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DERI VATI VES AS MODULATORS OF VOLTACGE- GATED SODI UM CHANNELS Thi s invention
rel at es twoqQuoemeary a- am nocar boxyam de derivatives. Phe/EPawende7en al so
relates to the use of the derivatives in treating diseases and conditions
medi ated 5 by nodul ati on of vol tage-gated sodi um channels. In addition,
the invention relates to conpositions containing the derivatives and
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20 channel opens. This inactivated state provides a refractory period before the
channel returns to its resting (closed) state ready to be reactivated. As a result, use-
dependent sodium channel blockers retard the firing of neurons at high frequency, for
example in response to painful stimuli, and will help to prevent repetitive firing during
periods of prolonged neuronal depolarisation that might occur, for example, during a
25 seizure. Action potentials triggered at low frequencies, for example in the heart, will
not be significantly affected by these drugs, although the safety margin differs in
each case, since at high enough concentrations each of these drugs is capable of

blocking the resting or open states of the channels.

30 The voltage-gated sodium channel family is made up of 10 subtypes, four of which
are brain specific, NaV1.1, 1.2, 1.3 and 1.6. Of the other subtypes, NaV1.4 is found
only in skeletal muscle, NaV1.5 is specific to cardiac muscle, and NaVv1.7, 1.8, and
1.9 are found predominantly in sensory neurons. The hypothesised binding site for
use-dependent sodium channel blockers is highly conserved between all the

35 subtypes. As a result, drugs such as lidocaine, lamotrigine and carbamazepine do



use- dependent sodi um channel bl ockers is highly conserved between all the
35 subtypes. As a result, drugs such as |idocaine, lanotrigine and

car bamazewoneoda224® 2007/ 042240 PCT/ EP2006/ 009732 2 no®PCHiEPRénamod7sh

bet ween the subtypes. However, selectivity can be achieved as a result of
the different frequencies at which the channels normally operate. Drugs

t hat bl ock vol tage-gated sodi um channél's in a use- dependent manner are al so
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these drugs.

international published patent application WO05/000309 (lonix Pharmaceuticals

20  Limited) discloses the use of compounds of formula (1), wherein Rq is an organic
substituent, X4 and Xo are direct bonds or spacer moieties, Ar is aryl or heteroaryl
and Y is a substituted aminoalkyl group or a heteroaryl-, heterocyclyl- or phenyl-
containing moiety:

X,-Ar-X-Y

Such compounds are inhibitors of sensory neurone specific sodium channels and are
30 said to be useful in the treatment of chronic and acute pain, tinnitus, bowel disorders,
bladder dysfunction and demyelinating diseases.

25

(1)

International published patent application WO04/083189 (Merck & Co.) discloses
biaryl substituted triazole compounds of formula (l), (Il) and (lll) as sodium channel
35 blockers:



bi aryl substituted triazole conpounds of formula (1), (Il) and (I111) as
sodi um channel 35 bl ockers: WD 2007/042240 PCT/ EP2006/009732 3 Ra Ra R
R R6 R NWORB/R®24R /NN\N>RL R2 Rs Rs R2 (1) (I1) . RaRCREPR06/0097R /~Rl N
Rs R2 (I'l1l) 5 Such conpounds are said to be useful in the treatnent of
conditions associated with sodium channel activity including, for exanple,
acute pain, chronic pain, visceral p§in, epi l epsy, irritable bowel
syndronme, depression and others. International published patent application
WD04/ 092140 (Merck &.Cb.) discloses 10 ='0Pyl substituted pyrazol es of
formula (1)R (I1) | 1) and (1 V)R;as sd channel blockers: R5 RS RB
, R L paB=N1) (I1) RS
R1

M (n

(i

5  Such compounds are said to be useful in the treatment of conditions associated with
sodium channel activity including, for example, acute pain, chronic pain, visceral
pain, epilepsy, irritable bowel syndrome, depression and others.

International published patent application WO04/092140 (Merck & Co.) discloses
10  biaryl substituted pyrazoles of formula (1), (), (lll) and (IV) as sodium channel
blockers:

(" an

15  The compounds are said to be useful in the treatment of conditions including acute
pain, chronic pain, visceral pain, inflammatory pain and neuropathic pain.



vi Het NRRB Het 2 RRR2ZR RaRs (IIl) R ' (IV) 15 The conpounds are
said to be useful in the treatnent of conditions including acute pain,
<chroni c pain, visceral pain, inflammtory pain and neuropathic pain. 4

I nternational published patent application WO04/094395 (Merck & Co.)
,discloses biaryl substituted thiazoles, oxazoles and im dazoles of formla
(I) as sodi um channel blockers: RI 4 R Het R6 (1) The conpounds are
said to be useful in the treatnent of4conditions including acute pai n,
chronic pain, visceral pain, inflammtory pain and neuropathic pain.

I nt er nati onal patent appl [ cati on W04/ 026826 (F. Hof f man La Roche AQ
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of condi blPewss:such as Al zheiner's disease or senile dementia. In the article
"Phenoxyphenyl pyridines as novel state-dependent, high-potency sodium
channel inhibitoks" (Bin Shao et al., J.Med.Chem, 2004, 47, 4277-4285), in
t he search 5fg, ef fi caceous drugs to treat neuropathic pain states, a
series of p TyT :

{0

The compounds are said to be useful in the treatment of conditions including acute pain,
chronic pain, visceral pain, inflammatory pain and neuropathic pain.

International patent application W004/026826 (F. Hoffman La Roche AG) discloses 4-
pyrrolidinophenyl-benzyl ether derivatives of formula (1):

(0

The compounds are said to be monoamine oxidase B inhibitors and are said to be useful
in the treatment of conditions such as Alzheimer's disease or senile dementia.

In the article "Phenoxyphenyl pyridines as novel state-dependent, high-potency sodium
channel inhibitors" (Bin Shao et al., J.Med.Chem., 2004, 47, 4277-4285), in the search
for more efficaceous drugs to treat neuropathic pain states, a series of phenoxyphenyl
pyridines was designed based on 4-(4-fluorophenoxy)benzaldehyde semicarbazone.
Through variation of the substituents on the pyridine rign, several potent state-
dependent sodium channel inhibitors were identified. Among the derivatives prepared,
compounds 6-9 are reported:



pyri di nes was desi gned based on 4-(4-fl uorophenoxy) benzal dehyde

sem car bazone. Through variation of the substituents on the pyridine rign,
Several potent state- dependent sodium channel inhibitors were identified.
Anong the derivatives prepared, conpounds 6-9 are reported: 4A 4 6 ao el
.~e02 H, eY 2r~rhe amdo '~, 7: B catexama B:4 canaoammtda 4s 5wat hexam S
Pat ent application US2003/ 0055088 relates to aryl substituted pyridines of
formula (1): >t3a or a pharnmaceuticd#Ay acceptable salt, prodrug or solvate
i herw4 wherein Air and R -1i4 are set in the specification. The invention
is also directed to the use of conpounds of Formula | | the trearmetn. of
neur onal damage fallamng global and fscaliscltama,fcrrthe treatnent or
prevgm on of nnurogegeyerative condit such as anyotrophic |ateral

scl erosi s FAh5) , ~ape~ Ot he treatment, prevention or ane- liarationof both
acute orchr epaiyn, s antitinnitus agents, as auiconvul sants, and as

anti mani e deprfssants, as. keel ancathetits, as antiarthythmics and for the
treatment or peeVikhidknn of diabetic neutapathy. In particular, claim 13 of
the applicationfgetppds  The conpound of claim2, having the Fornula Ili

RT Rs ~1 |Y2 nA&&m' #igg | Yb as or a phaimacenticilly acceptable salt,
prodxug or sol vate

Patent application US2003/0055088 relates to aryl substituted pyridines of formula (I):
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ar o phrmacestically seceptable sall, prodrug ve solbvate
theveod, wherein Ar and R,-R, src set in the specification.
The invention iz also directed o the vse of componnds of
Formuda ¥ for the irestment of sesronsl demige foBowing
global and foesl ischemia, for the frestment of prevention of
newredegenerative conditions such as amyofrophic laferal
sclerosis (ALS), and for e reatinent, prevention or armse-
linenting of both acute or chrowie pam, as antitionites apents,
a5 sodicopeulsants, and as anticsanic deprescants, as Jopat
anesthetics, o8 sotismchythmics and for the treatment or
prevention of disbetic mewropaihy.

In particular, claim 13 of the application recites:

13, The compound of elsim 2, having the Fornmia B

LR

or & pharmmeenifosily acceptable sall, prodrug or solvate
thersal, wheretn;

B, Rty By, and X are 5a defined in claim 2, provided
{hat the pyridy] ring iz ofber than Z,6-dixabstituted with
regard to the arvl radicel and —C(ORR,, or sy of
R, that is other San kydrogen.



t hereof, wherein; Ito, Rs-lea, It,a and X are as defined in claimZ pnvi icd
that thepyridyl ring is other than 2,6-disubsiituted with regard to the
aryl radical and --Qfl)ltlo or any of R ,-124 that is other than hydrogen.
" 4B The object of the present invention is to identify alternative conpounds
.whi ch nodul ate vol tage-gated sodi um channels. I n one enbodi nent, the
conpounds wi Il be use dependent sodi um channel inhibitors. In another

enbodi ment, the conpounds will be a éﬁbtype NaVl1l. 3 sodi um channel use
dependent inhibitors. In another enbodiment, the conpounds will be use
dependent sodi um channel inhibitors which have a suitable developability

profile : 1 [l QR i ; L, ot D Cnmax)
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vol t age- gat ed sodi um channel s and whi ch additionally exhibit Mnoam ne

Oxi dase B onergmbaidiniant, thé cdmpaungs il bef usstdependeabsatiune shanriehiahipit@s.ent

i nvention provides conpounds which nodul ate vol t age-gat ed sodi um channel s
and which don' t exhibit n 1N i dase iLnhibi.ty on. 10 According to a
Frrst as Rett ey efitidkicky. 160 AMbIas 1L 68 3 5Bkl Nav B Cpffer e

phar mac efi®RefdentynhiRitoEnt abl e salt, solvate, or prodrug thereof: ~a 3R2 6 C)
15 wherein R1 and R2 are independently hydrogen, Cl-6al kyl or
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20 or Rl and R3, together with the interconnecting atons, forma saturated
or unsaturated 4-to 6-nenbered ring; X is carbon or nitrogen; nis 0, 1 or
2, wher eiwowhem4pr4esent each R4 is independently sel ect @dTiEPoovstobe3t i st
consi sting of Cl-3al kyl, hal ogen, cyano, hal oCl-3al kyl, hydroxy, Cl-3al koxy
25 and C1-3hal oal koxy; gislor2; either RS or R6 is -OR7 or -OCH2R?,
wherein the other R5 or R6 is hydroger5 or R4; and wherein R7 is either a
phenyl ring or a 5- or 6-nenbered aromatic heterocyclic ring

(i ndependent |y containing one or nore nitrogen, sulphur or 30 oxygen atons)

wher ei n ejdf hesindhenhisfayht, fHe”&eQénttu’ﬂFenh@ﬁ Efﬁﬁﬁégldoﬁ\pbhﬁ@s Which %Bdu%é" l'y

substi t ut ed by one or nore groups independently selected fromthe WO
2007/ 04224gtagepatarbepi/roghamels #d which éémmadlv gyhibit MopoamineyPxidasgl Bgen,
cyano, halg % ional kyl', hydroxy, Cl_3al koxy and Cl1-3hal oal koxy. Unless

ot herwi se 1 ndicated, any alkyl group is straight or branched regardl ess of
5 whether it fornms part of another group, for exanple, alkoxy, hal oal kyl

and hal oaj kgxy fmevse‘?ﬁodaﬁﬁﬁhpgheg heRRiroghigH P B 0smasL, r@EKﬁHcHrOUp

substituted by one or nore atonms. A rou oul d be
simlarl yrrtodn@ter weuagematwesqdwrm @anoelsesan%nwl@deoﬂcmtoﬁmlblt Memmwcl ic

ring meang, a.beRSHMEYSAY! 9roup containing one or nore carbon atoms, one
or nore hy()j‘rogen atons and one or nore heteroatons such as nitrogen,
oxygen and sul fur; the carbon and heteroatons being interconnected to form

arin Fﬂ'&co%ﬂgptk et Ydsp e&th't@{mvlters\fgc%mpmv)qes é%ﬁ@é%d’ b

t hi azol yl I soxazol I azo trl(IZZoI yl,
t hi adi azobbarmqnyuﬁoaw accep@bieysaltd aglvate) or pugdrugihdiresfl | pyr a2| nyI and
tetrazolyl. Halo neans fluoro, chloro, brono or iodo. In a further
enbodi nent, the invention provides a conpound of forrmula (1), a 20
phar rraceutl cally acce{:)t abl e _sagt, solvate, or prodrug thereof: (R4) NgR R n
MRZ X ORR .\ R

(1)

15  wherein
R and R2 are independently hydrogen, C1.galkyl or C3_gcycloalkylC4_galkyl; or R
and R2, together with the nitrogen to which they are attached, may form an
unsubstitued 3-, 4-, 5- or 6-membered saturated ring;
R3is C1.galkyl, Cq.ghaloalkyl, C1.3alkoxyC1_3zalkyl or C4_ghaloalkoxyCq_zalkyl;
20 or R! and R3, together with the interconnecting atoms, form a saturated or
unsaturated 4-to 6-membered ring;
X is carbon or nitrogen;
nis 0, 1 or 2, wherein when present each R4 is independently selected from the list
consisting of Cq.3alkyl, halogen, cyano, haloC4_zalkyl, hydroxy, C1.3alkoxy
25 and Cq_3haloalkoxy;
qis1or2;
either RS or R is —O-R7 or —OCHoR7, wherein the other RS or R8 is hydrogen or
R4; and wherein R’ is either a phenyl ring or a 5- or 6-membered aromatic
heterocyclic ring (independently containing one or more nitrogen, sulphur or
30 oxygen atoms) wherein either the phenyl ring or the heterocyclic ring is
optionally substituted by one or more groups independently selected from the



R6 (1) wherein 25 Rl and R2 are independently hydrogen, Cil-6alkyl or
C3-6¢cycl oal kyl C1_6al kyl ; or such R1L and R2, together with the nitrogen to
whi ch t heyoan@/mei4ached, may form an unsubstitued 3-, 2CI/EP2000/00%3enber ed
saturated ring; R3 is Cl-6al kyl, Cl1-6hal oal kyl, C1-3al kenyl,

Cl1- 3al koxyCl- 3al kyl, Ci1-3hal oal koxyCl-3al kyl or (CH2)10H4, WD 2007/ 042240
PCT/ EP2006/ 009732 7 or such RL and R® together with the interconnecting
atonms, forma saturated or wunsaturated 5-to 7-nenbered ring, with the
provi so that tlfdr €onsistingl yof o ke -33¥et.ehaasHh i f¥anRe halefgr-3alkylc hh¥AIRHY: be
nitrogen; X is it y nis 0, 1 or 2, wherein when present
each R4 is i ndggg{? eg¥ ?{}d géIdg%?%(rjko%(?om the list consisting of Cl_3al kyl,
hal ogen, cyano, hal oCl_3al kyl, hydroxy, Cl_3al koxy and Cl_3hal oal koxy,

gi slor2; I e Wt | Srai ein the
ot her R5 gblehi Qljdg ifgrlgé@%@g'r Qﬁ&?@[ﬁt%}u\ﬁhﬁgrﬁa' R7%7ibgé%cp%§5%rdg‘ﬁ€%;fll ring
or a 5 owhetheeitfrsmedagrad aaether graup.deoexpainle; atkony, halaadependieaiealoxyont ai ni ng
one or nore nitrogen, sul phur or oxygen atons) wherein either the phenyl
ring or the heterocyclic ring is optionally substituted by one or nore
groups i ndepsadbatdiy skaleadky grouromeansean Blkyi group sulstitutedh gy ohe of NBue ky| |

hal , I , - I d C1. 3hal oal k o
o enpodi HRBEN ROk haBBOK) prdiSHAN be et KfigikaM - e hal koxy- I
alternative enbodinent, Rl and R2 are both H [In another enbodi mrent Rl and
R2 2Q, i I | . i d R2
el TieoRaanT 5 OFpemital afomali tropdlo inbhédts's FERNERIGEE &
Cl_3al koxy&itaidagkonie, oramoré Chtbpg@tbms, ona of oraré) bydrogerbatdmseamd, onR3r impre

C1- 3al kyl

In_an alternat.i e i I ypet hyl or
CH2OH. | nhgﬁgﬂaﬁ%rps 3?&&%@#@%"’@n%&%ﬂ'f%ﬁ?%%néé]ﬁb? Ilet%ﬁoagﬁ% gﬁéﬁgierrent ,
Rl and R3ijnt¢rogeidetd taiférim & hieg.i Far exaopledaryl, trgerat,quysrplyf, imdazolyl, oxazolyl,
thiazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyridyl,

15  pyridazinyl, pyrimidinyl, pyrazinyl and tetrazolyl.
Halo means fluoro, chloro, bromo or iodo.

In a further embodiment, the invention provides a compound of formula (), a

20 pharmaceutically acceptable salt, solvate, or prodrug thereof:

3 R
(RY) (e R |
n N\ 2
N R
H
R’ X ©
6
R
(1)
wherein

25 R and R2 are independently hydrogen, Cq.galkyl or C3_gcycloalkylC4_galkyl; or
such R and R2, together with the nitrogen to which they are attached, may
form an unsubstitued 3-, 4-, 5- or 6-membered saturated ring;

R3 is Cqpgakyl, Cq.ghaloalkyl, Cq.zalkenyl, C1-3alkoxyC1.zalkyl,
C1-3haloalkoxyC4_zalkyl or (CH2)OH;



saturated or unsaturated 5-, 6-, or 7-nmenbered ring with the proviso that
the ring does not contain two contiguous heteratons. In an alternative
enbodi mrerwQ 2Rl7/ee030 R3 , together with the interconneeCrmp@bony32form a
5-nmenbered pyrrolidinone ring. In another alternative enbodinment, Rl and
R3 , together with the interconnectin atons, forma 5-nenbered
pyrrolidinone ring, and R2 is Cl.6alkyl; or R2 is Cl 3al kyl; or R2 is

methyl. In a further epbodinent, Rl and R3 , together with the
i nt er connetsuggRAtandsR3s tgather with the rpletrenBectivp premsli isgne satated\or

20077042240 PCILEREA(QE/ IR Fkembbrkd Wuh'théﬁr&h@& tr%{i"ftﬁ’é’r!e”i?me Bleand R3 ,

together with the interconnecting nber ed unsat ur at ed
azepi none ri nghetﬁwammgahﬂﬂmwh mUIStst:@!Hb@ﬁﬂ 5 In an enbodinment, q is 1.

In an enb 10 In an enbodinment, nis O or 1. In an
enbodi m&*ngqé g&%n gFmirgg%h is O _3alkoxy. In an alternative enbodinent, n is

1 and R4niis0 nbphax\yher%'l wherapresemieaichitis ireperdently Relected-fanMtRylist and R6
i s hydrogen or I
Aﬁ%}stlﬁ et & o:%mg)ll nn;ﬁ? éngc%r{oh‘%lo% t)&?al flnar%g X e or

6- menbered aronati c iC I hdéperdent

nmore nitrogen, arNJCplyhaloeWOWygen atons) wherein elther t he phenyl ring or
t he heterﬁ%%/ﬂ)}g ring is optionally substituted by one or nobre groups

i ndependently s€l ected fromthe |list consisting of Cl-3alkyl, hal ogen,
cyano, 20isHabrd®C1 3al kyl, hydroxy, Cl_3al koxy and Cl1-3hal oal koxy I n

a0t SRR s0 Bt O TR CTHED B R B RO BB o0
groups i ndepeRfipatd wheeireBY ésl eftherra phenyll risg oc arksi td-mgmberedlardaiakiy | |
nal oven Y anon bl e n nost o AU ORI RNABR SRR oLk
0 oup- 1 nepEnaaRLly SO EeL et | Lot M LS CORSL St ne of Ol Z{F@"s oone
hal ogen, cyano® %WQP%‘%SE@?(;W(?/% RV S ok %%%QSQ@ %%%F?%iﬁ ﬁ?{%al koxy.
15 list consisting of Cq.zalkyl, halogen, cyano, haloC4_zalkyl, hydroxy,
C1-3alkoxy and C4_zhaloalkoxy.

In an embodiment, R1 and R2 are independently H or Cq_galkyl. In an alternative
embodiment, R1 and R2 are both H. In another embodiment R1 and R2 are

20 independently H or Cq_zalkyl. In a further embodiment R1 and R2 are independently
H or methyl.

In an embodiment, R3 is C1-galkyl, Cq.3alkoxyCq_3alkyl, or (CH;);OH. In a further
embodiment, R3 is Cq_zalkyl. In an alternative embodiment, R3 is  methyl,
25  methoxymethyl or CHoOH. In another alternative embodiment, R3is methyl.

In an embodiment, R1 and R3, together with the interconnecting atoms, form a
saturated or unsaturated 5-, 6-, or 7-membered ring with the proviso that the ring
does not contain two contiguous heteratoms. In an alternative embodiment, R1 and
30 R3, together with the interconnecting atoms, form a 5-membered pyrrolidinone ring.
In another alternative embodiment, R1 and R3 , together with the interconnecting
atoms, form a 5-membered pyrrolidinone ring, and R2 is Cq-galkyl; or R2 is C1-
aalkyl; or R2 is methyl.
In a further embodiment, R1 and R3 , together with the interconnecting atoms, form a

35 6-membered piperidinone ring.



In a still further another enbodinent, RS is -OR7 or -OCH2R7, and R6 is
hydrogen or R4; and wherein R7 is either a phenyl ring optionally

substi t utwo 2007/a4koort ho position by one group indepenaemtEpPgoosmhesr ed from
the list consisting of Cl-3alkyl, 35 halogen, cyano, hal oCl_3al kyl,

hydr oxy, Cl-3al koxy and C1. 3hal oal koxy. WD 2007/ 042240 PCT/ EP2006/ 009732 9
In yet another enbodinent, R5 is -OCHB8phenyl optionally substituted by one

or nore groups independently selected fromthe |ist consisting of

Cl- 3al kyl In anatilbfusther empadioienh R band Rl kippethpy with ke inBrcanieryng atems.

Cl-3hal o : i , R5 is -OCH2phenyl substituted
by haIoggﬁkﬁ?yé§gﬁg¥ﬁ%j@ﬁﬁgngﬁgfﬁggggﬁ%@g$nent, R5 i s - OCH2phenyl
substituted by one fluorine atom In yet another enbodinment, R5 is -Qphenyl
optional | it or nore groups independently selected from
the |ist %B%ﬁ?@%#%@gﬁgxg%P%gﬁﬁyl, hal ogen, cyano, 10 hal oC1- 3al kyl,

hydr 0Xy/, Cl-3al koxy and Cl- 3hal oal koxy. In yet another enbodinment, R5 is
- OCH2pheny| i : hal ogen or cyano. In yet another enbodi ment, R5
IS -Cphen%\aﬁﬁﬁﬁ%%égb§g§€%stituted by one cyano group. 15 In another
enbodi nent, R5 is phenoxy, fluorophenoxy or cyanophenoxy. In a further
enbodi nent R5_| - phenoxy. | n another enbodi nent, R5 is benzyl oxy,
fl uor oben 'b?yggﬁmgégﬂgﬁbnzyloxy. In a 20 further enbodinment R5 is

2-f1 uorobenzyl oxy, 3-fluorobenzyloxy or 2-cyanobenzyloxy. In an
ggﬁg?Lﬁ%{a%&%bg&%%ﬂ%ogﬁ1)‘ ormula (I) are selected fromthe |ist

(5R)-5-(4-{[(2-fl uorophenyl ) nmet hyl ] oxy} phenyl) - 2-net hyl -L-prof inanm de; 25

(5R) -5-(4:{[(2- nophenyl, ) metluy.l 10X hen - 2= W =1 oroli.nam de;

(5R) - 5-{ 41 %é@@%&w&ﬁﬂga I )aﬁﬁ%'ﬁ]ecﬁyﬁ"%ﬁ&h& %S‘/ %'-t{p-’a‘%wéo‘?rk?&‘{r'{ﬁl?ﬁl“i i f

(5S) - 2- methy R45%s fnétHokphenyl met hyl ) oxy] phenyl } - D- prof i namni de;
(5S)-5-(4-{[(2-fluorophenyl) et hyl ] oxy} phenyl) - 2- net hyl - D- prol i nam de; and
(2R 5R)-2-(4-{[(2-fl uorophenyl) et hyl ] oxyF}J)henyI )-1, 7-di azaspi ro[ 4. 4] nonan-
6- one15 30irpan serphuimaste RS sal-OyR Aot eGH)RY , sarldt RBsisl waltageor opRAdeng

thereof. wkgre‘lan Elv rié gl rer(aﬁa p Oe(;miyrrﬁr?gt o;[ Q %— %P -rr?eunqgergé a}c'oorrrma |cI haetérlo):ycilig :ring
(independently containing one or more nitrogen, sulphur or oxygen atoms) wherein
either the phenyl ring or the heterocyclic ring is optionally substituted by one or more
groups independently selected from the list consisting of C4_3alkyl, halogen, cyano,
20  haloC4_3alkyl, hydroxy, Cq-3alkoxy and C4_zhaloalkoxy.

In another embodiment, RS is ~O-R? or -OCHoR?, and R6 is hydrogen or R4; and
wherein R’ is either a phenyl ring optionally substituted by one or more groups
independently selected from the list consisting of Cq.3alkyl, halogen, cyano, haloC4.

25  galkyl, hydroxy, C4_3alkoxy and C_zhaloalkoxy.

In a yet another embodiment, RS is —O-R7 or —OCH2R7, and RO is hydrogen or R4;

and wherein R’ is either a phenyl ring optionally substituted by one group

independently selected from the list consisting of C4.3alkyl, halogen, cyano, haloC4.
30  zalkyl, hydroxy, Cq_zalkoxy and Cq_zhaloalkoxy.

In a still further another embodiment, RS is —O-R7 or —OCH2R7, and RS is hydrogen

or R4 and wherein R7 is either a phenyl ring optionally substituted in the ortho

position by one group independently selected from the list consisting of Cq_zalkyl,
35 halogen, cyano, haloC4_3alkyl, hydroxy, C4-3alkoxy and C4.ghaloalkoxy.



(5R) -5-(4-{[(2-fluorophenyl)net hyl ] oxy} phenyl)-2-nethyl -L-prolinam de; or
(5S)-5-(4-{[(2-f] uorophe nyl )nethyl]oxy}p henyl)-2-nmethyl-D-p rol

i nam de; 86 2007/23bar maceuti cally acceptabl e salt, sol vaCe/Epreooe0eLisrg

t hereof. WD 2007/ 042240 PCT/ EP2006/009732 10 In a still further enbodi nent
t he conpound of fornula (1) is (5R)-5-(4-{[(2-

fl uor ophenyl ) net hyl ] oxy} phenyl) - 2 met Byl - L- prol i nami de; or a
pharmaceutically acceptable F‘% sol vate or grodr ug thereof. 5 In an

embodi mentn, yatrraotharRsuRagiment, RrisutQ@CH2phenyb opliorally substiteiedt yeons of
consi st i nﬁho hrouf)?R)%e%eﬁ&%rﬁlP(s%1J&é@fr&ﬂhﬁ@mgt con(sgs%ug 5of (C41 Ta[lkyl halogen,

) met hyl ] oxy pheny -prol 1namd (2- cyanophenyl
) met hyl | osyang. thalagy-3aliey nﬁyqifyxy LCpraglkoxy rﬁ;\dnpdahaloalkoxy n yet another

SR) - 5- {4z}, t nam de; 10

ESS% 2- Ere ﬁd@%? phe?%ﬁﬁ%ﬂe&pﬁug%?phﬁyﬁ%@p??g |nr(ljam de;

(59) -5 (4- {[(2 quorophenyI ) met hyl ] oxy} ph enyl) 2 nmethyl -D-p rol i nam de;
2R, 5R 2r(4 4. 4 -
- one: . 2l B R b A T O it 1. 7-
15 di azaspl ro[4 4] nonan- 6- one or a phar ITB.CEUtI cal | y acceptable salt,

sol vat e O gét oter eﬂﬁ{oﬁ%entl R5 & %%qglnméaalw&bgﬁm%uwjﬁnéﬁor Wrml a (1)

are sel ected 7 0mMt He 1rste Consi st
(5R) 5 (4gn{o[u()§+rfdepemdmiﬂ¢rsyle):’tedtﬂwm }Imdys} pbesisting-df -Gregaikll - halggeol, cyano, de; (5

{ y - i m i de;
(5 ro 1 Lo BeE SR IR G SSkoRl AR By Ve bttt BhodimEt
(5S) - 2- neRAyd —&)Qlﬁzqr(epylamptmted)bwn}og}an pheyano} - D- prol i nam i de;
(5S)-5-(4-{[(2-fl uorophenyl ) net hyl ] oxy} phenyl) - 2-net hyl - D- prof inam de; 25
(2R 5R)-2-(4-{[(2-fl uorophenyl ) met hyl ] oxy}phenyl)-1, 7-di azaspi r o[ 4. 4] nonan-
6- one; In yet another embodiment, RS is —Ophenyl optionally substituted by one cyano
2-[ ({4- [(2R 5R) 6- oxo- 1, 7-di azaspi ro[ 4. 4] non- 2-yl ] phenyl } oxy) et hyl ] benzoni
trile;
2- ({415 (2R 5R) - 6- 0x0- 1, 7-di azaspi r o[ 4. 4] non- 2-yl ] phenyl } oxy) benzoni tril e;

(28 OR) - 2 R AR RN RE Y MBI GPOPhBRr ' i dBRERSky. T L frther

2
i azaspiro
(2R, 5R) - 2efmBodihent Rﬁutpz.@pmwpﬁe)\m,hyl ] oxy} phenyl ) -1, 7- di azaspi r o[ 4. 4] nonan-
6- one,
In another embodiment, R is benzyloxy, fluorobenzyloxy or cyanobenzyloxy. In a
20  further embodiment RO is 2-fluorobenzyloxy, 3-fluorobenzyloxy or 2-cyanobenzyloxy.

In an embodiment, the compounds of formula (I) are selected from the list consisting
of:
(5R)-5-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-2-methyl-L-prolinamide;

25  (5R)-5-(4-{[(2-cyanophenyl)methyl]loxy}phenyl)-2-methyl-L-prolinamide;
(5R)-5-{4-[(2-cyanophenyl)oxylphenyl}-2-methyl-L-prolinamide;
(58)-2-methyl-5-{4-[(phenylmethyl)oxy]phenyl}-D-prolinamide;
(58)-5-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-2-methyl-D-prolinamide; and
(2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;

30 or a pharmaceutically acceptable salt, solvate or prodrug thereof.

In a further embodiment the compound of formula (i) is:

(5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-methyl-L-prolinamide; or

(5S)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-methyl-D-prolinamide;
35 - or a pharmaceutically acceptable salt, solvate or prodrug thereof.



(2R 5R)-2-(3-{[(2-fl uorophenyl)net hyl ] oxy}phenyl)-7-nethyl-1,7- d iaza s pi
ro[4.4] n o n a n-6-one;

(2R, 5R) - 2w0404704224b1 uor ophenyl ) net hyl ] oxy} phenyl ) - 1, 7- dipaz&EPpiocop9y36] undec-
9-en-6- one; 35

(2R, 55)-2-(4-{[(2-fl uorophenyl) net hyl J oxy} phenyl)-1, 7-di azaspi ro[ 4. 5] decan-
6- one,

(2S, 59) (4-{[(2-fluorophenyl)nmethyl]oxy}phenyl)-1,7-di azaspi ro| 4. 5] decan-
6- one; V\an@o*s; Mgrza@ Pwhoepm%wgogqmourﬁ) of formuia’ 1 (1) is (5R)-5-(4-{[(2-

(5R) - 5- [ 4nddrédtichl HAERDMGHYEHARI-Bithd Ry L prdnddRREEY | 8xY P hpRatiacéutEaiyy! - L-pro

f 1nam de

(5R) - 5- [4aqqept_abfe| sadty dplvate or pradtugythereel ) - 3- (et hyl oxy) phenyl ] - 2-[ (net hyl oxy)
met hyl ] - L-prolinamde; (5R)-5-(4-{[(2-fl

uor ophenyl ) met hyl ] oxy} phenyl ) -2-[ (et hyl oxy) nmethyl]-L-prolinamde; 5

(5R) - % ( 4in{gn embodienh Hengdmpasindy o] i@klv}llpﬂbm)36|2Ct€ﬁ§f9ﬁbt%9r¥§'t¢gﬂlsyﬂlm9 prol i nam
i de;

(2S,5S) - 2-f( 4-{[ (2-fl uorophenyl ) net hyl ] oxy} phenyl ) -1, 7-di azaspi r o[ 4. 4] nonan-
6- one; (5R)-5-(4-{[(2-fluorophenyl)methylloxy}pheny!)-2-methyl-L-prolinamide;

(SR 7R) - Tk ol o A RGNS Db IS AR i iirlb2 s 1 0l 4. 5] decan-

1- one;

(5S,79) - 765@?4-5%{[4([(2-€stamopb@‘ryénw]phmwﬂkmebhyl}lppmhmmmdg 6- di azaspi r o[ 4. 5] decan-

1- one, 1 [ | solvate or prodrug
t her eoq‘ &g{;ﬂ@&fﬁg@@@ﬁ%ﬁﬁ%h%ﬁ@ﬁﬁ@@ g)das Or mula (1) are selected
fromthe @S(){Sp(4-{{(ﬁ+ﬂsbsmhetg/l)oietrhvy]dxy)plh&nyt)rﬁmeﬁal Darolmansdd; vat es t hereof, of

L OO SRES -G Rk Sien By o fokhi1 7 B RBR&R Y oh RIS uH, OV P e

nyl)-2-nme
(5R) - 5- (4akd ( 2- cyanophenyl ) net hyl ] oxy} phenyl ) - 2-met hyl - L- prol i nam de;

(59 2 oyt 22 P LR P R R S ot nam de:
(5S) - ﬂi(4d|é{zds®1rbl4UQnmrdmw}yhe) met hyl ] oxy}p he nyI ) - 2-met hyl - D-prol i nani de;

gzsngR) 2 r( plurgnaceutlca Iy QC%B ab}e satlthgolllaqx%} Bro%nl.}/ t)nen;léoz di azaspi rof 4. 4] nonan-

2-[({4- [(2R 5R) - 6- oxo- 1, 7-di azaspi ro[ 4. 4] non- 2-yl ] phenyl } oxy) met hyl ] benzoni
tril

2 ({0 [ (212 HRFTRUTENY 12 GRERRHOF PhIoAHR B S SEIPFER IRy FEI5) U o1 e
(2R, 5R) - 20ft 4- {[ (2- f | uor ophenyl ) net hyl ] oxy} phenyl )-7-nmet hyl -1, 7- di azaspi
ro[ 4. 4] no

(2R, 58 - 2%%@(@Qﬁ%w&s%}ﬁ@ﬁtb‘ﬂ@f‘wmwﬁBP?H}Y'yHPr 9nMid% 2 aspi r of 4. 4] nonan-

6-one;  2BR)R45RP-cyahdpheh{iIméthyioxglpheny!)-pmedthyHLEersldaptieey | ) - 7- met hyl -1, 7 d

| azaspi roESAR)-A\”]>-{4r-][(()é1-(g)?a_nfcs)bt(‘?tgney-l)oxy]phenyl}-2-methyI-L-prolinamide;
(58)-2-methyl-5-{4-[(phenylmethyl)oxy]phenyl}-D-prolinamide;
(58)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-methyl-D-prolinamide;

25  (2R,5R)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;
2-[({4-[(2R,5R)-6-0x0-1,7-diazaspiro[4.4]non-2-yl}phenyl}oxy)methyl]benzonitrile;
2-({4-[(2R,5R)-6-0x0-1,7-diazaspiro[4.4]non-2-yl]phenyl}oxy)benzonitrile;
(2R,5R)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-one;

30 (2R,5R)-2-(3-{[(2-flucrophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;
(2R,5R)-2-(3-{[(2-fluorophenyl)methyl]oxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-one;
(2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.6]undec-9-en-6-
one;

35 (2R,5S)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-1,7-diazaspiro[4.5]decan-6-one;
(2S,58)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-1,7-diazaspiro[4.5]decan-6-one;



(2R 5R)-2-(4-{[(2-fl uorophenyl) et hyl ] oxy}phenyl)-1, 7-di azaspi r o[ 4. 6] undec-
9-en- 6- one;
(2R, 5S) - 2w040470a224b1 uor ophenyl ) net hyl ] oxy} phenyl ) - 1, 7- dipaz&EPpiocop9y35] decan-
6-one; 30
(2S,5S)-2-(4- {[(2 fl uor ophenyl ) net hyl | oxy} phenyl ) -1, 7-di azaspi r o[ 4. 5] decan-
6-one; (5R)- [4 {[(2-fl uorophenyl ) et hyl ] oxy} - 3- (rret hyl oxy)

henyl proli
ESR) y5] [ 4(5{F{)(Szf‘/1f{[(aélﬂ@m@ﬁwmmqu}&wetbylpw@Wwﬂr%w%éldypqoll@am'@ﬁet hyl oxy)
met hyl ] - Il ?"f‘u% hér’%@neﬁh;ﬁﬁx&}ié ﬁnéth%@iﬁmﬁwiz [(methyloxy)methy-
) met hyI ] oxy phen&/ t’hyl oxy) net rol I nam de;
(5R) - (4L{D[Q|@amldﬁorophenyl ) et hyl ] oxy} phenyl ) - 2- (hydr oxymet hyl ) - L- prol i nam

I de;
(25 59)- 2(5&2 E ({5(2 f\uoro h %m?tzwx%}pﬁnyl) -2- [(methylo)xy)methyl]I Iégéoslln?Tg[e4 4] nonan-
6- one;5 WO(SR)657 %mzmrmnﬂrnm ﬂmmvg@yl) thdroxymethyl) -L- prollnamlde

(SR 7R) - T1dsdf 4 s-[ARIPHHRAYIMERY oMY JoREMI R bk irfa dir @R BLar) 4. 5] decan-

1-one;

(5S, 7S) - 7(§R7R]-[-24-fl(2:buorsipbamymasnpky lokenbheerdiazasnimi4ibldeeani©8¢:4. 5] decan-
1- one. 5 a further enbodi nent the conpound of formula (1) is:

(5R) - 5- (4- '% (2-fl uorophenyl ) net hyl ] oxy} phenyl)-2-nmet hyl - L- prof i nam de;

(2R, 5R) - 2(§47$)1 24f[(aaﬁluorppbefwl))ne@lwﬂym}plxqr}ybﬁe@ryIa)zasplrpvdﬁi]de@asw-oo?;4. 4] nonan-

G onete, B B Eh Reler O e A Em WA G aRgry! ) T et hyl -1, 710

) met hyl ] oxy} phenyl ) - 2- [(rret hyl oxy) met hyl ] -L-prol inamide;

(5R) - 5- (4I|r§ Lrﬁ %Bf ! uoh%{ﬁmgny 'tRe”?&ﬁX%%%ény%Wé g I%§/e( g%/lg%te? frolm the ﬁ;roup

roxymet hy armaceuttic sol vate
or pr odr ugorsdisting@f hydrbchioridenszith.cor setviatesitheraof, of the comppomdsd&teﬁifba‘iw mula (1)

thorsof . HORHE T RGrrAhrofRUREP R P2 O R Makde; ool 1 5. o sol vates
(5R) - %5 ( 4¢4R)52(4-{[2ecyapbstreny)methiyjdxyphehpireapethyld-pretimarhide;- pr of i nam de;
oone:( SOsHI B2 e Rr R P BRI R R0 ey 327 ety -1, 7+ 20
di azaspi r ¢§3h- mMWaB{M(phmylrﬁéﬁ)d)cﬁey{pﬂaeﬁ{/ll -B- ;frbhnaundxphenyl

%rSr% h %l ]( Z?%%)?gf‘?ﬁb&&%f)‘%x‘gﬂvWetﬁ@%@ﬁ H)'maeﬁt&)g 8?;oxymet hyl ) - L-proli
na mide. (ZRI,5RDlQI(hQF(Z-ﬂUdirbblﬁnyﬁnied'dfl]ﬁmmhdnlyk)-1cbdmmsmto[4f4]|hmamb6-ane(;I ) is:

20  2-[({4-[(2R,5R)-6-0x0-1,7-diazaspiro[4.4]non-2-yl]phenyl}oxy)methyl]benzonitrile;
2-({4-[(2R,5R)-6-0x0-1,7-diazaspiro[4.4]non-2-yl]phenyl}oxy)benzonitrile;
(2R,5R)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-one;
(2R,5R)-2-(3-{[(2-fluorophenyl)methylJoxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;

25 (2R,5R)-2—(3-{[(2-fluorophenyl)met‘hyl]oxy}phenyl)—7-methyl-1,7-
diazaspiro[4.4]nonan-6-one,
(2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.6]undec-9-en-6-
one;

(2R,58)-2-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-1,7-diazaspiro[4.5]decan-6-one;

30 (2S,58)-2—(4-{[(2—fluorophenyl)methyl]oxy}phenyl)-1,7—diazaspiro[4.5]decan-6-qne; .

(5R)-5-[4-{[(2-fluorophenyl)methyl]oxy}-3-(methyloxy)phenyl]-2-methyl-L-prolinamide;

(5R)-5-[4-{[(2-fluorophenyl)methyl]oxy}-3-(methyloxy)phenyl]-2-[(methyloxy)methyl]-
L-prolinamide;
(5R)-5-(4-{[(2-fluorophenyl)methylloxy}phenyl)-2-[(methyloxy)methyl]-L-prolinamide;
35  (5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-(hydroxymethyl)-L-prolinamide;
(2S,58)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one; |



25 (2R 5R)-2-(4-{[(2-fluorophenyl) et hyl ] oxy}phenyl)-7-nmethyl-1,7-

di azaspiro[ 4. 4] nonan- 6-one or a pharmaceutically acceptable salt, solvate
or prodrwyo200rexenh. In a still further enbodi ment the eocwmEreed/oef73t or mul a
(1) is: 30

(2R 5R)-2-(4-{[(2-fl uorophenyl) et hyl ] oxy}phenyl)-1, 7-di azaspi r o[ 4. 4] nonan-
6-one or a pharnaceutically acceptab!? salt, solvate or prodrug thereof.

I n anot her enbodi nent, the conpound of formula (1) is selected in the |ist
consi st i n@R. GF)-7-g5{[(2-Fluorophenyl)methylloxy}phenyl)-2,6-diazaspiro[4.5]decan-1-one;

(2R 5R) - ZJ((fl {[(2-fluorophenyl) et hyl]oxy}phenyl)-1, 7-di azaspi ro[ 4. 4] nonan-
6- one ochl ori de; WD 2007/ 042240 PCT/ EP2006/ 009732 13

(5R) - 5- (45{%’(@ HAddRdpueraphenyheekyilpodghaniG-tiazaspisoidyaldecadr oPihan de;  or
a solvate thereof. In yet another enbodi ment the conpound of formula (1)
Is: 5 (2R 5R)-2-(4-{[(2-fluorophenyl)nethyl] oxy}phenyl)-7-nethyl-1, 7-

di azasyi r o[ 4. 4] nonan- 6- one hydrochl ori de; or

(2R 5F) - Zn{SnitherebABneRAg Lom Aavéflf&mé)gfey') 7-methyl -1, 7-

di azaspi ro[4 g nonan -one tosy or a solvate thereof. 10 In yet

anot her efﬁﬁjfﬁ-(ﬁe{ﬁﬂ-fluh@pbemb)mﬂihvl]@f(y}pmml-%tn‘(eﬂ)yl -Lorelispeideed from the group
consistin

(SR - 5- (4B B33 oL e ML R Y SR R s 222SRIRf AInonah €onet o i e
(5R)-5-(4€2ﬂ,5/2)—2-!(‘&{[(23@%09”6n)’ll)meflhylll@@}g}"}?p}'ikﬁy‘h@th)ﬂ-1n%t hyI L-prolinamide; 15
(5S) - 25 methyl -5-{ 4 eqn’ t hyl ) oxy] phenyl } - D- pr ol i nam de;

(59) - -(4§'?¥%??P@u4déé%£é+a?net hyl ] oxy} phenyl) - 2- net hyl - D- prol i nam de;

(5R) - 5-( 4(5{F{){52(4f-{[(9€ﬂuomweamh)methyl]oxy}phenyl) -2-[(methyloxy)methyl]-L-prolinamide;

(5R-5. (ARSI Bb b e

(5R) - 5- (497 &{X(éci)“rugp ff et )th iz h‘}’p %%ﬂﬂﬂ prolinamide;

roxynmet hybna pharmaicemmmmacceptabse sHita soheate of podrdgthareoépt abl e salt, sol vate
or prodrug thereof. 20 In a still another enbodi nent the conpound of

formula (1) is selected fromthe group consisting of:
15  In another embodiment, the compounds of formula (1) are selected from the group

consisting of hydrochloride salts, or solvates thereof, of the compounds listed below:
(5R)-5-(4-{[(2-fluorophenyl)methyljoxy}phenyl)-2-methyl-L-prolinamide;
(2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;
(2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-7-methyl-1,7-

20 diazaspiro[4.4]nonan-6-one;
(5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-[(methyloxy)methyl]-L-prolinamide;
(5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-(hydroxymethyl)-L-prolinamide.

In another further embodiment the compound of formula (1) is:
25  (2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-one or a pharmaceutically acceptable salt, solvate or prodrug

thereof.

In a still further embodiment the compound of formula (1) is:
30 (2R,5R)-2-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one or
a pharmaceutically acceptable salt, solvate or prodrug thereof.

In another embodiment, the compound of formula (1) is selected in the list consisting
of: |

35 (2R,5R)-2-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one
hydrochloride;



(5R)-5-{4-[(2-cyanophenyl )oxy]phenyl}-2-nethyl-L-prolinam de;

(2R, 5R) - 2-(4-{[ (2-fl uorophenyl ) net hyl ] oxy} phenyl ) -1, 7-di azaspi r o[ 4. 4] nonan-
6-one; 280 2007/042240 PCT/EP2006/009732
2-[({4-[ (2R, 5R) - 6- 0x0-1, 7-di azaspi ro[ 4. 4] non- 2-yl ] phenyl } oxy) met hyl ] benzoni
trile;

2-({4-[ (2R, 5R) 6- oxo- 1, 7- di azaspi ro[4131] non- 2-yl ] phenyl } oxy) benzonitrile
hydr ochl ori de;

(2R 5R) - 2(6R3-3 @c2riugephprdinatyyioxrpheryyd-predny L prainamides 7 as pi r of 4. 4] nonan-
6-one ; (2RsSRtedrdod [ (2- f1 uor ophenyl ) met hyl ] oxy} phenyl ) -7-nethyl -1, 7- 30
di azaspi ro[ 4. 4] nonan- 6- one;

(2R, 5R)-2-(4-{[ (2-fl uorophenyl) net hyl ] oxy} phenyl ) -1, 7-di azaspi ro[ 4. 6] undec-

9-en- 6- Orheyet ther embod|ment the com ound of formula (1) is:
(2R, 5 -2-(4- E Z | uor ophenyl 1 enyl)-1, 7-di azaspiro[ 4. 5] decan-
6- one ( BR,5R)-2-(4- {[(2-ﬂuorophenyl)methyl]oxy phenyl?? methyl 1,7-

R~ o[ 4- {é%Zagpllﬂdﬂr.éﬂHWé-bH@BWB&ﬂM&e, & (et hyl oxy) phenyl ] - 2-met hy! - L-prol i

nam de;

( 5R) - 5- [ 4(2R.8R)-24(4rflt Dfunseghenyematayilewiphesy-fevethylohd) phenyl ] - 2- [ (et hyl oxy)

nmet hyl ] -

(2S, 5S) - Zh'(agéﬁ%wg%rno% g%§/ Ir?ltat hyl ] oxy} phenyl ) -1, 7-di azaspi r o[ 4. 4] nonan-
6-one; ( BRa sqiRteThgraof [ (2-f| uor ophenyl ) net hyl ] oxy} phenyl)-2, 6-d

i azasp(i) ro[ 4. 5] decan- 1-one; or a pharnmaceutically acceptable salt, solvate
or prodrug thereof. For the avoidance of doubt, unless ot herw se indicated,
the term Irsyétstriother ebodireent the cbmpduns efdforpulanl) inselasted et thee@rodp oups. | n
t he case %Isetlmg rpuUPS may be selected froma nunber of alternative groups,
the sel ect?® ups may be the sane or different. For the avoi dance of

doubt , th(aSR)e':?(A{[G%dmmﬁﬁemrhgthyllm(mgewihi -metiyl-b-prelin@mid¢ein one substi t uent

i s sel ect f i t substituents may
be the s %f%%&éﬁgﬁ{en%}!ﬁgﬁlgﬁ%&@gé% ?cdé‘%thg m%ét?ﬂi??na“ | y acceptabl e
sal t s15f (58- z;mmyuﬁq‘ﬂ;-[(phernwreetiml\)mqylpihenyl}mrmhllnaomln ain a basic centre are,
for exanpl i ngd ] organic acids

such as h§%)o%ﬁ‘ﬁg¢z uor@% g ﬁY'@"%{/‘g f H‘I g 'H}?:lhéollnd phosphori c
acid, wit I(BR)Ga(@QQQyﬂIuomop&mnylﬁm%yl}nw}phenghﬁfb(nw?h)ﬂ@tybmefaylﬂ-bl@mlmmﬁﬂ es
i ncl ude t | hate or
hydr ogen Zﬁ%)st%ﬁ%{[@%%é%?%%l gﬁlioxé({pheﬁ%lﬁﬂél na&é’ "wﬂya)?bﬁgr"g ﬁB‘I‘ umar at e,
mal eat e, lopatpabenaceuticaly @ccépialile adle solyblecwmatarug thenenf! at e,
met hanesul f onate, et hanesul fonate, benzenesul fonate, p-tol uenesul fonate and
panoate salts. For reviews on suitable pharmaceutical salts see Berge et
al, J. Phad mstufﬁehotheﬁénbddument the 2émpBund_ofGorrhwla (Il st saleried omlthg groupal  of
Phar maceut i CS (1986), 201-217; and Bighley et al,
consistin gof
(5R)-5-{4-[(2-cyanophenyl)oxy]phenyl}-2-methyl-L-prolinamide;
(2R,5R)-2-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;
25 2-[({4-[(2R,5R)-6-oxo-1,7-diazaspiro[4.4]non-2-y|]phenyl}oxy)methyl]benzonitrile;
2-({4-[(2R,5R)-6-0x0-1,7-diazaspiro[4.4]non-2-yl]phenyl}oxy)benzonitrile
hydrochloride;
(2R,5R)-2-(3-{[(2-fluorophenyl)methyl]oxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one ;
(2R,5R)-2-(3-{[(2-fluorophenyl)methyljoxy}phenyl)-7-methyl-1,7-
30 diazaspiro[4.4]nonan-6-one;
(2R,5R)-2-(4-{[(2-fluorophenyl)methyljoxy}phenyl)-1 ,7-diazaspiro[4.6Jundec-9-en-6-
one;
(2R,5S)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-1,7-diazaspiro[4.5]decan-6-one;
(5R)-5-[4-{[(2-fluorophenyl)methyl]oxy}-3-(methyloxy)phenyl]-2-methyl-L-prolinamide;
35  (5R)-5-[4-{[(2-fluorophenyl)methyl]oxy}-3-(methyloxy)phenyl]-2-[(methyloxy)methyl]-
L-prolinamide;



Encycl opedi a of Pharnaceutical Technol ogy, Marcel Dekker Inc, New York 1996,
Vol unme 13, page 453-497. It wll be appreciated by those skilled in the art
‘that certain protected derivatives of conmpounds of fornula (l), which may
be made prior to a final deprotection stage, may not possess

. phar macol ogi cal activity as such, but may, in certain instances, be

adm nistered orally or parenterally and thereafter nmetabolised in the body
to form conpounds of the invention mhiF are pharmacol ogically active. Such
derivatives may therefore be described as "prodrugs”. Al such prodrugs of
conmpounds of the invention are included wthin the scope of the invention.

Exanpl ;95(28,(SB)-Q{(4J-{[(U-ﬂlﬂ)r%méﬁyl'}rfgétﬁifljo&y}pﬁéﬂyt)albﬁgia%_é%?jairb[h.el]ﬂcf?ﬁﬁfﬂ-'cﬁllg? ﬁf n{) he o
resen | e SCr e n ugs . 1oda une , U er ,
2983, pFSLS%g‘%'@g@ﬁ%°i§??nﬂbiﬁ?‘g¥dqxﬂPM‘%@FW%’%&% ecagyl-ongy 306 - 316 and

i n " Desicya phhmiicediicalp acdeptdile SAtNstivaats ok prédragebsof. 1985, Chapter 1. It wll
15 further be appreciated by those skilled in the art, that certain
noi eties, known to those skilled in the art as "pro-noieties”, for exanple

as desc _rFidDetﬁ? bavoldan &l ln:fﬂgnmlbd V\};ﬂﬂeé's%&iegrﬂs@ﬂndﬂf&b@tlr, u@e" teimy “substitytbatc ﬁ@_aﬁﬂ_
appropriate. functionalities when suc unctionalities are present wthin

c o hmoundubsttted f oF S precTeen GLbE i HEkrsr i BrreCrarics GPY BB GERFEY SHA ot ry
w || appiuabesbialtehrativerioups) tigssulestaeirpusnasy sathe shoeror difepdnexes wit h
solvents in which they are reacted or fromwhich they are precipitated or
crystallized. These conpl exes are known as "sol vates". For exanple, a
conpl ex Fortthe \zadidancel of Boubinthasteem "“nddpetdelitly” Rhaansathatitwhesd moradicapbrbdl! e

sol vates_ pf.the.co u of th ihvention are wthin the.scope of the
vent | SHESUMEL s RERA Yord e SRR bleci et i s 859 R Bl be T
salts, sameatredfesamtt prodrugs defined in any aspect of the invention (except
I nt ermedi ate conpounds in chem cal processes) are referred to as "conpounds
of the invention". The pharnaceutically acceptable solvates of the conpounds
of the iTineghameaceutialiy devdtérinarilyadceptatse shitsraf dife colhmunds of thd ddreniidnhwinich he

soore PToohds § 3R AN A AT T bRl ob ek LS b RuBeE BB
chiral eehisraghaasl hydroehibrd, hyd'ol:mo'rnlcnﬂngqromﬂicstsalfm andrgrhios pHoic nacid, Alvith
oL oL e B e AR . SRSl u Bt RS Bl P o
di ast er eiEulfataprwtratan esplaiei sagedrdgen eEbogpbateds acdtatepr berzaatg| ) succinete,
conpoun%gc&fargtg,r ”}”n?arétle?) ma(léépe falcFa)[e,athrétla,d) iartrate, gluconate, camsylate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate salts.
For reviews on suitable pharmaceutical salts see Berge ef al, J. Pharm, Sci., 66, 1-19, 1977; P
L Gould, International Journal of Pharmaceutics, 33 (1986), 201-217; and Bighley ef al,
Encyclopedia of Pharmaceutical Technology, Marcel Dekker Inc, New York 1996, Volume 13,
page 453-497.

it will be appreciated by those skilled in the art that certain protected derivatives of compounds of
formula (), which may be made prior to a final deprotection stage, may not possess
pharmacological activity as such, but may, in certain instances, be administered orally or
parenterally and thereafter metabolised in the body to form compoundé of the invention which are
pharmacologically active. Such derivatives may therefore be described as “prodrugs”. All such
prodrugs of compounds of the invention are included within the scope of the invention. Examples
of pro-drug functionality suitable for the compounds of the present invention are described in
Drugs of Today, Volume 19, Number 9, 1983, pp 499 — 538 and in Topics in Chemistry, Chapter
31, pp 306 — 316 and in “Design of Prodrugs” by H. Bundgaard, Eisevier, 1985, Chapter 1. It will




WD 2007/ 042240 PCT/ EP2006/009732 16 nRB R (R4) ( g RB N, z (R4 q,(NrRz
RHHOR X0 R5 XR6 (la) R6 (Ib) (R4) ( 4 RBR(R4), ( QR3ENn N\R2
"Rz XHORXHORS R6 (Ic) R6 (1d) wherein R, R2, R3, R4, R5, R8, X
and q are as defined above. In one enbodi nent, the present invention
.provi des conmpounds of formula (la) 5c g RBR (RA)N NNR5 XHOR6 (la)
wherein Rl, R2, R3, R4, R5, R6, X, n and q are as defined above, or
pharmaceutically acceptable salts, solyvates or prodrugs thereof. 10 In
anot her enbodi nent, the present i nvent 1dn provi des a conmpound of formula

(le) (RN ( Q=1 N NR XHORS (le) WO 2007/ 042240 PCT/ EP2006/ 009732

17 wher efyhdrBe aBﬂrecB{Ed H#&hoss, skﬂle@ﬂﬂhél al Rattertsif inhdiétds AbRVA to Q‘fose skilled in
phar maceuti cal | acceptabl e salts, sqlvates or prodr USS t her eof
the art as pro -moieties”, for example as described by H. Bundgaard in “Deesign of Prodrugs” may
be placed on appropriate functionalities when such functionalities are present within compounds

of the invention.

Those skilled in the art of organic chemistry will appreciate that many organic compounds can
form complexes with solvents in which they are reacted or from which they are precipitated or
crystallized. These complexes are known as “solvates’. For example, a complex with water
is known as a “hydrate”. Pharmaceutically acceptable solvates of the compound of the

invention are within the scope of the invention.

Hereinafter, compounds and their pharmaceutically acceptable salts, solvates and prodrugs
defined in any aspect of the invention (except intermediate compounds in chemical
processes) are referred to as "compounds of the invention”.

The pharmaceutically acceptable solvates of the compounds of the invention include the
hydrates thereof.

Also included within the scope of the compound and various salts of the invention are
polymorphs thereof.

The compounds of the invention may possess at least two or more chiral centres and so exist
in a number of stereoisomeric forms. All sterecisomers and mixtures thereof are included in

the scope of the present invention.

it will be appreciated by a person skilled in the art that four diasterecisomers can be
envisaged for compounds of formula (1), i.e. compounds of formula (la), (Ib}, (Ic) and (Id):

n
N
n



In a yet anot her enbodi ment, the present invention provides a conpound of
formula 5 (1 h) (R4 aR3H NN R HR5 X R6 (Ih) wherein R2, R3, R4,
R5, R6, Xyoroemd2zoare as defined above or pharmaceut i caCiryEP2d06/089762pt abl e
salts, solvates or prodrug thereof. D astereoisoners of conpounds of the
invention or of internediates thereof pay be obtained according to nethods
well known in the literature, for exarple by preparative HPLC or by
chromat ographi ¢ purifications. Racem c conpounds nay 15 e|th r be separated
using preparative HPLC and a colum with,a chiral i 0 phase or
resol ved to,yield indj RieRant i oner(R’ Mt i si ng@ gnown to those
skilled i fRthe art. Ip ad¥itiog, chiral int rrp tdn2may be

resol ved and pBge S S anRzaI conmpou f th tlon 20 The
conpounds of t ventHon nmay exist in _@n re taut deric forns. Al
tautoners and X es ther&f are inclfded i the scope of the present

i nvention.™ The [nvention also includes all sgbtable isotopic variations of
a cormpound of thg® invention. An isotopic variation ghb)a conmpound of the
invention is defined as(he in 25 which at |east one atomis replaced by an
atom having the same atom c nunber but an atomc mass different fromthe
atom c mass usually found in nature. Exanples of isotopes that can be
incorporated into conpounds of the invention inclu i sot gpeg of hydrogen,
carbon, nitrogen, oxy phg@sphor us, S(IEH4 ur, flugrsan éﬁnd Ichl orine such
as 2H, 3H(RIBG 14C, 80, 31P 32‘
respectively. ] so Z\/arl ation
those in which i oagfive sot ope such or C i@ i ncorporat ed,

are useful g Yand/ or sufastrate ti SRR 007/ 042240 PCT/ EP2006/ 009732
18 distribfion Jtudies. Tritiated, i.e., 3H land carbon-14, i.e., 14C,

i sotopes are pagficularly pref erred for thei R ease qid)pr eparation and

det ect abl lity. Further, (Iaéubstl tution WI th i sotopes such as deuterium

hoe., wheyel I?f' quzng’eFE“t ﬁb rhet Qer aR& H aré as defined above.

J
W

he iMvenili on, Rfor exanpl e,

In one embodiment, the present invention provides compounds of formula (la)

(la)
wherein R', R, R®, R*, R%, R®, X, n and q are as defined above, or pharmaceutically

acceptable salts, solvates or prodrugs thereof.

10  In another embodiment, the present invention provides a compound of formula (le)




advant ages resulting fromgreater netabolic stability, for exanple,
increased in vivo 5 half-life or reduced dosage requi renents and hence may
be preferwoadoim4gmne circunstances. |sotopic variati on®CoOEPROVE/0cADOUNS
of the invention can generally be prepared by conventional procedures such
as by the illustrative nethods or by the preparations described in the
Exanpl es hereafter using appropriate ?%otopic vari ations of suitable
reagents. 10 Conpounds,of .the invention nmay _be prepared in a variety of
ways. |n WhereingR voﬁ?vnﬁs’ Reatt No#nd Sheieeds é’é&”%@@aﬁeﬁ’r, p*ﬂﬁﬂ*@%“"t??%?/w se
stated Rlad@pfRble dhits bdAtesordrSdrags tidfddrned in the first aspect. These
processes form further aspects of the invention. 15 Throughout the
speci fication, general fornulae are designated by Roman nunerals (1),
(1) (TTia yétlRbtth embotisgh, the brdsBREIRVEIRIBR Rbvidddr ATHd Ao d6iuled as
(ra), (Ibz, {Ic) etc .... (Na), (I'Vb), (I'Vc) etc. Hydrochloride salts of
compotnds(ldf fornula (1) may be prepared according to 20 Reaction Schene 1
by reacting conpounds of forrmula (11) with an excess (such as 2.5
equi val ents) of acetyl chloride and nethanol. Typical reaction conditions
conprise reacting (I10-~yHs ®3suitable aprotic solvent (such as EtQAc) at
room tenmfRature. 25/ReagtiorfdSchene 1 1 1 (R4)" RB R(R4n gRB R NN

C R PNG RSRRs HCI (I'1) (1) Compounds of fornul a
la (I1) wherein R5 is -OCH2R7 may be
prepared acgoidivagXt o Reacti®n Scheme 2 by reacting conpounds of fornmula WO
2007/ 042248 PCT/EP2006/ 009732 19 (I11) with an excess (eg 1.5eq) of R7CH2Y
(where Y is a suyptable | eaving group - for exanples see J. March, Advanced
Organi ¢ Chem stry: reac{lhpns, nechani sns, and

wherein R?, R, R*, R, R®, X, n and q are as defined above or pharmaceutically

10  acceptable salts, solvates or prodrug thereof.

Diastereoisomers of compounds of the invention or of intermediates thereof may be
obtained according to methods well known in the literature, for example by
preparative HPLC or by chromatographic purifications. Racemic compounds may
15  either be separated using preparative HPLC and a column with a chiral stationary
phase or resolved to yield individual enantiomers utilising methods known to those
skilled in the art. In addition, chiral intermediate compounds may be resolved and

used to prepare chiral compounds of the invention.

20 The compounds of the invention may exist in one or more tautomeric forms. All

tautomers and mixtures thereof are included in the scope of the present invention.

