 mg of the desired product are obtained. C1sH1403 (242.28) MS (ESI): 215.10
(M+H").

2-(4-Ethylphenoxy)methoxybenzene 70

O

70

15
OMe

960 mg of 1-[4-(2-methoxyphenoxy)phenyllethanone 69 are dissolved in 20 ml of
acetonitrile and cooled in an ice bath, and 1.05 g of sodium cyanoborohydride and

20 2.01 ml of trimethylsilyl chloride are added. After 1 h, the mixture is diluted with
dichloromethane and filtered through Celite, and the organic phase is extracted with
sodium chloride solution, dried over sodium sulfate and concentrated. The residue is
purified by chromatography (heptane:ethyl acetate 7:1). 710 mg of the desired product
are obtained. C1sH1s02 (228.29) MS (ESI): 246.20 (M+NH4").



155 ng of (4-nmethoxyphenyl) (2-nmethoxyphenyl)nethanol 51 are dissolved in 10
m of acetone, and 2 ml of Jones reagent are added dropwi se. After 2 h at
room t enpwoabLwey33s0 | of MIB ether and 30 ml of water a@ce/rpdaiodsdso t he

m xture. The 20 organi c phase is washed several tines with water, and the
organi c phase is extracted with saturated NaCl solution, dried over sodium
sul fate and evaporated to dryness. The product (126 ng) obtained in this
way has sufficient purity for further reaction. 25

(2- Hydr oxyphenyl ) (4-r net hoxyphenyOr net hanone 53 WO

2011/ 039338PCT/ EP2010/ 064620 160 53 2.61 g of

(4- met hgxyphgnyl ) ( 2- net hox nyl ) met hanone 52 are dissolved in

dichlorg' fﬁ@ﬁé?“éﬂ%gﬁPQFG¥£9ﬁs cooled in an ice bath, and 3.71 g of boron
tribromde- 5 dinmethyl sulfide conplex are added. The mixture is warnmed to
roomtenperature and left to stir for 3 h. The reaction is then stopped by
pouring irfPbl i ce-water, the dichl oromethane phase is separated off, and the
aqueous phase i§ extracted several times with ethyl acetate. The comnbined
organi c p 81 s yashed with water and sodi um chl oride solution, dried over
sodi um s entrated. The crude 10product is chromatographed on
silicag ) eidt e/ heptane. 1.26 g of the product are obtained.
C14111203 (228.25) Ms (DCl) 229.2 (M+H+) 2-(4- Met hoxybenzyl ) phenol 7 15 OH
7 0.78g of (2-pydroxyphenyl) (4-met hoxyphenyl ) met hanone is dissolved in
acetonitrile and cooled to OC. 2 ml of TMSCI are added dropw se to the

m xtdre, and then 1 g of 20 sodi um cyanoborohydride is added. The m xture

i ti t t t f h. Th ti | Ut i ' iluted
w th i ZAPGFOREERA I RRRe PO ORPOZGTE E0iers @SSP gultl BB 1S
washed widhibréRtetharidl®.6 &l Wi dofsh ERFOMBEN RBY diefiofstheihapB) istaddd @eplvisedi um

sul fate and concentrated in vacuo. The crude product is chronat ographed on
silica @ed the shlutiohstirsfostoa .7 wrher Bty (sladded end 2heynitutdis stisesid entil reoduct

'2812?5%%53@&-2'4? Cé 4éit(ﬁq5%gll402 I%%gﬁﬁ&mg%g@@ T g’ ZSb?lJ?iOEI\Ié %Fol\lljl_é%ﬂnﬁo ic\:/\eQwater,
(4- 0 hy kiherydnid phass Roepaheradlofffehian@lagbéods phase is extracted three times

with dichloromethane. The combined organic phase is dried, evaporated to dryness

and purified by chromatography. 450 mg of the desired product are obtained. C14H140-
(214.27) MS (ESI): 215.10 (M+H").

15 Compound 72

72

Compound 61 (466 mg) and phenol 71 (242 mg) are reacted in analogy to the
synthesis of compound 62. The resulting product can be purified by column

20 chromatography (heptane:ethyl acetate 4:1). 240 mg of the desired product are
obtained. C41H35FOg (690.73) MS (ESI): 708.25 (M+NH,").



OOH 54 1.01 g of o-anisal dehyde are dissolved in THF and cooled to OC
16.29 m of 10 4-ethyl phenyl magnesi um bromde (0.5 Min THF) are added to
t he m xt we.2offid9z3gacti on solution is stirred at room t egpaPradwneicey er ni ght
and then poured into 20% NH4Cl sol utiten and extracted with ethyl acetate.
1.92 g of the product are obtained, and this can be enployed w thout
further purification. Cl61-11802 (242.32) Ms (ESI+) 225.15 (MOH+ 15 WO
2011/ 039338PCT/ EP2010/ 064620 162 4- Et hyl phenyl) ( 2- met hoxyphenyl ) net hane 55
0O 55 1.34 g of (4-ethylphenyl)(2-nethoxyphenyl)nethanol are dissolved in
acet oni BExamplar2# €ompoundi3®)0C. 1.50 g of sodi um cyanoborohydride are
added to the m xture and then 3.00 ml of trinethylsilyl chloride are added.
The m xture is stirred at roomtenperature overnight. The reaction solution
is filtered through Celite andextracted with saturated NaCl solution. The
o

organi ¢ phase is dried over sulffate and concentrated. The crude
product is chroggyographed o ca gel with ethyl acetate/heptane (1/12).
100. 83 g of tife product igObtarned. Cl6HLI80 (226.32) M5 (DCl) 227.4 (MrH+)
2- (4- Ethg henol 56 OH 15 56 0.83 g of

(4-ethylHb QX I“nyl ) met hane 55 is dissolved in dichloronethane.

11.0 m of boron QHbro 1 Min OH2012) are added dropw se to the

m xture. The m xture is ed at roomtenperature for 5 hours and, after
addi tion of water, the dichil oromet hane phase is separated off. The aqueous
phase |§gqﬁg( ﬁ.@q@% O wth ethyl acetate. The conbi ned organi c phases are
washed w't er a d NaCl solution, dried over sodiumsulfate and
concgntrated. 0.77 i s obtained as crude product which can be purified by

ggﬁfgggg@%; E&%}%?égggkéaﬁé régétegsw&yssg%/pmzr%%thzaono ate in a%alogy to the
2, 3, 6- tfibefatiBRRA @Xanthid DHOTRe CofpRXMY cal 8 BGHRY By 8%itd §ePéhroathtography

(dichloromethane:methanol 96:4). 119 mg of the desired product are obtained.
CooH23FO6 (378.40) MS (ESI): 396.15 (M+NH,").



3 g of methyl 2,3,6-tri-0-benzoyl- -D gal actopyranoside 57 (Reist et al.,
J. O g. Chem 1965, 30, 2312) are introduced into dichloronethane and cool ed
to -30C. wboen1li383386 m of [bis(2-nmethoxyethyl)am no] sulpturerbétiofobises i de
(BAST) are added dropwi se. The reactiton solution is warmed to room
tenperature and stirred overnight. The mxture is diluted with

di chl oronet hane, and the organic phase is extracted with H20, NaHCC3
solution and saturated NaCl solution. The organic phase is dried over
Na2SO4 and concentrated. The crude product is crystallized from ethyl
acet at e apyphdhept ane. 1.95 g 150f 58 are obtained as a colorless solid.
C28H25F08 (508.51) MS (ESI+) 526.18 (M+rNH4+). Alternatively, the reaction
can also be carried out using 2.8 eq. of diethylam nosulfur trifluoride

(DAST) ; 1in t lyse sfaseéompbend eadt$@NTSIPSGLTOR inrsbiteefdctixgdfdrproddcihg af t er the

a1 PR e A8 PAR SRRkl 20ove deser ot on

2,3,5-tri-0O benzoyl-4-fluoro-4-deoxy- -D-glucopyranoside 58 are suspended
in 150 m of acetic anhydride. 8.4 ml of conc. sulfuric acid are m xed with
150 m of glacial acetic acid and added to the m xture while cooling in

i ce. Th&- m xUseofa corspaund ebthe fenpeleak ure for 60 h. The mixture is poured
into NaHCO3 solution, and this solution is extracted with dichl oronet hane.
The organi c phase is extracted with 10NaCl solution, dried with Na2SO4 and
concentrated. The residue is recrystallized fromethyl acetate/heptane.
5.97 g of the product_a % obtai ned as a eolorless solid. C29H25F09 (536.52)
M5 (ESI+) 554.15 (M-NAY¥) W1 44 g of vz |
1- 0- acet yl H9:3, 6-triRr g‘-‘FFU&Sr‘G’%-’&egxygl ucose are dissolved in 20
aci al acetiRe~acid (33% and stirred at room
m xture is poured into ice-water, and the

t enper at py,e. ter 5 hou

aqueous ‘ i Spextracled three tinmes with dichloromethane. The coll ected
organi ¢ tha e is|extracfed*with saturated sodi um chloride solution, dried
over sodi | vaporated to dryness. The crude product is

gel colum with ethyl acetate/heptane 70: 30.
251.40 g of thm procfu are obtained as a solid. C27H22Br FO7 (557.37) M5
(ESI+) WD 2011/ 039338PCT/ EP2010/ 064620 165
2,3,6-Tri-0O benzoyl-4-fluoro-4-deoxyglucose 61 OBz FO BzO 5Bz0CH 61

10

in which the meanings are

R1 and R2 independently of one another F or H, where one of the
radicals R1 or R2 must be F;

15
A O, NH, CH,, S or a bond;
R3 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, CO-(C1-Cs)-
alkyl, COO(C+-Csg)-alkyl, CONH,, CONH-(C+-Cg)-alkyl, CON[(C1-
20 Cs)-alkyl]2, (C1-Ce)-alkyl, (C3s-Ce)-cycloalkyl, (C2-Ce)-alkenyl, (Co-

