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O her mGE.UR5 ant agoni sts such as those disclosed in U S. Patent No.
7,348,353 are contenplated for use in the nmethods of the present invention.
I n one emwodnmersr206t he M3 uR5 ant agoni st is a conpound @®CTtuseotfios4md a (1)
(') WD 2011/137206PCT/ US2011/ 034244 wherein Rl represents optionally
substituted al kyl or optionally substituted benzyl; and R2 represents
hydrogen (H), optionally substituted alkyl or optionally substituted

benzyl ; re@onkdr; Wa&mis%rm a‘ﬁgﬁé‘rﬁ'ﬁrg Jggnfshl% llﬁ(ﬁlgﬂiﬁg}] 1a£r9fﬁe D E‘%é&ﬂxél&ﬁy are

attached an optionally substitute et erocycle wt ess ren

at ons; ®Pponden esents hal ogen, al kyl, al koxy, al kyl ani no or d| al kyl am no; R4
represents hydroxy (OH), hal ogen, aI kyl or al koxy; Qrepresents CH CR4 or

N, Vrepresents CH CR4 or N, Wrepresents CH CR4 or N X represents CH or

N, Y 1 elpryesaivtiser @bpectiik Bvedondndl 8 @SRARSI forideteMint Bspodfideness of an
individual with FXS to treatment with an mGluR5 antagonist, the method including providing a
nucleic acid sample from an individual having FXS; and determining the extent of methylation of a
fragile X mental retardation 1 (FMR1) gene region in the sample using a methylation sensitive
analyzer, wherein if all, or predominantly all, of the FMR1 gene region present in the sample is

methylated that individual is identified to be an mGluRS5 responder.

In yet another aspect, the invention includes a method for determining responsiveness of an
individual with FXS to treatment with an mGIuR5 antagonist, the method including providing a
nucleic acid sample from an individual having FXS; determining the extent of methylation of a
fragile X mental retardation 1 (FMR1) gene region in the sample, wherein if all, or if the level of
methylation of the FMR1 gene region is determined to be 99.5%, or above, or have a delta ct of 8 or
above, the individual is identified to be an mGluR5 responder and administering an mGluR5

antagonist to an individual identified to be an mGIuR5 responder.

In still yet another aspect, the invention includes a method for determining responsiveness of an
individual with FXS to treatment with an mGIuR5 antagonist, the method including providing a
nucleic acid sample from an individual having FXS; determining the extent of methylation of a
fragile X mental retardation 1 (FMR1) gene region in the sample, wherein the level of methylation in

the sample relative to a control is indicative whether the individual is an mGIuRS5 responder.

In another aspect, the invention includes a method of determining the responsiveness of an
individual with FXS to treatment with an mGIuRS5 antagonist, the method includes isolating an RNA
sample from the individual having Fragile X Syndrome; performing an assay which detects FMR1
mRNA transcripts in the RNA sample, and assigning the individual as an mGluR5 responder if no
FMR1 mRNA transcripts are detected or a reduced level of FMR1 mRNA expression is detected as
compared to a control. mRNA transcripts can be detected using any method known in the art
including Northern blot analysis, reverse transcription-polymerase chain reaction (RT-PCR), RT-
PCR ELISA, TagMan-based quantitative RT-PCR (probe-based quantitative RT-PCR) and SYBR
green-based quantitative RT-PCR.
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DETAILED DESCRIPTION OF THE INVENTION
The present invention is based, in part, on the finding that individuals having Fragile X Syndrome
(FXS) whose FMR1 gene is transcriptionally silenced are likely to respond to treatment with an
mGluRS antagonist. Accordingly, the present invention is directed to a method of predicting
whether an individual having FXS is an mGluRS5 responder. The extent of methylation of the FMR1
gene region, the lack of FMR1 mRNA expression, and the lack of FMR1 protein (FMRP) in a
sample of interest can serve individually, or in combination, as biomarkers to predict a patient’s

responsiveness to an mGIuRS antagonist.

As used herein, "an mGIuRS responder"” is an individual having FXS who is likely following
therapeutic treatment with an mGIuRS antagonist to show improved behavioral symptoms as
assessed using the Aberrant Behavior Checklist — Community Edition (ABC-C) measure of behavior
(Bihm et al., Am. J. Ment Retard 96:209-211). The ABC-C measurement looks at various behaviors
including stereotypic behavior, hyperactivity, inappropriate speech, and restricted interests. An

individual who shows a decrease in ABC-C scores following treatment with an mGIluR5 antagonist



WO 2011/ 137206PCT/ US2011/ 034244 required in each case for the preparation.
These radical definitions can be conbined wth one another at wll, i.e.
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i ndi vidual definitions may not apply. Preference according to the invention
is given to conpounds of the forrmulae (1), (1l1) and (I11) which contain a
conbi nati on of the nmeani ngs nentioned above as being preferred. Particul ar
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wherein R2 represents an unsubstituted or substituted heterocycle.
Particul ar preferred are conpounds of formulae (Ha to He) as shown bel ow
wherein HZ@US}(J@SH tyents have the neaning given in this specification;
wher ei n”* sUB%Y¥%Ent s have the neaning given in this specification;
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al kyl, preferably met hél . and the other substituents have the medaning given
i n thi stodpratmngnt aath agrmGluRS antagonist. Examples of mGluRS antagonists include eptidomimetics,

proteins, peptides, nucleic acids, small molecules, or other drug candidates. An example of an
mGluRS5 antagonist is (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-
carboxylic acid methyl ester. The mGluRS5 antagonist, (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-
tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester, as well as methods of making the
same, are disclosed in U.S. Patent No. 7,348,353, which disclosure is incorporated by reference
herein. The mGluRS5 antagonist, (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-

1-carboxylic acid methyl ester has the following structural formula:

\
H  cojoMe

Other mGLURS antagonists such as those disclosed in U.S. Patent No. 7,348,353 are contemplated

for use in the methods of the present invention.

In one embodiment, the mGluR5 antagonist is a compound of the formula (I)
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wherein R4 represents hal ogen, preferably chloro, and the other
substituents have the neaning given in this specification. Further

pref err edwoanposnds of the present invention have the f@®cwuSa@1(084440 111e)
as shown below. (ma) wherein all of the sub stituents have the neaning
given in this specification; (M) wherein the substituents have the

meani ng given in this specification; WO 2011/ 137206PCT/ US2011/ 034244 Fi t
X "N Ghdrkil) wherein R4 represents Cl-Cl alkyl, preferably nethyl, and the
ot her substltuents have the neaning given in th| s specification; wherein
R4 repr&stepltesed’mbrﬁgmauy pubsfietaidlkyl oh bpmcmallwsubslnhﬂecblbdmyl antbst i t uents have
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R! and R? form together with the nitrogen atom to which they are attached an optionally substituted

heterocycle with less than 14 ring atoms;

R represents halo gen, alkyl, alkoxy, alkylamino or dialkylamino;
R’ represents hydroxy (OH), halogen, alkyl or alkoxy;

Q represents CH, CR* or N;

V represents CH, CR* or N;

W represents CH, CR* or N;

X represents CH or N;

Y represents CH, CR? or N;

Z represents CH,, NH or O; and

provided that Q, V and W are not N at the same time;

in free base or acid addition salt form.

In another embodiment, the mGluRS5 antagonist is a compound of the formula (II), wherein a
compound of the formula (I) is a compound of formula (I) in which at least one of Q, V and W is N;

2

in free base or acid addition salt form.

In yet a further embodiment, mGluRS5 antagonist is a compound of the formula (III), wherein the
compound of formula (III) is a compound of formula (IT) in which Y is CR?; in free base or acid

addition salt form.

Preferred substituents, preferred ranges of numerical values or preferred ranges of the radicals
present in the formula (I), (II) and (II) and the corresponding intermediate compounds are defined

below.
X preferably represents CH.

Y preferably represents CH or CR®, wherein R preferably represents halogen, particular preferably

chloro.
Z preferably represents NH.

R? preferably represents fluoro, chloro, Cy4 alkyl, e.g. methyl.



I n anot her enbodi nent, the md uR5 antagonist is a conpound of the formula
(IV): wherein mis O or 1, nis Oor 1 and Ais hydroxy X is hydrogen and
Y i's hydrwgeni1/ir20a forns a single bond with X or wth PCTRS2013/0B42ds ogen,
(Cl4al kyl, (G 4al koxy, trifluoromethyl, halogen, cyano, nitro, -COORL
wherein R1 is (Cl4)al kyl or -COR2 wherein R2 is hydrogen or (G 4al kyl, and
Ris -COR3, -COOR3, -CONRARS Or -S02R6, wherein R3 is (Cl4al kyl,

(C3_7) cyx Y4 i ituted phenyl, 2-pyridyl or 2-thienyl;
R4 andc%S}!)é}?‘hge e%gegﬁl{/%gér%%ﬁ%@g%en or (Cl_ 4)alkyl; and R6 is

(G 4al kyl, (C3_7)cycloal kyl or optionally substituted phenyl, R is

hydr ogeR' ard K Gaefekaplly fomeh to¥he2Grlifl tha ARABRCTOWSR0IHi V3R 4k Machdl anydrogen or
(G 4)al kyl, or (f and R' together form.a giroup -CHZ-({) 2).- wherein mis 0,
1 or 2,u11ySHb%Wt& orsybglityied heferoryglsdraring 3 -di lring atems archhr @ hetgrq afompethp hetoros o

e, o S P ASER s ST B P S ok
t bget h&m\ﬁmconstﬁigg ofipxo (=07, Bsidydxy, halogeiny aﬁiri,oaﬁiﬁopdfyaaﬁ,i @ik} € oralk@dyt Chor m
Exenpl ar, i nc ud?

f : .
(-)-(3d %‘%g%gz@g%ﬁ%y%%%%ly e oRlaliod; Grybalegenaliyl Esdo eyl balegen-c
aci d me¢/glar@Ast£io dylbxy bl @504ar§lh@ﬁﬂlkflh|‘|ydr oxy-4-mtolyl ethynyl -o

ctahydro-in ol e- 1 -car boxylic acid ethyl ester

(-)-(3aR 4S, 7aR) - Fur an- 2-yl - (4- hydr oxy-4- mtol yl et hynyl - oct ahydr o-i ndol-1-y
1) - met HnadeR*(fprm together with the nitrogen atom to which they are attached form an

:4- (3- th 1) - 4- hydr oxy- oct ahydr o-i ndol e-1-carb
2)3(3 ﬁsc 41§15RP127]S%§{§%®% S 3 eeC(Prl tgv%?(ﬁg glryslti?utecy Qe%er)ocycle Iyaving gl - 9 ring a%z)ms and 1 - 3 hetero
atoms; the hetero atoms being selected from the group consisting of N and O; the substituents being

selected from the group consisting of halogen and C;4 alkyl.

R! and R preferably form together with the nitrogen atom to which they are attached an
unsubstituted, a single or twofold substituted heterocycle selected from the group

6O G
soloslaRe
AOOHMD

and the substituents being selected from the group consisting of fluoro, chloro, methyl, ethyl, propyl,

butyl, trifluoromethyl, fluoropropyl and difluoropropyl.

R' and R? preferably represent, independently from each other, Ci-Cy4 alkyl or benzyl,
optionally substituted by C;-C4 BIkOXy or halogen.

The above mentioned general or preferred radical definitions apply both to the end products of the

formulae (I), (II) and (IIT) and also, correspondingly, to the starting materials or intermediates



()-(3aRsS, 4SR, 7aRS) - 4- ( 3- Fl uor o- phenyl et hyny1) - 4- hydr oxy- oct ahydr o- i ndol e- 1-
carboxylic acid ethyl ester

( SaRSASRMIB3AtIHptoexy~ - phenyl et hynyl - oct ahydr o- i ndol e- i PCAfUSQXNI0B4244

aci d(S) (tetrahydrofuran-3-yl)ester

( SaRSASRJaRSA- Hydr oxy”- phenyl et hynyl - oct ahydr o-i ndol e-i - carboxylic

aci d(R) (tetrahydrofuran-3-yl)ester

(3aRs, - 4- c4-(23-C y1) - IO-4 rbo
xyl i c grg’lﬁ{n g Ff?%e%c:}lr (!a%g gﬁf}gge uﬁrg&%@?{% g@?%gﬁ&%ﬁfeﬁ}{ﬂ%ﬁg A 119€d qh one anom

() - (3aR®wWiBH,er Bﬁﬁ)diﬁg ¢dmbiinationd basteoh YHeagdivonprbfeared adngeld. Futthelpindividigdr boxyl i ¢

aci d e%%* este

()-(3a E§ﬁn?3ﬁéfohmﬂﬁYFluoro phenyl et hyny1) - 4- hydr oxy- oct ahydr o- i ndol e- 1-
carboxylic acid ethyl ester

0~ 5 3atefbrific] afihaif (*mE MRARNRBR'E YOt b e B Hadiad B, (AT SR P WlenOC
() - ( 3aRenaRoyembiRhtoydfthéyrydings Aedion6d dboia-RIdxmigydeforredidol e- 1- car boxylic

acid ethyl ester and

()-(RS)-4-phenyl et hynyl-2 6, 7, 7a- hexahydr o-i ndol e- 1-car boxylic acid
et hyl e%qr@qular preference accordlng to the invention is given to compounds of the formulae (I), (II) and

( J CSRS‘J(?IWM odhthi! éjéyn%lhatm@w&lge}nw&Xiséd%ba% & el }Q}?e(cull% y preferreg I-i-yl

- et hanone
() (RS)-4-mTol yl et hynyl-2, 3,5, 6, 7, 7a- hexahydr o-i ndol e- 1- car boxylic acid
et hyl egé&mmpaftjcular Freference according to the 1nvent10n is given to the com ounds of the formula (I)
(3RS, 7aRS) 4 m Tol yl et hyny1-2, 3, 3a, 6, 7, 7a- hexahydr o-i ndol e-1 -carboxylitc
aci d etWyich getain a(wn{bmson PhHs)mepnings @aﬂeé eboysHasbgingtvepnparticudary; pafergd.
7, 7Ta- hexahydro i ndol e-1 -carboxylic acid ethyl ester ()- (3RS

7aRS) henyl et dro i ndo 1

-car bo%/rﬁfl%g egg it 8% 8 g?(gqyor}%%’é%ﬁ@) ?@»M‘Wﬁgﬁﬁ ?eﬂtg A s8bstituted
()- (BRSHEaE&ﬁumdhagﬁkygéo phenyl et hynyl) -2, 3, 3a, 6, 7, 7a- hexahydro i ndol e-1-c
arboxylic acid ethyl ester

()-(RS)-4-(3-Fluoro-phenyl et hynyl) - 2 3,5,6,7, 7a- hexahydr o-i ndol e- 1

- car boxBAri@largrefemedhyte cempennds)of (RBIFAHS)o Ile) as shown below:

4- ( 3- Met hoxy- phenyl et hynyl) - 2, 3, 3a, 6, 7, 7a- hexahydr o-i ndol e- 1- car boxyl i c
acid ethy ester ()-(RS)-4-(3-Mthoxy- phenylethynyl) 2, 3,5,6, 7,

7a hexagydfo- i ndol e: 1 -carboxyllc acid ethyl ester

(SaRS R ; R) 4ﬁkwdroxy - phenyl et hynyl - oct ahydr o- i soi ndol e- 2- car boxy!l
|c acid efhyt
()-(3aRs, 4RS 7aSR) 4- ﬂb&roxy-4-n}tolylethynyl-octahydro-isoindole-2-carboxy
lic acid ethyl ester
()-(3aRS, 4RS, 7aSR) - 4- Hydr oxy- tonIeth{nyI oct ahydr o-i soi ndol e- 2- car boxy
lic aCI‘ﬂheé?lﬁ)ﬂI'e sbptigpents have the meanmg given in this specification;
()-(3aRsS, 4RS, 7aSR) - 4- ( 3- Cyano- phenyl et hyny1) - 4- hydr oxy- oct ahydr o-i soi ndol e-
2-carboxylic acid ethyl ester
(HSaRSAB@laSR Hyd #AS- net hoxy- phenyl et hynyO0- oct ahydr o-i soi ndol e*- car boxy
lic acid &t ;éiit;;[r;
( HSaRSARST a
ylic acid ethyl ester
()-(3aRsS, 4RS, 7aSR) 4- Fwdroxy 4- phenyl et hynyl - oct ahydr o-i soi ndol e- 2- car boxyl
ic acid tert-but este
() - ( 3aR&EHR thesy t“ﬂmﬁ®3?@%beHmﬁﬂﬁ%EV?@Fh$ﬁy¥W%§€%thro i soi ndol e- 2- car boxy
lic acid tert-butyl ester
()-(3akRs, 4 S 7aSR) 4- Hydroxy 4-mtol yl et hynyl - oct ahydr o-i soi ndol e- 2- car boxy
lic acigl, esh@
()- (3aRS'ﬁR 7dSR) ﬁﬁ?an 2-y1- (4-hydroxy-4-mtolyl et hynyl - oct ahydro-i soi ndo
1-2-y1) - et Héngﬁyix/ )
(J"SaRSARS. yaSRIJ- Cycl opr opy1lA- hydr oxy™-mt ol yl et hynyl - oct ahydr o-i soi ndor-y1
) - met hanone () - (3aRS 4RS, 7aSR) -

4- Hydr oxy-.4- yl et hynyl - oct ahydr o-i soi ndol-2-y1l ridin-3-yl net hanone
(4-Hy whe¥e1n the sugstltuent ave the mean1r>1/g given in this spec1ﬁcat1021 by Y

or o- gheny! et hyny1~- hydr oxy- oct ahydr o-i soi ndol e”- car box



()-((I' SR 3SR) - 3- Hydroxy-3-/r7-tol yl et hynyl -cycl ohexyl ) - met hyl - carbam ¢ aci d
met hyl ester and ()-((1

RS, 3SR) - 3wbydriomsy208- / n-t ol yl et hynyl - cycl ohexyl ) - net hyl - eerhsee1a/ 03244l et hyl

ester ()-(1

RS, 3SR) - ((3- Hydr oxy- 3-/n-tol yl et hynyl - cycl ohexyl ) - (4- nmet hoxy- benzyl) - car bam
ic acid ethyl ester ()-(1

RS, 3RS) - ((3pHydr oxy-3-/r7-tol yl et hynyl - cycl ohexyl ) - ( 4- met hoxy- benzy1l) - car ba

mc acigiethyl ester ()-[&l
RS, 3SR) -3 [OXV¥ 3- (3- et hoxy- phenyl et hyny1) - 5, 5-di net hyl - cycl ohexyl ] -neth
yl car bam & ackd .pet ster ()-(1

RS, 3SR) - ( 3- Hydr'bxy %5, 5-di met hy1-3-/r7-t ol yl et hynyl - cycl ohexyl ) - net hyl - car ba
mc acid WD 2011/137206PCT/ US2011/ 034244 nethyl ester ()- [( 1 RS, 3
SR) - 3- (3. - Fl uor o- phenyl et h_na:l)-S - hydr oxy-5, 5 .
- di et WD) exheraimBx yapresaats @1 cHoybareierabbi methik, Ayd thestler sibstifuents have the
RS, 3RS) - 3- (3- F hyny1l) - 3- hydr oxy- cycl ohexyl ] - met hyl - car bam ¢
aci d ne‘%‘g%ﬂgggegltb%gn?}’g{}?%h%@?{3 SR)-3 -(3 - Fl uoro- phenyl et hyny1) - 3
- hydr oxy-cycl ohexyl] -nmethyl-carbam c acid nethyl ester ()- [( 1 RS,3
RS) -3 -Hydrgxy-3 -(3 -nethoxy-phenyl ethynyl)- cycl ohexyl] -nethyl-carbamc
aci d merlyltles &r ()- ‘RS ,3 SR)-3 -Hydroxy-3 -(3
- met hoxy- pen | etthyn cycl ohexyl] -nethyl-carbam c acid nethyl ester
O-[(1 Xy
RS, 3RS) - 3- ( 3- Chl or o- phenyl di¥lyny1) - 3- hydr oxy- cycl ohexyl ] - net hyl - car bani c
acid nmethyl ester ()-[(1
RS, 3SR) - 3- ( 3- ghl or o- phenyl et hyny1) - 3- hydr oxy- cyclohexyl | - net hyl - car bam ¢
aci d mevhgrbindt'trepregenty halogRs, prafeR®)y thl¢:®, and/ilie oxher Substituents have the meaning given
-mtolylethynyl:cycl ohexyl)-acetamde ()-( 1 RS,3 SR)-N-(3 -hydroxy-3
-mtol y‘f@]{nﬁéﬂ%ﬂm@éiyil'ohexyl )-acetanmide ()-(1
RS, 3RS) - (3- Hydr oxy-3-mt ol yl et hynyl - cycl ohexyl ) - carbam c acid ethyl ester
- (1 (Fi)%réfé&( SFprefetredediindd oPlrideat ivetonbick B8 Hhliac AR ATIfe) A6 byt !
RS, 3RS)beBew:3- FI uor o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl | - car bani ¢ aci d
ethyl ester ()-(1
RS, 3SR) 43- (3- Fl uor o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl i -carbam c acid

g =

et hyl ester
7R 1 £V

R Xy b A -
Nz ~ (Iia)

wherein all of the substituents have the meaning given in this specification;

NT 2 (k)

wherein the substituents have the meaning given in this specification;

{lic)

wherein the substituents have the meaning given in this specification;



()-(1 RS, 3RS) 43-(3- Met hoxy- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl Fcar bam c
acid ethyl ester ()-(1

RS, 3RS) - WD201(138F06or o- phenyl et hyny1) - 3- hydr oxy- cycl oheegirjuSacigtoadzi4le.

()-(1 RS, 3SR) - Nd43- ( 3- Fl uor o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl i - acet am de
()-(1 RS, 3SR) - [ 3- Hydr oxy- 3- ( 3- net hoxy- phenyl et hyny1) - cycl ohexyThcar bam c
acid ethyl ester ()-(1

RS, 3RS) - N 18 Hydr oxy- 3- ( 3- met hoxy- phenyl et hyny1) - cycl ohexyThacet am de ()-(1

RS, 3SR) d\l—[ roxy- 3; ( 3xfet hoxy- phenyl et hynyl) - cycl ohexyl i - acet am de.
()-(1 RS ?il:tyd 0OX -3 (3 met hoxy- phenyl et hyny1l) - cycl ohexyl ] - car bam ¢
acid terfabut:yi

RS, 3SR) - [ 3- Hydr'bxy#3- (3- rret hoxy- phenyl et hyny1) - cycl ohexyl ] -carbam c acid
t er f - buijitl) whérein R*(kpredents C;-C; alkyl, Freferably methyl, and the other substituents have the
RS, 3RS) - g Hydr oxy ﬁ m t ql yI et hynyl - cycl ohexyl ) carbami c acid tert-butyl
ester (¢ e(ninggvgrspz)t EIPeHFROP. 3- m t ol yl et hynyl - cycl ohexyl ) - car bani ¢ aci d
tert- butyI ester ()-(1 RS, 3RS) -
(3-(3-Fl uorg- phenyl et hynyl) - 3- hydr oxy- cycl ohexyl Fcarbam c acid tert-butyl
ester ()(1-(yj}R”§\SSR) (3-(3psFluoro- hen leth n 1' -3-h drox -c clohex
F-carbam ¢  acgd~vert 1 ester WO 2011/ 137206PCT/ US2011/ 034244 ()-(1
RS, 3RS) - [ nyI et hyny1l) - 3- hydr oxy- cycl ohexyl | -carbam c acid
met hyl est er - (ie)
RS, 3SR) - { 3- (3 Fl uoro phenyl et hyny1) - 3- hydr oxy-cycl ohexyli-carbam c acid
met hyl ester ()-(3- Phenyl et hynyl -cycl ohex-2-enyl)-carbam c acid et hyl
ester anBertih FS-rofiesunksHaopay | prefedbPhent
() - Met hyl - ( 3- phgﬂr;ltse/l et hynyl - ¢yl ek 3°I§’n§l%%%§}%g§ﬁh§m§§?%@%%h§£ i3 oRfen
()- (4aRSﬂE§lR§P®§'SR)IOI5 Hydr oxy- 5- phenyl et hynyl - oct ahydr o- qui nol i ne- | - car boxy!
ic acid ethyl ester ()-[(4aRS, 5SR, 8aSR) -
o (ﬁe?&%%uéghen lcnei‘rtl(@/or})f}:l'g fo?rnme/l ()fI) é?ﬁ% 1nc?u(ﬁ: hcr)]s(c):lcfescnjbeg }1‘1] thfe lljirxglrr]lpleg
() [ (4aRmebiREei8aSR) - 5- ( 3- Chl or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i n
-lyl]-furan-2-yl - net hanone
() - (4aRsS, 5RS, 8aSR) - 5- ( 3- Chl or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i ne
- 1- car boyepbther esbailiment; theum@luRSsitagonist is a compound of the formula (IV):
()-[(4aRS, 5SR, 8aSR) - 5- (3- Chl or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i n
-1-yl] - m)r phol i n4-yl - met hanone

3 oR) - 5- (3-chl or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i n
grazih- 1-y1) - met hanone
54-3-chl @r o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i ne
estler and ()- (4aRS, 5SR, 8aSR) -
gdroxy oct ahydr o- qui nol i ne-1 -carboxylic acid

()-(4a

5- ( 3- chl or o- phenyNetfiyni
et hyl ester ()-(4aRS, 5SR, 88SR)
5- Hydr oxy-5-mt ol yl et hynyl - oct ahy\gro quinoline-1 -carboxylic acid ethyl
ester ()-(4aRS, 5RS, 8aSR)- 5-Hydroxy-5-mtolylethynyl-octahydro-quinoline-1
- car box ¢ acid ethyl ester. In a further enbodi nent, the md uR nodul at or
is a co‘%&féﬂﬂd of the fornula (V):

misQorl,

nisOor 1 and

A is hydroxy

X is hydrogen and

Y is hydrogen, or

A forms a single bond with X or with Y;

Ry is hydrogen, (C4)alkyl, (Ci.4)alkoxy, trifluoromethyl, halogen, cyano, nitro, -COOR; wherein R;
is (C14)alkyl or -COR; wherein R; is hydrogen or (C;4)alkyl, and

R is -COR;3, -COOR3, -CONR4Rs Or -SO,R¢, wherein R is (C;)alkyl, (Cs)cycloalkyl or
optionally substituted phenyl, 2-pyridyl or 2-thienyl; R4 and Rs, independently, are hydrogen or (C;.
s)alkyl; and R is (Cy4)alkyl, (Cs.7)cycloalkyl or optionally substituted phenyl, R is hydrogen or
(Cralkyl and



(V) wherein RI represents hydrogen or alkyl; R2 represents an
unsubstituted or substituted heterocycle or R2 represents an unsubstituted
or substiwored/m@rask; WO 2011/ 137206PCT/ US2011/ 034244 RBCTASe@3®fnt284 al kyl
or hal ogen; X represents a single bond or an al kandiyl -group, optionally
interrupted by one or nore oxygen atons or carbonyl groups or carbonyl oxy
groups in free base or acid addition salt form Exenplary conpounds of

f or mul ar( ¥hvid eg@e(cﬁﬂglﬁﬂ-gf car boxylic acid

[ (1S, 3S -3-53-c | or o- pheny( et hyny1) - 3- hydr oxy- cycl ohexyl i - ami de

: \togetherdior p(gtoup -CH,-(CHa)m- wherein mis 0, 1 or 2, in which case one of n and m
R, 3R) - 3- .(d%-fchl Q- Bhenyl et hyny1l) - 3- hydr oxy- cycl ohexyl i -am de Furan-2-

15 erent rom
car boxyl'i'c aci

[ (1S, 3SpitB the3protiko ttat Rh &ndifferehtyion hydroawel taRNore elhghadihbthaky #Ben n is 0, A is
3H | m dazol e-4- carboxylic acid

1
R, 3R) - 30ydBosh Kol bRt hydragen, E{%S R Ihand R) endRe sogethgnfadm a group -' (CHz),-,

3H I ni d 4 e oacid (1
S, 35) - 3@?2‘!-623}? %@cﬁ‘ﬁée“ynd%%}%@‘ny 3-hydr oxy- cycl ohexyl | - ani de 4H[ 1
,2,4] Tri azol e-3-carboxylic acid [(1

R, 3R) - 3Etémpsihdy@opphedyyd febmmyny IV Indtydés oxy- cycl ohexyli- am de 4Hr1l
,2,4] Triazol e-3-¢ oxylic acid

b
[ (1S, 3s§-)-@ﬁ@ﬁ%?ﬁfg:‘prfﬁ@PfWemﬁymquyryl-ﬁyt@hﬁky-i@qm-éﬁesbpxylénmﬂrémethyl ester (-)-

2- Met hyjaf Uik -/C 4l C AC] - P 1 .