The invention also includes all suitable isotopic variations of a compound of the
invention. An isotopic variation of a compound of the invention is defined as one in
25  which at least one atom is replaced by an atom having the same atomic number but
an atomic mass different from the atomic mass usually found in nature. Examples of
isotopes that can be incorporated into compounds of the invention include isotopes
of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulphur, fluorine and chlorine
such as 2H, °H, °C, "*C, N, 70, %0, 3'P, %3P, S, "®F and *Cl, respectively. Certain
30 isotopic variations of the invention, for example, those in which a radioactive isotope

such as *H or 'C is incorporated, are useful in drug and/or substrate tissue



structure, John Wley & Sons (1992), 4" h Ed., p352). Typical reaction
conditions conprise reaction in a suitable solvent (such as acetonitrile
or DVF) awvoaoi7empmpat ure 5 rangi ng fromroom t enper at ur @CT®EPI@owerTs2 r ef | ux.
It will be appreciated that conpounds of formula (I1) where R6 i s - OCH2RY?,
can be prepared by anal ogous nethods starting fromthe correspondi ng

hydr oxy compound. Conpounds of formul 8 R7CH2Y are either comercially
avai l abl e or can be synthesized via_ nethodol ogies knowyn in the literature.
10 React|Qjﬁt“@ewé‘rr§tl-@le(SR4)Tr(t@t% iR.( fd) andfcaBoRrid e, R S, Npatpees are0 | X 0-O

AR 'ﬁ‘@’? efgﬁed?@or (thdi )ea(.;é| &) p@bMHﬁd%dﬁdeflé&éBﬂh@ (ELRder, 1 -
(0] rm

conpounds wherei n IS -OR{ can l_{)re ar ed accordl ng
to Reactlwbsg@h@hwltB 'Woneéeﬁﬂchr?@ Q%‘Fﬁﬁ@ﬂhd@ o, 'ﬁ@VﬁﬁP@ ¢artajn theggpentic

R7- B( OH) 2a<%v£}4 %@lresrlﬁ’( 6?|? 9 r%ét%Bél CQERitl Stor E%b\éemerfea@e@l# \Pl%)l e

cat al yst as cop acet ate and a suitabl e base (such
triet Byl amliife cor educ ﬂ@;aga requiraaedigeand dgnes diayc e bsefeged v'érﬁona% uch as

t |
CompoundeCisETREREY, Rddtiflaisbion 0Bt R Be bl ifverion el SBherptl| 0T )
be synt helg pregaradebymonientiohalgireseduresguch@stbiydhe |llusteatiye mrathodajardyithe i vel y
Conpoundspr%[)a;agéﬁg“c?esg ibdd ’|nv‘m r%())(%%gfégn @fe%ﬁepgﬁng agﬁlr&?rlﬂee%%em 3 by

wi t hdr awi hg' substi tuents, I ned accor action

25 reactwagnaduommofwnmiablefreag@ntml a (Il'l) with R7-F in the presence of a

suit e base (such as potassium carbonate) in a suitable solvent (such as
DMVF) heating wwth m crowave irradiation. Conpounds of formula R7-F are
ei t her coGuompouradsl of the invieatidbremagrbengrepdred sty at vagigtysef dvayisa Imtselfollwting)i es

knownlnthelltr 7 6, 0R97 I II be
Appr ec! at ECIALI TRl ST LR e SR F SR SR RIAER? 2 e et
prepar ed dafinedan thgdinst aspedtoThesd priotessgs foronfutther asoectespmednvag\tuhlydr oxy
conpound.

15  Throughout the specification, general formulae are designated by Roman numerals

(1), (10, (1), (IV) etc. Subsets of these general formulae are defined as (la), (Ib), (Ic)
.. (IVa), (IVb), (IVc) etc.

Hydrochloride salts of compounds of formula (I) may be prepared according to
20 Reaction Scheme 1 by reacting compounds of formula (Il) with an excess (such as
2.5 equivalents) of acetyl chloride and methanol. Typical reaction conditions
comprise reacting (ll) in a suitable aprotic solvent (such as EtOAc) at room

temperature.

25 Reaction Scheme 1

(i (1)

Compounds of formula (l1a), i.e. compounds of formula (Il) wherein RS is ~OCHoR7?

may be prepared according to Reaction Scheme 2 by reacting compounds of formula



Reaction Schene 3 (R4) RBR(RA)Nn RBRR" NNRZNNRz HOXOOROXOO
R6 6 5 (Ill) (Il'b) Conmpounds of forrmula (lIlc), i.e. conpounds of formula
(I'1) wherwOroRd4203d R1 together with the interconnecti RgTAPRINS/06DBM a
saturated or unsaturated 5- to 7-nenbered ring (i.e. mis 2, 3 or 4 and
optionally including 1 or 2 unsaturations) and 10 R2 is other than

hydr ogen, may be prepar ed accordi ng t® Reaction Scheme 4 by reacting

conmpounds of formula (11d), ?onpounds of fornula (11) wherein R3 and
Rl t oget hel) with an exeesp r(e@ﬂcEGﬁh@&B Q2% wherefoisn? avitakieuleayiag 9suUPLTSRL ur at ed

hsat A 1 or 2
£ SEsES Sed b.atch: Ravifced Grgaric Thefhidtyd rORLbANMdchahBikighd1d 1 of

unsaturat O% with a sui'fa ase (such as sodium
hydri de) $tm0fﬂt§9ued0fbywlleé‘a& n%?ils 99%), t4) Eded@ﬁghnﬂ’mﬁa| freaqhian Lorditiong wher ei n
R2is | OWS%%a&BH ina 'sﬁlté’oléHél@@r?'(ﬁ:ch'a%aa\ébf&ﬂltﬂé%\"@)\ﬂ r)n@lt alerApdrafuke sol vent

(such as at a tenperature ranging from OC to roo nper at ur e.
React i%on sppegeframg régem nieReyatuie tC(FS veni fRKIlH It Nwil- e aFFREe@%ed}ﬂ)aO RS i X

g;?o?d?ngg%?ng%egéltoﬁ%@c%@ @%W%Z‘a‘gtél %SVggér@bé r#réﬁar?@}é%r al%ggfﬁi{/)edw th
pal | adlh unmetitods stantlrtgafrmrhhmcmeespandlhgdng&ncqnmshgo@pegradﬁmfé@mm
t
Fenper at UeCHap S B o ERN wisiaBR S 58h 45 Wilhes i TBiAERGIIods LO0T,)
R3 R (R4) knd®@ iRthenlitetdturellr -R2 N NR2
10

Reaction Scheme 2

() (la)

Compounds of formula (IIb), i.e. compounds of formula (Il) wherein RS is —OR/ can
15  be prepared according to Reaction Scheme 3 by reacting compounds of formula (lil)
with R7-B(OH)2. Typical reaction conditions comprise the use of a suitable catalyst
(such as copper (ll) acetate) and a suitable base (such as triethylamine or pyridine)
in a halogenated hydrocarbon solvent (such as DCM) at a temperature ranging from
room temperature to solvent reflux. Compounds of formula R7-B(OH)2 are either
20 commercially available or may be synthesised via methodologies known in the

literature.

Alternatively compounds of formula (lIb), where R7 contains one or more electron
withdrawing substituents, can be obtained according to Reaction Scheme 3 by
25 reacting compounds of formula (lll) with R7-F in the presence of a suitable base
(such as potassium carbonate) in a suitable solvent (such as DMF) by heating with
microwave irradiation. Compounds of formula R-F are either commercially available

or may be synthesised via methodologies known in the literature.



YOiX000HOiIX000R +Rs Ph (IV) (I'l'l') Conpounds of formula (Iva),

I .e. conmpounds of fornmula (I1V) wherein R3 and RL 5 together with the

I nt er conrwot2nerg42ad4ons form a saturated or unsaturated 5PCTEPZoos®NII8L ed ri ng
(i.e. mis 2, 3 or 4 and optionally including 1 or 2 unsaturations) and R2
I's other than hydrogen, nmay be preparﬁéj according to Reaction Schene 6 by
Legctijn? c](c)rr}of)undg of formula (V) witfia suitable base (such as sodi um

ydri de ol lowed by treatnment with conmpound of faormul -Y (wherein R2
i(s I (r)]wer Wil pe RpPEGGHRTEd fthat Lomprpags eefoé'&'c}'?n@?&hﬁ?ﬂ) %Gn'sa%)é?ar‘iﬁ”i( ke 5ol vent
such as arediby@inalodBRE matHYS startitg it tHedBridSpbriin ré%tlﬁb@ri He.e.

Reacti on ll;S??;{Eeme g (Rré?)@n gm (R4 )n NN, N NQR/IH ggl(i),fﬂx 0 Opghid;( 00 O s
Ph R R Ph (V) (lva) 15 Conpounds of formula (V), wherein R3 and Rl

toget her wiib thenipber connecting atons forma saturated or unsaturated 5-
to 7-rrenbe7‘e%—r‘l—nu—%_e' e. mis 2, 3 or 4 and optionally including 1 or 2
unsaturations), nmay be obtaingd according to Sg%ction e R'starting
from corrpour(q:l@)nof f gqru F(z\/lﬁs. Typi cal reacti ncondi|t] on c rise
treatment with entsui Nabl e to transfer a A ~pgf oup onto
20 an am ne ( -t el - bRyl ditarbonate) |i n urejlof sol vents
(such as THF/ Aq OH) at roomtﬁmg% L bo@ Schene 7 WO
2007/ 04224 /069732 22

m X
X

5 (1) (Ilb)

Compounds of formula (lic), i.e. compounds of formula (Il) wherein R3 and R
together with the interconnecting atoms form a saturated or unsaturated 5- to
7-membered ring (i.e. mis 2, 3 or 4 and optionally including 1 or 2 unsaturations) and
10 RZ2 is other than hydrogen, may be prepared according to Reaction Scheme 4 by
reacting compounds of formula (lId), i.e. compounds of formula (ll) wherein R3 and
R1 together with the interconnecting atoms form a saturated or unsaturated 5- to
7-membered ring (i.e. mis 2, 3 or 4 and optionally including 1 or 2 unsaturations) and
R2 is hydrogen, with a suitable base (such as sodium hydride) followed by treatment
15  with a compound of formula R2-Y (wherein R2 is lower alkyl and Y is a suitable
leaving group) in an aprotic solvent (such as DMF) at a temperature ranging from

0°C to room temperature.

Reaction Scheme 4

20
Compounds of formula (lll) may be prepared according to Reaction Scheme 5 by

reacting compounds of formula (IV) with palladium metal on carbon under a
hydrogen atmosphere (such as 1 atmosphere) in a suitable alcoholic solvent (such

as methanol) at room temperature.



4 ) m (RAN QM(RM QN NVI VY M H HHOiIXO:co X0~-0O 6 h Ph
Rs R (VI) (V) Conmpounds of formula (Via), i.e. conmpounds of formula (V)
wher ei n R8Oane/R1240t oget her with the interconnecting at ®ecs/HPosomoe973at ur at ed
5- to 7-nenbered ring (i.e. 5 mis 2, 3 or 4) and R2 is hydrogen, nay be
obt ai ned according to Reaction Schene 8 by reacting conpounds of formula
(VI1), wherein Ris Cl-3alkyl, with t#1fluoroacetic acid in a hal ogenated
hydr ocar bon sol vent (such as DCM) at a tenperature ranging fromOC to room
tenperature. 10 Reaction Schenme 8 N H2 (134)n g m(Ra)n 9 CANH NRN O
X 0~ 0 KX HoRSfemp Ph (V1) (Via) Compounds of fornula (VII) nmay be
obt ai ned mvrﬁ%rrg—ro_l? eaction Schene 9 by reacting conpounds of formula
(VIT'1) with Raney Nickel under_sel evated pressur
al cohol i c sol
Schene 9 WO Zg@

e such
R%t%anol) at room tenﬁgé)atur e.
/ER&QQ§/009732 23
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(V) (1

Compounds of formula (IVa), i.e. compounds of formula (IV) wherein R3 and R1

5 together with the interconnecting atoms form a saturated or unsaturated 5- to
7-membered ring (i.e. mis 2, 3 or 4 and optionally including 1 or 2 unsaturations) and
RZ2 is other than hydrogen, may be prepared according to Reaction Scheme 6 by
reacting compounds of formula (V) with a suitable base (such as sodium hydride)
followed by treatment with a compound of formula R2-Y (wherein |§2 is lower alkyl

10 and Y is a suitable leaving group) in an aprotic solvent (such as DMF) at a
temperature ranging from 0°C to room temperature.

Reaction Scheme 6

(V) (IVa)

15  Compounds of formula (V), wherein R3 and R7 together with the interconnecting
atoms form a saturated or unsaturated 5- to 7-membered ring (i.e. mis 2, 3 or 4 and
optionally including 1 or 2 unsaturations), may be obtained according to Reaction
Scheme 7 starting from compounds of formula (VI). Typical reaction conditions
comprise treatment with a reagent suitable to transfer a t-butoxycarbonyl group onto

20 an amine (such as di-tert-butyl dicarbonate) in a mixture of solvents (such as THF/aq
NaHCO4/t-BuOH) at room temperature.

Reaction Scheme 7




CNNH (Rg)n g )n (Rg)n 1g )n NOR\ N\R 0iX00010iX0~006 R6
Ph Ph (VIIl) (M1) Alternatively conpounds of formula (Ilia), i.e.
conpoundswof2od7ommeba (111) wherein R3 and Rl toget her WCTHEPRINE/009732

i nterconnecting atons forma saturated 5- to 7-nenbered 5 ring (i.e. mis
2, 3 or 4 and R2 is hydrogen, nmay be obtained according to Reaction
Scheme 10 by reacting conpounds of fof#ula (VII1) wherein Ris Cl-3al kyl,
with Raney N ckel under an el evated pressure of hydrogen (7 atnpbs) in an
al coholic solvent (such as t hanol ) at room ter%ger at ug hours and
then, after fidsgerin catal yst, heati ng( he sol he refl ux
tenmperature of {etha SNwours. 10 Reaction n q

YM1 (Rg)n m h t-~kll+ (VII1)
(Ilia) 15 Co ac??rmi@gto
, by reacting conpounds of,/ ormula (I"X) th Iithium

utio

Reaction Sc
hexanet hylfdi sil azsde foll owed by addition ofl a conﬁ%und of rmul a
Y(CH2) m 1N (where Y is a | eaving group, suPR as Br) in an|aprotic

sol vent (such as THF) é} | ow t enperature (such as -78C).n 30 Reaction Schene
11 WO 2007/ 042240 PCT/ I92006/ 009732 24 CN (R4)n ( ¢ HS( A)n (g m1l

Compounds of formula (Vla), i.e. compounds of formula (VI) wherein R3 and R
together with the interconnecting atoms form a saturated 5- to 7-membered ring (i.e.
5 mis 2, 3 or4)and R2 is hydrogen, may be obtained according to Reaction Scheme
8 by reacting compounds of formula (VII), wherein R is C4_3alkyl, with trifluoroacetic
acid in a halogenated hydrocarbon solvent (such as DCM) at a temperature ranging

from 0°C to room temperature.

10 Reaction Scheme 8

(vil) (Via)

Compounds of formula (VIl) may be obtained according to Reaction Scheme 9 by

reacting compounds of formula (Vill) with Raney Nickel under elevated pressure
(such as 7 atmos) in an alcoholic solvent (such as methanol) at room temperature.
15

Reaction Scheme 9




\ NORN,R i XOO0iXOOORPh R PhhPh (IX (MIlI) Conpounds of
formula (Va), wherein R3 and Rl together with the interconnecting atons
form an uweavtaweemd 5- 7-nmenbered ring (i.e. r is 0, 1 ®@CTEP006MYI7BE

obt ai ned according to Reaction Schene 12 by reacting conmpounds of formula
(X), with TFAin 5 a hal ogenated hydrocarbon (such as dichl oronet hane) at
40C, followed by treatment of the redbilting material with a reagent
suitable to transfer a t- butoxycarbonyl group onto an am ne (such as
di-tert-butyl dicarbonate) i¢Na nmixture of solvents (THF/ AH,NaHCOB/ t - BuOH)
at room tenperature. ion Scheme 12 o (R4) n( ( I§4 (g(r NH
\' NNC N C HRtj O X 0100 6 R RP Ph a) Conpounds
of formula (X according to R 13™Ry reacting
conpounds of f Rni umtetroxi sodli um’peri odate in a
sol vent m xtur ch waper/ THF) at roompte tgFe>plS Reaction Scheme

13 WO 2007/ PCOEP2006/ 009732 25 Crf 6
E L
Ph

(v (Vi)

Alternatively compounds of formula (Il1a), i.e. compounds of formula (Ill) wherein R3
and R1 together with the interconnecting atoms form a saturated 5- to 7-membered
5 ring(i.e. mis 2, 3 or 4) and R2 is hydrogen, may be obtained according to Reaction
Scheme 10 by reacting compounds of formula (VIII) wherein R is Cq_3alkyl, with
Raney Nickel under an elevated pressure of hydrogen (7 atmos) in an alcoholic
solvent (such as methanol) at room temperature for 15 hours and then, after filtering
off the catalyst, heating the solution at the reflux temperature of methanol for 5 hours.
10

Reaction Scheme 10

(VIil) (Illa)

15  Compounds of formula (VIIl) may be prepared according to Reaction Scheme 11, by
reacting compounds of formula (IX) with lithium hexamethyldisilazide followed by
addition of a compound of formula Y(CH2)y-1CN (where Y is a leaving group, such
as Br) in an aprotic solvent (such as THF) at low temperature (such as -78°C).

20 Reaction Scheme 11




(Ra) 4 (RA)" 9N NNHZNH OiX000iX000s Rs RPh/III Ph--~k
(XI) (X) Conmpounds of forrmula (XlI) may be obtained according to Reaction
Schene l14awbyoowmeamdi ng conpounds of forrmula (X 1) wth PRDEP200gpPICTAL

reaction conditions conprise reacting (XIl1) with TBTU and a base (such as
di i sopropyl oethylamne) in a 5 suitable solvent (such as DWF) foll owed by
addi tion of HWVDS at roomterrperature.24 Reaction Schenme 14 9 r (R4)" ( qr

(RA YN\ NN OH\ NNH2 0 XO00O0OiX0~-00IPhRE PhRs ----k (XII)
(XI') Conpounds of formula (XIl1) nmay be prepared according to action
Schenme 15 by 10 reacting conpounds of forrmula (XI1), L n S
Cl_3al kyl, wi ase (such as LiOH)(R* a T mitxt ur e
(such as 1:1) a eratorre. Reaction Sche Q\Fig)n 4 r
ORCOH NNO" ' FFRIRG—r'Ph*RG(XIIp npounds of
formula (XI11){'ma paped according to ReactN 1® by
0]
( R ( R® /’\
Ph Ph

(%) (Vi)

Compounds of formula (Va), wherein R3 and R together with the interconnecting
atoms form an unsaturated 5- 7-membered ring (i.e. ris 0, 1 or 2), may be obtained
according to Reaction Scheme 12 by reacting compounds of formula (X), with TFA in

5 a halogenated hydrocarbon (such as dichloromethane) at 40°C, followed by
treatment of the resulting material with a reagent suitable to transfer a t-
butoxycarbonyl group onto an amine (such as di-tert-butyl dicarbonate) in a mixture
of solvents (THF/aq NaHCO,/t-BuOH) at room temperature.

10 Reaction Scheme 12

(Va)

Compounds of formula (X) may be obtained according to Reaction Scheme 13 by

reacting compounds of formula (XI) with osmium tetroxide and sodium periodate in a
solvent mixture (such as water/THF) at room temperature.
15

Reaction Scheme 13




treating conpounds of formula (1 X) with Iithium hexanethyl di silazide and WO
2007/ 042240 PCT/ EP2006/ 009732 26 CH2=CHCH2(CH2)rY (where Y is a suitable

| eavi ng gwoup)7/i4m4an aprotic solvent (such as THF) at [POWEPINOROEBUr €
(such as -78C ). Compounds of formula CH2=CHCH2(CH2)rY are commrercially
avai |l abl e or may be synthesized via nethodologies known in the literature.
5 Reaction Scheme 16 (R4)n ( g H(RAW( gr OROR NN OX00 OOl iX OO
ORs + Ph Rs (IX) (XIIl) Conpounds of forrmula (IX) nay be prepared

according to Reaction Sche 17 Typi cal reaction condi e
reacti on of caonpound r a (XIV) with a lqmgagent( to
transfer at nbut oxy‘tay i rt-butyl

onyIN)_ga[loup onto an am ne uc
di carbonate) i t (such,as THF)

Reaction Sche
Ph Rs Ph R

(RN (
X(BQ/L 5QConpounds of fornulGi ( ey be prepared
accordi ng Reac¢ti on” Schgnme 18 by reacting[conpoufes of f;ﬂ\gzla (XV) with

17 H(R&NjNO \ N

Pt 02 underl an atR®sphere hydrogen at hi gpnpressure (su 2 atm in a
sui t abl e &hcoholic sol vént {such as nmethanol) at roomtenperature. 20
Reaction Schene 18

(X1 (X)

Compounds of formula (XI) may be obtained according to Reaction Scheme 14 by
reacting compounds of formula (XIl) with HMDS. Typical reaction conditions
comprise reacting (XIl) with TBTU and a base (such as diisopropyloethylamine) in a

5  suitable solvent (such as DMF) followed by addition of HMDS at room temperature.

Reaction Scheme 14

(X1 (XI1)
Compounds of formula (XII) may be prepared according to Reaction Scheme 15 by
10  reacting compounds of formula (XIIl), wherein R is C4_zalkyl, with a suitable base
(such as LiOH) in a THF/water mixture (such as 1:1) at room temperature.

Reaction Scheme 15

(X (XIr)
15  Compounds of formula (X!Il) may be prepared according to Reaction 8cheme 16 by
treating compounds of formula (IX) with lithium hexamethyldisilazide and



WO 2007/ 042240 PCT/ EP2006/ 009732 27 (R4), 9 (R4), QNORI \ HOAR IN O
iIXOOOR6 Rs Ph Ph (XV) (XIV) Conmpounds of formula (XV) may be prepared
accor di ngvoaoRerezbon Scheme 19 by reacting conpounds @CTEPRendloss76XVI )
with trifluoroacetic acid in a hal ogenated hydrocarbon solvent (such as
DCM at |low tenperature (such as 0C). 5 Reaction Schene 19 R6 PhO X O
(R&)n (RN ( 9 HHN OAR N R ~O 0 O &R6 Ph (XVI) (XV) Conpounds of
formula (XVI) may be obtained according to Reaction Schene 20. Typical
r eact Ib Ion Ebipd CHCH¢CldpnY r(wberer ¥aista syt @sIreEPX By AlIaRrqtiR\Eq¥eNhi th a 10
sui tabl e t C I I |l e Z
(Hﬁ%ﬁ‘ésﬂ 'I%q’) Qt“ﬁwqgm éra}} Léh @Viddeg Y"Q@Bﬁ\p%r‘\cﬁs oPriofmaarl e My

(where |n a suitab sol vent (such as diethyl
ether or CHBFCHCH(GH2X ¥ @raonmerelgmwvaéabl%@) MPe et |5Mhth§‘é'h@mv@0 WO

2007/ 0422%’&#% OEP%Q(RQ(NRW%Q%terg@re.
5
Reaction Scheme 16

(1X) (Xt
Compounds of formula (IX) may be prepared according to Reaction Scheme 17.
Typical reaction conditions comprise reaction of compounds of formula (XIV) with a
10 reagent suitable to transfer a tert-butoxycarbonyl group onto an amine (such as di-
tert-butyl dicarbonate) in an aprotic solvent (such as THF) at room temperature.

Reaction Scheme 17

(XIV)
15
Compounds of formula (XIV) may be prepared according to Reaction Scheme 18 by
reacting compounds of formula (XV) with PtOo under an atmosphere of hydrogen at
high pressure (such as 2 atm) in a suitable alcoholic solvent (such as methanol) at
room temperature.
20

Reaction Scheme 18




Ph 6 1R OX ( Ph7 RR 9 RO "OOA R+ OX( )ngOHNOAR Il t O(R4)n
MBu OG-OO 1t Bu (XVII) (XVII1) (XVlI) The conpounds of formula

(XM 1l a) ,wD.2e07/0ae2¥pounds of general forrmula (XVIII1) wheceinr20d6i08978yZ
(where Zis d, Br or 1), may be generated according to Reaction Schenme 21
via Gignard nethodol ogies known in the literature by reacting the 5
appropriate conpound of general f or nufa (XIX) with magnesiumnetal in
ether. Typical reaction conditions conprise reaction at |ow tenperature

(ranging fro(-4y
Reaction Schene” X) M Ila) The
a ®xvilil)

conpounds of g a i
cheme via

wherein Mis

met hodol ogi the literature y reaCting the appropriate
conpound of geperal formula (XIX) with n{butylllidg hium Typical reaction
condition Bcorrprlee reaction at | ow tenper §1ure (ranging from-78C to 0C

in a suitable solvent (such as ether or THF).
(XV) (XIV)

Compounds of formula (XV) may be prepared according to Reaction Scheme 19 by

MZ g (RA)n Z(
| I b}—+=e. co

I]it hi may bé generated accordin

reacting compounds of formula (XVI) with trifluoroacetic acid in a halogenated
hydrocarbon solvent (such as DCM) at low temperature (such as 0°C).

Reaction Scheme 19

(XVI1) (XV)

Compounds of formula (XVI) may be obtained according to Reaction Scheme 20.

Typical reaction conditions comprise reacting compounds of formula (XVII) with a
10  suitable metallated compound of formula (XVII) where M is for example MgZ (where
Zis Cl, Br or ) or lithium in a suitable solvent (such as diethyl ether or THF) at low

temperature (such as -78°C).

Reaction Scheme 20




Reaction Schene 22 WO 2007/ 042240 PCT/ EP2006/ 009732 29 Ph Ph R R6 Ol X
_OX (RA%n Z (Ra)n / Li (XIX) (XVIIl1b) Conmpounds of general fornula
(XI' X) areweizbime2zormer ci al |y avail abl e or may be synt ir€SiEPe@sfood7BOW Nng
the procedures described in Reaction Schene 23 by reacting 5 conpounds of
formula (XX) with benzyl bromde in the presence of a suitable base (such
as potassium carbonate) in a suitabl e2&o| vent (such as acetonitrile or DW)
at a tenperature ranging fromroomtenperature to reflux. Reaction Schene
23 Rs PA R6 HOOX (XIX) (R4A)I Z (R4)n z 10R Itgi || be appreciated
that the reactions shown in schenmes 2 to 23 are applicable to the
preparation of conpounds of formula (1) where R6 i@ ;(or - OCH2R7 as
appropriate. 15 Conpounds of formula (XVII) may be p |epa ed according to
Reaction Sc 4 by reacti pg_clorrpqgfnds of formula iQ h a reagent
suitable toliransfer.a BOC group | ontp an anine (s
di car bona iNT T Brgsence of &{such as 4- i protic
sol vent (sucgigs at rdromtenpedatu e. -20—Reaeton Schene 2 (qO (4 ON
OR 0OR OO Z

I

=, .

(XVII) (XVIII) (XVI)

The compounds of formula (XVllla), i.e. compounds of general formula (XVII)

wherein M is MgZ (where Z is Cl, Br or 1), may be generated according to Reaction
Scheme 21 via Grignard methodologies known in the literature by reacting the
5 appropriate compound of general formula (XIX) with magnesium metal in ether.
Typical reaction conditions comprise reaction at low temperature (ranging from -78°C

to 0°C) in a suitable solvent (such as ether or THF).

Reaction Scheme 21

Ph 6 Ph 6
R R
D !

| AN X I AN X
= =
Ry, Z Ry, M9
10 (x|x) (XVIIIa)

The compounds of general formula (XVIlIb), i.e. compounds of formula (XVIII)
wherein M is lithium, may be generated according to Reaction Scheme 22 via
methodologies widely known in the literature by reacting the appropriate compound

15  of general formula (XIX) with n-butyllithium. Typical reaction conditions comprise
reaction at low temperature (ranging from -78°C to 0°C) in a suitable solvent (such
as ether or THF).

Reaction Scheme 22




(XXI') (XVI 1) WO 2007/042240 PCT/ EP2006/ 009732 30 Conpounds of gener al
formula (XXI) are either comercially available or can be obtained via
synt het i cwproeiedea4es known in the literature (S. Huang, POCT/HRé0s00973D.

Vel |l er, Synthetic Conmunications, 20, 3485-96 (1989)). 5 Alternatively,
hydrochl oric salts of conpounds of formula (le), i.e. conpounds of formula
(I') wherein R3 and Rl together with t & i nterconnecting atons forma
saturated 5-nenbered ring and R2 is other than hydrogen, may be prepared
accor di ngPho Reagtion Schene 25P15'y tregt nent of compounds of fornula (le)
wi th an 0 excegss of HCl in thel\approriate sol vent (such as DCM | PA).
Reacti on Sclene (RQn g (RY), ©Og R2 NNR2Z XOXO Rs Rs Re Re
(le) HaO 15 (|e) xCorrpounds of for (1e), i.e. conpounds of forrmula (I)
wherein R3 andQRl-\together wth the er.connecting atons forma saturated
5-menbered rie and R2 is other t ydrebgen, may be prepared according
to Reaction Scheme 26 by reacting 20 compounds of fornula (XXI1) with
hydrochl oric acpgxpnder appropriate d¥Wdlibdions (such as in | PA/ MeoH at
roomtenperature) followed by treatment with a suitable base (such as
aqueous ammoni a). Reaction Schenme 26 25 WD 2007/042240 PCT/ EP2006/ 009732

31 H N-RgompbBIAds 8f §&HBKA formula (XIX) are either commercially available or may be
synthesized following the procedures described in Reaction Scheme 23 by reacting

5 compounds of formula (XX) with benzyl bromide in the presence of a suitable base
(such as potassium carbonate) in a suitable solvent (such as acetonitrile or DMF) at

a temperature ranging from room temperature to reflux.

Reaction Scheme 23

k R
HO
| X © | XX (XIX)
/ Z
R, Ry, 2
10 (XX)

It will be appreciated that the reactions shown in schemes 2 to 23 are applicable to
the preparation of compounds of formula (I) where R® is ~O-R7 or —OCH2R” as
appropriate.

15
Compounds of formula (XVIl) may be prepared according to Reaction Scheme 24 by
reacting compounds of formula (XXI) with a reagent suitable to transfer a BOC group
onto an amine (such as di-tert-butyl dicarbonate) in the presence of a base (such as
4-DMAP) in an aprotic solvent (such as DCM) at room temperature.

20
Reaction Scheme 24
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NORNIYNRZ RSiXOOXORS R6 R (XXIlI) (le) Conpounds of fornula
(XXI'l) may be prepared according to Reaction Schene 27 by reductive

am nat i orwof2oerempmaonds of forrmula (XXI11) with R2ZNH2 i nPan/ERp@eom73at e
sol vent (such as McOH) and in the presence of a suitable reduci ng agent
(such as 5 NaBH(QAc)3). Reaction Scheme 27 H ONR2 (R4)n 4 (R4)n 9 N
QAR NOAR RS X O-OOR5 i X COOR6 RO(XXII 1) (XXI 1) 10 Conpounds of
formula (XXI11) may be prepared according to Reaction Schene 28 by
reacti on of conpounds of formula (XXIV) with K20s04 and

(such 2 Geapaue oRbe s Rie JRRT, g Bel piher e e AAREE R Bt Ot e
Wi t h NalOdbtaihbd Aid symiadticvigrocedutéd kmaven trothebiterature ¢Bplduants JoNefsonnll a
ow 1 erperiaich S5iEE G uBlicaraty B R HBAL et hanol) Tol lowed by-
addi ti®dn of a reducing agent (for exanple, dinethylsulfide or zinc). 20
(ReRg;: }[—]I ﬁn E@he ef¥8 hWE-i)rocR ozléosdé g 49 c%%-l;)/o%ﬁ /fgr(r)n% a3 %Ie) 32 / c%mp(ouﬁdé o? R% 9

formula (1) wherein R3 and R1 together with the interconnecting atoms form a

saturated 5-membered ring and R2 is other than hydrogen, may be prepared

according to Reaction Scheme 25 by treatment of compounds of formula (le) with an

10  excess of HCI in the appropriate solvent (such as DCM/IPA).

Reaction Scheme 25

Y

15

Compounds of formula (le), i.e. compounds of formula (I) wherein R3 and R
together with the interconnecting atoms form a saturated 5-membered ring and R2 is
other than hydrogen, may be prepared according to Reaction Scheme 26 by reacting
20 compounds of formula (XXII) with hydrochloric acid under appropriate conditions
(such as in IPA/MeoH at room temperature) followed by treatment with a suitable

base (such as aqueous ammonia).

Reaction Scheme 26

25



RREI/ XO-~-OOR6 ~R6 (XXIV) (XXIl1) Conmpounds of fornmula (XXIV) may
be prepared according to Reaction Schenme 29 by treatnent of conpounds of
formul a (W&\pomisedsoan allyl halide (such as allyl bronPd@)EPR@cloommer by
treatment with a suitable base (such as lithiumbis 5
trimethylsilyldisilazide solution in THF) at |ow tenperature (suitably -30
C) in an appropriate solvent ( such 3k THF) . Reaction Schene 29 4 (Rg)n
(R4 )n ( Q/ O A NRNR ReyX0Ol~~-OORR6 RE 10 (XXV) (XXIV)
Conpounds of formula (XXV) mayHbe ,prepared according to Reaction Schene 30
by treatrrené4of co ds of /foRwla (XXVI) with di-tert-butyl-dicarbonate
in a suitabl®nsol verit ch_as EtOAc) at |ow t@perat

Reaction Sch B&n 4 NRNR _O O
OO R6 R6 2007/ 042240 PCT/ EP20[36/ 04973N " 33][Congdunds of
formula ( pr@p@r ed according to Reag i opxSchene 34 by reacting
conpounds 1) with Pt/C under g’ atyosphere of hydrogen

(XXI1) (le)

Compounds of formula (XXII) may be prepared according to Reaction Scheme 27 by

reductive amination of compounds of formula (XXIIl) with R®NH, in an appropriate

solvent (such as MeOH) and in the presence of a suitable reducing agent (such as
5 NaBH(OAc)s).

Reaction Scheme 27

10
Compounds of formula (XXIIl) may be prepared according to Reaction Scheme 28 by
reaction of compounds of formula (XXIV) with K;0sO4 and N-methylmorpholine-N-
oxide at room temperature in an appropriate solvent (such as acetone /water) and
followed by treatment of the product obtained with NalO,.

15  Alternative conditions to obtain compounds of formula (XXIIl) comprise reaction of
compounds of formula (XXIV) with ozone gas at low temperature in a suitable solvent
(such as methanol) followed by addition of a reducing agent (for example,

dimethylsulfide or zinc).

20 Reaction Scheme 28




at el evated pressure (such as 2 atn) in a suitable solvent (such as Et OAc)
at room tenperature. 5 Reaction Schene 31 (R4)~ g (RA)n g OROR NNH
R5 | i XWORBIT0402405 R6 (XXVI1) ()(XVI) Conpounds of PoTmrRec(dIsL|) may
be prepared according to Reaction Schene 32 10 by reacting conpounds of
formula (XXVI11) with trifluoroacetic acid in a hal ogenated hydrocarbon
sol vent (such as DCM at a tenperatur®ranging fromOC to room
tenperature. As an alternative, conpounds of formula (XXVI1) with g=1 nmay

be prepared from conpounds of formula (XXVIlla) using a st
such as silyR#): in N, N-di net hyl for rafRYe, tef’rah ran,
acetonitrile 15 sim |l ar physicoc 1 rt®@eg at

t enper at ures t& reflux. Conpounds %) are
readily prep us procedures to thag N the
literatur&{va et al, Journal of OrgBnic em stry | 2005, 70,
1791- 1795 and rsf erencestcited therein). 20 Reacti ong8chene g R(R4)n
(R4)n g O HN R5 i R6 0~0 O R5 X 0 But Re (XXVIII) (IXXVIl) WO
2007/ 042240 PCT/ EPZOQ%(R;}WBZ 34 (R4)" (XXIIN)

Compounds of formula (XXIV) may be prepared according to Reaction Scheme 29
by treatment of compounds of formula (XXV) with an allyl halide (such as allyl
bromide) followed by treatment with a suitable base (such as lithium Dbis-
5 trimethylsilyldisilazide solution in THF) at low temperature (suitably -30 °C) in an

appropriate solvent ( such as THF).

Reaction Scheme 29

10 (XXV)

Compounds of formula (XXV) may be prepared according to Reaction Scheme 30 by
treatment of compounds of formula (XXVI) with di-tert-butyl-dicarbonate in a suitable
solvent (such as EtOAc) at low temperature (such as 0°C).

15
Reaction Scheme 30

(XXVi) (XXV)



RS X R6 (XXVI1) OOk NOR O (XXVI | la) Conmpounds of fornula (XXVIII)
may be obtained according to Reaction Scheme 33. Typical reaction

condi t i orsOcoMmpresie reacti ng compounds of fornula (XVII PCRiEPR0E/00%082t abl e
netal | ated conpound of formula (XXIX) where Zis Cl, Br or | in a suitable
5 aprotic solvent (such as diethyl ether or THF) at |ow tenperature (such
as -60C). Reaction Scheme 33 (R I\/BZ33R5 i X (O(XXIX) R6 (R4)" ap ONO
HNOOORS XO Bu 6 OO Bu (XVI 1) (XXVIIl) 10 The corrpounds of gener al
fornul a (wﬂpuwf%w%%lb@ﬁrh%wﬁaarﬁ@ acgordingde iReACtios peieeesd! By
reacting i r nesi um
oAl 1 R B e, /o098

t enper at uateele\eaigd ﬁt}SﬁWGrﬁSu@bﬁﬁ 2atpbinad ﬁwéabd%s@wt (s4rhaassEAQAR BE o vent
(such as %gé} ,%r_ THF) . 15 Reaction Schene 34 WO 2007/ 042240

PCT/EPZOO? 8% 35 (RHI' \ Z (Rl MJIZ RSi X RS XR6 6 (XXX) (XXIX)
Conpounds of general formula (XXX), are either comercially available or

my be  poaction Scheme 31
R, (g
- . N N OR
| H
RN ©
R6
(XXVII) (XX

Compounds of formula (XXVII) may be prepared according to Reaction Scheme 32

10 by reacting compounds of formula (XXVIII) with trifluoroacetic acid in a halogenated
hydrocarbon solvent (such as DCM) at a temperature ranging from 0°C to room
temperature. As an alternative, compounds of formula (XXVII) with q=1 may be
prepared from compounds of formula (XXVllla) using a metal catalyst such as silver-
(1)-triflate in N,N-dimethylformamide, tetrahydrofuran, acetonitrile or solvents having

15  similar physicochemical properties at temperatures ranging from 0°C to reflux.
Compounds of formula (XXVlla) are readily prepared by analogous procedures to
that described in the literature (van Esseveldt et al, Journal of Organic Chemistry
2005, 70, 1791-1795 and references cited therein).

20 Reaction Scheme 32

Bu'
(XXVIIl) (XXVII)



synt hesi zed foll owi ng the procedures described in Reaction Schene 35 by
reacting conpounds of formula (XX) as above defined with the appropriate
benzyl brwoizder/@224XXXI ) in the presence of a suitabl e base/EP3ewsi032

pot assi um carbonate) in a suitable solvent (such as acetone) at a
tenperature ranging fromroomtenperature to reflux. Reaction Scheme 35
R7~, Br ~)»Z Z (XXXI) (R)glx HO~¥R5 Rs Rs 10 (XX) ( ) It will be
appreci ated that conpounds of formula (XXX) where R6 is -CH2OR7, may be
prepared by anal ogous net KBYs starting fromthe hydroxy conpound
correspondi ng to conpound o Sa (XX). 15 Compounds of general formula
(XX) or (XXXI) are commerci avai l able or may be prepared by procedures
known to the skilled persaons The conpounds of general fornula (I1l1f), i.e. a
conpound of forula (11 ) Athereéin 6 s 20 ot CH@;@{,:” may be generated
according tq Reggtio chene 36 by reacting corrpounc]s of formula (XXXI1)

w t h NHR1L or |hexanet hyl di sil azane for RI1=R2=H in the presence of a base
(such as di1 m ne) and a suitable reagent to activate the
carboxylic acid functign (such as TBTU) in a aprotic solvent (such as DW)
at tenperatures ranging fromOC to roomtenperature. 25 WO 2007/ 042240

PCT/ EP2006/ 009732 36 Reaction Schenme 36 (R4) R3 (R')n g R3i NOHN
Nl~IR2 R5 X0 Q®xRiilaXO_ OO Rs Rs (X)(XII) (I1f)

Compounds of formula (XXVIII) may be obtained according to Reaction Scheme 33.

Typical reaction conditions comprise reacting compounds of formula (XVII) with a
suitable metallated compound of formula (XXIX) where Z is Cl, Br or | in a suitable

5 aprotic solvent (such as diethyl ether or THF) at low temperature (such as -60°C).

Reaction Scheme 33

N MgZ
|
X
RN
(P T R®
0o (XXIX)
o) N
A0
o~ O
|
Bu
(Xviry (XXVIil)

10  The compounds of general formula (XXIX) may be generated according to Reaction
Scheme 34 by reacting the appropriate compound of general formula (XXX) with
magnesium metal in THF. Typical reaction conditions comprise reaction at a
temperature ranging from room temperature to 65°C, in a suitable solvent (such as
ether or THF).

15

Reaction Scheme 34




5 The conpounds of general formula (XXXI1), wth R3 not being CH20H, nmay be
generated according to Reaction Schene 37 by reacting conpounds of general
formul a (W&bdfo4adserein Ris CL-C3 alkyl with a base (s®BCH/ER006I0G3IH20) in
a suitable solvent (such as THF) at tenperatures ranging fromroom
tenperature to reflux, eventually using m crowave heating. 10 Reaction
Schene 37 (Ra)n q R3 (RA)n q BB NO,¥®NROXOOOR RX00O 5 Fts Rs
( XXXI'V) (XXXII) Compounds of fornmula (XXXIVa), i.e. a conpound of fornula
(rn) vvherel(rRRS is C, 15 G al kyl, rray(pb"q gener according to Reaction

Schene 38 by r conpounds of form with a suitable base
(such as sodi Wm hydride) followed by treptnent with a conpound of fornula
R -Y (wheregj 1% a lower alkyl (Cl; X Y is a suitable |eaving
group, sudh as 1]y in an aprotic sol veFRt (suth as DWMF) at a tenperature

rangi ng from 0Cgfo room tenperature. 20 Re ion Schenme 38 WO 2007/042240
PCT/ EP2006/ 0097 37 (R4)n O (R4), q OR OANRNR RBiIXOO0R iX

Op ORG /1\ ??%()QXXXV) ( XXXI Va) Conpoundég@;( formul a (XXXV) may be

generated acc g to Reaction Schenme 39 eacti ng conpounds (XXV) with

a base (sgghp ?ﬁndé mrélﬁo%lé‘pg@k)' ‘ére's@l'tﬁé‘?%rr%éﬁﬂwﬁa@ﬂaﬂ'bﬂar rﬁéy b@W

t enperat ures such as -40C treatnent with a suitab

acyl at i onsynjeesizedsfataviag ﬂtﬁt IPI@PN}H%ﬂé%CF'b%@ Ré@@ﬂof‘ﬁ&!j‘e&?n%rbg)ﬁdeac&ﬂg er a

compounds of formula (XX) as above defined with the appropriate benzyl bromide
5 (XXXI) in the presence of a suitable base (such as potassium carbonate) in a
suitable solvent (such as acetone) at a temperature ranging from room temperature

to reflux.

Reaction Scheme 35

R™ Br
R, 2 R®
| N (XXXI) R 2
X o |
HO 5 =X
R® R R®
(XX) (XXX)

10

It will be appreciated that compounds of formula (XXX) where R6 is —CH20R7, may
be prepared by analogous methods starting from the hydroxy compound
corresponding to compound of formula (XX).

15
Compounds of general formula (XX) or (XXXI) are commercially available or may be

prepared by procedures known to the skilled person.

The compounds of general formula (lIf), i.e. a compound of fomula (Il) wherein R3 is
20 not CHyOH, may be generated according to Reaction Scheme 36 by reacting
compounds of formula (XXXII) with NHR1RZ2 or hexamethyldisilazane for R1=R2=H
in the presence of a base (such as diisopropylethyl amine) and a suitable reagent to
activate the carboxylic acid function (such as TBTU) in a aprotic solvent (such as
DMF) at temperatures ranging from 0°C to room temperature.
25



suitable workup is applied, may be inmediately dissolved in an al coholic
sol vent (such as nethanol, ethanol or isopropylal cohol) followed by

t r eat mentwoi206v/@2580i t abl e reduci ng agent (such as NaBHeCTaP200e0pE8at Ur €S
ranging fromOC to room 10 tenperature. Reaction Scheme 39 (R4)" q (Ra)n g
OH CAOA NRNRRS XO-0Op- RBXO- 100 R6 RS (XXV) (XXXV) 15
Compounds of general formula (XXXIV) ?’ﬁay be generated according to Reaction
Scheme 40 _by treating conmpounds of general forrmula (XXV) with a suitable
base (suReactienScheme6i n an aprotic sol vent (such as THF), followed by
addition of an alkylating agent such as R3-Y (whereas R3 is not (CH2)qOH
and Y is a suitable 20 leaving group such as |I) at very | ow tenperatures
such as -78C(R [ hegee 40 WO 2007/ 042240, PCT/ / QﬁSZ 38 (RI),
RS~ 00 O RS X O &

Q(R4A)n 4 R3 ( Y]
Conpounds of P ), i.e. a conp NN wher ei n
R3 is - CH2CH|| nayl be prepaned accordi-g to Refgcti on Schene |41 by treating
conmpounds j

5 r@ Al a (XXXVI), where | uit@ple silicon
protectin& group (such i ,

asy tert-butyl di met
tetrabutyl ammonidm fluorjde in a suitable solvent (such s THF) at room
temperature. Reaction SCth 41 10 (RWQ AR (RO R
(XXXII) (11f)

5 The compounds of general formula (XXXII), with R3 not being CH20OH, may be
generated according to Reaction Scheme 37 by reacting compounds of general
formula (XXXIV) wherein R is C4-C3 alkyl with a base (such as LiOH.H20) in a
suitable solvent (such as THF) at temperatures ranging from room temperature to
reflux, eventually using microwave heating.

10
Reaction Scheme 37

(XXXIV) (XXXI)

Compounds of formula (XXXIVa), i.e. a compound of formula (ll) wherein R3 is Cq-
15 Cg alkyl, may be generated according to Reaction Scheme 38 by reacting
compounds of formula (XXXV) with a suitable base (such as sodium hydride)
followed by treatment with a compound of formula R’-Y (wherein R’ is a lower alkyl
(C1-C3) and Y is a suitable leaving group, such as 1) in an aprotic solvent (such as
DMF) at a temperature ranging from 0°C to room temperature.
20
Reaction Scheme 38




NMNM N RRZiIXO/XO RSRS R6 R6 (If) (XXXVI) Conmpounds of general
formula (XXXVI) may be generated according to Reaction Schenme 42 by

treati ng worpovmestoof general forrmula (XXXVI1) di ssol ve@CirEPaoopobeB2 15
protic solvent (such as methanol) in the presence of a catalyst (such as
pal | adium on charcoal) in a hydrogen atnosphere (latn) at room
tenmperature. Reaction Scheme 42 (R4 ) 4 O R (Rnv OPR NN RZ NNRZ
RS XO-OORS XOR6 Ph R6 20 (XXXVII) (XXXVI) WO 2007/042240

PCT/ EP2006/ 09;94332 3 c ounds of general |-\t4 rmul & | DORmay be
gener at ed accoyUi ng act'gon Schenme 43 by ‘e ting|l co unds of formula
(XXXVITT) wit Mgt hyl di si | azane i éhg presence

of a base (sugh asl 5 diﬂi sopr opyl et hyl ami ne) an e rleagent to
activate BE/F ﬁé{%\ﬁi@ function Esuch &protic sol vent
(such as ) at| tenperatjures rangi ng fromROC to roondPte erature

Reacti on Schenepg3 10 "qO (RM)n a OP R \ N4

Rs Ph ( XXXVI IIF{ (XXXVI%e conpounds of general® fornula |( [11) may be

R5 i X 0O RPh
gener ated accordi Reaction Schene 44 by react) oppounds of gener al
formul a (XXXl X) M base b&g(l{}a)np

Compounds of formula (XXXV) may be generated according to Reaction Scheme 39
by reacting compounds (XXV) with a base (such as LiIHMDS) in an aprotic solvent
5 (such as THF) at low temperatures (such as -40°C) followed by treatment with a
suitable acylation agent (such as ethylformate). The resulting compound, after a
suitable workup is applied, may be immediately dissolved in an alcoholic solvent
(such as methanol, ethanol or isopropylalcohol) followed by treatment with a suitable
reducing agent (such as NaBHg) at temperatures ranging from 0°C to room

10  temperature.

Reaction Scheme 39

(XXV) (XXXV)
15
Compounds of general formula (XXXIV) may be generated according to Reaction
Scheme 40 by treating compounds of general formula (XXV) with a suitable base
(such as LIHMDS) in an aprotic solvent (such as THF), followed by addition of an
alkylating agent such as R3-Y (whereas R3 is not (CH2)qOH and Y is a suitable

20 leaving group such as |) at very low temperatures such as -78°C.

Reaction Scheme 40




15 (such as LiOH H20) in a suitable solvent (such as THF) at tenperatures
ranging from roomtenperature to reflux eventually using m crowave

heati ng. WeaoctiwamiBchene 44 (R4)" Q OP (R4)r, a OP QA RCREP2M6@M73R5 | X
OOOR5 |1 iXOIOORs (XXXIX) ~Ph Rs (XXXVI11) I Ph 20 Conpounds of
general formula (XXXl X) may be generated according to Reaction Schene 45
by reacting conpounds of general forn#a (XL) with a suitable silyl WD
2007/ 042240 PCT/ EP2006/ 009732 40 chloride (such as tert-butyl di net hyl

silyl chlori g:@‘\)) in esence of a suitable SR3m dazole) in
a pol ar aproti¢'solvent (jsuch~as DVF) at room re. tion Schene
45 5 (R4)n OH S~k Ph Rs
(XXXIX) ~  (XH) Phl Conpounids of formula (XL) y b ge)ﬁrsa according to
React i on ég béS ®i ng conpounds ( i a% Quch as
i |ow tenp

LiHVMDS) ih a aprjotic”solvent (such 10 as T at effat ures (such as

-40C) foll owed By treamth a suitable acylgfion age (such as ethyl
form ate). The resulting conmpound, after a suitabl'e worKup I’s applied, may
be i mredi ately di L wved in an al coholic sol vent (smgz met hanol ,

et hanol or isopr o@?ﬁ/ cohol) followed by treatnent sui tabl e reduci ng
agent (such as NaBH4) at tenperatures ranging fromOC to room tenperature.

15 Reaction Schenme 46 (R4)n ( Q$R4)n( go 1 R
Compounds of general formula (if), i.e. a compound of formula (l) wherein R is —

t

CH5OH, may be prepared according to Reaction Scheme 41 by treating compounds
5 of general formula (XXXVI), wherein P is a suitable silicon protecting group (such as
tert-butyldimethylsilyl), with tetrabutylammonium fluoride in a suitable solvent (such

as THF) at room temperature.

Reaction Scheme 41

10

6
(XXXVI) R ()

Compounds of general formula (XXXVI) may be generated according to Reaction
Scheme 42 by treating compounds of general formula (XXXVII) dissolved in a polar
15  protic solvent (such as methanol) in the presence of a catalyst (such as palladium on

charcoal) in a hydrogen atmosphere (1atm) at room temperature.

Reaction Scheme 42

20



O ONRNR RRiIXOOOR X010 R O Ph Rs Ph (XLI) (XL) 20 Conpounds
of general fornmula (XLI) may be generated according to Reaction Schene 47
by react iwgQ 20ovmaeands of general fornula (XXVI) w th bemreylEP2@klo09761 or mat e
in a chlorinated solvent (such as dichloronethane) in the presence of a
sui tabl e base (such as diisopropyl et héltTam' ne) at 0OC to room tenperature.
25 Reaction Schene 47 WO 2007/ 042240 / EP2006/ 009732 41 (R4), a (Rn QO
NOLRN~R iXORS iXGOOR RE R I Ph (XXVI) (XLI) 5 Conpounds of
general formula (lg), ie. a conpound of fornula (1), wherein R5 is CH2OR7?,

and Rl an r hrinia€ DORNIAC Hiah Ibet iferdted Wceldid ¢y ar e
attached form gﬁﬂﬁhgt%%&'{%r&?ﬁ%%esw rPng el Sg)wérenerat ed{f%cordl ng to

React i on Beadien Srhepmp 4 by 6ranting ceBRpefisod @m@@.wév ) HtIYBER(BEPT) in a
sol ution o, n?émm'?%é ! wRERIRI RN aAm R %)reée'ﬂc@ §fU'at qﬁg@ gokness . The
resultlng m Xt ter a suitable work P be cooled to | ow
t enperdat udiisoptopyletvhapine) o ashitakie reagentiplastivale @q@nwyh%aw fynction oacet i c
acid) in a,syi | | & B at B8 ALIRAGhg fFawove the
protectin S&gﬁa{%%)ts‘gra%g%aﬁ gﬂfeerﬁm isp of tahe F?ea(l:Jtl on ?n >e<ture
cycli zat i O teapotvdempniatwred t hrough reaction in a suitable solvent (such
as nethanol) in the presence of a suitable base (such as NaOwe) at
refluxing 15 tenperature. Reaction Schene 48 Y

Reaction Scheme 43

10

(XXXVIIN) XXXV

The compounds of general formula (XXXVIIl) may be generated according to
Reaction Scheme 44 by reacting compounds of general formula (XXXIX) with a base
15  (such as LiOH.H,0) in a suitable solvent (such as THF) at temperatures ranging from

room temperature to reflux eventually using microwave heating.

Reaction Scheme 44

20

Compounds of general formula (XXXIX) may be generated according to Reaction
Scheme 45 by reacting compounds of general formula (XL) with a suitable silyl



NNORHH RXpORSXOO R6 R(I1Q)
formula (XLIl) may be prepared according to Reaction

(XLITl) 20 Compounds of general
Schene 49 by reacting

a conpourmoaformennl a (XXV) with the conmpound CH3CH=CHEEZNP240i@0®BN Y is a
suitabl e | eaving group. Typical reaction conditions WO 2007/ 042240
PCT/ EP2006/ 009732 42 invol ve dissol ving the conpound CH3CH=CHCH2Y,
sui tabl e sol vent, such as THF I n th‘éopresence of a strong base, such as

Li HVDS, in aneﬁrotlc sol vent Qf THF) at | ow tenperature, for exanple
-30C. 5 Rederideolsusit A tRst- mgylwmth 4ilyliehipridg) IR the preseppgrof & suitablecbage ~
p~ 0 Rs

Reuck X&Midé29d)ia a p@%’ﬂ'@?%@%ol@éntqgu%rﬁ DilIPY Stbam(teeratiry. be

prepared according to the reac

in a

O RS X

ion 10 outlined in Reaction Schene 30.

4- Met hyl benzensul fonate salts of conpounds of formula (1) may be prepared
accordi ”gR%&tBﬁ%%p%H@@Che”e 50 by treatnent of conpounds of forrmula (I)

t ci d nonohydrate in the appropriate solvent (such
as acétone). 15 Reaction Schene 50 R ( R3 1 (R4 RBRR NR2ZNNRZz

w th p-

10

15

20

25

(XXXIX)

Compounds of formula (XL) may be generated according to Reaction Scheme 46 by
reacting compounds (XL!) with a base (such as LiIHMDS) in a aprotic solvent (such
as THF) at low temperatures (such as -40°C) followed by treatment with a suitable
acylation agent (such as ethyl formiate). The resulting compound, after a suitable
workup is applied, may be immediately dissolved in an alcoholic solvent (such as
methanol, ethanol or isopropylalcohol) followed by treatment with a suitable reducing
agent (such as NaBHy) at temperatures ranging from 0°C to room temperature.

Reaction Scheme 46

(XLI) (XL)

Compounds of general formula (XLI) may be generated according to Reaction
Scheme 47 by reacting compounds of general formula (XXVI) with benzyl
chloroformate in a chlorinated solvent (such as dichloromethane) in the presence of
a suitable base (such as diisopropylethyl amine) at 0°C to room temperature.

Reaction Scheme 47




NRE XHORs XHHOs s 1~ R (1) R(1) HOS O Aternatively,
conpounds of general forrmula (Im, i.e. conpounds of fornmula (I) 20 wherein
R and Raweaneotnserdogen, nay be prepared accordi ng t o ReacriEpaoisobear 51 by
reacting conpounds of fornmula (XLIIl) with a solution of ammonia in a
suitable solvent. Typical reaction conditions conprise reaction with
amonia in methanol at a suitable cohtentration (for exanple 7N or 11.2 M
solution) and at the appropriate tenperature (for exanple room
tenperature). 25 WD 2007/ 042240 PCT/ EP2006/ 009732 43 Reaction Schene 51
(RAYNn g RB (Rog R3 N ORI N NHZ iXOiXO%?RS( (Xerer) (Im 5
Conmpounds of (|ge)neral( la (XLIT1), wherei Ais a (4.3 |al kyl, may be
prepared acco di ng tjo Reacti Scheme 52 by tr of &ngs of
formla (XXX fTaRre conditions movelN - bu oxycar bonyl
protecting gr action_conditionslareyno to ghe man skilled
in the ar 5 XcorrpriseQO reacti on ofRifie ¢ oudd iMa suitable

sol vent (Such as| DCM or | PA/MeOH) in the presen¢e of an appropriate acid
(such as TFA or HCl). Reaction Schene 52 (R4)" grRR3 (R4)n ghRB NORN
OR iIXOXO O O RS

5 Compounds of general formula (lg), ie. a compound of formula (I), wherein RO is -
CH20R7, and R1 and R3 together with the interconnecting atoms to which they are
attached form an unsaturated 7-membered ring, may be generated according to
Reaction Scheme 48 by dissolving compounds of general formula (XLII) in a solution
of ammonia (for example 7M ammonia) in a suitable solvent. The resulting mixture,

10  after a suitable workup, may be cooled to low temperature, for example 0°C, and a
suitable acid (such as trifluoroacetic acid) in a suitable solvent ( for example DCM)
may be added to remove the protecting group. After a suitable work up of the
reaction mixture, cyclization may be achieved through reaction in a suitable solvent
(such as methanol) in the presence of a suitable base (such as NaOMe) at refluxing

15  temperature.

Reaction Scheme 48

(I9)

(XLIT)
20
Compounds of general formula (XLIl) may be prepared according to Reaction
Scheme 49 by reacting a compound of formula (XXV) with the compound
CH3CH=CHCH>Y, wherein Y is a suitable leaving group. Typical reaction conditions



R6 R6 15 (XXXIV) (XLIll) Conmpounds of general formula (XXXIV) may be
prepared according to the reaction outlined in Reaction Schene 38 or 40.
20 As di swozsedhsbmnei nabove, it is believed that conpoumd3/EpRossieed78nventi on
may be wuseful for the treatnment of diseases and conditions nedi ated by
nodul ati on of voltage-gated sodi um channels. WD 2007/ 042240

PCT/ EP2006/ 009732 44 Therefore, accotding to a further aspect, the

i nvention provides conpounds of the invention for use as a nedicanment,

pr ef er abl mvdvmamﬁlvmgﬁemmpundm&m%%%z\é ine puitableasernt, s4Ed ahventi on
provi des ﬂh@, iHStﬁegfr s‘éﬂ@@%\"adﬁroﬂé Hal€, suzh! JAVEAMOE] ih BntdiRoti®d Blkfe?a@gég e of a
medi canent for tr a?l ng or preventing a disease or condition nediated by
nmodul at i ohHBY atVow texgpsratare dorsxdimple SA¥hnel s. Wt hout w shing to be bound by

t heory, diseases or conditions that may be nediated by nodul ati on of

vol t age- gat ed sodi um channels are selected fromthe |ist consisting 10 of
[t he rlunbBeaction Schewke®s after the |isted di seases below refer to the

classification code in Diagnostic and Statistical Mnual of Mental

Di sorders, 4th Edition, published by the American Psychiatric Association
(DSM1V) and/or the International Cassification of D se Y 10th Edition
(ICD-10)]: 15 i) Depression and nood di sorders includi ng/"Maj or Depressive
Epi sode, , d\/l xed Epi sode and®jyponani Wsqode; Depressive

by Or RDepr essi ve Di sorder e Pisor der (300. 4),

Notg Ot herw se Specitied ; Bipglar D sorders
hsorder, Bipolar II DR er o urrent Maj or
Depressi ve Epigbdes wi\t h Hyponani ¢ Epi sodes) (286.89),\20 Cycl ot hymc

Di sorder (301.13) an I pol ar Di sorder Not O herw se cified (296.80);
O her Mbod Disorders including Mod Di sorder Due to a CGeneral Medical

Condi tion (293. 83kxwhi ch includes the subtypes Wth(XMpressive Features,

Wth WMjor Depressive-like Episode, Wth Manic Features and Wth M xed
Features), Substance-Induced Mood Di sorder (including the subtypes Wth
Depr essi Veorpolm&d off §snerdll formiB XX Vir@sdyube prepated btdordihg dd the atacties) and
Mood Di sorder Not O herw se ecified (296.90): ii) Schizophrenia

i ncl uth ngovtiredinfigAGHeN ﬁg?%@ Type (295.30), Disorganised Type

4-Methylbenzensulfonate salts of compounds of formula (I) may be prepared
according to Reaction Scheme 50 by treatment of compounds of formula (1) with p-
toluenesulfonic acid monohydrate in the appropriate solvent (such as acetone).

15
Reaction Scheme 50
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Alternatively, compounds of general formula (Im), i.e. compounds of formula (1)
20 wherein R' and R? are hydrogen, may be prepared according to Reaction Scheme
51 by reacting compounds of formula (XLIII) with a solution of ammonia in a suitable
solvent. Typical reaction conditions comprise reaction with ammonia in methanol at a
suitable concentration (for example 7N or 11.2 M solution) and at the appropriate
temperature (for example room temperature).
25



(295.10), Catatonic Type (295.20), Undifferentiated Type (295.90) and

Resi dual 30 Type (295.60); Schizophreniform D sorder (295.40);

Schi zoaf fwotzow@4Ri4sor der (295. 70) includi ng t he subtype®CBiErodtanciigpe and
Depressive Type; Delusional Disorder (297.1) including the subtypes

Er ot omani ¢ Type, G andi ose Type, Jeal gus Type, Persecutory Type, Somatic
Type, M xed Type and Unspecified Type‘f’3 Brief Psychotic D sorder (298.8);
Shared Psychotic Di sorder (297.3); Psychotic Disorder 35 Due to a General
Medi cal Condition including the subtypes Wth Del usions and Wth

Hal | uci nagiien seHeskaAce- | nduced Psychotic Di sorder including the subtypes
Wth WO 20077042240 PCT/ EP2006/ 009732 45 Del usions (293.81) and Wth

Hal | uci nati ons (293.82); and Psychotic Di sorder Not O herw se Specified
(298.9). iii) f\nxi e(tg isorders including Pani c4Attac » Pani c, D sorder

i ncl udi ng PatiR0n Di sof der W t hout Agor aphobi(g ln300. 9y a R?bani c Disorder
wi t h Agor aphob 3 214 §or aphobi a; Agor ap ia it h iNitory of
Pani ¢ Di sorde | (3 .22}“, Spgci fiR Phobi a (300.[29, npl e Phobi a)
i ncluding thelsubtypes Aningl Type, Natural Epyironment Type

Bl ood- I nj ggt1 on>t'njury Type, Situational T O her Type), Soci al
Phobi a (Soci al Anxiety Disorder, 300.23), Obsessive-Conpul sive 10 Di sorder
(300.3), Posttr®imatic Stress Disorder (309.81), Rcute Stress Disorder
(308.3), Generalized Anxiety Di sorder (300.02), Anxiety Disorder Due to a
General Medical Condi(XBh (293.84), Substance-|nduced (ki ety Di sorder,
Separation Anxiety Disorder (309.21), Adjustnent Disorders with Anxiety
(309. &) and Anxiety Disorder Not Ctherw se Specified (300.00): 15 iv)
Subst ancecpbatffh 6f §EHerRErmule (i gviidIBtRC e Glsailk, Sayee prepiréd as
Subst ance Dependence, Substance Cravi nq and Subst ance use'M&gnce-

| nduced DRessFdieg o ReaptionsSehnres 244y Yertmen el Fsmpousds of Jorawd wal ,
Subst anceghqiduarodiald EbndlionSUBSkaARGE tbthxgestbRiaN pretbitng deumntypical

Subst ance 20 I nduced Persisting Amestic D sorder, Substance-]|nduced
Psychot i cregctigit genditionsypea kpewd tadhe dpansktiediB dheett 288 JBpuIfOBPI BRluced
Anxi efy DisRfidlebs theoRTHoRAS ¢ bninsne saRspRlsully a6 TN i IPAMETH RIRARe | Nduced
Sl eep Di sorder and Hal'l uci nogen Persisting Perception Disorder

( FI ashbacResengs efamnaarprairiatecard (Susbpadfa & itd) as Al cohol Dependence
(303.90), Al cohol Abuse (305.00), Al cohol

Reaction Scheme 52

(XXXIV) (LI

15

Compounds of general formula (XXXIV) may be prepared according to the reaction

outlined in Reaction Scheme 38 or 40.