Cs)-alkynyl, O-(C+-Ce)-alkyl, HO-(C1-Cs)-alkylene, (C1-Cs)-
alkylene-O-(C1-Ce)-alkyl, phenyl, benzyl, (C1-Ceg)-alkoxycarbonyl,
where one, more than one or all hydrogen(s) in the alkyl, alkenyl,
alkynyl and O-alkyl radicals may be replaced by fluorine;

25 SO2-NH2, SO2-NH(C+-Ce)-alkyl, SO2N[(C1-Cs)-alkyl]2, S-(C1-Cs)-
alkyl, S-(CHz)o-phenyl, SO-(C1-Ce)-alkyl, SO-(CHz)o,-phenyl, SO--
(C1-Ce)-alkyl, SO2-(CH2)o-phenyl, where o may be 0 - 6, and the
phenyl radical may be substituted up to twice by F, CI, Br, OH,



1.60 g of 1-0-acetyl-2,3,6-tri-0O benzoyl-4-fluoro-4-deoxyglucose are

di ssol ved in dichloronethane. 173 pl of hydrazine hydrate are added to this
sol uti on.wéhbare3dsh, the reaction solution is partitiomrel/Bresromess20

di chl oronet hane and H20. The organi c iphase 10is extracted with NaC
solution, dried over sodiumsulfate and evaporated to dryness. The crude
product is purified by colum filtration. 1.22 g of the desired product are
obt ai ned. C27H23F08 (494.48) MS (ESI+): 512.15 (M 1-NH4+). Conpound 62 15
WO 2011/039338PCT/EP2010/064620 166 248 ng of 2-(4-ethyl benzyl)phenol (56),

550 ng of 2,3,6-tri- N% é;N‘IO@p: th(i@g)gé bIKGP3E, @w@pq\lﬁ 35 ng of

tri phenyl phosphi ne i n (fgi ég @ybﬁ{&@eé @ﬁbl&;i\ll-i&é 5&}75%%3/ nOIe'rl'hi s

argon. 0.193 m of dle
sol ution is brought tOphenym Oe(@Hdf)abherylantiesd bimsa bem @hwherErthe phlenti on

is then diluted with di 0 C th

and saturated NaCl sol ﬂ'ﬁ ygﬁé”ﬁ?@&ﬂ@g ﬁ%g%& %g Wﬁﬂéf Bsrog Ca?lnl\@ﬁlaf ate
and Zoncentrated in vad,\lﬁbz CNI@@ES,l@t(@ﬁG}s)ﬂlkwf(&d)d);allqrhrrdl‘lla,trdtj(@pﬁy)

(hept ane: et hyl acet ate ) ((é g;gg%) X P@ﬂggcarce %p@m ned.
C42H37F08 (688.76) M é\' 5 t ’bgba ?’r’p dd 63)

63 (Exanpl e 20) 15 ZOOQé]\'Hﬁ, 62 are taken up in 10 n1 of absol ute met hanol ,
and 1 m of sodium nethanol ate solution (10 ng of sodi um nethanol ate per m

addi ng Anbet Yot 15 (HOVAEORY: (ergeranvETertnyakeny’ (oLl i 6RRY Bha t ne

resi@ue is thoroughly ‘paehyﬂldhaﬂ'dmeyrmlohaily\be pubstitated Isy B8lpgenforg¢q ig4)-si | i ca
gel filtration (dichl org{}?ﬁt hane: met hanol 96:4). 56 ng of the desired
product are obtai ned. 25F05 (376.43) M5 (ESI): 394.25 (M+NH4+) The

fol l owi ng exanpl es are prepared in an anal ogous manner to exanpl e 20 using

the approprigte aglyco / %,%B&P #i%?@

appropriate %I ycones Kgﬁcg\@gﬁglﬁ%e\gﬁ or e%ﬁrp @é@ﬁ@%ﬁg%%&
described for conpound&adicCaymaybe WGQQ@LNW@QP@YPEPQ@%PW@Z’OQE% 1
44-{2- Met hoxyphenoxy) pheagl)i eilgH+ORE -62C-, -S-, -CH(OH)-, -CHF-, -CF»-, -(S=0)-, -

(SO2)-, -N((C1-Ce)-alkyl)-, -N((C1-Cs)-alkylphenyl)- or -NH-;

R5, R6, R7 independently of one another, hydrogen, F, Cl, Br, |, OH, CFs3,
NO,, CN, COOH, COO(C+-Ce)-alkyl, CO(C+-C4)-alkyl, CONHy,

20 CONH(C+-Ce)-alkyl, CON[(C1-Ce)-alkyl]2, (C4-Cs)-alkyl, (C2-Ce)-
alkenyl, (C2-Cs)-alkynyl, O-(C1-Csg)-alkyl, HO-(C1-Ce)-alkylene, (C-
Ce)-alkylene-O-(C+-Ce)-alkyl, where one, more than one, or all
hydrogen(s) in the alkyl, alkenyl, alkynyl and O-alkyl radicals may
be replaced by fluorine;

25 SO2-NH2, SO2NH(C1-Cs)-alkyl, SO2N[(C+-Ce)-alkyl]2, S-(C1-Ce)-
alkyl, S-(CH2)o-phenyl, SCF3, SO-(C+-Ce)-alkyl, SO-(CH2),-phenvyl,
SO,(C1-Cs)-alkyl, SO2-(CHz).-phenyl, where o may be 0 - 6, and
the phenyl ring may be substituted up to twice by F, Cl, Br, OH,
CF3, NO2, CN, OCF3, O-(C1-Cs)-alkyl, (C1-Cs)-alkyl, NHy;

30 NH2, NH-(C1-Cs)-alkyl, N((C+-Ce¢)-alkyl)2, NH-CO-(C+-Cg)-alkyl,
phenyl, O-(CHz).-phenyl, where o may be 0 - 6, where the phenyl
ring may be substituted one to three times by F, Cl, Br, |, OH, CFs3,
NO,, CN, OCF3, O-(C+-Cg)-alkyl, (C4-Cg)-alkyl, NH2, NH(C1-Cé)-
alkyl, N((C+-Ce)-alkyl)2, SO2-CHs, COOH, COO-(C+-Cg)-alkyl,

35 CONHy;
or



5 0.15 m of guaiacol 67, 167 ng of 4-fluoroacetophenone 68 and 335 ng of
pot assi um carbonate are heated in 5 m of dinmethyl sulfoxide at 170Cin a
m cr onavewbani1ld393s8n. The reaction solution is poured i rto/prb®Lcicand t he
emul sion is extracted three tinmes w til an ethyl tert-butyl ether. The
conbi ned organi c phase is extracted twice with 1 N 10NaCH and once with
saturated NaCl solution, dried and concentrated in vacuo. 240 ng of the
desired product are obtained. C15111403 (242.28) Ms (ESI): 215.10 (M-H+).
2- (4- Et hyl phenoxy) net hoxybenzene 70 15 70 960 ng of

1-[4-(2- et h@@@’mR@XY}@&Hé{H With BRdenfokid @efrﬁylrg%ﬁﬁé?ﬁ \éeﬁtd 7 i Bérelf

acetonitrile and cooled T n an ice a

cyanobor ohydri de and 262 sategh p@'ft'a?VPﬁﬁPH'Sﬂ %tp[ywns%ﬁqu@ch;@n%rpné/cédwggre At er
1 h, the mxture is di beQE(Uamrh(S)difﬂ’fé ang Medyhalse bandpfadetidryed, Ohsraigind

Cel 't , dth t.h hl | ution,

drt ed over sod: um sul t @B e EREYAR SlbtiBo SRR (o oy "

chr dorat ogr aphy ( hept analkenyl [(Ca€a)-atkynyt, y\)heréfirt)ea@ ofise hee dd+i gredppnayluct
bt ai ned. 015H1602

2011/ o3saspcr epotol SISO THIIEL G OH AN £1% 710

ng of 2-(4-ethyl phenox Q@(qﬁogybé'hﬂeﬁf@wtiz, @N!ﬂ(@s MW O6Fa absol ute

di chl oronet hane. 0.6 ml of boron tribromde (1 Mdichloronmethane) is added
dr opwi se, t he sol ut S BBr3 is added and the
mxture is s% rred unt FJICS) ehhegcﬁﬂrg@éoéﬁxjﬁé‘g conpl ete according to LCMS.
The1@ol ution is brought into ice- vvater 10 the organi c phase is separated
g g Io p
of f, and the Lagueous p e.
The' conbi ned “or gani ¢ pﬁgég}élkg %ééééi)gﬂ(gﬁ%%h?(%&% le@ﬂ%?%%%@gﬁ by
chr omat ogr aphy. 450 ngeethchee @eeuoréWO&Id@IgmUpm)sﬂabtbau raemcecibn}/@m@ﬂ-l

(214.27) M8 (ESI): 215.10 (M+H+). 15 Conpound 72 72 Conpound 61 (466 ng)

and phenol 71 (242 ny) are reacted in analogy to the synthesis of conpound
62. The resuMting prod&Q. REFDSPuPPri @R BIN€ol um 20chr ormat ogr aphy
(hept ane: et hyl acet ate 4:1). 240 ng of the desi red product are obtained.