R 3R - S EAR TR S s sordyro-indoles sabprdin e S T 1

R, 3R) - 3- ( 3- Chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] -3, 4-di f| uor o- benzam
de Benz@E}-(3aRUSHaRIM Bar22 S(paxdok¢-4ah itdlyletynyLoctahydro-indol-1-y1)-meth

R, 3R) - 3- ( 3- chl orag)phenyl Gé/?lr(\ynzl) % hydr gxycy;/lgl ohexyyl ]-am deY) methanone

5- Met hyl - pyr azi ne- 2- carboxylic acid

[()- (1K aBS A8 RShiRS)-9-(@Hergtophénphathynyd)-hhpdroxy-oytahypiresiyddle-abbexylic acid
Qui noxal.jne-2-carboxylic acid [()-(1

R, 3R) - Sé-d(l@-eéﬁf or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl i am de

Benzof u(e:;uoa&&@sm,omS)-m(aasllﬁr&-%englelhynyl)-4-hydroxy-octahydro-indole-1-carboxylic acid

R, 3R) - 3- ( 3- chl or o- phenyl et hyny hydr oxy- cycl ohexyl | am de
ethyl ester

Fur an2-

(SaRS~SRJaRS"-Hydroxy”-phenylethynyl-octahydro-indole-i-carboxylic
acid(S)(tetrahydrofuran-3-yl)ester
(SaRS”SRJaRS"-Hydroxy”-phenylethynyl-octahydro-indole-i-carboxylic
acid(R)(tetrahydrofuran-3-yl)ester
(3aRS,4SR,7aRS)-4-Hydroxy-4-(3-chlorophenylethynyl)-octahydro-indol-1-carboxylic acid-
(S)(tetrahydrofuran-3yl)ester
(£)-(3aRS,4SR,7aRS)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid ethyl ester
(+)-(3aRS,4SR,7aRS)-4-(4-Fluoro-phenylethynyl)-4-hydroxy-octahydro-indole-1-carboxylic acid
ethyl ester
(#)-(3aRS,4SR,7aRS)-4-(3-chlorophenylethynyl)-4-hydroxy-1-methanesulfonyl-octahydro- indole
(#)-(3aRS,7aRS)-4-Phenylethynyl-2,3,3a,6,7,7a-hexahydro-indole-1-carboxylic acid ethyl ester and
(£)-(RS)-4-phenylethynyl-2,3,5,6,7,7a-hexahydro-indole-1-carboxylic acid ethyl ester (£J-
CSRSJaRSJM"-Trifluoro-i-C”phenylethynyl*.S.Sa.ej.ya-hexahydro-indol-i-y1)-ethanone
(#)-(RS)-4-m-Tolylethynyl-2,3,5,6,7,7a-hexahydro-indole-1-carboxylic acid ethyl ester (£)-

(3RS, 7aRS)-4-m-Tolylethynyl-2,3,3a,6,7,7a-hexahydro-indole-1 -carboxylic acid ethyl ester
(#)-(3RS, 7aRS)-4-(4-Chloro-phenylethynyl)-2,3,3a, 6, 7,7a-hexahydro-indole-1 -carboxylic acid
ethyl ester

(£)-(3RS, 7aRS)-4-(2-Fluoro-phenylethynyl)-2, 3,3a, 6, 7, 7a-hexahydro-indole-1 -carboxylic acid
ethyl ester



Benzooxazol e- 2-carboxylic acid [()- (1

R, 3R) - 3- ( 3- chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl i am de

2, 5- D retWwol20fwm3aave 3- car boxylic acid [()- (1 PCT/US2011/034244
R, 3R) - 3- (3-chl or o- phenyl et hyny1) - 3- hydr oxycycl ohexyl i - am de

(R S)-Tetrahydro-furan-3-carboxylic acid [()-(1

R, 3R) - 3- ( 3- chl or o- phenyl et hyny1l) - 3- hydr oxycycl ohexyl i - am de

Fur an- 3535 ROWYR§ 24 38 iFfliokd- ; . -indole-1- ic aci
R SR0- e R R R e Ak B g ey dndole-Lisebonyic widgh
((1S, 33st@- hydr oxy-3-mtol yl et hynyl-cycl ohexyl)-am de Furan-3- carboxylic

acid ( (@%_&%ﬁ?ﬁgﬁlus(gg%)ggr?yﬁ%ﬁ)%yq)}&9'5%,?}7{1]- g}%/'cllh-yg o(-:ilngg]lgﬁy-%ér%g(ﬁ% acid ethyl ester

Fur an- 2

R, 3R) - SROFHR S- A Bl ¥ Sk Ly Ry iy DL s 8k b-7eri & hf)/&%-' dole-1-carboxylic aci
L] 16 B O O Ay WA AN O b’gx’éi 7C acrd al ndele-l-carboxylic acid

S, 39) - Fethyldsisky- 3- m t ol yl et hynyl - cycl ohexyl ) - am de Fur an- 2- car boxylic acid

-(1 SR - 3- | vl 2 hexyl ).- ani I | e- 5-
car oy T B R e B S 7 bR A errBRos A v
| soxazodseer5- car boxylic acid ((1 _ _
e o R T G b e b b i S

5- Met hy, j ) | i.Cs_AC] s s L

R 5 AR R TRt TRty e Db il 3oyl acid ety

, 2, 4] Tres&zol e- 3-carboxylic acid (()-(1 .

? i_f) :?I)’n- E%?@%!%é?g%éﬁ% %%{gr[] -lPitézlgfél(}gy?lgfsgét%ﬁy%%-?s%indole&-carboxylic acid ethyl ester
R, 3R) _ i - X '_ iend I . .
Tetrah %ﬂ}ggﬁﬁ@zg%%fbgi s‘l}'?ﬁédlglléfingk‘(ﬁ%y)%?(ﬁ;@h})dr@)@ 8&ahydro-isoindole-2-carboxylic acid
R, 3R) - 3thylgsiery- 3- m t ol yl et hynyl - cycl ohexyl ) -ami de 1-Met hyl -1

Ef Ig,g) Ejgéﬁiysgpéigg%%mﬁ}@ﬁ%&hgﬁé,ﬁglgl(éé}%}]ﬂgﬂglggqy?yoégmaégdro-isoindole"-carboxylic acid

(R S) - T@hylakeelr o- f uran- 2-carboxylic acid (()-(1

R, 3R) - 3- hydroxy- 3-mt ol yl et hynyl - cycl ohexyl )- am de

(RS - TaraRS TR S Berbaiepy ethyasi gy atiabydro-isoindole®-carboxylic acid

R, 3R) - 3; %g y-3-mtol yl et hynyl - cycl ohexyl )- am de Furan-3-carboxylic acid
[(1 R 3%@1 t%f | uor o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl Fam de

Fur an3-@x(3aRSAR S, 7a8R 4-Hydllroxy-4-phenylethynyl-octahydro-isoindole-2-carboxylic acid tert-butyl

S, 3S) - 3- g 3-fl uoro- phenyl et hynyl) - 3- hydr oxy- cycl ohexyl Fam de Furan- 2-

car boxy¥t%€ acid [(1 _
CRéf’szj;(y&|§-§3ei;}ics}3§(£?,Z£1)§I€)D4/-H%H)\!&yzll-ﬂf-t%Iﬁé@%rﬁ)f-\ééﬁ}{%r&q%delé—?%%%xﬁw /R4 fert-buty]
S, 3S) - Fs(eB(FF@aRBAPBSagRe#HYydrdyy-3-nhyalyetynglyedtatydrorspindofedBcarboxylic acid

3H I m dazol e-4- carboxylic acid [()-(1

R, 3R) - §n‘f Ylfeistff)r o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl | -am de N-[(1 .
Csi,esﬁz i i?(fltﬁ-@a@!j,41(@,7mIE)EB’drEﬂ-D%Xa—hy&'oﬁy-q[rﬁﬁb'l'yfé‘ﬂﬂln9h§&¥1ll)]d'r@-is%‘nﬁoi—b%ﬂ’e&%m
R 3R) - I HaBR B yapREFyFleptopil/ thydzony andslyledymy bbesaiyidro-Bomddl f ¥ rorethanems ami

S ag) | RS AESTARI 4B AhS o lyletvl ocuhydspdseindp -2 b i Patne. 2-

car boxyhétharmmed [ (1 _
(o G Jrb TR SRS SN ook oot haicasi e p ssernd
R 3R) - %1@(% %,@s@y.g.:n?mk%gxjn%f%)aﬁyn@y—@&&}éﬁ%ﬁﬁ&ﬂ%ﬂﬂaﬁm 5Q8 W& dgeBenzol |

, 3] di oxo - car box c aci

S, 39S) - 3-8 BRBSRY(BrEpdrory-By/nytdlylelyiny Heyakgher ylg(dnesttydxy-temiydp carbamic acid ethyl
5- Met hyl - pyrazi ne- 2-carboxylic acid [(1

S, 39) - SeSt(eg chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl | am de

2- Met hyly-{UR 8BRS F@LRPBkI-8-/AL1 - -(4- . ; ic aci

S, 39) - %%( % g chl or %-Q%hegd;?l ejtl %;//ﬁ?{:f?ylgth %rcgilﬁ?%’%% %‘h%‘%l} IO}]{}: b%nrﬁygecarbamlc acid

(R) - Tetethathgsten- f ur an- 2- carboxylic acid [(1

(5 - retih R R B Bt e e S S e S emgmetish n 1
- 3- h drcasbamic acid methy! ester
(#)-(1 RS,3SR)-(3-Hydroxy-5,5-dimethyl-3-/r7-tolylethynyl-cyclohexyl)-methyl-carbamic acid



WO 2011/ 137206PCT/ US2011/ 034244 cycl ohexyl Fam de | soxazol e-5-car boxylic
acid [(1 S, 35)-3-(3-chl oro-phenyl et hyny1l) - 3- hydr oxy- cycl ohexyli-am de 5-
Met hyl - pywezne32o6ar boxylic acid [(1 PCT/US2011/034244

R, 3R) - 3- (3-chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - am de

2- Met hyI -furan-3-carboxylic acid [(1

R, 3R) - 3- (3- chl or o- phenyl et hyny1l) - 3- hydr oxy-cycl ohexyl ] - am de

| soxazol, §‘ﬁ ai-boxylic acid [(1
R, 3R) - 3- ?%1 chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl | -am de 5-

Chl or o- EH{AR 23 8RY- Bdiﬂlmqro@hbxwléthﬁnyl) 3-hydroxy-5,5-dimethyl-cyclohexyl]}-methyl-carbamic
R, 3R) - 3- C? Qjﬁpro phenyl et hynyl) - 3- hydr oxy- cycl ohexyl ] -am de
5- Chl or G BFEH: S%¥ar boxyl i ¢ acid [(1

S, 3S) - 3uhBeioks, IR)- DQ@M&&B%%&%W? %?&%X?%?&l@ﬂ%ﬁﬁ@tﬂ}fj@arbamic acid methyl

(S)- Tetrahydr o- f ur an- 3- car boxyl i ¢ &cl
R, 3R) - 3&s{e8- chl or o- phenyl et hyny1) - 3- hydr oxycycl ohexyTham de

R 3R - R T R R R 15 BT ey vy My metiy ooy gcid methy

S, 3S) - Zsfes- Chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl | -i soni coti nam de

N-[(1
R E(R) B0 dRY-3RO)-ptibirdyoet Ifdinethozy tohendsthyrsik tysthehexyl]-netlylicodiaimandid e

3, 5- D|3‘Jn g{, P: yridine-2-carboxylicacid [(1
R, 3R) c% or o- phenyl et hyny1) - 3- hydr oxycycl ohexyl ] - am de

3, 5- Di TR PYSR BB HByd2ex3a3-0metiokgghenyléthynyl)-cyclohexyl]-methyl-carbamic acid
S, 39) - 3- gtg chl or o- phenyl et hyny1l) - 3- hydr oxycycl ohexyl | - am de
6- Met hyPEBYY ST ne- 2- car boxylic acid [ (1

S, 3S) - - § 1o 9RS’) 9'@ B &b! g%gﬂc}aéthﬁnf%l? P?é%x?%?&lgﬂ%y]l rlleth9m:aqgam1c acid methyl

6- Met hyl = pyri di ne- 2- car box
R, 3R) - $S(eB chl or o- phenyl et hyny1l) - 3- hydr oxycycl ohexyl i - am de

R oR) AT RIATHE ﬁiﬁ?p?og%wwi‘sthmhx/épmxzmleh@syurmm@rbmc acid methy

6- Ch10re@teBYi)kql|KBE§RSﬁNt(I921$ylikd$<yaﬁhpt0[}(léthynyl cyclohe ace amide

S,39)-3 oroI\Phen et hynyl) Rydroxy- cycl o am de

S- Chl or(é) PV RS 3iSRe-N-Cahybryy-B an4dyigthyhyl- cyclohexyl) acetam1de

g ?éﬁl) or gg/rﬁ?é Sg (g ?@’& cbxgt- -ﬁq%})g%tg&n}x%ryc OKGX%X car a01 etlgy? ester

[ (1S, 39@@ 61-RS-3SRD-Q3-(HyﬂFtﬁ®YJ ﬁmy;nytmynﬁ-cwdh@am @aysdngb@amlet@mbsi@r

5- Chl or o- yrrol e- 2- carboxylic aci

R 3R) - 33 él Bﬁ438%é'l%ﬁ%ﬁ{})10é‘? ﬁWWie}h}SlYHyﬁgrﬁ@WéYWWMarhawec add ghlybester 1
-nmethyl -1 H pyrrol e-2- carboxyl icacid [(1

gbif} 13?%%%%%%$Bg£g lﬁ? iéﬁli%i"e)thynyi}yfj fl 3%)((: (c:}lfc(fcl)}lee)éyf] amlc ac1cY\D thyl ester

(£)-(1 RS,3RS)-[3-(3-Methoxy-phenylethynyl)-3-hydroxy-cyclohexyl]-carbamic acid ethyl ester
(#)-(1 RS,3RS)-N-[3-(3-Fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-acetamide.

(#)-(1 RS,38R)-N-[3-(3-Fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-acetamide

(#)-(1 RS,3SR)-[3-Hydroxy-3-(3-methoxy-phenylethynyl)-cyclohexyl]-carbamic acid ethyl ester
(#)-(1 RS,3RS)-N-[3-Hydroxy-3-(3-methoxy-phenylethynyl)-cyclohexyl]-acetamide

(®)-(1 RS,3SR)-N-[3-Hydroxy-3-(3-methoxy-phenylethynyl)-cyclohexyl]-acetamide.

(#)-(1 RS,3RS)-[3-Hydroxy-3-(3-methoxy-phenylethynyl)-cyclohexyl]-carbamic acid terf-butyl
ester

(#)-(1 RS,3SR)-[3-Hydroxy-3-(3-methoxy-phenylethynyl)-cyclohexyl]-carbamic acid terf-butyl
ester

(#)-(1 RS,3RS)~(3-Hydroxy-3-m-tolylethynyl-cyclohexyl)-carbamic acid tert-butyl ester (+)-(1
RS,35R)-(3-Hydroxy-3-m-tolylethynyl-cyclohexyl)-carbamic acid tert-butyl ester (£)-(1 RS,3RS)-
(3-(3-Fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-carbamic acid tert-butyl ester

(£)-(1 RS,3SR)-(3-(3-Fluoro- hen leth n I'-3-h drox -c clohex 1'-carbamic acid tert-but 1 ester



5-Chloro-1 H pyrrole-2-carboxylic acid [(1

R, 3R) - 3- (3- chl or o- phenyl et hyny1l) - 3- hydr oxycycl ohexylJ-am de 5-Chloro-1
H pyrrol ew@-20avB3®0¢l i c aci d PCT/US2011/034244

[ (1S, 3S)-3-(3-chl oro-phenyl et hynyl) - 3- hydr oxycycl ohexyl | -am de N-[(1

S, 3S) - 3- (3- Chl or o- phenyl et hyny1) - 3- hydr oxy cycl ohexyl ] - 4- di net hyl am no-
benzam de 1 H Pyrrol e-3-carboxylic acid

S 39 - S R R s G R Y LR ot oL g ol ety
:\I- h[ ( 3(1%838})—[3 (3(E§u91@hﬂmnyieﬁllyﬁyiy-l3dtyldymgylc)ycﬁ)heks;mca:rhymm)amd methyl ester (+)- (3-
L1 B G RERE R TR Dreartipris a5id sthy) exterapd €\t shegstheng ey slobosbenzam

i de en -carbam1c acid ethyl ester
N-[ (1S, 3 (13 Chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 2- et hyl - but yram
ide N [((1:1 ethy (3-phenylethynyl-cyclohex-3-enyl)-carbamic acid ethyl ester

ﬁyi )S) 4%&%@% ﬁ{§&§§i§)§fk§,ﬁ%&¥5%}bw %hgﬁéﬁt%%ﬁ iumx nle cgr%oxyhc a01c{ Qﬁ;’y‘l s{%pe

S, 3S) - 3+j-B4aRES6R; mgws - cmyd. 1<)y5 ﬁy&b@}l@w{h{dr@%ﬁhﬁﬂhqeyl Nedrhd- 2-

S, 3S) - 3-(3-Chl or o-phenyl et h r OX cl ohex - phenyl -"acet am de
N[ (1 sﬂmt anopg ( W(‘éﬁ@ %@%@rﬁ%ﬁ or@pgwi Shynydy hmqlrexxrprtaéyctm-qumohn-l-
H-|ndo de 2- Benzo[l ,3]dioxol-5-yl-N[(1

S, 39) - ?%Mg%?g’?o plﬁiﬁﬁg% et hynyl) - 3- Lydr oLy cycl oheiyl ] -Eatf:et am de

N-[ (1S, @p)(4aBRS RIBAIR)es-(hEhlor@ phstyethyn31 sty dosyy-oytahyahexyinbtide-pRAFDXYH AP

onami de b
N-[ (1S, 8Pl egeton| or o- phenyl et hyny1) - 3- hydroxy cycl ohexyl ] - 2- (2- f | uor o- phe

21 2 St b oy A Ak o g

yr r ot-gl-Rethandyoxyl i c acid [(1

S, 3
Hp
§ §§§l. D S B BT Gy ey B oremeley o vireR ety o
rTI\I-EL(){S %%r%n—( éyl)c-:flnle:)hrago%ehenyl et hyny1l) - 3- hydr oxy-cycl ohexyl ]-2-(2-trifluorom

et Oxy-(ﬁ EARSATEY St RS -63- A pror rhehy [ethynyl)-5-hydroxy-octahydro-quinoline-1-carboxylic acid

S, 39) - 3; rox h - benz
N O e P R o s e A B BB G B
m de N- [:z(rbdx;ﬂic&cﬁ)etﬂyle(sﬁr ChI or o- phenyl et hynyl)-3
- hydr oxy @/cl ohexgﬁ#&? dr oxy- benzam de 4- Am no- N-[
S, 39) - %yi}n tpl oty aydyectahy foneuine 1netieﬁzrézm<ﬂe: acid ethyl
4- Am nqe-st‘% chl or o- N-[(l S 3S) - 3- (3-chl or o- phenyl et hynyl) - 3- hydr oxy-
3-Amino-4-chloro-N-[(1
S, 39) - 3=[-BlaiiS, HH 8RR §{HBtdngryy 3-m- Bl yiyithy npdyoceahg iohgiydline Hewabok vl acilethyl
2011/ 137206PCT/ US2011/ 034244 3-Amino-N-[ (1
S, 3S)-§- 3-chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl | - 4- net hyl - benzani de
2-Am no-N-[ (1
S, 39) hany| nam de
N ( 1ng(§§ﬁﬁm(r%%ﬁaor 0- Sﬁéeﬁ@%% f%/d} 9@’0 @yag);ﬁ ﬂﬁrelﬁll;]}??%l hydr oxy- 3- met
hoxy- benzam de N-[(1

37 Ch| or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 2- f | uor o- benzam de
( 3- Chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - 4- net hanesul f on

wherein

R! represents hydrogen or alkyl;
R? represents an unsubstituted or substituted heterocycle or

R? represents an unsubstituted or substituted aryl;



Pyridi ne-2-carboxylic acid [(1

S, 3S) - 3-(3-chl oro- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] -am de

3- Armi no- pyoapimeidécar boxylic acid [(1 PCT/US2011/034244

S, 3S) - 3-(3-chl or o- phenyl et hyny1) - 3- hydr oxy-cycl ohexyl ] - am de 6-Am no-N-[(1
S, 3S) - 3- (3-chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl i - ni coti nam de

4- (4- Am no- benzoyl am no) - benzoic acid [(1

R 3R) - 3p{ 3 gégglggglk %ggynyl) 3- hydr oxycycl ohexyl ] -am de 2, 6- Di oxo-1
, 2,3, 6- tetrahydro gyrlm ne-4-carboxylic acid [(1

El- ?(S?L SSX(Sreprcfkﬂngrzr:C)SlhIFg‘]e hylhdﬁd)x’rwlr@ﬂﬂa)nd&l -ghotgh; optyonaite irﬁdﬁﬁlmtdr:]d b}a?ﬂdiﬁ more oxygen g
oro e Xy-cyclonexyll -1 soni cot | nam de
s Peleal i bl Sl e

- hydr oxy- cycl ohexyl ] - benzam de

N[ (1S, 3- hyd | oh 1]1-2,3-dineth -b
3 o et 1005l sy )-2, 3t sy

- Chl or oFyphedydagtoryhy 49id B 8)y3E)-Gx(3- cxhjmb@h&ﬂ(ﬂéthyr@ﬂ))%(hydro&?&p&lbhéxﬂ]ymﬂk @@ran-

ﬁé%hljgrf-&li\rl_bg)gy]l%a%lsd) f(?R(ﬁi) Zhb%lﬁm%-ﬁl %yleﬁa@ﬁ% 3 hydroq(ydgy%i( %egyl]c Lx%?d%x ulrelm-g-l cot!

