WO 2007/113634PCT/IB2007/000830 - 1 - NOVEL DIPEPTIDYL
PEPTIDASE IV INHIBITORS AND PROCESSES FOR THEIR
wBREPARAIION AND PHARMACEUTICAL COMPOSITIONSCT/1B2007/000830
CONTAINING THEM This application claims the benefit of Indian
Application No.610/CHE12006 filed April 3, 2006 and U.S.Provisional
Application No, USA 60/801,437, filed May 18, 2006, both of which are
hereby incorporated by reference. Field ¢f.invention: The present
invention relates to novel compounds represented by :Formula I, their
derivatives, their analogs, their tautomeric forms, their stereoisomers, their
bioisosters, their diastereomers, their polymorphs, their pharmaceutically
acceptable salts, solvates and pharmaceutically acceptable compositions
containing them, which are useful in treating type Il diabetes and diabetic
complications as well as for the treatment of dislipidemia,
hypercholesterolemia, obesity, and hyperglycemia. More specifically, the
present invention relates to the compounds of formula 1, which are
predominantly serine protease inhibitors, particularly dipeptidyl peptidase
inhibitors, more particularly dipeptidyl peptidase IV inhibitors, as well as to
their derivatives, their analogs, their tautomeric forms, their stereocisomers,
theirbioisosters, their diastereomers, their polyrnorphs, their
NEWADBIREPTCHIY AdEPTIDIA SR T, BNHIBERN2RES ANT RIBAAIES 858 Fi@BehEIR
PREARINALIRAPEIHRTAHONGEI] COMBRNIABIRABNPAINING THEM
pharmaceutically acceptable compositions containing the aforementioned
----eompotnds--Fhe-compounds-of the-presentimvention-are represented by "
formulal R4 5

This application claims the benefit of Indian Application No.610/CHE/2006 filed April 3,
2006 and U.S.Provisional Application No. USA 60/801,437, filed May 18, 2006, both of

which are hereby incorporated by reference.

Field of invention:

The pfesent invention relates to novel compounds represented by formula I, their
derivatives, their analogs, their tautomeric forms, their stereoisomers, their bioisosters,
their diastereomers, their polymorphs, their pharmaceutically acceptable salts, solvates and
pharmaceutically acceptable compositions containing them, which are useful in treating
type II diabetes and diabetic complications as well as for the treatment of dislipidemia,

hypercholesterolemia, obesity, and hyperglycemia.

More specifically, the present invention relates to the compounds of formula I, which are
predominantly serine protease inhibitors, particularly dipeptidyl peptidase inhibitors, more
particularly dipeptidyl peptidase IV inhibitors, as well as to their derivatives, their analogs,
their tautomeric forms, their stereoisomers, their bioisosters, their dias@ereoiners, their

polymorphs, their pharmaceutically acceptable salts, and solvates. Additionally, the present
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its derivatives, analogs, tautomeric forms, stereoisomers, bioisosters,
diastereomers, poly- morphs, pharmaceutically acceptable salts and

tically acceptable solvates, wherein:  X= CH, ,
Yo Ko

H, CHOCH3, NH, NCOCHS3, CHPh, 0, 0or S, 10 Y

R5 are selected from hydrogen, CI-C4 alkyl, and hydroxy, R2 is selected

from hydrogen, CI-C4 alkyl, substituted allcyl, C,4 alkoxy C1-4 alkyl, C1-4

hydroxyalkyl, RSNHCI4 alkyl, and R3NHC(NH)NHCIA. alkyl, 123 is

selected from hydrogen and CI-Ca alkyl, 15R4 is selected from hydrogen,

C1-C4 alkyl, substituted alkyl, C1-C4 alkoxy, alkanoyloxy, hydroxy, amino,

nitro, C2-C6 alkenyl, acyl, and halogen,n=10or2, m=0,1,0r2,R. =

R11, R12, or RD, in which 20 R11 comprises at least one of the groups
inselgioted febreshelow phashaedicuiheragperialle ostomaliisubstieguseining  the

ai%ygr;%d%yﬁleéwggg{}goqyﬁxl, and heteroaryl groups are linked to the

noradamantyl moiety either directly or via a methylene or ethylene
adjacent, either by C-C linkage or by C-N linkage. WO

TROQHDAZEBAT Y [B&Rr 1RAGB3A ard represented by formula I

R4
@Ry [ )
N/ \IH/N\} n
T

R ]m I

its derivatives, analogs, tautomeric forms, stereoisomers, bioisosters, diastereomers, poly-
morphs, pharmaceutically acceptable salts and pharmaceutically acceptable solvates,
wherein:

X= CH,, CHF, CF,, CHCl, CHOH, CHOCHj3, NH, NCOCH3, CHPh, O, or S,

Y =CN,

R, and Rsare selected from hydrogen, C;-Cs alkyl, and hydroxy,

R, is selécted from hydrogen, C;-Cs alkyl, substituted alkyl, C;4 alkoxy Ci4 alkyl, Cj4
hydroxyalkyl, RsNHC;.4 alkyl, and Rs;NHC(NH)NHC, 4 alkyl,

R3 is selected from hydrogen and C;-C; alkyl,

Ry is selected from hydrogen, C;-Cs alkyl, substituted alkyl, C(-Cs alkoxy, Ci-C4
alkanoyloxy, hydroxy, amino, nitro, C,-Cs alkenyl, acyl, and halogen,

n=1or2,

m=0,1,0r2,

R =Ry, Rz, or Ry3, in which

R;; comprises at least one of the groups selected from below a), b), or ¢), whereupon the
optionally substituted cycloalkyl, heterocyclyl, and heteroaryl groups are linked to the nor-
adamantyl moiety either directly or via a methylene or ethylene adjacent, either by C-C

linkage or by C-N linkage.
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a) A cycloalkyl group, which is optionally substituted by C1-C4 alkyl,
dialkyl, or oxo, preferably a C4-Cy ring system, more preferably a C[err]
WhICh may be further functionalized or substltut
Vpnu%@f grees of substitution. Examples of possible cycloa% 'Yl\ﬂgrool(}g/goosso
are cyclopentane, cyclohexane, cyclopentane dione, cylohexane dione
5and the possible substitutions include Clerr] alkyl, dialkyl, and oxo. b) An
optionally substituted heteroaryl grtopp, preferably a 5 to 10 membered
ring system, in which the heteroaryl ring is a monocyclic aromatic ring
system or a bicyclic aromatic ring system comprising one, two, or more
heteroatoms selected from nitrogen, sulfur, and oxygen. Possible
heteroaryl groups include but not limited to tetrazole, triazole, pyrazole, 10
a) mamm&ybgmjlp,zwmmjmemi@ppw mibsHateddotC fFanlkybrdiakiyher oxo, pre-
fepeﬁﬂélg'@aéolﬁn &%[#;ry rl%'f@aﬁ dah?ﬁé?@{&pé}%%?%m may be further

tltutlons on the hetero in ma}i/ be the same or different and are

ﬂ@etm@l@nfbm Rbstiared 7vilihsralinies deeks s 8f sRb e afi§AMBLESCOf possible
C o OR 9 O%;?M%?%ﬁgﬁé; a!,}%%@dm I@@aﬂéﬁaﬁmﬂi@n@%?iohexane dione .
ar an c a onsisting o
%&)@‘éﬁ‘%@ﬁ%ﬁiﬁuﬂ ?1 i?r#; (L‘e‘l%gjgmg}%gn §IR§5P 'C2-C4 alkenyl,
bp&@@ﬁotﬁm&tﬁmdﬂﬁﬁﬁﬁmm@é@moNﬂ B(E)F8red ring system,

R S B A RN

rSORBS R@}IEG@N RBRYyener SN brteronteres seiertad frmm aieqgssytiur, and
%&W%@&WQ%&S@ @%&gstbﬁcw& BYBIRNHARGM MAYdeatRet{RspleasRazole,

mbered aromatic rfing such as phenyl or a 20 heterocyclic ring such as

ingidrenie whtdRAeer BERERRRAERGEE o daitn FURP B2 ik o R§zimidazole,
mauitqeykhﬁlisuéﬁeI%albyhﬁwﬁmh&ﬂla@wh@ l’sﬁb@ﬁtuﬁ)n‘}s heteheayelrbarduging may

naIIy subsgituted by C C alkyl, dial rouns. wherein the
BBt LN R TR A S G A CrCe

alsystem@xmﬁm hiydnoxg, h@’tﬁmaﬁalhylsdﬂadwuiﬂmmmdlgrbammwinglooh

éakifogn gjﬁggeﬁeang RO vge, se&%%%ﬁs‘?&%g&gggga gngééé% 5, anino,

Toreseh onar groups, es, sulfur

n1d1Dxfde§,xWH6’ﬂelﬁzt-l€e h&mﬂey@ﬁl(}ﬁ:vg 6 RsFmag @Bt ARG B SHS (O)Rs,
\'I’Bk.‘k?o'}ie gasimﬁre'nﬁkﬁmcycﬂ@mm{gcmgs SRgy beR ;CONR;Rs,

t0 a hetero aryl, or a cycloalkyl ring optionally

NB&E@&NMWMN@E«@QNW% Bm D863RpC P #000/328: 450Rs, SRy,

St RAIA8 Y ONIRIXIWVRERIRG, dﬂammmgﬂkaélﬁlkylamaﬂane@rmnyamms of the
NH(CO)RS, NHS(O)212 NHC(O)NHR ?{}%IS 0)2N R8 Lora
ringryEtese s YNRE Cesislhion B 4Tk P RIRERH RINB 1‘5* D ey

he@érbﬁsi@{@ﬁﬁgl S{EH2R Byrﬁiidamiﬂs fuftheckubetitrtioyskudbing ranfical dydotastealkyl,
al Li 3 Olt [cllm fgao as%l?gdl oga%bf% tt})%%ldlne 5 1,1-dioxide,
r

py roli ne OXOPYFTO e, iIsoxazolidinedione,

c)lsblhdctedwbé mmmmakmmtgntﬁmbytmom%@ﬁ@lkﬁm.@@ groups,
ﬁ@f%ﬂﬁﬁ%%&&o&)&i% gtgélégé}ﬂqlérhe@%%%ﬁﬂ%@@ TRBLAF BRyclic ring system
e

tetrahydro pyrimidinon 2]- thiazinane-1,1-dioxide, tetrahydro
W ORI BRSSO S8 O oA SN B DR Ego e and
ox%%%@éﬁ'%%ﬂ‘é%ﬂgr@ﬂ?mm shilaalkyhctiyasdgtonapshbeush as N-
nitro, amino, cyan, alk n;ﬁ Isulf(%g?i {f)/‘veltg%éam' |nyI alkox XYoo ma
Oxéﬂ?éxﬁ‘l}gfb&mﬁﬁaﬁ?g {118 o TR RERB1ESS, aﬂgan% i Y
coﬁmiﬂ@r@aébw&b@wmdm,apttbmibymlnmmutemmhe&amwm ﬁﬁg@ﬁay be
op%lggaﬂﬁlf ﬂlnssed to a heteroaryl, aryl, or a cycloalkyl ring optionally substituted with C;-Cs
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R13 is optionally substituted aryl, wherein the substituents may be the
same or different and comprises at least one of the groups selected from

a) hydrogen; b) C1-C8 alkyl, C2-C6 alkenyl, halo, alkylhalo, al
v&ﬁff@ﬂl’fﬁ@f alkylsulfinyl, alkoxY, 20 alkanoyl, alkanoyloxy, gésﬁé}r%f)r%/’ooosso

carbonylamino, guanidyl, nitro, amino, COOR9, R8IiFIC(0)R9, COR9,

CONRB8R9, NHC(0)0R5, NI-IC(0)128, MIC(0)NR5R9, NHC(0)NR8R9,

NI-B(0)2118, NHS(0)R8, NHS(0)2NHRS, NI1S(0)2NHC(0)RS,

NR3COOR9, NRSCOR9, NR3S(0)2R9, NR3CONRS8R9, NR8C(S)NR3R9,

NHC( 0)NHS( 0)24 S(0)2R8, SORB, SR8, S (0)2NR8R9, OCF3,0 S

(0)2R8 , or 25 OC(0)NR8R9. c) Saturated, partially saturated, or

unsaturated, mono- or bicyclic heterocyclic ring system optionally
aliSHPSHHHED DY 1ARRY MAE R OHRR SAleFA ORIS Tn@id & KiirHe 2y BNH(CO)Rs,

alkenyl, dialkyl."and oxo, wherein the heter lic ring syste a 4-
NS e e SH AP MR W QBB o1 6O G 7 BT 18 - B0
Nm%@m&?NRJ&%@NBﬂﬁcﬁlﬁmﬂ)mmmm@ﬁ?maﬁmiﬂk@gémmm,of such

and oxygen, wherein t tergatoms .can e pr n ST
e R SR e T SRS Ao gt FiBjitine
1, bdibxiieteropyotididing, radiaishdohedionbut assapyriitidig.to pyaggelidinedione,
isddd '9#81%' '9@%8&5%@]%%:1{%%19&&'_% hQHNLAA0!Eo 80 Riophene-1,1-

isoindole, duinazoline, quinoling, isoquinoline, cinnalone, L
digsdriniablrivledinpdiparid 0ipsidnginaneereziiperigidpdo  pyrimidinone, [1,2]-

higtiahydr apyHmisinopg,AilidinaaR ARk thipaRGadl, 1-Gipdeaadhe 12bd  tetra-
R9, and ffiio-grou‘psz which are optionally substituted by halogen, hydroxy,

hydmegugpyrencldriorito, alkyl, acyl, acyloxy, hydroxyalkyl, amino, alkylthio,
or thioalkyl groups, may be the same or different and are individually
selected from hydrqgen, optionally, substituted.Creg alkyl, aryl, arylalkyl
R CTDRGR AR o RO Eal BT, RS A LTSy b, cyane,
alltop etih@yon atkyitnd Garytalky sy, raaydionn diexyr 6kosmbatenyataizeedreido,
partially unsaturat turated cyclic systen containing carban ,ionall
thlglfglrf%’, aétﬂlgg?\g?{(’)ng ni r%%iggeﬁaatgﬁ?%nd og%(l%na y on?}o’r ore (g)%er P Y
subsitred O rriSs stattandifontosikgatl. sulfur, and nitrogen. The present

invention also relates to a process for the preparation of compounds of

formula '
Ry3 is optionally substituted aryl, wherein the substituents may be the same or different and

comprises at least one of the groups selected from

a) hydrogen;

b) C;-C; alkyl, C»-Cs alkenyl, halo, alkythalo, alkoxy, alkylsulfonyl, alkylsulfinyl, alkoxy,
alkanoyl, alkanoyloxy, acylamino, carbonylamino, guanidyl, nitro, amino, COORoy,
RgNHC(O)Ry, CORj;, CONRgRy NHC(Q)ORg;, NHC(O)Rs, NHC(O)NRgRy,
NHC(O)NRgRg, NHS(O);Rs, NHS(O)Rs, NHS(O)}NHRjs, NHS(O0)NHC(O)Rs,
NRCOORGy, NRsCORy, NRgS(O)2Ry, NR3CONRgRy, NRC(S)NRgRg,
NHC(O)NHS(O)Rs, S(O)Rs, SORs, SRz, S(O)2NRsRy, OCFs;, OS(O)Rs, or
OC(O)NRgRo.

c) Saturated, partially saturated, or unsaturated, mono- or bicyclic heterocyclic ring system
optionally substituted by one or more groups selected from Ci-Cs alkyl, C,-C¢ alkenyl,

dialkyl, and oxo, wherein the heterocyclic ring system is a 4- to 10-membered ring with
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I, their derivatives, their analogs, their tautomeric forms, their
stereoisomers, their 20bioisosters, their diastereomers, their polyrnorphs,
v%e% (Ppla}gg%gceutically acceptaple salts,. and their solvates. T 8&@2%8%00830
Invention also relates to novel intermediates, processes for their
preparation, their use in the preparation of compounds of formula I, and
their derivatives, their analogs, 25their tautomeric forms, their
stereoisomers, their bioisosters, their diastereomers, their polymorphs,
their pharmaceutically acceptable salts, and their solvates. Background of
the invention: WO 2007/113634PCT/IB2007/000830 - 6 - Diabetes is
characterized by elevated levels of plasma glucose or hyperglycemia in
the fasting state or after administration of glucose during an oral glucose

onlP G RGE BSlerdhBRsAsEI8sedyRaS aheligheiesohyptilgliabeiesden sudfly, and

diagnosed in children and young adults, and was previousl .
oo T B TR BB e SOy i BAG i U BB as
oxipesaldinbaidssisdhe sotfst cioxirien Foumplesiafotd heigpeyzlifiaigeadicals
._either the body doe Jas Y 3 Is igh@is ihenethione,
1n i@ﬁfiR}l%arﬁélrﬁ}t{sﬁvr\ﬁﬁﬁe?y%ge%%%gé e%? g@ﬁgiﬁgﬁ%ﬁg@@& imétc,ro ) ) ,l?ne
indearste lad aledisoiods e soinarlinpysiiackis SReriatlipedronaigns isyfiazolidine-
1, HIEGE%8; W&&X@ﬁ&erﬁiﬁﬁeﬁﬁﬁ&ﬁgp%gﬂ%hﬁ}@f@w&ﬁd&%ﬁwaraﬁﬁti@i@&ﬁe, and

neuropathy, and retinopathy. 10 A significant, rapidly growing fraction of
thigransuhiafigiép@ilation is affected by type 2 diabetes, a disease
characterized by elevated blood glucose levels and relative insufficiency

of insulin. Recently reseayches found that th tivity, of two pot
G AT b e e e A L T
cyaRsinetRe pligasecsipeptidyy deptiongdkiN, (D, i, v ibiaalwhesewns may

a family of serine peptidases..C PRIV i . ituted
OGRS LS UMM SepURALC NS S er kb ythogen, optopaly substie
C astlbyte i anlolsliosyesripre, andlety ikasyaeeprbiéhen Ru s are

form in plas felail iy tivity i5-ARigs Rl dmpiRg all
pr?ggrr% tf?ﬁ?n%r{;a %r%?l %g%s%eﬁgﬁ%%gg g?gﬁ)gilc%[rl activity of CD26 Wa ’
un@PRLEY) 4s HSeREpHRARY FRIBIFNDIPIE RHL A BfTe B fAT RS nitrogen

at DR SR PrOE S P BIBB R RESIANDS Beletiey ftaa degya, sulfur, and

_Substratés with'non- 20 preferred amino acids at position 2. The structure
nEpgEsP, GLP-1 and GLP-2 reveals a highly conserved alanine at position
2, rendering these peptides ideal putative substrates for the

rignoRepass AREPINRIPIIRSEA (RAEs sl PR o8ttt
I, their derivatives, their analogs, their tautomeric forms, their stereoisomers, their
bioisosters, their diastereomers, their polymorphs, their pharmaceutically acceptable salts,

and their solvates.

The present invention also relates to novel intermediates, processes for their preparation,
their use in the preparation of compounds of formula I, and their derivatives, their analogs,
their tautomeric forms, their stereoisomers, their bioisosters, their diastereomers, their

polymorphs, their pharmaceutically acceptable salts, and their solvates.

Background of the invention:
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A glance at the available treatments for type 2 diabetes, which have not
changed 25 substantially in many years, makes clear that they all have

‘m)e%@]wnsiggitations. There are many pharmacologic Strategiﬁéitﬂmammoosso
accompllls these goals. First of this series are alpha glucosidase

inhibitors such as acarbose and tniglitol, which function by intetfering with

the WO 2007/113634PCT/182007/000830 - 7 - action of the

alpha-glueosidases present in the_gmall intestinal brush border. The

consequence of this inhibition is a reduction in digestion and the

consequent absorption of glucose into the systemic circulation. The

reduction in glucose uptake allows the pancreatic beta-cells to regulate

the insulin secretion more effectively. The advantage of 5 the use of the
Dialha- gdudnsidasizadhblyitalevisahatttieofuplesion [goatiyeimtHepstabipemia in the

nd have no majof. s | i F-Weo) r

o e A oW Thoe
areciieciygefasfintabriem T ipachstisfels jaaveplyiidaveted iy sbiymay young

adiRI9RORI Ms@h&Wﬁ%ﬁWﬁﬁ%t@@QE%&féi Qfiibess, the body does
inhibitors are abdominal bloating and discomfort, diarr ea,%n | f atulergge.
c

nof prpABcE MR rE ¥R ARG RRiIA DS SSE SYPBIAT H9PBg Uy vpe 2

disdadelaned teanapdResnoypisdlicaecsatagaliuas ecackie itheyed tbe desulin.
the pancreatic release of endogenous insulin..Because these dr

PRt BB LRSS AT P o S Tt W A oy vascular

copgfiziitierdpsadndigarefutyanyonitorg ddissisehestioke, réspiddnsns peplgopathy,
af 110-140mg/dl.. Sulfonylure qtion m ding to and inhibiting the

peggﬁgaelgt?éc%ﬁ‘gg%%ﬁ%@&@g&gﬁm chz?r}énel that is normally involved in
glucose-mediated insulin secretion. Sulfonylureas have no significant

A efgiticont, ciepidhirasaripgcBreien folroRImancPemuatiR s affssted by type 2
dimg%f&eyag@%ﬁd&%@zéagfmmm hobsarivan ingl adiRfeshoificiency
duration. However, meglitinides (non-sulfonylurea insulin secretagogues). ..
oD e R BGRASSL L R ETEE L B QRO T SHGHLIOGE dosulin
seBraglitinigeshaveme diseshRifeboindh & ciridaiing pepatnaf dilggmidyl peptidase
o e Bt B3 S S R oo
menhaneingdokiih sjrddatest G asinnpicike thytsketdtal R 8istniluis in numerous
tis:s\){lég g%%g]éisa@or%?ﬁg searsoalc ts%i%lﬁ'@%?rc%‘&d?g%ﬁﬁ QH%EQW%H\M‘gﬁﬂﬁcant DPP-4-
like activity is detectable in plasma from humans and rodents. The principal biological
activity of CD26 (DPP-1V) is its enzymatic function. DPP-IV prefers substrates with an
amino-terminal proline or alanine at position 2, but may also cleave substrates with non-
preferred amino acids at position 2. The structure of GIP, GLP-1 and GLP-2 reveals a
highly conserved alanine at position 2, rendering these peptides ideal putative substrates
for the aminopeptidase dipeptidyl peptidase 4 (DPP- 4). Eur J Biochem. 1993, 21 4(3), 829-

35.

A glance at the available treatments for type 2 diabetes, which have not changed
substantially in many years, makes clear that they all have their own limitations. There are
many pharmacologic strategies to accomplish these goals. First of this series are alpha

glucosidase inhibitors such as acarbose and miglitol, which function by interfering with the
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insulin-sensitizing drug in clinical use. Metformin administration does not

lead to increased insulin release from the pancreas and as such the risk of
hypoglycemia is minimal. Because the major site of action fo rmin i
WLRIZIEHCe can be WO 2007/113634F>CT/182007/0008:<1E'(§‘Iiﬁzﬂ{%"m’%‘“?/830
contraindicated in patients with liver dysfunction. In adolescent females

with type 2 diabetes, the use of metfonnin is highly recommended to

reduce the incidence as well as the potential for polycystic ovarian

syndrome. However the two biguanides, phenfonnin and metformin can

induce lactic acidosis and nausea/diarrhea. 5 The peroxisome
proliferator-activated nuclear receptor (PPAR) family has received

particular scrutiny in the field of diabetes and as a result the
athigz adiflinedisiphs-ghveskinesg eteasa thethpesttialllasestirdt yanbraiioder. The
e S A0 B 06 A AR SO0 00 Mo o

ZRRAR fmiths repdpite agiomibtion. hhreveduotightigasiueneseupiekatiglioys the
plolegHes.hava besndanalaRe difah AR PROR ailavdlyiSBigStilantage of

able to reduce triglyceride levels and is also able to improve insulin )
theapssipfitharighaselvucesidessiahibisons ia by drogiiondesalljoidhe iulgatine and
nBrefFaVElRPadiwith RSt bepslicialcHes oy b eaistiBgcRPAR the use of

gamma- and alpha-preferential drugs ir}(ge_atm,ent %fgigg e% diabetig. But i
PR RMNEATEES FHE OB W B Fn P o HRELE It g8 Bt BREMAE 0%
(haHsks i ageniséts deveiepsybneditedfobiagbibisis). Te priman adverse side

etabolic respapses to GLRP-1 release from the.entergen ine L- f

oS S oo R il SO MREHAE. e oo

glucose-dependent insulin release from the pancreas, both effects lead to

Tﬂg%gq?oagg@éx&%ﬁmegmﬁf@é* R shaunRnA actign:ef s-éréséelf\e/md o as

rapidly términated as a’consequence of enzymatic cleavage by DP!
erxtpgeaoBht A SorRingREHes drewnahteitiaduptudivh erest@Eticopelease of

edBb AR HRRD BEGRRraRkl in3atmatisrRd YFHaBeIE: P R8I gaas reatment

_concentrations, reductions in HbAic, and improvement in pancreai(c{:} )

isgatiated S Ao RSB dpte dBA catsibM AnemRsed frth B ARSE HERHtS in 2
FRGtbe yresghisriDisagsasiaies Witkiahstemaind o pad echibititi the pancreatic

function. There are advantages and disadvantages wjth the current .. .

A AepEiETh PR RSHR S3AT iy Er TR RYRT s i alhcossmdiated insuln
seCigtient UsdfohBiiead nhidnetios aninifighR- effecepton (Giteuldinggdrigiserides,
.focus on peptides or ified ides and. [ .

e o e Tl AR S PR AT Sk g NP Mot ftacting
arp007$hozcBuE T/ Bovewnooeduinges (non-sulfonylurea insulin secretagogues) do

exert effects on potassium conductance. Like the sulfonylureas, the meglitinides have no

direct effects on the circulating levels of plasma lipids.

The biguanides lower serum glucose levels by enhancing insulin-mediated suppression of
hepatic glucose production and enhancing insulin-stimulated glucose uptake by skeletal
muscle. Metformin is a member of this class and is currently the most widely prescribed
insulin-sensitizing drug in clinical use. Metformin administration does not lead to
increased insulin release from the pancreas and as such the risk of hypoglycemia is

minimal. Because the major site of action for metformin is the liver its use can be
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Another novel mechanism for the treatment of type 2 diabetes are
Dipeptidyl peptidase-1V inhibitors. Dipeptidyl peptidase IV is a

W%%ﬂg&i&gal protein involved in cleaving incretin hormonest,Lblg{g:z%o7/000830
serving to regulate glucose homeostasis and consequently viewed as a

target for the management of Type 2 diabetes. The usefulness of
Dipeptidyl peptidase 5 IV in the treatment of Type 2 diabetes is based on
the fact that Dipeptidyl peptidase IV-ig viva readily inactivates GLP-1 and
GIP. These are the incretins that are produced when food is consumed.
These incretins stimulate production of insulin. Inhibition of Dipeptidyl
peptidase IV leads to decreased inactivation of incretins, in turn increased
efficacy of incretins in stimulating insulin production by pancreas.

FHETERSEatsTH dptRGEh Ik liver, dvisfiansition rEsadelpseantinferaalssawith type 2

B, IBEUNLI DS WG NI IR BEINNY RBSERMEIHRN i% tRALINCIRLIRS A& ce as well as
n food is consumed. So_the Dipeptidyl peptidase 1V

roduced only whe Y ept S i
%%ﬂ%‘?fﬁi‘r‘i‘?i %t%gﬁ%"éfé%QB%%?%&%ete%W&Vﬁﬁgﬁﬁ‘ﬁetW@@W%lQheﬂfomn
ailiglefamimagdandyipe tlytie avklobihipdi aneddiipepidy| peptidase 1V is
therefore expected to increase insulin without increasing the risk of

oglycemia. Investigational. Dipeptidyl peptidase 1 iphibitors offer an .
S e B R e, e Al o Focevea
m@ilw1@ca¢rpﬁamd® ithpdi@dt@_fsdi{abdhm@Heawhgsréﬂlylﬂgﬂmmﬁcﬂnagbnes have
é&%&wtﬁs”&%% E{E%H&'rﬁﬁ%{"%@n&ﬁé’én%%iﬂﬁhgf B gé?‘%?e}g opists of the
inhibitors are a promising new ap&oac to treat type dia etes, w e

FhAdti sanunictesemios sredayerlingle &oirrrdureinsilinsuhisteneretiong adverse effect

AVieeRedd SRR USe Qi R EPRIR LISy A RN IS 338shis WRIl Pore recently
d in prior art patents like WQ 2005/033106 and is herein

explaine ) . '
T 8%%?&@&%9@?& ielopRetitbad rrivgtert it RrelibterABifo Alasp dgetfile to reduce
teipilicadencvéld 34213 sitelosamtbeedasnn skt argienciifciarnauta PPAR

113634PCT/1112007/000830 - 10 - wherein R is substjtute
R SRR RSHAN D AR S PP S DEPRSEeE DR s ove
exdtinD URdRofdmenge aedialigraprefdiidf0 drugs in treatment of type 2 diabetes. But

safety issues slowed down the entry of these drugs

One of the exciting classes of agents in development are GLP-1 agonists. The primary
metabolic responses to GLP-1 release from the enteroendocrine L-cells of the gut are
inhibition of glucagon secretion and enhancement of glucose-dependent insulin release
from the pancreas, both effects lead to decreased glycemic excursion. But the hormonal
action of GLP-1 is rapidly terminated as a consequence of enzymatic cleavage by DPP IV.
Recent clinical evidence has shown that either infusion of GLP-1 or inhibition of DPP IV
can result in dramatic reductions in plasma glucose concentrations, reductions in HbA,
and improvement in pancreatic beta-cell function. Thus, both represent potential targets for
the prevention of the hyperglycemia associated with diabetes and impaired insulin
function. There are advantages and disadvantages with the current therapeutic approaches
targeting GLP-1 action in diabetic patients. Current use of GLP-1 mimetics and/or GLP-1
receptor (GLP-1R) agonists focus on peptides or modified peptides and these must be

given by injection, which leads to problems with the patient-compliance.
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US-application US 2005/038020 discloses the compounds of generic
formula wherein A is an optionally substituted adamantyl group. 10
rnati patent application WO 2006/090244 discloses t
%%og@éﬁ sglof formula WO 2007/113634PCT/1BZOO?/OOQSggT/I%vO
nis 0, 1,2, or 3. R2 is substituted alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituiged 5 cycloalkylalkyl, substituted or
unsubstituted cycloalkenyl, substituted or unsubstituted cycloalkenylalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted beteroaryl, substituted or unsubstituted
heterocyclicgroup, substituted or unsubstituted heterocyclylalkyl,
Asbipstities alednsifstiitet hetensanddigle NRER%s-NeLBpepidR Peptidase-IV
I S S5 IO, NSRBI, M Geaving
T y? a et%/j, alogen, -SR’, or a protecting group.
incretin hormones, hence serving to regulate glucose homeostasis and consequently viewed

07/000830
erein

as a target for the management of Type 2 diabetes. The usefulness of Dipeptidyl peptidase
IV in the treatment of Type 2 diabetes is based on the fact that Dipeptidyl peptidase IV in
vivo readily inactivates GLP-1 and GIP. These are the incretins that are produced when
food is consumed. These incretins stimulate production of insulin. Inhibition of Dipeptidyl
peptidase IV leads to decreased inactivation of incretins, in turn increased efficacy of
incretins in stimulating insulin production by pancreas. Therefore Dipeptidyl peptidase IV
inhibition results in an increased level of serum insulin, An interesting observation is that
incretins are produced only when food is consumed. So the Dipeptidyl peptidase IV
inhibition is not expected to increase the level of insulin between meals which can lead to
hypoglycemia. Inhibition of Dipeptidyl peptidase IV is therefore expected to increase
insulin without increasing the risk of hypoglycemia. Investigational Dipeptidyl peptidase
IV inhibitors offer an advantage over other novel therapies since they can be administered
orally. Compliance in patients is much higher with orally delivered drugs than with those
that require injection. Thus Dipeptidyl peptidase IV inhibitors are a promising new
approach to treat type 2 diabetes, which function, at least in part, as indirect stimulators of
insulin secretion. Mechanism and use of DPPIV inhibitors in various diseases is well

explained in prior art patents like WO 2005/033106 and is herein incorporated by reference

in its entirety.
Prior art:

International patent application WO 00/34241 discloses the compounds of the generic

formula



10

International patent application WO 2005/021536 discloses the

compounds of formula R- NnrZ H 0 wherein one of the possible B
substituents is adamantyl amine. 15 One of the representati
wo

i W3'200%/113634PCTA132007/000830 - 12 - H-Cl ont R usso
patent application WO 2006/012395 discloses the compounds of fonnula
N(CH2),, R1

-10-

O
H:N CN
R(CHyn

wherein R is substituted adamantyl.

Tnternational patent application WO 03/04498 discloses the compounds of the generic

formula

Ar\/v}\l\l/\//“

N /X
g

US-application US 2005/038020 discloses the compounds of generic formula

wherein A is an optionally substituted adamantyl group.

International patent application WO 2006/090244 discloses the compounds of formula
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5 as peptidase inhibitors. One of the representative examples is 10
International patent application W02005095339 discloses the compounds
of fg)rﬂrw{g as DPPIV inhibitors. US20050215784 discloses th
WOHBGNEE 0t formula WO 2007/113634PCT/1B200710008%%T-’If§°97§’8°83°
DPP1V inhibitors. Although there are a few DPPIV inhibitors in different
stages of clinical trials such as the examples given above (LAF-237,
MK-0431, BMS-477118, GSK23A)there is still a need 5 for novel
compounds in this area and the objective of the present invention is to
provide novel nor-adamantyl cyano pyrrolidine compounds represented by
formula | which have a DPP1V inhibittory activity as well as processes for
their preparation. Summary of the invention:

Y
N
H 0 Rt

wherein n is 0, 1,2, or 3.

R? is substituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkylalkyl, substituted or unsubstituted cycloalkenyl, substituted or unsubstituted
cycloalkenylalkyl, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclicgroup,
substituted or unsubstituted heterocyclylalkyl, substituted or unsubstituted heteroarylalkyl,
NR;Rs, -NH-S(O)m-Rs, -NH-CR;Rs, C(O)-Rs, -C(0)O-R;, -C(O)NR3R4, -S(O)m-,
NR3Ry, nitro, cyano, formyl, acetyl, halogen, -SR?, or a protecting group. |

International patent application WO 2005/021536 discloses the compounds of formula

R‘”‘“BMQ/\?}/Z N

wherein one of the possible B substituents is adamantyl amine.

One of the representative examples is



The objective of the present invention is to provide novel compounds of
formula I, having 10 serine protease inhibiting activity, particularly
dipeptidyl peptidase 1V inhibiting activity for lowering blood g
“ﬁé:%“pé’(/‘e?ég’ tholesterol levels and reducing body weight, agé\%ﬁfg?%&g‘/ﬁ&ﬁmo
diabetes and diabetic complications. The main objective of the present
invention is therefore, to provide novel nor-adamantyl cyano pyrrolidine
compounds represented by fOI’mU_|<’i’lj . their derivatives, their analogs, their
tautomeric 15 forms, their stereoisomers, their bioisosteres, their
diastereomers, their polymorphs, their pharmaceutically acceptable salts,
solvates and pharmaceutically acceptable compositions containing them.
Another aspect of the present invention is to provide a process for the
preparation of 20 noradgangantyl cyano pyrrolidine compounds represented
[ es, their analogs, their tautomeric forms, their
their bidisogters, their WO
g 0 830 - 14 - diastereomers, their
; ir ph@&rmaceutically acceptable salts, and their
pharmaceutically acceptable solvates. Another aspect of the present
inventiolis tb*ﬁ?oﬁlﬂ%—rfbvel intermediates, processes for 5 their
preparation and use of these intermediates in processes for the
preparation of saind noradamantyl cyano pyrrolidine compounds
In{gﬁr%%gﬂg%gx ?gﬁ&gﬁdr@%ﬁ@U6ﬂﬁrﬂ§§_‘(ﬁ§ﬂg§§é&ﬁ@é&ﬂﬁ3_dﬂ@fof formula
automeriC forms, their stereoisomers, their polymorphs, their bioisosters,
their diastereomers, their pharmaceutically acceptable salts, and solvates.
10 AnotheL-asgpect of the present invention is to provide pharmaceutical
CREAPY @ G ﬁining the compounds of the present invention
representet-by forrr}deﬂ,};hﬁ:h‘ derivatives, their analogs, their tautomeric
5 forms, their stereoisomers, their bioisosters, their diastereomers, their
oHRNERRAPHRiIGHS Solis cReaas et lbeiembipRs fs combination with
uitable carriers, solvents, diluents and other media normally employed in
preparing 15such compositions. WO 2007/113634PCT3B2007/000830

LN@‘ "“)L ﬁ
&
N

10  International patent application W02005095339 discloses the compounds of formula

V) /N

R }N
H/N \\N

as DPPIV inhibitors.

US20050215784 discloses the compounds of formula
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- 15 - Detailed Description of the invention: The present invention is to
provide compounds represented by formula | their derivatives, their

nalo%s thelrtautomerlc forms, their stereoisomers, their b|o {30{1 g

VY&t eomers their polymorphs, their pharmaceutically accep {ﬁe L31ts" 30
and their pharmaceutically acceptable solvates wherein 10 X= CH, CHF,
CF2, CHC1, CHOH, CHOCH3, NH, NCOCHS3, CHPb, 0, 0r S, Y =CN, R1
and R5 are selected from hydrogen, &1-Ca alkyl, and hydroxy, R2
is selected from hydrogen, C1-C4 alkyl, substituted alkyl, C1..4 allcoxy Ci4
alkyl, 15C14 hydroxyalkyl, RGNHC, a alkyl , and RSNHC(NH)NHCE4
alkyl, R3 is selected from hydrogen and CI-Ca alkyl, R4 is selected from
hydrogen, C1-C4 alkyl, substituted alkyl, CL-C4 alkoxy, C[-C4
alkanoyloxy, hydroxy, amino, nitro, C2-C6 alkenyl, acyl, and halogen, n=1
Orm’ or 2, R = Rib R12, or R13, in which WO
20024113684PCT/1132007/000830

Ry N R,

.RQ

m\,&a

as DPPIV inhibitors.

Although there are a few DPPIV inhibitors in different stages of clinical trials such as the
examples given above (LAF-237, MK-0431, BMS-477118, GSK23A), there is still a need
for novel compounds in this area and the objective of the present invention is to provide
novel nor-adamantyl cyano pyrrolidine compounds represented by formula I which have a

DPPIV inhibittory activity as well as processes for their preparation.

Summary of the tnvention:

The objective of the present invention is to provide novel compounds of formula I, having
serine protease inhibiting activity, particularly dipeptidyl peptidase IV inhibiting activity
for lowering blood glucose levels, lipid levels, cholesterol levels and reducing body
weight, against type II diabetes and diabetic complications. The main objective of the
present invention is therefore, to provide novel nor-adamantyl cyano pyrrolidine
compounds represented by formula I, their derivatives, their analogs, their tautomeric
forms, their stereoisomers, their bioisosteres, their diastereomers, their polymorphs, their

pharmaceutically acceptable salts, solvates and pharmaceutically acceptable compositions

containing them.

Another aspect of the present invention is to provide a process for the preparation of
noradamantyl cyano pyrrolidine compounds represented by formula I, their derivatives,

their analogs, their tautomeric forms, their stereoisomers, their bioisosters, their



10

15

- 16 - noradamantyl moiety either directly or via a methylene or ethylene
adjacent, either by C-C linkage or by C-N linkage a) A cycloalkyl group,
which is o tlonaIIy substituted by C1-C4 alkyl, dialkyl, or 0X0,, &)bé
"&38077/%399 system, more preferably a C5-C6 ring system, Whlgh&%fg oo
further fanctionalized or substituted with multiple degrees of substitution.
Examples of possible cycloalkyl groups are cyelopentane, cyclohexane,
cyclopentane dione, eylohexane dl?ﬁ]e and the possible substitutions
include C1-C4 alkyl, dialkyl, and oxo. 10 b) An optionally substituted
heteroaryl group, preferably a 5 to 10 membered ring system, in which the
heteroaryl ring is a monocyclic aromatic ring system or a bicyclic aromatic
ring system comprising one, two, or more heteroatoms selected from
disNteneaters ulibsirand1oxaps, Possibishheiesesiyhiyoupseptehidesblis,armmd  their
le, pyrazole, imidazole, oxadiazole, pyridine,

not limited tetra;ia c—l\a t”gva e,
Phﬁ%ﬁ‘if‘d‘iﬂ%a HhEoREY enzofuran, 15 benzimidazole, indazole,
thiophene, and benzothiophene and the substitutions on the heteroaryl

' R f
AT IS A A s o
theilicpTeparegiest: iR e IAIRRoRECHIRES CORBRESSTF CORYS, i f0 of saind

norSdeRIRd e Iﬁ)?yﬁﬁkﬁllﬁﬁﬁsﬁ ﬁ{d%%ﬁ@@@ﬁteﬂ)&f@iﬂnﬂamgﬂm tleiniderivatives,
nitro, C1205 alky 2-C4 alkeg(yl CODRS, CONRBR, g%%g

thei EusioEss. NES SRR &R, RA SRR BED giglymorphs, - their
bidNRSEERRINRBROIARE, NﬁBWpMR?@(@W@S&Q@ and solvates.
NHC(0)NHS(0)2Rg, OSO2Rg, OCONR8R9, S02R8, SORs, SRs,
SO2NRBRSY, and S(0)20R8. When R6 and R7 are present on adjacent
Awgzttivoraspernsoff the: pregeysiaventiony indy tBgeider RIAMASHIFH nrgBRRRSitions
co? ﬁlﬂﬁ {109 5H ?3&&19@\@1@&3@%@%9&%@% Sreeth R PyidEenwin T, their

stitutions such as 25amino, hydroxy, alkyl, alkyl sulfonyl, alky|
deth‘i’@ﬁmyltbﬂmﬁyﬁl@&%&@}f SRBRBTE R I SIPHOLO B &%p‘%‘owosms’

thEP WREER WL 2% LbIRRsAIRS; Tﬁ@ﬂ-‘%@@.@ U8 B thBRSAiLxARES Mo Abination

not limit the present inventign. c) A h terocyc rou 0 tlona
wigly @Ek?ﬁ?ﬂéd’%?@?z OBV CHE%W B a?évﬁlfg rEHR éfe“ in preparing
subetRiapysiilofiflg system is a 4- to 10-membered mono- or bicyclic ring

system with one or more hetero atoms selected from the group consisting

of nitrogen, sulfur, and oxygen, wherein the heteroatoms can also be

present as functional groups, such as N-oxides, sulfur oxides, and sulfur

dioxides, wherein the heterocyclic ring system may contain one or two

double bonds, and wherein the monocyclic heterocyclic ring may be 10

optionally fused to a heteroaryl, aryl, or a cycloalkyl ring optionally

substituted with C1-C8 alkyl, halogens, hydroxy, amino, nitro, haloalkyl,

alkylamino, carboxy, NH(CO)R8, NHS(0)2R8, NHC(0)NHR9, NHSORS,

N1-1S(0)2NHR8, NR8COORY9, NR3COR9, NR8S(0)2R9, NR8CONRS8RY,

NR8C(S)NR8R9, or NHC(0)NHS(0)2R8 The possible substitutions of the

heterocyclic ring systems include C1-C3 alkyl, dialkyl, and oxo groups.

15Examples of such heterocyclic ring radicals include but are not limited

to imidazolidinone,




isothiazoli dine-1,1 -di oxid e,pyrrolidine,pyrrolidinedione,oxopyrrolidine,
isoxazolidinedione, isoindoledione, morpholine, thiomorpholine,
thiomorpholine-1,1- dioxide, thiophene-1,1-dioxide, thiazolidinedione
W&l Hiperazine, tetrahydro WO 2007/113634PCT/182"§6“J7‘/B%98§(§ 830
18 - pyrimidinone,[l.,2]-thiazinane-1,1-dioxide,tetrahydrothiophene-1, |
-dioxide, piperidinone, and tetrahydrothiopyran-1 ,1-dioxide. Further
preferred heterocyclyl groups compyise 00 0S wherein R7 is as

described above and Z is CH2, 0, S, SO2, NH, NR6, or CH(OH). These
examples do not limit the present invention.

Detailed Description of the invention:

The present invention is to provide compounds represented by formula I

5
R,
FX
ACRRM [y,
T
R m
I

their derivatives, their analogs, their tautomeric forms, their stereoisomers, their

bioisosters, their diastereomers, their polymorphs, their pharmaceutically acceptable salts

and their pharmaceutically acceptable solvates wherein
10

X= CH,, CHF, CF,, CHCl, CHOH, CHOCHj;, NH, NCOCHj3, CHPh, O, or S,

Y =CN,

R, and Rs are selected from hydrogen, C,-C4 alkyl, and hydroxy,

R, is selected from hydrogen, Ci~C; alkyl, substituted alkyl, C;4 alkoxy Ci4 alkyl,
15 C.4 hydroxyalkyl, RsNHC; 4 alkyl , and RsNHC(NH)NHC, 4 alkyl ,

R; is selected from hydrogen and C;-Cy alkyl,

Ry is selected from hydrogen, C;-C; alkyl, substituted alkyl, C;-C4 alkoxy, Ci-Cq4

alkanoyloxy, hydroxy, amino, nitro, C»-Cs alkenyl, acyl, and halogen,

n=1or2,
20 m=0,1,o0r2,

R =Ry, Ry, or Rys, in which

Ry, comprises at least one of the groups selected from a), b), or c), whereupon the

optionally substituted cycloalkyl, heterocyclyl, and heteroaryl groups are linked to the
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25

R12 is selected from hydrogen, halogen, haloalkyl, hydroxy, carboxy,
nitro, amino, cyano, 10 alkyl sulfinyl, alkylsulfonyl, alkylthio, amidinyl,

alkox alkoxy carbonylamino, ureido, tbiureido, alkanoyl, al%
VEAAH) ))}famlno carbamoyl, guanidyl, optionally substituted %%7/?00830

and C2-C6 alkenyl. R13 is optionally substituted aryl, wherein the
substituents may be the same or different and 15comprises at least one of
the groups selected from a) hydrog?%n b) C1-C8 alkyl, C2-C6 alkenyl,
halo, alkylhalo, alkoxy, alkylsulfonyl, alkylsulfinyl, alkoxy, alkanoyl,
alkanoyloxy, acylamino, carbonylamino, guanidyl, nitro, amino, COOR9,
R3NFIC(0)R9, COR9, CONR8R9, NHC(0)OR8, NITC(0)Rg,
NHC(0)NR8RY, 20 NEIC(0)NR8R9, NHS (0)2128, NHS(0)RS,

ndNSEDRN AR BNEHB BN ()RS, 2 methylene or ethylene adjacent, either by C-C
NR3COOR9 Né:( COR9,NR8S(0)2R9,NR8CONR8R9,NR8C(S)NR8RY9,

inkpgeAS ) F Y $UBET/1182007/000830 - 19 - NHC(0)N118(0)24 S(0)2128,
SORg, SRg, S(O)2NRgR9 OCF3, 0S(0)2118, or OC(0)NR8RI. c)

peasi Ay lialkyl, , pre-
het(-,yrocyi:lﬁFB y‘gﬁe}%nﬁ?}so?ﬁ #&%@%&%&E&g r&? %%l e@érgr% a oﬁ ’ gr 0X0, Pre
%}ﬁ% R& further

fesaéibcaeﬂm@nmg- EV3tEMRy MOETe m@ sl R Sdiakpe SKdEko™
E@ﬁ%&ﬁ%‘:ﬁ% NGEYRLR it dniRib R ApvRe EUsthgiWibmExanpiaref possible

eteroatoms selected from the group consisting, of nltro sulfur1

cy@}gpé]éﬂ OFRBPE| AT ehEY ARG ARS Y YR CX AN 1B unctlo oﬁexane dione
ﬁﬂﬁ@@%dﬂtﬁmﬂﬁﬁnduﬁuwmaﬂcﬁmahﬂmadMes Examples of

ch eterocyclic ring radicals include, but are not limited to pyridine,
yrlrnldlne irnidazolidinone, imidazolidinethione, 10indazole, indole,

b)l?mrtiiﬂienﬂwmsﬂmechhmmwl soppiukfuatinndidaed O soemhgtrTing system,
pyrroli d e 0 . i
i é chthe i?ffarg%gﬂ g%r(tgher pre%%mé DYHR ﬁgéﬁgw idc¥0Hc aromatic

red heterocy lyl'groups comprise
ring system comprising one, two, or more heteroatoms sélected from nitrogen, sulfur, and

oxygen. Possible heteroaryl groups include but are not limited to tetrazole, triazole,
pyrazole, imidazole, oxadiazole, pyridine, pyrimidine, indole, furan, benzofuran,
benzimidazole, indazole, thiopbene, and benzothiophene and the substitutions on the
heteroaryl ring may be the same or different and are selected from Rg and Ry, wherein Rg is
hydrogen, C;-C4 alkyl, C,-Cy4 alkenyl, hydroxy, hydroxy alkyl, alkylamino, haloalkyl,
amino, acyl, COORy, or CORy, and Ry is selected from a group consisting of hydrogen,
hydroxy, halogen, amino, nitro, Ci-Cs alkyl, C,-C4 alkenyl, COORgy, CONRgRy, CORg,
NHCOORg, NHS(O);R;, NHS(O)Rs, NHS(O)NHRs, NRgCOORs, NR3sCORy,
NRsS(O)2Rs, NRgCONR;Rs, NRsC(S)NRsRg, NHC(O)NHS(O)2Rs, 0OSO,R5, OCONRgRy,
SO,Rg, SORg, SRs, SO2NRgRy, and S(0),0Rs. When Rg and R; are present on adjacent
carbon atoms of the ring system, they may together form a six membered aromatic ring
such as phenyl or a heterocyclic ring such as pyridine with further substitutions such as

amino, hydroxy, alkyl, alkyl sulfonyl, alkyl thio, alkyl sulfinyl, carboxy, or 0xo.

Further preferred heteroaryl groups comprise
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these examples do not limit the present invention. WO
2007/413634PCT/1B2007/000830 - 20 - The Rs, 129, and R10- groups
which are optlonally substituted by halogen, hydroxy, alkoxy
V&ﬂ(f/? y&ﬁ acyloxy, hydroxyalkyl, amino, alkylthio, or thioalky II) groups m@?ﬁo
be the same or different and are individually selected from hydrogen,
optionally substituted C1-Cs alkyl, aryl, arylalkyl, alkoxy carbonyl, and
arylalkoxy carbonyl. When Rg and %&9_ are 5 present together on a
nitrogen atom they may form a 5- or 6-membered saturated, partially
unsaturated, or unsaturated cyclic system containing carbon atoms, at
least one nitrogen atom and optionally one or more other heteroatoms
selected from oxygen, sulfur, and nitrogen. 10Finally compounds of the
invention are ei obtan;;geNn fre@fdﬁm or as a salt thereof, if salt
forming groups[ggre presq@t %}B of the present invention may be
converted into ph%Irmaceutléhlly acceptable salts by reacting them with
appropriate acids or bases. Certain compounds of the present invention
of formu ay ino orf Chiyal mters and the present
inventi rpo the solgied stergoiso their mixtures, as well
as the cdﬁrespondlr@ racemayes. List&d beloﬁare definitions of various
terms used to descrlbe this invention 20 The ter "alkyl" refers to a
ol & : roci achaln that optionally
' agrees of ion. Examples of
fudeMout arenot Iﬂﬂwlted to methyl ethyIN1 -propyl, isopropyl,
substitutions may be selected

from haI S, , kO ey, itro.Unless specified
dn‘ferent}? &sex mp hrae"
0

these examples do not limit the present invention.

¢) A heterocyclyl group optionally substituted by C;-Cs alkyl, dialkyl and oxo groups,
wherein the hetérocyclic ring system is a 4- to 10-membered mono- or bicyclic ring system
with one or more heteroatoms selected from the group consisting of nitrogen, sulfur, and
oxygen, wherein the heteroatoms can also be present as functional groups, such as N-
oxides, sulfur oxides, and sulfur dioxides, wherein the heterocyclic ring system may
contain one or two double bonds, and wherein the monocyclic heterocyclic ring may be
optionally fused to a heteroaryl, aryl, or a cycloalkyl ring optionally substituted with C;-Cs
alkyl, halogens, hydroxy, amino, nitro, haloalkyl, alkylamino, carboxy, NH(CO)Rs,
NHS(O),Rs, NHC(O)NHRy, NHSOR;s, NHS(O):NHRs, NRgCOORy, NRCORy,
NRgS(0)2R9, NRgCONRzRy, NR3C(S)NRgRy, or NHC(O)NHS(O);Rg The possible
substitutions of the heterocyclic ﬁng systems include C;-Cs alkyl, dialkyl, and oxo groups.
Examples of such heterocyclic ring radicals include but are not limited to imidazolidinone,
jsothiazolidine-1,1-dioxide, pyrrolidine, pyrrolidinedione, oxopyrrolidine,
isoxazolidinedione, isoindoledione, morpholine, thiomorpholine, thiomorpholine-1,1-

dioxide, thiophene-1,1-dioxide, thiazolidinedione, piperidine, piperazine, tetrahydro
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20

25 which refers to an alkyl group with specified number of carbons, in the
entire specification the term "alkyl group” refers to a CI-Cs-group. A
similar terminology applies to other preferred ranges as well. WO
WB3N 115834 PCT/1B82007/000830 - 21 - The term "alkenyl" dSed Rarain. 830
either alone or in combination with other radicals, denotes a straight or
branched C2-C6 aliphatic hydrocarbon chain containing one or more
carbonto-carbon double bonds that mgy be optionally substituted with

multiple degrees of substitution. The term "alkeny!" includes dienes and

trienes of straight and branched chains 5 and include groups such as

vinyl, allyl, 2-butenyl, 3-butenyl, 2-pentenyl, 3-pentenyl, 4- pentenyl,

2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 2-heptenyl, 3-heptenyl,
pyhimpdérye,5-he pidiythiand@en ptdinylde, Thetttrahydmwyl” refieispteme-1,1-dioxide,
%%%% t\é@ﬁ{ﬂpoaﬁoﬁy%:?f&%ﬂ@@ or branched alkyl 10or aryl.

%’ e term "acylamino” used hérein is represented by a -NTIC(0)Ra-group,
wherein R. is defined as above and examples are CH3CONF1,

R ABHOINRI GRS &R -dap@NLI. 15 The term "alkanoyloxy”

refers to a -0C(0)Ra-group, wherein Ra is CI-C4 straight or branched alky!l

as defineiPabone; gxamples gre ac,etylgxy and propanyloxy. The term

“alkgnoyl" refef$1da -C( -grouyd, whereirzR. iS}Ci-C4 straight or
bran alkﬁ efiB Q ve, e es ake acstyl and propanoyl. 20
The tgspyy alkanpylamino” refers to a -Nji-C(0)Ra-group, wherein Ra is

CI-C4 straight or branched alkyl as defined above; examples are

C1-13CONH- and C2B6CONFI-O The term "alkoxy" refers to a

-OR#-grouprwheretr-gadg al s-gefinedkereiq. Represen25 tative

Xa Ie@d but &re nof limited to yamd ethoxy. WO
634PCT

/113634PC 2007/0

wherein Ry is as described above and Z is CHy, O, S, SO,, NH, NRg, or CH(OH). These

examples do not limit the present invention.

Rz is selected from hydrogen, halogen, haloalkyl, hydroxy, carboxy, nitro, amino, cyano,
alkyl sulfinyl, alkylsulfonyl, alkylthio, amidinyl, alkoxy, alkoxy carbonylamino, ureido,
thiureido, alkanoyl, alkanoyloxy, alkanoyl amino, carbamoyl, guanidyl, optionally
substituted C;-C; alkyl, and C,-Cs alkenyl.

Ri3 is optionally substituted aryl, wherein the substituents may be the same or different and
comprises at least one of the groups selected from

a) hydrogen;

b) C;-Cg alkyl, C,-Cs alkenyl, halo, alkylhalo, alkoxy, alkylsulfonyl, alkylsulfinyl, alkoxy,
alkanoyl, alkanoyloxy, acylamino, carbonylamino, guanidyl, nitro, amino, COORy,
RgNHC(O)R9, CORg, CONRgRy, NHC(O)ORs, NHC(O)Rs, NHC(O)NRgRy,
NHC(O)NRgRg, NHS(O);Rs, NHS(O)Rs, NHS(O);NHR;, NHS(0),NHC(O)Rs,
NRgCOORy, NR3CORoy, NRgS(O),Rs, NRgCONRGgRy, NR3C(S)NR3Ry,
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- 22 - The term "Alkoxycarbonylarnino” refers to a -NHC(0)ORa-group
where Ra is aLkyl as defined herein. 5 The term "alkylamino" refers to a
-N(Ra?f-group, wherein one Ra is alkyl and the other Ra is independentl
ey Myp?fs defined herein.  The term "alkyl sulfinyl" refebs {4752007/000830
-S(0)Ra-group, wherein Ra is alkyl as defined herein. 10 The term "alkyl
sulfonyl” refers to a -S(0)2Rrgroup, wherein Ra is alkyl as defined herein
The term "alkylthio" refer to a -SR-grggp, wherein RE, is alkyl as defined
herein. Representative examples include but are not limited to -S-C1-13,
-S-CH2CH3. 15 The term "alkylhalo" refers to a RaX-group, wherein Ra is
alkyl as defined above and X represents a halogen atom selected from
fluorine, chlorine, bromine, and iodine. The term "Halogen" refers to

WGP GO NI shro¥iheRar iGfiRe. 20Rhe SN NBeRoxy IGHS, refef§@mRs, or

@& up, wherein Ra is alkyl as defined herein and representative
examples include but are not limited to r:gdroxy methyl, hydroxy ethyl, and
Shapstiatprsaamatedgr TS mam%iblw@me system

SpeR.ngrhaRtAINEISHVBIE N aN0ES BEUPPBEIEYRIC R6RIQYLES AN/, C,-Cs alkenyl,

nsaturated or partially satyrated, and gne or more carbons may . .
2T SRR ) BRE PTG HBETSRG &fbctbdtrergd ring with
amd @8 thbee thetardatythsnedimbesi riftggs)inp timoaplycoubistiig eof vitttogusfipldfur, and

rees. of substituii ngd. the substitutions may include, alkyl, alkylene
S R e AR, SRS BT ot A o os -
oxidsiyFulie pxides AnR syffoudievideseifamples R awlaélctefmql@szng_radicals
hOSAE B Y Ak BANRRENS I BIRL Sy RithididQ) A ARHIINNR WRRHS S Wfinethione,

‘and 123 are as 5defined above. Theterm "heteroaryl” refers to a
infsreley tiolgrdrindolmguipatelineraingling. Biegiieoline, cinnalone, isothiazolidine-

1,1-dioxide, pyrrolidinone, 2-piperidinone, tetrahydropyrimidinone, azitidinone, and

thiazane-1,1-dioxide.