20 As discussed hereinabove, it is believed that compounds of the invention may be
useful for the treatment of diseases and conditions mediated by modulation of

voltage-gated sodium channels.



25 I ntoxication (303.00), Al cohol Wthdrawal (291.81), Alcohol Intoxication
Delirium Al cohol Wthdrawal Delirium Al cohol-Induced Persisting

Denent i a,wel2o@tiab2z4abnduced Persisting Amestic Di sorder pPCAEPR#HI6I009782IUCed
Psychotic Di sorder, Alcohol-1nduced Mod Di sorder, Al cohol-Induced Anxiety
Di sorder, Al cohol -Induced Sexual Dysfunction, Al cohol-Induced Sl eep

Di sorder and Al cohol - Rel ated Di sorder4Not 30 O herwi se Specified (291.9);
Anphet am ne (or Anphet am ne-Li ke)-Related D sorders such as Anphetam ne
DependencEhgreiomr, Agrordigptoca &iihee aspedethe inyention providesneqarapaungs 19 ki cat i on

(292. 89) , infMiBR& Ia%s\Y hBdicaveht, prefetably a huMERhREABAMEt! Nt oxi cati on
Delirium Anmphetam ne | nduced Psychotic” Di sorder, Anphetam ne-Induced Mbod

Di sorder, Anphetam ne-Induced Anxi ety Di sorder, 35 Amphetam ne-1| nduced

Sexual Dysfunction, Anmphetam pe-Induced Sle i sorde and
Anphet am ARTENSIRE THrtash ﬁ'\%ﬂec}\l&e BYeRIOR @8"'%8%@% V%O{ RIBPYNIs QAR ne WO
2007/ (542 2i40eritioh/ifEBOMEN GFASGR20f Ametiehmeadiobirsatingesr preventingia disebieone

I nt oxi cation,. (305. 90 Caf f ejne- | pduced i et i saorder, Caffeine-Induced
Sl eep Di sEPHi ”dﬂ%‘ﬁiﬁé‘f’Péi“??é’-“lﬁéf"éf’g@q%%@?geérs°ﬂ%‘{“ gﬁ“ﬁsgw se Specifi ed
(292.9); Cannabi s-Rel ated Di sorders such as Cannabis Dependence (304.30),
Cannabi s Witset «isiibg 20be beianthiabineotyntiseaseatdr @ondif@i. 88) map bEamedidied

| nt oxi catj on li.riu Cannapi s- I nduced Psychotic Disorder. Cannabis-
| nduseq APKMORy Al B UASS Ga L SHE ShaReP s e CsP e KBl BRI Se
(8282 i ‘f206)6dof [trORurRAders GO BRCkELs ?ﬁgatrediégéds@sm:es beloehrefes tmwzggssimpemdenpe

: : cai ne use 5,. cai.ne .0xi cat . .89 cai ne
W t hdr a0 10900 850 SEAtSicRl Mantagal Fenel rs tirve: ¢BERE. prdlsbed”
Psychot i Cpi el d9hericaAC Fsheniatrid upssbdidiiod 10SMHIYT ded/or Gbeailmternktichat ed
Anxi ety Disorder, Cocaine-| ngtﬂggg ,Srg)f(gﬁl Bysf unction, Cocaine-Induced
Sl eep Di sElagetication cbbiseeses AIEAIOHICHHPdr Not Orherwise Specified
(292.9); Hallucinogen-Rel ated Di sorders such as Hal | uci nogen Dependence
(304.50), Hallucinogen Abuse (305.30 Hal | uci npgen | .nt oxi.cati .(292. 89),
Lol | 128 holeRewessps Ay MASRC Aoidais PN DoRBSERS ) Erss. dignit 15
Hal | uci noggRobé!t Mxed atdistieDadd H&R%marlnalEp&g‘ddap%arésaidu@@br&@mqhanding
Di sorder, Hallucinogen-Induced 0

_ - d D sorde | L uci nogen- | ndu Anxi ety
Di sorder Mapr Peprestiyen Bisordare PystByMis Qispss (1&9)9-"‘_% %ﬁsé"g éﬁ%{jefﬁ\g’g
(292.9); bﬁ#@m@t%&%ﬁf@aqm1)Uml£®i§o@u@hnaadih@wcﬂmtl Depier eBipsial 804. 60) ,
I nhal ant Abuse (305.90)

| nt oxi cat Péserdss|(Reeysrgnt M@:iﬁf%g;swe{ﬁ%%ébg?@h g{lﬁpf('lé‘%%ib?&s’Odleg)h&bg%)'

20  Cyclothymic Disorder (301.13) and Bipolar Disorder Not Otherwise Specified

(296.80); Other Mood Disorders including Mood Disorder Due to a General Medical

Condition (293.83) which includes the subtypes With Depressive Features, With

Major Depressive-like Episode, With Manic Features and With Mixed Features),

Substance-Induced Mood Disorder (including the subtypes With Depressive

25  Features, With Manic Features and With Mixed Features) and Mood Disorder Not
Otherwise Specified (296.90):

ii) Schizophrenia including the subtypes Paranoid Type (295.30), Disorganised Type
(295.10), Catatonic Type (295.20), Undifferentiated Type (295.90) and Residual
30 Type (295.60); Schizophreniform Disorder (295.40); Schizoaffective Disorder
(295.70) including the subtypes Bipolar Type and Depressive Type; Delusional
Disorder (297.1) including the subtypes Erotomanic Type, Grandiose Type, Jealous
Type, Persecutory Type, Somatic Type, Mixed Type and Unspecified Type; Brief
Psychotic Disorder (298.8); Shared Psychotic Disorder (297.3); Psychotic Disorder
35 Due to a General Medical Condition including the subtypes With Delusions and With
Hallucinations; Substance-Induced Psychotic Disorder including the subtypes With



20 Denentia, Inhalant-1nduced Psychotic D sorder, |nhalant-Induced Mod

Di sorder, Inhalant-1nduced Anxi ety Di sorder and |Inhal ant-Rel ated D sorder
Not O herwip=e07/Bpmeoi fi ed (292.9); N cotine-Rel ated D soPdemEP2&don97a%

Ni coti ne Dependence (305.1), N cotine Wthdrawal (292.0) and

Ni cotine-Rel ated Disorder Not Ot herw se Specified (292.9); Opioid-Related
Di sorders such as Qpi oi d Dependence (%4 00), Opioid 25 Abuse (305.50),

Opi oi d Intoxmaﬂonqéﬂ )5\2 Opi oi d Wt hdrawal (292.0) )i oi d

| nt oxi cat PRHSIERS (29387) a5 Wiith- Malmsinationss (93ct2)can Eéyq@ﬁ'c%‘?re?rdl‘lphduced

Mod D sg{aflise %é@]f,éhgzlgglgﬁed Sexual Dysfunction, Opioid-Induced Sleep
Di sorder and i oid-Rel ated Di sorder Not O herw se Specified (292.9);

Phencycl i di ne (or Phencycl i di ne-Li ke) - Rel at ed Di sorders such as

Phencycl i 1)9%(@?%%%%%0&%9@ lﬁg')lc A?thlP'F’%HI%MﬁEérQéﬂﬁclﬁ@iH@‘Paﬁ%s@r@br

Phencycl i di ne I ntoxi catlonwg) hencyclidine Intoxication Delirium

Phencyicl i Withast | Agriaripbizs y(@4 1) aDF’sB?@!érD'SPfﬁj@ﬁc‘y@l i AoReRhobiRd (22 Nbod
Di sorder, é‘“@%ﬁ‘%&% g&lﬁgﬁéﬁﬂé’%%a’%ﬂxﬂl@% B eyt Dider 00! sebdfc Rel at ed

Di sorder ecified (29 ; Sedative-, Hypnotic-,_or

Anxi ol yt i Rhakia 860 29) é@mamslm bsddAEIHdiBG the peidtiRes APIMRhTYPRYt i c
Dependencg ﬁ@ﬁal <E'%%r4rﬂént ﬁﬁ@a ?db% In'é'!tﬁB?Pl"n be, AERUaRbNE TG pARiaeothaP5- 40) ,

Sedat i ve, pnot i c, Xi O I nt ox cat on (292.89), Sedative,
Hypnoti c, Type) ASoce| ﬁhoblav\»(wmalaﬁametyzbgomer \AOP 28D 7Dbaeszive-Compulsive

PCT/ ER200 Sedad | 0 |
Del i rErozum 6é§g%zﬁ\‘z7g9é}zﬁ/pnot |dc|+,{é€t nX|b|(') rdé?r(399)8'1)3r)§%d\é§ %e%???ﬁﬁidbpn
Sedat i ve- (30By3)nGeneralizedrAnXinty @ls;qrdier-(B@@ §2)stAnm@ty Disetder ilue tscti@enor! |

Hypnoti c t e ﬁﬂ%‘é%s t
Hypnot i C-Meglrca%éﬁoﬁk% (?%3 Pﬁdﬁgté%yﬁ&gc ot cArBﬁ:es’f%)D %Hg?rssee aafiﬁ\%-An Eﬁ’onotl c-,
5 or AnXi Bisptdec(:w&mt)eeldijwnDDmrd;m witsdauiety S09. Mypndmnwety Risorder
Anxi ol yti &04 6&%&9%‘3 gégéﬁ?%t@&l@grd_er Sedative-, Hypnotic-, or
xua S

Anxi ol ytic nauce uficti on, Sedative-, Hypnotic-, or
Anxi ol§/tic-1nduced Sleep Disorder and Sedative-, Hypnoti c-, or

Anxi ol yti C%%@%ﬁan%&?ﬁ%gé;odg{ﬁo'\@érg%Igﬁﬂr itfg> %ug ﬁ&é '§ I%lgﬁrg)% S0 gllw éﬁ%bSt ance-

Rel ated DV ysubs Snee o pen ence er (or
10 UnknowBlibsharist Bependesicat Sdbsiasce dha\sngmﬂd Sgbstardeo INbusest éubﬂtam:e- Nitrate

e gPEy e Y o s RIAGE Bk SR LeaAE (e
bi pol ar dsawdme-lndemdeﬁsilrmm, SmMncpdydﬂuedtH’erslstudQS DereotideBebsdantepsychot i ¢
condi ﬁd OnFnducedO (:I!’ertsgf:i ing mneS| b'fs'o\r/ er, rgh% {aﬁ‘@é‘-ﬁnduge@' Psychotic Disorder,
Substance-lnduced Mood Disorder, Substance-Induced Anxiety Disorder,
Substance-Induced Sexual Dysfunction, Substance-Induced Sleep Disorder and
Hallucinogen Persisting Perception Disorder (Flashbacks), Alcohol-Related
Disorders such as Alcohol Dependence (303.90), Alcohol Abuse (305.00), Alcohol
25 Intoxication (303.00), Alcohol Withdrawal (291.81), Alcohol Intoxication Delirium,
Alcohol Withdrawal Delirium, Alcohol-Induced Persisting Dementia, Alcohol-Induced
Persisting Amnestic Disorder, Alcohol-Induced Psychotic Disorder, Alcohol-Induced
Mood Disorder, Alcohol-Induced Anxiety Disorder, Alcohol-Induced - Sexual
Dysfunction, Alcohol-Induced Sleep Disorder and Alcohol-Related Disorder Not
30 Otherwise Specified (291.9); Amphetamine (or Amphetamine-Like)-Related
Disorders such as Amphetamine Dependence (304.40), Amphetamine Abuse
(305.70), Amphetamine Intoxication (292.89), Amphetamine Withdrawal (292.0),
Amphetamine Intoxication Delirium, Amphetamine Induced Psychotic Disorder,
Amphetamine-Induced Mood Disorder, Amphetamine-Induced Anxiety Disorder,
35 Amphetamine-Induced Sexual Dysfunction, Amphetamine-Induced Sleep Disorder
and Amphetamine-Related Disorder Not Otherwise Specified (292.9), Caffeine



Al zheiner's disease: vi) Sleep disorders including primary sl eep disorders
such as Dyssomni as such as Primary Insomia (307.42), Primary Hypersomi a
(307. 44) ;wbanewlsepsy (347), 20 Breathing-Rel ated Sl eepPDirgweaeg976780. 59) ,
G rcadi an Riythm Sl eep Disorder (307.45) and Dyssomia Not O herw se
Specified (307.47); primary sleep disorders such as Parasommias such as

Ni ght mare Di sorder (307.47), S eep Teﬁ or Di sorder (307.46), Sleepwal ki ng
Di sorder (307.46) and Parasomni a erwi se Specified (307, 47) Sl eep

Di sor der sRelategh Rigordgrsasiahias: CME‘%IM@F'%%E‘?’O%a% Caffeingdodined ABiEtE at ed t o
Anot her '\Zggﬁier Dc%ﬁéﬂ@fm&&@& 8Rbpapikordepeasd TaffeifReRabRA Disofdt et  Ment al

Di sor der Di sorder Due to a General Medical Condition, in

parti cul tfﬁ\@é@ Spg@tﬁcga@@%@ a$appakis-Eelaipd hD'§9@ﬁ"§jl%Jé‘Qsé§ 2anpRhi§ ol ogi cal
di sorder sp %R@@@3®a'd§nnéﬁ§m&§§ (388. 2§)/ r@érﬁﬁ%vs ff‘\%’k“datl@rﬁ‘@éﬂ@@)

di seases; st ance- | nduced ep Disorder includin subt ypes
| nsomfi a ¢9mabl$@twp@moﬂﬁhf&'fffygéﬂn@éﬁr‘@g@?ﬁﬁ’l Esyghelic %&rgf&&ﬁnl‘fﬁ@ sl eep

apnea andln’dﬁ{:ecf] ﬁgxneﬁyﬁg&%@?ana idankabis %Iéié@@ﬁé@%ér ﬁb!cdjth@ﬁmé@@ giitiéd Ner vosa
(307.1) inc e sub Restricting and Bi n&e Eatl ng/ Pur gi ng

'I[\'%pe; Bul (292&9)!\@@0&5!&3'?@8@?5 lgaqrderrscsuemaﬁ&ocglae e@‘éﬂft"?;ﬂ% 2 GPeNerype and
PC[I]' }D EL%B&P %%D@ggg@??oaﬁmeﬁ@%% I n(gggégt :E%S D sor 314 %g‘% cI)'—_)aclocr:laglneD| sor der
Not O her WiteécaBpe Qidlifien, CosaineniucediRsychmiici Risordpe GeaginetinduredeMacd ncl udi ng
el Poepol i e, MREI D Sater SRR AR SRy B sy
Per vasi veCBcanne-dmiucNd)tSIéJ;-Mdersler Sndc Dbcaﬁde-ﬁs@edm)lsqﬂﬁ@ﬂ Mt ngthafwise cal
o Mpblnd " (BB PTIRRLARENBEERC! DUbIED. Soefred PEbAERGR 1o
I(ﬁé?t 2ﬁ% | Débét&fﬁl’lbengﬂi)élggt),l Halltgipegeac tbuse y(30D36br Ueﬂumébmwﬁat@n
o oot} VB bR ALSR0 PeBRli ddnRE PRSha, ey
D| sor ¢&r Natludiidyenwi IstexiSptiri fﬁ)ddlu(relitlagglqunagqudnquegt i Rsyohetisr daigordei. sr upt i ve
ohi | dhood HPUSHREET TpgHEd A58 glieir, e GEAcHer REL R S HR5Y BR8
Unspeci fi %II@Men Related Disorder Not Otherwise Specmed (292.9); Inhalant-Related
Disorders such as Inhalant Dependence (304.60), Inhalant Abuse (305.90), Inhalant
Intoxication (292.89), Inhalant Intoxication Delirium, Inhalant-Induced Persisting
20 Dementia, Inhalant-Induced Psychotic Disorder, Inhalant-Induced Mood Disorder,
Inhalant-Induced Anxiety Disorder and Inhalant-Related Disorder Not Otherwise
Specified (292.9); Nicotine-Related Disorders such as Nicotine Dependence (305.1),
Nicotine Withdrawal (292.0) and Nicotine-Related Disorder Not Otherwise Specified
(292.9); Opioid-Related Disorders such as Opioid Dependence (304.00), Opioid
25 Abuse (305.50), Opioid Intoxication (292.89), Opioid Withdrawal (292.0), Opioid
Intoxication Delirium, Opioid-Induced Psychotic Disorder, Opioid-Induced Mood
Disorder, Opioid-Induced Sexual Dysfunction, Opioid-induced Sleep Disorder and
Opioid-Related Disorder Not Otherwise Specified (292.9); Phencyclidine (or
Phencyclidine-Like)-Related Disorders such as Phencyclidine Dependence (304.60),
30 Phencyclidine Abuse (305.90), Phencyclidine Intoxication (292.89), Phencyclidine
Intoxication Delirium, Phencyclidine-Induced Psychotic Disorder, Phencyclidine-
Induced Mood Disorder, Phencyclidine-Induced Anxiety Disorder and Phencyclidine-
Related Disorder Not Otherwise Specified (292.9); Sedative-, Hypnotic-, or
Anxiolytic-Related Disorders such as Sedative, Hypnotic, or Anxiolytic Dependence
35 (304.10), Sedative, Hypnotic, or Anxiolytic Abuse (305.40), Sedative, Hypnotic, or
Anxiolytic Intoxication (292.89), Sedative, Hypnotic, or Anxiolytic Withdrawal (292.0),



(312.89), Oppositional Defiant D sorder (313.81) and Di sruptive Behavi our
Di sorder Not O herw se Specified; and Tic Di sorders such as Tourette's
Di sorder wBQ#07282240i x) Personal ity Di sorders includi ng PoE/EPa@spmes:2

Par anoi d Personality Disorder 20 (301.0), Schizoid Personality Di sorder
(301.20), Schizotypal Personality D sorder (301, 22), Antisocial

Personal ity Di sorder (301.7), Borderl4he Personality Disorder (301, 83),
Histrionic Personality Disorder (301.50), Narcissistic Personality D sorder
(301, 81) , Sexlativelatypretios obra IANKIPIVIEE s htaxigatiprsoRelgizm. BedrtivaertiyrretiGofial ity
Di sorder : B i SingR-GAMPUE S Pe it ) [ i ) and
Per sonal |€"§/)§(9%§ E’g@%ﬁ?‘ l%’? n@her%médsééﬁ%'ewﬁ%g (éb?@ﬁwﬂgﬁé@?ﬂn exual
dysf unct i Rerventizc| SefiatlyeSelyanotiBesiare ADKigttiete rRergisitng aAMrgsYeaisordersexual

Desire Di 71 i 1 2. ~tisexual

ar ousal %?c!sagi%-é?@Bﬁrﬂt@#gﬁ'{%&@%@&ﬁ“ﬁ?%@&Sd%o?%%rg%gé@(g@% “and Mal e
Er ect i9 e GOADkigytictnducgD Morr)) Disgrdgas Pedatives oHuriratics uerhAaxiolFtgrideced gasni ¢

Di sor der 7, agy] i S : r

El acul at i sty Hbogel eaf)a bl S6f Afliobiindlitds Mot YRy, , )
and Vagi neduatise, Biypn@ity,; or Seigdytic-lmyuskd idedpoishisier ancth Seditive-, Sheoptic-ed

302. 70) ; D0 L At ond ) -ebLShi 02.81),
Frot t out S 380t ERREt Hadtior B} Hbbas Sockifs Gop ok bbb USRS Cs)
Sexual SaRelated( B&drd#) suchr as Ralgstubstafet | Bapesder{c@0230#)80); Hog eQthes nto( 302. 82)

4P i b i b oY - 3 .
o0 bl a5 B35 B 3 By SRS L R
Di sorder and MitiolisiOzide( 302. 6) and Gender Ildentity Disorder in Adol escents
or Adults (302.85); and Sexual Disorder Not O herwise Specified (302.9). 5

xi) I nmpul se control disorder” including: Intermttent Explosive D sorder
(312. 34) , v) Edhaptemanti o coFdiftorBidrludiRgttieireatmeat ofGagbltiondmpdder8 Ir) othEyr onani a

(312.33), . Trichotillomania (312.39 | - j rs.

G hor v »eiegseR Sust o5 29 aphrofa, blbaiar, ARG b, e B o1 ve
Sexuals Betiigardetsr aad dpsychotu | conhditondo asdociated 1With ncognidivé eimpaithedt, nexgt |,

di seases gr condi tions that may be nedi ated by nodul ation of voltage gated
sodi um chaRRYMEr S A58 essi on or nood disorders I n another embodi nent,

di seases or conditions that may be nedi ated by nodul ati on

vi) Sleep disorders including primary sleep disorders such as Dyssomnias such as
Primary Insomnia (307.42), Primary Hypersomnia (307.44), Narcolepsy (347),
20 Breathing-Related Sleep Disorders (780.59), Circadian Rhythm Sleep Disorder
(307.45) and Dyssomnia Not Otherwise Specified (307.47), primary sleep disorders
such as Parasomnias such as Nightmare Disorder (307.47), Sleep Terror Disorder
(307.46), Sleepwalking Disorder (307.46) and Parasomnia Not Otherwise Specified
(307.47); Sleep Disorders Related to Another Mental Disorder such as Insomnia
25 Related to Another Mental Disorder (307.42) and Hypersomnia Related to Another
Mental Disorder (307.44); Sleep Disorder Due to a General Medical Condition, in
particular sleep disturbances associated with such diseases as neurological
disorders, neuropathic pain, restless leg syndrome, heart and lung diseases; and
Substance-Induced Sleep Disorder including the subtypes Insomnia Type,
30 Hypersomnia Type, Parasomnia Type and Mixed Type; sleep apnea and jet-lag

syndrome:

vi) Eating disorders such as Anorexia Nervosa (307.1) including the subtypes
Restricting Type and Binge-Eating/Purging Type; Bulimia Nervosa (307.51) including
35 the subtypes Purging Type and Nonpurging Type; Obesity; Compulsive Eating



15 of voltage gated sodi um channels are substance related disorders. In a
further enbodi nent, diseases or conditions that may be nedi ated by

nodul at i oNO 2067/042240age gat ed sodi um channel s are Bi pol aPCIDIEPOId®0%732
(including Bipolar | Disorder, Bipolar Il Disorder (i.e. Recurrent Mjor
Depressi ve Episodes with Hypomanic 20 Episodes) (296.89), Cyclothymc

Di sorder (301.13) or Bipolar Disorder4dot Ctherwi se Specified (296.80)).
In a still further enbodi nent, diseases or conditions that may be nedi ated
by nodul Risprer;oBinge| Ealing Bircedprs Gad uRetingaRirerderalNet Qtoeswisee Sresiticed

Di sorders36KI%B). 25 as N cotine Dependence (305.1), N cotine Wthdrawal
(292.0) og' | cotine-Related Disorder Not Otherwi se Specified (292.9). In
an enbodi ment, conpounds of the invention may be useful as anal gesics. For

exanpl e they UR;icl r 0T Ni43ql dih | ; ain
(e.g. pai \ﬂﬁ %%Eéqss 8?‘3 edbﬁbﬁ?wﬁ%%ur?g@%i gtr"{)r?r'ﬁ??és} t%gfdgg'a?‘t ri tgllrés/ P

r heurrlﬁ oik CisspiendZP9 80k, Rethat Piserdenr (29980hn Ehjldvasdi I[Disintegnative | Riporder

nmuscul os ' - - | £ ' I.Nns;
neur opa: Heeopg) AR s Hiech B NAEnERE Sifciiea (286 80, 15ciATo Aokl
associ at eMutisn)h cancer and fibronyal gi a; pain associated w th mgraine;
pain associated with influenza or other viral infections, such as the
comon col d; 35 rheumatic fever; pain associated with functional bowel

di sor der svituattergionseficiiHyperactiwty J2ipeidar inctudingathei subtypesshtignsion-Deficit

irritgpl | .. r : L0 ' ,
50 wi fth ARy Pleran KOBisER" D et 8, e Bt ety 0
ﬁgﬁ gggg{ [1 b?ardeiﬁg?rpdgmdl\:lr]% Ima:tﬁ_ntiva/ggypé d614;r.ﬁ9), bttansief-leficih /Hyreractivdy ment  of
. | |
neur onal bﬁfﬁ%{/ gmr?%'ge'ljrggﬁlﬁ?iﬁ@% ﬁé;]lﬁé(ﬁa%/r?%g@tse@?nﬁ %ﬁalrrgﬁ}/é?gééc;&%ggrs,
The bor | phor e ea ey oal  ronr s Al Laord OF - Eatan s in th
, . | . [ O,
brai b NeAFEBIA SRR Siars Re0odt B R (Bl e SBLER Ll ARBTC 7 o
R A i ity st vy Het i dodnit gl pap e
. , . . ; a ; - .
e el Genen kbR iRl dianE] 8 ERAEE SERE%RY Pssien, . "o

post - her prbt OtHeewiE&ISpeéfied; laht JenDisedderesuchlagiTauretiets Riaonder (84128):ng from
physical trauma, anputation, cancer, toxins or chronic inflammatory
conditions. These conditions are difficult to treat and

ix) Personality Disorders including the subtypes Paranoid Personality Disorder
20  (301.0), Schizoid Personality Disorder (301.20), Schizotypal Personality Disorder

(301,22), Antisocial Personality Disorder (301.7), Borderline Personality Disorder

(301,83), Histrionic Personality Disorder (301.50), Narcissistic Personality Disorder

(301,81), Avoidant Personality Disorder (301.82), Dependent Personality Disorder

(301.6), Obsessive-Compulsive Personality Disorder (301.4) and Personality
25 Disorder Not Otherwise Specified (301.9): and

x) Sexual dysfunctions including Sexual Desire Disorders such as Hypoactive Sexual
Desire Disorder (302.71), and Sexual Aversion Disorder (302.79), sexual arousal
disorders such as Female Sexual Arousal Disorder (302.72) and Male Erectile
30 Disorder (302.72); orgasmic disorders such as Female Orgasmic Disorder (302.73),
Male Orgasmic Disorder (302.74) and Premature Ejaculation (302.75); sexual pain
disorder such as Dyspareunia (302.76) and Vaginismus (306.51); Sexual
Dysfunction Not Otherwise Specified (302.70), paraphilias such as Exhibitionism
(302.4), Fetishism (302.81), Frotteurism (302.89), Pedophilia (302.2), Sexual
35 Masochism (302.83), Sexual Sadism (302.84), Transvestic Fetishism (302.3),
Voyeurism (302.82) and Paraphilia Not Otherwise Specified (302.9); gender identity



al t hough several drugs are known to have |limted efficacy, conplete pain
control is 15 rarely achieved. The synptons of neuropathic pain are

i ncr edi blwohet7eyeneous and are often described as speaTare@d®oshBnot i ng
and | ancinating pain, or ongoing, burning pain. In addition, there is pain
associated wth normal ly non-pai nful sensations such as "pins and needl es"
(paraesthesi as and dysesthesias), | nc#®ased sensitivity to touch
(hyperesthesia), painful sensation follow n?cgi nnocuous stimulation 20

(dynani c, dlsqrder8csugh asHeender |dantivoRispeder in Rbdser £0Prand: Gondey ldentiibxi ous
stimuli pr%m?ﬁ ’Ao%ﬂalseent ,@am@ﬂsom r I8kl DSk Mot tnBAligk

sensation after renoval he S |on (hyperpathia) or an absence of
or defi ci$pdaifieddBesB).ve sensory pat hways (hypoal gesia). 25 Conpounds of
the invention may al so be useful in the anmelioration of inflammtory

di sorders, for exanple in the treatnment of skin conditions (e.g. sunburn,
bur ns,5 e)o)zémavlseieqqmtmi disgrdep’s inciuglirios ) Inteopitienta Faplosive Jaiserder (3 1dfh)di sorders

t i
i bt s, REBomele (812007 PERIRGETa cat R I T i oma RS2 898 e,
farmer's Tniumgtillou:mﬁrmn 313138).r lpulse-CotrplulDisoiders dNot eQtherwis€OBPE¢ified
gastrol ”t@oe1 :)]aant ra%%tngd 586 Dé.vfeeeﬁ%ngﬁ %&pﬁlsﬂ)e §§§8| Bé'ﬂxé%ﬁ&u?téﬁ’oe

colitis, I'seas ona I'rrita syndrone,

i nfl ammt@omplhiemelHodrch@se gast roesophageal reflux di sease) ot her
cond|1td ons with an inflanmatory conmponent such as m graine, nmultiple
sclerosis, nyocardial ischem a. 35 Conpounds of the invention may al so be
useful i nlntdmntrtetreatbrmdmrherm,miéease@oeumﬂmama tiodt mali s nmebdiated byeaiodblatiorand/ or
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conpul sive disorders (OCD), sleep disorders (including circadian rhyt hm

Synar oney ™ PR AeR By <Ry bty uttun by FRalded B mUbERT G bu o

j oi nt15dy séfunithgeogated sCoiopahadisels bre substance rdlated disaydead. S0 be useful in the
treatnent of bl adder hyperrelexia follow ng bladder inflammation.
Conmpounds of the invention nay al so be useful in the treatnent of

In a further embodiment, diseases or conditions that may be mediated by modulation

of voltage gated sodium channels are Bipolar Disorders (including Bipolar | Disorder,
Bipolar |l Disorder (i.e. Recurrent Major Depressive Episodes with Hypomanic

20 Episodes) (296.89), Cyclothymic Disorder (301.13) or Bipolar Disorder Not Otherwise
Specified (296.80)).

In a still further embodiment, diseases or conditions that may be mediated by
modulation of voltage gated sodium channels are Nicotine-Related Disorders such

25 as Nicotine Dependence (305.1), Nicotine Withdrawal (292.0) or Nicotine-Related
Disorder Not Otherwise Specified (292.9).

In an embodiment, compounds of the invention may be useful as analgesics. For
example they may be useful in the treatment of chronic inflammatory pain (e.g. pain
30 associated with rheumatoid arthritis, osteoarthritis, rheumatoid spondylitis, gouty
arthritis and juvenile arthritis); musculoskeletal pain; lower back and neck pain;
sprains and strains; neuropathic pain; sympathetically maintained pain; myositis; pain
associated with cancer and fibromyalgia; pain associated with migraine; pain
associated with influenza or other viral infections, such as the common cold,;
35 rheumatic fever; pain associated with functional bowel disorders such as non-ulcer
dyspepsia, non-cardiac chest pain and irritable bowel syndrome; pain associated



10 neur odegenerative di seases and neurodegenerati on such as denenti a,
particularly degenerative denentia (including senile denentia, Al zheiner's
di sease, Wocké7421dbsease, Huntington's chorea, Parki nsoRrC3/ER2@ease3and
Creut zf el dt - Jakob di sease, notor neuron di sease); The conpounds may al so
be useful for the treatnent of amyotrophic |ateral sclerosis (ALS) and
neur oi nfl amati on. 15 Conpounds of t he’Q nventi on may al so be useful in
neuroprotection and in the treatnent of neurodegeneration foll ow ng

stroke, cgli a@o@éra@stuscrmhh.aorwsy bysagwe pdifaugidhehd)r adthadhielr and Spi nal
cord injury or the | i ke. 20 Conpounds of the invention may al so be usef ul

in the tr%mﬁﬁ'ﬁfr o tinni tus and as |ocal anaesthetics. The compounds of
the invention may al so be used in conbi nat i on with other therapeutic

agents. The | nyent t(rglletIF\l/J%SqI'I F\?ﬁ%’ygﬁgl slgpuél‘}\ %@?trme%?%?%teu q%ﬁﬁ‘lg@?blﬂat lon 25
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age and the conditiqn o
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phosphodi altaeghsevénahdibigs @re kndwibtd haygelimitast effjeanys campleter BB EPYHP!IdS dr ugs
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referred aed amo éemégscebedfémseﬁ@tppe% W@E%?%'%‘Pa #R: eH9AS m of a
phar maceubiGilg bammuliat émlwdhé@% @bw réa&ﬁsﬁted:ak.trf chbrméla/t nom@ammmru si ng
a conbi nation as defined above toa;e g)da %

sensations such as "pins and need (paraesthe5|as nd dysest e5|as |nc¥eased

sensitivity to touch (hyperesthesia), painful sensation following innocuous stimulation

20 (dynamic, static or thermal allodynia), increased sensitivity to noxious stimuli
(thermal, cold, mechanical hyperalgesia), continuing pain sensation after removal of
the stimulation (hyperpathia) or an absence of or deficit in selective sensory

pathways (hypoalgesia).

25 Compounds of the invention may also be useful in the amelioration of inflammatory
disorders, for example in the treatment of skin conditions (e.g. sunburn, burns,
eczema, dermatitis, psoriasis); ophthalmic diseases; lung disorders (e.g. asthma,
bronchitis, emphysema, allergic rhinitis, non-allergic rhinitis, cough, respiratory
distress syndrome, pigeon fancier's disease, farmer's lung, chronic obstructive

30 pulmonary disease, (COPD); gastrointestinal tract disorders (e.g. Crohn’s disease,
ulcerative colitis, coeliac disease, regional ileitis, irritable bowel syndrome,
inflammatory bowel disease, gastroesophageal reflux disease), other conditions with
an inflammatory component such as migraine, multiple sclerosis, myocardial
ischemia.

35
Compounds of the invention may also be useful in the treatment and/or prevention of
disorders treatable and/or preventable with anti-convulsive agents, such as epilepsy



acceptabl e carrier or excipient conprise a further aspect of the invention.
The individual conponents of such conbinations may be adm ni stered either
10 sequerwOabdyo4240si mul t aneously in separate or conbi nedTracocmeEat i cal
fornul ati ons by any convenient route. Wen adm nistration is sequential,

ei ther the conpound of the invention or the second therapeutic agent may
be administered first. Wien adninistration is 15 simultaneous, the

conbi nati on nay be adm nistered either in the same or different

phar maceuhiiGdihg CREERAEUINGHN -epléRy, ©bEBisNRd coMpliBife S@sddécr (OCRY, i sgep t Wi | |
be appreci at ed t{;{gptl he two. ¢ ounds émst. e staple ard C)O&‘Eatl ble with
each ot he¥ISYARSt %F'rcaf@”c%%%@fﬁoé &% IPFRIMAIZ S REERIERRY): iR AS-Por nul at ed
separ at el @ildshele nmyTheetyrOViytdbme), agxiasynescdat rigaitpu(spastaity), camd/eni ent |y

in such manner as are kno or..such compounds in the art. The conpounds
of the i n\?H}?Pr%ﬂa’}F@%f?%é°'B‘l@8¥‘1"ﬁ“§”omoi nation with the followng 25 agents

to tréat or prevent psychotic disorders: i) antipsychotics; ii) drugs for

extrapyr afj id : xadp! i cholgy i (

benztr op{%ﬁ%lﬁnﬁis’eg{ gﬁ%qﬁ%e?’ggég??gl ne é’%datg.%f}]ﬁhe}gy}% 251%?? 62%%?& am nes

(such as hmeﬁﬁmgjéﬂmmbbad@ﬁdnf&ﬂﬁaﬁﬁ%r gi cs (such as amantadine); iii)

antidepressants; iv) anxiolytics; and v) cognitive enhancers for exanple

chol inesterase inhibitors (such as 30 tacrine, donepezil, rjvastigm ne and

gal ant ani feypods cfrdBeinddvesion nEay nase i b Hﬁ‘if“'be'”u§é%l g i B4ti on

wi th ant | AaRbEsFEABLdlvé Qiisebééﬁibnd)lheWoGt@é’ﬁer&ibﬂ{jﬁﬁ:ﬁ;a%ncri]mmppd(tidﬁlaw ders. WO
nds,of .the inventi

2007/ 042240 PCIT/ EP2006/ 009732 53 The ¢ 0 y be
used in cOFERNGERLVENIGINEMIA I‘i'@glf‘g'f’goﬁ?'ﬁﬁ 8%83’#1{[33 AlghgImens %f’eaﬁ?eape'ﬂin?bi pol ar
di sease: disedsepdHusitindgtoh’s Siosea, iAarkissunispdipedsst and Crazfeldt-Uakob disease,

anti depressants. j N .0 Y i

corbi nat SR Tl SepaRo e Lorgunds. ey S5t lledtiltol e HESridRy o

di sor der samiydtrepid leteyalisclerosin@LS) pndneyrgafamaticint s.  The conpounds of the
inven{d on may be used in combination with the following agents to inprove
nicotine withdrawal and reduce nicotine craving: i) nicotine 10 replacenent
t herapy f6&pmeRunds of dhes imenteuanay glspubaiussiyl 3 neuERretaeliafepad '%QE‘?odext rin
and ni cot \[Binfat 6N RSurodéknktatioR YOIoNMPBtroke, cardiac arrest, pulmonary bypass,

traumatic brain injury, spinal cord injury or the like.

20 Compounds of the invention may also be useful in the treatment of tinnitus, and as

local anaesthetics.

The compounds of the invention may also be used in combination with other
therapeutic agents. The invention thus provides, in a further aspect, a combination
25 comprising a compound of the invention or a pharmaceutically acceptable

derivative thereof together with a further therapeutic agent.

When a compound of the invention or a pharmaceutically acceptable derivative
thereof is used in combination with a second therapeutic agent active against the
30 same disease state the dose of each compound may differ from that when the
compound is used alone. Appropriate doses will be readily appreciated by those
skilled in the art. It will be appreciated that the amount of a compound of the
invention required for use in treatment will vary with the nature of the condition
being treated and the age and the condition of the patient and will be ultimately at
35 the discretion of the attendant physician or veterinarian. The compounds of the
present invention may be used in combination with other [antithrombotic drugs such

as thrombin inhibitors, thromboxane receptor antagonists, prostacyclin mimetics,



The conpounds of the invention may be used in conbination with the
followng agents to inprove alcohol w thdrawal and reduce al cohol craving:
i) NVDA rwoeptd22405 ant agoni sts for exanpl e acanpr osat @CTIEPROIGABA32 ecept or
agonists for exanple tetrabamate; and iii) Opioid receptor antagonists for
exanpl e nal trexone. The conpounds of the invention may be used in

combi nation with the follow ng agent® to i nprove opi ate w thdrawal and
reduce opiate craving: i) opioid mu 20 receptor %onl st/ opi oi d kappa
recept or mﬂsa@@m%eraswnrébdmlf@rlbgmréﬁatapﬁmﬁté, thrpmbeliylie deigset&Eht 3

ant agoni Sti SSub 0 2y dﬁ%t{oF e%ﬂ”@tre Bﬂnééé ) norRsterbidaft SHtdinflammatory

ant i hypertensi exarrp f exidi ne. The conpounds of the invention
may be usdrdg$ aucztmﬂmm‘tn, ond thetlikel he foll owing 25 agents to treat or
prevent sleeping disorders: i) benzodi azepines for exanple temazepam

| or et azepam estazolam and triazolam ii) non-benzodi azepi ne hypnotics
for e¥anplke eohpindigns rgfgmedltora@ovezmaamoovemlw bedprgsented fariusedathg t ur at es

for exanBl,rﬁ 8PP ranjn%@é tlcgu}d?llﬁﬂahbﬁ a%nd Ffﬁur se béé’i‘}tlc IS RGRBRLGHS 2 and

phenobar bi [ v) ressan t| ve- ypnot| cs for
exanpl e cd:dmpra;inghydcanmnam aSOdefhnbdratBIVhl wgether Withe ac phyo@aeisticatly t he

| vent | on, (YR USRg: of SERBRIRbIAN hle AL i oRaRs sTR 1 at

anor exi a: 39% exa prohept |
ant i depr eiadigiiual, d¢omponantsi @y shit imnblmal)onsl may ded admipsterashseithal agent s

for npl e yridoxin d_proge es 0
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conbi nat i formutatidnst yearfyadodnesnierg roastgent s t o treat or prevent bulima: i)
antidepressants; ii) opioid receptor antagonists; iii) antienmetics for
exanpl e ondansetron; iv) testosterone receptor antagonists for exanple

f1 utam dewheh adnidissatdn Isi samsntnau )aitrxérrtbe @mpound )of ghe rimvestiormlor dent s. 5
The conpounccj?égo{ hhp%”l"? \éa?ﬂ%t) "@éeﬁﬁm ?rgh]nfnrgf ”W ﬁt béarﬂ \@tr%boﬁ h|§|

fol | owi ngS® tlcs

ant i degpr e§|ﬁﬁ|lt£aﬁe0t.lsl the wmbmdtymrw be amdmnswerestentml |aIm\ssdme oexldfafpdne
nmet hyl phenj dat e, het am.ne fornul ati ons and penoline. 10 The conpounds

of the |n9'é§fmaﬁﬁuﬁﬁc%'%p P8 i n combination with the fol | owi ng

When combined in the same formulation it will be appreciated that the two
compounds must be stable and compatible with each other and the other
20 components of the formulation. When formulated separately they may be provided
in any convenient formulation, conveniently in such manner as are known for such

compounds in the art.

The compounds of the invention may be used in combination with the following
25 agents to treat or prevent psychotic disorders: i) antipsychotics; ii) drugs for
extrapyramidal side effects, for example anticholinergics (such as benztropine,
biperiden, procyclidine and trihexyphenidyl), antihistamines (such as
diphenhydramine) and dopaminergics (such as amantadine); iii) antidepressants; iv)
anxiolytics; and v) cognitive enhancers for example cholinesterase inhibitors (such as

30 tacrine, donepezil, rivastigmine and galantamine).

The compounds of the invention may be used in combination with antidepressants to

treat or prevent depression and mood disorders.



agents to treat or prevent ADHD: i) stinmulants for exanple nethyl phenidate,
anphet am ne fornul ati ons and penoline; and ii) non-stinulants for exanple
nor epi nepwoi2ne/meadpt ake i nhibitors (such as at onoxeti nePCTAIPPIIE/029732
adrenocept or 15 agoni sts (such as clonidine), antidepressants, nodafinil,
and cholinesterase inhibitors (such as gal antam ne and donezepil). The
conpounds of the invention may be use® i n conbination with the fol |l ow ng
agents to treat personality disorders: i) antipsychotics;

ant i depr e5¥aRPBPOYNdS) ofnhiginvention By |beskses: iNagrm Oﬁt'%nWIt'@)ItS}? f@?wmﬁhe

corrpoundsag{éf htd f0Qrdd0 e PldvaRt BiBMal8isétssdi)irfodeosthbilistrs; iy amigdychdiRsf sd owi ng
agents to treat or prevent nale sexual dysfunction: i) phosphodl esterase V

i nhi bi t orit) antidepregsai®l e vardenafil and sildenafil; ii) dopanine
agoni st s/ dopam ne transport 25 inhibitors for exarrpl e aponor phi ne and
buproprion; iii) alpha adrenoceptor antagonists for exanple phentolam ne;

iv) pﬁostB@ﬁ apmpeuUNg§oRli Biesinyeitioaxmay be U%ﬁdpmgqra@naﬂowywﬂﬂ d8e datominghe
agoni st s b B3rdafst fel t%ﬂ%etyvdléoréé'réq ?ﬂl&yt‘c”saéﬁpﬂratntldéﬂ?géstéhfsor s for

exanpl e serotonin reuptake I nhrbitors; nor adr enal’i ne transport
i nhibitors for exanple reboxeti ne and vii) 5-HT1A agonists, for exanple

fli banserfﬁbecomggxmeo@wmy onhal 2 LOEIN bf’rﬂ%f/@’ orDRithSRE fbibWHRTD! nat i on

with the sane agents speci for sexua unction to treat or
prevent fagemtse t@emeavedytgbmﬂ:wtbdrawahmdu redageli NicQlineapraxiagr dgaigotitfoni st

such gs § Ha%gh?ht t négtfopsé{gﬁﬁ%lé ¢ dgt'll[ﬁﬁ QCH’H’EIJ&P' EIalnln%%%é pgyghot i cs

(for exanplfe ch orlda2|n nesor | a2|ne I uphenazi ne,
per phenazq:w@,deptrlmahd(mrqoélnfazatnms W JDORreRioR40 PCT/ EP2006/ 009732 55
trifluoperazine, thiothixine, haloperidol, nolindone and | oxapi ne); and
Atypi cal Antipsychotics (for exanple clozapine, ol anzapine, risperidone,
quet i api nEhe camppindszol the inventmsi tepdeansedam sopinaii) with thatfliRwingessant
drugs inclu e i r

st al optdhie RTTBLEH feb BN BNkl IRES alebHfiteding: if QYO Abptor

ser ot i nénrtagcmilsterfar |erxempteeaparak@sahah|ub|(ﬁwé reseptbr @agowiets| fofr aiample

dul oxet! n%} ?tgygl%cfupbﬁ ddew tgrdérﬁ%@d é@?fohga%mg)lgmat}e?gﬁé)' tors (such as

reboxetin epressan riptyline,
cl om pramine, im pram ne, naprotlllne nortrlptyllne and trimpramne); 10

gﬁggglmzp ﬁ'gl?é( Icg%sbguﬁ h(i)tb {hteoleerfi%H afl %ei e4%h bc%maqigh mclh%b%m)\giﬁg
agents to improve opiate withdrawal and reduce opiate craving: i) opioid mu

20 receptor agonist/opioid kappa receptor antagonist for example buprenorphine; ii)
opioid receptor antagonists for example naltrexone; and iii) vasodilatory

antihypertensives for example lofexidine.

The compounds of the invention may be used in combination with the following
25 agents to treat or prevent sleeping disorders: i) benzodiazepines for example
temazepam, lormetazepam, estazolam and triazolam; ii) non-benzodiazepine
hypnotics for example zolpidem, zopiclone, zaleplon and indiplon; iii) barbiturates for
example aprobarbital, butabarbital, pentobarbital, secobarbita and phenobarbital; iv)
antidepressants; v) other sedative-hypnotics for example chloral hydrate and

30 chlormethiazole.

The compounds of the invention may be used in combination with the following
agents to treat anorexia: i) appetite stimulants for example cyproheptidine; ii)
antidepressants; iii) antipsychotics; iv) zinc; and v) premenstral agents for example

35 pyridoxine and progesterones.



and tranyl cyprom ne); and others (such as bupropion, manserin,

m rtazapi ne, nefazodone and trazodone). Mbod stabiliser drugs include
lithium wodbemn4ymbpr oat e/ val proi ¢ aci d/ di val proex, 15PcarpraraneiBne,

| anotri gi ne, gabapentin, topiramate and tiagabine. Anxiolytics include
benzodi azepi nes such as al prazol am and | orazepam It wll be appreciated
that references herein to "treatnent">xtend to prophyl axis, 20 prevention

of recurrence and suppression or anelioration of synptons (whether mld,
moder at e The §ampp)dsasfl el inveptionymay heausachin eemiisatign wihdbe deiMing ons. The

conpound ek trdtif BN bIRRNIBYINRE iﬁgmdéPsésgéﬁg; if optdie rdcaptof BRGEGEALtsPUt t he
active ingredient is preferably presented as a pharmaceutical fornulation.
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conposi ti %mpﬁﬁﬁ&éhﬁe’?g) RoSPSTRBINBELs Ali) £iNE ahBVRNBrb@Bnsttdl ag&ReC ation wi th
one or nore pharmaceutically acceptable carrier(s), diluents(s) and/or

exci pident (s). The carrier, diluent and/or excipient nust be "acceptabl e"

in the sepge BfpBGdIf HEPRLLRIR N‘b% hbe30sdd 1% eérhSihaficf}gWF’itﬁ_éi_tfélldWiné he

conposi tion and not deleterious to the recipient thereof. The conpounds of
t he i nvenagests ieeigeat or nupvenii atismed antipsyehatisas i) ntidertessagts: filbAmdolyiiSepar ed by
combi ni ng,ay G8MANISHE  fof %‘gahghéeﬂwtekrg/ﬁ)h\éhfdﬁte?t i4iRBAOIRGSHEHsCahd
carriers or di'l uents according to conventional procedures well known in the
art. 35 Tpeseliner ocedures nmay invol ve m xing, granul ating and conpressing or
di ssoJying the ingredients as appropriate to the desired preparati on. WO
2007/ 042240 PCT/ EP2006/ 009732 56 The pharmaceutical conpositions of the
i nvent i onThecobwotindshof teeihveation wayi e ysedin epmbipatiery withuthe, follgvdng ncl ude
those in f agant r i opi a IhRhskfedt i on to
manmal s i %% ”S%imﬁgg%%néﬂé’%“@h@@%h@gﬁ@@ﬁg ﬁ@?%gﬂ%@% bﬁg@moremaoff’e’ tabl ets,
capsul es, apphetamine domnudtess ahdzpsgdine; andants mN-stinguiants ploe pexaalens, such
as oral or _steri rab 80l UL QRS OLs o Si : pi cal
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i npregnat ed., .dressi,ngs r osal may contain appropriate
convent i ongb'tgr&o(F??r{/%sgag%ﬁ%g‘se aid d%ne%}ﬁll).

The compounds of the invention may be used in combination with the following

agents to treat personality disorders: i) antipsychotics; ii) antidepressants; iii) mood

20 stabilisers; and iv) anxiolytics.

The compounds of the invention may be used in combination with the following
agents to treat or prevent male sexual dysfunction: i) phosphodiesterase V inhibitors,
for example vardenafil and sildenafil; ii) dopamine agonists/dopamine transport
25 inhibitors for example apomorphine and buproprion; iii) alpha adrenoceptor
antagonists for example phentolamine; iv) prostaglandin agonists for example
alprostadil; v) testosterone agonists such as testosterone; vi) serotonin transport
inhibitors for example serotonin reuptake inhibitors; v) noradrenaline transport
inhibitors for example reboxetine and vii) 5-HT1A agonists, for example flibanserine.
30
The compounds of the invention may be used in combination with the same agents
specified for male sexual dysfunction to treat or prevent female sexual dysfunction,

and in addition an estrogen agonist such as estradiol.

35 Antipsychotic drugs include Typical Antipsychotics (for example chiorpromazine,

thioridazine, mesoridazine, fluphenazine, perphenazine, prochlorperazine,



preservatives, solvents to assist drug penetration and enollients in
ointnments and creans. 15 The fornul ations nay al so contain conpatible
convent i omal2oe7auei4er s, such as cream or oi ntnent basesPam@ErPeadaanyB2 or

ol eyl al cohol for lotions. Such carriers my be present as from about 1%
up to about 98% of the formulation. Mpre usually they will formup to
about 80% of the fornulation. 20 Tabl¥ts and capsul es for oral

adm ni stration may be in unit dose present ation form _ and may contain
convent i dfifi¥opexaaing. ethichixinen hatppsridieli rpelingent sand dexapingipaads éF yaigal  acaci a,
gel atine, Aﬁt@)%?éﬁo‘ﬂ!:s (bROBLANNIE: RIzapRbY VbiaNIaMHd, OlrispitRnef | flictiabinef or
exanpl e tose, sugar, nalze-starch, calcium phosphate sor bi tol

gl yci ne; armmle,|waggom%md é@ﬁ#l@”d‘?br exanpl e magnesi um st ear at e, taI C,

pol yet hyl ene glycol or silica; disintegrants, for exanple potato starch;

or acceptable wetti ng agents such as sodium I auryl sul phate. The tablets
may bé cohntisepeassantddiugs tiocliee eeioniel leuriab@ninhibioradspel) ashaldertamt i cal
practice. esgtgl}) a'ngWIt%xQﬁﬁeoapﬁpke?lﬂé aay sQﬁra‘Ilﬁ'e)t hRiaf QEBtHinnb@brer@i@™! e,
aqueous or Ol suspensions, solutions, emrulsions, syrups or elixirs, or
may 30 berepptakemmwtoss(sacpnay vprlgtastne, dgexetiae angminacipean)uNeradigaeliie or ot her
sui tabl e d r =N
convent i oerégpfaﬁ%idlj hlﬁ)\q;tte)%r e(sSHaﬁ aé%gﬁ’géé@ﬁ’ di Hg&gggnﬂm%}gs%san%% sorbitol,
met hyl ceadmiripgioe, glbnrmremlr@nrnnprargee.amanr@tilmehyprtp&tymgmd gianiprantiRe;

car boxymne o} e ible
Fat o, T aiyarifls HBREApISR JobeR B SRl aBbe. g R PRI e or
acaci a; namd ammebymom),claed QWalsc K)sucayas nlpreRiom diTtiansedn.| §)irtaZagine, exanpl e
al rond oi | as glycerine, propylene glycol, or ethyl

al cohol ; %F%ﬁé%g°%ﬁ%75pzooa/ 009732 57 preservatives, for exanple
nmet hyl or propyl p- hydroxybenzoate or sorbic acid, and, if desired,
conventio urln r. 0 S it Qi ' nt ai n
conventi o 8Pd sﬁa% OST t %rg?é) %&@Ae lﬁ{h'm g‘g@g@ %a@ég%?\gdrlargltchggdmhlggf'%er| de.
For ptg ent&rbaﬂnambﬁnea|Iamastag|nergabhbemtnh topiramdtesargidtiagebine. ar e prepar ed
utilising the conpound and a sterile vehicle, water being preferred. The
conpound, depending on the vehicle and concentration used, can be either
suspendedAnsiolfliicsintivéslbénzotiiaeepines such as alprazolam and lorazepam.

it will be appreciated that references herein to “treatment” extend to prophylaxis,
20 prevention of recurrence and suppression or amelioration of symptoms (whether

mild, moderate or severe) as well as the treatment of established conditions.

The compound of the invention may be administered as the raw chemical but the
active ingredient is preferably presented as a pharmaceutical formulation.
25
According to a further aspect, the invention provides a pharmaceutical composition
comprising a compound of the invention, in association with one or more
pharmaceutically acceptable carrier(s), diluents(s) and/or excipient(s). The carrier,
diluent and/or excipient must be “acceptable” in the sense of being compatible with
30 the other ingredients of the composition and not deleterious to the recipient thereof.

The compounds of the invention may be administered in conventional dosage forms
prepared by combining a compound of the invention with standard pharmaceutical
carriers or diluents according to conventional procedures well known in the art.
35 These procedures may involve mixing, granulating and compressing or dissolving the

ingredients as appropriate to the desired preparation.



10 vehicle. In preparing solutions the conmpound can be dissolved in water
for injection and filter-sterilised before filling into a suitable vial or
anpoul e aw0 20@al42239g. Advant ageously, agents such as a lPotaiP2e@maesBheti c,
preservative and buffering agents can be dissolved in the vehicle. To
enhance the stability, the conposition can 15 be frozen after filling into
the vial and the water renoved under ¥cuum The dry |lyophilised powder is
then sealed in the vial and an acconpanying vial of water for injection
may be supplied to reconstitute the liquid prior to use. Parenteral

suspensi Offg afiarREERARICEd dothpodishansf ahé YirkBSticnaMRayTebdefor@¥arit fbhat the
conmpound 1 s suspended in the vehicle instead of being dissolved and

steril i sa@dronisiraticabiiaty Fute@gHpsudntgseyn piferm 39?%?\‘1 forrRsale MPBLAG can be
sterili Se;S’aJQNteF‘dFQHﬁWsQratHQn t%?%h‘?‘a"seln@mhnﬂﬁhbﬁ\fa%e suspending in the sterile

vehi cl e. ‘Advant ageously, a surfactant orf wetting agent is included in the
conpodition to facilitate uniformdistribution of the conpound. 25 The

CONposi t | Hﬁ'éoglﬁ@ﬁéa fBqul Othd %ok é/FefaBMS cfa‘b%ul%aamvé‘ergr gFBn%Q'SGO% by
the

wei ght, o ctive material, depending o m ni stration.
Where t helozmgepo@reama 98 llm'pmpg@tlaofség@h as ptaé or %ta@ln parﬁmerali alutipBs Okexanpl e
contain f&% 400 ng of the active ingredient. The dosage as enpl oyed

for adul t>hiran treat ment may range from 10 to 3000 ng per day dependi ng
on the route and frequency of 30 admi nistration. For oral adm nistration a

typic d?ﬁeeto:ﬁ%l R)?m‘ﬂ%tl&t% ?fr tﬁ@%?es%ht élgerlit@n :'a:’sgﬁ% %@ﬁ{?dd%yfor tarf6anpl e 120

to 10 e recogni se In t e art that
the opti rrahtmpjwwregmarm Iofiensi, reye ofintrentsi ahdjlﬁlﬁ @foeaigeropsf inpregngiedind of

the inven e e
conditi onaﬂﬁgl é! %Jﬁdeg roggllé ”f{m r?gfcgﬁi?lhga? gﬂ%héfe con@éht?;’ﬂ g%ﬁg% rS g%rll %)% and
t he part i presenvatmmsmadlvéms g assishtrig, penettatidraand gotollieptsi imeistmsats Bed
determ ned 58 by conventional techniques. It will also be appreciated by
one of skfFF™h the art that the optimal course of treatnent, i.e., the

nunbet5 of doses of a conpound of the invention given per day for a defined
e LTS SPREn Fefo5 bR SatpESEn A et ectah e
i ncl udi nger bintmerdtbdsesiane cethanol patodayt slcahd foaiaions. arﬁuchmmqmsnam b@d in
| ndi vi duabropBu Ao SRO e UB P b BB pIE Rr Ukt TNERF iy eydPES o 1
i ncor por afopeh dmoraebelr&n%efﬂnerfmulant hough fully set forth.
20
Tablets and capsules for oral administration may be in unit dose presentation form,
and may contain conventional excipients such as binding agents, for example syrup,
acacia, gelatine, sorbitol, tragacanth, or polyvinylpyrrolidone; fillers, for example
lactose, sugar, maize-starch, calcium phosphate, sorbitol or glycine; tabletting
25 lubricants, for example magnesium stearate, talc, polyethylene glycol or silica;
disintegrants, for example potato starch; or acceptable wetting agents such as
sodium lauryl sulphate. The tablets may be coated according to methods well known
in normal pharmaceutical practice. Oral liquid preparations may be in the form of, for
example, aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or may
30 be presented as a dry product for reconstitution with water or other suitable vehicle
before use. Such liquid preparations may contain conventional additives, such as
suspending agents, for example sorbitol, methy! cellulose, glucose syrup, gelatine,
hydroxyethyl cellulose, carboxymethyl cellulose, aluminium stearate gel or
hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan
35 monooleate, or acacia; non-aqueous vehicles (which may include edible oils), for

example almond oil, oily esters such as glycerine, propylene glycol, or ethyl alcohol;



It wll be appreciated that the invention includes the follow ng further
aspects. The enbodi nents described for the first aspect simlarly apply to
t hese furwbeno7aepmets. The di seases and conditi ons deseciriedooaloere2 ext end,
where appropriate, to these further aspects: i) A conpound of the

I nvention for use in treating or preventing a disease or condition

nmedi at ed by nodul ati on of voltage- gat@d sodi um channels. ii) Use of a
conmpound of the invention in the manufacture of a nedicanent to treat or
prevent aPresesuatiyesder examn'e mathyhetPePdP-BYAren@anzaated ar strbigacidagad.dat ed

sodi um chanpel Scongé‘fﬁﬁﬂéleﬂ%vom]- drr&ﬁ%ﬂhhg?a?érﬁs.' Ilustrated by the Exanples
descri bed below. In the procedures th ollow, after each starting

material, reference to a Description or Exanple by nunber is typically

provi ded.gf é.t&%%f&%@l&ﬂ %ﬁ@&{t%nél@upﬁéﬁoﬁt BaeR, £9. EotRa-tiltet bleéithérhem st.

The starti materi a not necessarlly have been prepared fromthe

bat ch 5r efglygesidet 0. WO 2007/ 042240 PCT/ EP2006/ 009732 59 The conpounds
described in the Exanpl es descri bed hereinafter have all been prepared as
a first step fromstereochemcally pure nethyl 5-oxo-L-prolinate or ethyl
5- oxo- D- pras| parenteral f asiminigtiatsine f@lgi’/dlélé doshge Jorarse 8tehorapered, ulilisinthéheconpounds

Phat (he CIMEUNEEANS BN FXRIPERerRify BRASHEE TR EbmBRId SeBaRIHED | OF

that the pure con |gurat|on oxo nate i1 s mai htal ne ghout
any s ubs eqquthet vehisie and aonaeotralian e, CW@E@lth@T%ﬁém@dl@f disspbveddn thee use of

'sifg | a\yehlc?eg.gﬁ ggélﬁazinﬁélu%@ ‘hl%eco%b%ﬁﬁg 3h ‘Bg dlésglvg%f(i)rﬁ W%?e? fé*lhlel:ﬁ& in the

art such a m-'nor vari exanpl e reaction
terrper at uare, fittere&jeﬂhsé@befwemftillirmmm $umab@o»nalonatnpqelg andrskaling. condi ti ons or
chromat ographi ¢ purification conditions. The absol ute configuration of the
stereocenter at the 2-position as shown below the 15 has been assigned on
t he basi sAdfanhi@eolsty, NbEeres sech resna slpcdl yaresthetic,npregenvative aed diffeeng

;t ggg?f Ihggéesn ?é{? f El%cﬁﬁc{]@ tﬁ?%&ﬂ&lgzﬂ"%%e ?%eé;tgbiﬁt?, trhgeco%gsi%n EQ?
15  be frozen after filling into the vial and the water removed under vacuum. The dry
lyophilised powder is then sealed in the vial and an accompanying vial of water for

injection may be supplied to reconstitute the liquid prior to use. Parenteral
suspensions are prepared in substantially the same manner except that the

compound is suspended in the vehicle instead of being dissolved and sterilisation

20 cannot be accomplished by filtration. The compound can be sterilised by exposure to
ethylene oxide before suspending in the sterile vehicle. Advantageously, a surfactant

or wetting agent is included in the composition to facilitate uniform distribution of the

compound.

25 The compositions may contain from 0.1% by weight, for example from 10-60% by
weight, of the active material, depending on the method of administration. Where the
compositions comprise dosage units, each unit will for example contain from 5-1000
mg of the active ingredient. The dosage as employed for adult human treatment may
range from 10 to 3000 mg per day depending on the route and frequency of

30 administration. For oral administration a typical dose may be in the range of 50 to
1500 mg per day, for example 120 to 1000 mg per day.