S- Br OnUca%({x(yﬂ@aé?@)[gl%' 1$3- ﬁ@L&ﬂ&b%%ﬂMEﬁ?ﬁ'Mpg Iyarx NG RN Yy ah R S a0tk ! N

am de | soqui nolinel -carboxylic ac

S, 39) - arpxyhf emd{ﬁhléﬁm-ét(ﬁwhmy -pBetiyethyy)- S hydokpcytlphaxyl Jeenide
555 SRR AR s BnS L AR 105 29 e vty Drsidigry-evclohexyl-amide

3- Benzow{p;zzr,4]dtlamlasw N¢ héid fAIRA3R{-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl
S, 39) - 3 (4 ehl or o-phenyl 6t huny ) 13- hyd¥ oy SepL-phenyictiyny]). 3-hydroxy-cyclohexyl-
N-[ (1S, 33@)1% (3- Chl or o- phenyl et hynyl) 3- hydr oxy- cycl ohexyl ] - 2 met hyl - ni cot i

nam de AHlirp L )~ C I

5,35 - 30 b RIS b RSP I b A fedroxy-yelohexyll-
Pyri dazimmde 4- car boxyl ic acid [(1

S, 35)-3;(3-chloro-p - drox cycl ohexyl i-am de N 1S3
S) - 3) ) (?gf\/ﬁathy -furan-3- carb(}/xyﬁc a 13){8 )) (? R, R) -3- (gl chl%ro-pheny?/ethynyl) 3 hydroxy[ éyclohexyl]

- Chl or ogigeny! et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 2- met hyl sul f anyl - ni coti nam de
N[( 1S3 95)-3-(3 -Chloro-phenylethynyl)-3

- hydr oxy- -[@Qtﬂl Foadkyd 13-¢hlqro-fphelqﬂtlthmylh)f]5-hmdm&y-lcydnhed@l] 3,4- dlﬂU.OI'O benzamide

ot  nam 82040 BN} 33y GO B o] DB 4 Ohrarte ‘fft%xn%i &g o ¢

S, 3S) - &y(;ﬁhg,tyl glgrd@henyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 6- net hyl - ni coti nam d
e 6-Chl oro- (1. S,3 S-3-(3 -chloro-phenyl ethynyl)-3 - hydr oxy-cycl ohexyl ]
-ni cot A«,Mﬁ}t}'é-pyrazme 2- car oxylic acid [(+)-(1R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-

2 Chlor 3- (3 chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ]-6-meth
T sonpeapriibe.

539 - mxﬁeﬂmemawmw etibyey1) KBRYSIDMIoRYheaRfhi b 3Kyl TRHBRY: 30

xo-1 , gl hydr o-i sobenzofuran-1-yl)-acetam
N, 643- 'If“é'f1 Ghydr o- cycI opent apyrazole-S-carboxylic acid [(1

S 3S &bl I

539 ?eﬁ“%‘j BBl oy 1Y R S e B S5 bk
H- i ndokngd Wl) prop| onamde 6-[( 1 S, 3 95)- 3 - (3 -Chl oro- phenyl et hynyl) -3
éjh?/ﬁ(r)f)ﬁe 7 _ng? -éi%ﬂrc?oaiy giaag[[%ti ayI{ 3ﬂ 39 3° ch oer‘(r)—t;)) é( yllétlclzyn%/ )I g—hlyc?r(())g}r/-g}eél)he?{?}]er
S, 3S) - 3nfid chl or o- phenyl et hyny1) - 3- hydr oxy-cycl ohexyli-am de 5

- Met hyl -i soxazol e-4-carboxylic acid [( 1 S§3 §5)-3 -(3

-chl or &%H@ﬁ@hékﬂwwlym@oxﬁwg&w ERARIGH3- Chlo@ﬁpldﬂleéUnyiDGFlaﬁdr@;y-

- car bo 1S39S5)-3-(3 -chl oro-phenyl ethynyl)-
- hydr ox OX‘%*E@% h%%% - anide

(R,S)-Tetrahydro-furan-3-carboxylic acid [(£)-(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide

Furan-3-carboxylic acid ((1 R.SRJ-S-hydroxy-S-m-tolylethynyl-cyclohexyO-amide
Furan-3-carboxylic acid ((18,3S)-3-hydroxy-3-m-tolylethynyl-cyclohexyl)-amide Furan-3-
carboxylic acid ((£)-(1 R.SRJ-S-hydroxy-S-m-tolylethynyl-cyclohexyO-amide
Furan-2-carboxylic acid ((1 R,3R)-3-hydroxy-3-m-tolylethynyl-cyclohexyl)-amide



N[( 1S3 95)-3-(3-¢Chloro-phenylethynyl)-3

- hydr oxy- cycl ohexyl ] - 2- (2- met hoxy- phenoxy) - acetam de. In a further

enbodi mrerwQ 20he13mBbuR nodul ator is a conpound of the foPelltEs2¢Ivio3424her ei n
Rl represents hydrogen or alkyl; R R2 represents an unbubstituted or
substituted heterocycle or R2 represents an unsubstituted or substituted
aryl; R3 represents al kyl or halogen; in free base or acid addition salt

B A (b S e o ey
conpounbgrand2-dahwxfybe atuﬂ &)1 Raﬁl)eBahydrexly Bnn%t@yléﬂﬁ/ﬁ&n@a:&ﬂﬁxymhmmmmbb-saf
these pub

b f Th t
nvent | oS BE R Eh SRy IR e e s Bl S g s S o
to respgid(t®, 3S)eﬁﬁi@ﬂiy-g\ﬂrﬁ%lﬁl@twp&l@@kﬁggﬁi&tlsox%%él%l @ﬁb th%ng@ a

ant agoni sts i ncl'ude ept’i doni meti ¢s, proteins, peptid nucl erc aci
smal | nBJ3Bat:o|-l@§1rom3m -trdyletiyny-cyalotiexid)-amideAn exanpl e of an md uR5
antagonist is (-)-(3aR, 4S,

ZSF )e; 4- etﬁ%gf' %?—gébet)gi/ na%cl:l (? ggédﬁ???sj ﬂ}%)roxy m—tcﬁyl% )§f¥1|}rl cycia Ie)(gylgreallinrl1 e
7aR) - 4- sy g4y %&}T‘ﬂm%l@]?yyéa%&w&' 5618‘%&?-*(1/@"3]{)'-5199&8&1 3-1ﬁ %IP%&P?%‘P&QMEEM&

ester, as well as nethods O0f making the same] are disc at ent
No. 7, BXIS-IQBBZOMM Qﬂﬁb@i}@G lacid{(=9)- (lsRJ3Rr)<3FIptdr<a¢ye3dnb§olylah§em3dwyelohe«yda) amid€he
m3 uRS ant agoni st -(3aR, 4S,

I ndol el- carboxylic acid neth

oty iy &r?%%\f %ogifﬁ%ﬁ%«%f BRI i oo a bR amidech
as thosﬁ-l\ﬁ’étwlloﬁfiﬂndd}ofé BearbetyBiRlaciq (@)1 %§R§§&aﬁ)§%@%§lﬁt§{§ﬁétﬁ)@ %gBhéﬁ?S in

t he net hods of the present |nvent|on I'n one e
ant agonasidei s a conpound of the fornula (1)

2011/ 13&%&@%‘({%&@ Eil%'a{no %gr%oxyhc acid ((£)-(1 R,3R)- 3-hydr0xy -3-m-tolylethynyl-cyclohexyl)-
amide
(R,S)-Tetrahydro-furan-3-carboxylic acid ((£)-(1 R,3R)-3-hydroxy-3-m-tolylethynyl-cyclohexyl)-
amide
Furan-3-carboxylic acid [(1 R,3R)-3-(3-fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide Furan-
3-carboxylic acid [(1 S,3S)-3-(3-fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide Furan-2-
carboxylic acid [(1 R,3R)-3-(3-fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide Furan-2-

carboxylic acid [(1 S,3S)-3-(3-fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide 3H-Imidazole-4
carboxylic acid [(x)-(1 R,3R)-3-(3-fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide

N-[(1 §,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-3,4-difluoro-benzamide N-[(1
R,3R)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-3,4-difluoro-benzamide Pyridine-2-
carboxylic acid [(1 S,35)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide Pyridine-2-
carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide N-[(1S,3S)-3-
(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide

N-[(1 R,3R)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide Benzo[1 ,3]dioxole-
2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide
5-Methyl-pyrazine-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide

2-Methyl-furan-3-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide

(R)-Tetrahydro-furan-2-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide

(S)-Tetrahydro-furan-2-carbox lic acid "1 R,3R"-3-"3-chloro- hen leth n I'-3-h drox -



wherein Rl represents optionally substituted al kyl or optionally
substituted benzyl; and R2 represents hydrogen (H), optionally substituted
al kyl or wptoonariog substituted benzyl; or R and R2 foPgTiusgéttioas24mi t h t he
nitrogen atomto which they are attached an optionally substituted
het erocycle with I ess than 14 ring atons; R3 represents hal ogen, alkyl,
al koxy, al kyI am no or dial kylam no; R4 represents hydroxy (OH), hal ogen,
al kyl of %jS}/ Jepresents CH CR4 or N, Vrepresents CH CR4 or N, W
represer‘?’ts 8%4 or N; Xrepresents CHor N, Y represents CH CR3 or N, Z
r epr eselstvsazales- cd‘l:bb}qﬂlc@pida[('lﬂs,ﬁ Sbﬂi(ﬂeﬂlofrdnﬁhe@leth&r@%-Wcﬁbﬁy Bjr?ﬁ:l)o}id%xﬂ] -dnkige ﬁ-am?
time; | fr e base or aC| lon salt form In_another enbodi nent, the
ma uRs MathylBrRge2sc ﬁcﬁ 101%,38P1-é-(§z?b%&?-ahml*)thywlbe? -bydroxy-cpeipliil- of
the forgaga (11) is a corrpound of formula (I) in which at |east one of Q V
and Wis N, in free base or acid addition salt form In yet a further
embodi MethyfinaRs- -eatbexybiniasid [(lsRéRc)anSm]nﬂxﬂoqmemsﬂethymd)mﬂhgdl(okwcyclohds)fyﬂ]e| n
t he cong)oiludnd of formula (I11) is a conmpound of formula (1) in whichY

CR3; &e base or acid addition salt form Preferred substituents,

pr ef er rigskazalRPEarbdxylid f&'@l‘ﬂ' [(?laR §J3U@5c}ﬂ)(froﬁih@xflﬁéth h1y- %le%chyél'aﬁe){y?}jélﬁﬁl‘:%-
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present in the formila ( & He correspond

i nter ne@hlat%f%mw%@mbagylm@lch i Brféﬂ) 3)@ dvboro)@m@feéwabl)ﬁ'hmﬂsml@em] ahide
B;?I iez:ﬁfbﬁlopr)(? P rgr? ggﬁt g_ﬁ 01% 'S %}% % thoro re%fyf%{h%ll?llylx 3-h rroexsy?cn);[c hg)%l/l?gen
amide
(8)-Tetrahydro-furan-3-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide
(R)-Tetrahydro-furan-3-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide
N-[(1 §,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-isonicotinamide
N-[(1 R,3R)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-isonicotinamide
3,5-Difluoro-pyridine-2-carboxylicacid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide
3,5-Difluoro-pyridine-2-carboxylicacid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide
6-Methyl-pyridine-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide 6-Methyl-pyridine-2-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide
S-Chloro-pyridine”-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide
6-Chloro-pyiidine™-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide
d-Chloro-pyridine”-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)—3-hydroxy-cyclohexyl]-
amide
6-Chloro-pyridine-2-carboxylic acid [(1S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide
5-Chloro-1-methyl-1 H-pyrrole-2-carboxylic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide
5-Chloro-1 -methyl-1 H-pyrrole-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide



Z preferably represents NH. R3 preferably represents fluoro, chloro, Cl.4
al kyl, e.g. nethyl. WO 2011/137206PCT/ US2011/034244 R3 particularly

pr ef er ablwonemwwgmwat s chloro. Rl and R2 preferably for mpCogseeign34gus h t he
nitrogen atomto which they are attached an unsubstituted or substituted
het erocycle having 3 - 11 ring atons and 1 - 4 hetero atons; the hetero
atons being selected fromthe group consisting of N, 0, S, the substituents

bei ng s¢ 2d 1 f he b Shi 0, o (30 dr, hal ogen,
o no, ApEnee HhOb SRR SRTER R0l o gl IR P Rt

al koxy caclvhextl]-aidé al koxycar bonyl al kyl , Cl14 hal ogenal kyl, C6_io aryl,

hal ogen jo aryl, io aryloxy and C6.i0-aryl-Cl4 alkyl. Rl and R2 form
{ oget her CHore: B RPETLGER R S AU OF-Chiyoraricay el hodmin
unsubstdytishee]]-amjiengl € or twofold substituted heterocycle having 5 - 9

ring atons annd 1 - 3 hetero atons; the hetero atons being selected fromthe

group A6l 385N (Dhidrapliedylethyre]siHhsdiokrentishdaiptdmedtiedt ed from t he group
consi st i nﬁ f hal %gen and Cl4 alkyl. R and R2 preferably formtogether
with t HEMAP1 7068 %t om t o which they are attached an unsubstituted, a

si ngl e OH-PysRfQ8 LapeRFlid 4d RY SBY) S BCiod-phehfethsy1)-59ut he group
consi sting %\?ﬂand the_ﬂgubst |Rt ugﬁ)s gei ng s%iéegt egg}fléogﬂlhe group consi sting
of fl udpsy-cxtivkexsll-amidtyl , ethyl, propyl, butyl, trifluoronethyl,

fluoro i {4 uoropr | . R, and R2 pr.ef bl y.represent,

i ngepeﬁ{é'iﬁﬁ’g/g??'(g%c{élg}é%p lgfnﬁgﬁynéﬂ)56&Y‘{§?’kyy?Y%?h%@%‘r‘?/thﬁlp‘?ﬁna%a{bﬁy

subst i tNH{E®,38)-3G3-CaloB- Kyl etynhBl0BRRoxy IR GHRRYIE-40Bah | oRedagraer al - or
preferred radical definitions apply both to the end products of the

| d |

f or mul ahl;-[Ql|S)3,S)(3rﬁ3)CI@Jﬁ€p-phw§eﬂyﬁM833| kyslroxsoescéaissydidridpogo-berrantide starting
teri i\ At ' 1 1 4244 ired i

e 0 (e e R s E

wi t h one-[dr)B$)es-(RChidrbdphenylahyriyhc3 -tigldiogy-coctbhexal]-H(55-0RhMBG - fHeayIAVGD-
preferred ranges. Further, individual definitions may not apply. Preference

accordibr‘l’lf,;"'rf"t‘}1 he invention is given to conpounds of the fornmulae (1), (I1)

4 (1 bk . At f 3 ] _
el g Er B A L PP cer® kB ACTR)- 95 R0 SRR PR |
to m(::) 0 r‘rﬁﬁ-!ﬁﬂd%3%)f-?’-(:h@hfmw-fphtraéit_(l)}'?y,l)ai-hzdroayldyc(ltt))]he!x)ll]vmphﬂm_yb-axlt‘etaﬂilide a f .
conbi nati ani_ngs S ve as bein rti.c r referred,
AR GRE R et I SR T R ML T A S A
conpourBazef 8 fasxbes N @193 syfrj-ehclﬁ&@t;ﬂieﬁyléth%ﬂ%t}gm&@-é}fclo%@fym&%%ﬁeé

| i sted above as being very particularly prefefred. Preférred are those
corrpouM(1§f3Sf)6r(ﬁrd¢lder%pl)epy{éthypylaﬁdlxdmmcmhémeylhmmen@mmpinnm@n

unsubstituted or substituted heterocycle.
N-[(1S,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-(2-fluoro-phenyl)-acetamide

5-Hydroxy-1 H-indole-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide

1 -Methyl-1 H-pyrrole-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide

N-[(1 S,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-terephthalamic acid methyl ester
N-[(18,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-(2-trifluoromethoxy-phenyl)-
acetamide

5-Chloro-N-[(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-hydroxy-benzamide

N-[(18,385)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-4-hydroxy-benzamide
N-[(18,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl}-2-hydroxy-benzamide
4-Amino-N-[(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-benzamide
4-Amino-5-chloro-N-[(1 S,38)-3-(3-chloro-phenylethynyl)-3-hydroxy- 3-Amino-4-chloro-N-[(1
S,35)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-benzamide



Particular preferred are conpounds of formulae (Ha to Ile) as shown bel ow
(1la) wherein the substituents have the meaning given in this

speci fi cawvpan1/B372081. N-el | R2R4 (11b) wherein the swb3iiscuanse4shave t he
meani ng given in this specification; (11c) WO

2011/137206PCT/ US2011/ 034244 (Hd) wherein R4 represents G -C4 al kyl,
preferably nmethyl, and the other substituents have the neaning given in

this spedifi.catirgn et ey a ts g_[ ¢chloro, and
the o hor e a RGP b R o B B B R e
Further preferred conpounds of the present invention have the formul ae (M

to Til eR-/a8inekN¢1 $185)e3v(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide
N-[(18,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl}-4-hydroxy-3-methoxy-benzamide
N-[(1 §,38)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-fluoro-benzamide
N-[(18,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-4-methanesulfonyl-benzamide

Pyridine-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide

3-Amino-pyrazine-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide

6-Amino-N-[(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide
4-(4-Amino-benzoylamino)-benzoic acid [(1 R,3R)-3-(3-chloro-phenylethynyl)-3-hydroxy-
cyclohexyl]-amide

2,6-Dioxo-1 ,2,3,6-tetrahydro-pyrimidine-4-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-
hydroxy-cyclohexyl]-amide
N-[(18,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-isonicotinamide 3-Chloro-N-
[(18,35)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-benzamide
N-[(18,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2,3-dimethoxy-benzamide

N-[(18S,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl}-4-oxo0-4-phenyl-butyramide

2-Chloro-N-[(18,38S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide
5-Bromo-N-[(18,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide lsoquinoline-
1 -carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide
Pyrazine-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide

3-Benzoyl-pyridine-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide

N-[(18,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-methyl-nicotinamide
Quinoxaline-2-carboxylic acid [(1 S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide
Pyridazine-4-carboxylic acid [(1 S,3 S)-3—(3-chloro-phenylethynyl)-3-hydroxy—cyclohexyl]-amide
N-[(18,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-methylsulfanyl-nicotinamide

N-[(18,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-4-trifluoromethyl-nicotinamide

2-Chloro-N-[(18,38S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-isonicotinamide



wherein all of the substituents have the neaning given in this _ _
specification; (M) wherein the substituents have the neaning given in

t hi s specwDi208ti3z205 WO 2011/ 137206PCT/ US2011/ 034244 1 PCFUS20MZ/084204])
wherein R4 represents G -Ca alkyl, preferably methyl, and the other
substituents have the nmeaning given in this specification; le) wherein R4
represents hal ogen, preferably chloro and the other substituents have the

nmeani n t icul a ou of . the forml ae
(o A 3, PRl MR e RN P et s Ry
In another enbodi nent, the rn] uR5 antagoni st is a conmpound of the fornula
(1V): 6-Chloro-N-[(18,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-nicotinamide

2-Chloro-N-[(18S,3S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-6-methyl-isonicotinamide
N-[(1 §,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-2-(4,5-dimethoxy-3-oxo-1 ,3-
dihydro-isobenzofuran-1-yl)-acetamide

1 ~.8.B-Tetrahydro-cyclopentapyrazole-S-carboxylic acid [(1 S,3 S)-3-(3-chloro-phenylethynyl)- 3-
hydroxy-cyclohexyl]-amide

N-[(1 S,3S)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-3-(1 H-indol-2-yl)-propionamide

6-[(1 S,35)-3-(3-Chloro-phenylethynyl)-3-hydroxy-cyclohexylcarbamoyl] -pyridine-2-carboxylic
acid isopropyl ester

Quinoline-6-carboxylic acid [(1 S,3 S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-amide

5-Methyl-isoxazole-4-carboxylic acid [(1 S,3 S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide Benzofuran-3-carboxylic acid [(1 S,3 S)-3-(3-chloro-phenylethynyl)-3-hydroxy-cyclohexyl]-
amide

N-[(18,35)-3-(3-Chloro-phenylethynyl)-3 -hydroxy-cyclohexyl]-2-(2-methoxy-phenoxy)-acetamide.

In a further embodiment, the mGluR modulator is a compound of the formula (VD)

wherein

R! represents hydrogen or alkyl;

R R? represents an unbubstituted or substituted heterocycle or
R’ represents an unsubstituted or substituted aryl;

R represents alkyl or halogen;

in free base or acid addition salt form.



wherein mis O or 1, nis Oor 1 and Ais hydroxy X is hydrogen and Y is
hydrogen, or A forns a single bond with X or with Y; Ro is hydrogen,

(G 4al kylwoQeiarioeoxy, trifluoronethyl, hal ogen, cyano, PaTiusSe)114082GR1
wherein R1 is (G 4al kyl or -COR2 wherein R2 is hydrogen or (G 4alkyl, and R
is -COR3, -COOR3, -CONRMAR5 Or -S0212.6, wherein R3 is (G 4alkyl,
(C3_7)cycloal kyl or optionally substituted phenyl, 2-pyridyl or 2-thienyl;

e and R BUSAARIEH S - s PRI o
(G _4)al kyl, ?%39?7 cyc oa?@égonggg%g%?gﬁa Pé/ sugg%hl%tf%u&a Qﬂg%%%neé“i‘ gVO
hydr oge2004/01@&8 hhrkd/¢onaproind T thO IdrmbBV@PGRIEThSROWD DBYAWA 5T: thecdifaiogen or
(G 4)al kyl, . R and .R' together forma group -CH2-(CH2).- wherein mis O,
1 or 2,&%?%??5187{108533 IBW%‘%teﬂq’ﬁf%“ fedet@N4e erent from 0, with the proviso
that Ro is different from hydrogen, trifluoronethyl and nmethoxy when n is
O, Ais hydroxy, X and Y are both hydrogen, Ris COOEt and R and R’
together forma group -' (CHz)2-, in free base or acid addition salt form
Exenpl a]l"}ye PESADb UNYERtiasr cande e to(demimoyludlemd(vigh_;,aasahaving FXS are likely to respond
?r; ﬁ'?l’ 7@5 eélﬁﬁel(}b_( g{ﬁﬁ%?ﬁ@ﬁﬁ&o Mgg%h@y rﬁlca_m%%saorp{géﬁﬂ{%na%?alggr_li%ts_ir(lzc%cgoe)l() ildgr(lzlirgg[{ccsj,
(fﬁRl, 4Sprt3mlﬁ)s; Beptidels, axyleit-attds Odryd bl BMEs, OF by Hup chiti@li&s: | A SRy bi &4 aci d
et hyl ester oo
(-)-( 3am931§$57@m9gqntﬁt Er(-pOgR, 43 TaPodhydraxyrd mettgllethyprlyoctaydehindolsdindol1- 1- y1
) - et hagoRg ) aci ist () _
(3aRs, 48R 7$/|‘\1>€)"“3191-’?e§}-1yéﬁ?t8rr‘ op KRR 5nweppish (RyARRadS SARUATIE Y8 e- 1- car b
oxyl i ¢ @abilehptyrpktabgdrerindole-1-carboxylic acid methyl ester, as well as methods of making the
()-(3aRS, 4SR, 7 RBS 4- (@- Fhuor - phenyl et hyny1) - 4- hydr oxy- oct ahydr o- i ndol e- 1-
car boxyidts grgidgsc ﬁc},}n <t Bptent No. 7,348,353, which disclosure is incorporated by reference
herein. The mGIuRS5 antagonist, (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-

1-carboxylic acid methyl ester has the following structural formula:

Other mGLURS antagonists such as those disclosed in U.S. Patent No. 7,348,353 are contemplated for use in

the methods of the present invention.

In one embodiment, the mGluRS5 antagonist is a compound of the formula (I)
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O
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( SaRSASRJaRSA- Hydr oxy”- phenyl et hynyl - oct ahydr o-i ndol e-i - carboxylic

aci d(S) (tetrahydrofuran-3-ypester

( SaRSASRMIB3AtIHptoexy~ - phenyl et hynyl - oct ahydr o- i ndol e- i PCAfUSQXNI0B4244

aci d(R) (tetrahydrofuran-3-yl)ester

(3aRS, 4SR, 7aRS) - 4- Hydr oxy- 4- ( 3- chl or ophenyl et hyny1) - oct ahydr o-i ndol- 1- car bo
xylic acid(S)(tetrahydrofuran-3yl)ester

() - (3aRgh&sSR, 7aRS) - 4- Hydr oxy- 4- mt ol yl et hynyl - oct ahydr o4ndol e- 1- car boxyl i c
acid ethyl ester

() - ( 3aRY, ®BRsuRF)tionally sWistitrtest gikid vy bptidnatly Shbsfitgydibanzyl; asd ahydr o- i ndol e- | -
car boxyhi c_aci thyl ester . . . .

()-(3a ,rfgﬁfﬁ“gﬁ%&ﬁge(“@h?pép%l%ﬂ?ﬁ%‘ww onoptipaally substitwadbenaduf® ony!l - oc
t ahydro- indol e

g Z:i- ((1 32?%%@2?{ fgfm g{]ggem@r iR Aiirdgch A8mAo (vhidh MEF AR Gich M Bp o ALBRKYLA ©
() - ( RS) heferpénsteyvith begsithin 24 3ing, aborids; 7a- hexahydr o- i ndol e- 1- car boxyl i ¢ acid

et hyl ier . . .

( JCSRSIRASHRAASThalogsRnplY) alkayyalipilaming gy fialkylaming;  ya-hexahydr o-i ndol - i -y1
) - et harRN@presents hydroxy (OH) halogen alkyl or alkoxy; _ _ _
()-(RS)-4-mTol yl et hynyl- 2,3,5,6, 7, 7a- hexahydr o- i ndol e- 1- car boxyl i ¢ acid

et hyl eQuenresents CH, CR” or N;

(3RS, 7 - 4- Y, hywnyl- 2, 3, 3a, 6, 7, 7a- hexahydro-i ndol e-1 -carboxylic
acid e?ﬁ%pr%%p?gh%’)é-%ﬁé\?’ 7aRS) - 4- (4- Chl or o- phenyl et hynyl) -2, 3, 3a, 6,

7, 7a- heWabydsentd OHPCR? &r Near boxyl ic acid ethyl ester ()-(3RS,

7aRS) - 4- ( 2- Fl uor o- phenyl et hynyl )-2, 3,3a, 6, 7, 7a-hexahydro-indole-1

- car box§ FerEessBiIs CIEPRY; “ ester ~ WD 2011/ 137206PCT/ US2011/ 034244

()- (3R &J}’& - re- phenyl et hynyl) -2, 3, 3a, 6, 7, 7a- hexahydr o-i ndol e- 1-c
ar boxylslyg acl gé-e(%}ﬁy(fﬁp‘e@tl\gel’r

() - ( RS)Z tep(Semis GohLoNpher;laatihyny 1) - 2, 3, 5, 6, 7, 7a- hexahydr o-i ndol e- 1

- car boxyl i. id ethyl ester - (3RS, 7aRS) -

4-(3- ﬂﬂﬁﬁﬁﬂbﬂyﬁéﬂﬁ%nﬁ%tg@ BME B hexahydr o- i ndol e- 1- car boxyl i c
aci d_etif¥lee ®ader abkr-ddf@ondak Jufpt hoxy- phenyl ethyny1)-2, 3,5,6, 7,

7a- hexahydro-i ndol e-1 -carboxylic acid ethyl ester

()-(3aRsS, 4RS, 7aSR) - 4- Hydr oxy- 4- phenyl et hynyl - oct ahydr o-i soi ndole- 2- car boxy1l
i ¢ aci dnehother eshegliment, the mGluRS5 antagonist is a compound of the formula (II), wherein a
()-(3aRs, 4RS, 7aSR) -.4- I{{){d Xxy-4-mtolyl et hynyl - oct ahydr o-i soi ndol e- 2- car boxy
lic acicamé)PHV{ oé?% formula (I 18 a compound of formula (I) in which at least one of Q, V and W is N;
() - (3aRPHESastPREd4dNn XY féaP- t ol yI et hynyl- oct ahydr o-i soi ndol e- 2- car boxy
lic acid ethyl ester
()-(3aRs, 4RS, 7aSR) - 4- ( 3- Cyano- phenyl et hyny1l) - 4- hydr oxy- oct ahydr o-i soi ndol e-
2- car bdrygt Ecﬁlathialdemlbdﬂjrhelﬁsm@guRS ant?]gonislt is ahcompound of thhe formula (III), wlllerein the

1ia (1 &
|( |H§ asg&g%gm@t;%%ﬁ)é%ﬁﬁ igg E:orgggun% o?'r}grrr?utla E/I?)ylg W%?éhaY)llsd (rjl%;lig ?rleg ggseeor agi?ir boxy
( HSaRSARSia kMt foemE! uor o- phenyl et hyny1”- hydr oxy- oct ahydr o- i soi ndol e”- car box
ylic acid ethyl ester
()-(3aRsS, 4RS, 7aSR) - 4- Hydr oxy- 4- phenyl et hynyl - oct ahydr o- i soi ndol e- 2- car boxyl
i ¢ aci dreferred pubstifuentstpeferred ranges of numerical values or preferred ranges of the radicals
|( I) C( 22::}%55?% S1{1 Z}%ﬁﬁélég%g{lﬁxaﬁd%ﬂﬂ}aglg ltl}lel c%&rrég};]o%hin%(:igt%pl%gc{ige Icgr(rjli)cr)ll?n%ls grezde%?lg(? Xy
() - (3aRglARS, 7aSR) - 4- Hydr oxy- 4-mt ol yl et hynyl - oct ahydr o-i soi ndol e- 2- car boxy
lic acid nethyl ester
()-(3aRs, 4RS, 7aSR) - Fur an- 2-y1- (4- hydroxy-4- mt ol ylet hynyl - oct ahydr o-i soi ndo
1- 2- y1)X prefenatip represents CH.
(J"SaRSARS. yaSRIJ- Cycl opr opy1lA- hydr oxy™- m t ol yl et hynyl - oct ahydr o-i soi ndol -y
1) - net noPe bflri)! (3aRS, 4RSS, 7aSR) - |, _
( 4- Hy drioRsgLeaably Feprssenis Fhot CRotvdisyn B pecdtrably Teprespnts-halogpmlipartaular peaferablyne
() - ((1SRoASR) - 3- Hydroxy-3-/r7-tol yl et hynyl -cycl ohexyl ) - met hyl - carbam ¢ aci d
met hyl ester and ()-((1
RS, 3SR) - 3- hydr oxy- 3-/n-tol yl et hynyl - cycl ohexyl ) - net hyl - car bam ¢ aci d net hyl
est er Z preferably represents NH.