Further preferred heterocyclyl groups comprise

% O\\S//O Os N __0O
S e e
O\l\:jr {J:)V é

.
?

~ these examples do not limit the present invention.
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aromatic ring system comprising two or more aromatic rings, preferably
two rings. These heteroaryl rings contain one or more heteroatotn, such

‘ﬁéé}g’é%ﬂ(g&"su'fur’ and oxygen, 10 wherein functional group%ﬁm(ﬁgmosso

S, sulfur oxides, and dioxides are permissible as heteroatom
substitutions .The term "heteroaryl" includes optionally substituted ring
systems. Examples of heteroaryl groups include fihan, thiophene, pyrrole,
imidazole, pyrazole, triazole, tetrazojg, thiazole, oxazole, isoxazole,
oxadiazole, thiadiazole, isothiazole, pyridine, pyridazine, pyrazine,
pyrimidine, quinoline, isoquinoline, 15benzofuran, benzothiophene, indole,
indazole, and substituted versions thereof. The term "heterocyclyl" refers
to a 3to 15 membered ring that is either saturated or has one or more
TdeuticRoo and Rikeseibre tehody atic aitigealynsalstimted bynorle gestdhpdioxns alkoxy,

CHHED ARBIERAGANSSHI Ty BRI/ NIER-ALUMS VAR B‘Etﬂfbi’lf&%h%fpét%ps, may

Such as N-oxidés, 20sulfur Oxidles, and dioxides’are permissible. .
bradhertsane or ik sindividplivay st shiiemdnydragen aptiprally substituted
CRORRYICAREIerAGUEHC AIREHS b adbyhiin al) A5 EIRISS TSRS RGERd Ry are

"sterepisomers" refers to certai compo\%lds dgscri%ed herein_that contain

DESIERS SORETT PR AL ERERAE ST ANER B SbANBP S SAyealee. pastialy
umdttipiedtercmsanmnatal 2icheapsah thepiagentiibantemincitidespane nitrogen
a%%r%%@%m&%aﬁﬁIXcg%egrorl;B%grg&{glp We%?og%%ﬁsaseﬁg{éﬁegom.ox en, sulfur, and
enantiomersidiastereomers or enantiomenca y/dslastereomerlca%g
nipaished mixtures, and racemates. WO 2007/1
13634PCT,1132007/000830 - 24 - The term "bioisosteres" refers to
compounds or grogzs that possess near molecular shapes and volumes,

Fipbrosomarsydnefdbaiavaation s sidice ebirined dmdowimennsie seHithereof, if
sahYsiaahproRaiies:s yrbsas NrerRiRkic &Y. BiosRatRisikveaitipoRRY SRl @elverted

the same biochemically ssociat%d systems as agonist or antagonists and

iI{We‘?%Wﬂ?SH%‘E?éIE i%%?ﬁ e salts by réacting them with appropriateacids or bases.

Certain compounds of the present invention of formula I may contain one or more chiral

centers and the present invention incorporates the isolated stereoisomers, their mixtures, as

well as the corresponding racemates.
Listed below are definitions of various terms used to deseribe this invention

The term “alkyl” refers to a saturated straight or branched aliphatic hydrocarbon chain that
optionally may be substituted with multiple degrees of substitution. Examples of “alkyl”
include but are not limited to methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl,
and isobutyl. The substitutions may be selected from halogens, hydroxy, alkoxy, acyl,
amino, and nitro.Unless specified differently, for example by the phrase”C,-C, alkyl”
which refers to an alkyl group with specified number of carbons, in the entire specification

the term “alkyl group” refers to a C(-Cg—group. A similar terminology applies to other

preferred ranges as well.
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5properties that are related to each other. The term "pharmaceutically
acceptable salts" includes salts derived from inorganic bases such as Li,

\xN)azolf'}n%@sNg’ Fe, Cu, Zn, Al, and Mn, salts of organic basgg-xs5h 5000830
N,N-

diacetylethylenediamine,2-dimethylaminoethanol,isopropylamine,rnorpholi
ne, 10 piperazine, piperidine, procaine, diethylamine, ttiethylamine,
trimethylamine, tripropylamine, tramg¢thamine, adamantyl amine,
diethanolamine, ethylcnediamine, N,Nbenzyl phenylethylamine, choline
hydroxide, dicyelohexylamine, metformin, benzylamine, phenylethylarnine,
dialkylamine, trialkylamine, thiamine, aminopyrimidine, aminopyridine,
purine, pyrimidine, and spermidine, chiral bases like alkylphenylamine, 15

Tlgyeinolabedsphessd biyeimoiitker sl aterptinapabingigeivdts oghensdigeinglenotes

a &@Y%ﬁ?oy glncHe! @“i%éi§f?ﬂ>ﬁ§&8‘ﬁy&i@%ﬂ&iﬁ&a&ﬂ%&%ﬁﬂ§%ﬁﬁfi@ Qarbon-
me

thionine, praline, hydroxy praline, histidine, ornithine, lysine, a,rginige, ¢
tossarfra WeEbksireonda R et B et TR siiifd it Qiiplg desrees o
subkiRQRRerSras Ristiied PRisloReidRnsalisdtiaaidic fyniighaaidbteuathed chains

aspartic acid and g,Jutamic aci uanidine,. syhstituted guanjdine wherein N
oS ETRTR B ST  rE hy R aegons 4
pearangd)iciexarydubdtetcdedd, anbexenidnd JuitengaRshepdsniylcRrikerdenyl, 4-heptenyl,

_addition salfs. < ulphates, nitrates, phosphates, perchlorates,
> g%?raefl sTi %%?os#agé][@?ielected from HC1, HBr, HI, acetates, tartrates,

maleates, citrates, suceinates, palmoates, methanesulfonates, benzoates,

TIRAIGYIAteS YO YR AR OHe s A 2ne s iRNAles. @S6Rshess branched alkyl
glycerophosphates, and 25ketoglutarates. WO

or2p(l7/113634PCT/1132007/000830 - 25 - The term "compounds of the
invention" or "present invention” refers to the compounds of the present

invention represented by formula | as defined herel i, derivatives, . .

mﬁémn%mir M éﬁ‘&%& ?ofﬁ%?s[ﬁ%ﬁd s%gr%oigtﬁ%g@l}&ﬂ]g P B%igglsb ars, Ry is

deffbaid dinsieveambes abiplesrpolihCIHNE],aS, WdlCASHN €It HPMNEL SiaticGYNL.
acceptable salts and solvates. The term "suitable pharmaceutically

acceptable carriers" include solid fillers or diluents ' . ‘
The term “alkanoyloxy” refers to a -OC(O)R,-group, wherein R, is C;-C4 straight or

branched alkyl as defined above; examples are acetyloxy and propanyloxy.

The term “alkanoyl” refers to a ~C(O) R -group, wherein R, is C)-Cy straight or branched

alkyl as defined above; examples are acetyl and propanoyl.

The term “alkanoylamino” refers to a ~NH-C(O)Rq-group, wherein R, is Ci~C, straight or
branched alkyl as defined above; examples are CH;CONH- and C,HsCONH-.

The term “alkoxy” refers to a —OR,-group, wherein R, is alkyl as defined herein. Represen-

tative examples include but are not limited to methoxy and ethoxy.

The term “alkoxycarbonyl” refers to a ~C(O)OR.—group, wherein R, is alkyl as defined

herein.
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and sterile aqueous or organic solutions. The active ingredient will be
present in such pharmaceutical compositions in amounts sufficient to
wBo¥ids g desired effect as 10 described above. Thus, for @@f1g2007/000830
admlnlstratlon the compounds can be combined with a suitable solid,
liquid carrier or diluent to form capsules, tablets, powders, syrups,
solutions, suspensions etc. The pharmaceutical compositions may contain
additional components such as flavggirants, sweeteners, and excipients.
15 Preferred compounds of the present invention are represented by
formula la and the genetic structure given below. Additionally, preferred
embodiments are represented by their derivatives, their analogs, their
tautomeric forms, their stereoisomers, their bioisosters, their
diastereomers, their polymorphs, their pharmaceutically acceptable salts

Tl?é’@emxe“ Rernansitalinsecamabls solvateso3ORNBRIeHN W, 18 Flkyl as
1, 0or 2 WO 2007/113634PCT/1B2007/000830 -26 - X= CH2, CHF, or S

eﬁned kef¢IR3 is independently selected from hydrogen and CrC4 alkyl
R4 is hydrogen, C1- C4 alkyl, substituted alkyl, Ci-C4 Alkoxy, C1-C4

e”gcéarrxll? yl?@/ran}{no refers to a —N(R,)z-group, wherein one R, is alkyl and the other R,
is independently H or alkyl as defined herein.

The term “alkyl sulfinyl” refers to a -S(O)Rq-group, wherein R, is alkyl as defined herein.
The term “alkyl sulfonyl” refers to a -S(O),R,-group, wherein R, is alkyl as defined herein

The term “alkylthio” refer to a -SRy-group, wherein R, is -alkyl as defined herein.
Representative examples include but are not limited to ~S-CHs, -S-CH>CHs.

The term “alkylhalo” refers to a R X-group, wherein R, is alkyl as defined above and X

represents a halogen atom selected from fluorine, chlorine, bromine, and iodine.
The term “Halogen” refers to fluorine, chlorine, bromine, or iodine.

The term “hydroxyalkyl” refers to a R,OH-group, wherein R, is alkyl as defined herein and

representative examples include but are not limited to hydroxy methyl, hydroxy ethyl, and

hydroxy propyl.

The term “aryl” refers to an aromatic ring system with five to ten carbon atoms, which may
be monocyclic or bicyclic and unsaturated or partially saturated, and one or more carbons
may optionally be replaced by one or more heteroatoms selected from N, O, and S. The
term “aryl” includes ring(s) optionally substituted with multiple degrees of substitution and

the substitutions may include alkyl, alkylene, Dialkyl, and oxo.



10

15

20

25

5§1_mino, nitro, 02-C6 alkenyl, acyl, or halogen R is R11, R12 or Ri3 and
Rii, R12, R13 are as defined above. Preferred compounds of the present

“; ﬁamﬂ mprise the following compounds: PCT/IB2007/000830
28)-1-[1H-1,2,4-triazol-1-ylmethyl (tricyclo[3.3.1.09non-3-ylamino)

acetyl] pyrrolidine-2-carbonitrile
(28,45)-4-fluoro-1-{N42-(1H-1,2,4-triazol-1-ylinethyphexahydro-2,5-
methanopentalen-3a(18)-yllglycyl}pyrrolidine-2-carbonitrile 15
(2S,4R)-4-fluoro-1-(N42-(1H-1,2,4-triazol-1-ylmethyphexahydro-2,5-
methanopentalen-3a(lH)-yl]glycyl}pyrrolidine-2-carbonitrile (4R)-3-
{N42-(1H-1,2,4-triazol-1-ylmethyphexahydro-2,5-methanopentalen-3a(113
)- 20yl}glycyll-1,3-thiazolidine-4-carbonitrile (25)-1-
{N-j2-(1H-tetrazol-1-ylmethyl) hexahydro-2, 5-methatiopentalen-3a(1H)-yl]

Tl%g?%% RVFIEING 5 3-GAIANRIIlE oup, wherein Ar and R, are as defined above.

N 12-[(4- tnethylplperazm '1- -yemethyllhexahydro-2,5- methanope
ntalen- 3a(1H)-yl]glycyl} pyrrolidine-2-carbortitrile (25)-1-

Tr(é\'é'e%l{(‘*a FplRyIRes G b me thyiihoyaRydiog2dapnethasbpantaidriBadre as
N‘f’gﬂ%f){cyl} pyrrolidine-2-carbonitrile hydrochloride salt 30 (25)-1-

8fhorpholin-4-ylmethyphexahydro-2,5-methanopentalen-3a(110-
yl]glycyllpyrrolidine-2-carbonitrile (25)-1-

x%stgingt%o LoQRRR: o el YRR e HhangReRIaen 384dd bloyetic

pyrr dlidine- carbonlt ydrochloride salt
aromatic ring system comprising two or more aromatic rings, preferably two rings. These

heteroaryl rings contain one or more heteroatom, such as nitrogen, sulfur, and oxygen,
wherein functional groups, such as N-oxides, sulfur oxides, and dioxides are permissible as
heteroatom substitutions .The term “heteroaryl includes optionally substituted ring
systems. Examples of heteroaryl groups include furan, thiophene, pyrrole, imidazole,
pyrazole, triazole, tetrazole, thiazole, oxazole, isoxazole, oxadiazole, thiadiazole,
isothiazole, pyridine, pyridazine, pyrazine, pyrimidine, quinoline, isoquinoline,

benzofuran, benzothiophene, indole, indazole, and substituted versions thereof,

The term “heterocyclyl” refers to a 3 to 15 membered ring that is either saturated or has
one or more double bonds. These heterocyclic rings contain one or more heteroatoms such
as nitrogen, sulfur, and/or oxygen atoms, wherein functional groups such as N-oxides,
sulfur oxides, and dioxides are permissible heteroatom substitutions. Such ring may be

optionally fused to one or more other heterocyclic ring(s), aryl ring(s) or cycloalkyl ring(s).

The term “stereoisomers” refers to certain compounds described herein that contain one or
more chiral centres or may otherwise be capable of existing as multiple stereoisomers.
Scope of the present invention includes pure stereoisomers, mixtures df stereoisomers such

as purified enantiomers/diastereomers or enantiomerically/diastereomerically enriched

mixtures, and racemates.
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(25)-1-{N42-[(1, 1-dioxidoisothiazolidin-2-ypmethyllhexahydro-2,5-
rnethanopentalen-3a(1H)-yl]glycyl}pyrrolidine-2-carbonitrile WO

vfﬁ%g{%é%%%4PCT/lBZOO7/00083O -27 - (2S)-1- PCT/IB2007/000830

ioxo-1,3-thiazolidin-3-yl)methyllhexahydro-2,5-methanopenta
en3 a(1H)-yl] glycyl}pyrrolidine-2-carboninile
5(2S)-1-{N42-[(1,3-dioxo-1,3-dihydro-21i-isoindol-2y1)methylhexahydro-2
,5- methanopentalen-341H)-yI]gIX%/JL}pyrrolidine-2-carbonitrile
((28)-1-{N-[2-(1,2,4-oxadiazol-3-ylmethyphexahydro-2,5-methanopehtalen
-3a(1H)- yliglycyllpyrrolidin-2-ypacetonitrile 10
(28)-1-{N-[244-(1,1-dioxidoisothiazolidin-2-yflphenyl] hexahydro
-2,5-methano pentalen-3a(1H)-yl] glycyl}pyrrolicline-2-carbonitrile

THE @8 thiothiA244st hdroiai dpisshiaz elidifodpy thathenytshexatmdtes@B-shapes

5methanopentalen-341H)-yllglycy11-4-fluorppyrroli -2-CAONIEEIe:: i
e R R A Sl Ay e
phgsﬁiiﬂspﬂ@ilrﬁakem@h(}isl)lfm]hgbmmrﬁmmﬁ?rmdﬂ@@@é&%oﬁf@ﬁé the same
G R s et s
pr¢p&yids el arer¢iaisddpgadlioiet -y 1) phenyl] hexahydro-2,5-methano

pentalen3a(111)-yl] glycyl} pyrrolidine-2-carbonitrile 25

The term “pharmaceutically acceptable salts” includes salts derived from inorganic bases
such as Li, Na, K, Ca, Mg, Fe, Cu, Zn, Al, and Mn, salts of organic bases such as N,N*-
diacetylethylenediamine,  2-dimethylaminoethanol,  isopropylamine, morpholine,
piperazine, piperidine, procaine, diethylamine, triethylamine, trimethylamine,
tripropylamine, tromethamine, adamantyl amine, diethanolamine, ethylenediamine, N,N-
benzyl phenylethylamine, choline hydroxide, dicyclohexylamine, metformin, benzylamine,
phenylethylamine, dialkylamine,  trialkylamine, thiamine,  aminopyrimidine,
aminopyridine, purine, pyrimidine, and spermidine, chiral bases like alkylphenylamine,
glycinol, and phenyl glycinol, salts of natural amino acids such as glycine, alanine, valine,
leucine, isoleucine, norleucine, tyrosine, cysteine, cystine, methionine, proline, hydroxy
proline, histidine, ornithine, lysine, arginine, serine, threonine, and phenylalanine,
unnatural amino acids such as D-isomers or substituted amino acids, salts of acidic amino
acids such as aspartic acid and glutamic acid, guanidine, substituted guanidine wherein the
substituents are selected from nitro, amino, alkyl, alkenyl, alkynyl, ammonium, or
substituted ammonijum salts. Salts may include acid addition salts such as sulphates,
nitrates, phosphates, perchlorates, borates, hydrohalides selected from HC1, HBr, HI,
acetates, tartrates, maleates, citrates, succinates, palmoates, methanesulfonates, benzoates,
salicylates, hydroxynaphthoates, benzenesulfonates, ascorbates, glycerophosphates, and

ketoglutarates.

The term “pharmaceutically acceptable solvates” refers adducts and co-crystallates, such as

hydrates or solvates comprising other solvents, e.g. alcohols.
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(25,45)-4-fluoro-1-{N-[244-(2-oxopyrrolidin-1-1)phenyllhexahydro-2,5-
methanopentalen-3a(111)-Aglycyl}pyrrolidine-2-carbonitrile
4R)-3-{N-[244-(2-oxopyrrolidin-1-yflphenyl] hexahydro

P gg’ﬁ%ﬂr}%ﬁ%pentalen303a(1/1)-y|Igchyl}-l,3-thiaz>é)lidine-4-c%$%ﬁ|2t0rﬂ7e(000830
(25)-1-{N-[244-(1H-pyrrol-1-yl)phenyllhexahydro-2,5-methano
pentalen-3a(1H)- -yliglycyllpyrrolidine-2-carbonitrile 35(25)-1-
{N42-[4-(2-oxoirnidazolidin-l-ypphpﬂyljhexahydro-2,5-methanopenta|en-
3a(IH)-yl]glycyl}pyrrolidine-2-carbonitrile ‘
((25)-1-{N4244-(3-methyl-2-oxoimidazolidin-l-y1l) phenyl] hexahydro-2,5-
methanopentalen-3a(1/0-yl]glycyl}pyrrolidin-2-ypacemnitrile 40 WO
2007/113634PCT/1B2007/000830 - 28 - (25)-1-[(tricyclo
[3.3.1.03'7]non-3-y1no) acetylip ol dine-2-carbonitrile hydrochloride salt

25)-1-([(1-hyd tiigycla[3.3.1.03'7 -3- i idine-2-
D A O R o AR g e S Bipoynes of
they presictih én Pent b oepdkeriod rexc fivoniuks Jaks defined herein, their derivatives, their
a%@%%@fﬁéﬁ@aﬁb%@ﬁéyﬁwg%@iﬁs%&%}%@ﬂ@f&%'ﬂqm‘i’s}é’ﬁgﬁl}ﬂﬂﬂmﬂ%f&eomers,

rbonitrile
their polymorphs, as well as their pharmaceutically acceptable salts and solvates.

The term “suitable pharmaceutically acceptable carriers” include solid fillers or diluents
and sterile aqueous or organic solutions. The active ingredient will be present in such
pharmaceutical compositions in amounts sufficient to provide the desired effect as
described above. Thus, for oral administration, the compounds can be combined with a
suitable solid, liquid carrier or diluent to form capsuies, tablets, powders, syrups, solutions,
suspensions etc. The pharmaceutical compositions may contain additional components

such as flavourants, sweeteners, and excipients.

Preferred compounds of the present invention are represented by formula Ia and the
generic structure given below. Additionally, preferred embodiments are represented by
their derivatives, their analogs, their tautomeric forms, their stereoisomers, their
bioisosters, their diastereomers, their polymorphs, their pharmaceutically acceptable salts

and their pharmaceutically acceptable solvates.

i
N A
m H}n
Ia Y
wherein:
n=lor2

m=20,1,o0r2
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30

35

(25)-1- {[(1-methoxylricyclo[3.3.1.03a]non-3-yDamino]acetyl}pyrrolidine-2-
carbonitrile hydrochloride salt 15 (25)-1- {[(1-ethoxytricyclo [3.3.1.03'7]
-3-y/' ino] acetyl) pyrrolidine-2-carbo nitrite

\?§ Qﬁzyj[%i%-:é hoxytricyclo [3.3.1.03'7] non-3-y') amino] acetyI}PCT/IBzOOW000830
pyuolidine-2-carbo 20nitrile hydrochloride salt (25)-1-
{f(1-aminotricyclo[3.3.1.03)71non-3-yl)
arninolacetyflpyrrolidine-2-carbonitrilegydrochloride salt
25(25)-14N-(2-fluorohexahydro-2,5-methanopentaien-3a(1H)-yl)glycyl]pyrr
olidine-2- carbonittile
(25)-14N-(2-fluorohexahydro-2,5-methanopentalen-3a(1H)-yl)glycyllpyrroli
dine-2- carbonitrile hydrochloride salt 30 (25)-1-{N- [2-

E=6ldpyWidtidm3-y1) hexahydro-2 ,5-methanopentalen-3a (111)- yllglycyl)
pureligine-2-carbonitrile (25)-1-{N- [2- (2-oxopyrrolidin-1-y1)
hexahydro-2 ,5-methanopentalen-3a (111)35yl]glycyl)
Ryisdndrmerseasbntstitind Bpmbedronee @ Qoo alion-[2-(1,

1 siagdeiseihezolidingg -yid mexabyicor R -meirnapentae adamél Bz hydroxy,
%‘I%(cgl} pgrro dgue -]%q-]i?@zrbon trile, 40(25)-1- {N-[2-(1,

Iy TR StRisrs BIEmY %ff'){’l?é -2,5-methanopentalen-3a (18)-

BlsRiglRliner-Rrcaub @itrite, iy drachiotdnsdlibive)

2007/113634PCT1M2007/000830

Preferred compounds of the present invention comprise the following compounds:

(28)-1-[1H-1,2 4-triazol-1-ylmethyl (tricyclo[3.3.1.0* Jnon-3-ylamino) acetyl]
pyrrolidine-2-carbonitrile

(25,45)-4-fluoro-1-{N-[2~(1H-1,2,4-triazol-1-ylmethyl)hexahydro-2,5-
methanopentalen-3a(1H)-yl]glycyl }pyrrolidine-2-carbonitrile

(25,4R)-4-fluoro-1- {N-[2~(1H-1,2 4-triazol-1-ylmethyl)hexahydro-2,5-
methanopentalen-3a(1H)-yl]glycyl } pyrrolidine-2-carbonitrile

(4R)-3-{N-[2~(1H-1,2,4-triazol-1-ylmethyl)hexahydro-2,5-methanopentalen-3a( 1H)-
yllglycyl}-1,3-thiazolidine-4-carbonitrile

(25)-1-{N-[2-(1H-tetrazol-1-ylmethyl) hexahydro-2, 5-methanopentalen-3a(1H)-yl]
glycyl} pyrrolidine -2-carbonitrile

(28)-1-{N-[2-[(4-methylpiperazin-1-yl)methyl]hexahydro-2,5-methanopentalen-
3a(1H)-yllglycyl} pyrrolidine-2-carbonitrile

(25)-1-{N-[2-[(4-methylpiperazin-1-yl)methyl Jhexahydro-2,5-methanopentalen-
3a(1H)-yllglycyl} pyrrolidine-2-carbonitrile hydrochloride salt

(29)-1-{N- [2~(thiom6rpholin—4-y1methy1)hexahydro—2,5 -methanopentalen-3a(1H)-
yllglycyl}pyrrolidine-2-carbonitrile

(28)-1-{N-[2-(thiomorpholin-4-ylmethyl)hexahydro-2,5-methanopentalen-3a(1H)-
yllglycyl}pyrrolidine-2-carbonitrile hydrochloride salt

(25)-1-{N-[2-[(1, 1-dioxidoisothiazolidin-2-yl)methyl]hexahydro-2,5-
methanopentalen-3a(1H)-yl]glycyl }pyrrolidine-2-carbonitrile
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- 29 - (25)-1-[N-(2-phenylhexahydro-2,5
ethanopentalen-3a(111)-yl)glycylipyrrolidine-2- carbonitrile

14N 2-phenylhexahydro-2,5-methanopentalen-34111)-yl r
\%’ &5l %:arbonltrlle hydrochloride salt (25)-1- HQ/}%%W]J&SO

{N-[2-(4-nitrophenyl)hexahydro-2,5-methanopentalen-3 a(11))-
yliglycyl}pyrrolidine-2-carbonitrile 10(25)-1-
{N42-(4-aminophenyl)hexahydro-2 Symethanopentalen-3a(1.8)- yl]
glycyllpyrrolidine-2-carbonitrile Another aspect of the present invention
provides processes for the preparation of the compounds of general
formula 1 as described above. 15 WO 2007/113634PCT/IB2007/000830 -

30 - Scheme I: ftlll

(28)-1-{N-[2-[(2,4-dioxo-1,3-thiazolidin-3-yl)methyl Jhexahydro-2,5-methanopentalen-
3a(1H)-yl]glycyl}pyrrolidine-2-carbonitrile

(28)-1-{N-[2-[(1,3-diox0-1,3-dihydro-2H-isoindol-2yl)methyl Jhexahydro-2,5-
methanopentalen-3a(1H)-yl]glycyl}pyrrolidine-2-carbonitrile

((28)-1-{N-[2-(1,2,4-0xadiazol-3-ylmethyl)hexahydro-2,5-methanopentalen-3a(1H)-
yllglycyl} pyrrolidin-2-yl)acetonitrile

(28)-1-{N-[2-[4-(1,1-dioxidoisothiazolidin-2-yl)phenyl] hexahydro -2,5-methano
pentalen-3a(1H)-yl] glycyl}pyrrolidine-2-carbonitrile

(25,45)-1-{N-[2-[4~(1,1-dioxidoisothiazolidin-2-yl) phenyl] hexahydro-2,5-
methanopentalen-3a(1.H)-yl]glycyl}-4-fluoropyrrolidine-2-carbonitrile

(28,4R)~1-{N-[2-[4-(1,1-dioxidoisothiazolidin-2-yl)phenyl] hexahydro-2,5-
methanopentalen-3a(1H)-yl] glycyl}-4-fluoropyrrolidine-2-carbonitrile

(4R)-3-{N-[2-[4-(1,1-dioxidoisothiazolidin-2-yl)phenyl] hexahydro-2,5-
methanopentalen-3a(1H)-yl]glycyl}-1,3-thiazolidine-4-carbonitrile

(25)-1-{N-[2-[4-(2-oxopyrrolidin-1-yl) phenyl] hexahydro-2,5-methano pentalen-
3a(1H)-yl] glycyl} pyrrolidine-2-carbonitrile

(2S,45)-4-fluoro-1- { N-[ 2-[4-(2-oxopyrrolidin-1-1)phenyl Jhexahydro-2,5-
methanopentalen-3a(1A)-yl]glycyl} pyrrolidine-2-carbonitrile

(4R)-3~{N-[2-[4-(2-oxopyrrolidin-1-yl)phenyl] hexahydro ~2,5-methanopentalen-
3a(1H)-yllglycyl }-1,3-thiazolidine-4-carbonitrile

(285)-1-{N-[2-[4~(1 H-pyrrol-1-yl)phenyl Jhexahydro-2,5-methano pentalen-3a(1H)-
yllglycyl}pyrrolidine-2-carbonitrile

(28)-1-{N-[2-[4-(2-0xoimidazolidin-1-yl)phenylThexahydro-2,5-methanopentalen-
3a(1H)-yl]glycyl}pyrrolidine-2-carbonitrile

((2S)-1-{N-[2-[4-(3-methyl-2-oxoimidazolidin-1-y1) phenyl] hexahydro-2,5-
methanopentalen-3a(1 H)-yllglycyl} pyrrolidin-2-yl)acetonitrile

(28)-1-{(tricyclo [3.3.1.0*"]non-3-ylamino) acetyl]pyrrolidine-2-carbonitrile
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wherein P is H or a protecting group 5 L is a leaving group selected from
the group consisting of halogens, tosylates, mesylates, and triflates R, R1,
R2, R3, R4, n, m, X, and Y are as described above Compou for
Wérzeoogf‘lelﬁgjr‘éd by the following steps comprising: 10 a. Coup%%élgl%é)o m}i'(@so
equivalent of a compound of formula IIl with about 1 to 5 equivalents of an
amine compound of formula Il in its free form or as a salt or as a

compound, wherein the amine is projgcted, in the presence of one or

more bases, such as but are not limited to alkali metal hydrides like NaH
and ICH; 15 organolithiums such as CH3Li and BuLi; alkoxides like
NaOMe,NaOEt, and KOtBu; tertiary amines like triethylamine and DBU;
carbonates like potassium carbonate, potassium bicarbonate, sodium
caB8natHirydlodSiam. exlibondtelaning arttytpptirdidneatriacbatitrile
terhpéaslilesidasgihg from about -5C to about 120C in an inert solvent

such as dichloromethane, dimethyl. formamide, tetrahydrofuran,

206 Btdriitidoiastrisyclat3 &4id chopritnyliswipaiagsi ppelivinedurs,
préfEPRBHYSr 0.5 to 60 hours. U. Isolating the resulting compound of
formula I. WO 20071113634PCT41B2007/000830_-31 - The compounds
of %8@%%%&%& gﬂt}yqéﬁé%ﬂa&»%ﬁmﬁﬂ%ﬁ%a%%%
i WBGo34241, WO 98/19998, US 2005/0038020,
Bi nje.an icina| istry, Lett _rsé)]a 6.6 1 ?-66 rnal of
Méﬁfggﬁqﬁ&%ﬁ%@%@@%}&%@ TR
obtained via a reaction sequence which is summarized in schemes Il and
I (28)-1-{[(1-methoxytricyclo[3.3.1.0*"|non-3-yl)amino] acetyl}pyrrolidine-2-

carbonitrile hydrochloride salt

(28)-1-{[(1-ethoxytricyclo [3.3.1.0%"] non-3-yl) amino] acetyl} pyrrolidine-2-carbo
nitrile

(25)-1-{[(1-ethoxytricyclo [3.3.1.0*"] non-3-yl) amino] acetyl} pyrrolidine-2-carbo
nitrile hydrochloride salt

(28)-1-{[(1-aminotricyclo[3.3.1.0*"non-3-yl) aminoJacetyl }pyrrolidine-2-carbonitrile
hydrochloride salt

(25)-1-[N-(2-fluorohexahydro-2,5-methanopentalen-3a(1 H)-yl)glycyl]pyrrolidine-2-
carbonitrile

(25)-1-[N-(2-fluorohexahydro-2,5-methanopentalen-3a(1 H)-yl)glycyl]pyrrolidine-2-
carbonitrile hydrochloride salt "

(295)-1-{N- [2- (2-oxopyrrolidin-1-yl) hexahydro-2 ,5-methanopentalen-3a (1H)-
vllglycyl} pyrrolidine-2-carbonitrile

(25)-1-{N- [2- (2-oxopyrrolidin-1-yl) hexahydro-2 ,5-methanopentalen-3a (1H)-
yllglycyl} pyrrolidine-2-carbonitrile hydrochloride salt

(28)-1-{N-[2-(1, 1-dioxidoisothiazolidin-2-yl) hexahydro-2,5-methanopentalen-3a
(1H)- y1] glycyl} pyrrolidine -2-carbonitrile

(28)-1-{N-[2~(1, 1-dioxidoisothiazolidin-2-yl) hexahydro-2,5-methanopentalen-3a
(1H)- y1] glycyl} pyrrolidine -2-carbonitrile hydrochloride salt
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Scheme II: Scheme Il is described in the following steps comprising: 10
la.Friedel Crafts reaction of benzene with 5-hydroxy adamantanone in
resence of trifle acid over a period of about 1-4 h at reflux t
vg% é)f)nr}él-?f)ﬁ%ényl adamantan one. Ib. Ring contraction of adar%g]rﬁgér?g%@?g% %

noradamantanone takes place in 2 steps first by 15 converting to

2-methyl-5-phenyl adamantan-2-ol by Grignard reaction, wherein the

Grignard reagent is selected from the group comprising methyl metal

halides like CH3M8CI, CH3MgBr, CH3Mgl followed by ring contraction in

presence of an oxidizing agent in solvents like water, THF, benzene, or a

combination of the said solvents followed by treatment with a base in a

protic solvent such as water, alcohols to form Ib. Preferred 20 alcohols are

C [2Sp1albblsth emdbtretbalse-IsSsaiksboadrfeotel enkiald My Delpallapaokidipg-2-

Therbsadisiag agent may be selected from chlorine monoxide,

hypochlorites like NaOC1 or lead tetraacetate in the presence 01 iodine...
O e e e s

compenitlaldesenidsst a carboxylic acid group in the presence of an

oxidizing agent like Nal104/Rue §t agn?ien@gamger iurc_et }f mle. IlI.
THES A% 'é‘%]gigg%‘? )é et BTSRRI A Bhier, the
ketH&¥SUE RYEOS RSttt °1,2-diol such as 1,2-ethane diol or an

1,3-dial 1.3-prapane.diol.in th f I ents like

b %%—3%’?% Lol %@f& e e st
aspers, Bgﬁ?,land Fc etherate. In the next step, the ester is reduced to

the alcohol by a reducing agent such as LiAlifi, NaBH4, and DIBAL-H in
Aantheerspottefthrererent irraiios praxides Proraesss fetherpisersttiog of the com-

PRI BTG as described above.



Scheme In: la a.Benzylation b.Ring contraction a.Halogenation
b.Deprotection Hal2 ilbli- Olind.DebenzylationOHNH2.HCI

WO 2007/113634 PCT/IB2007/000830

-30-

Scheme:
4
/Rs R [ X
/ d \?]n . /(CRle)n F
] m p
R Y
I I
wherein

P is H or a protecting group
5 Lis aleaving group selected from the group consisting of halogens, tosylates, mesylates,

and triflates
R, R, Ry, R3 Ry, n, m, X, and Y are as described above

Compounds of formula I are prepared by the following steps comprising:

10
a. Coupling one equivalent of a compound of formula III with about 1 to 5

equivalents of an amine compound of formula II in its free form or as a salt or as a
compound, wherein the amine is protected, in the presence of one or more bases,
such as but are not limited to alkali metal hydrides like NaH and KH;
15 organolithiums such as CH3Li and Buli; alkoxides like NaOMe,NaOEt, and
KOtBu; tertiary amines like triethylamine and DBU; carbonates like potassium
carbonate, potassium bicarbonate, sodium carbonate, and cesium carbonate.
b. Said coupling is carried at a temperature ranging from about -5°C to about 120°C
in an inert solvent such as dichloromethane, dimethyl formamide, tetrahydrofuran,
20 acetonitrile, DMSO etc.
c. Said coupling is carried for 0.5 to 72 hours, preferably for 0.5 to 60 hours.

d. Isolating the resulting compound of formula I.
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0 c.Amine protection a.Oxidation b.Amination IVa.DeprotectionOH3

Scheme lll is described in the following steps: WO

‘é&%@}]{ 3(%:3331PCT/182007/000830 - 33 - la. Th(? hydroxy groyp. /H??](ﬁ}oooszso
position Is alkylated by an alkylating agent like alkyl halides (such as

CH3I, CH3Br or isopropyl bromide) using strong bases such as NaH, KB,

or NaOCH3 to form 5-hydroxy adamantanone; followed by ring

contraction. 5Ib. 5-alkoxy adamantagene is converted to 5-alkoxy

noradarnantyl ethanone by converting it to 2-methyl-5-alkoxy

adamantan-2-ol by Grignard-reaction followed by ring contraction of

adamantanone to noradamantane in the presence of an oxidizing agent in

a solvent like water, THF, benzene, or a combination of such solvents

Thd @sggddiyidhefriaimenIlvitinabegaepsr«l o hoctalde fbsud inathevattee, of the art

(Ef{?’?ﬁb%/ﬁgj}‘%t”% tb‘&/(%ﬁt){ﬁ?] 1%r%n/§gg%§) X¥8 %&’W‘é’}& t Y dGnic and

€ cthanohe group in the' tompou tained by step 1'is converte
MedicisrbChytiesaid.¢netscbfbe it WIGS-60, olidizilphdbadidina! Chemistry 2003, 46,
ﬁyp%r@ites, hypochlorites (such as NaOBr, NaOC1), etc. at about 0C
followed by an animation step. 15fib. Conversion of the acid to an

Ingrmedinisdli6Rnde BRI AT caRtR SRINRRCR ARISTY js SRS tRES G ifprshemes 1T
aAgidic conditions in the presence of solvents like CHC13, CH2C12,

SCH3CN.at a temperature of about 35 to 50C to obtain alkoxy
Sesmsdiantylamines (1). Ina. In another route, the hydroxyl group of
compound la is benzylated by reaction with 20 ben#ttrdkdes like

AIRRTHERA SINENt (€ BridkiE, D NMPS%&%E&’@?"@ r about
18 -hrs-to-form % adamarta ed—b?—ﬁﬁg %ﬁo to
oform benzyloxy noragamantyl etfanone. | N benzfl oxy nojata afity!
ethanone obtained in step Il is converted toIthe
C

fa b Id

Scheme II is described in the following steps comprising:

la.Friedel Crafis reaction of benzene with 5-hydroxy adamantanone in presence of triflic

acid over a period of about 1-4 h at reflux temperature to obtain 5-phenyl adamantan one.

1b. Ring contraction of adamantanone to noradamantanone takes place in 2 steps first by
converting to 2-methyl-5-phenyl adamantan-2-ol by Grignard reaction, wherein the
Grignard reagent is selected from the group comprising methyl metal halides like
CH3MgCl, CH;MgBr, CH;Mgl followed by ring contraction in presence of an oxidizing
agent in solvents like water, THF, benzene, or a combination of the said solvents followed
by treatment with a base in a protic solvent such as water, alcohols to form Ib. Preferred
alcohols are C;-C4 alcohols and the base is selected from alkalis like NaOH and KOH. The
oxidising agent may be selected from chlorine monoxide, hypochlorites like NaOCI or lead

tetraacetate in the presence of iodine.
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25 corresponding acid by an oxidizing agent followed by an amination
step (b).The amine thus formed is protected by conventional amine
%%t&g}'qg@loups Ii!<e Bog, Cbz or Emoc followed by debenzy@lt;mm%gm
e debenzylation is carried out in in a H2 atmosphere WO
2007/113634PCT/IB2007/000830 - 34 - under Pd/C-catalysis in protic
solvents like methanol, ethanol or IPA at room temperature for 1-3 hrs to
form hydroxy noradamantyl caninggyherein the amine group is protected.
V.Halogenation of the hydroxyl group followed by deprotection of the
amine of the corn-5 pound obtained from step IVd yields a halosubstituted
noradamantylarnine in salt form 2. VI. Deprotection of the amine of the
compound obtained from Did step yields a hydroxysubstituted
ILnorahamisnilaroine off sathpormi3blB Thuedblainet ¢atbemdigiaeid group in the
pr%e@&oo%na%so%i’ 12%?5%{1?&%@%%@@{9&%@@%%@@@%o‘i@hfwm
e corresponding final compounds according to Scheme | WO
2007/113634PCT/1B2007/000830 - 35 - Scheme IV

IIl. The carboxylic group of compound Ic is converted to its alkyl ester, the keto group is
protected with an 1,2-diol such as 1,2-ethane diol or an 1,3-diol such as 1,3-propane diol in
the presence of organic solvents like benzene or toluene at their reflux temperature using
an acid catalyst such as p-TSA, CSA, and BF; etherate. In the next step, the ester is
reduced to the alcohol by a reducing agent such as LiAlH,, NaBHs, and DIBAL-H in an

inert solvent like THF, ether, or mixtures thereof at a temperature of about 0°C to form Id.

Scheme III:
0 a.Alkylation a.Oxidation
b.Ring contraction CH, b.Amination
o — e i
I 11 2
OoAk O OAk 1
OH
Ia
a.Benzylation .
1 b.Ring contraction a.Halogenation NH, HCl
b.Deprotection
SRR, Hal 2

a.Oxidation A%
b.Amination
—_— NHBoc
O c¢.Amine protection VI
OH

OBn d.Debenzylation SR NH, HC1

I\ a.Deprotection OH 3

Scheme III is described in the following steps:
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5 Scheme 1V is described by the following la. The phenyl group of
compound Ib (as obtained in scheme!) is nitrated by a nitrating mixture in

! cgora\ég?%?gal procedure by FINO3/H28.04 qt about OC_:. 10.1)%,1,‘}'#?007/000830
nitrophenyl noradamantyl ethanone obtained in step In is oxidized to

convert the ethanone to the corresponding acid by an oxidizing agent

followed by an amination step. Ic. The conversion of the acid to the amine

is carried out by treatment with an agide like Nal\T3 or n-Bu4NN3 under

acidic conditions in the presence of solvents like CHCI3, al2C12, or

acetonitrile at a temperarure of about 35 to 50C. WO

2007/113634PCT/1B2007/000830 - 36 - lla. The amine group in the

compound obtained from step | is protected by a conventional amine
IprotEhtngdyeayslike Bods,@Gbs " goBtimcislibkyTatediyamy iyl dtme dgesdite alkyl

n.amine.by r [ P A '
Belides, %?célr%e?%ljﬁfﬂ%qf?glﬁgﬁstwg ﬁéssberﬂqc%é gygéﬁ‘/ r%%é‘ﬁgegggsét%rs e%ﬁqm’ KH,
opifaPetbttadrmlédneieyy adametsannt; EHawed by HEs arnerdion.

combination thereof to form the phenyl amino compound (4). Ill. The
phenyl amino compound (4) obtained hy stelg Il js reacted with

To | (SHBS R RamIUANOREN 1K 1 SR dRorp igas ciPtadaments] gthqnone by
cafﬂvé&iﬁggt% @Qldmﬁrﬁﬁnﬁz@n@@aﬂfaﬁmwahwﬁaﬁgnﬁkfkﬁéwrfv@d lc)jy ring
DBU an inert solvent like THE, CH2C12, acetonitrile, or DME.followed , .

AR ESHD SH TREREBPEE R TS THANS 5 HS dsarase L2 2E g Pt in o
solledttHliks K@ikt cbenitmphase trambientianatSssticisasents followed by the

trtga‘?e%"i‘é’}iﬂ@ﬁ‘ﬂ“ %‘ﬁ%ig E&%ﬁ%ﬁ% Q%i%n‘i%&%ﬁ%é’%@aﬂé@" %T#?H&'ﬁ,d gjre)n%&gres thereof to

protection ine protecting group to get the corresponding
foet Srotiyair murbdamaeiylsteanansoradamantyl amine compound (5) IV. In

n2NOHer AReHind %Qﬁ]:pﬂf‘@xg hpBiaiacH:HiRm BieRiihis (easkRelino a carboxylic
X1(C hep

X H2)NCO in the presence of organic bases like triethylamine or DBU,
agids hy ieatmentHite @y oxiizing agent like hypobromites, hypochlorites (such as

NaOBr, NaOCl), etc. at about 0°C followed by an amination step.

IIb. Conversion of the acid to an amine-function by treatment with an azide like NaN; or
nBuyNN; under acidic conditions in the presence of solvents like CHCls, CH;Clp, CH;CN

at a temperature of about 35 to 50° C to obtain alkoxy noradamantylamines (1).

Illa. In another route, the hydroxyl group of compound Ia is benzylated by reaction with
benzylhalides like benzylbromide in a solvent (e.g., THF, DMF, NMP) at about 0°C for
about 10-18 hrs to form benzyloxy adamantanone followed by ring contraction to form

benzyloxy noradamanty! ethanone.

IV. The benzyloxy noradamantyl ethanone obtained in step III is converted to the
corresponding acid by an oxidizing agent followed by an amination step (b).The amine
thus formed is protected by conventional amine protecting groups like Boc, Cbz or Fmoc

followed by debenzylation(d). The debenzylation is carried out in in a Hy atmosphere



20 acctonitrile, DMF, or mixtures thereof; followed by cyclization to obtain
the corresponding heterocycle substituted compound, which, by further
i tection, form the corresponding heterocycle substi
‘gﬁ]eia@ﬁ%%g%amantyl amine compounds (6). V. In another mﬁgt#é%?otwéooosso
phenyl amino compound (2) obtained from step Il is reacted 25 with
2,5-dimethoxy tetrahydrofuran in glacial acetic acid at reflux temperature
to form pyrrole substituted compoupds, which, on further amine
deprotection, form the corresponding pyrrole substituted phenyl
noradamantyl amine compounds (7). WO
2007/113634PCT/1B2007/000830 - 37 - Vla. The ethanone group of the
phenylnoradamantylethanone (Ib) (as obtained in schemefi) is converted
uniRAMACICGIOHB AYypaniexsizing Brenidntiavlcdthynah@inagion ste perbperature
VIb. Conversion of acid to amine hy azideshaesede%erigglgngbo%e form t'gl‘tn‘ed
forchr BEh g %@éﬁﬂ' 58533%?8&? hTAdAR AR amine compounds s, -~
The obtained intermediate amine compounds 4, 5, 6, 7, 8 are reacted with
oroacetylcyano.pwrolidines tocfar ingdimal .
R B E oh o
5  potatobingretbiThescarbokyiddcdyrsupsiitehnssedrmratgsmipe st form 2.
scheme Il) is converted to the amine by treatment with an azide like NaN3
in an acidic medium or with diphenylphosphorylazide in the presence qf
Viordaneotsatien nkeharmyrohihe commamd ﬂk@%%@%&éﬁ%maﬂfé aa%ydmxy'

sub§fiiuicierBRRERd Ry lamine in salt form 3.

10 Thus obtained intermediate compounds 1,2, 3 are reacted with chloroacetylcyano

pyrrolidines to form the corresponding final compounds according to Scheme I



WO 2007/113634PCT/1132007/000830 - 38 - Rh. The amine group of
compound If obtained from step I, is protected with a conventional amine
otecting group like Boc, Cbz, or Fmoc, followed by an oxidati
v@éﬂzg}) %E 1e%(%{idation of the compound obtained by step Il is cﬁ%%t{g?@gosm
oxidizing agents to obtain a carboxylic acid derivative. Md. This carboxylic
acid group of the compound obtained from step llic is converted to an
amine by azide-treatement with e.ggNaN3 in an acidic medium or with 10
diphenylphosphorylazide in the presence of organic bases like
triethylamine, in a solvent like benzene or toluene at reflux temperature
followed by hydrolysis with a metal hydroxide such as KOH, NaOH, LiOH
in water at room temperature to form the corresponding amine substituted
Sch@redamantylamine (9). 15 IV. The amino compound (If) obtained from
step lis rea%gg{igylith XI(CH2)nYI1X1, wherein Xl is halogen and Ylis -502-

CO- in fhexprgsence ofgrganic HEEsPEethyfaihine and a solvent
%ow@ﬂ@@@& foll
INwater with a phase tra r catalyst such as tetrghytylanunonium iodide
terocycle subistituted comgouhds with an
ethanone group, which,
décribed in llic and Hidyg converted to the catrespdiading hetasagyedton
Aniﬁng%‘n& 10 are reacted with chlorgdcd’y cyan Byrelidines
the corresponding final compounds according to Scheme 1. 25 WO
N\ N. o N
er, gr, O
5 ’ N6 7

by cyaigatioh ysing ipd hydroxides

o get the cortfespondin

fter oxidation and amindion st ps Qf‘deah&ﬂHF
substituted noradamantylamines ¥{851E' ghtained 20iAe, IRLS
2007/113634PCT/1132007/000830 - 39 -

g\wz ﬁr«lﬂz g\ NH,

NH,
i
k

X! = halo;Y! = SO,,CO; P=Boc, CBz, Fmoc; k=1, 2, 3

Scheme IV is described by the following

Ja. The phenyl group of compound Ib (as obtained in schemel) is nitrated by a nitrating

mixture in a conventional procedure by HNO3/H,S804 at about 0°C.

Ib. The nitrophenyl noradamantyl ethanone obtained in step Ia is oxidized to convert the
ethanone to the corresponding acid by an oxidizing agent followed by an amination step.
Ic. The conversion of the acid to the amine is carried out by treatment with an azide like

NaNj or #-BusNN3 under acidic conditions in the presence of solvents like CHCl;, CH,Cl,

or acetonitrile at a temperarure of about 35 to 50°C.
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Scheme VI: 5 Scheme VI is described by the following: I. To yield
compound le, the hydroxyl group of compound Id is transformed into a

@%quqgg}#) L by e.g. messylation, tosylation, or halogenatiﬁ)@tljﬂﬂtg)%7/000830
presence of an organic base like triethylatnine,

N,N-diisopropyl-ethylamine, pyridine, NMP, or N-methyl- 10 morpholine at
a temperature of about OC. Il. The leaving group L of le is replaced by
11.11group in the presence of a basg and a solvent at a temperature of
about 80-120C to form li. The bases are selected from alkali carbonates
or bicarbonates like Na2CO3, NaHCO3, K2CO3, or KIICO3. The solvents
are 15 selected from dimethylforrnamide, DMSO, NMP, or similar. WO
2007/113634PCT/B2007/000830 - 40 - Ina. The protected keto group of
TleoniPou rrniipebgingd rothestepnpisiad pebteiorst Bipre. gtepedciforpiigsted by a
BT dRRSEIARG AlATlXSRMPREHER (I ph&hanone compound.
11th. The ethanone compound is oxidized to the corresponding carboxylic
acid in the presence of an oxidizing agent, which may be selected from

mehlorine fenexwade idréynreantpaiesike daidicaideadrstsadeatard/in, Pé(OAc),,

presence of ipdine. Inc, The carboxylic acid is converted to an ami eli
i e e e S L TR
aaftse)y ahtshite € pChaiHEN2CiRol)a (8B trientabcotBintidd Geocof to form

form there' substituted f damantylamine (11). 10 IV. In another route,
tht%ghf%r}&rgxmﬁlar%oﬁn 0 ?§ gj obtained from scheme I, is benzylated by

reaction with benzylhalides like benzylbrornide in solvents like THF, DMF,

112" NME bt naoanh ¥ WM hisdPtormi e ketepraissadk (CH,), v X,
benzyloxy noradamantane (tlgg Va. The protected keto grou(g of, ¢
whsFAiBotntY RyialeEEBRcEa's8 BOMIR tht BihdndndsROpsud<Lrilfehfpsesee ©
adNBredRicT haseHRBORRBYRUL B DBIZaKYaROlRIAMSONIEHRACTIEF, CHyCly,
age%?l?t?i er,]doxl‘slgl\%gl gl o%ge I?)Iy(rj 5@3}&%&%‘%1% %%geggngee %gfrgil%gil r}n%ggphrygfoxides
such as LiOH, NaOH, or KOH in water with phase transfer catalyst such as
tetraalkylammonium halides (e.g., tetrabutyl ammoniumiodide) and deprotection of the

amine protecting group to get the corresponding heterocycle substituted phenyl

noradamantyl amine compound (5).

IV. In another method compound (2) obtained from step II is reacted with X;(CH,)NCO
in the presence of organic bases like triethylamine or DBU, a solvent like THF, CHCly,
acetonitrile, DMF, or mixtures thereof; followed by cyclization to obtain the corresponding
heterocycle substituted compound, which, by further amine deprotection, form the

corresponding heterocycle substituted phenyl noradamantyl amine compounds (6).

V. In another method, the phenyl amino compound (2) obtained from step II is reacted
with 2,5-dimethoxy tetrahydrofuran in glacial acetic acid at reflux temperature to form
pyrrole substituted compounds, which, on further amine deprotection, form the

corresponding pyrrole substituted phenyl noradamantyl amine compounds (7).
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20

20 Vc. The carboxylic group of the compound obtained from step Vb is
converted to an amine by reaction with diphenylphosphorylazide in the
ﬁre%)g?? og organic bases like triethylamine, solvents like begz%r}ez()oo[l 00830

o(l)uene A% Fetux temperature followed by hydrolysis with metthf/groxﬂ)es

such as KOH, NaOH, or LIOH in water at room temperature to form

benzyloxy noradamantylamine (lh). 25 Via. The amine group of the

compound Ih obtained from step Vc. is protected by conventional amine

protecting groups as described eaflfer Tollowed by a debenzylation step.

WO 2007/113634PCT/IB2007/000830 -41 - "fib. The debenzylation is

carried out in the presence of H2 atmosphere over Pd/C in protie solvents

like methanol, ethanol, or IPA at room temperature for 1-3 hrs to form
VveSMBRURE Anofla. IO ydray! Sehp Rt SRmBRNAdThiR ARCBMRIRES obtained in

tosylated, or halogenated to form a leaving group in the presence of L
SHERFHR sy RRE iR By BHAFETR AR SBTOR e fRARNTRIS 5t Bihan amination
stdpmethyl-piperidine, or N-methyl-morpholine at ambient temperature. VII.

The compound obtained from Vila is reacted with agroup in the presence

of a base and a solvent at a temperature range of about 80-120C. The
Viias€srara setecfedift smatitad tardxidmtes desbitzabehates fiwe Nz @D8sponding
pRA %%%ﬁlﬁfe Q&aﬁm&r#%%e%%ﬁa&m B elected from DMF, DMSO,

NMP etc. Vile. The protected amine group of the R" substituted compound

obtained from step VIlIb is deprotected by conventional methods, e.g. by
THeauphenlyithdnnd@ddn salurntedikpdatiibcsether, gr lz4-dioxanergided with

temperature between 0C and room temperature to form a R"-substituted

chigreRreiaARa AIMEPHEIASRFO RSN descfitrespyndipg final compounds according to

Scheme 1.

Scheme V

b.Amine ¢.Oxidation

a.Amination protection d.Amination

NH.

2

coon O I N, O it Ngp O i i
9
If
(o]
XYCH,), YIX! 4@/‘]\ ¢.Oxidation @\NH
(i ) d.Amination | 2
\Yl B \Yl
v

10

Ie

n n

Scheme V is described by the following:

Ia. The carboxylic acid group of compound Ic (obtained via scheme II) is converted to
the amine by treatment with an azide like NaN3 in an acidic medium or with
diphenylphosphorylazide in the presence of organic bases like triethylamine, solvents like

benzene or toluene at reflux temperature.
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Villa. In another method, the hydroxyl group of |j is reacted with the R
group in the presence of triphenylphosphine, diisopropylazodicarboxylate,
ic solvent like benzene, toluene, or THE at a te
‘?r@?ﬁ@gg%g?;oc to about 110C for about 2-6 hours to form th%lpﬁfﬁ&%?/ooosso
R/1-substituted compound. VIlIb. The protected amine group of the
R"-substituted compound obtained from step Villa is deprotected by
treatnient with trifluoroacetie acid in.g solvent like CH2C12 or CHC13 at
about OC to form the WI-substituted noradamantanamine as a TEA salt
(13). WO 2007/113634PCT/182007/000830 - 42 - The obtained
intermediate compounds 11,12, 13 are reacted with ehloroacetylcyano
pyrrolidines to form the corresponding final compounds according to
Ibchenze dminScheme Vil oalpemel VIt iskiasedibadhy dkep follawipgidfeth. with a
To form a leaving group L, the hydro r of ¢ ound.lj is mesylated, . ..
R T AT R AP TS s S A kg B A 5748 Station
stgpethylamine, N,Ndiisopropy! ethylamine, pyridine, N- methyl-piperidine, or
N-methyl-morpboline at an ambient temperature. The compound obtained
from la is reacted with a cyanatirilygf agent like NaCN in the presence of an

ey dihe sxidatienied brrompewed phtrined basten bis epmiet Qb yBEigizpe agents

tCopaRdRd iyt GompRUAddK is reacted with hydroxylamine
hydrochloride to form amidoxime, which upon reaction with

trimethylorthofonnate in the presence of a catalytic amount of camphor
15l fathis eaisbayinakhdiepgedaptidihydaicamampotituingd . fRanT tepalilatisadnverted to
intermediate compaund 14 is reacted itgkjc oroacetylcyano pyrrolidines .
A f AR A O e el e L R
dipheasiphospis PlezideEa0bT 0es8Re E d@anic bases like triethylamine, in a solvent

like benzene or toluene at reflux temperature followed by hydrolysis with a metal
hydroxide such as KOH, NaOH, LiOH in water at room temperature to form the

corresponding amine substituted noradamantylamine (9).

IV. The amino compound (If) obtained from step I is reacted with Xl(CHz)nYlXI,
wherein X! is halogen and Y'is -SO,- or —CO- in the presence of organic bases like
triethylamine and a solvent like THF or CH,Cl, followed by cyclization using alkalimetal
hydroxides in water with a phase transfer catalyst such as tetrabutylammonium iodide to
get the corresponding heterocycle substituted compounds with an ethanone group, which,
after oxidation and amination steps as described in Illc and IIId, is converted to the

corresponding heterocycle substituted noradamantylamines (10).

The obtained amine intermediate compounds 9, 10 are reacted with chloroacetylcyano

pyrrolidines to form the corresponding final compounds according to Scheme I.