%ﬁ}ggggg&g ? 010/ @bdﬁ@\?ogoné an(%r hydrogen SOsH, sugar residue,
(C1-Ce)-alkyl, where one or more CH, groups of the alkyl radical
may be substituted independently of one another by (C4-Ce)-alkyl,
OH, (C4-Cs)-alkylene-OH, (C2-Cg)-alkenylene-OH, O-sugar

20 residue, OSOsH, NH2, NH-(C+-Cs)-alkyl, N[(C1-Cs)-alkyl]2, NH-CO-
(C1-Ce)-alkyl, NH-sugar residue, NH-SOsH, (C4-Cs)-alkylene-NHo,
(C2-Ce)-alkenylene-NHoa, (Co-Cs)-alkylene-COOH, (Co-Cs)-
alkylene-CONH_, (Co-Ce)-alkylene-CONH-(C+-Cs)-alkyl, (Co-Cs)-
alkylene-SONHo>, (Co-Cs)-alkylene-SONH-(C1-Cs)-alkyl, (Co-Cs)-

25 alkylene-S02NHz, (Co-Ce)-alkylene-SO,NH-(C+-Ce)-alkyl,
adamantyl; or

R8 and R9 together with the N atom carrying them form a 5 to 7 membered,

saturated ring Cyc2, where one or more CHa groups of the ring
may also be replaced by O, S, NH, NSOsH, N-sugar residue, N-

30 (C1-Ce)-alkyl, where one or more CH, groups of the alkyl radical
may be substituted independently of one another by (C4-Cs)-alkyl,
OH, (C4-Cs)-alkylene-OH, (C2Csg)-alkenylene-OH, NH2, NH-(C1-
Cs)-alkyl, N[(C+-Ce)-alkyl]2, NH-CO-(C+-Cs)-alkyl, NH-sugar
residue, (C1-Cs)-alkylene-NH,, (C2-Cs)-alkenylene-NHy, (Co-Cs)-

35 alkylene-COOH, (Co- Cs)-alkylene-CONHoa, (Co-Cs)-alkylene-
CONH-(C1-Cs)-alkyl, (Co-Cs)-alkylene-SONH2, (Co-Cs)-alkylene-



Exanpl e 24 (conpound 39) 39 (Exanmpl e 24) 230 nmg of conpound 72 are
reacted with sodium nethanolate in analogy to the |liberation of exanple 20.
The conpowodotiaiseidze purified by silica gel chronatograprgT/EP2010/064620

(di chl or onet hane: net hanol 96:4). 1191mg of the desired product are

obt ai ned. C201-123F06 (378.40) Ms (ESI): 396.15 (M:NH4+). WO

2011/ 039338PCT/ EP2010/ 064620 171 Clains: 1. Use of a conpound with
SA.T-1/SA.T-2 inhibitor activity for producing a nedi canent for the
prevention and/or treatnment of osteoporosis. 2. Use of a conpound of the

formula | R7 Cycl R6Q/@~,23NH-(dﬁ@@ﬁﬁﬁd&%ﬁ)%@%@@zﬂﬂz@I(nog_@g)_gﬁ@@n@gs are

R1 and R2 independently o n not He H~ where one of the radicals Rl
or R2 nust be F;, AO, Nﬁoghiz),(éfs%@}'a@y[éond; R3hydrogen, F, Cd, Br, |, OH,
CF3, NO2, CN, COON, CO (C1-C6)- al kyl, COQ(C1l-C6)-al kyl, CONH2,

CONH- ( CL- C6) alkyl phgrgn\laRcc::eldtically acceptable salts thereof;

5
or
the use of compound of the formula Il
R7
HO
R1
R\ ?
/
R3 A X\
/Y |
R4 ()m
10 RS

in which the meanings are

R1 and R2 independently of one another F, H or one of the radicals R1 or R2
15 OH;

R3 OH or F, where at least one of the radicals R1, R2, R3 must be F;
R4 OH;

20
A O, NH, CH,, S or a bond;

X C, O,SorN, where Xmustbe CwhenY isOorS;

25 Y N,OorS;



20C6) - al kyl h, (G -C6)-al kyl, (C3-C6)-cycloal kyl, (C2-C6)-al kenyl, (C2-
Co6) - al kynyl, 0-(C1-C6)-al kyl, HO (C1-C6)-al kyl ene, (Ci1-C6)-

al kyl ene-Wo(Civ@Bassal kyl , phenyl, benzyl, (G -C6)-al koxycardrosplossceher e
one, nore than one or all hydrogen(sih7in the al kyl, al kenyl, alkynyl and
0-al kyl radicals may be replaced by fluorine; 25 S02- NH2,

S02- NH( C1- C6) - al kyl , SO2NRGi - C6) - al kyl h, S-(G -C6)- al kyl, S (CH2)0-phenyl,
SO (G -C6)-al kyl, SO (CH2)0-phenyl, S2- (G -0C6)-al kyl, S02-(CH2)0-phenyl,
where o may be 0 - 6, and the phenyl radical may be substituted up to tw ce
by F, d, Br, O—l V\02011/039338PCT/ EP2010/ 064620 172 CF3, NO2, ON, O0O0F3,
0-(01-06)-al k %01 0@%}_ NH2; NH2, NH (01-06)-al kyl,

N((01-06) - al 1)2 f 07) al kyI phenyl, 0-(0H2)0-phenyl, where o
may be 0 - 6, where the phenyl ring may be substituted one to three tines

RlﬁzF NCHJ(Ol o&é ﬁHWO%Feﬁ( [ g%) WP'QS@?S N@é 8%@@%8(&3@%5’%%6? l glylki/l ,
CONH2; R4hydr ogen CQQIG 36} )-alkily ICONKE2,-CONHH Ch &y alkyl,GRONNG €@t akylly| , or

Lophenyl ‘that may epicpaal) ¥be Uk et buibal pgencor ols - ol vl

radi cal may be reﬁ@a@ehalkubégm%é‘ﬁﬂﬂyy%fcbﬁe) alkvk penyybemrzyl, (C1169)0=0) -

ﬁ'("(:glf 06) CaCIk I)S O&& ) aI poseSQH%‘forovﬁec'-r%re than(oreor all

ndependent |y of SWE 83%9 ol Lp ibikey %rawyny'mlc@ﬁéoéﬁ@p'a@%d

COCH) 000( C1- C6) - by Kiylorin€0( C1- c4) al kyI CONH2, 20CONH( Gi - CB) - al kyl ,

CON[ (C1- C6) - al kyl 1- c , r - K - ~al I

SN CL )l o' Rty A SOUAY G SRS SRR e AR Rk

where one, nore t RatChyephenylaSO-tydEepelhyls SQ-(CHhe-phiekyl, SCi-KerGi):alsylkyny!
d 0-al kyl d I

SCRNH( 01- 06) - al L§§@%@*ﬁ%§hﬁ @FE% ﬁ*a‘* “é%'f‘?) gd%ﬁ? prphiided BT Heny

50F3, SO (Cl- 06) - &HR§fitutesR Oa Qi ¢ OCFs (CCo-

50214 CH2) O- pheny! alkingCs- CQ;).@RM lNaH - 6 and t he phenyl ring may be

o (oL 08) o o O N 8- B gi'kmﬁf«%ﬁﬁmﬁﬁm%%cfo%“)mﬁphenw

N((Oé 06) - al ky&%ZO NI:—HQ)Q-p@@ﬂJyIO&N}eaé loydan tf)ﬁlérﬁlll;/vh@e(tmbhéﬂyihmg/ﬂnay\mere 0
0-6 t

A e L AR T &F@%F%ﬁ’@e R oot

NH2, NH(01- 06)- " alOc{C1-Chk-aliryl, 08)-Ca)-riky), NH5 MG)MNG Gaellgb), al kyl |

35CGHH2; or WD 2@@4@@93@@@/@5@9 /@@4@@9 EGNRS and R7 together with

the C atons carrying th . 'saturated, parti.all

conpl etely unsatuPéW@@neYl‘ﬁgscﬁéPn% ,t%gqth%rrwréth@%pozﬁpg)s Qﬁmf'%t%rﬂg may

al so be replaced byehyl;0 or S, and Cycl may optionally be substituted by
(C1-C6)-al kyl, (02-05)- 5 alkenyl, (C2-05)-alkynyl, where in each case one
CH2 group may be replaced by 0, or substituted by H F, d, OH CF3, N2,
ON, 000( C1- CR6 al bptionatyNHR(CcONHEIK; (1) Cal-&lkenylT=3Cs)-cycloalkyl, or phenyl

25 that may optionally be substituted by halogen or (C1-Ca)-alkyl;

B (Co-C1s)-alkanediyl, it being possible for one or more C atoms in the
alkanediyl radical to be replaced independently of one another by -O-,
-(C=0)-, -CH=CH-, -C=C-, -S-, -CH(OH)-, -CHF-, -CF2-, -(S=0)-, -(SO>)-,
30 -N((C+-Cs)-alkyl)-, -N((C1-Ce)-alkyl-phenyl)- or -NH-;

n a number from O to 4;

Cyc1 a 3 to 7 membered saturated, partially saturated or unsaturated ring,
35 where 1 C atom may be replaced by O, N or S;



XCO 0, NH S, SO SO or a bond; 10 L(C1-06)-al kyl ene, (02-05)-al kenyl ene,
(02-05) -al kynyl ene, where in each case one or two CH2 group(s) may be

repl aced Wy 20110039398, YCO, NHCO, SO SO2, or a bond; 15 R8/ERIwAemendent|y
of one anot her, hydrogen, 503H, sugan7éesi due, (Cl-06)-al kyl, where one or
nore CH2 groups of the al kyl radical nmay be substituted independently of
one anot her by (Cl-C6)-al kyl, OH (C1-C6)-al kyl ene-CH,

(C2-C6) - al kenyl ene-CH, O0-sugar 20resi due, 0503H, NH2, NH (Cl-C6)-al kyl,

N[ (Cl-C6)-al kyl]12, NH 00- (Cl-C6)-alkyl, NH-sugar resi due, NH 503H,

g(% ggg_a;mmﬁ%d\'ﬁguhyé 96): @I @’”Y @HGCF‘ (@N edonl kde ge @ OH,
al kyl ene- SON H2, @@\I@ 1 ﬁ %'?ﬁ (Céﬂ%} Y djéé%lé()(h Saq‘(yﬂz,

253I I%I ene- fg2NH2 (C(-Op)-GRijt, acmsy—aﬁcessmw%(@la%hyakwcs) am@mﬂﬂw or

an oget her o} r

sat ur at edgrl ng cy ‘; C\tﬁﬂéu(é{l Zﬁé@éfamg&—lzeg)r%lkg T@F'r{%éoﬁﬁ' 5%%&%@@%
repla@aced by 0, S, trMH] OMNSQBEI| hiydageals)rie dhelakkyl, MIkaxQ( akeag)oradlkyiy| radieale one
or nore CH2 gr oup @% éa?ﬁé# W&q‘bﬁqgal may be substituted independently of

one anot her by ( | ene-
(C208) - al kenyl eneSGH4; NHZS BNH(@E@) a%ﬁvkﬁozl‘ﬂhdﬂskﬁyy'& Ry(G2Ce)-alkyl,
NH- 00- (C1- C6) - al kg- scrw HBAY, BW&S@(@%)@R