R® preferably represents fluoro, chloro, C;.4 alkyl, e.g. methyl.



0-(1

RS, 3SR) - (( 3- Hydr oxy- 3-/n-tol yl et hynyl -cycl ohexyl ) - (4- nmet hoxy-benzyl) - car bam
ic acid evohybrgstms ()-(1 PCT/US2011/034244

RS, 3RS) - ((3- Hydroxy-3-/r7-tolyl et hynyl -cycl ohexyl ) - (4- met hoxy- benzyl)-carba
mc acid ethyl ester ()-[(1

RS, 3SR) - 3- Hydr oxy- 3- ( 3- net hoxy- phenyl et hyny1) - 5, 5- di net hyl - cycl ohexyl ] -neth

yl car bagd garfigh Qrw@tem r
RS, 3SR) - (ga} Hyclr oxy-5, 5blg?ér¥§%sﬁ§%cépof?7 t ol yl et hynyl - cycl ohexyl ) - met hyl - car ba
mc acid WD 2011/137206PCT/ US2011/ 034244 nethyl ester ()- [( 1 RS, 3 SR -3

- (3 - Fl Rbamt ijnpﬁfelrzﬂﬂﬁ?dmﬂﬁ)géher with the nitrogen atom to which they are attached an
- hydroxal-S 5- di et h;{)ﬁ-c cl ohex I}f— met hyl - carbam c acid nethyl ester ()-[(1
)

RS, 3RS) trsupsiitged, gF Fbstiy @E%«frﬁ(y haying 3oy Wxgjng:3tems ped ¥ ¢ hetsthgtpmesthb Aatero
acid ne - . ]

RS, 35R) -y BERE SHecita o he group consisting of N O, S, thesubtivus being-seecled o ie
aci dhrregl‘ny]I;1 ctmsise'nﬁ of 9);([ (=0}, lﬁﬁaﬁﬁS?lalagefWﬁh?xyi{rﬁbcy(a@o, Cia aékyl, C1h4 elllkoxy, Cia
L SR U P Mo BT €2 gt W i el
et hyny1Q: eyey100e i I id nmethyl ester ()-[(1

RS, 3RS) ?3 %?IICE ﬁ@gﬁ%%‘% ggﬁ{/ﬁ?rllgjfé?lﬁgldr oxy-cycl ohexyl | - met hyl - car bam ¢
acid nmethyl ester ()-{( 1 RS,3 SR)-3 -(3 -Chl oro-phenyl et hynyl)-3

- hydr oxB* andcRofoen o gethelrr\s\tiﬂhyt}le ?mroﬁanﬁtenﬁc ivlihicF]lEﬂhbjiy’ %areeiﬁhﬁfed(f%nﬁ %{; (

RS, 3RS) - N-{ 3- roxy-3-mt et hynyl - cycl ohexyl ) - acet am de -( 1 RS 3
SR) - N- %@SH%?‘QQ-@ igle %ﬁ“@%@% H9W¥ut Retermexajs havirge? aftiriae apomsand 1 - 3 hetero
RS, 3RS . - = .car j ‘ - er
BN e R G DR L
est er (Selected from the group consisting of halogen and C.4 alkyl.

RS, 3RS) - [ 3- (3- Fl uor o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - carbam ¢ acid

hyl - . . .
gets, )?:SR)EI-%i[ ag‘{d(lgﬂflg&lﬁfﬁb& fradosctharyyiththe sitrogen alem tepriightiey pre-attaehsdne aci d

et hyl egfs@bstitdted, b single or twofold substituted het le sel
RS, 3RS) - [ 3- ( 3- Met hoxgy-%rhgr?y? ets?lysnlyulg - 39?{9%003?-6&/6&% Iré>t<hfl %r(-)%par bam c acid

et hyl esonsistifglof (1
RS, 3RS) - N- [ 3- ( 3- Fl uor o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - acet am de.
()-(1 RS, ?SR) - N4F- (3-Fl l.llOI’ o- pher}yl et hyny1) - 3- hydr oxy- cycl ohexyl Facet am de

D00 0E
sojoslaXe
sleleleles

and the substituents being selected from the group consisting of fluoro, chloro, methyl, ethyl, propyl,

butyl, trifluoromethyl, fluoropropyl and difluoropropyl.

R! and R? preferably represent, independently from each other, Ci-C, alkyl or benzyl,
optionally substituted by C;-C4 BIkOXy or halogen.

The above mentioned general or preferred radical definitions apply both to the end products of the

formulae (1), (II) and (IIT) and also, correspondingly, to the starting materials or intermediates



()-(1 RS, 3SR) 43- Hydr oxy- 3- ( 3- net hoxy- phenyl et hyny1) - cycl ohexyl | - car bam c
acid ethyl ester ()-(1

RS, 3RS) - WD20Hydrawxky - 3- ( 3- met hoxy- phenyl et hyny1) - cycl oh@<§IusS2@acesend de
(0-(1

RS, 3SR) - Nd3- Hydr oxy- 3- ( 3- met hoxy- phenyl et hyny1) - cycl ohexyl ] - acet am de.
()-(1 RS, 3RS) -[ 3-Hydroxy- 3-(3-net hoxy- phenyl et hyny1) - cycl ohexyl ] - carbam c
acid te I ) . .

RS, BSR)f4e u%%%ﬁf?@? afé% §6r (¢ é‘re}()aran Psyees rr?f}lr?all efinifions an be embingd.with ong anpther
t er f - buatywillese. emcluc(ljlg @dmblnatlons between the given preferred ranges. Further, individual

RS, 3RS) e(f3 I—%ér%ag toI yl et hynyl cycl ohexyl)-carbam c acid tert-butyl
ester (51 t Fiydr oxy-3-mtol yl et hynyl - cycl ohexyl ) - carbami ¢ aci d
tert- butyI ester () (1 RS, 3RS) -

3-(3- | Jes iC d._t s but vyl
(30 Theensan Y bis o DU SR AT 3 abelit Bk
F- car basrintaimeicombaatiemof tht neahiaps méMiGd hbdA/RMRREHéSA0d.1/ 034244 ()-(1
RS, 3RS) 43- ( 3- FI uoro phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] -carbam c acid
met hyl ester
RS, 3>éR) f{rec‘(ler HIP@E?PS@ awem}netquﬁmneoweﬂ@wo egwpomds of the formbdad @), 4d) ahd

st or o (i sk FAF IR e RSO AT RUE el o

()-Methyl-(3- phenyl et hynyl - cycl ohex- 3-enyl)-carbam c acid ethyl ester

()-( 4ame@@$n&ampr5cehwmardﬁ?qb ERYinesdORYS oived RIME EAmASINAS bf 18 Tdmbaas A9XY!
ic acid et hyI ester () 4aRS, 5SR, 8aSR) -

5- ( 3- ChVBich CppaimA f@erhjwppﬂérhwaemé@tedﬁb@vwsdmngdempmymﬂy prefonred?2-

yl - met hanone
( ) g_]( 4]?15%%%]_ § eia‘t}glee %"%PSH%S H13 rn[i)uqa neﬁ ?fIS]ercy (:HI) th cin I?j(l)épr%gént ndlll’nosugsl%{u?tgcll 'n

() (4aRsg, ﬁmn&ad;l?éteﬁ,cyae,cm or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i ne

-1-carboxylic acid tert-butyl ester

()-[ (4aRS, 5SR, 8aSR) - 5- ( 3- Chl or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i n

-1-y1]- Eﬁﬂi@ﬂ@ﬂ Hrefarrgd aregongawnds of formulae (Ila to Ile) as shown below:

() [(4aRS SSR, 8aSR) - 5- (3- chl or o- phenyl et hyny1) - 5- hydr oxy- oct ahydr o- qui nol i n
t hyl pi perazi n-1-y1) - net hanone

() (4aR§z,\5 S aSR)- -(3 chl or o- phenyl et hyny1l) - 5- hydr oxy- oct ahydr o- qui nol i ne

-1-car box eflhyl ester and ()-(4aRS, 5SR, 8aSR) -
5-(3-chl o @%1) 5- hydr oxy- oct ahydr o- qui nol i ne-1 -carboxylic acid
et hyl ester () (4aRS 5 8aSR) -

5- Hydroxy-5-m tol yl et hynyl - oct ahydro- qui nol i ne-1 -carboxylic acid ethyl
ester ()-(4aRS,5RS, 8aSR) - 5-Hydroxy-5-mtolylethynyl-octahydro-quinoline-1
_car box¥yhsreinag sbgiitHents bavedhe mepning given frethisspocificationt . t he n@ uR nodul at or
is a conpound of the formula (V): wherein

{Iib}

wherein the substituents have the meaning given in this specification;

K =

Moy

(ltc)

wherein the substituents have the meaning given in this specification;



Rl represents hydrogen or alkyl; R2 represents an unsubstituted or
substituted heterocycle or R2 represents an unsubstituted or substituted
aryl; WOWOQUW/1B320B06PCT/ US2011/ 034244 R3 represents al egir/useothabsagen; X
represents a single bond or an al kandiyl -group, optionally interrupted by
one or nore oxygen atons or carbonyl groups or carbonyl oxy groups in free
base or acid addition salt form Exenplary conpounds of formula (V)

i ncl ude: Fupan-3-carboxylic acid

[ (1S, 38k»3 3 c | or o- phenwl<et hyny1) - 3- hydr oxy- cycl ohexyl i - am de

Fur an2- car C|d't 1

R 3R) - 3- ( i chk.g
carboxylic aci d*

[ (1S, 3S)-3-(3-chloro- phenylethynyl) 3- hydr oxy-cycl ohexyl | -am de
3H- 1 m dazol e-4- carboxylic acid E

R 3R)-3 Iidé vesredn B- m%mn@ﬂﬁﬁv;ﬂlsy ,Qrﬁfy@hbbmw@yb ot iheyother suhstituents have the
3H I m y

S, 3S) - %i% ﬁ%égég{ ﬁs@ &{ﬁﬁﬁﬂl) 3- hydr oxy-cycl ohexylJ-am de 4H[1

,2,4] Tri azol e- 3- carboxyllc acid [(1

R,3R)-3-(3- hl or o- phenyl et hyny1l) - 3- hydr oxy-cycl ohexyl]- amde 4H[1

, 2, 4] Tr rgz car boxyl L= acid

[(1S, 35)- & (3chllor o £nyl et hyny1) - 3- hydr oxy- cycl ohexyl | ani de

2- Met hyl - Rir ah- FBaxylic acid [()-(1

R, 3R) - 3- (3-chl or o- phenyletﬂ9ﬂy1) 3- hydroxy-cycl ohexyl]- amde N[()-(1

R, 3R) - 3- ( 3- Chl or o- phenylethynyl) 3- hydr oxy- cyclohexyl] 3, 4-di fl uoro-benzam
de Benzo[l| , 3]di oxol e-2-carboxylic acid [()-(1

R 3R) - 3% geip dﬁmﬁm@ﬁﬂﬂ@ehmgﬁ ably ehldropanydthc lothee sybistituants ieve the meaning given
5- thhyh E%%%nau carboxylic acid

[()- d §E§ 24 §: ﬂ?oro phenyl et hyny1l) - 3- hydr oxycycl ohexyl i - am de
Cpinoxallne 2- carboxylic acid [()-(1

R, 3R) - 3F1(rﬁre9Blleﬂ';rr&'dQaﬂﬁ%{uﬂsh)\f@]yélﬂres%nhﬂl%ﬂﬁﬂl 1Y€ HREXN LAY %o 1Te) as shown
Benzof uran- 2- car boxylic acid

R, 3R) - 3vel®vchl or o- phenylethynyl) 3 hydroxy cycl ohexyl ]- am de

Benzooxazol e-2-carboxylic acid [()- (1

t hynyl) - 3- hydr oxy- cycl ohexyl Fam de Fur an- 2-

u&h

R 3R) - 3- (3-¢hl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl | am de
2,5-Di ng jiﬁjgran- -carboxylic acid [()- (1
R, 3R) - 3 (B chl o yl et hynyl) - 3- hydr oxycycl ohexyl j - am de

(R S) - Tet Rah¥rg H carboxylic acid [()-(1
R, 3R) - 3- ( 3- chloro phe y et hyny1l) - 3- hydr oxycycl ohexyl j - am de
Furan- 3-carboxylic acid ((1
R SRJ- S—hydroxy S-mtolyl ethynyl -cycl ohexy0O-am de Furan-3-carboxylic acid
( (1S, 39ybaseingl of e sybstithenty haveithawpkaniye gigbe joythis-spedifieativor an- 3- car boxyl i ¢
acid (()-(1 R SRJ-S-hydroxy-S-mtolyl ethynyl -cycl ohexy0-am de
Fur an-2-ca oxylic acid ((1
R, 3R) - 3ha -S-Q&tq¥ylethynyl-cyclohexyl)-anide
R XI\N 7 \\,]/
(INib)

wherein the substituents have the meaning given in this specification;

ey

(ke

wherein the substituents have the meaning given in this specification;



WO 2011/ 137206PCT/ US2011/ 034244 Fur an- 2-carboxylic acid ((1

S, 3S) - 3- hydr oxy- 3-mt ol yl et hynyl - cycl ohexyl ) - ami de Fur an-2-carboxylic acid
(O)-(1 RePRoB/Bymsoxy- 3-mtol yl et hynyl - cycl ohexyl ) - am #€TIESoXA0842¢4 5-
carboxylic acid ((1 R, 3R)-3-hydroxy-3-mtolylethynyl-cycl ohexyl)-am de

| soxazol e-5-carboxylic acid ((1

S, 3S) - 3- hydroxy-3-mtol yl et hynyl - cycl ohexyl ) -am de | soxazol e-5-carboxylic
acid (()-(1eR 3R) -3-hydroxy-3-mtolyl et hynyl - cycl ohexyl ) -am de

S- Met hyky pysazine- 2-cagboxylic acid (() -(1

R 3R) - 3- h{{dr ofy-"3- m ¢l yf et hynyl - cycl ohexyl ) -anide 4H[ 1 ,2 ,4]Triazo le-3
- car boxyl iRt agq R, 3R) -3 - hydroxy-3

-mtolylet hynyl"E cyCl ohexyl ) -am de 3H | m dazol e-4-carboxylic acid (()- (1
R 3R) - 3dHypwberginR ‘meprebenteC pEylkyk; pesfeabisy hethyrdiethe other substituents have the

Tet rahydro-pyran-4-carboxylic acid (()-(1

R 3R) - SI-I‘FI%‘E%&‘Q@BW&%S(?PW EWPRY| - cycl ohexyl ) - ani de 1- Met hyl -1

H i mi dazol e-4-carboxylic acid (()-(1

R, 3R) - 3- hydgoxy- 3-mtol yl et hynyl - cycl ohexyl ) - am de

(R S)-Tg;g\ra dro-furan-2-parboxylic acid (()-(1
R, 3R) - 3- hgdr j y‘;ii et hynyl - cycl ohexyl )- am de
a0n-.8-

(R, S) - Tet Rahyxdr carboxylic acid (()-(1

R 3R) - 3- hydr oxy- 3-Tr t ol yI et#iginyi - cycl ohexyl ) - ani de Furan- 3- carboxylic acid
[(1 R 3R)-3-(3-fluoro-phenyl et hynyl) - 3- hydr oxy-cycl ohexyl ]-am de
Furan3-carboxylic acid Rl .
géfSz);(i??egeglg}fge??sfﬁwh@ehyﬁwﬂe}ab% EMBHoQ XYt ¥ GtHRP Sabélidue ARTHhER: b hAAARE iven

R 3R) - 3n(thisspesaficatipheny| et hyny1) - 3- hydr oxy- cycl ohexyl Fani de Fur an- 2-
carboxylic acid [(1 .

gi_f |San- iﬁ?@érﬁi%h}%gﬁg%%tﬁezp%ﬁ%% Kﬁ,; (ijlurl(? %ﬂll-) ?IYC(l:lll({)qu())( eld]e;c%rgeg ?n the Examples

R 3R) - 3siteridrétar o- phenyl et hyny1) - 3- hydr oxy-cycl ohexyl | -am de N-[(1

S, 3S) - 3- (3- Chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 3, 4-di fl uor o- benzam
de N-[(1 .

R, 3R) - 3n(@goibat emnbedimenty the G iwRS)anBiehyidt io e wompotrahefitiit forBuke-@VY:| uor o- benzami
de Pyridine-2- carboxylic acid [(1

S, 35)-3-( hl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - am de Pyri di ne- 2-

car boxyl i OLd~[£1 ,

R 3R) - 3-( ,.
(3- Chl og @* phenyXK
R, 3R) - 3-3-Chl oro

AT - 3- Rydr oxy-cycl ohexyl | -nicotinamde N-[(1
nyl et h%nyl) - 3- hydr oxy-cycl ohexyl ] - ni coti nam de Benzo[ |
Bcile 1

S, 3S) - 3- (3-chl or o- phenyt et Hyny‘i) m’a- hydr oxy- cycl ohexyl Fam de

5- Met hyl - pyrazi ne-2-carboxylic aci'd [(1

S, 3S) - 3-(3-chl oro- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl | - am de

2- Met hyl -t hran-3-carboxylic acid [(1

S, 3S) - 3Y{%C1BK| or 0- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - ani de

(R - TetthadydfF p-furan-2-carboxylic acid [(1

R 3R)-3-(3-chl or o- phenyl et hyny1) - 3- hydr oxycycl ohexyl ] - ami de

(S) - TetridWyadrl@nflur an- 2- carboxylic acid [(1 R 3R)-3-(3-chloro- hen leth n 1’
-3-h dr X E drg@p 2011/ 137206PCT/ US2011/ 034244 cycl ohexyl ] -am de
| soxazol e- -caryboxyl ic acid [(1

S, 39) - X (shydhdgehan@henyl et hyny1l) - 3- hydr oxy-cycl ohexyl i -am de 5-
Met hyl -SPyrazi ne- 2-carboxylic acid [(1

R 3R) -3 (@Yémgépfﬁfphenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - ami de

2R g/% h%i {%%ﬁb‘@f%‘f@%@ﬁ%% dY[B( ﬁydr oxy-cycl ohexyl i am de
Ry is hydrogen, (Cy4)alkyl, (Cy4)alkoxy, trifluoromethyl, halogen, cyano, nitro, -COOR; wherein R,
is (C14)alkyl or -COR; wherein R; is hydrogen or (C4)alkyl, and
R is -COR3, -COOR3, -CONR4R;5 Or -SO;R6, wherein Rj is (C14)alkyl, (Cs.7)cycloalkyl or
optionally substituted phenyl, 2-pyridyl or 2-thienyl; R4 and Rs, independently, are hydrogen or (Ci.
s)alkyl; and Re is (Cj4)alkyl, (Cs7)cycloalkyl or optionally substituted phenyl, R’ is hydrogen or
(C*alkyl and



| soxazol e-5-carboxylic acid [(1

R, 3R) - 3- (3- chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] -am de 5-

Chl or o- f uwanep/Baboxylic acid [(1 PCT/US2011/034244

R, 3R) - 3- (3-chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - am de

5- Chl oro-furan-2-carboxylic acid [(1

S, 3S) - 3-(3-chl oro- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - am de

(S)-Tetpa S 3 baxylic acid [(1

R 3R) - 3 el R 1) 3 hydr oxycycl ohexyl i - an de

(R) - TetRamgdR"dogeatharfoda e granpxCH, € Chls),d whefein m is 0, 1 or 2, in which case one of n and m
R, 3R) - 3- @%ﬁchltgr o-§henyl et hynyl) - 3- hydroxycycl ohexyl | -amde N-[(1 S, 3

S) - 3- (35 FEATEF 0" Pheny ! et hynyl ) - 3- hydr oxy- cycl ohexyl j -i soni cotinanicje N[(1
R, 3R) - Swii tHe!Proviso PRERYIs@Hi iRt ond hHEEQK Yriffut b ABEYAnd tha RO SR RIH ] is
3,5-Difluoro-pyridine-2-carboxylicacid [ (1 ’

R 3R) - 3uydsaxgh -Yaerbptiehydregen) R3s GOsxpd RE hrohR X ioigkthei fhem a group -' (CHz),-,
3, 5-Di f.l yor.ae- i di perq2-carpboxylicacid [(1

S, 3S) - SIE?%P%I%%@O@%%@%O&S%@g(f/ - 3- hydr oxycycl ohexyl ] - am de

6- Met hyl - pyri di ne-2-carboxylic acid [(1

S, 39) - 3EkePpity RbAPBARRYI LY V) Richydr oxy- cycl ohexyl j ami de

6- Met hyl - pyri di ne-2-carboxylic acid [(1

R, 3R) - =} GaBiiSorad) phErgrosy-Hymstalylethymy o aalyclyc-irsloted | Acibokyle acid methyl ester (-)-

S N N M
S- Chl or o- pyi kl i ne®-carboxylic acid [(1
S, 35) - I=\ BaRUSOTR) HRLAID-S1-( H?’d]rk))_'(%41[?13({-?;619%Mfyﬁ¥1(-%&5}8?8)ﬁ-inam-fi—?ll)-methanone

S- Chl or o- pyri di ne"-carboxyli ¢ aci

R, 3R) - 3- (3- chl or o- phenyl et hyny1l) - 3- hydr oxy-cycl ohexyl ] - am de

6- Chl or(@&)(HaRSHHR;7ARERAH(B>CHloropkaniytkthynyl)-4-hydroxy-octahydro-indole-1-carboxylic acid
[ (1S, BSe)Bi' %tg chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - am de

5- Chl ord™ SW8t hy1-1 H pyrrol e-2-carboxyiic acid [(1

R, 3R) - 3+§-33RY 48507 métﬁPmfmﬁﬁe@reﬂﬁﬂ?fg%W&&@@&M{de&mcﬂfe-ﬁé&ﬁbﬂflﬁ'a%id

-met hyl -1 H pyrrol e-2-carboxylic aci
S, 3S) - 3thydestht or o- phenyl et hyny1) - 3- hydr oxycycl ohexyl i - anmi de WO

R SR - 3o T BRS phatgPehma s ey ir Budaor i ae 5l or o1

H- pyr r aleki( S)(raalayfuia-3¢1)ekter

[ (1S, 38&- 3-(3-chl or o- pherI et hyny1) - 3- hydr (_)_xycyql ohexyll-amde N-[(1

S, 39) - I5pRSSRIRS " Shdruyetryrylathymylipetahpsip-indelt-disasbpklicd- di net hyl ani no-

benzam ag%(R)(tetrahydrofuran-3-yl)ester
(3aRS,4SR,7aRS)-4-Hydroxy-4-(3-chlorophenylethynyl)-octahydro-indol-1-carboxylic acid-
(S)(tetrahydrofuran-3yl)ester
(£)-(3aRS,4SR,7aRS)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid ethyl ester
(#)-(3aRS,4SR,7aR8)-4-(4-Fluoro-phenylethynyl)-4-hydroxy-octahydro-indole-1-carboxylic acid
ethyl ester
(#)-(3aRS,4SR,7aRS)-4-(3-chlorophenylethynyl)-4-hydroxy- 1-methanesulfonyl-octahydro- indole
(+)-(3aRS,7aRS)-4-Phenylethynyl-2,3,3a,6,7,7a-hexahydro-indole-1-carboxylic acid ethyl ester and
(£)-(RS)-4-phenylethynyl-2,3,5,6,7,7a-hexahydro-indole-1-carboxylic acid ethyl ester (+J-
CSRSJaRSJMA-Trifluoro-i-C”phenylethynyl*.S.Sa.ej.ya-hexahydro-indol-i-yl)-ethanone
(#)-(RS)-4-m-Tolylethynyl-2,3,5,6,7,7a-hexahydro-indole-1-carboxylic acid ethyl ester (+)-
(3RS,7aRS)-4-m-Tolylethynyl-2,3,3a,6,7,7a-hexahydro-indole-1 -carboxylic acid ethyl ester
(£)-(3RS, 7aRS)-4-(4-Chloro-phenylethynyl)-2,3,3a, 6, 7,7a-hexahydro-indole-1 -carboxylic acid
ethyl ester
(#)-(3RS, 7aRS)-4-(2-Fluoro-phenylethynyl)-2, 3,3a, 6, 7, 7a-hexahydro-indole-1 -carboxylic acid
ethyl ester



1 HPyrrole-3-carboxylic acid [(1 S, 3S)-3-(3-chl oro-phenyl et hynyl) - 3-hyd
roxy-cycl ohexyli-amde N[ (1

S, 3S) - 3- (Woehlasmophenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 2Cwaishaiobearam de
N[ (1S, 3S) - 3-(3-Chl oro- phenyl et hynyl) - 3- hydr oxy- cycl ohexyl i - 4- met hyl - benzam
i de

N-[ (1S, 3S)-3-(3-Chl oro-phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - 3-fl uor o- benzam
i de +)-(3RS,7aRS)-4-(3-Fluoro-phenyl - - -indole-1- ic aci

N[ (1S, S8 R S S Rh sy 2. 330, 0 i Teshexabydrosindols-| cybarylin acid syl o,
i de N-[gster

S, 3S) - 3-( 35 = ph leth - 3- - | ah 1.]-4-(2,5-dj meth - ph
n;ll) 2 4- ii—%@%—?%ﬁ‘%@é&%ﬁ@%ﬁ%ﬁ-%gg%yﬂﬁgﬁ%agﬁtpgﬁgég-1]-carbc()xy’lic acildrghyl(%@e/r Phe
S, 39) - 3(&?@31@)7&}{9; I@t‘(gM&ﬁbf%ﬁﬂe}?kﬁiﬁygfﬂxyiGyﬁa%ﬁéﬁf){d}kd-ﬁ%}]@mc od¥ilc(atid

S,395-3 Chl or o- phenyl et hyny 3-"hydr oxXy-cycl ohexyl | - 2- phenyl - acet am de
N-[ (1 Stledpestsr (3- Chl or o- phenyi et hyny1) - 3- hydr oxy- cycl ohexyl ]-3-(1

Hind - ' i,de 2- B le & [ -5-yl=N[(1 .