Suitable protecting groups comprise tertiarybutyldimethylsilyl,
methoxymethyl, triphenyl methyl, benzyloxycarbonyl, THP etc. for the
\%%@991015'69 hydroxyl or phenolic hydroxy groups; N-Boc, N'%Iﬂ()g%g&so
and benzophenoneimine for the protection of amino or anilino groups;
acetal protection for aldehydes, ketal protection for ketones. The methods
5 for the formation and removal of such protecting groups depend on the
molecule to be protected which argégwpwn in the art. Also as part of the
invention, in carrying out the invention wherever there is a leaving group it
may be selected from the group comprising halogens (like chlorine,
bromine), 010 toluene sulphonyl, o-methyl sulphonyl. The stereoisomers
of the compounds according to this invention may be prepared by using
reactants in their single enantiomeric form in the process wherever
possible or by conducting the reaction in the presence of reagents or

5 in their single enantiomer 15 form or by resolving the mixture of
stereoisomers by conventional methods. Some of the preferred methods
include use of microbial resolution, resolving the diasger{c%gmggjlc salts

forrmed yvith chiral ac sch-u\eas mandelicapid, camphoiigailfionic aetp,
tart Qo act] h teleétappl' rﬁirﬁﬂi&éﬁ su -
»hrticing, cinchbna alkaloi s,%r thBir deyivatives/ 26 The pharmace caIIISJ/ 2
acceptable salts can béeprepared by reactingl’the compound offormuld |

with jﬁ)out 1 to 5 equivalents of bases such as alkalhnetal hydroxides,

alkdli %‘félf%'f(oxides, calcium hydroxide, or magnesium hydroxide in

protic or aprot&cnafgﬂﬁéams like metha}%l\,/ ethanol, propafidiitPA, ether,

TH ioxae B %rna@\@}ze ; er plica¥g,aeighadd salts

agﬁ M%tmnﬁ su hyﬁf@hai?é.agids REACNH,

B nitric acid, swifuric acid, phosphorieoacid, p-toluené!sulpHoiiic acid; ™
meth&ne sulphonic acid, acetic acid, or citrictiacid in solvents comprising at
least one selected from ethyl acetate, ethers, alcohols, acetone, THF,
dioxane, or mixtures thereof WO 2007/113634PCT/1B2007/000830 - 44 -
Different polymorphs of a compound of genersitformula | of the present
invention may be prepared by crystallization SEFEESMpound of W
under different conditions .For example making usemot commonly lsed
solvents or their mixtures for recrystallization, RY 13

Scheme V1 is described by the following:

I.  To yield compound le, the hydroxyl group of compound Id is transformed into a
leaving group L by e.g. messylation, tosylation, or halogenation in the presence of an
organic base like triethylamine, N,N-diisopropyl-ethylamine, pyridine, NMP, or N-methyl-

morpholine at a temperature of about 0°C.

II. The leaving group L of Ie is replaced by R'group in the presence of a base and a
solvent at a temperature of about 80-120°C to form Ii. The bases are selected from alkali
carbonates or bicarbonates like NayCO3, NaHCO;, K,COs, or KHCOs. The solvents are
selected from dimethylformamide, DMSO, NMP, or similar.
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5 crystallization at different temperature ranges, different cooling
techniques like very fast to very slow cooling during crystallization, by
exposinq the compound to ambient temperature, by heating or melting it
WShaWe @ybradual cooling etc. The presence of ponmorphsPFnTa{{/B & 1/000830
determined by one or more methods like solid probe NMR spectroscopy,
DSC, TGA, Powder X-Ray diffraction or a 10 In another embodiment of
the present invention, the compound4s may be purified by using techniques
such as crystallization from solvents gu"ch as pentane, diethylether,
isopropyl ether, chloroform, dichloromethane, ethylacetate, acetone,
methanol, ethanol, isopropanol, water, or their combinations, or compound
I may be purified by column chromatography 15 using alumina or silica gel

18R ehélipgibe-aotem ywiip §PW&H|£§)§MIH%QW%H?H@E WM LHBlotected by,

dichlorometh,atne, chloroform, ethylacetatc, acetone, methanol, or

CEEtRARR REHRTEA RASSioBS BhESRYE ABRCALY Do (e pishrtqRe Gamgound.
Igqumiﬂamar]mmgmﬂaﬁQQﬁamwwqdﬁas&&fﬁpgﬂd@k@@ﬂb@uc aﬁid_ in the
erivatives, their a 0gs, thelr tapytameric forms, Ir.stereois ers, their
G R e O b el oK 0 coaiae igpoide,

hyherhberdtea ik aQdChpt dtiié tstifiscabatthinitishamseace vfidadinacceptable
solvates in combination with suitable pharmaceutically acceptable carriers
or diluents. The pharmaceutical compositions according to the present

Hisyehhecabetidisnacid smoanmsisdels. aspponduaneionriith an azide like NaN;

uﬁ&@ﬂWﬁ@{@ leatrBRIA Qﬁn:% prf\féy@c?efgﬁ ééﬁ%%%ﬁg@?%@g@@éﬁ%?’& 28A6nitrile at
ompositions jn amounts_syfficient to provide the desired effect as

aﬁ%@c%%@dg BS%G%@%@ETB?H&%% iapadamandaBingtinds can be

combined with a suitable solid or liquid carrier or a diluent to form e.g.

apsules. tablets, paqwders, syrups, solutions, or suspensions. The |
T e T Wi R R e 0. is benzylted

b3 @efmp@m gr;tls berotylhslitesdikabeazglvaenideis solvextsipilon I DV ter MP at
2SI ESIN M AY-08 A&, BASRINR %W%Wct@&ﬁ%a@?@f%ﬂ%mmtane (Ig).

intradermal, transdennal, or parenteral e.qg. rectal, ubcutaneous,
Vinrtralsninsestdakriensannrmfcompenndale istdaraeiscted enobiithtienathanone as

dedHbaninRp miRtment, which effectively transports 10 the active
compound of the present invention which inhibits the DPPIV enzymatic
activity to the appropriate or desired site of action. For oral administration,

Vib.a Shbicetarierigoap thittie bepsiatp nondyhentyltamaidableband@oxidized
tofbﬁrﬁ(l% %d%é%%xh%rgagf aatsl e%%ﬁﬁgé%ﬁns%;g r or pellet form, or it can be in

a troche or a’lozenge. T a’liquid*carrier is used, the preparation
may be in the form of a syrup, emulsion, soft gelatin capsule, or a

Ve. The carboxylic group of the compound obtained from step Vb is converted to an
amine by reaction with diphenylphosphorylazide in the presence of organic bases like
triethylamine, solvents like benzene, or toluene at reflux temperature followed by
hydrolysis with metal hydroxides such as KOH, NaOH, or LiOH in water at room

temperature to form benzyloxy noradamantylamine (Th).

VIa. The amine group of the compound Ih obtained from step Vc is protected by
conventional amine protecting groups as described earlier followed by a debenzylation

step.
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15 sterile injectable liquid such as an aqueous or non aqueous liquid
suspension or solution. For nasal administration a liquid carrier, in
V%‘E%WBE agueous carrier, is used as an aerosol applicatiP?r/fx?zroowooosso
parenteral application, suitable compositions are injectable solutions or
suspensions, preferably aqueous solutions. 20 A further aspect of the
present invention is the use of compounds of the invention as a
pharmaceutical composition in a therapeutically effective amount for the
treatment of metabolic disorders,'b%dd glucose lowering, for the treatment

of type Il diabetes, for the treatment of impaired glucose tolerance, for the
treatment of impaired fasting glucose, for the treatment of obesity, for the
prevention of hyperglycemia, for the treatment of 25dislipidemia,
hypercholesteromia, and hypolipidemia. WO
2007/113634PCTI1B2007/000830 - 46 - about 0.1 to 500 mg per d ycThe )

a/ 1n protic

VibxJbedsbareyatipe iteedirthentia daeoresnsn il Bt P OURIAE Y8

sofRawined thararm Bnschoihe activednoresirpitisatininiteted dnthtbenpound

. patient to be treated; the body weight of the subject to be treated and the

b. preference and experience of the physician in charge. Here, the subject is
considered as a human being. 5 The invention also encompasses

rodrugs of campounds of the. inventi i inistgati
o e T
1""‘M@ m@ogicahs uprstsnee SQﬁncgmgh@g%ﬂlbﬂ) MQWWIQ@ f%&éﬁ&propyl
eth Méve%)%ﬁﬂ{apoHQﬂétﬁ{ff%?p@}Ycﬁﬂé',onofN hi¢h.RigyieRdiyHepnR¥ertbledbient

ivo intd compounds of 10the invention. The invention also encompasses
temipsraltive metabolites of the compounds of the present invention.
15Assay of Dipeptidyl peptidase 1V activity The inhibition of proteolytic

activity of DPP-IV was aye following the hyqralysis of.
VIRl BR SR BRSSP QR R AR AR i i the prosence of a
baBieleramebiecotiainitatiperafutier dilyer afodbE G0-HR0AEN The davoinemtselected from
DRP-IV (expressed in insect.Se I r T,
o AR i Ik e SR SO RB Sefvcnts are
seknrdnfieaDME, JOMIMNMEGIemM Tris-HC1 buffer, pH 8.0) was

preincubated in the absence (1% DMSO) and presence of various
concentrations of the test compoungs for 15 min at 37C. The rezac ion was

ViksitiBhe diojerted aarifo aorRoTike RiasHosiRted rrmantn shiipstdirm St VI
is WiPrle3CE bY@ AVettibaeT aRthy@s measutedtifeat with dry HCI in solvents like

EtOAdc, ether, or 1,4-dioxane at a temperature between 0°C and room temperature to form

a R!1.substituted noradamantylamine as hydrochloride salt (12).

VIlIa. In another method, the hydroxyl group of Ij is reacted with the R group in the pre-
sence of triphenylphosphine, diisopropylazodicarboxylate, and an organic solvent like
benzene, toluene, or THF at a temperature from about 20°C to about 110°C for about 2-6

hours to form the R -substituted compound.

VIIIb. The protected amine group of the R!'-substituted compound obtained from step
VIla is deprotected by treatment with trifluoroacetic acid in a solvent like CHCly or
CHCl; at about 0°C to form the R!!'-substituted noradamantanamine as a TFA salt (13).
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25 spectrofluorometer with excitation and emission wavelengths set at
400 nm and 510 run, respectively. Results are expressed as percent
V}gﬁ?&lﬁ\)ﬁ 3% £nzyme activity. A reference standard (a known m%%o% 00830
-1V) was always included in the assay. WO
2007/113634PCT/1132007/000830 - 47 - The compounds of the present
invention were found to inhibit DPPIV induced fluorescence with inhibitory
constants in a range of about 0.5nM_to 500nM .In a preferred range, the
compounds of the present inventiofdrihibited DPPIV induced fluorescence
with inhibitory constants of about 0.1nM to 300nM and in a more preferred
range the 5 compounds of the present invention inhibited DPPIV induced
fluorescence with inhibitory constants of about InM to 120nM. WO
2007/113634PCT/1B2007/000830 - 48 - As shown in the Table below, the
examples exerted potent inhibition of DPP-1V. Compound ICsa value in

Thqwb@@g@dgmmgg@tqam@mﬁxdp Ek]ail’l?pléﬁ arq reacted with chloroacetylcyano

pyrrolidines to form the corresponding final compounds according to Scheme L

Scheme VIL
aHydroxylamineHC)
b.Trimethy!
a.Mesylation orthoformate
b.cyanation ¢.Deprotection H,.TFA
P P > N
~
HO 1 NC I o’\/ I
I Ik 14

Scheme VII is described by the following:

la. To form a leaving group L, the hydroxy group of compound Ij is mesylated,
tosylated, or halogenated in the presence of organic bases like triethylamine, N,N-
diisopropyl ethylamine, pyridine, N- methyl-piperidine, or N-methyl-morpholine at an
ambient temperature, The compound obtained from Ia is reacted with a cyanating agent
like NaCN in the presence of an aprotic solvent like DMF at 100-110°C for about 12-15
hrs to obtain a compound (Ik).

ITa. Compound Ik is reacted with hydroxylamine hydrochloride to form amidoxime, which
upon reaction with trimethylorthoformate in the presence of a catalytic amount of camphor

sulfonic acid. Final deprotection yields compound 14.

The obtained intermediate compound 14 is reacted with chloroacetylcyano pyrrolidines to

form the corresponding final compounds according to Scheme 1.

It is understood that in any of the above schemes any reactive group in the substrate

molecule may be protected according to any conventional procedure known in the prior art.
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Example 17 8.7 Example 2 2.8 Example 18 -30 Example 3 >300 Example
19 15.4 Example 4 7 Example 20 30 Example 5 11

WO 2007/113634 PCT/IB2007/000830

-43 -

Suitable protecting groups comprise tertiarybutyldimethylsilyl, methoxymethyl, triphenyl
methyl, benzyloxycarbonyl, THP etc. for the protection of hydroxyl or phenolic hydroxy
groups; N-Boc, N-Cbz, N-Fmoc, and benzophenoneimine for the protection of amino or
anilino groups; acetal protection for aldehydes, ketal protection for ketones. The methods
for the formation and removal of such protecting groups depend on the molecule to be

protected which are known in the art.

Also as part of the invention, in carrying out the invention wherever thete is a leaving
group it may be selected from the group comprising halogens (like chlorine, bromine), o-

toluene sulphonyl, o-methyl sulphonyl.

The stereoisomers of the compounds according to this invention may be prepared by using
reactants in their single enantiomeric form in the process wherever possible or by
conducting the reaction in the presence of reagents or catalysts in their single enantiomer
form or by resolving the mixture of stereoisomers by conventional methods. Some of the
preferred methods include use of microbial resolution, resolving the diastereomeric salts
formed with chiral acids such as mandelic acid, camphorsulfonic acid, tartaric acid, or
lactic acid wherever applicable or chiral bases such as brucine, cinchona alkaloids, or their

derivatives.

The pharmaceutically acceptable salts can be prepared by reacting the compound of
formula I with about 1 to 5 equivalents of bases such as alkalimetal hydroxides, alkalimetal
alkoxides, calcium hydroxide, or magnesium hydroxide in protic or aprotic solvents like
methanol, ethanol, propanol, IPA, ether, THF, dioxane etc. Alternatively, wherever
applicable acid addition salts are prepared by treatment with acids such as hydrohalic acids
like HCL, HBr; nitric acid, sulfuric acid, phosphoric acid, p-toluene sulphonic acid,
methane sulphonic acid, acetic acid, or citric acid in solvents comprising at least one

selected from ethyl acetate, ethers, alcohols, acetone, THF, dioxane, or mixtures thereof
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Example 21 64.5 -Example 6 100 Example 22 30 Example 7 30 Example
23 11.9 Example 8 22 Example 24 100 Example 9 31.2

WO 2007/113634 PCT/IB2007/000830

-44 -

Different polymorphs of a compound of general formula I of the present invention may be
prepared by crystallization of the compound of formula I under different conditions .For
example making use of commonly used solvents or their mixtures for recrystallization,
crystallization at different temperature ranges, different cooling techniques like very fast to
very slow cooling during crystallization, by exposing the compound to ambient
temperature, by heating or melting it followed by gradual cooling etc. The presence of
polymorphs may be determined by one or more methods like solid probe NMR
spectroscopy, DSC, TGA, Powder X-Ray diffraction or IR.

In another embodiment of the present invention, the compounds may be purified by using
techniques such as crystallization from solvents such as pentane, diethylether, isopropyl
ether, chloroform, dichloromethane, ethylacetate, acetone, methanol, ethanol, isopropanol,
water, or their combinations, or compound I may be purified by column chromatography
using alumina or silica gel and eluting the column with solvents such as hexane, petroleum
ether, dichloromethane, chloroform, ethylacetate, acetone, methanol, or combinations

thereof,

The present invention also provides pharmaceutical compositions containing the
compounds as defined above, their derivatives, their analogs, their tautomeric forms, their
stereoisomers, their bioisosters, their polymorphs, their enantiomers, their diastereomers,
their pharmaceutically acceptable salts, or their pharmaceutically acceptable solvates in
combination with suitable pharmaceutically acceptable carriers or diluents. The
pharmaceutical compositions according to the present invention are useful as antidiabetics,

hypolipidemics and antihypercholesterolemics.

Suitable pharmaceutically acceptable carriers include solid fillers, diluents, and sterile

aqueous or organic solutions. The active ingredient will be present in such pharmaceutical
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Example 25 100 Example 10 -30 Example 26 21.8 Example 11 20
Example 27 30 Example 12 5 Example 28 30 Example 13 300

WO 2007/113634 PCT/IB2007/000830

-45 -

compositions in amounts sufficient to provide the desired effect as described above. Thus,
for oral administration, the compounds can be combined with a suitable solid or liquid
carrier or a diluent to form e.g. capsules, tablets, powders, syrups, solutions, or
suspensions. The pharmaceutical compositions, may, if desired, contain additional

components such as flavourants, sweeteners, or excipients.

The route of administration may be oral, nasal, pulmonary, buccal, subdermal, intradermal,
transdermal, or parenteral e.g. rectal, depot, subcutaneous, intravenous, intraurethral, intra-
muscular, intranasal, as an ophthalmic solution or an ointment, which effectively transports
the active compound of the present invention which inhibits the DPPIV enzymatic activity
to the appropriate or desired site of action. For oral administration, if a solid carrier is used,
the preparation may be in form of tablet, or may be placed in a hard gelatin capsule in
powder or pellet form, or it can be in form of a troche or a lozenge. If a liquid carrier is
used, the preparation may be in the form of a syrup, emulsion, soft gelatin capsule, or a
sterile injectable liquid such as an aqueous or non aqueous liquid suspension or solution.
For nasal administration a liquid carrier, in particular an aqueous carrier, is used as an
aerosol application. For parenteral application, suitable compositions are injectable

solutions or suspensions, preferably aqueous solutions.

A further aspect of the present invention is the use of compounds of the invention as a
pharmaceutical composition in a therapeutically effective amount for the treatment of
metabolic disorders, blood glucose lowering, for the treatment of type II diabetes, for the
treatment of impaired glucose tolerance, for the treatment of impaired fasting glucose, for
the treatment of obesity, for the prevention of hyperglycemia, for the treatment of

dislipidemia, hypercholesteromia, and hypolipidemia.

The compounds of the present invention are effective over a wide dosage range. For

example in the treatment of humans, dosages may be about 0.05 to 1000mg, and preferably
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Example 29 -30 Example 14 6.4 Example 30 -32.4 Example 15 4 Example
31 21.0 Example 16 0.95 Example 32 53,6 The following examples are

rovided to enable one skilled in the art to practice the inventj
Vﬁ?e%%qz/mf@ﬁative of the invention but do not limit the scope c%fg t[ﬁllgg1 %0%%0830
Sinvention.

-46 -

about 0.1 to 500 mg per day. The exact dosage depends on the mode of administration, on
the therapy required, the form in which the active ingredient is administered and the patient
to be treated; the body weight of the subject to be treated and the preference and

experience of the physician in charge. Here, the subject is considered as a human being.

The invention also encompasses prodrugs of compounds of the invention, which on
administration undergo chemical conversion by metabolic processes before becoming
active pharmacological substances. In general, such prodrugs will be functional derivatives
of compounds of the invention, which are readily convertible in vivo into compounds of

the invention.

The invention also encompasses the active metabolites of the compounds of the present

invention.
Assay of Dipeptidyl peptidase IV activity

The inhibition of proteolytic activity of DPP-IV was assayed by following the hydrolysis
of Ala-Pro-7-amino-4-trifluoromethylcoumarin  (Ala-Pro-AFC) and  fluorometric
quantitation of the liberated AFC. Human recombinant DPP-IV (expressed in insect Sf9
cells) was used for the assay. Test compounds were dissolved in dimethyl sulfoxide
(DMSO). Generally, the enzyme (about 20 ng/ml in 100 mM Tris-HCI buffer, pH 8.0) was
preincubated in the absence (1% DMSO) and presence of various concentrations of the test
compounds for 15 min at 37°C. The reaction was initiated by the addition of 20 pM Ala-
Pro-ATFC and further incubated for 30 min at 37°C. The AFC liberated was measured in a
spectrofluorometer with excitation and emission wavelengths set at 400 nm and 510 nm,
respectively. Results are expressed as percent inhibition of enzyme activity. A reference

standard (a known inhibitor of DPP-IV) was always included in the assay.



WO 2007/113634PCT/1B2007/000830 - 49 - Preparation |
1-(1-Phenyltricyclo[3.3.1.03'7]non-3-ypethanone  Step I: Adamantanone
v§12 , 80 mnaol) was added under stirring to nitric acid (98%P 100 5 mé,o% at
&Zﬁgfﬁleéﬂperature over a period of 15 minutes. The reactiof YARaLre a0
was stirred at room temperature for 72 h and then heated to 60 C, for 2 h
until most of the nitrogen dioxide evaporated. Excess nitric acid was
distilled off under reduced pressure. The light yellow oil solidified upon
cooling (NO3 adduct of the hydroXﬂIZe“tone). Water (40 mL) and conc.
H2S04 (98%, 15 mL) were added. The resulting clear yellow solution was
heated on 10 the steam bath in a hood (nitrous fumes) for 1 h. The
solution was then cooled and extracted with a 2:1 mixture of n-hexane and
diethylether,to r ve unreacted a o] .0.9). . AGH re
TR Ao Wit SO, NG blahes. o oLl A3 B fnduced
fluvitisehimrefitinmifhitoexrantenteie comgimiabrasheaMin HMdsdntsreferred

and cancent i Jole; t ST ss@h¢ed fhlrkidbnbe with
m?%% Fﬁ%f%%%’r?ﬁﬁe%ﬁ%cg/%%gﬂgggﬁ %1%&%%% precip??a&t\(!‘e svas formed. S

infrihifospligonsaaisa Pl #bes| 8Ny A AN aARdiAR Prongse preferred range the
copipEaXyrRRa A A QRN iRl ROPEIN A d Si0sBsceTé &R nGibitory
(decomposesg m/z £M+1 167; Il NMR (CDC13) 300 MHz 2.70-2.55 (m,
copgignts afaboyd 1M 194§290M-1 93 (in, 10H). 13C NMR (CDC13) 75 MHz 5
217.0, 66.7, 46.7, 46.6, 44.7 (2C), 43.8, 37.9 (2C), 29.5. 20 Step H: To a
stirred solution of compound 5-hydroxyadamantan-2-one (10.0 g, 60.2
mmol) in benzene (180 mL) was added trifluoromethanesultbnic acid (5.3
mL, 60.2 mmol) over a period of 30 minutes at r.t. After stirring the
reaction mixture for 5 minutes at r.t, it was



5

refluxed for 4 h. The reaction mixture was cooled to OC and sat aq.

NaHCO3 (76 mL) 25 was added over a period of 30 minutes. Two layers

Jere se rated the aqueous layer was WO

N GH T 545 P CT/182007/000830 - 50 - extracted with ether
combined layer was washed with water and brine, dried over anhydrous
Na2S04, and the solvent was evaporated under reduced pressure to
obtain 5- Phenyladamantan-2-one (10.5 g) as a white solid in 80% yield.
M.R: 53.8-60.9 C. miz (M-1-1) 227+ (18 {cm"): 2921,2853, 1717, 1446,
1060, 758, 698. 1l NMR (CDC13) 300 MHz 5 37.37-7.30 (m, 4H),
7.26-7.19 (m, 11-1), 2.70-2.63 (m, 2H), 2.30-2.0 (m, 11H). I3C NMR
(CDC13) 75 MHz 6 217.8, 147.8, 128.3 (2C), 126.1,124.6 (2C), 46.9 (2C),

AT 1%931&&1%&% 1530, ?egegﬁQdHL ofeiSREBRPp- Iy,
r|e magnesium iodidé ~was added 10 through

canol }ﬁ’ he yladarnantdﬁszl@h@(Q 6/0.42.5 mrﬁol) ()B%m\éﬁi‘iﬁ ste

11, in L) at 0C. Aftey stjfring at O g?orp(? the rgagtion mixture

was q ched by adding s t ag-NRICI splution. The-organic layer was

separ @@@ﬁl?the aqueou*h ?a]yer was extraFG%%‘a‘WﬁWdiispérZ)pylether. The

combllnggagﬁg@@c layers wepegwashed wi me%lamg brlneg(ﬂried over

anhy 2804 and the-solvent-was-# re

15 to Jﬁfﬁ‘ﬁ‘?ﬁeﬁethyl 5- pH n?sg adamantéuﬁ’é%ﬁi%é g) ds 7§n°JfF vr\;hTt;m
solid { Sl M.R: 9817004 C. ik (VERBLPRRONMIRS(CDCLS) 30

MHZE7A’)7’)Q/ 44 24.7.12 (in--I 26 9

LI B T e | fn S B M P L"fl L U\l T ),LJ.tF‘L
(m, 31 E}a{{l@]ﬂ 70 (in, }6H T&.61-1.E\37 (m, % N2 s, 3?1%51?,(: NMR
(CDC{[BxaagWHz 8 150.0, L2601 (2C), 1253;;31314182(20) 78.3, 44.0 (20),

40,5 (RE)-39 Q"’C), 359, 132-0,27-6-20-5tep V-

2-Metﬁﬁ)€% 8 yI adamanitgg 2-ol (20 g, EEE%I%P%O obta}r%égd in step 11,

(86 g, :E&mp‘mﬁol) dissolVeiin a mixture 6&@1&14’6 3 #10 and THF

(360 vva ucu' dropwi :!Id anadd Ia{,H éqgu tt q' bathrtooled
Vi i o

NaOC L) solution over a period Inutes. n-Bu4NI
(13.1 gESEﬁﬁ)lmﬁbl) was addéd and the rea%xmnPESZﬁnxtJ?éﬁ/as stirred

fo.r 1.5 Exahld Ié‘"ﬁ fayersw ,%sepa_rateﬁ, r}ﬁ FO3s iaygbwas eXTI_’aC ed
with djisopropylether and the combined arnganic layer was washed with

water jaBeptiee] dried over|Na2S04, and th&aerieRSwas $8moved under

reduce I§HWas diSSOIVERL I FIERgancl (35 ML), KOH
(39.8 ¢,-300 mmol\ was added_and the \WQ

2007/1 E36@pted1/182007/066830 - 51 - | Example 30 | ~32.4
Example 15 4 Example 31 21.0

Example 16 0.95 Example 32 53.6

CTdI%OO7/000830

The following examples are provided to enable one skilled in the art to practice the
invention and are merely illustrative of the invention but do not limit the scope of the

invention.
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mixture was refluxed for 1 h. The solvent was evaporated under reduced
pressure and the crude product was purified by column chromatography
to yield compound 1-0- phenyltrieyelo[3.3.1.032]non-3-ypethanone {250.0
v& i%ogé%@sl‘gld as viscous liquid. rn/z (M-1-1) 241; IR (cni-l):l)fgﬁlzlﬁ2 Y ?830
1697, 1445, 1356, 1223,757, 699. 111 NMR (CDC13) 5 300 MHz 8
7.38-7.19 (in, 5H), 2.86-2.80 (m, 1H), 2.59-2.50 (m, IH), 2.32-2.25 (m,

1H), 2.23 (s, 31I), 2.10-1.99 (m, 4113 1.90-1.79 (m, 411), 1.78-1.71 (m,
111). 13C NMR (CDC12) 75 MHz 8, 811.7, 146.7, 128.2 (2C), 125.7 (2C),
124.7,61.9, 50.2,49.0, 47.9, 45.7, 42.4, 42.3, 37.6, 26.4. 10Preparation 2
[3-(2-Methyl-1,3-dioxolan-2-yDtricyclo[3.3.1.03'73non-I-ylimethyl
methanesulfonate MsO Step I: To a stirred mixture of
1-(1-Phenyltrieyclo[3.3.1.03'Inon-3;x L athanene (8.0 g, 33.3 mmol) as
obtained in preparation 1, carbontetrachlogi_ge (66 mL), acetonitrile (66

mL) 15 and water (1o hsnyleisyrdelic3d € inenzubetkasgiamperiodate
(31.9 g, 149 mmol) and ruthenium chloride hydrate (0.44 g, 1.7 mmol).
The reaction mixture was graduall a/meddg ambient temperature and
stirred for 2 h. The reaction mixtéfé<wgs dffuted with diisopropylether (100
mL) and stirred for 15 minutes to _precipit&e black Ru02. The reaction
mixture was then filtered throug ad of celite and the organic layer was
20 extracted with 1N NaOH solution (3x25 mL). The organic layer was

§Eefg?€' RueLNAZRRE @G SANE RxYXé‘%c?&’e%pLﬁ%(é‘éF gd’fﬁg%t‘y dvidnda (98%, 100

obtain unreacted starting material (3.04 g 12.67 mmo e aqueous layer

mk&gtai_emh?@a i@RRCEHNES PICL aamieg&p;idté_mmﬁt@h@rean&owﬁmwwas stirred
aCFSSRI iRy S Ne EBr A Sh etk biiRGaciies e¢e a2 R Q4 PRALNSY the nitrogen

solvent was removed under reduced pressure to obtain 3-acetyltricyclo

diaxifle oanesiehabrcess chitipeit wardigtitley) off srdmiedugsidnvesroe The light

yoliRkd. - 81136181 6n BRI NID29dulY 6F the hydroxyketone). Water (40 mL) and
2007/113634PCT/1B20071000830 - 52 - IR cm-1 2935, 1694, 1413,

95 71204 (96, 11 INNHETAIEL3THOGFALILE Jors YeHarplalipn was heated on

the. 5tead Bn,id H) hood (nitrous fumes) for 1 h. The solution was then cooled and

extracted with a 2:1 mixture of n-hexane and diethylether to remove unreacted

adamantanone (1.0 g). The acid layer was neutralized with 30% aq. NaOH solution, and
while warm, extracted with chloroform, The extracts were combined, washed with brine
solution, and concentrated in vacuum. The crude product was dissolved in CH,Cly (15 mL)
and hexane was added until no more precipitate was formed. The solid material was
isolated by filtration and dried to get 5-hydroxy-adamantan-2-one. Yield: 9.0 g (70%).
Solid; ML.R: 278.8-300 °C (decomposes) m/z (M+1) 167; '"H NMR (CDCls) 300 MHz &
2.70-2.55 (m, 2H), 2.36-2.32 (m, 1H), 2.11-1.93 (m, 10H). *C NMR (CDCls) 75 MHz &
217.0, 66.7, 46.7, 46.6, 44.7 (2C), 43.8, 37.9 (2C), 29.5.

Step II: To a stirred solution of compound 5-hydroxyadamantan-2-one (10.0 g, 60.2 mmol)
in benzene (180 mL) was added trifluoromethanesulfonic acid (5.3 mL, 60.2 mmol) over a
period of 30 minutes at r.t. After stirring the reaction mixture for 5 minutes at r.t, it was
refluxed for 4 h. The reaction mixture was cooled to 0°C and sat. aq. NaHCO; (76 mL)

was added over a period of 30 minutes. Two layers were separated, the aqueous layer was
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2.44-2.34 (m, 1H), 2.20 (s, 3H), 2.18-2.09 (m, 1H), 7.38-7.19 (m, 5H),
2,86-2.80 (m, 111), 2.59-2.50 (m, 113), 2.32-2.25 (in, 1H), 2.23 (s 311)
2.18-2.09 (in, 113), 2,06-1.74 (m, 7H), 1.73-1.61 (m, 1H). 13C N

OGB48 Mz 5 211.0, 181.3, 61.5, 50,3, 47.9, 45.9, 45. 6"91‘2%‘291"17/5""830

36.8, 35.6, 26.4, Stepll: To
3-acetyltricyclo[3.3.1.03'7]nonane-I-carboxylic acid (2.4 g, 11.4 nunol)
obtained in step!, in MeOH (48 mL) cooled to ice bath temperature, was
added acetyl chloride (1,64 ml,, 22.85rﬂ)ﬁr“nol). The reaction mixture was

gradually warmed to room

extracted with ether and the combined layer was washed with water and brine, dried over
anhydrous Na;SOy, and the solvent was evaporated under reduced pressure to obtain 5-
Phenyladamantan-2-one (10.5 g) as a white solid in 80% yield. M.R: 53.8-60.9 °C. m/z
(M+1) 227; IR (cm’™): 2921,2853, 1717, 1446, 1060, 758, 698. "H NMR (CDCl3) 300 MHz
8 7.37-7.30 (m, 4H), 7.26-7.19 (m, 1H), 2.70-2.63 (m, 2H), 2.30-2.0 (m, 11H). "*C NMR
(CDCl3) 75 MHz & 217.8, 147.8, 128.3 (2C), 126.1,124.6 (2C), 46.9 (2C), 44.3 (2C), 41.9,
35.9,38.4 (2C), 28.0.

Step II: Freshly prepared methylmagnesium iodide in ether (1 M, 85 mL), was added
through a canola to 5-phenyladamantan-2-one (9.6 g, 42.5 mmol) obtained in step II, in
THF (85 mL) at 0°C. After stirring at 0 °C for 0.5 h, the reaction mixture was quenched by
adding sat. aq. NH4Cl solution. The organic layer was separated and the aqueous layer was
extracted with diisopropylether. The combined organic layers were washed with water and
brine, dried over anhydrous Na;SOy, and the solvent was removed under reduced pressure
to obtain 2-methyl-5-phenyl-adamantan-2-o0l (9.9 g) as an off-white solid in 97% yield.
M.R: 98-100.4 °C. m/z (M+23) 265; "H NMR (CDCl;) 300 MHz § 7.42-7.28 (m, 4H),
7.24-7.18 (m, 1H), 2.47-2.26 (m, 2H), 2.14-2.09 (m, 3H), 1.96-1.70 (m, 6H), 1.61-1.57 (m,
2H), 1.42 (5, 3H). C NMR (CDCl3) 75 MHz 8 150.0, 128.1 (2C), 125.7, 124.8 (2C), 73.3,
44.0 (2C), 40.5 (2C), 39.6 (2C), 35.9, 32.0, 27.6.

Step IV: 2-Methyl-5-phenyl-adamantan-2-ol (20 g, 82.6 mmol) obtained in step III, (86 g,
355.4 mmol), dissolved in a mixture of AcOH (76.3 mL) and THF (360 mL) was added
dropwise via an addition funnel to the ice bath cooled NaOCI (4%, 3.5 L) solution over a
period of 15 minutes. Solid n-BuyNI (13.1 g, 35.6 mmol) was added and the reaction
mixture was stirred for 1.5 h. The two layers were separated, the aqueous layer was
extracted with diisopropylether and the combined organic layer was washed with water and
brine, dried over NaySO4, and the solvent was removed under reduced pressure. The
residue was dissolved in methanol (165 mL), KOH (39.8 g, 300 mmol) was added, and the
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10 temperature and stirred for 2 h. The volatiles were removed under
reduced pressure and the crude product was purified by column
chromatography to obtain methyl 3-

Wt rjll:\?éi’é[s 3.1.03'7]nonane-l-carboxylate (2.4 g) in 93% VieldB07/000830
viscous liquid. nilz (M+1) 223. 'R cm' 2953, 1728, 1698, 1461,1234, 1078,
755. 1H NMR (CDC13) 300 MHz 6 3.66 (s, 3H), 2.75-2.70 (m, 113),
2.53-2.46 (m, 1H), 2.40-2.32 (m, 1H), 2.19 (s, 3H), 152.15-2.05 (m, 1H),
2.03-1.60 (m, 8H). 13C NMR (CDC13) 75 MHz 5 210.9, 175.3, 61.4, 53.4,
51.6, 50.5, 48.0, 45.9, 45.6, 42.6, 41.9, 36.8, 35.9, 26.4. Step HI: A

mixture of methyl 3-acetyltricyelo[3.3.1.09nonane-1-carboxylate (2.0 g, 8.9
trimol) obtained in step H, 1,2-ethanediol (8.9 mL), p-TSA (47 mg, 5

1@9&0{1@ @Qg%ﬁﬁﬁzﬁp? Q%‘H&Lgo‘ﬁ’l@ﬁtrﬁgyég%yﬁ% ﬁt@@@fb@@gg gressure and the

ap aratus for The reaction mixture was cooled to room temp rature
Gm&) RoNsHEES pEifind) Wxswieen, sHamwosrhy des wisld compound 1-(1-
p%ﬁaﬁmat@@;o‘[b@ aqﬁé}?féaiﬁwevnaﬁoﬁét@o@cgmﬁﬂ@Wﬁemh@scﬁ%euaeﬁhmd m/z

e B ot o v oot k2 G Ry MR (CDCT,)
R 2Aethyi: ﬁs&d@xﬁiaﬂf&mwm(fﬁ,aﬂ)ps 39-250qaangil,casoxgsien, 1H),

SO SRS T B0 L B e Bal ottt € vk ccocty

%@HZS&QQI(HIZ,%WB 6282 810), R84-228%, (IX4.2H512.2502.48.0n410)45.7, 42.4,
‘éo% %%E; 1H), 1.94-1.81 (m, 8H), 1.30 (s, 314). WO

/1 iPCT/lBZOO?/OOOSC’;O - 53 - Step IV: Methyl
3-(2-methyl- 1,3-dioonan-Z-yptricycIo[S 3. 1 03'7]nonane-1-carboxylate
(2.3 g, 8.64 mmol) obtained in ste (15 mL) was added slowly
under N2 atmosphere through a pé) ing nnel to a suspension of
L.mmt@@;%@mmm)m@m@aas 01 Inen-icelimeindmsshanasalfonate
The reaction mixture was stirred for 3Q minutes before being quenched by
addition of sat. ag. NH4C1 solution L), tflowed by IN NaOH solution
(9 mL) and the reaction mixture v om temperature for 15
minutes before it was filtered through a pad of celite. The organic layer
was washed with brine, dried gyerNa2S0O4 and the solvent was
evaporated under reduced pressure to obtain 10

S;@@Mawsmrseé.%mrﬁzoﬁth@%wmmmw {ineatBadisthanong (8.0 g,

S S UL (L S MR e )

aﬂﬂi%@éél@%ﬁ&%zceel%%fs AnGaw9s adsdschsadrymparendita G- fsgaldf) mmol) and

ruthenium (IIT) chloride hydrate (0.44 g, 1.7 mmol). The reaction mixture was gradually

warmed to ambient temperature and stirred for 2 h. The reaction mixture was diluted with
diisopropylether (100 mL) and stirred for 15 minutes to precipitate black RuO,. The
reaction mixture was then filtered through a pad of celite and the organic layer was
extracted with 1N NaOH solution (3x25 mL). The organic layer was dried over Na;SOy
and the solvent was evaporated under vacuum to obtain unreacted starting material (3.04 g
12.67 mmol). The aqueous layer was acidified with conc. HCI and extracted with EtOAc.
The combined organic layers were washed with brine, dried over Na;SO,, and the solvent
was removed under reduced pressure to obtain 3-acetyltricyclo [3.3.1.0*"nonane-1-

carboxylic acid (4.0 g) as off-white solid in 57% yield. M.R: 90-95.0 °C. m/z (M+1) 209.
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15Step V: To a solution of
[3-(2-Methy1-1,3-dioxelan-2-yptricyclo[3.3.1.03'7]non-1- yljmethanol (2.0
, ) obtained in step IV, in THF (35 ralL) at ice batg;\ﬁrég
\gv%%{)‘éé%%ially added triethylarnine (3.5 mL, 25.4 mmol), ( ?égyt/r'#gg?so
0.42 mrnol), and methanesulfonyl chloride (0.97 mL, 12.7 mmol). After
stirring the reaction mixture at the same temperature for 0.5 h, it was
diluted with water and extracted 20 %gith EtOAc. The combined organic
layers were washed with brine, driett'over Na2S0O4 and the solvent was
removed under reduced pressure. The crude product was purified by
column chromatography to obtain title compound
[3 (2-Methyl-1,3-dioxolan-2-y1) tricycle [3.3.1.03'7]non-1-y11 methyl
ha ul t 0 yigldi 0 idq &H + %
A ol T3b 1016 1104, JoR o eHOU R i s (.
1H)H2598.68 (15- 800 2ifhd- 2431t QredT(B &24) (.34p 248 @9H()m1 189,17:26-( 2 (w,

2 165 o1 ( 7 2.09 (m,
ST 0 S IGO0 M 200

11555056 49400, (V0 Ao Y54 PE LoD GERI 95 Mtkaitioh 3815
61(3;[Siest-lrytnag carsonb INinal By chs 535103 7]non-1-ylimethyl

methanesulfonate NHBoe Ms0 Step I’ Toa suspension of NaH (60%
dispersed in nujol, 3.36 g, 21 mmol) in TI-IF (84 mL) 5 cooled to ice bath

Stgmpergyirg- u@syaddgd@[zaelmtﬁéﬁ]@éliaaézrmm@fncswwqmm -2 11.4 mmol)

Otrl ycle 3 - eth 0. 2.0 mmol) (as
OGN T B e o I PP P A SRR g gded acet
clperidel (df.@omhnm mtmrl)st*rﬂmgcehamannmmmaaregt@d%lmmaw@schtto room
¢ :ﬁfowe ] é}{%{?ﬁ%@ RRUAN(Q.- 341 811ds G BUNERL RS ﬁﬁ@é&%ﬁé@é@aﬁgﬁ% and the

enzy bromlde (5.0 mL, 42.0 nunol). The reaction mixture 10

criaes \H&?ﬁﬁéﬁ tW%oW@ﬁéeMuré%ﬁﬁ%tlﬂém%%%tﬁ Lebigpedngihyl 3-

2RISR Tlh@3ﬁ?ﬁ&ikﬁ{bﬁ@ﬁﬁ@@ﬁh@(ﬁwgﬁﬁ?@@%@?@u@é%&%&aﬂ@m m/z
temperature, excess Nall Was6§uenched by addin NH4C1

OERIGH: ey r LA B el A (B wtbe s IR (GRS 300 Mz
8 83 Eegryyith O The pﬁmmﬁma@@ﬂlcmyemaez/vaﬁheﬁwah9 (s, 3H),

brine, dried over anhydrous NaZS 4. and the solvent was evaporated

2§00 s 012 RGO o ke o VSO WAkl 3, 61.4,

5Puréied, By, solsrnustyamasomranhy. 10 368X85.9, 26.4.
241-(benzyloxymethyltricyclo[3.3.1.03'7]non-3-y1]-2-methy1-1,3-dioxolan
e (11.0 g) as viscous liquid in 80 % yield. nth (M+1) 329; 1H NMR
SHEDOLA 3ﬁﬁcﬂ\iﬂd 705 78yl 22 dvatyBidyydde. is] i hohAR-3-0a oxykid), (2.0 g,

o3 BAD. SR TR 50 (a2 g IS IR TRAR: Sy na

benzene (36 mL) was reﬂuxed using a Dean-Stark apparatus for 1 h. The reaction mixture

CD

was cooled to room temperature, 10% aq. NaHCO; (36 mL) was added, and the two layers
were separated. The aqueous layer was extracted with EtOAc. The combined organic
layers were washed with brine, dried over Na,SOy, and the solvent was evaporated under
reduced pressure to obtain methyl 3-(2-methyl-1,3-dioxolan-2-yhtricyclo [3.3.1.0°]
nonane-1-carboxylate (2.2 g) in 93% yield as viscous liquid. m/z (M+1) 267. IR cm™!
2954, 1731,1698, 1460, 1236, 1046, 752. "H NMR (CDCl;) 300 MHz § 4.07-3.94 (m, 4H),
3.66 (s 3H), 2.44-2.36 (m 2H), 2.27-2.18 (m, 1H), 2.12-2.02 (m, 1H), 1.94-1.81 (m, 8H),
1.30 (s, 3H).
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Step II: A mixture of
2fl-(benzyloxymethyl)tricyclo[3.3.1.03'7]non-3-y1]-2-methyl-1,3- dioxolane

\@13 %zﬁ%ggmol); p-toluenesulfonic acid (0.3 g, 1.6 mmol), ap%@%%%%wsm

was refluxed for 4 h. The volatiles were removed under vacuum
and the residue was diluted with EtOAc, washed with 10% aq. NaHCO3
and brine, dried over Na2Sa4, and the 25 solvent was evaporated under
reduced pressure to obtain 1-{1-[(b_e§§yloxy) methyl]tricyclo
[3.3.1.03a]non-3-ylletharione (2.1 g) as a viscous liquid in 93% yield. ink
(M+1) 285; 11-1 WO 2007/113634PCT/1112007/000830 - 55 - NMR
(CDC13) 300 MHz 5 7.40-7.22 (m,4.50 (s, 214), 3.27 (s, 2H), 2.70-2.62
(m, 111), 2.47-2.40 (m, 111), 2.16 (s, 211), 2.0-1.90 (m, 211), 1.81-1.56
(m, 7H), 1.50 (dd, 3.0, 11.0 Hz, 1H). 5 Step lll: To a mixture of NaOH

30.6 g, 765 al), 1420 (255 mL) and 1,4 dioxane (51 mL) at ice bath
e D IechiLs SR | 8§ YIS Ark R RoRerk carboxylat
(mrg;&eﬁmiy)ﬁbmndﬁemcﬂwomyl\]/as THded SrafVyisedoadded igewly under N,

uton ot,1- 1+ Nz Xyl . me . . .
SRR Mok SRR ek enension of LialH (032, 5,64 mmol) in
etbar 1i5) milicetigehbetin paramipbrF HEbe trattionmink e avassgrtdied fpr 30 minutes

ti : r i ixkure 0
E b T e e G

Nasdisolptienddcmdn mdithe wacion e wamamttirek sheeemisterames for 15

e héiRediaras fikdrvensgreayashedvith biileerghiad Ryer Nalwided with

and the solvent was removed under reduced pressure to obtain 1- '
R v e R i g P R

[Svtiitaistiid-in3iai GEtanyBid) iz {3)3 288 Thbrl MR EGEEHGII) 308) MHaG yield

7.40-7.22 (m. 5H), 4.50(S<2H), 3.274 70.2. , ,
£ S4ET Ty OR8N BT BB pefe A D, v 109757
"FNMR EDCQ1).0092IHYAY 4StH3 BO: (frp 4FBLIFSG (8isHN250-2.30 (m 2H), 1.90-1.30
- z ylJtricyclo[3.3.1.03'7]nonane-3- 20 carboxylic acid (1.8
(Iél,’ éaf’r):iayh%?g%?med in step I, triethylamine (2.6 naL, 18.9 mmol) and
toluene (25 mL) at ice bath temperature was added diphenylphosphoryl

s?ee_zd'devél-%nta 6 SRRt TR (EREUAN T RIS NES MR IR Fals SHFPhon-1-

or one hour, and then refluxed for 4 h."Upon completion of the reaction,

viiaetBapalorPriixgurd Wagnabsebteagd Mssisardibryinudig 438 wdshatl ice bath
teftiferataiel wiiasefeatisla vauvee sty RhMEn 98- K054 mmol), DMAP (52 mg,

0.42 mmol), and methanesulfonyl chloride (0.97 mL, 12.7 mmol). After stirring the
reaction mixture at the same temperature for 0.5 h, it was diluted with water and extracted
with EtOAc. The combined organic layers were washed with brine, dried over Na;SOy4 and
the solvent was removed under reduced pressure. The crude product was purified by
column chromatography to obtain title compound [3-(2-Methyl-1,3-dioxolan-2-y1) tricyclo
[3.3.1.0*"Inon-1-y1] methyl methane sulfonate (2.4 g) in 90% yield as viscous liquid. m/z
(M+1) 317. IR cm™" 2954, 1461,1356, 1216, 1174, 1048, 756. 'H NMR (CDCl3) 300 MHz
8 4.15-3.90 (m, 4H), 3.00 (s 3H), 2.44-2.36 (m 2H), 1.89-1.79 (m, 2H), 1.78-1.42 (m, 8H),
1.29 (s, 3H). '*C NMR (CDCl3) 75 MHz & 112.1, 76.3, 64.95, 64.9, 57.3, 46.6, 45.3, 44.9,
44.5,42.9, 39.8, 36.9, 36.7, 36.3, 20.
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25 solution (50% wi/v, 12.6 mL), and nBu4NI (120 mg, 0.32 mmol) for 2 h.
The reaction mixture was cooled to ice bath temperature, acidified with 2N
4 H 2, extracted with ether, the aqueous layer Waﬁr%@ ifi i
Vg%].zﬁ?ﬁéﬁ(?g%lution (50% wi/v) and extracted with chlorofonn. eﬁw{-}}%}()\ﬂBQ:‘0
combined organic layers were dried over anhydrous WO
2007/113634PCT/1B2007/000100 - 56 - Na2S04 and the solvent was
evaporated under reduced pressure é% obtain 1-[(benzyloxy) methyl]
tricyclo[3.3.1.03a]nonan-3-amine (0.82°g) as viscous liquid in 51% yield.
m/z (M-1-1) 258; 11-1 NMR (CDC13) 300 MHz 5 7.37-7.24 (m, 51-1), 4.50
(s, 2H), 3.24 (s, 2H), 2.37-2.29 (in, 111), 2.0-1.81 (m, 3H), 1.78-1.70 (rn,
1H), 1.70-1.45 (m, 7H), 1.40 (dd, J- 52.9, 10.7 Hz, 1H). Step V: To a
stirred solution of 1-[(benzyloxy)mpathyliisigyslo[3.3.1.033]nonan-3-amine
(0.82 g, 3.2 mmol) obtained in_step IV in diehggromethane (13 mL) atice
4

tHACHDRRERI A RRIY R R BRY P 4904 Inonndon Jarrihotanathgpesulfonate
butyldicarbonate (0.77 g, 3.5 nunol

Q After stirring the reaction mixture
at room temperature for 1 h, the vo

3 were removed under reduced
pressure and the crude product fieNHﬁ@z)lumn chromatography
to obtain tert-butyl [1-(benzyloxy mgthyl) tricyclo
[3.3.1.03a]non-3-y|]carbamaté/]é@ a viscous liquid (1.0 g) in 88% yield. m/z
1 : - b 5 4.
e O D e R LT 5T 1 iR o e o
cqeledg301iey hathotamperstute 3vagndden a solytionef Sd@-Vethsld Stidiedolan-2-

préyeaqbtern-biddd-(banay rigy 193 -
Dy X0 ko) o Rl it ibparation 2

carbamate (1.0

SEODR 0 Bt SR R A RS R SPREF Rt the
rdxationnnibitars . he0aatiines 20 robdnenyRsafilie]emBinroLgh sy nadil eahsl) was
and the filtrate was.concentrated under reduced pressure t tain | )
R S TS B Rason v
WAS BanR did) thd (O ¢pnip @8R S pald] stinverd (ke 19 B 68111 FHUOMR (T4 CaR)pRA0n of the

(s.(pF; 4 ] 50-2.40 40-2.33 (m

S SRR SRS Lt D v
qyenehesy byHaddiz saucren VB! sodutien. offye 1v87 R, Werd sep@@adzand the

aduddus layer was extracted with BtOAc. The combined organic layers were washed with

brine, dried over anhydrous Na;SO4, and the solvent was evaporated under reduced
pressure to obtain a crude reaction mass, which was purified by column chromatography to
yield 2-[1—(benzyloxymethyl)tricyclo[3.3.1.03’7]non-3—y1]-2-methy1-1,3—dioxolane (11.0 g
as viscous liquid in 80 % yield. m/z (M+1) 329; 'H NMR (CDCl3) 300 MHz 6 7.38-7.22
(m, 5H), 4.50 (s, 2H), 4.02-3.92 (m, 4H), 3.24 (s, 2H), 2.38-2.30 (m, 2H), 1.88-1.71 (m,
2H), 1.70-1.60 (m, 4H), 1.55-1.39 (m, 4H), 1.27 (s, 3H).

Step II: A mixture of 2-[1-(benzyloxymethyl)tricyclo[3.3.1.0%"Inon-3-y1]-2-methyl-1,3~
dioxolane (2.6 g, 7.9 mmol), p-toluenesulfonic acid (0.3 g, 1.6 mmol), and acetone (31.6
mL) was refluxed for 4 h. The volatiles were removed under vacuum and the residue was
diluted with EtOAc, washed with 10% aq. NaHCO; and brine, dried over NaySOq, and the
solvent was evaporated under reduced pressure to obtain 1-{1-[(benzyloxy) methyl]tricyclo
[3.3.1.03’7]non-3-y1}ethanone (2.1 g) as a viscous liquid in 93% yield. m/z (M+1) 285; 'H
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WO 2007/113634PCT/1132007/000830 - 57 - temperature, was
sequentially added Et3N (1.0 mL, 7.35 mind), DMAP (20 mg, 0.16 mmol),
ﬁsulfonyl chloride (0.29 mL, 3 7.mmol). _After Stifﬁ%/ﬁ?owf/oeosso
reactlon at the same temperature for 0.5 h, it was diluted with water and
extracted with EtOAc. The combined organic layers wer washed with
brine, dried over Na2S04, and the solvent was 5 removed under reduced
pressure. The crude product was puglgled by column chromatography to
obtain title compound (3-[(tert-butoxy carbonyl) amino] Muck)
[3.3.1.033]non-I-yHmethyl methane sulfonate as a viscous liquid (0.84 g)
in 100% vyield. ink (M+1) 358; IHNMR (CDC13) 300 MHz 8 4.76 (s (br),
1H), 4.02 (s, 2H), 3.01 (s, 214), 2.99 (s, 3H), 2.54-2.44 (in, 1H), 2.42-2.35

7 J 3197%)
SR B 9,124 08 20340 0 1) 556
1[}2)@ gg]%%ﬁ@ng,g){) .16 (s, H), 2.0-1.90 (m, 2H), 1. 81 156 (m, 7H), 1.50 (dd, J =

sneXxahysr)-2fH-methanopentalene-3a(1H)-yllicarbamate  15NH2 Step I:
Nitration mixture (1 mL) [the nitration mixture was prepared by mixing of

10.5 g of nitric acid (d 1.375 at 22 C), 180.0 g of conc. sulphuric acid (d
SteB41at PR £iatwotel & NoOHL 231).avgs7addentaljo iy 36 mBjiriad sdldiekane (51

B SIYIBYEI A LR Ted B YRSHANeS (240t} SRR for 15

in prepa atlon 1, In nitromet
minutes. This hypobromite solution was added dropwise to a stirred solution of 1-{1-

[(benzyloxy) methyl] tricyclo[3.3.1.0%"non-3-y1}ethanone (14.5 g, 51.0 mmol) in 1,4-
dioxane (51 mL) at ice bath temperature. The reaction mixture was gradually warmed to
r.t. and stirred for 1 h. The reaction mixture was cooled to ice bath temperature and
quenched by adding AcOH (46.7 mL, 765 mmol). The reaction mixture was diluted with
water, extracted with EtOAc, the combined organic layers were washed with brine, dried
over Na;SO4, and the solvent was removed under reduced pressure to obtain 1-
[(benzyloxy)methyl]tricyclo[3.3.1.03’7]nonane~3-carboxylic acid (8.0 g) as white solid in
55% yield. m/z (M—1), 285; '"H NMR (CDCls) 300 MHz § 7.40-7.22 (m, 5H), 4.50 (s,
2H), 3.27 (s, 2H), 2.70-2.62 (m, 1H), 3.47-3.38 (m, 1H), 2.16 (s, 2H), 2.12-1.98 (m, 2H),
1.90-1.55 (m, 7H), 1.50 (dd, J= 3.0, 11.0 Hz, 1H).

Step IV: To a stirred mixture of 1-[(benzyloxy)methyl]tricyclo[3.3.1.0*|nonane-3-
carboxylic acid (1.8 g, 6.3 mmol) obtained in step III, triethylamine (2.6 mL, 18.9 mmol)
and toluene (25 mL) at ice bath temperature was added diphenylphosphoryl azide (1.5 mL,
6.93 mmol). The reaction mixture was warmed to r.t, stirred for one hour, and then
refluxed for 4 h. Upon completion of the reaction, the reaction mixture was transferred to a
separatory funnel and washed with water. The organic layer was stirred with aq. KOH
solution (50% w/v, 12.6 mL), and nBusyNI (120 mg, 0.32 mmol) for 2 h. The reaction
mixture was cooled to ice bath temperature, acidified with 2N KHSO, to pH 2, extracted
with ether, the aqueous layer was basified with aq. NaOH solution (50% w/v) and

extracted with -chloroform. The combined organic layers were dried over anhydrous
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20 After stirring for 2 h, the reaction mixture was poured into ice cold
water and extracted with EtOAc, the combined organic layers were
brine and dried over Na2S0O4. The solvent was r
ger re égged pressure and the crude product was purified E‘))(; C%P?])trl?&osso
chromatography to obtain 111-(4-nitrophenyl)tricyclo[3.3.1.0331non-3-yll
ethanone as an off-white solid (250 mg) in 88% yield. MR: 61.3-66.6 C
in/z (M+1) 286; WO 2007/113634PCTRB2007/000830 - 58 - IR cm-I
2953, 1697, 1598, 1519, 1217, 1116,6852, 768. IH NMR (CDC13) 300
MHz 68.17 (d, J= 8.7 Hz, 2H), 7.43 (d, J= 8.7 Hz, 2H), 2.87-2.80 (m, 1H),
2.61-2.55 (m, 1H), 2.34- 2.26 (in, 1H), 2.23 (s, 311), 2.13-1.98 (in, 411),
1.90-1.71 (in, 511). 5Step II: To a stirred solution of NaOH (6.3 g, 158.0
NQ}@@D&M&%IOGH% L&/éﬁngv;p%xq{@f%ﬁé] & ineatb 16 '@ﬁﬁ{ﬁ‘ty r[%b\é@'irloxy)

added Br2 mmol) and stirred for 5 minutes. The formed

b RO bR, IR A PR s 8 BTGRP gt o 1% vield. miz

(Vi (4-aBonnenvik {cpeia)333d OBine .3 nlieihanoren 3450, (%02:'1@‘) nzrn@lls, 2H),
obtained in step |, in 1,4-dioxane (14 de at ice bath tem gf}eratu

2SR e sk Bl i &0t o Tahd UL RWaé 40 (44, 7 -

29007 IR, i¢erhath temperature and acidified with conc. HC1, diluted with
water, and extracted with EL0Ac. The combined organic layer was
washed with brine, dried over Na2S04, and the solvent was removed

_Mr rBalucetitere selmioto abialitbtaziinimkthyyintiayebdd [B130} '0ssiin-3-amine

R SR R e Tyl AR T LS A el Remperaare
was2dded G4y 46,57 9uk, 4Gommard) prMRHEDD LS Bo0NAIe EOLE (¢, 35 mmol).

ABS Hzrigd bhe teih hixB bizo n%@éﬁarg%o@i R x?ot%%@s%@%emoved
1H), 2.44-2.33 (m, IR), 2,.23-2.03 (m, 41 202168m5H) Step Il
upder gﬁﬂgg@g{ﬁfﬁgﬁe@d the crude product was purified by column chromatography to

olitgﬂz wtfqﬁﬂjﬂr[yl()w@mb@ﬁ&eﬁm &lem@msfmﬁr’qw@rgg@%aﬁ%ﬁ% @Gk viscous
0 ined . in mL.) was added cong,
AL @ I M <M NSO R SR - 35724 o,
SH)a e @mngr&ﬂﬂqwfzm)g m@&mqﬁi HQI)[iSSMCB&(ﬁQQ}EDQ. 163CEPm, 2H),
wa g for 2 h it was cooled again to
|ceX1:)Lgﬁ1(]Pén§1ﬁ\é %‘?‘1 t%gl ?a‘%&t g extracted with EtOAe. The
agueous layer was basified with 50% NaOH solution and extracted with
[ rine, dr
S e S on-
yliqarhm&@r@/g,tﬁ@mmpé)@m@aeﬂj HotienV3mariefeth§1d roafidisie §uid. 0.2 g)

whd- Q@b TheowieldeMiR: A1 8igP3: r%ﬁédn%@ﬂfhl:) BafoR O 23438 he reaction
2941,1643, 1596, 1518, 1400, 1349, 1013,750. NMR
mixture was filtered through a pad of celite and the filtrate was concentrated under reduced

pressure to obtain ert-butyl [1-(hydroxymethyl)tricyclo[3.3.1.0*" jnon-3-yl]carbamate as a
viscous liquid (0.7g) in 95% yield. m/z (M+1) 268; '"H NMR (CDCl3) 300 MHz & 4.74 (s
(br), 1H), 3.45 (s, 2H), 2.50-2.40 (m, 1H), 2.40-2.33 (m, 1H), 2.05-1.87 (m, 4H), 1.80 (dd,
J=2.4,10.3 Hz, 1H), 1.65 (dd, J= 3.0, 10.0 Hz, 1H), 1.54-1.40 (m, 3H), 1.45 (s, 9H), 1.37
(dd, J=3.1,10.0 Hz, 1H).