(02- 06) - al kenyl ene- ne- %JgHa YRA/ gne- CONH2,
0y S0 el %&?‘%h%rﬂ%ﬁ%” 24P,

(C0-06) - al kyl ene-
(Cot1@6) - al kyl ene- ph&‘ﬂ/l?@dbﬁﬁmmdﬁlﬁﬂ@d@!m% By &, SONBt, OFL-CI6), Nk Y| ,

bhar maeut i cal 1y Xebeptabn & L NS TG bt “compound of the
formula Il R5 iNHHanwhNRKC t-Be)-akissin N (S1- GrlealRyl)amtH (- Cncybmienyl,y of one
oet “bne of he SSRGS e thrtke [ Jadie EGHRA g Mgt
substltuted one to 3 times by F, Cl, Br, f OH, CF3, NO,, CN, OCFs3,
15 (C4-Csg)-alkoxy, (C1-Cs)-alkyl, NH2, NH(C+-Cg)-alkyl, N((C1-Cs)-alkyl)z,
S0O2-CHs, COOH, COO(C+-Cs)-alkyl, CONHy;
or
R8 and R9 together with the C atoms carrying them a 5 to 7 membered,
saturated, partially or completely unsaturated ring Cyc2, it being possible
20 for 1 or 2 C atom(s) in the ring also to be replaced by N, O or S, and
Cyc2 may optionally be substituted by (C+-Cs)-alkyl, (C2-Cs)-alkenyl,
(C2-Cs)-alkynyl, where in each case one CH, group may be replaced by
O, or substituted by H, F, CI, OH, CF3, NO2, CN, COO(C+-C4)-alkyl,
CONHaz, CONH(C+-C4)-alkyl, OCFs3;
25
and the pharmaceutically acceptable salts thereof;
or

the use of a compound of the formula Il
30



R4 OH, 20 A0, NH, CH2, S or a bond; XC, 0, S or N, where X nust be C when
Yis Oor S; 25YN, O or S; WD 2011/039338PCT/ EP2010/ 064620 175 ma nunber 1
or 2; R5hyodnopgeisessk, C, Br, |, OH CF3, NO2, ON, COOH, rCDEB10106+62d Kyl ,
5000( C1- C6) - al kyl, CONH2, CONH(Cl-Cen7ml kyl, CONRC1-C6)-al kyl112,
(G -C6)-al kyl, (C2-C6)-al kenyl, (C2-C6)-al kynyl, (G -0C86)-al koxy,
HO( C1- C6) - al kyl, (C1-C6)-al kyl -0-(C1-C6)-al kyl, phenyl, benzyl, (01-06)-
al koxycarboxyl, it being possible for one, nore than one or all hydrogen(s)
in the al kyl, al koxy, alkenyl or alkynyl radicals to be replaced 10by
fluorine; S02-NH2, SO2NH(C1l-C6)-al kyl, SCO2 - (6) - al kyl h, S-(C1-C6)-al kyl,
S- (OH2) 0- phenyl, SO (Cl-06) - al kyR7 $S6 2) 0- phenyl , S02-(C1l-06) - al kyl
S02- (OH2) 0- phen#P,._where o can be ﬁ%th he jphenyl radical may be
OM,. CE3,“NO2, ON, O0F3, 0-(C1-Co)-

?} -al kyl, N((C1-06)-al kyl) 2,
e , Where o can be 0-6, where the

tg 3 times by F, G, Br, I, OH CF3,
NC2, ON, O00F3,™ 0-( MRy R%( C1-06) -al kyl , NH2, NH(C1-06)-al kyl,
N( (C1-06) - al ky1) 23020S02-0H3, COCH, 000- ( Cl-06) -Ial kyl, CONH2; or when Y is
S, R5 and R6 together with the C atons carrying them phenyl; R6optionally
H, (Cl1-06)-al kyl, (Cl-06)-al kenyl, (03-06)-cycloal kyl, or phenyl 25that may
optionally be substituted by hal ogen or (Cl-04)-alkyl;
B( C0- 015) - al kaweishthe meamegsngreossi bl e for one or nore C atons in the
al kanediyl radical to be replaced i ndependently of one another by -0-,
-(0=0)-, -CHCH, -CC, -S, -CHOH)-, -CHF-, -CF2-, -(S=0)-, -(S@)-,
30-N§ (C1-Co) +ell,iRd ) -, OM,(Fodr Bor-RIl leyld-Rberfy | excludling tiid- thréecompiraitiohsom 0

15al kyl, (C1-8
NH( C1- 07) - acyira™™
phenyl ring MRy

to 4; Cycl a 3 to 7 nmenbered saturated, partially saturated or
unsaturated ring, 35wh&le™ L. Rt 6 RRY HE=@PI BesaF MdRTNRG A, wo
2011/ 039338PCT/ EP2010/ 064620 176 R7, R8, R9 hydrogen, F, C, Br, |, OH,

CF3, NO2, ON, COOH, 000(01-06)- al kyl, CO(C1-04)-alkyl, CONH2,

CONH( C1- 06) - Xyl , CONRE1o006) whkky dtl2ast Ghe 66)hecaRkyR2, RGZ2aliGalsahksinyd F;
(02-06) -al kynyl, (G -C8)-al koxy, HQ C -06)-al kyl,

(C1-06)-al kyl -0-(C1-06)-al kyl, it being possible for one, nore 5than one or
al [ qf@pydrogenfss) in theiNg! cHa! ¥ baHdkeny!l or al kynyl radicals

R4, R5, R6 hydrogen, F, Cl, Br, I, OH, NO2, CN, COOH, CO(C1-Cs)-alkyl,
COO(C1-Cg)-alkyl, CONHz, CONH(C+-Cs)-alkyl, CON[(C1-Cs)-
alkyl]z, (C4-Ce)-alkyl, (C2-Cs)-alkenyl, (C,-Ceg)-alkynyl, (C1-Cs)-

15 alkoxy, HO(C1-Cg)-alkyl, (C1-Cg)-alkyl-O-(C1-Cg)-alkyl, phenyl,
benzyl, it being possible for one, more than one or all hydrogen(s)
in the alkyl, alkoxy, alkenyl and alkynyl radicals to be replaced by

fluorine;
SO2-NHz, SO2NH(C1-Cs)-alkyl, SO2N[(C1-Ce)-alkyl]2, S-(C1-Ce)-
20 alkyl, S-(CH2)o,-phenyl, SO-(C+-Cs)-alkyl, SO-(CH2),-phenyl,

S0O2-(C+-Cs)-alkyl, SO2-(CH2).-phenyl, where o can be 0-6, and the

phenyl radical may be substituted up to twice by F, CI, Br, OH,

CF3, NO2, CN, OCF3, O-(C+-Cs)-alkyl, (C1-Cs)-alkyl, NHy;

NHa, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
25 O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may

be substituted one to 3 times by F, CI, Br, I, OH, CF3, NO,, CN,



to be replaced by fluorine; S02-NH2, SO2NH(Ci -06) - al kyl ,

SO2NRC1- 06) - al kyl h, S-(G -06)-al kyl, S-(CH2)0-phenyl, SCF3,

SO ( C1- Coyoabkiy393380- (CH2) 0- phenyl , S02- (Cl1-C6) - al kyl , $02mpaiHa)64cpheny! ,
where o can be 0-6, and the 10phenyl 1r&adi cal may be substituted up to tw ce
by F, d, Br, OH CF3, NO2, ON, OCF3, 0-(Cl-0C6)-alkyl, (Cl-C6)-alkyl, NH2;
NH2, NH (Cl-C6)-al kyl, N((Cl-C6)-al kyl)2, NH(Cl-C7)-acyl, phenyl,

0- (CH2) 0- phenyl, where o can be 0-6, where the phenyl ring may be
substituted one to 3 tinmes by F, C, Br, I, OH CF3, NO2, O\, OCF3,

15( Cl1- C8) - al koxy, (Ci- OI}F:&IO&WH Clg[l—lalkleé@CDeEebkythdjd,,NHM@@?L@)E&GWIaI ky1) 23

atoms chrrying Chem a SUG oo kelyE op2 CEpu R CHRHCEf sl Sl eMibeT el

unsaturated ring Cyc2, it bei ng possi ble 20for 1 or 2 C aton(s) in the ring
al so to be replaced by N, and Cyc2 may optionally be substituted by
(C1-06)-al kyB (02-08) (@w Qeﬁyalkam@tylosjoem&mﬁﬂlblemeeree PhMese & 8i@srs iine CH2

S00 R o ol kot oonrte %&ﬁ%@?*‘%ﬁiﬁd 114 5 r8kka TopicengBhiiy 67 Gne Bine™
pharmaceutical ly accep ? % t.t;er:egm -QLCt hg- U&}H(QjH)a @mpouopz.of t he
formula 111 30 WD 2011/ 039338P /EP2010/ 064620 177 in which the nmeani ngs

are 5R1, RROH, F or H oiSTR)-ahd0rR, NEC1-6xthlkiIngN((te-ChHralkylahebiyhaer ons R1
=F, R =0Hdand RL = G4, R2 = F and Rl, R2 =OH;, R30OH or F, where at [ east
one of the Rl, R2, R3 radi’cals nust be F;, 10A0, NH, CH2, S or a bond; R4,
R5, R6 hydrogen, F, d, Br, I, OH N, ON, COOH, CQ(Cl-Co6)-alkyl,

000&01 C6) - al kyl, CON H2 CC]\IH(O C6) - al kyl , CONRCL-C6)- al kyl h,

(G 1@6) - al kyP, ~ ( C2- C5) 2d14eBhEN oM &tock) - ai kynyl, (Ci-06)- 15al koxy,