S 58 - HER B IR R 2 k5 A B @ astastyile A bt acid ety

N-[ (1S,a3f)- 3- ( 3- Chl or 0- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - 2- phenoxy- pr opi
onam de

N[ (1S, @?513&BS(,@1%%4Sﬁn)o‘l-bﬁé{éﬁweﬂrﬂwyb}hygyhwalu?dyo-tsymdo}@ezcyarpowi(cZcidl atloyl sstphe
1) - ' i i c.aci 1 .
& 35 R S e o o D R AR SO i@l haeaontioasigghel

H pyrr dser2- carboxylic acid [(1
S, 3S5)-3-(3: - th 1) - 3- hyd | ohexyl]-amde N-[(1 S, 3 S5)-3
23 B T B ok e i RGOSR ot e et i ecidotiy! ober

met hyl RIRIMRS, TaSR)™-65-E) andr-fhdng :AE@%? : isBindole-2- ic aci

- hydr ox(g%?-gycl (’)hex’yzl1 ] )- 2-?3( 2%’%% élfe%ﬁ)ﬂr@?ﬁox - p%éﬁé#@ﬁg%gtg léqu‘lOlgez carboxylic acid
5- Chl orethylieften

S, 39) - 3-(3-6hk < l.et hynyl) - 3- hydr axy- cycl ohexyl ].- 2- hydr oxy- benzami de
N[ ( 1ifé‘%éﬁg)I?%QSES}F‘%P&%%@WW%W%%W :OHVEY%’QWW@%%@X%W%C acid

- 4- hydregg) efrenzan de

N[ (1S, 39) - 3-&:;»- Chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - 2- hydr oxy- benza
m de 4-GERSABSNR$JaBRM-CS-Fluoro-phenylethynyl-hydroxy-octahydro-isoindole*-carboxylic acid

S, 39) - %1@%%?11 or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl i - benzam de

4- Am no-3-chloro-N-[ (1 S, 35)-3-(3-chloro-phenyl et hynyl) - 3- hydr oxy-

3- Ami nq3H3aRISOIRS, MIR)14-Hydroxy-4-phenylethynyl-octahydro-isoindole-2-carboxylic acid tert-butyl

S, 3S) - 3-(3-chl oro- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - benzam de WO

2011/ 1FPEH6PCT/ US2011/ 034244 3- Amino-N-[ (1 _

o o) Jaf PR A7 IS LS - M b ol £ B RVl AT AT
S, 39) - 3sEBEOHBaARH4RASFaFR ptHHyiyd)y-8-nivyadylothy nylyakabliydeoyisbindole Ot dartayxiytle acid

N[ (1S, 39) -,3- (3- Chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - 4- hydr oxy- 3- net
hoxy- béRZAEET N- [ (1

S, 39) - 3+ BalRS| MY7IVR B A- DYV hy Boly ALRXYy - NSetithE R (93 |
N[(1 % é@g -3 - (B%I or o- p%,egyl }ét ﬁ%yl) - 3y- %@g%xy- ﬁé%gﬁglggT?YBjﬂﬁgﬂogge
sul f onyESaBR2RHyaRR PEy¢ldprepy 2 -hydrdxyRytdylathydylF ¢ctahydro-isoindol*-yl)-methanone

S, 39) - 31 Br,pkl nyl gt hynyl) - 3-hydr oxy- cycl ohexyl | ; amde . .

3. Ami ng%%éraggiﬁ%-’ Y 4O§¥$r¥§yécrp301?%3%\ynyxoctthdro-1so¥ndol-;2-1-rgf]l)-pyr1d1n-3-yl-

S, 3S) - 3ndtRanohé or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - am de

(#)-((1SR,3SR)-3-Hydroxy-3-/r7-tolylethynyl-cyclohexyl)-methyl-carbamic acid methyl ester and
(#)-((1 RS,3SR)-3-hydroxy-3-/n-tolylethynyl-cyclohexyl)-methyl-carbamic acid methyl ester

(#)-(1 RS,3SR)~((3-Hydroxy-3-/n-tolylethynyl-cyclohexyl)-(4-methoxy-benzyl)-carbamic acid ethyl
ester

(#)-(1 RS,3RS)~((3-Hydroxy-3-/r7-tolylethynyl-cyclohexyl)-(4-methoxy-benzyl)-carbamic acid
ethyl ester

(#)-[(1 RS,3SR)-3-Hydroxy-3-(3-methoxy-phenylethynyl)-5,5-dimethyl-cyclohexyl]-methyl-
carbamic acid methyl ester

(#)-(1 RS,3SR)~(3-Hydroxy-5,5-dimethyl-3-/r7-tolylethynyl-cyclohexyl)-methyl-carbamic acid



6- Ami no-N-[ (1

S, 3S) - 3-(3-chl or o- phenyl et hyny1l) - 3- hydr oxy- cycl ohexyl ] - ni coti nam de

4- (4- Am rwokenizisyloam no) - benzoic acid [(1 PCT/US2011/034244

R, 3R) - 3- ( 3- chl or o- phenyl et hyny1) - 3- hydr oxycycl ohexyTham de 2, 6- Di oxo-1

,2,3,6-tetrahydro-pyrimdine-4-carboxylic acid [(1

S, 3S) - 3-(3-chl oro- phenyl et hynyl) - 3- hydroxy-cycl ohexyli-am de

N[ (1S, @ShyBeste3- Chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] -i soni coti nam de

3- Chl oro- N{( 1 S 3 9S)-3-(3 -chloro-phenyl ethynyl)-3 -hydroxy-cycl ohexyl ]

- benzan@od(1 RS 3SR) -3-(3-Fluoro-phenylethynyl)-3-hydroxy-5,5-dimethyl-cyclohexyl]-methyl-carbamic

lgl-n[zgrlns ameth(y?es%}l or o- phenyl et hynyl) 3- hydr oxy-cycl ohexyl ] - 2, 3-di net hoxy-b

BI— E (1S, @wms S3RENBAB mm%ﬁb@ﬂaﬁwl)@ By Sody ¥NokASA 10REKYI- dar DX Qe A-RARNY | -
utyram de

2- Chl or®1a% [ (1S, 3S) - 3- (3- chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl i - ni cot i

nam de

5- Br onp (ip\l-[& (%%3%%3'3 43 (F 00 Iphergle%énr?’y} e ﬂdrﬁﬂ)cygokﬁ% T carbanas ot mathod i n

am de Iestn:qw nol i nel -carboxylic acid [(1

S, 3S henlethnl 3- hydr oxy- cycl ohexyl ] - am de

Pyr a)z| n@ '%-lc‘gé g%gg;g XXV3 -%(lit %e)thoxy- enylet yn};i) cyclohe¥<y -methyl-carbamic acid

S, 3S) - 3mg@1 ciilpr o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - am de

3- Benzoyl-pyrldlne 2-carboxylic acid [(1

S, 39S) - AH)-BC1S, 38 R)-pibrlydat it hoRyiphenydetiy ey bt witehexd I|-malsldarbamic acid

N[ (1S, % - ( 3- Chl or o- phenyl et hyny1) - 3- hydr oxy- cycl ohexyl ] - 2- net hyl - ni cot i

nam de i ne-2-carboxylic acid [(1

S, 39) 1qtft IR ORI b BBk th Py 1Y SHY AN § X GEIBREXY e R ic aci

Pyri dag(li?;g(- 4-Car b{)xigl ic aclﬂ(l ﬂ ?’nﬁ)l plbxfXy H&S’YJ etﬂm Qa‘?bamw acid methyl

S, 3S) - Fs{e8- chl or o- phenyl et hynyl) 3- hydr oxy-cycl ohexyTham de N[(1 S,3 9)-3

;j((aBI-\I-Cl[ﬂ((%S gl%t%?y%)eg f@/ %}(}ro-phgquétﬁgl(ﬁ/yl)cg%ygr%)e<§y y(]:logex gt&l?fj -car an 1|c _agfdcrgeti)y am
- (3-¢hl @fe@(ﬂt(erws ERS)‘NY(iB)hyaerdeI ﬁ%%iﬁ&ﬁ&@@%ﬁ&lbim&i)tédefahﬂ&% omet hyl - ni coti nam

or o-p

Ieg ﬁy ny 1()%1 R§<§|SB£§\I &%rbYdm@k9+ql 1¢1§l9mynzzlowch&myl§ecetmde
éoéé; 13@:@16&% i@%{;}/ cﬁ(yﬁynyl@g%ﬁ& ol&fﬁexgycﬁ%%%ﬁfldgtwfﬁ% -nicotinamd

g - (#)-(1 RS,38R)- (3 Hydroxy- -m- tolyletﬁynyllcyclﬁhexyl)) carbaﬁmé:i acid ethyl eslterh -
or O- phenyl et hyny ydr oxy- cycl ohex ni cot i
nani de &) &#éi”gsﬁgf% T @@P@nygﬂlmyl)&hﬂhexbﬁm«;/heéyﬂ;ﬁﬁsbzyneamd ethyl ester
- hydr oxy-cycl ohexyl ] -6-net hyl -i soni cotinamde N-[(1 .
ot 20t RS SRR SNy I ER AR S i S =

. 5. 13 Tetrahydro cycl opent apyrazol e- S-carboxylic acid [(1

s 3S) - 3448 R 3as9l{ﬁt&wydt1ai>&yypmﬁ§1eth§nymdryam%ioﬁ&@x &drbﬁﬁic%ldl\éﬂ{y(l ster
S, 39) hydr oxy- cycl ohexy -(1

chl h
H i ndoiﬂ:kay?t§ 3§r§?¥’p}f lgter%r?f[e(lylfthsnzl)é)hwromcyntth:wl agsiwmideet hyny1) - 3
- hyd 4] | est
Qi not 1ELEARSSIREX! (5B RBRY eng RS L e B8 SRR AR Py 1) 5 ©

- hydr OX?)’CIYRS,?BB)( y3- Hydmlxdéih&Mbﬁbﬁ-ﬁhﬁ@fkﬂﬁﬁiy&?foﬁ)@é@]@yhb&nﬁ(éom dthyll ester
Séﬁi)]: 3%%& Igg,égﬁg-z}gt}]e drg%y (%(réét c_)xy¥ eny%thcy)r/l(}:ll)%ygl)c() e>!y-l] aiiicrer%amelde

S, 39 E

N L LS D o e O A RIS et hoxy- ph
enoxy) (&t RbBBE)-[3-Hydroxy-3-(3-methoxy-phenylethynyl)- cyclohexyl] carbamic acid terf-butyl

ester

(#)-(1 RS,3SR)-[3-Hydroxy-3-(3-methoxy-phenylethynyl)-cyclohexyl]-carbamic acid terf-butyl
ester

(#)-(1 RS,3RS)-(3-Hydroxy-3-m-tolylethynyl-cyclohexyl)-carbamic acid tert-butyl ester (+)-(1
RS,3SR)~(3-Hydroxy-3-m-tolylethynyl-cyclohexyl)-carbamic acid tert-butyl ester (+)-(1 RS,3RS)-
(3-(3-Fluoro-phenylethynyl)-3-hydroxy-cyclohexyl]-carbamic acid tert-butyl ester

(£)-(1 RS,3SR)-(3-(3-Fluoro-phenylethynyl)-3-hydroxy-c clohex I’-carbamic acid tert-but 1 ester



In a further enbodi nent, the m3 uR nodul ator is a conpound of the formula
(VI) wherein Rl represents hydrogen or alkyl; R R2 represents an

unbubst i twDed11a1378a6bst i t ut ed het erocycl e or R2 represenPSTAS2uN®84244 i t ut ed
or substituted aryl; R3 represents al kyl or halogen; in free base or acid
addition salt form WD 2011/137206PCT/ US2011/ 034244 Further exanples

nd uR5 ant agoni sts include conpounds of the formula (1) as defined in WD

2004/ 01(4L§1féiler1}RS§f[m9%Q§o-$heﬂﬁ&h§ 1y3Uh@dioky)- c%oﬂé%!]rt%ﬁ)ahﬂc g@d ?Hr 1 Qe ES:

the contents of publ i cat’i ons "are i ncor pora herein ence.
Bi onmar KArRS,35R)- @x@eﬂuomfpmnmﬂgew%riatdmxyamcmmxsﬂhearbanic asfd méthyhﬂ’s&ﬁ €8s@- of

camp o PR NEP R B Do e AP FRA Gl t-phere i ayelohek. &

combi nadnygruarmﬁuec]aet}mega{kers to predict responS| veness of that
individual to treatnent with an n3d uRS antagoni st. The presence of these

bi omar K&)-Methyl- (%é?hé’éxléthm)ﬂe?dcﬁohe&3§§Wb1cérbﬂmﬁ€ahetlhmldfrsmrdual of interest.

The sa such,as

sanpl e hg aéSItb)%gca gﬁﬁi&yor&g& 1S u I)étgl n@ﬂﬁ gs b SRR a’&“ﬁ%ﬂlg &'
fol I i cl(e)-[(AsRESER, %8RI 1(3- Chroe@ipbériylrtghyﬂyndii ﬁ?dreﬁy-b&anydr@?umhﬂqgﬂ] faaerd-bed
herei n prov delnfO{%(#onto enabl e a health care provider to determ ne
the Ii kﬁTm%fH{?n? LRI P S fat- (%@i%@pmlwlynyl)r spdaw-petahydromeinolin-1-

treat meif-furkiRblypWdihndnPOsSi tive determ nation of the rel evant biomarker(s)
in a sanple of “interest, the individual will be adm nistered an md uR5

ant agor(¢§,~(4aRS§ms RaSityed- é’r -Chloipherydethymy Ay drexg-odiaky d2acigainolind- 1 KBbx glearid
nmet hyl at 1s i ndi cative as to whether a patient will respond

t her apetiti BEY Pt 0 an m3 uRS antagonist. Specifically, if an individual is

det er m @pH(4bRS BSRESaBR?-aS -QICHsRAMh PRI hYI ‘Sl-ﬂydrd?{y -ddih Elgﬁ@u fif1 F]% S’%n

i nterest nethyl at ed hen that i ndi vi dua i s deferm ual
t hat wi4-yl-nehpemg to treatnment with an m3d uR5 antagoni st. The sequence of

Ros. | 2000 aRS SRR Qs b o Bt TR B -Sohet asbivbh oy by FiB Y3,
Epub 2Giperdan149)-meftiagonel dep| cts the FMRL pronoter region and 5'-UTR of
t he FMRL %ene Al so shown in Fig. 1 is the sequence and | ocation of FREE

1/2, tH&- aé*sssﬁl%sai?asc&)é (Ssrhipme Iéwaylmlylééémdsoxymoﬁmdﬂmn@mel carhexylic acid
w th 53 EaE e AR A I B P N 5B P55 S8 Rna el
r epeat scaxbmyllmcaatdeﬁhyl rRstehe

(£)-(4aRS,5SR,8aSR)- 5-Hydroxy-5-m-tolylethynyl-octahydro-quinoline-1 -carboxylic acid ethyl

ester

(£)-(4aRS,5RS,8aSR)- 5-Hydroxy-5-m-tolylethynyl-octahydro-quinoline-1 -carboxylic acid ethyl

ester.
In a further embodiment, the mGluR modulator is a compound of the formula (V):

i ™ _on

wherein

R! represents hydrogen or alkyl;
R? represents an unsubstituted or substituted heterocycle or

R? represents an unsubstituted or substituted aryl;



position from 13833 to 13892. The FREEl is located in the position from
13227 to 13439 (upstream of the classical CoGisland). The FREE2 is | ocated
in the posptoom3fzoem 13951 to 14199 (downstream of the EGEUSepeasei4 WO
2011/ 137206PCT/ US2011/ 034244 The FMR1L gene that is analyzed for its

met hyl ati on status according to the present invention can be of any |ength
as long as it includes at |east one CpG site. In one exanple, the FVMRL gene
regi on pé}e?%saﬁggmﬁ(q}{aﬁ,gwe FMRL classical CpGisland with 52 CpG sites
(see Fi)g(. - this region1s bolded in the figure; SEQID NGO 1). In anot her
exanpl eX representsst singerbomborom allERER1eraupd dptionh e irdevuptat teara dregire oxydeREE?)
of the E[I\/Rl cl agsi &al C?G izﬂ)an&i S anal.r\%qed The "@%@{J ation_of FREEl1 and
FREE2 i SOWF GhF3TOUBT BEURE SHCARPIH P eBrpRein dics base s peidsedition salt iy m ol
Genet. 2010 Apr 15;19(8):1618-32. Epub 2010 Jan 29.). In yet another

exanpl a,?;@@h{ t ted in the 5 -UTR of the FMRL gene
are anzlla)%gg or tpﬁg?%%{nﬂﬁl%w)gﬁhgggt us and can be used to determne if
an i ndi Kurdurdtcaitoxahc adil (RS5,31S¢-8p@ rodidoro-phenydetbyind)-3-bydmogy-eyclahggt]tinside Bfirahhe

FVRL i on. | d far | | at i Y
o L Curapogsd il T R igmottieny RyTh iy e ok tens epieduras2 and
has thecamwdyﬁ@b&iaq(1sgs;f?,p@§céﬂ6ro%@lﬁah9@1§&3ﬁ?yh%&@ioﬁ&yn@ﬁﬁd%i3¥ﬁﬁnia££>1e-4-

shown in bold and underlined).

5 GCCACTerEinant CRASARMAT aBisnspanGnac
CTGICA CeCC

CGTCTGTCT "0“ o AR
mmqrmmﬁm%&x&mm RING3R)-3-(5 RhRp@phéy1aiPL 2hfdroRy - &ﬂeszgl]of
the FMRL pronoter region that can be analyzed is Sle I'D’NC 3 that has 1

CpGs. GAAAT GEECGT TCTGECCCT CECGAGGECAGT GCGACCTGTCACCGCCCTTCAGC
CN:-I-OT?); OpG-Elsf t ' St ' ; @%ﬁ%%@gxﬂgénﬁy g@%’%ﬁélﬂ 6i(’?gh:':)on

of the #&#h\B& gene region is determ ned by detecting for the presence, or

absence r e level, of a methyl group nodification in_the cytosine of
that F e&é‘/h' ‘iaeg‘i"éﬁﬁ‘?OWLlF P‘b‘gﬁ%ﬂ Hg%%) -frcplarqpisayleyazh Briwdsexyexelohexyl]-
met hyl ajrhjg@ status of an individual of interest. Using a qualitative assay
such as MSP an individual is determined to be a responder when only

net hy| atd)RVRI3R)s3 & Chbtreghenylethenyledihydrosf-cycivlagytlt3, 4-diftuveo-berhnddec al

sanpl e., Suc atient s also.referyr erein as an. indiyidyal having
"al " ol?el}zﬂg ’%‘%eéz‘éa’#&‘ﬁiﬂ SR ﬁ%@%.—@@&reaﬁe@ﬁwbm%%‘-ha OXyyl |y
met hyl agyebhexiPamfdear i ty, an individual assigned to be a responder using
such a qualitative assay is an individual where no unnethylated FMRL is
det ect extMethyl parazingr oearbexyilis aeidd 6)-(1RBRI (3 etdero-pherylethynyl)-3-hydroxy-

2011/ 1 ; 11/ 034244 an individual that has an FVMRL gene region

t hat |§%%§?ﬁ[g%{§§c@net hyl at ed" refers to an individual having both

met hy| adwidosaahitie-2ronetidxyliathed [EYRL Rp31€)sa(ﬁ-c}iﬂarotﬂs}englen@nf/lgngr@a‘y-cgm&ﬂéﬁﬁ]-
(e.g., the gene region has a |level of nethylation of |ess than 80% and
such anan?lﬁféli vidual is an nd uR5 non-responder. Another method useful in the
met hod mdnzb I ' ' t{dyad_ S SL . )
met hyl ati o nﬂ?lgaéin%igﬁ%iéﬁi}edg ﬁ @%}t] ilegir}’jéﬁ ?y Qéagle%:@%épg%&l? gﬂ%?#&@r W tcﬁ/cmhexyu
quant i tamiflge PCR, matri x-assi sted | aser desorption/ionization

time-tqgsflight ) ectranmeiry. ( l,- = M5), real-ti CR (et hyl

i ght) Boro PO L e g Qe%@kg%é‘%g}?rw&%et %‘EY:B)O Y éﬁ?foﬁ'(%/ﬂa exyl]-

i ndi vi dwélle has all, or predomnately all, of the FMRL gene nethyl ated. As
used herein, "predomnately all" is when the nethyl ated FVRL gene region in
t he bi A-vfiwgthykiygn-a-catbewiliceadidlz)- (bR, Horh(3-ghlpronpheaylythyngld-359doexyhi gher ,
e.g., %?clghe dmig?9- 8, or 99.9%or when the nethylated FMRL gene region in
t he bi ofogical” sanple shows a delta Ct of 8.0 or higher, e.g., 85. Using a
quant i t(RiS)vietabgdy-fomhiBachrboxytie acidi[(9d 1 R R)-By(3-8Rlotd plhenly BB iny D Bhyalrse,- be
referred t1(1) a? having a "fully nmethylated" FMRL gene regi on of interest
when " &VFlohgyllamidem nately ai 1" of the FMRL gene region of interest is

met hyl gi,ed. 3. Ry gl g u ] e inyention is not
limted by %ﬁé&‘&? iy pgsdcoﬂ?d(ggg%gjss &2%13&%1 o@ggggé%ﬁ?ﬂggggégeggbo?ﬁ%t hyl ati on of

t hed FMRUragetre anﬁengs'rlimmcid‘((t $1éS)ssi-ﬂmdimxy-l3Frdeekj'let1@myl-aﬁsb@hexyl)*laﬁni@e;h;rbﬁ’r%Lrpl oyed
to deternine.the on, status of a gene can be enployed for the

pur poségrrg&(}%f%aé’“b&%i'gﬁ#%vgm‘s%ﬁ“ Eﬁéﬂlﬁlegk}’néf*"’)f%@yéfan& Says used to
assess Fufs-784iBykald R @BRIBHD-hirbiflg.m Biil ey Ry e@i-amhido: (1)

nmet hyl ati on- sensi)'?i ve r(gst ri c)ti o%tﬁeﬁ%ynl% d?Seg?Ylgkﬁkédyenﬁlzg%l% th at | east

one of: hybridization, quantitative PCR, restriction |andmark genomc
scanning (RLGS), or array-based profiling of reference-independent

.4 . pemr~i R



(i1) bisulfite DNA nodification conbined with at |east one of: nethylation
specific PCR (M5-PCR), quantitative nethylation specific PCR (gMs-PCR),

pr obe- baswo 20e13yd0at i on specific PCR, pyrosequenci ng, clPOomiusgéismsdrenci ng,
M5- nested PCR, quantitative analysis of nethylated alleles (QUAMA), heavy
met hyl detection, nethylation-sensitive high resolution nelting (M5-HRM,
met hyl - bi nding (MB)- PCR, PCR and deoxyribonucl eosi de nmonophosphate (dNVWP)
anal ysi Byra (iii) total
hydr ol ysi sﬁ?oﬁ?%d\}cyééﬁélewlcgﬁp%g? gérgg%ggﬁq 8 ﬁﬁgg{w ona ogl ap %/e (HPLO); (iv)
conbi naﬁlr@m@dfarbﬁeib’hy heid 6E)ONR, IR )ehpdrosy-B en-talpkithyayhystcidhenyl)-amidd lkdRagole-5-

conbi neti B P AYRE0 BRYPARTRNS Mva Y esasiphonT worle fovnan-srarbonic

det ect i avid c;(fl SIS By hRire e - mtdrplleﬂfyuyle@ycldheﬁyl ﬁlﬂ‘iﬂetlﬁ(ﬁ@%légocfar&fx?fﬁ& B&H (@)-(1

el ectroni_c _based device; and 2@ ng (beads sion,
anpl i flgéﬁ)érﬂlﬁlﬁ%m%'@h&lﬂé@)’nﬂédﬁ bF?@@bamldq one exanple, the extent of
met hyl ati on can be determ ned usi ng Methyl ation SpeC| fic PCR (MSP). MSP is

oA oG TR PR 2B e CF LR I Bt et eidhas)-Swieurn
b If 418- ATriagd] t t
ulr Zgl | . | TFEgEEDI\]IAnl@s ?ﬁ[edr?ﬂ)ﬁ Mll? ?k?e V\/l)q %ﬁg g%{fr?gﬁg ‘ﬁ%‘srlwl’?’gﬁ? ecl % 5 ?& e’
met hyl a%lédmmzxolaﬁdcambﬂmlﬁwdt(@d @i\wRaéslyémyvkhynolsdwynyheydahml)aamlda

status determned. The primers typically include at least two CpG sites.