It will be recognised by one of skill in the art that the optimal quantity and spacing of
individual dosages of a compound of the invention will be determined by the nature
35 and extent of the condition being treated, the form, route and site of administration,
and the particular mammal being treated, and that such optimums can be determined



R6 (1) 20 Conpounds are naned usi ng ACD/ Nane PRO 6.02 chem cal nam ng
software (Advanced Chem stry Devel opnent Inc., Toronto, Ontario, MH2L3,
"Canada). Proton Magnetic Resonance (NVR) spectra are typically recorded
either on Varian instrunents at 300, 400 or 500 WMHz, or on a Bruker
-instrunment at 300 and 400 MHz. 25 Chemical shifts are reported in ppm (5)
using the residual solvent line as internal standard. Splitting patterns are
designed as s, singlet; d, doublet; tS8triplet; q, quartet; m nultiplet;

b, broad. The NWR spectra were recorded at a terrperature ranging from25 to
90C. When nore than one conforner was detected the chemcal shifts for the

most abllblsldi@ﬁfrermﬁﬁalitécl'frﬁm@ét eﬂwall?@smepprrea:bmi sy bilof skileth g drt (HaPlde) @ X

er forned an nt 1 erle instru using. a Luna 3u
C18( 2) POBREBHIES O EsH. G TEHRBTHRE obiches o Ao BBBYIGAL A Gvertich gen
PCT/ EPZ@QBHQ,OQJ?&?deﬂﬁ@d H:Gnﬁ%r[dﬁaia?s cth)eO&%ﬂ'aﬁﬁéd by tHd9&0skiiece Inothi takti usthgt 0. 05%
TFA] in 8mn = é m /m ré,t t| on wavel ength 220nm Mass spectra
(MB) ar éo?‘ﬁ?ﬁf'%ﬁl F?/”"?%ﬂ rPalpent &er'r"”ﬁ HP¥Squadr upol e Mass Spectroneter 5
(Mcromass UK) or on a Agilent MSD 1100 Mass Spectrorret er, operating in ES

Sonct - o mphcatignd Madiing h BEP ieclb Pleht 3 barpit AR ?F‘Jt'ﬁﬁfigl}/%%ﬁ‘pﬁhg’d with

HPLC i nspecifiaation, Age |herdin lrﬁ:bﬂibrﬁed lb@&ei[el:dﬁbé/ﬁs- if BScH 11n)di\m:filal pablgatier verened on a

Sonot) _ RarerEafl And PRt nteeBTie 8 hehiPRre o R B Bisa el B dhot il 1o 106

HCO2H] aeifofn% [CH3CN ] in 5 mn, finally under these conditions for 2 mn;
T=40C, flux= 1 nL/mn; LCMS - ES (-):analysis perfornmed on a Supel cosi l

ABZ +Plus (33x4.6 mm 3m (nobile phase: 100% [water +0.05% NH3] for 1 mn,
t hen fr ¢dmwill068&6 fppbaiated Oth8 theNliiBrehiinnb Shclhideat the feﬂ)ovﬁﬁﬁ/oful'tﬁs}r améc%%l{e(]—B(]\l ]

| n 5 m n r f
h}bﬁ!ﬂfﬂ%ln{sy déjs%qg%dewqﬁg ﬁ?ﬁ?%%géét Sr]%ll rI?iarP%{ylh élgj'rh;é?%s?ec!ﬁéj ol e t er is
r epor t edlsea’sﬂsaland aonditionse desfibedC)abaval eIdeUWhemr apm)pgata.pln ¢hdseaftebert oget her
wth M .UV spectra associated with the peaks are typically taken al so
on a UPP " 20 AcquityTM system equi pped with 2996 PDA detector and
coupled to a Waters
i) A compound of the invention for use in treating or preventing a disease or

condition mediated by modulation of voltage-gated sodium channels.

i)} Use of a compound of the invention in the manufacture of a medicament to treat
or prevent a disease or condition mediated by modulation of voltage-gated
sodium channels.

Examples
The invention is illustrated by the Examples described below.

In the procedures that follow, after each starting material, reference to a Description or
Example by number is typically provided. This is provided merely for assistance to the
skilled chemist. The starting material may not necessarily have been prepared from the
batch referred to.




M cromass ZQIM nmass spectroneter operating in positive or negative

el ectrospray ionisation node. [LCOMS - ES (+/-): anal yses perforned using
an Acqui twONbAIR4240BEH C18 colum (50 x 21 nm 1.7 pm pRCTIEPR@65)¥a) |
colum tenperature 40 C (nobile phase: A-water + 0.1% HCOOH / B - MeCN +
0.075% HCOOH, Flow rate: 25 1.0 nL/mn, Gadient: t=0 mn 3%B, t=0.05 mn
6% B, t=0.57 mn 70%B, t=1.4 mn 9@%) B, t=1.45 mn 3% B)]. The usage of
this methodology is indicated by "UPLC' in the analytic characterization
of the described conpounds. For reactions involving mcrowave irradiation,
a Personal Chem stry EnmrysTM 30 imzer was ed Fl ash sil | ca gel

chr omat ogfRgHRYMRAY" a??’}C@EeQ)Lﬂ t%%@mp@é %cn@gﬁ W%éﬁ‘a(’ ?eég by

Mer ck AG foapareti adta fircestapioin steredeRemivalyi fte Mgyl BeoxBiL- prro&nane@ked'n |

cartridge er pr acked t ag ca.cartri WO, 2007/ 042240
PCT/ EPZOO%’P&I%?" aé‘g f%bE c@r/o 35% s«&;ﬁ’ %o‘?h(?ﬂ“sé%%gtﬁﬁecogmouﬂdspﬁgse
extrad i ohe Gusurptions @pg [Exechpleg haVabeem assigreedetruthietasagaption thit SPRUBCX
cartridge I gm 51n a
nunber oféOn é‘b@?“é’??’gﬁs&%ﬁ{’ﬂ éga%)%gﬁ%v{%s 8 O%PSH% SBBSédgjeﬁﬁH%%Ei@lot age
manual f¢m&dl’tloo$1rorrat ography (Fl ash+) or automatl C flash chr omat ogr aphy
(Horizon) systens. Al these instrunments work with Biotage Silica

cartridg R f lal ‘SiRP! drelcdAS st bR CppRétidied unms
suppl i ede@y a&?%%n@%dﬁ%%gl\g%é tgrsaare Icar ro% ful tesrs of ccItdppe' CUNO PLAQ
R55SH CBoshmthpee skitiestio the a8.09848 a procedure mMey lm@b@gnmgwrtaham f@rp@@m%@ and
diffracti ary. hQimek vdrRIub OdbsiattiBhs 8F S such
as the te%%g ra urrﬁéﬂelréctg'\r%ée q%é%/lgcg\?]énén ngﬁlreﬁangnt g?e;Lon usg Tlhe skilled
per son wi thromatogeapngepurifisationRPDditersk p05| tions are affected by differences
in sanpl e height. The peak positions quoted herein are thus subject to a
variation of +/- 0.15 degrees 2-theta. 20 X-Ray Powder Diffraction X Ray

Powder Di {4 QSédhﬂB oMU ANG! the serdrentee b me@aomﬂywwrw&% thalsi ng

Sol - X detector. The acquisition concci)ltql_? i/lvvere radlabtlgq a%h

gener't or hql%hggrbﬁwgned on the basis of N NMR experiments, etermining the
relative stereochemistry of this stereocenter with respect to the one at the 5-position.

20 Compounds are named using ACD/Name PRO 6.02 chemical naming software
(Advanced Chemistry Development Inc., Toronto, Ontario, M5H2L3, Canada).

Proton Magnetic Resonance (NMR) spectra are typically recorded either on Varian
instruments at 300, 400 or 500 MHz, or on a Bruker instrument at 300 and 400 MHz.
25  Chemical shifts are reported in ppm (8) using the residual solvent line as internal
standard. Splitting patterns are designed as s, singlet; d, doublet; t, triplet; g, quartet;
m, multiplet; b, broad. The NMR spectra were recorded at a temperature ranging
from 25 to 90°C. When more than one conformer was detected the chemical shifts
for the most abundant one is reported.
30
HPLC analysis indicated by R(HPLC): x min, was performed on an Agilent 1100
series instrument using a Luna 3u C18(2) 100A (50x2.0mm) column (mobile phase:



40 kV, generator current: 50mA, start angle: 2.0 20, end angle: 45.0 20,
step size: 0.02 20, tinme per step: 1 seconds. The sanple was prepared on
zer o backyoawrh4228 sanpl e holder. Differential Scanni ngCCaipesoced78y ( DSC) :
It should be recognized that the endotherm peak as neasured i s dependent
under a nunber of factors including the machine enployed, the rate of
heating, the callbratlon st andard, huif dity and the purity of the 30
sanpl e used. Melt poi nt.s reported in the exBerl mental s are estimted on

t he basi s1Qf% t[Wétebns@t%/leTFéﬂdStWnﬁaﬁ%@k‘g“? dgP<I0ek AR i HNDAEX dhal ysi s.

35 The fo{,{.,mwnngetgamn%g\;egngtﬁmnﬁﬁed abbrevi ations: AcCl - acetyl
chl oride DCM - dichl oronet hane DMAP - di net hyl am nopyridine DWW -

glc:[lr_;é'ltzgglofornam de HVDS - 1,1, 1, 3,3, 3-hexanet hyl di si | azane WO 2007/ 042240
U -
o | EP20006008 55 (18) b WREany tokiAoN DN S1¢ aiitipdis Mat SpetemdE

N™-tetranet uroni um tetrafluoroborate TEA -
triet Byl aiMigremese tOétOf‘aﬁ”u@G'f%‘F MS%”Q@T%SS Spestrameter. 9ResAting fMmeP (*Et cac -

Ethyl Acef r%t Cowlomﬁhlaﬁtrﬂéﬂe BPoRh&H 'A@%NE@?NF@ 15@@Q/IassDS|§‘édﬁbhe@érher | PA -

| sopr opyl - Diisopropylethyl am ne Description

1- Di et hyopearatig)in EShed apd ESAS)iomzation-mode ¢oppled| with HRLGlins HE'GQ%QP@‘ ( %)1 O\e
ONO 1100 Series [LC/MS - ES (+):analysis performed on a Supelcosil ABZ +Plus (33x4.6
mm, 3um) (mobile phase: 100% [water +0.1% HCOH] for 1 min, then from 100%
10  [water +0.1% HCO,H] to 5% [water +0.1% HCO.H] and 95% [CH3CN ] in 5 min,
finally under these conditions for 2 min; T=40°C; flux= 1 mL/min; LC/MS - ES
(-):analysis performed on a Supelcosil ABZ +Plus (33x4.6 mm, 3um) (mobile phase:
100% [water +0.05% NHs] for 1 min, then from 100% [water +0.05% NH; to 5%
[water +0.05% NHs] and 95% [CH,CN ] in 5 min, finally under these conditions for 2
15  min; T=40°C; flux= 1 mL/min]. In the mass spectra only one peak in the molecular
ion cluster is reported.

Total ion current (TIC) and DAD UV chromatographic traces together with MS and
UV spectra associated with the peaks are typically taken also on a UPLC/MS
20  AcquityTM system equipped with 2996 PDA detector and coupled to a Waters
Micromass ZQTM mass spectrometer operating in positive or negative electrospray
ionisation mode. [LC/MS - ES (+/-): analyses performed using an AcquityTM UPLC
BEH C18 column (50 x 21 mm, 1.7 um particle size), column temperature 40 °C
(mobile phase: A-water + 0.1% HCOOH / B - MeCN + 0.075% HCOOH, Flow rate:
25 1.0 mL/min, Gradient: t=0 min 3% B, t=0.05 min 6% B, t= 0.57 min 70% B,
t=1.4 min 99% B, t=1.45 min 3% B)]. The usage of this methodology is indicated by

“UPLC” in the analytic characterization of the described compounds.

For reactions involving microwave irradiation, a Personal Chemistry EmrysTM

30  Optimizer was used.

Flash silica gel chromatography was carried out on silica gel 230-400 mesh (supplied
by Merck AG Darmstadt, Germany) or over Varian Mega Be-Si pre-packed cartridges
or over pre-packed Biotage silica cartridges.

35



O O5 To a solution of conmmercially avail able nmethyl 5-oxo-L-prolinate
(Sigma Aldrich Ltd.) (20g, 140nmmol) in DCM (200mL) were added TEA (19.6
m, 140mwD)2po704DNAP (17.2g, 140nmmol) and finally droprRCIEP200s0DUBE on Of
di-tert-butyl dicarbonate (61g, 280mmpl) in DCM (100m). The resulting red
m xture was stirred at room tenperature for 2 hours. After the reaction
was finished, as shown by TLC, the 1P%ol vent was rempoved in vacuo and the
crude material was purified by chronmatography on silica gel eluting with
cycl ohexaBRE/SGX hatridpestame dor( @xchahge 40l6) phase eftfagtioh Calfines sappliedthy ati on in

hexane / gigihyiet BRentl uddd Wi SPELSTX aEpadash &5 niethdHol Soliowebi By GBR. 49,
96% ; Rf %B cl ohexanes: et%ﬂ’ Iacetate = 65:35): 0.21; 1H NMR (300 IHz,
CDCl 3) §( ry'f‘f’”azfo of fymelfgnol- 3 78 (s, 3H), 2.68-2.58 (m 1H), 2.52-2.45
(m 1H), 15237227(m 1 H, 2.08-1.97 (m 1 H), 1.48 (s, 9H).

Descr igpt i lara 2umbdatdiyreparations, purification was performed using either Biotage manual

]g(ZSLeﬁ l(l;riéts?al <HiImRt Esﬁwy FlaRKky) C&r té@fahh:}u@mﬂag) év@ma 0 by HEoFgZZSB)G 00873
65" ove GYsiphts. AMtadSeS R B8RRI skabe a\“%%g A‘ﬁ%am e (Sigma Aldrich

Ltd.) 1-brono-4- [(phenyl nethyl)oxy] benzene (390ng, 1.48mmol ) in dry THE
(2m) at SPBGI carritizyes ane siliceysolid phess pkteacion velsmasi depblidd bpMasen.
n-butyllithium1l. 6Msolution in hexanes 5 (0.88ml, 1.4mmol). The resulting
suspension was stirred at -78C for 40 mnutes and then it was added

dr opwi se CUN® sinérgt arencarbod -fiitérsl oflitypet IUND BUAQ.2RE88RYBOFMAS)ef 5code

0oxo0- 1, 2- pa730948di nedi car boxyl ate (D1, 300ngy, 1.23mmol) in dry THE (2.4nm)
previously cooled to -78C. The m xture was stirred at -78C for 40 m nutes

and at o @8@ EFJ éj?usehhﬁé‘t é&cﬂ@%nﬁ%ﬂ%@tﬁﬁ\ @éta'vﬂﬁ)gar‘y' dlighély §@c§dﬂcﬂlﬁé ?ngqueous

t
ot o3 euvafionR ‘ERRyY SISt e termpizatites o fenifiliod 4nd Ftrihorta i e fin
brine, drTeel gkilgdSoRrpon awid resoapse atf‘éﬁ XRRR rrepkc pesiiansg e affgetedr Bye
mat eri al , difbiebbegunssantise hpight. The gebly positisrsnpuotest evhin ave tiwisl Subcytel a el ut i ng

L SN PP S Rlealg B 32,0 LS LT the 1T compound
20  X-Ray Powder Diffraction
X Ray Powder Diffraction (XRPD) analysis was performed on Bruker D5005, using
Sol-X detector. The acquisition conditions were: radiation: Cu Ko, generator tension:
40 kV, generator current: 50mA, start angle: 2.0 °26, end angle: 45.0 °26, step size:
0.02 °20 , time per step: 1 seconds. The sample was prepared on zero background
25 sample holder.

Differential Scanning Calorimetry (DSC): It should be recognized that the endotherm

peak as measured is dependent under a number of factors including the machine

employed, the rate of heating, the calibration standard, humidity and the purity of the
30 sample used.

Melting points reported in the experimentals are estimated on the basis of the onset

of endotherm peaks registered during DSC analysis.

35 The following table lists the used abbreviations:

AcCl - acetyl chloride

DCM - dichloromethane
DMAP - dimethylaminopyridine
DMF - dimethylformamide

HMDS - 1,1,1,3,3,3-hexamethyldisilazane



15 acetate 8:2) : 0.30; 1H NWMR (300 MHz, CDCI3) 6(ppm: 7.95 (d, 2H),
7.50-7.33 (m 5H), 7.03 (d, 2H), 5.20 (bs, 1H), 5.15 (s, 2H), 4.45-4.35
(m 1H), wo280(=2248H), 3.15- 2.95 (m 2H), 2.36-2.26 (mMPCI/EHRQO6D0IB2 2. 02
(m 1 H, 1.45 (s, 9H). Description 3: Methyl

(2S)-5-{4-[ (phenyl net hyl ) oxyl phenyl } -3 4-di hydro-2H pyrrol e-2- 20
carboxylate (D3) O To a solution of Gt hyl

(2S)-2-({[ (1, 1-di met hyl et hyl ) oxy] car bonyl } am no) - 5- oxo- 5- { 4-

[ ( pheny! fEMPS) oxy] phenjithjyie Risgf@atylsiyb@mid®3ny, 0. 75mml) in dry DCM (4nl)
at  0C, [ nitrogen o [HRAPNALRI-1WAN AAPREidifanidimiremicat i ¢ acid (1n)
dropw se. e 25 resulting pale pinkK solution was allowed to warmto room
tenperature over 1 hour tetraflHaiebpiatéyas evapor at ed under vacuum af f or di ng

t he titler[g,gl)rrpound (D3, trtividmine WO 2007/ 042240 PCT/ EP2006/ 009732 64

0. 68mmol , % as a greenish oil which may be used in the next step

wi t hout fTHEher purifi detahydrofur® (ES/+) miz: 310 [MH]; C19HI9NO3
requires - R (HPLO) Bam.n Description 4: Methyl
(5R)-5-{4@€§Ehenvl met hyM%@@'?%WJﬂ?ﬁh?f L-prolinate (D4) Description 5:

Met hyl (580 f 4- f ( phendthARetaleoxyl phenyl }-L-prolinate (D5) N Ove W H O
OHOTo | ution of : ;

(2S) - 5-{4'§V?8henyl met hyIrK;gF&l%y begFquofq%Nﬁxgjlehydro- 2H pyrrole- 10

2- car boxyEta®e (D3, 13- 7@ietdg.efrarol ) i n net hanol (200ml, 6n | mMmol of
substrate s added Pt .4ng/ ol of substrate) and the m xture
was sti rr%’z{aunder hyargéogﬁg%gggwr%spheres) for 6 hours. Then the catal yst
was filteDlEATT and t hdisspbpgethylranmineed under reduced pressure to give a
red oil which was dissolved in ethyl acetate and washed w th aqueous
NaHCO3. The resulting crude material was 15 purified by chromat ography on
si |l i ca geDesdriptiomd: 1M 1, h-Dirpetheletiwh Reméthelt (B§)-5oxetlad-pyr(dlidine-dicarisoxylate o af f or d
t he titleﬁnpounds. D4 4.15g, 13.3mmol, yield 41% R (HPLC): 3.80mn; R
(cycl ohex cethyl acetate = 7:3): 0.18; Ms: (ES/+) mz: 312 [W];
C19H21NO3 gzu&:eg 311; 1H NWR (500 MHz, CDCI3) 8(ppm: 7.40 (d, 2H); 7.35

(t, 2H); 33 MgOPH); 7.29 (1, 1 H); 6.93 (d, 2H); 5.03 (s, 2H); 4.23
(dd, 1 H; 4.%0 (gd, 1 H; 20 3.71-3.79 (m 3H); 2.18-2.30 (m 1H);
2.09-2.18 ( 7 1.67-1.78 (m 1H); NOE between the proton at C2 and the
proton at coul d be observed. D5, O0.6gq,

5 To a solution of commercially available methy! 5-oxo-L-prolinate (Sigma Aldrich Ltd.)
(20g, 140mmol) in DCM (200ml) were added TEA (19.6 mi, 140mmol), 4-DMAP
(17.2g, 140mmol) and finally dropwise a solution of di-tert-butyl dicarbonate (61q,
280mmol) in DCM (100ml). The resulting red mixture was stirred at room
temperature for 2 hours. After the reaction was finished, as shown by TLC, the

10 solvent was removed in vacuo and the crude material was purified by
chromatography on silica gel eluting with cyclohexane / ethyl acetate (7:3 to 4:6) to
afford (after a trituration in hexane / diethylether 1:1) the title compound as a white
solid (32.4g, 96%); R¢ (cyclohexanes:ethyl acetate = 65:35): 0.21; '"H NMR (300 MHz,
CDCl;) 8(ppm): 4.62 (dd, 1H), 3.78 (s, 3H), 2.68-2.58 (m, 1H), 2.52-2.45 (m, 1H),

15  2.37-2.27 (m, 1H), 2.08-1.97 (m, 1H), 1.48 (s, 9H).

Description 2: Methyl (2S)-2-({[(1,1-dimethylethyl)oxylcarbonyllamino)-5-oxo0-5-{4-

[(phenylmethyloxylphenyl}pentanoate (D2)




1.9mmmol, yield 6% R (HPLC): 3.73mn; Rf (cycl ohexane:ethyl acetate =
7:3): 0.32; WMs: (ES/+) mz: 312 [WH]; CI9H2INO3 requires 311; 'H NWR (500
MHz, CDCINSP 208(qapap: 7.40 (d, 2H); 7.35 (t, 2H); 7.29 (@CTAHRGO6DOL2 (t,
1H); 6.91 (d, 2H); 4.97-5.07 25 (m 2H) 4.29 (dd, 1H); 4.09 (dd, 1H;
3.71-3.75 (m 3H); 2.29-2.42 (m 1H); 09-2.20 (m 1H); 1.90-2.02 (m
1H); 1.69-1.82 (m 1H); NOCE between t% proton at C2 and the proton at C5
was not observed. Description 6: 1-(1,1-Di nethylethvl) 2-nethyl

(2S,5R)-5-{4- [P met hyl ) oxvl 30 phenyl}-1, 2-pyrrolidi nedi carboxyl ate
(D6) 65 p O Iutgﬁﬁn of net hyl

(5R) -5-(4 enyl ) Pyl } - Lprollnate(D4 2.6g9, 8.35mml) in
DCM (30m )\weds added diGt'ert-butyl dicarbonate (2.0g, 9.18mmvl). After

stirring for 1h at room erature, the m xture was evaporated and the
resi due was purified byO chiomat ography on silica gel using cycl ohexane /
ethyl acetate (9:1 to 85:1 to afford the title conpound (3.29g, 96% as
a white foamm Rt (HPLO): 6.55min; Ms: (ES/+) mz: 434 [M+tNa'], 312

[ M BOC] ; T224hi23blSon eqlii casmérciglly' ldvaiRle( 4(Sigriviiz AldTioTl 3)d. 5 (pmo -47.52-7. 43

(m 4H) 7. 43-7.3 and
5.06 (s, s[(pm'meih@@g‘ﬂb%%ﬁo‘ggimg'ﬂigﬁ‘gi’m Y EQ/ Trb"f'a': Wby 78, by 509, o,
(m m 1H)nitr8gédainsaspBeéfe; was 3Haldad 2Borwise h- t}d)ylllthllmZﬁGM dutiom m]hé)xan@s 12-2.01
(m 1 42 and 1. I 7:
L™ Dt AT PS5 e 2 bR R <t O Cetor 40 FidRed 8
f (phenvl naehvl Wax \ddpée ydgwide oy arsolutidn nﬂmaﬁbbﬂmam)eethﬂ)?)z -ethylod®)- O O O
Toasolutlo of 1-(1 di me | et hy 2- e, I .
(25 5R) - B P (%HB\H‘%) ‘?Fé?%ﬁ?ﬁ’jy@ ]§:§11en§¥)?m9', 2{-9%'9??& i Wi & 8s8Mht e ( D6,
1.52g, 3. ﬁrmmhély Icﬁolddyo THEC( Aheinixtate was Gtimad andtbed foi #vBnutést afirat
4. Omol , THF e to warmto.-20C and
was sti rrgLoé ?Brr 'hdﬁ??\r{a"fast lé‘?ncgg‘ﬁ%t %ér%’w?ﬁéh’@%\g PP amWe?E'%m n
cool leﬂ)f t Ochidritfe QBId}cldithhlyé ﬂp\lkmfh deas( dilutedg , wih2 wheeroand \msa@tddeﬂith ;Eh'eyl m xt ure
was |left stirri or another 30mnp at the s .te te
st andar d @\‘iﬁt%eugﬂet gL gRIKISE Y"ﬁ?éﬁe’\‘/\d@s&%p"&'ﬁg?Q é&ﬂ%&“ n8P%rial was
purified @&ép@l’b’t@d’fﬁinﬁgrfaﬁém & ﬁ/th@acrg@é mem wmhodeanm pambdebym
acetate (1:0 to 1) affordi ng the t h ﬁ rg)ound Z)?é‘% (HPLO) :
6. 76N n; gygom@@g[aghynqu silica gel eluting wit cyclo exdane : ethyl ace é ( thus

affording the title compound as a white solid (170mg, 32%); Ry (cyclohexane:ethyl

15 acetate 8:2) : 0.30; 'H NMR (300 MHz, CDCl;) &(ppm): 7.95 (d, 2H), 7.50-7.33 (m,
5H), 7.03 (d, 2H), 5.20 (bs, 1H), 5.15 (s, 2H), 4.45-4.35 (m, 1H), 3.78 (s, 3H), 3.15-
2.95 (m, 2H), 2.36-2.26 (m, 1H), 2.16-2.02 (m, 1H), 1.45 (s, 9H).

Description 3: Methyl (2S)-5-{4-[(phenylmethyl)oxylphenyl}-3.4-dihydro-2H-pyrrole-2-
20 carboxylate (D3)

~ OMe
N
0] O

To a solution of methyl (2S)-2-({{(1,1-dimethylethyl)oxy]carbonyl}amino)-5-oxo-5-{4-
[(phenylmethyl)oxylphenyl}pentanoate (D2, 323mg, 0.75mmol) in dry DCM (4ml) at
0°C, under nitrogen atmosphere, was added trifluoroacetic acid (1ml) dropwise. The
25 resulting pale pink solution was allowed to warm to room temperature over 1 hour,

then it was evaporated under vacuum, affording the title compound (D3, 291mg,



448 [ MtNa+]; C25H31NO5 requires 425; 'H NVR (400 MHz, CDCl 3) S(ppm): 7.45
WO 2007/ 042240 PCT/EP211116/11119732 66 7.38 (m 4H); 7.35 (t, 2H); 7.29
(t, 1 H ;w6.20@&/04ek402H); 5.04 and 5.01 (s,s, 2H); 4.98 amrdT/Ef2008/00932l, 1H);
3.79 (s, 3H); 2.50-2.35 (m1H); 2.34-2.22 (m 1H); 1.87-1.73 (m 2H); 1.58
and 1.55 (s,s, 3H); 1.37 and 1.09 (s,s, 9H). NCE between the nethyl group
and the proton at C5 could be observ% 5 Description 8:

(5R)-1-11(1, 1- Di et hyl et hvl ) oxvl car bonyl } - 2- net hKI-S-f4- .

[ (pheny! nBERYIMbSI%trsrg gteenish ol Mhigh r(@e;e osey mot ongxtsgruwithout firther 1

- di et hyl R -+ n r I il - .

[ (phenyl rr@%ﬂ%t)lcgﬁﬁiﬂgh)éﬁéq ?a@zp?ﬁr@oﬁﬂml nglgﬁw g“‘%%73é% 3'7%?“\2)] 29mol )
and Li O3690N- 192y, 4.59mml, dissolved in 7ml HZO) in methanol (7m) was
heated in a mcrowave synt hesi zer for 1 hour at 100C. After evapor ati on of
met hanol , Dt he aqueous phase E/as aci dlfled to pI-Il 3wth |l MHC and

ext r act edDgsariptie {hexyiphe heprolit D4) Na2SO4) ,
filtered ppg BYa ' ' Mahte solid,
880Ny, o oDRSrNRSe * Ry 2 B0 ¢

6.07m n. MB: (ES/-) ol 410-[MH] C24H2ONGS requires 411: 'H NVR (500

MHz, DMBO-d6) 5(ppm-_12.92-12. 23(br 7.48-7.40 (m 4H): 7.40-7.33
(m 2H): 7.31 1H) :\ 6. QMe(t 5555)&;1(@%06 (s,s, 2H); 4.85 and 4.76
(d,d, 1H); . (M 1H) ; 1 N'm 181172(m 1H);
1.64-1.57 (o 4B, énd 2(1) (s,’5, 8H); 1.32 and 1.03 (s,s, 9H).

Descriptio
[ (phenvl et

(28 5R) - 2- (am nocar bonyl ) - 2- net hyl - 5- { 4-
ol i di necarboxylate (D9) NH2 0 0 0 WO
2007/ 04224 { A solution of
(5R) - 1- {[ (& vl car bonyl } - 2- net hyl - 5- { 4-
[ (phenyl met hyl ) oxy] phenyl }-L-proline (D8, 870ng, 2.11 mmol),
di i sopropyl et hyl am ne

To a solution of methyl (25)-5-{4-[(phenylmethyl)oxy]phenyl}-3,4-dihydro-2H-pyrrole-

10  2-carboxylate (D3, 13.7g, 32.4mmol) in methanol (200ml, 6ml/mmol of substrate)was
added PtO, (240mg, 7.4mg/mmol of substrate) and the mixture was stirred under
hydrogen (2 atmospheres) for 6 hours. Then the catalyst was filtered off and the
solvent removed under reduced pressure to give a red oil which was dissolved in
ethyl acetate and washed with aqueous NaHCO;. The resulting crude material was

15  purified by chromatography on silica gel eluting with cyclohexane / ethyl acetate (9:1
to 8:2) to afford the title compounds. D4 4.15g, 13.3mmol, yield 41%; R, (HPLC):
3.80min; Ry (cyclohexane:ethyl acetate = 7:3): 0.18; MS: (ES/+) m/z: 312 [MH];
C19H21NO3 requires 311; "H NMR (500 MHz, CDCls) &(ppm): 7.40 (d, 2H); 7.35 (t,
2H); 7.33 (d, 2H); 7.29 (t, 1H); 6.93 (d, 2H); 5.03 (s, 2H); 4.23 (dd, 1H); 4.00 (dd, 1H);

20 3.71-3.79 (m, 3H); 2.18-2.30 (m, 1H); 2.09-2.18 (m, 2H); 1.67-1.78 (m, 1H); NOE
between the proton at C2 and the proton at C5 could be observed. D5, 0.6g,
1.9mmol, yield 6%; Rt (HPLC): 3.73min; Rf (cyclohexane:ethyl acetate = 7:3): 0.32;
MS: (ES/+) m/z: 312 [MH']; C19H21NO3 requires 311; 'H NMR (500 MHz, CDCls)
d(ppm): 7.40 (d, 2H); 7.35 (t, 2H); 7.29 (d, 2H); 7.28 (t, 1H); 6.91 (d, 2H); 4.97-5.07

25 (m, 2H); 4.29 (dd, 1H); 4.09 (dd, 1H); 3.71-3.75 (m, 3H); 2.28-2.42 (m, 1H); 2.09-2.20
(m, 1H); 1.90-2.02 (m, 1H); 1.69-1.82 (m, 1H); NOE between the proton at C2 and
the proton at C5 was not observed.

Description 6. 1-(1,1-Dimethylethyl) 2-methyl _ (2S,5R)-5-{4-[(phenylmethyl)oxy]
30 phenyl}-1,2-pyrrolidinedicarboxylate (D6)




(0.74m, 4.22mmol) and TBTU (814ng, 2.53mml) in dry DMF (8m ) was stirred
for 15 mn at roomtenperature. HVDS (0.70m, 3.17mmol) was added and
'stirring was 5 continued at roomtenperature overnight. The m xture was
cooled to OC and saturated aqueous NaHCO3 sol uti on was added. The m xture
.was extracted with ethyl acetate and washed three tinmes with ice cold
brine. The organic layer was dried (NgSO4), filtered and evaporated. The
resi due was purified by chromat ography on silica gel using cycl ohexane and
ethyl acetate (7:3) to afford the title conmpound 10 (857ny, 99%; R, (HPLO):
5.85m n; Ms: mz: 433 [ MtNa' ]; C24H30N204 requires 410; Rf
(cycl ohexane. g et@Me =6:4) : 0.32. Description 10: 1, 1-D nethyl et hyl
Jonyl ) - 5- (4- hydr oxyphenyl ) - 2- net hyl -
a0 ox%l\at@ (D10) "Z~ NH2 O HO O O 15 To a solution of
1, 1-di net iyl et hyl 0( 25, 5R) - 2- (am nocar bonyl ) - 2- net hyl - 5- { 4-
pt hyl ) oxy] nyl }-1- pyrrolidi necarboxylate (D9, 850ng, 2.07mmol)
(10m ) was added Pd/C 10%w (85ng, 10 wt% and the m xture was
=23%9 hydrogen (1 atnosphere) for 5 hours. The catal yst was
filtered off and the 20 sol vent renoved under reduced pressure to give the
title compound. as a white solid 10, 623 , 949 R, : 4,00mn; 'H
NVR (500 S BOSTSOMAM SRR (PhebyiTgty VT phsinate D452 648 359500 7' 16
7 26 (mm DM (30mMIPwas ddded diert-buty) diclrbbRate 62.08, 9.( 8mmahl) Aftet. Shifring fér 85 af m
ke 1 1,51 3 apd 1.05
s s QVIZ_S gegn%%eéstgﬂr‘rer ot ifﬁ?e wa% ﬁ?, né{['hteﬁH)aHd th% n(z?due %s ;}urﬁ&d E\?'
2S. 5R) cﬂrmﬁgf@pmrq;m@qa)gasuqmg @)fc{czlexane/ethyl acetate (9:1 to 85:15) to afford the title
I

uor opRSMBbIRE | ggex} 2henlte fo%n'i“ﬁt Ide @‘!‘)B!‘nﬁi 'IVFB ESAl hpx\yhat +N8311) VO
007/ 0422% PCT/E 006/ %)09732 68 F m 0 'Z‘ 2)0 To a[msol ution of

1, 1- di mBYMBOOL CoaBoGRPs Pequiras 4mtaHb‘stRl ()19(54\/(!—& mmgmy(ppmmyﬂ 52-2.43 (m,
4H); 7.43-7.37 (m, 2H); 7.37-7.30 (m, 1H); 6.96 (d, 2H): 5.08 and 5.06 (s,s, 2H); 4.99-4.93 and
4.52-4.44 (mm, 1H); 4.76-4.68 and 4.39-4.32 (m,m, 1H); 3.82 (s, 3H); 2.36-2.26 (m, 1H);
2.26-2.15 (m, 1H); 2.12-2.01 (m, 1H); 2.01-1.88 (m, 1H); 1.42 and 1.17 (s,s, 9H).

(
(
f
2

Description 7: 1,1-Dimethylethyl{2S SR}-2-methoxylcarbonyl-2-methyl-5-{4-
[(phenyimethyloxylphenyl}-1-pyrrolidinecarboxylate (D7)

2 O~pe
O/\O i A
A

To a solution of 1-(1,1-dimethylethyl) 2-methyl (2S,5R)-5-{4-[(phenylmethyloxylphenyl}-1,2-
pyrrolidinedicarboxylate (D8, 1.52g, 3.7mmel) in dry THF (27ml) at -78°C was added LIHMDS
(4.0ml, 4.0mmol, 1M solution in THF). The mixture was allowed to warm to -20°C and was

stirred for 40min at that temperature. Then the mixture was again cooled to -78°C and methyl
iodide (3.15g, 22.1mmol) was added. The mixture was left stirring for another 30min at the
same temperature. After standard work up, the organic layer was evaporated. The crude
material was purified by chromatography on silica gel using cyclohexanes and ethyl acetate
{1:0 to 9:1) affording the title compound (1.23g, 78%); R; (HPLC): 6.76min; MS: (ES/+) m/z:
448 [M+Na+]; C25H31NO5 requires 425; 'H NMR (400 MHz, CDCl5) &(ppm): 7.45-




met hyl - 1- pyrrol i di necar boxyl ate (D10, 300nmg, 0.936mmD1) and potassium
carbonate (194ng, 1.4mvol) in acetonitrile (4m) was added

1- ( br onroreoyd7)04224h| uor obenzene 5 (Sigma Al drich Ltd.) @e&Tmpeochosyarol ) and
the m xture was stirred overnight at room tenperature. After the reaction
was finished, as shown by TLC, ethyl acetate and water were added. The
organi c phase was then washed with brffe, dri ed fi Itered and evaporated.
The crude_naterial was purified bébchromato gra on silica gel using

cycl ohexaRa8/(MetH|7. %@t%ﬂ)& 282 1Hy 6790, 2); &t 40@'111 388 (3$.2H8; %B&podmd

306ngy, 7 C I = 1:1

((). 51mgl 4 2% (d'at 1ﬂ+&ﬂﬁﬂs BH652 &f@sg (nﬁH)( Q%goﬁgfgﬁ”ﬁ-l)eﬁ% ﬁ‘%ﬁh 9.3, (m)

2H); 7. 291 758?961 1n$5(§H) 3HY,. 137 ang2.0 ((ms &HH)\}OEabweenm tathybgdpup 8nd 1 (s,
487 6 (m 2 1.78- 1.64 (m 1 1.64-1.56

(ml %S@gtz)ﬁr&g%c'&m% §’e 'Og (s, H)s 9H). 15 Desf:ri ptic|_)|)n 12:

11-Di rret hvl et hvl (2S, 5R) - 2- (am nocar bonyl ) - 5- (4-{f(2-

cyanop‘henvl ) met hyl | oxv} phenyl ) - 2- et hyl - 1- pyrrol i di necarboxyl ate (D12) N r

j N . NHzpel.s Qop O O 'ghe t|t @qqugpn 4I_ar

procedure™a '

1- ( br ononHENg Byl e EOIIRE \P - (brononet hyl )-2- cyanobenzene; Rt
(HPLC): 5.50m n; Rf (cycl ohexane: et hyl acetate = 7:3): 0.07; Ms: (ES/+)
mz: 458 [ MtNa']; C25H29 4 requires 435. Description 13:

1, 1-Di et hvl et hvl ( SRY- 2\(-apdiocar bonyl ) -5-{4-[ (2- 25

cyanophenyf ) axyhphe | -1-pvrrolidinecarboxvlate (D13) WO
2007/ 042240Q PLCT/ EP2 932069 N NHZ N 0 - 0~0 O A solution of
1, 1- di et hytet hyl (2S, 5%5‘1 am nocar bonyl ) - 5- (4- hydr oxyphenyl ) - 2-

met hyl - 1- pyrrol i di necar | ate (D10, 60ny, 0.187mmmol),
2-fluorobenzonitrile (45 0. 374mmol ) and pot assi um carbonate (39ny,
0.280mml) in DWF (2ml) was heated 5 under mcrowave irradiation for 30mn

ol e R T

10 [(phenylmethyl)oxy]phenyl} 1-pyrrolidinecarboxylate (D7, 0.977g, 2.29mmol) and
LiOH.H20 (192mg, 4.59mmol, dissolved in 7ml H20) in methanol (7ml) was heated
in a microwave synthesizer for 1 hour at 100°C. After evaporation of methanol, the
aqueous phase was acidified to pH 3 with 1M HCI and extracted with ethyl acetate.
The organic layer was dried (Na,SO,), filtered and evaporated affording the title

15  compound (white solid, 880mg, 93%); R (cyclohexane:ethyl acetate = 6:4): 0.24; R,
(HPLC): 6.07min. MS: (ES/-) m/z: 410 [M-H]; C24H29NO5 requires 411; '‘H NMR
(500 MHz, DMSO-ds) 8(ppm): 12.92-12.23 (br. s, 1H); 7.48-7.40 (m, 4H); 7.40-7.33
(m, 2H); 7.31 (t, 1H); 6.92 (t, 2H); 5.08 and 5.06 (s,s, 2H); 4.85 and 4.76 (d,d, 1H);
2.48-2.34 (m,1H); 2.19-2.05 (m, 1H); 1.81-1.72 (m, 1H); 1.64-1.57 (m, 1H); 1.46 and

20 1.43(s,s, 3H); 1.32 and 1.03 (s,s, 9H).

Description 9: 1,1-Dimethylethyl (2S ,5R)-2-(aminocarbonyl)-2-methyl-5-{4-
[(phenylmethyoxylphenyl}-1-pyrrolidinecarboxylate (D9)

& NH,
N
0 ”J*o o)

7




was dried (Na2504) and evaporated. The crude material was purified by
chromat ography on silica gel using cycl ohexane / ethyl acetate (7:3 to 6:4)
to affordwothe/mezbe conpound (78ng); Rt (HPLC): 5. 44m RCTRIP2006/009732

(cycl ohexane: ethyl acetate = 1:1): 10 0.21; MS: (ES/+) mlz: 444 [M+Na'];
C24H27N304 requires 421. Description 14: 1- (1 1- D net hyl et hyl ) 2-ethyl
(2R)-5-0x0-1 2-pyrrolidinedicarboxyl a& D14 040 00 15 The title
conpound was prepared using a simlar procedure as set out earlier in

Descriptifn 1 §PHH9N ng f¢fom c fer-dital-fipnedwistndioxel catbrpy}-B-nastoy5-{r ol i nat e

gégg, . ZDS[ &W@?ﬁlr&athﬁox E}ﬁ’é@z} @g%ﬁé SD% #o%z(ﬁpﬁg&@%g%%ﬁétpﬁ (@R% 24 61

(E {nh llH% ZR@ b%z'i?@gmﬁl) and-J BlTli (8bAng,., 2.5%mmol i dry( PMFIBINI) wae sk fopt i on 15:

car. D

[(p%enyl rret of?;q?f"l T?mrﬁ’éﬁd%%nﬁyﬁ%@a A (@1?)196@%‘8% 8‘%‘*95 %W@{P%%a/ 009732

70 09 \ccmtiougd rogm mapetr&turee ownmumhmxtpraemegbql@i 9g,0°C68Hd usi ng a
g

T (1 1 o SAGRE Sadius Nolih, sBifion slas) Hidd The BhiiRe qras, SliLRE biPT!

(D14, 10.¢gyiezetaterand wamedmhreﬁdmmsemm lcpnehd;unnetﬁga oreamenaysr (Nas dBed),

43mmol ) ; Lk oraB 340 0 MS; / +). 4 1

regTuT? r)es @Pféa%-l%ﬁg(a i}éorg V%EE%ED@F g)rééd%%g'ﬁ?p@ﬂ%%%h%%%wg 45 (m
5H); 6. 9gliqadgelRufing Sydighéxase artilgthylbadeates(7:3)Hp; affor@ kel tile (Compuhd) ; 4. 20

5 510, Gt o, I, S o i ckolos 50 (2

ription

(2R) - 5- f4Feh(Jp¢teﬁw rﬁ%(dyylohex@ﬂerﬂ’nwhybgtatb 254 : Iﬂﬁﬂo 2H pyrrol e-2- carboxyl ate
(D16) \ {O I \ OJ/ N,..,

Description 10: 1,1-Dimethylethyl (2S,5R)-2-(aminocarbony!)-5-(4-hydroxyphenyl)-2-
methyl-1-pyrrolidinecarboxylate (D10)

M””z
N
HO A& O

o O

A

To a solution of 1,1-dimethylethyl (2S,5R)-2-(aminocarbonyl)-2-methyl-5-{4-
[(phenylmethyl)oxy] phenyl}-1-pyrrolidinecarboxylate (D9, 850mg, 2.07mmol) in
methanol (10ml) was added Pd/C 10%wt (85mg, 10 wt%) and the mixture was stirred
under hydrogen (1 atmosphere) for 5 hours. The catalyst was filtered off and the

15

20 solvent removed under reduced pressure to give the titte compound as a white solid
(D10, 623 mg, 94%); R (HPLC): 4.00min; 'H NMR (500 MHz, DMSO-ds) & (ppm):
9.16 (s, 1H), 7.28 - 7.42 (m, 1H), 7.16 - 7.26 (m, 2H), 7.02 - 7.14 (m, 1H), 6.59 -6.68
(m, 2H), 4.56 - 4.85 (m, 1H), 2.07 - 2.41 (m, 2H), 1.52 - 1.77 (m, 2H), 1.51 (s, 3H),
1.31 and 1.05 (s,s, 9 H).

25
Description 11: 1,1-Dimethylethyl (2S,5R)-2-(aminocarbonyl)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyi)-2-methyl-1-pyrrolidinecarboxylate (D11):




The title conpound was prepared using a simlar procedure as set out
earlier in Description 3 starting from ethyl

(2R) - 2- ({WO2odrdr2wet hyl et hyl ) oxy] car bonyl } am no) - 5- 15 PCT/EP2006/009732

oxo- 5-{4-[ (phenyl met hyl ) oxy] phenyl} pentanoate (D15, 2.9g, 6.57mmol). The
crude material may be used unpurified in the next step; R (HPLC): 3.80m n;
MS: (ES/+) 324 mz: [MH]; C20H21NOB68 equi res 323. Description 17: Ethyl
(5S)-55-f4-[ (phenyl net hyl )oxyI phenyl | -D-prolinate (D17) | \ OHO 20 The
title conpouhd was prepar ,@%e 86% over two steps) using a simlar
procedure as S "@ ‘ scription 4 using the crude materi al

obt ai ned f RserRl_pfion] 16;,oRt (HPLC): 4.03mn; Ms: (ES/+) mz: 326
[MH]; C201 requi o 0’325 "H NWMR (500 MHz, CDCI3) S(ppm: 7.30 -
7.47 (m 7H), 6.96 (d, 2i), WD 2007/042240 PCT/ EP2006/ 009732 71 5.06 (s,
2H), 4.23 (q, 2H), 4.15 , 1 H, 3.90 (dd, 1 H, 2.17 - 2.28 (m 1 H),
2.07 - 2.17 (m 2H, 1.61 - 1.76 (m 1H), 1.31 (t, 3H). Description 18:
1-(1,1-Dinethyl ethyl ) 2-ethyl (2R5S)-5-(4- 5

Cf": """ Q’e{ é’g& Sgp;gﬁ‘dwﬁécta b%x?lgfépgﬂ 36\?&%%8?6'1%9 gai]id %g%ssl%@arﬁﬁﬁq@ a

simlar proc SCI’IpIOI’] usi n

(55) - 5- { 4(1%pigertyimmeoinin aantqqnptee(ﬁml)}wﬁ pdaddd hdiroemofriBty))- Zfltﬁgobefhzéﬂenml ): R

(HPLC) ( 46%8%@@6@??@% pnq{')}m'?éﬁ% %@%{)%Wreﬁﬁc%rr ozygrn*ghz;g?c}ﬂrn? ZH)4 25;
7. 36 7. 42tefiperdtie, AfteBEher/ rédBtigmwad fird)she, 85 slhalyn B)TLE, . dbityl acefitd and, 2H);
2 14 2. a6V Ehyies gooes MR ohihic hadd s Herblasrpdihn ating G g g (1
3H). 15 Degaporated. oThelaudé-nﬁa’ler]ai Wasgiunijiee bipychjorZategraphy 62 jlioS)gelusing hyl - 5-f 4
The. L1 11 sCtuisbt BAD riebaleEa 55 BRI e cAPaBT GOPR 76k e as
set own @iPlLG)Es. SBm@ERp(dyplbhemané ettsjl agethte £, 110i 018t hyH SIMR/ (30 Metzhy|
(2R, 59)- 5D1VI%O -d6) 5(ppm): 7.60-7.49 (t, 2H); 7.46-7.32 (m, 2H); 7.29-7.15 (m, 3H); 7.13-7.02

(m, 1H); 6.98-6.88 (m, 2H); 5.11 (s, 2H); 4.87-4.62 (m, 1H); 2.41-2.16 (m, 2H); 1.78-

1.64 (m, 1H); 1.64-1.56 (m,1H); 1.52 (s, 3H); 1.32 and 1.03 (s, s, 9H).

15  Description 12: 1,1-Dimethylethyl (2S,5R)-2-(aminocarbonyl)-5-(4-{[(2-
cyanophenyl)methylloxylphenyl)-2-methyl-1-pyrrolidinecarboxylate (D12)

N
I .
& NH,
/@/Qﬁ(
0] /& (0]

o 0

The title compound was prepared using a similar procedure as set out earlier in

20 Description 11 replacing 1-(bromomethyl)-2-fluorobenzene with 1-(bromomethyl)-2-
cyanobenzene; R; (HPLC): 5.50min; R; (cyclohexane:ethyl acetate = 7:3): 0.07; MS:
(ES/+) m/z: 458 [M+Na*]; C25H29N304 requires 435.

Description 13: 1,1-Dimethylethyl (2S 5R)-2-(aminocarbonyl)-5-{4-[(2-
25 cyanophenylloxy]lphenyl}-2-methyl-1-pyrrolidinecarboxylate (D13)




20 [ (phenyl net hyl ) oxy] phenyl } -1, 2- pyrrol i di nedi car boxyl ate (D18, 850ng,
2mmol ); R, (HPLO: 6.99min; Ms: (ES/+) mlz: 462 [M+Na']; C26H33NCb requires
439; 1H NVB20¢73@024WHz, CDCl 3) 6(ppm): 7.28-7.52 (br.m, PCHEP286889762 97
(br.m, 2H); 4.80-5.10 (m 3H); 4.18- 4 38 (m 2H); 2.38-2.52 (br.m, 1H);
2.25-2.37 (br.m, 1H); 1.76-1.90 (br.m, 2H); 1.54-1.63 (m 3H); 1.31-1.47
(br.m, 9H); 1.09-1.16 (m 3H). 25 V\DSQOOW 042240 PCT/ EP2006/ 009732 72
Description 20: (5S)-1-{f(1.1-D nethyl et hyl ) oxyl carbonyl }-2-net hyl -5-{4-

f (phenvl ne . Nl_grollne(D20) ~O\J 110 O O The title
conpound r epar Ry, 379% using a simlar procedure as set out 5
earlier in f ) u5|dﬁgl(11d|rrethylethyl) 2- et hyl

(2R, 5S)-2-nmethyl -5-{4-0" O

O Bammol ). R (HPLO) . & B3 n N (ESI ) mi ot 434 [MNG ] CoAHDONCS

. 84mmol ) ; : 6.02m n; ; Z: ;

requires 411;' HNWR (300 MHz, DIVISOdG) S(ppm: 12.57 (br.s., 1H); dd
7.28-7.49 ; 6.89-6.97 ; 77, 4.87

R N PL I SR R TR A SN A i IR/

1. 60- 1. 73mietnyl- Wrrolﬂdlﬁ&aﬂbo& (eS(mo Sdhg @1%%@!?@ ﬁlﬁyro‘bengbalt{nlé:ﬁ%ﬁ{g' ption

21: 1.1-Dinet hyI et hy| 55) - 2- (am nocar bon
f (phenyl nBSAIMINSHANS S}wncyppn@im afﬁma»c%?%%wpaﬂrw INvgs heated | . N O

15 Thes ti thder GRERAENE irtRITatiBh $4r330RMHN (@?ﬁm WaRand i\ aBetiteWdrdragRepcedur e

as set out earlier in Description usi n

(5S) - 1- { [ erthe-Bixiwe. rmdethﬁ;ﬂrg@@laaarr waﬁwapqu with figa cald water. The solution

| PLC): 5. 83
Hﬁhen&nﬁbbybhwy@%@@@» JanB- @0%%r9%2%N2%§%gﬁﬁlégw )pu[&tﬁéd ( H/ ) :

(cycl ohexeme"@quwphyaafw%ﬁa@&wsw cygohexang( etind @cetptel Gid 26:4) to afford
. DARK]
ﬁeih?l i *g‘é'#?%% oay P, atf*@"f%ﬂ SRR e BB Tora2 75

21; MS: (ES/+) m/z: 44 [M+Na']; C24H27N304 requires 421.

Description 14: 1-(1,1-Dimethylethyl) 2-ethyl (2R)-5-ox0-1,2-pyrrolidinedicarboxylate
D14

15  The title compound was prepared using a similar procedure as set out earlier in
Description 1 starting from commercially available ethyl 5-oxo-D-prolinate (12g,
75.6mmol); R; (HPLC) 3.94min; '"H NMR (400 MHz, CDCl;) & (ppm): 4.61 (dd, 1H);
4.25 (q, 2H); 2.58-2.69 (m, 1H); 2.44-2.55 (m, 1H); 2.26-2.38 (m, 1H); 2.00-2.08 (m,
1H); 1.50 (s, 9H); 1.31 (t, 3H).

20
Description 15: Ethyl (2R)-2-({[(1,1-dimethylethyl)oxylcarbonyl}amino)-5-oxo-5-{4-
[(phenylmethyloxylphenylipentanoate (D15)




vhs, ~1ITLT NH2\' N HOO OO The title conmpound was prepared (140nmg, 90%
using a simlar procedure as set out earlier in Description 10 using

1, 1- di metwol2edtnsb240 2R, 5S) - 2- (am nocar bonyl ) - 2- net hyl -  PCT/EP2006/009732

5-{4-[ (phenyl net hyl ) oxy] phenyl }-1-pyrrolidi necarboxyl ate (D21, 200ny,
0.49mmmol ); 5 R (HPLO): 3.98min; MS: (ES/+) m(z: 343 [MtNa']; Cl17H24N204
requires 320; 1H NWR (500 MHz, DMSO @) Sppm 9.16 (s, 1 H, 7.28 - 7.42
(m 1H, 7.16 - 7.26 (m 2H),7.02-7.14 (m 1 H), 6.57-6.71 (m 2 H), 4.56

sin

- 4.85 (m .06-2.41 (m 2 H), 1.52-1.77 (m 2 H), 1.44 - 1.57 (m 3
H), 0.87 - 9 H). Description 23: 1, 1-D nethyl et hyl

(2R, 5S) - 2- 1)-5-(4-{((2- 10

fl uor ophe t hyl | oxy}.p )-2-net hyl - 1-pyrrolidi necarboxylate (D23) F
NHZ r\ O /,,,. NN O\ The title conpound was prepared (80 ng) using a

simlar procedure as,&et @ut earlier in Description 11 starting from

1, 1-di net hyl et hyl (%S, Q:e) - 2- (am nocar bonyl ) - 5- (4-

hydr oxyphenyl ) - 2- yl -1-pyrrolidinecarboxylate (D22, 55 ng, 0.17 mmol))
and 2 15 fl uorobenzyl bromde; R (HPLC): 5.87m n MS: (ES/+) 451 ni z:

[ M | %4@%%5@6?@%&%& eﬁ)%lréldzg ?dzel%g/r ) l%l'{ °8 stiar pr&:edurel:)zllsms:"étho\{Jltet hvl)

2- met hyI
[ (phenyl meartigi Jroesgiptiog | 2 sigrgo jromol it rdddetbgiebyk y2-athg (:PIZ)45 oxo-N2-O N | =

s A LS AR U s v
S5 (13.34g, 43mmol); R, (HPLC): 6.37min; MS: (ES/+) 464 m/z: [M+Na']; C25H31NO6
requires 441; "H NMR (400 MHz, CDCls) § (ppm): 7.92 (d, 2H); 7.29-7.45 (m, 5H);
6.99 (d, 2H); 5.18 (bs, 1H); 5.12 (s, 2H); 4.29-4.4 (bm,1H); 4.20 (q, 2H); 2.94-3.16
(m, 2H); 2.22-2.33 (m, 1H); 2.00-2.15 (m, 1H); 1.39 (s, 9H); 1.28 (t, 3H).

10  Description 16: Ethyl (2R)-5-{4-[(phenylmethylloxylphenyl}-3,4-dihydro-2H-pyrrole-2-
carboxylate (D16)

e (0

The title compound was prepared using a similar procedure as set out earlier in

Description 3 starting from ethyl (2R)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-5-

15  oxo-5-{4-[(phenylmethyl)oxy] phenyl} pentanoate (D15, 2.9g, 6.57mmol). The crude
material may be used unpurified in the next step; R, (HPLC): 3.80min; MS: (ES/+)
324 m/z: [MH']; C20H21NO3 requires 323.

Description 17: Ethyl (5S)-5-{4-[(phenylmethyl}oxy]lphenyl}-D-prolinate (D17)

20
The title compound was prepared (1.84g, 86% over two steps) using a similar

procedure as set out earlier in Description 4 using the crude material obtained from
Description 16; R; (HPLC): 4.03min; MS: (ES/+) m/z: 326 [MH']; C20H23NO3
requires 325; '"H NMR (500 MHz, CDCl;) 8(ppm): 7.30 - 7.47 (m, 7H), 6.96 (d, 2H),



out earlier in Description 7 using crude 1-(1,1-dinethylethyl) 2-nethyl
(2S,5R) -5-{4- [(phenyl net hyl ) oxy] phenyl}-1, 2-pyrrolidinedi carboxyl ate (D6,
3.25 g, AWB20mmbMoand bronpacetonitrile (3.3 nm, 47.38CcmmpRodcrnosyBnil THF) ;
R (HPLC: 6.4 min; Rf 5 (cyclohexane:ethyl acetate = 7:3): 0.40; M
(ESI+) nmlz: 473 [MrNa‘]; C26H30N205 requr res 450; 'H NWR (500 MHz,

DMSO- d6) S(pprr) 7.46-7.24 (m 7H); 6.@ (d 2H) 5.11 (s, 2H); 4.94-4.78
(mlH) 3.78 2 (d '266252(m 1H);
2.42-2. 2950/ ( ,1?-1)') 4;932(% ZHies‘Saﬁ](ddm)H) 3.994dd, 17*7) @7 12498 (m, 38).R.07- (br. s,
9H) ; NOEzlqet(megn) t1her &9 egg,hr HPHSqp3pgnd the nmethyl esther could be
observed. 10 Description " 1."1- Di met hvl et hyl

(2R, 5R) - 2- (4- hydr oxyphenyl ) - 6- oxo- 1. 7- di azaspi r of 4. 4l nonane- 1- car boxvl at e

(D25) NH phsddption O O1Tg) a sol| W,cmmg{hy%ﬂ(yg, 1- di Righy! et hybk Znneihy!
(2R, 5R)- 2 (cyanorretlnyr 5=

[ (phe d PRENTYINGEtDY | IePasis g ahddy| at e (D24, 2.79,

5. 99rrm)l). in rret hanoI ) was added Raney Ni ckel (slurry in water) and
t he m'xture was d.Junde r a-hydrogen atnosphere (7 atnospheres) for 14
hours. e 3 yst " N t'é?ed of f, the solvent renoved under reduced
pressure th 'dde was treat ed with toluene (3x20nl) and

dried under vacuum The ryQ/\/hite solid obtained 20 was refluxed in

met hanol (40m ) for fiv ours until cyclization was conplete. The solvent
was renoved under reduced pressure and the crude material purified by
chromat ography on silica gel using dichloronethane / nethanol (95: 5 to
90:10) to ford the title co white solid (1. 35 680 R,
(L) - 3Ted Ul FompgUhdl i feBRBHel idse: o e SPuarpyocesamas RO s +
mr Z: 665 faheMNa r:besoabﬁores UsiigNeth/1; (5@;8m4maer4ylmew @cwph%a?l} D- ;HolNMRa(400

6. 66“%(% %Erl)o r‘r‘)‘iﬂ 'i ﬁ(n ﬁﬁ%%rr)‘ﬁ?m?’gnzsw% égg/("ﬁn mﬁﬂ) 4‘@ [&’b"\‘;ﬁg(??n

1H) ‘R) 476259@1 NOB rédllires 488 HA. WR((@'DO :MIQIZ dD@I%T S(iap%z 1.87- JTlSZl_bthhH)?8t ﬁ |52
Di et hvl et hy

(m HQ 26: 1.
(2R, 5R) 27 (43 7{17( Qv,fiih')o?ééﬁ’e‘rﬁlfny )hWPr?x%}% %e%j)l §.95 (d, 2H); 5.06,5.08 (s.s,

6- 0xo- 1, 796 azgspisb @l gh-5 b0 QRane1Hy; @0 xy (@atd)( £28)a I O08HY. 9422486
PCT/ EP2006/ 0097
(m, 2H); 1. 87 2.13 (m, 2H); 1.17, 1.43 (s,s, 9H); 1.30-1.39 (m, 3H).

15  Description 19: 1-(1,1-Dimethylethyl) 2-ethyl (2R,5S)-2-methyl-5-{4-
[(phenyimethyl)oxy]phenyl}-1,2-pyrrolidinedicarboxylate (D19)

The title compound was prepared (375mg, 43%) using a similar procedure as set out
earlier in Description 7 wusing 1-(1,1-dimethylethyl) 2-ethyl (2R,5S)-5-{4-

20  [(phenylmethyl)oxy]phenyl}-1,2-pyrrolidinedicarboxylate (D18, 850mg, 2mmol); R
(HPLC): 6.99min; MS: (ES/+) m/z: 462 [M+Na’]; C26H33NO5 requires 439; 'H-NMR
(300 MHz, CDCl3) 8(ppm): 7.28-7.52 (br.m., 7H); 6.89-6.97 (br.m., 2H); 4.80-5.10 (m,
3H); 4.18-4.38 (m, 2H); 2.38-2.52 (br.m., 1H); 2.25-2.37 (br.m., 1H); 1.76-1.90 (br.m.,
2H); 1.54-1.63 (m, 3H); 1.31-1.47 (br.m., 9H); 1.09-1.16 (m, 3H).

25



75 F ~NH O Method a): The title conpound was prepared using a simlar
procedure as set out earlier in Description 11 starting from

1, 1- di metwol2ednsb240 2R, 5R) - 2- (4- hydr oxyphenyl ) - 6- oxo- 5 PCT/EP2006/009732

1, 7-di azaspi ro[ 4. 4] nonane- 1- car boxyl ate (D25, 850 ng, 2.55 mmol) and 2
fl uor obenzyl brom de (0.5 m, 3.83 mol); Rf (HPLO): 5.72mn; Rf

(cycl ohexane:ethyl acetate = 3:7): 0735; Ms: (ES/+) mlz: 463 (M+Na'].

C25H29FN204 requi res 440; "H NMR (400 Mz, CDCl 3) S(ppr’r) 7.61 (d, 2H);
7.56- 7. 49Desgriplion) - L 3(5Gn 1-{i(1 HyDimethyiethvi)oxglcang g-methyid-{A: 05 (m

1H); 7.00 ISRy gDé(ss 1H); 10514and512(ss
2H); 5.087a : : 40 (m 1H); 3.38-3.24 (m 1 H);
2.82-2.56 (m 1 H); 2. 43-12 ((5@I 2H); 2.15-2.00 (m 1 H); 1.95-1.75 (m
2H), 1.45 _a 17 (R 5423].{)\( Met hod b): 15 To a solution of

1-(1, 1-di nf , y D - hylg (2R, 5R) - 2- (cyanonet hyl ) - 5- (4-{[ (2-

fl uor ophen et hyl ] oxy} @ ? 1, 2-pyrrolidinedi carboxyl ate (D85, 51.3Q)
in MOH (- 500 nlL) was dded CoCl12. 6H20 (13.04g). To the resulting purple
solution were added t bat ches of NaBH4 (8.29g, 8.29g and 4. 145g
respectively; exothermc 20 addition) portionw se every 30 m nutes. The
reaction m xture was cool ed down to anbient tenperature, filtered and the
resul ti ngTisotitld campouns wesgirepareo ($(R)‘nhgp67%)weihgiagdiMilaerﬁmthwaﬂetmt e was

cool e and | tered. , NHAC ol.uti gn ded and
CoBPETlh DEsbRGE 8 Moo LR hReR e Pl (25 Tugtr Selione (. x
500dn1_) ?mmddyenanmmxga];ed_emﬂ}gampqﬁpm|m>@raaaoqmm fwo&g DB4mmuNess and the
crude m ur | .11 Ca e I N
cycl ohexaﬁ'@%dg\@éﬂﬁl' Nbaﬁéte(gg 3"@@ WW g\% EFH%H;B?@PJ?%I’ h"lﬂ pﬁ'?‘f\'é)@orrgound
(22.19) ag0d Mz, IVISOLd,H5(ppi): NS A $08., Pvﬁlm ZHZJ@ .el)n%(amia gigﬁlzm)m 2 H),
7.53 (m 1 (m 2 H),
0 28 (2 GoRs0sisk AN 4 37HET @b AFy B (mdir: pPT 2N 19 am 11

558 2 1 , 1.93-1.78
(m 2(6n 18@3{”‘ QH?Q & 583«’“]7“4) s, 12483?54 G oo B A 8 006! b0s7as

Description  21: 1,1-Dimethylethyl (2R,58)-2-(aminocarbonyl)-2-methyl-5-{4-
[(phenylmethyhoxy]lphenyl}-1-pyrrolidinecarboxylate (D21)

15  The title compound was prepared (220mg, 73%) using a similar procedure as set out
earlier in Description 9 using (58)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-methyi-5-{4-
[(phenylmethyl)oxy]phenyl}-D-proline (D20, 300mg, 0.73mmol); R (HPLC):5.83 min;
MS: (ES/+) 433 m/z: [M+Na']; C24H30N204 requires 410; R; (cyclohexane:ethyl
acetate =7:3): 0.23.