HQ( G -C6)-al kyl, (G -C6)-al kyl-0-(G -C6)-al kyl, phenyl, benzyl, it being
possi bl e for one, nore than one or all hydrogen(s) in the al kyl, alkoxy,

al kenyl and @ykynyl radi&ﬂi%n’nembererd&;ﬂtmaﬂaeb parfidllyosatoesteGOR uNsRturated

SO2NH( Gi - C6) - al kyl , SO2NRC - C6 k | h, S- 0
S- (CH2) 0- phenyl , SO(d'”E:eWhQTGL %F%ﬁ%ﬁﬂ gyé}i\}/?b‘s C8) - al kyl |
S02- (CH2) O-phenyl where o can be 0 6, and t he phenyl radical may be

substituted up to twice by F, d, Br, OH CF3, NO2, CN, OCF3,
0- (G- C6) - al KA, R, &9 Chydwigenl |, NHBr, NK2H, QFs,(MD2,GBN; 8IGQH, COO(C1-Ce)-

N((Q - 6)-al kyl) 2, NH(G COAREYE,)-BRGMEONH,, CONH(C1-Cs)-alkyl, CON[(C1-Ce)-
alkyl]z, (C4-Ce)-alkyl, (C2-Cs)-alkenyl, (C,-Ceg)-alkynyl, (C1-Cs)-
alkoxy, (C1-Ce)-alkyl-OH, (C+-Cs)-alkyl-O-(C+-Cg)-alkyl, it being
possible for one, more than one or all hydrogen(s) in the alkyl

20 radicals to be replaced by fluorine;
SO2-NHz, SO2NH(C+-Cg)-alkyl, SO2N[(C1-Cg)-alkyl]2, S-(C1-Cé)-
alkyl, S-(CHz)o-phenyl, SO-(C1-Ce)-alkyl, SO-(CH2).,-phenyl,
S0O2-(C+-Cs)-alkyl, SO2-(CH2).-phenyl, where o can be 0-6, and the
phenyl radical may be substituted up to twice by F, CI, Br, OH,

25 CF3, NO2, CN, OCF3, O-(C+-Cs)-alkyl, (C1-Cs)-alkyl, NHy;
NHa, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may
be substituted one to 3 times by F, CI, Br, |, OH, CF3, NO,, CN,
OCFs3, (C1-Cg)-alkoxy, (C1-Cs)-alkyl, NHz, NH(C+-Cs)-alkyl,

30 N((C1-Ceg)-alkyl)z, SO2-CH3, COOH, COO-(C+-Cs)-alkyl, CONHy;

or



250- (CH2) 0- phenyl, where o can be 0-6, where the phenyl ring may be
substituted one to 3 tines by F, d, Br, I, OH CF3, NO2, ON, W

2011/ 039386R01/BRAR10/ 064620 178 OCF3, O0-(Cl-C6)-al kyl , pCCEPGEDO8cRY! , NH2,
NH( C1- C6) - al kyl , N((C1l-C6)-al kyl)2, $02-CH3, COOH, 000-(Cl-C6)-al kyl, CON
F12; B(Co-Cl5)-al kanediyl, it being possible for one or nore C atons in

5t he al kanediyl radical to be replaced i ndependently of one another by -0-,
-(C0)-, -CHCH, -CC, -S, -CHOH)-, -CHF-, -CF2-, (S=0)-, -(s@)-,
-N((C1-C6)-al kyl)-, -N((Cl-C6)-al kyl -phenyl)- or NH; 10na nunber fromO
to 4; Cycla R&@wdR:S)enmge;Uerswttlnnﬂae éidatomrcaraﬂmg/trmn arated memberest ur at ed

wh 1C b S, ,15R7, .R8 hyd
E G B 1T On s SHsSeds Pada of Eepipiaefiynsaiialia rieru? ety
CONH2,  CONH( C1.- CG) al g)bss@@%@l ¢°D € AbkY$ in tﬁ@rm@@ls@{d(b!e replaced by N,

(C2- C6) al kenyl , al kynyl éCl C8) - al koxy, (C1-C6)-al kyl -

( Cl1- 08) - al kyl - 0- (Cl cs) ar Ryand Gyc énmgoigtb@@allmb;e sifrstisued bydCe- @dﬁaﬂ*uk)dne or
all hydrogen(s) in the y a e u

502-NH2, SO2NH( C1- C8) - é‘?%y @‘g[)?fj éﬁk’s&%ﬁ(gﬁﬁngt@% %i@/ i:#) ¢35 i

S- (CH2) 0- phenyl , SO ( Cgrdéep melylbd rep&@e@%ﬁ@opbemltuteaqamm CB)GHl @FL,,
502- (CH2) 0- phenyl, where o can -6, and the phenyl radical Y
substituted up to tw cé‘CPﬁyCFN pro @1 CM'W'B@QJ\'H NENC1-6aEalky OCF&
0-(CGi-C6)-al kyl, (C-C6)-alkyl, NH2; NH2, NH (G - CG) al kyl ,

N((GC -C6)-al kyl)2, NH(C -C7)-acy|, phenyl, 0- (CH2) O-phenyl, where o can be
0- 6, where thadphephbrmaocgutically heceptbble daltsetieeod to 3 tinmes by F, C, Br,

N8 O BiPRYShG SOREGEniSE Tor Be i aVE TN, aalor (RamicreRuss B RORBEISISl Kyl . CON

F12; WD 2011/ 039338PCT/ EP2010/ 064620 179 R8 and RO together with the C
atom; carrying thema 5 to 7 nenbered, saturated, partially or conpletely
unsat ur at ed ring Cyc2, it being possible for 1 or 2 C aton(s) in the ring
also to bei_r gze%éym dor S, and Cyc2 may optionally be substituted by
(C1- C6) - al kyl, enyI (C2-05)-al kynyl, where in each case one
CH2 group nmay be replateéd by 0, or substituted by H F, d, OH CF3, N,
ON, 000-(Cl-C4)-al kyl, CONH2, CONH(Cl-C4)-alkyl, OCF3; and the
pharmaceutical ly cept abl e sal ts thereof 10 for producing a nedi canent for
t he preventid r eat rrgnt of ostzg osis 3. Use of the conpound

HO

HO

15 and the pharmaceutically acceptable salts thereof

for producing a medicament for the prevention and/or treatment of osteoporosis

4. Use of the compound

OH
o)
F 0
HO OH
OH
N

H
20

and the pharmaceutically acceptable salts thereof
for producing a medicament for the prevention and/or treatment of osteoporosis



15and the pharmaceutically acceptable salts thereof for producing a

medi canent for the prevention and/or treatnent of osteoporosis WO

2011/ 039388RGMH/BPRR10/ 064620 180 5. Use of the conpoundecasgpedidionmsdo i n
claims 1 to 4 5 for producing a nedi asment for the prevention and/or
treatnment of osteolysis or aseptic |loosening in joint inplants. 6. A
conpound of the formula | R7 Cyd R6Cyc2 RS OH2 R3 in which the neanings
are 15R1 and R2 independently of one another F or H, where one of the
radicals RlL or R2 nust be F; A0, NH, CH2, S or a bond; 20R3hydrogen, F, d,
Br, I, OH CF3, NO2, O\, COOH, CO (Cl-C6)- al kyl, 000(C1l-C6)-alkyl, CONH2,
CONH- (C1- C6) - al kyl , CONRCL1C6) - al kyl h, (G -C6)-al kyl, (C3-C6)-cycl oal kyl,
(C2-C6) - al kenyl, (02- C6)-al kynyl, 0-(Cl1-0C6)-al kyl, HO (Cl-C6)-al kyl ene,
(01-06) - al kyl ene-0-(C1-C6)-al kyl, phenyl, benzyl, (Cl-C6)-al koxycarbonyl,
25wher e5one, U@é&ﬁth@@@nﬁi@@n@é a8l dlaimedr iaasaih®) 1 tt he al kyl , al kenyl

al kynyl and 0-al kyl radicals nmay be replaced by fluorine; 502 N112, 502-N
H( C15 C6 forgprodyeing @ep cemens foraheyeyention- areiochgatmen of osteonS|s or aseptlc
2011/ 03 P 0 181 al kyl, S-(CH2)O0-phenyl, SO (Cl-C6)-alkyl,
SO(%Z?%)%%E&%F 8%&%‘%@%206) al kyl , SOZ-(CHZ) O-phenyl, where o may be O -
6, and the phenyl radical my be substituted up to twice by F, d, Br, OH,
CF3, NO2, ON, OCF3, 0-(Cil-Co6)-alkyl, (Cl1-0C6)-alkyl, NH2; 5NH2,

NH- ( Cl- C6) - al kyl, N((C1-Cs6) - al ky1)2 NH- 00- ( C1- C7) - al kyl , phenyl,

0- (CH2) Q- phenyl, where o may be O - 6, where the phenyl ring may be
substit Gt ed &@meowﬁetethﬁfﬁﬂ‘aut@yl F, G, Br, |, OH CF3, N®2, ON, OCF3,

0- (f3-C6)-al kyl, (C1-C6)-al kyl, NH2, NH(Cl- CIS)- al kyl, N((C1-0C6)-al kyl) 2,
S02- CH3, COCH, 000- (Cl CG) al kyI

RS

in which the meanings are

15 R1 and R2 independently of one another F or H, where one of the
radicals R1 or R2 must be F;

A O, NH, CH,, S or a bond;

20 R3 hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, CO-(C1-Cs)-
alkyl, COO(C+-Csg)-alkyl, CONH2, CONH-(C+-Cg)-alkyl, CON[(C1-
Cs)-alkyl]2, (C1-Ce)-alkyl, (C3-Ce)-cycloalkyl, (C2-Ce)-alkenyl, (Co-
Cs)-alkynyl, O-(C+-Ce)-alkyl, HO-(C1-Cs)-alkylene, (C1-Cs)-
alkylene-O-(C1-Ce)-alkyl, phenyl, benzyl, (C1-Ceg)-alkoxycarbonyl,