The MSP d d bed 5, 786
o 017 7By SRESkRSHsi Qabii R A oy R d-Ihi-cxclghoriearaivei ¢ o
cont entISMch}&élCH lﬁida\ab1ler4flcdr§o>4yll16Qéllag(ﬂé)l(ﬂki’i@j iy dx%)éy @gégfngln%ggmgi B Q5% RxyD

exanpl e, u5| ng the MSP assay, "an i ndividual Wwou d be S an
respondiéllal fihen the nethylated FMRL is detected by the priners specific for

peot 1oy er PR RRE ol TLr A gFah P ke o bt Evpabegahe.

| n anotdmide exanpl e, the extent of nethylation can be determ ned using a

met hod t hat i nclydes an anplifjcation process such as quantitative PCR
(qPCR) aE Ty’ -ragpeiiceeid (ﬁ#)e(f 1853 R)-¥dw iy -3dinfipeshinydpriomsyhods
whi ch dgtiget nethylation are known in the art and include HeavyMethyl or
Met hyl i ght. Using the HeavyMethyl method, the FMRL gene region is initially

nmodi fi o&tredﬂwrbsi&yimnmda[(ﬂ;ﬂﬂ JR)- E—t():?-ﬂhﬁrolé}h%n}rzllsthtyhﬂmmgm@@t@d%dhhi)h] artr)ndebFur%n-
non- ext.end ol i,gon ocker's that ovi de specificity by binding
R 2 PN Pu‘%né{ lethyy D pehydroey -sicktheryl-TmideRusas-8- t hen
cont act®gho i

non- extend\gﬁiﬂaﬁd ﬁ%(ﬂgﬁ zﬁ’ |%ug%- lelﬂlsyﬂ gw@ghr?%t éﬁﬁ?ﬁ mﬁ%xﬁy %gijdr%%%ﬂi he

pri ner ceehorblic aidi1hmhe- ﬂﬁ@me)hnmylatﬂmmsd):Bﬂlydﬂ)xge:ryelbhe)@di] arfuide BEi- kitlyzold-4-

(ot tr aPfeesy s P GRPE Ry G Rlar P mBah iy S8 So B °"

Met hy LiNi¢l S188)bss- Chtwo-ﬁh@ikflaﬁy}@l)tﬁﬂy&}axﬁtydlﬁ&&ﬂS.St4 uﬁldoﬁs Bé&bllnyciefmuf i ed
by sodlu?#blsulflte % ne region is then anplf’ using PCR priers

that hybPRUP4& C%héorpétﬁ%flét ¥ é1hmiwgymcleb@ym M@u@mwg@am Rgridinge-2-
f1 uor esgfyaky lllé‘a;b% t ‘?% 1N @ﬁs-cﬁl }@XQQW?-(’:- dg x& -C %E} gf?n{ds u' L) rbg from

bisulfite convers on o ated
sequencerokilat acad [1 dbm)aB -t(bdhlprd -phemy Bgo@RT)- mhy&&ﬂeﬁ@kkﬂmaﬁﬁdb Nl[(:lll 3H)E3-

%527'12%58%‘5 %@@%X’?’g}o’%’l fﬁﬁ%&éwﬁﬂrﬁa&@g’? gylr)nrelt ﬂlylzgt i o\r/l\oof a region
of i nt eV-gStR BN)- giezlomolﬂh@nﬁé!ﬁywl} b h§'df5?<§r f})f(/u%hé)&gqsﬁ?&ﬁﬁah&{& 51' %ﬁ}dl&god

enzyme and subse quently sel’ectively rden yi ng or anal yzin or

uncut @Mrmxéfhkh@dnﬁ(ll 513$)‘|3,>(éphloroTﬁﬁnybthyoﬁl)éahycbmqecmkﬂﬁxﬂMhmdey| ng i nt act

ser - oGP Rl b AR SRR T 0 4TS ot vk Sk erclabey T

met hod aadidd he i nvention incl udes di gesting the FMRL gene pronoter region
with a_nmethylation sensitive restriction enzyne and anplifying up the

r egi on 2oYlethyl-Bransg-carbegylireacid [(41530-3sBachierogthenylethpyd)-¢ daydisey etloheryled by
det ecti dor the presence of an anplifiable product. Only DNA that was not
cl eave y the restriction enzynme will be anplified. A nethylation

sensi t i(RpTeteatydicsfuran2-eabyryicaid [ R 3R)-2R0Hbe- Myﬁﬁyny\mq&ydmgl udes CG
as part qgf its recognition site and can cl eave V\%en t he i s nethyl ated.
Addi ti Bﬁ‘af’li‘?‘yﬁf?émg%rrpl e can be contacted with a restri ctl on enzyrre whi ch

| o) udgS) KRG RAand] b SRCRANGE RAMSLELIANN. SRR IELCRYCaq pmhen, Lhe ©
is umnethylated. Follown |ges I on, eS| re ronoter region can
be anplified by real-tine PCR using a forward/reverse ol i gonucl eoti de and a



Typically the nethods described above include control sanples such as
sanples that are fully nethylated and sanples that are partially

met hyl at eslo 2DNA3pesi fied fromfragile X patient's B-|ynpoddse@Es/ ofLadden

NJ) can be used to generate appropriate controls or clinical sanples which
are already determ ned to have a particular nethylation status can be used.
Typically the nethods descri bed above include control sanples. Sanples
taken fguaHeRgwhGeal s that are fully methylated (or nmore than 95%

met hyl at'ed) can serve as positive controls and sanples that are partially
met hyl alsexpzolerS-sarboxylizsacitkl§hSi38¢-3e3 rehtapb-pherBliethysdphedroay-eycelekakylJyamide 5-

avai |l ab in the. ary or can b iall urchased fr e.g., ATCC
Cmer | e b e R R -orlerE e ey - pieisyplghey-

Bi ol ogi galdeSt andards and Control (NIBSC) or Coriell institute for nedical
research. In one exanple, the positive control can be a fully nethyl ated
sanpl e sy iBRO-3-oarbaxpdic apigh (¥ B3R t3-Bechiamacphandythamd)-8 Hy drosyatyclobexgdht r ol
can be @rti ally nmethylated sanple fromNIB SC (07/174; Hertfordshire,
Engl and%n he control can either be run sinultaneously with the test sanple
or can nexazemsesabmdicaﬁid_a{(pR@d@taemm@d-pf@hﬂethFawg-@ardxls}azytcl%ﬁ@mj-aﬁwetss ed
to determ ne the_ nethylation status of the sanple. In one exanplée,” the

pr edet el ARy rarbozyle g5ad [ ReR)31(3rehigrn-phenyiethymy Bi nkxilrorsi-exslohexyl]-amide
guanti t atd I (a 1 i R)a_ Jo'y |.goti des of e

A e R A S G B S b S e
subst anathikel y sinilar to the oligonucleotides of the invention. Variants

i ncl ude ences that are alter. or re bases, such as 2, 3, 4,
5, 6, 7(,533%%9&61?0'{@%&%@%9%&? ??ﬁhﬁ%égpgt(é-cﬁl o-phewilsthyyot-hydreRy on t he
FMRL prgrmiiRkylfami@nce of interest. The term "substantially" when used in
relation to annealing or hybridisation, neans that the oligonucl eotide or
probe nUoOHEtrehydro dure cuearoexydin acidd (1R, 3803t (Bedhdordiphemydethygiie BHhaudnyx -0

hybri di %lo%rxqg_n%ad to its respective nucleic acid. As used herein, the
term "hYBrlGrsafion” refers to the process by which a strand of nucleic
acid j oNegl 8\435}1343@imbq&mﬂﬁl%ynﬁj-BﬂﬁdroxFrQy@lﬁﬁe Rohifotidalfao! 1 gonucl eot i de
is between 14-30 bases. | n another exanple, the adligonucleotide is between

18- 30 bAdEsRaRa-3-Ectlarsphenledwanidrichy dssxysaolhex Wibisppicsi@nhite BD 5hor SElQ | D
NO. 6. | ! . \ .
Syt hes e R BhbBI et o AR G SR S S AR B R D G e e

der i vedcyctobwxd]-im@deogi cal sanpl e, for exanple, by restriction digestion.
The ol I???ﬁﬁ' eotides nmay be | abel ed, according to ané techni que known in
the art>-~>1HEPRAIMYGIds2-Garboxdicesid Bd| 5353 -(Roellevocphenylsthenyl)-3chvdyorat i ¢

| abel s, cvRIdkE '1)1_§mid&aptens, anti bodi es, sequence tags and the like. WO
2011/ 137206PCT7 US2011/ 034244 FMRL m LVA determ nati on FMRL nRNA | evel s can
al so beb-lkthylgyridinprlectirbaxylie aci] [es,3 832 tklon-pleenyfetigmyl)Bdhydreiiatydishek kel y

to be responsi,ve to uR5. Sanpl es j.ndi vi dual s having FXS who | ack
the pr SUBEE MF PR o TR (bR D ety Bt R grophRL
MRNA t r@aRtek J-aRiEpar ed to a control are determ ned to be nd uR5
responders. This determ nation can serve solely to classify an individual
as bei nyCalprerpyiidset-experdisracisy [(£ B3 Ris3-(Fsedomi thengiethineyl)-3 drydbykey clokBiyl e ne
met hyl afj;qp status and FMR1 protein determ nations as a neans of

conpl ementing other assay results. Levels of FVMRL nRNA are neasured using
any of &Chlonbeyiidifie’t@ebuxytivasid{(103)8S)-3-(3-bblsto-plkdnlylegitny1)- L BRiréhk cydlsHeN e N g,
but not limted to Northern blot analysis, nuclease protection assays

(NPA) , amide; ¢ y hybri di zation, reverse transcri ption-pol ynerase chain

o LT S SRR Al O R L5, T St

Usi ng tdmaderet hods of the invention an individual is classified as an nd uR5

respon when no F Ais in the sanp]e. Individuals who_have
reduc egﬁgplof%ﬁy ré‘ﬁﬂﬁ%b(?%%ﬁg? 5%%55&? &H?&?*Fb@nwﬁ;@yr& Detrhydrorycygighexyl]-
respondggide €. 9., a sanple that has only 50% (4, 30, 20, 10, 9, 8, 7, 6, 5,
4, 3, 2, or 199 of the FMRL nRNA transcript conpared to a control (healthy
i ndi vi dughlpro-i mesind- el aymiote-2-datbexylicanidfi( 1 RENR-3-6+ehlsroipheoy lethynylp3tiacitaxyg
the isq A wi th an ol igonucl eotide that can hybridize to the nmRNA
encodecflyg%ﬁgﬁgjl%ﬂf gene being detected. The nucleic acid probe can

typi calS-@hlogo-1 faethek afRpgrole-2fdatBoxkROGM (A RS)-0(3-8n1BRLSHeATthYRT1§Bthydsigh
as an ol i gonucl eoti de o# at | east g 15, [go, go, (or 1001; nugll ggt?%es }: n

| engt h cyrighekamident to specifically hybridize under stringent conditions
to the nRNA. Hybridization of an mMRNA with the probe indicates that the
marker in question is being expressed. In one format, the nRNA is

o o r o o . D



One nethod for detecting the FVRL protein in a sanple is by neans of a

bi ndi ng protein capable of interacting specifically with a marker protein.
Pr ef er ablwo 2baberz®d anti bodi es, bi ndi ng portions ther eofPCTaS2a@ilioas244VR1

bi ndi ng partners can be used. The anti bodi es can be nonocl onal or

polyclonal in origin, or may be biosynthetically produced. The FMRL bi ndi ng
partners may al so be naturally occurring nolecules or synthetically

pr oducestChiis- 13yHbI0f- IRt HoroS 4T f FMVRL
protein associ ggrgg W t hc?ﬁgwéi?ﬁg?n[%%’g? eS?Gr'?, é}?%ro?eh? %%1%&2@3?32? ﬁfgox t andard
pr ot ei reygbahexyli-emideet hodol ogi es described in the art. A detailed review of

i nmunol ogi cal sa i heor.y ol s ,ca e f d .in numerous
toxt o | Ot PR TRt ae B S S ST St ey Dd 54244

| mmunol 8goheBdl-tmidd R, ed., Marcel Dekker, New York, 1984. A variety of
assays are avallable for detecting proteins with |abeled antibodies. In a
one- st e¥-[6s2dy)-3 (B hinvrphapylebymyd)-3 1y dioxyicyclohesydl-dimethylmobi | i zed and

i ncubatgd wigh a |qabel ed antibody. The | abel ed antibody binds to the

i rmobi |1 zed target nolecule. After washing to renove unbound nol ecul es, the
sanpl e 1 H-Basdy-8daftoxylihiscip [(@S538)e3-@-ciloe-ptrh@kthyhyl)-3-Hygo- st ep assay,

i mobi li zed FWl | ecule is incubated with an unl abel ed anti body. The
FMVRL- urPX5&Yeahesyti8ids conpl ex, if present, is then bound to a second,

| abel e it ¢ (] i AN ] ed i ..The sanple is
was heddlgﬁg Sag §g§é§a r(l'fiéﬂtc())gd ? %@ﬁ@%ﬁcﬁﬁ%?ggﬁgw%}%gﬁ] Q‘%ﬁgﬁ%g‘?%émb mar ker used
t o | abeN-[(15e3 - (3G blioes phiinlylethwayl)- Weykoxi-onpleheayl | Bhecthplbdreamiden. However ,

the cho t ker i dj.l.y, det erni nabl e t killed in the art.
The ant 0850 oy Be T B SR D R sl o bhmigere, @
chr OMOA(ISE3S)3.-{3- ORIRSFIRAY MY hiirody-ERAAHek PRLLU Ry lifGradhiR_ChOT ce Of

1
tagging | abel also wll degen on the détection Fimtations sired. Enzyne
assays NI $AS) 3 sihipiphcnletbynyiled by dionsr cpeloberxyth-b(Xh dpnabunt plicay edorty

i nter acgljt}g)r?mg)({e t he enzyne-tagged conplex with an enzyne substrate. Sone
exanpl es or ,. radioactive atons include 32P 1251 3H, an ,a 14P. Sone
exanpl e3(PBe@flokyashdyNifie sbxs)sae(saaﬂ@’a-pmﬁﬁéthgﬁtﬁy-a-}sﬂdkﬁlyld%loﬁésgépﬁb”&ﬁﬁse
bet a- gal act osi dase, and ucose- 6-$hosphate dehydr ogénase. “Sone "exanpl es of

chr omopidtli 3 %b3 61 Colorpwaeridethynyibhs by dry-caplahexyicnhon]-ackitamidat | bodi es may
b Ihugat | ] . |
onzymos ARSI ok e RRS A EF OO R 0 L B ot Dl o e
magnf h(ﬂeirl_zo[lpB]dl'r:g(od%gq?ﬂ‘G[(l 1&33)-33_(53-cliltax!oﬁ![ﬂﬁmﬂleﬂmynjzl%b?ﬁ'tdxyi%e&)hr@il]m%e@dﬂﬁhélteS ,
an ernati ve conjugat] on may _.occur rou a |1 gandrecept or
pai r. gﬁ'&@%ﬁ)t@la@r@P?%@Eﬁ&%&%ﬁbérghBﬁ{&?&YsCXC?(fé!eﬁﬂ&r,Z-Hhspowg@rﬂﬁi%@rgide P

biotin-avidin or - streptavidin, and anti body-antigen. In one aspect, the

presentyl 170M_ e & f M,ch 4 echni gue for .

det ect II}I}&O‘éﬁ%‘{ 3p@o§@?fnos [ n%segﬁ'a&nﬂg’n%%g?)ﬁfecrﬁbo?% g?g(%ﬁ“?’f%f’ @y ﬁggtafné%chni que
requires two anti bodi es capable of binding the protein of interest: e.g.,
one i msHiydiozed Hidol&2 2aibodylsddd[(1 S,38)3-CoéhldroqMenylethOhil-B Mdrdryl | abel ed
with sonme easily detectable chem cal conpound. Exanpl es” of chém cal | abels
t hat nefyC]Bge’i}’%]e%fmldSr the second antibody include but are not linmted to

r adi oi sof .1l 56 ¢ d_ar < | ecul es whi ch

Goner ate o o THFERE SR CRIRRIIRE 5 08 CORTE e B T E0E "2

r eact aryclohexyzamgdesubst rat e. Wien sanpl es containing the FMRL protein are

pl aced ,i n ,thi t he 1 protein binds to_both the imvpbilized

anti boéi'?grﬁé@n%&ﬁ%m%w@gmﬁcﬁzﬁww @IPZXH'tFrﬁB‘@i‘%‘améFrﬁcﬂ%@ﬂshﬂ o

result N 18,§S§@F(gy@lﬂbfb-leéﬂ%ﬂ@ﬁlyﬁﬂ%Ll?})ﬂr(9@- VAR hSRAROL (D t ﬂ§d%51§1]@ﬁl%xy-ﬁ%@nr¥g—
ecte b onent s

conpl exed protein is det d by washi ng away nonbound sanpl e co
and ex@eeismidgbel ed anti body, and nmeasuring the ampunt of |abel ed anti body

i o y SRR 8 3ty AP RROAC Bl Pkt SpBBRNL FrrmRghaae TR 1 o

of detection are used. Preferably, the presence of FMRL in a sanple is
det ect ed[®g, 35391 QLOMBRAORARE A hyRY])- B HEMRERyLdy IR YRR Bi-anf@iPet i ti ve
bi ndi n c[a(trllzyrreafjl(i nked ﬂﬁngm%agg%g/s%ot yblygt, V?éste?n‘%%?ot Zagﬁr omat ogr aphy,

pr ef er APLQSHSYA-@Ee:Hlororphenrethyayl)-d-hydramyetyolphext}s2 bilogy-benzandtiher assays

known iyn, t he ar otting, i s, routi racti.ced t he skill ed
artisan 'fl}%lll}'c? éﬁe@ S’gg &’ég?'rcék)r%'%g?né'ilﬁgm;l)%héquéﬁﬂ'ﬂ@Eﬁyﬂé’eﬁzaﬁ?éﬁe ( Pr omega
Pr ot ocdl smaids-8plptd-Baf(i 8[3S) %lor&@)ﬁ@r@detﬁ%&yﬂ)—%ydr_%ﬁ?i3-ABQQ@42<§1%rOBF-?(’IE9a
Corporation), Sanples are applied to a nenbrane using a dot bl ot apparatus.
A IabeIse?tﬁ)rgr@b@l‘Pr§'Hhﬁ@)dEtéV@d?ﬁhYﬁquﬁé?Yﬁbh@F}éthandiet he presence of the
protein is detected. Western blot analysis is well known to the skilled
artisan (Sanbrook et al., Ml ecular Coning, A Laboratory Manual, 1989,

~~ o A~ o e I o,



The assays descri bed above invol ve steps such as but not |limted to,

i munobl ot ting, imrunodiffusion, inmunoel ectrophoresis, or

i mrunopr e¥0ELtIABIA. | n anot her exanpl e, the presence ofPCENRRVILM3R4sanpl e
is detected using tinme-resolved resonance energy transfer (TR-FRET).

TR- FRET has been used to detect a nunmber of different nolecul es including
CAMP (Gabriel et al, 2003, Assay Drug Dev Technol 1, 291-303) and nutated
pol yQ ( %5395%) hagsing. a
D o) ot 2a kG B TR ot T R e

wi th a | anthanoi de ion cryptate (such as europi um or terbluntcryptate), and

a lsecolrmAﬁmsmst(écs ,39)63- @nthlmq;hehﬂbmlyeﬂ)-mnyhr%@-@pmﬁmj-aicetirtdnuaé ogeni ¢ f
nol ecu 665 yCco rotein hetero-hexaneric structure o
105 kDaIS a@g {ke??ﬁ (fhﬂ dgfgﬁf B oxg-gepehsryl I 1nhdaexyp3 ey henrrieide he
anti bo R Eyﬁﬁ .
Ianthaﬂﬁgg‘%?ebﬁg%gﬁgﬁ?ggﬁgﬂg%g lbﬁngﬂm&g%ﬁﬂgh a p?%ﬂ?%?%ygﬁependent,

time ra¥d(MeiS)BRETChloresphanyletiynyhes- hj'dloxsopj'uhmhexyl]'ﬂernatﬁfmmulfmfyl-lbbﬁt%niidb t he
sanple is quantified by neasuring the quorescence emtted fromthe

fl ourophore. Any FNMRP specific anii can be used such as WO
2011/ 1???6’6‘%@)0{5@9@11@%%&2% ¥)953- C?l en}ﬂafmx@@mmexsﬁ@mw
NG 7); 2160 (mi I | i pore; I TVAFENI\IV\QDDRQ PFHD; SEQ I D NO 8) and

1100002 ' ‘Lo

ATKI DTF?M BEATRG, BN AR R SRS obsrmsviethyaidy 3By depsor-gyclohexyll-
Di agnosdmide and Prognostic Assays The nethods described herein can be

syndr o R AP LT o T epmdehemdh s s camoBEOHI-Seogmarign be-used
as a pmgnnﬁﬁh&b@;%%nﬁﬁo LAl gétgzgtttgfé (4DR125 hé}}yléth 1)%18@0{,%010' ng

Fragile Syndrone and 0 wou rontrec |V|ng a
ant agordysioheBrbgmulket i ¢ assays can be used for predlctlve pur poses or

pr ophyl r o.treat i d|V|d [i of  devel opin
Ba T HOHEE S TRt raneimmesesb e B acddBu AoFS e lorophimistamdbar s
i dent i fiy@ebxycydRhexfiKamiiet for any |nd|V|duaI who exhlblts a CGG repeat
length expansion in the FMRL gene pronoter, e.g., above 55 repeats. It is

envi si dwdd St3at3-Sclehlogp- plmmleéhﬁnmh 3ahydroxyeexsiGhexyl-inonivGlinaBide BeGilomAN- Thus,
th th d t est | bt d
from a b TR RO A MR P afEH R SeRaid on i b the FVRL gone

pr onot ax- [(1@:&3):3h(e embwnphdngleqtynybe -InhRdxy9e R Eohietylfle tedifeftRfly-enthmiddY

determ ning the nethylation status of the FMRL pronoter, detecting for the
presence of the FMRL protein and/or FMRL nRNA. The presence of any, or any
corbi n¥-{dR;3S083-Briehlprst-phenlegyny-3atdroxyr-cystabenyhi-Hemxet4¢plainyl-bitytareddVR1
gene region is nethylated, lack of FMRL protein or nRNA in the sanple, |ack

who 15 Zan ke RS 38 bR S RSt e sl rB g aed a5 o
pr ognost-Beonas 518,95 Fei BeRoRLpNe I8y -ﬁ%r@ﬁcﬁmkﬂ]%oﬁﬂ ﬂb?&%ﬁﬁghﬂ@

n3d uRS antagonlst SO _as toqgrevent the onset of Fragi rone or

reduce lt ferbsexlieracid (66,39t chloto phemrlethenyl)- ﬁrhad@xwmphesyl]ammdndu vi duaI
b f t.andar d
ot hodd P P8R S 3 G PR 0 SR B8P e i Fandaf e

famly history of that individual. Once an individual has been determ ned
to be @t Bérzskl-pfridmeS- chﬂb@kylid&ﬁd/[(qilSGQS)BS(ﬁdhllorB%e@})"i@th%‘ﬁ;ﬁl}i? hfyefoxm?cleﬁ&%/ﬂnce
of any one or nore of the tollowng biomarkers: if or predom nately

al | of amHde FMVRL gene region is nethylated, |ack of FMRL proteln or nRNA in

th ' b d h [
can be eS8 G RERSR AL AR s R o Sl NP e R e an
nmd uR5 canmaghne-gtcaﬂmxmsc faid t(ﬂ e\ﬁs)t_z (mellabs;ﬂfenyltthﬁﬁﬂgm L}@d?@@ydydroﬁempamm
reduce th sev y of ndrone. In one exanple, newborn 1nfants

det er nitAEHARE-iE XYli'Csftlgfﬁﬁll §ei§é13oér%0rp>pee@rletbmlbé hyémwiebhwﬂ] ahige
Phe’ onesl®s 3@2%@;9@0%%1% TP T B RSB RS o Sl BnS B hifl o et

reduce the severity of Fragile X syndrone. The use of the present nethod to
i nt er vah{(1836)-3-(BiCHlomeptieny letyhyip 3tHydrapatytioneBePadifiSorome R -Hibtinakkige
prognosti c assay described herein can also be used in any individual who
exhi bits CGG repeat ngt h expansion in the FMRL gene. If an individual is
det er ni2rigtjorpaldil Sﬁﬁ)r?né?g ﬁﬂ@md@nw@ﬁwnylbédw@qmwc?qhebﬁ]-ssnmcndmamxdmal who
will respond clinically to an md uR5 antagoni st, an nmd uR5 antagoni st w ||
be adm nistered to the individual. In general, a daily dosage in the range
frontabout 5 to 1500 ng, preferably about 10 to about 1000 Ny of the
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Total RNA was extracted from whol e bl ood according to the instructions from

Q agen lenci.a . tofal of 26 and 24 RNA sanpl es _were .
succes sé'tﬁ I%S&'Q& @-Q}Hy%gédl}ycir ﬁxyaaaa?qheemlparhemﬁgﬁ-p&eﬁm?-grcaﬂrw liger e
pur chasggd ifséﬁgz}@@g@{-! Institute (Canden, NJ). Methylation-specific PCR
(MSP) assay: nom c DNA was treated with bisulfite (Q agen, Valencia, CA).
MBP wasQuaelinerreatboxylisgcidiél §38)- W (2-dhtaagriphenyletibynyil)-3-hgdrok paydbhexfyt]emmide
Chem con (Tenecul a, CA) according to manufacture's instruction. A total of
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threshold). A C value > 36 is considered to be the background of the
assay. I alfiRr efibodfmdRitheMGIuR BthdRIaRR i §REoRIRINaUr She/BRRua TRy 2€d. WO
2011/ 137206PCT/ US2011/ 034244 Bi sul fite-sequenhci ng: Genom ¢ DNA was treated
with bisulfite (Q agen, Valencia, CA). The followng prinmers were used to
i : R1 pronoter with 22 CpG sites: 5' -

TTTTGTAGAAATGCG- 3" (SEQ I D NO 10); and 5'-

i m\w -3' (SEQ I D NO 11). The 196-bp FMRL pronoter was
cl oned using the TACCloning kit fromlInvitrogen (Carl sbad, CA) and 7-13

cl ones per patie ;ﬁﬁgquenced usi ng ABI 3730XL (Foster City, CA). Mre

details can be foupe e BVMD report. A total of 26 patients and 4 norma
controls were anal yzedl, Results: The initial MSP analysis showed that 8
patients were fully nethyl d¥&d and 18 patients were partially nethyl ated.
The fully nethylated patients did not express the FMRL nRNA whil e the
partially nmethyl ated patients expressed various |levels of the nRNA. The
data suggesh a strong correlation between the FVMRL net hyl ati on and
transcription in peripheral blood. Mre inportantly, the patients who were
fully mgthylated or did not express the FMRL nmRNA showed significantly
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MSP assay, bisulfite-sequencing for the FMRL pronoter with 22 CpG sites was
performed. The bisulfite-sequencing data was consistent with the MSP data
for all patients except three discrepancies which nmay have occurred due to,
at least in part, limted nunber of clones per patient that were sequenced.
To further evaluate the inpact of FMRL nethylation on (-)-(3aR, 4S,
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Further examples mGluRS antagonists include compounds of the formula (I) as defined in WO
2004/014881 and compounds of the formula (I) as defined in WO 2007/021575; the contents of

these publications are incorporated herein by reference.

Biomarkers

The extent of FMR1 gene methylation, the lack of the presence of FMR1 mRNA expression and the
lack of the presence of FMRI protein in a sample from an individual having FXS can individually,
or in any combination, serve as biomarkers to predict responsiveness of that individual to treatment

with an mGluR5 antagonist.

The presence of these biomarkers can be determined in a sample from an individual of interest. The
sample can be any sample including a fluid sample such as blood, a cell sample such as buccal cells,

or a tissue sample such as skin or a hair follicle.

As used herein, “predicting” indicates that the methods described herein provide information to
enable a health care provider to determine the likelihood that an individual having FXS will respond
to mGIuRS treatment. Following a positive determination of the relevant biomarker(s) in a sample

of interest, the individual will be administered an mGIuR35 antagonist.