20
Description 22: 1,1-Dimethylethyl (2S,5R)-2-(aminocarbonyl)-5-(4-hydroxyphenyl)-2-
methyl-1-pyrrolidinecarboxylate (D22)




76 Description 27: 1.1-Di nethvlethvl

(2R 5R) - 2- (4-{f (2-cyanophenyl ) net hyl | oxy} phenyl ) -

6- 0x0- 1, Woi2awaapi4no[ 4. 41nonane-| - carboxvl ate (D27) N PCT@PRooc/0MH32 O O O
The title conmpound (102 ng, 90% was prepared using a simlar procedure as
set 5 out earlier in Description 11 starting from 1, 1-di net hyl et hyl

(2R, 5R) - 2- (4- hydroxyphenyl) - 6-oxo-1, 73 di azaspi r o[ 4. 4] nonane- 1- car boxyl at e
(D25, 84 ng, 0.252 nmmol) and 2-cyanobenzyl bromide (74 ng, 1.5 eq); Rt
(HPLC): 5.37m n; Rf Gqlphexane: ethyl acetate = 1:1): 0.07; Ms: (ESI+)
mz: 470 [ M+ e 2 4 requires 447. 10 Description 28:

1. 1- D net kgl (/%. 5K - 2-{4-[ (2- cyanophenyl ) oxyl phenvl } - 6- oxo- 1

7-di azaspiro[ 4. 41lnphape- 1- car boxvlate (D28) N-"NH \ ! fr \ NOO OO

1, 1- Di met hyl et hyl{gR, 5R) - 2- {4-[ (2- cyanophenyl ) oxy] phenyl } - 6- oxo- 1, 7- 15

di azaspi ro[ 4. 4] n6nane- 1- car boxyl ate (D28, 58ng, 66% was synthesized using
a simlar procedure as set out earlier in Description 13 using

1, 1-di et hyl et hyl (2S, 5R) -

2- (am nocE%/Q)@tiwmmFBlL(ﬂd-W%ﬁonf@Wp%émﬂ")ga 200 ukipp -alsipifarrpsbiatiureeansd @y | at e

(220, et BRRGD U | AR ERFOOESS) Bar ol e M
1, 1- Di et féd-HphenylrpetRylERy] phénylf t-parrdlidinecarpbiyiate ) (B2t h200rog,y§.pB@mal)) -
L etiy! - R @) $ofhit? 3 Q4 AN 9080w Na S AE AN (dands Y60, 207/ 042240

PCT/ EP2006/
NMR (500 MHz, DMSO-ds) & ppm: 9.16 (s, 1 H), 7.28 - 7.42 (m, 1 H), 7.16 - 7.26 (m,
2H),7.02-7.14 (m, 1 H), 6.57 - 6.71 (m, 2 H), 4.56 - 4.85 (m, 1 H), 2.07 - 2.41 (m, 2

H), 1.52-1.77 (m, 2 H), 1.44 - 1.57 (m, 3 H), 0.87 - 1.45 (m, 9 H).

Description 23: 1,1-Dimethylethyl (2R,58)-2-(aminocarbonyl)-5-(4-{[(2-
10  fluorophenyl)methylloxy}phenyi)-2-methyl-1-pyrrolidinecarboxylate (D23)

The title compound was prepared (80 mg) using a similar procedure as set out earlier
in Description 11 starting from 1,1-dimethylethyl (2S,5R)-2-(aminocarbonyi)-5-(4-
hydroxyphenyl)-2-methyl-1-pyrrolidinecarboxylate (D22, 55 mg, 0.17 mmol)) and 2-

15 fluorobenzyl bromide; R, (HPLC): 5.87min; MS: (ES/+) 451 m/z: [M+Na'];
C24H29FN204 requires 428.

Description  24: 1-(1,1-Dimethylethyl) 2-methyl (2R,5R)-2-(cyanomethyl)-5-{4-
[(phenylmethyoxylphenyi}-1,2-pyrrolidinedicarboxylate (D24)

=N

£ O‘Me
O O
OAO

A

20



OCO OOTo a solution of 1, 1-dinethylethyl

(2R, 5R) - 2-(4-{[ (2-fl uorophenyl ) net hyl ] oxy} phenyl ) -

6- 0x0- 1, Woi2awaapi4no[ 4. 4] nonane- 1- car boxyl ate (D26) (70mgT/EP2d060097aD| ) in
dry DW (1 ml) at OC was added NaH 60%wm dispersion in mneral oil (10ng,
0.238 5 mmol ); after 15 mnutes of stirring at roomtenperature,

i odonet hane (30pl, 0.477 mml) was aflled and the resulting m xture was

stirred at roomtenperature for 2.5 hours. The mi xture was cooled to 0C,
and wat er T{e titlg rompeund wos peapared & (10, A%) usies @ siaderdprocedure it garsiet | ayer

was washegytédrier| n‘='?‘?)e‘é.@rllrf\llohr?| Uﬁn(\ﬁl\grdﬁelp(m Hrm&%l'yléﬁ}/l ‘é%ethyaéﬁ%g% {%0 silica

evaporated. The crude materi al urif omat ogr a

gel usi ngl{eRanybretdiaxylphemthl;R-pytelidinediqarbaylater(RE, ﬁo?ﬁjg,thég mrtld)l)aacd)npound

Zief‘atﬁ"“_s"%"ﬁf;‘@"“fﬁé B¢ 38R*“"“5“P*“Q}9”1§ W b @ BEITTRELS ol

454. ' Nwclpae@nestipy] ame3‘=)781@p4f@.1\/|9 (B®/ m/zm%)?[M%Naa Z28193QM303LH) ;

7.35-7.25 1. 7 2H) ;
514 ang ey 150, AR (sdo'ysfe oDy Bl 2261 ) i v 8o g A3

3. 41- 3. 225.(n(s,1AH)241p4-4277.80n, diht);, 715, G81); $33 GEH),B. 87 (R 18§ 2664252 (p3- 2. 42
(m Tlé?@‘%@%ﬁ?%ﬁ)@&r%‘?%ﬁ @y X8011.624F2 (A k), 1:366.d7 2. LByt 140
1- f [ ( 4- Br N@EHetnyen tie\droreativprptods bha threobethylessther 20uld-terabsepnbeny |

(2- flwrophenvl)rret hyl ether (D30) Br 0 O F 4-Bronophenol (1200g) was

di ssol'ved in acetone (15000nL), K2COB (1362g) was first added and then
benzyl br oDesteiplid2505:  The1:Dinethyietwas  reRI8MR e (4tydradyphény)dibgo-1 The
reaction mi As then copl e C, filtered and washed with MIBE 25
(2500nL) . dig¢aspioke sltanangrisearboxvigle (Qedlcent rated to 2500nL, 10000nL of MIBE
wer e added and the Lt RS vvashed with NaOH 1 M (3500m.), with brine
(3125nL) and-¢ ent Kat 8 t o dryness. THE (6250nL) was added and the

sol vent was der reduced pressure to afford the title conpound
(1784g). HANM (40d§M-|9 DVBO- d6) 8(ppm): 7.54 (td, 1H); 7.46 (d, 2H);

7.42 (m 1H); 7. Z/ST\V\DOZOOW 042240 PCT/ EP2006/ 009732 78

To a solution of 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-2-(cyanomethyl)-5-{4-

15  [(phenylmethyl)oxy]phenyl}-1,2-pyrrolidinedicarboxylate (D24, 2.7g, 5.99mmol): in
methanol (50ml) was added Raney Nickel (slurry in water) and the mixture was
stirred under a hydrogen atmosphere (7 atmospheres) for 14 hours. The catalyst was
filtered off, the solvent removed under reduced pressure, and the solid residue was
treated with toluene (3x20ml) and dried under vacuum. The dry white solid obtained

20 was refluxed in methanol (40mi) for five hours until cyclization was complete. The
solvent was removed under reduced pressure and the crude material purified by
chromatography on silica gel using dichloromethane / methanol (95:5 to 90:10) to
afford the title compound as a white solid (1.35g, 68%); R, (HPLC): 3.91min; R;
(dichloromethane:methanol = 9:1): 0.41; MS: (ES/+) m/z: 665 [2M+Na'], 355

25 [M+Na']; C18H24N204 requires 332; '"H NMR (400 MHz, DMSO-d6) &(ppm): 9.11
(s, 1H); 7.76 and 7.66 (s, s, 1H); 7.43 (dd, 2H); 6.66 (dd, 2H); 4.81-4.70 (m, 1H);
3.29-3.20 (m, 1H); 3.19-3.09 (m, 1H); 2.47-2.20 (m, 2H); 2.08-1.85 (m, 2H); 1.84-
1.74 (m, 1H); 1.68-1.52 (m, 1H); 1.33 and 1.08 (s, s, 9H).

30 Description 26: 1,1-Dimethylethyl (2R,5R)-2-(4-{[(2-fluorophenyl)methylloxylphenyl)-
6-0xo-1,7-diazaspiro[4.4lnonane-1-carboxylate (D26)




(m 2H); 7.01 (d, 2H); 5.13 (s, 2H). Description 31: Methyl
(2S)-2-({((11-di net hyl et hyl ) oxvl car bonyl }am no) -5- (4-{((2-

f | uor ophewol2peretsbaab| oxy} phenyl ) - 5- oxopent anoat e (D31) oPCH/BEORWB0972H O 5
To a stirring suspension of My (120g) in dry THE (800nL) under N2 at room
tenperature, was added 12 (0.4g). The_m xture was heated to an internal
tenperature of 632C. A sol ution of

1-{[ (4- bronmophenyl ) oxy] net hyl } - 2-f | uor obenzene 4- bronophenyl

(2-f1 uorophenyl ) meth I et ﬁTM(DBO 924g) in THE (2000nL) was added 10 as
accordi ng e f procedure: a first batch of the solution (60nlL)
was adde he® ) n@ng solution (-2900nL) was added dropw se. After
the end of “the addltl he reaction was maintained at reflux for 1 h.
After this tine, the ctlon was cooled to roomtenperature. A solution
of 1-(1,1-dinethylethyl) 2-nethyl (2S)-5- oxo-1,2-pyrrolidinedicarboxylate
(4009) i nMétHad@X000nL) was cool ed at -60C. The 15 organomagnesi um sol uti on
previ ousl repared as abaove des

Tt kP

ri bed was., added pver the sol uytion of
DL 1 di SPmpefine Was, Mopaipd sel 3, 5miar Pipeediis 128 SRS UL SPBIEK T at e
sl ova y, aDdsaorptiov amnstngu(;\ghfeomm e%raéthylenwet(m B%Zwaw%ﬁ?@nyljl'E%x??di titﬁn
n. re 1 O S S rre (0] a er e
addl t| on 5)’? f?@sP'B‘ﬁééﬁH’Hﬁ 'glsqamﬂxya}eut&éh Wg@alva 15§d mrpp,l& B2904L) was
added dr ofawgrotserizgl tirbmua%O(omhuBlmmnthdﬂmermezthRe(c\paShémhe*emyned bel ow

rrg:sgt amfaﬁ?@tﬁgl %Jg}rg)e‘}it'wté\l Zégf'* ”Z/a é&& é\fa %&l@él%N%ggtémg@ ﬁgddﬂ ssol ve

the yel | oMMR @OOMNNALEDCI ;| e6t z@g B6-TUINRH e HWRSBEhaMh MyaCl agl3%
(800nmL) and cgsr?centrate I{]i(pﬁr ness&’j A égd j;? )was thesrll\( addl.yg and the
e

sol uti on (A9-7elAfvr Hikd 1%68p deﬁﬁeaoﬁﬁe%s BHend 28! (s.etH): The
resi dme “@34%@5 @i ks, obmsglovs%d @a@t(@%: 11)49%8l3 ad gadimg 3. @z@ r(ﬁap t hat

was i sol ated b tratlonﬁé E% uors were concentrated
dryness; 27(5Q00n1_"}’) artd-29 f@k?é‘i()a%é5 Qﬁb@ﬂﬂ]ﬁ)mﬂe%‘b?@d@dﬂ"éam%g to a
suspensi ogn& hat (g\@s H;I |tered giving a second crop (66g). 'H NWR (600 MHz,

DVBO- d5) S(ppm: 7.93 (d, 2H); 7.57 (td, 1H); 7.44 (m 1H); 7.27 (m 3H);
7.14 (d, 2H); 5.24 (s, 2H); 4.04 (m 30 1H); 3.61 (s, 3H); 3.03 (m 2H);
1.94 (m g’l'é‘)ﬁodjo):38 (s, 9H).
15
To a solution of 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-2-(cyanomethyl)-5-(4-{{(2-
fluorophenyl)methyljoxy}phenyl)-1,2-pyrrolidinedicarboxylate (D85, 51.3g) in MeOH
(~ 500 mL) was added CoCl,.6H,O (13.04g). To the resulting purple solution were
added three batches of NaBH, (8.29g, 8.29g and 4.145g respectively; exothermic
20 addition) portionwise every 30 minutes. The reaction mixture was cooled down to
ambient temperature, filtered and the resulting solution was heated to reflux
overnight. Then the mixture was cooled down and filtered. NH,CI saturated solution
(513mL) was added and MeOH evaporated in vacuo. The aqueous phase was
extracted with EtOAc (2 x 500 mL) and the combined organic phase was evaporated
25 to dryness and the crude material was purified by chromatography on silica gel pad
using cyclohexane and ethyl acetate (1:1, 4.6, 3:7) affording the title compound
(22.1g) as a white solid.
1H NMR (400 MHz, CHCI3-d) 8(ppm): 7.61 (m, 2 H), 7.53 (m, 1 H), 7.31 (m, 1 H),
7.16 (m, 1 H), 7.09 (m, 1 H), 6.97 (m, 2 H), 5.58 (s, 1 H), 5.14 (m, 2 H), 5.04-4.86 (m,
30 1H),358-342(m, 1H),3.32(m, 1H), 2.80-2.58 (m, 1 H), 2.32 (m, 2 H), 2.07 (m,
1 H), 1.93-1.78 (m, 2 H), 1.45 (s, 3H), 1.17 (s, 6H).



WD 2007/ 042240 PCT/ EP2006/ 009732 79 Description 32: Met hyl
(2S)-5-(4-{[(2-fluorophenvl) net hyl | oxv} phenyl) -3, 4-di hydr o-

2H pyr r olwo2o@anbrmyl ate D32 0 r \N CO Me 5 To a sol ut ipom/ErRo0GROITHE
(2S)-2-({[(1, 1-di net hyl et hyl ) oxy] car bonyl } am no) - 5- (4-{[ ( 2-

f I uor ophenyl ) net hyl ] oxy} phenyl ) - 5- oxogent anoate (D31, 339g) in dry DCM
(3390m.), at 0C, was added trifluoro Retic acid (TFA) (640nL) dropw se.
The m xture was aI7I owed to vvarmto roomtenperature and stirred for 2hrs.

Sol vent aHE T LM_\' gty /R S R)e rsyanephamd)metbylloxynhe dar k
oil was sgrolxg,qe;dd,\gtg 0%9(1135}9@4)&@@7!@“ over ni ght under hi gh
vacuum € corrpoun Was o ned as red oil (818g). 1H NWMR (400

M—Iz DI\/ISOdQ 5(ppr’r) 816/(m 2H) 7.60 (td, 1H); 7.46 (m 1H); 7.34 (m
7.27 ( 5.25 (m 1H); 3.77 (s, 3H); 3.57 (m 2H);

2 60 (m 15 Description 33: Methyl

(5R) - 5- (4- fq uo opgeﬁsglrret hvl | oxy} phenyl)-L-prolinate D33 [ N Fi

ocCO2Me Met hyI

(2S)-5-(4-{[(2-fluoro nyI)rret hyl ] oxy} phenyl) - 3, 4- di hydr o- 2H pyrrol e-2- 20
carboxylate (D32) was split in three batches. The first batch of nethyl
(2S)-5-(4-{[(2-
f 1 uor ophehye ;'H%FHVPPM}WRGHQI 30%) wasliPrspares asing r sigiler progeduseeyiset e (D32,
| 0g) gw@asqg %a‘?lke‘fe% WDEchEk iSHC 14 1%%8 o My flaRganadihan (Qﬂa%%g Pt/C
Degussa type NV ( nmoi st ure cont en 0.7 g) was
added, th r@mhemséh@pes@ 1vva@axa5|plr@[d 4lpanened casbaeiate (D284 o al. 252 The
reaction ﬁ@fol)s%ﬁﬁt.?‘i Mooz "ot 474 Neg St B g, R, %W_‘é ) Bld7aliRl /2

2hour s un stirri n e reactor was ve spent ‘cat al yst
filtered @Vﬁlomma@ﬁhmq:fete*@ Hid ORYs IMS (E/BM"EEGR@ [MzNa* ]5@&&!7!29N3m45

sol ution y@g tigpted with a 13%V w sol ution of Na2C38 (50nl). The m xture
was stirre For at | east 10 m nutes, and phases were then allowed to
separate The aqueous phase was rem)ved The resulting solution was
conceflrated to dryness 30 (3.32g). The second bat ch of nethyl

(29) - 5- (4phld 0 ) 9

i hyd{;néﬂl% NE iz

WO 2007/ 04Zdiazap

Et OAc

1,1-Dimethylethyl (2R,5R)-2-{4-[(2-cyanophenyl)oxy]phenyl}-6-oxo-1,7-

15  diazaspiro[4.4]nonane-1-carboxylate (D28, 58mg, 66%) was synthesized using a
similar procedure as set out earlier in Description 13 using 1,1-dimethylethyl (2S,5R)-
2-(aminocarbonyl)-5-(4-hydroxyphenyl)-2-methyl-1-pyrrolidinecarboxylate (D25,
66mg, 0.198mmol) and 2-fluoro-benzonitrile; R, (HPLC): 5.34min; MS: (ES/+) m/z:
456 [M+Na']; C25H27N304 requires 433.

20
Description 29: 1,1-Dimethylethyl (2R,5R)-2-(4-{[(2-flucrophenylimethylloxy}phenyl)-
7-methyl-6-ox0-1,7-diazaspiro[4.4]Jnonane-1-carboxylate (D29)




80 (3000m.) in a hydrogenation reactor. PVC Degussa type F101 RAM (5% of Pt
on C, noisture content ca. 50% 21g) was added, then the reactor was
filled wwb2bi/o42anessuri zing to 2atm The reacti on wasPETAPR@/ 00732
switching the stirrer on, and left for ca. 2hours under stirring. The
reactor was vented, the spent catal yst was filtered off 5 through Celite,
and washed with Et QAc (2 x 900m.). Thi’s solution was treated with a 15% w
sol ution of Na2CO3 (1500nmL). The mixture was stirred for at |east 10

m nut es, and phases weye\thep—al |l oned to separate The aqueous phase was
renmoved, en ngani ¢ | ayer was washed once with NaCl 20%wW w
(1500m.) . e Pes 3(9 ution was concentrated to dryness (127g). The
third batch of rrethyl

(2S)-5-(4-{[(2-fl uor nyI ) met hyl ] oxy} phenyl ) - 3, 4- di hydr o- 2H pyrr ol e- 2- car
boxyl ate (D32, 360g) was dissolved with Et OAc (3600nL) in a hydrogenation
react or TVE solignof 4, t-gipetHyldiiy! K@R‘aRo-Q%t{{[f(Z-FPmrophenyl)mtfwl]uxxépfm\m)e nt ca.

50% added enth i NPl r|2|n
Co 2atm ST LABHER T Dot GRSV Rls {BRp e Hibd ol ’
for ca. IDRFRoUrml)wE@EC was addeugNaHIr@%wtamsmrsmﬁ imasinerahoié ¢ Ontdh 0. E}fent
cat al

t filt d.of f it d h
Zoom P TR gl 1o miiee pF RGHER affodm fermBRdfE SBRmbh, Pt
( ﬁ800n1_|) I m?ng wasxadied am?isth?_trésmt&@ rhmtura?:vds@nsedh@rmnnmt&rmmrammijn%es wer e
then allowed o separate ugegus phase Wwas e
organi c | PRHE- %g"*&ﬂgﬁ'&f 8‘?9@%0613@ 6%%@'5@1 /WWI)(T%E@ acaefﬂg (F@Erbf ting
sol ution \}O%dﬁigeﬂothéeiﬁ@drﬁd I@;‘ert\ﬂaﬁwaﬂﬁsiwl(hhtéé@ld bfine (3 hmﬁeﬂk)cnﬂedm)&dr { ﬁs: dues
were purifie as r a el utin clo e
acet alto g (N?@Q%X’KI %agprgtfg H‘g P”a%/‘?{@\ & r@‘gﬂ% o0 H %I\/R
(7 Ggg ¢z, sﬂ@@ld@n %M@Wﬁbxan@s%etlﬁ)dtacetbw (7 3)7to4a’ffo('drthelt|t|d) COrﬁDon (ama 2H) .
3. 66 (rsn Er)je S@d9(§3(fﬁ% 83? o)HR: ( dﬁéﬁ) ?#%%Rf (qyc@ e(&?ﬂe efk%ace%‘%ﬂ 1 H.
f2;5 DescL i @@Bom?;kelsl;k)(r%{z (ﬁﬁﬂ M@aﬁptdfladl-aﬁlﬁ_rxlg_euhr)ghw(&?ERl)1+5+\(MR{(§10(2-COZ .

uor ophen 0X en rrolidinedicarbo e

O/ O g 0@52 (@1%)4 %Hb(ﬂ%ﬁéﬁ%ﬁ)ﬂﬁh{/pfgﬁﬁé‘ﬁ ﬁﬁy)F Y(2537 a%l i nate
(D33, 175 S7 1§07§4§ﬁ0i%é 7Rd L ACs 44 QRA L2 2}805©d ah@ 4068 (dA

sol ution i“tert 7/0 240 PCT/ EP2 06
15 d, 1H) 352345and 3.41-3.22 (m, m, 2H); 2.96 and 2.92 (s, s, 3H); 2.67-2.56 and

2.53-2.42 (m, m, 1H); 2.40-2.22 (m, 2H); 2.08-1.79 (m, 2H); 1.77-1.68 (m, 1H), 1.40
and 1.16 (s, s, 9H).

Description 30: 1-{[(4-Bromophenyl)oxy]lmethyl}-2-fluorobenzene

20 4-bromophenyl (2-fluorophenyl)methyl ether (D30)

/Q/Br
Lo
F
4-Bromophenol (1200g) was dissolved in acetone (15000mL), K.CO; (1362g) was
first added and then benzylbromide (1250g). The mixture was refluxed for about
2hrs. The reaction mixture was then cooled at 25°C, filtered and washed with MTBE
25 (2500mL). The organic solution was concentrated to 2500mL, 10000mL of MTBE
were added and then it was washed with NaOH 1M (3500mL), with brine (3125mL)
and concentrated to dryness. THF (6250mL) was added and the solvent was
removed under reduced pressure to afford the title compound (1784g).
'H NMR (400 MHz, DMSO-de) 8(ppm): 7.54 (td, 1H); 7.46 (d, 2H); 7.42 (m, 1H); 7.23



81 dicarbonate (127.5g) in EtOAc (750m) was added dropw se in about | hour
mai ntai ning the tenperature at about OC. Then the tenperature was increased
to 25C awo 2nimgn4emaction stirred at 25C for 2hours. 23%RCWHRa@em3al i C
acid (350nL) was added and the m xture stirred for about 10m n. The
organi ¢ phase was 5 washed with saturated NaHCO3 (700nmL). Aqueous pH was -
8. ;I'hﬁ organi ¢ phase was concentrat &8 to a low vol ume then stri pped with
cycl ohexane (3 x 350nL afford the title conpound (240.8g). 1H NWR (400
MHz, CDCI(B’)2B|Qr7p% (d, 2H%;45t31(s gHH): 7.50 (d, 2H); 7.33 (m 1 H); 7.18 (élt,
1 H) 7.11 (m 1 H); 6.98 (d, 2H); 5.16 (2s, 2H); 4.97-4.46 (2bm 1H);
4.73-4.37 (2t, 1H; 3.83 (s, 3H; 2.32 (m 1H,; 2.21 (m 1H; 10 2.08 (m
1H); 1.96 (m 1H); 1.43- 1 18 (2bs 9H) Descrlptlon 35:
1-(11-Di . h :

l- g
f 1 uor ophet F O = ‘ o
ate (D35)f|uoN>pﬁ@W)rﬁetby@xmenﬂ& @@_tafmatgjsﬁ)%tude of 1 -(1, 1
-di met hyl ethyl) 2-nethyl (2S,5R)-5-(4-{[(2-
f1 uorophenyl )(5ret hyl ] oxy} phenyl ) -1, 2- pyrrolidi nedi car boxyl ate (D34) was

eth car boxyl

split int hes. Tf(\)e first one (100g) was dissolved in dry THE
(1000nL) % brori°dé (42.25g) was added, finally the mixture was
cooled to - IMOLHHMDS in THE 20 (439nl) was added dropwi se in about 1.5

hours mai ntai ning the nperature at about -30C. Water (100nm.) was added
and tenperature all owegﬁo reach 0OC. Saturated NH4CI (500nL) was added
foll omed by water (400mL) and Et OAc (500nmL). The reaction was warned to
25C and the aaqtireing ssuspyesionvas Mer(v2@y). in diyeTdF g@a0mL) améer Wasatcmooent r at ed

tc;)gglrauogt Ié&‘g?— q@gdﬂgggﬁ%}g@@z C?g’ﬁ@r%cs E:rgér?t%%az@ea Ha?%f'ﬁ O:?e Qgphe)e title
COWDOUS(;I @E_SI_ I_%&Zt%l A 138ufie) . of Th{[skisrontpbertyt)bxy]ihdby)}- ZAﬂimLotmnzemarny react ed
o oromepbt el Tp i Hm ST B b A P b B e = 1 7o)
%H NGMQQ(Sé’é)QcMrEmg yEe: dBlowir{goprocedute53 flrsh bateh of The3SolGtion BOML)Awa2 (m
AR 7139054, th§Pi)%'|‘2 sewmage'yt'?wﬁ? @ﬁ&mgh&% ég%hdfééa@ge‘l S b P08Y) 042240
PCT/ EP2004Qa8ifiaR the reaction was maintained at reflux for 1h. After this time, the reaction
was cooled to room temperature. A solution of 1-(1,1-dimethylethyl) 2-methyl (2S)-5-
oxo-1,2-pyrrolidinedicarboxylate (400g) in THF (2000mL) was cooled at -60°C. The
15  organomagnesium solution previously prepared as above described was added over
the solution of 1-(1,1-dimethylethyl) 2-methyl (2S)-5-oxo-1,2-pyrrolidinedicarboxylate
slowly, and maintaining the internal temperature below -60°C. The addition was
completed in 3h and 20min. The reaction was stirred for 1h after the addition of the
organomagnesium solution was completed. IPA (400mL) was added dropwise to the
20 solution, and the temperature was maintained below -45°C. Then a solution of NH,CI
sat/NaCl sat=2/1 (1200mL) was added maintaining the temperature at -45°C. Water
(800mL) was added to dissolve the yellow precipitate. The collected organics were
washed with NaCl aq13% (800mL) and concentrated to dryness. EtOAc (6000mL)
was then added and the solution was evaporated under reduced pressure to remove
25 water. The residue was partially dissolved in EtOAc (~400mL) leading to a crop that
was isolated by filtration (273g). The liquors were concentrated to dryness; EtOAc
(~200mL) and cyclohexane (~400mL) were added leading to a suspension that was
filtered giving a second crop (66g). 'H NMR (600 MHz, DMSO-ds) 8(ppm): 7.93 (d,
2H); 7.57 (id, 1H); 7.44 (m, 1H); 7.27 (m, 3H); 7.14 (d, 2H), 5.24 (s, 2H); 4.04 (m,
30 1H); 3.61 (s, 3H); 3.03 (m, 2H); 1.94 (m, 2H); 1.38 (s, 9H).



82 Description 36: 1-(1 1-Di nethvlethvl) 2-nethyl

(2R, 5R) - 2- (2, 3-di hvdr oxypropyl ) - 5- ( 4-

{f(2-fl uowophevsb2net hyl | oxy} phenyl)-1 2-pvrrolidi nedi cacihamredoatned76D36) - OH
pOH \ NCO2Me F O/ G OS5 The reaction was perforned on the two separated
bat ches of 1-(1, 1-dinethylethyl) 2- nethyl

(2R 5R)-5- (4-{[(2-fluorophenyl) net hylﬁ%xy}phenyl) 2-(2-propen-1-yl)-1, 2-
pyrrolidi nedi car boxyl at e obt ai ned fromthe preV| ous step D35). The first
batch ( Deschption,32: dMethy] (28)-p#4-d(2flyarophenybmethvHoxyinhenul) dr‘1200n1_)

K20s042H2§)}y. Eé;ﬁﬂlz@-c :@é’ Aol | ovved by NIVD (41. 49) after a few minutes.
The m xture stirred r 7.5 hours. The reaction m xture was treated
with Et OAc (1200nmL) and washed with saturated NHA4CI (1200nL) then with
saturated NaH 1%. The organic layer was filtered through a
celitel actl us T, bead and concentrated to |ow volune. EtOAc
(500mM.) wa ded and the solution was washed with brine (300nL) and the

organi c dried over Na2SO4, and evaporated to dryness, EtOAc 15 (300ni) was
added and filtered through CUNO filter and washed with EtOAc (501L). The

i t d,.t t f 135
The - sdtontt i eoiph B TeuME GFYEER SRy RibifctbonafffBis el (208
(180?rr1.) ﬂu&@mﬁgmﬂ@tw&@pthembﬁgammtarmaltea(mj BONNMDAySBC I B3enldr a few
m nut es Xt ur StIrr oV (0] ;Ypﬁ[a
reaction %‘0 r‘ﬁm gﬁ%‘f’%@?‘é \GRe (E%Aés‘i?m%@\%%d \Nashﬁg:tll? \f'%e
sat ur at eflallwwéal to (v&afrml tf%ﬂn(ﬂjiu%rr?bbmtumanh s$|er§e? rfmznéis .\BOHEOB a8 @B0dss. TFre |
organi c ayer was | ere rou a _cell ad, an O La o | ow
Dol e« o eenidet Fecih e tsfBld SaRONRES FBRSRAT B o)
g(kgnl_onzlo 92(120%&) add-eft overhiyht ohdettligh Vacﬂgm(S Mhe ﬂﬂ% corﬁpcﬁgld was ob2dihed 5s0112 (5 m(
6H): 1.3020eds %&ﬂ@g) HQWMRdéQéNr%% 3[524897%) g(pPT} ﬁkmh'é\)*éf?ﬂsadyf t hyl "

(2R SR) - 57 48-(hd, (1#n); 7BYQROR rw!z? et 2wb:| H3Y IDIRY 5252 AH)XBeT Iy, 3H)}
2-pvrrolidi nedl car boxvl at e (D37) WD 2007/ 042240 PCT/ EP2006/ 009732 83 0
3.57 (m, 2H); 2.60 (m, 1H) .34 {m, 1H).

15 Description 33: Methyl (5R)-5-(4-{[(2-fluorophenyl)methylloxy}phenyl)-L-prolinate

D33
F /CH\?\COZMe
|
©/\O H
Methy! (25)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-3,4-dihydro-2H-pyrrole-2-

20  carboxylate (D32) was split in three batches. The first batch of methyl (25)-5-(4-{[(2-
fluorophenyl)methylJoxy}phenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (D32, 10g)
was dissolved with EtOAc (100mL) in a hydrogenation reactor. Pt/C Degussa type
F101 RA/W (5% of Pt on C, moisture content ca. 50%, 0.7g) was added, then the
reactor was filled with H,, pressurizing to 2atm. The reaction was started by

25  switching the stirrer on, and left for ca. 2hours under stirring.The reactor was vented,
the spent catalyst was filtered off through Celite, and washed with EtOAc (2 x 50mL).
This solution was treated with a 13%w/w solution of Na,CO; (50mL). The mixture
was stirred for at least 10 minutes, and phases were then allowed to separate .The
aqueous phase was removed. The resulting solution was concentrated to dryness

30 (3.32g). The second batch of methyl (2S)-5-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (D32, 300g) was dissolved with EtOAc



N CO2Me F O 000 Procedure 1: The reaction was perforned on the two
separated batches of 1-(1,1- dinethylethyl) 2-nethyl

(2R, 5R) - 2w02p@~md2agdr oxypropyl ) -5- (4-{[ (2- PCT/EP2006/009732

fl uorophenyl ) nmet hyl ] oxy} phenyl ) -1, 2-pyrrolidi nedi carboxyl ate obtai ned from
the 5 previous step (D36). The first batch (135g) was dissolved in a
mxture of 10/1 acetone/water (20009 and Nal 04 (74.54g) was added. The
solution turned from brown to yellow and a suspensi on was formed. The

m xt ure WA80Gsml)rip adyakagenatigntreagtor. PHE Dequssa bipe 0 RAY %o RPN Gas added
and sti rgﬁ@ WW i@@hh@é gd'%h%'%)swagtagéﬁd ﬁr@ﬁotﬂgtrlaac‘ﬁ@ﬁmégq‘ﬁ@dfmﬂ pyed by

water (1 m X1 ng the aqueous phase was renoved. Thé organic
phase waspresmieing talelm. fleaegasion msatarte&rw swnichpséfme gliras onpargAeftfosont) t o

afford the ?hétg% iﬁagrpé}h'ﬂ% (ﬂ'\g%éctor-r\g%s V ghé’@ & %@gg)/va‘éﬁlﬁereg'o‘ﬂsm ved in

a mxture o aceto wat er was added The
sol ut Bon thmugb@ellteoﬁmdawemﬁct\@ﬂyﬁtqﬁtw@ah Oanléuyméﬁgliimﬂ wagtreaith aThe

m xture MRS, f r d d
stirred over n%h{ﬂm%s 0&“82060%3%%@]\/\%% gﬂgurg N?’!a?%(t)'\/\rg% lfgg)a\t/vaw?aecsrt 81((@800?;1?)
After mi xningteshendopfeses werhalben vallowedntoveeparathe Toe ravieouprigse wias

e congamercDaf B8Ry LR oo it ap A dodg, 2y & The

7.56 ( m Tlhel—l)esulﬂngﬂ,gol(lmn 8&) corkenttated o dg/H)a$s 61299). (The third) bateh otumetiyl 2|—|)

4. 90

2. 55 2%%1@%#)_%“1&@%%”%%% r&ﬁéxyé;ﬁé@n y\?é P&h al ZS%BY %d-%?rfédb% §Plulr ough t he

al ter nat i (D82pBeoYdmas didesiced it Ej@mwseoamlo)cnecmhedrzgermtlgolreacptom RyC

1- (1, 1-diget hyl et h T hl, 0

fl uor ophe[ﬁnr%/qtﬁsﬁ&?ﬁ’:ig(ﬁfmn%/‘) %Bt gﬁ%q grBélgt-u %nte%ls 0r/?’o 5 %q)nvé%si car boxyl
at e (D35, addeg) tHen thetréamm wéQﬂﬂHdlywtlwdr& ptasblmtlrtgoto 240Q. deaect@aswa&as passed
t hrough t ol ut. r r 5C.

Di net hyl s{}?'&ﬂs%sw't ﬁﬁ)sgr on %B%Le?‘efﬁr é{ﬁegnr%ﬁ i ulﬁnﬁjee H@eﬂ%qegagphour s at
0-5C 15t haMasatventedmhet epm&rmtajys& waw filBerbd woffs thrdlgh ﬁhektEuraed weashietl emith

concent r de a at 35,.30 5 oS} Thi treat ed
W th wat ropsliey 72BRER R it R el 2" S AT ME o RE N 2
extracts @eo@mky. imheedixiré was stime’debeabfea§04(13ﬂnwtes,kaﬁ&)31ﬁ$@§/v€b¢@2w@1

F gl'/ Epﬁgg? @0%33825&{)%%@ élj ! Cu ous 45 ' was ren(|oved %ng rhdenlt?lé) o%(éa}u FaygF td (6m)

was washed once with NaCl 20%w/w (1800mL). The resulting solution was

20 concentrated to dryness (141g). The three combined residues were purified by flash
chromatography eluting with cyclohexane / ethyl acetate (from 6:4 to 4:5) to afford
the title compound (186.4g). '"H NMR (600 MHz, DMSO-ds) &(ppm): 7.55 (dt, 1H);
7.41 (m, 1H); 7.34 (m, 2H); 7.23 (m, 2H); 6.97 (m, 2H); 5.12 (s, 2H); 4.09 (dd, 1H),
3.83 (dd, 1H); 3.66 (s, 3H); 2.97 (bs, 1H); 2.04 (m, 2H); 1.94 (m, 1H); 1.52 (m, 1H).

25

Description 34: 1-(1.1-Dimethylethyl) 2-methyl (2S.,5R)-5-(4-{[(2-
fluorophenyhmethylloxy}phenyl)-1.2-pyrrolidinedicarboxylate (D34)

/Ej)\?\cozm
F 0 o);oK
Methyl (5R)-5-(4-{[(2-fluorophenyl)methylloxy}phenyl)-L-prolinate (D33, 175g) was
30 dissolved in EtOAc (1000mL) and cooled to 0°C. A solution of di-tert-butyl-




then filtered and washed with DCM (75ml). The combined flitrates were
washed with water (75 m) and 10% sodi um bi carbonate (75nl) and water
(75n) . TWe2swlwueidon was then dried over sodi um sul phateTardooewaqyez at ed,
then dried under vacuumto 5 give the title conmpound as a browni sh yel |l ow
pasty mass (12.7g). Description 38: 1-(1 1-Dinmethylethyl) 2-methyl (2R
5R) - 5- (4- (f (2- fluorophenyl)methylIo>§/1}phenyl) 2-f2- (methyl am no) et hyl | -1

2- pyrrolidinedicar boxyl ate F.OQOO10 The reaction
was per f oHieaseonate t (187 5ab '%e%'g:}% é@oﬂé{t)cWés agde% groPyisg; r'fbtarWPtet BOHS 2.

net hyl t the t ture at ab tOCTh the t t

(2R 5R) - 5maln a';g % ¥ Uor opheny! ) met hyl enphgne":)pera @afolgtcrﬁafed iy

pyrrol i dlzﬂﬁeﬁl B‘@ﬁ(ﬁ%ﬁt'@noﬁt'&pn@d $tco rt esz oYW 'C Farctfjt:edure

1). The @50:%[) Wﬁ& deédlg%ﬁwevtﬁ&tu% §t§ﬂid’f@?iabc5ht"‘fbgﬁ1 ('I"ﬂ'léQﬂ@ém@ Gaddbdd®? i n MeCH
2M sol ution ded. AcOH (11nl) was added. NaBg 23 (499)

was a@dedNa%@ﬂtwlﬁhSaKF@éEdaN@%?;OmeWt Aqueqys ik NﬁBFI(QDJé’F?rQTH &as added
portion ﬁgrﬁ)cengéfép thNE 1due G L8 thah %fr%B@d ‘0@;5: ECRAERRE W % @5@18\?(9 agueous

mal i c aC|d ( l'oved by AcCE

K2CO3 was added
O i o afins thale coomsond (2A0RD)L BT HMHED0 Mrib. G SsUh pma) 7 A ORI 500N)

phascs wor 801Peind 4t i Ehokte (Babh it JamieoR SeRthoEI g AR T

pH--9. Thegpham&bmer‘et sdjaradz@tand) t31&3 (2rifin232pimastH)nd21dim, e‘d")under

Na2S ap LY. d the title conpound (80 The
secont ba?@ﬁh@aﬁ?%@aﬁ%sﬂﬁi&%ﬂﬁ%gq (628n) and MeNH2 in Vo 2

sol ution (300m) was added. AcOH (31nlL) was added. 25 NaBH(OAc)3 (78.8 g)
was added portionwi se at OC after 10 minutes. The reaction mxture was

quenched phidipisd ur atazml NHACH {BRAsthyletyd Et %me(tlﬁiﬂOnL)(ZR‘JBﬂS(;th{a(ﬁes wer e
separ at ed” and the aqueous vvas extract ed h (4 .x OOnt.h)e. J e
organi ¢ phupsephonyl YHOXYL : g . (3%
in EtOAc (500n1_) and extracted vvlth 20%C|tr|c aC|d (6 X 150rrL) The

conbi ned 30 aqueous phases we}//e treated with Et OAc (600nL) and solid K2CO3
was added until

N CO Me

F )\ 0:
The previous crude of 1-(1,1-dimethylethyl) 2-methyl (2S,5R)-5-(4-{[(2-
fluorophenyl)methylJoxy}phenyl)-1,2-pyrrolidinedicarboxylate (D34) was split in two
batches. The first one (100g) was dissolved in dry THF (1000mL) then allyl bromide

(42.25g) was added, finally the mixture was cooled to -30°C. 1M LiHMDS in THF
20 (439mL) was added dropwise in about 1.5 hours maintaining the temperature at

15

about -30°C. Water (100mL) was added and temperature allowed to reach 0°C.
Saturated NH.CI (500mL) was added followed by water (400mL) and EtOAc
(500mL). The reaction was warmed to 25°C and the aqueous layer was removed.
The organic layer was concentrated to about 700mL and washed with NaHCO;

25  saturated solution (200mL). Organic layer was dried over Na,SO, and concentrated
to afford the title compound as an oil (119.8g). The second batch (135g) was
similarly reacted using dry THF (1350mL), allyl bromide (57.04g) and 1M LIHMDS in
THF (471.5mL). After work-up, the title compound was isolated as an oil (179g). 'H
NMR (400 MHz, DMSO-ds) 8(ppm): 7.53 (m, 1H); 7.39 (m, 3H); 7.22 (m, 2H); 6.95

30 (m, 2H); 5.82 (m, 1H); 5.12 (m, 4H); 4.80-4.59 (2m, 1H); 3.74-3.71 (2s, 3H); 3.01-
1.52 (m, 6H); 1.29-0.98 (2s, 9H).



pH 8/ 9. The Phases were separated and the organi c phase dried over Na2SO4
and WD 2007/ 042240 PCT/ EP2006/ 009732 85 evaporated to dryness to afford
the titl ewoampodedo(78 g). 'H NIVR (400 MHz, DMSO d6) Seppmp2006/06H3fm 1H);
7.42 (m 3H); 7.25 (m 2H); 6.98 (m 2H); 5.14 (m 2H); 4.85-4.69 (2m
1H); 3.75-3.73 (2s, 3H); 2.36 (bs, '}? 2.80-2.25 (m 2H); 2.20- 2.00 (m
3H; 1.70 (m 1H); 1.32-1.00 (2s, 5 Description 39: 3-Bronophenyl
phenvl met hvl ether (D39): QOBr The t|tIe conmpound was synt hesi zed (4. 8g,
quant.) following a simlar procedure as set out earlier in Description 54

f (phenvl net hvl )ova phenvl }pent anoate (D40) / O d OO~ 0 0 15 The title

conpound was synt hesi zed 1(1_2013;‘ 6% followng a simlar procedure as set
out earlier in Descrilptile oatarting from 1-(1, 1-di net hyl et hyl) 2-nethyl
(2S)-5- oxo-1,2-p idoemt: car boxyl ate (D1, 3.69g, 15.2mmol) and
3-bromophenyl g pkt hyl” ether (D39); Rt (HPLC): 6.2min. 20 Description
41: Met hyl (28 -5-{3% envl met hvl ) oxyl phenyl } - 3, 4- di hvdr o- 2H- pyrrol e-

2- car boxyls (D41): 07/ 042240 PCT/ EP2006/009732 86 ~ | OOL ~ " \N
O The ti conmpound was synt hesi zed (666ng) following a sim|lar procedure
as set out “earlier in Description 3 starting fromnethyl (2S5)-2-({[(1,1- d
i met hyl et1hd rehotion Way parfornkadhn the wdbsepatatdd batchépdienyil, trintathylgtoyy ?-

methyl (2R,5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-(2-propen-1-yl)-1,2-
pyrrolidinedicarboxylate obtained from the previous step (D35). The first batch
(119.8g) was dissolved in a mixture of 10/1 acetone/water (1200mL). K;0sO42H,0
(4.7g) was added followed by NMO (41.4g) after a few minutes. The mixture was

10  stirred for 7.5 hours. The reaction mixture was treated with EtOAc (1200mL) and
washed with saturated NH,Cl (1200mL) then with saturated NaHCO; (1200mL). The
organic layer was filtered through a celite/activated charcoal pad and concentrated to
low volume. EtOAc (500mL) was added and the solution was washed with brine
(300mL) and the organic dried over Na,SO,, and evaporated to dryness, EtOAc

15  (300mL) was added and filtered through CUNO filter and washed with EtOAc
(50mL). The organic was concentrated to dryness to afford the title compound
(135g). The second batch (179g) was dissolved in a mixture of 10/1 acetone/water
(1800mL). K,0s0,2H,0 (5.5g) was added followed by NMO (56.8g) after a few
minutes. The mixture was stirred overnight at room temperature. The reaction

20 mixture was treated with EtOAc (900mL) and washed with saturated NH,CI (2 x
900mL) then with saturated NaHCO; (300mL). The organic layer was filtered through
a celite pad and concentrated to low volume to afford the title compound (250g). 'H
NMR (400 MHz, DMSO-ds) 8(ppm): 7.54 (m, 1H); 7.40 (m, 3H); 7.22 (m, 2H); 6.95
(m, 2H); 5.11 (m, 2H); 4.95-4.25 (m, 3H); 3.70 (bm, 3H); 3.50-3.10 (m, 3H); 2.50-1.50

25  (m, 6H); 1.30-0.95 (4bs, 9H).

Description 37: 1-(1,1-Dimethylethy!) 2-methyl (2R,5R)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-2-(2-oxoethyl)-1,2-pyrrolidinedicarboxylate (D37)




5 phenyl } pent anoate (D40, 420ng, I mmol). The crude material was used in the
next step wthout further purification. Rt (HPLC): 3.99m n. Description
42: Met hywo(@2BiRy04324p 3- f ( phenvl et hvl ) oxyl phenyl | - L- pr ol i maetr@&pr@42y2732 O, = N
H O 10 The title conmpound was synt hesized (270ng, 87% following a simlar
met hod as set out earlier in Description 4 from nethyl

(2S) - 5-{3-[ (phenyl met hyl ) oxy] phenyl }-834- di hydro- 2H pyrrol e- 2- car boxyl at e
(D41, 666ny). Rt (HPLC): 3. 70m n, Ms (ES/+) mz: 312 [MH], C19H21NO3
requires 311; 1H NWR Mj, CHCI 3-d) 6 (ppm: 7.41 (d, 2H); 7.35 (t,
2H); 7.26 - 7.32 Hi 7.19 - 7.25 (m 1 H,; 7.09 (t, 1 H; 7.00 15 (d,
1H); 6.84 (dd, 1H . (LOMH); 4.17 (dd, 1H); 3.94 (dd, 1H); 3.74 (s,
3H); 2.01 -2. 24X 3 O1.63 - 1.75 (m 1 H. Description 43:

1- (1, 1- Di net hyljet hyl ) 2- hyl (2S, 5R)-5-{3-

f (phenyl oxyl pheny¥}=1, 2-pyrrolidi nedi carboxylate (D43): g0O .~ O O
O 20 The | e conpound was synthesized (2.6g, quant.) following a simlar
nmet hod as set out earlier in Description 6 starting from nethyl

(5R) - 5- { 3PtdcebEBY1: mfriehr)éb):twfﬁ/\m@gébrér}ne‘AQrQ%MMs”e%éﬁth’ﬂééﬁ’@QQﬁﬁQ@QY 32 87

L-prolinate 6g, 5. 33mvl). The_crude was used in the next

step Wi tWHl?&hVI'%W'her purl%'még‘tﬂ on; Rt (@RPRE2A( 263 @BYqWWPr%’BCErﬁ“pﬁ[(lzon 44;

1-(11-D |
[(E)heg%l mdgﬂér@ggbﬁ:nbth% mﬁéh? 2\%@?@&%&;@2%% %?%n%ég f)ﬁ)m Ntmi O OO

T’ S UbTeuRUbSE 1038 The ik BAFNCADS) WeS rtsRea(nSs SRILER (06,107

[ (phenyl meédivie/natel gitmmb ahd NAY, (P45 J'Wé’d sadézpwbaéoﬁmem&me& fl%%w g, 4.7
mmol) in dry THE at -78vaas added Li HVDS (5.
sol uti on Prewnde yetpvg and a suspension was formed. The mixture was stlrred overmght at

25°C. Further NalO,4 (2 x 5.73g) was added and stirred for further 24 hours. EtOAc
(1000mL) was added followed by water (1000mL). After mixing the aqueous phase

10  was removed. The organic phase was concentrated to a yellow oil and stripped with
EtOAc (250mL) to afford the title compound (109g). The second batch (250g) was
dissolved in a mixture of 10/1 acetone/water (1900mL) and NalO, (106g) was added.
The solution turned from brown to yellow and a suspension was formed. The mixture
was stirred for 6 hours then further NalO, (8.15g) was added and stirred overnight.

15  EtOAc (1000mL) was added followed by water (2000mL). After mixing the aqueous
phase was removed. The organic phase was concentrated to a yellow oil and
stripped with EtOAc (300mL) to afford the title compound (180g).

'H NMR (400 MHz, DMSO-ds) 8(ppm): 9.72 (m, 1H); 7.56 (m, 1H); 7.42 (m, 3H); 7.24
(m, 2H); 6.99 (m, 2H); 5.14 (m, 2H) 4.90-4.79 (2m, 1H); 3.80-3.77 (2s, 3H); 3.02 (m,
20 1H); 2.83 (m, 1H); 2.55-1.55 (m, 4H); 1.32-1.03 (2s, 9H).

D37 was also obtained through the alternative procedure described below:

Procedure 2: A solution of 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-5-(4-{[(2-
25 fluorophenyl)methyljoxy}phenyl)-2-(2-propen-1-yl)-1,2-pyrrolidinedicarboxylate (D35,
15g) in methanol (200ml) was cooled to -10°C. Ozone gas was passed through the
solution for 2 hours, then the mixture was warmed to 0-5°C. Dimethylsulphide
(7.04ml) was added and the mixture stirred for 1 hours at 0-5°C, then at room
temperature for 3 hours. The mixture was then concentrated under vacum at 35-
30 50°C to give a residue. This was treated with water (45ml), then extracted with DCM
(2 x 37.5ml). The combined extracts were stirred with a mixture of 60-120 mesh



10 mmol ). The m xture was allowed to warmto -30 C and stirred for 30 mn
at this tenperature. Then the yellow slurry was cooled to -78C and

br onpacetwoizoerd4e2402. 2 i, 30.9 nmol) was added. The r @aTHPROVGENKBUr € WasS
| eft under stirring for 1h and then quenched with a saturated anmoni um

chl oride solution. The aqueous | ayer was extracted with ethyl acetate,
dried (Na2S™4), filtered and evaporat% The crude 15 material was purified

by chromat ography on silica gel using cycl ohexane / ethyl acetate (9:1)
af f or di ngstigeeoq! .(%/595 QbR apd 18%goxaliciegid (Gm) vk hags. Ve mikDE 8as  3( ppn) :

2/1 m X}_;fhﬁn‘?ifter"eetaﬁa‘%»ra%heg wﬁ@rD&Qﬁé@Eﬁ@ ?@ccrﬁ%ﬁgd ﬁrtrgésw@éﬁmmd \Svgn? 7.12

4.94
Ebs 1 H walebf3s ml)sarwBW%rsodwm grq;arbosate9(76mr) angl, wa_teH(minnbr The SOIﬁﬂor( d, 1 H

m"IJ or?} %Qéfr%nagrgﬁrgver W%rugzzr %O?fy%vrgpg%_ed tl?e gr}f% rzdegglﬁzwﬂ g: 3?_ i 457
(s 9

rraglrﬁ ihe tm§§@mr>pum)as abrownigh Iallnmmtyenml (12.7g).
(2R, 5R) - 2- (3- hydr oxvphenyl ) - 6- oxo- 1, 7- di azaspi r o( 4. 41lnonane- 1- car boxyl at e
(D45) HONH O O O 25 WD 2007/042240 PCT/ EP2006/ 009732 88 To a sol ution

of ﬁ (1I 1ees'h ofi . thrz)bméta \ mt hy(b)eéegfsi‘q-{grz-g -
Err(ngl ;an?/nnﬁ?ﬁ/_ t‘)oeﬁglﬁptﬂgl T Vo freo alﬁ—)‘)é%/sl urry in water, ’109)

and t he nexolidigedigarboxyiate (R inder a hydrogen at nosphere (7 atm) for 4
hours. The catal yst was frlteﬁed 5 off, the solvent renoved under reduced
pressure, and the solid residue was treated with toluene (3x20 m-) and
dried under vacuum The rude oil obtained was refluxed in methanol (100
m-) for 7 hours espket e cyclization was observed. The sol vent
was renoved unde dugbe pressure and the crude material purified by

chr omat ogr dphy fon erPcaO el using dichloronethane / nethanol (100:0 to
95:5) to ford th itle conpound (0.41 g, 48% . Description 46:

1, 1- Di net thvl (2R 5R)-2-(3-{f(2-fluorophenvl)nethvll oxv}phenyl) -

6- oxd0l1, 7- dazaspi rof 4. 41nonane-| - carboxvl ate (D46) F

The reaction was performed on the two separated batches of 1-(1,1-dimethylethyl) 2-
methyl (2R,5R)-5-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-2-(2-oxoethyl)-1,2-
pyrrolidinedicarboxylate obtained from the previous step (D37, Procedure 1). The
first batch (109g) was dissolved in MeOH (440mL) and MeNH; in MeOH 2M solution
15 (347mL) was added. AcOH (11mL) was added. NaBH(OAc); (49g) was added
portion wise after 10 minutes. More NaBH(OAc); (14.7g) was added portion wise at
25°C. The reaction mixture was quenched with 28% aqueous malic acid (200mL)
followed by AcOEt (1000mL). K,CO; was added up to pH~9. Organic phase was
concentrated to dryness, re-dissolved in EtOAc (500mL) and extracted with 20%
20  citric acid (4 x 300mL). The combined aqueous phases were treated with EtQOAc
(500mL) and solid K,CO; was added until pH~9. The phases were separated and the
organic phase was dried under Na,SO, and evaporated to dryness to afford the title
compound (80g). The second batch (180g) was dissolved in MeOH (628mL) and
MeNH; in MeOH 2M solution (300mL) was added. AcOH (31mL) was added.
25 NaBH(OAc); (78.8 g) was added portionwise at 0°C after 10 minutes. The reaction
mixture was quenched with saturated NH,Cl (890mL) and EtOAc (890mL). The
phases were separated and the aqueous was extracted with EtOAc (4 x 300mL). The
organic phase was dried over Na,SO,, concentrated to dryness, re-dissolved in
EtOAc (500mL) and extracted with 20% citric acid (6 x 150mL). The combined
30 aqueous phases were treated with EtOAc (600mL) and solid K,CO; was added until
pH 8/9. The Phases were separated and the organic phase dried over Na,SO, and



ONH OOO15 The title conpound (0.420g, 78% was prepared from

1, 1-di net hyl et hyl (2R 5R)-2-(3-

hydr oxyphwoyeb)7@22R0- 1, 7- di azaspi r o[ 4. 4] nonane- | - car box pCatEr2¢oed97321 10ny,
1.23mmol ) and 2-fl uorobenzyl brom de using a simlar procedure to that set
out earlier in in Description 11. 20 Description 47: 1.1-D nethvlethvl
(2R 5R) - 2- (3-(f ( 2-f1 uorophenyl ) et hvl ﬁ%xv} phenyl) -

7- et hyl - 6- oxo-1, 7-di azaspi r of 4. 4] nonane- 1- carboxvl ate (D47) F N 0 ~ OWD
2007/ 0422%pp@r¢<trb%t§mq:}99tv3aff0r@9herd'ﬂa SHMAUNE 78791, H- NMRet400 MHay|

(2R, 5R) 2 I }

6- 0Xo0- Dg&g édor?.)z %ﬁy‘g@nﬁw g%l@%%w%@ 6693 (m 2'-8 i14r(r1"rbl) in
DVF (1 n2|)1) d&ﬂé§9a2m01ﬂi 3/\%5;336(1@& NHH2(CS (bg, ) &%Q%ﬁdrmd&ﬁ)sﬂdﬁ-l n

m neral 0b rb The ice-bath was renoved and the
reaction mbxturgiq éft @idw ggggpr%r(l (wa) 15 mn. Methyl iodide (25 L,
0.41 rol ) was added to the mxture and after 1 In the reaction was
guenched ,1 : J1 >bt3b,ct ed with ethyl acetate,
dried (NaZSH S ] al was purified by

chr omat ogr aphy on silica gel u5| ng cycl ohexane /| ethyl acetate (7:3)

af fording the t|t| onpound (70 ng, quant.); R (HPLC): 6.03 mn; M

(ES/+) nmlz: 477 | ]; 10 C26H31 FN204 requires 454. Description 48:

1- (1, 1- D ethyt ephv >gpet hyl (2R 5R) - 2-[ (22) - 4- br onp- 2- but en- 1-
yl1-5-(4- fl uor ophenyl ) met hyl | oxv} phenyl)-1 2-pvrrolidi nedi carboxvl ate
(D48) Br 071 \ 0/ i N/\ OO O

The title compound was synthesized (4.8g, quant.) following a similar procedure as
set out earlier in Description 54 starting from 3-bromophenol (3g, 17.3mmol) and
10  benzylbromide (2.1ml); Ry (HPLC): 6.42min.

Description 40: Methyl (2S)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-5-ox0-5-{3-
[(phenylmethyhoxylphenyl}pentanoate (D40):

O

© O~
s s

15  The title compound was synthesized (420mg, 6%) following a similar procedure as
set out earlier in Description 2 starting from 1-(1,1-dimethylethyl) 2-methyl (2S)-5-
oxo-1,2-pyrrolidinedicarboxylate (D1, 3.69g, 15.2mmol) and 3-bromophenyl
phenylmethyl ether (D39); R, (HPLC): 6.2min.

20 Description 41: Methyl (2S)-5-{3-[(phenylmethyl)oxylphenyl}-3.4-dihydro-2H-pyrrole-
2-carboxylate (D41):




15 To a solution of 1-(1,1-dinethylethyl) 2-nethyl (2S,5R)-5-(4-{[(2-

fl uor ophenyl ) net hyl ] oxy} phenyl ) -1, 2- pyrrolidi nedi carboxyl ate (D34, 0.2 g,

0. 47 mmolwo 2007/0de340 THE (2 L) at -78C was added Li HVDS @OTAP2006/0047328 1M
solution in THF, 0.51 nmol). The m xture was allowed to warmto -30 C and
stirred for 30 mn at this tenperature. The yellow slurry was cooled to
-78 C and (22)-1, 4-di brono- 2- but ene 2@6(0.30 m., 2.81 nmol) was added. The
reaction mxture was |eft under stirring for 40 mn and then quenched with
a saturat eeg=agnoni um chl ori de sol ution. The aqueous |ayer was extracted
wth et hylte dried (Na2SO4) and evaporated. The crude material was
purified by Cchvo@at ography onOS| | ica gel using cycl ohexane / ethyl acetate
(9:1) affording t e Cogpound (101 ng, 38%; R (HPLC) 7.42 min. Ms
25 (ES/+) mz: 46X apd 464 [MH - Boc]; C28H33Br FNOb requires 562.
Description 49: 1-(1,1- D|rrethvl ethvl) 2-nethyl

( 2R, 5R) - 2T titkveomssund |vs)as%yht4he5|zed (666 )followmg a snmllar Q[rocedure as set out
boxvl at e

[ (phenvl et vI)ox ng%? é vrroli |ne|car

2007/ 0422% IgCT/ %U fiegy g’*o SR o rofy o Beihvh i o&?%)f2 ({[(1 1-

1- (1, 1- di gipiensheth c3rbBRyIfirhind)25083b{ 2{(bHenylimethyl)ox

[(phenqyl net hyI )h)b&%u] ?M ) yrrolij él F\gdl cyar bo%lq)/l g./l[ e (De, 200 , 0.49
nmol ) '} |§4 t420'7@61M&O')aa—ﬁétfnl’_qelm@'@bwé% Uggd By thg sol ution
in THF, OStéﬁmﬁhmhr)herBhﬁﬂd’gmsﬁ R,geHPRS). aldoayed to warmto -30 C and stirred
for 30 mn at this tenperature. Then the yellow slurry was cooled to -78C

and bronopropionitrile (0.24 nl, 2.92 mmol) was added. The reaction

m xt ure vggsdripfién wmdﬂéthﬂtgsR{-S%m[(bﬁén@emgﬂgxymemmg@mmgfé (Habhy a saturated
ammoni um chl ori de soluti on. e aqueous [ayer was extracted wth ethyl

acetate, dried (Na2SO4), filtered and evaporated. The crude 10 material was
purified by romat ogr aphy on silica gel using cycl ohexane / ethyl acetate
(9:1) affcd g the titIe corrpound (107 mg, 52% . Description 50:

(5S) - 2- (4- Hydrox@phenyl 7- @ azaspiro[ 4.5l decan-6-one (D50) N N HO H OH
15 To a solution wmet hyl et hyl) 2-net hyl
(2R, 5R) - 2- (2- cyan I)-t -{

10  The title compound was synthesized (270mg, 87%) following a similar method as set

out earlier in Description 4 from methyl (2S)-5-{3-[(phenylmethyl)oxy]phenyl}-3,4-
dihydro-2H-pyrrole-2-carboxylate (D41, 666mg). Ry (HPLC): 3.70min; MS: (ES/+)
m/z: 312 [MH'], C19H21NO3 requires 311; TH NMR (400 MHz, CHCI3-d) & (ppm):
7.41 (d, 2H); 7.35 (t, 2H); 7.26 - 7.32 (m, 1H); 7.19 - 7.25 (m, 1H); 7.09 (t, 1H); 7.00

15  (d, 1H); 6.84 (dd, 1H); 5.04 (s, 2H); 4.17 (dd, 1H); 3.94 (dd, 1H); 3.74 (s, 3H); 2.01 -
2.24 (m, 3H); 1.63 - 1.75 (m, 1H).