Step VII: To a stirred solution of fert-butyl [1-(hydroxymethyl)tricyclo[3.3.1.0*"non-3-
yllcarbamate (0.65 g, 2.45 mmol) obtained in step VI in THF (10 mL) at ice bath
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WO 20071113634PCT/1B2007/000830 - 59 - (CDC13) 300 MHz 8 8.14
(d, J= 8.8 Hz, 2H), 7.39 (d, J= 8.8 Hz, 2H), 3.70-3.60 (d (br), 2H),
2.62-2.50 (m, 2H), 2.38-2.23 (m, 3H), 2.15-2.0 (in, 3H), 1.95-
V@%@BOW.J:%% stirred mixture of PjC@RB%h%O
1-(4-nitrophenyl)tricyelo[3.3.1.03Inonan-3-amine (2.0 g, 5 8.0 mmol)
obtained in step Ill, K2CO3 (3.5 g, 24 mmol) in THE (80 niL), cooled to
ice-bath temperature was added benzylchloroformate (50% w/v in
Toluene, 2.2 mL, 12 mmol). After ét??rl”ng the reaction mixture at r.t for 2 h,
it was diluted with water and extracted with EtOAe. The combined organic
layers were washed with brine, dried over Na2S04, and the solvent was
removed under reduced pressure to obtain benzyl [2-(4-nitrophenyl) 10
hexahydro-2 5- ryllca anepvp
aSPART Sy Sy SR AR ﬁ%@g&ﬁf}%w; o e 016
mgrell ad5pe hiornIfaus), Aanda S5 78 NUMRTEDCARST BB MRS faion a
théarhetExfhElFndd Hor’ (P91 -8 A+dB ifikfbld 20 -PletSalld st} odl GtR - BEDAC. The
(m, 1H), 2.50-1.55 (m, 1114), 13C NMR (C[C)‘I(_:f%?) 75 7§§ 155.1 54.{2%\} ;
copiined Seeani¢ 44yPr S5 TARAPY EN (2K, .@Y?c% R %%5‘,}%%‘? jont was
refitbdadl SURAS4 e wkédD, FidBud?. 1T40.8:r8de0. fBodndy: Tan gtimididdohytioeplumn

of benzyl[2-(4-nitrgphenyllhexahydro-2,5:methanqpentalen- . .
SRR GO AR AT 0 o BE ) B Gl L el SRR ige] el
[3rRiktOr& adnniaid} nitiE] anthethaubioetpesivelscons Haujdv@sS4dddd 466 yield.

NRAC1. (0.5.9 :
g N e R TG LER B AR BTSN 201 5 26
2.0 G 1D, 26 2eth faratiie 2A42-7186r6u,thFDudR 8- shalpadids diRd. @the/ = 2.2,

i, S o. e r residue was
1%%1%&%11%@%?%;%9 é%(%‘i’c{téé&dvi\’/{i%g tb,ﬁ%‘? ’lfl'ff?(‘eggmgg})if?fed organic layer

was washed with brine, dried over anhydrous Na2S0O4 and the solvent

was evaporated under reduced ppegsassgida #btain benzyl 25

[2- 4-amino§1henyl) lcarbamat

C R T T e Ty R S ok G B T oS s

(0.75 g) in 81% yield. miz (M+1) 363; IR cm-3 3441,2950, 1715, 1517,

1346, 1216, 756. NMR (CDC13) 30Q MHz 5 7.45-7.05 (in, 911), 5.20-5.0

(s (br), 2H), 2.65-2.50 (m, 1P1), 2 (in, 114), 2.36-1.57 (m, 10H).

830

Step I: Nitration mixture (1 mL) [the nitration mixture was prepared by mixing of 10.5 g of
nitric acid (d 1.375 at 22 °C), 180.0 g of conc. sulphuric acid (d 1.84 at 22 °C), and 16 g of
H,0) was added drop wise to a stirred solution of 1-(1—pheny1tricyclo[3.3.1.03’7]n0n-3-
yl)ethanone (240 mg, 1.0 mmol) obtained in preparation 1, in nitromethane (4 mL) at 0 °C.
After stirring for 2 h, the reaction mixture was poured into ice cold water and extracted
with EtOAc, the combined organic layers were washed with brine and dried over Na;SOq.
The solvent was evaporated under reduced pressure and the crude product was purified by
column chromatography to obtain 1—[1~(4~nitrophenyl)tricyolo[3.3.1.03’7]n0n~3 -yl]
ethanone as an off-white solid (250 mg) in 88% yield. M.R: 61.3-66.6 °C m/z (M+1) 286;



10

15

20

25

Preparation 5 (25', 48)-1-(chloroacetyl)-4-fluoropyn-olidine-2-earbonitrile
CN Step I: To a stirred solution of (251,

4F\(’3)-4-h droxypyrrolidine-2-carboxylie acid (13.1 g, 0.1 mol) i
w(ﬂ o) }§6330Ied to OC was added acetyl chloride (14.3 rnL, %gﬂr%g%)ﬁg@eor&o

a period of 30 min. The reaction mixture was warmed to room temperature
and stirred for 2 h. The volatiles were removed under reduced pressure
and the residue was triturated with ether several times to get methyl
(25,4R)-4-hydroxypyrrolidinc-2- 105(§a'rboxylate hydrochloride salt as a
white powder (14.5 g) in 100% yield. in/z (M+1) 145; IHNIVIR (DMSO-d6)
300 MHz 8 5.7-5.5 (s (br), 111), 4.55-4.35 (m, 2H), 3.76 (s, 3H), 3.35 (d,
J=12 Hz 1H), 3,10 (d, J= 12 Hz 111), 2.25-2.0 (m, 211). 0 Step Il: To a

A R e e nsepd SR i1

to 0C was added Et3N (28 inL, 0.2
(dydot)3 DMARHD,61.43, 6lrdimdl)7 &ivd BDe a6t ¥1D.iR16 162135 fimy) 1 H), 2.34-

2 F SRR iR vpcr el MR FQaTstggnperatre and

he solvent was then removed under vacuum and ether
was added to the residual solid. The solid was filtered through a sintered

sﬂﬂgewg washeddherau ol o estter, THss itratedyasie0aiaratea) and 1,4
e e 2O e o S P PR GHA i o
5 Aiies o NaAR Ayfiraniienivias evapddatbdropeise tedutit-prodeivs of 1-
B T
stérighin 1,4-dioxane (14 mL) at ice bath temperature. The reaction mixture was gradually
warmed to r.t. and after 1 h, it was cooled to ice bath temperature and acidified with conc.
HCI, diluted with water, and extracted with EtOAc. The combined organic layer was
washed with brine, dried over Na;SOs4, and the solvent was removed under reduced
pressure to obtain 1-(4-nitrophenyl)tricyclo [3.3.1.0>7] nonane-3-carboxylic acid (2.27 g)
in 75% vyield as off-white solid; M.R: 145-150 °C m/z (M—1) 286; IR em™! 3437, 2945,
1693, 1596, 1511,1408, 1352, 946, 839, 749. "H NMR (CDCl;) 300 MHz 5 8.16 (d, /= 8.8
Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 2.96-2.88 (m, 1H), 2.59-2.52 (m, 1H), 2.44-2.33 (m,
1H), 2.23-2.03 (m, 4H), 2.02-1.68 (m, SH).

Step IIT: To the stirred solution of 1—(4—nitropheny1)tricyclo[3.3.1.03’7]nonane~3—carboxylic
acid (3.0 g, 10.45 mmol) obtained in step II, in CHCl3 (21 mL) was added conc. H,S04
(4.2 mL, 78.9 mmol) then solid NaN; was added in portions, so that the temperature of the
reaction did not rise above 40°C. The reaction mixture was warmed to 45°C and after
stirring for 2 h it was cooled again to ice bath temperature, diluted with water and extracted
with BtOAc. The aqueous layer was basified with 50% NaOH solution and extracted with
CHCl;. The combined organic layer was washed with brine, dried over Na;SOy, and the
solvent was removed under reduced pressure to obtain 1-(4-nitrophenyl) tricyclo
[3.3.1.0%"] nonan-3-amine as an off-white solid (2.0 g) in 74% yield. M.R: 201.0-205.9 °C
m/z (M+1) 259; IR cm™ 3435, 2941,1643, 1596, 1518, 1400, 1349, 1013,750. 'H NMR
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vacuum yielding 1-tert-butyl 2-methyl (25,
4R)-4-hydroxypyrrolidine-1,2-diearboxylate as 25 a white solid (24.5 g) in
100% ieId.£M+1) 245; 111 NMR (CDC13) 300 MHz 64.54437 WO
‘586991\’}56"% PCT/1B2007/000830 -61 - (m, 213), 3.75 (s, 311} 3510%/4§830
(m, 211), 2.48-2.21 (m, 2H), 2.13-2.0 (in, HI), 1.46 (s, 3H), 1.41 (s, 611).
Step Ill: To a stirred solution of compound obtained in step 11 (24.5 g, 0.1
mol) in 1,2- 5 dichloroethane (300 mL) cooled to -10C was added
diethylaminosulfur trifuoride (19.7 mMP,0.15 mol) over a period of 30
minutes. The reaction mixture was stirred at this temperature for 1 h then
at room temperature for 16 h. The reaction mixture was quenched by
adding mixture of crushed ice (300 g) and solid NaHCO3 (25.2 g, 0.3

SRRV CENCIV S v R e e T
21yinesdpiad GueR))RyABAE3Nm2 KW 2 d3elth €ns ol \Was ieh{ovetHinder

reduced pressure to obtain 1-rert-butyl 2-methyl (25,48)-4-
fluoropyrrolidine-1,2-dicarboxylate as a viscous liquid (24,.7 g) in 100%

SteilY:rEina Stired srxtorCE ICteriFmphguiiiondoB13 NV Ro@eei smios 2.0 g

8.%%?-8&4&@@4&%1% 18- 8,651 3% 3132, £hRS1f Gn F1P: 5902 L2 ddbled to ice-
4.42 (d, J= 8.9 Hz, 1/2 H), 3.90-3.55 (m, 2H), 3.75 (s, 153H), 2,55-2.20

3

beihtopperatug yasHdsied hanmyloblarpfempioyS9% Wy dhitalpeifutio i 12 mmoD.

Aldestnbiiy - rathvh (@B Ahy-4t iy dsop iy blidhs dilheddidd baxytated @drdaged with
0.1 mg)) obtained jn step Ill in TI-IF (200 jnL) cooled to OC was adde,

Bl ORI B B O TERIB) H T B0 e S e A g end he
solvent Thes2 Gamactio nunidureedvasdy anesed¢o twonbtem dentyire[ar(d@-nitrophenyl)
stirred for 12 h until the T S jon_of the r ion. T .
R h e SR A SR e @1 9 i
7636 packteN]. RheCacué068 Reninddlad i RitncORd4nC ad BidrdEsl 1349,
ith EXQA i ic layer 1S ith water and byine,
e S DS AN B e I B0 1 o,
5.08l5106(d (bres2HYeAS HBEMARIH), 2.50-1.55 (m, 11H). °C NMR (CDCly) 75 MHz §

AT o el ar o . o1

42321 FIMRAG ¢2. 311860 Miaz

Step V: To a stirred solution of benzyl[2-(4-nitrophenyl)hexahydro-2,5-methanopentalen-
3a(1H)-yl]carbamate (1.0 g, 2.55 mmol) as obtained in step IV in a 1:2:4 mixture of water,
THF, and ethanol respectively (10 mL) was added solid NH4C1 (0.5 g, 9.3 mmol) and Fe
powder (0.5 g, 9.0 mmol). The reaction mixture was heated to reflux for 2h. The reaction
mixture was cooled to room temperature and filtered through a small pad of celite. The
filtrate was evaporated under reduced pressure and the residue was diluted with water and
extracted with EtOAc. The combined organic layer was washed with brine, dried over
anhydrous NaySO; and the solvent was evaporated under reduced pressure to obtain benzyl
[2-(4-aminophenyl) hexahydro-2,5-methanopentalene-3a(1H)-yljcarbamate as off-white
solid (0.75 g) in 81% yield. m/z (M+1) 363; IR em™ 3441,2950, 1715, 1517, 1346, 1216,
756. 'H NMR (CDCl3) 300 MHz & 7.45-7.05 (m, 9H), 5.20-5.0 (s (br), 2H), 2.65-2.50 (m,
1H), 2.50-2.40 (m, 1H), 2.36-1.57 (m, 10H).
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55.22 (ddd, J= 3.8, 3.8, 52.3 Hz, 111), 4.60-4.40 (m, 111), 3.95-3.50 (m,
211), 2.78-2.15 (m, 211), 1.6-1.35 (m, 9H). WO
20(?27({11%(2%PCT/182007/000830 - 62 - Step V: To a stirred %Qll ' &{%008 30
WA SHAIRE in step IV (17.3 g, 0.074 mol) in aeetonitrile (25 r#li%?a
room temperature was added pyridine (6.6 mL, 0.082 mol), Boc anhydride
(20 mit 0.089 mol). After 1 h, solid NE1411CO3 (9.4 g, 0.12 mol) was
added and the 5 reaction mixture W_agos_tirred for 12 h. The reaction
mixture was diluted with BtOAc and washed with a mixture (1:1 by v/v) of
brine and IN HO. The organic layer was dried over anhydrous Na2S04
and the solvent was removed under vacuum to obtain tert-butyl (28,
4S)-2-(aminocarbonyl)-4-fluoropynolidine-1-carboxylate (17 g) as a
viscous liquid. The product was used for the next reaction without further
purification. miz (M+1) 233; 10 N%&’%CDCIP, 300 MHz 8 6.70-6.60 (s (br),
'A H), 6.30-6.10 (s (by), V2 H), 5.50B%8& ®r), 1H), 5.22 (ddd, J = 3.4,
3.4, 52.0 Hz, (39) A8)56(dB30¢ace B P3-BitdpyrrdHY 20 2:Bh{tril2H),
1.48 (s, 9H). Step VI: To a stirred solution of the amide obtained in the
previous step (17.9 g, 0.077 15 mol)}dn EtOAeA35 mL) at OC was added
dry HO in EtOAc (4 N, 225 mL) over & period §f 30 min. After stirring at 0C
for 1 h the volatiles were remo derY ed pressure and the
residue was triturated with ether several times to obtain (25,4S)-4-fluoro
pyrrolidine-2-carboxamide, hydrochloride s&Rlas an off-white powder (12

SB:920ayigig | Wylad 30Q.MH '
10.60-10.30 eise(%r}@%%%g 0-’8]%6 ?s 0 (on). A H iﬁ%ﬁ% fy?%%?f%frﬁfld (13.1g,
07 730 {heRefhanels(4R0 B, spoledriosdiCapas pdedpeetybpliorisie (045 mL, 0.2
nid?) bivdr 4 2l IE300ANITHE HhadiR- A8 wRE Nl 2R 68 tdtderature and
3.416;){2.2 m,. H O@% VII: To a stirred suspension of hydrochloride salt
Y4 Shtdined in ?ezé ?E%z‘a?f&é%% Shigrtied drrsivan and 4bersesjdue was
tritwodend tosO@ vmm?dmratsmao L, 42 kdehol), CHARPLHyEBAGHERlidine-2-
ction.mixture w. radua rmed to r.t
c&ﬁ)&fﬂ%te%\ 81%15%% #Qﬁl{ %8 & Witk powder ﬁ%’r 2§ ﬁrrlow&v{;ﬂ’/"a ayé?i il (M+1) 145;

. and stirred for e reaction mass was f
UNBER (18BN ANE00 MHz & 5.7-5.5 (s (br), 1H), 4.55-4.35 (m, 2H), 3.76 (s, 3H), 3.35

(d, /=12 Hz 1H), 3.10 (d, J= 12 Hz 1H), 2.25-2.0 (m, 2H).

Step II: To a stirred suspension of the hydrochloride salt obtained in step I (14.5 g, 0.1
mol) in CH,Cl, (400 mL) cooled to 0°C was added Et;N (28 mL, 0.2 mol), DMAP (0.61 g,
5 mmol), and Boc anhydride (27.5 mL, 0.12 mol). The reaction mixture was gradually
warmed to room temperature and stirred for 2 h. The solvent was then removed under
vacuum and ether was added to the residual solid. The solid was filtered through a sintered
funnel and washed thoroughly with ether. The filtrate was evaporated under reduced
pressure. The residue was dissolved in CH,Cl, and washed with sat. NaCl and sat.
NaHCO; followed by drying over anhydrous NaySO,. The solvent was evaporated under
reduced pressure to obtain light yellow oil which solidified under high vacuum. The
resulting solid was triturated several times with hexanes. The solid was dried under high
vacuum yielding 1-fers-butyl 2-methyl (25, 4R)-4-hydroxypyrrolidine-1,2-dicarboxylate as
a white solid (24.5 g) in 100% yield. (M+1) 245; 'H NMR (CDCls) 300 MHz § 4.54-4.37
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salt bed with ether and the filtrate was evaporated under vacuum to obtain
a crude product WO 2007/113634PCT/1B2007/000830 - 63 - (ZS',

z]; I acetyl) -4-fluoropyrrolidine-2-carboxamide (14.8
é@cougg Iquid in 3:1 mixture of rotomers. iniz (M+1) 209; 11-1 @%07/00083‘)

(DMSO-d6) 300 MHz 8 7.26 (s (br), 1/2 H), 7.04 (s (br), 'A H), 5.34 (d, J=
52.5 Hz, 0.811), 5.25 (d, J= 53.0 Hz, 0.211), 4.58-4.30 (m, 3H), 3.90-3.50
(m, 211), 2.60-2.20 (m, 2H). 5 Step \/()J{I To a stirred solution of the
compound obtained in step VII (14.7 g, 0.07 mol) in dry THF (140 mL)
under N2 atmosphere at 0C was added frifluoroacetic anhydride (15 mL,
0.107 mol). The reaction mixture was gradually warmed to r.t. and stirred
for 1 h. Water was added and the two layers were separated. The

@aueRy sslayee i) e stracten with 19)EsQ4cnd the sanbingbarganien), 1.46 (s,
%?éeﬁ wa hed with brine, dried over anhydrous Na 'SO4. The solvent
S évag d under reduced pressure to obtain crude product, which

was purified by column chromatography to yield

(G f Q9 rroI -2-carbonitril tan
%ﬁ in %(A% /%B)E%?Pg%,‘lll)néﬁllx%re 0 woggg%gmer(g) n[g]tﬁo ng%af ? miol) in 1,2-
1@thmmecA0z03) sodwd 2(9620?@4?1&&6¢©B¢L4@Thﬁ128|®}0351ﬁ222540nde (19.7

07 @, BERoI Ko 1) pddd 1N R Gilps 19,390 Mb7, %xq‘g’réd@gs ‘%1 ed at this
3.4,3.4 51,3 Nz 0.8H), 5.37 (ddd. J = 3.4 3.4 510 Hz 0.2 .

tﬁm@e@ﬁql‘ze 8’121% e gt Epogdqupenag )foﬂ Hobs E@eﬁﬁa@% IWGBY?@’ g_@uenched
th6addind ﬁﬁktﬂﬂd)oﬂcﬁ@sﬁeafwéms@d@ a¥¥Qolid NaHCOs (25.2 g, 0.3 mol). The two
2007/113634PC BZ 07/000830 - %}( Pregaratlon

I@Igrilfseie (ie%?%roace C AATTEpy Y STidTA ?{gﬁ%?gmmf@ Jighigsopnethane. The

combined organic layer was washed with brine, dried over anhydrous Na,SOq, and the
solvent was removed under reduced pressure to obtain 1-tert-butyl 2-methyl (25,45)-4-
fluoropyrrolidine-1,2-dicarboxylate as a viscous liquid (24. 7 g) in 100% yield. [a]p—53.3,
(c, 1.0, CHCl3). m/z (M+1) 248, 'H NMR (CDCl3) 300 MHz & 5.20 (ddd, J= 3.8, 3.8, 49.1
Hz, 1H), 4.55 (d, J= 9.5 Hz, % H), 4.42 (d, J = 8.9 Hz, ¥ H), 3.90-3.55 (m, 2H), 3.75 (s,
3H), 2.55-2.20 (m, 2H), 1.46 (s, 3H), 1.41 (s, 6H).

Step IV: To the stirred solution of 1-tert-butyl-2-methyl (25,4S5)-4-fluoropyrrolidine-1,2-
dicarboxylate (24.7 g, 0.1 mol) obtained in step III in THF (200 mL) cooled to 0°C was
added a solution of LiOH (3.6 g, 0.15 mol) in water (200 mL) over a period of 30 min. The
reaction mixture was warmed to room temperature and stirred for 12 h until the TLC
reveals completion of the reaction. The reaction mixture was diluted with water, ether, and
two layers were separated. The aqueous layer was acidified with conc. HCl and extracted
with EtOAc. The combined organic layer was washed with water and brine, dried over
anhydrous NaySOy, and the solvent was evaporated under reduced pressure to obtain (25,
485)-1-(tert-butoxycarbonyl)-4-fluoropyrrolidine-2-carboxylic acid as an off white solid (21
g) in 90% yield. [a]p, —65.7 (c, 1.0, CHCL3); m/z (M—1) 232; 'H NMR (CDCl5) 300 MHz
8 5.22 (ddd, J = 3.8, 3.8, 52.3 Hz, 1H), 4.60-4.40 (m, 1H), 3.95-3.50 (m, 2H), 2.78-2.15
(m, 2H), 1.6-1.35 (m, 9H).
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CN The compound o _
(25,4R)-1-(2-chloroacetyl)-4-fluoropyrrolidine-2-carbonitrile is synthesized

)-4-hydroxypyrrolidine-2-carboxylic acid using t}}%%ﬂ%%m 1000830
géf{]%@%e% ﬁ‘gsteps and procedures as outlined above for

(25,45)-1-(2-chloroacetyl)-4-fluoropyrrolidine-2- carbonitrile starting from
(25,4R)-4-hydroxypyrrolidine-2-carboxylic acid. (25_,4R)-1-(2_-
chIoroacetyl)-4-fluoropyrrolidine-2-9@ onitrile: Solid, 4:1 mixture of two
rotomers; m/z (M+1) 191; 11-1 NTMR (CDC13) 300 MHz 5 5.38 (d (br), J=
51.3 Hz, 0.8 H), 5.33 (d (0, 1= 1051.0 Hz, 0.2 H), 5.02 (d, J= 8.5 Hz, 0.2
H), 4.72 (d, 8.5 Hz, 0.8 H), 4.40-3.30 (rn, 2 H), 4.06 (s, 2H), 3.0-2.65 (m,

1H), 2.62-2.40 (m, 11-1). Preparation 7 o _
(4R)-3-(chloroacetyl)-1,3-thiazolidine-4-carbonitrile 15 Ni Step I: To a

. : %.:ad. Idehyde. (4 was added in "

§% r;%();jhzgslcg)ltlég1 ';IE_T‘g)((:Iy%)(tjieK:e rllgﬁ 82%%{]‘%’?1?% Siflévse?ga&&eﬁ(? 0S db %O Aiinedsinmagatonitrile
(28 shiRare b egrred Yo atjesfteyridiiet( 616 1ElaCO.OBITAGLBo@Snhydride
(ibared toevalensingeed 30 @HH&‘%@%&:&" § Jereguashe Wlth%&glﬁer'élhand the

absolute ethanol then with diethyl ether. The solid weré dned Ua .
A Bt Al Atbyed fon L2 Bl dibe raaetiengsitiere oidy T Bag) With O Ac and
vishdd MilR, 2axBilé €1 :mbs Wi b bade 4 Wﬂ@%ﬂe%@éﬁ%gﬁg’é +8¢ried over

a%ﬁ;frsgfous Na;SO4 and the solvent was removed under vacuum to obtain tert-butyl (2,
45)-2-(aminocarbonyl)-4-fluoropyrrolidine-1-carboxylate (17 g) as a viscous liquid. The
product was used for the next reaction without further purification. m/z (M+1) 233; 'H
NMR (CDCls) 300 MHz & 6.70-6.60 (s (br), % H), 6.30-6.10 (s (br), 2 H), 5.50-5.40 (s
(br), 1H), 5.22 (ddd, J = 3.4, 3.4, 52.0 Hz, 1H), 4.50-4.30 (m, 1H), 3.95-3.50 (m, 2H),
2.90-2.10 (m, 2H), 1.48 (s, 9H).

Step VI: To a stirred solution of the amide obtained in the previous step (17.9 g, 0.077
mol) in EtOAc (35 mL) at 0°C was added dry HCI in EtOAc (4 N, 225 mL) over a period
of 30 min. After stirring at 0°C for 1 h the volatiles were removed under reduced pressure
and the residue was triturated with ether several times to obtain (25,4S5)-4-fluoro
pyrrolidine-2-carboxamide, hydrochloride salt as an off-white powder (12 g) in 92% yield.
m/z (M+1) 133; '"H NMR (DMSO-dg) 300 MHz 8 10.60-10.30 (s (br), % H), 8.90-8.60 (s
(br), ¥ H), 8.10 (s (br), 1H), 7.72 (s (br), 1H), 5.38 (ddd, J = 3.7,3.7, 52.4 Hz, 1H), 4.32
(d, J=10.5 Hz 1H), 4.28 (d, J = 10.4 Hz 1H), 3.64-3.29 (m, 2H), 2.73-2.50 (m, 1H), 2.41-
2.24 (m, 1H).

Step VII: To a stirred suspension of hydrochloride salt as obtained in step VI (12 g, 0.071
mol) in dichloromethane (140 mL) cooled to 0°C was added EtsN (30 mL, 0.213 mol),
chloroacetyl chloride (8.1 mL, 0.107 mol). The reaction mixture was gradually warmed to
rt. and stirred for 1 h. The reaction mass was filtered through a sintered funnel, washed the

salt bed with ether and the filtrate was evaporated under vacuum to obtain a crude product
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WO 2007/113634PCT/1132007/000830 - 65 - 1383, 1343, 1014, 862;
11 1 NMR (D20) 300 MHz 84.40-4.30 (m, 211), 4.304.22 (m, 1H),
(2037}1% %? 2H). Step Il: To a stirred mixture of the compound obtained
instep i % g, 0.1mol) in 5 acetonitrile (400 mL) cooled to 5@%&%07/000830
added pyridine (20.1 int, 0.22 mol) and Boo-anhydride (58 mL, 0.24 mol).
After stirring the reaction mixture for 1 h at room temperature, solid
NH4HCO3 (11.8 g, 0.15 mol) was added and the reaction mixture was
stirred for another 2h. The reaction mixture was partitioned between
ethylacetate and 1:1 mixture of 2N HC1 and brine solution. The aqueous
layer was extracted with ethylacetate, 10 the combined organic layers
were dried over anhydrous Na2S04, and the solvent was evaporated

@ﬁdQWQ%EM&WW@M&Q%&%I&%%W&%@WP@Qa%})%né/ R #Oﬁs liquid in

hjazolidine-3-carboxylate (23 q) as mmy liquid quantitative
ST TR D 5 s LR, M SalOARH 3326 (s (o),
mozrz@quwna;ﬁsmz&l%z@ﬁ% 0688, 53924l Y353 HE AWM 4.58-4.30

A s R, 0

- (4R)-4- (amlnocarbonyl) -1,3-thiazolidine-3- carboxylate (23 g, 0.1 mol) in

: agat ( was added dry,MCl in eth
E; Tﬁﬁeqr{gs?u tmg%@tﬁlﬁgnvya?sﬁl Stirred %’f’){%om er%%pé%r/ (?}Ig(ggogh%fgmol) n

G FHiEs (Wit andenvodet Windemesphere difiS suae aditbdhei flesidaesticanhydride (15

HituERied YD etndaest
,&R )-1,3- thlalgolldlne 4- ?ﬁbﬁ%gﬂﬁ%‘? %ﬁgl d%aslgff 40 R And tired for 1h.

BlitaEY pe e prh htaavaKFr AP e sonamipds he ageoni#Tar 138 eNtracted with
0 Alc 3307 ﬂ%%&nﬁih%ﬁ agariclib& Fasowddbd, With lnkihe3aBd4 bt lanhydrous

%Po 00 MHz 8 10.30- 9 60 (s (br), H), 8.10 (s (in), 'A 11),
NP (5 S0 2, Vs 03 b aepsi i, el product
Which ~v&i$ parjfied), By50eBudth (whrdhirchiplsidic) Sl 13574521 Rl orWiQtyl)-4-
fﬁf&?&ﬁ}&?}ﬁ%@&ﬂa}ﬂé&%@%@? qgﬁ? solid (8 7 g) in 64% yield (3:1 mixture of two
rotomers). [a]p, —51.0 (¢, 1.0, CHCly); IR em™" 3031,3007, 2962, 2241,1679, 1407, 1280,
12225, 1076, 860; m/z (M+1), 191; 'H NMR (CDCl;) 300 MHz & 5.45 (ddd, J = 3.4, 3.4,
51.3 Hz, 0.8 H), 5.37 (ddd, J = 3.4, 3.4, 51.0 Hz, 0.2 H), 5.06 (d, J = 8.9 Hz, 0.2 H), 4.95
(d, 9.3 Hz, 0.8 H), 4.30-3.55 (m, 2 H), 4.06 (s, 2H), 2.65-2.55 (m, 1H), 2.50-2.25 (m, 1H).
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- 66 - Step IV: To a stirred suspension of the hydrochloride salt obtained in
step 111 (16.5 g, 0.1 mol) in dichloromethane (200 mL) cooled to OC were
41 mL, 0.3 mol) and chloroacetyl chloride (8.8 ml." 0.11 m 8>
%ﬁ%ﬁ%&?}imlxture was slowly warmed to room temperaturg %’F(&Bgfl??é) 0830
for 1 h. The reaction mass was filtered through a sintered 5 funnel, the salt
bed was washed with ether, and the filtrate was evaporated under vacuum
to obtain the crude product
(4R)-3-(chloroacety1)-1,3- thlazolldlne 4 carboxamide (20.8 g) as viscous
liquid, which was used in the next step without further purification. ink
(M+1) 209; FR etn-l 3418, 2925, 1736, 1667, 1416, 1219, 771; fEl NMR
(CDCI3) 300 MHz 8 6.60-6.30 (s (br), 1/2 H), 6.0-5.65 (s (br), 1/2 H), 5.02
(dd, J= 3.6, 6.9 Hz, 0.8H), 4.88-4. FocpQr4fib4H), 4.70 (d, J= 8.8 Hz,

0.8H), 4.62 ( J=10.0 Hz, 0.2H), 4.16 (s, 1.6H),
4.11 (s, O. 4H?2§4§§'? @Z 3}3?93"?&‘/?3 g{ ugTapHTelifing - carbomitele Hz,
0.4H), 3.15 (dd,J= 7.1,11.8 Hz, 0.8H), 1.28 (5£1.6H), 1.25 (s, 7.4H). Step
V: To a stirred solution of the compognd ned in step IV (20.7 g, 0.1
mol) in dry 15 THF (200 mL) ungg ith;a%here at 0C was added

)

trifluoroacetic anhydride (21 mL, 0.15 mol).[The reaction mixture was
gradually warmed to room temperature and3§tirred for 1 h. The reaction

TRESUFRpWARI (9 LR WD AL A1 thﬁéyﬁ %%1] RBNUHIE S %rat%glélilg >ﬁg{}%hesmed

%%l;eous Iayer was extracted wi OAcC an e combined organic

At BmyE dlidingregasher dioarii asinm ERSone Tpiemiversteps and
pwmceuas)oaatedumd@r redueed 29 p@§$45§61a&dcm§r5§§é‘é§i? PATRYEIES i dine-2-

| h
R R o oA S e dine 2 ol AE o RSAR)-1-2-
cBRvpadetrl ) aliinotopy2dlidine B cabiad) e M RiB 51 Q- Sdidntze WIZed %)omers m/z

MR MY 6T AERIES 537 Sy 531 2 08 Bl 3 0, -

53; G681 012-18) 8542, (Y, 3 815- Hz’so)(ZTH)ZH)725d WO Hz, 0.8 H), 4.40-3.30 (m, 2 H),
7 §6Fi%-§/€§ﬁ 7/5)%9%3 {)n | P?reparatlon 8
y

tert ButyI(3-ainino carbarnate 5

Preparation 7
(4R)-3-(chloroacetyl)-1,3-thiazolidine-4-carbonitrile

QO

C‘\))\
e

NC

S

Step I To a stirred solution of 40% aq. formaldehyde (40 mL) at 0°C was added in
portions solid L-cystein (12.1 g, 0.1 mol) over a period of 30 minutes. The reaction
mixture was stirred for 4 h, after which the reaction mixture was filtered through a sintered
funnel. The solids were washed with absolute ethanol then with diethyl ether. The solids
were dried under high vacuum to obtain (4R)-1,3 thiazolidine—4 carboxylic acid (12.5 g) in
94% yield. MR, 215-217°C; m/z (M+1) 134; IR ¢ ' 3429, 3049, 2357, 1629, 1463,
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NHBOC Step I: To a solution of the carboxylic acid obtained in
preparation 2 step 1(2.7 g, 12.9 mmol) in toluene (52 mL) at ice bath

{CHRRFAISGELSN (5.8 mL, 38.7 mmol) and diphenylphospho é@lﬁ&%ﬂ%ﬂ%sm

mL, 15.5 mmol) were added. The reaction mixture was 10 gradu

warmed to room temperature, stirred for one hour, and refiuxed for 4 h.
Upon cooling to room temperature, the reaction mixture was transferred to
a separatory funnel and washed oncgy with water. The organic layer was
transferred to an RB flask cooled to ice bath temperature and aq. KOH
solution (50% w/v, 26 mL) and nBu4N1 (476 mg, 1.29 nunol) were added.
The mixture was stirred at room temperature for 2 h. Upon completion 15
of the reaction, the reaction mixture was cooled to ice bath temperature,

msgi ifisd 3010it42 867N BONSAKI GL,OPSURCAREL LS A4 WIEBEHRT K1 AQUEPHS (1m 151,
@/ ngw s#i&ed with ag. NaOH solution (50% w/v), and extracted with
C Po O]T combined organic layers were dried over anhydrous

Na2S04 and the solvent was evaporated under reduced pressure to
ain, t . .
e e IR 7 G eomepnnd slsace e bHiie (:mob i
@ytwse% gﬁ@tbmh)chvied)tqan Wwas NRA(@PIGHS) (200 Mtz 6.22686%) Gihd Boc-
5%9 I%ﬂ'sd.@h ]!hgl Aﬁé? S:"HI‘QH Qﬁ:’e(qgé%t%n%h gl %O 6 H t room
HIS 1, 95 oF

1.78 (|n Stepll: Toa stlrre utlon 0

t‘?ﬁlé’%ﬁarﬂﬁ& b H‘iﬁ‘ Q@a(ﬁé& i géé m{ql)s"gﬂm@@%mdlﬁmsmchon mixture was
stieblofaraadiene?T e bakiss Rathiie %@ga HSo AN &y By ety PaBRPAR Mnd 1:1
Boc anfk/éé‘\(}g&(f 1L, 8.7 mol) nd DM P (44 mg, 0.36 mtnal) were
RS AR S6 J0ES 2 FR R I S o
thaet momhmemlvgmwabyemg\gad ufuéérdeﬁfummﬁﬁwwa%\g4§hﬁhﬁﬂﬂﬁj@ ts)olvclant was
ie column chromato tain tert t
Esggégy %@%{V%@%é{ er%%r 1u§/01)°c%arbamaf g éﬁ"%&‘ O%yl) 13-
thigaedidne Wghe:@latﬂimle)smummmma mmjtmmmle ﬁrﬂdh(s was used
id¥e Holke 28O Mot hrihek plicRioR Y (T ) R IR-4538, 2078

m, 2H), 1.43 és )
2933, 1682, 1392, 1163,763; "H NMR (CDCls) 300 MHz 8 5.70-5.50 (s (br), 1H), 4.80-

4.60 (m, 2H), 4.48-4.30 (m, 1H), 3.50-3.10 (m, 2H).

Step IIl: To a stirred solution of fert-butyl (4R)-4-(aminocarbonyl)-1,3-thiazolidine-3-
carboxylate (23 g, 0.1 mol) in ethylacetate (50 mL) at 0°C was added dry HCI in
ethylacetate (3.5 N, 250 mL). The resulting mixture was stirred at room temperature for 2
h, the volatiles were removed under reduced pressure and the residue was triturated with
ethylacetate several times to obtain (4R)-1,3-thiazolidine-4-carboxamide hydrochloride salt
as an off-white powder (16.5 g) quantitatively. M.R, 201.8-203.9 °C; m/z (M+1), 133; IR

1 3387, 3250, 3189, 2857, 1706, 1675, 1612, 1371,1123, 894; *H NMR (DMSO-dg)
300 MHz 3 10.30-9.60 (s (br), % H), 8.10 (s (br), % H), 7.77 (s (br), 1H), 4.40 (t, J= 7.0
Hz, 1H), 4.31 (d, J = 9.6 Hz, 1H), 4.25 (d, J= 9.6 Hz, 1H), 3.50-3.30 (m, 1H), 3.15 (dd,J
=17.0, 11.7 Hz, 1H).
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Step Illl: To a mixture of NaOH (1.32 g, 33.0 mmol), H20 (8 8 la), and 1,4

dioxane (2 mL) at ice bath temperature was added Br2 (0.6 mL, 12 3

WiRb-apsksfirred for 5 minutes. The resulting hypobromite sglufign was o .o

added dropwise to a stirred solution of the 10 compound obtained In step

11 (0.6 g, 2.2 mmol) in 1,4-dioxane (2 4 mL) at around 10C. The reaction

mixture was gradually warmed to r.t, stirred for 1 h, then cooled to 0 C and

quenched by adding acetic acid (2 mkg 36.3 mmol). The mixture was

diluted with water and extracted in EtOAc. The combined organic layer

was washed with brine, dried over Na2S0O4 and the solvent was removed

under reduced pressure to obtain 1-[(ten- 15 butoxycarbonyl) amino]

tricyclo[3.3.1.03'7]nonane-3-carboxylic acid (0.54 g) as a viscous liquid in

Srodyiekd Wi@ﬂdls)umsmdd? %é@w&gﬁﬁg&(blz &ﬁa]@e@iﬁbia%p;fgﬁ 165 g, 0.1
s ' 12.33=2.22 (M 18-1.72 (m

e Bt 00 B L B LT e b L e B and

Y yagetyloghinsidenBiStamtedih stapli Theokrstion Suidthiat voss badly warmed to

fempeiapéerih , ' | azide (0.5 .
T S
Pt Stirre n?]br S\Qé” AdOYashed ith s tbe Aikratswascoctingetedrooder vacuum

tter?;:mnau;w@mﬂe p&a_(ﬁ:hm qﬁny%ma&é&ﬂ;fgmﬂﬁ%ﬁ?eﬂ%f&%at%ﬂﬁ@é (20.8 g)
Qnge - water. organi ayer was transierred 1o a

o S N C S T S e L
20 1B o) apdil BBLAG| (I3 6nd 66702 416)a} 19erEy adtedNiire (€BENNB00 MHz §

B! tirz ag ro rg for on_completion of the
e T s DTS T LR
(ReiPlifidd thHS Fithfcdritz SR 626t Srcs.svtly, \WEH), 4.51 (d, J = 10.0 Hz,
0200 4.180346ED ! ROAOR] 0985356 (4d, s = 3.4, 11.8 Hz, 0.8H), 3.44 (4d, = 47,

8.0 Hz, 0.4H), 3.15 (dd, J=7.1,11.8 Hz, 0.8H), 1.28 (s, 1.6H), 1.25 (s, 7.4H).

Step V: To a stirred solution of the compound obtained in step IV (20.7 g, 0.1 mol) in dry
THF (200 mL) under N, atmosphere at 0°C was added trifluoroacetic anhydride (21 mL,
0.15 mol). The reaction mixture was gradually warmed to room temperature and stirred for
1 h. The reaction mixture was diluted with water and the two layers were separated. The
aqueous layer was extracted with EtOAc and the combined organic layers were washed
with brine and dried over anhydrous Na,SO4. The solvent was evaporated under reduced
pressure and the residue was purified by column chromatography to yield (4R)-3-
(chloroacetyl)-1,3-thiazolidine-4-carbonitrile (10.0 g) as off-white solid in 53% vield. [a]p,
—147.24 (c, 0.5, CHCl3); M.R, 85.9-87.3 °C; m/z (M+1) 191; IR om™ 2982, 2936, 2245,
1679, 1666, 1393, 1284, 1261, 984, 788; 'H NMR (CDCl3) 300 MHz 8 5.29 (t, J= 4.3 Hz),
4.72 (d, J= 8.8 Hz, 1H), 4.66 (d, J = 8.8 Hz, 1H), 3.45-3.30 (m, 2H).
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- 69 - ether, and the aqueous layer was basified with ag. NaOH solution
(50% w/v) and extracted with chloroform. The combined organic layers
re dri ver anhydrous Na2S04 and the solvent was ev

Wﬁ(@ﬁﬁ ug‘ed pressure to obtain the title compound tert-bug;pis(l@% %907/000830

aminotricyclo[3.3.1.0.3a]non-I-yl)carbarnate as a viscous liquid (0.3 g) in

60% yield. m/z 5 (M+1) 253; 1H NMR (CDC13) 300 MHz 5 2.35-2.28 (m,

1H), 2.20-1.80 (m, 5H), 1.78-1.53 (m, 5H), 1.52-1.47 (in, 11-1), 1.43 (s,

9H). Preparation 9 1-(3-anainotric37(gg 13.3.1.03a]non-1-yl)pyrrolidin-2-one

10 Step I: To a stirred solution of the compound obtained by preparation

8 step 1 (0.9 g, 5.0 mmol) in TI-IF (20 mL) at OC, Et3N (2.1 mL, 15 mmol)

and 4-chloro butyroyl chloride (1.02g. 7.5 mmol) were added. After stirring

the reaction mixture at room temperaiig.ipg 1 h, an aqueous solution of

NaOH (50%, 10 mL) was added drop-wise followed by 15 addition of

n-Bu4NI (182 mg, 10 mol %). After stirring the reaction mixture for 16 h, it

was diluted withivBigl(@nshexdtaciemb . S10AE  dbe Combinaeharganic

layers were washed with brine, dried over Na2S04, and the solvent was

removed under reduced pressure. The crude product was purified by

column chromatography to obtain -acetyltricyclo

[3.3.1.03'7]non-1-yppyrrolidin-2-on '?ﬁzlus liquid (1.0 g) in 81% yield.

ink (M+1) 20 248; 1H NMR (CDC 0 MMz 5 3.42 (t, J = 6.5 Hz, 2H),

2.72-2.66 (m, 11-1), 2.51-2.40 (m, 2HPAE32 (t, J = 7.8 Hz, 21-1),

2.28-2.12 (m, 2H), 2.18 (s, 3H), 2.10-1.87 (m, 5H), 1.81- 1.69 (m, 2H),

1.67-1.60 (m, 2H). WO 2007/113634PCT/1B2007/000830 - 70 - The
Stensliifyhigistirsnsidhsorathar wissasidoehidinet inserepasationet Seputich oe, 129
mihsllyéqm;gﬂueﬁeopsgiﬁﬂn)irhftﬁ@ b&m_@n@&&%@nmm B digxans (18.mb)) and

a : temperatur the reaction was brought to room temperature
RPN, AT G Do TIPS MR e SofEer BT e wes
grtehyibratarmah cbquenchembbratmedisgradefic braclb(3, Amdlrefibxédfviot)h. Upon
cobRES58G0n Mixiire v Allued wihwater extracieduith EIOAS andiber,

combined orgamc??ayers’were Washed with brine and dried ovar 7S04,

anfheasbbdepnaeasitewateed lhedeenstiueser pres starsfersttoren RB flask cooled to
icd WP YRR LY L, HEBEIO LR ok g%@l”&ﬂé%ﬁiﬁﬁlr%% g@% %hg, 1.29

viscous liquid (1.3 g) in"100% yield. m/z (M+1) 250; 1 13) )
mad) ViErs gdd ?{}q]gn;jcgrﬂ was fgreg Yooy iempanatyre for 2 h. Upon completion

of the reaction, the reaction mixture was cooled to ice bath temperature, acidified to pH 2
with conc. HCI, extracted once with ether, the aqueous layer was basified with ag. NaOH
solution (50% w/v), and extracted with chloroform. The combined organic layers were
dried over anhydrous Na,SO,4 and the solvent was evaporated under reduced pressure to
obtain the amino compound 1~(1-aminotricyclo[3.3.1.0*"]non-3-yljethanone as a viscous
liquid (1.3 g) in 56% yield. m/z (M+1) 180; 'H NMR (CDCls) 300 MHz & 2.68-2.61 (m,
1H), 2.49-2.43 (m, 1H), 2.17 (s, 3H), 2.05 (ddd, J = 2.3, 2.3, 10.6 Hz, 1H), 1.95-1.78 (m,
3H), 1.78-1.43 (m, 6H).

Step II: To a stirred solution of the amino compound obtained in step I (1.3 g, 7.26 mmol)
in dichloromethane (29 mlL) at ice bath temperature EtsN (2 mL, 14.5 mmol), Boc
anhydride (2.1 mL, 8.7 mmol), and DMAP (44 mg, 0.36 mmol) were added. After stirring
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102.47-2.23 (m, 6H), 2.08-1.90 (m, 6H), 1.85-1.72 (m, 211), 1.62 (dd, J=
2 4,11.0 Hz, 111). Step lll: To a stirred solution of the acid obtained in

ep 11 {}ﬁ 2.0 rrunol) in CHC13 (21 mL) at room temperature was
XV&H%O% ¢ "gsto4 (1.0 mL, 20 mmol) followed by NaN3 (0.551§7/000830
mmol) in portions over a period of 30 min., so that the temperature of 15
the reaction did not rise above 40C. The reaction was warmed to 45C and
stirred for 2 h, then cooled to ice bath temperature, diluted with water and
extracted with EtOAc. The aqueous'l§§e‘r was basified by adding 50%
NaOH solution and extracted with CHC13. The combined organic layer
was washed with brine, dried over Na2S0O4 and the solvent was removed
under reduced pressure to obtain 1-(3-aminotricyclo [3.3.1.03'7] non-I -y1)

£ PYRIANae QB a5 JRQILNINLE §gld. (ﬁgzé]}#%s e fﬁr?l% é-u(g'é" eja)ctmn mass

221;11-1'RMR (CDC13) 300 MHz 33.41 (t, J= o7
was m@lﬁqdianmlu@ssﬂzwmg@by zosqb(@ngieet@wzl B-poetyl dricwo(fd;3.1.0”

i1 LB Addnizne @.810) B4z viebud 1RAnk- 5@56619/}*3%1& /A0 B6; 'H NMR
10.8 Hz 1Hg4%% WO 2007/113634PCT/IB2007/000830 - 71 - Prep aration

Gk 10idRR s dhalinl By fuiesert 4. 1HY ﬂﬁar{&rﬁ@aﬁwﬂﬁblyﬁzﬁm, 8H),

1 @sStanst R, 2miiries $e/vtgn of the compound obtained from the
preparation 8 step 1(1.0 g, 5 5.6 mmol) in THF (23 mL) at 0C was added

Et3N (1.2 mL, 8.4 mrnol), followed by the addition of
@Iﬂr oboity nyittime cé NhOH gl 325gn&3db)nﬁrﬁkﬁb,sﬂ5ﬁh@t&eﬂbﬁ@hiﬂnl 4 dioxane (2
r f h 0O lutio O%W/
8 i B B R B N o3t it R 85 5 minutes
Téactﬁ@nlmgt@b@vmg@ﬁﬁréelf@mmm ﬁé@@d mnpwmrmands@mécsewmm of the

St SoeaRRINS QI IR%!3Y QAR MIRENE S -dioxane (2.4 mL) at around 10°C.
The reaction mixture was gradually warmed to r.t, stirred for 1 h, then cooled to 0 °C and
quenched by adding acetic acid (2 mL, 36.3 mmol). The mixture was diluted with water
and extracted in EtOAc. The combined organic layer was washed with brine, dried over
Na,SO; and the solvent was removed under reduced pressure to obtain 1-[(zert-
butoxycarbonyl) amino] tricyclo[3.3.1.03’7]nonane-3-carboxy1ic acid (0.54 g) as a viscous
liquid in 87% yield. m/z (M—1) 280; "H NMR (CDCls) 300 MHz & 4.75 (s (br), 1H), 2.78-
2.60 (m, 1H), 2.47-2.40 (m, 1H), 2.33-2.22 (m, 1H), 2.18-1.72 (m, 8H), 1.62-1.53 (m, 1H),
1.43 (s, 9H).

Step IV: To a solution of the acid (0.55 g, 1.95 mmol) obtained in step III in toluene (8
mL) at ice bath temperature Et3N (1.2 mL, 8.8 mmol) and diphenylphosphoryl azide (0.5
mL, 2.3 mmol) were added. The reaction mixture was gradually warmed to r.t., stirred for
one hour, and then refluxed for 4 h. Upon cooling to room temperature, the reaction
mixture was transferred to a separatory funnel and washed once with water. The organic
layer was transferred to a RB flask cooled to ice bath temperature and an aq. KOH solution
(50% w/v, 4 mL) and nBusNI (10 mg, 0.02 mmol) were added. The reaction mixture was
stirred at room temperature for 2 h. Upon completion of the reaction, the reaction mixture

was cooled to ice bath temperature, acidified to pH 2 with conc. HCl, extracted once with
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10 with brine, dried over Na2S04, and the solvent was removed under
reduced pressure. The crude product was purified by column

rgphy to obtain 1-[1-(1,1-di oxido
gé%?a@@?dﬁ?]?z-yptricyclo[&&1.031 non-3-yllethanone as a viEEJ@?@G’WPOS”

(1.0 g) in 61% yield. m/z (M1-1) 284; 1H NMR (CDC13) 300 MHz 63.37 (t,
J= 6.6 Hz, 2H), 3.16 (t, J= 7.5 Hz, 2H), 2.76-2,69 (m, 1H), 2.53-2.47 (m,
1H), 2.39-2.26 (m, 3H), 2.18 (s, 3H), 2 22- 152.07 (m, 41-1), 2.20 (dd, J=

-

3.2, 11.0 Hz, 1H), 1.96-1.89 (in, 1H), 178-1.69 (m, 2H), 1.61 (dd, J= 2.7,
11.0 Hz, 1H). Step II: To a stirred mixture of NaOH (2.1 g, 53.0 mmol),
H20 (14 mL), and 1,4 dioxane (4 mL) at ice bath temperature was added
Br2 (1.0 mL, 19 8 mmol) and the mixture was 20 stirred for 5 minutes.

Eﬁlﬁﬁ foanke W%QWE@V&&" Bﬂgﬁ&i&ﬁl 7 (Ngéﬁg-%ﬁﬁﬁ(}g g&%r@ﬂl) and extracted

squtl(gp offIhe chEprllJir’gj ohtained in step 1(1.0 g, 3.53 mum in

VA GiOXARSTH by SPTEESS RESTEHi Jeveht rewst ¢hed exetionbudiowr Ausy and the

sblaghties roemD remparﬂanraamédqeaﬁaféiwdgaagrgmé%%@&kﬁboégﬁ‘dg'tgrt-butyla-

tempefatye a uenche adding AcC 9

I e Iamer e & R A s vied mis

Mtr AL %SG WHNABRANG DBle) Gt Mlﬁzjﬁdlgéni/@&l&ﬁ[ veas avashesh it 5;{%1@178-1.53
jegQVeR (¢ 7 PCJ/1132007/000830 - 72 - Na2S04, an

?tflee?é?iler?fz Xv\{gjgjr%o{\%ég%%%gf% uced pressure to obtain 1-(1,1-elioxido

iso thiazolidia-2-yptticyclo[3.3.1.03'Inonane-3-carboxylic acid as a viscous

liquid (0.9 g) in 90% yield. ink (M+$) 2861 HHMR (CDC13) 300 MHz 8

3.37 (t, J= 6.6 Hz, 2H), 3.16 (t, .7= 7.8 Hiz, 2H), 2.84-2.76 (m, 111),
2.52-2.41 (m, 2145-38apiovcla{3534.05 Jmon- by hpyrsdidinLeme . 72 (in,

2H), 1.61 (dd, J= 2.2, 11.3 Hz, 1H). i
NIIZ

O

Step I: To a stirred solution of the compound obtained by preparation 8 step I (0.9 g, 5.0
mmol) in THF (20 mL) at 0°C, Et;N (2.1 mL, 15 mmol) and 4-chloro butyroyl chloride
(1.02 g, 7.5 mmol) were added. After stirring the reaction mixture at room temperature for
1 h, an aqueous solution of NaOH (50%, 10 mL) was added drop-wise followed by
addition of n-BusNI (182 mg, 10 mol %). After stirring the reaction mixture for 16 h, it
was diluted with water and extracted in EtOAc. The combined organic layers were washed
with brine, dried over Na,SOq, and the solvent was removed under reduced pressure. The
crude product was purified by column chromatography to obtain 1-(3-acetyltricyclo
[3.3.1.03’7]non-1-yl)pyrrolidin~2-—one as viscous liquid (1.0 g) in 81% yield. m/z (M+1)
248; '"H NMR (CDCl;) 300 MHz § 3.42 (t, J= 6.5 Hz, 2H), 2.72-2.66 (m, 1H), 2.51-2.40
(m, 2H), 2.32 (t, = 7.8 Hz, 2H), 2.28-2.12 (m, 2H), 2.18 (s, 3H), 2.10-1.87 (m, SH), 1.81-
1.69 (m, 2H), 1.67-1.60 (m, 2H).

Step II: To a stirred mixture of NaOH (2.4 g, 60.6 mmol), HoO (16 mL) and 1,4 dioxane (4

mL) at ice bath temperature was added Br, (1.13 mL, 22.6 mmol) and stirred for 5 minutes.
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Step IlI: To a stirred solution of the acid obtained in step 11 (0.29 g, 1.0
mmol) in CHC13 (5 mL) at room temperature was added conc. H2SO4

R 3k9,mmol) followed by the addition NaN3 (0.2 g, 3.0 al) in
portions over a period of 30 min; while maintaining the 10 temﬂ;?eg)é}t;é?gm%sso

below 40C. The reaction mixture was warmed to 45C and stirred for 2 h.
The reaction mixture was cooled to ice bath temperature, diluted with
water and extracted with EtOAc. Thg.ﬁﬂueous layer was basified by
adding a 50% NaOH solution and extracted with CHC13. The combined
organic layer was washed with brine, dried over Na2S0O4 and the solvent

was removed under reduced pressure to obtain 1-(1,1- 15
dioxidoisothiazolidin-2-y1) tricyclo [3.3,1.03'7]nonan-3-amine as a viscous
mminbm%ﬂgg);yp@ﬁa?wf)ldomér(mm:b) é’éﬁﬁa lgigﬁbﬁ?e (()%D%s%}x%goHsMg{?fg of the
6.6 Hz 21- t, J= 7. , 2.40-2.24 (m, 4H), 2.
SR AR 0T b I0d Sk HNA8S Byl e me
temperpEs: PHBreadtion Washdughit om0 Buaahin. ;A0 Rhe pesation ikture was
. [{1- i 03 -3- rbamate zL oc .
e e 100y R e AR S g et

aFidr(312 @b.rRby/caenel) 1 heersartice mibrae vesdibueitiatth water, extracted with
FAOWE @y aHS SR BRANS SR 840 WaraaDagliza 3R AVED I d HEBOA Y a,50,,

ia a syringe over a perjod of 15 minutes. After stirring the reaction

WAV FEY I Rm RS aRder £5iues ey HESs 90 @Bk buRasp yelidin-1-y])
teicielitiof$. 3D eArkIE 3463/ 1d 32008/ DB 1iGRid (1.3 g) in 100% yield. m/z

(M+1) 250; 'H NMR (CDCls) 300 MHz & 3.42 (t, J = 7.0 Hz, 2H), 2.78-2.71 (m, 1H),
2.47-2.23 (m, 6H), 2.08-1.90 (m, 6H), 1.85-1.72 (m, 2H), 1.62 (dd, J = 2.4, 11.0 Hz, 1H).