FMR]1 Promoter - Methylation Analysis

The extent of FMR1 gene methylation is indicative as to whether a patient will respond
therapeutically to an mGluRS5 antagonist. Specifically, if an individual is determined to have all, or
predominately all, of the FMR1 gene region of interest methylated, then that individual is

determined to be an individual that will respond to treatment with an mGIuR5 antagonist.

The sequence of the FMR1 gene is known in the art (GenBank L29074 L38501) (Nucleic Acids Res.
2002 Jul 15;30(14):3278-85) (Hum Mol Genet. 2010 Apr 15;19(8):1618-32. Epub 2010 Jan 29).

Fig. 1 depicts the FMR1 promoter region and 5’-UTR of the FMR1 gene. Also shown in Fig. 1 is
the sequence and location of FREE1/2, the classical CpG island and CGG repeats in the FMR1
gene. The sequence numbering is from GenBank 1.29074 1.38501. The classical CpG island with 52
CpG sites is located in the position from 13439 to 13809. The CGG repeats are located in the
position from 13833 to 13892. The FREEI is located in the position from 13227 to 13439 (upstream
of the classical CpG island). The FREE2 is located in the position from 13951 to 14199
(downstream of the CGG repeats).
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The FMRI1 gene that is analyzed for its methylation status according to the present invention can be
of any length as long as it includes at least one CpG site. In one example, the FMR1 gene region
being analyzed is the FMRI classical CpG island with 52 CpG sites (see Fig. 1; this region is bolded
in the figure; SEQ ID NO:1). In another example, the upstream region (FREE1) and/or the down
stream region (FREEZ) of the FMR1 classical CpG island is analyzed. The methylation of FREE1
and FREE2 is highly correlated with the FMR1 classical CpG island (Hum Mol Genet. 2010 Apr
15;19(8):1618-32. Epub 2010 Jan 29.).

In yet another example, the CGG repeats that are located in the 5°~-UTR of the FMR1 gene are
analyzed for their methylation status and can be used to determine if an individual is an mGluR5

responder.

In another example, a portion of the FMR1 promoter region is analyzed for its methylation status.
In a particular example, the FMR1 promoter region is one with 22 CpG sites and has the nucleotide

sequence of SEQ ID NO:2 (shown below; CpG sites are shown in bold and underlined).

SGCCACTGAGTGCACCTCTGCAGAAATGGGCGTTCTGGCCCTCGCGAGGCAGTGCGAC

CTGTCACCGCCCTTCAGCCTTCCCGCCCTCCACCAAGCCCGCGCACGCCCGGCCCGCG
CGTCTGTCTTTCGACCCGGCACCCCGGCCGGTTCCCAGCAGCGCGCATGCGCGCGCTC
CCAGGCCACTTGAAGAGAGAGGG-3 (SEQ ID NO:2).

In another example of a portion of the FMR1 promoter region that can be analyzed is SEQ ID NO:3
that has 15 CpGs.

5STGCAGAAATGGGCGTTCTGGCCCTCGCGAGGCAGTGCGACCTGTCACCGCCCTTCAGC
CTTCCCGCCCTCCACCAAGCCCGCGCACGCCCGGCCCGCGCGTCTGTCTTTCGACCCGG
CAC-3 (SEQID NO:3; CpG sites are shown in bold and underlined)

The extent of methylation of the FMR1 gene region is determined by detecting for the presence, or

absence, or the level, of a methyl group modification in the cytosine of that FMR1 gene region.

Various methods can be used to determine the methylation status of an individual of interest. Using
a qualitative assay such as MSP an individual is determined to be a responder when only methylated
FMR1 is detected in the region of interest in the biological sample. Such a patient is also referred to
herein as an individual having “all” of the FMR1 gene methylated in the biological sample or as
“fully methylated”. For clarity, an individual assigned to be a responder using such a qualitative

assay is an individual where no unmethylated FMR1 is detected in the region of interest. In contrast,
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an individual that has an FMR1 gene region that is “partially methylated” refers to an individual
having both methylated and unmethylated FMR1 present in the gene region of interest (e.g., the gene
region has a level of methylation of less than 80%) and such an individual is an mGIuRS non-

responder.

Another method useful in the method of the invention is a quantitative assay method such as
methylation—sensitive restriction enzyme digestion combined with quantitative PCR, matrix-assisted
laser desorption/ionization time-to-flight mass spectrometry (MALDI-TOF- MS), real-time PCR
(methyl light). An individual is determined to be an mGluRS responder if that individual has all, or
predominately all, of the FMR1 gene methylated. As used herein, “predominately all” is when the
methylated FMR1 gene region in the biological sample shows a level of methylation, e.g., 99.5% or
higher, e.g., 99.6, 99.7, 99.8, or 99.9% or when the methylated FMR1 gene region in the biological
sample shows a delta Ct of 8.0 or higher, e.g., 8.5. Using a quantitative assay method as described
herein, an individual can also be referred to as having a “fully methylated” FMR1 gene region of
interest when “all, or predominately all” of the FMR1 gene region of interest is methylated. Such an

individual is an mGIuRS responder.

The invention is not limited by the types of assays used to assess the extent of methylation of the
FMR1 gene region in the sample. Indeed, any assay that can be employed to determine the
methylation status of a gene can be employed for the purposes of the present invention. Examples of
types of assays used to assess the methylation pattern include, but are not limited to:

1) methylation—sensitive restriction enzyme digestion combined with at least one of:
hybridization, quantitative PCR, restriction landmark genomic scanning (RLGS),
or array-based profiling of reference-independent methylation status (aPRIMEs);

(ii)  bisulfite DNA modification combined with at least one of: methylation specific
PCR (MS-PCR), quantitative methylation specific PCR (qMS-PCR), probe-based
methylation specific PCR, pyrosequencing, cloning/sequencing, MS-nested PCR,
quantitative analysis of methylated alleles (QUAMA), heavy methyl detection,
methylation-sensitive high resolution melting (MS-HRM), methyl-binding (MB)-
PCR, PCR and deoxyribonucleoside monophosphate (INMP) analysis, or
methylation-dependent fragment separation (MDFS);

(iii)  total hydrolysis followed by high-performance liquid chromatography (HPLC);

(iv)  combination of methylated-DNA precipitation and methylation-sensitive

restriction enzymes (COMPARE-MS);
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(v) combined bisulfite restriction analysis (COBRA); direct or indirect detection of
methylated DNA molecules in a nano transistor or other electronic based device;
and;

(vi)  methyl-BEAMing (beads, emulsion, amplification and magnetics) technology.

In one example, the extent of methylation can be determined using Methylation Specific PCR
(MSP). MSP is a bisulfite conversion based PCR technique which can be used to determine DNA
CpG methylation. MSP involves the initial modification of DNA by sodium bisulfite which
converts all unmethylated, but not methylated, cytosines to uracil. The DNA is then amplified with
two pairs of primers specific for methylated DNA and unmethylated DNA, respectively, and the
methylation status determined. The primers typically include at least two CpG sites. The MSP
methods are described in U.S. Pat. No. 5,786,146; U.S. Pat. No. 6,017,704; U.S. Pat. No. 6,200,756;
and U.S. Pat. No. 6,265,171; the entire contents of each of which is incorporated herein by reference.
In one example, using the MSP assay, an individual would be assigned as an mGluR5 responder
when the methylated FMRU1 is detected by the primers specific for methylated DNA and
unmethylated FMR1 is not detected by the primers specific for unmethylated DNA in the region of
interest of the FMR1 gene.

In another example, the extent of methylation can be determined using a method that includes an
amplification process such as quantitative PCR (qPCR) in the FMR1 gene region of interest.
Various different gPCR methods which detect methylation are known in the art and include
HeavyMethyl or Methylight. Using the HeavyMethyl method, the FMR1 gene region is initially
modificated by sodium bisulfite. The DNA is then contacted with non-extendable oligonucleotide
blockers that provide specificity by binding to bisulfite-treated DNA in a methylation-specific
manner. The DNA is then contacted with a primer set that has binding sites that overlap with non-
extendable oligonucleotide blockers. When the blocker is bound, the primer cannot bind and
therefore no amplicon is generated. Conversely, if the blocker is not bound, the primers can bind

and generate an amplicon (Cottrell et al. Nucleic Acids Res. 2004; 32(1), 2004).

Using the MethyLight method, the FMR1 gene region of interest is initially modified by sodium
bisulfite. The gene region is then amplified using PCR primers that hybridize to regions containing
no CpG dinucleotides. By using fluorescent-labelled probes that hybridize only to sequences
resulting from bisulfite conversion of unmethylated DNA, (or alternatively to methylated sequences
that are converted), fluorescent probe detection can indicate methylation status of sequences where

the probes hybridize.
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Methods for detecting methylation of a region of interest by cutting the DNA with a methylation-
sensitive restriction enzyme and subsequently selectively identifying and/or analyzing the cut or
uncut DNA are known in the art. The method can encompass amplifying intact DNA after
restriction enzyme digestion see, e.g., U.S. patent application Ser. Nos. 10/971,986; 11/071,013; and
10/971,339.

In one example, the method of the invention includes digesting the FMR1 gene promoter region with
a methylation sensitive restriction enzyme and amplifying up the region of interest. The methylation
status of the DNA can be determined by detecting for the presence of an amplifiable product. Only
DNA that was not cleaved by the restriction enzyme will be amplified. A methylation sensitive
restriction enzyme can be for example, McrBC, which includes CG as part of its recognition site and
can cleave when the C is methylated. Additionally the sample can be contacted with a restriction
enzyme which includes CG as part of its recognition site and can cleave only when the C is
unmethylated. Following digestion, the desired FMR1 promoter region can be amplified by real-
time PCR using a forward/reverse oligonucleotide and a detecting probe. The probe for detecting
nucleic acid sequence typically has a fluorescent reporter or fluorophore such as 6-
carboxyfluorescein (FAM) and tetrachlorofluorescin (TET) and a quencher such as
tetramethylrhodamine (TAMRA) or black hole quencher (BHQ) covalently attached to its 5' and 3'

ends, respectively.

Hlustrative examples of primers that can be used in this assay include Forward Primer (F1):
TGCAGAAATGGGCGTTCT (SEQ ID NO:4); Reverse Primer (R1): GTGCCGGGTCGAAAGAC
(SEQ ID NO:5) and Probe (P1): Dye-CTGAAGGGCGGTGACAGGTCG (SEQ ID NO:6)-
Quencher (e.g. Dye---FAM; Quencher---BHQ1). Using this method a clinical cut-off Region
constituting a deltaCt is determined (difference in PCR Cycle threshold values between McrBC and
Untreated channels). The Delta Ct values can also be expressed as percent methylation using a
mathematical algorithm (e.g., see Holemon et al., Biotechniques 43:683-693, 2007). In one
example, a Delta Ct of 8.0 or above (which correspondes to a sample having an FMR1 gene region
having 99.95%, or above, methylation) is determinative of a patient which has all, or predominately

all, of the FMR1 gene region methylated and is therefore an mGIuR5 responder.

The methods described above can be used with a methylation analyzer. Typically, the method

includes determining the extent of FMR1 methylation in the sample, transforming the results into a
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computer readable form and applying a mathematical algorithm to classify the results into a

classification group, i.e., an mGluR5 responder.

Typically the methods described above include control samples such as samples that are fully
methylated and samples that are partially methylated. DNA purified from fragile X patient’s B-
lymphocytes (Camden, NJ) can be used to generate appropriate controls or clinical samples which
are already determined to have a particular methylation status can be used. Typically the methods
described above include control samples. Samples taken from individuals that are fully methylated
(or more than 95% methylated) can serve as positive controls and samples that are partially
methylated can serve as negative controls. Such samples are readily available in the art or can be
commercially purchased from, e.g., ATCC (American Type Culture Collection (ATCC), The
National Institute for Biological Standards and Control (NIBSC) or Coriell institute for medical
research. In one example, the positive control can be a fully methylated sample from NIBSC
(07/170; Hertfordshire, England) and the negative control can be a partially methylated sample from
NIBSC (07/174; Hertfordshire, England). The control can either be run simultaneously with the test
sample or can be represented as a predetermined value based on the technology used to determine
the methylation status of the sample. In one example, the predetermined value is a Delta Ct value

which is obtained using quantitative PCR (as described herein).

The oligonucleotides of the invention also include variants of the sequences or sequences that are
substantially similar to the oligonucleotides of the invention. Variants include sequences that are
altered by one or more bases, suchas 2, 3,4, 5,6, 7, 8, 9 or 10 but can still anneal to the specific
locations on the FMR1 promoter sequence of interest. The term “substantially” when used in
relation to annealing or hybridisation, means that the oligonucleotide or probe nucleic acid sequence
should be sufficiently complementary to hybridise or anneal to its respective nucleic acid. As used
herein, the term “hybridisation” refers to the process by which a strand of nucleic acid joins with a
complementary strand. In one example, the oligonucleotide is between 14-30 bases. In another
example, the oligonucleotide is between 18-30 bases and includes the sequence of SEQ ID NO:4,
SEQ ID NO:5 or SEQ ID NO: 6, or variants thereof.

Oligonucleotides may be prepared by chemical synthesis using any suitable methodology known in
the art, or may be derived from a biological sample, for example, by restriction digestion. The
oligonucleotides may be labeled, according to any technique known in the art, including use of

radiolabels, fluorescent labels, enzymatic labels, proteins, haptens, antibodies, sequence tags and the
like.
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FMR1 mRNA levels can also be used as a predictive marker to determine if an individual is likely to
be responsive to mGIuR5. Samples from individuals having FXS who lack the presence of an
FMR1 mRNA transcript or have a reduced level of FMR1 mRNA transcript compared to a control
are determined to be mGIuRS5 responders. This determination can serve solely to classify an
individual as being an mGIuRS5 responder or can be used with either, or both, FMR1 gene
methylation status and FMR1 protein determinations as a means of complementing other assay

results.

Levels of FMR1 mRNA are measured using any of a number of techniques known to those skilled in
the art including, but not limited to Northern blot analysis, nuclease protection assays (NPA), in situ
hybridization, reverse transcription-polymerase chain reaction (RT-PCR), RT-PCR ELISA,
TagMan-based quantitative RT-PCR (probe-based quantitative RT-PCR) and SYBR green-based
quantitative RT-PCR.

Using the methods of the invention an individual is classified as an mGIuRS5 responder when no

FMR1 mRNA is detected in the sample. Individuals who have reduced or low amounts of mGIluRS5
mRNA transcript are also an mGluRS5 responder, e.g., a sample that has only 50% (4, 30, 20, 10, 9,
8,7,6,5,4,3,2, or 1%) of the FMR1 mRNA transcript compared to a control (healthy individual).

In one example, detection of mRNA levels involves contacting the isolated mRNA with an
oligonucleotide that can hybridize to the mRNA encoded by the FMR1 gene being detected. The
nucleic acid probe can typically be, for example, a full-length cDNA, or a portion thereof, such as an
oligonucleotide of at least 7, 15, 30, 50, or 100 nucleotides in length and sufficient to specifically
hybridize under stringent conditions to the mRNA. Hybridization of an mRNA with the probe

indicates that the marker in question is being expressed.

In one format, the mRNA is immobilized on a solid surface and contacted with a probe, for example
by running the isolated mRNA on an agarose gel and transferring the mRNA from the gel to a

membrane, such as nitrocellulose.

In another example, the level of the FMR1 mRNA can be determined by reverse transcription-
polymerase chain reaction (RT-PCR), RT-PCR ELISA, TagMan-based quantitative RT-PCR (probe-
based quantitative RT-PCR) and SYBR green-based quantitative RT-PCR. These detection schemes
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30 nucleotides in length and flank a region from about 50 to 200 nucleotides in length. Under

appropriate conditions and with appropriate reagents, such primers permit the amplification of a

nucleic acid molecule comprising the nucleotide sequence flanked by the primers.

Protein

FMRI1 protein levels can also be used as a predictive marker to determine if an individual is likely to
be responsive to mGluRS. Samples from individuals having FXS who lack the presence of an
FMR1 protein, or have a reduced amount of FMR1 protein as compared to a control, are determined
to be mGluRS responders. This determination can serve solely to classify an individual as being an
mGluRS5 responder or can be used with either, or both, FMR1 gene methylation status and FMR1

mRNA determinations as a means of complementing other assay results.

The detection of the FMRI1 protein can be performed using any known method in the art including
but not limited to immunocytochemical staining, ELISA, flow cytometry, Western blot,
immunohistochemistry, spectrophotometry, HPLC, mass spectrometry and time-resolved Forster

resonance energy transfer (TR-FRET).

Using the methods of the invention an individual is classified as an mGluR5 responder when no
FMRI1 protein is detected in the sample. Individuals who have reduced or low amounts of mGluRS
protein are also mGIuRS5 responders, e.g., a sample that has only 50% (40, 30, 20, 10,9, 8,7, 6, 5, 4,
3, 2, or 1%) of the amount of the FMR1 protein in the sample as compared to a control (healthy

individual).

One method for detecting the FMR1 protein in a sample is by means of a binding protein capable of
interacting specifically with a marker protein. Preferably, labeled antibodies, binding portions
thereof, or other FMR1 binding partners can be used. The antibodies can be monoclonal or
polyclonal in origin, or may be biosynthetically produced. The FMR1 binding partners may also be
naturally occurring molecules or synthetically produced. The amount of complexed FMR1 protein,
e.g., the amount of FMR1 protein associated with the binding protein, is determined using standard
protein detection methodologies described in the art. A detailed review of immunological assay

design, theory and protocols can be found in numerous texts in the art, including Practical
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A variety of assays are available for detecting proteins with labeled antibodies. In a one-step assay,
the FMR1 molecule, if it is present, is immobilized and incubated with a labeled antibody. The
labeled antibody binds to the immobilized target molecule. After washing to remove unbound

molecules, the sample is assayed for the presence of the label.

In a two-step assay, immobilized FMR1 molecule is incubated with an unlabeled antibody. The
FMR1-unlabeled antibody complex, if present, is then bound to a second, labeled antibody that is

specific for the unlabeled antibody. The sample is washed and assayed for the presence of the label.

The choice of marker used to label the antibodies will vary depending upon the application.

However, the choice of the marker is readily determinable to one skilled in the art.

The antibodies may be labeled with a radioactive atom, an enzyme, a chromophoric or fluorescent
moiety, or a colorimetric tag. The choice of tagging label also will depend on the detection
limitations desired. Enzyme assays (ELISAs) typically allow detection of a colored product formed
by interaction of the enzyme-tagged complex with an enzyme substrate. Some examples of
radioactive atoms include 32P, '*’1, °H, and *P. Some examples of enzymes include horseradish
peroxidase, alkaline phosphatase, beta-galactosidase, and glucose-6-phosphate dehydrogenase. Some
examples of chromophoric moieties include fluorescein and rhodamine. The antibodies may be
conjugated to these labels by methods known in the art. For example, enzymes and chromophoric
molecules may be conjugated to the antibodies by means of coupling agents, such as dialdehydes,
carbodiimides, dimaleimides, and the like. Alternatively, conjugation may occur through a ligand-
receptor pair. Some suitable ligand-receptor pairs include, for example, biotin-avidin or -

streptavidin, and antibody-antigen.

In one aspect, the present invention contemplates the use of a sandwich technique for detecting
FMR1 proteins in serum and other biological fluids. The technique requires two antibodies capable
of binding the protein of interest: e.g., one immobilized onto a solid support, and one free in
solution, but labeled with some easily detectable chemical compound. Examples of chemical labels
that may be used for the second antibody include but are not limited to radioisotopes, fluorescent
compounds, and enzymes or other molecules which generate colored or electrochemically active
products when exposed to a reactant or enzyme substrate. When samples containing the FMR1

protein are placed in this system, the FMR1 protein binds to both the immobilized antibody and the
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antibody, and measuring the amount of labeled antibody complexed to protein on the support's
surface. The sandwich immunoassay is highly specific and very sensitive, provided that labels with

good limits of detection are used.

Preferably, the presence of FMR1 in a sample is detected by radioimmunoassays or énzyme-linked
immunoassays, competitive binding enzyme-linked immunoassays, dot blot, Western blot,
chromatography, preferably high performance liquid chromatography (HPLC), or other assays
known in the art.

Dot blotting is routinely practiced by the skilled artisan to detect a desired protein using an antibody
as a probe (Promega Protocols and Applications Guide, Second Edition, 1991, Page 263, Promega
Corporation). Samples are applied to a membrane using a dot blot apparatus. A labeled probe is

incubated with the membrane, and the presence of the protein is detected.

Western blot analysis is well known to the skilled artisan (Sambrook et al., Molecular Cloning, A
Laboratory Manual, 1989, Vol. 3, Chapter 18, Cold Spring Harbor Laboratory). In Western blot, the
sample is separated by SDS-PAGE. The gel is transferred to a membrane. The membrane is
incubated with labeled antibody for detection of the desired protein.

The assays described above involve steps such as but not limited to, immunoblotting,

immunodiffusion, immunoelectrophoresis, or immunoprecipitation.

In another example, the presence of FMRP in a sample is detected using time-resolved resonance
energy transfer (TR-FRET). TR-FRET has been used to detect a number of different molecules
including cAMP (Gabriel et al, 2003, Assay Drug Dev Technol. 1, 291-303) and mutated polyQ
(WO 2010/015592). In one example the method includes contacting a biological sample with a first
FMRP specific antibody, which is labeled with a lanthanoide ion cryptate (such as europium or
terbium cryptate), and a second FMRP specific antibody labeled with an appropriate fluorogenic
molecule such as XL-665 (a phycobilliprotein hetero-hexameric structure of 105 kDa available from
CisBio) or a D2 acceptor. In the present method the antibodies are selected such that when they bind
FMRP the lanthanide-cryptate emits energy which results in a proximity-dependent, time resolved
FRET emission of the fluorophore. The amount of FMRP in the sample is quantified by measuring

the fluorescence emitted from the flourophore. Any FMRP specific antibodies can be used such as
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F4055 (Sigma, RFGKDRNQKKEKPDSVDG; SEQ ID NO:7); 2160 (millipore;
ITVAFENNWQPDRQIPFHD; SEQ ID NO:8) and H00002332-MO03 (Abnova;
ATKDTFHKIKLDVPEDLRQMCAKEAAHKDFKKAVGAFSVTYDPENYQLVI; SEQ ID NO:9).

Diagnostic and Prognostic Assays

The methods described herein can be utilized as a diagnostic assay to identify those subjects having
Fragile X Syndrome who are likely to respond to an mGluRS antagonist or can be used as a
prognostic assay to identify subjects who are at risk of developing Fragile X Syndrome and who
would benefit from receiving an mGIluRS5 antagonist. Prognostic assays can be used for predictive

purposes or prophylactic purposes to treat an individual who is at risk of developing FXS.

The method of the invention can also be used not just for individuals identified to have FXS but for
any individual who exhibits a CGG repeat length expansion in the FMR1 gene promoter, e.g., above
55 repeats. It is envisioned that such a population will benefit from mGluRS treatment. Thus, the
present invention provides a method in which a test sample is obtained from a subject who exhibits a
CGG repeat length expansion in the FMR1 gene promoter, and the silencing of the FMR1 gene is
determined, e.g., by determining the methylation status of the FMR1 promoter, detecting for the
presence of the FMR1 protein and/or FMR1 mRNA. The presence of any, or any combination, of
the following: if all, or predominately all of the FMR1 gene region is methylated, lack of FMR1
protein or mRNA in the sample, lack of FMR1 protein or lack of mRNA in the sample, is indicative

of a subject who is an mGIluRS5 responder.

The method of the invention can be used as a prognostic assay to determine whether a subject should
be administered an mGIluR5 antagonist so as to prevent the onset of Fragile X syndrome or to reduce
the severity of Fragile X syndrome. In one example, an individual can be determined to be at risk of
developing FXS using any of the standard methods known in the art such as detecting CGG repeats
or evaluating the family history of that individual. Once an individual has been determined to be at
risk of FXS, that individual is further evaluated for the presence of any one or more of the following
biomarkers: if all, or predominately all of the FMR1 gene region is methylated, lack of FMR1
protein or mRNA in the sample. The presence of one or more of the biomarkers described herein can
be used to indicate that that individual should be administered an mGIuRS antagonist so as to
prevent the onset of Fragile X syndrome or to reduce the severity of Fragile X syndrome. In one
example, newborn infants determined to be at risk of developing FXS should be monitored for the

presence of one or more of the biomarkers described herein so as to prevent the onset of Fragile X
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syndrome or to reduce the severity of Fragile X syndrome. The use of the present method to

intervene early will maximize the therapeutic benefits of mGluRS.

The prognostic assay described herein can also be used in any individual who exhibits CGG repeat
length expansion in the FMR1 gene. If an individual is determined based on the methods described
herein to be an individual who will respond clinically to an mGluRS antagonist, an mGluRS
antagonist will be administered to the individual. In general, a daily dosage in the range from about
5 to 1500 mg, preferably about 10 to about 1000 mg of the compound is conveniently administered
to an individual having FXS. In one example, a daily dosage of 10 mg, 25 mg or 100 mg will be
administered to the individual having FXS.

Kits

The invention also encompasses kits for detecting the status of methylation of the FMR1 gene
region, FMR1 mRNA expression or FMR1 protein levels in a biological sample (a test sample).
Such kits can be used to determine if a subject having FXS is likely to respond to treatment with an
mGIuR5 antagonist. For example, the kit can comprise a labeled compound or agent capable of
detecting the FMR1 protein or mRNA in a biological sample and means for determining the amount
of an FMR1 protein (e.g., an anti-FMR1 antibody or an oligonucleotide probe that binds to DNA
encoding an FMR1 protein) or mRNA transcript in the biological sample. The kit can also include
primers that can be used to determine the extent of methylation of the FMR1 gene region as

discussed above. Furthermore the kit can include appropriate control samples.

The kit can also comprise, e.g., a buffering agent, a preservative, or a protein stabilizing agent. The
kit can also comprise components necessary for detecting the detectable agent (e.g., an enzyme or a
substrate). The kit can also contain a control sample or a series of control samples that can be
assayed and compared to the test sample contained. Each component of the kit is usually enclosed
within an individual container, and all of the various containers are within a single package along

with instructions for it’s use.

The following non-limiting Examples illustrate the invention.
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Examples
Example 1: Study set up to identify if a subset of patients exist that respond to (-)-(3aR, 4S, 7aR)-
4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester treatment.
The present examples were performed as a follow up to a clinical trial which investigated whether
the mGluR5 antagonist (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-
carboxylic acid methyl ester could provide beneficial treatment to a subject having FXS. The
present study was set up to identify if a subset of patients exist that respond to (-)-(3aR, 48, 7aR)-4-
Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester treatment. In an attempt
to identify such a subset of patients who respond to (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-
octahydro-indole-1-carboxylic acid methyl ester treatment, a study was conducted to investigate the
relationship between FMR1 methylation/mRNA expression and (-)-(3aR, 48, 7aR)-4-Hydroxy-4-m-
tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester efficacy in the study.