25 where one, more than one or all hydrogen(s) in the alkyl, alkenyl,
alkynyl and O-alkyl radicals may be replaced by fluorine;
SO2-NH2, SO2-NH(C+-Ce)-alkyl, SO2N[(C1-Cs)-alkyl]2, S-(C1-Cs)-



10CONH2; R4hydrogen, (G -0C6)-al kyl, (C2-C6)-al kenyl, (C3-C6)-cycloal kyl, or
phenyl that may optionally be substituted by hal ogen or (01-04)- al kyl; 15
B( Co- 016)wel2syilimpss where one or nore C atons of the al kylr@peomwadiceal may

be repl aced i ndependently of one anotiker by -0-, - (0=0)-, -CH=CH, -CC,
-S-, -CHOH)-, -CHF-, -CF2-, -(S=0)-, - (S@)-, -N((C1-0C8)-alkyl)-
-N((C1-Co6) - al kyl phenyl)- or -NH; 20 R5, R6, R7 independently of one

anot her, hydrogen, F, Cl, Br, |, OH CF3, NO2, O\, COOH, 000(01-06)-alkyl,

CO(01- 04) - al kyl, OONH2, CONH(Gi- 06)-al kyl, CON[(01- 06) aI kyI]2
B i o2t e o o o,
t han one, or all hydro&h aﬁ%ﬂ %@&F}Hsb ph mbe %pre QI’%@Y@? é"l’ﬁdaﬁ
r58c21:\|(|:?acllsC6rr;ay le Irﬁpl gcpdebyl rabliear mag; bebSzoditited SEAY HQ\AE&@,@F al,kst, OH,

a
SO (01- 06) - al kyl>/, SO ( 2) @ﬁ%hgﬁb@égbgb {9@ 88%@%105%5‘%‘ "B) 0- pheny! |
vvhea@ oBmayOtzle (():FB 6, itk Nk (@hea)ralkyl, IN{(CrGepalkglid SH-GD-€a 10 )-atkyt,wi ce by
F r
NH2, NH- (01-06)- al kyi\'%ﬂﬁ%og%ﬁqﬁf %h%@ %ﬁ%@%&b% &;ﬁ&h%ekt}ﬁhgrp@ﬁ%
0- (OH2) O- phenyi , wher eribgiagy be substltstedmré@@thﬁ@e masy BsE E@H Fs,
substituted one to thregf iORe yr3,|-'@ (@1,(; a,I |, ((g}d;s)gﬁ%A m;pg NFP(Q 0) =C}

0-(01-08)-al kyl, (01-06

2011/ 039338PCT/ EP2010/ GZMEM éiSQNg?WI\I ; B8] 'r'kQBC%(Cs@z) eyl cooH

0001@ C1- C6) - al kyl , CONGQRH,,or R6 and R7 toget her with the C atons carryl ng
thema 5 to 7 rrenbered, Ssaturated, partially or conpletely unsaturated
ring Cycl, where 1 or 2 C aton(s) of the ring may al so be replaced by N, 0
or S, and Cy&# may opt hydeddey, Hei-Capbslkit (Eefepalkeayl (B)-Ca)-rydloalkp2005) -

al kenyl, (C2-05)-al kyn | aced
by 0, or substituted b;r%?yﬁﬁé?mw@%%@ﬁﬁﬁégB&G%lé%l%{)ggl?ggﬁ&t(& 5
CONH2, CONH(C1-C4)-al k OCF3; XCO, 0, NH, S, SO S or a bond

L(C'1506) al kyl ene, (02-05)-al kenyl ene, (02-05)-al kynyl ene, where in 15each

CH2 b | db
So. o a boltl R PotbsRIRTens. Whbs S aniEs & aliisgdte Abae suyar
resi due, 20(Cl-06) - al kyadicalheag benmeplacedunde@riziegtip opsnefanotrerayky)-, £ adi cal
b bstituted d h |
??:{ Cg)sgl iy: eﬁeedﬂI " @e@g k1ken I_e_nécan%_ %H%ﬁ 5“13%%%](361 éo@%z
NH- ( C1- 06) - al kyl , NRCl(S@)z) a1N(f{<I—7hCeNB‘rk(\Jb' -NEC1e39)-atkdphenylHos ubjlk; resi due,
NH-5§3H, (Cl1-06) -aI kyl ene- NI - 12,

R5, R6, R7 independently of one another, hydrogen, F, Cl, Br, |, OH, CFs3,

NO,, CN, COOH, COO(C+-Ce)-alkyl, CO(C+-C4)-alkyl, CONHy,
CONH(C+-Ce)-alkyl, CON[(C1-Ce)-alkyl]2, (C4-Cs)-alkyl, (C2-Ce)-
alkenyl, (C2-Cs)-alkynyl, O-(C1-Csg)-alkyl, HO-(C1-Ce)-alkylene, (C-

25 Ce)-alkylene-O-(C+-Ce)-alkyl, where one, more than one, or all
hydrogen(s) in the alkyl, alkenyl, alkynyl and O-alkyl radicals may
be replaced by fluorine;
SO2-NH2, SO2NH(C1-Cs)-alkyl, SO2N[(C+-Ce)-alkyl]2, S-(C1-Ce)-
alkyl, S-(CH2)o-phenyl, SCF3, SO-(C+-Ce)-alkyl, SO-(CH2),-phenvyl,

30 SO,(C1-Cs)-alkyl, SO2-(CHz).-phenyl, where o may be 0 - 6, and
the phenyl ring may be substituted up to twice by F, ClI, Br, OH,
CF3, NO2, CN, OCF3, O-(C1-Cs)-alkyl, (C1-Cs)-alkyl, NHy;
NH2, NH-(C1-Cs)-alkyl, N((C+-Ce¢)-alkyl)2, NH-CO-(C+-Cg)-alkyl,
phenyl, O-(CH2).-phenyl, where o may be 0 - 6, where the phenyl

35 ring may be substituted one to three times by F, CI, Br, I, OH, CF3,
NO,, CN, OCF3, O-(C+-Cg)-alkyl, (C4-Cg)-alkyl, NH2, NH(C1-Cé)-



25(02-06) - al kenyl ene-N H2, (CO-06)-al kyl ene-000H, (00-06)- al kyl ene-CON H2,
(C0-06) - al kyl ene- CONH- (01-06) -al kyl, (00-06)- al kyl ene-SON H2,

( C0- 06) - avbyehemnseSONH (01- 06) - al kyl , (00-06)- al kyl ene- BCRMH2010/064620
(C0-06) - al kyl ene- SO2NH- ( C1- 06) - al kyl 18adamantyl ; or 30R8 and RO toget her
with the Natomcarrying themforma 5 to 7 nenbered, saturated ring Cyc2,
where one or nore CH2 groups of the ring may al so be replaced by 0, S, NH,
NSG3H, N-sugar residue, N(Cl-06)-al kyl, where one or nore CH2 groups of the
al kyl radi cal nmay be substituted i ndependently of one another by
(C1-C6)-al kyl, 350H, ( ﬂk\,pt‘n eyl : cothe - OH) ,

NH- (01- O6)-al kyl , N[(gm:a)@%i %} ]g rzk?r)%&%_é(i gi- ca)"iqa%jy‘?’feeﬁﬁééﬁguﬁ WO
2011/ 039338PCT/ EP2010/ Hp 183" resi due, (C1- C6) - al kyl ene- NH2,

(C2-C6) - al kenyl ene- NH2pr (00-06) - al kyl ene- COOH, (Co- C6)-al kyl ene- CONH2,

( Co- CB) - al kylgng ( farRer @itk e cl3BmedarRliny e a mbered,

( Co- C6) - al ky M@ ( witih e C N rpe

( Co-%6) - al kyl ene- 5SO2SeturatedCpartiallipr compietelyeunsadunatacting €yicll ywhersept abl e
I'ts thereof; f ' ' - i 1or Nt feat f

oot eopor oot o oot eol yolh 2§ eI RFRE ridgimdy AK6 e/ BR8N} O Tela O

conmpound of the fornul &Yycll may RBthrL'FﬁWyerQﬂi%lﬂtﬁ@ Byelni el (GR1CANd R2

i ndependent |y of one apMeh9r (€,-03)-alkyRE wheré heeta@tdtasd énatmy%%g%% Z%H _

)
Pono TNt o S o L BRanheap by sot s stRiRe i b AP, 08

or N) where X nust be COOEN-T.)-8lkfl, QOMNH,, XDDNMH(Q1-G3)-alkyl, OCFs3;

X CO, O, NH, S, SO, SO; or a bond;
L (C1-Ce)-alkylene, (C2-Cs)-alkenylene, (Co-Cs)-alkynylene, where in
15 each case one or two CH» group(s) may be replaced by O or NH;
Y CO, NHCO, SO, SO, or a bond;
R8, R9 independently of one another, hydrogen, SOsH, sugar residue,
20 (C1-Ce)-alkyl, where one or more CH» groups of the alkyl radical

may be substituted independently of one another by (C4-Ce)-alkyl,
OH, (C4-Cs)-alkylene-OH, (C2-Cg)-alkenylene-OH, O-sugar
residue, OSOsH, NH2, NH-(C+-Cs)-alkyl, N[(C1-Cs)-alkyl]2, NH-CO-
(C1-Ce)-alkyl, NH-sugar residue, NH-SOsH, (C4-Cs)-alkylene-NHo,

25 (C2-Ce)-alkenylene-NHoa, (Co-Cs)-alkylene-COOH, (Co-Cs)-
alkylene-CONH_, (Co-Ce)-alkylene-CONH-(C+-Cs)-alkyl, (Co-Cs)-
alkylene-SONH>, (Co-Cs)-alkylene-SONH-(C1-Cs)-alkyl, (Co-Cs)-
alkylene-S02NHy, (Co-Ce)-alkylene-SO2NH-(C+-Ce)-alkyl,
adamantyl; or

30 R8 and R9 together with the N atom carrying them form a 5 to 7 membered,
saturated ring Cyc2, where one or more CHa groups of the ring
may also be replaced by O, S, NH, NSOsH, N-sugar residue, N-
(C1-Ce)-alkyl, where one or more CH» groups of the alkyl radical
may be substituted independently of one another by (C4-Cs)-alkyl,