Step IIT: To a stirred solution of the acid obtained in step II (0.5 g, 2.0 mmol) in CHCl3
(21 mL) at room temperature was added conc. H;SO4 (1.0 mL, 20 mmol) followed by
NaNj (0.39 g, 6.0 mmol) in portions over a period of 30 min., so that the temperature of
the reaction did not rise above 40°C. The reaction was warmed to 45°C and stirred for 2 h,
then cooled to ice bath temperature, diluted with water and extracted with EtOAc. The
aqueous layer was basified by adding 50% NaOH solution and extracted with CHCI;. The
combined organic layer was washed with brine, dried over Na,SO4 and the solvent was
removed under reduced pressure to obtain 1-(3-aminotricyclo [3.3.1.0%"] non-1-yl)
pyrrolidin-2-one as an off-white solid (0.25 g) in 74% yield. m/z (M+1) 221; 'H NMR
(CDCl3) 300 MHz 8 3.41 (t, J = 7.0 Hz, 2H), 2.46 (dd, J = 2.4, 10.3 Hz, 1H), 2.38-2.28 (m,
1H), 2.30 (t, J = 8.3 Hz, 2H), 2.16-1.82 (m, 9H), 1.78 (dd J = 2.6, 10.8 Hz, 1H), 1.66-1.58
(m, 1H), 1.51 (dd, J=2.5, 10.8 Hz, 1H).
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of benzylbromide (5.26 mL). The reaction mixture was warmed to room
temperature and stirred for 16 h until TLC revealed disappearance of

hslsesypdagpantanone. Excess NaH was quenched by addin t. a
NEI4C1 solution to the ice cooled reaction mixture. The two |a9f§'~" SRRera00830

separated and the aqueous layer was extracted with EtOAc. The
combined 5 organic layer was washed with brine, dried over anhydrous
Na2S04, and the solvent was evapgl:ﬁt(_ed under reduced pressure to
obtain a crude reaction mass which was purified by column
chromatography to obtain 5-(benzyloxy)adamantan-2-one as a gummy
liquid (7.93 g) in 77 % yield. iniz (M+1), 257; 1H NMR (CDCI3) 300 MHz 8
7.60-7.20 (m, 5 H), 4.51 (s, 2H), 2.72-2.63 (m, 2H), 2.40-2.36 (m, 1H),
2.35-1.92 (m, 10H). 10 Step II: Fresghvmrgraed methylmagnesium iodide
in ether (0.56M, 1 was a %ed hrough a canula tqg the compound
obtained inisskﬁe’%) %@nk&éis%@gzrﬁ i ﬁ‘ﬁ@'ﬁg’ﬁ’rﬁj %%@f’.%ﬁe"r@ﬂiﬁﬁg it
for 0.5 h, the reaction mixture was qugnched by adding sat. aq. NI-14C1
solution. The organic layer was sew%@qand the aqueous layer was

extracted with 15 isopropyl ether. m d organic layer was
washed with water and brine, drie r@nhydrous Na2S04, and the
solvent was removed under reduc ressure to obtain 5-

zyloxy)-2-rnethyl.adamantan-2-ol as a gummy liquid (4:6 mixture of a
%%%@fé’o?yngg%ﬁf?gx&% @% coEmgoHnd qhitained from thanmRa(@DE BHBHN (1.0 g,
j{éﬁl@m AR TEIFO(Rh ik )ati0BC (ﬁa@aggls)d %ﬁI@T%t%w ’824%3%@0“83(1 by the

| 35.(s, 1. ep Ill: The compound obtained in

Step 1 10?79' 5@6135%%%?%3&%%1% Ulede TrmGRher e ity sesatian mixture
ahfdl PR tegtguanes el dobpivrisEabiong amagdiienaldenioHbe by the
Bt bsoLionef (42 Ly-over a period.of 15 minutes.
Zq-é AN (210%, g\%loo’\f\’/ggéﬁé{ghn the reaction mixurasyshgred for 16 h,
lsﬂﬁ%d% Pt PR rEbeGEd 246t BiQACWBe poumbihiito@atpdsgtiowas washed
whith beinandrivdoolaaermiNere SaPAAlS as,extracted
ongdisgpronylether anéz;dgﬁ combined%%bgﬁﬁg%%ggﬁeggﬁﬁﬁﬁgf The

and brine. drieg o8 %b@ogﬁﬁnth"é"é‘?ﬂ\?é‘?ﬁrm régmobtadnuneldr(1,1-di oxido

isdbligeeipresstdcsitie[s 10 Paghics whsmafRS s Withaptha WO in 619
yRAUHDD G219 £ R R '(0}9/83)2 904 NSss 5(7:{{1}3 2 %(.)67 /Hz,OZSH)? 3.16 (t, J=
75 Hz, 2H), 2.76-2.69 (m, 1H), 2.53-2.47 (m, 1H), 2.39-2.26 (m, 3H), 2.18 (s, 3H), 2.22-
2.07 (m, 4H), 2.20 (dd, J = 3.2, 11.0 Hz, 1H), 1.96-1.89 (m, 1H), 1.78-1.69 (m, 2H), 161
(dd, J=2.7, 11.0 ¥z, 1H),

Step II: To a stirred mixture of NaOH (2.1 g, 53.0 mmol), H,O (14 mL), and 1,4 dioxane
(4mL) at ice bath temperature was added Br, (1.0 mL, 19.8 mmol) and the mixture was
stitred for 5 minutes, Thus formed hypobromite solution was added drop-wise to a stirred
solution of the compound obtained in step I (1.0 g, 3.53 mmol) in 1,4-dioxane (7 mL) at
10°C. The temperature of the reaction was gradually brought to room temperature and the
reaction was stirred for 1 h, then it was cooled to ice bath temperature and quenched by
adding AcOH (3.9 mL, 65.7 mmol). The reaction mixture was diluted with water and

extracted with EtOAc. The combined organic layer was washed with brine, dried over
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- 74 - Me011) for 1 h. The solvent was evaporated under reduced
pressure and the product was purified by column chromatography to

RRJamethylketone 1-[1-(benzyloxy) tricyclo [3.3.1.03] non_%{ﬁﬁth%& Nes0
as a gummy liquid (4.84 g) in 65% yield. m/z (M+1), 271; 11- 153

(CDC13) 300 MHz 8 7.40-7.20 (m, 5H), 4.52 (s, 211), 2.70-2.64 (in, 1H),
2.58- 52.52 (m, ), 2.33-2.27 (m, 1H), 2.18 (s, 311), 2.11-1.88 (m, 5H),
1.78-1.58 (in, 4}1). Step IV: To a mjx}gr_e of NaOH (10.8 g, 270 mmol),
1120 (72 ml.,) and 1,4-dioxane (20 mL) at ice bath temperature was
added Br2 (5.2 mL, 100.8 mmol) and stirred for 5 minutes. This
hypobromite solution was added drop-wise to a solution of the compound
obtained 10 from step 111 (4.84 g, 18 nunol) in 1,4-dioxane (18 mL) kept

N, 0, paild thengevaity rmﬁhmm@ﬁ%@%&&@&f@%@ Welbpwarmed;Qioxido iso
4oom. 1m£ei§%1rec%gg it{r ] rflor 1 hﬁ, after Whg: it )gas cooled to 1|,ce bath )
ST Siare ARG EAChed b Soifg AUBAF Y3 0aiE B2V lanistdd-9 o in
wwwawmmemeﬁemmc%m@wgmmmmg Jﬂ%‘ewm,dzﬂ), 3.16 (1,
Vé wish.ori ried ov 4, and the solvent was remove
R R T A D o e o 2, 225198 m,
6/3)311869nGhéme2Bls drbbXilc/ae i Zad BgHmrtiiliquid (4.1 g) in 83% yield.

in/z (M+1), 273; 1H NMR (CDC13) 300 MHz 8 7.40-7.20 (m, 511), 4.52 (s,

211), 2.78-2.70 (m, 1H), 2.58-2.48 (m, 111), 2.45-2.37 (in, 111), 2.18-1.50
Séﬁ&,—ﬁ‘i:ﬁpzosm‘& volrion séithecirisrehiaiaetintstamBa(@dthestbf rmgolBé: CHCls

Sndl) it AR OR-) el BRI ISR @Y

( %il W nmm diphenylphpsphgg%/l agggaz%glyﬁ%l%%r{ﬁﬁ %’%%%?)‘by the

HHEPR Ao PrEur WTEB I RPHSH B¥et RSSHRG S PR e il ragivaiing the

témpenertobie] aftetofhidhthededopanatue was tieeméa eiisedond ItsRAN0r 2 h.
ling.to r temperatyre,. it was transferred to a,separatory funnel and

s b e R R o e oot

WiB fideideodleel agiceusathytenwrsrdasifah b aqddidg sos0feNEI sulvtion and

eA0a0bd A EAN! 492 B cr;}g%kg@@ra&qg%ﬂsdf ﬁ{i%%ﬁgiX&%{s% over

was stirred at room temperature f n completion of the reaction,

N8 Ve a i theix etk dhs esoleamevrde Ha(gl’te‘r‘ﬁ@é@%iumﬁssure to obtain 1-(1,1-

dioxidoisothiazolidin-2-yl) tricyclo [3.3.1.03’7]nonan-3-amine as a viscous liquid (0.17 g)
in 66% yield. m/z (M+1) 257; 'H NMR (CDCls) 300 MHz & 3.36 (t, /= 6.6 Hz, 2H), 3.15
(t, J=1.5 Hz, 2H), 2.40-2.24 (m, 4H), 2.18 (dd, J = 3.0, 10.4 Hz, 1H), 2.13-1.83 (m, 6H),
1.76 (dd, (J=2.4, 10.8 Hz, 1H), 1.65-1.58 (m, 1H), 1.48 (dd, J=2.4, 10.8 Hz, 1H).

Preparation 11

tert-butyl (1-hydroxytricyclo[3.3.1.0*"Jnon-3-yl)carbamate

@\ NHBoc
OH

Step I: To a suspension of NaH (60% dispersed in nujol, 1.92 g, 80 mmol) in THF (80 mL)
cooled to ice bath temperature was added 4-hydroxyadamantanone (6.64 g, 40 mmol) dis-
solved in THF (80 mL) via a syringe over a period of 15 minutes. After stirring the
reaction mixture for 30 min., #BusNI (1.4 g, 4 mmol) was added followed by the addition
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WO 2007/113634PCT/1B2007/000830 - 75 - acidified to pH 2 with cone,
HC1, extracted once with ether, and the aqueous layer was basified with

) o g
r=ToN M@H'ﬂs 6soqlutlon (50% wl/v), and extracted with chloroform.l;léhr(z%%mm 1000830

combined organic layer was dried over anhydrous Na2S04 and
solvent was evaporated under reduced pressure to obtain pure amine
1-(benzyloxy)tricyclo [3.3.1.03a]nonan-3-amine as a 5 gummy liquid (614
mgq) in 80% yield. trilz (M+1), 244; 1_@)4\1MR (CDC13) 300 MHz 8 2.40-2.20

(m, 5H), 2.70-2.48 (m 3H), 2.40 (s (bf), 1H), 2.27-2.16 (in, 111), 2.10-1.40

(m, 9H). Step VI: To a solution of the amino compound obtained from step
V (590 mg, 2.4 mmol) 10 in dichlorometharie (10 mL) at ice bath
temperature was added Et3N (0.5 mL, 3.6 mrool) followed by addition of

Gogmidiidad 6520811 PHaUea ol HeaeiARHHEIMES R 6 @krature and
rtoorH mperatur fﬁ;ﬂé h. Tgfle lvent was removed under reduce

DrEEL e gﬁ} fﬂgﬁc Fe f‘éﬁ&ﬁ%&%‘*%&% Lﬂﬁfi@fﬂwx%ﬂemﬁ?tamn& Excess NaH
\Ekﬂqnwuilg[?w;tddﬁilggﬂ%m;ﬂmm&ﬁ? aéugélig% mﬁaﬂhgaetﬁﬂ @nixture. The two

ivati -hyt benzyloxytricyclo[3.3.1,03'7]non-3- 5 ,
lggﬁge??gn%%e%g %fgggijgmxr{ﬁ%lf%u?&ééﬁig rlir‘?g in 56‘%’%‘7%?5? hi itm%%%g?i igombined
QEARY BET ¥8)s30aME 87 Mine d0ethnVeHiphRDeds7TN ¢S (hr)and Xhé. Sdlvent was
_ . - ) 1.46
%%B%wea B2 aédﬁ&gﬂgrészu& Qd SR 20Tk é&%@ggaggg@w%&%ﬁed by

. _Step VII: A mixture of the compound obtained from g,
ol ABTPEAtp BEnbY B Ahe JAbsryiaxDsdaRgREN«Tr g0asuwssliquid (7.93
Stired wﬁﬂdﬂ&&tm@smgﬁaimmﬁ%%gj%of%%z‘h 7.86-7088 080 5 1), 4.51
mixture was filtered through a pad of elite and the filtrate was
ol A PP kP R BEISR HA hycroey
tricyclo [3.3.1.03a] non-3-yl)carbatnate as an off-white solid (520 mg) in
7%yield. m/z (M+1), 254: 1H NMR (CDC13) 300 MHz 3 4.72 (s (br),

B Dt et e ey G A B s added
thr gl Beatinla20 he TABp@EHhtakial BOSEALNGEB4PIBTY LAY HHODABIB7 mL) at
0%€. A fter stirring it for 0.5 h, the reaction mixture was quenched by adding sat. aq. NH,Cl
solution. The organic layer was separated and the aqueous layer was extracted with
isopropyl ether. The combined organic layer was washed with water and brine, dried over
anhydrous NaySOy, and the solvent was removed under reduced pressure to obtain 5-
(benzyloxy)-2-methyl adamantan-2-ol as a gummy liquid (4:6 mixture of o and B isomers)
(7.5 g) in 95% yield. m/z (M+1), 273; 1H NMR (CDCl;) 300 MHz & 7.42-7.20 (m, 5H),

4.51 (s, 0.8H), 4.48 (s, 1.2H), 2.40-1.30 (m, 13H), 1.40 (s, 1.2H), 1.35 (s, 1.8H).

Step III: The compound obtained in step II (7.5 g, 27.5 mmol) was dissolved in a mixture
of AcOH ((5.5 mL) and THF (28 mL) and added drop-wise through an additional funnel to
the ice cold solution of NaOCI (4%, 275 mL) over a period of 15 minutes. n-BugNI 10
mg, 2 mol%) was added and the reaction mixture was stirred for 1.5 h. The reaction
mixture was poured into a separation funnel and two layers were separated. The aqueous
layer was extracted in diisopropylether and the combined organic layer was washed with
water and brine, dried over Na,SO4, and the solvent was removed under reduced pressure.

The crude product was refluxed with methanolic KOH solution (3.0 g KOH in 55 mL
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Example 1 Q NPNCN\( H Stepl: A stirred mixture of
[3-(2-Methy1-1,3-dioxolan-2-yl)tricyclo[3.3.1.03'7]non-1-yli methyl

WEhanesyiipnate (2.4 g, 7.5 num [as obtained from prepara@%/gézoomoosso
K2CO3 (4.5 5 g, 34.2 mmol), and 1,2,4-triazole (1.5 g, 22.5 mrnol) in

DMF (30 mL) was heated to 110C for 5 h. The reaction mixture was
cooled to room temperature, diluted with water, and extracted with
ethylacetate. The combined o'rgani_c'}gyer was washed with brine, dried
over Na2S04, and the solvent was removed under reduced pressure. The
crude product was purified by column chromatography to obtain
1-{[3-(2-Methyl-1,3-dioxolan-2-y1) tricyclo 10 [3.3.1.03:1
non-l-yllmethy1}-11-1-1,2,4-triazole (1.82 g) as a viscous liquid in 85%

MeEIHD rfolz -+ The 901y ERt ovas le 28Rtk 6 6B JAEAGEEd! hrddTds and the product was

1 s - 00 7.9 N s
P e O oty £ I Pl P E Sy wieveo
(33359 Forprr3 1iipthangne ahagimmy) ligise (4.84 @nirsdSy vide.(sy311+1), 271;

15591ER| (DB edENHEDR 9i4b-7.2 . - -
¢ 1-%,3-dioxolan-2-yOtri((:)y$:rIl})’[§%).’1‘}0532'7 Sﬁgrﬂk-%/lro 2.64 (m, 18, 2.58

3-(2-Meth
A TH A2 AT, £ SR AG-b8Emec Hor, S 41,

p-toluenesulfonic acid (0.16 g) in acetone (36 mL) was refluxed for 4 h.

Th til duced d the residue was
SRR s SRR HL i T A g inbicHiagine (20
mjyert aP8dvicapiriters ohvenidvd Bev@Drale dooslgmietusrd@fed for 5 minutes.

taln. ... . . .
TR EBE A Wharion e 00 chomiascsq Mo, o5 e e prained
frgmaeon JAbId)&sen Lisouuellitpuicd-dioxaui ()32m6) ke MRCRMB1BNPeAture. The
- , , . -2 6 111)
rYHREB PR @4?)5;7&(9%1@ ng)rﬂa)leé I\ @o&%%)nffga%% r&t{g@&g)%g after

2.49-2.42 (m, 1H), 2.16 (s, 3H), 2.0- 1.45 (n, 10
WiigiAbverpcepled fosics bath tenpsratere and quaskediby adding AOF §7.BmL, 65.7

mdh, 28 ded AR bt 1 3eBAREabEBIR0TIORE8 e Edrabined organic layer was
washed with brine, dried over Nap,SQ,, and the solvent was removed under reduced
pressure to obtain 1-(benzyloxy) tricyclo [3.3.1.03’7]nonane-3~carboxylic acid as a gummy
liquid (4.1 g) in 83% yield. m/z (M+1), 273; 1H NMR (CDCl3) 300 MHz § 7.40-7.20 (m,
SH), 4.52 (s, 2H), 2.78-2.70 (m, 1H), 2.58-2.48 (m, 1H), 2.45-2.37 (m, 1H), 2.18-1.50 (m,
9 H).

Step V: To a solution of the acid obtained from step IV (1.36 g, 5 mmol) in toluene (20
mL) at ice bath temperature was added EtsN (2.1 mL, 15 mmol) and diphenylphosphoryl
azide (DPPA, 1.3 mL, 6 mmol). The reaction mixture was slowly warmed to room
temperature and stirred for one hour, after which the temperature was risen to reflux for 4
h. Upon cooling to room temperature, it was transferred to a separatory funnel and washed
once with water. The organic layer was transferred back to the RB flask cooled to ice bath
temperature and aq. KOH solution (50% w/v, 10 mL) and #BusNI (92 mg, 0.25 mmol)
were added. The reaction mixture was stirred at room temperature for 2 h. Upon

completion of the reaction, the reaction mixture was cooled to ice bath temperature,
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Steplll: To a stirred solution of NaOH (1.75 g, 43.8 mmol), 1120 (14.6 inL)
and 1,4 dioxane (2 mL) at ice bath temperature was added Br2 (0.8 mL,
woddpmpliand the mixture was stirred for 5 minutes. The re%%%r} 007/000830
hypobromlte solution was added drop- 5 wise to a stirred solution o?
1-[1-(1H-1,2,4-triazol-1-ylmethyl) tricyclo [3.3.1.03'7] non-3- yl] ethanone
(0.7 g, 2.92 minol) in 1,4-dioxane (4 mL) at ice bath temperature. The
reaction mixture was gradually War_rggq to room temperature and stirred

for 1 h. Then it was cooled to ice bath temperature and quenched by

adding AcOH (3.9 mL, 65,7 rnmol). The crude reaction mixture was

diluted with water and extracted with EtOAc. The 10 combined organic

layer was washed with brine, dried over Na2S04, and the solvent was

acRlifieded witler wetiuged, IS wierioted ienbelwilil <thd d6idzrt- hayleaathidher was

e N DGR R RS e iy Sl o T sgmbine
oBaic, 1987, wasdrie 28/e1 308ydrvey, 1‘%9073@1611&16 MIARNCDB0BRABBted under
T S ggpgeés%t@td 'd%’cﬁx%% e%l:xuné ﬂé@z?ﬂdiyﬁ%& 6[% ]351('6‘3’7 an-3-amine as a

33 (m, 113), 2 1.95 (m, 2H), 1.84 3 (m, 8H). SteplV: To a
sampsgligupdhbiomel n {A%, Eﬁiﬂﬁi@l(Mﬂd}é{Ml) HHCHBYER IGDICHY AP0 MHz §

2 RADARG FCIEROYHE. 29 (Q- 37 47T/} AP13IReS ISiRP iﬂ%) 10-1.40 (m,

CHC13 (2’6 mL) was added conc. H2504 (0.25ruL, 5.2 nundl)
bmogenous solution NaN3 (0.1 g, 1.56 20 mmol) was added in portlons
over a period of 30 minutes, while keeping the temperature of the reaction

bel C Aterstlrr the.reaction m| efor h at r.t., the reaction
S R S i SRRt A A B0 Te o5 me, 2.4 mmol)

1redotchh1mdtmﬂnhtﬁtaﬁon]£hetaqmbaahstdmnmrms basitiddie yEaANI(00550Y) a6 mmol)
C C Qrganic layer
fovli\{/ggév_éag%ga vﬁ\]/tlt S?ﬁl)ga% r%eﬁé& (é)%ig} V(\l;azséﬁ gri%l ‘t%mggS so?vger?tcvb%ns Ixture was
Stréﬁﬁ]oﬂﬁe@ﬁ’mdémp@a@@@jfmésbu@W@b@hﬁaﬁm@d ~widgokadydmpthsiyre and
thitieyele &%@ﬁl@%@g&?g &Eﬁlﬁﬁ%ﬁ%ﬂ%@?@&@ﬂ&%% as

Ink (M+1) 219: IHNMR (CDC13) oo MHz 5 7.98 (S 17
elyent t obtgin SheaBoedeivative). 0§ teePwEl bfml%%%’@e[éﬁ h§%)|non-3-y1)

catbénrdtdds (mdda) LepRt 1730 (ﬁg)fhl@b M@ld m/z (M+1), 343; 1H NMR (CDCly)
2007/113634PCT/1B2007/000830 - !L I_g - To a stirred mixture o
8

300 MiEfA f?r.%%8|(ﬁlﬁﬁbtﬁﬁ9ﬁ.29éﬁ)% S datt)s %Iﬁﬂr?e?(%(esglﬂ), 2.0-
1 @53(811!,’16}1() Na3d1K62G 240 184 @,98nnmol) in DMSO (1 mL) at an ice

Step VII: A mixture of the compound obtained from step VI (730 g, 2.1 mmol) and
Pd(OH)./C (20% wet, 150 mg) in MeOH (9 mL) was stirred under H, atmosphere at room
temperature for 2 h. The reaction mixture was filtered through a pad of celite and the
filtrate was concentrated under reduced pressure to obtain tfers-butyl (1-hydroxy tricyclo
[3.3.1.0*7] non-3-yl)carbamate as an off-white solid (520 mg) in 97% yield. m/z (M+1),
254; 1H NMR (CDClz) 300 MHz & 4.72 (s (br), 1H), 2.48-2.35 (m, 2H), 2.32-2.18 (m,
2H), 1.93-1.70 (m, 6H), 1.55-1.35 (m, 2H), 1.45 (s, 9H).
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bath temperature was added compound
(28)-1-(chloroacetyppyrrolidine-2-carbonitrile 5 (0.07 g, 0.32 mmol). The
re was gradually warmed to room temperature and stirred
?@%Hﬁﬁb%g%l completion of the reaction (checked by TLC), the TR 419
mixture was diluted with EtOAc and washed with water and brine, dried
over Na2S04, and the solvent was removed under reduced pressure. The
crude product was purified by columg?chromatography to obtain the
triazole derivative of (25)-111H-1,2,4-friazol-1-ylmethy1 10 (tricyclo
[3.3.1.03'7]non-3-ylamino) acetyl] pyrrolidine-2-carbonitrile (0.07 g) in 60%
yield as an off-white solid, M.R: 230-235 C. nik (M+1) 355. JR cm-1 3429,
2929, 2224, 1658, 1511,1426, 1330, 1276, 1141,1018, 747. Ili NMR
(CDC13) 300 MHz 5 8.0 (s, 1H), 7.8xsmpld) 4.78 (bd, J- 6.3 Hz, 1H), 4.09
(s, 2H), 3.65-3.35 (m, 4H), 2.40-2.05 (m, 8H), 1.80- 1.62 (m, 4H),
1. 58 1.32 (m, 4H) 15 Example 2 To a stirredrmixture of the triazole
plel (0.6 mmol) and K2CO3
(1.24 g, 9 nunol) in DMSO (122 i @lgtempsrature was added 20
(ZS, 48)-1-(chloroacetyl)-4-fluorgpyrroldine-g-carbonitrile (0.57 g, 3
mmol). The reaction mixturgswgs gradually warmed to room temperature
and stirred for 3 It Upon cdin\géilon of the reaction (checked by TLC), the
reaction mixture was diluted with EtOAc and washed with water and brine,

Md/AvsnfderQm;dmmﬂ%f%@%mg%émwaﬁjﬁﬁﬁﬁg%JQDﬁ%é&(%B 3.1.0*"]non-1-y1]
J/1 g I ce ssure. The crude
R M o 2 oo 5
g(@é amdm@r@iammmilzszgtaamhmmmmmww& bomedha 1 10°c
0P8N Yy, Ipyrro %5 itrile a off-white powder

one o ARV AU ISR, o
eé*é%“?ﬂ.?f &t%leeﬁéaquee(ewm@smmm%@emwshmwmzr(ag,mm over
I\ﬁg&é)(,ddﬂi e Sdvehtinad. ?eiﬂévéh%hﬁeﬁr@&@@%r@ssﬁ ﬁre c?&dg’ |_E%duc‘c was
E{%Q 04 (t, 1= 8.8 Hz, OE%%H? 495 (d, 9.2 Hz, 0.8 H), 4
PYE béfl %‘ﬁyf%%ga ¢ 2f nzg@zw@ﬂwwmsomw tgieyclo
[3:8,12097- m@glem]mmyn} AFHL I (62481 (E62raplesa viscous liquid in 85% yield.
m/z (M+1) 290; IR em™ 2932, 1668, 1506, 1441,1373, 1311,1211,1140, 1047, 876, 753.

'H NMR (CDCl3) 300 MHz & 7.9 (s, 1H), 7.93 (s, 1H), 4.07 (s, 2H), 4.03-3.92 (m, 4H),
2.42-2.32 (m, 2H), 1.86-1.79 (m, 1H), 1.74-1.65 (m, 2H), 1.52-1.37 (m, 8H), 1.26 (s, 3H).

000830

Stepll: A stirred solution of 1-{[3-(2-Methyl-1 ,3-dioxolan—2—yl)tricyclo{3.3.1.03’7}non-1~y1]
methyl}-1H-1,2,4-triazole (2.6 g, 9.09 mmol) obtained from Step I and p-toluenesuifonic
acid (0.16 g) in acetone (36 mL) was refluxed for 4 h. The volatiles were removed under
reduced pressure and the residue was diluted with ethylacetate, washed with 10% aq.
NaHCO; and brine, dried over NaySOy, and the solvent was evaporated under reduced
pressure to obtain 1-[1( 1H-1,2,4-triazol-1-ylmethyl)tricyclo[3.3.1.0° ’7]non~3-y1]ethanone
(2.2 g, 86% yield) as a viscous liquid. m/z (M+1) 246; 'H NMR (CDCl;) 300 MHz § 7.99
(s, 1H), 7.93 (s, 1H), 4.10 (s, 2H), 2.75-2.65 (m, 1H), 2.49-2.42 (m, 1H), 2.16 (s, 3H), 2.0-
1.45 (m, 10H). *C NMR (CDCl5) 75 MHz § 211.0, 151.6, 143.6, 61.6, 56.9, 48.2,45.9,
45.7, 42.6, 41.9, 37.3, 36.6, 26.3.
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nit 10 To a stirred mixture of the triazole amine as obtained in step IV in
example 1 (0.4 g, 1,83 nunol) and K2CO3 (0.4 g, 2.8 mmol) in DMSO (4
Wb haicebath temperature was added (2S,
4R)-1-(chloroacetyl)-4-fluoropyrrolidine-2-carbonitrile (0.35 gl,)(fé(gzr%or%%q??sﬂ
15 The reaction mixture was gradually warmed to room temperature and
stirred for 3 h. Upon completion of the reaction (checked by TLC), the
reaction mixture was diluted with Et@Ac and washed with water and brine,
dried over Na2S04, and the solvent was removed under reduced
pressure. The crude product was purified by column chromatography to
obtain (23', 4R)-4-fluoro- 1- {N42-(1H-1,2,4-triazol-1-ylmethyphexahydro
-2,5-methanopentalen- 20 3a(1H)-yl]glycyllpyrrolidine-2-carbonitrile as a
gummy liquid (0.21 g) as a mixture of two rotamers in 25% yield. raiz
St ) 13733 st MRl GE A0 MH3 8&@&5&% ?% , ﬁ 200
& d (br), J =51.5 Hz, 0.8 H), 5.30 (d (Igr), J%:’ 51.3 Hz, 1); I (()j# ,Téifﬂd 1.4
‘éf%a’, § 5451 8b 1S dAhEepsTalyTe, DesggednBr 149,% mB.(d 624 4hmol) and the
mﬁiﬁl?e)m éﬁn%z;orzylﬁma;&@.(uheltééu}%i@éi%rﬂéoﬁmnﬁé‘m&ﬁl%ﬁ'%&’&Ba@ﬁed drop-
A Q0.7/113634RC 7/000830 - 80 - Example 4 'To a
R A e Gl el Temolagh Wetsarkp 0 non->
yijostirapne. @85 P AriAL OB (@-88gark 34nmDb)) i RYSQH4empakike The

t . . .
S Rrouie RIS hrmed i ropm empr oo i b Then i

WaS{0Q heentiadiy fenppes rechnd Igupesine bycdding teeniB(atarmBnes.7 mmol).
TiikRAdoradiol/ RAERERIRS IRl &viBRGHAR: (B d Le%a%?%f.%val%é%tgm. The
rine, drie

CO{rgn{i)xtur was diluted with EtOAc and washed with water an

R L5, a%er tassBrRbee WAt briney i athererr BiaeQd prdsthereolyent was
refibresdrudel@ragdatedagpssiied by elemn LIIAMa3EIARY- R AhiAN 1% tricyclo

AR -SSR o et st pia230-

238)°16 46%yieiD). mi(m@m)‘émsaﬂgs%ez%ﬁé?m %?;'@7%1 tgaéi Z-%E (33851137,
) S 3. =4, 10-4, m . S, ,

7% B MO IO Y s SR Cblonsinetivaro 200

(m1 HY),290-2.39 (m, | ED}H).06-1.95 (m, 2H), 1.84-1.1.43 (m, 8H).

SteplV: To a stirred suspension of 1-(1H-1,2,4-triazol-1-ylmethyl) tricyclo [3.3.1.0>7]
nonane-3-carboxylic acid (0.13 g, 0.52 mmol) obtained in step III, in CHCI; (2.6 mL) was
added conc. H,SO;4 (0.25 mL, 5.2 mmol). To this homogenous solution NaNs (0.1 g, 1.56
mmol) was added in portions over a period of 30 minutes, while keeping the temperature
of the reaction below 40°C. After stirring the reaction mixture for 2 h at r.t., the reaction
mixture was cooled to ice bath temperature, diluted with water and extracted with EtOA.
The aqueous layer was basified by adding 50% aq. NaOH solution and extraction with
CHCIl3. The combined organic layer was washed with brine, dried over Na;SO, and the
solvent was removed under reduced pressure to obtain 1-(1H-1,2,4-triazol-1-ylmethyl)
tricyclo [3.3.1.0>"Inonan-3-amine (0.08 g) as a viscous liquid in 70% yield. m/z (M+1)
219; 'H NMR (CDCl3) 300 MHz 8 7.98 (s, 1H), 7.93 (s, 1H), 4.07 (s, 2H), 2.38-2.30 (m,
1H), 2.06-1.98 (m, 1H), 1.96-1.80 (m, 2H), 1.72-1.57 (m, 4H), 1.55-1.36 (m, 4H).
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WO 2007/113634PCT/1132007/000830 -81 - Example 5 N, N-N Step I:
A mixture of (3-[(tert-butoxy carbonyl) amino] tricycle
' n-1-yl}methyl methanesulfonates as obtained i '
%;?%Oézﬁgagp mmol), K2CO3 (0.95 g, 6.9 mmol), tetrazole (0.5{]48 g?%iﬁ%%&gw
mmol), and DMF (10.0 nriL) was heated to 110C for 12 h. The reaction
mixture was cooled to room temperature, diluted with water, and extracted
with EtOAc. The combined organic Iz;éir was washed with brine, dried
over Na2S04, and the solvent was rémoved under reduced pressure. The
crude product was purified by column chromatography to obtain ten-butyl
[1-(1H-tetrazol-1-ylmethyl) tricycle 10 [3.3.1.03'7] non-3-yl]carbamate as a
viscous liquid (0.2 g) in 27% yield. nilz (M+1) 320; 11-1 NMR (CDC13)
300 MHz 8 8.48 (s, 111), 4.72 (s (br), 1H), 4.56 (s, 21-1), 2.52-2.43 (m,
1H), 2.37-2.30 (m, 1H), 220180(m 411), 1.72 (ddd, J= 2.7, 12.3, 154
Step Yiilo psEredmixiavg of AR L2gHyiapshiayimethyl) invele $dRiidh dinonan-

3teminenRosg B3 aines!usiaR, Calque (0:2 @98 AR RIDNM ﬁ@&&? at an ice
mt% ) cooled to ice batqdégrgperature \a/a&iii eda solutlon of dry HClin™
E b AT BRI L PR e 5Lt SRR PR OraR SRy RRlidine-2-carbonitrile
(00 geB0reimelR Hlsndadioy oldties W@ﬁ&iﬁﬂ@@ifﬁﬂ&dﬂ tteﬂ%@@r?emperamre and
S progluct, which was. triturat ether
Sgé%%ra tlsrtr?le(s)ét%% gb%éll pé&%% tcd)%)%cﬁ Brige s(a oSk UR?Q ?g‘(\éz reggjion mixture
“gaminmﬁltrwh@{@@qag@s&mn@mglam @rx@ohngg,udﬁ@o%qnemmz, and the

S PA 1
BRSNS 5545 ARl o o

C%ff’f)atw%d?/%édbﬁ’mm mws'soofdzﬂ)étébﬁtﬂ F6-trigeplektylmethyl
(tsiehutioNsdd. ihe* fiydicshinridacsaltaptpiRed iisip-taBokfitte &7 BMPBI, yield

P T e ST B

1an1d1l426;@§3(0 8276, 2148 10id), Afretstiving oo tEaction Vi @ Pfs3 1yt 7.0 (s

109 SRS YRS 804,00 (s, 2m), 3.65-3.35 (m, 4H), 2.40-2.05 (m, 8H), 1.80-
1.62 (m, 4H), 1.58-1.32 (m, 4H).

Example 2
&
Y e

H o

N
)
To a stirred mixture of the triazole amine as obtained in step IV in examplel (0.65 g, 3
mmol) and K,COs (1.24 g, 9 mmol) in DMSO (12 mL) at ice bath temperature was added
(25, 485)-1-(chloroacetyl)-4-fluoropyrrolidine-2-carbonitrile (0.57 g, 3 mmol). The reaction
mixture was gradually warmed to room temperature and stirred for 3 h. Upon completion
of the reaction (checked by TLC), the reaction mixture was diluted with EtOAc and

washed with water and brine, dried over NaySOy, and the solvent was removed under
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5 washed with water and brine, dried over Na2S04, and the solvent was
removed under reduced pressure. The crude product was purified by
atography to obtain (25)-1-{N42-(1H-tetrazol-1- h
ﬁg}?aﬁﬂ%qr%@lg -methanopentalen-3a(1H)-yl] glycyl} pyrrolldlnéy (![F/ﬁi XA)NOOOSM
-2-carbonitrile as an off-white solid (0.09 g) in 40% yield. Ink (M+1) 355;
1H NMR (CDCI3) 300 MHz 3 8.49 (s, 1H), 4.77 (d, J= 6.7 Hz, 1H), 4.56 (,
2H), 3.64-3.38 10(m, 2H), 3.40 (s, 2%3, 2.40-2.05 (in, 6H), 1.80-1.65 (m,
5H), 1.60-1.40 (m, 5H). Example 5k Hydrochloride salt: To a stirred
solution of the compound obtained in example 5 (36 mg, 0.1 =loft in
methanol (2 InL) cooled to 0C was added TMS-CI (25 pL, 0.2 minoft. After
30 minutes, the volatiles were removed under reduced pressure and 15

rgaﬁc[eﬁs dSpasHHtuERigd sl Jmesmitetiedaah iR IS hy to obtain
(ﬁgﬁroc loride salt of (25)-1- {N42-(1H-tetrazol-1-ylmethyl)

5}1%592051%%@5%116 eh%a‘freﬁlil@g( AEM! p}f@g}éymyﬂgﬂ%methanopentalen-
341%5)13@1%5%&&@19&;&)@6&&&@&@@@@&@& AR PEWEP(0.4 g) in 36% yield.

Forcpon o el B g ool coc

3@@&@@3 4.0(g, TH2, Moy, N{mexmnamguama,(e 7502 H3.B0r8unI a6dddd, J =

Seholc 1O b Ao S e s o K O B30 G, 20,

421307. 51:(863@3)[/332@051#;)008301 2822 2wyt Hjt SHin E10Am, The), 1.91-1.69
(%cf)g‘i_lign{eg {fha&@' was washed with brine, dried over Na2S04 and

lvént was removed under reduced pressure. The crude product was
purified by column chromatographyE&semiah tert-butyl
[1-(4-methylpiperazin- 1-y1) methyl] tricyclo [3.3.1.83'7]
non-3-yllcarbamate as a VISCOUS uid (0.39 g) 6% yield. 5 ink (M+1)
350; 11NMR (CDC13) 300 MHz 8 4N2 (s ( br )22.55-2.25 (m, 10H),
2.48 (s, 3H), 2.38 (s, 211), 2.0-4-8E 172(m 1H), 1.70-1.40
(m, 4H), 1.45 (s, 911), 1.35-1.22Am, 1H St@p II % a stirred solution of
the compound obtained ac&.é?%g to step 1(0.38 g, 1.09 10 mmol), in
EtOAc (4.0 mL) cooled to iceNgath temperature was added a solution of dry
HC1 in EtOAc (3 N, 6 mL). The reaction mixture was stirred at the same
temperature for 2 h and the volatiles were removed under reduced
Tp»ressimedmﬁbtaiﬂ afcthed giprotiuetsine hiclohtasetitur ategl thimdiaaﬂmpmﬁe(o 4 g,

B A L M G qpperature wes

added 2S5, 4R)-1 (chloroacetyl)~4~ﬂuoropyrro11d1ne~2—carbomtr11e (0.35 g, 1.83 mmol).

The reaction mixture was gradually warmed to room temperature and stirred for 3 h. Upon

completion of the reaction (checked by TLC), the reaction mixture was diluted with EtOAc
and washed with water and brine, dried over Na;SOy4, and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography to obtain
28, 4R)-4-fluoro-1-{N-[2~(1H-1,2,4-triazol-1-ylmethyl}hexahydro-2,5-methanopentalen-
3a(1H)-yljglyeyl}pyrrolidine-2-carbonitrile as a gummy liquid (0.21 g) as a mixture of two
rotamers in 25% yield. m/z (M+1), 373; 1H NMR (CDCls) 300 MHz & 8.0 (s, 1H), 7.92 (s,
1H), 5.35 (d (br), ] = 51.5 Hz, 0.8 H), 5.30 (d (br), J = 51.3 Hz, 0.2 H), 4.97 (t, ] = 8.4 Hz,
0.2 H), 4.80 (t, 8.4 Hz, 0.8 H), 4.20-3.32 (m, 4 H), 4.10 (s, 2H), 2.87-2.40 (m, 1H), 2.40-
2.33 (m, 1H), 2.25-2.15 (m, 1H), 1.98-1.38 (m, 11 H).
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15

15 Step IlI: To a stirred solution of the hydrochloride (0.33 g, 0.92 mmol)
obtained in step Il, in DMSO (3.7 mL) at room temperature under nitrogen
(25) -1-(chloroacetyppyrrolidine-2-carbonitrile (0. 11(%
‘?ﬁ%gg m K2C03 (0.76 g, 5.53 mmol) were added. After stlg,rlénlglt 0%2/000830
reaction mixture for 3 h, it was diluted with EtOAc and washed 20 with
water and brine, dried over Na2S04, and the solvent was removed under
reduced pressure. The crude product was purified by column
chromatography to obtain (25)-1-{N[§-(f(‘4-methylpiperazin-l -y1) methyl]
hexahydro-2,5-m.ethanopentalen-3a (1H)-yl] glycyl}
pyrrolidine-2-carbonitrile as an off-white solid (0.12 g) in 47% yield. miz
(M+1) 386; NMR (CDC13+CD30D) 300 MHz 84.78 (d, .1= 5.7 Hz, 1H),
3.85-3.50 (m, 4H), 3.30-3.10 25(m, 5H), 2.85-2.70 (m, 8H), 2.52-2.45 (m,
211), 2,38-2.20 (m, 4H), 2.10-1.90 (m, 4H), 1,70-1.40 (m, 5H), 1.40-1.27
(m, 1H). WO 2007/113634PCT/IB 30 - 84 - Example GA:
Hydrochloride salt To a stirred solution of the :zmpound obtained in

example 7 (39 mg, 0.1 mmol) inmethanol (fna ) cooled to OC was added
TMS-C1 (25 uL, 0.2 mmol). Aft minyte volatiles were removed
under reduced pressure and idge w trit&%ted several times with
diethyl ether to obtain (25)-1-{N-[2-[(4-5 ©
methylpiperazin-I-yl)methyllhexayclro-2,5-methanopentalen-3 a(111)-yl]
glycyl} pyrrolidine -2-carbonitrijle ydrochloride salt as an off-white solid
(41 mg). Example7 10Step LANMixture of (3-[(tert-butoxy carbonyl) amino]

] f bt [
e M RS A T 1o

THROM SRSHSHRE (P £ ¥ 42emmpld indABME 1) @triey Mb proaperdtie was added

(4R§l@-(félﬂ612>ibe®mi‘lrQQﬁI%lﬁﬁliiBJﬁecWéeQGQ rgon mMpeLat refhe reaction
ed with w V@ and extr‘iicted with Et0OAc. The combined orﬂlanlc layer

LR KB BN PSESn  FREASBH rftHon completion

WaS WaS
on"emmvmumemémme mp reastion. thhevesuss [dndse twas o Kiedddywashed with

tai t b thi lin-4-ylmethyl)
trlcycrgmf G(%{Rgna non cgaBr aama eeaslséa wsc@é&%ﬁé%% i g %%ﬁi%’ress‘m
Theleruidgotingy 888 p\mchow@:ﬂmoawmwaj(m(bb)a& (BR3-86nf2-(1H-
1@-@&1%2@5'12 ) nflﬂymeﬁh 2%) )25 %%é%"@m%l% (1(1%@11]2;; ycy1§5 (5n

4H), 1.80-1. 1.50
thxazohdme— -carbommle as a light yellow solid (0.18 g) in 46% yield. m/z (M+1) 373; 'H
NMR (CDCl3) 300 MHz 8 7.99 (s, 1H), 7.92 (s, 1H), 5.32 (t, J = 4.1 Hz, 1H), 4.70-4.55
(m, 2H), 4.08 (s, 2H), 3.62-3.48 (m, 2H), 3.40-3.26 (m, 2H), 2.42-2.35 (m, 1H), 2.25-2.15
(m, 1H), 1.90-1.39 (m, 10H).
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201.45 (s, 9H), 1.35-1.20 (m, 1H). Step II: To a stirred solution of the
compound (0.22 g, 0.63 mmol) obtained in step I, in EtOAc (2.0 mL)

ice bath temperature was added a solution of dry ' C
%2%8%}%5 gThe reaction mixture was stirred at same tempﬁj{%{%@'@owsso
and the solvent 25 was removed under reduced pressure to obtain a
crude product, which was triturated WO
20071113634PCT/IB2007/000830 - 85 - several times with diethyl ether to
obtain 1-(thiomorpholin-4-ylmethyl) #cyclo [3.3.1.03'7] nonan-3-amine
hydrochloride salt (180 mg) in 88% vyield. Step Ill: To a stirred solution of
the hydrochloride salt (0.17 g, 0.51 mmol) obtained in step 5 Il above in
DMSO (2.0 mL) at room temperature under nitrogen atmosphere was
added (28)-1-(chIoroacetyppyrrolidjjﬁg(gfnz-ﬁaagbonitrile (0.09 g, 0.52 mmol)
and K2CO3 (0.35 g, 2.55 munol. After s?lrring the reaction mixture for 3 h,
it was diluted with EtOAc and washed with and brine, dried over
Na2S04 and the solvent was ¥ ved undgy réduced pressure. The
crude product was purified by, chfcgato phy to obtain 10 (28)-1-
(N-42-(thiomorpholin-4-ylmethy xa%/dr 2,5-methanopentalen-3a(1H)-
yl] glycyl} pyrrolidine-2-carbonitrile as an ofgwhite solid (0.07 g) in 35%
yield. miz (M+1) 389; 1H NM%}S C13) 300 MHz 8 4.83-4.75 (m, 11-1),

3.90-3.45 (at, 4H), 2.85-2.70 Y, /4H), 2.70-2.60 (m, 4H), 2.48-2.35 (m,
2H), 2.35-2.15 (m, 414), 2.0-1'75 (m, 4H), 1.68-1.40 (m, 511), 1.38-1.25

Stem, nmiiﬁlﬁwwd mmrbuwitmn{m@e) aaitno‘fma?sﬂaeﬂasqr)]la%ﬂ}ﬁoﬁt thaymethyl
C ound obtained.in example 7 (39.mg.,,0 m inm 2
A IR Rerp B S0 2 AR i (0 & 69
myotdliltdrazete (@afogeti4moenabdend Hpie$sfeah) was hesteditovtadC for 12 h.
i fi ith diethyl et i vdrachloride sal
nggf%ﬁgﬁ@é&@&'%ﬁ%‘%%&g 18 Eg@é@y@ﬁ]ﬁé%a?@, "R WAL, RR Extracted
WiBEIR AP0 Ehe ombineb peadire s (wep Waskeglcyith brine, dried over N2;SOy, and
tHey slieinerdscammenddilarrottudile saliddd]l MR crude product was purified by

column chromatography to obtain tert-butyl [1-(1H-tetrazol-1-ylmethyl) tricyclo
[3.3.1.0*"] non-3-yl]carbamate as a viscous liquid (0.2 g) in 27% yield. m/z (M+1) 320; 'H
NMR (CDCl3) 300 MHz & 8.48 (s, 1H), 4.72 (s (br), 1H), 4.56 (s, 2H), 2.52-2.43 (m, 1H),
2.37-2.30 (m, 1H), 2.20-1.80 (m, 4H), 1.72 (ddd, J=2.7, 12.3, 15.4 Hz, 2H), 1.56-1.38 (m,
4H), 1.44 (s, 9H).

Step II: To a stirred solution of the compound obtained in step I above (0.2 g, 0.62 mmol)
in EtOAc (2.0 mL) cooled to ice bath temperature was added a solution of dry HCl in
EtOAc (3N, 3mL). The reaction mixture was stirred at the same temperature for 2 h and
the volatiles were removed under reduced pressure to obtain the crude product, which was
triturated with ether several times to obtain pure hydrochloride salt of 1-(1FH-tetrazol-1-
ylmethyl)tricyclo [3.3.1.0*"Inonan-3-amine (160 mg) in 100% yield. m/z (M+1) 220; 1H
NMR (CDsOD) 300 MHz & 8.72 (s, 1H), 4.70 (s, 2H), 2.52-2.43 (m, 1H), 2.42-2.37 (m,
1H), 2.0-1.80 (m, 5H), 1.70-1.50 (m, 5H).
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WO 2007/113634PCT/1B2007/000830 - 86 - Example 8 Step I: A stirred

mixture of [3-(2-Methy1-1,3-dioxolan-2-yl)tricyclo[3.3.1.031non-1-yl]
nesulfonate as obtained in preparation 2 (1.0 g é

%gagjggr({fglggg 5 8.7 mmol) and isothiazolidine-1,1-dioxide fé@%%? ‘?830

mmol) in DMF (12.0 mL) was heated to 110C for 16 h. The reaction

mixture was cooled to room temperature, diluted with water and extracted

with EtOAc. The combined organic layer was washed with brine, dried

over Na2S04 and the solvent was 1€foved under reduced pressure. The

. crude product was purified by column chromatography to obtain

2-{[3-(2-methy1-1,3-dioxolan-2- 10 yOtricyclo[3.3.1.03'7]non-1-yl]
methyl}isothiazolidine 1,1-dioxide as a viscous liquid (0.69 g) in 70% yield.

i +3) 342: ) 54 04- -4H), 3 =
58 0 SRR SRR S U R0 5 o
mu@Hz, AMBO omb) (et wem teaweraizqiandes)nifrpgen 8BneapheEy, was added
(A5p3-1cBR (Heetl)p furdli@snc i adsoritliR l{omsf%’f%éolﬂm Yid&,CcO; (0.34 g,
C ound %%lned by Step 1(0.68 g, 2.0 mm05 and ptoluenesulfonic
248 R RS SHITIBE aEBROInB (BN vIRls feih WA AEdrFgh EOAG, and
washetiowithixtater \vuasd Oitisie dividdh &g 280 \vasheflevidl:aYwad. removed under
HGO3 and brine, dried over Na2S04,.and the solvent ywas evaporated )
AR ALy S SR R Vi P SR SR RSP ot
(@Malviitfih22 ) Hrinttare]-tHoYoks31)Ghex 88 dbrh i-Bisthhnetieatnlend (01 5B o) relycyl}
% vield 2 . il e Y i ture. of ] .
U U R s
NMIR GBI SOMHARIBHS (0 Bmik.TA (34l Hic B bl WBs3.64-3.38
@%;Sm%tp(s,lémj@@ét@ﬁz.@&{%si'ﬂ.@dlxras%tt&ﬁpﬁff)ﬁp.%iwaﬁ, agged

drop-wise to a stirre

Example 5A: Hydrochloride salf: To a stirred solution of the compound obtained in
example 5 (36 mg, 0.1 mmol) in methanol (2 mL) cooled to 0°C was added TMS-CI (25

pL, 0.2 mmol). After 30 minutes, the volatiles were removed under reduced pressure and
the residue was triturated several times with ether to obtain off-white hydrochloride salt of
(25)-1-{N-[2-(1 H-tetrazol-1-ylmethyl) hexahydro-2,5-methanopentalen-3a(1H)-yl] glycyl}
pyrrolidine -2-carbonitrile (38 mg).

Example 6 -

Loy,

N

e
H,C

Step I: A mixture of {3-[(tert-butoxy carbonyl) amino] tricyclo [3.3.1.0*"Inon-1-y1}methyl

methanesulfonates as obtained in preparation 3 (0.85 g, 2.4 mmol), K,CO; (1.0 g, 7.2

mmol), N-methylpiperazine (0.37 mL, 3.6 mmol) and DMF (10.0 mL) was heated to

110°C for 12 h. The reaction mixture was cooled to room temperature, diluted with water
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WO 2007/113634PCT/1B2007/000830 - 87 - solution of the compound
obtained in step 11 (0.55 g, 1.85 mmol) in 1,4-dioxane (3 mL) at ice bath

WOWREIALUES, The reaction mixture was gradually warmed to ¢ B2007/000830
temperature and after stirring for 1 h; it was cooled to ice bath temperature

and quenched by adding AcOH (1.7 mL, 27.8 mmol). The reaction mixture
was diluted with water and extracted with 5 EtOAc. The combined organic
layer was washed with brine, dried over Na2S0O4, and the solvent was
removed under reduced pressure tc")%’tainl-[(l,1-dioxidoisothiazolidin-z-
yOmethyl]tricyclo[3.3.1.03.7] nonane-3-carboxylicacid (0.39 g) in 70%
yield. in/z (M-1) 298; 11-1 NMR (CDC13) 300 MHz 8 3.32 (t, J= 6.8 Hz,
2H), 3.10 (t, J= 7.4 Hz, 2H), 2.95 (s, 2H), 2.80-2.73 (m, 1H), 2.43-2.41 (m,

aﬁi')e:grz'&ea 70 Iﬁ%zg(!")rl?e Jc%rﬁb@n@@ '13' & GIJ'Q%S?%agH&? mt b%yn 1. %ﬁed over

|n 4H), 1.46 (dd, J= 3.2, 11.0 Hz, 1H Step1V: To a stirred solution B
b%&%é‘%?lﬁ(%t’éﬁtl IpS. Bamgveds undan spire e rinTarersdedieaduct was

piﬁiﬂédHﬁfﬁQél(ﬂnﬁ rﬂhro%@afﬁ%ﬁysﬁwdobﬁh{?’ &9*?2@195!13 34 %W}ﬂ?mzm— -yl
“f‘%gyi slow K#\/ %%1 gr.)j eﬁ%ﬁé{)the reaction temperature below

1! SAHHEAOAMALS G 2 WA HOd odfled) g 14QY6 vield.
matmemm@twwddmedmm@ \BR0EVIRNE SxrasteshVItH)Et09%2 2h&m, 10H), 2.48

G P 2R o A A TR BT i e om0,

loded R2284)and the solvent was evaporated under reduced pressure to
obtain 1- [(1,1-dioxidoisothiazolidin-2-y1) methyl]
trlcycl 0[3.3.1.03:7]Jnonan-3-amine (0.26 g) as 20 viscous liquid in 74%

Sgepdl: e vttt saluiomnithecoonsydo iinedsssading ossgMHE (288, g, 1.09

j’éﬁi‘%?%w"%%% S (o AR AT 3B (e 1) B dr HC

éﬁrﬁéd“mmﬁé a%méeaﬁtfmb rﬁe‘aaﬁ. %{’é”sdw(ﬁlgsagmt%mm)‘: for 2 h
aﬁ&dhE&dﬂZ@@M&c’l?eﬁmzf& Wﬁ@*k@ﬁ@éﬂ%@iﬁlﬁb'%—h%ﬁ% R&de products, which
tem % aﬁfb %dlun er nltr(%aig atoms e (S)- 1{1 chloro- |teetyf)
pyrro RS VAR HE (64 T BB A e? Pink epstsipgerazin-1-yl)
ikl it i3 4.6 rematiia tenkinithyEtoddorids o Stithuvgyiarssesl yield.
brine, dried over Na2S04, and the solvent was evaporated under reduced
Step III: To a stirred solution of the hydrochloride (0.33 g, 0.92 mmol) obtained in step II,
in DMSO (3.7 mL) at room temperature under nitrogen atmosphere (25)-1-(chloroace-
ty)pyrrolidine-2-carbonitrile (0.16 g, 0.92 mmol) and K,CO; (0.76 g, 5.53 mmol) were
added. After stirring the reaction mixture for 3 h, it was diluted with EtOAc and washed
with water and brine, dried over Nay;SO4, and the solvent was removed under reduced
pressure. The crude product was purified by column chromatography to obtain (25)-1-{N-
[2-[(4-methylpiperazin-1-yl) methyl] hexahydro-2,5-methanopentalen-3a (1H)-yl] glycyl}
pyrrolidine-2-carbonitrile as an off-white solid (0.12 g) in 47% vyield. m/z (M+1) 386; 'H
NMR (CDCl3+CD30D) 300 MHz 6 4.78 (d, J = 5.7 Hz, 1H), 3.85-3.50 (m, 4H), 3.30-3.10
(m, 5H), 2.85-2.70 (m, 8H), 2.52-2.45 (m, 2H), 2.38-2.20 (m, 4H), 2.10-1.90 (m, 4H),
1.70-1.40 (m, 5H), 1.40-1.27 (m, 1H).
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WO 2007/113634PCT/111320071000830 - 88 - pressure. The crude
product was purified by column chromatography to obtain (25)-1- (N[2-

isothiazolid n-2-y1)
gﬁ%t O%ﬁg(g%ydro 2,5-methanopentalen-3a(1H)-yl] glycyl} PCT/IB2007/000830

pyrrolidine-2-carbonitrile as an off-white solid (0.17 g) in 43% yield. ink
(M+1) 407; 1ll NMR (CDC13) 300 MHz 8 4.87-4.76 (in, 1H), 3.70-3.40 (m,
2H), 3.44 (s, 211), 53.32 (t, J= 6.7 Hz, 2H), 3.10 (t, J= 7.5 Hz, 211), 2.93
(s, 2H), 2.41-2.10 (m, 8H), 1.90-1.46%¢n, 7111), 1.43-1.35 (m, 1H).
Example 9 10 Step I: A mixture of the compound obtained in preparation 3
(0.9 g, 2.6 nunol), IC2CO3 (1.1 g, 7.8 rrunol) and thiazolidine-2,4-dione
(0.47 g, 4.0 mmol) in DMF (10.5 mL) was heated to 110C for 12 h. The

| ixt t ra re d|| with water, a
Ere}gxﬁrﬁ é&:gé’%'vf éﬁé@_& %e% {lenoerg o(%rlgprag)fﬁcs ayté?r\l/vas \ggsﬁ%}&%ﬁﬁ ?’n@med in
cgraplevet39ans 4, ampthingoribanol 62 rdmovelt it et Cedacedded TMS-C1 (25
U eFsUEn 1 eﬂ@@&ﬁﬁ@&“%&%a‘?ﬂw ?r%@fe‘%&%@unﬁ%?@e%&&c? Bre%sure and

to obtain 3 {31(tert-butoxycarbony
thecrsiges M@MﬁéﬁﬁdlsmrﬁbWea yridhiaiefitin eten -wWiortsais L28)stos[2-[(4-

Iﬂl@mﬁ;ﬁge&m mﬁmmﬁem@%%%&hmé}k%ﬁr@;&%%ﬁgf}éw 8

2
%1&5 nge ca‘ggomtmle hydroch?onde salt as an off-white solid (41 mg).

Example7

N
) Q
H/\g CN

(\N

S
Step I': A mixture of {3-[(fers-butoxy carbonyl) amino] tricyclo [3.3.1.0*"] non-1-yl}methyl
methanesulfonates as obtained in preparation 3 (0.85 g, 2.4 mmol), K,CO; (1.0 g 72
mmol), thiomorpholine (0.4 mL, 3.6 mmol) and DMF (10.0 mL) was heated to 110°C for
12 h. The reaction mixture was cooled to room temperature, diluted with water and
extracted with EtOAc. The combined organic layer was washed with brine, dried over
Na;SO4, and the solvent was removed under reduced pressure. The crude product was
purified by column chromatography to obtain fert-butyl [1-(thiomorpholin-4-ylmethyl)
tricyclo[3.3.1.0*"Inon-3-yl]carbamate as a viscous liquid (0.18 g) in 21% yield. m/z (M+1)
353; 'H NMR (CDCl;) 300 MHz § 4.72 (s (br), 2.75-2.66 (m, 4H), 2.65-2.58 (m, 4H),
2.40-2.28 (m, 2H), 2.17 (s, (2H), 2.0-1.85 (m, 4H), 1.80-1.72 (m, 1H), 1.62-1.50 (m, 4H),
1.45 (s, 9H), 1.35-1.20 (m, 1H).

Step II: To a stirred solution of the compound (0.22 g, 0.63 mmol) obtained in step [, in
EtOAc (2.0 mL) cooled to ice bath temperature was added a solution of dry HCI in EtOAc
(3 N, 4 mL). The reaction mixture was stirred at same temperature for 2 h and the solvent

was removed under reduced pressure to obtain a crude product, which was triturated
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3.57 (s, 2H), 2.46-2.38 (m, 111), 2.38-2.30 (in, 111), 2.02-1.85 (m, 411),
1.80. 1.70 (m, 1H), 1.63 (dd, J=2.9, 10.5 Hz, 111), 1.52-1.40 (m, 3H), 1.44

(dd, J= 203.0, 11.0 Hz, 1H). Step Il: To a stirrel(éj ﬂg ici)r_)m%f0
t e?é?)%rr%%ggﬁd obtained in step 1 (0.2 g, 0.54 mmol) in EtOAC §.ﬁgm£l(_) 830

cooled to ice bath temperature was added a solution of dry HC1 in EtOAc
(3N, 3mL) The reaction mixture was stirred at the same temperature for 2

h and the WO 2007/113634Per/182(8)é)7/000830 - 89 -

several times with diethyl ether to obtain 1-(thiomorpholin-4-ylmethyl) tricyclo [3.3.1.0%7]
nonan-3-amine hydrochloride salt (180 mg) in 88% yield.