Description 43: 1-(1,1-Dimethylethyl) 2-methyl (2S,5R)-5-3-
henylmethyl)oxylphenyl}-1,2-pyrrolidinedicarboxylate (D43):

QI o
A

The title compound was synthesized (2.6g, quant.) following a similar method as set

20

out earlier in Description 6 starting from methy! (5R)-5-{3-[(phenylmethyl)oxy]phenyl}-



[ (phenyl met hyl ) oxy] phenyl } -1, 2-pyrrol i di nedi car boxyl ate (D49, 215 ng, O0.46
nmmol) in nmethanol (20 m-) was added Raney N ckel (slurry in water, 1
spat ul a) woadoata224m xt ure was stirred under a hydrogen acmEepivena766 at m
for 4.5 hours. The catalyst was filtered off, the solvent renoved under
reduced pressure, and the residue 20 treated W|th t ol uene (3x20 nm) and
dri ed under vacuum The crude oil obt& ned was dissolved in

di chl oronet hane and the resulti ngf solution cooled to 0 C and TFA (0.2 i)
was addedl-@rdipaies@42a11t68g. B33gimaelh diet @uge materiab wag eused| iy dhe nedssternoved
under vacyjg A AthrcPBurifRatishi R, BBl E). 8%5B%inSCX col um and by chromat ogr aphy
on silica gel using dichloromnethane / nethanol (95:5) to afford the title
conmpound (22 25 ng, 19% as a 66/ 33 m xture of ep| rrers at t he benzyl iC
position. D&crfﬁ#c)Mz 16 ; : :
requires
1, 1- Diqret XY HRE . Dy erQNdies §

di azaspi rof4 5| decane- I-car boxyl ate (D51) \' N NH HOO OO To a solution
of (5S)-2-(4-hydroxyphenyl)-1, 4 di azaspiro[ 4. 5] decan-6-one (D50, 21 5 ng,
0.85 mmol ) in THE (1 ), 5%/D€’aHCCB aqueous solution (1 m-) and t-butanol
(1 m) wa dged Bq 372\1rg,01. 70 mmol ) and the m xture was stirred at
room tenperature f . % traction with ethyl acetate, followed by
sol vent rermval ga criyde @il that was purified by chromat ography on
silica gel using cycl oheQan® / ethyl acetate (100:0, 95:5, 90:10, 80: 20,
50:50: 0:100) to afford e title conpound 10 (20 ng, 68% as a 80/ 20

m xture of epiners at the benzylic position Rt (HPLC) 3.69 mn (mnor

epi ners) and414 m n _(maj or. epiners); (ES/ +) 5.23 min mz: 693
[ di mer H ] Téi n01"l | sépEtion R of 97 1nfil Wthyt?@y')[ di r’?emﬁlthp’f na; (85, 5REntSr .

Descri ptiggh ﬂl{o%]ﬁﬁérﬁW}LﬁQWHohdmedlcarbox late (D43 1 93 g, 4.7 mmol) in

(2R, 5S) - 2 (4 uor ophenvl ) met hv B%

b oo 1. 79 Tt mb] at Stk e AdRed kiHIdR |(§tzeml< 2 bealetarpini WiF.£22 1

1- D s hviaddhy 'Thé%ﬁaxﬁ{?é wais( 4okl aofwm fbbfy@nsd Ln@tslnmea @efryémhﬁﬁ%k )tms
6- oxo- 1, 7-di azaspi ro[ 4. 51decane- 1- car boxyl at e ( D53) N~z O O kO
0 O O O Jdemperature. Then the yellow slurry was cooled to -78°C and bromoacetonltnle (2.2

mL, 30.9 mmol) was added. The reaction mixture was left under stirring for 1h and
then quenched with a saturated ammonium chloride solution. The aqueous layer was
extracted with ethyl acetate, dried (Na,SO,), filtered and evaporated. The crude

15  material was purified by chromatography on silica gel using cyclohexane / ethyl
acetate (9:1) affording the title compound (1.15g, 54%); '"H NMR (400 MHz, CDCl5)
3(ppm): 2/1 mixture of rotamers; 7.31-7.47 (m, 5H); 7.22-7.28 (m, 2H); 7.07-7.12 (m,
1H); 6.85-6.91 (m, 1H); 5.05-5.17 (m, 3H major + 3H minor ) ; 4.94 (bs, 1H major);
3.88 (br. s, 3H); 3.79 (br. s, 1H minor); 3.52 (d, 1H major); 3.05-2.28 (m,1H major +

20  1H minor); 2.62-2.77 (m, 1H); 2.39-2.57 (m, 1H); 2.23-2.33 (m, 1H); 1.92-2.08 (m, 1H
); 1.44 (s, 9H minor); 1.14 (s, 9H major).

Description 45: 1,1-Dimethylethyl (2R 5R)-2-(3-hydroxyphenyl)-6-oxo-1,7-
diazaspiro[4.4]nonane-1-carboxylate (D45)

HO -‘"5/\NH
8
’go

7

25



20 The title conmpounds were prepared (D52: 20ng, 76% D53: 3ngy, 11% using
a simlar procedure to that set out earlier in Description 11 starting
from 1, 1-woi2netdayiset hyl PCT/EP2006/009732
(5S) - 2- (4- hydr oxyphenyl ) - 6- oxo- 1, 7- di azaspi ro[ 4. 5] decane-| - carboxyl ate
(D51) and 2-fluorobenzyl bromde. D52; R (HPLC) 5.92 mn; MS: (ES/+) 25
909 [dinmerH ].D53: R (HPLC) 5.73 n1n83|\/|5: (ES/+) 909 [dinmerH]. WO
2007/042240 PCT/ EP2006/ 009732 92 Desc
4- Br omo- 119 f @2 Splutien oﬁfhe‘ln(ﬂI}H’@T%W?tBYJ)/}Z@G(tMt@R%Wﬁ@ﬁﬂ@f@éthy V5@ F Br \
O/ O 5 | I

Rpifehy PRAB)IRR ]gflerén}b‘f Qrzwrrancﬁmmad%w}éﬁtmwuo 1{539 '55]1‘ﬂm§§rl§"£ ) ot

pot assi um carbonate g I) and’ 2-f oben é] brom

14. 78mmol Teth@m'a(é@mm'\t%ad ed Rangy Nigke! (siurmy incwatgr, 10gband bepeixtaraiwvas

over ni ghtgt t R S. n hawe t ed with
wat er ands {%&N‘g@-él“%d%eo atgfé@ O?L(7 {(%?epa&éﬁd evc%%’?%tt e%'n{"!)@gt ford the
title Tonpbuhel Sewe@esgwovq@an er)redmed qrem@ -ang. thg splichresidyeNvaR ifeied MHz,

?%502(:55) \ﬁtrﬁ)f?f@ene 2(3§2d rWL)ﬁrlT& driet Fﬁwo(e%gécdrd?n tTIh(éJ ﬁ:?%c%r@ll meJ was §§MXéd H, 7.0

(2S) - 2- ({In(me aolnﬁé@ﬂynle)tiw?) bwsc,t@tlbempmpéﬁw rwgshzathmmeg(@sewsd The

a0 1 O DDA el e TN e g S5y Re WA LRl o s
suspensi oehr@matogcanhugmesmmel3wggdncm@r@mth@mg / imretiang! THR:Q 3nR%:5) Then a
sol ut4pn en | ) met hyl ] ox 2- (met hyl oxy) benzene
(D54, 1d) ) orég@'tgmo )potkégofﬂ d ‘f—@g( 17%&; Wasyalldeé}droi)vm sey Thg) m xture
was heated under reflux for 1.5h. The G&Gignard formation was followed via
HPLC (Rt ( ,
5.59m n, R

15  The title compound (0.420g, 78%) was prepared from 1,1-dimethylethyl (2R,5R)-2-(3-
hydroxyphenyl)-6-oxo-1,7-diazaspiro[4.4]nonane-1-carboxylate (D45, 410mg,
1.23mmol) and 2-fluorobenzyl bromide using a similar procedure to that set out
earlier in in Description 11.

20 Description 47: 1.1-Dimethylethyl (2R 5R)-2-(3-{[(2-flucrophenylimethyljoxy}phenyl)-
7-methyl-6-ox0-1,7-diazaspiro[4.4]nonane-1-carboxylate (D47)




25 the reaction stopped, additional 1,2-dibronoethane (0.1leq) was added.
After Gignard formati on was conplete, the m xture was added dropwi se to a
sol uti on WO 2007/041248- di et hyl et hyl ) 2- et hyl PCT/EP2006/009732

(2S) - 5-o0xo0-1, 2-pyrrolidinedi carboxylate (D1, 1g, 4.11 mol) in dry THE
(20nl) at -65C. Stirring at -65C was continued for 3.5h. Then i sopropanol
and di et hyl et her were added, the orga@ﬁc Iayer was washed with 30 aqueous
anmoni um chl ori de solution, dried éNaZS and evaporated. The residue 93

was puri f 1@ salytiniaf s hdimatatethd RRHR)-2SH Hg-ioopbe mmmeatindexylpeenyt acetate
40% to 1 t d ,

§ ES/ +) Om 9%9(%,;625;@%%:554 qn&%e“ Cérb&ﬁdté &?ﬁ?ﬁ)ﬁ)@ ”_gﬁ%ﬁ@%g.'%m,“ mz: 476

[ VH+], ' HPNVROGledet il WBR/S@derB})aHSf@p'ﬁQ)O? a760% dispersign inminerahpil, 4HQ 7. 3-7. 2

4 , 0

(er_ni) | '2'|) L n?n‘%l)glﬁ oné 'EDorth?‘w i}?hé "Be t;éfﬂ was- rgm%%d g‘r& the r@g@roﬁsr?lfgin@ g}ét?hr@éfh (m

(2S)->f 4st{rms:2forr|1@dn@plv@tm )qﬁsteh@Sl LdX\Q}413m(n€é)t Wgs eddgqoweth9|muxtare4and

di hvdr o- 2k I d

aynt hea: 7t oh b€ reachh 3REYodhehod i e The sl lalid s ERRIAT Ve

Descri ptiwith Bmyba@tamngrléd (NazS@t;)hgﬂd evaporated. The crude material was purified

{2 11 uoogrenpIRa ) o) 8 ry AR DY deshla a1 ah e tariaedns oss,

900ny,  1titeo@mmulupd (Thege quar. )i ¢1ALA): §.03 6y); MEs(ESedmid: YD (M+Kat her
puri fjcat sfep. UPLC. Rt=0.60mn, Ms: (ES/+) 358 niz:
[ VH ]fOC %Mj&ﬁ %ﬁp'&%ssi 57. Description 57: Methyl

(5R) - 5-[ 4- {f(2 fl uorophenvl ) met hvl | oxv} 3- (net hyl oxy) phenyl | -L- prolinate
(D57): O Q. . I

(D66, 1. GMS%G(MdﬁoMMBmathNMdﬁbﬁﬁl)E@W\(ﬂ‘b‘ﬁt’dmédléﬁrbmla&‘e (lmB)st ure content
ca 50% 80ny) in ethyl acetate (10m) was stirred for 2h under hydrogen
at nosphere (1 atm. The solutionwas filtrated over celite, evaporated and

purified usi ng a SCX cartri d Brafford the title conpound (605ng). UPLC:
Rt =0. 56m n, (ES/ +) n1 60 [M—|+] C20H22FNO4 requires 359; 1H NWR
(400 MHz, Od6) 5Qm 1H) 7.4 (m

)% o

15 To a solution of  1-(1,1-dimethylethyl)  2-methyl  (2S,5R)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-1,2-pyrrolidinedicarboxylate (D34, 0.2 g, 0.47 mmol)
in dry THF (2 mL) at -78°C was added LiIHMDS (0.51 mL of a 1M solution in THF,
0.51 mmol). The mixture was allowed to warm to -30 °C and stirred for 30 min at this
temperature. The yellow slurry was cooled to -78 °C and (2Z)-1,4-dibromo-2-butene

20 (0.30 mL, 2.81 mmol) was added. The reaction mixture was left under stirring for 40
min and then quenched with a saturated ammonium chloride solution. The aqueous
layer was extracted with ethyl acetate, dried (Na,SO,) and evaporated. The crude
material was purified by chromatography on silica gel using cyclohexane / ethyl
acetate (9:1) affording the title compound (101 mg, 38%); R; (HPLC) 7.42 min. MS:

25 (ES/+) m/z: 462 and 464 [MH" - Boc]; C28H33BrFNOS5 requires 562.

Description  49: 1-(1,1-Dimethylethyl) 2-methyl (2R.5R)-2-(2-cyanoethyl}-5-{4-
[(phenylmethyloxy]phenyl}-1,2-pyrrolidinedicarboxylate (D49)




1H, 7272(m 2H, 7.1 (s, 1 H, 70 (m 1 H, 6.9 (m 1 H, W 2007/042240
PCT/ EP2006/ 009732 94 5.1 (s, 2H), 4.1 (m 1H), 3.8 (m 1H), 3.7 (s, 3H),
3.6 (s, 3Wp20@/@204bs, 1H), 2.1 (m 2H), 1.9 (m 1H), 1PET(REPR00EINI732
Description 58: 1-(1,1-Dinethylethyl) 2-nethyl (2S.5R)-5-f4-{f(2- 5

fl uorophenyl ) nmet hyl | oxy} - 3- (net hyl oxv%&henyl | -1, 2-pvrrolidinedi carboxyl at e
(D58): O ON OO OO F The titleY¢onpound (0.58g, 89% was synthesized
following a simlar procedure as set out earlier in Description 6 using
met hyl (5R)-5-[4-{[(2-fluoroph D'I)msthyl]oxy}-B- 10

(et hyl oxy) phenyl ] -L-prolinatg (D57, 0.51g, 1.42mmol). Rt (HPLC): 6.35m n;
MS: (ES/+) mz: 482 [ M+ SH30FNO6 requires 459; 1H NWVR (400 WMHz, CDCl 3)

~3327.50(m 1H), 7.25-7.32(m 1H),

S (ppm: 1-7.60 f >

7.11-7.18@0 Aq 7.1'\i(m01H), 6.83-6.99(m 2H), 5.21 and 5.23 (s,s, 2H),
4.92-5.02 4.67- 4. 77(#&@ TH), 4.42-4.52 and 4.30-4.40 (mm 1H),

3.94(s, 3H), 3.81(s, 3H), é)!. 24 15 2.36(m 1H), 2.14-2.24(m 1H),

2.00-2.12(m1H), 1.85-2 m1lH), 1.42 and 1.16(s,s,9H). Description 59:
1-(1. 1-Di net hyl ethyl) 2-nmethyl (2S,5R)-5-f4-{f(2-

boxvl at e 1220 1050l B N o0 o1t SRR, £ L 2R 50y e
synt hesi ziéehenylmeshwlogylahenyii 1, 2ipyprolisiredicaebaxglates €36, Q00 regr 0.4@minal) in
F1 uor opheity o) Biar g G BB LR 0,63 LTS 1 OURO T oy a e
(D58, 525 mnMRBg,The.reimund was dlowedRb @arm6to58ai i€ aibstir&bfor) 30min 49 hig M-Na|
C26|_BZFNOt@mperature. Then the yellow slurry was cooled to -78°C and bromopropionitrile (0.24

mL, 2.92 mmol) was added. The reaction mixture was left under stirring for 2h and

then quenched with a saturated ammonium chioride solution. The aqueous layer was

extracted with ethyl acetate, dried (Na,SQ,), fitered and evaporated. The crude

10  material was purified by chromatography on silica gel using cyclohexane / ethyl
acetate (9:1) affording the title compound (107 mg, 52%).

Description 50: (5S)-2-(4-Hydroxyphenyl)-1,7-diazaspiro[4.5]decan-6-one (D50)

/w

N
N
N H

HO O

15 To a solution of 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-2-(2-cyanoethyl)-5-{4-
[(phenylmethyl)oxy]phenyl}-1,2-pyrrolidinedicarboxylate (D49, 215 mg, 0.46 mmol) in
methanol (20 mL) was added Raney Nickel (slurry in water, 1 spatula) and the
mixture was stirred under a hydrogen atmosphere (6 atm) for 4.5 hours. The catalyst
was filtered off, the solvent removed under reduced pressure, and the residue

20 treated with toluene (3x20 mL) and dried under vacuum. The crude oil obtained was
dissolved in dichloromethane and the resulting solution cooled to 0 °C and TFA (0.2
mL) was added dropwise. After 1h at room temperature the solvent was removed
under vacuum and the residue purified by SCX column and by chromatography on
silica gel using dichloromethane / methanol (95:5) to afford the title compound (22

25 mg, 19%) as a 66/33 mixture of epimers at the benzylic position. Ry (HPLC) 2.16 min;
MS: (ES/+) m/z: 247 [MH"]; C14H18N202 requires 246.



requires 473. WO 2007/ 042240 PCT/ EP2006/ 009732 95 Descri ption 60:
(5R)-1-(f (1, 1- D net hyl et hvl ) oxyl car bonyl ) -5-f4-ff(2-

f | uor ophewol2peretsbaab| oxy} - 3- (et hvl oxv) phenyl | - 2- net hyl - PcpmeRénamo(7B60) OH
Ob/\ NO- j O OO F 5 To a solution of 1-(1,1-dinethylethyl) 2-nethyl
(2S,5R) -5-14-{[ (2-

quorophenyI)nEthyI]oxy) 3- (nethyloxy?bhenyl] 2- et hyl -1, 2- pyrrolidinedi car
boxyl at e (D59t 160ng 341mml) |nI I\/EC]-I (1rr1) was added a sol utlgn of

I OH. ! 2413 A Y a4 A% Ny EAhtfed in a
m cr owave | o 00C. After evaporatlon of nmet hanol ,

t he aqueoﬂ|§¥p zlige'mgécag%?l ?J%@pH 3.5/4 with a solution of citric
acid and extracted with ethyl acetate. The organic |ayer was dried
(Na2sO4) , flltered 3 €Va;porated affording the title conpound (white
solid, 150ng, RHC) : 5.89min. MS: (ES/-) nmlz: 482 [ M+Na]
C25H30FNOG, e reé“ 45 15 Descrl ption 61: 1, 1-Di nethyl ethvl

(2S, 5R) - Zf)am ocar -5-f4-(f(2-

f | uor ophenvl ) net hylQ oxv} - 3- (net hvl oxv) phenyl | - 2-netyl - 1- pyrrol i di necar boxyl
ate D61 O N bz O OO FQ20Asqut|onof

(5R)-1-{[ (1, 1-di net'hyl et hyl ) oxy] car bonyl }-5-[4-{][

fl uor ophe (et h p prol 0,
oo B B SR o P d{a&%&r@ﬁ%ﬂéf%w b8 Par,
(116nmp  fhg306880hinol) in THYF (DIVRLY 5°/JrN)aH®®t§ agledsusesbldtion (1 midj andatbutar@n
terrperatu d and stirrin s conti nued
P oo ¢ LrinL} Yasagten BOSD 2 R o i S E Bkl e B8 AR Uy f o

aqueous Nedr{gabata! fot 29 howms Extraction with ethyl acetate, followed by solvent removal

gave a crude oil that was purified by chromatography on silica gel using cyclohexane

/ ethyl acetate (100:0, 95:5, 90:10, 80:20, 50:50: 0:100) to afford the title compound

10 (20 mg, 68%) as a 80/20 mixture of epimers at the benzylic position. R, (HPLC) 3.69
min (minor epimers) and 4.14 min (major epimers); LC-MS: (ES/+) R; 5.23 min m/z:

693 [dimerH"] minor isomer; R; 5.97 min m/z: 693 [dimerH*] major isomer.

Description 52: 1,1-Dimethylethyl (2R,5S)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-
15  6-ox0-1,7-diazaspiro[4.5]decane-1-carboxylate (D52)

Description 53: 1,1-Dimethylethyl (2S,5S)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-

6-ox0-1,7-diazaspiro[4.5]decane-1-carboxylate (D53)

S O d e
/‘\

o)

+

The title compounds were prepared (D52: 20mg, 76%; D53: 3mg, 11%) using a

20

similar procedure to that set out earlier in Description 11 starting from 1,1-

dimethylethyl (5S)-2-(4-hydroxyphenyl)-6-oxo-1,7-diazaspiro[4.5]decane-1-

carboxylate (D51) and 2-fluorobenzy!l bromide. D52: R, (HPLC) 5.92 min; MS: (ES/+)
25 909 [dimerH'].D53: R, (HPLC) 5.73 min; MS: (ES/+) 909 [dimerH"].



added and the resulting suspension was stirred for 30 mn. The m xture was
WO 2007/ 042240 PCT/ EP2006/ 009732 96 extracted with ethyl acetate and
washed t weeotiomesiowi th ice cold brine. The organic | aper/Rrasemoi7ez
(Na2SO™4), filtered and evaporated. The residue was purified by

chromat ography on silica gel using cycl ohexane and ethyl acetate (8:2 to
7:3) to afford the title conmpound (199ny, 73%; R (HPLC): 5.68nin; NS
(ES/+) mlz: 481 5 [M+Na] C25H31 FN205 requires 458. Description 62: 1-(1
1- Di met hvDegdniptign 2- 6t hy4-Bfdhhd-SH)2-BudrépkériyBmettylloxy}-2-(methyloxy)benzene

uor opheny|pgagt hvl | oxv} - 3- (et hyl oxy) phenyl|-2-(hvd roxynethvl)-1 2-
pyrrolidinedi carboxylate (D62) SOH O ONOO OO 10 F To a solution
of 1-(1,1-digethylethyl) 2-nethyl (2S, 5R)-5-[4-{[(2-

fluor ophenyl met hyl g3~ (et hyl oxy) phenyl ] -1, 2- pyrrolidi nedi car boxyl at e
(D58, O. O~\76 In dry THE (6ml) at -78C was added dropw se Li HVDS
(0.80m, | 80fD IMsolution in THF). The m xture was allowed to warm
to -40C and"was stgrred for 40mn at that tenperature. Then the m xture
was again cooled to >78C and ethyl formate (1.23n, 15.2nmmol) was added.
The mxture was left stirring for another 8h at the sane tenperature. The
reaction was quenched with brine, diluted with water and extracted with
et hyl aceAaSaspe'ﬁlalenorogammoriw@-)ZQme‘th/&)prhedol( KBRGOH4.78Hmbl) | tpatedivand

evapor at ed. [ 5rrfL) 0C and NaBH4
(30Irorg, 0. FReRs ?iaggg’ag%iz "‘Ph '?ﬂSQ%’ cﬁ%'? ‘%Eméﬂ‘ ﬂﬁ@f“rf‘q’c{é”%arre
'lt\l: gpc:(caxr3 at ua@ton'l'thl% (Zﬂmﬂ) w3 WEe(ﬂ @e riﬁdi‘rﬁdtemﬂek‘atarﬁ5%§*ﬁlbht llDl@tr@fetﬁb{li;hWéBJS

t th water an tract C e organic
| ayer was® (Heg fﬂ‘ e (RI9IYEpNasE; Y"?%qé EQIa‘%'h} afai%iyawﬁ ﬁ]é\sa(@-sl, gied was
puri ficed @wzsox)pﬂmére@raaprevaa&awm ®i éffdi@ tmtmwaorﬁgowrwc 4ongaaearar)dRet hyl
acetate ( So 75:25) to affordthet col ourl ess oil
(170my, 4&HLC)FS.2p mppciH-NMR &40 M K/BDW@)S(WB) 7%@2 1W+K|a‘]("@21¢9132FN07
requires ﬂ&?m, 2H), 7.1 (s, 1H), 7.0 (m, 2H), 5.1 (s, 2H), 3.7 (s, 3H).

Description 55: Methyl (2S5)-2-({[(1,1-dimethylethyi)oxy]lcarbonyl}amino)-5-[4-{[(2-
15  fluorophenyl)methyiJoxy}-3-(methyloxy)phenyl]-5-oxopentanoate (D55)

satea’ae
ON
0] O\ )\OO
1

0]

1,2-Dibromoethane (106uL, 232mg, 1.233mmol) was added to a suspension of
20  magnesium (300mg, 12.33mmol) in dry THF (3mL). Then a solution of 4-bromo-1-
{[(2-fluorophenyl)methyljoxy}-2-(methyloxy)benzene (D54, 2.40g, 8.22mmol) in dry
THF (17ml) was added dropwise. The mixture was heated under reflux for 1.5h. The
Grignard formation was followed via HPLC (RYHPLC, 1-fluoro-2-({[2-
(methyloxy)phenyl]loxy}methyl)benzene): 5.59min, Rt (HPLC, D54): 6.24min). When
25 the reaction stopped, additional 1,2-dibromoethane (0.1eq) was added. After
Grignard formation was complete, the mixture was added dropwise to a solution of 1-
(1,1-dimethylethyl) 2-methyl (2S)-5-oxo-1,2-pyrrolidinedicarboxylate (D1, 1g,
4.11mmol) in dry THF (20ml) at -65°C. Stirring at -65°C was continued for 3.5h. Then
isopropanol and diethylether were added, the organic layer was washed with

30  aqueous ammonium chloride solution, dried (Na2S04) and evaporated. The residue



Description 63: 1-(1,1-Dinethylethyl) 2-nethyl (2R 5R)-5-[4-{[(2- 30

fl uorophenyl ) net hvl | oxv} - 3- (et hyl oxy) phenvl | - 2-[ (net hyl oxy) net hyl | - 1, 2-
‘Pyrrolidinedi carboxyl ate (D63) WO 2007/ 042240 PCT/ EP2006/009732 97 0 0 O
"N O- OOO F OTo a solution of 1-(1,1-dinethyl ethyl) 2-nethyl

(2R 5R)-5-[4-{[(2-
fl uor ophenyl ) net hyl ] oxy}- 3- (et hyl oxypghenyl ] - 2- (hydroxynethyl )-1,2- 5
pyrrolidi nedi carboxylate (D62, 170ng, 0.35mmol) and nethyl iodide (44pl,
0. 70mm|) in dry DM (2nl) at O0C was added NaH (60% di spersi on in mneral

?i lt ) asna.lrlf ?d ﬁlﬁﬂlﬁQ£g ctﬁgﬂafoaﬁg%\nﬁ%ﬁé g c%&&%lhé% /i i %réte V\S?Pﬁ tgﬁpe to

1 on uenc ne an
acet at e grawgntotOgaﬁtbrd ﬂhay%tte erBpound s{98amghie®).t M$ES(EW+0 hnlzcé%olll\diB@ﬂ lne,

dried ( '\@MPNW%EMP&OJ@ QﬁbL@“d b, %92 T &f W}V\@ﬁ NRA {JO'OEMHQYDMSO-
chromato raERPy on silica cl ohexane/ eth 0 85: 15)

to affor 7 By 355 S meghn J A S 945 5 @%sowgmsw@ 36 3PLO) |

6. 62m n; 3.8/, 39&%(2@3 O 2HR 261 -B ttiNad HCZ BHi NG A 4@qgm es 503. Description
64: (5R) 1 -{f(1 1-di rrethyl et hyl) oxyl car bony } -t4-{f(2 15

fl uor ophenyl ) met hyl ] oxy} - 3- (et hvl oxy) phenyl ]-2- f(rret hyI oxy) met hyI | -L-prolin
e (D64) _ﬂ:ﬂﬂom@ Mgm- 5 2- ¢thylfoxyip® (methyis englhBidel

140my, 948 Frg,g@g@éjb )| ar procedure to that set out earlier in

Descri pti on u3| ng imet hyl et hyl) 2-methyl (2R 5R)- 20

5- [4 {[(2-fl uorophenyl ) rret hyI ] oxy} - 3- (et hyl oxy) phenyl ] - 2- [ (et hyl oxy) net hyl

¥ @oﬂ«“

The title compound was synthesized following a similar procedure as set out earlier in
Description 32 starting from methyl (25)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-5-[4-
{[(2-fluorophenylymethyl]oxy}-3-methyloxy)phenyl]-5-oxopentancate (D55, 900mg,
1.892mmol). The crude material (1.6g) was used without further purification in the next step.
UPLC: Rt=0.60min, MS: (ES/+) 358 m/z: [MH"], C20H20FNO4 requires 357.

Description _ 57:  Methyl  (5R)-5-[4-{[{2-fluorephenylmethylloxy}-3-(methyloxy)phenvl]-L-
prolinate (D57):

A suspension of ethyl (2R)-5-{4-[(phenylmethyl)oxy]phenyl}-3,4-dihydro-2H-pyrrole-2-
carboxylate (D56, 1.6g) and Pt/C Degussa type F101 RAW (5% of Pt on C, moisture content
ca 50%, 80mg) in ethyl acetate (10ml) was stirred for 2h under hydrogen atmosphere (1
atm). The solution was filtrated over celite, evaporated and purified using a SCX cartridge to
afford the title compound (605mg). UPLC: Ri=0.56min, MS: (ES/+) m/z: 360 [MH+],
C20H22FNO4 requires 359; 1H NMR (400 MHz, DMSO-d6) &(ppm): 7.5 (m, 1H), 7.4 {m,
1H), 7.2 (m, 2H), 7.1 (s, 1H), 7.0 {(m, 1H), 6.9 (m, 1H},



pyrrolidi nedi carboxylate (D63, 150ng, 0.30mmwl). R (HPLC): 5.96m n. M5

(ES/+) mz: 512 [ M+Na] C26H32FNO7 requires 489. WO 2007/ 042240

PCT/ EP20080Q0&78224098 Description 65: 1 1-Di net hvl et hyl PCZRP2006/009732

5R) - 2- (am nocar bonvl ) -5-[4-{[ ( 2-

fl uor ophenyl ) met hyl | oxy} - 3- (et hyl oxv) phenyl | - 2-f ( net hyl oxy) met hyl | - 1-

pvrrolidinecarboxylate (D65) ~ f0O O b\ O0 OO F 3 5 The title

conmpound (70 5099 . was prepared bg a simlar procedure to that set out

car | er i1 tosithi peh 6h G188 (@ TH). 57 (s, 3, 36 & 3H), 5.0 (s, TH), 21 (m,

(5R) - 1- { [4h, 4.9qwr4?,w.§§m,ym>pxy1 car bonyl } - 5- 4- {[ ( 2- |

f | uor ophenyl ) net hyl 'oxy} - 3- (net hyl oxy) phenyl ] - 2-[ (et hyl oxy) net hyl ] - L- prol i

ne (D64, 140ng, 0.29mvol). Rt (HPLC): 5.85min; Ms: (ES/+) mlz: 389

[ M+ Boc] peldriftrH33FNB06 T gl f-BindRfethideSCr i Ry 66: (3sERishungshyl et hyl)

2-met hyl TZR 5R)-5-(4-{T(2Z- 1 uorophenyl Jmet hyl T oXy} pnentyl %) Z- (hyd

r oxymbt h\ﬂwzgﬂmmgz)n}ﬁﬂmﬂaﬂmm;ﬂh wrolidmedigarbaxylatedDS8K 0 0 0 O

15 F The title conmpound (930ng) was prepared by a simlar procedure to that

set out earlier in Description 62 using 1-(1, 1-di nethyl ethyl) 2-nethyl

(2S,5R)-5-(4-{[(2-

f1 uor opheny®) met hyl/T oxy} phenyl ) - 1, 2-pyrrol i di nedi carboxyl ate (D34, 0.80g,

1.86mmmol ), pr/epayedc Wit anal ogous procedure to that described herei nabove.

Rt 20 (HPBE .OS%n; ovs: (ES/+) mz: 482 [M+Na] C25H30FNO6 requires 459.
oDi met hvl et hyl) 2-nethyl (2R5R)-5-(4-{f(2-

Descri ptio? 67: 1-¢ /<
F

The title compound (0.58g, 89%) was synthesized following a similar procedure as

set out earlier in Description 6 using methyl (5R)-5-[4-{[(2-fluorophenyl)methyl]oxy}-3-
10  (methyloxy)phenyl]-L-prolinate (D57, 0.51g, 1.42mmol). Rt (HPLC): 6.35min; MS:
(ES/+) m/z: 482 [M+Na] C25H30FNO6 requires 459; 1H NMR (400 MHz, CDCI3) &
(ppm): 7.51-7.60(m,1H), 7.33-7.50(m,1H), 7.25-7.32(m,1H), 7.11-7.18(m,1H), 7.03-
7.11(m,1H), 6.83-6.99(m,2H), 5.21 and 5.23 (s,s,2H), 4.92-5.02 and 4.67-
4.77(m,m,1H), 4.42-4.52 and 4.30-4.40 (m,m,1H), 3.94(s,3H), 3.81(s,3H), 2.24-
15  2.36(m,1H), 2.14-2.24(m,1H), 2.00-2.12(m,1H), 1.85-2.00(m,1H), 1.42 and

1.16(s,s,9H).

Description 59: 1-(1,1-Dimethylethyl) 2-methyl (2S 5R)-5-[4-{[(2-

fluorophenylmethyl]oxy}-3-(methyloxy)phenyl]-2-methyl-1,2-pyrrolidinedicarboxylate:
20 D59

/
O@,OQKO\
N
0O )\ 0

The title compound (0.16g, 68%) was synthesized following a similar procedure as
set out earlier in Description 7 using 1-(1,1-dimethylethyl) 2-methyl (2S,5R)-5-[4-{[(2-
fluorophenyl)methyl]Joxy}-3-(methyloxy)phenyl]-1,2-pyrrolidinedicarboxylate (D58,

25 0.23g, 0.5mmol).; Ry (HPLC): 6.58min; MS: (ES/+) m/z:496 [M+Na] C26H32FNO6
requires 473.



fl uorophenyl) nethyll oxy}phenyl)-2-[(methyloxy)nmethyll-1 2-pyrrol id i
nedi carboxylate D67 WO 2007/042240 PCT/ EP2006/009732 99 -~O0O0" / N O -
O OO Wo2w7la2mosol ution of 1-(1,1-dinethylethyl) 2-merhpko0s6/009732

(2R, 5R)-5-(4-{[ (2-

fl uor ophenyl ) met hyl ] oxy} phenyl ) - 2- (hydr oxynet hyl ) - 1, 2- pyrrol i di nedi car boxyl
ate (D66, 480ny, 1.04mmol) and methy®Siodide (130pl, 2mol) in dry DWF
(5m) at OC 5 vvas added sodi um hydri de (60rrg, 1. Smml 60% di sper5| on in

m ner al JCript 1160 ra 58 pethylet : \ (2
second ba t

(2R 5R) - bﬁﬁ?me”%n'ﬁ%ﬁg?%ﬁ’ﬂgé%ﬁ'""x"%{/".}‘f%%?ﬁ?wifL)prd'”{e.fyDﬁ%xynet hyl)-1, 2-
pyrrolidinedi carboxyl ate (D62, 46ng, 0.1 mml) was dissolved in dry DWVF
(0.5m) and thyl iodide was added. The m xture was cool ed at 0C and

sodi um hydr de (6ny 0 0.15mml, 60%dispersion in mineral oil) was added
and the mxt : : {ry@d for 1.5h fromOCto r.t.. The reactions were
guenched w th ne/Nceland the two m xtures were conbi ned and extracted
with ethyl $ac )IheQ)rganlc | ayer was washed three tines with ice cold
brine, dri 25@)4) d evaporated to afford the title conpound as a

col ourl ess 540 <R (HPLC): 6.89mn; Ms: (ES/+) mlz: 496 15 [ MtNa]
C26H32FNO6-T ires 473; 1H NWVR (400 MHz, CDCI3) S(ppm: 7.48- 7.59(m 1H);
7.42-7.48(m2H); 7.28-7.36(m1H); 7.13-7.21(m1H); 7.03-7.13(m 1H);

6. 89- 5. 00Ton 2Hd) ; Solliorand ob. 1@-((1s!-dim2Hylethly!)04- 3-ndhygnd QSM)%-BS{[(Qm m 1H) ;

4.09- 4. 3. .83 44-2.70 1

2 17- 2. é@%%é{%“y')fﬁé'égﬂ%yg%% °"y)fh‘i'i>f”é%8’|%”ylfg (@f"é’" E%d icaspoxylate  ; m Al
68: (5R) -(D5P] (8Am@) Wmnbétlmwemwmlawlaswtiéd a- s(onmb(l(OQUOH H->O (29mg,

fl “OrOpheé‘.%ér)nnrﬁ%br}x'Aﬁi‘k’é.%ﬁ% )hé rr(&tﬂ?etpv s Xt)eggl mlcrow vreasyln esi EPS) /10

for 70 min at 100°C. After evaporation of methanol, the aqueous phase was acidified

10 to pH 3.5/4 with a solution of citric acid and extracted with ethyl acetate. The organic
layer was dried (Na,SO,), filtered and evaporated affording the title compound (white
solid, 150mg, 97%); R (HPLC): 5.89min. MS: (ES/-) m/z: 482 [M+Na] C25H30FNO6

requires 459.
15 Description 61: 1,1-Dimethylethyl (2S,5R)-2-(aminocarbony!)-5-[4-{[(2-
fiuorophenyl)methylloxy}-3-(methyloxy)phenyi]-2-methyi-1-pyrrolidinecarboxylate
D61

/
© SN
O UQ\E
F

20 A solution of (5R)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-5-[4-{[(2-
fluorophenyl)methylloxy}-3-(methyloxy)phenyll-2-methyl-L-proline (D60, 150mg,
0.33mmol), diisopropylethyl amine (0.115ml, 0.66mmol) and TBTU (116mg,
0.36mmol) in dry DMF (5 ml) was stirred for 15 min at room temperature. HMDS
(0.106ml, 0.5mmol) was added and stirring was continued at room temperature for

25  2h. The mixture was cooled to 0°C and saturated aqueous NaHCOj; solution was

added and the resulting suspension was stirred for 30 min. The mixture was



O NO- AO OO F The title compound (white solid, 510ng, 97% was
prepared by a simlar procedure 25 to that set out earlier in Description
60 usi ng WOQag7lo4ei4net hyl et hyl ) 2-nmet hyl (2R 5R) WO 2007 P04222@6/009732

PCT/ EP2006/ 009732 100 5-(4-{[(2-fl wuorophenyl

) met hyl ] oxy} phenyl ) - 2- [ (net hyl oxy) rretgﬁ);l 1-1, 2- pyrrolidinedicarboxylate
(D67, 540ng, 1.14mmmol). R (HPLC): M5: (ES/-) mnmlz: 482 [ M+Na]
C25H30FNO6 requires 459; 1H NWVR (400 MHz, DMS

12. 57- 12.exgppted yvithigthyl acelaterarsh vaghed)thre. tmeww'ﬁytcmcsfd)b"nﬁ 1Be Pragoicm 2H) ;
?m8§1 EH)? %&a@;ﬁne@ Aﬂié%%% Emtel,l%d( §n§ e@é’ﬂ)orat@d 6$r21é1 réﬁd@é‘%a@ &ﬁméd&ﬁ/

2. 35 2. 4Ehseroatogsghy 0605”(%’1 g?lltﬁ)ng cmclqt@xznez&o%ezm aczfa@(&_HQF 1“?)

and 1. 33 |

on 81 amr%gaggr@?ﬁ inB éh?@hfzga%) hfmﬁE@M S8R MS: (ES/+) miz: 481

fl uorépdel\f)aﬂT@fZﬁlleﬂﬁ)k resivies f (met hyl oxy) net hyl | - 1- pyrrol i di necar boxyl
ate: (D69) fO N NO- 0 OO F OThe title conpound (400ng, 78% was
prepared by a si mlar procedure to that set out earlier |n Descrl ptlon 61
usi ng ( 5P)estrif " ' 2 4

510ng B : 31 [ M+Na]
025H31FN olldl SXYAERE scrl pti on 70: 2- Met hyl 1- (phenyl met hyl)
(2S.5R) - 5(4(((2 20

fl uor ophenyb) nmet hyl

CB'Fﬂenyl )-1, 2-pyrrolidinedi carboxylate (D70) OL

~

10

To a  solution of  1-(1,1-dimethylethyl)  2-methyl (2S,5R)-5-[4-{[(2-
fluorophenyl)methylJoxy}-3-(methyloxy)phenyl]-1,2-pyrrolidinedicarboxylate (D58,
0.35g, 0.76mmol) in dry THF (6ml) at -78°C was added dropwise LIHMDS (0.80ml,

15  0.80mmol, 1M solution in THF). The mixture was allowed to warm to -40°C and was
stirred for 40min at that temperature. Then the mixture was again cooled to -78°C
and ethyl formate (1.23ml, 15.2mmol) was added. The mixture was left stirring for
another 8h at the same temperature. The reaction was quenched with brine, diluted
with water and extracted with ethyl acetate. The organic layer was dried (NaxSO.),

20 filtered and evaporated. The crude material was dissolved in MeOH (5ml) at 0°C and
NaBH, (30mg, 0.79mmol) was added. The mixture was stirred for 1h at the same
temperature. The reaction was quenched with a 5% solution of aqueous NaHCO;,
diluted with water and extracted with ethyl acetate. The organic layer was dried
(Na,S0,), filtered and evaporated and the residue was purified by chromatography

25 on silica gel using cyclohexane and ethyl acetate (9:1 to 75:25) to afford the title
compound as a colourless oil (170mg, 46%); R, (HPLC): 5.78min; MS: (ES/+) m/z:
512 [M+Na] C26H32FNO7 requires 489.

Description 63: 1-(1.1-Dimethylethyl) 2-methyl (2R 5R)-5-[4-{[(2-
30 fluorophenyl)methylloxy}-3-(methyloxy)phenyl]l-2-[(methyloxy)methyl]-1,2-

pvrrolidinedicarboxylate (D63)




ONOO IF To a solution of nethyl

(5R)-5- (4-{[(2-fl uorophenyl) et hyl ] oxy} phenyl)-L-prolinate (D33, 2.5g,

7. 6nmol ) ,wandodisesiopr opyl et hyl amine (2 m, 11.4 nmol) PaTMHEPROBEN73E 25mL)
at 0C was added dropw se benzyl chl orof or rrate (1.3 mM, 9.1 mol) and the 25
m xture was stirred for 1h fromOCto r.t. The mxture was washed with a
20% solution of citric acid and afté&” with brine. The organic |ayer was
dried (Na2SO4), WO 2007/042240 PCT/ EP2006/ 009732 101 filtered and
evaporated. The residue was purified by chromatography on silica gel using
cycl ohexane jand et hyl goet ate (85:15) to afford the title conpound (3.4qg,
9799 as a ®hite sgligd ; A (HPLC) 6.56m n; 1H NMR (400 MHz, CDCI3) 6

(ppm: 7.42- 7.29-7.42(m3H); 7.15-7.25(m3H); 7.06-7.15(m 1H);
6. 86- 7. 03( B34 .10and 5.15 (s,s,2H); 4.84-5.04 (m3H); 4.48 and 4.55
(mmilH; 3. (s,s,3H); 2.27-2.39(m1H); 2.16-2.27(m | H);
2.03-2. 16( .9142.03(m 1H). Description 71: 2-Methyl

1- (phenyl pe R %-5-(4-{[(2- fl uorophenyl ) nmet hyl | oxy}phenyl)-2-(hyd
roxynet hy -pvrrolid i ned ica rboxylate: 10 (D71) OHQ/NO- ot o O

O F The title conpound (1.19g9, 46% was prepared with a simlar procedure
to that set out earlier in Description 62 using 2-nethyl 1- phengl nmet hyl)
(2S, 5R) - 5Fq 4- &[ ( 2sddtion  of  1-(1,1-dimethylethyl)  2-methyl  (2R,5R)-5-[4-{[(

T e L e Vi AL
requi 5es padlidin&icarboxylaten (&2, 2-7Reghy D.35mmdikenandremetily) iodReSRI4IE- ({[ (1. 1-
G Ly SR 3 5 L RA o d SR hrs
-0 (21mg, 0.52mmol) and the mixture was stirred for 1.5h from 0°C to r.t.. The reaction

was quenched with brine and extracted with ethyl acetate. The organic layer was

washed three times with ice cold brine, dried (Na,SO,) and evaporated and the

10  residue was purified by chromatography on silica gel using cyclohexane/ethyl acetate
(1:0 to 85:15) to afford the title compound as a colourless oil (150mg, 86%); R
(HPLC): 6.62min; MS: (ES/+) m/z: 526 [M+Na] C27H34FNO?7 requires 503.

Description 64: (5R)-1-{[(1,1-dimethylethyl)oxy]carbony!}-5-[4-{[(2-

15  fluorophenyl)methylloxy}-3-(methyloxy)phenyil-2-[(methyloxy)methyl]-L-proline (D64)
/
/ 0

The title compound (white solid, 140mg, 97%) was prepared by a similar procedure
to that set out earlier in Description 60 using 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-

20 5-[4-{[(2-ﬂuo‘rophenyl)methyl]oxy}-3-(methyloxy)phenyI]-2—[(methyloxy)methyl]-1,2-
pyrrolidinedicarboxylate (D63, 150mg, 0.30mmol). R; (HPLC): 5.96min. MS: (ES/+)
m/z: 512 [M+Na] C26H32FNO7 requires 489.



O CNO, O OO Fi To a solution of 2-nethyl 1-(phenyl nethyl)

(2R, 5R)-5-(4-{[(2-

f | uor ophewgl2peratsbaab] oxy} phenyl ) - 2- (hydr oxynet hyl ) - 1, 2- ppcrapPeaicierdBz ar boxyl
ate (Drl, 200ng, O0.4mmol) and i m dazole (60ng, 0.88mmol) in dry DVF (1m)
was WO 2007/ 042240 PCT/ EP2006/ 009732 102 added tert-butyl dinethylsilyl
chloride and the nixture was stirred%or 36 hours. The reaction was
quenched with br| ne, dil uted vvlth vvater and extracted vvlth ethyl acetate.
The or garResclipfios; a85: -0y /! 2R 4rooRX filtered

and evapgfgipflen RS HBRIBHNbdRAL mét'n |a Fﬁé@ﬂ phy on silica gel
using 5 onexane and e acetate (1: 0 afford the title
conmpound O#QIN i1 (180ny, 74%; R (HPLC) 8.50m n; Ms: (ES/+)
mz: 608 [ MVH + C34H42FNO6SI requires 607. Description 73: (5R)-2-({[(1
1- Di met hyl et,hyl ) (di met hvl)silyl | oxy}methyl)-5-(4-{f(2- 10

¥y

fl uor ophenyg) rret hyl pphhenyl) - 1- {f (phenyl net hvl ) oxvl car bonyl } - L-prol i

ne (D73) Sr o e, O OO F The title conpound (white solid, 120ny,
679 was pr Simlar procedure to that set out earlier in
Descri pti off 60 |ng1\2 fethyl 1-(phenyl methyl) (2R 5R)-2-

({[(21, 1-diR di met hyl )silyl]oxy}nethyl)-5-(4-{[(2 15

fl uorophenyl hyl ] phenyl ) -1, 2- pyrrolidi nedi carboxyl ate (D72, 180ny,
0.3mml ) . F HMPLC): 7.98min. Ms: (ES/+) mz: 594 [ MH + C33H40FNGGSI

r equi res- 593. Description 74: Phenyl net hyl
(2R, 5B) - 2- (am nocar bonyl )-2-({f (1, 1-

The title compound (70mg, 50%).was prepared by a similar procedure to that set out

earlier in Description 61 using (5R)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-5-[4-{[(2-

fluorophenyl)methyl]oxy}-3-(methyloxy)phenyl]-2-[(methyloxy)methyl]-L-proline (D64,

140mg, 0.29mmol). R, (HPLC): 5.85min, MS: (ES/+) m/z: 389 [MH-Boc]
10  C26H33FN206 requires 488.

Description 66: 1-(1,1-Dimethylethyl) 2-methyl (2R,5R)-5-(4-{[(2-
fluorophenylimethylloxy}phenyl)-2-(hydroxymethyl)-1,2-pyrrolidinedicarboxylate:
D66
_OH

15
The title compound (930mg) was prepared by a similar procedure to that set out

earlier in Description 62 using 1-(1,1-dimethylethyl) 2-methyl (2S,5R)-5-(4-{[(2-

fluorophenyl)methyl]oxy}phenyl)-1,2-pyrrolidinedicarboxylate (D34, 0.80gq,

1.86mmol), prepared with analogous procedure to that described hereinabove. R;
20 (HPLC): 6.05min; MS: (ES/+) m/z: 482 [M+Na] C25H30FNO6 requires 459.

Description 67: 1-(1,1-Dimethylethyl) 2-methyl (2R .5R)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-2-[(methyloxy)methyl]-1,2-pyrrolidinedicarboxylate
D67




20

di nmet hyl et hyl ) (di net hyl )sil vl | oxv} et hyl)-5-(4-{f(2-fl uorophenvl) net hyl | oxy
} phenvl ) -weo 2pyvwedsndi necar boxvl ate (D74): \* Si- '-O NPNI/ER2@6/0®762 F WO
2007/ 042240 PCT/ EP2006/ 009732 103 The title conpound (85ng, 70% was
prepared by a simlar procedure to that set out earlier in description 61
usi ng (5R)-2-({[(1, 1-di met hyl et hyl ) (H%et hyl ) si |yl ] oxy}net hyl ) -
5-(4-{[(2-fluorophenyl)net hyl ] oxy}phenyl)-1-{[(phenyl net hyl ) oxy] carbonyl }-L
-proline (Dr3, 120ng, 0/20mml). R (HPLC): 7.82mn; MS: (ESI+) nmfz: 593
MH + 5 C33HA1 FN2GBSi-®@equires 592. Description 75:

(5R)-2-({[ (1. 2t hyl etdwy! ) (di net hyl )silylloxy}methyl)-5-(4-{f(2-

f1 uorophenyl) phenyl )-L-prolinamde (D75): Si - 10N NOO F 10

To a sol ut po phdanyl et hyl (2R, 5R) - 2- (am nocar bonyl)-2-({[ (1, 1-

di met hyl et Qyl) (di i@t hgl ) si |yl Joxy} et hyl)-5-(4-{[(2-fluorophenyl)methyl]oxy

}phenyl ) - 1- rolidi pecarboxyl ate (D74, 85ny, O0.214nmmol) in nethanol (2ml)

was added. A adium (10nmg, 10 wt.% dry basis on activated carbon) and the

m xture was Irred under hydrogen atnosphere (1 atm) for 30mn. The

catal yst ygs 4 | t Ghghaof f of t h? éﬁ cﬁr%fﬁ?l@&h r)eﬁﬂy%tﬁwder(zk%me(d {Rpessure

and the crude materlal puri f C romato aphy “on SI|IC&F] usi ng
&le

cycl ohex dh@r@ﬁﬂnﬁim@mmw)ﬁ?@)ﬂx @—(i]yd[ QYT ?'@Y"@!fdl"tﬁd&af‘??éw'? conmpound
(50m, %g 2,&@65304 @Mﬁn‘n@ﬁ%n@' ethﬁuo&&fﬁ@bpl DY R dr)VBMF (SRS #)o%d 21 459

[ MVHI+ C2 requi
was added sodium hydrlde (60mg, 1.5mmol, 60% dispersion in mineral oil) and the

mixture was stirred for 1.5h from 0°C to r.t.. A second batch of 1-(1,1-dimethylethyl)
2-methyl  (2R,5R)-5-(4-{[(2-fluorophenyl)methylJoxy}phenyl)-2-(hydroxymethyl)-1,2-
pyrrolidinedicarboxylate (D62, 46mg, 0.1mmol) was dissolved in dry DMF (0.5ml)and
methyl iodide was added. The mixture was cooled at 0°C and sodium hydride (6mg,

10  0.15mmol, 60% dispersion in mineral oil) was added and the mixture was stirred for
1.5h from 0°C to r.t. The reactions were quenched with brine/ice and the two
mixtures were combined and extracted with ethyl acetate. The organic layer was
washed three times with ice cold brine, dried (Na,SO,) and evaporated to afford the
title compound as a colourless oil (540mg); R, (HPLC): 6.89min; MS: (ES/+) m/z: 496

15  [M+Na] C26H32FNO6 requires 473, 'H NMR (400 MHz, CDCl;) 8(ppm): 7.48-
7.59(m,1H); 7.42-7.48(m,2H); 7.28-7.36(m,1H), 7.13-7.21(m,1H), 7.03-7.13(m,1H);
6.89-7.00(m,2H); 5.13 and 5.16 (s,s,2H); 4.94-5.06 and 4.74-4.83 (m,m,1H); 4.09-
4.19(m,1H); 3.78-3.96(m,1H); 3.83(s,3H); 3.41(s,3H); 2.44-2.70(m,1H); 2.17-
2.36(m,2H); 1.69-1.87(m,1H); 1.11 and 1.40 (s,s,9H).

20
Description 68: (5R)-1-{[(1,1-Dimethylethyl)oxylcarbonyl}-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-2-[(methyloxy)methyl]-L-proline (D68)
/
/O

0 X

The title compound (white solid, 510mg, 97%) was prepared by a similar procedure
25 to that set out earlier in Description 60 using 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-



20 Description 76: 1-(11-Di nethylethyl) 2-nethyl (2S,5S)-5-{4-

f (phenyl net hvl ) oxyl phenyl }-1 2-pyrrolidi nedi carboxylate (D76): O - ~-NO O
O The tiwbeocompmond (1. 359, 82% was prepared by a si rCrar2@encwdure to
that set out earlier in Description 6 using nethyl

(5S)-5-{4-[ (phenyl net hyl ) oxy] phenyl} L- proI inate 25 (D5, 1.24g, 3.98mmmol.
R (HPLO): 6.45mn; MS: (ES/+) miz: 48% [ MrNaJ WO 2007/ 042240

PCT/ EP2006/ 009732 104 C24H29NO5 requires 411; 1H NVR (400 MHz, CDCI3) 8
(ppn) : 7. Bt4- {KZHwemDBBmylﬁn@Byllpxn}ebm&F?[ﬂ@t@mr@%bﬂi %@ 5.00 and 5. 16
(d,d, 1 H S dr4 . d)d g ; nd 3.78
(S o 3 pygé%d?éecﬁ(%g &y%zﬁ ([6%7 2524%'thg 3141(4%3:?'(3_}9' R ( 2 6d|7i11H) M§ sy

1. 72- 1. 85(/m 483 [M+1\132232§ht30EN@ﬁ resuneesgdﬁp %NM&@:OD;MHmDMSO ds) 3(ppm):

1-(1, 1-

f(phenyl nﬁ?#q?% gé@)\(% <:’f/rrg car 0x€¥§%7 31:0((%%) %880 1111111
5, 7T0Ent2H); &. moapd)lﬁntB (SOS 24); 446%1 Mamqoné’pamr&@ (tmym dHg;i BBRaandpr ocedur e

tzoné[‘ﬁ;l S{%&g@;%g_@ﬁ%fé.?b R P854 P8 QR 2. 45008 aha(lsats GbTREANHGE hy!)

[ (phenyl ree0s124om 2Hy edSH 74 im AHRyr.0D8ndl1 .88 ds,6,8Hhoxyl ate (D76, 1.12g,

2.72mol ). R (HPLC): 6.39min; MS: (ES/+) mz: 473 [ MrNa] C26H30N205

requires 450; 1 H NVR (400 MHz, CDCI3) 5(ppm:7.30-7.49(m 7H);

6. 91- 7. 0@encApfion 5. 169:s, 2H’J 1- mn@ﬂhvwﬂdll 5. QBR(&R)@(Iahﬁnocart&&vl&ﬁdH[(EO

(s,s,,3H ;. 3. . : : 2.

2, 211§ : dzagh ‘ CIngGsr

1, 1- Di net(pgbet hyI (28 58) 2- (4 hydroxyphenyl) 6- 0XO0- 1 7-

di azaspi ro[ 4. 41nonane- I-(;ar boxylate (D78) NO -0-1 HOO OO

'|pt|on 78:

The title compound (400mg, 78%) was prepared by a similar procedure to that set
out earlier in Description 61 using (5R)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-5-(4-{[(2-
15  fluorophenyl)methylJoxy}phenyl)-2-[(methyloxy)methyl]-L-proline (D68,  510mg,
1.11mmol). R; (HPLC). 6.07min; MS: (ES/+) m/z: 481 [M+Na] C25H31FN205

requires 458.

Description 70: 2-Methyl 1-(phenylmethyl) (2S.5R)-5-(4-{[(2-
20 fluorophenyl)methylloxylphenyl)-1,2-pyrrolidinedicarboxylate (D70)

To a solution of methyl (5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-L-prolinate
(D33, 2.5g, 7.6mmol), and diisopropylethyl amine (2 ml, 11.4 mmol) in dry DCM
(25ml) at 0°C was added dropwise benzyl chloroformate (1.3 ml, 9.1 mmol) and the
25 mixture was stirred for 1h from 0°C to r.t. The mixture was washed with a 20%

solution of citric acid and after with brine. The organic layer was dried (Na,SOy,),



20 To a solution of 1-(1,1-dinethylethyl) 2-nethyl

(2S,5S)-2-(cyanonet hyl ) -5-{4-

[ (phenyl meohlgé7y@xspphenyl } -1, 2- pyrrol i di nedi car boxyl at e PCIDEP2005009732
1.11mol) in nethanol (30m) was added Raney N ckel (slurry in water, 1
spatula) and the m xture was stirred under a hydrogen atnosphere (6 atn)
for 6 hours. The catal yst was filtel®d off, the solvent renoved under
reduced pressure, and the solid residue was 25 treated two tifmes with

t ol uene ditarag andievarssated.athRifesidHeawaR PuRiiac By somategseryne siliagel of | uxed
I n met hanlind %%Qﬁ%bxér%r ard é&h%%@ﬁat@wsws) G/ Sffdrddd Ml MbMSpILRBTE &Y So7eNe

sol vent was renoved under reduced pressure and the crude material purified

by WD 200%/ 94¢te0s®icT/ ReFPHYE) O3 HWB%@W%@@GW &riPBM):i €42gel usi ng

i ool Bl Eath A [iiet S . 6 L8R (iR ST AR 0 200

= 9: 15 06.4Q and. 15 E56.2));:d.84-5885(n, 2N NAg AnBB555 [nwmahl] -3.89 8R B804

I R AR g, e

3.29-3.20 (m 1H); 3.19-3.09 (m 1H) 2.47-2.20 (m 2H); 2.08-1.85 (m 2H);

Deoari ét.ﬁgﬁbﬂ_méml 1. (phedim@tign - 08 (SR:5r5:5-A)o-
A - Byl

gy gedicarboxylate:
6- oxo zaspiro(4. 41nonane 1- carboxyl at e (D79): o~to 'J" 0o r  FD
The t1i0tlei—§’§-§pound (130ngy, 76% was prepared by a simlar procedure to that
set out earlier i se@iiption 11 using 1, 1-di methyl et hyl
(2S,5S)-2-(4-hy Yenyd).- 6- oxo-1, 7-di azaspi r o[ 4. 4] nonane-| - car boxyl at e
(D78, 130ny, W (HPLCO): 15 5.71m n; Rf (cycl ohexane/ et hyl
acetate = M® (ES/+) mz: 463 [ M+Na+]. C25H29FN204 requires

440; 1 HN O DVBO-d6) S(ppm): 7.66 and 7.83 (s,s,|H);
7.50-7.65(m 7.35-L M 1H); 7.16-7.32(m2H); 6.86-7.04(m 2H); 5.11
and 5.12 ¢ ; 4794.84(mm1H); 3.06-3.28(m 2H);
2.18-2.43(m2H); 1.85- 2269(m2H); 1.75-1.85(m1H); 1.51-1.72(m 1H); 1.33

and 1.36 (s,s,9H). 20

The title compound (1.19g, 46%) was prepared with a similar procedure to that set
out earlier in Description 62 using 2-methyl 1-(phenylmethyl) (2S,5R)-5-(4-{[(2-

15  fluorophenyl)methylloxy}phenyl)-1,2-pyrrolidinedicarboxylate (D70, 2.0g, 4.31mmol).
R( (HPLC): 6.06min; MS: (ES/+) m/z: 494 [MH]+ C28H28FNO6 requires 493.

Description 72: 2-Methyl 1-(phenylmethyl) (2R .5R)-2-({[(1.1-
dimethylethyl)(dimethylsilylloxy}methyl)-5-(4-{ [(2-fluorophenyl)methylloxylphenyl)-
20 1,2-pyrrolidinedicarboxylate (D72)

To a solution of 2-methyl 1-(phenylmethyl) (2R,5R)-5-(4-{[(2-
fluorophenyl)methylJoxy}phenyl)-2-(hydroxymethyl)-1,2-pyrrolidinedicarboxylate
(D71, 200mg, 0.4mmol) and imidazole (60mg, 0.88mmol) in dry DMF (1ml) was



Description D80: Methyl 6-(4-hydroxyphenyl)-2-pyridi necarboxyl ate (D80):

HO A m xture of nethyl 6-brono-2-pyridinecarboxylate (1.35 g, 6.22 mol, 1
eq), (4- \ab2bymueedgphenyl)boronic acid (0.945 g, 6.85 nWROIT/EP2008/064752
Pd(PPh3)4 (0.718 g, 0.06 mmoles, 0.01 eq) and K2C®B (1.7 g, 12.4 mmoles, 2
eq) in dioxane (15 m-) and water (8 nL) was heated at 100C for 2 h. Then
AcCEt was added and the organic phad@2was washed with water, dried over
Na2SO4, filtered and evaporated to WO 2007/ 042240 PCT/ EP2006/ 009732 106
dryness. afided dert:bietycdime8yisiyhvebioridarandi the nejture wan sbtied iRat8diaprhyThen 50 g
silica gglqy t%ﬁr%éc@% Bl it 6 r?ed'&lﬂ{edohltﬁyﬁéteh%e”%%md wRheé@je 10/0 to
713 as an &l Uent [Vents were tenoved under reduced pressure to give the
title corqaetmm Be erganiellayen vwes! washed 3gthige calgorine] driegiiN2:806), 3lltew@0 MHz): 8

g. 838( gg a?evr#). %\é'lﬁﬁs deué @a?gg%%%%ﬁorﬁ%ﬁ%éa@pl\é?’ r eq%éﬁr es 229

Descr bpt iaynlo%(bmel\/amd]ﬁthﬁ Foptdte ((:0 Itm@’b)phemﬁbvdrﬁlm)ﬁtlﬁi ooMAPEdyaAs) a2-

d 0 | Hk i t +
Y4 hyar SR A U5OR0) Tadty R (eSO SR S T, Y i
acet one (GB4HIRFNEIESi eedtirels BRTOB (780 ng, 5.67 rrrml) and 1-

(brononet hyl ) - 2-fl uor obenzene (805 ng, 4.26 mml). The m xture was stirred
at 60C under n|trogen at m)sphere for 6h Sol vent was rem)ved_ under reduced

15 pressDescEp )35 %
' 3%@ lﬁl’ﬁ%‘ﬂﬁé‘@?)to dr yness.
B g silica gel

wash
The. dbuaducbelfBhil
cartridge, using a grad nt of cycl ohexane/ ethyl acetate 10/0 to 8/2 as

el uent, to give the titleyconmpound (700 ng, 73%. 20 LC-MS [ Supel cosi |
ABZ+Pl us, 33x4.6mm 3 prEi—gr adient: A H20 +0. 1% HCOOH/ B: CH3CN: 0% to
9598 in 3 mn. 95%3fJoln‘in 9598 to 098 in 0.1 min., flowrate:

2mm n]. R 90 T (Y (nfz 338 (M+H)'). C20H16FNO3 requires 337.
Descri ption l@ (28 6R) - 6- (4- {f (2-f 1l uorophenvl) et hyl | oxy}phenyl)-2

o e

The title compound (white solid, 120mg, 67%) was prepared by a similar procedure

to that set out earlier in Description 60 using 2-methyl 1-(phenylmethyl) (2R,5R)-2-
({[(1,1-dimethylethyl)(dimethyl)silylJoxy}methyl)-5-(4-{[(2-

15  fluorophenyl)methylloxy}phenyl)-1,2-pyrrolidinedicarboxylate (D72, 180mg,
0.3mmol). R, (HPLC): 7.98min. MS: (ES/+) m/z: 594 [MH]+ C33H40FNOG6Si requires
593.