Clinical Samples: Among the 30 patients who completed the clinical study, 26 consented for
pharmacogenetic/pharmacogenomic assessments. Genomic DNA was extracted from whole blood
according to the instructions from Gentra (Minneapolis, MN). Total RNA was extracted from whole
blood according to the instructions from Qiagen (Valencia, CA). A total of 26 DNA and 24 RNA
samples were successfully extracted and analyzed. In addition, normal control DNAs were

purchased from Coriell Institute (Camden, NJ).

Methylation-specific PCR (MSP) assay: Genomic DNA was treated with bisulfite (Qiagen,
Valencia, CA). MSP was performed using the CpG WIZ Fragile X Amplification Kit from
Chemicon (Temecula, CA) according to manufacture’s instruction. A total of 26 patients and 4

normal controls were analyzed.

Quantitative RT-PCR (qRT-PCR) assay:

FMR1 mRNA expression was measured by Tagman real-time PCR. The primers and probe were
designed by Applied Biosystems (Foster City, CA; fragile X mental retardation 1 Hs 00924544 _ml1,
Glyceraldehyde-3-phosphate dehydrogenase Hs 99999905_m1; ubiquitin C Hs 00824723 _m1)

The expression levels of the control genes, GAPDH and UBC, were used to adjust for inter-sample
variability. The data is presented as normalized Ct (cycle threshold). A Ct value > 36 is considered

to be the background of the assay. A total of 24 patients and 9 normal controls were analyzed.
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Bisulfite-sequencing: Genomic DNA was treated with bisulfite (Qiagen, Valencia, CA). The
following primers were used to amplify the FMR1 promoter with 22 CpG sites: 5'-
GTTATTGAGTGTATTTTTGTAGAAATGGG-3' (SEQ ID NO:10); and 5'-
CCCTCTCTCTTCAAATAACCTAAAAAC-3' (SEQ ID NO:11). The 196-bp FMR1 promoter was
cloned using the TA cloning kit from Invitrogen (Carlsbad, CA) and 7-13 clones per patient were
sequenced using ABI3730XL (Foster City, CA). More details can be found in the BMD report. A

total of 26 patients and 4 normal controls were analyzed.

Results: The initial MSP analysis showed that 8 patients were fully methylated and 18 patients were
partially methylated. The fully methylated patients did not express the FMR1 mRNA while the
partially methylated patients expressed various levels of the mRNA. The data suggest a strong
correlation between the FMR1 methylation and transcription in peripheral blood. More importantly,
the patients who were fully methylated or did not express the FMR1 mRNA showed significantly
greater improvement in response to (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-
indole-1-carboxylic acid methyl ester over placebo at day 19 (ABC-C: p<0.001, CGI-efficacy index:
p<0.001) (Table 1-4). In contrast, there were no significant differences between (-)-(3aR, 4S, 7aR)-
4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester and placebo in those
who were partially methylated or expressed the FMR1 mRNA.

To gain more information on the methylation pattern and verify the MSP assay, bisulfite-sequencing
for the FMR1 promoter with 22 CpG sites was performed. The bisulfite-sequencing data was
consistent with the MSP data for all patients except three discrepancies which may have occurred
due to, at least in part, limited number of clones per patient that were sequenced. To further evaluate
the impact of FMR1 methylation on (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-
indole-1-carboxylic acid methyl ester efficacy, the methylation status of the three patients with
discrepancies were reclassified by aggregate consideration of the initial MSP, bisulfite-sequencing,
and additional MSP data. Two of the three patients could be reasonably reclassified. The remaining
one could not be reclassified based on the current data and was removed from the efficacy analysis.
The new statistical analysis showed that (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-
indole-1-carboxylic acid methyl ester response remained significantly higher than placebo in the

fully methylated patients (ABC-C: p<0.001, CGl-efficacy index: p<0.001) (Table 5-6).

Taken together, the overall data indicate that the FMR1 methylation or mRNA expression could
serve as a predictive biomarker for the clinical response in FXS patients treated with (-)-(3aR, 4S,

7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester.
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Table 1: ABC-C results by FMR1 methylation status

Study Treatment Lower Upper
population Day Efficacy variable difference* 90% ClI 90% CI P value**
Total of subscales -30.85 -41.37 -20.32 <0.001
Subscale | (Irritability) -4.33 -7.28 -1.39 0.020
Patients Subscale Il (Lethargy) -6.55 -10.75 -2.35 0.014
with full Subscale |l
methylation 10 (Stereotype) -3.96 -6.92 -1.01 0.032
(n=8) Subscale IV
(Hyperactivity) -8.77 -11.71 -5.82 <0.001
Subscale V
(Inappropriate Speech) -4.48 -6.20 -2.75 <0.001
Total of subscales 5.66 -2.33 13.65 0.241
Subscale | (Irritability) -0.67 -2.67 1.34 0.580
Patients Subscale Il (Lethargy) 3.76 0.41 7.1 0.066
with partial Subscale Il
methylation 19 (Stereotype) 0.89 -0.58 2.35 0.315
(n=18) Subscale IV
(Hyperactivity) 0.42 -2.13 2.98 0.782
Subscale V
(Inappropriate Speech) 1.09 -0.49 2.67 0.253

* (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester
versus placebo. Adjusted for baseline values.
**Mixed model.

A decrease in ABC-C scores indicates an improvement.

Table 2: CGI results by FMR1 methylation status

Study Treatment Lower Upper

population Day Efficacy variable difference* 90% CI  90% CI P value**
Patients CGl-global

with full improvement -1.94 -2.45 -1.44 <0.001
methylation ) .

(n=8) CGl-efficacy index 4 g5 131 242 <0.001
Patients CGi-global

with partial 19 improvement 0.67 0.15 1.18 0.035
methylation CGl-efficacy index

(n=18) -0.58 -1.10 -0.07 0.064

* (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyi-octahydro-indole-1-carboxylic acid methyl ester
versus placebo. Adjusted for baseline values.

**Mixed model.

A decrease in CGl-global improvement indicates an improvement.

An increase in CGl-efficacy index indicates an improvement.

Table 3: ABC-C results by FMR1 mRMA expression

Study Treatment Lower Upper

population Day Efficacy variable difference*  90% ClI 90% Cli P value**
Total of subscales -32.19 -45.00 -19.38 <0.001
Subscale I (Irritability) -3.69 -7.26 -0.13 0.089

Patients who Subscale Il (Lethargy) -6.71 -12.03 -1.39 0.042

did not Subscale Ili

express 19 (Stereotype) -3.03 -6.70 0.64 0.167

FMR1 mRNA Subscale IV

(n=7) (Hyperactivity) -9.12 -12.80 -5.44 <0.001
Subscale V

Ina ro riate S eech -4.66 -6.84 -2.48 0.005
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status (reclassified)
Total of subscales 223 -5.39 9.85 0.627
Subscale | (Irritability) -0.81 -2.86 1.25 0.513
Patients who Subscale Il (Lethargy) 1.93 -1.07 4.93 0.287
expressed Subscale lll
FMR1 mRNA 19 (Stereotype) 0.32 -1.08 1.73 0.703
(n=17) Subscale IV
(Hyperactivity) -0.16 2.7 2.39 0.916
Subscale V
(Inappropriate Speech)  1.09 -0.59 2.77 0.280

* (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester
versus placebo. Adjusted for baseline values.

**Mixed model.

A decrease in ABC-C scores indicates an improvement.

Table 4: CGI results by FMR1 mRMA expression

Treatment Lower  Upper
Study population Day Efficacy variable difference* 90% ClI  90% CI P value**
Patients who CGl-global
did not express 19 improvement -2.02 -2.64 -1.41 <0.001
FMR1 mRNA (n=7) CGl-efficacy index 1.99 1.30 2.68 <0.001
Patients who CGl-global
expressed 19 improvement 0.56 0.02 1.09 0.087
FMR1 mRNA (n=17) CGl-efficacy index -0.47 -1.00 -0.06 0.147

* (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester versus
placebo. Adjusted for baseline values.

**Mixed model.

A decrease in CGl-global improvement indicates an improvement.

An increase in CGl-efficacy index indicates an improvement.

Table 5: ABC-C results by FMR1 methylation status (reclassified)

Study Treatment Lower Upper
population Day Efficacy variable difference* 90% Cl 90%Cl P value**
Total of subscales -27.82 -39.05 -16.59 <0.001
Patients Subscale | (Irritability) -2.66 -5.37 0.05 0.106
with full Subscale Il (Lethargy) -5.53 -10.87 -0.18 0.090
methylation Subscale Ili
(determined by 19 (Stereotype) -5.06 -8.66 -1.46 0.027
MSP and Subscale IV
sequencing) (Hyperactivity) -8.55 -12.27 -4.84 <0.001
(n=7) Subscale V
(Inappropriate Speech) -4.31 -6.26 -2.36 0.001
Total of subscales 3.10 -5.61 11.82 0.554
Patients Subscale | (Irritability) -1.15 -3.45 1.16 0.410
with partial Subscale 1l (Lethargy) 2.66 -0.81 6.13 0.206
methylation Subscale Ill
(determined by 19 (Stereotype) 0.78 070 225 0.383
MSP and Subscale IV
sequencing) (Hyperactivity) -0.21 -2.85 2.43 0.894
(n=18) Subscale V
(Inappropriate Speech) 0.81 -0.80 2.41 0.403

* (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester versus
placebo. Adjusted for baseline values.

**Mixed model.

A decrease in ABC-C scores indicates an improvement.

A
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Table 6 : CGI results by FMR1 methylation status (reclassified)
Treatment Lower Upper
Study population Day Efficacy variable  difference* 90% CI 90% CI P value**
Patients with full CGl-global

methylation (by MSP improvement -1.78 -2.34 -1.22 <0.001

. 19
and sequencing) , .
(n=7) CGl-efficacy index 4 7¢ 1.13 2.39 <0.001
Patients with partial CGl-global
methylation (by MSP 19 improvement 0.58 0.04 1.11 0.079
and sequencing) . .
(n=18) CGl-efficacy index 5 43 -0.96 0.11 0.193

* (-)-(3aR, 48, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester versus
placebo. Adjusted for baseline values.

**Mixed model.

A decrease in CGl-global improvement indicates an improvement.

An increase in CGl-efficacy index indicates an improvement.

Example 2: Taqman probe-based real-time PCR assay post restriction enzyme digestions for

determination of FMR1 promoter methylation

Clinical Samples: Among the 26 genomic DNA purified from patients consented for
pharmacogenetic/pharmacogenomic assessments in Example 1, twelve had sufficient amount to be

analyzed by a probe-based methylation assay.

Probe-based Methylation Assay:

The assay is based on MethylScreen technology from Orion Genomics (St. Louis, MO). However, it
combines MethylScreen’s restriction enzyme DNA treatment with a Tagman hydrolysis probe-based
real-time PCR. Briefly, in order to assess the methylation status of FMR1 promoter region, purified
genomic DNA from EDTA-anticoagulant blood is digested with McrBC and Hhal, both from NEB
(Ipswich, MA), independently and also congruently per manufacturer’s instruction, leading to the
following 4 conditions: 1) No enzyme digest; 2) McrBC digest; 3) Hhal digest; and 4) McrBC and
Hhal double digest, all incubated at 37°C for 16 hours before inactivation at 65°C for 20 minutes.
The restriction enzyme McrBC is methylation-dependent which means that it only cleaves the
methylated DNA, and the restriction enzyme Hhal is methylation-sensitive which means it only
cleaves the unmethylated DNA. Each condition contains the same amount of input DNA as 400 ng
for real-time PCR detection, therefore by comparing each digest condition with no enzyme digest
control, the remaining amount of amplifiable DNA after enzyme digestion could be quantitated by
real-time PCR using primer pairs (Forward 5’-tgcagaaatgggcgttct (SEQ ID NO:4; Reverse 5°-
gtgccgggtegaaagac (SEQ ID NO:5)) and a FAM-labeled probe (Probe 5° FAM-
ctgaagggcggtgacaggtcg-BHQ1; (SEQ ID NO:6)). Prior to real-time PCR detection, the enzyme

digestion mixes are subject to the treatment of a restriction enzyme Alul for 1 hour at 37°C followed
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by 65°C inactivation for 20 minutes. The PCR amplicon covers 15 CpG islands in the region of
interest. The difference in digest condition and the control is reflected in a change in PCR cycle
threshold (delta Ct). The Clinical Cut-off Region constitutes a dCt (difference in PCR Cycle
threshold values between McrBC and Untreated chahnels) range of ~5 to 14. This correlates with a
methylation percent range of between 94-100% CTA. Through calculation per an algorithm, a

methylation percent in FMR1 promoter region could be determined from the sample DNA.

Results: Out of 12 patients in the original proof-of-concept study described in Example 1, the probe-
based methylation analysis showed that 3 patients were fully methylated and 9 patients partially
methylated, generating similar results as the MSP assay. Patients that were fully methylated had a
Delta Ct ranging from between -9.95 to -10.27 and had a percentage methylation ranging between
99.9-99.92. Patients that were partially methylated had a Delta Ct ranging between -1.77 to -7.29
and a percentage methylation ranging between 70.68 to 99.36. The fully methylated patients did not
express the FMR1 mRNA while the partially methylated patients expressed various levels of the
mRNA. The data suggest a strong correlation between the FMR1 methylation and transcription in
peripheral blood. More importantly, the patients who were fully methylated and/or did not express
the FMR1 mRNA showed significantly greater improvement in response to (-)-(3aR, 45, 7aR)-4-
Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester over placebo at day 19
(ABC-C: p<0.001, CGI-efficacy index: p<0.001). In contrast, there were no significant differences
between (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-tolylethynyl-octahydro-indole-1-carboxylic acid methyl
ester and placebo in those who were partially methylated or expressed the FMR1 mRNA.

Example 3: FMRP determination using Time-Resolved Forster Resonanace Energy Transfer
(TR-FRET) immunoassay

The following antibodies were used in the TR-FRET immunoassays: F4055 (Sigma,
RTGKDRNQKKEKPDSVDG (SEQ ID NO:7)); 2160 (millipore; ITVAFENNWQPDRQIPFHD;
(SEQ ID NO:8) and H00002332-M03 (Abnova;
ATKDTFHKIKLDVPEDLRQMCAKEAAHKDFKKAVGAFSVTYDPENYQLVI; (SEQ ID NO:9).

Temperature dependent signal kinetics for human FMRP protein detection by F4055-
H00002332-M03 antibody combination

HEK?293T cells were transiently transfected with eGFP plasmid (mock) or human FMRP plasmid
(FMRP-transfected). Cells were lysed in M-PER (Pierce) lyis buffer, 150 nM NaCl and Protease
Inhibitor. 1 pg total protein in 5 pul were loaded per low-volume 384-well and 1 pl of antibody

detection buffer. Results shown in Fig. 2.
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patients consented for pharnacogenetic/ pharmacogenoni ¢ assessnents in
Exanple 1, twelve had sufficient amount to be anal yzed by a probe-based
nmet hyl ati on assay. Probe-based Methyl ati on Assay: The assay is based on
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Each™ coRir&. Besilkishewn fiieFigate ampunt of i nput DNA as 400 ng for
real -time PCR detection, therefore by conparing each digest condition with
no enzynme digest control, the remaining anmount of anplifiable DNA after
enzyne Bh@asdnbashamih FNRP Guerein detdction pyintaephuinangibPéBRasasi ng primer pairs
(Forward 5' -tgcagaaat gggcgttct (SEQ ID NO 4; Reverse 5 - gtgcecgggt cgaaagac
( SEQ | [)I{R@}Ey)opngﬁldﬁlgo iy ?%H@@Mﬁ%)o@ f?ﬁy g}gglygate({ tsraglg X patient %gro%ias%
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threshold (delta . The Cinical Cut-off Region constitutes a d

(di f f er ¥HIB21i68-FCR well Ahneehd 000023 B 203 mdenuliishpenambight r eat ed
channel s) range of -5 to 14. This correlates with a nethyl ati on percent
range of between 94-100% CTA. Through cal cul ation per an algorithm a

met hyl ati on percent in FVMRL pronoter region could be determ ned fromthe
sanple DNA. Results: Qut of 12 patients in the original proof-of-concept
study described in Exanple 1, the probe-based nethyl ation anal ysis showed
that 3 patients were fully nethylated and 9 patients partially nethyl ated,
generating simlar results as the MSP assay. Patients that were fully

nmet hylated had a Delta & ranging frombetween -9.95 to -10.27 and had a
per cent age net hyl ati on rangi ng between 99.9-99.92. Patients that were
partially nethylated had a Delta & ranging between -1.77 to -7.29 and a
per cent age net hyl ati on rangi ng between 70.68 to 99.36. The fully nethyl ated
patients did not express the FMRL nRNA while the partially nethyl ated

pati ents expressed various |evels of the nRNA. The data suggest a strong
correl ation between the FMRL nethylation and transcription in peripheral

bl ood. More inportantly, the patients who were fully nethylated and/or did
not express the FVMRL nRNA showed significantly greater inprovenment in
response to (-)-(3aR, 4S, 7aR)-4-

Hydr oxy-4- mtol yl et hynyl - oct ahydr o-i ndol e-1 -carboxylic acid nethyl ester
over placebo at day 19 (ABC-C. p<0.001, Cd-efficacy index: p<0.001). In
contrast, there were no significant differences between (-)-(3aR, 4S,

7aR) - 4- Hydr oxy- 4- mt ol yl et hynyl - oct ahydr o-i ndol e- 1- car boxyl i ¢ aci d net hyl
ester and placebo in those who were partially nethylated or expressed the
FMRL mRNA. Exanple 3: FMRP determ nation using Tine-Resolved Forster
Resonanace Energy Transfer (TR-FRET) inmmunoassay The foll ow ng anti bodi es
were used in the TR-FRET i nmunoassays: F4055 (Sigma, RTGKDRNQKKEKPDSVDG
(SEQID NG 7)); 2160 (mllipore; | TVAFENNWQPDRQ PFHD;, (SEQ I D NG 8) and
H00002332- M03 ( Abnova; ATKDTFHKI KLDVPEDL RQVICAKEAAHKDFKKAVGAFSVTYDPENYQL VI ;
(SEQ ID NO :9). Tenperature dependent signal kinetics for human FVRP
protein detection by F4055- H00002332- MD3 anti body conbi nati on HEK293T
cells were transiently transfected with eG-P plasm d (nock) or human FMRP
plasm d (FMRP-transfected). Cells were lysed in MPER (Pierce) lyis buffer,
150 nM NaC and Protease Inhibitor. 1 pg total protein in 5 pl were | oaded
per | owvolunme 384-well and 1 ill of antibody detection buffer. Results
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human FVMRP protein detection by MAB2160- F4055 anti body conbi nati on HEK293T
cells werwonamisiznt |y transfected with eGP plasm d ( mpcijuseor1tioszasn FVRP
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(final g,%hg gipunt: 0.6 ng/well MIIlipore MAB2160-Th & 20 ng/well Signa
F4055-d suIPts shown in Fig. 3. Endogenous human FMRP protein detection
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determ ning the responsiveness of an individual with Fragile X Syndrone
(FXS) to treatnment with an nd uR5 antagonist, the nmethod conprising:

i sol ating f
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as a reduce evel of EMRL nRNA expressi. o contro 2,

met hod bsed puantiative RlePER{piofe-based gpantitativg fysited gé\iﬁégﬁ%ﬁweé&%?@ﬂ“ﬁg

of Northerprl ot anal ysis, reverse transcription-polynerase chain reaction

(RT-PCR), RT-PCR ELI SA, Taql\/anbased quantitative RT-PCR (probe-based
guant i tative RIT- PCR) and SYBR green-based quantitative RT-PCR 3. A nethod

of dete m ni n es onsweness .0f an individual w FXS to t ment
i th ansis Aol SESRRSRE e B R o g vEb s At S B o
an | ndll\{ll(ﬂﬁ@ft amtaddnig, thé ﬁﬁu{og cSmPYiSEOME; perform ng an assay which
determ nes the amount of FMRL protern in the sanple; and assigning the

i ndi vi dual aisolatingresammgle friospamadividial hawing BregileXrSyademesduced anount  of
FMRL pr ot ei n%ésrg érm;lﬁlkgs S r eﬁtaﬁ ﬁete ?1 gt‘i’lg Ia,fnount ome??%ogg g 1;19 {he%lcu%bfa g’nd

wherein the ct e rom consi s

i munohi st ocm@lﬁigrtue indblih] ad &mcnukpf&pmder Mélsd @hipldhata reditleCamangt ofass
spectronetry . A nethod for determ ning responsiveness of an individual
W th FrEMHIQT%CMMWWS}d@@GPP@% ment with an nm@ uRS antagonist, the
met hod conprising: providing a nucleic acid sanple from an i ndivi dual
havi ng FXS;

4. The method of claim 3, wherein the assay is selected from the group consisting of

immunohistochemistry, ELISA, flow cytometry, Western blot, HPLC, and mass spectrometry.

5. A method for determining responsiveness of an individual with Fragile X Syndrome (FXS)
to treatment with an mGIluRS antagonist, the method comprising:

providing a nucleic acid sample from an individual having FXS;

determining the extent of methylation of a fragile X mental retardation 1 (FMR1) gene region
in the sample, wherein the level of methylation in the sample relative to a control is indicative

whether the individual is an mGluR5 responder

6. A method for determining responsiveness of an individual with Fragile X Syndrome (FXS)
to treatment with an mGluRS5 antagonist, the method comprising:

providing a nucleic acid sample from the individual having Fragile X Syndrome;

determining the extent of methylation of a fragile X mental retardation 1 (FMR1) gene region

in the sample, and



determ ning the extent of nethylation of a fragile X nental retardation 1
(FMR1) gene region in the sanple, wherein the |evel of nethylation in the
sanpl e ravatouerstmwéa control is indicative whether the iPadivseauaB4zus an

nEd uR5 responder 6. A nethod for determ ning responsiveness of an
individual with Fragile X Syndronme (FXS) to treatnent with an nd uRS

ant agoni st, the nethod conprising: providing a nucleic acid sanple fromthe
i ndi vi dual oTER [ f

met hyl ati on %ﬁgﬂgﬁgr ‘gﬂdl‘ﬁ&é % r etSaI;e a%ngﬁﬁaﬁimwg%%giﬁ%mﬁe%%ﬁt f|Plr}h% he
sanpl e, saaiple is\i@IPhefhyla3atR06PCT/ US2011/ 034244 assigning the individual
as an n3 uR5 responder if the FMRL gene region present in the sanple is
fully nethylated. 7. The nethod of any of clains 1, 3, 5, or 6, wherein
the nd4R5 anthagMatofiady 6flla(n§@ﬁ3 4r 6, wherem the mGluRS antagonlst is (-)-(3aR, 48,
7aR) - 4- Hydroxy 4-mtol yl et hynyl -octa’hy dro-indol e-1 -carboxylic acid rrethyl
est er. 74R)-4rHedroayHent-tolyleghyiyinostahydreriedole-d trerboayles @ﬁlchmeﬂwiqe%%rn be
performed using an assay sel ected from nethyl ation-sensitive restriction
enzyne di gestion conbined with at | east one of: Southernbl ot or
quantitativeTRGReHhBE @PERiM 6, WKERnIheafieldafibn can bt herfolmaiulstrgtan dbd selected
modi fication conbined with at |east one of: met hyl ati on specific PCR ( I\/EF
quant i t oivaethrlatgl-sensiivespatetonenpre digesion eambuyedrvih eidrashacefy Sgythemblot

pyrosequenC|n h

Prai v ot e P tp R & b Rt BE b B ARRIIK GRS cfbined
ant agoniih at leag ofiebitankthylativr siecigic PCR (MSP)etjeamtitative gnéthylatigeappéibic PC(Rnﬁpmbe-
i ndi vi dual__having FXS for the presence of an FMRL nRNA transcript, an FVMRL
pr ot ei nOT%Y RQTW%SFQ?W@VTO&?H‘FWEggene region, or any combination

t hereof,; and assigning the individual as an md uR5 responder if the
sanpl e has a reduced |l evel of FMRL nRNA conpared to a control, a reduced
armount 6f ARN&Rhog of)dieiemnmmgmhfr respansivenasenf amindividual with feaglvrd Syehieme €GXShto

present is full) 10. ,The thod of claim9, wherein the nethod
conpr i sHEAHEREY] Fﬂgﬁf‘g a?tﬁ%mﬁ?‘te@gﬁbeglﬁglfcoﬁw "¥RNA and FMRL protein. 11.
The net hod Oﬁetét%inf?lfg 1ﬁb§hrgglefﬁon8a@fnd9ﬂ&mﬂ?h@hﬂ o FRS f6MRBE pesarelogh GMRBmSE[Z&
ID NO 1, SEQ ID NO NO 3. 12. The nmethod of any of clains 1,
3, 5, 6fragscrigt, apAdR protei Otfrmelflb'dlatfoéquf ae FMRhperiegegiondiany §@I@bmhfgoraﬁhemf URS
ant agoni st 13. The nmethod of claim 12, wherein the nd uR5 antagonist is
(-)- (3a§l 4S, 7aR)-4- Hydr oxy-4-ntol yl et hynyl oct ahydr o-i ndol e-1 -carboxylic

acid met hyl e&iging thd indiAidetl ag R IGIARK kdspbiter dfahesample hes d fedacedilendl vf BEMR

with Fragile X Syndrone (FXS) is an nd uR5 antagonj st responder c in
giQNA comggred toa coétrol a? reduced amount of FMR1 p?oteln compareﬁ to a contro ?r‘rg)r 1% ?1 g:

FMRI1 gene region present is fully methylated.

10. The method of claim 9, wherein the method comprises determining for the presence of FMR1

mRNA and FMR1 protein.

11. The method of any of claims 6, 8 or 9 wherein the FMR1 gene region is SEQ ID NO: 1, SEQ ID
NO:2 or SEQ ID NO:3.

12. The method of any of claims 1, 3, 5, 6, or 9, wherein the method further comprises

administering an mGluRS5 antagonist.

13. The method of claim 12, wherein the mGluRS5 antagonist is (-)-(3aR, 4S, 7aR)-4-Hydroxy-4-m-
tolylethynyl-octahydro-indole-1-carboxylic acid methyl ester.

14. A diagnostic kit for determining if an individual with Fragile X Syndrome (FXS) is an mGluR5

antagonist responder comprising:



WO 2011/ 137206PCT/ US2011/ 034244 an agent for neasuring an FVRL nRNA
transcript, FMRL protein levels, or nethylation of an FMRL gene region, or
any conbiweatoonsriver eof ; and i nstructions for use. PCT/US2011/034244

an agent for measuring an FMR1 mRNA transcript, FMR1 protein levels, or methylation of
an FMR1 gene region, or any combination thereof;

and instructions for use.