Step III: To a stirred solution of the hydrochloride salt (0.17 g, 0.51 mmol) obtained in step
I above in DMSO (2.0 mL) at room temperature under nitrogen atmosphere was added
(25)-1-(chloroacetyl)pyrrolidine-2-carbonitrile (0.09 g, 0.52 mmol) and K,CO;3 (0.35 g,
2.55 mmol. After stirring the reaction mixture for 3 h, it was diluted with EtOAc¢ and
washed with water and brine, dried over Na,SO,; and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography to obtain
(28)-1-{N-[2~(thiomorpholin-4-ylmethyl)hexahydro-2,5-methanopentalen-3a( LH)-yl]
glycyl} pyrrolidine-2-carbonitrile as an off-white solid (0.07 g) in 35% yield. m/z (M+1)
389; '"H NMR (CDCl;) 300 MHz & 4.83-4.75 (m, 1H), 3.90-3.45 (m, 4H), 2.85-2.70 (m,
4H), 2.70-2.60 (m, 4H), 2.48-2.35 (m, 2H), 2.35-2.15 (m, 4H), 2.0-1.75 (m, 4H), 1.68-1.40
(m, 5H), 1.38-1.25 (m, 1H).

Example 7A: Hydrochloride salt: To a stirred solution of the compound obtained in
example 7 (39 mg, 0.1 mmol), in methanol (2 mL) cooled to 0°C was added TMS-CI (25
ML, 0.2 mmol). After 30 minutes, the volatiles were removed under reduced pressure and
the residue was triturated several times with diethyl ether to obtain the hydrochloride salt
of (28)-1-{N-[2-(thiomorpholin-4-ylmethyl) hexahydro-2,5-methanopentalen-3a(1H)-yl]
glyeyl} pyrrolidine-2-carbonitrile as off-white solid (41 mg).
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solvent was removed under reduced pressure to obtain a crude product,
which was triturated with diethyl ether several times to obtain the
laride salt (165 mg) in 100% yield. tniz (M-F1) 267; N cD30D

‘gég{(&gﬂ%gﬁo (s, 21-1), 3.60 (dd, J= 9.0, 11.0 Hz, 2H), 2. 48P|\é 4B1R7/00 oo
1H), 2.34 (ddd, J= 1.6, 6.9, 8.5 Hz, 1H), 1.88-1.68 (in, 6H), 1.68-L53 (m,
31-1), 1.50 (dd, .7= 2.0, 11.4 Hz, 111). Step lll: To a stirred solution of the
hydrochloride salt obtained in step H (0.165g, 0.54 mmol) in DMSO (2 2
mL) at room temperature under nitrogeh atmosphere (S)-1-(2-
chloro-acetyl)pyrrolidine-2-carbonitrile (0.1 g, 0.54 rtunol) and K2CO3

(0.23 g, 1.62 mmol) 10was added sequentially. After stirring the reaction
mixture for 3 h, it was diluted with EtOAc and washed with water and brine,
dried over Na2S04, and the solve %% eé'noved under reduced

pressure. The crude product was purifie y column chromatography to
obtain(25)-1- {N-12-[(2,4-dioxo -1-3\ithiazolidin Hmethyllhexahydro
-2,5-methano pentalen-341H)-ylj Tay -carbonitrile as an
off-white solid (0.11 g) in 50% 58; 11-1 NMR
(CDC13) 300 MHz 8 4.77 (d ~&-§°7.4 Hz, 1H), 3.96 (s, 2H), 3.75-3.38 (m,
211), 3.56 (s, 211), 3.41 (s,R119=8.40-2.10 (m, 6H), 1.90-1.57 (m, 1011),
1.57-1.33 (m, 4H). WO 2007/118634PCT/1B2007/000830 - 90 - Example
10 S:td‘fol To a stirred solution of tert- bu_g/{ 37

YR BRESabs $2ebh-SdinmelipAnAtkieyslodin &y ilon-1-v1]

nsigyMhetepasationas) 46. @Jtagnaﬁmpﬁepb)rmdﬁIze(n&)(éom%msz@ddﬁotl 16 g,

thalimide (0.5 ).t 0 )
ang%11 :g%)lp?g(py a&zlc%'gla%b%xn]y? dl”@%&}i??g%ﬁhﬂﬁ mO (hpsfumel) was
hestedtealdor € 0 Cadr. Ahe Téretiol atiletweresreoodad thundar rﬁdpmedlre diluted
VR SHEP AALIRGRE b RS R TR CAH SR BRERIO AL WRPIIRa with brine,

obtain tert-butyl

drged 088 DiesS O 4Hy Hho -salivessi e | Zgmpved hytitex atdunesl nBsmuthafe crude

pRANR!GAS Wie aanampéﬁr&%éégg %%E%H%Jﬁ?,"gzlﬂé&ﬁef/glﬂﬂz%lan-z-
/z (M+1 397 111 NMR (CDC13) Hz 5 7.90

W?Y?l%fé A Stipopsyl msshy] bs@%aezeéldml g éwaléﬁsw wpus liquid (0.69

g?.lﬁ@@@ﬁém rh})(M-08-304 1fn Mk (CDEHL)GadinRED 4. 6rs1o3%4Mu), 3.30 ¢,
1. 41és 9H 1 34-1.24 (m, 111). Ste{J II; To a stirred solution of the

/8o %i% throm stz A2 T Hz. 1), 2.87 (4, J = 14.6 Hz,

1H), 2.40-2.27 (m, 4H), 1.88-1.72 (m, 2H), 1.72-1.55 (m, 4H), 1.55-1.38 (m, 4H), 1.27 (s,
3H).

Step II: A stirred solution of the compound obtained by Step I (0.68 g, 2.0 mmol) and p-
toluenesulfonic acid (38 mg, 0.2 mmol) in acetone (8 mL) was refluxed for 4 h. The
reaction mixture was diluted with EtOAc and washed with 10% aq. NaHCO; and brine,
dried over NaySO;, and the solvent was evaporated under reduced pressure to obtain 1-{1-
[(1,1-dioxido isothiazolidin-2-yl)methyl]tricyclo[3.3.1.0>"|non-3-yl}ethanone (0.55g) in

92% yield as a viscous liquid.

Step III: To a stirred mixture of NaOH (1.2 g, 27.8 mmol), H,O (8 mL), and 1,4 dioxane
(1 mL) at ice bath temperature was added Br (0.56 mL, 10.4 mmol) and the mixture was

stirred for 15 minutes. The resulting hypobromite solution was added drop-wise to a stirred
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15 dichloromethane (1.1 inL) at 0C was added trifluoroacetic acid (1.1
mL). The reaction mixture was gradually warmed to room temperature and
i r.1.h. The volatiles were removed under vacuum and the residue

\\?K/t(gé%t%gl%%te% several times with diethyl ether to obtain %ET 1B2007/000830

24(3-aminotricyclo[3.3.1.03'7]non-1-yl)methyl]-1H-isoindole-1,3(2H)-dione
(0.4 g) as its trifiuoroacetic acid salt in 86% yield. nth (M+1) 297; LH NMR
(DMSO-d6) 300 20MHz 6 8.05 (s (br), 2H), 7.92-7.80 (m, 4H), 3.51 (s,
211), 2.38-2.30 (m, 1H), 2.30-2.22"(f1,"111), 1.85-1.66 (m, 611), 1.60-1.50
(m, 311), 1.45-1.38 (m, 111). Step lll: To a stirred mixture of the
compound obtained from step 11 (0.4 g, 0.98 mmol) and K2CO3 (0.54 g,
3.92 mmol) in DMSO (4.0 tnL) at ice bath temperature under nitrogen

S G e e o
iosthrthdemparebEgohha ivasiionmixtaie3vas gradualiiueteitioZ @t tamgerature and
aftasBechyith- waler and boised ihigd Qé[tﬁrt%%gé%ead?ﬁ herglve %{b"é@ﬁng AcOH

removed under reduced pressure. The crude product was purifie
(LA1oHm %ﬂﬁjm%%r@miﬁlw_ yuas diluted with water and extracted with

EINAZ: [(he wipsmdd ot it i vaginaehed WM Eenad ¥dep RS Oy, and the
e R e R
yROLyIBei¢he] 281}, T.0P5) mbBaier3 ot ok HtedcitR (OVBOLE) 118 M243:38 vz (M—1)
2ty B G PRald B Yl Gk g 205
(258, 2803 p13ctmy) ) ) ahidrd 4, Tam éiaAct0-2.29 (m, 2H), 2.10-2.0 (m, 2H), 1.82-
1 RETRISRS- Sk ulearhaaifs Gud 9% 119 pgined from
preparation 4, in TI-I

Step IV: To a stirred solution of the acid obtained in step II (0.39 g, 1.31 mmol) in CHCl;
(7 mL) was added conc. HySO; (1.4 mL, 26 mmol). Solid NaNj3 (0.26 g, 3.93 mmol) was
added slowly in portions by keeping the reaction temperature below 40°C. The reaction
mixture was stirred at r.t for 2, h then it was cooled to ice bath temperature, diluted with
water, and extracted with EtOAc. The aqueous layer was basified by adding 50% NaOH
solution and extracted with CHCl;. The combined organic layer was washed with brine,
dried over NaySQy, and the solvent was evaporated under reduced pressure to obtain 1-
[(1,1-dioxidoisothiazolidin-2-yl) methyl] tricyclo[3.3.1.0>"Inonan-3-amine (0.26 g) as
viscous liquid in 74% yield. m/z (M+1) 271; "H NMR (CDCls) 300 MHz § 3.32 t J=6.8
Hz, 2H), 3.10 (t, J= 7.4 Hz, 2H), 2.92 (8, 2H), 2.40-2.28 (m, 3H), 2.01-1.83 (m, 3H), 1.75-
1.52 (m, 6H), 1.50-1.43 (m, 1H), 1.39-1.32 (m, 1H).

Step V: To a stirred mixture of the amine obtained in step IV (0.26 g, 0.96 mmol) and
K>2CO; (0.42 g, 2.9 mmol) in DMSO (4.0 mL) at ice bath temperature was added under
nitrogen atomsphere (S)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile (0.17 g, 1.0 mmol).
After stirring the reaction mixture for 3 h at r.t, it was diluted with BtOAc, washed with

water and brine, dried over Na;SOy, and the solvent was evaporated under reduced
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(30 mL) at OC was added Et3N (0.66 mL, 4.6 mmol) and
3-chloropropanesulfonylchloride 15 (0.42 mL, 3.3 mmol). The reaction

' \%fao warmed to room temperature and stirred for 1 It LAgueous o
solution of NaOH (50% w/v, 6 inL) was added followed by addition o
n-BulNI (56 mg, 0.15 mmol). After stirring the reaction mixture for 16 h, it
was diluted with water and extracted in EtOAc. The combined organic
layer was washed with brine, dried over Na2S0O4, and the solvent was
removed under reduced pressure af8 the crude 20 product was purified
by column chromatography to obtain benzyl [24441,1-
dioxidoisothiazolidin-2-yl)phenyl)
hexahydro-2,5-methanopentalene-3a(H)-yllcarbamate as an off-white

o S SR RS AT B o
(214 -dipxBlorsghimolifr% D C13)<8advMahgdrasd,Fmetlianopeiitalen-3a( LH)-yl]

AU SR B M o 5y e i

497; 1 5L YN xloblab 08 M ey 2871 fpiefipd ) HoxaPdbetd n, 2H), 3.44 (s, 2H),
3.@@Eﬂ@@@%ﬂﬁ)?ﬁﬁb'@;w@?@ﬁ?@ﬁ{ﬁ%ﬂ(s} A N PREARERN, 1.90-1.46
step |, Pd/C (10%, 0.4 g) in MeOH (17 mL) was stirred at room
(o fhbbrhftdd -dnd® 1B atmosphere for 2 h. The reaction mixture was
filtered through a pad of celite and the filtrate was concentrated under
reduced pressure to obtain 1 J4-(#1-dioi<i oisothiazolidin-2-yl)phenyl]
tricyclo [3.3.1.03'7] 10 nonan-3-a e 4 an off-white solid (0.499) in 85%
yield. rniz (M+1) 333; IR cm-' 3418, 1652, 1 772.111 NMR (CDC13)
300 MHz, 8 7.31 (d, J= 8.8 Hz, ), 7.22 (@8.8 Hz, 2H), 3.78 (t, J=

6.6 Hz, 2H), 3.43 (t, J= 7.4 Hz 58247 (M,311), 2.40-2.34 (m,
(mi411 1.9571.70 (m, 411).

111), 2.27-2.11 (m, 211), 2.107
~r
S

Step I A mixture of the compound obtained in preparation 3 (0.9 g, 2.6 mmol), K,CO;
(1.1 g, 7.8 mmol) and thiazolidine-2,4-dione (0.47 g, 4.0 mmol) in DMF (10.5 mL) was

heated to 110°C for 12 h. The reaction mixture was cooled to room temperature, diluted

with water, and extracted with EtOAc. The combined organic layer was washed with brine,
dried over NaySQy, and the solvent was removed under reduced pressure. The crude
product was purified by column chromatography to obtain 3 {3-[(ferz-butoxycarbonyl)
amino] tricyclo[3.3.1.0>"|non-1-yl}methyl-1,3-thiazolidine-2,4-dione as a viscous liquid
(0.28 g) in 25% yield. m/z (M+1) 367; '"H NMR (CDCls) 300 MHz & 4.72 (s (br), 1H),
3.96 (s, 2H), 3.57 (s, 2H), 2.46-2.38 (m, 1H), 2.38-2.30 (m, 1H), 2.02-1.85 (m, 4H), 1.80-
1.70 (m, 1H), 1.63 (dd, J=2.9, 10.5 Hz, 1H), 1.52-1.40 (m, 3H), 1.44 (s, 9H), 1.37 (dd, J =
3.0, 11.0 Hz, 1H).

Step II: To a stirred solution of the compound obtained in step I (0.2 g, 0.54 mmol) in
EtOAc (2.0 mL) cooled to ice bath temperature was added a solution of dry HCI in EtOAc

(3N, 3mL). The reaction mixture was stirred at the same temperature for 2 h and the
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15Step lll: To a stirred mixture of 144-0,1-dioxidoisothiazolidin-2-y1)
phenyl] tricyclo [3.3.1.03'7] nonan-3-amine (0.4 g, 1.2 znmol) and K2CO3
mmol) in DMSO (4.8 mL) at ice bath temperature added
g% fg(clz 3I%’r‘toacetyl) pyrrolidine-2-carbonitrile (0.25 g, 1.44 mlF\rlclyc?(;Wg 000830
reaction mixture was gradually warmed to room temperature and stirred
for 3 h. Upon completion of the reaction (checked by TLC), the reaction
mixture 20 was diluted with EtOAc and washed with water and brine, dried
over Na2S04, and the solvent was rfifoved under reduced pressure. The
crude product was purified by column chromatography to obtain
(25)-1-W4244-(1 J-dioxidoisothiazolidin-2-y1) phenyl]
bexahydro-2,5-methano
lep: ABY I jdine=2-carhonitrile as a white salid (0.28
e he oM e gy Sl B OB T B 550 e wes
tobpges witly dieflyl setheosevena Ziep tor abtain thovhyrreehidelsalt (165 mg) in
16BRRIE; £,37 32675 Hawi) A 2 AE5 G35 /-
Hz, %4.15%,3;%&2& 3.81-@.7 gz?ng ?ﬁ)@g‘égigﬁ%%ﬁ?é%%J 20,
Y-O0F 1430 it 82682 SastRA), 2130 (9ddo 175 Girf- 24819) HaayB1), 1.88-1.68 (m, 6H),
12607 /43 8634 THRRAA07 10908304 83 1Eyample 12 N" /S'o To a stirred
mixture of 144-(1,1-dioxidoisothiazolidin-2-y1) phenyl]tricyclo [3.3.1.03]
nonan-3-amine (as obtained in example 8 step 1) (0.17 g, 0.5 mmol) and
StAN370. 2 btipr&d salwtiomotfichD MEfa il orilly ahicsdedtiniereparaniiesg, 0.54

" -1-{chloroacetyl)-4-fluoropyrrolidine-2-carbonityile
R R e B e roade ©-1-C-
Clémp@r@m}hom@me&mbsmuﬂw@mmmx 1hé Ke GO0 2hgck62l mmol)
W% Tl GUEAGIRN MRGL LGN, ﬂl@’&%gc%w E'Qﬁi?eaf(])g W%SQ?QVWSIJ% uted with
water and brine, dried over Na2S04, and the solvent was rerhove ungier

EtMrardrasied evifowatier andduiasotied wees Plaitice Bydcdieiselvent was removed
uabee RAQBE PRSI O 1O ARl BodotiNZd drurified by column chromatography to

T T o

peitflicordpilitidigtyQbapodittite-ascatbaffuilbits pewHRKROHENiIM3ITY) in 50%

R0 LT 18 N R ITER OIS 3Ll T4 e 8300
2NH2. D573 (ch, 219, 2.5 (2 1Y), B.20 (S 18,283 Ha (2 FHHR. 4D4c (B7)(m, 10H),

1,3‘—7_&}1395#,49? H), 5,34 (d (br), J= 50.4 Hz, 0.2 1-1), 5.15 (d, J= 10.2 Hz,
0.2 H), 4.98 (d, J-= 7.4 Hz, 0.8 H), 4.0-3.50 (m, 4H), 3.76 (t, J= 6.5 H, 2H),

3.35 (t, T= 6.5 Hz, 2 H), 2.80-2.28 (m, 6H), 2.15-1.58 (m, 10H).
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WO 2007/113634PCTAB2007/000830 - 94 - Example 13 To a stirred
mixture of 114-(1,1-dioxidoisothiazolidin-2-y1) phenyl] tricyclo [3.3.1.0317]
-3-amjne as obtained in example 8 step 1l (0.22g, 0.7
VVK%%%@? %gl.%yg, 2.1 5 mmol) in DMSO (3 4 int) at ice bath tem%ﬂ%%?%ggsso
added (2S,4R)-1-(chloroacetyl)-4- fluoropyrrolidine-2-carbonitrile (0.13 g,
2.1 nunol). The reaction mixture was gradually warmed to room
temperature and stirred for 3 h. Upon completion of the reaction (by TLC),
the reaction mixture was diluted witHt0Ac and washed with water and
brine, dried over Na2S04, and the solvent was removed under reduced
pressure. The crude 10 product was purified by column chromatography
to obtain (28,4R)-1- {N424441,1-
dioxidoisothiazolidin-2-yOphenyl] }é%g]?idrﬂjz,5-methanopenta|en-3a(lH)-
yl] glycyl -4- fluoropyrrolidine-2-carbonr file as an off-white powder (0.14 g)

as a 3:1 mixture of two rotomers in43% vyield. raj +1) 487; NMR
(CDC13) 300 MHz57.25(d,J=7 , nggi J=8.7 Hz, 2 H),

: (), Jg 50.é&Hz, 150.2 H), 5.02 (t,
7, 0.8 H), 4.02-3.41 (m, 4H), 3.76 (t, J

5.35 (d (br), J= 51.4 Hz, 0.8 Hj
J=7.2 Hz, 0.2 H), 4.80 (t, ,

2.85-2.25 (m, 61-1), 2.15-1.55 (m,
10H). WO 2007/113634P€3 1B2007/000830 - 95 - C is% To a stirred

6.6 H, 2H), 3.37 (t, J= 7.4
spxpre.of 14d:(da L o0 3o AQNNN T2 -HRRS LKA dFeR s 3320 T non-3-

yl]carbamate (as obtained in step VI preparation 3) (0.67 g, 2.5 mmol) in toluene (10 mL)

)

was added phthalimide (0.52 g, 3.5 mmol), triphenylphosphine (1.05 g, 4.0 mmol), and
diisopropylazodicarboxylate (0.8 mL, 4.0 mmol). The reaction mixture was heated to 90°C
for 4 h. The volatiles were removed under reduced pressure and the residue was purified by
column chromatography to obtain tert-butyl [2-[(1,3-dioxo-1,3-dihydro-2H-isoindol-
2yl)methyljhexahydro-2,5-methano pentalen-3a(1H)-yl]carbamate (0.45 g) as a viscous
liquid in 46% yield. m/z (M+1) 397; 'H NMR (CDCl3) 300 MHz & 7.90-7.80 (m, 2H),
7.77-7.68 (m, 2H), 4.75 (s (br), 1H), 3.60 (s, 2H), 2.47-2.35 (m, 1H), 2.36-2.29 (m, 1H),
2.02-1.84 (m, 4H), 1.77-1.65 (m, 2H), 1.64-1.35 (m, 5H), 1.41 (s, 9H), 1.34-1.24 (m, 1H).

Step II: To a stirred solution of the compound obtained from step I (0.45 g, 1.12 mmol) in
dichloromethane (1.1 mL) at 0°C was added trifluoroacetic acid (1.1 mL). The reaction
mixture was gradually warmed to room temperature and stirred for 1 h. The volatiles were
removed under vacoum and the residue was triturated several times with diethyl ether to
obtain 2-[(3-aminotricyclo[3.3.1;03’7]n0n-1-yl)methyl]-lH—isoindole—1,3(211)-di0ne 04 g
as its trifluoroacetic acid salt in 86% yield. m/z (M+1) 297; 'H NMR (DMSO-dg) 300
MHz § 8.05 (s (br), 2H), 7.92-7.80 (m, 4H), 3.51 (s, 2H), 2.38-2.30 (m, 1H), 2.30-2.22 (m,
1H), 1.85-1.66 (m, 6H), 1.60-1.50 (m, 3H), 1.45-1.38 (m, 1H).

Step III: To a stirred mixture of the compound obtained from step II (0.4 g, 0.98 mmol)
and K,CO;3 (0.54 g, 3.92 mmol) in DMSO (4.0 mL) at ice bath temperature under nitrogen
atomsphere was added (S)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile (0.17 g, 1.0
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nonan-3-amine as obtained in example 8 step 11 (0.25 g, 1.1 mmol) and

K2CO3 (0.46 g, 3.3 5 mmol) in DMSO (5 rnL) at ice bath temperature was

® %dm?!fRG)g‘?-(chIoroacetyl)-l,3- thiazolidine-4-carbonitrile (0.2 B1.1

mmo?). R& teaction mixture was gradually warmed to room t%%%e%g%/ﬁgosm

and stirred for 3 h. Upon completion of the reaction (checked by TLC), the

reaction mixture was diluted with EtOAc and washed with water and brine,

dried over Na2S04, and the solvent was removed under reduced

pressure. The crude 10 product was?purified by column chromatography

to obtain (4R)-3-VV-[214-(1,1- dioxidoisothiazolidin-2-yl)phenyl]

hexithydro-2,5-methanopentalen-34111)-yl] glycyl} -1,3-
thiazolidine-4-carbonitrile as an off-white powder (0.1 g) in 40% yield. rniz

M+1) 487; IR cm-1.3444 2952 .2873, 16 1 , 1416, 1301,1135, :
A Qe SO 6 SR o h Top L st 738 (AR A EIAC and
wWash&d38ith 48afen, aiid ) bririz-drisd Ower2NY, 303, A6 tthk=818eniz waisi Jyemoved under

- 1H)..3 t o= B934 2,40, .

r%rﬁ%% ! %%5115%3 ‘(’r%% écgo‘\ix\zlcg %% fii 1§e§3§%gml 12%%%%%8%%@’%%3 obtain
(BainPiel24(sicfiaxord. - dilydepBiissindgshypetbyliberahydsmeny)

niv@iRea e IRe RN ASKBIRcR AN -YAGRMEBMALS 4 JrEwhil3solid (0.18 g)
mmol) obtained mzprepargpon 4,in THE (30 5 r}[%% at 0C was added

i &3 WIS )6t A L LBV SO R GhPA AMETB LT I HiB et 273 7.75-7.65
(m%@,&mml)’ﬂ(ﬂg nemtmmixw(ﬁmm%v\@m O@ﬂ(malo},agt?dqg)mi)ﬁ}tmﬁﬂ)-z.os (m,
stirr rinh. A equs sqlytion of NaOH (50% w/v, 6 mL) was

7%5’&%’0%%%\?@& @)agﬁb*@f(%? (56 mg, 0.15 mmol) and the reaction

was stirred for 16 h. The reaction mixture was diluted with water and

extracted in EtOAc. The combined rggﬁg {:ilyer was washed 10 with

brine, dried over Na2S04, the solvent was removed under reduced

pressure, and the crude product was purifie column chromatography

to obtain benzyl [24442- Oxopyrrylidin- 1 - ﬁ;;ényl) hexahydro-2,5-

methanopentalene-3a(11-1)- 8 angff-white solid (0.9 g, 69%

yield). m/z (M+1) 431; IHNMR Clﬁ) 300 MHz 87.55 (d, J = 8.6 Hz,
bs, 211), 3.87 (t, J= 7.0 Hz, 21-1),
. , 1H), 2.35-1.55 (m, 12H). Step Il : A
mixture of benzyl [2-[4-(2-0xopyrrolidin-1-yOphenyl) hexahydro-2,5-

N__ -0
S<

0]

Step I: To a stirred solution of benzyl [2-(4-aminophenyl)hexahydro-2,5-methano
pentalene-3a(1H)-yl]carbamate (1.1 g, 3.03 mmol) obtained from preparation 4, in THF
(30 mL) at 0°C was added Et3N (0.66 mL, 4.6 mmol) and 3-chloropropanesulfonylchloride
(0.42 mL, 3.3 mmol). The reaction mixture was warmed to room temperature and stirred
for 1 h. An aqueous solution of NaOH (50% w/v, 6 mL) was added followed by addition of
n-BuyNI (56 mg, 0.15 mmol). After stirring the reaction mixture for 16 h, it was diluted
with water and extracted in EtOAc. The combined organic layer was washed with brine,
dried over NaySOq, and the solvent was removed under reduced pressure and the crude
product was purified by column chromatography to obtain benzyl [2-[4-(1,1-
dioxidoisothiazolidin-2-yl)phenyl) hexahydro-2,5-methanopentalene-3a(1H)-yl]carbamate
as an off-white solid (0.93 g) in 66% yield. M.R: 215.6-219.2 °C m/z (M+1) 467; IR cm™
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methanopentalene-3a(1H)-yllearbamate (0.73 g, 1.7 mmol) obtained in
step | and Pd/C (10%, 0.4 g) in MeOH (17 mL) was stirred at room

under 112 atmosphere for 2 20 h. The reaction F@i‘}fﬂﬁl(Wﬁ)ﬁosso
filtered through a pad of celite and the filtrate was concentrated under
reduced pressure to obtain 144-(3-aminoticyclo[3.3.1.03'7]non-1-y1)
phenyl]pyrrolidin-2-one as an off-white solid (0.43g, 85% yield). m/z (M+1)
297; 1I-1 NMR WO 2007/113634PC§‘%[/182007/000830 - 97 - (CDC13) 300
MHz 8 7.52 (d, J= 8.6 Hz, 2H), 7.25(d, J= 8.6 Hz, 2H), 3.86 (t, J.= 6.9 Hz,
2H), 2.62 (t, J= 7.9 Hz, 211), 2.52-2.42 (in, 1H), 2.32-1.60 (m, 131-1).
Step Ill: To a stirred solution of
144-(3-aminotricyclo[3.3.1.03'7]non-1-yl)phenyll 5 pyrrolidin-2-one

3phtaRd e id QP %%%W)Wéﬁggé% lgb'ﬂx%ﬁz%‘d %%é*%%t%(m, 9H),

temperature under nitrogen atmosphere was ad 2C0O3(0.4
5.-finad) Gesti AR d bYSalaifiordet B 2Hchidtdhoétyl)-5 Hz, 2H), 2.59-2.38 (m, 4H),
2. By isipe-forgrbonitrile (0.21 g, 1.2 mmol). After stirring the reaction
mixture at r.t for 3 li, it was diluted with EtOAc and washed with water and
brine, dried over Na2S04, and the solvent was removed under reduced

Stepds sAlrmi e I6F Grice] r{a)[m(tl,m&mdﬁi&ﬂnmtﬁnﬂimfgﬂiﬁéiﬁw%&Eﬁ&/dro-z,s-
ta obtain the tit pound. (28)- 1-{N-[244-(2-oxQpyrralidin:I-y 0
i SRAIGE N SEhimal o e f A e s K TR a0
0-pyrotin©i2-(4rdnivite stimdviteosplichideagugy iméHyatichsphie for 2 h. The
R e T L
reduged prossurqteipbtaiy 194614 stogitloaqthiazalidingg-ghptrenyl Aripyjo [3.3.1.07]
noaaB3laBfindThs 1 BiE-FranRiadLo Mogy-8l §8% 1184, m/z (M+1) 333; IR cm™ 3418,
1652, 1137, 772. "H NMR (CDCls) 300 MHz, 8 7.31 (d, J = 8.8 Hz, 2H), 7.22 (d, /= 8.8
Hz, 2H), 3.78 (t, J = 6.6 Hz, 2H), 3.43 (t, J = 7.4 Hz, 2H), 2.58-2.47 (m, 3H), 2.40-2.34 (m,

1H), 2.27-2.11 (m, 2H), 2.10-1.95 (m, 4H), 1.93-1.70 (m, 4H).

Step III: To a stirred mixture of 1-[4-(1,1-dioxidoisothiazolidin-2-yl) phenyl] tricyclo
[3.3.1.0%"] nonan-3-amine (0.4 g, 1.2 mmol) and K,COs (0.48 g, 3.6 mmol) in DMSO (4.8
mL) at ice bath temperature was added (2S)-1-(chloroacetyl) pyrrolidine-2-carbonitrile
(0.25 g, 1.44 mmol). The reaction mixture was gradually warmed to room temperature and
stirred for 3 h. Upon completion of the reaction (checked by TLC), the reaction mixture
was diluted with EtOAc and washed with water and brine, dried over Na,SOy, and the
solvent was removed under reduced pressure. The crude product was purified by column
chromatography to obtain (25)-1-{N-[2-[4-(1,1-dioxidoisothiazolidin-2-yl) phenyl]
hexahydro-2,5-methano pentalen-3a(1H)-yl]glycyl}pyrrolidine-2-carbonitrile as a white
solid (0.28 g) in 50% yield. M.R, 214-216 °C m/z (M+1) 469; IR cm™" 3436, 2932, 2240,
1658, 1517, 1414, 1308, 1137, 952, 740. "H NMR (300 MHz, CD3OD)8: 7.35 (d, J = 8.5
Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 4.85 (t, J = 5.4 Hz, 1H), 4.15-3.95 (m, 2H), 3.81-3.70
(m, 3H), 3.60-3.50(m, 1H), 3.42(t, /= 7.4 Hz, 2H), 2.65-2.45(m, 4H), 2.40-1.75 (m, 14 H).
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15

0 CYN To a stirred mixture of the lactam amine,
144-(3-aminotricyclo[3.3.1.03'7]non- 1-y1) 20 phenyl] pyrrolidin-2-one as
tal in.example 12, step Il, (0.15 g, 0.5 mrnol) and 1C2C 3(&).21
‘?Qﬂﬁgﬁg J)‘%??DMSO (2 mL) at an ice bath temperature was adde! (7%7/%0830
45)-1- (chloroacetyl)-4-fluoropyrrolidine-2-carbonitrile (0.1 g, 0.5 trunol).
The reaction mixture WO 2007/113634PCT/1B2007/000830 - 98 - was
gradually warmed to room temperature and stirred for 3 It Upon
completion of the reaction (checked¥y~TLC), the reaction mixture was
diluted with EtOAc and washed with water and brine, dried over Na2S04,
and the solvent was removed under reduced pressure. The crude product
was purified by column chromatography to obtain (28, 45)-4-fluoro-1-
5{N-[24.4-(2-oxopyrrolidin-1-1)phenyllh dro-2,5-methanopentalen-3a
(1/2)-y1] glycyl} pyrrolidine-2-carbon)|\{rrlnep as 6ff-white powder (0.11 g) in
49% yield. m/z (M+1) 451; NMR (CDC13) ;gonHz 57.51(d, J= 8.5 Hz,

211), 7.25 (d, J= 8.5 Hz, 211), 5.43 (ddd, J£3,1,3.1, 51.3 Hz, 1H), 5.12
(d, J=8.7 Hz, 0.2 H), 4.97 (d, J ﬁ H), 4. .62 (m, 2H), 3.85 (t, J= 6.9
Hz, 2H), 3.55-3.40 (m, 2H), 2.8T2A (N Hli), 260 (t, J = 8.2 Hz, 2H),
102.49-2.40 (m, 1H), 2.32-2.25 (m, 1H), 2.21-2.05 (m, 41-1), 2.0-1.60 (m,
9H). To a stirred mixture of thig lagtam amine obtained in example 12,
step 11 (0.15 g, 0.5 mmol) 15 agg K2CO3 (0.21 g, 1.5 minol) in DMSO (2
mL) at ice bath temperature waxadded (4R)-3-
(chloroacety1)-1,3-thiazolidiney4-gaghonitrile (0.1 g, 1.1 mmol). The
reaction mixture was gradually warmed to room temperature and stirred

Torag st onistnepheftioribf Hedieuiior (oheakdin By DL Siiyltrisaction.3.1.0°7]
nBHME WA f&g’%@améﬁ RIOmANTash ey wityvyates %ﬂﬂég'ak?d i&g%ﬁ ©21¢,

over Na2S04 and the solvent was removed underreduced pressure. T
150 epngb prb ddMSEAspurmed aby dolissrbetirolermpssranpy wasoldded (25, 45)-1-

(A8 DA4Ado RpRiiiD-baydaRReEN0.1 ¢, 0.5mmol). The reaction mixture
hexahydro-2,5-methanopentalen-341H)-yl]glycy1}-1,3- )
R e e (b8 & Hpatoryalgtion of the

réacri¢Veheckallby TLC), the reaction mixture was diluted with EtOAc and washed with

water and brine, dried over Na;SOy4, and the solvent was removed under reduced pressure.

The crude product was purified by column chromatography to obtain (28, 45)-1-{N-[2-[4-
(1,1-dioxidoisothiazolidin-2-yl) ~ phenyl]  hexahydro-2,5-methanopentalen-3a(1.H)-yl]
glycyl} -4-fluoropyrrolidine-2-carbonitrile as an off-white powder (0.09 g) in 37% yield as
a 3:1 mixture of two rotomers. IR cm™ 3438, 2953, 2776, 1673, 1518, 1427, 1301,1135,
1078, 955; m/z (M+1) 487; '"H NMR (CDCl3) 300 MHz & 7.25 (d, J = 6.2 Hz, 2 H), 7.20
(d, /= 8.6 Hz, 2 H), 5.42 (d (br), J = 51.0 Hz, 0.8 H), 5.34 (d (br), J = 50.4 Hz, 0.2 H),
5.15(d, J=10.2 Hz, 0.2 H), 4.98 (d, /= 7.4 Hz, 0.8 H), 4.0-3.50 (m, 4H), 3.76 (t, J= 6.5
H, 2H), 3.35 (t, /= 6.5 Hz, 2 H), 2.80-2.28 (m, 6H), 2.15-1.58 (m, 10H).
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WO 2007/113634PCT/1112007/000830 - 99 - 1H NMR (CDCI3) 300 MHz
67.51 (d, J= 6.7 Hz, 211), 7.24 (d, J= 7.0 Hz, 2H), 5.34 (t, J = 4.1 Hz, 1H),
= 7.5 Hz, 1H), 4.60 (d, J= 7.5 Hz, 1H), 3.85 (t, J= 6 ?
‘?%"%q’%%?’?r%‘ 2H), 3.40-3.25 (in, 2H), 2.60 (t, J= 7.8 Hz, 2H),%%?§.dg 000830
(m, 1H), 2.33- 2.25 (in, 1H), 2.21-2.02 (m, 4}1), 2.0-1.6 (in, 811). 5
Example 18 Step I: To a stirred solution of benzyl [2-(4-aminophenyl)
bexahydro-2,5- methanopentalene-341H)-ylicarbamate obtained from
preparation 4 (1.09 g, 3.0 mmol) in-£4 glacial acetic acid (12 inL) was
added 2,5-dimethoxytetrahydrofuran (0.44 g, 3.3 mmol). The reaction
mixture was heated under reflux for 1 h. The mixture was diluted with
ethylacetate, washed with water, 10% aq. NaHCOS3 and brine, The
combined organic layer was dried g}yglj&%@%drous Na2Sa4 and the
solvent was evaporated under reduced pressure. The crude product was
purified by column chromatography to obtain ben®yl (2-14-(1H- 15

pyrrol-1-yephenyllhexahydro-2 ethanope@n-%lH)-yllcarbaniate

(0.8 g) in 65% yield as a visc p 413; 111INMR (CDC13)
300 MHz 8 7.50-7.20 (m, 9H), 1.08-7.84 (m, 214), 6.37-6.30 (m, 2H), 5.10
(s, 2H), 2.65-2.52 (m, 1H), 2£0-3.42 (in, 1H), 2.402.12 (m, 2H), 2.10-1.70
(m, 611), 1.70-1.52 (m, 2H). 8QStep II: To a stirred solution of the
compound obtained from step (O.g g, 1.94 nunol) in MeOH (20 mL) Pd/C
(10%, 0.1 g) was added. Therfeggdion mixture was stirred at r.t. for 2 h
under 112 pressure with a ba n.%rhe reaction mixture was filtered

r R ite and.the filtrate was concenfrated.under reduce ,
Tté: é% %%%é&% Or%%%frlﬁ %Ift[i %j |(§|1. ,F}y?;é?{%o%%xazgﬂ&%rg Be phenyﬁ {ncyc?o ({3 3.1.0° 1
NOPTAaBEBAREOPainegd 00 Preo0da8 step II (0.22g, 0.7 mmol) and KoCOs3 (0.3 g, 2.1

mmol) in DMSO (3.4 mL) at ice bath temperature was added (25,4R)-1-(chloroacetyl)-4-
fluoropyrrolidine-2-carbonitrile (0.13 g, 2.1 mmol). The reaction mixture was gradually
warmed to room temperature and stirred for 3 h. Upon completion of the reaction (by
TLC), the reaction mixture was diluted with EtOAc and washed with water and brine,
dried over NaySOy4, and the solvent was removed under reduced pressure. The crude
product was purified by column chromatography to obtain (2S,4R)-1-{N-[2-[4-(1,1-
dioxidoisothiazolidin-2-yl)phenyl]hexahydro-2,5-methanopentalen-3a(1 H)-yl]glycyl }-4-
fluoropyrrolidine-2-carbonitrile as an off-white powder (0.14 g) as a 3:1 mixture of two
rotomers in 43% yield. m/z (M+1) 487; "H NMR (CDCls) 300 MHz & 7.25 (d, J = 7.9 Hz,
2H),7.20(d, J=8.7Hz 2 H), 535 (d (br), J=51.4 Hz, 0.8 H), 5.28 (d (br), J = 50.7 Hz,
0.2 H), 5.02 (t, /= 7.2 Hz, 0.2 H), 4.80 (t, /= 8.4 Hz, 0.8 H), 4.02-3.41 (m, 4H), 3.76 (t, J
= 6.6 H, 2H), 3.37 (t, /= 7.4 Hz, 2 H), 2.85-2.25 (m, 6H), 2.15-1.55 (m, 10H).
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- 100 - yl) phenyl] hexahydro-2,5-methanopentalen-34111)-amine (0.45 g)
as a viscous liquid (0.45 g) in 83% vyield. in/z (M+1) 279; 1H NMR

MHz 8 7.40-7.25 (m, 411), 7.20-7.05 (m, 211), - é
%§%§%946 (m, 1H), 2.46-2.38 (m, 111), 2.30-2.13 (m, zﬁ)@)’%&’?’ a0
(m, 7H), 1.80-1.70 (m, 111). 5 Step Ill: To a stirred mixture of the
compound obtained from step 11 (0.41 g, 1.5 mmol) and 1C2CO3 (0.62 g,
4.5 mmol) in DMSO (6 mL) at ice bath temperature under N2 atmosphere
was added (8)-1-(2-chloro-acetyppyProtidine-2-carbonitrile (0.26 g, 1.5
innaol). The reaction mixture was gradually warmed to room temperature
and stirred for 3 10 h. Upon completion of the reaction (checked by TLC),
the reaction mixture was diluted with EtOAc and washed with water and

brine, dried over Na2S04, and th%§glve§tlwas removed under reduced
pressure. The crude product was purllﬁlg by column chromatography to

obtain (25)-1-{N42-(4-(1H-pyrrol-1-yl)pheny, ahydro-2,5-methano
pentalen-3a (1R)-yl]glycyl}pytT ine-2-carhonjtrile as a white solid (0.2 g)

in 32% yield 15 as off-white @ | én 41%111 NMR (CDC13) 300
=~¥.05 1), 6.36-6.32 (m, 211),
4.84-4.78 (m, 111), 3.75-3.4Q4my, 211), 3.50 (s, 211), 2.50- 2.42 (m, 1H),
2.38-2.28 (m, 211), 2.25-2.0 11), 2.0-1.70 (m, 7H). Example 19 20
WO 2007/113634PCT/1B2007{000830 - 101 - mL) at OC was added Et3N
(0.65 mL, 4.5 mmol), foIIowe%EE«f@%ition of 2-chloro ethylisocyanate (0.3
mL, 3.3 mmol). The reaction hixtur@ was warmed to room temperature

and stirred for. 1 h. An agueous solution of NaQH, (50% w/v, 6_nil.) was
RN e e e R RS M R
nwras-Stisreadas dbthinbdlihetaradRy® ey & 0@ r ik chanrd) el KuEDu® .46 g, 3.3

layer wa d with Et0Ac. .The combined organjc ashe
DR S Ao e e e e A AT A 15
thvisgoléidid pfesshrsitiie(@dide Iptodoed wdbpuadfidiopiotiuenias gradually warmed
t&%Bm%%%amfé%@t&hﬁed for 3 h. Upon coméaletion of the reaction (checked by

benzyl[244-(2-oxoimidazolidin-1-yllhexahydro-2,5-methano .
ThEntdhsnresgtion miredrs afisatdilgtedy yith d{Qtcnimde ewihednvsthyoxata and brine,
Y aD  i miEn A aeed s, The crude

m, 5H), 7, , J= 8.8 Hz, , 5,09 (s, . 3. ,J=7.
pﬁqQP%w?%%“a@l%i 5.% ﬁﬁ!%a)fggw%aw (?4) ,OJE?%&.z( A 1g)4-(L1-
did:3edsdthifmol AR - fphen AD KoxaBidn-2, B9k iar(opetbin-3A4ED-46 diyoyl}-1,3-
th%_z%gjdgns E%’cé{r%%ﬁ%}l%tggea% %?%y\at/ﬁ?ecf)fot\;} ef ?mpg u&d481% aylx%%i Iﬁ?znzﬁtfﬂ L187 ; IR
om™! 3444, 2052, 2873, 1672, 1518, 1416, 1301,1135, 953; 'H NMR (CDCls) 300 MHz 5

7.25 (d, J = 6.2 Hz, 2 H), 7.20 (d, J = 8.6 Hz, 2 H), 5.38-5.48 (m, 1H), 4.72-4.51 (m, 2H),
3.75 (t, J = 6.6 Hz, 2H), 3.70-3.55 (m, 1H), 3.36 (t, J = 7.4 Hz, 2H), 3.32-3.20 (m, 1H),
2.60-2.40 (m, 4H), 2.20-1.58 (m, 10).

MHz 8 7.38-7.26 (m, 411), 7.10



10

15

20

MeOH (15 mL) Pd/C (10%, 0.1 g) was added. The reaction mixture was
stirred at room temperature for 2 h under H2 pressure with a balloon. The
j ixture was filtered through a pad of celite and the filtrate was
‘g%fr‘%é%rlg?gé under reduced pressure to obtain 1-[4-(3-amin(%) ?Eé?&%ow 000830
[3.3.1.03a]nonThyl)phenyl]limidazolidin-2-one (0.4 g) as an off- 20 white
solid in 90% yield. M.R: 215-220C; trilz (M+1) 298; IR cm-t 3412, 3245,
2955, 1687, 1518, 1485, 1263, 805; 111 NMR (CDC13+DMSO-d6) 300
MHz 8 8.26 (s (br), 2H), 7.46 (d, J=8%-Hz, 2H), 7.16 (d, j= 8.7 Hz, 214),
6.70 (s (br), 111), 3.86 (t, J= 7.3 Hz, 2H), 3.48 (t, .1= 7.3 Hz, 214),
2.50-2.45 (m, 114), 2.22-2,07 (m, 3H), 2.02-1.63 (m, 8H). 25 Step Ill: To a
stirred mixture of the compound obtained from step 11 (0.4 g, 1.35 mrnol)
and 1C2CQO3 (0.56 g, 4.05 mmol) @x%%%eqp mL) at ice bath temperature
under N2 atmosphere was added
(8)4-(2-chloro-acetyl)pyrrolidine-2-carboni (0.23g, 1.35 mmol).The
reaction mixture was gradually “ med to %mperature and stirred
for 3 WO 2007/113634PCT/ n@‘ 000830 - - li. Upon completion of
the reaction (checked by TLC), '
EtOAc and washed with waterganghbrine, dried over Na2S04, and the
solvent was evaporated undekyegiced pressure. The crude product was
purified by column chromatography to obtain
(25)-1-{N-[244-(2-oxoimidazolidind=9POphenyllhexahydro-2,5-
methanopentalen-341H)-yligl pyrrolidine-2-carbonitrile as an

A0 QR N B YR

periylensFa(d Hryllearbpraatsa (i, 1 3.43HrmRR 0B A8, a0 repatdtion 248 (EHF (30
12t 46 %ad 8B Lbha it \-%5&'(8.8&&24@M&$%¥%r&bﬁ®gyﬁﬁloﬁde

111). 10 Example 20 LN/.11- 'HOCN Step I: To a stirred mixture
(9% B[ 3.3 Apabl) Reshagrosionrmistioeruag wanteddoyesm Kroeaursgadstired
£6r 0 MMORqHbUY SOEB A of MAOBI SN RMPE Rty & aSRTN 2 AlReE R ISition of
]g gﬁded S)-lﬁ;%-gj&lor -acetyppyrrolidine-2-carbonitrile (0.34 g, 2.0 |
i %‘S PR PRYAS GrasiomIy A thed f87d0h tlhdenstise mixture
v ol it o fir SatertUpdregtracpiétioEad e Thaclinnbiabé okechiRyldilee wih@rashed
i ixture was diuted,with EtOAc and washed with water. and brine,
R S S T R na e
opiéss ursuTth avesu geplied uby werdypurifidaonyataestapiyc oo wisttdy rpheyto [2-[4-(2-
ac??’ﬁyﬁf%?ﬁ?ﬁéf‘%@?b%nnrﬁ’e aﬁ,ezé%igg)a&%ﬁ¥§§%%g¥fs3asliﬁ)ﬁ%a§?§ﬁ?te as an

offiyhia-salid 9 aoRNmicdb ovz)(Bbd MBIk 34 NMR 161611 B0 BEz 8,265 (d, J
~@% E{%',lifﬁ;434&57.%3(%,27%;%-.‘?@&6’(@QL,JQ)H)";-9.%71(?,‘}/@’7.9 o) MO K8 53 (m,

m, .
3&), 2.48-2.42 (m, 1H), 2.35-1.55 (m, 12H).

Step II : A mixture of benzyl [2-[4-(2-Oxopyrrolidin-1-yl)phenyl) hexahydro-2,5-
methanopentalene-3a(1H)-yl]carbamate (0.73 g, 1.7 mmol) obtained in step I and Pd/C
(10%, 0.4 g) in MeOH (17 mL) was stirred at room temperature under Hy atmosphere for 2
h. The reaction mixture was filtered through a pad of celite and the filtrate was
concentrated under reduced pressure to obtain 1-[4-(3-aminotricyclo[3.3.1.0*"non-1-y1)
phenyl]pyrrolidin-2-one as an off-white solid (0.43g, 85% yield). m/z (M+1) 297; 'H NMR
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WO 2007/113634PCT/IB2007/000830 - 103 - pL, 0.2 mrnol). After 30
minutes, the volatiles were removed under reduced pressure and the

i triturated several times with diethyl ether to obtaj
Wéﬁﬁﬁ\%ﬁ%e salt of (23)-1-[(tricyclo “Perma007i000830

[3.3.1.03'7jnon-3-ylamino)acetyl]pyrrolidine-2-carbonitrile as an off-white
solid (31 mg). raiz (M+1) 274; Il NMR (DMSO-do) 300 MHz 8 9.44 (s (br),
211),4.86 5 (dd, 3=4.4, 7.0 Hz, 111), 4.10-3.88 (m, 2H), 3.78-3.65 (in,
1H), 3.60-3.47 (m, 1H), 2.48- 2.41 (¥ 1H), 2.34-2.27 (in, 211), 2.26-2.17
(m, 2H), 2.10-1.99 (m, 2H), 1.99-1.83 (m, 6H), 1.63-1.43 (m, 4H).
Example 21 NThip O CN 10 OH Step I: To a stirred solution of tert-butyl
(1-hydroxytricyclo [3.3.1.03.7]non-3-yOcarbamate as obtained in

M8 L o ey O GH AN D0 i 69 B
2ihp 2ection i adie, AHY 2th2e2i42(8,H Hhe Baldtitds(metaHemoved under

reduced pressure. The crude 15 product was triturated with diethyl ether
several times to obtain 3-aminotricyclo [3.3.1.03'7]nonan-1-ol

St din| SFriea( 28tirety) salvion yidid! e 3emnotseycleid. NMR joBsbplphenyl]

pIREIMIH2 &R RiAdI(R sleblll 3% Eddh JmaiPid Ok s 1) at an ice bath
2.17-2.04 (n, 2H), 1.94-1.71 (m, 611), 1.60-1.53 (m, 211).
temperature under nitrogen atmosphere was added KoCOs (0.48 g, 3.6 mmol) followed by

addition of (2S5)-1-(chloroacetyl) pyrrolidine-2-carbonitrile (0.21 g, 1.2 mmol). After
stirring the reaction mixture at r.t for 3 h, it was diluted with FEtOAc and washed with water
and brine, dried over NaySOy, and the solvent was removed under reduced pressure. The
crude product was purified by column chromatography to obtain the title compound (2.5)-
1-{N-[2-[4-(2-oxopyrrolidin-1-yl) phenyl] hexahydro-2,5-methano pentalen-3a(1H)-yl]
glycyl} pyrrolidine-2-carbonitrile as a white solid (0.26 g) in 50% yield. M.R: 254-256°C;
m/z (M-+1) 433; "H NMR (300 MHz, CDCly)8: 7.54 (d, J = 8.5 Hz, 2H), 7.23 (d, J= 8.5
Hz, 2H), 4.30-4.20 (m, 1H), 4.06-4.18 (m, 2H), 3.87 (t, J= 7.0 Hz, 1H), 3.80-3.50 (m, 4H),
2.64 (t,J=17.8 Hz, 2H), 2.58-1.60 (1, 18 H).

Example 16
F

2

N
N/\( CN
H o

og
To a stirred mixture of the lactam amine, 1-[4-(3-aminotricyclo[3.3.1.0*"jnon-1-y1)
phenyl] pyrrolidin-2-one as obtained in example 12, step II, (0.15 g, 0.5 mmol) and K,CO;
(0.21 g, 1.5 mmol) in DMSO (2 mL) at an ice bath temperature was added (25, 45)-1-
(chloroacetyl)-4-fluoropyrrolidine-2-carbonitrile (0.1 g, 0.5 mmol). The reaction mixture
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20 Step II: To a stirred mixture of the compound obtained in step | (280
mg, 1.5 mmol) and IC2CO3 (820 mg, 6 mmol) in DMSO (6 mL) at ice bath
under N2 atmosphere was added (S)-1-(2- chlor
pyrroli dlne-%-carbonltrlle (205 mg, 1.2 mmol). The reaction m|x %%18/000830

gradually warmed to room temperature and stirred for 3 h. Upon
completion of the reaction (checked by TLC), the reaction mixture was
diluted with EtOtte 25 and washed with water and brine, dried over
Na2S04, and the solvent was remo¥®d under reduced pressure. The
crude product was purified by column chromatography to obtain WO
2007/113634PCT/1B2007/000830 - 104 - (28)-1-{[(1-hydroxytricyclo
[3.3.1.03'7]non- 3 -yl)aminolacetyl}pyrrolidine-2-carbonitrile as a viscous

ity VR A R il ie T R SRRt of e
repptjon @Betked bm ,m@) ﬂagmc@m(mlmm) m.ss@lmta@wmh PAQN Eorhvpished with
water and brine, dried over Na;SOy, and the solvent was removed under reduced pressure.
The crude product was purified by column chromatography to obtain (2.5, 45)-4-fluoro-1-
{N-[2-[4-(2-oxopyrrolidin-1-I)phenyl]hexahydro-2,5-methanopentalen-3a(1H)-yl] glycyl}
pyrrolidine-2-carbonitrile as off-white powder (0.11 g) in 49% yield. m/z (M+1) 451; 'H
NMR (CDCl3) 300 MHz 8 7.51 (d, J= 8.5 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 5.43 (ddd, J
=3.1,3.1, 51.3 Hz, 1H), 5.12 (d, /= 8.7 Hz, 0.2 H), 4.97 (d, J = 9.5 H), 4.05-3.62 (m, 2H),
3.85 (t, J = 6.9 Hz, 2H), 3.55-3.40 (m, 2H), 2.81-2.61 (m, 1H), 2.60 (t, J = 8.2 Hz, 2H),
2.49-2.40 (m, 1H), 2.32-2.25 (m, 1H), 2.21-2.05 (m, 4H), 2.0-1.60 (m, 9H).

Example 17
S
§

N Y

H o

re
To a stirred mixture of the lactam amine obtained in example 12, step II (0.15 g, 0.5 mmol)
and K,COs (0.21 g, 1.5 mmol) in DMSO (2 mL) at ice bath temperature was added (4R)-3-
(chloroacetyl)-1,3-thiazolidine-4-carbonitrile (0.1 g, 1.1 mmol). The reaction mixture was
gradually warmed to room temperature and stirred for 3 h. Upon completion of the reaction
(checked by TLC), the reaction mixture was diluted with EtOAc and washed with water
and brine, dried over Na;SO, and the solvent was removed under reduced pressure. The
crude product was purified by column chromatography to obtain (4R)-3-{N-[2-[4-(2~
oxopyrrolidin-1-yl)  phenyl]  hexahydro-2,5-methanopentalen-3a(1H)-yl]glycyl}-1,3-
thiazolidine-4-carbonitrile as an off-white powder (0.09 g) in 40% yield. m/z (M+1), 451;
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OMe Stepl: To a suspension of NaH (60% dispersed in nujol, 0.96 g, 24
mine!) in TI-IF (40 mL) cooled to ice bath temperature was added

droxya antanone (3.32 g, 20 mmol) 10 dissolved in THFE(%) mL) via
\g}ssfl(r)lor)%elgc%gr a period of 15 minutes. After stirring the reactibf THRGUFLPgE30
30 min., iodomethane (1.38 mL, 22 mmol) was added. The reaction
mixture was warmed to room temperature and stirred for 16 h until TLC
revealed completion of the reaction. Excess NaH was quenched by
adding saturated aq. NI-14C1 soluti8fl to the ice cooled reaction mixture.
The two layers were separated and the aqueous 15 layer was extracted

with EtOAc. The combined organic layer was washed with brine, dried
over anhydrous Na2S04, and the solvent was evaporated under reduced

e o Ve £ LR e e oL ) st

=W TAHIHE) 1865 ENMRT (€ BE; 13)) 3060Mi 278-3.3618, B 3.856(¢; 2.6 0Hz, 2H),

-2.33\(n, AH), 0-1 in, g).=2 tgéfr h%v repare
B Ao SRS (10 U oLl Sl ARl (1D, 2.33
2¢knita Y05 23 tAdNS i afliBin2abr-R6dme §BID g, 16 mmol) in THF (32 mL) at
OC. After stirring the mixture at OC for 0.5 h, the reaction mixture was
guenched by adding saturated aq.NH4C1 solution. The organic layer was
separated and the aqueous layer W&&eeb&racted with diethyl ether. The
combined organic layer was washed with waterand brine, dried over
anhydrous Na2S04, and the l:@g W. ev@ted under reduced
pressure to WO 2007/11363 1J§20 7/000830 - 105 - obtain
5-methoxy-2-methyladarnantga~R-ol as 1;Panoﬂ\éric mixture (3.0 g yield,
96%). ink (M+23), 219; II-1 N CDC13) 300 MHz 8 3.24 (s, 1 'A H),
3.23 ((s, 1 V2 H), 2.68- 2.62 (mN 1H), 2.40-1.55 (m, 10H), 1.53-1.35 (m,
2H), 1. , 3H). '
), 1.38 (s, 3H) @

Step It To a stirred solution of benzyl [2-(4-aminophenyl) hexahydro-2,5-
methanopentalene-3a(1H)-yl]carbamate obtained from preparation 4 (1.09 g, 3.0 mmol) in
glacial acetic acid (12 mL) was added 2,5-dimethoxytetrahydrofuran (0.44 g, 3.3 mmol).
The reaction mixture was heated under reflux for 1 h. The mixture was diluted with
ethylacetate, washed with water, 10% aq. NaHCOj3 and brine. The combined organic layer
was dried over anhydrous Na;SO, and the solvent was evaporated under reduced pressure.
The crude product was purified by column chromatography to obtain benzyl [2-[4-(1H-
pyrrol-1-yl)phenyl]hexahydro-2,5-methanopentalen-3a(1H)-yl]carbamate (0.8 g) in 65%
yield as a viscous liquid. m/z (M+1) 413; 'H NMR (CDCl3) 300 MHz 6 7.50-7.20 (m, 9H),
7.08-7.04 (m, 2H), 6.37-6.30 (m, 2H), 5.10 (s, 2H), 2.65-2.52 (m, 1H), 2.50-2.42 (m, 1H),
2.402.12 (m, 2H), 2.10-1.70 (m, 6H), 1.70-1.52 (m, 2H),

Step 1I: To a stirred solution of the compound obtained from step I (0.8 g, 1.94 mmol) in
MeOH (20 mL) Pd/C (10%, 0.1 g) was added. The reaction mixture was stirred at r.t. for 2
h under Hy pressure with a balloon. The reaction mixture was filtered through a pad of

celite and the filtrate was concentrated under reduced pressure to obtain 2-[4~(1H-pyrrol-1-
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5Steplll: 5-methoxy-2-methyladarnantan-2-ol (3.0 g, 15 mrnol), dissolved
in a mixture of AcOH (3.0 mL) and THF (15 mL) was added dropwise by a

‘g[p%y)ﬂ;mnel to an ice bath cooled solution of NaOC1 (4%1,%3&5%&@%0 0830

over a period of 15 minutes. n-Buta\ll (0.55 g, 1.5 mmol) was a

the reaction mixture was stirred for 1.5 h. The reaction mixture was
separated into two layers. The aqueous layer was extracted with
diisopropylether and the 10 combined organic layer was washed with
water and brine, dried over Na2SO41%hd the solvent was evaporated
under reduced pressure to obtain hypochlorite which was diluted with
methanol (30 mL) and solid KOH (1.68 g, 30 mmol) was added. The
reaction mixture was refluxed for Ih. The volatiles were removed and the

ude preduct djuted with ether, w with water, brine, dried over .. .
S R e S o tguid
(THE gruml833tadeldt wés PAHte7By IddNMR (OO §0oSohtlfY.25 (m, 4H),

iC 4.0 - e in.66% yeld.
A G R T R S e B2 3 o
21Dy)22 51 Bl Ko i P e & Amel ). 1H), 2.18 (s, 3H), 2.10-1.61 (m, 7H),

1.59-1.52 (m, 211). 20 SteplV: To a mixture of NaOH (5.8 g, 147 mmol),
1120 (40.0 mL) and 1,4 dioxane (10 mL) at ice bath temperature was

Stepslll 810 g5t Mg ah iy sheRerdoRirBsd iR st @dhingl -5 mmol)
ah§ ppoomite.6plgliamwamatidiad DMPOVige Ly atifed satutiongdrdn(d under N,

o B ot P00 o TS AR NG 2T TS rdGChore 15
mnirturEheaeaghiad waiiyuneawae gradurdl yosamied persator ceampéatire difdstirted for 3

hT6%53%;%ﬂ]eﬁéﬁt%ﬁ%ﬁgﬁféﬁw@ﬂeﬁg@%Wﬁ@?%%t%%?ﬁﬁg Jh‘qvb. ﬁr\%&g\?%% diluted

mL, 65. were a reaction”mixture was

A EQfectsd wibhedorich Wietes i ibeaeo dyiedi o ey Nawd Qv asthdbievsolvent was
r&HPR NGV e NRRS m&h%elvewaﬁmv%£ng)%mw column
ressure to obtain 1- WO 2007/113634PCT/1132007/000830 - 106 -
chromatography to obtain (25)-1-{N-[2-[4-(1 H-pyrrol-1-yl)phenyl]hexahydro-2,5-methano
pentalen-3a (1H)-yl]glycyl }pyrrolidine-2-carbonitrile as a white solid (0.2 g)'in 32% yield
as off-white solid. m/z (M+1) 415; 'H NMR (CDCl3) 300 MHz & 7.38-7.26 (m, 4H), 7.10-
7.05 (m, 2H), 6.36-6.32 (m, 2H), 4.84-4.78 (m, 1H), 3.75-3.40 (m, 2H), 3.50 (s, 2H), 2.50-

2.42 (m, 1H), 2.38-2.28 (m, 2H), 2.25-2.0 (m, 6H), 2.0-1.70 (m, 7H).