Description 74: Phenylmethyl (2R ,5R)-2-(aminocarbonyl)-2-({[(1,1-
20  dimethylethyl)(dimethyl)silylloxy}methyl)-5-(4-{[(2-fluorophenylmethylloxy}phenyl)-1-

pyrrolidinecarboxylate (D74):




25 pi peridi necar boxyl ate, net hyl

(2R. 6S)-6-(4-{f(2-fl uorophenyl)net hyl | oxy}phenyl)-2- piperidi necarboxyl ate
(D82) WO WO0Q@IM2240 PCT/ EP2006/ 009732 107 H JA O OPCTHP2@6@42F F b
To a solution of nethyl 6-(4-{[(2-fluorophenyl)nethyl]oxy}phenyl)-2-

pyri di necar boxylate (D81, 700 ng, 2.1 mmol, 1 eq) in acetic acid (35 nm)
was added Pt02 (200 ngy, 30% w w). TF|Q3mxture was hydrogenated at 4 atm
for 6h. Solvent 5 was renoved under reduced pressure. A solution of NaOH 1
Mias addede tB&eMPRYTE(B5RG: 7A%) NRSATEParad by iR PRRcedkresitBatseliowlas dri ed
over NaZ%%erfd bés%hsﬁion @ﬂds.ﬁgm@t{ﬁd 1td?m€fh}ﬂéﬂ% dﬂa@]y%u gﬁﬁ@mwnd was

purified by flas r omat o carfri using a
-

gr adi ent ﬂﬂ@wmmhewmﬁthﬁ]oxn}pgwlﬁ ﬁ@?@ﬁylmeutyﬁpxyleasb@m}é P'ﬁ’l‘”?l tle
conmpound 0 47, rgc H
C20H22F gége 11??? %Oﬁﬁggsc@l g??ibﬁ) D§§2mﬂaowlgt§hy S? ( gﬂgn$yhrre '\ﬂlyll )

(2S, 6R) - 633%143 f(\lZOSSI requires 592.

quorophenyI)nethyIony}phenyl) 1, 2- pi peri di nedi carboxvl ate, 2-nethyl 1-
(phenyl rret hyI ) (2R 68) 4- {f(% fluor ophlenvl )tr;et hP/I I oxv} henyl )- 1,2- 15

hy

CDO F b Rx :

(2S, 6R) - 67 ) ' phiényl ) - 2- pi peri di necar boxyl at e
(D82, 420 ngy, 1. 22 mol , eq) and DI PEA (320 pL, 1.80 mmol, 1.5 eq) in
DCM (9 m) was added, a( . phenyl met hyl chl ori docar bonat e 20 (213 NL,

1.47 mmol, 1.2 eq). Thefﬁfxture was allowed to reach RT and was stirred
under nltrogen atmospherge for 1 h. The reaction was quenched with water.
The organic ; saparated and evaporated to dryness. The resulting
crude

10 To a solution of phenylmethyl (2R,5R)-2-(aminocarbonyl)-2-({[(1,1-
dimethylethyl)(dimethyl)silyljoxy}methyl)-5-(4-{[(2-fluorophenyl)methyljoxy}phenyi)-1-
pyrrolidinecarboxylate (D74, 85mg, 0.14mmol) in methanol (2ml) was added
palladium (10mg, 10 wt.% dry basis on activated carbon) and the mixture was stirred
under hydrogen atmosphere (1 atm) for 30min. The catalyst was filtered off, the

15  solvent removed under reduced pressure and the crude material purified by
chromatography on silica gel using cyclohexane and ethyl acetate (9:1 to 75:25) to
afford the title compound (50mg, 79%) as a colourless oil; R, (HPLC): 5.00min; MS:
(ES/+) m/z: 459 [MH]+ C25H35FN203Si requires 458.

20 Description 76: 1-(1,1-Dimethylethyl) 2-methyl (2S,5S)-5-{4-
[(phenyimethyl)oxylphenyl}-1,2-pyrrolidinedicarboxylate (D76):

. O\
O (@)
b %

The title compound (1.35g, 82%) was prepared by a similar procedure to that set out

earlier in Description 6 using methy! (5S)-5-{4-[(phenylmethyl)oxy]phenyl}-L-prolinate
25 (D5, 1.24g, 3.98mmol. Rt (HPLC): 6.45min; MS: (ES/+) m/z: 434 [M+Na]



conpound was purified by flash chromatography on 20 g silica gel cartridge,
using a gradient of cycl ohexanes/ethyl acetate 10/0 to 8/ 2 as eluent to

gi ve t he woRbe/0A248007/ 042240 PCT/ EP2006/ 009732 108 compomrdooed2E3ny, 89%
as a racemate. 1 H-NWR (CDCI 3, 400 MHz): 8(ppm: 1.60- 1.79 (2H, m,
1.80-2.02 (2H, m, 2.04-2.29 (2H, n), 3.22 (3H, s), 4.88 (lH, t), 5.13

(2H, s), 5.21 (2H, s), 5.39 (1 H, t) 0%6.89 (2H, d), 7.08- 19 (2H, m,
7.24-7.40 (8H m, 7.47 (1 H t). 5 Description D84: 2-M

1- ( phenvIGRAHAINDS 2rRasiRgS 241 Gy attbmbiWR | Y400 ( MHz ( £DCI3) & (ppm)721-

f1uor ophe,n?%(),{@.q)hybg 996LRDEYE.01-6:081RI2R63.60 Bd5 58T 84H) 25 85 aka BRIFNY! 1-

henyl met h
(2S, 6S) - AssHandiddt ayd Y-63 (did fAHY;23.77 Landoiéﬁén(yBIS)?rr@t 1237 bﬁ?@r@hléhyit y2-

1. 2- pi perJ g pedi O00O0I/ O
o 5B PEHHHETAR b TR LRI R Y Ghens it )
(2S, 68) - 6- (4-{[(2-

f I uor oph
1.10

mn at -40C under a n| J,\?gen at m)sphere Thn theterrperature was cool ed

to -78C and a sol bronoacetonitrile (460 pl. 6.6 mmol, 6 eq) in
THE (2 ni) d edX. T reaction was stirred at -78 C under a nitrogen
at mspherel@i NTh eaction was quenched with a saturated sol ution of
NH4Cl and PAc \Aasi\%d The organic 20 phase was separated, dried over
Na2SsO4, fiNteged aporat ed to dryness. The resulting crude conpound
was pur|f| y fla hr omat ography on 20 g silica gel cartridge, using a
gradient o «.' ohexanes /ethyl acetate 1010 to 7/3 as eluent to give the
title conpound (524 ng, 92% . 1H NWVR (CDCI 3, 400 MHz): 8 1.82 (2H, m,

2. 01 ( 2H,The titlexcapapaund KP.5g) 41%) B8s preparedyy, azirglar(pnoqqdur@)to teatset oat H, d),

3.70 E) ’eafl‘%er ﬁﬁlg)e%gl_‘(t%ﬁ) #) ugﬁg 13_ @2 inthyietn@P SAndthyit 25 8s98-(42H d)

7.11

[(phenylmethyl)oxy]phenyl} 1,2-pyrrolidinedicarboxylate (D76, 1.12g, 2.72mmol). R;

(HPLC): 6.39min; MS: (ES/+) m/z: 473 [M+Na] C26H30N205 requires 450; 1TH NMR

(400 MHz, CDCl3) &(ppm):7.30-7.49(m,7H); 6.91-7.00(m,2H); 5.10(s,2H); 4.91 and

5.08 (m,m,1H); 3.88 and 3.90 (s,s,3H); 3.04-3.59(m,2H); 2.55-2.74(m,1H), 2.36-
15  2.51(m,1H); 2.21-2.36(m,1H); 1.90-2.07(m,1H); 1.12 and 1.42 (s,s,9H).

Description 78: 1,1-Dimethylethyl (2S.5S)-2-(4-hydroxyphenyl)-6-oxo-1,7-

diazaspiro[4.4lnonane-1-carboxylate (D78)

20 To a solution of 1-(1,1-dimethylethyl) 2-methyl (2S,5S)-2-(cyanomethyl)-5-{4-
[(phenylmethyl)oxy]phenyl}-1,2-pyrrolidinedicarboxylate (D77, 500mg, 1.11mmol) in
methanol (30ml) was added Raney Nickel (slurry in water, 1 spatula) and the mixture
was stirred under a hydrogen atmosphere (6 atm) for 6 hours. The catalyst was
filtered off, the solvent removed under reduced pressure, and the solid residue was

25 treated two times with toluene and dried under vacuum. The dry white solid obtained
was refluxed in methanol (30ml) for six hours until cyclization was complete. The

solvent was removed under reduced pressure and the crude material purified by



7.38 (4H, m), 7.45 (2H, d), 7.55 (1 H t); R (HPLC) = 6.65 nin.
Description 85: 1-(1, 1-Di nethylethyl) 2-nethyl

(2R5R) - 2-Woyarmoretdny| ) - 5- (4- {f ( 2- PCT/EP2006/009732

fl uor ophenvl ) met hvl | oxy} phenyl ) - 1. 2- pyrrol i di nedi car boxyl ate (D85) WD
2007/ 042240 PCT/ EP2006/ 009732 109 IN N GOV F O To a solution of

1-(1, 1-di net hyl et hyl) 2- rrethyl (2S, SFQ)O 5-(4-{[(2-

fl uorophenyl ) nmet hyl ] oxy} phenyl ) -1, 2-pyrrolidi nedi carboxyl ate (D34, 45g) in
dry THE @remamé)phpw@\ﬁ"@ag U%%wémometm/mﬁaam&ba ta f2:B) mﬁsrd n THE
(115n)  dihePwies LompdBnd essld iwkite SSYit k%rﬂ@a%% rR?QHﬁEC%?’g%gW

m nutes. Then the m xture was agali n cool ed ronoacetonitrile

(22nL) di ¢lighiaremeihangimethangk 5 &8 nL()41n/aMSad@eﬁdf) e APRtI@MENgal B82S t

stirring i ?%Qm gj'g)ﬂ t

gquenched W'Yﬁa‘?ﬁér% arrrfégrl{%sm%%ﬂ#ﬁgmg SO Pgt ’ljck)/fnéo( g@ %E?'%?ﬁ—@q
evaporat e@ |1h|),v'é&6|@ndr7d66 ke scrititle? 4B Xddir 2H)waH6etddr att); e4181-\m710h(rrEt’®Qc (2 X
675n) . c v I gt ter

purifi ed 1Hﬁ%e{19 &‘@% @l ?‘?@agé@% f&ﬂﬂ Eﬁb%%&%‘%s %ﬁtﬂ thyl
acetate (842171 arH)‘ dr&ﬁ-hgztmeﬂﬂ) 1138 andrip@fufsds,(B). 3g) as a yellow thick oil.
1H NWVR (400 MHz, CDd 3-d) 5(ppm: 7.53 (t, 1H), 7.43 (d, 2H), 7.29-7.37 (m
1H, 15 7.17 (t, | H, 7.07-7.13 (m 1H), 6.97 (d, 2H), 5.16 (s, 2H),

4. 88- 4. 95Désnripfitf) 793 190Direthyl&hi)l . (28, 5-2¢ (@ {[(24fuoroBhérdy| rebthyilbky}pRerfyll- 2. 70 (m

1H), 38z 4 1.92-2.06 (m 1 H), 1.44 (s,

9H) | @ﬁ%@%—%@%ﬁéﬂé&%@%m (2R 5R)-5- (4-ff(2- 20

fl uorophenyl ) met hyl Lr_ogkquhenyl )-2-[2-(nethylam no)et hyl | -1, 2-

pvrrolidi ned q‘ vl 3t e ind 1, 1-di methvl ethvl (2R, 5R)-2-(4-{f(2-

fl uorophenyl"l m)xy}\@henyl) 7- met hyl - 6- oxo- 1. 7-di azaspi rof 4. 41nonane- |
B

- car boxyl 86 N) NNNGzM FOOOOFO 6

F

The title compound (130mg, 76%) was prepared by a similar procedure to that set
out earlier in Description 11 using 1,1-dimethylethyl (2S,5S)-2-(4-hydroxyphenyl)-6-
oxo-1,7-diazaspiro[4.4]nonane-1-carboxylate (D78, 130mg, 0.39mmol). Rf (HPLC):
15  5.71min; Rf (cyclohexane/ethyl acetate = 3:7). 0.45; MS: (ES/+) m/z: 463 [M+Na+].
C25H29FN204 requires 440; 1H NMR (400 MHz, DMSO-d6) 8(ppm): 7.66 and 7.83
(s,s,1H); 7.50-7.65(m,3H); 7.35-7.49(m,1H); 7.16-7.32(m,2H); 6.86-7.04(m,2H); 5.11
and 5.12 (s,s,2H); 4.79 and 4.84 (m,m,1H); 3.06-3.28(m,2H); 2.18-2.43(m,2H); 1.85-
2.09(m,2H); 1.75-1.85(m,1H); 1.51-1.72(m,1H); 1.33 and 1.36 (s,s,9H).
20
Description D80: Methyl 6-(4-hydroxyphenyl)-2-pyridinecarboxylate (D80):

HO

A mixture of methyl 6-bromo-2-pyridinecarboxylate (1.35 g, 6.22 mmol, 1 eq), (4-
25  hydroxyphenyl)boronic acid (0.945 g, 6.85 mmol, 1.1 eq), Pd(PPh;), (0.718 g, 0.06
mmoles, 0.01 eq) and K,CO; (1.7 g, 12.4 mmoles, 2 eq) in dioxane (15 mL) and
water (8 mL) was heated at 100°C for 2 h. Then AcOEt was added and the organic

phase was washed with water, dried over Na,SO,, fitered and evaporated to



25 A solution of 1-(1,1-dinethylethyl) 2-methyl (2R, 5R)-5-(4-{[(2-

fl uor ophenyl ) net hyl ] oxy} phenyl) - 2- (2- oxoet hyl ) -1, 2- pyrrol i di nedi car boxyl at e
(D37, 9. %sQroem4emvhanol (38m ) was cool ed to 5-10C. MerhyIERRI0GR09762

met hanol (12.7g of a WD 2007/042240 PCT/ EP2006/ 009732 110 24. 7% sol uti on)
was added and the m xture stirred at 5-10C for 1 hour. Acetic acid (7.6m)
was added to give a pH of approximatdi® 7, and then the tenperature was

rai sed to 20-25C. Sodiumtriacetoxyborohydride (6.4g) was added in portions
over 1 héypesst HBA oryde earqund vasi pyriigd on flash Zbemaegraphyien 156rg silitrur s.

Met hanol i@ eStdi - } r d wth

et hyl acegu;t% gﬁr(ng)%%ﬁ%ﬁ ré)évlvér%ttaa? Q?QSWHH%@ P‘gé}%th% \ﬁc/g}rc}ﬁ/g'ea%aérr{iggé and the
aqueous | d9leenty avas treaoved updierhreduegd, presgereatoegive tindl Yitle Thmpoumbiased et hyl
acetate i e € i 89 bt R igh.sal Kt (4 x 50m),
then t hesgg%isﬁgﬁ (%%L@%’u%&%gﬁbﬁgwwépg CI%I’ gg? g}'(ﬁ Z\rkn fﬁ%ég}a}b s@o%‘itzé&ﬂéaébonat e

sol ut iSon €.263A3) (2kh h)eT 8917 .Ac@Ha s, 8.0-506(3H, MHeMAnESItismD 2BaydFH)as
re-extrac 1 t tate (25m ), then the conbined ethyl acetate

sol ution %/a%g_ﬁc/i\fr'\lkg%%glla}eﬂr}s g%(‘gi um sul phate and evaporated to give the title
conpound as a crude (6.6g) also containing the conpound 1, 1-di net hyl et hyl
(2R 5R) - 2+ I[ o4 n
quoroph " Ty a'v oren B et 8 O A&z &S Pr o4

car boxyl apwidinetarbbigsiate S84} m z: 455 [MH ] (cyclised product) Exanples
Exanpl e 1:
(5R) -5-(4-{f(2-Flu
hydr ochl ori de I
1, 1-di met hyl e
f | uor ophenyl
306ng, 259
(0.5nl) wa
hour at roo
stirred f ols

10

envl ) net hyl | oxv} phenyl)-2-net hyl -L-prolinam de 20

NANH2 O H O HO .To a solution of

-~ am nocar bonyl ) -5- (4-{[ (2-

| ] oxy} phenyl ) -2-nethyl -1 -pyrrolidi necarboxyl ate (D11,

. ) in a mxture of ethyl acetate (5m ) and net hanol

added AcCl (130pl, 2.5eq) at OC. The m xture was stirred for 1
eqperature. A further addition of AcCl (130pl) was nade and

n rt. The reaction

To a solution of methyl 6-(4-hydroxyphenyl)-2-pyridinecarboxylate (D80, 650 mg,
2.84 mmol) in acetone (8 ml) were added K,CO; (780 mg, 5.67 mmol) and 1-
(bromomethyl)-2-fluorobenzene (805 mg, 4.26 mmol). The mixture was stirred at
60°C under nitrogen atmosphere for 6h. Solvent was removed under reduced

15  pressure and the residue was dissolved in AcOEt. The organic phase was washed
with water, dried over Na,SO,, filtered and evaporated to dryness. The crude
compound was purified by flash chromatography on 25 g silica gel cartridge, using a
gradient of cyclohexane/ethylacetate 10/0 to 8/2 as eluent, to give the title compound
(700 mg, 73%).

20 LC-MS [Supelcosil ABZ+Plus, 33x4.6mm, 3 uym, gradient: A: H,O +0.1% HCOOH/B:
CH3;CN: 0% to 95%B in 3 min., 95%B for 1 min., 95%B to 0%B in 0.1 min., flow rate:
2mL/min]. R; = 2.90 min (100%) (m/z = 338 (M+H)"). C20H16FNO3 requires 337.

Description D82: Methyl (2S.6R)-6-(4-{[(2-fluorophenylimethylloxylphenyl)-2-
25 piperidinecarboxylate, methyl (2R.6S)-6-(4-{[(2-fluorophenyl)methyiloxy}phenyl)-2-

piperidinecarboxylate (D82)




m xture was kept overnight at -18C. Then AcCl (another 100pl) was added at
0C, stirring for 15 mns, then for 1 hour at rt. The reaction was then
conpl et e waxostmaezr030 by HPLC). The m xture was evapor areu/epreooaidosd t he
title conpound as a white solid (246nmg, 95%; R (HPLC) 3.62m n; Chiral
HPLC. Columm: chiralpak AD-H5 um 250 x 4.6 mm Mobile phase: A

n- Hexane; B: Ethanol; Gradient: isocrd®fc 30%B; Flow rate: 0.8 m/mn; W
wavel engt h range: 200-400 nm Analysis tinme: 20 min; ret. time: WO

2007/ 042240 PCT/ EP2006/009732 111 14. 3mims, MS: (ES/+) mz: 329 [MH]:: 1H
NVR (500 Mz, DIVBOd6) 3 (gpn’) 9. 87 (Eﬁ} 1H), 8.24 (br. s., 1H), 8.12
(s, 1H), 7.89 w3 T AN(M 3H), 7.21 - 7.30 (m
2H), 7.11 (d . s, 2H) - 4H76f1|—|), 2.42 - 2.54 (m 1
H, 2.23 - @73 1.990 (m 1 1.84 - 1.97 (m 1 H), 1.65

(s, 3H). 5 (The follow ng conmpou ds of formula (le) were prepared using a
simlar proce ye to that descri above for Exanple 1. For each
conmpound, régf nce to a startin terial (SM is provided. This is

provi ded Fersly’ for assistance T e skilled chem st. The starting
material may not necessarily have been prepared fromthe 10 batch referred
to. Mo N®NH2 a R6selutdn (| ¢f Hohethd. SPARM(Itharogtenyiwethyllaky}er)-21.2

2- cyanobe, n 121N302
Fequir oo D EKgRobERa ™ 8 B 4 ol T inydkdo Bof (o5 il pps iy (s
1 H), 8. 1|2tq25{20(1mg) 30% @8v) dhe Imikdure WaSEhy(‘JquemamI)i at 2. 8tn forah7 Go{vent 2H) ,
7.59 t 7 63 (m
1y, 8 sive fumputuidye @ B pleshe A selfilny of 18D IS sqgbl iy [
(m 1 H) ,Ad0l6t4was ad@dd) ancR;he( ¢ighady pBal8 obfamedMiBas (s eyerMiaSO32MMtefedd | .

and evaporated to dryness. The crude compound was purified by flash

chromatography on 20 g silica gel cartridge, using a gradient of DCM/MeOH 10/0 to

9,5/0,5 as an eluent, to give the title compound (420 mg, 47%) as a racemate. ES-

10  MS: m/z: 344 (M+H)*. C20H22FNO3 requires 343.

Description D83: 2-Methyl 1-(phenyimethyl) (2S ,6R)-6-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-1,2-piperidinedicarboxylate, 2-methyl 1-
(phenylmethyl) (2R .6 S)-6-(4-{[(2-fluorophenyl)methylloxyiphenyl)-1,2-

15  piperidinedicarboxylate (D83)

F F

To a solution of racemic methyl (2S,6R)-6-(4-{[(2-fluorophenyl)methyljoxy}pheny!)-2-
piperidinecarboxylate (D82, 420 mg, 1.22 mmol, 1 eq) and DIPEA (320 uL, 1.80
mmol, 1.5 eq) in DCM (9 ml) was added, at 0°C, phenylmethyl chloridocarbonate
20 (213 WL, 1.47 mmol, 1.2 eq). The mixture was allowed to reach RT and was stirred
under nitrogen atmosphere for.1 h. The reaction was quenched with water. The
organic phase was separated and evaporated to dryness. The resulting crude
compound was purified by flash chromatography on 20 g silica gel cartridge, using a
gradient of cyclohexanes/ethyl acetate 10/0 to 8/2 as eluent to give the title



E3 D13 2-cyanophenoxy C19H19N302 requires 321; 1H NWR (500 MHz, DWMSO-d6) 3
(ppm 10.09 (br. s., 1 H, 8.35 (br. s., 1H), 8.14 (s, 1H, 7.94 (d, 1H),
7.87 (s, wlpo7h47O (dt, 1H), 7.57 (d, 2H), 7.33 (t, 1HPCTEP2d6(009732H),
7.00 (d, 1 H, 4.72 - 4.8 (m 1H), 250- 2.54 (m 1H, 2.30 - 2.40 (m
1H, 201 - 213 (m 1H, 1.87 - 201 (m 1H, 1.66 (s, 3H. The

foll ow ng conpounds of fornula (If) \ﬂéﬁe prepared using a simlar procedure
to 15 that described above for Exanple 1. For each conpound, reference to
a starti r@mmnér(ﬁ%ﬁ mMgs8Yhbas dsacentie.stH-NMR @D@le,dﬁquﬂdvlﬁkyﬁfnpm)aﬂswstance to

or cpar ed |1 D ot 02, GO, 20D 7 0k S ATER b ok B 7s2 112

Me N 2 5(2H 5} 5,21, (2HNB), SROH18, t)( 6.89 (P d), NO8-7SN\ (@B, BHar.ad7et0 SHngn)dat a R,
(HPLC) : ,?p(mq M5 (ES/+) 311 mlz: [MH]. E4 D21 benzoxy Cl9H22N202

requires 3 I-?NIVR (400 MHz, DMSO-d6) 5 (ppm: 9.91 (br.s., 1H); 8.17
(br.s5, 1H) 8.12 (s, 1H); 7.89 (s, 1H); 7.44 (d, 2H); 7.41 (d, 2H) 7.39
(t, 2H) d

lH) 1. 6B‘IL(osophBhi)l)mﬁﬁvlleQ}pﬁelh\lrIHQQQmmnmmdlc&bo&HE’ﬂeC) 3. @eratmyl Chl raJ
HPLC: Col
n- Hexane; 3
wavel ength2- plpendlnedlcarboxvlate (084)

A soluton of racemic  2-methyl  1-(phenylmethyl) (2S,6R)-6-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-1,2-piperidinedicarboxylate (D83, 525 mg, 1.10
mmol, 1.1 eq) in dry THF (6 mL) was cooled to -78°C and LiIHMDS (1.2mi, 1M in

15  THF) was added dropwise. The reaction mixture was stirred for 30 min at -40°C
under a nitrogen atmosphere. Then the temperature was cooled to -78°C and a
solution of bromoacetonitrile (460 pl, 6.6 mmol, 6 eq) in THF (2 mL) was added. The
reaction was stirred at -78 °C under a nitrogen atmosphere for 1 h. The reaction was
quenched with a saturated solution of NH,Cl and AcOEt was added. The organic

20 phase was separated, dried over Na,SO,, filtered and evaporated to dryness. The
resulting crude compound was purified by flash chromatography on 20 g silica gel
cartridge, using a gradient of cyclohexanes /ethyl acetate 10/0 to 7/3 as eluent to
give the title compound (524 mg, 92%). 'H-NMR (CDCls, 400 MHz): § 1.82 (2H, m),
2.01 (2H, m), 2.20 (1H, m), 2.38 (1H, m), 2.95 (1H, d), 3.52 (1H, d), 3.70 (3H, s),

25 5.10 (2H, s), 5.13 (2H, s), 5.25 (1H, t), 6.96 (2H, d), 7.11 (2H, 1), 7.19 (2H, t), 7.27-
7.38 (4H, m), 7.45 (2H, d), 7.55 (1H, t); Rt (HPLC) = 6.65 min.

Description 85: 1-(1,1-Dimethylethyl) 2-methyl (2R 5R)-2-(cyanomethyl)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-1,2-pyrrolidinedicarboxylate (D85)




range: 200-400 nm Analysis tinme: 20 min, ret. time :16.3mn.; Ms: (ES/+)
329 mz: [MH]. CIl19H21FN202 requires 328; 1H NWVR (500 MHz, DVBSO d6) 8 ppm
9.87 (br.we.2po7lo4bp 8.24 (br. s., 1 H), 8.12 (s, 1 H), peTAP2¢08/00973H), 7.56
(t, 1 H, 7.39 - 7.47 (m 3 H, 7.21 - 7230 (m 2 H, 7.11 (d, 2 H, 5.16
(s, 2 H, 4.60- 476 (m 1H, 2.42 - 2.54 (m 1H, 2.23 - 2.34 (m 1
H, 1.99 - 2.11 (m 1 H, 1.84 - 1.999(m 1 H), 1.65 (s, 3 H. 5 The
foll owi ng conpounds of formula (Ig) were prepared using a simlar procedure
to that described abg %/))S(arrple 1. For each conpound, reference to a
starting material “provided. This is provided nerely for assistance
NI stN Th@ Mt arting nmaterial nmay not necessarily have
been prepar ¢ )b@tchreferredto. "'----"NH | \ NRB/ HO10

(lg) HA ar?t\erl sing Data WD 2007/ 042240 PCT/ EP2006/ 009732
113 No. Sk racteri sing Data E6 D26 2-fl uorobenzoxy Rt (HPLC) 3.61m n;
Ms: (ES/ + z: 341 |[MH]. C20H21FN202 requires 340; 1H NVR (500 MHz,

DVMBO- d6) 8 (ppm): 10.37 (br. s, 1H), 8.78 (br. s, 1H), 8.42 (s, 1H), 7.53
- 7.58 (mlH) 7.54 (d, 2H), 7.42 (dd, 1H), 7.25 (t, 1H), 7.23 (t, 1H),
7.10 (d, ,a5. $Qutiors. 21 Ef 12H)diMetBFlethyl). 7@-rhathyll HRS,5R)B54-{[(3- 33 (m

AMILE LV E NEWTIRGERG ROl L N
[MH]5 (450mL) previously cooled to -65°C, was added 1M LiHMDS in THF (115mL)
dropwise. The resulting solution was stirred at -35°C for 30 minutes. Then the
mixture was again cooled to -65°C and bromoacetonitrile (22mL) dissolved in dry
THF (180mL) was added. The mixture was left stirring for a further 30min at the
same temperature. The reaction was quenched with saturated ammonium chloride
10  solution (675mL), THF was evaporated in vacuo and the crude mixture was extracted
with EtOAc (2 x 675mL). The organic layer was evaporated and the crude material
was purified by chromatography on silica gel using cyclohexanes and ethyl acetate
(8:2) affording the title compound (51.3g) as a yellow thick oil.
1H NMR (400 MHz, CDCl;-d) d(ppm): 7.53 (t, 1H), 7.43 (d, 2H), 7.29-7.37 (m, 1H),
15 7.7 (t, 1H), 7.07-7.13 (m, 1H), 6.97 (d, 2H), 5.16 (s, 2H), 4.88-4.95 (m, 1H), 3.90 (s,
3H), 3.52 (d, 1H), 3.15 (d, 1H), 2.57-2.70 (m, 1H), 2.38-2.50 (m, 1H), 2.23-2.34 (m,
1H), 1.92-2.06 (m, 1H), 1.44 (s, 9H).

Description 86: 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-5-(4-{[(2-
20  fluorophenylimethylloxy}phenyl)-2-[2-(methylamino)ethyl]-1,2-
pyrrolidinedicarboxylate and 1,1-dimethylethyl (2R,5R)-2-(4-{[(2-

fluorophenylimethyl]oxy}phenyl)-7-methyl-6-oxo-1,7-diazaspiro[4.4]nonane-1-
carboxylate (D86)

- fj J<

A solution of 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-5-(4-{[(2-
fluorophenyl)methylJoxy}phenyl)-2-(2-oxoethyl)-1,2-pyrrolidinedicarboxylate (D37,

25

9.5g) in methanol (38ml) was cooled to 5-10°C. Methylamine in methanol (12.7g of a



C21H21N302 requires 347; 1H NWR (500 MHz, DMSO d6) b(ppm: 10.39 (br. s,
1H, 8.85 (br. s, 1H, 8.38 (s, 1H, 7.91 (d, 1H, 7.78-7.71 (m 2H),
7.60-7. 56W0rmpoTlHr2407. 55 (d, 2H), 7.11 (d, 2H), 5.27 (sPCTHP006/00%32. 62 (m
1H, 3.33-3.23(m 2H), 2.56-2.50 (m 1 H, 2.41 - 2.22 (m 4H),
2.13-2.03 (m 1H). E8 D28 2- cyanophenoxy Rt (HPLC) 3.26mn; Ms: (ES/+) nlz:
334 [WH]. C20H19N302 requires 333 M@ NMR (500 MHz, DIVISO de) 6 (ppm:

10. 73 (br. s,1,896épbrs 'H%y844s C;&?QS(dd 1 H,
7.73-7. 682”(?% spiption)ywap aderd ang) themizirg stirrediyt 5-1¢7Cofer (| doupHicets. &l (d, 1H),

j I—|§35 ‘21 12(7(261‘%! Jv)(i@’adgég ¥ Egemgﬁgf aﬁb%crxggaat?lgf and tﬁ th]ekaerrg%ral%ére%ﬂ%s? (m
( Pr ocedurreisgy :to 201255R) -Sedium {riacetoryhesetydtide (8- ?@M*ﬂyﬁd’dﬁd\ﬂ)\ pmrw-s)over 7 5
di azaspi rp P[’ﬁ} B d@g@?h%y.geﬁls ifMALPS0I285¢ 46r GERMNE: 2 HAUN. Mfand WEC TO @

solution o :
(2R, 5R) - Migtdled [qffzumdanma@pmmnmepntbehpipqwmtr]egtegnyiu) ethyl acetate (50ml) and

and WO EBERR. L Thg saeng BRRs sds bl Ak Bobicll g bR, PTG

fsol ut i OE etbylasetate (25midd Ehe Gdnlingd Qtﬁylmqetat@solumns wetre @ntracied with 288 at ur e .
16

then: 380 aoih e Rl (e SomioRRh He Sab B ahRRBE Bt uass elteg B 70 e

]E Ir : ': trJr ?;[ 3D %ui soHiuFt Qarb(bﬂatg Sbﬂ.ﬁnn) 150¥nlmahdwtmy?lzeacetaleelr:bnpblﬁ ctdhbea:cqgle?usb%/he

o1 00 o RES BaERfackE Shir LB, R0 Todihny e B S b 60 oy

S(ppm : mzllﬁbn(Was dridd, over B8ditm sulplate and 2vérmratetiito gwe3be tile compdif)d 7. 54

(d, 2H); as g’ %rlfd%d(s ngy)also co?i?alr{ntlg th]ekgdmpou%g 1({ dm‘gel_gylethylj(QR(S??) 22 (H){[(Z5 17 (m

fluorophenyl)methylJoxy}phenyl)-7-methyl-6-oxo-1,7-diazaspiro[4.4]Jnonane-1-
carboxylate.
15  MS: (ES/+) m/z: 455 [MH"] (cyclised product)

Examples

Example 1: (5R)-5-(4-{[(2-Fluorophenyiimethylloxy}phenyl}-2-methyl-L-prolinamide
20 hydrochloride (E1)

F Me

e

To a solution of 1,1-dimethylethyl (2S,5R)-2-(aminocarbonyl)-5-(4-{[(2-
fluorophenyl)methyl]loxy}phenyl)-2-methyl-1-pyrrolidinecarboxylate (D11, 306mg,

NH

Iz
O ’

HCI

25 0.69mmol) in a mixture of ethyl acetate (5ml) and methanol (0.5ml) was added AcCl
(130ul, 2.5eq) at 0°C. The mixture was stirred for 1 hour at room temperature. A
further addition of AcCl (130ul) was made and stirred for 30min rt. The reaction
mixture was kept overnight at -18°C. Then AcClI (another 100ul) was added at 0°C ,
stirring for 15 mins, then for 1 hour at rt. The reaction was then complete (as shown

30 by HPLC). The mixture was evaporated to afford the title compound as a white solid
(246mg, 95%); R; (HPLC) 3.62min; Chiral HPLC: Column: chiralpak AD-H 5 um, 250
x 4.6 mm; Mobile phase: A: n-Hexane; B:Ethanol; Gradient: isocratic 30% B; Flow
rate: 0.8 ml/min; UV wavelength range: 200-400 nm; Analysis time: 20 min; ret. time:



21-1); 4.70 (m 1H); 3.29 (m 2H); 2.52 (m 1H); 2.37 (m 2H); 2.31 (m
2H); 2.09 (m 1 H). Exanple 9:

(2R, 5R) - 2w04047T(0422481 uor ophenvl ) net hyl | oxv} phenyl ) - 7- et rgirAaP2006/004732

di azaspi ro[ 4. 41nonan- 6- one hydrochloride E9 F ,--1 \ pr i HO HC
Procedure 1: To a solution of 1,1-di rrethyl ethyl (2R 5R)-2-(4-{[(2-

f | uor ophenyl ) net hyl ] oxy} phenyl ) - 7- net! 9I 6- oxo- 1, 7-di azaspi r o[ 4. 4] nonane- 1-
15 carboxylate (D29, 61ng, 0.134mmol) in a mxture of ethyl acetate (1m)
and net hatbBm{o MS: rfE)S/"a)thZCﬁﬂ&ﬂ\/"dddéU MRt (PDO MHZ)rDMéO(cﬁDﬁIpprﬁ) &oshmol ) .

The m xtu e our 0om e | vent was
r enoved u@&esrmﬂ%agtgfn{bé ﬂﬁegdg %|'sl)0t7ér?<%/a% ﬁ@’dﬂw QBE&%?(@ X 2m)
FE/L a; ni ngata), \mFﬂe? gmmdzHi %ﬂgw ), 5!@&@5};)3% ggr-mrve (- 1H)ESl42)- 215242 rr;355

T r ;
10. 58 (br<1 ,'1%?5 %&y 2% gy 1%& ‘995 %lﬁj‘ 1*“7 5‘38 ﬂ%MﬂrﬂA§3E5§5?%3 7750 (m
1H), '531720(m2H) 7.11 (d, 2H), 5.17 (s, 2H), 4.80 - 4.66 (m 1 H),
3.43-3. 37 2H), 2.81 , 3 2.59-2.2 5H), 2.13-2.03 (m 1 . 25
E9 was al E%e"b"%v:%fpaeéamgwﬁ ?fdagnuwlswerwe arrﬁél%@/f»' Blar erpe%@r%fo K
(2R, 5R) - 2theattdéddriBed fabuge w Example 1 For each compound, reference to a startng
henyl ) net h I%.Of({%ﬁhenylc% met h - di.azaspiro| 4. 4] nonan- 6- one 10,
75. 85Q) v@é g bep RF Vl'peét 7le) 25 groyg{egtwerem §%’0P§/9éﬁa”9? E@cme( 35‘5'@?&) and
5- 6M 30 HeHertigt. TRA étz?rﬁﬁé)mé@ﬁal%ﬁéiﬁﬂoﬁheéé%@mﬂ% HINE'RleH ! Sreparel RIM ti1d excess
of HC were eva orated and then stripped with Et20 (2 x 76nL) and DCM (2 x

76mL)10% o Rpteh referfedigy  The foam was suspended in Et20 (600nmL) and DCM ( 76nl)
and stirred WO 2007/ 042240 PCT/ EP2006/ 009732 115 overnight at room

tenperature. Finally thmesolid was collected, washed with a m xture of
Et 20/ DCM 8/ 1 6nys) an.cjI dri ed under high vacuum at 40C overnight to
afford the NAP®Y 6799)- "H NVR (500 MHz, DMBO d6) 8(ppm: 10.58
(bs, 1H);R¥ 7.55 (m 3H); 5 7.43 (m 1H); 7.25 (m 2H); 7.11

(d. 2H; 5.17 (s, 2H); Q.73 (g, 1M 3.40 (m 2H);

No. SM RO Characterising data

E2 D12 2-cyanobenzoxy R; (HPLC) 3.39 min; MS: (ES/+) 336 m/z: [MH"].
C20H21N302 requires; 'H NMR (500 MHz,
DMSO-d6) &(ppm): 9.89 (br. s, 1H), 8.29 (br. s,
1H), 8.12 (s, 1H), 7.93 (d, 1H), 7.89 (s, 1H), 7.80 -
7.70 (m, 2H), 7.59 (dt, 1H), 7.46 (d, 2H), 7.12 (d,
2H), 5.27 (s, 2H), 4.78-4.63 (m, 1H), 2.51-2.42 (m,
1H), 2.34-2.23 (m, 1H), 2.11-1.98 (m, 1H), 1.97-
1.87 (m, 1H), 1.64 (s, 3H).
R, (HPLC) 3.28 min; MS: (ES/+) m/z: 322 [MH"].

E3 D13  2-cyanophenoxy C19H19N302 requires 321; 'H NMR (500 MHz,
DMSO-d6) & (ppm) 10.09 (br. s., 1H), 8.35 (br. s.,
1H), 8.14 (s, 1H), 7.94 (d, 1H), 7.87 (s, 1H), 7.70
(dt, 1H), 7.57 (d, 2H), 7.33 (t, 1H), 7.21 (d, 2H),
7.00 (d, 1H), 4.72 - 4.85 (m, 1H), 2.50 - 2.54 (m,
1H), 2.30 - 2.40 (m, 1H), 2.01 - 2.13 (m, 1H), 1.87
-2.01 (m, 1H), 1.66 (s, 3H).

The following compounds of formula (If) were prepared using a similar procedure to

15 that described above for Example 1. For each compound, reference to a starting
material is provided. This is provided merely for assistance to the skilled chemist.
The starting material may not necessarily have been prepared from the batch
referred to.



2.81 (s, 3H); 2.60-2.20 (m 5H); 2.08 (m 1 H). Exanple 10

(2R, 5R) - 2- (4-{((2- Fl uorophenyl ) net hyl | oxy) phenyl ) -7-net hyl -1. 7-

di azaspi rwb4oemaesan- 6- one (EL10) F O th 10 Procedure 1PCT/EPROOGAOITBE ON Was
performed on the two separated batches of 1-(1,1- dinethylethyl) 2-nethyl
(2R 5R)-5- (4-{[(2-fluorophenyl) net hyI]oxy}phenyI) 2-[2-

(met hyl ami no) et hyl ] -1, 2- pyrrol i di nedildar boxylate resulting from Description
38. The first batch (80g) was dissolved in MeOH (320nL), 5-6N HCl in IPA
(160nL) was 15 added and the m xture stirred overnight at 25C. 13% aqueous
NH3 (200nL) was added, q@oling the reaction to OC during addition, until

conpl ete conver |on c (320m), water (160nmL) and NaHCOB3 saturat ed
sol ution (24 dde Nde t he phases separated. Aqueous phase was
extract edg OAC (6 80rrL) and the organic phase was concentrated to

about 400n1_ t hen washed fth brine (120nL) 20 which was back extracted with
Et CAc (80nL). The conbi ned orgampj phases were dried over Na2SO4 and
evaporated to drynefB to afford the crude (50g). The second batch (81g) was
di ssolved in MeOH (324nL), 5-6N HCl in IPA (162nL) was added and the

m xture stirred overnight at 25C Further 5-6N HCl in IPA (20nL) was added
and stirrgd forgya fys her 6 hour rated solution (160n) and 25
Et OAc (500nl) Were added foll ovve PLS@) R sﬁg‘%

separ at edgand thye agdagig was ba gppégﬁgg YW
Conmbi ned organi cs were concentr § ut
(200m.) were added, the phases %ﬁ) P rgag
dried over Na2SO4 and evaporate '
(135m.) was added and 30 stirred %

to reflux for 3 hours then cool e \l"%}‘ : A ' ) 3 |
met hanol (12.5n) was added due Y ggy%
§ ¥y NH3 was added and stl rred

116 i nconpl et e cyclisation and t
for at le urs,to reach c y atio Bri 10rrL
added, ph es 3%#’5 é@f?&?%e[néaxyangf:rl(sgﬁp% ga% i %SHXL4 s Mo il
evaporated to dryness to afford phase: A: n-Hexane; BEthanoI Gradient: isocratic
30% B, Flow rate: 0.8 ml/min, UV wavelength
range: 200-400 nm, Analysis time: 20 min, ret.
time :16.3min.; MS: (ES/+) 329 m/z: [MH'].
C19H21FN202 requires 328; TH NMR (500 MHz,
DMSO-ds) & ppm 9.87 (br. s., 1 H), 8.24 (br. s., 1
H), 8.12 (s, 1 H), 7.89 (s, 1 H), 7.56 (t, 1 H), 7.39 —
7.47 (m, 3 H), 7.21 = 7.30 (m, 2 H), 7.11 (d, 2 H),
5.16 (s, 2 H), 4.60 — 4.76 (m, 1 H), 2.42 — 2.54 (m,
1 H),223-234 (m, 1 H), 1.99 -2.11 (m, 1 H),
1.84 - 1.97 (m, 1 H), 1.65 (s, 3 H).

Q.

5 The following compounds of formula (lg) were prepared using a similar procedure to
that described above for Example 1. For each compound, reference to a starting
material (SM) is provided. This is provided merely for assistance to the skilled
chemist. The starting material may not necessarily have been prepared from the
batch referred to.

10 (Ig) HC

No. SM RS Characterising Data



the crude (58g). 5 The two crudes were conbined and purified via
chromat ographic colum (DCM MeOH 25/1) to afford the title conpound (85g).
"H NVR ( 680 284204230050 d6) S(ppm: 7.56 (dt, 1 H); 7.41 eouw/Epk)osode7ab (t, 1
H; 7.23 (t, 1 H; 6.97 (d, 2H); 5.12 (s, 2H); 4.18 (m 1 H); 3.28 (m 1
H; 3.22. (m 1 H,; 2.77 (s, 3H,; 2.50 (bs, 1H; 2.12 (m 1H); 2.01 (m
1H; 1.92 (m 1H); 1.72 (m 2H). 10 B18 was al so obtained as foll ows:
Procedure 2: A mxture of 1-(1,1-dinethylethyl) 2-methyl (2R, 5R)-5-(4-{[(2-
fl uor ophenyl ) net hyl }’oxy} phenyl)-2-[2-(net hyl am no)ethyl]-1,2- 15
pyrrol i di Nedi M boRyl ate and 1, 1- diGhetasiaristeyPate oR 5R) - 2- (4-{[ (2
fl uor ophenyl ) net hyl ]fox %phenyl ) - 7- net WI -6-0x0-1, 7-di azaspi ro%4. gjLnonane- 1-
car boxy| aF® (D&, %.'B%f)/) $REO ¥ ssol Red( P&%éﬁgﬁ. M) (ES me | B (14, 3%
solution, 17.7g) was added and t he Mkt 2OH2IFN2OG rgavitesc34Qr HWMBurs. 13%
aqueous NH3 (14.5 m) and the m xt (@ MH2z rRMSOedts) H fm)s . 102708y 660nL) and
wat er 20 (40nL) were added and the 1pha®é8 (epaild) &2 Fhd HqUEdUY . Phase was
extracted wth EtOAc (25ml) then (e 1Hhnbbhdd, BHyan#2 (ddhabdls ARE &, dri ed
over Na2SO4 and evaporated to dryrégs7.2d (aflHurd10 i 2H)ubd3(-5.82¢n, The
crude was purified via colum chr@hiat465 aphib (Bt OA; 326 9 3B3EMOARH)MeCH) to
afford the title conpound (2.1g). 25t8Exaadlm, 14), AIIR 2.42 (m, 2H), 2.27 -
5R) - 2- (3-ff(2-Fl uorophenyl) net hyl | @34 (phehl,2.04- 214 (m, 1H).
di azaspi ro[ 4. 41nonan- 6- one hydrochloride (El1) F ONH I \ NHO HOd To
a sol uti ofa7 of DZ71- ZUcymtohghzdiy| R: (HPLC) 3.37min; MS: (ES/+) m/z: 348 [MH"].
(2R, 5R) - 2- (3-{[ (2- f | uor ophenyl ) net BR1H2KN3PRAeraguires 347; 'H NMR (500
6- oxo0- 1, 7-di azaspi r o[ 4. 4] nonane- | - d4HZ) DWS@idg) J(PEd): 1DMBD (vy,s, OHLB.85 1 ) in
30 dichl oronethane (2 nL) cool ed atbrOsCIHWA384sldH), TOA (§.01H), AZB-MdTbpw se
and the ice-bath renoved. After 1 Kmi BH)so60-2/56 (wasiH)yapér(ds 2d),unter vacuum
and the crude WO 2007/ 042240 PCT/ ER2@/ 629 1822H)] 17754 .82 yme1HYrd.33 ed by SCX
colum to give the title conpound 3823 (he 2H) 50250 (Ml 34),MB¥41 - 2.22 (m,

4H), 2.13-2.03 (m, 1H).

E8 D28 2-cyanophenoxy R; (HPLC) 3.26min; MS: (ES/+) m/z: 334 [MH"].
C20H19N302 requires 333; 'H NMR (500
MHz, DMSO-ds) 6 (ppm): 10.73 (br. s, 1H),
8.96 (br. s, 1H), 8.44 (s, 1H), 7.93 (dd, 1H),
7.73-7.68 (m, 1H), 7.70 (d, 2H), 7.33 (t, 1H),
7.22 (d, 2H), 6.99 (d, 1H), 4.85-4.75 (m, 1H),
3.34-3.25 (m, 2H), 2.65-2.51 (m, 1H), 2.45-2.27
(m, 4H), 2.16-2.06 (m, 1H).

E6 was also prepared as follows:

Example 6 (Procedure 2); (2R,5R)-2-(4-{[(2-Fluorophenyl)methyiloxyiphenyl)-1,7-
5 diazaspiro [4.4] nonan-6-one hydrochloride (E6)

To a solution of 1,1-dimethylethyl (2R,5R)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-
6-oxo-1,7-diazaspiro[4.4]nonane-1-carboxylate (D26, 29.3g) in AcOEt (325mL) and
MeOH (108mL) at 0°C, was added acetyl chloride (28.5mL). The resulting solution
10  was stirred at 0°C for 15 minutes then at ambient temperature for 16 hours. Solvent

was evaporated (bath temperature: first ambient and then 38°C) and the residue



quant.); R (HPLC) 3.58 mn. The free base (77 ng, 0.23 mmol) was di ssol ved
in dichloronmethane (2.5 nL), and o the resulting solution cooled at 0 C
HCl (029 wi 20@f042242M sol ution in diethyl ether, 0.29 nmpCY/BrRa®ocmoatezl

dropwi se. After 15 mn the 5 solvent was renoved under reduced pressure and
the resulting solid triturated wwth diethyl ether to give the title
conpound (68 gy, 80%; Rt (HPLC) 3.74Mfin. M. (ES/+) miz: 341 [MA];
C20H21 FN202 requires 340; 'H NWR (500 MHz, DMSO-d6) S (ppm: 10.13 (br
s., 1H), qg)llgma(sgflturq;}ed wﬂM)EtZCB R 244mb). ﬁﬁalln}qfe so’mdms@pllecl@q) by filtratiory. 47 (m

g—';) 1|7_|) 38a dr'léd'dee? g‘wd Za&fi_ﬁn{ 2] 3%"'59 ?%eraﬁf t%lﬁﬁ)ré gh%ﬁr%cgﬁlp%l]nd( %ll-i) 7.10

2. 25- 8Y Sﬁ%)as)wh@ (br s, . Exanple 12: (2R

ARAST R P or.ﬁbrﬁ%ﬂ"%x@@%‘?”d 74T BB TRt Pon o

1, 1- d|5net(hy|1¢t)hz/64(QF2r5)R742 (68- TH)X 2-25 (4 dHDpheayt, Y HEthy0 [h 2y phehyh) -

7- met hyl -§40 r a 0. 13

o) n 20 Rl P 2BRN 2l A BT e 2 e by 2 2

added AcCH)X 58 pl, 0 82 mml) at 0C. The m xture was stirred for 1 hour at

roomtenperature, solvent 20 renoval afforded the title conpound. Despite a

cl ean HPLC trace, the product did not becone solid. The oil obtained was

t hen subrEXatnmleto a: f ur ORSR)R4(4-f(2eFElborophdny | BEHyI] 60l pHenyl)-Thaethyeg7base

com n@ , I )LEé?s di ssolved in dichloronethane (1
dt S F TCootedat ot (0.15 nmL of a 1M solution in

d| et hyl ether, O. 15 rrm)l) was added After 15 min the solvent was 25

removed undeg reduced pr re—dnd the solid obtained triturated with

di et hyl ethr Th Wnd was obtained as a white solid (40 ny,

80%; Rt 3 , 4 MY (ES/ +) mz: 355 [IWH ]; C21H23FN202 requires

354; 1H NMWMR4500 MHz; DVBO- ) b (ppm: 10.62 (br. s., 1H), 9.00 (br. s.,

1H), 759(dt 1H); 7.48-7.48 (m 1 H; 7.39 (t, 1 H, 7.34-7.37 (m 1 H);

7.22-7.31 (m 2H); 718(00'1H) 7.11 (dd, 1 H; 30 5.11-5.24 (m 2H),

4.70-4.80 (m 1H); 3.35-3.45 (m 2H); 2.78-2.86 (m 3H); 2.50-

Procedure 1: To a soluton of 1,1-dimethylethyl (2R,5R)-2-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-7-methyl-6-oxo-1,7-diazaspiro[4.4]nonane-1-

15 carboxylate (D29, 61mg, 0.134mmol) in a mixture of ethyl acetate (1ml) and
methanol (0.1ml) at 0°C was added acetyl chloride (60ul, 0.806mmol). The mixture
was stirred for 3 hours at room temperature. The solvent was removed under
vacuum and the gummy solid was treated with Et,0 (3 x 2ml) obtaining a white solid
(53mg). Rt (HPLC): 3.72min; MS: (ES/+) m/z: 355 [MH"); C21H23FN202 requires

20 354; 'H NMR (500 MHz, DMSO-dg) & (ppm): 10.58 (br. s., 1H), 8.87 (br. s., 1H),
7.59-7.52 (m, 3H), 7.47-7.39 (m, 1H), 7.31-7.20 (m, 2H), 7.11 (d, 2H), 5.17 (s, 2H),
4.80 - 4.66 (m, 1H), 3.43-3.37 (m, 2H), 2.81 (s, 3H), 2.59-2.23 (m, 5H), 2.13-2.03 (m,
1H).

25 E9 was also prepared as follows:

Procedure 2 : The previous crude of (2R,5R)-2-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-7-methyl-1,7-diazaspiro[4.4]nonan-6-one (E10,
75.85g) was stripped with Et,O (2 x 150mL), dissolved in DCM (150mL) and 5-6M
30 HClin IPA (76mL) was added at room temperature. Solvent and excess of HCI were
evaporated and then stripped with Et,O (2 x 76mL) and DCM (2 x 76mL) to get a
foam. The foam was suspended in Et,O (600mL) and DCM (76mL) and stirred



2.56 (m 2H); 2.24-2.46 (m 3H); 2.00-2.18 (m 1H). WD 2007/042240

PCT/ EP2006/ 009732 118 Exanple 13: (2R 5R)-2-(4-{f

(2- Fl uor opbenyisemov hyl | oxy} phenyl ) -1, 7- PCT/EP2006/009732

di azaspi r of 4. 61 undec- 9- en- 6- onneehhydrochloride (E13) FOHOH HCC 5

1- (1, 1- Di net hyl et hyl ) 2-net hyl

(2R, 5R) - 2-[(2Z) - 4- br omp- 2- but en- | -yl M8 (3-{[( 2-

f1 uorophenyl ) net hyl ] oxy} phenyl ) -1, 2-pyrrol i di nedi carboxyl ate (D48, 80 ny,
0.14 rmodVervight ajrec tepereratyren Finally BieLrolié wag fcoligated, wasbehwitoR Niigture ) and
stirred aff tQOBCM gmgrxaffswmhe'ar. dnﬁdﬁr%g hR ﬁm'a\faa* &@ém@gﬁ'a%ﬁg rg/nder
vacuum and t he oily Tresid di ssolved in di CH ororret ane and cool ed
at OC. TIiAe(“tbeeomﬂ‘?Uﬂﬂe@ng added dropwi se and the reaction mxture allowed

to warmt m f t and the
crude m x?iu&e p %O?Wg%a%yggc%@gﬁmr}n%%%?hﬁ.@ §’?g 89’ Znscr?y(g?\é?ﬂd allylic
am ne dnas? .43 $XoNEd .2, (me2Hpo11 (d @HYLY.17 Ne.Cht); 4(7530 nnrng)eBd@s(sj 2Ms added
and the 0 L u for 7 hours. Solvent renoval

foll omd%é?ﬁ%r%g'ﬁae#%%rz?gﬁbmé Sf‘(?é @;eﬂg usi ng di chl oronet hane / 15

met hanol / triethylamne (98.0 : 1.5 : 0.5) gave the title conmpound as free
base (25 ng, 48%; R (HPLC) 3.93 mn. M (ES/+) mz: 367 [M];

C22H23FN uif£s. , ) S ssol ved
ndchlzé’)?an'ier‘ i sAE 4165 10836nd hM@ﬁomm
of a 1M sdibzgspiol4idinahiaeitaode @E16er, 0. 10 rrrml) was added. After 20 mn the
sol vent was renoved under reduced pressure 20 and the solid obtained
triturated with diethyl ether. The title conpound was obtained as a white
solid (20 ngy, 73%, #LC) 3.93 nmin; Ms: (ES/+) mz: 367 [MH];
C22H23FN202 reqw : A NVR (500 MHz, DVMBO-d6) S (ppm: 9.95 (br. s.,
1H), 8.61 (d B. ¢br\s., 1H), 7.55 (t, 1H); 7.45 (d, 2H); 7.39-7.45
(m 1H); 7-2Q-/7. 29 (m 2H; 7. 11 (d, 2H); 5.68-5.79 (m 2H); 5.16 (s, 2H),
4.68-4.78 1H), 4.07 25 (d, 1H); 3.58-3.69 (m 1H); 2.61-2.78 (m 3H);
2. 31-1®. 39 1H); 2.08-2.20 (m 1H); 1.97-2.08 (m 1 H. Exanple 14: (2R
5S) - 2- (4- Fﬁufoégdd: b YOI PRORIi dd@%?}ﬁl&k@%ﬁ/&&&\?m@ t)/volse%arated batehes of 1-(1,1-

di azaspi ro[ 4. 51decan- 6-one hydrochlorid g - WD 2007/ 042240

PCT/ EP2008methyletyl)  2-methyl = (2R,5R)-5-(4- {[( Iuorophenyl)methyl]oxy}phenyl) 2-[2-

(methylamino)ethyl}-1,2-pyrrolidinedicarboxylate resulting from Description 38.
The first batch (80g) was dissolved in MeOH (320mL.), 5-6N HCI in IPA (160mL) was
15 added and the mixture stirred overnight at 25°C. 13% aqueous NH; (200mL) was

added, cooling the reaction to 0°C during addition, until complete conversion. EtOAc
(320mL), water (160mL) and NaHCO; saturated solution (240mL) were added and
the phases separated. Aqueous phase was extracted with EtOAc (6 x 80mL) and the
organic phase was concentrated to about 400mL then washed with brine (120mL)
20  which was back extracted with EtOAc (80mL). The combined organic phases were
dried over Na,SO, and evaporated to dryness to afford the crude (50g).
The second batch (81g) was dissolved in MeOH (324mL), 5-6N HCI in IPA (162mL)
was added and the mixture stirred overnight at 25°C. Further 5-6N HCl in IPA (20mL)
was added and stirred for a further 6 hours. NaHCO; saturated solution (160mL) and
25 EtOAc (500mL) were added followed by solid NaHCO; to pH~8. Phases were
separated and the aqueous was back extracted with EtOAc¢ (2 x 200mL). Combined
organics were concentrated to about 400mL. DCM (300mL) and brine (200mL) were
added, the phases were separated and the organic phase was dried over Na,SO,
and evaporated to dryness to afford crude (67g). DCM (135mL) was added and
30 stirred overnight at room temperature then heated to reflux for 3 hours then cooled

back to room temperature. 2M NH; in methanol (12.5mL) was added due to



119 Ff \ NNHOHC HCC To a solution of 1,1-dinethylethyl

(2R, 59)-2-(3-{[(2-fl uorophenyl ) net hyl | oxy} phenyl) -

6- oxo0- 1, Woizawampi4no[ 4. 5] decane- 1- car boxyl ate (D52, 20nmpCT@EPO#Dé/0mm™E) in a
m xture of ethyl acetate (0.5 nlL) and nmethanol (30 L) was added AcC
(19pl1l, 6 eq) at 0OC. 5 The mxture was stirred for 6 hours at room
tenperature. The nixture was evapordfléd to afford the title conpound as a
white solid (12 ng, 70%; R (HPLC) 3.72 min; Ms: (ES/+) m(z: 355 [MH];
C21H23FN2iogomplgie Qy@ksayguanqmem\m 809 13%HBH, m&zﬂ@@)ans stippdyor at |58t (d, 2H)

Jiy, 4652 4V () Lol °>7°é'9%b°7“ SingFio0gtl et Jiia’ prctdy, verg

2 47 2. 57se(narate_¢+)and DrEniewas diieg ovel) Na;;SOJgsar@ Saperatedsig) drynesgSoafosd (m 2H) .

Exanpl e %]% 38 ) 2- (4-{[ (2-Fl uorophenvl ) net hyl | oxv) phenyl )-17-
di azaspi roFZf a( n- 6- one hydrochloride (E15): F O\/ NNH ~~\ OHDO

H Cl ¥ Thee tiwd e:rudnq:)oumel wambinedpandd purfieguaie i chaoinategrapbicd doyunirsi ng a

L PARSAAM 29 Ko RASHESHORBRYfasg xarl e 14 using

I | uor %EQGWNMFECGW”\}'HX,}'%MB@!‘%D ‘ﬁépﬁﬂoxbg;((&t ﬁih-l)aﬂagpﬂmi ,dqH; Baget;ahéz -1.2%ar boxyl a
e ; ; + ; - ;

equi res. (Collh: S @A S0 o) B ae s Ty AP 381 fmeih; AT, 743

(t, 1H, 3H}12.520b¢, 29, 2'TIZ(I3I|,'|)H) R.AIn(,dH);11.60 (MSD71.72,(m2BH). 4.84-5.14 (m 1

H; 312 - 3.67 (m 2H), 2.46- 2.71 (m 4H), 2.26-2.37 (m lH) 2.00-2. 25
(m 3H). Exanple 16:

(5R) - 5- [ 4E{ ¢ (vas Blso@besreriad @iy ! | oxv) - 3- (et hyl oxy) phenyl | - 2- net hyl -
L- prol i nam de hydrochloride (E16) WO 2007/ 042240 PCT/ EP2006/ 009732 120 O
NN OHC O F

Procedure 2: A mixture of 1-(1,1-dimethylethyl) 2-methyl (2R,5R)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-2-[2-(methylamino)ethyl]-1,2-

15  pyrrolidinedicarboxylate and 1,1-dimethylethyl (2R,5R)-2-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-7-methyl-6-oxo-1,7-diazaspiro[4.4]nonane-1-
carboxylate (D86, 5.8g) was dissolved in MeOH (23.2mL), HCI in IPA (14.3%
solution, 17.7g) was added and the mixture stirred at 25°C for 24 hours. 13%
aqueous NH3 (14.5 ml) and the mixture stirred for 4 hours. EtOAc (60mL) and water

20  (40mL) were added and the phases separated. The aqueous phase was extracted
with EtOAc (25ml) then the combined organic phases were dried over Na,SO,4 and
evaporated to dryness to afford the crude (5.52g).The crude was purified via column
chromatography (EtOAc to 9:1 EtOAc/MeOH) to afford the title compound (2.1g).