35 OH, (C4-Cs)-alkylene-OH, (C2Csg)-alkenylene-OH, NH2, NH-(C1-
Cs)-alkyl, N[(C+-Ce)-alkyl]2, NH-CO-(C+-Cs)-alkyl, NH-sugar



5 ma nunber 1 or 2; R5hydrogen, F, C, Br, I, OH CF3, NO2, ON, COCH,

CQ( C1- C6) - al kyl, 000(C1-C6)-al kyl, CONH2, CONH(C1l-C6)-al kyl,

CONRCL- Coyoabiaybdids 10(C - C6) - al kyl , (C2-C6) - al kenyl , ( €21TEPro1dlokasdy! |

(G -06)-al koxy, HO- (Ci1-C6)-al kyl, (@83 C6)-al kyl -0-(C1-C6)-al kyl, phenyl,

benzyl, (01-06)- al koxycarboxyl, it being possible for one, nore than one

or all hydrogen(s) in the al kyl, al koxy, al kenyl or alkynyl radicals to be
repl aced by fluorine; 15S02- NH2, SO2NH( Cl- C6)-al kyl, SO2NRCL- C6) - al kyl h,

S-(Cl-C6) -al kyl, S-(OH2)0-phenyl, SO (Cl-06)-al kyl, SO (OH2)O0-phenyl,

S02- (C1-06) - al kyl, SO02réShida. nyl

radi cal may be subst i tLé %P gqqg@téﬁlkyléﬁﬁ\ﬁ’-lz, Géi@ QIK%ﬁegfm-l%\I?%o%

00F3, 0-(Cl-CB)- al kyl al \Az,‘?r Qky*sz@ "M#M@q balkylangr

g( é Cl\-AgG) - al Eyl)ﬁ N:-I( CGNH)((H@A)TaIme(erLcs)Cblkﬂbﬁé@mﬂagxco-cx%@n@l@efanBbe
- 6, ere the pheny stit r
|, OH, CF3, N2, ON, ogﬁqug&(‘éjiS@Z‘j? )9?‘61 @%)%Q?ﬂﬁﬁy% (Exip)-alkyiene:

NH( G3- 06) - al kyl , N( ( CLSUBNH(E&y-Cxpalkgn2- 0H3 COCH, 000- (C1-06)-al kyl

CONH2; 25o0r when Y is S, R5 and R6 together with the C atons carrying them

phenyl R6optionally H (Cl1-06)-al kyl, (Cl-06)-al kenyl, (03-06)-cycloal kyl,

or phenyl thé‘f‘drﬂﬁ?pgﬁfméwtlc?”bé%%@bﬁﬁ@d hgieddal ogen or (Cl-04)-al kyl ;

B( C0- Olﬁirlﬁd&araemeﬂioaméntbeﬂ mv@ﬁﬁém Bhe/or %aﬂﬁ@n%f csmé@p&oarsoa‘@tebrystm

al kanedi yl radlcal ? |ndependent y of one another by -0-,

(0=0)-, - CH=E@FEPIClep Se”'”so J°' -CHF-, -CF2-, -(S=0)-, -(Sm®)-

N((ﬂl-CG) al kyl)-, -N((CLl-Co6)-al kyl - phenyl) or -NH- na nunber fromO to

4, WO 2011/ 039338PCT/ EP2010/ 064620 185 Cycl a 3 to 7 menbered sat ur at ed,

partially saturated or unsaturated ring, where 1 C atom may be replaced by

0, N or7S; 5R7CORPOURd diyhkie éayerulaH, C, Br, |, OH CF3, NO2, ON, COOH,

000(01-06)- al kyl, CO(Cl-C4)-al kyl, CONH2, CONH(C1-C6)-al kyl,

CONRCL1- C6) - al ky112, (G -C6)-al kyl, (C2-C6)-al kenyl , (C2-C6)-al kynyl ,

(G -C8)-al koxy, HQ(C1l-C6)-al kyl, (Cl C6) - al kyI 0-(C1-C6)-al kyl, it being

possi ble for one, nore than one or all hydred# (s) "i._‘n t he al kyl, al koxy,

al kenyl or al kynyl radicals 10to beRWep ace b%% J uorine; S02- NH2,

SQ2NH( C1- C6) - al kyl % al kyl, S-(OH2)0-phenyl,

SCF3, SO (Cl-06) - 41% 25 ( CLF@6) - al kyl ,

S02- (OH2) 0- phenyl , whelle o can be 0-%, " /he phenyl radical may be

substituted up to twice by F, C, Br, “gH _.CF3, N2, 150N, 00F3,

0- (C1-06) - al kyR1 -al kyl, NH2; 2 H ( C1- 06) al kyl ,

N((C1-06)-al ky1) 2> y , 0-(0OH2) O-phenyl, where o can be
eR%jh 6 uted one to 3 tines by F, C, Br,

0-6, where th may be s
I, OH CF3, N2, A (Cl-C8) - oxy, (Cl-C6)-alkyl, NH2,
NH( C1- C6) - al kyhs Kyl 23~ 20S02- CH3, COOH, 000(C1- C6) - al kyl,
CONH2; or
Y |
R4 :
R5
15
in which the meanings are
R1 and R2 independently of one another F, H or one of the radicals R1 or R2
OH;
20

R3 OH or F, where at least one of the radicals R1, R2, R3 must be F;

R4 OH;

25 A O, NH, CH,, S or a bond;



R8 and R9 together with the C atons carrying thema 5 to 7 nmenber ed,
saturated, partially or conpletely unsaturated ring Cyc2, it being possible
for 1 or WwoGoatmn(3s) in the ring also to be replaced bypiNI/E200/0862&nd
25Cyc2 may optionally be substitutediky (Cl-C6)-al kyl, (C2-05)-al kenyl,
(C2-05)-al kynyl, where in each case one CH2 group may be replaced by 0, or
substituted by H F, d, OH CF3, NO2, ON, 000(C1-04)-al kyl, CONHz,

CONH( C1-04) - al kyl , O00F3; 30and the pharmaceutically acceptable salts
thereof for use in a nedicament for prevention and/or treatnent of

ost eoporosis, osteolysis or aseptic |oosening of joint inplants. WO

2011/ 039338PCT/ EP2010/ 064620 186 n whic n ‘are 5R1, R2OH, F or
Hor Rl and % é]Q,-x%PU ’F‘H?E*éegowgﬁﬂ? dh@g = F, R = OH and RL
OH R2 = F and R1, R2 =0H RBO—I or F, where at |least one of the Rl, R2,
R3 rad| cal S WJS}\D@EC& éOAO, NH, CH2, S or a bond; R4, R5, R6 hydrogen, F,

d COCH, CQ(Cl-(6)-al kyl, 000(C1-C6)-al kyl, CON H2,
CCNH@O CG) al kyl, CONRC1-C6)- al kylh, (G -C6)-al kyl, (C2-C6)-al kenyl,

( C2- C) - al ky?:ﬁ/l):(gq_ué@g ég?l koxy, HO(Gi-C8)-al kyl ,

(G -Co)-al kyl - phenyl, benzyl, it being possible for one,
nore than one or all hydrogen(s) in the aIkyI al koxy, al kenyl and al kynyl

gaog:\l%scgg) lpaleskrle yafb@fénvtjltmur@H @@% ﬁO@ﬂ@tdb@c@?‘(b ka(ﬁ kvl

al ky a y

SO ( CH2) 0- phenyl , r@é«% B)CB' y' aﬂ%}/ﬁﬁ( FlE i@ 6,

and10 he phenyl ra(i(l‘;p&]s) -Bikyl, €. Qéblathetntyt dem) btkth ¢©1-0y)- Elkoﬂ/,,HBF, O—L

CF3, N2, CN, CCF y b2y :

Nt (G 05) ol Kyl (RCer ol Sy Rl PR G e phetirapip: (C-Co

250- ( CH2) 0- phenyl alkebgearboxylait beingpessibladoronéenprestngn orien@r alhy be

substituted one t

2011/ 039338PCT/ EP@E@(%QEHE% JBhes kgcfli%x@f %‘ f%?r%%wl ig%glklc% wﬁﬁﬁcedNHz

NH( C1- C6) - al kyl , Ry{leerias) - al ky1) 2, S02- CH3, COOH, 000- (Cl- C6)-al kyl, CON

s iy s SR SO oL SR SR ek, X G 1

St e ot kanedi vl T3l bReRs, BEPICCEY) B REM L, 2y 30 2RO AT,

-N((C1- CG) aI kyI ) SO (EHOEpoeN Yyl alvkgte pkuan;de)@ -60@and ke phenyl radical may be
substituted up to twice by F, CI, Br, OH, CF3, NO2, CN, OCF3, O-(C1-Cg)-
alkyl, (C4-Ce)-alkyl, NHy;

20 NHa, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may be
substituted one to 3 times by F, Cl, Br, |, OH, CF3, NO,, CN, OCF3;,
O-(C+-Ce)-alkyl, (C4-Cg)-alkyl, NHz, NH(C+-Cg)-alkyl, N((C+-Ce¢)-alkyl)a,
S0O2-CHs, COOH, COO-(C1-Cs)-alkyl, CONHy;

25 orwhen Y is S, R5 and R6 together with the C atoms carrying them
phenyl;

R6  optionally H, (C4-Cs)-alkyl, (C1-Cs)-alkenyl, (Cs-Cs)-cycloalkyl, or phenyl
that may optionally be substituted by halogen or (C+-C4)-alkyl;

30
B (Co-C1s)-alkanediyl, it being possible for one or more C atoms in the
alkanediyl radical to be replaced independently of one another by -O-,
-(C=0)-, -CH=CH-, -C=C-, -S-, -CH(OH)-, -CHF-, -CF2-, -(S=0)-, -(SO>)-,
-N((C+-Cs)-alkyl)-, -N((C1-Cg)-alkyl-phenyl)- or -NH-;
35

n a number from 0 to 4;