Example 19

&

N
NNCN
H o

N -0
=
Step I: To a stirred solution of benzyl [2-(4-aminophenyl) hexahydro-2,5-methano
pentalene-3a(1H)-yljcarbamate obtained by preparation 4 (1.09 g, 3.0 mmol) in THF (12
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methoxytricyclo [3.3.1.03'Inonane-3-carboxylic acid (1.3 g) in 72% yield.
miz (M+1), 197; 1H NMR (CDC13) 300 MHz 8 3.30 (s, 3H), 2.78-2.70 (m,

£8 (in, 1H), 2.38-2.28 (m, 1H), 2.11-2.0 (m, 2H),
\%ﬂ}ﬂ%@é .51 (m, 2H). 5StepV: To the suspension of 1-met x?#%é@?:@&so

[3.3.1.03'7]nonane-3-carboxylic acid obtained from step IV (0.39 g, 2.0
mrnol) in CHC13 (10 mL) was added conc. H2SO4 (1.0 mL, 20 nunol).
Solid NaN3 (0.39 g, 6.0 rarnol) was added in portions by keeping the
reaction temperature below 40 C. AR stirring at room temperature for 2
hrs, the reaction mixture was cooled to ice bath temperature, diluted with
water and extracted with EtOAc. 10 The aqueous layer was basified by
adding 50% NaOH solution and extracted with CHC13. The combined

m%fa Igo@yer WaR chj‘ Ygt&b&'ﬁe ?ed 0\11% %?1%%/0&1 ’b‘}n (Qlelo%OIote Etchloro

S removed under re uce pressure O

ethylisaerapts c@id[319.1.63 Mmihn Brampaction2 aniytire gwayistarmed to room

e@ﬁn Bt&é%n&'@‘h%&ﬁ%@% Qom&&l%@gf(ﬁ?a@ﬁ (Z0%9wAr36 MB) was added
114 2162%§§m 1H), 1.97 ( 2.0, 6.8, 87HZ lH)192l5

(m
foqyrersy=Bugh 5 2hg: %ﬁépvrnq% andfiie acasiiamo R IF phifTed for 16 b
TREOMPE URERLIRRE ddpyrstap éﬁd&ﬂ@gq@e&)&srmyéﬂ)mm&&&% G;mmL)mmc The

dded (S)-1(2-chl | -2 itril
R 5 180 S R M P e R s N ST g porvent veas
evaporated torndem tempest apressared éfﬂnaecbm:iee prd&wtrewasslopunﬁddlré)yvamlumn
t
o B B et A R P e fmthano
pentalencttie byl lcorbamatatPonates rppif-whistaglid in 54% yield. m/Z (M+1) 432;
‘ﬁ%@hkia%b@l SIBEUNAEY B4 (4, = 8.8 Hz, 2H), 740-7.30 (m 721 (4,788

3.3.1.03J]non-3-y1) amlnolacezﬁgz rrolldlne- 2 carbonitrile gH
Hz2H);ia18° ﬁfik?(li@ari)%da A Rz @Bd3y $ha'mid? &z 85D.352¢ %iﬂ{m 1H),

2.4l) 38 73n3140; M3 otbn 13! 38), 3501496 @ 91l 1 143)1 28l £8)( 534146 (m,
1.57-1.41(m, 2H). WO 5007/113634PC T11132007/000830 - 107 -

ample 16A: Hydrochloride salt : To a stirred solution of the compound
prepared in example 16 (30 mg, 0.1 rnmol) in methanol (2 mL) cooled to

C 1aP, ag (sjt? d %ugo 20%’ cgn% @urpl dia\ ft%rd:’gomlny tef (g)h ?5%()' dy mmol) in
removed erre uce pressure an RETes ardt
Me®EralZimbs Bﬁiﬁ Ay I0ether waohddid. (mgmq@(ieﬁmmmyraned at room

teLﬁ %I%‘tgf% %1)1“9 r}i?@(&@ﬁ' ”&é&ﬁ?&%@y QrQHHH?ﬁ %%VP&@{EHIF mixture was filtered

hydroc loride
through a pad of celite and the filtrate was concentrated under reduced pressure to obtain

1-[4-(3-amino tricyclo [3.3.1.0% 7]n0n~1-yl)phenyl]umdazohdm~2—one (0.4 g) as an off-
white solid in 90% yield. M.R: 215-220°C; m/z (M+1) 298; IR cm™" 3412, 3245, 2955,
1687, 1518, 1485, 1263, 805; "H NMR (CDCL;+DMSO-dg) 300 MHz & 8.26 (s (br), 2H),
7.46 (4, J = 8.7 Hz, 2H), 7.16 (d, J = 8.7 Hz, 2H), 6.70 (s (br), 1H), 3.86 (t, /= 7.3 Hz,
2H), 3.48 (t, J= 7.3 Hz, 2H), 2.50-2.45 (m, 1H), 2.22-2.07 (m, 3H), 2.02-1.63 (m, 8H).

Step III: To a stirred mixture of the compound obtained from step II (0.4 g, 1.35 mmol)
and K,CO; (0.56 g, 4.05 mmol) in DMSO (6 mL) at ice bath temperature under N,
atmosphere was added (S)-1-(2-chloro-acetyl)pyrrolidine-2-carbonitrile (0.23g, 1.35

mmol).The reaction mixture was gradually warmed to room temperature and stirred for 3
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salt as off-white solid (30 mg). Example 23 10 The process is as given for
the methoxy compound prepared in Example 16, with the difference that
\;s;]otgl(% 7f)'1rls§6%aep ethylatipg_ agent n-Bl.J4N| and ethylprornide arc u§§d60t7 0830
remaining process is similar. Step 1: To a suspension of Naﬁ‘fg

dispersed in aujol, 0.96 g, 24 rnmol) hi THF (40 mL) 15 cooled to ice bath
temperature was added hydroxyadamantanone (3.32 g, 20 nunol)

dissolved in THE' (40 mL) via a syringe over a period of 15 minutes. The
reaction mixture was stirred for 30 miféthen n-Bu4NI (0.74 g, 2 mmol) and
ethyl bromide (1 6 mL, 22 nunol) were added. The reaction mixture was
warmed to room temperature and stirred for 16 h. After cooling the

reaction mixture to 0C, the excess NaH was quenched by adding 20 sat.

aq. NH4C1 sglution. .The two. layers were s ted and the agueous .
S B R NG g e

witthEitde, arboveshed afiiparetss Nubbe, driedyeoNesQyasnd the solvent was
Supaaraiediiaderdadiiae hRISTRITETIR OBIaR atbude: "SALIIOPIASE: by column
which was purified by column chromatography to yield

BRRRGH A S RAIR. 6P (o O H--05 STER TR P T -2
A A ot e S A AR 1 021
B3 TR D00 SbOBES (G SENZ S 195 (& = 85 Hz, 2), 725
(5,—Em@xm&;mﬂwl(admmﬁ%1§fplzctmms%bE)thanx@%Tmmm%m@zH; 3:%5-3.40
angrperic mixt ) I ) yie + : NMR
BB A0s o 5 e 2s Ut S s o A ok e s 5157
(@11¥)2.02-1.80 (m, 411), 1.79-1.47 (m, 7H). 1.46-1.32 On, 410, 1.16 (t, J=

6.5 Hz, 3H). 5
Stenlll:1-(1-ethoxytricyclo(3.3.1.03'7Jnort-3-ypethanonefrom5-Ethoxy-2-
methyladarnantan -2-ol in 66% yieﬁ}ﬁﬁlﬁe@%l) 209; 111 NMR (CDC13)

300 MHz 8 3.49 (g, J= 7.1 Hz, , 2.69-2.61 111), 2.56-2.48 (n, 111),
2.22-2.18 (n, 1H), 2.17 (s, 311 2-1.84 (nﬁr@), 1.78-1.50 (n, 5H),

1.18 (1, J=7.1 Hz, 311). 10 N
H o CN

Step I: To a stirred mixture of tricyclo [3.3.1.0*7] nonan-3-amine (0.28 g, 2.0 mmol) and
K2COs (0.83 g, 6.0 mmol) in DMSO (8 mL) at ice bath temperature under N, atmosphere
was added (S)-1-(2-chloro-acetyl)pyrrolidine-2-carbonitrile (0.34 g, 2.0 mmol). The
reaction mixture was gradually warmed to room temperature and stirred for 3 h. Upon
completion of the reaction (checked by TLC), the reaction mixture was diluted with EtOAc
and washed with water and brine, dried over Na;SQOy, and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography to obtain
(28)-1-[(tricyclo [3.3.1.0*"] non-3-ylamino) acetyl]pyrrolidine-2-carbonitrile as a viscous
liquid (0.23 g) in 42% yield. m/z (M+1) 274; 1H NMR (CDCl;) 300 MHz & 4.87-4.76 (m,
1H), 3.71-3.40 (m, 2H), 3.41 (s, 2H), 2.35-2.05 (m, 7H), 1.92-1.74 (m, 6H), 1.68-1.48 (m,
4H).

Example 19A: Hydrochloride salt: To a stitred solution of the compound obtained in
example 18 (27 mg, 0.1 mmol) in methanol (2 mL) cooled to 0°C was added TMS-CI (25
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SteplV: 1-ethoxytricyclo [3.3.1.03'71nonane-3-carboxylic acid prepared
from 1-(1- ethoxytricyclo [3.3.1.03'7]non-3-ypethanone in 68% yield. rniz

M+1).195: NMR (CDC13) 300 MHz 83,49 (q, J= 6.7 Hz, 2H i
@2 ‘ﬁi’)%,li‘?’%‘b-z.m (in, 111), 2.36- 2.28 (m, 111), 2.10-1.95 (%‘,‘25@2,%?9@08”

(s, 1.86-1.68 (m, 5H), 1.54 (dad, J= 3.0, 10.9, 13.6 15Hz 211), 1.18 (1,6.7
Hz, 311). StepV: 1-Ethoxytricyclo[3.3.1.03'7]nonan-3-anaine from
1-ethoxytricyclo [3.3.1.03'71 nonane-3-carboxylic acid in 53% yield. m/z
(M+1) 182; Ili NMR (CDC13) 300 MH$8 3.49 (g, J= 7.0 Hz, 211),
2.39-2.32 (m, lll), 2.16-2.07 (n, 1H), 1.99-1.92 (m, 111), 1.92- 201.75 (m,
5H), 1.71-1.38 (n, 411), 1.17 (t,J= 7.0 Hz, 3H). Step VI: Coupling reaction
between amine from step V and cyano pyrrolidine compound to form

R A AR B et s s
HERGMR) 30O thliin®d B¥efal’ firfies, R5H HiSth] ZBHBrA0 (htefi hydPodBLAER salt of
bl 2.36- 411), 2,12:1. . ' . .
Moo T S WA S Y i B e
s (30071 TBE3AREL)/2BRJ0 BB EOMI 09ds) BRAMIHE 15 Q:44 (s (br), 2H), 4.86
ool : o .
Qe Ip £ A LU S SR s (A, 2.

24dded TIS2GH#(287 (0022 624k @ Abluiek)-heS/amiidy Wafe1.83 (m, 6H),

1165rpyed Lndey reduced pressure and the residue was triturated several
times with diethyl ether to obtain the hydrochloride salt

Example 21

oy,

OH

Step I: To a stirred solution of ters-butyl (1-hydroxytricyclo [3.3.1.0*"Inon-3-yl)carbamate
as obtained in preparation 11 (500 mg, 1.97 mmol) in EtOAc (5 mL) cooled to ice bath
temperature was added a solution of dry HCI in EtOAc (4N, 5 mL). After the reaction
mixture was stirred for 2 h, the volatiles were removed under reduced pressure. The crude
product was triturated with ‘diethyl ether several times to obtain 3-aminotricyclo
[3.3.1.0*"|nonan-1-ol hydrochloride (280 mg) in 75% yield. m/z (M+1) 154; 1H NMR
(CD;0D) 300 MHz § 2.51-2.44 (m, 1H), 2.34 (ddd, J = 2.0, 7.0, 8.9 Hz, 1H), 2.17-2.04
(m, 2H), 1.94-1.71 (m, 6H), 1.60~1.53 (m, 2H).

Step II: To a stirred mixture of the compound obtained in step I (280 mg, 1.5 mmol) and
K,CO3 (820 mg, 6 mmol) in DMSO (6 mL) at ice bath temperature under N, atmosphere
was added (S)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile (205 mg, 1.2 mmol). The
reaction mixture was gradually warmed to room temperature and stirred for 3 h. Upon
completion of the reaction (checked by TLC), the reaction mixture was diluted with EtOAc
and washed with water and brine, dried over Na;SOs, and the solvent v‘}as removed under

reduced pressure. The crude product was purified by column chromatography to obtain
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5 of (25)-1-([(1-ethoxy
tricyclo[3 3.1.03a]non-3-yDaminolacetyllpyrrolidine-2-carbonitrile as an
id (30 mg). m/z (M+1) 318; 111 NMR (DMSO-d5

%bSS‘?‘le) 4.86 (dd, J = 4.6, 6.8 Hz, IH), 4.10-3.90 (m }ﬁ;’)"%k%%"m
375365(n 1H), 3.57-3.25 (in, 3H), 2.48-2.38 (n, 2H), 2.30-2.17 (n, 2H),
2.16-2.0 (m, 411), 1.90-1.14 (m, 611), 1.53- 1.40 (m, 2H), 1.06 (t, J= 7.0
Hz, 3H). 10 Example 24 NH2 H o CN .2 HCI Step I: To a stirred mixture of
the compound obtained in preparati®®8 (0.3 g, 1.2 n-unol) and K2CO3
(0.5 g, 3.6 mmol) in DMSO (5 mL) at ice bath temperature under N2 15
atmosphere was added (S)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile
(O 14 g, 0.83 mmol). The reaction mixture was gradually warmed to room

d stirred pletion of ¢
R s L RO S G R S e it o
awawuarinqmdr(é Striag) averd %a}l@bﬂfm dM’Ié )Séﬁle ﬁtfilvﬁmr(\@%ﬁm 3Q6rMHz &
fighby coluan 2
&eﬁapﬁeéﬁgﬁ})ﬁéﬁa‘??{%r § B@‘E‘ W@%%‘SQ igdhby 48! SHA Pe1), 2.35-1.95 (m,

chr rhatogra 3)-1-{[(T-aminotricycl

8¥B,3L PO3: 00 hewm FL)1). SarbdPr{mePHaetylipyrrolidine-2-carbonitrile as a
viscous liquid (0.18 g) in 40% vyield. in/z (M+1) 389; NMR (CDC13) 300
MHz 34.79 (d, J= 7.5 Hz, 1H), 4.70 (s (br), 1H), 3.703,40 (n, 211), 3.46 (s,
2H), 2.40-2.32 (m, 111), 2.32-1.9G#8I922.90-1.63 (m, 5H), 1.55- 1.43
(n, 1H). WO 2007/113634PCT/11] 32007/000@10 - Step II: To a stirred

solution of the compound obtg A\in ste 1(Q;04 g, 0.1 trunol) in EtOAc (2
mL) cooled to ice bath temp vvlsls adged a{solution of dry HC1 in
EtOAc (3N, 2 mL) The reaction ture wasgstirredNor 2 h and the solvent
was removed under reduced #¥&sure to obtain a crude product which

r 4 tq@ftal I
T e e AN

C%mﬁﬁotraesfw rdfieRPRIasIE, Bahifddeto @ziwm@%wqu@(mg) 38 gmmol)
AR (ﬁmo&ﬁmwwmwés GopLrRULYF A5 Infsnfier), AHYr 4:88ng the

R DR O RE IR (1 1 228008 e, e racton

ni2xhB€l 98s(matdd, @. 11@@0 emp8tande 96 . Fir(ed, fid)14.681n8D TD@Nnrevealed
cgthgle}iépgfﬁe(%a&mi.mlﬁgﬁ was quenched by adding saturated agq. NH4Cl

solution to the ice cooled reaction mixture. The two layers were separated and the aqueous

layer was extracted with EtOAc. The combined organic layer was washed with brine, dried
over anhydrous Nap;SOy, and the solvent was evaporated under reduced pressure to obtain
crude reaction mass which was purified by column chromatography to yield 5-
methoxyadamantan-2-one (3.0 g) in 83% yield. m/z (M+1), 181; 'H NMR (CDCl3) 300
MHz 8 3.26 (s, 3H), 2.67-2.61 (m, 2H), 2.39-2.33 (m, 1H), 2.20-1.93 (m, 10H).

Stepll: Freshly prepared methyl magnesium iodide in ether (1M, 32 mL), was added
through a canula to 5-methoxyadamantan-2-one (3.0 g, 16 mmol) in THF (32 mL) at 0°C.
After stirring the mixture at 0°C for 0.5 h, the reaction mixture was quenched by adding
saturated aq.NH,CI solution. The organic layer was separated and the aqueous layer was
extracted with diethyl ether. The combined organic layer was washed with water and brine,

dried over anhydrous Nay,SQs, and the solvent was evaporated under reduced pressure to
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0 CN Step I: To a stirred solution of tert-butyl (1-hydroxytricyclo
[3.3.1.03'7jnon-3-yl)carbamate 15 obtained from preparation 11(1.1 g, 4
dlchloromethane cooled to -15C, under N2 atm
‘géég{;jpﬁ% ylamlnosulfur trifluoride (0.85 nnL, 6.51 mmol). T Oﬁe r}g%%)t}??r@osm
mixture was stirred at this temperature for 1 h and subsequently stirred at
room temperature for 16 h. The reaction mixture was cooled to ice bath
temperature and quenched by adding a mixture of crushed ice and solid
NaHCO3 (1.1 g, 13 mmol). Two ZO‘Ib%rs were separated and the
agueous layer was extracted with chloroform. The combined organic layer
was washed with brine, dried over anhydrous Na3S04, and the solvent
was evaporated under reduced pressure. The crude product was purified

mn, hro ato t e t L 0
lbal Hbcﬁgﬁng/c b33 gﬁaﬁ%% -%Itaré;nlilaiétlgo(l&%cg xture 305 a'llfﬁj(li 96%)-
iz 33181 hi I-(WWQEQ!DQM MONERHCIS) 600 MHE)332285(2,40% H), 2.68-
231 70,1 ). 11537 ), 1.45 (s, 311).
WO@O%%H%%& 5((@% 71%%1 b17 0%48%8 Step i '%% (a?(stllﬁ’ld solution of

the compound obtained from step 1(0.25 g, 0.98 mmol) in EtOAc (1 mL)
Stesied49rea Bt emparisRmASRE0erRS Al tam ot Y Gl D AGxture of

3 mL). After Stlme& the reaction mixture for 2 h, the volatiles were

ARo(A iadreBiE DSk Has. affed g isobitddmaping e igs ice bath
cGHII&I sugeal simeo] @Jmlnﬂc}nﬁﬂ weERHisyell 3815 ﬁanlﬂa@namamm g 1.5

L (IE e i—
Séwar&td)mloﬁﬁfédmyeis TiE, &yBebirs hlr W&0ettvRtad vt diilopforglstireednd the

20‘35%%6@13%8‘0%9%%‘!&% NER AMaSHERO- SR S0eP-RE 810Mhd the

mmol) in DMSO 40mL) at ice bath temperature

sgha@tr TiRscyencatAdsprera ¢Biced (presvisrota cbtglphreidiesis. @&@bmﬁéhluted
wWinlh ) [BORD.YA adse R ahiter éélt% 1Y 1. $8AGHO R UReabdtidRmixture

3 h, the reaction mixture was diluted with EtOAc and washed with water

%ﬁ&eéw@ dredtoviienyelatas msePtrRosRrbrrdRS hdsRigdisharas diluted with
efﬁdyﬁﬁﬁbm@sﬁltfﬁvﬁﬂﬁ@ chtie pﬂ@ﬁdcbmsaﬁhwﬁtﬁdsbwﬁéﬂwnmﬁﬁ the solvent was

ToEPEE oL §?8H%%?43*§m% SRS B REEIERY ) SRgproErephy to

obtairo|itfieaRibantytmdyilk afS Snl Wsyiﬂdl(mﬂzﬂegllr%Sg% yielG6%/ zield. m/z

S WG Rl SR b 6ot FrdBad by g o o

15B1)2.2660-164@ ()] 2108 29 BXpdple RGN y#) dhieHbEXait; Ad)a stirred
solution of the compound obtained from example 23 (29 mg, 0.1 mmol) in
methanol (2 mL) cooled to OC was added TMS-CI (25 uL, 0.2 mmol). After

StI¥inTieea M WS| 6D RRY 5B oV TIMabs 7 (40 Hrabd ardahf diexane (10

nfsf Qgéel‘%& WiHrRIathReYE5aIMIIEB Y hseHer 49 @ Hiaib WalQeinedids: Saltinutes.

Tm (zmﬁm%mghmtez soltianapehadisfoAropaviss o) 8 timst elntior of 1-(1-
meRsgaisiel2 RS a0 inokiteydetishtdfeoblained from step I1I (1.9 g, 9.8 mmol), in

1,4-dioxane (10 mL) at ice bath temperature. The reaction mixture was gradually warmed

D

to room temperature and stirred for 1 h. The reaction mixture was cooled to ice bath
temperature and AcOH (3.9 mL, 65.7 mmol) were added. The reaction mixture was diluted
with water and extracted with EtOAc. The combined organic layer was washed with brine,

dried over NaySQy, and the solvent was removed under reduced pressure to obtain 1-
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WO 2007/113634PCT/1B2007/000830 - 112 - Example 26 0 CN CyO0 Step
I: To a stirred mixture of 1-(3-aminotricyclo

V[,%§03,,/,§)1:§?J§14c>n-I-yI)pyrrolidin-2-one 5 prepared as in preparag%/%gg@gogsm
1.1 mmol) and K2CO3 (0.46 g, 3.3 mmol) in DMSO (5 mL) at an ice bath

temperature was added (S)-1-(2-chloro-acetyl)pyrrolidine-2- carbonitrile
(0.2 g, 1.1 mrnol). The reaction mixture was gradually warmed to room
temperature and stirred for 3 h. Upon completion of the reaction (checked
by TLC), the reaction mixture was diffed with EtoAc and washed with
water and brine, dried over 10 Na2S04, and the solvent was removed
under reduced pressure. The crude product was purified by column
chromatography to obtain (25)-1-{N- [2- (2-oxopyrrolidin-l-y1)

C (SR )=yH | . % vi
e e Lt A & Ilfs 0D

1K+ 1] 28VIR (AR GORCYE 206 R 32595 10 ipiz ) B 57-2.48 (m, 1H),

. Q- ' 3/ , BEL (6 Fnf - i 1 1=4.0,
SRR 120 ) 48 o B sl

1H). Example 20A: Hydrochloride salt: To a stirred solution of the

SevPoTRdiRbtaiseshiiem eramplanby@tyde. 3l3modlisnmetianadRylic acid
L) cogled to Og}yv s added TMS-gI&Z&@l é).Z ungle). After 30

BRI BINILL Hoofe T SO0 e I s ss Lo
niEsipdennely. tBulidtdthNe (Or30 tpnéDwitihe)hentoaddtdirithettiairo byl dridping the

salt of %25% 1- o - .
RO BRSSO R A ) e AR S 8 OB SRS TaRre S22y ffygaction
myibitpye netidioel@d carbverinitet e ifatuidl alibaied (B8hmgter and extracted with EtOAc.
The aqueous layer was basified by adding 50% NaOH solution and extracted with CHCls.
The combined organic layer was washed with brine, dried over Na;SQOy, and the solvent
was removed under reduced pressure to obtain 1-methoxytricyclo[3.3.1.0%"Jnonan-3-amine
(0.23 g) in 69% yield. m/z (M+1) 168; 1H NMR (CDCl3) 300 MHz 6 3.27 (s, 3H), 2.40-
2.34 (m, 1H), 2.16-2.08 (m, 1H), 1.97 (ddd, J = 2.0, 6.8, 8.7 Hz, 1H), 1.92-1.53 (m, 7H),

1.51-1.38 (m, 2H).

StepVIL: To a stirred solution of the amino compound obtained by step V (0.16g, 0.95
mmol) in DMSO (4.0 mL) was added (S)-1-(2-chloro-acetyl)pyrrolidine-2-carbonitrile
(0.17 g, 0.96 mmol) and K,CO3 (0.4 g, 2.9 mmol). The reaction mixture was gradually
warmed to room temperature and stirred for 3 h. The reaction mixture was diluted with
EtOAc and washed with water ad brine, dried over NaySOy, and the solvent was removed
under reduced pressure. The crude product was purified by column chromatography to
obtain  (29)-1-{[(1-methoxytricyclo [3.3.1.03’7]non-3-yl)amino]acetyl}pyrrolidine-z-
carbonitrile (0.12 g) in 41% yield. m/z (M+1) 304; 1H NMR (CDCl;) 300 MHz 9 4.82~
4,75 (m, 1H), 3.75-3.40- m, 4H), 3.27 (s, 3H), 2.47-2.40 (m, 1H), 2.35-1.68 (13H), 1.57-
1.41 (m, 2H).
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WO 2007/113634PCT/1B2007/000830 - 113 - Example 27 Nc Thi Ci0O

Step I: To a stirred mixture of
\,gﬁqug_]-mg&goisothiazolidin-2-y|)tricyc|o[3.3.1.03'inonan- 3-apieIRs SRR S30

as In preparation 10 (0.17 g, 0.66 mmol), and K2CO3 (0.28 g, 2.0 mmol) 5

in DMSO (2.6 mL) at ice bath temperature was added
(S)-1-(2-chloro-acetyl)pyrrolidine-2- carbonitrile (0.13 g, 0.66 mmol). The
reaction mixture was gradually Warg‘aegd/ to room temperature and stirred

for 3 h. Upon completion of the reaction (by TLC), the reaction mixture

was diluted with EtOAc and washed with water and brine, dried over
Na2S04,and the solvent was removed under reduced pressure. The

crude product was purified by 10 column chromatography to obtain
K22pleOr42-(HdebeKidARo daRzotdin-2u¥ddd solution of the compound prepared in
hexahydro-2.5-methanopentalen-3a (1H)-yl] glycyl}pyrrolidine

BRI TS VigBaD ﬁ&&’i’&%’)‘?@%ﬁl SOHETorrE (Wes1gdded TMSCI (25

HUMIR2 (£3£2611, 3 OO0 tid bt 8 6hd vidHaTes Tokede) 1 nldreti D8R 18hecd PPekbure and
37 (M, 1H), 2.35-2.13 (m

= 6.6.Hz, 211), 3.16 (t, J= 7.4 Hz, 2H), 2,43- 13
"éﬁ)feé%&ﬂ% (Pﬁft‘i'ﬁg,dl.é‘?éi‘i? 5%?&?%%1} . 9%{; fhen Hy, pRain QZS?-I-{IO-
& hokFifiey )3 Exla0n fieoaBAylMydnodiertip patliTinestaboseiWiprialchloride

ined iR example 20 (39 mg, 0.1 trunol) in methanol (2
Sali 5?%%%%&’&?“3%?‘3&&(1 TMS-C1 (25 p.L, 0.2 m_mol) After 30
minutes, the volatiles were removed under reduced pressure and 20 the
residue was triturated several tim%@lgi%hyl ether to obtain the
hydrochloride salt of

(28)-1-{N42-(1,1-dioxidoisothia in-2-y|)he)%/dro-2,5-methanopentale

n-3a (111)- yljglycyll pyrrolidin j an off-white solid (41
mg). m/z (M+1) 393; 11-1 NMR S-d6) 30Q-MHz 8 9.60 (s (br), 214),
4.86 (dd, J= 4.4, 7.0 Hz, 1H), 4.12-3.96 (m, 2H), 3.59-3.47 (m, 2H), 3.28
The Pr@@tHis, BHFGA It the Mbthozy 2 RodBa2Bapmed 2f Eayda-26) vith the

b8 Gl AL ﬁﬁt %gé]p) ’e@flgﬁfﬂrg @é&lt %Qﬂ&\f ? Qtn:h %ﬁl%t&#l)de are used; the

remaining process is similar.

Step I To a suspension of NaH (60% dispersed in nujol, 0.96 g, 24 mmol) in THF (40 mL)
cooled to ice bath temperature was added hydroxyadamantanone (3.32 g, 20 mmol)
dissolved in THF (40 mL) via a syringe over a period of 15 minutes. The reaction mixture
was stirred for 30 min then #-BusNI (0.74 g, 2 mmol) and ethyl bromide (1.6 mL, 22
mmol) were added. The reaction mixture was warmed to room temperature and stirred for
16 h. After cooling the reaction mixture to 0°C, the excess NaH was quenched by adding
sat. aq. NH4Cl solution. The two layers were separated and the aqueous layer was extracted
with EtOAc. The combined organic layer was washed with brine, dried over anhydrous
NapSO4, and the solvent was evaporated under reduced pressure to obtain a crude reaction
mass, which was purified by column chromatography to yield 5-ethoxyadamantan-2-one
(3.0 g) in 77 % yield. m/z (M+1) 195; 1H NMR (CDCls) 300 MHz & 3.47 (q, J = 7.0 Hz,
2H), 2.67-2.60 (m, 2H), 2.38-2.30 (m, 1H), 2.13-1.78 (m, 10H), 1.17 (t, J = 7.0 Hz, 3H).
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WO 2007/113634PCT/1B2007/000830 - 114 - Example 28 Step I: To a
stirred mixture of NaOH (2.4 g, 60.0 mmol), H20 (16 mL), and 1,4 dioxane
v§0(§0 )1%5 e bath temperature was added Br2 (0.56 mL, 19&%%%0 $30

stirred for 15 minutes. The resulting hypobromite solution was adde
dropwise to a stirred solution of 1- (1-phenyltticyclo
[3.3.1.03'7]non-3-ypethanone obtained from preparation | (1.0 g, 4.0
mmol) in 1,4-dioxane (6 mL) at ice bath temperature. After stirring the
reaction mixture at r.t. for 1 h, it was &ain cooled to ice bath temperature
and quenched by adding AcOH (3.6 10 mL, 60 mmol). The reaction
mixture was diluted with water and extracted with EtOAc. The combined
organic layer was washed with brine, dried over Na2S0O4, and the solvent

e o, o0 10
arp@erip N RRe O CR)3nstYa\wieds /20 MH28) (2334145 N 1GR Ch) 30) MHz &

3 %199 2 gﬁx (g%{)ll?])a 41%%3 % (%71@521261?9(1{9%@%2 %22_01 %5%1% fjiéi)ol"!'éul 47 (m,
7@@&? #5%(%’@"43@!’ go\étfénr 51013 &ﬁ%rﬁﬁ icyclo

[3.3.1.03.1nonane-3-carboxylic acid (0.6 g, 2.48 mmol) obtained from step

St e TR o e G S BTRRBRY o Sibryt ARoxy-2-

m2thyfhfetiinitad Qoo 6Thyicldaniier(vi) 269y IH NMRIECDCH)B00 MHz 3 3.49

o WD roR T P b R e < P FOGH 380

2.624ItRIN(165CHENIV] & 105 .7 NB LRI (%mgix).i’ﬂ)mmol) for 2 h at r.t.
The reaction mixture was cooled to ice bath temperature, acidified

SteplV: 1-ethoxytricyclo [3.3.1.0% Inonane-3-carboxylic acid prepared from 1-(1-
ethoxytricyclo [3.3.1.0%'Inon-3-yl)ethanone in 68% yield. m/z (M+1) 195; 'H NMR
(CDCl;3) 300 MHz 8 3.49 (q, J = 6.7 Hz, 2H), 2.75-2.68 (m, 1H), 2.52-2.47 (m, 1H), 2.36-
2.28 (m, 1H), 2.10-1.95 (m, 2H), 1.83 (s, 1.86-1.68 (m, SH), 1.54 (ddd, J=3.0, 10.9, 13.6
Hz 2H), 1.18 (t, /= 6.7 Hz, 3H).

StepV: 1-Ethoxytricyclo[3.3.1.0>"nonan-3-amine from 1-ethoxytricyclo [3.3.1.0>")
nonane-3-carboxylic acid in 53% yield. m/z (M+1) 182; 'H NMR (CDCl3) 300 MHz &
3.49 (q, J = 7.0 Hz, 2H), 2.39-2.32 (m, 1H), 2.16-2.07 (m, 1H), 1.99-1.92 (m, 1H), 1.92-
1.75 (m, 5H), 1.71-1.38 (m, 4H), 1.17 (t, J= 7.0 Hz, 3H).

Step VI: Coupling reaction between amine from step V and cyano pyrrolidine compound
to form (28)-1-{[(1-ethoxytricyclo [3.3.1.0°7] non-3-yl) amino] acetyl} pyrrolidine-2-
carbo nitrile in 41% yield. m/z (M+1) 318; '"H NMR (CDCl;) 300 MHz & 4.81-4.75 (mn,
1H), 3.75-3.40 (m, 6H), 2.45-2.37 (m, 1H), 2.36-2.13 (m, 4H), 2.12-1.95 (m, 2H), 1.88-
1.68 (m, 6H), 1.56 (ddd, J = 3.0, 3.0, 10.5 Hz 1H), 1.49-1.41 (m, 1H), 1.17 (t, /= 7.0 Hz,
3H).
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with conc. HC1 to pH 2, extracted with diethyl ether. The aqueous layer
was basified with 25 ag. NaOH solution (50% wi/v) and extracted with

Jhe combined organic layer WO
PCT 007/00083
T P T111320071000850 115 - was dried over aniydrous

Na2S04 and the solvent was evaporated under reduced pressure to
obtain 1-phenyltricyclo[3.3.1.03'7]nonan-3-amine (0.33 g) as viscous liquid
in 62% yield. m/z (M+1) 214; 11-1 NMR (CDC13) 300 MHz 5 7.40-7.22
(m, 4H), 7.22-7.15 (m, IH), 2.42-2. 3§Q?n‘ "1H), 2,20-2.05 (m, 211),
2.02-1.52 (m, 9H). 5 Step To a stirred mixture of the compound obtained
from step 11 (0.2 g, 0 94 mmol) and K2CO3 (0.39 g, 2.8 nand) in DIVISO
(4 0 mL) at ice bath temperature under nitrogen atomsphere

%%;‘él#zi‘igoﬁ#@%‘i}i%r?&’é ol ?“‘I% 23 Sﬁ%a%'iﬁ‘ﬁég 3P 8o LR IR ined from
er strring € reaction mixture for 3 h at rt It WaS%O|u (f aflh

egople A d3Romea dhethmnh wm@mlua@hm@mmmmmms Cl (25
Ty vk 9%@5 rg@&y g6 Mﬂgﬁésr Chit %@aﬁféass%fg rgrggv(éﬂjgx’?dgfc}gﬁlﬁééﬁ %ﬁ‘essure and

purlfled by column chromatography to obtain

tho syituryasprEnpipd savgal s s midh dinbpbatase foitein hadiydypbleride salt
0 d { 1 nitrue
L Pl
o3y 4RI, GRPEISB (94) 1 A AT (Ao SO 941 €
(Wﬂ@%%Q&dﬂJ@]@ﬂ@@ﬂz@&HPA%B b@@nl @ﬁ)(m,7$bk)65>(ﬁm% 3.57-3.25

Rorbbale SETs2 g ST PG (bl DD 15

1al®c{a1j TM)SEOb @5 = 7.0 Hz, 3H).

Example 24

NH, Y
2 HCI

Step I: To a stirred mixture of the compound obtained in preparation 8 (0.3 g, 1.2 mmol)
and K,CO; (0.5 g, 3.6 mmol) in DMSO (5 mL) at ice bath temperature under N,
atmosphere was added (S)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile (0.14 g, 0.83
nmmol). The reaction mixture was gradually warmed to room temperature and stirred for 3
h. Upon completion of the reaction (checked by TLC), the reaction mixture was diluted
with EtOAc and washed with water and brine, dried over Na,SOy4, and the solvent was
removed under reduced pressure. The crude product was purified by column
chromatography to obtain fert-Butyl-(25)-1-{[(1-aminotricyclo [3.3.1.0%"Inon-3-y1)
carbamate) acetyl}pyrrolidine-az—carbonitﬁle as a viscous liquid (0.18 g) in 40% yield. m/z
(M+1) 389; '"H NMR (CDCl3) 300 MHz 8 4.79 (d, J = 7.5 Hz, 1H), 4.70 (s (br), 1H), 3.70-
3.40 (m, 2H), 3.46 (s, 2H), 2.40-2.32 (m, 1H), 2.32-1.90 (m, 6H), 1.90-1.63 (m, 5H), 1.55-
1.43 (m, 1H).
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)11,, 0.2 imnol). After 30 minutes, the volatiles were removed under
reduced pressure and 20the residue was triturated several times with

ieth %%r to obtain the hydrochloride salt
‘gﬁégjﬁﬁ -fz-phenylhexahydro-2,5-methanopentalen-3a(11Iﬁ%g 93%%%;;30

rrolidine-2- carbonitrile as an off-white solid (38 mg). WO
2007/113634PCT/1B2007/000830 - 116 - Example 29 NOZ2 To a stirred
mixture of 1-(4-nitrophenyetricyc10[3.3.1.03'7]nonan-3-amine as obtained
in Step |1l preparation 4 (0.77 g, 3.0 H@nmol) and K2CO3 (1.25 g, 9.0 nunol)
in DMSO (12 mL) 5 at ice bath temperature under N2 atmosphere was
added (8)-1-(2-chloro-acetyl)pyrrolidine2-carbonitrile (0.51 g, 3.0 mmol).
The reaction mixture was gradually wanned to room temperature and

tirred for 3 h. Upon.campletign of the regctian, the .reaction mixture was .
STl EIOD A R R LD SOM B et o G gD in
Fi0d.¢h@ solyenpleddadendathl engeratutiuves phéedarsolitiencofideyddsduntEtOAC

ifjie y i
U P B Aot s i

reffpesd) prgsruneltecbiain b sHidaorsum B asssifrated with dicty ) riher several
1% (M BhBdP; dikydVMBAED GlB) IO 2 § B.drhitfhidod R BB, 12.b*)7,(]non~3 -y1)
7.41 ((d, J= 8.9 Hz, 21-1), 4.83-4.73 (m, 111), 3.78-3.40 (m, 2H)5, 3.48 (3
apjiolestyB BT ANding 2 sabopitale -8 1082 oetilth, 44 (MBI EREM I NMR
(BRISO-dg) 300 MHz § 9.69 (s (br), 2H), 8.57 (s (br), 3H), 4.86 (dd, J = 4.4, 7.0 Hz, 1H),
4.16-3.90 (m, 2H), 3.78-3.65 (m, 1H), 3.65-3.50 (m, 1H), 2.60-2.55 (m, 1H), 2.50-2.43 (m,
1H), 2.35-2.18 (m, 4H), 2.13-1.98 (m, 2H), 2.10-2.0 (m, 3H), 1.96-1.70 (m, 5H), 1.68-1.60

(m, 1H), 1.50-1.43 (m, 2H).

Example 25

oy,

Step I: To a stirred solution of fert-butyl (1-hydroxytricyclo [3.3.1.0*"Inon-3-yl)carbamate
obtained from preparation 11 (1.1 g, 4.34 mmol) in dichloromethane cooled to —15°C,
under N, atmosphere was added diethylaminosulfur trifluoride (0.85 mL, 6.51 mmol). The
reaction mixture was stirred at this temperature for 1 h and subsequently stirred at room
temperature for 16 h. The reaction mixture was cooled to ice bath temperature and
quenched by adding a mixture of crushed ice and solid NaHCOj3 (1.1 g, 13 mmol). Two
layers were separated and the aqueous layer was extracted with chloroform. The combined
organic layer was washed with brine, dried over anhydrous Nay;SOy, and the solvent was
evaporated under reduced pressure. The crude product was purified by column
chromatography to obtain fert-butyl (1-fluorotricyclo[3.3.1.0*"|non-3-yl)carbamate (0.26
g) as viscous liquid in 24% yield. m/z (M—1) 254; "H NMR (CDCls) 300 MHz § 2.55-2.40
(m, 1H), 2.01.75 (m, 2H), 1.70-1.40 (m, 9H), 1.57 (s, 6H), 1.45 (s, 3H).
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To a stirred solution of the compound obtained from example 29 (0.2 g,
0.51 mmol) in a 1:2:4 mixture of water, THF, and ethanol (7 mL)
S was sequentially added solid 20 INTI4C1 (0.1 Jp

V{é\%é% Egeﬂggﬁlv%der (0.1 g, 1.78 mmol). The reaction mixture was ng %mﬁgosso
2007/113634PCT/1112007/000830 - 117 - heated to reflux for 2h. After
cooling the reaction mixture to room temperature, it was filtered through a
small pad of celite and washed the bed with EtOAc. The filtrate was
evaporated under reduced pressureléﬁd the residue was diluted with
water and extracted with EtOAe. The combined organic layer was washed
with water, dried over anhydrous 5 Na2S04, and the solvent was
evaporated under reduced pressure to obtain (25)-1-{N-[2-(4-

h 2 | |
R g e S B S e B R o BB o in
EiMR (EpE)L &) ded thiee saﬂaasm@emsesvabzamﬂ 6 88ulihyof 8r% HEl in EtOAc
A3 439 A frer (Bt b 1388348 ks For 24D the %ﬁlﬂé@%& éﬁ&m@& under

(m, 114). 10 Example 31  Step I: A stirred mixture of the compoun
el dBeTTYSPe a‘é&%ﬁsﬁis produst avag trfratsd ity ﬁﬁ@am’éaé%hm ¢ ggain 1-
fiRRhclMB. 178 Thbhayas-haaigdipdiddlodde 15l (N® g) in 99% yield. m/z

(M+1) 156; 1H NMR (DMSO-dg) 300 MHz & 8.45 (s (br), 2H), 2.47-2.18 (m, 4H), 1.96-
1.72 (m, 6H), 1.63 (dd, J= 2.6, 9.5 Hz, 1H), 1.50-1.42 (m, 1H).

Step III: To a stirred mixture of the hydrochloride salt obtained from step II (0.19 g,
0.98 mmol) and KoCO3 (0.53 g, 4.0 mmol) in DMSO (4.0 mL) at ice bath temperature
under nitrogen atmosphere (S)-1-(2-chloro-acetyl)pyrrolidine-2-carbonitrile (0.17 g, 1.0
mmol) was added. After stirring the reaction mixture at r.t. for 3 h, the reaction mixture
was diluted with EtOAc and washed with water and brine, dried over NaySQy, and the
solvent was removed under reduced pressure. The crude product was purified by column
chromatography to obtain (25)-1-[N-(2-fluorohexahydro-2,5-methanopentalen-3a(1H)-yl)
glycyl] pyrrolidine-2-carbonitrile as an off-white solid (0.11 g) in 38% yield. m/z (M+1)
292; 1H NMR (CDCls) 300 MHz 6 4.80-4.73 (m, 1H), 3.77-3.32 (m, 2H), 3.52 (s, 2H),
2.50-2.42 (m, 1H), 2.87-2.08 (m, 6H), 2.0-1.60 (m, 6H), 1.50-1.42 (m, 1H).

Example 23A: Hydrochloride salt: To a stirred solution of the compound obtained from
example 23 (29 mg, 0.1 mmol) in methanol (2 mL) cooled to 0°C was added TMS-CI (25

pL, 0.2 mmol). After 30 minutes, the volatiles were removed under reduced pressure and
the residue was triturated several times with ether to obtain hydrochloride salt of (25)-1-
[N-(2-fluorohexahydro-2,5-methanopentalen-3a(1H)~yl)glycyl]pyrrolidine-2-carbonitrile
as an off-white solid (30 mg).
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15 reaction mixture was cooled to room temperature, diluted with water,
and extracted with EtOAc. The combined organic layer was washed with
Vggc?gmgéfgg pver anhydrous Na2S04, and the solvent was r%@)ﬁ%b‘ﬂ%ﬁso
uced pressure. The crude product was purified by column
chromatography to obtain tert-butyl
[1-(eyariomethyfltricyclo[3.3.1.03'7]non-3- ylicarbamate as viscous liquid
(0.3 g) in 34% yield. miz (M+1), 277; 1H NMR (CDC13) 20300 MHz 64.73
(bs, 1H), 2.60-2.35 (m, 21-1), 2.31 (é %Il) 2.20-1.40 (s, 10H), 1.45 (s,
911). Step II: To a stirred solution of the compound obtained from step
(0.25 g, 0.9 mmol) in a 1:1-mixture of ethanol and water (9 mL) at room
temperature was added hydroxylamine hydrochloride (0.32 g, 4.5 nunol)
followed by solid Na2CO3 (0.57 g, 5.4 mmol). The 25 reaction mixture
was refluxed for 12 h. The volatiles were removed under reduced
pressure WO 2007/113634PCT/1133@2@1@‘7%0830 118 - and the residue
was dissolved in ethylacetate a ng washed w ater. The organic layer
was dried over anhydrous Na2g30% and evagoragted under reduced
pressure. The residue was dight /tm;'u/eth orthoformate (0.2 mL)
and a catalytic amount of campiiQr su onl@ acidWas added. The reaction
mixture was reftuxed for 4 h. volatiles were removed 5 under reduced
pressure and the crude product was purified by column chromatography
Stepdbiain tentrdilityl i b2 14(amitiatziol <BoyBriethy ! honeloyl)pyrrolidin-2-one

P IR L PR A K 83 S m pviso

(51m;u)2az98(@ zei) bath stongamrginrd Hyae. 38deb & $inl-(2-thiora-acetgdpyrrolidine-2-
At €4 69 .2)=12 8mhihb. Hﬁ@%t%ﬁ%ﬁ&é%ﬁ"?rahﬁl@%e@ to room

Step Il TO a sfirred solution of the compound obtained from step 11 (0.15

tegl@f&%ﬁ&ﬂ) %Hr@ﬁ Fer1 3 o Upey eeg}g%f%lbefﬁa‘sram fehgered kel O), the
rcGibA0aE Al WhE dEaesD Ry XBDR Wasdkeeklially Wi Mertei@WHine, dried over

tyre, and stirred for Ih. The volatil d.und
oo e R e R e SR
putbfieih by(1c2] 4machambﬁ>@ﬂaphth) wlatyiio[R.9)- quafv]imnmammmdm-l y1)

AP AT DN gy o

Hauits((s] @) irp4886 izt (my 20V B EB- /SR, G10514). 600ME2z(3rd. 43 (J, J = 7.4

h 11l
e L LORTE
Hﬁitlb@e%%ﬁdﬂmémaslaﬁdé@@)riﬂz 1 58-1.50 (m, 1H).

Example 20A: Hydrochloride salt: To a stirred solution of the compound obtained from
example 19 (36 mg, 0.1 mmol) in methanol (2 mL) cooled to 0°C was added TMS-C1 (25

uL, 0.2 mmol). After 30 minutes, the volatiles were removed under reduced pressure and
the residue was triturated several times with ether to obtain the hydrochloride salt of (25)-
1-{N-[2-(2-0xopyrrolidin-1-yl)hexahydro-2,5-methanopentalen-3 a(1.H)-yl] glycyl}
pyrrolidine-2-carbonitrile as off-white solid (38 mg).
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chloro-acetyl)pyrrolidine-2-carbonitrile (0.06 g, 0.0.36 mmol) and K2CO3
(0.2 g, 1.44 nunol). After stirring the reaction mixture for 3 h, it was diluted

vs%itlyo @59{%83?”0' washed with water and brine, dried over Na@gﬂdqu/&%m
S

olvent was removed under reduced 25 pressure. The crude product was
purified by column chromatography to obtain ((28)-1-{N-
[2-(1,2,4-oxadiazol-3-y1lmethyl) hexahydro-2,5-methano
pentalen-3a(11-/)-yl] glycyl} pyrrolidin-2-ypacetonitrile as an off-white solid
(0.05 g) in 40% yield. m./z (M+1), 3363 1H WO
2007/113634PCT/1132007/000830 - 119 - NMR (CDC13) 300 MHz 8 8.64
(s, 111), 4.84-4.75 (m, 1H), 3.75-3.40 (m, 211), 3.49 (s, 211), 2.81 (s,
211), 2.40-2.10 (m, 611), 1.92-1.70 (m, 6H), 1.68-1.48 (m, 411). Example

31A: Hydrochloride salt: To a stirr%(}j{a%g llléi%] of the compound obtained

from 5 example 31 (20 mg, 0.056 mmol) iIn methanol (1 mL) cooled to 0C
was added TMS-CI (15 1AL, O. mol). Aft minutes, the volatiles
were removed under reduced Yvﬁ%@sidue was triturated
several times with ether to obtain ydrachlogige salt of the compound
as an off-white solid (21 mg). HEggjample 32 Stenl: To a stirred
suspension of NaH (50% dispergeddn nujol, 50 mg, 1.05 mmol) in THF

Step I: To a stirred mixture of 1~(1,I—dioxidoisothiazolidin-z-yl)tn'cyclo[3.3.1.03’7]nonan—
3-amine prepared as in preparation 10 (0.17 g, 0.66 mmol), and K,COj3 (0.28 g, 2.0 mmol)
in DMSO (2.6 mL) at ice bath temperature was added (S)-1-(2-chloro-acetyl)pyrrolidine-2-
carbonitrile (0.13 g, 0.66 mmol). The reaction mixture was gradually warmed to room
temperature and stirred for 3 h. Upon completion of the reaction (by TLC), the reaction
mixture was diluted with EtOAc and washed with water and brine, dried over Na;SOg,and
the solvent was removed under reduced pressure. The crude product was purified by
column chromatography to obtain  (2S)-1-{N-[2-(1,1-dioxidoisothiazolidin-2-y1)
hexahydro-2,5-methanopentalen-3a (1H)-yl] glycyl}pyrrolidine -2-carbonitrile as a viscous
liquid (0.1 g) in 40% yield. m/z (M+1) 393; 'H NMR (CDCl;) 300 MHz & 4.80-4.75 (m,
1H), 3.70-3.37 (m, 4H), 3.36 (t, J = 6.6 Hz, 2H), 3.16 (t, J = 7.4 Hz, 2H), 2.43-2.37 (m,
1H), 2.35-2.13 (m, 9H), 2.05-1.99 (m, 1H), 1.95-1.75 (m, 5H), 1.70-1.63 (m, 1H), 1.54-
1.47 (m, 1H).

Example 21A: Hydrochloride salt: To a stirred solution of the compound obtained in
example 20 (39 mg, 0.1 mmol) in methanol (2 mL) cooled to 0°C was added TMS-CI (25
pL, 0.2 mmol). After 30 minutes, the volatiles were removed under reduced pressure and
the residue was triturated several times with diethyl ether to obtain the hydrochloride salt
of (28)-1-{N-[2-(1,1-dioxidoisothiazolidin-2-yl)hexahydro-2,5-methanopentalen-3a (1H)-
yllglycyl} pyrrolidine-2-carbonitrile as an off-white solid (41 mg). m/z (M+1) 393; 'H
NMR (DMSO0-dg) 300 MHz & 9.60 (s (br), 2H), 4.86 (dd, J = 4.4, 7.0 Hz, 1H), 4.12-3.96
(m, 2H), 3.59-3.47 (m, 2H), 3.28 (t, J= 6.8 Hz, 2H), 3.19 (t, J = 7.5 Hz, 2H), 2.43-2.37 (m,
1H), 2.31-2.13 (m, 8H), 2.10-1.97 (m, 3H), 1.96-1.76 (m, 5H), 1.50-1.43 (m, 1H).
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(3 mL) cooled to OC, under N2 atmosphere was added drop-wise with a
syringe a solution of the compound obtained in Example 19, step 1(0.3 g,

wWolattHi %)63;2 THF (4 mL). After 15 stirring the reaction mixturs-g4k08M 000830
temperature for 30 minutes, it was cooled again to ice-bath temperature
and Mel (0.1 mL, 1.5 mmol) was added. The reaction mixture was slowly
warmed to room temperature and stirred for 2 b. Excess NaH was
guenched by adding aq. NH4C1 solution after cooling the reaction mixture
to ice-bath temperature. The two Ia'y@r% Were separated and the aqueous

. layer was extracted with EtOAc. The combined organic 20 layer was

washed with brine, dried over anhydrous Na2S0O4, and the solvent was
removed under reduced pressure. The crude product was purified by
column chromatography to obtain ter:-butyl
[244-(3-methyl-2-o0xoimidazolidin-1-y1)phenylihexahydro-2,5- WO
2007/113634PCT/1132007/000835%213pde28
methanopentalen-341H)-ylicarh ate (250 s an off-white solid in 80
% yield. tn/z (M+1), 446; 1H N @Hz 57.48(d,J=8.7
1 ( 17-5.03 (m, 3H), 3.80 (t,

Hz, 2H), 7.43-7.30 (m, 511), #
J=7.2Hz,2H),3.47 (t,J=7 , 21- I) 2(91 (s; I’éH) 2.61-2,52 (m, 1H),
2.48-2.40 (m, 1H), 2.32-1.55 OH) 5 Step II: To a stirred solution of
the compound obtained from stép 1(0.25 g, 0.56 minol) in a 1:1-mixture of
Stepl2Cl? AnsMeBlk(HQ BTN @d% RO Wiey @6 L RS B Gioxane
at room temﬁfrature under Hy atmos ere for 2 h. The reaction mixture

(ALK RLIGE BARD RSB NS P i RSt A0 S B A0Sk St for 15
rﬂﬂﬁiwsetﬂw essitiadiBionlils solution was added dropwise to a stirred solution of 1-

R s e hEuoR R c BT SR Jeigien T (18 &, 40
nzﬁma@; itbweiver( nE1at Redpatil @qm@xeemgAmﬁguﬁﬁ@cht&wm]&ﬁixmre at
ril%@}q%l%&ké Lﬁﬂﬁé&%%@*@%@% ? %ﬂ(é u%rgc% 85y 1]2;1? NGOH (3.6

=86 Hz, 2T1), 7.19 (d, J=8.6 Hz,
rr( J&)mnﬂli 3y, roaptions r@mrezmélh@eéﬁmmyv@ezzmzdm(mctm)mm EtOAc.