25 Example 11: (2R, 5R)-2-(3-{[(2-Fluorophenyl)methylloxy}phenyl)-1,7-
diazaspiro[4.4lnonan-6-one hydrochloride (E11)

H—CI
To a solution of 1,1-dimethylethyl (2R,5R)-2-(3-{[(2-fluorophenyl)methyl]oxy}phenyl)-
6-oxo-1,7-diazaspiro[4.4]nonane-1-carboxylate (D46, 200 mg, 0.45 mmol) in
30 dichloromethane (2 mL) cooled at 0 °C, was added TFA (0.4 mL) dropwise and the

ice-bath removed. After 1h the solvent was evaporated under vacuum and the crude



To a solution of 1,1-dinethylethyl (2S,5R)-2-(am nocarbonyl)-5-[4-{[(2-
quorophenyI)nEthyI]oxy} 3- (et hyl oxy) phenyl ] - 2- met hyl - 1- pyrr ol i di necar boxy
| ate (DowO 2000mep400. 24mmol ) in a m xture of ethyl acet &Ce/EP2006/19732Nnd
nmet hanol (0.3m) 5 at 0C was added AcCl (11O0pl, 1.54mml). The m xture was
stirred for 1 hour at roomterrperature Two further addi ti ons of AcC
(110pi Sndba]fter 1E anot her 110pl pﬂu% additional stirring for 2h) were
require efore the reaction was conplete (as shown by HPLC). Th t
vas evapamiteapasESCLsplme (o e hE 18 SO 75 NE156 Db PR, the
title co H Iehe(RUTH VB:
(ES/ +) rth% ggfﬁa WL%O%ZQE{NS%?? requ?srégg% ngb %Hﬁhﬁ% ﬁaé&r@k@vedlgvso d6)
? (9 PP . dichtwrometteBeHR. 59l Hpnd @ the resutingsolwionigooleg. %@@t‘@d 6?2%"1144); 7. 80-
r )

1% 1|%fja 'I'Q9 sg@;(éﬁ ir? dé%% 9?+§n<7) 6fz§£ %b&éf‘) droéwi’s% Kft@ﬁgm%ﬂhe
i 70- 8. 7sa(o¢ve3H)vaszer39ved2u®p(rrfequqq)i pressyge an@ﬂ(enrefuf}lng solirstripurgtedrivit) -

81-1.9 6 o
(5 5.1 ﬁ%fl‘k&l%?'ﬁ{% éi(r% etﬁ%?ttle%gﬁéﬁﬂ@ \; 829? BO/E) Ry{HPLE) 372 min. MS:
[ (et hyl o(E)‘B)!ﬂ)etr/nny- [IMI-M dfzoh&rbeleOﬁydqmrehl%Br dbeMBl(ﬁPO MHz DM$tde)d H-Cl 0

gOTf)I 30?8‘%%‘%& ﬁ:{s tﬁy?] g‘ig% %y{bﬁrs ’hyI x}lla)’ggqj}ény ](ﬂg} ?%Wﬁ@) 5r‘{?ﬁyl{][ ( i

pyrrol i di (agcanbn3s (tatig), ¢[3857.37 Qug1H)Y 7 P2AHB0 jm, 2H)a7 m7>(du‘rH3 6f10dd,H\H). acetat e

(L o) S35 engh L9230 L g, S5, MRS 20 i ) e

evapor at efHynd t_he resrdue was triturated with Et20 to afford the title
compound as a white solid (49ng, 82%; Rt 25 (HPLC) 3.62min; M5 (ES/ +)
mz: 389 [ MVH + C21H25FN204 requr res 388; 1H NNR (500 VHz, DIVBO d6) 6

(ppM: 9.&84amfle02(1x:. s, o ] lo®yipiD JomEWRDA
PCT/ EP2006/ 00973 ! 7. O(t,lH); 7.35-7.43(m 1H) :
7.17-7.2 - 12):6. 95(dd, 1H); 5.08(s, 2H);
4.51- 4. 66(Fm © 3.92(d, 1H): 3.74(s,3H): 3.69(d, I H; 3.26(s,3H):
2.17-2.35(m @ J.99-2.12(m 1H); 1.79-1.96(m 1H).
0 T \—
N
H 0

15
To a solution of 1,1-dimethylethyl (2R,5R)-2-(3-{[(2-fluorophenyl)methyljoxy}pheny!)-

7-methyl-6-oxo-1,7-diazaspiro[4.4]nonane-1-carboxylate (D47, 60 mg, 0.13 mmol) in
a mixture of ethyl acetate (1 mL) and methanol (0.2 mL) was added AcCl (58 p, 0.82
mmol) at 0°C. The mixture was stirred for 1 hour at room temperature, solvent

20 removal afforded the title compound. Despite a clean HPLC trace, the product did not
become solid. The oil obtained was then submitted to a further purification by SCX
column. The free base coming from the SCX (40 mg, 0.11 mmol) was dissolved in
dichloromethane (1 mL) and to this solution cooled at 0°C HCI (0.15 mL of a 1M
solution in diethyl ether, 0.15 mmol) was added. After 15 min the solvent was

25  removed under reduced pressure and the solid obtained triturated with diethyl ether.
The title compound was obtained as a white solid (40 mg, 80%); R, (HPLC) 3.72 min;
MS: (ES/+) m/z: 355 [MH']; C21H23FN202 requires 354; 'H NMR (500 MHz,
DMSO-dg) 5 (ppm): 10.62 (br. s., 1H), 9.00 (br. s., 1H), 7.59 (dt, 1H); 7.42-7.48 (m,
1H); 7.39 (t, 1H), 7.34-7.37 (m, 1H); 7.22-7.31 (m, 2H); 7.18 (d, 1H), 7.11 (dd, 1H);

30 5.11-5.24 (m, 2H), 4.70-4.80 (m, 1H); 3.35-3.45 (m, 2H);, 2.78-2.86 (m, 3H); 2.50-
2.56 (m, 2H); 2.24-2.46 (m, 3H); 2.00-2.18 (m, 1H).



5 Exanpl e 18:

(5R) - 5- (4-{[ (2- Fl uorophenvl ) met hyl I oxy} phenyl) - 2-[ (et hvl oxy) net hyl | - L-
prol i nanmwe 2hyrrexhl oride (E18) fO NN / \ 0 ' HC OPCHEPoo0t&/08wBut i on of
1, 1-di met hyl et hyl (2R, 5R)-2- (am nocar bonyl )-5-(4-{[(2-

£l uor ophenyl ) net hyl ) oxy} phenyl ) - 2-[ (et hyl oxy) net hyl ] - 1- pyrr ol i di necar boxy!
ate 10 (D69, 400ny, 0.87mmvl) in a M&ture of et hyl acetate (9m ) and

met hanol (1 m) at OC was added ACCI 400';_9I 5. 60mm|) Thehmxt1ure was

stirred fexamplehours at3:r oom (ZEhpfs)-&d A19% - AcCl
(400p1 angh athieds SindBobhele-6ROR dreéménd hjional stirring for 2h) were
required, conplete (as shown by HPLC). The m xture

was evaporated and the residue vvas triturated with Et20 to 15 afford the

title conpound as a whit 4 (314nmg, 91%; Rt (HPLC) 3.71 min; NS

(5E(S/ +2r)n12: 59 ([) RFN20B8 requires 358; 1H NVR (500 MHz, DMSO- d6)
ppm : . 4 . N 8. 25(s, 1H); 8.04-8.24(br.s,1H); 8.02(s, 1H);

7.52- 7.6 1H) 077 7.8 (3N 7.21-7.33(m2H); 7.07-7.1|7_|)(m2H);( K

5.19(s, 2H) ;" 4. 59- 4. 76(br s,1H); 4.00(d, 1H); 3.76(d,1H); 3.35(s, 3H);

2.20-2.43(m 2H); 2H1Ch. 18(m 1 H; 201.80-1.99(m1 H. Exanple 19:

(5R) - 5- (4-{f (2- Fl uorophenyl ) met hyl | oxy} phenyl) - 2- (hydr oxynet hyl ) - L-

prol i nam de hydrochloride (E19): 10 N N HC 0 F 25 To a solution of

(5R) -2-({[ (1, 1-di met hyl et hyl ) (di net hyl )si | yl ] oxy} net hyl ) -5- S (Ehfé(

fl uor(SphehyII )-mhhuynyl]atbwy}pmamyeth)ﬂL p&RaﬁRham@aM{ommo 25puen-101-b1wriiPy) in dry

THE WO 2 7
ammont um MIBPER e isRiPRaRyER e roidruicaiddiaRt fbadieoifedd ot IEA
m xt ure wamoftwasrdissdhved i alvMsolutien sfiNE; inemetbaral ( enl) and stlrred at room

temperature for 4 hours. The solvent was removed under vacuum and the oily

residue dissolved in dichloromethane (8 mL) and cooled at 0°C. TFA (0.8 mL) was
10 added dropwise and the reaction mixture allowed to warm to room temperature. After
1 hour the solvent was removed and the crude mixture purified by SCX column. At
this stage the uncyclized allylic amine was dissolved in methanol (10 mL), NaOMe
(50 mg, excess) was added and the heterogeneous mixture refluxed for 7 hours.
Solvent removal followed by chromatography on silica gel using dichloromethane /
15  methanol / triethylamine (98.0 : 1.5 : 0.5) gave the title compound as free base (25
mg, 48%); R; (HPLC) 3.93 min. MS: (ES/+) m/z: 367 [MH]; C22H23FN202 requires
366. The free base (25 mg, 0.07 mmol) was dissolved in dichloromethane (1 mL) and
the solution cooled to 0°C and HCI (0.10 mL of a 1M solution in diethyl ether, 0.10
mmol) was added. After 20 min the solvent was removed under reduced pressure
20 and the solid obtained triturated with diethyl ether. The title compound was obtained
as a white solid (20 mg, 73%); R; (HPLC) 3.93 min; MS: (ES/+) m/z: 367 [MH'];
C22H23FN202 requires 366; 1H NMR (500 MHz, DMSO-d6) & (ppm): 9.95 (br. s.,
1H), 8.61 (d, 1H); 8.40 (br. s., 1H), 7.55 (t, 1H); 7.45 (d, 2H); 7.39-7.45 (m, 1H); 7.20-
7.29 (m, 2H); 7.11 (d, 2H); 5.68-5.79 (m, 2H); 5.16 (s, 2H), 4.68-4.78 (m, 1H), 4.07
25  (d, 1H); 3.58-3.69 (m, 1H); 2.61-2.78 (m, 3H); 2.31-2.39 (m, 1H); 2.08-2.20 (m, 1H);
1.97-2.08 (m, 1H).

Example 14: (2R,58)-2-(4-{[(2-Fluorophenyl)methyiloxy}phenyl)-1.7-
diazaspiro[4.5]decan-6-one hydrochloride (E14):




The reaction was quenched with a 5% sol ution of NaHCO3 and extracted with
ethyl acetate. The organic layer was dried (Na2SO4) filtered and

evapor at esl0 200m042H8i due 5 was purified by chromat ogr aphycomEpresiocesgel

usi ng cycl ohexane / ethyl acetate (1:1 to 0:1) to afford the title
conpound (free base) as a white solid gZOng, 53%9; Rt (HPLCO): 3.59m n; Ms:
(ES/+) mz: 345 [ MH#+] Cl9H21FN203 reqU Mres 344. To a solution of this
solid, dissolved in dry ethyl ether (2 m), was added HC (80pi, 10

0.08mml, 1M solutio t®0)~>The sol vent was evaporated and the resi due
was triturated wt Nbtd the title compound as a white solid
(22ng, qu Y Rt HHPLL) : 3.56min; MS: (ES/+) mlz: 345 [ MHt]
C19H21FN2 qui res 344 1H NVR (500 MHz, DMSO d6) b(ppm:

7.40-7.82(N1H) ; 4%5 7.38(d, 2H); 7.31- 7.40(m1H); 7.13-7.22(m 2H):
7.01(d, 2H); 5. 13(5“2 4.41-4.60(m 1H): 3.86(d, 1H); 15 3.72(d, 1H):

2. 10- 2. 27t a24dutioh- 84t ad#%tg%%tﬁg/l ; (2R $9-2L39 e Mud he%?%ﬁ%%ﬁh%t signal s

of the acid protons wer e not observe

5S) - 2- (4- §ereA- diazaspireldyalgeranayi-caskeryiate (A2, 20ma, 0.044 mmol) in a mixture
di azaspi r ol dnf LRepadPs ﬂngﬁﬁwgrﬁcﬁg%ﬂo?r(édj&u(ﬁgs%dée'ﬁ Albr(rop, 8ef ot 20 F

To a solution
(2S, 59 - 2Tke- mP((LQefWamr&ﬁp'hénfpl')ﬁrmdwé |abxsoppheéemperature. The mixture was

mxture of BPETREAL BucedhR 308 Morlooh R WA sob) Bpufatbior RdbPiBicy aca

(130N1, 3782n|m)IVbS (Eﬁé’) i/t 85% [MIdY; €21 H2IRNIQR refjuiresi354;,21H NMIR (500

w Uh Er 20VE%: BNRSTASY RabeE 258 ol 28 3¥ln1 28 @81 Pabnd2bamy re

(HPLC) 3. 2yyi7ot0o (WS2HY, B/sH(}, 2H)7 46844177 (htHH); @39"'%34@\{30@-!)9959[25’6%10 1H NWR

: ), %31%%326%?:?"“’&9? 2#5?43’%5 %5162@m48¥«§520ﬁ@52@ V', 723

710(d 2H), 5.13 - 21(m 2H), 4.65 - 76(m 1H),325 30
) 2H)

dlazaspnro[4 5ldecan- 6 -one hvdrochlorlde (E15):

q WH
o
O R
H—CI

15  The title compound was prepared in quantitative yield by using a similar procedure to
that described above in Example 14 using 1,1-dimethylethyl (2S,5S)-2-(3-{[(2-
fluorophenyl)methylloxy}phenyl)-6-oxo-1,7-diazaspiro[4.5]decane-1-carboxylate
(D33). Rt (HPLC) 3.72 min; MS: (ES/+) m/z: 355 [MH+-HCI); C21H23FN202 requires
354; 1H NMR (500 MHz, DMSO-dg) & (ppm): 7.49-7.61 (m, 3H), 7.43 (t, 1H), 7.13-

20  7.29 (m, 3H), 6.93 (d, 1H), 5.27 (s, 2H), 4.84-5.14 (m, 1H); 3.12 - 3.67 (m, 2H), 2.46-
2.71 (m, 4H), 2.26-2.37 (m, 1H), 2.00-2.25 (m, 3H).

Example 16: (5R)-5-[4-{[(2-Fluorophenyl)methylloxy}-3-(methyloxy)phenyl]-2-methyl-
L-prolinamide hydrochloride (E16)




- Fl uor ophenyl ) et hyl | oxy} phenyl)-2 6-

Exanpl e E21, E22: (5R 7R)-7-(4-{[(2
ochloride, (5S 7S)-7-(4-{[(2-
6

di azaspiro[ 4 5l decan-1-one hydr

Fl uor ophewol2peratsbab| oxv} phenyl ) - -di azaspi ro[ 4 5| decamCTIAEP2@6/009732
hydrochl ori de (E21, 5 E22): ~ N~H\ H=N HHOOOO F'b FDb To
a solution of racem c 2-nethyl 1-(pheqylnethyl)

(2R, 6R) - 2- (cyanonet hyl ) - 6- ( 4- 12
{[(2-fluorophenyl) et hyl ] oxy}phenyl) -1, 2- pi peri di nedi car boxyl ate (D84, 524
ng, 1.0 mmles, 1 eq) in of MeOH (35 nL) was added NN Raney in a catalytic
quantity (1010 ». yThe mi xture was hydrogenated at 6 atmfor 4.5 h.
The crude conpovpd> wasyfiltered, then solvent was renpved under reduced
pressure. @he =S|due 5y dissolved in AcCEt and the or gani ¢ phase was
washed with a sol uti"&h of NaOH 1M dried over Na2SO4, filtered and

evapor at ed ryness. The crude conpound was purified by flash
chronatog& on 10 g silica gel cartridge, using a gradient of 15

DCM MeCH 10/ 0 95/5 as an eluent, to give the free base of the title

conmpound (42 % as a H DCL3.: g 44 -

1.55 (m 1% H?2 ”?_sgé@q@ 1 ({hﬁgwﬁe@mNﬁﬁ%ﬁ{'“@%ﬁ%ﬂﬁQ[(él 80 (m

1 H), 1.88o(phedyl)dethyilosyl-3-(rRetbgoxyiphenyllidrmethylRi-pyrralidecgipoxyate) , 2. 37 -

2 45 (m 2

. 5.70 (%850”&“93110 %8'}5rg(ﬁ%“¥?ééthyjaﬁgqa(?%z?’%l-l)(aqdﬁitgga?' (é?m(% 29

(d 2520 d‘H)Q°C7w&L a@ided AcE) (11Dp49.F4mmal).Hyhe @ixvBe] Gas stircers fdr 1ABZwPtUS,

33x4. 6mm r adi 0 3

win. . osyeorgppet e Pl gydher oA oG and HEF MBI 1 1

1h44 Im n gluDadgitiqral stumn@?o& 2r(5))Ngéﬂ)3 r)aqunﬁl\f bafeores trenteiaotiey was \nemelesaﬁ(&sr ?t gg/ b)é

chira Ir cm ase: 0 4

% Fl ow ri‘%’kcqy B‘T@erﬁ B@" é{%aéc?vagﬂral?%gndﬂ{é %%Q vvg%;(@m\?\étr% V?H@m)ved

uEder recEtgcedo pff@dtbe ¢tle E@apowﬁ@iawlteggﬁm(&@d@ , B, RU(HRLE) \Bedli nmiin; Et 20.

Then S adde was

remodBa” M ERnpacr e BB s BiRGE RRERMSRR OV B BRs

2007/ 04224) BClgprh20962-309568:.s,1H)4 8.02-8.27(br.s,1H); 8.05-8.10(br.s,1H); 7.80-
7.90(br.s,1H); 7.47-7.53(m,1H); 7.35-7.43(m,1H); 7.17-7.24(m,2H);, 7.15(d,1H),
7.07(d,1H); 6.95(dd,1H); 5.08(s,2H); 4.57-4.72(m,1H); 3.70-3.78(s,3H); 2.39-
2.51(m,1H); 2.19-2.32(m,1H); 1.95-2.08(m,1H); 1.81-1.95(m,1H); 1.62(s,3H).

[
c
2
\
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Example 17: (5R)-5-[4-{[(2-Fluorophenyl)methylloxy}-3-(methyloxy)phenyl}-2-
[(methyloxy)methyl]-L-prolinamide hydrochloride (E17):

To a soluton of 1,1-dimethylethyl (2R,5R)-2-(aminocarbonyl)-5-[4-{[(2-
20 fluorophenyl)methyl]oxy}-3-(methyloxy)phenyl}-2-[(methyloxy)methyi]-1-
pyrrolidinecarboxylate (D65, 70mg, 0.14mmol) in a mixture of ethyl acetate (1.8ml)
and methanol (0.2ml) at 0°C was added AcCl (170pl, 2.38mmol). The mixture was
stirred for 4 hours at room temperature. The solvent was evaporated and the residue
was triturated with Et,O to afford the title compound as a white solid (49mg, 82%); Rt
25 (HPLC) 3.62min; MS: (ES/+) m/z: 389 [MH]+ C21H25FN204 requires 388, 1H NMR
(500 MHz, DMSO-d6) & (ppm): 9.91-10.02(br.s,1H); 8.07-8.25(br.s,2H), 7.94-



exanple E21 (13 ng) and exanple E22 (8 ng). The absol ute stereochem stry
has not been assigned. Chiral HPLC [ Supel cosil ABZ+Plus, 33x4.6mm 3 pm
gr adi ent :w@&20092@2240. 1% 5 HCOOH/ B: CH3CN: 0% to 95%B i nP8TmPR006/0053B for 1
mn., 9598 to 0%8 in 0.1 mn., flowrate: 2nUmin]: - enantionmer 1 (E21):

R =6.8 mn. (100 %ee) - enantlorrer 2 (E22): R =12.8 min (97.6 %e) 10
Exanpl e 23: (2R 5R)-2-(4- {f(2 fl uorop"f?ényl)net hyl } oxy} phenyl)-7-nethyl -1, 7-
di azaspi ro[ 4. 41nonan-6- one 4-net hyl benzenesul fonate (E23) OH O=S=0 &0t ho
/ The conpdds.1H); 750(t1H) 735743(m1H) 7.17-7.25(m,2H); 7.13(s,1H); 7.06(d,1H);

(2R, 5R) - 26 Ohtdd 119 f!slee(somenxls)nmﬁédaaﬁ'irgxymawy 37%‘&&1%(1'%6

di azaspiro 4 nonan- 6- one hydr ochl ori was suspended) in Et CAc
15 (286nL$-28(5PMNaRIATE- 3 MR 28701 2(M BH: 32’29‘@;@ .added. The layers were
separated and the organic |layer was dried over Na2SO4. The salt was
filtered off and washed wi th Et OAc (3 X 57rrL . The sol vent was evapor at ed
under ¥ edbxamplgrs: 4rif( 2t Fheorophermelle Ny hr2-[tioe o ethwll-d71 ),

gi ving 52,4i8MA 2 [ (2- 20 . )
fluor ophe%&ﬁ%ﬂ@}q}%@- 7-nmet hyl - 1, 7- di azaspi r o[ 4. 4] nonan- 6- one.

Thi s conmpound was di ssolved in acetone (520nL) and the sol ution was heated
to 40C. A solution of det ol uenesul fonic acid nonohydrate (27.84g) in

acet one (260n1_ wa afldegg in 30 mn. 25 A solid precipitated after the

' Of this solution. The mixture was stirred at 40C

for 4.5h a oledoto roomtenperature. The solid was coll ected,
washed wit acetone (3 x 230 mM-) and dried under high vacuumfor 16 hours
obtaining t rm1 crystals of the title conpound (70.1g). 1H NWR (400
VHz, DMSO, ppm: 9.90 (bs, 111); 891(bs 1H); 7.55 (m 3H); 30 7.48
(mzn)f m 1H):; 7.25 (m 2H); 7.11 (m 4H); 5.18 (s, 2H): 4.73 (dd,

W0 20077 039248 PORIEBB00SS dodTgametyBtht M (RBR)-ZdinbEarbaiifhis-f-dea- (M 11

fluorophenyl)methyljoxy}phenyl)-2-[(methyloxy)methyl}-1-pyrrolidinecarboxylate

10 (D69, 400mg, 0.87mmol) in a mixture of ethyl acetate (9ml) and methanol (1mi) at
0°C was added AcCl (400ul, 5.60mmol). The mixture was stirred for 2 hours at room
temperature. Two further additions of AcCl (400ul and after 2h another 400ul plus
additional stirring for 2h) were required, before the reaction was complete (as shown
by HPLC). The mixture was evaporated and the residue was triturated with Et,O to

15  afford the title compound as a white solid (314mg, 91%); Rt (HPLC) 3.71min; MS:
(ES/+) m/z: 359 [MH]+ C20H23FN203 requires 358; 1H NMR (500 MHz, DMSO-d6)
& (ppm): 10.05-10.25(br;s, 1H); 8.25(s,1H); 8.04-8.24(br.s,1H); 8.02(s,1H); 7.52-
7.65(m,1H); 7.38-7.51(m,3H); 7.21-7.33(m,2H); 7.07-7.17(m,2H); 5.19(s,2H); 4.59-
4.76(br.s,1H); 4.00(d,1H); 3.76(d,1H); 3.35(s,3H); 2.20-2.43(m,2H); 2.01-2.18(m,1H),

20  1.80-1.99(m,1H).

Example 19: (5R)-5-(4-{[(2-Fluorophenylimethylloxy}phenyi)-2-(hydroxymethyi)-L-
prolinamide hydrochloride (E19):

N
N
O H-cl ©

F

25 To a solution of (5R)-2-({[(1,1-dimethylethyl)(dimethyl)silyl]oxy}methyl)-5-(4-{[(2-
fluorophenyl)methylloxy}phenyl)-L-prolinamide (D75, 50mg, 0.11mmol) in dry THF



Uni que and discrim nating peaks of Form 1 of Exanple 23 have been
identified and are illustrated in the table below Position [2Th.]

d- spaci ngvpApo7/@828013.0 8.7 10.2 10.8 8.2 12.7 7.0 PBTAPE006/0097426 6.1
17.3 5.1 17.8 5.0 18.3 4.8 20.4 4.4 21.0 4.2 22.04.0 22.6 3.9 23.1
3.8 24.1 3.7 24.6 3.6 25.0 3.6 27.2 3.3 27.8 3.2 28.13.2 28.7 3.1
29.3 3.0 29.6 3.0 30.2 3.0 34.6 218 35.4 2.5 36.12.5 44.52.0 5

Melting point: 233 C. WD 2007/ 042240 PCT/ EP2006/ 009732
(2ml) at 0°C was added tetrabutyl ammonium fluoride (0.12ml, 0.13mmol,1.1M

solution in THF) in 5min and the mixture was stirred for 1h at the same temperature.
The reaction was quenched with a 5% solution of NaHCO; and extracted with ethyl
acetate. The organic layer was dried (Na,SO,) filtered and evaporated. The residue

5 was purified by chromatography on silica gel using cyclohexane / ethyl acetate (1:1
to 0:1) to afford the titte compound (free base) as a white solid (20mg, 53%); R
(HPLC): 3.59min; MS: (ES/+) m/z: 345 [MH+] C19H21FN203 requires 344.

To a solution of this solid, dissolved in dry ethyl ether (2 ml), was added HCI (80ul,
10  0.08mmol, 1M solution in Et,0). The solvent was evaporated and the residue was

triturated with Et,0 to afford the title compound as a white solid (22mg, quantitative);

R, (HPLC): 3.56min; MS: (ES/+) m/z: 345 [MH+] C19H21FN203 requires 344, 1H

NMR (500 MHz, DMSO-d6) &(ppm): 7.40-7.82(m,1H); 7.49(t,1H); 7.38(d,2H); 7.31-

7.40(m,1H); 7.13-7.22(m,2H); 7.01(d,2H); 5.13(s,2H); 4.41-4.60(m,1H); 3.86(d,1H);
15 3.72(d,1H); 2.10-2.27(m,2H); 1.95-2.13(m,1H); 1.65-1.94(m,1H).

NOTE: Individual signals of the acid protons, NH2 and OH were not observed

Example 20: (2S,58)-2-(4-{[(2-Fluorophenylmethylloxy}phenyl)-1,7-
diazaspiro[4.4]nonan-6-one hydrochloride (E20)

20
To a solution of 1,1-dimethylethyl (2S,5S)-2-(4-{[(2-fluorophenyl)methyl]Joxy}phenyl)-
6-oxo-1,7-diazaspiro[4.4Jnonane-1-carboxylate (D79, 130mg, 0.295mmol) in a
mixture of ethyl acetate (2.7ml) and methanol (0.3ml) at 0°C was added AcCl (130ul,
1.82mmol). The mixture was stirred for 4 hours at room temperature. The solvent

25 was evaporated and the residue was triturated with Et,O to afford the title compound
as a white solid (80mg, 82%); Rt (HPLC) 3.60min; MS: (ES/+) m/z: 341 [MH+]
C20H21FN202 requires 340; 1H NMR (500 MHz, DMSO-d6) &(ppm): 10.37 (br. s,
1H), 8.78 (br. s, 1H), 8.42 (s, 1H), 7.53 - 7.58 (m, 1H), 7.54 (d, 2H), 7.42 (dd, 1H),
7.25 (t, 1H), 7.23 (t, 1H), 7.10 (d, 2H), 5.13 - 5.21 (m, 2H), 4.65 - 4.76 (m, 1H), 3.25 -

30 3.33 (m, 2H), 2.48 - 2.55 (m, 1H), 2.31 - 2.42 (m, 2H), 2.27 - 2.34 (m, 2H), 2.04 -
2.14 (m, 1H).



126 Exanple 24: (2R 5R)-2-(4-{f(2-fluorophenvl)nethylloxy}phenyl)-1,7-

di azaspirof 4. 41 nonan-6-one (E24): F N O5 1, 1-D nethyl et hyl

(2R, 5R) - 2W02eqF@224h| uor ophenyl ) net hyl ] oxy} phenyl) - 6- oxoPLT/EP2006/009732

di azaspi ro[ 4. 4] nonane- 1- car boxyl ate (D26, 30ng) was dissolved in dry DCM
(1.5nl). At OC TFA (0.4ml) was added and the m xture was stirred at room
tenperature for 1lh. The mxture was 1&Yaporated and the residue purified
via a SCX cartridge affording the title conpound (23ng) as a yellow sh
oil. R (HPLC) 3.61min; M5 10 (ES/+) mlz: 341 [M+]. C20H21FN202 requires
340. Biolegahepl Apsqy Nepshanpgd 7R (P ALSeBhenyheliyRoRfibhdrivi-206. t he

conpounds~of the Tnventron To nodurate the vol tage-gated_sodl um channel

subt ype E : en@r mi ned byhydiechefideowi ng 3S, 7837 +{4446(2 ogy 20
Stabl e cgl, R BORASHE Bldi A€ t-6chidhbel(Eanst ecti ng
CHO cell = hTNav VEcCt of I NQ € |por__h—(_ec am ne

[J \O .
(I'nvi 6rods?): transfection mnmethod. pCIN5 is a bicistronic vector for the
creation of manmalian cell |ines that redi sposes all neonycin resistant
cells to express rgComhi pant protein (See es S., Coote J., Stable J.,
[ ¥ L8e MG 99 ot gchni ques, 20, 25 102-112) by

virtue of the NEHDNA b T e}?/m t he neonyci n-sel ectabl e

mar ker cDNA downst ream 6f t he ono ero(for full details see Chen YH,
Dale TJ, Mdmanos MA, VhitakerPWR Xie XM~ Clare JJ. Coning, distribution
and functilgnal analysis of t type Il sodium channel from human brain
Eur J Neuro 2000 Dec; 12, 9). Cells were cultured in Iscove's

0's medi um 3P trogen) containing, 10%fetal bovine
L am ne, 1% Penici¥Tin- Streptomycin (Invitrogen), 1%
i

non eSSents 3 sl Bt 27l BHBRhORIN PR oA BRI bB0CT) onc
PCT/ EP2002aR8#pRenyl Riethyl]oxy}phenyl)-1,2-piperidinedicarboxylate (D84, 524 mg, 1.0
mmoles, 1 eq) in of MeOH (35 mL) was added Ni Raney in a catalytic quantity (1
10  spatula). The mixture was hydrogenated at 6 atm for 4.5 h. The crude compound
was filtered, then solvent was removed under reduced pressure. The residue was
dissolved in AcOEt and the organic phase was washed with a solution of NaOH 1M,
dried over Na,SO,, filtered and evaporated to dryness. The crude compound was
purified by flash chromatography on 10 g silica gel cartridge, using a gradient of
15 DCM/MeOH 10/0 to 95/5 as an eluent, to give the free base of the title compound (42
mg, 12%) as a racemate. TH-NMR (CDCI3, 400 MHz): 3 1.44 - 1.55 (m, 1 H), 1.55 -
1.64 (m, 1 H), 1.64 - 1.72 (m, 1 H), 1.72 - 1.80 (m, 1 H), 1.89 (d, 1 H), 1.94 - 2.02 (m,
1 H), 2.21-2.31 (m, 1 H), 2.37 - 2.45 (m, 1 H), 3.31 (dd, 1 H), 3.42 (t, 1 H), 3.67 (d, 1
H), 5.13 (s, 2 H), 5.70 (br. s., 1 H), 6.94 (d, 2 H), 7.08 (t, 1 H), 7.15 (t, 1 H), 7.29 (d, 2
20 H), 7.31 (t, 1 H), 7.49 (t, 1 H).LC-MS [Supelcosil ABZ+Plus, 33x4.6mm, 3 pm,
gradient: A: H,O +0.1% HCOOH/B: CH5;CN: 0% to 95%B in 3 min., 95%8B for 1 min.,
95%B to 0%B in 0.1 min., flow rate: 2mL/min). R, = 1.44 min (100%) (m/z = 355
(M+H)").

25 The enantiomeres were separated by chiral HPLC [chiralcel od (25X2) cm. Mobile
phase: n-Hexane/Ethanol 60/40 %. Flow rate: 0.8 mL/min, UV detection: 220 nm].
Solvents were removed under reduced pressure. The resulting compounds were
dissolved in Et,0. Then a solution of HCI 1M in Et,O was added dropwise.

Supernatant was removed and the precipitate was dried under high vacuum to give



5% C02 in air. Cells were liberated fromthe T175 culture flask for passage
and harvesting using Versene (Invitrogen). Cell preparation 5 Cells were
grown to w0-208%emanf | uence in a T75 flask. Cells were | PCTaR200¢/009aDVI NQ
the growmh media and incubating with 1.5 nm of warned (37C) Versene
(I'nvitrogen, 15040-066) for 6 mn. Lifted cells were suspended in 10 m of
PBS (Invitrogen, 14040-133). Cell si&pension was then placed into a 10-ni
centrifuge tube and centrifuged for 2 min at 700 rpm After

centri f ugxample E2hé1 3 med enaexampifab22 &hingddrhel abspide sipseeademisiyy hast was
resuspenq%gb%é‘h 3 f PBS. El ectrophysiology Currents were recorded at
roomtenperature 23C) using the I onWrksHT 15 pl anar array

el ectr ophysi ol ogy technol ogy (Ml ecular Devices Corp.). Stinulation

pr ot ocol I Skt e 1 d recogpt er (Del |
Penti um %ﬁglhﬂﬁ'?éggg#%&ﬁ A§2+%£ 3?Xe’tinéadr"%eIf}g"ﬁnr u“a'laeho e rgs?stances (Rp),

a 10 AV, HBGOO¥B: @Hi@\ht@%lto&W/é&m&mnM"/@pfﬂr|1emllra,095%8 te &%4B ioPd. These
nmeasur e S med before cell addition. After cell addition a
seal tegﬁﬂ'\haglw o?'ﬁegd"% ior to 20 antibiotic (anphotericin) circulation
to achieve +ntanaohad>rheﬂ BE2Edush.8 memk18Ukieaicti on  was conducted in all
experinents by n%Rfﬂ%rXiem Eazzﬂ;g;@_r%é] 99%9 )7_| ng (10 nV) prepul se 200 ns
before the fest pul'seés dsure cohdutt ance. Test pul ses st epping
fromthe holding potential of -90 rrv to 0 nV were applled for 20 ns and
repe ,

pul s C ' 1

(post-reaﬂhzasbnraMdemau-rﬁebne @mthymedzmuﬁmrmléEZMre separ at ed by a
conmpound addition followed by a 3-34p M n incubation. Solutions and drugs
30 The intracellular splu _\!\\QGTcontoal'ugd the following (in m: K-gluconate
100, KC 40nmM MyG 3 EPES 5, adjusted to pH 7. 25.

Anphot eri ci n_ was : d‘;‘s}SO stock solution and diluted to a
final working conce trati®8n . /m in internal buffer solution. The

ext er nal on was Dul becco's PB$ (Ilnvitrogen) and contained the
follow ng my): Cad 2 0.90, KCI 2.67, K3PO4 1.47, 35 Mgd 2 0.50, Nad
138, Na3PO4 8.10, with a pH of 7.4. Conpounds were prepared in DMSO as

10mMM st oChhes 0l diimpouad an @2/ 8RS 2qUgN2-fidordplsatyi) methdilbxypreng) Fanétby g -
diazaspiro[4.4]nonan-6-one hydrochloride_(E9, 57.2g) was suspended in EtOAc
15 (286mL) and NaHCO; saturated solution (229mL) was added. The layers were
separated and the organic layer was dried over Na,SO..
The salt was filtered off and washed with EtOAc (3 x 57mL).
The solvent was evaporated under reduced pressure and the crude stripped with
acetone 2 x 171mL), giving 52.7 g of (2R,5R)-2-(4-{[(2-
20  fluorophenyl)methylJoxy}phenyl)-7-methyl-1,7-diazaspiro[4.4]nonan-6-one.
This compound was dissolved in acetone (520mL) and the solution was heated to
40°C.
A solution of p-toluenesulfonic acid monohydrate (27.84g) in acetone (260mL) was
added in 30 min.
25 A solid precipitated after the addition of approx 50 mL of this solution.
The mixture was stirred at 40°C for 4.5h and then cooled to room temperature.
The solid was collected, washed with acetone (3 x 230 mL) and dried under high
vacuum for 16 hours obtaining the Form 1 crystals of the title compound (70.1g).
1H NMR (400 MHz, DMSO-d6) 5(ppm): 9.90 (bs, 1H); 8.91 (bs, 1H); 7.55 (m, 3H);
30 7.48 (m, 2H); 7.43 (m, 1H); 7.25 (m, 2H); 7.11 (m, 4H); 5.18 (s, 2H); 4.73 (dd, 1H);
3.41 (m, 2H); 2.82 (s, 3H); 2.36 (m, 5H); 2.29 (s, 3H); 2.11 (m, 1H) .
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solution resulting in a fina

128 Finally the conpounds were dil uted
DMSO concentration of 1%

Dat a analwei28074713@ r ecor di ngs were anal ysed and filt er @dTEPROVG/OOBH seal

resi stance (>40 MClI) and peak current anplitude (>200pA)
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conpari sons between pre-drug and posﬂzﬁrug
determ ne the inhibitory effect of each conpound. The | Nt
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to the ¢

oncentrati on response dat a.

In addition the use-dependent

in the absence of
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ari sing
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effect o
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and t he
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| se was cal cul at ¢

P J5paci ﬁ :
=8%?n absence and presenc

rati o of
» of drug

06.8se- dependent 15 inhibition

330cul ated. The data was fitt

ed using

t he sanergguation—as—for—the—tontre——op ”’Q and—the—concentrationm—prqgduci ng
15@6inhib$?ion (use- dependent pUD15) gg1culated. The conpounds of |Exanpl es
1to 9, [110.80 22 were tested in the abé& assay and 20 gave pUD15 |val ues
of 4.5 of—greater—Mreamne—Od-dase—BAssayProtocot—The protoco
describes1$he assay for testing MAO B Fﬁﬁibition. It is a fluorescance- 25
based endipel nt assay using benzyl am ne.sms substrate. Oxidation of the
substrate by MAQB leads to hydrngennEeLedee—LeLeaser—and—Lth—p%oduct i's
then util148d by peroxidase to convel “lhon- f | uor escent Ampl ex Red(]TM into
fl uoresc resorufin. _The global reagiq on i1s:. WO 20077042240
PCT/ EP20D6/009732 129 OH. RCH NHZ RCH=ENHR?1 RCHO + NHa- X R N\A/QIN N ~O
NH / NH | 17.8 5.0

18.3 4.8

20.4 44

21.0 4.2

22.0 4.0

22.6 3.9

23.1 3.8

241 3.7

246 3.6

25.0 3.6

27.2 3.3

27.8 3.2

28.1 3.2

28.7 3.1

29.3 3.0

29.6 3.0

30.2 3.0

34.6 2.6

354 25

36.1 25

44.5 20

5 Melting point: 233 °C.



NH OH%%O p 2 Anmlex Red HRP Resorufn OH2 Thus inhibition of the
enzyne by a test conpounds | eads to reduced fluorescence. The assay uses
human r ecwot2oevane24onoam ne oxi dase B that is present i RCTEPs0eserES from
bacul ovirus infected insect cells (Supplied by Sigma). Conmpounds are tested
over a range of concentrations in order to determ ne the concentration that
causes hal f-maxi mal inhibition of théz%nzyne activity in the assay (I1C50).

Pargyline (Signa) is used as a _positive control in the assa gi vi ng an
1C50 in amplthge 0. 424 2B8.58)2r4r{l{2-flgorppReny dloxyahenylrld’y n neat
DVBO i n ikt tvaundn®-ddeqEPS): 384- well plate. Add 5pl of substrate

sol ution p enzyl am ne Igma), 50CpM Anmpl ex Red (Mol ecul ar Probes),
50mM pot ag&hutn phosphate, pH 7.4). Add 5pl of the assay buffer (50mM

pot assi umyphosphat 4) to blank wells. Add 5pl of the enzyne 15
solution (0.2 U conbi nant nonoam ne oxi dase B, 11U m

hor seradi sh per oxi dase ey XI'l (Sigma), 50nmM potassium phosphate, pH 7.4)
to remaining wells. Shakg to ensure proper mxing. Incubate for 60 m nutes
at roomtenperature in darkness. Read fluorescence using Analyst / Gemni
(Mol ecul ar Devices; Resorufin: Ex530/Enb80/Di chr561 (Analyst) -

E)G;ISEﬁ/ Eﬁﬁ?@%&%ﬁn@ (Ger@FQF%%—2-(39[(55?1@06{:@%{)@%(@%&{);}rﬂgﬂs{emmﬂ i s

] . 100 "X at'a - cont _ controll )],
\(N_her e cortiazsispirelddinenpoerd scarhaxylates(D26z §omg s wanwisselvedsiniix PRl eemlvi t y
I.e., nog, do r '
fl uor esce'éﬁcdegﬁ]rp'dé&(ggﬁgg&%f gﬁ%ﬁ.ﬂf?{tae ‘T-%(t&f‘e?@?%gﬁfg oﬁgt?g@{ﬁtgﬁ@%yﬁre éﬁﬁ a(l), a
phar maceuth. cEid ynistoree plaabé\apsedted @ndstbeveesisdue heyriied : via a SCX cartridge
affording the title compound (23mg) as a yellowish oil. Ry (HPLC) 3.61min; MS:

10  (ES/+) m/z: 341 [MH+]. C20H21FN202 requires 340.

Ng

Biological Assay

Na Channel assay protocol

15
The ability of the compounds of the invention to modulate the voltage-gated sodium

channel subtype NaV 1.3 may be determined by the following assay.

Cell biology

20 Stable cell lines expressing hNaV1.3 channels were created by transfecting CHO
cells with the pCIN5-hNav1.3 vector using the lipofectamine (Invitrogen) transfection
method. pCINS5 is a bicistronic vector for the creation of mammalian cell lines that
predisposes all neomycin resistant cells to express recombinant protein (see Rees
S., Coote J., Stable J., Goodson S., Harris S. & Lee M.G. (1996) Biotechniques, 20,

25  102-112) by virtue of the recombinant cDNA being linked to the neomycin-selectable
marker cDNA downstream of the CMV promoter (for full details see Chen YH, Dale
TJ, Romanos MA, Whitaker WR, Xie XM, Clare JJ. Cloning, distribution and
functional analysis of the type lll sodium channel from human brain Eur J Neurosci,
2000 Dec;12, 4281-9). Cells were cultured in Iscove's modified Dulbecco's medium

30 (Invitrogen) containing, 10% fetal bovine serum, 1% L-glutamine, 1% Penicillin-
Streptomycin (Invitrogen), 1% non-essential amino acids, 2% H-T supplement and

1% G418 (Invitrogen) and maintained at 37°C in a humidified environment containing



4 qgRRRnNnI NRZ N\I11l/ RS PXH O 6 wherein Rl and R2 are

I ndependent|y hydrogen, Cl.6al kyl or C3.6cycl oal kyl d _6al kyl; or such Rl
and R2, twgebirer240th the nitrogen to which they are at®Pathedocvayrst or m an
unsubstitued 3-, 4-, 5- or 6-nenbered saturated ring; R3 is Cl_6al kyl,
Cl_6hal oal kyl, Cl1-3al kenyl, C1-3al koxyCl-3al kyl, Cl1-3hal oal koxyCl- 3al ky!
or (CH2)10H or such Rl and RS, togeé er with the i nterconnecting atoms,
forma saturated or wunsaturated 5-to menbered ring, with the proviso
that ther88 iGOin pirofells M’Gf%l"b%f@@ﬁwfmmtt%TrWﬁ(er'tV\ﬂQlf&%‘krfﬂ"spa?%‘gﬁhqf\dogen X

i s carbong, esﬂh A6 Versenk $inGitroder®’ 2, wherein when present each R4 is
|ndependent %P §e8 fror%ﬁtheé?rﬁst consi sting of Cl1-3alkyl, hal ogen,

cyano hal oCl 3al kyI, hydr oxy, Cl_3al koxy and Cl1 3hal oal koxy, gis 1 or 2

is 1 033& rgb R5 or R6 is -O-R7 or -OCH2R7, wherein the other R5 or
R6|s hydr ogen or 4; and wherein R7 is either a phenyl ring or a 5- or
6- menber e2ellavaregravmietéd-953cdonduencadn a(Ti7adlest ieriistyeye her BY femeyingne or

mor e n'”tﬂggrqmﬁ%etﬁwsngrngetﬁaﬁgﬁ p&?@&@ SRIrRER ( %ﬁ’@)Wsén@erﬂh%ih, ring or

t he heteroc Ic rin stltute one or _npre ~groups
i ndepende‘rﬂOI49 -066) &t @dnifir bifted h@"‘ﬁ |V$ﬂfe coigBeredniy B%l nt10f3RBR InvitipgeBgen,

cyano, Qgﬁggﬂ %{Il su%ye%faﬁy mﬂ&%h&?"pﬁ%éf iARd grj?—r%h%ﬁ‘lﬁ*dﬁgxﬁbbezanda‘

conpound acc erein X 1s car A conpound
accor di ngcentifadesi fm 2 roin at 780 mpr2. After esintrifiggation.ithe supanetampyan deraeast di ng t o

any grﬁgcsﬁ%gj ﬁ&g@&l&“@%ﬁ;&ﬁ&& -O-R7 or - OCH2R7, and R6 is hydrogen or

R4, a . 'S el phenyl ring or a 5- or 6- nenbered aromatic
het er ocyahi3anraf®BS.i ndependent |y contai ni ng one or nore nitrogen,

Electrophysiology
Currents were recorded at room temperature (21-23°C) using the lonWorksHT
15  planar array electrophysiology technology (Molecular Devices Corp.). Stimulation
protocols and data acquisition were carried out using a microcomputer (Dell Pentium
4). In order to determine planar electrode hole resistances (Rp), a 10 mV, 160 ms
potential difference was applied across each hole. These measurements were
performed before cell addition. After cell addition a seal test was performed prior to
20  antibiotic (amphotericin) circulation to achieve intracellular access. Leak subtraction
was conducted in all experiments by applying a 160 ms hyperpolarizing (10 mV)
prepulse 200 ms before the test pulses to measure leak conductance. Test pulses
stepping from the holding potential of -90 mV to 0 mV were applied for 20 ms and
repeated 10 times at a frequency of 10 Hz. In all experiments, the test pulse protocol
25 was performed in the absence (pre-read) and presence (post-read) of a compound.
Pre- and post-reads were separated by a compound addition followed by a 3-3.5 min

incubation.

Solutions and drugs

30 The intracellular solution contained the following (in mM): K-gluconate 100, KCI
40mM, MgCI2 3.2, EGTA 3, HEPES 5, adjusted to pH 7.25. Amphotericin was
prepared as 30 mg/ml stock solution and diluted to a final working concentration of
0.1 mg/ml in internal buffer solution. The external solution was Dulbecco’'s PBS
(Invitrogen) and contained the following (in mM). CaClI2 0.90, KCl 2.67, K3P0O4 1.47,

35 MgCI2 0.50, NaCl 138, Na3PO4 8.10, with a pH of 7.4. Compounds were prepared
in DMSO as 10mM stock solutions and subsequent 1:3 serial dilutions performed.



sul phur or oxygen atons) wherein either the phenyl ring or the heterocyclic
ring is optionally substituted by one or nore groups independently

sel ect ed woamdae24bi st consi sting of Cl-3al kyl, hal ogeRCT®EP2006/009732

hal oCl- 3al kyl, hydroxy, Cl-3al koxy and Cl- 3hal oal koxy. 5. A conpound
according to any preceding claimwherein RL and R3 , together with the

i nterconnecting atoms, forms a 5-nen®@ ed pyrrolidinone ring. 6. A conpound
according to any of clains 1 to 4 wherein Rl and R2 are both hydrogen. 7.
A conpourfinaly thereemppupds were diluted: 1:100 in external solution resulting in a final

(5R) - 5-( - d,) met hyl ] oxy} phenyl ) - 2- net hyl - L- prol i nam de;

(5R) - 5-( j]l?l%é)ico@%%’rﬁf)agﬁﬂﬁw ‘et hyl ] oxy} phenyl) - 2- net hyl - L- prol i nam de;
(5R)-5-{4-[(2-cya no p henyl)oxy] phenyl }-2-net hyl - L- prol i nam de;

(5S)-2- rr?{} I '§I’§/€" [ (phenyl met hyl ) oxy] p henyl}-D- prolinam de;

(59) - 5- (4 %{(35-1" torop henyl ) met hyl ] oxy} phenyi ) - 2- net hyl - D- pr ol i nam de:

( 2R, 5R) - Zrhedretordings Iwese apakysad 9mfb%illtweq using patnsaa) resistantiedz4¢ MYAM. 4] nonan-

DoonS: ) sk it Acaribinatelty afo i % the absthde GeBRolnd & dinfiate uppyitaple

7- di azas pietl[frbm urther 2nglybiph eRgitgdoggmparisnns iietweaenepre(dry and post-drug

o o ddlions EEOBGSY WBRG BHEY IABRON eftdct 1 B Eorfipbld? Y ol 4. 4l

7- di azas piono¢nrtratipnonafn-cOmprands (rREyiEs) -t@- (Bibjt] carréntushiciiedery! Yreet Kyl |
_7-nethyl-1.7-di ' 4 o .
?)qué} @&)en @e)PR'-a{'%é-‘?L}'?}%rbgpﬁ%"%&?ﬁ%h%ﬁ?’ok@%gﬁgtﬁ?ﬂ”%,e“’>y- c?ltt'gga%fplthreoml. 6] undec-

9- en- 6- orezuati¢r Rp 5Bp- 2or{ebn{ratich résponsghiatg.l ) iretddgitipn the use-dependent

henyl).-.1. 7-di ' 4, - 6- - (. .
g)g} rz) ?2}’"{‘%'?&5_"}( Ipﬂclﬁﬁ' az sg'?{g ﬁ% C@%@ﬁ%y&%ﬁ%ﬁﬁlﬁ%,b;f_a&sessmg the effect of
i azaspi r ajofnfoudés an-tbe 00 vers(i5Rf'-depplrising Dufseu oFreptatioydf the 10" over 1
met hyl ] oxy} - 3- (et hyl 0 h |]1-2-pethyl - L- | i 1de;
(5R) }/5! [ ﬁ/‘%ie(‘ﬁé*‘f Fﬂ%‘ﬁ%tﬁﬁﬁvg)aﬁgg’h%ﬂ ?'&@ﬁ%‘-"&%@h& %%%Hﬁ?l‘?é%"[d{e%t hyl oxy)
met hylls] - Linhipitioh icaletiatke, The data was fitted using the same equation as for the tonic
(5F) -5 (il Gna! 1" QBRENTRUST Read ey HB9E Hhibitin | LEBLBYLRIR RG] 1 - L-Prol
(5R) - 5-( ’Acaﬂdmazed,l uor ophenyl ) met hyl ] oxy} phenyl ) - 2- (hydr oxynet hyl ) - L- pr of
i nam de; (2S,5S)-2-(4-{[(2-fluorophenyl)nethyl]oxy}phenyl)-1,
7-di azaspiro[ 4. 4] nonan- 6- one;
(5R, 7R) - TrHdcdrhfdumids WhExahpies! ) ko hyl 1029 wehe rasted id, the dibazaapsayodrtl 5] decan-

1-ong; an
© e2’0 a gdave pUD15 values of 4.5 or greater.

Monoamine Oxidase-B Assay Protocol

The protocol describes the assay for testing MAO-B inhibition. It is a fluorescence-
25 based end-point assay using benzylamine as substrate. Oxidation of the substrate by
MAO-B leads to hydrogen peroxide release, and this product is then utilised by
peroxidase to convert non-fluorescent Amplex Red(TM) into fluorescent resorufin.

The global reaction is:



(5S,7S)-7-(4-{[(2-Fl uorophenyl) et hyl ] oxy}phenyl) -2, 6-di azaspi ro[ 4. 5] decan-
1-one; or a pharmaceutically acceptable salt or solvate thereof. 8.

(2R, 5R) - 2w040470a224b1 uor ophenyl ) net hyl ] oxy} phenyl ) - 7- met REITAEP2006/009732

di azaspi ro[ 4. 4] nonan-6-one or a pharmaceutically acceptable salt or solvate
thereof. 9. (2R 5R)-2-(4-{[(2-fluor oghenyl ) met hyl ] oxy} phenyl ) -7-nmethyl -1, 7
d i azaspiro[4.4] nonan-6-one. 10. 129

(2R, 5R)-2-(4-{[ (2-fl uorophenyl) net hyl ] oxy} phenyl )-7-nmethyl -1, 7-

di azaspi r o[ 4. 4] RORA — 11 - Acphar rad8ut-oalo oenposi ti on
conprising a conmpound of f as claimed in any one of clains 1 to
10, or a pharmaceutically acceptablg salt or solvate thereof, and a
pharmaceutical ly /acceptaple carrier )h/eZefor. 12. A conmpound of forrmula (I)

as claimed in of claims 1 to 10 br/a pharnmaceutically acceptable salt
or solvate thefeof, forfuse in therapy.

phar maceutical |y 'é\f? |t or sol vate °©as clained in any of
claims 1 to 10, fo e J neg}TrWr prtiEg di sease or condition
medi at ed by nodul ation bf ol t gge- gat ed Sodi uty chiannel s. 14. A conpound

according to claim13 wher®in tfe di %ease or condi tijon is depression or a

nood di sorder. 15. A compesdad._according to claim 13, wherein the di sease or

13. Afconpound of formula (1) or a

condition is a bipolar disorder. 133 16. A conpound according to claim 13
wherein the disease or condition™s a substance related disorder. 17. A
conpound accordi ng to gl aidn r 16 wherein the disease or condition is an

Al cohol -rel ated disorder, a Ni cHti ne-rel ated di sorder or a Cocai ne-rel ated
di sorder. 18. A conpound accoréflzng to claim13 wherein the disease or

condi ti ONTHuS iMKITRGH 6fl tHE enBtid BPa tist @6MPOURS I8HA3A6 redicedJusteseender . 19. A
conpound according to claim 13 wherein the disease or condition is
epi l epsy. 20. A conpound according to claim 13 wherein the di sease or

condi ti ONTHesS akédy asERHAMAN RRbMbMNanh SwErRARINY ©xidasd).B 2Aat Idspregéntainconpound
of formula (1), 'or a pharmaceutically acceptable |t or sqlvate . thereof
as cl & neniciasorgy fiom baGueHIU infectad inspe G2 (ﬁﬁ’rﬁ’ﬁ?‘igi’ RENf 8:Q"}‘PBl:'Iri“E:%lm&*nt f or
treating g8heddLY RN bl rABg@olicheamfatiohs MAtdér to Aetdieathe dofdentrabiy ki on of
vol t age-gated sodium L _
causes half-maximal inhibition of the enzyme activity in the assay (IC50). Pargyline
(Sigma) is used as a positive control in the assay, giving an IC50 in the range 0.4 - 2
pM.
10
Dispense 0.1yl of test compound in neat DMSO in black low volume Greiner 384-
well plate. Add 5pl of substrate solution (400pM benzylamine (Sigma), 50uM Amplex
Red (Molecular Probes), 50mM potassium phosphate, pH 7.4). Add 5yl of the assay
buffer (50mM potassium phosphate, pH 7.4) to blank wells. Add 5ul of the enzyme
15  solution (0.23 IU/ml human recombinant monoamine oxidase B, 11U/ml horseradish
peroxidase type XIl (Sigma), 50mM potassium phosphate, pH 7.4) to remaining
wells. Shake to ensure proper mixing. Incubate for 60 minutes at room temperature
in darkness. Read fluorescence using Analyst / Gemini (Molecular Devices;
Resorufin: Ex530/Em580/Dichr561 (Analyst) - Ex555/Em590/Cutoff570 (Gemini)).
20
The effect of a given compound is calculated as :
% Inh = 100 x [(data — control1) / (control2 — control1)], where control1 corresponds
to the enzyme showing its maximum activity (i.e., not inhibited) and control2

corresponds to minus enzyme fluorescence in absence of HRP.



channel s. 22. Use according to claim21 wherein the disease or condition is
depression or a nood disorder. 23. Use according to claim 22 wherein the
‘di sease or condition is a bipolar disorder. 24. Use according to claim21

- wherein the disease or condition is a substance related disorder. 25. Use

.according to claim2l or 24, wherein tH80di sease or condition is an Al cohol -
rel ated disorder, a Nicotine-related disorder or a Cocaine-rel ated disorder.
26. Use cording to claim21 wherein the disease or condition is conpul sive
eating der or binge eating disorder. 27. Use according to claim 21
wherein the disease or condition is epilepsy. 28. Use according to claim 21

wherei n the di,sease or nditiqn is infl tor [n _or neuropathic pain.
134 29, A prdc@bPogd gf lsnple (1 BRarmasaticey eraeniaia 14t or seivaledniieat i n ol ai m
5, conprising the the reaction of a conpound of fornmula (XXl 1), wherein n,
g, X, R2, R4, R6 and R5 are dqfi ned as in claim1l and Ris Cl_3al kyl H\N-R2
(R( O0,R RS X OR6 F I)stRth a solution of hydrochloric acid in a

sui t abl e (Ro),went fol y lreatment with a suitable base. 30. A process
to prepare a
reaction of a
RS are defign
R6

A1), as clained in claim®6, conprising the
ound pf flormula (XLIII), wherein n, q, X R3, R4, R6 and
inclaim®l and Ris Cl.3alkyl (R)n g R3 NO,R iX0 R5-

(1

wherein

R1 and R? are independently hydrogen, Cq_galkyl or C3_gcycloalkylCq_galkyl; or such Rt
and R2, together with the nitrogen to which they are attached, may form an
unsubstitued 3-, 4-, 5- or 6-membered saturated ring;

R3 is Cq-palkyl, Cq.ghaloalkyl, Cq.3alkenyl, C1-3alkoxyC1.3alkyl,
C1.ghaloalkoxyC1.zalkyl or (CH2);OH;

or such R1 and R3, together with the interconnecting atoms, form a saturated or
unsaturated 5-to 7-membered ring, with the proviso that there is only one

heteroatom in the ring, which must be Nitrogen;
X is carbon or nitrogen;

nis 0, 1 or 2, wherein when present each R4 is independently selected from the list
consisting of Cq_3alkyl, halogen, cyano, haloC4_3alkyl, hydroxy, Cq_3alkoxy and Cq.

ahaloalkoxy,
gis1or2;
tis1or2;

either RS or R6 is ~0-R7 or -OCHoR7, wherein the other RS or R is hydrogen or R%; and

wherein R7 is either a phenyl ring or a 5- or 6-membered aromatic heterocyclic ring
(independently containing one or more nitrogen, sulphur or oxygen atoms) wherein
either the phenyl ring or the heterocyclic ring is optionally substituted by one or more
groups independently selected from the list consisting of C4_zalkyl, halogen, cyano,

haloC4.3alkyl, hydroxy, C4._zalkoxy and C4_ghaloalkoxy.

2. A compound according to ¢laim 1 wherein X is carbon.



(XLIlTl) wth a sol ution of anmonia in a suitable sol vent.
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- 3. A compound according fo claim 1 or ¢claim 2 wherein ¢ is 1.
4. A compound according to any preceding claim wherein RO is -O-R7 or -

OCH2R7, and R8 is hydrogen or R%4; and wherein R7 is either a phenyl ring or a 5- or 6-

membered aromatic heterocyclic ring (independently containing one or more nitrogen,
sulphur or oxygen atoms) wherein either the phenyl ring or the heterocyclic ring is
optionally substituted by one or more groups independently selected from the list
consisting of Cq_galkyl, halogen, cyano, haloC4_galkyl, hydroxy, Cq.3alkoxy and Cq.

shaloalkoxy.

o 5. A compound accarding to any preceding claim wherein R1 and R3 | together with

the interconnecting atoms, forms a 5-membered pyrrolidinone ring.

[ A compound according to any of claims 1 to 4 wherein R? and R2 are both
hydrogen.
7. A compound of formula () which is:

(5R)-5-(4-{[(2-fluorophenyl)methyl]oxy}phenyl)-2-methyl-L-prolinamide;
(5R)-5-(4-{[(2-cyanophenyl)methyl]oxy}phenyl)-2-methyl-L-prolinamide;
(5R)-5-{4-[(2-cyanophenyl}oxylphenyl}-2-methyl-L-prolinamide;
(58)-2-methyl-5-{4-[(phenylmethyl)oxylphenyl}-D-prolinamide;
(58)-5-(4-{[(2-flucrophenylimethyloxy}phenyl)-2-methyl-D-prolinamide;

{_ (2R,5R)-2-(4-{[(2-flucrophenyl)methylJoxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;

| 2-[({4-[(2R,5R)-6-0x0-1,7-diazaspiro[4.4}jnon-2-yl]phenylloxy)methyllbenzonitrile;

2-({4-[(2R,5R)-6-0ox0-1,7-diazaspirc{4.4]non-2-yllphenyljoxy)benzonitrile;
(2R,5R)-2-(4-{[(2-fluorophenyl)methyljoxy}phenyl)-7-methyl-1,7-diazaspirol4.4]nonan-6-
one:
(2R,5R)-2-(3-{[(2-fluorophenyl)methylloxy}phenyl)-1,7-diazaspiro[4.4]Jnonan-6-one;
(2R,5R)-2-(3-{[(2-flucrophenyl)methylloxy}phenyl)-7-methyl-1,7-diazaspiro[4.4]nonan-6-
one; ’
(2R,5R)-2-(4-{[(2-fluorophenylimethyl]oxy}phenyl)-1,7-diazaspirof4.6Jundec-9-en-6-one;
(2R,58)-2—(4—{[(2-ﬂuorophenyl)methyl]oxy}phenyl)-1 ,7-diazaspiro{4.5]decan—6—ohe;
(28,58)-2-(4-{[(2-fluorophenyi)methyljoxy}phenyl)-1,7-diazaspiro]4.5]decan-6-one;
(5R)-5-[4-{[(2-flucrophenyl)methyl]oxy}-3-(methyloxy)phenyl]-2-methyl-L-prolinamide;
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(5R)-5-{4-{[(2-flucrophenyl)methyljoxy}-3-(methyloxy)phenyl]-2-[(methyloxy)methyl]-L-
prolinamide;

(5R}-5-(4-{[(2-fluorophenyl)methylloxy}phenyl)-2-[( methyloxy)methyl]-L-prolinamide;
(5R)-5-(4-{[(2-fluorophenyi)methyl]oxy}phenyl)-2-(hydroxymethyl)-L-prolinamide;
(2S,58)-2-(4~{[(2-flucrophenyl)methyiloxy}phenyl)-1,7-diazaspiro[4.4]nonan-6-one;
(8R,7R)-7-(4-{[(2-Fluorophenyl)methylJoxy}phenyl)-2,6-diazaspiro[4.5]decan-1-one; and
(868,78)-7-(4-{[(2-Fluorophenyl)methylJoxy}phenyl)-2,6-diazaspiro[4.5]decan-1-one;

or a pharmaceutically acceptable salt or solvate thereof.

8. (2R,5R)-2-(4-{[(2-fluorophenylmethylJoxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-cne or a pharmaceutically acceptable salt or solvate thereof.

9. (2R,5R)-2-(4-{[(2-fluorophenyl)methylloxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-one.

10. (2R,5R)-2-(4-{[(2-fluorophenyl)methyfloxy}phenyl)-7-methyl-1,7-
diazaspiro[4.4]nonan-6-one tosylate.

11. A pharmaceutical composition comprising a compound of formula () as claimed in
any one of claims 1 to 10, or a pharmaceutically acceptable salt or solvate thereof, and a
pharmaceutically acceptable carrier therefor.

12. A compound of formula (1) as claimed in any of claims 1 to 10 or a pharmaceutically
acceptable salt or solvate thereof, for use in therapy.

13. A compound of formula (I} or a pharmaceutically acceptable salt or solvate thereof
as claimed in any of claims 1 to 10, for use in treating or preventing a disease or condition
mediated by modulation of voltage-gated sodium channels.

14, A compound according to claim 13 wherein the disease or condition is depression or
a mood disorder.

15. A compound according to claim 13, wherein the disease or condition is a bipolar
disorder.
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16. A compound according to claim 13 wherein the disease or condition is a substance
related disorder.

17. A compound according to claim 13 or 16 wherein the disease or condition is an
Alcohol-related disorder, a Nicotine-related disorder or a Cotaine-related disorder.

18. A compound according to claim 13 wherein the disease or condition is compulsive

eating disorder or binge eating disorder.
19. A compound according to claim 13 wherein the disease or condition is epilepsy.

20. A compound according to claim 13 wherein the disease or condition is inflammatory

pain or neuropathic pain.
21.  Use of a compound of formula (1), or a pharmaceutically acceptable salt or solvate
thereof as claimed in any of claims 1 to 10, in the manufacture of a medicament for freating

or preventing a disease or condition mediated by modulation of voltage-gated sodium

channels.

22.  Use according to claim 21 wherein the disease or condition is depression or a mood

disorder.
23.  Use according to claim 22 wherein the disease or condition is a bipolar disorder.

24, Use according to claim 21 wherein the disease or condition is a substance related

disorder.

25.  Use according to claim 21 or 24, wherein the disease or condition is an Alcohol-
related disorder, a Nicotine-related disorder or a Cocaine-related disorder.

26. Use according to claim 21 wherein the disease or condition is compulsive eating
disorder or binge eating disorder.

27.  Use according to claim 21 wherein the disease or condition is epilepsy.

28.  Use according to claim 21 wherein the disease or condition is inflammatory pain or

neuropathic pain.
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29. A process to prepare a compound of formula (f), as claimed in claim 5, comprising
the the reaction of a compound of formula (XXII), wherein n, q, X, R?, R*, R® and R® are
defined as in claim 1 and R is Cq_3alkyl

(XX

with a solution of hydrochloric acid in a suitable solvent followed by treatment with a suitable
base. '

30. A process to prepare a compound of formula (I), as claimed in claim 6, comprising
the reaction of a compound of formula (XLIII), wherein n, g, X, R®, R*, R® and R® are defined
as in claim 1 and R is Cq_3alkyl

(XLIIN)

with a solution of ammonia in a suitable solvent.
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