10na nunber fromO to 4; Cycla 3 to 7 nenbered saturated, partially
saturated or unsaturated ring, where 1 C atom nmay be replaced by 0, N or S
15R7, R8,wB%0twdpxgen, F, C, Br, |, OH CF3, N2, CN, EOthr2630064510 C6) -
al kyl, CQ(Cl-C4)-al kyl, CONH2, CONH( @s C6)-al kyl, CONRCL-C6)- al kyl h,

(G -0C6)-al kyl, (C2-C6)-al kenyl, (C2-C6)-al kynyl, (Cl-C8)- alkoxy,
(C1-C6)-al kyl -OH, (Ci1-C6)-al kyl-0-(C1-C6)-al kyl, it being possible for one,
nore than one or all hydrogen(s) in the alkyl 20radicals to be replaced by
fluorine; 502-NH2, SO2NH(Cl-C6)-al kyl, 502N (Cl-C6)-al kyl]2, S-(Cl-Cs6)-

al kyl, S—(CH2)O phenyl SO (C1-C6) - al kyl, SO (CH2) O0- phenyl,

502- (C1- C6) - 502- (CH2) O0- ph 0- 6, and t he, phenyl
radi cal nmay iu@s% ﬁ‘@f”% qtaiaé%g\hﬂp)arpalﬁ/@atur@rted erungaieFed Q CN,

OCF3, 0-(G -06)- awndreﬂ(ﬁa{@ﬁ)may kg replbc@d bijtd2, N WS Ci - CB) - all kyl ,

N((G -C6)-al kyl)2, NH(C -C7)-acyl, phenyl, 0-(CH2)0-phenyl, V\/nere 0 can be
0-6, where the phenyl ring may be substituted one to 3 tinmes by F, d, Br,
|, CGH, CF3, R&RRER9 ObKaEroged, FCB),-Bri, chIyI CEEINGg) CHIL KDOHNARO(C+-Cs)-

NH( G - C6) - al kyl , , CON
Fro: v 2011 0303 G KGRy la LS C et c e sl R e SR P e
atons carrying t héa-febatiyl, fCrerdr@H‘@(ﬂM é@t@mkﬁ&‘d’nylpé@t )-pikoyy, HEnpl et el y
unsaturated ring @292;6) kayp‘?C?@éP@ﬁ@l -b- et:feg) dikpr .t%e@mqab@é&@b fbohd embieng

o o o Bt ar RLRyprOoeRks d%fh%ﬁﬂﬂ?ﬁﬁ%%@@sn%rpr@a@mbv&é e
CH21@roup nmay be tepkaepdchy b§ fluorineubstituted by H F, 4, OH CF3, NOZ,
St:lér ggget(ﬂc ilcacl4 I) yagac?eNﬁgq\P@ Ié'??\le%ﬁélrkgﬁ gsq%\h&y C%%W? %d @dﬁ%)a?re}qt for
prevention and/ or St((as)erphenyf SedeSpbt@sCe)-albgt 86)-(Stig.pheaglept i ¢
F I s A Bl e
| ooseni ng of j oi nPhERYIradicgl may be substltuted up to twice by F, CI, Br, OH, CF3, NO,,
15 CN, OCF3, O-(C+-Ce)-alkyl, (C4-Cs)-alkyl, NHy;
NH., NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may be
substituted one to 3 times by F, Cl, Br, |, OH, CF3, NO,, CN, OCF3;,
(C4-Cg)-alkoxy, (C1-Cs)-alkyl, NH2, NH(C+-Cs)-alkyl, N((C+-Ce)-alkyl)o,
20 S0O2-CHs, COOH, COO(C+-Cs)-alkyl, CONHy;
or
R8 and R9 together with the C atoms carrying them a 5 to 7 membered,
saturated, partially or completely unsaturated ring Cyc2, it being possible
for 1 or 2 C atom(s) in the ring also to be replaced by N, O or S, and
25 Cyc2 may optionally be substituted by (C1-Cs)-alkyl, (C2-Cs)-alkenyl,
(C2-Cs)-alkynyl, where in each case one CH, group may be replaced by
O, or substituted by H, F, Cl, OH, CF3, NO2, CN, COO(C+-Cy4)-alkyl,
CONHaz, CONH(C+-C4)-alkyl, OCFs3;

30 and the pharmaceutically acceptable salts thereof

for use in a medicament for prevention and/or treatment of osteoporosis, osteolysis or
aseptic loosening of joint implants.

35 8. A compound of the formula Il
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in which the meanings are

R1, R2 OH, F or Hor R1 and R2 = F, excluding the three combinations
R1=F, R2=0Hand R1=0H, R2 =F and R1, R2 =OH;

R3 OH or F, where at least one of the R1, R2, R3 radicals must be F;

A O, NH, CH,, S or a bond;

R4, R5, R6 hydrogen, F, Cl, Br, I, OH, NO2, CN, COOH, CO(C1-Cs)-alkyl,
COO(C1-Cg)-alkyl, CONHz, CONH(C+-Cs)-alkyl, CON[(C1-Cs)-
alkyl]z, (C4-Ce)-alkyl, (C2-Cs)-alkenyl, (C,-Ceg)-alkynyl, (C1-Cs)-
alkoxy, HO(C1-Cg)-alkyl, (C1-Cg)-alkyl-O-(C1-Cg)-alkyl, phenyl,
benzyl, it being possible for one, more than one or all hydrogen(s)
in the alkyl, alkoxy, alkenyl and alkynyl radicals to be replaced by
fluorine;

SO2-NHz, SO2NH(C+-Cg)-alkyl, SO2N[(C1-Cg)-alkyl]2, S-(C1-Cé)-
alkyl, S-(CHz)o-phenyl, SO-(C1-Ce)-alkyl, SO-(CH2).,-phenyl,
S0O2-(C+-Cs)-alkyl, SO2-(CH2).-phenyl, where o can be 0-6, and the
phenyl radical may be substituted up to twice by F, CI, Br, OH,
CF3, NO2, CN, OCF3, O-(C+-Cs)-alkyl, (C1-Cs)-alkyl, NHy;

NHa, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may
be substituted one to 3 times by F, CI, Br, |, OH, CF3, NO,, CN,
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Cyc1

R7, R8, R9

PCT/EP2010/064620
187

OCF3, O-(C1-Cg)-alkyl, (C1-Cg)-alkyl, NHz, NH(C1-Cg)-alkyl,
N((C1-Cs)-alkyl)2, SO2-CHs, COOH, COO-(C+-Ce)-alkyl, CONHy;

(Co-C1s5)-alkanediyl, it being possible for one or more C atoms in
the alkanediyl radical to be replaced independently of one another
by -O-, -(C=0)-, -CH=CH-, -C=C-, -S-, -CH(OH)-, -CHF-, -CF»-,
-(8=0)-, -(SO2)-, -N((C+-Ce)-alkyl)-, -N((C+-Cs)-alkyl-phenyl)- or
-NH-;

a number from O to 4;

a 3 to 7 membered saturated, partially saturated or unsaturated

ring, where 1 C atom may be replaced by O, N or S;

hydrogen, F, Cl, Br, I, OH, CF3, NO2, CN, COOH, COO(C1-Cg)-
alkyl, CO(C+-Cs4)-alkyl, CONH,, CONH(C1-Cs)-alkyl, CON[(C+-Cs)-
alkyl]z, (C4-Ce)-alkyl, (C2-Cs)-alkenyl, (C,-Ceg)-alkynyl, (C1-Cs)-
alkoxy, (C1-Ce)-alkyl-OH, (C+-Cs)-alkyl-O-(C+-Cg)-alkyl, it being
possible for one, more than one or all hydrogen(s) in the alkyl
radicals to be replaced by fluorine;

SO2-NHz, SO2NH(C+-Cg)-alkyl, SO2N[(C1-Cg)-alkyl]2, S-(C1-Cé)-
alkyl, S-(CHz)o-phenyl, SO-(C1-Ce)-alkyl, SO-(CH2).,-phenyl,
S0O2-(C+-Cs)-alkyl, SO2-(CH2).-phenyl, where o can be 0-6, and the
phenyl radical may be substituted up to twice by F, CI, Br, OH,
CF3, NO2, CN, OCF3, O-(C+-Cs)-alkyl, (C1-Cs)-alkyl, NHy;

NHa, NH-(C1-Cg)-alkyl, N((C1-Cs)-alkyl)2, NH(C+-C7)-acyl, phenyl,
O-(CHy).-phenyl, where o can be 0-6, where the phenyl ring may
be substituted one to 3 times by F, CI, Br, |, OH, CF3, NO,, CN,
OCFs3, (C1-Cg)-alkoxy, (C1-Cs)-alkyl, NHz, NH(C+-Cs)-alkyl,
N((C+-Cs)-alkyl)2, SO2-CHs, COOH, COO-(C+-Cs)-alkyl, CONHy;

or
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R8 and R9 together with the C atoms carrying them a 5 to 7 membered,
saturated, partially or completely unsaturated ring Cyc2, it being
possible for 1 or 2 C atom(s) in the ring also to be replaced by N,
O or S, and Cyc2 may optionally be substituted by (C+-Cg)-alkyl,
5 (C2-Cs)-alkenyl, (C2-Cs)-alkynyl, where in each case one CHa
group may be replaced by O, or substituted by H, F, Cl, OH, CFs3,
NO2, CN, COO-(C1-C4)-alkyl, CONH,, CONH(C1-C4)-alkyl, OCF3;

and the pharmaceutically acceptable salts thereof

10 for use in a medicament for prevention and/or treatment of osteoporosis, osteolysis or
aseptic loosening of joint implants.

9. A compound

OH
(0]
F o 5
HO
R \
HO N\
N
H L

for use in a medicament for prevention and/or treatment of osteoporosis, osteolysis or
aseptic loosening of joint implants.

15

20 10. A compound

OH
0
F o)
HO OH
OH

oo 2o

N N

H H

for use in a medicament for prevention and/or treatment of osteoporosis, osteolysis or
aseptic loosening of joint implants.