ﬁé@d&@iﬂéﬁ%g&ﬂ% BRi1BR (Mshddlvith8Ridebriba Sh): ﬁ&?@d!;l, éll-’ﬁ Fhe solvent

stirred mlxture of the compound obtained from step 11 (0.15 % 37
wWHTRSIPArR Ko sTeseed q%sma)?htﬁmé@@mcaﬂee Bétﬂ i3 Jnonane-3-
cAEHDREAIBULR (8623 G4 LRPRM r}d/ﬁMli()Zzabld!@ﬁpﬁty{tDch) 300 MHz 8 7.40-

rrolidine-2- carbonlpil‘:g#ﬁI 09 g, 0.5 mmo% The 20 reaction mixture w

g/’r%a Goattivdmedit }e%%e?a%ér(énaﬁ Xstirrécor §%. oty 38 (ddd,7=20,
2 ©omipleHan 162208 (ciEs Heai ky 78 1) SHY, [ercti) S8 el NaHz, 1H).

diluted with EtOAe and washed with water and brine, dried over Na2S04,

and the solvent was removed under reduced pressure. The crude product
SteadIpdidfiedtryedshlmivembinptenytpnycto fhialr0® nonane-3-carboxylic acid (0.6

%%;?g Jné%}gz%%a i?l’emﬁrg}xjs%gpof(%@ @éﬁ@i%ﬂb%ﬁ”éf |]$4 mmol) in toluene (10

2,5-metha
mL) un er N, atmosphere at ice bath temperature was added diphenylphosphoryl azide

(0.64 mL, 3.0 mmol). The reaction mixture was warmed to room temperature and stirred
for 1 h, then it was refluxed for 4 h. The reaction mixture was cooled to r.t., washed with
water and stirred with aq. KOH solution (50% w/v, 5.0 mL) and nBusNI (92 mg, 0.25
mmol) for 2 h at r.t. The reaction mixture was cooled to ice bath temperature, acidified
with conc. HCI to pH 2, extracted with diethyl ether. The aqueous layer was basified with
aq. NaOH solution (50% w/v) and extracted with chloroform. The combined organic layer
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25 pentalen-3a(11)-yl]glycyllpyrrolidin-2-y1) acetonitrile as an off-white
solid (0.09 g) in 42% vyield. Ink (M+1) 449; 1H NMR (CDC13) 300 MHz

\gifb]gé%é%SG Hz, 211), 7,22 (t, J= 8.6 Hz, 2H), 4.85-4.76 %#I 2’30;%({&830

H), 3.75-3.40 (m, 411), 3.48 (s, 2H), 2.89 (s, 31 46-2.39
(m, 111), 2.36-2.15 (m, 3H), 2.12-1.58 (n, 1211). MCSLL P -121- CLAIMS
1.A compound of formula |,  its tautomeric forms, stereoisomers,
bioisosters, diastereomers, polymorphs, 5pharmaceutically acceptable
salts and pharmaceutically accepta IPsolvates, wherein: X= CH2, CHF,
CF2, CHC1, CHOH, CHOCH3, NH, NCOCHS3, CHPh, 0, or S, =CN, RI
and R5 are selected from hydrogen, CI-C4 alkyl, and hydroxy, R2
is selected from hydrogen, CI-Ca alkyl, substituted alkyl, C1,4 alkoxy C1-4

10alkvl C1.4 hyd S5NHCI.4 | N Cl.4

WAk v LN BOM ' Bl 3 DB CH O i pressure
tchydtaige - b englrise)o 8 L Haananddtaning £0:3R08Y, s 1visgous liquid in 62%
@g%@a—oﬁvg{gg@mm AR5 S660MtE RV b 36V ANEDAURYER 2L 15 (i,

1H), 2.42-2.35 (m, 1H), 2.20-2.05 (m, 2H), 2.02-1.52 (m, 9H).

Step III: To a stirred mixture of the compound obtained from step II (0.2 g, 0.94 mmol)
and K,COs (0.39 g, 2.8 mmol) in DMSO (4.0 mL) at ice bath temperature under nitrogen
atomsphere (8)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile (0.16 g, 0.94 mmol) was
added. After stirring the reaction mixture for 3 h at r.t., it was diluted with EtOAc and
washed with water and brine, dried over NaySQO4, and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography to obtain
(285)-1-[N-(2-phenylhexahydro-2,5-methanopentalen-3a(1 H)-yl)glycyl]pyrrolidine-2-
carbonitrile as off-white solid (0.16 g) in 48% yield. m/z (M+1) 350; '"H NMR (CDCls)
300 MHz 8 7.35-7.16 (m, 5H), 4.4.85-4.76 (m, 1H), 3.76-3.40 (m, 2H), 3.50 (s, 2H), 2.48-
2.41 (m, 1H), 2.36-2.27 (m, 2H), 2.23-2.0 (m, 6H), 1.94-1.68 (m, 4H), 1.66-1.60 (m, 1H).

Example 26A: Hydrochloride salt: To a stitred solution of the compound obtained from
example 26 (35 mg, 0.1 mmol) in methanol (2 mL) cooled to 0°C was added TMS-CI (25

uL, 0.2 mmol). After 30 minutes, the volatiles were removed under reduced pressure and
the residue was triturated several times with diethyl ether to obtain the hydrochloride salt
of  (25)-1-[N-(2-phenylhexahydro-2,5-methanopentalen-3a(1H)-yl)glycyl]pyrrolidine-2-

carbonitrile as an off-white solid (38 mg).



R = Rii, R12, or R13, in which Rii comprises at least one of the groups
selected from below a), b), or c), whereupon the optionally substituted
v%%)o% lﬁ%ﬂeterocyelyl, and heteroaryl groups are linked to tll;l(?m 2007/000830
nor-adamantyl moiety either directly or via a methylene 200or e hyPene
adjacent, either by C-C linkage or by C-N linkage; a) cycloalkyl group
preferably C4-C7 ring systems, more preferably C3-C6 ring systems,
which is optionally substituted by C1-C4 alkyl, dialkyl, or oxo, WO
2007/113634PCT/1132007/000830 11®2 - b) optionally substituted
heteroaryl group, preferably 5 to 10 membered ring system, in which the
heteroaryl ring is a monocyclic aromatic ring system or a bicyclic aromatic
ring system comprising one, two, or more heteroatoms selected from
nitrogen, 5 sulfur, and oxygen, an%warrlrtlerl%i%he substituents of the
heteroaryl ring system are selecte o a group consisting of R6 and R7,

wherein R6 is hydrogen, Ci-C4 |, C2-C4 yl, hydroxy, hydroxy
alkyl, alkylamino, haloalkyl, amj 7 or COR9, and R7 is
selected from a group consistin hwﬂrozgn, gdroxy, halogen, amino,
nitro, 10 Ci-C8 alkyl, C2-C4 |, COOR9, CONR8R9, CORS9,
NIICOORS8, NHS(0)2R5, NH 8, NHS(0)2NHR8, NR8COORY9,
NR8R9, NR8C(S)NR8R9,
ONR8R9, SO02R8, SORS8, SR8,

NR8CORY, NR8S(0)2R9, NR8
NHC(0)NHS(0)2R8, 0S02RS,
ﬁQﬁMB&ﬁ%ﬁﬁ@mﬁt(mm@mm ﬁﬁap?d&?agﬁﬁ%a&ﬁ-@%% bofﬁﬁgbtained in
carpons o e rn stem ey may ogetner 1orm a SsiXx mempere
LR G Q0 o] B e e T s ook SO AR (12 mL)
5  afiitednthiestiiatione sndhras, amiospHeyeivmeya dilég (MY Bulionylaedisgthplyivolidine-
alkyl sulfinyl,.carboxy,.0r 0xq; eterogeyclyl group. optionally.substitut
R (e R CHIE ISR LR 20 IR EHAS o room
teypteatiis and-stined-foembethrromplesiop; oﬁéhq ringtiystthe wittioneture was
IR BRI REeARd oM DaG AHPERRSIFHRE & HINRIEH, shi Lﬂ{m solvent

and oxygen, wherein the hetcroatoms can also be present as functiona
Vi UpBOBER huad - ssdueed soTRsPERidERe ardsuIriPdRskidess, purified by column

10 chromatography to obtain (2S)-1-{N-[2-(4-nitrophenyl) hexahydro -2,5-methanopentalen-~
3a(1H)-yl] glycyl} pyrrolidine-2-carbonitrile as an off-white solid (0.5 g) in 42% yield.
m/z (M+1) 395; '"H NMR (CDCL) 300 MHz & 8.14 (d, J = 8.9 Hz, 2H), 7.41 ((d, /= 8.9
Hz, 2H), 4.83-4.73 (m, 1H), 3.78-3.40 (m, 2H), 3.48 (s, 2H), 2.51-2.45 (m, 1H), 2.37-2.06
(m, 6H), 2.02-1.60 (m, 9H).
15
Example 30

Y

NH,

To a stirred solution of the compound obtained from example 29 (0.2 g, 0.51 mmol) in a
1:2:4 mixture of water, THF, and ethanol (7 mL) respectively was sequentially added solid
20 NHCI (0.1 g, 1.87 mmol) and Fe powder (0.1 g, 1.78 mmol). The reaction mixture was
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wherein the heterocyclic ring system may contain one or two double
bonds, 25 wherein the monocyclic heterocyclic ring may be optionally

ng %(dgt]? ?;teroaryl aryl, or a cycloalkyl ring optionally Su*’%&'}ﬁﬂd’(‘/‘ﬁﬂoosso
1

halogens, hydroxy, amino, nitro, haloalkyl, alkylamino,
carboxy, NH(C0)1(8, NHS(0)2R8, NI-1C(0)NHR9, MCSLLP -123- NHS
ORg, NH S (0)2NHRg , NR5COOR9, NR8COR9, NR5S(0)2R9,
NRSCONRSRY, NR8C(S)NR8RI: NI IC (0)NFIS (0)24 R 12 is selected
from hydrogen, halogen, hanaIkyI,'HﬂJery, carboxy, nitro, 5 amino,
cyan, alkyl sulfinyl, alkylsulfonyl, alkylthio, amidinyl, alkoxy, alkoxy
earbonylamino, ureido, thiureido, alkanoyl, alkanoyloxy, alkanoyl amino,
earbamoyl guankly 1 optionally substituted C1-C8 alkyl, and C2-C6

‘[bcf1 ¥o reflux for 1%}“9&&} gg%&%&?&wg{tﬂ/ etroelr%(t)he ﬁeagerature it was

stituents may be t e same OI’ erent and comprises at t one of

ﬁiﬁ@reglrmq@ylgere@mllfm of celijengartogeshed thephedivdh Bigh € Mpesfiltrate was
E%P@(&dhaéﬂe@%\ﬂﬁ@é@ rRésSs Al fanrhealndsuitinnd il Waral k0% racted

ano ony, acylamino, carbonylamino, guanidyl, nitro, amino, COOR9,
R coptneloNRBiRd eI TERD)BRsBe A OyRign dried over anhydrous

N\AH@QO}IM%&B Qo NEHC (EHNR R PatbiH R0} 3B RS RS, 1O 6B MR N-[2-(4-

OR9 C
TRIRBC GBI R SR N R LS B i grggbonitie
asa@m@m&mm@)w& pel@Gf@z)MHﬂ}R)%GS 'H) NMBr{@OChaRGIWMHZ
ted, a o Q ocycli in t
T Bh ey S AL 15 B0 el Grotl S ] o i (s 48D
233-100 aikelrhH) dladkyl,. Shthoddwherein the heterocyclic ring system is a
4- to 10- membered ring with one or more heteroatoms selected from the

group consisting of nitrogen, sulfur, and oxygen, wherein the
heteroatoms can also be present ﬁmﬂ al groups, such as N-

Y
g/\(")r CN

/N~.
6] \%N
Step I: A stirred mixture of the compound obtained in preparation 3 (1.1 g, 3.18 mmol),
sodium cyanide (0.164 g, 3.5 mmol) in DMF (7.0 mL) was heated to 110°C for 12 h. The
reaction mixture was cooled to room temperature, diluted with water, and extracted with
EtOAc. The combined organic layer was washed with brine, dried over anhydrous Na;SOq,
and the solvent was removed under reduced pressure. The crude product was purified by
column chromatography to obtain fert-butyl [1-(cyanomethyl)tricyclo[3.3.1.0>"non-3-
yljcarbamate as viscous liquid (0.3 g) in 34% yield. m/z (M+1), 277; 1H NMR (CDCl;)
300 MHz 8 4.73 (bs, 1H), 2.60-2.35 (m, 2H), 2.31 (s, 2H), 2.20-1.40 (s, 10H), 1.45 (s, 9H).

Step II: To a stirred solution of the compound obtained from step I (0.25 g, 0.9 mmol) in a
1:1-mixture of ethanol and water (9 mL) at room temperature was added hydroxylamine
hydrochloride (0.32 g, 4.5 mmol) followed by solid Na,COs3 (0.57 g, 5.4 mmol). The

reaction mixture was refluxed for 12 h. The volatiles were removed under reduced pressure
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250xides, sulfur oxides, and sulfur dioxides, wherein Rg and Ry, which
are optionally substituted by halogen, hydroxy, alkoxy, cyan(); nitro, alkyl,
v@&%o@ﬁ%&‘y hydroxyalkyl, amino, alkylthio, or thioalkyl groupsma¥.PGe0szo
the same or different and are individually selected from hydrogen,
optionally substituted MCSLLP -124- C1-C alkyl, aryl, arylalkyl, alkoxy
carbonyl, and arylalkoxy carbonyl and when Rg and Ry are present
together on a nitrogen atom they form a 5- or 6-membered saturated,
partially unsaturated, or unsaturateol)é C|IC system containing carbon
atoms, at least one nitrogen atom and optionally one or more other
heteroatoms selected from oxygen, 5sulfur, and nitrogen. 2.A compound
of formula la as claimed in claim 1 its tautomerie forms, stereoisomers,

an’i’dot!ﬁé’%%(géuéj @%59&%‘35%%& R UANQLRE, aﬁ%@éﬂé %HH%HYeP‘G?ﬁQ%J&m layer

salts, and phannaceutically acceptable solvates W erein X
was s]n@(tgqer anhydrous Na,SO4 and evaporated under reduced pressure. The residue was

dissolved in trimethyl orthoformate (0.2 mL) and a catalytic amount of camphor sulfonic
acid was added. The reaction mixture was refluxed for 4 h. The volatiles were removed
under reduced pressure and the crude product was purified by column chromatography to
obtain tert-butyl [1-(1,2,4-oxadiazol-3-ylmethyl)tricyclo[3.3.1.0*7Jnon-3-yl]carbamate
(0.15 g) in 51% yield as viscous liquid. . m/z (M+1), 320; 1H NMR (CDCl;) 300 MHz
8.62 (s, 1H), 4.71 (bs, 1H), 2.79 (s, 2H), 2.48-2.38 (m, 1H), 2.35-2.28 (m, 1H), 2.10-1.88
(tm, 4H), 1.74 (dd, J= 2.8, 10.5 Hz, 2H), 1.65-1.38 (m, 4H), 1.43 (s, (H).

Step III: To a stirred solution of the compound obtained from step II (0.15 g, 0.47 mmol) in
CH,Cl; (2 mL) cooled to 0°C was added trifluoroacetic acid (0.5 mL). The reaction
mixture was gradually warmed to room temperature and stirred for 1h. The volatiles were
removed under reduced pressure and the residue was triturated several times with ether to
obtain 1-(1,2,4-oxadiazol-3-ylmethyl) tricyclo[3.3.1.0*"|nonan-3-amine, trifluoroacetic
acid salt as a white powder (0.12 g) in 77% yield. m/z (M+1), 220; 1H NMR (DMSO-dg)
300 MHz 8 9.53 (s, 1H), 8.09 (bs, 3H), 2.78 (s, 2H), 2.38-2.25 (m, 2H), 1.88-1.70 (m, 6H),
1.60-1.42 (mm, 4H).

Step IV: To a stirred solution of the compound obtained from step III (0.12 g, 0.36 mmol)
in DMSO (1.5 mL) at room temperature under nitrogen atmosphere was added, (S)-1-(2-
chloro-acetyl)pyrrolidine-2-carbonitrile (0.06 g, 0.0.36 mmol) and K,CO; (0.2 g, 1.44
mmol). After stirring the reaction mixture for 3 h, it was diluted with EtOAc and washed
with water and brine, dried over Naz;SO,, and the solvent was removed under reduced
pressure. The crude product was purified by column chromatography to obtain ((25)-1-{N-
[2-(1,2,4-0xadiazol-3-ylmethyl) hexahydro-2,5-methano pentalen-3a(1H)-yl] glycyl}
pyrrolidin-2-yl)acetonitrile as an off-white solid (0.05 g) in 40% yield. m/z (M+1), 356; 1H
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R3 is independently selected from hydrogen and C1-C4 alkyl, R4 is
selected from hydrogen, CI-Ca alkyl, substituted alkyl, C1-C4 alkoxy,

3665 43adikanoyloxy, hydroxy, amino, nitro, C2-C6 alkenyl, fnﬁﬂbjmoosso
Vﬁzjlllzogéé/rih n=1lor2, m=0,1,or2, RisR1i, R12, or R13, RI I, R12, and

R13 are as defined in claim 1. 20 3.A compound according to claim 1 or 2,
wherein R is REt, mis 1, WO 2007/113634PCT/1B2007/000830 - 125 -
R3 is hydrogen, R4 is hydrogen, nisil,lg( is CN,

NMR (CDCl3) 300 MHz & 8.64 (s, 1H), 4.84-4.75 (m, 1H), 3.75-3.40 (m, 2H), 3.49 (s,
2H), 2.81 (s, 2H), 2.40-2.10 (m, 6H), 1.92-1.70 (m, 6H), 1.68-1.48 (1, 4H).

Example 31A: Hydrochloride salt: To a stirred solution of the compound obtained from
example 31 (20 mg, 0.056 mmol) in methanol (1 mL) cooled to 0°C was added TMS-Cl
(15 pL, 0.12 mmol). After 30 minutes, the volatiles were removed under reduced pressure
and the residue was triturated several times with ether to obtain the hydrochloride salt of

the compound as an off-white solid (21 mg).

Example 32
L
N
”/\g/ cN

Cro
Nen

Step I: To a stirred suspension of NaH (50% dispersed in nujol, 50 mg, 1.05 mmol) in THF

3

(3 mL) cooled to 0°C, under N, atmosphere was added drop-wise with a syringe a solution
of the compound obtained in Example 19, step I (0.3 g, 0.7 mmol) in THF (4 mL). After
stirring the reaction mixture at room temperature for 30 minutes, it was cooled again to ice-
bath temperature and Mel (0.1 mL, 1.5 mmol) was added. The reaction mixture was slowly
warmed to room temperature and stirred for 2 h. Excess NaH was quenched by adding aq.
NH,4Cl solution after cooling the reaction mixture to ice-bath temperature. The two layers
were separated and the aqueous layer was extracted with EtOAc. The combined organic
layer was washed with brine, dried over anhydrous Na,SO4, and the solvent was removed
under reduced pressure. The crude product was purified by column chromatography to

obtain tert-butyl [2-[4-(3-methyl-2-0x0imidazolidin-1-yl)phenyl]hexahydro-2,5-
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5Xis CH2, CHF, or S, R11 is as defined in claim 1. 4. A compound
according to claim 1 or 2, wherein R is R11 or R12, 10m is 0, RI, R2, R3,

v@@%@ﬁ & Pydrogen, nisi, Y is CN, X is CH2, CHF, or S, 1%]?#397@(&30
claim 2,

are as defined in claim 1. 5. A compound according to claim 1 or
wherein R is R137 inis 0, 20RI, R2, 113, and R4 are hydrogens, nis 1, Y
is CN, Xis CH2, CITE, S, R13 is as defined in claim 1.

- 120 -

methanopentalen-3a(1H)-yl]carbamate (250mg) as an off-white solid in 80 % yield. m/z
(M+1), 446; 1H NMR (CDCls) 300 MHz & 7.48 (d, J = 8.7 Hz, 2H), 7.43-7.30 (i, SH),
7.28-7.18 (m, 2H), 5.17-5.03 (m, 3H), 3.80 (t, /= 7.2 Hz, 2H), 3.47 (t, J = 7.2 Hz, 2H),
2.91 (s, 3H), 2.61-2.52 (m, 1H), 2.48-2.40 (m, 1H), 2.32-1.55 (m, 10H).

Step II: To a stirred solution of the compound obtained from step I (0.25 g, 0.56 mmol) in
a 1:1-mixture of CH,Cl, and MeOH (10 mL) was added Pd/C (10% w/w, 0.1 g) and stirred
at room temperature under H, atmosphere for 2 h. The reaction mixture was filtered
through a pad of celite and the filtrate was concentrated under reduced pressure to obtain
1-[4-(3a-aminohexahydro-2,5-methanopentalen-2(1H)-yl)phenyl]-3-methylimidazolidin-2-
one (0.15 g) as an off-white solid in 86% yield. M.R. 227-230°C; m/z (M+1), 312; IR
cm—1 3416, 3249, 2964, 1682, 1519, 1485, 1261, 810; 1H NMR (CDCl3;+DMSO-dg) 300
MHz 8 8.38 (bs, 2H), 7.47 (d, J = 8.6 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 3.76 (t, /="7.4 Hz,
2H), 3.43 (t, J= 7.4 Hz, 2H), 2.77 (s, 3H), 2.48-2.40 (mn, 2H), 2.22-2.14 (m, 1H), 2.10-2.0
(m, 2H), 2.0-1.86 (m, 4H), 1.80-1.60 (m, 3H).

Step III: To a stirred mixture of the compound obtained from step II (0.15 g, 0.48 mmol)
and K,CO; (0.21 g, 1.5 mmol) in DMSO (2 mL) at ice bath temperature was added
compound (8)-1-(2-chloro-acetyl) pyrrolidine-2-carbonitrile (0.09 g, 0.5 mmol). The
reaction mixture was gradually warmed to room temperature and stirred for 3 h. Upon
completion of the reaction (checked by TLC), the reaction mixture was diluted with EtOAc
and washed with water and brine, dried over Na;SOy, and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography to obtain
((28)-1-{N-[2-[4-(3-methyl-2-0xoimidazolidin-1-yl)  phenyl] hexahydro-2,5-methano
pentalen-3a(1H)-yl]glycyl}pyrrolidin-2-yl) acetonitrile as an off-white solid (0.09 g) in
42% yield. m/z (M+1) 449; TH NMR (CDCl3) 300 MHz & 7.47 (d, J = 8.6 Hz, 2H), 7.22 (%,
J = 8.6 Hz, 2H), 4.85-4.76 (m, 1H), 3.79 (i, J = 7.3 Hz, 2H), 3.75-3.40 (m, 4H), 3.48 (s,
2H), 2.89 (s, 3H), 2.46-2.39 (m, 1H), 2.36-2.15 (m, 3H), 2.12-1.58 (m, 12H).
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25 6. A compound selected from the group consisting of WO
2007/113634PCT/IB2007/000830 - 126 - (28)-1 - [11/-1,2,4-tri azol- 1
-ylmethyl-(tricyclo [3 .3 .1 yl arnino)acetyl]pyrrolidine-2-carbonitrile or its
salts in its single enantiomeric form or as a racemate, (28,48)-4-fluoro-1-
{N42-(1H-1,2,4-tri azol-1-ylmethyphexdRydro-2,5-
5methanopentalen-3a(11/1-yl] glycyl}pyrrolidine-2-carbonitrile or its salts
flits¥fgle enantiomeric form or as a racemate,
(28,4Rx4dlHprank (4 8rfdulely-1,2,4-triazol-1-ylmethyl)hexahydro-2,5-
methanopentalen-3a(111)-yl] glycyllpyrrolidine-2-carbonitrile or its salts in
its single enantiomeric form or @s a racemate, 10(4R)-3-
(N-12-(1H-1,2,4-triazol-1-yhnet yI)hexaR&r&-Z,S- anopentalen-3a(11
-0-yl] glycy1}-1,3-thiazolidin g} rbowitri r} s@r’/’its single
enantiomeric form or as a_ra ate,N(ZS)-l-

(N12-(1H-tetrazol-1-yImethyl ITexah ro-2,5%nethandpentalen-3a(1H)-yl]
glycyl} pyrrolidine-2-carbgnifrile, or its salts in its single enantiomeric form
or as a 15racemate, (28)-1- {N42-[(4-melbylpiperazin-1 yI)methyI] hex
AV rameangeenial endaly halyeyl py rolling 2o RRO VR morphs,
OF its Safts in its sin gle’enantiomeric formor as a Ficemate

pharmaceutically acceptable salts and pharmaceutically acceptable solvates, wherein:

X= CH,, CHF, CF,, CHC], CHOH, CHOCHj3, NH, NCOCHj3;, CHPh, O, or S,
Y =CN,

MCSLLP

R and Rs are selected from hydrogen, C,-C,4 alkyl, and hydroxy,

R, is selected from hydrogen, C-C4 alkyl, substituted alkyl, C;4 alkoxy Cj.4

alkyl, Cy.4 hydroxyalkyl, RsNHC,.4 alkyl , and RsNHC(NH)NHC,_4 alkyl ,

Rj is selected from hydrogen and C;-Cy alkyl,

Ry is selected from hydrogen, C;-C,4 alkyl, substituted alkyl, C;-Cy4 alkoxy, C;-Cy4

alkanoyloxy, hydroxy, amino, nitro, C,-C4 alkenyl, acyl, and halogen,

n=1or2,

m=0,1,or2,

R =Ry, Riz, or Ry3, in which

Ry comprises at least one of the groups selected from below a), b), or ¢),

whereupon the optionally substituted cycloalkyl, heterocyclyl, and heteroaryl

groups are linked to the nor-adamantyl moiety either directly or via a methylene

or ethylene adjacent, either by C-C linkage or by C-N linkage;

a) cycloalkyl group preferably C4-Cy ring systems, more preferably Cs-Cg ring
systems, which is optionally substituted by C;-C4 alkyl, dialkyl, or oxo,
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(28)-1-
{N42-(thiomorpholin-4-yltnethyl)hexahydro-2,5-methanopentalen-3a(1H)-y

Ozgogyyf%lgsgyrrolidine-2-carbonitri|e or its salts in its single e%mﬁ%%&oosso

‘*]orm or as a racem ate, (251)-1-
{N42-[(1,1-dioxidoisothiazolidin-2-ypinethyllhexahydro-2,5-methanopental
en3a(1H)-yliglycyl}pyrrolidine-2-carbonitrile or its salts in its single
enantiomeric form or as a racemate, 25(231-1-
{N-[2-[(2,4-dioxo-1,3-thiazolidin-3-37l}i%%thyl]
hexahydro-2,5-methanopentalen- 3 a(
111)-yliglycyl}pyrrolidine-2-carbonitrile or its salts in its single enantiomeric
form or as a racemate, MCISI.LP - 127 - (28)- | - {N-[2-
[(1,3-dioxo-1,3-dihydro-2H-isoindo1-2y1)methyl] hexahydro-2,5-methano
pentalen-3a(110-yl] glycyl}pyrrolidine-2-carbonitrile or its salts in its single
enanfio mptientdlynsubsiiduierabetaneaey] igup, preferably 5 to 10 membered ring sys-

tdk2Bh L die 4ile2itbioraciazal 3 metbybBrrhytipedic-MphgsrRe Al Hicyclic
3a(IH)-yl] elycyl}pyrrolidin-2-y1) acetonitrile or its salts in its single )
AR OTREEYRITH GPHEBTF N aMeaf 07 %A @&ﬁ?ﬁ&}ﬁ@@@}@&%ﬁf?&m fiqgn nitrogen,

s@RL RO 0SiRIY Afd FMeleifthd 2ddktitudntliofitRisrtbiaznlidingsybpheay belected
hexahydro-2,5-methang pentalen3a(1H)-yl] glycyll
ﬁﬁi}?r‘%ﬁ%‘?ﬁg-%’&%%f}ﬁi?r?l%%aﬁ{#géaw 1S single enantiomeric form or as a
racenfatds (38rdetal-(NI2-pidl, GeOxiabisglhlaydiidin: 2xdipxheliygl], alkylamino,
hexa - a
pent%g{%]aa(fl%?%%’lyé%/,li}c-:d?-ﬂll}a’rgﬁgr(r)o |dfirlllg-2-carbonitrile oritssaltsin
its Sir@yésewgqmghfgpm Wﬁt@rcggsggmg@ﬁbyé,mgen, hydroxy, halogen, amino, nitro,

(25,48) -4 Nikdf AL - divigPisetmg ol MUPNEOR!], NHCOOR;, NHS(O)Rs,
hexalﬁdro-z -methano pentalen-341H)-yl

yi]
alycy Hﬁ(@%%ﬁ@ ER p Ms i rfiRer R eaftRen Ng‘ﬁﬁ@é&’ NRgCONR;R,
enanfigryeliS)FRGR O NEIE(QREHSUD, R, OSO.Rg, OCONR;Ry, SO:Rg, SORg, SRs,

MR)]%%%@;% h-?d' idoiaothiazolidin-z-yl)phenyl]

hexa 25 g éﬁg&an
pgnﬁaﬂmﬁ&kanﬂl]@yayamsanthdmzaﬂﬁim%ammidxﬁldmerrﬁmsameim,itﬂley may
sing [ r . -1- -
SRR I SR ARASEUE oy g bl g
pentateeh3ap RINNIEGiEY fustheo iubitptioas srelriks s eaydiess alkyl, alkyl
single; QRS CAMECHR R 381 BnfACEIARILY, or oxo;

¢) heterocyclyl group optionally substituted by C;-C; alkyl, dialkyl and oxo groups,

wherein the heterocyclic ring system is a 4- to 10-membered mono- or bicyclic ring
system with one or more heteroatoms selected from the group consisting of nitrogen,
sulfur, and oxygen, wherein the heteroatoms can also be present as functional groups, such
as N-oxides, sulfur oxides, and sulfur dioxides,

wherein the heterocyclic ring system may contain one or two double bonds,

wherein the monocyclic heterocyclic ring may be optionally fused to a heteroaryl,
aryl, or a cycloalkyl ring optionally substituted with C,-Cs alkyl, halogens, hydroxy,
amino, nitro, haloalkyl, alkylamino, carboxy, NH(CO)Rs, NHS(O);Rs, NHC(O)NHRy,

MCSLLP
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(28,48)-4-fluoro-1- 1N-f 214-(2-oxopyrrolidin- | -1 )ph enyl] hexahyd

ro-2.5-m ethano pentalen-3a(l.H)-yl]glycyl}pyn-olidine-2-carbonitrile or its

salts in its single enantiomeric form or as a racemate, MCSL |. P - 128 -
(4R)-3-{N42-[4-(2-oxopyrrolidin-1-yephenyllhexahydro-2,5-metlaanopental
en3a(11/)y11glycyll-1,3-thiazolidine-4-ddfbonitrile or its salts in its single
enantiomeric form or as a racemate,

P RPRN- IR @B Rgrr VR i HBry | N34y Bro- 2R mtthalhn  NRsCONRgRo,
rRetalem3a il it alypyi{ Rossolidine-2-carbonitrile or its salts in its single
enantiomeric form or as a racem ate, (28)- | -
{N-12-14-(2-oxoimidazolidin-I-yl)phenyllhexahydro-2,5-methanopentalen-3

a(1/0- ] glycybryealigingr 2rsarbesitrinionés Satsdkits 9iPaiexy, carboxy, nitro,
enantiomeric form or as a racemate, . L

(28121 - N4 43t lox it ZBhein- £IpdpHeny RN By aAkexy  alkoxy
H&@ébﬁ%@ﬂﬁﬁ@@[k%lk?iﬁﬂﬁ&&yﬂm‘ﬁﬂ@ﬁgi@i&ﬁgﬁﬁﬁtﬁnﬂnﬂzﬁq@gﬂtarlﬁait%iéhrbamoyl,
its single enantiomeric form or as a racemate, 8. A compound selecte

FOARIE GROBEOhSIOTHE 1 58) ety A8 83 S8 5§ABh-3-ylamino)
acety[]pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form

or as a racemate . . .
(25)-1-{f2-HyeRBRPREY SO S P b 3 br R STE o PAESHHEY I dhdin B thg same or
binitale eidtsosaps s&kits Binglenenatiomeripsfestocaidgdaracemate,

(25)-1- {Ig -methoxytri cycl o | 3.3.1.03'71non-3-yDamino) acetyl}

pyrrolioal% Yé?8§%10nitrile or its salts in its single enantiomeric font or as a
racematg, (2854 - Hﬂ@y@th@%ﬁgcwl@ﬁy}&m@&? ] mkklyiga}@)amlkoi(@,ce&ykylsulfonyl,
S Eoaaer iR Shole el o ke AN MR RIS uaniey,
Hitraminoiricy o}BR 1. G3NINOCIREL ) ARG aCEN RO INITE@ICRROMIEIC(O)Rs,

' SN its si tiomeri rasar and
&%?@jﬁi{’ : UOrc;Nhgkg(f@ﬁ}g?g%-mgﬁIg%E é Ieniﬁas%%ﬁglycuﬁ%%lzNHRs’
inec) téilitiatile or NSRAIBARILS sindkp@DRAtIorMERgSi@mRY, as BR3CONRgRg,
R BRR NS SR IRMAS(O)Rs, S(O)Rs, SORs, SRs, S(O)NRgRs, OCF,
0S(0);Rg, or OC(O)NRgRs;

c) saturated, partially saturated, or unsaturated, mono- or bicyclic heterocyclic

ring system optionally substituted by one or more groups selected from C;-C; alkyl, C;-
Cs alkenyl, dialkyl, and oxo, wherein the heterocyclic ring system is a 4- to 10-
membered ring with one or more heteroatoms selected from the group consisting of
nitrogen, sulfur, and oxygen,
wherein the heteroatoms can also be present as functional groups, such as N-
oxides, sulfur oxides, and sulfur dioxides,
wherein Rg and Rg, which are optionally substituted by halogen, hydroxy, alkoxy,
cyano, nitro, alkyl, acyl, acyloxy, hydroxyalkyl, amino, alkylthio, or thioalkyl groups,
may be the same or different and are individually selected from hydrogen, optionally

substituted

MCSLLp
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9. A compound selected from the group consisting of (25)-1-
(N-[2-(2-oxopyrrolidin-1-yl) hexahydro-2,5-methanopentalen-3a(111)-yl]

glycyl) pyrrolidine-2-carbonitri le or its salts in its single enantiomeric form MCSLLP
or as a racemate, (28)-1-
{V-{2-(1,1-dioxidoisothiazolidin-2-y1)hek&hydro-2,5-methanopentalen-3a(l

H)-yll glycyl) pyrrolidine-2-carbonitrile or its salts in its single enantiomeric
@r,ﬁ&ﬂlégzaay&b&qyéq&yl, alkoxy carbonyl, and arylalkoxy carbonyl and when Rg and

ArdPhs{Zrphgeiibesahydins 2.a-msihanronrsnalem3asl id)-salmdied iR urated,

lidinc-2- carbonitrile or its salts in its single entintiomeric form or as a
BicHaftansaturated, or unsaturated cyclic system containing carbon atoms, at least one

@abdetNalent4aniirepispyhexrhye o S dnrihapepeItHRNSSRELY) Hialy oxygen,

cyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or
AUt iiO25Rd (28)- | -
{.(V42-(4-aminophenyl)hexahydro-2,5-methanopentalen-3a(1//)-yllglycyl)
pyrrolidine-2-carbanitrile or jts salts jn its single enantiomeric form or as a
Pacemaf%e?arépsa\ueém%@m%em@w@& A Mwherein the
pharmaceutically acceptable salt is selected from the group consisting of
salts eriveuj3 from inorganic bases such as Li, Na, K, Ca, Mg, Fe, Cu, Zn,
s\alts organic bases such as diacetylethylenediamine,
ammithaﬂg&, isopropylamine, morpholine, piperazine,
ne, procaing, diethylamine, triethylamine, trimethylamine,
prapylamine, tro%(e‘tﬂ%hine, adarnantyl amine, diethanolamine,
ethylenegiamine, N,Nbenzyl phenylethylamine, choline hydroxide,
dicyclohexylamine, metformin, benzylamine, phenyletrglylamine,
dinlkjaRme friallgEmins AR S miRORATSine T4Fe)EEine polymorphs,
PUHERRa YRR AN e RpEREEBIdneMLasasiike plikiaRendaoNAes, wherein
lycinol, or phenyl glyeinol; salts of natural amino acids such as alyeine,
gé’hﬁ%‘é{?vg e,sieucine, isoleucine, norleucine, tyrosine, cystine, cysteine,
npethignine, proline, hydroxy prolinc, histidine, ornithine, lysine, arainine,
serine, threonine, orE%E{en lalanine; salts of unnatural amino acids such as

RebilsrradeBlLspstittedow ey S8 masssube#Nboo7/000830 - 130
RNIR0 REdES I PIRAdicANI0Q 6fidk§LUCh BSiageartigatidrolutateis, C-C,
acid; salts of guanidine aqr substituted guanidines, wherejn the substituents
aHsa8a et BsHO Rt 8RO TNy R SHARGIY IR 2B TAIE or
substifubed ammonium salts; wherein the salts may include acid addition
salts, such as sulphates, nitrates, phosphates, per- 5 chlorates, borates,
I’i‘%&r@héﬁﬂ’é%’selected from HO, HBr, and HI, acetates, tartrates,

RAGALER GitkalRS, succinates, pahnoates, methanesulfonates, benzoates,
salicylates, hydroxyna Fg%)gtes, benzenesulfonates, ascorbates,
dtyeetephd Shatss 28 FRERS A EeS: 10 11. A process for the
preparation of a compound of formula | comprising the coupling of a
éompound of form#]la I, \%J%%h is.in its free form, in form of a salt, or in

ot SO A E T o R e e
Ris RH,

mis 1,
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[l wherein P is hydrogen or a protecting group, L is a leaving group, and MCSLLP
R, RIl, R27 R3, 114, X, Y, n, and m are as defined in claim 1. WO T
2007/113634PCT/1B2007/000830 -131 - 12. A process accoyd; '

W ,233r71/é}%?r314the coupling reaction is performed in an inert so%glﬁt%gr(@agljﬁd b0
the presence of a base. 13. A process according to claim 11, wherein the
inert solvent is selected from dichloromethane, dimethyl formamide,

DMSO, tetrahydrofuran, and acetonitrile. 514. A process according to
claim 11, wherein the base is selectE#from tertiary amines, carbonates,
hydroxides, or mixtures thereof. 15. A process according to claim 11
wherein the coupling reaction is performed at a temperature ranging from
about -5C to about 120C.  16. A process according to claiml I, wherein
the leavin oug L is selected from halogens 10such as chlorine,

brom 13%8%8: O-toluene sulfonyl, and 0-methyl sulfonyl. 17. A
proceBsiadydrageg,to claim 11, wherein P is selected from a
t-butyﬁqﬂcarbonyl (BOO) or a carbobenzyloxy (Cbz). 18. A process
according to claim 11, wherein the coupling reaction is performed for
about¥0is&d%72 hours, preferably for 0.5 to 60 hours.

X is CH,, CHF, or S,

Ry, is as defined in claim 1.

4. A compound according to claim 1 or 2, wherein

Ris Ry or Ry,

mis 0,

Ry, Ry, Rs, and Ry are hydrogen,
nis 1,

Y is CN,

X is CH,, CHF, or S,

R;; and Rj; are as defined in claim 1.

5. A compound according to claim 1 or claim 2, wherein
RisRjs,
mis 0,
Ry, Ry, Rs, and R4 are hydrogens,
nis1,
Y is CN,
X is CH,, CHF, S,

R,z is as defined in claim 1.

6. A compound selected from the group consisting of



1519. An intermediate compound of formula Il in its free form, in form of a
salt, or in protected form IT WO 2007/113634PCT/1B2007/000830 - 132 MCSLLP

- ound according to claim 19 selected from
: : . PCT/1B2007/000830
%(?(goﬁ-li%,gitnazol-l-ylmethyl)trlcyclo[3.3.1.0nnonan-3-am|ne,

1-(1H-tetrazol-1-ylmethyptricyclo[3.3.1.03'7]nonan-3-amine,
1-[(1,1-dioxidoisothiazolidin-2-yl)methyl]tricyclo[3.3.1.03'7]nonan-3-amine,
51-[(4-methylpiperazin-1-ypmethylitricyclo[3.3.1.03.7]nonan-3-amine, 1
-(thiomorpholin-4-ylmethyl)tricyclo [31301-:03' 7Jnonan-3-amine,

- 3-[(3-aminotricyclo[3.3.1.03'71non-1-yDrnethyl]-1, 3-thiazolidine-2,
4-dione, 2-[(3-aminotricyclo[3.3.1.03'7Jnon-1-y1)methyll-1H-isoindole-1,
3(21.fl-dione,

1-[45(1 A -digxidpisothiazqligin- enyltricyclo{s:3.1.03aJnonan-3-amin
e, ?O%Aﬁﬁ?r%rﬁ%%g%[gigl.%%g%?gg&%%%gﬂenﬁ%%olidin-}one,
3-afaminelageisiiosobdneroprahonitsile or its salts in its single enantiomeric form or

1-methauyirigyclo[3.3.1.03:7]nonan-3-amine,

1-ethonytric clo[3.3.1.03Jgnonan-3-a}mine, tricyclo[13.3.1.03a]nonane-1,
30(%&4%@4— uoro-1-{N-[2-(1H-1,2,4-triazol-1-ylmethyl)hexahydro-2,5-

5 methanopentalen-3a(1H)-yl] glycyl}pyrrolidine-2~carbonitrile or its salts in its single
enantiomeric form or as a racemate,
(25,4R)-4~fluoro-1- {N-[2-(1H-1,2,4-triazol-1-ylmethyl)hexahydro-2,5-
methanopentalen-3a(1H)-yl] glycyl}pyrrolidine-2-carbonitrile or its salts in its single
enantiomeric form or as a racemate,

10 (4R)-3-{N-[2~(1H-1,2,4-triazol-1-ylmethyl)hexahydro-2,5-methanopentalen-3a(1H)-yl]
glycyl}-1,3-thiazolidine-4-carbonitrile or its salts in its single enantiomeric form or as a
racemate,

(25)-1-{N-[2-(1 H-tetrazol-1-ylmethyl) hexahydro-2,5-methanopentalen-3a(1H)-yl]
glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a

15 racemate,

(28)-1-{N-[2-[(4-methylpiperazin-1-yl)methyl Jhexahydro-2,5-methanopentalen-~
3a(1H)-yl] glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form
Or as a racemate,
(25)-1-{N-[2-(thiomorpholin-4-ylmethyl)hexahydro-2,5-methanopentalen-3a(1H)-yl]

20 glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a
racemate,

(295)-1-{N-[2-[(1,1-dioxidoisothiazolidin-2-yl)methyl Jhexahydro-2,5-methanopentalen-
3a(1H)-yl]glycyl}pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form
Or as a racemate,

25 (295)-1-{N-[2-[(2,4-dioxo-1,3-thiazolidin-3-yl)methylJhexahydro-2,5-methanopentalen-

3a(1H)~yl]glycyl}pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form

or as a racemate,



151-fluorotricyclo[3.3.1.03'7]nonan-3-amine,
1-(3-aminotricyclo[3.3.1.033]non-1-y1)pyrrolidin-2-one,
1-(1,1-dioxidoisothiazolidin-2-yOtricyclo[3.3.1.037]nonan-3-amine,
1-phenyltricyelo[3.3.1.03'7]Jnonan-3-amine,
2-[4-(1H-pyrrol-1-yl)phenyllhexahydro-2,5-methanopentalen-3a(1H)-amine
, 20144-(3-aminotricyclo[3.3.1.0331no‘n1_2t?y1)phenylIimidazolidin-z-one,
1-(4-nitrophenyptricyclo[3.3.1.03aJnonan-3-amine, and

G R W 2 RS Bt i 5 o e methano
pharivackulica dd niposifipymodidipsgngdpaictmnoinnchnd fornuiagidieantiomeric

anrmggsegtricglllxa?cca%%table salt, or its pharmaceutically acceptable

soWa?e, a8 definédint any one of claims 1 to 10 and b) at least one

pRabriatEdfiedll, ocepizde atmethdilbenthnirextipimathawsPentalen-3a(1 H)-yl]

S IOARCTAAZ00TI00083015 LI 25 ARRTIAGHIENL orm or s
om tion according to claim 21, which is in theTorm of a tablet,

¢agsandés. powder, syrup, solution, or suspension. 23. A compound of

formula 1, its pharmaceutically acceptable salt, or its pharmaceutically

acceptable solvate as defined in any one of the claims 1 to 10 or a

- phapmpedidicdrged fipaste g aeeciensi§iBecdim 21 or 22 for treating or

pEgyanting diabatesiRsQRReli S NICalANshenyl] hexahydro-2,5-methano pentalen-

3a(1H)-yl} glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or

MCSLLP

as a racemate,

(25,4S5)-1-{N-[2-[4-(1,1-dioxidoisothiazolidin-2-yl) phenyl] hexahydro-2,5-methano
pentalen-3a(1H)-yl]glycyl}-4-fluoropyrrolidine-2-carbonitrile or its salts in its single
enantiomeric form or as a racemate,
(2S,4R)-1-{N-[2-[4-(1,1-dioxidoisothiazolidin-2-yl)phenyl] hexahydro-2,5-methano
pentalen-3a(1H)-yl] glycyl}-4-fluoropyrrolidine-2-carbonitrile or its salts in its single
enantiomeric form or as a racemate,

(4R)-3-{N-[2-[4-(1,1 —dioxidoisothiazb1idin—2-y1)pheny1] hexahydro-2,5-methano
pentalen-3a(1H)-yl]glycyl}-1,3-thiazolidine-4-carbonitrile or its salts in its single
enantiomeric form or as a racemate,

(28)-1-{N-[2-[4-(2-oxopyrrolidin-1-yl) phenyl] hexahydro-2,5-methano pentalen-3a(1H)-
yl] glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a
racemate, |
(28.45)-4-fluoro-1-{N-[2-[4-(2-oxopyrrolidin-1-1)phenylJhexahydro-2,5-methano
pentalen-3a(1H)-yl}glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric

form or as a racemate,



24. A compound of formula I, its pharmaceutically acceptable salt, or its
pharmaceutically acceptable solvate as defined in any one of claims 1 to

10 or a pharmaceutical composition according to claim 21 or claim 22 for

treating and/or preventing type Il 10 diabetes, for the treatment of MCSLLP
metabolic disorders, blood glucose lowering, impaired glucose tolerance,

impaired fasting glucose, dislipidemia, ﬂ%e‘rcholesteromia, hypolipidemia,

or obesity, for the prevention of hyperglycemia, or for the reduction of

[ r diabetic complicati including.coro artery disease
G mEETy Ra  R R R B creaici.
AeUrkpathiycahd ratithipaliyint BR&rbise ol @accdtmpdund of fonglulenfitseric form
%pasrmgtézc%utia ally acceptable salt, or its pharmaceutically acceptable
Sofvate Bs'd&fined in any one of claims 1 to 10 or a pharmaceutical

cofrdesiiGh betorbing:td-tialin2ndHR2 4oy hrepdringtaantetiotreont 40 1)-y1]

berpmeniahpeyentionaldienetan and daRelC AoMBIEANO Nt r os o
e of a’compound of formula (), its pharmaceutically acceptable salt, or

itacpmafena- 20 ceutically acceptable solvate as defined in any one of

Si2yms 910,90 2 AR ANGAL COBRASHARARSRNING IOCGIABRAGlen 3a( 111

r preparing a medicament for the prevention of hyperglycemia or type
Y @méréﬁemp?%nﬁe?aﬁ%{éﬁ?m?ﬁé ifp SRSl pREkRIHBRgSrm or as a
imnairad glucose tolerance, impaired fasting glucose, obesity,

dislipidemia, hypercholesteromia, or hypolipidemia, or for the reduction of
S50 eI TS b Bl R SRS Rrdiding
GREaRABparteien-MOSHR HEddiliseast dsiroka)lyperiens@riss salts in its single
nephropathy, peripheral vascular disease, neuropathy, and retinopathy.

SHROURRY (BHD S HPIRESPRa (1), its pharmaceutically acceptable salt,

or its pharmaceutically acceptable solvate as defined in any one of claims
. 1tol0ora ph&@eﬁc{gggct%lecom 05|t|ontaCCO{d|ng to claim 21 or 22 in the

rﬁacr?&f%ﬂflr%sg 4 medicamertt for tﬁ%nsplrsel\?gn%on of hyperglycemia or type
l{xHipbetesc folothe dreatrient S typeiid) dictvetfiesrwistateelic gisontteis, or its salts in
mpaiiad dlicess ialerance, mpalled fasting lucose, obesity,

dlsllpl emia, hypercholesteromia, or hypdlipidemia, or for the reduction of

HRSOel of [(dobﬁdt@%etsi,cmhwﬁvéigl@f ,’%@ia?ogﬁ@mim}@n@@ﬁmﬂﬁhd_inﬁhécarbonitrile or
qgrgﬂ?g AN ABERSRIHAKE s MPEIENS IR AgRNropathy, peripheral

vascular disease, neuropathy, anq7retinopathy.
(25)-1-{[(1-methoxytricyclo[3.3.1.0”'Jnon-3-yl)amino]acetyl} pyrrolidine-2-carbonitrile

or its salts in its single enantiomeric form or as a racemate,

(28)-1-{[(1-ethoxytricyclo [3.3.1.03’7] non-3-yl)amino] acetyl} pyrrolidine-2-carbonitrile
or its salts in its single enantiomeric form or as a racemate,
(25)-1-{[(1-aminotricyclo[3.3.1 .0*7non-3-yl)aminoJacetyl } pyrrolidine-2-carbonitrile or
its salts in its single enantiomeric form or as a racemate, and
(25)-1-[N-(2-fluorohexahydro-2,5-methanopentalen-3a(1 H)-yl)glycyl]pyrrolidine-2-

carbonitrile or its salts in its single enantiomeric form or as a racemate.
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A compound selected from the group consisting of

(285)-1-{N-[2-(2-oxopyrrolidin-1-yl) hexahydro-2,5-methanopentalen-3a(1 H)-yl] glycyl}
pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a racemate,
(25)-1-{N-[2-(1,1-dioxidoisothiazolidin-2-yl)hexahydro-2,5-methanopentalen-3a(1 H)-yl]
glycyl} pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a
racemate,

(25)-1-[N-(2-phenylhexahydro-2,5-methanopentalen-3a(1 H)-yl)glycyl|pyrrolidine-2-
carbonitrile or its salts in its single enantiomeric form or as a racemate,
(28)-1-{N-[2-(4-nitrophenyl)hexahydro-2,5-methanopentalen-3a(1 H)-yl]glycyl}
pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a racemate, and
(285)-1-{ N-[2-(4-aminophenyl)hexahydro-2,5-methanopentalen-3a(1 H)-yljglycyl}

pyrrolidine-2-carbonitrile or its salts in its single enantiomeric form or as a racemate.

A compound according to claim 1, wherein the pharmaceutically acceptable salt is
selected from the group consisting of salts derived from inorganic bases such as Li, Na, K,
Ca, Mg, Fe, Cu, Zn, Al, or Mn; salts of organic bases such as N,N'-
diacetylethylenediamine, 2-dimethylaminoethanol, isopropylamine, morpholine,
piperazine, piperidine, pfocaine, diethylamine, triethylamine, trimethylamine,
tripropylamine, tromethamine, adamantyl amine, diethanolamine, ethylenediamine, N,N-
benzyl phenylethylamine, choline hydroxide, dicyclohexylamine, metformin,
benzylamine, phenylethylamine, dialkylamine, trialkylamine, thiamine, aminopyrimidine,
aminopyridiﬁe, purine, pyrimidine, or spermidine; chiral bases like alkylphenylamine,
glycinol, or phenyl glycinol; salts of natural amino acids such as glycine, alanine, valine,
leucine, isoleucine, norleucine, tyrosine, cystine, cysteine, methionine, proline,. hydroxy
proline, histidine, ornithine, lysine, arginine, serine, threonine, or phenylalanine; salts of

unnatural amino acids such as the D-isomers or substituted
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amino acids; salts of acidic amino acids such as aspartic acid or glutamic acid; salts of
guanidine or substituted guanidines, wherein the substituents are selected from nitro,
amino, alkyl, alkenyl, alkynyl, ammonium or substituted ammonium salts; wherein the
salts may include acid addition salts, such as sulphates, nitrates, phosphates, per-
chlorates, borates, hydrohalides selected from HCl, HBr, and HI, acetates, tarirates,
maleates, citrates, succinates, palmoates, methanesulfonates, benzoates, salicylates,
hydroxynaphthoates, benzenesulfonates, ascorbates, glycerophosphates, or keto-

glutarates.

11. A process for the preparation of a compound of formula I

R,
&R [ b
N/CR\?Z)%N\(N
] T
R }m I

comprising the coupling of a compound of formula II, which is in its free form, in form of
a salt, or in protected form, with a compound of formula HI
4
X
3 (CR,Rn
N}‘ L/ ‘\szrNQ}n

] \
m P O Y

11 I

H

wherein P is hydrogen or a protecting group, L is a leaving group, and R, Ry, Ry, Ry, Re, X,

Y, n, and m are as defined in claim 1.

MCSLLP



10

15

WO 2007/113634 PCT/IB2007/000830

- 131 -

12. A process according to claim 11, wherein the coupling reaction is performed in an inert

solvent and in the presence of a base.

13. A process according to claim 11, wherein the inert solvent is selected from

dichloromethane, dimethyl formamide, DMSO, tetrahydrofuran, and acetonitrile.

14. A process according to claim 11, wherein the base is selected from tertiary amines,

carbonates, hydroxides, or mixtures thereof.

15. A process according to claim 11 wherein the coupling reaction is performed at a

temperature ranging from about -5°C to about 120°C.

16. A process according to claim11, wherein the leaving group L is selected from halogens

such as chlorine, bromine, or iodine, O-toluene sulfonyl, and O-methyl sulfonyl.

17. A process according to claim 11, wherein P is selected from a t-butyloxycarbonyl

(BOC) or a carbobenzyloxy (Cbz).

18. A process according to claim 11, wherein the coupling reaction is performed for about

0.5 to 72 hours, preferably for 0.5 to 60 hours.

19. An intermediate compound of formula II in its free form, in form of a salt, or in

protected form

N}{3
\
P

A

I

b

wherein R, R3, Ry, and m are defined as in claim 1 and P is hydrogen or a protecting group.

MCSLLP
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20. A compound according to claim 19 selected from
1-(1H-1,2,4-triazol-1-ylmethyl)tricyclo[3.3.1 .0*"nonan-3-amine,
1-(1 H-tetrazol-1-ylmethyl)tricyclo[3.3.1 .0*"nonan-3-amine,
1-[(1,1-dioxidoisothiazolidin-2-yl)methyl]tricyclo{3.3.1 .0*"Jnonan-3-amine,
1-[(4-methylpiperazin-1-ylymethyljtricyclo[3.3.1 .0*"Inonan-3-amine,
1-(thiomorpholin-4-ylmethyl)tricyclo[3.3.1 .0*"nonan-3-amine,
3-[(3-aminotricyclo[3.3.1 .0*"Inon-1-yl)methyl]-1, 3-thiazolidine-2, 4-dione,
2-[(3-aminotricyclo[3.3.1.0* Inon-1-yl)methyi]-1 H-isoindole-1, 3(2H)-dione,
1-[4-(1,1-dioxidoisothiazolidin-2-yl)phenyl]tricyclo[3.3.1 .03’7]nonan-3 ~amine,
1~[4-(3~aminotricyclo[3.3.l.03’7}non-1-yl)phenyl]pyrroﬁdin—2—one,
3-aminotricyclo[3.3.1.0>"Jnonan-1-ol,
1-methoxytricyclo[3.3.1 .0*"Inonan-3-amine,
1-ethoxytricyclof3.3.1.0° ""nonan-3-amine,
tricyclo[3.3.1.0* Inonane-1, 3-diamine,
1-fluorotricyclo[3.3.1.0* Inonan-3-amine,
1-(3-aminotricyclo[3.3.1.0*"Inon-1-yl)pyrrolidin-2-one,
1-(1,1-dioxidoisothiazolidin-2-yl)tricyclo[3.3.1.0* Jnonan-3-amine,
1-phenyltricyclo[3.3.1.0*"Jnonan-3-amine,
2-[4-(1 H-pyrrol-1-yl)phenyl]hexahydro-2,5-methanopentalen-3a(1H)-amine,
1-[4-(3-aminotricyclo[3.3.1.0*"non-1-yl)phenyljimidazolidin-2-one,
1-(4-nitrophenyDtricyclo[3.3.1.0° ‘nonan-3-amine, and
1-(4-aminophenyltricyclo{3.3.1 .0*"nonan-3-amine

in its free form, as a salt, or as a compound where the amine-group is protected.

21. A pharmaceutical composition comprising a) a compound of formula I, its pharmaceu-
tically acceptable salt, or its pharmaceutically acceptable solvate, as defined in any one
of claims 1 to 10 and b) at least one pharmaceutically acceptable carrier, diluent, or

excipient.
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A pharmaceutical composition according to claim 21, which is in the form of a tablet,

capsule, powder, syrup, solution, or suspension.

A compound of formula I, its pharmaceutically acceptable salt, or its pharmaceutically
acceptable solvate as defined in any one of the claims 1 to 10 or a pharmaceutical
composition according to claim 21 or 22 for treating or preventing diabetes or diabetic

complications.

A compound of formula [, its pharmaceutically acceptable salt, or its pharmaceutically
acceptable solvate as defined in any one of claims 1 to 10 or a pharmaceutical
composition according to claim 21 or claim 22 for treating and/or preventing type II
diabetes, for the treatment of metabolic disorders, blood glucose lowering, impaired
glucose tolerance, impaired fasting glucose, dislipidemia, hypercholesteromia, hypo-
lipidemia, or obesity, for the prevention of hyperglycemia, or for the reduction of
bodyweight or diabetic complications including coronary artery disease, stroke,

hypertension, nephropathy, peripheral vascular disease, neuropathy, and retinopathy.

Use of a compound of formula (I), its pharmaceutically acceptable salt, or its
pharmaceutically acceptable solvate as defined in any one of claims 1 to 10 or a
pharmaceutical composition according to claim 21 or 22 for preparing a medicament

for the treatment or prevention of diabetes and diabetic complications.

Use of a compound of formula (I), its pharmaceutically acceptable salt, or its pharma-
ceutically acceptable solvate as defined in any one of claims 1 to 10 or a
pharmaceutical composition according to claim 21 or 22 for preparing a medicament
for the prevention of hyperglycemia or type II diabetes, for the treatment of type II
diabetes, metabolic disorders, impaired glucose tolerance, impaired fasting glucose,
obesity, dislipidemia, hypercholesteromia, or hypolipidemia, or for the reduction of

blood glucose levels, bodyweight, or diabetic complications including coronary artery
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disease, stroke, hypertension, nephropathy, peripheral vascular disease, neuropathy, and

retinopathy.

27.  Use of a compound of formula (I), its pharmaceutically acceptable salt, or its
pharmaceutically acceptable solvate as defined in any one of claims 1 to 10 or a
pharmaceutical composition according to claim 21 or 22 in the manufacture of a
medicament for the prevention of hyperglycemia or type II diabetes, for the treatment of
type II diabetes, metabolic disorders, impaired glucose tolerance, impaired fasting
glucose, obesity, dislipidemia, hypercholesteromia, or hypolipidemia, or for the
reduction of blood glucose levels, bodyweight, or diabetic complications including
coronary artery disease, stroke, hypertension, nephropathy, peripheral vascular disease,

neuropathy, and retinopathy.



